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The importance of plant metabolites for 
human and planetary wellbeing cannot be 
overstated. Plant metabolites are vital for 
sustaining natural and agricultural ecosystems 
by helping plants to attract pollinators, fend off 
pathogens, or coax symbionts into mutually 
beneficial relationships. Human health 
depends greatly on plant metabolites that 
we consume with our daily diet, but we also 
benefit from many purified plant metabolites. 
One prominent example comes from 
pharmaceuticals, since many are either direct 
specific plant metabolites, or their design was 
inspired by them. Plant metabolites are also 
used in fragrances, cosmetics, flavourings and 
as industrial chemicals. 

Professor Anne Elisabeth Osbourn is a 
pioneer in elucidating the function, synthesis 
and mechanisms of diversification of plant 
metabolites, particularly in the context of 
defence against plant pathogens. She is a world 
leader in studying plant biosynthetic gene 
clusters (BGCs) and harnessing this knowledge 
for synthetic biology and biotechnology. Her 
research is characterised by the innovative use 

of multidisciplinary approaches that draws on 
a clever blend of genetics, cell biology, protein 
and small molecule biochemistry, chemistry, 
genomics, and computational biology. She has 
a long and consistent record of world-class 
fundamental science that feeds and is fed by 
a focus on real world-problems and which is 
directed to transformative biotechnology.

Anne Osbourn received her PhD in Genetics 
from the University of Birmingham in 1985 
and worked as Research Associate at the John 
Innes Institute in Norwich before moving to 
the Sainsbury Laboratory in Norwich, where 
she established her group in 1999. In 2004, 
she moved back to the John Innes Centre as 
a faculty member to continue her research 
on plant natural product biosynthesis. Today 
she is Group Leader within the Department 
of Biochemistry and Metabolism at the John 
Innes Centre and honorary professor at the 
University of East Anglia.

From the very start, her research was 
dedicated to studying the role of plant 
secondary metabolites, primarily seen 

The Novo Nordisk Foundation is awarding the 2023 Novozymes Prize to Professor 
Anne Elisabeth Osbourn in recognition of her pioneering work on identifying the 
genetic basis for natural product biosynthesis in plants, which has enabled the 
engineering of cells for cost-efficient production of previously inaccessible natural 
products with numerous medicinal, agricultural and industrial applications.
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through the lens of the interaction between 
plants and pathogenic fungi and bacteria. 
At the time, little was known about how 
important plant secondary metabolites 
are for protection against pathogens, and 
Anne Osbourn therefore decided to use 
fundamental research approaches to solve 
an important practical problem in agriculture. 
To this end, she focused on the genetic 
and biochemical basis of oat resistance to 
the ‘take-all’ disease, which is caused by a 
soil pathogenic fungus Gaeumannomyces 
graminis, against which chemical control 
measures are largely ineffective.

Anne Osbourn realised early on that her 
research had to transcend traditional 
boundaries between disciplines, and that 
an integrative approach was needed. She 
recognised that the pathogen’s success 
depended on its ability to metabolise avenacin, 
an oat secondary metabolite. Saponins such 
as avenacin are common in plants, and many 
of them, including avenacin, have pronounced 
antifungal properties. The amphipathic 
nature of saponins enables them to act as 
surfactants with the ability to interact with cell 
membrane components, such as cholesterol 
and phospholipids. Anne Osbourn used a 
combination of plant biochemical genetics 
and fungal biotechnology to demonstrate 
that fungal avenacinase, a glycoside hydrolase 
enzyme that detoxifies avenacin by removing 

carbohydrates appended to avenacin, is 
necessary and sufficient for the fungus to cause 
disease. In a prescient manner, Anne Osbourn 
described potential crop protection strategies 
that would involve inhibitors of avenacinase 
and other related enzymes or production 
of avenacinase-resistant saponins in plants. 
Building on subsequent fundamental science 
results from her group, Anne Osbourn thus 
established the basis for creating new disease-
tolerant varieties by plant breeders.

