
(3) Recycling of Golgi Glycosyltransferases Requires Direct
Binding to Coatomer

Stuart Kornfeld, Lin Liu and Balraj Doray
Washington University in St. Louis

The glycosyltransferases of the mammalian Golgi complex
must recycle between the stacked cisternae of that organelle
to maintain their proper steady state localization. This traf-
ficking is mediated by COPI-coated vesicles, but how the
glycosyltransferases are incorporated into these transport
vesicles is poorly understood. Here we show that the N-ter-
minal cytoplasmic tails of a number of cis Golgi glycosyl-
transferases which share a Ø-(K/R)-X-L-X-(K/R) sequence
bind directly to the delta and zeta subunits of COPI.
Mutations of this N-tail motif impair binding to the COPI
subunits, leading to mislocalization of the transferases to
lysosomes. The physiological importance of these interac-
tions is illustrated by mucolipidosis III patients with missense
mutations in the N-tail of GlcNAc-1-phosphotransferase
that cause the transferase to be rapidly degraded in lyso-
somes. These studies establish that direct binding of the N-
tails of mammalian cis Golgi glycosyltransferases with COPI
subunits is essential for recycling within the Golgi.

(4) Structural basis for nucleotide sugar transport across the
ER and Golgi membranes

Joanne L. Parker and Simon Newstead
Department of Biochemistry, University of Oxford, Oxford,

OX1 3QU, UK

Glycosylation is a fundamental cellular process that in eukar-
yotes occurs in the lumen of both the Golgi apparatus and
endoplasmic reticulum. Nucleotide sugar transporters (NSTs)
are an essential component of the glyscosylation pathway, pro-
viding the diverse range of substrates required for the glycosyl-
transferases. NSTs are linked to several developmental and
immune disorders in humans and in pathogenic microbes play
an important role in virulence. How NSTs recognise and trans-
port activated monosaccharides however is currently unclear.
In this talk I will present the crystal structure of the GDP-man-
nose transporter Vrg4, in both the substrate free and bound
states. A hitherto unobserved requirement for short chain lipids
in activating the transporter supports a model for regulation
within the highly dynamic membranes of the Golgi apparatus.
Our results provide a structural basis for understanding nucleo-
tide sugar recognition and provide insights into the transport
and regulatory mechanism for the SLC35 family of intracellu-
lar transporters.

(5) GALA: a glycosylation programme controlling tumor
growth and tissue invasion

Frederic Bard
Institute for Molecular and Cell Biology, A-STAR

GalNac type O-glycosylation, contrary to N-glycosylation,
is typically started in the Golgi apparatus. The polypeptide

N-acetyl-Galactosamyl transferases (GALNTs) are initiating
the O-glycosylation pathway by generating the Tn glycan.
GALNTs act on thousands of sites in cell surface and
secreted proteins. GALNTs can be relocated from Golgi to
the ER upon Src activation, a process we called GALA. We
find that GALA stimulates the glycosylation of about 20%
of detectable glycosites. Roughly 200 proteins and 800 gly-
cosites are strongly affected. Many of these proteins have
been implicated in tumorigenesis. One of them is the metal-
loprotease MMP14, whose glycosylation strongly increases
activity. GALA also affects the ER resident protein
Calnexin, which we find also required for ECM degradation.
In a mouse model of liver tumor, stimulating GALA leads to
a strong acceleration of tumor progression, while inhibiting
it blocks it. In sum, we propose that GALA is a glycosylation
program that controls matrix degradation and tissue inva-
sion and is required for tissue remodelling during tumor
growth.

(6) COG and GARP protein complexes are essential for the
maintenance of Golgi glycosylation machinery and for

endosomal to Golgi vesicular trafficking
Jessica Blackburn, Zinia D’Souza, Tetyana Kudlyk, Irina

Pokrovskaya and Vladimir Lupashin
Department of Physiology, University of Arkansas for

Medical Sciences

The Conserved Oligomeric Golgi (COG) complex controls
membrane trafficking and ensures Golgi homeostasis by
orchestrating retrograde vesicle trafficking within the Golgi.
Human COG defects lead to severe multi-systemic diseases
known as COG-Congenital Disorders of Glycosylation (COG-
CDG). The Golgi Associated Retrograde Protein (GARP) com-
plex regulates retrograde transport from endosomes to the
trans-Golgi network. The CRISPR approach was utilized to
generate HEK293T and HeLa cells deficient for individual
COG and GARP subunits as well as for several key double
knock-down (DKO) combinations.

COG KO cells show extensive defects in Golgi morph-
ology, retrograde trafficking, sorting, protein and lipid glyco-
sylation. COG KO defects were completely rescued by stable
expression of COG-GFP constructs. Surprisingly all COG KO
cells also display drastically enlarged endo-lysosomal struc-
tures (EELSs) and transcriptional upregulation of cholesterol
synthesis. EELSs are cholesterol-rich, acidic and positive for
Rab7a, Rab9a and Lamp2a. To gain better understanding of
COG-CDGs we used lectin blotting, flow cytometry, EM and
superresolution microscopy to compare COG KO cells to
cells deficient to two key enzymes, Alpha-1,3-mannosyl-glyco-
protein 2-beta-N-acetylglucosaminyltransferase (MGAT1)
and UDP-glucose 4-epimerase (GALE), which control Golgi
N- and O-glycosylation. The CRISPR approach was utilized
to generate a HEK293T MGAT KO, GALE KO and MGAT/
GALE double KO cell lines. While all KO cells share similar
defects in glycosylation, these defects only account for a small
fraction of COG KO phenotypes. A complete block in both
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N- and O- Golgi glycosylation achieved in MGAT1/GALE
double KO cells was also insufficient to completely match
COG-deficient phenotypes. Glycosylation deficiencies were
not associated with the fragmented Golgi, EELSs, enhanced
secretion of unglycosylated proteins, defective sorting of
Cathepsin D, or delayed retrograde trafficking indicating that
these phenotypes are not due to hypoglycosylation, but to
other specific roles of the COG complex. Importantly, COG
deficiency specific phenotypes, including accumulation of
EELSs and Cathepsin D sorting defects, were confirmed in
COG7-CDG patient fibroblasts proving the human disease
relevance of our CRISPR KO findings.

GARP KO cells show defects in retrograde trafficking and,
surprisingly, in both N- and O-glycosylation. Glycosylation and
trafficking defects were even more severe in COG/GARP DKO
cells, while the enlargement of late endosomal compartment
was partially suppressed, indicating that the GARP activity is
required for formation of aberrant endosomal compartment.

Stability of both cis/medial (MGAT1) and trans-Golgi
(B4GALT1 and ST6GAL1) enzymes was compromised in
both COG and GARP KO cells, indicating that these com-
plexes are essential for the maintenance of Golgi glycosylation
machinery. To gain a better understanding of Golgi enzyme fate
in COG and GARP deficient cells we have utilized a RUSH
pulse-chase approach, investigating intracellular trafficking and
degradation of newly synthesized B4GalT1 and MAN2A1.

This work was supported by the NIH grant GM 083144

(7) In vivo kinetic analysis of the heterogeneous N-glycan-
processing

Marie-Estelle Losfeld, Ernesto Sciona, Chia-Wei Lin and
Markus Aebi
ETH Zurich

Site-specific glycan profiles are dependent of various para-
meters including expression levels of glycosyltransferases
and hydrolases, sugar-donor concentration, glycan availabil-
ity and its interaction with the glycoprotein surface, but also
the time of exposure to the different carbohydrate-active
enzymes and the sequence of the maturation events in the
ER and Golgi. Compartmentalization of the glycosylation
processes promotes competition of different enzymes for the
same substrate and short exposure time of the glycan to the
processing enzymes. We previously established that the mod-
el protein PDI (protein disulfide isomerase) carries five sites
of glycosylation which are differentially processed, and that
this site-specific glycosylation is dependent of the glycan-to
glycoprotein interaction.

In order to study how the different glycan processing
steps and the site-specific glycosylation are correlated in
vivo, we combined SILAC and LC-MS-MS approaches. For
our studies, we used CHO cells stably expressing the model
protein. Cells were cultivated in regular medium, and then
shifted to 15 N arginine- and lysine-containing medium.
Cells were sampled every 15 minutes, intracellular and

secreted PDI was purified and the site-specific glycosylation
was analyzed by mass spectrometry in order to follow the
appearance of heavy neo-synthesized glycoprotein. We fol-
lowed N-glycan processing by monitoring 42 different
structures on five different glycopeptides. The ratio between
the heavy glycopeptide of each glycoform and the total
amount of the glycoform (heavy+light) on a specific pep-
tide was calculated and used to mathematically model the
secretion, the enzyme distribution and the processing events
in the site-specific N-glycosylation pathway.

Our results allow to order the processing steps of the gly-
cosylation pathway in a time-resolved manner, and reveal
different kinetics of appearance of the same glycoform on
different sites of the glycoprotein, confirming the site-specific
effect on the glycan accessibility and its processing.

(8) Structure and mechanism of eukaryotic
oligosaccharyltransferase complex

Kaspar Locher
ETH Zurich, Institute of Molecular Biology and Biophysics

Eukaryotic oligosaccharyltransferase (OST) is a multi-sub-
unit protein complex embedded in the membrane of theen-
doplasmic reticulum (ER). It catalyzes the en bloc transfer of
a high-mannose oligosaccharide from a dolichol-pyrophos-
phate carrier onto asparagines located in glycosylation
sequons (sequence N-X-S/T) of secretory proteins.

Using single-particle cryo-electron microscopy, we have
determined the structure of a fungal octa-subunit OST complex
reconstituted in lipidic nanodiscs. The activity of reconstituted
Saccharomyces cerevisiae OSTwas assessed using an in vitro gly-
cosylation assay with synthetic LLO and peptide substrates. The
structure, determined at 3.31Å resolution, revealed the arrange-
ment of the eight subunits and suggested that eukaryotic OST
complexes have a conserved architecture. Using the crystal struc-
ture of the bacterial homolog of the catalytic STT3 subunit, the
PglB protein of Campylobacter lari, features critical for catalytic
activity and substrate recognition could be identified on the sur-
face of the STT3 subunit. The cryo-EM structure not only
revealed ordered lipid molecules, but also a large N-glycan
attached to a conserved Asn residue within STT3. This glycan
lines a cavity that may serve as the glycan-binding pocket for
the donor LLO substrate.

By docking the structure of yeast OST into previously
determined tomography maps, insight into distinct features
of OST complexes either involved in co-translocational N-
glycosylation (OST complexes associated with the translo-
con) or in post-translocational N-glycosylation (standalone
OST complexes containing a subunit with redox chaperone)
could be gained. Our results not only reveal the architecture
of the OST complex and suggests roles for the non-catalytic
subunits, they also suggest mechanisms by which eukaryotic
OST complexes stimulate N-glycosylation over folding of
large numbers of secretory proteins.
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(9) Structural mechanism of the eukaryotic oligosaccharyl
transferase complex
Lin Bai and Huilin Li

Structural Biology Program, Van Andel Research Institute,
Grand Rapids, MI 49503, USA

N-glycosylation is one of the most dominant modifications
of eukaryotic proteins. It is catalyzed by oligosaccharyl
transferase (OST), an eight-subunit membrane protein com-
plex in ER membrane. OST transfers the oligosaccharide
from a lipid-linked donor (LLO) to the Asn-Xaa-Ser/Thr
sequon of a nascent polypeptide, usually co-translationally
by partnering with the ribosome and translocon. We
recently determined a high-resolution cryo-EM structure of
the yeast OST complex, with samples purified in a relatively
mild detergent digitonin from the endogenous source. In my
presentation, I will describe the molecular mechanism of
eukaryotic OST and its potential interaction with the trans-
locon, as gleaned from the atomic model of the OST
complex.

(10) Structural mechanisms underlying the ER quality
control associated with glucose tagging
Tadashi Satoh1 and Koichi Kato1,2,3

1Graduate School of Pharmaceutical Sciences, Nagoya City
University, Japan; 2Exploratory Research Center on Life
and Living Systems (ExCELLS), National Institutes of

Natural Sciences, Japan; 3Institute for Molecular Science,
National Institutes of Natural Sciences, Japan

N-linked oligosaccharides attached to proteins act as tags
for glycoprotein quality control, ensuring their appropriate
folding and trafficking in cells. Monoglucosylated glyco-
forms are the hallmarks of incompletely folded glycoproteins
inthe protein quality-control system, in which glucosidase II
(GII) and UDP-glucose:glycoprotein glucosyltransferase
(UGGT) are respectively responsible for glucose trimming
and attachment.Here, wepresent integrative structural data
of these key enzymes as well as substrateN-linked oligosac-
charides exhibiting flexible structures, as revealed by apply-
ing a series of biophysical techniques.

RegardingGII, we solvedthe crystal structures of its cata-
lytic subunit complexed with two different glucosyl ligands,
providing a structural basis for substrate-binding modes in
the two-step reactions.Our results suggest that the two-step
glucose trimming reactions catalyzed in the active-site pocket
do not successively proceed by virtue of its gourd-shaped
architecture.Presumably,glycoproteins thus have a time win-
dow between the first and second step of deglucosylation for
chaperone-mediated folding to occur, mediated by the cal-
nexin-containing folding complex that specifically recognizes
theterminal monoglucose residue of theN-glycan tags.

We also characterized dynamic conformation of a high-
mannose-type dodecasaccharide with a terminal glucose
residue (GM9), i.e., GII substrate or UGGT product.
TheGM9oligosaccharidewas prepared by our developed

chemoenzymatic technique, which uses13C labelling and
lanthanide tagging to detect conformation-dependent para-
magnetic effects by NMR spectroscopy. The NMR-valid-
ated molecular dynamics simulation produced the dynamic
conformational ensemble of theGM9. Comparison of our
data with previously reported crystallographic result indi-
cates that the lectin binding to its target oligosaccharides
involves an induced-fit mechanismwith an entropic penalty.
It is possible that this negatively-regulated glycan inter-
action is importantin the quality-control systemfor selective
dual recognition of unfolded glycoproteins carrying GM9
in addition tounstructured polypeptide chains.

As for UGGT, our crystallographic data demonstrate that
the folding sensor region is composed of four thioredoxin-
like domains followed by a β-rich domain, which are
arranged into a C-shaped structure with a large central cav-
ity. Furthermore, small-angle X-ray scattering, cryo-electron
microscopy and high-speed atomic force microscopy have
demonstrated that UGGT has a flexible modular structure in
which the smaller catalytic domain is tethered to the larger
folding sensor region with variable spatial arrangements.
These findings provide structural insights into the working
mechanism whereby UGGT operates as a folding-sensor
against a variety of glycoprotein substrates through its flex-
ible modular structure possessing extended hydrophobic sur-
faces for the recognition of unfolded substrates.

(11) Structural and mechanistic insights into GalNAc-type
O-glycosylation

Matilde de las Rivas1, Erandi Lira-Navarrete4, Earnest
James Paul Daniel3, Ismael Compañón2, Helena Coelho5,6,
Ana Diniz6, Jesús Jiménez-Barbero5, Jesús María Peregrina2,

Henrik Clausen4, Francisco Corzana2, Filipa Marcelo6,
Gonzalo Jiménez-Osés2 and Thomas A. Gerken3,

Ramón Hurtado-Guerrero1
1University of Zaragoza; 2University of La Rioja; 3Case
Western Reserve University; 4University of Copenhague;

5CIC-BIOGUNE; 6Universidade de Nova de Lisboa

The polypeptide GalNAc-transferases (GalNAc-Ts), that initiate
mucin-type O-glycosylation, consist of a catalytic and a lectin
domain connected by a flexible linker. In addition to recogniz-
ing polypeptide sequence, the GalNAc-Ts exhibit unique long-
range N- and/or C-terminal prior glycosylation (GalNAc-O-Ser/
Thr) preferences modulated by the lectin domain. Here we
report studies on GalNAc-T4 that reveal the origins of its
unique N-terminal long-range glycopeptide specificity, which is
the opposite of GalNAc-T2. The GalNAc-T4 structure bound
to a monoglycopeptide shows that the GalNAc-binding site of
its lectin domain is rotated relative to the homologous GalNAc-
T2 structure, explaining their different long-range preferences.
Kinetics and molecular dynamics simulations on several
GalNAc-T2 flexible linker constructs show altered remote prior
glycosylation preferences, confirming that the flexible linker dic-
tates the rotation of the lectin domain, thus modulating the
GalNAc-Ts’ long-range preferences. This work for the first time
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provides the structural basis for the different remote prior glyco-
sylation preferences of the GalNAc-Ts.

(12) The structural basis for Protein-O-glycosylation of
EGF-like and TSR domains

Zhijie Li1,2, Kristina Han2, John E. Pak1, Malathy
Satkunarajah2, Dongxia Zhou1,2 and James M. Rini1,2

1Department of Molecular Genetics, University of Toronto;
2Department of Biochemistry, University of Toronto

Epidermal Growth Factor-like (EGF-like) and Thrombospondin
Repeat (TSR) domains are small disulfide-containing protein
domains that are ~40-60 amino acids in length. These domains
are often tandemly repeated in the proteins that contain them
and they are found in a number of eukaryotic cell surface and
secreted proteins that mediate processes ranging from cell sig-
naling to blood coagulation. Most notable, is the preponder-
ance of EGF-like domains found in the Notch Receptors and
their ligands.

Both EGF-like and TSR domains are found to be O-glycosy-
lated by protein-O-glycosyltransferases that are specific for
them. Protein O-fucosyltransferase 1 (POFUT1), for example,
fucosylates only EGF-like domains, while Protein O-fucosyl-
transferase 2 (POFUT2) is specific for TSRs. Not all EGF-like
and TSR domains are fucosylated and the specificity shown by
these enzymes is mediated, in part, by the recognition of short
sequence motifs that contain the Ser/Thr residues fucosylated in
those domains that are. Two other protein-O-glycosyltrans-
ferases, RUMI/Protein O-glucosyltransferase 1 (POGLUT1) and
EGF domain-specific O-linked N-acetylglucosamine transferase
(EOGT), each recognize a different sequence motif and are
responsible for transferring glucose/xylose and N-acetylglucosa-
mine to EGF-like domains. In all cases, these protein-O-glyco-
syltransferases are ER-resident and considerable evidence
suggests that their action is important in quality control and/or
the trafficking of their glycosylated substrates out of the ER.

We have determined the x-ray crystal structures of
POFUT1, POFUT2 and POGLUT1 in complexes with sev-
eral natural and synthetic EGF-like and TSR domains. These
structures have provided important insights into the role
played by the sequence motif for glycosylation, as well as
overall shape complementarity between enzyme and sub-
strate as it pertains to substrate recognition and catalysis. In
addition, these complexes explain how these enzymes have
evolved to tolerate the vast sequence diversity shown by
their EGF-like and TSR substrates.

Based on database sequence analysis, we have also ana-
lyzed the occurrence of POFUT1 and the subset of EGF-like
domains typical of Notch and its receptors for all the organ-
isms where whole genome sequences exist. Without excep-
tion, we found that both POFUT1 and these EGF-like
domains are present in all animal species and their closest
protist ancestors, an observation suggesting that POFUT1-
mediated fucosylation has played a critical role in animal
evolution.

(13) Origin of acceptor specificity in GT-A fold GlcNAc
transferases

Zachary A. Wood1, Renu Kadirvelraj1, Jeong-Yeh Yang1,
Justin H. Sanders2, Lin Liu1, Annapoorani Ramiah1,

Pradeep Parbhakar1, Geert-Jan Boons1 and
Kelley W. Moremen1

1University of Georgia; 2Yale University

Cell surface glycans display incredible diversity, and are
essential for cell signaling, cell adhesion and host-pathogen
interactions. Glycan structures are not encoded by specific
templates, but instead are derived from trimming, branching
and extension reactions that occur in the Golgi. These bio-
synthetic pathways compete for the glycan acceptor sub-
strate, and often the product one enzyme will prevent action
of others. How these glycoenzymes recognize specific
acceptor substrates is important for understanding glycan
diversity. The enzyme N-acetylglucosaminyltransferase II
(MGAT2) produces the second GlcNAcβ1,2- branch on the
trimannosyl glycan core of the precursor to complex-type N-
glycans using UDP-GlcNAc as a sugar donor. Here, we
describe the crystal structure of MGAT2 in complex with
the GlcNAc- Man3GlcNAc2-Asn acceptor. The complex
shows that acceptor specificity in MGAT2 originates from
both active site interactions with the Man-α1,6-monosac-
charide acceptor and an exosite that binds the GlcNAc-
β1,2Man-α1,3Manβ- substrate “recognition arm.” The exo-
site is strikingly similar to that observed in the unrelated
Golgi enzyme α-mannosidase II, which acts immediately
before MGAT2 in the N-linked glycan biosynthetic path-
way. Comparisons of MGAT2 with other GT-A fold glyco-
syltransferases reveals a modular architecture for achieving
the donor nucleotide and acceptor substrate specificity. The
donor nucleotide module is formed by amino acid interac-
tions within the GT-A fold. In contrast, the acceptor tem-
plate module is built from structural elements inserted into
the conserved GT-A fold. This likely contributes to the evo-
lution of glycan diversity. Because the acceptor template
module is formed from elements inserted into the stable GT-
A scaffold, the evolution of acceptor specificity is decoupled
from the protein folding constraint and can evolve more
rapidly.

(14) The structure of GalNAc-T12 reveals the molecular
basis of its substrate recognition mode

Amy J. Fernandez1, Earnest James P. Daniels2, Thomas A.
Gerken2, Lawrence A. Tabak1 and Nadine L. Samara1

1Section on Biological Chemistry, NIDCR, NIH, Bethesda,
MD 20892; 2Department of Biochemistry, Case Western

Reserve University, Cleveland, OH 44106

Polypeptide N-acetylgalactosaminyl transferases (GalNAc-Ts)
initiate mucin type O-glycosylation by catalyzing the transfer
of GalNAc to a Ser or Thr on a substrate. The 20 human
GalNAc-T isoforms contain a catalytic and lectin domain that
are involved in substrate binding. However, the enzymes do
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not recognize a consensus sequence or structural motif.
Structural studies of the human isoform GalNAc-T12 reveal a
unique mechanism of substrate recognition that incorporates
catalytic and lectin domain binding to previously glycosylated
sites. The structure supports a model where each isoform
obeys a distinct set of rules for substrate recognition that are
defined by a combination of interactions between its catalytic
domain and/or lectin domain and preferred residues on a sub-
strate and/or previously glycosylated sites on a substrate.

(15) Optimization of expression of O-GlcNAc cycling
enzymes for Cryo-Electron Microscopy

Agata Steenackers, Huaibin Wang, Jenny Hinshaw and
John A. Hanover

Laboratory of Cell and Molecular Biology, National
Institute of Diabetes and Digestive and Kidney Diseases,

National Institutes of Health, Bethesda, MD 20892

O-GlcNAcylation is a dynamic post-translational modifica-
tion (PTM) on thousands of nuclear, cytoplasmic and mito-
chondrial proteins; including transcription factors, tumor
suppressors, kinases, phosphatases and histone modifying
proteins. This PTM targets serine and threonine residues
and frequently results in a crosstalk with phosphorylation.
Moreover, protein O-GlcNAcylation is sensitive to UDP-
GlcNAc (uridine diphospho-N-acetylglucosamine) concen-
tration, the sugar donor utilized by OGT. This nucleotide
sugar is derived directly from the nutrient dependent hexosa-
mine biosynthetic pathway (HBP) and its concentration is
directly influenced by nutrient availability. O-GlcNAcylation
modulates protein homeostasis by changing its activity,
interaction with protein partners, localization and degrad-
ation. As a result, O-GlcNAcylation plays an essential role
in many cell signaling pathways and deregulation of this
PTM has been linked to insulin resistance, diabetes, cancer,
lupus and neurodegerative diseases.

Many PTM are regulated by multiple or sequential
enzyme action. Nevertheless, only two enzymes control O-
GlcNAcylation. The addition of N-acetylglucosamine onto
target proteins is controlled by O-GlcNAc transferase (OGT),
while removal of this residue is catalyzed by O-GlcNAcase
(OGA). However, the details of how these enzymes interact
with and recognize protein substrates is largely unknown. For
example, we still do not understand how those two enzymes
can act on so many different substrates. The lack of a detailed
structure has been a major barrier in investigating OGT and
OGA molecular mechanisms. A better understanding of these
enzymes will surely accelerate the design of inhibitors that
can be used as cellular probes or as potential therapeutic tar-
get. Although domains of the O-GlcNAc cycling enzymes
have been solved by X-ray crystallography, the structure of
the intact proteins remain unknown. The latest generation of
cryo-Electron Microscopy (cryo-EM) equipment using direct
electron detectors and software for automated collection of
images, in combination with the use of advanced image-ana-
lysis methods, has dramatically increased resolution. Here,

for the first time, we report the 2D classification of full length
OGA (103 kDa) and OGT (110 kDa) by cryo-EM. We also
show an OGA 3D model of compiled catalytic and stalk
domain (7.5 Å). While we are still solving the 3D structure of
the full length OGA and OGT, our preliminary observations
suggest that the structures diverge from models built from the
single crystalographically solved domains.

(16) Cell lineage impacts CD16a / Fc gamma Receptor 3a
structure and antibody binding affinity through N-glycan

composition
Adam W. Barb

Iowa State University

CD16a/Fc gamma receptor IIIa activates a protective cyto-
toxic response following engagement with antibody clus-
tered on the surface of a pathogen or diseased tissue.
Therapeutic monoclonal antibodies (mAbs) with greater Fc-
mediated affinity for CD16a on natural killer (NK) cells and
monocytes show superior therapeutic outcome; however,
one significant factor that promotes antibody-CD16a inter-
actions, the asparagine-linked carbohydrates (N-glycans),
remains undefined. Analysis of CD16a binding affinity in
vitro revealed that two of the five possible N-glycans, at
Asn45 and Asn162 contributed to antibody binding. We
determined that CD16a from primary human NK cells con-
tained a high percentage of hybrid-type N-glycans at Asn45
and the glycans at position Asn162 included complex-type
biantennary, hybrids and oligomannose forms, depending
upon the donor. Primary human monocytes expressed
CD16a with predominantly oligomannose-type N-glycans at
Asn45 and complex-type biantennary N-glycans at Asn162.
Surprisingly, CD16a N-glycan composition affected anti-
body binding affinity. Recombinant CD16a with oligoman-
nose N-glycans bound IgG1 Fc with 10 to 50-fold greater
affinity than did CD16a having primarily complex-type and
highly branched N-glycans. Furthermore, the sensitivity to
N-glycan composition was attenuated in the CD16a N162Q
variant but not the CD16a N45Q or N38Q/N74Q/N169Q
variants. The changes in binding activity mirrored changes
in NMR spectra of the two CD16a glycoforms, indicating
that CD16a glycan composition also affects structure. Thus,
CD16a from primary human NK cells and monocytes is
compositionally, and likely also functionally, distinct. This
study provides critical evidence that cell lineage determines
CD16a N-glycan composition and antibody-binding affinity.

(17) Data in the driver’s seat for exploring the glycome
Hiren J. Joshi, Lars Hansen, Yoshiki Narimatsu,
Eric Bennett, Hans Wandall, Henrik Clausen and

Katrine T. Schjoldager
Copenhagen Center for Glycomics, University of

Copenhagen

Glycosylation of proteins, lipids and proteoglycans in human
cells involves at least 167 identified glycosyltransferases
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(GTfs), and these orchestrate the biosynthesis ofdiverse types
of glycoconjugates and glycan structures, resulting in a vast
glycome. Pinpointingthe biological systems in which glycans
play rolesis challenging, so we have recently been working on
systems to shine light on the dark corners of the glycome via
a genetic entry point. Mutations in the glycosyltransferase
genome cause more than 58 rare, monogenic congenital disor-
ders of glycosylation (CDGs). They are also statistically asso-
ciated with a large number of complex phenotypes, diseases
or predispositions to complex diseases based on Genome-
Wide Association Studies (GWAS). CDGs are extremely rare
and often with severe medical consequences. In contrast,
GWAS are likely to identify more common genetic variations
and generally involve less severe and distinct traits. We
recently confirmed that structural defects in GTf genes are
extremely rare, which seemed at odds with the large number
of GWAS pointing to GTf-genes. To resolve this issue, we
surveyed the GTf-genome for reported CDGs and GWAS
candidates; we found little overlap between the two groups of
genes. Moreover, GTf-genes implicated by CDG or GWAS
appear to constitute different classes with respect to their: (i)
predicted roles in glycosylation pathways; (ii) potential for
partial redundancy by closely homologous genes; and (iii)
transcriptional regulation as evaluated by RNAseq data. Our
analysis suggest that more complex traits are caused by dysre-
gulation rather than structural deficiency of GTfs, which sug-
gests that some glycosylation reactions may be predicted to be
under tight regulation for fine-tuning of important biological
functions.

(19) Novel Insights into the Role of Glycans in the Bone
marrow Niche

Melissa Lee-Sundlov and Karin Hoffmeister
Blood Research Institute, BloodCenter of Wisconsin,

Medical College of Wisconsin, WI

Circulating platelet count is tightly regulated to avoid spon-
taneous bleeding or adverse thrombotic events. The role of
lectin and glycans in thrombopoiesis and the bone marrow
niche remains understudied. Sialic acid addition by sialyl-
transferases (STs) is often the terminal glycan modification.
Heritable mutations in a gene essential for sialic acid biosyn-
thesis, GNE, causes congenital thrombocytopenia. Platelet
desialylation emerges as a potential diagnostic marker and
therapeutic target for patients with immune thrombocyto-
penia (ITP). Genetic knockout of specific STs (St3gal1 and
St3gal4) in mice also result in significant thrombocytopenia.
St3gal4 adds sialic acids preferentially to N-linked glycans,
St3gal1 acts specifically on O-linked glycans, demonstrating
the distinct functions of STs.

Recent data showed that platelet desialylation induced by
in vivo aging, sepsis and due to loss of St3gal4 lead to
thrombocytopenia due to rapid clearance by the hepatic
Ashwell Morell Receptor (AMR). Binding of the AMR by
desialylated platelets stimulate hepatic thrombopoietin pro-
duction, thus indirectly affecting the bone marrow niche.

Thrombocytopenia is also observed in mice that lack St3gal1.
Deletion of St3gal1 results in exposure of the tumor-asso-
ciated Thomsen-Friedenreich (TF) antigen on O-linked gly-
cans. Rather than causing accelerated platelet clearance, TF
antigen exposure in megakaryocytes lead to defective throm-
bopoiesis induced by bone marrow resident immune cells.
This presentation will discuss the contrasting effects of differ-
ent sialic acid loss on platelet homeostasis, highlight novel gly-
can dependent pathways for platelet disorders, and discuss
new therapeutic targets for platelet disorders.

(20) Site-1 protease is essential for activation of ER stress
response for skeletal development but indispensible for the
for the mannose-6-phosphate modification of lysosomal

enzymes
Yuji Kondo1, Jianxin Fu1,2, Hua Wang3, Christopher

Hoover1,4, Richard Steet5, Klaas J. Wierenga3, Patrick M.
Gaffney6 and Lijun Xia1,2,4

1Cardiovascular Biology Research Program, Oklahoma
Medical Research Foundation, Oklahoma City, USA;

2Jiangsu Institute of Hematology, MOH Key Laboratory of
Thrombosis and Hemostasis, Collaborative Innovation
Center of Hematology, The First Affiliated Hospital of
Soochow University, Suzhou, China; 3Department of

Pediatrics, University of Oklahoma Health Sciences Center,
Oklahoma City, USA; 4Department of Biochemistry and

Molecular Biology, University of Oklahoma Health Sciences
Center, Oklahoma City, USA; 5Complex Carbohydrate
Research Center, University of Georgia, Athens, USA;
6Division of Genomics and Data Sciences, Arthritis and
Clinical Immunology Program, Oklahoma Medical

Research Foundation, Oklahoma City, USA

Site-1 protease (S1P), encoded by membrane-bound transcrip-
tion factor peptidase, site 1 (MBTPS1), is a ubiquitously
expressed serine protease localized in the Golgi apparatus.
S1P proteolytically activate unique membrane-bound latent
transcription factors such as sterol regulatory element binding
proteins and activating transcription factor 6 in mice and in
cultured cells. Recently, in vitro studies show that S1P acti-
vates N-acetyl glucosamine-1-phosphotransferase (GPT) by
cleaving its α/β subunit precursor, which is required for the
mannose-6-phosphate (M6P) modification of lysosomal
enzymes in the Golgi apparatus for their targeted transport to
the lysosome through specific M6P receptors. Defective M6P
modification causes the lysosomal storage diseases mucolipi-
dosis-II/III due to accumulation of un-digested macromole-
cules in lysosomes. However, how S1P differentially regulates
these diverse functions in humans has been unclear. In add-
ition, no human disease with S1P deficiency has been identi-
fied. Here, we report a pediatric patient with an amorphic
and a severely hypomorphic mutations in MBTPS1. The
unique compound heterozygotic mutation results in ~ 1%
functional MBTPS1 transcripts, which is associated with skel-
etal dysplasia and elevated blood lysosomal enzymes. We
found that the residually expressed S1P is sufficient for lipid
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homeostasis, but not for ER and lysosomal functions espe-
cially in patient chondrocytes. The defective S1P function spe-
cifically impairs activation of the ER stress transducer
BBF2H7, leading to ER retention of collagen in chondrocytes.
S1P deficiency also causes abnormal secretion of lysosomal
enzymes. Collectively, these abnormalities lead to apoptosis
of chondrocytes and lysosomal enzyme-mediated degradation
of the bone matrix. Correction of an MBTPS1 variant using
antisense morpholino oligo or reduction of ER stress using
small compound mitigated collagen trafficking defects.
Interestingly, S1P-KO cells had less severe lysosomal pheno-
types than in GPT-KO cells, indicating that S1P is an import-
ant but not the sole enzyme to proteolytically activate GPT.
These results define a new congenital human skeletal disorder,
and, more importantly, reveal S1P is particularly required for
skeletal development in humans.

(21) Glycosyltransferase ST6Gal-I promotes pancreatic
ductal adenocarcinoma progression and metastasis

Asmi Chakraborty, Robert B. Jones, Christopher A. Klug,
Lesley E. Smythies and Susan L. Bellis
University of Alabama at Birmingham

Sialyltransferase ST6Gal-I adds α2-6 sialic acids to select N-
glycosylated cell surface receptors, thereby modulating recep-
tor function and intracellular signaling. ST6Gal-I is upregu-
lated in multiple human cancers, including >70% of
pancreatic ductal adenocarcinoma (PDAC) samples. ST6Gal-I
confers cancer stem cell (CSC) properties evidenced by tumor-
spheroid growth, chemoresistance and tumor initiating poten-
tial. As an example, we previously reported that ST6Gal-I
imparts gemcitabine resistance by dampening DNA damage.
One possible mechanism by which ST6Gal-I promotes a CSC
phenotype is by increasing the expression of the master stem
cell transcription factor, Sox-9. Forced overexpression or
knockdown of ST6Gal-I directly regulates Sox9 expression in
a wide array of established cancer lines. Sox9 is known to be
a potent driver of acinar to ductal metaplasia (ADM), a key
PDAC initiating event. To interrogate the role of ST6Gal-I
and Sox9 in ADM, ST6Gal-I was overexpressed in the 266-6
acinar cell line. ST6Gal-I overexpression was found to
increase expression of Sox9 and other ductal markers even in
the absence of known ADM inducers TNFα and TGFβ.
Contrarily, ST6Gal-I knockdown (KD) reduced expression of
ductal markers and upon treatment with TNFα and TGFβ
enhanced expression of acinar markers. Together, these
results suggest that ADM depends on ST6Gal-I activity. Post
ADM, PDAC progresses through the formation of PanINs.
This process of progressive lesion formation leading to frank
PDAC can be replicated in murine models of pancreatic can-
cer utilizing pancreas specific oncogenic K-Ras (KC). To
investigate the relationship of ST6Gal-I and PDAC in vivo,
we generated ST6Gal-I knock-in (KI) mice with oncogenic K-
Ras (KC-ST6Gal-I KI). The KC-ST6Gal-I KI mice presented
with significantly decreased overall survival (median = 4.3
months) compared to the KC mice (median = 14 months).

This was coupled with a marked increase in liver and lung
metastasis in KC-ST6Gal-I KI mice compared to KC mice.
Given ST6Gal-I’s role in driving CSC phenotype and upregu-
lating Sox9, we hypothesized that the observed poor progno-
sis in our murine models might be due to early onset of ADM
as well as enhanced CSC characteristic, which is a known
cause of metastasis. To investigate this, we generated resident
stem cell derived organoids from KC, KC-ST6Gal-I KI,
ST6Gal-I KI and wild type (WT) mice. Compared to WT,
ST6Gal-I KI organoids had increased cell proliferation. In the
presence of oncogenic K-Ras, ST6Gal-I KI further enhanced
proliferation compared to organoids with oncogenic K-Ras
alone. Furthermore, KD of ST6Gal-I in KC organoids signifi-
cantly reduced cell proliferation. In ongoing studies we are
defining the signaling mechanisms underpinning a ST6Gal-I/
Sox9 axis in PDAC initiation events and other aspects of CSC
behavior. These collective studies highlight a novel role for
tumor glycans in PDAC pathogenesis, and implicate ST6Gal-I
as a promising therapeutic target.

(22) GOLPH3 promotes oncogenesis by controlling the
intra-Golgi trafficking of glycosphingolipid synthases

Riccardo Rizzo1, Domenico Russo1, Kazuo Kurokawa2,
Domenico Supino1, Pranoy Sahu1, Bernadette Lombardi1,
Francesco Russo1, Mikhail Zhukovsky1, Monica Gracia
Barros7, Prathyush Pothukuchi1, Lucia Sticco1, Serena
Capasso1, Laura Capolupo1, Gaelle Boncompain3, Nina
Dathan1, Gabriele Turacchio1, Federica Zito Marino4,
Gabriella Acquino4, Carlo Vitagliano4, Petra Henklein5,
Henrik Clausen6, Ulla Mandel6, Toshiyuki Yamaji8,
Kentaro Hanada8, Alfredo Budillon4, Seetharaman
Parashuraman1, Franck Perez3, Lina M. Obeid7,

Aki Nakano2, Yusuf A. Hannun7, Alberto Luini1 and
Giovanni D’Angelo1

1Institute of Protein Biochemistry, National Research
Council, Via P. Castellino 111, Napoli, Italy; 2Live Cell
Super-Resolution Imaging Research Team, Extreme

Photonics Research Group, RIKEN Center for Advanced
Photonics, Saitama, 3510198, Japan; 3Institute Curie –

CNRS UMR1 44, Research Center, Paris, France; 4Istituto
Nazionale Tumori G. Pascale, via Mariano Semmola,
Napoli, Italy; 5Universitätsmedizin Berlin Institut für
Biochemie Charité CrossOver Charitéplatz 1 / Sitz:

Virchowweg 610117 Berlin, Germany; 6University of
Copenhagen, Faculty of Health Sciences, Centre for

Glycomics, Department of Cellular and Molecular Medicine
Nørre Alle 20, DK-2200 Copenhagen N, Denmark; 7Stony
Brook University Medical Center, Stony Brook 11794-8430,
New York, United States; 8Department of Biochemistry &
Cell Biology National Institute of Infectious Diseases 1-23-1

Toyama, Shinjuku-ku, Tokyo, JAPAN

The GOLPH3 oncogene is located on a human chromosome
region, which is frequently amplified in solid tumours. GOLPH3
encodes a Golgi complex associated protein involved in mem-
brane trafficking and Golgi structure maintenance. While its
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role in the stimulation of cell proliferation pathways is widely
accepted, how GOLPH3 gain of function mediates oncogenesis
is not completely understood. Here we show that GOLPH3 reg-
ulates proliferation by promoting sphingolipid glycosylation.
Specifically, we found that GOLPH3 interacts with sphingolipid
glycosylating enzymes at the Golgi complex and controls their
intra-Golgi recycling during cisternal progression. Through this
mechanism GOLPH3 counteracts sphingolipid glycosylating
enzymes leakage to lysosomes and consequent degradation
resulting in increased enzymes levels. Alterations in glycosylating
enzymes proteostasis and sphingolipid metabolism induced by
increased GOLPH3 levels impact on growth signalling path-
ways, thus promoting uncontrolled proliferation. Importantly,
GOLPH3 overexpression/ amplification tightly correlates with
tumour cells sensitivity to pharmacological inhibition of
sphingolipid glycosylation suggesting that inhibition of sphingo-
lipid metabolism represents a valuable therapeutic option for
patients bearing GOLPH3 dependent tumours.

(23) A Role for Galectin Proteins and Glycans in
Parkinson’s Disease Pathogenesis

Edward Campbell1, William P Flavin1, Ben Cook1, Luc
Bousset3, Andrea Grillini1, Yaping Chu2, Ronald Melki3

and Jeffrey Kordower2
1Department of Microbiology and Immunology, Loyola

University Chicago; 2Department of Neurological Sciences,
Rush University; 3Paris-Saclay Institute of Neuroscience,

CNRS

Parkinson’s disease is the second most common neurodegenera-
tive disease, affecting approximately 1 million Americans and
10 million people worldwide. Misfolded accumulations of the
protein alpha-synuclein is the pathological hallmark of disease
and thought to underlie disease pathology. Specifically, amyloid
forms ofα-syn can propagate between cells, leading to a spread-
ing, progressive pathology in affected tissues and cause inflam-
mation in these regions. We have investigated the mechanisms
by which amyloid forms ofa-syn can enter naïve cells using an
imaging based assay that relies on the recruitment of galectin
proteins to ruptured vesicles. These studies reveal that amyloid
forms ofa-syn, and other amyloid proteins associated with neu-
rodegenerative diseases, can induce the permeabilization of vesi-
cles following endocytosis. We observe that the inability to
degrade these amyloids leads to progressive vesicular fusion,
forming large proteinaceous inclusions in cells surrounded by a
corona of galectin proteins, which we also observe in post-mor-
tem brain samples from PD patients. We also observe thata-syn
can be secreted from an affected cell in the context of extracellu-
lar vesicles positive for Gal3 and Gal8. Lectin based interroga-
tion of these vesicles reveals that they possess a distinct glycan
signature, compared to other extracellular vesicles. These find-
ings highlight the role of galectin proteins in the pathogenesis of
neurodegenerative diseases and suggest that specific glycans may
facilitate the non-classical secretion ofa-syn in the context of
extracellular vesicles.

(24) Turning Glycomics Into Lego-Toying
Henrik Clausen, Yoshiki Narimatsu, Yen-Hsi Chen Chen,
Weihua Tian, Hiren J. Joshi, Katrine K.T. Schjoldager,

Zhang Yang, Sergey Y. Vakhrushev and Hans H. Wandall
Copenhagen Center for Glycomics, Department of Cellular
and Molecular Medicine, Faculty of Health and Medical

Sciences, University of Copenhagen, Denmark

The structural diversity of human glycans – the glycome – is
vast and poses challenges for analytic and functional studies.
The human genome contains over 200 distinct genes encod-
ing glycosyltransferases, and our knowledge of the proper-
ties of these and their roles in the known glycosylation
pathways in cells is relatively advanced. Currently some 170
glycosyltransferase genes can be assigned to rather specific
roles in biosynthetic steps for the human glycome, although
for most of the isoenzyme families our understanding of the
unique functions of individual enzymes is still limited.
Arguably though, current knowledge of assembly of the gly-
come makes it simpler to explore structure and functions of
the glycome by a genetic entry point rather than from a
structural entry point. With introduction of the facile nucle-
ase-based gene-editing tools for knockout as well as site-
directed knockin of glycosyltransferase genes the genetic
approach to glycomics is becoming a standard tool in labs.
Our group has widely applied the genetic approach for dis-
covery and dissection of biological functions of protein gly-
cosylation, and explored the engineering and design options
for recombinant production of glycoprotein therapeutics
and display of glycans. An overview of these efforts will be
presented.

(25) Engineering cells via chemoenzymatic glycan editing
Peng Wu

The Scripps Research Institute

Complementary to metabolic oligosaccharide engineering,
chemoenzymatic glycan editing has emerged as a powerful
tool to modify glycan structures within a cellular environ-
ment. Using this approach, we can add novel functionalities
to the cell surface to endow cells with new functions. In this
talk, I will discuss our recent discovery of using fucosyltrans-
ferase and sialyltransferase to engineer immune cells for
applications to cancer immunotherapy.

(26) Single-pot glycoprotein biosynthesis using a cell-free
transcription-translation system enriched with glycosylation

machinery
Matthew P. DeLisa

Robert Frederick Smith School of Chemical and Biomolecular
Engineering, Cornell University

The emerging discipline of bacterial glycoengineering has made
it possible to produce designer glycans and glycoconjugates for
use as vaccines and therapeutics. Unfortunately, cell-based pro-
duction of homogeneous glycoproteins remains a significant
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challenge due to cell viability constraints and the inability to
control glycosylation components at precise ratios in vivo. To
address these challenges, we describe a novel cell-free glycopro-
tein synthesis (CFGpS) technology that seamlessly integrates
protein biosynthesis with asparagine-linked protein glycosyla-
tion. This technology leverages a glyco-optimized Escherichia
coli strain to source cell extracts that are selectively enriched
with glycosylation components, including oligosaccharyltrans-
ferases (OSTs) and lipid-linked oligosaccharides (LLOs). The
resulting extracts enable a one-pot reaction scheme for efficient
and site-specific glycosylation of target proteins. The CFGpS
platform is highly modular, allowing the use of multiple dis-
tinct OSTs and structurally diverse LLOs. As such, we antici-
pate CFGpS will facilitate fundamental understanding in
glycoscience and make possible applications in on-demand bio-
manufacturing of glycoproteins.

(27) Microbial glycoenzymes for carbohydrate synthesis and
analysis

Sabine Flitsch
The University of Manchester

Carbohydrate active enzymes provide useful tools for the
analysis and synthesis of glycans, but the toolbox of these
biocatalysts is still limited in terms of reaction diversity and
substrate range. We have initiated a programme to discover
enzymes from microbial sources, some of which have been
selected as homologues of mammalian enzymes. This lecture
will discuss high throughput screening for established and
new activities and discuss examples of substrate and reaction
promiscuity that can be exploited by reaction engineering.

(28) Engineering the next generation of glycoprotein
therapeutics and vaccines in bacteria

Timothy G. Keys, Hanne L.P. Tytgat, Nora Liebscher,
Christoph Rutschmann, Chia-wei Lin, Emma Slack-Wetter,

Michael Wetter and Markus Aebi
Institute of Microbiology, ETH Zurich, Switzerland

Glycoprotein engineering in eukaryotic cell lines is constrained
by the complex architecture of glycan biosynthesis pathways
and their dependence on some types of glycosylation for sur-
vival. In our glycoengineering approach, we provide biosyn-
thetic access to completely new glycoprotein structures by
installing artificial N-glycosylation pathways in the cytoplasm
of the biotechnological workhorse, Escherichia coli. These
pathways rely on cytoplasmic N-glycosyltransferases (e.g. from
Actinobacillus pleuropneumoniae), which install a single β-
linked glucose onto asparagine residues in the Asn-X-Ser/Thr
sequon. Recombinant proteins can be targeted for site-specific
glycosylation by introduction of this short sequence motif, and
the N-linked glucose serves as an efficient primer for synthesis
of oligo- and polysaccharides directly onto proteins in the bac-
terial cytoplasm. We demonstrate biosynthetic pathways for
modifying therapeutic proteins with a half-life extending

polysaccharide, and the synthesis of vaccine candidates consist-
ing of pathogen associated glycans presented on antigenic car-
rier proteins.

(29) New Platforms for the Discovery of Natural Siglec
Ligands

Matthew S. Macauley1,2, Emily Rodrigues2, Caleb Loo3 and
Jaesoo Jung2

1Department of Medical Microbiology and Immunology,
Univeristy of Alberta; 2Department of Chemistry, University

of Alberta; 3Department of Biochemistry, University of
Alberta

Sialic acid is abundant on mammalian cells and is used as a
ligand by Siglecs, which are sialic acid-binding immuno-
globulin-type lectins. Siglec-ligand interactions contribute to
immune cell regulation in a variety of ways, but primarily as
a means of inhibiting immune cell activation. There is a
growing link between dysregulation of Siglecs and diseased
states - such as cancer, neurodegeneration, and autoimmun-
ity – motivating the need to better understand the sialic acid-
containing glycans recognized by Siglecs. One of the chal-
lenges in studying Siglec-ligand interactions is that they are
typically low affinity in nature. Avidity effects on a cell sur-
face, and in particular within an immunological synapse,
enables these weak interactions to manifest as biological
effects. To advance our knowledge of Siglec ligands, our lab
has begun developing new tools and approaches to better
study these weak interactions that play contributing role(s)
in health and disease. As Siglecs are cell surface receptors, a
soluble version of Siglecs, expressed as Fc-chimeric proteins,
have been instrumental in studying Siglec ligands. We have
re-engineered such constructs to greatly increase the applica-
tions for which they can be used. These new constructs are
being used in innovative ways to study Siglecs ligands, such
as: mass spectrometry-based assays that can quantitatively
measure interactions even in the mM range, flow cytometry
analysis of Siglec ligands on immune cells, and incorporation
of Siglecs onto platforms that present Siglecs in a highly
multivalent manner. Progress will be presented on the ability
of these new constructs to enable a deeper understanding of
the glycan ligands of Siglecs in health and disease.

(30) Lighting up the rumen: using fluorescent glycan
conjugates to visualize diverse metabolic capabilities of

rumen microbiota at the single cell level
Leeann K. Klassen1,2 ,Greta Reintjes3, Jeffrey Tingley1,2,
Adam Smith1, Darryl Jones1, Carolyn Amundsen1, Long
Jin1, Jan-Hendrik Hehemann3, Trevor W. Alexander1,

Dmytro P. Yevtushenko2 and D Wade Abbott1,2
1Agriculture and Agri-Food Canada; 2University of

Lethbridge; 3Max Planck-Institute for Marine Microbiology

Safe and sustainable beef production is a priority to the
Canadian beef industry. As such, there is growing interest to
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develop practices that maximize production outputs while
mitigating environmental and economical costs. The rumen
of beef cattle houses a diverse community of microorganisms
that represents the most efficient bioreactor known in
nature. The composition of this community impacts feed
digestion, nutrient accessibility, host health, and waste pro-
duction. Fibrolytic enzymes, beneficial live microorganisms
(probiotics), and host-indigestible glycans (prebiotics) are
promising candidates as next-generation feed additives to
improve cattle growth performance. Current methods to
investigate the relationships between beneficial bacteria and
feed glycans in ecosystems such as the rumen are indirect
and lack the high-resolution power necessary to identify and
quantify interactions in complex communities. Rumen bac-
teria possess functionally diverse pathways to dismantle and
metabolise glycans, which limits our ability to correlate
metabolic phenotypes with genotypes. To address these lim-
itations, we have developed first-in-class molecular tools to
directly visualize polysaccharide uptake by rumen bacterial
isolates using fluorescent glycan conjugates (FGCs) at the
single-cell level. Yeast α-mannan (YM), a polysaccharide
extracted from the cell wall of Saccharomyces cerevisiae and
a common constituent of alternative feedstocks and prebio-
tics, was conjugated to a fluorescent probe (FLA-YM). FLA-
YM was fed to pure bacterial cultures of Bacteroides the-
taiotaomicron (B.theta), a well-studied intestinal symbiont
with YM metabolic potential, a B.theta mutant with no
potential to utilize YM, and strains of bacteria isolated from
the rumen and enriched on YM. Uptake of FGCs presented
here provides direct evidence of genotypes endowed with
YM metabolic potential, which enables rapid identification
of YM utilization. In support of visualized interactions, we
have performed a series of indirect methods, including
growth kinetics, whole genome sequencing, and RNA-Seq to
demonstrate variations in YM-utilization profiles of rumen
Bacteroides spp. at the strain level.

(31) Making Glycoproteomics via Mass Spectrometry More
Accessible to the greater Scientific Community

Marc D. Driessen1, Catherine C. Going2, Christina M.
Woo3, Sharon J. Pitteri2 and Carolyn R. Bertozzi1,4
1Department of Chemistry, Stanford University;

2Department of Radiology, Stanford School of Medicine;
3Department of Chemistry, Harvard University; 4Howard

Hughes Medical Institute

We have recently demonstrated a method that, for the first
time, is capable of facilitating both, glycan structure and
attachment site analysis for both N- and O- glycans alike.
This method named ‘Isotope Targeted Glycoproteomics’
(IsoTaG) allows us to enrich glycopeptides and yields an
unprecedented detection of low abundant glycoproteins. All
this is achieved without the need to truncate glycan struc-
tures, thereby keeping the glycomic information intact.

Furthermore, the need for complex fractionation protocols is
abated, which goes along with a reduction in both the mass
spectrometry analysis and computational analysis time.

We aim to make this method a widespread tool for both,
glycoproteomics experts and non-experts and have begun
the transfer of the method to interested laboratories by sup-
plying them with a novel approach to generate meaningful
glycoproteomic datasets. We also plan an evaluation of the
IsoTag workflow via interlaboratory comparison of identical
samples. This small round-robin will be the basis for stan-
dardized procedures for an IsoTag ‘kit’. These will then be
tested for general applicability by dissemination - along with
a set of standards - to a larger group of laboratories (mainly
MS core facilities). After evaluation these results will be
available in an online repository (www.IsoStamp.org).

We also demonstrate the versatility of the IsoTag method
through use in additional systems and are currently in the
process of developing new IsoTag probe systems for new or
specialized applications. We are highly interested in starting
collaborations to test and improve our IsoTag technology
and are able to provide the IsoTag probes, standards and
protocols to interested laboratories.

(32) Capsular glycolipids in Gram-negative bacterial
pathogens

Chris Whitfield
University of Guelph

Capsules are surface polysaccharide structures that protect bac-
teria from phagocytosis and/or complement-mediated killing.
They are essential virulence determinants for many pathogens.
Many different repeat-unit structures have been determined for
capsular polysaccharides (CPSs) isolated from a wide range of
bacteria. Despite this diversity, biochemical and bioinformatics
data reveal a conserved assembly strategy that is used for cap-
sule production by important Gram-negative human pathogens
including Bordetella pertussis, Campylobacter jejuni, extraintest-
inal pathogenic Escherichia coli (ExPEC), Haemophilus influen-
zae, and Neisseria meningitidis. The same approach is thought
to be used by high-profile respiratory pathogens of livestock
such as Bordetella bronchiseptica, Mannheimia haemolytica,
and Pasteurella multocida. The assembly pathway has been elu-
cidated primarily in ExPEC and various aspects have been valid-
ated experimentally in other bacteria. These CPSs are assembled
on a conserved reducing terminal glycolipid acceptor composed
of phosphatidylglycerol modified with ~5-10 residues of
3-deoxy-D-manno-oct-2-ulosonic acid (Kdo). Two CMP-
Kdo-dependent glycosyltransferase enzymes assemble the
β-Kdooligosaccharide on the terminal lipid. KpsS adds a single
residue and KpsC possesses two catalytic sites with different
linkage specificities to generate an oligosaccharide product with
alternating β-2,4 and β-2,7-Kdo residues. Solved structures of
thecatalytic domains of KpsC indicate it isderived from a GT-B
fold but dramatic reduction in the N-terminal Rossmann-like
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domain results in a structure resembling a modified GT-A fold.
Because the β-Kdo oligosaccharide is essential for capsule pro-
duction and elimination of the capsule structure attenuates survi-
valof these pathogens in appropriate animal models, these
enzymes offer potential targets for small-molecule inhibitors. To
that end, a high-throughput format assay has been developed
using a single catalytic domain of KpsC and an initial screen of
a 140,000-compound library has been completed.

(33) An in vitro gut-immune model illuminates
N-glycosylation-dependent host-pathogen interactions

of Campylobacter jejuni
Cristina Y. Zamora1,2, Elizabeth M. Ward1, Wen Li Kelly
Chen3, Jemila C. Kester3, Jason G. Velasquez3, Linda G.

Griffith3,4 and Barbara Imperiali1,2
1Department of Biology, Massachusetts Institute of

Technology; 2Department of Chemistry, Massachusetts
Institute of Technology; 3Department of Biological
Engineering, Massachusetts Institute of Technology;

4Department of Mechanical Engineering, Massachusetts
Institute of Technology

NCTC 11168 Campylobacter jejuni pathogenicity was stud-
ied in a human immune-competent intestinal model,through
the lens of its N-linked protein glycosylation (Pgl) pathway.
The ability of this Gram-negative enteropathogen to infect
and colonize avian and mammalian model organisms has
been directly linked to the Pgl pathway, but the exact role of
C. jejuni N-glycans in causingdisease in humans is unclear.
To address this, an accessiblein vitro gut-immune model
more closely resembling a human intestinal microenviron-
ment was employed to characterize several changes in C.
jejuni epithelial invasion, immunogenicity, and virulence fac-
tors. Glycosylation-deficient ΔpglE, lacking the N-linked
heptasaccharide modification of its proteome, was 100-fold
less capable of adhering to and invading this intestinal model
in cell infectivity assays. Chemokine and cytokine quantifica-
tion by immunoassay revealed that ΔpglE differentially
modulated inflammatory responses in different intestinal
microenvironments, suppressive in some but activating in
others. Virulence-associated outer membrane vesicles pro-
duced by wildtype and ΔpglE C. jejuni were shown to have
differential composition and function by activity-based pro-
tein profiling analysis, with wildtype vesicles able to rescue
ΔpglE infectivity to wildtype levels in infection experiments.
Overall, use of the in vitro gut model allowed for further
characterization of the multifaceted importance of the Pgl
pathway in C. jejuni host-pathogen interactions in human
contexts. We anticipate these methods will be broadly
applicable to further studies of C. jejuni and to other entero-
pathogens of interest.

Financial support from the NIH (R01-GM097241 to
B.I., R01EB021908 to L.G.G.) and DARPA (W911NF-12-2-
0039 to L.G.G) is gratefully acknowledged.

(34) Immunological characterization of protein glycosylation
in Streptococcus pneumoniae

Dustin R. Middleton1, Javid Aceil1, Lina Sun1, Jeremy A.
Duke1 and Fikri Y. Avci1,2

1Department of Biochemistry and Molecular Biology,
University of Georgia; 2Center for Molecular Medicine,

University of Georgia

Streptococcus pneumoniae (Spn) is still a major human patho-
gen causing a variety of invasive pneumococcal diseases (IPD)
with alarming mortality rates. Spn can be divided into over 90
serotypes based on the composition and structural differences of
their capsular polysaccharides (CPSs). Since the introduction of
the 7-valent (PCV7) and 13-valent (PCV13) glycoconjugate vac-
cines, effective against the most prevalent serotypes of Spn, the
incidence rates of IPD in children have been reduced signifi-
cantly. However, a global serotype distribution shift has high-
lighted the importance of generating improved pneumococcal
vaccines to include a wider range of serotypes. Moreover,
increasing numbers of clinical isolates from IPD patients are
nonencapsulated Spn (NESpn), indicating the emergence of
pathogenic NESpn strains. The serotype distribution shift and
increasing NESpn in the clinical isolates necessitate the urgent
investigation of serotype-independent, conserved, protective sub-
unit vaccine targets. Spn surface proteins are major virulence
factors and conserved immunogens and, therefore, Spn proteins
have been examined as vaccine candidates, without considering
potential post-translational modifications. Current knowledge
on the potential glycosylation of Spn surface proteins, such as
Pneumococcal serine-rich Protein (PsrP), and how this modifica-
tion impacts virulence and immunogenicity is surprisingly very
limited. We hypothesize that protein glycosylation is essential
for Spn virulence and carbohydrate epitopes from surface glyco-
proteins of Spn can induce protective adaptive immune
responses. Here, we characterize Spn protein glycosylation and
identify glycoproteins as major targets for vaccine design. We
have collected evidence for the glycosylation of highly immuno-
genic, conserved, pneumococcal surface proteins, and character-
ized pneumococcal glycosyltransferases that are instrumental in
protein glycosylation, and contribute to Spn virulence.

(36) The use of glycoengineered cell lines for investigating
influenza A interactions with modified sialic acids
Karen Barnard, Brian Wasik, Brynn Lawrence

and Colin Parrish
Baker Institute for Animal Health, Cornell University,

Ithaca NY, USA

Influenza A viruses (IAV) are an important human pathogen
causing 3 to 5 million cases of severe illness and 290,000 to
650,000 deaths globally each year (WHO, 2018). IAVs have
broad host ranges and are able to infect a wide array of animal
species including humans, pigs, horses, dogs, waterfowl, and
domestic poultry. IAV use sialic acids (Sia) as the primary
receptor for infection via the hemagglutinin (HA) and
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neuraminidase (NA) glycoproteins. Sia are found in large
amounts both on the cell surface as part of the glycocalyx and
in mucus that protects the respiratory and GI tracts. Sia may
be chemically modified (including 7,9-O-, 9-O-acetyl, 5-N-gly-
colyl) and are attached to glycan chains through different lin-
kages, which vary between hosts and tissues. While the
importance of Sia α2,3- and α2,6-linkages to IAV tropism and
evolution have been well studied, the roles of modified Sia in
IAV host adaptation are not well known. Modified Sia have
been identified as inhibitors of NA and HA, but their role dur-
ing infection is unclear. We have shown previously that 7,9-O-
and 9-O-Ac Sia are expressed in many IAV host tissues and
are highly expressed in the respiratory tissue of humans, par-
ticularly in the submucosal glands. 7,9-O-, and 9-O-acetyl
modifications are also expressed in embryonated chicken eggs
used to grow vaccine strains, and on MDCK, HEK293, and
A549 cells used in IAV research. 5-N-glycolyl modifications
(Neu5Gc) are highly expressed in some tissues in natural IAV
hosts like pigs and horses, and in IAV model species such as
mice and guinea pigs, but are not found in humans, chickens,
and ferrets. To understand the effects of these modified Sia on
IAV tropism, we have developed glyco-engineered cell lines
that either lack or over-express 7,9-O- and 9-O-Ac or
Neu5Gc. MDCK, HEK293, and A549 cells were engineered
using CRISPR/Cas9 and expression plasmids, and were used
to determine the impact of modified Sia on IAV enzyme func-
tion, virus growth, and host adaptation. Preliminary results
show that 7,9-O- and 9-O-Ac modifications decrease NA
cleavage and HA binding in a strain specific manner. The pres-
ence of 7,9-O- and 9-O-Ac Sia in respiratory mucus may be a
functional point of contact between virus and these Sia modifi-
cations during infection in vivo. Through the over-expression
of CMAH, we can generate human and canine cells displaying
Neu5Gc to levels observed in natural host tissues. This pro-
vides an in vitro platform to assess the effect of Neu5Gc modi-
fication on HA and NA function, and potential adaptation in
serial passage. We also observed that 7,9-O- and 9-O-Ac mod-
ifications are highly variable in expression, showing incomplete
population homogeneity and modifications as a minority of
total Sia on the surface of cells, and we are therefore also
examining the regulation of their expression on cells.

