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Sunday, November 7 
 
5:30 pm–7:30 pm       Conference Opening Remarks 
                                      Nancy Dahms, SFG President 
                                      Medical College of Wisconsin 
 
                                      Session 1: Meyer and Kornfeld Awards Lectures 
                                      Karl Meyer Lectureship Award 
                                     John Hanover - NIH National Institute of Diabetes & Digestive and     
                                      Kidney Diseases 
 
                                     Rosalind Kornfeld Award for Lifetime Achievement in Glycobiology 
                                     Linda  Baum - University of California Los Angeles 
                                     Michael Pierce - University of Georgia/CCRC 
 
7:30 pm–9:30 pm.      Welcome Reception 

 

Monday, November 8 
 
8:30 am–10:00 am     Session 2: Biomes and Host-Microbe Interactions 
                                       Mario Feldman (Chair), Washington University, St. Louis 
 
                                       Keynote Speakers: 
                                       Alisdair Boraston, University of Victoria, British Columbia 
                                       Architectural sophistication contributes to substrate recognition by  
                                       O-glycopeptidases 
 

Mario Feldman, Washington University, St. Louis 
              Bacterial Vesicles and the Degradation of Complex Glycans in the Human Gut 
 
           Samantha King, The Ohio State University 
            Novel Strategies Employed by Streptococcito Bind Host Glycans 
 
            Poster Talks: 
            Diego Sastre (Emory University School of Medicine) – Structural  and  
 Molecular analysis of endoglycosidases and SusD-like proteins reveal a  

Possible cooperation for the import of N-glycans in the gut microbiome. 
 
Robert Woods (Complex Carbohydrate Research Center) - The role 
of spike protein glycosylation in modulating SARS-CoV-2 antigenicity 
and adhesion 
 
 



Ieva Bagdonaite (Copenhagen Center for Glycomics) - Probing 
the Functions of Glycosylation in Herpesvirus Biology Using 
a Glycoengineered Cell Library 
 

10:00 am–10:20 am   Break 
 
10:20 am–12:20 pm   Session 3: Glycans and Cancer 
                                       Susan Bellis (Chair), University of Alabama Birmingham 

 
Keynote Speakers: 

 Gabriela Chiosis, Memorial Sloan Kettering Cancer Center  
 On how N-glycosylation turns a chaperone into pathologic 
epichaperome structures 
 

Susan Bellis, University of Alabama Birmingham 
Receptor Sialylation by ST6GAL1 Promotes Pancreatic 
Cancer Development & Progression 

                                       
Valerie Weaver, University of California San Francisco,  
Force, Glycans and Tumor Aggression 

                                        
Avery Posey Jr., University of Pennsylvania 
Engineering T cells to target Tn-glycopeptides on the tumor surface and 
in the extracellular matrix 
 
Poster Talks: 
Simon Wisnovsky (University of British Columbia) - Genome-Wide 
CRISPR Screens Reveal Specific Ligands for Glycan-Binding Immune 
Checkpoint Receptors 
 
Hector Cuello (University of California San Diego) - Is Siglec-XII 
functionally significant in aggressive carcinomas?   
 
Asmi Chakraborty (Florida International University) - Hypoxia controls 
the glycobiological signature and  related pro-tumorigenic properties of 
metastatic melanomas 
 
Sharon Yehuda (Tel Aviv University) - Klotho: a tumor suppressor with a 
potential glycosidase activity 
 

12:20 pm–1:30 pm    Lunch on your own 
 
1:30 pm–4:00 pm      Poster Session 1 and Exhibits 
 
4:00 pm–5:50 pm      Session 4: Neuroglycobiology 
                                      Linda Hsieh-Wilson (Chair), California Institute of Technology 



                                      Keynote Speakers: 
                                      Matthew Pratt, University of Southern California 
                                     O-GlcNAc Activates Small Heat Shock Proteins to Block Amyloid Aggregation  

 
Linda Hsieh-Wilson, California Institute of Technology 

             Chondroitin 4-O-sulfation regulates hippocampal perineuronal nets and    
 synaptic plasticity 

                                         
Richard Cummings, Harvard Medical School, Glycobiology of the Brain 
and in Schizophrenia 

                                         
Peng Zhang, Case Western Reserve University School of Medicine        
Sweet at synapses: the role of heparan sulfate on neurexin1 in synapse 
organization 
 
Poster Talks: 
Melissa Koff (Texas A&M University) - TMTC-type O-
mannosyltransferases as potential regulators of cadherin functions in 
Drosophila  
 
Sajina GC (University of Alabama at Birmingham) - ST6Gal1-Mediated 
Sialylation Promotes Brain Tumor Initiating Cell Maintenance 

                                        
Andrew Edmondson (Children's Hospital of Philadelphia) - Modeling 
neurological aspects of GALNT2-CDG in mice 
 

5:50 pm–6:30 pm       Session 5: Innovator and Service Awards 
                                       President’s Innovator Award  
                                       Suzanne Walker - Harvard Medical School 
 
                                       Distinguished Service Award 
                                       Pamela Marino - Kelly Government Solutions 

 

Tuesday, November 9 
7:30 am–6:15 pm        Registration Open 
 
7:30 am–8:30 am        Continental Breakfast 
 
8:30 am–10:00 am      Session 6: Glycans and Infectious Disease 
                                        Karin Hoffmeister (Chair), Versiti Blood Research Institute 
                                        

  Keynote Speakers: 
               Fikri Avci, University of Georgia/CCRC  
               Immune Interactions of viral surface glycoproteins 
 



            Christopher Barnes, Stanford University 
            Structural insights into antibody-mediated neutralization of SARS-CoV-2 

 
Elisa Fadda, Maynooth University 
Fine-tuning the Spike: Role of the nature and topology of the glycan  
shield in the structure and dynamics of the SARS-CoV-2 S 
 
Poster Talks: 
Gloria Polanco (Washington University School of Medicine)– Knockout 
of Mitochondrial Fucosyltransferase FUT1 or Golgi Nucleotide Sugar 
Transporter LPG2 Leads to Significant Changes in the L. major 
Proteome  
 
Jitske van Ede (Delft University of Technology) - Revealing the 
physicochemical dynamics in Campylobacter jejuni flagellum sialylation 
 
John Magnani (GlycoMimetics, Inc.) - Early Treatment of Sickle Cell 
Disease Patients in Vaso-Occlusive Crisis with Glycomimetic Selectin 
Antagonist, Rivipansel Achieves Earlier Discontinuation of IV Opioids 
and Shorter Hospital Stay. Post Hoc Analysis of the RESET Trial 
 

10:00 am–10:20 am Break  
        
10:20 am–12:20 pm Session 7: Glycans in Immune Homeostasis and Inflammation 
                                     Stephanie Olivier-Van Stichelen (Chair), Medical College of Wisconsin 
                                      

Keynote Speakers: 
Jarrod W Barnes, University of Alabama Birmingham, Targeting Glycans 
As Novel Treatment Strategies for Chronic Inflammatory Airway Disease 
 
Michael Demetriou, University of California Irvine 

                         Regulation of T cells, B cells, myelination, multiple sclerosis and immune  
             senescence by N-glycan branching and N-acetylglucosamine 

                                      
Salomé Pinho, University of Porto 
 A Bitter Sweet Symphony in Immune response: glycans as key 
checkpoints in autoimmunity and cancer 
 
Galit Alter, Ragon Institute of MGH, MIT, and Harvard,  
Vaccine mediated antibody glycosylation tracks with protection 
against respiratory pathogens 
 
  
 
 
 
 



Poster Talks: 
Gabriel Rabinovch (Institute of Biology and Experimental Medicine)-  
Targeting galectin-1 unleashes antitumor response in colitis-
associated colorectal cancer by shaping the Cd8+ regulatory T 
cell compartment 
 
Jan Novak, University of Alabama Birmingham 
Experimental evidence of the pathogenic potential of aberrantly O-
glycosylated IgA1, the main autoantigen in IgA nephropathy   

 
Inês Alves (Institute for Research and Innovation in Health) - Protein 
mannosylation as a diagnostic and prognostic biomarker of lupus 
nephritis: an unusual glycan-neoepitope in Systemic Lupus 
Erythematosus 
 
Leandre Glendenning (Case Western Reserve University) - IgG poorly 
localizes to the trans-Golgi network of antibody-producing B cells 

 
12:30 pm–1:30 pm   Lunch on your own 
 
1:30 pm–4:00 pm     Poster Session 2 and Exhibits 
 
4:15 pm–5:00 pm      SFG Business Meeting 
 
5:00 pm–6:15 pm     Session 8: MCP/ASBMB & Glycobiology Significant Achievement  
              Awards 

Molecular & Cellular Proteomics (MCP)/American 
Society for Biochemistry and Molecular Biology (ASBMB) 
Lectureship Award 
Joseph Zaia - Boston University School of Medicine 

                                     
           Glycobiology Significant Achievement Award 
           Peng Wu - Scripps Research Institute 
 

7:00 pm–11:00 pm  Banquet Dinner 

 

Wednesday, November 10 
7:00 am–2:50 pm   Registration Open 
 
7:00 am–8:00 am    Continental Breakfast 
 
8:00 am–9:40 am    Session 9: From Glycans to Glycoproteomics 
                                   Michael Tiemeyer (Chair), University of Georgia/CCRC 
                                     



          Keynote Speakers: 
          Ryan Flynn, Boston Children’s Hospital/Harvard University 
          Small RNAs are modified with N-glycans and displayed on the surface of 
          living cells 
                                    

Morten Thaysen-Andersen, Macquarie University 
Dynamic paucimannosidic protein formation via a non-canonical 
truncation pathway in human neutrophils 

 
Kay-Hooi Khoo, Academia Sinica 
Discovery and precision mapping of various fucosylated, sialylated and    
sulfated glycotopes at glycomic level 
 
Poster Talks: 
Noortje de Haan (University of Copenhagen) - Combining a non-
reductive O-glycan release method with glyogenomics enables the in-
depth O-glycan profiling of human tissues by C18 LC-MS 
 
Nicholas Riley (Stanford University) -  Real-time selection of 
glycopeptide dissociation methods by matching oxonium patterns using 
a real-time library search 

 
Martin Pabst (Delft University of Technology) - A multidimensional 
glycoproteomics approach to explore prokaryotic protein glycosylation 
 
Richard Drake (Medical University of South Carolina) - Linking 
carbohydrate tumor antigen immunohistochemistry with N-glycan 
imaging mass spectrometry and targeted glycoproteomics on the same 
tumor slide 

 
9:40 am–10:00 am  Break 
 
10:00 am–12:00 pm  Session 10: Glycoengineering and Applied Glycobiology 
                                      Stacy Malaker (Chair), Yale University  
                                      

Keynote Speakers: 
             Daniel Bojar, University of Gothenburg 
              Endless Forms Most Beautiful – Merging Machine Learning and Glycobiology 

                                      
Stacy Malaker, Yale University 
Revealing the human mucinome 

                                      
Yvette van Kooyk, Amsterdam University Medical Center 

             Glycocode of the tumor microenvironment- a novel immune check-point 
                                     

Yoshiki Narimatsu, University of Copenhagen 
Genetic glycoengineering in mammalian cells 
 



Poster Talks: 
Mia Huang (Scripps Research) - Mapping glycosylation-dependent 
changes in glycoprotein ligandability across the proteome 
 
Gao-Lan Zhang (Johns Hopkins University) - Ganglioside interactome 
targeting with clickable photoaffinity bifunctional ganglioside probes 
 
Han Wu (University of Texas Southwestern Medical 
Center) - Characterization of glycan-dependent interactions in cells by 
metabolic labeling using photocrosslinking GlcNAc and GalNAc analogs 
 
Michael Mannino (University of Georgia) - The Application of 
Optogenetics to OGT Targeting in Mammalian Cells 
 

12:00 pm–1:00 pm    Lunch on your own 
 
1:00 pm–2:50 pm      Session 11: Disorders of Glycan Synthesis and Degradation 
                                      Hudson Freeze (Chair), SBP Medical Discovery Institute 
                                      

Keynote Speakers: 
Richard Steet, Greenwood Genetic Center 
Cathepsin-mediated pathogenesis of lysosomal disease 
 
Ethan Perlstein, Perlara  
Aldose reductase inhibition targets the root causes of PMM2-CDG 

                                       
Poster Talks: 
Paulina Sosicka (Sanford Burnham Prebys Medical Discovery 
Institute) – Multiple, distinct, cytoplasmic pools of GDP-fucose target 
different fucosyltransferases 
 
Jeff SoRelle (University of Texas Southwestern Medical Center) - A 
Murine Mpi mutation reproduces aspects of Human Congenital Disorder 
of Glycosylation Type 1B 
 
Keynote Speaker: 
Clement Chow, University of Utah School of Medicine 
A CRISPR Screen for Modifiers of the Rare Disease DPAGT1-CDG (CDG-
Ij) 
 
Poster Talk: 
Vladimir Lupashin (University of Arkansas for Medical 
Sciences) - Novel cellular models for COG complex-related CDG-II 
diseases 
 
 
 
 



Keynote Speaker: 
Hudson Freeze, SBP Medical Discovery Institute 
A Single Mutation in COG4 Causes Saul Wilson Syndrome: Exploring Causes 
and Consequences 
 

2:50 pm–3:00 pm    Conference Closing Remarks 
                                    Nancy Dahms, SFG President 
                                    Medical College of Wisconsin 

 



(P001) Architectural sophistication contributes to substrate recognition by O-glycopeptidases 
Alisdair Boraston 1  
1Department of Biochemistry & Microbiology, University of Victoria, PO Box 1700 STN CSC, Victoria, 
British Columbia, V8W 2Y2, Canada  
 
Glycopeptidases, or O-glycopeptidases, are frequently found in host-adapted microbes that inhabit or 
attack mucus layers. These enzymes overcome the protective effect of glycans against proteolysis of 
glycoproteins by specific recognition of the post-translational modification itself. Recognition of the 
glycan(s) is ultimately critical to enabling peptide bond hydrolysis. A common feature of these 
peptidases is that they are frequently large and architecturally sophisticated, which creates a unique 
challenge to unravelling the molecular details underpinning substrate recognition by these peptidases. 
Complete structural and functional analysis of ZmpB and IMPa from the host-adapted bacteria 
Clostridium perfringens and Pseudomonas aeruginosa, respectively, provide insight into how these 
intricate proteins recognize glycans as part of catalytic and non-catalytic substrate recognition. The full-
length structure of IMPa in complex with an O-glycopeptide reveals that the N-terminal domain of this 
enzyme is a unique proline recognition domain that also shows the properties of recognizing an O-linked 
glycan on the serine/threonine residue following the proline. The complete three-dimensional structure 
of the >1600 amino acid ZmpB provides a detailed view of the overall molecular organization of a highly 
multi-modular enzyme and suggests how the functions of individual domains may interplay to influence 
biological activity.  Discussion of this structural and functional evidence provides key insight of how the 
architectures of glycoprotein-specific peptidases are specifically adapted to the glycosylated motifs that 
are common in mucin and mucin-like molecules. 
 
 
(P002) Novel strategies employed by streptococci to bind host glycans 
Samantha King 1 
1Abigail Wexner Research Institute, Nationwide Children's Hospital, Columbus, Ohio; The Department of 
Pediatrics, The Wexner Medical Center, The Ohio State University, Columbus, Ohio  
 
Many viridans group streptococci are important components of the oral microbiome. However, this 
group is also the most common cause of sub-acute infective endocarditis. The precise mechanisms by 
which this disease occurs are poorly understood but disease proposed to occur when bacteria bind to a 
sterile platelet-fibrin nidus on a previously damaged heart valve. Subsequent bacterial proliferation and 
deposition of host factors leads to formation of a vegetation, which prevents heart valve function 
leading to congestive heart failure. It is clear that, binding to host surfaces is a critical step in both 
colonization of the oral cavity and development of infective endocarditis. Understanding the 
mechanisms of bacterial binding in these environments will provide strategies to improve health and 
reduce the burden of disease. It is presumed that viridans group streptococci capable of causing 
infective endocarditis, utilize at least some of the adherence mechanisms employed in the oral cavity to 
bind the sterile nidus. Prior studies focused on specific species, found that binding to platelets involves 
the direct interaction of serine-rich repeat proteins with sialic acid. However, the mechanisms by which 
many bacterial species, including two of the most common causes of sub-acute infective endocarditis 
Streptococcus oralis and Streptococcus mitis, bind the sterile nidus remained until undefined. In this 
presentation, I will discuss recent advances in our understanding of bacterial-glycan interactions for 
these species with a focus on the novel sialic acid binding adhesin AsaA.   
 
 



(P003) Structural and molecular analysis of endoglycosidases and SusD-like proteins reveal a possible 
cooperation for the import of N-glycans in the gut microbiome 
Diego Sastre 1, Marcos V.A.S Navarro2, Eric J. Sundberg1 
1Emory University School of Medicine, Department of Biochemistry, Atlanta, Georgia; 2Universidade de 
São Paulo, Instituto de Física de São Carlos, SP, Brazil 
 
The gut microbiota has a profound effect on human health and physiology, providing important benefits 
such as modulation of immune development, inhibition of pathogen colonization, digestion of dietary 
fibers and absorption of nutrients. Abnormalities in microbiota composition, or dysbiosis, however, have 
been implicated in numerous and diverse disease states, including inflammatory bowel disease, obesity 
and colon cancer. A critical variable that dictates the composition and physiology of the microbiota is 
the influx of complex carbohydrates and glycans into the intestine, mostly from diet and host mucosal 
secretions. The initial step of glycan processing by human gut bacteria is the liberation of glycans from 
glycoproteins which is carried out by endoglycosidases (ENGases). These glycans are then captured by 
SusD-like proteins on the bacterial cell surface to facilitate import of the glycan into the bacteria where 
it can be further processed to the point where it can be used as an energy source by the microbe. 
ENGases and SusD-like protein pairs are commonly co-localized in discrete clusters known as 
polysaccharide utilization loci, or PULs, dedicated to the liberation, capture, importation, and processing 
of a certain glycan type. Often a single PUL encodes the entire apparatus needed to process a specific 
glycan structure. Despite the prominence of N-glycans in the human intestine, and its documented role 
in controlling important aspects of health and disease, the molecular mechanism of N-glycan breakdown 
and import employed by gut microbes remains poorly understood. In this study, we determined the 
structure of a novel endoglycosidase belonging to GH18 family from Bacteroides thetaiotaomicron VPI-
5482, as well as its in vitro interaction with Sus-like proteins, suggesting a cooperation between both 
proteins to accomplish an efficient glycan transfer from the environment to the bacterium. The crystal 
structure of endoglycosidase (BT1285) at 1.1  Å resolution, shows that this enzyme contains a typical 
(β/α)8-barrel catalytic domain and a flexible N-terminal domain, which may constitute an important part 
of the monomer-monomer interface with possible biological relevance. In addition, we observed that 
this ENGase was able to interact with BT1281 (SusD-like) protein from the same PUL in its monomeric 
and dimeric states, and it also can bind another SusD-like protein (BT3984) from another PUL, although 
with lower binding affinity as shown by chemical crosslinking and biophysical analysis. We also identified 
three putative catalytically-inactive endoglycosidase variants in high-mannose N-glycan PULs from 
Bacteroides with either complex-type or high-mannose N-glycan specificity, which conversely were 
unable to interact with SusD-like proteins, however the functional roles of these catalytically-inactive 
endoglycosidases remains unknown.  
 
 
(P004) The role of spike protein glycosylation in modulating SARS-CoV-2 antigenicity and adhesion 
Robert Woods 1, Kelley W. Moremen1, Lance Wells1, David W. Montgomery1, Keigo Ito1, Oliver C. Grant1, 
Ye Ji1, Robert J. Woods1 
1Complex Carbohydrate Research Center, University of Georgia, Athens, Georgia, USA 
 
Viral envelop proteins frequently cloak their surfaces with complex sugars (N-linked glycans) in order to 
evade host immune surveillance, and to suppress the number of viable immunogenic peptide 
sequences.  However, some level of exposure of the surface of the adhesion domain is essential for 
binding to the host, and thus glycan shielding of these regions can’t be exploited without the potential 
of reducing viral fitness.  Remarkably in the case of the SARS-CoV-2 Spike glycoprotein glycosylation also 
appears to serve a functional role by promoting adhesion to the host receptor protein angiotensin-



converting enzyme 2 (ACE2).  The mechanisms of the roles of glycosylation in modulating the 
antigenicity [1] and adhesion [2] of SARS-CoV-2 are examined using molecular dynamics simulations of 
the glycoproteins, and probed by point mutagenesis and Biolayer Interferometry.  
Bibliographic references 
1. Grant et al. Scientific Reports (2020) 10, 14991 
2. Zhao et al. Cell Host & Microbe (2020), 586 
 

 
(P005) Probing the Functions of Glycosylation in Herpesvirus Biology Using a Glycoengineered Cell 
Library 
Ieva Bagdonaite 1, 11, Emil Pallesen1, Sally Dabelsteen2, Hans H. Wandall1 
1Copenhagen Center for Glycomics, Department of Cellular and Molecular Medicine, University of 
Copenhagen; 2Department of Odontology, University of Copenhagen 
 
Glycosylation is of utmost importance for enveloped viruses and is acquired in the host cell. The 
majority of the data available is on N-linked glycans, which represent only a fraction of the total cell 
glycome. Importantly, we have previously demonstrated that HSV-1 and other herpesviruses are heavily 
O-glycosylated, urging to explore the role of different types of glycans in herpesvirus biology. While 
glycosylation inhibitors can be used for such a purpose, it most often blocks whole pathways, making it 
difficult to understand the fine details of specific glycan structures involved, and often cause undesired 
cytotoxic effects clouding meaningful interpretation. Thus, good model systems for investigating the yet 
undefined roles of various carbohydrate structures in herpesvirus biology are lacking. 
We have recently generated a glycoengineered cell library in human keratinocytes by CRISPR/Cas9 gene 
editing composed of cells lacking different glycosyltransferases delineating human glycosylation 
pathways and representing a clinically relevant model for herpesvirus infection. To address the 
importance of these different types of glycan structures in herpesvirus biology, we propagated HSV-1 in 
cell lines representing defects in elongation and branching of N-linked and O-linked glycans, as well as 
elongation of glycosaminoglycans and glycosphingolipids. We also looked at the roles of the different 
cellular glycan structures in the different stages of the virus life cycle – attachment, entry, and spread in 
the mutant cell lines as well as 3D organotypic skin equivalents. We show that all investigated classes of 
glycans affected at least one stage of HSV-1 life cycle. Preliminary results suggest importance of 
glycosaminoglycans and glycolipids for attachment to the cell, N-glycans for entry and spread and O-
glycans for propagation. In conclusion, the data demonstrates the power of genetic engineering to 
elucidate the roles of specific viral and cellular carbohydrate structures in herpesvirus biology, which is 
easily applicable to other viral systems. 
 
 
(P010) On how N-glycosylation turns a chaperone into pathologic epichaperome structures 
Gabriela Chiosis 1 
1Memorial Sloan Kettering Cancer Center 
 
Diseases are a manifestation of how thousands of proteins interact. In several diseases, such as cancer 
and Alzheimer’s disease, proteome-wide disturbances in protein-protein interactions (i.e. interactomes) 
are executed by maladaptive scaffolds termed ‘epichaperomes’. Not to be confused with chaperones 
(which fold and act through one-on-one dynamic complexes), epichaperomes act as pathologic scaffolds 
(Joshi et al. Nature Reviews Cancer 2018). They cause thousands of proteins to improperly interact and 
organize inside cells, aberrantly affecting cellular phenotypes. This realization offers an avenue for 



therapeutic discovery whereby interactome defects are acted on through epichaperome-directed drugs. 
A newly identified cancer variant of the chaperone GRP94 presents first-of-its-kind opportunities for 
epichaperome targeting. Here, an alteration in N-glycosylation creates a new protein that is 
conformationally, dynamically, and functionally distinct from the GRP94 of normal cells. N-glycosylation 
on N62 alters GRP94’s cellular location (no longer confined to the ER) and promotes a conformational 
state that allows for stable interactions (instead of transient) with oncoproteins at the plasma 
membrane. Through this stabilization, the functions of these proteins are enhanced, and dependent 
cellular protein pathways are aberrantly remodeled. N-glycosylation thus transforms GRP94 from a 
folding chaperone to a scaffolding protein; this in turn remodels protein assembly and connectivity, with 
an end-result of proteome-wide dysfunction. We refer to this specific GRP94 species as Glyc62GRP94 to 
differentiate it from the physiologic, folding variant of GRP94 which is glycosylated on N217. We found 
Glyc62GRP94 is exploited for the survival of some subtypes of cancer cells, and is absent in normal cells, 
which makes it optimal for targeting. We have also identified chemical probes and developed methods 
that enable us to investigate Glyc62GRP94 under native conditions. Among these are: 1) small molecules 
to probe the function of Glyc62GRP94 in cells, tissues and mice; 2) solid support-immobilized probes and 
assays that enable non-biased, large-scale interrogations of the interactome of Glyc62GRP94; and, 3) 
biochemical and functional assays to investigate the nature and function of Glyc62GRP94. Lastly, we 
provided proof-of-principle in models of breast cancer that inhibition of Glyc62GRP94 is safe and active 
(Yan et al. Cell Reports 2020). These findings support Glyc62GRP94 as a promising actionable target and is 
amenable for precision oncology whereby Glyc62GRP94 inhibitors are developed with a focus on the 
mechanism of tumor addiction to Glyc62GRP94 in order to derive principles for patient selection. The goal 
of this talk is to present our current understanding of mechanisms associated with Glyc62GRP94 in cancer. 
 
 
(P011) Receptor sialylation by ST6GAL1 promotes pancreatic cancer development and progression 
Susan Bellis 1, Asmi Chakraborty1, Nikita Bhalerao1, Michael P. Marciel1; Colleen Britain1 
1University of Alabama at Birmingham 
 
Tumor cells have elevated levels of surface sialic acid, a glycan modification that regulates the structure 
and function of key cancer-associated receptors. Increased sialylation occurs, in part, through the 
upregulation of sialyltransferases such as ST6GAL1, an enzyme that adds an α2-6 linked sialic acid to N-
glycans. ST6GAL1 is overexpressed in numerous cancers, including pancreatic ductal adenocarcinoma 
(PDAC), and high ST6GAL1 protein expression correlates with a poor prognosis. Prior work from our 
group revealed that ST6GAL1 confers a cancer stem cell phenotype, typified by invasiveness and 
apoptosis-resistance, through the sialylation-dependent regulation of receptors such as EGFR and 
TNFR1. In the current investigation, we report that ST6GAL1 activity promotes tumor initiation and 
progression in both tumor xenograft, and genetically-engineered (GEM), mouse models of PDAC. As one 
example, we developed a GEM model with ST6GAL1 overexpression in the pancreas and crossed this to 
the “KC” PDAC model, which expresses oncogenic Kras (KrasG12D). Mice with dual expression of ST6GAL1 
and KrasG12D (”KSC” mice) exhibit greatly accelerated PDAC initiation, progression, and mortality when 
compared with KC mice (expressing KrasG12D alone). Importantly, one mechanism by  which ST6GAL1 
fosters PDAC development is through facilitating acinar to ductal metaplasia (ADM). During ADM, 
pancreatic acinar cells de-differentiate into ductal-like, progenitor cells and acquire greater survival and 
proliferative potential. This process is known to prime cells for neoplastic transformation. Using a variety 
of analyses and model systems including bulk and single cell RNA-Seq of GEM pancreata, organoid lines 
derived from GEM pancreata, the 266-6 ADM cell model, and an in vivo model of inflammation-induced 
ADM, we find that ST6GAL1 imparts an ADM-like phenotype, as evidenced by the: (i) upregulation of 
stem and ductal genes; (ii) downregulation of genes associated with differentiated acinar cells; and (iii) 



greater viability of cells with high ST6GAL1 expression. Concomitant with promoting ADM, an early step 
in neoplasia, ST6GAL1 enhances metastatic progression by stimulating EGFR-driven epithelial to 
mesenchymal transition. Collectively these results point to a critical role for ST6GAL1-mediated tumor 
cell sialylation in both early and late stages of malignancy.  
 
 
(P012) Engineering T cells to target Tn-glycopeptides on the tumor surface and in the extracellular 
matrix 
Avery Posey Jr.1 
1Department of Systems Pharmacology and Translational Therapeutics, University of Pennsylvania 
Perelman School of Medicine, Philadelphia, PA, USA 
 
T lymphocytes (or T cells) exhibit rapid proliferation and cytotoxicity after immune recognition of foreign 
or non-self antigens. Cancerous cells can often display mutated peptides that can be recognized as non-
self by the immune system, but a frequent mechanism of tumor escape is loss of the antigen display 
complexes. Chimeric antigen receptor (CAR) technology allows T cells to be genetically engineered with 
a novel immune receptor (as well as additional pro-inflammatory or effector molecules) that redirect T 
cell specificity based on the targets of monoclonal antibodies. This genetic engineering allows the 
manufacturing of billions of T cells specific for one tumor-associated antigen. 
Previously, we designed a CAR-T cell therapy that targets the glycopeptide epitope Tn-MUC1 and 
demonstrated anti-tumor efficacy against a variety of tumor histotypes, including T cell lymphoma, 
pancreatic cancer, breast cancer, prostate cancer, and other cancer histotypes. Now, we extend the 
targeting of Tn-glycopeptides to an oncofetal form of fibronectin, recognized by the antibody FDC-6. Tn-
fibronectin-targeting CAR T cells exhibit similar efficacy against PC3 prostate tumors as CAR T cells 
targeting cell surface antigens; however, the mechanism of action of cytotoxicity appears to be 
different, suggesting that T cells targeting extracellular antigens may represent a novel platform for 
inducing anti-tumor efficacy. Additional approaches for improving CAR T cell activity against tumors will 
be discussed, including the use of enzymatic activity, the generation of immunomodulatory fusion 
proteins, and secretion of large molecules, such as cytokines and antibodies 
 
 
(P013) Genome-Wide CRISPR Screens Reveal Specific Ligands for Glycan-Binding Immune Checkpoint 
Receptors 
Simon Wisnovsky 1, Leonhard Möckl2, Stacy A. Malaker3, Kayvon Pedram4; Gaelen T. Hess5; Nicholas M. 
Riley6; Melissa A. Gray6; Benjamin A.H. Smith6; Michael C. Bassik6; W.E. Moerner6, Carolyn R. Bertozzi6 
1Faculty of Pharmaceutical Sciences, University of British Columbia, Vancouver, BC, V6T 1Z3.; 2Max 
Planck Institute for the Science of Light, 91058 Erlangen, Germany.; 3Department of Chemistry, Yale 
University, New Haven, CT, 06520, USA.; 4Janelia Research Campus, Howard Hughes Medical Institute, 
Ashburn, VA, 20147, USA.; 5Department of Biomolecular Chemistry, University of Wisconsin, Madison, 
WI, 53706, USA.; 6ChEM-H Institute, Stanford University, Stanford, CA, 94305, USA 
 
Glyco-immune checkpoint receptors, molecules that inhibit immune cell activity following binding to 
glycosylated cell surface antigens, are emerging as attractive targets for cancer immunotherapy. 
Defining biologically relevant ligands that bind and activate such receptors, however, has historically 
been a significant challenge. Here, we present a CRISPRi genomic screening strategy that allowed 
unbiased identification of the key genes required for cell surface presentation of glycan ligands on 
leukemia cells that bind the glyco-immune checkpoint receptors Siglec-7 and Siglec-9. This approach 
revealed a selective interaction between Siglec-7 and the mucin-type glycoprotein CD43. Further work 



identified a specific N-terminal glycopeptide region of CD43 containing clusters of disialylated O-glycan 
tetrasaccharides that form specific Siglec-7 binding motifs. Knockout of CD43 in leukemic cells relieves 
Siglec-7-mediated inhibition of immune killing activity. This work identifies a potential target for immune 
checkpoint blockade therapy and represents a generalizable approach to dissection of glycan-receptor 
interactions in living cells. 
 
 
(P014) Is Siglec-XII functionally significant in aggressive carcinomas? 
Hector Cuello 1, Andrea Verhagen1, Ajit Varki1, Nissi Varki1 
1Departments of Medicine, Cellular and Molecular Medicine, and Pathology, Glycobiology Research and 
Training Center and Center for Academic Research and Training in Anthropogeny University of California 
San Diego CA USA 
 
Siglecs (Sialic acid binding Ig-like lectins) are cell surface receptors that recognize ligands bearing sialic 
acids (Sias), a family of glycans found at the terminal end of the glycan chains on cell surface and 
extracellular glycoconjugates. Human Siglec-XII (encoded by the gene SIGLEC12) is a member of the 
CD33-related family of Siglecs (CD33rSiglecs) which exhibit several features that appear to be unique to 
humans. First, there is a human-specific and human-universal mutation of a critical arginine residue, 
rendering it unable to recognize Sias (hence the designation -XII).   Second, it is expressed not only on 
macrophages, but also on epithelia. Third, the gene harbors fixed and polymorphic mutations and/or 
alternative splicing that eliminates full-length protein expression in 60-70% of the worldwide human 
population. Meanwhile a striking difference between human closely related “great apes” is that humans 
appear unusually prone to advanced carcinomas (epithelial cancers). We earlier reported that human 
Siglec-XII is expressed at unexpectedly high frequency in advanced carcinomas, recruits the oncogene 
Shp2 and it also accelerates tumor growth in a mouse model. Furthermore, forced expression of the 
human cDNA in a SIGLEC12 null carcinoma cell line enriched transcription of genes associated with 
cancer progression, including a set of genes altered in KRAS-addicted cancers. In this work, we 
hypothesize that dysfunctional Siglec-XII facilitates human carcinoma progression. Given that mice do 
not have any endogenous SIGLEC12 gene, we interrogated this hypothesis by developing two mouse 
models that allow the conditional and tissue-specific expression of the human protein, employing the 
Cre-loxP system. Siglec-XII-K14-Cre-ERT mice showed Siglec-XII expression in epidermal keratinocytes of 
the skin, tongue and in the female reproductive tract by immune histochemistry and Western Blot. 
Siglec-XII-Vil1-Cre-ERT2 showed high expression of Siglec-XII in villi and crypts of the small and large 
intestine. The expression of Siglec-XII could provoke histological changes in the mouse tissues and 
contribute to cancer progression. As a preliminary exploration of cancer signaling pathways, we 
evaluated the KRAS downstream signaling pathway and observed higher ERK kinase phosphorylation in 
mice that express Siglec-XII in the skin and intestinal epithelium. Understanding the impact of SIGLEC12 
on cancer progression may lead to the validation of a potential diagnostic and prognostic marker, as well 
as a potential therapeutic target. 
 
 
(P015) Hypoxia controls the glycobiological signature and  related pro-tumorigenic properties of 
metastatic melanomas 
Asmi Chakraborty1, Mariana Perez1, Norhan B. B. Mohammed1, Aristotelis Antonopoulos2, Liettel 
Ortega1, Michael Wells3, Jordan D. Carroll1, Caleb Staudinger1, Cristina Marrero4, Ramon Jimenez4,  
James S. Wilmott5, John F. Thompson5, Wei Wang9, Richard A. Scolyer5,6,7,8, George F. Murphy10, Stuart 
M. Haslam2, Charles J. Dimitroff1 
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Metastatic melanoma (MM) is a deadly disease with a five-year survival rate of 37%.  The major causes 
of MM-related mortality are distal organ involvement and treatment resistance.  These metastatic 
activities are often potentiated by the persistence of tumor-initiating cells (TICs) that commonly thrive in 
areas of low O2 levels, known as hypoxia.  To enhance therapy success in patients with MM, it is, thus, 
critical to understand the properties of TICs and devise strategies that target TICs.  Recent evidence 
suggests that TICs express distinct cancer-associated glycosylations compared with the more 
differentiated, bulk tumor cell populations.  Cancer glycans are now readily considered biomarkers of 
disease progression and, in some cases, effective anti-cancer therapeutic targets.  Whether hypoxia can 
instruct MM TIC development by inducing a unique glycosylation signature via glycosylation pathway 
derangement in MM TICs remains unknown.  It is known that MM cells depress expression of ß1,6 N-
acetylglucosaminyltransferase 2 (GCNT2), which converts fetal i-linear poly-N-acetyllactosamines (poly-
LacNAc) to I-branched poly-LacNAcs commonly found in normal human melanocytes.  Here, we 
investigated the consequences of hypoxia on GCNT2 expression and related effects on MM TIC 
generation and related tumorigenic properties.  Analysis of patient outcome data and the corresponding 
MM GCNT2 expression level indicated that loss of GCNT2 significantly correlated with poor patient 
survival.  Using MM cell lines enforced or silenced for GCNT2 expression, MM cells with low GCNT2 
levels showed enhanced TIC marker expression and increased tumor-initiating potential, in vivo.  Mass 
spectrometry of N-glycans from MM cells grown under hypoxia revealed that hypoxia promoted further 
loss of I-branched poly-LacNAcs.  In Western blot, flow cytometry and RT-qPCR assays, MM cells grown 
under hypoxia exhibited downregulated GCNT2 expression, upregulated TIC markers, and global 
alterations in glycome-related genes with notable upregulation of galectin (Gal)-8.  In lectin binding 
assays, Gal-8 preferentially bound to i-linear poly-LacNAcs on MM cells and increased 
immunosuppressive NF-κB signaling.  ELISA of Gal-8 in sera from MM patients showed elevated Gal-8 
levels compared with levels in sera from normal controls.  Results from this investigation reveal a key 
role of hypoxia in enforcing the glycosylation signature in MM cells, while triggering other pro-
tumorigenic factors, such as Gal-8, that could serve as a biomarker of metastasis.    
 
 
(P016) Klotho: a tumor suppressor with a potential glycosidase activity 
Sharon Yehuda 1, Yafit Atiya-Nassagi1, Riva Shmulevich2, Shani Leviatan Ben-Arye1; Michael Selitrennik3; 
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Klotho is an anti-aging hormone and a tumor suppressor shown to play a key role in energy metabolism 
and cancer. Downregulation of Klotho enhances proliferation and reduces apoptosis of cancer cells, 
however its overexpression inhibits colony formation of breast cancer cells in vitro. Thus, Klotho’s 
importance as a master regulator in health and in malignancy is clear. Although its precise mechanism of 
action remains obscure, several studies suggested that Klotho has a carbohydrate cleaving enzymatic 
activity, but it remains controversial. We hypothesize that Klotho can act as a sialidase, to remove 
terminal sialic acids from glycans, thereby affecting downstream signaling in cancer cells.  We found that 
Klotho removes sialic acid from glycoproteins, as measured by HPLC with fluorescence detection of the 
released sialic acids. Moreover, exposure of Klotho against diverse glycoproteins printed microarrays 
revealed altered recognition by carbohydrate-binding lectins, with lower recognition of sialic acids and 
reciprocal higher recognition of galactose, suggesting that Klotho cleaves sialic acid thereby exposing the 
underlying galactose. Structural analysis of Klotho by molecular dynamics simulation revealed possible 
conformational changes of Klotho, exposing a hidden pocket that is a highly potential catalytic site for 
sialic acid cleavage. To evaluate the potential downstream effects of Klotho in cancer, we compared 
proteomics of breast cancer cell lines that were either control-treated or exposed to Klotho for 5 
minutes or 2 hours, then cell homogenates were pulled down with anti-galectin-3 to evaluate Klotho’s 
effects on galectin interactions within and outside of these cells. After 5 minutes, Klotho reduced 
detection of membranal proteins and proteolysis-related proteins, and after 2 hours Klotho increased 
detection of various cytoplasmic proteins associated with intracellular signaling. Further studies are 
aimed at validating some of these participating proteins. Better understanding of Klotho’s activity may 
contribute to the design of novel glycan-based cancer treatment approaches. 
 
 
(P027) O-GlcNAc activates small heat shock proteins to block amyloid aggregation 
Matthew Pratt 1 
1University of Southern California 
 
Loss of O-GlcNAc in neurons results in protein aggregation and neurodegeneration. In contrast, 
inhibitors that elevate O-GlcNAc slow the amyloid aggregation of Tau and alpha-synculein, the major 
aggregating proteins in Alzheimer's and Parkinson's diseases respectively. Despite these clear 
observations, the precise mechanisms by which O-GlcNAc slows toxic amyloid aggregation still need to 
be characterized. Here, I will present our discovery that O-GlcNAc on the small heat shock protein 
chaperones increases their anti-amyloid activity. To make this discovery, we used protein synthesis to 
prepare site-specifically O-GlcNAc modified proteins for subsequent biochemical and biophysical 
characterization. We found that O-GlcNAc disrupts an auto-regulator interaction in the heat shock 
protein oligomer, resulting in a more active chaperone. These results have important implications for 
targeting O-GlcNAc in neurodegenerative diseases. 
 
 
(P028) Chondroitin 4-O-sulfation regulates hippocampal perineuronal nets and synaptic plasticity 
Linda Hsieh-Wilson 1 
1 Division of Chemistry and Chemical Engineering, California Institute of Technology, Pasadena, CA 
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Perineuronal nets (PNNs) are specialized, lattice-like extracellular matrix (ECM) structures that condense 
around subpopulations of neurons and control critical periods of brain plasticity. Chondroitin sulfate 
proteoglycans (CSPGs) are major structural components of PNNs, and the sulfation patterns found on 
their glycan chains change dynamically throughout development into adulthood. We generated a brain-



specific knockout of the chondroitin 4-O-sulfotransferase gene Chst11 to investigate the role of 4-O-
sulfated CS motifs that predominate in adulthood. We found that CS 4-O-sulfation regulates PNN 
density, synapse formation, and hippocampal cognitive functions. CS 4-O-sulfation may therefore 
represent a novel target for the modulation of synaptic plasticity and study of neurodegenerative and 
psychiatric disorders. 
 
 
(P029) Sweet at synapses: the role of heparan sulfate on neurexin1 in synapse organization 
Qin Xu1, Qian Zhang1, Peng Zhang1 
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Information process in the brain relies on synaptic transmission which is determined by presynaptic 
neurotransmitter release and the responses of postsynaptic receptors. Precisely regulated interactions 
between neurexin (the canonical synaptic organizing protein) with postsynaptic partners provide 
molecular links between axons and dendrites to control synapse assembly and synaptic function. 
Neurexin’s role in synapse development had long been thought to be mediated purely by its protein 
domains. However, we discovered that Nrxn is post-translationally modified by the glycan, heparan 
sulfate, that is vital for controlling neurexin-binding to its partners. To understand the physiological role 
of the heparan sulfate modification on neurexin in vivo, we have generated a Nrxn1ΔHS mouse line 
which carries points mutations blocking the heparan sulfate modification on neurexin1. Compared to 
wildtype mice, neurexin1ΔHS mice exhibited deficits in synaptic structure, composition, and 
transmission as well as behavioral abnormalities. Abnormal synthesis of heparan sulfate or genetic 
mutations on neurexin1 have been implicated in autism, schizophrenia, and intellectual disabilities. Our 
studies suggest a neurexin-heparan sulfate mediated pathway that may help to unravel some of the 
mechanistic underpinnings of the synaptic abnormalities underlying these diseases.  
 
 
(P030) TMTC-type O-mannosyltransferases as potential regulators of cadherin functions in Drosophila 
Melissa Koff 1, Lorzenzo Povolo2, Adnan Halim2, Vlad Panin1 
1 Department of Biochemistry and Biophysics, Texas A&M University, College Station, Texas 77843, USA; 
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Recently discovered noncanonical O-mannosyltransferases include Transmembrane tetratricopeptide 
repeat-containing proteins 1-4 (TMTC1-4).  These enzymes add O-linked mannose to cadherins, 
protocadherins, and some other proteins, however, the biological functions of TMTCs remain poorly 
understood. Cadherins, a large family of transmembrane glycoproteins, are crucial for cell adhesion. 
They play essential roles in many biological processes across metazoan organisms, including neural 
development, tumor suppression, and epithelial maintenance. Mutations in cadherins lead to a range of 
congenital diseases, from neurological abnormalities to cancer. Although O-mannose has been found on 
cadherins within important functional domains, the function of these modifications remain unclear. 
Notably, TMTC mutations were found to be associated with brain malformations and neurological 
disorders, which suggests that TMTCs play particularly important roles in nervous system development, 
possibly by affecting the function of neural cadherins. TMTCs are evolutionarily conserved in metazoan 
organisms, including Drosophila, which provides the rationale to use fruit flies as a model system to 
investigate the functions of TMTCs in the nervous system.   



In our study, we focused on Drosophila TMTC1 & TMTC2 and their functions in the nervous system.  
Using transgenic insertions and mutant alleles, our analyses revealed that these highly homologous 
genes are expressed in an overlapping pattern restricted to the nervous system throughout 
development. Mutations in these genes are semilethal, causing lethality during larval and pupal stages. 
TMTC  expression is specifically upregulated in sensory neurons during larval stages. Our initial analyses 
revealed that TMTC1 and 2 mutants have defects in neural connectivity, affecting the wiring of axons. 
Analysis of individually labeled axons and dendritic arborization revealed fine defects of functional 
morphology in TMTC mutants. Notably, individual N-Cadherin mutant neurons examined in a like 
manner exhibited defects similar to those seen in TMTC mutants, suggesting that TMTC-mediated O-
mannosylation is crucial for proper N-Cadherin function in the developing brain. This conclusion was 
further supported by our initial glycoproteomic analyses, which uncovered that N-Cadherin is a 
substrate for O-mannosylation in Drosophila. The experiments also indicated that this modification is 
potentially dependent on the activity of TMTC1/2, suggesting that N-Cadherin is a functional target of 
these enzymes. Intriguingly, protein sequence alignments revealed conservation of O-mannosylation 
sites between Drosophila and human cadherins, suggesting that the function of cadherin O-
mannosylation is evolutionarily conserved.  Taken together, our results contribute to understanding the 
function of protein O-mannosylation in the regulation of cadherins in Drosophila, having potential 
implications for uncovering similar mechanisms in mammals, including humans.  
This project was supported by grants from NIH (NS099409) to VP and by a research grant (00025438) 
from VILLUM FONDEN to AH. 
 
 
(P031) ST6Gal1-Mediated Silalylation Promotes Brain Tumor Initiating Cell Maintenance 
Sajina GC 1, Kaysaw Tuy1, Lucas Rickenbacker1, Robert Jones, Ph.D.1, Asmi Chakraborty, Ph.D.1, C. Ryan 
Miller, M.D., Ph.D.2, Xiaoguang Liu, Ph.D.3, James A. Mobley, Ph.D.4, Victor Darley-Usmar, Ph.D2., Gloria 
Benavides2, Susan Bellis, Ph.D.1 & Anita Hjelmeland, Ph.D.1 
1 Department of Cell, Developmental and Integrative Biology, University of Alabama at Birmingham, 
Birmingham, Alabama, USA; 2 Department of Pathology, University of Alabama at Birmingham, 
Birmingham, Alabama, USA; 3 Department of Biomedical Engineering, University of Alabama at 
Birmingham, Birmingham, Alabama, USA; 4 Department of Anesthesiology, University of Alabama at 
Birmingham, Birmingham, Alabama, USA 
 
Glioblastoma (GBM) is one of the most aggressive and fatal cancers in children and adults with a median 
survival of 15 months. Development of more effective treatments is difficult due to the highly 
heterogeneous nature of GBM, which includes the presence of neural stem cell-like brain tumor 
initiating cells (BTICs).  BTICs have properties of self-renewal and multilineage differentiation and are 
highly metabolically plastic, tumorigenic and therapy-resistant. Studies of post-translational 
modification in GBM or BTICs, including the addition of sialic acid to the end of glycoproteins during 
sialylation, are limited. Just as phosphorylation adds a negatively-charged phosphate, sialylation adds a 
negatively-charged, sialic acid to the end of an oligosaccharide chain of a glycoprotein.  Sialylation of 
distinct protein subsets has profound effects on conformation, clustering and cell surface retention to 
regulate protumorigenic cellular signaling and behaviors. The primary enzyme that α2,6 sialylates N-
glycosylated proteins destined for the plasma membrane or secretion is Golgi beta-galactoside α2,6-
sialyltransferase 1 (ST6Gal1). ST6Gal1-mediated sialylation of integrins, growth factor receptors and 
death receptors are known to regulate cell migration, survival, and differentiation state.  
ST6Gal1 is thought to be broadly expressed with its paralog ST6Gal2 relatively restricted to the thyroid, 
testis and brain at substantially lower levels. Neither the ST6Gal1/2 expression in the brain tumors nor 
their functional roles have been well characterized, but we determined that ST6Gal1 levels were high in 



BTICs in comparison to non-BTICs.  These data suggested our hypothesis that ST6Gal1 mediated α2,6 
sialylation of a select subset of cell surface receptors and transporters increases BTIC maintenance and 
metabolic plasticity to promote GBM growth.  Using genetic modulation of ST6Gal1 or selection of 
cellular subsets with differential extent of α2,6 sialylation, we defined a role for ST6Gal1 in the 
promotion of BTIC growth and neurosphere formation capacity, a measure of BTIC self-renewal.  α2,6 
sialylationhigh GBM cells had elevated ST6Gal1 mRNA and knockdown of ST6Gal1 decreased α2,6 
sialylation. These data indicate that ST6Gal1 is a major mediator of α2,6 sialylation in GBM.  To identify 
ST6Gal1-regulated molecular mechanisms regulating BTIC maintenance, proteomics was used to 
determine cell surface proteins differentially expressed with ST6Gal1 knockdown.  We identified several 
targets of interest related to L1CAM signaling, a pathway known to promote BTIC maintenance.  We 
continue to use SNA (Sambucus Nigra Agglutinin) pull-downs to validate cell surface proteins that 
directly bound to a lectin recognizing α2,6 sialylation. Together, our data strongly implicates ST6Gal1 as 
a regulator of GBM BTIC maintenance via direct post-translational modification of cancer stemness 
associated proteins. 
 