The success of Anne Osbourn’s work on 
saponins spurred her to study plant secondary 
metabolism more generally, with a main focus 
on triterpenes. Today, Anne Osbourn is best 
known for her pioneering work on identifying 
and understanding clusters of plant genes 
encoding secondary metabolites biosynthetic 
enzymes – Biosynthetic Gene Clusters (BGCs). 
Although gene clusters were already described 
in bacteria and fungi, a first example of a BCG 
in maize was considered to be an exception. It 
was only when Anne Osbourn demonstrated 
that the genes for the last four steps in 
avenacin biosynthesis were all physically 
linked in the oat genomes – like beads on a 
string – that the importance and relevance 
of plant BCGs became widely appreciated. 
Remarkably, Anne Osbourn found that 
triterpene gene clusters are found throughout 
the genomes of flowering plants, having 
evolved independently multiple times. With 
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this pioneering discovery, Anne Osbourn set 
the stage for the identification of many more 
examples of what was previously thought to 
be an evolutionary accident.

Although contested in the beginning, applying 
the BGC concept is now helping to unravel 
and predict many new pathways and pathway 
functions for important classes of plant 
secondary metabolites. These findings have 
enormous potential not only for producing 
difficult-to-synthesise drugs in larger amounts, 
but also for improving plants natural defence 
systems for the benefit of both human health 
and the sustainability of the planet. The impact 
of Anne Osbourn’s research on biotechnology 
is evident from her accomplishments in 
establishing a translational synthetic biology 
platform that enables the rapid production of 
gram-scale purified triterpenes using transient 
transfection of tobacco plants. The ability to 
integrate BGC and use plants as biological 
factories offers several advantages for 
producing structurally complex molecules at 
scale, and Anne Osbourne’s approach serves 
as an important proof-of-concept and has 
obvious biotechnological value.

Throughout her career, Anne Osbourn has 
pushed the state-of-the art in biotechnology 
beyond her field through the development of 
original tools and platforms that have enabled 
the research of many others, one example 

being an online analysis platform to facilitate 
the identification of BGCs, which has been 
accessed over 11,000 times since publication 
in 2017, demonstrating wide usefulness for 
the community.

One example of Anne Osbourn’s current 
lab activities that has great promise for 
improving human health is the work on the 
saponin QS-21, an immunostimulant that 
is a key component of existing vaccines for 
shingles, malaria and SARS-CoV-2 as well as 
in vaccines that are under development for 
diseases such as ovarian cancer, Alzheimer’s 
disease, tuberculosis, and HIV infections. 
While QS-21 is currently extracted from 
the bark of the soapbark tree, only native 
to Chile, the ability to produce QS-21 in 
heterologous plant expression systems at 
scale has huge potential.

Anne Osbourn’s impressive contributions to 
science are documented in numerous ways, 
not least by almost 200 publications on all 
aspects of plant secondary metabolism, 
including several highly cited papers that are 
milestones in the field. It is not surprising that 
Anne Osbourn has received many honours 
including election as an International Member 
of the US National Academy of Sciences 
(2022), being appointed an EMBO Fellow 
(2022), a Fellow of the Royal Society (2019) 
and a Fellow of the Linnean Society (2018). 
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About Anne E. Osbourn

1985
PhD, University of Birmingham, UK

1985-1987
Research Associate, John Innes Institute

1987-1999
Research Fellow, Sainsbury Laboratory, 
Norwich

1999-2005
Group Leader, Sainsbury Laboratory, Norwich

2005-present
Group Leader, Department of Metabolic 
Biology, John Innes Centre

2006-2008
Head, Department of Metabolic Biology, 
John Innes Centre

2006-present
Honorary Professor, University of East Anglia

2008-2013
Institute Strategic Programme Leader, John 
Innes Centre

2013-2019
Director, Norwich Research Park Industrial 
Biotechnology Alliance

She received the Medal of the University of 
Helsinki in 2003 and was appointed Officer of 
the Order of the British Empire in 2020.

