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The development of GAL-9-specific 		
Nanobodies for improving immunotherapy of
cancer
Alyssa Dumoulin, Marlène Fortier, David Chatenet, Nicolas
Doucet, Yves St-Pierre
Centre Armand-Frappier Santé Biotechnologie, Institut
national de la recherche scientifique (INRS), Université du
Québec, Laval, QC, Canada
Galectin-9 (GAL-9) has long been recognized as a prime
candidate for the treatment of many types of cancer,
including those for which there are limited treatment
options. The interest in targeting GAL-9 in cancer, however,
has recently received increasing attention since it was
identified as a ligand for T cell immunoglobulin and
mucin domain-containing protein 3 (TIM-3). Binding of
GAL-9 to TIM-3 induces the death of Th1 (but not Th2) cells
by both apoptotic and necrotic mechanisms. Considering
the fact that interfering with the TIM-3 and PD1/PDL1
pathways is more effective than targeting each pathway
alone in restoring antitumor immunity, the GAL-9/TIM-3
axis is now considered a mechanism of resistance when
using immune checkpoint inhibitors (ICIs) in cancer
patients. The functional relationship between GAL-9, TIM-3
and ICIs was confirmed by a recent study showing that
GAL-9 also binds to PD1 and plays a major role in the
resistance of TIM-3-positive T cells to cell death. In fact, it
has recently been shown that a therapy combining antiGAL-9 and anti-PDL-1 blocking antibodies (Abs) resulted in
better survival than monotherapy, emphasizing the need
to develop novel and specific GAL-9 inhibitors.
Here, we report the generation of a panel of GAL-9specific recombinant camelid antibodies (nanobodies,
Nbs). Nbs are small antibody fragments consisting of a
single monomeric variable antibody domain. These GAL-9specific Nbs were generated following in vitro screening
of a fully synthetic phage display library of humanized
llama single domain antibody. Given their smaller
size and higher solubility compared to conventional
Abs, the use of Nbs allows for greater versatility in
terms of administration routes, tissue penetration,
and, most importantly, recognition of buried epitopes
that are normally not accessible to conventional Abs.
Moreover, given their structural simplicity and their cost-

effectiveness, Nbs have received increasing attention
for the treatment of various diseases. Indeed, although
immunotherapy has incomparable advantages over
standard cancer treatments, the costs for patients and
healthcare as a whole are staggering. The development of
these GAL-9-specific Nbs thus opens a new era in the fight
against cancer, providing new hope for the treatment of
aggressive cancer for which there are limited treatment
options.
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Development of mucinase fusion proteases to
target glycoform-specific IgA1
Angel Kuo¹, Gabby Tender¹, Judy Shon¹, Carolyn Bertozzi1,2
Department of Chemistry, Stanford University, Stanford, CA, USA
²Howard Hughes Medical Institute, Stanford, CA, USA
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O-glycosylation of cell surface and secreted glycoproteins
is well known to play important roles in homeostasis
and disease progression. Mucins are a class of heavily
O-glycosylated proteins that have been extensively
studied in the context of cancer. Upregulation of mucins
has been demonstrated to be associated with worse
prognosis in many carcinomas. Mucins also play an
important role in gut homeostasis by protecting the
gut epithelial layer from pathogens. In addition to
the canonical mucins often studied in cancer and gut
health, recent work has shown other mucin-domains
glycoproteins to have roles in human diseases. One
such example is the mucin-domain of IgA1. IgA1, which is
present in the bloodstream and in mucosal membranes,
has a hinge region bearing several O-glycans. Though
the glycoforms of the IgA1 mucin-domain have not been
extensively characterized in many disease states, it is
well known to have a role in the pathogenesis of IgA
nephropathy. IgA nephropathy, a renal disease that leads
to impaired kidney function, is thought to be caused by
renal deposits of under-galactosylated IgA1. To date, there
have been no reported ways to target and degrade this
disease-specific glycoform of IgA1.
Here we report a way to selectively characterize the
O-glycosylation profiles of IgA1, and degrade the diseaserelevant glycoforms of IgA1. Previous work characterized
bacterial proteases that are incredibly specific for human
IgA1. Other recent work characterized bacterial proteases
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that selectively cleave mucins in their mucin-domains.
These mucin-selective proteases, coined mucinases,
have a range of specificity for certain glycoforms, some
accommodating all types of glycoforms and others
only tolerating certain glycoforms. Through structural
modeling, protein engineering, and in vitro assays, we
developed fusion proteases comprising of two parts:
an IgA protease domain to target but not cleave IgA1,
and a mucinase domain that is non-specific for IgA1
but selectively cleaves particular glycoforms of the IgA1
mucin-domain. We demonstrate that this method enables
us to study IgA1 glycoforms in different diseases and
selectively degrade IgA1 glycoforms of interest.
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ABO tools for the 21st century: Glycan-		
functionalized beads allow precise 			
characterization of subtype-specific IgG and 		
IgM ABO antibodies
Anne Halpin1,2,3,4,5, Tess Ellis1,4, Jean Pearcey1,4,5, Bruce
Motyka1,4,5, Todd L. Lowary5,6,7, Chris Cairo5,7, Stephanie
Maier1,4,5, Lori J. West1,2,4,5,8
Department of Paediatrics, University of Alberta,
Edmonton, AB, Canada; 2Department of Laboratory
Medicine, University of Alberta, Edmonton, AB, Canada;
³Alberta Precision Laboratories, AB, Canada; ⁴Canadian
Donation and Transplant Research Program (CDTRP), Li Ka
Shing Centre for Health Research, University of Alberta,
Edmonton, AB, Canada; ⁵GlycoNet, University of Alberta,
Edmonton, AB, Canada; ⁶Academia Sinica, Institute of
Biological Chemistry, Taipei, Taiwan; ⁷Department of
Chemistry, University of Alberta, Edmonton, AB, Canada;
⁸Alberta Transplant Institute, Li Ka Shing Centre for Health
Research, Edmonton, AB, Canada

B-trisaccharides were included in this panel. ABO
antibody profiles were measured in sera of healthy adults
(ABO-O: n=68, ABO-A: n=48, ABO-B: n=17).
Results: ABO-O individuals had significantly more IgG
antibodies to ABO-A and -B glycan targets vs ABO-B and
-A individuals, respectively, but had comparable levels of
IgM antibodies to the same glycans (Figure). There was
no difference between IgG and IgM levels of anti-α-Gal
antibodies, and anti-A and anti-B antibodies did not differ
by sex (not shown).
Conclusions: The Luminex bead-based glycan
assay can easily characterise ABO antibody profiles,
including subtype-specificities and isotypes, with high
reproducibility. This testing can be readily incorporated
into the clinical laboratory as histocompatibility
laboratories worldwide already utilise this approach to
measure antibodies to major histocompatibility complex
antigens. These data will allow us to improve ABOi
transplant risk assessment and investigate the relevance
of IgG vs IgM antibodies.

1

Purpose: ABO antibody detection is an essential part
of clinical risk assessment for ABO-incompatible (ABOi)
transplantation. However, this testing is still performed
using the century-old red blood cell agglutination
assay that is limited by poor reproducibility and the
inability to characterise antibodies to specific ABO-A
and ABO-B glycan subtypes. This subtype-specificity is
relevant to transplanted organs as endothelial surfaces
are decorated with only subtype II ABH glycans, making
red blood cells a poor surrogate for donor-specific
compatibility assessment. It is also challenging to readily
differentiate IgG from IgM isotype antibodies, which may
confer differential risk in ABOi transplantation.
Methods: We developed a Luminex bead-based
antibody detection assay in which ABO-A and ABO-B
subtype I-VI glycans were coupled to individual Luminex
beads. Additional beads to BSA, the related Alpha-gal
(galactose-α-1,3-galactose) (α-Gal) glycan, and A- and
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Figure: ABO antibody profiles in healthy controls.
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Neuraminidase 1 depletion protects against
Imiquimod-induced psoriasis in the mouse
model
Antoine Caillon1, Alexey V Pshezhetsky 1,2,3
Centre de recherche, CHU Sainte-Justine, Montreal,
QC, Canada; 2Department of Anatomy and Cell Biology,
McGill University, Montreal, QC, Canada; 3Department
of Paediatrics, Sainte-Justine Hospital Research Center,
Université de Montréal, Montreal, QC, Canada
1

Rationale: Psoriasis is a chronic and non-curable
immune-mediated inflammatory skin disease,
associated with disfigurement, and comorbid outcomes,
characterised by erythema, induration (thickness) and
desquamation of the skin. Recently, using a murine airpouch model of skin inflammation with LPS stimulation,
we demonstrated that neuraminidase 1 (NEU1) plays
an essential acute role in leukocyte infiltration and
inflammation. In gene-targeted Neu1 knockout (KO)
LPS-induced mice, the immune cell recruitment and pro-

POSTER ABSTRACTS
inflammatory cytokines levels were reduced as compared
to wild-type (WT) animals. In the current study we tested
the hypothesis that NEU1 plays a major pro-inflammatory
role during the induction of the imiquimod (IMQ)-induced
mouse model of psoriasis.

this interesting lysosomal enzyme.

Methods: Male and female 8-16 week-old WT and Neu1 KO
C57BL/6 mice were treated by topical 62 mg dose of 5%
IMQ or Vaseline (VAS) during 7 consecutive days on the
dorsal area and the left ear. The Psoriasis Area Severity
Index (PASI) clinical scoring system was used to assess
the inflammatory status of the skin in the treated areas.

Department of Biological Sciences, University of Alberta,
Edmonton, AB, Canada

Results: After 7 days of IMQ treatment, WT animals have
shown a total PASI score of 7.5 for the dorsal area and 6.0
for the ear, whereas VAS-treated control mice have shown
a PASI score of 0 for both area. In contrast, Neu1 KO mice
demonstrated a PASI score of 2.5, showing a 66% decrease
as compared with IMQ-treated WT mice.
Conclusion: Neu1 KO mice have shown a reduction of skin
inflammation based on PASI score in the IMQ-induced
psoriasis model. This preliminary result suggested that
NEU1 also plays a pro-inflammatory role in chronic
skin inflammation during psoriasis and justified further
immunology assays to assess the effect of NEU1 on the
immune cell infiltration and phenotype.
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A ratiometric substrate for studying 		
glucocerebrosidase activity in living cells
Ben Tiet, Matthew Deen, Pierre-Andre Gilormini1, Kelly
Chen, David Vocadlo
Department of Chemistry, Simon Fraser University,
Burnaby, BC, Canada
Glucocerebrosidase (GCase) is a lysosomal enzyme
that is responsible for the cleavage of the glycolipid
glucosylceramide. Mutation in GBA, the gene that encodes
for GCase, is linked to Gaucher and Parkinson disease.
Here we describe a fluorescence resonance energy
transfer (FRET)-based substrate (GLUTC343) for this
enzyme. This substrate uses a dual fluorophore system
that allows for ratiometric tracking of both substrate and
product levels within living cells. Fluorescence microscopy
will enable visualizing both the product and substrate by
exploiting their distinct photophysical properties, allowing
us to determine the fraction of substrate hydrolysed by
GCase as a function of time. GLUTC343 is turned over by
GCase in vitro and within cells. Characterization of uptake
of the substrate into cells, its subcellular distribution, and
time-dependent turnover will be discussed. Using this
novel fluorescent ratiometric substrate to study GCase
will enable new insights into the activity and regulation of
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O-GlcNAc modification & its effects on the
methylation status of E. coli protein Tsr
Bill Vouronikos, Lisa Willis

