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(Keynote Lecture 1)
The role of rare “jackpot” events in the dynamics of evolution and ecology
O Hallatschek
University of San Diego California, USA
Luria and Delbrück discovered that mutations that occur early during a growth process lead to exceptionally large
mutant clones. These mutational “jackpot” events are thought to dominate the genetic diversity of growing
populations, such as biofilms, solid tumors, developing embryos and even invading species. In my talk, I show that
jackpot events can be generated not only when mutations arise early, but through other mechanisms that couple
evolutionary dynamics to physical processes, which exacerbates their role in adaptation and disease. I will also
consider the impact of recurrent jackpot events, which lead to a bias favoring alleles that happen to be present in
the majority of the population. I argue that this peculiar rich-get-richer phenomenon is a general feature of evolution
driven by rare events.
[1]

[2]
[3]
[4]

Kayser, Jona, Carl F. Schreck, Matti Gralka, Diana Fusco, and Oskar Hallatschek. "Collective motion
conceals fitness differences in crowded cellular populations." Nature ecology & evolution 3, no. 1 (2019):
125
Gralka, M., & Hallatschek, O. (2019). Environmental heterogeneity can tip the population genetics of range
expansions. eLife, 8, e44359
Hallatschek, Oskar. "Selection-like biases emerge in population models with recurrent jackpot
events." Genetics 210.3 (2018): 1053-1073
Fusco, D., Gralka, M., Kayser, J., Anderson, A., & Hallatschek, O. (2016). Excess of mutational jackpot
events in expanding populations revealed by spatial Luria–Delbrück experiments. Nature
communications, 7, 12760
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(Invited Lecture 1)
Gene transfer between bacteria: from single molecules to genome dynamics
B Maier
University of Cologne, Germany
Horizontal gene transfer (HGT) plays an important role in bacterial genome evolution. Gene transfer between
bacteria of different species but also between bacteria and eukaryotes has been reported. A particularly widespread
mechanism of gene transfer is transformation which enables bacteria to import and inheritably integrate external
DNA. The first part of the presentation will focus on the import of DNA through the cell envelope, a key step to
transformation. The proteins forming the DNA uptake machine have been identified. Yet, the biophysical mechanism
of the motor pulling DNA from the environment into the bacterial cell remains poorly understood. We used single
molecule approaches for studying the molecular mechanism of DNA uptake. Our results are in remarkable
agreement with a translocation ratchet model, whereby a periplasmic chaperone rectifies DNA diffusion through the
membrane by reversible binding. In the second part, the I will address the question how gene transfer between
different bacterial subspecies affects genome dynamics and bacterial fitness. Using laboratory evolution, we show
that despite considerable sequence divergence, large portions of the genome are rapidly transferred.

(Invited Lecture 2)
Cell-size control and homeostasis: lessons from bacteria
S Jun
University of California San Diego, USA
Bacterial physiology is a branch of biology that aims to understand overarching principles underlying cellular
reproduction. Many important issues in bacterial physiology are inherently quantitative, and major contributors to
the field, including physicists, have often brought together tools and ways of thinking from multiple disciplines. The
field has advanced enormously just in the past several years, and we are finally able to answer some of the longstanding questions on cell size control and homeostasis such as: (1) What determines the cell size in a given growth
condition? (2) How do cells correct their size deviations and return to a normal size? (3) How does size control and
homeostasis work at the mechanistic level? In this talk, I will present the summary of our current understanding
including new results.
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(Contributed Lecture 1)
The electrical ecology of outdoor foraging bumblebees
C Montgomery and D Robert
University of Bristol, UK
Foraging bumblebees gain a positive electric charge through triboelectrification. As a positively charged bee
approaches a usually negatively charged flower, this charge facilitates pollination by causing pollen to jump short
distances between flower and bee. The electric charge on the bee also allows aerial electroreception by causing the
deflection of mechanosensory hairs on the bee head via Coulomb force. This electroreception is deemed to provide
bees with information useful to foraging, measuring floral electric fields and their slow variations. Current models of
the Coulomb force involved in pollen transfer and electroreception are based on laboratory measurements of bee
charge. Mindful of possible differences between lab and field we have developed a novel sensor for detecting the
charge on free-flying bees and have used this to measure the charges on bumblebees foraging outdoors. Bee
charge is shown to be similar to that measured in the laboratory, suggesting that current models of pollen transfer
are largely accurate. Charge is also found to vary significantly depending on weather conditions, with bees acquiring
higher positive charge in warm, dry weather. Under these fair weather conditions, the charges measured clearly
exceed those found in the laboratory. This suggests bees may have enhanced sensitivity to electrical stimuli in fair
weather and that the efficiency of pollination is likely to be affected by local weather conditions.

(Invited Lecture 3)
Super-resolution microscopy with DNA molecules: Towards localizomics
R Jungmann
Max Planck Institute of Biochemistry, Germany
Super-resolution fluorescence microscopy is a powerful tool for biological research. We use the transient binding of
short fluorescently labeled oligonucleotides (DNA-PAINT) for easy-to-implement multiplexed super-resolution
imaging that technically achieves sub-5-nm spatial resolution
To translate this resolution to cellular imaging, we introduce Slow Off-rate Modified Aptamers (SOMAmers) as
efficient and quantitative labeling reagents. We demonstrate the achievable image resolution and specificity by
labeling and imaging of transmembrane as well as intracellular targets in fixed and live cell-specimen.
Apart from ever increasing spatial resolution, efficient multiplexing strategies for the simultaneous detection of
hundreds of molecular species are still elusive. We introduce a new approach to multiplexed super-resolution
microscopy by designing the blinking behavior of targets with engineered binding frequency and duration. We assay
this kinetic barcoding approach in silico and in vitro using DNA origami structures, show the applicability for
multiplexed RNA and protein detection in cells and finally experimentally demonstrate 124-plex super-resolution
imaging within minutes.
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(Contributed Lecture 2)
Single-molecule observation of co-transcriptional effects
H Uhm1, W Kang2, K Ha3, C Kang4, S Hohng2 and A Kapanidis1
1

University of Oxford, UK, 2Seoul National University, South Korea, 3University of Suwon, South Korea, 4Korea
Advanced Institute of Science and Technology, South Korea

A riboswitch is a non-coding region of an mRNA which recognizes a specific metabolite and regulates the expression
of the mRNA itself. Recently, the fact that RNA folds sequentially as it is being transcribed is carefully considered for
RNA structure prediction and dynamics study (Fig. 1). It has been shown that this co-transcriptional effect strongly
influences RNA folding pathway suggesting that the formation of transient conformations serves as a guideline for
the following co-transcriptional folding.
We used fluorescence resonance energy transfer (FRET) to study conformational dynamics of the Escherichia coli
thiM TPP (thiamine pyrophosphate) riboswitch. Previously, we found that the open form and the closed form of the
riboswitch recognize the ligand with similar preference and the final conformational transition of it is induced by the
ligand [1]. Using RNA polymerase elongation complex system, we found that TPP riboswitch folding processes
including ligand bindings are strongly related to the transcription itself [2]. In-vivo observation of co-transcriptional
effects will also be discussed.

Fig 1: Model of TPP riboswitch folding.
[1]
[2]

H. Uhm, S. Hohng, Bull. Korean Chem. Soc. 38, 1465-1473 (2017)
H. Uhm, W. Kang, K. S. Ha, C. Kang, S. Hohng, Proc. Natl. Acad. Sci. 115, 331-336 (2018)

(Contributed Lecture 3)
Tracking proteins in 3D within bacteria
H Miller, J Khoo, J Armitage, R Berry
University of Oxford, UK
Single molecule tracking is a powerful technique to study dynamic processes in heterogeneous populations. Whilst
in vitro methods using organic dyes may produce tracks of single fluorophores of tens or hundreds of frames, track
lengths for in vivo experiments generally lag behind due to the use of genetically encoded labels such as fluorescent
proteins which have a low photon budget, limiting track length to be around 10 frames[1]. Further, in vivo labels,
such as fluorescent protein fusions (~31kDa [2]) or HaloTags (~33kDa [3]) are relatively high mass, meaning that
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perturbation of native behaviour of proteins smaller than ~20kDa is highly likely, yet most signalling molecules of
biological relevance are in this low molecular mass range.

Electroporation of purified proteins labelled with small fluorescent dyes via cysteine maleimide chemistry, such as
the members of the Atto or Alexa Fluor families (<~1kDa), enables the study of protein dynamics in vivo [4]. The
desirable fluorescent lifetimes and small mass of these dyes enables tracking of small proteins over timescales of
seconds within cells.

Fig 1: Upper: Schematic diagram of electroporation technique. Lower: Consecutive split images showing a single
fluorophore moving in E. coli (2 pixel gaussian blur applied). Scale bar 1 µm.
We are combining electroporation with 3D fluorescence microscopy achieved using back focal plane splitting [5] to
study the motion of CheY proteins in live bacterial cells [6] (see figure). In choosing a fluorophore for electroporation
experiments the labelling chemistry, hydrophobicity and photophysical properties are important application-specific
considerations that we have explored. Fluorescent images and tracking of electroporated molecules will be
presented, along with work to optimise the electroporation technique for this application and the characterisation of
the 3D imaging technique used in this work.
[1]
[2]
[3]
[4]
[5]
[6]

C. A. Bayas, J. Wang, M. K. Lee, J. M. Schrader, L. Shapiro, and W. E. Moerner, Proc. Natl. Acad. Sci. U. S.
A., 115, 16, (2018)
R. Heim, D. C. Prasher, and R. Y. Tsien, Proc. Natl. Acad. Sci., 91, 26, (1994)
Y. Zhang, M. So, A. M. Loening, H. Yao, S. S. Gambhir, and J. Rao, Angew. Chemie Int. Ed., 45, 30, (2006)
R. Crawford et al., Biophys. J., 105, 11, (2013)
Y. Sun, J. D. McKenna, J. M. Murray, E. M. Ostap, and Y. E. Goldman, Nano Lett., 9, 7, (2009)
D. Di Paolo, O. Afanzar, J. P. Armitage, and R. M. Berry, Philos. Trans. R. Soc. London B Biol. Sci., 371,
1707, (2016)
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(Invited Lecture 4)
Visualizing molecular electrostatics in an optical microscope
M Krishnan
University of Oxford, UK
The desire to “freely suspend the constituents of matter” in order to study their behavior can be traced back over
200 years to the diaries of Lichtenberg. From radio-frequency ion traps to optical tweezing of colloidal particles,
existing methods to trap matter in free space or solution rely on the use of external fields that often strongly perturb
the integrity of a macromolecule in solution. We recently introduced the ‘electrostatic fluidic trap’, an approach that
exploits equilibrium thermodynamics to realise stable, non-destructive confinement of single macromolecules in
room temperature fluids, and represents a paradigm shift in a nearly century-old field. The spatio-temporal
dynamics of a single electrostatically trapped object reveals fundamental information on its properties, e.g., size
and electrical charge. We have demonstrated the ability to measure the electrical charge of a single macromolecule
in solution with a precision much better than a single elementary charge. Since the electrical charge of a
macromolecule in solution is in turn a strong function of its 3D conformation, our approach enables for the first time
precise, general measurements of the relationship between 3D structure and electrical charge of a single
macromolecule, in real time. I will present our most recent advances in this emerging area of molecular
measurement and show how such high-precision interaction energy measurements at the nanoscale may be able to
unveil contributions from previously unanticipated phenomena in intermolecular interactions in solution.

