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e are living through a revolution in biology. Researchers in
universities triggered the shift in paradigm. They now drive
the endeavour through developing the next-generation of tools,
techniques, and methods that enable us to work with and utilise
natural systems for the benefit of humankind.

Within this fifth edition of IN-FOCUS are the latest innovations
and expertise in biotechnology from university researchers who
are committed to working with industry through IN-PART. The
enclosed opportunities to collaborate are available to businesses for
commercialisation, co-development, licensing, and knowledge transfer.
The technologies featured in IN-FOCUS are conceived in some of the
world’s top universities. Importantly, these institutions highlight
a growing awareness of the value and importance of industry
collaboration. Enabling the community of technology transfer
professionals are organisations such as PraxisUnico, Dehns and One
Nucleus, who in this edition share their insights in feature editorials.
Each university technology within this publication is signposted by the
following symbol: ( ). Further information can be found by following
the hyperlinks in the digital edition, or through searching the associated
keywords on IN-PART.com.
It’s through our platform that you can access the latest university
innovations across all technology sectors, and connect with the
associated researchers via a personal introduction from our team.
IN-PART is designed exclusively for industry professionals looking to
find and action collaborations. Access is entirely without cost and can
be gained through a simple registration.
We thank the universities we work with, who represent some of the
most progressive in the world, and also the contributors to this issue
who provide unique advice from their respective positions in the
collaboration landscape. From everyone at IN-PART; we hope you enjoy.
Alex Stockham
Editor
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Engineering Nature
There are upwards of 7 billion people living on this planet today.
Each and every one relies on the developments in technology that
have allowed us to harness the power of nature and adapt it in a myriad
of ways to service our growing needs as a species. In this section, we
discuss the latest technologies that scientists are creating to change
nature in ways that will benefit us all.

ALGAE
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These levels of growth provide a real
opportunity to utilise algal strains as
an alternative means of production for
petroleum-based fuels in the gasoline,
ethanol, biodiesel, and aviation fuel
markets (Figure 1).
Already, an increasing number of
ventures are receiving investment to
create algae-based biocrude oils for
petrol refineries, and projected growth
in the nutraceutical market will mean
that food-related derivatives of algae
- for example in the production of
vitamins, unsaturated fatty acids,
and other supplements - will become
increasingly valuable. This novel
growth-enhancing genetic technology
offers the opportunity to grow algae

PARKER NIGHT / FLICKR

As the global population grows, so
does our insatiable demand for meat.
As our appetite for animal protein
continues to grow, we will all come to
rely more and more on technological
developments that can increase
our methods of delivering animal
nutrition. One solution is to engineer
new foodstuffs from novel sources.
Due to the high carbohydrate and
protein content of many algae strains,
algae offer a sustainable alternative to
traditional animal feed, and systems
for employing algae in the production
of animal feed are becoming big
business.

   A key requirement in commercial
production of algal strains is to grow
them as fast as possible to obtain
the highest possible biomass in
the shortest possible time, for the
lowest cost. To do this, key factors
such as sunlight, CO2 levels, water,
temperature and vital mineral
nutrients have to be optimised. A
team at the University of East Anglia
have developed a pioneering system
utilising Rapid Growth Algae. Having
identified a novel growth-enhancing
gene, the team have incorporated this
into a transgenic cell line of the marine
diatom Thalassiosira pseudonana
and demonstrated a huge increase
in healthy growth of the algae.

IN-PART

FRANK FOX / WIKIMEDIA

faster without additional nutrients or
increased light, providing solutions
to companies wishing to develop
commercial
algal
strains
with
increased yields and reduced growth
costs. Patent applications for this
technology have been filed, and the
team seeks licensing partnerships with
commercial collaborators.
Another research team working
out of Cornell University are
developing Microalgal Biomass for
Use in Animal Feed. This technology
portfolio will include proprietary
growth methods and compositions
of microalgae-based feed, which in
the future will replace grain-based
animal feeds. Furthermore, these
compositions have the potential to
surpass current growth performance
in swine and without affecting
plasma protein, uric acid or inorganic
phosphorus levels in animals. The first
technologies developed within this
portfolio are animal feed compositions
containing up to 3-15% of microalgal
biomass. To date, tests in weanling
pigs, broiler chickens, and laying
hens showed excellent digestibility of
the Microalgal Biomass and did not
adversely impact body weight, average
daily gain, or average daily feed intake.
In
addition
to
developing
microalgal
biomass,
the
team
at Cornell is working towards
supplementing foodstuffs with an
exogenous protease to aid digestion of
the finished product, a method which
- while having no adverse effects - has
demonstrated increases in animal
packed cell volume by 23-26% and
blood haemoglobin concentrations by
22-32% after three weeks. This diet
was also demonstrated to be effective
in helping haemoglobin repletion.
Furthermore, the team has
found that the diet supplemented
by microalgal biomass increases
omega-3 fatty acids in chicken meat
and eggs. The enrichment was such
that consuming 200g of Microalgal
Biomass-fed chicken breast per day
would supplement up to 35mg of
Omega-3 Fatty Acids to the average
American diet. In all, the technology
portfolio promises scalable, low-

OPPORTUNITIES

FIGURE 1. NATURAL PRODUCERS: Algae such as this Volvox species can
be engineered to produce useful and valuable resources

cost
feed
using
commerciallyavailable microalgal strains. These
foodstuffs will compete with or
exceed normal growth performance
while maintaining digestibility, and
provide high concentrations of animal
proteins, minerals, and omega-3 fatty
acids, which will enhance the quality
of the meat produced. A patent for the
technology has been filed and the team
seeks collaborators and interest from
industrial partners.
  
While
increasingly
useful
for production of food and fuel,
microalgae are also rich in bioactive
compounds, including high-value
pigments and chemicals used in
fragrances or flavourings, and some
even have bioactive properties, such
as anti-parasitic activities. Carotenoids
produced by microalgae, including
β-carotene and astaxanthin, show
huge promise in the treatment of
diabetes,
cardiovascular
disease,
neurodegeneration, and cancer. As such,
microalgae are increasingly considered
to have myriad pharmaceutical and
nutritional applications.
The University of Manchester
and the University of Leeds are
working together on the Evaluation of

Microalgae as a Sustainable Source of
High-value Nutraceuticals. Their work
on carotenoids shows that biosynthesis
can be greatly enhanced by careful
manipulation of cultivation conditions
alongside
genetic
engineering
approaches.
The named project will have three
different strands, spread between
research groups at the University
of Manchester and the University
of Leeds. Algae will be assessed for
growth and metabolite biosynthesis
properties, followed by optimising
the conditions for microalgae growth
and productivity in the laboratory
and photobioreactor systems. Lastly,
through screening with relevant in
vitro and in vivo model systems,
selected microalgal strains will then be
developed for downstream commercial
nutraceutical development such as
the production of carotenoids and
Omega-3. Such applications may be
hugely lucrative for both the food
and cosmetics industry, though the
range of applications is potentially
much greater. The group is looking
for a UK-based industrial partner for
collaboration to contribute at least
10% of the total project cost.
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As our planet’s climate changes, so
have the weather patterns we have
come to rely upon for our food supply.
Agriculture will need to meet these
changes with radical new technological
developments that will enable crops to
be hardier and more productive in lessnurturing conditions. Nascent genetic
manipulation
technologies
now
allow scientists to build new species
of plants that are less dependent on
consistent weather conditions than
previous generations.
  To this end, a team working
out of the University of Essex is
expanding a Plant Productivity Gene
Collection. They have identified a large
collection of genes and gene sequences
demonstrated to be key determinants
of photosynthesis, yield, stress
tolerance, disease resistance, and
secondary products of metabolism.
The team is perfectly placed to
utilise these gene targets, as well
as others yet be described, in the
production of genetically modified
crops which will improve plant
growth and productivity (Figure
2). The team comprises worldrenowned researchers united around
understanding the physiological
and genetic basis of crop yield,
with expertise in plant and cell
signalling and all aspects of crop
productivity and photosynthesis.
Furthermore, the team is leading
the way in developing advanced
monitoring methods to determine
crop performance and plant health
under varying conditions of water
and nutrient stress, as well as having
considerable expertise using LED
technologies to extend day length
with specific light qualities to
improve crop yield. The researchers
seek parties interested in utilizing
their
game-changing,
growthenhancing genes, as well as broader
commercial bodies to utilise their
diverse expertise in finding solutions
to any and all plant-based problems.
Heat-shock transcription factors
(HSF) are a family of proteins known
to regulate eukaryotic responses to
5
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AGRICULTURE

FIGURE 2. EVOLUTION – NATURAL VS. GUIDED: Crops will have to adapt to

more extreme and unpredictable weather patterns

cellular and environmental stress.
Individual HSFs have unique and
important functions in animals,
and it is becoming increasingly
recognised that they are equally
important in many commercial plant
species including corn, rice, soybean,
wheat, barley, potato, tomato, and
Arabidopsis.
Researchers from the University
of Essex have demonstrated that
transgenic plants over-expressing
HSF3 show benefits in water
productivity and pathogen resistance.
Utilising the HSF3 Gene for Improved
Yield and Abiotic and Biotic Stress
Resistance promises significantly
enhanced plant performance under
drying conditions, leading to hugely
increased seed yields, improved plant
water use, and significantly improved
ability to recover from severe drought
stress.
Their work shows that plant
productivity is not only improved
under drying conditions but also
under normal growing conditions.
Furthermore, HSF3 transgenic plants
have markedly increased resistance to
fungal, bacterial and viral pathogens,
which would offer a considerable
advantage over native plant strains.
The researchers have a pending
international patent application and
seek commercial partners interested
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in licensing exclusive rights for
commercial applications.
  Fresh grass releases over 300
compounds, known as ‘Green Odour’,
when cut during the animal grazing
season in the summer. Aberystwyth
University inventors have identified
key compounds in this ‘green
odour’ mixture, such as Fatty Acid
Oxidation Products (FAOP), that
likely account for increased levels
of polyunsaturated fatty acids in
cows’ milk during summer grazing.
This discovery addresses a major
problem in the annual supply of milk
in that there is a drop in beneficial fatty
acids as the animals move from fresh
pasture to conserved winter feeding.
The researchers at Aberystwyth
propose using ‘Green Odour’ Feed
Additives to develop an animal
feed that will increase levels of
polyunsaturated fatty acids in winter
cows’ milk. This would be extremely
useful to all farmers who aim to
produce high-quality yields of dairy
commodities such as butter and cream
year-round. This technology builds
upon naturally occurring compounds
from cut grass, and - without requiring
additives during milk or milk-product
processing - promises the same specific
human health benefits associated with
increased consumption of omega-3
fatty acids and omega-6 fatty acids.

IN-PART

These include anti-cancer properties
and increased cardiovascular health.
The team currently seek partners to
develop further this technology for
which a European Patent application
is filed.

BIOMANUFACTURING

detergent formulations. To date, these
products are synthesized mainly via
chemical or enzymatic glycosylation
reactions. However, this process is
laborious and results in low yields and
toxic waste products.
The SynBIOmix team have
also
identified
a
cellodextrin
phosphorylase - derived from the
bacterium Clostridium stercorarium
- that can efficiently glycosylate
glucose derivatives, making the
production of glycosides such as
cellobiosides and lactosides feasible in
an industrial context for the first time.
This technology results in a scalable,
high-yield,
enzymatic/recombinant
production method of high-value
compounds far less laborious and
toxic than any previous methodology.
The University of Ghent currently
seeks collaboration to develop the
technology and take it to market.