 
(P032) Modeling neurological aspects of GALNT2-CDG in mice 
Andrew Edmondson 1, Zhaolan Zhou2 
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Congenital disorders of glycosylation (CDG) are a group of neurogenetic disorders that disrupt cellular 
glycosylation machinery and exhibit multi-system dysfunction, including severe neurological deficits. 
These disorders emphasize that glycosylation is an essential post-translational modification, yet the 
pathophysiology of neurological dysfunction in CDG remains unclear. Most CDG disrupt N-glycosylation, 
however, eight patients from five families with biallelic loss-of-function mutations in GALNT2, which 
encodes a Golgi-localized glycosyltransferase that initiates mucin-type O-glycosylation, confirms O-
glycosylation is also critical to neurologic function. GALNT2-CDG patients exhibit global developmental 
delay, epilepsy, autistic features, and white matter changes on brain MRI.  
I have modeled neurological aspects of this neurogenetic disorder, GALNT2-CDG, in mice using a floxed 
Galnt2 allele and cell-type specific Cre drivers to illicit neurobehavioral phenotypes dependent on O-
glycosylation. Pan-neuronal Galnt2 KO (nKO) mice generated using a Snap25-IRES-Cre driver, exhibit 
deficits across numerous behavioral and learning domains, including altered locomotor activity in Open 
Field Test, increased anxiety-like behavior in Elevated Zero Maze, decreased sociability, deficits in motor 
coordination and learning on Accelerating Rotarod, deficits in context-dependent memory formation in 
Fear Conditioning, and poor nest building. Approximately 1/3 of these mice also demonstrate behavioral 
seizures. Interestingly, Galnt2 nKO mice also exhibit excessive weight gain. These findings demonstrate 
the key role of O-glycosylation in neurons initiated by just one of 20 related enzymes and implicate a 
role of O-glycosylation in diverse neurological processes, including learning, memory, 
neurotransmission, and body weight homeostasis.  
Ongoing studies seek to characterize the epilepsy phenotype using time-locked video EEG and to 
determine whether excessive body weight is due to increased caloric intake or decreased caloric usage. 
Future plans include glycoproteomic identification of affected glycoproteins and their disrupted 
glycosites to investigate underlying molecular mechanisms.       
 
 
 
 
 



(P043) Immune Interactions of viral surface glycoproteins 
Fikri Avci 1 
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Pathogens display an array of glycoconjugates on their surfaces with various roles including innate 
immune evasion, adherence, and signaling. These glycan moieties are often critical mediators of 
pathogenesis and host-cell interactions. Due to their surface exposure and important functional 
properties, there have been tremendous efforts to exploit these antigenic glycans in vaccine 
development. I will present our recent work on immune activation pathways induced upon 
immunization with HIV envelope glycoprotein and SARS-CoV-2 spike protein. 
 
 
(P044) Structural insights into antibody-mediated neutralization of SARS-CoV-2 
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In less than a year, researchers have uncovered structure-function details for many of the proteins 
encoded by SARS-CoV-2. We report structures that reveal how monoclonal neutralizing antibodies bind 
spike to prevent infection. One such monoclonal antibody, BG10-19, targets a highly-conserved, 
proteoglycan epitope on the SARS-CoV-2 RBD, which sits outside of mutated residue positions found in 
all circulating variants of concern (i.e., alpha, beta, gamma, delta, kappa, and lambda). In addition, 
BG10-19 bridges adjacent RBDs and locks the spike trimer in a completely closed conformation to 
potently neutralize SARS-CoV-2 and heterologous SARS-like coronaviruses. Thus, BG10-19 is a candidate 
antibody therapeutic to combat continuing SARS-CoV-2 antigenic drift and represents an attractive 
epitope for pan-sarbecovirus vaccine design. 
 
 
(P045) Fine-tuning the Spike: Role of the nature and topology of the glycan shield in the structure and 
dynamics of the SARS-CoV-2 S 
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The glycan shield covering the SARS-CoV-2 spike (S) protein is responsible not only to hide the virus from 
immune detection, but also plays key functional roles, stabilizing the S prefusion “open” conformation1, 
and gating the open-to-close transitions2. These newly discovered functions suggest that the evolution 
of the sites of glycosylation is potentially intertwined with the evolution of the overall protein sequence 
to affect optimal activity. In this talk I will discuss the results of multi-microsecond molecular dynamics 
simulations we used to characterize the effect of the type of N-glycosylation at key functional sites on 
the structure and dynamics of different SARS-CoV-2 S models3. Also, in combination with bioinformatics, 
we assessed the effect of the loss of glycosylation at N370, a newly acquired modification in the SARS-
CoV-2 S glycan shield’s topology. Our results indicate that the structures of the N-glycans at N234, N165 
and N343 greatly affect the stability of the open S conformation, and thus its exposure and accessibility. 



Also, we find that while glycosylation at N370 stabilizes the open receptor binding domain (RBD) 
conformation, the N370 glycans from closed RBDs tie the protomers down, likely increasing the opening 
energetics, suggesting that the loss of the N370 glycosylation site may have contributed to its higher 
infectivity of SARS-CoV-2 relative to CoV and to other variants carrying the sequon. Furthermore, I will 
discuss how the absence of the N370 glycan in the SARS-CoV-2 S frees the glycan binding site on the RBD 
surface, which becomes available to bind host cell glycans, potentially increasing the virus’ cell surface 
localization.    
1. Casalino L et al, ACS Central Sci (2020), doi: https://doi.org/10.1021/acscentsci.0c01056 
2. Sztain T et al, bioRxiv (2021), doi: https://doi.org/10.1101/2021.02.15.431212  
3. Harbison AM et al, bioRxiv (2021), doi: https://doi.org/10.1101/2021.04.01.438036  
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LPG2 Leads to Significant Changes in the L. major Proteome 
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Glycoconjugates play key roles throughout the infectious cycle of the parasite Leishmania, which infects 
100s of millions in endemic regions with 10s of millions showing disease manifestations ranging from 
cutaneous lesions to deadly visceral disease. Here, we applied proteomic approaches to understand the 
impact of two genes in L. major whose loss is of particular interest.  The first, LPG2, encodes a 
multispecific nucleotide sugar transporter mediating GDP-Man, GDP-D-Arap or GDP-L-Fuc uptake into 
the Golgi. Knockout lpg2- parasites survive in vitro and can persist without pathology in mice. While this 
phenotype was originally attributed solely to loss of LPG and related phosphoglycan-bearing 
glycoconjugates, mutants lacking the Golgi UDP-Gal transporters similarly deficient in phosphoglycans 
show only delayed infection, suggesting the possibility of LPG2-independent factors (Capul and Beverley 
et al., Infect Immun. 2007). The second is novel fucosyltransferase FUT1, targeted to the parasite 
mitochondrion where its presence and function are required for normal growth, as FUT1 loss (fut1s) 
results in severe mitochondrial defects in Leishmania and trypanosomes (Guo and Beverley et al., PNAS 
2021, in press; Bandini and Ferguson et al., eLIFE 2021, in press). While the mitochondrial substrate is 
unknown, recombinant LmjFUT1 was able to fucosylate glycan and peptide substrates. Proteomic 
analysis of fut1s and lpg2- mutant cell lines along with the WT L. major parent line was performed on 
whole cell lysates separated into 12 fractions individually analyzed by LC-MS/MS. Over 6500 proteins 
were identified, of which 5800 were deemed high confidence, representing a near doubling of the 
known experimental Leishmania major proteome. Within the high confidence dataset, 465 proteins 
showed significant differential abundance relative to WT: 107 up and 142 down in fut1s only, 173 down 
and 13 up in lpg2- only, and 30 down in fut1s but varied in lpg2-.  Many proteins were hypothetical for 
lpg2-, thus future studies will be required to assess which if any contribute to the ‘persistence without 
pathology’ phenotype.  For fut1s, several mitochondrial proteins were identified, some of which likely 
contribute to mitochondrial deficiencies. These data provide new candidates that may account for 
unique phenotypes of these two mutants. Despite the activity of recombinant FUT1 on peptide 
substrates, we did not find evidence of O-fucosylated proteins within the aforementioned datasets. 
Application of Hydrophilic Interaction Liquid Chromatography (HILIC) for glycopeptide enrichment of WT 
lysates resulted in identification of 103 peptides predicted to contain N-glycosylation (mostly with high 
mannose glycans) on 90 proteins were detected, but still no O-fucosylation was observed.   Potentially, 



the in vitro peptide fucosylation activity seen with recombinant FUT1 may not manifest in vivo, or 
protein O-fucosylation occurs in a manner not detected by the methodology employed. 
 
 
(P047) Revealing the physicochemical dynamics in Campylobacter jejuni flagellum sialylation 
Jitske van Ede 1, Chinmoy Saha2, Mark van Loosdrecht1, Rogier Louwen2, Martin Pabst1 
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Campylobacter jejuni infections are one of the leading causes of gastroenteritis worldwide. Although the 
exact molecular mechanisms are not yet fully understood, cellular components such as 
lipooligosaccharides (LOSs) and flagella are thought to represent important virulence factors. 
Interestingly, recent studies showed that the flagellin proteins are extensively glycosylated with sialic 
acids (nonulosonic acids, NulOs), a widespread and highly chemically diverse class of nine-carbon 
sugars.1,3 
To investigate the relevance of the chemical diversity of flagellin sialylation, we compared the 
glycosylation profiles of the C. jejuni strain GB11—a clinical isolate that also induces Guillain-Barré 
syndrome—with a GB11 ΔCas9 mutant that, interestingly, shows decreased adherence, invasion, 
intracellular survival, and translocation across human epithelium cells.3 
The flagellin proteins of both strains (WT and mutant) were found to be sialylated by a variety of 
bacterial-type NulOs, while the LOS structures were exclusively sialylated by animal-type sialic acids.2 
Most interestingly, however, the flagellin sialylation of the ΔCas9 mutant shifted toward NulOs with 
charge-balanced modifications, putative legionaminic acid analogs, and a reduced occurrence of “long-
chain” modifications. These changes are predicted to impact the net charge of the flagella and provide 
divergent recognition points for receptors or carbohydrate binding proteins. 
In summary, we reveal the remarkable physicochemical dynamics of C. jejuni surface glycosylation, 
which serves as a starting point to understand the relevance of the diverse NulO chemistry in relation to 
virulence of C. jejuni.2 
1. Thibault, P., Logan, S. M., Kelly, J. F., Brisson, J. R., Ewing, C. P., & Guerry, P. (2001). Identification of 
the carbohydrate moieties and glycosylation motifs in Campylobacter jejuni flagellin. Journal of 
Biological Chemistry, 276(37), 34862-34870. 
2. Kleikamp, H. B., Lin, Y. M., McMillan, D. G., Geelhoed, J. S., Naus-Wiezer, S. N., Van Baarlen, P., ... & 
Pabst, M. (2020). Tackling the chemical diversity of microbial nonulosonic acids–a universal large-scale 
survey approach. Chemical Science. 
3. Louwen, R., Horst-Kreft, D., De Boer, A. G., Van Der Graaf, L., de Knegt, G., Hamersma, M., ... & Endtz, 
H. P. (2013). A novel link between Campylobacter jejuni bacteriophage defence, virulence and Guillain–
Barré syndrome. European journal of clinical microbiology & infectious diseases. 
 
 
(P048) Early Treatment of Sickle Cell Disease Patients in Vaso-Occlusive Crisis with Glycomimetic 
Selectin Antagonist, Rivipansel Achieves Earlier Discontinuation of IV Opioids and Shorter Hospital 
Stay. Post Hoc Analysys of the RESET Trial 
Jay Lozier 1, William E. Fogler1, John L. Magnani1 
1GlycoMimetics, Inc. Rockville MD 
 
The hallmark of sickle cell disease (SCD) is low dissociation of oxygen due to a mutation in the gene for 
hemoglobin.  Increase in hypoxia at times of excessive exercise or infection can trigger release of 



hypoxic-induced factors and cytokines that result in E-selectin expression on the vascular endothelium 
resulting in aggregation and formation of occlusions in the bloodstream that block blood flow to organs 
causing pain and irreversible and cumulative damage. This is called a vaso-occlusive crisis (VOC) and is 
responsible for the pain, morbidity and early mortality of these patients. 
E-selectin plays a dominant role in acute VOC as it forms the foundation of an occlusion and activates 
bound leukocytes to express integrins to further enhance the formation of occlusions.  Rivipansel is a 
glycomimetic antagonist with potent activity against E-selectin that prevents occlusions and increases 
blood flow and survival in a model of VOC in SCD mice. Rivipansel also significantly reduced opioid use 
and shortened hospital stay in a Phase 2 study of VOC. 
A Phase 3 trial (RESET, NCT02187003) in VOC recently conducted by Pfizer was a randomized, double-
blind, placebo-controlled study evaluating the efficacy of treating hospitalized SCD patients in VOC with 
Rivipansel. Three hundred and twenty patients down to 6 years of age were treated with either 
Rivipansel (n=162) or placebo (n=158).  An intravenous loading dose was followed by additional doses 
Q12hr in addition to standard of care. The primary endpoint of the study was Time to Readiness for 
Discharge (TTRFD) with secondary endpoints being Time to Discharge (TTD), Time to Discontinuation of 
IV opioids (TTDIVO), and Cumulative IV Opioid Use (CIVO).   
VOC is a stroke of the body and early intervention is critical.  Analysis of the data demonstrates that 
treatment with Rivipansel within the first quartile of time from the initiation of the VOC (< 26.4 hr) 
significantly reduced the primary endpoint of TTRFD by 56.3 hrs. (from 122.0 to 65.7 hr) and secondary 
endpoints TTD by 41.5 hr (from 112.8 to 71.3 hr) and TTDIVO by 50.5 hr (from 104.0 to 53.5 hr), 
compared to placebo.  These data were reproduced in pediatric patients and in an extension study 
(NCT02433158). 
Consistent results from these groups demonstrate that early intervention by blocking E-selectin results 
in significant and clinically meaningful benefit to SCD patients in VOC.  The RESET study however 
included all patients after the start of VOC past irreversible damage and thus failed to meet its 
endpoints. In response, we designed a new highly potent E-selectin antagonist (GMI-1687) with a Kd of 
2nM and is 100% bioavailable through a subcutaneous route.  Animal models of VOC demonstrate 
efficacy at 1000-fold lower doses.  These characteristics are compatible with use of GMI-1687 in an 
autoinjector to be used early in VOC outside of a hospital setting thereby increasing efficacy and 
eliminating the need for hospitalization.            
 
 
(P067) Regulation of T cells, B cells, myelination, multiple sclerosis and immune senescence by N-
glycan branching and N-acetylglucosamine 
Michael Demetriou 1 
1UC Irvine 
 
Our work has revealed how aging, genetics and metabolic regulation of N-glycosylation of cell surface 
glycoproteins control cell growth/differentiation and diseases such as multiple sclerosis. The branching, 
extension and number of N-glycans per protein molecule control N-acetyllactosamine content within 
glycoproteins, thereby regulating galectin-glycoprotein binding and lattice formation at the cell surface. 
This in turn controls the distribution, clustering, and signaling activity of surface glycoproteins. In this 
manner, N-glycan branching regulates T and B cell development, suppresses T cell hyper-activity and 
pro-inflammatory TH1/TH17 differentiation, inhibits pro-inflammatory innate B cell activity via reduced 
surface expression/signaling of Toll Like Receptor (TLR) - 4 and TLR2, and inhibits autoimmune disease in 
mice and humans. Aerobic glycolysis and glutaminolysis reduce N-glycan branching to drive pro-
inflammatory immune responses by reducing the levels of metabolites that are required for N-glycan 
branching.  Overcoming metabolic down-regulation of N-glycan branching in vitro and in vivo by 



addition of N-acetylglucosamine (GlcNAc) suppresses T and B cell mediated autoimmunity. Moreover, N-
glycan branching and GlcNAc also directly promote primary myelination and myelin repair after injury by 
driving oligodendrocyte precursor cell differentiation. In multiple sclerosis patients, reduced levels of 
endogenous serum GlcNAc correlates with clinical severity, reduced myelination and 
neurodegeneration. In contrast, elderly humans display elevated levels of endogenous GlcNAc, which 
combines with elevated IL-7 signaling to raise N-glycan branching and suppress immunity to infectious 
disease in the elderly.  Thus, manipulating N-glycan branching/GlcNAc levels in humans provides 
therapeutic potential to treat autoimmune disease, promote myelination, suppress neurodegeneration 
and limit severity of infectious diseases like SARS-CoV2 in the elderly. 
 
 
(P068) A Bitter Sweet Symphony in Immune response: glycans as key checkpoints in autoimmunity 
and cancer. 
Salomé Pinho 1, 2, 3 
1Institute for Research and Innovation in Health (i3S), University of Porto, Porto, Portugal; 2Medical 
Faculty, University of Porto, Porto, Portugal; 3ICBAS - School of Medicine and Biomedical Sciences, 
University of Porto, Porto, Portugal 
 
The immune system is governed by a series of stimulatory and inhibitory pathways in which the 
disruption of the control of those molecular checks can lead to unpredictable autoimmune or cancer 
states. The mechanisms underlying the genesis of the loss of immunological tolerance in autoimmunity 
or the creation of immunosuppressive networks in cancer are still elusive. Glycans have been highlighted 
as essential determinants that integrate the regulatory networks that guide both innate and adaptive 
immune responses. Changes in protein glycosylation are a hallmark of immune-mediated diseases, in 
which glycans act as master regulators of the inflammatory response being important molecules for the 
discrimination between “self”/“non-self”. Our results in Systemic Lupus Erythematosus (SLE), a classical 
autoimmune disease, revealed a unique glycan signature characterized by an increased abundance and 
spatial distribution of unusual mannose-enriched glycans. This abnormal exposure of mannosylated 
glycans at the surface of kidney cells from SLE patients with lupus nephritis (LN) was shown to promote 
an increased recognition by specific glycans-recognizing receptors, expressed by immune cells, 
potentially contributing to the immunopathogenesis of SLE. This abnormal glycosignature of LN was 
demonstrated to be due to a deficient complex N-glycosylation and a proficient O-mannosylation 
pathway. Importantly, from the clinical standpoint, levels of mannosylation detected in kidney biopsies 
from LN patients at diagnosis were demonstrated to predict the development of chronic kidney disease 
(CKD) with 93% of specificity (Alves I, et al. Arthritis and Rheumatology 2021).   
At the other pole of the immune response, in a cancer context, where strong immunosuppressive 
networks promote cancer progression, we also demonstrated the immune-regulatory properties of 
glycans. We showed that complex branched N-glycans structures, typically overexpressed by cancer 
cells, are used by colorectal tumor cells to escape immune recognition, by instructing the creation of 
immunosuppressive pathways through inhibition of IFNγ production. The removal of this “glycan-mask” 
was found to expose immunogenic glycans that potentiated immune recognition through DC-SIGN-
expressing immune cells resulting in an effective anti-tumor immune response (Silva M & Fernandes A, 
et al. Cancer Immunology Research 2020). In summary, our recent results demonstrate the regulatory 
power of glycans in governing both innate and adaptive immune responses with important roles in the 
pathogenesis of major diseases such as cancer and autoimmunity, pinpointing glycans as key 
checkpoints with promising clinical applications in autoimmune diseases and cancer. 
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Colorectal cancer (CRC) represents the third most common malignancy and the second leading cause of 
cancer-related deaths worldwide. Although immunotherapy has taken center stage in mainstream 
oncology, it has shown limited clinical efficacy in CRC, generating an urgent need for discovery of new 
biomarkers and potential therapeutic targets. Galectin-1 (Gal-1), a β-galactoside-binding lectin highly 
expressed at sites of tumor growth, induces tolerogenic programs and contributes to tumor cell evasion 
of immune responses. 
Here, we investigated the relevance of Gal-1 and explored its immunomodulatory activities in an 
experimental model of colitis-associated colorectal cancer (CACRC). Wild-type (WT) and Gal-1 KO 
(Lgals1-/-) mice were treated with azoxymethane (AOM) as carcinogen and DSS for colitis induction. 
Wasting disease was monitored and, after sacrifice, we analyzed tumor size, immune infiltrate and 
cytokine profile. Mice lacking Gal-1 (Lgals1−/−) developed a lower number of tumors in the AOM/DSS 
model of CACRC. Furthermore, mice lacking Gal-1 developed an enhanced anti-tumor immune response, 
with higher frequency of activated CD4+ and CD8+ T cells, higher expression of IL-6, IFN-γ and lower 
expression of TGF-β. Moreover, silencing of tumor-derived Gal-1 in the syngeneic CT26 CRC model also 
resulted in slower tumor growth. This effect involved induction of a particular population of 
CD8+CD122+PD-1+ regulatory T cells (Tregs). Accordingly, bioinformatic analysis of colorectal 
adenocarcinoma from The Cancer Genome Atlas dataset revealed a particular signature characterized 
by high CD8+ Treg score and elevated Gal-1 expression, which delineates poor prognosis in human CRC. 
Given the potential benefits associated with Gal-1 blockade, we biochemically and functionally 
characterized a newly developed neutralizing Gal-1 monoclonal antibody (Gal-1-mAb3), which 
specifically recognizes a unique epitope in Gal-1 protein and exerts both angioregulatory and 
immunomodulatory activities. Interestingly, administration of anti-Gal-1 mAb-3 to AOM-DSS mice 
resulted in lower number of tumors, reduced tumor volume and a lower histopathologic score of 
displasia/neoplasia. 
Thus, targeting Gal-1-glycan interactions may represent a potential immunotherapeutic modality for 
treating CRC. 
 
 
 
 
 
 



(P070) Expression of hST3GAL4 Transgene Protects NOD Mice from Onset of Autoimmune Diabetes 
Benjamin J. Lewis 1, Peter V. Aziz1, Jamey D. Marth1 
1Sanford Burnham Prebys Medical Discovery Institute, La Jolla, California 92037, USA 
 
Mammalian sialyltransferases are a highly conserved family of glycosyltransferases that attach sialic 
acids at distal and terminal positions during glycan synthesis mostly as a2-3 and a2-6 anomeric linkages. 
Sialic acid linkages can form ligands of various receptors including the Siglec receptors of immune cells. 
Siglecs bind sialic acids in cis and trans at cell surfaces thereby controlling the assembly and signaling of 
immune cell receptor complexes. The pathogenesis of autoimmune disease reflects defects in 
immunological tolerance but remains poorly understood. Most mammalian cell surfaces are covered 
with glycoproteins bearing sialylated asparagine-linked (N)-glycans. Unexpectedly, we have observed 
relatively low levels of sialyltransferase expression and sialic acids among normal mouse and human 
pancreatic beta cells. This intrinsically low level of sialylation limits the expression of Siglec ligands and 
may be disadvantageous in the presence of a dysfunctional hyperactive immune system. In Type 1 
diabetes (T1D), a defect in immunological tolerance results in the destruction of pancreatic beta cells. 
Although dysregulation of the immune system is believed to represent the origin of this disease, the 
reason why pancreatic beta cells are targeted is not known. We hypothesize that the susceptibility of 
pancreatic beta cells to immunological attack in autoimmune diabetes reflects low levels of toleragenic 
sialic acids. To identify the mechanistic features of immunological tolerance to pancreatic beta cells, we 
have initially studied the Non-Obese Diabetic ShiLT/J (NOD) mouse because of its well-defined disease 
signs that include spontaneous insulitis progressing to beta cell destruction, insulin deficiency and 
diabetes, and because of the large body of immunological knowledge that has been acquired using this 
model of human T1D. We have generated and analyzed transgenic syngeneic NOD mice bearing 
increased expression of sialic acids on pancreatic beta cell glycoproteins. Remarkably, augmentation of 
sialyltransferase expression protects NOD mice from insulitis and the immunological destruction of 
pancreatic beta cells. Our current data will be presented.  Discovering the roles of glycosyltransferases in 
tissue-specific autoimmunity will enhance the understanding of immunological tolerance mechanisms 
and is likely to aid in the development of preventative and curative approaches to autoimmune diseases 
such as T1D. 
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Changes in protein glycosylation are a hallmark of immune-mediated diseases. Glycans are master 
regulators of the inflammatory response being important molecules for the discrimination between 
“self”/“non-self”. We here explored whether lupus nephritis (LN) exhibit an altered cellular glycosylation 
aiming to identify a unique glycosignature that characterizes LN pathogenesis. A comprehensive tissue 
glycomics characterization was performed in a cohort of human biopsy-proven LN clinical samples from 
SLE patients. A combination of advanced tissue mass spectrometry imaging (MSI); in situ glyco-
characterization and ex vivo glycophenotyping of human kidney biopsies were performed to structurally 
map the N-glycans repertoire in LN samples. LN revealed a unique glycan signature characterized by an 
increased abundance and spatial distribution of unusual mannose-enriched glycans that are typically 
found in lower microorganisms; this glycosignature was specific of LN as it was not observed in other 
kidney diseases. Exposure of mannosylated glycans in LN was found to occur at the cell surface of kidney 
cells promoting an increased recognition by specific glycans-recognizing receptors, expressed by 
immune cells. This abnormal glyco-signature of LN was demonstrated to be due to a deficient complex 
N-glycosylation and a proficient O-mannosylation pathway. Moreover, levels of mannosylation detected 
in kidney biopsies from SLE patients at diagnosis were demonstrated to predict the development of 
chronic kidney disease (CKD) with 93% of specificity. Remarkebly, this work shows the potential of 
cellular mannosylation to be a marker of LN, predicting the development of CKD, and thus constituting a 
potential glycobiomarker to be included in the diagnostic and prognostic algorithm of LN.  
 
 
(P072) IgG poorly localizes to the trans-Golgi network of antibody-producing B cells 
Leandre Glendenning 1, Elianna Lai1, Edward Sim1, Brian A. Cobb1 
1Case Western Reserve University 
 
B cells secrete antibodies into the bloodstream, forming an important basis of the humoral immune 
response. The antibody subtype IgG is recognized as a key to not only protective immunity from 
pathogens, but also to the reduction of autoimmunity, while the regulation of IgG function is driven by 
both IgG subclass and Fc domain glycosylation. For example, intravenous therapy (IVIg) for autoimmune 
and inflammatory diseases appears to require sialylation of the glycans at the conserved N-glycosylation 
site. In order to improve upon current IgG-based therapies, it is critical to understand the regulation 
behind IgG sialylation. The existing paradigm is that sialylation of IgG occurs in the trans-Golgi network 
of B cells as a post-translational protein modification via the sialyltransferase ST6Gal1. However, using 
mice with a B cell specific knockout of ST6Gal1, we found that despite the lack of alpha2,6-linked sialic 
acids on the B cell surface, circulating IgG remained normally sialylated, suggesting that ST6Gal sialylates 
IgG following its secretion by B cells (1). Here, we show using lectin ELISA, glycan compositional analysis, 
and hydrophilic interaction liquid chromatography, that the IgG1, IgG2a, and IgG3 secreted by three 
different hybridoma cell lines lack sialylation. Furthermore, confocal microscopy suggests that IgG 
colocalizes extremely well with ER and cis-Golgi markers, but poorly with the trans-Golgi network in 
these cells. Taken together, these data suggest that although B cells are capable of sialylating cell 
surface proteins, IgG is trafficked in the Golgi such that sialylation is inefficient due to a lack of contact 
with ST6Gal1 in the trans-Golgi network. This contradicts the existing paradigm of IgG glycosylation as a 
presecretory, post-translational modification within B cells, and instead suggests the existence of a 
model in which the glycosylation status of IgG and the resulting immune response could be altered 
dynamically after release into the circulation in response to changing physiological conditions. 
(1) Jones, M. B., et al. (2016). "B-cell-independent sialylation of IgG." Proc Natl Acad Sci U S A 113(26): 
7207-7212. 
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The examination of O-glycan structures in cells and biological systems has been challenged by the 
absence of an enzyme for the unbiased release of O-glycans from their protein carrier as well as by the 
immense abundance of O-glycan structural isomers [1]. While chemical release strategies based on 
reductive β-elimination have been indispensable for the analysis of free O-glycans by mass spectrometry 
(MS), the inherent protection of the reducing end via reduction prevents the functionalization of the 
glycans required for a diverse array of analytical techniques. Recently, great progress was made in the 
chemical release and labeling of O-glycans, keeping glycan degradation to a minimum [2]. While these 
developments have the potential for more broadly applicable analysis of free O-glycans, it remains 
challenging to apply such methods on complex samples, often consisting of small amounts of human 
tissue, to characterize potential O-glycan isomers and to integrate the analysis in a high-throughput 
setup.  

To address these issues, we further developed a minimally destructive, non-reductive release of O-
glycans from proteins in tissue homogenates and cell lysates. The method allows multiplexed sample 
preparation in a 96-well format as well as the sequential release of N- and O-glycans from the same 
sample. Uniform labeling of the glycan reducing end enables efficient C18 liquid chromatography (LC)-
MS analysis, using a standard proteomics set-up and featuring glycan isomer separation. Application of 
the method on an array of glycoengineered human cell lines, e.g., POFUT, POMT1/2, POGLUT, EOGT, 
C1GALT1, GCNT1 and various sialyltransferase knock outs, resulted in the structural annotation of O-
glycans derived from human cells and tissue, including the annotation of initiating monosaccharides and 
O-GalNAc core elongation. Using N/TERT cells as model system, we found a wide variety of O-glycan 
structures, including O-fucose, O-glucose and O-GalNAc glycosylation, with the latter carrying both 
elongate core 1 and core 2 structures and varying numbers of fucoses and sialic acids. The method will 
be applied on human tissue and disease models to characterize the potential change of specific glycan 
structures during tissue differentiation and disease.         
[1] Čaval, T., de Haan, N., Konstantinidi, A., & Vakhrushev, S. Y. (2021). Quantitative characterization of 
O-GalNAc glycosylation. Current Opinion in Structural Biology, 68, 135-141. 
[2] Kameyama, A., Tin, W. W. T., Toyoda, M., & Sakaguchi, M. (2019). A practical method of liberating O-
linked glycans from glycoproteins using hydroxylamine and an organic superbase. Biochemical and 
biophysical research communications, 513(1), 186-192. 
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Tandem mass spectrometry (MS/MS) is the gold standard for intact glycopeptide identification, enabling 
sequence elucidation and site-specific localization of glycans. Beam-type collisional activation is 
generally sufficient for N-glycopeptides, while electron-driven dissociation is needed for site localization 



in O-glycopeptides. Modern glycoproteomic methods can utilize combinations of dissociation methods 
within the same acquisition, but sacrifices in sensitivity are often required when targeting more than 
one glycopeptide class. Here we explore the utility of real-time library searching (RTLS) to match 
oxonium ion patterns for on-the-fly dissociation method selection. By matching dissociation method 
with glycopeptide class, both N-and O-glycopeptides can be site-specifically characterized within the 
same LC-MS/MS acquisition while maintaining sensitivity achieved when targeting each individually. 
 
There are several characteristics that differentiate N- and O-glycopeptides. Oxonium ions are singly-
charged fragments of mono- and polysaccharides, and differences in relative abundance between 
various oxonium ions are one spectral feature that has proven useful in glycopeptide identification and 
interpretation. In particular, specific oxonium ions can provide evidence for O-GalNAc or O-GlcNAc 
residues that indicate a spectrum belongs to either an N- or O-glycopeptide. The so-called 
GlcNAc/GalNAc ratio has been used in manual annotation and automated identification regimes, and 
several recent studies continue to reveal what can be discerned from oxonium ion comparisons. Here 
we build on these studies by using oxonium ion ratios to direct scan acquisition in real time during the 
LC-MS/MS analysis. We investigate how modifying the newly released RTLS feature available on 
quadrupole-Orbitrap-linear ion trap Tribrid MS instruments can enable matching to library spectra 
comprised of pre-defined oxonium ion ratios. Originally designed for small molecule library spectral 
matching, RTLS is well suited to handle library matching to glycan fragments, and we use it to trigger 
sceHCD scans for matches to oxonium ion patterns of N-glycopeptide library entries while choosing 
EThcD scans for matches to oxonium ion patterns of O-glycopeptide library entries. This approach, 
termed Triggering via Oxonium ion Ratio Comparisons (TORC), enables equivalent numbers of N-
glycopeptide identifications relative to standard sceHCD glycopeptide acquisitions while also generating 
comparable numbers of site-localized O-glycopeptide identifications from traditional EThcD-based 
methods. We also compare MS/MS success rates and various RTLS acquisition schemes. In all, we 
highlight the ability of TORC to provide the best of both worlds in terms of site-localized N- and O-
glycopeptide identifications for glycopeptides enriched from simple and complex mixtures, in addition to 
unenriched samples.  
 
 
(P092) A multidimensional glycoproteomics approach to explore prokaryotic protein glycosylation 
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The chemical diversity of prokaryotic protein glycosylation makes their exploration extremely 
challenging. Those glycans show diverse monosaccharide and linkage chemistries, and they may even 
display large variations between closely related strains or environmental conditions. This hampers the 
application of conventional approaches that take advantage of glycan databases or glycan release 
approaches. Here, we report on a newly established mass binning procedure that establishes the 
chemical composition of novel carbohydrate components and enables untargeted exploration of 
prokaryotic protein glycosylation from large-scale proteomics data.1  
By using this approach, we resolved for anerobic ammonium-oxidizing bacteria (planctomycetes), a 
remarkable array of complex cell surface oligosaccharides. The physiology of planctomycetal bacteria 
makes them already special because some share features with all three domains of life.2 Most 
interestingly, one member modulates its surface layer protein by two unrelated types of 



oligosaccharides and accomplishes charge-balancing of their highly acidic sugars, supposedly in response 
to its unique metabolic lifestyle in both cases.1 
In summary, we demonstrate the usefulness of mass binning for exploring prokaryotic protein 
glycosylation and show a remarkable example for the evolution of complex glycosylation in bacteria. 
1.  Pabst, M., Grouzdev, D. S., Lawson, C. E., Kleikamp, H. B., de Ram, C., Louwen, R., ... & Laureni, M. 
(2021). A general approach to explore prokaryotic protein glycosylation reveals the unique surface layer 
modulation of an anammox bacterium. The ISME Journal, 1-12. 
2. van Niftrik, Laura, and Mike SM Jetten. "Anaerobic ammonium-oxidizing bacteria: unique 
microorganisms with exceptional properties." Microbiology and molecular biology reviews 76.3 (2012): 
585-596. 
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Carbohydrate tumor antigens represented by sialyl Lewis A/CA19-9, sialyl Lewis X and Lewis Y structures 
in tissues have been evaluated by pathologists for decades as diagnostic tumor biomarkers. Using 
commercially available antibodies to the aforementioned carbohydrate antigens, a series of formalin-
fixed paraffine embedded tumor tissues from prostate, colon, and pancreas were processed for 
standard immunohistochemistry analysis with peroxidase detection and hematoxylin counterstain. Each 
slide was scanned by high resolution microscopy, followed by removal of the coverslip. Next, an antigen 
retrieval heating step was done to dissociate bound antibodies, followed by spraying of a molecular 
coating of PNGase F PRIME for release of N-glycans. After spraying of CHCA matrix onto the slide, MALDI 
imaging mass spectrometry (IMS) was done using a Bruker MALDI timsTOFfleX instrument. While setting 
up the imaging MS run, the IHC-stained slide is used as the template for teaching coordinates, so the IHC 
stained tissue image is already positioned for co-localizing any N-glycans detected by MALDI IMS. The 
majority of N-glycans co-localizing with Lewis Y staining in tumor regions are branched tetraantennary 
structures with 2-9 fucose residues. For sialyl Lewis antigens co-localization, the detected glycans are 
multi-sialylated and multi-fucosylated branched structures. This workflow can further be extended when 
targeting alpha-2,3 linked sialic acid N-glycans, which are a constituent of the sialyl Lewis A/X motif. 
Prior to PNGase F digestion, the tissues can be treated chemically with an amidation reaction for alpha 
2,6 isomers, followed by use of a biorthogonal amine-azide that specifically targets alpha-2,3 sialic acids. 
The N-glycan and IHC stained images can be used to scrape off regions of interest directly from the 
tissue, and the lysate used for chemical affinity enrichment of the alpha-2,3 sialylated glycoproteins. 
Following click reaction chemistry with an alkyne-bead, these bound alpha-2,3 sialylated glycoproteins 
can be digested with trypsin directly from the beads for proteomic identification by tandem MS. Overall, 
the approach provides an integrated workflow to efficiently link carbohydrate antigen expressing tissues 
to co-localization of N-glycans and chemical targeting of alpha 2,3 sialic acids for further glycoproteomic 
characterization. The workflow is adaptable to use with other IHC targets like common diagnostic tumor 
antigens and glycosyltransferases. 
 
 
 
 
 



(P112) Endless Forms Most Beautiful – Merging Machine Learning and Glycobiology 
Daniel Bojar 1  
1University of Gothenburg 
 
Machine learning, the automatic extraction and utilization of patterns and information from complex 
data, has recently demonstrated great promise in the life sciences, especially in the analysis and 
predictive engineering of nucleic acids and proteins. Glycans harbor a substantially higher diversity than 
other biological sequences, including extensive branching and differing alphabets between species, 
hampering progress in glycan-focused bioinformatics and machine learning approaches. Yet it is 
becoming abundantly clear that glycans determine the functions of biomolecules, cells, and organisms 
to a large degree, pointing to the need for predictive sequence-to-function models that could tame and 
rationalize the bewildering diversity of glycans. In recent years, we have developed a range of methods 
to analyze glycans and their role in biology, inspired by data science and machine learning. We have 
applied these methods in various contexts, such as different aspects of glycan-mediated host-microbe 
interactions, to understand and predict glycan properties as varied as glycan immunogenicity, 
contribution to pathogenicity, associations with the phenotypes of organisms, and protein-glycan 
interactions. Our analyses show that glycan sequences are a rich source of information for predicting 
these characteristics. Additionally, we have developed workflows to extract relevant glycan motifs to 
arrive at sequence-to-function relationships and gain a mechanistic understanding. We envision our 
machine learning platforms to be of great use to glycobiology, by understanding regularities and 
functional determinants in glycan sequences, as well as for the future of glycoengineering, by offering 
predictive models for engineering improved vaccines or biologics. 
 
 
(P113) Revealing the human muncinome 
Stacy Malaker 1  
1Yale University 
 
Mucin domains are densely O-glycosylated modular protein domains found in a wide variety of cell 
surface and secreted proteins. Mucin-domain glycoproteins are key players in a host of human diseases, 
especially cancer, but the scope of the mucinome remains poorly defined. Recently, we characterized a 
bacterial mucinase, StcE, and demonstrated that an inactive point mutant retains binding selectivity for 
mucins. In this work, we leveraged inactive StcE to selectively enrich and identify mucins from complex 
samples like cell lysate and crude ovarian cancer patient ascites fluid. Our enrichment strategy was 
further aided by an algorithm to assign confidence to mucin-domain glycoprotein identifications. This 
mucinomics platform facilitated detection of hundreds of glycopeptides from mucin domains and highly 
overlapping populations of mucin-domain glycoproteins from ovarian cancer patients. Ultimately, we 
demonstrate our mucinomics approach can reveal key molecular signatures of cancer from in vitro and 
ex vivo sources. 
 
 
(P114) Glycocode of the tumormicroenvironment   a novel immune check-point 
Yvette Van Kooyk 1 
1 Department of Molecular Cell Biology and Immunology, Amsterdam UMC, VU University medical 
Centre, Amsterdam UMC, de Boelelaan 1108, 1081HZ Amsterdam, the Netherlands 
 
Alterations in glycosylation is a hallmark in pathogen recognition by the host which mediates cellular 
communication during inflammation but also the resolution-phase of inflammation. Homeostatic and 



inflammatory processes affect the glycan signature of glycoproteins expressed on the cell surface, or 
secretory proteins, due to  up- and down-regulation of glycosylation genes.  We study those glycan 
signatures that are recognized by glycan binding receptors such as C-type lectins and siglecs expressed 
on diverse set of myeloid and lymphoid immune cells, that modify intracellular signalling and 
immunological outcome.  In particular the microenvironmental glycosylation signatures that alter during 
inflammation and cancer are studied that drive immune responses towards immunity or tolerance and 
open new venues for immune interference. We identified new mechanisms of immune tolerance 
through the modification of glycosylation of tumours (melanoma, pancreatic cancer  and glioblastoma). 
In particular high sialylation of tumours results in the increase of FoxP3 CD4+ T cells (Treg), 
differentiation of monocytes into TAMs and lower frequencies of effector T cells (Teff) and NK cells at 
the tumour site. In contrast, low sialylation of tumours converts the frequencies Treg/Teff to favourable 
anti-tumour immunity. These sialic acids can be used for the active induction of antigen specific immune 
tolerance by DC when coupled to a specific antigens, such as OVA, or  peptides of MOG or derp-1 
thereby setting the resolution phase and repairing auto-immunity such as multiple sclerosis or 
allergies.Post-translational processes such as glycosylation, uncover new communication between 
tumor and immune cells. Because these glycosylations can be immune stimulatory or inhibitory we 
implement our discoveries in the treatment of cancer and auto-immune diseases. 
 
 
(P115) Genetic glycoengineering in mammalian cells 
Yoshiki Narimatsu 1,2, Christian Büll1, Zhang Yang1,2, Henrik Clausen1 
1Center for Glycomics, Departments of Cellular and Molecular Medicine and School of Dentistry, Faculty 
of Health Sciences, University of Copenhagen, Blegdamsvej 3, Copenhagen, Denmark; 2GlycoDisplay ApS, 
Copenhagen, Denmark 
 
The nuclease-based gene-editing technologies are enabling precise, stable, and systematic genetic 
engineering of glycosylation capacities in mammalian cells, opening up a plethora of opportunities for 
studying the glycome and exploiting glycans in biomedicine. Glycoengineering using chemical, 
enzymatic, and genetic approaches has a long history, and now the precise gene editing provides 
unlimited playground for stable engineering of glycosylation in mammalian cells to explore and dissect 
the glycome and its many biological functions. Genetic engineering of glycosylation in cells also brings 
studies of the glycome to the single cell level and opens up wider use and integration of data in 
traditional omics workflows in cell biology. The last few years have seen new applications of 
glycoengineering in mammalian cells with perspectives for wider use in basic and applied glycosciences, 
and these have already led to discoveries of functions of glycans and improved designs of glycoprotein 
therapeutics. I will discuss our glycoengineering efforts with a focus on the cell-based glycan array 
platforms1-4 we are developing, including the recent cell-based display of human mucins with defined O-
glycans3.  
1. Narimatsu Y, Joshi HJ, Nason R, Van Coillie J, Karlsson R, Sun L, Ye Z, Chen YH, Schjoldager KT, 
Steentoft C, Furukawa S, Bensing BA, Sullam PM, Thompson AJ, Paulson JC, Büll C, Adema GJ, Mandel U, 
Hansen L, Bennett EP, Varki A, Vakhrushev SY, Yang Z, Clausen H. An Atlas of Human Glycosylation 
Pathways Enables Display of the Human Glycome by Gene Engineered Cells. (2019) Molecular Cell 
75(2):394-407 
2. Büll C, Joshi HJ, Clausen H, Narimatsu Y. Cell-Based Glycan Arrays-A Practical Guide to Dissect the 
Human Glycome. (2020) Star Protcol 1(1):100017 
3. Nason R, Büll C, Konstantinidi A, Sun L, Ye Z, Halim A, Du W, Sørensen DM, Durbesson F, Furukawa S, 
Mandel U, Joshi HJ, Dworkin LA, Hansen L, David L, Iverson TM, Bensing BA, Sullam PM, Varki A, Vries E, 



de Haan CAM, Vincentelli R, Henrissat B, Vakhrushev SY, Clausen H, Narimatsu Y. Display of the human 
mucinome with defined O-glycans by gene engineered cells. (2021) Nat Commun 1;12(1):4070. 
Narimatsu Y, Büll C, Chen YH, Wandall HH, Yang Z, Clausen H. (2021) Genetic glycoengineering in 
mammalian cells. J Biol Chem Feb 20. doi: 10.1016/j.jbc.2021.100448.  
 
(P116) Mapping glycosylation-dependent changes in glycoprotein ligandability across the proteome 
Mia Huang 1, Weichao Li1,2, Appaso Jadhav2, Christopher Parker2 
1Scripps Research 
 
A significant fraction of the proteome is decorated with glycans and many of the resulting protein 
glycoconjugates serve as molecular binding targets for small molecules. The glycosylation states of 
glycoproteins can profoundly influence these binding events, leading to important biological 
consequences, including altering the efficacy of small molecule therapeutics.  The presence of the glycan 
can directly camouflage a protein binding surface or it can indirectly alter protein conformation. To date, 
however, there are only an isolated handful of examples describing how glycosylation can modulate the 
binding of small molecules to glycoproteins. Thus, approaches to expedite the identification of 
glycoproteins that experience changes in ligandability are greatly needed, especially those that can 
facilitate this discovery in live cells. Using fragment-based photoaffinity probes coupled with 
quantitative mass spectrometry-based proteomics, we systematically identify ~250 glycoproteins that 
experience changes in ligandability in live cells upon the loss of N-linked glycosylation and heparan 
sulfate modification. Using a series of biochemical experiments, we validate and confirm the observed 
changes in glycosylation-dependent ligandability. Furthermore, we identify the corresponding N-linked 
glycosites that engage the fragments with the loss of glycosylation. Our study reveals that biosynthetic 
glycosylation greatly influences the ligandable proteome, and the resulting fragment molecules have the 
potential to be advanced toward more selective ligands that can discriminate against differentially 
glycosylated protein glycoconjugates. 
 
 
(P117) Ganglioside interactome targeting with clickable photoaffinity bifunctional ganglioside probes 
Gao-Lan Zhang 1, Mitchell J. Porter1, Ronald Schnaar1 
1Department of Pharmacology & Molecular Sciences, Johns Hopkins University School of Medicine, 
Baltimore, MD 21205 
 
Gangliosides are sialic acid-containing glycosphingolipids found in all vertebrate tissues. Most 
gangliosides are on cell surfaces with ceramides embedded in the plasma membrane and glycans 
extending outward. They function in physiological processes and are involved in diseases such as cancer, 
diabetes and neurodegeneration. Gangliosides drive physiology and pathology by interacting with 
proteins on the same membrane (cis), in the extracellular milieu or on opposing cells (trans). Some 
ganglioside interactions with glycan binding proteins have been studied in detail, however most 
ganglioside-protein interactions remain unknown because of limited tools available. Since glycan 
recognition may be low affinity or transient, it is challenging to identify ganglioside binding partners by 
affinity purification. We report the design, synthesis and delivery of photoaffinity labeling clickable 
gangliosides for mass spectrometry-based proteomics to map differential ganglioside interactomes. 
Ganglioside probes were derivatized with tags containing an alkyl diazirine for photoaffinity and an 
alkyne for click chemistry. Tags were added at multiple sites on each ganglioside. Taking GM1 as an 
example, a sialic acid tagged probe (GM1-Sia-TagA) and a terminal galactose tagged probe (GM1-Gal-
TagA) were provided by sequential oxidation, reductive amination and coupling to a short bifunctional 
tag (TagA). A ceramide tagged probe (GM1-TagB) was obtained by cleaving the ceramide fatty acid then 



coupling to a longer bifunctional tag (TagB). GD1a-derived probes were synthesized by chemoenzymatic 
addition of a-2,3-linked sialic acid to the terminal galactose on the GM1-derived probes. Other 
ganglioside probes were prepared from the intact gangliosides as above, or by chemoenzymatic 
conversion from existing ganglioside probes. Probes were delivered to cell surfaces (e.g. human 
epidermoid carcinoma cell line A-431) with methyl-b-cyclodextrin and visualized by click reaction with a 
fluorophore azide. Fluorescent images revealed delivery of probes to the plasma membrane. After 
successful delivery, probes were covalently crosslinked with adjacent biomolecules upon UV irradiation. 
Immunoblotting cell lysates with cholera toxin subunit B-HRP or anti-ganglioside antibodies indicated 
proteins were captured via crosslinking to probes. Enrichment with biotin-azide click and streptavidin 
capture is ongoing to allow mass tagging to identify the interactome of several tagged gangliosides 
simultaneously and determine ganglioside binding specificities. In summary, a library of novel 
ganglioside probes were prepared with bifunctional tags at various attachment sites. These minimally 
disruptive probes may be used to study ganglioside-specific protein binding in a native context. The 
ganglioside probes tagged at different sites can reveal both the specificity and potentially the sites of 
interaction of ganglioside binding proteins. Supp by NIH grant U01 CA241953 and T32 GM080189 (MJP). 
 
 
(P118) Characterization of glycan-dependent interactions in cells by metabolic labeling using 
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Glycan-mediated interactions have multiple functions in various cellular processes, such as cell-cell 
interactions, signal transduction, host-pathogen interactions and cellular response to lysosomal damage 
caused by pathogens or biochemicals. However, the limited methods to identify such interactions are 
impeding our understanding of how glycans function in these processes. Therefore, it is important to 
develop tools to probe into these interactions. 
GlcNAc is a common element in cell surface glycans. Previous study shows that a diazirine functionalized 
GlcNAc analog (GlcNDAz) precursor can be metabolized by mammalian cells expressing mutated UDP-N-
acetylglucosamine pyrophosphorylase 1 (UAP1) to generate UDP-GlcNDAz. The UDP-GlcNDAz can be 
utilized by O-linked GlcNAc transferase (OGT) to modify proteins known to be O-GlcNAc modified, which 
can then be crosslinked to their binding partners.  Here we demonstrated the usage of GlcNDAz as a 
novel tool to study interactions medicated by N-linked glycans. Results of glycopeptide analysis using 
HPLC-MS/MS and in vitro glycosylation assay using UDP-GlcNDAz and various Golgi GlcNAc transferases 
indicate that GlcNDAz can be incorporated into N-linked glycans.  
To demonstrate the applications of GlcNDAz, exogenously added galectin-1 was crosslinked to cell 
surface glycoproteins through GlcNDAz. The glycoproteins crosslinked to galectin-1 were then identified 
by proteomic analysis. From the top hits, CEA, CDCP1 and LY75 were confirmed to be crosslinked to 
galectin-1 by immunoprecipitation. Interestingly, LAMP1, a reported galectin-1 binding partner, can be 
crosslinked to galectin-1 when the crosslinking experiments were performed in lysates but not on intact 
cells. Moreover, endogenous galectin-1 can be crosslinked to its binding partner(s) through GlcNDAz 



during lysosomal damage, which exposes glycans inside the lysosomal lumen to cytoplasmic galectin-1. 
These results support the possibility of using GlcNDAz to study interactions mediated by N-linked 
glycans on cell surface and inside organelles, and highlight the applications of in situ crosslinkers.  
In addition to diazirine modified GlcNAc analog, we also aim to develop diazirine modified GalNAc 
analog (GalNDAz) as a novel tool to study glycan mediated interactions. UDP-GalNDAz can be used by 
mutated  B4GalT1 in vitro to generate diazirine modified LacdiNAc analog. Future research will evaluate 
GalNDAz incorporation into N-linked glycans in live cells overexpressing mutated UAP1 and B4GalT1, 
and identify galectin-1 binding partners during lysosomal damage using GalNDAz precursor. 
 
