Glycomics: The New
Frontier in Bioinnovation
Achieving Sustainable Development Goals with Our One Health Solutions

Executive Summary
Glycomics is the science of glycans—also called carbohydrates or sugars. In all living
organisms—plants, animals, humans, even bacteria and viruses—glycans are vital to biological
processes, on their own or attached to other biomolecules such as proteins and lipids. Glycan
structures vary enormously, as do their functions in biological systems. Creating subtle
changes in glycans gives us tools to guide biology in health, disease, and biobased industries.
Why Glycomics?

Why Canada?

Why Now?

The global bioeconomy is growing
rapidly, fuelled by investments in
“omics” technologies that equip us to
study, characterize and quantify large
pools of diverse biological molecules.
Genomics (characterizing genes) and
proteomics (characterizing proteins)
have already transformed biotechnology,
with impressive benefits to health and
economies. The human genome project
has returned $141 for every dollar
invested.1

Canada has led the world in glycomics
innovation for health. For example,
Canadian researchers optimized
production of heparin (a type of glycan) to
reduce blood clotting. They also developed
a next-generation vaccine for meningitis
that spurred the entire field of glycanbased vaccines.

As with genomics 20 years ago, glycomics
is at a critical stage—a strategic inflection
point. Glycomics is expected to generate
explosive growth over the next decade in
the biotechnology and pharma sectors.
This largely untapped potential is at
the centre of a new surge of scientific
and industry interest, with breakthrough
innovations helping to solve pressing
global challenges. The Government of
Canada, through GlycoNet, has a window
of opportunity to amplify our national
strength and fully realize Canada’s
potential as a global leader in glycomics
research and commercialization. Like
genomics, glycomics will unlock markets
valued in the tens of billions of dollars
while creating high quality jobs and high
growth companies.

Glycomics—understanding and
manipulating glycans (carbohydrates)
in living organisms—opens far broader
vistas for impact. Every cell within every
organism—humans, animals, plants,
bacteria, viruses—carries a sophisticated
array of glycans. Those glycans guide and
control almost every aspect of biology
in human and animal health. Glycomics
offers new ways to understand and
modulate biological processes, with
breakthrough innovations helping to solve
pressing global challenges and create
new opportunities in biotechnology and
environmental sustainability.

GlycoNet, a federally funded Network
of Centres of Excellence, is now placing
Canada at the global forefront of
excellence in glycomics: new disease
therapies, diagnostics, and vaccines, plus
biomaterials and biomanufacturing.

Glycomics gives new possibilities, alongside genomics
and proteomics. Glycomics will lead the next chapter
in biotechnology innovation—in health, agriculture, and
green energy.

Glycomics is directly relevant to
challenges posed by the World Health
Organization in its One Health approach:
antimicrobial resistance, food-borne
disease, and human–animal–ecosystem
interfaces where diseases, such as
COVID-19 and Ebola, can spread. Glycans
mediate many of the interconnections
among people, plants, animals, and their
shared environments.
Glycomics supports rapid growth in
sustainable agriculture, renewable
materials, and green energy, which
form part of Canada’s 2030 Sustainable
Development Goals.
1
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Glycomics in Action. Glycomics
underpins responses to challenges
posed by Canada’s 2030 Sustainable
Development Goals and the World
Health Organization’s One Health
approach.

Contents

Why Glycomics? .........................................................................................
Glycomics in One Health ............................................................................
Glycomics and Sustainable Development Goals ......................................
Impacts of Glycomics on Global Challenges ............................................
Successes with Glycomics in Health ...................................................
Successes with Glycomics in Sustainable Food and Energy .............