O-GlcNAcylation is a dynamic post-translational
modification that regulates normal cellular processes as
well as stress responses. While O-GlcNAc has been well
studied in eukaryotes, its existence in bacteria remains
controversial. We are investigating the existence of
O-GlcNAc in bacteria by determining its role in motility.
Understanding how O-GlcNAc works in bacteria will help
us understand how bacteria adapt to and survive in
changing environments. Bacterial swimming/swarming
motility is mediated by the flagella but it is the methylaccepting chemotaxis proteins (MCPs) that control
chemotaxis by sensing changes in environmental nutrient
and/or waste concentrations. One of the major MCPs,
Tsr, is potentially glycosylated at four Ser/Thr residues
that are directly adjacent to the five methylated residues
which are critical for function. We have shown that two of
the four glycosylated residues are critical for motility, as
site-directed mutants have significantly reduced motility.
We have also expressed and purified HIS-Tsr and are
working on confirming its glycosylation.
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Characterization of a novel O-glycopeptidase
from the commensal organism Akkermansia
muciniphila
Brendon Medley¹, Leif Leclaire², Warren Wakarchuk²,
Alisdair Boraston¹
¹Department of Biochemistry and Microbiology, University
of Victoria, Victoria, BC, Canada; ²Department of Biological
Sciences, University of Alberta, Edmonton, AB, Canada
Akkermansia muciniphila is a Gram-negative commensal
organism that is commonly found within the gut of
animals where it comprises ~3-5% of a healthy human gut
microbiota. This species is of particular interest because
of its apparent role in mediating metabolic diseases
including diabetes and obesity. A notable feature of A.
muciniphila is that ~3% of its genome is constructed
around utilizing mucin as a nutrient source, which is
supported by transcriptomic analyses of A. muciniphila
grown on mucin. However, how many of the encoded
proteins and enzymes contribute to the growth of A.
muciniphila on host mucin has yet to be revealed. One
upregulated gene named AMUC_1438 has a C-terminal
module displaying amino acid sequence identity with
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family 51 carbohydrate binding modules (CBM51). Though
the N-terminal domain of AMUC_1438 contains a zinc
metallo-peptidase catalytic motif, it shares no significant
sequence similarity to any known peptidase family. On
the basis of these properties, we hypothesized that
AMUC_1438 is a member of an uncharacterized family
of peptidases, possibly one that targets glycosylated
substrates. Here we demonstrate that AMUC_1438 is a
peptidase, and specifically one that uses O-glycans as
a recognition determinant. Using mass spectrometry,
thin layer chromatography, and quantitative fluorescent
resonant energy transfer assays we specifically reveal
the activity of AMUC_1438 on O-glycopeptides with
varying peptide sequences and glycan decoration
patterns. Guided by our structures determined by X-ray
crystallography, point mutations to probe the location
of sugar binding pocket supports the identification of
residues that are required for O-glycan recognition.
This study outlines a novel O-glycopeptidase enzyme
that shares minimal sequence identity towards any
known peptidase family, building the understanding of
classifying peptidases that target O-glycopeptides. The
work completed here continues to uncover mechanisms
that Akkermansia muciniphila uses to harvest
nutrients from mammalian mucin sources within the
gastrointestinal tract.
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Structural and functional characterization of
the Clostridioides difficile glycosyl hydrolase
CcsZ
Brian Lowrance, Joel T. Weadge
Department of Biology, Wilfrid Laurier University,
Waterloo, ON, Canada
Abstract on page 30
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Investigating the roles of polysialic acid in T
cell biology
Carmanah D. Hunter, Lisa M. Willis
Department of Biological Sciences, University of Alberta,
Edmonton, AB, Canada
Polysialic acid (polySia) is a polymer of α(2→8) linked
sialic acids which is expressed on glycoproteins in the
nervous, reproductive, and immune systems in healthy
adults. In the immune system polySia has been identified
on numerous immune cells where it appears have
immunomodulatory effects, although its specific roles
remain largely unknown. Expanding on knowledge of
the function of this immunomodulatory molecule in T
cell biology has potential implications in understanding
and treating autoimmune diseases and cancers. We
42
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have begun studying the functions of polySia in T
cell activation and proliferation. PolySia is present on
different populations of T cells, and there appear to be
many different proteins that are modified by polySia.
Upon T cell activation both the amount of polySia and
the polySia-proteins appear to change. Throughout T
cell proliferation polySia continues to be tightly and
dynamically regulated. These early studies suggest
complex and critical roles for polySia in T cell biology that
remain to be discovered.
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Ultrahigh-throughput droplet-based 		
microfluidic screening to discover new
efficient enzymes that convert B type red
blood cells to universal O type blood
Charlotte Olagnon¹, Peter Rahfeld¹, Haisle Moon²,
Jayachandran Kizhakkedathu², Stephen Withers¹
¹Department of Chemistry, University of British Columbia,
Vancouver, BC, Canada; ²Department of Pathology
and Laboratory Medicine, Centre for Blood Research,
Life Sciences Institute, University of British Columbia,
Vancouver, BC, Canada
Abstract on page 26
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Semisynthesis of N-glycans for building
genetically encoded liquid glycan arrays
Chih-Lan Lin, Mirat Sojitra, Eric J Carpenter, Todd L. Lowary,
Ratmir Derda
Department of Chemistry, University of Alberta,
Edmonton, AB, Canada
Glycans can be installed as post-translational
modifications on either proteins or lipids forming
glycoproteins or glycolipids. These molecules, when
displayed on the cell surface, provide a glycan-coated
cell surface (the glycocalyx) where interactions can take
place. In the case of glycoproteins, N-glycans on the
protein surface can act as ligands for glycan-binding
proteins (GBPs), which are involved in immune responses,
pathogen recognition and cancer cell proliferation.
Understanding the role of N-linked glycans requires
access to structurally-defined molecules. In this
presentation, we report the chemoenzymatic synthesis
of biantennary complex type N-glycans directly on M13
phage to give rise to a genetically-encoded multivalent
liquid glycan array (LiGA) comprising a library of the
structures.
We started by employing a heterogeneous mixture of
sialylglycopeptides (SGP) from egg yolk as a divergent
intermediate. Phage M13 acylated on the pVIII protein
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with dibenzocyclooctyne (DBCO) reacts with azidoSGP glycans to yield 30–1500 copy numbers of SGP per
phage. Further enzymatic trimming or extension can
be performed directly on phage-displayed glycans to
yield multivalent glycoconjugates that contain desired
densities of complex N-glycans. Specifically, we have
demonstrated trimming by three glycosidases and
extension by two glycosyltransferases proceeded
effectively on phage-displayed N-glycans and model
oligosaccharides. We prepared a LiGA library in which
both the structure and density of N-glycan were encoded
in the DNA of the bacteriophage and validated the
binding properties of N-glycans using different lectins,
as well as CD-22 and DC-SIGN proteins displayed on
cells. From a mixture of multivalent glycan probes,
LiGAs identify the glycoconjugates with optimal avidity
necessary for binding to lectins on living cells in vitro and
in vivo.
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Between cellulose and chitin, the unique
architecture of the chytrid cell wall
David Firer1,2, Donald C. Sheppard1,2, François Le Mauff1,2
Department of Microbiology and Immunology, McGill
University, Montreal, QC, Canada; ²Infectious Diseases and
Immunity in Global Health Program, Research Institute of
the McGill University Health Center, Montreal, QC, Canada
1

Abstract on page 29
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Influence of divalent metals on DC-SIGNglycan binding
Duong T. Bui, Elena N. Kitova, Lara K. Mahal, John S.
Klassen
Department of Chemistry, University of Alberta, Edmonton,
AB, Canada
Dendritic Cell-Specific Intercellular adhesion molecule3-Grabbing Non-integrin (DC-SIGN) is a C-type lectin
that binds mannose and fucose containing glycans in a
Ca2+-dependent manner. While the importance of Ca2+
to DC-SIGN binding is well established, the contribution
of other bivalent metals present in our body on glycan

binding has not been systematically investigated. Here,
we describe the application of native electrospray
mass spectrometry (ESI-MS) performed with submicron
nanoESI emitters to elucidate the divalent metal binding
properties of C-SIGN and their role in glycan binding. The
stepwise binding of up to 3 Ca2+ to DC-SIGN (which has
three glycan binding sites) exhibits positive cooperativity;
the affinities (Kd) are in the mM range. Curiously, Mn2+ and
Zn2+ have similar affinities for DC-SIGN, but do not exhibit
cooperative binding. Moreover, Mg2+, which is present at
high physiological concentrations, binds only very weakly
to DC-SIGN. The affinities of glycan ligands for DC-SIGN
were found to increase with Ca2+ concentration (1-2.5
mM). However, none of the divalent metals tested were
found to enhance glycan binding. Together, the results of
this study point to indispensable role of Ca2+ in DC-SIGN
function.
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Interrogating Siglec-ganglioside interactions
using liposomal nanoparticles
Edward N. Schmidt¹, Jaesoo Jung¹, Dimitra Lamprinaki¹,
Maju Joe¹, Jasmine Nguyen², Mirat Sojitra¹, Ayk Waldow¹,
Kelli A. McCord¹, Xue Yan Guo1, Fahima Mozaneh¹, Jhon
R. Enterina³, Gour C. Daskhan¹, Ling Han¹, Elena Kitova¹,
Simonetta Sipione⁴, John S. Klassen¹, Lara K. Mahal¹, Todd
L. Lowary¹, Ratmir Derda¹, Meghan Riddell², Matthew S.
Macauley1,3
¹Department of Chemistry, University of Alberta,
Edmonton, AB, Canada; ²Department of Obstetrics
& Gynecology and Physiology, University of Alberta,
Edmonton, AB, Canada; ³Department of Medical
Microbiology and Immunology, University of Alberta,
Edmonton, AB Canada; ⁴Department of Pharmacoogy,
University of Alberta, Edmonton, AB, Canada
Siglecs (sialic acid Immunoglobulin-like lectins) are
a family of cell surface receptors that mammalian
immune cells use to distinguish friendly self-cells
from foreign cells. Self-cells display an abundance
of the monosaccharide sialic acid on their surface
within glycoproteins and glycolipids. Gangliosides are
the major class of sialylated glycolipids in terminally
differentiated mammalian cells and tissues. Despite
the prevalence of gangliosides, only a few bona fide
biologically relevant Siglec-ganglioside interactions have
been established. Siglec-ganglioside interactions have
been predominantly investigated using plate-based
assays where the ganglioside is removed from its natural
environment of a lipid bilayer. We hypothesized that if
Siglec-ganglioside interactions were studied in a more
natural context, new Siglec-ganglioside interactions could
be discovered. To test this hypothesis, we developed and
optimized an assay where gangliosides were formulated
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into fluorescently labeled liposomal nanoparticles
(LNPs). Binding of the LNPs to cells expressing Siglecs are
quantified via flow cytometry. An optimized liposomal
formulation was first established with respect to its
three key components: PEG, cholesterol, and ganglioside
content. Optimizing the liposome formulation enabled
the screening of nine commercially available gangliosides
against a panel of Chinese hamster ovary cells engineered
to express each human Siglec. Through these studies,
several novel Siglec-ganglioside interactions were
discovered, including Siglec-6. Interestingly, Siglec-6
could not interact with gangliosides outside the context
of a lipid bilayer. We set out to further characterize
Siglec-6 as a ganglioside binder by developing a series
of neoglycolipids and developed a neoglycolipid
with greater avidity to Siglec-6. LNPs formulated with
this neoglycolipid enabled targeting of Siglec-6 on
physiologically relevant cells, such as memory B-cells and
syncytiotrophoblasts in the placenta. Overall, our findings
reveal new Siglec-ganglioside interactions through
studying Siglecs and gangliosides within their natural
environment of a lipid bilayer.
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Cartilage PGs inhibit BMP signaling 		
through the canonical Smad pathway during
endochondral ossification
Elham Koosha, Connor T.A. Brenna, Niteesh Jain,
B. Frank Eames
Department of Anatomy, Physiology, and Pharmacology
(APP), College of Medicine, University of Saskatchewan,
Saskatoon, SK, Canada
The involvement of the extracellular matrix (ECM) in cell
signaling is not fully understood, but it may hold secrets
relating to human pathologies of the skeleton. During
endochondral ossification, which produces most bones
in the human body, chondrocytes secrete a proteoglycan
(PG)-rich ECM in which growth factors can travel to induce
maturation and perichondral bone formation. Mutation
in fam20b, encoding a xylose kinase that phosphorylates
xylose residue in PGs, leads to lower levels of chondroitin
sulfate PGs, early ihh expression, and initiation of
perichondral bone formation earlier. Given BMP’s known
role in endochondral ossification and promoting ihh
expression, we hypothesize that cartilage PGs normally
inhibit BMP signaling pathway. To evaluate changes in the
canonical and non-canonical BMP signaling pathways,
immunocytological staining of cartilage sections was
performed for phospho-Smad (p-Smad) and phospho-p38
(p-p38), respectively. In addition, the hypothesis
was tested functionally by determining changes
in endochondral bone formation and chondrocyte
maturation gene expression, col10a1 and ihh, using
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skeletal histology and in situ hybridization techniques in
Tg(hsp70l:dnXla.Bmpr1a-GFP), Tg(hsp70l:dnXla.Bmpr1aGFP)/fam20b mutant, and DMH1-treated zebrafish
embryos. Mutant fam20b zebrafish chondrocytes
had up-regulated p-Smad signaling, but not p-p38.
Tg(hsp70l:dnXla.Bmpr1a-GFP) and DMH1-treated zebrafish
embryos both had downregulated p-Smad signaling,
decreased expression of chondrocyte maturation
genes including col10a1 and ihh, and less perichondral
bone compared to wild-type fish. Furthermore, early
perichondral bone formation in fam20b mutants was
phenotypically rescued by the BMP loss-of-function
transgene and DMH1 treatment, establishing a clear
relationship between BMPs and proteoglycans. Through
these in vivo analyses, we propose a novel role of ECM
proteoglycans as inhibitors of BMP signaling molecules
that control bone formation.
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Mapping in vivo organ specific glycan 		
binding preferences using genetically 		
encoded multivalent Liquid Glycan Array
(LiGA)
Ellen Hayhoe¹, Susmita Sarkar1, Chih Lan Lin¹, Mirat
Sojitra¹, Matthew S. Macauley1,2, Ratmir Derda¹
¹Department of Chemistry, University of Alberta,
Edmonton, AB, Canada; ²Department of Medical
Microbiology and Immunology, University of Alberta,
Edmonton, AB, Canada
Glycans play a fundamental role in cell-cell
communication, however, their underlying molecular
recognition pattern still remains elusive. The discovery
of glycan binding preferences of organs and tissues in
vivo is a current challenge in glycobiology due to the
lack of technologies that enable the use of powerful
technologies, such as next-gen sequencing. Previously
reported Liquid Glycan Array (LiGA) introduces a 1:1
correspondence between DNA barcodes and glycans by
employing M13 bacteriophages equipped with silent DNA
barcodes and a defined multivalent display of glycans
on their coat proteins. LiGA has been successfully used
to characterize the structure and density of the glycans
recognized by glycan binding proteins in vitro, on surface
of living cell and in vivo.
In order to probe the organ-specific glycan binding
preference in vivo, we injected LiGA containing 100-200
glycan-phages into a mouse. After 1 hour of circulation,
mouse organs are isolated and the organ homogenate
is mixed with bacteria. The organ bound phages are
amplified by the bacteria along with the DNA barcode
present in the phage. Organ homogenate containing
bound LiGA is amplified for 4-hour amplification period,
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which results in 1 glycosylated bacteriophage infecting
bacteria and creating over 1 trillion replicates of phage
particles. This amplification allows for the successful
recovery of bound glycan-phages. Deep sequencing of
DNA allows for identification of glycans that localize
to a specific organ. The investigation of glycan-protein
interactions in a live mouse will enable the study at
a new resolution. The outcome goal is to successfully
map the localization of glycans displayed on the phage
particles and to profile homing preferences for each
glycan.
Fundamental mapping of specific glycan-target interactions
in vivo can give insight into cell-cell communication and
disease progression. This can potentially lead to significant
therapeutic advances, including the development of
improved inhibitors, vaccines, and targeted delivery of
drugs.