COPYRIGHT: UNIVERSITY OF DUNDEE

In this section, we focus on a
developments in biomanufacturing, in
which scientists use natural materials
and microorganisms to produce
novel products that are useful in all
aspects of human society, from food to
therapeutics and clothing.
For a long time, there has
been interest in the properties of
a molecule called Trehalose. This
polymeric, sugar-like molecule is
ubiquitous in lower and higher
life forms but not in mammals.
Recently, trehalose-analogues have
begun to be appreciated for their
beneficial
physicochemical
and
biological properties. Lactotrehalose,
for example, when added to food
does not contribute to the caloric
content of food preparations as it
is not hydrolyzed and digested in
the intestine. Also, it can lower the
metabolic conversion of trehalose as
it functions as a competitive inhibitor
of enzymes that can digest trehalase.
To date, however, trehalose-analogues
cannot be produced on an industrial
scale as chemical synthesis results in
low yields and acceptable enzymatic
methods are not yet available.
Now, SynBIOmiX, a consortium
of research laboratories of Ghent
University, is developing a process for
the enzymatic production of trehalose
analogues,
using
thermostable
trehalose
phosphorylases
which
have broad acceptor specificity and
high activity. They have identified
Trehalose Phosphorylases Useful
for the Production of Trehaloseanalogues
from
the
marine
bacterium
Caldanaerobacte.
A
combination of enzymatic and
recombinant methods has been
employed to produce several trehaloseanalogues at elevated temperatures,
and,
to
date,
the
trehalose

phosphorylase of the bacterium
Caldanaerobacter subterraneus has
been expressed in E. coli and purified.
The synthetic activity of the enzyme
is optimised through mutagenesis,
and data shows excellent functional
activity and specificity. With patents
granted in the US and internationally,
the team is currently seeking partners
interested in collaborating on further
validation and upscaling of the present
methodology.
In addition to trehalose-analogues,
the SynBIOmix consortium also
specialises in the enzymatic production
of glycosides such as glycolipids and
cellobiose derivatives. Cellobiose
derivatives have applications in the
biomedical arena as chromogenic
substrates or inhibitors of cellulases,
while glycolipids, in turn, are highvalue products used as clean and
biodegradable
biosurfactants
in

OPPORTUNITIES

FIGURE 3. FUNGAL BIOMINERALISATION: Developed by researchers at the

University of Dundee, a novel biotechnological method for the production
of sustainable electrochemical materials for use in lithium-ion batteries and
supercapacitors
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synthesis. This is traditionally
overcome using recombinant methods
of protein production, such as bacterial
expression systems, bioreactors. In
the pharmaceutical arena, there are
over 400 marketed recombinant
protein products, with another 1300
undergoing clinical trials. About 30%
of marketed biopharmaceuticals are
still produced from bacteria, despite
a trend towards mammalian cell
production. Annual sales of these
biologics sales are in the range of $70
- $80 billion.
Now, scientists from Lawrence
Livermore
National
Laboratory
have developed Bacterial MicroCompartments
for
Production
of Cytotoxic Proteins to address
the problems associated with the
production of non-native, cytotoxic
proteins in E. coli. Through the
introduction of engineered microcompartments,
encapsulation
of
proteins
dramatically
enhances
bacterial growth and production of
the protein of interest. Ultimately
this leads to hugely increased yields,

lowering the cost of production.
Development of this technology has
been internally funded at the LLNL as
an advancement in synthetic biology
that could enhance pharmaceutical
and
industrial
manufacturing
outputs. Though the technology is
patent-pending, the LLNL seeks a
development partner to pilot its use
or in-license its intellectual property
attributes.
Bacteria are used widely in the
biomedical
and
pharmaceutical
industry due to their flexible and
highly scalable nature. Indeed, E.
coli is the most common prokaryote
used to produce protein, but frequently
the yield of biomolecules that can be
expressed in such systems is limited by
biological restrictions on the organism
themselves (Figure 4).
To address this common problem,
researchers at Cornell University and
the University of Wisconsin–Madison
have pioneered a novel Bacteria
Modified to Secrete Biologically
Active Protein for Large-Scale
Production. Using specific mutations

NIAID / FLICKR

Lithium-ion
batteries
and
supercapacitors are commonly used
as sustainable energy storage systems,
with typical applications in electronics
and transportation. To date, the
most common anode material in
lithium-ion batteries is graphite,
but its high electrolyte sensitivity
and low charge capacity can limit
performance. There is, therefore, a
huge demand for alternative electrode
materials to improve performance
and sustainability of batteries,
for use in, for example, mobile
phones and portable devices, which
represent an enormous global market.
Compared to conventional abiotic
methods, minerals precipitated by a
biomineralization process can possess
additional excellent physicochemical
attributes, providing a promising
alternative electrode material for
future energy storage devices.
Researchers at the University
of Dundee have identified a novel
source of these materials that can
be used in lithium-ion batteries
and supercapacitors. They have
established a new method to produce
Novel
Electrochemical
Materials
from a Fungal Biomineralization
Process (Figure 3). These unique
electrochemical materials have a
high specific capacitance - better
than anything available in current
markets. Their research introduces
a commercially relevant alternative
strategy for the preparation of novel
electrochemical materials that could
transform sustainable energy storage
devices. The University seeks a
commercial partner to develop this
UK patented technology and invites
contact from organisations interested
in licensing or exploiting this
opportunity.
  
Cytotoxic
proteins,
such
as Listeria toxins, have medical
applications as antibiotics and
cancer therapies, as well as research
applications
in
high-throughput
drug discovery. However, to date, the
exploitation of these biologics has
been restricted due to the difficulty of
obtaining large enough quantities of
highly pure proteins from chemical

FIGURE 4. ESCHERICHIA COLI: The most common prokaryote used by
researchers to produce bespoke proteins and therapeutics

IN-FOCUS : Biotechnology | November, 2016
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FIGURE 5. RNA
POLYMERASE:

The enzyme
responsible for
transcribing singlestranded RNA from
DNA – a crucial
element in protein
production

that substantially increase the amount
of biologically active protein secreted
from cells, proteins can be produced
that might otherwise not be expressed
due to toxicity to the bacteria
themselves. Furthermore, they can
be adapted for use in the production
of secreted complexes of enzymes
such as cellulases and xylanases
for the manufacture of cellulosic
biofuels. This technology substantially
increases the yield of the active
protein of interest, and can be used in
diverse production systems, including
Shigella,
Yersinia,
Salmonella,
and Escherichia. This technology is
perfect for use in the manufacture of
proteins for bioenergy production,
therapeutic biologics, and research
tools in biomedicine, and with a
patent filed, the team looks forward
to industrial collaboration with
interested partners.
Beta-glucans are chains of sugar
molecules that occur most commonly
as cellulose in plants and trees, in the
bran of cereal grains, in the cell wall
of baker’s yeast, and in certain types
of fungi and bacteria. It is widely
known that beta-glucans can support
the healthy functioning of the immune
system, and they have been commonly

used in traditional medicine. In
addition, these compounds are used in
an immunoadjuvant therapy to treat
cancer patients, and in biomedical
research to support the culture and
expansion of stem cells.
Investigators
at
Cornell
University have discovered that betaglucans from maitake mushrooms can
provide an alternative support for
engraftment of stem cells in living
tissue. In collaboration with a group
at Memorial Sloan Kettering Cancer
Center, the Cornell team are optimising
the Use of Maitake Mushroom Extract
to Enhance Stem Cell Engraftment.
In an ongoing clinical trial, they are
testing whether administration of
these mushroom extracts will improve
recovery following bone marrow
transplant or umbilical cord transplant
in cancer patients whose bone marrow
has been ablated. More broadly, use
of these extracts promises to improve
the efficacy of stem cell therapies in
general, including cardiac stem cell
therapy and CNS stem cell therapies.
The team invites commercial partners
to accelerate research needed to bring
beta-glucans to market as treatments
to meet this grave unmet need.
One alternative to bacterial

expression systems for the production
of biologics, such as proteins (Figure
5), is the use of mammalian protein
production platforms. These have had
an enormous impact in many areas of
basic and applied research as well as
in the biotech industry. The number
of novel therapies that are expressed
using mammalian systems is rising,
but there are numerous hurdles
regarding flexibility and yield which
limit the competitiveness of these
systems.
Now,
researchers
at
the
University of Manchester have
developed A Superior Recombinant
Mammalian
Protein
Expression
Platform. This highly efficient and
novel vector platform for mammalian
recombinant protein expression is
superior to many existing approaches
and has proven efficacy with an
impressive portfolio of recombinant
proteins that have been synthesised
for a number of internal university
research groups. A key driver of
the project is the current unmet
need for systems that can produce
a high number of proteins deemed
to be completely “inexpressible” in
alternative expression systems.
While the current technology

IN-FOCUS : Biotechnology | November, 2016
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pharmaceuticals,
nutraceuticals,
flavours, pigments, and fragrances
used in the pharmaceutical, food,
and cosmetic industries. One of the
challenges in sourcing these products
is the low yield obtained from the
plants from which they are derived.
As an alternative to whole plants, cell
and tissue cultures are being studied
as a platform for producing these
compounds.
By harnessing the ability of the
plant pathogen Agrobacterium to
insert DNA into the plant genome,
researchers at Northeastern University

NIH IMAGE GALLERY / FLICKR

platform has been deployed for the
production of difficult-to-express
proteins.he researchers wish to
develop the platform for scalable
processes using clinically-applicable
proteins, and ultimately compete in the
development and production of largescale biotherapeutics, an industry
worth hundreds of billions a year.
The University is seeking industry
partnerships and collaborations with
a view to eventually licensing the
technology.
Plants are the source of many
useful natural products, including

have Engineered Plant Cell and Tissue
Cultures for Achieving Improved
Production of Pharmaceutical and
Other Compounds. Using genetically
engineered C. roseus cultures, the team
has managed to genetically modify
plant tissue to overexpress compounds
of interest, through the perturbation
of normal metabolic pathways. These
transgenic cultures have been shown
to be genetically stable and able to
produce high yields of the molecules
of interest reproducibly. Furthermore,
multiple metabolic perturbations
can be introduced simultaneously to
diversify and expand production of
multiple compounds.
This system has the potential
to provide a more consistent,
reproducible method for supplying
valuable pharmaceutical compounds,
including animal-derived ingredients
(such as collagen). The researchers
seek collaboration to develop specific
compounds of interest with interested
parties and are especially interested
in exploring projects with cosmetic
companies that have supply issues or
would like an alternate method for
supplying their ingredients (i.e. not
animal based).

GENETIC ENGINEERING
PLATFORMS

FIGURE 6. DNA REPAIR: Researchers at MIT have developed a test that can
provide an assessment of the DNA repair capacity – in uncharacterised cell
lines and in patients with DNA damage
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It's an exciting time in the world
of genetic engineering. The recent
discovery of a family of genetic
modification proteins in bacteria
are the talk in science laboratories
around the world, and have already
dramatically
changed
the
way
researchers manipulate cells and
organisms at the genetic level. We
can now splice and dice genes simply
and efficiently to engineer cells and
organisms according to our need.
Here are just a few of the most recent
developments that may be the next big
genetic engineering breakthrough.
In human cells, normal metabolic
activities alongside environmental
stimuli such as UV radiation can cause
as many as one million individual
molecular lesions per day. These
breaks in DNA can lead to permanent
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FIGURE 7.
GENOMIC PROFILE:

Minor discrepancies
between sequences
aligned can reveal
the source of
mutations

mutations that risk becoming cancers.
To maintain genetic integrity and
normal cell functions, a mechanism
called DNA damage repair is crucial in
allowing a cell to identify DNA damage
and mediate its repair. DNA repair
capacities differ between species
and individuals within species and
understanding and quantifying this
difference is important for biomedical
research purposes, especially for
cancer research and for clinical
diagnostics.
A team at the Massachusetts
Institute of Technology has developed
a DNA Repair Capacity Assessment
Kit which, when introduced into
cells, results in a measurable change
in fluorescent reporter protein
expression. Each fluorescent reporter
colour corresponds to the repair
of a different type or dose of DNA
damage, offering a fast and easy
test that measures the repair of four
or more types of genetic damage
simultaneously. The kit can be used
for DNA repair capacity assessment in
previously uncharacterized cell lines,
as well as for diagnosing or treating
clinical abnormalities resulting from
DNA damage in individual patients

(Figure 6). With the US patent
pending, the team seeks interested
parties for exclusive and non-exclusive
licensing.
Besides DNA damage, there
are several diseases and conditions
that are associated with global
abnormalities in protein translation
from a specific mRNA, such as
viral infections and cancer. Protein
translation typically begins with the
recruitment of the 43S ribosomal
complex to the 5’ cap of mRNAs by a
cap-binding complex. However, some
transcripts are translated in a capindependent manner through poorly
understood mechanisms.
To overcome this common
problem, scientists working at
Cornell University have developed
the Synthesis of RNAs Containing
Methylated Adenosine Residues and
Their Use in Enhancing Translation.
This technology provides important
potential therapeutics for curing a
plethora of diseases and provides
a novel avenue to increase mRNA
translation in commonly used gene
therapies, where results are often
plagued by low levels of protein
translation. This technology takes the

form of methods and kits which will
be well adapted for commercialisation
in the biomedical research sector
(a multibillion-dollar market). The
research team is keen to collaborate
with industry to bring this technology
to all relevant markets including
clinical diagnostics and laboratory test
kits.
Both RNAi and gene knockout
technologies such as CRISPR/Cas9
can reduce the steady-state levels of
cellular proteins of interest to the
researcher. Specifically, RNAi operates
at the level of protein biosynthesis
by targeting and degrading a specific
message RNA or inhibiting its
translation, therefore, preventing
protein expression.
However,
to
expand
the
application of these methods within
the lab, a team at Cornell University
have Integrated Protein Knockout
and RNAi Technologies for Efficient
Eradication of Cellular Proteins. This
novel RNAi and protein knockout
system significantly improves the
efficiency and kinetics of knocking
down cellular proteins of interest,
providing an excellent platform for
protein function interrogation, which
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will enhance laboratory research and
drug target discovery. Again, this
technology would be applicable for
use in commercially-available kits
with a wide-ranging market across
all fields of biological research.
The team encourages interested
industry parties to contact them to
discuss collaboration and licensing
opportunities.
The use of DNA sequencing
techniques is now routine in all areas of
biomedical research, and the methods
in use have facilitated countless
developments in our understanding
and treatment of biology and disease
(Figure 7). Traditional DNA chips for
microarray analysis of RNA expression
are printed on silicon or glass and are
expensive, and the largest current
chips have 2 million addresses.
A team at Cornell University have
developed novel Methods, Devices
and System for DNA Sequencing
and Molecular Diagnostics, based
on a new three-dimensional DNA
chip. The system incorporates a
unique method that can be used
to amplify and sequence the given
sample to address both clinical and
research needs. There are further
diverse applications in whole genome
sequencing, and identification of
genetic variations, whole genome RNA
profiling, and promoter methylation
screening. Cornell’s technology, based
on what they have termed “Sequoia
Amplification”, is available in a range
of formats, with up to 2.3 billion
DNA addresses, which represents
a potentially lucrative opportunity
within genetic biomedical applications.
The team is looking for industry
collaboration and offers opportunities
for licensing the technology.
   Hybridisation Target Enrichment
(HTE) is the most commonly used
genomic DNA enrichment strategy in
next-generation sequencing, but the
method has not significantly advanced
in recent years. Whole genome
sequencing is not yet cost effective
for most applications, so HTE-based
techniques remain popular despite
their drawbacks regarding scalability
and affordability. Existing HTE
11