(37) Targeting STT3A-Oligosaccharyltransferase Causes
Herpes Simplex Virus 1 Dysfunction

Mark A. Lehrman1, Hua Lu1, Natalia A. Cherepanova2,
Reid Gilmore2 and Joseph N. Contessa3

1Department of Pharmacology, UT Southwestern Medical
Center, Dallas, TX; 2Department of Biochemistry and
Molecular Pharmacology, University of Massachusetts
Medical School, Worcester, MA; 3Departments of

Therapeutic Radiology and Pharmacology, Yale School of
Medicine, New Haven, CT

Herpes simplex virus 1 (HSV-1) is a contagious neurotropic
enveloped herpesvirus responsible for oral cold sores, other
mucous membrane lesions, and herpesviral encephalitis. The

HSV-1 envelope contains N-glycosylated proteins involved
in viral attachment and spread, and are therefore candidate
drug targets. NGI-1 inhibits the oligosaccharyltransferase
(OST) complexes STT3A-OST and STT3B-OST, which cata-
lyze cotranslational and posttranslational N-glycosylation,
respectively. Since host OSTs attach glycans to asparaginyl
residues of both host and viral polypeptides, they are essen-
tial for HSV-1 envelope biogenesis.

Here, we evaluated HSV-1 N-glycosylation and infectivity
using NGI-1 and the NGI-1 analogue C19 in conjunction
with knockout lines for OST isoform-specific subunits. HSV-
1 infection and N-glycosylation of two envelope proteins (gC
and gD) were primarily dependent upon STT3A-OST, but
STT3B-OST could partially replace STT3A-OST. In cells lack-
ing STT3B-OST function due to knockout of either the cata-
lytic subunit STT3B or the oxidoreductase subunits MagT1/
TUSC3, and thus entirely dependent upon STT3A-OST for
N-glycosylation, NGI-1 robustly suppressed production of
plaque-forming units (a measure of infectivity) but not the
unglycosylated capsid protein VP5 (a measure of viral parti-
cles). Consequently, pharmacological targeting of STT3A-
OST in the absence of STT3B-OST resulted in dysfunctional
HSV-1 particles in otherwise nearly normal numbers.

Counterintuitively, HSV-1 infections of different NGI-1
treated OST knockout lines revealed that HSV-1 dysfunction
did not correlate with total envelope protein hypoglycosyla-
tion. NGI-1 caused similar degrees of dysfunction with HSV-1
from either infected wild type cells or cells unable to cotransla-
tionally N-glycosylate envelope proteins (due to knockout of
either the catalytic subunit STT3A or the translocon-docking
subunit DC2 of STT3A-OST). However, NGI-1 caused more
hypoglycosylation of gC and gD in STT3A-OST-impaired cells
than wild type cells. Cells lacking STT3B-OST activity had an
opposite relationship, with NGI-1 being relatively more effect-
ive for causing HSV-1 dysfunction than hypoglycosylation.

Taken together, efficacy of OST inhibitors toward HSV-1
infection appears to depend upon blocking attachment of a
key subset of envelope N-glycans that are necessary for viral
particle function, but not particle number, and are normally
added cotranslationally by STT3A-OST but can be alterna-
tively attached posttranslationally by STT3B-OST. This sug-
gests that an effective anti-HSV-1 strategy might require
inhibition of both OST isoforms, resulting in attenuated
infectivity while yielding defective viral particles with enve-
lope proteins lacking immunosuppressive “glycan shields”.

Supported by NIH grants R01-GM038545 (M.A.L), R01-
GM043768 (R.G.), and R01-CA172391 and R01-GM127383
(J.N.C.).

(38) African trypanosomes evade immune clearance by
O-glycosylation of the VSG surface coat

Nina Papavasiliou
German Cancer Research Center (DKFZ)

The African trypanosome Trypanosoma brucei spp. is a
paradigm for antigenic variation, the orchestrated alteration

SFG 2018 Abstracts Abstracts

xxxviii

D
ow

nloaded from
 https://academ

ic.oup.com
/glycob/advance-article-abstract/doi/10.1093/glycob/cw

y088/5144641 by guest on 25 O
ctober 2018



of cell surface molecules to evade host immunity. The para-
site elicits robust antibody-mediated immune responses to its
variant surface glycoprotein (VSG) coat, but evades immune
clearance by repeatedly accessing a large genetic VSG reper-
toire and ‘switching’ to antigenically distinct VSGs. This per-
sistent immune evasion has been ascribed exclusively to
amino-acid variance on the VSG surface presented by a con-
served underlying protein architecture. However this model
does not account for the scope of VSG structural and bio-
chemical diversity. Recent structural and biochemical work
demonstrates that certain VSGs (with VSG3 as the prototyp-
ical member) contain an O-linked carbohydrate at the top of
the coat-exposed surface. Mass spectrometric analyses indi-
cate that this O-glycosylation site is heterogeneously occu-
pied both in VSG3 (by zero to three hexose residues) and in
other VSGs. As well, this O-glycosylation increases parasite
virulence by impairing the generation of protective immun-
ity. These data alter the paradigm of antigenic variation by
the African trypanosome, expanding VSG variability beyond
amino-acid sequence to include surface post-translational
modifications with immunomodulatory impact.

(39) O-fucosylation of nucleocytosolic proteins in
Toxoplasma gondii and Cryptosporidium parvum

Giulia Bandini1, Angelo Lopez1,3, Hanke van der Wel2,
H. Travis Ichikawa2, Catherine E. Costello3,
Christopher M. West2 and John Samuelson1

1Boston University Goldman School of Dental Medicine;
2University of Georgia; 3Boston University Medical School

Toxoplasma gondii and Cryptosporidium parvum are two med-
ically relevant parasites. T. gondii infection can lead to develop-
mental defects in fetuses and neurological damages in
immunocompromised individuals, while C. parvum causes severe
diarrhea and has been identified as one of the leading causes of
diarrhea-related deaths in infants in developing countries.

We have previously shown that T. gondii modifies with
O-fucose Ser/Thr residues on at least 70 proteins involved in
mRNA processing, nuclear transport (including nucleopor-
ins), and signaling. Structured illumination microscopy,
using the fucose-specific Aleuria aurantia lectin (AAL), loca-
lizes the O-fucosylated proteins to assemblies at the nuclear
periphery, in close proximity to nuclear pore complexes.

T. gondii encodes for an orthologue of SPINDLY
(TgSPY), the recently identified plant nuclear O-fucosyl-
transferase (OFT) and a paralog of O-GlcNAc transferases
(OGT). TgSPY localizes to both cytosol and nucleus of the
parasite and its knockout causes loss of AAL binding and a
deficit in parasite growth. Additionally recombinantly
expressed TgSPY can hydrolyze GDP-fucose, when tested
against a panel of GDP- and UDP-sugars, and can fucosy-
lates itself in vitro. Taken together these results strongly sup-
port TgSPY as the parasite OFT. At a molecular level, in
Δspy mutants we observe a decrease in the abundance and/
or stability of proteins that are fucosylated in parent cells,
e.g. Nup68YFP. Additionally, in about 10% of the Δspy

population, both a tagged version of endogenous TgGPN
(O-fucosylated in wild type) and a YFP reporter with a
nuclear localization signal (not a target of TgSPY) ‘leak’
from the nucleocytosol into the parasitophorous vacuole.

AAL also binds to the nuclear periphery of C. parvum
sporozoites and lectin-enrichment followed by LC-MS/MS
analysis identifies two putative C. parvum nucleoporins as
O-fucosylated. Like T. gondii, C. parvum encodes for a
SPINDLY orthologue. However, previously published work
biochemically characterized CpSPY as an OGT and the
enzyme was unable to restore AAL-binding to T. gondii
Δspy. We have recombinantly expressed CpSPY to further
characterize its sugar nucleotide donor specificity.
Furthermore, as no conserved de novo or salvage pathway
for GDP-Fuc biosynthesis is apparent in C. parvum, we will
verify the presence of GDP-Fuc in the parasite sugar nucleo-
tides pool and search for biosynthetic or import pathways
responsible for its synthesis or uptake.

These studies will lead to a better understanding of the
biochemistry of SPY enzymes in both parasites and will also
provide insights on nuclear glycosylation in eukaryotes.

(40) Capsule synthesis in the fungal pathogen Cryptococcus
neoformans

Tamara L. Doering
Department of Molecular Microbiology, Washington

University Medical School, St. Louis, MO, USA

Cryptococcus neoformans is an opportunistic pathogen that
causes serious infections in hundreds of thousands of people
each year, primarily in developing areas of the world.
Cryptococcosis is contracted by inhalation of the infectious
particle, which grows in the lungs; depending on the host
immune status the infection may be cleared, remain latent in
the lungs, or disseminate. Dissemination to the central ner-
vous system results in a potentially lethal meningoencephal-
itis, with mortality rates in some areas close to 70%.
Current therapy for this disease is inadequate.

Like S. cerevisiae, C. neoformans produces a predomin-
antly carbohydrate cell wall and also glycosylates proteins
and lipids, although its repertoire of sugar moieties is broad-
er than that of the model yeast. In addition, C. neoformans
displays a large polysaccharide capsule outside of its cell
wall; capsule polysaccharides are also shed copiously into
the environment. The capsule, which is unique among fungal
pathogens, is required for virulence. Capsule thickness (and
probably capsule structure as well) is extremely sensitive to
environmental conditions.

This presentation will consider aspects of both capsule
synthesis and capsule regulation. We have recently described
several nucleotide sugar transporters that supply precursors
for capsule synthetic reactions. The absence of these trans-
porters significantly perturbs cryptococcal pathogenesis and
also alters the host response to this pathogen. We are also
working to define capsule regulation at the transcriptional
level and to relate the transcriptional network to the
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underlying glycobiology of capsule synthesis, particularly
the production and transport of nucleotide sugar donors.

(43) Glycan glucuronylation balances cell signaling during
ovarian development

Marion Waltamath1, Tadahiro Kumagai1, Kazuhiro Aoki1,
Sarah Baas Robinson1, Christine Santayana1, Shoko

Nishihara2 and Michael Tiemeyer1
1Complex Carbohydrate Research Center, University of
Georgia, Athens, GA, USA and 2Soka University, Tokyo,

Japan

Three of the major O-linked glycans in Drosophila are either
branched or capped with glucuronic acid (GlcA). One of
these O-linked structures is of special interest because it is
built on an O-linked Fuc core, suggesting that it may con-
tribute to Notch function. In order to better understand the
potential functions of glycan glucuronylation in Drosophila,
we screened candidate glucuronyltransferase (GlcAT) genes
for mutations that affect glucuronylation of O-linked gly-
cans. An insertional mutant in one of these candidates,
GlcAT-S, showed reduced glucuronlyation of both core 1
disaccharide and O-Fuc structures. We generated a new
GlcAT-S mutant by mobilization of the P-element. In the
resulting P-excision line, GlcAT-Scms, homozygous females
failed to lay eggs. Analysis of O-linked glycans in GlcAT-
Scms ovaries revealed a significant decrease in glucurony-
lated core 1 disaccharide. Further analysis of the GlcAT-
Scms infertility phenotype demonstrated that egg develop-
ment arrests around stage 2 in association with altered archi-
tecture of the egg chamber and over-proliferation of follicle
cells, a phenotype previously linked to altered Notch signal-
ing. Immunofluorescence analysis of Notch in GlcAT-Scms
ovaries revealed Notch expression is significantly higher and
is upregulated in less mature ovarioles in the mutant than in
wildtype. Notch and hedgehog pathways operate sequen-
tially during ovariole development to initiate formation of
the egg chamber, drive oocycte development, and induce
endoreplication in follicle cells at the appropriate time.
Ovarioles in GlcAT-Scms mutant ovaries have increased
hedgehog expression, fail to undergo oocyte differentiation,
and follicle cells do not enter into endoreplication despite
the associated overexpression of Notch and Hindsight.
These phenotypes are consistent with mutations in the
Hedgehog pathway that cause the Hedgehog pathway to be
continuously active and indicate the importance of proper
glycan glucuronylation for critical signaling pathways that
regulate Drosophila ovary development.

(44) Glycosphingolipid Metabolic Reprogramming Drives
Neural Differentiation
Giovanni D’Angelo1,2

1Interfaculty Institute of Bioengineering, Ecole
Polytechnique Federale de Lausanne, Switzerland; 2Institute

of Protein Biochemistry, National Research Council, 80131
Naples, Italy

Neural development is accomplished by differentiation events
leading to metabolic reprogramming. Glycosphingolipid
metabolism is reprogrammed during neural development with
a switch from globo to ganglio-series glycosphingolipids pro-
duction. Failure to execute this glycosphingolipid switch leads
to neurodevelopmental disorders in humans, indicating
that glycosphingolipids are key players in this process.
Nevertheless, both the molecular mechanisms that control the
glycosphingolipid switch and its function in neurodevelop-
ment are poorly understood. Here, we describe a self-con-
tained circuit that controls glycosphingolipid reprogramming
and neural differentiation. We find that globo-series glycosphin-
golipids repress the epigenetic regulator of neuronal genes
expression AUTS2. AUTS2 in turn, binds and activates the pro-
moter of the first and rate limiting ganglioside producing enzyme
GM3 synthase, thus fostering the synthesis of gangliosides. By
this mechanism the globo-AUTS2 axis controls glycosphingoli-
pid reprogramming and neural genes expression during neural
differentiation, which involves this circuit in neurodevelopment
and its defects in neuropathology.

(45) Significant roles of O-glucose glycans in mammalian
Notch trafficking and signaling

Hideyuki Takeuchi1, Hongjun Yu2, Huilin Hao3, Yusuke
Urata1, Yuya Senoo1, Yohei Tsukamoto1, Wataru Saiki1,
Megumi Takeuchi3, Atsuko Ito3, Huilin Li2, Tetsuya

Okajima1 and Robert S. Haltiwanger3
1Dept. of Molecular Biochemistry, Nagoya University

Graduate School of Medicine; 2Structural Biology Program,
Van Andel Research Institute; 3CCRC, The University of

Georgia

It has been ten years since Rumi, protein O-glucosyltransfer-
ase 1 (POGLUT1), was discovered as an essential component
for Notch signaling in Drosophila. What have we learned
from Rumi? The Notch signaling pathway is an evolutionarily
well-conserved, intercellular signaling pathway required for
proper cell-fate decision. Mammalian Notch receptors utilize
a large extracellular domain that consists of up to 36 epider-
mal growth factor-like (EGF) repeats for ligand binding. EGF
repeats are modified with three different types of O-glycans;
O-glucose, O-fucose, and O-GlcNAc. These modifications
are required for full Notch activity. POGLUT1 adds O-glu-
cose to a serine residue within a consensus sequence C1XSX
(P/A)C2 of EGF repeats. O-Glucose can be extended to a lin-
ear trisaccharide, Xylα1-3Xylα1-3Glc, by the sequential
actions of two glucoside xylosyltransferases (GXYLT1/2) and
xyloside xylosyltransferase 1 (XXYLT1). Addition of O-
fucose or O-GlcNAc is catalyzed by protein O-fucosyltrans-
ferase 1 (POFUT1) or EGF domain-specific O-GlcNAc-trans-
ferase (EOGT), respectively. Mutations in POGLUT1,
POFUT1, and EOGT have been found that are linked to
human diseases including muscular dystrophy. The crystal
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structures of POGLUT1, XXYLT1 and POFUT1 in complex
with substrates provided the structural basis for O-glycosyla-
tion on EGF repeats. These findings clearly indicated the
importance of O-glycosylation in regulation of Notch recep-
tor function, but not the underlying molecular mechanism.
We recently demonstrated that endoplasmic reticulum (ER)-
localized POGLUT1 and POFUT1 can distinguish between
folded and unfolded EGF repeats. This discovery, together
with our previous finding that POFUT2 plays a role in folding
of thrombospondin type 1 repeats, has led us to propose a
non-canonical, likely general, ER quality control mechanism
for the folding of small cysteine-rich motifs. Consistent with
the hypothesis, we show here that cell-surface expression of
endogenous NOTCH1 in HEK293T cells depends on the
presence of POGLUT1 and POFUT1 in an additive manner.
In vitro unfolding assays reveal that addition of O-glucose or
O-fucose stabilizes a single EGF repeat, and that addition of
both O-glucose and O-fucose enhances stability, also in an
additive manner. Furthermore, we solved the crystal structure
of a single EGF repeat modified with an O-glucose trisacchar-
ide at 2.2 Å resolution. The structure reveals that the linear
glycan bends back to fill up an extended surface groove of the
EGF with multiple contacts with the protein, providing a
chemical basis for the stabilizing effects of the glycans.
Collectively, this work suggests that O-fucose and O-glucose
glycans cooperatively stabilize individual EGF repeats
through intramolecular interactions, thereby regulating Notch
trafficking in cells. Currently, we are investigating the effect
of xylosyl-extension of O-glucose glycans on Notch function.
Supported by NIH grant GM061126 (to R.S.H.) and
KAKENHI 17H06743 (to H.T.).

(47) Protein O-mannosylation regulates axon wiring in the
nervous system of Drosophila

Vlad Panin, Ishita Chandel and Ryan Baker
Texas A&M University

Protein O-mannosylation (POM) is mediated by several gly-
cosyltransferase enzymes that attach O-linked mannose to
serine and threonine residues of secretory pathway proteins.
POM is highly conserved in evolution, with orthologues of
POM-generating enzymes being present in animal organisms
from Drosophila to humans. These enzymes show distinct
specificities towards protein substrates. Protein O-mannosyl-
transferases 1 and 2 (POMT1/2) are known to modify
Dystroglycan (Dg) and promote its ligand-binding activity
essential for muscle function. Mutations affecting biosyn-
thesis of O-mannosyl glycans on Dg result in severe congeni-
tal muscular dystrophies. POMT mutations also affect
neural development, but the function of POM in the nervous
system is poorly understood. With remarkable conservation
of POMT functions, Drosophila offers a useful model to
investigate the role of POM in neural development.
Drosophila POMTs were found to regulate sensory

feedback required for patterning of peristaltic muscle con-
tractions that control body posture. In POMT mutant
embryos, sensory neurons properly send axons to the CNS,
but their connectivity inside the CNS is abnormal. Mutant
sensory axons show defects in branching and crossing mid-
line of the ventral ganglion, which results in thickened com-
missural branches and depleted longitudinal tracts. Normal
wiring of axon termini can be restored in POMT mutants by
transgenic expression of POMTs in sensory neurons, which
suggests that POMTs have sensory neuron-specific func-
tions. Genetic analyses indicated that POM targets besides
Dg could regulate wiring of sensory axons. Involvement of
POMTs in control of coordinated muscle contractions and
proper connectivity of sensory axon termini uncovers novel
POM functions that may be conserved in humans and can
potentially shed light on neurological pathomechanisms of
dystroglycanopathies.

This project was supported in part by NIH/NS075534,
NS099409 and CONACYT 2012-037(S) grants to VP.

(48) Roles of EGF repeat xylosylation in mammalian
development and Notch signaling

Nima Niknejad, Mario Lopez and Hamed Jafar-Nejad
Department of molecular and human genetics, Baylor

College of Medicine

Glucoside xylosyltransferases-1 and -2 (GXYLT1 and
GXYLT2) add the first xylose to O-glucose-modified serine
residues in epidermal growth factor-like (EGF) repeats with
a specific consensus sequence. This is followed by the func-
tion of xyloside xylosyltransferase 1 (XXYLT1), which
extends the xylose-glucose-O disaccharide by adding a
second xylose to it. Our published and preliminary data in
flies indicate that Drosophila Notch signaling is highly sensi-
tive to the level of xylose residues on the Notch receptor
(Lee et al. PLoS Genetics, 2013; Lee, Pandey and Jafar-
Nejad, PLoS Genetics, 2017). However, the role of EGF
repeat xylosylation in mammalian Notch signaling and
Notch-independent processes has yet to be elucidated.
Human XXYLT1 is frequently amplified in specific types of
cancer in which Notch signaling has a tumor suppressor
function. Lower expression levels of Gxylt2 mRNA due to
aberrant DNA methylation in patients with ulcerative colitis
has been reported, although to date, to our knowledge, there
is no report that links GXYLT1 to any human diseases. In
this study, we sought to determine the consequences of dis-
rupting the function of individual xylosyltransferases in a
mammalian context. We generated loss-of-function alleles of
all three mouse xylosyltransferases using CRISPR-Cas9 tech-
nology on a C57BL/6 background. From sibling crosses
between heterozygous animals for each mutant, we have
obtained a number of Gxylt2–/– and Xxylt1–/– pups but no
Gxylt1–/– pups. Further analyses showed that the observed
lethality in Gxylt1 knockout animals occurs around mid-
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gestation, suggesting an early and crucial developmental role
for this enzyme. We are in the process of isolating mouse
embryonic fibroblasts (MEFS) from these animals as well. I
will report the results of our ongoing research on EGF repeat
xylosylation by using the above-mentioned animals and cel-
lular models.

Supported by the NIH/NIDDK.

(49) Neonatal ST6Gal-1 Expression Alters Microbiome
Composition and Mucosal Immunity

Eric E. Irons, Eduardo Cortes Gomez, Fatima Alhammad
and Joseph T.Y. Lau

Roswell Park Comprehensive Cancer Center

The symbiosis between the host and its microbiome is an
ongoing interaction influenced by dietary patterns, environ-
mental exposure, and host genetics. Commensal bacteria can
advantage the host through production of digestible nutri-
ents and education of mucosal immune cells. However, it is
unclear whether the host can alter bacterial colonization to
safeguard these benefits. The sialyltransferase ST6Gal-1 con-
structs a2,6-linked sialic acid onto the termini of N-linked
glycans. Although ST6Gal-1 has an well-described role in
epithelial cell stemness and immune cell development, its
role in mucosal tissues during early development remains
elusive. Early studies documented the loss of a2,6-linked
sialic acids upon weaning in the newborn gastrointestinal
tracts of rats and humans, but the biologic importance of
this phenomenon has never been understood. We show that,
in mouse models, ST6Gal-1 is expressed in small and large
intestinal enterocytes in the neonatal period, resulting in a
wholesale but temporary change in the sialylation of the
intestinal epithelium. Largely driven by the hepatocyte-asso-
ciated P1 promoter, this expression is absent by 24 days,
concurrent with a reduction in blood ST6Gal-1 to steady-
state adult levels. We hypothesized that this mucosal expres-
sion of ST6Gal-1 facilitates the critical early-life colonization
of specific bacterial species by providing sialylated glycopro-
teins for adhesion or metabolic consumption. 16 S rRNA
sequencing of fecal pellets indicated that, by 20 days of age,
although total bacterial diversity was unchanged, striking
differences in microbiome composition have manifested at
the class, family, and genus levels. By comparison of altered
original taxonomic units (OTUs) between ST6Gal-1 expres-
sing and deficient mice on two genetic backgrounds, a list of
bacterial genera highly dependent on host ST6Gal-1 expression
was generated. We observed a reduction in Coprobacillus,
Coprococcus, Adlercreutzia, and Prevotella, and an increase in
Bilophila and Helicobacter in ST6Gal-1 deficient mice. Several
of these genera have been previously reported to be either meta-
bolically dependent on sialic acid or susceptible to sialic acid tox-
icity. Interestingly, these changes were also associated with a
decreased polarization of lamina propria CD4+ T cells into
Treg and Th1 subsets in St6gal1-KO mice. Our results suggest
developmentally-regulated expression of an endogenous glycan-

modifying enzyme can alter bacterial colonization and T cell
polarization in early life.

(50) Structural and biochemical insights into the mechanism
of plant polysaccharide acetylation

Vladimir Lunin2, Hsin-Tzu Wang1, Petri M. Alahuhta2,
Vivek S. Bharadwaj2, Maria J. Peña1, Jeong Yeh Yang1,

Michael E. Himmel2, Kelley Moremen1, William S. York1,
Yannick J. Bomble2 and Breeanna R. Urbanowicz1

1Complex Carbohydrate Research Center, University of
Georgia; 2Bioscience Center, National Renewable Energy

Laboratory

Glycans are the most abundant biopolymers in Nature, form-
ing the cell walls encasing every plant cell. Understanding
enzymes involved in plant polysaccharide biosynthesis at the
molecular level is paramount for gaining fundamental insight
into how these biocatalysts work together to build archi-
tecturally complex structures such as plant cell walls.
Xylan O-acetyltransferases catalyze the addition of O-
acetyl moieties onto xylan, which are the predominant
substituents on the third most abundant biopolymer on
earth. We used a multipronged approach involving mam-
malian cell culture expression, X-ray crystallography,
mutagenesis and molecular simulations to evaluate plaus-
ible substrate binding modes and provide detailed insights into
the mechanism of the enzyme family involved in plant polysac-
charide O-acetylation. (This research was supported by
The Center for Bioenergy Innovation (CBI), a U.S.
Department of Energy Research Center supported by the
Office of Biological and Environmental Research. We alsothank
the Center for Plant and Microbial Complex Carbohydrates
(DESC0015662) for equipment support.)

(51) Strength through diversity: The evolution of plant cell
wall glucan-active enzymes in GH16

Hila Behar1,2, Sean Graham3 and Harry Brumer1,2,3
1Michael Smith Laboratories, University of British

Columbia; 2Department of Biochemistry and Molecular
Biology, University of British Columbia; 3Department of
Botany, University of British Columbia; 4Department of

Chemistry, University of British Columbia

The evolution of specialized cell walls in land plants is one
of the key features that enabled adaptation to diverse terres-
trial environments. Plant cell walls are complex composite
materials, which are primarily comprised of polysaccharides,
viz. cellulose, hemicelluloses, and pectins. Plant morphogen-
esis therefore requires a large complement of carbohydrate-
active enzymes for assembling, remodeling, and recycling
cell wall components. The xyloglucan endo-transglycosylase/
hydrolase (XTH) gene family in plants encodes enzymes of
central importance to cell wall remodeling [1]. However, the
evolutionary history of plant XTH gene products is incom-
pletely understood vis-à-vis the larger body of Glycoside
Hydrolase Family 16 (GH16) members, including their
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closest sister group, the bacterial mixed-linkage endo-beta(1-
3)/beta(1-4)-glucanases (MLGases).

We have recently combined molecular phylogeny, enzym-
ology, and structural biology to reveal an ancient clade of dual-
specificity MLGases/xyloglucanases from plants [“endo-gluca-
nase 16” (EG16) members] that represent an extant, transitional
group in the evolution of GH16 [2]. To gain broader insights
into the distribution and frequency of EG16 and other GH16
members in plants, public genome and transcriptome databases
were extensively mined to build a comprehensive census among
1300 species spanning early eukaryotes, algae, and recent plant
lineages [3]. Crystallography of an exemplar Vitis vinifera
(grape) EG16 in complexes with cognate substrates provided
structural insight into the evolutionary trajectory of plant EG16
members within GH16, which will inform future genomic and
functional studies across species [4]. Recent results toward ascer-
taining the biological role of EG16 enzymes in plants will be
discussed.
References

1. Eklöf, Brumer (2010) Plant Physiol., 153, 456-466.
2. Eklöf, Shojania, Okon, McIntosh, Brumer (2013) J.

Biol. Chem., 288, 15786-15799.
3. Behar, Graham, Brumer (2018) Plant J., in press.

DOI:10.1111/tpj.14004
4. McGregor, Yin, Tung, van Petegem, Brumer (2017)

Plant J., 89, 651-670.

(52) Sphingolipid glycosylation and its role in membrane
organization and plant-microbe interactions

Henrik V. Scheller1,2,3, William M. Moore1,2,3, Lin Fang1,2,
Candace Chan1,2, Toshiki Ishikawa4, Berit Ebert1,2,5,

Carsten Rautengarten1,2,5, Maki Kawai-Yamada4, Joshua L.
Heazlewood1,2,5 and Jenny C. Mortimer1,2

1Joint BioEnergy Institute, Emeryville, California 94608;
2Environmental Genomics and Systems Biology Division,

Lawrence Berkeley National Laboratory, Berkeley,
California 94720; 3Department of Plant and Microbial
Biology, University of California, Berkeley, California
94720; 4Graduate School of Science and Engineering,

Saitama University, Japan; 5ARC Centre of Excellence in
Plant Cell Walls, The University of Melbourne, Melbourne,

VIC 3010, Australia

Glycosylinositol phosphorylceramides (GIPCs) represent the
major sphingolipids in plants and constitute 25-40% of the
plasma membrane lipids. GIPCs are also present in fungi,
whereas glycosphingolipids in animals are similar but have a
different structure. GIPCs have been difficult to study com-
pared to other lipids and surprisingly little is known about
their structure and biological functions. We have now identi-
fied several glycosyltransferases directly involved in GIPC
glycan biosynthesis and have obtained a number of mutants
that have enabled better understanding of the importance of
GIPCs. Here we report the discovery of a GIPC GlcNAc-

transferase, GINT1. In Arabidopsis GINT1 is only expressed
in seeds, while other tissues express GMT1, a GIPC manno-
syl-transferase instead. Arabidopsis gint1 mutants have sub-
tle phenotypes showing a slightly improved germination
under salt stress. The GINT enzyme is located in the Golgi
and uses UDP-GlcNAc as substrate. We have identified a
UDP-GlcNAc transporter, UGNT1, required for biosynthesis
of GlcNAc-containing GIPCs. Loss-of-function mutants in
UGNT1 are also virtually unable to add GlcNAc to protein
N-glycans in the Golgi and accumulate high mannose struc-
tures, similarly to cgl1 mutants deficient in N-acetyl-glucosa-
minyl transferase I, GNT1. In Medicago truncatula roots the
mannosylated GIPCs are most abundant, but the GlcN(Ac)
GIPC forms are also present. Downregulation of GINT1
strongly impairs the symbioses with nitrogen-fixing rhizobia
in root nodules and with arbusular mycorrhizal fungi lead-
ing to the senescence of symbiotic membrane structures but
does not affect root growth. These results indicate that sym-
biosis-induced reprogramming of GIPC glycosylation is crit-
ical for the development, function, and persistence of plant-
perimicrobial membranes during nodulation and arbuscular
mycorrhizal symbiosis. Arabidopsis gmt1 mutants have
severely reduced growth and accumulate salicylic acid.
Expression of GINT1 in the gmt1 mutant background can
only partially rescue the growth phenotype, further support-
ing the conclusion that the different GIPC forms have unique
functions that we are only beginning to understand.

This work by the Joint Bioenergy Institute was supported
by the U.S. Department of Energy, Office of Science, Office
of Biological and Environmental Research, through contract
DE-AC02-05CH11231 between Lawrence Berkeley National
Lab and the U.S. Department of Energy.

(53) Functional characterization of strain-specific glycan
metabolism and single-cell visualization of glycan uptake

within bacteria from the rumen microbiome
Leeann Klassen1,2, Greta Reintjes3, Jeffrey Tingley1,2, Darryl
Jones1, Adam Smith1, Jan-Hendrik Hehemann3,4, Xiaohui
Xing1,6, Nicolas Alger1, Long Jin1, José de Jesus Ortiz
Guluarte1, Carolyn Amundsen1, Dallas Thomas1,

Christopher Cote1, Melissa Cid3,4, Trevor Alexander1,
Rudolph Amann3, Carol Arnosti5, Dmytro Yevtushenko2

and Wade Abbott1,6
1Lethbridge Research and Development Centre, Agriculture
and Agri-Food Canada; 2Department of Biological Sciences,
University of Lethbridge; 3Max Planck-Institute for Marine
Microbiology; 4Center for Marine Environmental Sciences,
University of Bremen (MARUM); 5Department of Marine
Sciences, University of North Carolina; 6Department of
Chemistry and Biochemistry, University of Lethbridge

Carbohydrates that comprise the cell wall of plants and fun-
gi represent underexploited opportunities to selectively
modulate intestinal microbiomes with the goal of benefiting
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animal production. Selective feed ingredients, such as chem-
ically unique polysaccharides (e.g. yeast mannan), have the
potential to stimulate dynamic changes in community struc-
ture and induce improvements in feed digestibility and effi-
ciency, and host performance. Commonly, microbial
responses to dietary polysaccharides are studied indirectly,
primarily by sequencing methods, which has created a
bottleneck in translating sequence information into function.
In this regard, molecular tools and “direct” methods that
help unravel the mechanisms driving polysaccharide-microbe
interactions in higher-throughput will benefit how we inter-
pret and manipulate functional changes in microbiome com-
munities. To address this, our group has been developing a
multifaceted approach, involving selective anaerobic isola-
tion, comparative metabolic pathway and CAZome (i.e.
entire collection of carbohydrate active enzyme genes
encoded within a single genome) fingerprinting analyses,
RNA-sequencing, single cell super resolution structured illu-
mination microscopy of fluorescent carbohydrate uptake,
and streamlined enzymology, to evaluate saccharolytic
responses of intestinal microbiomes to dietary polysacchar-
ides. In this talk, I will present high-resolution in silico ana-
lysis, X-ray crystallography, selective growth profiling, and
single-cell fluorescence microscopy to demonstrate that
related strains of rumen Bacteroides spp. have evolved tai-
lored pathways for the competitive utilization of yeast man-
nan in the cattle rumen ecosystem.

(54) Impact of cell wall carbohydrates on plant growth
Federica Brandizzi

MSU-DOE Plant Research Laboratory, Michigan State
University, East Lansing, USA

The plant cell wall is at the interface of the protoplast with
the external environment. It contains structural and matrix
polysaccharides that are synthesized either at the plasma
membrane or in the Golgi apparatus. The loss of cell wall car-
bohydrates, such as pectins, negatively affects plant growth.
Intriguingly, an overabundance of matrix polysaccharides,
such as mixed-linkage glucan (MLG), also leads to a growth
disruption. However, increasing the levels of pectin methyles-
terification has a beneficial impact on plant biomass accumu-
lation. Therefore, plant growth depends on the homeostasis
of cell wall polysaccharide levels and composition.
Modifications of the cell wall in efforts to improve plants as
sustainable resource of feedstock for bioenergy applications
need to be tailored to overcome such a potential bottleneck.
In this presentation, we will discuss our recent work on the
study of pectin and MLG biosynthesis as well as relocaliza-
tion of the biosynthetic machinery within the cell. Our results
contribute a better understand the topology of plant cell wall
polysaccharide synthesis and provide foundations to

overcome growth penalty due to cell wall alterations in efforts
to improve plants as bioenergy feedstock.

(55) A Unique Hydroxyproline-rich Glycoprotein from the
green microalga Botryococcus braunii

Mehmet Tatli1, Mayumi Ishihara2, Christian Heiss2, Daniel
R. Browne1, Lawrence J. Dangott1,3, Stanislav Vitha4,

Parastoo Azadi2 and Timothy P. Devarenne1
1Department of Biochemistry and Biophysics, Texas A&M

University; 2Complex Carbohydrate Research Center,
University of Georgia; 3Protein Chemistry Lab, Texas

A&M University; 4Microscopy and Imaging Center, Texas
A&M University

The green microalgal Botryococcus braunii grows in colonies of
cells held together by a complex extracellular matrix (ECM)
and is mostly studied for the liquid hydrocarbons it produces,
which are stored in the ECM and can be converted into com-
bustion engine fuels. The ECM of B. braunii is made up of
cross-linked hydrocarbons, a carbohydrate retaining wall, a 2-3
μm long polysaccharide fibrillar sheath radiating outward from
the retaining wall, and a single protein. The polysaccharide
fibers accumulate to high levels in the growth media and maybe
useful for several industrial applications. While the B. braunii
ECM cross-linked hydrocarbon network has been well studied,
the polysaccharide and protein portion of the ECM has been
under studied. In recent years we have studied the single ECM
protein and its relationship to polysaccharide fiber formation.
Dividing B. braunii cells shed off the apical portion of the
ECM, termed “shells”, containing the polysaccharide fibers,
retaining wall, and the single protein. Glycosyl composition ana-
lysis indicates the polysaccharide fibers mainly consist of galact-
ose followed by arabinose and a deoxyhexose with minor
amounts of glucose. The ECM protein, termed polysaccharide
associated protein (PSAP), was identified by peptide mass finger-
printing and bioinformatics, contains several hydroxyproline
(Hyp)-rich regions, and staining studies indicate PSAP is a glyco-
protein. Mass spectrometry analysis identified ten N-linked
PSAP glycosylation sites composed of sevendifferent mannose
and N-acetylglucosamine containing glycans. Additionally, three
of these glycans contain fucose and one of them is unusual since
it is further modified with arabinose. Hyp residues in hydroxy-
proline-rich glycoproteins are often O-glycosylated and we
found four short O-linked arabinose and galactose containing
glycans on four consecutive Hyp, one of which also contains a
6-deoxyhexose. Finally, PSAP localization to the surface of the
retaining wall where the polysaccharide fibers are attached was
confirmed by fluorescence microscopy suggesting a role for
PSAP in fiber synthesis. The identification of these unique gly-
cans further expands the understanding of the unique metabol-
ism carried out by this alga and offers isights into potential
applications of B. braunii metabolic products.
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(56) GAUTs synthesize diverse pectic HG glycans in
structurally and functionally distinct plant cell wall polymers

Debra Mohnen, Robert A. Amos, Ajaya K. Biswal,
Kristen A. Engle, Sivakumar Pattathil, Jeong-Yeh Yang,
Breeanna R. Urbanowicz, Michael G. Hahn, Kelley W.

Moremen and Melani A. Atmodjo
Complex Carbohydrate Research Center, University of

Georgia

Homogalacturonan (HG) is a cell wall pectic glycan that con-
tributes to plant cell wall structure, plant growth, cell adhe-
sion and development. HG is synthesized by the
galacturonosyltransferase (GAUT) gene family. We show that
at least 6 of the 15 Arabidopsis GAUTs encode HG-biosyn-
thetic galacturonosyltransferases (GalATs) and propose that
different GAUTs synthesize HG in unique polymers with dif-
ferent functions in the wall. In support, different gaut mutants
have diverse and severe growth phenotypes, such as gaut1
mutants which are severely stunted. Interestingly, while total
cell wall GalA content of gaut1 mutant knockout suspension
culture cells does not differ from WT cells, detailed character-
ization of the HG affected shows that GalA content is mark-
edly reduced in cell wall fractions most tightly bound into the
wall. These results lead to the hypothesis that GAUT1 synthe-
sizes a specific pectin HG domain tightly integrated into the
wall and crucial for wall integrity. In contrast, GAUT4
synthesizes the bulk of HG in poplar and switchgrass and its
knockdown expression results in loss of the majority of the
pectic polysaccharide, rhamnogalacturonan II, leading to the
hypothesis that GAUT4-synthesized HG resides in independ-
ent HG and/or HG-RGII wall polymers.

We previously showed that GAUT1 and GAUT7 form a
heteromeric enzyme complex in Arabidopsis thaliana. To
explore the molecular functions of GAUT in this complex, we
co-expressed GAUT1 and GAUT7 in HEK293 cells and pro-
duced a soluble GAUT1:GAUT7 complex that catalyzes elong-
ation of HG products in vitro. Reaction rates, progress curves,
and product distributions exhibited major differences depend-
ent upon the degree of polymerization (DP) of the oligosac-
charide acceptor. GAUT1:GAUT7 synthesized high-molecular-
weight polymeric HG (> 100 kDa) in a substrate concentra-
tion–dependent manner typical of distributive (non-processive)
glycosyltransferases with DP11 acceptors. Reactions primed
with short-chain acceptors resulted in a bimodal product distri-
bution of glycan products. Although, such bimodal product
distributions have previously been used as evidence for proces-
sive elongation by glycosyltransferases, our data better support
a two-phase elongation model in which a slow phase is distin-
guished from a phase of rapid elongation of intermediateand
long-chain acceptors. The GAUT1:GAUT7 complex provides
an example of a distributive glycosyltransferase that catalyzes
polymerization of high-molecular-weight polysaccharides and
has full activity only if incubated with acceptors longer than a
critical chain length. (Supported by USDA AFRI 2010-65115-
20396 and the BioEnergy Science Center and Bioenergy
Innovation which are US Department of Energy Bioenergy

Research Centers supported by the Office of Biological and
Environmental Research in the Department of Energy’s Office
of Science. Also partially funded by Department of Energy
Center Grant DESC0015662.)

(57) Targeting Oncofetal Chondroitin Sulfate for Cancer
Therapy and Diagnosis
Thomas M. Clausen

University of Copenhague

Cancer is the biggest global health problem affecting the mod-
ern world. Developing therapeutics targeting cancer is
extremely difficult due to the self-nature and the immense het-
erogeneity between different cancers in terms of type, origin,
and underlying oncogenic mechanism. This has lead to the
hunt for cancer specific targets common to all cancer types.
We have described a common oncofetal Chondroitin Sulfate
(ofCS) signature shared by placental and almost all cancer
cells. In this we have shown that the recombinant plasmo-
dium falciparum malarial VAR2CSA (rVAR2) protein, which
has been evolutionarily selected for placental ofCS adherence,
binds nearly all cancer cells and cancer tissues with almost no
reactivity towards normal tissue. We have further shown that
ofCS is a potential target for cancer specific therapy and diag-
nosis strategies. CS is involved in almost all the hallmarks of
cancer through its placement on proteoglycans in the cell
membrane and in the extracellular matrix. In line with this
we have shown that blocking ofCS function in cancer cells of
different origin using rVAR2 inhibits integrin related signal-
ing, adhesion to ECM components, cellular detachment and
cellular migration and invasion. Collectively these data dem-
onstrate the existence of a specific and functional carbohy-
drate modification present only on cancer cells, and notably
on almost all cancer cells and tissues. This suggests that ofCS
has the potential to have a major impact on cancer diagnosis,
monitoring of cancer progression, and cancer therapy.

(59) New Frontiers in Rotavirus and Human Milk
Oligosaccharide Interactions

Sasirekha Ramani1, Christopher J. Stewart1, Daniel R.
Laucirica1, Nadim J. Ajami1, Liya Hu1, B. V. Venkataram
Prasad1, Lars Bode2, Gagandeep Kang3 and Mary K. Estes1
1Baylor College of Medicine, Houston USA; 2University of
California, San Diego, USA and 3Christian Medical College,

Vellore, India

Interaction with cell surface glycans is an essential and crit-
ical step in the pathogenesis of many enteric infections. Our
work focusses on glycan interactions of rotavirus, the lead-
ing cause of diarrheal mortality in children < 5 years of age
particularly in low- and middle-income countries. In the last
5 years, we and others discovered that several human rota-
virus strains bind non-sialylated glycoconjugates present in
mucosal secretions. This finding was paradigm shifting in
our understanding of the infectivity of human rotaviruses.
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Many new studies demonstrate that genetically-regulated
differences in histo blood group antigen (HBGA) glycan
expression affect susceptibility to diarrhea with different
rotavirus strains and possibly, susceptibility to live, attenu-
ated rotavirus vaccines. Since structural analogs to cell sur-
face glycans are present in breast milk, we asked the
question: How do maternal breast milk oligosaccharides
affect rotavirus infectivity, particularly in neonates? Using a
multidisciplinary approach involving virologists, structural
biologists, glycobiologists, physicians, and epidemiologists,
we are testing the hypothesis that complex interactions
between intestinal glycan expression during neonatal devel-
opment, human milk oligosaccharides (HMO) and breast
milk microbiome affect clinical outcome of neonatal rota-
virus infections. These studies are primarily carried out with
a bovine-human reassortant rotavirus strain that almost
exclusively infects neonates. In addition, analysis of glycan
interactions of globally dominant rotavirus strains illustrates
clear viral-genotype-dependent differences in glycan specifi-
city, with implications for host specificity, zoonotic transmis-
sion and age-restriction of human rotaviruses. Recently, we
have begun utilizing a new model of the human gastrointes-
tinal epithelium to answer fundamental questions on how
glycan expression affect rotavirus infection. Advances in the
field of stem cell biology have facilitated the development of
non-transformed, human intestinal epithelial cultures called
human intestinal enteroids (HIEs) that recapitulate many
biological and physiological properties of the human small
intestine. We are using HIEs to understand the molecular
basis of virus-glycan interactions. Our present studies serve
as a foundation for future work on understanding the effect
of breast milk components on clinically relevant rotavirus
strains and vaccines, as well as other enteric pathogens
where glycans are critical for infection.

(60) Targeting pathogenic polyglucosan bodies in Lafora
disease using an antibody-enzyme fusion

Matthew S. Gentry1,7,8, Mary K. Brewer1, Annette
Uittenbogaard1, Grant Austin1, John J. McCarthy2, Dyann
M. Segvich3,7, Anna DePaoli-Roach3,7, Peter J. Roach3,7,
Bradley L. Hodges4, Jill Zeller5, James R. Pauly6, Tracy

McKnight4 and Dustin Armstrong4
1Department of Molecular and Cellular Biochemistry,

University of Kentucky College of Medicine; 2Department of
Physiology, University of Kentucky College of Medicine;
3Department of Biochemistry and Molecular Biology,
Indiana University School of Medicine; 4Valerion

Therapeutics; 5Northern Biomedical Research; 6Department
of Pharmaceutical Sciences, College of Pharmacy, University
of Kentucky; 7Lafora Epilepsy Cure Initiative, University of
Kentucky College of Medicine; 8University of Kentucky

Epilepsy Research Center, University of Kentucky College of
Medicine

Lafora disease (LD) is a fatal childhood epilepsy and a non-
classical glycogen storage disorder with no effective therapy

or cure. LD is caused by recessive mutations in the EPM2A
or EPM2B genes that encode the glycogen phosphatase
laforin and an E3 ubiquitin ligase malin, respectively. A hall-
mark of LD is the intracellular accumulation of abnormal
and insoluble α- linked polysaccharide deposits known as
Lafora bodies (LBs) in several tissues, including most regions
of the brain. These deposits contain an abnormal form of
glycogen known as polyglucosan characterized by increased
chain lengths and elevated phosphate. In mouse models of
LD, genetic reduction of glycogen synthesis eliminates LB
formation and rescues the neurological phenotype. Since
multiple groups have confirmed that neurodegeneration and
epilepsy result from the accumulation of this aberrant poly-
saccharide, a major focus in the field has shifted toward the
development of therapies that reduce glycogen synthesis or
target LBs for degradation with the goal of treating LD.

LBs have previously been considered to be “diastase-
resistant.” Herein, we identify the optimal enzyme for
degrading LBs is α-amylase. We developed a therapeutic
agent by fusing human pancreatic α-amylase to a cell-pene-
trating antibody fragment to form an antibody-enzyme
fusion (AEF) called VAL-0417. We designed a novel proto-
col for purifying native LBs from Epm2a-/- and Epm2b-/-
mice which we characterize by light and electron micros-
copy. We show that VAL-0417 robustly degrades LBs in
vitro, and we define the soluble oligosaccharides released by
VAL-0417 by HPAEC-PAD. VAL-0417 shows robust cellu-
lar uptake, degrades glycogen and LBs in situ, and signifi-
cantly reduces the LB load in vivo in both muscle and brain
of Epm2a-/- mice. VAL-0417 is a promising therapeutic for
the treatment of LD and a putative precision therapy for an
intractable epilepsy. AEFs represent a new class of antibody-
based drugs that could be utilized to treat glycogen storage
disorders and other diseases.

(61) Glycoengineering using GlycoCRISPR toolbox-
Towards Cell-based Glycan Array for Dissection of

Interactions with Glycans
Yoshiki Narimatsu1,2, Hiren J. Joshi1, Rebecca Nason1,

Julie V. Coillie1, Richard Karlsson1, Lingbo Sun1, Zilu Ye1,
Yen-Hsi Chen1, Katrine T. Schjoldager1, Sanae Furukawa1,
Ulla Mandel1, Lars Hansen1, Eric P. Bennett1, Sergey Y.

Vakhrushev1, Zhang Yang1,2 and Henrik Clausen1
1Center for Glycomics, Departments of Cellular and

Molecular Medicine and School of Dentistry, Faculty of
Health Sciences, University of Copenhagen, Blegdamsvej 3,
DK-2200 Copenhagen N, Denmark; 2GlycoDisplay ApS,

Blegdamsvej 3, DK-2200 Copenhagen N, Denmark

Glycan arrays have played a pivotal role in exploring the
informational content of complex glycans. Current glycan
arrays display oligosaccharides that are generated by chem-
ical and chemoenzymatic synthesis or isolated from various
biological sources. In common to these arrays are that they
are limited resources, produced through considerable efforts,
and they display individual saccharides without the natural
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context of other glycans and glycoconjugates at the cell sur-
face. The structural diversity of complex glycans on human
cells – the glycome – is vast, and despite advancements in
analytic strategies it continues to be difficult to decipher the
biological roles of glycans with respect to specific glycan
structures, type of glycoconjugate, particular glycoproteins,
and distinct glycosites on proteins. In contrast to this, the
number of glycosyltransferase genes involved in the biosyn-
thesis of the human glycome is manageable, and the biosyn-
thetic roles of most of these enzymes are defined or can be
predicted with reasonable confidence. Thus, with the avail-
ability of the facile CRISPR/Cas9 gene editing tool it now
seems easier to approach investigation of the functions of
the glycome through genetic dissection of biosynthetic path-
ways, rather than by direct glycan analysis. Here, we present
a self-renewable cell-based glycan array that differentially
displays the most important glycan features of the human
glycome via a large library of genetically engineered isogenic
HEK293 cells using GlycoCRISPR, a library of validated
high-efficiency gRNA designs targeting of the human glyco-
syltransferase. The broad utility of this cell-based glycan
array is demonstrated by dissecting glycan-binding specifici-
ties of lectins, Abs and other glycan binding proteins.

(62) Targeting sialoglycan-mediated immune suppression
for cancer immunotherapy

Heinz Läubli1,2
1University Hospital Basel, Switzerland; 2Department of

Biomedicine, University of Basel, Switzerland

Escape of tumor cells from immune control is a hallmark of
cancer. This immune escape is facilitated by the generation of
an immune-suppressive tumor microenvironment. Various
mechanisms have been implicated in the generation of cancer-
associated immune suppression, such as the upregulation of
inhibitory receptors on cells of the adaptive immune system
including CD8 T cells, loss of antigenicity of tumor cells and
the influx of immune suppressive leukocytes into the tumor
microenvironment. Recent approaches by targeting inhibitory
pathways in T cells such as the PD-1/PD-L1 axis or CTLA-4-
mediated inhibition have led to exciting responses in various
cancer and have been prove of concept that the cancer-asso-
ciated immune suppression can be reversed. However, only a
minority of patients responds to the currently available
immunotherapies. Thus, new strategies to reverse cancer-asso-
ciated immune suppression are urgently needed.

In cancer, the microenvironment is significantly changed
compared to normal tissue. In particular, there is a general
increase of sialic acid-containing glycans that are recognized
as self-associated molecular patterns. Such ‘hypersialylation’
in cancer can enhance interactions with sialic acid binding lec-
tins including Siglecs, which are able to significantly influence
anti-tumor immunity and cancer progression. Engagement of
immune-suppressive Siglecs - expressed on various immune

cell types - can mediate immune evasion of tumor cells. Our
recent analyses of tumor-infiltrating leukocytes from patients
with non-small cell lung cancer, colorectal cancer and epithe-
lial ovarian cancer have revealed the presence of inhibitory
CD33-related Siglecs (CD33rSiglecs) including Siglec-9 on
myeloid cells, T cells and NK cells.

The presence of inhibitory Siglecs has been shown by
others and our group to significantly suppress anti-tumor
immune reactions by innate and adaptive immune cells inin
vitrocellular systems andin vivomouse models. It is therefore
conceivable to develop agents that target this Siglec/sialogly-
can axis in cancer to further improve anti-cancer immunity
and reverse cancer-associated immune suppression. We there-
fore developedin vitroplatforms to screen for inhibitors of sia-
loglycan-mediated interactions and genetic mouse models that
allow testing of potential inhibitorsin vivo. Importantly, our
murine tumor models are syngeneic wherein the adaptive
immune response can be fully investigated and combination
immunotherapies with PD-1 or CTLA-4 can be studied.

(63) Thermodynamic Profiling of Binding of Human
Macrophage Galactose-Type Lectin and Synthetic

Tn-Bearing MUC1 Glycopeptides Analogs
Donella M. Beckwith1, Forrest G. FitzGerald1, Maria C.
Rodriguez1, Hans-Joachim Gabius2 and Maré Cudic1

1Department of Chemistry and Biochemistry, Charles E,
Schmidt College of Science, Florida Atlantic University, 777
Glades Road, Boca Raton, Florida 33431, United States;

2Institute of Physiological Chemistry, Faculty of Veterinary
Medicine, Ludwig-Maximilians-University, Veterinärstrasse

13, 80539 Munich, Germany

Mucin 1 (MUC1) O-glycosylation, is commonly truncated in
malignant and premalignant epithelia. The human C-type lectin
receptor, macrophage galactose-type lectin (MGL), expressed by
both dendritic cells and macrophages, has been identified as a
receptor of Tn and sTn antigens (CD175/175a). We here intro-
duce Isothermal Titration Calorimetry (ITC) to study the ther-
modynamics of the interaction. Our approach combined
synthesis of a structurally well-defined MUC1 glycopeptide
models. A panel ofO-glycosylated peptides with the MUC1 tan-
dem repeat sequence, HGVTSAPDTRPAPGSTAPPA, was pre-
pared. Presence of ordered structures was detected by circular
dichroism (CD) spectroscopy. Stabilization by formation of a
polyproline II (PP II) stretch was observed with increasing glycan
epitope density. ITC data analysis revealed the enhancement of
affinities of MGL for multivalent MUC1 glycopeptide ligands.
The measured dissociation constants (Kd) ranged from 6 μM for
mono- to 600 nM for triple-glycosylated MUC1 peptide,
respectively. All studied interactions, regardless of the glycan’s
site of attachment or density, exhibited enthalpy-driven thermo-
dynamics. To probe into the role of the solvent we studied ther-
modynamics in D2O. Differences in enthalpy-entropy
compensations were observed amongst tested glycopeptides.
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(64) Impact of signal peptide mutations on secreted
glycoproteins

Zuzana Brnakova Kennedy1, Miloslav Sanda1, Yang Pan2,
Raja Mazumder2 and Radoslav Goldman1

1Department of Oncology, Georgetown University,
Washington DC; 2Department of Biochemistry and

Molecular Medicine, The George Washington University,
Washington DC

Maturation of secretory proteins is frequently initiated by signal
peptide assisted translocation of the growing protein chain to
the endoplasmic reticulum (ER) and Golgi compartments.
Signal peptides are responsible for recognition and binding of
nascent protein to the cytosolic signal recognition particle, its
insertion into ER-conducting channels, and further protein mat-
uration, including glycosylation. Non-synonymous genomic var-
iants affecting sequence of signal peptides, especially its
hydrophobic core, modify signal peptide function with conse-
quences to the expression or processing of the mature secretory
protein. Our in silico screen of genomic variants that affect sig-
nal peptides identified several hundred proteins predicted by
SignalP4.1to have modified or lost signal peptide function.
Although SP mutations haven’t been studied extensively, single
AA variants of several proteins were implicated in various
human diseases, such as defective dentine biomineralization,
familial isolated hypoparathyroidism, permanent neonatal dia-
betes, heritable connective tissue disease or rare coagulation fac-
tor VII deficiency. To study consequences of the single amino
acid substitutions in single peptide, we have selected inter-alpha-
trypsin inhibitor heavy chain H4 (ITIH4) protein, previously
characterized in our lab, as a model system. We used bioinfor-
matics approach to predict potential function modifying substi-
tutions in its hydrophobic core and we selected two mutations
predicted to cause loss of function phenotype. Wild type and
both variant signal peptides were expressed in HEK293F cells
under serum-free cell culture conditions. All of the clones
expressed mRNA in similar amounts, but both mutant variants
abolished secretion of mature ITIH4 protein. From the filtered
genomic and somatic mutations predicted as a loss of SP func-
tion we selected 8 additional glycoproteins, and created over 30
mutants to study the impact of the SNVs and level of the correct
predictions in model cell lines. The protein expression level and
glycosylation were evaluated. We found that two SP mutants of
LYZL2 and SULF1 prohibited secretion or protein production
and one of the SHBG mutants expressed protein with longer N-
terminal peptide.

(65) Defining O-GlcNAc Cycling Rates Utilizing Dynamic
Isotopic Detection of Amino Sugars with Glutamine

(IDAWG)
Chelsea Desbiens, Meng Fang, Brent Weatherly and

Lance Wells
University of Georiga

The post-translational modification, O-linked β-N-acetylglu-
cosamine (O-GlcNAc) is found on thousands of nuclear and

cytosolic proteins in mammals and is thought to be a regula-
tory modification playing a role in a variety of cellular pro-
cesses. A single gene encodes the enzyme O-GlcNAc-
transferase (OGT) allowing for the addition of O-GlcNAc
onto Serine and Threonine residues, while another gene
encodes for O-GlcNAc-hydrolase (OGA), which facilitates
the removal of the aforementioned modification. It is
hypothesized that O-GlcNAc is a dynamic modification; that
is, the modification exhibits a shorter half-life than the modi-
fied protein. Furthermore, it is believed that dynamics vary
among different modification sites as well as the proteins
that are modified and that levels, localization, and kinetics
of the cycling influence this property. Unfortunately, dynam-
ics has only been evaluated on a small number of O-GlcNAc
modified proteins due to the laborious and insensitive meth-
ods utilized. Therefore, there is a need in the field to develop
high-throughput, sensitive methods to evaluate the dynamics
of O-GlcNAc and O-GlcNAc modified proteins.

To address this gap in knowledge, a novel methodology will
first be established. The method known as Dynamic Isotopic
Detection of Aminosugars With Glutamine (IDAWG) was origin-
ally designed as a quantification tool for glycomics to look at
released glycans labeled with amide-15N-Gln taking advantage of
the hexosamine biosynthetic pathway. Here, we seek to develop a
Dynamic IDAWG approach coupled with innovative enrichment
techniques to look at intact O-GlcNAc modified glycopeptides.
The culmination of these techniques should allow for examination
of the dynamic nature of the O-GlcNAc modification and the
modified proteins to be observed specifically in any cell line.

(66) Regulation of terminal N-glycan modifications by
bisecting GlcNAc

Yasuhiko Kizuka1, Miyako Nakano2

and Naoyuki Taniguchi3
1Center for Highly Advanced Integration of Nano and Life
Sciences (G-CHAIN), Gifu University; 2Graduate School of

Advanced Sciences of Matter, Hiroshima University;
3Department of Glyco-Oncology and Medical Biochemistry,

Osaka International Cancer Institute

Bisecting GlcNAc, a central GlcNAc branch of N-glycan
highly expressed in brain, is synthesized by GlcNAc transfer-
ase GnT-III. We previously found that GnT-III deficient mice
showed improved Alzheimer’s pathology with reduced amyl-
oid plaques, indicating that bisecting GlcNAc promotes
Alzheimer’s disease pathology. However, the physical func-
tions of bisecting GlcNAc remain unclear.

In the present study, we analyzed N-glycan structures in
GnT-III knockout brain by LC-MS, and found complete loss
of bisected structure. Surprisingly, we discovered that the ter-
minal modifications of N-glycans with fucose and sialic acid
are largely increased in the knockout brain. In addition, a
major brain-type terminal epitope of N-glycan, HNK-1, was
also upregulated. These results show that various terminal
modifications of N-glycans are upregulated by the loss of
bisecting GlcNAc. As to the mechanism, we revealed that most
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of the biosynthetic enzymes for these glycan epitopes, including
fucosyltransferases, sialyltransferases and HNK-1-related
enzymes, commonly show poor activity toward N-glycan sub-
strates with bisecting GlcNAc, as compared with non-bisected
type counterparts. These findings suggest that bisecting
GlcNAc serves as a biosynthetic inhibitor for various terminal
modifications of N-glycans through enzymatic properties.

(67) Identification and characterization of UDP-mannose in
human cell lines and mouse organs: Differential distribution

across brain regions and organs
Kazuki Nakajima1, Yasuhiko Kizuka2, Yoshiki Yamaguchi3,
Yoshio Hirabayashi4, Kazuo Takahashi5, Yukio Yuzawa5

and Naoyuki Takahashi6
1Center for Research Promotion and Support, Fujita Health
University; 2Cener for highly advanced integration of nano

and life sciences (G-chain), Gifu University; 3RIKEN;
4RIKEN Brain Science Institute; 5Department of

Nephrology, Fujita Health University School of Medicine;
6Department of Glyco-Oncology and Medical Biochemistry,

Osaka International Cancer Institute

Nucleotide sugars are donor substrates for glycosyltransfer-
ase and are thus vital regulators of glycosylation. Guanosine
diphosphate mannose (GDP-Man) and dolichol phosphate-
mannose serve as donor substrates for mannosylation and
are used in N-glycosylation, O-mannosylation, C-mannosy-
lation, and the synthesis of glycosylphosphatidylinositol-
anchor. Yet, very few nucleotide sugars have been identified
in mammals compared to other organisms. We hypothesized
that mammals possess previously unidentified nucleotide
sugars that regulate mammalian glycosylation.

Here, we identified low-abundant nucleotide sugars by
using an improved LC-ESI-MS/MS method that we described
previously (Nakajima et al. 2010, 2013). We for the first time
detected low-abundant uridine diphosphate-mannose (UDP-
Man), which can serve as potential donor substrate, exists in
mammals. The cellular UDP-Man level was elevated in a
mannose dose-dependent manner. Liquid chromatography-
mass spectrometry analyses showed that mouse brain, espe-
cially hypothalamus and neocortex, contains higher concen-
trations of UDP-Man compared to other organs. These
findings indicate that in mammals the minor nucleotide sugar
UDP-Man regulates glycosylation, especially mannosylation
in specific organs or conditions. Because only a limited num-
ber of nucleotide sugars are known to be involved in glycosy-
lation, the discovery of UDP-Man in mammals will provide
new insights into our understanding of novel regulatory
mechanisms of glycosylation.

Nakajima et al. Biochem. Biophys. Res. Commun.
(2018) 495(1):401-407.

