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Taming glycoconjguate structure and interactions in development
and disease

Eugene Joeh', Timothy O'Leary', Meg Critcher', Zak Vilen', Abigail Reeves', Christopher G
Parker', Mia Huang'
1. Department of Molecular Medicine, Scripps Research, La Jolla, California, United States of America

Protein glycoconjugates, protein products modified with intricate glycan post-translational modifications,
are often considered untamable biomolecules. A single glycoconjugate can exist in thousands of
heterogeneous unique protein glycoforms in living cells, resulting in innumerable possible interactions
and functions. Despite the structural diversity of glycoconjugates and the complexities of their
interactions, there is information encoded in these molecular messages, such that they play key roles
in orchestrating physiology and disease. However, current approaches to describe protein
glycoconjugates and their interactions are limited, restraining our understanding of the important and
often critical functions of protein glycoconjugates. Using innovative interdisciplinary approaches rooted
in chemical biology and high resolution mass spectrometry, | will outline our efforts to dismantle the
complexity of protein glycoconjugates. These endeavors include the fabrication of defined
proteoglycans that regulate mouse embryonic stem cell differentiation, elucidation of the proteome-wide
interactions of glycan-binding proteins in liver fibrosis and myogenesis, as well as the development of
synthetic small molecules that differentially engage various protein glycoforms.
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Shear stress-dependent, non-canonical E-selectin ligands mediate
tumor cell adhesion with low affinity and are targetable by
proteasome inhibtion to prevent lung metastasis

Tobias Lange? ', Ursula Valentiner!, Daniel Wicklein' 3, Udo Schumacher’

1. Institute of Anatomy and Experimental Morphology, University Medical Center Hamburg-Eppendorf, Hamburg,
Germany

2. Institute of Anatomy I, University Hospital Jena, Jena, Thueringen, Germany

3. University of Marburg, Department of Anatomy and Cell Biology, Marburg, Hessen, Germany

One bottleneck step of hematogenous metastasis formation of solid tumors is the dynamic endothelial
adhesion of circulating tumor cells (CTCs). This process is mediated by E-selectin expressed at the
luminal surface of endothelial cells and its carbohydrate ligands on tumor cells. In the lung
microvasculature, E-selectin is induced by pro-inflammatory cytokines, which are systemically released
from the primary tumors in the pre-metastatic phase. We observed that the cinically licensed
proteasome inhibitor Bortezomib (Velcade) counteracts this cytokine-mediated induction of E-selectin
in the lung, thereby reducing endothelial adhesion in vitro and in situ as well as lung metastasis
formation in vivo. However, this novel anti-metastatic efficacy of Bortezomib was only detectable in case
of tumor cells lacking the canonical E-selectin ligands sialyl-Lewis A and X (sLeA/X). Our data show
that sLeA/X already mediate E-selectin binding and endothelial adhesion in the absence of shear force,
obviously with such high affinity that the reduction in E-selectin achievable by bortezomib is not
sufficient to impede adhesion/metastasis. Vice versa, we found that sLeA/X-negative tumors
nevertheless adhere to endothelium in an E-selectin-dependent manner, so that non-canonical E-
selectin ligands must exist that are still largely unknown. These ligands (e.g. glycoprotein-bound N-
glycans on CD44) are shear force-dependent and confer such low affinity that the E-selectin-reducing
effect achieved by Bortezomib is sufficient to reduce metastasis. Since sLeA/X are detectable by
immunohistochemistry in biospecimens, patients could be stratified for an anti-adhesive, anti-metastatic
therapy with Bortezomib during transient phases of increased CTC and cytokine release such as
biopsies and surgical procedures.

1. Lange et al., Mol Ther 2022 Apr 6;30(4):1536-52.

Polysialic acid is dysregulated in the autoimmune disease
scleroderma

Lamia Khan', Tahlia Derksen', Mohamed Osman’, Lisa Willis'
1. University of Alberta, Edmonton, ALBERTA, Canada

Scleroderma is a rare but devastating autoimmune disease that predominantly affects women. It is
characterized by progressive immune dysregulation, organ fibrosis and vasculopathy and is the most
lethal rheumatic disease, with no known cause and no curative therapies available. We discovered that
polysialic acid (polySia) is dysregulated in patients with scleroderma. PolySia is normally limited to the
immune, nervous, and reproductive systems of healthy human adults, where it plays pivotal roles in cell
migration and attenuation of immune responses. We show that polySia is expressed in dermal
fibroblasts (skin biopsies and cultured fibroblasts), but not healthy controls, and expression correlates
with disease severity. This overexpression of polySia is due predominantly to expression of ST8Sia2
and is regulated by forkhead box 1 (FOXO1), a transcription factor that reduces oxidative stress. Our
preliminary data suggested that disruption of polySia may decrease markers of disease, such as
fibronectin expression, suggesting that polySia may represent a novel therapeutic target for
scleroderma. We also measured serum polySia concentration and show that it is substantially elevated
in patients with SSc and strongly correlates with disease progression in women but not men. We are
investigating whether this increase in serum polySia is predictive and thus could be used to
prognosticate the disease.
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Immunological responses against glycosylated biotherapeutics and
biodevices in humans

Vered Padler-Karavani'
1. Tel Aviv University, Tel Aviv, NA, Israel

Susceptibility to structural valve deterioration is one of the major drawbacks of bioprosthetic heart valves
(BHVs). N-glycolylneuraminic acid (Neu5Gc) is an immunogenic dietary-carbohydrate antigen in
humans because of inactivation of the gene encoding CMP-N-acetylneuraminic acid hydroxylase
(CMAH), and all humans have circulating anti-Neu5Gc antibodies. We hypothesized that interaction of
anti-Neu5Gc antibodies with Neu5Gc on BHVs could lead to immune response resulting in valve
deterioration through calcification. We demonstrate Neu5Gc in both native calcified human valves as
well as in calcified-BHVs, explanted from human patients, by HPLC and immunohistochemistry.
Furthermore, anti-Neu5Gc IgGs were purified from native calcified human valves, validated by a glycan
microarray. In the Neu5Gc-free Cmah-KO mouse model, anti-Neu5Gc antibodies promoted calcium
deposits in subcutaneous implanted BHV discs, both with passive transfer of affinity-purified human
anti-Neu5Gc 1gGs, and by active-immunization of Cmah-KO mice with Neu5Gc-containing
glyconanoparticles. Thus, co-existence of Neu5Gc/anti-Neu5Gc likely mediate BHV structural valve
deterioration.

Spatiotemporal glycoprofiling of resting and maturing neutrophils
reveals granule- and development stage-specific N-glycosylation

Julian Ugonotti', Rebeca Kawahara', lan Loke?, Sayantani Chatterjee’, Harry C. Tjondro',
Benjamin L. Parker?, Vignesh Venkatakrishnan* 5, Regis Dieckmann®, Zeynep Sumer-
Bayraktar!, Anna Karlsson-Bengtsson* %, Johan Bylund®, Morten Thaysen-Andersen':’

1. School of Natural Sciences, Macquarie University, Sydney, New South Wales, Australia

2. Cordlife Group Limited, Singapore

3. Department of Anatomy and Physiology, University of Melbourne, Melbourne, Victoria, Australia

4. Department of Rheumatology and Inflammation Research, Institute of Medicine, Sahlgrenska Academy,
University of Gothenburg, Gothenburg, Sweden

5. Department of Biology and Biological Engineering, Chalmers University of Technology, Gothenburg, Sweden

6. Department of Oral Microbiology and Immunology, Institute of Odontology, Sahlgrenska Academy, University
of Gothenburg, Gothenburg, Sweden

7. Biomolecular Discovery Research Centre, Macquarie University, Sydney, New South Wales, Australia

Neutrophils are important innate immune cells equipped with an arsenal of glycoproteins packed in
cytosolic granules that can readily be mobilised to elicit an effective, timely and well-balanced response
against invading pathogens. While our knowledge of the intriguingly complex neutrophil glycobiology is
rapidly expanding, important aspects of the structural complexity, spatial distribution, and temporal
regulation of the heterogenous neutrophil glycoproteome remain undocumented. We here set out to
comprehensively profile the highly complex and dynamic N-glycoproteome of mature (from blood) and
immature (from bone marrow) neutrophils with spatial (granule fractionation) and temporal (maturation-
stage separation) resolution. Using our quantitative LC-MS/MS-centric glycomics-assisted
glycoproteomics approach, we firstly found that resting neutrophils exhibit granule-specific glycan
signatures. In line with previous findings, the glycomics data demonstrated that the azurophilic granules
display paucimannosidic N-glycans while the specific granules are dominated by complex N-glycans.
The gelatinase granules and secretory vesicles exhibit complex- and oligomannose-type N-glycans,
respectively. Importantly, the granule-specific glycoprofiles were recapitulated by the glycoproteomics
data, which also revealed highly heterogenous site- and protein-specific N-glycosylation patterns
decorating a total of 476 identified N-glycoproteins. To investigate the temporal remodelling of the
glycoproteome during neutrophil maturation and the mechanisms driving the granule-specific
glycosylation, we then reinterrogated publicly available LC-MS/MS proteomics and RNAseq
transcriptomics datasets focusing on detecting previously overlooked glycopeptides and mining glyco-
enzyme expression data, respectively, in discrete maturation stages of neutrophil precursor populations
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isolated from bone marrow. Excitingly, we found that dramatic glycoproteome remodelling underpins
the early promyelocytic-to-myelocyte maturation stage. Notably, our data indicated that the remodelling
was driven predominantly by proteome expression changes as opposed to changes directly within the
glycosylation machinery. Collectively, our findings provide new spatiotemporal insights into the
immensely complex neutrophil N-glycoproteome, which exhibits fascinating site-, protein- and granule-
specific N-glycosylation features and which undergoes strong N-glycoproteome remodelling during the
early stages of neutrophil maturation.

Platelet glycans: take the bitter with the sweet

Dianne van der Wal'
1. Australian Red Cross Lifeblood, Alexandria, NSW, Australia

Dr. Dianne van der Wal will present how removal of glycans, attached to the smallest blood cells, the
platelets, especially sialic acid and neuraminidase affects their activation and clearance. She will
discuss the role of platelet adhesion receptor GPIb and how desialylation by specific platelet antibodies
is linked to platelet clearance in a bleeding disorder. Dr van der Wal will also discuss how some donor
attributes effect surface glycans and quality of platelet components and implications for platelet
clearance and hemostatic efficiency post-transfusion. She will also discuss a novel in vitro clearance
glycan-mediated pathway for platelet released microparticles, and how this is linked to coagulation, and
the potential implications for patients, post-transfusion.
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Deciphering the role of selective N-glycosyl modification in fate
biasing of melanocytes from Neural crest cells

BABITA SHARMA" 2, Ayush Aggarwal 2, Jeyashri Rengaraju’-2, Keerthic S Aswin® 2, Iti Gupta®
2, Vivek T Natarajan' 2

1. INSTITUTE OF GENOMICS AND INTEGRATED BIOLOGY, NEW DELHI, DELHI, India

2. SYSTEMS BIOLOGY, Academy of Scientific and Innovative Research, Ghaziabad, Uttar Pradesh, India

The ability of multipotent cells to differentiate into distinct cell types is critical for vertebrate development.
Pigment cell lineages delineate from the Neural crest cell (NCC) population and involve a complex gene
regulatory network that is still not clearly understood. Understanding these cell fate decisions can be
beneficial in deciphering the etiology of various degenerative disorders of melanocyte development
such as vitiligo and melanoma. We performed a meta-analysis of Zebrafish single-cell RNA seq data to
understand the molecular cues that drive the differentiation of NCCs to melanocytes. We observed that
glucosyltransferase encoding gene MGAT4B was preferentially expressed in melanophores compared
to other pigment progenitor cell types that arise from NCCs. To investigate the role of MGAT4B during
the differentiation of melanocytes from NCCs, we silenced MGAT4B in the Zebrafish model system
which led to a delay in melanocyte migration and an overall decrease in pigmentation levels.
Furthermore, CRISPR/Cas9-based melanocyte-specific mutagenesis of MGAT4B in Zebrafish led to
aberrant migration patterns and subsequent death of misguided melanophores. We also observed that
MGATA4B expression was elevated in tumor biopsies of melanoma patients whereas, its expression was
significantly reduced in vitiligo patients. Our results show that MGAT4B plays a central role in
melanocyte development and needs further elucidation of its targets that may open therapeutic avenues
in disorders of melanocyte development such as vitiligo and melanoma.

The SARS-CoV-2 S glycan shield evolution: Implications in immune
evasion and viral infection along the phylogeny and VoCs

Elisa Fadda'
1. Maynooth University, Maynooth, KILDARE, Ireland

Viral fusion proteins evade immune recognition by coating their surface with a dense cover of N-glycans,
known as glycan shield[1]. Here, | will present how high-performance computing (HPC) molecular
simulations have contributed to advance our knowledge on the role of glycosylation in the SARS-CoV-
2 infection mechanisms. In this contribution, | will focus in particular on how the newly discovered
functional role of the glycan shield in the S mechanism of action[2], in addition to its known role in
immune evasion, makes it prone to evolutionary changes improving its host adaptation[3]. Indeed,
important changes in the shield’s topology have occurred along the SARS-CoV-2 phylogeny[3],
representing a critical distinguishing feature between the SARS-CoV-2 S and SARS-CoV S, and
zoonotic strains. | will also discuss how our simulations in combination with glycoproteomics describe
the effects of new glycosylation sites that appeared on the S of the recent variant of concern (VoC)
gamma, and how these could be linked to gamma’s higher fithess relative to the then circulating
VoCsl[4].

[1] Watanabe, Y.; Allen, J. D.; Wrapp, D.; McLellan, J. S.; Crispin, M., Site-specific glycan analysis of the SARS-
CoV-2 spike. Science 2020.

[2] Casalino, L.; Gaieb, Z.; Goldsmith, J. A.; Hjorth, C. K.; Dommer, A. C.; Harbison, A. M.; Fogarty, C. A.; Barros,
E. P.; Taylor, B. C.; McLellan, J. S.; Fadda, E.; Amaro, R. E., Beyond Shielding: The Roles of Glycans in the SARS-
CoV-2 Spike Protein. ACS Cent Sci 2020.

[3] Harbison, A.; Fogarty, C.; Phung, T.; Satheesan, A.; Schulz, B.; Fadda, E., Fine-tuning the Spike: Role of the
nature and topology of the glycan shield in the structure and dynamics of SARS-CoV-2 S. Chem Sci 2022.

[4] Newby, M.L.; Fogarty, C.A.; Allen, J.D.; Butler, J.; Fadda, E.; Crispin, E., Natural variations within the glycan
shield of SARS-CoV-2 impact viral spike dynamics. bioRxiv 2022
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From MEMS to Carbon Dots: When Glyco meets Nano

Joe Tiralongo', Oren Cooper!, Christopher J Day', Thomas Haselhorst', Qin Li2, Nam-Trung
Nguyen?

1. Institute for Glycomics, Griffith University, Gold Coast, QLD, Australia

2. Queensland Micro Nanotechnology Centre, Griffith University, Nathan, QLD, Australia

Micro-technologies in the form of Micro-Electro-Mechanical Systems (MEMS) and micro-plasmonics
platforms offer the potential for high-resolution, high-throughput label-free sensing of biological and
chemical analytes. Silicon carbide (SiC) is an ideal material for augmenting both MEMS and plasmonics
routes, however such inorganic surfaces need to appropriately and efficiently functionalised to allow
subsequent immobilization of functional biomolecules. To this end we trialed various organosilane-
based self-assembled monolayers for the covalent functionalization of 2-dimensional surfaces including
SiC films and Si micro-cantilevers, and have now developed an affordable, facile one-step method.
Using high-throughput glycan arrays as our model system a novel platform that has the potential to
combine established array technology with the label-free capabilities of MEMS or plasmonic systems is
one step closer [1].

Using a similar functionalisation route, we have extended the use of organosilanes to biofunctionalise
the surface of zero-dimensional nanoparticles, specifically carbon dots. Carbon dots are biocompatible,
chemically stable, heavy-metal free quantum dots, of low toxicity that offer an alternative approach for
bio-imaging and -sensing applications. Again, employing glycans as our model system, we have now
used our biofunctionalization approach to generate glycan-coated carbon dots to explore complex
glyco-interactions [2].
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1. 1. Cooper O, Phan HP, Fitzpatrick T, Dinh T, Huang H, Nguyen N-T, Tiralongo J. Picomolar detection of
carbohydrate-lectin interactions on piezoelectrically printed microcantilever array. Biosens. Bioelectron.
2022, 205, 114088

2. 2. Cooper O, Eftekhari E, Carter J, Mallard B, Kaur J, Kiefel MJ, Haselhorst T, Li Q, Tiralongo J. Fluorescent
Carbon Dots Functionalized with Self-Assembled Glycan Monolayers for Probing Interactions across the
Glyco-Interactome. ACS Applied Nano Materials. 2020, 3, 7804-7817

A glycocode for the dynamics of breast cancer migration

Ramray Bhat'
1. Indian Institute of Science, Bangalore, India

Carcinogenesis is a process in which frameworks of interactions between untransformed cells and their
surroundings are subverted and replaced by new frameworks that seek to drive canonical behaviors of
cancer cells. One such behavior is their tendency to migrate through surrounding extracellular matrices
in a bid to spread to other organs of the body, a process known as metastasis. Migrations can be
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complex and of distinct types, and are functions of the genetic and epigenetic aberrations that contribute
to the new interactive frameworks associated with cancer cells. Alterations in the levels of glycans and
their binding proteins, lectins are among the oldest and ubiquitous epigenetic changes in oncology.

| will showcase how we have built a multiscale computational model that predicts the structure of such
frameworks, as well as the diversity of cancer migration modes. | will then discuss two short stories
from my group, where alterations in levels of the galactoside binding protein Galectin-9 on the one hand,
and intercellular heterogeneity in levels of 2,6-linked sialic acids on the other, drive distinct modes of
migration of triple negative breast cancer cells. Our mechanistic findings reveal glimpses of a glycocode
that could underlie the biophysical phase transitions in the migratory behavior of breast cancer.

Identifying the Regulatory Network of O-GIcNAc-Cyclers

Bhargavi Narayanan', Fiddia Zahra', Mark Kohr?, Natasha Zachara® 3

1. Department of Biological Chemistry, Johns Hopkins University School of Medicine, Baltimore, Maryland, USA
2. Department of Environmental Health and Engineering, Bloomberg School of Public Health, Johns Hopkins
University, Baltimore, Maryland, USA

3. The Division of Oncology, Johns Hopkins University School of Medicine, Baltimore, Maryland, USA

In response to injury, cells and tissues remodel their cellular environment to repair damaged structures
and if necessary to initiate apoptosis. This process, known as the cellular stress response, includes
robust and dynamic changes in the modification of nuclear, cytoplasmic, and mitochondrial proteins by
monosaccharides of O-linked B-N-acetylglucosamine (O-GlcNAc). Acute enhancement of O-GIcNAc
reduces apoptosis and necrosis in models of injury that include oxidative stress and myocardial
ischemia reperfusion (I/R) injury. To date, most of the work studying the O-GIcNAc modification in
models of environmental and physiological stress has focused on identifying the proteins and
mechanisms by which O-GIcNAc mediates cytoprotection. These studies have provided critical insight
into the impact of O-GIcNAc on translation, molecular chaperone expression, metabolism, mitochondrial
function, signal transduction, stress granule formation, and autophagy. We report here our efforts to
understand the regulation of the enzymes that cycle O-GIcNAc in models of oxidative stress and
myocardial I/R injury. In both cell culture and animal models, cellular O-GIcNAcylation appears
uncoupled from the specific activity of the O-GIcNAc transferase (OGT) and O-GIcNAcase (OGA), the
enzymes that catalyze the addition and removal of O-GIcNAc respectively. These data suggest that
post-translational modifications and protein interactors of OGT and OGA control localization and
substrate targeting resulting in protein-specific changes in O-GIcNAc in response to different stimuli.
Our studies have begun to delineate both the OGT and OGA interactomes and how these regulatory
networks are remodeled in response to injury, identifying at least one protein inhibitor of OGA — Fatty
Acid Synthase.
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Ultra-sensitive platelet proteome maps the O-glycosylation
landscape and charts the response to thrombin dosage

Callum B Houlahan', Yvonne Kong', Bede Johnson', Michelle Cielesh', The Huong Chau?, Paul
R Coleman’, Huilin Hao3, Robert S Haltiwanger3, Morten Thaysen-Andersen?, Freda H
Passam’, Mark Larance'

1. University of Sydney, Camperdown, NSW, Australia

2. Macquarie University, Macquarie Park, NSW, Australia

3. University of Georgia, Athens, Georgia, USA

Platelet activation induces the secretion of proteins that promote platelet aggregation and inflammation.
However, detailed analysis of the released platelet proteome is hampered by platelets’ tendency to pre-
activate during their isolation and a lack of sensitive protocols for low abundance releasate analysis.
Here we detail the most sensitive analysis to date of the platelet releasate proteome with the detection
of >1,300 proteins. Unbiased scanning for post-translational modifications within releasate proteins
highlighted O-glycosylation as being a major component. For the first time, we detected O-fucosylation
on previously uncharacterised sites including multimerin-1 (MMRN1), a major alpha granule protein that
supports platelet adhesion to collagen and is a carrier for platelet factor V. The N-terminal EMI domain
of MMRN1, a key site for protein-protein interaction, was fucosylated at a conserved threonine within a
new consensus sequence. The fucosyltransferase POFUT1 was subsequently identified as controlling
MMRN1 secretion, supporting a key role of fucosylation in MMRN1 function. By comparing releasates
from resting and thrombin-treated platelets, 202 proteins were found to be significantly released after
high-dose thrombin stimulation. Complementary quantification of the platelet lysates identified >3,800
proteins, which confirmed the platelet origin of releasate proteins by anti-correlation analysis. Low-dose
thrombin treatment yielded a smaller subset of significantly regulated proteins with fewer secretory
pathway enzymes. The comprehensive platelet proteome resource provided here
(larancelab.com/platelet-proteome) allows identification of novel regulatory mechanisms for drug
targeting to address errors in platelet function and thrombosis.

Systems biology glycoproteomics, proteomics and metabolomics
to investigate beer and wine production

Ben L Schulz’
1. University of Queensland, Brisbane, QLD, Australia

Beer is one of the most popular beverages worldwide. As a product of variable agricultural ingredients
and processes, beer has high molecular complexity. We have used integrated glycoproteomics,
proteomics, metabolomics, and genomics to investigate the molecular complexity and diversity
throughout the beer making process. We uncovered substantial variability in barley based on variety
and growth environment, and found that proteolysis during the mashing stage of beer production
controls protein thermal stability and abundance in the final beer. Profiling 23 commercial Australian
beers identified a very high diversity of post-translational modifications (PTMs), especially proteolysis,
glycation of barley proteins, and glycosylation of yeast proteins. The key differentiator of the beer
glyco/proteome was the brewery, with beer from independent breweries having a distinct profile to beer
from multinational breweries. Within a given brewery, beer styles had distinct glyco/proteomes, with
proteins in darker beers having low glycation and high proteolysis. Quantitative quality metrics of foam
formation and stability correlated with the concentration of abundant surface-active proteins from barley
and yeast. Finally, to expand the flavour and sensory profiles after fermentation we have used
proteomics, genomics, and metabolomics to investigate wild yeast ferments for controlled production of
diverse beer styles.
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The glycome: The missing link in extracellular vesicle research

Joy Wolfram'
1. The University of Queensland, Brisbane, QLD, Australia

Extracellular vesicles are naturally occurring nanoparticles that are released by all cells and serve
important roles in physiological and pathological intercellular communication. Extracellular vesicles
have promising applications as therapeutic agents, drug targets, delivery vehicles, and biomarkers.
However, research progress is hindered by an incomplete understanding of the molecular composition
of extracellular vesicles. In particular, the glycocode remains largely unknown due to technical
challenges in extracellular vesicle isolation coupled with high-throughput glycomics. This talk will
highlight a glycomics approach to understanding extracellular vesicles with a focus on breast cancer
metastasis.