 
(P119) The Application of Optogenetics to OGT Targeting in Mammalian Cells 
Michael Mannino 1, Gerald Hart1 
1University of Georgia Athens 
 
O-GlcNAcylation (OGN) is the post translational modification (PTM) of serine/threonine residues with N-
acetyl glucosamine (O-GlcNAc). This PTM has been identified on over 4,000 cytosolic or nuclear proteins. 
Unlike traditional protein glycosylation where the glycan is elongated, OGN is a dynamic process 
comprising the addition and hydrolysis of the O-GlcNAc monosaccharide alone. OGN is heavily involved 
in crosstalk with other PTM and is acutely sensitive to cellular nutrient levels. As a result, this 
functionality assists in the regulation of several biological processes such as: translation, transcription, 
cell signaling, and cell division.  
The dynamic cycling of O-GlcNAc is controlled by two enzymes, O-GlcNAc transferase (OGT) and O-
GlcNAcase (OGA). To investigate the role of GlcNAc in various biological systems, the function of OGT 
and OGA are typically exogenously modulated via chemical inhibitors or manipulation of gene 
expression. However, these methods are not ideal as they cause global alteration of OGN, affecting a 
multitude of cellular processes. Such an overly perturbed environment creates difficulties when 
attempting to ascertain the role O-GlcNAc has on a specific protein or pathway, and often requires 
secondary experiments for confirmation. Targeting either OGN enzyme to a specific protein or organelle 
provides a solution for this sensitivity dilemma. Several targeting methods are currently described in the 
literature for OGT and OGA targeting but suffer from their lack of temporal control. To this extent 
optogenetics may be a suitable upgrade in such systems.  
Optogenetics is a technique that makes use of light sensitive proteins known as opsin. Upon irradiation 
of certain light, opsin undergo conformational changes affording various functionality, such as 
dimerization. Removal of the light causes a reversion to the original conformation and thus a loss of 
function. Due to their enticing properties, opsins have been genetically engineered into optogenetic 
switches. In this work we describe our novel OGT targeting system supported with the improved light-
inducible-dimerization (iLID) optogenetic switch. We demonstrate spatiotemporal control of OGT 
localization based on light irradiation and examine the targeting system’s ability to study various 
signaling pathways. Furthermore, we illuminate the differences observed between the optogenetic 
targeting method and the use of chemical inhibitors. 
 
 
 
 
 
 
 
 



(P139) A CRISPR screen for modifiers of the rare disease DPAGT1-CDG (CDG-Ij) 
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Partial loss-of-function mutations in glycosylation pathways underlie a set of rare diseases called 
Congenital Disorders of Glycosylation (CDGs). Glycosylation is a broad category of sugar modifications 
on proteins and lipids, with functions ranging from complex post-translational modifications through the 
endomembrane system (e.g. N-linked glycosylation) to single sugar additions involved in cell signaling 
(e.g. O-GlcNAc-ylation). CDGs have a range of symptoms, but commonly include severe epilepsy, 
developmental delay, and disability. CDG Type Ij is caused by loss-of-function mutations in DPAGT1 – the 
first step in N-linked glycosylation. Our goal is to better understand the pathways connected to DPAGT1 
loss, as well as glycosylation disorders as a whole, to develop potential treatment options.  
We performed a CRISPR knockout screen using the drug tunicamycin (Tun), a potent inhibitor of DPAGT1 
function, on Drosophila S2R+ cells. Loss of DPAGT1 and Tun treatment impair N-linked glycosylation and 
cause massive protein misfolding, leading to reduction of cell surface glycoproteins and endoplasmic 
reticulum (ER) stress. Because many CDGs are caused by mutations in the N-linked glycosylation 
pathway, characterizing the genes that affect this pathway will help us better understand these 
disorders. Using a pooled format, we introduced a whole genome guide RNA library into the S2R+ cells 
expressing constitutive Cas9. Pooled cell populations were grown for 10 generations under selection 
with either vehicle or Tun. Final populations were examined for total guide RNA abundance to 
determine candidate genes that contribute to resistance to DPAGT1 inhibition.  
We validated candidate genes by Concanavalin A (ConA) to assay cell surface glycoproteins in the S2R+ 
cells, and by RNAi knockdown in an in vivo DPAGT1 Drosophila model. The ConA assay demonstrated 
that knockout of some glycosylphosphatidylinositol (GPI) anchor biosynthesis components restored 
glycoproteins to the cell surface. This suggests a novel interaction between N-linked glycosylation and 
GPI biosynthesis. RNAi in the in vivo model confirmed that loss of the mannosyltransferase Dpm1, 
involved in mannose addition in several downstream glycosylation pathways, rescues disease 
phenotypes. Testing these pathways, we found loss of O-mannosylation and GPI biosynthesis partially 
recapitulates the Dpm1 RNAi rescue. These findings suggest GPI biosynthesis and/or mannose levels 
may underlie potential DPAGT1-CDG treatment options. 
 
 
(P140) A Single Mutation in COG4 Causes Saul Wilson Syndrome: Exploring Causes and Consequences 
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Most Congenital Disorders of Glycosylation (CDG) are inherited, autosomal recessive conditions.  COG4, 
a subunit of the Conserved Oligomeric Golgi (COG) complex involved in intracellular vesicular transport, 
causes a very severe, often lethal, CDG. In stark contrast, a single, de novo heterozygous, dominant 
mutation (p.G516R) in COG4 causes Saul-Wilson syndrome (SWS). This primordial dwarfism shows 
skeletal dysplasia and progeroid features, but normal intelligence We wanted to determine the 
molecular basis and mechanism of this unique disorder. Our approach explored how the mutation alters 
1.) the COG4 protein itself 2.) Golgi trafficking 3.) interactions with other cellular proteins, 4.) secretion 
of extracellular matrix components and 5.) zebrafish development.  We used multiple cellular models 



including patient fibroblasts, HEK293 cells carrying wild-type and SWS variants, and CRISPR-targeted 
human chondrosarcoma cells. The SWS-COG4 complex appears larger in cells because of altered binding 
to multiple interacting cytoplasmic proteins. SWS chondrocytes show great reductions in multiple, large, 
critical secreted extracellular matrix proteins. SWS fibroblasts and edited chondrocytes both accumulate 
glypicans, a group of GPI-anchored heparan sulfate proteoglycans (HSPGs) at the cell surface. Similarly,  
zebrafish embryos expressing the COG4p.G516R variant also accumulate glypicans. Their gastrulation is 
abnormal, body length is diminished, and jaw cartilage chondrocyte stacking is abnormal. Glypican 4 
regulates these processes through non-canonical Wnt signaling in fish and we found a selective increase 
in wnt4 transcripts in the COG4p.G516R -expressing fish. Excess wnt4 phenocopies the disorder, and an 
inhibitor of wnt signaling restores normal length and jaw phenotype.  Patient fibroblasts also show 
increased WNT4. Aligned results from SWS cell lines and zebrafish point to altered non-canonical Wnt 
signaling as one possible mechanism underlying SWS pathology. The links between SWS-COG4-specific  
trafficking and patient phenotype remain unidentified. 
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Fucose is not used for metabolic energy but is a major component for glycans through GDP-fucose.  This 
universal precursor, GDP-fucose, can be synthesized directly from exogenous fucose, salvaged/recycled 
from glycoprotein degradation, or produced de novo from either mannose or glucose. Studies from 1975 
showed that exogenous fucose supplies only ~10% of GDP-fucose in HeLa cells, while the de novo 
pathway provides ~90% of this nucleotide sugar. Given technical limitations at the time, only single 
0.3μM fucose concentration was examined. We wanted to reexamine this conclusion. 
Using differentially labelled 13C-monosaccharides we studied contributions of each pathway to fucose in 
N-glycans. In absence of exogenous fucose, de novo and salvage make equal contributions. Exogenous 
fucose (1-50uM) progressively inhibits the de novo pathway and completely by ~50μM, through a GDP-
fucose allosteric inhibition of GMDS enzyme. GDP-fucose derived from glucose is more sensitive to this 
inhibition than that originating from mannose, although both contribute to GDP-mannose synthesis. In 
contrast, the contribution of salvaged/recycled fucose is practically insensitive to exogenous fucose. 
Cells seem to distinguish multiple sources of GDP-fucose based on their origin. This is incompatible with 
a single, homogenous pool of GDP-fucose. 
To examine GDP-fucose in N-glycans more closely, we analyzed a contribution of exogenous fucose into 
N-glycans containing more than one fucose residue. We found that exogenous fucose is much more 
efficiently incorporated into the N-glycan chitobiose core (FUT8-dependent), while endogenous GDP-
fucose, produced de novo or recycled, is preferentially incorporated to the N-glycan antennae. This 
demonstrates preferential utilization of GDP-fucose originating from the exogenous fucose by FUT8, 
while endogenous GDP-fucose is preferred by fucosyltransferases located in the trans-Golgi where they 
modify N-glycan antennae.  
We also determined the contribution of different GDP-fucose pools to O-fucosylation of epidermal grow 
factor (EGF) like repeats by POFUT1 and thrombospondin repeats (TSR) by POFUT2. Both enzymes reside 
in the ER. We found that POFUT1 prefers exogenous and recycled/salvaged fucose compared to 



POFUT2, which prefers GDP-fucose from the de novo pathway. Altogether, the data show that different 
fucosyltransferases distinguish GDP-fucose from various sources. These results support our hypothesis 
that GDP-fucose exists in separate, non-homogenous pools in the cytoplasm. This concept opens a novel 
avenue in research that may apply to monosaccharide metabolism in general. 
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Background: Congenital disorder of glycosylation type 1A (CDG-1b) is characterized by hypoglycemia, 
thrombotic events, hepatic cirrhosis, and gastrointestinal complications (cyclic vomiting, protein losing 
enteropathy with hypoalbuminemia, diffuse intestinal bleeding). This disorder is caused by genetic 
variants in mannose phosphate isomerase (MPI), which interconverts fructose-6-phosphate to mannose-
6-phosphate, which is required for glycosylation. Studying this disease has been challenged the lack of 
mouse models that replicate the clinical presentation of human subjects. Using a froward genetic 
approach with N-ethyl-N-nitrosourea (ENU) mutagenesis, a point mutation in Mpi linked to a mouse 
strain that manifested several characteristics of CDG-1b. 
Methods:  
The original ENU-induced missense mutation was replicated using a knock-in CRISPR and tissue specific 
effects were investigated using an Mpi-flox allele that conditionally knocked out Mpi in certain tissues. 
We characterized the molecular significance of the mutation with RNA (qPCR), protein expression 
(western blot), and enzyme activity assays. Complete blood counts, serum chemistries, glucose 
tolerance, and histologic analysis of liver, intestines, stomach, and gallbladder were performed in knock-
in and conditional knockout models. 
Results: 
The mutant Mpi strain showed variable hair loss, were born at 40% of the Mendelian ratio, and males 
were fertile while females were not. The mice were small and exhibited increased pos-natal lethality but 
survived normally past 3 months. Mpi protein levels were normal with an increase in RNA but an 
enzyme activity only 4% that of wild type littermates. Blood analysis revealed a microcytic hypochromic 
iron deficient anemia with decreased lymphocytes, increased neutrophils, low serum protein, elevated 
liver enzymes, and decreased levels of anti-thrombin III and IGF-1. Unlike human patients, fasting blood 
glucose levels were normal even after challenge of a glucose tolerance test. Histologically, the liver 
displayed mild cirrhosis and villus atrophy was noted in the intestines. The stomach was enlarged with 
thinned layers of smooth muscle, which could explain cyclic vomiting. Conditional knockout of Mpi in 
the intestines (Mpiflox/flox; VillinCre) led to small body size, fecal blood bleeding, increased post-natal 
lethality, but protein losing enteropathy was not detected. Conditional knockout in smooth muscle, and 
liver were also examined. 
Conclusions: 
We report the first mouse strain that replicates many phenotypic characteristics of human CDG-1b. This 
strain could be useful for understanding aspects of the human disease or other aspects of biology where 
glycosylation plays a key role.  
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Conserved Oligomeric Golgi (COG) is an octameric protein complex that orchestrates intra-Golgi 
vesicular trafficking and plays an essential role in the stability and localization of Golgi glycosylation 
machinery. Over a hundred individuals with 31 different COG mutations have been identified until now. 
The cellular phenotypes and clinical presentations of COG-CDGs are heterogeneous, and patients 
primarily represent neurological, skeletal, and hepatic abnormalities.   Patient fibroblasts are 
traditionally used to reveal cellular defects associated with COG complex human mutations. The major 
limitation of fibroblasts-based studies is potential heterogeneity resulting from a diverse genetic 
background of the patients. Another weakness of the fibroblasts model is linked to the fibroblast's cell 
physiology which may not reveal specific defects manifested in nervous, ocular, bone, and other tissues 
severely affected in COG patients 
We developed and characterized novel cellular models for human COG4 mutations, specifically in non-
cancerous RPE1(Retinal Pigment Epithelial) and HEK293T (initially obtained from Human Embryonic 
Kidney but exhibiting properties of immature neurons) cell lines. Using a combination of CRISPR/Cas9 
and lentiviral transduction technologies, both myc-tagged wild-type and mutant (G516R and R729W) 
COG4 proteins were expressed under the endogenous COG4 promoter. Constructed isogenic cell lines 
were comprehensively characterized using biochemical, microscopy (superresolution and electron), and 
proteomics approaches. The analysis revealed similar stability and localization of COG complex subunits, 
wild-type cell growth, and normal Golgi morphology in all tested cell lines. Importantly, COG4-G516R 
cells demonstrated increased binding of HPA-647 lectin to the plasma membrane glycoconjugates, while 
COG4-R729W cells revealed high binding for GNL-647 lectin, indicating specific defects in O- and N-
glycosylation. Both mutant cell lines express an elevated level of heparin sulfate 
proteoglycans. Moreover, a quantitative mass-spectrometry analysis of proteins secreted by COG-
deficient cell lines revealed abnormal secretion of SIL1 and ERGIC-53 proteins by COG4-G516R cells. 
Interestingly, the clinical phenotype of patients with congenital mutations in the SIL1 gene (Marinesco-
Sjogren syndrome) overlaps with the phenotype of COG4-G516R patients (Saul-Wilson syndrome). 
Our work is the first compressive study to compare different COG complex mutations in the isogenic cell 
lines. It may help to address the underlying cause of the phenotypic defects leading to the discovery of a 
proper treatment guideline for COG-CDGs.   
This work was supported by the National Institute of Health grant R01GM083144. 
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Streptococci commonly found in the oral cavity as commensal bacteria can turn into opportunistic 
pathogens if they gain access to the bloodstream where they can cause systemic disease.  Neutrophils at 
the gingival margin, in close proximity to the bloodstream, form a first line of defense by recognizing and 
destroying invading bacteria before they enter the bloodstream.  The mechanisms facilitating 
recognition of streptococci by neutrophils are not completely understood.  Many strains of oral 
streptococci express serine-rich repeat protein adhesins (SRRPs) which facilitate host colonization by 
recognizing and binding sialic acids on glycoproteins in saliva and on oral epithelial cells.  Neutrophils 
also express sialylated proteins, but sialic-acid-dependent interactions between oral streptococci and 
neutrophils have not yet been studied in sufficient detail.  Through the use of sialoglycan arrays, we 



observed that different strains of streptococci, all isolated from the human oral cavity, exhibit 
differential binding to the two most common forms of mammalian sialic acids, N-acetylneuraminic acid 
(Neu5Ac) and N-glycolylneuraminic acid (Neu5Gc).  Unexpectedly, some streptococcal strains exhibited 
preferential binding to Neu5Gc, which humans are unable to synthesize.  The finding of Neu5Gc-
preferring streptococci in the human oral cavity led us to question whether this preference dictates the 
ability of human neutrophils to interact with these streptococci.  Using the HL-60 human cell line, 
treated with dimethyl sulfoxide to induce a neutrophil-like phenotype, we show that removal of cell 
surface sialic acids disrupts streptococcal binding.  Further, we show that incorporation of Neu5Gc onto 
the HL-60 cell surface increases binding of streptococci which exhibited preferential binding to Neu5Gc-
containing sialoglycan epitopes on arrays, and decreases binding of strains preferring Neu5Ac.  
Disruption of sialic acid binding also prevented neutrophil activation and phagocytosis of the bacteria.  
The data reveal the importance of an understudied sialic-acid-based mechanism of phagocytosis that 
may have important implications in preventing the unwanted entry of oral bacteria into the 
bloodstream. 
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Bacterial vaginosis (BV) is characterized by low levels of lactobacilli and overgrowth of diverse anaerobes 
and has been associated with adverse reproductive and sexual health outcomes. Sialidase enzyme 
activity in vaginal fluids, believed to be conferred by bacteria, can be used to diagnose BV and has been 
linked with placental infection and BV recurrence. Gardnerella is one of the common sialidase-producing 
genera seen at high levels in BV. As well, vaginal infection by Gardnerella in mice confers several BV 
phenotypes including higher sialidase activity. In contrast, some Gardnerella strains produce little or no 
sialidase activity. A recent report indicated the presence of homopolymeric repeats of cytosines (or 
polyC tracts) in the 5’ end of the nanH3 gene which encodes a sialidase in Gardnerella. PolyC tracts are 
known to generate phase variation of virulence factors in Campylobacter, Bordetella, and 
Neisseria.  Length variations in the polyC tract were predicted to result in frameshift mutations and 
errors in the translation of functional sialidase protein. Here we tested these functional predictions for 
the first time. First, we show that different Gardnerella strains can be isolated from vaginal fluids in 
nanH3 phase-on and phase-off states. Using these strains, we demonstrate a bidirectional variation of 
NanH3 enzyme activity in daughter isolates using blue-white screening and fluorogenic substrates to 
test sialidase activity in individual colonies. In both settings, we show that spontaneous mutations in the 
length of the polyC tract occur during bacterial growth, allowing conversion between in-frame, high 
sialidase variants and out-of-frame, low (or no) sialidase variants within bacterial populations of a given 
strain. Our observations suggest that this functional variation in NanH3 occurs even within an individual 
colony. Together these data support a model in which niche variation may alternately incentivize the 
phase-on and phase-off states of nanH3 resulting in functional variation of sialidase activity in 
Gardnerella. 
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Many streptococci in the human mouth bind to sialic acids (Sias) on host oral epithelia and salivary 
glycoproteins via the Siglec-like and Unique (SU) domains located within their serine-rich repeat protein 
adhesin binding regions (SRRP-BRs). Our laboratory previously isolated strains of oral streptococci from 
human and non-human primate dental plaque biofilms that express SRRP-BRs that preferentially 
recognize either the Sia subtype N-acetylneuraminic acid (Neu5Ac) or N-glycolylneuraminic acid 
(Neu5Gc). Most strains that preferentially bound to the Neu5Gc Sia subtype were isolated from humans. 
This was unexpected finding, because humans only produce Neu5Ac and are unable to synthesize 
Neu5Gc. Thus, there exists no directly corresponding host glycan in humans to which Neu5Gc-specific 
streptococci could bind.  In this study, we investigated the prevalence of Neu5Gc-preferring SU domain 
homologues among the entire genus Streptococcus. We aim to understand the phylogenetic distribution 
of such nonhuman Neu5Gc-preferring strains among streptococci with the goal to obtain clues to their 
evolutionary origin.  
We trained Hidden Markov Models (HMMs) to identify SU domains within SRRP-BRs. We applied these 
HMMs to the publicly available translated genomes within the genus Streptococcus and identified 446 
putative Sia-binding SRRP-BR SU domains. We generated a phylogenetic tree with the streptococcal SU 
domain sequences to determine the distribution of Neu5Gc-preferring SU domain homologues. 
Additionally, we solved the protein crystal structure of two streptococcal Neu5Gc-preferring SU domains 
to provide insight into structural determinants of Neu5Gc-preferential binding.  
We found that all experimentally determined Neu5Gc-preferring SU domain sequences were located 
within a specific subclade of the species Streptococcus sanguinis. There were eleven distinct SU domain 
haplotype sequences within the subclade that was comprised of both previously characterized Neu5Gc-
preferring S. sanguinis strains and strains with uncharacterized Sia-binding phenotypes. All but one of 
the S. sanguinis strains in this originated from humans. SU domain sequences of uncharacterized strains 
showed between 67-97% protein sequence identity with the well-characterized Neu5Gc-preferring 
S. sanguinis SK36 SU domain sequence.  
In summary, these data suggest that binding to the nonhuman Sia subtype, Neu5Gc, is specific to certain 
strains of S. sanguinis. We posit that S. sanguinis may have evolved to bind Neu5Gc as an adaptation to 
human consumption of a diet that contains animal-derived foods rich in Neu5Gc. Together, these data 
identify a distinct phenotype of S. sanguinis strains in the human mouth that may be involved in host 
colonization through binding to a non-host-derived sialoglycan. 
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Sialic acids (Sias) in the human mouth, found as terminal monosaccharides on mucins and other 
sialoglycoproteins in saliva, are recognized and bound by oral streptococci. Sialic-acid-mediated binding 
facilitated by streptococcal serine-rich repeat protein adhesins allows initial bacterial attachment to 
saliva-coated surfaces of teeth, a first step in the establishment of microbial biofilms in the oral cavity. 
Most mammals produce a mixture of sialic acids consisting of two major subtypes, N-acetylneuraminic 
acid (Neu5Ac) and N-glycolylneuraminic acid (Neu5Gc), whereas humans only produce Neu5Ac. The 
mutation that caused the loss of Neu5Gc synthesis in humans occurred after divergence from the last 
common ancestor with the great apes and affected many facets of human biology including host 
defense.  
Here, we wanted to investigate whether the loss of Neu5Gc affected colonization of the human mouth 
by oral streptococci. Having confirmed that human saliva is devoid of Neu5Gc, we hypothesized that 
human streptococcal isolates would preferentially bind to Neu5Ac, while Neu5Gc-binding streptococci 
would be more prevalent in the great apes which still contain Neu5Gc in their saliva. To test this 
hypothesis, we differentiated the Sia-mediated binding phenotypes of more than 6,000 streptococcal 
isolates from gorilla, chimpanzee, and human dental plaque by testing the ability of the bacteria to 
agglutinate human erythrocytes (carrying Neu5Ac exclusively) versus chimpanzee erythrocytes (rich in 
Neu5Gc) in a Sia-dependent manner. Contrary to our hypothesis, hemagglutination experiments 
indicated that Neu5Gc-binding streptococci were more prevalent in humans and practically absent in 
great apes. Sialoglycan array analysis confirmed the Neu5Ac and Neu5Gc preferences of a selected 
subset of 30 streptococcal isolates and showed an influence of Sia-O-acetylation on streptococcal 
binding. Using whole genome sequencing, we found that streptococci that bound to Sias also harbored a 
serine-rich repeat protein adhesin gene that contained a Siglec-like domain within its non-repeat 
adhesin binding region. We recombinantly expressed the binding region of six different novel 
streptococcal serine-rich repeat protein adhesins and showed that the Neu5Ac and Neu5Gc binding 
phenotypes of these streptococci were due to amino acid differences in the Siglec-like domains.  
Overall, we conclude from this study that Sia-binding specificities of oral streptococci do not strictly 
mirror the types of Sias normally present in their corresponding human, chimpanzee, and gorilla hosts. 
The evolutionary forces driving Neu5Gc binding in human oral bacteria are unknown, but we propose 
that a human diet containing exogenous animal-derived Neu5Gc may provide a survival advantage to 
Neu5Gc-binding streptococci. Our findings could potentially inform future studies on the influence of 
diet on host-microbiome coevolution.  
Funding: NIH CF Glycosciences U01 CA221244 [SR & PS] and NIDCR R01 DE019807. 
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Multiple previous studies have demonstrated that the monoclonal antibody Das-1 is specifically reactive 
to metaplastic and carcinomatous lesions in multiple organs of the gastrointestinal foregut (e.g. 
Barrett’s esophagus, intestinal-type metaplasia of the stomach, gastric adenocarcinoma, high-grade 
pancreatic intraepithelial neoplasm, and pancreatic ductal adenocarcinoma). Beyond its proven utility as 
a tissue biomarker, we have recently shown that mAb Das-1, by way of a sandwich ELISA assay of 
pancreatic cyst fluid, was significantly more accurate than current clinical paradigms for identifying 
those cysts harboring advanced neoplasia. Though this antibody has been used extensively for clinical, 
basic science, and translational applications for decades, its epitope has remained elusive. Here, we 
report our discovery that the diagnostically important epitope for this antibody is the glycan, 3’-Sulfated 
Lewis A (and the afucosylated 3’-Sulfo-Lewis C). This epitope can be used to track membranes through 
the lysosome and then out of the cell during the metaplastic and oncogenic tissue tranformation. We 
call this undescribed cellular process cathartocytosis [Greek: Cellular Cleansing] and believe that it is an 
efficient means of eliminating membranes that were previously used for differentiated subcellular 
structures (vesicles, abundant ER, mitochondria, specialized apical membrane, etc.) but now superfluous 
to the metaplastic dedifferentiated cells. Galectin-3, which is one of the most highly upregulated 
proteins in foregut cancers and which has affinity toward Sulfated Lewis antigens is required for efficient 
cathartocytosis in our mouse models. We propose and are testing whether the near universal 
expression of 3’-Sulfo-LeA in metaplasias and cancer of the foregut occurs because it is a functional 
signal coordinating cathartocytosis in order to augment plasticity and change cell state. 
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Changes in protein glycosylation are a hallmark of immune-mediated diseases. Glycans are master 
regulators of the inflammatory response being important molecules for the discrimination between 
“self”/“non-self”. We here explored whether lupus nephritis (LN) exhibit an altered cellular glycosylation 
aiming to identify a unique glycosignature that characterizes LN pathogenesis. A comprehensive tissue 
glycomics characterization was performed in a cohort of human biopsy-proven LN clinical samples from 
SLE patients. A combination of advanced tissue mass spectrometry imaging (MSI); in situ glyco-
characterization and ex vivo glycophenotyping of human kidney biopsies were performed to structurally 
map the N-glycans repertoire in LN samples. LN revealed a unique glycan signature characterized by an 
increased abundance and spatial distribution of unusual mannose-enriched glycans that are typically 
found in lower microorganisms; this glycosignature was specific of LN as it was not observed in other 
kidney diseases. Exposure of mannosylated glycans in LN was found to occur at the cell surface of kidney 
cells promoting an increased recognition by specific glycans-recognizing receptors, expressed by 
immune cells. This abnormal glyco-signature of LN was demonstrated to be due to a deficient complex 



N-glycosylation and a proficient O-mannosylation pathway. Moreover, levels of mannosylation detected 
in kidney biopsies from SLE patients at diagnosis were demonstrated to predict the development of 
chronic kidney disease (CKD) with 93% of specificity. Remarkebly, this work shows the potential of 
cellular mannosylation to be a marker of LN, predicting the development of CKD, and thus constituting a 
potential glycobiomarker to be included in the diagnostic and prognostic algorithm of LN.  
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Myeloid-derived suppressor cells (MDSCs) influence tumor progression by reprogramming antitumor 
immunity and promoting angiogenesis. Galectin-1 (Gal1), a soluble β-galactoside-binding protein, plays 
key roles in tumor-immune escape and angiogenesis by shaping lymphoid, myeloid and endothelial cell 
compartments. Here, we identify a glycosylation-dependent program, driven by Gal1, that licenses 
MDSCs with both immunoregulatory and pro-angiogenic capacities. Monocytic and polymorphonuclear 
MDSCs showed a distinct and niche-dependent glycosylation signature, selectively regulated in the 
tumor microenvironment, that controlled Gal1 binding and function. Exposure to Gal1 resulted in 
concomitant activation of immunosuppressive and vascularization programs in bone marrow (BM)-
derived MDSCs, that was dependent of STAT3 phosphorylation and characterized by higher activation of 
immune checkpoint pathways, secretion of immunosuppressive and pro-angiogenic cytokines and 
enhanced T-cell inhibitory and angiostimulatory activities both in vitro and in vivo. Accordingly, Gal1-
conditioned MDSCs accelerated tumor growth and fostered immune evasion and neovascularization 
mechanisms, in Gal1-deficient colon tumors. Finally, a combined algorithm that integrates Gal1 
expression and MDSC function delineate clinical outcome in human cancers. Thus, targeting 
glycosylation-dependent Gal1-driven circuits may help counteract both immunosuppressive and pro-
angiogenic activities driven by MDSCs during tumor progression. 
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Head and neck cancers account for 5-7% of new cancer cases in the United States, and the majority 
manifest as head and neck squamous cell carcinomas (HNSCC). Tobacco use is the main risk factor for 
HNSCC. Inactivating polymorphisms of the fut2 gene which encodes for FUT2, a galactoside 2-L-
fucosyltransferase, are associated with an increased incidence of HNSCC among tobacco users. 
Furthermore, expression of LeY, with both α1,2- and α1,3-linked fucose, disappears at sites of HNSCC 
tumor invasion. These observations suggest a potential role for FUT2 in HNSCC pathogenesis. However, 
a mechanistic understanding of the role FUT2 plays in HNSCC is lacking. We sought to explore the role of 
FUT2 in HNSCC and identify α1,2-fucosylated FUT2 glycoprotein substrates in HNSCC, to gain insight into 
the role of FUT2 in HNSCC.  
Cox regression analysis of HNSCC primary tumor patient data (n=499) from The Cancer Genome Atlas 
(TCGA) was performed, to examine the relationship between FUT2 expression and HNSCC survivorship. 
Next, a panel of normal, dysplastic, and tumor cell lines, were subject to flow cytometry to measure 
surface levels of the α1,2-fucosylated epitopes H-antigen, Lewis Y (LeY), and Lewis B (LeB). RT-qPCR was 
performed to assess FUT2 mRNA expression in the cell panel. To identify α1,2-fucosylated glycoproteins 
(FUT2 substrates), nano-liquid chromatography-tandem mass spectrometry (nLC-MS/MS) analyses of 
CAL27 (FUT2 high) and HSC-3 (FUT2 low) tongue squamous carcinoma cells (SCC), were performed. 
Further, α1,2-fucosylated glycopeptides were enriched via (a) AAL lectin, and (b) anti-LeY antibody, 
followed by nLC-MS/MS.  
High FUT2 expression was associated with improved overall survival (OS) in HNSCC patients, based on a 
multivariate Cox regression analysis (hazard ratio 0.601, 95% CI 0.452-0.799, p=4.5 x 10-4) of TCGA data. 
Normal oral keratinocytes (NOK) expressed the highest level of H-antigen and high levels of LeY, and 
lower levels of LeB, and dysplastic oral keratinocytes (DOK) expressed high levels of H-antigen, lower 
levels of LeY, and intermediate levels of LeB, compared to tumor cell lines. H-antigen expression was low 
in A-253 salivary gland carcinoma cells and pharyngeal SCC cell lines FaDu and Detriot-562 (Det-562), 
while tongue SCC cell lines displayed a wide range of H-antigen expression. LeY expression varied widely 
in tongue SCC cells, with pharyngeal SCC cell lines FaDu and Det-562 displaying intermediate LeY levels. 
CAL-27 tongue SCC cells displayed the highest levels of LeY followed by NOK cells, while A-253, SCC-15, 
and HSC-3 cells expressed low levels of LeY. In lectin- and LeY- enriched samples of CAL27 (FUT2 high) 
and HSC-3 (FUT2) cell lysates, glycoproteins with known involvement in HNSCC pathogenesis, including 
EGFR, CD44, and integrins, were identified. This knowledge will serve as the foundation for future 
studies to interrogate the role of LeY-modified and α1,2-fucosylated glycoproteins in HNSCC 
pathogenesis. 
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Antibodies against the red meat-derived carbohydrate N-glycolylneuraminic acid (Neu5Gc) exacerbate 
cancer in ‘human-like’ mice. Human anti-Neu5Gc IgG and red meat are independently proposed to 
increase cancer risk, yet how diet affects these antibodies is largely unknown. Based on world global 
data, we show that colorectal cancer (CRC) incidence and mortality are associated with increased 
national meat consumption. In a well-defined web-based French cohort, we used glycomics to measure 
daily Neu5Gc intake from red meat and dairy, and investigate serum as well as affinity-purified anti-
Neu5Gc antibodies. We found that high-Neu5Gc-diet, gender and age affect the specificity, levels and 
repertoires of anti-Neu5Gc IgG immune responses, but not their affinity. Furthermore, in high-meat diet, 
anti-Neu5Gc antibodies showed distinct diversity-patterns on glycan microarrays. Altogether, Neu5Gc 
consumption from red meat and dairy can dictate the eventual levels, repertoire and characteristics of 
circulating anti-Neu5Gc antibodies in humans. These precise rational methodologies allowed to develop 
a ‘Gcemic index’ to simplify assessment of Neu5Gc in foods that could potentially be adapted for 
personalized recommendations to reduce cancer risk or for general healthy lifestyle. 
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Glycosaminoglycans (GAGs) are a unique class of polysaccharides that exhibit a wide variety of activities 
which regulate many biological and pathological processes, including growth and cancer.  Unfortunately, 
the extensive roles of these molecules are poorly understood due to their polydispersity, 
microheterogeneity and synthetic challenges. Our lab has advanced the concept of fully synthetic non-
saccharide glycosaminoglycan mimetics (NSGMs) as chemical probes of GAG function. Recently, we 
identified that HS06, a heparan sulfate hexasaccharide, preferentially inhibits the growth of colorectal 
cancer stem cells (CSCs) cultured as 3-D spheroids. Later, computational studies suggested that G2.2, a 



chemically synthesized NSGM, could structurally mimic HS06. In fact, G2.2 has displayed selective and 
potent activity against CSCs.  To advance the CSC targeting capability of G2.2, three lipid-modified 
analogs (LMAs) were synthesized. All three LMAs showed enhanced potency in targeting CSCs compared 
to bulk tumor cells. To identify the putative cellular target(s) of G2.2 and its LMAs, receptor tyrosine 
kinase microarray consisting of over a dozen possible targets was used. G2.2 was found to reduce the 
activation of insulin-like growth factor-1 receptor (IGF-1R) preferentially over a related NSGM that does 
not inhibit CSCs. Biophysical studies show that for proteins belonging to the IGF-1R system, G2.2 shows 
over a 3.6-fold binding affinity preference for IGF-1R in comparison to its growth factor ligand IGF-1. 
Interestingly, the LMAs also show preferential engagement of IGF-1R over IGF-1 while also displaying 
enhanced affinity for IGF-1R as compared to the parent molecule (G2.2). Our results support the 
concept of IGF-1R as a putative target of a novel class of NSGMs targeting a tumor-initiating 
subpopulation of cancer cells with the potential to provide long-term remission for patients with 
gastrointestinal cancers. 
 
 
(P023) Glycoproteomics-Based Liquid Biopsy Identifies Checkpoint-Inhibitor Responders and Informs 
Optimal Drug Choice 
Alan Mitchell 1, Gege Xu1, Rachel Rice1, Klaus Lindpaintner1; Dennie Frederick2; Genevieve Boland2; 
Daniel Serie1 
1InterVenn Biosciences; 2Department of Surgery, Massachusetts General Hospital, Boston, MA 
 
While immuno-oncology therapy has brought about a sea-change in cancer treatment, a major unmet 
medical need remains in identifying likely responders to these agents (to avoid the adverse event 
burden and cost of treating likely non-responders), and in identifying the optimal choice of drug (agents 
are currently, by-and-large,  prescribed indiscriminately). Here we present data on an assignment 
algorithm based on glycoproteomic analysis of pretreatment blood samples in advanced malignant 
melanoma patients treated with pembrolizumab (Pembro; n=24) or nivolumab-ipilimumab (Nivo/Ipi; 
n=11) that allows to guide, and maximize efficacy, of treatment with either therapy. Samples were 
analyzed using an advanced glycoproteomics platform (InterVenn Biosciences) that combines ultra-high-
performance liquid chromatography coupled to triple quadrupole mass spectrometry and a proprietary 
neural-network-based data processing engine. Individual glycopeptide signatures derived from 67 
abundant serum proteins were analyzed and correlated with treatment,  progression-free survival (PFS, 
and other clinical outcome metrics.Two response groups were defined based on PFS: early failures (EF; 
PFS event within 6 months) and sustained control (SC; no events for ≥ 12 months). Differential relative 
abundances for 498 serum glycopeptides were calculated between SC and EF patients for each 
treatment group to determine a set of glycopeptides more abundant in each SC versus EF by treatment 
group. A score was developed for each treatment group based on the 20 markers within each treatment 
group identified as the most statistically significant ones based on one-sided Wilcoxon test comparing EF 
and SC. For a given patient, the score is the proportion of glycopeptides with relative abundance 
exceeding their median abundance. A low score is associated with high risk for early failure. When 
examined in all patients in the cohort (regardless of treatment), both scores isolated EF from SC. Only 2 
glycopeptides overlapped between the two treatment group scores, suggesting information is drug-
selective, and not duplicated by combining the scores for treatment assignment. Algorithmic assignment 
was performed by choosing the treatment with the highest treatment-specific score (e.g., if Nivo/Ipi 
score &gt; Pembro score, then assign to Nivo/Ipi). PFS was superior for cases where the assigned 
treatment matched the treatment received. Log-rank p-values comparing PFS by assigned treatment 
within Pembro- and Nivo/Ipi-treated cases were 0.009 and 0.0004, respectively. Our results show that 
serum glycoproteomic analysis allows targeted treatment assignment not only to checkpoint inhibitor 



treatment in general, but specifically to the most likely successful agent among different drugs. This 
could improve fundamentally the clinical use of immuno-therapy. 
 
 
(P024) ST6Gal1 promotes acinar to ductal metaplasia and pancreatic cancer progression 
Nikita Bhalerao 1, Asmi Chakraborty2, Susan L. Bellis1 

1Cell, Developmental and Integrative Biology, University of Alabama at Birmingham; 2Department of 
Translational Medicine, Florida International University 
 
Pancreatic ductal adenocarcinoma (PDAC) is a deadly cancer with a 5-year survival rate of ~9% due to 
delayed diagnosis and lack of efficient treatment options. One of the key sialyltransferases known to be 
upregulated in PDAC is ST6Gal1. ST6Gal1 adds α2-6 sialic acids to select N-glycosylated cell surface 
receptors leading to altered receptor function and downstream signaling. To investigate the role of 
ST6Gal1 in PDAC, we established a novel genetically engineered mouse model, wherein we knocked in 
K-rasG12D and ST6Gal1 (“KSC mouse”) in the pancreas using the Pdx1-Cre line, for comparison with the 
classic PDAC model, the “KC mouse” (K-rasG12D only). Remarkably, KSC had median survival of just 4.3 
months, with dramatically accelerated disease progression evidenced by higher grade PanIN lesions and 
increased metastases, compared to that of 13.6 months for KC.  Acinar to ductal metaplasia (ADM) is a 
key initiating event in PDAC.  During ADM, differentiated acinar cells exposed to inflammatory insults or 
injury dedifferentiate and acquire a stem-like ductal phenotype that protects cells from apoptosis. These 
cells, upon acquisition of oncogenic hits, progress to PanINs and full blown PDAC. To induce 
inflammation in the pancreas, we treated wild-type (WT) mice with cerulein that significantly increased 
ST6Gal1 and Sox9 (ductal marker) levels in the acinar cells, while retaining acinar marker, Amylase, 
imparting an ADM-like phenotype, relative to saline-treated mice. Furthermore, when we treated “SC 
mice” (ST6Gal1 knock-in only) with cerulein, ADM-like cells were significantly higher than WT mice 
treated with cerulein, indicating a causal role for ST6Gal1 in driving ADM. Moreover, Sox9 expression 
was significantly higher in SC pancreas compared to WT, implying ST6Gal1-mediated regulation of Sox9. 
Using another in vitro ADM model, 266-6 cells, we demonstrated that ST6Gal1 expression positively 
regulated Sox9 and Hes1 levels (ductal markers) and negatively regulated Ptf1a (acinar marker). 
Organoids established from WT, SC, KC and KSC pancreata presented with significantly higher self-
renewing potential for SC and KSC relative to WT and KC organoids respectively, indicating better 
organoid-forming ability and growth due to ST6Gal1 expression. To obtain a global and unbiased view, 
we performed bulk RNA sequencing on WT, SC, KC and KSC pancreata. Strikingly, SC and KSC exhibited 
an enrichment in developmental-related pathways that are known to be activated in PDAC such as Wnt, 
Notch and Hedgehog, along with enriching genes for ductal cell and pancreatic cancer, compared to WT 
and KC respectively. Lastly, single cell RNA sequencing on KC and KSC pancreata demonstrated an 
enrichment in the number of ductal-like cells in KSC versus KC mice, including a unique cancer-like ductal 
cell population. Collectively, our data highlights a novel role for ST6Gal1 in PDAC by reprogramming the 
acinar cells to a more ductal phenotype to accelerate PDAC advancement.  
 
 
(P025) Sialylation of EGFR by ST6Gal-1 impacts downstream signaling and receptor dynamics 
Katherine Ankenbauer 1, Susan Bellis1 
1University of Alabama at Birmingham 
 
Glycosylation is a key biological process that mediates multiple cellular functions, and thus, it comes as 
no surprise that aberrant glycosylation has been associated with cancer. Many studies have shown that 
sialyltransferases are upregulated during malignant transformation and of these, ST6GAL1 is one of the 



most pervasively upregulated. ST6GAL1 acts by adding an α2,6-linked sialic acid onto N-glycosylated 
proteins bound for the cell surface. Our group has shown that ST6GAL1 is overexpressed in several 
different types of cancer, including ovarian cancer (OC), and confers a cancer stem cell phenotype by 
sialylating select cell surface receptors such as β1 integrin, TNFR1, Fas, and EGFR. Of these receptors, 
EGFR is a key signaling molecule that contributes to several types of cancer, promoting migration, 
invasion, and cellular proliferation.  Activating mutations in EGFR and/or upregulated EGFR expression 
correlate with a poor patient prognosis in OC. Prior studies from our lab have identified EGFR as a target 
of ST6GAL1 and shown that α2-6 sialylation of EGFR activates EGFR upon stimulation with its cognate 
ligand, EGF. However, what remains unknown is how sialylation of EGFR impacts receptor dynamics and 
downstream signaling. In the current study, we evaluated EGFR signaling utilizing three different ovarian 
cancer cell lines in which ST6Gal1 was either overexressed (OE) or knocked-down (KD). First, we 
determined that sialylation of EGFR stimulates EGFR activation (as measured by EGFR phosphorylation) 
induced by EGF as well another EGFR ligand, TGFα.  In agreement with this, cells with sialylated EGFR 
exhibited greater EGF and TGFα-induced activation of downstream pathways such as NFκB and Akt. We 
next sought to investigate the mechanism by which sialylation of EGFR modulates downstream signaling 
pathways by assessing receptor dynamics. By performing ligand binding assays, we demonstrate that 
sialylation of EGFR does not impact EGF binding to EGFR. To assess whether sialylation of EGFR impacts 
its cell surface expression, we utilized flow cytometry, finding that sialylation of EGFR does not alter the 
cell surface expression of EGFR. We then sought to determine how sialylation of EGFR impacts receptor 
dimerization. By utilizing an assay to cross-link dimers followed by immunoblotting, we show that 
sialylation of EGFR promotes stabilization of EGFR dimers. To determine if sialylation of EGFR impacts its 
internalization, we utilized immunofluorescent microscopy, demonstrating that α2,6 sialylation of EGFR 
leads to slower receptor internalization.  Lastly, through immunoprecipitation and immunoblotting, we 
find that sialylated EGFR has decreased association with the E3 ubiquitin ligase, c-CBL, and slower 
receptor degradation, promoting sustained signaling through NFκB and Akt long after receptor 
stimulation (6-24 hours). Thus, we hypothesize that sialylation of EGFR promotes stabilization of EGFR 
dimers, leading to a decrease in c-CBL association and receptor degradation, ultimately leading to 
sustained signaling through NFκB and Akt, promoting cancer cell survival. 
 
 
(P026) Microenvironmental and intracellular galectin-3 govern melanoma progression 
Norhan Mohammed 1, Jordan Carroll1, Asmi Chakraborty1, Charles J. Dimitroff1 
1Department of Translational Medicine, Translational Glycobiology Institute at FIU (TGIF), Herbert 
Wertheim College of Medicine, Florida International University, Miami, FL 33199 
 
Melanoma is a relatively rare skin cancer. However, it accounts for most of all skin cancer- related 
deaths worldwide. Once a melanoma metastasizes, it confers a poor prognosis characterized by 
resistance to therapy and enhanced survival in distal tissues. Hence, a favorable clinical outcome is 
strongly correlated with early diagnosis. Despite the ongoing research to identify novel diagnostic, 
prognostic, and therapeutic targets for metastatic melanoma (MM), a reliable serum marker to predict 
whether melanoma is vulnerable to metastasize or has already metastasized is still lacking. Prior studies 
from our lab reveal that normal human epidermal melanocytes (nHEM) and MM cells express markedly 
different cell surface N-glycans. On their N-glycan antennae, nHEM express predominantly I-branched 
poly- N-acetyllactosamines (poly-LacNAcs) synthesized by I-branching enzyme GCNT2, whereas MM cells 
display mainly i-linear poly-LacNAcs with significant downregulation of GCNT2. GCNT2/I- branching 
activity, in fact, attenuates melanoma xenograft growth, colony formation and cell survival. In the 
current study, we explored the role of pro-MM regulatory protein, galectin-3 (Gal- 3), which avidly bind 
LacNAcs, in melanoma progression. Gal-3, like other proteins of galectin family, not only bind cell 



surface glycans, but are also found in the cytoplasm and nucleus, where they function to regulate cell 
proliferation and/or cell death pathways. Our data here revealed that Gal-3 favored binding to i-linear 
poly-LacNAcs, such that enforced GCNT2/I- branching activity hindered Gal-3 binding to melanoma cell 
surfaces. Moreover, Gal-3 knockdown in MM cells potentiated melanoma growth and invasion, 
suggesting that Gal-3 may inhibit pro-malignant activities inside of the cell. Taken together, this study 
established the dual action of Gal-3 in regulation of melanoma aggressive behavior, extracellularly and 
intracellularly. Importantly, our findings improve our understanding of molecular factors driving 
melanoma metastasis and provide new insights on how the MM glycome can predict metastatic 
potential and clinical outcome in patients and, potentially, be exploited as a novel MM therapy. 
 
 
(P033) Characterization of O-GlcNAc Transferase Variants from XLID Patients 
Johnathan Mayfield 1, Hannah Stephen1, Trevor Adams1, Charles Schwartz2, Lance Wells1 
1University of Georgia; 2Greenwood Genetics Center 
 
The O-GlcNAc modification occurs on thousands of nucleocytoplasmic proteins and is added by the 
enzyme OGT that is encoded by a single gene on the X-chromosome in humans. Our laboratory, in 
collaboration with clinicians, initially characterized variants of OGT that were casual for X-linked 
intellectual disability (XLID). All of these variants were in the Tetratricopeptide repeat (TPR) domain of 
OGT while a few catalytic domain variants were described by others. Initial characterization of the TPR 
variants including thermodynamic stability and kinetic activity showed modest differences, but 
transcriptional analyses showed that certain pathways, like those involved in neurogenesis, were 
altered. The pervading hypotheses in our group is that these TPR variants may be disrupting key, 
perhaps cell type-specific, protein-protein interactions that lead to the phenotype. Our hypothesis is 
supported by BioID experiments we have performed to define the wildtype and variant OGT 
interactomes that we present here. Most recently, we have identified 3 new variants in the catalytic 
domain of OGT in XLID patients. Based on molecular replacement modeling, we hypothesize that these 
variants impact the Km for UDP-GlcNAc of OGT. We are currently evaluating the kinetics and thermal 
stability of recombinantly expressed and purified variants, along with determining in cellulo 
perturbations to the O-GlcNAcome, gene expression, and the protein interactome. Overall, this project 
utilizes natural disability variants to understand structure/function of OGT and hopes to provide insight 
into how variants in the two domains of the enzyme that differ in their impact lead to the same 
phenotype, X-linked intellectual disability. 
 
 
(P034) Low glucose induced Alzheimer’s disease phenotype in induced pluripotent stem cell-derived 
neurons is due to decreased O-GlcNAcylation 
Chia-Wei Huang 1,2; Gerald W. Hart1,2 
1Complex Carbohydrate Research Center, University of Georgia, Athens, GA, USA; 2Department of 
Biochemistry and Molecular Biology, University of Georgia, Athens, GA, USA  
 
Sporadic Alzheimer’s disease (sAD) is the most common type of neurodegenerative disease. Recent 
studies show that detectable impairment of brain glucose metabolism occurs years before onset of AD 
symptoms, and the dysregulated O-GlcNAc levels likely arisen from impaired glucose metabolism 
correlates with AD pathogenesis. So far, the mechanism of sAD and the role of OGN in AD pathology 
remained largely unknown due to a lack of human sAD model. We have established a human sAD model 
in which the pathological features are reproduced by glucose deficiency that better represents sAD as a 
metabolic disease. We generated human cortical neurons from human induced pluripotent stem cell 



and treated mature neuron with glucose reduction media to study the effect of low glucose on the 
degenerative status of neuron. Fluoro JADE C staining and cell viability assays reveals low glucose 
treatment at 2mM leads to dramatic increases of degeneration cell on day 3 and 5 of treatment and 
decreased cell viability on day 7. Interestingly, western blotting and immunofluorescent staining results 
demonstrate that long-term low glucose treatment induces two major AD features in cortical neuron, 
including accumulation of abnormal hyperphosphorylated tau and increasing amyloid beta production. 
In addition, glucose deficiency also causes decreased neurite coverage, synapse loss, and neuron 
network activity disruption detected by immunofluorescent staining and multi-electrode array 
electrophysiological analyses. Furthermore, we find that O-GlcNAc levels are significantly reduced soon 
after low glucose treatment and last till the end of experiment. Artificially increasing O-GlcNAc level by 
thiamet-G (TMG) in low glucose treated neurons, rescues low glucose-induced AD phenotypes. 
Moreover, our data show that O-GlcNAc dysregulation results in mitochondrial dysfunction, which 
occurs before any other degenerative phenotype appeared, and may be one of the underlying 
mechanisms of sAD onset and pathogenesis. Taken together, we established a human sAD model that 
mimics the main features of AD pathogenesis, which agrees with clinical observations of sAD patients. 
Therefore, this platform can serve as a tool to better understand molecular processes involved in sAD. 
Our results also suggest that dysregulated O-GlcNAc levels by glucose deficiency is involved in the onset 
and progression of sAD. Supported by NIH P01HL107153, R01GM116891, R01DK61671. Dr. Hart receives 
a share of royalty received on sales of the CTD 110.6 antibody, managed by JHU. 
 