(68) Fucose Metabolism: Rethinking old concepts and
identifying new mechanisms

Bobby G. Ng, Zhi-Jie Xia, David Scott and
Hudson H. Freeze

Human Genetics Program, Sanford-Burnham-Prebys
Medical Discovery Institute, La Jolla, CA, USA

The biochemical pathways for synthesizing GDP-Fucose
have been known for many years. Elegant studies in HeLa
cells from in 1975 showed that thede novopathway, which
converts GDP-Mannose to GDP-Fucose, is by far the major
source (>90%), but a minor salvage pathway contributes
<10%, starting from L-fucose.

We revisited this pathway in various cell types using differ-
entially labeled C13isotopes of glucose, mannose and fucose to
better understand the contributions of both thede novo and
salvage pathways to N-linked fucosylation. We show that
when available, L-fucose not only becomes the preferential
source of fucose in N-glycans, but it actually suppresses the
contribution of thede novopathway. This suppressive effect
was specific for the production of GDP-Fucose from thede
novopathway, since it did not alter the contributions of glucose
and mannose to GDP-Mannose in N-glycans. This strongly
supports the idea that there are separate pools of GDP-Fucose.

Another mystery in fucose metabolism involves the pro-
tein responsible for transporting L-fucose into the cell.
Previous studies have shown that L-fucose is transported by
a glucose insensitive transporter, but that transport can be
partially impeded when non-specifically blocking typical
GLUT family members. We utilized the colorectal carcinoma
line HCT116, which lacks thede novopathway but retains
the normal salvage pathway, to perform a siRNA screen for
genes capable of blocking L-fucose dependent fucosylation.

Our siRNA screen consisted of approximately 150 transpor-
ters and identified Glut1as a candidate transporter whose knock-
down most significantly affected savage pathway-dependent
fucosylation. Importantly, we utilized two independent methods,
siRNA knockdown and Glut1 specific inhibitors, to validate
Glut1 as a bona fide candidate. Interestingly, both siRNA
knockdown and chemical inhibition of Glut1 could be overcome
in a dose dependent fashion with excess L-fucose, suggesting
that another transporter is functional at a higher concentration
of L-fucose.

Here we provide novel insights into how the fucosede
novoand salvage pathways interact to insure fucosylation
and how L-fucose is transported into mammalian cells.

(69) Structural insights into GalNAc-T4 preference for prior
glycosylated substrates

E. James P. Daniel1, Matilde de las Rivas2, Ramon Hurtado-
Guerrero2 and Thomas Gerken1

1Department of Biochemistry, Case Western Reserve
University, Cleveland, OH 44106; 2University of Zaragosa

Mucin type O-glycosylation is initiated by a large family of
polypeptide GalNAc transferases (GalNAc-Ts), with ~ 20
isoforms in mammals that transfer GalNAc onto specific
Thr or Ser residues of substrate proteins. Our prior enzyme
specificity studies have shown that different isoforms prefer
Thr acceptors over Ser acceptors at different rates. Each
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isoform also recognizes varying sequence motifs and remote
prior glycosylation (O-GalNAc) in an N- or C-terminal dir-
ection. Interestingly, several isoforms (GalNAc-T4, T7, T10,
T12) also recognize neighboring prior glycosylation. Our lab
has shown that GalNAc-T4 recognizes both long range and
short range N-terminal prior O-GalNAc glycosylation. Here
we report, structural and kinetic studies on wildtype
GalNAc-T4 and selected GalNAc binding mutants.

Structurally, nearly all GalNAc-T isoforms contain a cata-
lytic domain and a lectin domain connected by a flexible
linker. Here we have obtained an X–ray crystal structure of
GalNAc-T4 isoform bound to a diglycopeptide substrate con-
taining both long range and short range prior GalNAc glyco-
sites. In this structure, we have for the first time identified the
catalytic domain and likely lectin domain residues that inter-
act with the short range prior glycosite. Interestingly, the cata-
lytic domain GalNAc binding residues are close to aromatic
residues that recognize the TPGP substrate sequence motif
that is common to most isoforms. We have performed kinetic
studies on an array of glycopeptide substrates with a fixed
TPGP motif with varying long range and short range prior
Thr-O-GalNAc glycosites relative to the acceptor site. Lectin
and catalytic domain GalNAc binding mutants of GalNAc-
T4 have also been studied against these substrates and give the
expected changes in enzyme activity and catalytic efficiency.
Importantly, we have shown that we can selectively eliminate
the long range, short range or both prior glycosite preferences of
GalNAc-T4. In addition, we have observed that the diglycopep-
tide susbtrate shows substrate inhibition kinetics which we
believe is dependent on differential binding preferences between
the long range and neighboring prior glycosites.

In summary, GalNAc-T4 prefers a diglycoeptide sub-
strate (with both neighboring and remote O-GalNAc) better
than a mono-glycopeptide (with either neighboring or
remote O-GalNAc) and naked unglycosylated peptide sub-
strates. Overall, this work reveals the mechanistic basis for
both long range and short range glycosylation preferences of
the GalNAc-Ts. This work also demonstrates that we can
selectively eliminate the different prior glycosite preferences
of a GalNAc-T.

Supported by NIH Grant GM0113534 & ARAID, MEC
(CTQ2013-44367-C2-2-P, BFU2016-75633-P, CTQ2015-
67727-R, CTQ2015-70524-R and RYC-2013-14706).

(70) Spatial organization of glycosylation enzymes in the
Golgi determines its glycan output

Prathyush Roy1, Riccardo Rizzo1, Marinella Pirozzi1,
Gabriele Turacchio1, Giovanni D’angelo1, Alberto Luini1,

Gaelle Boncompain2, Franck Perez2 and
Seetharaman Parashuraman1

1National Research Councll of Italy; 2institut Curie

The Golgi apparatus is the organelle where majority of the
cellular glycosylation reactions take place, to modify both
proteins and lipids. The importance of this processing reac-
tion in human physiology is highlighted by the numerous

disorders that are associated with its impairment. While the
glycans produced by a given cell type are ultimately deter-
mined genetically, how the cell translates this linear genetic
information into a complex branched glycan structure is not
clear. The mammalian Golgi apparatus is organized as series
of stacked cisterna displaying a polarized structure with the
cargoes entering on its cis-side and leaving on the trans-side.
The glycosylation enzymes show a non-uniform distribution
across cisternae with tendency for the early acting enzymes
to be localized to the cis-side and the late acting ones to the
trans-side. While such polarized localization of the enzymes
has been proposed to have a functional significance in deter-
mining the glycan output of the Golgi, the issue has not been
experimentally explored extensively. Here, by using glyco-
sphingolipid (GSL) biosynthesis as a model system we show
that polarized spatial organization of the GSL biosynthetic
enzymes indeed determines the GSL output of the Golgi.
Further we also show that there is dedicated molecular
machinery to maintain this organization. In particular,
Grasp55, a protein involved in the stacking of the Golgi cis-
ternae, influences the proper intra-Golgi localization of a
key GSL biosynthetic enzyme, lactosylceramide synthase, by
regulating its entry into retrograde transport vesicles.
Deletion of Grasp55 function leads to a mislocalization of
this enzyme, which we show can change the GSL output of
the Golgi. These findings underscore the importance of the
Golgi organization in determining the glycan output and
leads us to suggest that membrane transport processes trans-
late the genetic information into a specific configuration of
the Golgi, described in terms of the glycosylation enzyme
localization, which then determines the glycan output of the
Golgi.

(71) Human Milk Oligosaccharide Analysis of large sample
cohorts using a novel Capillary Electrophoresis Platform

Hamutal Bonen1, Andrés Guerrero1, Elizabeth A.
Brownell2,3, Kelsey C. Smith2,4, Daniela Barile5, James I.
Hagadorn2,3, Carlito B. Lebrilla6, Mary M. Lussier2,

Adam P. Matson2,3 and David A. Sela7,8
1ProZyme, A part of Agilent, Hayward, CA; 2Connecticut
Human Milk Research Center, Division of Neonatology,
Connecticut Children’s Medical Center, Hartford, CT;

3Department of Pediatrics, University of Connecticut School
of Medicine, Farmington, CT; 4Department of Research,
Connecticut Children’s Medical Center, Hartford, CT;

5Department of Food Science and Technology, University of
California Davis, Davis, CA; 6Department of Chemistry,
University of California Davis, Davis, CA; 7Department of

Food Science, University of Massachusetts Amherst,
Amherst, MA; 8Department of Microbiology &

Physiological Systems, University of Massachusetts Medical
School, Worcester, MA

Introduction: In previous studies we have presented Gly-
Q™, a cartridge-based capillary electrophoresis instrument
that allows for the rapid analysis of fluorescently labeled
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carbohydrates. In this study, we have used the Gly-Q™ plat-
form for the analysis of human milk oligosaccharides
(HMOs).

The reliability and validity of the Gly-Q platform for the ana-
lysis of HMOs was determined by the parallel comparison of
Gly-Q results with standard analytical methods, in this case
high-performance anion exchange chromatography coupled
with pulsed amperometric detection (HPAEC-PAD) and triple
quadrupole mass spectrometry (QQQ). Initially ten separate
individual human milk samples were compared and after valid-
ation a second sample set composed of human milk produced
by nine individuals at four different time points (weeks 1, 2, 3
and 4 of lactation) was studied using this analytical platform.

Finally, to demonstrate the high-throughput capabilities
of the Gly-Q™ instrument, two hundred fifty human milk
samples from nineteen different milk banks all belonging to
the Human Milk Bank Association of North America
(HMBANA) were analyzed.
Methods: For Gly-Q analysis, human milk oligosaccharides
were purified by centrifugation and ethanol precipitation,
labeled by reductive amination with APTS and purified by
solid phase extraction. For QQQ and HPAEC-PAD analysis,
HMOs from each sample were isolated via chloroform
methanol extraction, protein precipitation, and solid phase
extraction using non-porous graphitized carbon cartridges.
Results: In the Gly-Q™ platform reliability study, all the
paired samples studied yielded 100% concordance (in terms
of secretor phenotype status identification) when compared
with the other two methods.

For the lactation study (N = 29), it was found that the
relative concentration of 2-FL/3-FL increases as lactation
advances while the rest of HMOs decrease or stay constant.
Non-secretor phenotype is characterized by the lack of
LNFP-I independently of the lactation moment. Higher rela-
tive concentration of LNFP-II and LNDFH-II were found in
non-secretor samples. These results are in agreement with
previous studies.

From the two hundred fifty human milk samples ana-
lyzed from human milk banks, 82.4% (n = 206) contained
secretor-specific oligosaccharides, lower than expected. We
speculate that secretor-specific oligosaccharides may be
degraded during acquisition, storage, or processing and
prior to distribution. Relative oligosaccharide abundance
observed in both secretor and non-secretor donor milk may
be modified by HMBANA processing, thus these findings
may not generalize to other donor milk entities.

(72) Improved Profiling of Sialylated N-Linked Glycans by
HPAE-PAD

Jeffrey Rohrer and Sachin Patil
Thermo Fisher Scientific

Profiling a glycoprotein’s asparagine-linked (N-linked) gly-
cans is an important quality control assay for determining the
fidelity and consistency of recombinant therapeutic glycopro-
tein production. It is also an important assay when evaluating

changes in production conditions, comparing expression sys-
tems, and comparing a biosimilar to an innovator’s product.
Good profiling requires high resolution separation of a glyco-
protein’s released glycans. High-performance anion-exchange
chromatography with pulsed amperometric detection (HPAE-
PAD) is a well-established technique for this assay which is
orthogonal to other techniques such as capillary electrophor-
esis and hydrophilic interaction liquid chromatography with
fluorescence detection. HPAE-PAD is especially effective for
separating sialylated glycans, but there is opportunity to
improve resolution. We evaluated changes to commonly used
HPAE-PAD conditions to improve resolution. HPAE-PAD
separations of N-linked glycans typically use 100mM sodium
hydroxide with a gradient of sodium acetate at 30 °C. Using
the N-linked glycans released from bovine fetuin, bovine
thyroglobulin, bovine fibrinogen, and human alpha 1 acid
glycoprotein, we evaluated the effects of temperature and
sodium hydroxide concentration on resolution. We show that
lowering temperature and increasing sodium hydroxide con-
centration improve resolution. We also evaluated column for-
mat changes to reduce analysis time as well as sample and
reagent consumption. Using a short column we are able to
quickly evaluate the charge status of a glycoprotein’s N-linked
glycans. This may be an effective way to quickly screen the
impact of changes in cell culture conditions on sialylation.

(73) Exploring the significance of xylosyl-extension of
O-glucose glycans on EGF repeats for Notch signaling in

mammals
Wataru Saiki, Yusuke Urata, Yuya Senoo,

Yohei Tsukamoto, Chenyu Ma, Tetsuya Okajima and
Hideyuki Takeuchi

Department of Molecular Biochemistry, Nagoya University
Graduate School of Medicine

Notch signaling is an evolutionarily conserved cell-to-cell
communication pathway which is necessary for development
and homeostasis. In the extracellular domain of mammalian
Notch receptors, there are 29 to 36 epidermal growth fac-
tor-like (EGF) repeats which are modified with O-linked gly-
cans such as O-fucose, O-glucose and O-GlcNAc. Among
them, O-glucose monosaccharides are attached to multiple
EGF repeats which contain a distinct consensus sequence,
C1XSX(P/A)C2, and can be extended to a trisaccharide
form: Xyl-α1,3-Xyl-α1,3-Glc-β1-O-Ser. Genetic and bio-
chemical approaches have indicated that O-glucosylation by
protein O-glucosyltransferase 1 (POGLUT1, Rumi in
Drosophila) is essential for Notch signaling in mice and
Drosophila, while xylosyl-extension by a glucoside xylosyl-
transferase, Shams, negatively regulates Notch signaling in
Drosophila. Recently, our knockout study using HEK293T
cells showed that the absence of POGLUT1 decreased the
cell-surface expression of endogenous NOTCH1 and caused
its accumulation in the endoplasmic reticulum. Also, in vitro
unfolding assays revealed that an addition of O-glucose
enhanced stability of a single EGF repeat while an extension
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by xylose weakened it. These findings indicate that O-glu-
cose glycans are required for proper trafficking of Notch
receptors by regulating the stability of EGF repeats.
Mammals have two glucoside xylosyltransferases, GXYLT1
and GXYLT2; however, whose biological significance
remains unclear, especially whether they are involved in
negative regulation of Notch signaling in mammals is not
yet determined. To gain the insight into regulation of Notch
signaling by xylosyl-extension of O-glucose glycans, we gen-
erated four HEK293T knockout clones: GXYLT1 KO,
GXYLT2 KO, GXYLT1 and GXYLT2 double KO and
XXYLT1 KO by CRISPR-Cas9 technology. Successful dele-
tion of each gene was confirmed by genomic sequencing of
the gRNA-targeted regions. Mass spectrometric analysis of
O-glucose glycoforms on the mouse Notch1 extracellular
domain overexpressed in the knockout clones confirmed
complete loss of the xylose residues in GXYLT1 and
GXYLT2 double KO clone and loss of the second xylose in
XXYLT1 KO clone as expected. Interestingly, our mass
spectrometric data showed significant reduction of xylosyl-
extension on specific EGF repeats by deleting GXYLT1, sug-
gesting distinct roles of two GXYLTs in vivo like three mam-
malian Fringes, known regulators of Notch signaling, that add
GlcNAc to O-fucose on EGF repeats.Flow cytometric analysis
showed that global elimination of xylosyl-extension on O-glu-
cose glycans did not change endogenous NOTCH1 expression
on the cell surface in contrast to substantial reduction observed
in the POGLUT1 KO clone. Currently we are performing fur-
ther experiments to grasp the significance of xylosyl-extension
on O-glucose glycans in Notch signaling. This work was sup-
ported by KAKENHI 17H06743 (to H.T.).

(74) Glycoscience mass spectrometry tools funded by the
NIH Common Fund for Glycoscience

Joshua A. Klein2, John D. Hogan2, Heckendorf Christian1,
Long Sha3, Pengyu Hong3, Luis Carvalho2, Cheng Lin1 and

Joseph Zaia1,2
1Dept. of Biochemistry, Boston University Medical Campus;

2Bioinformatic Program, Boston University; 3Dept. of
Computer Science, Brandeis University

The following summarizes recent improvements to our pub-
lically available, open-source software tools for interpret-
ation of glycoscience mass spectrometry data.

Our glycoinformatics library (GlyPy), has had substantial
work done to improve its substructure analysis capabilities
to service the needs of multiple groups using the library. It
now has the ability to simulate enzymatic synthesis of gly-
cans, allowing it to build collections of glycans de novo in
addition to querying external databases or manual construc-
tion. It continues to track the development of GlyTouCan to
keep up with new features being added to the RDF schema.

Ms_deisotope, our raw mass spectrum processing library,
has continued to improve its ability to process complex,
highly charged, glycan and glycopeptide LC-MS and LC-
MS/MS data. It is capable of competitive deconvolution

performance compared to both vendor software and existing
academic projects. It can now track precursor purity and
average scans to better interpret low-abundance or noisy
regions of spectra. GlycReSoft uses ms_deisotope in its
deconvoluter pipeline and chromatogram scoring procedure
included in the above publication and in the component that
we provided to GRITS. This interoperability is possible
because of ms_deisotope’s ability to write its output in
mzML format, a community-driven, open standard main-
tained by HUPO-PSI for representing raw and processed
mass spectrometry data.For GlycReSoft, our LC-MS/MS
search engine for glycans and glycopeptides, we have
improved the ability to identify glycans using the network
smoothing. Included in this tool is a renderer for annotated
mass spectra, chromatograms, protein glycosite coverage and
microheterogeneity, producing summary reports and high-
quality vector graphics for presentations. The scoring function
and database search mechanism has been updated using
recent developments in the field to make it applicable to
whole glycoproteome databases. We have also GlycReSoft for
application to glycoproteomics of proteoglycans.

We continue to maintain a library of synthetic glycosami-
noglycan standards funded by NIH (http://www.bumc.bu.
edu/zaia/gag-synthetic-saccharides-available/).

We developed GAGfinder, the first GAG-specific software
for automatically detecting and annotating isotopic distribu-
tions in GAG tandem mass spectra. Our lab has used
GAGfinder for its various GAG projects for spectral analysis
(http://www.bumc.bu.edu/msr/software/).

We have converted the PeakInterpreter of our efficient
algorithm for accurate de novo glycan topology reconstruc-
tion from tandem mass spectra (GlycoDeNovo) into Java
and have tested it extensively using in-house data. The
source codes have been made available to the public (https://
github.com/hongpengyu/GlycoDeNovo).

(75) Two key motifs determine topology and polyprenol
substrate binding of PglC, a monotopic phosphoglycosyl

transferase from Campylobacter jejuni
Sonya Entova1, Jean-Marc Billod2, Jean-Marie Swiecicki1,
Sonsoles Martín-Santamaría2 and Barbara Imperiali1,3
1Department of Biology, Massachusetts Institute of
Technology; 2Department of Structural & Chemical

Biology, Centro de Investigaciones Biologicas, CIB-CSIC;
3Department of Chemistry, Massachusetts Institute of

Technology

Phosphoglycosyl transferases (PGTs) are integral membrane
proteins that initiate a wide variety of essential glycoconju-
gate biosynthesis pathways, including peptidoglycan and N-
linked glycan biosynthesis, by catalyzing the transfer of a
phosphosugar from a sugar nucleoside diphosphate donor
to a membrane-resident polyprenol phosphate. PGTs can be
grouped broadly into two superfamilies based on their mem-
brane topology. One superfamily, exemplified by bacterial
MraY and WecA, includes polytopic PGTs with 10- and
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11- transmembrane helices respectively and active sites crafted
from extended cytoplasmic inter-TM loops. The eukaryotic
PGT Alg7, which initiates the dolichol pathway for N-linked
protein glycosylation, belongs to this superfamily. A second
superfamily is exemplified by the monotopic enzyme, PglC,
from N-linked protein glycosylation pathway from the Gram-
negative pathogen Campylobacter jejuni. The PGTs in this
superfamily share a common functional core, which is hom-
ologous to PglC and comprises a single N-terminal mem-
brane-inserted domain and a small globular domain.

We recently reported the X-ray structure determination
of PglC. In the reported structure, the N-terminal domain of
PglC forms a reentrant helix-break-helix structure, termed
the reentrant membrane helix (RMH), such that both the N-
terminus and the globular domain, which includes the active
site, are on the cytoplasmic face of the inner membrane.
Whereas many membrane-spanning proteins have been
structurally characterized and transmembrane topologies
can be predicted computationally, relatively little is known
about the determinants of reentrant topologies in membrane
proteins. The definition of this unique structure has
prompted in vivo, biochemical, and computational analyses
to understand and define two key motifs that contribute to
the reentrant membrane topology and to provide insight
into the dynamics of the enzyme in a lipid bilayer environ-
ment. Using the new information gained from studies on the
PGT superfamily we demonstrate that the two motifs exem-
plify principles of topology determination that can be
applied to the identification of reentrant domains among
diverse monotopic proteins of interest.

In addition, we explore the structure-function relation-
ship between the RMH domain of PglC and specificity of
binding of the membrane-resident polyprenol substrate. We
find that correct positioning of the membrane-inserted
domain within the PglC structure is necessary for catalytic
activity, and identify a conserved proline within the domain
that we hypothesize plays a particular role in recognition
and possible recruitment of polyprenol substrate in the mem-
brane. The significance of this residue for substrate binding
is investigated using a diversity of biochemical methodolo-
gies. The work provides a model for how PGTs of this
superfamily might identify their polyprenol substrate, which
is lowly abundant in the bulk membrane.

(76) Glycan characterization of intact glycoproteins by
NMR

Aaron M. Marcella1, Huifeng Yu1, Jared Orwenyo2,
Chao Li2, Marcos D. Battistel1, Lai-Xi Wang2 and

Darón I. Freedberg1
1CBER/FDA; 2University of Maryland, College Park

Glycoprotein characterization continues to be a difficult yet
ever growing field of biochemistry. Various mass spectro-
metric methods can be applied to determine the glycosyla-
tion sites on proteins and peptides and thus yield the mass of
the attached glycan. These methods may not however offer

reliable quantitative data related to the absolute amount of
glycosylated peptide or non-glycosylated peptide due to the
variation in ionization potential of different species. It is also
difficult to distinguish between isobaric species in an
unknown sample. NMR can offer reliable characterization
of isobaric glycan monomers that are isomers at a single
stereocenter. A well-known limiting factor in NMR is the
large size of proteins which leads to fast relaxation and sub-
sequent loss of signal intensity. While this is true for a globu-
lar molecule it is an oversimplification that doesn’t take into
account the fact that many posttranslational modifications
are extensions on the protein molecule and have different
NMR relaxation profiles. We present a method to observe
glycans on intact glycoproteins at natural abundance.
Leveraging the NMR relaxation difference between the gly-
can and protein residues allows us to clearly see the glycan
signals while attenuating those from the protein. This pro-
tein signal attenuation is efficiently achieved using a simple
HSQC-TOCSY (DIPSI-2) with various mixing times. We
have demonstrated the proficiency of this technique using
RNase B with varying glycoforms. Commercial RNase B has
Man5-Man9 N-glycans and we have also utilized a sample
with homogenous Man5 glycans. Reduction of the protein sig-
nals greatly simplifies the spectrum making it much easier to
locate signals corresponding only to the glycan and not the pro-
tein. Not only does the mixing sequence reduce the amount of
signal from the protein, but it also yields the coupled spin system
from each of the monomer rings in the glycan. While using the
HSQC-TOCSY for glycan assignments is well known, it hasn’t
been explicitly shown to significantly attenuate protein signals or
to leverage the relaxation difference to obtain the greatest differ-
ence between glycan and protein signal. We hope to apply this
method to other glycoproteins with dynamics similar to that of
RNase B going forward.

(77) How does glycosylation modulate Skp1 organization?
Hyun Woo Kim1, Alexander Eletsky2, James Prestegard1,2

and Christopher M. West1
1Department of Biochemistry and Molecular Biology,

University of Georgia, Athens, GA; 2Complex
Carbohydrate Research Center (CCRC), UGA, Athens, GA

Glycosylation diversifies protein structure beyond the scope
of the 20 canonical amino acids. The importance of glycosy-
lation is widely acknowledged, but the molecular mechanism
by which they modulate protein structure and function
remains poorly understood. Here we describe a glycosyla-
tion system that regulates protein/protein interactions
involving Skp1, which is an essential component of the SCF
(Skp1/Cullin-1/F-box) E3 ubiquitin ligase. Skp1 is an adap-
tor that recruits F-box proteins (FBP) and their target sub-
strates to Cullin-1 for polyubiquitination and subsequent
degradation. During complex formation, the F-box binding
domain near the C-terminus of Skp1 undergoes a coil-to-
helix transition. In protists including the model organism
Dictyostelium and the agent for human toxoplasmosis
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Toxoplasma gondii, a C-terminal hydroxyproline residue of
Skp1 can be modified by a highly conserved linear pentasac-
charide, resulting in increased formation of the Skp1/FBP
subcomplex both in vitro and in vivo. Our NMR studies on
Skp1 organization and glycan dynamics, together with all-
atom molecular dynamics simulations that satisfy NMR con-
straints, suggest a cis-acting mechanism by which the glycan
encourages local helicity in addition to promoting an open
conformation susceptible to interaction with an F-box.
However, NMR constraints were collected at a concentra-
tion where Skp1 exists as a dimer while MD simulations
were conducted on a monomer model. Our recent sedimen-
tation velocity analysis by AUC suggests that Skp1 self-
associates into a homodimer with a dissociation constant of
2.5 μM which is near reported physiological concentrations.
We will show a new NMR solution structure of Skp1 which
reveals how dimer formation competes with F-box binding,
and use this as the basis for new MD simulations to evaluate
the glycan cis-acting mechanism. These findings are also
expected to inform new mutagenesis approaches to examine the
significance of Skp1 dimerization with respect to substrate activ-
ity for glycosylation, and competition with F-box binding.

(78) Structural Characterization of Glycosylated Proteins by
NMR

Robert V. Williams, Monique J. Rogals, Alexandre Eletsky,
Gordon R. Chalmers, Laura C. Morris, Jeong Y. Yang,

Digantkumar Chapla, Kelley W. Moremen and
James H. Prestegard

Complex Carbohydrate Research Center / University of
Georgia

Structural characterization of glycosylated proteins by any
method is challenging because of the heterogeneity of glycosy-
lation and the extensive conformational sampling by most gly-
cans. For NMR there are extra challenges because expression
in mammalian cell cultures, which can preserve near-native gly-
cosylation, requires expensive substrates to achieve uniform
isotopic labeling with 15N or 13C, and mammalian cells do not
tolerate high levels of deuteration (something required to
improve spectral resolution). Here we describe a sparse-labeling
approach that preserves high resolution without deuteration,
proves to be economical in most applications, and returns suffi-
cient structural data to define geometries of multiple domain
proteins and ligand protein complexes. The approach is based
on labeling proteins with a single type of amino acid isotopic-
ally labeled in methyl groups with 13C (13C-valine or 13C ala-
nine). NMR signals from methyl groups are special in terms of
the sensitivity and resolution that they provide. We illustrate
that direct detection of 13C as opposed to 1H enhances this
inherent advantage. The addition of paramagnetic tags to spe-
cific sites in a protein provides long range distance and angular
information on the location of labeled methyl groups. In com-
bination with a newly developed approach to assign methyl
resonances to specific sites in a protein, this information proves

adequate to define relative domain orientations and facilitate
the identification of ligand binding sites. Application to ter-
minal domains from cell surface signaling molecules, including
ROBO1 and CEACAM1, is being used to illustrate the
approach.

(79) Structural basis of glycan counting in
glycosyltransferases

Ana S. Ramírez1, Jérémy Boilevin2, Ahmad R. Mehdipour3,
Gerhard Hummer3,4, Tamis Darbre2, Jean-L Reymond2 and

Kaspar P. Locher1
1Institute of Molecular Biology and Biophysics,

Eidgenössische Technische Hochschule (ETH), Zürich,
Switzerland; 2Department of Chemistry and Biochemistry,
University of Berne, Berne, Switzerland; 3Department of

Theoretical Biophysics, Max Planck Institute of Biophysics,
Frankfurt, Germany; 4Institute for Biophysics, Goethe

University, Frankfurt, Germany

The biosynthesis of the lipid-linked oligosaccharide (LLO)
that is used as glycan donor during N-glycosylation, requires
the action of a set of membrane-associated glycosyltrans-
ferases that catalyze the transfer of glycan units from acti-
vated sugars to growing LLO acceptors1. Most of them
catalyze a single transfer, however, glycosyltransferases cata-
lyzing the addition of multiple glycan units are also found in
the pathway. In Campylobacter jejuni, the glycosyltransfer-
ase PglH is the only enzyme in the LLO biosynthetic path-
way that performs multiple glycans addition, it transfers
three GalNAc units to the LLO2. In eukaryotes, Alg11 per-
form a similar task, it is responsible for the addition of two
Mannose units consecutively during LLO synthesis3. We
have combined structural studies and molecular dynamics
simulations on PglH and found that it contains an amphi-
pathic helix, which has a double function, as a structural
element for membrane anchoring and as molecular ruler for
glycan counting. This “ruler helix” has a set of positive
charge residues that interact with the pyrophosphate group
of the LLO during glycan elongation2. This mechanism
might be shared by other glycosyltransferases from the same
family and opens future studies on eukaryotic glycosyltrans-
ferases as Alg11.
References

1. Glover, K. J., Weerapana, E. & Imperiali, B. In vitro
assembly of the undecaprenylpyrophosphate-linked hepta-
saccharide for prokaryotic N-linked glycosylation. Proc.
Natl. Acad. Sci. U. S. A. 102, 14255–9 (2005).

2. Ramírez, A. S. et al. Structural basis of the molecular
ruler mechanism of a bacterial glycosyltransferase. Nat.
Commun. 9, 445 (2018).

3. Ramírez, A. S. et al. Chemo-enzymatic synthesis of
lipid-linked GlcNAc2Man5 oligosaccharides using recom-
binant Alg1, Alg2 and Alg11 proteins. Glycobiology 27,
726–733 (2017).
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(80) N-glycan processing in NMDA ligand binding domain
depends on glycan-polypeptide and intradomain interactions
Ganesh P. Subedi1, Anton V. Sinitskiy2, Jacob T. Roberts1,
Kashyap R. Patel1, Vijay S. Pande2 and Adam W. Barb1

1Roy J. Carver Department of Biochemistry, Biophysics and
Molecular Biology, Iowa State University, Ames, IA 50011;

2Department of Bioengineering, Standford University,
Stanford, CA 94305

N-methyl-D-aspartate receptors (NMDAR) are heterotetra-
meric membrane receptors ubiquitously expressed in the cen-
tral nervous system that bind neurotransmitters and
transport small ions. The extracellular ligand-binding
domain (LBD) is heavily glycosylated with highly conserved
asparagine(N)-linked glycosylation sites, however the struc-
tural and functional roles of these N-glycans are poorly
understood due to difficulty in observing these mobile moi-
eties by x-ray crystallography and cryo-electron microscopy.
We applied solution- and computation-based methods to
identify intradomain and interglycan interactions mediated
by N-glycans in the LBD of the GluN1 subunit of an
NMDAR that potentially impact NMDAR structure.
HEK293 cells expressed [13C-glycan]-LBD that provided
clear signals corresponding to each of the three N-glycans
(at residues N440, N471 and N771) in 2d NMR experi-
ments. Glycans at N440 and N771 revealed evidence of con-
tact between the reducing end N-glycan residues and nearby
amino acids. Mass spectra of the GluN1 LBD N-glycans and
N-glycopeptides showed limited core fucosylation of the
N471-glycan and reduced branch processing of the N771-
glycan compared to the N440 N-glycan. Extensive molecu-
lar dynamics simulations identified a manifold of conforma-
tions sampled by N-glycan and polypeptide residues. Of
note, the distal portions of the N771-glycan contacted the
core residues of the N471 glycan, potentially explaining the
reduced N471 core fucosylation and N771 branch process-
ing. Furthermore, simulation revealed extensive contacts
between nearby amino acids and the N440 and N771-gly-
cans that were consistent with NMR spectra reporting the
environment at the reducing ends of these N-glycans. This
experimental approach provides evidence that the NMDAR
GluN1 LBD N-glycans form specific glycan-polypeptide and
glycan-glycan contacts and we discuss a potential role for
the GluN1 LBD N-glycans in interdomain contacts formed
in NMDA receptors.

(81) Predicting glycan biosynthesis based on enzyme-glycan
accessibility

Oliver C. Grant and Robert J. Woods
Complex Carbohydrate Research Center / University of

Georgia

In this work, computer simulation and crystallographic data
are combined to show that glycoprotein glycoform distribu-
tions depend on the accessibility of the glycans to the rele-
vant glycosidases in the ER. We illustrate this for three

systems: a protein disulphide isomerase named Pdi1, a hem-
agglutinin (HA) from influenza A, and the HIV envelope
protein gp120. In the case of Pdi1p and gp120, glycan-pro-
tein interactions modulate glycan processing, whereas in
HA, glycan-glycan packing prevents glycan processing.

The presentation will illustrate how site-specific glycan
processing can be predicted on the basis of 3D-structure.

(82) Structural and enzymatic studies of Human
N-acetylglucosaminyltransferase II (MGAT2)

Jeong-Yeh Yang1, Renuka Kadirvelraj2, Justin H. Sanders2,
Annapoorani Ramiah1, Pradeep Kumar Prabhakar1,
Lin Liu1, Geert-Jan Boons1, Zachary A. Wood2 and

Kelley W. Moremen1,2
1Complex Carbohydrate Research Center, University of
Georgia; 2Department of Biochemistry and Molecular

Biology, University of Georgia

Asn-linked oligosaccharides are extensively modified during
transit through the secretory pathway, first by trimming of
the nascent glycan chains to remove Glc and Man residues
and subsequently by initiating glycan branching from the
tri-mannosyl glycan core through the action of GlcNAc tran-
ferases. The glycans are subsequently extended to form com-
plex antennae by the action of Golgi glycosyltransferases.
The trimming and branching pathway steps are highly
ordered and hierarchal based on the precise substrate specifi-
cities of the individual biosynthetic enzymes. Mannose trim-
ming to a Man5GlcNAc2-Asn intermediate structure is
followed by β1,2GlcNAc addition to the Man α1,3Man-
arm by MGAT1. This reaction forms a GlcNAc β1,2Man
α1,3Man- substructure as a “recognition arm” that is essen-
tial for recognition by several subsequent processing enzymes.
Further mannose trimming by Golgi α-mannosidase II and sub-
sequent β1,2GlcNAc branching by MGAT2 both require prior
MGAT1 action for substrate recognition. In an effort to under-
stand the structural basis of complex type glycan biosynthesis,
we determined the structure of human MGAT2 as a Mn2
+-UDP donor analog complex and as a GlcNAcMan3GlcNAc2-
Asn acceptor complex to reveal the structural basis for sub-
strate recognition and catalysis. The enzyme exhibits a GT-A
Rossmann-like fold that employs conserved divalent cation-
dependent substrate interactions with the UDP-GlcNAc donor.
MGAT2 interactions with the extended glycan acceptor are dis-
tinct from other related glycosyltransferases. These interactions
are comprised of a catalytic subsite that binds the Man-α1,6-
monosaccharide acceptor and a distal exosite pocket that binds
the GlcNAc-β1,2Man-α1,3Manβ- substrate “recognition arm”.
Recognition arm interactions are surprisingly similar to the
enzyme-substrate interactions for Golgi α-mannosidase II, des-
pite the fact that the enzymes have completely different struc-
tural folds and different mechanisms of action. These data
suggest that substrate binding by MGAT2 employs both con-
served and convergent catalytic subsite modules to provide sub-
strate selectivity and catalysis. More broadly, the MGAT2
active site architecture demonstrates how glycosyltransferases
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create complementary modular templates for regiospecific
extension of glycan structures in mammalian cells.

(83) Structure and substrate specificity of human
β1,3-N-acetylglucosaminyltransferase 2 (B3GNT2)

Jeong-Yeh Yang1, Renuka Kadirvelraj2, Hyunwoo Kim2,
Justin H. Sanders2, Bhargavi M. Boruah1, Digantkumar

Chapla1, Annapoorani Ramiah1, Rosemary Kim1,
Zachary A. Wood2 and Kelley W. Moremen1,2

1Complex Carbohydrate Research Center, University of
Georgia; 2Department of Biochemistry and Molecular

Biology, University of Georgia

Poly-N-acetyl-lactosamine (poly-LacNAc) structures are
comprised of terminal glycan repeat extensions (R-[Galβ
(1,4)-GlcNAcβ (1,3)]n-R) on cell surface and secreted N- and
Oglycoproteinsand glycolipids. The linear poly-LacNAc
repeats are ligands for endogenous lectins and act as scaf-
folds for additional glycan modifications with roles in devel-
opment, immune function and human disease. Poly-LacNAc
structures are extended by the alternating action of β1,4-
galactosyltransferase (B4GALT) and β1,3-N-acetylglucosa-
minyltransferase (B3GNT) enzyme activities. Multiple
B4GALT and B3GNT isoforms contribute to poly-LacNAc
extension in different tissues and on different glycan classes,
but the major N- and O-glycan poly-LacNAc synthase in
most tissues is β1,3-N-acetylglucosaminyltransferase 2
(B3GNT2). To identify the molecular basis for B3GNT2
action, the catalytic domain was expressed in HEK293s
(GnTI-) cells as a GFP-fusion protein in the presence or
absence of metabolic incorporation of selenomethionine
(SeMet). Fusion tags and glycans were cleaved by concurrent
digestion with TEV protease and endoglycosidase F1 and
the resulting protein was crystallized in the presence of the
donor analogue UDP and Mg2+. The structure was solved at
1.55 Å resolution using single-wavelength anomalous dif-
fraction and a subsequent structure was solved as a UDP-
Mg2+:lacto-N-neotetraose donor and acceptor analogue
complex. The structure of B3GNT2 displays a GTA fold
containing a DxD motif employed for divalent cation-
dependent interactions with the UDP-GlcNAc sugar donor.
A distal loop region is employed for binding the terminal
Galβ (1,4)-GlcNAc- (LacNAc) unit of the glycan acceptor to
position the galactose C3-OH as the catalytic nucleophile in
the GlcNAc transfer reaction. Modeling of the GlcNAc
donor sugar along with kinetic analysis of active site
mutants provide evidence for the inverting catalytic mechan-
ism. Comparisons with other related inverting GT-A fold
glycosyltransferases demonstrate conserved interactions with
the sugar-nucleotide donor, but divergent mechanisms for
positioning acceptor structures that facilitate synthesis of
diverse monosaccharide linkages by the respective enzymes.
The resulting B3GNT2 structural model provides insights
into the enzymatic template for elongation of poly-LacNAc
chains in animal tissues.

(84) Human Core 3 beta3 N-Acetylglucosaminyltransferase
Possesses Novel beta3 N-acetylgalactosaminyltransferase

Activity
Guozhang Zou1, Aaron Macella2, Su-Ryun Kim1, Darón

Freedberg2 and Tongzhong Ju1
1Office of Biotechnology Products, Center for Drug

Evaluation and Research, Food and Drug Administration,
Silver Spring, MD 20993; 2Center for Biologics Evaluation
and Research, Food and Drug Administration, Silver Spring,

MD 20993

Mucin-type O-glycosylation (O-glycosylation) is one type of
major protein glycosylation. So far, eight O-glycan core
structures, Core 1-8, are known to exist in animal cells. O-
glycans based on the Core-1 structure, Galß1,3GalNAc-a-R
are the predominant ones found in all animal cells, while O-
glycans derived from Core-3 structure, GlcNAcß1,3GalNAc-
a-R are strictly synthesized in intestinal epithelial cells.
Notably, Core-1 O-glycans on glycoproteins engage in many
biological processes, while the Core-3 O-glycans suppress
colorectal tumorigenesis and tumor progression. Among the
known glycosyltransferases for O-glycan biosynthesis, Core
3 N-acetylglucosaminyltransferase (C3GnT, ß3GnT6)
responsible for synthesizing the Core-3 structure is a unique
enzyme, but is not well-characterized biochemically. While
studying the recombinant human C3GnT, we unexpectedly
identified its novel ß3 N-acetylgalactosaminyltransferase
(ß3GalNAcT) activity. Evidenced by the data from Mass
Spectrometry(MS), UPLC and NMR, while the product
synthesized by recombinant C3GnT using UDP-GlcNAc was
confirmed to be the Core 3 structure, the product of C3GnT
using UDP-GalNAc as its donor was identified as
GalNAcß1,3GalNAc-a1-R which is a novel structure,
termed Core-9. Interestingly, glycopeptide MUC2-Tn6~7, but
not MUC1-Tn3, served as an acceptor for the C3GnT in the
presence of UDP-GalNAc to synthesize Core-9, although
both glycopeptides were utilized as acceptors by the enzyme
using UDP-GlcNAc to make Core-3 products, suggesting
that the Core-9 O-glycans may only exist on certain mucins.
Taken together, these results demonstrate that the C3GnT
has a novel ß3GalNAc-transferase activity, in addition to its
ß3GlcNAc-transferase activity. This is the first example for a
single-functional glycosyltransferase to possess a capability
of transferring two different donor substrates to form two
different structures.

(85) The zebrafish tandem-repeat galectin 9 (Drgal9-L1)
promotes in vitro adhesion and infection of the infectious

hematopoietic necrosis virus (IHNV)
Kelsey Abernathy1, Justin Mancini1, Nuria Gonzalez-

Montalban1, Chiguang Feng1, Sheng Wang2, Lia Schipper3

and Gerardo Vasta1
1Department of Microbiology and Immunology, University
of Maryland School of Medicine, UMB, Institute of Marine
and Environmental Technology, Baltimore, Maryland, USA;

2School of Life Sciences, Sun Yat-Sen University,
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Guangzhou, PR China; 3North County High School, Glen
Burnie, MD

Galectins are a structurally and evolutionarily conserved class
of β-galactoside-binding lectins characterized by the presence
of a unique sequence motif in their carbohydrate recognition
domains (CRDs). Initially expressed in the cytosol and secreted
into the extracellular space where they bind soluble, mem-
brane, and matrix associated glycoconjugates, they are classi-
fied into three types, proto, chimera, and tandem repeat, based
on the organization of their CRDs. Galectins are involved with
early developmental processes and immune regulation through
binding to endogenous ligands, and more recently in innate
immunity by functioning as pattern recognition receptors
(PRR). Previous work in our lab revealed that tandem repeat
recombinant galectin-9 (Drgal9-L1) cloned from the zebrafish
(Danio rerio) interacts directly with the glycoprotein of the
infectious hematopoietic necrosis virus (IHNV) to promote vir-
al adhesion to the fish epithelial cell surface. Based on our
observations we hypothesized that Drgal9-L1 can crosslink the
virion to the epithelial cell surface by binding glycans on the
cell and viral surface, thereby enhancing viral adhesion and
modulating viral infectivity.To test this hypothesis and deter-
mine any potential binding preference of the Drgal9-L1’s
CRDs (N-terminal and C-terminal), two different approaches
were used: CRD inactivation via mutation and enzymatic
cleavage at the peptide linker. Glycan array analysis of whole
Drgal9-L1, C-terminal CRD, N-terminal CRD, and C-terminal
mutant Drgal9-L1 indicated that while all had a strong binding
preference for terminal and internal Galβ1-4GlcNAc
(LacNAc), there were differences in preference between the C-
terminal CRD and N-terminal CRD. Binding assays with the
C-terminal mutant and isolated N-terminal and C-terminal
CRDs indicate differences in binding preferences as well for
epithelial cells and virus. The results from a modified plaque
assay on the fathead minnow epithelial cell line (EPC) revealed
that while the intact recombinant Drgal9-L1 significantly
increased IHNV infection of cells, a mutant Drgal9-L1 lacking
a functional C-terminal CRD, or the isolated N-terminal or C-
terminal CRDs neither promoted nor inhibited infection indic-
ating that both functional CRDs are required for crosslinking
to occur. Additional studies are ongoing to examine the role of
mucus in IHNV attachment and entry. Secreted by epidermal
goblet cells, the mucus layer is continuously shed and replaced,
often acting as the first line of defense for fish against patho-
gens. Mucus is composed of a mixture of glycoproteins, poly-
saccharides, protein, lipids, salts, and water. Galectins present
in the mucus may cross-link IHNV to the mucus glycans,
either preventing or facilitating viral entry. Our current studies
on the characterization of Drgal9-L1 CRDs binding specificity
in IHNV adhesion and infection, and the identification of the
signaling pathways involved in viral entry and proliferation
will have wide ranging applications for aquaculture disease
management and alternative vaccine developments [Supported
by grant R01GM070589 from the National Institutes of
Health to GRV].

(86) Blocked O-GlcNAc cycling disrupts hematopoietic stem
cell homeostasis

Lara K. Abramowitz1, Christelle Harly2, Avinash
Bhandoola2 and John A. Hanover1

1Laboratory of Cellular and Molecular Biology, National
Institute of Diabetes and Digestive and Kidney Diseases,
National Institute of Health, Bethesda, MD 20892, USA;

2Laboratory of Genome Integrity, Center for Cancer
Research, National Cancer Institute, National Institutes of

Health, Bethesda, MD 20892, USA

Glutamine, glucose, and other metabolites drive the hexosa-
mine biosynthetic pathway (HBP) ultimately leading to the
O-GlcNAc modification of critical intracellular targets.
Maintanence of O-GlcNAc cycling is essential for cellular
metabolic homeostasis and stem cell viability. The multipo-
tent hematopoetic stem cell (HSC) is an adult stem cell that
relies on glycolysis and glutaminolysis to produce multiple
blood lineages. While the role of O-GlcNAc cycling has
been investigated in embryonic stem cells (ESC), its impact
on adult stem cell biology has been largely unexplored.
Here, we used genetic deletion of the enzyme that removes
O-GlcNAc, O-GlcNAcase (OGA), to determine the conse-
quences of blocked O-GlcNAc cycling on HSCs. We demon-
strated inefficient differentiation of Oga deletion ESCs
toward the hematopoietic lineage. Further, Oga deletion in
mouse HSCs resulted in greatly diminished progenitor pools
and nearly complete loss of competitive repopulation cap-
acity. Transcriptional analysis of mutant hematopoietic pro-
genitor cells indicated deregulation of key genes involved in
adult stem cell maintenance and lineage specification. These
findings suggest that O-GlcNAc cycling plays a critical role
in supporting HSC homeostasis.

(87) CarbArrayART: Carbohydrate Array Analysis and
Reporting Tool New software for glycan array for data

processing, storage and presentation
Yukie Akune1, Sena Arpinar2, Lisete M. Silva1, Mark Stoll1,

Angelina S. Palma3, Yan Liu1, René Ranzinger2

and Ten Feizi1
1Glycosciences Laboratory, Department of Medicine,

Imperial College, London, UK; 2Complex Carbohydrate
Research Center, University of Georgia, Athens, GA, USA;

3UCIBIO-Faculty of Science and Technology, NOVA
University of Lisbon, Portugal

In 2009, the Glycosciences laboratory at Imperial College
developed an in-house software suite for storage, processing
and presentation of carbohydrate microarray data1.This has
been the mainstay of data management presentation and
reporting.

Starting in 2016 we re-implemented the software into a
new software suite, CarbArrayART (Carbohydrate Array
Analysis and Reporting Tool), to make available to the sci-
entific community. The new software is based on GRITS
Toolbox2 which was originally developed for processing,
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interpretation and archiving of glycomic mass spectrometry
data. GRITS contains functions for storing glycan structures and
also metadata, such as project information, sample description
and experiment details. We are capitalizing on these functions
by developing and implementing CarbArrayART as an exten-
sion (plugin) of GRITS Toolbox.

The main features of CarbArrayART are (1) storing
carbohydrate microarray data from different array formats.
Users are able to store the results (scan data) of the binding
assay results, e.g. Proscan or GenePix files, and related
array-specific metadata, such as glyco-probe lists, array
geometry, sample (glycan binding systems) information and
experiment protocol information. (2) Presentation of data
with filtering and sorting functions. Tables and charts are
generated automatically based on the stored scan data, the
corresponding array geometry, and the filter and sorter
applied. (3) Reporting of data. In addition to the original func-
tion of GRITS Toolbox in generating reports automatically
with sample information and experimental protocol metadata,
we implement a function to generate reports conforming to
MIRAGE guidelines for glycan microarray-based data3.

A prototype of CarbArrayART was presented at the
Bioinformatics satellite of the SFG meeting 2017. Since then
we rendered it more flexible by developing several new data
input systems for carbohydrate microarray associated data
and metadata. These include metadata for carbohydrate-bind-
ing samples, microarray experiments and array geometry for
multiple glyco-probe layouts. These are all MIRAGE compli-
ant. We are updating data presentation systems to include
customizable array geometry and reporting systems in Word
and PDF format to display glyco-probe lists.

Supported by Wellcome Trust
1. http://www.beilstein-institut.de/download/613/09_

stoll.pdf
2. http://www.grits-toolbox.org
3. Liu Y, et al. The minimum information required for a

glycomics experiment (MIRAGE) project: improving the
standards for reporting glycan microarray-based data.
Glycobiology 27:280-284, 2017

(88) Microarray approach to detect novel biomarkers that
stratify the pathogenesis of sepsis

Peter V. Aziz1,2,3, Benjamin S. Haslund-Gourley1,2, Douglas
M. Heithoff1,3 and Jamey D. Marth1,2,3

1Center for Nanomedicine; 2Sanford-Burnham-Prebys
Medical Discovery Institute; 3Department of Molecular,
Cellular, and Developmental Biology, University of

California-Santa Barbara, Santa Barbara, California 93106

Recent findings by this laboratory both in press and pub-
lished have identified glycosidase–mediated N-glycan remod-
eling of relevant blood glycoproteins in modulating protein
half-lives and abundance in the pathogenesis of sepsis
involving mechanisms that appear remarkably distinct in the
onset of sepsis caused by different pathogens. Our findings
are the first to implicate and identify multiple pathogenic

pathways in sepsis with the potential to stratify and diagnose
the origins and progression of sepsis beyond that of the gen-
erally accepted view that sepsis reflects a singular disease
mechanism. To investigate the potential to identify unique
protein and glycan biomarkers specific to sepsis caused by
different bacterial pathogens, we have first designed and
implemented an antibody microarray that includes over 60
target proteins comprising multiple cytokines, various
inflammatory mediators, and other physiologically relevant
blood glycoproteins to determine whether these circulating
targets are differentially modulated by the host in sepsis
caused by different pathogens. Microarray chip-based assays
allow for a more rapid and comprehensive analysis of the
disease process by interrogating dozens of targets simultan-
eously. Our strategy further includes a comparative analysis
of both Gram-positive and Gram-negative pathogens iso-
lated from human sepsis patients with incorporation of
mouse models of sepsis wherein genomic responses have
been shown to closely correlate with those in human sepsis.
Our ongoing studies interrogate blood plasma and sera iso-
lated from septic mice and human patients diagnosed with
severe sepsis or septic shock. The results of antibody micro-
array studies currently ongoing will be presented, with data
that identifies both common and unique changes to the cir-
culating blood proteome that indicate the presence of unique
pathogenic processes. These differences may provide the
leverage needed to identify the origin and onset of sepsis at
earlier time points than can be assessed by current clinical
diagnostics.

(90) N-glycosylation is involved in the maturation of
brain-derived neurotrophic factor

Julius Benicky, Miloslav Sanda, Zuzana Brnakova Kennedy
and Radoslav Goldman

Lombardi Comprehensive Cancer Center, Georgetown
University

Brain-derived neurotrophic factor (BDNF) is the most abundant
brain neurotrophin that plays essential role in the development
and maintenance of the central nervous system while its dysregu-
lation accompanies number of neuropsychiatric disorders. In
line with its essential function, the production of BDNF is highly
regulated. BDNF is synthesized as a pro-protein (proBDNF) acti-
vated to the mature form by proteolytic cleavage by furin-type
convertases and sorted into secretory or endolysosomal path-
ways through interactions with sortilin. ProBDNF carries a sin-
gle conserved N-glycosylation sequon located 8 aa upstream of
its convertase cleavage site. Our experiments show that the
N127 is glycosylated and the LC-MS/MS analysis of tryptic gly-
copeptide 121NYLDAANMSMR revealed, for the first time,
that proBDNF carries N-glycans terminated by GalNAcβ1-
4GlcNAcβ1-R (LacdiNAc) and modified to a large degree by
fucosylation at various positions and 4-O-sulfation at the ter-
minal GalNAc. Wild-type proBDNF and non-glycosylated
N127Q mutant were expressed in human 293 F cells. Mutation
of the sequon prevented secretion of (pro)BDNF and proBDNF
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was retained in cells in full length form indicating a function of
the N-glycosylation in proteolytic cleavage or intracellular sort-
ing. Deglycosylation of purified proBDNF with PNGase F
increased its binding to immobilized sortilin approximately 4
times in ELISA based assay. Moreover, deglycosylation of sorti-
lin further enhanced this interaction strongly suggesting regula-
tory role of N-glycans. At present, we study proteolytic cleavage
of proBDNF by furin using a competition assay with glycosy-
lated and deglycosylated proBDNF forms differentially labeled
with Cy3 and Cy5 dyes. It is expected that this overlooked gly-
cosylation of the prodomain of BDNF represents a novel regula-
tory element in maturation and intracellular targeting of (pro)
BDNF. Further studies are needed to explore this regulatory
pathway and its potential targeting for therapeutic interventions
in disorders associated with the dysregulation of BDNF.

(91) Metabolic regulation of KLHL proteins through
O-glycosylation
Michael Boyce

Duke University School of Medicine

The Kelch-like (KLHL) family of proteins are critical sub-
strate adaptors for E3 ubiquitin ligases and mutations in
KLHL genes underlie a range of human diseases, including
cancer and neurodegeneration. However, the upstream regu-
lation and downstream effects of most KLHL proteins
remain poorly understood. The best-characterized KLHL
protein is KEAP1, whichbinds to the CUL3/RBX1 E3 ligase
components to mediate the ubiquitination and destruction of
NRF2, a master transcriptional regulator of redox stress sig-
naling.Redox-active compounds disable KEAP1, preventing
the ubiquitination of NRF2 by KEAP1/CUL3/RBX1 and
allowing NRF2 accumulation and activation.We have
demonstrated that KEAP1 is modified by O-GlcNAc, a
nutrient-sensitive, reversible form of glycosylation, and this
modification is required for efficient NRF2 ubiquitination
and degradation. Blockade of KEAP1 O-GlcNAcylation by
chemical inhibition or nutrient deprivation stabilizes and
activates NRF2, revealing a new regulatory link between
nutrient sensing and redox stress signaling. Interestingly, we
recently discovered that the KLHL protein gigaxonin is also
O-GlcNAcylated in a nutrient-dependent manner.Gigaxonin
is a component of E3 ubiquitin ligase complexes that pro-
mote the normal proteolytic degradation of intermediate fila-
ment proteins in neurons and other tissues.Mutations in
gigaxonin cause intermediate filament aggregation and neur-
onal dysfunction, resulting ingiant axon neuropathy, a fatal
neurodegenerative disease.Our preliminary data indicate
that site-specific, nutrient-responsive O-GlcNAcylation of
gigaxonin may be required for its function in promoting
intermediate filament protein turnover. Overall, these studie-
sindicate that glycosylation of KLHL proteins may be a gen-
eral regulatory link between metabolic status and
proteostasis in a wide variety of pathopthysiological con-
texts.In the long term, our results may point to new thera-
peutic opportunities inneurodegeneration, cancer and other

diseasesby manipulating KLHL proteins through O-GlcNAc
modulation.

(92) Evolution of Glycan Mediated Cross-linking
Interactions

Curtis F. Brewer
Albert Einstein College of Medicine

We recently provided evidence for a family of glycan tumor
antigens that possess carbohydrate-carbohydrate interac-
tions (1). These include Tn (GalNAc1-Ser/Thr), STn
(Neu5Ac2,6GalNAc1Ser/Thr), LewisX and LewisY.
Interestingly, all of these carbohydrates are onco-fetal anti-
gens. Lectin-carbohydrate cross-linking interactions are also
known to be involved in embryogenesis and oncogenesis.
Furthermore, the ability of lectins to form homogeneous and
heterogeneous cross-linked complexes with multivalent carbohy-
drates (2-4) appears to be mirrored by carbohydrate-carbohy-
drate interactions. We suggest that carbohydrate-carbohydrate
interactions are a primitive form of glycan mediated cross-link-
ing interactions that may have preceded lectin-carbohydrate
cross-linking interactions.

(93) Mucin glycosylation pathways in human eye cells
Inka Brockhausen1 and Pablo Argueso2

1Queen’s University; 2Schepens Eye Research Institute of
Massachusetts Eye and Ear

Highly O-glycosylated mucins in the epithelial glycocalyx
and tear fluid have an important barrier function protecting
the eye from adverse environmental conditions such as dehy-
dration, injury and infection. N-glycans are also found on
glycoproteins of the eye surface but their functions are
poorly understood. To understand the biochemical basis of
glycans of the human ocular surface, several biochemical
and molecular biology approaches have been taken. Despite
these efforts, however, the glycosyltransferase (GT) activities
responsible for the synthesis of O- and N-glycans have not
yet been determined in ocular cells.

We have cultured human corneal and conjunctival epithe-
lial cells with the goal to establish GT activities involved in O-
and N-glycosylation. The results indicate that corneal epithe-
lial cells have active enzymes that synthesize O-glycans with
sialylated core 1, Galβ1-3GalNAcα, and core 2, GlcNAcβ1-6
(Galβ1-3)GalNAcα structures, but not core 3 and 4 struc-
tures. The activities of GTs help to understand the prevalence
of specific glycan structures found on the surface of the eye.
The enzymes were similar in conjunctival epithelial cells.

High levels of proinflammatory cytokines have been asso-
ciated with many ocular surface disorders, such as dry eye, a
disease affecting millions worldwide. Treatment of corneal
cells with TNFα resulted in changes of GTs activities
involved in O-glycosylation and in the extension of both N-
and O-glycans. Taken together, these data indicate that the-
proinflammatory cytokine TNFα influences the expression
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of GTs and change glycosylation in a dynamic fashion dur-
ing inflammatory stimuli of the ocular surface.

(Supported by the National Institutes of Health and the
Canadian Institutes of Health Research – GlycoNet)

(94) Function of Protein O-mannosyltransferases 1/2 in
connectivity of sensory neurons and control of muscle

contractions in Drosophila
Ishita Chandel, Ryan Baker, Naosuke Nakamura, Loraine

Melbern, Brooke Howell and Vlad Panin
Texas A&M University

Protein O-mannosyltransferases 1 and 2 (POMT1/2) are
best-studied enzymes that modify Ser/Thr residues of pro-
teins with O-mannose. They modify Dystroglycan and play
particularly important role in muscle and neuronal physiology
and several congenital muscular dystrophies are caused by
defects POMTs and other enzymes involved in protein O-man-
nosylation (POM). POMT1/2 are well conserved among meta-
zoan organisms, from fruit flies to humans. Despite several
studies on POMT1/2, mechanisms of their normal functions
and pathological mechanisms associated with their mutations
are not fully understood. Therefore, we use Drosophila as a
model system to shed more light on their developmental func-
tions and cellular pathomechanisms that cause the disease.
POMT1 and POMT2 genes are known in Drosophila as
rotated abdomen and twisted, respectively, because their
defects result in the conspicuous developmental phenotype of
‘rotation’ of abdominal segments in adult flies. We found that
POMT mutants also develop an analogous body torsion defect
at embryonic stages. The mutants show a gross morphological
abnormality in alignment of body segments that becomes
prominent during peristaltic waves of muscle contractions. We
found that the pattern of muscle contractions is significantly
affected in POMT mutants. We theorized that the abnormal
contractions are caused by defects in communication between
sensory neurons and the central nervous system, thus resulting
in a failure to maintain normal body posture and leading to
the body torsion phenotype. We tested this hypothesis by
detailed in vivo analyses of muscle contractions and by charac-
terization of the patterning of sensory axon terminals in the
ventral ganglion. We applied MARCM and FLP-out strategies
to examine cell autonomous requirement of POMTs for sen-
sory axon wiring. Using genetic and cell biological approaches,
we revealed a novel function of POMTs to maintain communi-
cation between PNS and CNS. Therefore, we posited that this
function is conserved in mammals and might contribute to
pathological mechanisms of muscular dystrophies in humans,
which potentially can open up new avenues for developing
therapies. Our current studies are aimed at uncovering genetic
and molecular pathways that underlie POMT function in con-
trolling neural communications and muscle contractions. We
will present new data that shed light on functional targets of
POMTs in these processes. This project was supported in part
by NIH/NS075534, NS099409 and CONACYT 2012-037(S)
grants to VP.

(95) Glycomic Analysis Of Host-Response To Influenza In A
Model Of Young Children And Adults

Shuhui Chen, Daniel Heindel, Yue Zhang, Sujeethraj
Koppolu, Brian Kasper, Ted Ross, Elodie Ghedin,

Bin Zhang and Lara Mahal
New York University

Influenza viruses cause severe respiratory illness and world-
wide human deaths. Glycosylation plays a critical role in
influenza severity and virus pathogenesis. Both viral strain
and host factors can impact the severity of influenza, how-
ever, the major molecular drivers to predict the outcomes of
influenza infection remain unknown.

Our study is focused on understanding the role of host
glycosylation in influenza response and the role age might
play in severity. Using a ferret model, we compare responses
in adult and newly weaned animals, a model for adult
humans and young children, respectively. We are studying
response to the novel H1N1 2009 pandemic virus, in which
young adults were at higher risk than either the elderly or
young children for a severe response. Glycomic analysis
using our lectin microarrays identified changes in glycosyla-
tion in the adult host lung that stratify by severity. Based on
the observe glycomic response and other data, we propose a
mechanism in which presentation of key glycan epitopes
over-activates the immune system, causing the differential
severity in adults. We are currently testing whether glycomic
differences in response between adults and young children to
the H1N1 2009 pandemic virus might explain the differen-
tial susceptibility to pandemic influenza infection of adults.