Contextual Tissue Cytometry Using Al-Empowered Precision Microscopy

Rupert Ecker® '- 2, Felicitas Mungenast?®, Robert Nica3, Bogdan Boghiu*

1. Translational Research Institute, Woolloongabba, QLD, Australia

2. School of Biomedical Sciences, Faculty of Health,, Queensland University of Technology, Brisbane, QLD,
Australia

3. TissueGnostics GmbH, Vienna, Austria

4. TissueGnostics Romania SRL, lasi, Romania

INTRODUCTION: In September 2021 the United States’ Food and Drug Administration (US-FDA) has
approved the first Al-based decision support system for prostate cancer diagnostics. This hallmark
indicates a historic decision as it is the first time in the history of medicine that a regulatory body has
accepted a software-only solution, which analyses microscopic images by using artificial intelligence!
As we move into the era of next-generation digital pathology, also referred to as computational
pathology, current challenges in pathobiology comprise (i) automation of biomarker profiling in
histological samples, (ii) quantitative integration of protein expression profiles and genetic information,
as well as (iii) correlation analysis and data mining of high-plex data in-situ.

METHODS: Our research teams at TissueGnostics and Queensland University of Technology have
joined forces to combine TissueGnostics’ existing tissue cytometry technology platform and established
knowhow with innovative Al solutions to establish The Virtual Histopathologist1.

RESULTS: Tissue Cytometry permits to determine the in-situ phenotype of cells as well as histological
entities, like glands, vessels or tumor foci. Applications include but are not limited to the exploration of
the tumor microenvironment and/or the spatial organization of cellular subpopulations, assessment of
different bone structures, quantification of blood vessels and neovascularization as well as analysis of
samples in multiplexing or multispectral mode.

Earlier attempts to analyse single cells in tissue have mostly been subject to visual estimation, or — at
best — to manual counting for decades. To better understand the function of inflammatory cells in tumor
development, type and number of inflammatory cells and their proximity to glandular/tumor structures
have to be analyzed in-situ and correlated with disease state. Using TissueFAXS™ Cytometry the time-
consuming and error-prone human evaluation of stained histological sections can be approached with
an observer-independent and reproducible technology platform, offering a high degree of automation,
paired with user interaction at relevant points of the analytical workflow (Fig. 1).
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Fig. : Sétial immune-phenotyping in-siiu. CD4+ T-Helper Cells in a distance of 25 to 50 ym to adjacent tumor
(orange).

DISCUSSION & CONCLUSIONS: The TissueFAXS Cytometry platform incorporates Machine & Deep
Learning algorithms. It can do end-point assays as well as live-cell imaging and time-kinetic experiments
to measure enzyme activity. It also promotes tissue cytometry to a new level of quality, where complex
cellular interactions, intracellular expression profiles and signal transduction cascades can be
addressed on the single-cell level but still in histological context, empowering precision diagnostics.
ACKNOWLEDGEMENTS: This project was supported by three EU-funded Marie Sktodowska Curie
Innovative Training Networks: (i) AIDPATH, (ii) CaSR Biomedicine, and (iii) HELICAL.

1. Mungenast F, Fernando A, Nica R, Boghiu B, Lungu B, Batra J and Ecker RC. Next-Generation Digital
Histopathology of the Tumor Microenvironment. 2021, Genes, 12(4),538;

Prostate Cancer Risk-Associated Single-Nucleotide Polymorphism
Affects Prostate-Specific Antigen Glycosylation and Its Function

Jyotsna Batra'
1. QUT, Woolloongabba, QLD, Australia

Genetic association studies have reported single-nucleotide polymorphisms (SNPs) at chromosome
19913.3 to be associated with prostate cancer (PCa) risk. Recently, the rs61752561 SNP (Asp84Asn
substitution) in exon 3 of the kallikrein-related peptidase 3 (KLK3) gene encoding prostate-specific
antigen (PSA) was reported to be strongly associated with PCa risk (P = 2.3 x 10-8). However, the
biological contribution of the rs61752561 SNP to PCa risk has not been elucidated. Methods:
Recombinant PSA protein variants were generated to assess the SNP-mediated biochemical changes
by stability and substrate activity assays. PC3 cell-PSA overexpression models were established to
evaluate the effect of the SNP on PCa pathogenesis. Genotype-specific correlation of the SNP with
total PSA (tPSA) concentrations and free/total (F/T) PSA ratio were determined from serum samples.
Results: Functional analysis showed that the rs61752561 SNP affects PSA stability and structural
conformation and creates an extra glycosylation site. This PSA variant had reduced enzymatic activity
and the ability to stimulate proliferation and migration of PCa cells. Interestingly, the minor allele is
associated with lower tPSA concentrations and high F/T PSA ratio in serum samples, indicating that
the amino acid substitution may affect PSA immunoreactivity to the antibodies used in the clinical
immunoassays. Conclusions: The rs61752561 SNP appears to have a potential role in PCa
pathogenesis by changing the glycosylation, protein stability, and PSA activity and may also affect the
clinically measured F/T PSA ratio. Accounting for these effects on tPSA concentration and F/T PSA
ratio may help to improve the accuracy of the current PSA test
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The role of glycosaminoglycans and their degrading enzymes in
inflammatory cell homeostasis

Brooke Farrugia', Shuji Mizumoto?, Shuhei Yamada?, John Whitelock?®

1. University of Melbourne, Melbourne, VIC, Australia

2. Department of Pathobiochemistry, Faculty of Pharmacy, Meijo University, Nagoya, Japan
3. Department of Biomedical Engineering, UNSW Sydney, Sydney, VIC, Australia

Serglycin is a proteoglycan (PG) present within the a-granules of mast cells, that has important roles in
granule homeostasis by binding to and controlling the structure and activities of mast cell chemokines.
Mast cell serglycin is predominantly decorated with the glycosaminoglycans (GAGs) heparin, and
chondroitin sulfate (CS). Heparanase, a heparin degrading enzyme, present within the lysosomes and
a-granules processes the structure of these GAG chains by reducing the molecular weight but an
equivalent CS-degrading enzyme produced by mast cells has not previously been reported. This study
investigates the production of the CS degrading enzyme hyaluronidase-4 (HYAL4) by mast cells and
shows that HYAL4 is capable of cleaving the CS chains of CSPGs and serglycin into oligosaccharides
ranging from tetra- to dodeca-saccharides in length. Mast cells were identified in human skin using
histochemistry, and immunohistochemically with an anti-tryptase antibody. Flow cytometry and Western
blot analysis demonstrated the presence of HYAL4 in mast cell lysates. Interestingly, flow cytometry
analysis of mast cells revealed the presence of unique CS structures, detected with the monoclonal
antibody 2B6, well characterized for the ability to bind to CS stub neoepitopes after digestion with the
bacterial lyase, chondroitinase ABC. Treatment of CSPGs with HYAL4 generated structures detected
with the CS stub neoepitope antibodies 2B6 and 3B3. These data demonstrate for the first time the
production of a CS-degrading enzyme produced by mast cells, that may play a role in maintaining a-
granule homeostasis by processing GAG chains into lower molecular weight forms.

The green challenge: methods to characterise the most complex
polysaccharides on the planet

Jenny Mortimer’
1. University of Adelaide, Glen Osmond, SA, Australia

Photosynthetic organisms are not usually carbon limited. As a result, the types and roles of glycans are
hugely expanded in both structure and function. Plant glycans also shape human agriculture,
manufacturing and diet, and form the basis of the emerging bioeconomy. However, analysis of these
polysaccharides is challenging, and requires bespoke solutions. Here | will introduce two methods
commonly used in my lab for the structural analysis of plant glycans: PACE (polysaccharide analysis
by carbohydrate electrophoresis) and multi-dimensional solid-state NMR. PACE is a simple, cheap, and
robust gel-based method that can provide separation of structural isomers at femtomole sensitivities.
NMR, by contrast, is complex and expensive, but allows us to explore the intact 3-dimensional structure
of polysaccharides in the cell wall, and explore functionality that derives from interactions. | will describe
how we use both methods, and how combining these techniques is giving us new insights into glycan
synthesis and function.
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Glycan Arrays, Diagnostics and Mycobacteriophages
Todd Lowary'

1. Academia Sinica, Taipei City, Taiwan

Mycobacteria produce a range of different glycans that play important roles in modulating the host
immune response that occurs upon infection. Understanding, at the molecular level, the protein—glycan
interactions mediating these responses is poorly understood. This presentation will describe the use
of an array of syntMycobacteria produce a range of different glycans that play important roles in
modulating the hostimmune response that occurs upon infection. Understanding, at the molecular level,
the protein—glycan interactions mediating these responses is poorly understood. This presentation will
describe the use of an array of synthetic glycans to facilitate understanding the molecular basis of
glycan-mediated immunity in mycobacterial disease, in particular, the specificity of antibodies that
recognize the polysaccharide lipoarabinomannan. These insights have impacted the field of TB
diagnostics and led to efforts to identify novel mycobacteriophage proteins that bind these glycans.
hetic glycans to facilitate understanding the molecular basis of glycan-mediated immunity in
mycobacterial disease, in particular, the specificity of antibodies that recognize the polysaccharide
lipoarabinomannan. These insights have impacted the field of TB diagnostics and led to efforts to
identify novel mycobacteriophage proteins that bind these glycans.

Probing the Effects of Glycosylation on Peptide and Protein
Activity Through Chemical Synthesis

Leo Corcillius® 2, Arthur Tang" 2, Keith Stubbs3, Stuart Cordwell*, Mark Larance? 4, Ethan
Goddard-Borger®, Richard Payne': 2

1. School of Chemistry, The University of Sydney, Camperdown, NSW, Australia

2. ARC Centre of Excellence for Innovations in Peptide and Protein Science, The University of Sydney,
Camperdown, NSW, Australia

3. School of Molecular Science, University of Western Australia, Perth, WA, Australia

4. Charles Perkins Centre, The University of Sydney, Camperdown, NSW, Australia

5. Walter and Eliza Hall Institute, Parkville, VIC, Australia

Glycosylation is the most common co- and post-translational modification of polypeptides, with over
50% of human proteins predicted to display covalently bound glycans. Glycosylation has been shown
to mediate an array of biological recognition events in all domains of life. Additionally, a number of
recently approved biopharmaceuticals contain carbohydrate chains (or carbohydrate mimics) that are
critical for activity and/or stability.” The non-templated enzymatic nature of the glycosylation process
leads to heterogeneous mixtures of isoforms when glycopeptides and glycoproteins are isolated or
produced in recombinant expression systems, thus hindering the ability to study how glycosylation
influences function in a meaningful way. This has led to significant demand for new tools and
technologies to facilitate access to homogeneous glycopeptides and glycoproteins to interrogate the
role of individual carbohydrate modifications on structure and function. Our lab has recently developed
a number of synthetic technologies to access homogeneously glycosylated peptides and proteins for
structure-function studies and to assess the potential of these molecules as therapeutic
candidates.2? This talk will highlight the synthesis and evaluation of glycopeptide and glycoprotein
hormones* and flagellin glycoproteins from Gram negative bacteria.

1. G. Walsh, R. Jefferis, Nat. Biotechnol. 2006, 24, 1241

2. Kulkarni, S.; Sayers, J.; Premdjee, B.; Payne, R. J. Nature Rev. Chem. 2018, 2, 0122

3. Kulkarni, S.; Watson, E. E.; Premdjee, B.; Conde-Frieboes, K. W.; Payne, R. J. Nature Protoc. 2019, 14,
2229-2257

4. L. Corcilius, A. H. Hastwell, M. Zhang, J. Williams J. P. Mackay, P. M. Gresshoff, B. J. Ferguson, R. J.
Payne, Cell Chem Biol. 2017, 24, 1347-1355
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Synthesis of Uronic Acid 1-Azasugars as Putative Inhibitors of
a-lduronidase, B-Glucuronidase and Heparanase

Gareth G Doherty', Geraldine G.M. Ler', Norbert Wimmer', Paul V Bernhardt', Roger Ashmus?,
David Vocadlo?, Zach Armstrong?, Gideon J Davies®, Marco Maccarana®, Jin-ping Li4, Yasmin
Kayal®, Vito Ferro'

1. University of Queensland, Brisbane, QLD, Australia

2. Chemistry, and Molecular Biology and Biochemistry, Simon Fraser University, , Burnaby, British Columbia ,
Canada

3. Chemistry, University of York, York, U.K.

4. Medical Biochemistry and Microbiology, University of Uppsala, Uppsala, Sweden

5. Technion Integrated Cancer Center (TICC), Rappaport Faculty of Medicine, Technion - Israel Institute of
Technology, Haifa, Israel

a-L-Iduronidase (IDUA), B-glucuronidase (GUSB) and heparanase (HPSE) are glycosidases that
hydrolyze uronic acid residues in glycosaminoglycans such as heparan sulfate and dermatan sulfate.
Deficiencies of IDUA or GUSB activity caused by genetic mutations lead to the lysosomal storage
disorders MPS | or MPS VII, respectively. On the other hand, overexpression of HPSE is associated
with a wide variety of diseases such as cancer, inflammation and viral infections. The synthesis of
specific inhibitors of these glycosidases is thus of great interest for the development of new
therapeutics. Herein we describe the efficient synthesis of 1-azasugars 1 and 2 from D-arabinose, and
their corresponding enantiomers 3 and 4 from L-arabinose, as well as their evaluation as inhibitors of
IDUA, GUSB and HPSE.

OH HO
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HO:C O~ HO Ly
N HO NH HCI NH.HCI HO
1 2 OH 3 4

Towards Rapid Synthesis of Heparan Sulfate Mimicking Oligomers
Through Peptide Chemistry

Alison Daines'!, Amira Brakovic', Norman Avelino?, R. Alexander Smith?, Simon Cool3, Simon
Hinkley'

1. Ferrier Research Institute, Victoria University of Wellington, Lower Hutt, WELLINGTON, New Zealand

2. Institute of Molecular Biology, A*STAR, Singapore

3. School of Chemical Engineering, University of Queensland, Brisbane, Australia

Heparan sulfate (HS) is a glucosaminoglycan (GAG) polymer that is intrinsic to cell function and
implicated in a myriad of biological processes. HS is a highly complex structure, largely comprised of
a glucuronic-acid (1-4) linked glucosamine repeating backbone moiety. Huge dispersity is observed in
chain length in this biopolymer as well as multi-site O-sulfation, N-sulfation and N-acetylation.

The chemical synthesis of HS oligomers, as a mechanism to probe activity in vivo, is long and time
consuming. In this work we aim to produce a series of monomers as building blocks for the generation
of structurally defined biopolymer mimetics that replicate the biological activity of HS-fractions we have
derived from natural HS."2 This methodology will permit the preparation of an HS-mimetic library
utilising processes analogous to peptide chemistry.
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1.  Wijesinghe, S. J.; Ling, L.; Murali, S.; Qing, Y. H.; Hinkley, S. F.; Carnachan, S. M.; Bell, T. J.; Swaminathan,
K.; Hui, J. H.; van Wijnen, A. J. Journal of cellular physiology 2017, 232, 566

2. Wang, C.; Poon, S.; Murali, S.; Koo, C. Y.; Bell, T. J.; Hinkley, S. F.; Yeong, H.; Bhakoo, K.; Nurcombe, V.;
Cool, S. M. Biomaterials 2014, 35, 6776.

Understanding C-mannosylation-induced protein stabilisation
through chemical protein synthesis.

Ethan Goddard-Borger’
1. Walter and Eliza Hall Institute of Medical Research, Parkville, VIC, Australia

Tryptophan C-mannosylation plays an important role stabilising the fold of some proteins. The
mechanism and degree to which it stabilises these proteins is not well understood, mostly because it
has not been possible to obtain homogenous glycoforms for rigorous quantitative studies. To address
this problem, we have developed sophisticated chemical methods to synthesise C-mannosylated
peptide fragments, which can be used to assemble full-length proteins by native chemical ligation, then
folded, to given chemically homogenous glycoprotein samples. We collected data for the thermal
stability and thermodynamics of folding for an array of natural and unnatural glycoforms to demonstrate
that not all C-mannosylation sites impact protein stability to the same degree. When coupled with
molecular dynamics simulations, these data provided insights into the mechanisms underpinning
tryptophan C-mannosylation-mediated protein stabilisation.
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Enhancing glycan imaging using photocleavable mass-tagged
lectins for MALDI-MSI

Lindsay Gee', Thomas Litfin'!, Mark von Itzstein', Arun Everest-Dass'’
1. Institute for Glycomics, Gold Coast, QUEENSLAND, Australia

N-linked and O-linked glycans are the most common types of protein glycosylation in the human body
and are involved in many fundamental cellular processes including protein folding, stability, and cell-
cell interaction. These glycans are also extensively involved in the pathophysiological progression of
cancer, from early changes in the tumour microenvironment, to metastasis, and immune system
evasion. MALDI-TOF mass spectrometry imaging (MALDI-MSI) using specific enzymatic cleavage of
N-linked glycans provides an ideal means to investigate the spatial distribution of N-linked glycans
across complex biological samples as it is a relatively quick and easy technique. However, a major
limitation currently is the lack of an enzyme to specifically cleave O-glycans, and therefore an inability
to detect these glycans using the current MALDI-MSI methodology. Photocleavable mass-tagged (PC-
MT) antibodies have been an exciting addition to the MALDI-MSI arsenal as they overcome many
limitations of fluorescent probes. Unfortunately, the generation of antibodies against glycans is very
difficult as they are seldom immunogenic and struggle to elicit high-affinity antibody production. Lectins
are proteins that bind glycan moieties with high specificity and can be conjugated to various probes for
histochemical analysis. The conjugation of PC-MTs to known lectins allows for the glycan specificity of
lectins to be combined with the multiplexing capability of PC-MTs, enabling glycans that are difficult to
detect (including O-linked glycans) and/or low abundance, to be visualized readily using MALDI-MSI.
The aim of this study is to demonstrate the advantages of using PC-MT lectins to elucidate the spatial
distribution of glycans in human ovarian cancer and combine this information with native N-glycan
imaging, immunofluorescence, and optical imaging. Our hypothesis is that using PC-MT lectins for
glycan imaging with MALDI-MSI will reveal the distribution of glycans integral in the pathogenesis of
human ovarian cancer, novel diagnostic biomarkers, as well as potential therapeutic drug targets.

Novel Siglec Targeting Using Multivalent Sialyllactose Decorated
Carbon Dots

Oren Cooper', Mario Waespy?, Sorge Kelm?, Qin Li3, Chris Day', Thomas Haselhorst’

1. Griffith University, Southport, QLD, Australia

2. Department of Biology and Chemistry, Centre for Biomolecular Interactions Bremen, Bremen, Germany
3. Queensland Micro- and Nanotechnology Centre, Griffith University, Brisbane, QId, Australia

Sialic acid binding immunoglobulin-like lectins (Siglecs) are a family of receptors that regulate the innate
and adaptive immune systems through glycan mediated signalling. Siglec ligand recognition has also
been shown to be crucial for cell adhesion, cell signaling and endocytosis making them attractive targets
for drug design. To this end, numerous high affinity synthetic sialoside ligands have been developed to
serve as therapeutics for various Siglec driven disease states, however the role of multivalent Siglec
ligands has not been studied in detail. Recently, advances in glyco-nanotechnology have allowed the
development of multivalent scaffolds to explore carbohydrate-lectin interactions.! Of these, carbon dots
(CDs), which are inherently fluorescent and have high surface/volume ratios, represent promising
scaffolds to explore in vitro and in vivo glycan-Siglec interactions. Using our published synthesis
route,? high affinity a(2,3)-sialyllactose (2,3-SL) and a(2,6)-sialyllactose (2,6-SL) decorated CDs (3-CD
and 6-CD, respectively) to target Siglec-2 (CD22) and Siglec-1 (Sialoadhesin) were fabricated. We
outline the use of SL-conjugated CDs in biology and show that they have an inherently high affinity to
bind to siglec due to their multivalent display. Finally, for 6-CD, this multivalent display of Sia, was able
to generate a significant cytotoxic effect on Burkitt’s lymphoma (BL) Daudi B cells (see figure 1). This
study provides the framework for the design of intelligent Sia-conjugated CDs capable of targeting
siglecs and other sialic acid binding proteins, paving the way for the development of clinically applicable
CDs.
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1. Cooper, O.; Tiralongo, J., Profiling Carbohydrate-Protein Interaction Using Nanotechnology. In
Reference Module in Chemistry, Molecular Sciences and Chemical Engineering, Elsevier: 2020.

2. Cooper, O.; Eftekhari, E.; Carter, J.; Mallard, B.; Kaur, J.; Kiefel, M. J.; Haselhorst, T.; Li, Q.;
Tiralongo, J., Fluorescent Carbon Dots Functionalized with Self-Assembled Glycan Monolayers for
Probing Interactions across the Glyco-Interactome. ACS Applied Nano Materials 2020, 3 (8), 7804-
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Instrument and method development towards enhanced N-Glycan
mass Spectrometry Imaging

Peter Hoffman',
1. University of South Australia, Adelaide, SOUTH AUSTRALIA, Australia

Abstract not provided

Highly sensitive spatial Glycomics at cellular resolution by in-situ
derivatization and mass spectrometry imaging

Arun Everest-Dass’
1. Institute for Glycomics, Gold Coast, QUEENSLAND, Australia

Abstract not provided
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Glycolipid-peptide conjugate vaccines protect against liver-stage
malaria

Benjamin Compton', Yu Cheng Chua?, Lauren Holz?, Sarah Draper’, lan Hermans?3, William
Heath?, Gavin Painter’

1. Ferrier Research Institute, Victoria University of Wellington, Wellington, New Zealand

2. Peter Doherty Institute, University of Melbourne, Melbourne, Australia

3. Malaghan Institute of Medical Research, Wellington, New Zealand

Malaria is a highly prevalent parasitic disease, accounting for around 216 million infections and 445,000
deaths per annum. Although the anti-malarial vaccine, Mosquirix, was recently approved, this treatment
is only modestly effective against clinical disease (achieving ~30% protection after 1 year and dropping
to <10% protection after 4 years).

In the search for more effective treatments, we are developing glycolipid-peptide conjugate vaccines
that expand a sub-population of non-circulating hepatic memory T cells - known as liver resident-
memory T cells (Trm cells) - which been shown to be ‘front-line defenders’ against various hepatotropic
diseases including malaria.

In this paper, we report the design, synthesis and preclinical testing of glycolipid-peptide conjugate
vaccines for the induction of T cell immunity in the liver and our progress towards developing new,
efficacious vaccines for malaria.