BOX 1 : NEXT-GENERATION SEQUENCING
‘Next-generation sequencing’ refers to a series of non-Sanger-based
sequencing technologies that allow a huge and rapid throughput of DNA
and RNA samples. These technologies allow simultaneous sequencing of
up to billions of DNA (or RNA) strands without the need for the fragmentcloning methods used in previous techniques. These relatively new
technologies provide scientists with considerable power to investigate
organism-wide changes in gene expression, allowing them to explore in
exquisite depth the changes that occur in diseases - for more accurate
pinpointing of disease targets and genetic abnormalities.

methods produce limited enrichment
power and are therefore inefficient
when targeting sequences greater than
1 million bases. Furthermore, current
platforms are subject to uneven
recovery, such that many sequence
variants are missed or unreliably
detected, lowering the accuracy and
reliability of the data collected.
Now a team of researchers at the
University of Leicester have developed
a series of methods and technologies
aimed at Increasing the Performance
of
Hybridisation-Based
Target
Enrichment for Next Generation
Sequencing (see Box 1). Employing a
novel high-efficiency probe generation
strategy dramatically lowers reagent
costs, while the team’s ingenious
approach to DNA fragment library
preparation enables target regions
to be recovered more specifically,
more evenly, and with a 4-fold better
enrichment power compared to
traditional methods.
If applied, these approaches could
dramatically enhance the performance
of existing market-leading HTE
products. The researchers hope that
companies could adopt their novel
method in next-generation sequencing
markets that do not have an existing
HTE product, and seek licensing,
co-development and collaboration
partners.
Insect vector-borne diseases place
a considerable burden on human
health and the economies of developing
nations including India, China, and
Brazil. The incidence of these diseases
is spreading in part due to global
climate changes and resistance to
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conventional insecticides. Moreover,
the prospects for vaccine development
to combat many of these diseases are
not encouraging.
Researchers
at
Swansea
University have now developed a
Robust Gene Silencing Technology
for Insect Vectors of Disease. This
new technology is a viable, costeffective method of delivering RNA
interference (RNAi) to populations
of insects by infecting them with
a bacterium that is a natural gut
symbiont which expresses doublestranded RNA, targeting specific insect
genes. The symbiont-mediated RNAi
has been developed for the triatomine
bug Rhodnius prolixus, the vector for
Chagas disease, but is translatable
to other disease vectors such as the
tsetse fly Glossina Morsitans, the
carriers of trypanosomes which cause
sleeping sickness in humans and
animal trypanosomiasis, also known
as nagana.
This technology is also targetable
to control the larval mortality of
globally invasive agricultural pests like
western flower thrips (Frankliniella
occidentalis, the vector for plant
tospoviruses), which has developed a
resistance to conventional chemical
pesticides. While the technology holds
great promise for disease control, it is
also a powerful new tool for the study of
gene function. This technology opens
up the possibility of highly targeted
biocontrol which - unlike conventional
chemical insecticides that insect pests
quickly evolve resistance to - will not
affect populations of beneficial insects
such as pollinators.
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Enhancing Research
In labs across the world, scientists of all disciplines reach for the latest tools they
need to interrogate their hypothesis, model their system, or more accurately
make the measurements they are interested in. Science is only as powerful as
the tools used to conduct research, and in this section, we look at the latest
developments designed by academics to enhance their research - technologies
that will power the discoveries of the future.

UNIVERSITY OF MICHIGAN / SNRE LAB

MODEL ORGANISMS
Many of the most important research
tools take the form of models. Whether
it’s the Large Hadron Collider, or a
mouse genetically preprogrammed to
develop type 1 diabetes-like symptoms,
models allow us to study the world
around us in conditions that allow
them to manipulate one variable at a
time and control for the experiment.
Despite the advent of targeted
immunotherapies, the promise of
these treatments has not yet been
met in the clinic, and it has been
observed that most patients do not
respond to cancer immunotherapy.
Furthermore, it is not yet known

what molecular events differentiate
those who do respond from those that
don’t. Establishing this knowledge is a
crucial missing piece of the jigsaw.
By visualising responses to
immunotherapy as a network of
interacting gene products, rather
than by treatment outcome, it is
possible to predict effective drug
interventions. Researchers at the
University of Western Australia
(UWA) have developed a method of
Genetic Network Analysis to Identify
Synergistic
Drug-Immunotherapy
Combinations. Using a mouse model
that displays a dichotomous response
to anti-CTLA4 treatment as a model,
they can identify clusters of candidate

gene networks associated with
‘responder’ and ‘progresser’ animals.
Using this model system will
allow scientists and clinicians to
repurpose known, approved drugs,
and find a new context-specific target
for their use. The researchers at UWA
seek collaboration with industry to
develop their model further, and
commercial partners interested in
the use of their technology.
Secondary immune organs, such
as lymph nodes, tonsil, and the spleen,
are highly structured tissues which
undergo dramatic changes in response
to antigens derived from infections
and tumours. However, much is
unknown about how the immune
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response develops in these tissues,
and a better understanding of these
processes would enhance our ability
to target the development of aberrant
and inadequate immune responses
with cancer and other diseases.
Of particular interest is the
activation of naïve B cells within
lymphoid tissues. B cells, once
activated, organise themselves into
germinal centres from which they
produce
high-affinity
antibodies
that can target infectious agents
or activate anti-tumour immunity.
Previous studies have attempted to
generate artificial immune organs.
However, these systems required
implantation in vivo to exploit the
host microenvironment for the
transformation of B-cells.
Now, a team at Cornell University
have developed Synthetic Ex Vivo 3D
Immune Organoids for B-Cell Culture
and Production. These synthetically
engineered immune organoids will
allow the study of proliferation,
activation,
differentiation,
and
immunoglobulin switching of B
cells in a 3D structure that replicate
physiological conditions better than
anything else on the market. These
'functional organoids' recapitulate
the anatomical microenvironment
of lymphoid tissues, and compared
to 2D co-cultures, this novel 3D
system results in 100-fold more rapid
differentiation of B cells with robust
antibody class switching, as would be
seen in living tissue.
This technology represents a
ground-breaking shift in the methods
for studying B cell biology, and will

BOX 2 : ORGANOIDS - THE FUTURE OF MODEL ORGANISMS
Traditionally, researchers have studied cancer and other diseases using
cell lines grown on plasticware in the lab, or with animal models that are
expensive and often ethically questionable. The lack of accuracy of these
systems as models of disease has been attributed the failure of many novel
anti-cancer drugs. In recent years however, there has been fresh impetus
to develop in vitro methods of growing disease and cancer tissue in 3D
culture systems, or ‘organoids’. The use of these systems have considerable
advantages over traditional techniques, such as being more affordable and
allowing more realistic modelling of tumour environments. Furthermore,
the use of in vitro organoid cultures can allow samples of a patient’s tumours
to be extracted and grown in the lab.

have profound implications for both
research and the pharmaceutical
industry. The system will better
facilitate high-affinity monoclonal
antibody production against specific
antigens ex vivo, as well as improve
the screening of biotherapeutic
compounds which target B cells for example, B cell-derived cancers.
Furthermore, it will be invaluable
as a research tool for the study of B
cell physiology and pathology at the
bench. The team seeks investment
and collaboration to implement this
technology towards drug design and
translational research.
Following the numerous recent
discoveries by researchers at the
University of Dundee, the filaggrin
gene has emerged as an important
new drug target for treatment of atopic
eczema and other related conditions.
To better model the condition, an in
vivo Pre-Clinical Mouse Model for
Filaggrin-Based Disorders has been

developed. This is the first transgenic
mouse model that recreates the main
characteristics
of
filaggrin-based
disorders and uses a human filaggrin
promoter sequence and a reporter
gene which localizes expression to
the footpad epidermis and within
the granular layer of the epidermis
- mirroring the expression profile of
filaggrin in humans. This new model
provides a hugely valuable framework
to test compounds for potential use
in disorders associated with filaggrin
expression in these tissues.
The model will facilitate the
rapid and robust identification and
validation of potential therapeutic
compounds, and will be suitable
for pre-clinical testing of potential
therapeutics’ action. The researchers at
the University of Dundee are seeking a
commercial partner for this technology
and contact from organisations
interested in developing, licensing or
exploiting this opportunity.

CELL CULTURE:

Micro-oganisms
developed on agar
heterogenously
(Conor Lawless /
Flickr)
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CELL CULTURE
The vast majority of molecular and
cell biology begins with laboratory
experiments
performed
with
cells. These cells are isolated from
every tissue imaginable, and allow
scientists to model the tissue of
interest in stable, reproducible
conditions. Having a plethora of
relevant cell types to study has
facilitated countless breakthroughs
in the understanding and treatment
of human physiology and disease.
Continuing to add to the range of
tools at our disposal is as important
as ever.
The Academic Renal Group
at the University of Bristol is a
world-leading team of nonclinical
and clinical scientists engaged
in improving the management,
treatment, and prevention of renal
disease. Their research focuses on
the cellular and molecular biology of
glomerular cells in culture, seeking to
understand filtration barrier function
in terms of basic biochemistry and
physiology, effects of disease states,
and to design and study potential
treatments.
To underpin this research a
suite of Renal Cell Lines have been
isolated and immortalised to offer
readily available cells that express
normal phenotype and function.
The groups’ cells provide highly
relevant experimental models for
the study of drug metabolism,
transport, mechanism of action, and
nephrotoxicity. Several conditionally

immortalised cell lines are available
for licensing.
The team has world leading
expertise in glomerular cell biology
and model development including
co-culture and 3D biomodelling
techniques. The current technologies
offered by the group are a series
of unique cell lines that accurately
model specific biochemical and
physiological features the specific
tissues from which they were derived.
The cell types available include;
‘Human and Murine Podocyte Cell
Lines’, ‘Proximal Tubular Cell Line’,
‘Mesangial Cell Line’, ‘Glomerular
Endothelial Cell Line’. All of these cell
lines are unavailable anywhere else
and represent the first of their kind
to be developed. All the described cell
lines are homogenous, stable, and
long lasting, offering physiologically
relevant phenotype analogous to invivo differentiated renal cells. These
cells will be invaluable for important
toxicology
studies,
studies
of
metabolism, and in designing novel
therapeutic targeting strategies.
The
team
has
developed
straightforward, robust protocols
for growth and differentiation, and
is happy to offer training sessions
for cell growth and maintenance
to interested collaborators. The
University operates a long-term,
single payment licensing model with
discounts available for multiple lines,
and the research team are looking for
ongoing research and development
collaborations as it expands its range
of renal cellular models and other
technologies.