including C. botulinum, C. tetanus, C. perfringens and C.
difficile is limited. The cellulose synthase operon (Ccs),
specifically the O-acetyltransferase enzyme CcsI, from
Clostridioides difficile is being studied as a model system
for the production of O-acetylated cellulose in Clostridia.
Using two common esterase substrates, p-nitrophenylacetate and 4-methylumbelliferyl-acetate, we have
determined a pH optima of 8.5 and the Michaelis-Menton
kinetic parameters for CcsI. These assays have also
been employed to uncover three lead inhibitors with
IC50 values in the low micromolar range. We have also
confirmed acetyl transfer onto cellulose oligomers by TLC
and are using LC-MS to probe the degree of acetylation
and specificity for polymer length. In parallel work,
we are moving towards analysis of the inhibitors and
enzyme mutants in an in vivo background and through
crystallographic studies. Together this work will form the
foundation for understanding the synthesis of acetylated
cellulose in pathogenic Clostridial organisms and is likely
to reveal key avenues to circumvent the protective biofilm
barrier.
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The host glycomic response to influenza

H1N1 as a function of obesity
F. Ifthiha Mohideen¹, Stacey Schultz-Cherry², Lara K.
Mahal¹
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Characterization of the putative 		
O-acetyltransferase CcsI: Role in cellulose
biofilms
Emily Rodriguez, Joel T. Weadge
Department of Biology, Wilfrid Laurier University,
Waterloo, ON, Canada
The majority of bacterial populations reside within
biofilms. Biofilms are communities of bacteria
embedded in a self-produced polymeric matrix. Within
the biofilm, bacteria are protected from a number of
stressors, including antimicrobial compounds and host
immune defenses. An increasing number of bacteria
have also been noted to contain enzymes capable
of modifying biofilm polymers post-synthesis, which
further adds to the complexity of these biofilm polymers.
Modifications usually involve the addition or removal
of a functional group (i.e., acetyl groups) that alter the
chemical character of the polymer, biofilm structure and
persistence of the organism in certain niches. Recently,
pathogenic Clostridial species have been proposed to
produce acetylated cellulose biofilms, but the specific
enzymes involved in the synthesis of this polymer
remain uncharacterized. Thus, our ability to mitigate
infections caused by these significant human pathogens,

¹Department of Chemistry, University of Alberta,
Edmonton, AB, Canada; ²Department of Infectious
Diseases, St. Jude Children's Research Hospital, Memphis,
TN, USA
Many extracellular proteins and lipids are decorated with
complex glycan structures as a result of posttranslational
modifications. These glycans are involved in several
biological activities including cell signalling, cancer
metastasis, and host-pathogen interaction. For example,
influenza virus infection requires the attachment of the
viral glycoprotein, hemagglutinin (HA) onto the host cell
surface receptor containing a terminal sialic acid residue
and cleavage of sialic acid by the viral neuraminidase (NA)
towards viral propagation. Despite sialic acid-binding and
its cleavage being the central area of study in influenzaglycobiology, little is known on the host glycomics
response to the viral infection.
The disease severity of the influenza virus shows a broad
spectrum from mild symptoms to severe illness and
death. However, the underlying mechanism for these
disparate outcomes is unknown. A recent study from our
lab revealed the correlation of high mannose levels with
influenza severity and damage. In follow-up work, it was
further confirmed that the aged ferrets that resulted in
severe disease outcomes had increasing levels of this
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epitope. These studies proposed the recognition of
the high mannose epitope by an innate immune lectin
mannan-binding lectin (MBL2), towards the activation
of the complement cascade of reactions that determine
severity.
Apart from age, obesity is a major patient-related risk
factor for influenza severity. Inspired by our recent
results on the associated glycome changes to influenza
severity, we are interested in the systematic analysis of
the host glycomic response to influenza H1N1 virus as a
function of obesity. Towards this, we have used mouse
models to study host-response using our dual-colour
lectin microarray analysis. Our study on obesity involves
the lung and sera samples of genetically obese (OB)
and diet-induced obese (DIO) mouse models at different
days of post-infection. Based on our previous results, we
speculate that the resulting changes in glycan epitopes
as a function of obesity could be potential targets for
influenza therapeutic development.
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miRNA regulation of α-2,6- sialylation: 		
Comprehensive analysis of ST6GAL1 & 2
Faezeh Jame Chenarboo, Lara K. Mahal
Department of Chemistry, University of Alberta,
Edmonton, AB, Canada
MicroRNAs (miRs) are endogenous non-coding RNAs that
modulate gene expression at either the transcriptional or
translational level through interaction with untranslated
regions of mRNA. Works from the Mahal Lab and others
have shown miRs as major regulators of glycosylation.
ST6GAL1 and ST6GAL2 decorate glycoproteins with
α-2,6-sialic acid, an epitope with important roles in
immunology and cancer biology.
Herein, we analyze miRs that regulate ST6Gal1 and
ST6Gal2 gene expression through interaction with
3'UTR regions of target mRNAs. Using miRFluR, a high
throughput fluorescent sensor-based method recently
introduced by the Mahal Lab, we analyzed miR regulation
of ST6Gal1 & 2 with miR mimics representing the currently
known human miRome (~2700 miRs). Our analysis
identified 89 miR regulators of ST6GAL1 and 102 regulators
of ST6GAL2. Selected hits were validated by Western blot
analysis and RT-PCR. Finally, we took advantage of SNA
staining assay using fluorescence microscopy to validate
the sialylation outcome by ST6GAL1 after treatment with
specific miR mimics. Our data reveals miRNA regulation
of α-2,6-sialylation that is associated with pancreatic and
other cancers.
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Origin and functional role of galactose in the
Aspergillus fumigatus matrix exopolysaccharide
galactosaminogalactan
François Le Mauff1,2, Josh Kerkaert³, Ira Lacdao1,2, Benjamin
Wucher⁴, Fabrice Gravelat1,2, Pierre-Guy Millette1,2, Carey
Nadell⁴, Robert Cramer³, J. Stajich5, Shizhu Zhang⁶, Donald
C. Sheppard1,2
¹Departments of Microbiology and Immunology,
Faculty of Medicine, McGill University, Montréal, QC,
Canada; 2Infectious Diseases in Global Health Program,
Research Institute of the McGill University Health Centre,
Montréal, QC, Canada; ³Department of Microbiology and
Immunology, Geisel School of Medicine at Dartmouth,
Hanover, NH, USA; ⁴Department of Biological Sciences,
Dartmouth College, Hanover, NH, USA; ⁵Department of
Microbiology and Plant Pathology, Institute for Integrative
Genome Biology, University of California Riverside,
Riverside, California, USA; ⁶ Jiangsu Key Laboratory for
Microbes and Functional Genomics, Jiangsu Engineering
and Technology Research Center for Microbiology, College
of Life Sciences, Nanjing Normal University, Nanjing, China
Background: Although more than 250 species of
Aspergilli are found in the environment, Aspergillus
fumigatus causes more than 80% of human Aspergillus
infections. One virulence factor that separates this
species from other Aspergilli is the production of
high levels of galactosaminogalactan (GAG), an
exopolysaccharide composed of partially de-N-acetylated
N-acetylgalactosamine (GalNAc) and galactose. Recent
investigations on GAG synthesis revealed that a 5
gene-cluster located on the chromosome 3 is essential
for biofilm formation and encodes GalNAc processing
enzymes. While the origin of galactose remains unknown,
our investigations also demonstrated that a homologous
gene cluster of unknown functions exists on the
chromosome 4.
Hypothesis: We hypothesize that the chromosome 4
gene cluster could encode galactose processing enzymes
involved in GAG synthesis, and that galactose mediates
GAG secretion into the extracellular matrix.
Methods: To probe the role and origin of galactose,
deletion mutants of the two putative GAG
glycosyltransferases, gtb3 on chromosome 3 and gtb4
on chromosome 4, were constructed. GAG and biofilms
of the two resulting strains were investigated by mass
spectrometry and microscopy. Further phylogenetic
investigations probing the origin and spread of the two
gtb within the fungal kingdom were also performed.
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Results: GC-MS analysis demonstrated that while
deletion of gtb3 abolished GAG synthesis and biofilm
adhesion, deletion of gtb4 resulted in the production of
a galactose deficient GAG which did not impair biofilm
functions. These data suggest a model whereby the
GalNAc and galactose components of GAG are synthesized
independently by Gtb3 and Gtb4 respectively, and that
the activity of Gtb4 is Gtb3-dependent. Confocal and
electron microscopy studies showed that the absence
of galactose in GAG did not affect the amount of cellassociated GAG but dramatically decreased the amount of
secreted polymer revealing the pivotal role of galactose
in GAG secretion. Phylogenetic studies of gtb revealed
the existence of a duplication of an ancestral gtb gene
from which the chromosome 3 version evolved and
specialized towards GalNAc polymerization while the one
on chromosome 4 remained in a more ancestral version.
The ability of Gtb4 to catalyze galactose and GalNAc
polymerization was then probed and demonstrated
possible. However, the resulting GAG was not functional,
and biofilms were non adherent.
Conclusions: Together, these data suggest that
GAG is produced by the cooperative activity of
two glycosyltransferases: gtb3 mediating GalNAc
polymerization and biofilm adhesion, and gtb4 governing
GAG secretion and matrix formation. Both genes were
shown to originate from the same ancestor which did not
suffice for the formation of biofilm. Further investigations
correlating the composition of GAG to the genetic
material of different Aspergilli is on-going.
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Multivalent display of lectins on phage for
studying glycans on the cell surface
Guilherme Meira Lima¹, Alexey Atrazhev¹, Mirat Sojitra¹,
Gisele Monteiro², Matthew S. Macauley1,3, Lara K. Mahal¹,
Ratmir Derda¹

phage conjugates that interact and decode the complexity
of glycans on cells. Synthesis of lectin-phage conjugates
started from acylation of ~50% of the major coat phage
protein with N-succinimidyl iodoacetate (SIA) followed by
conjugation to SpyCatcher S49C mutant protein. Reaction
of SpyCatcher-modified phages with carbohydratebinding module (CBM) fused with a SpyTag peptide at
the N-terminus yielded constructs with 350-500 copies of
CBM on phage.
Panning of CBM-phage conjugates against sialylated U937
cells resulted in ~1000-fold increase in phage recovery
compared to blank phages and 15-fold increase in phage
recovery compared to panning of CBM-phage against
desialylated U937 cells. Synthesis of more complex DNAbarcoded lectin-phage conjugates as well as panning of
these constructs in vivo will be followed. We envision
that this research will provide a more rapid, accurate and
multiplexing technology to decipher the complexity of
glycans in vivo.
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Mapping miRNA regulation of core fucosylation
Helia Dehghan Harati, Lara K. Mahal
Department of Chemistry, University of Alberta, Edmonton,
AB, Canada

¹Department of Chemistry, University of Alberta, Edmonton,
AB, Canada; ²Departamento de Tecnologia BioquímicoFarmacêutica, Universidade de São Paulo, São Paulo,
Brazil; 3Department of Medical Microbiology and
Immunology, University of Alberta, Edmonton, AB, Canada

Cell surface glycans play essential roles in cell
signaling pathways for diverse cell processes, including
inflammation, immunity, pathogenesis, and disease.
Glycosyltransferases (GT) synthesize the wide array of
glycans present on the cell surface. Dysregulation of GTs
is associated with a range of human diseases. Discerning
which glycans and their associated biosynthetic enzymes
are important in specific pathways is not straightforward
as this process is not template-driven and cannot be
easily genetically modified.

Glycans coat the surface of cells in every kingdom
of life. They mediate cell-cell interactions in various
physiological and pathological processes and changes in
glycosylation is a hallmark of cancer and inflammation.
Understanding the composition and function of glycans
in biology is key to the development of new therapeutics
but deciphering the complexity of glycans in vivo remains
a challenge.

MicroRNAs (miRNAs) are short non-coding RNA sequences
that bind the 3’ UTR of target mRNAs and are thought to
mainly post-transcriptionally repress protein. Recently,
our lab has shown that miRNAs are also capable of
post-transcriptional activation of proteins. Our studies
have revealed that mapping miRNAs regulation of GTs can
be used to identify the enzymes that play a role in the
initiation and progression of human disease.

