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Abstract
BrisSynBio is the Bristol-based Biotechnology and Biological Sciences Research Council (BBSRC)/Engineering
and Physical Sciences Research Council (EPSRC)-funded Synthetic Biology Research Centre. It is one of six
such Centres in the U.K. BrisSynBio’s emphasis is on rational and predictive bimolecular modelling, design
and engineering in the context of synthetic biology. It trains the next generation of synthetic biologists in
these approaches, to facilitate translation of fundamental synthetic biology research to industry and the
clinic, and to do this within an innovative and responsible research framework.

BrisSynBio is supported by £13.6 million from Bi-
otechnology and Biological Sciences Research Council
(BBSRC)/Engineering and Physical Sciences Research Coun-
cil (EPSRC), which includes a £3.3 million investment in new
state-of-the-art equipment and computing, and significant
additional University of Bristol support. BrisSynBio is led by
the University of Bristol in partnership with the University
of the West of England. It is a multidisciplinary Centre
distributed across four Faculties, with an administrative
hub in University of Bristol’s new £56 million Life
Sciences Building (Figure 1). BrisSynBio partners include:
SynBiCITE, the Imperial College-led synthetic biology
industrial translation engine; Oxford and Warwick to
deliver the EPSRC/BBSRC-funded Centre for Doctoral
Training in Synthetic Biology; and the EU-wide SYNEN-
ERGENE project exploring public engagement in synthetic
biology.

BrisSynBio’s Director, Professor Dek Woolfson, is one of
the U.K.’s leading advocates for advancing and broadening
synthetic biology approaches to include biomolecular
design and engineering [1]. He has published influential
papers in these areas [2–4], well-cited reviews [1] and
commentaries [5]. Woolfson’s research is at the interface
between the physical and biological sciences, and specifically
in computational and experimental aspects of protein design
and its application to synthetic biology. He is supported
by the Centre’s Co-Director, Dr Paul Race, whose work
focuses on the exploitation and manipulation of enzyme
complexes, pathways and networks, en route to developing
new tools, technologies and products for red, green and
white biotechnology. Race has co-authored papers in leading
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international journals [6–8] and has a strong track record of
industrial engagement.

BrisSynBio’s scientific focus is on the rational design and
engineering of nucleic acids, lipids, peptides and proteins
as structural, enzymatic and regulatory components in new
biological and bio-inspired systems. BrisSynBio is organized
into three research Strands:

Strand 1 – Enzyme Cascades and Cell Factories:
This strand focuses on the isolation, characterization and
scalable production of ‘new-to-science’ natural product-
based therapeutics and agrochemicals. A major emphasis is
polyketides, the most structurally and functionally diverse
family of bioactive natural products known. These molecules
represent challenging, frequently intractable targets for
synthetic organic chemistry, and as such biosynthesis
offers the only generally applicable route to efficient
production. Exemplar projects include: engineering Trans-
acyltransferase (AT) polyketide synthase (PKS) antibiotic
gene clusters to deliver bioactive compounds, led by Willis [9];
scalable biosynthetic platforms for polyketide production in
Escherichia coli, led by Race [6–8]; and molecular membrane
engineering for nanoreactor bionetworks, led by Collinson
[10].

Strand 2 – Self-assembled Systems and Minimal Cells:
This strand explores using and combining stripped-down
biological components and machinery to build virus- and cell-
like micro-compartments. It involves the systematic inclusion
and networking of engineered biomolecular and cellular
components, and gene circuitry to establish biomimetic
operations and modules. Achieving this vision depends
critically on the construction and design of self-assembled
systems, novel representations of synthetic cellularity
and re-engineering of minimal cells. Exemplar projects
include: developing hybrid peptide-virus nanoparticles for
immunology and cell delivery, led by Woolfson [1–4]; design
and construction of solar energy transducing oxidoreductase
cascades within metabolic protocells, led by Mann [11];
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Figure 1 BrisSynBio illustration by Andy Council, 2014

This image was created by Andy Council in collaboration with BrisSynBio

in 2014. Andy is a Bristol-based artist and illustrator. His style is instantly

recognizable in and around Bristol: he ‘creates composite beasts made

up of architectural landmarks and other recognizable elements’; and

some of his work is visible in the streets of Bristol and on display at the

M Shed in the city. The illustration invites the viewer to take a peek inside

a cell through a window cut into the cell wall, with the latter created

from illustrations of the buildings at the University of Bristol most closely

associated with BrisSynBio.

and engineering red blood cells as drug delivery agents and
bioreactors, led by Toye [12].

