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FOREWORD

PROFESSOR NIGEL SCRUTTON FRS
FUTURE BRH DIRECTOR

The Future BRH 2021-22 review period has been one in which all members of Future BRH have worked to re-establish more
normal working practices as we emerge from the Covid-19 pandemic. Future BRH has intensiﬁed its research programmes in
both the Hub (Manchester Institute of Biotechnology; MIB) and its Spoke institutions, developed new partnerships with
industry members, established new technology platforms for biomanufacturing and continued to publish and protect science
that has emerged from its technology platforms.
In this brochure, the Future BRH team aims to provide a high-level snapshot of key developments related to UK
biomanufacturing for the 2021-22 review period. A purpose of the Hub and its satellite centres is to work with industry partners
to de-risk new biomanufacturing technologies at low technology readiness levels (TRL 1-3), prior to scale and adoption by
industry partners at higher TRLs. Future BRH is concerned with accelerating biocatalyst delivery for biomanufacturing (e.g.
through laboratory automation; use of AI/machine learning) and reducing the cost associated with biomanufacturing using
ﬂow biocatalysis and fermentation-based technologies. These are captured in the Future BRH ‘SPEED’ and ‘COST’ Grand
Challenge areas.

THE HUB IS ACCELERATING THE DELIVERY
OF CHEMICALS BIOMANUFACTURING IN THE UK
Aligned with these Grand Challenge themes, this year witnessed major advances in technology development in the area of
sustainable and cost-eﬀective ﬂow biocatalysis for chemicals manufacturing, and host strain engineering to reduce the CAPEX
and OPEX contributions to fermentation technologies. Future BRH also progressed a number of directed evolution (DE)
programmes using the automated DE platform that we installed last year. A number of programmes are active in the areas of
API production (biocatalysis), platform chemicals production (fermentation) and new materials production.
Future BRH continues to work as an interconnected network of UK research strength in the ﬁeld of biomanufacturing. This year
we welcomed new additions to the research teams at Hub and Spoke sites, and expansion of activities into new university
departments. As we emerge from the pandemic, Future BRH is well positioned to lead the development of biomanufacturing
technologies through partnership with industry and other stakeholders, and ensure that the UK is developing new and
innovative early stage technologies that will transform biomanufacturing at higher TRLs.
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THE HUB VISION
Future BRH is tackling a range of projects that address the two Grand Challenges faced by biomanufacturing of Speed and Cost.
Over the past year, we have initiated new projects with new industrial partners that map in to the sector speciﬁc areas of
pharmaceuticals, engineering materials, value-added chemicals and advanced synthetic fuels.
Future BRH has intensiﬁed its research programmes in biocatalyst engineering, ﬂow biocatalysis, fermentation science, and
host strain engineering by investing in new infrastructure and research fellows with expertise in these areas. This has been
aligned with new partnerships in joint research programmes with industry.

ACCELERATED DEVELOPMENT AND INTEGRATION OF BIOCATALYST ENGINEERING

SPEED
BIOCATALYST
ENGINEERING

HOST STRAIN
ENGINEERING

PHARMACEUTICALS

IN VITRO
SYSTEMS

HTP ANALYTICAL
PLATFORMS

VALUE-ADDED
CHEMICALS

TECHNOECONOMICS

CONTINUOUS FLOW
AND IMMOBILIZATION

ENGINEERING
MATERIALS

SCALED BATCH AND
FLOW FERMENTATION
ADVANCED
SYNTHETIC FUELS

COST

REALIZING THE VALUE OF INDUSTRIAL BIOTECHNOLOGY AT SCALE

Future BRH aims to provide innovative technologies that accelerate the delivery of economically attractive, robust and scalable
biomanufacturing processes to meet societal and commercial demand. These processes are enabling the emergence of a
Bioeconomy that will place the UK at the forefront of global economic Clean Growth in key manufacturing sectors:
pharmaceuticals, value-added chemicals, engineering materials and advanced synthetic fuels.

HARNESSING UK STRENGTHS IN BIOMANUFACTURING

PHARMACEUTICALS

VALUE-ADDED
CHEMICALS

ENGINEERING
MATERIALS
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THE HUB VISION
PHARMACEUTICALS
The pharmaceutical sector has a good understanding of the beneﬁts of using biomanufacturing approaches, with biocatalysis
being widely used to enable chiral synthesis of drug molecules. Future BRH partners have a long track record of collaborating
with pharmaceutical companies, for example the Manchester Institute of Biotechnology’s (MIB) Centre of Excellence in
Biocatalysis (CoEBio3) has worked with the sector for many years to develop novel enzyme catalysts. Work in Future BRH builds
on this legacy, and we are currently working with GSK to optimise enzymes discovered in the MIB toward the production of
chiral amines, key building blocks for many drug targets. A project with another company, Phytome Ltd, is taking a diﬀerent
approach; PhD research is integrating botany with engineering biology to develop a synthetic pipeline to produce novel
anti-inﬂammatory compounds.
VALUE-ADDED CHEMICALS
For biotechnology to oﬀer a viable alternative to petrochemical-based manufacturing routes used in the lower value, higher
volume chemical sectors, diﬀerent technical and economic challenges will need to be surmounted. These include consideration
of feedstocks and waste, reactor conﬁguration, the choice of production organism, down-stream processing, and integration
with existing scale-up facilities. All need to be developed prior to biomanufacturing at scale.
Future BRH is collaborating with multinational companies, including bp and Shell, to tackle the challenges of scaling
bioprocesses in an environmentally and economically sustainable manner. Work with biotechnology platform development
companies including EnginZyme allows new technologies to be developed with industrial support, for instance novel enzyme
immobilisation techniques.
ENGINEERING MATERIALS
The production of engineering materials such as concrete account for about 20% of global CO2 emissions, and this is largely
due to the inherent chemical reactions used to produce the material. Novel research within Future BRH is investigating if
sustainable bio-derived materials could viably replace ubiquitous engineering materials, both in terms of the materials’
mechanical performance and its economic aﬀordability. Signiﬁcant media interest was generated by Future BRH publishing a
paper outlining how such materials might be used to colonise Mars, and commercial opportunities are being developed
through a new company, Deakin Bio-hybrid Materials Ltd, which has been established by a Future BRH Research Fellow.
ADVANCED SYNTHETIC FUELS
Renewable production of fuels is a major challenge as we transition away from a dependence on fuels from fossil sources.
Future BRH is supporting this transition through its programmes in biocatalyst design and microbial strain engineering to
produce microbial cell factories that can convert waste biogenic carbon and CO2 into valuable fuels. This workstream draws on
embedded skills in Engineering Biology (e.g. SYNBIOCHEM biofoundry), high throughput biocatalyst engineering and scaled
production in robust industrial hosts. Partnerships with C3 BIOTECH (aviation fuels; transport/domestic fuels) and Shell (CO2
capture) support this theme within Future BRH.
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RESEARCH PARTNERS

FUTURE BRH - A NATIONAL NETWORK OF EXPERTISE
Future BRH is taking a leading role to harness capabilities across the national industrial biotechnology research and innovation
landscape. By partnering academic Centres of Excellence with complementary expertise in the industrial biotechnology and
biomanufacturing space together with innovation centres and large-scale facilities, the Hub aims to accelerate the delivery of
sustainable biomanufacturing solutions.