1
2
2
3
3
3

Why Canada? .............................................................................................. 5
Canada’s Investment in Growing Bioinnovation ....................................... 5
Skilled Entrepreneurs and Partners to Grow Canada’s Bioinnovation ..... 5
Why Now? .................................................................................................... 7
Glycomics in Health .................................................................................... 7
Diseases in Aging .................................................................................. 7
Antimicrobial Resistance ....................................................................... 7
Precision Health ..................................................................................... 7
Vaccines and Antivirals ......................................................................... 8
Glycomics in Sustainable Agriculture and Crops ...................................... 8
Crops Resilient to Climate Change ........................................................ 8
Natural Products and Nutraceuticals .................................................... 10
Antimicrobial Resistance in Livestock Production ............................... 10
Plant-based Biotech .............................................................................. 10
Novel Biomaterials and Bioenergy from Biomass ................................ 10
The Strategic Inflection Point for Canadian Glycomics............................. 11
GlycoNet By the Numbers ......................................................................... 12
References .................................................................................................. 13

Glycomics: The New Frontier in Bioinnovation

2

Why Glycomics?
Global biotechnology and pharma are two of the world’s fastest-growing industry
sectors. This global growth has been fuelled by investments in “omics” technologies
that equip us to study, characterize and quantify large pools of diverse biological
molecules. Genomics (characterizing genes) and proteomics (characterizing proteins)
have already had transformative impacts on biotechnology, with impressive benefits to
health and to economies. For example, the human genome project has to date yielded
$141 for every dollar invested.1 Glycomics—understanding and manipulating glycans
(carbohydrates) in living organisms—opens even broader vistas for impact.

Glycomics has already given
us successes in health and
biotechnology, but these are just the
tip of the iceberg.
Every cell within every organism—
humans, animals, plants, bacteria,
viruses—carries a sophisticated array
of glycans. They guide and control
almost every aspect of biology. For
example, the COVID-19 virus uses its
spike protein to attack human cells
through proteins and lipids that carry
glycans, while evading our immune
systems. How we fight infection, how
our bodies heal, how our immune
systems protect us, and how our
agricultural crops resist drought and
pests are all precisely controlled by
glycans.
Why does glycomics have so much
more potential than genomics or
proteomics? The answer is simple:
numbers. The building blocks of
glycans—sugars—can be linked
together in many more ways than the
building blocks of genes or proteins
(Figure 1). This high diversity makes
them rich in information and function.
Adding to the complexity—and
potential—of glycomics, the same
glycan can be linked to other types of
1

Figure 1. Glycans are far more diverse and complex than genes and proteins. Through glycomics, we
can encode subtle physiological and biological functions that genomics and proteomics alone cannot.

biomolecules (DNA, proteins, lipids)
at many different sites. For even more
potential, different glycans can be
linked to the same site. Each change
in a linked glycan results in subtle (and
sometimes not-so-subtle) changes
in the structure and function of a
biomolecule. For example:
● Our blood type is determined by
differences in a single sugar in a
glycan. Incompatible blood types
are a classic example of the dire
consequences of slightly differing
glycans.
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● Cancer cells have subtly changed
glycans on their cell surfaces.
These modified glycans help
cancer cells evade our immune
systems and move through our
bodies.
● Starch (in food) and cellulose (in
plant cell walls) are both glycans.
They differ only in how their
glucose molecules are linked
together, but this difference has
major impact: Bacteria can digest
cellulose, but humans can’t.
Humans must break down starch
for energy.

Information-rich glycans have another
key role in biology: signalling and
communication among cells. Outer
surfaces of cells are heavily decorated
with glycans linked to proteins and
lipids. Those glycans signal the
health of a cell and its role, like a
barcode. Such signals are read in
many biological processes by other
cells, hormones, antibodies, bacteria,
viruses, and toxins. The result of
reading the glycan code is a change in
a biological process.
For example, the function of the
receptor on cell surfaces for
human epidermal growth factor is
controlled by the receptor’s glycans.
In many cancers these glycans are
altered, allowing the cancer cells to
keep growing. In another example,
glycolipids have specific roles in
how nerve cells communicate to
create the biological processes in
our brains. Bacterial neurotoxins like
botulism and tetanus can hijack those
processes by attaching themselves to
our glycolipids on the surface of nerve
cells while damaging them.
The diversity of glycans and their
many different roles in biology
give us whole new galaxies of
biological knowledge to explore and
apply in human and animal health,
biotechnology, and environmental
sustainability. Glycomics offers
new ways to monitor and modulate
biological processes. This largely
untapped potential is at the centre
of a new surge of scientific and
industrial interest, with breakthrough
innovations helping to solve pressing
global challenges.