(Keynote Lecture 2)

Interfacial challenges to antibody bioprocessing
C van der Walle
AstraZeneca, UK
The drug development pipeline of AstraZeneca, as for other large pharmaceutical companies, includes a large
number of monoclonal antibody (mAb) products. MAbs are some of the best-selling drugs world-wide (e.g. Humira)
[1] and vital therapies for many patient groups. Despite advances in bioprocessing, the manufacture of mAbs
remains challenging because of the inherent instability of these large, complex molecules. The mAb bulk drug
substance must be processed with appropriate care during its formulation, sterile filtration and filling into vials or
syringes. Preventing physical degradation of the mAb, especially aggregation of high concentration solutions, is
critical to maintaining its safety and efficacy. Numerous factors negatively affect mAb stability during fill-finish
steps: i) exposure to the air/liquid interface, ii) shear effects due to mechanical stresses, iv) interactions with solid
surfaces. Manufacturing losses as a consequence of poor understanding and control of the fill-finish process is not
only costly but may delay a clinical trial or commercial batch.
Solid surfaces in the context of bioprocessing can include steel (e.g. pump heads, piping, filters, and syringe
needles), glass (e.g. vials) and polyolefins and polydimethylsiloxane silicon oil (e.g. siliconized syringes, plastic
syringes, intravenous administration sets) [2]. It is critical for the industry to better understand surface-induced mAb
aggregation since the presence of particulates are tightly regulated for injection products. One hypothesis for the
generation of particulates involves mAb adsorption to a surface that results in partial denaturation followed by its
14

desorption (particularly for relatively hydrophobic surfaces such as steel and silicon oil). Obtaining high resolution,
molecular-level information of the adsorption process is only achievable using neutron reflection (NR). The
combination of NR data with dynamic measurements from (for example) spectroscopic ellipsometry is a particularly
powerful strategy for characterising protein adsorption/desorption.
We have characterised the adsorption behaviour of a model mAb, its fragment crystallisable (Fc) and fragment
antigen-binding (Fab), at the air/water interface under a range of concentrations and pH [3]. The much higher Fc
adsorption, as compared to Fab, was linked to its lower surface charge. Time and concentration dependence of mAb
adsorption was dominated by Fab behaviour. With increasing concentration, the thickness of the Fc layer remained
constant at ~40 Å, while Fab and mAb layers increased from 45 to 50 Å. This implies retention of the globular
structures and orientation with the short axial lengths perpendicular to the interface. We further examined the
adsorption of the mAb at the SiO2/water interface in the presence of polysorbate surfactant, which had no notable
affinity for the interface and did not prevent mAb adsorption [4]. Interestingly, near equilibration, the mAb
underwent structural rearrangement enabling binding of the surfactant and resulted in an interfacial layer comprised
an inner mAb layer of ~70 Å thickness and an outer surfactant layer of a further 70 Å. Once formed, such interfacial
layers were very robust and worked to prevent further mAb adsorption, desorption, and structural rearrangement.
Such robust interfacial layers could be anticipated to exist for formulated mAbs stored in glass vials.
[1]
[2]
[3]
[4]

P. J. Carter, G. A. Lazar. Next Generation Antibody Drugs: Pursuit of the High-hanging Fruit. Nat. Rev. Drug
Discovery 2017, 17, 197-223
S. Makwana, B. Basu, Y. Makasana, and A. Dharamsi. Prefilled Syringes: An Innovation in Parenteral
Packaging. Int. J. Pharma. Invest. 2011, 1, 200-6
Z. Li., et al., Neutron Reflection Study of Surface Adsorption of Fc, Fab, and the Whole mAb. ACS Appl.
Mater. Interface 2017, 9, 23202-11
Z. Li, et al., Coadsorption of a Monoclonal Antibody and Nonionic Surfactant at the SiO2/Water Interface,
ACS Appl Mater Interfaces. 2018, 10(51):44257-66

(Keynote Lecture 3)
Biological polyelectrolytes: single-molecule spectroscopy of intrinsically disordered proteins and their interaction
mechanisms
B Schuler
University of Zurich, Switzerland
The functions of proteins have traditionally been linked to their well-defined threedimensional, folded structures. It is
becoming increasingly clear, however, that many proteins perform essential functions without being folded. Singlemolecule spectroscopy provides new opportunities for investigating the structure and dynamics of such unfolded or
‘intrinsically disordered’ proteins (IDPs). The combination of single-molecule Förster resonance energy transfer
(FRET) with nanosecond correlation spectroscopy, microfluidic mixing, and other advanced methods can be used to
probe intra- and intermolecular distance distributions, reconfiguration dynamics, and interactions on a wide range
of timescales, and even in heterogeneous environments, including live cells.
I will illustrate the use of single-molecule FRET in combination with other biophysical methods in the context of an
unexpected interaction mechanism that we recently discovered [1]: The two intrinsically disordered human proteins
histone H1 and its nuclear chaperone prothymosin α associate in a one-to-one complex with picomolar affinity, but
they fully retain their structural disorder, longrange flexibility, and highly dynamic character. Based on the close
integration of single-molecule experiments, NMR, and molecular simulations, we obtained a detailed picture of this
complex that can be explained by the large opposite net charge of the two proteins without requiring defined
binding sites or interactions between specific individual residues (Fig. 1). This type of biological polyelectrolyte
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interactions appears to be surprisingly common and has interesting ramifications for the mechanisms of binding
and cellular regulation [2].

Fig 1: Examples of configurations of the positively charged H1 (blue) and the negatively charged ProTα (red) in their
high-affinity complex based on coarse-grained simulations. The structures are projected onto the first three principal
components (PC1, PC2 and PC3), with projections of the full ensemble shown as grey scatter plots [1].
[1]
[2]

A. Borgia et al. Nature 555, 61-66 (2018)
E.D. Holmstrom et al., Nat. Commun., in press

(Contributed Lecture 4)
Silk: A natural example of a sticky entangled polymer
C Schaefer1, P Laity2, C Holland1 and T McLeish1
1

University of York, UK, 2University of Sheffield, UK

The Bombyx Mori silk worm produces natural silk from an “aquamelt” of randomly coiled proteins, which upon
applying elongational flow and extraction of water rapidly undergoes a transition to a solid fibre with outstanding
mechanical properties. This process is remarkably more efficient than the spinning of synthetic polymers in terms of
both energetic costs and solvent recycling, but remains poorly understood. Recently, it was observed that the
animal stores the silk feedstock in their gland at high viscosity, but just prior to spinning decreases the viscosity by
increasing the potassium content [1]. We theoretically explain this observation using using quantitative modelling of
the linear viscoelastic response of the silk feedstock. We view the silk aquamelt as a supramolecular polymer
netwerk (see Figure 1), where the protein is intrinsically disordered, topologically entangled in a crowded
environment, and uses salt bridges as reversible crosslinks. By comparing the model to experiment, we find that the
macroscopic correlation between the viscosity and potassium content can be explained in terms of variations in the
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number of entanglements and reversible crosslinks, as well as variations in the dissociation time of the crosslinks.
Our findings provide a viable starting point to physically understand the “flow-induced self-assembly” of silk fibres.

Fig 1: (left) Native Silk Fibroin (NSF) viewed as a sticky reptating polymer, i.e, the protein is intrinsically disordered
and entangled with neighbouring proteins (purple), and reversibly binds using calcium bridges (blue). (right)
Comparison between the sticky-reptation model (lines) and measurements (symbols) of silk feedstock with varying
potassium content.
[1]

P. R. Laity, E. Baldwin, C. Holland, Macromol. Biosci. 1800188 (2018)

(Invited Lecture 5)
Protein self-assembly
T Knowles
University of Cambridge, UK
This talk describes our efforts to elucidate the molecular mechanisms of protein aggregation as well as the kinetics
of this process and how these features connect to the biological roles that these structures can have in both health
and disease. A Particular focus will be on the development and use of physical tools and concepts, including
reaction kinetics, to discover molecular assembly pathways in amyloid formation.
Moreover we will discuss the development of new microfluidics approaches to study heterogeneous protein selfassembly and their application on explore the molecular determinants amyloid formation from peptides and
proteins.
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(Contributed Lecture 5)
Liquid-liquid phase separation morphologies in ultra-white beetle scales and a synthetic equivalent
A Parnell1, S Burg1, A Washington1,2, D Coles1, A Bianco1, D McLoughlin3, O Mykhaylyk1, J Villanova4, A Dennison1, C
Hill1, P Vukusic5, S Doak6, S Martin6, M Hutchings6, S Parnell7, C Vasilev1, N Clarke1, A Ryan1, W Furnass1, M
Croucher1, R Dalgliesh2, S Prevost8,9, R Dattani8, A Parker10, R Jones1 and J Fairclough1
1

University of Sheffield, UK, 2ISIS Pulsed Neutron and Muon Source, UK, 3Dublin Institute of Technology, Ireland
Akzo-Nobel, UK, 4ID16B ESRF, France, 5University of Exeter, UK, 6Loughborough University, UK, 7Delft University of
Technology, The Netherlands, 8ID02 Beamline ESRF, France, 9Institut Laue-Langevin, France, 10Green Templeton
College, UK
3

Cyphochilus beetle scales are amongst the brightest structural whites in nature, being highly opacifying whilst
extremely thin. Non-destructive X-ray nano-tomography on individual intact white scales of Cyphochilus and
Lepidiota stigma gave the entire three dimensional structure (~34,000μm3) for the voided chitin networks and
showed previous measurements overestimate the density. Both species have comparable chitin filling fractions,
31±2% for the Cyphochilus and 34±1% for L. stigma.
Optical reflectance simulations using finite-difference time-domain (FDTD) solutions to Maxwell’s equations for the
chitin morphologies and simulated Cahn-Hilliard spinodal structures show excellent agreement. Demonstrating that
the correlation function and filling fraction are the key physical parameters from the intra-scale biological
nanostructure. FDTD determined reflectance curves covering the range in filling fraction (5%-95%) for in silico
spinodal structures [1], pinpoint optimal whiteness for a chitin-filling fraction near 25%, close to the measured
beetle scales value of 30%.
Led by this insight, we made a simulacrum of the intra-scale optical structure, for a polymer undergoing a strong
solvent quench, resulting in highly reflective (~90%) white voided polymer films. In-situ X-ray scattering confirmed
the nanostructure was made through the specific phase separation process of spinodal decomposition, we conclude
that ultra-white beetle scales nanostructure is made via liquid-liquid phase separation [2].

Fig 1: (a) simulated late-stage spinodal phase separated volume with a 30% volume-filling fraction, comparable to
the Cyphochilus beetle scale filling fraction, (b) average reflectance across the visible spectrum as a function of
chitin filling-fraction from FDTD optical modelling.
[1]
[2]

A. J. Parnell et al. Sci. Rep. 5, 18317 (2015)
S. Burg et al, under review
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(Invited Lecture 6)
Biophysics of Liquid-Liquid phase condensation of intrinsically disordered proteins
T McLeish1, 2, T Delpech1, 2 and C Schaefer1, 2
1

University of York, UK, 2University of Sheffield, UK

Liquid-liquid phase condensation of biological macromolecules into amorphous functional clusters is widely
observed both in vivo and in vitro [1]. Unlike other biological structures in cells, these clusters are not
compartmentalised by lipids. This raises an apparent paradox: If the concentration of lipids would control the
surface area of droplets and dictate the size of the droplets, a small concentration (or absence) of lipids suggests
that the droplets should coalesce and ripen to grow to infinite sizes. Nevertheless, there is evidence for other
mechanisms in nature that prevent this growth, fixing the size of the condensates without recourse to lipids or other
surfactants.
One approach views the condensates as Turing patterns whose length scales are controlled by non-local effects in a
reaction-diffusion mechanism. These reactions can be conformational changes, triggered by energy carriers such as
ATP, or by hydrophobic or specific interactions that are encoded in the amino-acid sequence of the intrinsically
disordered proteins. We report on the application of new open-source software to simulate the phase separation of
intrinsically disordered protein at the coarse-grained level using the so-called Bond Fluctuation Model.
In this contribution, we explore applications to the folding of dilute proteins, and the formation of clusters of proteins
in crowded environments with strong excluded-volume interactions. Further, we will discuss our strategy of using this
method to explore and classify reaction-diffusion mechanisms that control the size of biological condensates.

Fig 1: Left: Bond Fluctuation Model of short intrinsically disordered proteins (IDP) with a sticky endgroup (red) that
can polymerise to form larger clusters. Middle: Above the overlap concentration, the self-assembly changes the
intra- and intermolecular excluded volume. Right: dynamical density functional theory (DDFT) calculation of
macroscopic phase separation, which we hypothesize can be triggered by self-assembly processes as indicated Left
and Right.
[1]

Y. Shin & C. P. Brangwynne, Cellular Science 357, 1253 (2017)
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(Contributed Lecture 6)
A minimalist model for probing liquid-liquid phase separation in protein-D(R)NA mixtures
J Joseph, J Espinosa, A Garaizar, D Frenkel and R Collepardo-Guevara
University of Cambridge, UK
Unbound proteins are generally thought to be dissolved in the cytoplasm and nucleoplasm. However, certain
proteins have been shown to interact with each other and form oil-like droplets, both in vitro and in vivo, via liquidliquid phase separation (LLPS) [1]. It is hypothesised that these protein droplets are key moderators of genome
organisation. For instance, heterochromatin protein 1 (HP1) is thought to sequester and compact chromatin within
droplets [2]; thereby dictating how the genetical material is accessed and which parts of the genome are expressed.
Additionally, LLPS of proteins has been implicated in neurogenerative diseases such as ALS.
Elucidating the mechanism of LLPS in cells, as well as characterisation on protein droplets, is therefore an important
area of research. Unfortunately, this process occurs on multiple spaciotemporal scales, presenting a grand
challenge. To this end, we have developed a minimalist model for probing LLPS in protein-DNA/RNA mixtures. The
model represents the multivalent nature of proteins such as HP1 via patchy particles [3], and the self-repulsive
nature of DNA and RNA [4]. Consistent with experiment, we demonstrate how DNA/RNA polymers may promote
phase separation of multivalent proteins and show how phase separation may lead to compaction and aggregation
of the genome [4].

Fig 1: Phase separation in MD-patchy model showing multivalent proteins (green balls) and self-repulsive RNA
polymer (red balls).
[1]
[2]
[3]
[4]

A.G. Larson et al., Nature 547, 236 (2017)
A.R. Strom, et al., Nature 547, 241 (2017)
J.R. Espinosa et al., J. Chem. Phys. (2019)
J.R. Espinosa, et al., (in preparation)
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(Invited Lecture 7)
How bacterial biofilms structure their local environment
C MacPhee
University of Edinburgh, UK
Biofilms are communities of microbial cells that underpin diverse processes including sewage bioremediation, plant
growth promotion, chronic infections and industrial biofouling. They have an impact on every aspect of our everyday
lives, from brushing our teeth in the morning, to cleaning our shower tray, to our washing machines and
dishwashers, the water we drink, the food we eat and the success or failure of medical interventions. A recent survey
estimated that up to 96% of all microbes on Earth live in these collaborative communities and thus that microbes
are more often multicellular than unicellular. Despite this prevalence and widespread impact, the study of biofilms
is at its relative infancy. The microbial cells in a biofilm are encased within a self-produced exopolymeric matrix that
commonly comprises lipids, proteins, eDNA and exopolysaccharides. This matrix fulfils a variety of functions for the
community, from providing structural rigidity and protection from the external environment, to controlling gene
regulation and nutrient adsorption. Critical to the development of strategies to control biofilm infections, or the
ability to capitalise on the power of biofilm formation for industrial and biotechnological uses, is an in-depth
knowledge of the biofilm matrix. We are beginning to tease out details about the primary and three dimensional
structures of key component parts, however surprisingly little is understood about how they co- or self-assemble,
and the emergent biophysical and mechanical properties of such biofilm molecular composites. Analysis to date
strongly indicates that the biofilm matrices of diverse species comprise chemically distinct components that have
convergent properties. I will describe our recent successes in understanding how B. subtilis assembles a (close to)
superhydrophobic biofilm, and how we can use this information for the generation of complex formulations with
enhanced properties.