Glycosylation-dependent protein quality control in malaria
parasites enables transmission to mosquitoes and subsequent
liver-stage infection

Sash Lopaticki!, Robyn McConville' 2, Alan John' 2, Niall Geoghegan'- 2, Shihab Deen
Mohamed" 2, Lisa Verzier'- 2, Ryan Steel" 2, Cindy Evelyn', Matthew O'Neill’, Niccolay Madiedo
Soler’ 2, Nichollas Scott?, Kelly Rogers' 2, Ethan Goddard-Borger® 2, Justin Boddey": 2

1. Walter and Eliza Hall Institute of Medical Research, Parkville, VIC, Australia

2. Department of Medical Biology, University of Melbourne, Parkville, Vic, Australia

3. University of Melbourne at the Peter Doherty Institute for Infection and Immunity, Parkville, Victoria, Australia

Malaria is a life-threatening infectious disease that kills over 620,000 people annually, predominantly
young children. Malaria parasites are maintained between humans and mosquitoes in a complex
lifecycle involving parasite motility, invasion and egress from host cells. The Plasmodium ‘TRAP
adhesin family’ contain type | thrombospondin repeat domains and are expressed on the parasite
surface at different lifecycle stages. The "'TRAP adhesin family' are required for parasite motility and
host cell infection throughout the lifecycle. Despite common glycosylation being absent from malaria
proteins, recently the presence of C- and O-glycosylation was discovered in the sporozoite stage
of Plasmodium falciparum and P. vivax, which infect the liver in humans before establishing blood stage
infection. We subsequently showed that O-glycosylation by POFUT2 is essential in P. falciparum for
stabilising ‘TRAP adhesin family’ members that enable infection of mosquitoes and the liver. Here, we
identify new substrates that are O- and C-glycosylated in P. falciparum and reveal the essential
functions of a new glycosyltransferase, DPY19, responsible for tryptophan C-mannosylation in this
human pathogen. Genetic disruption of DPY19 attenuated P. falciparum gametocytes from egressing
their human erythrocytes within the mosquito gut. This process was imaged to completion for the first
time using lattice light-sheet microscopy, revealing critical defects in the absence of C-
glycosylation. DPY19-deficiency also blocked P. falciparum ookinetes from invading the mosquito
midgut, a critical step in malaria transmission. This work reveals that the most lethal malaria parasite of
humans performs glycosylation in the endoplasmic reticulum for quality control of proteins required for
transmission to mosquitoes and subsequent liver-stage infection. These are crucial steps in parasite
dissemination through human and mosquito populations, providing potential avenues for transmission
blocking interventions against this pernicious disease.
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Treatment of Invasive Fungal Infections: discovery of new potential
leads

Danielle Lee', Joe Tiralongo', Thomas Haselhorst'
1. Institute for Glycomics, Griffith University, Gold Coast Campus, Queensland, Australia

Opportunistic fungal pathogens, such as Aspergillus, Candida, and Cryptococcus, are leading causes
of Invasive Fungal Infections (IFl). The spores of these fungal species are present in day to day living
environments and are harmless to most people. However, to immunocompromised patients, it can
cause severe life-threatening systemic infections such as Invasive Aspergillosis (IA).
Immunocompromised patients include patients with HIV, diabetes, cancer, or an autoimmune condition.
With the COVID-19 global pandemic resulting in an increase of hospitalisations, there has been a steep
escalation in case numbers of COVID-19 associated IFI resulting from the increase in number of
immunocompromised patients. Treatment of IFI however, has been complicated with the increase of
drug resistance and the lack of new antifungals development. Using our innovative and proven drug
discovery pipeline, we aim to tackle this increasingly serious threat to public health all around the world.
Specific targets of the invading fungal cells have been identified which are absent in humans but play
a critical role in the fungal virulence, such as the Galactomannan biosynthesis. This project has
discovered three potential lead compounds which target a fundamental enzyme found in fungi, UDP-
Galactopyranose Mutase (UGM). By targeting this enzyme, galactofuranose production is inhibited
which impacts the Galactomannan biosynthesis, leading to fungal growth defects, altered virulence and
subsequently fungal death. Using the innovative approach, the lead compounds have been analysed in-
silico, and in-vitro with further work being conducted which will lead into in-vivo and ex-vivo studies.

A ‘Genomics-Structure’ approach to understanding polysaccharide
biosynthesis in a critical priority bacterial pathogen
Johanna Kenyon', Ruth Hall?

1. Queensland University of Technology, Herston, QLD, Australia
2. University of Sydney, Sydney

The bacterial cell surface is an exquisitely diverse landscape comprising a variety of glycan and
polysaccharide structures. For Acinetobacter baumannii, a bacterial species for which there are few
effective antibiotic treatments remaining, the polysaccharide capsule (CPS) is a major virulence factor
and target for new therapies. Individual strains produce just one of the large number of CPS types that
is largely determined by which combination of genes are present at the chromosomal K locus (KL) for
CPS biosynthesis. By assessing the CPS structure in light of the genome in the same strain, encoded
proteins can be assigned to specific roles in the biosynthesis pathway revealing enzyme specificities
without the need for time-consuming biochemistry. These assignments are strengthened as more CPS
structures with corresponding genomes become available. Here, this ‘genomics-structure’ approach
was used to characterise the CPS produced by an A. baumannii clinical isolate carrying the KL127
locus. Using NMR and chemical approaches, the CPS was found to be a polymer of pentasaccharide
units. Correlation of this structure to KL127 revealed that the linkage between units was not the linkage
expected to be formed by the encoded polymerase, indicating the presence of a polymerase gene
elsewhere in the genome. A tailored bioinformatics approach enabled the finding of a candidate gene
outside the K locus in a prophage region, and the additional finding that a strain with KL127 but not the
prophage produced a structure with the expected linkage confirmed the role of the prophage gene in
CPS biosynthesis. As structural changes can affect the specificity of antibodies and phage, this case
study demonstrates that a ‘genomics-structure’ approach is a valuable workflow for detecting cases in
which genes outside the K locus alter the CPS structure, thus providing novel insights into CPS
biosynthesis and evolution for this species.
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Identifying pathways of reserve carbohydrate biosynthesis in
parasitic protozoa essential for virulence

Malcolm McConville', Fleur Sernee’, Julie Ralton’, Thomas Soerianto’, Vinzenz Hofferek', Alex
Uboldi?, Chris Tonkin?

1. University of Melbourne, Parkville, VIC, Australia
2. Walter and Eliza Hall Institute of Medical Research, Parkville, VIC, Australia

Parasitic protists comprise an extremely diverse group of single celled eukaryotes that chronically or
acutely infect more than 1/3 of the world’s population and are responsible for diseases such as malaria,
toxoplasmosis and leishmaniasis. Each of these pathogens target different host cells and tissue niches
and have evolved markedly different growth strategies and capacity to establish long term chronic
infections. Intriguingly, pathogens with the capacity to establish long term chronic infections, such
as Toxoplasma gondii and Leishmania spp, universally synthesize intracellular carbohydrate reserves,
which may allow these pathogens to switch to a slow growth, metabolically quiescent state and
subsequently reactivate and cause acute infections. T. gondii synthesizes a plant like amylopectin
(a1,4(a1-6 branched) glucan), while Leishmania have evolved a completely novel carbohydrate
reserve, comprised of [(1,2mannan chains, termed mannogen. We have identified novel
proteins/enzymes involved in the synthesis of T. gondii amylopectin and Leishmania mannogen,
including a repurposed trehalose-phosphate synthase and a novel family of GDP-
Man:mannosyliransferases with dual mannogen phosphorylase activity (MTPs), respectively.
Delineation of the function of these proteins demonstrates that reserve carbohydrate biosynthesis and
turnover has a key role in regulating parasite central carbon metabolism and the capacity of these
pathogens to persist long term within their mammalian host.
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A harmonised compositional and structural glycomics platform for
the masses

Christopher Ashwood" 2, Richard D Cummings'

1. Department of Surgery, Beth Israel Deaconess Medical Center, Harvard Medical School, Boston,
Massachusetts, USA

2. Glycomics Core, Beth Israel Deaconess Medical Center, Harvard Medical School, Boston, Massachusetts,
USA

Protein glycosylation is the most frequent and varied type of co- and post-translational modification
seen in eukaryotic cells. Identification of the glycans that modify individual proteins or protein mixtures
(e.g. cell lysates and plasma) is valuable for hypothesis generation regarding the roles these glycans
play in cellular physiology.

Differing glycan formats and analysis methods challenge reproducibility. Compositional analysis
(e.g. MALDI) profiles glycans by their mass, whereas structural analysis (e.g. porous graphitised
carbon{PGC}-LC-MS) separates isomers before detection, allowing structures to be selectively
measured. Here, we describe two ESI methods to analyze released, native glycans with compositional
or structural resolution, respectively. The first, a flow injection analysis MS method at 3 minutes per
sample, and the second, a PGC-LC-MS method. Both methods analyse non-reduced glycans to simplify
sample preparation, and avoid labile modification loss from alkaline conditions.

The compositional method was verified with a pilot treatment of ExpiCHO cells with Castanospermine,
a known glucosidase inhibitor, showing accumulation of glucosylated N-glycans. As these results were
consistent with expectations, a time-course study was performed with Kifunensin, an alpha 1,2
mannosidase, and Swainsonine, an alpha 1,3/6 mannosidase inhibitor. Similar to the Castanospermine
treatment, inhibition was successful with an accumulation of glycans upstream from their respective
inhibited biosynthetic enzymes.

Compositional analysis often struggles to connect detected glycans and their respective biosynthetic
enzymes due to unresolved structural features. Using a set of model glycoproteins, we analyzed the
glycans by our compositional method, then subsequently by PGC-LC-MS. LC optimization was
performed to prevent anomeric peak splitting while maintaining glycan isomer separation. Diagnostic
product ions from the structural analysis were translated to the MS2 spectra of the compositional data,
enabling limited structural information to be extracted from previously composition-only data. With this
harmonized platform, throughput can be tailored to the question instead of the reverse.

Multi-Glycomics: sequential release of the heterogeneous glycome
from a single sample

Edward SX Moh': 2, Nicholas DeBono' 2, Sagar Dalal" 2, Katherine Wongtrakul-Kish' 2, Nicolle
Packer':?

1. Macquarie University, Sydney, NSW, Australia
2. ARC Centre of Excellence for Synthetic Biology, Macquarie University, Sydney, NSW, Australia

The complete glycome is structurally complex and diverse, composed of not only N- and O-glycans.
Glycosaminoglycans (GAGs), glycosphingolipids (GSLs) and other distinct glycan features such as
polysialic acids (PSA) and non-mucin type O-glycans (O-man, O-xyl) are also functionally significant.
Various methods are used to analyse these different components of the glycome, but they require pre-
fractionated/partitioned samples to target each glycan class individually. With this siloed approach, the
capacity to determine the contribution of the total glycome to the biological function of interest is lost.

To address this need for a knowledge of the relationship between the different glycan components of a
biological system, we have developed a sequential release workflow of analysis of multiple conjugated
glycan classes (PSA, GAGs, GSLs, N-glycans O-glycans) from the same tissue lysate.

With this sequential glycan release approach, using mouse brain and heart tissue lysates as examples,
five glycan classes were characterised from a single sample using enzymatic or chemical release of
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the different glycan structures from a single sample spot dried onto a PVDF membrane. The released
glycan classes were then analysed by HPLC and/or MS techniques. Interestingly, by comparison with
the release of individual glycan classes from parallel samples, the removal of long negatively charged
chains enhanced the yields of subsequent released glycans. Furthermore, the usually difficult to identify
GAG cores, became visible in the O-glycan release.

Our sequential glycan release workflow thus not only improves the depth, but also the coverage, of the
glycome. Importantly, as all the glycan classes were released from the same sample, relative
quantitation of the different glycan structures to each other becomes possible. This coverage of the total
heterogeneous glycome from only 40 micrograms of crude protein lysate makes this workflow a
valuable approach to the deep characterisation of the complex glycome of cells and tissues.

Glycoprofiling by lectin-based glycoprotein microarrays

Jaroslav Katrlik!, Lucia Pazitna', Paras Kundalia', Kristina Kiani¢kova'
1. Institute of Chemistry, Slovak Academy of Sciences, Bratislava, Slovakia

Aberrant glycosylation is a hallmark of many diseases and physiological changes. Various bioanalytical
methods can be used for its detection. We are focused on affinity techniques based on glycan binding
molecules. Typically, lectins are used as biorecognition elements, which are proteins recognizing glycan
structures enabling glycoprofiling of proteins, cells, and tissues. Our group develops lectin-based
glycoprotein microarray assays in the reverse-phase format, the technique defined as a high-throughput
approach enabling simultaneous and rapid analysis of a large cohort of samples by a set of lectins
without the need for the separation of glycans from proteins. The microarray biochip is prepared by
spotting of tens to hundreds of samples on the microarray substrate which is then allowed to interact
with a panel of lectins. This method provides effective glycoprofiling of samples and screening/analysis
of glycan biomarkers having huge applications in biomedicine, biology, and biotechnology. We have
applied our microarray platform for the study of glycan changes in a number of various cases, e.g.
cancer, gestational diabetes mellitus, congenital disorder of glycosylation (CDG), attention-deficit
hyperactivity disorder (ADHD), age-related glycosylation changes, or glycostructure of therapeutic
proteins.

Acknowledgement: APVV-20-0243, COST CA18132, APVV SK-SRB-21-0046. This publication is the
result of the project implementation Centre for Advanced Therapies for Chronic Inflammatory Diseases
of the Musculoskeletal System, ITMS2014+: 313011W410 supported by the Operational Programme
Integrated Infrastructure funded by the European Regional Development Fund.

1. Robajac D, Krizakova M, Sunderi¢ M, Miljus G, Gemeiner P, Nedi¢ O, Katrlik J (2022). Lectin-Based Protein
Microarray for the Glycan Analysis of Colorectal Cancer Biomarkers: The Insulin-Like Growth Factor System.
Methods in Molecular Biology, Glycan Microarrays, 207-222.

2. Pazitna L, Nemcovi¢ M, Pakanova Z, Barath P, Aliev T, Dolgikh D, Argentova V, Katrlik J (2020). Influence
of media composition on recombinant monoclonal IgA1 glycosylation analysed by lectin-based protein
microarray and MALDI-MS. Journal of Biotechnology, 314, 34—40.

A pain-causing and paralytic ant venom glycopeptide

Samuel Robinson’
1. Institute for Molecular Bioscience, University of Queensland, St Lucia, QLD, Australia

Venoms from animals and plants are a rich source of bioactive peptides. Post-translational
modifications are key to the function of many venom peptides. | will present our discovery and
characterization of an O-linked glycopeptide (Mg7a) which is a major component of the venom of the
Australian giant red bull ant Myrmecia gulosa. Electron transfer dissociation and higher-energy
collisional dissociation tandem mass spectrometry were used to localize three a-N-acetylgalactosaminyl
residues (a-GalNAc) present on the 63-residue peptide. To allow for functional studies, we synthesized
the full-length glycosylated peptide via solid-phase peptide synthesis, combined with diselenide—
selenoester ligation-deselenization chemistry. We show that Mg7a is paralytic and lethal to insects, and
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triggers pain behavior and inflammation in mammals, which it achieves through a membrane-targeting
mode of action. Deglycosylation of Mg7a rendered it insoluble in aqueous solution, suggesting a key
solubilizing role of the O-glycans.
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MAGMap: Liquid Chromatography lon Mobility Mass spectrometry
(LC-IM-MS) software for characterization of released glycans

lan Walsh', Katherine Wongtrakul-Kish?, Zach Pang', Gavin Teo', Kong Meng Hoi ', Shi Jie
Tay', Corrrine Wan', Sean Chia', Aryeh Chiam', Lyn Chiin Sim', Terry Nguyen-Khuong'

1. Bioprocessing Technology Institute (A*STAR), Singapore, SINGAPORE

2. School of Natural Sciences, Macquarie University, Macquarie , New South Wales, Australia

A significant burden in bio-manufacturing is the characterisation of glycans on viral vectors, vaccines,
or biomolecules. Their characterization is time-consuming, requiring skilled manpower and expensive
instruments. This results in slower and costly bioprocess development. To address the need for
customized software to handle multi-attribute data arising from liquid chromatography ion mobility mass
spectrometry (LC-IM-MS), we have developed the Multi-attribute Glycan Map (MAGMap) software
presented here. MAGMap is an automated glycan characterization software designed to process
and visualize multi-attribute glycan data. The software can process raw data from the mzML data
standard and extract multiple attributes such as Glucose Units (GU) from the LC, mass to charge ratio
(m/z) from the MS and collision cross section values from the IM. Using the extracted multi-attribute
information, the software can automatically identify glycans using database matching and data
visualization approach more accurately than LC-MS alone.

Evaluating confidence score relationships across glycopeptide
search engines via a novel glycan database and glycopeptide result
converter

Matthew P Campbell’, Monil Gandhi?, Richard Shipman?, Norton Kitagawa?, Zhewei Liang?,
Gregg Czerwieniec?, Xin Cong?, Daniel Serie?, Klaus Lindpaintner?

1. InterVenn Biosciences, Fitzroy, Melbourne, Victoria, Australia

2. InterVenn Biosciences, South San Francisco, California, USA

Multiple glycoproteomics search engines are available, including Byonic, pGlyco3, Metamorpheus,
however, their utility is limited by the lack of a harmonized input/output format. Thus, search results
cannot be directly compared, and users are relegated to design approaches to correlate resultant data.
Moreover, search engines apply different algorithms to calculate output “confidence scores”. Here, we
present a novel application to convert the output of several commonly used glycan database and search
engine formats. We applied our conversion program to human serum samples analyzed using pGlyco3,
Byonic, and MetaMorpheus and report confidence score dynamics for the results.

A N-glycan database for the three search engines was built and identical parameters were run to yield
glycopeptide results. We used our converter on pGlyco3 input files for 154 N-glycan compositions from
Byonic’s human plasma database. Glycopeptide identification was achieved using pGlyco3, Byonic,
MetaMorpheus search engines with the same parameters. Our glycopeptide result converter was
applied to extract specific information including: MS2 Scan number, peptide sequence, glycoform,
retention time, and confidence score output for each search engine. Confidence score comparisons
were compared by reverse tracing of the scan numbers for individual experiments.

For samples analyzed across five FAIMS collisional voltages (35V, 40V, 45V, 50V, 55V), pGlyco3
identified 3,038-6,801 glycopeptide-containing spectra (GCS), Byonic identified 4,660-9,737 GCS, and
MetaMorpheus identified 3,140-6,818 GCS. Since our converter retrieves MS2 scan numbers and
confidence scores, conversions between confidence scores for different search engines could be
analyzed based on the same MS2 scan. Without any confidence score filters, 30.1% (3,266 of 10,868
PSMs) of glycopeptide containing spectra reported a shared space at FAIMS CV 45V by the pGlyco3,
Byonic, and MetaMorpheus search engines.

In conclusion, our glycopeptide converter enabled a comparison of the output results from pGlyco3,
Byonic, and MetaMorpheus while accounting for differences in the respective confidence scores.
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Biocuration of Glycosylation Data

Catherine A Hayes' 2, Julia Costa3, Julien Mariethoz' 2, Frederique Lisacek® %4
1. University of Geneva, Carouge, CAROUGE, Switzerland
2. Proteome Informatics Group, SIB Swiss Institute of Bioinformatics, Geneva 1211, Switzerland

3. Laboratory of Glycobiology, Instituto de Tecnologie Quimica e Biolégica Anténio Xavier, Universidade Nova de
Lisboa, Lisbon, Portugal

4. Section of Biology, University of Geneva, Geneva 1211, Switzerland

GlyConnect (https://glyconnect.expasy.org/) is part of a suite of resources hosted by the Swiss Institute
of Bioinformatics. The resources include tools to interrogate curated glycosylation data stored in
GlyConnect. The central theme is the glycan composition/structure. These structures are identified by
a number of analytical techniques and have varying levels of detail. They are represented in the
standard SNFG nomenclature [1] which allows efficient and rapid understanding of experimental glycan
structures.

As biocurators of this type of data, we have identified a number of bottlenecks and potential solutions.
The main one is the time-consuming re-interpretation of glycan structures. Published glycan structure
data is represented in many different ways; from lists of potential compositions derived from proprietary
databases to annotated tables containing m/z, charge state, abundance and possibly SNFG cartoons.
There are two consequences of the reliance on images: bioinformatics tools cannot interrogate them
and, second, while informative, they may not always reflect the intended structure e.g. in a tri-antennary
N-Glycan, what is the evidence for the antennae position?

These consequences lead to time-consuming “re-annotation” of structures, and trawling of papers for
evidence. The futility of the curation task is worsened by the fact that cartoons found in papers are very
likely to have been created with tools that have the capability to output the structure in a computer-
readable format. Ideally, a structure identifier (GlyTouCan, https://glytoucan.org/) should be provided
as it links directly to multiple formats.

We have created several tools, including a simple standalone tool that interrogates GlyConnect and
then GlyTouCan for the presence of structures and returns IDs from both of these resources if present.
Input is a GWS string which is the default output of GlycoWorkBench/GlycanBuilder [2]. Adopting new
habits in data submission with inclusion of structure formats will positively impact the reporting and
biocuration of experimental results.

1. [1] Neelamegham S, Aoki-Kinoshita K, Bolton E, Frank M, Lisacek F, Liitteke T, O'Boyle N, Packer NH,
Stanley P, Toukach P, Varki A, Woods RJ; SNFG Discussion Group. Updates to the Symbol Nomenclature
for Glycans guidelines. Glycobiology. 2019 Aug 20;29(9):620-624. doi: 10.1093/glycob/cwz045. PMID:
31184695; PMCID: PMC7335484.

2. [2] Damerell D, Ceroni A, Maass K, Ranzinger R, Dell A, Haslam SM. Annotation of glycomics MS and
MS/MS spectra using the GlycoWorkbench software tool. Methods Mol Biol. 2015;1273:3-15. doi:
10.1007/978-1-4939-2343-4_1. PMID: 25753699.

Using inference on Semantic Web data to enrich the data in
GlyCosmos

Kiyoko Aoki-Kinoshita'
1. S6ka University, Hachioji, TOKYO, Japan

The GlyCosmos Portal [1] has been developed using Semantic Web technologies, meaning that the
data stored in GlyCosmos maintains the semantics, or the relationships, between data records. For
example, to represent a glycoprotein X with a glycosylation site Y occupied by a particular glycan Z
identified by a GlyTouCan ID G00000, we can represent this information by storing the following triples:
(a) X has_glycosylation_site Y (b) Y is_occupied_by Z (c) Z has_identifier “G00000”. The predicates
(e.g., “has_glycosylation_site”) are predefined in an ontology which encapsulates its meaning; X, Y and
Z are identified by a universal resource locator, or URI, as if it was an address on the Internet. Thus, if
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another database also contains Semantic Web data regarding protein X, it could be identified uniquely
by the URI for X, without needing to perform any mapping or data exchange.

Having reached version 3.0 in August, 2022, we attempted to perform inference on the Semantic Web
data in GlyCosmos. As a simple proof-of-concept, we focused on the organisms that have been
accumulated across glycans, glycoproteins, pathways, diseases, etc. in GlyCosmos. As of version 3.0.,
there were species whose distinct strains were annotated to contain different glycans, but taxonomies
that were at higher levels to that species (such as genus or kingdom) were not annotated with the same
data, despite the fact that logically, they should contain all the annotations that have been applied to
the species within its hierarchy. For example, the species Aspergillus oryzae has 16 glycans, 5
glycoproteins, and 1 lectin entry. However, the genus Aspergillus was annotated with only 10 glycans,
whereas it should also contain the glycans, glycoproteins, etc. for all of the species under
the Aspergillus genus.

Here, we used the semantics in the GlyCosmos database to perform inferences on these taxonomic
annotations. First, we obtained the whole taxonomic hierarchy from NCBI and stored it in our datastore
as triples. Then, we formulated inference rules to automatically obtain the higher taxonomies for any
particular taxon. As a result, we were easily able to formulate queries that would automatically annotate
the information from the lower taxons to the higher taxons, thus returning information that was
semantically accurate. Note that we did not have to generate any new data to specifically indicate that
the data associated with a lower taxon was also associated with the higher. Thus, we were able to
illustrate the power of Semantic Web technologies, and we plan on incorporating these techniques into
GlyCosmos in future releases.

1. |. Yamada et al., “The GlyCosmos Portal: a unified and comprehensive web resource for the glycosciences,”
Nat. Methods, vol. 17, no. July, pp. 649-650, 2020, doi: 10.1038/s41592-020-0879-8.
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The application of synthetic biology to the production of O-
glycosylated proteins in E. coli

Warren W Wakarchuk', Nicole K Thompson', Samantha Rodriguez-Perez’', Lyann Sim?,
Stephen G Withers?