T

he diversity of glycans and their many
different roles in biology give us whole
new galaxies of biological knowledge to
explore and apply in:
●
●
●

human and animal health
biotechnology
environmental sustainability

Glycomics offers new, largely untapped
ways to monitor and modulate biological
processes.

To maximize innovation, several
global regions support consortia or
institutes for glycomics research
and commercialization. Examples
are CarboMet in the European Union,
the National Center for Biomedical
Glycomics in the US, the Institute for
Glycomics in Australia, and GlycoNet
(Canadian Glycomics Network) in
Canada.

● human–animal–ecosystem
interfaces and diseases that can
spread between animals and
humans, such as COVID-19 and
Ebola

Glycomics in One Health
Glycomics is directly relevant to
challenges posed by the World
Health Organization in its One Health
approach:
● antimicrobial resistance that
bacteria develop when they
are exposed to drugs, such as
antibiotics
● food safety and foodborne
diseases such as salmonella and
E. coli infections

The One Health approach recognizes
the interconnections among people,
plants, animals, and the environment
that they all share. Many of those
interconnections rely on glycans and
the biological processes that glycans
mediate.

Glycomics and Sustainable
Development Goals
Glycomics is poised to support rapid
growth in sustainable agriculture,
renewable materials, green energy,
and ocean health, all part of Canada’s
2030 Sustainable Development Goals
(Table 1).
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Table 1. Glycomics and its involvement in Canada’s Sustainable Development Goals
Canada’s Sustainable Development Goals

Glycomics will deliver

#2 End hunger and achieve food security

Nutraceuticals • Prebiotics • New glycan-based foods • Microalgae food
sources • Biodegradable glycan additives for crop resistance to drought
and pests

#3 Ensure healthy lives and promote wellbeing

Solutions to antimicrobial resistance • Antivirals • Drugs • Vaccines
• Rapid diagnostics • Precision medicines • Hydrogel and cage
platforms for localized drug delivery

#7 Ensure access to affordable, reliable,
sustainable, and modern energy

Renewable glycan-based biofeedstocks • Biofuels • Biomaterials

#9 Build resilient infrastructure,
promote inclusive and sustainable
industrialization

Biomanufactured bulk materials based on glycans • Functional
composites • Specialty engineered materials • Biological therapeutics

#12 Ensure sustainable consumption and
production patterns

Biodegradable and compostable materials • Manufacturing feedstocks
from agricultural waste • Sustainable textiles • Specialty aerogels and
hydrogels • Sustainable cellulose-based consumer goods

#13 Take urgent action to combat climate
change

Tools and strategies to limit disease spread from global temperature
rise • New upcycled products from agricultural and wood waste

Impacts of Glycomics on
Global Challenges
Successes with Glycomics in Health
Glycomics is a new approach to
designing drugs. It builds on the
realization that many molecules
in biological systems are modified
mainly by linking to glycans. This
modification gives those molecules
their final, functional form.
Most top-selling biologics and half of
the proteins approved as therapeutics
(including antibodies against
COVID-19) contain glycans.2 Tailoring
the glycans on these proteins has
optimized their effects, reduced the
doses needed, and minimized side
effects.

3

By understanding the biological roles
of glycans, we have made them key
components of drugs to manage
diabetes, to prevent blood clotting,
and to increase success of in vitro
fertilization.
Resistance of microbes to common
drugs is often linked to changes in the
glycans on the surface of a microbe.
This feature has been exploited in
multiple ways, such as diagnosing
infections by testing for specific
glycans, disrupting protective biofilms
of infecting bacteria, and destabilizing
the glycan-rich cell walls of microbes.
Errors in how our bodies process
glycans are the cause of more than
130 rare genetic diseases that are
often lethal in childhood. Deciphering
the glycans involved in some of these
errors has contributed to treatments.
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Glycans are used in vaccines because
they can be critically important to
how bacteria and viruses infect us
and avoid our immune systems.
For example, glycans are used in
the childhood vaccines for bacterial
meningitis and pneumonia. And more
recently, studies of the virus that
causes COVID-19 have uncovered
infection mechanisms that rely on the
virus using human glycans.
Glycans dictate our blood type, and
our response to blood transfusion
or transplanted organs. The blood
group must match, or the blood/organ
is rejected immediately. Because
matched donor organs can be
difficult to obtain in a timely manner,
researchers have engineered a pig
to remove, among other things, the
major mismatched blood group–a
sugar to enable a new source of donor