(Invited Lecture 8)
DNA double-strand break repair at the single molecule level in bacteria
M El Karoui, A Lepore, H Taylor and I Kalita
University of Edinburgh, UK
DNA double-strand breaks are one of the most deleterious types of DNA damage because they lead to death if not
repaired. In Escherichia coli, the main repair pathway involves the multifunctional RecBCD enzyme, which salvages
broken chromosomes by catalysing the first step of homologous recombination leading to repair and induction of
the bacterial DNA damage response (the SOS response). RecBCD is a heterotrimeric complex that is reportedly
present in very low numbers in bacterial cells which may result in non-genetic heterogeneity in the population.
However, cells that do not express RecBCD are barely viable, while over-expression of the RecBCD protein leads to
less efficient DNA repair. This raises the question of how bacterial cells cope with potentially large cell-to-cell
fluctuations in this complex.
We have quantified RecBCD mRNAs at single cell level and observed significant fluctuations that are consistent with
very low levels of transcription. Using our recently developed microfluidics-based method to count single molecules,
we have shown the RecBCD proteins subunits are present in less than 10 molecules per cell. However, the level of
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fluctuations is, surprisingly, much lower than predicted by stochastic modelling. This suggests that a previously
unknown regulatory network is controlling RecBCD expression. We have also developed a novel labelling technique
to track RecBCD in real time at the single molecule level. Using single particle analysis, we are currently
investigating the dynamics of RecBCD during the repair process by measuring the apparent diffusion coefficient of
RecBCD, and the average time it takes to reach its target.

(Contributed Lecture 7)
Single-molecule biomechanics probed via novel 3D holographic microscopy and parabolic masking
J Flewellen1, 2, I Llorente Garcia3 and P Tolar1,2
1

Francis Crick Institute, UK, 2 Imperial College London, UK, 3 University College London, UK

We have developed a three-dimensional (3D) microscopy technique for tracking many microscopic objects in a fluid
environment. Our technique uses digital holographic microscopy [1] to record 3D information of a sample, then
deploys a parabolic masking routine to localize objects in 3D space precisely. This approach has applications in
tracking microorganisms and studies of microfluidics; however, we demonstrate its use coupled with magnetic
tweezers to probe the biomechanics of single-molecule interactions.
By integrating our novel imaging technique with magnetic tweezers, we have developed a tool capable of observing
many single-molecule binding events under applied force. We apply this technique to a library of co-evolved
antibodies and HIV envelope proteins. Antibodies of interest coat superparamagnetic microspheres and bind the
envelope proteins, which are tethered to a surface by DNA. A constant force is applied to the microspheres via an
external magnetic field gradient until the bond ruptures. We measure the bond off-rates by tracking the movement of
the microspheres in 3D.
Compared to existing techniques, our digital holography-based approach simplifies image acquisition, is less
demanding of microscope hardware and facilitates tracking of higher densities of objects.
[1]

J.L. Flewellen, I.M. Zaid, R.M. Berry, Rev. Sci. Instr. 90(2), 023705 (2019)

(Invited Lecture 9)
Mesoscale computer models of molecular motors
S Harris1, 2, B Hanson1, R Richardson3, D Read1 and O Harlen1
1

University of Leeds, UK, 2Astbury Centre for Structural and Molecular Biology, UK, 3University College London, UK

Improvements in biophysical tools for characterising the mesoscale, which spans the regime larger than individual
proteins but smaller than a cell, are now providing a wealth of new information about the structure and dynamics of
super-macromolecular complexes. For example, cryo-electron microscopy (cryo-EM) and cryo-electron tomography
(cryo-ET) of the largest molecular motor dynein has revealed its 3D shape and provided insight into the mechanics
of translocation along the track.
We have developed a new mesoscale computational tool called “Fluctuating Finite Element Analysis (FFEA)” to
model the dynamics of biomacromolecules such as dynein. FFEA uses continuum mechanics to simulate proteins
and other globular macromolecules. It combines conventional Finite Element methods with thermal noise, and is
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appropriate for simulations of large proteins and protein complexes at length-scales in the range of 10nm to
500nm, where there is currently a paucity of modelling tools. It requires 3D volumetric information as input, which
can be low resolution structural information such as cryo-Electron-Tomography maps, or atomistic co-ordinates. We
have applied FFEA to model both cytoplasmic dynein (see Figure 1), which transports cargo along a microtubule
track, and flagellar dynein, where arrays of motors are packed within the crowded environment of the axoneme. We
show that non-specific interactions and molecular crowding play vitals roles in the mechanics of molecular motors
at the
mesoscale.

Fig 1: FFEA model of cytoplasmic dynein bound to its microtubule track.
[1]
[2]

Oliver R., Read D.J., Harlen O. G. & Harris S. “A stochastic finite element model for the dynamics of globular
macromolecules” J. Comp. Phys. (2013) 239, 147-165
Solernou A., Hanson B. S., Richardson R. A., Welch R., Read D. J., Harlen O. G. & Harris S. A. “Fluctuating
Finite Element Analysis (FFEA): A Continuum Mechanics Software Tool for Mesoscale Simulation of
Biomolecules” PLoS Comp. Bio. (Software Paper), 14, e1005897

(Invited Lecture 10)
Single-molecule super-localization optical microscopy reveals how barriers to DNA replication are resolved in living
cells
M Leake
University of York, UK
DNA replication is an essential, ubiquitous process in all domains of life, but the process is far from simple and
multiple barriers to this process have to be overcome, the mechanisms for which have hitherto been far from clear.
Here I present an underpinning multispectral light microscopy technology using home-built optical instrumentation
which enables millisecond timescale fluorescence imaging to super-resolution precision in single living cells, which
can be used to unpick the molecular architecture involved in these complex processes of efficient DNA replication.
We use model bacteria cells to pinpoint key proteins used to both resolve protein barriers to DNA replication as well
as relieving lethal stress built up in front of the DNA replication machinery. With this instrumentation we can in effect
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probe the biochemistry of DNA repair one molecule at a time, and use this to demonstrate how the key to resolution
of DNA replication challenges is to work cooperatively at the level of modular protein complexes, a strategy that may
have generic relevance to many biological processes [1][2].

Fig 1: Single-molecule optical imaging of functional enzymes which help live bacteria (A) resolve lethal torsional
stress in DNA, and (B) repair and restart DNA, during essential DNA replication.
[1]
[2]

Stracy M & Wollman A et al. Single-molecule imaging of DNA gyrase activity in living Escherichia coli.
Nucleic Acids Research 47, 210-220 (2019)
Syeda A & Wollman A et al. Single-molecule live cell imaging of Rep reveals the dynamic interplay between
an accessory replicative helicase and the replisome. Nucleic Acids Research (2019) In Press doi:
10.1093/nar/gkz298
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(Keynote Lecture 4)
Ultrafast pump probe experiments: challenges and insights
I Schlichting
Max Planck Institute for Medical Research, Germany
Light is important for organisms from all domains of life, serving as an energy resource or carrier of information
initiating intra- or intercellular signaling. Photosensitive proteins, endowed with a light-absorbing chromophore,
enable this. Detailed insight into the ultrafast events has been obtained by various forms of spectroscopy and
computation. However, direct structural information necessary to understand the underlying molecular mechanisms
has been inaccessible until recently. The unique properties of X-ray free electron lasers open the sub-ps time
domain for time-resolved crystallography using small crystals that can be efficiently photolyzed, thus providing
access to the long sought-after excited state and intermediate structures. This is not only important for the
fundamental understanding of light-driven processes but has practical impact on future developments of e.g.
fluorescent proteins for optical nanoscopy or retinal proteins for optogenetics. We present recent insight on the
initial events in photoisomerization obtained by time-resolved serial femtosecond crystallography experiments at Xray free-electron lasers.

(Contributed Lecture 9)
Molecular resolution of the effects of antibiotics on gram-positive bacteria cell wall using atomic force microscopy
L Pasquina-Lemonche, S Foster and J Hobbs
University of Sheffield, UK
Antimicrobial Resistance is an increasing threat to society because the effectivity of antibiotics is being reduced
dramatically. Despite the bacterial cell wall being one of the main antibiotic targets, there is not a clear
understanding on the complete mechanism that leads to cell wall disruption. The focus of this study is deciphering
the 3-Dimensional molecular organization of peptidoglycan (major component of the bacterial cell wall) and
compare the structural changes of this macromolecule upon antibiotic treatment using high resolution Atomic Force
Microscopy (AFM).
Based on our current knowledge of the action of β-lactam antibiotics, it is known they interact with peptidoglycan
synthesis enzymes such as the group of Penicillin Binding Proteins (PBPs) which are allocated in the intramembrane
region of the cell. The common approach taken in previous studies [1-3] to visualize the peptidoglycan architecture
was based on imaging the outer surface of living cells with liquid AFM. However, the internal surface of the cell wall
which is in close proximity to the intramembrane region is not accessible through this method. To overcome this
limitation in this project we present an optimized methodology to image purified bacterial cell wall (i.e. sacculi) in
liquid AFM obtaining enough resolution to visualize single molecules defining the structure of both external and
internal surface of peptidoglycan. Then, using this approach together with quantitative image analysis, a structural
comparison is performed between healthy Staphylococcus aureus sacculi and cells that have been treated with
different β-lactam antibiotics and then purified. For the first time, a significant structural change of peptidoglycan
upon antibiotic treatment is visualized at molecular resolution (Fig. 1). These results give more insights into the
biophysical mechanism that leads to cell death, setting the background knowledge to understand the resistant
mechanisms the AMR bacteria had develop to defend themselves against the action of β-lactam antibiotics.
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[1]
[2]
[3]

A. Touhami, M. Jericho and T. Beveridge, Journal of Bacteriology, 186 (11), 3286-95 (2004)
R. D. Turner, N. H. Thomson, et al., Journal of Microscopy 238, 102 (2010)
R. D. Turner, E. C. Ratcliffe, R. Wheeler, R. Golestanian, J. K. Hobbs, and S. J. Foster,. Nature
Communications, 1 (3), 26 (2010)

(Contributed Lecture 10)
Introducing handhold-mediated strand displacement: A new template-catalysed reaction for DNA nanotechnology
J Cabello-Garcia, W Bae, G-B Stan, and T Ouldridge
Imperial College London, UK
DNA nanotechnology allows us to encode a plethora of dynamic systems by harnessing two fundamental DNA
physical reactions: hybridisation and strand displacement. The latter consists of the spontaneous replacement of
one DNA strand in a duplex by an “input” strand. This input strand hybridises with a “target” stand in the duplex,
while liberating an “output” strand. This strand exchange is extremely slow unless the reaction rate is boosted by
adding to the target a small single-stranded overhang known as “toehold” [1]. Even though the use of toeholdmediated strand displacement has been extremely successful, it only relies on complementarity between input and
target, obviating the scope of input-output complementarity.
The present work introduces a new orthogonal fundamental reaction for DNA nanotechnology, “handhold-mediated
strand displacement”. “Handholds” are analogues of toeholds located in the output strand, allowing the output
strand to mediate the input-target strands hybridisation. This study introduces a systematic characterisation of
input-handhold complementarity contribution in strand displacement reactions that will allow rational engineering of
handhold-mediated systems.
Strand sequences were rationally generated with the software NUPACK [2]. A reporter DNA duplex labelled with a
fluorophore/quencher pair monitored the progress of the reaction. An ODE model of the reaction sub-steps was
used to fit the fluorescence data to extract the dependence of reaction rate constants on the geometry of the
system. PAGE and an additional fluorescent reporter quantified output strand detachment.
The obtained data clearly demonstrate a correlation between handhold length complementarity and the rate of
handhold-mediated strand displacement reactions. For shorter handhold lengths (≈ 8 nt), the resultant input-output
duplex can detach while increasing the displacement reaction rate several orders of magnitude.
Since handhold-mediated strand displacement entails only a transitory sequence complementarity between input
and handhold, the handhold sequence can be effectively considered a displacement catalyst. The introduction of
handhold-motifs in DNA circuit nodes will introduce a completely new catalytic dimension into DNA strand
displacement reactions. Future work will aim to rationally exploit handhold-mediated strand displacement to
demonstrate complex catalytic behaviour and handhold-driven kinetic discrimination.
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Fig 1: Proof of concept for handhold-mediated strand displacement. Conditions: 37 °C, Target + Output duplex
(200 nM). Time 0 marks the addition of Input strand (150 nM). Input complementarity with a handhold (|hh|=8 nt)
increases significantly the rate of the reaction when compared with classic strand displacement (|hh|=0 nt). When
further increasing the size of the handhold interaction (|hh|=18 nt) the Input/Output duplex cannot dissociate from
the template, resulting in a lower fluorescence signal and preventing the template from being reused.
[1]
[2]

Zhang, D. and Winfree, E. Journal of the American Chemical Society, 2009; 131(47), 17303-17314
Zadeh, J. et al. Journal of Computational Chemistry, 2010; 32(1), 170-173

(Invited Lecture 11)
Revisiting the structure-function relationship with mass photometry
P Kukura
University of Oxford, UK
The cellular processes underpinning life are orchestrated by proteins and the interactions they make with
themselves and other biomolecules. A range of techniques has been developed to characterise these associations,
but structural and dynamic heterogeneity remain a fundamental challenge. I will show that mass photometry based
on interferometric scattering microscopy can mass-image single biomolecules in solution with nanometre precision
and mass accuracy comparable to native mass spectrometry in the gas phase. Thereby, we can resolve oligomeric
distributions at high dynamic range, detect small-molecule binding, and mass-measure polypeptides, glyco- and
lipoproteins. These capabilities enable us to quantify the molecular mechanisms of processes as diverse as homoand hetero-oligomeric protein assembly, amyloidogenic protein aggregation and actin polymerisation [1]. Our
results illustrate how single molecule mass imaging provides access to protein dynamics and interactions and
introduces a third, light-based approach to measuring mass in addition to the historical mechanical and
spectrometric methodologies. This ability to investigate biomolecules in their native state with high mass accuracy
and resolution provides critical, complementary information to static structural techniques in the context of protein
function and regulation.