Last but not least, at a time of increasing 
distrust in scientific facts, it is important that 
scientists realise the significance of education 
and communication. Anne Osbourn is an 
extraordinary example of a scientist that 
utilises her impressive communication skills in 
many ways, including as a cross-disciplinary 
interpreter of sophisticated science to 
practitioners as well as to the general public.  
She initiated the Global Garden Project, 
which combines science, arts, and poetry to 
promote the understanding and appreciation 
of high-value plant products, plant science 
and biotechnology in general by the public, 
researchers and regulators. Finally, Anne 
Osbourn is also a poet and has developed 
and co-ordinates the Science, Art, and 
Writing (SAW) Trust, a cross-curricular science 
education outreach programme. In 2020 her 
poetry collection ‘Mock Orange’ was published.

The Novo Nordisk Foundation is proud to 
recognise Anne Osbourn’s excellence in 
research by awarding her the 2023 
Novozymes Prize.

Photo credit: Mette Frid Darré 
Cover and pages 3 and 6
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She chose poetry over 
science but returned 
to revolutionise plant 
research
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Plants produce a wealth of drugs and other useful natural products. These 
compounds are often structurally complex, limited by difficulties in accessing 
source species and beyond the reach of chemical synthesis. The discovery – by 
Professor Anne Osbourn – that genes for specialised metabolic pathways are 
organised like beads on a string in plant genomes has fuelled the findings of novel 
plant compounds and pathways. At the height of her career, she decided to take a 
year off to study poetry. Today, poetry and plant research support each other. Anne 
Osbourn is receiving the 2023 Novozymes Prize for her pioneering work that has 
opened new opportunities to access chemicals from plants, produce important 
drugs in higher amounts, and improving plants’ natural defence systems to benefit 
both people’s health and the sustainability of the planet.

Plants produce more than 1 million 
compounds, but the genes are only known 
for about 50 complete plant natural product 
pathways. Thus, the understanding of 
how compounds are synthesised is highly 
fragmented. Anne Osbourn has dedicated 
her research career to characterising plant 
biosynthetic genes, enzymes and pathways 
and harnessing these for medicinal, agronomic 
and industrial applications.

One pathway, on which Anne Osbourn’s 
lab is working, is for an immunostimulant, 
QS-21, which is a key component of vaccines 
for shingles, malaria and COVID-19. It is also 
used in vaccines being developed for ovarian 
cancer, Alzheimer’s disease, tuberculosis and 
HIV. QS-21 is currently extracted from the bark 
of the soapbark tree, which grows in Chile.

“Interest has been increasing in finding ways 
of reducing the environmental impact and 
improving the sustainability of sourcing this 
very important compound. We are working on 
elucidating the entire pathway for QS-21, and 
we have a rapid way of putting these genes 
to work in a heterologous plant expression 

system, which means that we can go from 
expression constructs to making chemicals 
in five days. This opens the possibility of 
producing QS-21 and other structurally related 
adjuvants optimised for immunostimulant 
activity and suitable for human applications – 
and this has attracted interest,” explains Anne 
Osbourn, Deputy Director of the John Innes 
Centre and Honorary Professor at the University 
of East Anglia, Norwich, United Kingdom.

Poetry or science?
Anne Osbourn was always fascinated with the 
natural world and in particular plants. She grew 
up in a village in Yorkshire in northern England. 
There were woods and a stream nearby 
and the moors, which Anne as a child loved 
exploring. When she was very young, she 
already started to learn the names of plants.

“I loved plants but was squeamish about 
animals and certainly did not like dissecting 
them at high school in the biology class. I used 
to make my mother go for picnics in the winter 
to try and find flowers. The first plant to flower 
was the coltsfoot. My childhood memories are 
of gardens more than houses. When I was 3 
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years old, I could say Primula denticulata. And 
so I ended up going down the plant route.”
Anne also grew up in a home full of books of 
classical literature. Her parents both studied 
and taught literature, so she also grew to love 
English and creative writing. However, in 
school she was forced to choose.

causes a disease in barley and wheat known as 
glume blotch.

“That led me to be interested in how microbes 
and plants interact. I had the opportunity to 
move to the Sainsbury Laboratory in Norwich 
when it first started in 1988, where I set up a 
programme in the laboratory of Mike Daniels 
working on bacterial pathogens. I then started 
working on fungal pathogens of plants.”

The hardest decision I had to 
make at school was whether 
to specialise in the arts or in 
science.”