OPPORTUNITIES

Macrophages are immune cells
prevalent in the bodies that fight
infections and activate other facets
of our immunity to cancer and
infectious agents. Studies exploring
macrophages are of huge scientific
and clinical interest but are frequently
hampered by the limited life-span and
restricted numbers of primary tissue
macrophages that can be obtained
for such experiments from donor
tissue and blood. Other macrophagelike systems available fail to reflect
the specific characteristics of organspecific macrophages. The research
community has long sought an
effective alternative.
Now, a team working at Plymouth
University have developed Primary
Lung Alveolar Macrophage-like, MPI
Cells, which reflect the specific and
distinct innate immune characteristics
of alveolar macrophages. These cells
are continuously proliferating, and
can be grown in practically unlimited
amounts making detailed biochemical
analysis possible. These MPI cells
show a unique pattern of innate
immune responses characteristic of
alveolar macrophages, making them
a better model system than any other
currently available for the study
of important diseases such as lung
infections, acute lung injury, asthma,
chronic obstructive pulmonary disease
and environmental toxicosis.
Furthermore, these cells can be
made available from different gene
knock-out backgrounds, making
them an extremely valuable genetic
and phenotypic screening tool for
basic research, and for drug design

EXPERIMENT:

Samples prepared
pre-experiment
(University of
Michigan
/ SNRE Lab)
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for the treatment of inflammatory
lung diseases. The research team at
Plymouth are interested in discussing
licensing and collaboration.
Some tissues lend themselves to
laboratory culture. This makes them
easy to model and study. However,
some cells - such as neurons - have been
challenging to culture in vitro, creating
a bottleneck for the development of
our understanding of diseases which
afflict the nervous system. Generally,
nerve synapses grown in the lab are
small, limiting the type of experiments
which can be performed on them.
However, a giant synapse is 2000
times larger than other synapses, and
these types of synapses are necessary
to study important biochemical and
electrophysical properties of these
tissues.
By creating a Media Supplement
for Giant Synapse Culture (Figure 8),
researchers at the Okinawa Institute of
Science and Technology have made it
possible to culture a full-size synapse
of the central nervous system. The type
of giant synapse that results is large
enough to allow experiments that could
not otherwise be performed and offers
an ideal model for the identification
of new signalling pathways in synapse
regulation, and the development and
identification of novel drug targets for
neurological disorders.
The supplement allows long-term
experiments, up to 30 days, to be run,
and will facilitate efficient in-vitro
drug screening platforms, leading
to better drugs and treatments for
neurodegenerative conditions. This
technology will be of special interest
to reagent manufacturers, as it can
be marketed as a product that will
allow other scientists to create in
vivo-like environments on a plate
to culture vessels and grow tissues
of the central nervous, auditory and
visual systems.
Stem cells have become invaluable
as a research tool and hold huge
promise in the treatment of myriad
diseases.
Transplantation
of
hematopoietic stem cells (HSCs), from
which all other immune cells arise, is
used for the treatment of hematologic

FIGURE 8. GIANT SYNAPSE: A 3D rendered image from a confocal z-stack
of cultures immunostained for synaptophysin, showing a normal synapses
and a giant synapse. Blue is the DNA of the nucleus and red is the
synaptophysin stained synapses.

diseases, but often the number of
available immune-matched HSCs is
insufficient for a successful transplant.
One solution is to expand these cells
in the lab, but until now no scalable
protocols have managed this.
It has been established that
the HOXB4 protein can stimulate
HSC expansion ex vivo and in vivo,
and direct protein transduction
of recombinant HOXB4 protein
dramatically increase HSCs expansion
without the induction of malignancies
such as cancer. However, the
short half-life of HOXB4 protein
necessitates frequent re-supply of the
protein to maintain the expansion
and function of HSCs.
Researchers at Cornell University
have discovered that the HOXB4
protein
is
post-transnationally
regulated by the Cul4 ubiquitin ligase,
and have developed a Degradationresistant HOXB4 in the Expansion of
Hematopoietic Stem and Progenitor
Cells. Direct transduction of the
degradation-resistant HOXB4 protein
significantly enhances adult human
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HSC maintenance both in vitro and in
vivo. This overcomes a major technical
hurdle in the expansion of adult HSCs
for research and therapeutic use, as
it requires significantly less protein
during ex vivo HSC expansion, fewer
donor stem cells and reduces the
malignancy risk by abrogating the
need for a viral delivery method. The
researchers at Cornell are positive
about the range of applications
in research and in the clinic that
this technology will have, and seek
collaboration with interested parties
to bring it to market.
   A
common
limitation
of
laboratory research is the failure
of
well-established
phenotypes
to translate into treatments with
efficacy in clinical settings. One such
example is the serious discrepancy
that exists between results obtained
using laboratory cultured cells for
drug screening, and the efficacy of the
drugs in patients. The key problem
is that cells used in these types of
drug screen have become adapted to
specific culture conditions, whereas

IN-PART
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cells within - for example, tumours
- are more heterogeneous and have
been selected against a different, more
diverse range of conditions.
A team of researchers working
from the Okinawa Institute of
Science and Technology are creating
an improved set of tools for Anticancer Drug Screening that will more
accurately model the conditions seen
within tumours. These proprietary
tools are based around exposing cell
cultures to multiple perturbations and
multiple pharmaceuticals at multiple
dosages, to determine the optimum
combination of cancer agents. The
researchers see a range of applications
for their system, primarily within the
screening and evaluation of potential
anti-tumour agents, but also in
the fields of stem-cell growth and
optimisation. They seek collaboration
with industry to bring this to market.
To
accurately
model
and
experiment on nervous tissue,
researchers frequently require the
ability to produce bioelectrical currents
in their experiments. However, it is
difficult to create a uniform electric
field using in vitro electric field
stimulation
devices,
particularly
standard circular culture-ware. This
results in a reduced usable area and
cell yield during assays.
To solve this problem within
existing labware, a team from OIST
has developed a Uniform Electric
Field Multiwell Culture Plate (Figure
9). This technology provides a uniform
electric field that covers up to 90% of
the area of a circular petri dish. The
device is modular and can be easily
adapted to existing culture-ware for
applications such as tissue engineering,
protein production, and the study of
specific physiological processes such
as electrotaxis, electrotropism, and
wound healing.
The device has huge benefits
compared to existing labware, such
as a two-fold increase in usable cell
culture area that results in increased
cell yield beyond one order of
magnitude, and a modular design for
rapid cell recovery. Furthermore, the
device is low cost and versatile. The

OPPORTUNITIES

FIGURE 9. UNIFORM CULTURE: A rendering of the effect on cells stimulated

in a uniform 100 mV/mm electric field from the cell culture microdevice
developed by researchers at OIST.

team at Okinawa have proof of concept
data that demonstrates the feasibility
of this technology and seek to license
to industrial partners.

MICROFLUIDICS
Current immunotherapy treatments,
such as vaccination, aim to activate
the patients’ immune responses to
induce disease regression. To improve
such immunotherapies, systems are
required that allow researchers to
study cell-to-cell interactions at the
single cell level. However, there are few
existing methods that allow dynamic
analysis of these types of interactions.
A
Breakthrough
Platform
for
Patient-Customized
Cancer
Immunotherapy, developed by a
team from Northeastern University,
comprises a microfluidic droplet array
platform that permits rapid, functional
assessment of various aspects of
anti-tumour immunity at single cell
resolution. The platform permits
analysis of cellular proteins and
mRNA simultaneously, which allows
for the development of personalized
treatments in the lab but can also be
used as a diagnostic for detection of
disease in the clinic.
The method utilizes simple,

inexpensive,
and
portable
instrumentation, which will allow
scientists and clinicians to provide
custom therapies for each patient for
a fraction of current estimates. This
technology is currently available for
exclusive and non-exclusive licensing.
   Urinary tract infections (UTI)
are among the most frequently
encountered bacterial infections in
the United States, with an annual
incidence over 8 million.
While
effective antimicrobial therapy for
urinary tract infections is available,
administration of these therapies
is ultimately dependent upon the
turnaround time, and accuracy
of, the diagnosis. Traditional UTI
diagnostic techniques require several
days to produce accurate results, and
frequently patients are treated in the
interim with antibiotics that have no
activity, unnecessarily contributing to
antibiotic resistance.
A team at Northeastern University
have developed A Breakthrough
Platform for Fast and Accurate
Detection of Urinary Tract Infections.
This microfluidic droplet array
platform can quickly and accurately
perform
antibiotic
susceptibility
testing, ensuring that patients can
recieve early and active therapy,
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NEUTROPHIL
GRANULOCYTES:

Microfluidic platforms
enable scientists
to model the
response of cells to
introduced agents
within controlled
environments

while also decreasing the emergence
of antibiotic resistance. Impressively,
the system does not require culture
pre-amplification.
It
utilizes
simple, inexpensive, and portable
instrumentation, which can also be
adapted to the diagnosis of other types
of bacterial infections. The technology
is currently available for exclusive and
non-exclusive licensing.
Numerous cancer model systems
are now available to investigate the
biological mechanisms that cause
normal tissues to become cancerous
and to screen novel therapies against
such tissues. However, current
tools to investigate cancer biology
and potential tumour treatments
still have significant problems.
Two-dimensional
tissue
culture
modles currently available on the
market lack the biomechanical
conditions and complexity of tumour
microenvironments, and due to
this often fail to represent tumour
heterogeneity or the resistance to drug
penetration.
To establish a tool that will
allow a practical and affordable
requires a better method to replicate
tumour conditions in the lab, a team
of researchers from Northeastern
University have built A Microfluidic
Platform for Drug Modelling & Analysis
of Tumour Microenvironments. This
invention uses cell spheroids with
uniform geometry and versatility
17

which
resemble
the
tumour
microenvironment,
including
pathophysiological gradients, cell
composition, and make-up of the
tumour mass. This allows for accurate
mimicking of the resistance to drug
penetration, providing a more realistic
drug response to the tumour cells.
Ultimately, this system will help
to reduce the failure to translate
insights taken from the lab to the clinic
by providing greater reliability of
therapeutic efficacy, especially for preclinical drug screening. The technology
is available for exclusive and nonexclusive licensing, and the team are
interested in forming developmental
partnerships to collaborate on future
projects.

BIOSENSING
Biosensors are being implemented
in a variety of industries and
applications. From health diagnostics
and environmental monitoring to
homeland security, biosensors are
increasingly relied on to provide
us with critical data. Most current
biosensors are typically either
field-effect transistor devices or
electrochemical-based devices. These
devices are associated with certain
drawbacks and limitations, including
significant
power
consumption,
complex fabrication techniques, and
varying levels of sensitivity.
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A team from Northeastern
University have developed a Biosensor
Platform for Non-invasive Monitoring
of Physiological Conditions. This
technology
has
already
been
demonstrated in several applications,
including the non-invasive detection
of glucose, lactate and urea, and as
a sensor for monitoring hydrogen
disulfide.
These
tailor-made
devices feature excellent sensitivity
while requiring less energy than
conventional devices, and therefore
can be used continuously for up to 10
days.
Construction comprises a simple
and efficient fabrication process, and
these devices can also be produced
for
environmental
monitoring,
monitoring food spoilage, and
the detection of pathogens and
pharmaceuticals in water supplies.
As such, the devices will have wide
ranging applications in industry and
would be especially useful in the oil
and gas industries and to providers
of other utilities. The team seeks
partners interested in exclusive and
non-exclusive licensing.
   Sensors that can detect clinically
relevant concentrations of biomarkers
are essential for future applications in
personalised medicine and healthcare,
although these sensors must overcome
current limitations to provide highspeed readouts at low cost. Photonic
biosensors present one of the most
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FIGURE 10.
UNIVERSAL SENSING:

Developed at the
University of York,
this versatile, lowcost biosensor can be
sensitised to detect
any known antibody

sensitive disease biomarker detection
technologies available, exemplified
by the high-performance instruments
on the market from Biacore and
Genalyte.
Frequently,
however,
expensive readout tools are required
which dramatically increase the cost
and limit the availability of such
technologies.
To
solve
this
problem,
researchers at the University of York
have built a High-sensitivity Photonic
Silicon Biosensor with Simple Camera
Readout (Figure 10). This sensor
can translate the high performance
expected of biosensors into a simple
low cost, stand-alone device, with
a remarkably small footprint. The
sensor consists of a resonant grating,
illuminated by a semiconductor
laser of fixed wavelength, and coated
with the relevant biologic, such as
DNA, antibodies or an aptamer, thus
ensuring the specificity of the reading.
The market for medical diagnostics
at both point of care and in the home
is expected to reach US-$10bn
worldwide by 2020. This intrinsically
simple, robust technology from the
University of York can be sensitised
for any disease, allowing it to capitalise
widely within these markets. A number
of generic patents that cover the area
of the invention are about to expire,
and the inventors see the opportunity
to develop new, patentable IP together
with a commercial partner.