 
(P035) Brain glycogen serves as a critical glucosamine cache required for protein glycosylation 
Ramon C. Sun1, Lyndsay E.A. Young2, Ronald C. Bruntz2, Kia H., Markussen2, Lindsey R. Conroy1, Tara R. 
Hawkinson1, Harrison A. Clarke1, Richard R. Drake3, and Matthew S. Gentry2 

1Department of Neuroscience, University of Kentucky, Lexington, Kentucky, USA; 2Department of 
Molecular and Cellular Biochemistry, University of Kentucky, Lexington, Kentucky, USA; 3Cell and 
Molecular Pharmacology and Experimental Therapeutics, Medical University of South Carolina, 
Charleston, South Carolina, USA 
 
Glycosylation defects are a hallmark of many nervous system diseases. However, the molecular and 
metabolic basis for this pathology are not fully understood. In this study, we found that N-linked protein 
glycosylation in the brain is metabolically channelled to glucosamine metabolism through 
glycogenolysis. We discovered that glucosamine is an abundant constituent of brain glycogen, which 
functions as a glucosamine reservoir for multiple glycoconjugates. We demonstrated the enzymatic 
incorporation of glucosamine into glycogen by glycogen synthase, and the release by glycogen 
phosphorylase by biochemical and structural methodologies, in primary astrocytes, and in vivo by 
isotopic tracing and mass spectrometry. Using two mouse models of glycogen storage diseases, we 
showed that disruption of brain glycogen metabolism causes global decreases in free pools of UDP-N-
acetylglucosamine and N-linked protein glycosylation. These findings revealed fundamental biological 
roles for brain glycogen in protein glycosylation with direct relevance to multiple human diseases of the 
central nervous system. 
 
 
 
 
 
 



(P036) Spatial, temporal, and cell-type-specific expression profiles of genes encoding heparan sulfate 
biosynthesis enzymes and proteoglycan core proteins 
Yingtao (Jerry) Zhao 1, Sohyun Moon1 
1New York Institute of Technology 
 
Heparan sulfate (HS) is a linear polysaccharide found in almost all animal cells and plays an important 
role in various biological processes. HS functions mainly via covalently binding to core proteins to form 
HS proteoglycans (HSPGs), which are heterogeneous in the lengths of the HS chain, the modifications on 
HS, and the core proteins. The molecular mechanisms underlying HSPG heterogeneity, although widely 
studied, are not yet fully defined. The expression profiles of HS biosynthesis enzymes and HSPG core 
proteins likely contribute to the HSPG heterogeneity, but these expression profiles remain poorly 
characterized. To investigate the expression profiles of genes encoding HS biosynthesis enzymes and 
HSPG core proteins, we systematically integrated the publicly available RNA sequencing data in mice. To 
reveal the spatial expression of these genes, we analyzed their expression in 21 mouse tissues. To reveal 
the temporal expression of these genes, we analyzed their expression at 17 time points during the 
mouse forebrain development. To determine the cell-type-specific expression of these genes, we 
obtained their expression profiles in 23 cell types in the mouse cerebral cortex by integrating single 
nucleus RNA sequencing data. Our findings demonstrate the spatial, temporal, and cell-type-specific 
expression of genes encoding HS biosynthesis enzymes and HSPG core proteins and represent a valuable 
resource to the HS research community. 
 
 
(P037) O-GlcNAcylation is essential for rapid Pomc expression and cell proliferation in corticotropic 
tumor cells 
Logan Massman 1, Nathan Zwagerman1, Michael Pereckas1, Stephanie Olivier-Van Stichelen1 
1Medical College of Wisconsin, WI, USA 
 
Pituitary adenomas have a staggering 16.7% lifetime prevalence and can be devastating in many 
patients due to profound endocrine and neurologic dysfunction. To date, no clear genomic or 
epigenomic markers correlates with their onset or severity. Herein, we investigate the impact of the O-
GlcNAc post-translational modification in their etiology. Found in over 5000 human proteins to date, O-
GlcNAcylation dynamically regulates proteins in critical signaling pathways, and its deregulation is 
involved in cancers progression and endocrine diseases such as diabetes. 
In this study, we demonstrate that O-GlcNAcylation enzymes were upregulated, particularly in 
aggressive ACTH-secreting tumors, suggesting a role for O-GlcNAcylation in pituitary adenoma etiology. 
In addition to the demonstration that O-GlcNAcylation was essential for their proliferation, we show 
that the endocrine function of pituitary adenoma is also dependent on O-GlcNAcylation. In corticotropic 
tumors, hyper-secretion of the proopiomelanocortin (POMC)-derived hormone ACTH leads to Cushing’s 
disease, materialized by severe endocrine disruption and increased mortality. We demonstrate that 
Pomc mRNA is stabilized in an O-GlcNAc-dependent manner in response to corticotropic-stimulating 
hormone (CRH). By impacting Pomc mRNA splicing and stability, O-GlcNAcylation contributes to this new 
mechanism of fast hormonal response in corticotropes. Thus, this study stresses the essential role of O-
GlcNAcylation in ACTH-secreting adenomas’ pathophysiology, including cellular proliferation and 
hypersecretion. 
 
 
 
 



(P038) Immuno-modulatory Siglec-9 ligands expressed by epithelial cells of the human choroid plexus 
Katelyn Rosenbalm 1,3, David B Nix1,3, Bhavya Bakshi1, Amy V Paschall2; Fikri Y Avci2,3; Michael Tiemeyer1,3 
1Complex Carbohydrate Research Center, University of Georgia, Athens, GA, USA; 2Center for Molecular 
Medicine, University of Georgia, Athens, GA, USA; 3Department of Biochemistry & Molecular Biology, 
University of Georgia, Athens, GA, USA 
 
The pathology of Alzheimer’s disease (AD) is complex and involves incompletely understood 
inflammatory responses. The contributions of inflammatory cells, either resident in the brain (microglia) 
or recruited from peripheral sources (monocytes/macrophages), are an emerging interest with regard to 
the initiation and progression of AD. The choroid plexus (CP), which comprises an important part of the 
interface between the peripheral blood and the cerebrospinal fluid, functions as an immune gateway in 
the brain and has been proposed to regulate trafficking, activation, and differentiation of inflammatory 
cells. In a mouse model for aggressive familial AD, we observed upregulated expression of ligands for 
Siglec-F on CP epithelial cells.  Siglec-F, like other members of the Siglec family, binds sialylated glycans 
to modulate innate and adaptive immune responses in many inflammatory contexts. To explore the role 
of Siglec ligand expression in normal human CP and in human neurodegenerative disease progression, 
we have undertaken targeted glycomic and glycoproteomic analysis of Siglec-F and Siglec-9 
counterreceptors expressed by choroid plexus papilloma cells (HIBCPP) as well as by 3-D choroid plexus 
tissue derived from patient induced pluripotent stem cells (choroid plexus organoids, which we call 
chorganoids). Specific endo-glycosidase digestion and orthogonal biochemical analysis indicates that 
human CP cells present keratan sulfate ligands for Siglec-9, as well as structurally related ligands for 
Siglec-F, on polypeptide backbones including low-density lipoprotein receptor-related protein 1 (LRP1) 
and galectin-3 binding protein/Mac-2 binding protein/90k tumor associated antigen (G3BP). G3BP 
ligands for Siglec-9 purified from HIBCPP cell media induce inflammatory cell responses using a murine 
bone marrow derived hematopoietic cell-based screening platform. The identification of these Siglec 
ligands in a unique tissue setting presents opportunities for investigating the response of inflammatory 
cells to disease-related glycan expression. 
 
 
(P039) Human Siglec-3 and Siglec-8 share a single major sialoglycan ligand in the human brain 
Anabel Gonzalez-Gil Alvarenga 1, Eila Maenpaa1, Ronald L. Schnaar1 
1Department of Pharmacology and Molecular Sciences, Johns Hopkins University School of Medicine, 
Baltimore, MD 
 
Most Siglecs (sialic acid binding immunoglobulin-like lectins) are immune checkpoint inhibitors 
expressed on subsets of immune cells where they inhibit inflammation upon binding complementary 
sialoglycan ligands. Human microglia, phagocytic immune cells of the brain, express a unique set of 
Siglecs. Disruption of the balance between microglial activation and inhibition is believed to contribute 
to neuropathology in brain proteinopathies including Alzheimer’s disease and Parkinson’s disease. 
Knowledge of microglial Siglecs and their ligands may provide therapeutic targets for these 
proteinopathies. This hypothesis is supported by the finding that polymorphisms in the gene for hSiglec-
3 (CD33) correlate with Alzheimer’s disease susceptibility, with increased expression increasing risk and 
decreased expression providing protection. Transcriptomic analysis (Alsema et al, Front. Mol. Neurosci 
13:134, 2020) revealed expression of several immune inhibitory Siglec genes by isolated adult human 
microglia: Siglec-8 > Siglec-10 > Siglec-3 ≈ Siglec-9.  We previously reported that a single large molecular 
weight (~1 MDa) sialoglycan extracted from human cerebral cortex, a glycoform of receptor protein 
tyrosine phosphatase (RPTPζ, phosphacan) carrying sialylated keratan sulfate chains, was the sole 
human brain ligand for Siglec-8 as detected by lectin overlay blotting with Siglec-8-Fc. We now report 



that the same ligand, RPTPζS8L is shared by hSiglec-3. We report that Siglec-8-Fc and hSiglec-3-Fc bind to 
the same sialoglycan upon composite agarose-acrylamide electrophoresis and to the same eluted 
fractions by size exclusion chromatography. Siglec-8-Fc magnetic beads captured all of the Siglec-8 and 
all of the hSiglec-3 binding ligand, which then co-eluted together in the same fractions. The purified 
ligand co-migrated by electrophoresis with RPTPζ at ~1 MDa. Siglec-8-Fc and Siglec-3-Fc binding to the 
isolated ligand were equally abrogated by treatment with sialidase and keratanase, while αRPTPζ 
binding remained. Siglec-8-Fc and Siglec-3-Fc binding were retained after treatment with chondroitinase 
ABC or PNGase F, and their electrophoretic migration shifted together. We conclude that human brain 
expresses a single ligand for two inhibitory Siglecs, hSiglec-3 and Siglec-8 (RPTPζS3L/S8L). In a limited 
number of human donors, expression of RPTPζS3L was higher in Alzheimer’s disease cerebral cortex than 
in non-demented control donors, raising the possibility that Siglec ligand expression may contribute to 
disease progression. Supp. by NIH grant AG068089 and HL141952 (AG-G). 
 
 
(P040) The Schizophrenia-Associated Variant in SLC39A8 decreases brain N-glycan concentration in the 
adult mouse brain. 
Maxence Noel 1, Sarah Williams1, Robert Mealer1,2,3, Richard Cummings1 
1National Center for Functional Glycomics, Department of Surgery, Beth Israel Deaconess Medical Center, 
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Schizophrenia is a severe mental illness with strong heritability, and advances in genetics have started to 
unravel the complex molecular underpinnings of this disorder. GWAS have identified over 250 loci linked 
to schizophrenia, though most are in the non-coding region of the genome. The most significantly 
associated coding variant in schizophrenia GWAS is rs13107325 in SLC39A8, resulting in a missense 
mutation (A391T) in the manganese (Mn2+) transporter. Mn2+ transport by SLC39A8 is critical for 
glycosylation and we have previously shown that human carriers of A391T have reduced serum 
manganese, altered plasma glycosylation, and brain MRI changes consistent with altered metal 
transport. In this study, we employed a knock-in mouse model homozygous for A391T to investigate 
molecular changes in the brain resulting from the schizophrenia associated mutation, focusing 
specifically on the protein glycosylation pathway.  
To achieve this goal, brain tissue was harvested from four regions (cortex, hippocampus, striatum, and 
cerebellum) at 12-weeks of age for analysis. Semi-quantitative MALDI-TOF MS glycomics of Asn (N-) and 
Ser/Thr (O-) linked glycans was performed on all four brain regions. N-Glycosylation was most impaired 
in A391T cortex, with nearly half of the glycan categories showing significant differences suggestive of 
impaired glycan synthesis. To confirm this, we developed a novel assay using the fluorescent glycan 
linker F-MAPA. A small but significant decrease in protein N-glycan concentration in cortex was found in 
A391T cortex, consistent with the predicted effect size of a common variant. These findings provide a 
mechanistic link between a risk allele and potentially reversible biochemical changes in the brain, 
furthering our molecular understanding of the pathophysiology of schizophrenia and representing a 
novel opportunity for therapeutic development targeting the glycosylation pathway. 
 
 
 
 
 



(P041) Glycoproteomic analysis of cerebral cortex in a genetic risk model of schizophrenia identifies 
convergent mechanisms of disease pathogenesis 
Robert Mealer 1, Maxence Noel1, Sarah E. Williams1, Jordan W. Smoller1; Christina Woo2; Richard D. 
Cummings1 
1Harvard Medical School; 1Harvard University 
 
Schizophrenia is a heterogeneous diagnostic classification for individuals afflicted with a combination of 
cognitive dysfunction, social withdrawal, functional regression, and psychotic symptoms.  Genetic 
liability is the strongest epidemiologic contributor to overall risk for schizophrenia, and current evidence 
supports a polygenic inheritance pattern, with disease contributions from many common variants of 
small effect and few rare mutations of large effect. Among the common variants, a missense mutation in 
SLC39A8 (A391T) is one of the most promising leads for mechanistic studies on increased risk for 
schizophrenia. In this study we used a mouse model of A391T and performed bioinformatic analysis of 
differentially glycosylated proteins in cortex based on cell of origin, cellular process, and cellular 
components. Mapping of glycopeptide changes with single-cell expression data revealed that, despite 
the expression of Slc39a8 exclusively in endothelial cells, A391T altered glycoproteins levels across cell 
types in the brain, consistent with a non-cell-autonomous effect of the variant. In addition, down-
regulated glycoproteins were enriched across neurons, while up-regulated glycoproteins showed a 
striking enrichment in endothelial cells. Further gene ontology analysis showed that down-regulated 
glycoproteins were enriched in genes expressed in neurons, at the plasma membrane, involved in ion 
transport, and at the synapse, consistent with the emerging genetic evidence of pathways involved in 
genetic risk for schizophrenia. These results provide multiple examples for convergent risk mechanisms 
in schizophrenia pathophysiology and provide new avenues for research into disease modifying 
therapies.     
 
 
(P042) Receptor Protein Tyrosine Phosphatases as a novel functionally important substrate of O-
mannosylation in Drosophila 
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Protein O-mannosylation (POM) is a unique post-translational modification that is required for many 
vital functions in animals. Our previous studies discovered that POM plays a role in correct neuronal 
wiring in the development of the nervous system in Drosophila. That function depends on Protein O-
mannosyltransferases 1 and 2 (POMT1/2), a subfamily of enzymes that mediate the addition of O-linked 
mannose to Ser/Thr residues of proteins in the ER. In humans, deficiencies in POMT1/2 lead to 
dystroglycanopathies, a group of congenital muscular dystrophies usually associated with debilitating 
neuromuscular abnormalities. The pathomechanisms of these dystrophies are thought to be caused by 
defects in the modification of a-Dystroglycan (a-Dg).  However, functional substrates of POMT1/2 
besides Dg remain largely uncharacterized. In Drosophila, POMT1/2 deficiencies lead to abnormal body 
posture and irregular muscle contractions, as well as defects in sensory axon wiring in the larval brain. 
Our experiments have shown that Dg alone does not account for posture and axon defects in 
Drosophila, indicating the involvement of other substrates in POMT-mediated control of axon wiring. 
We focus on Receptor Protein Tyrosine Phosphatases (RPTPs), known to be O-mannosylated and 
function in axon guidance in mammals. Using mutant alleles and RNAi strategies, we analyzed 
interactions between POMT1/2 and RPTPs in the regulation of sensory axon connectivity in the ventral 



ganglion of Drosophila larvae. We found that POMT1/2 and RPTPs cooperate in building sensory 
connectivity. Using a combination of glycoproteomics and genetic approaches, we characterized O-
mannosylation of RPTP69D and analyzed its dependence on POMT activity. Our results allowed us to 
propose a mechanism that can underlie the functional interactions between POM and PTP pathways in 
the regulation of neuronal connectivity. This mechanism is potentially conserved in mammals and may 
shed light on the involvement of POMTs in human pathologies. This project was supported by grants 
from NIH (NS099409), CONACYT-TAMU (19-20-052) and TAMU T3 Triads for Transformation  to VP. 
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SARS-CoV-2 remains a prominent threat to human health despite the development of effective vaccines 
around the world. The virus infects humans through its surface spike glycoprotein (SgP), which relies on 
assistance from host heparan sulfate proteoglycans (HSPGs) to facilitate binding to the ACE2 receptor on 
human cells. Targeting the HSPG–SgP interaction could help identify novel inhibitors of viral entry. A 
microarray containing 24 HS oligosaccharides was screened for binding against recombinant S1 and 
receptor-binding domain (RBD) forms of SgP. Eight of these sequences were observed as potent binders, 
which could be well-explained thorough a dual-filter virtual screening computational algorithm. 
Competition studies were performed using the HS microarray and SgP proteins using fondaparinux and a 
HS hexasaccharide suggested that the sequences containing IdoA2S–GlcNS6S and GlcNS3S residues 
were especially important in high affinity binding of oligosaccharides to the RBD. These results were also 
supported by affinity studies using fluorescence spectroscopy. Finally, comprehensive virtual screening 
of &gt;93,000 HS sequences led to the identification of a novel pharmacophore in which two or more 3-
O-sulfated GlcN residues were found to greatly enhance selectivity and affinity in recognition of RBD 
present in SgP trimer. This crucial HS structural motif that could serve as the lead in discovery of potent 
and highly selective saccharide and non-saccharide-based mimetics of HS-mimetics as inhibitors of 
SARS-CoV-2 entry. 
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Granulibacter bethesdensis, a member of the Acetobacteraceae family, is an emerging pathogen 
isolated from patients with Chronic Granulomatous Disease. This immunodeficiency is caused by 
reduced phagocyte NADPH oxidase function. Our early work has shown that cytokine production in 
human blood required 10-100 times more G. bethesdensis CFU/ml than the number of E. coli cells. This 



hypo stimulatory effect observed in G. bethesdensis may be attributed to unique structural properties of 
the cell-surface associated lipopolysaccharide (LPS), particularly lipid A.  To better understand the 
pathogenicity of G. bethesdensis, we isolated and purified the LPS, emphasizing the structural 
characterization of lipid A. Unlike in typical Enterobacteriaceae LPS, which requires 1% acetic acid to 
release lipid A from the polysaccharide of LPS, the release of the lipid A from Granulibacter LPS required 
extended hydrolysis using 0.1 M HCl. A combination of mass spectrometry, gas chromatography, and 
NMR spectroscopy demonstrated that the glycan portion of the isolated glycolipid consists of α-Manp-
(1→4)-β-GlcpN3N-(1→6)-α-GlcpN-(1⇿1)-α-GlcpA tetra-saccharide. The tetrasaccharide backbone is 
substituted with five acyl chains: the amide-linked N-3’ 14:0(3-OH), N-2’ 16:0[(3-O16:0), N-2 18:0(3-OH) 
and ester-linked O-3 14:0(3-OH), and 16:0. The acyl groups can differ in chain length by (-CH2-CH2-) mass 
increments contributing to structural microheterogeneity. We also demonstrated that glycero-d-talo-
oct-2-ulosonic acid (Ko) is the first constituent of the core region of the LPS covalently attached to 
GlcpN3N of the lipid A backbone. The substitution of G. bethesdensis lipid A with only five acyl chains 
and the presence of Ko (Ko-lipid A) likely contribute to more than 10-fold lower proinflammatory 
potency compared to E. coli lipid A as measured by cytokine induction in human blood, immune evasion 
during pathogenesis, and resistance to antimicrobial peptides. We are currently examining the role(s) of 
other cell surface glycans in the pathogenicity G. bethesdensis.  
Work at Center for Plant and Microbial Complex Carbohydrates at the Complex Carbohydrate Research 
Center was supported by the U.S. Department of Energy (DOE), Office of Science, Basic Energy Sciences 
(BES) under Award DE-SC0015662, and by NIH grant R24GM137782-01 to Parastoo Azadi. This work was 
funded in part by the National Institutes of Health Intramural Programs of the National Institute for 
Allergy and Infectious Diseases and the National Institute of Diabetes and Digestive and Kidney Diseases 
(1ZIAAI000155, 1ZIAAI001151, 1ZICDK015500). 
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Glycosidases are hydrolytic enzymes primarily studied in the context of intracellular catabolic pathways 
of the lysosome. Changes in circulating glycosidase activities have been linked to lysosomal storage 
diseases and are often measured in acidified blood to mimic lysosomal pH. Changes in blood glycosidase 
activities have been associated with multiple syndromes including cancer, arthritis, alcoholism, sepsis, 
and colitis. As blood glycosidase activities at physiological pH in the blood are typically not measured, 
the normal ranges in the plasma remain poorly defined in most species including mice and humans. 
Moreover, we have recently discovered that glycosidase activities in the extracellular milieu are involved 
in determining the half-lives and clearance of secreted and cell surface glycoproteins. The exo-
glycosidase activities of circulating glycosidases generate a stepwise hydrolysis of glycan linkages as 
nascent glycoproteins age in circulation, sequentially exposing underlying glycan linkages and lectin 
ligands. This process typically starts with the removal of the distal sialic acid linkages by neuraminidases 
to expose underlying cryptic galactose ligands for endocytic asialoglycoprotein lectin receptors. We have 
optimized the detection of glycosidase activities at physiological pH 7.4 in the bloodstream involving 
galactosidase, glucosaminidase, mannosidase, and fucosidase activities. We found all four glycosidase 



activities exist in distinct normal ranges in the blood plasma among healthy mouse and human species. 
We also identify the source of these glycosidases using glycosidase-deficient mouse strains. We further 
present glycosidase measurements during sepsis caused by different pathogens in mice and humans. 
Our findings include evidence of significant excursions of glycosidase activities outside of normal ranges 
in experimental sepsis in the mouse caused by each of the five different clinically-derived bacterial 
pathogens, and similar excursions in humans with the discovery of a change in glycosidase activity linked 
to mortality in human sepsis. 
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Human intelectin-1 (hIntL-1) is a secreted glycoprotein that is present in the human intestine, blood, 
lungs and many other tissues. Previous work screening the Consortium for Functional Glycomics 
mammalian and bacterial glycan arrays has indicated that the lectin recognizes exocyclic 1,2-diols on 
microbial surface glycans, but not human sugar structures1. Since then, a variety of human pathogens 
have been shown to be recognized by hIntL-1, including Streptococcus pneumoniae and Helicobacter 
pylori1,2. These findings led to the proposed role for hIntL-1 in innate immunity mediating pathogen 
surveillance. 
We were interested in further investigating the interactions between hIntL-1 and S. pneumoniae, the 
leading cause of bacterial pneumoniae worldwide and the first pathogen shown to bind to hIntL-11. 
hIntL-1 recognizes S. pneumoniae in serotype-specific manner. Serotype 43 expresses an exocyclic 1,2-
diol in its capsular polysaccharide (CPS) glycerol-1-phosphate moiety that is part of the GlcNAc3Ac[-
4Gro-1-P]-1,4Gal-1,3Gal-1,4Glc-1,6 repeating unit. The strain is recognized and agglutinated by hIntL-1, 
while serotype 8 (with GlcA-1,4Glc-1,4Glc-1,4Gal-1,4 CPS repeats) lacks the hIntL-1 ligand and remains 
unaffected by its presence1. Bacterial killing assays showed that hIntL-1 is unable to kill bacteria directly 
nor in a complement-dependent manner. In contrast, hIntL-1 substantially increases the attachment of 
S. pneumoniae serotype 43 to the A549 lung epithelial cancer cell line, likely due to the large bacterial 
aggregates formed through lectin crosslinking that are observed by microscopy. Furthermore, our 
preliminary results indicate that freshly isolated human peripheral blood mononuclear cells (PBMCs) 
show decreased serotype-specific uptake in the presence of hIntL-1 while neutrophils demonstrate 
significantly higher rates of bacterial killing. hIntL-1 itself does not cause an increase in neutrophil 
extracellular trap (NET) production by neutrophils, but additional studies are needed to determine 
whether the decrease in S. pneumoniae survival can be explained by increased bacterial phagocytosis or 
through secretion of anti-microbial compounds. 
Collectively these data suggest that the main mechanism of bacterial clearance through hIntL-1 relies on 
bacterial agglutination followed by uptake by elimination by host neutrophils. However, the role of 
hIntL-1 in mediating epithelial cell adherence was unexpected. Based on the broad distribution of 
exocyclic 1,2-diols among microbial surface sugars, we predict that hIntL-1 plays a key role in general 
host immune surveillance to ensure that microbes do not breach host barriers.  
1. Wesener DA et al., 2015. Recognition of microbial glycans by human intelectin-1. Nature Structural 
and Molecular Biology 



2. Sigal M et al., 2019. R-spondin-3 induces secretory, antimicrobial Lgr5+ cells in the stomach. Nature 
Cell Biology 
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Pseudomonas aeruginosa is a Gram-negative bacterium that causes nosocomial infections, as well as 
lung infections in immunocompromised individuals, notoriously leading to chronic infection in cystic 
fibrosis patients. Unlike most species of Gram-negative bacteria, P. aeruginosa simultaneously expresses 
two O antigenic glycoforms: the O-specific antigen (OSA), and the common polysaccharide antigen (CPA) 
found across all serotypes. CPA is composed of a homopolymer of D-Rhamnose (D-Rha) with [D-Rha-α-
(1-2)-D-Rha-α-(1-3)-D-Rha-α-(1-3)-]n repeating units. The CPA biosynthesis cluster contains 3 genes 
encoding D-Rhamnosyltransferases, WbpX, WbpY, and WbpZ. Our previous research characterized 
WbpZ as an α1-3 D-Rha-transferase that synthesizes an adapter linkage that initiates CPA biosynthesis. 
We herein characterize WbpX and WbpY and show that each is capable of transferring a single D-Rha 
residue from GDP-D-Rha to the WbpZ product D-Rha-α1-3-GlcNAcα-PO3-PO3-(CH2)11-O-phenyl. Mass 
spectrometry revealed that the combination of WbpX and WbpY can polymerize longer D-Rha chains. 
Furthermore, NMR analysis of the enzyme products demonstrates that WbpY forms a D-Rha α1-3 
linkage while WbpX synthesizes a D-Rha α1-2 linkage. We found that WbpX alone possesses polymerase 
activity and can transfer multiple D-Rha residues under certain conditions. D-Rha is a rare sugar not 
found in mammalian glycans and is therefore an attractive therapeutic target against P. aeruginosa 
infections. Characterization of the glycosyltransferases responsible for the synthesis of CPA, and 
polymerization of D-Rha in vitro, represents a crucial step towards designing vaccines against P. 
aeruginosa – an important field of research in light of growing antibiotic resistance.  
Furthermore, NMR analysis of the enzyme products demonstrates that WbpY forms a D-Rha α1-3 
linkage while WbpX synthesizes a D-Rha α1-2 linkage. We found that WbpX alone possesses polymerase 
activity and can transfer multiple D-Rha residues under certain conditions. D-Rha is a rare sugar not 
found in mammalian glycans and is therefore an attractive therapeutic target against P. aeruginosa 
infections. Characterization of the glycosyltransferases responsible for the synthesis of CPA, and 
polymerization of D-Rha in vitro, represents a crucial step towards designing vaccines against P. 
aeruginosa – an important field of research in light of growing antibiotic resistance. 
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The outbreak of respiratory syndrome-related coronavirus 2 (SARS-CoV-2) has created an ongoing global 
pandemic. The entry of SARS-CoV-2 into the host cell is mediated by spike glycoprotein (SGP). Several 
glycosaminoglycans (GAGs) have been found to bind to the receptor binding domain (RBD) of the SGP, 
which also interacts with its secondary receptor angiotensin converting enzyme 2 (ACE2), forming a 
ternary complex. In the current work, we have conducted a thorough and systematic computational 



study of the binding of a novel class of fucosylated chondroitin sulfates (fCS) extracted from the marine 
species Pentacta pygmaea and Isostichopus badionotus to the RBD of wild type (WT) SARS-CoV-2 SGP.  
We first investigated the structure and dynamics of the conformations of each of the fCS molecules in 
explicit solvent medium. We observed that the fCS sulfation pattern played an important role in the 
intramolecular interactions between neighboring carbohydrate moieties. Next, we used the prepared 
fCS structures for docking to SGP. A model of the RBD of SGP was built using the available X-ray crystal 
structure of the SGP RBD–ACE2 complex (PDB ID: 6M0J). Blind docking using AutoDock Vina, Glide and 
ClusPro of the fCS identified five potential binding sites. Of those, three have been reported previously. 
We performed an exhaustive computational investigation of each of the five sites. We investigated each 
of the binding sites using a variety of docking programs, such as AutoDock Vina and Glide, and identified 
several key interactions between the fCS and SGP. We conducted extensive all-atom molecular dynamics 
(MD) simulations of the dynamics of the SGP–fCS complexes in explicit solvent, using the Amber20 
package. We studied the differences caused by varying the force field for the marine glycans 
(CHARMM36 of Glycam06) and protein (CHARMM36 or Amberff14SB). We found that the 
conformations of the fCS varied considerably in their protein-bound environment compared to in 
solution. The results of the docking and MD studies were in excellent agreement with previously 
published reports of the heparin binding sites of SGP. Our results provide insights into the key structural 
features of the marine isolated fCS that help enable them to bind well to SGP and those that could be 
modified to enhance binding, as they are considered for development as potential therapeutics. This 
work has been supported by the US National Institute of General Medical Sciences of the National 
Institutes of Health (NIH) (1 P20 GM130460-01A1).  
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Sulfated glycans can display multiple biological actions and the effects are related to their structures. 
Action against SARS-CoV-2 has been attributed to a competitive binding onto the glycosaminoglycan-
binding-like motifs present in the receptor-binding domain (RBD) of SARS-CoV-2 spike protein (S-
protein). This molecular competition prevents viral attachment to the host cell surface heparan sulfate. 
Here, we report the structural elucidation of a new fucosylated chondroitin sulfate isolated from 
Pentacta pygmaea (PpFucCS). We further studied both the anti-SARS-CoV-2 and anticoagulant activities 
of PpFucCS along with two other known holothurian glycans, sulfated fucan (IbSF) and fucosylated 
chondroitin sulfate (IbFucCS) isolated from Isostichopus badionotus. Sulfated polysaccharides were 
isolated by proteolytic digestion of the sea cucumber body walls and fractionated by anion-exchange 
liquid chromatography. PpFucCS was structurally characterized by multiple NMR methods, and its 
molecular weight distribution was determined by PAGE. The anticoagulant activity was measured by 
aPTT and serpin-mediated inhibitory assays. Anti SARS-CoV-2 activity was examined using a 
pseudotyped SARS-CoV-2 baculoviral vector in HEK293T cells monitored by the technique of green 
fluorescence protein. Anti-SARS- CoV-2 action was mechanistically investigated by SPR experiments 



using wild-type and mutant S-protein RBD’s. Computational MD simulations and docking were carried 
out to map the molecular interactions between glycans and S-protein RBD’s. The structure of PpFucCS 
(MW~10-60 kDa) is composed specifically of two types of monofucose branches (α-Fuc2,4S and α-Fuc4S) 
and one difucose branch (α-Fuc2,4S-(1→4)-α-Fuc), attached to the C3 position of the glucuronic acid 
linked predominantly at a 4-sulfated N-acetylgalactosamine unit.  All three holothurian glycans exhibit 
anti-SARS-CoV-2 activity ~12 times higher than heparin. Competitive SPR inhibition analysis of glycans 
against heparin binding to SARS-CoV-2 wild type S-protein shows IC50 values at least 6 times more 
efficient than heparin. Computational docking suggests a similar binding site of all sulfated glycans on S- 
protein RBD and reveals conformational changes of some oligosaccharide structures upon binding. 
Among all holothurian glycans, IbSF has presented the best anti-SARS-CoV-2 candidate considering its 
negligible anticoagulant effect. 
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Influenza A viruses (IAVs) have caused significant losses of life around the world and continue to present 
a great public health challenge. IAVs can cause infections in birds, sea mammals, lower mammals (e.g., 
pigs, dogs, and horses), and humans. It has been well accepted that human IAVs prefer hosts with α2,6-
linked sialic acid (SA2,6Gal) receptors; avian, canine, and equine IAVs prefer hosts with α2,3-linked sialic 
acid (SA2,3Gal) receptors; and swine IAVs prefer SA2,6Gal and/or SA2,3Gal receptors. However, the 
linkage of sialic acids alone does not explain IAV host tropisms. In this study, we aimed to develop and 
validate a machine learning method to identify host-specific glycan substructures for IAVs by using 
glycan array data. The monosaccharides and linkages are mapped to a tree as nodes and edges, and the 
tree was used to guide the learning of the key features associated with the binding affinity in the glycan 
array. The terminal monosaccharide is defined by the leaf, and the linkage connecting to the array as the 
root. Each monosaccharide or linkage was assigned a numerical weight from the learning; the larger the 
weight is, the more critical the feature will be. Synergistic features with msonosaccharide and 
connecting linkage were defined as the glycan substructure. Based on this formulation, a tree-guided 
generalized hierarchical sparse model was developed, and was shown to outperform the Lasso, ridge 
lasso, sparse group Lasso, and l_(1,∞) regularization models in the comparison. This model was applied 
into a set of isoform glycan array data with 197 viruses, representing different growth properties in 
MDCK cells. Results suggested that Neu5Ac(α2-6), Neu5Ac(α2-6)Gal(β1-4), and Neu5Ac(α2-6)Gal(β1-
4)GlcNAc(β1-2) are the top three features associated with IAV binding and their replication efficiency in 
MDCK cells. In summary, a novel computational model was developed in learning glycan substructures 
associated with the receptor binding of IAVs by using glycan array. Future studies will apply this model in 
identifying glycan substructures associated with influenza host tropisms. 
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Monoglycosylation of nucleocytoplasmic proteins is widespread in animals and higher plants. Recently 
we discovered monoglycosylation in the protist pathogen Toxoplasma gondii, where dozens of 
nucleocytoplasmic proteins are modified at Ser/Thr residues with α-L-fucose. The modification is 
mediated by a branch from the CAZy GT41 lineage that mediates O-GlcNAcylation of animal and plant 
nucleocytoplasmic proteins, and includes the Spy O-fucosyltransferase (OFT) of Arabidopsis. These 
enzymes consist of multiple N-terminal tetratricopeptide (TPR) repeats and a catalytic domain. The most 
dramatic difference between OFTs and the OGTs (O-GlcNAc-transferases) occurs at the junction 
between the TPRs and the catalytic domain. OFT-like sequences are widespread across many bacteria, 
protists and plants, and conspicuously absent from metazoa. A protist example that is evolutionarily 
distant from Toxoplasma is the social amoeba Dictyostelium. We found that the fucose-specific Aleuria 
aurantia agglutinin (AAA/AAL), but not O-GlcNAc-specific antibodies, labeled nuclei of amoebae by 
immunofluorescence and multiple bands in a cytosolic extract by Western blotting. Labeling was 
abrogated by α-Me-Fuc and in a GDP-Fuc synthesis mutant, but was not affected by KO of the GDP-Fuc 
transporter (GFT) required for secretory pathway fucosylation. Knockout of the predicted OFT/Spy gene 
abrogated nucleocytoplasmic AAL labeling and overexpression increased it, suggesting it may be 
regulatory. Analysis of AAL-enriched proteins from the GFT-KO by tandem mass spectrometry confirmed 
the presence of a single Fuc residue conjugated to Ser/Thr, and identified a nuclear pore protein, 
discoidin, calmodulin, and others as O-fucoproteins. Although OFT/Spy-KO strains were able to 
sporulate, they exhibited modestly reduced growth rates in axenic media. These findings suggest that 
related sequences in other protists including pathogens like Acanthamoeba and Cryptosporidium will 
also mediate nucleocytoplasmic O-fucosylation.  
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The ability of adaptive immunity to target a wide range of microbial antigens is only moderated by limits 
reactively to self-like antigens that reduce autoimmunity. Some pathogens decorate themselves with 
self-like antigens using molecular mimicry to avoid recognition by host adaptive immunity leading to a 
gap in human immune response. While galectins like galectin-4 (Gal-4) and galectin-8 (Gal-8) have been 
shown to interact with a variety of different microbes and against molecular mimicry, the detail binding 
specificity of galectin-3 (Gal-3), perhaps one of the most well-studied galectins, toward microbial glycans 
remains incompletely understood. In this study, we performed several microarrays to define the binding 
specificity and overall affinity of Gal-3 and its isolated C-terminal domain (Gal-3C). Applied with several 



protein concentrations on Consortium for Functional Glycomics (CFG) glycan microarray, Gal-3 exhibited 
higher binding affinity toward mammalian blood group A, B and  a-Gal antigens. Furthermore, the 
intrinsic specificity of Gal-3 for mammalian and microbial glycans resides in its C-terminal domain, higher 
level affinity requires the N-terminal domain to be fully appreciated. Additionally, Gal-3 and the Gal-3C 
preferred to bind several strains of microbes with distinct mammalian-like glycan structures on the 
microbial glycan microarray (MGM). Interactions observed on the MGM accurately predicted actual 
interactions toward intact microbes, Gal-3 exhibiting the ability to bind to unique strains like Providencia 
alcalifaciens and Klebsiella pneumoniae which express distinct forms of self-like antigens. In particular, 
the ability of the N-terminal domain to facilitate oligomerization, multimeric interactions at the bacterial 
surface are likely required for Gal-3-mediated microbial death in a carbohydrate dependent interaction. 
Taken together, these results provide important insight into the binding specificity, affinity and 
antimicrobial activity of Gal-3. 
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The interaction between the SARS-CoV-2 Spike glycoprotein (Spike) and the glycosylated human 
angiotensin-converting enzyme 2 (ACE2) receptor is essential for viral adhesion and establishing 
infection. A 3D structural analysis of the Spike-ACE2 complex, combining glycoproteomic data and 
molecular dynamic simulations, revealed that ACE2 glycosites N90, N322, and N546 interact with Spike 
and may influence overall binding affinity. Understanding the role of Spike and ACE2 glycosylation in 
infection may, therefore, provide further implications for the development of vaccines and therapeutics 
as well as elucidate variations in susceptibility and prognosis. Here, we report the impact of Spike and 
ACE2 glycosylation binding affinity for the circulating variants of SARS-CoV-2 by point mutations, which 
we quantified using biolayer interferometry. 
 
 
(P060) The role of lacto-series glycosphingolipids in cholera toxin intoxication of host intestinal 
epithelial cells 
Atossa Ghorashi 1, Jennifer Kohler1 
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For decades, the binding and internalization of cholera toxin (CT) into host cells has been attributed 
solely to the ganglioside GM1; however, we now know that genetic disruption of GM1 synthesis in mice 
does not abolish CT activity. Furthermore, levels of GM1 in the human intestine are significantly lower 
than previously hypothesized. Our lab has shown fucosylated glycoconjugates can also act as functional 
receptors for CT. Inhibition of fucosylation in human intestinal epithelial cells results in significantly 
decreased sensitivity to the toxin; however, the exact host structures mediating this response remain 
speculative. We therefore initiated a FACS-based genome-wide CRISPR knockout screen to identify 
mediators of CT binding to the surface of a human intestinal cell line. Using this approach, we uncovered 
a set of genes involved in lacto-series glycosphingolipid (GSL) biosynthesis as important modulators of 
CT binding. This family of GSLs include fucosylated structures such as the lewis/ABO blood group 
antigens. Interestingly, epidemiological data support a role for blood group in cholera infection.      Loss 
of B3GNT5, the key enzyme in lacto-series GSL biosynthesis, in Colo205 cells results in a significant 



reduction of CT binding relative to wild type (WT) cells. Conversely, increased CT binding is associated 
with loss of B3GALT5, the enzyme responsible for the formation of (neo)lacto versus lacto-series GSLs. 
Both B3GALT5 and B3GNT5 knockout cells display significantly increased susceptibility to CT intoxication 
relative to WT cells. Future work will continue comprehensive analysis of GSLs present in intestinal 
epithelial cells and assess whether they function in CT intoxication of host cells. 
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The lung airway milieu in cystic fibrosis (CF) is characterized by a cycle of mucus obstruction, 
inflammation, and infection. The most common disease-causing pathogen in CF is Pseudomonas 
aeruginosa. A sialidase-like enzyme nanA at the PA2794 locus has been identified and previous efforts 
have proposed that it increases pathogenesis by assisting with invasion into the host. However, the 
enzymatic and glycosylation effects have been difficult to elucidate. Here we seek to identify and 
describe ways in which PA2794 operates as a virulence factor in lung airway inflammation and infection.   
An intratracheal infection model was performed with nine-week-old C57Bl/6 female mice. Mice received 
either the PA01 wild-type, PA2794 knock-out, or the complemented strain. Mice from each group were 
followed longitudinally for survival. Lungs and BAL were also collected at 24 hours post-infection to 
perform multiple analyses. Mice that received PA01 and the complement strain died within two days of 
infection while mice that received PA2794 were still alive at day seven. The bacterial burden in the BAL 
of mice with PA01 and the complement strain was significantly higher. A similar trend was seen for pro-
inflammatory cytokines and inflammatory cells in lung histology. We propose via a competitive assay 
that PA01 has greater fitness than PA2794.  
Our preliminary results show clear phenotypic differences due to the nanA Pseudomonas sialidase-like 
enzyme, which suggests it plays a significant role in the pathogenesis of lung infection and inflammation. 
 
 
 
(P062) SARS-CoV-2 preferentially recognizes and infects blood group A positive cells 
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Recent studies found that the first and most commonly recognized genetic polymorphism in the human 
population, ABO(H) blood group antigens, may constitute a risk factor for SARS-CoV-2 infection. 
However, the mechanisms whereby ABO blood group antigens influence the likelihood that an individual 
will develop COVID-19 remains unknown. Using a glycan microarray, we examined the binding specificity 
of the spike and more particularly the receptor binding domain (RBD) of SARS-CoV-2 responsible for 
interacting with host cells. Our data demonstrate that the spike and RBD of SARS-CoV-2 preferentially 
recognize the blood group A antigen uniquely expressed on respiratory epithelial cells, providing a 



possible link between the increased susceptibility of blood group A individuals to SARS-CoV-2 infection. 
To test this, we forced expression of the blood group A antigen on ACE-2 expressing cells capable of 
being infected with a SAR-CoV-2 pseudovirus. As a control, we used the same ACE2 expressing cell line 
to express the H antigen present in blood group O individuals. Using this approach, we found that the 
SARS-COV-2 pseudovirus not only bound to blood group A cells at a higher level than blood group O 
cells, but that the actual infection rate on CHO cells was higher in blood group A than blood group O 
cells. Taken together, these results provide the first direct link between ABO(H) blood group antigens 
and SARS-CoV-2 infection. In doing so, these findings provide unique insight into possible mechanisms 
whereby ABO(H) antigens may influence the likelihood of COVID-19. 
 
 
(P063) Polysialic acid guides leukocyte pulmonary recruitment during infection with Streptococcus 
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Polysialic acid (polySia) is a unique posttranslational modification of a select group of cell surface 
proteins with a role of guiding cell to cell interactions and sequestering soluble ligands.  We and others 
have demonstrated regulated expression of polySia in human and murine leukocytes during cell 
activation and differentiation and suggested several in vitro roles for this glycan.  In prior studies, we 
found that polysialyltransferase IV (ST8Sia IV-/-) knock-out mice, which are deficient in polySia in 
leukocytes, were able to clear Streptococcal pneumoniae (Spn) from the lungs of infected mice more 
efficiently than WT mice, in spite of diminished leukocyte pulmonary recruitment.  Here, we show that 
the difference in cell migration was not related to different levels of relevant chemokines, as relatively 
equal amounts of keratinocyte-derived factor (KC), TGFβ and IL-1β were recovered from total lung 
homogenates of infected WT and ST8Sia IV -/- mice 24 hours postinfection.  Transwell and microfluidic 
chamber migration assays confirmed impaired migration of ST8Sia IV -/- neutrophils toward several 
chemoattractants (fMLP, KC), raising the possibility of altered intracellular signaling in these cells as a 
potential explanation for the difference compared to WT cells.  Experiments to understand the more 
effective Spn lung clearance in ST8Sia IV-/- mice compared to WT mice showed no difference in vitro in 
phagocytosis between alveolar macrophages (AMs) from both strains of mice.  However, AMs from WT 
mice were less viable than ST8Sia IV-/- AMs 24 hours postinfection.  Attempts to correlate these 
differences in behavior of neutrophils and AMs from ST8Sia IV-/- and WT mice with the change in polySia 
content on WT leukocytes during infection are presented.  These data demonstrate that polySia likely 
guides numerous processes on leukocytes during different stages of an immune response, and that its 
absence on leukocytes has an overall beneficial effect during bacterial pneumonia. 
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Lipid A, also known as endotoxin, is a glucosamine-based saccharolipid essential for the growth of most 
gram-negative bacteria. It serves as a hydrophobic anchor for lipopolysaccharide (LPS) which is required 



for virulence in pathogenic gram-negative species. Lipid A is biosynthesized via the Raetz pathway, 
which intersects with fatty acid biosynthesis (FAB) through the incorporation of activated fatty acyl 
chains tethered through the FAB acyl carrier protein (AcpP) and specific acyltransferases. These 
interactions occur in the first and third step in Lipid A biosynthesis (LpxA and LpxD) and again as the 
penultimate and final steps (LpxL and LpxM) in E. coli. To structurally understand how each of the four 
acyl transferases interact with AcpP, we are developing crosslinking probes which are linked to the ACP 
via the phosphopantetheine prosthetic group and contain a warhead that reacts with either the bound 
sugar or the acyltransferase directly through mechanism-based inhibition. These chemically linked 
complexes may allow us to obtain high resolution structural information on the unique interfaces 
between the two proteins which could lead to new therapeutics or adjuvant technologies. 
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IgA nephropathy (IgAN) is a chronic kidney disease characterized by glomerular immunodeposits 
enriched for IgA1 glycoforms with galactose deficient O-glycans (Gd-IgA1). It is thought that IgAN is an 
autoimmune disease wherein Gd-IgA1 is recognized by IgG autoantibodies to form circulating immune 
complexes; some of these complexes deposit in the kidneys to induce glomerular injury. There is no 
disease-specific therapy and up to 40% of patients with IgAN develop end-stage kidney disease. As IgA1 
with its 3-6 O-glycans per hinge region is unique for humans and some hominoid primates, it is difficult 
to test pathogenic properties of Gd-IgA1 in small-animal models. In this study, we assessed in vitro and 
in an experimental animal model the pathogenic potential of aberrantly glycosylated IgA1 and the 
corresponding immune complexes. Different preparations of IgA1 were isolated from human 
serum/plasma and characterized (molecular form, galactose deficiency, and recognition by IgG 
autoantibodies specific for Gd-IgA1). IgG autoantibodies were purified from sera of patients with IgAN or 
produced as recombinant IgG (rIgG) proteins. IgA1-IgG immune complexes were formed in vitro and 
analyzed by size-exclusion chromatography, immunoblotting, and ELISA. Biological activity of immune 
complexes was assessed using cultured primary human mesangial cells. For the in vivo experiments, 
immunodeficient mice, nude and SCID, were intravenously injected with preformed Gd-IgA1-IgG 
complexes or with the individual un-complexed immunoglobulins, IgA1 or IgG. Pathologic glomerular 
changes were evaluated by quantitative morphometry and exploratory transcriptomic profiling was 
performed by RNA-Seq. Immune complexes formed in vitro from purified Gd-IgA1 and IgG 
autoantibodies in the presence of human or mouse serum, as a complement source, induced 
proliferation of cultured primary human mesangial cells. Gd-IgA1 or IgG alone did not have this effect. 
Immunodeficient mice injected with Gd-IgA1 mixed with IgG from patients with IgAN or rIgG 
autoantibody developed glomerular immunodeposits of IgA, IgG, and mouse complement C3. These 
mice exhibited hematuria and proteinuria associated with mesangioproliferative histopathological 
changes characteristic of human disease. Importantly, normally glycosylated IgA1 did not form 
immunodeposits or induce glomerular pathologic changes. Exploratory transcriptome profiling of mouse 
kidney tissues indicated that Gd-IgA1-rIgG immune complexes altered gene expression of multiple 
pathways, in concordance with the changes observed in kidney biopsies of patients with IgAN. This study 



provides experimental evidence for the pathogenic potential of aberrantly O-glycosylated IgA1 and 
offers new models for studies of disease pathogenesis and testing new therapeutic approaches. 
[Supported by NIH grants DK078244, DK082753, DK105124, and DK106341, JSPS KAKENHI grant 
No.18K08252 and a gift from the IGA Nephropathy Foundation of America.] 
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Atrial fibrillation (AF) is the most common persistent cardiac arrhythmia, affecting more than 1% of the 
population. It is characterized by rapid and disorganized atrial activation leading to impaired atrial 
function, with myocardial fibrosis being one of the main factors influencing the pathophysiological 
changes of the heart. Consequently, AF is a risk factor for embolic stroke and worsening heart failure 
and has been associated with increased morbidity and mortality [1]. Significant alterations in N-
glycosylation are known to occur in some cardiovascular diseases (CVD), of which alterations in N-
glycome of immunoglobulin G (IgG) are an independent risk factor for atherosclerotic CVD [2-3]. Given 
the importance of glycosylation in CVD and the fact that no studies of glycosylation have been 
performed to date in AF, a preliminary analysis of IgG and total plasma protein N-glycans was 
performed. The aim of this analysis was to gain insight into the status of IgG and total plasma protein N-
glycans in AF, the possible existence of a causal relationship between the abundance of certain N-glycan 
structures and the degree of fibrosis, and AF recurrence after pulmonary vein isolation. IgG and total 
protein plasma N-glycans were analyzed by ultra-high performance liquid chromatography with 
hydrophilic interactions (HILIC-UPLC). The results obtained indicate that altered N-glycosylation occurs 
in patients with AF, especially in IgG N-glycans, highlighting the importance of immunoglobulin 
glycosylation and the possible interaction between the immune response and pathophysiological 
changes in AF. 
REFERENCES[1] J. Pellman, F. Sheikh, Compr Physiol. 5 (2015) 649–665. [2] I. Gudelj, G. Lauc, Curr 
Cardiovasc Risk Rep. 12 (2018) [3] C. Menni, I. Gudelj, E. MacDonald-Dunlop, E. Mangino, J. Zierer, E. 
Bešić, P. K. Joshi, I. Trbojević-Akmačić, P. J. Chowienczyk, T. D. Spector, J. F. Wilson, G. Lauc, A. M. 
Valdes,  Circ. Res. 122 (2018) 1555-1564. 
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The vast majority of cell surface or secreted proteins are N-glycosylated. As secreted glycoproteins age 
in the circulation, their glycan linkages are remodeled from the terminal position inward following a 
stepwise exo-glycosidic mechanism, exposing potential new lectin ligands with the action of 
neuraminidases, and a series of glycosidases. This process was detected among over 600 blood proteins 
surveyed and published previously. In cases analyzed thus far, the rate of glycan remodeling was 
different among glycoproteins and inversely linked to their half-lives and abundance. Although some 
blood glycoproteins normally carry terminal mannose linkages, glycan remodeling with increased 
molecular age in circulation can increase the amount of terminal mannose present. Among endocytic 



lectin receptors that detect glycan ligands on aging glycoproteins, mannose receptors are well described 
among parenchymal, vascular, and immune cell types. We are investigating the identities and functions 
of mannosylated blood glycoprotein ligands regulated by the endogenous macrophage mannose 
receptor (Mrc1). Mrc1 is found on macrophages and specialized cells in most organs as well as the 
vasculature. It has a broad spectrum of both glycan and protein ligands due to its three distinct binding 
sites. A cysteine-rich and a fibronectin-like domains bind sulfated glycoproteins and collagens, 
respectively. The lectin domain of Mrc1 binds mannosylated particles ranging from pathogens and 
allergens to various but poorly defined endogenous mannosylated blood glycoproteins. Our approach 
using lectin affinity chromatography of non-denatured blood proteins followed by mass spectrometry 
has identified over 100 candidate glycoprotein ligands of the Mrc1 lectin receptor.  Meta-analysis of the 
data spanning biological processes and pathways linked to these ligands successfully predicted the 
presence of previously undetected novel phenotypes in Mrc1-deficient mice. Increased half-lives and 
abundance of Mrc1 ligands further marked homeostatic abnormalities contributing to a syndrome of 
inflammation, vascular damage, high blood pressure, and organ dysfunction, and which may portend 
life-threatening consequences in altered environmental and experimental contexts. Mrc1 is one of many 
endocytic lectin receptors in mammals, and each receptor may control physiology and disease by virtue 
of its unique endogenous ligand repertoire which is amenable to discovery and investigation. 
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IgA nephropathy (IgAN) is a chronic progressive kidney disease characterized by glomerular 
immunodeposits enriched for IgA1 glycoforms with galactose-deficient hinge-region O-linked glycans 
(Gd-IgA1) and corresponding IgG autoantibodies. A current hypothesis for pathogenesis of IgAN 
postulates a multi-step mechanism wherein molecules of IgA1 with some hinge-region O-glycans 
deficient in galactose (Gd-IgA1) are recognized by IgG autoantibodies to form circulating immune 
complexes. Some of these complexes deposit in the kidneys, activate proliferation of mesangial cells, 
and induce glomerular injury. However, not much is known about the distribution of different molecular 
forms of Gd-IgA1 in circulation. 
IgA1 in peripheral blood can be in a monomeric or polymeric form [the latter with Joining chain (J chain) 
connecting two or more monomers] or bound in immune complexes. To characterize the predominant 
molecular forms of circulatory Gd-IgA1 in patients with IgAN, we used jacalin affinity chromatography 
and size-exclusion chromatography combined with lectin-based ELISA and immunoblotting. Biological 
activity of the immune complexes was assessed by cellular proliferation assay using cultured primary 
human mesangial cells.  
Serum IgA1 from patients with IgAN (n=17) included monomeric and polymeric forms as well as IgA1 
bound in immune complexes. Monomeric IgA1 represented ~88-92% of total IgA1, whereas polymeric 
IgA1 represented ~8-12%. IgA1 in immune complexes was the least abundant form, representing <0.4% 
of total IgA1. However, Gd-IgA1 levels were highest in immune complexes, followed by polymeric forms, 
and lowest in monomeric forms. Gd-IgA1 in immune complexes had minimally sialylated O-glycans, 
whereas polymeric and monomeric forms were substantially sialylated. Gd-IgA1-containing immune 
complexes in sera of IgAN patients had molecular mass >700 kDa and stimulated cellular proliferation of 
human primary mesangial cells. These immune complexes consisted of polymeric IgA1, IgG, and 
complement C3.  