1. GlycoNet / University of Alberta, Edmonton, ALBERTA, Canada
2. Chemistry, University of British Columbia, Vancouver, British Columbia, Canada

Mucin-type O-glycosylation is initiated by the addition of a-linked GalNAc to serine or threonine residues
by enzymes in the GT27 family of glycosyltransferases. Unlike their N-linked counterparts, O-GalNAc
glycans do not have a precise consensus amino acid sequence (sequon) where the transfer takes
place. Some general considerations have emerged based on natural sites of glycosylation as well as
extensive synthetic peptide modification work, which we have exploited to engineer bacterial strains for
the production of sialylated Core 1 glycan structures on human therapeutic proteins. We have used a
two plasmid system combining genes from bacterial, and mammalian sources to permit the production
of a variety of proteins with O-glcyans of the sialylated core 1 type. We will present a summary of
progress to date in developing this system toward an industrially useful expression system for
therapeutic cytokines.

1. Sim L, Thomspson NK, Geissner A, Withers SG, and Wakarchuk W. Mammalian sialyltransferases allow
efficient Escherichia coli-based production of mucin-type O-glycoproteins but can also transfer Kdo
Glycobiology. 2022 Apr 21;32(5):429-440. doi: 10.1093/glycob/cwab130.

Glycopeptide reporters of early-stage colorectal cancer

Rebeca Kawahara', Liisa Kautto!, Seong Beom Ahn', Morten Thaysen-Andersen’
1. Macquarie University, Sydney, NSW, Australia

Australia has the highest incidence rate of colorectal cancer (CRC) worldwide. Although novel
treatments for CRC have emerged, the cure rates and long-term survival remain dishearteningly low.
Non-invasive biomarkers for the early detection of CRC are urgently needed to guide clinical decision-
making and ultimately increase the patient survival chances. To this end, we here present a paired
discovery and targeted glycoproteomics workflow that measures site-specific N-glycosylation changes
of key glycoproteins directly from non-depleted plasma of CRC patients spanning four disease stages
(Dukes I-IV, n = 7/stage) and age/gender-matched healthy donors (n = 8). For the discovery-based
approach, TMT labelling, high-pH fractionation and HILIC enrichment of the N-glycopeptides were
employed prior to LC-MS/MS-based identification and quantitation of ~2,000 intact N-glycopeptides
covering 76 N-glycoproteins. While we generally showed relatively stable plasma protein expression
across the CRC stages and controls, the site-specific N-glycosylation patterns of several highly
abundant plasma glycoproteins, including haptoglobin, immunoglobulins and complement C3 were
significantly altered between specific CRC stages relatively to the healthy controls. To validate the
findings with a clinically-relevant assay featuring minimum sample handling, we developed a label-free
targeted glycoproteomics method employing scheduled parallel reaction monitoring (PRM) on a
quadrupole-orbitrap mass spectrometer for the sensitive detection and quantification of 16 N-
glycopeptides from five plasma glycoproteins including haptoglobin, IgG and complement C3. The PRM
method provided accurate AUC-based N-glycopeptide quantification by the targeted detection of
multiple oxonium ions (m/z 138, 204, 366) and peptide-specific Y1 and Y2 fragment ions. When
adjusted for the protein level variations, the PRM-based glycopeptide quantification namely
recapitulated the stage-specific changes observed in the discovery-based glycoproteomics approach
but at considerably higher sensitivity and speed. In summary, we have developed a promising clinically-
relevant quantitative method for the discovery and validation of protein-specific glycosignatures in
plasma featuring a translational potential for the early detection of CRC.
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Engineering the lectin activity of a bacterial toxin to create a new
tool for cancer diagnosis and monitoring

Michael Jennings'
1. Institute for Glycomics, Griffith University, GOLD COAST, QLD, Australia

Aberrant glycosylation is one of the hallmarks of cancer cells. Glycans terminating with the sialic acid,
N-glycolylneuraminic acid (Neu5Gc) are not expressed at significant levels on healthy human tissues.
Nevertheless, Neu5Gc-containing glycoconjugates have been consistently found in human tumor
tissues, cells and secretions, and have been investigated as tumor biomarkers for decades. Until
recently, sufficiently specific and practical tools for the detection of Neu5Gc in a clinically relevant
biological sample, such as serum, have been lacking. Certain Shiga toxigenic Escherichia coli (STEC)
strains produce subtilase cytotoxin (SubAB) that preferentially recognizes a2-3 linked Neu5Gc via its
pentameric B-subunit SubB. We used structure aided design to engineer the SubB lectin to ablate the
recognition of “normal” Neu5Ac and enhance recognition of cancer-related Neu5Gc'. Using this novel,
NeuS5Gc-specific lectin, termed SubB2M, we have detected elevated Neu5Gc glycoconjugates in serum
from ovarian cancer patients at all stages of disease compared to healthy controls, in a highly sensitive
surface plasmon resonance (SPR)-based assay?. A similar study using cancer-free and Stage I-IV
breast cancer patient serum samples revealed that Neu5Gc serum biomarker levels can discriminate
breast cancer patients from cancer-free individuals®. Moreover, analysis of serum collected
prospectively, post-diagnosis, from breast cancer patients at high risk for disease recurrence showed a
trend for a decrease in Neu5Gc levels immediately following treatment for those in remission. Neu5Gc
serum biomarkers are a promising new opportunity for early detection and disease monitoring of ovarian
and breast cancer and may have utility for screening and monitoring of other types of cancer.

1. Day etal, 2017, Sci Rep, 7, 1495
2. Shewell et al, 2018, BBRC, 507, 173-177. Shewell et al, 2022, BMC Cancer, 22, 334.

Glycosaminoglycans that enhance mesenchymal stem cell banking

Simon Cool'
1. University of Queensland, Brisbane, QLD, Australia

A loss in therapeutic potency of allogeneic banks of human bone marrow-derived mesenchymal stem
cells (MSC) following serial passaging is a major bottleneck for clinical and commercial applications.
Prospectively screening of bone marrow donors for genomic biomarkers that predict the ability of
isolated MSC populations to be expanded without a loss of potency offers a unique opportunity to create
banks of high-quality MSCs. Additional use of media formulations containing growth-factor potentiating
glycosaminoglycans (GAGs) are being developed to further retain MSCs potency during ex
vivo expansion. Such glycosaminoglycans bind and stabilise important MSC mitogens (like FGF2) and
sustain proliferative signals in MSCs without compromising their capacity for multilineage
differentiation. Notably, MSCs cultured in GAG-enriched media formulations are highly effective at
regenerating osteochondral defects in rodent and porcine models. This seminar will describe the
discovery science and how integrating these strategies into a bioprocess for the manufacturing and
banking of MSCs is critical to the translation of this GAG-based program.
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SPEED TALKS & POSTERS

#01 - Spatial distribution, protein carriers and cellular origins of
paucimannosidic glycosignatures in colorectal cancer tissue

Naaz Bansal', Liisa Kautto'!, Seong Beom Ahn?, Benjamin Heng? 3, Rebeca Kawahara' 4,
Morten Thaysen-Andersen’ 4

1. School of Natural Sciences, Macquarie University, Sydney, NSW, Australia

2. Macquarie Medical School, Macquarie University, Sydney, NSW, Australia

3. Macquarie University Centre for Motor Neuron Disease Research, Macquarie University, Sydney, NSW,
Australia

4. Biomolecular Discovery Research Centre, Macquarie University, Sydney, NSW, Australia

Colorectal cancer (CRC) is a prevalent and lethal disease featuring a complex tumour
microenvironment (TME). The CRC TME is known to harbour cancerous intestinal epithelial cells,
various immune cell types, stroma and extracellular matrix engaging in glycan-mediated cell-cell
communication that facilitates key tumourigenic processes. Building on our recent observation that
paucimannosidic N-glycans are elevated in CRC tissues [1], this study aims to spatially profile
paucimannosidic glyco-epitopes and identify their protein carriers and cellular origin(s) in the CRC TME.
Two complementary approaches were employed to investigate a valuable collection of FFPE slides of
paired tumour and normal adjacent colon tissues from CRC patients- i) a qualitative immuno- and lectin
histochemical staining approach targeting paucimannosidic glycoepitopes and cell-specific markers and
i) quantitative LC-MS/MS-based glycomics and glycoproteomics. Histochemistry revealed that
paucimannosidic glycoepitopes are largely confined to the stroma of the CRC TME, and, interestingly,
that these co-localise with M2 macrophages (CD163) as opposed to intestinal epithelial cells (EpCAM).
The PGC-LC-MS/MS glycomics data mapped the fine structures of several paucimannosidic glycans
and, as expected, demonstrated that paucimannose levels were significantly elevated in CRC tumour
tissues relative to normal adjacent tissues. Finally, the glycoproteomic data revealed the identity of the
paucimannose-carrying proteins, and, indirectly, their cellular origins by mapping data back to the
Human Protein Atlas. As a prominent example, myeloperoxidase, a glycoprotein expressed by M2
macrophages, was found to be dramatically elevated in CRC tumour tissues relative to normal adjacent
tissues and was decorated abundantly with paucimannosylation at multiple sites. Collectively, our data
suggest that the paucimannosidic signatures in the CRC TME are of innate immune origins. The study
expands our understanding of the spatial distribution and cellular origins of overlooked glycoepitopes
in the CRC TME, fundamental knowledge important to better delineate CRC onset and progression and
develop new therapeutics against the disease.

1. [1] Chatterjee S, Lee LY, Kawahara R, Abrahams JL, Adamczyk B, Anugraham M, Ashwood C, Sumer-
Bayraktar Z, Briggs MT, Chik JHL, Everest-Dass A, Forster S, Hinneburg H, Leite KRM, Loke |, Mdginger U,
Moh ESX, Nakano M, Recuero S, Sethi MK, Srougi M, Stavenhagen K, Venkatakrishnan V, Wongtrakul-Kish
K, Diestel S, Hoffmann P, Karlsson NG, Kolarich D, Molloy MP, Muders MH, Oehler MK, Packer NH,
Palmisano G, Thaysen-Andersen M. Protein Paucimannosylation Is an Enriched N-Glycosylation Signature
of Human Cancers. Proteomics. 2019 Nov;19(21-22):e1900010. doi: 10.1002/pmic.201900010. Epub 2019
Oct 16. PMID: 31419058.

#02 - Utilisation of Cyclic lon Mobility with multiple pass acquisition
for the analysis of glycopeptides and glycoforms associated with
SARS-CoV-2

Heather Patsiouras', Lee A Gethings?, Christopher J Hughes?, Robert S Plumb?
1. Waters Australia, Rydalmere, NSW, Australia

2. Waters Corporation, Wilmslow, United Kingdom

3. Waters Corporation, Milford, U.S.A

Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) continues to be responsible for the large-scale epidemic globally. The SARS-CoV-2 S
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protein is highly conserved and involved in multiple processes, including receptor recognition and viral
attachment. The viral S protein is modified by glycosylation which may be implicated in immune evasion
from the host immune system by shielding the protein surface from detection by antibodies, affecting
the ability of the host to mount an effective adaptive immune response. It has therefore become an
important target for vaccine research. Here, we demonstrate the utility of Cyclic IMS (cIMS) for in-depth
glycopeptide characterisation using the multi-pass feature to separate co-eluting glycoforms related to
the SARS-CoV-2 S1 protein.

The SARS-CoV-2 S1 protein, which contains a His Tag (S1N-C52H3) and is expressed from human
293 (HEK293) cells, was used as an example protein to illustrate the benefits of the multi-pass
functionality. The sample was reduced, alkylated and digested with trypsin prior to LC-MS analysis. The
corresponding peptides were separated using one-dimensional liquid chromatographic (LC) configured
as trap and elute and utilising a 75 micron analytical column. 20ng of digest was loaded and separated
over a 30min gradient. The LC was coupled to an IMS oa-QTof MS and data were obtained using an
ion mobility enabled DIA method, HDMSE and targeted HDMSMS. Data were processed using a variety
of informatic tools in order to provide annotated glycopeptide identification.

Initial assessment of the digest was conducted using HDMSE, which comprised of a single pass of the
cyclic device. Based on the initial, single pass data and observation of typical oxonium ions within the
fragment ion spectra, glycopeptides at m/z 969.08 (3+) and 1262.9 (3+) were selected as candidates
for further investigation using quadrupole isolation and multi-pass ion mobility. In order to allow multi-
pass acquisitions, the cIMS settings were configured with mobility separate times derived from the
instrument control software pass calculator and by measuring the ion behaviours for 1 and 2 passes. A
total of five passes of the cyclic device was sufficient to show the emergence of multiple glycoforms for
the ion at m/z 1262.9 and it was found that the fragment spectra corresponding to this species had the
characteristic sialic acid linkage (m/z 657.2). Further experiments, which consisted of up to ten passes
of the cyclic device, did not result in additional information. Interpretation of the glycopeptide sequences
was conducted using the GlycReSoft software package, in addition to manual interpretation as further
validation.

#03 - Glycobiology in 3D — informatics, quality control, model
building and molecular dynamics

Martin Frank'
1. Biognos AB, Gothenburg, SWEDEN, Sweden

Carbohydrates are involved in many biologically important molecular recognition processes, which
ultimately trigger a specific biological function. Since the binding strength (affinity) of a molecular
complex is determined by the complimentary of the interacting molecular surfaces, the knowledge of
the three-dimensional (3D) structure of molecules is required in order to fully understand biological
function on the molecular level. The Protein Data Bank (PDB) (www.wwpdb.org) currently contains
almost 200000 experimentally determined 3D structural models of biomolecules and their assemblies,
including proteins, nucleic acids and carbohydrates. About 7% of the PDB entries do contain at least
one monosaccharide, which makes the PDB a valuable resource for data-mining in structural
glycobiology [1]. However, it should be noted that glycans in PDB entries are typically incomplete and
the generation of full 3D structural models of a glycoprotein requires the application of molecular
modeling methods. Additionally, a significant number of carbohydrate components in the PDB do have
unrealistic high-energy conformations. Consequently, it is important to have software methods available
that allow for carbohydrate detection, model building and quality checks in a given 3D structure. Here |
do present Conformational Analysis Tools (CAT), a powerful software developed over more than 20
years that supports automated workflows to build 3D models of glycoproteins, protein-carbohydrate
complexes and polysaccharides with high quality and to analyse their dynamics and molecular
interactions. CAT has recently been used for example to analyze the structure, dynamics, receptor
binding, and antibody binding of the fully glycosylated full-length SARS-CoV-2 spike protein in a viral
membrane and to build a model of the fully glycosylated Ebola glycoprotein (https://orcid.org/0000-
0002-1006-6746).

1. T. Lutteke, M. Frank, C.-W. von der Lieth (2004) Data mining the protein data bank: automatic detection and
assignment of carbohydrate structures. Carbohydr Res 339:1015-1020
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#04 - A New Synthetic Method for Asymmetrically-Substituted
Trehalose Derivatives
Hsin-Chuan Hsu', Regan Anderson’, Todd L Lowary?, Richard H Furneaux'

1. Victoria University of Wellington (Ferrier Research Institute), Lower Hutt, WELLINGTON, New Zealand
2. Institute of Biological Chemistry, Academia Sinica, Taipei, Taiwan

This project aims to develop a new strategy to asymmetrically-substituted trehalose derivatives via a
borinic acid-catalyzed 1,2-cis-stereoselective glycosylation,! which can be applied to the synthesis of
mycobacterial lipooligosaccharides (LOSs).2

Many glycans in the mycobacterial cell wall (MCW) help these organisms escape detection from the
host immune system. Despite their roles in influencing the progression of mycobacterial diseases, we
have a poor molecular-level understanding of how MCW glycans exert their effects. Among the many
carbohydrate components in MCW, mycobacterial LOSs are the focus of this research, as they display
tremendous structural diversity and there is a lack of efficient methods for their synthesis.

All LOSs share a common trehalose core which is an a,a-1,1-disaccharide composed of two
glucopyranose residues. Although there have been reports for synthesizing a range of trehalose
derivatives, these methods are not suitable for molecules like mycobacterial LOSs, which have complex
acyl and glycosyl substitution patterns. A general approach to asymmetrically substituted trehalose
derivatives involves the preparation of two different glucose derivatives and a glycosylation reaction for
coupling the two residues together. However, constructing the 1,1-glycosidic linkage in a
stereoselective manner at both anomeric centres is difficult. Four possible stereoisomers (aa, ap, Ba
and BR) are possible, which can cause low yields and difficulties in purification. In this research, we
have applied borinic acid-catalyzed 1,2-cis-glycosylation methodology to the synthesis of trehalose
units, using 1,2-a epoxy glucoside donors and hemiacetals as acceptors. The set of trehalose building
blocks thus produced will be useful in synthesizing mycobacterial LOSs with different acylation patterns;
for example, this method will be used for the synthesis of Mycobacterium gastri LOS |-IV. After
synthesizing a range of LOSs, a plate-bound microarray of mycobacterial LOSs will be produced and
utilized as a probe to unravel their biological activities.

1. Tanaka, M.; Takahashi, D.; Toshima, K. Org. Lett. 2016, 18, 5030-5033.
2. Angala, S. K.; Belardinelli, J. M.; Huc-Claustre, E.; Wheat, W. H.; Jackson, M. Crit. Rev. Biochem. Mol. Biol.
2014, 49, 361-399.

#05 - Examining the salivary N-glycome during
experimental Streptococcus pyogenes infection

Anuk Indraratna® 2, Arun Everest-Dass?, Chi-Hung Lin3, Joshua Osowicki* %6, Andrew Steer* 5
5, Nicolle Packer® &7, Danielle Skropeta' 2, Martina Sanderson-Smith" 2
1. lllawarra Health and Medical Research Institute, Wollongong, New South Wales, Australia

2. School of Chemistry and Molecular Bioscience, Molecular Horizons, University of Wollongong, Wollongong,
New South Wales, Australia

3. Institute for Glycomics, Griffith University, Gold Coast, Queensland, Australia
4. Tropical Diseases, Murdoch Children's Research Institute, Melbourne, Victoria, Australia
5. Department of Paediatrics, University of Melbourne, Melbourne, Victoria, Australia

6. Infectious Diseases Unit, Department of General Medicine, The Royal Children's Hospital , Melbourne,
Victoria, Australia

7. Department of Molecular Science, Macquarie University, Sydney, New South Wales, Australia

8. ARC Centre of Excellence for Nanoscale BioPhotonics, Macquarie University, Sydney, New South Wales,
Australia

Streptococcus pyogenes is a significant human pathogen is responsible for a diverse range of tissue
infections. Its primary niche is the oropharynx which is rich in glycans, some of which are implicated in
the innate immune response. Using a time-course approach, we are characterising the dynamic
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oropharyngeal glycoprofile in saliva during experimental human pharyngitis with emm75 S.
pyogenes (CHIVAS-M75 study).

Baseline, acute, and convalescent saliva samples were collected from healthy adult participants
challenged with emm75 S. pyogenes. Qualitative and quantitative analysis of N-glycans extracted from
saliva was performed by porous graphitised carbon liquid chromatography coupled with electrospray
ionisation tandem mass spectrometry (PGC-LC-ESI-MS/MS; LC-MS).

Of 145 N-glycans detected in saliva, 108 have been structurally solved or predicted from elution profiles
and MS2 analyses. The majority (60%) are complex N-glycans. Preliminary time-course analyses from
one patient reveal changes in the glycoprofile 48 hours post-infection. The major change is an increase
in N-glycans bearing neuraminic (sialic) acid, which has a well-recognised role in the innate immune
response. This effect is mediated primarily by complex, doubly-sialylated structures.

The host glycome is an important research target for efforts to understand host-pathogen interactions
in streptococcal pharyngitis, and these findings will be validated in a larger cohort of human challenge
trial participants. The observed sialic acid response suggests it may have an important role in triggering
innate immune responses to S. pyogenes mucosal infections.

#06 - Hyper-truncated N-glycosylation of neutrophil azurocidin
enables binding to P. aeruginosa PA-IIL (LecB)

Harry Tjondro', Muhammad A Zenaidee?, Julian Ugonotti', Rebeca Kawahara', Morten
Thaysen-Andersen’

1. Macquarie University, Macquarie Park, NSW, Australia

2. Australian Proteome Analysis Facility, Sydney, NSW, Australia

Azurocidin is a key microbicidal N-linked glycoprotein expressed by granulated neutrophils within our
innate immune system, but the site-specific structure and biological roles of the N-glycans decorating
azurocidin remain unknown. To this end, we have performed a deep structure-function characterisation
of the N-glycosylation carried by azurocidin isolated from human neutrophils. Using PGC-LC-MS/MS
glycomics, we firstly show that a paucimannosidic N-glycan (Man2GIcNAczFuci, M2F) is a highly
abundant (~55%) structure of azurocidin. Glycopeptide-focused LC-MS/MS analysis supported the
glycomics data and revealed that two of three azurocidin N-glycosylation sites (Asn126 and Asn140)
are prominently decorated by an unusual chitobiose core N-glycan (i.e. GlIcNAc1Asn) while a third site
(Asn171) is predominantly occupied by M2F. Importantly, LC-MS/MS-based top-down analyses
recapitulated the bottom-up data and revealed a heterogeneous glycoform profile of intact azurocidin
dominated by hyper-truncated N-glycans rich in unusual Man, GIcNAc and Fuc glycoepitopes and an
absence of other post-translational modifications. We therefore probed the binding potential of the
fucose- and mannose-binding Pseudomonas aeruginosa lectin, PA-IIL (LecB), to azurocidin.
Interestingly, recombinant tetrameric LecB displayed considerable affinity to azurocidin using a simple
in-solution binding assay while no LecB binding was observed to oligomannosidic and sialylated bovine
RNAse B and fetuin, respectively. Notably, both native MS and mass photometry provided further
evidence supporting a LecB-azurocidin complex formation, while 3D structural modelling unveiled that
two strategically-positioned N-glycans on the surface of azurocidin at Asn126 and Asn140 are
compatible with a potential bivalent binding mechanisms to the glycan-binding domains of tetrameric
LecB. In conclusion, we have demonstrated that neutrophil azurocidin exhibits a highly unusual and
site-specific hyper-truncated N-glycophenotype that displays binding to LecB. The findings of this study
open for new avenues to explore how unusual neutrophil N-glycans impact host-pathogen interactions
in the human innate immune system.

#07 - Distinct N-glycan signatures of cancer and immune cells from
ovarian cancer ascites

Katherine Wongtrakul-Kish', Ricardo Coelho?, Francis Jacob?, Viola Heinzelmann-Schwarz?,
Nicolle H Packer!

1. Macquarie University, North Ryde, NSW, Australia
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The accumulation of ascites fluid in the peritoneal cavity is a hallmark in patients with epithelial ovarian
cancer. Ascites has the potential to serve as a source of biomarkers to better characterise the disease
and to study treatment response. In this study we sought to characterise the N-glycome of the two major
cell types in ascites (cancer and immune cells) from patients with chemo-naive high-grade serous
ovarian cancer.

Flow cytometry was used to isolate CD45+ (immune) and CD45-/EpCAM+ (cancer) cells from three
patients. As a comparison, a sample of total cells from the same ascites samples before cell sorting
was included. Cell lysates were immobilised onto PVDF membrane for N-glycan release followed by
analysis of reduced N-glycans by PGC-LC coupled with negative ion mode MSMS.