“
“The hardest decision I had to make at school 
was whether to specialise in the arts or in 
science. Because my parents’ house was full 
of books, it was like a library: double stacked 
literature and fiction. I suppose I always 
thought that this option would be there 
anyway. And so, my sister and I both went 
down the scientific route, and I chose botany.”

Powerful in the animal world
After finishing her master’s degree at the 
University of Durham, Anne Osbourn went to 
the University of Birmingham for her PhD – in 
a genetics department, where she started 
studying the interactions between plants and 
the pathogens that might attack them, in her 
case a fungal pathogen called Septoria that 

The Sainsbury Laboratory conducts research 
on interactions between plants and microbes. 
At that time, people were beginning to apply 
molecular biology to understanding the 
mechanistic basis of how pathogens cause 
disease, and in her early work on bacterial 
plant pathogens, Anne was the first to develop 
a selective method for identifying the crucial 
pathogen genes expressed in a host.

“This way of selecting for host-expressed 
genes we developed in plants subsequently 
got taken up by animal people and proved 
to be very powerful in the animal world. One 
day, I remember hearing ‘in vivo expression 
technology’, and I just looked at my boss at the 
time. Mike Daniels, and we realised that we 
had actually invented IVET.”
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A double whammy
The technology became a powerful and 
pervasive approach for microbiologists, who 
used it to identify bacterial genes during 
infection and the determinants of potentially 
deadly fungal pathogens such as Candida 
albicans. But through her investigations 
of the mechanistic basis of plant–microbe 
interactions, Anne Osbourn’s focus changed.

she demonstrated that a root-infecting fungus 
could infect oats if it was able to detoxify 
avenacin – an antimicrobial compound 
produced by the plant.

“At the time, the community was mostly 
focused on the defence responses that were 
induced in response to pathogen attack. We 
showed that the preformed antimicrobial 

“Instead, I became fascinated with how plants 
defend themselves against the pathogens and 
the role of plant-derived natural products. I 
was interested in why plants make different 
kinds of chemicals. These chemicals are not 
just waste products; they are believed to have 
important functions in interactions between 
plants and their environment and plants and 
other organisms.

Anne Osbourn started understanding how 
plants naturally make chemicals, what they do 
and the mechanisms by which chemistry is 
diversified in the plant kingdom. The work led 
to a landmark contribution in 1991 in which 

compounds that plants produce as part 
of their normal programme of growth and 
development can protect against disease and 
are very important in plant defence.”

An unexpected development from the work 
was the finding that the breakdown of such 
chemicals by fungal pathogens can give rise 
to a double whammy.

“Not only are the plants’ chemical defences 
broken down. The breakdown produces 
compounds that also block induced host 
defence responses.”
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“So, I sometimes got called Anne who works 
on avenacin. She does oats, you know, that’s 
what she does. But the discovery has led to 
much broader findings, another discovery 
that we stumbled across unexpectedly.”

When the researchers started to look at how 
plants make defence-related molecules, the 
genes for these multi-step pathways, instead 
of being distributed around the genome, are 
sometimes organised in clusters, like beads 
on a string – right next to each other.

“Your average plant genome has about 
30,000 genes. If you are trying to find the 10 
or 12 genes in that genome that are needed 
to make a specific chemical, you are clutching 
at straws trying to find these genes, which 
are scattered around the genome. But it has 
become clear that plants have a phenomenon 
called biosynthetic genes. And that was a big 
shock to the community.”

Anne and her oats
The findings got Anne Osbourn to launch a 
major programme, exploiting the fact that 
avenacin, the major antimicrobial compound 
in oat roots, is naturally fluorescent under 
ultraviolet light. By screening for mutants with 
reduced root fluorescence, she could isolate 
oat lines that did not have proper defence.
“So, we isolated more than 100 mutants of oats 
that did not make avenacin and showed that 
these mutants were susceptible to disease. So, 
that provided evidence from the plant side that 
these molecules were really important.”

It was thus Anne Osbourn’s pioneering work 
that helped push the international research 
community to invent the term phytoanticipin 
– distinguishing the preformed chemicals 
from pathogen-induced chemicals known 
as phytoalexins – very similar to the human 
immune system, which also comprises an 
innate and an acquired part. But few people 
believed that her findings were universal for 
the plant kingdom.
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A lot to lose potentially
The hard work of identifying mutants and 
genetic analysis helped to create a paradigm 
that has been crucial for specialised metabolic 
pathway characterisation and design ever 
since. The gene clusters were still considered 
somewhat controversial.