Together, these results revealed that the biologically active immune complexes in the circulation of 
patients with IgAN contain polymeric, minimally sialylated Gd-IgA1 associated with IgG and complement 
C3. These findings support the key role of aberrantly O-glycosylated IgA1 in the formation of pathogenic 
immune complexes in IgAN.  
 
 
(P077) Aberrantly O-glycosylated IgA1 and its pathogenic potential in IgA nephropathy: Assessment of 
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IgA nephropathy (IgAN) is a chronic kidney disease with significant morbidity and mortality; there is no 
disease-specific therapy or cure. IgAN is characterized by glomerular IgA1-containing immunodeposits 
usually associated with cellular proliferation of the resident mesangial cells and mesangial expansion. 
The glomerular immunodeposits are enriched for IgA1 glycoforms with some O-glycans deficient in 
galactose (galactose-deficient IgA1; Gd-IgA1) and the corresponding IgG autoantibodies against Gd-IgA1. 
These deposits are thought to originate from the immune complexes formed in the circulation. As 
mesangial cells (MC) are the presumed primary target in IgAN, we assessed biological activities of these 
circulating immune complexes (CICs) using cultured primary human MC. 
IgA1-containing CICs were isolated by size-exclusion chromatography and their biological activities were 
assessed using quiescent MC. The MC-based assays included cellular proliferation and signaling. MC 
signaling induced by CICs was analyzed by array-based protein-tyrosine kinome profiling and targeted 
immunoblotting. We also assessed the effects of engineered immune complexes (EICs) formed in vitro 
from purified Gd-IgA1 and a recombinant IgG autoantibody specific for Gd-IgA1. Negative controls 
included IgA-depleted CICs and purified un-complexed Gd-IgA1 or IgG. Immunoprecipitation was used to 
assess the role of integrin b1 in binding of IgA1 immune complexes. A broad-spectrum protein-tyrosine 
kinase inhibitor, dasatinib, was tested as a potential inhibitor of MC activation. 
Purified IgA1-containing CICs of high molecular mass induced cellular proliferation of MC. These CICs 
activated multiple protein-tyrosine kinases but IgA1-depleted CICs or un-complexed IgA1 did not. These 
activated kinases included growth-factor receptors PDGFR, EGFR, and VEGFR, and downstream non-
receptor kinases, such as MAPK and Src family kinases. EICs exhibited similar effects on MC proliferation 
and signaling. MC bound IgA1-containing CICs, but did not bind uncomplexed IgA1; this binding process 
induced integrin b1 activation (phosphorylation at Y789). Dasatinib inhibited CIC- and EIC-mediated 
cellular proliferation and inhibited the activation of multiple protein-tyrosine kinases, but not binding of 
CICs to integrin b1 or its activation.  
In summary, aberrantly O-glycosylated IgA1 has its pathogenic potential fully expressed when bound in 
immune complexes. These complexes activate multiple signaling pathways in MC, resulting in cellular 
proliferation, a hallmark of IgAN. Notably, a broad-spectrum inhibitor of signaling, dasatinib, inhibited 
these effects. Better understanding of biological activities of aberrantly O-glycosylated IgA1 can provide 
information for development of new therapeutic approaches for disease-specific treatment of IgAN. 
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Chronic obstructive pulmonary disease (COPD) is the 4th major cause of death in the United States. 
Sarcopenia or skeletal muscle loss is a frequent complication in COPD that contributes to adverse clinical 
outcomes including mortality. As the disease progresses, worsening airway obstruction predisposes to 
nocturnal hypoxia in a significant proportion of patients (27-70%) in a condition known as prolonged 
intermittent hypoxia (PIH). During conditions of hypoxia, increased expression of hypoxia-inducible 
factor 1-α (HIF1-α) inhibits mitochondrial oxidative phosphorylation and facilitates the metabolic shift to 
glycolysis by upregulating glycolytic proteins including the glucose transporter GLUT1. The increased 
glucose uptake diverts metabolites to the hexosamine biosynthesis (HB) pathway, leading to increased 
activity of O-GlcNAc transferase (OGT) and global O-GlcNAcylation of proteins. Previous studies in 
cancer models have demonstrated that O-GlcNacylation of phosphoglycerate kinase 1 (PGK1) causes its 
activation and translocation to mitochondria, where it serves as a kinase to inhibit pyruvate 
dehydrogenase (PDH) complex and downregulate oxidative phosphorylation. While this mechanism of 
enhanced glycolysis and suppressed mitochondrial metabolism has been largely explored in cancer 
models, we hypothesize that this mechanism could account for hypoxia-induced sarcopenia in other 
chronic diseases including COPD.  
We used a targeted multiomics analysis of transcriptomics, proteomics and metabolomics from skeletal 
muscle biopsies of patients with COPD and healthy controls as well as an in-vitro model of PIH in murine 
myotubes. Myotubes were exposed to 20h normoxia/4h hypoxia (1% oxygen) and 16h normoxia/8h 
hypoxia (1% oxygen) for 3 days to determine sarcopenic responses. Data were compared with those 
from untreated and myotubes exposed to chronic hypoxia. Unbiased analyses were performed using 
next gen sequencing and LC/MS/MS methods. All experiments were performed in at least 6 human 
muscle tissues and 3 biological replicates in myotubes. Metabolites associated with the HB pathway 
were significantly upregulated in human muscle from COPD subjects compared to healthy controls, 
including GlcNAC-6-phosphate and UDP-GlcNac. Metabolites associated with activation of the PGK1 
pathway were also upregulated in COPD patients compared to healthy controls, including 3-
phosphoglycerate, phosphoenolpyruvate, and pyruvate. In our cellular model of skeletal muscle (C2C12 
myotubes), PIH was associated with a sarcopenic phenotype, decreased protein synthesis and a 
significant increase in global O-GlcNAcylation of proteins. These findings are translationally relevant due 
to the perturbations in the HB pathway in human skeletal muscle from patients with COPD. Future 
studies on targeted and untargeted protein O-GlcNacylation will allow identification of mechanistic and 
therapeutic targets to reverse sarcopenia in COPD and other chronic diseases. 
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Alternative glycosylation of immunoglobulin G (IgG) is functionally important in multiple human 
physiological and pathological states. One of the best examples is a simple fucosylation that can switch 
IgG effector function between pro- and anti-inflammatory, which is critical in production of therapeutic 
antibodies. Several genome-wide association studies revealed a network of genes associated with IgG 
glycosylation which are pleiotropic for several diseases. To understand the complex molecular 
mechanisms that regulate IgG glycosylation, we designed a versatile system for IgG production and gene 
manipulation that can be used for in vitro functional follow-up of GWA hits or any gene of interest. The 
system is based on CRISPR/dCas9, extended by a piggyBac integrase compatible vector, and drives IgG 
production in HEK-293F cells, essentially creating derived cell lines with integrated machinery for 
programmed transcriptional control. Transient transfection of those cells with the second component of 
the system, a plasmid for monocistronic expression of both IgG chains and co-expression of gRNA 
molecules, enables the readout of IgG glycan profiles following precisely targeted up- or downregulation 
of genes of interest. Though the development of the system was complex, its utilization by the end user 
is simple and straightforward. Transfection of the large dCas9 fusion constructs is quite inefficient and 
represents a bottleneck in effective experimental design with high throughput. The bipartite nature of 
the system ensures that only the cells expressing gRNA (with concomitant transcriptional alteration) 
produce IgG that is analyzed for glycosylation profile. We validated our derived cell lines that stably 
express VPR-dCas9 and KRAB-dCas9 by manipulation of four glycogenes with a known role in IgG 
glycosylation. Transcriptional up- and downregulation of B4GALT1, encoding the enzyme that adds 
galactose to the core glycan structure, had the predictable effect on the abundance of agalactosylated 
and galactosylated structures, changing the glycosylation profile depending on the transcript level. 
Similarly, downregulation of FUT8, encoding a fucosyltransferase, decreased the core-fucosylated 
structures, while upregulation of ST6GAL1 and MGAT3 increased sialylated structures and those with a 
bisecting GlcNAc, respectively, which was in line with the expected change in enzyme levels. 
Interestingly, the change in sialylated structures was accompanied by changes in galactosylation, again 
demonstrating the complexity of the IgG glycosylation network. Our newly developed system for 
transient expression of can be used for studying the role of genes associated with IgG glycosylation by 
GWA studies. It can also be easily repurposed to serve as a model for other proteins and their 
posttranslational modifications, with appropriate targeting via gRNA. 
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HNF1a (hepatocyte nuclear factor 1α) together with transcriptional factors HNF1β, FOXA1/2/3 
(HNF3α/β/γ) and HNF4α/γ make tissue-specific regulatory networks in liver and pancreas responsible 
for transcriptional program of β cells of Langerhans islets and hepatocytes. A decreased expression or a 
mutation in HNF1α leads to abnormal structure of Langerhans islets and abnormal glucose stimulated 
insulin secretion (GSIS), which can lead to diabetes. The possible molecular mechanism involves 
deregulation of the MGAT4A-encoded GnT-IV and MGAT5-encoded GnT-V glycosyltransferases 
responsible for N-glycan branching and thus proper localization of GLUT1 and GLUT2 transporters in the 
cell membrane. HNF1A is also identified by GWA studies to be a master regulator of plasma protein 
fucosylation. Thus, we manipulated transcriptional activity of the HNF1A and FOXA2 genes in 1.1B4 and 
HepG2 cell models for human pancreas and liver, respectively, using CRISPR/dCas9 molecular tools and 
subsequently analyzed transcription of downstream glyco-genes: FUT3, FU5, FUT6, FUT8, MGAT3, 
MGAT4A, MGAT5, B4GALT1, ST6GAL1, FUK and GMDS. As a final phenotype, total N-glycomes of 1.1B4 
and HepG2 cells were analyzed. The transcription of HNF1α and FOXA2 was successfully changed upon 
transfection of HepG2 and 1.1B4 cells using dCas9-KRAB and dCas9-VPR fusions targeted to these genes 
by appropriate gRNAs. When HNF1α and FOXA2 were manipulated in 1.1B4 cells using dCas9-KRAB, 
transcriptional level of FUK, GMDS, FUT8 and MGAT5 changed, however with no concomitant changes in 
glycan profile and/or quantity. In HepG2 cells, all downstream glyco-genes analyzed, except FUT8 and 
ST6GAL1, changed the expression level following manipulation of HNF1α and FOXA2 using dCas9-KRAB. 
The FUT3, FUT5 and FUT6 genes, implicated in antennary fucosylation, changed the transcript levels 
significantly, which was reflected on increase in ratio of glycan structures with antennary fucose to 
analogous afucosylated structures. Although B4GALT1 transcription increased 1.2 times, 
counterintuitively, the abundance of galactosylated structures decreased, while that of agalactosylated 
structures increased. This observation might indicate the existence of a compensatory mechanism 
where B4GALT1 alone does not determine the level of galactosylation. Similarly, although ST6GAL1 
transcript level did not change significantly we observed significant changes in sialylation, again pointing 
to complex biochemical pathways of glycosylation with no obvious direct effect of glycosyltransferase 
expression on corresponding glycan structures. Our results suggest that much more different genes 
other than glycosyltransferases, including many transcription factors, regulate protein glycosylation, at 
least in these two cell models. 
 
 
(P081) Aberrant O-glycosylation of IgA1 in IgA nephropathy: Single-cell transcriptome analysis 
identified a subset of IgA1-producing cells with altered expression of C1GALT1 and MAPK 
Colin Reily 1, David K. Crossman1, Bruce A. Julian1, Jan Novak1 
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IgA nephropathy (IgAN) is an autoimmune kidney disease characterized by glomerular immunodeposits 
enriched for aberrantly O-glycosylated IgA1 (galactose-deficient IgA1; Gd-IgA1). Gd-IgA1, the main 
autoantigen in IgAN, is recognized by IgG autoantibodies, resulting in the formation of circulating 
immune complexes, some of which deposit in the kidneys and induce glomerular injury. Serum levels of 
Gd-IgA1 predict disease progression and recurrence after kidney transplantation. C1GalT1 is the single 
galactosyltransferase responsible for addition of galactose to the hinge region of IgA1. Reduced 
expression and activity of C1GalT1 is associated with Gd-IgA1 production in IgAN. We recently 
discovered that Tfh cytokines (IL-4, IL-6, IL-21, and CD40L) increase Gd-IgA1 production in IgA1-
producing cell lines derived from IgAN patients but not in those from healthy controls. To define 
mechanisms involved in Tfh-cytokine-mediated overproduction of Gd-IgA1 in IgAN, we used single-cell 
transcriptional profiling. 



Single-cell transcriptome analysis of immortalized immunoglobulin-producing cells from peripheral 
blood of patients with IgAN and healthy controls was performed with and without Tfh-cytokine 
stimulation. Bulk data were analyzed by using Seurat (V4.0) and Alteryx to identify IgA1-secreting cells 
using the secreting splice variant IGHA1s. Subpopulations within IGHA1s+ cells were identified using 
UMAP (uniform manifold approximation and projection) grouping, and genes in cell groups unique for 
IgAN vs. healthy controls were compared using unique-markers-function calls within Seurat. 
Tfh-cytokine stimulation increased Gd-IgA1 production in IgA1-producing cell lines from IgAN patients 
but not in those from healthy controls. Single-cell transcriptomics data revealed 4 unique cell groups in 
the cytokine-stimulated IgA1-producing cells: 3 of them in IgAN-derived cells (groups 2, 5, 6) and 1 in 
healthy-control-derived cells (group 0); 3 other groups were shared in both cohorts. Identification of 
GSEA GO Biological pathways of the top differentially expressed genes in each group revealed multiple 
signaling pathways associated only with IgAN-derived cells, such as the MAPK cascade pathway in 
groups 2, 5, 6. Analysis of top differentially expressed genes in each group revealed C1GALT1 had a log 
fold change of -0.494 and -0.878 in groups 5 and 6 and 0.498 in group 0, all with p-adj <3.0x10^-5. 
Additionally, expression of multiple MAPK-encoding genes (e.g., MAPK6) and MAPK regulatory genes 
(e.g., KLF4) was significantly different only in IgAN-specific groups. 
In summary, Tfh-cytokine-mediated Gd-IgA1 overproduction in IgAN-derived IgA1-producing cells may 
be associated with abnormal MAPK signaling, thus for the first time connecting abnormal IgA1 O-
glycosylation with these signaling abnormalities. Better understanding of these abnormal pathways will 
provide potential targets for addressing Gd-IgA1 overproduction in IgAN that may inform disease-
specific therapy. 
 
 
(P082) α2-6, but not α2-3, linked sialic acid on TNFR1 death receptor promotes cell survival 
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The TNFR1 death receptor can induce signaling pathways to promote either cell death or survival. TNFR1 
is activated by TNF-α, which is mainly produced by immune cells. TNF-α binding to TNFR1 triggers TNFR1 
oligomerization and internalization, leading to apoptosis. Conversely, TNF-α binding to TNFR1 can also 
induce anti-apoptotic pathways including NFκB and MAPK-stimulating PI3K/Akt networks, which are 
initiated by surface-bound TNFR1. We previously reported that TNFR1 signaling is altered by sialylation 
by ST6Gal1, an enzyme that adds α2,6-linked sialic acids on N-glycans. The α2-6 sialylation of TNFR1 
diverts signaling toward survival by hindering TNFR1 internalization, thereby blocking apoptosis. 
However, one key question is whether the effect of sialylation on TNFR1 is due simply to the addition of 
the bulky, negatively-charged sialic acid itself, or caused by the specific sialic acid linkage (α2,6 versus 
α2,3) resulting in spatial differences. To address this question, we used HEK293 cell models with CRISPR-
mediated deletion of select sialyltransferases. Cells were generated to lack ST6Gal-1 and 2 (∆ST6) or 
ST3Gal-3, 4, and 6 (∆ST3), respectively. Further, to act as a rescue model, ST6GAL1 was re-expressed in 
the ∆ST6 line (∆ST6-R). Data from these models show that TNF-α induces greater apoptosis in ∆ST6 cells 
than in wild-type (WT) cells, indicated by activation of caspases 8 and 3, whereas ∆ST3 and WT cells had 
comparable apoptosis. Importantly, the apoptotic phenotype of ∆ST6 cells is rescued by re-expression of 
ST6Gal-1. Furthermore, TNF-α-induced upregulation of anti-apoptotic molecules such as XIAP and A20 is 
diminished in ∆ST6 cells relative to WT and ∆ST3 cells, but restored in ∆ST6-R cells. Given that impaired 
TNFR1 internalization is the mechanism by which ST6Gal1 blocks apoptosis, we monitored TNFR1 
cleavage, a process dependent on internalization. We find that TNFR1 is more rapidly cleaved in ∆ST6 
cells than in WT, ∆ST3 and ∆ST6-R cells. Based on these data, we postulate that α2,6, but not α2,3, -
sialylation on TNFR1 plays a crucial role in regulating the TNF-α dependent switch between cell survival 



and cell death. Interestingly, like TNFR1, α2,6 sialylation of the Fas death receptor blocks Fas 
internalization and apoptotic signaling, and both TNFR1 and Fas have conserved N-glycans in a key 
structural domain. Consistent with these prior studies, Fas-mediated apoptosis was markedly enhanced 
in ∆ST6 cells compared to WT, ∆ST3 and ∆ST6-R cells. Notably, stem cells, and many cancer cells, have 
elevated α2,6-sialylation, and these populations are also inherently resistant to apoptosis. The anti-
apoptotic effects of α2,6-sialylation may be important for protecting cells from TNF-α and Fas ligand rich 
inflammatory milieus, as well as anti-tumor immunity. Our novel finding of different biological effects of 
α2,6- and α2,3-linkages could provide insight into new therapeutic directions for treatment of cancer 
and other diseases. 
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In mammals, the glycans on all cells are terminated with sialic acid. These sialic acid residues play many 
important physiological roles, with one of these roles being ligands for a family of cell surface 
immunomodulatory receptors known as Sialic acid immunoglobulin-like lectins (Siglecs). Recognition of 
sialic acid-containing glycan ligands by Siglec represents a form of ‘self’ recognition and may help limit 
autoreactivity of immune cells. Glycan ligands of Siglecs can be presented from both glycoproteins and 
glycolipids. Interactions between Siglecs and gangliosides have been studied extensively but 
predominantly outside the context of a lipid bilayer. The goal of this project was to globally profile 
Siglec-ganglioside interactions in the context of their natural environment of a lipid bilayer. To 
accomplish this, we engineered a panel of cell lines that express each full-length human and mouse 
Siglec in their membrane. These cells were used to study the interactions with gangliosides embedded in 
fluorescent liposomal nanoparticles, using flow cytometry as the readout. Based on the known 
interaction between human Siglec-1 and simple gangliosides (GM1, GM2, and GM3), we developed an 
optimized liposome with respect to numerous parameters that include: PEGylation, ganglioside content, 
and acyl chain structure of the bulk lipid, and cholesterol content. We found that PEGylation and 
ganglioside content can dramatically impact the ability of Siglec-1 to bind ganglioside liposomes, 
whereas the acyl chain structure of the lipids comprising the liposome and cholesterol content had more 
subtle effects. We then applied our newly optimized liposome formulation to interrogate the human 
and mouse Siglec family against a panel of commercially available gangliosides. An ongoing effort to 
profile Siglec-ganglioside interactions will be presented, where several novel Siglec-ganglioside 
interactions have already been discovered. 
 
 
 
 
 
 
 
 
 
 
 



(P084) Evidence for hyperactivation of innate immunity in a Drosophila model of NGLY1 deficiency 
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Recessive mutations in human N-glycanase 1 (NGLY1) result in a multisystem disorder termed as NGLY1 
deficiency. It is categorized as the first known congenital disorder of de-glycosylation (CDDG) and 
displays symptoms including global developmental delay, movement disorders, neuropathy, and chronic 
constipation. However, the biological roles of NGLY1 and pathophysiology of NGLY1 deficiency are not 
well understood. Drosophila Pngl encodes a homolog of human NGLY1. Loss of Pngl results in semi-
lethality. Previous studies from our group reported that Pngl mutants exhibit developmental and 
functional defects in their intestine associated with impaired BMP signaling and reduced AMPKα level, 
respectively. However, the affected pathway (BMP and AMPK) only partially explained the lethality in 
Pngl mutants. To explore other potential biological pathways, we performed RNAseq on the midgut 
tissue of Pngl mutant larvae and found mis-regulation of a number of gene categories. One of the top 
down-regulated categories included the proteasomal genes. Notably, major up-regulated gene 
categories were related to the innate immune response. Addition of a copy of Pngl rescued the immune 
genes expression. Accordingly, we hypothesized that hyperactive immune response might be 
contributing to the lethality in Pngl mutants. Decreasing the innate immune signaling by reducing the 
gene dosage of NFκB transcription factors (Relish and Dif) rescued the lethality of Pngl mutants by 20-
23%. Reducing the gene dosage of a forkhead box O family transcription factor, Foxo (reported to induce 
the immune genes expression in Drosophila midgut) rescued 45-50% of lethality. Western blotting 
showed increased activation of Foxo in the Pngl mutant larval midgut tissue. Using fluorescently-labeled 
dextran feeding assay, we observed gut-barrier defects in Pngl mutant larvae which were rescued by 
providing an additional copy of Pngl. Disruption of peritrophic matrix (the major gut-barrier in flies) by 
feeding polyoxin D to wild-type larvae showed mild lethality and increase in the expression of innate 
immune genes. This suggests that the gut barrier defects in Pngl mutants might contribute to the 
hyperactivation of innate immune response and lethality. Taken together, our data show evidence for 
hyperactive immune response and gut barrier defects in NGLY1-deficient Drosophila.  
 
 
(P085) Endogenous Siglec-8 ligands in the human esophagus are sialylated keratan sulfate chains 
presented on MUC5B 
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Sialoglycan binding proteins of the Siglec family are expressed on overlapping sets of human immune 
cells. Siglecs often contain inhibitory domains that downregulate ongoing inflammation when activated 
by binding to endogenous glycan ligands. Siglec-8 is expressed prominently on eosinophils and mast 
cells. Crosslinking Siglec-8 causes eosinophil apoptosis and inhibits mast cell degranulation, resolving 
allergic inflammation. Siglec-8 is a drug target for treating allergic disorders including eosinophilic 
esophagitis and gastritis. Knowledge of endogenous Siglec-8 ligands provides insight into regulation of 
innate immunity and may provide therapeutic targets for the aforementioned disorders. We report here 
the Siglec-8 ligand in human esophagus. Post-mortem human esophagi were processed for lectin 
overlay histochemistry and biochemical identification of the Siglec-8 ligand. Siglec-8-Fc overlay revealed 



intense sialidase and periodate-sensitive signals in the submucosal glands of the distal esophagus. Distal 
esophagus was bluntly dissected to separate the epithelium and mucosa from muscle layers, which were 
then separately extracted with 6 M guanidinium hydrochloride. Crude extracts were resolved on 
composite agarose-polyacrylamide gels and Siglec-8-Fc blotting revealed a single major ligand at ~4 MDa 
in the mucosa. Differential ethanol precipitation concentrated the Siglec-8 ligands, which were then 
purified by size exclusion chromatography and affinity capture. Purified Siglec-8 ligands were found to 
be sensitive to sialidase and keratanase I, but not to chondroitinase ABC or PNGase F. Proteomic mass 
spectrometry revealed MUC5B as the major component of purified human esophageal Siglec-8 ligand. 
Anti-MUC5B signal co-migrates with Siglec-8 ligand in immunoblotting. Additionally in 
immunohistochemistry anti-MUC5B colocalized with Siglec-8 ligands in human esophageal submucosal 
glands. We conclude that Siglec-8 ligands are sialylated keratan sulfate chains carried on MUC5B. 
MUC5BS8L are synthesized in esophageal submucosal glands, and presumably secreted onto the 
esophageal mucus layer to regulate eosinophilic inflammation. Together with other reports, 
endogenous ligands of Siglec-8 in human tissues share a target structure of sialylated keratan sulfates 
but are presented on unique protein carriers in different human tissues: MUC5BS8L in esophagus, 
DMBT1S8L in airway secretions, aggrecanS8L in airway cartilage, and RPTPζS8L in the brain. The biological 
basis and physiological consequences of these different carrier selections have yet to be discovered. 
Supp by NIH grants U19 AI136443, T32GM135083 (TAL). 
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The schizophrenia risk allele in SLC39A8, which results in a missense mutation of Ala to Thr at position 
391 (rs13107325), alters serum manganese and plasma glycosylation in humans, characterized by an 
increase of bi-antennary and a decrease of tri-antennary N-glycans by MALDI-TOF-MS.   
The inflammatory marker GlycA, a proton (1H) signal detected in plasma using nuclear magnetic 
resonance (NMR), has previously been shown to correlate with N-glycan branching. In this study, by 
using samples where plasma N-glycomics was measured, we found correlation between GlycA levels and 
the abundance of bi-, tri-, and tetra-antennary N-glycans, the first direct evidence of GlycA’s relationship 
with N-glycan branching. Additionally, using available data from the Women’s Health Study, we found 
that GlycA levels correlate with SLC39A8 genotype. Furthermore, we also discovered that GlycA levels 
correlate with copper concentration in serum, but surprisingly not with manganese levels.   
In conclusion, we show that GlycA levels correlate with antennarity of N-glycans, copper, and SLC39A8 
genotype.  These results could help expand the use of diagnostic NMR biomarkers in inflammatory 
conditions and other phenotypes affected by glycosylation.  
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Glycans modify lipids and proteins to mediate inter- and intramolecular interactions across all domains 
of life. RNA is not thought to be a major target of glycosylation. Here, we challenge this view with 
evidence that mammals use RNA as a third scaffold for glycosylation. Using a battery of chemical and 
biochemical approaches, we found that conserved small noncoding RNAs bear sialylated glycans. These 
“glycoRNAs” were present in multiple cell types and mammalian species, in cultured cells, and in vivo. 
GlycoRNA assembly depends on canonical N-glycan biosynthetic machinery and results in structures 
enriched in sialic acid and fucose. Analysis of living cells revealed that the majority of glycoRNAs were 
present on the cell surface and can interact with anti-dsRNA antibodies and members of the Siglec 
receptor family. Collectively, these findings suggest the existence of a direct interface between RNA 
biology and glycobiology, and an expanded role for RNA in extracellular biology. 
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We recently discovered that human neutrophils express immuno-active glycoproteins carrying unusual 
and highly truncated paucimannosidic N-glycans (Man1-3GlcNAc2Fuc0-1), but their biosynthesis remains 
elusive. Guided by the well-characterised truncation pathway in invertebrates and plants in which the N-



acetyl-β-D-hexosaminidase (Hex) isoenzymes catalyse paucimannosidic protein (PMP) formation, we 
here set out to test if homologous human Hex isoenzymes encoded by HEXA and HEXB drive a similar 
truncation pathway in human neutrophils. To this end, we firstly performed quantitative glycomics and 
glycoproteomics of several CRISPR-Cas9-edited Hex-disrupted neutrophil-like HL-60 mutants (HEXA-/- 
and HEXB-/-) and matching unedited cell lines. Hex disruption was validated using next-generation 
sequencing, ELISA, proteomics and Hex activity assays. Excitingly, all HEXA-/- and HEXB-/- mutants 
displayed significantly reduced levels of paucimannosylation, particularly of Man2-3GlcNAc2Fuc1, relative 
to unedited HL-60 suggesting that both HEXA and HEXB contribute to PMP formation via a hitherto 
unexplored truncation pathway in human neutrophils. Quantitative N-glycomics indeed demonstrated 
reduced utilisation of a putative non-canonical truncation pathway in favour of the canonical elongation 
pathway in all Hex-disrupted HL-60 mutants relative to unedited controls. Quantitative glycoproteomics 
recapitulated the truncation-to-elongation switch in all Hex-deficient HL-60 mutants and showed a 
pronounced switch for N-glycoproteins co-trafficking with Hex to the azurophilic granules of neutrophils 
such as myeloperoxidase. To support the Hex-paucimannose link, we then documented that neutrophils 
isolated from an early-onset Sandhoff disease patient (HEXB-/-) display dramatically reduced 
paucimannosylation relative to neutrophils from an age-matched unaffected donor. Further, re-
interrogation of publicly available proteome and transcriptome data from bone marrow-derived 
immature granulocytes suggested a maturation stage-dependent utilisation of the truncation pathway 
in primary neutrophils. 
 
(P089) Discovery and precision mapping of various fucosylated, sialylated and sulfated glycotopes at 
glycomic level 
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Few glycomic undertakings have been able to balance throughput, sensitivity and structural precision. 
Current LC-MS/MS-based approach can yield hundreds and thousands of MS2 spectra but still fail to 
distinguish among the isomeric glycan structures that cannot be fully resolved chromatographically to 
be delineated by MS2 alone.  We have been working at developing a high throughput analytical 
workflow that would address these technical issues. Our strategy relies on an LC-MS/MS-based analysis 
of permethylated glycans in acidic nanoflow conditions that capitalize on facile formation of diagnostic 
oxonium ions to allow comprehensive mapping and relative quantification of all terminal glycotopes. 
Where necessary, targeted MS3 can be tagged on to key oxonium ion to induce elimination of 
substituents from position 3 that is sufficient to resolve most of the important glycotopes that are based 
on either type 1 or 2 Galb1-3/4GlcNAc unit, particularly in differentiating the various fucosylated 
glycotopes, and the terminal disialylated LacNAc from another common disialylated glycotopes. 
Summed ion intensities for the diagnostic MS2 and MS3 ions then affords a rapid semi-quantitative 
assessment of their differential expression among different samples analyzed in a similar fashion.  
As will be reported here in this presentation, we have recently succeeded in further utilizing the ratio of 
diagnostic MS3 ions afforded by sialyl LacNAc to define the relative amount of 2-3 versus 2-6-sialyl 
linkage in any one sample, which is far more straightforward than having to differentially derivatize the 
carboxylic group of the sialic acids, or resorting to the use of a2-3-specific sialidases. To further enhance 
sensitivity, we demonstrate that in source fragmentation can be utilized to generate the oxonium ions at 
MS1 for them to be further subject to comprehensive MS2. Such pseudo-MS3 strategy is also extremely 
useful to allow targeting additional stage(s) of fragmentation to delineate the fine structures of 
polyLacNAc, in conjunction with endo-b-galactosidase digestion. A prior offline separation of the 
permethylated glycans allows enrichment of sulfated glycans, which can be analyzed separately in 



negative mode to define a myriad of sulfated glycotopes. Using this approach, we have previously 
identified many novel sulfated glycotopes carried on a full range of N- and O-glycans, including those 
from mouse brain. We have now extended the glycomic mapping of both non-sulfated and sulfated 
glycotopes to adult zebrafish brain, in parallel with that of intestine and ovaries known to express 
various unique glycotopes. Among the salient features identified is a high level of brain-specific N-
glycans carrying the HNK-1 glycotopes. The accumulated data enables a meaningful comparison against 
the mouse brain glycome to determine if the zebrafish would serve as a good animal model for various 
biological studies.  
 
 
(P094) Defining the Interactomes of O-GlcNAc Cycling Enzymes 
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Thousands of mammalian nuclear and cytosolic proteins are post-translationally modified on their 
Ser/Thr residues by b-N-acetylglucosamine (O-GlcNAc). This addition is catalyzed by the enzyme O-
GlcNAc transferase (OGT), which consists of an N-terminal TPR domain, which evidence suggests plays a 
role in substrate specificity, and a C-terminal catalytic domain, which performs the catalysis.  This 
modification can be removed by the the protein O-GlcNAcase (OGA), which consists of two regions: an 
N-terminal catalytic domain and a C-terminal domain pseudo-HAT domain.. Despite the large number of 
protein targets for these two enzymes and the multitude of physiological processes that O-GlcNAc has 
been implicated in, cycling is catalyzed by these two enzymes that each are encoded by a single gene. 
The mechanisms by which these proteins achieve their specificity for their substrates is not fully 
elucidated; furthermore, the function of the pseudo-HAT domain of OGA is a mystery. To further explore 
OGA and OGT, we are interrogating the interactomes of the full-length enzymes as well as their 
domains. Under varied growth conditions in mammalian cells, we are elucidating the interactome of 
OGT, N-terminal TPR domain of OGT, C-terminal catalytic domain of OGT, OGA, N-terminal catalytic 
domain of OGA, and C-terminal pseudo-HAT domain of OGA using the BioID method coupled with 
tandem mass spectrometry. 
 
 
 
(P095) New insights into the evolutionary conservation of a lysosomal α-fucosidase from Hydra 
vulgaris – A biochemical investigation on the early metazoan 
Siva Kumar Nadimpalli 1, Poorna Manasa Bhamidimarri1, Lakshmi Surekha Krishnapati1, Surendra 
Ghaskadbi2, Siva Kumar Nadimpalli1 
11 Laboratory of Protein Biochemistry and Glycobiology, Department of Biochemistry, School of Life 
Sciences, University of Hyderabad, Hyderabad 500046, India; 2Developmental Biology Group, MACS-
Agharkar Research Institute,  Pune-411 004 
 
Lysosomal α-fucosidase, a glycosidase from glycoside hydrolase family 29, removes fucose at non-
reducing ends of glycans. Mammalian enzyme has been well characterized. The tissue α-fucosidase is 
known to involve in cellular processes like receptor interaction, growth regulation and inflammation. We 
recently reported the identification and biochemical characterization of a cation dependent mannose 6-
phosphate receptor from hydra that is evolutionarily conserved. Here, we report for the first time, 
occurrence of a homolog of mammalian lysosomal α-fucosidase in Hydra vulgaris Ind Pune strain, a 
Cnidarian. The enzyme was also affinity purified from the soluble extracts of hydra on a fucosylamine 
gel. In order to understand the functional role of the enzyme in hydra, both structural and localization 



studies were performed. Structural comparison with mammalian fucosidase sequence showed that the 
active site, Aspartate in WXDX motif and the consensus fucosidase motif, PXXLXXXKWEXC is conserved 
in hydra with 51% sequence identity. The localisation studies at transcript level showed predominant 
expression of α-fucosidase in the ectoderm. Both budding and non-budding hydra polyps demonstrated 
similar pattern of expression.  However, no expression was noticed at the region near the developing 
female gonad. Further studies may explain functional significance of the differential pattern of 
expression and the specific role of tissue α-fucosidase in hydra. 
 
 
(P096) 3-O-Sulfation Drives a Unique Conformational Change in the Heparan Sulfate Biopolymer 
Samuel Holmes1,2, Balaji Nagarajan1,2, Umesh R Desai1,2, 
1Institute for Structural Biology Drug Discovery and Development, Virginia Commonwealth University,    
Richmond, VA; 2Department of Medicinal Chemistry, Virginia Commonwealth University, Richmond, VA 
 
Heparan sulfate (HS) is an incredibly structurally diverse biopolymer. It is comprised of repeating 
disaccharide building blocks with varying glycosidic linkages, sulfation patterns, and chain lengths, 
thereby yielding millions of unique sequences. A myriad of proteins interact with HS at the cell surface 
and ECM, and these interactions are predominantly dictated by the sulfation pattern of local HS 
domains.  Although sulfates can be installed at several positions within a disaccharide, 3-O-sulfate of 
glucosamine has sparked interest because of its roles in pathophysiology.[1] We hypothesized that 3-O-
sulfated HS sequences present unique local topology for recognition by proteins. To evaluate this 
concept, we utilized molecular dynamics (MD) simulations on a library of 24 variably 3-O-sulfated HS 
hexasaccharides. Using well-established parameters to assess structural and conformational features,[3] 
we found that 3-O-sulfation induced a unique bend in certain hexasaccharides. More importantly, this 
effect was sequence specific. Among the library members, only those sequences that harbor IdoA(1C4) 
residues exhibited this behavior. 3-O-sulfation dependent kink in the hexasaccharides arose from the 
rotation of glycosidic bonds between IdoA and GlcN residues, and was initiated as a result of like-charge 
repulsions with neighboring sulfates. Further, a “C-shape” conformer was observed when the bend was 
further stabilized by a Na+ complexation with carboxylic acids of two neighboring uronic acid residues. 
Overall, our work leads to the identification of a novel mechanism for formation of unique conformers 
for 3-O-sulfated HS sequences, which should help explain the selectivity observed for some HS-protein 
systems. 
 
 
(P097) Using CarboGrove to guide the selection of glycan binding proteins in experimental design 
Zachary Klamer 1, Brian Haab1, Luke Wisniewski1 
1Van Andel Institute 
 
The correct understanding of the requirements for binding of a glycan-binding protein is a significant 
hurdle in the study of glycobiology. We have developed a database of the data-supported specificities 
for glycan binding proteins, which features tools and user-friendly presentations to enable researchers 
to compare the binding specificities of many different glycan binding proteins. In an evaluation of the 
resource, called CarboGrove, we explored the binding requirements of lectins that could help to 
distinguish various terminal n-acetyl hexosamine epitopes. Previous research using mass spectrometry 
showed that certain types of terminal n-acetyl hexosamine are elevated in pancreatic ductal 
adenocarcinomas (PDACs). However, the data could not specify which of these types, N-acetyl 
glucosamine or N-acetyl galactosamine in either the alpha or beta linkage, was most important. 
CarboGrove guided the selection of a lectin panel covering a range of n-acetyl hexosamine epitopes. We 



experimentally tested the lectins for PDAC detection in multi-round immunofluorescence staining of 
tissue microarrays. Of the lectins tested, VVL had higher expression in PDACs that do not express 
previously known glycan biomarkers and that are associated with poor outcomes. These results show 
the value of CarboGrove for searching and identifying lectins suited to particular experiments, and they 
indicate the potential of VVL binding epitopes to be PDAC biomarkers. 
 
 
(P098) Facile regeneration of free reducing glycans from reductive amination tagged glycans by Oxone 
Qing Zhang 1, Shuaishuai Wang1, Zhonghua Li1, Yi Lasanajak1, Lei Li1 and Xuezheng Song1 
1Emory University 
 
Glycans are usually fluorescently tagged by reductive amination for commonly used analytic tools such 
as MS, HPLC, and microarray. However, when the tags have fulfilled their mission, free reducing glycan 
regeneration is sometimes important and necessary for further structural or functional studies. Here, we 
introduce a new method to efficiently remove fluorescent tags from glycoconjugates by a simple 
treatment with Oxone. The Oxone method is proved to be fast and general after being tested on a series 
of common saccharides and widely used tags. The regenerated free reduc-ing glycans can be easily 
purified, analyzed by routine MS or chemically modified at the reducing end for divergent purposes. As 
an example, we achieved N-glycopeptide synthesis using the regenerated glycans. Combined with our 
rou-tine glycan release, tagging, and multidimensional HPLC separation, Oxone-mediated glycan 
regeneration can serve as a critical component for the harvest of free reducing glycans from natural 
materials. 
 
 
(P099) Metabolic labeling of O-GlcNAcylated nascent peptides to study stress regulation of translation 
Farzad Islami Gomeshtapeh 1, Jie Tian1, Gerald Hart1 
1Complex Carbohydrate Research Center, Department of Biochemistry and Molecular Biology, University 
of Georgia 
 
The addition of O-linked β-N-acetylglucosamine (O-GlcNAc) to serine or threonine residues, or O-
GlcNAcylation (OGN), is a post-translational and intracellular modification that dynamically modulates 
cellular signaling in response to changes in nutrient availability and stress. This form of glycosylation has 
been observed on a wide variety of cytoplasmic, mitochondrial, and nuclear proteins and has extensive 
crosstalk with phosphorylation and other post-translational modifications. Recent data suggest that a 
minimum of 34 out of the 80 core ribosome proteins are O-GlcNAcylated, and elevated OGN of 
ribosome proteins is present when translational stress is induced via inhibition of the proteasome. The 
communication between the proteasome and the ribosomal machinery, however, remains poorly 
understood. The goal of this project is to determine which ribosomal proteins and nascent chains are O-
GlcNAcylated upon proteasome inhibition. HEK293F cell groups were subjected to MG132, a 
proteasome inhibitor, for varying periods of exposure. Cell-permeable O-propargyl-puromycin (OPP) and 
Ac4GalNAz were used to label the C-terminus of growing nascent peptides and O-GlcNAc sites, 
respectively. OPP-tagged nascent peptides were conjugated with Biotin-Azide via click chemistry and 
captured with streptavidin beads for purification. Then, nascent peptides were conjugated with 
dibenzocyclooctyne (DBCO)-dS-Biotin, which reacted with the O-GlcNAz modifications’ azide groups. O-
GlcNAcylated nascent peptides were then analyzed by ETD MS/MS post-digestion. Furthermore, two-
dimensional polyacrylamide gel electrophoresis (2-DE) was used to separate and identify intact proteins 
within the samples based on their physico-chemical properties and quantified using spot density. When 
cells were treated with MG132, our results consistently displayed decreased protein synthesis rates 



along with a surge in OGN of nascent chains. This experiment is an essential first step, as it allows for the 
selection of the proteins with the most significant OGN for our project’s future aims. This approach also 
enables us to monitor the up- and down-regulation of certain genes and proteins following proteasome 
inhibition.  
Supported by NIH P01HL107153, R01GM116891, R01DK61671. Dr. Hart receives a share of royalty 
received on sales of the CTD 110.6 antibody, managed by JHU. 
 
 
(P100) A Linkage-Specific Sialic Acid Labeling Strategy Reveals Different Site-Specific Glycosylation 
Patterns in SARS-CoV-2 Spike Protein Produced in CHO and HEK Cell Substrates 
Qiong Wang 1,2, Michael J. Betenbaugh2, John. F. Cipollo1 
1Laboratory of Bacterial Polysaccharides, Division of Bacterial, Parasitic and Allergenic Products, Center 
for Biologics Evaluation and Research, Food and Drug Administration, MD 20993, USA; 2Department of 
Chemical and Biomolecular Engineering, Johns Hopkins University, Baltimore, MD 21210, USA 
 
The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) virus utilizes the extensively 
glycosylated spike (S) protein protruding from the viral envelope to bind to angiotensin-converting 
enzyme-related carboxypeptidase (ACE2) as its primary receptor to mediate host-cell entry. Currently, 
the main recombinant S protein production hosts are Chinese hamster ovary (CHO) and human 
embryonic kidney (HEK) cells. In this study, a recombinant S protein truncated at the transmembrane 
domain was transiently produced in CHO and HEK cell suspensions. To further evaluate the sialic acid 
linkages presenting on S protein, a two-step amidation process, employing dimethylamine and 
ammonium hydroxide reactions in a solid support system, was developed to differentially modify the 
sialic acid linkages on the glycans and glycopeptides from the S protein. We used MALDI-TOF and LC-
MS/MS with electron-transfer/higher-energy collision dissociation (EThcD) fragmentation to determine 
global and site-specific N-linked glycosylation patterns. We identified 21 and 19 out of the 22 predicted 
N-glycosites of the SARS-CoV-2 S proteins produced in CHO and HEK, respectively. It was found that the 
N-glycosite at 1158 position (N1158) and at 122 , 282 and 1158 positions (N122, N282 and N1158) were 
absent on S from CHO and HEK cells, respectively. The structural mapping of glycans of recombinant 
human S proteins reveals that CHO-Spike exhibits more complex and higher sialylation (α2,3-linked) 
content while HEK-Spike exhibits more high-mannose and a small amount of α2,3- and α2,6-linked sialic 
acids. The N74 site represents the most abundant glycosite on both spike proteins. The relatively higher 
amount of high-mannose abundant sites (N17, N234, N343, N616, N709, N717, N801 and N1134) on 
HEK-Spike suggests that glycan-shielding may differ among the two constructs.  HEK-Spike can also 
provide different host immune system interaction profiles based on known immune system active 
lectins. Collectively, these data underscore the importance of characterizing the site-specific 
glycosylation of recombinant human spike proteins from HEK and CHO cells in order to better 
understand the impact of the production host on this complex and important protein used in research, 
diagnostics and vaccines. 
 
 
(P101) Measuring spike protein glycosylation similarity during viral evolution 
Joseph Zaia 1, William E. Hackett1, Mary Rachel Nalehua1, Joshua A. Klein1,Deborah Chang1 
1Deparment of Biochemistry, Boston University Medical Campus, Boston, MA 
 
The uncertainty of the severity of infection caused by the SARS-CoV-2 virus as it evolves is a serious 
concern for world health. SARC-CoV-2 has shown the capacity to evolve in response to circulation in the 
human population and to generate variants of concern for increased infectivity, disease severity, and/or 



decreased vaccine effectiveness. As with the influenza A virus, there is a plethora of data that track the 
genetic sequences of the circulating virus. This allows researchers to project changes in virus function 
based on structural models of the viral surface proteins.  Amino acid substitutions to viral proteins can 
create or remove glycosites. Thus, alteration in glycosylation is a mechanism whereby viruses evolve to 
remain fit as they circulate in the human population. This argues for the measurement of viral protein 
glycosylation as part of viral surveillance efforts. The challenge is that, while many research groups have 
published assignment of viral protein glycosylation, there remains little consensus regarding how to 
quantify the changes that occur during viral evolution. This is because glycosylation is inherently micro- 
and macroheterogeneous, making rigorous comparison of the complete glycosylated structures of viral 
proteins a statistical problem. In response, we have compared glycoproteomics data acquisition and 
bioinformatics methods towards the end of producing confident measurements of glycosylation 
similarity. In this presentation, I will compare glycoproteomics acquired using data-dependent and data-
independent acquisition, respectively. I will also show new results acquired using broad mass range 
data-independent acquisition coupled with ion mobility spectrometry, known as HDMSE. I will describe 
our RAMZIS algorithm that uses glycoproteomics data to calculate glycoprotein similarity using a 
Tanimoto metric. 
 