Herein, we report the development of multivalent lectin-

The objective of this project is to map the miRNA-based

POSTER ABSTRACTS

47

POSTER ABSTRACTS

regulation of alpha-(1,6)- fucosyltransferase, also known
as FUT8, using a new high-throughput assay (miRFluR).
FUT8 is an enzyme that modifies the innermost GlcNAc
of N-glycans with Fucose through an alpha (1-6) linkage.
Dysregulation of FUT8 by microRNAs has been associated
with the progression, malignancy, and invasiveness of
several cancers. This map will help scientists look for
better solutions for diseases associated with this enzyme.
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Towards an experimental system for the
examination of protein mannosylation in
Actinobacteria
Hirak Saxena¹, Nakita Buenbrazo², Won-Yong Song¹ Connie
Li³, Denis Brochu4, Anna Robotham⁴, Wen Ding⁴, Luc
Tessier4, Rui Chen⁴, John Kelly⁴, Warren Wakarchuk¹
¹Department of Biological Sciences, University of Alberta,
Edmonton, AB, Canada; ²Department of Biochemistry
and Biomedical Sciences, McMaster University, Hamilton,
ON, Canada; ³Department of Medical Genetics, University
of Toronto, Toronto, ON, Canada; ⁴Human Health
Therapeutics, National Research Council of Canada,
Ottawa, ON, Canada
Our previous proteomic investigation of the
actinobacterial soil bacteria Cellulomonas fimi and
Cellulomonas flavigena identified many novel CAZymes
and demonstrated that many cytoplasmic, cell associated,
and secreted proteins are extensively O-mannosylated,
like in other actinobacterial species. However, protein
O-mannosylation has yet to have a bona fide overall
cellular role associated with it, especially in the context of
non-pathogenic bacteria.
The actinobacterial species C. fimi ATCC484 has long been
known to secrete mannosylated proteins, but a closer
examination of the cell associated glycoproteins has
never been reported. Using ConA lectin chromatography
we have examined the cell associated glycoproteome
from C. fimi and collected detailed information on the
glycosylation sites of 23 cell associated proteins using
mass spectrometry.
From these C. fimi glycoproteins we have expressed a
previously known TAT secreted cellulase (Celf_3184),
a putative peptidyl-prolyl isomerase (Celf_2022), and
a putative penicillin binding protein (Celf_0189) in
the mannosylation capable host, Corynebacterium
glutamicum ATCC13032. We found that the glycosylation
machinery in C. glutamicum could both use the
recombinant C. fimi proteins as substrates in addition
to matching the glycosylation found in the natively
expressed glycoproteins. The recombinant expression of
actinobacterial protein-O-mannosyltransferases (PMTs,
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GT39) in a ∆PMT strain of C. glutamicum (∆Cg_1014)
has shown significant differences in the activities and
substrate specificities between these closely related
GT39s.
We are currently pursuing these observations as a
prelude to dissecting the biosynthetic machinery and
biological consequences for this poorly understood
protein mannosylation event.
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Characterization of glycoside hydrolase GH36
members for blood type conversion
Isis Ip, Stephen Withers, Peter Rahfeld
Department of Chemistry, University of British Columbia,
Vancouver, BC, Canada
Blood availability and compatibility plays a crucial role in
delivering life-saving blood transfusions. A mismatch in
blood groups can have lethal consequences. By utilizing
carbohydrate-active enzymes (CAZymes), the blood
group A and B antigens on red blood cells (RBCs) can
be modulated to make them non-antigenic, producing
universal donor blood. Research performed in the Withers
laboratories has identified a unique enzyme system to
perform this conversion.
One crucial member of the blood group conversion
system is a galactosaminidase from the GH36 family. This
GH family is known for its α-N-acetylgalactosaminidase,
α-galactosidase, and now α-galactosaminidase activities,
making them ideal candidates for efficient in enzymatic
conversion of A and B type RBCs to universal O RBCs. My
work concentrates on two members of the GH36 family
and their protein expression, enzyme kinetics, and activity
towards RBCs. Originating from the anaerobes Clostridium
tertium and Robinsoniella peoriensis, the gene sequences
of our constructs for these GH36 members were verified
through sequencing, followed by protein expression and
purification for subsequent characterization. MichaelisMenten kinetics were measured to evaluate the efficiency
of these enzymes towards an A-antigen derived substrate.
Evidence for A to O conversion by these GH36 members
was also demonstrated using flow cytometry on red
blood cells. This suggests that these GH36 members, in
conjunction with a deacetylase, have the ability to convert
A to O at low enzyme concentrations, and could be used
to expand and improve the enzyme “toolbox” to be
incorporated into blood transfusion practices to broaden
the blood supply.
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Characterization of the sialylome and
O-glycome of healthy broiler chicken 		
gastrointestinal mucin
Jackline D.W. Irungu¹, Wade D. Abbott², Douglas Inglis²,
Maximo Lange², Wesley F. Zandberg¹
¹Department of Chemistry, University of British Columbia,
Kelowna, BC, Canada; ²Agriculture and Agri-Food Canada,
Lethbridge, AB, Canada
Necrotic enteritis (NE) is a serious disease of poultry
flocks that is induced by the common gut pathobiont
Clostridium perfringens. With the increasingly restricted
use of antimicrobials, poultry producers must rely on
other methods to prevent or treat C. perfringens-induced
NE. C. perfringens uses an array of carbohydrate-active
enzymes to degrade the protective mucus lining the
avian gastrointestinal (GI) tract; three neuraminidases
(NanH, I, and J) have been particularly singled out as
potential virulence factors. In order to support efforts
to deflect the activity of these neuraminidases in the GI
tract (and hence reduce NE risk), we have characterized
the sialylome and O-glycome of the mucus lining the
entire tract (cecum, duodenum, ileum, jejunum and
colon) of healthy broiler chickens. Sialic acids, including
O-acetylated species, were quantitated by highperformance liquid chromatography-mass spectrometry
(HPLC-MS) after their acid-catalyzed hydrolysis from GI
mucus. Two different methods were used to prepare
O-glycans for analysis by both HPLC-MS and capillary
electrophoresis with laser induced fluorescence (CE-LIF)
detection. Our results are compared with an earlier data
set derived from duodenal tissues from Leghorn hens, a
subset of which was infected with C. perfringens. These
data shed light on both the tissue and host tropism of
the microbe.
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chance of developing AD. Hence, we hypothesize that the
carbohydrate ligands of CD33 play an important role in
AD susceptibility. Recently, we demonstrated that sulfated
carbohydrates are a key molecular determinant in
creating CD33 ligands. These findings are a steppingstone
to better understanding the roles of CD33 ligands in
neurodegeneration. We are aiming to elucidate CD33
ligands in the human brain.
Sialylated keratan sulfate is the key glycan ligand
candidate for CD33. As we recently demonstrated, CHST1
and 2 (sulfotransferases) are critical enzymes in the
biosynthesis of CD33 ligands. These enzymes are also
known for acting on sialylated keratan sulfate structures.
We have employed keratanase to test if keratan sulfates
are the key class of glycans that CD33 recognizes.
Through applying keratanase to our cell-based model,
we have found evidence that keratan sulfate serves as a
CD33 ligand. To define where CD33 ligands are localized
in the human brain tissues, recently, we optimized a
soluble version of CD33 for staining cells and tissues.
Fluorescently labeling CD33 has enable us to map out
which cell types predominantly present CD33 ligands.
This allows us to examine the location of CD33 ligands
in the brain, which is critical for designing therapeutic
mechanisms. Overall, our study addresses key questions
pertaining to the importance of CD33-ligand interactions
in the brain and their relationship to AD susceptibility.
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SACCHARIS: A sweet tool for accurate 		
functional prediction of carbohydrate active
enzymes
Jeffrey P. Tingley1,2, Pashupati Bhandari³, Nicholas A.
Pudlo⁴, Trushar R. Patel¹, David R.J. Palmer⁵, Eric C.
Martens⁴, Janet E. Hill³, D. Wade Abbott1,2

¹Department of Chemistry, University of Alberta,
Edmonton, AB, Canada; ²Department of Medical
Microbiology and Immunology, University of Alberta,
Edmonton, AB, Canada

¹Lethbridge Research and Development Centre,
Agriculture and Agri-Food Canada, Lethbridge, AB, Canada;
²Department of Chemistry and Biochemistry, University
of Lethbridge, Lethbridge, AB, Canada; ³Department of
Veterinary Microbiology, Western College of Veterinary
Medicine, University of Saskatchewan, Saskatoon, SK,
Canada; ⁴Department of Microbiology and Immunology,
University of Michigan, Ann Arbor, MI, USA; Department
of Chemistry, University of Saskatchewan, Saskatoon, SK,
Canada

Alzheimer’s disease (AD) is a devastating neurodegenerative
disease affecting over 747,000 people annually in Canada. A
risk gene called CD33, which encodes for a member of the
Siglec family of carbohydrate-binding proteins is linked
to AD-susceptibility. Approximately 10% of the population
has a version of CD33 that cannot interact with its
carbohydrate ligands. These individuals have a decreased

The chemical and structural complexity of carbohydrates
is driven by monosaccharide diversity, the addition
of substituent groups, positional and density of
branching, and stereochemistry of glyosidic linkages. The
enzymatic synthesis, modification, and saccharification
of carbohydrates is catalyzed by Carbohydrate Active
enZymes (CAZymes), whose structural and functional

Elucidating the interactions between CD33
and sulfated carbohydrates and their 		
relevance to Alzheimer’s disease
Jaesoo Jung¹, Duong T. Bui¹, John Klassen¹, Matthew
Macauley1,2
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diversity parallel that of the carbohydrate substrates they
are active on. CAZymes are categorized into classes in
the CAZy database (www.cazy.org): Glycoside Hydrolases
(GH), Polysaccharide Lyases (PL), Carbohydrate Esterases
(CE), and Glycosyl Transferases (GT); which are further
classified into families based upon their catalytic
mechanism, sequence homology, and three-dimensional
fold. There are limitations to this classification system, as
conservation of structure at the sequence level does not
always correlate with conservation of catalytic function.
As such, within a family there can be different enzyme
specificities or modes of action, a phenomenon referred
to as polyspecificity. In part, this has been addressed
within CAZy by the creation of “subfamilies” (see families
GH5, GH13, GH16, GH30, GH43), which further divides the
family into smaller clades. Despite these improvements,
however, polyspecificity has been observed within some
subfamilies. In order to help overcome the complications
with accurate functional prediction of CAZymes, a growing
list of free-to-use software has been developed to
annotate and predict novel CAZymes, including Sequence
Analysis and Clustering of CarboHydrate Active enzymes
for Rapid Informed prediction of Specificity (SACCHARIS).
SACCHARIS trims, aligns and creates tree topologies with
novel sequences and characterized CAZy sequences,
allowing more accurate prediction of CAZyme function in
uncharacterized sequences. SACCHARIS has successfully
been demonstrated to accurately predict the specificity of
CAZymes involved in host glycan degradation (glycogen
– GH13), dietary polysaccharides (algal polysaccharides –
GH16), and agricultural feedstock/prebiotics (indigestible
residues – GH11; yeast mannans – GH76). Here we will
summarize the application of SACCHARIS to predict the
function of novel CAZymes from subfamily delineated,
polyspecific families: GH13 and GH16. Ultimately,
bioinformatics tools, such as SACCHARIS, are helping to
streamline CAZyme discovery and characterization from
ever expanding sequence datasets.
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Isolation of bovine milk oligosaccharides and
chicken mucus O-glycans for studies of
Clostridium perfringens metabolism
Jolene M. Garber1,2, Sarah Kadach¹, Leeann Klassen², Kristin
E. Low², Kamal Narayana¹, Taylor E. Gray¹, Samantha A.
Bakker¹, D. Wade Abbott2, Wesley F. Zandberg¹
¹Department of Chemistry, University of British Columbia
Okanagan, Kelowna, BC, Canada; ²Agriculture and AgriFood Canada, Lethbridge Research and Development
Centre, Lethbridge, AB, Canada
Necrotic enteritis (NE) caused by pathogenic Clostridium
perfringens results in annual billion-dollar losses to the
poultry industry and is a worsening concern following the
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phasing out of prophylactic antibiotic use. Thus there is a
need to better understand this disease by examining the
ways the mucus O-glycans that can function as adherence
and nutrient sources are modified and metabolized by C.
perfringens as well as assess whether dietary sources of
complex carbohydrates could act as decoys or inhibitors.
Milk oligosaccharides (MO) show structural mimicry
to O-glycans and are thus a potential ideal option,
particularly since this could also provide a valorization
opportunity for dairy waste streams that contain MO.
In this work, we have developed a large scale ethanol
precipitation method to isolate sufficient quantities of MO
needed for bacterial growth assays and comprehensive
structural analyses from up to 4 L of milk, followed by
reverse phase and solid phase extraction and also a
large scale method to isolate O-glycans from chicken
mucus using an ammonia-based reduction followed
by neutralization and subsequent reverse phase and
solid phase extraction as used for the MO. We have
been able to use the analytical techniques of capillary
electrophoresis with fluorescence detection, liquid
chromatography coupled to mass spectrometry, and
high-performance anion-exchange chromatography with
pulsed amperometric detection to profile the complex
glycan mixtures we have obtained and assess their
modification following incubation with C. perfringens.
Notably, we have observed that C. perfringens can
metabolize both purified O-glycans and MO, supporting
the possibility that MO can be used as decoy substrates
in novel NE prevention strategies to protect from the
degradation of the O-glycan lining of the gastrointestinal tract.
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Efficient synthesis of azido sugars using
fluorosulfuryl azide diazotransfer reagent
Joshua M. Kofsky,¹ Gour C. Daskhan², Matthew S.
Macauley2,3, Chantelle J. Capicciotti1,4
¹Department of Chemistry, Queen’s University, Kingston,
ON, Canada; ²Department of Chemistry, University of
Alberta, Edmonton, AB, Canada; ³Department of Medical
Microbiology and Immunology, University of Alberta,
Edmonton, AB, Canada; ⁴Department of Biomedical and
Molecular Sciences; Department of Surgery, Queen’s
University, Kingston, ON, Canada
Azide-containing carbohydrates are important and
versatile tools in synthetic chemistry and chemical
biology. They are widely used in the synthesis of amino
sugars, 1,2-cis glycosides, and for biorthogonal labelling
strategies to study cellular glycans. Typical strategies to
install a non- participating C2-azido functionality use
harsh and hazardous conditions and require long reaction
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times. These strategies involve azidonitration methods
that can suffer from poor yields and stereoselectivity, or
diazotransfer protocols that use particularly hazardous
(i.e. explosive and toxic) reagents or intermediates.
We report in this presentation the synthesis of azido
sugars using fluorosulfuryl azide as a safe and efficient
diazotransfer reagent. Diazotransfer on various amino
sugars was demonstrated over a range of reaction
times, quantities of diazotransfer reagent, and with the
addition of several metal catalysts. Common hexosamine
substrates were converted to 2-azido-2-deoxy sugars in
less than 5 minutes in quantitative yield using a Cu(II)
catalyst, which can also acts as a colour indicator for
diazotransfer reaction completion. The diazotransfer
protocol was applied to other amino sugar derivatives,
including aminoglycosides, substrates with aminecontaining linkers and the protocol was shown to be
orthogonal to O-sulfation. This diazotransfer method will
expand access to important non-participating C2-azido
protecting groups and other azido sugar derivatives. We
also demonstrate an application of this methodology for
the synthesis of C2-azido glycosyl donors with orthogonal
protecting groups from their amino sugar analogues
with good overall yield and a single column purification.
This optimized synthetic strategy has been applied
for the preparation of 2-azido-2-deoxygalactosides,
allowing faster access to useful intermediates for the
chemoenzymatic synthesis of O-glycan derivatives.
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Investigating seasonal and dietary influences
on the concentrations of bio-active milk
glycans in dairy cows
Kamal Narayana¹, Jolene Garber2,3, Amanda J. FisherTlustos⁴, Jessica E. Ollinik², Carolina Tomiyama¹, Michael A.
Steele⁴, Wesley F. Zandberg²
¹Department of Biochemistry, University of British
Columbia, Kelowna, BC, Canada; ²Department of
Chemistry, University of British Columbia, Kelowna, BC,
Canada; ³Agriculture and Agri-Food Canada, Lethbridge
Research and Development Centre, Lethbridge, AB,
Canada; ⁴Department of Animal Biosciences, University of
Guelph, Guelph, ON, Canada
Milk is the first food consumed by all neonatal
mammals and, accordingly, it fills many bio-active roles
beyond basic nutrition. Over the past decade, milk
oligosaccharides (MOs) have been identified as one
of the key health-promoting components of milk. We
have recently demonstrated that in humans, maternal
fruit intake is significantly, positively correlated with
fucose-containing MOs, providing evidence that the
diet influences the concentrations of these compounds.