Strand 3 – Programming Complexity in Natural
Systems: Strand 3 integrates modelling, cell biology and
imaging to address the predictable reprogramming and
control of single cells, cell populations and cells in
multicellular organisms. Applications are envisaged for
whole-cell biosensors for the detection, analysis and
remediation of aromatic pollutants; the use of engineered cells
to control cell populations; and the development of wheat
strains with the potential to revolutionize wheat breeding
for agriculturally important traits. Exemplar projects include:
design and implementation of orthogonal components for
transcriptional logic gates, led by Savery [13]; harnessing
synthetic oscillators, led by di Bernardo [14]; and a
synthetic pathway for recombination in wheat, led by
Edwards [15]. The first BrisSynBio Fellow in Synthetic
Biology, Gorochowski, has joined this Strand working
on tools for the rational design of synthetic gene circuits
[16].

The Strands are supported by three cross-cutting Themes
in: Design and Characterization of Biomolecular Compon-
ents; Engineering and Modelling across Scales; and Public
Engagement and Responsible Research and Innovation. For
the second of these, three computational scientists are
employed to cover theoretical aspects and computational
modelling and simulation. Sophisticated models can help
predict the outcome of experiments, and hence inform which
experiments are most likely to provide useful outcomes.
Additionally, they offer powerful methods for interpreting
experimental results. BrisSynBio has built upon existing close
relationships between modelling and experimental groups
by providing an interface across the scales of modelling
that are addressed by different research groups at Bristol so
that experimental researchers can readily collaborate with
the appropriate group for the scale of problem they are

addressing: atomistic molecular modelling and simulation,
led by Sessions and co-workers [2,3,17]; modelling catalytic
mechanisms, led by Mulholland [18]; and coarse-grained
modelling, led by Liverpool [19].

In Theme 3, Kent [20] leads the project exploring
fundamental problems, ethics and responsible innovation in
the design and engineering of synthetic-biological systems.
A philosopher works alongside BrisSynBio researchers,
examining what ‘responsible innovation’ and ‘ethical science’
mean in practice, as well as fundamental ethical and
philosophical questions raised by BrisSynBio’s research and
synthetic biology activities more broadly. As part of this
aspect of BrisSynBio, the Centre and its researchers are
proactively involved in a range of public engagement, from
traditional science cafes and visits to local schools, to
innovations such as Question Time-style panel discussions
and supporting a show at the 2015 Edinburgh Fringe [21].

All of these research activities are underpinned by major
new facilities supported through the Centre grant for: high-
throughput molecular biology; NMR spectroscopy and pep-
tide synthesis; high-performance computing; microfluidics;
FACS; and advanced microscopy and imaging. And to help
pave the way to applications, BrisSynBio’s current industrial
partners include Bruker, GSK, Syngenta and UCB, through
which BrisSynBio aims to realize translational outcomes
in the areas of fine and specialty chemicals, medicines and
healthcare, and wheat breading.

References
1 Bromley, E.H.C., Channon, K., Moutevelis, E. and Woolfson, D.N. (2008)

Peptide and protein building blocks for synthetic biology: from
programming biomolecules to self-organized biomolecular systems. ACS
Chem. Biol. 3, 38–50 CrossRef PubMed

2 Thomson, A.R., Wood, C.W., Burton, A.J., Bartlett, G.J., Sessions, R.B.,
Brady, L. and Woolfson, D.N. (2014) Computational design of
water-soluble α-helical barrels. Science 346, 485–488 CrossRef PubMed

3 Fletcher, J.M., Harniman, R.L., Barnes, F.R.H., Boyle, A.L., Collins, A.,
Mantell, J., Sharp, T.H., Antognozzi, M., Booth, P.J., Linden, N. et al.
(2013) Self-assembling cages from coiled-coil peptide modules. Science
340, 595–599 CrossRef PubMed

