
Dr John Morrissey is an academic researcher specialising in microbiology, and Dr Harald Heider is 
an industry-based research scientist with expertise in synthetic biology and yeast engineering. Here, 
they discuss the concepts underpinning their integrated public-private research project on yeast 
biotechnology, and their goals to foster the next generation of biotechnologists

Can you begin by introducing the 
YEASTCELL project, highlighting your 
primary aims and objectives?

JM: YEASTCELL is a multinational PhD training 
programme in yeast biotechnology. The ultimate 
aim is to build an international network that 
will provide researchers with the skills and 
expertise to become leaders in the development 
of yeast applications that benefi t society. 
To do this, 13 European partners have joined 
together to provide an integrated research and 
training programme that is highly collaborative 
and intersectoral, transcending the boundary 
between fundamental and applied research. 
The programme is funded by the EU Seventh 
Framework Programme (FP7) as a Marie Curie 
Initial Training Network (ITN). The primary 
aims are twofold: fi rst, to provide early stage 
researchers with exciting PhD projects and 
excellent training opportunities; and second, to 
perform innovative, high-impact research.

How would you describe the concept of ‘use-
inspired basic research’ that underpins the 
goals of YEASTCELL?

HH: Many aspects of basic yeast research feed 
into industrial processes. One good example 
is expression quantitative trait locus analysis, 
which can help to identify gene loci that are 

responsible for the elevated expression of 
certain pathways important for the industrial 
production of a variety of yeast products.

Can you summarise YEASTCELL’s most 
signifi cant achievements to date? 

HH: The project has a combination of excellent 
academic and industrial representatives in 
yeast biotechnology, which will provide high-
level education for the selected talented PhD 
students. From my position as a senior research 
scientist in industry, I think the initiated and 
renewed connection with academic partners 
provides inspiration and new ideas for research 
and products. Furthermore, the project has 
a strong emphasis on ‘outreach’, because 
acceptance from the general public regarding 
the ‘natural production by fermentation’ 
(yeast biotechnology) relies on suffi cient 
communication and awareness.

What challenges have you faced over the 
course of the project? Has the process of 
surmounting these obstacles provided you 
with any new research avenues?

JM: The fi eld of molecular and genetic research 
is very fast moving. One clear challenge 
was the fact that between the concept and 
commencement of the project, the research 

landscape changed signifi cantly in some 
areas. For example, new tools and approaches 
in synthetic biology – unknown at the time 
the programme was designed – have now 
become available. Similarly, knowledge about 
the hybrid nature of the genomes of many 
commercial beverage yeasts has since come 
to light. These fi ndings have given us new 
opportunities, causing us to redesign some of 
our projects to embrace ambitious goals that 
we thought were originally unattainable. That is 
the nature of exciting science – we build on the 
accomplishments of those who come before 
us and attempt to raise the bar for those who 
follow. Flexibility, adaptability and a willingness 
to innovate are all crucial characteristics that 
must be embraced in science.

YEASTCELL is a confl uence of collaboration 
across the academic and industry spectrums. 
How have these partnerships proved 
successful to the project?

JM: The YEASTCELL partnership comprises 
three sectors: universities, research institutes 
and private companies. Each sector brings its 
own experience and perspective to bear in the 
overall project and this ensures a nice balance 
between curiosity and end-result orientated 
research. Each of the 11 students has at least 
one academic and one industry scientist on 
his/her supervisory team, ensuring that all 
projects have dual oversight and direction. 
The private companies in YEASTCELL are all 
innovation orientated, and they are committed 
to the belief that fundamental research fuels 
innovation and discovery. Nonetheless, the 
private sector is acutely aware of commercial 
realities and this keeps our focus on what kind 
of research is needed for industry. Apart from 
the research side, the private sector partners 
also play a crucial role in the training dimension 
of YEASTCELL. The biotechnology sector 
needs scientists who can both pursue exciting 
fundamental research and interact with industry 
to bring research ideas to commercial fruition. 
All the early-stage researchers in YEASTCELL 
complete an internship at one of the private 
sector partners to learn from the inside how 
industry operates.

Burgeoning 
biotechnology
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With the project still in its infancy and 
scheduled to run until August 2017, what are 
your hopes for its future?

JM: We have great hopes for its scientific outputs. 
By the end of the project, we will be able to look 
back at a large number of high-quality scientific 
publications, as well as tangible commercial 
outputs in the form of intellectual property, 
commercial know-how and patents. The scientific 
progress to date offers a very strong predictor 
that these goals will be realised. Some of the 
tools and methods being developed, as well as 
the application of some specific approaches 
and methods to biotechnology, will be game 
changers for the sector. The impact of the project 
will be felt beyond the lifetime of the project 
itself. However, the greatest impact will be the 
completed training of 11 new research scientists, 
all ready to develop their own careers in the 
field. The multidisciplinary and intersectoral 
training received by these young researchers will 
equip them to greatly affect the development of 
Europe’s knowledge economy.