With continuing advances in
biosensing technology, design issues
within existing commercially available
cells are now a significant cause of
variability in the concentration and
time of delivery of samples to the
sensor. Such complications can affect
the ability of even the best biosensors,
hampering the accuracy of the data
acquired, and affecting the sensitivity
and reliability of the devices. Although
a great deal of work has gone into the
design of sensors, very little attention
has been focused on the shape of the
flow cells which deliver the incoming
influent to the sensor surface.
To solve this problem a team
of engineers, computer scientists
and biologists at the University of
Leeds have combined their technical
expertise to develop the iCell: A
Novel Flow Cell for Accurate Bioassay
Measurement. The iCell was designed
using Computational Fluid Dynamics
(CFD) simulation and is optimised
to ensure that when liquid flows into
the cell that it displaces any residual
liquid, from previous measurements,
as efficiently as possible. The cell offers
unrivalled performance over a much
wider range than other cell designs.
This means that high concentration
levels of the influent can be recorded
quickly at the biosensor, resulting in
results ten-fold more accurate than
competitors.
This technology can be applied

to water quality measurements including radionuclide contamination
- and can be adapted to a range of
medical applications, food analysis,
explosives detection and detection of
infectious agents. Currently, the team
are looking for manufacturers and
equipment distributors to license the
iCell design to worldwide markets.
Scientists at the University
of Cambridge have developed a
Femtogram Mass Sensor for Gas,
Liquid and Biological Sensing. Already
proven for gas sensing use as an
electronic nose, this technology has
been further developed in two key
ways. Firstly it has been demonstrated
in liquid media, and secondly, it
has been multiplexed to enable the
simultaneous quantification of several
(up to 16) analytes or biomarkers, using
standard functionalisation chemistry.
This lab-on-a-chip technology is
highly
portable,
phenomenally
sensitive, and manufacturable using
conventional low-cost complementary
metal–oxide–semiconductor (CMOS)
silicon technology.
The technology is suitable for the
quantitative measurement of a broad
range of analytes at low concentration
from a very small quantity of liquid.
It is suitable for deployment in low
cost products, and the university
are seeking commercial partners
for collaborative development and
licensing.
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Biotech for Healthcare
Genetic engineering technologies have come on leaps and bounds in the last
decade. In turn, this has dramatically increased the capacity of researchers
to develop therapeutic technologies for all manner of conditions. From novel
treatments for chronic auto-immune disease to immune therapies for cancer,
biomedical science is in the midst of a renaissance. Here, we explore new
biotechnologies developed to fight human diseases.

ONCOLOGIC
The last decade has seen a surge in the
development of novel targeted anticancer therapies that specifically attack
the aggressive properties of tumours
while sparing normal tissue. While
there have been many success stories,
as we have seen in earlier chapters,
there are still difficulties in translating
technical and biological developments
at the bench into successful treatments
at the bedside. Many new therapies
have not proved as successful as many
hoped they would. In this section, we
discuss cutting edge developments in
biotechnology that will form the next
generation of therapies for tumours
19

and other pathologies (Figure 11).
Breast cancer is one form of
cancer for which treatment regimens
have benefited dramatically from the
development of targeted therapies.
However,
Triple-negative
breast
cancers are a particularly aggressive
form of malignancy found in ~15%
of all cases of breast cancer. These
tumours lack the oestrogen receptor,
progesterone receptor, and human
epidermal growth factor receptor-2
that make tumour tissue vulnerable
to widely used targeted therapy.
Transcription factors, unlike the
molecular targets of current therapies,
have largely remained ‘undruggable’.
Targeting these intracellular
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molecules is a strategy employed
by researchers at the University
of Western Australia in their new
proprietary
Targeted
Treatment
for Triple-Negative Breast Cancer.
The treatment utilises an optimized
interference peptide against the
transcription factor EN1 that can
overcome this problem. In doing so,
this treatment selectively decreases
the chemoresistance in triple negative
tumours, making them once more
susceptible to other therapies. The
team has shown proof of principle
in vitro with multiple cell lines, and
in vivo in mouse models of breast
cancer, and are looking to develop
this clinically relevant technique with
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FIGURE 11.
MALICIOUS CELLS:

A micrograph
capturing serious
carcinoma

commercial partners.
Ovarian cancer is the most lethal
gynecologic cancer and fifth-leading
cause of cancer in the United States. It
is well established that ovarian cancer
patients with high expression of the
key angiogenesis factor, vascular
endothelial growth factor (VEGF),
face poor progression-free survival
and overall survival. As such, one
strategy to treat ovarian cancer is
inhibition of angiogenesis induced
by VEGF expression. Bevacizumab is
an established antibody therapy that
targets VEGF approved by FDA to treat
multiple cancers. However, upon drug
treatment, levels in the peritoneum
remain low and transient, and a new
and improved way of delivering the
drug to sites where it is needed is
required.
Now a team from Cornell
University hasve developed an AAVMediated Persistent Bevacizumab
Therapy that Suppresses Tumour
Growth of Ovarian Cancer. This
invention provides compositions and
methods to treat ovarian cancer with
a single administration of adenoassociated virus (AAV)-mediated
intraperitoneal
expression
of
bevacizumab. Even at the early stages of
development, this technology has been
shown in mice to provide persistent

and high levels of bevacizumab to
the relevant sites without repeated
antibody
administration.
The
researchers at Cornell are now looking
for collaborations and industrial
partners who are interested in taking
this exciting technology into the clinic.
   Using the body’s natural anticancer immune response through
immunisation against tumour antigens
is a very attractive immunotherapy
option. One such cancer antigen,
TEM1, is abundantly expressed in the
vasculature of the majority of solid
tumours making it a prime candidate
for immunological targeting. Using
the TEM1 antigen, researchers at
the University of Pennsylvania have
developed a Universal Cancer Vaccine
Targeting
Tumour
Vasculature.
This invention has been observed to
target the tumour vasculature of a
range of cancers, including but not
limited to; ovarian, renal, breast and
cervical cancer, head and neck cancer,
leukaemia, colon, lung, thyroid and
liver cancer.
The team at the University of
Pennsylvania have developed a DNA
vaccine which induces expression
of the TEM1 antigen fused to the
minimal domain of the tetanus toxoid
adjuvant. Vaccination of animals
induced a successful anti-tumour

response, and significantly decreased
tumour growth. Mice that were prevaccinated were able to reject IV
delivered tumour cells six months later.
This technology, therefore, induces
a long-lasting adaptive immune
response which would be effective as
a prophylactic or therapeutic vaccine
against cancer, without any effect on
other physiological processes, such
as wound healing or reproduction.
Furthermore, this therapy could be
used in combination with other cancer
vaccines or with conventional cancer
therapies. The team is currently looking
to license the technology and invite
industry partners to contact them.
There are numerous ways to
induce anti-tumour immunity using
the body’s natural resources. IL12
is a naturally expressed protein
which dramatically activates the
host’s immune apparatus against a
variety of tumours in animal models.
GOLPH2 is a Golgi phosphoprotein
of unknown function. GOLPH2 overexpression is implicated in various
cancers, including cancers of the liver,
prostate, lung, testes, pancreas and B
cells as well as various viral diseases
such as hepatitis B, hepatitis C, and
adenovirus. Recent studies have
identified high levels of GOLPH2 in
the sera of patients with liver disease,
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FIGURE 12.
CANCER: Histology

GABRIEL CAPONETTI / WIKIMEDIA

of a lymph node
with metastatic
melanoma

particularly hepatocellular carcinoma
(HCC) with a virus infection history
and in lung cancer patients. GOLPH2
is also described as an excellent
ancillary tissue biomarker for the
diagnosis of prostate cancer.
Researchers at Cornell University
have developed a Method to Enhance
Cell-mediated Immunity in Cancer
and Infection by administering an
antibody to (GOLPH2) that increases
the body’s natural production of
Interleukin-12 (IL12). This has huge
potential for use in the immunotherapy
of cancers and pathogenic infections
which require cell-mediated immune
responses for control, elimination,
and long-term protection. To date, the
research team have proof of principle
data, and mouse experiments have
demonstrated enormous reductions
in tumour mass. They now seek
collaborators and industrial partners
to develop the technology and move it
forward into the clinic.
   Most cancer deaths are caused by
the spread of the tumour throughout
the body by metastasising tumour
cells (Figure 12). These cells move
through the lymphatic and vascular
networks to establish new tumours
at diverse sites throughout the body.
21

However, new technologies are aiming
to target these circulating tumour cells
before they migrate to new sites. Using
engineered liposome nanoparticles
that can specifically target different cell
types, circulating tumour cells can be
eliminated in transit. This technique
for
Functionalising
Circulating
Cells in vivo for Metastatic Cancer
Treatment will have additional diverse
applications, such as for use against
inflammatory conditions by targeting
cells affeccting the immune system.
Alternatively, these targeting liposome
particles could be developed further as
a novel in vivo imaging technique.

NEUROLOGIC
The nervous system has traditionally
been one of the most difficult areas
to treat. It is a system that lacks the
dynamism seen in wound healing
responses in most other tissues.
Once grown, many cells of the
nervous system rarely divide, and the
unique anatomy of nerve and brain
tissue makes them difficult to target
surgically (Figure 13).
Spinal cord injury and other
traumatic axonal injuries have very few
avenues of treatment. A major goal of
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current research is to develop therapies
that can promote axonal growth and
regeneration to restore motor and
sensory function in patients. Besides
the high doses of methylprednisolone
that are usually administered after
injury, few therapeutic options are
available. Stem cell transplants and
neurodegenerative substances have
been proposed, but validated results
from these developing treatments are
lacking, and other modes of treatment
remain desirable. Gene therapy
strategies that increase the expression
of axonal regeneration-promoting
proteins are one potential strategy
for axonal injuries, but the unique
morphology of the affected neurons
make this approach difficult.
Researchers
at
Cornell
University have discovered that
protein translation can occur not only
in cell bodies but also in the axons of
neuronal cells when axonal ribosomes
are presented with an RNA that
includes an internal ribosome entry
site (IRES). Since RNA possessing
an IRES can recruit ribosomes, the
translation of any protein whose coding
sequence lies downstream of the IRES
is possible. They demonstrated that
certain RNA alphaviruses, expressing
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FIGURE 13.
NEURAL
SKELETON:

The periodic
membrane
skeleton
structure in live
hippocampal
neurons

suitable coat proteins, when applied to
axons, can enter the axons and induce
the expression of proteins whose gene
sequence is operably linked to an IRES
sequence.
As such, their new technology, a
Modified Sindbis Virus for Expression
of Regenerative Proteins in Spinal
Cord Injured Axons, has promise
for regenerating axons to improve
spinal cord injury prognosis. This
is a completely novel method of
delivering modified RNA to the
site of injury to cause localised
synthesis of regenerative proteins
that can help the tissue to restore
itself to correct function. The team is
seeking collaborations to develop this
delivery method further, and would
be interested in opportunities to
license the technique with interested
industrial partners.
   Similar to conditions that involve
neurological damage, Alzheimer’s
disease is associated with dysfunction
of nerve tissues, specifically in the
mitochondria, which leads to the
characteristic cognitive impairment.
Prohibitin
is
an
endogenous
mitochondrial protein that counteracts
the effects of specific types of neuronal
injury by preventing mitochondrial

dysfunction and oxidative stress
caused by low oxygen.
Cornell University scientists
recently discovered that prohibitin
protein expression is reduced in
an Alzheimer’s mouse model with
the disease, and demonstrated that
gene transfer of prohibitin into the
hippocampus of these mice rescues
long-term potentiation, improves
spatial memory and normalises
locomotor activity in the mouse model.
This Method to Treat Alzheimer’s
Using
Prohibitin
represents
a
series of novel compositions and
methods to up-regulate prohibitin
expression in specific brain tissues
for the treatment of Alzheimer’s
disease and other neurodegenerative
diseases. This treatment offers a
radical new therapeutic option for the
treatment of Alzheimer’s disease and
other neurodegenerative disorders
associated
with
mitochondrial
dysfunction, and the team seeks
industrial collaborations to develop
this method further.
Extracellular
plaques
and
intracellular neurofibrillary tangles
are two pathological hallmarks of
Alzheimer’s disease. Intracellular
neurofibrillary tangles are composed

of dysfunctional and misfolded
aggregates of a family of proteins
called Tau. Tau pathology consistently
displays a characteristic distribution
pattern and correlates with the agedependent decline in cognitive function
of patients with Alzheimer’s disease.
Recent studies suggest that targeting
pathological tau with monoclonal
antibodies could be an excellent
therapeutic strategy. However, while
active immunisation with a tau
peptide, or passive immunisation with
the antibody, slows the progression of
tau pathology in mouse models, this is
not a solution for delivering a sufficient
and consistent dose to patients.
Now, researchers at Cornell
University have used the strategy of
expressing monoclonal antibodies as
a Gene Therapy for Alzheimer’s and
Other Neurodegenerative Diseases
and Conditions. This provides longterm antibody production over a large
area of the central nervous system
without repeated administration. This
treatment would revolutionise the
treatment of Alzheimer’s and other
tau-dependent
neurodegenerative
diseases. The researchers are currently
looking to recieve contact from
interested industrial partners who can
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help bring this exciting technology to
the clinic.
There are myriad challenges
remaining
for
neuroscientists,
and none are as widespread as
depression, which affects as many
as one in ten of us. Serotonin is a
key neurotransmitter in depressionlike states, and p11 protein has been
discovered to be a key regulator of
the serotonin receptor, controlling
how well we can respond to the
mood-boosting effects of serotonin
signalling. Mice lacking the p11 gene
exhibit depression-like phenotypes,
suggesting that increasing p11
expression in patients could help
abrogate depression-like symptoms.
Now a series of developments
driven by a team from Cornell
University may offer the first Gene
Therapy for Major Depression. The
scientists are pioneering the use of
gene delivery vector for increasing p11
expression in human tissues that may
lead to methods which increase p11
expression in depressive disorders.
The main aim of this research is to
help manage depression over the long
term by reducing the frequency and
intensity of depressive episodes, as well
as improving patient responsiveness
and other more commonly used
treatments for depression. The team is
looking for industrial collaborators to
develop this work further and move it
forward into the clinic.
Another chronic and physically
disabling disease that attacks the
central nervous system is multiplesclerosis (MS). This is caused by an
autoimmune response that attacks the
myelin sheaths surrounding nerves,
for which there is no cure. While
the cause of the symptoms is well
understood, the ultimate trigger for
MS remains unknown. The increasing
evidence favours a toxin or viral
infection aetiology.
In this vein, scientists at Cornell
have identified an environmental
trigger for MS in the form of epsilon
toxin (ETX) produced by a bacterium,
Clostridium perfringens, previously
thought not to infect humans. The
inventors have identified an MS
23