 
(P102) An improved glycoproteomic workflow identifies new classes of cell surface receptors and 
adhesion molecules as O-Man glycoproteins 
Lorenzo Povolo 1, Sergey Vakhrushev1, Ida Signe Bohse Larsen1, Adnan Halim1 
1University of Copenhagen 
 
Protein O-Mannosylation (O-Man) is a post-translational modification (PTM) involving α-linked mannose 
sugars at serine and threonine residues. Mammalian O-Man is best known in the context of α-
dystroglycan (αDG), where complex O-Man glycans act as ligands for extracellular matrix proteins and 
fulfil important biological roles during development. Dysfunctional O-Man glycosylation of αDG leads to 
multiple forms of congenital muscular dystrophies, which may include neurological phenotypes. More 
recently, a new O-Man biosynthetic pathway involving the glycosyltransferases TMTC1-4 that selectively 
modify members of the cadherin superfamily has been described. Mutations in TMTC1-4 lead to distinct 
neurodevelopmental disorders including severe brain malformations (Cobblestone Lissencephaly), 
which further underscores the biological importance of O-Man in human health and disease.  
The combination of precise glycogene editing and quantitative mass spectrometry has proven to be a 
feasible entry point for discovery of new O-Man glycoproteins and biosynthetic pathways. Major classes 
of cell surface adhesion molecules and signaling receptors are emerging as primary targets for O-Man 
glycosylation, suggesting that O-Man may regulate a wide range of cell-cell interactions and 
communication networks. The continuously expanding list of O-Man glycoproteins suggests that the O-
Man glycoproteome remains largely uncharted to this date. Further insight into the O-Man 
glycoproteome may thus reveal new protein targets and cellular functions that are regulated by this 
unique PTM and enable identification of new congenital disorders caused by deficiencies in O-Man 
pathways. Development of sensitive and targeted methods aimed at O-Man discovery are therefore 
sorely needed to overcome current limitations in O-Man glycoproteomics.  
In this work, we developed and optimized methods for identification of O-Man glycopeptides obtained 
from complex biological samples. A peptide derivatization strategy aimed at improving C18 retention, 
ionization and quantification of O-Man glycopeptides was evaluated in combination with a crude plasma 
membrane preparation technique for enhanced detection and in-depth characterization of O-Man 
glycosylations in glycoengineered human cell lines. O-Man glycopeptides were enriched by lectin weak 
affinity chromatography (LWAC) and characterized by mass spectrometry. Our improved workflow 



enabled identification of new classes of glycoproteins, including O-Man glycosylation of integrins, neural 
cell adhesion molecule 1 (NCAM1), junctional adhesion molecule A (F11R) and, interestingly, β-
dystroglycan. The presence of O-Man glycosylation on diverse receptors and adhesion molecule families 
opens for exciting new hypotheses that may suggest an important common role for this PTM in cell 
adhesion. We envision that our analytical approach will accelerate progress in the field and open for 
discovery of novel regulatory functions based on O-Man glycosylations. 
 
 
(P103) New insights into the complexity and extent of glycosylation in archaea through 
comprehensive glycoproteomics and the Archaeal Proteome Project 
Stefan Schulze 1, Friedhelm Pfeiffer2, Benjamin A. Garcia3,4, Mechthild Pohlschroder1 
1University of Pennsylvania, Philadelphia, USA; 2Max Planck Institute of Biochemistry, Martinsried, 
Germany;3University of Pennsylvania, Philadelphia, USA;  4Washington University, St. Louis, USA 
 
Background: Protein glycosylation is crucial not only in eukaryotes but also for a variety of prokaryotic 
cellular processes, such as biofilm formation, motility and mating. However, while these effects have 
been mainly analyzed through knockout mutants of glycosylation pathway enzymes, or the 
characterization of abundant cell surface proteins, comprehensive glycoproteomic analyses are largely 
missing in prokaryotes. This severely limits our functional understanding of the molecular roles that 
glycosylation plays in prokaryotic cell biology. 
Methods: Therefore, we used the model archaeon Haloferax volcanii to generate an in-depth 
glycoproteomic dataset for the wild-type as well as for N-glycosylation pathway mutant strains. 
Furthermore, we performed a glycoproteomic reanalysis of datasets within the Archaeal Proteome 
Project, a community-effort for the combination and interdisciplinary interpretation of archaeal 
proteomics data. 
Results: Through both approaches, we have identified the largest archaeal glycoproteome described so 
far, revealing e.g. the N-glycosylation of the archaeal oligosaccharyltransferase, as well as novel 
glycosites of the S-layer glycoprotein. We could further show that two different N-glycosylation 
pathways (AglB- and Agl15-dependent N-glycosylation) can modify the same glycosites under optimal 
culture conditions. While this finding was surprising, given that the Agl15-dependent N-glycosylation 
pathway was previously described only under low-salt conditions, physiological characterizations of N-
glycosylation pathway mutants confirmed that both ΔaglB- and Δagl15 mutants exhibit phenotypes in 
optimal salt conditions. 
Conclusion: In summary, our comprehensive glycoproteomic analyses of H. volcanii provided new 
insights into the extent, complexity, and roles of N-glycosylation in archaea. Notably, this approach is 
universally applicable to a broad range of archaea and bacteria. 
 
 
(P104) Determining the Role of Glycans in the Inhibition of Sperm Response in the Porcine Oviduct 
Lauren Pepi 1, Leonardo Molina2, Asif Shajahan1, David J. Miller2, Parastoo Azadi1 
1Complex Carbohydrate Research Center, University of Georgia, Athens, GA 30602; 2Department of 
Animal Sciences, University of Illinois at Urbana-Champaign, Urbana, IL 61801 
 
During reproduction in mammalian species, only a small portion of the deposited spermatozoa reaches 
the oviduct. Once spermatozoa reach the oviductal epithelium, a functional sperm reservoir is formed 
by adhesion to the epithelium, which gradually releases sperm for fertilization. The sperm reservoir 
creates an immune-suppressed environment that protects spermatozoa from the female immune 
system, which is crucial for effective fertilization (Suarez 1998). By characterizing the glycan structures 



present on the surface of the sperm, we hope to understand how porcine sperm avoid immune 
rejection. This knowledge can assist in the diagnosis of idiopathic infertility as well as the development 
of novel contraceptives.  
Sialic acid-binding immunoglobulin-type lectins (Siglecs) are immunomodulatory receptors that 
recognize sialic acid-containing glycoconjugates. Siglecs can dampen immune-cell signaling through 
immunoreceptor tyrosine-based inhibitory motifs (Alvarez et al. 2015; Angata et al. 2006; Varki and 
Angata 2005). We have identified 7 unique Siglecs (Siglecs -1, -2, -3, -5, -11, -14, -15) in the oviduct of 
cycling porcine females. We have characterized the N- and O-glycans and glycolipids present in porcine 
spermatozoa to identify the presence of sialic acid-containing glycoconjugates, which may be ligands for 
Siglecs. The N-glycomics profile shows a mixture of high-mannose, complex, and hybrid-type glycans. 
Lewis X and Y structures were also identified, which complements a previous report of Lewis N-glycan 
structures identified in human spermatozoa (Pang et al. 2007). Previous data supports the hypothesis 
that Lewis-type carbohydrates act as functional groups to block innate and adaptive antigen-driven 
responses in the female reproductive system against human sperm. The O-glycomics and glycolipids 
identified in the porcine spermatozoa were a mixture of sialic acid-containing and non-sialic acid-
containing structures. Of these structures, many contain known ligands for Siglecs (O-glycans: 
NeuAc1GalNAc1, NeuGc1GalNAc1, NeuAc2Gal1GalNAc1. Glycolipids: NeuAc2Gal1GalNAc1Gal1Glc1, 
Fuc1Gal1GalNAc1NeuAc1Gal1Glc1). Siglecs preferentially bind to sialic acid structures based on the sialic 
acid linkage (Alvarez et al. 2015). Our results indicate a mixture of 2,3 and 2,6-linked sialic acids in 
porcine sperm, however, the 2,3-linkage is more abundant. The presence of Lewis-type N-glycans 
suggests that both the Lewis-type N-glycans and Siglec ligand O-glycans and glycolipids contribute to the 
formation of the sperm reservoir and inhibition of the local innate immune response. We hypothesize 
that the Siglec-mediated binding of the sperm to the oviduct epithelium allows for the formation of the 
sperm reservoir and alters cytokine production through Siglec signaling. This inhibits the innate immune 
response, which is imperative for allowing sperm to avoid immune rejection.  
 
 
(P105) Confident software-driven identification of intact glycopeptides by integrating complementary 
peptide- and glycan-first search strategies in efficient mining of MS2 data 
Yu-Chun Chien 1, Chu-Wei Kuo1, Wen-Feng Zeng3, Kay-Hooi Khoo1, 2 
1Institute of Biological Chemistry, Academia Sinica, Taiwan; 2Institute of Biochemical Sciences, National 
Taiwan University, Taiwan; 3Institute of Computing Technology, Chinese Academy of Sciences, China 
 
Despite significant recent advances in mass spectrometry (MS)-based protein site-specific glycosylation 
analysis and glycoproteomics, confident identification of glycopeptides is still far from routine. Current 
practice utilizes high end MS instrument to acquire as many multimode MS2 at high mass accuracy 
throughout an LC-MS/MS run and then subject the processed glycopeptide MS2 dataset to database 
search, followed by scoring and assigning the best matched glycan composition and peptide backbone 
combination. The commercially available computational tool, Byonic, is among the most commonly used 
software, which serves as the gold standard against which all newly developed alternatives would 
attempt to outperform by addressing its well-known shortcomings. The newly introduced pGlyco3 is one 
of those that offers great potentials to complement Byonic by taking a different glycan-first search 
strategy. It reflects a growing need to better address the accuracy of glycan assignment and a tighter 
control of false positives instead of reporting as many total hits.Using several related glycoproteins with 
N-glycosylation sites carrying a full range of complex type structures and another one carrying N-
glycosylation amidst densely O-glycosylated domain, we set out to investigate how pGlyco3 can be best 
utilized to corroborate or otherwise refute the positive spectrum matches from search results of Byonic. 
Features investigated include those contributing to unique positive matches by one but not the other 



software, discrepancies in assigned glycan/peptide combination for the same MS2 scan, saccharide 
modifications such as sulfate, merging of HCD and EThcD spectra derived from the same glycopeptide 
precursors prior to searching versus post-search/identification pairing, efficiency in handling multiply N- 
and/or O-glycosylated peptide, and site localization. Above all, data analysis workflow was developed to 
seamlessly incorporate results output from both software for cross validation. We demonstrate that the 
additional use of pGlyco3 would add confidence to commonly assigned glycopeptides, enable spotting 
of potential false positives by virtue of discrepancies in assignment, as well as contributing to 
glycopeptides otherwise not identified by Byonic. pGlyco3 in its current implementation affords a high 
level of specificity and makes good use of merging HCD/EThcD to attain a higher sensitivity than would 
be if relying only on HCD. Unsurprisingly, both software struggle to accurately identify multiply 
glycosylated peptides with confident scoring of site localization. Overall, pGlyco3 is not meant to and 
unlikely will supplant Byonic completely. Instead, the few merits of pGlyco3, and possibly also those of 
other new software, can be judiciously incorporated and taken advantage of to realize a better 
glycopeptide search and identification experience. 
 
 
(P106) SiaRichTM: A Novel Technology for the Specific Enrichment of α2,3-Sialylated Glycoproteins 
 
Christian Gerner-Smidt 1, Sheng-Cheng Wu1, Lu Meng1, Robert Woods2, Loretta Yang3 
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Chromatographic enrichment of glycoproteins is a crucial step in a variety of workflows, such as mass 
spectrometry and bioprocessing. Currently, enrichment is often performed using lectins conjugated to 
resins, which use buffers and elution conditions that are sometimes complex and can cause issues with 
downstream applications. Furthermore, lot-to-lot variation and ill-defined specificity make plant lectins 
less than ideal for these types of assays. Over the past several years, Lectenz Bio has been 
commercializing high affinity glycan binding reagents called Lectenz® with tunable specificities. As a 
further application, we have developed a Lectenz® Affinity Chromatography (LAC) column immobilized 
with SiaFindTM a2,3-Specific Lectenz® for sialylation enrichment. It functions in a host of common 
buffers, and elution can be accomplished using a simple salt gradient. We have tested the column using 
a suite of well-characterized glycoprotein analytes. To validate the utility of the column, we performed 
LAC on several complex analyte samples, e.g., bovine serum, human serum, and recombinant 
glycoprotein Robo1-GFP. The LAC eluates subjected to analysis by Western blot and mass spectrometry 
demonstrated specific enrichment of α2,3-sialylated glycoproteins. Supported by NIH grants 
R44GM113351 and R44OD024964. 
 
 
(P107) Exploring Correlations between N-Glycosylation Site Occupancy in the N-terminal Domain of 
hCEACAM1 via Top-Down Mass Spectrometry: Mechanistic Implications for OST-B 
Robert Williams 1,2, Chin Huang2, Kelley W. Moremen2, I. Jonathan Amster1, James H. Prestegard1,2 
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N-Glycosylation proceeds through two pathways catalyzed by variants of the oligosaccharyl transferase 
(OST) protein complex. OST-A is associated with the translocon and operates co-translationally, while 
OST-B acts in a post-translational manner.  Not all glycosylation sites are uniformly modified but the 



mechanisms governing site-specific glycan occupancy are not fully understood.  Here, we assess the 
glycan occupancy of the N-terminal domain of human carcinoembryonic cell adhesion molecule 1 
(hCEACAM1) which is transiently expressed in HEK293 cells.  This 12 kDa protein construct contains 
three N-glycosylation consensus sites which are variably occupied. Notably, the small size of this protein 
places all three sites too close to the C-terminus for efficient glycosylation by OST-A. Hence, our 
observations likely apply to OSTB activity. Here, we measured the occupancy of all three sites using top-
down mass spectrometry (TDMS). This approach foregoes protein digestion and directly fragments the 
intact protein. The multiple and longer fragments of TDMS allows for the determination of relative 
abundances of intact hCEACAM1 glycoforms, information that would be challenging to obtain from 
peptides produced by enzyme digestion. Our data shows that glycosylation probabilities for different 
sites are not independent but depend on occupancy of other sites.  For species containing a single 
glycan, only  2 is occupied. When two glycans are present there is a mixture of species. One with glycans 
occupying sites 1 and 2, the other with sites 1 and 3.  Similar measurements on mutant forms of 
hCEACAM1 are ongoing. We anticipate these data will allow us to propose a model of OST-B driven N-
glycosylation that incorporates both sequence and structural features. 
 
 
(P108) The N-glycome of Magicicada species of the Brood X periodical Cicadidae 
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There are more than 3,000 species of cicadas on Earth, but there are only seven species of periodical 
cicadas in the United States, all in the genus Magicicada, class Insecta. The first written report of 
periodical cicadas dates to the late spring of 1634 in Massachusetts. Each “emergence year-class” of 
periodical cicadas is specifically called a “brood” and the broods are identified by Roman numerals. 
Brood X is the largest of the 12 broods of 17-year cicadas which emerge asynchronously year-to-year. 
Periodical cicadas are unique in that they have life cycles spanning years that are prime numbers, which 
may confer key survival advantages related to reduced competition for resources between broods. Four 
species live on a 13-year cycle and three for 17 years, the most extreme periodical life cycles known in 
insects. The three species of 17-year cicadas, including M. septendecim, M. cassini, and M. septendecula 
form mixed-species cohorts of Brood X. In the early summer of 2021, we collected adult Brood X species, 
including M. septendecim and M. cassini, in and around Baltimore, Maryland. These collections allowed 
us to further explore the glycomic diversity of the Arthropoda, which is not well characterized especially 
for periodic species. Sugita et al. (1994) identified a glycosphingolipid with a novel oligosaccharide motif 
composed of Manβ4(Fucα3)GlcβCer in the 8-year periodical millipede, Parafontaria laminata, which 
belongs to the class Diplopoda and was found in Japan. However, broader characterization of the 
periodic Arthropod glycome is lacking. Therefore, in this study, we performed a comparative analysis of 
protein N-glycosylation in adults of Brood X Magicicada species. We separately characterized the N-
glycome of female and male adults by MS-based N-glycomic analysis and detected sex-specific glycan 
profiles. Female adults express higher abundance of high mannose type N-glycans than males, while 
male adults process these glycans to paucimannose type structures more robustly than females. 
Gender-related differences in protein have also been observed in humans and in another insect, the 
brown planthopper of rice, Nilaparvata lugens. We also detected a unique oligosaccharide motif in the 



N-glycans of Magicicada species. These results lay a foundation to further explore protein N-
glycosylation differences between sexes and to identify glycoproteins which may contribute to the 
intriguing life cycle of periodical cicada species.  
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Defining the structures and locations of the glycans attached on secreted proteins and virus envelope 
proteins is important in understanding how glycosylation affects their biological properties. Tandem 
mass spectrometry (MS/MS) has risen to the top of the techniques for characterizing glycoproteins since 
it can be used for the analysis of complex mixtures and low-abundance samples. Therefore, 
glycosylation sites and the corresponding glycan structures with the best glycosylation coverage 
information can be obtained in a single MS experiment. Stepped collision energy higher-energy 
collisional dissociation (sceHCD) method is the most widely used approach for glycopeptide 
characterization. However, this method has restricted application on complex mixtures due to the 
limitation on sequencing speed and sensitivity of the mass spectrometer. Recently, trapped ion mobility 
spectrometry time-of-flight (timsTOF Pro) brought attention to the researchers because of its high 
frequency in acquiring MS spectra. 
Herein, we employed these MS approaches, timsTOF Pro and Q Exactive HF MS, to determine if timsTOF 
Pro can provide better glycosylation coverage information of complex glycoproteins. The comparison 
was based on α1-acid glycoprotein from human plasma (AGP), A/chicken/Wuxi/0405005/2013(H7N9) 
(H7 chicken) and A/mute swan/Rhode Island/A00325125/2008 (H7N3) (H7 swan), in terms of the 
number of unique glycopeptides identified, peptide sequence and glycan sequence coverages. We found 
that timsTOF Pro has advantages on all the aspects. Even when 30 ng of viral sample and 100 ng of 
glycoprotein standard were injected, it can still maintain the detection level of more than 80 % peptide 
and glycan sequence coverages. In addition, timsTOF Pro can detect a remarkably high number of 
unique glycopeptides over Orbitrap MS, which greatly increases the confidence of glycoform 
identification. Moreover, timsTOF Pro had the ability to distinguish sialic acid isomeric glycoforms on 
basis of their collisional cross sections (CCS) value and fragmentation. Based on the comparison of AGP, 
timsTOF Pro displayed a 10-fold increase on the detection of glycopeptides. This implied that timsTOF 
Pro had an ultra-high sensitivity towards sialic acid glycoforms. Together with the unique parameter of 
CCS value, we were able to distinguish the sialic acid isomers on each glycosylation site by comparing 
the ion mobiligrams of sialidase S treated counterparts. 
In conclusion, timsTOF Pro illustrated the advantage of sensitivity, accuracy and structural isomeric 
diagnostics over Orbitrap MS. With the three parameters: m/z, retention time and CCS, we were able to 
establish the database for a particular glycoprotein, which helped to increase the identification 
confidence. 
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Heparan sulfate proteoglycans (HSPGs) are ubiquitously expressed on all animal cells and in the 
extracellular matrix. Each HSPG consists of a core protein with one or more covalently attached linear 
heparan sulfate (HS) chains composed of alternating glucosamine and uronic acids that are 
heterogeneously N- and O-sulfated. These complex carbohydrates regulate many important biological 
processes including cell proliferation and development through their interaction with a large number of 
matrix proteins and growth factors. The arrangement and orientation of the sulfated sugar residues of 
HS specify the location of distinct ligand binding sites on the cell surface, and these modifications can 
vary temporally during development, spatially across tissues, and in disease states, such as cancer. 
While most of the enzymes involved in HS biosynthesis have been studied extensively, much less 
information exists regarding the regulatory mechanisms that give rise to the variable composition and 
binding properties of HS. We recently performed genome wide CRISPR/Cas9 screens in human cells to 
uncover novel regulators of HS biosynthesis. Intriguingly, many of the top hits from the screen included 
a set of chromatin remodeling factors belonging to the polycomb repressive complex (PRC). We 
individually targeted distinct PRC proteins using RNAi and CRISPR-mediated approaches in human cancer 
cell lines and discovered functional and structural changes in HS assembly. Additionally, RNA sequencing 
and chromatin immunoprecipitation experiments revealed novel regulatory mechanisms controlling HS 
enzyme expression. Overall, these studies provide insight into the molecular mechanisms by which HS 
biogenesis is differentially regulated and reveals novel potential targets for drug development for 
disorders of glycosylation. 
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Molecular glycosylation contributes in major ways ly to all aspects of immunity. Precision analyses of 
these structures remains fundamental to immune understanding, building and controlling disease 
challenges. There is no greater incentive to this goal than noting the current covid-19 death count, 
(approaching five million world-wide, 8/2021).  However, this near three century old sequencing 
carbohydrates remains moribund with no approach that is comprehensive or precise that would, or 
could, expose such details. However, early studies with a triple quadruple and more recent ion trap 
instruments have opened a very different sequencing strategy that allows trapped ions control over 
their pathways of disassembly. These facts and products leave marker ions of former connectivity. Thus, 
the results provide a direct readout of sequence, without a code, that is comprehensive and precise by 
all possible measures. All spectra were confirmed by spectral documentation. 
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The pectic polysaccharide rhamnogalacturonan-II (RG-II) is one of the most structurally complex glycans 
identified in Nature and exists in the plant cell wall as a borate ester cross-linked dimer. It is composed 
of twelve different sugars linked together by at least twenty different glycosyl linkages. RG-II has four 
oligosaccharide sidechains (A, B, C, and D) and two distinct α-L-Araf substituents (E and F) attached to 
the (1→4)-linked α-D-GalpA backbone. The formation of this structure is integral to plant growth, 
reproductive development, and disease resistance, resulting in a mass effort to manipulate pectin in the 
agricultural industry1. RG-II has proved to be somewhat recalcitrant to the generation of monoclonal 
antibodies, limiting not only knowledge on the localization and role of RG-II in the plant cell wall, but 
also exploration into potential changes in its distribution during growth or in response to stimuli. Studies 
focused on polysaccharide utilization loci (PUL) used by the gut bacterium Bacteroides thetaiotaomicron 
(B. theta) reveal that each glycosidic linkage in RG-II is hydrolyzed by a specific enzyme in a highly 
coordinated deconstruction model2. We hypothesize these glycoside hydrolases can be inactivated and 
used to generate recombinant linkage specific probes that would replace the need for immunolabeling 
while still providing target-specific imaging capabilities. Site-directed mutagenesis was used to 
catalytically inactivate the B. theta enzymes known to cleave side chains A, E, and F. The inactive 
variants were then fused to superfolder Green Fluorescent Protein (sfGFP), heterologously expressed in 
E. coli, and purified using routine affinity protocols. Enzymatic activity of the native and mutant enzymes 
was validated by HPAEC-PAD and in vitro binding assays. Additionally, thermodynamic characterization 
of each probe was achieved by MicroScale Thermophoresis. The generation of these probes will provide 
the first collection of sidechain-specific RG-II optical probes.  
 
 
(P121) Investigation of sequon engineering for improved O-glycosylation by the human polypeptide N-
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We have been developing bacterial expression systems for human mucin-type O-glycosylation on 
therapeutic proteins, which is initiated by the addition of α-linked GalNAc to serine or threonine 
residues by enzymes in the GT-27 family of glycosyltransferases. Substrate preference across different 
isoforms of this enzyme is influenced by isoform-specific amino acid sequences at the site of 
glycosylation, which we have exploited to engineer production of Core 1 glycan structures in vivo on 
human therapeutic proteins. Using RP-HPLC with a novel phenyl bonded phase to resolve intact protein 
glycoforms, the effect of sequon mutation on O-glycosylation initiation was examined through in vitro 
modification of the naturally O-glycosylated human interferon α-2b, and a sequon engineered human 
growth hormone. As part of the development of our in vivo glycan engineering we are surveying various 
orthologues of critical enzymes to ensure complete glycosylation. Here we present an in vitro enzyme 
kinetic profile of three related GT-27 orthologues on natural and engineered sequons in recombinant 
human interferon α2b and human growth hormone where we show a significant change in kinetic 
properties with the amino acid changes. It was found that optimizing the protein substrate amino acid 
sequence using Isoform Specific O-Glycosylation Prediction (ISOGlyP, http://isoglyp.utep.edu/index.php) 



resulted in a measurable increase in kcat/Km, thus improving glycosylation efficiency.  We showed that 
the Drosophila orthologue showed superior activity with our human growth hormone designed sequons 
compared to the human enzyme. 
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Sialic acids are key mediators of cell function, particularly with regards to cellular interactions with the 
surrounding environment. The ability to modulate the display of specific sialyl glycoforms at the cell 
surface would be a useful biochemical tool as well as a promising strategy for therapeutic intervention in 
numerous challenging chronic diseases. While multiple strategies are being explored for the control of 
cell surface sialosides, none that shows high selectivity between sialyltransferases or that targets a 
specific sialyl glycoform has yet to emerge. Here we describe a strategy to inhibit the formation of α2,8-
linked sialic acid chains (oligo- and polysialic acid) through the use of 8-keto-sialic acid as a chain-
terminating metabolic inhibitor that, if incorporated, could not be elongated. 8-Keto-sialic acid is non-
toxic at effective inhibition concentrations and serves to inhibit polysialic acid synthesis in cancer cell 
lines and primary immune cells, with negligible effects on other sialyl glycoforms. 
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Introduction 
Glycan modifying enzymes are of scientific interest due to their ability to modify or remove glycans on 
glycoproteins which can have far reaching implications on immunity and the efficacy of glycoprotein-
based therapies such as monoclonal antibodies. To better understand the deglycosylation mechanism of 
these enzymes, we have developed a novel method to analyze the deglycosylation event in real time 
using LC-MS. We tested this method by studying the reaction between EndoS2 (an IgG specific 
endoglycosidase) and the IgG antibodies which have 2 glycans located on the Fc region.   
Methods 
EndoS2 was expressed recombinantly from E.coli cells and IgG 1-4 subclass antibodies were 
recombinantly expressed in HEK293 cells. These proteins were purified using affinity chromatography. 
The reactions were setup and sampled every 5 mins by the autosampler. All reactions were analyzed 
using an Agilent 1290 Infinity II LC system equipped with a PLRP-S column, coupled to an Agilent 6560 Q-
TOF MS. The system was run in high mass mode (10,000m/z) and the IgG antibodies were flown as 
intact denatured proteins. The reaction kinetics were modelled using the Kintek Explorer Chemical 
Kinetics Software.  
Preliminary Data 
We have developed a novel method to analyze multi-site deglycosylation events in real time. We tested 
this approach using a test case by analyzing the deglycosylation of the two glycans of IgG antibodies by 
EndoS2, an IgG specific endoglycosidase. The populations of diglycosylated, monoglycosylated and 



deglycosylated IgG were tracked by LC-MS and plotted over time.  The diglycosylated species decreases 
rapidly in abundance, the monoglycosylated species increases then decreases, and the deglycosylated 
species increases over time. This suggests that the deglycosylation reaction occurs in a two-step process, 
where the substrate dissociates from EndoS2 between the removal of the first and second glycans. By 
modelling the reaction rates, we found that the rate of removal of the first glycan was 3-4 times quicker 
than removal of the second glycan, suggesting EndoS2 prefers the diglycosylated species over the 
monoglycosylated one. Our goal is for this work to be applied to future studies of endoglycosidases and 
other enzymes, to measure their activity directly compared to other techniques such as SPR which are 
used to measure affinity as a proxy for activity. 
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N-Glycosylation is a common posttranslational modification found on proteins. N-glycans are initiated as 
high-mannose glycans, followed by conversion to hybrid and complex N-glycans during the maturation 
process in the Golgi apparatus. N-glycans involve in myriad of biological functions such as receptor 
binding, cell signaling, immune recognition, inflammation, and pathogenicity. PNGase F expressed by 
Flavobacterium meningosepticum is a highly active peptide N-glycosidase and is the most used enzyme 
for releasing N-glycans from glycoproteins. 
However, assaying PNGase F activityhas been a big challenge. The traditional PNGase F assay is 
performed under denaturing conditions and solely relies on the observation of a gel mobility shift of the 
substrate glycoprotein upon digestion. In most cases, denatured fetal bovine RNase B is used as a 
substrate. The challenges of this traditional assay are the following. First, RNase B can only be visible 
after prolonged staining procedure such as silver staining or Coomassie blue staining. Second, 
denaturing conditions usually involves reagents such as SDS that is not optimal for downstream mass 
spectrometry analysis, therefore native conditions are more desirable. Third, PNGase F is usually far less 
active on native proteins, which requires a much more sensitive assay.  
To overcome the above challenges, here we would like to introduce a new PNGase F assay using Cy5-
Neu5Ac labeled glycoproteins as substrates. The new assay not only allows us to observe the gel 
mobility shift of the substrate glycoprotein upon deglycosylation, but also allows us to observe the 
released glycans, which greatly increases the sensitivity of the assay and our confidence towards to the 
assay results. The assay is particularly more useful if the mobility shift of the target protein is subtle, or if 
the assay must be performed under native conditions.   
As examples, we present PNGase F assays using Cy5-Neu5Ac labeled RNase B, SARS-2 spike RBD proteins 
and human ACE-2 under both native and denaturing conditions. In these cases, PNGase F is found to be 
100 to 10,000 times less active on native proteins. With this new assay, we also revealed the pH 
preference of PNGase F to be between pH 5.5 to 9.0. With the new assay, it is now feasible to study the 
details of glycan preferences of PNGase F.  
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Mucin-type O-glycosylation is an abundant and complex post-translational modification of secreted and 
membrane-bound proteins. O-glycosylation is initiated by a family (20 in man) of polypeptide N-
acetylgalactosamine-transferases (GalNAc-Ts) which transfer ⍺-GalNAc onto the hydroxyl groups of Ser 
and Thr residues. Mutations and the differential expression of many GalNAc-Ts are linked to or are 
associated with many disease states including cancers. Studies from our lab have demonstrated that the 
GalNAc-Ts possess unique specificities for: 1) serine or threonine residues, 2) peptide sequence, and 3) 
prior remote and/or neighboring glycosylation (1).  These preferences uniquely regulate the 
glycosylation of specific residues in polypeptide substrates. Notably we have shown that prior substrate 
GalNAc glycosylation can direct subsequent glycosylation in an N- or C-terminal direction, suggesting 
that mucin-type O-glycosylation may be a highly ordered process.   
In recent studies, we observed that flanking charged residues (>-/+4 residues from the site of 
glycosylation) altered the rates of glycosylation (2,3). To systematically address the role of flanking 
charged residues, we characterized a series of synthetic peptide substrates possessing all possible N- 
and C-terminal combinations of positive (RRR), negative (DDD) and neutral (GAG) residues against 11 of 
the GalNAc-T isoforms.  Several isoforms gave preferences for a net negative charge (h-GalNAc-T1, T2, 
T6, T11 & T16) or net positive charge (h-GalNAc-T3 & tg-GalNAc-T3), while others displayed preferences 
for unique combinations of N- and C-terminal charges (h-GalNAc-T4, T5, T12 & T13).  Surface charge 
calculations (APBS Software in PyMOL) on both known and homology modeled GalNAc-T structures 
(PyMOL and SWISSMODEL Programs) revealed that the peptide charge preferences generally correlated 
well with the GalNAc-T surface charge distribution. These findings reveal that flanking peptide charge is 
an additional factor regulating mucin-type O-glycosylation and provides a further understanding on how 
the GalNAc-T enzymes select their targets. Together these findings will be useful in predicting sites of 
glycosylation and understanding GalNAc-T isoform specificity. Similar studies are underway examining 
the role of flanking charge residues on the activities of the transferases that add the next sugar to the 
GalNAc residue. We foresee that glycan elongation may also be regulated by peptide substrate charge 
distribution, thus revealing how mucin O-glycosylation elongation may be regulated in a site-specific 
manner.  
Acknowledgements: Supported by NIH grant R01 GM113534.  Transferases were kindly supplied by 
Henrik Clausen (Univ. Copenhagen), Kelley Moremen (Univ. Georgia), and Ramon Hurtado-Guerrero 
(Univ. Zaragoza, SP).  
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Notch signaling is a highly conserved developmental pathway for short range cell-cell communication. It 
plays fundamental roles in many developmental processes by regulating cell fate choices, often directing 
cells to differentiate towards one among several distinct developmental pathways. One of the best 
known Notch-regulated events is T cell development, especially in the choice of T cell lineage 
commitment of lymphoid progenitor cells. However, much of the mechanism by which Notch regulates 
T cell development is still unclear. Mutations in NOTCH1 can drive the oncogenesis of T cell acute 
lymphoblastic leukaemia (T-ALL), suggesting the therapeutical potential for understanding and targeting 
Notch signaling in T cell development. The Notch extracellular domain (ECD) is heavily decorated with O-
linked glycans, especially O-fucose added by POFUT1 (Protein O-Fucosyltransferase 1). O-fucosylation is 
required for proper Notch function including protein stability, trafficking and ligand binding. We 
hypothesize that disrupting Notch O-fucosylation can be a potential approach for Notch inhibition. We 
have previously demonstrated that 6-alkynyl fucose (6-AF) and 6-alkenyl fucose are potent Notch 
inhibitors in cell-based assays. They can be used by POFUT1 and incorporated into Notch EGF repeats 
with high efficiency, inhibiting Notch signaling at sub-micromolar concentrations. Interestly, these 
analogs inhibit Delta but not Jagged-mediated Notch signaling, thus being the first small molecule, 
ligand-specific Notch inhibitors. Blocking Notch signaling with 6-AF completely inhibits T cell 
differentiation with Delta ligands in an in vitro OP9 cell culture system. By using fetal thymus organ 
culture (FTOC), our data show that 6-AF treatment robustly increased the percentage of DN1 (CD25-

CD44+) and reduced the percentage of both DN2 (CD25+CD44+) and DN3 (CD25+CD44-) thymocytes; the 
total thymocyte number was also reduced. These results suggest that the development of early 
thymocytes from DN1 stage to DN2 or later stages was blocked,  and the proliferation of early 
thymocytes was reduced (possible also increase of apoptosis) in 6-AF-treated cultured thymus. 
Consistent with the reduction of early thymocytes, the percentage of TCRγδ T cells was increased with 
the treatment of 6-AF. The effects of 6-AF are the same as  DAPT, a well-known Notch inhibitor. These 
analogs can be a powerful tool for understanding the role of Notch in T cell development. Additional 
fucose analogs are being synthesized and evaluated to find more effective inhibitors or analogs with 
distinct activities (e.g. Notch activation, Jagged-specific or ligand-nonspecific inhibition). This work was 
supported by NIH grant GM061126.  
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Viruses are able to escape recognition by the immune system by masking their glycoproteins with a 
glycan shield that blocks the binding of antibodies to amino acid residues. This technique, referred as 
glycan masking, was recently adopted in the field vaccinology to accomplish a similar result: hiding 
epitopes of low interest from the immune system.In this work the ability and efficiency of the glycan 
masking technique is tested to selectively tune the binding of different antibodies to the same antigen. 



The head domain of the hemagglutinin protein (HA) of influenza A H7 was chosen as antigen. This 
molecule presents four distinct major antigenic sites, targeted by four monoclonal antibodies whose 
structures in complex with HA are publicly available on RCSB-Protein Data Bank: FluA-20 (pdb ID: 6OCB), 
H7.5 (6MLM), H7.167 (5V2A) and H7.200 (6UIG). 
With the use of Rosetta, a software for protein modeling and design, each of the four binding interfaces 
was analyzed, 10 key residues on the H7-HA head domain were selected and glycan chains were 
modeled in each position individually. In order to mimic glycan flexibility, each carbohydrate chain was 
modeled 100 times. Antibodies then were docked to the antigens in the presence of the glycan chain. In 
all 10 cases, the resulting binding energy was worse compared to the wild-type HA, as expected. Six out 
of the 10 designs of H7-HA head domain were selected for experimental validation and were 
successfully expressed in human embryonic kidney (HEK) cells. Binding to the antibodies was tested 
through an enzyme linked imunosorbent assay (ELISA) and four out of the six proteins successfully 
blocked the binding of the corresponding antibody. This work demonstrates that glycan masking can 
specifically regulate antigen-antibody binding, and the success of this approach opens new perspectives 
in the field of vaccine design. 
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In studies on the in vitro degradation of glycogen by rhGAA, a glycosylated protein core material was 
found which consists of about 5-6% of the total glycogen. Approximately 25% of the glycogen was 
unaccounted for based on glucose released by rhGAA. After incubation of glycogen with rhGAA until no 
more glucose is released no carbohydrate was detected in the incubation medium that elutes after 
glucose on HPAEC-PAD. If the incubation medium is made up to  0.1N HCl first and boiled, several 
oligosaccharides are then detected. Incubation with trypsin or chymotrypsin also exposes the 
oligosaccharides. This appears to be a case of protein masking carbohydrate. The masked material in the 
medium binds to Dowex 50W which is evidence of a charge such as a protein but it is not bound by 
Concanavalin A. Glycogen does bind Concanavalin A. Given its characteristics the presence of this 
material in serum was suspected. It is present in serum either in an HCl extract or in a trypsin or 
chymotrypsin digest. The characteristics of the serum material were the same as the material from the 
in vitro incubation medium. One oligosaccharide, which can not be degraded further by rhGAA, from the 
incubation medium and serum co-elute. The oligosaccharides contain m-inositol, e-inositol, sorbitol, 
mannose, galactose and glucose with three of them also containing xylose. The presence of this 
glycosylated protein in serum is taken as an indication of a fraction of glycogen being degraded outside 
the lysosome and outside of the cell by way of lysosomal exocytosis.  The oligosaccharide which appears 
to be an end product from GAA degradation of glycogen is present in the serum of Pompe disease 
patients, receiving ERT (ERT) but it is not present in the serum of Pompe mice which are not receiving 
ERT. The Pompe mice do have a series of masked glycosylated proteins which elute later on HPAEC-PAD 
in the region where maltooligosaccharides of DP from about 5 to 9 elute.  The Pompe patients on ERT 
also have these oligosaccharides present but in significantly lower relative quantities than the mice not 
on ERT. Analysis of these later eluting oligosaccharides reveals that they were found to have 
monosaccharide compositions similar to the oligosaccharides described earlier with inositol, sorbitol and 
smaller amounts of hexoses. When the collected oligosaccharides were then incubated with trypsin and 
re-chromatographed each was eluted in at least three peaks which were collected and hydrolyzed with 
4N TFA. Each of the peaks had different monosaccharide compositions. All of them had inositol but only 



three had sorbitol and all had small amounts of hexoses. These results indicate that each of these 
glycosylated proteins has multiple glycosylation sites with differing compositions. 
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The conserved N-glycan pattern on the Fc region is a critical antibody quality attribute whose structural 
variability can also impact antibody function. For tailoring the Fc glycoprofile, glycoengineering on cell 
lines as well as Fc amino acid mutations have been applied.  Multiple glycoengineered CHO cell lines 
were generated, including defucosylated (FUT8KO), α-2,6-sialylated (ST6KI) and defucosylated α-2,6-
sialylated (FUT8KOST6KI), expressing either wild-type Rituximab (WT RTX) or phenylalanine to alanine 
(F241A) mutant. MALDI-TOF MS characterization of antibody N-glycans revealed that the F241A 
mutation significantly increased galactosylation and sialylation contents and glycan branching. 
Furthermore, overexpression of recombinant human α-2,6-sialyltransferase resulted in a predominance 
of α-2,6-sialylation rather than α-2,3-sialylation for both wild-type and heavily sialylated F241A antibody 
N-glycans. Interestingly, knocking out α-1,6-fucosyltransferase (FUT8KO), which removed core fucose, 
lowered the content of N-glycans with terminal Gal and increased levels of terminal GlcNAc and Man5 
groups on WT RTX antibody. Further complement-dependent cytotoxicity (CDC) analysis revealed that, 
regardless of the production cells, WT RTX samples have higher cytotoxic CDC activity with more 
exposed Gal residues compared to their individual F241A mutants. However, the FUT8KO WT RTX, with 
a large fraction of bi-GlcNAc structures (G0), displayed the lowest CDC activity of all WT RTX samples.  
Interestingly, a higher CDC activity was indicated for α-2,6- compared to α-2,3-sialylation for the F241A 
mutants. Antibody-dependent cellular cytotoxicity (ADCC) analysis revealed that the defucosylated WT 
and F241A mutants showed enhanced in vitro ADCC performance compared to their fucosylated 
counterparts, with the defucosylated WT RTXs displaying the highest overall ADCC activity, regardless of 
sialic acid substitution. Moreover, the FcγRIIIA receptor binding by antibodies did not always correspond 
directly with ADCC result. This study demonstrates that glycoengineering and protein engineering can 
both promote and impede antibody effector functions and represent practical approaches for varying 
glycan composition and functionalities during antibody development.  
 
 
(P130) Probing the biosynthesis and functions of glycoconjugates in mycobacteria using 
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Glycosylation is indispensable for the survival, sustenance, proliferation, virulence, and evolution of 
bacteria. Glycoconjugates are found in the form of peptidoglycans, lipopolysaccharides, capsular 
polysaccharides, glycolipids, and glycoproteins in bacteria. Knowledge on the structure and functions of 
glycoconjugates in bacteria has been gained majorly through deletion and complementation of genes 
involved in the biosynthetic pathways and using fluorescent derivatives of aminoacids. However, the 



advent of glycan engineering using synthetic metabolic reporters has enabled the study of glycans in the 
native environments. Bioorthogonal ligations via click chemistry have opened new avenues for live cell 
imaging at high resolution as well as the isolation and characterization of glycoconjugates by mass 
spectrometry. Such approaches provide direct observation on the mechanisms of biosynthesis of 
peptidoglycans (mureins) which is the main target of several antibacterial therapies, particularly in the 
context of emerging antimicrobial resistance. Among bacteria, mycobacteria have been particularly 
intractable due to its pathogenicity, virulence, latency, and prevalence. Mycobacteria are equipped with 
sturdy cell wall architecture that contains mycolipids, arabinogalactans, and lipoarabinomannans above 
the peptidoglycan layer.  
Recently, several research groups have reported the application of synthetic analogues of trehalose, N-
acetyl-D-muramic acid (MurNAc), and arabinose derivatives, carrying an abiotic azido-group or 
fluorophores, respectively, for the metabolic glycan engineering of trehalose-containing lipids, 
peptidoglycans, and arabinogalactans. While these methods provide powerful insights into the 
mechanisms of cell division and cell wall biosynthesis, the reagents are obtained through multi-step 
sophisticated carbohydrate synthetic methods which limit their utility by the wider microbiology 
researchers. In this context, we have identified a simple monosaccharide analogue for the glycan 
engineering of glycoconjugates in mycobacteria. Our results show dose-dependent and reversible 
metabolic incorporation of the analogue both in Mycobacterium smegmatis and Mycobacterium 
tuberculosis Rv37 as revealed by bioorthogonal ligation followed by flow cytometry and confocal 
microscopy. Studies using inducible knock-out strains of bifunctional GlmU (glucosamine-1-phosphate 
N-acetyltransferase / UDP-N-acetylglucosamine pyrophosphorylase) in M. smegmatis showed the 
essentiality of GlmU for metabolic processing. The specific identify of the glycoconjugates were probed 
using thin layer chromatography, fluorophore-assisted carbohydrate electrophoresis, and mass 
spectrometry.  This presentation will discuss the results of our investigations on the glycan engineering 
of mycobacteria, their co-culture with host cells in vitro, and their potential applications for monitoring 
latency and extrapulmonary tuberculosis. 
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Pro- or anti-inflammatory activity of immunoglobulin G (IgG) depends largely on differential N-
glycosylation of its Fc region. Alternative glycosylation affects binding efficiency of this antibody to 
antigens, ligands, or different complexes of the immune system, which modulates immune response. 
While previous genome-wide association studies (GWAS) succeeded to associate functional network of 
gene loci with IgG glycosylation pleiotropic with inflammatory diseases, it is still unclear whether these 
genes have a functional importance and if so, how they are involved in this process. For this purpose, we 
applied already established system based on FreeStyle™ 293-F cells, with stably integrated 
CRISPR/dCas9 fusions (dCas9-VPR or dCas9-KRAB) for direct regulation of the candidate genes using 
appropriate sgRNAs. The cell system is designed to secrete IgG molecules, so that glycans can be 
analyzed as the final phenotype following gene manipulations. The GWA hits were grouped with respect 
to different glycosylation traits such as galactosylation (KIF3C, NFKB1, MANBA, SLC38A10, TNFRSF13B, 
EEF1A1, HIVEP2), fucosylation (MYCBP, ACVR1C, KIF11, TBX21, TBKBP1, NFATC2), sialylation (IL6ST, 



GGA2, SLC17A9, SPPL3) and bisecting GlcNAC (TCF3, SMARCB1, DERL2, RRBP1, KDELR2). Out of seven 
genes associated with galactysylation only MANBA, NFKB1, TNFRSF13B and EEF1A1 showed change of 
agalactosylated structures when upregulated using dCas9-VPR. Out of six hits associated with 
fucosylation, only upregulation of TBX21 and TBKBP1 showed significant changes in galactosylation, but 
we did not detect any changes in fucosylation. This can suggest that a different cell model might be 
preferable to validate if these GWA hits are responsible for fucosylation, since glycans on IgG produced 
from FreeStyle™ 293-F cells possess only core fucose. Out of five loci associated with bisecting GlcNac, 
only the upregulation of KDELR2 produced an increase in biantennary glycan structures with bisecting 
GlcNac. The upregulation of DERL2 and RRBP1 resulted in an increase of digalactosylated biantennary 
glycans. Out of four GWA hits for sialylation, only downregulation of SPPL3 led to hyperglycoslation with 
the corresponding increase in sialylated and galactosylated structures and decrease in agalactosylated 
glycans, even though all the genes were successfully up - or downregulated. In conclusion, in our cell 
model, which produces human plasma-like IgG, we have proven the functional role of several GWA hits 
which are not glycosyltransferases but are associated with the IgG glycosylation pathway. Ongoing 
research will unravel the exact role of these genes in an integrated picture of molecular mechanism 
regulating IgG glycosylation. 
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Glycosylation of immunoglobulin G (IgG) largely defines function of this antibody and regulates 
inflammation on multiple levels but the mechanisms and the genes involved in the process of IgG 
glycosylation are still vaguely understood. Genome wide association studies (GWAS) enabled 
identification of many genes potentially involved in IgG glycosylation but in the most cases functional 
validation is missing. Composition of the IgG glycome changes significantly with various diseases and 
ageing. In women, the most prominent change occurs during the perimenopausal period and a recent 
intervention study revealed that estrogen regulates IgG glycosylation. The most affected IgG glycome 
features are galactosylation, sialylation and structures with bisecting GlcNac. Analysis of the Signaling 
Pathway Projects (SPP) web knowledgebase revealed that E2 affects expression of four genes with yet 
unknown role in IgG glycosylation with three of them associated with galactosylation (RUNX1, RUNX3 
and SPINK4) and one associated with sialylation (ELL2) through previous GWA studies. To map 
downstream signaling mechanisms responsible for the effect of estrogen on IgG glycome composition 
we utilized our recently developed in vitro IgG expression system HEK293-FS for targeted 
CRISPRa/CRISPRi manipulation of candidate loci. This system exploits stably integrated dCas9-VPR or 
dCas9-KRAB expression cassettes for targeted upregulation or downregulation of genes via transient 
transfection of FreeStyleTM 293-F cells with specific gRNAs. We successfully upregulated or 
downregulated RUNX1, RUNX3, SPINK4 and ELL2 but only upregulation of RUNX3 (Runt-related factor 3) 
and SPINK4 (Serine Peptidase Inhibitor Kazal Type 4) resulted with concomitant change in IgG glycome 
composition. Upregulation of RUNX3 resulted with significant decrease in galactosylated glycans 
accompanied with increase in agalactosylated glycans. Upregulation of SPINK4 was also accompanied 
with decrease in galactosylated glycans but the ratio of agalactosylated glycans remained stable. To 
further explore the role of SPINK4 and RUNX3 in IgG galactosylation we measured B4GALT1 (beta-1,4- 
galactosyltransferase 1) expression after upregulation and observed no significant change in B4GALT1 



transcript levels. This suggests that RUNX3 and SPINK4 do not suppress B4GALT1 on transcription level, 
but through some indirect pathway that should be further investigated. Taken together, the results of 
this study suggest the molecular mechanism through which E2 could regulate IgG glycosylation, 
specifically galactosylation.  
 