Cow milk contains many MOs that are also present
in human milk and these not only may influence the
health of calves, but also human consumers of milk
and dairy projects. To date, the factors that influence
MO concentrations in dairy cow milk have not been
extensively studied, albeit seasonal variation has been
noted and it is known that different breeds have different
relative MO concentrations. Here we present the analysis
of two large sets of milk. To investigate the potential to
influence MOs by manipulation of the diet, a set of 384
milk samples were collected from cows that had different
levels of starch in the pre or post-partum diets. In order
to deduce seasonal influences on MO concentrations,
off-the-shelf milk samples were collected weekly from
two different BC milk producers over two years. Highperformance liquid chromatography-mass spectrometry
(HPLC-MS) was used to quantitate the sialic acids present
in all samples. In addition, capillary electrophoresis
with fluorescence detection (CE-FLD) was used to
determine the concentrations of up to 68 unique MOs
in the “seasonal” sample set. Our data indicate that cow
parity has a greater influence on the sialic acid profile of
milk than diet does; significant differences in sialic acid
concentrations were observed when comparing 2020 and
2021 samples. Our progress will be presented.
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Genetically encoded libraries of macrocyclic
covalent inhibitors of glutaminolysis: Enabling
metabolic engineering in cancer
Kejia Yan, Ratmir Derda
Department of Chemistry, University of Alberta, Edmonton,
AB, Canada
Glutaminase 1 (GLS1) is a mitochondrial enzyme that
hydrolyzes glutamine into glutamate. It is noteworthy
that glutaminase also fuels rapid proliferation of cancer
cells. Therefore, GLS1 might be a target for inhibiting
tumorigenesis and progression of cancers. A previously
described glutaminase antagonist, 6-diazo-5-oxo-lnorleucine (DON) (Fig. 1) forms covalent interactions
with glutaminase in the glutamine binding site. Due to
its similarity to glutamine, DON is highly promiscuous
leading to low specificity and high toxicity. There is
currently no reported research on chemically modified
DON to increase the selectivity and specificity towards
glutaminase.
Genetically encoded fragment-based discovery (GEFBD) is a powerful method for the development of
peptide drugs. In this project, I employed GE-FBD
to discover selective inhibitors for glutaminase. As
previously reported, thiol-reactive linchpins such as
1,3-Bis(bromomethyl)benzene (DBMB) can convert peptide
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libraries to form bicyclic peptides. A functionalized DONBMB fragment was inserted onto peptide libraries (Fig.
1). The diazo reactive handle on DON enables covalent
interactions with glutaminase 1. I utilized these DON
functionalized macrocyclic libraries to select ligands that
can specifically and irreversibly bind to glutaminase 1.
I applied the established three-round screening, deep
sequencing and analysis pipeline developed in the Derda
research group, followed by glutaminase activity assay to
test the inhibitory properties of the selected ligands.

Accordingly, liposomes displaying only the activatory
ligand should activate the immune cells while liposomes
displaying both ligands will show blunted immune cell
activation if the Siglec is capable of antagonizing that
specific activatory receptor (Figure 1). To investigate the
mechanism behind inhibition, genetic tools to disrupt
Siglec expression and re-introduce mutants of Siglecs
are leveraged. Using this platform, we have dissected
the ability of Siglecs-3 and -9 to regulate two families
of activatory receptors: formyl peptide receptors and
Fc gamma receptors. Progress towards understanding
the ability of Siglecs to antagonize these receptors will
be presented. A better understanding of how Siglecs
inhibit monocytes and neutrophils could lead to a
novel approach to control their function under diseased
conditions where the immune cell responses are
dysregulated.

Fig. 1 Genetically encoded fragment-based discovery on
Glutaminase 1
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Siglec regulation of neutrophils and 		
monocytes using a liposome-based approach
Kelli McCord¹, Mirjam Anhalt¹, Gour Daskhan¹, Matthew
Macauley1,2
¹Department of Chemistry, University of Alberta,
Edmonton, AB, Canada; ²Department of Medical
Microbiology and Immunology, University of Alberta,
Edmonton, AB, Canada
The innate immune system is the first line of defense
against pathogens and consists of several types of
immune cells, such as neutrophils and monocytes, that
can rapidly respond. While a speedy response is critical
to slow down infections, inappropriate responses to our
own healthy cells and tissues can be devastating, as in
the case of neutrophils in Covid-19. To help ensure that
these cells respond appropriately, they express inhibitory
receptors that can act as a brake. Sialic acid-binding
immunoglobulin-type lectins (Siglecs) are one family of
inhibitory receptors located on the surface of all immune
cells. The precise mechanism of Siglec inhibition and the
activatory receptors regulated by Siglecs on monocytes
and neutrophils remains poorly understood. Siglecs-3,
-5, -7, and -9 are expressed on these cells types and here
we present a platform that has allowed us to study their
ability to regulate activatory receptors.
To examine the ability of Siglecs to inhibit specific
activatory receptors, we used a liposome-based approach
that is designed to bring together a specific Siglec and a
receptor by using specific ligands to target each receptor.
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Pseudomonas aeruginosa evasion of 		
neutrophil antibacterial functions in early
Cystic Fibrosis lung infection
Kelly Kwong¹, A. Beauchamp¹, C. Pereira-Kelton¹, YCW.
Yau², PL. Howell³, D. Sheppard1, A. DiGiandomenico⁴, V.
Waters², D. Nguyen¹
¹Department of Microbiology and Immunology, McGill
University, Montreal, QC, Canada; ²Department of
Laboratory Medicine and Pathobiology, University
of Toronto, Toronto, ON, Canada; ³Department of
Biochemistry, University of Toronto, Toronto, ON, Canada;
⁴Microbial Sciences, AstraZeneca, Gaithersburg, MD, USA
Background: Chronic Pseudomonas aeruginosa (PA)
airway infections in Cystic Fibrosis (CF) patients are
associated with lung function decline and worse
clinical outcomes. Antibiotic treatment such as inhaled
tobramycin (TOB) is commonly used to eradicate newonset PA infections in CF children but frequently fail
due to reasons that are still unclear. Previous studies
reported that PA isolates from infections that failed
eradication therapy were more commonly deficient in
pilus-mediated motility and mucoidy (overproduction
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of the exopolysaccharide alginate), and produced more
Psl exopolysaccharide during biofilm growth. The goal of
this study is to determine whether PA isolates’ resistance
to neutrophil-mediated opsonophagocytic killing (OPK)
are associated with persistent infection in CF patients
with new-onset infection, and whether restoring pilusmediated motility or targeting Psl in Persistent PA isolates
improves neutrophil-mediated bacterial clearance.
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Methods: We compared key bacterial phenotypes using
isolates from CF children who eradicated (N=52 Eradicated
isolates from 30 patients) to those with infections
(N=19 Persistent isolates from 9 patients) that persisted
following TOB. We assayed PA clinical isolates for in
vitro neutrophil phagocytosis and intracellular bacterial
killing using immortalized human dHL-60 cells. Bone
marrow-derived neutrophils were used to assess ex vivo
phagocytic killing, ROS production and degranulation. A
murine pulmonary infection model was used to test in
vivo clearance in response to representative Persistent
and Eradicated isolates. We also tested the effect of
anti-Psl antibodies in vitro neutrophil phagocytosis and
intracellular bacterial killing and in vivo clearance of
representative Persistent isolates.

¹Agriculture and Agri-Food Canada, Lethbridge, AB,
Canada; ²Max Planck Institute for Marine Microbiology,
Bremen, Germany; ³University of Lethbridge, Lethbridge,
AB, Canada; ⁴Snyder Institute for Chronic Diseases,
University of Calgary, Calgary, AB, Canada; ⁵McGill
University, Montreal, QC, Canada; ⁶University of Bremen,
Bremen, Germany

Results: PA isolates from persistent patients were
resistant to neutrophil phagocytosis (P<0.001) and
intracellular bacterial killing (P<0.05) than those from
Eradicated patients. In a logistic regression model, in vitro
neutrophil phagocytosis was a significant predictor of
persistence following TOB (OR=0.76, P=0.01). In addition,
multivariable analysis showed that mucoidy and loss
of pilus-mediated twitching motility were significantly
associated with impaired OPK. Next, we demonstrated
that restoring twitching motility of a non-twitching
Persistent isolate successfully restored the isolate’s
susceptibility to OPK. Compared to Eradicated isolates,
we showed that Persistent isolates evaded OPK and
degranulation by primary mouse neutrophils. Moreover,
in vivo infection in mice infected with Persistent
and Eradicated isolates, resulting in 0% and 100%
clearance (P<0.0001), respectively. Lastly, preliminary
studies showed that treatment with anti-Psl antibodies
potentiated neutrophil-mediated bacterial clearance in
response to Persistent isolates in vitro and in vivo.
Conclusion: Resistance to in vitro neutrophil-mediated
OPK is a predictor of persistent CF infections. The
overproduction of exopolysaccharides alginate and Psl,
also the loss of pilus-mediated motility observed in
Persistent isolates likely contribute to their resistance to
OPK, and targeting these bacterial factors may potentiate
neutrophil-PA interactions to improve the outcome of PA
eradication in CF patients.

Visualizing the effects of prebiotics on the
intestinal communities of mammals using
fluorescent polysaccharides
Leeann Klassen¹, Greta Reintjes², Marissa King1,3, Long
Jin¹, Björn Petri⁴, Lharbi Dridi⁵, Bastien Castagner⁵, Karen
A. Beauchemin¹, Robert Gruninger¹, Stephanie A. Terry¹,
Jan-Hendrik Hehemann2,6, Rudolf Amann², Trevor W.
Alexander¹, D. Wade Abbott¹