(Invited Lecture 12)
Physical principles of retroviral integration in the human genome
D Michieletto
University of Edinburgh, UK
Certain retroviruses, including HIV, insert their DNA in a small and non-random fraction of the host genome. This
selection happens via poorly understood mechanisms and it strongly affects the ability of retroviruses to replicate
and infect the host. Traditionally, this lack of randomness is attributed to molecular factors and protein chaperones.
In spite of this, decades of research have not managed to produce unambiguous evidence for which molecules or
proteins may guide this integration site selection.
To shed light into this issue we developed a biophysical model for retroviral integration as stochastic and quasiequilibrium topological reconnections between polymers [1]. Our simulations reveal that physical effects, such as
DNA accessibility and elasticity, play important and universal roles in the integration site selection. For instance, our
simulations predict that integration is favoured within nucleosomal and flexible DNA, thus rationalizing decades of in
vitro experiments [2].
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By considering a long chromosomal region in human T-cells during interphase, we are also able to compare our
predictions against real data from parallel sequencing of the genome of HIV infected cells [3] and discover that at
these larger scales integration sites are predominantly determined by chromatin accessibility. Finally, we propose
and solve a reaction-diffusion problem that recapitulates the distribution of HIV hot-spots within the whole nucleus
of T-cells [4].
With few generic assumptions, our model can rationalise experimental observations and identifies previously
unappreciated physical contributions to retroviral integration site selection.

Fig 1: (A) Retroviral integration in DNA modelled as reconnections between polymers. (b) Integration of viral loops
(green) into a chromatin (DNA wrapped around histones). (C) Comparison of predicted integration patterns with
experimental patterns of HIV integration in the human genome [3].
[1]
[2]
[3]
[4]

D. Michieletto, M. Lusic, D. Marenduzzo, and E. Orlandini, “Physical principles of retroviral integration in the
human genome,” Nature Communications, 10(1), 575, 2019.
D. Pruss, F. Bushman, and A. Wolffe, “Human immunodeficiency virus integrase directs integration to sites
of severe DNA distortion within the nucleosome core,” Proc. Natl. Acad. Sci. USA, 91, 5913–5917, 1994.
G. P. Wang, et al., “HIV integration site selection : Analysis by massively parallel pyrosequencing
reveals association with epigenetic modifications,” Genome Res., 17, 1186–1194, 2007
B. Marini et al., “Nuclear architecture dictates HIV-1 integration site selection,” Nature, 521(7551), 227,
2015

(Contributed Lecture 11)
Surfing on protein waves: modeling the bacterial genome partitioning
J-C Walter, J Dorignac, V Lorman, J Rech, J Bouet, M Nollmann, J Palmeri, A Parmeggiani and F Geniet
CNRS & Montpellier University, France
Controlled motion and positioning of colloids and macromolecular complexes in a fluid, as well as catalytic particles
in active environments, are fundamental processes in physics, chemistry and biology. Here we focus on an active
biological system for which precise experimental results are available. Our work is fully inspired by studies of one of
the most widespread and ancient mechanisms of liquid phase macromolecular segregation and positioning known
in nature: bacterial DNA segregation systems. Efficient bacterial chromosome segregation typically requires the
coordinated action of a three-component, fueled by adenosine triphosphate machinery called the partition complex.
We can distinguish two steps: (i) a process of phase transition [2,3] to built a membraneless region of high protein
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concentration (partition complex) (ii) the action of molecular motor action upon the complex to create a chemical

force.

We present a phenomenological model [1] accounting for the dynamics of this system that is also relevant for the
physics of catalytic particles in active environments. The model is obtained by coupling simple linear reactiondiffusion equations with a volumetric chemophoresis force field that arises from protein-protein interactions and
provides a physically viable mechanism for complex translocation. This description captures experimental
observations: dynamic oscillations of complex components, complex separation and symmetrical positioning. The
predictions of our model are in agreement with and provide substantial insight into recent experiments. From a
nonlinear physics view point, this system explores the active separation of matter at micrometric scales with a
dynamical instability between static positioning and travelling wave regimes triggered by the dynamical
spontaneous breaking of rotational symmetry. We also discuss the phase transition mechanism giving rise to
macromolecular assembly of proteins. Our predictions are compared to Super Resolution microscopy and
microbiology experiments [1,2,3].

Fig 1: (Left) First step of the segregation: ParB proteins (green) condense around the parS sequence of the DNA
molecules to form ParBS complexes (Super Resolution microscopy). (Right) (a) Kymograph obtained from the
model using an additional brownian force acting on ParBS: the model describes ParBS equilibrium, segregation and
positioning. (b) Experimental kymograph (microscopy of F-plasmids in E.coli), displaying a segregation event from
two to three ParBS.
[1]
[2]
[3]

Walter J.-C., Dorignac J., Lorman V., Rech J., Bouet J.-Y., Nollmann M., Palmeri J., Parmeggiani A. and
Geniet F., Phys. Rev. Lett. 119, 028101 (2017)
Debaugny R., Sanchez A., Rech J., Labourdette D., Dorignac J., Geniet F., Palmeri J., Parmeggiani A.,
Boudsocq, Leberre V., Walter* J.-C. and Bouet* J.-Y Mol. Syst. Biol. 14, e8516 (2018)
David G., Walter J.-C., Broe dersz C., Dorignac J., Geniet F., Parmeggiani A., Walliser N.-O. and Palmeri J.,
submitted to Phys. Rev. Lett. [arXiv/1811.09234] (2019)
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(Contributed Lecture 12)
A heteromorphic polymer model for cis-regulatory interactions in gene loci
C Brackley, A Buckle, N Gilbert and D Marenduzzo
University of Edinburgh, UK
Within eukaryotic genomes an important mechanism of gene regulation is via the spatial organisation of the
genome within the nucleus. At the level of a gene locus this involves binding of proteins such as transcription factors
and polymerase at regulatory sites such as promoters and enhancers. Since enhancers can be genomically distant
from promoters, e.g. by up to a million basepairs (bp), activation of transcription at a promoter is thought to often
require a chromosome loop which brings the enhancer and promoter into physical contact. The likelihood that such
loops form can be modified by the cell through other inter-chromosome interactions, or by altering the nature of the
chromatin (a fibre made up from DNA and packaging proteins) to modulate the binding of regulatory proteins at
these sites. These cis-regulatory mechanisms are susceptible to changes in genome sequence brought about by
disease, for example genome rearrangements which alter the locations of enhancers and promoters (which are
common in cancers), or single-nucleotide polymorphisms which might alter protein binding at regulatory sites (and
are implicated in many genetic disorders).
I will present a new polymer simulation model [1] which can predict the 3-D structure of chromatin at the gene
locus level. Polymer physics approaches have previously been successful at improving our understanding of
chromosome organisation at larger length-scales (showing how active and inactive genome regions become
spatially segregated, and how chromosomes organise into "domains" of increased self-interaction [2]). Our new
model combines some of those previous ideas and focuses on chromosome structure at a smaller scale. As a model
system we focus on the Pax6 locus: Pax6 is a developmental gene which is expressed at different levels in different
tissues, and its mis-regulation has been implicated in a number of birth defects involving the eyes.
Our model successfully predicts the structure of the Pax6 locus - as probed experimentally using both microscopy
and sequencing methods. In order to achieve this, we had to include in the model the fact that chromatin has a
different structure in different parts of the genome (e.g. experiments examining the pattern of radiation induced DNA
cleavage reveal a less compact fibre at active regions [3]). Only with a heteromorphic polymer - where the physical
properties vary along its length - could we correctly reproduce the experimental observations. The work also revealed
some surprising features of the Pax6 locus, which in some cell types displays an enhancer action which is not
consistent with a mechanism where the enhancer comes into physical contact with the promoter.
The model can be applied to any gene locus, and I will also discuss some recent work examining the effect of a
genomic rearrangement found in many cancers, which moves an enhancer into the locus of a gene involved in cell
cycle regulation.
[1]
[2]
[3]

A. Buckle, C. A. Brackley, et al., Molecular Cell 72 1-12 (2018)
C. A. Brackley, et al., Modeling the 3D Conformation of Genomes (2019)
V. I. Risca, et al., Nature 541 237-241 (2017)
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(Contributed Lecture 13)
Single molecule imaging of self-assembled peptide gel dynamics demonstrates states of prestress
T Waigh, H Cox and J Lu
University of Manchester, UK

De novo peptide surfactant (I3K) gels provided an ideal system to study the complex dynamics of lightly cross-linked

semi-flexible fibres due to their large contour lengths, simple chemistry and slow dynamics. Previously we
characterised gel networks of the peptide fibres using super-resolution fluorescence microscopy and AFM [1]. We
also used single-molecule fluorescence microscopy to record individual fibres combined with Fourier decomposition
of the fibre dynamics and a self-consistent machine learning algorithm to separate thermal contributions to the
persistence length from compressive states of pre-stress (SPS) [2,3]. Our results show that SPS in the network
depend strongly on peptide concentration, fibre length, buffer and pH. Thus, semi-flexible polymer gels need to be
considered as complex load bearing engineering structures that contain states of quenched disorder. We also
quantify the impact of cross-links on the statistics of the reptation tube dynamics, which provides a second
population of tube fluctuations in addition to those expected for uncross-linked entangled solutions. Furthermore,
we demonstrate that the states of prestress can be actively modulated with temperature by mixing the peptide gel
with chains of pNIPAM (a temperature sensitive polymer) [3]. The phenomena involved and the methodology used
to analyse them are expected to be widely applicable to other cross-linked fibrous networks e.g. fibrin in blood clots,
actin networks, microtubule networks, amyloid diseases, collagen gels etc.

Fig 1: A) A peptide fibril in a state of pre-stress inside a gel measured with single-molecule fluorescence
microscopy. B) The reptation tube width as a function of distance along the fibre. Minima in the width as associated
with sticky intra-chain cross-links. C) Probability distribution of tube widths for a single fibre has two populations:
the smaller tube width is due to the cross-links (Gaussian) and the larger is due to the reptation dynamics (lognormal).
[1]
[2]
[3]

H.Cox, et al, Biomacromolecules, 18, 3481 (2017)
H.Cox, et al, Langmuir, 34, 14678 (2018)
H.Cox, et al, Biomacromolecules, 20, 1719 (2019)
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(Contributed Lecture 14)
Towards bioinspired acoustic metamaterials for advanced noise control solutions
M Holderied, T Neil, Z Shen, D Robert and B Drinkwater
University of Bristol, UK
In our ever-noisier world, effective sound mitigating solutions are more important than ever. Noise control
technology is being increasingly deployed to provide healthier living and working environments, whilst their
continued development is at the forefront of acoustic research. The rapidly expanding field of acoustic
metamaterials has led to the emergence of ultrathin subwavelength sound absorbing methods, allowing sound
insulation to be thinner and lighter than ever before. Here we will present our work on bioinspired metamaterials,
using clues from nature to inform the design of the next wave of advanced noise control solutions.
Bats and moths have been locked in a 65 million year acoustic arms race for supremacy in the night sky. Predation
pressure from echolocating bats has led to the evolution of sound absorbing scales on moth wings [1,2]. We show
that wing scales of moths provide acoustic camouflage through the absorption of ultrasound (peak α = 0.71), the
absorption is broadband, covering all echolocation frequencies, and omnidirectional. The scales on moth wings
resonate in response to ultrasound, with their resonance modes spanning the biosonar frequencies of bats (fig.1 AC). As the layer of scales is much thinner than the wavelength of the lowest frequency it absorbs (1/100), it
constitutes a biological implementation of all desirable features of an advanced absorber: lightweight and ultrathin
with broadband omnidirectional absorber functionality. These scales are indeed the first documented natural
acoustic metamaterial.