In total, 192 N-glycans were identified in whole ascites, and a qualitative comparison of structures
between cancer and immune cells identified 26 N-glycans detected only in immune cells and 42 N-
glycans detected only in cancer cells. In regards to glycan classes, a quantitative comparison (relative
% abundance) showed that the cancer cell N-glycome displayed biosynthetically less processed
structures with 52% contributed by oligomannose structures compared to 20% complex type structures.
Immune cells showed slightly more complexity with 30% complex type structures and 44%
oligomannose type. Excitingly, when the EpCAM+ and CD45+ population ‘sub-glycomes’ were
compared to the profile of total ascites cells, we found 61 N-glycans only detected in the EpCAM and
CD45 marker negative population suggesting that other ascites cell types may also harbour a distinct
N-glycome.

These results indicate that N-glycosylation signatures are able to distinguish sub-populations of cells
derived from ovarian cancer ascites. This work sets the basis to further explore the cell type-dependent
glycosylation in patient material, ultimately, during disease progression (to identify possible new drug
targets) and/or treatment response.

#08 - Comprehensive Glycoproteome Profiling of Resting and
Thrombin-Activated Platelets

The Huong Chau', Sayantani Chatterjee', Callum B. Houlahan?, Freda H. Passam? %4, Rebeca
Kawahara', Dianne E. van der Wal5, Mark Larance®, Morten Thaysen-Andersen’:7?

1. School of Natural Sciences, Faculty of Science and Engineering, Macquarie University, Sydney, NSW,
Australia

2. Faculty of Medicine and Health, University of Sydney, Sydney, NSW, Australia
3. Royal Prince Alfred Hospital, Sydney, NSW, Australia

4. Heart Research Institute, Sydney, NSW, Australia

5. Australian Red Cross Lifeblood, Sydney, NSW, Australia

6. Charles Perkins Centre, School of Life and Environmental Sciences, Faculty of Science, University of Sydney,
Sydney, NSW, Australia

7. Biomolecular Discovery Research Centre, Macquarie University, Sydney, NSW, Australia

Platelets play central roles in the vascular and immune systems, including in haemostasis, thrombosis,
inflammation, host defence, and carcinogenesis. Tissue injury promptly activates resting platelets,
triggering profound morphological changes and granule exocytosis, resulting in the release of granular
proteins (releasate) that mediate injury-related response processes. Despite the documented
importance of protein glycosylation in platelet biology, the platelet glycoproteome remains poorly
defined. This study employs complementary glycomics and glycoproteomics approaches to
comprehensively map the N-glycoproteome of the lysate and releasate of resting and thrombin-
activated platelets. Primary platelets were isolated in their resting condition from blood of healthy
donors. Platelets were left unstimulated (n=10) or were either partially (n=6) or fully (n=5) activated with
a-thrombin, a potent platelet agonist. Thrombin-mediated platelet activation was confirmed using PAC-
1- and CD62P-centric flow cytometry. The releasate fractions were then collected and separated from
platelet cellular fractions (lysate). Firstly, the N-glycome of the platelet lysate and releasate was
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quantitatively profiled using PGC-LC-MS/MS-based glycomics. Platelet lysates and releasates
displayed profound N-glycome diversity rich in sialylated and core-fucosylated complex-type N-glycans
across both resting and activated conditions. Excitingly, a thrombin dose-dependent elevation of
sialylated and fucosylated complex-type N-glycans displaying a higher degree of branching and a
higher global protein occupancy with a concomitant reduction in bisecting GIcNAcylation were observed
in the releasate under activated conditions. The N-glycoproteomics data recapitulated and expanded
on the glycomics findings by uncovering a total of 339 unique N-glycopeptides from 92 different
source N-glycoproteins, the highest coverage to date, and suggested that platelets exhibit subcellular-
specific N-glycosylation featuring prominent sialofucosylation in the a-granules, paucimannosylation in
lysosomes and, surprisingly, oligomannosylation on the platelet surface. Taken together, this study
provides the hitherto most detailed view into the N-glycoproteome of resting and activated platelets,
forming a valuable resource to further explore the fascinating platelet glycobiology in human health and
disease.

#09 - MicroGlycoDB: a prototype database of microbial glycan-
related information

Atsuto Uchino', Yann Guérardel?, Kiyoko F Aoki-Kinoshita'
1. S6ka University, Hachioji, TOKYO, Japan
2. Univ. Lille, Lille, France

Since glycans play important roles in living organisms, databases have been developed to organize
glycan information, but it has mainly focused on mammalian organisms. Only a few glycan-related
databases for microorganisms have been developed. Therefore, our laboratory has developed
“MicroGlycoDB” a database of microbial glycans and their related genes, using Semantic Web
technologies, in order to better understand biological processes such as enzymatic reactions in which
microbial glycans are involved. This presentation describes the updates to the data in MicroGlycoDB
over the past year. Previously, glycan and pathway data for Bifidobacterium bifidum, Bifidobacterium
longum, Campylobacter jejuni, Cryptococcus neoformans, and Mycobacterium abscessus were
available. Since then, new data on Mycobacterium tuberculosis have been added. Data such as gene
numbers and text representation of glycan structures were received from collaborators. UniProt IDs
were obtained from gene numbers in UniProt, and resources from related external databases such as
Rhea, ChEBI, KEGG and CAZy were collected. The collected data were converted to Resource
Description Framework (RDF) format based on the GlycoRDF[1] glycan ontology. In addition, the glycan
structures were illustrated in SNFG format using an editing tool provided by the Carbohydrate Structure
Database (CSDB)[2]. The data was loaded into the RDF database, APIs to query it were created, and
the user interface was designed to access these APIs. This data has also been integrated into
GlyCosmos. As a result, Mycobacterium tuberculosis can now be selected from the top page.
The Mycobacterium tuberculosis main page displays the glycosylation pathway for each glycan type,
and tables of glycan-related information and gene-related information are displayed as well. In addition,
a detailed page summarizing gene- and glycan-related information has been introduced for each
individual gene and glycan, respectively. Currently, we are working a system that will allow users to
semi-automatically input their data into MicroGlycoDB online.

1. [1] GlycoRDF https://academic.oup.com/bioinformatics/article/31/6/919/214750
2. [2] CSDB/SNFG structure editor http://csdb.glycoscience.ru/snfgedit/snfgedit.html

#10 - Investigating the CASD1 enzyme as a novel therapeutic target
against melanoma

Samuel J Heddes', Alpesh Malde', Lauren Hartley-Tassell!, Martina Miihlenhoff?, Andrea
Maggioni', Mark von Itzstein'

1. Institute for Glycomics, Griffith University, Gold Coast, Queensland, Australia
2. Hannover Medical School, Hannover, Germany

Page |33



4™ Australasian Glycoscience Symposium & 9t Warren Workshop
Abstracts

Despite the tremendous advancements in the clinical management of cutaneous melanoma since the
introduction of targeted therapy and immunomodulation, melanoma remains the most lethal of all skin
cancers. Queensland residents have a 1 in 38 chance of developing melanoma, one of the world’s
highest, placing a tremendous burden on individual lives and the Country’s healthcare system’.
Melanoma’s mutational inter- and intra-tumour heterogeneity have so far hindered efforts towards
developing effective and universal anti-melanoma therapeutics. However, findings that the expression
of cell surface 9-O-acetylated GD3, which reduces a cells’ ability to undergo apoptosis, is upregulated
throughout the different stages of melanoma growth, has alluded to the identification of CASD1 as being
a potential therapeutic option. CASD1 is responsible for the enzymatic addition of an acetyl group to
the C-9 hydroxyl group (C9-OH) of the sialic acid glycerol side-chain, a process referred to as 9-O-
acetylation2. The objective of this study is to identify and validate putative inhibitors of the CASD1
enzyme. To this end, a library of small-fragments and peptide-based inhibitors were analysed by
Surface Plasmon Resonance (SPR) for potential CASD1 interactions. Identified hits were evaluated by
means of both CASD1 activity inhibition assays, as well as in-vitro cytotoxicity assays using melanoma
as our cancer model. Here we present our preliminary findings aimed in identifying lead compounds
that could be further developed into CASD1 targeted therapeutics and block the action CASD1 that
enables cancer cells to evade CASD1 mediated anti-apoptotic signalling. Excitingly, several putative
CASD1 inhibitors were identified and validated as having both inhibitory and cytotoxic activity.

#11- Ganglioside GM3 interacts with basic amino acids just above
the transmembrane domain of the insulin receptor

Kazuya Kabayama? !, Yuka Nimura?, Yuya Asahina3, Shinya Hanashima?, Hironobu Hojo?3,
Koichi Fukase?®'

1. FRC, Grad. Sch. of Sci., Osaka University, Toyonaka, Japana
2. Dept. of Chem., Grad. Sch. of Sci., Osaka University, Toyonaka, Japan
3. Institute for Protein Research, Osaka University, Suita, Japan

Biochemical and cell biological experiments have shown that GM3, a cell membrane glycolipid, inhibits
the function of insulin receptor (IR). However, due to the heterogeneity of the cell membrane, it has
been difficult to analyze the interaction between GM3 and IR in detail. In this study, we synthesized a
fluorescently labeled transmembrane peptide (NBD-IR-TM) and incorporated it into liposomes to
construct a simplified model system for interaction analysis.

The localization of NBD-IR-TM in phase separated GUVs containing glycolipids was analyzed. The co-
localization of NBD-IR-TM with GM3 was significantly increased compared to that of lactosylceramide
(LacCer), a GM3 precursor without sialic acid. Furthermore, the fluidity of NBD-IR-TM in GUVs was
significantly reduced by the addition of GM3; in MLVs, the association of NBD-IR-TM was inhibited by
GM3, but not by LacCer. Finally, we analyzed the aggregation state of two model peptides with and
without charge, and found that only the association of the positively charged peptide was inhibited by
GM3. These results indicate that the basic amino acids and acidic sugars of each molecule are
important for the interaction between transmembrane peptides and GM3, and that this electrostatic
interaction also occurs between the insulin receptor and GM3.

#12 - Quantitative Analysis of Galectin-dependent Glycoprotein
Dynamics in Synthetic Glycan Chemical Knockin Cells

Ayane Miura', Kazuya Kabayama® 2, Yoshiyuki Manabe' 2, Shuto Miyake', Asuka Shirakawa’,
Hiroki Shomura’, Toshiyuki Yamaiji®, Kenichi G.N. Suzuki*, Koichi Fukase' 2

1. Grad. Sch. of Sci., Osaka Univ., toyonaka city, Osaka, Japan

2. FRC, Grad. Sch. of Sci., Osaka Univ., toyonaka city, Osaka, Japan

3. Biochemistry and Cell Biology, NIID, Shinjuku-ku, Tokyo, Japan

4. G-CHAIN, Gifu Univ., Gihu, Japan
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Glycans form interaction networks with various molecules on the cell surface to regulate the dynamics
and signal transduction of membrane molecules. The temporal and spatial structural diversity of glycans
makes it extremely difficult to correlate the glycan structures with the function of membrane molecules.
Therefore, we developed a new system that uses HaloTag® technology to display synthetic
homogenous glycans on the cell surface (synthetic glycan chemical knockin). In this study, we applied
this system to analyze the dynamics of glycan-displaying proteins through the interaction of galectin-3
and various glycans.

Galectin-3 (Gal-3), which recognizes [-galactose-containing glycans, binds to glycoproteins and
glycolipids on the cell surface (1) to form a network structure called galectin lattice. Although the galectin
lattice has been thought to regulate membrane protein function by suppressing lateral diffusion and
endocytosis of membrane proteins, it has been difficult to precisely examine the galectin lattice function
depending on glycan structures. Thus, we used the fluorescence recovery after photobleaching (FRAP)
and single-particle tracking (SPT) methods to measure the lateral diffusion rate of the protein having
the homogeneous synthetic glycan. FRAP analysis showed that the lateral diffusion of membrane
proteins, in particular, those with Gal-3 high-affinity glycan ligands such as Gal-GIcNAc repeats, was
significantly suppressed by Gal-3. SPT analysis showed a clear glycan structure dependence of protein
lateral diffusion suppression by Gal-3. Furthermore, the Gal-3 treatment divided the lateral diffusion of
the target protein into two major components, depending on the inhibition degree. From these results,
we concluded that the galectin lattice not only reduced the entire cell membrane fluidity, but also
suppressed the diffusion of target proteins by trapping them via glycans recognized by Gal-3.

In conclusion, we have succeeded in analyzing the function of glycan-lectin interactions for each glycan
structure by using a synthetic glycan displaying system.

1. 1) Nabi, R. I, et al. J. Cell. Sci. 2015, 128, 2213-2219.

#13 - Structural changes in liver glycogen induced by diseases

Yujun Wan'-2, Mitchell Sullivan?, Robert Gilbert" 3

1. Queensland Alliance for Agriculture and Food Innovation, The University of Queensland, Brisbane,
Queensland, Australia

2. Mater Research Institute — The University of Queensland, Translational Research Institute, Brisbane,
Queensland, Australia

3. College of Agriculture, Yangzhou University, Yangzhou , Jiangsu, China

Glycogen functions as a short-term energy reserve and plays a vital role as a glucose buffer in vivo for
maintaining blood-glucose homeostasis. Liver glycogen is a hyperbranched glucose polymer,
comprising individual B particles (~20 nm in diameter, each a single glycogen molecule), which can bind
together to form aggregated a particles (> 40 nm in diameter). Glycogen functionality depends on its
molecular structure, but its molecular structure can be altered by various diseases. For example,
glycogen alpha particles in diabetic animals are more chemically fragile in the existence of H-bond
disruptors than those in non-diabetic animals, which is consistent with the breakdown of blood-glucose
homeostasis in diabetes. In addition, liver glycogen in animal models of liver fibrosis contains a higher
proportion of B particles, with the glycogen containing fewer long chains than those in healthy animals.
Transcriptomics and proteomics revealed a functional deficiency of mitochondria in the liver of fibrosis
animal models, which may lead to changes in glycogen structure. Several drugs can restore the
molecular structure of liver glycogen in some diseases, such as diabetes, by regulating enzymes
involving in glycogen metabolism. These findings have implications for finding a novel type of drug
target for diseases that lead to liver dysfunction.

POSTERS

#14 - The Immune System is Far Sweeter Than You Think:
Truncated N-glycans Dominate the Immunopeptidome

Hayley Goodson', Joshua Fehring?, Nathan Croft?, Anthony Purcell?, Rebeca Kawahara' 3,
Morten Thaysen-Andersen’ 3
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2. Department of Biochemistry and Molecular Biology & Biomedicine Discovery Research Institute, Monash
University, Clayton, VIC, Australia

3. Biomolecular Research Discovery Centre, Macquarie University, North Ryde, NSW, Australia

Immunopeptidomics, the study of immunopeptides presented on the cell surface by major
histocompatibility complex class | and Il (MHC-I and -ll) molecules, is a rapidly emerging field of
research offering new insights into how our immune system recognises self/non-self in health and
disease. While we recently discovered that N-glycosylation is a dominant feature of immunopeptides
presented via MHC-II by infected dendritic cells (Parker et al., 2021), the extent of N-glycosylation of
the human immunopeptidome remains unstudied. To this end, we have systematically re-interrogated
a valuable collection of MHC-I and -Il immunopeptidomics LC-MS/MS datasets with a focus on
identifying previously overlooked immunoglycopeptides distinguishable by their characteristic oxonium
ion profile and other glycopeptide fragment ions detectable using tailored Byonic-based search
strategies and in-house software. Interestingly, we found strong evidence for the wide-spread presence
of N-glycosylated immunopeptides within both the MHC-I and MHC-II systems from diverse cellular and
tissue origins (e.g. human monocytic and B-lymphoblastoid cell lines and colorectal cancer tissues) and
across different patho-physiologies (e.g. cancer and infection). The MHC-Il immunopeptides showed a
particularly high frequency of N-glycosylation in some datasets accounting for more than 20% of all
detected immunopeptides, while MHC-I datasets generally displayed less frequency of
immunoglycopeptides. Notably, and in line with our previous report, a significant proportion of the
detected MHC-Il immunoglycopeptides carried highly truncated chitobiose core (GIcNAc1-2Fuco-1) and
paucimannosidic (Man1.3GIcNAcz2Fuco-1) N-glycans while fewer oligomannosidic (Mans.sGIcNACc2)
structures were identified. Strikingly, no complex N-glycans were identified in any of the re-interrogated
MHC-I and -Il immunopeptidomics datasets suggesting that antigen processing is accompanied by
extensive glycan trimming before or during MHC presentation. Collectively, these findings highlight
that N-glycosylation is a dramatically overlooked yet prevalent and likely biologically important feature
of the immunopeptidome that urgently demand further investigation to allow for a better understanding
of our immensely complex immune system.

1. Parker, R., etal. (2021). Mapping the SARS-CoV-2 spike glycoprotein-derived peptidome presented by HLA
class Il on dendritic cells. Cell Rep 35(8): 109179.

#15 - Characterising the subcellular glycoproteome during a time-
course infection of influenza A virus

Kyle Macauslane', Cassandra Pegg', Kirsty R Short', Ben Schulz’
1. School of Chemistry and Molecular Biosciences, University of Queensland, Brisbane

Influenza A virus is responsible for substantial morbidity and mortality, particularly amongst children,
pregnant women, and the elderly. Developing our understanding of viral-host protein interactions is
essential given that current therapeutic strategies remain insufficient in combatting this disease.

Perturbations of the host proteome during influenza A virus infection are well established at a global
level, however little attention has been given towards the host glycoproteome. The sialidase activity of
the influenza glycoprotein neuraminidase, and interactions between viral-host proteins are thought to
perturb glycosylation of host glycoproteins during infection.

We developed a LC-MS/MS based protocol using tandem mass tag (TMT) labelling to identify and
quantify the dynamic changes in protein abundance, and glycosylation throughout the course of
infection with two influenza A virus strains representative of the two subtypes predominating infections
in humans: the H1N1 virus A/PR8/8/34 and the H3N2 virus A/X31.

We applied this protocol to organelle, nuclear, cytosolic, and secreted protein fractions of infected
human A549 cells to characterise these changes at the subcellular level, and to discern strain-specific
host responses.
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#16 - Multi-omic analysis of plasma-derived extracellular vesicles in breast
cancer

Jerresa M Jabson', Yuling Wang', Nicki Packer!, Simon Tsao?, Katherine Wongtrakul-Kish'
1. School of Natural Sciences, Macquarie University, North Ryde, NSW, Australia
2. Department of Surgery, St Vincent's Hospital, Fitzroy, VIC, Australia

Breast cancer was the most diagnosed cancer worldwide in 2020. Current imaging-based methods for
monitoring treatment response lack molecular sensitivity and accuracy. Liquid biopsy is an emerging
technology used to detect disease markers in plasma, with greater sensitivity and potential to target
protein glycosylation changes implicated in breast cancer [1]. A suitable molecule for plasma liquid
biopsy are abundant, biological nanoparticles called plasma-derived small extracellular vesicles
(sEVs), containing proteins and glycoconjugates (N-glycans, polysialic acid (polySia),
glycosphingolipids (GSLs) and glycosaminoglycans (GAGs)).

This project aims to determine proteomic and glycomic sEV signatures specific to breast cancer patients
as a proof-of-concept for plasma liquid biopsy. Three sEV isolation methods (ExoQuick,
ultracentrifugation and size exclusion chromatography (SEC)) were compared to determine which
method obtains an enriched sEV population with minimal plasma (non-sEV) protein contamination.
Using these methods, sEVs were isolated from healthy individuals (n = 2) and breast cancer patient (n
= 2) plasma, then characterised using nanoparticle tracking analysis and Qubit protein assay. To
investigate the sEV proteome, de-N-glycosylated peptides were analysed by nanoLC-MS/MS. To
investigate the sEV glycome, multi-glycomics was used to analyse N-glycans, polySia, GAGs and
GSLs. Enzymatically released glycans were analysed using HPLC (polySia and GAGs) and PGC-LC-
MS/MS (N-glycans and GSLs).

Results demonstrated different isolation methods produced different sEV proteomes and glycomes.
Overall, each method produced sEV proteomes containing sEV and non-sEV proteins, where SEC
yielded the purest sEVs. The N-glycome differed between each method. Overall, 64 N-glycans were
identified across complex, hybrid and oligo mannose types. Complex N-glycans were most abundant
across all samples. Surprisingly, polySia, considered a predominately CNS component, was present in
healthy and cancer patient sEVs. Fewer changes were observed in GAG and GSL glycomes. These
multi-omic findings illustrate different sEV isolation methods result in varying molecular profiles,
highlighting the challenges associated with analysing plasma-derived sEVs.

1. [1] Christiansen, M. N., Chik, J., Lee, L., Anugraham, M., Abrahams, J. L. and Packer, N. H. (2014) 'Cell
surface protein glycosylation in cancer’, Proteomics (Weinheim), 14(4-5), pp. 525-546.

#17 - High enzyme activity of plasma N-acetyl-B-hexosaminidase is
a novel marker of poor outcome of colorectal cancer patients

Liisa Kautto', Seong Beom Ahn?, Morten Thaysen-Andersen® ', Rebeca Kawahara3 '
1. School of Natural Sciences, Macquarie University, Sydney, NSW, Australia

2. Department of Biomedical Sciences, Macquarie University, Sydney, NSW, Australia

3. Biomolecular Discovery Research Centre, Macquarie University, Sydney, NSW, Australia

Colorectal cancer (CRC) is a prevalent and deadly type of cancer. CRC prognostication is still based
on invasive colonoscopy and subjective histopathological tests of tissue biopsies. New less invasive
and objective tests are therefore required to determine CRC patient survival chances to allow for early
intervention and better patient management. We have recently discovered that paucimannosidic
glycans (PMGs, Man1-3GIcNAczFuco-1) are significant signatures in various human immune cell types
and across human cancers including CRC. We have also shown that PMGs are synthesised via an
alternative biosynthetic pathway by N-acetyl-B-hexosaminidase (Hex) isoenzymes secreted by cancer
and immune cells into blood. While associations between PMG and CRC prognosis have been reported,
the prognostic value of Hex remains untested. Using a simple fluorescent-based substrate assay on
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plasma from 139 CRC patients spanning stage | (n = 34), stage Il (n= 40), stage Ill (n = 38), and stage
IV (n= 27) and aged/gender-matched 38 healthy donors, we here show that the Hex enzyme activity in
plasma of CRC patients is significantly higher than in plasma from heathy donors (p = 0.002, t-test,
unpaired, two-tailed). Notably, we show that patients with high plasma Hex activity have significantly
lower five-year survival rate compared to patients displaying low plasma Hex activity (Log-rank test, p
= 0.0023). Supporting the link between Hex and CRC, we demonstrate that cultured CRC cells
(LIM2045) treated with a pharmacological Hex inhibitor display less metastatic behaviour compared to
untreated cells across several functional assays, indicating that Hex and/or downstream PMG-carrying
glycoproteins are involved in key tumour-associated processes. Conclusively, we propose that Hex
holds a considerable translational potential as a novel easy-to-monitor prognostic marker and
represents a drugable therapeutic target against CRC.

#18 - A comprehensive glycoproteomic approach to identify
melanoma-specific neoantigens

Habeebah Olufe Owolabi', Andrea Maggioni'!, Arun Everest-Dass’, Mark von Itzstein’
1. Institute for Glycomics, Griffith University, Gold Coast Campus, Queensland , Australia

Melanoma is the rarest and deadliest of all skin cancers combined. Although relatively rare,
representing only 11% of all cancer diagnoses in 2022, melanoma is the third most diagnosed cancer
in Australia. However, systematic melanoma therapy is still very limited. A promising alternative to
cancer immunotherapy involves a focus on tumor neoantigens. Neoantigens are considered important
targets for cancer immunotherapy because they are not expressed in normal cells and they are highly
immunogenic, making melanoma an ideal model due to its high mutational burden. Furthermore,
because these mutated, immunogenic peptides are not expressed in normal cells, one could expect a
neoantigen-based immunotherapeutic approach to be well tolerated and have negligible side effects.
Although the characterization of melanoma-specific immunopeptides has been attempted for more than
30 years, the identification of cancer-specific neoantigens remains a challenge. The objective of this
study is to identify novel neoantigens specific to melanoma using a mass spectrometry-based
glycoproteomic approach. In this study, MHC-peptides are obtained from melanoma cell lines by
generating cell lysates and capturing MHC-peptide complexes from the cell lysates using immune-
affinity purification and a mild acid elution protocol. Subsequently, the peptides are separated by
Reverse-Phase High-Performance Liquid Chromatography (RP-HPLC) prior to analysis by mass
spectrometry. ldentification of neoantigens will accelerate the development of precision cancer
immunotherapy. This research project will serve as a platform to identify target neoantigens that can be
used to develop new vaccines for the treatment of melanoma.