ACADEMIC PARTNERS

INNOVATION CENTRES
AND LARGE SCALE FACILITIES

Synthetic Biology (SYNBIOCHEM),
Biocatalysis, Analytics, Automation, AI

Innovation and Knowledge
Centre for Synthetic Biology,
Accelerating Technology
Commercialisation

Biocatalysis and Biotransformations;
Integrated Bio- and Chemocatalysis

Biochemical Engineering, High
Throughput Bioprocess Development

Techno-Economics, Life Cycle Analysis,
Process Design, Reaction Eﬃciencies

De-risking Scale-up. Driving
Industry-Academic Interactions
in IB. Training for a Skilled
Workforce

Leading UK Technology
Innovation Centre, Supply
Chains and Scale-up for
Full-scale production Processes

Synthetic Biology, Engineering Biology
for Biomanufacturing

LINKING DISCOVERY SCIENCE, ENGINEERING, INNOVATION AND INDUSTRY
TO ADVANCE UK BIOMANUFACTURING
Beneﬁtting from the cross-disciplinary expertise the fundamental research programmes feed into a wider translational
pathway to understand the risks and strategies needed to support industrialisation of biomanufacturing at full scale
production. Bridging the gap between academic innovation and commercialisation is further supported by a diverse portfolio
of industrial collaborations (see page 16).

NEW ACADEMIC SPOKES
To strengthen its research base the Hub is establishing and growing its academic collaborations and expanding the reach in
biomanufacturing. Consistent with this strategy, a new partnership with Keele University led by ex-Hub Research Fellow Dr
Sebastian Cosgrove is developing new technology for sustainable ﬂow systems for biomanufacture.
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SCIENTIFIC FOCUS

A SNAPSHOT OF THE FUTURE BRH SCIENCE PROGRAMME
Future BRH is tackling two core Grand Challenges that need to be overcome to deliver sustainable and cost-eﬀective
biomanufacturing: accelerated biocatalyst engineering for biomanufacturing (Speed) and realising the value of
industrial biotechnology at scale (Cost). Here we present a snapshot of the research activity of the Future BRH team.

ENZYME IMMOBILISATION / FLOW BIOCATALYSIS
Future BRH is looking at sustainable ﬂow manufacturing platforms for industrial
biocatalysts. Multiple projects map in to this space with examples including new
collaborations between The University of Manchester and Keele University uniting skills in
computational models and experimental ﬂow studies.
Future BRH also has proof of concept work with industrial core members looking at the
performance of sustainable immobilisation strategies in a process of interest to the
industrial partner.
Work in Future BRH is across diﬀerent scales: work at The University of Manchester is in conventional ﬂow catalysis; work at the
Spoke institute University College London is using microﬂuidic platforms for biocataytic conversions. More details about one of
our projects in this space can be viewed at: www.futurebrh.com/capabilities

EXEMPLAR PUBLICATIONS:
• Roberts AD, Payne KAP, Cosgrove S, Tilakaratna V, Penaﬁel I, Finnigan W, Turner NJ, Scrutton NS. (2021). Enzyme
immobilisation on wood-derived cellulose scaﬀolds via carbohydrate-binding module fusion constructs. Green
Chemistry, 23: 4716-32.
• Cardoso Marques MP, Lorente-Arevalo A, Bolivar JM. (2021). Biocatalysis in Continuous-Flow Microﬂuidic Reactors. In:
Advances in Biochemical Engineering/Biotechnology. Springer, Berlin, Heidelberg. Pages 1 – 36.

CO2 CAPTURE AS FEEDSTOCK FOR BIOMANUFACTURING
In the last year, Future BRH has invested in new research
activity to build capabilities in CO2 capture as a feedstock for
biomanufacturing. We have made a new research fellow
appointment in this space, Dr Matthew Faulkner, who is
focused on engineering industrial strains that have the
capability of utilizing CO2 as both a growth and feedstock for
chemicals production.
Matthew is developing novel routes to biological carbon
capture utilisation and storage using photosynthetic bacteria.
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SCIENTIFIC FOCUS
INDUSTRIAL HOST ENGINEERING
The Hub has developed a number of projects using extremophile and
synthetic photosynthetic hosts as production organisms working on
the basic biology as well as application speciﬁc areas.
One example is Future BRH’s collaboration with the bp Biosciences Center (San Diego, USA) to research acid-tolerant yeasts at
a fundamental level. The aim is to explore how novel yeast hybrids could produce green chemicals such as organic acids at
higher yields, with lower process control requirements. Such hybrids could help commercialise biomass conversion processes
which are often hampered by the high cost of product recovery, which can be as high as 80% of the total process cost.
Future BRH hosted a ‘Production Strain Workshop’ in late 2021 where we surveyed the beneﬁts and limitations of working with
a variety of diﬀerent host microorganisms. Our Core Industrial Partners discussed their requirements for robust organisms
that could tolerate process conditions, and Spoke partners IBioIC and CPI described their expertise and experience in
developing and scaling-up processes using various production strains. Academic presentations outlined new developments
using Halomonas and yeast hybrids, as well as alternative cell-free approaches.
EXEMPLAR PUBLICATIONS:
• Naseeb S, Visinoni F, Hu Y, Hinks Roberts AJ, Maslowska A, Walsh T, Smart KA, Louis EJ, Delneri D. (2021). Restoring
fertility in yeast hybrids: Breeding and quantitative genetics of beneﬁcial traits, PNAS, 118, 38, e2101242118.
• Andrews F, Faulkner M, Toogood HS, Scrutton NS. (2021). Combinatorial Use of Environmental Stresses and Genetic
Engineering to Increase Ethanol Titres in Cyanobacteria. Biotechnology for Biofuels, 14: 240.

DIRECTED EVOLUTION FOR SUSTAINABLE MANUFACTURING
In the 2021 Future BRH brochure we reported on the
establishment of an automated directed evolution platform.
In the past 12 months we have established a number of new
directed evolution projects, some with industry partners, to
leverage the high throughput screening capabilities and
machine learning beneﬁts to contemporary directed evolution
programs.
Future BRH brought in new capabilities in cascade biocatalysis
using the electronic e-LEAF platform pioneered by the
Armstrong group in Oxford.
Dr Clare Megarity is leading on the integration of the platform in biomanufacturing projects through her appointment in 2021
as a Future BRH Research Fellow. The e-LEAF platform has the potential to be transformative in the cascade biocatalysts arena,
giving rapid access to pharmaceuticals and other ﬁne chemicals.
More details about one of our projects in this space can be viewed at: www.futurebrh.com/capabilities
EXEMPLAR PUBLICATIONS:
• Leferink NGH, Escorcia AM, Ouwersloot BR, Johanissen LO, Hay, S, van der Kamp MW, Scrutton NS. (2021). Molecular
determinants of carbocation cyclisation in bacterial monoterpene synthases. ChemBioChem, e202100688.
• Leferink NGH, Scrutton NS. (2021). Predictive Engineering of Class I Terpene Synthases Using Experimental and
Computational Approaches. ChemBioChem. doi.org/10.1002/cbic.202100484
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SCIENTIFIC FOCUS
EMBEDDING THE SYNTHETIC BIOLOGY BIOFOUNDRY INTO THE BIOMANUFACTURING PROGRAMME
To harness the power of predictive synthetic biology for novel biotechnological solutions for next-generation sustainable
biomanufacturing processes, Future BRH has strategically embedded the SYNBIOCHEM biofoundry platform (see page 15). The
engineering biology expertise will provide a link between enzyme discovery, bioengineering, and industrial scale-up production,
and bring synthetic biology expertise to industrial projects and support the development of robust production strains. The
integration of the SYNBIOCHEM pipeline will further support Future BRH compound production programmes.