Plant glycans are valuable as renewable
energy sources, because plant-based
biofuels are sustainable and emit less
greenhouse gas.

organs. In early 2022 an experimental
heart transplant into a human was
performed on route to developing this
exciting technology.

as prebiotic supplements. Specialized
glycans from plants are effective
natural products and nutraceuticals
for type 2 diabetes and kidney stones.

Successes with Glycomics in
Sustainable Food and Energy

Plant glycans are valuable as
renewable energy sources because
plant-based biofuels are sustainable
and their production emit less
greenhouse gas. Biofuel companies
deconstruct plant glycans into smaller
fragments, which are feedstocks
for high-value biofuels. Examples in
Canada are Arbios Biotech (a joint
venture between Licella and Canfor)
and Shell Catalysts & Technologies,
which biorefine wood waste to
generate low-carbon fuels known
as biocrude. Canada has both a
large supply of wood waste and
cutting-edge conversion technology

Plants constitute 80% of our planet’s
biomass. They are abundant
sources of glycans for sustainable
biomaterials. Cellulose is a plantderived glycan and is the world’s most
abundant molecule.
Technologies to process plant glycans
create materials that are used in
many foods, such as the low-calorie
sweetener xylitol (derived from wood
or straw). Non-digestible glycans from
sources such as wheat bran are used

for turning it into fuel.3 In another
example, Suncor (one of the largest
oil and gas producers in Canada) has
adopted technologies to produce
renewable liquid fuels, using starches
extracted from corn crops.4
Glycans from seaweed are commonly
used to improve textures of foods,
from ice cream to salad dressings.
Growing seaweed through aquaculture
promises to expand uses of their
glycans to animal feed and to
bioenergy. Seaweed glycans are
a potential source of sustainable
biocrude that does not need inputs
of fresh water and arable land. Even
in 2011, the annual seaweed harvest
globally was 21 million wet tons, had a
value of USD $5.4 billion, and directly
employed 1 million people.5
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Why Canada?
The global biotechnology industry recognizes the potential of glycomics. Canada’s
bioeconomy is young but has all the elements needed to shape global leadership.
Canada leads the world in areas of glycomics innovation. For example, Connaught
Medical Research Laboratories developed methods to produce heparin (a type of
glycan) for clinical use to reduce blood clotting. Heparin is an essential component in
surgeries. Today, the global market for heparin is $8.4 billion. A glycan-based vaccine
for bacterial meningitis, developed in Canada, spurred the entire field of glycan-based
vaccines.

Canada’s Investment in
Growing Bioinnovation
Canada’s rich bioinnovation
ecosystem encompasses:
● world-leading glycomics
researchers
● innovative biotechnology and
biomanufacturing hubs
● a supportive pan-Canadian
consortium of government,
not-for-profit, and private sector
partners
GlycoNet, a federally funded Network
of Centres of Excellence led out
of Alberta, mobilizes glycomics
scientists across the country and
positions Canada at the global
forefront to deliver tangible, madein-Canada solutions to critical
problems. GlycoNet builds on
Canadian glycomics research
excellence to create new disease
therapies, diagnostics, and vaccines,
plus biomaterials and methods
for biomanufacturing. GlycoNet
researchers work with partners from
industry, foundations, and research

5

consortia to deliver One Health
solutions and reach Sustainable
Development Goals.
As a one-stop destination
for glycomics research and
commercialization, GlycoNet
leverages the expertise of 175
research and clinical teams with
more than 560 trainees and highly
skilled personnel, from 35 universities
(Figure 2) and research institutions
across Canada, along with 160 key
stakeholders in science, industry, and
government. GlycoNet Integrated
Services offers glycomics tools,
specialized expertise, and access
to unique infrastructure to Canadian
researchers and companies. GlycoNet
partners with both Canadian and
international partners, who apply our
expertise as a key element of their
innovation agendas.