Our lithography produced scale replicas can be scaled to resonate at the most important frequency for human
communication (4 kHz; fig 1G and H). This research paves the way for bioinspired novel broadband sound
absorbers that are substantially thinner and lighter than current technical solutions.
Fig 1: Measured (A-C) and modelled (D-F) single scale resonances [1]. Printed upsized scale (G) and LDV showing
4 kHz resonance.
[1]
[2]

Shen, Neil, Robert, Drinkwater & Holderied. Proc. Natl. Acad. Sci. U. S. A. 115, 12200-12205 (2018)
Neil, Shen, Robert, Drinkwater & Holderied. in prep (2019)
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(Invited Lecture 13)
Membrane tension as a regulator of malaria parasite invasion in red blood cells
P Cicuta, S Kariuki, A Marin-Menendez, V Introini, B Ravenhill, Y-C Lin, A Macharia, J Makale, M Tendwa, W Nyamu, J
Kotar, M Carrasquilla, J Rowe, K Rockett, D Kwiatkowski, M Weekes, T Williams and J Rayner
University of Cambridge, UK
Malaria has had a major effect on the human genome, with many protective polymorphisms such as sickle cell trait
having been selected to high frequencies in malaria endemic regions. A novel blood group variant, Dantu, was
recently shown to provide 74% protection against all forms of severe malaria in homozygous individuals. This is a
similar degree of protection to sickle cell trait and considerably greater than the most advanced malaria vaccine but,
until now, the mechanism has been unknown.
In the current study, we demonstrate a significant impact of Dantu on the ability of Plasmodium falciparum to
invade RBCs obtained from children in Kenya. The Dantu variant was associated with extensive changes to the RBC
surface protein repertoire, but unexpectedly the malaria protective effect did not correlate with specific RBC-parasite
receptor-ligand interactions. By following invasion using video microscopy, we found a strong link between RBC
tension and parasite invasion. In fact even in non-Dantu RBCs we discovered that there is a tension threshold above
which RBC invasion did not occur. Dantu RBCs had higher average tension, meaning that a higher proportion of
Dantu RBCs could not be invaded.
These findings not only provide an explanation for the protective effect of Dantu against severe malaria, but also
provide fresh insights into the essential process of P. falciparum parasite invasion, and how invasion efficiency
varies across the heterogenous populations of RBCs that are present both within and between single individuals.
The talk will focus on the contributions to this work from Pietro Cicuta's lab, where automated microscopy and video
analysis techniques enabled live imaging, measurement of membrane tension and phenotyping of invasion events
at the single cell level.

(Poster Session 1)
P1.1 Diagnosis of malaria based on phase coherence between oscillations of instantaneous heart frequency and
respiration
Y Abdulhameed1, A Habib2, P McClintock1 and A Stefanovska1
1

Lancaster University, UK, 2Aminu Kano Teaching Hospital, Nigeria

Outline. We have computed the effective wavelet phase coherence between oscillations in instantaneous heart
frequency and respiration in order to investigate the effects of febrile and non-febrile malaria on cardiovascular
dynamics.
Phase coherence. Cardiovascular oscillations and their interactions are essential to health [1,2]. Their characteristic
frequencies vary in time and so also does their degree of coherence. A method of capturing the instantaneous
phase coherence was therefore developed [2]. We will show that malaria induces changes that can be detected by
phase coherence.
Materials and methods. ECG and respiratory effort (Resp) signals from three groups of black male Africans were
recorded over 30 minutes and analysed: 37 febrile malaria (FM), 10 non-febrile malaria (NFM) patients, and 51
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non-malaria (NM) controls. Non-linear mode decomposition [3] was used to extract the instantaneous phase
(frequency) around the cardiac and respiratory rhythms from the ECG and Resp, as obtained by wavelet transform
(WT) [1], thus representing instantaneous heart and respiratory frequency (IHF) & (IRF), respectively. Wavelet phase
coherence [2,3] between the IHF and respiration, computed through their WTs, quantified the correlation between
their phases at each frequency. Surrogate data were used to test the significance of the results. The effective phase
coherence was obtained by subtracting the surrogate values from the phase coherence values obtained for each
subject.
Results and discussion. As shown in Fig. 1a, the IHF and IRF signals of FM and NFM are much higher than in NM,
corresponding to the dramatic increase in the heart rate in malaria. There is a significant coherence between IHF
and respiration in respiratory frequency interval (0.15 - 0.6 Hz) as presented in Fig.1c. Within this interval the phase
coherence is significantly reduced in NFM and has nearly disappeared in FM. Fig. 1d shows that the phase shift at
each frequency is near 0 and does not differ significantly between groups.
Conclusion. Malaria attenuates the coherence between oscillatory activity in IHF and respiration within the
respiratory frequency interval, possibly because of a reduction in the modulation of heart rate by the respiratory
frequency. We suggest that this can be used as a diagnostic marker for malaria that may be useful in a clinical
context.

Fig 1: Typical (a) IHF and (b) IRF signals from each group of subjects. (c) Wavelet phase coherence between IHF and
respiration mean over groups. (d) Phase shifts at each frequency. (e) Boxplots of phase coherence values within the
respiratory interval.
[1]
[2]
[3]

A. Stefanovska, IEEE Eng. Med. Bio. Magazine 26, 25-26 (2007)
L. W. Sheppard, et al., Phys. Med. Bio. 56, 3583 (2011)
D. Iatsenko, et al., Philos. Trans. Royal Soc. A. 371, 20110622 (2013)

P1.2 Proteoliposomes as energy transferring nanomaterials: enhancing the spectral range of light-harvesting
proteins using lipid-linked chromophores
P Adams, A Hancock, S Meredith, S Connell and L Jeuken
University of Leeds, UK
Biology provides a suite of optically-active nanomaterials in the form of “light harvesting” protein-chlorophyll
complexes, however, these have drawbacks including their limited spectral range. We report the generation of model
lipid membranes (proteoliposomes) incorporating the photosynthetic protein Light-Harvesting Complex II (LHCII)
and lipid-tethered Texas Red (TR) chromophores that act as a “bio-hybrid” energy transferring nanomaterial. The
effective spectral range of the protein is enhanced due to highly efficient energy transfer from the TR chromophores
(up to 94%), producing a marked increase in LHCII fluorescence (up to 3x). Our self-assembly procedure offers
excellent modularity allowing the incorporation of a range of concentrations of energy donors (TR) and acceptors
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(LHCII), allowing the energy transfer efficiency (ETE) and LHCII fluorescence to be tuned as desired. Fluorescence
Lifetime Imaging Microscopy (FLIM) provides single-proteoliposome-level quantification of ETE, revealing
distributions within the population and proving that functionality is maintained on a surface. Our membrane-based
system acts as a controllable light harvesting nanomaterial with potential applications as thin films in photo-active
devices. A pre-print of this work is available here [1].
This development of protein-lipid-chromophore nanocomposites follows our previous study of polymer-chromophore
nanocomposites [2]. There, amphiphilic diblock copolymer chains act as lipid mimics forming thin films of a similar
size to lipid bilayers (or micelles). The advantages and limitations of both systems will be compared. Finally, we
consider incorporating other chromophores, such as quantum dots.

Fig 1: Illustrative scheme showing a cartoon representation of the membrane (centre) containing the TR
chromophore (red) and the LHCII protein (green). Fluorescence emission spectra are shown illustrating the
quenching of TR (left) and enhancement of LHCII (right) which indicate energy transfer.
[1]
[2]

A.M. Hancock, S.A. Meredith, S.D.A. Connell, L.J.C. Jeuken, P.G. Adams, biorXiv (pre-print),
doi.org/10.1101/609255 (2019)
P.G. Adams, A.M. Collins, T. Sahin, V. Subramanian, V.S. Urban, P. Vairaprakash, Y. Tian, D.G. Evans, A.P.
Shreve, G.A. Montaño, Nano Lett. 15, 2422-2428 (2015)

P1.3 Developing a model of hormone pulsatility using light for high throughput drug screening
D Bennett, J Day and K Garner
University of Bristol, UK
Cells and tissues in the human body communicate with one another using hormone chemical messengers
transmitted through the bloodstream. The signals that tell their recipients to grow or to divide, to survive or to die,
are dynamic, changing both in space and time. Type 2 diabetes is characterised by a change in hormone dynamics,
specifically the reduced sensitivity to the hormone, insulin. Insulin is secreted by pancreatic 𝛽𝛽-cells in response to
high levels of circulating glucose and typically acts on fat, liver and skeletal muscle cells to promote glucose uptake
and storage. It also acts on podocytes in the kidney glomerulus [1], but rather than sequestering glucose,
podocytes require insulin to maintain the glomerular filtration barrier [2], the specialised sieve through which waste
products are filtered from the blood into the urine. Without this integrity, protein can be lost from the blood into the
urine (proteinuria), as occurs in diabetic nephropathy.
Plasma insulin levels oscillate during the day, increasing after eating; within these ultradian oscillations, insulin
levels oscillate with a short, relatively constant period (5–15 minutes) [3], and these ‘fast’ oscillations are shorter
and more irregular in type 2 diabetes [4]. Despite the dynamic nature of hormone release, studies of downstream
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signalling are typically carried out under constant hormone stimulation due to experimental difficulties with repeated
hormone application and washing steps.
To investigate the action of fast insulin oscillations on kidney podocytes, we are developing a model of hormone
pulsatility using light, which will allow us to monitor signalling outputs of single cells in culture in response to
changing light pulse periodicity, width, and amplitude. Since insulin oscillates rapidly, we are first training our model
on a system with lower-frequency oscillations, Gonadatropin Releasing Hormone (GnRH). Binding of GnRH to its
cognate receptor generates an increase in intracellular Ca2+ from internal stores, and we are mimicking this by
genetically engineering HeLa cells to express the naturally-occurring blue light-sensitive proteins, Channelrhodopsin
(hChR2) and Melanopsin (OPN4) using adenoviruses, both of which also promote an increase in intracellular Ca2+ to
promote nuclear translocation of the Ca2+-sensitive transcription factor, NFAT, with an emerald fluorescent tag (EFP)
[5]. This, in turn, is monitored in a 96-well plate using high content imaging, allowing us to assess multiple light
pulse period protocols in a single experiment.
The automated application of light to cells inside an imaging device can be achieved relatively cost-effectively using
a compact array of Light Emitting Diodes (LED) controlled remotely. To this end we have designed and constructed a
‘light board’ that fits over a 96-well plate as a lid, along with the accompanying software to control the individual
light levels. Current work is directed towards equating light intensities to hormone concentrations in terms of dose
response for hChR2 and OPN4.
[1]
[2]
[3]
[4]
[5]

Coward, RJM et al. In: Diabetes 51 (11) (2005), 3095–3102
Welsh, GI et al. In: Cell Metabolism 12 (4) (2010), 329–340
Satin, LS et al. In: Molecular Aspects of Medicine 42 (4) (2015), 61–77
Lang, DA et al. In: Diabetes 30 (1981), 435–439
Armstrong, SP et al. In: The Journal of Biological Chemistry 284 (2009), 35746–35757

P1.4 Deformation and DNA damage in migrating cancer cells
R Bennett
University of Bristol, UK
When cancer cells migrate through constricting pores, there is an increase in DNA damage and genomic variation.
Experimental observations indicate that this breakage is not due to mechanical stress on the chromatin during
deformation. We present an elastic-fluid model of the cell nucleus, coupled to kinetics of DNA breakage and repair
proposing a mechanism by which nuclear deformation can lead to DNA damage. We show that segregation of
soluble repair factors from the chromatin during constriction leads to a decrease in the repair rate and an
accumulation of damage that is sufficient to account for the extent of DNA damage observed experimentally. We use
the model of migration through a cylindrical pore to estimate how the mutation rate in tumours varies with tissue
stiffness.
P1.5 Measuring the geometrical dimensions of the double helix in solution
M Bespalova and M Krishnan
University of Oxford, UK
The ability to measure the 3D structures of biological macromolecules gives important insight into the fundamental
biochemical processes of life. Therefore, the problem of structure determination is of vital importance. Although Xray crystallography, Nuclear Magnetic Resonance, and Cryo-electron microscopy yield high resolution structural
information, solution phase techniques to probe molecular structure and conformation at the level of the single
molecule remain of general interest. Since biological molecules display heterogeneity in structure, conformation and
composition, e.g., post translational modifications there is great need to analyse ensembles in solution at the
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single-molecule level. We present a new approach that enables determination of structural features of single
molecules in solution using the electrostatic fluidic trap (Fig. 1A) and escape-time electrometry (ETe), invented and
described earlier in our group [1].
Using ETe we are able to measure the effective electrical charge, qm of a molecule in solution with extremely high
precision (~0.1%). Since the effective charge of a molecule in solution is a strong function of its conformation [2],
we have the ability to probe the geometrical parameters of single biomolecule, e.g., a nucleic acid in a highly
quantitative and systematic way in solution.