An enormous diversity of carbohydrates are consumed
by mammals, yet mammalian genomes encode few
digestive enzymes to digest sucrose, lactose, and starch.
To access other dietary carbohydrates, mammals depend
on their gut microbiome - a symbiotic community of
bacteria, fungi, archaea, protozoa, and viruses – which
encodes proteins that recognize, bind, and modify
carbohydrates. In addition, the gut microbiome mediates
host health through a variety of mechanisms, including
providing essential nutrients (e.g. short-chain fatty acids
and amino acids), exercising host immunity, controlling
pathogen growth, and even influencing psychological
health. However, if the gut microbiome becomes
imbalanced, it can trigger gastrointestinal distress or
disease (i.e. dysbiosis). The structure, function, and
diversity of the gut microbiome are influenced by many
factors, of which diet is arguably the most significant
and easiest to control. Prebiotics, carbohydrates that
specifically stimulate the proliferation of beneficial
bacteria, are just one of the many dietary supplements
widely available for humans, livestock, and companion
animals. However, efforts to understand the processes
governing microbial carbohydrate digestion are in
their infancy, which limits our ability to use prebiotics
to selectively manipulate the gut microbiome and
elicit positive health outcomes. Phenotype-based
methods facilitate functional assignment of microbial
cells in complex communities. Fluorescently labelled
polysaccharides (FLA-PS) have been successfully
used to visualize uptake of many structurally diverse
carbohydrates, including rhamnogalacturonan II,
yeast mannan, and carrageenan, by bacterial cells
in pure cultures and complex communities. Here, we
showcase downstream applications of FLA-PS in rumen
communities that enabled identification of bacterial
cells using fluorescence in situ hybridization (FISH) and
selective sorting of metabolically active cells for targeted
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metagenomics sequencing. Further, we used FLA-PS to
track the movement of fluorescent yeast mannan (FLAYM) through the gastrointestinal tract of mice fed a diet
± YM in vivo and ex vivo. Intestinal samples of the mice
were collected, visualized by super-resolution microscopy,
and sorted by flow cytometry for downstream 16S rRNA
sequencing. FLA-PS have the potential to streamline the
identification, isolation, and cultivation of metabolically
active microbes moving forward.
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Emerging glycomics methods for the detection
and quantification of O-acetylated sialic acids
in novel mice models
Mackenzie Melvin², Simin Jafaripour¹, Nitin², Kirk Bergstrom¹,
Wesley Zandberg²
¹Department of Biology, University of British Columbia,
Kelowna, BC, Canada; ²Department of Chemistry,
University of British Columbia, Kelowna, BC, Canada
Background and Rationale: The glycome is comprised
of all synthesized glycans and glycoconjugates
in an organism. Sialic acid (Sia) is a key capping
monosaccharide on complex O-glycans where CAS1
domain-containing protein 1 (CasD1) is the enzyme
responsible for Sia (7)9-O-acetylation. Performing
glycomics on O-acetylated Sia using novel methods can
impact the knowledge base we have surrounding both the
O-acetylome and overall glycome. We have developed a
unique method for detecting Sia using gel electrophoresis
to perform in-gel mucin analyses. As decreased levels
of both mucin-linked O-glycans and Sia have been
implicated in conditions such an inflammatory bowel
disease (IBD) and microbiota-mediated colitis, the ability
to detect changes in the glycome is a major technical
advancement. To further our investigation, intestinal
epithelial cell (IEC) CasD1f/f mice models were generated
to target (7)9-O-acetylation and compared to wild-type
(WT) littermates to observe differences in Sia and their
O-glycome.
Methodology: For in-gel mucin analysis, stock samples
of bovine submaxillary mucin (BSM) were run on a
composite agarose-polyacrylamide gel and stained
with Alcian blue. Glycomic analysis was completed
by derivatizing OAc-Sia analogues with 4,5-dimethyl1,2-diaminobenzamine (DMBA) followed by HPLC-MC.
For functional data in mice, intestinal epithelial cell
(IEC) CasD1f/f mice models were generated to target
(7)9-O-acetylation and compared to wild-type (WT)
littermates. 4 littermate pairs were sacked, and tissue
was collected from both the small intestine and colon.
Sia levels were quantitated and their O-glycome was
analyzed for phenotypic characterization.
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Results: Using novel methodologies such as in-gel
glycomics allowed us to look at the Sialome in-depth.
Quantitation of OAc-Sia analogues showed that there was
an impact on the total O-acetylome in CasD1f/f mice which
highlights that 9-OAc regulates most acetylation. The
subsequent changes and loss in the O-acetylome also
impacted the glycome at large.
Future studies: As work is ongoing, further research is
needed to determine if the loss of O-acetylation results in
a loss of Sia. More insight into the subsequent effects on
the O-acetylome and overall glycome is needed. Future
research will be centred around elucidating the role
of the Sialome by analyzing host-microbe interactions
in vivo and observing downstream effects on host
physiology.
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Combining chemoenzymatic synthesis and
cell-surface glycan engineering to probe
glycan-protein interactions
Marie E. Boddington, Chantelle J. Capicciotti
Department of Molecular Biology, and Department of
Chemistry, Queen’s University, Kingston, ON, Canada
Glycans are complex and structurally diverse
carbohydrates, found on the surface of all cells, that are
critical for a wide range of biological functions and are
directly involved in every major disease. The biological
roles of oligosaccharides range from trivial to essential
functions in development, growth, and survival of the
organism. More specifically, complex type N-glycans are
involved in signal transduction, fertilization, cell-cell
recognition and adhesion, immune regulation, and cancer.
Due to the importance of N-glycans, there is an interest
in understanding the role that defined structures play
in biological functions. However, understanding which
complex structures are involved in crucial protein-binding
events and biological function is challenging. N-Glycans
are branched, highly diverse complex structures and their
biosynthesis is not template driven. The branches of
complex type N-glycans consist of Type II LacNAcs and/
or Type I LacNAcs that can be decorated with fucose and
terminal sialic acids, forming important glyco-epitopes
such as Lewis and sialyl-Lewis blood group antigens.
Novel chemical biology approaches are needed to be
able to synthesize these structures and study how
variations in structures impact interactions with glycanbinding proteins. This poster presentation will describe
a two-pronged approach to study glycan-binding protein
interactions with defined glycans and glyco-epitopes on
cell surfaces. We combine chemoenzymatic synthesis
with cell-surface glyco-engineering to selectively install
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defined small glyco-epitopes on cell surfaces. The
glyco-engineered cells are then probed for glycanbinding protein interactions to understand how the
epitopes modulate binding interactions. Type II LacNAc
epitopes will be synthesized initially, and then extended
into poly-LacNAcs and elaborated with sialic acid and
fucose to produce sLex and poly-sLex-Lex epitopes. These
structures will be used to investigate their binding with
glycan-binding proteins such as E-selectin and various
Siglecs. The information gained from glyco-engineering
with small LacNAc-based epitopes will then be used
to guide the chemoenzymatic synthesis of complex
N-glycan derivatives with multivalent, extended polyLacNAc branches bearing sialyl-Lewis X (sLeX) epitopes.
Poly-LacNAc epitopes are enzymatically installed on
each branch of the N-glycan core to explore the branchspecific presentation of poly-LacNAcs and sLeX epitopes.
This will allow us to probe how these glycans interact
with glycan-binding proteins and to develop an on-cell
glycan array platform as a tool to probe protein binding
along with biological function of these glycan structures.
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Shining a light on prebiotic-probiotic fructanmicrobial interactions in the rumen
Marissa L. King1,2, Leeann K. Klassen¹, Greta Reintjes1,3,
Xiaohui Xing¹, Trushar R. Patel², D. Wade Abbott1,2
¹Lethbridge Research and Development Centre,
Agriculture and Agri-Food Canada, Lethbridge, AB, Canada;
²Department of Chemistry and Biochemistry, University of
Lethbridge, Lethbridge, AB, Canada; ³Max-Planck Institute
for Marine Microbiology, Bremen, Germany

Abnormal cell surface glycosylation plays a major role
in disease processes such as immune evasion of cancer
cells. However, the underlying information encoded
in the glycans is yet to be fully understood. Binding
information obtained from glycan arrays provide a critical
starting point for downstream applications such as the
development of carbohydrate-based inhibitors, vaccines,
and other therapeutics. However, it is challenging to use
powerful techniques like DNA deep sequencing to analyze
glycan recognition due to the lack of 1:1 correspondence
between DNA and glycan structures. Therefore, we have
developed Liquid Glycan Array (LiGA), a technology that
allows genetic encoding of glycans. LiGA provides a 1:1
correspondence between the glycan displayed in multiple
copies on a bacteriophage carrier and the DNA barcode
within the phage. LiGA is generated by acylation of phage
pVIII protein with a dibenzocyclooctyne, followed by
ligation of azido-modified glycans. The display of glycans
on each phage virion can be controlled from 30-1500
copies to incorporate the critical variables in glycan
recognition: valency and density. A simple pulldown of
the LiGA along with lectins followed by deep sequencing
of the DNA in the bound phage decodes the recognized
glycans. LiGA is target agnostic and measures binding
profile of lectins expressed on intact cells, such as
Siglec-1, hCD22 (Siglec-2), Siglec-7 and DC-SIGN (Dendritic
Cell-Specific Intercellular adhesion molecule-3-Grabbing
Non-integrin), and in live mice. From a mixture of 50-100
multivalent glycan probes, LiGA can identify the glycanphage conjugates with optimal valency and density for
binding to antibodies and lectins on cells in vitro and in
vivo.

Abstract on page 28
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Genetically encoded multivalent liquid glycan
array displayed on M13 bacteriophage
Mirat Sojitra¹, Susmita Sarkar¹, Jasmine Maghera¹, Edward
N. Schmidt¹, Emily Rodrigues¹, Eric J. Carpenter¹, Shaurya
Seth¹, Daniel Ferrer Vinals¹, Nicholas J. Bennett¹, Revathi
Reddy¹, Amira Khalil1, Xiaochao Xue¹, Michael R. Bell¹,
Ruixiang Blake Zheng1, Ping Zhang2, Corwin Nycholat3,
Justin J. Bailey¹, Chang-Chun Ling², Todd L. Lowary1,4,5,
James C. Paulson³, Matthew S. Macauley1,6, Ratmir Derda¹
¹Department of Chemistry, University of Alberta,
Edmonton, AB, Canada; ²Department of Chemistry,
University of Calgary, Calgary, AB, Canada; ³Department
of Molecular Medicine, The Scripps Research Institute, La
Jolla, CA, USA; ⁴Department of Medical Microbiology and
Immunology, University of Alberta, Edmonton, AB, Canada;
⁵Institute of Biological Chemistry, Academia Sinica,
Taipei, Taiwan; ⁶Department of Medical Microbiology and
Immunology, University of Alberta, Edmonton, AB, Canada
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The development of pharmacophore and QSAR
models for NEU3 and NEU4
Nevin Elsayed1,2, Nermin Abdou², Rabah Serya², Khaled
Abouzid², Christopher Cairo¹
¹Department of Chemistry, University of Alberta,
Edmonton, AB, Canada; ²Department of Pharmaceutical
Chemistry, Faculty of Pharmacy, Ain Shams University,
Abbassia, Cairo, Egypt
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Human neuraminidases are enzymes that hydrolyze the
terminal sialic acid residues from glycoconjugates. The
four human neuraminidase isoenzymes are potential
therapeutic targets.
In this work, we attempted to quantify the features of the
active sites of NEU3 and NEU4 which lead to selectivity.
A workflow of ligand- based modeling techniques was
adopted, exploiting the current database of known
inhibitors. The workflow started with pharmacophore
construction for NEU3 and NEU4 inhibitors, to outline
the necessary features for interaction with the site. Then,
2D and 3D QSAR models were made to determine the
main characteristics and molecular interaction fields
that influence the activity positively or negatively. The
pharmacophore models for NEU3 and NEU4 inhibitors
were quite similar, except for the position of exclusion
volumes around the active sites. Based on 2D QSAR
models, the activity of NEU3 inhibitors was more
dependent on their electrostatic properties, while
for NEU4 inhibitors, conformational and topological
properties were more prominent. Finally, 3D QSAR
models suggest that NEU4 has larger areas of favorable
hydrophobic interactions, especially around the C9
pocket. The models were validated using a test set
of novel inhibitors, where the models were used to
differentiate between active and inactive compounds
based on their IC50 values.

diverse eukaryotic organisms. Here we present the kinetic
profiles of three orthologues of GalNAcT2, produced in E.
coli, on recombinant human interferon α2b and human
growth hormone to determine the effects of sequon
manipulation, using RP-HPLC to quantitate intact protein
modification. We also developed a one-pot reaction
sequence in which the protein substrate is labelled with
a BODIPY-tagged sialyl-T antigen in order to improve
glycoform resolution and measure relative changes in
glycosylation rate. It was found that sequon optimization
based on Isoform Specific O-Glycosylation Prediction
(ISOGlyP) changes the kinetic properties of these GT27
enzymes, with a significant increase in kCat/KM observed
in all three orthologues of GalNAcT2. This study suggests
that substrate recognition within the GT27 family can
be effectively manipulated using ISOGlyP scores, which
will expand our ability to produce bioactive glycoprotein
therapeutics in a convenient bacterial expression
platform.

In brief, the workflow developed here should provide a
critical guide for the design of more potent and selective
inhibitors against NEU3 and NEU4.

¹Department of Kinesiology, York University, North York,
ON, Canada; ²Zucara Therapeutics, Vancouver, BC, Canada
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Sequon engineering improves
O-glycosylation efficiency by the human
polypeptide N-acetylgalactosaminyl 		
transferase 2 and two orthologues
Nicole Thompson, Leif LeClaire, Samantha Rodriguez
Perez, Warren Wakarchuk
Department of Biological Sciences, University of Alberta,
Edmonton, AB, Canada
Mucin-type O-glycosylation is initiated by the addition
of α-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. Within
the GT27 family, the GalNAcT2 isozyme is conserved across
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Advancing a novel therapeutic for the 		
prevention of hypoglycemia in type 2 diabetes
mellitus
Ninoschka C. D’Souza¹, Julian A. Aiken¹, Emily G. Hoffman¹,
Sara C. Atherley¹, Sabrina Champsi¹, Nadia Aleali¹, Maya
El-Zahed¹, Dorsa Shakeri¹, Nicky Akbarian¹, Richard L.
Liggins², Michael C. Riddell¹

Background: Glucose management in both type 1 (T1D)
and type 2 diabetes (T2D) is challenged by the inability
to precisely deliver the correct amount of therapeutic
insulin, with most individuals being exposed to both high
(hyperglycemia) and low (hypoglycemia) blood sugar
levels on a recurring basis. While several medications
exist to prevent hyperglycemia in diabetes (eg, insulin,
insulin sensitizers, incretins, insulin secretagogues,
etc.) no medications exist to prevent hypoglycemia.
The therapeutic option available today- glucagon
administration after hypoglycemia onset, only treats
severe hypoglycemia once it occurs. Our research aims
to address the ongoing struggle to reduce the risk of
hypoglycemia, by developing a somatostatin receptor
2 antagonist (SSTR2a) targeting the pancreatic α-cell
to normalize the glucagon response to hypoglycemia
in diabetes. Defective glucagon counterregulation
to hypoglycemia in diabetes likely involves elevated
somatostatin signaling from the δ-cell which exerts an
inhibitory effect on glucagon release from the δ-cell, the
body’s first line of defense in hypoglycemia prevention.
Zucara Therapeutics, along with colleagues in academia,
have developed and tested ZT-01, a highly potent and
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specific SSTR2a, to prevent hypoglycemia in insulindependent diabetes. Pre-clinical studies have shown
efficacy for improved glucagon secretion in models of
T1D and clinical testing has begun in people with T1D. It
is now our goal to extend ZT-01’s application to T2D. We
hypothesize a SSTR2a therapy will restore the normal
capacity to secrete glucagon during the development of
hypoglycemia in both forms of diabetes.
Methods: High fat fed, low dose streptozotocin (T2D)
and healthy rats were treated with subcutaneous ZT01 or vehicle (N=7-8/group). Glycemia and glucagon
were measured post-dose under conditions of
glucose tolerance, insulin tolerance or hyperglycemia/
hypoglycemia.
Results: 1) Our model of T2D was characterized by
higher HbA1c levels (p<0.0001), hyperglucagonemia (ns,
p>0.05) and lower c-peptide levels (p<0.001) at baseline
compared to controls. In T2D, animals displayed a blunted
glucagon response during hypoglycemia when subjected
to an insulin tolerance test (ITT). In healthy animals
during euglycemia, SSTR2a treatment (ZT-01) resulted
in significantly higher glucagon responses, which was
observed with repeated SSTR2a dosing with ZT-01 over
5 days as well as after a 1-week washout period. In T2D
rats, SSTR2a treatment at high doses (3mg/kg) elevated
glucagon levels marginally under basal (hyperglycemic)
conditions. Preliminary studies with our SSTR2a reference
compound (PRL-2903) also showed improved glucagon
response to exogenous insulin bolus administration and
reduced the incidence of hypoglycemia and the depth/
duration of hypoglycemia.
Conclusion: T2D is characterized by lower c-peptide,
higher HbA1c and higher baseline glucagon levels
than controls, along with a blunted glucagon counterregulatory response during hypoglycemia. This defect in
normal counterregulation is restored by SSTR2a treatment
in rats during hypoglycemia, but higher drug dosages may
also increase glucagon secretion when glucose levels are
above hypoglycemia.