HH: We are also aiming for better 
communication between academia and industry, 
leading to the improved transfer of knowledge, 
as well as for the transfer of people between the 
two sectors. Additionally, it is very important to 
communicate our findings to the general public.

Are there any forthcoming seminars, 
workshops or events that you wish 
to highlight?

JM: One external validation of the relevance 
of the research being carried out in YEASTCELL 
was the recent (October 2014) decision of 
the International Commission of Yeasts to ask 
the YEASTCELL consortium to organise the 
International Specialised Symposium on YEASTS 
in 2017. This meeting, entitled ISSY33, will be held 
in Ireland and will showcase the best and most 
recent developments in yeast biotechnological 
research. In the meantime, the network will 
continue to organise summer schools and training 
events, some of which are open to external 
participants, in order to broaden and expand the 
training dimension of YEASTCELL.

Automatic control of the kinetics of alcoholic fermentation. 
The efficacy of evolved wine yeasts to ferment can be 
evaluated in parallel experiments where a computer system 
automatically controls and measures all parameters. Image 
courtesy of Clotilde Verriès. © INRA, France

Laboratory evolution of yeast. The power of evolution is 
employed to select yeasts with new characteristics. Ongoing 
sampling is used to determine which strains have the desired 
metabolic profile. Image courtesy of Eckhard Boles. 
© Goethe University Frankfurt, Germany

Pilot scale cell factory. New cell factory yeasts producing 
biomolecules of interest are first evaluated in laboratory 
scale bioreactors before moving to scale-up and production 
phases. Image courtesy of Paola Branduardi. © University of 
Milan-Bicocca Italy
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Advantages of yeast

Developments in biotechnology techniques over the past 10 years have led to a renewed focus on yeast cells as recipients of transplanted genes. 
Indeed, yeasts are promising host cells for human gene expression and as potential surrogate cells for housing human chromosomes: “The big 
advantages of yeast are its ability to do large-scale crosses and its short generation time, both of which mean that there is no better organism for 
genetics and trait selection,” Dr John Morrissey points out. Furthermore, the potential applications that arise from the alteration of yeast genes, 
pathways or processes are endless, including the enhanced production of alcoholic beverages, biofuels, food flavourings, dietary supplements and 
synthetic pathways for antibiotics.

BIOTECHNOLOGY IS THE use of cellular 
and biomolecular processes to develop useful 
products and technologies. Recent strides in 
the field are driving advances in medicine and 
the production of food and fuel, consequently 
helping scientists to respond to some of 
the most pressing global challenges today. 
Indeed, in recognition of its huge potential to 
boost the construction of industrial products 
and processes and inject growth into the 
European economy, the EU Research and 
Innovation programme Horizon 2020 has 
pinpointed biotechnology as a key enabling 
technology of the future.

One of the oldest and most important tools 
in biotechnology is yeast – and this single-cell 
organism has been used in processes such 
as beer making for several thousand years. 
Modern yeast biotechnology emerged as a 
result of Louis Pasteur’s illuminating research 
on fermentation in the 1870s and the isolation 
of the first pure brewing strains in 1884. From 
the 1970s onwards, yeast has been widely 
used as a model system for genetics research, 
with notable medical applications, including 
production of the Hepatitis B subunit vaccine 
and insulin. And over the past decade, rapid 
progression in biotechnology techniques 
have fuelled developments in the use of both 
wild and engineered yeast strains. In the 
future, yeast applications will contribute to 
the development of completely new forms 
of biotechnology, including cell factories for 
chemicals, food flavours and ingredients.

AN AMBITIOUS TRAINING PROJECT

It is from this context that a group of 
European scientists have launched a research 
project to investigate and develop novel 
yeast-based products for biotechnology. 
Led by Dr John Morrissey from University 
College Cork (UCC) School of Microbiology, 

the project has 13 partners from eight. Its 
key feature is the combination of researchers 
from academic institutions and commercial 
companies, who are all contributing their 
expertise to the design of new yeast cell 
factories. Funding for the project is provided 
by the EU’s Marie-Curie training programme, 
and 11 PhD students are being trained during 
the course of the project. 

Morrissey and his colleagues’ overarching 
objective is to design microbial factories that 
enable the creation of high-value products 
from cheap raw materials. “The key innovative 
aspect of the project is that it combines the 
natural biodiversity of yeasts with the newest 
genomic techniques to design these new yeast 
strains and processes,” Morrissey discloses. 
“Our integrative approach is precisely what 
is needed to fuel the developing bioeconomy 
and is likely to lead to commercial as well as 
academic returns.”