(96) Streptococcus pyogenes evades adaptive immunity
through specific IgG glycan hydrolysis

Andreas Naegeli1, Eleni Bratanis1, Christofer Karlsson1,
Oonagh Shannon1, Raja Kalluru2, Adam Linder1, Johan

Malmström1 and Mattias Collin1
1Division of Infection Medicine, Department of Clinical

Sciences, Lund University, Lund, Sweden; 2Department of
Pathology, Stanford University School of Medicine,

Stanford, California, USA

The human specific pathogen Streptococcus pyogenes
secretes EndoS, an endoglycosidase with activity on the con-
served N-glycan on human IgG. This glycan hydrolysis
impairs IgG effector functions in vitro, but it is still unclear
how it contributes to pathogenicity during infections.

In a cohort of patients with S. pyogenesinfections (mild
to severe) we analyzed IgG glycan hydrolysis using selected
reaction monitoring (SRM) targeted mass spetrometry. This
revealed substantial IgG glycan hydrolysis locally at infec-
tion sites and systemically in the patients with septic shock.
Level of glycan hydrolysis clearly correlated with disease
severity. To validate these findings, we set up a mouse infec-
tion model with naive and immunized mice that were
infected with wild type and ndoS knockout bacteria. This
revealed that ndos knockout bacteria were attenuated
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compared to wild type in immunized, but not naive mice,
and that the level of IgG glycan hydrolysis correlates with
bacterial burden. Furthermore, ndoS knockout bacteria were
attenuated in IgG dependent in vitro assays of phagocytic
killing.

This study for the first time shows bacterial specific
hydrolysis of IgG glycans during infections in humans and
links this to virulence in an animal infection model. This has
clear implications for treatment of S. pyogenes infections,
and especially for future efforts at vaccine development.
Since other pathogenic bacteria have enzymes related to
EndoS, it is also plausible that this mechanism of immune
evasion is not restricted to S. pyogenes.

(97) Lack of Glucosidase I Results in Cell Toxicity That Is
Relieved By Avoiding the Accumulation of Triglucosylated

Glycoproteins
Cecilia D’Alessio1,2, Ayelen Valko1, Emiliana Etchegaray1,

Sofía I. Aramburu1, Armando J. Parodi1 and
Giovanna L. Gallo1

1Fundación Instituto Leloir, IIBBA-CONICET; 2School of
Sciences, University of Buenos Aires

Glucosidase I (GI) is an endoplasmic reticulum (ER) mem-
brane protein that removes the outermost glucose from the
N-glycan Glc3Man9GlcNAc2 (G3M9) transferred to proteins.
Mutations in the GI-encoding gene (gls1) result in congenital
disorders of glycosylation (CDG) IIb. Even though it has been
previously reported that GI absence is lethal in the fission
yeast Schizosaccharomyces pombe, we were able to obtain
two viable Δgls1 mutants: one with a very sick but non-lethal
phenotype (Δgls1-S) and the other with a much healthier one
(Δgls1-H). While the sick strain only displayed G3M9 as ER
protein-linked glycan, the healthier strain had not only
G3M9 but also Man9GlcNAc2. The most abundant lipid-
linked glycans formed were G3M9 and Glc2Man9GlcNAc2 in
the sick and healthy mutants, respectively. This result sug-
gested a reduced alg10+ gene product activity in the Δgls1-H
strain (Alg10p is responsible for the addition of the last Glc
during the step-wise synthesis of lipid-linked G3M9). A muta-
tion in the alg10+ gene was indeed observed upon sequencing
the alg10 gene in the Δgls1-H strain. We constructed a Δgls1/
Δalg10 double knock out mutant and, as expected, this strain
showed an almost normal phenotype. Our findings indicate
that abrogating G3M9 deglucosylation was responsible for
the severe defects observed in Δgls1-S cells. Further results
demonstrated that such defects could not be ascribed to hin-
drance of glycoprotein entrance into calnexin quality control
of glycoprotein folding cycles, to inhibition of the oligosac-
charyltransferase by the transfer reaction products, or to a
reduced degradation of misfolded glycoproteins. Moreover,
lack of triglucosylated glycoprotein deglucosylation did not
significantly prevent Golgi glycan elongation or modify the
overall cell wall monosaccharide composition. Nonetheless,
GI absence produced a distorted cell wall and absence of the
ER underlying structures that occur in S. pombe WT cells.

We propose that accumulation of G3M9-bearing glycopro-
teins is at least partially responsible for the defects observed
in the CDG IIb disorder.

(98) Towards a novel cancer vaccine: Characterisation of
the glycome of canine melanoma cells

Anne Dell1, Dongli Lu1, Stuart M. Haslam1 and
Gary F. Clark2

1Department of Life Sciences, Imperial College London
SW7 2AZ, UK; 2Department of Obstetrics, Gynecology and

Women’s Health, University of Missouri, USA

Aberrant glycosylation is a classical hallmark of human can-
cer. It is well established that the structures and expression
levels of polylactosamine-containing glycans are greatly
altered during malignant transformation and tumour pro-
gression. Such glycans have been implicated in the traffick-
ing of tumour cells and the suppression of both the innate
and adaptive immune response. We have recently shown
that the transformation of human melanocytes to malignant
melanoma cells is associated with the conversion of
branched polylactosamines (the I-antigen) to linear polylac-
tosamines (the i-antigen)1. The latter are established ligands
for galectins.

Cancers in dogs are considered to be excellent models for
analogous cancers in humans. However virtually nothing was
known about glycosylation in canine melanoma cells. In the
current study, we have employed MALDI-TOF and GC-MS
glycomic methodologies to analyse the N-, O- and glycolipid
glycomes of melanoma cells from a stage III canine melanoma
patient. We have found that canine melanoma cells express a
repertoire of glycans that are similar to those associated with
human melanoma cells, except that, as expected, some of the
glycans are capped with N-glycolylneuraminic acid and
Gala1-3Gal sequences. Both human and canine melanoma
cells express gangliosides GD2 and GD3 that are known
ligands for Siglec-7, an immune signal-transducing receptor
that inhibits natural killer (NK) cells. They both also express
elevated levels of linear polylactosamine sequences. Thus
canine melanoma cells express glycoconjugates that have pre-
viously been implicated in the suppression of both the adap-
tive and innate immune response2.

We hypothesised that the global inactivation of immuno-
suppressive carbohydrate sequences from tumour cells would
result in a greatly enhanced anti-tumour immune response. A
pilot clinical trial, following up on this hypothesis, is in pro-
gress at the University of Missouri in collaboration with veter-
inary oncologist Jeffrey Bryan. Preliminary results suggest
that deglycosylated autologous vaccines induce a tumour-spe-
cific cytotoxic response in dogs with oral melanoma. The pro-
gress of this trial will be reported.
References

1. Geddes-Sweeney J et al (2018) Loss of GCNT2/I-
branched glycans enhances melanoma growth and survival,
Nature Comm, in press.
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2. Togayachi A et al (2007) Polylactosamine on glycopro-
teins influences basal levels of lymphocyte and macrophage
activation, Proc Natl Acad Sci USA 104:15829-15834.

(99) Sox2 drives ST6Gal-I expression and activity to
promote a CSC phenotype in ovarian cancer

Kaitlyn A. Dorsett and Susan L. Bellis
Cell, Developmental, and Integrative Biology/University of

Alabama at Birmingham

This study elucidates ST6Gal-I, a sialyltransferase, as a func-
tional driver of a cancer stem cell (CSC) phenotype regulated
by the stem cell transcription factor Sox2. ST6Gal-I is upre-
gulated in 98% of ovarian cancers (OC) and its high expres-
sion correlates with reduced overall and progression free
patient survival in high-grade serous ovarian carcinoma.
ST6Gal-I adds an a2-6 sialic acid to N-glycosylated proteins
bound for the cell surface, and through this activity,
ST6Gal-I modulates the function of key receptors that con-
trol cell phenotype. Normal differentiated epithelia have
very low expression of ST6Gal-I, however, expression is
turned on in stem cell compartments and transformed tis-
sues. Furthermore, studies from our group have shown that
ST6Gal-I plays a causal role in conferring hallmark CSC
properties including tumor-initiating potential, promotion of
tumor recurrence, and resistance to tumor-associated stres-
sors like chemotherapies, serum deprivation, and hypoxia.
However, despite compelling evidence for ST6Gal-I’s
involvement in carcinogenesis, very little work has been
done to identify the transcriptional drivers of ST6Gal-I
expression. Intriguingly, Sox2 and ST6Gal-I are both located
on one of the most commonly enriched amplicons in human
cancer, amplicon 3q26. We examined TCGA databases and
found that these two genes have coordinate increases in gene
copy number in 48/73 cancer cohorts, including ovarian
cancer. Furthermore, in those 48 cohorts with co-amplifica-
tion, there is significant co-occurrence per individual patient
samples. Similar to the TCGA cohorts, we evaluated the
NCI-60 panel of human cancer cell lines, and found a highly
significant positive correlation between Sox2 and ST6Gal-I
copy number amplification. In addition to being genetically
co-amplified, our work suggests that Sox2 binds directly to
the ST6Gal-I promoter to upregulate ST6Gal-I expression.
We identified multiple Sox2 response elements in the
ST6Gal-I promoter and performed a chromatin immunopre-
cipitation (ChIP) assay to confirm Sox2 binding. We then
overexpressed or knocked down Sox2 in ovarian cancer
cells, and found that high expression of Sox2 directly
induces ST6Gal-I mRNA and protein expression. Moreover,
Sox2-mediated ST6Gal-I upregulation leads to increased sur-
face α2-6 sialylation. Finally, given the known roles of Sox2
and ST6Gal-I in promoting a CSC phenotype, we profiled
the expression of stemness markers Oct4, Nanog, and c-
myc. Sox2 overexpression or knockdown resulted in up- or
down- regulation of Oct4, Nanog, and c-myc, respectively.
Importantly, ST6Gal-I knockdown in cells with high Sox2

expression inhibited the Sox2-induced expression of stem-
ness markers, suggesting that ST6Gal-I upregulation is
required for Sox2-dependent CSC re-programming. Taken
together, these results suggest that ST6Gal-I acts as a critical
downstream effector of Sox2 in imparting CSC characteris-
tics that drive tumor recurrence and metastasis.

(100) Creation of activity-verified arrays of mammalian
glycan-binding receptors for screening of microbial ligands

Maureen E. Taylor, Sabine A.F. Jégouzo and
Kurt Drickamer

Imperial College London

A novel lectin array format is being developed using carbo-
hydrate-recognition domains (CRDs) from mammalian C-
type lectins modified with single-site biotin tags, thus avoid-
ing potential confounding effects of appended Fc domains or
chemical immobilization. Biotin-tagged CRDs are created by
encoding a biotinylation sequence, based on the natural tar-
get for biotin ligase in pyruvate oxidase, in bacterial expres-
sion systems for the CRDs. The tag is biotinylated during
expression in the bacterial by co-expression of biotin ligase.
Structural analysis shows that the C-terminal biotin tag pro-
jects from the opposite site of the CRD compared to the
sugar-binding site. The tag is accessible to streptavidin bind-
ing and the CRDs have been extensively characterized in
binding assays with glycans and glycoproteins. The tag
allows immobilization on streptavidin in a 96-well format or
on glass slides in a microarray format. Key advantages of
this approach are that the CRDs can be abundantly
expressed in bacterial systems, they are stable, and purifica-
tion is by affinity purification on sugar ligands, which
ensures that the proteins are fully active. This feature gives
confidence in negative as well as positive results. The focus
for development of the array has been on receptors likely to
bind pathogens, particularly transmembrane receptors and
the soluble collectin group. In some cases, extended portions
of the extracellular domains of receptors have also been cre-
ated, with biotin tags appended at the N-terminus, to pre-
serve the natural oligomeric structures of receptors such as
DC-SIGN tetramers and langerin trimers. Model arrays have
been generated for both human and bovine receptors. Initial
experiments indicate robust binding of yeast zymosan as a
model particulate ligand.

(101) Galectins from the eastern oyster (Crassostrea
virginica) preferentially recognize the protozoan Perkinsus

marinus by carbohydrate-based parasite mimicry
Chiguang Feng1, Anita Ghosh2, Mohammed N. Amin3,

Tsvetan R. Bachvaroff4, Mario A. Bianchet2, Lai-Xi Wang3,
Daniel Zheng1,6, Deandra Watson1,7, Brina Smith1,7, Iain B.

H. Wilson5 and Gerardo R. Vasta1
1Department of Microbiology and Immunology, University
of Maryland School of Medicine, UMB, Institute of Marine
and Environmental Technology, Baltimore, Maryland, USA;
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2Departments of Neurology and Biophysics and Biophysical
Chemistry, The Johns Hopkins University School of
Medicine, Baltimore, Maryland, USA; 3Department of
Chemistry and Biochemistry, University of Maryland,
College Park, Maryland, USA; 4University of Maryland

Center for Environmental Science, and Institute of Marine
and Environmental Technology, Baltimore, Maryland, USA;

5Department für Chemie, Universität für Bodenkultur,
Vienna, Austria; 6Visiting Summer Intern from Centennial
High School, HCPS, Maryland; 7Visiting Summer Intern

from Coppin State University, Baltimore, Maryland

Galectins are highly conserved lectins that are key to mul-
tiple biological functions, including pathogen recognition
and regulation of immune responses. However, CvGal1, a
galectin expressed in phagocytic cells (hemocytes) of the
eastern oyster (Crassostrea virginica), is “hijacked” by the
parasitePerkinsus marinusto enter the host, where it causes
systemic infection and death. Lately, we identified a second
galectin (CvGal2) with four tandemly-arrayed carbohydrate
recognition domains (CRDs) close related to CvGal1. The
glycan array analysis revealed that CvGal2 has broader
binding specificity for ABH blood group oligosaccharides,
SPR analysis demonstrated significant differences in the
binding kinetics of CvGal1 and CvGal2, and structural mod-
eling revealed substantial differences in their interactions
with the oligosaccharide ligands. Nevertheless, both CvGal1
and CvGal2 are expressed in hemocytes, released to the
extracellular space, and bind to the hemocyte surface. They
also bind toP. marinustrophozoites in a dose-dependent and
β-galactoside-specific manner. Strikingly, negligible binding
was observed forP. chesapeaki, a sympatric parasite species
mostly prevalent in the softshell clamMya arenaria. We
hypothesize that the differential recognition ofPerkinsus spe-
cies by the oyster and clam lectins could be consistent with
their relative prevalence in oyster and clam species, and sup-
ports the galectins’ role in facilitating parasite entry and
infectivity by carbohydrate-based parasite mimicry in a host-
preferential manner. We successfully isolated a novel galac-
tosyl-binding lectin from the softshell clam that we named as
MaGal1. MaGal1 strongly cross-reacted with anti-CvGals anti-
bodies, suggesting the presence of shared epitopes between oys-
ter and clam lectins. Glycan array analysis, however, revealed
that MaGal1 preferentially binds to Gal(α1-3/4) Gal(β1-3/4)
GlcNAc, unlike both CvGal1 and CvGal2 that prefer ABH
blood group oligosaccharides. Consistently, it preferentially
binds to asiofetuin over PSM, the preferred ligand for CvGal1
and CvGal2. Microbial array analysis revealed that it binds
strongly to Shigella dysenteriae type 1 and two types of
Streptococcus pneumoniae (type 6B and 15B). Except type 6B
and 15B, MaGal1 binds weakly to several other S. pneumoniae-
types, which is consistent with its ligand preference. Current
studies are aimed at the structural basis for the CvGal1,
CvGal2, and MaGal1, differential recognition Perkinsus species.
[Supported by grants IOS-0822257, IOS-1063729, and IOS-
1656720 from NSF, and grant 5R01GM070589-06 from NIH

to GRV; and grant R01 GM080374 from NIH to LXW. We
are grateful to Dr. Richard D. Cummings, Dr. David Smith and
Dr. Jamie Heimburg-Molinaro, Core H-CFG and NCFG, for
glycan array analysis].

(102) Thermodynamic Analysis of Galectin-1, -3 binding to
β-galactosides and MUC1-TF bearing Glycopeptides

Forrest G. FitzGerald and Maré Cudic
Florida Atlantic University, Boca Raton, FL, USA

Recognition of cell surface glycans by endogenous glycan-
binding proteins, known as lectins, mediates many important
aspects of cell-cell recognition, and as such they are integral to
many disease processes, including inflammation and tumor cell
metastasis. The Thomsen-Friedenreich (TF) tumor-associated
antigen, a disaccharide (Gal-GalNAc), has been found in a
vast majority of tumor cell types, often occupying the extracel-
lular surface of the transmembrane protein MUC1. Given the
evidence that human galectins can interact with mucins and
also weakly with the free tumor-associated TF antigen, we
have studied the interaction between the galectin-1, -3 and TF
antigen presented by MUC1, as a step to characterize the
molecular origin of the high selectivity of endogenous lectins
to their natural counter-receptors. We have used isothermal
titration calorimetry (ITC) to determine the thermodynamic
parameters of the binding interaction: binding affinity (Ka),
enthalpy change (ΔH), entropy change (ΔS), Gibbs free energy
change (ΔG), and the stoichiometry (n). In addition, the
thermodynamic binding profile was examined to gain better
insight into the driving force involved in the binding inter-
action between galectin-1, -3 and TF-bearing ligands. We have
found that through an enthalpy-driven binding interaction,
galectin-3 exhibits higher affinity for the unbound carbohy-
drate ligands than does galectin-1. Conversely, a thermo-
dynamic switch to an entropy-driven binding interaction was
observed for galectin-3 binding to TF-bearing MUC1 analo-
gues. Significant differences were observed in the affinity of
galectin-3 versus galectin-1 for the TF antigen, wherein galec-
tin-1 failed to recognize the TF glycan, as well as the TF glycan
bound to MUC1 glycopeptides. Thus, the observed selectivity
amongst galectin-1 and galectin-3 highlights the importance of
studying their binding interactions at the molecular level. Using
synthetic glycopeptide models, an in-depth analysis of the bind-
ing interactions will assist in identifying inhibitors that can be
used as probes for dissecting the mechanisms implicated in
galectins’ enormously complex and pattern-dependent bio-
logical functions. Our long-term goal is to potentially use galec-
tin inhibition to develop therapeutic agents to modulate tumor
metastasis and inflammatory diseases.

(103) Elucidation of Mannose Binding Specificities of C-type
Lectins Using a Sequence-defined OligoMannose array
Chao Gao1, Barbara Eckmair2, Kathrin Stavenhagen1,

Sucharita Dutta1, Alyssa McQuillan1, Melinda S. Hanes1,
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Akul Y. Mehta1, Mark B. Jones1

and Richard D. Cummings1
1Beth Israel Deaconess Medical Center, Harvard Medical

School, Boston, MA; 2Department of Chemistry, University
of Natural Resources and Life Sciences

C-type lectins (CTLs) are characterized by the presence of a
highly conserved CTL domain that can mediate binding to a
variety of glycoconjugates via their carbohydrate moiety of
the molecule. However, they differ significantly in the types
of glycans that they recognize with high affinity. Among
them, a large group of CTLs have been reported to bind to
mannose-containing glycans, including DC-SIGN, mannose
receptors, langerin and CLEC2. They play vital roles as
adhesion and signalling receptors that are involved in
homeostasis, pathogen recognition and clearance, and
immune cell trafficking and interactions. However, the fine
binding specificities of many of those CTLs are elusive due
to lack of a collection of sequence-defined mannose-contain-
ing glycan standards. Here we report the generation of an
oligomannose array using 85 sequence-defined glycan stan-
dards. These include 20 linear and 53 branched oligoman-
nose structures, as well as 12 high mannose type N-glycan
fragments. Six of the branched oligomannose contain phos-
phate groups on either 6- or 4-position of the terminal man-
nose. There are, in addition, more than 30 asparagine-linked
complex-type N-glycans as controls. Using this array, we
have analysed the binding specificities of recombinant CTLs
that are known to bind to mannose epitope, including
human DC-SIGN, L-SIGN, mannose receptors, Dectin-2,
langerin, mannose binding lectin, and mouse SIGN-Rs. We
anticipate that this data will provide valuable information to
the binding preference of the CTLs and lead to new hypoth-
eses about their naturally occurring ligands. In addition,
using those glycans as standards, we established mass spec-
trometry methods to distinguish the isomers of oligoman-
nose using fragmentation information generated by
negative-ion mode electrospray coupled with high collision
dissociation mass spectrometry. Unique fragmentation pat-
terns at MS2 were identified attributing to various types of
mannose linkages. Our methods enables the quick identifica-
tion and linkage analysis of naturally occurring oligo- and
high-mannose glycans. [This work was supported by NIH
Grant P41GM103694 to RDC. We thank Omicron
Biochemicals, Inc. for providing many of the N-glycans.]

(104) New therapeutic avenues for NGLY1 deficiency
Ulla I.M. Gerling-Driessen1 and Carolyn R. Bertozzi1,2

1Stanford University, Department of Chemistry, Stanford,
CA, 94305; 2Stanford University, Howard Hughes Medical

Institute, Stanford, CA, 94305

N-Glycanase 1 (NGLY1) deficiency is a rare inherited con-
genital disorder caused by heterozygous inactivating muta-
tions in the ngly1 gene. Patients suffering from NGLY1
deficiency exhibit a spectrum of symptoms, such as global

developmental delay, hypotonia, seizures, peripheral neur-
opathy, alacrima and liver abnormalities. NGLY1 is thought
to function as a key component of the ER-associated degrad-
ation (ERAD) machinery. By catalyzing the de-N-glycosyla-
tion of glycoproteins it plays an important role in degradation
of all misfolded glycoproteins that are retro-translocated from
the ER to the cytosol for proteasomal degradation. With this
proposed central role in protein turnover it is difficult to com-
prehend how NGly1 deficient patients even survive.

Recently, we have linked the absence of NGLY1 to the
inadequate activation of the N-glycosylated transcription fac-
tor Nuclear Factor Erythroid-2 Related Factor 1 (NFE2L1,
also called Nrf1), a member of the “cap’n’collar” (CNC)
bZIP family. Nrf1 is involved in many vital metabolic path-
ways, including the transactivation of antioxidant enzymes
and phase 2 detoxification. Its main function, however, is the
regulation of proteasomal subunit gene expression in response
to ER-stress associated with a compromised proteasome
(bounce back), and thereby regulating the proteostasis of
cells. NGLY1 deficient cells have been found to lack a suffi-
cient proteasome function. We thus believe that impaired de-
N-glycosylation of Nrf1 in the absence of NGLY1 results in
an abrogated bounce back response that in turn contributes
to the disease symptoms associated with NGLY1 deficiency.

Based on this biological link between NGLY1 and Nrf1 we
are seeking for new therapeutic avenues to treat the symptoms
associated with NGLY1 deficiency. To this end, we developed
a patient-derived IPSC-screening system that compares the
NGLY1-deficient cells to controls in which the mutation has
been corrected in either one or both alleles with help of the
CRISPRi-technology. We are screening a number of com-
pounds in order to identify hits that are able to rescue the
altered growth phenotype of the NGLY1-deficient cells and
thus, compensate for the insufficient proteasome function.

(105) Isolation and Characterization of a Novel Lamprey
VLRB Specific for Galactose-3-Sulfate on Glycoproteins and

Glycolipids
Tanya R. McKitrick1, Steffen M. Bernard2, Alexander J.
Noll1, Bernard C. Collins2, Christoffer K. Goth1, Brantley
R. Herrin3, Xuezheng Song4, Max D. Cooper3, Ian A.

Wilson2 and Richard D. Cummings1
1National Center for Functional Glycomics, Beth Israel

Deaconess Medical Center Department of Surgery, Harvard
Medical School, 330 Brookline Avenue, Boston, MA 02215,

USA; 2Department of Integrative Structural and
Computational Biology and the Skaggs Institute for

Chemical Biology, The Scripps Research Institute, La Jolla,
CA 92037, USA; 3Emory Vaccine Center and Department
of Pathology and Laboratory Medicine, Emory University,
1462 Clifton Road North-East, Atlanta, GA 30322, USA;
4Department of Biochemistry, Emory University, 1462
Clifton Road North-East, Atlanta, GA 30322, USA

Glycans are known to undergo reversible modifications
including methylation, acetylation, phosphorylation, and
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sulfation. However, the expression patterns and biological
functions of most glycan modifications are unclear. A major
reason for this lack of knowledge is the paucity of detection
reagents available to discern the spatial and temporal expres-
sion profile of these modifications. Using the sea lamprey as
a model system, we have identified a variable lymphocyte
receptor (O6) from a yeast surface display library generated
from immunization with human type O erythrocytes, that
specifically recognizes the terminal (3 S)Galβ1-4GlcNAc
motif.Through a variety of glycan array methodologies and
biophysical experiments, including isothermal calorimetry
and co-crystallization, we have defined the specific epitope
for this VLR. Screening of O6 on a glycoprotein microarray
revealed a number of glycoproteins not previously known to
carry galactose-3-sulfate such as bovine fetuin and human
serum glycoproteins including transferrin.We demonstrated
the utility of this VLR for the characterization of glycan sul-
fation on a variety of platforms, including glycoprotein
array, western blotting, TLC overlay, flow cytometry and
Immunohistochemistry. O6 will thus serve as a valuable
reagent for future glycan structural analyses, glycomic ana-
lyses, and understanding the biological functions of galact-
ose-3-sulfate in health and disease.

(106) Human Adenovirus type 5 increases host cell
fucosylation and modifies LeY antigen expression

Kathya Gutiérrez-Huante1, Héctor M. Mora-Montes2,
Roberta Salinas-Marín1, Ramón A. Gonzalez3 and Iván

Martinez Duncker1
1Laboratorio de Glicobiología Humana, Centro de

Investigación en Dinámica Celular, Universidad Autónoma
del Estado de Morelos.; 2Universidad de Guanajuato,

Biología; 3Laboratorio de Virología Molecular, Centro de
Investigación en Dinámica Celular, Universidad Autónoma

del Estado de Morelos

The overexpression of specific host cell glycosyltransferases,
including fucosyltransferases (FUTs), is characteristic of cer-
tain viral infections that alter the glycosylation of host cells.
Infection with CMV (cytomegalovirus), HCV (hepatitis C
virus), HSV-1 (herpes simplex virus type-1) and VZV (vari-
cella-zozter virus) increase the expression of fucosylated epi-
topes, including antigens sLex (Siaα2-3Galβ1-4(Fucα1-3)
GlcNAcβ1-R) and Ley (Fucα1- 2Galβ1-4(Fucα1-3)
GlcNAcβ1-R). In this work, we aimed to establish whether
infection with human adenovirus type 5 (HAd5), a well-
known viral vector and infectious agent, causes changes in
the glycosylation profile of the A549 cells, used as a model
of lung epithelium, a natural target of HAd5. We demon-
strate for the first time that HAd5 infection causes a signifi-
cant increase in the cell surface de novo fucosylation, as
assessed by metabolic labeling, and that such modification is
dependent on the expression of viral genes. The main type of
increased fucosylation was determined to be in α1-2 linkage,
as assessed by UEA-I lectin binding and supported by the

overexpression of FUT1 and FUT2. Also, HAd5-infected
cells showed a heterogeneous change in the expression pro-
file of the bi-fucosylated Ley antigen, an antigen associated
with enhanced cell proliferation and inhibition of apoptosis.
We suggest, that in order to create a favorable cellular envir-
onment for viral infection or replication, HAd5 increases
host-cell fucosylation and modifies Ley antigen expression.

(107) Development and Standardization of Assays to
Measure Plasma and Sera Glycosidase Activities in Normal

and Disease Physiology
Benjamin S. Haslund-Gourley1,2, Peter V. Aziz1,2,3 and

Jamey D. Marth1,2,3
1Center for Nanomedicine; 2Sanford-Burnham-Prebys
Medical Discovery Institute; 3Department of Molecular,
Cellular, and Developmental Biology, University of

California-Santa Barbara, Santa Barbara, California 93106

Glycosidases are normally present in the bloodstream of
healthy mammals and reflect, at least in part, a recently dis-
covered intrinsic mechanism of secreted protein aging and
turnover. This mechanism includes the sequential and tem-
poral hydrolysis of terminal N-glycan linkages resulting in
the exposure of cryptic ligands of endocytic lectins. Such lec-
tins of various and distinct binding specificities are engaged
in the recognition and turnover of these aged secreted glyco-
proteins. Recent studies have demonstrated that the expres-
sion of endogenous glycosidases are altered during diseases
such as sepsis and colitis, and that the resulting change in
glycoprotein clearance and abundance was in fact the cause
of disease. We have set-up, developed, and optimized assays
of neuraminidase (Neu), β-galactosidase, β-N-acetylglucosa-
minidase, α-mannosidase, and α-fucosidase activities mea-
sured at both lysosomal and blood pH to obtain
reproducible measurements of basal levels in order to subse-
quently detect glycosidase changes in diseases including
mouse and human sepsis. Each assay is over 95% inhibited
by competitive binding of saccharide antagonists and each
assay is able to detect and measure specific activities at both
lysosomal pH and blood pH. Profiles of normal mouse and
human glycosidase activities in the blood plasma and sera
have been completed and will be presented. In subsequent
studies now ongoing, laboratory mice serving as experimen-
tal models have received comparable infections by different
bacterial pathogens known to cause sepsis in humans.
Multiple timepoints post-infection are analyzed for changes
in glycosidase activities during sepsis. Recent data involving
neuraminidase activity measurements have revealed altera-
tions that are different in Gram-positive and Gram-negative
sepsis, and which further cause disease. Ongoing analyses
include comprehensive measurements of neuraminidase, β-
galactosidase, β-N-acetylglucosaminidase, α-mannosidase,
and α-fucosidase activities to obtain activity profiles in both
mouse and human sepsis caused by different pathogens.
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(108) Glycan Microarray and Glycomics Services through
the National Center for Functional Glycomics, the Harvard
Medical School Center for Glycosciences, and the BIDMC

Glycomics Core
Jamie Heimburg-Molinaro, Sylvain Lehoux, Tanya

McKitrick, Mark B. Jones, Sucharita Dutta, Elliot Chaikof,
Lijun Sun and Richard D. Cummings

Beth Israel Deaconess Medical Center, Harvard Medical
School, Boston, MA

The National Center for Functional Glycomics (NCFG) at
BIDMC at Harvard Medical School (HMS) is one of four
Glycomics-related Biomedical Technology Resource Centers
in the U.S., funded by the National Institutes of Health,
NIGMS. The NCFG is an outgrowth of the successful
Consortium for Functional Glycomics (CFG) glycan micro-
array resources. The overall goal of the NCFG is to “provide
innovative leadership in developing technologies for studying
the functions of cellular glycomes and for glycomic analyses,
and understand the protein-glycan interactome.” Our current
research initiatives center on 3 Technology Research &
Development Projects that revolve around expansion of gly-
can microarray technologies, development of “Shotgun
Glycomics” as a general method for studying natural cell-
derived glycan recognition, and development of different gly-
can display technologies, such as bead-displayed glycans for
flow cytometry. Our efforts have expanded to include anti-
bodies produced in lamprey (VLRBs) as detectors and disrup-
tors of glycans and their interactions, heterogeneous
glycopeptide libraries based on naturally occurring presenta-
tions, and other types of bead platforms as discovery tools.
The paramount service offered through the NCFG is the ana-
lysis of glycan binding proteins (GBPs) on our collection of
glycan microarrays, as fee-for-service and through collabora-
tive research. The CFG mammalian glycan array, with ~600
glycans, is available through requests to the CFG Steering
Committee, as are Microbial glycan microarrays.
Additionally, we offer a multitude of defined glycan arrays,
including mannose-6-phosphate compounds and glycopep-
tides. The number and diversity of glycan arrays is continu-
ously growing, and now includes glycans generated by
companies supported by NCI/SBIR/STTR grants. An exciting
development within the NCFG has been shotgun glycan
microarrays, containing the undefined mixture of glycans iso-
lated from a tissue, cell, organism, or fluid. The libraries of
glycans are printed as arrays for analysis with GBPs, and
bound glycans are targeted for further characterization. New
shotgun glycan libraries are continually being generated, and
requests for shotgun microarrays of new materials can be
directed to the NCFG. Our Center also offers comprehensive
Glycomics analyses using MALDI-TOF and LC-MS mass
spectrometry platforms. We routinely perform glycan profil-
ing (glycolipids, N- and O-glycans) as well as sialic acid link-
age analyses on all type of biological samples including
serum/plasma, purified glycoproteins, cultured cells and tissue
samples. We focus on technology development in the

glycosciences and defining cellular glycomes important in
human biology and disease, and we aim to support the com-
munity in their endeavors into defining protein-glycan interac-
tions. http://ncfg.hms.harvard.edu/home P41GM103694

(109) Differential regulation of mammalian neuraminidases
by Tlr4 in Gram-negative sepsis

Douglas M. Heithoff1,3, Won Ho Yang1,2, Peter V. Aziz1,2,
Benjamin S. Haslund-Gourley1,2, Victor Nizet4, Jamey D.

Marth1,2,3 and Michael J. Mahan1,3
1Center for Nanomedicine; 2Sanford Burnham Prebys
Medical Discovery Institute; 3Department of Molecular,
Cellular, and Developmental Biology, University of

California Santa Barbara, Santa Barbara, California 93106;
4Department of Pediatrics and Skaggs School of Pharmacy
and Pharmaceutical Sciences, University of California San

Diego, La Jolla, California 92093

Age related remodeling of N-glycans in the bloodstream has
been identified as a mechanism determining glycoprotein
half-lives and clearance via endocytic lectin receptors includ-
ing the hepatic Ashwell-Morell receptor (AMR). In a mouse
model of lethal Gram-negative sepsis caused by infection-
with the human bacterial pathogen Salmonella enterica sero-
var Typhimurium (ST), we measured an increased rate of N-
glycan remodeling by de-sialylation among blood glycopro-
teins with ensuing AMR ligand formation, resulting in rapid
decreases in the abundance and function of two host anti-
inflammatory enzymes, tissue non-specific and intestinal
alkaline phosphatase (TNAP and IAP). The accelerated
aging of TNAP and IAP by an increased rate of de-sialyation
with the subsequent AMR-dependent clearance of TNAP
and IAP bearing reduced half-lives in sepsis was due to the
induction of host neuraminidase (NA) activity in blood. The
ST pathogen does not encode a neuraminidase. Neu induc-
tion includes Neu1 and Neu3 isoforms and can be recapitu-
lated by isolated lipopolysaccharide (LPS) endotoxin present
among Gram-negative bacteria. To address whether LPS
invariably induces host Neu expression, we also studied sep-
sis caused by Salmonella enterica serovar Choleraesuis (SC),
a Gram-negative hypervirulent variant that we have charac-
terized and published, and which exhibits a 100-fold
reduced oral LD50 in WT mice. The hypervirulence pheno-
type is accompanied by elevated serum inflammatory cyto-
kine levels and increased bacterial burdens in spleen and
liver tissues relative to conventionally-virulent ST. We tested
the hypothesis that LPS structural and functional differences
between these two closely-related Salmonella strains may
contribute to the mechanistic basis of hypervirulence. Since
the physiological recognition of LPS occurs via Toll-like
receptor 4 (Tlr4), we measured the ability of SC to infect
Tlr4-/- mice and observed a 20- to 100-fold increase in oral
LD50 relative to infection of WT mice, an increase in host
protection similar to that observed following ST infection.
Surprisingly, SC failed to induce host Neu activity and
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expression, and the infected animals maintained normal AP
levels prior to death. These findings suggest alternate host
pathways that include Tlr4 function and differentially
involve Neu induction in the pathogenesis of sepsis compar-
ing Gram-negative ST and SC bacterial pathogens.

(110) Genotype-Phenotype Correlations for Protein
O-Linked Mannose N-Acetylglucosaminyltransferase 1

(POMGNT1) in Congenital Muscular Dystrophy
Jessica Z. Ho1,3, Sally R. Boyd2,3, Danish Singh2,3,

Stephanie Halmo2,3 and Lance Wells2,3
1Department of Cellular Biology, University of Georgia,
Athens, GA, 30602; 2Department of Biochemistry and
Molecular Biology, University of Georgia, Athens, GA,

30602; 3Complex Carbohydrate Research Center,
University of Georgia, Athens, GA, 30602

Congenital muscular dystrophy (CMD) is a heterogeneous
family of inherited muscle disorders. A subtype of CMD
known as dystroglycanopathy is classified by hypoglycosyla-
tion of alpha-dystroglycan (α-DG) that arises from defects in
the protein O-mannosylation biosynthetic pathway. One
enzyme involved in the O-mannosylation pathway is protein
O-linked-mannose β-1,2-N-acetylglucosaminyltransferase
(POMGNT1). POMGNT1 catalyzes addition of N-acetyl-D-
glucosamine to an O-mannose structure in a β1,2-linkage.
Mutations in the gene encoding POMGNT1 have been
observed in patients with various dystroglycanopathies ranging
from mild to severe disease. Our work examines the role of 13
point mutations in POMGNT1 in an attempt to define a geno-
type-phenotype correlation. The effects of the selected muta-
tions on enzyme characteristics are not well established.
Therefore, we sought to identify mutation-derived changes in
enzyme kinetics and stability. Preliminary data indicates that
some of the variant proteins were not capable of being stably
expressed in a mammalian cell line. Kinetic analysis uncovered
both impaired and catalytically dead variants of the enzyme. A
thermal shift assay revealed that all variants able to be
expressed to date exhibited similar stability parameters. We
are currently working to characterize all variants including res-
cuing POMGNT1 knockout cell lines for IIH6 reactivity, lam-
inin binding, and Lassa pseudovirus entry. Understanding
genotype-phenotype correlations in this glycosyltransferase
could facilitate the design of personalized approaches for ther-
apy. This work was supported in part from a grant from NIH/
NIGMS (LW and DL, R01GM111939).

(111) Galectin-4 interaction with CD14 triggers the
differentiation of monocytes into macrophage-like cells via

MAPK signaling pathway
So-Hee Hong1,2,5, Jun-Seop Shin1,2,3, Hyunwoo Chung1,4,5

and Chung-Gyu Park1,2,5
1Xenotransplantation Research Center; 2Institute of

Endemic Diseases; 3Cancer Research Center; 4Department

of Biomedical Sciences; 5Department of Microbiology and
Immunology, Seoul National University College of Medicine

Galectin-4 (Gal-4) is a β-galactoside-binding protein specific-
ally expressed in the gastrointestinal (GI) tract. Although
intensive studies have been done for the function of other
isoforms of galectins, the immune-regulatory function of
Gal-4 in environments such as intestinal mucosa remains
ambiguous. Here, we demonstrated that Gal-4 specifically
binds to CD14 on monocytes and induces the differentiation
of monocytes into macrophage-like cells through MAPK sig-
naling pathway. Gal-4 induced phenotypic changes of
monocytes by altering the expression of various surface
molecules on monocytes such as chemokine receptors, toll-
like receptors (TLRs), co-stimulatory molecules and HLA-
DR. Furthermore, the functions of monocytes were affected
by Gal-4. While the cytokine production and matrix metal-
loproteinase (MMP) expression were increased in Gal-4-
treated monocytes, their phagocytic capacity was reduced.
Concomitant with these changes, Gal-4-treated monocytes
became adherent and elongated with a spindle-like morph-
ology, and also showed an increased expression of macro-
phage markers. Notably, we found that Gal-4 interacts with
CD14 and activates MyD88/MAPK signaling cascade (p38
and c-Jun). The effect of Gal-4 on monocytes was com-
pletely abrogated by anti-CD14Ab. Also, Gal-4 could not
increase the macrophage marker expression in MyD88-defi-
cient monocytes. Therefore, these findings suggest that Gal-4
may regulate the immune responses through the activation
and differentiation of monocytes.

(112) Role of sialyl 6-sulfo Lewis X in anti-tumor immunity
against oral squamous cell carcinoma

Hitomi Hoshino1, Hisato Yoshida1,2, Yoshiaki Imamura3,
Kazuo Sano2 and Motohiro Kobayashi1

1Department of Tumor Pathology, Faculty of Medical
Sciences, University of Fukui; 2Department of Dentistry and
Oral Surgery, Faculty of Medical Sciences, University of

Fukui; 3Division of Surgical Pathology, University of Fukui
Hospital

Tumor-infiltrating lymphocytes (TILs) reportedly play a piv-
otal role in antitumor immunity against oral squamous cell
carcinoma (OSCC); however, mechanisms governing TIL
recruitment to OSCC tissues remain to be clarified. This
study was undertaken to assess a potential association
between TILs and high endothelial venule (HEV)-like vessels
that express sialyl 6-sulfo Lewis X (LeX).OSCC tissue sec-
tions (n = 41) were subjected to immunohistochemistry for
sialyl 6-sulfo LeX and CD34 to allow quantitation of HEV-
like vessels. Triple immunohistochemistry for sialyl 6-sulfo
LeX and either CD3 and CD20 or CD4 and CD8 was con-
ducted to determine which lymphocyte subset is more closely
associated with HEV-like vessels. HEV-like vessels expres-
sing sialyl 6-sulfo LeX were detected in 27 of 41 (65.9%)
OSCC cases, and these vessels were more frequently found
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in early disease (T1/T2 stages) compared with advanced (T3/
T4) stages. The number of T cells attached to the inner sur-
face of these HEV-like vessels was significantly greater than
that of B cells, while the number of CD4+ helper T cells and
CD8+ cytotoxic T cells did not differ significantly.
Interestingly, sialyl 6-sulfo LeX was also expressed on the
membrane of a fraction of OSCC cells, and CD8+ cytotoxic
T cells were almost exclusively found attached to these car-
cinoma cells. Sialyl 6-sulfo LeX is displayed not only on
HEV-like vessels but also on OSCC cells and may poten-
tially function in antitumor immunity against OSCC.

(113) Role of the ST6Gal-I sialyltransferase in protecting
tumor cells from hypoxia

Robert B. Jones, Anita Hjelmeland and Susan L. Bellis
University of Alabama at Birmingham

A change in surface glycosylation was one of the first identi-
fied hallmarks of a cancer cell, however, the functional
effects of altered glycosylation on cancer cell phenotype
remain poorly-understood. Our group and others have
shown that ST6Gal-I, a sialyltransferase that adds
α2-6-linked sialic acids to N-glycosylated proteins, is upregu-
lated in many cancer types including ovarian and pancreatic
cancer. ST6Gal-I acts as a pro-survival factor in a variety of
settings, including resistance to chemotherapeutic drugs. In
the current study, we describe a novel function for ST6Gal-I
in promoting tumor cell survival within the hypoxic tumor
microenvironment. Hypoxia leads to the induction of hypoxia
inducible factors (HIFs), which are transcriptional regulators
of the cellular response to hypoxia. HIFs, such as HIF-1α, dir-
ect the transcription of many proteins necessary for cells to
survive under low oxygen tension. Using ovarian and pancre-
atic cancer cells with ST6Gal-I overexpression or knockdown,
we recently determined that ST6Gal-I activity promotes the
accumulation of HIF-1α. This augmented accumulation is
accompanied by increased transcription of HIF-1α target
genes including the glucose transporters, GLUT1 and
GLUT3, and the glycolytic enzyme, PDHK1. These data sug-
gest that cancer cells with high ST6Gal-I expression are better
adapted to survive within a hypoxic microenvironment. We
further observed that both the AMPK and NFκB pathways
have increased activation in cells with high ST6Gal-I expres-
sion subsequent to culture in hypoxia. Additionally, long-
term culture in hypoxia selects for cells with high ST6Gal-I
expression. Finally, we show that ovarian cancer cells with
forced overexpression of ST6Gal-I injected into the periton-
eum, a highly hypoxic microenvironment, have increased cap-
acity to disseminate and form secondary tumors. Taken
together, these data highlight a novel glycosylation depend-
ent mechanism that aids cancer cells in surviving hypoxic
microenvironments, thereby fueling tumor progression and
metastasis.

(115) HS S-domains that accumulate in ATTR amyloidosis
patients accelerate and mediate formation and cytotoxicity

of transthyretin fibrils
Kazuchika Nishitsuji1,2, Kenji Uchimura3, Taro Yamashita4,

Hirokazu Kameyama5, Kaori Kuwabara5, Mineyuki
Mizuguchi6, Shang-Cheng Hung7, Keiichiro Okuhira5,
Takashi Ohgita8, Hiroyuki Saito8 and Yukio Ando4
1Department of Biochemistry, Wakayama Medical

University; 2Department of Pathology and Laboratory
Medicine, Institute of Biomedical Sciences, Tokushima
University Graduate School; 3Unité de Glycobiologie

Structurale et Fonctionnelle, UMR 8576 CNRS, Université
de Lille 1; 4Department of Neurology, Graduate School of
Medical Sciences, Kumamoto University; 5Department of
Molecular Physical Pharmaceutics, Institute of Biomedical
Sciences, Tokushima University Graduate School; 6Faculty

of Pharmaceutical Sciences, University of Toyama;
7Genomics Research Center, Academia Sinica; 8Department
of Biophysical Chemistry, Kyoto Pharmaceutical University

Introduction: Heparan sulfate (HS) is a sulfated linear poly-
saccharide composed of a repeating disaccharide of glucosa-
mine and hexuronic acid. The structure of HS is
heterogeneous. The highly sulfated domains of HS, referred
to as HS S-domains, are made up of repeated trisulfated dis-
accharide units [iduronic acid (2 S)-glucosamine (NS, 6 S)–]
and are selectively remodeled by Sulfs, extracellular endoglu-
cosamine 6-sulfatases. HS S-domains are critical for molecu-
lar interactions between HS and its ligands, and for signal
transduction of several growth factors. Although HS has
been implicated in the pathogenesis of various amyloidoses
including ATTR amyloidosis, pathological roles of HS S-
domains in amyloidoses remain to be elucidated. Here, we
investigated the roles of HS S-domains in the formation and
cytotoxicity of transthyretin (TTR) fibrils.

Materials & methods: Paraffin-embedded sections of
ATTR amyloidosis kidneys were stained with the RB4CD12
anti-HS S-domain antibody. The wild-type and V30M
mutated TTR 12-35 fragments, and the 105-123 fragment
were purchased from Eurofins Genomics (Tokyo, Japan). The
TTR 81-127 fragment was expressed in Escherichia coli and
purified. Heparin, a structural analogue of HS S-domains, was
conjugated with bovine serum albumin (BSA). Fibril formation
of TTR fragments was monitored in plates that were coated
with BSA or heparin-BSA conjugates by using thioflavin T. In
order to assess the role of HS S-domains, the HS S-domains
within the heparin-BSA conjugates were eliminated by treating
wells of heparin-BSA-coated plates with culture medium of
Chinese hamster ovary (CHO) cells that stably express human
Sulf-2 (CHO-HSulf-2). TTR fibrils were obtained by incubat-
ing TTR fragments (10 μM) at 37 °C for 5 days and labeled
with a fluorescent dye. CHO and CHO-HSulf-2 cells were
incubated with TTR fibrils at 37 °C for 12 h, after which per-
centages of fibril-positive cells were determined by using a
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confocal microscope. Cytotoxicity of TTR fibrils was analyzed
by using a mitochondrial membrane potential-sensitive fluoro-
phore, tetramethylrhodamine ethyl ester.

Results & Conclusions: HS S-domains accumulated in
the kidney of an ATTR amyloidosis patient. Heparin accel-
erated the fibril formation of TTR fragments in an HS S-
domain-dependent manner. TTR fibrils interacted with cells
via HS S-domains at the cell surface, and the cytotoxicity of
TTR fibrils was mediated by the HS S-domains. Our findings
unveil the pathological roles of HS S-domains in ATTR
amyloidosis. We also propose that the enzymatic remodeling
of HS S-domains by Sulfs is a novel strategy for targeting
formation and cytotoxicity of amyloid fibrils.

(116) Identifying C-mannosylated Proteins in RAW264.7
Cells

Nicholas R. Kegley1, Megumi Takeuchi2, Atsuko Ito2,
Robert S. Haltiwanger2 and John Rakus1

1Department of Chemistry, Marshall University,
Huntington, WV; 2Complex Carbohydrate Research Center,

University of Georgia, Athens, GA

C-mannosylation is a specific type of glycosylation in which
α-mannose is covalently bound to the C2 atom of a trypto-
phan via a carbon-carbon bond. Presently, it is known to
occur on proteins that contain the W-x-x-W-x-x-W/C motif
found within the Thrombospondin Type-1 Repeat (TSR),
with ‘x’ denoting any other amino acid. C-mannosylation
has been implicated in a few cellular functions, including
protein secretion and type I cytokine receptor function.
Previous research has shown that exogenous C-mannosy-
lated peptides derived from TSR containing proteins upregu-
late the production of the pro-inflammatory cytokine Tumor
Necrosis Factor alpha (TNF-α) in RAW264.7 macrophage
cells. This upregulation is substantially increased in the pres-
ence of Hsc70. When these peptides are internalized y
RAW264.7 cells, a binding interaction occurs between the
two proteins, which also correlates with increased TNF-α
levels. With the knowledge that exogenous C-mannosylated
peptides and Hsc70 can influence cytokine production, this
study has focused on identifying endogenous C-mannosy-
lated proteins in RAW264.7 cells that interact with Hsc70.
The potential of a naturally occurring interaction between
these two proteins could elucidate the importance of C-man-
nosylation in the innate immune response. Through a Hsc70
co-immunoprecipitation, a potentially C-mannosylated pro-
tein has been identified in Junctophilin-1 (JPH1). JPH1
forms a junctional membrane complex (JMC) between the
endoplasmic reticulum and plasma membrane of excitable
cells, facilitating communication between calcium ion release
channels. When comparing the nano-LC MS/MS results for
JPH1 against a mouse database, 69 separate PSMs were
shown where JPH1 carries a hexose. MS/MS data suggests
that the hexose appears on a single tryptophan in a peptide

bearing the sequence: E-G-E-W-A-N-N-K. This indicates the
potential for JPH1 to be an example of non-canonical C-
mannosylation. This work was supported by NSF grant
OIA-1738707.

(117) A Role for O-Fucosylation in Notch folding and
trafficking

Kenjiroo Matsumoto1, Hideyuki Takeuchi2 and Robert S.
Haltiwanger1

1Complex Carbohydrate Research Center, University of
Georgia; 2Department of Molecular Biochemistry, Nagoya

University School of Medicine

Notch is a transmembrane protein receptor that mediates
direct cell-cell communication at the cell surface. Mouse
NOTCH1 is O-fucosylated by Protein O-fucosyltransferase
1 (POFUT1) at predicted consensus sequences (C2XXXX(S/
T)C3) found within 17 of the 36 total Epidermal Growth
Factor-like (EGF) repeats in its extracellular domain. Recent
reports have demonstrated that O-fucose residues on EGF8
and 12 are directly involved in intermolecular interactions
with Notch ligands and play a crucial role in Notch-ligand
binding. Additional studies have shown that O-fucose resi-
dues on EGF repeats are also involved in intramolecular
interactions with underlying amino acids in the EGF repeat,
stabilizing their structure. Since O-fucosylation occurs in the
endoplasmic reticulum (ER), and POFUT1 only modifies
EGF repeats after they are folded, these results are consistent
with reports that addition of O-fucose residues are essential
for efficient Notch trafficking from the ER to the cell mem-
brane. Nonetheless, other studies suggest addition of O-
fucose is not required for folding and trafficking of Notch.
For instance, POFUT1 has been reported to have a fucosyl-
transferase-independent chaperone activity, and other reports
suggest that the trafficking defects are not seen in all cell sys-
tems. To further examine the role of O-fucose modifications in
Notch trafficking, we have tested whether mutant forms of
POFUT1, known to have significantly reduced enzymatic activ-
ity, are able to rescue addition of O-fucose to NOTCH1 EGF
repeats in POFUT1-null HEK293T cells, and whether these
same mutants can rescue NOTCH1 localization defects in the
same cells. The POFUT1 mutations tested were from patients
with Dowling-DegosDisease (DDD: R240C, M262T, S356F,
and R366W), a recently-described patient with severe develop-
mental defects (S162L), and a mutation in the active site which
was used in many studies proposing that POFUT1 has fucosyl-
transferase-independent chaperone activity (R240A).
Interestingly, all POFUT1 mutants, including R240A, were
able to add O-fucose to EGF repeats in cells to some extent
except for S356F. In addition, all could at least partially rescue
NOTCH1 trafficking in POFUT1-null cells, except for S356F.
These data strongly suggest that addition of O-fucose to
NOTCH1 is essential for efficient trafficking. Supported by
NIH grant GM061126.
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(118) Bacterial Polysaccharides in Cancer Therapy,
1866-2018

Roger A. Laine1,2
1Louisiana State University; 2TumorEnd, LLC

Historical: From 1866, to 1892, German and French oncol-
ogists observed that sarcoma patients with accidental erysip-
elas exhibited tumor regression and ablation1-3. These
physician-scientists deliberately infected patients with the
erysipelas causing organism found by Fehleisen2 to be
Streptococcus erysipelatos, now called S. pyogenes, with
remarkable success in both humans1-3 and spontaneous
tumors in dogs. 1Busch W (1868) In: ‘Verhandlungen artzli-
cher Gesellschaften’, Berl. Klin. Wochenschr. 5: 137-138.
2Fehleisen F (1882) Uber die Zuchtung der Erysipelkokken
auf kunstlichem Nahrboden und die Ubertragbarkeit auf
den Menschen. Dtsch. Med. Wochrnschr. 8: 553-554.
3Spronck CHH (1892) Tumeurs malignes et maladies infec-
ticuses. Ann. Inst. Pasteur 6: 683-707. Erysipelas is a skin
rash, caused by beta-hemolytic group A Streptococcus pyo-
genes bacteria. Incidental Erysipelas infections in cancer
patients caused tumor ablation (1866-1920).

• COLEY’S TOXIN: Independently, William B. Coley4-8,
a surgeon at Cornell University found a 7 year old case in
the hospital records showing a sarcoma regression with an
accidental erysipelas infection. He independently injected S.
erysipelatos in cancer patients, with remarkable success.
Coley heat-killed the cultures, filtered out the bacteria and
found the same tumor hemorrhagic results from culture
medium. Roger, in France reported that co-culture of
Bacillus prodigiosus (now Serratia marcescens) had an adju-
vant effect in producing S. erysipelatos antibodies in rabbits.
Coley, co-cultured these organisms, obtaining more potent
antitumor preparations “Coley’s Toxin”. (Coley reviewed
20 years of work in this area in 1910). Pfizer produced
Coleys Toxin for 20 years. A large number of reports sup-
ported the success of this approach. Beebe and Tracy, at a
New York Cancer Research Center, treated 5 dogs with
transplantable sarcomas with Coley’s Toxin with 5 cures.

• Shear, et al., 1943, characterized the tumor hemorrhagic
principle in Serratia as a polysaccharide fraction, no peptide,
with lipid and phosphate, hexosamine, hexose, methyl pen-
tose. Hellerqvist, et al., in the 1990’s, independently found
the active principle from Group B Streptococcus (GBS) caus-
ing “early onset disease” neonate lung destruction was a
270,000da polysaccharide with lipid, phosphate, containing
hexosamine, hexose and methylpentose. They applied it to a
mouse tumor model, surmising that tumors attracted the
same kinds of capillary, Hellerqvist’s group conducted a
Phase I clinical trial with 33% effectivity in stage 4 patients:
Hellerqvist’s group isolated the receptor on hypoxic driven
capillaries as SP55 in all animals and HP59 in humans, later
shown to be Sialin SLC17A5. With additional new data, it
appears that these two polysaccharides, one from a gram
negative Serratia and one from a gram positive GBS may

have the same receptor and may cause the same effect, com-
plement activation specifically on tumor capillaries.

(119) IgE glycosylation patterns in human disease
Emma Laprise1, Kai-Ting Shade1, Robert Anthony1,2 and

Michelle Conroy1,2
1Center for Immunology and Inflammatory Diseases,

Massachusetts General Hospital; 2Harvard Medical School

IgE antibodies have an indisputable role in allergic diseases
which affect a staggering 30-40% of the world’s population.
IgE is the least common antibody class in the circulation.
These are the most heavily glycosylated monomeric antibo-
dieswith seven N-linked glycosylation sites distributed across
each heavy chain. In addition to allergy, a host of other dis-
eases implicate IgE in pathogenesis, although mechanisms are
not well understood. These include immune deficiencies, sys-
temic lupus erythematosus, and helminth infections. However,
there is currently no criteria to define what makes IgE patho-
genic. Indeed, approximately one half of individuals with
food-specific IgE do not experience allergic symptoms upon
ingestion of the relevant food. This suggests antigen specificity
alone does not determine IgE biologic effects. IgG antibodies
are the most common class in the circulation and are perhaps
the best studied. The role of the singleFc glycan in IgG biology
has been well established. Regulation of IgG glycosylation has
been described across several clinical conditions including
infection, pregnancy, autoimmune disease, and vaccination. A
number of groups, including ours, have analyzed the glycosy-
lation of IgE. However, this has been limited to non-allergic
samples, including recombinant IgE, hyper IgE, and myeloma
IgE. Here, we examined the glycosylation of primary IgE from
allergic samples to define glycosylation patterns of pathogenic
IgE. This initial work will serve as a foundation to understand
how IgE glycan configurations are regulated during homeosta-
sis and disease.

(120) Galectin 8 in Trypanosoma cruzi-induced myocarditis
Adriano Bertelli1, Liliana Sanmarco2, Carla Pascuale1,

Miriam Postan3, Pilar Aoki2 and
Maria Susana Leguizamón1

1Instituto de Investigaciones Biotecnológicas, UNSAM-
CONICET; 2Centro de Investigación en Bioquímica Clínica

e Inmunología (CIBICI)-CONICET; 3Instituto de
Parasitología M.Fatala Chabén., Buenos Aires, Argentina

In Chagas disease, the American trypanosomiasis, it is known
that cardiomyopathy is based on the induction of a strong
inflammation due to Trypanosoma cruzi persistence in cardiac
tissue. Gal-8, a Galectin widely distributed in different tissues
that can works through an autocrine/paracrine way, is
involved incellular adhesion, migration, apoptosis, etc. It has
been associated either as a pro-inflammatory or anti-inflam-
matory molecule by different authors in several models. To
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analyze the role of Gal-8 in an inflammatory infectious con-
text, we used a murine chronic T. cruzi infection model.
C57BL/6 J (B6, WT) and B6Gal-8 knock out (KO) mice were
infected with the Ac strain (DTU TcI) T. cruzi. Four month
post-infection, the cardiac tissue from KO mice showed
increased inflammation score in comparison with WT
(p = 0.0119). No differences were observed in fibrosis degree
and tissue parasite levels. To identify the immune population
in the inflamed cardiac tissue, a flow-cytometry analysis was
performed. Similar values were found in the percentage of car-
diac T lymphocytes (CD3+), and their different subpopula-
tions, between KO and WT mice. We observed a rise in the
frequency of macrophages (p = 0.0021) in KO heart tissue
compared to WT, in agreement with increased cardiac CCL-2
levels. A strong increment in neutrophil numbers was observed
in KO vs. WT (p = 0.0097) mice that, however, did not cor-
relate with cardiac and systemic CXCL1 and CXCL2 levels.
These results suggest that the neutrophil rise may be instead
related to Gal-8 preaparesis induction mechanism. Taken
together, our results suggest that Gal-8 participate as an anti-
inflammatory molecule in T. cruzi chronic infection.

(121) Why do Fringe enzymes modify O-fucose on some
Notch EGF repeats but not others?

Kelvin B. Luther1, Shinako Kakuda2, Atsuko Ito1 and
Robert S. Haltiwanger1

11. Complex Carbohydrate Research Center, University of
Georgia, Athens, GA, 30602, USA; 22. Department of
Biochemistry and Cell Biology, Stony Brook University,

Stony Brook, NY, 11794, USA

Notch (N) signaling receptors are involved in myriad devel-
opmental, cell differentiation, and cell regulatory events.
Disruptions to N signaling result in embryonic lethality,
developmental defects, cancers, and have been implicated in
various other pathologies. Four N receptors exist in mam-
mals (N1-N4) all of which are single-pass transmembrane
proteins containing 29 to 36 tandem EGF-like repeats
(EGFs) in their extracellular domains. Signaling through the
N receptors involves ligands on adjacent cells interacting
with the N extracellular domain, triggering proteolysis
events that release the N intracellular domain to the nucleus.
The ligand/receptor interactions are modulated via glycosy-
lation on the receptor EGFs. These glycans are initiated by
PROTEIN O-FUCOSYLTRANSFERASE 1 adding fucose to
EGFs with a consensus sequence for fucosylation. A sub-set
of fucosylated EGFs are then subject to elongation by a fam-
ily of three Fringe beta-3-N-acetylglucosaminyl-transferases:
LUNATIC, MANIC, and RADICAL FRINGE. Broadly
speaking on N1, RADICAL FRINGE modifies a sub-set of
EGFs modified by MANIC FRINGE, which in turn modifies
a sub-set of EGFs modified by LUNATIC FRINGE, which
modifies a sub-set of all fucosylated EGFs. Previous studies
have additionally suggested that the primary amino-acid
sequence of a single EGF is necessary, but may not be suffi-
cient for directing Fringe specificity. Despite close sequence

identity between corresponding EGFs on the N1 & N2
receptors, we now have data showing that in at least some
instances, corresponding EGFs between these receptors pos-
sessing high sequence identity can exhibit dramatically dif-
ferent specificity as Fringe acceptor substrates. This suggests
that position in the tandem sequence of EGFs in the extracel-
lular domain of the N receptors could be contributing to
Fringe acceptor substrate specificity. To address the question
of how Fringe specificity for an EGF is determined, we have
begun swapping corresponding EGFs with high sequence
identity between the N1 and N2 receptors. We then analyze
the degree of Fringe glycosylation on the swapped constructs
compared to the native control sequences. Once we have
mapped the effects of swapping individual EGFs, we can
correlate the in vivo specificity with in vitro specificity. We
can then iterate this process, swapping multiple EGFs, with
the intent of fully mapping the acceptor substrate specificity
determinants for Fringe enzymes with regard to N EGFs.
This work is supported by NIH grant GM061126.

(122) ST6Gal-1 deficiency is associated with development of
GVHD-like autoimmune symptoms, myeloid biased

hematopoietic reconstitution post whole bone marrow
transplant and reduced cycling of hematopoietic stem cells
Himangi Marathe1,3, Patrick Punch1,3 and Joseph Lau1,2,3

1Department of Molecular and Cellular Biology;
2Department of Medicine; 3Roswell Park Comprehensive

Cancer Center

Graft vs host disease (GVHD) is an immunologically
mediated disease and is one of the major complications aris-
ing in patients receiving hematopoietic stem cell transplants
(HSCT). The incidence of GVHD is between 30- 60%, with
a mortality rate of 50% thus significantly limiting the clin-
ical application and benefits of HSCT as therapy for various
hematological cancers. We report here preliminary observa-
tions wherein recipient C57/B6 mice deficient in ST6Gal1
specifically develop skin lesions post transplant with syngen-
eic wild type WBM. (from other C57/B6 mice). Apoptotic
keratinocytes with lymphocyte infiltration were observed in
histological analysis of skin punches, implicating early phase
GVHD. All wild type recipients remain asymptomatic.