INTEGRATED OMICS FOR INDUSTRIAL STRAIN ENGINEERING
Future BRH is using multiple omics strategies to proﬁle its microbial production strains to provide deeper understanding of
host production pathways and the impact of chassis engineering and growth conditions (e.g. feedstocks) on our host strains.
Advanced proteomics methods are being developed to provide further understanding of our halophilic production strains
accompanied by metabolomic and genomic characterisation. By developing comprehensive analytical methods it is hoped that
proteomics for biomanufacturing will provide insight into our host organisms and inform and support decisions in the complex
bioengineering design space.

MULTIPLE SCALE PROCESS ENGINEERING
Biomanufacturing presents many challenges across scales. At Future BRH we are addressing this challenge for fermentation by
developing downstream processing protocols that are both technically and economically implementable at scale. Future BRH
is also developing microﬂuidic platforms for the production and recovery of high purity chemicals using a range of miniaturised
ﬂow technologies.
In recognising the importance of these areas, Future BRH has made two new Research Fellow appointments, Dr Yiheng Yang
(based at University College London) has joined the team to scale the production of chemicals using fermentation technologies
and extremophile hosts. Future BRH has also appointed a second research fellow, Dr Chatchai Kesornpun (who will be based
at The University of Manchester from mid-2022), working in the area of early stage scaling of chemicals production.
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SCIENTIFIC FOCUS
INDUSTRY CASE STUDY:
LOW-COST RENEWABLE MATRICES FOR ENZYME IMMOBILISATION
Whilst there are many potential beneﬁts of biocatalysis, issues such as
relatively high cost, instability and poor recyclability can make enzyme
Enzyme immobilisation on
wood derived scaﬀolds
catalysis unviable for many industrial processes. These problems may often
be addressed through enzyme engineering as well as the immobilisation of
Application no: 2103014.3
enzymes onto inert solid supports. Such enzyme immobilisation can
Filing date: 3rd March 2021
enhance enzyme stability, allowing harsher reaction conditions to be
tolerated, and facilitate recovery and re-use from batch reactors.
Immobilisation of enzymes onto porous supports or packed particle beds may also permit their use as heterogeneous catalysts
for continuous ﬂow biocatalysis. However, limitations of enzyme immobilisation include relatively high cost and non-reusability
of some scaﬀold materials, and loss of enzyme activity over time. There is an on-going need to develop cost-eﬀective and
sustainable supports for enzyme immobilisation.

Plant-derived cellulose is abundant, cheap,
inert and biodegradable, making it a
potentially very interesting support for
immobilised enzyme processes.
Future BRH researchers adapted the
common Kraft paper making process to
remove lignin and hemi-cellulose from
wood to create macroporous cellulosic
monoliths termed cellulose scaﬀolds (CSs).
By
engineering
carbohydrate-binding
modules (CBMs) onto the termini of
recombinant proteins, the CSs could be
employed as low-cost, renewable and
biodegradable materials for enzyme
immobilisation
without
any
further
chemical functionalisation. This novel work
was subject to patent protection, prior to
1
publication.

The enzyme support is made from wood using a simple procedure; a variety of
enzymes could be immobilised via introducing a carbohydrate-binding module tag.

EnginZyme A.B, founded in Stockholm in 2014, is a company that promotes
the broad use of enzymes for synthetic purposes to enable more cost
eﬃcient and less environmentally burdensome chemical processes. As a
Core Industrial Partner of Future BRH, they are partnering with Keele
University and the University of Manchester on a project involving the
fabrication of novel, low-cost scaﬀolds for enzyme immobilisation, including the wood-derived scaﬀolds outlined above. The
enzyme-functionalised scaﬀolds are being integrated into continuous-ﬂow biocatalytic systems and evaluated for performance
in comparison with commercial alternatives.
The goal is to produce a low-cost, robust, and scalable enzyme immobilization system that can be used for a diverse range of
enzymes for use in continuous-ﬂow biomanufacturing.

Roberts AD, Payne KAP, Cosgrove S, Tilakaratna V, Penaﬁel I, Finnigan W, Turner NJ, Scrutton NS. (2021). Enzyme immobilisation on
wood-derived cellulose scaﬀolds via carbohydrate-binding module fusion constructs. Green Chem., 23: 4716-4732.

1
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SCIENTIFIC FOCUS
INDUSTRY CASE STUDY:
ENGINEERING IRED ENZYMES FOR ACTIVITY TOWARDS BULKY AMINE SUBSTRATES
Imine reductase enzymes (IREDs) catalyse the reduction of imines to give chiral amines.
A subsection of these enzymes catalyse both imine formation (from amines and
aldehyde / ketones) and the subsequent reduction to amines, giving an enzymatic
reductive amination reaction that can be used as a key bond forming reaction in the
synthesis of many pharmaceuticals. GSK has successfully employed one of these
enzymes for the synthesis of a lysine-speciﬁc demethylase-1 inhibitor, compound
GSK2879552. 2
A number of GSK assets contain a bond that could be synthesised from the reductive amination of an aldehyde or ketone with
a substituted piperidine. If the enzyme catalyst could be engineered for optimum activity towards a chosen pair of substrates,3
there is potential to use this biocatalysis step in manufacturing. However, there are currently few enzymes known that accept
piperidine as a substrate, thus a signiﬁcant barrier exists to utilising biocatalysis.
Prof Nick Turner’s group in the Manchester
Institute of Biotechnology (MIB) have identiﬁed
an IRED in their collection 4 that is capable of
catalysing this reaction. This collaborative
project now aims to undertake evolution of this
enzyme to generate industrially useful
biocatalysts to improve synthetic routes to
molecules in GSK’s pipeline, and to develop
better way to manufacture future compounds
featuring these hindered amine functionalities.
This proof of concept project will use directed
evolution to engineer an enzyme with activity
towards substituted piperidines. The MIB has
previously developed robust, automated
workﬂows for high-throughput DNA library
generation, protein production and screening to
underpin the engineering of enzymes with new
and augmented functions.
Additionally, through the rational design
process, GSK will gain insights into the structural
requirements of the IRED enzyme family, and
hence which residues may be engineered to
alter the properties of the enzyme.
This knowledge will be applied to improve their
in-house collection of IREDs, which will
accelerate their development of reactions
employing this class of enzymes.

a) IRED-361 catalyses the reductive amination of an aldehyde or ketone with a substituted
piperidine.
b) Directed evolution will give biocatalysts with improved activities and/or wider substrate
scopes.
(Image designed in BioRender)