Skilled Entrepreneurs and
Partners to Grow Canada’s
Bioinnovation
Cultivating entrepreneurs in the
biotech community is vital to drive
Canada’s bioeconomy. The innovation

Glycomics: The New Frontier in Bioinnovation

culture throughout GlycoNet builds
skills for Canada’s biotech sector.
GlycoNet supplies one-on-one
mentoring on forming a company,
selecting a board of directors,
licensing technologies, and securing
venture capital funding.
GlycoNet has already developed
several technologies, validated
them, and de-risked them. With
our Canadian and international
partners, we are poised to deliver
solutions for human, animal, crop, and
environmental health. GlycoNet has
built a proven discovery-to-innovationto-commercialization pipeline for
Canadian start-up companies that are
using glycomics-based biotechnology
and tools in exciting ways. For
example:
● PanTHERA CryoSolutions is
increasing accessibility and
success for stem cell and organ
transplants by revolutionizing
the process of cryopreserving
cells. This start-up, founded in
2017 by GlycoNet researchers
Jason Acker and Robert Ben, has
attracted international attention

“Historical contributions of Canadian
investigators to the glycoscience
field across the decades have been
exceptional... The GlycoNet program
continues this long history … that
competes well with other international
programs in the field.”
— International Review of GlycoNet, 2018

Figure 2. GlycoNet Centres of Excellence
across Canada.

and secured strategic investments
of US $4 million.
● 48Hour Discovery, founded by
GlycoNet researcher Ratmir Derda,
is quickly becoming a preferred
partner for drug discovery by the
global pharmaceutical industry.
This start-up has now expanded
to Korea and the US. Revenues
have doubled every year since the
company was founded in 2017
and will reach $5 million in 2022.
● ABOzymes Biomedical aims to
make blood types obsolete. Their
first product is transforming blood
transfusion by converting all types
of donated blood to the universal
donor type O. Founded in 2020
by GlycoNet researcher Stephen
Withers and then postdoctoral
fellow Peter Rahfeld, the company
has already secured over $1.3
million in seed financing.
● AmacaThera offers a glycanbased drug delivery platform
for managing post-surgery pain,
reducing opioid use. GlycoNet
partnered with their founders,

GlycoNet researcher Molly
Shoichet and her colleague Mike
Cooke, to extend their new health
technology. In 2021, the company
completed a $10.3 million series
A financing to advance the first
product to clinic.
● Zucara Therapeutics is partnering
with GlycoNet researcher Michael
Riddell to advance a novel therapy
for type 1 diabetes. The drug
that they are developing reduces
insulin-induced hypoglycemia (low
blood glucose). In 2020, Zucara
closed a US $21 million Series A
financing round for phase 1 and
2 clinical trials. With GlycoNet’s
support, the team is expanding
their research scope to using
this drug candidate for type 2
diabetes.
● VaxAlta, a start-up company
created in 2013, further developed
an innovation generated by the
forerunner of GlycoNet—the
Alberta Glycomics Centre. This
innovation is now the subject
of a licensing agreement for US
$102 million with a Scandinavian

company to develop a vaccine
against Campylobacter jejuni,
a bacterium causing diarrheal
diseases in humans.
● Alectos Therapeutics was
founded in 2007 by Ernest
McEachern and GlycoNet
researcher David Vocadlo.
Alectos develops novel therapies
for unmet medical needs,
with a particular focus on
glycan-processing enzymes in
neurodegenerative conditions.
Alectos’ flagship program led to a
$289 million license and research
collaboration with Merck that
advanced two first-in-class small
molecules to clinical trials for
neurodegenerative conditions.
Alectos is now pursuing
commercialization of an addtional
glycomics program on lysosomal
dysfunction in neurodegenerative
conditions.
The GlycoNet innovation pipeline
contains several other biotech startups with viable products to take to
market within the next five years.
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Why Now?
Glycomics-based discoveries will write the next chapter in biotechnology innovation,
beyond genomics and proteomics. They will impact human health, animal and crop
health, and green sustainable products. Until recently, lack of tools and glycan
complexity were substantial barriers to glycomics-based research and innovation.
Technology advances are now accelerating integration of glycomics into biomedical
research.