ST6Gal1 deficient recipient mice had more donor derived
myeloid cells in peripheral blood post transplant. We
observed further that the wild-type donor originated cells
had reduced cell surface SNA reactivity while the recipient
originated LSK and HSC that were natively ST6Gal1 defi-
cient gained cell surface SNA reactivity. This suggests either
redistribution of SNA-binding a2,6-sialyl glycans between
donor and recipient cells, or extrinsic sialylation by extracel-
lular ST6Gal-1 is a major mechanism in maintaining a2,6-
sialylation of early hematopoietic progenitors.

The absence of systemic ST6Gal-1 may be a driver in the
observed GVHD- like symptoms as well as the myeloid bias
in ST6Gal-1 deficient animals, despite receiving wild-type
marrow transplants. We further observed increased numbers
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of hematopoietic stem cells in ST6Gal1 deficient mice in the
quiescent G0 phase at baseline, exhibiting reduced ability to
cycle upon induction with poly I:C.

Taken together, our data point to the ST6Gal1 status as
important in bone marrow transplantation conditions,
affecting the ability of stem cells to respond to situations
demanding hematopoietic output as well as the propensity
in the development of complex autoimmune conditions.
(This work was supported by the Program of Excellence in
Glycosciences P01-HL107146)

(123) DANGO: An MS data annotation software for
Glycolipidomics

Masaaki Matsubara, Mayumi Ishihara, Michael Tiemeyer,
Kazuhiro Aoki and Rene Ranzinger

Complex Carbohydrate Research Center, University of
Georgia, Athens, Georgia, USA

We are developing MS data annotation software for glyco-
sphingolipid analysis, named DANGO (Data ANnotation
system for GlycolipidOmics). Glycosphingolipids (GSLs) are
comprised of glycans attached to a ceramide lipid moiety
and are not just structural elements of cells but also partici-
pate in intra- and extracellular signaling. The heterogeneity
and structural diversity of GSL glycan headgroups and cera-
mide backbones are modulated by metabolic, environmen-
tal, and pathologic conditions and also contribute to
selective biochemical functions. Ceramide heterogeneity in
GSLs arises from the structural variation of their fatty acid
and sphingosine components, including the degree of
hydroxylation, unsaturation, and alkyl chain lengths.
Therefore, we have developed an annotation system using
structural databases for GSL glycan moieties as well as cera-
mide compositions which can be optimized to meet individ-
ual user requirements.

DANGO is as an extension (plugin) to GRITS Toolbox
(http://www.grits-toolbox.org) which is freely available soft-
ware for processing and archiving glycomics data. The soft-
ware also includes an integrated annotation module,
GELATO, for annotating glycomics data. Implementing
DANGO as a plugin to the GRITS Toolbox allowed us to
repurpose the GELATO functionality for the glycan portion
of the GSL. It also allowed the development of an extensive
set of investigation and visualization widgets for GSL.

DANGO supports processing and annotation of high
throughput MS data analysis, thereby significantly reducing
the time required for data interpretation compared to man-
ual data interpretation. Using data generated with our
improved MS workflow, which sequentially profiles GSL
glycan and ceramide moieties, DANGO is able to annotate
three hundred MSn spectra against a million candidate GSL
structures within a few minutes. Annotation results are dis-
played as tabular representations or as annotated MS spec-
tra. A merge report tool is available for the comparison of
multiple annotation results side-by-side in a single display.
We also created additional tools complementary to DANGO

for supporting annotation and analysis. One of these tools is
a database generator for the lipid portion of the GSL allow-
ing the generation of customized GSL databases based on
user specifications. A similar system for the creation of cus-
tom glycan structure databases is available as well.

We will present the latest version of the DANGO soft-
ware and are seeking collaborative partners interested in
applying our software to their biological questions, thereby
helping us to improve the system and make it more user
friendly.

(124) A Well-Characterized Human Chimeric Anti-Tn
Monoclonal Antibody as a Tumor Diagnostic Biomarker
Yasuyuki Matsumoto1, Matthew R. Kudelka1, Melinda S.
Hanes1, Sylvain Lehoux1, Jamie Heimburg-Molinaro1,
Mark B. Jones1, Sucharita Dutta1, David F. Smith2,

Tongzhong Ju2 and Richard D. Cummings1
1Beth Israel Deaconess Medical Center, Harvard Medical

School, Boston, MA; 2Emory University School of Medicine,
Atlanta, GA

There is a need to identify tumor-associated biomarkers for
diagnostics and therapy. Among several tumor biomarkers
under consideration is the Tn antigen, which is an abnormal
mucin type O-glycan (GalNAc-a1-O-Ser/Thr) expressed on
glycoproteins in a majority of carcinomas. Expression levels
correlate with metastasis and poor survival, and can influ-
ence tumorigenesis and metastatic transformation. To better
define the expression and function of the Tn antigen, as well
as develop new diagnostic reagents, we prepared a recom-
binant anti-Tn IgM and IgG from a murine monoclonal.
The recombinant anti-Tn antibody was generated in a mur-
ine IgM framework and termed Re-BaGs6, while the recom-
binant human chimeric anti-Tn antibody was generated
using a human IgG1 framework and termed Remab6.
Neither of these antibodies exhibit cross reactivity with
potentially cross-reactive glycans containing terminal
GalNAc, such as blood group A and Forssman antigens.
Remab6 was characterized with Tn glycopeptide and glycan
microarrays and a myriad of biochemical and biological
techniques. Results from Tn glycopeptide and CFG glycan
microarray studies demonstrated that Remab6 recognizes di-
or tri-Tn clustered structures on mucin tandem repeats, and
shows little interaction with similar glycan structures expres-
sing terminal GalNAc. Using glycosyltransferases to remodel
a glycopeptide array, we found that Remab6 is highly spe-
cific for Tn over the related and elongated products named
T and STn antigens. Flow cytometry, Western blotting, and
immunofluorescence results showed that Remab6 recognizes
human colon, breast, and gastric cancer cell lines and leu-
kemic cell expressing the Tn antigen, but does not bind to
their Tn-negative counterparts. Using Remab6 in immuno-
precipitation experiments with a colon cancer cell line fol-
lowed by LC-MS/MS on the Orbitrap Fusion Lumos,
allowed us to identify several Tn containing glycoproteins
that will be useful in analyses as tumor biomarkers.
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Immunohistochemistry clearly distinguished staining in Tn+
tissues in IEC-Cosmc knockout mice and human cancer cell
block sections. We have also used the recombinant anti-Tn
antibodies to screen a large panel of human cancer tissues in
array format. These data indicate that Remab6 is specific for
the Tn antigen and is useful for biochemical characterization
of cancer cell lines and tumor sections, and may be a promis-
ing novel therapeutic agent for targeted cancer treatment.
[This work was supported by NIH Grant CA168930 to
RDC and TJ and P41GM103694 to RDC.]

(125) A missense mutation in SLC39A8, a manganese
transporter linked to schizophrenia, is associated with

specific changes in plasma N-glycosylation
Robert G. Mealer1,2, Mark J. Daly1,2, Maurizio Fava1,2,

Sylvain Lehoux3, Robert Sackstein4, Ed Scolnick2, Richard
D. Cummings3 and Jordan W. Smoller1,2

1Department of Psychiatry, Masachusetts General Hospital,
Harvard Medical School; 2The Stanley Center for

Psychiatric Research at Broad Institute; 3Department of
Surgery, Beth Israel Deaconess Medical Center, Harvard

Medical School; 4Department of Dermatology, Brigham and
Women’s Hospital, Harvard Medical School

Schizophrenia is a chronic and severe mental illness with
strong heritability. Recent Genome Wide Association Studies
(GWAS) identified a strong association between the disorder
and a missense mutation (A391T) in the zinc/manganese
transporter SLC39A8 (p< 8 × 10-15). Manganese (Mn) is a
critical cofactor for many enzymes including certain glyco-
syltransferases; enzymes that attach sugar molecules to pro-
teins and lipids to regulate their function. Patients with
severe mutations in SLC39A8 (not A391T) present with
symptoms of a type II congenital disorder of glycosylation,
and treatment with Mn or precursors of galactosylation
reverses deficient transferrin glycosylation and some clinical
phenotypes. The purpose of our study is to determine the
link between the SLC39A8 A391T missense mutation linked
to schizophrenia and the glycosylation pathway. Using the
Partners Biobank, a biorepository of samples linked to the
electronic medical record and genomic data, we optimized a
search algorithm with 65% accuracy to identify patients
with schizophrenia. After confirming the diagnosis via chart
review, controls and patients with schizophrenia were strati-
fied into groups based on SLC39A8 genotype, and samples
of serum and plasma were obtained from the Biobank for
study. We confirm that the A391T mutation results in
decreased serum manganese with no effect on zinc.Analysis
of plasma N-glycans shows a reduction in high molecular
weight structures by ~25% in A391T mutation carriers, sug-
gesting reduced activity the Mn-dependent enzyme β(1,4)-
galactosyltransferase. Analysis of plasma N-glycans from
patients with schizophrenia independent of SLC39A8 geno-
type identified a 20% increase in fucosylation and 30%
reduction of sialylation relative to controls, though these
modifications can also be affected by inflammation,

environmental exposures, and medications that may be pre-
sent in the disease group. Investigation of a subset of indivi-
duals with schizophrenia and the A391T mutation are
ongoing. In summary, we demonstrate that plasma glycosy-
lation is altered in individuals harboring the SLC39A8
A391T mutation, and hypothesize that similar changes in
the developing brain result in the increased risk of develop-
ing schizophrenia in mutation carriers.

(126) Soluble glycosylated protein released from glycogen by
rhGAA

Allen K. Murray
Glycan Technologies, Inc

In studies on the degradation of glycogen by rhGAA a glyco-
sylated protein core material glycogen was found which con-
sists of about 5-6% of the total. However there was a
question of why the glucose released by rhGAA still does
not equal the amount of starting glycogen. Approximately
25% of the glycogen was unaccounted for based on glucose
released. After incubation of glycogen with rhGAA until no
more glucose is released no carbohydrate was detected from
the incubation medium that elutes after glucose by HPAEC-
PAD. If the incubation medium is boiled in 0.1 N HCl first,
several oligosaccharides are then detectable. Incubation with
trypsin or chymotrypsin also exposes oligosaccharides for
detection. This appears to be a case of protein masking
carbohydrate. The material in the medium binds to Dowex
50W which is evidence of a charge as a protein and it is not
bound by Concanavalin A. Glycogen does bind
Concanavalin A. Given its characteristics the presence of
this material in serum was suspected. It is present in serum
either as an HCl extract or in a trypsin or chymotrypsin
digest. The serum material was characterized the same as the
material from the incubation medium. One oligosaccharide,
which can not be degraded further by rhGAA, from the
incubation medium and serum co-elute. These oligosacchar-
ides contain m-inositol, e-inositol, sorbitol and glucose with
two also containing xylose. This is is taken as an indication
of a fraction of glycogen being degraded outside the lyso-
some. These results are taken as evidence that a portion of
lysosomal glycogen degradation occurs outside the lysosome
and outside of the cell. This now raises the question of
where this material may be degraded and if it is related to
the residual glycogen in the Pompe mouse tissue following
ERT. (Supported by Genzyme GZ-2017-11679)

(127) Modeling organelle-specific O-glycosylation in driving
liver tumor growth, invasion and metastasis

Anh Tuan Nguyen1, Joanne Chia1, Manon Ros1, Kam Man
Hui1,2, Frederic Saltel3 and Frederic Bard1,2

1Institute of Molecular and Cell Biology, Singapore;
2Department of Biochemistry, National University of
Singapore, Singapore; 3INSERM, U1053 Bordeaux

Research In Translational Oncology, BaRITOn, France
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Cancer progression is driven by the ability of tumor cells to
invade surrounding tissues. Invasiveness correlates with per-
turbation of a covalent modification of cell surface proteins:
O-glycosylation. However, the molecular mechanisms are
still unclear. Here, we show that O-glycosylation initiating
enzymes are activated during liver tumor growth by intracel-
lular relocation from Golgi to ER. In a Nras/shp53 mouse
liver cancer model, co-expressing an ER-targeted glycosyl-
transferase GALNT1 (ER-G1) massively increased tissue
growth, invasion and metastases. ER-G1, but not its Golgi-
localized counterpart, strongly stimulates glycosylation of
the key cancer matrix metalloprotease MT1-MMP, this
modification being essential for collagenase activity.
Conversely, expression of an ER-targeted inhibitor of
GALNTs inhibits liver tumor progression in Nras/shp53
injected mice. In summary, our model comprehensively
demonstrates the generation and analyses of the GALNTs
Activation pathwaydriving liver tumor invasiveness; thus
further characterization of glycosylation substrates will
unveil mechanisms of tumor growth and help identify poten-
tial therapeutic targets in human liver cancer.

(128) The Development and Characterization of EGF
Centric O-Fucose Antibodies

Marla Popov1, Kenjiroo Matsumoto2, Hideyuki
Takeuchi2,3, David Baldwin1, Robert S. Haltiwanger2 and

Ron Orlando1,2
1GlycoScientific; 2CCRC, The University of Georgia;

3Nagoya University School of Medicine

The NOTCH1 protein is regulated at numerous levels, and
glycosylation of the extracellular domain has emerged as a
critical regulator in vivo. O-Fucosylation, one form of Notch
glycosylation, is essential for NOTCH1 function. O-Fucose
monosaccharides are added to Epidermal Growth Factor-
like (EGF) repeats in the Notch extracellular domain by pro-
tein O-fucosyltransferase 1 (POFUT1) and can be elongated
by the addition of N-acetylglucosamine (GlcNAc), a reaction
catalyzed by the Fringe family of beta3-N-acetylglucosami-
nyltransferases. Studies suggest that fringe-deficiency, which
leads to truncation of the O-fucose structure to a fucose
monosaccharide, is associated with certain types of aggres-
sive cancers. Therefore, development of reagents that can
detect monofucosylated Notch1 protein could lead to new
tools to detect and treat cancer.

We have developed a series of high-affinity EGF-specific
O-Fucose polyclonal and monoclonal antibodies. These EGF
centric antibodies require a more elaborate characterization
scheme than other antibodies as they need to demonstrate
both a preference for the O-Fucosylated species over the
native peptide sequence and a specificity to the amino acid
sequence. We use a multistep evaluation process to charac-
terize our antibodies. 1) ELISA assay, to determine the pref-
erence of the antibody to the O-Fucosylated peptide over the
unmodified form; 2) Cross-reactivity of the antibody to
other peptide sequences modified with O-Fucose; and 3)

Western Blot analysis with increasing wash stringencies; 4)
Demonstration that Fringe modification abolishes reactivity.
Using this process, we have authenticated our EGF centric
O-Fucose antibodies and have demonstrated that they pos-
sess the preference and specificity needed for research into
Notch signaling. The work was supported by R41
GM119879.

(129) Plasma glycomics predict cardiovascular disease in
patients with ART-controlled HIV infections

Douglas M. Oswald, Edward S. Sim, Courtney Baker,
Obada Farhan, Sara M. Debanne, Nathan J. Morris,

Benigno G. Rodriguez, Mark B. Jones and Brian A. Cobb
Case Western Reserve University

Even in the age of antiretroviral therapy, HIV+ patients –

including those who control disease well – are plagued by
increased risk of secondary diseases. These sequelae, such as
cardiovascular disease (CVD), are poorly understood and
represent a major health burden. To date, predictive biomar-
kers of HIV-associated secondary disease have been difficult
to identify and implement, limiting preventative care and
management. We applied our adaptable and easy to deploy
platform – multi-target and high-throughput glycomic ana-
lysis – to banked HIV+ human plasma samples to identify
potential glycan determinants that can act as prognostic bio-
markers for CVD events. Using 324 patient samples, we
identified a glycomic fingerprint that was predictive of future
CVD events, but independent of various controlled vari-
ables, including CD4+ cell counts, diabetes, age and birth
sex, indicating that the plasma glycome may be a biomarker
for HIV sequelae. This fingerprint constitutes an increase in
stain with MAL-II, and a decrease in staining with Jac,
RCA120, WGA, and ConA. These trends suggest that over-
all glycan staining is decreasing (ConA, Jacalin) and increas-
ing in terminally sialylated residues (RCA-120, MAL-II).
Our finding that glycans serve as novel biomarkers which
classify HIV+ patients with elevated risk for CVD reveals, in
part, the untapped prognostic potential of the plasma gly-
come in human disease.

(130) Immunological responses against biodevices for
humans

Anu Paul1, Shani Leviatan Ben-Arye1, Liana Govani1, Hai
Yu2, Imen Fellah-Hebia3, Marta Pascual-Gilabert4, Cristina
Costa5, Rafael Mañez5, Manuel Galiñanes6, Rizwan Manji7,

Bottio Tomaso8, Galli Cesare9, Jean-Christian Roussel3,
Thierry Le Tourneau10, Jean-Paul Soulillou11, Emanuele

Cozzi12, Xi Chen2 and Vered Padler-Karavani1
1Department of Cell Research and Immunology, Tel Aviv
University, Tel Aviv, Israel; 2Department of Chemistry,

University of California-Davis, Davis, CA, USA; 3Institut du
Thorax, Department of Thoracic and Cardiovascular

Surgery, University Hospital, INSERM UMR1087, Nantes,
France; 4IUCT (Inkemia IUCT group), Mollet del Vallès,
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Barcelona, Spain; 5Infectious Diseases and Transplantation
Division, Bellvitge Biomedical Research Institute

(IDIBELL), L’Hospitalet de Llobregat, Barcelona, Spain;
6Department of Cardiac Surgery, Reparative Therapy of the

Heart, Hospital Universitari Vall d’Hebron and Vall
d’Hebron Research Institute, Barcelona, Spain; 7Department

of Surgery, Section of Cardiac Surgery, University of
Manitoba, Winnipeg, MB, Canada; 8Department of

Cardiac, Thoracic and Vascular Sciences, University of
Padua, Padua, Italy; 9Avantea, Via Porcellasco 7 f, 26100

Cremona, Italy; 10Institut du Thorax, Department of
Cardiology, University Hospital, INSERM UMR1087,
Nantes, France; 11Institut de Transplantation–Urologie–
Néphrologie, INSERM Unité Mixte de Recherche 1064,
Centre Hospitalo Universitaire de Nantes, Nantes, France;

12Transplant Immunology Unit, Department of Transfusion
Medicine, Padua University Hospital, Padua, Italy

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

(131) Engineered Sialylation of Pathogenic Antibodies In
Vivo Attenuates Autoimmune Disease

Jose D. Pagan, Maya Kitaoka and Robert M. Anthony
Center for Immunology and Inflammatory Diseases,
Division of Rheumatology, Allergy, and Immunology,

Massachusetts General Hospital, Harvard Medical School,
Charlestown, MA 02129

Self-reactive IgGs contribute to the pathology of auto-
immune diseases, including systemic lupus erythematosus
and rheumatoid arthritis. Paradoxically, IgGs are used to
treat inflammatory diseases in the form of high-dose intra-
venous immunoglobulin (IVIG). Distinct glycoforms on the
IgG crystallizable fragment (Fc) dictate these divergent func-
tions. IgG anti-inflammatory activity is attributed to

sialylation of the Fc glycan. We therefore sought to convert
endogenous IgG to anti-inflammatory mediators in vivo by
engineering solubilized glycosyltransferases that attach gal-
actose or sialic acid. When both enzymes were administered
in a prophylactic or therapeutic fashion, autoimmune
inflammation was markedly attenuated in vivo. The enzymes
worked through a similar pathway to IVIG, requiring DC-
SIGN, STAT6 signaling, and FcgRIIB. Importantly, sialyla-
tion was highly specific to pathogenic IgG at the site of
inflammation, driven by local platelet release of nucleotide-
sugar donors. These results underscore the therapeutic
potential of glycoengineering in vivo.

(132) Modulating Tn-Mediated Immune Suppression in
Breast Cancer

Amy Paschall, Ahmet Ozdilek, Javid Aceil and Fikri Avci
University of Georgia

Cancers often develop rapidly due to downregulation of
effector immune responses. Immune regulation can occur
through cytokine secretion, signaling mechanisms, and/or
checkpoint. Certain suppressor immune cells have been asso-
ciated with all of these regulatory pathways and are thus
implicated in tumor immune escape. Tumor cells have been
shown to promote these suppressive mechanisms. This can
occur through biochemical groups expressed on the surface
of the cancer cell, which may signal to effector immune cells
or putative immune suppressor cells. Some tumor-associated
carbohydrate antigens (TACAs) are known to be associated
with immune suppression in helminth-infected patients. One
ligand for certain TACAs is CD301b (also known as
MGL2), which is expressed on certain dendritic cell and
macrophage populations of immune cells.

As TACAs and the CD301b ligand have been linked with
immune suppression, cancer cells may use this signaling
pathway as a mechanism to induce immune suppression. We
hypothesize that CD301b+ immune cells represent a sup-
pressive immune cell population. We hypothesize that gly-
cans expressed on the surface of breast cancer cells can
stimulate activity and suppressive function of these
CD301b+ immune cells, leading to enrichment at the tumor
site and inhibition of effector immune responses. Our object-
ive is thus to inhibit this TACA-CD301b interaction, over-
come immune suppression, and stimulate the anti-tumor
immune response. Our specific aims are to elucidate how the
immune system responds to aberrantly-glycosylated tumor
associated carbohydrate antigens and how this is related to
populations of CD301b+ immune cells observed within the
tumor microenvironment. Our first aim is to characterize a
new population of CD301b+ immune cells that accumulate
within the tumor microenvironment. Next, we will deter-
mine the role of tumor glycans in accumulation of the
CD301b+ cell population. Finally, we aim to overcome
breast cancer progression through inhibition of TACA-
CD301b+ interactions.
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We have utilized a murine breast cancer model to deter-
mine how populations of CD301b+ immune cells change as
tumors develop at the mammary site. Using this model, we
have characterized CD301b+ immune cell function and
carbohydrate involvement. We have used flow cytometry to
confirm key immune cell markers and cytokines produced
by these CD301b+ immune cells, as well as how glycan
changes on the tumor cell surface correlate with CD301b+

immune cell accumulation and suppressive function. This
research will have significant impact on improving immuno-
therapy in breast cancer.

(133) Identification of glycosyl linkages in switchgrass
biomass recalcitrant to C. thermocellum deconstruction
Maria Pena1,2, Jason Backe1,2, Neal Hengge2,3, Todd

Vander Wall2,3, Breeanna R. Urbanowicz1,2, Michael E.
Himmel2,3, William York1,2,4 and Yannick J. Bomble2,3
1Complex Carbohydrate Research Center, University of

Georgia, Athens, GA; 2US Department of Energy Center for
Bioenergy Innovation, Oak Ridge National Laboratory,

Oak Ridge, TN; 3National Renewable Energy Laboratory,
Golden, CO; 4Department of Biochemistry and Molecular

Biology, University of Georgia, Athens, GA

Plant cell walls are a removable source of carbohydrates for
the production of biofuels and biomaterials. The successful
of this emerging bioeconomy requires complete solubiliza-
tion and utilization of virtually all carbohydrate components
in the plant biomass. Plant mechanisms have evolved to
counteract the deconstruction of their cell walls by invading
microbes. These include production of hydrolase-resistant
glycosyl linkages or ultrastructural features. Identifying these
structures and the catalytic activities required for their
deconstruction will enable the production of biomass and
microbes with improved characteristics.

In this study, we are identifying cell wall fragments that
are solubilized but not fully hydrolyzed by Colstridium ther-
mocellum growing on switchgrass biomass as carbon source.
C. thermocellum is a thermophilic, saccharolytic microbe,
which has an outstanding ability to achieve high solubiliza-
tion of cellulosic biomass. We are using NMR methods in
combination with other analytic techniques to identify and
structurally characterize these recalcitrant oligomers.

The results of these analyses showed that glucuronoarabi-
noxylan oligosaccharides are the main cell wall fragments
that accumulated in the broth during C. thermocellum fer-
mentation. This polysaccharide accounts for 25% of total
switchgrass dry biomass. The unbroken linkages in the recal-
citrant oligomers were identified together with CAZyme
activities needed for their hydrolysis. The application of this
information to develop models to predict the behavior dur-
ing microbial deconstruction of biomass from other species
with similar cell wall structure will be discussed.

This research was supportedby The Center for Bioenergy
Innovation (CBI), a U.S. Department of Energy Research

Center supported by the Office of Biological and
Environmental Research. We alsothank the Center for Plant
and Microbial Complex Carbohydrates (DESC0015662) for
equipment support.

(134) Siglec-8-Binding Keratan Sulfate Chains that Regulate
Airway Inflammation

Ryan N. Porell1, Anabel Gonzalez-Gil1, Steve M.
Fernandes1, Hyun Sil-Lee2, Jean Kim2,3

and Ronald L. Schnaar1
1Department of Pharmacology and Molecular Sciences,
Johns Hopkins University School of Medicine, Baltimore,

MD; 2Department of Medicine: Allergy and Clinical
Immunology, Johns Hopkins University School of Medicine,
Baltimore, MD; 3Department of Medicine: Otolaryngology,
Head & Neck Surgery, Johns Hopkins University School of

Medicine, Baltimore, MD

Airway inflammatory diseases are characterized by infiltra-
tion of immune cells, which are tightly regulated to limit
inflammatory damage. Most members of the Siglec family of
sialoglycan binding proteins are expressed on the surfaces of
immune cells and are immune inhibitory when they bind
their sialoglycan ligands. When Siglec-8 on activated eosino-
phils and mast cells binds to its sialoglycan ligands, apop-
tosis or inhibition of mediator release is induced. We found
that human airway ligands for Siglec-8 are sialylated and 6’-
sulfated keratan sulfate (KS) chains on large proteoglycans.
Purified Siglec-8-binding proteoglycans from human airways
increase eosinophil apoptosis in vitro. Given the structural
complexity of intact proteoglycans, target KS chains were
isolated from postmortem human tracheobronchial tissue
and from human nasal lavage. Biological samples were
extensively proteolyzed, the remaining sulfated glycan chains
captured and resolved by anion exchange chromatography,
methanol precipitated then chondroitin and heparan sulfates
enzymatically hydrolyzed. The resulting preparation con-
sisted of KS chains attached to a single amino acid or a short
peptide. Purified KS chains from tracheobronchial extracts
and nasal lavage were hydrolyzed with either hydrochloric
acid or trifluoroacetic acid to release acidic and neutral
sugars, respectively, followed by carbohydrate analysis on a
DIONEX ICS 6000. To isolate Siglec-8-binding KS chains,
purified KS chains from biological samples were biotinylated
at the amino acid, resolved by affinity and/or size-exclusion
chromatography, the resulting fractions immobilized on
streptavidin microwell plates, and probed for binding of
Siglec-8-Fc. Siglec-8 affinity chromatography of the tagged
KS chains was performed on a nickel column derivatized
with a His-tagged pentameric form of Siglec-8. Most of the
KS chains flowed through the column, whereas Siglec-8
binding was retained through 150mM NaCl and eluted
with 1.5M NaCl. Based on size separation, Siglec-8-binding
KS chains are high molecular weight (>40 kD) and do not
co-elute with highly sulfated KS chains detected by mAb
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5D4. Similarly, purified KS chains were cleaved with kerata-
nase I, hydrazine-biotin tagged on their reducing ends, size-
separated, and resulting fractions immobilized on streptavi-
din microwell plates. Keratanase I-cleaved KS chains showed
a Siglec-8-binding peak at ~2 kD, indicating that the longer
Siglec-8-binding KS chains contained keratanase-I-sensitive
mono-sulfated LacNAc repeat(s) with a terminal oligosac-
charide epitope resistant to keratanase I which retained
Siglec-8 binding. These data reveal a minor fraction of ter-
minally sialylated KS chains as the Siglec-8 ligands in human
airway tissues and secretions. Characterizing the human air-
way Siglec-8 ligand may provide drug leads for treating air-
way inflammatory diseases such as asthma and COPD.
Supported by NIH grants U01AI136443, P01HL107151,
and T32GM080189 (to RNP and AGG).

(135) Extracellular ST6Gal-1 inhibits MCSF-mediated
monocyte maturation into macrophages
Patrick R. Punch1 and Joseph T.Y. Lau1,2

1Department of Molecular & Cellular Biology, Roswell
Park Cancer Institute; 2Department of Medicine, Roswell

Park Cancer Institute

Resident macrophages are diverse populations of specialized
immune cells present in almost every organ of the body, and
are essential for the onset of inflammation in response to
pathogens and maintaining immune homeostasis at steady
state. The macrophage colony stimulating factor (MCSF) is
the main cytokine responsible for maintaining resident
macrophage populations, and plays a role in the maturation
of inflammatory monocytes into macrophages in response to
inflammatory stimuli. Previous studies from this laboratory
demonstrated the ability of extracellular ST6Gal-1 to attenu-
ate GCSF (granulocyte colony stimulating factor)-dependent
generation of granulocytes by impeding the transition from
the common myeloid progenitor (CMP) into the granulocyte
progenitor (GP) stage of granulocyte production. Here we
present data supporting an additional checkpoint for extra-
cellular ST6Gal-1 in myelopoiesis, that is in the MCSF-
dependent transition of monocytes into mature F4/
80hiLy6Clow macrophages. Internalization of the MCSF
receptor in response to MCSF was also inhibited in the pres-
ence of ST6Gal-1. The resulting cells exhibit monocytic
rather than macrophage-like characteristics, and decreased
ability to secrete cytokines upon challenge with lipopolysac-
charide(LPS). Subsequent polarization of these cells into
prototype inflammatory M1 macrophage or anti-inflamma-
tory M2 macrophage is also affected, with ST6Gal-1 treated
cells displaying a transcriptional profile distinct from control
cells. Furthermore, we have observed increased numbers of
resident macrophage populations in the peritoneal cavity of
global ST6Gal-1 knock out mice, supporting a role for
ST6Gal-1 in monocyte-macrophage functionality and
homeostasis in vivo, with implications in controlling inflam-
matory responses in vivo. (This work was supported by the
Program of Excellence in Glycosciences P01-HL107146).

(136) Using HSC70 as a proxy to identify c-mannosylated
proteins in RAW264.7 cells exposed to lipopolysaccharides
Nicholas R. Kegley1, Michael A. Parsons1, Atsuko Ito2,

Megumi Takeuchi2, Robert S. Haltiwanger2

and John F. Rakus1
1Department of Chemistry, Marshall University,

Huntington, W. Va., USA; 2Complex Carbohydrate
Research Center, University of Georgia, Athens, Georgia,

USA

In eukaryotes, C-linked glycosylation of tryptophan can occur
at the C2 atom of the indole side chain via a carbon-carbon
glycosidic bond with α-mannose. Presently, it is known to occur
on proteins that contain the Trp-Xaa-Xaa-Trp/Cys motif (Xaa
= any amino acid) found in the Thrombospondin Type-1
Repeat (TSR) domain as well as in Type I cytokine receptors.
C-mannosylation has been implicated to be involved in cellular
secretion and, intriguingly, the macrophage lipopolysaccharide
(LPS) signaling pathway. This well-understood pathway triggers
a cascade resulting in the release of tumor necrosis factor α
(TNFα) upon recognition of LPS by Toll-Like Receptor 4
(TLR4) at the macrophage cell surface. Prior work has shown
that C-mannosyltrytophan-containing peptides enhance the
TNFα output from RAW264.7 macrophage-like mouse cells
that are co-stimulated with LPS. In addition, interaction of
Hsc70 with the C-mannosylated peptide is necessary for this
effect. Our goal has been to identify the protein ligand(s) of
Hsc70 responsible for this regulatory effect. RAW264.7 cells
were cultured and treated in the absence or presence of 1 μg/mL
LPS for 0 – 24 hours. Secreted proteins were collected by pre-
cipitating the conditioned medium and membrane and cytosolic
proteins were collected by lysing scraped cells and precipitating
the solubilized proteins. After performing immunoprecipitation
using a commercially available anti-mouse Hsc70 primary anti-
body, eluted fractions were separated on SDS-PAGE and stained
in silver nitrate. Approximately 115 visible bands were excised,
proteolytically digested with trypsin and chymotrypsin and
sequence analyzed using nanoLC-MS/MS on a Q Exactive Plus
triple-quadrupole/orbitrap mass spectrometer. Using this meth-
od, 1174 unique protein hits were identified as possible Hsc70
ligands; 295 of which were only detected in LPS-stimulated cells.
39 proteins from this cohort have Trp-Xaa-Xaa-Trp/Cys con-
sensus sequons which are currently being verified through mass
spectrometry. In addition, we have observed peptides which sug-
gest C-mannosylation in proteins in trytophans in non-consen-
sus sequons.

(137) HIV-1 Envelope N-glycan Shield
Audra A. Hargett1, Qing Wei1, Barbora Knoppova1, Stacy
Hall1, Zina Moldeveanu1, Reda Rawi2, Gwo-Yu Chuang2,
Peter D. Kwong2, Jan Novak1 and Matthew B. Renfrow1

1University of Alabama at Birmingham; 2NIH / NIAID
Vaccine Research Center

HIV-1 envelope (Env) is the sole surface protein of HIV-1
and initiates entry of virus into host cells. Approximately 90
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N-glycans form a glycan shield that is the primary interface
between the virus and host immune system, yet how individ-
ual N-glycosylation site (NGS) mutations coordinate to evade
the immune system through mutation is not well understood.
Using high-resolution mass spectrometry, we can track shifts
in N-glycan heterogeneity due to mutations observed in
immune escape viral variants. The shifts in heterogeneity
defined a range of NGS sequons confined to a structural
region that we used for a mutation cluster analysis using the
HIV-1 LANL Database. This resulted in a finite number of
sequons within a microdomian and created an immune escape
map of conserved and variable glycans. A 500-ns molecular
dynamics simulation of the same viral variants provided fur-
ther insight in the structural dynamics of the glycan move-
ments within each microdomain that serve to shield Env. We
tested how shifting the number of sequons within one micro-
domain (high-mannose patch) could affect Env functionality.
Four Env variants that had either 5, 4, 4, or 3 sequons were
analyzed using an infectivity assay, a CD4 binding assay, and
antibody neutralization assays. These studies provide detail
on how we can identify Env N-glycan microdomains and util-
ize these microdomains to predict viral escape mutations.

(138) Characterizing the terminal GalNAc O-glycoforms
recognized by lectins in the context of Clustered IgA1

O-glycosylation
Ellenore P. Craine, Stacy Hall, Audra A. Hargett, Blake P.

Moore, Bruce A. Julian, Jan Novak
and Matthew B. Renfrow

University of Alabama at Birmingham

Human immunoglobulin A1 (IgA1) contains both N- and
O-glycans. The O-glycans of IgA1 are clustered together in
the Ser-, Thr-, and Pro-rich hinge region between the first
and second constant domains of the heavy chain. IgA1 is
found in the circulation as well as in the mucosal tissues and
secretions and exists in multiple molecular forms. The differ-
ent molecular forms of IgA1 may exhibit differential O-gly-
cosylation. Native IgA1 usually has a range of three to six
O-glycans. The O-glycans of the IgA1 hinge region usually
consist of serine (Ser) and threonine (Thr) with N-acetylga-
lactosamine (GalNAc) attached to a galactose (Gal) by a
β1,3-linked glycosidic bond. Both the GalNAc and Gal may
also be sialylated. However, sera IgA1 from with patients
with IgA nephropathy (IgAN) is characterized by the pres-
ence of Gal-deficient O-glycans in the hinge region that can
act as epitopes for anti-glycan IgG antibodies. These glyco-
forms, present in elevated amounts in the circulation of IgAN
patients, are recognized by Gd-IgA1-specific IgG autoanti-
bodies, resulting in the formation of pathogenic immune com-
plexes. Our group has established a quantitative ELISA test for
detection of Gd-IgA1 using GalNAc-specific lectins from Helix
aspersa (HAA) or Helix pomatia (HPA). Using this assay, we
and others have shown that most patients with IgAN have ele-
vated amounts of circulatory Gd-IgA1. However, it remains

unclear which O-glycoforms of IgA1 are recognized by the lec-
tins. Both HAA andHPA recognize terminal GalNAc, but not
sialylated or galactosylated GalNAc. The assay is further
complicated by the fact that IgA1 exists in multiple forms in
serum. Monomeric IgA1 is produced by bone marrow and
comprises approximately 95% of total serum IgA1.
Polymeric forms of IgA1 are produced by mucosal tissues
and represent < 4-5% of total IgA1 but has the potential to
have more sites of terminal GalNAc per molecule. The
remaining balance may be IgA1 bound in immune com-
plexes. In this study, we will describe the results of analyses
of different molecular forms of serum IgA1 by the lectin
ELISA test as well as by high-resolution mass spectrometry
profiling. We are using IgA1 isolated from sera of IgAN
patients and healthy controls to gain insight into the nature
of the lectin binding terminal GalNAc in the context of clus-
tered sites of O-glycosylation. Our current results suggest
that polymeric IgA1 is recognized by GalNAc-specific lectins
more readily than monomeric forms. These results will be
compared with high-resolution mass spectrometry profiles of
IgA1 hinge-region glycopeptides. Moreover, we will deter-
mine whether masking of terminal GalNAc by sialic acid
may provide an indirect assay for the extent of GalNAc sialy-
lation. These results and others from the extensive MS profil-
ing of the different molecular forms of IgA1 will be
presented.

(139) Integrin αM and the Macrophage Mannose Receptor
in secreted protein turnover and disease

Damien Restagno1,2, Douglas M. Heithoff1,2,3 and
Jamey D. Marth1,2,3

1Center for Nanomedicine; 2Sanford-Burnham-Prebys
Medical Discovery Institute; 3Department of Molecular,
Cellular, and Developmental Biology, University of

California Santa Barbara, Santa Barbara, California 93106

N-glycosylation is a major post-translational modification of
secreted and cell surface proteins. We have shown that N-gly-
can structures are markers of protein aging and participate in
determining glycoprotein half-lives in blood circulation. The
combined roles of glycosidases and endocytic lectins receptors
establish this intrinsic mechanism, which can be manipulated,
and they further participate in disease pathogenesis including
inflammation and coagulopathy during sepsis. Circulating
basal levels of exo-glycosidases including neuraminidases,
beta-galactosidases and glucosaminidases have hydrolytic
activities that are normally involved in an intrinsic stepwise
unmasking of underlying and otherwise cryptic glycan struc-
tures sequentially at the termini of N-glycan branches as the
nascent protein ages. These aged N-glycans include ligands of
various endocytic lectins, including the Ashwell–Morell recep-
tor (AMR), integrin αM (ItGam), and macrophage mannose
receptor (Mmr). An accumulation of identified plasma glyco-
proteins bearing ligands for galactose-binding ECA and RCA
lectins was previously observed in AMR deficiency.
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Mammalian endocytic lectin receptors with agalacto- and
mannose-binding activities have also been identified, including
ItGam and Mmr, respectively. Mice lacking ItGam and Mmr
appear to accumulate glycoproteins in the blood that bear N-
acetylglucosamine (GlcNAc) and mannose (Man) ligands,
respectively. We are investigating the repertoire of proteins
altered by increased life-span and abundance in the absence
of these two lectin receptors. We are further comparing these
findings with those using pharmacological inhibitors of galac-
tosidase and glucosaminidase activities. These lectin receptor
deficiencies along with the corresponding glycosidase inhibi-
tors are also being investigated in the context of inflammation
and coagulopathy in the pathogenesis of sepsis, by the identi-
fication of altered proteomes that are linked to glycoprotein
half-lives, abundance, and function determined by the ItGam
and the Mmr lectins.

(140) Analysis of Released N-Glycans and Glycopeptide
Profiling of Prostate Cancer Tissue

Sarah M. Totten1, Abel Bermudez1, Andrés Guerrero2, John
Yan2, Aled Jones2, James D. Brooks3 and Sharon J. Pitteri3
1Canary Center at Stanford for Cancer Early Detection,
Department of Radiology, Stanford University School of
Medicine, Palo Alto, CA; 2ProZyme, A part of Agilent,
Hayward, California; 3Department of Urology, Stanford

University School of Medicine, Stanford, CA

Introduction: Glycosylation is a complex posttranslational
modification that plays a role in many biological processes.
Glycosylation expression is aberrant in many types of can-
cer, making it an attractive source for potential biomarkers
and therapeutics targets. Increases in sialylated, fucosylated,
and highly-branched glycans have been observed in prostate
cancer tissue and patient plasma, however characterization
of the microheterogeneity at specific glycosites of prostate
tissue glycoproteins is lacking. Describing glycosylation is
key to understanding its role in cellular functions that pro-
mote tumorigenesis. In this study, mass spectrometry-based
intact glycopeptide analysis along with released N-glycans
analysis are used to characterize glycosylation patterns in
prostate cancer and normal tissue.
Methods: Fifteen pairs of prostate cancer tissue and patient-
matched normal tissue were obtained from men who under-
went radical prostatectomies. Proteins were extracted from
the lysed cells of homogenized tissue. For glycopeptide ana-
lysis, proteins were denatured, reduced, alkylated, and
digested with trypsin. The resulting digest was enriched for
glycopeptides using amide-HILIC solid phase extraction.
Glycopeptides were then analyzed by nano LC-MS/MS.
MS1 scans were performed overm/z400-1800, and the top
five most intense ions (2+ charge state) were subjected to
HCD fragmentation. For global N-glycan profiling, glyco-
peptides prepared as described above were rapidly deglyco-
sylated and labeled with fluorescent dye InstantPC
(ProZyme), and analyzed by LC-MS.

Preliminary Data: Proteins were extracted from fifteen can-
cer/normal pairs of prostate tissue, digested, and enriched
for N-linked glycopeptides using HILIC SPE cartridges
packed with hydroxyethyl amide silica. During LC-MS
analysis, glycopeptides are subjected to suppression effects
of the far more abundant non-glycosylated peptides, espe-
cially in complex protein mixtures from clinical samples,
making a glycopeptide enrichment step necessary to achieve
adequate signal. An average of 125 glycopeptides were
identified per patient from 70 unique glycoproteins,
although the number of glycopeptides identified per sample
varied. Glycopeptide identifications provide protein identi-
fication, glycosylation site localization, and glycan compos-
ition. Glycomic profiling was performed on both pooled
normal and pooled prostate cancer samples to corroborate
the glycan compositions identified in the glycopeptide ana-
lysis. Preliminary results reveal the identification of a
diverse set of unique glycan structures in normal prostate
tissue. Biantennary structures HexNAc4Hex5Neu2 and
high-mannose structure HexNAc2Hex5 (Man5) were the
most abundant species and were also frequently identified in
the intact glycopeptide analysis. Tri-sialylated species
(HexNAc5Hex6Neu3 and HexNAc5Hex6Neu3Fuc1), and a
series of high mannose structures from Man3 to Man7 were
also identified in both glycomic and glycopeptide analysis.

(141) A single Fc g receptor IIIb / CD16b amino acid
distorts the structure upon binding immunoglobulin G1and

reduces affinity relative to CD16a
Jacob T. Roberts and Adam W. Barb

Iowa State University

Fc γ receptors (FcγRs) expressed on the surface of innate
immune cells bind immunoglobulin G (IgG) through the
crystallizable fragment (Fc). Recognition of Fc coating a
pathogen targets its destruction by the innate effector cell.
FcγRs are grouped into high affinity (FcγRI / CD64)and low
affinity (FcγRII / CD32 and FcγRIII/ CD16) varieties. FcγRs
and IgG are heavily modified with N-glycans that have been
shown toimpact function and structure. CD16 has two main
isoforms expressed on either neutrophils, the lower affinity
CD16b,or monocytes and NK cells, the higher affinity
CD16a. The factors contributing to this affinity difference
are unknown because the two receptors are nearly identical,
differing by 4 amino acid residues. Here we define a single
amino acid residue at position 129 (G or D) that accounts
for the difference between CD16a and CD16b affinity.
Furthermore, we solved the first structure of N-glycosylated
CD16b in complex with afucosylated IgG1-Fc that shows
D129 deforms the receptor backbone upon binding disrupt-
ing the binding surface between the C’E loop of IgG1 Fc.
G129 of CD16a in complex with IgG1-Fc, however, is simi-
lar in structure to the free, nonbinding form of CD16 sug-
gesting the D129 residue forces CD16b to adopt a strained
conformation upon binding.Overall these data provide
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valuable information for the design of new CD16b-specific
targeting therapeutics.

(142) Development of new soluble Siglec constructs to better
understand regulation of immune cells by Siglecs

Emily Rodrigues1, Caleb Loo2 and Matthew S. Macauley1,3
1Department of Chemistry, University of Alberta,

Edmonton, AB; 2Department of Biochemistry, University of
Alberta, Edmonton, AB; 3Department of Medical

Microbiology and Immunology, University of Alberta,
Edmonton, AB

The ability of immune cells to distinguish between ‘self’ and
‘non-self’ is critical to human health. Immune cells use a
wide range of activatory and inhibitory receptors to guide
self/non-self discrimination by recognizing molecular pat-
terns that are unique to non-self and self, respectively. Siglec
(sialic acid-binding immunoglobulin-type lectins) are a fam-
ily of immune cell receptors whose ability to modulate
immune cell function is intimately tied to interactions with
sialic acid-containing glycoconjugates. Although much has
been learned about the specific glycans that serve as Siglec
ligands, there are still many unknowns. To better understand
the nature of the glycan ligands of Siglecs, new tools and
approaches are required. A common approach to studying
Siglec-ligand interactions in solution is to use Fc-chimeric
versions of Siglecs consisting of the first 2 or 3 domains of
the Siglec fused to the Fc region of an antibody. While this
platform has advanced our knowledge of glycan ligands of
Siglecs, standard constructs have limitations. Here, we pre-
sent a new versatile set of Siglec-Fc chimeras. Specific fea-
tures of these new constructs include affinity tags for
purification and detection, mutations in the Fc domain that
render the Fc region incapable of binding Fc-receptors on
immune cells, a proteolytic site between the Siglec and Fc
regions to enable the production of monomeric Siglecs, and
a consensus sequence for enabling site-specific labeling.
Progress will be presented for ongoing applications using
these new constructs in innovative ways to ultimately pro-
vide a better understanding of the glycan ligands of Siglecs.

(143) Using a CRISPR-Cas Whole-Genome Screen to
Identify Genetic Factors Linked to Expression of Cancer-

Associated O-glycans
Troels B. Rømer, August Dylander, Sabrina Horn, Emil M.

H. Pallesen and Hans H. Wandall
Copenhagen Center for Glycomics, Department of Cellular

and Molecular Medicine, University of Copenhagen

Truncated O-glycans, designated Tn and STn, have been
recognized as cancer-associated antigens correlated with
worsened patient outcomes for more than four decades. In
epithelial cancers, truncated O-glycans are identified in 70-
90 % of cases and are often seen in premalignant lesions,
making them attractive therapeutic targets as well as inter-
esting biological entities potentially linked to fundamentally

important processes in carcinogenesis. However, little is still
known of the exact mechanism(s) resulting in the expression
of truncated O-glycans in cancer cells. Several hypotheses
have been proposed, including mutations of the CORE1
and COSMC genes, pH-dependent regulation, methylation
of gene promotors, relocation of GalNAc-transferases in the
secretory pathway and substrate deficiencies, but none of
these hypotheses have yet to explain more than a limited
subset of cases. To investigate potential genetic factors
linked to Tn and STn expression, we therefore conducted a
whole-genome genetic perturbation screen in the human ker-
atinocyte HaCaT cell line with stable expression of the
Cas9-protein and no expression of truncated O-glycans.
Employing the glycan-specific monoclonal antibodies to Tn
(mAb 5F4) and STn (mAb 3F1), we subsequently used FACS
to separate cells with perturbated genes resulting in Tn or
STn expression from keratinocytes not expressing truncated
O-glycans. We found a subset (approximately 0.05 %) of
the genetically modified cells from the whole-genome screen
to be Tn- or STn-positive when analyzed på flow cytometry,
with a larger proportion of Tn-positive cells as compared to
STn-positive cells. We are currently using Next Generation
Sequencing (NGS) on PCR products amplified from the sig-
nature sgRNA sequences imbedded in the lentiviral inserts
from the Brunello library to identify candidate genes which
– when knocked out – results in expression of truncated O-
glycans in the Tn- and STn-positive cell populations. We
aim to validate the candidate genes by conducting single-
gene knock outs of the genes targeted by the most abundant
sgRNAs in the Tn- and STn-positive cell populations.
Subsequently, we seek to evaluate the single-cell knock outs
by antibody staining, lectin staining and MS/MS to confirm
the expression of Tn- and STn-antigens, as implied by the
findings in the whole-genome screen. In conclusion, we con-
ducted a whole-genome screen investigating the effect on
expression of truncated O-glycans from perturbation of sin-
gle genes by CRISPR-Cas9 induced knock outs in a human
cell line. We find that the whole-genome screen results in
expression of Tn- and STn-expression in a small number of
cells – but a larger number than what can be explained from
COSMC and CORE1 perturbations exclusively – and aim
to present candidate genes and validated genetic targets
involved in expression of truncated O-glycans in a human
setting.

(144) CGE-LIF as a novel approach for the analysis of
glycosphingolipid-derived glycans

Charlotte Rossdam1,2, Sarah A. Konze1,2, Astrid
Oberbeck1,2, Erdmann Rapp3,4, Rita Gerardy-Schahn1,2,

Mark von Itzstein5 and Falk F.R. Buettner1,2
1Institute of Clinical Biochemistry, Hannover Medical
School, Hannover, Germany; 2REBIRTH Cluster of

Excellence, Hannover Medical School, Hannover, Germany;
3Max Planck Institute for Dynamics of Complex Technical

Systems, Magdeburg, Germany; 4glyXera GmbH,
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Magdeburg, Germany; 5Institute for Glycomics, Griffith
University, Gold Coast Campus, Queensland, Australia

Analysis of glycosphingolipid (GSL) glycosylation remains a
major challenge in analytics. Current technologies, such as
mass spectrometry (MS) or reversed-phase (RP)-HPLC are
time-consuming and mostly low-throughput. Here we present
a novel high-throughput-compatible approach for the analysis
of GSL-derived glycans using capillary gel electrophoresis
coupled to laser-induced fluorescence detection (CGE-LIF),
which has so far been widely applied by us and others for N-
glycan profiling. We show for the first time the adaption of
CGE-LIF for the analysis of GSL glycans. GSL glycan head
groups were efficiently released from the ceramide by diges-
tion with ceramide glycanase, fluorescently labelled and could
subsequently be separated by CGE-LIF. Using defined gly-
cans, we built up a data base that currently comprises the
migration times of 36 different glycan structures belonging to
ganglioseries, globo- / isogloboseries and lacto- / neolacto-
series. The separation power of CGE-LIF is capable to not
only discriminate glycans differing in the number or type of
monosaccharides but also clearly distinguishes peaks of struc-
tural isomers that differ either in the positioning of identical
monosaccharides (e.g. GD1a-derived glycan vs. GD1b-derived
glycan) or even in the type of linkage between identical mono-
saccharides (e.g. fucosyl lactotetra vs. fucosyl neolactotetra).

We applied this novel approach for the analysis of GSL gly-
cans of human induced pluripotent stem cells (hiPSCs). Based
on our database, 14 different glycans could clearly be assigned
and were confirmed by exoglycosidase digests. The majority of
peaks could still be detected from as few as 105 cells.
Subsequently we quantitatively compared GSLs of hiPSCs and
cardiomyocytes (CMs) derived thereofby in vitro differentiation.
This analysis revealed that levels of GSL-derived glycans with
globo- (sialyl globopentaose / stage-specific embryonic antigen 4
(SSEA4), globopenta / SSEA3, globotetra) and lacto-series (fuco-
syl lactotetra / SSEA5, lactotetra) core structures were consider-
ably reduced, whereas levels of ganglioseries glycans (GD3-
derived glycan and GM3-derived glycan) were strongly augmen-
ted upon differentiation of hiPSCs.

Taken together, once having established a comprehensive
migration time database, CGE-LIF provides a cheap, easy-
to-use and fast access for the analysis of GSL glycans with
superior sensitivity and specificity that can be simply scaled
up to a high-throughput approach.

(145) Inhibition of mucin type O-glycosylation by
N-thioglycolyl-D-galactosamine affects lateral mobility

of CD43 and formation of immune synapse
Pratima Saini1, Anam Tasneem1, Monika Garg1, Nagrajan

Perumal2 and S-Gopalan Sampathkumar1
1Chemical Glycobiology Laboratory, National Institute of
Immunology; 2Experimental Animal Facility (EAF) National

Institute of Immunology

Mucin-type O-glycans (MTOG) is abundantly found on
many CD antigens on the surface of immune cells. MTOG
mediate cell-cell, cell-pathogen, cell-antibody, and cell-extra-
cellular matrix communications. Apart from imparting a
large hydrodynamic volume and resistance to hydrolysis by
proteases, MTOG play important roles in regulating lateral
interactions between CD antigens. CD43 (leukosialin/sialo-
phorin), in particular, is known to carry 80-90 MTOG on
its extracellular domain which imparts rigid rod-like struc-
ture that projects up to 50 nm on the cell surface. CD43 is
considered as a negative regulator of immune activation as it
is able to sterically prevent establishment of cell-cell con-
tacts. Previous studies have shown that CD43 is readily
excluded from the immune synapse contact surface between
a T-cell and an antigen-presenting cell (APC). Biophysical
studies have established that the long surface molecules (>
50 nm in length) must be segregated out so that interaction
of short surface molecules (10-20 nm projections in length)
such as peptide-loaded MHC and T-cell receptors (TCR)
could be facilitated leading to immune activation.

Earlier we have shown that peracetyl N-thioglycolyl-D-
galactosamine (Ac5GalNTGc (1)) inhibited MTOG
(Agarwal, K., et al., J. Am. Chem. Soc., 135, 14189-97
(2013)). Particularly, treatment with 1 resulted in hyposialy-
lation and hypoglycosylation of CD43 while the polypeptide
levels remained unchanged. We hypothesized that the readi-
ness of CD43 to be sorted on the cell surface must be due to
the abundance of MTOG. MTOG across the backbone pre-
vents the relatively strong lateral protein-protein interactions
thus enabling flexible movement on the plasma membrane.
Consequently, inhibition of MTOG on CD43 by 1 may
result in altered lateral mobility thus affecting the establish-
ment of immune synapse. We will present results of our
investigation on modulation of MTOG by 1 and its conse-
quences on immune functions. We adapted an established
model for formation of immune synapse using C57BL/6-Tg
(TcraTcrb)1100Mjb/J (OT-1) transgenic mice which express
the cognate TCR against the ovalbumin peptide SIINFEKL
on CD8+ cells. T-cells were sorted and incubated under mul-
tiple conditions. Macrophages were pulsed with SIINFEKL
and treated with metabolically engineering T-cells to allow
formation of immune synapse. Confocal immunofluores-
cence microscopy was performed after staining of the
immune cell complexes for CD43 (clone S7) and intercellular
contacts, conjugates, and CD43-excluded conjugates were
enumerated. Additional markers of T-cell activation such as
CD25 and CD69 were investigated using flow cytometry.
Our results show that inhibition of MTOG induced by 1 sig-
nificantly reduces the formation of immune synapse com-
pared to controls. Our small-molecule based approach
provides a potential avenue to modify autoimmune disease
conditions wherein the immune system is in a perpetually
activated state.
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(146) Differential Sialic Acid Binding Patterns of
Phylogenetically-related Bacterial Exotoxin B Subunits

Elucidated by Sialoglycan Microarray Analysis
Aniruddha Sasmal1,2, Naazneen Khan1,2, Andrea

Verhagen1,2, Zahra Khedri1,2, Hai Yu5, Anders B. Bruntse3,
Sandra Diaz1,2, Nissi Varki1,2, Adrienne Paton6, James
Paton6, Xi Chen5, Nathan Lewis1,3 and Ajit Varki1,2,4

1Glycobiology Research and Training Center; 2Department
of Cellular & Molecular Medicine; 3Department of
Pediatrics; 4Department of Medicine, University of

California San Diego, La Jolla, CA 92093; 5Department of
Chemistry, University of California-Davis, Davis, CA-

95616; 6Research Centre for Infectious Diseases,
Department of Molecular and Cellular Biology, University

of Adelaide, Adelaide, SA 5005, Australia

Glycan microarrays are critical tools for high-throughput
analysis of glycan-protein interactions. We use this powerful
technique with a focus on naturally occurring non-reducing
terminal sialyltrisaccharides. Chemoenzymatic synthesis gen-
erated a diverse library of ~200 structurally defined sialyltri-
saccharides, terminating in the common vertebrate sialic
acids(Sias) Neu5Ac, Neu5Gc and Kdn, and some of their
modified forms. Considering the size of our glycan library,
microarray data sorting and analysis poses a major hurdle
for high-throughput studies without a proper numbering
system. We devised a numerical bar-coding system that
assigns a unique code for individual glycans. The terminal
Sia and its underlying monosaccharides are assigned from
the non-reducing to the reducing end, each with three digits
to describe a monosaccharide, its modifications, and its link-
age. This simple bar code helps to sort glycans in logical
ways, to optimize the printing process, and in motif
searching.

The bacterial AB5family of toxins are comprised of a
cytotoxic A-subunit and pentameric B-subunit that bind ter-
minal glycans on host cell surfaces. These toxins are major
virulence factors for several pathogens. Phylogenetic analysis
of known B-subunits that bind terminal Sias along with
related molecules in available genomes showed a poor cor-
relation of binding with bacterial species phylogeny. For
example, the B-subunit of Yersinia pestis (YpeB) which
shares a high degree of identity/similarity (58%/79%) with
that of the E. coli subtilase cytotoxin (SubB), has very differ-
ent Sia-binding patterns: while SubB preferably binds
Neu5Gc-terminal glycans, YpeB has a much more diverse
(Neu5Ac and Neu5Gc) binding domain. Further studies
revealed that the related B-subunit from Yersinia enterocoli-
tica (YenB) not only binds to all Neu5Ac and Neu5Gc gly-
cans but also shows higher binding in similar
concentrations. Differential Sia-binding patterns were
observed when other phylogenetically related B-subunit
from S. Typhi (PltB), S. Typhimurium (ArtB),Vibrio cholerae
(CtxB), the cholera family homologue of E. coli (EcxB), and
E. coli heat-labile enterotoxin (EtxB) were tested and the
data sorted using our barcoding system.

In setting up this system, we noted that the theoretical
population of sialoglycan trisaccharide sequences is > 205
million. Filtering out impossible combinations and focusing
on known and likely sequences, the number tentatively
dropped to ~106 possible sialyltrisaccharides in nature.
While we developed this system for linear trisaccharides, it is
notable that amplifying the calculation to a biantennary N-
glycan with two terminal sialoglycan trisaccharide sequences
results in squaring of possibilities, to >1012 potential combi-
nations.We suggest that while glycomic approaches are
addressing the challenges arising, naturally occurring probes
like these B5 toxins can be used by others to detect and track
the sialome in biological systems of interest.

(147) Galectin-3 and N-acetylglucosamine promote
myogenesis and mitigate the burden of Duchenne muscular

dystrophy
Sachiko Sato, Ann Rancourt, Sébastien S. Dufresne,

Guillaume St-Pierre, Masahiko Satoh and Jérome Frenette
Faculty of Medicine, Laval University, Quebec city, Canada

The muscle membrane, sarcolemma, must be firmly attached
to the basal lamina. The failure of proper attachment results
in muscle injury, which is the underlying cause of Duchenne
muscular dystrophy (DMD), where mutations in the dys-
trophin gene disrupt the firm adhesion. In DMD patients,
even moderate contraction causes damage, leading to pro-
gressive muscle degeneration. The damaged muscles are
repaired through myogenesis. Consequently, myogenesis is
highly active in DMD patients, and the repeated activation
of myogenesis leads to the exhaustion of the myogenic stem
cells. Therefore, approaches to reducing the risk of the
exhaustion are to develop a treatment that strengthens the
interaction between the sarcolemma and the basal lamina,
and increases the efficiency of myogenesis. Galectin-3 is a
solubleß-galactoside-binding protein and known to be
involved in cell-cell interactions and cell-matrix interactions.
Galectin-3 is expressed in myoblasts and skeletal muscle
while its function in muscle remains elusive. We recently
found evidence that galectin-3 andN-acetylglucosamine
(GlcNAc), which increases the synthesis of binding partners
(oligosaccharides) of galectin-3, promotes myogenesisin
vitro. Moreover, in a mouse model of DMD,mdxmice, 10
day-treatment with GlcNAc significantly increased the mus-
cle force production.The results suggest that treatment with
GlcNAc may be a simple and effective treatment for DMD.