Schober M, MacDermaid C, Ollis A, Chang S, Khan D, Hosford J, Latham J, Ihnken LAF, Brown MJB, Fuerst D, Sanganee MJ, Roiban GD. (2019).
Chiral synthesis of LSD1 inhibitor GSK2879552 enabled by directed evolution of an imine reductase. Nature Catalysis 2: 909-915.
3
Borlinghaus N, Gergel S, Nestl BM. (2018). Biocatalytic Access to Piperazines from Diamines and Dicarbonyls. ACS Catal. 8: 3727−3732.
4
Marshall JR, Yao P, Montgomery SL, Finnigan JD, Thorpe TW, Palmer RB, Mangas-Sanchez J, Duncan RAM, Heath RS, Graham KM, Cook DJ,
Charnock SJ, Turner NJ. (2021). Screening and characterization of a diverse panel of metagenomic imine reductases for biocatalytic reductive
amination. Nature Chemistry 13: 140-148.
2
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SCIENTIFIC FOCUS
INDUSTRY CASE STUDY:
LOW pH OPTIMISED YEASTS TO BIOMANUFACTURE ORGANIC ACIDS
The production of green chemicals from renewable feedstock is a key area of industrial
biotechnology, and organic acids are among the top value-added molecules from
biomass oﬀering a great potential longer-term business opportunity. However, biomass
conversion processes are often hampered by high costs of product puriﬁcation and
recovery, which can be as high as 50%-80% of the total process cost. In the case of
organic acids their production can be expensive as the process often requires neutral pH
to ensure optimal performance of the fermentation microorganisms. As the organic
acids are produced, the pH decreases requiring base addition to control pH, resulting in
salt formation and adding cost to product recovery. Varieties of yeast and fungi are recognised for producing organic acids and
for their capability of growth under acidic conditions, however, no successful low pH commercial process has been developed
yet. Within Future BRH, scientists at the bp Biosciences Center (San Diego, USA) and the MIB are collaborating to understand
acid-tolerant yeasts from a fundamental level to explore how novel hybrids could produce organic acids at higher yields,
without the need of pH control. The collaboration involves a Future BRH funded PhD researcher and a BBSRC LINK funded
PDRA (BB/T002123/1), allowing fundamental and more applied research to be combined.
These projects are exploiting the biodiversity of yeasts belonging to the Kazachstania genus, which are able to utilise carbon
eﬃciently at low pH. Hybridisation between yeast species bring together in the same genetic background diﬀerent traits in
unique combinations, and some hybrid progenies can be more resilient than the parents to speciﬁc conditions and therefore
perform better in harsh industrial environments.5,6 A wide array of hybrids between Kazachstania strains, including novel
strains isolated from the wild by Prof Daniela Delneri’s research group, were constructed and assessed for performance at low
pH and in presence of high level of organic acids. Genomic and transcriptomic data have been collected for key strains to help
the understanding of the molecular mechanisms and metabolic pathways responsible for low pH tolerance.

Example of scanning electron micrographs of yeast spores (meiotic products) after rupture of the ascus. Each spore
contains a unique combination of traits inherited from the parents.

The ﬁnal goal of this work is to expand the genetic space of the Kazachstania species through meiosis and recombination, to
select hybrids with improved biomass and organic acid production at low pH, and to understand the molecular traits
underpinning growth in extreme environments. Through combining the eﬀorts of the bp Biosciences Center and Future BRH
the goal is to unlock the potential of biotechnology to accelerate sustainable chemicals manufacturing.
5

Giannakou K, Cotterrell M, Delneri D. (2020). Genomic Adaptation of Saccharomyces Species to Industrial Environments. Front. Genet. 11: 916.

Naseeb S, Visinoni F, Hu Y, Roberts AJH, Maslowska A, Walsh T, Smart KA, Louis EJ, Delneri D. (2021). Restoring fertility in yeast hybrids:
Breeding and quantitative genetics of beneﬁcial traits. PNAS 118: e2101242118

6
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SCIENTIFIC FOCUS
INDUSTRY CASE STUDY:
DECARBONISATION OF THE ACRYLIC VALUE CHAIN
The UK has long held a world-leading capability in acrylic technology.
UK innovation in acrylic technology started with the world's ﬁrst
commercial production process in the 1930s. The earliest major
application of acrylic materials was the substitution of glass with acrylic
glazing in British World War II ﬁghter planes, resulting in lighter weight
and a signiﬁcant improvement to pilot survivability when wounded by
shrapnel. As durable materials, acrylic polymers have numerous
advantageous properties, including excellent optical properties,
resistance to weathering, key to high performance surface coatings
and notably biocompatible in medical applications. The increasing
market size is due to both the heightened demand for acrylic glass and
the expanding number of new applications. As demand continues to
grow, the need for increased sustainability and further waste
reductions is paramount. In 2012, the International Energy Agency
designated methacrylic acid as a noteworthy target for the design of
sustainable manufacturing.
In partnership with Mitsubishi Chemical, the world’s leading producer of methacrylates, the University of Nottingham aims to
contribute appreciably to the decarbonisation of the acrylic value chain. Together, we are re-aligning the current linear
(take-make-waste) manufacturing paradigm towards greater resource circularity, enabled through Mitsubishi Chemical’s
far-reaching KAITEKI management philosophy.
The University of Nottingham project focuses on process and product circularity. Nottingham researchers will use
microorganisms to convert renewable feedstocks to the chemical building blocks needed to make acrylic products.
Furthermore, advanced microwave technology will be deployed to precisely heat and eﬃciently recover the valuable chemical
building blocks from waste acrylics for subsequent reprocessing.
As a Spoke in Future BRH, Nottingham is leveraging its expertise in techno-economic analysis and life cycle assessment (LCA) to
inform the research directionality every step of the way. Thereby, the project stands to achieve a ﬁrst in class demonstration of
decarbonisation through resource circularity in the bulk chemicals sector.
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SCIENTIFIC FOCUS
EMBEDDING SYNBIOCHEM BIOFOUNDRY CAPABILITIES

The SYNBIOCHEM Centre developed a suite of Design/Build/Test/Learn capabilities that now provides a pipeline for rapid
prototyping of microbial cell factories. Built on predictive synthetic biology approaches, and through technology innovation and
integration, this facility now allows rapid access to wide chemical diversity for the synthesis of ﬁne and speciality chemicals.
The platform capability now oﬀers access to diverse chemicals to underpin delivery at scale and support "just in time" agile
manufacturing. SYNBIOCHEM demonstrated the ability to rapidly engineer E. coli for diverse gateway chemical compounds (e.g.
ﬂavonoids, alkaloids and terpenes) and monomers for wide-ranging polymeric materials. The Future BRH has now embedded
the SYNBIOCHEM biofoundry capabilities into its strain engineering programmes. Dr Chris Robinson and Will Eagles are joining
the Future BRH team. Access to the high throughput robotics, next generation sequencing and analytical platforms (high end
mass spectrometry) is made possible by retention of core expertise as Senior Research Professionals and timely instrument
access.

Several Future BRH projects are beneﬁting from working closely with SYNBIOCHEM. A primary focus is the diversiﬁcation of
alkaloid production pathways towards a combined in vivo / in vitro approach that enables biosynthesis of natural and
semi-synthetic morphinan alkaloids, compounds of immense pharmaceutical importance (e.g. analgesics).
Modiﬁcation of the Design/Build/Test/Learn pipeline for use with halophilic microbes such as Halomonas, is also supporting the
biosynthesis of monomers for industrial materials (e.g. mandelic acid), whilst development of key pathway production strains
through the use of booster plasmids and selective gene knock-outs are supporting access to new targets (e.g. free fatty acids).
Scaled production of selected targets produced using the SYNBIOCHEM pipeline is also being pursued in Future BRH with the
aim to speed the translation to industrial application, working closely with our partner companies.

EXEMPLAR PUBLICATIONS:
• Dunstan et al, (2020). Engineering Escherichia coli towards de novo production of gatekeeper (2S)-ﬂavanones:
naringenin, pinocembrin, eriodictyol and homoeriodictyol. Synth Biol (Oxf), 5(1): ysaa012.
• Robinson et al, (2020). Rapid prototyping of microbial production strains for the biomanufacture of material
monomers. Metab. Eng. 60: 168-182.
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INDUSTRIAL PARTNERSHIPS
INDUSTRIAL PARTNERSHIPS
The Future BRH works closely with a number of industrial partners across a range of
manufacturing sectors. Their input was crucial in informing the initial scope of the Grand
Challenge and Platform research areas, and they help reﬁne the research portfolio on an
ongoing basis.
Core Industry Partners are companies who are ﬁnancially contributing to the Future BRH,
with both cash and in-kind contributions. In return these Core Partners receive a range of
beneﬁts, including:
• A seat on the Industry Board to shape Future BRH research.
• Early sight of the outputs of the Grand Challenge and Platform research programmes.
• Access to platform technologies, equipment and scale-up facilities.
• Knowledge Exchange opportunities.
• Conﬁdential research projects.
An overarching Core Partner Agreement between the Hub and Spokes and industry allows
the conﬁdential exchange of research ideas and outputs. The Core Partners can engage in
research projects via two approaches:
Community Projects:

are pre-competitive projects that are intended to beneﬁt the
wider Future BRH community.