 
(P133) Enzymatic remodelling of Fc glycans on human IgG 
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N-glycosylation at the Fc region of IgG antibodies is a conserved modification of structural and 
functional importance. Since it impacts the antibody’s effector functions, immunogenicity, stability, and 
pharmacokinetics, the N-glycan structure is a critical quality attribute which has to be taken into 
consideration when developing therapeutic antibodies. Examples for the influence of glycosylation 
includes afucosylation resulting in dramatically increased antibody-dependent cell-mediated cytotoxicity 
(ADCC) activities, and sialylation which may exert anti-inflammatory effects. To further establish 
relationships between structure and function of N-glycosylation of therapeutic antibodies and fine-tune 
the glycosylation profile to the desire mode-of-action, there is a requirement for methods to generate 
antibodies with defined glycoforms. Separation of antibody glycoforms at preparative scale is often not 
feasible and even with the advent of modern genome editing technologies, it is still a time-consuming 
and laborious process to engineer cell lines to this end.  
Chemoenzymatic glycan remodelling appears more promising since it is a fast and simple, yet effective 
approach. Here, we present a straightforward workflow based on IgG deglycosylation a highly efficient 
and specific endoglycosidase (GlycINATOR) leaving only the core GlcNAc residue. This is followed by 
transglycosylation using a mutant EndoS2 glycosynthase (TransINATOR) together with a synthetic N-
glycan glycoform oxazoline donor substrate to generate the desired N-glycan structures. There are 
currently no enzymatic tools available for its direct removal of the functionally important core 
fucosylation from a native IgG. However, by including an exo-α1,6-fucosidase during initial IgG 
deglycosylation, we were able to completely defucosylate the antibody prior to transglycosylation to 
generate the corresponding, afucosylated structures. Using this approach, we have successfully 
generated antibodies carrying specific and homogeneous glycoforms within three hours which be a 
valuable tool to study structure-function relationships of Fc N-glycosylation of therapeutic antibodies. 
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Galectins are natural regulators of innate and adaptive immunity that work by signaling changes in cell 
phenotype and function through recognition of membrane glycans. Recombinant galectins, as well as 
stable engineered variants thereof, have demonstrated efficacy in various preclinical models of 
autoimmune and inflammatory diseases. Yet, successful clinical translation of galectins as therapeutics is 
likely to be challenged by their high effective concentration coupled with their pleotropic activity on 
non-immune cells, which together can lead to deleterious off-target effects. Using peptides that form 
alpha-helical coiled-coils as scaffolds for multivalent display of galectin carbohydrate-recognition 
domains (CRDs), we recently demonstrated that the minimum threshold for galectin-3 to signal T cell 
apoptosis is two CRDs (Farhadi PNAS 2021). A synthetic tandem-repeat construct wherein galectin-1 was 



fused onto to the N-terminus of galectin-3 was unable to signal T cell apoptosis (Fettis Biomaterials 
Science 2019). This is likely because galectin-1 and galectin-3 engage different receptors to signal 
apoptosis and are thought to activate apoptogenic signaling cascades through homotypic receptor 
crosslinking; a molecule consisting of galectin-1 and galectin-3 in a tandem-repeat architecture likely 
engages in heterotypic receptor crosslinking that is ineffective for activating apoptogenic signaling 
pathways. In contrast, a dimer-of-dimers having two galectin-1 and two galectin-3 CRDs (i.e., G1/G3 
Zipper) signaled T cell apoptosis more effectively than either galectin-1 or galectin-3 alone or in 
combination. Mechanistic studies demonstrated that G1/G3 Zipper relies on different receptors to signal 
T cell apoptosis than galectin-1 or galectin-3 and, as such, activates different intracellular signaling 
pathways (Farhadi Frontiers in Chem 2020). Further, oligomers of galectin-3 formed using coiled-coil 
scaffolds were retained at the site of delivery when injected into various tissues, which enabled 
prolonged local retention of therapeutic cargoes (Farhadi Nat Comms 2018). We envision that 
amplifying and locally restricting the signaling activity of galectin-1 and galectin-3 through synthetic 
recombination can directly address the challenges that hinder their translation, thereby enabling new 
opportunities to harness their immunomodulatory properties to treat autoimmune and inflammatory 
diseases. 
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N-glycans are found on asparagines of membrane and secreted proteins within the conserved “sequon” 
motif (N-X-S/T(C)). N-glycans are initially built up on a membrane-bound dolichol phosphate precursor, 
then transferred cotranslationally to substrate proteins in the endoplasmic reticulum (ER). N-glycans are 
then trimmed and extended to various extents in the ER and Golgi to form a diverse ensemble of 
structures. The extent of N-glycan processing can alter protein solubility, intercellular and interprotein 
interactions, half-life in serum, as well as other functions including defined roles in immunity and 
development. N-glycan diversity within a single sequon on a glycoprotein is termed 
‘microheterogeneity’. Despite much interest and many advances in the identification and quantification 
of N-glycans, our understanding of how protein structure impacts N-glycan processing and thus 
microheterogeneity is incomplete. Our group has developed an approach using a diverse suite of 
reporter proteins, including protein disulfide isomerase, erythropoietin, SARS-CoV-2 spike glycoprotein, 
and others. These reporter proteins were expressed and purified from MGAT1- HEK293F cells in order to 
generate glycoproteins enriched in GlcNAc2Man5 glycoforms. These enriched high mannose 
glycoproteins were then processed in vitro to hybrid and complex structures using purified 
glycosyltransferases and glycosyl hydrolases in time-course reactions which were monitored and 
quantified using LC-MS/MS. The rates of site-specific sugar addition and removal were then compared 
to their glycoform profiles when expressed in wild-type HEK239F cells using site-specific glycopeptide 
analyses. We have identified substantial differences in processing speed between sites on the same 
protein, and these differences vary depending on the glycan-processing enzyme being studied. We 
propose to use this data to identify key structural features that define the rate of glycan-processing at 
specific sites, and thus that site’s microheterogeneity. This will pave the way for more refined 
production of glycoprotein therapeutics as well as a foundation for understanding the observed site-
specific microheterogeneity of N-glycans observed on proteins. 
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Glycans are known to alter the function of glycoproteins in many ways, including improving stability and 
directly mediating protein-protein interactions. Understanding this process requires characterization of, 
not just glycan composition, but the conformational space occupied by the glycans conjugated to the 
proteins.  Molecular Dynamics (MD) simulations provide useful depictions of possible conformations, 
but the limited timescale and limited energy precision make it necessary to validate descriptions with 
experimental data. Here we apply a readily accessible set of NMR experiments to validate an MD 
depiction of a conformation-stabilizing interaction between a pair of glycans within the heavily 
glycosylated N-terminal domain of hCEACAM1.  The protein has been expressed in HEK293 (GnTI-) cells 
in a custom medium that allows incorporation of 13C in both amino acids and glycans.  In this project, Val 
was labeled with 13C at valine methyl groups by direct supplementation of the expression media with 13C 
enriched Val, while alanine methyls, acetyl methyls and C1 sites of glycans were labeled by 
supplementation with 13C-1-glucose.  Our hCEACAM construct also contains a short peptide insert 
capable of binding lanthanide ions.  These ions provide long range NMR data in the form of pseudo-
contact shifts (PCSs), residual dipolar couplings (RDCs) and paramagnetic relaxation enhancements 
(PREs).  Resonances from labeled sites were assigned and conformational states assessed using a 
software tool (ASSIGN_SLP_GUI) designed specifically to utilize these data and facilitate work on 
glycoproteins sparsely labeled with NMR active isotopes. 
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The terminal galactose residues of N- and O-glycans in animal glycoproteins are often sialylated and/or 
fucosylated, but sulfation, such as 3-O-sulfated galactose (3-O-SGal), represents an additional and poorly 
understood modification. Herein we are describing the development of a novel sea lamprey variable 
lymphocyte receptor (VLR) antibody which binds specifically to (3S)Galβ1-4GlcNAc, termed O6. The 
VLRB O6 was expressed as a recombinant murine IgG chimera and its specificity and affinity to the 3-O-
SGal epitope was defined using a variety of approaches, including glycan and glycoprotein microarray 
analyses, isothermal calorimetry, ligand-bound crystal structure, FACS, and immunohistochemistry of 
human tissue macroarrays. 3-O-SGal is expressed on N-glycans of many plasma glycoproteins, on human 
B-cells and monocytes, and on both healthy and cancerous tissues. However, recognition by O6 is often 
masked by sialic acid and thus exposed by treatment with neuraminidase. O6 recognizes many human 



tissues, consistent with expression of the cognate sulfotransferases (GAL3ST-2 and GAL3ST-3). The 
availability of O6 for exploring 3-O-SGal expression could lead to new biomarkers for disease and aid in 
understanding the functional roles of terminal modifications of glycans and relationships between 
terminal sulfation, sialylation and fucosylation. 
McKitrick et al., Commun Biol. 2021 Jun 3;4(1):674. doi: 10.1038/s42003-021-02199-7. 
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Glycosylation of certain proteins by oxygen-linked mannose (O-mannose) is known as O-mannosylation, 
and this process is essential for growth and development in animals. Defective O-mannosylation of α-
dystroglycan (α-DG), the most well studied O-mannosylated mammalian protein, leads to congenital 
muscular dystrophies and neurological defects. The O-mannose sites can be elaborated to core M1, M2, 
and M3 structures. Glycosaminyl transferase POMGNT1 adds N-acetylglucosamine (GlcNAc) in a β-1,2 
linkage to make the M1 core. Although core M1 glycans are the most abundant in the mucin-like domain 
of α-DG, the function of these glycans remains unknown. In contrast to the M1 core glycan, M3 is 
generated very selectively by Protein O-linked mannose β-1,4-N-acetylglucosaminyltransferase 2 
(POMGNT2) adding GlcNAc in a β-1,4 linkage. Thus, POMGNT2 is considered the “branching point” for 
O-mannosylation pathways. Interactions between α-DG and its extracellular matrix (ECM) ligands 
require α-DG to be extended by O-mannose structures based on the M3 core glycan structure. The core 
M3 can be extended with matriglycan, which is a repeating disaccharide that binds laminin globular 
domain containing proteins in the ECM. There is currently no method to identify the M3 core without 
the presence of matriglycan. Therefore, it remains a possibility that unextended M3 structures exist, but 
there is currently no tool to identify core M3 glycans without the presence of the repeating 
disaccharide. Development of antibodies to the core O-mannose glycans would help to identify these 
core glycans and ultimately better understand their function. Generating antibodies against this epitope 
presents a challenge since the oxygen in the glycosidic linkage is vulnerable to enzymatic degradation. 
However, carbon-linked (C-linked) glycosides, in which carbon replaces the normal oxygen in the 
glycosidic linkage, are resistant to enzymatic degradation and provide robust immunogens. In efforts to 
overcome stability issues of O-linked glycoside immunogens, we synthesized a novel C-linked glycoside 
mimic (C-Man-Thr) of O-mannose-Threonine that has the potential to be used as an antigen to generate 
antibodies to identify these core O-mannose glycans. Extension of the C-linked glycoside into C-linked 
glycopeptides to generate antibodies has the potential to provide improved reagents to generate a 
more comprehensive profile of sites that are modified with O-mannose glycans.   
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Mutations in the GBA1 gene, which encodes the lysosomal hydrolase glucoslyceramidase (GCase), can 
result in the lysosomal storage disorder Gaucher disease (GD) and also present the greatest known 
genetic risk factor for Parkinson’s Disease. Enzyme replacement therapy (ERT) using intravenous delivery 
is used to stall progress in non-neurodegenerative GD, but the blood-brain barrier presents an obstacle 
to treating neuronal symptoms in GD as well as Parkinson’s Disease. To address this problem, our 
strategy is to modify recombinant GCase with the small molecule Guanidinylated Neomycin (GNeo). In 
contrast to traditional ERT that relies on mannose or mannose-6-phopshate receptors that are rare on 
neurons, GNeo facilitates cell uptake through a heparan sulfate-dependent pathway and targets cargoes 
to the lysosome. We have prepared active GNeo-GCase conjugates and demonstrated significantly 
elevated uptake over native GCase in human GD fibroblasts. The differential in mouse neurons is 
smaller, but GNeo-GCase still enters cells about twice as effectively as native enzyme at a given 
concentration. Finally, uptake in macrophages, which are expected to have abundant mannose 
receptors as well as HS, uptake is comparable between GCase and GNeo-GCase. In summary, our 
conjugates can restore native activity in GD cells, enter neurons much more effectively than unmodified 
protein, and perform at least as well in a more typical macrophage target. Together, these results 
suggest that GNeo-GCase may have potential as a therapeutic in neurodegenerative GD. 
 
 
(P145) CDG-IIb syndrome: Clinical phenotype and in-depth glycomic characterization of a novel 
patient 
Julia Beimdiek 1, René Hennig2, Robert Burock2, Oliver Puk4; Saskia Biskup4; Erdmann Rapp2,3; Anke 
Lesinski-Schiedat5; Falk F. R. Buettner1, Anibh M. Das6 
1Hannover Medical School; 2glyXera GmbH, Magdeburg, Germany; 3Max Planck Institute for Dynamics of 
Complex Technical Systems, Magdeburg, Germany.; 4Praxis für Humangenetik Tübingen, Tuebingen, 
Germany; 5Otorhinolaryngology Department, Head and Neck Surgery, Hanover Medical School, 
Hannover, Germany; 6Clinic for Pediatric Kidney-, Liver- and Metabolic Diseases, Hannover Medical 
School, Hannover, Germany 
 
Congenital disorder of glycosylation IIb (CDG-IIb) is caused by rare genetic mutations of the MOGS gene 
affecting mannosyl-oligosaccharide glucosidase I function. As an initial step of N-glycan maturation, 
glucosidase I specifically removes the distal α-1,2-linked glucose from the protein bound N-glycan 
precursor Glc3Man9GlcNAc2. Here we present the clinical phenotype and an in-depth glycomic 
characterization of a new female CDG-IIb patient. Trio exome analysis revealed compound 
heterozygosity for 2 novel mutations in the MOGS gene causing distinct single amino acid exchanges. 
After an uneventful pregnancy and birth, hypotonia and macroglossia accompanied by developmental 
delay and hearing difficulties became apparent within the first year of life. While routine clinical 
biochemistry was unrevealing, reduced levels of immunoglobulins were detected. For in-depth glycomic 
characterization, N-glycans of whole serum proteins and serum-derived immunoglobulin G (IgG), 
transferrin (TF), and α-1-antitrypsin (AAT), as well as glycosphingolipid glycosylation of leucocytes were 
analyzed by multiplexed capillary gel electrophoresis coupled to laser induced fluorescence (xCGE-LIF). 
The glycosphingolipidome of the CDG-IIb patient was comparable to her healthy relatives (parents: 
heterozygous for the mutation; sibling: both alles unaffected) implying that the MOGS mutations do not 



affect glycosphingolipid synthesis. However, the N-glycomic analysis by glyXboxCE ™ (glyXera, 
Magdeburg, Germany) revealed CDG-IIb characteristic untrimmed N-glycans (Glc3Man7-9GlcNAc2) as well 
as the free tetrasaccharide Glc3Man in the CDG-IIb patient but not in her relatives prompting their use as 
diagnostic biomarkers. Furthermore, whole serum N-glycan analysis showed reduced relative intensities 
of IgG-specific complex type bi-antennary N-glycans with core-fucosylation in the CDG-IIb patient 
corroborating the diagnosed hypogammaglobulinemia. Correspondingly, increased relative intensities of 
sialylated bi- and tri-antennary N-glycans, typically found on other serum proteins such as TF and AAT, 
were detected in whole serum of the CDG-IIb patient. However, specific N-glycan profiles of 
serum-derived TF and AAT remained unaltered matching the unrevealing hepatic phenotype of the 
CDG-IIb patient. Specific N-glycan profiles of serum-derived IgG revealed aberrant oligo-mannose 
(Glc3Man7GlcNAc2) and hybrid type N-glycans on patient-derived IgGs. We hypothesize that this 
defective glycosylation is the reason for an increased IgG clearance and thereby leads to the 
hypogammaglobulinemia associated with CDG-IIb. 
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Congenital Disorders of Glycosylation (CDG) are a group of inborn errors of metabolism that result in 
multisystem disease due to defects in the biogenesis of glycoproteins or other glyco-conjugates. To date, 
more than 150 different subtypes of CDG are known. Over 90 of them have deficient N-linked protein 
glycosylation. Carbohydrate Deficient Transferrin (CDT) assay, one of the common CDG clinical tests is 
an intact glycoprotein analysis which evaluates N-glycosylation on plasma transferrin (Tf). Our lab 
recently developed an advanced CDG diagnosis method, by which N-glycans of total plasma 
glycoproteins are analyzed for glycosylation intermediates using ESI-QToF Mass spectrometry, and 
therefore more CDG subtypes can be screened.  
Although plasma N-glycan analysis increased the clinical sensitivity and specificity of CDG diagnoses, 
changes of plasma glycoprotein concentration in patients can sometimes make the interpretation 
difficult.  In this study, we fractionated plasma proteins into three fractions: immunoglobulins, 
transferrin and other proteins and analyzed the N-glycan profiles from each fraction in 6 representative 
CDG subtypes including PMM2-, ALG3-, PGM1-, SLC35A2-, ATP6AP1-, and FUT8-CDG. We found that the 
reduction of the normal complex type glycans is shared among all three plasma fractions, however the 
changes of truncated glycans vary significantly between each fraction. The changes in N-linked 
polymannose species, including Man2 to Man9 GlcNAc2 (Man2-9) in ALG3-, PMM2-CDG are more 
prominent in the other protein fraction depleted of both transferrin and immunoglobulins than those in 
purified Tf or IgG fraction. Reduction in the abundance of fucosylated glycan is more readily detected in 
the IgG fraction than the other two fractions in FUT8-CDG plasma. On the other hand, diagnostic 
elevation of under-galactosylated glycans were detected in transferrin and other protein fractions but 
not in IgG fraction, in PGM1-, ATP6ap1-and SLC35A2-CDGs.  
We are currently using fractionated N-glycan analysis to validate plasma N-glycan biomarkers among 
patients who have undergone liver transplant or are receiving IVIG or monoclonal antibody treatments. 



We found that fractionated N-glycan profiling provides accurate measurement of less abundant but 
clinical important biomarkers, with hepatic or extra-hepatic origin, which may be potentially used to 
monitor disease progression among CDG patients.  
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Sialic acids are saccharides most commonly found on terminal positions of glycans attached to proteins 
and lipids. They are parts of the outermost component of the glycocalyx of all vertebrates and 
fundamental markers in physiological and pathological processes. Akin to previous approaches in NMR 
based enzymology, we have developed a methodology to monitor individual enzymatic steps of sialic 
acid biosynthesis with recombinant proteins and in cytosolic rat liver extract. For this, we followed the 
characteristic signal of the N-acetyl methyl group, which displayed different chemical shifts for the 
biosynthesis intermediates UDP-GlcNAc, ManNAc (6-phosphate) and N-acetylneuraminic acid (9-
phosphate). With help of pseudo 2- and 3-D NMR, we could characterize potential inhibitors for UDP-
GlcNAc 2-epimerase (GNE), ManNAc kinase (MNK), and sialic acid synthase. Furthermore, we could 
demonstrate that the phosphorylation reaction of MNK is exclusive for ManNAc generated by GNE. 
Thus, we speculate that phosphorylation of ManNAc from other, sources (e.g. externa application to 
cells), or ManNAc derivatives often applied in metabolic glycoengineering, is not conducted by MNK but 
by a yet unknown sugar kinase. 
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The crucial role of sialylation for kidney function is known for several decades. Loss of sialic acid (Sia) as 
outermost sugar due to enzymatic removal or genetic interference with Sia biosynthesis has been 
shown to cause proteinuria, glomerular injury and eventually kidney failure. However, the role of 
sialylation for podocyte homeostasis is poorly understood. Prior to the synthesis of sialoglycans Sia is 
activated to CMP-Sia, catalyzed by the nuclear enzyme CMP-Sia synthetase (CMAS) and an overall 
reduction of the CMAS expression level in Cmasnls mice results in kidney failure within three days after 
birth [1]. The lethality was attributed to pathological changes in podocytes forming the visceral layer of 
the glomerular filtration barrier, which is composed of the fenestrated endothelium, the glomerular 
basement membrane and the slit diaphragm (SD), a multi-protein complex between adjacent podocyte 
foot processes. To address the significance of Sia for podocyte function, we generated a podocyte-
specific sialylation-deficient mouse model (PCmas-/-) targeting CMAS [2]. Starting from postnatal day (P) 
28 a progressive loss of sialylation on glycolipids and glycoproteins in knockout mice was paralleled by 
the development of proteinuria and reduction of the glomerular filtration rate, finally leading to kidney 



failure and death of knockout mice around six to eight weeks after birth. At ultrastructural level PCmas-/- 
kidneys showed drastically disorganized podocyte morphology, effacement of foot processes as well as 
reduced numbers of slit diaphragms. Moreover, the systematic analysis of kidney sections revealed 
severe glomerular injury, mislocalization of SD components including the sialoglycoprotein nephrin and 
an irreversible loss of podocytes. Sialylation-deficient podocytes generated in vitro by CRISPR/Cas9 
technology were viable and able to differentiate, but showed impaired adhesion to collagen IV, a 
component of the glomerular basement membrane, suggesting a critical role of sialylation for podocyte 
interaction with the glomerular basement membrane in vivo. The histological features seen in PCmas-/- 
mice mimic the renal pathology of patients suffering from focal segmental glomerulosclerosis (FSGS), a 
progressive kidney disease, and highlight the essential role of cell surface sialylation for podocyte 
homeostasis. Since FSGS refers to a histologic pattern, which is a characteristic of several distinct and 
sometimes unknown underlying etiologies, we hypothesize that Sia is a factor involved in FSGS 
pathogenesis and might serve as new diagnostic marker or even therapeutic target. 
References 
[1] Weinhold et al. (2012) J Am Soc Nephrol 23(8):1319-28.  
[2] Niculovic et al. (2019) J Am Soc Nephrol 30 (6): 1021-1035, 2019 
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Saul-Wilson syndrome (SWS) is a rare, skeletal dysplasia with progeroid appearance and primordial 
dwarfism. It is caused by a heterozygous, dominant variant (p.G516R) in COG4, a subunit of the 
Conserved Oligomeric Golgi (COG) complex involved in intracellular vesicular transport. Our previous 
work has shown the intracellular disturbances caused by this mutation; however, the pathological 
mechanism of SWS needs further investigation. We sought to understand the molecular mechanism of 
specific aspects of the SWS phenotype by analyzing SWS-derived fibroblasts and zebrafish embryos 
expressing this dominant variant. SWS fibroblasts accumulate glypicans, a group of heparan sulfate 
proteoglycans (HSPGs) critical for growth and bone development through multiple signaling pathways. 
Consistently, we find that glypicans are increased in zebrafish embryos expressing the COG4p.G516R 

variant. These animals show phenotypes consistent with convergent extension (CE) defects during 
gastrulation, shortened body length, and malformed jaw cartilage chondrocyte intercalation at larval 
stages. Since non-canonical Wnt signaling was shown in zebrafish to be related to the regulation of 
these processes by Glypican 4, we assessed wnt levels and found a selective increase of wnt4 transcripts 
in the presence of COG4p.G516R. Moreover, overexpression of wnt4 mRNA phenocopies these 
developmental defects. LGK974, an inhibitor of Wnt signaling corrects the shortened body length at low 
concentrations but amplifies it at slightly higher concentrations. WNT4 and the non-canonical Wnt 
signaling component phospho-JNK are also elevated in cultured SWS-derived fibroblasts. Similar results 
from SWS cell lines and zebrafish point to altered non-canonical Wnt signaling as one possible 
mechanism underlying SWS pathology. 
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GM3 Synthase Deficiency (GM3SD) is a rare neurological disorder characterized by severe 
developmental delay, infantile onset epileptic encephalopathy, choreoathetosis, dysmorphic facial 
features, and altered skin pigmentation. GM3SD results from allele variants in the ST3GAL5 gene that 
encodes GM3 synthase, a glycosphingolipid (GSL)-specific sialyltransferase. In order to investigate the 
consequences of altered GSL biosynthesis on cellular processes, we generated induced pluripotent stem 
cells (iPSCs) from fibroblasts acquired from two different GM3SD variants. To assess neural-specific 
impact of altered GSL biosynthesis, the iPSCs were differentiated to neural crest cells (NCCs). GM3 and 
GM3-derived GSLs were not detected by mass spectrometry in the iPSCs and NCCs of GM3SD variants. 
Lactosylceramide (LacCer), the precursor for GM3 synthesis, and alternatively sialylated GSLs (GM1b, 
GD1c, and LacNAc-extended structures) were increased in GM3SD NCCs, while other more subtle 
differences were detected in the GSL profiles of the variants. Because GSLs are essential components of 
the signaling domains of the plasma membrane, we examined changes in cell surface receptor tyrosine 
kinase signaling pathways and protein O-GlcNAcylation. EGFR and ERBB3 expression were significantly 
different from wildtype cells across the time course of differentiation from iPSC to NCC. Both GM3SD 
variants displayed increased sensitivity to the EGFR antagonist, erlotinib, as evidenced by increased 
cleavage of caspase 3. We also analyzed global protein modification with O-GlcNAc as an indicator of 
signal integration and cellular response. We found that O-GlcNAcylation generally increased as wild type 
and GM3SD iPSCs differentiated to NCCs, but GM3SD cells exhibited a broader variation in O-GlcNAc 
abundance across biological replicates. To achieve a more uniform O-GlcNAc response in GM3SD cells, 
we administered thiamet-G to pharmacologically inhibit OGA, the enzyme that removes O-GlcNAc. 
When thiamet-G was administered in the presence of erlotinib, it significantly increased protein O-
GlcNAcylation and rescued baseline and erlotnib-induced caspase 3 cleavage in GM3SD variant cells. Our 
results suggest that altered GSL biosynthesis significantly impacts neural cell signaling and that 
enhanced protein O-GlcNAcylation can rescue the impact of altered signaling on basic cellular processes 
in GM3SD variants. 
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Glycosylation critical for development and tissue architecture is, unsurprisingly, very tightly regulated at 
multiple biological levels. A primary example is the remarkably complex pathway culminating in 
matriglycan (a repeating xylose-glucuronic acid polysaccharide) synthesis at only 2-3 sites (Thr-317, 319, 
and 379) of O-mannosylation on one protein: alpha-dystroglycan. Alpha-dystroglycan, through 
matriglycan, is crucial for cell-extracellular matrix protein binding (in addition to being a key virus 
binding target) and, consequently, defects in enzymes that synthesize “fully elaborated” matriglycan-



capped core M3 O-mannose glycans cause debilitating developmental pathologies: the congenital 
muscular dystrophies termed secondary or tertiary dystroglycanopathies. To characterize the 
exceptional specificity of this pathway, we expressed, purified, and characterized the substrate 
specificity of all O-mannose core M3 glycosylation enzymes. During the course of this characterization, 
we also enzymatically synthesized, entirely in vitro, fully elaborated and functional matriglycan-capped 
core M3 glycans on a synthetic O-mannosylated peptide based on the sequence of alpha-dystroglycan. 
Our results combined with prior findings demonstrate considerable specificity and regulation based on 
amino acid sequence and protein structure (POMGNT2 and LARGE1), stringent underlying glycan 
structure requirements (POMK, FKTN, FKRP, RXYLT1, B4GAT1, and LARGE1), uncommon sugar 
nucleotide synthesis and use (CRPPA, FKTN, and FKRP), and subcellular compartment trafficking order 
(POMGNT2, B3GALNT2, POMK). This multistage specificity thus ensures that the crucial functional glycan 
serving as the receptor for LG domain-containing extracellular matrix proteins is synthesized on just 2 or 
3 of the O-mannose sites on alpha-dystroglycan in unperturbed mammalian cells. 
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The GARP complex is a multi-subunit vesicle tethering complex localized in the trans-Golgi Network 
(TGN). It consists of four distinct subunits (VPS51, VPS52, VPS53, and VPS54) and is known to function by 
tethering the retrograde vesicles arriving from the endosomes to the TGN. However, the role of the 
GARP complex in Golgi glycosylation and sorting of ER and Golgi proteins has not been investigated. Our 
findings surprisingly demonstrated severe defects in Golgi modification and secretion of N- and O- 
glycosylated proteins in GARP deficient cells. We hypothesized that the GARP complex is involved in 
maintaining Golgi glycosylation machinery. This study employed CRISPR/Cas9 strategy to knock out (KO) 
GARP complex subunits in three human cell lines (RPE1, HEK293T, and HeLa). We observed a decrease in 
the stability of Golgi enzymes and resident glycoproteins in GARP-KO cells. We also observed reduced 
retention of several key glycosylation enzymes (MGAT1, GALNT2, B4GALT1, and ST6GAL1) in the Golgi of 
GARP-KO cells. A RUSH (Retention Using Selective Hooks) assay showed that, in GARP-KO cells, B4GALT1 
is not retained at the Golgi complex but instead is missorted to the endolysosomal system indicating 
that the GARP complex is a critical regulator of Golgi glycosylation machinery. Moreover, analysis of 
isolated Golgi fraction and total secretome from GARP-KOs by quantitative mass spectrometry showed a 
defect in the sorting of ER and Golgi luminal proteins. GARP-KOs show significantly increased secretion 
of ER luminal proteins HSPA13, Calumenin/CALU, and PLOD2. Also, Ca2+ binding protein Cab45/SDF4, a 
soluble TGN resident protein necessary for the sorting of secretory cargoes, was depleted in GARP-KOs, 
suggesting that GARP contributes to the proper sorting of Golgi resident proteins. Significantly, 
expression of the missing GARP subunit in the GARP-KO cell corrected all observed defects. These 
findings reveal that the GARP complex is essential for the maintenance of the Golgi glycosylation 
machinery and proper sorting of ER and Golgi luminal proteins. This work was supported by the National 
Institute of Health grant R01GM083144. 
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Unlike typical protein glycosylation, the O-linked β-N-acetylglucosamine (O-GlcNAc) modification is 
localized within the nuclear, cytoplasmic and mitochondrial compartments of the cell, and its cycling 
dynamically responds to various stimuli, such as nutrients and stress. O-GlcNAcylation (OGN) is involved 
in various processes including metabolism, signal transduction, transcription, and translation. Recent 
data suggest that at least 34 of the 80 core ribosome proteins are O-GlcNAcylated, and OGN is elevated 
on ribosome proteins in response to proteasome inhibition-induced translation stress. Concurrently, 
OGN of nascent chains acts as protection and prevents aggregation during translation. The 
understanding of the communication between the proteasome and the ribosomal machinery, however, 
is still lacking. The goal of the project is to determine which ribosomal proteins and nascent chains are 
O-GlcNAcylated upon proteasome inhibition. We initially measured protein synthesis rates and 
ribosomal OGN levels of cells treated with MG132, a proteasome inhibitor, or mock. Protein synthesis 
rates were indicated by the levels of nascent peptides labeled by biotin-puromycin, which is a 
biotinylated derivative incorporated at the C-terminus of elongating nascent chains following ribosome 
isolation. Ribosomal protein extracts were subjected to SDS-PAGE and WB analysis with an O-GlcNAc 
antibody. Then we used streptavidin-agarose to distinguish biotinylated nascent peptides from mature 
ribosome proteins.  Both nascent peptides and ribosome proteins were digested by trypsin for further 
O-GlcNAc labeling, peptides purification, and ETD MS/MS analysis. Our results show that protein 
synthesis rates decreased while OGN of nascent chains and ribosome proteins surged when cells were 
treated with MG132. The ongoing MS analysis is an essential step, which allows us to select and focus on 
the proteins with the most significant OGN changes in response to proteasomal inhibition.  
This project supported by NIH R01DK61671. Dr. Hart receives a share of royalty received on sales of the 
CTD 110.6 antibody, managed by JHU. 
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As glycan-isomers often have different biological functions or indicate certain diseases [1], there is a 
need for methods capable of assigning the isomeric structures of N-glycans. MS/MS is commonly used 
to discriminate between glycan isomers, but the high complexity of the spectra, the occurrence of 
linkage-isomers and the tendency of certain sugar residues to migrate during fragmentation [2] call for 
an alternative technique for isomer specific N-glycan analysisCoupled with MS, the high shape selectivity 
of porous graphitic carbon (PGC) makes it a promising stationary phase for the analysis of isomeric N-
glycans. Yet, PGC-ESI-MS is marked with a serious blemish: The poor reproducibility of retention times 
with fluctuations often in the minute-range, while retention time differences of isomers often are in the 
sub-minute range. To overcome this problem, isotope labelled N-glycans spanning the whole retention 
time window were used as reference points to normalize the retention times and to project a given run 
onto a reference chromatogram. This strategy allowed to use chromatographic retention on PGC as the 



primary criterion for structural assignment and to create a normalized retention time-library. To set up 
this library, different isomers of a given mass level were biosynthesized with the help of recombinantly 
expressed glycosyltransferases and glycosidases.Because of the biological relevance [3], we focused 
primarily on the biosynthesis of glycans with the widespread composition of five hexoses, four N-
acetylhexosamines and one fucose residue (H5N4F1), which may adopt to over forty different structures 
in the mammalian N-glycome. This approach is of course not limited to this mass level and the library 
will be augmented with glycans of other compositions. Almost all of the 40 isomers occupied unique 
positions on the retention map, which narrowed the assignment space to only very few, often just one 
possible isomer. This method makes the differentiation of isomers, including-linkage isomers, which is 
hard to achieve by MS/MS only, an easy task. Application of this approach to human brain N-glycans 
revealed hybrid-type glycans with galactosylated and even Lewis X containing bisected N-
acetylglucosamine, which have not yet been discovered in a natural source. 
1.Chung, C. H. et al. Cetuximab-Induced Anaphylaxis and IgE Specific for Galactose-α-1,3-Galactose. N. 
Engl. J. Med. 358, 1109–1117 (2008)2.Harvey, D. J. et al. ‘Internal residue loss’: Rearrangements 
occurring during the fragmentation of carbohydrates derivatized at the reducing terminus. Anal. Chem. 
74, 734–740 (2002)3.Murrey, H. E. et al. Protein fucosylation regulates synapsin Ia/Ib expression and 
neuronal morphology in primary hippocampal neurons. Proc. Natl. Acad. Sci. U. S. A. 103, 21–26 (2006). 
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Post-translational modifications (PTMs) are ubiquitous and essential for protein function and signaling, 
motivating the need for sustainable benefit and open models of web databases. Highly conserved O-
GlcNAcylation is a case example of one of the most recently discovered PTMs, investigated by a growing 
community. Historically, details about O-GlcNAcylated proteins and sites were dispersed across 
literature and in non-O-GlcNAc-focused, rapidly outdated or now defunct web databases. In a first effort 
to fill the gap, we recently published a human O-GlcNAcome catalog with a basic web interface. Based 
on the enthusiasm generated by this first resource, we extended our O-GlcNAcome catalog to include 
data from 42 distinct organisms and released the O-GlcNAc Database v1.2. In this version, more than 14 
500 O-GlcNAcylated proteins and 11 000 O-GlcNAcylation sites are referenced from the curation of 2200 
publications. Here, we  present the extensive features of the O-GlcNAc Database, including the user-
friendly interface, back-end and client–server interactions. Finally, this database system can be 
administrated with little to no programming skills and is meant to be an example of a useful, sustainable 
and cost-efficient resource, which exclusively relies on free open-source software elements 
(www.oglcnac.mcw.edu). 
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Unicellular photosynthetic algae are some of the oldest organisms on the planet. Some species have 
been staples in human nutrition for centuries, some are important primary producers of the ecosystem 
while some are trapped in the icecaps waiting to be discovered. A few members of this diverse group 
has been a target of N-glycome research in recent years, and have revealed many surprising and novel 
structures, different to those found in higher plants. This work presents the results of multidisciplinary 



efforts towards exploring the surprisingly diverse world of microalgal N-glycosylation. An initial sample 
of Chlorella vulgaris exhibited an unprecedented N-glycosylation pattern in plants: O-methylated 
terminal mannoses on oligomannosidic glycans. Using a method blend including mass spectrometry (ESI-
LC-MS) and nuclear magnetic resonance (NMR), a number of new structural features were established in 
related species such as bisecting arabinose, galactofuranose linked to the core chitobiose or methylated 
N-acetylglucosamine. The exact structures of the major N-glycan from four different strains were 
determined. Furthermore, commercially marketed microalgae (Chlorella) have been classified into 10 
groups based on their N-glycan patterns measured with MALDI-TOF-MS. The grouping indicated by N-
glycan patterns matched those from molecular biological methods with, however, often no connection 
to the vendors' species designation. These discoveries have two relevant repercussions. The first is the 
more practical aspect, that N-glycan patterns proved to be useful tools for taxonomical classification and 
– in the commercial world – product identification. The other is the immediately arising question as to 
the biological function of this extremely elaborate distinction of components of the cell wall glycocalyx. 
Conscious of the uniform N-glycosylation of vascular plants, the genesis of so many different structures 
and glyco-enzymes in the Chlorella clade alone must be considered as driven by strong evolutionary 
forces – friendly or hostile ones, that is the question to be answered by future research. Utilizing these 
N-glycans and their biosynthesis for human benefit might be a long way away, but it can potentially peak 
interest. Could microalgae be a novel, green expression host of therapeutic glycoproteins, or are we 
farther from this goal? Harboring all these novel structures, a question of microalgae immunogenicity 
also arises. Chlorella food supplements are on the market worldwide, including both the US and Europe, 
and our research points out possible risk factors of contamination and incorrect labeling. Would these 
N-glycan structures have a selective effect on human gut microbiome? Our fundamental research in 
microalgae N-glycosylation showcases an unsuspected structural diversity and hints at the existence of 
several novel glycosyltransferases. 
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In the animal kingdom, a stunning variety of N-glycan structures has emerged with phylogenetic 
specialities of various kinds. In the plant kingdom, however, N-glycosylation appears as strictly 
conservative and uniform.  From archaic land plants to all kinds of gymno- and angiosperms, land plants 
mainly express structures with the common pentasaccharide core substituted with xylose, core α1,3-
fucose, maybe terminal GlcNAc residues and Lewis A determinants. In contrast, green algae – though 
being “lower” plants - biosynthesize unique and unusual N-glycan structures with uncommon 
monosaccharides, a plethora of different structures and various kinds of O-methylation [1]. Mosses, a 
group of phylogenetically ancient land plants, were hitherto seen as harbouring a N-glycosylation 
machinery identical to that of higher land plants [2]. We have, however, analyzed the N-glycomes of 
several moss species using MALDI-TOF/TOF, PGC-MS/MS and GC-MS. While all species contained the 
plant-typical heptasaccharide with no, one or two terminal GlcNAc residues (MMXF, MGnXF and 
GnGnXF, respectively), many species exhibited MS signals with 14.02 Da increments as characteristic for 
O-methylation. Throughout all analyzed moss N-glycans the level of methylation differed strongly even 
in the same family. In some species, methylated glycans dominated, while others had no methylation at 
all. GC-MS revealed the main glycan from Funaria hygrometrica to contain 2,4 or 2,6-O-methylated 
terminal mannose. This first finding of methylation of N-glycans in land plants reminds of the 
presumable phylogenetic relation of mosses to green algae, where O-methylation of mannose and many 



other monosaccharides is a common trait [1]. Finally, it raises the question as to the significance of 
glycan methylation in recombinant glycoproteins. 
1.  Mócsai R, Figl R, Sützl L, Fluch S, Altmann F. A first view on the unsuspected intragenus diversity of N-
glycans in Chlorella microalgae. Plant J. 2020 Jul;103(1):184-196.  
2. Koprivova A, Stemmer C, Altmann F, Hoffmann A, Kopriva S, Gorr G, Reski R, Decker EL. Targeted 
knockouts of Physcomitrella lacking plant-specific immunogenic N-glycans. Plant Biotechnol J. 2004 
Nov;2(6):517-23. 
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Marfan syndrome (MFS) is a heritable autosomal dominant genetic disorder that affects ~1 in 7500 
people. Individuals affected by MFS have a range of complications, including aortic aneurysm, bone 
growth defects, and ectopia lentis. The underlying cause behind this disorder is variant forms of the 
protein fibrillin-1 (FBN1), a major component of the extracellular matrix (ECM). FBN1 forms microfibrils 
within the ECM; elastin is deposited on these microfibrils, forming the elastic tissue found in the heart 
and lungs. Recently, it was shown that FBN1 is a major target of the novel Protein O-
GLUcosyltransferases, POGLUT2 and POGLUT3. These enzymes mediate the addition of an O-glucose 
modification to Epidermal Growth Factor-like repeats (EGFs), small cysteine-rich protein modules that 
constitute the majority of FBN1. Within these EGFs is a putative consensus sequence, C3-X-N-T-X-G-S-
F/Y-X-C4, where C3 and C4 are the third and fourth conserved cysteines of the EGF, ‘X’ denotes any amino 
acid, and the bolded ‘S’ indicates the serine that is specifically modified by these enzymes. FBN1 consists 
of 47 EGF repeats, with 60% of them modified at high stoichiometry by POGLUT2/3. Currently, the effect 
of this post-translational modification on FBN1 function is unknown. CRISPR-Cas9 double knockout of 
POGLUT2 and 3 in HEK293T cells reduces secretion of FBN1, similar to the effects of many MFS 
mutations. Of the >1800 recorded MFS missense mutations in the FBN1 gene, over 50 correspond to 
highly conserved amino acids within the putative consensus sequence for O-glucosylation. We have 
prioritized 20 of these mutants that we hypothesize will disrupt the O-glucose modification, resulting in 
MFS related defects. Based on these findings, we aim to ascertain the function of the O-glucose 
modification through rigorous cell biological, biochemical, structural, and functional experimentation. 
We have expressed FBN1 constructs (bearing MFS mutations) in WT HEK293T cells, which endogenously 
express POGLUT2/3 and thus O-glycosylate FBN1. Utilizing our semi-quantitative mass spectral 
approach, we have identified MFS mutations that result in a reduction of O-glycosylation on FBN1 EGF 
repeats when compared to WT FBN1. This work was supported by NIH GM061126 and the Georgia 
Research Alliance. 
 
 
(P159) Hydrophobic core variations distinguishing mechanistic divergence of fold A 
glycosyltransferases 
Aarya Venkat 1, Rahil Taujale1, Wayland Yeung1, Nathan Gravel1; Kelley Moremen1; Natarajan Kannan1, 
Daniel Tehrani1 
1University of  Georgia 
 
Aberrant glycosylation is implicated in a number of diseases. The associated enzymes, 
Glycosyltransferases (GTs), are a large and diverse superfamily which catalyze glycosidic linkages 



between sugars and other macromolecules. All GTs can be categorized by catalytic mechanism: whether 
they “invert” or “retain” the stereochemistry of the glycosidic bond. GTs can also be categorized into 
three distinct folds (A, B, or C), distinguished by their structure and subcellular location. We recently 
proposed a phylogeny of GT-A fold enzymes across the tree of life and uncovered a common 
hydrophobic core conserved amongst all GT-As. Little is known about the relationships between GT-A 
hydrophobic core structure and catalytic function. Here, structural analyses reveal a major variation in 
the GT-A core corresponding to the inverting and retaining mechanisms that may be a key feature in the 
evolution of the GT-A mechanism. Further computational studies suggest an unexpectedly flexible 
nature of the GT-A hydrophobic core. Hydrophobic core plasticity is known to regulate catalytic activity 
in other enzyme superfamilies, through experimental studies, we examine the effects of core plasticity 
on enzyme kinetics. Finally, we propose a modular evolution of the GT-A fold enzymes, indicating how 
divergence events from an ancestral phosphate module, built upon an ancient hydrophobic core, led to 
the remarkably diverse number of GT-As today. 
 

 
(P160) Modulation of the NOTCH1 pathway by LUNATIC FRINGE is dominant over that of MANIC or 
RADICAL FRINGE 
Florian Pennarubia 1, Megumi Takeuchi1, Robert S Haltiwanger1 
1Complex Carbohydrate Research Center, Department of Biochemistry and Molecular Biology, University 
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Fringes are glycosyltransferases that transfer a GlcNAc to O-fucose residues on Epidermal Growth 
Factor-like (EGF) repeats. Three Fringes exist in mammals: LUNATIC FRINGE (LFNG), MANIC FRINGE 
(MFNG) and RADICAL FRINGE (RFNG). Fringe modification of O-fucose on EGF repeats in the NOTCH1 
(N1) extracellular domain modulates the activation of N1 signaling. Not all O-fucose residues of N1 are 
modified by all Fringes; some are modified by one or two Fringes and others not modified at all. The 
distinct effects on N1 activity depend on which Fringe is expressed in a cell. However, little data is 
available on the effect that more than one Fringe has on the modification of O-fucose residues and the 
resulting downstream consequence on Notch activation. Using mass spectral glycoproteomic site 
mapping and cell-based N1 signaling assays, we compared the effect of co-expression of N1 with one or 
more Fringes on modification of O-fucose and activation of N1. Individual expression of each Fringe with 
N1 in the revealed differences in modulation of the Notch pathway.  Co-expression of several Fringes 
with N1 demonstrated a dominant effect of LFNG over MFNG or RFNG whereas MFNG and RFNG 
appeared to be co-dominant. These results show a hierarchy of Fringe activity and indicate that the 
effect of MFNG and/or RFNG could be small in the presence of LFNG. This work was supported by NIH 
grant GM061126. 
 
 
(P161) Glycans that regulate Notch Signaling in Small Intestine 
Mohd Nauman 1, Pamela Stanley1 
1Albert Einstein College of Medicine 
 
Notch signaling is well known to regulate embryonic development and maintain tissue homeostasis. 
Impaired Notch signaling leads to developmental defects, and cancer in humans. Canonical Notch 
signaling is controlled by the interactions of Notch receptors with Notch ligands (DLL1, DLL3, DLL4, JAG1 
and JAG2). Notch-ligand binding is regulated by a variety of O-glycans which are added by respective 
glycosyltransferases to consensus sequences in the EGF repeats of Notch extracellular domain (NECD). 



The different human syndromes caused by reduced O-fucose glycans (Dowling Degos Disease 2, DDD2), 
versus the loss of O-GlcNAc glycans (Adams-Oliver Syndrome, AOS), suggest that O-fucose and O-GlcNAc 
glycans are not functionally interchangeable. Previously, we showed that Villin1-Cre-mediated, 
conditional deletion of protein O-fucosyltransferase (Pofut1) in intestinal epithelium, leads to markedly 
reduced Notch signaling and an increased formation of cells of the secretory lineage [1]. Global deletion 
of Lfng or Rfng was shown to decrease Notch signaling and increase secretory lineage cells in Lfng null 
mice, and to deplete the number of intestinal stem cells in Rfng null mice [2].  We are now investigating 
the importance of O-fucose extension by GlcNAc in mice lacking Lunatic (LFNG), Manic (MFNG) and 
Radical fringe (RFNG) in the small intestine. First, we generated a conditional Lfng mutant mouse using 
Villin1-Cre which caused Notch signaling defects similar to those in global Lfng KO mice. We 
subsequently examined the effects of combined deletion of the three Fringe genes (Fng tKO) in the 
small intestine. This led to an accelerated production of goblet cells along with a marked increase in 
crypt width. Gene expression analysis exhibited increased transcript levels of Chromogranin-A. Taking 
together results showed an increased production of secretory cells signifying and chromagranin A 
transcripts signifying reduced Notch signaling. Unexpectedly, however, expression of the Notch target 
gene Hes7 was significantly increased in Fng tKO mice. Moreover, when we deleted the Eogt O-GlcNAc-
transferase in Fng tKO mice, the  paradoxical effect was to largely rescue Notch signaling defects 
observed in Fng tKO small intestine. Currently, we are investigating which Notch ligand(s) are 
responsible for these changes in Notch signaling, and which Notch target genes are affected in small 
intestine. The combined results should shed light on pathophysiologies to expect in diseases such as 
DDD2 and AOS.         
References: 
1. Guilmeau, et al. (2008) Intestinal deletion of Pofut1 in the mouse inactivates Notch signaling and 
causes enterocolitis. Gastroenterology 135: 849-860. 
2. Murthy PK, et al. (2018) Radical and Lunatic fringes modulate Notch ligands to support mammalian 
intestinal homeostasis. Elife 7:e35710. 
Supported by NIGMS grant RO1 GM-106417 to PS. 
 
 
(P162) Quantitative Analysis of Highly Sulfated, Lipid-Conjugated Mimetics of Glycosaminoglycans in 
Human Plasma 
Rawan Fayyad 1, Daniel K. Afosah1, 2, Umesh R. Desaai1, 2 
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Glycosaminoglycans are natural polysaccharides that are challenging to transform into therapeutics 
because of their polydispersity and very high levels of sulfation. To counter the limitations, fully 
synthetic non-saccharide glycosaminoglycan mimetics (NSGMs), consisting of an aromatic backbone 
with key sulfate groups have been developed. One promising NSGM designed and synthesized recently 
in our lab is G2.2, a potent and selective inhibitor of colorectal cancer stem cells (CSCs). However, its 
poor oral bioavailability prompted the design of several lipid-modified analogs to improve 
pharmacokinetics. Of the more promising lipid analogs evaluated, NSGM G8C contains the G2.2 
backbone attached to a cholesterol moiety via an octyl linker. To evaluate its drug-like properties, a 
robust and sensitive method for quantification of G8C from human plasma was needed. First, a method 
for G8C analysis using Waters’ AQUITY H-Class PLUS UPLC-MS instrument was developed. The analysis 
was carried out using reversed-phase ion-pairing liquid chromatography (RP-IP LC) with several LC 
conditions evaluated. Calibration curve was generated with standards of pre-defined concentrations of 
G8C. RP-IP UPLC-MS analysis using a flow rate of 0.3 and 0.5 mL/min were found to provide good 



separation of G8C with retention times at 21 and 13 minutes, respectively. The method was linear over 
the range of 2.00-0.016 mg/mL with regression coefficient of 0.99. The limit of detectability (LOD) was 
0.0078 mg/mL, whereas the limit of quantitation (LOQ) was nearly 3-fold higher. Next, analysis of G8C in 
plasma relied on the development of an extraction and isolation protocol by precipitation of plasma 
proteins with various organic solvents (ethanol, methanol, acetone, acetonitrile) and the use of 
proteolytic enzymes (actinase E). Of the solvents evaluated, acetone yielded the highest recovery of G8C 
(43%) from human plasma. The recovery of G8C increased as the proportion of acetone increased with 
the optimal noted at 1:2 (plasma: acetone (v/v)). Enzymatic digestion in addition to organic solvent 
precipitation did not significantly improve the recovery. Overall, RPIP-LC/MS was shown to be an 
effective method for quantification of G8C, although the recoveries were not quantitative (>90%). 
Overall, this work has led to a method for human plasma sample preparation and analysis for 
quantifying G8C, which should not only help with assessing pharmacokinetic and other drug properties 
but also serve as the basis for developing method for structurally similar sulfated and lipidic NSGMs. 
 