MAPPING METABOLIC PATHWAYS

YEASTCELL operates on the principle of 
use-inspired basic research. Indeed, the 
participating scientists are passionate 
about forging a deeper understanding of 
the physiology and metabolism of both 
new and traditional industrial yeasts and, 
consequently, using their knowledge to 
design new biotechnology applications. 
“These applications include the development 
of yeast strains with potential in the beverage 
and industrial microbiology sectors, as 
well as production of high value products 
such as functional biomolecules and 
commodity chemicals in yeast cell factories,” 
Morrissey outlines. 

However, before these applications can 
be developed, there is a need for more 
studies that analyse how metabolism works 

in industrial yeast strains. For instance, 
knowledge about the main metabolic 
pathways in Saccharomyces cerevisiae – one 
of the most widely used species of yeast 
in processes such as brewing and baking 
– has been largely derived from detailed 
experiments on laboratory isolates, yet 
industrial yeast strains behave differently 
to lab yeast and usually operate under 
much harsher conditions. In addition, there 
has been very little fundamental research 
on non-Saccharomyces yeasts to date. As 
a result, the YEASTCELL researchers are 
constructing metabolic networks and building 
mathematical models of metabolism to draw 
comparisons between different yeasts and 
determine how they direct metabolism in 
their cells.

ADVANCING METABOLIC ENGINEERING

Based on their fundamental research 
into yeast cell metabolic pathways, the 
researchers are aiming to apply their new-
found knowledge to the design of yeast cell 
factories through metabolic engineering, 
which involves redirecting metabolic 
pathways to produce metabolites that have 
commercial value. They are employing it 
in a number of projects, whereby they are 
constructing and reprogramming ‘platform 
strains’ to produce key intermediates – often 
fatty acids produced at low levels in the yeast 
– that can be used as substrates for a range 
of future pathways. However, one limitation 
of adding new pathways to yeast cells is that 
the growth is often slowed. Scientists in the 
YEASTCELL consortium are addressing this 
issue through the application of evolutionary 
engineering, whereby the reprogrammed 
yeast is grown for multiple generations with 
selective pressure – and evolution selects the 
fittest variants with genomic mutations that 
rebalance metabolism.

A spotlight on yeast
Launched by researchers at University College Cork in Ireland, 
YEASTCELL is a EU-funded training project that is aiming to further 
basic scientific knowledge about yeast biotechnology and devise 
practical and innovative research applications
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YEASTCELL

OBJECTIVES

•  To develop microbial factories that use cheap 
raw materials to create high-value products

•  To perform fundamental research on 
Saccharomyces and non-Saccharomyces yeasts

•  To develop the skills of burgeoning 
biotechnologists through a PhD programme 
that has been built into the YEASTCELL project

KEY COLLABORATORS

Sylvie Dequin; Virginie Galeote, INRA, France 
• Paola Branduardi; Danilo Porro, University 
of Milano-Bicocca, Italy • Jens Nielsen; Verena 
Siewers, Chalmers University of Technology, 
Sweden • Eckhard Boles; Mislav Oreb, Goethe 
University Frankfurt, Germany • Gotthard 
Kunze, Leibniz Institute of Plant Genetics and 
Crop Plant Research, Germany • Harald Heider; 
Richard Baerends, Evolva Holding, Denmark 
and Switzerland • Kenneth Wolfe; Kevin 
Byrne, University College Dublin, Ireland • Jack 
Pronk; Jean-Marc Daran, Delft University of 
Technology, the Netherlands • Anne Ortiz-
Julien, Lallemand SAS, France • Brian Gibson, 
VTT Technical Research Centre, Finland • Jan-
Maarten Geertman, Heineken Supply Chain, 
the Netherlands • Wanda Dischert, Metabolic 
Explorer, France

FUNDING

People Programme (Marie Curie Actions) of 
the EU’s Seventh Framework Programme 
(FP7) under the Research Executive 
Agency (REA) grant agreement no 
606795; project acronym: YEASTCELL

CONTACT

Dr John Morrissey
YEASTCELL Coordinator

School of Microbiology
University College Cork (UCC)
Cork
Ireland

T +353 21 4902392
E j.morrissey@ucc.ie

www.yeastcell.eu

JOHN MORRISSEY graduated in 1990 from 
UCC with a BSc in Microbiology and completed 
a PhD in Yeast Cell Molecular Biology in 
1994 at the European Molecular Biology 
Laboratory, Germany. During postdoctoral 
research positions in the USA (University of 
California, Berkeley) and the UK (John Innes 
Centre, Norwich) he continued to research 
regulation of gene expression in yeast. In 2000, 
he took up research and teaching positions in 
the Department of Microbiology, UCC, and 
since 2003 has led his own research group 
of postgraduate and postdoctoral scientists 
working in microbial ecology, microbe-
host interactions and yeast biotechnology. 
He is currently the coordinator of the 
YEASTCELL project.