4 Fletcher, J.M., Boyle, A.L., Bruning, M., Bartlett, G.J., Vincent, T.L., Zaccai,
N.R., Armstrong, C.T., Bromley, E.H.C., Booth, P.J., Brady, L. et al. (2012)
A basis set of de novo coiled-coil peptide oligomers for rational protein
design and synthetic biology. ACS Synth. Biol. 1, 240–250
CrossRef PubMed

5 Woolfson, D.N. (2013) Policy matters: synthetic biology goes live. The
Biochemist 35, 54–56

6 Marles-Wright, J., Grant, T., Delumeau, O., van Duinen, G., Firbank, S.J.,
Lewis, P.J., Murray, J.W., Newman, J.A., Quin, M.B., Race, P.R. et al.
(2008) Molecular architecture of the "Stressosome," a signal integration
and transduction hub. Science 322, 92–96 CrossRef PubMed

7 Race, P.R., Solovyova, A.S. and Banfield, M.J. (2007) Conformation of the
EPEC tir protein in solution: investigating the impact of serine
phosphorylation at positions 434/463. Biophys. J. 93, 586–596
CrossRef PubMed

8 Race, P.R., Bentley, M.L., Melvin, J.A., Crow, A., Hughes, R.K., Smith, W.D.,
Sessins, R.B., Kehoe, M.A., McCafferty, D.G. and Banfield, M.J. (2009)
Crystal structure of Streptococcus pyogenes sortase A: implications for
sortase mechanism. J. Biol. Chem. 284, 6924–6933 CrossRef PubMed

9 Haines, A.S., Dong, X., Song, Z., Farmer, R., Williams, C., Hothersall, J.,
Ploskon, E., Wattana-amorn, P., Stephens, E.R., Yamada, E. et al. (2013)
A conserved motif flags acyl carrier proteins for β-branching in
polyketide synthesis. Nat. Chem. Biol. 9, 685–692 CrossRef PubMed

c© 2016 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution Licence
4.0 (CC BY).

http://dx.doi.org/10.1021/cb700249v
http://www.ncbi.nlm.nih.gov/pubmed/18205291
http://dx.doi.org/10.1126/science.1257452
http://www.ncbi.nlm.nih.gov/pubmed/25342807
http://dx.doi.org/10.1126/science.1233936
http://www.ncbi.nlm.nih.gov/pubmed/23579496
http://dx.doi.org/10.1021/sb300028q
http://www.ncbi.nlm.nih.gov/pubmed/23651206
http://dx.doi.org/10.1126/science.1159572
http://www.ncbi.nlm.nih.gov/pubmed/18832644
http://dx.doi.org/10.1529/biophysj.106.101766
http://www.ncbi.nlm.nih.gov/pubmed/17449672
http://dx.doi.org/10.1074/jbc.M805406200
http://www.ncbi.nlm.nih.gov/pubmed/19129180
http://dx.doi.org/10.1038/nchembio.1342
http://www.ncbi.nlm.nih.gov/pubmed/24056399
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


Synthetic Biology UK 2015 691

10 Schulze, R.J., Komar, J., Botte, M., Allen, W.J., Whitehouse, S., Gold,
V.A.M., Lycklama A Nijeholt, J.A., Huard, K., Berger, I., Schaffitzel, C. and
Collinson, I. (2014) Membrane protein insertion and
proton-motive-force-dependent secretion through the bacterial
holo-translocon SecYEG-SecDF-YajC-YidC. Proc. Natl. Acad. Sci. U.S.A.
111, 4844–4849 CrossRef PubMed

11 Tang, T.-Y.D., Che Hak, C.R., Thompson, A.J., Kuimova, M.K., Williams,
D.S., Perriman, A.W. and Mann, S. (2014) Fatty acid membrane
assembly on coacervate microdroplets as a step towards a hybrid
protocell model. Nat. Chem. 6, 527–533 CrossRef PubMed

12 Trakarnsanga, K., Wilson, M.C., Griffiths, R.E., Toye, A.M., Carpenter, L.,
Heesom, K.J., Parsons, S.F., Anstee, D.J. and Frayne, J. (2014) Qualitative
and quantitative comparison of the proteome of erythroid cells
differentiated from human iPSCs and adult erythroid cells by multiplex
TMT labelling and nanoLC-MS/MS. PLoS ONE 9, e100874
CrossRef PubMed