Canada has been at the forefront
of this advance and explosion in
research, but global competition
is ramping up. Lack of sustained
investment will threaten Canada’s
global leadership and diminish
our ability to deploy marketplace
innovations.
Canada has a unique opportunity to
actively propel growth of glycomics
and fulfill its vision of an innovative,
vibrant bioeconomy. With glycomics,
we can fully realize Canada’s
potential in bioinnovation and its
commercialization.
GlycoNet has anchored Canada’s
performance, critical mass, and
knowledge for made-in-Canada
breakthroughs and solutions.
Health innovation has been a primary
focus for GlycoNet. With new
resources, we will expand GlycoNet’s
reach to unlock fresh, new potential
for Canadian glycomics (Table 2).

Glycomics in Health
Glycomics will write the next chapter
in biotechnology innovation, beyond
genomics and proteomics. Genomics
examines genetic information.
7

Proteomics examines the pools of
proteins created from that genetic
information. Glycomics studies the
final forms of proteins and other
glycan-linked molecules in living
cells, and helps unravel the complex
layers of interactions within biological
systems. It extends other omics
approaches into a new frontier in drug
development, for a new generation of
drugs and therapies.

Diseases in Aging

Glycomics is a new approach to
designing drugs. It builds on the
realization that many molecules in
biological systems are modified by
linking to glycans. This modification
gives molecules their final, functional
form. Many drugs are based on
interactions with such glycan-linked
molecules—tailoring their linked
glycans can optimize their effects,
reduce doses needed, and minimize
side effects.

Antimicrobial Resistance

To meet global challenges in health,
GlycoNet works with multinational
pharmaceutical companies, smalland medium-sized entrepreneurs,
government agencies and
laboratories, and technology adopters.
Together, they are advancing many
health innovations that spring from
glycomics know-how.
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Current drug discovery approaches
have failed to find long-term solutions
for diseases such as Alzheimer’s
and Parkinson’s. New drug discovery
tools are needed. GlycoNet members
and partners collaborate to develop
new strategies and drugs for several
conditions that occur more frequently
as people age (Table 2).

GlycoNet spearheads Canada’s
contribution to overcoming the global
challenge of microbes—bacteria and
fungi—that become resistant to the
drugs we use to kill them. Resistance
to common antimicrobial drugs can
be overcome by using microbial
glycans as new targets for drugs.
Insights from GlycoNet researchers on
the chemistry and biology of
microbial glycans are enabling
innovative solutions for antimicrobial
resistance (Table 2).
Precision Health
The goal of the exploding area of
precision health is to identify the right
treatment, for the right person, at the
right time. Around the world, blood

transfusions and organ transplants
save millions of lives each year.
However, hundreds die each year while
waiting for a compatible donor.10 That
compatibility rests on the glycans
linked to the surfaces of blood cells—
their glycome. The need to match
blood group glycomes is a major
challenge to timely blood transfusions
and organ transplants. GlycoNet
researchers and partners are creating
glycan-based technologies for safer
blood transfusions, shorter wait times,
and higher success rates for organ
transplants (Table 2).

humans since about 50% of them bind
to human glycans on cell surfaces.
The influenza virus is one well-known
example of this infection mechanism.
The COVID-19 virus is the latest
example. In fact, GlycoNet researchers
demonstrated that the COVID-19 virus
enters cells by binding to glycolipids.
Our researchers are now testing
whether COVID-19 variants of concern
are changing their glycan-binding
properties.