Moreover, scientists at UCC are focusing on 
two major yeast families – Kluyveromyces 
and Zygosaccharomyces – to conduct genome 
sequencing and construct metabolic models. 
For instance, in collaboration with researchers 
from the University of Bicocca in Milan, Italy, 
they are exploring the natural acid tolerance 
of Zygosaccharomyces, potentially using their 
fi ndings to exploit this yeast strain for the 
industrial production of lactic acid. Similarly, 
other projects within the wider YEASTCELL 
consortium are aiming to reprogramme 
metabolic pathways for the production of 
styrene, wax esters and gallic acid, with 
signifi cant implications for the plastics, 
cosmetics and food production industries. 
“Because yeasts do not normally produce the 
metabolites of interest, the strategy is to add 
genes that encode the required enzymes,” 
Morrissey explains. “These enzymes are 
naturally present in other organisms – bacteria, 
fungi and plants – and so the idea is to take 
advantage of nature’s metabolic diversity 
to build new metabolic pathways in yeast.” 
Ultimately, the goal of these new and improved 
processes is to reduce production costs and, in 
certain cases, introduce more energy effi cient 
and sustainable methods of production.

ENHANCING THE PERFORMANCE

A further key objective of the YEASTCELL 
project is to optimise the fermentation 
performance of industrial yeasts. This involves 
applying fundamental scientifi c knowledge 
to enhance the performance of yeasts under 
stressful industrial conditions and, stemming 
from this, constructing optimised yeast strains 
for industrial performance. “Despite the long 
history of application, there is still a need to 
develop yeast strains with new and improved 
traits such as thermotolerance, ethanol 
tolerance and stress resistance,” Morrissey 
describes. “The key challenge in the beverage 
industry is to do this without including 
genetic modifi cation, as this is not acceptable 

to consumers.” Partners in the YEASTCELL 
consortium have used non-genetically 
modifi ed molecular methods to guide the 
breeding and trait identifi cation process, 
leading to the development of yeast strains 
that produce higher levels of desirable fl avours 
in wine fermentation – and, excitingly, some of 
these strains have been commercialised.

In addition, the project researchers are 
planning to create new molecular and genetic 
tools for use in industrial yeast strains and to 
develop innovative methods for large-scale 
genomics studies. Such methods include 
the assemblage of multiple yeast genome 
sequences, genome engineering and the 
analysis of vast transcriptome data. The aim is 
that these tools will be suitable for use across 
multiple yeast platforms.

ANTICIPATED OUTCOMES

YEASTCELL is projected to have signifi cant 
impacts on the yeast biotechnology industry, 
with three particularly exciting outcomes 
by its completion in August 2017. The fi rst 
outcome will be the graduation of 11 highly 
trained researchers who are well-equipped 
for careers in the yeast biotechnology 
sector. This will help address the demand for 
skilled workers in Europe’s biotechnology 
sector, consequently boosting the emerging 
bioeconomy. The second outcome will be 
increased basic scientifi c knowledge about 
industrial yeasts and their metabolism, 
facilitating the development of industrial 
yeast strains for a range of innovative 
applications. The fi nal outcome will be 
the successful establishment of long-term 
collaborations between European universities 
and private companies. “Ultimately, we hope 
that this new public-private consortium 
will lead to the generation, transfer, sharing 
and dissemination of knowledge within 
and beyond the lifetime of YEASTCELL,” 
Morrissey  concludes.

A pioneering PhD programme

One of the most important elements of the YEASTCELL consortium 
is its PhD programme. The 11 PhD students in the programme work in 
collaboration with European partners and are provided with additional 
training through the means of courses and summer schools. Moreover, 
each student will spend six months working in the research laboratory 
of one of YEASTCELL’s four partner companies, providing them with 

comprehensive training for skills in the commercial biotechnology sector. “It is useful to 
familiarise ourselves with a company-based environment and explore the facilities that we 
do not have in academic laboratories,” states Manuela Gottardi, one of the PhD students at 
YEASTCELL. “These academic-industry partnerships are important because they give us the 
opportunity to exchange ideas, viewpoints and research tools.”

In addition to equipping the PhD students with a wide range of skills and career options, 
the project also places a strong emphasis on giving back to society. As with other Marie 
Curie-funded projects, YEASTCELL has a robust outreach action plan for the promotion 
of public engagement. “In an effort to spread the scientifi c knowledge we develop, we are 
currently working on strategies to communicate our fi ndings regarding yeast biology and 
biotechnology,” Gottardi adds. “Through direct communication with the public, we will seek 
to improve understanding of science and to alleviate any concerns, particularly regarding the 
development of new gene-based technologies.”
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