Conﬁdential Projects:

commercially-sensitive research relevant to an industrial
partner, or consortium of companies.

An on-going programme of engagement ensures Core Partners are able to input to the
research agenda, with the Industry Board providing a more formal mechanism to select
Community Projects and provide overall feedback.
Wider Industry Engagement is focused on scientiﬁc dissemination, with the aim being to
inform a wider pool of companies of the beneﬁts of biomanufacturing. Engagement is
through meetings to scope the potential for biomanufacturing, and knowledge exchange
through discussion and networking. Where appropriate, conﬁdential industrial landscaping
reports have been written to signpost alternative biomanufacturing approaches.
ENGAGEMENT WITH LARGE INDUSTRIAL PARTNERS
Future BRH beneﬁts from partnerships with the following multinational companies. These Core Partners have had long
standing relationships with our Hub and Spoke organisations, and conﬁdential research within Future BRH builds on this
collaboration through the companies sponsoring PhD students and undertaking ‘proof-of-concept’ type research projects with
Post-Doctoral Research Associates (PDRA) and Research Fellow staﬀ.
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INDUSTRIAL PARTNERSHIPS
ENGAGEMENT WITH SMALL & MEDIUM-SIZED ENTERPRISES (SMES)
Future BRH currently has nine Core Industrial Partners that are SME-sized companies. The aim is to support the growth of these
companies through collaborative research to help develop their in-house technologies, and / or facilitate interactions with
major corporate partners through engagement in Future BRH science programme via participation on the Industry Board.
C3 BIOTECH
C3 BIOTECH is radically redesigning biomanufacturing routes to enable
biological fuels production and global resource de-stressing. The company
recognises the importance of global energy provision and the impact that
human activity has on waste accumulation and climate change, and seeks
to implement ‘fuels-from-biology’ sustainable solutions. C3 BIOTECH are
sponsoring a PhD project (commenced January 2021) to engineer
cyanobacteria to improve ethanol production.
Phytome Life Sciences
There is a need for safe and eﬀective new drugs to treat inﬂammation as
it often underlies chronic pain, a debilitating condition aﬀecting over 1.5Bn
people worldwide. Phytome Life Sciences are sponsoring a PhD project
(commenced September 2021) that seeks to develop anti-inﬂammatory
drug candidates through biotechnology, using plant material as a
feedstock. The candidate molecules will be tested on models of
inﬂammatory diseases, with expectations of real-life applications.
Operating from Parnall Group’s Innovation Campus in Cornwall, Phytome
Life Sciences aim to harness nature to transform lives with safe and
eﬀective plant-based medicines.
EnginZyme
EnginZyme are a biotechnology company based in Stockholm, Sweden,
that are aiming to replace traditional fossil-based and energy–intensive
chemical production with biological alternatives. By eliminating the
complexities of currently available biomanufacturing technologies, their
platform supports processes that are both economical and sustainable.
Commencing September 2022 the company will be sponsoring a PhD
project investigating novel enzyme immobilisation scaﬀolds for
biomanufacturing applications, including the comparison of Future BRH
developed systems with commercial alternatives.
Singer Instruments
Singer Instruments was established in 1934 and has a long-standing track
record developing and manufacturing mechatronic workstations and
laboratory automation. Their specialist products are used to facilitate and
accelerate genetic and genomic research around the world. Commencing
September 2022, a collaborative PhD project intends to marry the
company’s high-throughput robotics with expertise in the MIB of
overcoming yeast sterility to create, phenotype and select new
high-performing chassis for biomanufacturing products.
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INDUSTRIAL PARTNERSHIPS
Biocatalysts
Biocatalysts is a company based in Cardiﬀ, Wales that develops and
manufactures speciality enzymes from small to large scale quantities for a
variety of industries, such as food, ﬂavour & fragrance, life science,
pharma and ﬁne chemicals. The company oﬀers both oﬀ-the-shelf
enzyme products and a customised enzyme discovery, development and
manufacturing service.
Britest
Britest aims to generate value from process understanding, and are an
exponent of whole process design for the chemical, pharma and other
process manufacturing industries. Their technical facilitators help
multidisciplinary development and manufacturing teams within
companies and in collaborative projects turn their working knowledge into
impactful process understanding capable of driving innovation. Visually
rich information capture and structuring tools enable their clients to
communicate insight critical to product and process development.
Britest’s specialists have helped Future BRH work with the Core Industry
Partners to better understand their biomanufacturing requirements.
Holiferm
Holiferm develops holistically improved fermentation technology and
processes that aim to deliver massive economic improvements, with
biosurfactants being the company’s initial focus. Founded as a spin-out
from the University of Manchester, Holiferm’s integrated gravity
separation fermentation process provides a low cost route to a range of
lipid molecules, delivering high productivity fermentation processes for
the manufacture of biobased and biodegradable molecules.
NCIMB
At the heart of the NCIMB is the UK's National Collection of Industrial, Food
and Marine Bacteria - a collection of environmentally important and
industrially useful bacteria deposited by researchers from across the
world. The company oﬀers analytical services, with the ability to identify,
compare, sequence, characterise and monitor microorganisms. NCIMB is
also a depository for biological samples, providing trusted storage
services to organisations that need an oﬀsite backup of important
material. The company is collaborating with Future BRH by providing
advice and access to these services.
Prozomix
Prozomix is a research intensive biotechnology company focussing its
proprietary GRASP genome- and metagenome-mining technologies in the
area of novel enzyme discovery for biocatalysis. A long-standing partner of
the MIB, Prozomix has enabled the commercialisation of enzymes
developed in academia and is supporting Future BRH through access to
the company’s enzyme toolkit and new scale-up facility.
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IMPACT
FUTURE BRH MEETINGS
Future BRH team meetings continued throughout the year, with a welcome
return to face-to-face communication as restrictions from the pandemic
started to ease. An ‘away day’ in November provided the opportunity to
strategically discuss the full research portfolio and Hub operations.
Engagement across the Hub and Spokes included science discussions at
monthly Science Board meetings and strategic discussions at quarterly
Executive Management meetings.
Key meetings and events throughout the year have allowed the Future BRH team to connect with wider stakeholders as part of
our continuing drive to inform the Future BRH direction and to enhance the ﬁeld of biomanufacturing within the UK.
Focused workshops brought together academic and industrial partners to discuss: ‘Techno-Economic, Life Cycle, Sustainability
and Societal Analyses’ and the development of integrated approaches for sustainability assessment of biomanufacturing
processes; and a ‘Host Production Strains’ workshop provided diﬀerent perspectives of working with host chassis from
fundamental academic research through to scale-up challenges. To complement these events Future BRH research fellow Dr
John Whittall produced several landscaping documents on biomanufacturing chemical targets, host strains, feedstocks and
processes, to inform discussions.
EXTERNAL MEETINGS AND POLICY
Future BRH members have continued to shape policy in the area of biomanufacturing, as members of strategic cross-sector
groups (e.g. Engineering Biology Leadership Council, Industrial Biotechnology Leadership Forum and BioIndustry Association:
Engineering Biology Sub-committee), and through speciﬁc working groups and discussions with Secretary of State (BEIS),
feeding into government policy. This work has resulted in policy papers which are helping to shape the future vision of
biomanufacturing, an example is a New Statesman article Industrial biomanufacturing: supporting the UK’s transition to net zero.
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IMPACT

CAREER PROGRESSION
One of the goals for Future BRH is to train the next generation of leaders in the biomanufacturing space. That’s why
encouraging the career progression of our team members is at the heart of what we do.
Since Future BRH was established in 2019, six of our team members have progressed in their chosen career paths.
Three fellows have progressed to academic positions in the UK and internationally (Dr Sebastian Cosgrove, Dr Yong
Chen, Dr Chenhao Sun), two have moved to industry to work within SME companies (Dr Karl Payne, Dr Adokiye
Berepiki), and one has moved to business development (Dr Itziar Penaﬁel).
Dr Clare Megarity who recently received a Dame Kathleen Ollerenshaw University Fellowship will continue to
collaborate with the Hub as part of her independent research.