Vaccines and Antivirals

Crops Resilient to Climate Change

In the past two years, the importance
of vaccine research, knowledge and
capability has been front and centre.
Glycomics plays an important role
in understanding how viruses infect

Climate change is affecting the global
food supply. Canada’s agricultural
regions from coast to coast are
predicted to face both drier summers
and increased winter and spring

Glycomics in Sustainable
Agriculture and Energy

precipitation. This means crops
will see too much water during the
seeding season and too little water
during the growing season, all in the
same year. Insect proliferation is also
related to temperature, so climate
change can increase pressure on
crops from disease or pests (Table 2).
Researchers at Agriculture & AgriFood Canada are leading a strategy
to alleviate agricultural stress from
climate change. They are engineering
the walls of plant cells, which are
rich in glycans, to be more tolerant
to higher temperature, salinity, and
drought. This strategy can potentially
be applied to all crops.
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Table 2. Unlocking the Potential of Canadian Glycomics
Areas of application

A selection of products in development derived from Canadian glycomics research

Diseases in Aging

•
•
•

Antimicrobial
Resistance

•
•
•
•

Vaccines

•
•

Precision Health

•
•
•

Sustainable
Agriculture

•
•

Natural Products and
Nutraceuticals

•

Biomaterials and
Bioenergy

•
•
•
•

9

Drug candidates derived from glycans to prevent heart failure and to treat cardiovascular
disease, Huntington’s disease, and Alzheimer’s disease
Glycan-based molecular chaperones to slow Parkinson’s disease progression
Anti-cancer antibodies with modified glycans that can be produced by a cheaper and faster
manufacturing method
Radiopharmaceutical tracers to diagnose and monitor Parkinson’s disease
Biofilm disruption technology that degrades glycans in bacterial biofilms to circumvent
bacterial resistance
CAR T-cell therapy that uses specialized antibodies that recognize glycans on fungal
pathogens to treat resistant fungal infections
Tests for fungal glycans to diagnose fungal infections in vulnerable immunocompromised
people
Oral antibiotic potentiators to reverse resistance
A glycoconjugate vaccine for a bacterial infection in children who live in Northern
Indigenous communities. The project consortium includes federal agencies and academic
and industry partners, with First Nations, Inuit, and Métis groups
A medical device for hospital blood bags to convert blood type A to the universal donor
blood type O by altering the glycans on the surface of red blood cells
Improved transplant screening tests to determine whether a child can safely receive a heart
transplant from a person with a different blood group
Glycan-based additives to better cryopreserve (freeze) stem cells for transplants and keep
the cells healthier. This increases the supply of cells for stem cell transplantation
Cellulose crystals to coat seeds with protectants and micronutrients to improve crop yield6
Modified plant cell wall glycans to increase crop resilience to climate change7
Glycan-containing natural product montbretin A from plants as a potential treatment for
type 2 diabetes
Arbutin, a glycan from the bearberry plant, as a novel nutraceutical for kidney stones
Glycomics tools to characterize the structures of bioenergy crops and their biomass
conversion within bioreactors to generate high-value glycans7
Co-production of novel biomaterials such as cellulose nanocrystals and fermentable
sugars that can be further converted to biofuel8
Development of a carbon-negative process to convert agriculture waste and biomass into
sustainable ethanol9
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Natural Products and Nutraceuticals
The future of food is likely to be
increasingly plant-based. Glycans
from plants and fungi can be
converted to bioactive glycans
for human consumption, such
as prebiotics, nutraceuticals, and
functional foods. Bioactive glycans
provide health benefits through routes
such as modulating our immune
systems or our gut microbiomes.
Antimicrobial Resistance in Livestock
Production
The chicken, swine, and cattle
industries are major contributors to
the Canadian economy, with farm
cash receipts of $15.7 billion in 2020.
Raising, transporting, and processing
livestock creates jobs for 650,000
Canadians.
Historically, animals for food
production were given antimicrobials
to prevent, treat, and manage
diseases, and to promote growth.
Rising concern by producers,
consumers, and health officials
about antimicrobial resistance and
its impact on people eating the meat
led in 2018 to new regulations that
restricted antibiotics for livestock in
Canada (and in many other countries
globally). Today antibiotics can
only be used with a veterinarian’s
prescription.
The Canadian livestock sector is
also threatened by impacts of global
climate change on animals, such as
heat stress, decreased reproductive
performance, and immune
suppression. Glycomics can provide
insights into such challenges. For
example, differing glycans in the gut

glycoproteins in plants. GlycoNet
researchers are working to modify
glycans for a “humanized” protein
produced in plants.