#19 - Effects of N-Acetylglucosaminyltransferase GCNT3 down-regulation on
the pro-metastatic, adhesive properties of human adenocarcinoma cells

Lisa Staffeldt!, Hanna Maar', Falk F.R. Buettner?, Julia Beimdiek?, Arun Everest-Dass?, Udo
Schumacher!, Tobias Lange'

1. UKE Hamburg, Hamburg, Germany
2. Institute of clinical biochemistry, Hannover Medical School, Hannover, Niedersachsen, Germany
3. Institute for Glycomics, Griffith University, Brisbane, Queensland, Australia

An important step in the process of hematogenous metastasis is the adhesion of circulating tumor cells
(CTCs) to the vascular endothelium. The carbohydrate antigens sialyl-Lewis A (sLeA) and sialyl-Lewis
X (sLeX) are significantly involved in this process. sLeA and sLeX are bound to glycoproteins,
proteoglycans or glycolipids on the surface of tumor cells and are canonical ligands for E-selectin
expressed by vascular endothelial cells. Based on preliminary data, we hypothesized that the
glycosyltransferase GCNT3 is critically involved in the synthesis of glycan scaffolds for sLeA/X by
synthesizing the core 2 structure of O-GalNAc glycans in human gastrointestinal cancer. To test this
hypothesis, GCNT3 was knocked down in three sLeA/X-positive human gastrointestinal
adenocarcinoma cell lines (HT29, GC5023 and Paca5061) using shRNA. All tested GCNT3 knockdown
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(KD) derivatives indeed showed a moderately decreased static E-selectin binding capacity, whereas
the concurrent effects on the total sLeA/X levels at the cell surface were variable. Of note, dynamic
tumor cell adhesion on E-selectin was reduced only in case of HT29 cells while adhesion on endothelial
cells was not altered in either cell line. Effects on the proliferative behavior in conventional 2D as well
as 3D conditions were also variable but tumor cell migration was moderately impaired in all tested cell
lines. Analyses of GCNT3 KD-induced changes in the glycosphingolipid composition revealed cell line-
specific changes in single structures but, when altered, they always increased in the GCNT3 KD.
Analyses of the N- and O-glycan composition are still ongoing. Together, the results suggest that further
E-selectin ligands beyond sLeA/X exist and that different ligands might function for static vs. dynamic
E-selectin binding. GCNT3 is involved in the synthesis of glycans that partially determine static E-
selectin binding and migratory capacity of human gastrointestinal adenocarcinoma cells.

#20 - The serum N-glycome of septic shock patients

Liam Caulfield!, The Huong Chau’, Anastasia Chernykh', Sayantani Chatterjee', Rebeca
Kawahara', Marni A. Nenke? 34, Emily Meyer? %4, David J. Torpy? 3, Morten Thaysen-Andersen'
1. Faculty of Science & Engineering , Macquarie University, Sydney, NSW, Australia

2. Endocrine and Metabolic Unit, Royal Adelaide Hospital, Adelaide, SA, Australia

3. School of Medicine, University of Adelaide, Adelaide, SA, Australia

4. Australia Department of Endocrinology and Diabetes, The Queen Elizabeth Hospital, Woodeville South, SA,
Australia

Sepsis, the excessive host response to bloodstream infections, remains a prevalent condition with an
alarming mortality, in part, due to an incomplete understanding of the molecular mechanisms
underpinning the disease onset and progression. Building on our recent finding documenting that
aberrant serum N-glycosylation is a feature bacteraemia, the presence of pathogenic bacteria in blood,
relative to non-infected blood '], we here set out to unravel the key molecular perturbations associated
with sepsis by exploring the serum N-glycome of critically ill individuals experiencing septic shock
conditions. To this end, the serum N-glycome of 10 septic shock patients infected with different
pathogens (Pseudomonas aeruginosa, Escherichia coli, Staphylococcus aureus) was profiled using a
robust PGC-LC-MS/MS approach to quantitatively map the N-glycan fine structures with isomer
resolution. In total, 47 N-glycan isomers comprising primarily complex-type core fucosylated,
bisecting N-acetylglucosamine (GIcNAc), and a2,3-/a2,6 sialylated N-glycan structures were identified
in the septic shock sera, which were then compared to serum N-glycome data of 10 healthy donors and
27 bacteremic patients acquired using identical conditions. Interestingly, the serum N-glycome of septic
shock patients exhibited discriminatory traits allowing accurate stratification from healthy donors and
bacteraemic patient group as assessed using hierarchical clustering and principal component analysis.
Upon closer interrogation, the septic shock serum N-glycome was found to display unique molecular
signatures including, most prominently, a consistent depletion of oligomannosidic-type glycans across
all septic shock patients when compared to healthy donor and bacteremic sera. In summary, this study
documents that unique serum glycophenotypes associated with sepsis implicate serum glycans as new
potential players in a yet-to-be fully understood disease process causing or resulting from sepsis.

1. [1] Chatterjee, S, Kawahara, R, Tjondro, HC, Shaw, DR, Nenke, MA, Torpy, DJ & Thaysen-Andersen, M
2021, ‘Serum N-Glycomics Stratifies Bacteremic Patients Infected with Different Pathogens’, Journal of
Clinical Medicine, vol. 10, no. 3, p. 516.

#21 - Unravelling the impact of respiratory viruses on the glycome
of mammalian cells

PLABON KUMAR DAS', Larissa Dirr!, Benjamin Bailly', Patrice Guillon', Arun Everest-Dass’,
Mark von Itzstein'
1. Institute for Glycomics, Griffith University, SOUTHPORT, QLD, Australia
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Every cell in our body is decorated with complex carbohydrates known as glycans which are N-linked
or O-linked to proteins as a part of post-translational modifications, or linked to lipids. Glycans play
multiple biological roles important for protein folding and stability, cell-cell and cell-matrix interactions,
and for the physical and structural integrity of cells. It is also well established that viruses (e.g. influenza)
utilise host cell glycans for the attachment and entry into cells. However, little is known about possible
changes in host cell glycome upon viral infection and their consequences on antiviral immune response.
Glycome modifications have been well investigated for non-infectious diseases (e.g. cancer, diabetes),
and altered glycosylation has been found to be associated with disease pathogenesis. Our study is
designed to investigate the possible changes in host glycome triggered by infection with two
pathologically important respiratory viruses: human parainfluenza (HPIV) and human respiratory
syncytial virus (RSV). Children under the age of five and immunocompromised individuals are two
populations severely affected by HPIV and RSV infection globally. We hypothesize that glycome
changes occur in host cells upon viral infection, to prime the infected cell microenvironment to be more
susceptible to antiviral innate immune response. We are using differentiated primary human airway
epithelial cells (HAE) to truly recapitulate the consequences of viral infection on the host cell glycome.
Mass spectrometry (MS) coupled with liquid chromatography has been the method of choice in the last
few decades for glycomics, glycoproteomics and glycolipidomics. Moreover, we are currently working
on to establish a methodology to compare and validate our results of underivatized glycans with
derivatized (permethylated) glycans in a setting of PGC-ESI-MS/MS, MALDI-TOF MS and C18-ESI-
MS/MS. Our research will act as a platform to identify glyco-based markers of viral infection that could
possibly improve the innate immune response against respiratory viruses.

#22 - Identification of a new class of free oligosaccharides in
Salmonella typhimurium hot phenol extracts

Joel Cain' 2, Jamieson McDonald?, Dan Andrews?, Nicolle Packer: 2

1. School of Natural Sciences, Macquarie University, Sydney, NSW, Australia

2. ARC Centre of Excellence in Synthetic Biology, Macquarie University, Sydney, NSW, Australia
3. Bioproperties Pty Ltd, Ringwood, Vic, Australia

Glycans and glycoconjugates are key structural molecules in bacteria. They are central to microbial
interaction and adaptation to their environment, governors of physiological traits such as size and shape
and are a common component of biofilms. While the functional contribution of bacterial glycoconjugates
is firmly established in the literature, the scope of free oligosaccharides (fOS) is comparatively
underexplored. fOS is known to play an important role in maintaining intracellular homeostasis in the
form of periplasmic glucans. These fOS, consisting of as many as 40 glucose units linked in large
branched linear or cyclic structures, are regulators of the osmotic balance in the periplasmic space’. A
similar function has also been attributed to fOS released from lipid linked oligosaccharides derived from
bacterial protein glycosylation systems?.

Here we present preliminary mass spectrometry (MS)-based characterisation of a class of free
oligosaccharides distinct from periplasmic glucans, detected in hot phenol extracts of Salmonella
enterica serotype typhimurium. MS-fragmentation of these fOS revealed they are composed of
HexNAc-HexNAcA-dHexNAc repeats with the major species constituting a dodecasaccharide. By
altering our enrichment strategies we were able to gain insight into the macromolecular arrangement of
these glycans as well as showing they are the target of a range of chemical modifications including
methylation and O-acetylation. To the best of our knowledge this is the first study to characterise these
glycan species in S. typhimurium, paving the way for subsequent studies aimed at identifying the
intracellular functionality of these glycans in addition to the biosynthetic pathways responsible for their
synthesis.

1. 1.Lee, S, Cho, E., Jung, S. 2009. Periplasmic glucans isolated from Proteobacteria. BMB Reports 42:769-
775

2. 2. Nothaft, H., Liu, X., McNally, D. J., Li, J., Szymanski, C. M. 2009. Study of free oligosaccharides derived
from the bacterial N-glycosylation pathway. Proc Natl Acad Sci USA 35:15019-24
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#23 - Development of biomimetic growth factor delivery systems

Brooke Farrugia’
1. University of Melbourne, Melbourne, VIC, Australia

Tissue engineering and regeneration is an inter-disciplinary field of research that combines principles
from both biology and engineering. While the use of biomaterials has long been associated with this
field of research, more recently there has been a paradigm shift for the modern biomaterial to be
biomimetic, through replication of the in vivo situations they are trying to substitute. Growth factors and
their use as a therapeutic is of great interest in tissue regeneration applications however, to achieve a
beneficial response, appropriate administration is required. Furthermore, due to biological
heterogeneity of these structures, their low abundance, and difficulty in isolation from mammalian
tissues there is a need to develop an alternative source of these biomimetic materials.

This study aims to develop materials that mimic biological sulphated sugar structures, known as
glycosaminoglycans, that protect and deliver growth factors in vivo. It was hypothesised that by
adjusting structural variables, the specificity and affinity of these biomimetic materials towards different
growth factors could be modulated.

Results demonstrated changes in material structure modulated the specificity and affinity of the
biomimetic materials towards fibroblast growth factor(FGF)2 and FGF7, along with the ability to signal
FGF2. Additionally, the biomimetic materials were demonstrated to enhance epithelial cell migration
and enhance formation of an epidermis in an organotypic skin model.

This study demonstrated the ability to develop materials that mimic the biological function of growth
factor binding molecules glycosaminoglycans.

#24 - Protein Glycosylation in Established and Emerging Human
Viral Respiratory Diseases

Lawrence Luo’!, Ben Schulz'
1. University of Queensland, TOOWONG, QLD, Australia

The Covid-19 pandemic has led to many studies looking into the glycobiology of the SARS-CoV-2 virus,
in particular its trimeric spike protein. In the meta-analysis of SARS-CoV-2 research over the course of
the pandemic, many developments, both in our understanding of the SARS-CoV-2 trimeric spike
protein’s glycobiology, as well as the techniques and methods in analysing the glycoproteome of the
spike protein, allow us to develop a better comprehension in developing novel methods in protecting us
from the pandemic causing respiratory virus.

#25 - Fucose signatures in peripheral blood glycoproteins are
associated with reduced clinical benefit of immune-checkpoint
inhibitors in metastatic melanoma

Chad Pickering', Chih-Wei Chu', Tomislav Caval', Rachel Rice', Daniel Serie', Dennie
Frederick?, Genevieve Boland?, Klaus Lindpaintner', Flavio Schwarz'

1. InterVenn Biosciences, South San Francisco, California, USA

2. Department of Surgery, Massachusetts General Hospital, Boston, Massachusetts, USA

The clinical success of immune-checkpoint inhibition (ICI) in melanoma has confirmed the merit of
therapeutic strategies that boost the immune system to counteract cancer. However, only about half of
patients derive a long-lasting benefit. While elevated PD-L1 expression and tumor mutational burden
correlate with the likelihood to benefit from ICI therapy in some indications, these biomarkers have
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shown poor predictive performance in metastatic melanoma. By applying InterVenn’s glycoproteomics
platform to pretreatment plasma samples from metastatic melanoma patients receiving anti-PD-1/anti-
CTLA-4 therapy, we identified a panel of biomarkers that differentiate patients likely to benefit from
those unlikely to benefit from ICI. A laboratory-developed test based on these findings, DAWN™ |O
Melanoma, was developed and has been introduced into the market.

Here, we report our analysis of the glycosylation patterns from 205 patients with metastatic melanoma
who received ICI therapy. We identified a fucosylation signature in N-linked glycoproteins that identified
individuals unlikely to benefit from ICI therapy. To test this observation, we engineered site-specific
glycosylation features that represent the average number of specific monosaccharides at a given site,
weighted by glycopeptide occupancy. Of 52 fucose-dependent features, 12 were associated with
benefit from ICI therapy based on univariate Cox regression analysis (FDR <0.05). Two features were
retained in a repeated cross-validated LASSO-regularized Cox regression model on a training set
consisting of 40% of the cohort, yielding a hazard ratio (HR) of 5.1 (p=3e-05). A validation set consisting
of 30% of the cohort was used to tune model hyperparameters. When applied to the remaining 30% of
the cohort, this tuned model resulted in a HR of 2.6 (p=3e-02), indicating that fucose-dependent features
stratified patients in groups differing in the likelihood of deriving benefit from ICI therapy, such that
patients with a risk score exceeding the selected threshold were nearly three times less likely to
respond.

#26 - PeptideRT - A Deep Learning Method for Peptide Retention
Time Prediction
Rao Yadav', Karina Islas-Rios', Norton Kitagawa?, Daniel Serie?, Matthew P Campbell’

1. InterVenn Biosciences, Fitzroy, Melbourne, Victoria, Australia
2. InterVenn Biosciences, South San Francisco, California, USA

Development of machine learning methods to identify peptides in mass spectrometry data constitutes
a breakthrough in computational proteomics. Deep-learning technologies have provided feasible
solutions to estimate both peptide physical and separation properties with better performance while
requiring less computational resources.

Here, we present a deep-learning framework for peptide retention time prediction, called PeptideRT.
We compared multiple architectures including convolutional neural networks, recurrent neural networks
and attention mechanisms with an additive-layer inclusion approach to observe performance.
PeptideRT uses human serum binary peptide sequence information and physicochemical descriptors
as input for these neural network architectures to demonstrate its capability to predict retention times.
By training on a sample set of 8,678 unique peptide sequences, we were able to develop a novel
architecture with a Multi-Head Attention Mechanism which gives best results at ~97% (R2 and R2-
Adjusted), showing that data fits the model well without overfitting. Predicted and actual retention time
values have a strong Pearson’s correlation at ~0.987. Furthermore, our model increases both the
sensitivity and reliability of peptide identifications compared to existing methods. Currently, we are
developing a Python library for users to process peptide sequence data and predict their retention
properties.

Continued advancements in statistical and computational methods are enabling more sophisticated
data analysis processes. It is expected that deep-learning will have a profound impact and tools such
as PeptideRT can serve to be useful in peptide retention time prediction and the identification of
important descriptors. Ultimately, access to such tools and high-quality annotated data collections will
facilitate deep-learning applications, which can reduce false peptide identifications whilst improving
quality control for spectra matching algorithms.

#27 - The non-conventional Hex-mediated N-glycan truncation
pathway is highly active in GM-CSF-differentiated macrophages
and diminished upon mTOR inhibition
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Priya Dipta', Rebecca Kawahara', Julian Ugnonotti', Boaz Tirosh?, Morten Thaysen-Anderson®
3

1. School of Natural Science, Macquarie University, Sydney, NSW, Australia
2. School of Pharmacy, Faculty of Medicine, Hebrew University, Jerusalem, Israel
3. Institute for Glyco-core Research (iGCORE), Nagoya University, Nagoya, Japan

Macrophages are heterogeneous, dynamic and plastic innate immune cells critical in our first lines of
response to pathogens. We recently reported that human macrophages and their monocytic precursors
display an unusual N-glycophenotype comprising rich protein paucimannosylation (Man1.3GIcNAczFuco.
1) (Hinneburg et al., 2020). However, the dynamic utilisation and potential regulation of the non-
conventional N-acetyl-B-hexosaminidase (Hex)-mediated truncation pathway responsible for
paucimannosidic protein formation in neutrophils (Ugonotti et al., 2022) remain unstudied in the context
of macrophage differentiation and polarisation. Herein, we explore using label-free N-glycomics and
sensitive proteomics the N-glycosylation landscape and glyco-enzyme expression of various sub-
populations of macrophages (MO, M1, M2) upon GM-CSF-driven differentiation and cytokine-mediated
polarisation from primary monocytes derived from healthy donors. Since GM-CSF reportedly activates
mTOR signalling, we also investigated if Torin-1, a known mTOR inhibitor, can reverse the glyco-
phenotypic changes observed upon GM-CSF differentiation. Firstly, N-glycomics showed a
considerable elevation of paucimannose in the GM-CSF-differentiated macrophages (relative to their
monocytic precursors) and a surprisingly similar N-glycome signature of the M0-M2 sub-populations
indicating a consistently high utilisation of the Hex-mediated truncation pathway following GM-CSF-
differentiation. Interestingly, upon Torin-1 treatment, all macrophage sub-types displayed a prominent
reduction in paucimannosylation while maintaining viability and their characteristic morphology
suggesting an association between the mTOR pathway and the Hex-mediated truncation pathway.
Importantly, proteomics demonstrated not only raised Hex levels in all macrophage sub-populations
upon GM-CSF differentiation, but also showed a corresponding reduction in the Hex expression upon
Torin-1 treatment adding support for the suggested relationship between mTOR activation/inhibition
and modulation of the Hex-mediated truncation pathway. Collectively, data from this system-wide -
omics study point to an interesting and hitherto undescribed link between the mTOR pathway and
protein paucimannosylation formation and regulation in differentiating macrophages that are critical to
maintain health and fight disease.

1. Hinneburg H, et al., 2020 High-resolution longitudinal N- and O-glycoprofiling of human monocyte-to-
macrophage transition. Glycobiology 2022 Mar 30;32(3):218-229. doi: 10.1093/glycob/cwab108.

2. Ugonotti J, et al., 2022 N-acetyl-B-D-hexosaminidases mediate the generation of paucimannosidic proteins
via a putative noncanonical truncation pathway in human neutrophils. Glycobiology 2020 Aug 20;30(9):679-
694. doi: 10.1093/glycob/cwaa020

#28 - Towards the Degradation of Galectin-3 using Proteolysis
Targeted Chimeras (PROTACS)

I. Darren Grice', Ashleigh R Ross’, Tarran Roles', Mark von Itzstein’
1. Griffith University, Gold Coast, QUEENSLAND, Australia

From previous studies’, it is clear that the use of Proteolysis-targeting chimera (PROTAC) molecules
can result in the effective degradation of proteins of interest (POl). PROTAC techniques involve the
exploitation of normal protein degradation essential for cellular maintenance, whereby the system is
hijacked to specifically degrade target proteins.

Work is underway within the Institute for Glycomics to synthesise novel PROTAC molecules to achieve
successful proteolysis of the Galectin-3 (Gal-3) protein. Recent investigations? have revealed that not
only is overexpression of Galectin-3 within cancer-cell lines commonplace, but is also intimately
associated with increased tumour aggressiveness, metastatic potential, induced immunological
tolerance for malignancies, and ultimately can cause multi-drug resistance to current anti-cancer
therapeutics.
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To achieve an effective PROTAC design the molecule must provide high affinity binding to both Gal-3
and a suitable ubiquitin ligase (Cereblon & von Hippel-Lindau — targeted in this project), and maintain
these interactions whilst not inhibiting the overall ubiquitination (or tagging for destruction) process.

Results from the following aspects of the project will be presented: (i) synthetic design of a potent Gal-
3 inhibitor/ligand modified to enable attachment of a ubiquitin ligase ligand; (ii) Molecular Dynamics
simulations on the binding of the modified Gal-3 inhibitor/ligand to the Gal-3 CRD; (iii) synthesis of the
modified Gal-3 inhibitor/ligand; (vi) competition STD NMR experiments to assess the impact of the linker
arm on the binding of the Gal-3 inhibitor/ligand to Galectin-3 (POI).

1. Bekes, Langley & Crews. ‘PROTAC Targeted Protein Dedgraders: The Past is Prologue’.
Nature Reviews-Drug Discovery, 21(2022) 181-200.

2, Bum-Erdene, Collins, Hugo, Tarighat, Fei, Kishor, Leffler, Nilsson, Groffen, Grice, Heisterkamp,
Blanchard. ‘Novel Selective Galectin-3 Antagonists Are cytotoxic to Acute Lymphoblastic Leukemia’.
Journal of Medicinal Chemistry, 65 (2022) 5975-5989.
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SPEED TALKS 2

# 29 - A comprehensive glycomics data repository workflow by
strengthening collaboration between UniCarb-DR and GlycoPOST

Yushi Takahashi', Shujiro Okuda?, Kiyoko Aoki-Kinoshita®
1. Soka University, Hachioji, TOKYO, Japan
2. Medical Al Center, Niigata University School of Medicine, Niigata, Japan

3. Glycan and Life Systems Integration Center, Faculty of Science and Engineering, Soka University, Hachioji,
Tokyo, Japan

In the life sciences, recently many public data repositories have been rapidly developed to store
datasets submitted by researchers and to promote sharing of such data under the FAIR (Findable,
Accessible, Interoperability, and Re-usable) data principles. In the glycosciences, the Minimum
Information Required for A Glycomics Experiment (MIRAGE) proposes a set of standard guidelines
when reporting qualitative and quantitative results of glycomics experiments including mass
spectrometry, glycan arrays, liquid chromatography, etc. Our lab has been developing the GlyCosmos
project, which offers two major public data repositories, UniCarb-DR and GlycoPOST, to allow
researchers to submit their mass spectrometry-based experimental results following the MIRAGE
guidelines. UniCarb-DR can visualize the MS/MS spectra data submitted by researchers in
GlycoWorkbench format (.gwp), and users can browse each of the spectra and glycan structures in
their web browsers. In addition, by providing versatile data search functionalities, it enables users to
search specific spectra data which fulfills various conditions, e.g. it is reported in a specific publication
or contains the monosaccharides having specific compositions. GlycoPOST, on the other hand, can
accept various MS experiment-related resources from researchers including the raw data from mass
spectrometers. The researchers can make their data public after an embargo period; it thus allows them
to configure their data publication date freely. However, this functionality is not available in UniCarb-
DR. In this study, we tried to enhance the integration of these complementary data repositories by
unifying the data submission flow and enabling cross-referencing. As a result, we propose a new
comprehensive glycomics data repository workflow combining the advantages of these two repositories,
making it easier for users to submit mass spectrometry data. These repositories are freely available on
the GlyCosmos Portal website.