P42

Evaluation of O-glycan release methods
Nitin, Wesley F. Zandberg
Department of Chemistry, University of British Columbia,
Kelowna, BC, Canada
Two major forms of protein linked glycans are present
in all animals: asparagine (N-) and serine/threonine
(O)-linked. The most chemically-informative method
for the glycomic analyses of glycoproteins is highperformance liquid chromatography (HPLC) with mass

spectrometry (MS) detection. The majority of HPLCMS-based glycomic analyses require the removal of
glycans from the proteins to which they were linked, a
process that for N-glycans usually requires an amidase
known as protein-N-glycanaseF (PNGaseF). However, to
date, no facile, broad-spectrum O-glycanase has been
isolated and thus, O-glycomic studies must employ
chemical methods for glycan release prior to HPLC-MS.
All O-glycomic glycan release methods employ some
form of alkali-catalyzed β-elimination reaction; the
basic conditions utilized by these methods frequently
induces post-glycan-release degradation reactions
(“peeling”) that are mitigated by performing the glycan
release under reductive conditions. The classic reductive
β-elimination reaction used for O-glycomic studies
was first introduced in 1968 by Carlson, and has been
employed with only minor changes since then. However,
the alditols (i.e. reduced glycans) produced by the Carlson
method cannot be labelled isotopically (for multiplexed
MS analysis) or fluorogenically. Accordingly, alternative
methods for de-O-glycosylation have been devised,
employing ammonia, hydrazine, or hydroxylamine to
trap β-eliminated glycans as glycosylamine-derivatives
resistant to peeling; free, reducing glycans can be
obtained from these samples during sample clean-up
procedures. This poster compares the suitability of three
different O-glycan release methods (Carlson, ammonia,
and hydroxylamine) for glycomic studies by HPLC-MS and
capillary electrophoresis with laser-induced fluorescence
detection (CE-LIF). [N.B. anhydrous hydrazine cannot
be purchased in Canada]. Using equivalent amounts
of porcine stomach mucin (PSM), a model glycoprotein
with abundant O-glycosylation, the de-glycosylation
yield, O-glycome coverage, non-detection rate, extent of
degradation, and precision among technical replicates
was assessed. The pros/cons of each O-glycomic method
will be presented with a particular focus on hypothesisgenerating experiments.
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Modulatory effects of ganglioside GM1 on
microglia activation
Noam Steinberg, Danny Galleguillos, Asifa Zaidi,
Simonetta Sipione
Neuroscience and Mental Health Institute and
Department of Pharmacology, University of Alberta,
Edmonton, AB, Canada
Microglia are the immune cells of the brain. They fight
pathogens and play important roles in brain health,
by removing damaged cells, remodelling synapses,
and secreting molecules that can modulate neuronal
functions and survival. In many neurodegenerative
disorders, loss of protective microglia functions,
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together with dysregulated and detrimental microglia
inflammatory activity, contribute to neurodegeneration.
Microglia activation has also been demonstrated
in Huntington disease (HD), which is an inherited
neurodegenerative disease caused by a mutation in the
Huntingtin (HTT) gene. However, whether this activation
is secondary to neurodegeneration or primarily driven
by expression of mHTT and dysfunction of microglia is
still unclear. Therefore, we aimed to characterize the
activation of isolated primary HD microglia in culture,
in the absence of confounding effects deriving from
the brain environment. Furthermore, we set out to
determine whether HD microglia activation is affected by
administration of GM1. GM1 is a sialic acid – containing
glycosphingolipid with therapeutic effects in HD animal
models, and that we have recently shown to have antiinflammatory properties on wild-type (WT) microglia.
We measured the expression and secretion of proinflammatory cytokines and nitrite levels in mouse
WT and HD microglia in response to activation with
inflammatory stimuli (LPS, LTA and necrotic cells). No
differences were found between microglia of the two
genotypes. However, when we studied the expression
of pro-inflammatory cytokines in monocyte-derived
macrophages from HD patients - used as a surrogate
for human microglia - we found that M1-polarized HD
macrophages expressed higher mRNA levels of proinflammatory cytokines compared to healthy controls.
Repeated HD mouse microglia stimulation with LPS,
revealed a potential impairment in the development
of tolerance in HD microglia, which could contribute to
microglia activation in HD. GM1 administration following
microglia activation reduced RNA and protein levels
of pro-inflammatory cytokines in mouse microglia and
human macrophages of both genotypes. Moreover, GM1
restored tolerance in HD microglia.
Overall, our study suggests that expression of mHTT
in HD microglia, by itself is not sufficient to induce
microglia activation or to increase microglia response
to inflammatory stimuli. Although we did observe an
impaired induction of tolerance in HD microglia, which
could push HD microglia towards chronic activation,
an external stimulus (LPS), was still needed to activate
microglia. GM1 administration significantly decreased
microglial activation, an effect that might contribute to
the therapeutic effects of GM1 in HD.
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SARS-CoV-2 infection alters the breastmilk
glycomics
Parisa Raeisimakiani¹, Rebecca LR Power², Lara K. Mahal¹
¹Department of Chemistry, University of Alberta,
Edmonton, AB, Canada; ²Department of Medicine, Division
of Infectious Diseases, Icahn School of Medicine at Mount
Sinai, New York, NY, USA
Studies show breastfeeding decreases offspring mortality
and morbidity and protects infants from developing
diseases such as asthma and eczema. Given the huge
health impact breastfeeding plays on infants, the WHO
recommends exclusively breastfeeding for the first
6 months of life. Breastmilk is the perfect source of
nutrition for the health and development of infants,
containing both micro and macronutrients such as
lactose that has a major role in providing energy for the
brain. Breastmilk also contains numerous glycoproteins
involved in innate and adaptive immunity, including IgA,
IgG, and innate immune lectins. Studies have shown that
maternal diet and environmental exposure (pathogens,
pollutants, etc.) affect human milk composition and as a
result can affect the nursing infant’s health. SARS-CoV-2
commonly known as COVID-19 has infected approximately
490 million people worldwide. To examine the effect of
Sars-CoV-2 on glycosylation of proteins in breastmilk, we
did a large-scale lectin microarray study on 132 control
samples (breastmilk collected pre-COVID) and breast milk
from 78 COVID-19 infected mothers. Our data showed
there is a 4-fold increase in alpha-2,3 sialic acid on
glycoproteins that is associated with SARS-CoV-2 infection
in lactating mothers.
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Discovery and characterization of a new
glycoside hydrolase family from Streptococcus
pneumoniae TIGR4
Rajneesh K. Bains1,2, Wesley Mosimann³, Seyed A. Nasseri1,2,
Jacob F. Wardman2,3, Liam J. Worrall³, Natalie C. J,
Strynadka3, Stephen G. Withers1,2,3
¹Department of Chemistry, University of British Columbia,
Vancouver, BC, Canada; ²Michael Smith Laboratories,
University of British Columbia, Vancouver, BC, Canada;
³Department of Biochemistry and Molecular Biology,
University of British Columbia, Vancouver, BC, Canada
Streptococcus pneumoniae is a common pathogen that
inhabits the upper respiratory tract. The scarcity of
carbohydrates within this environment has made the
microbial residents particularly good at metabolizing
host glycans. The mucus layer of the respiratory tract
represents a rich source of carbohydrates in the form of
both O- and N-glycans, which are often heavily sulfated.
Thus, being able to access sulfated host glycans remains
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advantageous. Often, degradation of sulfated glycans by
glycoside hydrolases (GHs) require sulfatases to remove
sulfate groups, as many GHs are unable to accommodate
sulfate groups within their active sites. However, some
GHs have active sites tailored towards sulfated sugars,
and these are particularly attractive candidates for
glycan remodelling due to their potential use in installing
sulfated sugars onto either O- or N-glycans with relative
ease, using ‘glycosynthase’ mutants.
Here, we describe the characterization of the founding
member of a new GH family from Streptococcus
pneumoniae TIGR4, SpDUF4838, capable of degrading
N-acetyl-β-D-glucosamine-6-sulfate substrates with
an over 110,000-fold preference when compared to
the non-sulfated substrate. SpDUF4838 shares distant
homology to GH20s and contains a domain of unknown
function, DUF4838, that is shared with the newly formed
GH163 family. Stereochemical experiments monitored
through NMR spectroscopy, coupled with competitive
inhibition studies, reveal that SpDUF4838 likely follows
a substrate-assisted mechanism similar to that of the
β-hexosaminidases from the GH20 family.
A structural model of SpDUF4838 was built using
AlphaFold2 to assist in the identification of potential
active site residues. Site directed mutagenesis, coupled
with detailed kinetic analysis allowed us to identify
residues which are likely involved in catalysis and
stabilizing the transition-state complex. Next, we
identified several active site mutants with increased
transglycosylation activity. Screening of several
monosaccharide acceptors reveals that Gal and GalNAc
are the preferred substrates in the +1 subsite, however
the +2 subsite remains significantly more promiscuous.
Isolation and NMR analysis of the transglycosylation
product identifies the linkage formed by the
transglycosylation mutants as β1,3 linked. Indeed these
mutants are useful tools for preparation of sulfated Oand N-glycans with carbohydrate motifs that have been
implicated in Siglec binding.
This work therefore opens the door for the in vitro
preparation of defined sulfated glycoforms which may
prove valuable when investigating the biological function
of specific glycoforms. Furthermore, our understanding
of the DUF4838 domain can be extended to other GHs
containing this domain, such as GH163s, which remain
poorly understood
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Galectin-7-specific single-domain camelid
antibodies for the treatment of triple-negative
breast cancer
Rita Nehmé, Marlène Fortier, Philippine Granger Joly de
Boissel, Myriam Létourneau, David Chatenet, Nicolas
Doucet, Yves St-Pierre
Armand-Frappier Santé Biotechnologie, Institut national
de la recherche scientifique (INRS), Université du Québec,
Laval, QC, Canada
Triple-negative breast cancer (TNBC) represents
10–15% of diagnosed breast cancer and is among the
most aggressive type of breast cancer with the worst
prognostic. Although immunotherapy in combination with
chemotherapy against TNBC is a promising therapeutic
option, its success rate is limited to approximately
20%. This is due, at least in part, to the lack of specific
biomarkers and the presence of an immunosuppressive
tumour microenvironment (TME). An important factor
contributing to the TME and limiting immunotherapy's
success is the overexpression of galectin-7 by breast
cancer cells. Galectin-7 is expressed in approximately
50% of TNBC cases and can induce apoptosis of activated
T cells. Considerable efforts have thus been directed
towards the development of galectin-7 inhibitors.
However, despite almost two decades of research, the
development of effective galectin antagonists has met
limited success. In our project, we developed a novel
class of galectin-7-specific inhibitors using single-domain
camelid antibodies (called nanobodies, Nbs). In total,
we generated 12 galectin-7-specific Nbs. Our recent
results have shown that several galectin-7 Nbs effectively
inhibit galectin-7-induced apoptosis of T-cells. The most
potent Nbs are also specific as they do not bind to other
galectins. In addition, we are grafting the most potent
Nbs to a human IgG1 fragment, generating recombinant
humanized "minibodies" for future testing in preclinical
models of TNBC. These minibodies are currently being
produced to compare their affinity, specificity, and
functional immunosuppressive properties with Nbs, their
single-domain homologs. The lead candidates will be
tested in a mouse model of TNBC combined with immune
checkpoint inhibitors to determine the most promising
options for treating TNBC.
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Development of fluorescence-quenched
substrate probes for multiplexed imaging of
glycosidase activity within live cells
Roger A. Ashmus¹, Pierre-André Gilormini¹, Sha Zhu1, Xi
Chen¹, Matthew C. Deen¹, David J. Vocadlo1,2
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Investigating ankyrin repeats as glycan
binding protein scaffolds for tumour
associated carbohydrates
Ruben Warkentin1,2, David Kwan1,2,3
¹Department of Biology, Centre for Applied Synthetic
Biology, and Centre for Structural and Functional
Genomics, Concordia University, Montreal, QC, Canada;
²PROTEO, Quebec Network for Research on Protein
Function, Structure, and Engineering, Quebec City, QC,
Canada; ³Department of Chemistry and Biochemistry,
Concordia University, Montreal, QC, Canada
Abnormal carbohydrate patterns on cell surfaces are
a hallmark of cancer. Being able to specifically detect
these abnormal carbohydrate patterns is a widely used
approach in cancer diagnosis. Recent developments in
the field have identified new cancer sugar profiles that
can be targeted; however, there is a lack of glycan binding
proteins (GBPs) available and no method of effectively
producing GBPs for new targets. We propose the use of a
new binding protein scaffold based on designed ankyrin
repeat proteins (DARPins) – a small binding protein
with adaptable specificity. The number of repeats within
DARPins are adjustable as well, allowing for multivalent
binding. Here we explore the potential of DARPins as GBPs
using molecular dynamics simulations in combination
with directed evolution.
We developed a site saturated DARPin library for use
in mRNA display, an in vitro selection method for
directed evolution that can screen large libraries with
up to 1014 variations. The library is screened against an
immobilized tumour associated carbohydrate, sialyl
Lewis X (SLeX). Concurrently, we are using molecular
dynamics simulations to investigate whether simulations
of DARPins with carbohydrates can be used as a tool
to guide protein design. The aim of our DARPin library
and molecular dynamics simulations is to serve as a
framework to accelerate the discovery and production of
new glycan binding proteins.
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Serum glycomic profiling identifies pre- and
post-vaccination markers of response to
influenza vaccine
Rui Qin¹, Guanmin Meng¹, Smruti Pushalkar², Michael A.
Carlock³, Ted M. Ross³, Christine Vogel², Lara K. Mahal¹