bacteria of healthy and sick animals
can signal predisposition to disease
and disease progression. With this
information, glycomics researchers
can create new diagnostic tools to
detect disease earlier.
Treatments can also be precisely
delivered in the gut, using the
signal from glycans in gut bacteria.
GlycoNet researchers have created a
GlycoCage technology that delivers
non-antibiotic treatments to sites
of bacterial infections, specifically
in the lower intestines of livestock.
GlycoCage treatments are released
when they encounter bacteria that
are found exclusively in the lower
intestines. This specific targeting
improves efficacy and does not
contribute to antimicrobial resistance.
The GlycoCage technology holds
promise for similar benefits in
treating the millions of people with
inflammatory bowel diseases.
Plant-based Biotech Manufacturing
Five of the top ten global protein
therapeutics are glycan-linked
proteins with total sales of US $58
billion in 2020.11 Many glycan-linked
protein therapeutics and vaccines are
manufactured in systems based on
human cells. This is costly, making
these life-saving products out of
reach for most people. Plant cells can
manufacture these bioproducts at a
fraction of current costs.
The Canadian biotech company
Medicago is spearheading
development and manufacturing of
plant-based vaccines for influenza and
COVID-19. The Canadian plant biotech
company PlantForm is using synthetic
biology to produce therapeutic

Similar approaches use synthetic
biology to introduce pathways for
assembling human glycans in the
bacterium E. coli. Again, the goal is
to produce glycosylated medicines
through a simpler and more costeffective method.
Novel Biomaterials and Bioenergy
from Biomass
Glycomics is central to agriculture and
forestry because cellulose, the major
component of plants, is a naturally
occurring glycan. Glycomics knowhow has led to new biomaterials,
such as bio-composites created from
agriculture waste products.
Harvesting high-value glycans
from biomass supports Canada’s
bioeconomy with sustainable source
materials at scale. Impacts lie in
contributing to a circular economy,
meeting climate change goals, and
creating new markets for Canadian
farmers.
Glycans from seaweed offer an
incredible economic opportunity for
Canada. Seaweed has a high glycan
content (45% to 74% of dry matter),
is rich in micronutrients, grows
rapidly, and doesn’t take up scarce
resources such as fresh water and
arable land. Canadian scientists have
uncovered how glycans in seaweed
can be broken down by microbes
and absorbed as food. The next step
is to identify these microbes and
enrich them in the gut of livestock
such as cows. That could increase
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the digestibility of seaweed as a
sustainable food source for livestock
and reduce methane emissions from
animals. This research could increase
food security while fighting climate
change.12

Canada is at a tipping point.
We risk losing our early competitive
advantage in glycomics, with more
ambitious nations capturing new global
markets and benefitting from new
technologies and products in health,
agriculture, materials, and environmental
sustainability.

The Strategic Inflection Point
for Canadian Glycomics
Canada is at a tipping point. We risk
losing our early competitive advantage
in glycomics, with more ambitious
nations capturing new global markets
and benefitting from new technologies
and products in health, agriculture,
materials, and environmental
sustainability.
With competition ramping up
internationally, now is the time to
invest in glycomics. Canada has an
opportunity to build on its current
global leadership to fulfill its vision.
The Government of Canada, through
GlycoNet, can amplify its previous
strategic investment and capitalize
on our existing national strength in
glycomics, where globally we punch
above our weight. Amplifying these
previous investments will increase
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national capacity and our critical mass
of talent to fully capture the economic
benefits of glycomics.
We can fully realize Canada’s potential
as a global leader in glycomics
research and commercialization to:
● deliver innovative, made-inCanada solutions for critical
global health challenges

Glycomics: The New Frontier in Bioinnovation

● push the boundaries of innovation
for One Health and Sustainable
Development Goals by unlocking
new opportunities through
glycomics
● support Canada’s 2030 Agenda
National Strategy by building a
resilient future, expanding our
biomanufacturing capacity, and
spurring our economic growth.

GlycoNet: By the Numbers

Glycomics: The New Frontier in Bioinnovation
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