13 Howan, K., Smith, A.J., Westblade, L.F., Joly, N., Grange, W., Zorman, S.,
Darst, S.A., Savery, N.J. and Strick, T.R. (2012) Initiation of
transcription-coupled repair characterized at single-molecule resolution.
Nature 490, 431–434 CrossRef PubMed

14 Menolascina, F., Fiore, G., Orabona, E., De Stefano, L., Ferry, M., Hasty, J.,
di Bernardo, M. and di Bernardo, D. (2014) In vivo real-time control of
protein expression from endogenous and synthetic gene networks. PLoS
Comput. Biol. 10, e1003625 CrossRef PubMed

15 Winfield, M.O., Allen, A.M., Burridge, A.J., Barker, G.L.A., Benbow, H.R.,
Wilkinson, P.A., Coghill, J., Waterfall, C., Davassi, A., Scopes, G. et al.
(2015) High-density SNP genotyping array for hexaploid wheat and its
secondary and tertiary gene pool. Plant Biotechnol. J. 14, 1195–1206
CrossRef PubMed

16 Gorochowski, T.E., Ignatova, Z., Bovenberg, R.A.L. and Roubos, J.A. (2015)
Trade-offs between tRNA availability and mRNA secondary structure
help smooth translation elongation rate. Nucleic Acids Res 43,
3022–3032 CrossRef PubMed

17 Brogan, A.P.S., Sessions, R.B., Perriman, A.W. and Mann, S. (2014)
Molecular dynamics simulations reveal a dielectric-responsive coronal
structure in protein–polymer surfactant hybrid nanoconstructs. J. Am.
Chem. Soc. 136, 16824–16831 CrossRef PubMed

18 Woods, C.J., Shaw, K.E. and Mulholland, A.J. (2015) Combined quantum
mechanics/molecular mechanics (QM/MM) simulations for
protein–ligand complexes: free energies of binding of water molecules
in influenza neuraminidase. J. Phys. Chem. B. 119, 997–1001
CrossRef PubMed

19 Hawkins, R.J. and Liverpool, T.B. (2014) Stress reorganization and
response in active solids. Phys. Rev. Lett. 113, 028102
CrossRef PubMed

20 Busby, H., Kent, J. and Farrell, A.-M. (2014) Revaluing donor and
recipient bodies in the globalised blood economy: transitions in public
policy on blood safety in the United Kingdom. Health (Lond.) 18, 79–94
CrossRef

21 Programme for “Do Scientists dream of electric sheep”, Edinburgh Fringe
Festival (2015). Available from: http://jackheal.com/

Received 15 January 2016
doi:10.1042/BST20160004

c© 2016 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution Licence
4.0 (CC BY).

http://dx.doi.org/10.1073/pnas.1315901111
http://www.ncbi.nlm.nih.gov/pubmed/24550475
http://dx.doi.org/10.1038/nchem.1921
http://www.ncbi.nlm.nih.gov/pubmed/24848239
http://dx.doi.org/10.1371/journal.pone.0100874
http://www.ncbi.nlm.nih.gov/pubmed/25019302
http://dx.doi.org/10.1038/nature11430
http://www.ncbi.nlm.nih.gov/pubmed/22960746
http://dx.doi.org/10.1371/journal.pcbi.1003625
http://www.ncbi.nlm.nih.gov/pubmed/24831205
http://dx.doi.org/10.1111/pbi.12485
http://www.ncbi.nlm.nih.gov/pubmed/26466852
http://dx.doi.org/10.1093/nar/gkv199
http://www.ncbi.nlm.nih.gov/pubmed/25765653
http://dx.doi.org/10.1021/ja507592b
http://www.ncbi.nlm.nih.gov/pubmed/25380317
http://dx.doi.org/10.1021/jp506413j
http://www.ncbi.nlm.nih.gov/pubmed/25340313
http://dx.doi.org/10.1103/PhysRevLett.113.028102
http://www.ncbi.nlm.nih.gov/pubmed/25062239
http://dx.doi.org/10.1177/1363459313476966
http://jackheal.com/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