However, what happened next was probably 
more controversial.

“I went into science, did a degree in botany, 
did a PhD in genetics, did a postdoc and 
became well established. But then in 2004, I 
just felt that somehow something was missing. 
I had been looking at job ads in Nature. And I 
saw this advertisement from an organisation 
called the National Endowment for Science, 
Technology, and the Arts.”

Nesta was set up in 1998 with lottery money 
to promote innovation and invention in 
the United Kingdom. The money enables 
talented people to develop original ideas. 
One programme was called the Dreamtime 
Fellowship – inspired by the Aboriginal 
walkabout dreamtime.

“I just decided I had had enough of writing 
all these learned scientific articles. I wanted 
to do something different for a while. So, I 
applied for one of these grants to go to the 
School of Literature and Creative Writing at 
the University of Norwich, one of the leading 
places in the world for creative writing.”

SAW Trust
Anne Osbourn was awarded a 1-year 
fellowship, during which she wrote poetry 
about how she came to be who she was and 
why she went into plant science.

“Publishing poetry is very different from 
publishing science – there is peer review but 
often no feedback. So, this was quite radical. 
I just said that I am going to go and write for a 
year. I think the people around me were very 
surprised. Some people were really impressed 
and curious, and others thought it was a 
bit odd. And this was at a time when doing 
something like this was quite risky. Potentially,I 
had a lot to lose.”

I went into science, did a 
degree in botany, did a PhD 
in genetics, did a postdoc and 
became well established. But 
then in 2004, I just felt that 
somehow something was 
missing.”

“ During her Nesta Fellowship, Anne Osbourn 
also founded the Science Art and Writing 
(SAW) Trust – an international charity that 
promotes innovation in science engagement 
to support the development of a cross-
disciplinary educational programme. Since 
it was founded, thousands of children in the 
United Kingdom, the United States and China 
have participated in SAW projects.
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“It is very rewarding to be playing a role in 
inspiring young scientists from elementary 
school. So, these children may go on to be 
newspaper reporters or politicians or artists 
or writers, but if they have any affinity with 
science, then that is good for everybody.”

Began to support each other
At the time when Anne Osbourn joined the 
Dreamtime Fellowship programme, she had 
a successful research group and things were 
going well, and she wanted her group to 
continue running until she knew whether she 
would carry on doing research.

“Initially, when I had my year writing poetry, 
I thought that is it, I am not going back to 
science. I am going to be a writer. But then I 
thought, well, I will go back to science for a 
while. Then I realised that somehow the two 
were feeding off each other.”

Luckily, her group continued being successful 
while she was away. It was a surprisingly 
productive year.

“Although I was on sabbatical for a year, I was 
still going in one day a week. I think that, partly 
because I was not there all the time, people 
wanted to do things so they could show them 
to me at the end of the week. And it kind of 
seemed to accelerate things.”

Gradually, Anne Osbourn realised that the 
three different strands – research, outreach and 
poetry – were not competing with each other. 
They began to support each other.

“So, I could integrate doing school engagement 
work into a regular science grant proposal and 

it would be very well received. And I started 
publishing poetry in science magazines.”

After finishing her Nesta Dreamtime 
Fellowship, Anne was awarded a highly 
prestigious Branco Weiss Society in Science 
Fellowship to continue developing her cross-
disciplinary activities, which she did in parallel 
with returning to full-time science.

The rule – not the exception
Shortly after she came back after the 
Fellowship, Anne Osbourn moved to the 
John Innes Centre in Norwich – ranked first 
in the world for scientific impact in plant and 
animal research. There she got a group leader 
position, determined to prove that she was not 
just Anne with her oats but initiating a broader 
programme on plant natural products – how 
they are made, what they do and mechanisms 
underpinning metabolic diversification.