(148) Keratan sulfate chains released from human airways
support Siglec-9 binding – comparison with Siglec-8 binding
Steve M. Fernandes1, Ryan N. Porell1, Anabel Gonzalez-
Gil1, Hyun Sil-Lee2, Jean Kim2,3 and Ronald L. Schnaar1
1Department of Pharmacology and Molecular Sciences,
Johns Hopkins University School of Medicine, Baltimore,

MD; 2Department of Medicine: Allergy and Clinical
Immunology, Johns Hopkins University School of Medicine,

SFG 2018 Abstracts Abstracts

lxxxii

D
ow

nloaded from
 https://academ

ic.oup.com
/glycob/advance-article-abstract/doi/10.1093/glycob/cw

y088/5144641 by guest on 25 O
ctober 2018



Baltimore, MD; 3Department of Medicine: Otolaryngology,
Head & Neck Surgery, Johns Hopkins University School of

Medicine, Baltimore, MD

Siglecs are sialoglycan binding proteins most of which are
expressed on the surfaces of immune cells, and most of
which are immune inhibitory when they bind to complemen-
tary sialoglycan ligands. Relevant to human airway inflam-
mation, Siglec-9 is expressed primarily on neutrophils and
monocytes and Siglec-8 on eosinophils and mast cells where
they drive different types of pathogenic lung inflammation.
Evidence suggests that distinct endogenous sialoglycans on
human airways and airway secretions engage Siglec-9 and
Siglec-8 to dampen and thereby limit inflammatory damage.
In extracts of postmortem human airway tissues (trachea/
bronchus) and in human airway secretions (nasal lavage) we
identified Siglec-9- and Siglec-8-binding sialoglycans that we
resolved and characterized using a combination of size
exclusion chromatography, composite agarose-acrylamide
gel electrophoresis, blotting, and probing with Siglec-9-Fc or
Siglec-8-Fc chimeras. Siglec-9-Fc and Siglec-8-Fc binding to
distinct sets of high molecular weight proteins was reversed
by sialidase and also by keratanases I and/or II, indicating
that human Siglec-9 and Siglec-8 ligands from human air-
ways require sialylated keratan sulfate (KS) chains. In the
current study, KS chains were released from postmortem
human tracheobronchial tissue and from human nasal lav-
age and probed for Siglec-9 and Siglec-8 binding. Biological
samples were extensively proteolyzed, the remaining sulfated
glycan chains captured and resolved by anion exchange
chromatography, methanol precipitated then chondroitin
and heparan sulfates enzymatically hydrolyzed. The result-
ing preparation consisted of KS chains attached to a single
amino acid or a short peptide. For Siglec binding analyses,
KS peptides were tagged at the amino acid with biotin,
resolved by affinity and/or size exclusion chromatography,
the resulting fractions immobilized on streptavidin microwell
plates and probed for binding of Siglec-9-Fc and/or Siglec-8-
Fc. Siglec-9 affinity chromatography of the tagged KS chains
was performed on a nickel column derivatized with a His-
tagged pentameric form of Siglec-9. Most of the KS chains
flowed through the column, whereas most Siglec-9 binding
was retained and eluted broadly with stepwise 150mM
NaCl and 1.5M NaCl. Fractions eluted from the Siglec-9
affinity column failed to bind to Siglec-8. When the same
mixture of KS chains was resolved on a Siglec-8 affinity col-
umn, most of the KS chains flowed through the column
whereas all of the Siglec-8 binding KS chains remained on
the column until eluted with 1.5M NaCl. The Siglec-8
bound fractions also bound Siglec-9 when immobilized on
streptavidin wells, but were not retained when passed over a
Siglec-9 affinity column. We conclude that Siglec-9 and
Siglec-8 bind to distinct sets of sialylated KS chains from
human airways. Supported by NIH grants U01AI136443,
P01HL107151, and T32GM080189 (to RNP and AGG).

(149) Breaking the Allergic Cascade by Modulating IgE
Glycosylation

Kai-Ting Shade and Robert Anthony
Center for Immunology and Inflammatory Diseases,
Division of Rheumatology, Allergy, and Immunology,

Massachusetts General Hospital, Harvard Medical School,
Charlestown, MA 02129

The prevalence of allergies has markedly increased over the
past few decades, constituting a major healthcare problem.
Allergies are caused by production of immunoglobulin ε
(IgE) antibodies targeting environmental substances, such as
pollens, pet dander, and foods. Individuals become sensitized
when allergen-specific IgE binds to the high-affinity receptor
(FcεRI) on tissue mast cells or blood basophils. Subsequent
allergen exposure crosslinks cell-bound IgE, resulting in the
release of inflammatory mediators including histamine, leu-
kotrienes, and prostaglandins. Despite its significance in
allergic diseases, IgE biology suffers from major knowledge
gaps. While IgE is critical for pathogenesis of allergic dis-
eases, some individuals have allergen-specific IgE but do not
experience allergic symptoms. Further, some individuals out-
grow their allergens, while retaining detecting levels of aller-
gen-specific IgE. Thus, despite its discovery over 50 years
ago, it is not clear what make IgE pathogenic. The import-
ance of glycosylation for a number of antibody classes has
been established. However, the contribution of glycosylation
to IgE biology is less clear. IgE are the most heavily glycosy-
lated monomeric antibodies with seven Asparagine (N)-
linked glycosylation sites on its constant domains. One site
carries exclusively oligomannose glycans (N394), one site is
unoccupied (N383), while the remaining sites contain sialy-
lated glycans. We set out to define the role of IgE glycosyla-
tion in anaphylaxis, and using functional models of allergies,
we showed that glycans play divergent and important roles
in regulating allergic response. It is appealing to speculate
that glycans on IgE explain the presence of allergen-specific
IgE and manifestation of allergic symptoms and may serve
as a potential allergic disease biomarker and a novel thera-
peutic target.

(150) Micropermethylation and subsequent LC-MS based
profiling of glycoproteins by Tool for Rapid Analysis of

glycopeptide by Permethylation (TRAP) method
Asif Shajahan, Nitin T. Supekar, Christian Heiss, Aravind

Kalimurthy, Rene Ranzinger and Parastoo Azadi
Complex Carbohydrate Research Center, The University of

Georgia, 315 Riverbend Road, Athens, GA 30602

The comprehensive analysis of large glycoprotein sample
sets will not be possible until the currently available, compli-
cated analysis process can be significantly simplified. We
recently developed a promising, simple workflow integrating
glycomics and glycoproteomics in a single experiment by dir-
ectly permethylating the protease digest of glycoproteins. A

Abstracts SFG 2018 Abstracts

lxxxiii

D
ow

nloaded from
 https://academ

ic.oup.com
/glycob/advance-article-abstract/doi/10.1093/glycob/cw

y088/5144641 by guest on 25 O
ctober 2018



high-resolution tandem MS/MS technique and subsequent
data processing were employed for the characterization of
the permethylated glycopeptide. The TRAP approach is also
useful for the analysis of glycoproteins from the non-mam-
malian origin which are resistant to both enzymatic and
chemical method of release. Herewith, we report glycopro-
tein characterization using TRAP strategy by performing the
permethylation in a microscale which is suitable for reliable
permethylation of glycopeptides from the protease digest of
large sets of glycoproteins at a low amount. We optimized
the micropermethylation reaction and sample purification
conditions and thus improved the sensitivity and throughput
of permethylation reactions in microscale. Subsequently, we
injected the glycopeptides permethylated by TRAP method
into an LC-MS/MS system through auto sampling and
thereby characterized the glycan sequence and branching at
the N-glycosylation sites. Our results on the analysis of gly-
coproteins such as monoclonal antibodies (mAb) and bovine
RNase B, indicated that TRAP followed by LC-MS/MS
enables characterization of glycan isomers and the types of
glycoforms at each N-glycosylation site. Moreover, we could
deduce the glycosylation linkages and monosaccharide com-
positions by the GC-MS analysis of the permethylated glyco-
peptides generated via TRAP. We are in the process of
developing a cost-effective kit and a data analysis platform
for the rapid glycoprotein analysis through TRAP strategy
and this would enable convenient, rapid, and reliable high-
throughput screening of protein glycosylation.

(151) Exploring the Role of APP Protein O-Glycosylation in
Alzheimer’s Disease

Nandini Singh1, Thomas Kent1, Deguo Du1, Dmitriy
Minond2 and Mare Cudic1

1Florida Atlantic University, Boca Raton, FL, USA; 2Nova
Southeastern University, Fort Lauderdale, FL, USA

The amyloid-b precursor protein (APP) is a transmembrane
protein that can undergo proteolytic cleavage by three pro-
teases, a-, b- and g-secretases, to determine its fate in
Alzheimer’s disease (AD) pathogenesis. The protein under-
goes proteolysis by b- and g-secretases to produce amyloid-b
peptides (Abs), which is a hallmark of AD. However, only
ten-percent of the protein will follow this amyloidogenic
pathway, whereas the remaining ninety-percent will undergo
proteolysis by a-secretase and g-secretases, resulting in the
non-amyloidogenic pathway. Post-translational modifica-
tions (PTMs) such as glycosylation are known to regulate
protein conformation and can play an important role in the
onset of this disease. Recently, it was found that the four
threonine residues Thr 633, Thr 651, Thr 652, and Thr 659,
in the vicinity of the b-secretase cleavage site (Met 671~Asp
672) of APP, are modified by complex mucin-type O-gly-
cans. Moreover, an increase of up to 2.5 times in tyrosine
glycosylation, located within the Ab42 region of APP (Tyr
681), was found in AD patients in comparison to the non-

AD patients. These findings suggest the possible role of O-
glycosylation in APP proteolytic processing and modulation
of its fate to either the non-amyloidogenic or amyloidogenic
pathway associated with AD. Therefore, our goal was to
synthesize both O-glycosylated and non-glycosylated APP
peptide analogs to understand the role of O-glycosylation
on APP’s conformation, proteolysis and aggregation. Our
preliminary results show that the non-glycosylated peptide
analogs in water show characteristics of b-sheet conform-
ation, however, the presence of a site-specific O-glycosyla-
tion seemed to favor either random coil or a-helical
conformation. Furthermore, the level of b-secretase activity
significantly increases for the glycosylated analogs contain-
ing the Swedish mutation, (Lys670Asn and Met671Leu)
compared to their non-glycosylated counterparts. Likewise,
the glycosylated analogs impacted the protein’s aggregation
kinetics by decreasing its lag phase more significantly than
its non-glycosylated counterparts. In conclusion, our prelim-
inary results suggest that APP’s site-specific O-glycosylation
can induce a conformational change in the protein and sub-
sequently affect its proteolytic processing fate towards either
amyloidogenic or non-amyloidogenic pathway. Our long-
term goals are to assess the role of certain patterns of mul-
tiple glycosylation sites on Ser or Thr along with Tyr that
are in close proximity to the b-secretase cleavage site and
within the Ab42 region of APP, respectively, paving the way
for novel AD-modifying therapies.

(152) A new way to target bacteria: Hetero-multivalent
binding of glycolipids to Pseudomonas aeruginosa

Akshi Singla1, Nolan C. Worstell1, Panatda Saenkham2,
Thushara Galbadage2, Preeti Sule2, Kush Shah2, Carolyn L.

Cannon2, Jeffrey D. Cirillo2 and Hung-Jen Wu1
1Texas A&M University; 2Texas A&M Health Science

Center

Inspired by the nature of Pseudomonas aeruginosa (PA)
adhesion to the host cells via binding between various types
of bacterial lectins and different host glycolipids, we have
developed an innovative targeted drug delivery system to
enhance drug retention at the infection site. This involves a
hetero-multivalent binding strategy that uses different types
of host glycolipid ligands on a liposome to simultaneously
bind with different types of receptors on a bacterium.
Liposomal drug carriers were chosen because liposomes pro-
vide critical two-dimensional glycolipid mobility to facilitate
multivalent interactions. Multiple glycolipid ligands on a
liposome can self-organize to enable concurrent binding
with different receptors on a bacterium. Because of the
reduced dimension of ligand diffusion, the reaction rates of
the subsequent bindings are at least 104 times higher than
the first binding event. This rate-enhancement mechanism,
called Reduction of Dimensionality (RD), dramatically
increases the efficiency of multivalent binding. A key concept
of the RD mechanism is that, upon completion of the first
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attachment, even low-affinity ligands can now contribute in
the ensuing liposomal binding with the bacteria because the
binding rates of low-affinity ligands are enhanced by the RD
process. Traditionally, the targeted drug delivery schemes
have decorated drug carriers with high-affinity ligands only.
The RD mechanism suggests that we can simultaneously util-
ize both high- and low-affinity ligands to achieve higher bind-
ing avidity and specificity. To demonstrate this concept, we
have exploited the ability of PA to bind with eukaryotic cells
to design a targeted liposomal drug delivery system for PA.
We have successfully found a new PA-specific ligand, lactosyl-
ceramide (LacCer), from eukaryotic cells, and improved the
liposomal retention rate up to 400% by blending LacCer
with the other known PA-specific ligand, Gb3, in-vitro. In
addition, we have demonstrated that these glycolipid deco-
rated liposomes could also penetrate through physiological
barriers and reach the infection sites in a thigh infected mouse
model. Our in-vitro and in-vivo studies indicated that this
unique bio-mimetic approach not only improves the targeting
efficiency towards PA, but also reduces the off-target binding.

(153) Co-evolution of a typhoid toxin homolog and
nontyphoidal Salmonella

Sohyoung Lee1, Yi-An Yang1, Andrew J. Thompson2, James
C. Paulson2 and Jeongmin Song1

1Department of Microbiology and Immunology, College of
Veterinary Medicine, Cornell University, Ithaca, NY 14853;
2Department of Molecular Medicine, The Scripps Research

Institute, La Jolla, California 92121

Typhoid toxin is a distinct A2B5 bacterial toxin, which is
unique to typhoidal Salmonellae, Salmonella enterica sero-
var Typhi (S. Typhi) and S. Paratyphi. Administration of
purified typhoid toxin to experimental animals recapitulated
many of the characteristic symptoms of typhoid fever.
However, typhoid toxin homologs with a small amino acid
sequence variation are found in a few nontyphoidal
Salmonella serovars causing self-limiting gastroenteritis,
such as Salmonella Javiana. Here we show a three amino
acids sequence variation on ‘javiana toxin’s receptor-binding
subunit PltB causes a switch of javiana toxin’s glycan recep-
tor binding preference from glycans abundantly expressed
on cells of the systemic site (where S. Typhi infection occurs,
and both α2-3 and α2-6 sialosides are present) to glycans
abundantly expressed on cells of the gastrointestinal tract
(where nontyphoidal Salmonella infection occurs, and α2-3
sialosides are predominant). Consistently, the administration
of javiana toxin to the systemic site causes little to no
typhoid fever symptoms, but javiana toxin binds and enters
intestinal epithelial cells. We predict that javiana toxin plays
a critical role in assisting S. Javiana to establish long-term
infection in intestinal epithelial cells, although the detailed
mechanism remains to be characterized. These findings high-
light the remarkable co-evolution of bacterial toxins for their
specific need.

(154) A new assay measures transport of UDP-galactose
into the Golgi of cells from patients with mutation in
SLC35A2, encoding the UDP-galactose transporter
Paulina Sosicka, Bobby G. Ng and Hudson H. Freeze
Human Genetics Program, Sanford Burnham Prebys

Medical Discovery Institute, La Jolla, CA

SLC35A2 is an X-linked gene encoding the only human
UDP-galactose transporter (UGT). CHO-Lec8 cells carry a
null mutation in this gene which abolishes all UDP-galactose
transport and in consequence galactosylated glycans.

Multiple physicians provided fibroblasts from eight
SLC35A2-CDG patients with different mutations to measure
UDP-galactose uptake. We used 4-methylumbelliferyl N-
acetyl-β-D-glucosaminide (4-MUβGlcNAc) as a membrane-
permeable, saturating acceptor to measure the rate limiting
transport of UDP-[3H]galactose into the intact Golgi vesicles
of permeabilized cells. The product, 4-MUβGlcNAcβ-[3H]
Gal, was purified on C18 columns and counted. UDP-galact-
ose uptake was undetectable in CHO-Lec8 cells and was
impaired to various degrees in all patient cells. Some patient
lines contain variable proportions of wild type and mutant
allele that must be assessed to accurately determine the contri-
bution of the mutant allele. As an alternative, we apply the
same assay to each mutant allele expressed in CHO-Lec8 cells.

Using this simple assay we could measure the Km of both
human and CHO UGT at 3.1 μM. Similar analysis of patient
cells is underway. These studies should allow us to deter-
mine which SLC35A2-CDG patients might benefit from gal-
actose supplement therapy. By selecting the appropriate
glycoside acceptors, we can determine the Km of other Golgi
nucleotide transporters deficient in other patients.

Supported by The Rocket Fund and by R01DK99551.

(155) Defining the OGT Interactome and its Role in
X-Linked Intellectual Disability

Hannah Stephen, Nithya Selvan, Stephan George, Brent
Weatherly and Lance Wells

University of Georgia

X-Linked Intellectual Disability (XLID) affects approxi-
mately 1 in 500 males in the United States. We have identi-
fied several mutations in the O-GlcNAc Transferase gene
(OGT) that are causal for XLID, but the mechanism under-
lying the phenotype is unknown. OGT is an essential nucleo-
cytoplasmic glycosyltransferase that modifies nuclear and
cytosolic proteins with a single β-N-Acetyl-Glucosamine (O-
GlcNAc). OGT has thousands of substrates and O-GlcNAc
serves a diverse set of functions, including nutrient sensing,
transcriptional regulation, and modulating synaptic func-
tion. The O-GlcNAc modification is considered analogous
to phosphorylation, but unlike the hundreds of encoded
kinases that phosphorylate substrates with high specificity,
OGT is the only enzyme responsible for the O-GlcNAc
modification within the mammalian cell. Therefore, the
mechanism of OGT substrate selectivity is a major area of
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interest. It is thought that the N-terminal tetratricopeptide
repeats (TPRs), rather than the C-terminal catalytic domain,
of OGT are responsible for OGT substrate selection, in part
by the recruitment of partner proteins that target OGT to
specific substrates/cellular domains. All of the OGT XLID
variants being studied here are localized to the TPRs, leading
to our hypothesis on the mechanism by which OGT muta-
tions lead to XLID: that rather than interrupting the stability
or catalytic activity of OGT, the OGT XLID variants
exhibit lost or abnormal protein-protein interactions and
that these anomalous protein interactions lead to the XLID
phenotype. This hypothesis is supported by data from our
lab demonstrating that all of the OGT XLID variants are
thermally stable, catalytically functional, and kinetically
comparable to the wild-type (WT) OGT. To test our hypoth-
esis, we will use unbiased proteomic approaches to define
the WT and XLID OGT interactomes and identify aberrant
interactors. We have utilized a rat brain bait/fish assay to ini-
tially identify several WT OGT TPR interactors of interest
as well as biologically relevant differential interactors
between the WT and XLID OGTs. We will additionally use
a set of immunoprecipitation-based and proximity-ligation
proteomics to fully identify and validate the OGT interac-
tome and differential interactomes in Cas9 modified neural
precursor cells and cortical neurons, for both the WT and
XLID OGT. This approach will not only identify putative
mechanistic proteins underlying the XLID phenotype, but
also identify a neural WT OGT TPR interactome, which has
yet to be defined and is an essential resource for the field.

(156) Deciphering the glyco(phospho)peptide code of
symptomatic Alzheimer’s Disease

Sucharita Dutta, Mark B. Jones, Yasuyuki Matsumoto,
Jamie Heimburg-Molinaro, Nicholas Seyfried and Richard

Cummings
Beth Israel Deaconess Medical Center (Harvard University)

Alzheimer’s disease (AD) is a progressive disorder that begins
long before clinical symptoms appear. Prior research has
found that the asymptomatic (no symptoms, ASYM) phase of
AD is linked to abnormal brain accumulations of the protein
fragment beta-amyloid and the protein tau. These studies
show protein deposition in ASYM brains and mostly similar
overall histopathology despite little to no evidence of cogni-
tive impairment. This, and other studies, suggests that other
molecular mechanisms are involved in initiating and propagating
the disease process. Posttranslational modifications of proteins,
including glycosylation, are capable of modulating the behavior
of proteins without altering their expression. Thus, we hypothe-
size that the glycomes, including glyco(phospho)proteins and
their associated O-GlcNAc, O-GalNAc, and N-glycans are dif-
ferent in ASYM versus AD patient samples. Here, we analyzed
the protein glycosylation of the dorsolateral prefrontal cortex
from ASYM and AD post-mortem brains by lectin blotting and
mass spectrometry. Our preliminary data demonstrates that
there are significant changes in glycosylation, including O-

GlcNAc, N-, and O-glycans in ASYM versus AD samples. In
order to generate these analyses, we have developed, de novo, a
robust workflow to process such samples. We also include the
use of novel synthetic glycans and glycopeptides with all types
of glycosylation that also incorporate phosphorylation features
to provide quantitative information and serve as standards for
mass spectrometry methods. These findings will provide new
information to help identify novel biomarkers for AD and distin-
guish the glycophosphoproteomes of AD from asymptomatic
brains. These data will also generate a usable and accessible
database for researchers interested in AD brain glycomics.

(157) NGLY1 regulates Aquaporins: Implications in
NGLY1 deficiency disorder

Mitali A. Tambe, Bobby G. Ng and Hudson H. Freeze
Sanford Burnham Prebys Medical Discovery Institute

Patients with mutations in NGLY1 cannot make tears (ala-
crima), have global developmental delay, movement disorder
and liver dysfunction. N-glycanase 1 (NGLY1) de-glycosy-
lates misfolded N-glycosylated proteins in the cytoplasm as
part of the ERAD pathway prior to their proteasomal deg-
radation. Surprisingly, NGLY1-deficient patient cells do not
accumulate cytoplasmic misfolded N-glycoproteins, suggest-
ing a more complex function.

We found that NGLY1-deficient mouse embryonic fibro-
blasts (MEFs) and NGLY1-patient fibroblasts were resistant
to hypotonic lysis and that NGLY1-deficient MEFs swell
slower than WT MEFs. Since aquaporins (AQP) transport
water, we hypothesized that AQP levels might be altered in
NGLY1-deficient cells. Indeed, AQP1 mRNA and protein
were reduced in NGLY1-deficient MEFs. shRNA knockdown
of AQP1 in WT MEFs decreased hypotonic lysis, linking
AQP1 to hypotonic lysis. NGLY1 shRNA, CRISPR-based
deletion and overexpression studies confirmed that NGLY1
regulates AQP1 and hypotonic cell lysis. Surprisingly, comple-
menting NGLY1-deficient cells with catalytically inactive
mutant of NGLY1 (C309A) restored hypotonic lysis pheno-
type in mutated HAP1 cells and AQP1 protein in MEFs.
These results suggest that AQP regulation does not require
NGLY1’s enzyme activity. Next, we hypothesized that
NGLY1 regulation of AQPs is mediated by a transcription
factor. Using a luciferase-based reporter construct containing
the first 1000 or 2000 bp mouse AQP1 promoter region, we
found that luciferase activity was reduced by 50% in
NGLY1-deficient MEFs. This data supports our hypothesis
and identifies the AQP1 promoter as a region required for
binding NGLY1-dependent transcription factor. Current
efforts involve identifying these transcription factor/s by com-
bining bioinformatics and molecular biology techniques.

In conclusion, we have not only identified a novel function
of NGLY1 i.e. regulating AQPs but also it’s first enzymatic
activity independent function. These findings may help shed
light on the pathogenesis of the NGLY1 deficiency disorder.

This work is supported by the Bertrand Might Research
Fund and NGLY1.org.
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(158) Truncated O-glycans Promote the Epithelial-
Mesenchymal Transition and Stemness Properties of

Pancreatic Cancer
Divya Thomas1, Satish Sagar1, Henrik Clausen2 and

Prakash Radhakrishnan1
1Eppley Institute for Research in Cancer and Allied

Diseases, Fred & Pamela Buffett Cancer Center, University
of Nebraska Medical Center, Omaha, NE USA.;
2Department of Cellular and Molecular Medicine,

University of Copenhagen, Denmark

More than 80% of human adenocarcinomas express Sialyl
Tn (STn, Neu5Ac a2-6 GalNAca-O-Ser/Thr) antigen, and in
most cases the presence of STn correlates with poor progno-
sis and reduced patient survival. Overexpression of STn anti-
gen has been observed on many epithelial cancer cells, but
the highest frequency was observed in pancreatic ductal
adenocarcinoma (PDAC). We demonstrated that expression
of truncated O-glycans (Tn and STn) in PDAC are due to
hypermethylation of Core 1 synthase specific molecular
chaperoneCOSMC, and induced aberrant expression of Tn/
STn antigens on mucin and other glycoproteinsenhancethe
malignant properties of PDAC cells with an unknown mech-
anism. To investigate the mechanism by which truncated O-
glycans enhance tumorigenic properties of PDAC cells, we
have genetically deletedCOSMCin human PDAC cells
(T3M4 and Capan 2) to express truncated O-glycans. These
truncated O-glycan-expressing PDAC (SimpleCells, SC) cells
exhibited increased cell migration and invasion compared to
wildtype (WT) cells.Also, we found an increased expression
of mesenchymal markers N-cadherin, Slug and matrix metal-
loproteinases (MMPs) in tumors with truncated O-glycan-
expressing PDAC SC cells as compared to WT cells.
Conversely,we also found reduced expression of epithelial
markers such as E-cadherin and claudin in SC cells. We
observed a significantly increased cancer stem cell (side)
population in tumors that express truncated O-glycans.
Furthermore, orthotopic implantation of T3M4 SC into pan-
creases of nude mice resulted in significantly larger tumors
compared to T3M4 WT cells implanted tumors. These
results suggest that aberrant expression of truncated O-gly-
cans in PDAC cells enhances the tumor aggressiveness
through modulation of the epithelial-to-mesenchymal transi-
tionand cancer cells stemness properties.

Keywords: COSMC,Core-1 synthase, Truncated O-gly-
cans, EMT, Stem cells and PDAC

(159) Truncated O-glycans Promote Epithelial-
Mesenchymal Transition and Stemness Properties of

Pancreatic Cancer
Divya Thomas1, Satish Sagar1, Henrik Clausen2 and

Prakash Radhakrishnan1
1Eppley Institute for Research in Cancer and Allied

Diseases, Fred & Pamela Buffett Cancer Center, University
of Nebraska Medical Center, Omaha, NE USA.;

2Department of Cellular and Molecular Medicine,
University of Copenhagen, Denmark

More than 80% of human adenocarcinomas express Sialyl
Tn (STn, Neu5Acα 2-6 GalNAcα -O-Ser/Thr) antigen, and
in most cases the presence of STn correlates with poor prog-
nosis and reduced patient survival. Overexpression of STn
antigen has been observed inmany epithelial cancer cells, but
the highest frequency was observed in pancreatic ductal
adenocarcinoma (PDAC). We have demonstrated that the
expression of truncated O-glycans (Tn and STn) in PDAC
isdue to hypermethylation of Core 1 synthase specific
molecular chaperoneCOSMC, and induced aberrant expres-
sion of Tn/STn antigens on mucin and other glycoprotein-
senhance the malignant properties of PDAC cells with an
unknown mechanism. To investigate the mechanism by
which truncated O-glycans enhance the tumorigenic proper-
ties of PDAC cells, we have genetically deletedCOSMCin
human PDAC cells (T3M4 and Capan 2) to express trun-
cated O-glycans. These truncated O-glycan-expressing
PDAC (Simple Cells, SC) cells exhibited increased cell migra-
tion and invasion compared to wildtype (WT) cells. We
found an increased expression of mesenchymal markers N-
cadherin, Slug and matrix metalloproteinases (MMPs) in
truncated O-glycan-expressing PDAC SC cells as compared
to WT cells. Conversely, we found reduced expression of
epithelial markers such as E-cadherin and claudin in SC
cells. We also observed a significant increase in the cancer
stem cell (side) population in tumors that express truncated
O-glycans. Furthermore, orthotopic implantation of T3M4
SC into pancreases of nude mice resulted in significantly lar-
ger tumors compared to T3M4 WT cells implanted tumors.
These results suggest that aberrant expression of truncated
O-glycans in PDAC cells enhances the tumor aggressiveness
through modulation of the epithelial to mesenchymal trans-
ition and cancer cells stemness properties.

Keywords: COSMC,Core-1 synthase, Truncated O-gly-
cans, EMT, Stem cells and PDAC

(160) Investigating role of IgG glycosylation in Fc γ receptor
binding

Ravi Vattepu1,2 and Robert M. Anthony1,2
1Harvard Medical School; 2Department Of Medicine,
Center for Immunology and Inflammatory Diseases,

Massachusetts General Hospital

IgG play pivotal role in linking adaptive immune response
and innate immune response. Over the last twenty year,
many antibody based drugs have been approved for indica-
tions ranging from cancer, autoimmunity, allergy, trans-
plantation, and allergy. IgG consist of two regions, the
antigen binding region (Fab), and the crystallizable fragment
region (Fc). The Fab portion binds to the antigens with high
affinity, while Fc region interacts with different Fc receptors
expressed on leukocytes to trigger effector functions, which
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include antibody-dependent cytotoxicity (ADCC), opsoniza-
tion of antigen, and complement-dependent cytotoxicity.IgG
antibodies contains a highly conserved N-linked glycosyla-
tion site at A297 position on antibody Fc portion, which
profoundly influences its structure and function.The glycan
core is composed ofN-acetylglucosamine and mannose.
Further the core structure is extended by addition offucose,
bisectingN-acetylglucosamine, galactose, and sialic acid resi-
dues. Thisglycan composition is highly heterogeneous irre-
spective of IgG subclasses and this phenomenon is well
established in healthy and different disease states. There has
been significant progress in developing a biomarker based
on glycan composition for different disease states. IgG Fc
glycan composition plays a critical role in modulating
ADCC, CDC by modulating binding to different Fc recep-
tors. For example, removal of a core fucose sugar resulted in
increased ADCC activity with greater binding affinity to
FcγRIIIA and successfully therapeutic a fucosylated anti-
bodies are developed. Sialylation of the IgG Fc glycan
impairs binding to some FcγRs, and is responsible to that
general anti-inflammatory activity of high dose intravenous
immunoglobulin (IVIG). Here, we set out to comprehen-
sively define the contribution of IgG Fc sialylation to FcγR.
Indeed, understanding how sialylation, and other glycosyla-
tion patterns on IgG Fc modulate FcγR binding is important
for predicting effector functions, and for rationale design of
therapeutic antibodies.

(161) The functions of circulating neuraminidases Neu1 and
Neu3 in blood protein homeostasis

Julia S. Westman1,2, Won Ho Yang1,2,3 and
Jamey D. Marth1,2,3

1Center for Nanomedicine; 2Sanford Burnham Prebys
Medical Discovery Institute; 3Department of Molecular,
Cellular, and Developmental Biology, University of

California Santa Barbara, Santa Barbara, California 93106

The aging of secreted proteins in blood circulation has been
linked to a glycolytic mechanism that controls the formation
of endocytic receptor ligands with increased age. The mech-
anism includes the gradual removal of monosaccharides at
the termini of N-glycan branches. The hydrolytic activity of
neuraminidases present in circulation cleaves terminal sialic
acid linkages, exposing underlying asialo-glycan structures
recognized by endocytic lectins including the hepatic
Ashwell-Morell receptor. Neuraminidases are widely distrib-
uted in vertebrates and microorganisms. Four mammalian
neuraminidases, encoded by NEU1-4, have been identified
and characterized. Mice deficient in the lysosomal resident
Neu1 show molecular features resembling sialidosis, a severe
human lysosomal storage disorder, whilst Neu3 deficiency
does not result in an obvious disease phenotype. The subcel-
lular localization of Neu3 has been shown to be the plasma
membrane and endosomal compartments. The membrane
attachment mechanism is not yet clarified and Neu3 is usu-
ally denoted as membrane-associated. Recent discoveries in

this lab have identified both Neu1 and Neu3 circulating in
the plasma of humans and mice. The origin of these circulat-
ing neuraminidases is not yet known as many cell types
express them including activated platelets, monocytes, vascu-
lar endothelium, and the erythrocyte surface. Their release
into circulation could be due in part to lysosomal secretion,
cell surface release mechanisms including proteolysis, or exo-
somal expression. To identify the functions of endogenous
neuraminidases in the bloodstream, mice lacking single or
both Neu1 and Neu3 alleles are being generated for study.
Preliminary data from mice deficient in Neu1 will be presented
and indicates that Neu1-deficiency reduces the rate of glyco-
protein aging by de-sialylation in circulation. Similar studies
with Neu3 deficiency in the determination of lectin ligand levels
will also be presented. The plasma proteome is also under
investigation to identify glycoproteins modulated by Neu1 and
Neu3 function with studies of glycan remodeling linked to cir-
culating glycoprotein half-lives and their abundance among
mutant and normal mouse populations. Identification of the
origin(s) and process of neuraminidase release into circulation
would also provide insight into mechanisms that regulate pro-
tein aging and turnover in health and disease.

(162) The role of multivalency and surface diffusion of
glycolipid in lectin-glycolipid recognition

Hung-Jen Wu, Joseph S. Kwon, Hyun-Kyu Choi, Akshi
Singla and Dongheon Lee
Texas A&M University

The distinct characteristics, multivalency and the diffusion
of glycolipids on a cellular surface, make the lectin-glycoli-
pid recognition principle inherently different from the classic
antibody-antigen binding. Lectin-glycolipid binding is often
semi-specific; thus, a lectin can bind to different glycan struc-
tures with different affinities. Most lectins bind to glycolipids
via multivalent interactions, in which multiple binding
domains in a single lectin simultaneously interact with mul-
tiple glycan molecules. Moreover, the glycolipid ligands can
freely diffuse and rotate on the 2D fluidic cellular mem-
branes, and therefore, self-organizing to enable multivalent
interactions with the target lectins. This prompts that why
does Nature, after billions of years of evolution, choose
these special characteristics as an action principle to manage
the glycobiology processes? Prior studies often hypothesized
that multivalency allows the accumulated strength of mul-
tiple affinities, leading to an enhanced lectin binding avidity.
However, we recently demonstrated that these special char-
acteristics can lead to the hetero-multivalent binding phe-
nomenon (i.e. a lectin simultaneously binds to at least two
types of glycolipid ligands), resulting in the alternation of
lectin binding behaviors, including avidities, capacities, and
kinetics. Our findings suggested that cells probably use these
characteristics to control the lectin binding, in order to regu-
late downstream biochemical reactions. The concept of het-
ero-multivalent binding provides the molecular basis of a
popular hypothesis in glycobiology: lectins are pattern
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recognition receptors, which recognize glycan epitopes based
on their number, density, and spatial distribution, in add-
ition to their molecular structures. Here, we have used
kinetic Monte Carol (kMC) simulation to explore the influ-
ence of these characteristics on lectin binding behaviors. We
have surveyed a number of conditions and identified the crit-
ical variables influencing lectin-glycolipid recognitions.

(163) Identification of glycan-mediated interactions on cell
surface by metabolic labeling using a photocrosslinking

sugar analog
Han Wu1, Amberlyn M. Wands1, Asif Shajahan2, Roberto

Sonon2, Parastoo Azadi2 and Jennifer J. Kohler1
1Department of Biochemistry, UT Southwestern Medical
Center, Dallas, TX; 2Complex Carbohydrate Research

Center, University of Georgia, Athens, GA

Cell surface glycans have multiple functions in various cellular
processes, like cell-cell interaction, signaling transduction, and
host-pathogen recognition. However, the limited methods to
identify such interactions are impeding our understanding of
how glycans function in these processes. Therefore, it is
important to develop tools to probe these interactions. N-
acetylglucosamine (GlcNAc) is a common element in cell sur-
face glycans. Previous study shows that GlcNDAz-1-phos-
phate, an analog of GlcNAc-1-phosphate functionalized by a
diazirine group, can be metabolized by mammalian cells
expressing mutated UDP-N-acetylglucosamine pyrophosphor-
ylase 1 (UAP1) to generate UDP-GlcNDAz. Here, we show
that GlcNDAz can be incorporated into cell surface glycans
and thus may be utilized as a probe to identify glycan-
mediated interactions on the cell surface. Result of glycopep-
tide analysis using HPLC-MS/MS demonstrates the presence
of GlcNDAz in N-linked glycans. In addition, galectin-1 and
cholera toxin B subunit are found to be crosslinked to cell
surface glycoproteins through GlcNDAz. The crosslinked gly-
coproteins can then be identified by proteomic analysis. These
results support the possibility of using GlcNDAz to study gly-
can-mediated interactions on the cell surface.

(164) Cellular and biochemical analysis of the single,
recurrent de novo mutation in COG4 causing Saul-Wilson

syndrome
Zhi-Jie Xia1, Carlos R. Ferreira2, Bobby G. Ng1 and

Hudson H. Freeze1
1Human Genetics Program, Sanford Burnham Prebys
Medical Discovery Institute, La Jolla, CA 92037, USA;
2Medical Genetics Branch, National Human Genome

Research Institute, National Institutes of Health, Bethesda,
MD 20892, USA

Saul-Wilson syndrome (SWS) is a rare skeletal dysplasia
with progeroid features and primordial dwarfism. Recently,
we found 14 SWS patients with an identical, heterozygous
de novo variant (p.Gly516Arg) in COG4. The phenotype of
SWS patients is different from that of patients with biallelic

variants that cause COG4-CDG.We analyzed the effects of
this de novo mutation in SWS patient-derived fibroblasts,
and in COG4-null cells complemented with the wild type
and SWS mutant alleles.

COG4 is one of 8 subunits in the Conserved Oligomeric
Golgi (COG) complex involved in protein retrograde and
anterograde transport between the endoplasmic reticulum
(ER) and Golgi and within Golgi. Brefeldin A (BFA) inter-
rupts normal transport, merging the ER and Golgi, but the
Golgi reforms when BFA is removed. Compared to wild type,
BFA accelerated retrograde transport in SWS cells, but it slo-
wed normal anterograde transport when BFA was washed
out. A trans-Golgi network marker (TGN46) also disap-
peared slightly faster in SWS cells compared to controls. The
accelerated retrograde and slowed anterograde vesicle trans-
port disturbed the dynamic equilibrium that decreased Golgi
volume by 2.8-fold compared to control cells.

Distribution of each COG subunit between cytoplasm
and Golgi is unaltered in SWS cells, but COG4 protein
increased 1.8-fold in SWS cells compared to controls, indic-
ating the SWS variant is probably more stable. A portion of
the cytosolic COG4 shifted to a higher molecular weight
fraction in glycerol gradient centrifugation analysis in SWS
cells, indicating that a portion of COG4 forms larger com-
plexes compared to control cells.

Decorin, a proteoglycan present in the extracellular
matrix of connective tissue and cartilage, was significantly
affected in SWS individuals compared to controls. Both
intra- and extracellular decorin from affected individuals
showed a greater proportion of higher molecular weight
forms compared to control cells, suggesting longer or more
highly sulfated glycosaminoglycan (GAG) chains. A smaller
proportion of intracellular decorin contained extended GAG
chains in affected individuals when compared to controls.

To further investigate the variant’s stability and function,
wild type COG4 and the SWS mutant allele were transiently
expressed in HEK293T COG4 knockout (KO) cells. The
SWS COG4 allele was at least 2-fold more stable compared
to wild type COG4. In addition, glycerol gradient centrifuga-
tion showed that a greater portion of the SWS allele is found
in larger complexes in HEK293T COG4 KO cells expressing
the SWS mutant alone or together with wild type COG4.

Our findings provide a mechanistic understanding of
SWS at the molecular and cellular level, and help elucidate
the pathogenesis of this rare skeletal dysplasia.

(165) Broad cytoprotective functions of plant-produced
asialoerythropoeitin

Jiahua (Jay) Xie1, Farooqahmed Kittur1, Elena Arthur1,
Chiu-Yueh Hung1, P. Andy Li1 and David Sane2

1North Carolina Central University; 2Carilion Clinic and
Virginia Tech Carilion School of Medicine

Enzymatically prepared asialo-rhuEPO, a non-erythropoietic
recombinant human EPO derivative lacking sialic acid, has
been reported to display remarkable anti-apoptotic and
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tissue-protective effects against damage caused by hypoxia,
ischemia/reperfusion or cytotoxic agents in the brain, the
heart, the kidneys and the liver. However, attempts to trans-
late its protective effects into clinical practice is hampered by
unavailability of suitable expression system and its costly
and limited production from expensive mammalian cell-
made erythropoietin (rhuEPOM). We took advantage of a
plant-based expression system lacking sialylating capacity
but possessing an ability to synthesize complex N-glycans to
produce a soluble, cytoprotective asialo-rhuEPO. We gener-
ated stable transgenic tobacco lines by co-expressing human
EPO and β1,4-galactosyltransferase (GalT) genes to produce
asialo-rhuEPO (Kittur et al., Plant Cell Rep., 2012, 31:1233-
1243; PLoS One, 2013, 8: e764682013) and established its
purification system (Kittur et al., Int. J. Biol. Macromolec.,
2015, 72: 1111-1116; Plant Cell Rep. 2015, 34: 507-516).
In vitro cytoprotection assays showed that the asialo-
rhuEPOP purified from transgenic plants provides better
cytoprotection to neuronal-like cells (N2A) (Kittur et al.,
PLoS One, 2013, 8: e764682013), pancreatic β-cells (Arthur
et al., Front. Pharmacol. 2017, 8: 208) and HL-1 murine
cardiomyocytes (Kittur et al., unpublished data) from staur-
osporine-induced cell injury than rhuEPOM. We also partly
delineated its cytoprotective mechanisms. In STS-induced
apoptotic pancreatic beta-cell model, we found that asialo-
rhuEPOP could suppress the activation of Mst1 as well as
caspase-3, displaying its cytoprotective property, and that its
anti-apoptotic effect could improve impaired insulin secre-
tion through stabilizing PDX1, a key transcription factor
involved in beta-cell development and function. In STS-
induced apoptotic cardiomyocyte model, our study revealed
that asialo-rhuEPOP-mediated cardioprotection involves the
suppression of Mst1 activation, thereby inhibiting apoptosis
and restoring autophagy. Our findings set the stage for
future in vivo cytoprotective studies in animal models of
various diseases to determine whether asialo-rhuEPOP could
be developed as a broad cytoprotective agent. Currently, we
are studying in vivo neuroprotective properties of asialo-
rhuEPO in a mouse model of ischemia/reperfusion injury.
These studies were supported by National Institute of General
Medical Sciences grants (SC3GM088084; SC1GM111178-
01A1) to J.H. Xie.

(166) GlycoNAVI: - GlycoAbun - Abundance Ratio of
Glycans

Issaku Yamada1, Aiko T. Hiraki1, Nobuyuki Miura1 and
Kiyoko F. Aoki-Kinoshita2

1The Noguchi Institute; 2Faculty of Science and
Engineering, Soka University

It has become clear that glycans are involved in various physio-
logical functions. Since glycans of glycoprotein is biosynthesized
by several enzymes in the process of post-translational modifica-
tions of proteins, there is a great diversity of glycan structures.
Furthermore, glycan structures to be biosynthesized are affected
by the environment. Therefore, the abundance ratio of glycans

also changes depending on disease. Changes in glycan abun-
dance ratios have been reported in glycoproteins, glycolipids
and free glycans. Therefore, we are developing a database that
stores these data from the literature.

This database, called GlycoAbun, stores information
such as glycan structures, glycoconjugate structures, glycosy-
lation sites, abundance ratios, related diseases (disease name,
Disease Ontology, stage), and sample information (organism
type, cell / tissue type, sex, age, etc.). These data are stored
in Resource Description Framework (RDF) using the glyco-
conjugate ontology GlycoCoO and others.

In addition, this database is a resource of the glycoscience
portal (GlyCosmos), developed under the support of JST/
NBDC, and partners with GlyTouCan and the GlyComb
glycoconjugate repository. Moreover, because we are collab-
orating internationally to develop GlycoCoO, we can easily
collaborate through Semantic Web technologies with
GlyGen, GlyConnect, and UniCarbKB, which all use the
same GlycoCoO ontology.

(167) Next Generation Glycan Microarray Enabled by Next
Generation Sequencing

Maomao Yan, Yi Lasanajak, David F. Smith and
Xuezheng Song

Department of Biochemistry, Emory Comprehensive
Glycomics Core, Emory University School of Medicine,

Atlanta, GA 30322, USA

Glycans play important roles in many disease processes
through specific interactions with other biomolecules such as
glycan-binding proteins (GBPs). In the past decades, glycan
microarray has become a standard tool for the analysis of
ligand specificities for GBPs and a discovery platform for
potential functions of GBPs. In a microarray experiment, a
library of glycans are immobilized onto solid surfaces such
as glass slides. The slides are interrogated with fluorescently
tagged GBPs and the resulting fluorescent images represent
specific bindings to certain glycan structures. Despite huge
successes in its applications, there are several major chal-
lenges facing this technology. First, the numbers of glycans
included in current glycan microarrays are limited by the
amount of surface area on a microscope slide. With the cur-
rent technology, it would be very challenging to incorporate
more than 1000 glycans printed in replicates into one glycan
microarray. Second, while glycan microarray is considered
as a high-throughput platform due to the large number of gly-
cans that can be analyzed simultaneously, it actually suffers
from a bottleneck in processing that requires a manual align-
ment of a grid over the fluorescent image to quantify the
fluorescent intensity at each individual spot. Thus, processing
of many samples such as patient serum samples is a very
labor intensive and slow process. Third, despite the simple
concept, microarray technology is limited to a number of very
specialized laboratories due to the high cost of instrumenta-
tion including microarray printer and scanner. To address
these challenges, we have developed Next Generation Glycan
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Microarray (NGGM) enabled by Next Generation
Sequencing (NGS). In this new approach, each unique glycan
is coded by covalently attaching a unique oligonucleotide
sequence using click chemistry. These coded glycans are
mixed in a single well of a 96-well plate and individual wells
containing the coded glycans are interrogated with a single
GBP attached to magnetic beads. DNA coded glycans bound
to the GBP are pulled down and washed to remove unbound
glycans by magnetic separation techniques. The DNA codes
in the pulldown product are amplified by PCR and sequenced
using NGS. The copy number of each code represents the
relative binding affinity of the corresponding glycan. We val-
idated this platform with a library containing 48 glycan-DNA
conjugates and GBPs including 9 lectins and 4 antibodies.
Our data showed that NGGM revealed similar patterns of
glycan-GBP binding when compared to a slide-based glycan
microarray with the same glycans. NGGM can provide a
higher throughput process with higher sensitivity, greater
dynamic range, and more versatile applications. For example,
mammalian cells and bacteria are very difficult to analyze in
the current glycan microarray format, but with the NGGM
this may be a relatively simple process.

(168) Plasma Membrane-Associated Neu3 Sialidase
Controls A Mechanism of Host Protection Against Chronic

Intestinal Inflammation
Won Ho Yang1,2, Douglas M. Heithoff1,3, Peter V. Aziz1,2,3,

Julia S. Westman1,2, Markus Sperandio4, Victor Nizet5,
Michael J. Mahan1,3 and Jamey D. Marth1,2,3

1Center for Nanomedicine; 2SBP Medical Discovery
Institute; 3Department of Molecular, Cellular, and

Developmental Biology, University of California Santa
Barbara, Santa Barbara, California 93106; 4Walter Brendel
Center for Experimental Medicine, Ludwig-Maximilians-
University, Munich, Germany; 5Department of Pediatrics

and Skaggs School of Pharmacy and Pharmaceutical
Sciences, University of California San Diego, La Jolla,

California 92093

Recent published discoveries from this laboratory include the
identification of recurrent low-titer non-lethal gastric infections
of Gram-negative Salmonella enterica Typhimurium (ST), a
major source of human food poisoning, as a cause of chronic
inflammation of murine intestinal tissue, predominantly the
colon, which persisted following pathogen clearance and esca-
lated in severity with repeated infections. The resulting colitis
may represent an origin of human Inflammatory Bowel Disease
including Ulcerative Colitis. In the model of human food poison-
ing that we developed, we found that disease onset was linked
to the disruption of a previously unknown mechanism of host
protection resulting from the induction of intestinal neuraminid-
ase (Neu) activity. The induction of Neu activity was closely
associated with increased Neu3 expression. Increased Neu activ-
ity accelerated the molecular aging and clearance of host entero-
cyte intestinal alkaline phosphatase (IAP) by the de-sialylation of
nascent IAP at the cell surface. This finding reveals that glycan

remodeling is also involved in protein aging and turnover at the
cell surface. We have investigated the role of Neu3 in the origin
of colitis caused by recurrent low-titer bacterial infections that
model human food poisoning. Our findings using Neu3-deficient
mice indicate that Neu3 is required for the onset and progres-
sion of colitis. Absence of Neu3 resulted in a significant reduc-
tion of disease linked to maintenance of normal IAP levels,
sufficient to detoxify the endotoxin lipopolysaccharide (LPS)
produced by various commensal bacteria in the colon. In add-
ition, we observed that intestinal Mucin2, a major component
of the protective barrier of the colon, was also de-sialylated and
decreased in expression during disease progression linked with
increased inflammation. Neu3 deficiency maintained normal
Mucin2 protein levels coincident with protection from colitis.
These results indicate that intestinal Neu3 expression controls
the rate of glycoprotein de-sialylation in a critical role that sup-
ports both IAP and Mucin2 functions, and acts as a gateway in
the pathogenesis of chronic intestinal inflammation.

(169) SULF2 expression is prognostic for overall survival in
Head and Neck Squamous Cell Carcinoma

Yang Yang1, Jaeil Ahn2, Bhaskar V. Kallakury3, Zuzana
Brnakova4, Bruce J. Davidson5 and Radoslav Goldman4,1
1Department of Biochemistry and Molecular and Cellular

Biology, Georgetown University Medical Center,
Washington, DC, USA; 2Department of Biostatistics,
Bioinformatics, and Biomathematics, Georgetown
University Medical Center, Washington, DC, USA;

3Department of Pathology, Lombardi Comprehensive
Cancer Center, Georgetown University, Washington, DC,
USA; 4Department of Oncology, Lombardi Comprehensive
Cancer Center, Georgetown University, Washington, DC,
USA; 5Department of Otolaryngology-Head and Neck
Surgery, Medstar Georgetown University Hospital,

Washington, DC, USA

Head and Neck Squamous Cell Carcinoma (HNSCC), the
sixth leading cancer worldwide, arises from oral cavity,
laryngeal, and hypopharyngeal regions. The five-year overall
survival rate of HNSCC patients is about 40% and poor
outcomes are due to the lack of suitable markers for the
detection of the cancers at an early stage with favorable
prognosis and clinical outcomes.

Sulfatase 2 (SULF2) is an extracellular endosulfatase that
post-synthetically edits the sulfation pattern of heparan sul-
fate proteoglycan (HSPG) via removal of 6-O-sulfate group
from the heparan sulfate chains. SULF2 modulates the affin-
ity of heparan sulfates on HSPG for growth factors thereby
influencing downstream activity of the signaling pathways.
Implicated as a driver of carcinogenesis, SULF2 promotes
growth and metastasis of solid tumors. Here we explored
the relationship between SULF2 expression and clinical out-
comes of HNSCC patients on both mRNA and protein level.

Differential expression analysis using RNA-seq data from
NCI Genomic Data Commons revealed that SULF2 mRNA is
2.2-fold higher in tumor compared with paired normal samples
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(p < 0.0001). One-way ANOVA showed that SULF2 mRNA
does not differ by tumor stage but is differentially expressed
among the HNSCC tumor locations. HNSCC associated with
human papillomavirus infection differs from HNSCC caused by
tobacco and alcohol consumption in molecular characteristics
and is associated with better clinical outcomes. We found that
SULF2 expression in HPV-negative patients is 2.17-fold higher
than in HPV-positive patients, whose SULF2 expression is the
same as in normal samples. Most importantly, high SULF2
mRNA is significantly correlated to poor overall survival of
HNSCC patient (hazard ratio = 1.49, p < 0.01) after adjusting
for age, gender, clinical stage and tumor location.

Immunohistochemistry staining of SULF2 protein in a
cohort of 124 HNSCC patients with tumor located in the
oral cavity detected SULF2 in 80% of the specimens (100
out of 124). Our analysis shows that strong SULF2 staining
is correlated with poor survival in the HNSCC patients (haz-
ard ratio = 1.65, p = 0.198) after adjusting of age, gender
and stage. The trend is not significant due to limited sample
size and semi-quantitative nature of the IHC staining but is
consistent with the results of the genomic study.

In conclusion, we found that overexpression ofSULF2in
HNSCC on the mRNA and protein levels correlates with
poor overall survival. We now follow the findings with
examination of the heparan sulfation and HSPG carries with
the expectation that they will serve as biomarkers for the
detection and prognosis of HNSCC.

(170) In vivo tropism of Salmonella Typhi toxin to cells
expressing a multiantennal glycan receptor

Yi-An Yang1, Sohyoung Lee1, Jun Zhao2, Andrew J.
Thompson3, Ryan McBride3, Buyankhishig Tsogtbaatar3,
James C. Paulson3, Ruth Nussinov2 and Lingquan Deng4

1Department of Microbiology and Immunology, College of
Veterinary Medicine, Cornell University; 2Cancer and
Inflammation Program, National Cancer Institute,

Frederick, MD, USA; 3Department of Molecular Medicine,
The Scripps Research Institute, La Jolla, CA, USA;

4Department of Pathology, School of Medicine, Johns
Hopkins University, Baltimore, MD, USA

Typhoid fever is a life-threatening disease, but little is known
about the molecular bases for its unique clinical presentation.
Typhoid toxin, a unique virulence factor of Salmonella Typhi
(the cause of typhoid fever), recapitulates in an animal model
many symptoms of typhoid fever. Typhoid toxin binding to its
glycan receptor Neu5Ac is central, but, due to the ubiquity of
Neu5Ac, how typhoid toxin causes specific symptoms remains
elusive. Here we show that typhoid toxin displays in vivo trop-
ism to cells expressing multiantennal glycoprotein receptors, par-
ticularly on endothelial cells of arterioles in the brain and
immune cells, which is in line with typhoid symptoms. Neu5Ac
displayed by multiantennal N-glycans, rather than a single
Neu5Ac, appears to serve as the high-affinity receptor, as
typhoid toxin possesses five identical binding pockets per toxin.
Human counterparts also express the multiantennal Neu5Ac

receptor. Cumulatively, these results reveal remarkable features
describing how a bacterial exotoxin induces virulence exclusively
in specific cells at the organismal level.

(171) Endothelial heparan sulfate is anti-thrombotic in vivo
Jingwen Yue, Junlin Jiang, Xiang Fan, Hong Qiu,

Youxi Yuan and Lianchun Wang
University of Georgia

Heparan sulfate (HS), a highly sulfated polysaccharide, abundantly
expresses in the vasculature. Anticoagulant HS (HSAT) with the
unique high affinity antithrombin (AT) binding pentasaccharide
motif, was believed to be responsible for nonthrombogenic prop-
erty of endothelium. However HS3st KO mice, which lack of the
critical AT binding structure, don’t have aprocoagulantphenotype.
It indicates that normal level ofHSATis not essential for homeosta-
sis. Our researchexaminedtheTie2Cre+Ndst1fl/fl(Ndst1CKO) mice
in which the sulfate modifications on HS are highly reduced
in both endothelial celland hematopoietic cellcompartments.
Ndst1CKOmice showed a shorter bleeding timein a tail bleed-
ing test and a higher level of tissue fibrin deposition in
lipopolysaccharide (LPS)-induced microthrombosis model,
exhibiting a prothrombotic phenotype and documenting thein
vivoevidence that HS functions to maintain hemostasisin vivo.
By examining bone marrow transplanted mice, our study fur-
ther determined that deficiency of endothelial HS, not the hem-
atopoietic HS, led to the prothrombotic phenotype.Our study
documented that endothelial HS is anti-thrombotic, and our
ongoing study is proceeding to illuminate the underlying
molecular mechanisms.

(172) Unraveling the activity of glycosyltransferases and
other PTM enzymes with bioluminescent biochemical and

cell-based assays
Hicham Zegzouti, Laurie Engel, Brian Hwang, Juliano Alves

and Said Goueli
Promega Corporation

Post translational modifications (PTMs) are central to all
aspects of biological regulation. PTMs amplify the diverse
functions of the proteome by covalently adding functional
groups to proteins. These modifications include phosphoryl-
ation, methylation, glycosylation, and ubiquitination, and
influence many aspects of normal cell biology and pathogen-
esis. Examples of post translational modification enzymes
include but are not limited to, kinases/phosphatases, methyl-
transferases/demethylases, and glycosyltransferases/gluca-
nases. Under normal physiological conditions, the regulation
of PTM enzymes is tightly regulated. However, under patho-
logical conditions, these enzyme activities can be dysregu-
lated, and the disruption of the intracellular networks they
govern leads to an array of diseases including cancer and
inflammation. Consequently, PTM enzymes have become
important targets for drug discovery creating a need for
development of activity detection assays. Current assays to
analyze cellular or biochemical PTM enzyme activities can
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be tedious, non-homogeneous, and not easily adaptable to
HTS. They can also suffer from generation of false hits due
to compound interference, or require special instruments for
detection. To overcome these shortcomings, we developed
an array of biochemical and cellular bioluminescent assays
to detect these enzyme activities. This presentation will
showcase how cellular mechanisms driven by PTM in gen-
eral and phosphorylation and glcnacylation in particular can
be addressed by analyzing these enzyme’s cellular activity
using the NanoLuc Binary Technology (NanoBiT), a two-
subunit complementation system based on NanoLuc lucifer-
ase. We will also discuss how the bioluminescent nucleotide
assays that detect UDP, GDP, UMP and CMP as means to
measure glycosyltransferase activities can streamline studies
on GT specificity of transfer of different sugars to different
acceptors. We will show their use in screening for specific
inhibitors as well as in studies of their modes of action.
Development of these bioluminescent detection assays will
enable the investigation of key signaling pathways and the
study of a large number of PTM enzymes in general and
GTs in particular, which may have significant impact on
diverse areas of glycobiology research.

(173) Comprehensive Analysis of N-glycans of Serum IgG
from the Ferret-an Animal Model for Human Influenza

Virus Infection
Guozhang Zou1, Martina Kosikova2, Su-Ryun Kim1,

Shweta Kotain1, Wells W. Wu3, Rongfong Shen3, David N.
Powers1, Cyrus Agarabi1, Hang Xie2 and Tongzhong Ju1

1Office of Biotechnology Products, Center for Drug
Evaluation and Research, Food and Drug Administration,
Silver Spring, MD 20993; 2Office of Vaccines Research and
Review, Center for Biologics Evaluation and Research, Food

and Drug Administration, Silver Spring, MD 20993;
3Facility for Biotechnology Resources, Food and Drug

Administration, Silver Spring, MD 20993

Influenza virus infection continues to be a major health
problem and poses a major challenge to our community. To
better understand influenza pathogenesis and virus transmis-
sion, a relevant animal model is important. Because of its
human-like respiratory system, the ferret among many
experimental animals is the most used model organism to
study influenza pathogenesis and transmission, as well as to
evaluate virus antigenic changes for influenza vaccine strain
selections. The humoral immune response, consisting of
influenza-specific IgGs is one of the major protective
mechanisms against influenza viruses. Yet, whether ferret
IgG is N-glycosylated, and if so, the nature of the N-glycan
structures, and ultimately, what role these N-glycans play in
ferret IgG-mediated protection against influenza viruses have
not yet been investigated. Here we show for the first time
that IgGs isolated from naïve and influenza-infected ferret
sera are N-glycosylated, and that the N-glycan structures are

complex and diverse. After being released from purified fer-
ret IgGs by PNGase F, the N-glycans were labeled either
through permethylation after reduction and then analyzed
by MALDI-TOF/MS and LC-MS/MS, or RapiFluor-MS tag
to assist chromatographic separation and detection by fluor-
escence and then analyzed by UPLC and LC-MS/MS. With
the mass information (m/z) and fragmentation patterns, plus
assistance from the exo-glycosidase treatments, 42 of N-gly-
can structures were assigned. Results showed that, in gen-
eral, N-glycans of ferret IgG were similar to those of human
IgG. They contained mainly complex-type of glycans, and
some high-mannose and hybrid glycans. The complex-type
glycans were primarily bi-antennary, both core fucosylated
and non-fucosylated, and either with or without bisecting
GlcNAc. A minor fraction of the glycans carried either
mono-, or di- a2,6Neu5Ac(s). Moreover, Galα1-3Gal epi-
tope was identified on the a1,6Man arm of three mono-sialy-
lated and one nonsialylated N-glycans in ferret IgG, which is
the major difference from human IgG. Importantly, changes
in N-glycan profiles of serum IgG from ferrets infected with
influenza A were observed, mainly in an increase of N-gly-
cans with bisecting GlcNAc and F1A2G0, and a correspond-
ing decrease of F1A2G1, suggesting that the glycosylation of
ferret IgG may play some role in its functionality. These
results underscore the relevance and cruciality of the ferret
model for studying human influenza viruses.

(174) The GlyCosmos Web Portal: glycan structures,
glycogenes, glycoproteins, pathways, diseases and more!
Masaaki Shiota1, Shinichiro Tsuchiya1, Tamiko Ono1,
Thukaa Kuoka1, Nobuaki Miura2, Aiko Hiraki2, Issaku
Yamada2, Daisuke Shinmachi3, Nobuyuki P. Aoki3, Jin-
Dong Kim4, Yu Watanabe5, Shujiro Okuda5, Yoshinori
Suzuki6, Noriaki Fujita6, Kiyohiko Angata6, Hisashi

Narimatsu6 and Kiyoko F. Aoki-Kinoshita1
1Faculty of Science and Engineering, Soka University; 2The
Noguchi Institute; 3SparqLite, Ltd.; 4Database Center for
Life Sciences; 5Graduate School of Medical and Dental
Sciences, Niigata University; 6Biotechnology Research

Institute for Drug Discovery, Advanced Industrial Science
and Technology

The Life Science Database Integration Program led by the
Japan Science and Technology (JST) and National
Bioscience Database Center (NBDC) has been sponsoring
the integration of life science databases for over ten years.
As a part of this program, most recently, the international
glycan structure repository GlyTouCan was developed to fill
the gap of the lack of a repository for glycans, and it now
allows scientists to register glycans and obtain accession
numbers for use in publications. These accession numbers
also allow glycan databases, as GlyTouCan Partners, to eas-
ily link with each other, and GlyTouCan provides these links
from each glycan entry page.
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The remaining gap to be filled was that between the gly-
cosciences and other omics fields, especially genomics and
proteomics, which are closely related to glycans.
Considering that glycan function is very closely related to
the genes that synthesize them as well as the proteins that
they decorate, it was important to integrate these datasets
more closely. Thus, new funds were recently granted to
develop a Glycoscience Portal, which we call GlyCosmos.
Now in the second year, GlyCosmos provides a web inter-
face to not only learn about glycans, but also to learn about
their related genes, proteins and lipids. Since the PDBj and
jPOSTrepo are also funded by this program, collaborations
are now in place to link with protein structures and proteo-
mics data, respectively. GlyCosmos will also provide access
to not only GlyTouCan, but also a new Glycoconjugate
Structure Repository, called GlyComb, and a new Lipid
Structure Repository. GlyCosmos will also include a path-
way database for understanding glycan function, and a
Total Glycome Database which is a database of glycomes of
various types of cells and cell lines. Integration is also being
planned with the U.S. GlyGen project, GlyConnect as well
as UniCarbKB. Thus in the near future, users should be able
to get a grasp of glycan structures and their functions just by
accessing GlyCosmos Portal.