CAPABILITY VIDEOS
Future BRH has an ever growing portfolio of videos which provide an overview of some of the projects the Future BRH team are
working on. These can be viewed at www.futurebrh.com/capabilities
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THE HUB IN NUMBERS

38 PEOPLE WORKING
ACROSS 6 INSTITUTES

2

38

2 NEW CORE
INDUSTRIAL
PARTNERS
(14 IN TOTAL)

26 BIOMANUFACTURING PUBLICATIONS
FROM HUB AFFILIATED STAFF IN 2021

26
6

2
2 NEW TECHNOLOGY
PLATFORMS:

6 RESEARCH FELLOWS
HAVE PROGRESSED
ALONG THEIR
CAREER PATH

BIOFOUNDRY
AND
ELECTROCHEMICAL LEAF

� 2 INDUSTRY
� 3 ACADEMIA
� 1 BUSINESS DEVELOPMENT
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THE TEAM
SPOTLIGHT ON NEW FUTURE BRH RESEARCH FELLOWS
During the last twelve months Future BRH has welcomed six new Research Fellows to our team.

DR JOSEPH WEBB

DR JONATHAN WILKES

RESEARCH FELLOW

RESEARCH FELLOW

JOINED JUNE 2021

JOINED SEPTEMBER 2021

Joe received a BSc(Hons) in microbiology from the
University of Sheﬃeld before completing a PhD in
biotechnology at the University of Nottingham. His ﬁrst
postdoc was at the Synthetic Biology Research Centre at
the University of Nottingham before moving to the
Department of Molecular Biology and Biotechnology at the
University of Sheﬃeld. Joe’s projects have all focused on
metabolic engineering of microbial chassis to produce
industrially relevant chemicals at high titre. Joe has now
brought these skills to Future BRH where he is focusing on
developing microbial strains for the bioproduction of
various chemicals.

Jonathan received his BSc in Natural Sciences and MSc in
Industrial and Commercial Biotechnology from the
University of Newcastle. He then moved to the University of
Manchester to complete his PhD under the supervision of
Prof Nigel Scrutton, in the Manchester Institute of
Biotechnology. His PhD research explored the
development and application of single domain antibodies
as tools for synthetic biology, with speciﬁc applications for
the modulation of monoterpenoid production in E. coli.
Prior to joining Future BRH, he took up a postdoctoral
research associate position in the Scrutton Lab exploring
similar themes. Jonathan’s research interests include
metabolic engineering and the application of ‘Design of
Experiments’ for the development of microbial cell
factories.

DR MATTHEW FAULKNER

DR MAURO RINALDI

RESEARCH FELLOW

RESEARCH FELLOW

JOINED OCTOBER 2021

JOINED NOVEMBER 2021

Matthew graduated with an MSc in biochemistry from the
University of Birmingham (UK) in 2014 and with his PhD
from the University of Liverpool (UK) in 2018. During his
Masters Matthew studied the impacts of nitrosative stress
on Delsulfovibrio desulfuricans with Prof Jeﬀ Cole in the
Institute of Microbiology and Infection. His PhD focussed
on the cyanobacterial carbon ﬁxation machinery and
carboxysome structure, function and biophysical
properties using atomic force microscopy. From 2018 to
2021 Matthew was a postdoctoral research associate in
Prof Nigel Scrutton’s group at the Manchester Institute of
Biotechnology. This postdoctoral role involved the study of
terpene production. Within Future BRH he is developing
novel routes to biological carbon capture utilisation and
storage using photosynthetic bacteria.

Mauro has a wide background in plant science,
microbiology, genetics, and biotechnology that he brings
together in an integrated approach to biomanufacturing.
He received his BSc in Molecular Biology from the
University of Buenos Aires and his PhD in Biochemistry and
Cell Biology from Rice University, Houston TX, and was a
Postdoctoral Research Associate at the University of York
and The University of Manchester. He has specialised in
metabolic optimisation through strain engineering towards
high titres and utilisation of renewable carbon feedstocks
such as waste lignocellulose. His current research focus is
metabolic engineering through directed evolution and
improving tolerance to intermediate and end-product
toxicity in production hosts through synthetic biology.
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THE TEAM
SPOTLIGHT ON NEW FUTURE BRH RESEARCH FELLOWS

DR CLARE MEGARITY

DR YIHENG YANG

RESEARCH FELLOW

RESEARCH FELLOW

JOINED NOVEMBER 2021

JOINED SEPTEMBER 2021

Clare was awarded a PhD from Queen’s University Belfast
in 2014 where she studied the molecular basis of negative
cooperativity in oxidoreductase ﬂavoenzymes, with Prof
David Timson. Clare then joined Prof Fraser Armstrong’s
group at the University of Oxford where she used protein
ﬁlm electrochemistry to study terminal enzymes of the
photosynthetic electron-transfer chain: HydA1, an
[FeFe]-hydrogenase which produces hydrogen, and
ferredoxin NADP+ reductase (FNR) which produces
NADPH. Her work on FNR resulted in the ‘Electrochemical
Leaf’, an electrochemical NADP(H) recycling electrode
which exploits the close conﬁnement of FNR and enzyme
cascades in nano-sized electrode pores for a new way to
study enzymes and cascades live, measuring their rate
directly as electrical current, and for ‘green’ organic
syntheses. As a Future BRH Research Fellow, Clare is
continuing her work with the Electrochemical Leaf for
fundamental enzyme cascade research.

Yiheng received his BEng in Food Technology from Zhejiang
Gongshang University (China) in 2015, then completed his
MSc (2016) and PhD (2022) in Biochemical Engineering at
the University College London. Yiheng’s PhD was
associated with the UKRI-funded project ConBioChem,
which aims to enable economically-viable continuous
bio-production of commodity chemicals. This work
involved a signiﬁcant amount of microbial fermentation
monitoring and control, strain and process optimisation as
well as kinetic model development. Within Future BRH
Yiheng is working on the development of transferable
models for monitoring, control and optimization of
Halomonas continuous fermentation.