Fig. 1 (A) Schematic representation of the fluidic nanostructure that creates a lattice of electrostatic traps in
solution. (B) Top and side views of A- and B- form double helical structures formed by RNA and DNA, denoting the
geometrical parameters, radius, r and inter-nucleotide spacing, b to be measured. (C) Escape-time probability
distribution, Pn(Δt) for 40 bp RNA (A-form helix) and 40 bp DNA (B-form helix) . The table presents experimentally
obtained values of effective charge, qm and preliminary measured values of r and b, that may be compared with
values from crystallography, rc and bc.
We have performed high precision ETe on A- and B-form double helical structures formed by RNA and DNA in
solution (Fig. 1B). Modelling these molecules as uniformly-charged cylinders of different geometrical dimensions we
are able to extract the inter-nucleotide spacing and radius of the helix (Fig. 1C). Our initial measurements suggest
approx. 10 pm accuracy in the determination of these dimensions and are in a good agreement with
crystallographic data.
[1]
[2]
[3]

Ruggeri et al., 2017; Nature Nanotechnology 12: 488-495
Krishnan, 2017; Journal of Chemical Physics 146: 205101
Krishnan et al., 2010; Nature 467: 692-695

37

P1.6 Defect dynamics of an active nematic confined to a spherical shell
A Brown
University of Edinburgh, UK
Recent experiments [1] have studied the behaviour of an active nematic film made from microtubules and
molecular motors confined to the surface of a spherical vesicle. The microtubules align on the surface of the vesicle
to give a nematic texture, while the spherical topology produces four +1/2 topological defects. Due to the activity
generated by the molecular motors these defects then become self-propelled. Combined with an elastic repulsion
between the defects, this self-propulsion leads to an intricately coordinated dance in which the defects periodically
oscillate between tetrahedral and planar configurations.
Here, I will present a point-particle model for the defect dynamics, which coarse grains over the background nematic
texture. This model predicts defect dynamics that, for certain parameter values, give trajectories with cubical
symmetry as shown in Fig.1a, in agreement with experiments [1], and with recent molecular-level simulations of the
same system [2], but in disagreement with two earlier point-particle models [1,3] (I will explain why). Intriguingly,
for other parameter values, a range of other trajectory types is predicted, Fig.1b-d, none of which been observed
experimentally. I will discuss the extent to which it might be possible to explore this rich behaviour experimentally,
e.g., by increasing the defect self-propulsion speed.

Fig 1: Predicted types of defect trajectory: (a) Four intertwined defect trajectories with cubical symmetry, as
simulated in ref. [2]; (b) Two pairs of co-rotating circular trajectories; (c) Four corotating circular trajectories; (d)
trajectories fill a band around the sphere equator.
[1]
[2]
[3]

F. C. Keber, E. Loiseau, T. Sanchez, S. J. DeCamp, L. Giomi, M. J. Bowick, M. C. Marchetti, Z. Dogic, A. R.
Bausch, Science 345, 6201 (2014)
R. Zhang, Y. Zhou, M. Rahimi, J. J. de Pablo, Nature Comm. 7, 13483 (2016)
D. Khoromskaia, G. Alexander, New J. Phys. 19, 103043 (2017)

P1.7 The hard X-ray nanoprobe at Diamond Light Source
F Cacho-Nerin, J Parker and P Quinn
Diamond Light Source, UK
Beamline I14, the hard X-ray Nanoprobe at Diamond Light Source, is a new dedicated facility for nanoscale
microscopy. The instrument is optimized for multi-modal analysis of samples at a sub-100nm scale, providing
elemental analysis (XRF), speciation mapping by XANES, structural phase mapping by nano-XRD and imaging
through differential phase contrast and ptychograpy. The beamline operates at tuneable photon energies between
4.5 and 23 keV, enabling XRF analysis of Calcium and heavier elements. A flexible scanning system and associated
software allows for fast acquisitions and arbitrary scan paths, with the ability to process data in near real-time.
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At 186 metres, the Nanoprobe is a long instrument. This length is to improve demagnification of the beam at the
sample while maintaining a reasonable working distance, and to provide a coherent beam for diffraction-limited Xray focusing and coherent X-ray imaging applications. The endstation is housed in a highly stable, purpose-built
room, and can accommodate samples mounted on TEM grids as well as on silicon nitride membranes. Custom
sample environments developed by users e.g. microfluidic cells have also been used for particular experiments.
I14 welcomed its first users in March 2017 and has been open for regular operation since October that year. After a
number of successful experiments, the beamline is currently in an optimization phase, with new techniques and user
tools rolling out over a two-year ramp up period.
Here we will present the scientific vision that motivated the development of the facility, the overall design of the
instrument as well as science highlights showcasing the capabilities of the beamline and the opportunities is opens
in nano-bioimaging.
P1.8 Antibacterial surfaces inspired by cicada wing nano-topography
T Catley, A Parnell and R Corrigan
University of Sheffield, UK
Preventing the formation of mature bioﬁlms is a key challenge faced by the medical industry as they show an
increased resistance to antibiotics, and are responsible for a large number of nosocomial infections linked to
medical devices [1]. Attempts have been made to reduce the proliferation of biofilms on surfaces using chemically
modified materials, based around drugs or metal nanoparticles [2], but issues surrounding leaching and
antimicrobial resistance make this method unfavourable [3]. This has led research to look toward nature for
inspiration. When it was first noted that the wings of the cicada were deadly to Pseudomonas aeruginosa, it was
postulated that it was a mechanical effect caused by the nano-topography of the wings surface [4]. This leads to the
possibility of structured antibacterial surfaces based on mechanical killing, negating the need for problematic
chemicals. Since then much work has been carried out developing synthetic nano-structured antibacterial surfaces
out of a range of different materials from black silicon to titanium [5]. The initial hypothesis was that the surface
spikes pierce the bacterial cell wall [4]. However it now seems more nuanced than this, with tension and
deformation of the outer cell membrane being the more likely mode of action.
My work aims to understand in greater detail the actual underlying mechanism by which the bacteria interact with
the nano-structured surfaces and are subsequently killed. Initially I have characterized the Cicada wing surface and
its variation across numerous individuals, using techniques such as AFM, SEM, XPS and FTIR Spectroscopy. I have
also developed robust methods to create synthetic structured surface mimics. Using these artificial surfaces I am
performing bacterial cell viability assays to understand the killing efficiency and dynamics for the bacteria E. coli,
and also to optimize the surfaces for a number of other topical nosocomial bacteria.
Tuning the mechanical properties of the surface nano-features has allowed us to explore, understand and produce
surfaces that kill with optimal efficiency. Fluorescence imaging and atomic force microscopy have enabled us to see
the interaction of these features at the single bacteria level, again providing further insight into the underlying
bacterial cell death.
[1]
[2]
[3]
[4]

H. Wu, C. Moser, H. Z. Wang, N. Høiby, and Z. J. Song, “Strategies for combating bacterial biofilm
infections,” Int. J. Oral Sci., vol. 7, pp. 1–7, 2015
B. Jose, V. Antoci, A. R. Zeiger, E. Wickstrom, and N. J. Hickok, “Vancomycin covalently bonded to titanium
beads kills Staphylococcus aureus,” Chem. Biol., vol. 12, no. 9, pp. 1041–1048, 2005
J. Hasan, R. J. Crawford, and E. P. Ivanova, “Antibacterial surfaces: The quest for a new generation of
biomaterials,” Trends Biotechnol., vol. 31, no. 5, pp. 295–304, 2013
E. P. Ivanova et al., “Natural Bactericidal Surfaces: Mechanical Rupture of Pseudomonas aeruginosa cells
by Cicada Wings,” Small, vol. 8, no. 16, pp. 2489–2494, 2012
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[5]

A. Jaggessar, H. Shahali, A. Mathew, and P. K. D. V. Yarlagadda, “Bio-mimicking nano and micro-structured
surface fabrication for antibacterial properties in medical implants,” J. Nanobiotechnology, vol. 15, no. 1,
pp. 1–20, 2017

P1.9 Microtubule self-organisation is robust and depends on cell geometry alone
L Chumakova1, A Plochocka1, A Davie2 and N Bulgakova2
1

University of Edinburgh, UK, 2University of Sheffield, UK

Cytoskeleton organization is essential for the correct cellular, and therefore organism, function. It is along the
cytoskeleton that cellular components are transported to their biologically relevant positions, and perturbations of
the cytoskeleton networks result in pathologies. In vitro studies suggest that both environment (e.g temperature)
and genetics (e.g amounts of cytoskeleton components in cells) interfere with cytoskeleton properties. However,
organisms are exposed to different environmental parameters, which additionally change during the lifespan of an
individual. Furthermore, the genetics also varies between organisms. How then, despite all these varying parameter
regimes, do cellular components reach relevant positions in correct amounts, enabling normal cell function and
tissues be structurally stable?
We demonstrate that in Drosophila embryo epithelial cells the microtubule cytoskeleton self-organizes and this
organization depends on the cell geometry alone [1]. In recent work, using in vivo genetic manipulations, stochastic
simulations, and analysis of a probabilistic model, we additionally show that microtubule organization is robust on
the tissue scale, namely it converges to the same cell-shape-dependent steady state independently of cytoskeleton
properties and the organism environment.
[1]

J.M. Gomez, L. Chumakova, N.A. Bulgakova, N.H. Brown (2016). Microtubule organization is determined by
the shape of epithelial cells, Nature communications 7, 13172

P1.10 Wavefront propagation speeds in a bacteriophage-bacteria system
R Claydon and A Brown
University of Edinburgh, UK
Wave fronts are realised in many biological situations, and indeed a large number of physical systems. An
understanding of such front propagation has applications to predicting the invasion rates of viruses into a healthy
population, or the escape speed of a healthy species from an infected area. There are many important applications
of the use of bacteriophages (phages), viruses which attack bacteria, to curb the populations of pathogenic
bacteria.
Given the serious threat of antibiotic resistance to the healthcare system in the future, phage therapies provide a
potential solution. Understanding the spatial dynamics of the virus and bacteria will be vital information in the effort
to control infections. To this end, a system of T4 bacteriophages invading a population of Escherichia coli in a 1D
channel were modelled using a system of coupled partial differential equations. In contrast to previous studies,
which have either omitted spatial dynamics or considered stationary bacteria with other coupled fields (i.e. nutrient
or phage concentration) to diffuse, the dynamics in this system assumes stationary phages and motile bacteria.
Essentially, the bacteria swim and are not prone to significant biofilm formation. Numerical investigation predicted
wave fronts converging to constant spreading speeds in all cases considered. Intriguingly, the viral infection can
invade the population of Escherichia coli in the absence of diffusion purely by commandeering the hosts.
Furthermore, there appears to have been very few examples in the literature of fronts converging to constant
propagation speeds into states which are growing exponentially. It was unexpected that the bacteria concentration
exhibited near self-similar solutions whereas the phage concentration did not. With applications to food waste
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reduction and wound dressing, the bacteria were then modelled as propagating in a constant background of
bacteriophages. The dynamics were again found to converge to solutions with wave-fronts tending to an asymptotic
speed. Surprisingly, it was found that wave fronts in this scenario were significantly slower than the wavefront speed
of the phage invading an exponentially growing population of bacteria. The numerical simulations are supplemented
by analytic predictions of the asymptotic front speed. The ability for bacteria to evolve phage resistance is an
important consideration in making more realistic predictions and was incorporated into the model. In addition to
this, 2D simulations were also performed to investigate spreading on surfaces.

Fig 1: (Top left) Initial conditions of bacteria inserted into a 1d channel with a uniform background of phages with
population distribution indicated below schematic. (Top right) The bacteria spreads with a constant speed cmin,
forming a wave which is indication in the population distributions below the schematic. (Left) Numerical simulation
showing that the convergence of the wavefront to numerically predicted speed (dotted line). The model has three
classes, susceptible bacteria S, infected bacteria Q and phages P.

P1.11 Molecular reach as a control parameter for surface receptor signalling
O Dushek3, Y Zhang1, L Clemens2, M Kutuzov3, J Goyette4, J Allard2 and S Isaacson1
1

Boston University, USA, 2UC Irvine, USA, 3University of Oxford, UK, 4University of New South Wales, Australia

Tethered enzymatic reactions are ubiquitous in signaling networks but are poorly understood. In the case of surface
receptors, signaling often relies on tethered reactions whereby an enzyme bound to the unstructured cytoplasmic
tail of a receptor catalyses reactions on substrates within reach. The overall length and stiffness of the receptor tail,
the enzyme, and the substrate determine a biophysical parameter termed the molecular reach of the reaction
(Figure 1). Although the contribution of diffusion, binding affinities, and catalytic rates to enzymatic reactions are
well understood, the role of the molecular reach is poorly understood.
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Here, we first use particle-based stochastic reaction-diffusion models to study the interplay between molecular
reach and diffusion [1]. We find that increasing the molecular reach can increase reaction efficacy for slowly
diffusing receptors, but unexpectedly, for rapidly diffusing receptors increasing molecular reach reduces reaction
efficacy. In contrast, if reactions are forced to take place within the 2D plasma membrane instead of the 3D volume
proximal to it, or if molecules diffuse in 3D, increasing molecular reach increases reaction efficacy for all
diffusivities. We show results in the context of immune checkpoint receptors (PD-1 dephosphorylating CD28), a
standard opposing kinase-phosphatase reaction, and a minimal two-particle model. Experiments using a recently
described surface plasmon resonance assay [2] are used to provide the first estimates of molecular reach allowing
us to determine how close surface receptors must cluster within the membrane plane in order to catalyse reactions
on each other.
The work highlights the importance of the 3D nature of many 2D membrane-confined interactions, illustrating a role
for molecular reach in controlling biochemical reactions.