(175) Cell based engineering for production of recombinant
GAG core proteins

Digantkumar Chapla, Zhifeng Zheng, Alison Nairn,
Annapoorani Ramiah, Rosemary Kim and

Kelley W. Moremen
Complex Carbohydrate Research Center / University of

Georgia

Glycosaminoglycans (GAGs) are O-linked glycans initiated
by the formation of a conserved tetrasaccharide linker region
and are further extended by unique classes of disaccharide
repeat structures. Glycoproteins carrying one or more GAG
chains are called proteoglycans, and can be found as
secreted, transmembrane, or glycosylphosphatidiylinositol
(GPI)-anchored proteins. The linker regions of GAG core
proteins are extended as either heparan sulfate (HS) or a
chondroitin sulfate (CS) disaccharide repeats and subse-
quently subjected to further modification by epimerization
and sulfation. The type of GAG chain extended from the
linker tetrasaccharide is determined by the combination of
the structure of the underlying core protein, modifications
occurring to the linker tetrasaccharide, the availability of the
respective GAG chain biosynthetic enzymes, and the bio-
chemical environment of the Golgi apparatus, where GAG
polymerization, sulfation, and epimerization take place.

The enzymes involved in GAG extension are commonly het-
ero-oligomeric complexes in the Golgi apparatus. A co-complex
of EXT1 and EXT2 is critical for HS polymerization, whereas
varied combinations of CSGALNACT1, CSGALNACT2,
CHSY1, CHPF, and CHSY3 are responsible for CS/DS poly-
merization. In order to generate engineered GAG chains on

recombinant core proteins we employed CRISPR-Cas9 gene
editing approaches to generate knock out cell lines deficient in
HS or CS extension. Wild type HEK293 cells produced both
HS and CS chains on recombinant Glypican-1 and Syndecan-1,
while EXT1 KO cell lines showed the presence of only CS on
each GAG core protein tested. In contrast, recombinant Bikunin
contained CS GAG chains in both cell lines, but increased con-
tent of CS chains (2.5-fold) were observed for several GAG core
proteins produced in the EXT1 KO cell line. In contrast, cell
lines harboring a double disruption in CSGALNACT1/
CSGALNACT2 led to a drastic decrease in the CS content on
recombinant GAG core proteins compared to WT cells, but did
not eliminate CS completely. Cell lines harboring the triple dis-
ruption in CHSY1/CHPF/CHSY3 led to complete elimination of
CS on recombinant Bikunin.

Thus, our results indicate that the EXT1 KO cell line is
defective in HS biosynthesis and results in enhanced CS pro-
duction on GAG core proteins. Cell lines harboring combi-
nations of CS co-polymerase gene disruptions lead to
reduced CS extension, but only the triple KO of CHSY1/
CHPF/CHSY3 led to complete elimination of CS content on
recombinant GAG core proteins. In conclusion, we have
initiated studies to generate glyco-engineered cell lines cap-
able of synthesizing remodeled GAG chains on recombinant
core proteins as tools to study the roles of these proteogly-
can structures in biological systems. (supported by NIH
grant P41GM103390).

(176) Identification of C-mannosylated proteins in human
pluripotent stem cells by secretomics

Karsten Cirksena1,2, Aleksandra Shcherbakova1,2, Daniel
Todt3, Hans Bakker1,2 and Falk F.R. Buettner1,2

1Institute of Clinical Biochemistry, Hannover Medical
School, Hannover, Germany; 2REBIRTH Cluster of

Excellence, Hannover Medical School, Hannover, Germany;
3Department of Molecular and Medical Virology, Ruhr-

University Bochum, Bochum, Germany

C‑mannosylation is a poorly studied type of protein glycosyla-
tion characterised by the attachment of a single mannose to
tryptophan residues within the consensus sequence WXXW/C.
C-mannosylation sites are highly conserved in type I cytokine
receptors and secreted proteins containing thrombospondin
type 1 repeats (TSRs) but can also be found in many unrelated
proteins. The modification affects protein function, folding or
secretion. In mammalian cells, two C‑mannosyltransferases (C-
manTs), named DPY19L1 and DPY19L3, with distinct specifi-
cities regarding the consensus sequence are known (1). We
observed that C-mannosylated peptides are highly underrepre-
sented in shotgun proteomic approaches which might explain
why only less than 40C‑mannosylated proteins are known so
far although bioinformatics predictions (2) suggest a much
higher number.

Thus, as C‑mannosylation is known to affect protein secre-
tion, we decided to quantitatively compare levels of secreted
proteins in wild-type (WT) and C-manT-deficient human
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induced pluripotent stem cells (hiPSCs) in order to decipher the
C-mannosylome of this cell type. Therefore, we deleted the C-
manT genes DPY19L1 and DPY19L3 in hiPSCs using
CRISPR‑Cas and confirmed that the genomic deletions resulted
in functional knock-outs (KOs) of the respective enzymes.
Proteins from cell culture supernatants of WT, DPY19L1‑ and
DPY19L3-KO hiPSCs were precipitated and analysed by LC-
MS/MS. Label-free quantification (LFQ) revealed that 29 and
103 proteins were either absent or detected at significantly low-
er levels in DPY19L1‑ or DPY19L3‑KO hiPSCs compared to
WT cells. We applied a custom‑made algorithm to identify pro-
teins with consensus sites for C‑mannosylation from our list of
proteins that were less secreted in the C‑manT‑deficient hiPSCs
and ended up with 41 proteins, including the already known
C‑mannosylated protein thrombospondin 1. The frequency of
consensus sites for C‑mannosylation was considerably increased
among proteins with reduced secretion in C-manT KOs com-
pared to all identified proteins, supporting our general
approach. Currently, these consensus site‑containing proteins
are recombinantly expressed at high levels enabling the direct
proof of C‑mannosylation by mass spectrometry. In addition,
our list of putatively C-mannosylated proteins contains several
cytokines influencing important developmental pathways and
we will use our C-manT‑deficient hiPSCs to study the role of
C‑mannosylation for the early embryonic development in
future.

1) Shcherbakova et al. Proc Natl Acad Sci USA; 2017.
114(10):2574–9

2) Julenius. Glycobiology; 2007. 17(8):868–76

(177) Probing Biological Roles of Tumor-Associated MUC1
with Chemistry Approaches

Mare Cudic, Maria C. Rodriguez Benavente and
YashoNandini Singh

Florida Atlantic University, Boca Raton, FL, USA

Mucins of cancer cells exhibit malignant-associated altera-
tions in their glycan composition. The increased expression
and altered density of shorter glycoforms of mucin, such as
O-linked N-acetylgalactosamine (Tn), sialic acid capped Tn
(sTn), and Thomsen-Friedenreich (TF) antigen, are com-
monly observed changes in malignant and premalignant epi-
thelia. The respective glycans are not only viewed as
markers but also portray to have a functional role by serving
as docking sites for endogenous receptors. These associa-
tions mediate tumor cell interactions, play a crucial role in
tumor progression and also actively contribute to immune
evasion. One of the main barriers to explaining the func-
tional significance of glycan-based changes in cancer is the
natural epitope heterogeneity found on the surface of cancer
cells. To help address this knowledge gap, our research inter-
ests are focused on the preparation of novel synthetic tools
to explore the role of tumor-associated glycans of MUC1 in
the formation of metastasis via association with lectins. Our
approach for further dissecting ligand-lectin interactions
combines synthesis of a) structurally well-defined MUC1

glycopeptide models that allow for the control of the com-
plexity of the chemical space of the multivalent ligands, and
b) MUC1-derived glycopeptide positional scanning com-
binatorial libraries displaying native-like heterogeneous and
aberrant tumor-associated O-glycan epitopes to examine
epitope heterogeneity, the glycoside cluster effect, and steric
hindrance effect of neighboring glycans on binding to lectins.
A key component in the preparation of positional scanning
libraries is determination of isokinetic ratios for near equi-
molar incorporation of each component of the mixture. The
relative ratios of glycosylated amino acids necessary for
equimolar coupling to the resin-bound amino acids were
determined. Several methods for on-resin removal of acetyl
protecting groups from glycopeptides libraries by base-cata-
lyzed hydrolysis were evaluated. The use of ammonia in
methanol was found the most effective, and was performed
prior to TFA-promoted cleavage of glycopeptides from the
resin. These novel chemical probes are attractive tools to elu-
cidate the multivalent carbohydrate-lectin recognition pro-
cesses at the molecular level.

(178) Enzymatic synthesis of teichoic acid-like capsule
polymers from Gram-negative pathogens

Christa Litschko1, Davide Oldrini2, Insa Budde1, Monika
Berger1, Jochen Meens3, Rita Gerardy-Schahn1, Francesco

Berti2, Mario Schubert4 and Timm Fiebig1
1Institute of Clinical Biochemistry, Hannover Medical

School, Hannover, Germany; 2GSK, Via Fiorentina 1, Siena,
Italy; 3Institute for Microbiology, University of Veterinary
Medicine Hannover, Hannover, Germany; 4Department of

Biosciences, University of Salzburg, Salzburg, Austria

Group 2 capsule polymers represent crucial virulence factors
of Gram-negative pathogenic bacteria. They are synthesized
by enzymes called capsule polymerases. During the last dec-
ade, capsule polymerases have become attractive tools for
the production of capsule polymers applied as antigens in
glycoconjugate vaccine formulations. Conventional produc-
tion of glycoconjugate vaccines requires the cultivation of
the pathogen and thus highest biosafety standards, causing
tremendous costs. With regard to animal husbandry, where
vaccines could avoid the exuberant use of antibiotics, con-
ventional production is not sufficiently cost-effective. In con-
trast, enzymatic synthesis of capsule polymers is pathogen-
free, fast, offers high stereo- and regioselectivity and works
with high efficacy.

In this study, we describe a new family of capsule poly-
merases that vastly increases the toolbox of enzymes avail-
able for biotechnological purposes. Its members combine
glycosyltransferase and hexose-/polyol-phosphate transferase
activity to generate complex poly(oligosaccharide phos-
phate) and poly(glycosylpolyol phosphate) polymers, the lat-
ter of which display similarity to wall teichoic acid (WTA), a
cell wall component of Gram-positive bacteria. Using model-
ling and multiple sequence alignment, we show homology
between the predicted polymerase domains and WTA type I
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biosynthesis enzymes, creating a link between Gram-negative
and Gram-positive cell wall biosynthesis. The polymerases
of the new family are highly abundant and found in a var-
iety of capsule expressing pathogens with both human and
animal hosts like Neisseria meningitidis, Actinobacillus
pleuropneumoniae, Haemophilus influenzae, Bibersteinia
trehalosi and Escherichia coli. Five representative candidates
were purified, their activity confirmed using NMR spectros-
copy, and their predicted folds validated by site-directed
mutagenesis.
References

1. Litschko C, Oldrini D, Budde I, Berger M, Meens J,
Gerardy-Schahn R, Berti F, Schubert M, Fiebig T. 2018. A
New Family of Capsule Polymerases Generates Teichoic
Acid-Like Capsule Polymers in Gram-Negative Pathogens.
MBio 9:e00641-18.

2. Litschko C, Romano MR, Pinto V, Claus H, Vogel U,
Berti F, Gerardy-Schahn R, Fiebig T. 2015. The capsule
polymerase CslB of Neisseria meningitidis serogroup L cata-
lyzes the synthesis of a complex trimeric repeating unit com-
prising glycosidic and phosphodiester linkages. J Biol Chem
290:24355–66.

(179) Synthetic galectin-3 oligomers as probes for glycan
binding and biological activity

Shaheen Farhadi and Gregory A. Hudalla
University of Florida

Understanding how galectin-3 engages extracellular glycans
to activate intracellular signaling events is central to deci-
phering its role as a modulator of cell behavior in healthy
and pathological processes. However, establishing galectin-3
structure-function relationships is challenged by its dynamic
assembly into oligomers with an ill-defined number of carbo-
hydrate-recognition domains (CRDs). Here we will present
synthetic galectin-3 oligomers as tools to study relationships
between CRD valency, glycan binding, and extracellular sig-
naling activity. Specifically, we create fusion proteins in
which peptides that self-assemble into alpha-helical coiled-
coils are fused to the N-terminus of galectin-3. By varying
the amino acid composition of the coiled-coil forming pep-
tide domain, we can create galectin-3 oligomers with 2-5
CRD domains. Using a construct having three CRD
domains, we demonstrate that synthetic galectin-3 oligomers
can recognize glycans on the surface of Jurkat T cells and
induce phosphatidylserine exposure, similar to wild-type
galectin-3. However, unlike wild-type galectin-3, trimeric
galectin-3 oligomers do not induce Jurkat T cell agglutin-
ation, permeability to propidium iodide, or loss of metabolic
activity, collectively suggesting weakened activity for activat-
ing pro-apoptotic signaling. Trimeric galectin-3 oligomers
can crosslink the model glycoprotein, asialofetuin, into insol-
uble aggregates similar to wild-type galectin-3; however, the
kinetics of aggregate formation and size of asialofetuin
aggregates formed via trimeric galectin-3 oligomers are smal-
ler than those formed via wild-type galectin-3. Together,

these observations demonstrate that CRD valency deter-
mines the extent of glycoprotein crosslinking via galectin-3.
Furthermore, these observations suggest that wild-type
galectin-3 activity as an extracellular T cell signal may
require a CRD valency greater than three, consistent with
prior reports that galectin-3 can self-associate into penta-
meric oligomers. Moving forward, we envision that synthetic
galectin-3 oligomers with user-defined CRD valency will
establish key structural features that define galectin-3 activ-
ity as an extracellular signaling molecule, thereby identifying
new opportunities for therapeutic intervention at the inter-
face of galectin-glycan recognition.

(180) Engineering of glycosyltransferases for in-vivo glycan
modification

Maya Kitaoka, Jose Pagan and Robert Anthony
Center for Immunology and Inflammatory Diseases,
Division of Rheumatology, Allergy, and Immunology,

Massachusetts General Hospital, Harvard Medical School

Immunoglobulin gamma (IgG) is the preeminent effector pro-
tein of immune system and is responsible for clearing of
microbes. However, self-reacting IgG is responsible for a num-
ber of autoimmune diseases, including systemic lupus erythe-
matosus and rheumatoid arthritis. Intriguingly, IgG exhibits
well known paradoxical anti-inflammatory activity, in the
form of high-dose intravenous immunoglobulin (IVIG). In fact,
many inflammatory and autoimmune diseases are treated by
high-dose IVIG. Studies by a number of groups over the last
decade have shown that the glycan composition at asparagine-
297 (N297) residue on each heavy chain of IgG dictates anti-
inflammatory activity. In particular, terminal sialic acid has
been shown to reduce binding of IgG to type I Fc-gamma-
receptors, thereby reducing capacity to initiate ADCC and
resulting in the anti-inflammatory function. However, creating
hyper-sialylated IgG for therapeutic use is not trivial for a num-
ber of technical reasons. A number of reports have suggested
that sialylation of IgG can occur extracellularly. Therefore, we
examined whether sialylation could be added to IgG therapeut-
ically. We have engineered two glycosyltransferases, namely
b1,4-galactosyltransferase (B4GALT1) and a2,6 sialyltransfer-
ase (ST6GAL1), responsible for attaching galactose and sialic
acid, respectively, on IgG glycan. These enzymes are type II
membrane proteins canonically present in the trans-Golgi. We
have fused the soluble, enzymatic domains of these enzymes to
the Fc (Fragment crystallizable) of human IgG, in order to
increase the stability and prolong the serum half-life in circula-
tion. Proteolytic cleavage sites were removed to enable expres-
sion and production of full-length fusion proteins. The
enzymatic transferase activity of both enzymes was confirmed
in vitro. Further, these Fc-fusion glycoenzymes, when adminis-
tered to mice, were able to increase terminal sialylation on IgG
and attenuate arthritogenic serum-induced arthritis and
nephrotoxic-nephritis models. Thus, soluble glycosylation
enzymes represent a novel therapeutic approach for conditions
in which benefit from modulating glycans.
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(181) The cellular impact of glycoengineering
Nathan E. Lewis1, Austin W.T. Chiang1, Bokan Bao1,

Curtis Kuo1, Benjamin Kellman1, Anne Richelle1, Albert
Liang1, Johnny Arnsdorf2, Zulfiya Sukhova2, Patrice

Ménard2, Anders H. Hansen2, Zhang Yang3, Hiren Joshi3,
Henrik Clausen3 and Bjorn G. Voldborg2

1Univeristy of California, San Diego; 2Novo Nordisk
Foundation for Biosustainability, Technical University of

Denmark; 3Copenhagen Center for Glycomics, University of
Copenhagen

Protein glycosylation is fundamentally important to most
biological processes and it is often important to regulate it in
biopharmaceutical development. Thus, substantial efforts
have been taken to engineer glycosylation of a variety of bio-
logics. However, the diversity and complexity of glycosyla-
tion have made it difficult to control glycosylation and
unravel how engineering efforts impact the host cells. To
address this challenge, we have comprehensively studied the
impact of glycoengineering on 166 CHO cell clones, consist-
ing of a wide array of single and multiple glycosyltransferase
knockouts. First, we utilized a novel computational platform
to study the changes in glycosylation seen in each mutant.
Through this we identified dominant glycosyltransferses in
CHO cells, and studied instances wherein the cells differen-
tially expressed isozymes in response to a knockout. Second,
we demonstrate how different knockouts resulted in changes
in CHO cell phenotypes of interest to bioprocessing, includ-
ing cell size, growth, viability, and metabolism. Finally, we
conducted a large-scale RNA-Seq study of the clones, and
found specific pathways were perturbed when the MGAT
and other enzyme families were knocked out. Through this
effort we are gaining a more comprehensive view of the
molecular and phenotypic impact of glycoengineering on
biopharmaceuticals and the host cell. We further provide a
resource for future studies to understand how glycosylation
is connected to diverse cellular processes.

(182) Development of Preparative Cora for Amplification
and Preparation of Cellular O-Glycans

Zhonghua Li1, Qing Zhang2, Peng George Wang2,
Xuezheng Song1, Richard D. Cummings3, Tongzhong Ju1,4

and David F. Smith1
1Department of Biochemistry, Emory University School of
Medicine, Atlanta, GA 30322; 2Department of Chemistry,
Georgia State University, Atlanta, GA 30303; 3Department
of Surgery, Beth Israel Deaconess Medical Center, Harvard

Medical School, Boston, MA 02115; 4Office of
Biotechnology Products, Center for Drug Evaluation and
Research, Food & Drug Administration, Silver Spring, MD

20993

Cellular O-glycome Reporter/Amplification (CORA) is a
novel, sensitive and versatile method used to profile and amp-
lify mucin type O-glycans from living cells. In the CORA pro-
cedure, peracetylated benzyl-α-N-acetylgalactosamine [Bn-α-

GalNAc(Ac)3] is taken up by cells, deacetylated by cytosolic
esterases to generate Bn-α-GalNAc which is transported into
the Golgi apparatus. Bn-α-GalNAc mimics the O-glycan pre-
cursor GalNAc-α1-O-Ser/Thr (Tn antigen) and is subse-
quently elongated by the resident glycosyltransferases to form
the Bn-O-glycans that correspond to the O-glycome of the
cell. These Bn-O-glycans are secreted into the media and can
be isolated and analyzed by MS to provide a profile of the O-
glycome of the corresponding cell line. To determine if
CORA can be used as amplify the O-glycome of a cell line,
we needed to develop an O-glycan precursor that could func-
tion like Bn-α-GalNAc(Ac)3, but be more sensitively detected
and quantified. To address this, we prepared a 4-Azido-
derivative of Bn-α-GalNAc (4-Azido-Bn-α-GalNAc), and
demonstrated that it could serve as a substrate for the T-syn-
thase. We then demonstrated that the peracetylated com-
pound, 4-Azido-Bn-α-GalNAc(Ac)3, when added to cells in
culture, generated the 4-Azido-Bn-O-glycans in the condi-
tioned medium that corresponded to the O-glycome of the
cell line. Using the alkyne function of the fluorescent tag 2-
amino-N-(prop-2-yn-1-yl)benzamide (PYAB) to conjugate it
with the azido group of the complex mixture of 4-Azido-Bn-
O-glycans, we demonstrated that the PYAB tagged O-glycans
could be monitored during HPLC separation and purification.
Using this approach with large cultures of A549 lung cancer
cells, we have purified 70mg PYAB labeled O-glycans from 4
L of conditioned medium. Based on the starting amount of 4-
Azido-Bn-α-GalNAc(Ac)3 and the amount of O-glycan gener-
ated based on UV absorption, the molar conversion rate from
precursor to O-glycans was about 10%. Using MALDI MS
analysis we have identified 34 PYAB tagged O-glycans with
masses that corresponding to known O-glycans. We are cur-
rently using multidimensional HPLC to purify individual O-
glycan derivatives as a tagged glycan library for printing on
the NHS-derivatized glass slides to prepare the cellular O-gly-
come on A549 cells as a microarray. Thus, we have demon-
strated that CORA technology is an efficient method to
produce cellular O-glycans using cells as O-glycan factories.

(183) SimGlycan: Facilitating automated evaluation of
glycoengineered therapeutic glycoproteins using MS

methods
Ningombam Sanjib Meitei1,2 and Rupanjan Goswami1
1PREMIER Biosoft, Indore, India; 2PREMIER Biosoft,

Palo Alto, US

Monoclonal antibody (mAb)- glycoproteins produced by liv-
ing cell systems that are typically IgG1 molecules with N-
Glycans attached to N297 residue on the Crystallizable
Fragment (Fc) - based therapeutics are the fastest growing
class of human pharmaceuticals [1]. Variation in IgG Fc gly-
coforms affects the safety, clinical efficacy, and effector func-
tions of therapeutic antibodies including antibody-dependent
cell-mediated cytotoxicity (ADCC) and complement-depend-
ent cytotoxicity (CDC) e.g., the terminal galactose enhances
CDC activity, but fucose significantly decreases ADCC [2].
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Hence, glycoengineering – cell engineering and chemoenzy-
matic engineering – is becoming a viable approach to pro-
duce mAbs with improved efficacy [2–4].

The IgG-Fc N-glycans possess more than 400 heteroge-
neous structures withvariable addition of fucose, bisecting
GlcNAc, Gal, and sialic acid residues to the core G0, a com-
plex biantennary heptasaccharide with monosaccharide
composition GlcNAc2Man3GlcNAc2 [1,2]. Glycoengineering
needs efficient qualitative and quantitative glycan analysis
techniques for the development and quality control of thera-
peutic antibodies [2].

Mass spectrometry (MS)-based methods are used for ana-
lysis of therapeutic mAb Fc-glycosylation profiles [3,5].
Tandem MS enables identification of monosaccharide compo-
sitions and linkage orientation of the glycans based on glyco-
sidic and cross-ring fragment ions [6] thereby enabling the
quality evaluation of the glycoengineered mAbs e.g., monitor-
ing specific transformation and change in relative quantities
of a set of glycans between glycoengineered mAb vs the mAb
produced in CHO cell lines [3].

Recently developed stable isotope labeling techniques -(1)
mass shift e.g., 12[C6]-2-AA/13[C6]-2-AA [7], and (2) isobaric
tags e.g., aminoxyTMT6, QUANTITY [8] - facilitate multi-
plexing experiments to be performed for the identification and
quantitation of glycans by MS methods. The analysis of sialy-
lated glycans by MS-based methods is challenging because of
the differences in ionization efficiency between neutral and sia-
lylated glycans that prevent direct quantitative comparison by
their respective mass spectrometric signals. Recently developed
integrated chemical strategy, Dual Reactions for Analytical
Glycomics (DRAG) [9], enables quantitative comparison
between neutral and sialylated glycans simultaneously using
MS methods.

Efficient bioinformatics tools are required to facilitate
evaluation of glycoengineered therapeutic mAbs using MS-
based methods. We have created a database of N Glycan
structures of therapeutic glycoproteins curated from pub-
lished literature [1–5], develop new modules of SimGlycan
software [10,11] to identify glycans using LCMS or MS tem-
plates, quantify by summing the LCMS peak areas of isoto-
pologues and thus streamlining the evaluation of
glycoengineered mAbs using MS methods.
References

1. Li W et al. Front. in Immun., 2017; 8, 1554
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(184) Engineering agarose utilization into non-agarolytic
Bacteroides thetaiotaomicron

Stephanie M. Monteith1, Julie M. Grondin2, Trina C.
Uwiera3, G. Douglas Inglis2, Richard R. E. Uwiera1 and

D. Wade Abbott2
1Department of Agricultural, Food and Nutritional Science,

University of Alberta, Edmonton, Alberta T6G2P5;
2Agriculture and Agri-Food Canada, Lethbridge, Alberta,
T1J4B1; 3Divisions of Pediatric Surgery, Department of

Surgery, University of Alberta, Edmonton, Alberta T6G2B7

The microbiota of the distal gastrointestinal tract (GIT) of
monogastric animals plays a vital role in maintaining host
health, such as releasing energy and nutrients from dietary poly-
saccharides that are otherwise indigestible by human enzymes.
These dietary polysaccharides can augment the beneficial prop-
erties associated with live bacteria in order to achieve an
improved health outcome, which is known as synbiotics.
Agarose is a marine polysaccharide that is well suited to act as a
selective nutrient in a designer synbiotic system because it is
resistant to digestion by the vast majority of microorganisms
residing in the GIT of terrestrial animals. The chemical structure
of agarose consists of repeating disaccharide subunits of 4-O-α-
3,6-anhydro-ʟ-galactose (AHG) and 3-O-β-D-galactose (GAL).
Agarose can be completely saccharified into its monosaccharide
substituents by three agarases found in a polysaccharide utiliza-
tion loci (PUL) from a human intestinal bacterium Bacteroides
uniformis NP1. This project aims to engineer an agarolytic
strain of the commensal gut bacteria, Bacteroides thetaiotaomi-
cron (B. theta), by introducing intrachromasomal copies of the
three agarases engineered with secretion peptides that traffick
protein to the extracellular surface. The transgenic agarases
will be displayed on the outside of the cell in order to provide
the enzymes access to agarose substrates, and growth will be
contingent upon the import of released GAL through intrinsic
GAL transporters. The engineered agarolytic strain is able to
completely saccharify the complex carbohydrate and is well-
suited to grow in the presence of agarose. This engineered
strain can serve as a platform to study positive selection within
the intestinal environment. Furthermore, engineering agarolysis
into B. theta will serve as the first step in developing a formu-
lated delivery system that could enable the targeted release of
bioactive molecules co-administered with agarose.

(185) Synthetic glycan analog libraries for the development
of selective, high affinity ligands of siglecs and galectins

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

1Department of Molecular Medicine, Scripps Research, La
Jolla, CA 92037; 2Department of Biomolecular Systems,
Max Planck Institute of Colloids and Interfaces, Potsdam
GE; 3Pathology Department, Emory University School of

Medicine, Atlanta, GA 30322
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The siglecs and galectins are families of glycan binding proteins
(GBPs) that are involved in a diversity of physiological and
pathological processes, including infectious diseases, cancer,
autoimmune diseases, allergies, Alzheimer’s disease and numer-
ous other diseases. These processes are mediated through bind-
ing of the carbohydrate recognition domain (CRD) or glycan
binding site of these GBPs to glycan epitopes present on N- and
O-linked glycoproteins, and glycolipids. For instance, galectins
and siglecs commonly bind to LacNAc and sialyl LacNAc con-
taining glycans, respectively. Though in many cases single-site
binding affinities to ‘natural’ glycans are low (mM-mM range),
multivalent interactions between multiple CRDs and glycans can
yield functional high avidity binding in vivo. High affinity and
selective ligands of these GBPs that can block their interactions
with glycans in vitro or in vivo would be valuable tools for
investigating their functions or serve as potential therapeutics. A
productive strategy to develop selective, high affinity monovalent
ligands has been based on glycan analogs which use privileged
glycan scaffolds modified with non-carbohydrate substituents to
increase affinity and selectivity. To develop ligands of galectins
and siglecs, we have chemo-enzymatically synthesized libraries
of glycan analogs using LacNAc and sialyl LacNAc scaffolds,
respectively. We use a combinatorial approach to synthesize
analogs based on sulfonamide, urea, thiourea, and CuAAC
chemistry. Additionally, we have conducted an in-silico screen
of a commercial building block library guided by existing galec-
tin co-crystal structures to identify favorable amide linked substi-
tuents. Here we will describe the synthesis of these glycan
analog libraries and glycan microarray screening against recom-
binant galectins and siglecs. (NIH Common Fund grant
HL136272 and NHLBI grant HL107151).

(186) Synthesis of structurally homogeneous heparan sulfate
oligosaccharides for biological studies

Anna M. Goulas, Andrew Lim, Amber M. Moffat and
Vijayakanth Pagadala

Glycan Therapeutics LLC

Glycan Therapeutics is a pioneer in the commercial synthesis
of structurally defined heparan sulfate and heparin oligosac-
charides. Our rapidly growing catalog contains more than
150 high purity oligosaccharides. The oligosaccharides are
6-18 sugars long and their structures are confirmed by
NMR and MS. Different oligosaccharide derivatives are also
available, including UV-labeled oligosaccharides (PNP),
clickable oligosaccharides (Azidamido), affinity tagged oligo-
saccharides (Biotin) or fluorescent-labeled oligosaccharides
(Fluorescein tag). Our compounds have been successfully
used in a variety of applications in investigating the binding
of heparan sulfate and proteins, including biolayer interfer-
ometry, heparan microarray, real time binding assays, and
complex for co-crystals. Our products have been used in
fields of research including neuroscience, anti-coagulation,
inflammation, and viral/bacterial infections. At Glycan
Therapeutics, our goal is to provide reliable, affordable, and

pure heparan sulfate oligosaccharides to advance biological
research involving heparin and heparan sulfate.

(187) Chemo-enzymatic Synthesis of the Functional Core
M3 O-Mannose Glycan on α-Dystroglycan

Jeremy Praissman, Stephanie Halmo, David Live and
Lance Wells

Complex Carbohydrate Research Center, University of
Georgia

α-Dystroglycan is a peripheral membrane protein that is a key
component of the “dystrophin-glycoprotein complex” that is
essential in anchoring cells to the extracellular matrix (ECM)
of tissues. Due to its significance as part of the bridge between
extracellular matrix and the cytoskeleton of cells, α-dystrogly-
can plays a major role in the architecture and integrity of
many human tissues. Disruption of the functionality of this
primary link consequently plays a role in a number of very
serious pathologies including congenital muscular dystro-
phies. The ligand for extracellular matrix receptors presented
by α-dystroglycan is a fully elaborated “core M3” O-man-
nose glycan that appears to be unique to α-dystroglycan. In
the past decade, our group, in collaboration and competition
with other groups, has elucidated the underlying genes, their
encoded enzymes, and the glycan structure built that is
responsible for this crucial binding to ECM proteins. In this
recent work, we are recapitulating each elongation step in
vitro with the ultimate goal of being able to synthesize a fully
elaborated core M3 O-mannose glycopeptide. Intermediate
glycopeptides are being utilized to raise antibodies for further
studies of normal and pathological tissues and cell lines.
Based on these efforts, we will present data on the kinetics of
the enzymes POMGNT2, B3GALNT2 and POMK (a mem-
ber of a recently recognized class of kinases) as well as
describe the utility of our newly developed core M3 anti-
bodies for interrogating cell lines and tissues. This work was
supported in part from a grant from NIH/NIGMS (LW and
DL, R01GM111939).

(188) An enrichment strategy for analysis of N- and
O-glycoproteome through mass spectrometry

Asif Shajahan1, Nitin T. Supekar1, Han Wu2, Ganapati
Bhat1, Aravind Kalimurthy1, Rene Ranzinger1, Amberlyn
M. Wands2, Christian Heiss1, Jennifer J. Kohler2 and

Parastoo Azadi1
1Complex Carbohydrate Research Center, The University of

Georgia, 315 Riverbend Road, Athens, GA 30602;
2Department of Biochemistry, University of Texas
Southwestern Medical Center, Dallas, TX 75390

Glycosylation occurring in both prokaryotes and eukaryotes is
a highly micro-heterogeneous post-translational modification
(PTM) on proteins and lipids. Identification and detailed char-
acterization of protein-linked glycans are important to elucidate
their biological roles and use them as disease biomarkers.
High-resolution mass spectrometry coupled with tandem MSn
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analysis is the most powerful method for the characterization
of protein glycosylation. Low abundance and microheterogene-
ity make it difficult to elucidate glycosylation of proteins
expressed at low levels. The typically poor ionization efficiency
of glycopeptides further complicates the analysis. Enrichment
of glycosylated fraction is a promising approach to maximize
the detection of glycopeptides and their glycoforms. Here, we
report a multistage enrichment strategy for glycoproteins using
cellular fractionation and subsequent ZIC-HILIC solid-phase
extraction of glycopeptides. Beside enabling the detection of
low abundant glycoforms, our method is unique in that it is
also capable of detecting glycopeptides bearing metabolically
incorporated non-natural monosaccharides without extensive
chemical tagging procedures. Moreover, our method makes it
possible to localize non-natural sugars on the glycan termini.
Thus, this approach allowed us to simultaneously assign both
natural glycan bearing glycopeptides and metabolic incorpo-
rated ones with the non-natural form of sialic acids (via
ManNAc), GalNAc and GlcNAc on human T-lymphoma
(Jurkat), MCF-7 and PC-3 cells. This strategy has great poten-
tial for the discovery of novel biomarkers for pathological con-
ditions by the unambiguous characterization of minor
glycoforms of glycoproteins and also the dynamic glycosylation
changes study through the metabolic installation of non-natural
sugars.

(189) Glycan function independent of glycoprotein identity:
Cell Surface Glycan Engineering reveals that matriglycan
rescues Lassa Virus infection in dystroglycan-deficient cells

M. Osman Sheikh1, Chantelle J. Capiciotti1,6, Daniel
Mead3, Geert-Jan Boons1,4,5 and Lance Wells1,2

1Complex Carbohydrate Research Center, University of
Georgia, Athens, GA; 2Department of Biochemistry and
Molecular Biology, University of Georgia, Athens, GA;
3College of Veterinary Medicine, University of Georgia,
Athens, GA; 4Department of Chemistry, University of

Georgia, Athens, GA; 5Department of Chemical Biology
and Drug Discovery, Utrecht Institute for Pharmaceutical
Sciences, and Bijvoet Center for Biomolecular Research,

Utrecht University, Utrecht, The Netherlands; 6Department
of Chemistry, Queen’s University, Kingston, Ontario, CA

Lassa virus (LASV) is a pathogenic infectious agent in
humans, responsible for causing Lassa hemorrhagic fever
and killing 5,000 people annually. LASV enters cells via
functionally glycosylated α-dystroglycan (α-DG) as the pri-
mary cellular receptor. α-DG is best known as an important
cell surface glycoprotein essential for bridging the actin cyto-
skeleton and extracellular matrix (ECM). Functional glycosy-
lation of α-DG requires over a dozen genes, initiated with
O-linked mannose and subsequently elaborated in a series of
glycosylation events, ultimately terminating with a glycosa-
minoglycan-like repeating disaccharide (-Xylα1,3-GlcAβ1,3-)
named matriglycan. The matriglycan structure is the binding
site for laminin globular (LG)-domain-containing ECM pro-
teins and is required for LASV infection. To determine if

LASV requires the aglycone (α-DG) for binding, internaliza-
tion, and infection, we sought to engineer functional matri-
glycan on the cell surface of HAP1 human cells lacking
α-DG. Using chemoenzymatic approaches, matriglycan of
defined chain lengths was first immobilized on activated
microarray glass slides. Matriglycan microarrays were gener-
ated to investigate direct binding characteristics of either the
ECM protein Laminin-α1-(LG-4/5) or a widely used anti-
body which recognizes matriglycan, IIH6. These studies dem-
onstrate that matriglycan alone, at particular degrees of
polymerization, is sufficient for in vitro binding. To further
test our hypothesis that the α-DG polypeptide is not required
for infection, we generated bifunctional CMP-Neu5Ac deri-
vatives that are modified at C-5 with different lengths of
matriglycan and biotin as a tracking handle. ST6GAL1 can
efficiently transfer the modified Neu5Ac molecules to both a
model complex-type N-glycoprotein acceptor substrate, fetuin,
as well as to glycoproteins on the surface of living cells.
Remarkably, we demonstrate that LASV-pseudovirus infection
can be restored by engineering matriglycan on sialic acid-
containing glycoconjugates on HAP1 cells lacking either α-DG
or the classical O-mannosylation pathway. In a competitive
inhibition assay, matriglycan can inhibit LASV-pseudovirus
infection into wildtype HAP1 cells at low micromolar concen-
trations. These results indicate that only matriglycan is neces-
sary and sufficient for LASV-pseudovirus infection in the
absence of α-DG. Our cell surface glyco-engineering studies
emphasize the functional importance of post-translational gly-
cosylation, independent of protein. This work was supported
by NIH R01GM111939 (LW), P01GM107012 (LW, GJB),
and P41GM103490 (LW).

(190) A new version of GlycanBuilder that handles a wider
range of glycan structures

Shinichiro Tsuchiya1, Nobuyuki P. Aoki2, Daisuke
Shinmachi2, Masaaki Matsubara3, Issaku Yamada4, Hisashi

Narimatsu5 and Kiyoko F. Aoki-Kinoshita1
1Graduate School of Engineering, Soka University, Tokyo,

Japan; 2SPARQLite, Ltd., Tokyo, Japan; 3Complex
Carbohydrate Research Center, University of Georgia, GA,
USA; 4The Noguchi Institute, Tokyo, Japan; 5Biotechnology
Research Institute for Drug Discovery, Advanced Industrial

Science and Technology, Tsukuba, Japan

GlyTouCan was initially released in 2015 as the international
glycan structure repository. GlyTouCan uses WURCS as its base
representation for glycans because existing formats were insuffi-
cient in their flexibility to uniquely and universally represent any
and all glycans as published in the literature. Therefore, in order
to obtain WURCS strings for existing or new glycan structures,
conversion tools or glycan structure editors that can export
WURCS needed to be developed. We focused on GlycanBuilder,
looking for tools that can visualize glycan structures and convert
glycan text formats. GlycanBuilder is a tool developed during the
EUROCarbDB project and is utilized by researchers all over the
world. This tool implements functionality to design glycan
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structures via a graphical user interface and to convert gly-
cans to arbitrary glycan text formats. It is also possible to
input glycan text formats and visualize the glycan structures.
However, until now, the monosaccharides and glycan struc-
tures that could be handled by GlycanBuilder were limited.
Figures of glycan structures in GlycanBuilder could be dis-
played in a variety of formats such as the “Essentials” format,
University of Oxford representation, etc. However, with the
publication of the third edition of the Essentials of
Glycobiology in 2016, a new Symbol Nomenclature for
Glycans (SNFG) was proposed. SNFG extends the original
format with the addition of several new monosaccharide sym-
bols. From the above, we updated GlycanBuilder to include
more visualization functionality, incorporate SNFG symbols,
and provide WURCS conversion functionality.

As a result, we released GlycanBuilder2, which now sup-
ports the design of glycan structures having cross-linked substi-
tuents, nested repetitions, cyclic structures, and glycan
compositions using symbols. In addition, probabilistic annota-
tions can be assigned to glycosidic linkages and substituents.
These glycan structures can be drawn using SNFG symbols
now as well. With the implementation of WURCS conversion
functionality, users can not only visualize glycan structures by
inputting WURCS, but they can also obtain WURCS strings
by drawing glycan structures on the GlycanBuilder canvas.
Consequently, it is now possible to visualize glycans from any
existing glycan text format supported by GlycanBuilder, such
as GlycoCT, and convert it to WURCS. GlycanBuilder2 will
thus allow users to acquire WURCS more easily, facilitating
search and registration of glycan structures in GlyTouCan.
This tool is available under an open source license at https://
github.com/glycoinfo/GlycanBuilder2. Also, executable files are
available at http://www.rings.t.soka.ac.jp/downloads.html.

(191) Glycoli: glycoengineering of novel pathways for
protein N-glycosylation in the E. coli cytosol

Hanne L.P. Tytgat, Chia-wei Lin, Nora Liebscher, Timothy
G. Keys and Markus Aebi

ETH Zurich

Metabolic engineering ofE. colihas been highly successful in
producing diverse free oligosaccharides for research and com-
mercial applications. In this project we address the challenge
to modify proteins in a site-specific manner with oligosacchar-
ides. Starting point is a cytosolic N-glycosyltransferase (NGT)
fromActinobacillus pleuropneumoniae, which transfers a sin-
gle glucose residue onto proteins at asparagine (N) residues in
the N-X-S/T sequon. Co-expression of an NGT with heterol-
ogous expressed bacterial glycosyltransferases has been
shown to yield N-linked (poly)sialyllactose.

Here, we take this notion further by creating a modular
glycoengineering toolbox, creating a system in which a great
diversity of glycans can be created by the combination of
glycosyltransferases. Glycosyltransferase biobricks (GTBb)

were designed: each glycosyltransferase was imbedded in a
tunable expression cassette carrying its own regulatory ele-
ments flanked by two regions harboring isocaudameric
restriction sites. The resulting glycosyltransferase biobricks
offer the potential for easy and endless assembly to build up
artificial glycosylation pathways.

This system has lead to the generation of novel glycopro-
teins in theE. colicytosol by modifying glycosylation sequons
with a lactose primer that is further extended by different
sialyl- and fucosyltransferases. This leads to the production
of GM3, fucosyllactose and diverse (poly)sialyllactose struc-
tures on GFP.

To further enhance the power of this toolbox, we also
engineered the target substrate. By creating multivalent gly-
cosylation tags harboring several glycosylation sequons,
multivalent glycosylation of proteins comes within reach.

Taken together, the Glycoli project provides a modular
toolbox enabling the generation of a diverse repertoire of
(multivalent) glycosylated proteins carrying epitopes relevant as
reagents for fundamental research and as vaccine candidates.

(192) Harnessing the Power of Natural Selection to Define
and Optimize Sialoglycan-Recognizing Probes (SGRPs) for
Exploring the Biology, Physiology and Pathology of the

Dynamic Sialoglycome
Andrea Verhagen1, Saurabh Srivastava1, Brian Wasik2, Hai

Yu3, Aniruddha Sasmal1, Barbara Bensing4, Naazneen
Khan1, Zahra Khedri1, Sandra Diaz1, Paul Sullam4, Nissi

Varki1, Xi Chen3, Colin Parrish2 and Ajit Varki1
1Glycobiology Research and Training Center, University of
California, San Diego; 2College of Veterinary Medicine,

Cornell University; 3Department of Chemistry, University of
California, Davis; 4School of Medicine, University of

California, San Francisco

Cell surface or secreted sialoglycans that terminate in sialic
acids (Sias) participate in and critically influence numerous
and diverse biological processes, including cell-cell interac-
tions, immune regulation, cellular homeostasis, host-patho-
gen interactions and microbial pathogenesis. Both
mechanistic and discovery research on such important issues
is impeded, not only because of the diverse structural com-
plexities of the modifications and linkages of sialoglycans,
but also because of inadequate techniques for detection. The
full extent of sialoglycan diversity in nature is unlikely to be
completely characterized in the near future, as conventional
glycomic methods can destroy or overlook crucial aspects of
Sia diversity, or fail to elucidate native sialoglycan structures
as they exist in biological systems. Meanwhile methods for in
situ detection and analysis of sialoglycans in situ (“the sia-
lome”) are limited to a few plant lectins, sialidase or anti-
bodies whose specificities are limited and/or uncertain.
Assuming that a simple and systematic approach to track sia-
lome changes in a specific system would benefit researchers
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even with little expertise in the field, we aimed to develop a
set of recombinant and stably tagged Sialoglycan Recognizing
Probes (SGRPs). We have defined 9 probe classes (SGRP1-
SGRP9) targeted to the most predominant mammalian Sia
types and linkages. Anticipating that the process of natural
selection would have already maximized specificity/avidity
during the rapid evolution of microbial molecules such as
bacterial adhesins, toxin subunits and viral hemagglutinin-
esterases, we selected the best candidates for SGRPs, each
engineered with its corresponding non-binding mutant as a
negative control. Binding specificity was first confirmed by a
sialoglycan microarray displaying the commonly known
structural diversity of common sialoglycans (with loss of
binding of a control mutant for each probe), and the opti-
mized panel of SGRPs was subsequently screened by common
detection methods such as ELISA, Western Blot and FACS
analysis, optimizing experimental conditions to minimize
damage to relatively unstable Sia modifications such as
O-acetylation. Comparisons were made with commonly used
plant lectins. Our data demonstrate high order specificity of
the SGRPs towards their target sialoglycans and results indi-
cate that these probes could discriminate between structural
differences. We also analyzed SGRPs by immunohistochemis-
try of mouse tissues including genetically modified strains.
While much further work is needed to define a comprehensive
suite of SGRPs, the current results will provide a simple and
reliable toolkit to track the sialoglycome in mammalian sys-
tems, and we aim to demonstrate their implications in various
physiological or pathological models.

(193) Chemoenzymatic Tools to “See” Sugar Epitopes on
Cell Surfaces

Peng Wang and Liuqing Wen
Department of Chemistry, Georgia State University,

Atlanta, Georgia, 30303, United States

The major part of biological research related to glycoscience
is to detect and quantify sugar epitopes in a variety of bio-
logical systems (such as on the cell surface, tissue surfaces,
protein surfaces). Traditionally, the most important tool to
“see” sugar epitopes is by the use of epitope specific anti-
bodies and sugar lectins. However, specific antibodies to
sugar epitopes are hard to generate, and currently, there are
no specific antibodies for most of common sugar epitopes.
In recent years, metabolic labeling strategy, by which bioortho-
gonal functional groups carried by unnatural monosaccharides
analogues are metabolically incorporated into glycans in vivo
for covalent conjugation by bioorthogonal chemical reactions
to tag a specific class of glycans, emerged as a powerful tool
for glycan analysis. Alternatively, chemoenzymatic labeling
strategy provides an in vitro labeling method to detect struc-
ture-defined glycan epitopes. This method takes advantage of
the relaxed donor substrate specificity and strict acceptor speci-
ficity of recombinant glycosyltransferase to label target epitope
with bioorthogonal groups carried by unnatural nucleotide
sugars. Recently, we have developed tools for sensitive,

selective, and rapid analysis of Neu5Aca2,3Gal glycan and sia-
lyl-T glycan epitopes, respectively. Current method for the
detection of Neu5Aca2,3Gal glycan is based on lectin binding,
which suffer from lower sensitivity and cross reactivity.
Meanwhile, there is no direct detection method available for
sialyl-T analysis. Therefore, the investigation of these two gly-
can epitopes has been very difficult. By chemoenzymatic label-
ing strategy, we successfully solved these problems.

(194) Lectenz® Affinity Reagents for Sialoglycoconjugate
Detection and Enrichment

Sheng-Cheng Wu1, J. Christopher Cooper1, Mallory K.
Paul1, Amanda L. Cummings1, Ziad M. Eletr1, Shani L.
Ben-Arye2, Vered Padler-Karavani2, Lu Meng1, Christian
Gerner-Smidt1, Kausar N. Samli1, Robert J. Woods3 and

Loretta Yang1
1Lectenz Bio; 2Department of Cell Research and

Immunology, Tel Aviv University; 3Complex Carbohydrate
Research Center, University of Georgia

Carbohydrate chains are often highly branched complex
structures that pose great challenges for their detection, puri-
fication, and structural analysis. Advanced instrumentation
such as mass spectrometry (MS) and high-throughput detec-
tion technologies such as lectin and antibody arrays have
been developed to tackle such challenges. However, each
technology has its limitations. For example, MS requires
highly purified analytes and employment of complementary
methods to solve linkage variation between glycan molecules
that are of identical composition and mass. Anti-carbohy-
drate antibodies are not only difficult to generate due to a
glycan’s complex structural nature and poor immunogen-
icity, but are also often unable to broadly detect a glycan
motif. Carbohydrate-binding proteins such as lectins of plant
origin are limited by their source, purity, and varying
specificity.

Using computationally-guided design and directed evolu-
tion, Lectenz® Bio is converting glycan-processing enzymes
into catalytically inactive, high affinity glycan binding
reagents with tunable specificities. These novel lectin-like
enzyme-derived reagents called Lectenz® have been shown
to offer numerous advantages over other carbohydrate-bind-
ing reagents: they are high affinity, yet retain the exquisite
substrate specificity of the endogenous enzyme, they can be
cost-effectively produced, and they can be used as capture/
detection reagents in a variety of applications.

Here we report two novel sialic acid recognizing Lectenz®

(patent-pending) engineered from a sialidase enzyme: 1) Sia-
PS1, which recognizes sialic acid in a linkage independent
manner; and 2) Sia-3S1, which is specific for α2,3-linked sia-
loglycans. The data demonstrate that the Sia-PS1 Lectenz®

reagent recognizes glycans terminating in α2,3-, α2,6-, and
α2,8-linked sialic acid sequences, but not Gal-terminating
sequences. Sia-PS1 has been shown to detect only sialylated
structures on a glycan array and sialoglycoproteins on
Western Blot. Similarly, we verified Sia-3S1’s specificity for
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Neu5Acα2,3Galβ1,4Glc, but not Neu5Acα2,6Galβ1,4Glc or
Galβ1,4Glc. Both the pan-specific Sia-PS1 and the α2,3-link-
age-specific Sia-3S1 have been used successfully in affinity
chromatography for separation of sialoglycoproteins from
nonsialylated glycoproteins.

(195) GlycoSense: A Rapid Method for Monitoring In Vitro
Glycoengineering

Loretta Yang1, Matthew J. Saunders1, Kausar N. Samli1 and
Robert J. Woods2

1Lectenz Bio; 2Complex Carbohydrate Research Center,
University of Georgia

The use of enzymes to modify glycans, in order to generate
uniform protein glycosylation for optimal bioactivity, or to
test glycan-structure function hypotheses, or in chemo-
enzymatic synthesis, has emerged as a transformative tech-
nology. However, there are no convenient cost-effective
methods for monitoring the progress of the enzyme reactions
during in vitro glycoengineering.

Lectenz® Bio has developed an innovative technology called
GlycoSense™ that will permit in vitro glycoenzyme reactions
to be monitored in near real-time using flow cytometry and
multiplex microspheres (beads). The GlycoSense™method
detects binding between glycans and glycan-specific reagents
that are conjugated to spectrally-unique beads. By combining
the individual bead-based reagents into a multiplexed array, a
profile of key glycan features can be obtained in less than a
minute on a basic cytometer.

We illustrate the performance of the GlycoSense™ method
using glycans and glycoprotein standards, and demonstrate its
utility by monitoring changes in glycosylation patterns upon
treatment with glycoenzymes. The GlycoSense™ approach will
address the unmet need for a rapid tool to monitor protein gly-
cosylation during in vitro glycoengineering.

(196) Benzylhydrosylamine (BHA) as a cleavable affinity tag
for isolation and purification of reducing glycan for

functional glycomics
Ying Zhang and Xue zheng Song

Department of Biochemistry, Emory Comprehensive
Glycomics Core, Emory University School of Medicine,

Atlanta, GA 30322, USA

As one of the most important post-translational modifica-
tions, glycosylation occurs in over 50% of all human pro-
teins and plays important roles in many biological processes
including protein folding and stability, cell differentiation
and adhesion, signal recognition and transmission, viral
entry and bacterial infection, immune response and regula-
tion. Currently a major obstacle for glycoscience study is the
lack of diverse biomedically relevant, complex glycans in
quantities sufficient for exploring functional aspects of gly-
can structure. Complementary to chemoenzymatic synthesis,
natural glycans could serve as a great source of biomedically
relevant glycans if they are available in sufficient quantities.

We have developed oxidative release of natural glycans
(ORNG) and optimized it for the rapid release of N-glycas
as free reducing glycans. The capacity of this process is lim-
ited only by the size of the reaction vessel, making large
quantities of free reducing glycans available to the research
community. Due to the lack of a chromophore, a free redu-
cing glycan cannot be easily monitored during chromato-
graphic separation of a mixture from natural sources for
either analytical or preparative purposes. However, free
reducing glycans can be readily derivatized for HPLC and
MS analysis, for glycoscience studies using popular tags
such as 2-aminopyridine and anthranilic acid. While this is
useful for analytical purposes, these tags are difficult to
remove without affecting structural integrity of glycans if we
wish to recover the glycans for preparative scale isolation.
To address this inconvenience, we explored the use of a
cleavable ultraviolet tag, O-benzylhydroxylamine (BHA).
Free reducing glycans are easily and efficiently labeled with
BHA under mild conditions, which show significantly
improved HPLC profiles compared with unlabeled material.
Individual glycan-BHA conjugates can then be separated
using multidimensional HPLC and characterized by
MALDI-TOF-MS and MS/MS. The BHA tag can then be
easily removed by Pd/C catalyzed hydrogenation to effi-
ciently regenerate free reducing glycans with little effect on
glycan structures. This procedure provides a simple and
straightforward way to tag large quantities of free reducing
glycans for purification at a preparative scale using multidi-
mensional preparative HPLC and subsequently recovering
the purified free reducing glycans from the purified BHA
conjugate for direct functional glycomics studies or for other
derivatization procedures.

(197) Tick Bites and Hamburgers: N-Glycosylation analysis
of saliva and salivary glands from the ticks responsible for

Alpha-Gal Syndrome
Stephanie A. Archer-Hartmann1, Gary Crispell2, Shahid

Karim2, Guha Dharmarajan3 and Parastoo Azadi1
1Complex Carbohydrate Research Center (CCRC), UGA,
Athens, GA; 2The University of Southern Mississippi,
Hattiesburg, MS; 3Savannah River Ecology Lab, UGA,

Aiken, SC

The CDC has reported that the number of new cases of dis-
ease transmission by mosquito, tick, and flea bites has more
than tripled in the United States in recent years. The rise and
risks of tick bites in particular has seen extensive coverage in
many American news media outlets including the New York
Times, NPR, CNN, and the Washington Post.

Amblyomma americanum, or Lone Star Ticks are found
widely distributed in thesoutheastern United States but are
rapidly expanding to more northeastern locations. Recent
reports of allergic reactions associated with red meat con-
sumption have been found among those bitten by Lone Star
Ticks. This particular type of sensitivity was first reported
during clinical trials of cetuximab, indicating the pre-
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exposure and production of IgE antibodies specific for gal-
actose-α-1,3-galactose. This alpha-gal hypersensitivity is
now identified as a delayed-type food allergy to glycolipids
and glycoproteins found in non-primate meat, induced fol-
lowing tick bites. This marks a rare occasion where the
immune system is sensitized by a sugar rather than a protein,
and has critical importance in the fields of immunology, as
well as the pathology and epidemiology of tick-transmitted
illnesses.

In this presentation saliva and salivary glands collected
pre and post-feeding were obtained from Amblyomma amer-
icanum as well as other sympatric species (Ixodes scapularis
and Amblyomma maculatum). The samples were homoge-
nized and N-glycans were released, isolated, and permethy-
lated for analysis. Mass spectrometry (NSI-FTMS) including
fragmentation analysis by CID was used to identify each gly-
coform by mass and fragmentation patterns. Further deter-
mination of structure, including the presence of α-Gal, was
also determined through MS/MS fragmentation analysis.
These results provideextensive information regarding glyco-
sylation versus tick species as well as feeding and nonfeeding
glycosylation changes. Interestingly, indications of galactose-
α-1,3-galactose were found in multiple species of tick,
including those not implicated in the induction of alpha-gal
hypersensitivity. Additional indications of aldopentose-deco-
rated N-glycans were also observed, indicating that interac-
tions between the tick outside of host feeding may have
implications in tick-host transmission.

(198) UDP-Glycosyl or Glucuronosyl transferases in
Caenorhabditis elegans: Insights into Roles in Xenobiotics

Detoxification
Olatomiwa O. Bifarin1,2, Charalampos Panagos1, Rahil

Taujale1,3 and Arthur S. Edison1,2,3
1Complex Carbohydrate Research Center, University of

Georgia, Athens, GA, 30602; 2Department of Biochemistry
and Molecular Biology, University of Georgia, Athens, GA,
30602; 3Institute of Bioinformatics, University of Georgia,

Athens, GA, 30602

Uridine 5’-diphospho glucuronosyl or glycosyl transferases
(UGTs) are involved in phase II xenobiotics metabolism,
where they aid the detoxification of xenobiotics via glycosy-
lation of small molecules. While some UGTs have been
implicated in several transcriptomics studies when
Caenorhabditis elegans are challenged with xenobiotics,
there is very little knowledge of the modifications carried out
by specific UGTs. In an effort to improve our knowledge of
the roles of UGTs in C. elegans, we sort to identify glycosy-
lation (UGT) genes involved in the detoxification of selected
xenobiotics and their respective modifications.

In this light, we have developed a high-throughput toxicity
and defective glycosylation assay (H-TDGA). H-TDGA incor-
porates a dead/alive toxicity assay using SYTOX green
nucleic acid stain; and assays for defective glycosylation using

High Performance Liquid Chromatography-Ultra Violet
detector (HPLC-UV), High-Resolution Mass Spectrometry
(HRMS), and Nuclear Magnetic Resonance (NMR) experi-
ments, all for the detection of potentially glycosylated meta-
bolites and structural elucidation. Using H-TDGA, we have
exposed candidate UGT mutant lines to indole, a metabolite
produced by Escherichia coli. Indole is toxic to C. elegans at
high concentrations, and wild type animals are able to detox-
ify the xenobiotic via an N-linked glycosylation. Results of
assays with UGT mutant lines will be presented.

(199) Synthesis of P1-(11-Phenoxyundecyl)-P2-(2-
Acetamido-3-O-β-D-Galactopyranosyl-2-Deoxy-α-D-

Galactopyranosyl) Diphosphate as an Acceptor Substrate for
Bacterial Glycosyltransferases

Vladimir Torgov1, Leonid Danilov1, Natalia Utkina1,
Vladimir Veselovsky1, Alex Kocev1 and Inka Brockhausen2
1N.D. Zelinsky Institute of Organic Chemistry, Moscow,
Russia and Department of Biomedical and Molecular

Sciences; 2Queen’s University

Bacterial polysaccharides have important functions in protect-
ing bacteria from adverse environment and the host immune
system. The lipopolysaccharides of Gram negative bacteria
that function in bacterial survival and virulence contain
O-antigenic polysaccharides on their outer membrane that are
directed towards the environment. In Escherichia coli about
two hundred different serotypes are known that have different
O-antigenic polysaccharide structures. The assembly of these
O-antigens is catalyzed by the specific glycosyltransferases and
proceeds through the intermediate formation ofundecaprenyl
diphosphate sugars as acceptor substrates. To study this pro-
cess, a chemical synthesis of the compounds having the
natural structure or their analogues is necessary. The phos-
phoroimidazolidate method is a universal method for the syn-
thesis of lipid diphosphate sugars, particularly lipid
diphosphate disaccharides containing a 2-acetamido-2-deoxy-
glycosyl residue at the reducing end of the disaccharide moiety
and 11-phenoxyundecyl residue as the lipid moiety of the mol-
ecule. We have synthesized P1-(11-phenoxyundecyl)-P2- (2-
acetamido-2-deoxy-3-O-β-D-galactopyranosyl-α-D-galacto-
pyranosyl) diphosphate [Galβ1-3GalNAcα-OPO3-PO3-(CH2)11-
O-phenyl] and verified its structure by TLC, NMR and MS. We
used the compound as an acceptor substrate to assay bacterial
enzymes involved in the biosynthesis of O antigen repeating
units, i.e. purified α2,3-sialyltransferase WbwA from Escherichia
coli serotype O104 and α1,4-Glc-transferase WclY from
Escherichia coli O117. The chemical synthesis of purified
acceptor compounds with defined structure facilitates the charac-
terization of bacterial glycosyltransferases that could be targets
to develop anti-bacterial compounds against pathogenic enteric
bacteria.

This work was supported by the Russian Foundation for
Basic Research, Project 16-04-00372 and the Canadian
Institutes of Health Research (GlycoNet).
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(200) Enabling tools for Toxoplasma glycobiology
Elisabet Gas-Pascual1,2, H. Travis Ichikawa1, M. Osman

Sheikh3, M. Isabella Serji1, Bowen Deng1,2, Msano
Mandalasi1,2, Giulia Bandini4, John Samuelson4, Lance

Wells1,2 and Christopher M. West1,2
1Department of Biochemistry and Molecular Biology,

University of Georgia, Athens, GA; 2Center for Tropical
and Emerging Global Diseases, University of Georgia,
Athens, GA; 3Complex Carbohydrate Research Center,
University of Georgia, Athens, GA; 4Department of

Molecular and Cell Biology, Henry M. Goldman School of
Dental Medicine, Boston University, Boston, MA

Infection by the protozoan parasite Toxoplasma gondii is a
major health risk on account of its chronic nature, ability to
reactivate to cause blindness and encephalitis, and high
prevalence in human populations. Like nearly all eukaryotes,
Toxoplasma glycosylates many of its proteins and lipids and
assembles polysaccharides. While their structures resemble
canonical models, they exhibit considerable species-specific
variations that have inhibited deeper investigations into their
roles in parasite biology and virulence. The genome of
Toxoplasma encodes a suite of likely glycogenes that are
expected to assemble a range of N-glycans, O-glycans, a C-
glycan, GPI-anchors, and polysaccharides, along with their
requisite precursors and membrane transporters. To facili-
tate genetic approaches to investigate the roles of specific
glycans, we have mapped probable connections between 59
glycogenes, their enzyme products, and the glycans to which
they contribute. We have adapted a double-CRISPR/Cas9
strategy and a mass spectrometry-based glycomics workflow
to test these relationships, and conducted infection studies in
fibroblast monolayers. Through the validated disruption of
17 glycogenes, we have identified known and novel N- and
O-glycan structures on proteins in the nucleus or that are
processed in the secretory pathway, mapped the contribu-
tions of many of the glycogenes to their assembly, and docu-
mented their evident significance for general growth. All
guide sequences, disruption constructs, and mutant strains,
are freely available to practitioners who can apply them in
the context of the relational map to investigate roles of gly-
cans in their favorite biological processes. The development
of this toolbox is anticipated to open new avenues to explore
glycan functions in Toxoplasma.

(201) Probing Specific Cell-Surface Heparan Sulfate-Protein
Interactions

Shang-Cheng Hung
Genomics Research Center/Academia Sinica

Cell-surface heparan sulfate and its structurally related hep-
arin bind a host of basic proteins that take advantage of the
sugar’s dense structural information. The significance of
these interactions in various aspects of development, physi-
ology, and disease stimulated keen interest in evaluating
structure–activity relationships. The well-defined heparan

sulfate and heparin oligosaccharides needed for these studies
can be mainly accessed by chemical synthesis. The various
synthetic strategies available to chemical synthesis have
recently enabled the acquisition of several regular and
irregular sequences through improved coupling methods and
judicial protecting group manipulations. Investigations of
various protein interactions with the synthetic constructs
delivered valuable information that could aid future drug
development endeavors.