 
(P163) Hyaluronan synthesis and protein O-GlcNAcylation—two potential therapeutic targets for 
treating dysregulated fibrosis in Scleroderma 
Yan Wang 1,2, Edward V. Maytin1, Vincent C. Hascall1 

1Department of Biomedical Engineering, Lerner Research Institute Cleveland Clinic, 
Cleveland, Ohio 44195; 2Corresponding email: wangy5@ccf.org 
 

Scleroderma, also known as systemic sclerosis (SS), is an autoimmune-mediated chronic connective 
tissue disorder characterized by hyper-activation of fibroblasts and multi-organ fibrosis. SS has the 
highest morbidity and mortality incidence among all rheumatic diseases, yet its pathogenesis is poorly 
understood and the efficacy of current therapeutic regimens is unsatisfactory. Dysregulated glucose 
metabolism is a metabolic feature for SS. 2-5% of intracellular glucose is utilized by the hexosamine 
biosynthetic pathway that produces UDP-GlcNAc, the essential substrate for both Hyaluronan (HA) 
synthesis and O-linked β-N-acetylglucosamine (O-GlcNAc) modifications of proteins. Previous work from 
our lab showed that HA and its synthesizing enzyme, Hyaluronan Synthase 2 (HAS2), renders fibroblasts 
more resistant to apoptosis. Abnormally high levels of HA have been detected not only in the skin but 
also in serum of patients with SS. However, whether there is a causative relationship between 
hyaluronan levels and the onset of SS remains unknown. Protein O-GlcNAcylation is catalyzed by O-
GlcNAc transferase (OGT) and removed by O-GlcNAcase (OGA). Dysregulated levels of O-GlcNAc have 
crucial roles in various chronic diseases including diabetes, cancer, cardiovascular diseases and 
Alzheimer’s disease. So far there are no studies published investigating the association of O-GlcNAc with 
SS, and whether dysregulated O-GlcNAc is involved in the hyperactivity of fibroblasts and gives rise to 
the onset of scleroderma remains unknown. Preliminary study from our group showed that the levels of 
protein O-GlcNAcylation are abnormally high in skin specimen from patients with SS as compared with 
normal controls. However, whether manipulation of O-GlcNAc cycling may affect tissue fibrosis has not 
been tested.In this study, using a well-accepted mouse model of skin fibrosis induced by bleomycin, we 
investigated the effect of either removal of dermal HA or manipulation of protein O-GlcNAcylation on 
the outcome of skin fibrosis. Firstly, we observed that the levels of both HA and protein O-GlcNAcylation 
are elevated in mouse skin treated with bleomycin. We further demonstrated that removal of dermal 
HA by hyaluronidase treatment significantly reduced the number of α-Smooth Muscle Actin (+) 
myofibroblasts in bleomycin-treated skin.  In addition, treatment with chemical inhibitor to OGT, OSMI-
1, once daily for 21 days right after bleomycin injection significantly alleviated the murine skin fibrosis. 
In contrast, OGA inhibition by Thiamet-G treatment significantly exacerbated the skin fibrosis induced by 
bleomycin. These findings provided evidence that dysregulated levels of HA and/or protein O-



GlcNAcylation may promote fibroblast function and give rise to the development of skin fibrosis in SS. 
Furthermore, removal of HA or inhibition of HA synthesis and inhibition of protein O-GlcNAcylation may 
work as novel therapeutic strategies to treat dysregulated fibrosis in SS. 
 
 
(P164) Deficiency of oligosaccharides released from corn starch on gelatinization results in masa 
unsuitable for tamales 
Allen Murray 1 
1Glycan Technologies, Inc. 
 
During the Christmas holidays in 2016, tamales made from masa prepared by a well known market in 
Southern California did not hold together and fell apart. This situation received wide publicity since 
tamales are a major holiday food in the Hispanic community. Investigation revealed that the starchy 
endosperm of the corn used to make the masa was defective since compared to the starchy endosperm 
of good corn on cooking it was  deficient in a fraction of oligosaccharides released on gelatinization with 
the degree of polymerization range of 7 to about 26. A search of the starch literature indicated that very 
little is published about the polysaccharides released from starch on gelatinization. Published accounts 
on gelatinization stated: 1.) The granules are observed to swell, absorb water, lose crystallinity, and to 
leach amylose or 2). With all starches, leaching of polysaccharide (amylose and/or amylopectin, 
correlated with swelling of the starch)  For this reason corn starch was investigated. The glucans 
released by cooking ranged from DP7 up to about DP26. Kingsford's cornstarch was boiled for 30 
minutes then centrifuged at 16,000 x g for 5 minutes and the separated gel on the top of the starch was 
removed with a spatula. The gel was centrifuged again and the liquid above the gel was removed. The 
gel was then extracted with water by stirring and centrifugation. The extract was passed over a Dowex 
50W X8 column. After the water wash the column was eluted first with 0.5 N NH4OH and then with 2 N 
NH4OH. The first fraction, the water wash, was the only fraction that contained the unique population 
of oligosaccharides from DP7 to DP26 on HPAEC-PAD. Nine following fractions (2.9 ml each) were 
collected and hydrolyzed with 4N TFA for three hours at 120°. Every fraction eluted after the water wash 
was found to contain protein and significant amounts of glucose. They all contained myo-inositol, iditol 
and sorbitol. One fraction had a small amount of sorbitol but a large amount of iditol and two fractions 
contained small amounts of both iditol and sorbitol. In other work in this laboratory a fraction with 
similar composition containing protein, myo-inositol, iditol, sorbitol and hexoses has been identified in 
hydrolyzates of corn starch and glycogen. This is believed to be the first report of protein involvement in 
starch gelatinization. 
 
 
(P165) Targeting the O-GlcNAc Transferase to Specific Proteins Using RNA Aptamers 
Yi Zhu 1, Gerald W. Hart2 
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O-linked β-D-N-acetylglucosamine (O-GlcNAc) is an abundant post-translational modification (PTM) on 
nucleocytoplasmic proteins. This fast-cycling PTM has been found to regulate a range of functions of 
proteins including transcriptional activity, protein-protein interaction, subcellular localization and 
proteasomal degradation. Abnormal O-GlcNAcylation is involved in many human diseases. In the 
research of O-GlcNAc, a major difficulty is our inability to specifically change this PTM on a single 
protein. Here, we report a method that utilizes modular-designed RNA aptamers to regulate O-
GlcNAcylation on specific proteins. From in vitro selection, we generated RNA aptamers that binds O-



GlcNAc transferase (OGT) and recombined it with other RNA aptamers. In cultured cells, these 
recombined aptamers increased O-GlcNAcylation on individual proteins of interest, including β-catenin 
and a series of GFP-tagged proteins. Using this method, we found that O-GlcNAcylation interplays with 
phosphorylation on β-catenin. In addition, hyper-O-GlcNAcylation promoted the interaction between β-
catenin and Ezh2, the catalytic subunit of the Polycomb Repressive Complex 2 (PRC2) and altered the 
expression of about 100 genes. Further, by incorporating riboswitch elements into this modular design, 
we made this regulation mechanism inducible. In conclusion, our research suggests an inducible tool for 
regulating O-GlcNAcylation on intracellular proteins, provides a specific method for dissecting the 
biological roles of this PTM, and also illustrates the regulatory functions of O-GlcNAc on β-catenin. 
Supported by NIH P01HL107153, R01GM116891, R01DK61671. Dr. Hart receives a share of royalty 
received on sales of the CTD 110.6 antibody, managed by JHU. 
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Down syndrome (DS) is a condition caused by full or partial trisomy of chromosome 21. One of the 
characteristics of DS are premature signs of aging. Premature aging has many notable consequences for 
the entire organism, especially for the central nervous system and for the immune system. Its signs are 
also visible on the cellular level, as cells of people with DS show signs of DNA damage accumulation and 
increased levels of aging markers on an epigenetic level. However, the mechanisms causing premature 
aging in DS are still unknown, but some possible explanations range from amplified chromosomal 
instability, to increased actions of specific genes from chromosome 21. Immunoglobulin G (IgG) is an 
important effector molecule of the immune system that contains a highly conserved N-glycosylation 
site. The composition of glycans bound to IgG is crucial for its structure and function. Changes in IgG 
glycosylation are an accurate predictor of chronological and biological age and have also been 
correlated to various diseases. Comparison of IgG glycosylation of n=208 adults with DS from three 
different European populations (n=98 from France, n=57 from Italy, n=53 from the UK) to age-, sex-, and 
demography-matched healthy populations showed results consistent with the presence of premature 
aging in DS. More specifically, glycan traits known to change with age (glycans without galactose, G0; 
and glycans with two galactoses, G2) were observed to be significantly shifted in persons with DS in the 
direction typically associated with aging, namely the levels of G0 increased and G2 decreased. G0 and 
G2 values of DS individuals were characteristic for on average 19 years older heathy individuals. In 
addition, glycans with core fucose (F) were increased whereas glycans with sialic acid (S) were decreased 
in persons with DS compared to healthy individuals. Comparison of IgG glycosylation was also done 
between sub-groups of people with DS with and without certain comorbidities (namely dementia, 
autoimmune disease, thyroid disease, and frequent respiratory infections) and healthy populations to 
correct for the effect of DS-related comorbidities on IgG glycosylation. The results of this comparison 



were consistent with the previous comparison of DS as a whole group undivided by comorbidities, 
suggesting these changes are truly the effect of DS and not of the comorbidities. The same changes 
(increased G0 and nominally decreased G2) were also observed in children with DS when compared to 
healthy children, suggesting that these changes start very early in life. This is the first research to analyse 
IgG glycosylation in DS and show non-epigenetic evidence of systematic premature aging in DS. 
 
 
(P167) High-resolution analysis of heparan sulfate isomeric mixtures using liquid chromatography – 
ion suppression -cyclic ion mobility mass spectrometry 
Gustavo Cavallero 1, Joseph Zaia1 
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Heparan sulfate (HS) is a highly acidic polysaccharide covalently attached to proteoglycans expressed on 
cell surfaces and within the extracellular matrices in all animal tissue.  The fine-tuned activity of 
glycosyltransferases, deacetylases, epimerases and sulfotransferases regulates HS biosynthesis in a 
spatially and temporally regulated manner, leading to a complex structural diversity of HS chains. 
Overall, distinct HS motifs differing in the degree and sulfation patterns have been described to mediate 
specific binding with proteins, triggering essential functions in development and homeostasis, as well as 
playing various roles in disease processes. In this context, significant effort has been made in the 
glycoscience field to resolve and elucidate HS oligosaccharides structures using LC-MS/MS 
configurations. However, the complete sequences and modification assignments for HS oligosaccharides 
remains an analytical challenge for tandem MS because of the presence of isomerism in protein 
interacting biological saccharides. In this work, we evaluated the effectiveness of hydrophilic interaction 
chromatography (HILIC) coupled to cyclic ion mobility mass spectrometry (cIM-MS) interfaced with an 
ion suppressor to resolve mixtures of isomeric HS saccharides. We first showed that HILIC achieves 
complete resolution of oligosaccharides differing by number of sulfate groups. We next demonstrated 
that a combination of HILIC and gas phase ion mobility resolves positional sulfation isomeric saccharide 
mixtures as visualized using 2-D plots of retention time vs. drift time. Finally, we demonstrated the 
resolution of HS isomers differing in hexuronic acid stereochemistry in a complex mixture of 2,3-O-
sulfated HS hexasaccharides. In summary, we demonstrated that HILIC-IS-cIM-MS provides resolve 
isomeric mixtures in a manner that will be useful for high-throughput analysis of biologically and/or 
industrially derived HS oligosaccharides. 
 
 
(P168) Engineering High-Specificity Affinity Reagents for the Detection of All N-glycans 
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Despite the significance of glycans in biology and biologics, the isolation, enrichment, and routine 
laboratory analysis of glycans and glycoconjugates is limited by available techniques. Thus, there is an 
urgent need for reagents with well-defined carbohydrate specificity and high affinity that can be used to 
interrogate biological samples to identify disease biomarkers, as well as to aid in the development and 
production of glycosylated therapeutic biologics. Lectenz Bio is engineering glycan-processing enzymes 
into catalytically inactive, high-affinity glycan-binding reagents with tunable specificities. Here, we 
report the development of an asparagine-linked glycan (N-glycan) detection reagent engineered from 
the PNGase F-II from Elizabethkingia meningoseptica, an enzyme that recognizes and cleaves N-glycans, 



including core fucosylated (α1,3 or α 1,6) structures. MD simulations were first performed to identify 
residues that interact with the N- glycan ligand and targeted these residues for site-directed 
mutagenesis. Next, a combinatorial library was constructed then transformed into S. cerevisiae for yeast 
surface display. After multiple rounds of bead-based selection and FACS screening, candidates with 
preferential binding toward the N-glycan ligand have been isolated. Validation and characterization of 
the N-glycan Lectenz® candidates will be reported.  
Supported by NIH grant R41GM123856. 
 
 
(P169) Females are sweeter: O-GlcNAc, the heart, and cardioprotection 
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The post-translational modification of intracellular proteins by monosaccharides of O-linked beta-N-
acetylglucosamine (O-GlcNAc) has emerged as a critical regulator of cell and tissue function. Previous 
research has demonstrated that enhanced O-GlcNAcylation activates cytoprotective pathways in cardiac 
models of ischemia reperfusion (I/R) injury. The cycling of O-GlcNAc is regulated by the collective efforts 
of two enzymes: the O-GlcNAc transferase (OGT) and the O-GlcNAcase (OGA), which catalyze the 
addition and hydrolysis of O-GlcNAc respectively. OGT utilizes the nucleotide sugar UDP-GlcNAc, which 
is synthesized by the hexosamine biosynthetic pathway (HBP). Previous studies suggest that enhanced 
flux through the HBP regulates cytoprotection as well as other cellular processes. The goal of these 
studies is to understand the mechanisms by which the heart regulates O-GlcNAcylation in response to 
injury. Sex and gender have been linked to the pathophysiology of cardiovascular disease; however, the 
impact of sex on O-GlcNAc cycling has not been studied. Thus, to address our goal, we harvested male 
and female hearts from mice and assessed the levels of O-GlcNAc, OGT, and OGA as well as key enzymes 
within the HBP. We observed a modest elevation in O-GlcNAc levels in female hearts. Counter-
intuitively, OGA levels appeared to be elevated in the female hearts. These studies also revealed 
differential reactivity of the pan:O-GlcNAc antibodies CTD110.6 and RL2 toward the heart proteome. 
Proteins within the contractile fraction of the heart are preferentially detected by RL2. To assess the 
impact of sex on O-GlcNAc cycling in response to injury, we used the Langendorff perfused mouse heart 
model to collect male and female hearts exposed to either control, ischemic or I/R conditions. Again, the 
abundance of O-GlcNAc, OGT, OGA, and key enzymes within the HBP was assessed by immunoblot, as 
well as the activity of OGT and OGA. In control hearts, females appear to have elevated levels of O-
GlcNAc and Glutamine:fructose-6-phosphate amidotransferase 2 (GFAT2), as well as enhanced OGT and 
OGA activity when compared to male counterparts. Combined with published data demonstrating that 
O-GlcNAc promotes cardioprotection, these data support the attractive hypothesis that O-GlcNAc plays 
a role in sex-dependent cardioprotection. In response to ischemia and I/R injury, modest changes in O-
GlcNAc levels, GFAT2 abundance, and OGT/OGA enzyme activity were observed in both males and 
females. Collectively, these findings will provide a foundation for understanding molecular mechanisms 
regulating O-GlcNAc cycling in the heart and strongly suggest that sex is an important factor when 
assessing key regulatory events that control O-GlcNAc cycling. 
 
 
 
 
 



(P170) Role of POGLUT1 in JAG1-mediated Notch signaling 
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Protein O-glucosyltransferase-1 (POGLUT1) adds O-glucose to serine residues in epidermal growth 
factor-like (EGF) repeats with a specific consensus sequence. A subset of EGF repeats of NOTCH proteins 
and their Delta and JAG ligands are known targets of POGLUT1. Studies in flies and mammals have 
shown that lowering the expression or activity of POGLUT1 reduces fly Notch signaling and mammalian 
NOTCH1 signaling, respectively. In contrast,  we previously reported that simultaneous removal of one 
copy of Poglut1 in Jag1-heterozygous mice partially rescues the liver phenotypes associated with Jag1 
haploinsufficiency in a mouse model of Alagille syndrome (ALGS), suggesting increased NOTCH activity 
upon POGLUT1 reduction in this setting. However, the molecular mechanism of this genetic interaction 
has yet to be elucidated. To examine the consequences of reducing the function of POGLUT1 on JAG1-
mediated NOTCH signaling, we overexpressed human JAG1(hJAG1) in mouse embryonic fibroblasts 
(MEFS) from wild-type (WT) and Poglut1+/– animals and co-cultured them with NOTCH2-expressing cells. 
Despite similar hJAG1 mRNA levels, Poglut1+/– MEFs expressed higher levels of hJAG1 protein and 
induced significantly higher NOTCH2-mediated signaling compared to the WT cells. Mutating the four 
POGLUT1 target sites in hJAG1, altogether or individually, also enhanced its protein level and ability to 
induce NOTCH2 signaling compared to the native protein. I will report the results of our ongoing work to 
determine the role of O-glucose glycans in the cell surface expression, protein stability, and receptor 
binding capacity of hJAG1. 
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Background: Apolipoprotein CIII (ApoCIII), an important cardiovascular disease risk biomarker, promotes 
hypertriglyceridemia by impeding lipoprotein lipase activity and reducing catabolism of triglyceride 
remnants. ApoCIII can exist in mono (apoCIII1) or disialylated (apoCIII2) forms, and recent evidence 
suggests that apoCIII2 is associated with lower triglycerides (and involved in triglyceride clearance), as 
opposed to apoCIII1.  
Methods: Forty-four women (post- and premenopausal, overweight/obese BMI) with one or more 
cardiometabolic disease risk factors (low fasting HDL, high fasting glucose, high fasting triglycerides), 
consumed a high-fat liquid meal (60% fat (29% SFA, 22% MUFA and 5.5% PUFA), 25% carbohydrate, 15% 
protein) following an overnight fast. Fasting blood samples were used to measure apoCIII0, apoCIII1, and 
apoCIII2  using a UHPLC-MS glycoproteomic analysis, and both fasting and postprandial (60, 180, and 
360min) blood samples were used to measure circulating lipids, and acylcarnitines by targeted LC-
MS/MS using Biocretes AbsoluteIDQ® p180 kits. Preliminary non-parametric correlation analyses were 
conducted to identify relationships between triglycerides and apoCIII glycoforms. Following this, log-
transformed, mean-centered data were used in debiased sparse partial correlation (DSPC) network 



analyses, where nodes are metabolites and edges are strength of association based on Spearman’s rho, 
filtered to adjusted p-values <0.0001.  
Results: Total apoCIII was positively associated with circulating fasted triglycerides (r = 0.372, p = 0.015), 
and as expected, there was an inverse association between fasted apoCIII2 and triglycerides (r = -0.293, p 
=0.059). DSPC revealed a 52-node 139-edge sub-network where apoCIII1 had a greater number of edges 
(10) than apoCIII2 (5). ApoCIII1 was inversely associated with monosialylated and monofucosylated 
apoCIII, plasma total non-esterified fatty acids, carnitine, and non-HDL cholesterol, and positively 
associated with LDL-cholesterol. ApoCIII2 was positively associated with dodecenoylcarnitine (carnitine-
C12:1) and octadecenolycarnitine (carnitine-C18:1), which are medium-chain and long-chain fatty 
acylcarnitines that can readily enter mitochondrial beta-oxidation. Both apoCIII1 and apoCIII2 were 
positively linked to hexenoylcarnitine (carnitine-C6), a medium-chain fatty acylcarnitine.  
Conclusions: ApoCIII1, but not apoCIII2 appears to be associated with a high-risk cardiometabolic disease 
phenotype. ApoCIII2 is also associated with long-chain acylcarnitines, which indicate better insulin 
sensitivity. In this study, apolipoprotein D glycoforms, substrate oxidation, energy expenditure, 
circulating fatty acids, and complex lipids have been measured. Further investigation using 
glycoinformatic and multiomic integration tools will help advance our understanding of glyco-lipoprotein 
and lipid metabolism, and their implications in lipid handling by individuals at risk for cardiometabolic 
disease.   
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We are investigating the impact of O-glycosylation on angiogenic development, a biological process 
guided by cell-cell signaling through the NOTCH1 receptor and its opposing ligands Jagged1 (JAG1) and 
Delta-Like ligand 4 (DLL4). O-Fucosylation of Epidermal Growth Factor-like (EGF) repeats in the 
extracellular domain of NOTCH1 is necessary for receptor activation, and extension with β1,3-N-
acetylglucosamine by Fringe (FNG) glycosyltransferases additionally modulates signaling. Co-expression 
of FNG inhibits NOTCH1 activation by JAG1 while enhancing activation by DLL4 in vitro, and although 
Fng-knockout models reveal a dominant role for promoting DLL4-driven endothelial sprouting during 
vascularization, none firmly establish the inhibitory contributions of FNG through JAG1. Using the 
CRISPR/Cas9 knock-in system, we made a Thr to Val substitution at Thr232 of the NOTCH1 protein in a 
C57BL/6J mouse. Cell-based assays have shown that this conservative mutation excludes EGF6 as a 
substrate for O-fucosylation and rescues NOTCH1 activation by JAG1 in a FNG-dependent manner. To 
measure the effects of lifting NOTCH1-JAG1 inhibition by FNG in the developing vasculature, retinas 
from P5 – P7 mice were stained with Isolectin B4 and quantified by Mask Sholl Analysis. EGF6 mutant 
pups showed a reduction in vascular density and loss of the deep vascular layer, which is consistent with 
hyperactivation of NOTCH1. We are currently pursuing transcript-level analysis of NOTCH1 downstream 
targets to confirm or deny loss of inhibition by JAG1, but our phenotype suggests that we successfully 
uncoupled FNG-mediated inhibition of NOTCH1-JAG1 signaling from FNG-mediated enhancement of 
NOTCH1-DLL4 signaling during angiogenesis. These studies suggest a key role for FNG-dependent EGF6 
O-fucosylation in retinal vascular development and degeneration.  
This work was supported by NIH grants GM061126 and T32GM107004. 
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O-fucosylation is a rare modification that occurs at a specific consensus sequence on cysteine-rich 
protein motifs called Thrombospondin Type-1 Repeats (TSRs). O-fucosylation of TSRs is essential for 
viability, highlighting its biological significance. Protein O-fucosyltransferase 2 (POFUT2) catalyzes the 
addition of O-fucose to TSRs, which is elongated to a disaccharide by the addition of glucose by �1-3 
glucosyltransferase (B3GLCT). Knockout of POFUT2 in HEK293T cells causes complete loss or reduced 
secretion of many proteins containing TSRs. We are examining why addition of O-fucose to TSRs is 
required for secretion. Prior studies have shown that POFUT2 is localized to the endoplasmic reticulum 
(ER) and only modifies folded TSRs. Also, the addition of O-fucose to TSRs stabilizes its structure. These 
observations suggest that POFUT2 is involved in an ER quality control mechanism for TSR folding. 
B3GLCT also participates in quality control by providing additional stabilization to TSRs. However, the 
mechanisms by which addition of these sugars results in stabilization is poorly understood. Here we 
provide MD Simulation and NMR evidence that the Glc-Fuc disaccharide interacts with amino acids in 
TSR3 from Thrombospondin-1 that are within close proximity to the O-fucosylation modification site. 
Mutation of these amino acids reduces the stabilizing effect of the sugars. We also provide evidence 
that POFUT2 modification but not B3GLCT modification increases the folding rate of TSR3 in vitro. These 
data provide mechanistic details regarding the importance of O-fucosylation and how it participates in 
quality control mechanisms inside the endoplasmic reticulum. This work was supported by NIH grants 
HD090156 and HD096030. 
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Introduction- Idiopathic pulmonary fibrosis (IPF) is a chronic disease that affects the lungs. The scarring 
and progressive fibrosis, mediated by communication from the intracellular network and the 
extracellular matrix (ECM), results in impaired lung function causing respiratory failure and mortality. IPF 
has been documented as a metabolic and age-related disease with the evidence of several hallmarks of 
aging including dysregulated nutrient sensing. Interestingly, dysregulated nutrient sensing, via altered 
glucose utilization, has been shown to drive metabolic reprogramming in myofibroblasts. O-linked N-
Acetylglucosamine (O-GlcNAc) transferase (OGT) is a metabolic ‘stress sensor’ and is responsible for the 
O-GlcNAc modification of proteins involved in many cellular processes including metabolism, 
intracellular communication, and growth factor signaling.  However, the potential role of OGT/O-GlcNAc 
on growth factor signaling, intracellular communication, and ECM changes during transdifferentiation 
has not been studied.  
Methods- Lung tissue sections from individuals with IPF and controls were subjected to 
immunohistochemistry (IHC) staining to assess O-GlcNAc modification. In addition, the role of OGT on 
transforming growth factor-beta 1 (TGFβ1) induced fibroblast-to-myofibroblast transition (FMT) was 
assessed on primary human lung fibroblasts cultured in the presence or absence of an OGT inhibitor, 



OSMI-1.  Alpha smooth muscle actin (α-SMA), type 1 collagen (COL1α1), and Smad3 phosphorylation 
following TGFβ1 stimulation with and without OSMI-1 were examined by Western blot analysis. 
Results- In human lung tissue sections, O-GlcNAc levels were increased in IPF lung tissue compared to 
control human lungs as determined by IHC staining. In primary human lung fibroblast, OGT inhibition by 
OSMI-1 followed by TGFβ1 (up to 2 hours) was shown to alter Smad3 phosphorylation. Furthermore, 
TGFβ1 administration resulted in an increase in fibroblast transdifferentiation, which was determined by 
higher COL1α1 and α-SMA expression. Interestingly, treatment with OSMI-1 followed by TGFβ1 
stimulation reduced expression of COL1α1 and α-SMA in the human lung fibroblasts. 
Conclusion- Our data suggest that the metabolic sensor, OGT, and the O-GlcNAc protein modification 
may have a role in regulating the expression of key proteins involved in FMT such as α-SMA and COL1α1 
by altering TGFβ1 signaling.  More importantly, the OGT/O-GlcNAc axis may be directly involved in the 
pathogenesis of IPF and regulation of cellular transdifferentiation through TGFβ1 signaling and overall 
ECM composition. Determining the mechanistic role of the O-GlcNAc modification of proteins on these 
processes is needed, and may help to identify novel therapies for the treatment of IPF or any other 
fibrotic diseases. 
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Human breast milk is a dramatically diverse biofluid, not only containing a balance of nutrients needed 
for infant feeding, but also containing numerous bioactive ingredients such as immunoglobulins, 
hormones, and oligosaccharides (HMOs). HMOs contain a number of digestible and indigestible 
glycoforms with hundreds of higher-molecular weight forms displaying multiple isoforms of fucose and 
sialic acid, and molecular weights higher than 5000 daltons. These oligosaccharides exhibit a wide 
diversity in structure as well as relative abundances, with a small percentage absorbed into circulation, 
and the majority of HMOs being metabolized by gut microbes or excreted into feces or urine.   
We previously reported the use of permethylation followed by LC-MS/MS to probe extremely diverse 
samples of HMOs from a cohort of Bangladeshi mothers. The use of permethylation not only increases 
the sensitivity of signal by boosting ionization, it also allows for structural characterization through the 
use of MS/MS. MS/MS determination of structural isomers is a valuable techniques for diverse samples 
like HMOs, when many of the standards are not commercially available or are prohibitively expensive. 
Permethylation also serves to stabilize the HMO, where loss of sialic acids, and rearrangement reactions 
of fucose (“fucose migration”) can occur.   
This poster serves as a tutorial into the analysis of HMO solutions by permethylation and mass 
spectrometry and further demonstrates the utility of this technique to probe these fascinating 
structures. 
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Introduction: Mucus stasis is a pathologic hallmark of Cystic Fibrosis (CF). Many of the gel-forming 
properties of mucus are provided by mucins, a primary constituent of mucus. These mucins are 



extensively O-linked glycosylated and terminal sialylation of these glycans contributes to the negative 
charges on mucins and regulate their ionic microenvironment. Changes in O-linked sialylation of gel-
forming mucins would therefore be expected to alter their physiochemical characteristics. Interestingly, 
early evidence shows that defects in the Cystic Fibrosis Transmembrane Conductance Regulator can 
affect mucin sialylation; however, the consequences of altered sialylation on mucus transport and 
physiology have not been determined. In this study, we investigated the changes in sialyltransferase 
gene expression in CF human bronchial epithelial cells (HBECs) and the direct effects of sialyltransferase 
inhibition on mucus physiology in vitro and in vivo. 
Methods: Well-differentiated HBECs were treated with vehicle or 200µM sialyltransferase inhibitor (STI, 
3Fax-Peracetyl Neu5Ac) to the basolateral compartment; mucus physiology was assessed at 24 and 48 
hours after treatment. Glycogene expression was also analyzed by a qPCR array of predetermined genes 
using RNA isolated from non-CF and CF HBECs. In vivo, vehicle or 500µM STI was instilled intratracheally 
into WT rats daily for 7 days, and then tracheas were excised to assess mucus physiology. Levels of 
secreted mucin sialylation were quantified by lectin blotting with Wheat Germ Agglutinin (WGA). Mucus 
physiology was assessed by micro-Optical Coherence Tomography (µOCT) to measure air surface liquid 
(ASL) and periciliary liquid (PCL) depths, mucociliary transport (MCT), and (ciliary beat frequency) CBF. 
Results: To determine the glycosyltransferases affected by STI that are involved in mucin biosynthesis, 
we performed a targeted qPCR glycogene array in non-CF and CF HBECs. Notably, 4 out of 5 of the 
targeted sialyltransferase genes were downregulated, suggesting that sialylation may be decreased in CF 
HBECs. To measure functional impact, we investigated the effects of decreased mucin sialylation on 
mucus transport. Following removal of pre-existing mucus, treated cells were subjected to STI to 
prevent sialylation of nascent mucins. Sialylation of secreted mucins was decreased, as assessed by 
WGA blotting. non-CF HBECs had significantly decreased MCT after 24 and 48 hours without substantial 
effects on PCL depth. Similarly, STI administration to WT rats for 7 days significantly reduced MCT in ex 
vivo tracheas, without meaningful changes in ASL or PCL depth or CBF.  
Conclusion: Basal mRNA levels of multiple sialyltranferases potentially involved in mucin biogenesis are 
reduced in CF HBECs compared to controls. Inhibiting sialylation in non-CF HBECs and rat trachea 
impairs MCT Sialyation warrants further investigation as a mechanism of CF mucus stasis and may be a 
potential therapeutic target. 
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The carbohydrate-binding proteins known as lectins can act as signaling molecules to modulate various 
aspects of cell phenotype and function, including adhesion, migration, differentiation, apoptosis, and 
proliferation. Within tissues, lectins can bind to glycans on both the extracellular matrix (ECM) and the 
cell surface. However, little is presently known about the role of lectin-ECM interactions in the context 
of cell signaling because existing tools to probe them depend on naturally-derived reagents, such as 
Matrigel or extracted mammalian glycoproteins, which have ill-defined carbohydrate content. Here we 
will present a synthetic ECM with reproducible, user-defined glycan content that can be used to study 
lectin-ECM interactions. Specifically, we created two-component hydrogels fabricated from mixtures of 
poly (ethylene glycol) diacrylate (PEGDA) and glycosylated variants of the self-assembling peptide 
nanofiber Q11. Hydrogels containing N-acetylglucosamine (GlcNAc)-Q11 or N-acetyllactosamine 
(LacNAc)-Q11 nanofibers capture the GlcNAc- and LacNAc-binding lectins wheat germ agglutinin and 



galectin-1. Varying the glycan concentration dictates the extent of lectin binding, as well as the duration 
of lectin retention within the hydrogel. Carbohydrate content can be readily varied by changing either 
the total concentration of peptide or the ratio of glycosylated to non-glycosylated peptides that are co-
assembled into nanofibers. PEGDA hydrogels with embedded LacNAc-Q11 nanofibers amplified galectin-
1-induced apoptosis of Jurkat T cells when compared to PEGDA hydrogels lacking nanofibers or 
hydrogels with embedded GlcNAc-Q11 nanofibers. Modifying PEGDA+LacNAc-Q11 hydrogels with the 
fibronectin-derived integrin-binding peptide CS-1 increased Jurkat T cell adhesion onto the hydrogel 
surface when compared to hydrogels lacking LacNAc-Q11 nanofibers or hydrogels with GlcNAc-Q11 
nanofibers. Collectively, these data demonstrate that polymer hydrogels with embedded glycopeptide 
nanofibers enable studies of galectin-1 apoptogenic signaling and cell adhesion. We envision that the 
control afforded by this platform will address limitations of naturally-derived reagents will enable 
advances in our understanding of the influence of lectin-ECM interactions on lectin signaling activity. 
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Glycan arrays have grown tremendously over the past two decades in regards to the diversity of the 
immobilized glycans they present for query of binding activities and the broad range of biomedical 
research domains they have impacted. The rich datasets generated by various internationally developed 
array formats are providing new knowledge regarding the structural specificities of known glycan 
binding proteins and new discoveries of previously unexpected glycan binding activities. These binding 
activities, when integrated with knowledge of the tissue, cell, and disease-specific expression of the 
candidate binding proteins and their recognized glycan ligands, promise to further accelerate 
appreciation of glycan structure and function in disease and normal tissue.  
Although, a huge number of array datasets have been generated since the first glycan arrays became 
available around 2000, a resource that systematically archives glycan array data and associated 
metadata is lacking. Some groups or consortia, such as the CFG and the Glycosciences Laboratory 
(Imperial College), provide data on their group specific webpages. But there has previously been no 
common format or agreement on metadata between these individual efforts. In addition, these systems 
do not allow for public submission of data and are limited to the data generated by the respective 
groups.  
The Glycan Array Data Repository is a public database which allows submission of array data 
independent from the array format or group of origin. The submission system supports multiple glycan 
array raw data formats and requests associated metadata in accordance with the glycan array minimum 
information guidelines developed by the MIRAGE initiative. Uploaded data and metadata is harmonized 
into a common format and stored in the database together with the originally submitted files. Once data 
is released to the general public, datasets can be browsed or downloaded from the repository webpages 
without the need of a user account. All data is provided under the Creative Commons Attribution 4.0 (CC 
BY 4.0) license.  
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The O-GlcNAc post-translational modification is reversibly added onto intracellular proteins. It is a 
unique glucose rheostat for cell signaling relying on the availability of UDP-GlcNAc, itself reflecting 
extracellular glucose. With more than 7000 human targets identified to date, O-GlcNAcylation regulates 
numerous physiological processes such as cell cycle, transcriptional/translational regulation, protein 
localization or degradation, and development. Therefore, O-GlcNAcylation is a molecular bridge 
between dietary glucose level and proper signaling regulation. 
Using cellular and mouse models, our lab has previously delved into the consequences of hyper-O-
GlcNAcylation in the brain. Among phenotypes of obesity and growth defects, the pituitary gland of 
these mice was generally delayed in development. A critical aspect of pituitary’s ontogeny is the 
transient expression of the homeobox protein OTX2, an O-GlcNAcylated protein. However, the function 
of O-GlcNAcylation in regulating OTX2 has not been investigated. Interestingly, in hyper-O-GlcNAcylated 
mouse embryonic stem cells, this transcription factor’s expression increased, suggesting that O-GlcNAc 
plays a role in OTX2 stability/degradation. Thus, we hypothesized that OTX2 is degraded by the 
proteasome and O-GlcNAc cycling regulates its timely degradation. 
Using a combination of proteasome inhibition (MG-132 mediated) and O-GlcNAc increase (Thiamet-G, 
TG), we demonstrated that endogenous OTX2 was indeed degraded by the proteasome. Interestingly, 
increased O-GlcNAc levels caused further stabilization of OTX2, additional to the one achieved with 
proteasome inhibition alone. This suggested that OTX2 utilizes another degradation pathway, possibly 
autophagy. We showed that the macroautophagy inhibitor Chloroquine (CQ) prevented OTX2 
degradation, and the addition of TG did not further stabilize the protein. This confirmed that OTX2 has 
two degradation modes, and that O-GlcNAcylation is involved in the autophagy-mediated degradation 
of this protein. However, we believe that autophagic degradation of OTX2 only occurs when this 
homeobox protein is abnormally overexpressed, such as in Medulloblastoma. Similar crosstalk between 
proteasome and autophagy has been demonstrated by others for developmental transcription factors 
like SOX2 and OCT4, following proteasome inhibition. We performed mass spectrometry site-mapping of 
OTX2, and identified three O-GlcNAc sites in the central domain of OTX2, likely involved in its 
autophagy-mediated degradation. 
To summarize, this study highlights the O-GlcNAc modification as a nutrient-dependent sensor that 
regulates the homeobox protein OTX2 during pituitary and brain development. Like many homeobox 
proteins, OTX2 level needs to be tightly regulated for proper patterning and development, and its 
deregulation amongst other proteins is a major driver of Medulloblastoma. Therefore, we foresee that 
O-GlcNAcylated OTX2 may play a major role in Medulloblastoma pathogenesis. 
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Glycans are known to alter the function of glycoproteins in many ways, including improving stability and 
directly mediating protein-protein interactions. Understanding this process requires characterization, 
not just glycan composition, of the conformational space occupied by the glycans conjugated to the 
proteins. Molecular dynamics (MD) simulations provide useful depictions of possible conformations, but 
the limited timescale and limited energy precision make it necessary to validate descriptions with 
experimental data. Here we apply a readily accessible set of NMR experiments to validate an MD 
depiction of a conformation-stabilizing interaction between a pair of glycans within the heavily 
glycosylated N-terminal domain of hCEACAM1. The protein has been expressed in HEK293S GnTI- (Lec1) 
cells in a custom medium that allows the incorporation of 13C in both amino acids and glycans. In this 
project, hCEACAM1 was labeled with 13C at Val methyl groups by direct supplementation of the 
expression media with 13C-enriched Val, while Ala methyls and C1 sites of glycans were labeled by 
supplementation with 13C-1-glucose.  Our hCEACAM1 construct also contains a short peptide insert 
capable of binding lanthanide ions.  These ions provide long-range NMR data in the form of pseudo-
contact shifts (PCSs), residual dipolar couplings (RDCs) and paramagnetic relaxation enhancements 
(PREs).  Resonances from labeled sites were assigned and conformational states assessed using a 
software tool (ASSIGN_SLP_GUI) designed specifically to facilitate work on glycoproteins sparsely 
labeled with NMR active isotopes. 
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The CCRC Analytical Services and Training (CCRC-AST) has collaborated with universities, federal 
agencies, and industries on glycoconjugate characterization for over 25 years. As a result, we have great 
experience developing a wide range of analytical methods in Glycobiology. The AST lab is equipped with 
cutting-edge instruments, including Thermo Orbitrap-Eclipse MS, Orbitrap-Fusion MS, Velos Orbitrap-
Elite MS, AB SCIEX TOF/TOF 5800 MALDI-MS, Bruker MALDI-TOF MS, SPR, analytical and preparative LC, 
SEC-MALS, and GC-MS.  Furthermore, the CCRC’s NMR facility has excellent resources for high-field NMR 
spectroscopy with eight spectrometers (900 MHz, 800 MHz, four 600 MHz, and 500 MHz and 300 MHz 
spectrometers) equipped with various probes, including an HRMAS probe for solid-state analysis and 
cryoprobes for biomolecular applications.  
The CCRC-AST works with various samples from clients worldwide, including soluble and insoluble 
materials from plants, bacteria, and human sources. Moreover, the AST lab has expertise in developing 
innovative isolation and characterization methods to meet the requests from individual clients. For 
example, the AST lab was recently tasked with determining a Xylella fastidiosa polysaccharide structure 
that was challenging to characterize due to high molecular weight and thus poor solubility in solvents 
used for analysis as its uncommon stability to mild acid hydrolysis. The CCRC-AST team utilized a 



combination of analytical tools, including novel NMR application of permethylation strategies, to 
solubilize and characterize the sample. 
The CCRC-AST has offered different glycoconjugate analyses, including Glycomics and glycoproteomics, 
Glycosaminoglycans (GAGs) and GAG-derived products, polysaccharides and Lipopolysaccharides (LPS), 
peptidoglycans, and glycolipids. The AST lab developed an improvised method for detecting and in-
depth characterization of protein glycosylation through high throughput and robust sample processing 
techniques. Low abundant glycosylation on proteins from cells and tissues was detected by 
implementing multi-stage glycan enrichment strategies. Site-specific glycosylation of heavily 
glycosylated glycoproteins was characterized through streamlined sample processing, state-of-the-art 
mass spectrometers, and advanced data processing software.   
The CCRC-AST provides annual training courses on techniques and data analysis for structural 
characterization of glycans, glycolipids, polysaccharides, and GAGs. The participants will learn these 
techniques through lectures given by faculty from different Glycobiology fields and hands-on 
experiments and analysis using mass spectrometry, GC/MS, HPLC-UV and fluorescent detection, HPAEC-
PAD, lectin blotting, and thin-layer chromatography.  
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Obesity-induced inflammation usually starts with the activation of the innate immune system and 
consequently activates the adaptive immune system which leads to the production of a more 
inflammatory repertoire of cytokines and pathogenic immunoglobulin G (IgG) antibodies. Each IgG 
molecule has an N-glycosylation site on each of its heavy chains that influences its structural stability, 
conformation and half-life, as well as effector functions. For example, a higher proportion of sialic acid 
and galactose residues is associated with anti-inflammatory activity. IgG glycome has already been well 
studied and its alterations correlate with different diseases and conditions, including high body mass 
index (BMI) and central adiposity. Still, this is the first study that studied its susceptibility to different 
dietary regimes for weight control after the initial weight loss. To explore IgG glycosylation alterations 
due to weight loss and subsequent weight-maintenance diets, we analyzed 1850 IgG glycomes from 
subjects of the Diogenes study, one of the largest dietary intervention studies in which subjects 
underwent a low-calorie diet (LCD) followed by one of five weight-maintenance diets (low protein/low 
glycaemic index, low protein/high glycaemic index, high protein/low glycaemic index, high protein/high 
glycaemic index and control) in a period of 6 months when the subjects were vulnerable to regain the 
weight. The most prominent alteration of the glycome was 8 weeks after the subjects underwent LCD; a 
statistically significant decrease of agalactosylated and accompanying increase of sialylated N-glycans in 
IgG glycome presents shifting from pro- to the anti-inflammatory activity of IgG. These observations 
were expected knowing that apart from being an energy storage depot, adipose tissue is also an 
endocrine organ that produces adipokines such as interleukin (IL-6) and tumor necrosis factor-α (TNF-α), 
cytokines already well-linked with inflammation. Since adipose tissue production is affected by the 
degree of adiposity, the attenuation of systematic inflammation is an obvious outcome after a reduction 
diet. Unfortunately, we did not observe significant changes between different diets, and an increased 



abundance of glycans with bisecting GlcNAc and decreased abundance of sialylated ones, which were 
present regardless of diet type, suggest a pro-inflammatory direction of IgG glycome alteration in the 
period of weight-maintaining or regaining. 
 

 

(P183) Immunoglobulin G N-glycan analysis in asymptomatic and mild COVID-19 
Tea Petrović 1, Amrita Vijay2, Frano Vučković1, Irena Trbojević-Akmačić1, Ana M. Valdes2, Benjamin J. 
Ollivere2, Gordan Lauc1,3 
1Genos Ltd., Glycoscience Research Laboratory, Borongajska cesta 83H, Zagreb, Croatia; 2Injury, 
Inflammation and Recovery Unit, School of Medicine, University of Nottingham, Nottingham NG7 2UH, 
UK; 3Faculty of Pharmacy and Biochemistry, University of Zagreb, Ante Kovačića 1, Zagreb, Croatia 
 
The severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) occurred in 2019, and since then 
represents one of the major health problems around the world. SARS-CoV-2 causes a respiratory illness 
named coronavirus disease 2019 (COVID-19) with various clinical manifestations. Despite the increased 
knowledge about the SARS-CoV-2 virus, it still constitutes a significant threat to global health. 
Glycosylation mediates a wide variety of cellular functions and glycans represent one of the main 
defenses against pathogens. Glycosylation changes can modulate inflammatory responses and allow the 
virus to escape the immune system. As such, glycans have emerged as new biomarker candidates for 
COVID-19. Glycosylation of immunoglobulin G (IgG), the most abundant antibody in human serum, has 
been shown to differ between mild and severe COVID-19 cases, and in severe COVID-19 cases compared 
to healthy controls. However, mild and asymptomatic COVID-19 cases, as well as longitudinal changes 
during COVID-19 are still underexplored. In this study, we analyzed total serum IgG glycosylation from 
healthcare workers with COVID-19 from a hospital in Nottingham, UK. The samples were collected in 
multiple time points (before and after, or after tested seropositive for COVID-19), and symptoms ranged 
from asymptomatic to mild. IgG N-glycans were analyzed using ultra-high-performance liquid 
chromatography (UHPLC) after a rapid high-throughput in-solution deglycosylation and labeling of 
released N-glycans with InstantPC dye. IgG N-glycome does not change dramatically during the course of 
asymptomatic and mild COVID-19. 
 
 
(P184) Improved Separation and Analysis of the O-glycome with a Serialized Ion Chromatography-
Mass Spectrometry (IC-MS) Platform 
Neil Rumachik 1, Tian Tian1, Yuanxue Hou1, Charanjit Saini1, Jun Cheng1, Chris Pohl1, Yan Liu1 
1Thermo Fisher Scientific, Sunnyvale, CA, USA 
 
The majority of glycomics platforms today require derivatization of samples prior to analysis. This 
process is known to introduce problems such as differential loss of sialic acid and incomplete labeling 
while also complicating the sample-handling required before analysis. Previously, we reported the use of 
ion chromatography-mass spectrometry (IC-MS) to analyze native sialylated and sulfated glycans. This 
method used parallel detection of analytes by splitting sample for pulsed amperometric detection (PAD) 
and Orbitrap detection. Here, we detail improvements to the IC-MS workflow with two primary 
alterations: we introduce a novel IC column technology that enables the separation of neutral glycans 
while maintaining charge separation capabilities, and we introduce a modified IC-MS instrumentation 
configuration with PAD and Orbitrap detection done in sequence. These modifications improve the 
robustness of IC-MS analysis, further improving the structural characterization of a broad array of 
chemically distinct glycans. With this new workflow solution, we qualitatively investigated O-glycome 



profiles in bovine fetuin and porcine gastric mucins. The improved chromatographic resolution in 
combination with high-resolution MS data presents a powerful tool for glycan structural identification. 
 
 
(P185) Mapping sequence-structure-function relationships in glycosyltransferases using deep learning 
models and data visualization tools 
Natarajan Kannan1, Rahil Taujale1,2, Zhongliang Zhou3, Aarya Venkat, Saber Soleymani3, Amitabh 
Priyadarshi3, Wayland Yeung1, Krzysztof J. Kochut3, Sheng Li3, Kelley Moremen2, Natarajan Kannan 1 
1Institute of Bioinformatics, University of Georgia, Athens, GA; 2Complex Carbohydrate Research Center, 
University of Georgia, Athens, GA; 3Department of Computer Sciences, University of Georgia, Athens, GA;  
4Department of Biochemistry and Molecular Biology, University of Georgia, Athens, GA 
 
Glycosyltransferases (GTs) play fundamental roles in nearly all cellular processes through the 
biosynthesis of complex carbohydrates and glycosylation of diverse protein and small molecule 
substrates. The extensive structural and functional diversification of GTs presents a major challenge in 
mapping sequence-structure-function relationships using traditional bioinformatics approaches. Here, 
we present a convolutional neural network with attention (CNN-attention) based deep learning model 
that leverages simple secondary structure representations generated from primary sequences to 
provide GT fold prediction with high accuracy. We employ the CNN-attention model to classify GT 
families of unknown folds and identify variants of known folds with high accuracy without the need for 
primary sequence alignments. Our model is also interpretable and identifies common secondary 
structural elements shared between divergent families that reflect convergent modes of donor/acceptor 
recognition and functional specialization. In this presentation, we will also demonstrate a new open 
source data mining and visualization tool (GTXplorer) for generating and testing new biochemical 
hypotheses on GT-A fold functions by interactively mining the evolutionary information encoded in large 
sequence datasets.  
References:1.Taujale R, Zhou Z, Yeung W, Moremen KW, Li S and Kannan N. Mapping the 
glycosyltransferase fold landscape using deep learning. Nature Commun. (In press) bioRxiv (2021) 
https://doi.org/10.1101/2021.07.05.451183 2.Taujale R,, Solimani S, Venkat A, Yeung W, Kochut K and 
Kannan N. GTXplorer: A portal to navigate and visualize the evolutionary information encoded in fold A 
glycosyltransferases. Glycobiology (In press) 
 
 
(P186) Detect tumor-specific antigen (TSA)-reactive T cells via FucoID for cancer immunotherapy 
Peng Wu 1 
1Scripps Research 
 
Re-activation and clonal expansion of tumor-specific antigen (TSA)-reactive T cells are central to the 
success of adoptive transfer of tumor-infiltrating lymphocyte (TIL) based therapies. TILs consist of both T 
cells specific for TSAs and bystander T cells that recognize epitopes unrelated to the tumor. Currently, 
there are no reliable methods to distinguish the repertoire of TSA-reactive T cells from bystander T cells 
due to their heterogeneous composition. Based on our discovery of the unprecedented donor substrate 
promiscuity of  H. pylori a1-3-fucosyltransferase,  we developed FucoID as a general platform for the 
detection of endogenous antigen-specific T cells, in which fucosyltransferase enzymatically installed 
onto dendritic cells (DCs) transfers fucosylated biotin tags to the surface of T cells harboring T-cell 
receptors recognizing peptide-MHC complexes presented by DCs. Through this interaction-dependent 
labeling approach, intratumoral TSA-reactive CD4+, CD8+ T cells, and TSA-suppressive CD4+ T cells can 
be detected and separated from bystander T cells based on their cell-surface fucosyl-biotinylation. 



Compared to the techniques that rely on bioinformatics-enabled TSA identification, FucoID features 
much simpler procedures and a quicker turnover cycle. This approach does not require genetic 
manipulations, and thus opens up an avenue for the characterization and manipulation of the entire 
repertoire of endogenous, tumor antigen-specific TILs. 
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