Fig 1: The molecular reach of the reaction (L) is determined by the molecular reach of PD-1 (LPD-1), the enzyme
SHP-2 (LSHP-2), and the substrate CD28 (LCD28).
[1]
[2]

Y. Zhang, L. Clemens, J. Goyette, J. Allard, O. Dushek, SA. Isaacson (2019) BioRxiv
(https://doi.org/10.1101/439430)
J. Goyette, C. Solis Salas, N. Coker-Gordon, M. Bridge, SA Isaacson, J. Allard, O. Dushek (2017) Science
Advances
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P1.12 Electric ecology and aerial electroreception in predator-prey interactions
S England and D Robert
University of Bristol, UK
Electroreception is the ability of an organism to detect ecologically relevant electrical stimuli within its environment.
This sensory modality was long thought to be exclusively confined to aquatic fauna [1], due to the low electrical
conductivity of air. This is because aquatic electroreception relies upon electrical conduction of the signal from
source to receptor. However, recent studies have shown that electroreception in air is possible through Coulomb
interactions between charge sources and the mechanosensory structures of arthropods [2-5]. Aerial
electroreception has since been shown to potentially play a role in the foraging behaviour of bumblebees (Bombus
terrestris) [2, 3], communication between honeybees (Apis mellifera) [4], and the dispersal of spiders (Erigone
spp.) [5].
As each case of aerial electroreception found thus far concerns a different ecological function, a clear question
arises: how widespread is aerial electroreception? Expanding from prior research [2-6], does a broader electric
ecology exist that supports other ecological functions, such as finding mates and prey, avoiding predators, and
orienting in the environment? Here, we present preliminary evidence pointing to the role of aerial electroreception in
predator-prey interactions, a novel function and context for aerial electroreception.
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[5]
[6]

Bullock, T., Bodznick, D. & Northcutt, R. Brain Research Reviews 6, 25–46 (1983)
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Greggers, U. et al. Proceedings of the Royal Society of London B: Biological Sciences 280 (2013)
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P1.13 Fundamental insight into ionic transport through biological ion channels
W Gibby1, M Barabash1, C Guardiani1, D Luchinsky1, 2 and P McClintock1
1
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Understanding, predicting and optimising the ionic transport properties of pores on an atomic scale remains a
critical challenge to both, nanotechnology [1] and biophysics [2]. In particular biological ion channels are essential
to maintaining life and play a vital role in numerous physiological processes.
In this abstract we present the results of a fundamental multicomponent statistical and linear response theory that
has been applied to both K+/Na+ [3] and Na+/Ca++ [4] selectivity in K+ and Na+ biological ion channels. This theory
takes the form of an analytical Grand-Canonical-Ensemble and the ionic conductivity is calculated directly from its
statistical properties via the multicomponent generalised Einstein relations. This connection allows us to derive
conditions required for resonant conductivity alongside high selectivity. Thus we make a significant step towards the
analytical prediction of the transport properties of the pore directly from its structure. This is further illustrated by the
analytical resolution of the conductivity-selectivity paradox. Importantly the theory is also connected to the
extensively investigated electrolyte double layer theories and analogous discrete electron transport (and Coulomb
blockade) in quantum dots e.g. see [5]. We also successfully validate the theory by comparison with experimental
recordings taken in the Ohmic regime from [6].
Finally we expect our theory to be successful in its application to artificial nano-pores and we aim to extend far from
equilibrium through the self-consistent derivation of kinetic equations. The research was supported by the
Engineering and Physical Sciences Research Council (grants EP/M016889/1 and EP/M015831/1), and by a
Leverhulme Trust Research Project Grant RPG-2017-134.
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Fig 1: (a) Na+ and K+ conductivity, (b) Na+ and Ca++ conductivity, (c) experimental validation (with data from [6]).
Note Δ𝜇𝜇̃ are the excess chemical potential differences between the bulk and channel for each ion.
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P1.14 Bioaerosol sensing using deep learning
J Grant-Jacob1, Y Xie1, B Mackay1, M McDonnell1, M Praeger1, M Loxham1, 2, R Eason1 and B Mills1
1
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Bioaerosols, such as pollen grains, contribute to particle pollution and can cause asthma attacks as well as hay
fever. At least 10% of the UK population suffer from hay fever [1], of which 95% are allergic to grass pollen type,
but only ~ 25% are allergic to tree pollen [2]. Therefore, being able to identify which pollens are more prone to
trigger attacks could aid in reducing suffering and tackling hay fever. Current sensing is very limited, as only the
concentration of pollen grains are able to be determined in real-time, while more pollen traps require post collection
counting by humans or expensive laboratory inspections to determine the pollen type. The ability to determine not
only concentration of pollen grains in the air in real-time but the pollen type would have great implications in
tackling and preventing health problems such as hay fever and asthma attacks.
In this work, we use deep learning convolutional neural networks (mathematical transforms inspired by the brain’s
visual cortex) to determine the particle type directly from the light scattered by the particle when illuminated by a
laser beam. A HeNe laser beam was directed onto diesel soot particles, wood ash, and pollen particles in air, and
plastic particles in water, and the scattered light was imaged by a camera [3]. The images were then used for
training the neural network and once trained, the neural network was used in real-time for particle pollution
classification. We demonstrate the ability to distinguish pollen grains from other airborne pollutants such as wood
ash and diesel soot. We are able to achieve an 86% accuracy for 50 measurements, taking ~ 50 milliseconds to
perform each prediction.
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Fig 1: Schematic of application concept of using a neural network to identify pollen species.
[1]
[2]
[3]
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Mackay I S and others 1994 International consensus report on the diagnosis and management of rhinitis
Allergy 49 2–34
Emberlin J C and Lewis R A 2006 A double blind, placebo controlled trial of inert cellulose powder for the
relief of symptoms of hay fever in adults Curr. Med. Res. Opin. 22 275–85
Grant-Jacob J A, Mackay B S, Baker J A G, Heath D J, Xie Y, Loxham M, Eason R W and Mills B 2018 Realtime particle pollution sensing using machine learning Opt. Express 26 27237–46

P1.15 Super-resolution imaging using deep learning
J Grant-Jacob1, Y Xie1, B Mackay1, M McDonnell1, M Praeger1, M Loxham1, 2, R Eason1 and B Mills1
1
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Optical microscopes are convenient, relatively low-cost, and are an invaluable tool for biological imaging. However,
they have a resolution limited by the diffractive properties of light. There have been several approaches developed
to image at improved resolution. One example is scanning near-field optical microscopy, which can achieve
resolutions of tens of nanometres. Others are photo-activated localization microscopy and stimulated emission
depletion that can achieve resolutions ten times smaller than from optical microscopes, and scanning electron
microscopy (SEM), which can achieve a resolution of ~ 10 nm. However, such approaches can be expensive,
require long scan times or fluorescent labelling, or need extensive sample preparation of operation in vacuum.

In this work, we demonstrate the use of deep learning [1] to enable imaging below the diffraction limit, directly from
optical microscope images. We show that using a network of neural networks (which we refer to here as a neural
lens), we can simultaneously label and enhance desired features. Specifically, from microscope images of
biological particles, namely pollen grains taken using 20x optical microscope, we demonstrate the magnification of
Iva xanthiifolia and Galanthus pollen grains, whereby the generated features were the statistically most likely to
arise
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Fig 1: Schematic and experimental results for the application of a neural network to image and identify pollen
species.
[1]

Mills B, Heath D J, Grant-Jacob J A and Eason R W 2018 Predictive capabilities for laser machining via a
neural network Opt. Express 26 17245–53

P1.16 Tracking replication restart on crosslinked DNA in vivo at the single molecule level
A Hargreaves, A Syeda, P McGlynn and M Leake
University of York, UK
As DNA is a highly conserved template throughout all life, the efficacy of its replication machinery is of fundamental
importance in biology. Replication stalling is a key mutagenic driving force in cancers [1]. Each replisome faces
obstacles as it translocates along the DNA, such as transcriptional blocks, oxidative damage and topological faults.
Of these, the latter poses the greatest risk to genomic stability, since error-prone rearrangements are required to
resolve a contiguous substrate. Eventually, the replisome becomes dissociated by these blocks and must be
reloaded efficiently for cells to remain viable [2].
We study the contribution of different reloading pathways in E. coli [3], through the interaction of GFP-labelled
reloading assist proteins DnaT, PriB and PriC with mCherry-labelled replisomes. Using single particle tracking in
Slimfield we observe and track rapidly diffusing individual molecules with high sensitivity to capture reloading
events in vivo and in realtime [4].
On inducing controlled double-strand crosslinks using the antibiotic mitomycin C [5], we find that the reloading
assist proteins colocalise with collapsed replication forks in a specific stoichiometry to enlist replisome components
for reassembly.
This work adds significantly towards verifying models of how replisome reloading underpins the integrity of genetic
blueprints in higher organisms such as ourselves.
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P1.17 What is brewing? – New insights into barley cell wall structure
E Hedlund1, N Langenaeken1, P Ieven1, C Kyomugasho1, D De Schutter2, D Van De Walle3, K Dewettinck3, A Van
Loey1, M Roeffaers1 and C Courtin1
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Barley is one of our economically most important cereal crops, only surpassed by maize, rice, and wheat on a global
scale, and one major usage of the grains is in its malted form for use in beer production. During malting, the
germination process is started whereby the endosperm cell walls are degraded by enzymatic hydrolysis of the
cellulose structure.
Because of the abundance of mixed linkage β-glucan (BG), the architecture of barley endosperm cell walls is
remarkably different from other grass species. We have observed cell walls in unmalted barley having an average
thickness of 0.59 ± 0.22 µm as estimated by cryo-SEM analysis of barley seeds. After completed malting,
surprisingly, we found quite extensive cell wall remnants were observed with a thickness of 0.26 ± 0.13 µm,
contrary to what has been widely believed, that the entirety of the endosperm cell walls is degraded.
We have optically imaged sections of perpendicularly cut endosperm cell walls showing the presence of previously
undescribed perpendicular fibrous AX structures in the space between primary cell walls of adjacent cells. After
fluorescent staining of arabinoxylan (AX), BG and pectin within embedded samples, three-colour 3D confocal
multiphoton microscopy imaging revealed, after post-processing the images using deconvolution of a theoretical 3D
point spread function (PSF), the complex cell wall architecture present across barley varieties. We have shown that
AX is mostly present in the primary cell wall with perpendicular structures reaching into the secondary cell wall that
is mainly composed of BG. Pectin is present at the interface of the middle lamellae. During malting, AX and BG are
degraded, but unlike BG, AX remains present in defined cell walls in malt. Based on our results, we propose a new
model for the endosperm cell walls in barley. Our work emphasizes the close interactions of AX and BG on a
nanometre scale.

47

Fig 1: Unmalted and malted barley cell walls.
Upper left: The previously undescribed perpendicular fibrous structure is shown (indicated by red arrow) as well as a
layer of AX present at the middle lamellae.
Upper right: The state during malting is shown. The abundance of remaining AX compared to the almost entirely
degraded BG is shown (BG here shown in red for clarity)
Bottom: An exaggerated depth profile of the cell wall showing the presence of pectin in the cell wall interface. The
primary (AX) cell wall is shown in green with its prominent middle layer at the cell interface. The secondary (BG) cell
wall is shown in cyan, facing the inside of the cells. And in red the pectin presence in the intercellular space is
shown.
P1.18 Response to exogenous electromagnetic fields by planarian flatworms: is this a like dissolves like
phenomenon?
V Hossack and M Persinger
Laurentian University, Canada
Some species of fish show highly evolved mechanisms by which they can detect exogenous electric and magnetic
fields [1]. The detection of electromagnetic fields has been hypothesized to exist in humans, despite the lack of
specialized sensors [2]. This is due to the role of endogenous electromagnetic fields have in the functioning of
biological systems. We decided to determine if planaria, flatworms with similar central nervous systems to humans,
gave any indication of detecting exogenous electromagnetic fields. In the first part of this experiment planaria were
tested in a t-maze with weak patterned electric current pulsed in one arm to determine if the planaria showed any
indication of being able to detect it. It was found that a small proportion of the population seemed to be attracted to
this current (Fig1). Additionally, if the experiment was preceded by a geomagnetic storm, the planaria showed a

48

positive correlation in the variability of their movement with the intensity of the deviation of the geomagnetic field. In
the second part of the experiment, planaria mobility was measured once a week for one year (different planaria
were measured each week). It was found that planaria that exhibited abnormally high amounts of movement usually
did so during periods of high geomagnetic storm activity. These results indicate that a subpopulation of planaria
show some ability to respond to electromagnetic fields. Changes in human behavior has shown to be associated
with geomagnetic activity as well [3], while planaria mobility is not as complex, the fact that they all occur in
association with increased geomagnetic storms could mean that they are all derived from similar mechanisms.
Electromagnetic fields are integral to the operation of biological organisms, our responsiveness to them comes as
no surprise.