BOX 3 : GENE THERAPY
Gene therapies traditionally aim to introduce normal genes into cells to replace
defective ones, and by doing so offer a curative therapy for single gene congenital
disorders. There has been limited success in building systems that can do this
at the organism level, and focus has been shifted of late towards alternative
strategies for genetic therapies. The plethora of gene delivery vectors now
available to researchers are finding myriad new applications in cancer therapies
and vaccines. By delivering novel genes into the body, tissues can be instructed
to produce useful proteins that can then be distributed throughout the body
via the blood stream. For example, using an adeno-associated virus that can
stably deliver a gene of choice into infected cells (see p27 – Cornell University),
clinicians can deliver genes encoding for antibodies that can control an immune
responses or provide a lasting immunity to pathogens.

patient harbouring C. perfringens and
have shown that immunoreactivity to
ETX was ten times more prevalent in
MS patients than in healthy controls.
Multiple studies in animals and other
systems have subsequently shown
that ETX binds to brain vasculature
and white matter, and disrupts bloodbrain barrier, oligodendrocytes and
myelin – all posited to be possible
contributors to physiological damage
associated with MS.
The technology developed by
Cornell scientists, based on novel
Methods to Prevent Multiple Sclerosis,
will provide different techniques
to combat MS based on this new
etiological link, including antibodies,
small molecule drugs, and vaccines.
The team is keen to develop these
novel findings in collaboration with
industry to facilitate entry to the clinic
as treatment or diagnostic tools.
Stroke is one of the leading causes
of death and disability worldwide. One
in six people will have a stroke in their
lifetime. The risk of acute ischemic
stroke (AIS) increases with age as
well as other co-morbidities, such as
diabetes, obesity, high cholesterol
and blood pressure. Globally, it
is estimated that stroke affects
about 16 million people annually,
typically causing death in 20% and
disability in 50% of survivors. Despite
considerable research, there are
no marketed treatments capable of
protecting the brain from damage
following a stroke.
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To this end, researchers at the
University of Western Australia
(UWA) have developed Arginine-rich
Neuroprotective Peptides for Stroke
Therapy which present the possibility
of a new class of neuroprotective
molecules for the treatment of a range
of neurological disorders, including
stroke. Preclinical validation of this
compound has been demonstrated
in two in vivo models and in vitro
models to date, including rat models
where peptides harbour potent
neuroprotective
properties
after
both permanent and transiently
induced stroke. Importantly, these
peptides dose-dependently provide
neuroprotection following intravenous
(IV) administration several hours after
stroke onset. The UWA is seeking
a commercial partner to in-license
and develop this technology as a
neuroprotective therapy for stroke
and potentially other neurological
disorders.

IMMUNOLOGIC
Immunologic drugs are those that
use the uniquely powerful strategy
of targeting the body’s immune
system (Figure 14). This can be done
in two ways. One option is to target
a specific element of the immune
response, such as an inflammatory
response that has got out of hand.
Alternatively, immunity can be
targeted by attempting to induce a
more successful immune response,
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as in the case of cancer, by switching
off regulatory mechanism inbuilt into
the immune system that has hindered
an otherwise successful immune
response to a tumour.
One such approach is through
targeting a non-cellular component of
the tumour microenvironment called
the extracellular matrix (ECM). TNFxxx is a tumour-targeted cytokine
which locally stimulates native immune
cells to degrade the extracellular
matrix surrounding tumours. The
rationale for this therapeutic strategy
is to increase the vulnerability of a
tumour by ablating the fibrotic barrier,
and thereby perfusion by blood into
the tumour. This, in turn, allows
greater doses of anti-tumour drugs to
access the tumours and improves antitumour response. Currently, emerging
immunotherapy drugs suffer from
limited response rates and all antitumour strategies would benefit from
enhanced immune cell priming/
activation within the tumour.
By
enhancing
oncoimmunotherapy
with
fusioncytokines,
researchers
at
the
University of Western Australia plan
to boost responses to existing immune
therapeutics by specifically targeting
the tumour stroma. In combination
with TNF-xxx, another new combined
drug delivery approach, called
'LIGHT-RGR', can achieve targeted
drug delivery to tumour vasculature
by conjugation to a vascular homing
peptide. The effects of LIGHT-RGR
have been shown to be dose-dependent
in
potentiating
immunotherapy
by facilitating access of immune
cells to the tumour. For example,
co-treatment using this approach
conferred a highly significant survival
advantage versus combination antiCTLA4 + anti-PD1 therapy (two
of the leading oncoimmune drugs
on the market). This therapy is a
potentially suited to the treatment
of all solid tumours, and the UWA is
excited to develop novel LIGHT-RGR
and TNF-xxx combination therapies
through collaboration with industrial
partners and studies which trial their
effectiveness in patients.

OPPORTUNITIES

FIGURE 14. IMMUNE DEFENCE: A scanning electron microscope image of a

single neutrophil (yellow), engulfing anthrax bacteria (orange)

Many people suffer from chronic
fatigue syndrome and fibromyalgia
despite the scientific and medical
community failing to agree on the
aetiology of these conditions. At least
one million Americans suffer from
these disorders, at the cost of $25 Billion
to the US economy. Because these
conditions are so poorly understood,
many people are incorrectly diagnosed
or are simply turned away by health
professionals altogether. However,
research has shown that sufferers of
Chronic Fatigue and Fibromyalgia are
affected by specific alterations in gene
expression and other markers occur
following moderate exercise.
Scientists at the University of
Utah are conducting clinical studies
to
pinpoint
specific
biological
molecules related to muscle fatigue
and pain that could help with the
diagnosis of these conditions. In
their hunt for Biomarkers and Gene
Expression Profiles Associated with
Chronic Fatigue, Muscle Pain, and
Fibromyalgia they have identified
specific alterations in gene expression
and other markers as indicators of
pathophysiological muscle syndromes
which can be detected in blood. This
will allow a simple and non-invasive

assay for specific markers, useful for
monitoring patients and evaluating
the efficacy of treatments. Ultimately,
these tests could be extremely helpful
in developing new therapeutics,
forming the basis of a simple, noninvasive test for accurate diagnosis and
monitoring of these related disorders.
With patents pending, the team seeks
interested industrial parties to develop
these tests commercially.
Inflammatory Bowel Diseases
(IBD) are serious and chronic diseases
of the gastrointestinal tract that affect
1 in 1000 people in the West. The
two predominant forms of IBD are
Crohn’s disease and ulcerative colitis,
and both are inflammatory conditions
of the colon and the small intestine.
The spectrum of symptoms includes
bloody diarrhoea, weight loss,
malabsorption, and abdominal pain.
Furthermore, patients frequently
need surgery and risk further
complications
including
colonic
malignancies. These factors combine
to impose a significant impact on the
health of affected patients.
The exact aetiology of these
diseases is believed to be multifactorial
but is to date still undefined. Because
of this, current treatments aim to
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dampen the ongoing inflammation
and associated symptoms rather than
tackle the cause of the inflammation.
Bimetra, a consortium of research
laboratories at Ghent University
interested in the development of
anti-metallothionein products to
treat intestinal inflammation, have
shown that metallothioneins (MTs)
are highly expressed in epithelial
cells, and mucosal inflammatory cell
infiltrates found in gut biopsies of IBD
patients. MTs act as danger signals in
the gut which, when activated, attract
damaging immune cells to the site of
inflammation.
To combat these effects, a series
of Antagonists of Metallothionein to
Treat Intestinal Inflammation are
in development. By antagonising
secreted
MT
during
colonic
inflammation, clinicians will be
able to reduce disease activity.
Researchers have already targeted
secreted MT with antibodies resulting
in a significant therapeutic effect.
This treatment strategy is currently
unexplored and if properly developed
could offer important alternatives
to patients with debilitating and
painful illnesses. Ghent University
wishes to collaborate with a partner to
extend the study of the role of MT in
inflammatory intestinal diseases and
to develop further anti-MT-directed
treatments. The Univerity is willing to
grant exclusive IP rights to do so.
Despite
scientific
advances
regarding
the
aetiology
and
pathogenesis of IBD over the last
decade, a full understanding of
these immune-mediated diseases
remains
incomplete.
One
key
diagnostic (recommended by the
National Institute for Health and
Care Excellence) is a blood-borne
biomarker called calprotectin, which
was established to differentiate IBD
from similar conditions. However,
this test is frequently ineffective,
and physicians in secondary care
often have no choice but to proceed
with more invasive, unpleasant and
costly diagnostic procedures such
as colonoscopy. Thus, there is also
an unmet need for more effective
25

biomarkers which can enhance
existing diagnostic techniques and
assist in the targeting of appropriate
therapies to appropriate patients,
aid disease monitoring and pre-empt
flare-ups.
A team working at the University
of Manchester have identified A
New Biomarker for Inflammation in
Inflammatory Bowel Disease, and
propose that identification of the ratio
of calprotectin to their proprietary
biomarker is the critical factor as to
whether calprotectin is promoting
inflammation.
This
technology
promises to be clinically useful in
predicting which patients will develop
chronic inflammation, and its use will
avoid invasive procedures, predict
mucosal healing and allow clinicians
to stratify treatment. The technology
is being developed for diagnostic
applications, in ELISA (enzyme-linked
immunosorbent assay) or lateral
flow test formats, with the ultimate
goal being to develop a lateral flowbased diagnostic test for use at the
point of care. The team is seeking
co-development partners and would
like to collaborate with an industry
partner for further preclinical and
clinical investigations, with a view to
ultimately licensing the technology.

VACCINES & THERAPEUTICS
Many of the infectious diseases that
plagued humanity in times gone
by are now kept at bay by routine,
widespread, successful vaccination.
However, now researchers have begun
to harness the power of viruses and
pathogens in the treatment of other
conditions – to deliver genes and
induce tailored immune responses.
Despite this, there are some infectious
diseases that are still deserving of our
attention.
Dengue fever is the most rapidly
spreading
mosquito-borne
viral
disease in the world. The World
Health Organisation estimates that
almost half of the world’s population
lives in at-risk areas, with around 390
million new infections every year. The
disease is caused by four dengue virus
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serotypes, and unfortunately infection
with one viral serotype only confers
protection against re-infection with
the same serotype. Multiple serotypes
commonly circulate together in a
particular geographical region and
secondary infection with a different
serotype carries the risk of developing
haemorrhagic fever and shock due to
antibody-dependent
enhancement
where non-neutralising antibodies
facilitate virus entry into host cells,
leading to increased infectivity. A safe
and effective dengue vaccine must
induce strong, long-lived and equal
protection against all four serotypes
and most vaccines in development
have been unsuccessful to date.
Now an alternative approach has
been pioneered at the University of
Oxford. Researchers have developed
a Multivalent Dengue Vaccine able
to induce protective T cell immunity
against all four serotypes of Dengue
fever with minimal risk of inducing
antibody-dependent
enhancement
(Figure 15). This single, pan-serotype,
universal dengue antigen has been
expressed in a simian adenoviral vector
for use in a heterologous prime-boost
vaccination regimen, and trials in mice
have shown the induction of abundant
T cells against all four serotypes while
studies in macaques show vaccine
safety and immunogenicity. The group
are close to clinical implementation of
the vaccine and are seeking industrial
collaborators to help unleash the full
potential of this technology.
While many of the infectious
disease burdens now have effective
vaccination strategies, researchers
are seeking ways to target other
diseases using viruses to deliver
novel
therapeutic
regimens.
Cytomegalovirus
(CMV)-based
vaccines, as well as other herpesvirusbased vaccines, are on the horizon as
a promising addition to our arsenal
against infectious disease and cancer.
These herpesvirus-based vectors are
unique, not only in the high level
of T cell immunity as they induce
against their heterologous encoded
pathogen target tumour-antigen, but
also in the durability of the immunity
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FIGURE 15.
PESKY VECTOR:

Dengue fever is
spread through
mosquitoes
(Anderson
Mancini / Flickr)

and its ‘immediate-effector’ quality.
These viral vectors have also shown
a remarkable ability to induce high
levels of antibody responses using the
CMV vector.
Researchers
at
Plymouth
University have developed unique
Cytomegalovirus-Vector
Vaccines
for Cancer and Infectious Diseases
capable of inducing strong T cell and
antibody responses against encoded
heterologous antigens from target
pathogens or cancers. These vectors
have been identified as being suitable
for use as prophylactic and potentially
therapeutic vaccines. This technology
is applicable in multiple therapeutic
settings that require robust immune
activation and memory, including
cancer and infectious diseases (such
as Ebola and HIV). The uniquely
immunogenic potential of this
strategy could tackle an increasing
list of diseases from Alzheimer’s
to meningococcal infections. The
scientists are keen to find industrial
partners and collaborators who can
help them bring this technology into
the clinic and expand the range of
targets for the vaccine.
Osteoarthritis (OA) is the most
common form of arthritis. It affects
almost 9 million people aged over 45
in the UK and is one of the ten most
disabling diseases affecting developed
countries worldwide. The World

Health Organization estimates that
9.6% of men and 18% of women aged
over 60 years have symptomatic OA.
The major pathological feature of
OA is the loss of cartilage leading to
excruciating pain and impaired joint
function in the knee, hips, and hands.
Multiple factors can contribute to
the development of osteoarthritis; this
includes age, gender, obesity, genetic
factors and prior joint injury or joint
disease (such as gout or rheumatoid
arthritis). At the moment, there are
no effective therapies for OA and
current treatments are limited to
pain relief and surgical intervention.
There is, therefore, a pressing need
for new treatments that can slow, halt
or reverse the OA disease process.
TNF-Stimulated Gene-6 (TSG6) is
a multi-functional protein that is
expressed in response to inflammatory
mediators and protects tissues from
inflammatory damage.
A team at the University of
Manchester have used TSG6 to
develop A Novel Disease Modifying
Therapeutic for Arthritis. In studies to
date, they have found that one of the
protein domains associated with TSG6
prevents many of the symptoms and
damaging pathologies associated with
OA, including erosion of cartilage.
Furthermore, the treatment is broadly
anti-inflammatory
and
prevents
reabsorption of cartilage and bone.

The researchers have developed a
scalable method of production for
the therapeutic which gifts it the
potential of being a fesible therapeutic
candidate for arthritis. While the aim
of research to date has been to target
the therapy at osteoarthritis, there is
substantial scope with this method
to target mono-arthritis, rheumatoid
arthritis, and septic arthritis. The
technology will be of special interest
to biotechnology and pharmaceutical
companies, and the researchers would
like to collaborate with an industry
partner for further preclinical and
clinical investigations with a view to
licensing the technology.
While vaccines are extremely
effective at targeting infectious agents
and are showing increasing promise
at targeting tumours, they have an
almost unlimited scope, and can be
used to induce an immune response
to almost any molecule within the
body. As such, vaccines are now
increasingly being exploited for use
against addictions.
The most widely used addictive
drug in the world is tobacco, of which
the principal addictive component is
nicotine. However, current strategies
to help smokers quit are mostly
ineffective, with a 70% to 80%
recidivism rate within six months.
Cigarette smoking accounts for one of
every five deaths in the US. Despite the
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devastating effects of smoking, current
strategies to help smokers quit are not
always effective. A promising approach
to treating nicotine addiction has been
to develop an anti-nicotine vaccine.
The challenge of this approach is
that nicotine is a small molecule not
detected by the immune system, and
thus nicotine must be coupled to a
larger molecule to induce an antinicotine immune response. Multiple
immunotherapy vaccines have been
tested in clinical trials. However, all
trials showed large variation among
participants in the amount of antibody
generated, and only a relatively small
percentage of the participants have
abstained from smoking.
A team at Cornell University
have instead employed an Adenovirus
Hexon-Based Anti-Nicotine Vaccine to
Treat Nicotine Addiction (Figure 15).
This invention provides a conjugate
comprising an isolated adenovirus
hexon protein coupled to nicotine or a
nicotine analogue, as well as a method
for using such a conjugate to induce
an anti-nicotine immune response to
treat and prevent nicotine addiction
in a human. This intervention induces
high titers of anti-nicotine antibodies
which are sufficient to suppress the
effects of nicotine. With further clinical
development, this could become a
significant anti-nicotine vaccine for the
treatment and prevention of nicotine
addiction. This would represent an

enormously lucrative investment for
pharmaceutical companies, and the
inventors are interested in discussing
licensing opportunities.
The same team from Cornell
have also employed the adenoassociated virus (AAV) vector to
encode an anti-nicotine antibody as
an alternative method of inducing an
immune response against nicotine for
smoking cessation. The AAV-Directed
Persistent Expression of a GENE
Encoding Anti-Nicotine Antibody
for Smoking Cessation provides
alternative compositions and methods
to prevent and treat nicotine addiction.
The AAV vector comprises
a nucleic sequence encoding an
antibody that binds to nicotine. Mice
injected with this vector made high
concentrations of antibodies with high
specificity and affinity for nicotine.
The antibodies effectively sequestered
nicotine in the serum, reducing brain
nicotine concentrations to only 15% of
those in untreated mice. Furthermore,
the usual nicotine-induced changes
in the cardiovascular system and
locomotive activity were abolished or
greatly reduced in mice that expressed
the antibodies. The system was able
to persistently express anti-nicotine
antibodies which could effectively
shield the brain against the effect
of nicotine. The team at Cornell are
now seeking collaborators interested
in licensing the technology for

commercial development.
   The researchers who have
effectively employed the AAV vector
against nicotine addiction have
turned this technique to develop A
Vaccine Against Addictive Drugs.
Addiction to drugs is a major problem
worldwide, but very little success has
been achieved. Vaccines represent
a strategy to prevent and treat drug
addiction. However, like most small
molecules, addictive drugs are often
poor immunogens. This makes it
difficult to develop effective vaccines to
treat such addictions. This invention is
made up of two components. The first
is an adenovirus-antigen conjugate
comprising a coat protein which is
either disrupted, isolated or purified.
The second component is an antigen
of the addictive drugs conjugated to
the adenovirus coat protein, with a
method for using such a conjugate
to induce an immune response
against the antigen in the human
to treat drug abuse. To date, trials
have shown to be extremely effective
against addictive drugs, including
opioids, anaesthetics, depressants,
cannabinoids,
hallucinogens,
stimulants, and a variety of other
prescription compounds. The team
at Cornell are confident that with the
right industrial collaboration they can
achieve the same success in developing
a vaccine against drug addiction as they
have seen for targeting nicotine.

FIGURE 15.
ANTI-ADDICTION:

A vaccine to
combat nicotine
addiction is in
development at
Cornell (John Keith
/ Wikimedia)
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IP INSIGHT :

Intellectual Property Issues in
Industry-Academia Collaborations
A practical guide to IP creation,
exchange and ownership
BY DR BARBARA RIGBY & PHILLIP PRICE
UK AND EUROPEAN PATENT ATTORNEYS AT DEHNS

If you have identified an interesting
opportunity for a research or
development collaboration and are
discussing a potential agreement,
then Intellectual Property (IP) is one
of the key factors that will need your
consideration. This article provides
clear, practical guidance on how to
approach the key IP issues that
can arise before, during and
after such collaborations.
1. KNOW YOUR ASSETS
IP is a collective term
for intangible assets,
which include knowhow, inventions, designs
and trade marks. New IP
is likely to be developed
during any research project,
but both parties may also bring
pre-existing IP (“background IP”) to
the table. It is important to be aware
of your background IP and ensure it
is adequately protected through IP
Rights, e.g. patents, before entering
into collaboration negotiations.
You should identify your background IP
in any R&D agreement and set out the
terms under which your collaborator
may use it. A typical scenario is to
grant your collaborator freedom to
operate via a licence, possibly free of
charge, for at least the duration of the
R&D project.
31
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It is important to appreciate from the outset that one party’s background
IP may be so fundamental to the project that the other collaborator may
require a licence to commercialise the product/service after the R&D project
has been completed. Remuneration may be appropriate at that stage, e.g.
through royalty or milestone payments.
2. SHARE AND SAFEGUARD INFORMATION
Effective collaboration cannot exist without open
communication, so being secretive or treating
collaborators with suspicion would clearly be counterproductive. To safeguard both sides, consider
adequate protection for any important background
IP before it is disclosed to the other party.
It is also a good idea to establish clear guidelines as
to what information may be published, and when.
On a practical level, this may mean that sufficient
notice must be given to the other party before a
publication is made, and each party may have the
right to veto the inclusion of certain information in a
publication. Of course, any public disclosures relating to
a new invention or design must be delayed until after any
desired patent or design application has been filed.
3. AGREE ON RESPONSIBILITY
The collaboration agreement should set out who is responsible for
making decisions about whether protection for IP generated as part of
the collaboration (“foreground IP”) should be sought, when to do so, and
in which jurisdictions. Also agree on who will make decisions during the
examination of any patent applications that are filed, who will determine
how to enforce the IP rights, and who will bear the costs.
4. CONSIDER OWNERSHIP OF NEW IP
Successful R&D collaborations will generate new “foreground” IP, so it is
important to think ahead about who will own any such IP.

EDITORIAL FEATURE

BOX 1
IP ownership rules vary from country to country. Inventors
typically have the initial ownership of their invention, but national
laws and/or employment agreements may well determine that
ownership rests with another party, usually the inventors’
employer. Particularly in the case of universities, the source of
any funding for the relevant research may also affect ownership.
The issue of ownership of foreground IP can be a stumbling block
in collaboration negotiations. Joint ownership is a possibility, but
this can have significant drawbacks, as explained in Box 1 (right),
so it is advisable to come to an alternative arrangement. Although
ownership of IP can be advantageous, ensuring that both parties
receive the broader benefits provided by the collaboration should
be the overriding objective during negotiations.
5. REMAIN FLEXIBLE
The most common scenario following industry-academia R&D
collaborations is for the university to own the resulting IP and to
grant the industry partner a non-exclusive licence to use the IP in
a specified technical field and/or geographical area.
The collaboration agreement could, alternatively, grant the
industry partner the right to negotiate for an exclusive licence to
the IP, or to buy the IP outright from the university. The agreement
may specify that the university has the right to use the IP and the
technology for academic research and teaching.
It is important to develop a broad framework agreement and be
flexible within it, so that each set of results does not cause fractious
re-negotiation. The framework agreement can set out where nonexclusivity and exclusivity will exist, and when IP will be owned by
the university or the industry partner.
The UK Intellectual Property Office has recently launched the
“Lambert 2” toolkit for industry-academia IP negotiations. It
includes 11 model agreements relating to a variety of commercial
situations, as well as helpful guidance notes. They are easy to
modify so that the wording can be tailored to your needs.

CONNECT WITH THE AUTHORS :

To discuss any of the issues above, or to better understand
your IP options during collaborations, please contact the
authors:
DR BARBARA RIGBY - brigby@dehns.com
PHILLIP PRICE - pprice@dehns.com
Barbara and Phillip are chartered UK and European Patent
Attorneys at Dehns. They have a practical, commercially
focussed approach to IP and provide clear advice that is
tailored to the individual needs of each client.
For further information, please visit:
www.dehns.com or call us on: +44 (0)20 7632 7200

THE PITFALLS OF
JOINT IP OWNERSHIP
Joint ownership of IP may seem like
a fair and straightforward option, but
there are good reasons why it should
be avoided.

DIVERGENT IP STRATEGIES
If the collaborators have different
business aims, who should direct
patent strategy? To give just one
example, a company working in the
field of cancer might accept a limitation
of the patent claims to cancer,
whereas that might be unacceptable
to an academic co-owner wishing to
grant licences in other fields of use.
Any such decisions will also impact on
costs, which can lead to disagreements
between co-owners who will often
have very different patent budgets.
Enforcement of a co-owned patent
can also be problematic because in
many countries, all co-owners must be
involved in the litigation of a patent.
If there is no common interest to
enforce a co-owned patent against a
third party, a co-owner may be unable
to protect his interests.