“I knew that, if the genes for natural product 
pathways are indeed organised in clusters, 
this would open up great opportunities for 
discovering new pathways and new beneficial 
natural plant products. But the plant world was 
still saying: ‘Well, yes, but you know, these are 
just odd exceptions.’”
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Many believed that the odd gene clusters 
had arisen from gene transfers from the 
microbes that lived alongside the plants. But 
in a landmark 2008 Science article together 
with colleague Ben Field, she showed 
that gene clusters of the chemically and 
pharmacologically important triterpenoids 
have evolved multiple times.

Anne Osbourn’s subsequent work led to 
the hypothesis that clustering of genes in 
plants makes sense since it minimises the 
risk of accumulating harmful metabolic 
intermediates. And she showed that the 
disruption of clustered pathways and 
consequent accumulation of intermediates 
in several instances adversely affects plant 
growth and could cause abnormal patterns 
of development.

“Did they come from microbes? Is that 
why they are clustered? The answer to that 
seems to be unequivocally no. They have 
arisen by gene duplication and acquiring 
new functions and presumably are a result 
of selection pressure. Otherwise, this would 
not happen.”

Gram-scale quantities
Plants are an excellent source of new useful 
compounds – such as drug leads. However, 
availability is limited by access to source 
species and low abundance. Microbes have 
therefore traditionally been used as hosts 
for producing plant-derived compounds, 
but they also have substantial limitations 
and optimisation is far from trivial, since 
fundamental knowledge is lacking about 
differences in cellular processes between 
plants and bacteria.

“So we, like many groups around the world, 
have used microbes to express genes for 
these natural plant compounds. However, 
a colleague of mine, George Lomonossoff, 
made a serendipitous discovery while 
working with a dwarf wild relative of 
tobacco, Nicotiana benthamiana.”

“This finding suggests that plant genomes 
have remarkable plasticity and that these gene 
clusters can assemble in real life and were not 
just inherited from bacteria.”

Causing abnormal patterns of development
Further research proved that these operon-like 
gene clusters had indeed assembled recently 
and independently in both oat and in the 
thale cress Arabidopsis thaliana. This has now 
snowballed, and over the past 5 years more 
than 35 clustered natural product pathways 
have been reported from plants.

“These include medicinal alkaloids from poppy, 
anti-nutritional compounds in tomato and 
cucumber and many, many other examples. 
So, this is an intriguing phenomenon. And 
we could debate for hours why these gene 
clusters exist. The crucial thing is that it means 
that we can use computer algorithms to scan 
plant genomes to look for candidate new gene 
clusters for pathways and chemistries.”
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Almost by chance, George’s group found 
that if they combined a target gene, a green 
fluorescent protein, with a strong promoter 
sequence in front, and then a little bit from the 
RNA-2 gene from a plant-infecting virus, they 
could get massively elevated levels of green 
fluorescent protein in N. benthamiana.

“This is very quick. Five days later, you can 
see your green fluorescent protein being 
expressed. So, George was very excited about 
this. One day he came to my office and said: 
Well, why don’t you try doing it with plant 
natural product pathways? And so we did, 
and we found that it is incredibly quick and 
powerful. We found that we can assemble 
pathways of over 20 steps. And if you want 
to, you can scale up to infiltrate whole plants. 
And that has enabled us to purify up to gram 
scale amounts of pure compound, which is 
incredibly powerful.”

You don’t need to know
The new powerful plant platform serves as 
an important proof of concept with obvious 
biotechnological value. However, although 
about 1 million natural plant products likely 
exist, genes are known for only about 50 
natural plant product pathways.

“Plant genomes have more than 30,000 genes, 
so finding the 10 or 20 genes in a pathway 
that do what you are interested in is quite a 
challenge. But that is becoming possible.”

Coupled with advanced genome mining 
algorithms, the new expression-based 
synthetic biology platform has opened the way 
for systematic analysis of the metabolic dark 
matter harboured within plant genomes.

“We can not only understand and recapitulate 
the pathways for known plant chemicals but 
can mine right across the plant kingdom and 
build a toolbox of genes and enzymes that 
enable us to make new chemicals that had 
not previously been reported. Because we 
can mix and match from the wealth of plant 
genome sequences out there.”