NEW STAFF FOR 2022
In 2022 Future BRH we will be welcoming three new additional Research Fellows to our team.
• Dr Chris Robinson has worked at the Manchester Institute of Biotechnology for many years working to develop regulatory
toolkits and strain engineering, and brings a broad range of technical expertise in synthetic biology. Chris joins Future BRH
following a pivotal role as a senior researcher with the SYNBIOCHEM Synthetic Biology Research Centre where helped
develop the Design/Build/Test/Learn prototyping pipeline for microbial production of diverse chemicals including alkaloid
biosynthesis.
• William Eagles is a cell biologist with over 5 years’ experience as a software engineer creating bespoke software for data
analysis and visualisation and an MSc in bioinformatics and systems biology. Within Future BRH Will is continuing to develop
the SYNBIOCHEM in silico design tools for pathway engineering and to develop new computational tools in support of the Hub
activities.
• Dr Chatchai Kesornpun has a degree in biochemistry and biochemical technology, and PhD in chemical biology with
post-doctoral research experience in bio-process development and microbial fermentation gained at the Chulabhorn
Research Institute and then Vidyasirimedhi Institute of Science and Technology, Thailand. He joins Future BRH to support
early scale-up fermentation to address bioproduction challenges.
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THE TEAM
MANAGEMENT TEAM

PROFESSOR NIGEL SCRUTTON
FUTURE BRH DIRECTOR, THE UNIVERSITY OF MANCHESTER
Nigel is Professor of Enzymology and Biophysical Chemistry at The University of Manchester. He is
internationally recognised as a leader in the ﬁelds of enzyme engineering, structure and
mechanisms, and biomanufacturing using synthetic biology and biocatalytic approaches.

DR IAN ARCHER
THE INDUSTRIAL BIOTECHNOLOGY INNOVATION CENTRE (IBIOIC)
Ian is Technical Director of IBiolC tasked with shaping IBioIC’s strategy and implementing their
business plan. He is the technical link with IBioIC’s industrial membership and has a strong
background in synthetic chemistry and process development.

DR YVONNE ARMITAGE
CENTRE FOR PROCESS INNOVATION (CPI)
Yvonne is the Biotechnology Business Unit Director at CPI, responsible for delivering the BU’s
strategy and portfolio of projects. Yvonne has signiﬁcant experience in bioprocesses, developing
biocatalytic and biobased products, and leading industrial biotechnology and bioeconomy activities.

PROFESSOR PERDITA BARRAN
THE UNIVERSITY OF MANCHESTER
Perdita is Professor of Mass Spectrometry (MS) and Director of the Michael Barber Centre for
Collaborative MS. She has considerable experience in novel MS approaches for chemical and
biological problems, and HTP MS screening for biocatalyst discovery programmes.

PROFESSOR ALEX CONRADIE
UNIVERSITY OF NOTTINGHAM
Alex is Head of the Sustainable Process Technologies Group at the University of Nottingham. He
specialises in upstream processing, where he has spearheaded the establishment of gas
fermentation technology and systems biology capabilities.

PROFESSOR PAUL FREEMONT
IMPERIAL COLLEGE LONDON
Paul is Co-Director of the UK Innovation and Knowledge Centre (IKC) for Synthetic Biology SynbiCITE
at Imperial College London. He has expertise in the development of Synthetic Biology platforms for
healthcare and manufacturing.

DR ANTHONY GREEN
THE UNIVERSITY OF MANCHESTER
Anthony is a lecturer in organic and biological chemistry at The University of Manchester. He leads a
multidisciplinary research team with expertise in biocatalysis, directed evolution, enzyme design,
organic synthesis and genetic code expansion.
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THE TEAM
MANAGEMENT TEAM

DR BOB HOLT
CENTRE FOR PROCESS INNOVATION (CPI)
Bob is Chief Technologist for the Biotechnology business unit of CPI. During his industrial career with
global pharmaceutical and contract manufacturing companies he has worked at the interface of
biology and synthetic chemistry with a particular focus on cost-eﬀective asymmetric synthesis.

PROFESSOR RICHARD KITNEY
IMPERIAL COLLEGE LONDON
Richard is Professor of Biomedical Systems Engineering and Co-Director/Co-Founder of the Centre
for Synthetic Biology and Innovation at Imperial College London. He has published over 300 papers
on synthetic biology, mathematical modelling and biomedical information systems.

PROFESSOR GARY LYE
UNIVERSITY COLLEGE LONDON
Gary is Head of the UCL Department of Biochemical Engineering, and has over 20 years of
experience working on the design and scale-up of biocatalytic processes involving both enzymatic
and fermentative bioconversions.

DR MARCO MARQUES
UNIVERSITY COLLEGE LONDON
Marco is a Lecturer in the UCL Department of Biochemical Engineering. His main focus is on
Industrial Biotechnology and speciﬁcally Sustainable Bioreaction Engineering principles to
synthesise value-added chemicals and pharmaceuticals.

PROFESSOR PHILIP SHAPIRA
THE UNIVERSITY OF MANCHESTER
Philip is Professor of Innovation Management and Policy at the Manchester Institute for Innovation
Research. He is internationally recognised for research, engagement and policy leadership in science
and technology, innovation management, and responsible innovation.

PROFESSOR NICOLAS SZITA
UNIVERSITY COLLEGE LONDON
Nicolas leads the Bioprocess Microﬂuidics Group at UCL and has expertise in microﬂuidic and
continuous ﬂow reactor technologies. He established a unique bioprocess microﬂuidics lab which
has pioneered rapid prototyping techniques for microﬂuidic bioreactor technologies.

PROFESSOR ERIKO TAKANO
THE UNIVERSITY OF MANCHESTER
Eriko is Professor of Synthetic Biology at The University of Manchester. She is internationally leading
in sythentic biology of antibiotic production, with expertise in engineering secondary metabolite
biosynthesis pathways and industrially relevant organisms.
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THE TEAM
MANAGEMENT TEAM

PROFESSOR CONSTANTINOS THEODOROPOULOS
THE UNIVERSITY OF MANCHESTER
Kostas is Professor of Chemical and Biochemical Systems Engineering at The University of
Manchester. He has expertise in bioprocess synthesis, design and scale-up. He combines innovative
experiments with multi-scale models of complex chemical/biochemical processes.

PROFESSOR NICHOLAS TURNER
UK CATALYSIS HUB
Nick leads the Biocatalysis and Biotransformations theme at the UK Catalysis Hub. He is an expert in
the use of enzymes as biocatalysts for organic synthesis and biocatalytic manufacture, and is at the
forefront of work on directed evolution of enzymes as applied biocatalysts.

KRIS WADROP
CENTRE FOR PROCESS INNOVATION (CPI)
Kris is General Manager - Commercial Operations at CPI. He is an experienced chemical engineer
and Fellow of the IChemE, and has extensive experience in designing and managing chemical plants
to complement his expertise in bioreﬁning.

DR ROSALIND LE FEUVRE
FUTURE BRH DIRECTOR OF OPERATIONS, THE UNIVERSITY OF MANCHESTER
Ros is responsible for the operational and strategic management of the Hub. She has signiﬁcant
experience coordinating large collaborative research programmes and is also the Director of
Operations for the SYNBIOCHEM Centre.

DR KIRK MALONE
FUTURE BRH DIRECTOR OF COMMERCIALISATION, THE UNIVERSITY OF MANCHESTER
Kirk has extensive experience in university business engagement, with a track record of securing
collaborative R&D funding (over £66M). Within Future BRH his focus is to deliver impact through
translational activities and co-creation of programmes with industry.

DR LOUISE WOODS
FUTURE BRH PROJECT MANAGER, THE UNIVERSITY OF MANCHESTER
Louise provides professional management for all aspects of the Future BRH. She has signiﬁcant
experience of project managing research projects from a wide range of funders, and also has a
background in research support across the biotechnology ﬁeld.