Host factors can have significant impacts on the response
to vaccines. Rational design of vaccines and vaccination
strategy requires in-depth understanding of the
mechanisms behind the variability in vaccine responses
associated with host factors. Although glycosylation plays
critical roles in many aspects of immunity, its functional
significance in eliciting vaccine responses remains largely
unknown.
To explore the association between glycosylation and
antibody responses to vaccines, we used our lectin
microarray technology to generate the pre- and postvaccination serum glycomic profiles of 160 Caucasian
adult volunteers, who received a commercial influenza
vaccine (quadrivalent, inactivated) during the 2019-2020
influenza season. Examination of the glycomic data
revealed significantly lower pre-vaccination levels of
Lewis A antigen (Lea) in volunteers who exhibited high
antibody responses to vaccines (high-responders), when
compared to non-responders. Proteomic profiling of
serum enriched with Lea-binding probe showed that Leacontaining proteins are enriched in complement systemrelated pathways. This suggested that glycosylation may
modulate the function of complement proteins in a way
that could influence the antibody responses to vaccines.
In addition, we found an upregulation of sialyl Lewis
X antigen (sLex) and downregulation of high mannose
glycans among high-responders post-vaccination. These
changes were not observed in non-responders. Given
the well-established impact of sLex and high mannose
on protein clearance in circulation, we postulated that
vaccination may induce changes in glycosylation that
prolong serum glycoprotein half-life in high-responders.
Overall, our work is the first to show glycans are
associated with differential responses to influenzas
vaccines, opening the path to further mechanistic
investigation.
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In situ, O-glycomic, and functional 		
characterization of the gut mucus sialic acid
O-acetylome of complex O-glycans derived
from human and murine Mucin-2
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Bergstrom¹
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Metabolic oligosaccharide engineering for the
development of novel sialyltransferase
inhibitors
Taylor Gray, Dhanraj Kumawat, Matthew Macauley
Department of Chemistry, University of Alberta,
Edmonton, AB, Canada
Sialic acid (Neu5Ac) is one of the nine essential
carbohydrate building blocks that make up cell surface
glycoconjugates in mammalian cells. Functionally,
Neu5Ac-containing glycans serve as ligands for glycanbinding proteins critical for immune homeostasis.
However, many viruses, including SARS-CoV-2, also bind
Neu5Ac as a mechanism of cell entry. Installation of
Neu5Ac onto glycans takes place through a family of 20
glycosyltransferases called sialyltransferases (STs). A
challenge in studying the cellular roles of Neu5Ac are
the lack of available chemical tools for modulating ST
activity in cells. The only known cell-active ST inhibitor
is 3Fax-Neu5Ac, which must be activated in cells to form
CMP-3Fax-Neu5Ac as the active inhibitor. It remains
unknown precisely how CMP-3Fax-Neu5Ac acts in cells
with respect to: (1) how much slower it is transferred
than the endogenous CMP-Neu5Ac; (2) whether it impacts
the activity of all STs equally; and (3) what contribution
feedback inhibition makes to its mechanism-of-action.
We have made significant advancements in answering
these key questions by using metabolic oligosaccharide
engineering (MOE) as a tool to develop novel compounds.
A series of MOE-agents were produced through
modifications of the core 3Fax-Neu5Ac scaffold, and, when
combined with a series of novel genetically-edited cell
lines, have been used to probe ST activity. The ultimate

goal of these studies is to generate better and more
selective physiologically-active ST inhibitors, which would
in turn serve as chemical tools for better understanding
of the immunomodulatory roles of sialic acid-containing
glycans.
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Investigating the miRNA regulatory landscape
of OGT and OGA via the 3’UTR and 5’UTR
regions utilizing the miRFluR high-throughput
platform
Thu Chu, Lara K. Mahal
Department of Chemistry, University of Alberta, Edmonton,
AB, Canada
The dynamic post-translational modification of serine
or threonine residues by O-linked N-acetyl-betaD-glucosamine (O-GlcNAc) contributes to diverse
cellular processes including epigenetic modifications,
transcription, metabolism, and cell signaling that play
significant roles in development and normal physiology.
O-GlcNAcylation is catalyzed by O-GlcNAc transferase
and the modification is removed by O-GlcNAcase (OGA).
These genes are highly regulated at multiple levels,
but little is known about their regulation by microRNAs
(miRs). miRs are small non-coding RNAs that fine-tune
protein expression through binding to messenger RNA
(mRNA). In this work, we built a comprehensive dataset
of OGT and OGA regulation via both their 3’UTR and
5’UTRs. Downregulation was almost exclusively mediated
through binding to the 3’UTR. We observed independent
regulation of OGT and OGA by the majority of regulatory
miRs, which did not overlap. However, we did see
significant co-regulation of OGT and OGA by a subset of
miRs. This is in keeping with the known transcriptional
regulation of these genes.
In summary, this work provides a better understanding of
OGT and OGA regulation through miRNA binding via both
the 3’UTR and 5’UTR regions.
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Mapping the miRNA regulation of α-1,2 		
fucosylation
Tigist Batu, Lara Mahal
Department of Chemistry, University of Alberta, Edmonton,
AB, Canada
MicroRNAs (miRNAs) are short segments of non-coding
RNAs that regulate the translation of messenger RNA
(mRNA) into protein. miRNAs are transcribed from DNA in
the nucleus. Upon leaving the nucleus they have a hairpin
pre-miR structure which later break to give two mature
miRNAs. The mature miRNAs often interact with 3' UTR
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of target mRNAs and change the expression of the gene.
Recent studies shows that miRNAs significantly impact
the cellular homeostasis.
Glycogenes, i.e., the genes that control glycosylation, are
highly regulated by miRNAs. The glycan motif a-1,2 fucose
is an important component of Lewisb and Lewisy and is the
defining feature of the blood group H antigen. H antigen
is the precursor of the ABO blood group antigens, if it is
not present ABO blood group antigens cannot be formed.
FUT1 and FUT2 genes encode a Golgi stack enzyme α-1,2fucosyltransferase that catalyzes the transfer of 1,2-linked
fucose to galactose residue of glycans.
In this project, we aim to generate high throughput
data that shows the regulation of FUT1 and FUT2 by
miRNA using miRFluR high-throughput assay. This assay
utilized genetically encoded dual-color fluorescence
reporters to identify regulatory miRNAs thus generating a
comprehensive map of the regulation of FUT1 and FUT2 by
approximately 2700 human miRNAs.
pMIR-3’ UTR sensors of FUT1 and FUT2 have been
developed. From our high throughput assay, we have
identified 76 regulatory miRNAs for FUT1. For these
regulatory miRNAs, the data have been validated
using western blot, lectin binding assay, and q-RT-PCR
experiments in multiple cell lines. To summarize, this
study contributes to the understanding of the miRNA
regulations of FUT1 and FUT2 and their significance for
normal biological function.
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Identification of protein mannosylation on an
actinobacterial penicillin binding protein
Won-Yong Song, Hirak Saxena, Warren Wakarchuk
Department of Biological Sciences, University of Alberta,
Edmonton, AB, Canada
Introduction: Protein mannosylation is well known in
actinobacteria, but its function remains obscure. In our
previous research, we found that a penicillin binding
protein in the actinobacterial species Cellulomonas fimi
is mannosylated. As it is a key enzyme for peptidoglycan
synthesis, penicillin binding proteins have been an
important topic for many researchers Therefore, we
aimed to dissect the role of the attached glycans on
the penicillin binding protein and its effect on bacterial
peptidoglycan metabolism.
Results: The native C. fimi protein Celf_0189 was shown
through glycoproteomics to carry 8-11 mannose residues.
This gene was cloned in the shuttle vector pTGR5 and it
was introduced into Corynebacterium glutamicum, an
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actinobacteria species which has protein mannosylation
machinery. Recombinant Celf_0189 has been successfully
expressed in C. glutamicum, and the protein shown by
Bocillin-FL labeling to be functional.
Discussion: In bacterial physiology, penicillin binding
proteins are involved in bacterial metabolism, such as
peptidoglycan layer neo-synthesis, remodeling, and
recycling. Following the comparison between nonmannosylated and mannosylated Celf_0189, further
analysis is in process. In peptidoglycan synthesis,
penicillin binding proteins form several different types of
protein complexes depending on bacterial cell cycles. We
hypothesized that the attached glycan on Celf_0189 would
play an important role in forming the protein complexes
via influencing protein-protein interaction.
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miRNA regulation of fucosyltransferase 5
Xinghai Liu, Lara K. Mahal
Department of Chemistry, University of Alberta,
Edmonton, AB, Canada
Micro RNAs (miRNAs) are short, single-stranded
RNA molecules that regulate the gene expression in
mammals by translational inhibition and mRNA target
cleavage. Previous works in our group showed miRNA as
important regulators to control specific glycosylation by
modulating the levels of glycan biosynthetic enzymes
(glycosyltransferases). The fucosyltransferase (FUT)
enzyme family, which transfers a 1,3/4-linked fucose to
the subterminal and/or internal N-acetylglucosamine
residues, is believed to be highly regulated by miRNAs.
FUT family members synthesize several fucosylated
oligosaccharides called Lewis antigens, whose presence
on the cell surface is related to many processes of
intercellular recognition, adhesion, or cell-matrix
interactions such as implantation, embryogenesis, tissue
differentiation, tumor metastasis and inflammation.
Thus, Understanding the factors that control the
fucosyltransferase enzymes is an important aspect
of understanding glycosylation. In my project, I have
studied the miRNA regulation of the FUT5 enzyme via the
miRFluR assay developed by our group to directly identify
miR:mRNA interactions. As a result, FUT5 was observed to
be strongly down-regulated by miRNAs.
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Developing antibody-drug conjugates through
site-specific glycoengineering
Youjin Kim¹, Chantelle J. Capicciotti1,2,3
¹Department of Biomedical and Molecular Science,
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Antibody-drug conjugates (ADCs) are complex therapeutic
molecules that are a powerful target-specific drug
delivery system for various diseases. The design of ADCs
involves unique challenges including the control of
homogeneity, drug-to-antibody ratio (DAR), and drug load
distribution without disturbing the integrity of antibodies.
Recently, antibody glycoengineering has shown potential
for drug conjugation to improve various aspects of ADCs.
Immunoglobulin G1 (IgG1) has a single N-glycosylation
site on its heavy chain, thus enabling site-specific
modifications. However, the glycoform within the site is
highly heterogeneous, imposing another challenge in
the production of homogeneous ADCs. In addition, due
to challenges in synthesizing complex N-glycans, current
approaches only employ bi-antennary (two-branches)
N-glycans, which limits the number of potential drugconjugation sites and hinders the possibility of achieving
higher DARs. Therefore, we aim to produce improved
glycan-handle ADCs by overcoming some of these barriers
in creating IgGs with a defined complex glycoform.
This poster will describe the chemoenzymatic synthesis
of defined multi-antennary N-glycan-cargo conjugates
and enzymatic transfer to IgGs through a single step
remodeling strategy. The synthesized glycans are
capped with sialic acids functionalized with azides, and
these azido-glycans are then conjugated to alkynefunctionalized drug or reporter molecules via coppercatalyzed azide-alkyne cycloaddition. There can be 2-4
potential cargo conjugation sites depending on the
branching patterns of N-glycans. The defined glycancargo structure will then be enzymatically transferred
to IgGs using mutant endo-β-N-acetylglucosaminidases
(ENGases) with a single step after the removal of preexisting IgG glycans catalyzed by wild-type ENGases. Our
strategy shows promise to achieve a highly controlled
process for producing homogeneous ADCs and to
increase DARs by utilizing multivalency of N-glycans. Once
validated, it can be easily translated to create various
target-specific therapeutics, theranostics, imaging agents
as it is amenable to all IgG-based applications.
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Next generation Siglec tools for ultrasensitive
glycan ligand detection
Zeinab Jame Chenarboo, Jaesoo Jung, Guilherme Meira
Lima, Ratmir Derda, Matthew Macauley
Department of Chemistry, University of Alberta,
Edmonton, AB, Canada
Sialic-acid immunoglobin-type lectins (Siglecs) are a
family of immunomodulator receptors whose function
is linked to their ability to bind glycans terminating with
sialic acids. There are 15 functional Siglecs in humans,
many of which have strong connections to various
human diseases, such as cancer and neurodegeneration.
A better understanding of the roles of Siglecs requires
a complete description of their glycan ligands on both
healthy and diseased cells and tissues. To elucidate
Siglecs ligands, more elaborate tools are required. The
intrinsically low affinity of Siglecs for their glycan ligands
is of particularly relevance, so better tools should be
able to maximize avidity to enhance ligand detection.
Recently, we introduced a new set of soluble Siglec-Fc
proteins with an affinity tag for generating tetrameric
presentation (Rodrigues et al., Nat Comm, 2020). While
many new insights have been made with these tools
(Jung et al., ACS Chem Biol, 2021) there are a handful of
Siglecs whose glycan ligand structures remain elusive. We
hypothesize that increasing multivalency will accelerate
efforts towards discovering the natural glycan ligands of
Siglecs. To tackle enhanced multivalency requires robust
chemistry that enables bioconjugation of soluble Siglecs
highly multivalent platforms that are, ideally, suited for
use in biological settings. Display of multiple copies of
proteins on bacteriophages has been achieved using
the SpyCatcher-SpyTag system (Lima et al., ACS Chem
Biol, 2021). Here, we have used a Siglec-SpyTag conjugate
for conjugation to SpyCatcher on various platforms.
Progress will be presented toward the conjugation of
Siglec-7 to bacteriophage and liposomal nanoparticles for
interrogating ligands for Siglec-7 on cells.
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