#30 - Extraction conditions significantly impact the resulting
proteome, glycome and glycoproteome

Pauline Dizon', Tiago Oliveira® 2, Andrea Maggioni', David Nathan Ohayon?, Abarna Vidya
Mohana Murugan', Lydie Lane?, Frederique Lisacek®, Mark von Itzstein', Daniel Kolarich' 4
1. Institute for Glycomics, Griffith University, Gold Coast, Queensland, Australia

2. Institute of Molecular Biotechnology of the Austrian Academy of Sciences (IMBA), Vienna, Austria

3. Swiss Institute of Bioinformatics (SIB), University of Geneva, Geneva, Switzerland

4. School of Environment and Science, Griffith University, Gold Coast, Queensland, Australia

The extraction of glycoproteins from complex biological mixtures is a crucial first step in any
(glyco)proteomic workflow. The efficacy of the extraction method is known to directly impact the
subsequent depth of proteome analyses, and extraction conditions must be optimised for specific
biological systems. Numerous extraction protocols have been developed for proteomics studies,
however, the impact that these extraction conditions have on the reproducibility and comparability of
glycomics and glycoproteomics studies remain unclear. This is especially relevant for studies using
patient specimens (e.g., tissue biopsies). This work aims to identify, validate, and quantitate the impact
that different extraction conditions have on the glycome and proteome results, using a human
melanoma cell line model. We also aim to assess how these extraction conditions, or combinations
thereof, can be utilised to increase the depth of coverage in glycoproteomics studies.

Five widely used extraction conditions (RIPA, Triton X-100, TRIS buffered saline, urea, and a
commercial “TriPrep” kit) were used to extract (glyco)proteins from a human melanoma cell line. The
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proteome and glycome were analysed using Reversed Phase C18- and porous graphitised carbon
(PGC)-nanoLC-ESI-MS/MS technologies, respectively. The different extraction conditions resulted in
significantly different proteome and glycome profiles. Of the 4785 protein groups identified using label-
free quantitation, we determined that 65% were differentially represented across all extraction
conditions. We identified protein subgroups that were preferentially recovered in certain conditions and
correlated these to specific subcellular locations. Our glycomics analyses revealed that the relative
quantitative glycome profile was extraction condition dependent. These variabilities were evident in
most glycan subtypes but were especially significant for sialylated N-glycans. Future work will ascertain
whether protein biophysical properties can be used to guide preferential extraction condition(s) to
improve the efficiency of (glyco)proteomic investigations.

#31 - Dual search strategy for identification of glycopeptide with
multiple N- and O-glycans

Yu-Chun Chien' 2, CHU-WEI KUO", Kay-Hooi Khoo'

1. Academia Sinica, Taipei, Taiwan

2. National Taiwan University, Taipei, Taiwan

Mass spectrometry (MS)-based glycopeptide identification usually starts from peptide sequences or
glycan residues. For peptide-first strategy, the most commonly used Byonic provides a confident
peptide sequence and deduces a total composition with an uncertain glycan structure and localization.
In contrast, the glycan-first strategy, such as pGlyco3, traces first the Y ions and/or glycan residues to
deduce the probable composition and then the peptide sequence. While both search strategies may
lead to identifying the same glycopeptides, especially those affording sufficient MS2 ions, the eventual
assignments provided may be different. Often, part of the identified glycopeptide is unreliable when the
necessary Y ions or peptide b/y/c/z ions are missing. Moreover, site-specific O-glycosylation
assignment relies on the glycan-retaining ¢/z ions of EThcD-MS2. O-pair, another peptide-first software,
adopts an open search strategy to first identify the peptide based on HCD-MS2 and then pair the
positive spectrum match to its corresponding EThcD-MS2. pGlyco3, on the other hand, merges the
HCD and EThcD-MS2 pairs first before searching. Both O-pair and pGlyco3 allow and score the
reliability of localizing the O-glycan but can only handle search for N- and O-glycopeptides separately,
not simultaneously. Only Byonic, searching the HCD and EThcD-MS2 data independently, allows both
N- and O-glycosylation modification search either separately or simultaneously but typically consumes
a long searching time with much uncertainty of the deduced glycan compositions. How O-pair and
pGlyco3 handle the glycopeptides with multiple N- and O-glycans and whether paired or merged MS2
is a better strategy for confident identification and localization of multi-glycosylated peptides are unclear.
We present here our systematic appraisal of this dual search strategy for N-, O-, and multiply
glycosylated peptides from a variety of glycoprotein sources and demonstrate how a dual search
strategy helps reduce false positives and negatives compared to using only one but not the other
software.

#32 - GSS: a web tool to simulate signaling pathways involving
glycosylation

Koichi Arakawa', Kiyoko Aoki-Kinoshita'
1. Séka University, Hachioji, TOKYO, Japan

To date, variouos mathematical models have been developed to elucidate the mechanisms of signal
transduction. However, existing models of signal transduction rarely contain glycosylation information
in spite of the fact that many proteins are modified by glycans, and it is known that deficiencies and
mutations in glycosylation can affect signal activation.

Therefore, we have developed an online tool called GSS (Glycan Signaling Simulation) to simulate the
effects of glycosylation in signaling pathway.

Moreover we attempted to validate our tool by building a model of Notch glycosylation and analyzing it.
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GSS has a user-friendly graphical interface, mainly providing functionalities to integrate glycosylation
using GlycoSim (https://glycosim.rings.glycoinfo.org) into existing signal transduction models,
simulating the built model and performing parameter estimation to fit the parameters of the model with
experimental data.

We imported a basic Notch signaling model by Sivakumar2011 from the BioModels database
(http://www.ebi.ac.uk/biomodels/) into GSS and further added the glycan biosynthesis of two
monosaccharides by OFut1 and Fringe. The model was constructed to only include reactions involving
the Notch protein and relevant glycotransferases by removing irrelevant reaction elements to reduce
the number of model parameters.

Parameter estimation methods were executed based on experimental data by Taylor2014 [1] using the
concentration of glycosylated Notch modified with an O-Fucose by OFut1 and O-GIcNAc by Fringe at
EGF-12.

As a result, we could obtain parameters that resulted in simulations of this Notch glycosylation model
that almost perfectly matched the experimental data (Fig. 1).

+ GlcNAc

B +GlcNAc experimental [l +GlcMAc simulation
10

naked Fa—-EGF12 GNb3Fa—-EGF12

Flg1. Comparison of experimental and simulated data.

This was the first time we were able to show that GSS is able to build models and simulate signal
transduction that includes glycosylation. We will continue to develop more complex glycan biosynthesis
models and improve the functionality of GSS by incorporating high-performance parameter estimation
algorithms.

GSS is currently available at https://glycosim.rings.glycoinfo.org/signaling

#33 - Development of a database of glycosylation reaction
parameters, GlycoParaDB

Akane Kon', Koichi Arakawa’, Kiyoko Aoki-Kinoshita'
1. Soka university, Hachioji, TOKYO, Japan

Our lab has been developing an online glycosylation simulation tool called GlycoSim, which can predict
glycosylation pathways, construct mathematical models, and perform simulations. We have been using
GlycoSim to estimate O-glycan profiles of mouse embryonic stem (ES) cells, embryoid bodies (EB) and
extra-embryonic ectoderm (ExE) cells, based on data from the experiments of Nairn et al[1]. However,
when performing glycan synthesis simulation, the parameter values of the rate coefficient of enzyme
reactions (kf), the dissociation constant between glycan substrate and enzyme (Km), and the
dissociation constant between sugar nucleotide and enzyme (Kmd) are required, but these parameter
values are unknown. Therefore, we decided to estimate these unknown parameter values and
determine the range of each reaction parameter value based on the experimental data and parameter
estimation methods. The objective is also to create a database of these determined parameter values
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and to make it publicly available. The mathematical model of O-glycosylation was constructed using
GlycoSim, and parameters were estimated using COPASI, an application software for simulation and
analysis of biochemical networks and their dynamics. This was repeated numerous times to obtain a
distribution of parameters, and based on the best estimated parameter values, simulation of O-linked
glycan biosynthesis was performed. In our simulation results, we could reproduce the same glycan
profiles as the experimental results in all the ES, EB, and ExE cells. The determined parameter values
were converted to Resource Description Framework (RDF) format, and a database, GlycoParaDB, was
created to make the parameter values available. In the future, we will conduct simulation analysis of the
biosynthesis of N-linked glycans in mouse ES cells, determine the reaction parameter values, and
supplement our newly created database. GlycoParaDB is being considered for inclusion in the
glycoscience portal GlyCosmos[2].

1. [1] Nairn,A et al.Regulation of glycan structure in murine embryonic stem cells.Journal of Biological
Chemistry.287(45):337835-37856,2012
2. [2]GlyCosmos. https://glycosmos.org

#34 - Characterising the glycosylated immunopeptidome by leveraging
diagnostic fragment ions using a novel spectral analysis program

Joshua Fehring'!, Rebeca Kawahara? 3, Anastasia Chernykh?, Hayley Goodson3, Morten
Thaysen-Andersen? 3, Anthony Purcell', Nathan Croft'

1. Infection and Immunity Program & Department of Biochemistry and Molecular Biology, Biomedicine
Discovery Institute, Monash University, Clayton, VIC, Australia

2. Biomolecular Discovery Research Centre, Macquarie University, Sydney, NSW, Australia
3. School of Natural Sciences, Macquarie University, Sydney, NSW, Australia

The immunopeptidome comprises the suite of human leukocyte antigen (HLA)-bound peptides that are
presented at the cell surface for recognition by patrolling T cells. A variety of glycosylated peptides have
been shown to be presented by HLA molecules, emphasising the importance of the antigen processing
pathway in continuously monitoring intracellular protein states. However, little is known about the nature
or extent to which glycosylated peptides represent a yet-to-be-explored component of the
immunopeptidome, in part due to technical challenges for direct characterisation of sequence and
glycan. To tackle these challenges, we have developed a program for the rapid analysis and
characterisation of immunoglycopeptides in mass spectrometry data by harnessing the presence of
signature oxonium ions. These methods include quantifying oxonium ion intensities to differentiate
between N-linked and O-linked immunoglycopeptides, determining glycan makeup by comparing mass
shifts between spectral peaks, and identifying the unmodified precursor peptide (YO ion) fragment in
order to elucidate the composition of the attached glycan mass. By employing these techniques in
tandem, immunoglycopeptides can be detected and characterised accurately and quickly, with analysis
being completed in minutes on datasets containing tens to hundreds of thousands of spectra. This
program provides not only a valuable method for rapid immunopeptidomic and proteomic interrogation
but can also serve as a basis for more tailored downstream search strategies and analysis or to inform
subsequent experimental design. These capabilities make it an ideal tool for exploring novel
glycosylation events in the immunopeptidome, opening a new window into cell health and antigen
presentation.

#35 - Understanding storage associated changes in platelet
components using glycomics

Jessica Halliday', Abarna Murugan', Dianne van der Wal?, Daniel Kolarich' 3
1. Institute for Glycomics, Griffith University, Gold Coast, Queensland, Australia

2. Research and development, Australian Red Cross Lifeblood, Alexandria, NSW, Australia
3. School of Environment and Science, Griffith University, Gold Coast, Queensland, Australia
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Platelet transfusions are lifesaving treatments for various bleeding patients ranging from cancer post-
chemotherapy and cardiac patients. However, they are in high demand. Currently, platelets are stored
at 22°C for a maximum of 7 days, but they deteriorate gradually developing what is known as platelet
storage lesions. While there have been many metabolomic, proteomic and lipidomic studies conducted
analysing stored platelets there is still much left to learn to understand how platelet quality is effect
during storage. Currently, no laboratory marker has been identified to assess stored platelet quality,
hence their performance and survival in vivo cannot be assessed before transfusion. As the platelet’s
ability to perform many of its adhesive and immune functions comes from its many glycoproteins it is
possible that they might be a suitable quality marker.

However, the glycome and glycoproteome changes that occur during storage and how this impacts
their functionality remain unknown. To answer these questions, we have been investigating the platelet
glycome and (glyco)proteome of 6 donors across three time points throughout the storage cycle (days
1, 5 and 7). The storage-dependent platelet N- and O-glycome have been investigated using well-
established porous graphitized carbon (PGC)-nanoscale liquid chromatography (nanoLC)-Electrospray
(ESI) tandem Mass Spectrometry (MS/MS) workflows while the platelet (glyco)proteome has been
captured using reversed-phase (RP) nanoLC-Orbitrap MS/MS glycoproteomics workflows that included
HILIC enrichment of glycopeptides. Sialic acid quantity and O-acetylation levels were determined using
HPLC analysis after DMB-labelling.

The platelet glycome was successfully characterised to contain more than 120 different N-glycan
structures with diantennary, sialylated N-glycans being the most abundant. Donor and time-dependent
variations in the platelet glycome were being observed. The glycome information is currently used for
ongoing glycoproteomics experiments to understand the protein-specific changes that can be derived
from donor variability, processing, platelet activation and/or storage time.

#36 - Human cancer cells utilize various pro-adhesive ligands for
endothelial adhesion in vitro

Sarah Starzonek', Hanna Maar', Stefan Mereiter?, Udo Schumacher’, Tobias Lange'

1. Institute of Anatomy and Experimental Morphology, University Medical Center Hamburg-Eppendorf, Hamburg,
Germany

2. Institute of Molecular Biotechnology, Austrian Academy of Sciences, Vienna, Austria

One critical step of metastasis formation is the extravasation of circulating tumor cells into the metastatic
organ’s stroma to escape the adverse conditions existing within the bloodstream. This process requires
the adhesion of tumor cells (TCs) to endothelial cells (ECs) via carbohydrate ligands binding to E-
selectin and further endothelial cell adhesion molecules (CAMs). Our study aimed to characterize these
glycan ligands more precisely.

We analyzed the endothelial adhesion of nine human TC lines using a laminar flow adhesion assay on
human umbilical vein ECs (HUVECSs). The TC lines were grouped into three subsets according to their
canonical E-selectin ligands status expressing either sialyl-Lewis A and X (sLeA/X), sLeX only, or none
of them. Adhesiveness of the TCs was compared after enzymatic, pharmacologic, chemical (including
cleavage of sialic acid residues or glycoproteins or inhibition of O- or N-glycosylation) or antibody
blockade treatment of the TCs or ECs, respectively. The TCs were also screened regarding their
glycosyltransferase expression profile.

Endothelial adhesion did not exclusively require the presence of sLeA and/or sLeX. Other (non-
canonical) ligands must exist since all TCs were able to adhere on human ECs, including sLeA/X-
negative TCs. However, two of the three sLeA/X-negative TCs additionally or fully depended on VCAM-
1 for endothelial adhesion. Nearly all tested cell lines adhered via terminal a-2,3-sialic acid. The
significance of O-GalNAc- and N-glycans varied among the cell lines tested. The sLeA/X double-
positive subset showed glycoprotein-independent adhesion, so carbohydrate ligands on glycolipids
should be considered as well in future studies. All cell lines of the sLeA/X-negative subset consistently
lacked FUT3 and FUT7 expression as opposed to sLeA- and/or X-positive cell lines.

E-selectin and a-2,3-sialic acid largely determine endothelial adhesion of human TCs. Nevertheless,
the interaction between endothelium and TCs remains a complex process that requires future studies
for a better understanding.
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#37 - Synthesis of rare L-hexoses

Nicholas W See’, Norbert Wimmer?, Elizabeth H Krenske', Vito Ferro'
1. School Of Chemistry And Molecular Biosciences, University of Queensland, Brisbane, QLD, Australia

L-Hexoses are a family of exceptionally rare, prohibitively expensive, and synthetically challenging
sugars with great biological significance. Requiring access to L-iduronic acid building blocks for the
construction of glycosaminoglycan mimetics, we have recently developed the “fluorine-directing effect”
to rapidly access these compounds with high efficiency. Our strategy, which entails the stereoselective
C-5 epimerisation of D-hexose derivatives, has been optimised for the construction of L-ldoA' and L-
idose? glycosyl donors. Its success has also been understood with the aid of density functional theory
(DFT) calculations. Herein we describe the extension of this chemistry to carve out new synthetic routes
to other rare L-hexoses. These include the commercially unavailable L-altruronic acid, a component of
the capsular polysaccharides of the pathogens A. viridans var. homi and P. mirabilis 010, and L-
guluronic acid, a key component of alginates which are polysaccharides of considerable industrial
importance.

1. Mohamed, S.; He, Q. Q.; Lepage, R. J.; Krenske, E. H.; Ferro, V., Glycosylations of Simple Acceptors
with 2-O-Acyl L-ldose or L-Iduronic Acid Donors Reveal Only a Minor Role for Neighbouring-Group
Participation. Eur. J. Org. Chem. 2018, 2018 (19), 2214 — 2227.

2. See, N.W.; Wimmer, N.; Krenske, E. H.; Ferro, V., A Substituent-Directed Strategy for the Selective
Synthesis of L-Hexoses: An Expeditious Route to L-ldose. Eur. J. Org. Chem., 2021, 2021 (10), 1575 —
1584.

POSTERS

#38 - The application of identification software tools towards
precise and comprehensive glycoproteomics

CHU-WEI KUO', Kay-Hooi Khoo'
1. Academia Sinica, Nankang, TAIPEI, Taiwan

Identification of site-specific glycosylation by direct LC-MS/MS sequencing of intact glycopeptides in
combination with identification software is nowadays the mainstream workflow in glycoproteomics. More
and more software tools are continuously developed based on different strategies and algorithms that
are suitable for identification of different modifications by different analytical workflows, eg. N- or O-
glycosylation; step HCD or EThcD MS/MS approach. We have been using Byonic software for
productive LC-MS/MS-based glycopeptide analysis for a long time. More recently, we have additionally
evaluated the newly introduced pGlyco 3 as an alternative and probably better or complementary
software for glycopeptide identifications. As presented here in this work, we set out to compare in details
their N-glycopeptide identification results using single purified glycoproteins digested with both trypsin
and chymotrypsin. Digestion by two proteases at the same time effectively introduces more semi-
specific, non-specific and mis-cleavage possibilities, thereby increasing the computational challenges
to precisely identify the correct glycopeptides. We applied the widely accepted or recommended cut-
offs to filter the search results for manual verifications. By using a combination of approaches, we
demonstrated that the overlapping subset of identification results by the two software tools would carry
the lowest proportion of mis-assignments and hence highest level of accuracy. However, as would be
expected, including results that were only identified by one of the software would provide a more
comprehensive picture of glycoproteomics. More importantly, we have identified many pitfalls and
common sources of misassignment or non-identification errors associated with protein samples
digested by more than one proteases. A selection of how these would dramatically impact the
identification results is presented here.
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#39 - A strategy to discover functional N-glycosylation sites for
protein stability

Shulei Liu', Ben Schulz’
1. UQ), Brisbane City, QLD, Australia

N-glycosylation is particularly important for glycoprotein stability on account of its role in protein folding
in the Endoplasmic Reticulum (ER) and stabilization of mature glycoproteins. However, the impact of
site-specific N-glycosylation on protein stability has not been well explored, although it is important for
fundamental glycoprotein biology as well as in biopharmaceutical production and quality control. Our
study pursued a novel strategy using genetic perturbation of glycosylation together with thermal
proteome profiling (TPP) and quantitative multiple reaction monitoring mass spectrometry (MRM-MS)
proteomics, to discover N-glycosylation sites with functional roles on protein stability. We then used
intrinsic tryptophan fluorescence and protein unfolding/folding with guanidinium titration to validate the
impact of select N-glycosylation sites on protein stability.

#40 - Validation of purification protocol and high-performance
liguid chromatography (HPLC) analysis for the determination of
oligosaccharide composition in milk samples

Ulrike Hubl'
1. Callaghan Innovation, Lower Hutt, WELLINGTON, New Zealand

Milk is a complex mixture of lipids, proteins, carbohydrates and minerals not only providing optimal
nutrition for the young, but also supporting the health and development of young mammals during
lactation. The focus of this research is on free oligosaccharides. These compounds have been shown
to play an important role in the development of the brain, maintaining a healthy gut and modulating the
immune system. These components are highly species-specific and also change during lactation in
order to accommodate the different needs of each mammalian species. Understanding the differences
between the milk of different mammals supports our understanding of the role of these compounds
during development.

In order to determine the oligosaccharide composition in milk, samples have to be partially purified to
remove milk components that might interfere with the analysis. Seven different methods were tested
utilising an internal standard to determine the recovery rate. The most efficient method was identified,
further optimised and validated to achieve quantitative recovery of the oligosaccharides.

For the analysis, the partially purified oligosaccharides were labelled with 2-amino benzamide (2-AB)
and separated on a HILIC HPLC column according to Albrecht et al.1 Herein we describe the validation
of both the labelling reaction and subsequent HPLC analysis including the determination of the limit of
quantification (LOQ), limit of detection (LOD), linearity and range as well as the precision and accuracy.
These methods were applied to investigate the milk of different pastoral animals such as sheep, cows,
goats and deer.

1. Albrecht, S., Lane, J.A., Marino, K., Al Busadah, K.A., Carrington, S.D., Hickey, R.M., and Rudd, P.M. (2014)
British J Nutr 111, 1313-1328.

#41 - Regulation of Protein N-linked Glycosylation Site Occupancy.

Marium Khaleque', Amanda Nouwens', Benjamin Schulz '

1. School of Chemistry and Molecular Bioscience , The University of Queensland , Brisbane , Queensland ,
Australia

N-glycosylation is an essential co/post-translational modification of proteins in eukaryotes, which
involves the transfer of glycan from lipid-linked oligosaccharide (LLO) to select asparagine side chains
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in Asn-Xaa-Thr/Ser (Xaa=Pro) sequons of newly synthesized polypeptides in the lumen of the
endoplasmic reticulum. N- glycosylation directly affects protein folding and plays important roles in
protein function, stability, solubility, secretion, resistance to proteases and temperature, and enhancing
half-life. Interestingly, the importance of N-glycosylation is highly variable between different
glycosylation sites. However, the factors that determine the efficiency of site-specific N-glycosylation
are not well understood due to the lack of tools to quantify site-specific glycosylation occupancy. Here,
we aimed to understand how control of LLO biosynthesis affected site-specific N-glycosylation
occupancy. We developed and optimized a targeted DIA LC-MS/MS MRM-HR method for quantifying
site-specific occupancy at diverse N-glycosylation sequons in yeast cell wall glycoproteins and used
this method to compare global site-specific glycosylation under two LLO stress conditions: deficiency
of Alg6p or Alg7p, enzymes which catalyze distinct key steps in LLO biosynthesis. We found that a
subset of N- glycosylation sites was differentially occupied in these different LLO stress conditions,
consistent with active regulation of site-specific N-glycosylation depending on distinct amino acid
sequence features surrounding the glycosylation sequons. Our results are consistent with a model in
which cells under glycosylation stress maintain efficient glycosylation at critical sites in glycoproteins
through regulated recognition of specific extended N-glycosylation sequons.