“The idea of using algorithms like the ones 
that have been used in microbes to predict 
new pathway gene clusters is becoming very 
attractive. You do not even need to know 
what molecule you are looking for. You can 
just scan the genome for genes predicted 
to encode different classes of proteins 
that together look like they might be a 
biosynthetic pathway.”

The soapbark tree
The most exciting recent development using 
the new platform is saponin compounds 
from a wild South American soap bark 
tree (Quillaja saponaria). The tree makes 
more than 100 structurally related saponins 
(known as QS saponins), and one of the most 
abundant is called QS-21.

Plant genomes have more than 
30,000 genes, so finding the 10 
or 20 genes in a pathway that 
do what you are interested in 
is quite a challenge. But that is 
becoming possible.”

“
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“This molecule is an immunostimulant and is 
used in human vaccines against shingles and 
malaria to enhance the immune response. 
The QS saponins are sourced directly from the 
tree, and interest is growing in findings ways 
of reducing the environmental impact and 
improving the sustainability of sourcing these 
important resources.”

Anne Osbourn’s lab has taken a major 
step forward in addressing this problem 
by using a combination of genome mining 
and bioengineering techniques to produce 
saponin-based vaccine adjuvants in the 
laboratory without harvesting material directly 
from trees.

“We first sequenced the genome of 
Quillaja saponaria. Then we used powerful 
computational gene-mining tools to predict 
which among the approximately 30,000 genes 
were responsible for biosynthesising saponin. 
This led to the identification of a biosynthetic 
pathway of 16 genes that act as an instruction 
manual for future adjuvant bioengineering.”

Identification of a further three enzymes 
resulted in a complete biosynthetic pathway to 
the saponin QS-7, a saponin that is included in 
a vaccine adjuvant with proven clinical efficacy 
but is notoriously difficult to purify from 
soapbark tree.

The pathway to these molecules was 
reconstructed in the tobacco expression 
platform. The team has partnered with Plant 
Bioscience Limited, which is leading the 
commercialisation of the research. They have 
already used the instruction manual in an 
attempt to produce other valuable saponins, 
including QS-21, a potent adjuvant and key 
component in human vaccines.

“The COVID-19 pandemic demonstrated 
the huge demand for life-saving vaccines. By 
assembling the genome sequence of Quillaja 
saponaria, we now have the instruction 
manual that has enabled us to decode how 
the tree makes these potent medicinal 
molecules. Since the availability of these is 
limited by difficulties in accessing source 
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species, low yield, purification problems 
and environmental concerns, the scale of 
the economic opportunity for improving the 
supply of high-value products from plants is 
therefore enormous.”

Poetry revisited
But what about poetry? Was that just a short-
lived adventure? For Anne Osbourn, poetry 
and science communication are much more 
than and not so different from science.

“The process of science – unlike what 
people normally think – is like the arts, 
a creative process. It involves looking at 
things, identifying a question that you 
want to address and then devising ways of 
investigating and discovering. Whether it is 
science or the arts, it is a creative process 
and scientists are creative.”

The big deal for Anne Osbourn has been that 
her scientist colleagues have kept asking: What 
is your book going to be about?

“That was stressful. Until I realised that 
whatever happens, becoming a poet would be 
an amazing experience. The whole point about 
the Dreamtime Fellowships was to give you 
the opportunity to have a completely different 
experience and then bring the positive benefits 
of that back to your normal job.”

And then finally, in 2018, her first poetry 
collection, Mock Orange, won the Sentinel 
Poetry Book Competition and was later 
published by SPM Publications. This 
collection connects her work to poetry and art. 
Soon her second book, Rockall, will also be 
published.

“Science and the arts both involve a 
combination of creativity and technical 
competence in their quests to find the best 
possible truths. Scientists write about facts, 
and we reference everything. It is cold and 
clinical. Although I do not think poetry 
changes my scientific perspective, it has 
affected my scientific writing.”

Can help to tackle global warming
And there will undoubtedly be plenty to 
write about in the coming years on how plant 
research and biotechnology can benefit 
human health. The current understanding of 
plant metabolic diversity is scant and highly 
fragmented. Up to half the pharmaceuticals 
currently in use are either natural products or 
inspired by natural products.
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“This vast new resource, in combination with 
advances in computational and synthetic 
biology, will make it feasible to map out 
the dark matter of plant genomes that 
determines metabolic diversity, with the 
aim of harnessing and expanding on the full 
chemical engineering capability of the plant 
kingdom.”