(202) Preparation of an O-glycan Library from Porcine
Stomach Mucin by Oxidative Release of Natural Glycans

(ORNG)
Shu Zhang1,2, Yi Lasanajak1,2, Yuyang Zhu1, Xueyun

Liu1,2, Thomas J. Bowen2, David F. Smith1,2 and Xuezheng
Song1,2

1Department of Biochemistry, Emory University School of
Medicine; 2Emory Comprehensive Glycomics Core, Emory

University School of Medicine

O-GalNAc glycosylation is the major post-translational
modification of mucins and these O-glycans on mucin serve
as ligands for various carbohydrate-binding proteins and
mediate diverse biological processes. While a comprehensive
library of these glycans is of great interest for their func-
tional study, the access to these glycans through chemoenzy-
matic synthesis is laborious and limited to a number of
specialized laboratories. On the other hand, certain natural
materials such as porcine stomach mucin (PSM) could serve
as abundant sources of diverse O-glycans. We have recently
developed oxidative release of natural glycans (ORNG),
which uses household bleach to efficiently degrade the amide
linkages of the protein backbone and release O-glycans
attached to a lactic acid (threonine) or glycolic acid (serine)
as the major products (Song et al., 2016, 13(6): 528-34).
The amount of starting material that can be processed by
this method is dependent only on the size of the reaction ves-
sel available. In this study, 50 grams of PSM were processed
by the ORNG and the products were separated using size
exclusion chromatography (SEC) and weak anion exchange
(WAX) into free O-glycans, O-glycan glycolic/lactic acids
and sulfated O-glycan acids. The major products, O-glycan
acids, were tagged with monoFmoc ethylenediamine and
separated by multidimensional HPLC using a combination
of preparative C18 reversed phase HPLC and normal phase
HPLC. A comprehensive library of PSM fluorescent tagged
O-glycans was obtained and analyzed by mass spectrometry.
Aliquots of the tagged glycan library will be treated with
piperidne to reomove the FMOC making the library amen-
able to conjugation to solid supports including NHS-acti-
vated glass microscope slides for production of a shotgun
glycan microarray of PSM for the studies of protein-glycan
interactions.

Keywords: O-glycan; porcine stomach mucin; oxidative
release; shotgun glycan microarray
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(203) Enzymatic Synthesis of Homogeneous Chondroitin
Sulfate E Oligosaccharides

Jine Li1, Guowei Su1, Erica Sparkenbaugh2, Rafal
Pawlinski2 and Jian Liu1

1Division of Chemical Biology and Medicinal Chemistry
Eshelman School of Pharmacy, University of North

Carolina Chapel Hill, NC, USA; 2Division of Hematology/
Oncology, Department of Medicine, University of North

Carolina, Chapel Hill, NC, USA

Chondroitin sulfate (CS) is a sulfated polysaccharide which
contains repeating units of glucuronic acid (GlcA) and N-
acetylgalactosamine (GalNAc)→4)GlcAβ(1→3)GalNAcβ
(1→The GalNAc residue can be modified by 4-O-sulfation
(chondroitin sulfate A, CSA), 6-O-sulfation (chondroitin sul-
fate C, CSC) or 4,6-disulfation (chondroitin sulfate E, CSE).
CSs are widely present on the mammalian cell surface and in
the extracellular matrix to be involved in diverse physio-
logical processes, e.g. chondroitin sulfate E was reported to
be involved in neurite elongation, bone formation, inter-
action with midkines, and others. However, the CSs isolated
from natural resources are present in a mixture of different
sizes and different sulfated patterns. The lack of structural
homogeneity is the major roadblock that hinders CS
research. Recently, we reported an enzymatic method for
synthesis of CSA and CSC oligosaccharides library with
high efficiency (1). Base on this, we further synthesized struc-
turally defined chondroitin sulfate E oligosaccharides ran-
ging up to 19mer, and the scale can be up to hundreds mg
scale. We also invested the biological functions of the chon-
droitin sulfate E 19mer. In a mouse model of histone-
induced mortality, 80% of mice died within 20minutes of
infusion of 75mg/kg histone H3. Pretreatment with 75mg/
kg CSE 19mer immediately before histone infusion protected
mice from histone-induced death. Results from our studies
offer a new tool to investigate the roles of chondroitin sul-
fate in biological processes.
Reference

1. Li, J., Su, G., Liu, J. “Enzymatic Synthesis of
Homogeneous Chondroitin Sulfate Oligosaccharides.”
Angew. Chem. Int. Ed. 2017, 56, 11784–11787.

(204) Helicobacter pylori induces intracellular galectin-8
aggregation within gastric epithelial cells in both host

O-glycan- and autophagy-dependent manners
Fang-Yen Li1, Huan-Yuan Chen2 and Fu-Tong Liu2,3

1Graduate Institute of Immunology, College of Medicine,
National Taiwan University, Taipei, Taiwan; 2Institute of
Biomedical Sciences, Academia Sinica, Taipei, Taiwan;
3Department of Dermatology, University of California
Davis, Sacramento, California, United States of America

Galectin-8, a beta-galactoside-binding lectin, was previously
reported to be upregulated in the gastric tissues of rhesus
macaques infected by Helicobacter pylori (H. pylori). In this
study, we found that H. pylori infection triggers intracellular

galectin-8 aggregation in human-derived AGS gastric epithe-
lial cells, and these aggregates colocalize with lysosomes.
Notably, this aggregation phenomenon is markedly reduced
following attenuation of host O-glycan processing. This
observation indicates that H. pylori infection induces lyso-
somal damage, which in turn results in accumulation of
cytosolic galectin-8 around damaged lysosomes through rec-
ognition of exposed vacuolar host O-glycans. H. pylori-
induced galectin-8 aggregates also colocalize with autopha-
gosomes, and galectin-8 ablation reduces H. pylori-mediated
autophagy activation. This suggests a possible function of
galectin-8 aggregates in enhancing autophagy activity in
infected cells. We also observed that both autophagy and
NDP52, an autophagy receptor, play a part in augmenting
H. pylori-mediatedgalectin-8 aggregation. Besides, vacuolat-
ing cytotoxin A (VacA), a secreted H. pylori cytotoxin, may
contribute to the increased galectin-8 aggregation and eleva-
tedautophagy response in infected cells. Collectively, these
results suggest that H. pylori promotes intracellular galectin-
8 aggregation in both host O-glycan- and autophagy-
dependent manners, and H. pylori-mediated galectin-8
aggregation and autophagy may reciprocally regulate each
other during infection.

(205) Accelerated aging and clearance of anti-inflammatory
enzymes in the pathogenesis of Gram-negative sepsis and its

therapeutic reversal
Won Ho Yang1,2, Douglas M. Heithoff1,3, Peter V. Aziz1,2,3,

Benjamin Haslund-Gourley1,2,3, Julia S. Westman1,2,
Sonoko Narisawa2, Anthony B. Pinkerton2, José Luis
Millán2, Victor Nizet4,5, Michael J. Mahan1,3 and

Jamey D. Marth1,2,3
1Center for Nanomedicine; 2Sanford Burnham Prebys
Medical Discovery Institute; 3Department of Molecular,
Cellular, and Developmental Biology, University of

California Santa Barbara, Santa Barbara, California 93106;
4Department of Pediatrics, University of California San
Diego, La Jolla, CA 92093; 5Skaggs School of Pharmacy
and Pharmaceutical Sciences, University of California San

Diego, La Jolla, CA 92093

Sepsis is a life-threatening inflammatory syndrome accom-
panying an infection of the bloodstream. The leading cause
of death in non-cardiac intensive care units, sepsis is increas-
ing in incidence while no new effective therapies have been
developed in decades. Frequently secondary to bacterial
pathogens, sepsis remains difficult to treat as a singular dis-
ease mechanism. Experimental analysis of bacterial sepsis
was undertaken in the murine model, where genomic signa-
tures of inflammatory responses were recently shown to
closely correlate to those of humans. For all bacterial strains,
disease severity and mortality were directly proportional to
increased bacterial cfu in the bloodstream. We thus applied
criteria for data inclusion in comparative sepsis pathophysi-
ology analyses involving attainment of minimum and max-
imum thresholds of blood cfu at specified times post-
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infection. We compared the pathogenesis of sepsis elicited by
five strains of bacterial pathogens and found similarities
among host responses to Gram-negative Salmonella and E.
coli. Our findings reveal a mechanism of host protection
involving two circulating alkaline phosphatase (AP) iso-
zymes that de-toxify the lipopolysaccharide endotoxin of
Gram-negative bacteria. Sepsis caused by either Salmonella
or E. coli incapacitated this protective mechanism by activat-
ing host responses to Toll-like receptor-4, resulting in the
induction of Neu1 and Neu3 neuraminidases in circulation.
Elevated neuraminidase activity increased the basal rate of
molecular aging and clearance of both AP isozymes, similar
to constitutive results observed in the absence of ST3Gal6
sialyltransferase deficiency, thereby intensifying disease. In
contrast with studies of pneumococcal sepsis, deficiency of
the hepatic endocytic Ashwell-Morell receptor was protect-
ive by reduced clearance of de-sialylated AP. In Gram-nega-
tive sepsis, AP augmentation or neuraminidase inhibition
diminished inflammation and markedly increased the likeli-
hood of host survival.

(206) Controlled expression of the periplasmic protein
LmeA regulates the abundance of lipomannan and
lipoarabinomannan in Mycobacterium smegmatis

Yasu S. Morita, Sarah H. Osman and Kathryn C. Rahlwes
University of Massachusetts Amherst

The mycobacterial cell envelope is a thick, multilayered
complex composed of an outer membrane, an arabinoga-
lactan-peptidoglycan cell wall, and a plasma membrane.
Phosphatidylinositol mannosides (PIMs), lipomannan
(LM), and lipoarabinomannan (LAM) are phosphatidyli-
nositol (PI)-anchored glycans, that are essential compo-
nents of this cell envelope and modulate host immune
response during infection. The biosynthesis of PIMs/LM/
LAM begins by sequential additions of two mannoses and
one fatty acid to a PI, resulting in the first product,
AcPIM2. This PIM species also serves as a precursor for
the biosynthesis of LM and LAM. An unknown α1,6-man-
nosyltransferase(s) elongates AcPIM2 to produce an LM
intermediate, which is further elongated by another α1,6-
mannosyltransferase, MptA. The α1,6-mannose backbone
is additionally decorated by mono-mannose side chains
mediated by the α1,2-mannosyltransferase, MptC. Recently, we
reported a periplasmic protein, LmeA, which is involved in mat-
uration of LM mannan chain in Mycobacterium smegmatis.
Interestingly, a global secretome analysis indicated that the M.
tuberculosis ortholog of LmeA is upregulated during mouse
infection. However, the precise function of LmeA remains
unknown. Therefore, in this study, we examined if changes in
the expression level of LmeA has an impact on LM/LAM bio-
synthesis and cell envelope integrity. We established anM. smeg-
matis strain overexpressing the HA epitope-tagged LmeA
(LmeA-HA OE) in addition to the previously established lmeA
deletion mutant (ΔlmeA), and an lmeA-HA-complemented
ΔlmeA (ΔlmeA::lmeA-HA), in which plasmid-encoded lmeA is

expressed from the native promoter. Remarkably, overexpres-
sion of LmeA-HA resulted in an increased abundance of both
LM and LAM. There was no significant impact on the abun-
dance of PIMs or other phospholipids, suggesting that this effect
is specific to LM/LAM production. To start dissecting the mech-
anism, we examined if overexpression of LmeA-HA changes the
protein levels of the known LM/LAM mannosyltransferases,
MptA and MptC. We found that the level of MptA was signifi-
cantly higher in the LmeA OE strains, while MptC abundance
was relatively similar among LmeA OE, ΔlmeA, andΔlmeA::
lmeA-HA strains. Because the level of MptA is known to
decrease in late stationary phase, we examined what impact the
expression of LmeA would have on MptA under various condi-
tions such as stationary phase, starvation, and hypoxia. We
found that the abundance of MptA significantly decreased in the
ΔlmeA mutant than in wild-type or LmeA OE under these stress
conditions. Furthermore, LM was found more abundantly in
LmeA OE under these conditions. Together, our current study
reveals the impact of LmeA expression on the biosynthetic
enzymes of LM/LAM, leading to changes in LM/LAM abun-
dance. We are currently testing if such changes in the LmeA
expression level have an impact on the cell envelope integrity.

(208) An essential mitochondrial fucosyltransferase in
Leishmania parasites

Gloria Polanco1, Hongjie Guo1, Stefanie Menzies1,
Nichollas E. Scott4, Sebastian Damerow2, Hicham

Zegzouti3, Michael A.J. Ferguson2 and
Stephen M. Beverley1

1Dept. of Molecular Microbiology, Washington University
School of Medicine, St. Louis, MO 63110 USA; 2Division of
Biological Chemistry & Drug Discovery, Wellcome Trust
Biocentre, College of Life Science, University of Dundee,
Dundee DD1 5EH, Scotland, UK; 3Promega Corporation,

R&D Department, Madison, WI, USA; 43Dept. of
Microbiology and Immunology, University of Melbourne at

the Peter Doherty Institute, Melbourne, Australia

Recently, we characterized two L. major genes (FKP40 and
AFKP80)encoding bifunctional proteins with kinase/pyro-
phosphorylase activities (Guo et al J. Biol. Chem. 2017).
Both could salvage L-fucose to GDP-L-Fuc, but only
AFKP80 yielded GDP-D-Arap from D-Arabinopyranose.
Correspondingly, Δafkp80-mutants lack D-Arap while
Δfkp40-mutants resembled WT. Unexpectedly, we were
unable to produce Δfkp40-/Δafkp80-double mutant. These
data suggested that GDP-Fuc is essential.

The Leishmania genome predicts at least 5 candidate
fucosyltransferases. Among them, Lm01.0100 is the only
candidate FucT conserved amongst trypanosomatids, show-
ing key motifs characteristic of a-1,2 fucosyltransferases.
Enzymatic assays of L. major overexpressing C-terminally
tagged Lm01 showed transfer of Fuc from GDP-Fuc to
Galb1,3GlcNAc-β-O-Methyl. On this basis we renamed this
gene Fucosyl Transferase 1 (FUT1). To test essentiality, we
used a quantitative ‘plasmid segregation’ assay, expressing
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FUT1 from the multicopy episomal pXNG vector, which
additionally expresses GFP, in a chromosomal null Δfut1--
background. Single cell sorting for GFP-null lines did not
yield viable cells, indicating that FUT1 is essential.

Unlike most eukaryotic glycosyltransferases, FUT1 was
predicted to localize to the parasite mitochondrion, which
was confirmed by expression and imaging of a C-terminally
tagged protein (FUT1-HA). To probe importance of mito-
chondrial localization, we used ‘plasmid shuffling’, asking
whether pXNG-FUT1 could be lost in the presence of
mutated test FUT1gene. A minimal mitochondrial targeting
sequence was identified, and this protein was fully functional.
Modifications affecting mitochondrial localization could not
rescue the Δfut1- mutant; each of these proteins was
expressed at high levels but were now found in the cytosol.
Mutation of the predicted FucT catalytic motif resulted in loss
of function, while maintaining mitochondrial localization.
Together these results suggest that both mitochondrial local-
ization and FucT activity are essential for FUT1 functionality.
Fortuitously, we were able to obtain a single rare Δfut1-

mutant which displayed a severely decreased in growth rate
and diverse defects in mitochondrial (kinetoplast) structure
and function. Preliminary glycoproteomic analysis found
many alterations in the mutant, as well as two proteins show-
ing dHex modifications in WT but not Δfut1-. Further ana-
lyses will determine if these proteins are potential FUT1
substrates.

Thus, FUT1 joins the eukaryotic O-GlcNAc transferases
as one of the first glycosyltransferases shown to act within
the mitochondrion. Current work is now oriented towards
identifying the Leishmania fucosylated targets therein, and
the role of mitochondrial glycosylation.

(209) Post-CFG Glycan Microarrays and Their Applications
Peng G. Wang and Lei Li
Georgia State University

Since first described by several groups in 2002, glycan
microarrays have revolutionized the analysis of glycan-pro-
tein interactions, providing informative data of glycan-bind-
ing proteins (GBPs) in a high-throughput manner. Various
glycan microarrays had been developed over the past 16
years,1 among which the CFG glycan microarray that con-
tains 600+ glycan structures unambiguously generated the
majority of assay data, greatly facilitated the understanding
of glycan-protein interactions. Nevertheless, focused glycan
microarrays that contain a specific class of glycans are barely
available. We are developing such post-CFG glycan microar-
rays and making them commercially available. For example,
a library of 45 O-mannosyl glycans were chemoenzymatically
prepared and spotted into a specific microarray, which
revealed fine specificities of GBPs and antibodies.2 In another
example, we synthesized dozens of pairs of Neu5Ac/Neu5Gc
containing glycans, which were used by researchers to identify
novel Neu5Gc specific toxins/lectins. 3 Additionally, a micro-
array that contains 36 enzymatically prepared N-glycans

demonstrated that internal epitopes and/or modifications of
terminal epitopes could influence glycan-protein interactions.
Other developed commercial glycan microarrays include N-
glycan isomer array (100 N-glycans, manuscript in prepar-
ation), ganglioside array (58 structures), and human milk
oligosaccharide array (46 structures), etc. We believe these
focused microarrays will serve as ideal tools in understanding
details of glycan-protein interactions, finding applications in
various research areas.
References

1 Wang, L. et al. Cross-platform comparison of glycan
microarray formats. Glycobiology 24, 507-517, (2014).

2 Wang, S. et al. Facile Chemoenzymatic Synthesis of O-
Mannosyl Glycans. Angewandte Chemie 57, 9268-9273,
(2018).

3 Wang, J. et al. Specificity and utility of SubB2M, a new
N-glycolylneuraminic acid lectin. Biochemical and biophys-
ical research communications 500, 765-771, (2018).

(210) Conservation of oxygen-dependent glycosylation in a
plant pathogen, and implications for its dedication to the

SCF ubiquitin ligase subunit Skp1
Hanke van der Wel, Hyun Woo Kim, Nitin Daniel, Msano

Mandalasi, Zachary Wood and Christopher M. West
Department of Biochemistry & Molecular Biology,

University of Georgia, Athens, GA 30602

Skp1 is hydroxylated by an oxygen-dependent prolyl hydro-
xylase (PhyA) that is postulated to be critical for oxygen-
sensing in unicellular protists. In turn, glycosylation of the
hydroxyproline is required to mediate, at least in part, the
effect of prolyl hydroxylation. The mechanism involves an
effect of the glycan on Skp1 conformation, which correlates
with increased association of Skp1 with F-box proteins that
serve as substrate receptors for E3(SCF)ubiquitin ligases.
The glycan consists of five sugars, each of whose addition is
mediated by a discrete cytoplasmically-localized sugar
nucleotide-dependent glycosyltransferase (GT). In the social
amoeba Dictyostelium, addition of the first sugar is mediated
by a soluble alpha-GlcNAc-transferase (Gnt1), the second
and third sugars are added by separate domains of the same
processive di-GT (PgtA), and the fourth and fifth sugars are
added by the same catalytic domain of a GT (AgtA) that
possesses a separate Skp1-recognition domain. The agent for
human toxoplasmosis, Toxoplasma gondii, conserves Gnt1
and PgtA but utilizes unrelated GTs for addition of the
fourth (Glt1) and fifth (Gat1) sugars.

To further investigate the conservation and specificity of this
cytoplasmic glycosylation pathway, we investigated related genes
from the plant pathogen Pythium ultimum, an oomycete that
causes damping off and root rot disease of hundreds of agricul-
turally important plants. Coding sequences for its PhyA and
Gnt1 (the first GT) form a gene fusion that can complement a
PhyA-deficiency in Dictyostelium, confirming a conserved func-
tion. Recombinant PhyA/Gnt1 is a Skp1 GlcNAc-transferase in
vitro. This suggests the possibility of substrate channeling that
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glycosylates all products of the prolyl hydroxylase reaction. In
addition, it provides support for the model that PhyA serves
solely to modify Skp1 because tritium-based biochemical com-
plementation experiments using Dictyostelium and Toxoplasma
Gnt1-KO extracts reveal only Skp1 as a Gnt1 substrate.
Pythium has a homolog of Gat1, which we show to be structur-
ally and functionally conserved with the fifth GT of
Toxoplasma. Thus Gat1 is the primordial fifth enzyme, having
been replaced by AgtA in amoebozoa en route to its evolving
into the initiating glycogen GT glycogenin in yeast and animals.
Overall, the data confirm the wide-spread distribution of this
novel complex hydroxylation/glycosylation pathway in the cyto-
plasm of protists and further implicate Skp1 as its sole target.
The prevalent fusion of Skp1 modification enzymes suggests
that addition of only the odd-numbered sugars is regulated,
because of anticipated processivity of the pairwise bi-functional
enzymes that constitute the pathway in different protists.

(211) Analysis and recognition of anionic and zwitterionic
glycans from invertebrates

Iain B. Wilson, Alba Hykollari, Barbara Eckmair, Shi Yan,
Jorick Vanbeselaere and Katharina Paschinger

Universität für Bodenkultur Wien

Recent data indicates that the diversity of N-glycan modifica-
tions in non-vertebrate species is extremely high. From our
own studies on Dictyostelium, Trichomonas, Penicillium,
molluscs, insects (whether mosquitoes, moths or the honey-
bee) and nematodes (includingCaenorhabditis), a wide range
of new glycan modifications have been demonstrated using
an off-line HPLC/MALDI-TOF-MS workflow. Particularly
underrepresented in older studies are the ‘charged’ modifica-
tions of N-glycans from lower eukaryotes, such as glucuronic
acid, sulphate, phosphoethanolamineand phosphorylcholine.
Here we summarise recent glycomic data on N-glycans from
insect and nematode sources as well as selectedarray data on
natural oligosaccharides from such organisms. Not only are
there surprises in terms of structures and complexity, but
interactions ofpotential biological relevance between N-gly-
cans and pentraxins orantibodies could be defined.

(212) Synergistic action of galectin-3 and human α-L-
fucosidase 2 in the bactericidal effects of Helicobacter pylori

infection
Shang-Chuen Wu1,4, Danny Yao1, Hau-Ming Jan1, Cheng-
Te Hsiao1, Bhaswati Ghosh1, Peng-Yuan Chen1, Sasikala
Muthusamy1, Chuen-Jiuan Huang1, Zhijay Tu1, Hsien-Ya
Lin1, Ya-Jen Chang6, Mou-Chieh Kao5, Kay-Hooi Khoo1,4,

Takashi Angata1,4 and Chun-Hung Lin1,2,4
1Institute of Biological Chemistry, Academia Sinica, Taipei,
Taiwan; 2The Genomics Research Center, Academia Sinica,

Taipei, Taiwan; 3Department of Chemistry, National
Taiwan University, Taipei, Taiwan; 4Institute of

Biochemical Sciences, National Taiwan University, Taipei,
Taiwan; 5Institute of Molecular Medicine and Department

of Life Science, National Tsing Hua University, Hsinchu,
Taiwan; 6Institute of Biomedical Sciences, Academia Sinica,

Taipei, Taiwan

Helicobacter pylori has persistently colonized over 50% of
the global human population. Although most of infected
remain asymptomatic yet a minor percentage of people
develop gastritis, gastric ulcers, and gastric carcinomas. This
is due to the highly stringent host immunity against patho-
gens and existence of dynamic host-pathogen interplay.
More recent studies have shown that galectin-3 is up-regu-
lated and secreted out by the gastric epithelial cells into the
surface mucus layer as a response to H. pylori infection.
This lectin can directly bind to the lipopolysaccharides
(LPS), leading to bacterial aggregation and subsequent bac-
tericidal effects. However, fucose decorated O-antigen of H.
pylori LPS is not a preferred epitope for galectin-3 binding.
Thus, it is of significant scientific interest to decipher how
fucosylated LPS influences binding affinity of galectin-3 and
its effect on galectin-3 mediated bactericidal effects.

In order to evaluate the interaction between galectin-3 and
H. pylori LPS, we synthesized various fucosylated Lewis anti-
gens (including LeY-LeX, LeX-LeX and α 1,2-fucosyl type 2-tetra-
ose) those are similar to O-antigen representing the differential
levels of fucosylation.The results clearly demonstrated the modu-
latory role of fucose, as fucose residues reduced the binding
affinity of galectin-3. Our lab previously reported that human
FUCA2 is secreted upon H. pylori infection. Interestingly, our
current data shows that FUCA2 could remove fucose on LPS
with the order of cleavage preference as α 1-2 > α 1-3 > α 1-4.
Since H. pylori LPS has many α 1-3 fucose residues, the prefer-
ence of cleavage is from non-reducing end of O-antigen. On the
other hand, FUCA1, a human lysosomal fucosidase could only
remove α 1-2 linkage. Hence, the FUCA2 treatment was able to
remove fucose residues on its LPS to expose the poly- or oligo-
LacNAc structure that consistently, appeared to be a favored
epitope for galectin-3 binding (10-fold higher binding ability, as
compared to the untreated LPS). Consequently, the galectin-3-
mediated bactericidal effect is increased in FUCA2-treated H.
pylori. Taken together, these results clearly depict that galectin-3
and human FUCA2 act synergistically to enhance bactericidal
effects.

(213) Large Scale N-glycan Preparation from Soy Proteins
by Oxidative Release of Natural Glycans (ORNG)

Yuyang Zhu, Yi Lasanajak, David F. Smith and Xuezheng
Song

Department of Biochemistry, Emory Comprehensive
Glycomics Core, Emory University School of Medicine,

Atlanta, GA 30322, USA

With escalating interest in glycans and their functions, functional
glycomics, which is the systematic study of the glycome, has wit-
nessed significant development in the past decades. However,
unlike DNA, RNA or proteins, biosynthesis of glycans are post-
translational and not template-driven. Natural glycans are often
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complex branched structures that are difficult to access in large
scales (milligrams to grams) through either chemoenzymatic syn-
thesis or natural product isolation. We have recently developed
a novel approach termed oxidative release of natural glycans
(ORNG), in which household bleach can be used to directly
release glycans from a large amount (kilograms) of natural mate-
rials such as animal/plant tissues. Here we report a large-scale
preparation of N-glycans from a kilogram of commercial soy
proteins using ORNG. Soy proteins were treated with sodium
hypochlorite and the released N-glycans were separated from
low molecular weight oxidative product and salts using size
exclusion chromatography (SEC). The N-glycan fraction was
labeled with the florescent tag, (spell out the name) (AEAB), by
reductive amination and separated from excess labeling reagents
using size exclusion chromatography. The mixture of glycan-
AEAB conjugates was then applied to a preparative amino col-
umn, which separated mixture into eight fractions. Each of the
eight fractions was separated on preparative scale C18 reverse
phase HPLC system for second dimensional purification. From
the mixture of released N-glycans we purified 17 N-glycans to
apparent homogeneity (>95%), which was confirmed by re-pro-
filing on both C18 and amino columns and subsequent analysis
by MALDI-TOF-MS and MS/MS. The major component from
this process was 125mg of Man8GlcNAc2 with the minor com-
ponents Man6-7GlcNAc2 and Man3GlcNAc2XylFuc ranging
from 17 to 59mg. Six of the purified glycans were characterized
by 1H and/or 13C NMR spectroscopy. Like any degradative
process, the ORNG process can generate byproducts from side
reactions, which we are working to control to enhance the effi-
ciency of this simple process. To that end, several byproducts
were identified, and from these data, we were able to propose
potential mechanisms for the oxidative release of natural N-gly-
cans from glycoproteins. Microarray binding assay results con-
firmed the proposed structures of the purified ORNG released
N-glycans. Since the capacity of this process is limited only by
the size of the reaction vessels available, the ORNG approach
represents a valid, complementary route to synthetic approaches
for the preparation of multi-milligram quantities of biomedically
relevant complex glycans.

(214) Anthranilic Acid as a Versatile Fluorescent Tag and
Linker for Gycan Bioconjugation and Microarrary

Preparation
Yuyang Zhu, Xueyun Liu, Ying Zhang, Yi Lasanajak,

David F. Smith and Xuezheng Song
Department of Biochemistry, Emory Comprehensive

Glycomics Core, Emory University School of Medicine,
Atlanta, GA 30322, USA

The advancement of glycoscience is critically dependent on
the access to a large number of glycans for their functional
study. Naturally occurring glycans is considered a viable
source for diverse and biologically relevant glycan libraries.
A mixture of free reducing glycans released from natural
sources can be fluorescently tagged and separated by chro-
matography to produce a natural glycan library. Anthranilic

acid (AA) has been widely used to fluorescently tag reducing
glycans for HPLC or LC/MS analysis. However, AA conju-
gated glycans are not efficiently immobilized on microarray
slides due to the lack of primary alkylamine functional
group. In this proposal, we have developed efficient chemis-
try for bioconjugation and further functionalization of gly-
can-AA conjugates so that neoglycoproteins and glycan
microarrays can be quickly prepared from glycan-AA conju-
gates, which can be separated by weak anion exchange
(WAX) and C18 reverse phase HPLC.

(215) Microbial Exposure Influences the Generation of
Anti-Blood Group Antibodies

Connie M. Arthur1, Xiaoxi Zhou1, Nourine A. Kamili1,
Marcelo D. Baruffi4, Steve Henry3, Richard D. Cummings2

and Sean R. Stowell1
1Emory University School of Medicine, Atlanta, GA; 2Beth
Israel Deaconess Medical Center, Harvard Medical School,
Boston, MA; 3Auckland Univsersity of Technology, School

of Engineering, Computer and Mathematical Sciences,
Auckland, New Zealand; 4University of Sao Paulo, Ribeirao

Preto, Brazil

Anti-blood group antibodies represent one of the most sig-
nificant barriers to transfusion and transplantation.
However, despite the discovery of ABO(H) blood group
antigens and corresponding anti-ABO(H) antibodies over a
century ago, the mechanism through which these antibodies
form remains relatively unknown. This lack of understand-
ing largely reflects a lack of suitable models capable of defin-
ing key players that impact anti-ABO(H) antibody
formation. To overcome this limitation, we generated a
mouse model that lacks the mouse blood group B disacchar-
ide (Bm). Using this model, we demonstrated that Bmnegative
recipients spontaneously develop varying levels of anti-
Bmantibodies within the first few weeks of life, similar to
humans. To determine whether environmental exposure
may impact anti-Bmantibody formation, we specifically
housed Bmnegative recipients in sterile conditions to deter-
mine whether microbial exposure specifically impacts anti-
Bmantibody induction. Remarkably, Bmnegative recipients
housed in sterile conditions failed to form any detectable
anti-Bmantibodies for over a year, strongly suggesting that
microbial exposure may actually be a requirement for natur-
ally occurring anti-Bm antibody development. Consistent
with this, cross fostering from sterile conditions to conven-
tionally housed dams allowed normal anti-Bm antibody
formation in fostered pups, while non-fostered littermate
controls remained anti-Bm antibody negative. Moreover,
exposure of adult Bm negative recipients housed in sterile
conditions to blood group positive microbes isolated from
conventionally housed Bm negative recipients induced anti-
Bm antibody sufficient to readily clear Bm positive red blood
cells. In contrast, exposure to blood group negative microbes
failed to produce any detectable anti-Bm antibody. Taken
together, these results demonstrate a vital role for microbial
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exposure on the development of anti-Bm antibody in blood
group negative mice and provide valuable insight into the
mechanism of anti-blood group antibody formation in blood
group negative individuals.

(216) Development of a novel yeast cell-based system for
studying Core 1-ß3Galactosyltransferase and its Molecular

Chaperone Cosmc
Tatiana A. Chernova1, Qian Wang1, David F. Smith1 and

Tongzhong Ju1,2
1Department of Biochemistry, Emory University School of
Medicine, Atlanta, GA 30322; 2Office of Biotechnology

Products, Food & Drug Administration, Silver Spring, MD
20993

O-glycosylation is one of most common protein posttransla-
tional modifications. O-glycans on glycoproteins play piv-
otal roles in many biological processes, including cell
signaling, cell adhesion, and immune modulation. Not sur-
prisingly, in pathological situations such as cancer, O-gly-
cans on diseased cells are altered, and more importantly the
aberrant O-glycans may contribute to the development and
progression of cancer. O-glycans are synthesized by sequen-
tial actions of glycosyltransferases. Among them, Core 1
ß3Galactosyltransferase (core 1 ß3GalT, T-synthase) is the
key enzyme in the O-glycosylation pathway responsible for
converting the Tn antigen to core-1 structure, the precursor
of most O-glycans on cell surface. Interestingly, biosynthesis
of active Core 1 ß3GalT requires specific molecular chaper-
one Cosmc (Core 1 ß3GalT Specific Molecular Chaperone),
which mainly localizes in endoplasmic reticulum (ER), binds
T-synthase, assists its folding andpreventsits aggregation/
proteasomal degradation. Alterations in Cosmc are asso-
ciated with human diseases, such as Tn-syndrome, and can-
cers. However, a detailed understanding of how they affect
the molecular interactions between Core 1 ß3GalT and
Cosmc remains elusive. To address this matter, we decided
to use buddingyeastSaccharomyces cerevisiae, one of the
most powerful modelorganisms for studying fundamental
aspects of eukaryotic cell biology. We constructed plasmids
for expression of T-synthase and Cosmc under control of
copper inducible promoter and transformed them into the
yeast S. cerevisiae. Expression of T-synthase and Cosmc was
confirmed by Western blot analysis using protein specific
antibody. We used 4-methylumbelliferone fluorescence assay
to measure Core 1 ß3GalT activity in yeast cells crude
extract and demonstrated that similar to mammalian cells
T-synthase activity requires presence of its chaperone
Cosmc. Protein localization in the yeast cell was investi-
gated through expression of T-synthase and Cosmc fused
with Green and mCherry Fluorescent Protein respect-
ively. Proteins were imaged in living cells using fluores-
cent microscopy. We found that same as in mammalian
cells T-synthase and Cosmc colocalize in ER in yeast. It
has been shown previously in mammalian cells that T-
synthase aggregates when Cosmc is not present or

mutated. We found that T-synthase in yeast cells also
forms aggregates. To characterize these aggregates, we used
Semi-Denaturating Detergent Agarose Gel Electrophoresis,
a method for detecting and characterizing large protein
polymers. Our results indicate that Core 1 ß3GalT protein
forms aggregates with amyloid–like features. The details on
how Cosmc interacts with Core 1 ß3GalT and possible
other proteins/chaperones are under investigation. Our
model system will aid to uncover the molecular mechanism
behind the human diseases associated with dysfunction of
Cosmc.

(217) Pro-survival EGFR signaling and cell surface
proteomic analysis of iPS-derived neural crest cells in a

human ganglioside deficiency
Michelle T. Dookwah1, Kazuhiro Aoki1, Michael Kulik2,
Stephen Dalton2, Richard Steet1 and Michael Tiemeyer1
1Complex Carbohydrate Research Center; 2Center for

Molecular Medicine, University of Georgia, Athens, Georgia

Salt & Pepper Syndrome (S&PS) is an autosomal recessive
neurological disorder characterized by seizures, severe intel-
lectual disability, choreoathetosis, dysmorphic facial fea-
tures, and altered skin pigmentation. S&PS is caused by a
mutation in the ST3GAL5 gene that encodes GM3 synthase,
a glycosphingolipid-specific sialyltransferase. ST3GAL5
synthesizes GM3 ganglioside by adding sialic acid to lacto-
sylceramide. Both GM3 and ST3GAL5 are highly enriched
in neural tissues. S&PS and normal fibroblasts were reverted
to pluripotency and the resulting induced pluripotent stem
cells (iPS cells) were subsequently differentiated to neural
crest cells (NC cells) to investigate neural specific glycosyla-
tion and signaling alterations associated with loss of GM3.
As expected, GM3 is undetectable in S&PS iPS and NC cells.
N-linked glycosylation was altered in S&PS NC cells such
that the abundance of high-mannose glycans was increased,
a phenomenon previously described in cells undergoing
apoptosis. Consistent with this glycomic change, increased
cleaved caspase 3 was detected as S&PS iPS cells differenti-
ate toward NC. Since glycosphingolipid abundance and
glycoprotein glycosylation both modulate receptor signaling
in numerous contexts, we assessed the activity of a spectrum
of receptor tyrosine kinase pathways. Altered expression
and phosphorylation of the Erb family of receptor tyrosine
kinases was detected by kinase array and was subsequently
validated by western blot analysis. A significant increase in
EGFR protein expression and phosphorylation was also
detected at the mid-point in NC differentiation, concurrent
with the increase in cleaved caspase activity. S&PS iPS cells
that escape apoptosis are able to differentiate into NC cells
based on the expression of NC markers. However, end-point
proteomic analysis of NC cell-surface glycoproteins by
Selective Exo-Enzymatic Labeling (SEEL) revealed changes
in N-linked glycosylated protein expression in S&PS NC
cells compared to normal cells. S&PS iPS cells provide a
novel platform to investigate the influence of
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glycosphingolipids on cell signaling and cell surface protein
presentation in derived cell types.

(218) A potential link between Drosophila Pngl and AMPK
signaling

Seung Yeop Han1, Antonio Galeone1,2 and
Hamed Jafar-Nejad1

1Baylor College of Medicine, Houston, TX; 2University of
Milan, Milan, Italy (current address)

Mutations in human N-glycanase 1 (NGLY1) cause a rare
developmental disorder with global developmental delay and a
host of other phenotypes including neuropathy, movement dis-
order, and chronic constipation. NGLY1 is a cytoplasmic degly-
cosylation enzyme capable of removing N-linked glycans from
N-glycoproteins. To understand the pathophysiology of
NGLY1 deficiency, we have characterized mutations in the
Drosophila NGLY1 homolog, PNGase-like (Pngl). We previ-
ously reported that loss of Pngl impairs Drosophila BMP signal-
ing during intestinal development (Galeone, Han, et al., eLife,
2017). However, loss of BMP signaling can only explain some
of the intestinal phenotypes in Pngl mutants and is not the pri-
mary cause of lethality in these animals. One of the Pngl mutant
phenotypes that cannot be fully explained by the loss of BMP
signaling is that they fail to empty their guts at the end of the lar-
val stage. The resulting food accumulation phenotype is likely to
contribute to the developmental delay and lethality of Pngl
mutant larvae. The activity of the visceral muscle (VM) sur-
rounding the midgut is critical for gut clearance. We did not
observe gross morphological defects in the Pngl mutant midgut
VM. However, Pngl mutants showed a significant decrease in
intestinal peristalsis. It has previously been reported that muta-
tions in Drosophila AMPKα result in a food accumulation
phenotype in the larva stage associated with decreased gut peri-
stalsis. Accordingly, we examined whether decreased AMPK sig-
naling can explain the food accumulation and lethality in Pngl
mutants. I will present genetic and biochemical evidence suggest-
ing a potential link between Pngl and the energy sensor AMPK.

Supported by the Grace Science Foundation.

(219) Identification of glycoprotein and glycan cell surface
markers for ventricular-, atrial- and nodal-like

cardiomyocytes
Sarah A. Konze1,2, Karsten Cirksena1,2 and Falk F. R.

Buettner1,2
1Institute of Clinical Biochemistry, Hannover Medical
School, Hannover, Germany; 2REBIRTH Cluster of

Excellence, Hannover Medical School, Hannover, Germany

Heart failure and coronary heart diseases are a major cause
of death, especially in western industrialized countries
(Townsend et al., Eur. Heart J., 2015). In case of terminal
heart failure, heart transplantation is the only possible cure,
but donor organs are scarce. Therefore, recent approaches in
regenerative medicine aim at replacing damaged cardiac tis-
sue by pluripotent stem cell-derived cardiomyocytes.

Importantly, the heart comprises several subtypes of cardio-
myocytes, i.e. ventricular, atrial and nodal (pacemaker) car-
diomyocytes, differing in their spatial distribution, gene
expression and physiological properties. Thus, depending on
the patient’s disease, grafts with specific subtype composi-
tions will be needed. However, recent differentiation proto-
cols do still not produce pure populations of specific
cardiomyocyte subtypes from pluripotent stem cells.
Moreover, due to a lack of cell surface markers, further puri-
fication e.g. by cell sorting is not possible yet. Therefore, our
aim is to identify glycoproteins or glycans located specifically
at the cell surface of ventricular-, atrial- or nodal-like cardio-
myocytes, which can be used as markers for the different cell
types. To achieve this, we apply a CRISPR/Cas9-mediated
knock-in of GFP in human induced pluripotent stem cells
(hiPSCs) downstream of genes known to be specifically
expressed in the different cardiomyocyte subtypes. Upon car-
diomyogenic differentiation of the modified hiPSCs, specific
cardiomyocyte subtypes will be enriched based on GFP
expression and will be used to study the glycoproteome and
glycome in order to identify novel cell surface markers for
ventricular, atrial and pacemaker cardiomyocytes.

(220) Defining the impact of O-GlcNAc on fertility of
C. elegans males

Dan Konzman, Michelle Bond, Tetsu Fukushige, Mike
Krause and John Hanover

NIH / NIDDK

Fertility is impacted by environmental factors including diet,
xenobiotics, and stress. O-GlcNAc is an important post-
translational modification involved in diverse pathways
including nutrient signaling, stress response, and sperm biol-
ogy. Though lethal in most metazoans, loss of function of
O-GlcNAc transferase (ogt-1) is viable in C. elegans, though
these animals are devoid of O-GlcNAc-modified proteins.
Though hermaphrodite ogt-1 mutants appear generally
healthy and their fertility is not significantly compromised,
ogt-1 males have a four-fold reduction in mating success.
This is striking since spermatogenesis occurs in both sexes,
though there are several well-characterized differences.
Males produce larger sperm that outcompete hermaphrodite
sperm and have unique signaling pathways that regulate
spermatogenesis and mating. Despite what is known about
C. elegans male biology, the mechanistic link between O-
GlcNAc and fertility is unclear.

Development of the male copulatory organ may play a
role in the ogt-1 phenotype, as our analysis found a signifi-
cant increase in developmental defects at a low penetrance.
Sperm tracking assays demonstrated that a reduced number
of sperm from ogt-1 males enters hermaphrodites, which
may result from aberrant sperm motility or defective mating
behavior. These data suggest developmental and behavioral
defects are contributing to reduced fertility, but another pro-
cess is likely to be a key factor.
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Sperm count and morphologic defects in sperm activation
will be determined. Motility will be assayed with live
imaging both in vitro and in vivo by migration to the herm-
aphrodite spermatheca. We will exploit the genetic amen-
ability of C. elegans to test the contributions of different
candidate tissues to the fertility defect. We will test the tis-
sue-specificity of the ogt-1 phenotype with tissue-specific res-
cue experiments. We have found that ogt-1 males often fail
to transfer sperm and have an increase in tail defects, which
suggest the possibility of a problem in mating behavior. To
test this, we will conduct assays of the well-characterized,
stereotypical behaviors of male mating. Further experiments
using genetic and biochemical tools will be used to dissect
experimental findings.

(221) Improved and semi-automated reductive β-elimination
workflow for higher throughput protein O-glycosylation

analysis
Maximilianos Kotsias1,2, Radoslaw P. Kozak1, Richard A.

Gardner1, Manfred Wuhrer2 and Daniel I. Spencer1
1Ludger Ltd; 2Leiden University Medical Centre

Protein O-glycosylation has shown to be critical for a wide
range of biological processes, resulting in an increased inter-
est in studying its alterations in biological samples as disease
biomarkers as well as for patient stratification and persona-
lized medicine.

Whilst O-glycosylation has been reported to be a com-
mon post-translational modification of proteins, it is
demanding from an analytical point of view. O-glycan
changes can be complex and subtle, often requiring a large
number of samples to be analysed in order to obtain conclu-
sive results.

Although considerable progress has been made with
respect to rapid sample preparation, method integration and
robotization decreasing the hands-on time required to pre-
pare and measure glycan samples, there is still a considerable
gap between O- and N-glycan glycomics in terms of
throughput. Most of the O-glycan analysis work done so far
has been performed using glycoanalytical technologies that
would not be suitable for the analysis of large sample sets,
mainly due to limitations in sample throughput, resolution
and affordability of the methods. The development of auto-
mated workflows is necessary to reduce the time required to
prepare and measure O-glycan samples as well as provide a
system that is easy to operate, repeatable and reliable.

Automated workflows can be obtained by using liquid
handling robots for sample processing, cleanup and sample
preparation. Automated platforms can take over many of
the time-consuming and labour-intensive steps, providing
similar performance to expert manual labour and even out-
performing manual sample preparation when large cohorts
are measured.

Here we report a largely automated system for O-glycan
analysis. We adapted the reductive β-elimination release of

O-glycans to a 96-well plate format and transferred the
protocol onto a liquid handling robot. Release of O-glycans
for 96 samples was achieved within 2.5 hours and post-
release purification and derivatization by permethylation
was performed in 10 hours. The automated data acquisition
on MALDI-TOF-MS took less than 1minute per sample.
The method has been validated according to the ICH Q2
(R1) guidelines using a BSM (bovine submaxillary mucin)
type I-S glycoprotein standard that contains complex and
heterogeneous types of O-glycans. Results of the automated
method were in good agreement with the manual reference
system and even outperformed it in terms of repeatability,
being able to produce lower CVs.

To our knowledge, this is the first largely automated
workflow for O-glycan release that has been adapted for its
execution on a liquid handling robot.

The method has been successfully applied to characterize
O-glycans of colorectal cancer cell lines and biopharmaceut-
ical products. The method has high-throughput potential
and is suitable for the characterization and relative quantita-
tion of O-glycans from biological samples as well as
biopharmaceuticals.

(222) Development of Anti-Glycan VLRB Libraries from
Immunized Lampreys

Tanya R. McKitrick1, Charles Rosenberg2, Jamie Heimburg-
Molinaro1, Nick Rivers1, Dave Smith3, Max Cooper2, Brant

Herrin2 and Richard D. Cummings1
1Beth Israel Deaconess Medical Center, Harvard Medical

School, Boston, MA; 2Emory University School of Medicine,
Atlanta, GA; 3Emory University, Department of

Biochemistry

Studies on the expression and structure of cellular glycans
are limited by the lack of sensitive tools that can discriminate
specific structural features. Here we describe the develop-
ment of a robust platform using immunized lampreys
(Petromyzon marinus) for generating libraries of anti-glycan
variable lymphocyte receptor B (VLRB). Adjuvant-free
immunization with whole fixed cells, tissue homogenates,
and human milk generated a wide variety of target-specific
antibodies detectable in lamprey plasma. The cDNAs from
lamprey lymphocytes were cloned into yeast surface display
libraries for enrichment, and monoclonal VLRB-Ig chimeras
were produced for screening and characterization. By this
approach, we generated a dozen monoclonal VLRBs that
recognize specific glycan antigen epitopes as profiled by gly-
can microarrays. These reagents, termed smart anti-glycan
reagents (SAGRs), are useful for all types of glycan analyses,
including Western blots and flow cytometry. Comparative
amino acid sequences of each VLRB suggest specific
sequences determine specificity for interactions. The use of
SAGRs will help to elevate and enhance future studies on
glycan expression by providing sequenced antibodies for use
in many types of research formats.
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(223) O-GlcNAc regulates intestinal stem cell proliferation
and gut regeneration in Drosophila

Hyun-jin Na, Ilhan Akan, Lara Kimberly Abramowiz,
Michelle Bond and John Allan Hanover

Laboratory of Cellular and Molecular Biology, National
Institute of Diabetes and Digestive and Kidney Diseases,

National Institute of Health

The O-GlcNAc transferase (OGT) and O-GlcNAcase (OGA)
regulate the dynamic cycling of the post-translational modifi-
cation O-GlcNAc in a nutrient- and stress-responsive man-
ner. O-GlcNAc contributes to tissue development and is
implicated in cancer malignancy. Drosophila is a powerful
model system for studying adult stem cell biology and find-
ings have implications for aging-related diseases and stem
cell-derived diseases, including cancers. Drosophila intestine
is high conserved with mammal intestine with respect to the
signaling pathways that control intestinal development,
regeneration and disease. Drosophila intestine stem cells
(ISCs) are critical for tissue maintenance and homeostasis
under nutrient- and stress-responsive conditions, such as oxi-
dative stress. However, the role of O-GlcNAc in intestinal
stem cells remains unknown. Our findings indicate that O-
GlcNAc levels increase in intestinal stem cells under aging
and oxidative stress-related conditions. In addition,
increased O-GlcNAc (by knockout of OGA) leads to O-
GlcNAc expression, ISC hyperproliferation, activation of
DNA damage repair, and AKT/TOR expression in the
Drosophila midgut. Deficiency of O-GlcNAc (by knockout
of OGT) did not increase ISC proliferation and DNA dam-
age repair activity in intestinal stem cells under oxidative-
related stress condition. These studies identify that O-
GlcNAc is important for intestinal stem cell proliferation
and gut regeneration. Therefore, our studies underscore the
read to define the role of O-GlcNAc plays in age-related dis-
eases and adult stem cell-derived diseases, such as cancer.

(224) Paired Data Analysis of Glyco-gene Transcripts and
Glycan Structural Data Derived from Differentiated Human

Stem Cell Lineages
Alison V. Nairn1, Harrison Grace1, Katelyn Rosenbalm1,
Melina Galizzi1, Mitche dela Rosa1, Mindy Porterfield1,
Michael Kulik3, J. Michael Pierce1,2, Stephen Dalton3,

Michael Tiemeyer1,2 and Kelley W. Moremen1,2
1Complex Carbohydrate Research Center / University of
Georgia; 2Department of Biochemistry and Molecular
Biology, University of Georgia; 3Center for Molecular

Medicine, University of Georgia

The differentiation of human embryonic stem cells (hESCs)
is being used a model to study the changes in glycan-related
gene transcripts and glycan structural changes that occur
during cellular differentiation. A combination of high-
throughput qRT-PCR and RNA-Seq data were collected for
~900 glycan-related genes to identify changes that occur dur-
ing stem cell development, including those that may interact

with or regulate glycan-related gene expression. The long-
term goals are to identify changes in transcript abundance
for glycan biosynthetic and catabolic genes, assign these
transcript changes to metabolic pathway steps, and correlate
the data with parallel analysis of glycan structures derived
from mass spectrometry analysis. The ability to analyze and
visualize changes within and between two disparate analyt-
ical data types is challenging because the forms of the result-
ing data and the scaling of the data are quite different. In
addition, changes in key regulatory enzyme abundance may
lead to changes in glycan flux at pathway endpoints that are
remote from the respective regulated pathway step.
Previously, we developed a pathway visualization tool to
address this issue through the use of the Metscape plug-in
associated with the open source software Cytoscape for ana-
lyzing trimming and branching of high mannoseN-linked
glycosylation. This visualization framework for pathway
analysis allows the creation of intuitive biosynthetic path-
ways where changes in both glycan structures derived from
MS analysis and changes in transcript abundances deter-
mined by RNA-Seq and qRT-PCR can be highlighted. The
use of this unified platform for the display of both data types
allows the identification of correlative changes that occur
during cellular differentiation. The pathway visualization
framework has now been extended to include capping reac-
tions such as sialylation, fucosylation and poly-lactosamine
extension of the coreN-glycan structures to compare results
from glycan structural analysis and transcript abundance
data for undifferentiated H9 human ES cells as well as H9
cells differentiated into cardiac progenitors (WT-1), smooth
muscle (SM), a hepatic lineage (Liver) and neural crest (NC).
These differentiated cell lineages encompass all three germ
layers; endoderm (Liver), mesoderm (WT-1 and SM) and
ecotoderm (NC), and will highlight germ layer-specific
changes in glycan-related gene expression and glycan struc-
tural information. (supported by NIH grant P41GM103490
to JMP).

(225) The Development and Characterization of Antibodies
to Site-specific O-GlcNAc modified Histones for Epigenetic

Research
Marla Popov1, David Baldwin1 and Ron Orlando1,2
1GlycoScientific; 2CCRC, The University of Georgia

O-glycosylation of nuclear and cytoplasmic proteins by a
single β-N-acetyl-D-glucosamine moiety (O-GlcNAc) is a
common post-translational modification that is highly
dynamic and fluctuates in response to cellular stimuli. This
type of glycosylation has been found on approximately a
thousand human proteins to date and is thought to be nearly
as widespread and abundant as protein phosphorylation.
Many of the first proteins identified carrying this modifica-
tion were transcription factors, and it became apparent in
the last several years that O-GlcNAc plays a significant role
in chromatin remodeling and gene expression.
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Given the complexity of the histone code, site-specific
antibodies are needed to begin to elucidate the hierarchy of
modifications as well as the biological significance of single
and multiple post-translational modifications of the histones.
We have developed and approach to provide high-affinity
site-specific O-GlcNAc antibodies that appear to overcome
issues related to small carbohydrates being poor antigens
and the O-GlcNAc modified epitopes being self-antigens.
These site-specific antibodies require a more elaborate char-
acterization scheme than other antibodies as they need to
demonstrate both a preference for the O-GlcNAcylated spe-
cies over the native peptide sequence and a specificity to the
amino acid sequence. We use a multi-step evaluation process
to characterize our antibodies. 1) ELISA assay, to determine
the preference of the antibody to the O-GlcNAcylated pep-
tide over the unmodified form; 2) Cross-reactivity of the
antibody to other peptide sequences modified with O-
GlcNAc; 3) Immunoprecipitation increasing wash stringen-
cies and 4) Evaluation of the site-specific O-GlcNAc histone
antibodies for their potential as ChIP-Seq reagents. Using
this process, we have authenticated our site-specific O-
GlcNAc antibodies and have demonstrated that they possess
the preference and specificity needed for epigenetic research.
The work was supported by R44GM110887.

(226) A Molecular switch orchestrates enzyme specificity
and secretory granule morphology

Kelly G. Ten Hagen, Suena Ji, Nadine Samara, Leslie
Revoredo, Liping Zhang, Duy T. Tran, Kayla Muirhead and

Lawrence A. Tabak
NIDCR/National Institutes of Health

Regulated secretion is an essential process where molecules
destined for export are directed to membranous granules,
where they undergo packaging and maturation. However,
many of the factors that influence cargo packaging and gran-
ule maturation remain ill-defined. Here, we identify a novel
gene (pgant9) that influences the structure and shape of
secretory granules within the Drosophila salivary gland.
Loss of pgant9, which encodes an O-glycosyltransferase,
resulted in secretory granules that had an irregular, shard-
like morphology and altered glycosylation of granule cargo.
Interestingly, pgant9 undergoes splicing to generate 2 iso-
forms with distinct substrate specificities. Structural deter-
mination by X-ray crystallography reveals that this splicing
event acts as a molecular switch that alters the charge of a
loop controlling access to the active site of the enzyme. The
splice variant with the negatively charged loop rescues secre-
tory granule morphology and is able to glycosylate the posi-
tively charged secretory cargo of the salivary gland. Our
study has uncovered a novel mechanism for dictating sub-
strate specificity within the O-glycosyltransferase enzyme
family. Moreover, our in vitro and in vivo studies suggest
that the glycosylation status of secretory cargo influences the
morphology of maturing secretory granules. Finally, the
molecular switch between positively and negatively charged

loops may have evolved to ensure appropriate glycosylation
of charged cargo present in various tissues.

(227) Altered starch in corn results in masa not suitable for
tamales

Allen K. Murray
Glycan Technologies, Inc

Tamales made from masa prepared by a well known market
in Downey, CA did not hold together and fell apart. This
was a large batch sold to several hundred customers. As a
result, the store suffered serious negative publicity which
impacted their business. The corn used in the preparation of
the masa was suspect. Masa is prepared by first nixtamaliza-
tion of corn which involves cooking for a short period in a
solution of CaOH2 followed by several hours of steeping
which loosens the pericarp. Next the CaOH2 is washed out
andthe corn is ground and mixed with other ingredients to
become masa. The masa then becomes the outer layer of the
tamale inside the corn husk wrapping. The masa appeared
to be normal but on the cooking of the tamales the problem
appeared. During the second cooking the starch goes
through a gelatinization in which starch granules take up
water, swell and amylose and other glucans are leached out.
The gel with the glucans are components contribute to the
binding. Due to widespreadnon–GMO publicity there was
suspicion of contamination by a GMO corn, Enogen, which
has an active heat stable amylase to facilitate production of
ethanol. Samples of known good corn and the suspect corn
were compared. Assays involving incubations at 37, 55 and
80° for 18, 36, and 68 hoursdid not reveal any amylase
activity. Starchy endosperm was excised from the nixtama-
lized corn, homogenized and cooked for 30min increments
with the supernatant changed each time. There is a very sig-
nificant deficiency of glucan polymers released from the
starch of the bad corn compared to the good corn. The defi-
ciency is in the aqueous extract as well as the aqueous com-
ponent of the gel fraction which is involved in the binding in
the tamales. The suspected cause of the problem is unusually
high temperatures in the field which inhibits the enzymes
involved in starch synthesis at a critical time late in the sea-
son. This case was the subject of major legal action.
Subsequent investigation has revealed that this was not an
isolated case but other cases were not investigated and
assumed to be due to Enogen contamination. With global
warming this may become more common.

(228) The Identification and Analysis of Two Arabidopsis
Proteins Responsible for the Methylation of Glucuronosyl

Side Chains of Arabinogalactan Polymers
Peter J. Smith1, Maria J. Pena1, Malcolm O’Neil1, Jason
Backe1, Jin Zhang2, Jay Chen2, Wellington Muchero2,

William S. York1 and Breeanna R. Urbanowicz1
1The Complex Carbohydrate Research Center, University of

Georgia; 2Oak Ridge National Laboratory
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Arabinogalactan Proteins(AGP) are plant cell wall resident
glycoproteins that contain polysaccharide polymers linked
to hydroxyproline residues of a small protein backbone. In
Arabidopsis, these AG polysaccharides are typically com-
posed of a backbone structure of β1-3 linked galactans that
are substituted regularly with β1-6 linked galactan side-
chains. These side chains are often further decorated with α
and β arabinosyl residues as well as other carbohydrates
such as fucose, rhamnose and glucuronic acid, the latter of
which is often found methylated at the 4’ hydroxyl. Recent
studies have demonstrated that methylation of the terminal
glucuronic acid residues of AGP’s is critical in signaling
events during plant reproduction and growth. Here we show
that two Arabidopsis genes are essential for the addition of
methyl substituents to AGP GlcA residues in vivo.
Expression analysis of these two homologous genes, named
agmt1 and agmt2, demonstrate that while one is expressed
ubiquitously throughout all examined tissue types, the other
is specifically expressed within the roots of liquid cultured
Arabidopsis plants. Extracted AGPs from Arabidopsis
agmt1xagmt2 null mutants were analyzed via H1 NMR and
GC-MS and were found to lack 4-O methylation of glucuro-
nosyl side chains when compared to wild type plants.
Furthermore, tissue specific reductions in GlcA methylation
were analyzed in agmt1xagmt2 single and double mutants
and showed that nullification of a single homologue can
result in tissue specific affects. Analysis of extracted xylans
and xyloglucans from the agmt1xagmt2 double mutant dis-
played no differences in methylation content or structure,
suggesting that AGMT1 and AGMT1 act specifically on ara-
binogalactan polymers. Together, this data suggests that
AGMT1 and AGMT2 most likely function as methyl trans-
ferases acting on glucuronosyl residues attached to arabino-
galactan polymers. (This research was supportedby The
Center for Bioenergy Innovation (CBI),a U.S. Department of
Energy Research Center supported by the Office of
Biological and Environmental Research.We alsothank the
Center for Plant and Microbial Complex Carbohydrates
(DESC0015662) for equipment support.)

(229) Molecular recognition and catalysis of a health-
promoting beta-glucan by prominent human gut

Bacteroidetes
Kazune Tamura1, Matthew H. Foley2, Bernd R. Gardill1,
Guillaume Dejean1, Matthew Schnizlein2, Constance M. E.
Bahr2, Filip van Petegem1, Nicole M. Koropatkin2 and

Harry Brumer1
1University of British Columbia; 2University of Michigan

Gastrointestinal health is a cornerstone of our wellbeing and
the composition and physiology of the gut microbiota is heav-
ily influenced by the influx of complex polysaccharides (com-
monly known as “dietary fibre”) from our diet. Mixed-
linkage β-glucan (MLG) from cereals, in particular, has been
linked to a wide range of health benefits, including reduction
of blood cholesterol levels and mitigating metabolic syndrome
[1]. Members of the Bacteroidetes, a dominant phylum in the
human gut, possess an arsenal of polysaccharide utilization
loci (PUL) to target a wide range of complex polysaccharides.
We have identified a PUL in Bacteroidesovatus that is tran-
scriptionally upregulated in the presence of, and necessary for
growth on, barley MLG. Through combined biochemical,
enzymatic, biophysical and structural characterization, we
have illuminated key aspects of the molecular mechanism by
which B. ovatus utilizes β-glucan [2].

Our collection of crystal structures of the two outer mem-
brane glycan-binding proteins reveal the molecular basis
underlying MLG specificity in conjunction with biophysical
studies. We similarly reveal structural basis for specific and
efficient MLGase activity of a cell surface-localized glycoside
hydrolase (GH) family 16 enzyme. Small oligosaccharides
that are liberated from the large MLG polysaccharide at the
cell surface are then imported to the periplasm by a TonB-
dependent transporter. There, the specific breakdown pro-
ducts activate transcription of the PUL via the hybrid two-
component sensor [3] and are eventually reduced to mono-
saccharides by the action of a GH family 3 exo-glucosidase.
Together, these data allow us to outline a pathway by which
these key PUL gene products act in concert to efficiently cap-
ture and metabolize dietary MLG in the competitive distal
gut environment. On a population level, we further reveal
through (meta)genomics that the relevance of MLG metabol-
ism by gut symbionts extends to the majority of humans
regardless of nationality or disease state.

References

1. El Khoury, D., Cuda, C., Luhovyy, B. L., Anderson G. H. (2012)
Beta glucan: health benefits in obesity and metabolic syndrome. J
Nutr Metab. 2012: 1-28
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N. A., Urs, K., Jain, N., Davies, G. J., Martens, E. C., Brumer, H.
(2017) Molecular mechanism by which prominent human gut
Bacteroidetes utilize mixed-linkage beta-glucans, major health-pro-
moting cereal polysaccharides. Cell Rep. 21: 417-430
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