IMPACT ON PATENT EXPLOITATION
Co-owners
are
generally
each
permitted to commercialise the
patented invention without the
consent of the other co-owners.
However, in most countries, one
co-owner of a patent cannot grant a
licence to a third party without consent
from the other co-owner(s). This can
put a non-manufacturing co-owner of
a patented commercial product at a
significant disadvantage.
It is therefore advisable to try to
come to an agreement whereby the
IP is owned by a single party. That
said, most of the problems with coownership are not realised in the early
stages of a patent’s life. Therefore,
it can be pragmatic to file a patent
application in the name of co-owners,
and then arrange for an assignment
from one co-owner to the other.
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INDUSTRY INSIGHT :

Knowledge Exchange
& Commercialisation
A health check on the technology
transfer landscape of the UK,
from PraxisUnico
BY TAMSIN MANN
POLICY OFFICER AT PRAXISUNICO

The focus on taking research knowledge into
commercial products and services, policy and
social interventions is intense. PraxisUnico
has represented professionals working
at the interface between researchers and
external organisations for almost 15 years.
During that time we have seen the work of
such intermediaries become increasingly
recognised and respected but also scrutinised
as the ‘third leg’ of the university mission
alongside research and teaching.
This scrutiny plays against a background
of success in knowledge exchange. The
Government’s Productivity Plan in July
2015 identified science and innovation as a
UK strength, noting that the UK is ranked
4th in the world for business and university
collaboration. The government’s ambition
is that universities should ‘continue to
increase their collaboration with industry
to drive research commercialisation’ and
increase the income they earn from working
with business and others to £5 billion by
2025. That should be achievable: according
to HE-BCI data the number of formalised
transactions and their value has increased
year-on-year since tracking started in 2000.
For the academic year 2013-14 total income
across all categories was almost £4 billion.
There is a constant drive to do more, to
generate more activity with more diverse
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UK KEC IN FIGURES,

From the report - 'Knowledge Exchange and
Commericalisation: the state of the profession in UK
Higher Education' (Copyright: PraxisUnico / Figures
calculated from HE-BCI data 2013-14)
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THE WORK OF KEC PROFESSIONALS IN
FIGURES, From 'Knowledge Exchange
and Commericalisation: the state of
the profession in UK Higher Education'
(Copyright: PraxisUnico / Figures calculated
from HE-BCI data 2013-14)

partners, in different sectors, with SMEs
as well as multinationals. Universities have
responded by growing and formalising their
knowledge exchange and commercialisation
teams to, we estimate, a cohort of around
6000 full and part-time staff. The expertise
and experience contained within the
profession (many of whom have careers of
10+ years) makes it well placed to support
universities in their response to external
pressures, for example, by developing
innovative consortia models (SETsquared),
drafting ‘ease of use’ toolkits (Lambert), or
explaining complex regulations (State Aid).
This cohort of professionals with specific
skills relating to business development,
the treatment of intellectual property,
relationship management, and enterprise
funding has grown up within universities
to cater for the growth in demand for
external collaboration. The increased
expectations of universities nationally
(productivity and skills) and locally
(enterprise and growth) have brought
changes to these professionals: a large scale
and broader scope of activity, new skills
focusing on long-term relationships and
business development, more relevance to
institutional goals, and greater visibility
across disciplines (the latter partly thanks
to the REF).

Many surveys of ‘third stream’ activity fail to consult the
university-based intermediary alongside company and/
or academic partners, which is one of the reasons that we
wanted to dig deeper with our research report, “KEC: The
State of the Profession in Higher Education”, into what
the profession looks like today and provide an evidence
base that can complement other metrics and case studies
produced by and on behalf of the sector. The research report
which we have produced shows the other side of the story,
and is one which is well worth telling. The pressure for the
UK to be among the best – if not the best – at innovation
and enterprise remains intense. KEC professionals have an
important role to play in this and PraxisUnico will continue
to campaign to make the sector’s voice heard through our
policy and Advocacy activity.

ABOUT THE AUTHOR :

TAMSIN MANN is the Policy Officer at PraxisUnico.
Having previously worked in knowledge
exchange and research administration at
the University of Cambridge, Tamsin joined
PraxisUnico in 2014. Her role as Policy
Officer is to inform, support and stimulate the
organisation’s advocacy activities, working with
the Advocacy Committee specifically but also across
the wider PraxisUnico membership.

Contact: tamsin.mann@praxisunico.org.uk
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INDUSTRY INSIGHT :

Developing the Right Formula
for Translational Research
Lessons from members of One Nucleus, an
organisation of international Life Science,
Biotech and Healthcare businesses
BY TONY JONES
DIRECTOR OF BUSINESS DEVELOPMENT, ONE NUCLEUS

There is possibly no better exemplar of how leading
edge innovation is applied than in Formula 1 racing.
The pinnacle of engineering, combined with individual
judgement of the driver, in order to gain perhaps
as little as 0.02 seconds around the circuit to stay
perhaps 100 metres or so ahead of the competition.
That small, but important distance affords one driver
the pole position starting place from which to address
their end goal; victory over their closest competitors!
Are there parallels between Formula 1 and translational
research in life sciences? I would argue yes. That
combination of utilising leading edge innovation and
data analysis in order to secure the optimal starting
place and outcome seem to resonate. Moreover, much
like the essential requirement that the Formula 1
driver is expert enough to capitalise on the speed of the
car, the insight and expertise of innovative scientists
is essential to select the right science to translate into

innovative healthcare products. Not all scientists have
the same insight into how a biological system works
and hence even starting from the same point, having
the best judgement remains key.
Selecting the correct scientific programmes to
translate, whilst an evidence based decision, still
remains challenging when early stage research can
lack reproducibility. This challenge often features
in debates coordinated by One Nucleus, since the
starting point selected has such potential impact on
competitive advantage. Gaining the edge over your
peers is critical to success, whether success in securing
funding or with respect to scientific publication can
be critical to longer term success in translating your
innovation
So, what pointers do I feel these One Nucleus debates
have provided?

LEADING THE CHARGE,
CHULJAE LEE / FLICKR

Through utilising big data,
the most relevant expertise,
and leading edge innovation,
translational research in the
life sciences can learn from
Formula 1 in getting ahead
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CONSIDERATIONS FOR COLLABORATIVE RESEARCH

FUNDING
No research happens unless someone is willing
to pay for it. I suspect investment decisions
would be 100% correct if all made in hindsight.
Unfortunately that isn’t an option, so it is imperative
that Government policy and action supports the
private sector in taking risk on early stage research
programmes and technology transfer.
OPTIMISM
Starting out, there is a place for being insanely
optimistic that it will work. There won’t be enough
data to be sanely optimistic. To attract the right
team, partners and investors to test the hypothesis
fully, a vision has to be sold.
RIGOUR
Exercising strong rigour in experimental design
and practice is key. Is rigour better in industrial
laboratories than in academia? Possibly when
you observe how the skills of statisticians, project
managers and supervisors are honed and deployed
in the industrial setting, sometimes due to available
resource and time of key staff in the respective
settings.
MODELS
It goes without saying that testing your hypothesis
in an appropriate model system is essential.
Selecting the right model is about more than 'does
it mirror the pathology of a disease best?', but more
about 'is it the best system in which to answer the
specific question your experiment is asking?'.
UNPUBLISHED
It is much more difficult to publish negative or
confirmatory research results in high impact
journals than it is to publish positive and novel
research findings. This means there is an immense
amount of knowledge that is not disseminated
across the science community which introduces
inefficiency, delays and pressure to change research
direction to save careers. A re-balancing in what
journals accept could address these problems.
LABORATORIES
It seems obvious that we need the right laboratories
and facilities to undertake leading edge research.
What I refer to here however is more about who
rather than what is in the laboratory. Examples are
emerging of collaborative working spaces, such as

the GSK-Crick Institute collaboration in London
and the MedImmune-Cancer Research UK facility
in Cambridge. Accepting that the translation of
research outputs into patient benefit normally
requires passage through the commercial sector,
closer working between academic and industry
scientists can give projects the best possible start
to be handed on.
ARTIFICIAL
We are in an era when generating and capturing
data feels limitless. Whether from disciplines
such as genomics, from patients via Electronic
Health Records or, increasingly, data from digital
monitoring in wearables, integrating and finding
relevant patterns in such large and complex data
sets may be beyond human capacity. Machine
learning may provide the intelligence required to
gain maximal insight from these data.

There is, I am sure, no single formula for all
translational research programmes that would
signal success. I do believe however that the above
pointers represent some useful guidance on what
we could do more or less of in order to make best
use of capital, talent, technology and knowledge.

ABOUT THE AUTHOR :

TONY JONES - As Director of Business
Development his role at One Nucleus
encompasses the development of
the membership offer to reflect the
current external environment and
changing needs placed upon members’
businesses. He leads on delivery of the
BioWednesdays, the Life Science Leadership Series
and the annual Genesis Conference.

Conact: Tony Jones,
Director of Business Development, One Nucleus
Email: tony@onenucleus.com
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RESEARCH PROFILE :

Nurturing the Bioeconomy:
Removing Barriers to Biorefining
Using plants and waste to break
our dependence on fossil resources
BY DR. FABIEN DESWARTE & JULIET BURNS
BIORENEWABLES DEVELOPMENT CENTRE

Fossil resources are used to make many
everyday items such as pharmaceuticals,
plastics and textiles; but are not renewable and
will eventually run out. Renewable ‘feedstocks’
such as plants, organic wastes, and by-products
- which are produced in substantial quantities
across the world every year - are now becoming
valid alternatives, thanks to new technologies
and innovative ideas.
The use of bio-renewable feedstocks as an
alternative to fossil resources, such as crude oil
and natural gas, is not a new idea. At least 10%
of chemical products are already made from
renewable, bio-based sources, and significant
industry growth is expected over the next
decades. For this growth to be realised a suite
of technologies specific to each raw material
needs to be combined to extract maximum
value, making the most out of the resource.

FIGURE 1. The BDC's
biorefining capabilities,
from plant
to product

There are a variety of key uses for bio-based resources.
For example, wastes and by-products are already being
used to produce high-volume, low-value energy products
such as bioethanol and biogas. However, these renewable
feedstocks could also be used to make lower volume, higher
value materials and chemicals, such as pharmaceuticals,
cosmetics, or flavours and fragrances.
A growing number of companies across the world are now
focusing on the idea of ‘biorefining’ these resources or, in
other words, maximising their value by turning each one
into a range of products instead of solely converting them
to energy.
However, these come with significant financial risk
due to the associated development costs, and potential
failures to bridge the famed “valley of death”. In addition,
entrepreneurs and companies rarely have the resources to
put together both the teams and the physical infrastructure
to demonstrate the feasibility of their technologies.
For bio-based ideas and technologies to reach the
marketplace, it is crucial to minimise these risks by
providing expertise and facilities to help bridge the
valley of death, and to trial both novel and
existing technologies on new materials. This
is what the York-based Biorenewables
Development Centre was set up
to do: help remove barriers to
growth in biorefining.
The BDC believe that a
multidisciplinary approach
to biorefining will be
key to biorenewable
materials replacing their
fossil counterparts, and
have put together the
team and facilities to
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FOUNDATIONS OF THE
FUTURE BIOECONOMY
NEW CROPS FOR
BIO-BASED LUBRICANTS
The BDC is collaborating with Velcourt,
the University of York, and Limagrain
on a three-year project to explore the
commercial feasibility of a new type of
oilseed rape (OSR) that could be used
as a greener alternative to the industrial
lubricants already on the market.

Ongoing client projects in the BDC’s processing and scale-up facilities

help companies all along the bio-based supply chain – as shown
in Figure 1.
Their work is varied: supporting the development of new crop
stimulants, finding uses for wastes and optimising processes
to support their conversion into useful products, e.g. through
distillation, fermentation or microwave processing, to name but
a few.
And it’s not just the BDC who think this is an important area
for development. Beyond the York team, there are another
four centres across the UK specialised in the development of
biorefining technologies. Together, the five centres have formed
an alliance, BioPilotsUK, to help businesses rapidly find the
right combination of technologies for their projects.
Beyond technology support, the UK government is also aligning
the policy landscape to support the bioeconomy, which it sees as
a key source of growth and new jobs, with several reports due to
outline the UK’s strategies for waste, industrial biotechnology
and the bioeconomy.
Between established and novel technologies, innovative ideas
and changing attitudes to “wastes”, the biorefining foundations
have been laid to establish the
greener industry of tomorrow.
With thanks to the BDC’s
project funders: European
Regional Development Fund
(ERDF), Higher Education
Funding Council for England
(HEFCE),
Innovate
UK,
Biotechnology and Biological
Sciences
Research
Council
(BBSRC), Scottish enterprise,
and BioEnergy Sustaining the
Future-2 (BESTF2).

GROWTH TRIALS FOR
CROP STIMULANTS
Working with local business, BioElements,
the BDC evaluated their bio-based product,
designed to improve crop yield and vigour,
concluding that it had a significant impact
on the germination of wheat seedlings.
PHARMACEUTICALS FROM
FOOD BY-PRODUCTS
The BDC team is investigating whether
fermentation can provide a viable option to
turn unavoidable food manufacturing byproducts into pharmaceuticals, so helping
to form new supply chains between GSK
and Veolia.
CHEMICALS AND FUELS FROM
HOUSEHOLD WASTE
Making use of one of the UK’s most
abundant raw materials, municipal solid
waste, the BDC is helping Wilson BioChemical scale-up and optimise their
steam treatment process for converting
waste into useful products including
butanol, acetone and ethanol.

CONNECT WITH THE AUTHORS :

Fabien leads the Business Development Team at the BDC, and has
previously worked as a Senior Science & Innovation Advisor to UK
Government. Juliet is part of Fabien’s team, with a background
in communications both in-house at big pharma and at awardwinning agencies.
DR. FABIEN DESWARTE - fabien.deswarte@york.ac.uk
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www.biorenewables.org
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