But the research of Anne Osbourn and the 
plant research community can potentially 
also greatly benefit the sustainability of the 
planet and alleviate the current food supply 
crisis. Anne Osbourn’s group has recently 
characterised four triterpene biosynthetic 
gene clusters with the capacity of producing 
dozens of previously unknown specialised 
root metabolites that sculpt the composition 
of the root microbial community, presumably 
to benefit the plant.

“This work opens the intriguing possibility 
to use genome-level functional prediction 
algorithms to modulate root microbiota 
composition. The potential impact of this 
discovery is massive and may lead to 

substantial acceleration of plant biotechnology 
and breeding efforts in the context of soil 
health and could thus ease food shortages and 
help to tackle global warming.”

The 2023 Novozymes Prize was awarded 
at a prize ceremony in Bagsværd, Denmark 
on 21 April to Anne Elisabeth Osbourn, 
Deputy Director of the John Innes Centre 
and Honorary Professor at the University of 
East Anglia.

This work opens the intriguing possibility to use genome-level 
functional prediction algorithms to modulate root microbiota 
composition. The potential impact of this discovery is massive and 
may lead to substantial acceleration of plant biotechnology and 
breeding efforts in the context of soil health and could thus ease food 
shortages and help to tackle global warming.”

“
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The Novozymes Prize aims to raise 
awareness of basic and applied 
biotechnology research. The prize is 
awarded to recognize outstanding research 
or technology contributions that benefit the 
development of biotechnological science 
for innovative solutions. It is awarded for 
a predominantly European contribution. 
Prize recipients must have a current 
position at a public or non-profit research 
institution in a European country. They may 
have any nationality.

The Novozymes Prize Committee awards 
the prize based on the nominations 
received. Anyone can nominate a candidate 
for the prize. The prize is awarded annually 
and is accompanied by DKK 5 million. DKK 
4.5 million is a funding amount for the Prize 
recipient’s research, while DKK 0.5 million is 
a personal award. 

The Novozymes Prize is awarded by a 
prize committee that selects the successful 
candidate based on scientific achievements 
after a confidential nomination and review 
process. 

The members of the Novozymes Prize 
Committee are appointed by the Novo 
Nordisk Foundation Board of Directors. The 
2021 Committee comprised the following 
eight members:

The Novozymes Prize
Committee

Professor Bernard Henrissat, Committee Chair 
Professor Jens Nielsen
Professor Maija Tenkanen
Professor Johanna Buchert
Professor Dame Carol Robinson
Professor Detlef Weigel
Professor Peer Bork
Senior Vice President of Biotech Claus Felby, 
representing the CEO

The award event usually takes place in the 
spring at the Novo Nordisk Foundation Prize 
Celebration, at which the Novo Nordisk Prize 
is also awarded.

In addition, in celebration of the award, the 
recipient gives a lecture lasting about 1 hour 
at his or her workplace. Before the end of 
the year, the recipient and the Foundation 
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arrange an international symposium within 
the scientific field of the Prize recipient.

Candidates for the Novozymes Prize can 
be nominated by the Prize Committee and 
former Prize recipients. In addition, a call 
for nominations is published in the spring, 
and candidates can be nominated based on 
this call.

2015  Professor, Director Bernard Henrissat
2016  Professor Jens Nielsen
2017  Professor Emmanuelle Charpentier
 Professor Virginijus Siksnys
2018  Professor Gunnar von Heijne
2019 Professor Dame Carol Robinson
2020 Professor Detlef Weigel 
2021 Professor Peer Bork
2022 Professor Mark van Loosdrecht

Previous recipients of 

The Novozymes Prize 
2015–2022

The Committee meetings thoroughly discuss 
the nominated candidates with regard to 
their research contribution and impact, 
and a comprehensive bibliometric report is 
produced. A few candidates are then selected 
for thorough international peer review. 
Based on the international peer reviews, the 
Committee reaches a decision about the year’s 
Prize recipient. 
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The Novozymes Prize
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