#42 - A modular post-production glycoengineering system using an
Artificial Golgi Column

Nicholas J DeBono" %3, Edward S.X Moh' 3, Nicolle H Packer" 34

1. School of Natural Sciences, Macquarie Universiy, Sydney, NSW, Australia

2. Synthetic Biology Future Science Platform, CSIRO, Canberra, ACT, Australia

3. ARC Centre of Excellence in Synthetic Biology, Macquarie University, Sydney, NSW, Australia
4. Australian Proteome Analysis Facility, Macquarie University, Sydney, NSW, Australia

Protein glycoengineering can be used to improve glycoprotein interactions and target therapeutic
proteins. Traditional in vitro glycoengineering methods are costly, requiring lengthy incubation times of
hours or days. Here, we show the promise of an artificial Golgi column (AGC) by performing in vitro
glycan modification of a protein using a continuous flow immobilised enzyme reactor (IMER) with
glycosyltransferases (GT), B4GalT1 and ST6Gal1, which add sugars (galactose and sialic acid
respectively) to specific scaffold N-glycans present on targeted proteins. Using a liquid chromatography
system, we injected unmodified protein, required substrate phosphate-sugars, and essential MnCI2 to
the GT-IMERs, mimicking immobilised GT’s within the trans-Golgi network. By adjusting the residence
time of proteins to these GT-IMERS, we can modulate the completeness of enzymatic reaction, with
total reaction completion taking just 4 minutes for the B4GalT1-AGC. Combining continuous flow and
immobilised enzyme(s) increases interaction with substrates, decreases reaction times to minutes
rather than hours, reduces the need for downstream enzyme removal, and enables repeat and
sequential reactions. GT-IMERS are stable under continuous reaction conditions for up to 8 hours and
can be stored for several weeks. By joining different GT-IMERS in sequence, multi-glycosyltransferase
reactions become possible. This glycoengineering of proteins shows promise for future industrial
applications with the potential for large-scale, “dial-up” glycan modification.

#43 - Developing a glycoproteomics analytics workflow for
characterisation of recombinant proteins

Sheena MH Chua', Balaji Somasundaram’, David J Owen', Edward D Kerr? 3, Ben L Schulz? 34
1. Protein Expression Facility, The University of Queensland, Brisbane, Queensland, Australia

2. School of Chemistry and Molecular Biosciences, Brisbane, Queensland, Australia

3. Australian Infectious Diseases Research Centre, Brisbane, Queensland, Australia

4. Centre for Biopharmaceutical Innovation, Australian Institute of Bioengineering and Nanotechnology, Brisbane,
Queensland, Australia
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Recombinant proteins are essential for a wide range of applications such as biotherapeutics,
diagnostics, enzymes, human and veterinary vaccines. In our facility, four distinct expression systems,
namely E. coli, yeast, baculo-insect cell and mammalian cell, are used for producing recombinant
proteins. Following protein purification, proteins are characterised using various technologies to
determine key attributes such as identity and size. Besides these key attributes, post translational
modifications such as glycosylation is shown to be critical for protein folding, stability and function [1].
Glycosylation is one of the most common protein modifications and is complex to characterise due to
the diversity of the type and configuration of glycans attached to a recombinant protein. Variations in
glycosylation patterns are known to be directly related to diseases like cancer, genetic and blood
disorder [2]. Taking the importance, complexity and growing interest in protein glycosylation, there is
an enduring need to develop analytical capabilities to characterise glycosylation patterns of proteins for
biomedical research. To better understand how glycosylation differs and affects recombinant proteins
expressed from yeast, baculo-insect cell and mammalian cell, several protein candidates produced from
our facility were selected for glycoproteomic characterisation. We have identified a workflow to detect
glycopeptides from recombinant proteins. To determine suitability of sample for mass spectrometry
analysis, quality attributes of the recombinant protein sample are assessed. Samples are then
denatured, reduced, alkylated, and proteolytic cleaved. Digested peptides are desalted and
concentrated with a C18 column then analysed by LC-ESI-MS/MS (Prominence nanoLC system and
TripleTof 5600). Data was processed using Byonic where we identified characteristic glycan types from
recombinant protein candidates produced from the different expression systems.

#44 - Evaluating mucin O-glycans from faecal samples to study the
association between gut microbiome and mucin glycosylation

Rachana Pathak' 2, Muhammad Fakher Ud Din', Hasinika K.A.H. Gamage' 2, Liisa Kautto',
Nicolle H Packer® 2
1. School of Natural Sciences, Macquarie University, Sydney, NSW, Australia

2. ARC ITTC for Facilitated Advancement of Australia’s Bioactives, Macquarie University, Sydney, NSW,
Australia

Mucins are the characteristic heavily O-glycosylated proteins present in the protective mucus layer that
coats the inside of the digestive tract. The glycosylation state of mucins is dynamic and has been shown
to be correlated with gut microbiomel'l and gut health?. Changes in general health have direct and
indirect downstream effects on the microbiome of the digestive tract and the glycosylation of these
mucins. Mucous collection and analysis from the colonic region, though informative, requires sacrificing
the animal, and is not a feasible option in designing studies that seek to include non-laboratory animals.
Mucin purification from faecal samples is a suitable alternative for sample collection, however, most
existing mucin analyses from faecal samples do not employ sophisticated glycoanalytical approaches
and only report on the total glycan content of the mucins. This study develops a method to isolate and
purify high molecular weight mucins from mice faecal samples to characterise mucin O-glycans,
compares it against the colonic mucin O-glycan profile, and identifies its correlation with a previously
obtained corresponding dataset on the mouse colonic microbiome that binds to these glycan structures.
These faecal and colonic mucin samples were collected from a mouse model system of colorectal
cancer (C57BL/6 male mice chemically induced with azoxymethane and dextran sulphate to develop
colorectal cancer (CRC)). This work combines mucin isolation methods and liquid chromatography-
tandem mass spectrometry-based glycomics to create a reference library of CRC mouse (Mus
musculus) model O-glycan structures on gut mucins isolated from their faeces. In particular, structural
aspects of mucin sulphation, fucosylation and sialylation will be determined as these epitopes are
known to be selective for binding to different microbial species in the gut. The method development will
facilitate further research on changes in state of mucin glycosylation in animals in response to variable
conditions through non-invasive strategies.

1. 1. Gamage, H.K., et al., Changes in dietary fiber intake in mice reveal associations between colonic mucin
O-glycosylation and specific gut bacteria. 2020. 12(1): p. 1802209.

2. 2.Yamada, T, et al., Mucin O-glycans facilitate symbiosynthesis to maintain gut immune homeostasis.
2019. 48: p. 513-525.
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#45 - Comparative glycan profiling of breast cancer cell line derived
small extracellular vesicles

Shriya Agarwal', Sagar Dalal', Yuling Wang', Edward Moh', Nicolle Packer’
1. Macquarie University, Macquarie Park, NSW, Australia

It is well recognized that the extracellular vesicles (EVs) constitute a promising biomarker target by
transferring biomolecules to other neighboring cells. Triple negative breast cancer (TNBC) is a rare,
basal-like and highly aggressive breast cancer subtype with poor prognosis. Due to its hormone-
independent behavior, treatment methods currently available for hormone dependent breast cancers,
such as the HER2 positive breast cancer, are ineffective. Hence, it is important to identify specific
biomarkers for the early detection and accurate typing of the breast cancer. Numerous studies on
proteins associated with EVs are available, however comprehensive glycomic characterization of EVs
has been less explored. Therefore, we characterized the N-glycans and O-glycans on EV glycoproteins
from 2 different cell lines: triple negative breast cancer (MDA-MB-231) and hormone-dependent (MCF-
7).

EVs from both the cell lines were purified from the serum-free cell culture supernatants by differential
ultracentrifugation and were later characterized for their size distribution and concentration using
nanoparticle tracking analysis. From equal amounts of EV proteins from both cell lines, N-glycans were
released enzymatically by PNGase F and reduced, and O-glycans were chemical released by reductive
B-elimination. Glycans were desalted and resolved using porous graphitized carbon chromatography
and analyzed by mass spectrometry. We were able to observe distinct differences between the N- and
O-glycome of the EVs from the two cell lines. Interestingly, the glycome profile of EVs fraction from
MDA-MB-231 and MCF-7 were different from the protein profiles of their secretome, previously
published (1). As glycomics is associated with a wide range of diseases, knowledge of the profile of
glycans may help in developing a novel platform technology for multiplexed glycan mapping for
addressing the challenges in cancer biomarker discovery.

1. 1) Lee LY, Thaysen-Andersen M, Baker MS, Packer NH, Hancock WS, Fanayan S. 2014. Comprehensive
N-glycome profiling of cultured human epithelial breast cells identifies unique secretome N-glycosylation
signatures enabling tumorigenic subtype classification. J Proteome Res, 13:4783-4795.

#46 - Development of a new glycan-related pathway repository:
GlycoPathwayRepo

Sunmyoungq Lee', Yushi Takahashi', Tamiko Ono?, Shiota Masaaki?, Akihiro Fujita!, Kiyoko
Aoki-Kinoshita® 3

1. Soka University, Hachioji, TOKYO, Japan

2. The Noguchi Institute, Tokyo, Japan

3. Glycan & Life System Integration Center (GalSIC), Tokyo

GlycoPathwayRepo is a repository developed to allow biologists to directly register glycan-related
pathway information and obtain an accession number. The acquired information such as biochemical
reactions, catalysis events, and resources including proteins, complexes, small molecules, enzymes,
and glycans are transformed into a machine-readable format using Semantic Web Techniques including
Resource Description Framework (RDF) and SPARQL Protocol and RDF Query Language (SPARQL).
The entered resources are described with the Biological Pathway Exchange (BioPAX) ontology, which
is a standard language to facilitate data sharing between pathway databases [1] and controlled
vocabularies to connect the resources to data in other pathway databases or refer to the same data in
primary biological databases. Users can easily check their pathway data after completing the input of
their data on the via a visualization of the pathway. Our repository will allow users to inspect various
biological commonalities, such as the reactions that are common in different pathways, the reactions of
glycoenzymes that have common substrate specificities between different pathways, or the glycans that
exist between disease and normal states in the same pathway. Tremendous amounts of glycome data
have revealed that glycosylation across global cellular activity has biological importance to the
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comprehensive understanding of cellular function [2]. We expect that our repository will contribute to
accelerating data sharing of glycobiology with other omics data by providing tools where wet-lab
researchers can share their meaningful data in a formalized and exchangeable formatd.

1. “BioPAX- A community standard for pathway data sharing”. Aladjem M at al., 2010;28(9): 935-942. Nat
Biotechnol

2. “Glycosylation in Cellular Mechanisms of Health and Disease”. Kazuaki Ohtsubo et al., 2006;126:855-867.
Cell

#47 - Analysis of glycans recognized by lectins using the MCAW
multiple glycan alignment tool and experimental data of lectin-
glycan interactions.

Masae Hosoda', Kiyoko F Aoki-Kinoshita'
1. Soka University, Hachioji-shi, TOKYO, Japan

The Consortium for Functional Glycomics (CFG) and Lectin Frontier DataBase (LfDB) are available
on the web as databases of experimental data of interaction between glycans and lectins. CFG provides
such data as a result of analyzing glycan binding proteins with glycan arrays, while LfDB provides data
on the binding affinity between lectins and glycans based on frontal affinity chromatography.

Meanwhile, we have developed the Multiple Carbohydrate Alignment with Weights (MCAW) web
tool using bioinformatics [1]. This tool can visualize the common glycan substructures among the
inputted multiple glycan structures as a profile. Therefore, when the MCAW tool is executed with glycan
structures showing binding affinity obtained to a particular glycan binding protein, the commonalities in
the glycans can be seen. So far, the MCAW tool has been used to analyze the glycan array experimental
data of CFG. As a result, we found various interesting patterns in which the glycan recognition patterns
of lectins in the literature coincide with the profiles visualized from the MCAW tool [2]. In this
presentation, we have further analyzed the affinity data of glycans and lectins in LfDB, where
experiments are different from those in CFG, using the MCAW tool, and compared the results of glycan
profiles obtained for the same lectins published in CFG and LfDB, respectively.

1. [1]Hosoda, M. et al. Bioinfo. 2017;33(9):1317-1323.
2. [2]Hosoda, M. et al. Carbohydr. Res. 2018;464: 44-56.

#48 - Development of an efficient glycan structure search tool using
a new score matrix based on monosaccharide structures

Akihiro Fujita" 2, Kiyoko Aoki-Kinoshita' 2
1. Department of Science and Engineering, Soka University, Hachioji, TOKYO, Japan
2. Glycan & Life Systems Integration Center (GaLSIC), GaLSIC, Hachiouji, Tokyo, Japan

We have been studying the methods to calculate similarity scores for pairs of glycans and to efficiently
search for glycan structures in existing datasets, such as databases.

Because glycan structures can be formulated as tree structures, KCaM was developed as a tool for
aligning the tree structures of glycans. The score obtained by the alignment can be used as a similarity
score between the glycans.

Additionally, a score matrix[1] that represents the similarity of glycosidic linkage pairs (including the
bound monosaccharides) was developed around the same time, based on existing glycan data sets at
that time. However, this score matrix had not been applied very often because it was not versatile and
ideally had to be re-created each time more glycan structures were found.
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Therefore, we attempted to develop a more versatile score matrix for glycans that was independent of
any glycan data set. . As a first attempt, we developed a monosaccharide substitution matrix that
evaluated the similarity between monosaccharides by considering their physicochemical properties and
their three-dimensional structures. As a result, we were able to create a novel monosaccharide
substitution matrix[2].

This monosaccharide substitution matrix was applied to KCaM and validated by demonstrating the
improved performance of KCaM by incorporating our score matrix and searching for glycans in the
GlyTouCan repository.

This matrix is independent of any glycan database, and it incorporates the physicochemical properties
of monosaccharides, making it the first of its kind.

The bioinformatics implications of being independent of any database are that the same matrix can be
used for glycan comparisons for any species. Thus, we claim that the method for developing this matrix
is universal.

1. Aoki-Kinoshita, K.F., Mamitsuka, H., Akutsu, T., Kanehisa, M., A score matrix to reveal the hidden links in
glycans, Bioinformatics, 21(8):1457-1463, 2004.

2. Akihiro Fujita, Aoki-Kinoshita, K.F., Development of a novel monosaccharide substitution matrix for improved
comparison of glycan structures, Carbohydrate Research, 511: Online, 2022.

#49 - Glycoproteomics MS/MS data analysis benefits from
glycomics-informed search strategies

Anastasia Chernykh', Gary Wilson?, Marshall Bern?, Nicolle H. Packer'- 3, Rebeca Kawahara' 3,
Morten Thaysen-Andersen':3

1. School of Natural Sciences, Macquarie University, Sydney, NSW 2109, Australia

2. Protein Metrics Inc, Cupertino, CA 95014, USA

3. Biomolecular Discovery Research Centre, Macquarie University, Sydney, NSW 2109, Australia

In our recent multi-institutional 1st HGI study'!, we explored search parameters of LC-MS/MS data
affecting the glycopeptide identification process and found that the glycan search space is a critical
variable to ensure comprehensive glycoproteomics data analysis. However, the exact impact of the
glycan search space remains unexplored. Herein, we investigate if the N-glycopeptide data analysis
benefits from our glycomics-assisted glycoproteomics approach, which defines the glycan search space
using quantitative glycomics, as opposed to uninformed approaches using predefined glycan
databases. Glycoproteomics LC-MS/MS data of human serum were systematically searched using the
Byonic search engine, varying only the N-glycan search space parameter. Our informed approach
employed a set of 41 N-glycan compositions observed in serum and subsets thereof, while the
uninformed approaches used a condensed, moderate and extended glycan search space of common
mammalian N-glycans predefined in Byonic chosen to simulate typical glycoproteomics data analyses
without prior knowledge. The relative performance of the different search approaches was evaluated
based on the glycoproteome coverage (sensitivity), glycopeptide accuracy (FDRs) and search time.
Importantly, we found that the glycomics-informed search strategy using all 41 serum N-glycans
provided substantial benefits over the three uninformed approaches by dramatically improving the
accuracy of identified glycopeptides (lower FDR) and by reducing the search time (hours to minutes)
without compromising the glycoproteome coverage. The relative performance of the informed approach
was improved further in terms of higher accuracy and reduced search time when using smaller N-
glycome subsets comprising only the most abundant serum N-glycans while still retaining a high
glycoproteome coverage. In conclusion, our study documents the notable benefits of applying
glycomics-assisted glycoproteomics to define the glycan search space ahead of the glycopeptide data
analysis and confirms more broadly that knowledge-driven sample-specific search strategies are
required to achieve high-performance glycoproteomics data analysis that remains a critical bottleneck
in the field.

1. Kawahara, R. et al. Community evaluation of glycoproteomics informatics solutions reveals high-
performance search strategies for serum glycopeptide analysis. Nat. Methods 18, 1304-1316,
doi:10.1038/s41592-021-01309-x (2021).
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#50 - Benchmarking the utility of open-source library-free DIA tools
in the identification and quantification of glycan modifications
using mass-spectrometry
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Data Independent Analysis (DIA) has been recently established as a robust and reproducible peptide
quantification and identification technique in the field of proteomics, overcoming the limitations of Data
Dependent Analysis (DDA). Recent advancements in library-free analysis methods streamline DIA
workflows, bypassing the need for DDA library generation, which makes savings on time, resources,
and sample volumes. This has made DIA a valuable analysis pathway for fields where DDA based
library generation is not practical, however the utility of these tools for the identification of post-
translational modifications (PTMs) has not been thoroughly established.

We aim to establish the utility of existing library-free DIA tools to the field of glycoproteomics and
compare against DDA based glycan identification methods.

Using in-house generated proteomic/glycoproteomic data as well as datasets available from online
repositories we assess the most-current versions of the open-source software; DIA-NN, DIA-Umpire
(MaxQuant), OpenSWATH, Skyline, and FragPipe, and set a baseline for glycoform identification using
the proprietary DDA software Byonic. We initially use a known glycoprotein mixture of IgG, lactalbumin,
and fetuin, followed by vigorous testing across Hela lysate, human serum, and human saliva. Each
software is assessed on the basis of reproducibility, quantification linearity, and number of proteins and
PTMs identified, with a particular focus on O- and N- linked glycosylation.We compare these key metrics
against existing DDA workflows, summarise the relative performance of each tool, and discuss possible
refinements to DIA workflows to maximise their utility for the field of glycoproteomics.

#51 - Evidence of endoplasmic reticulum stress in diabetic platelets
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Background:

Platelet hyperactivity in diabetes mellitus (DM) contributes to the increased cardiovascular risk and
decreased efficacy of antiplatelet agents in this group of patients. Endoplasmic reticulum (ER) stress
contributes to endothelial dysfunction in patients with DM, but whether the ER stress response also
contributes to platelet hyperactivity is not well-studied. Tunicamycin is an N-glycosylation inhibitor that
has been shown to induce ER stress in vitro and in vivo, but its effect on platelets remains unclear.
Aim:

We aimed to identify changes in intracellular and released platelet proteins in patients with and without
diabetes who have known or at risk of cardiovascular disease. We aimed to recapitulate the identified
ER stress pathway seen in the diabetic platelet in vitro using the N-glycosylation inhibitor tunicamycin.
Method:

A total of 76 patients (DM = 42, non-DM = 34) were recruited. Platelets were isolated and separated
into lysate and releasate, with or without stimulation with 0.025U/mL thrombin. Platelet activation was
assessed by mobilisation of CD62p and PAC1. Proteins were identified by LC-MS/MS and Western
blot. Isolated platelets from healthy donors were treated with tunicamycin (5ug/mL) before platelet
activation was quantified by flow cytometry and ER stress pathway induction by Western blot.
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Results:

There was a significant and positive correlation between serum fructosamine, a marker of glycaemic
control, and SEC61B, a part of a multi-functional ER translocon complex. DM platelets had significantly
increased phosphorylation of IRE1, a major signalling pathway in the ER stress response. Tunicamycin
did not appear to significantly increase CD62p mobilisation or PAC1 positivity, although there appeared
to be activation of platelet ER stress pathways.

Conclusion:

We have identified a platelet ER stress response in patients with DM, which may contribute to platelet
hyperactivity. Further studies are required to identify a pharmacologic treatment to recreate the DM
effect on platelets in vitro.

#52 - The timsTOF fleX: A New Age of N-Glycan MALDI-MSI
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Matrix-assisted laser desorption/ionisation (MALDI) mass spectrometry imaging (MSI) is a robust and
rapid technique which allows the spatial mapping and visualisation of analytes, such as intact proteins,
tryptic peptides, lipids, metabolites and N-glycans, across fresh frozen (FF) and formalin-fixed paraffin-
embedded (FFPE) tissue sections (1). With the recent release of Bruker Daltonic’s timsTOF fleX MS
system, MALDI-MSI has moved into a new age of spatial omics, with the benefit of higher sensitivity
and faster acquisition rate relative to older generation instruments on the market (2). Our group has
further developed and refined our existing N-glycan MALDI-MSI workflows to increase the number of N-
glycan compositions identified from various types of FFPE tissue, including articular cartilage and
subchondral bone from knee osteoarthritis patients, lungs from mice with and without
mucopolysaccharidosis type | and lll, and ovarian, endometrial, cervical and vulvar cancers from early-
and late-stage patients. Furthermore, our group has established an in-situ tandem MS (MS/MS)
fragmentation protocol which can be implemented post-MALDI-MSI analysis to structurally characterise
and confirm putative N-glycan masses of interest. Lastly, our group has successfully separated
structural isomers (i.e., glycoforms) in-situ using trapped ion mobility mass spectrometry (TIMS),
following N-glycan MALDI-MSI analysis, on the same tissue section. With these complimentary
methods in mind, a wealth of information can be acquired from a single tissue section, thereby reducing
the sample preparation time previously required while increasing the number of N-glycan compositions
and structural isomers that can be spatially mapped.

1. Brooke Dilmetz, Yea-Rin Lee, Mark Condina, Matthew Briggs, Clifford Young, Christopher Desire, Manuela
Klingler-Hoffmann, Peter Hoffmann (2021). Novel technical developments in mass spectrometry imaging in
2020: A mini review. Analytical Science Advances, 2:225-237, doi.org/10.1002/ansa.202000176.

2. Bram Heijs, Alexander Potthoff, Jens Soltwisch, and Klaus Dreisewerd (2020). MALDI-2 for the Enhanced
Analysis of N-Linked Glycans by Mass Spectrometry Imaging. Analytical Chemistry, 92 (20), 13904-13911,
doi.org/10.1021/acs.analchem.0c02732.
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Most cancer-related deaths are due to metastatic spread of primary tumors. One crucial step in
hematogenous metastasis is the dynamic adhesion of circulating tumor cells to the endothelial cells of
the vessel walls, which initiates extravasation of tumor cells to distant sites. This adhesion is mediated
by interactions of adhesion molecules on tumor cells and their binding partners on endothelial cells. A
much noticed but obscure adhesion molecule in this context is CD44. Due to its numerous isoforms and
glycoforms, our understanding of the role of CD44 in metastasis remains elusive and needs to be
improved by further research.

In the first step of the present study, we established a stable and efficient shRNA-mediated CD44
knockdown (of all isoforms) in the two human tumor cell lines HT29 and MeWo, which resulted in less
dynamic endothelial adhesion in case of MeWo, but not HT29 cells. Paired-end RNA sequencing
revealed a predominant expression of CD44 isoform 3 in HT29 and of isoform 4 in MeWo cells, which
was confirmed by isoform-specific qRT-PCR and by exon-specific antibodies used for flow cytometric
tumor cell analyses. Accordingly, Western Blot analyses showed a higher molecular weight of CD44 in
HT29 (140 kDa) in comparison to MeWo cells (85 kDa). Chemical inhibition of O-GalNac glycosylation
and enzymatic cleavage of N-glycans and terminal sialic acid residues indicated the presence of O-
and N-glycans with respective sialylation on CD44 on both cell lines, but to different extents. Preliminary
mass spectrometric analysis of proteins co-immunoprecipitated with anti-CD44 identified proteins of the
cytoskeleton (vimentin, actin, a/f tubulin), which were downregulated in the CD44 knockdown cells of
MeWo but not HT29. Further analyses with additional cell lines are currently ongoing and will show
whether a certain CD44 isoform and glycoform pattern emerges in the context of tumor cell adhesion
to endothelial cells.
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