LISA BEATTIE
FUTURE BRH SENIOR PROJECT ADMINISTRATOR, THE UNIVERSITY OF MANCHESTER
Lisa provides a pivotal role in the overall administration of the Future BRH and provides high level
project support. She has previous experience of working on a number of multi-partner projects
across a range of areas including biotechnology, materials science and public health.
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THE TEAM
RESEARCH STAFF

DR MARIJAN BAJIĆ
RESEARCH FELLOW
Marijan received his PhD in Biotechnology from the University of Ljubljana (Slovenia) in 2017. His
research in the Future BRH is focused on the development and characterisation of microreactors for
continuous enzymatic synthesis.

DR YONG CHEN
RESEARCH FELLOW (MAY 2020 TO DECEMBER 2021)
Yong received a PhD in Biology from Tsinghua University (China) focused on pathway construction
and mechanical properties of biodegradable polymers. His research interests are in synthetic
pathway design, automation high throughput screening, and metabolic ﬂux control.

DR MATTHEW FAULKNER
RESEARCH FELLOW
Matthew received his PhD from the University of Liverpool (UK) in 2018. Within Future BRH he is
developing novel routes to biological carbon capture utilisation and storage using photosynthetic
bacteria.

DR TOBIAS HEDISON
RESEARCH FELLOW
Tobias was awarded a PhD in Biophysical Chemistry from The University of Manchester in 2016.
Within the Future BRH he is is focused on the development of industrial biocatalysts and high
throughput assays to study enzyme turnover.

DR NICOLE LEFERINK
RESEARCH FELLOW
Nicole obtained her PhD degree from Wageningen University in the Netherlands. She has experience
in enzyme discovery, characterisation, and engineering, high-throughput screening, laboratory
automation, and biomanufacturing using synthetic biology.

DR CLARE MEGARITY
RESEARCH FELLOW
Clare was awarded a PhD from Queen’s University Belfast in 2014 where she studied the molecular
basis of negative cooperativity in oxidoreductase ﬂavoenzymes. As a Future BRH Research Fellow,
Clare is continuing her work with the Electrochemical Leaf for fundamental enzyme cascade research.

DR AISLING NÍ CHEALLAIGH
RESEARCH FELLOW
Aisling is a synthetic organic chemist and well versed in process development and scale up of
biologically active modules. Her research focuses on the incorporation of enzymatic processes into
the production of active pharmaceutical ingredients and value added chemicals.
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THE TEAM
RESEARCH STAFF

DR KARL PAYNE
RESEARCH FELLOW (JULY 2019 TO JUNE 2021)
Karl received a PhD in Biochemistry from the University of Leeds. He has expertise in enzymes that
play a role in bioremediation of pollutants or production of hydrocarbons for fuels/plastics. His
research focuses on structural enzymology, protein engineering and synthetic biology.

DR ITZIAR PENAFIEL
RESEARCH FELLOW (JULY 2019 TO JUNE 2021)
Itziar received her PhD in Organic Chemistry from the University of Alicante (Spain) in 2012. She is
interested in the development of industrially interesting biotransformations under continuous ﬂow,
including multi-enzymatic cascades and enzyme immobilisation.

DR MAURO RINALDI
RESEARCH FELLOW
Mauro received his PhD in Biochemistry and Cell Biology from Rice University, Houston TX. His
current research focus is metabolic engineering through directed evolution and improving tolerance
to intermediate and end-product toxicity in production hosts through synthetic biology.

DR ALED ROBERTS
RESEARCH FELLOW
Aled received a PhD in Materials Chemistry jointly at the University of Liverpool and at the Institute
of Materials Research and Engineering (IMRE) in Singapore. He has a broad academic background
spanning chemistry, materials engineering and synthetic biology.

DR WILLIAM ROWE
SENIOR EXPERIMENTAL OFFICER (MAY 2020 TO MAY 2021)
William received his PhD in biocolloid science in 2002 and then worked at Unilever R&D in the
laundry research team. Since retraining in bioinformatics he has worked on a variety of projects
across the University of Manchester and within Future BRH analysing large omics datasets.

DR MATTHEW RUSSELL
RESEARCH FELLOW
Matthew is an analytical biochemist specialising in quantitative protein mass spectrometry. He has a
PhD in Biochemistry from the University of Cambridge. Within the Future BRH Matthew is focused on
analytical methods to quantify enzyme expression in host strains.

DR CHENHAO SUN
RESEARCH FELLOW (APRIL 2020 TO SEPTEMBER 2021)
Chenhao Sun received his MEng and PhD in Chemical Engineering with Biotechnology from The
University of Manchester in 2017. He specialises in downstream process design and
techno-economic analysis for early-stage fermentation processes.
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THE TEAM
RESEARCH STAFF

VIRANGA TILAKARATNA
SENIOR RESEARCH TECHNICIAN
Viranga obtained a Masters in Biotechnology from the University of Peradeniya (Sri Lanka). She
supports the overall delivery of the Future BRH research programme and provides coordination of
laboratory health and safety and procurement for the research team.

DR HELEN TOOGOOD
SENIOR EXPERIMENTAL OFFICER
Helen obtained her PhD degree in the biochemistry of extremophile enzymes at the University of
Waikato (New Zealand). Her main research focus is the development of commercially viable synthetic
biology routes to biofuels and other biochemicals using microorganisms as ‘microbial chassis.’

DR JOSEPH WEBB
RESEARCH FELLOW
Joe completed his PhD in biotechnology at the University of Nottingham. Joe’s projects have focused
on metabolic engineering of microbial chassis to produce industrially relevant chemicals at high titre.
Within Future BRH he is developing microbial strains for the bioproduction of various chemicals.

DR JOHN WHITTALL
RESEARCH FELLOW
John has over 40 years of experience as an industrial research chemist working for several diﬀerent
chemical companies. As such he has the experience of taking several products from initial research
concept to the research bench and into industrial application in diverse areas.

DR JONATHAN WILKES
RESEARCH FELLOW
Jonathan received his PhD under the supervision of Prof Nigel Scrutton, in the Manchester Institute
of Biotechnology. Jonathan’s research interests include metabolic engineering and the application of
‘Design of Experiments’ for the development of microbial cell factories.

DR YIHENG YANG
RESEARCH FELLOW
Yiheng received his PhD in Biochemical Engineering from the University College London. Within
Future BRH Yiheng is working on the development of transferable models for monitoring, control
and optimization of Halomonas continuous fermentation.
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RESEARCH STUDENTS

FRASER ANDREWS
FUTURE BRH SPONSORED PhD (C3 BIOTECH)
Research Project: ‘Engineering Cyanobacteria
to improve ethanol production’

ENERGISING A LOW CARBON WORLD

SAHARA BHANOT
FUTURE BRH SPONSORED PHD (PHYTOME LIFE SCIENCES)
Research Project: ‘A biosynthetic platform for plant-derived
therapeutics: Enzymatic production of novel ﬂavonoids as
potential anti-inﬂammatory drug candidates’

ALISTAIR HANAK
FUTURE BRH SPONSORED PhD (BP)
Research Project: ‘Exploiting phenotypic diversity and robustness
of de novo yeast hybrids to develop low pH production hosts’
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FUTURE BIOMANUFACTURING RESEARCH HUB

PHARMACEUTICALS

VALUE-ADDED
CHEMICALS

ENGINEERING
MATERIALS

ADVANCED
SYNTHETIC FUELS

HARNESSING UK STRENGTHS IN BIOMANUFACTURING

+44 (0)161 306 5122

futurebrh.com

info@futurebrh.com

@FutureBRH

linkedin.com/company/future-biomanufacturing-research-hub

Future BRH • Manchester Institute of Biotechnology • The University of Manchester
131 Princess Street • Manchester • M1 7DN • UK
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