Fig 1: Percent of planaria per day of experiment that made contact with an electrode while in the t-maze. Error bars
represent standard error of the mean (SEM).
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P1.19 The 2B subdomain of Rep helicase links translocation along DNA with protein displacement
J Howard, J-G Brüning, K Myka, M Dillingham and P McGlynn
University of York, UK
DNA and RNA strand separation is catalysed by helicases; in order for strand separation to happen proteins bound
to nucleic acids must first be displaced. Protein displacement from DNA is epitomised by accessory helicases
ahead of progressing replication forks. How helicases displace proteins from DNA is poorly understood and remains
unclear. An accessory helicase from Escherichia coli, Rep, has been shown to be hyperactivated as a helicase in
vitro, when lacking one of its four subdomains. We show here that when Rep lacks this domain, 2B, it is by contrast
deficient at nucleo-protein block removal in vitro. This correlates with an inability to aid replication through proteinbound DNA in vitro as well as the lack of accessory helicase function in vivo. These data evidences that
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translocation by a helicase is insufficient for the displacement of proteins from DNA. They also suggest that
helicases may have evolved specific features for the separation of and removal of protein from DNA.
P1.20 Plant fertilizers affect the electric ecology of foraging bees
E Hunting, K Koh, D Clarke, C Montgomery and D Robert
University of Bristol, UK
The near-Earth surface atmosphere is a complex and dynamic electrical environment relevant for various biological
organisms and processes. Yet the putative vulnerability of the low altitude atmospheric potential gradient to
anthropogenic stress remains unexplored. Here, we use the electric interaction between flowers and bees to show
that the atmospheric electric landscape is vulnerable to the widespread use of (electro-active) chemicals. While we
show that bee foraging behaviour is directly affected by spray fertilizer application in nature, fertilizers do not act as
direct chemical repellents. In contrast, fertilizers directly elicit alterations in plant surface conductivity and stem
potential which, combined, make up the floral electrical cues sensed by bees. This provides the first insight into the
interference of a potentially wide range of chemicals with biological interactions in the electro-ecological landscape.
P1.21 Peptide assembly directed and quantified using megadalton DNA nanostructures
J Jin1, E Baker2, C Wood2, J Bath1, D Woolfson2 and A Turberfield1
1
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In nature, co-assembly of polypeptides, nucleic acids and polysaccharides is used to create functional
supramolecular structures. Here we show that DNA nanostructures can be used to template interactions between
peptides, and to enable the quantification of multivalent interactions that would otherwise not be observable. Our
functional building blocks are DNA-peptide hybrids comprising de novo designed dimeric coiled-coil peptides
covalently linked to oligonucleotide tags. These hybrids are incorporated in megadalton DNA origami nanostructures
and direct nanostructure association through peptide-peptide interactions. Free and bound nanostructures can be
counted directly from electron micrographs allowing estimation of the dissociation constants of the peptides linking
them. Results for a single peptide-peptide interaction are consistent with measured solution-phase free energies;
DNA nanostructures displaying multiple peptides allow the effects of polyvalency to be probed. This use of DNA
nanostructures as identifiers allows the binding strengths of homo- and hetero-dimeric peptide combinations to be
measured in a single experiment and gives access to dissociation constants that are too low to be quantified by
conventional techniques. The work also demonstrates that hybrid biomolecules can be programmed to achieve
spatial organization of complex synthetic biomolecular assemblies.

(Poster Session 2)
P2.1 Gene circuits and multi-dimensional optical microscopy: Characterisation of cellular stress
S Lecinski, C MacDonald and M Leake
University of York, UK
Eukaryotic cells adapt their metabolism according to acute changes in their surrounding environment. In response
to aging and environmental stress abnormal accumulation of proteins in insoluble structures occurs. In the budding
yeast Saccharomyces cerevisiae, such protein aggregates are prevented from entering the newly forming daughter
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cell. This unequal distribution of proteotoxic accumulations presents a population survival strategy that generates
new cells free of harmful components [1,2,3].
Inside the cell, these protein aggregates have the capacity to influence a wide range of physical, molecular and
chemical changes. Challenging to observe, these events typically occur in the range of milliseconds and involves the
movement of small proteins and molecules. The recent development of high-resolution microscopy technique has
nonetheless strongly improved the spatial and temporal resolution opening new perspective to observe and
investigate these biological events in living organisms in real time [4].
My project aims to characterize cellular stress responses of eukaryotic organisms using super resolution light
microscopy as a physical tool. To achieve this, I am developing a panel of yeast strains expressing fluorescently
tagged (such as mGFP, mNeonGreen and mScarletI) versions of relevant proteins to study protein aggregation and
inheritance. I will track misfolded proteins as a marker of cellular stress in time and space using single molecule
slimfiled microscopy, a high-resolution imaging technique allowing high speed (millisecond) single fluorescent
molecules detection and its quantification [5,6].
[1]
[2]
[3]
[4]
[5]
[6]

Higuchi-Sanabria, R. et al. FEMS Yeast Res. 14, 1133–1146 (2014)
Nyström, T. & Liu, B. Current Opinion in Microbiology 18, 61–67 (2014)
Spokoini, R. et al. Cell Rep. 2, 738–747 (2012)
Huang, B., Babcock, H. & Zhuang, X. Cell 143, 1047–1058 (2010)
Plank, M., Wadhams, G. H. & Leake, M. C. Integr. Biol. (2009)
Wollman, A. J. M. et al. Elife 6, 1–36 (2017)

P2.2 In vivo single-molecule imaging of DNA gyrase
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DNA gyrase is a type II topoisomerase that performs a vital function in bacteria of introducing negative supercoils
and relaxing positive supercoils generated by DNA replication and transcription. This essential role of DNA gyrase
has resulted in the development of several antibiotics that kill the cell by specifically targeting it and interfering with
its function. Although there have been extensive biochemical, structural and genetic data, we know little of how it
operates in complex cellular environments.
Here, we used genetic techniques to attach specific fluorescent proteins to the subunits of gyrase and to other parts
of the cellular molecular machinery, which are involved in the activities of gyrase. We tracked gyraseA (GyrA) and
gyraseB (GyrB) subunits in real time using high-speed single-molecule fluorescence microscopy in living Escherichia
coli cells, allowing us to explore accurately where in the cell these molecules act to super-resolution precision and
how many of them are involved in their cellular activities. We correlated the data on GyrA and GyrB to assess if both
gyrase subunits are permanently coupled or if they assemble during catalytic engagement with DNA. We also
studied how the activities respond to antibacterials, which target gyrase, to address how gyrase poisons can be
tolerated by cells and lead to antibacterial resistance.
Our single-molecule approach with DNA gyrase using advanced light microscopy in living cells is allowing us to
address fundamental questions concerning the role of ATP hydrolysis in general topoisomerase activity in order to
perform its vital role of relaxing torsional stress in DNA.
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P2.3 Single molecule real time observations of DNA repair in E. coli
A Lepore and M El Karoui
University of Edinburgh, UK
DNA Double-Strand Break (DSB) is one of the most threatening kind of DNA damage and its repair is essential for
cell survival. In E. coli double-strand break repair is mediated by the RecBCD enzyme complex. The RecBCD
complex locates the break and initiates the repair by homologous recombination.
Understand RecBCD dynamics and how RecBCD mobility change when a DSB occurs is crucial to reveal how the
DNA double-strand breaks are located, recognized and processed.
Currently, very little is known of the dynamics of DSB recognition and repair by RecBCD in vivo. Moreover, RecBCD is
expressed at very low levels, requiring study of this process to be conducted at the single molecule level.
We developed a fast imaging single molecule assay to track each subunit of RecBCD in real time. To observe single
RecBCD molecules we label a single subunit of the complex with HaloTag-JF dye and visualise with HILO (highly
inclined and laminated optical sheet) microscopy.
Our single trajectory analysis allows us to distinguish different RecBCD single molecule mobility within the cell
providing an excellent tool to investigate the DSB repair in different conditions.
In particular, when DSBs are triggered, we observe a reduction in RecBCD mobility indicating the initiation of the
repair pathway.

P2.4 Selective interactions and disruption modes of peptides with model lipid membranes: Combination of coarsegrained simulations with experiments
M Liao, H Gong, K Fa, T Waigh and J Lu
University of Manchester, UK
Several synthetic antimicrobial peptides (AMPs), including G(IIKK)3I (G3), G(IIKK)4I (G4), GL5KL6G, GLLDLLKLLLKLLG
(LDKL), were studied using both molecular dynamics simulations in MARTINI coarse grained models and
experimental approaches.
Among them, synthetic peptides G3, G4, GL5KL6G and LDKL were shown to have better membrane selectivity than
natural melittin and LL-37. Melittin shows a “detergent-like” action to disrupt DPPG membrane, while LL-37 selfassembles to form long fibres which become inserted into membranes by means of a non-pore carpet mechanism.
LL-37 causes a weaker perturbation on the DPPG bilayer than that of melittin1, 2. In contrast, with different
hydrophobicity and net charges, the four synthetic antimicrobial short peptides display different modes of
membrane disruption or permeabilization.
Simulations revealed that G3 molecules are widely distributed on the DPPG bilayer in single or oligomer states,
divide the whole outer membrane into small parts, but do not penetrate through the bilayer in the timescale of
modelling. On the other hand, G4 molecules interact with the DPPG bilayer in a manner similar to melittin, with G4
nano-assemblies disrupting the lipid membrane in a “detergent-like” mode. GL5KL6G and LDKL are more
hydrophobic with less net positive charges than G3 and G4. As a result, they have more preference to self-assemble
on the DPPG bilayer but they interact with the membrane differently: GL5KL6G nano-assemblies can insert into the
inner part of DPPG bilayer while LDKL cannot. However, after LDKL binding on the DPPG bilayer, LDKL assemblies
can become mixed with the hydrophobic core region, and the nano-assemblies can then be dispersed into smaller
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segments by the lipid molecules (Figure 1). These observations provide a rich information base for devising
systematic studies in future work.
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P2.5 Stochastic modeling of intracellular transport performed by kinesin-1 and mammalian dynein motor proteins
G Monzon1, L Scharrel2, S Diez2 and L Santen1
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Intracellular transport is a bidirectional, biased stochastic motion carried out by teams of kinesin and dynein motor
proteins. Dynein and kinesin walk processively in opposite directions along polar intracellular filaments, called
microtubules. In general, a cargo can be transported bidirectionally, meaning teams of both kind of motors (kinesin
and dynein) are involved. In close collaboration with the biologists, we use all known biological properties to
develop stochastic models for kinesin and dynein motors [1,2]. In our study we focus on the collective behavior of
conventional kinesin (kinesin-1) and cytoplasmic mammalian dynein. Mammalian dynein is known for needing an
activation process to be able to walk pointedly along the microtubule. Our model [1] predicts a mechanical
activation, where dynein motors activate by being stretched. In [1] we show that our kinesin and dynein models
reproduce the experimental observations in the case of unidirectional transport, where either only kinesin or only
dynein motors are involved. In our present work we demonstrate the agreement of simulation and experiment for the
bidirectional transport, where both, kinesin and dynein motors are in involved and moreover investigate the
influence of external control parameters, i.e. ATP concentration and hindering obstacles.
Fig 1: Bidirectional transport performed by opposite directed kinesin and dynein motors.
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[1]
[2]

Gina A. Monzon, Lara Scharrel, Ludger Santen, Stefan Diez, Activation of mammalian cytoplasmic dynein in
multi-motor motility assays, Journal of Cell Science, 132, 2019
Sarah Klein, Cecile Appert-Rolland, and Ludger Santen, Environmental control of microtubule-based
bidirectional cargo transport, EPL, 107,2014

P2.6 Transport along cytoskeletal networks
K Müller-Nedebock
Stellenbosch University, South Africa
Molecular motors acting or moving on compatible filaments lead to a broad range of interesting and extensively
studied non-equilibrium phenomena. Motors bind reversibly to filaments and are possibly tethered to other
structures moving along cytoskeletal networks in which directional active forces are applied. Since it is possible to
predict the structures and polarisation density of confined branching cytoskeleton [1], this can be used as basis for
the underlying cytoskeletal transportation network. We present a set of field-theoretical tools that allow the
treatment of the networking together with the transportation of organelles and inter-organelle interactions.
Eventually insights can lead to mechanisms that produce the transport and fusion process with organelles within
cells.
[1]

S. Azote, B., K.K. Müller-Nedebock, Eur. Phys. J. E 42, 23 (2019)

P2.7 Dynamics of endoplasmic reticulum tubules in live cells
H Perkins, T Waigh and V Allan
University of Manchester, UK
The endoplasmic reticulum (ER) is a highly dynamic organelle that performs many functions that are essential to
cell survival. It is a complex network of thin tubules and sheet-like areas that extends throughout eukaryotic cells.
The dynamics and mechanical properties of the ER and their effect on the function and survival of the cell are not
yet understood. Here, we show that ER tubules are incredibly soft, with very little resistance to bending forces, and
that tubules within the network tend to fluctuate sub-diffusively. These results indicate that the ER is composed of
mechanically soft semiflexible tubules under tension. Further study or ER tubule dynamics and how this motion
affects the function of the ER may lead to new insights into ER-related pathologies such as Alzheimer’s and
diabetes.
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P2.8 Control of antigen discrimination by accessory receptors
J Pettmann, M Kutuzov, S Davis and O Dushek
University of Oxford, UK
The adaptive immune system is a key line of defence against viral, bacterial and fungal infections and important in
fending off cancer. T cells form the key effectors of this part of the immune system and are instrumental for its
abilities to discriminate normal cells from abnormal infected or cancerous cells. At the molecular level, T cells
perform this discrimination by using their surface T cell receptors (TCRs) that recognise short peptides derived from
either self or foreign proteins bound Major Histocompatibility Complex (pMHC). Previous work has shown that T cells
can remarkably discriminate between pMHC ligands that differ in affinity by only ~5-fold but the molecular
mechanism remain unclear. Although it is known that a large number of other, accessory, receptors participate in
the process of pMHC recognition, their contribution to the process of antigen discrimination is unknown. Here, we
investigated the contribution of the accessory receptors CD2 and LFA-1 to the process of antigen discrimination. We
find that engagement of these receptors improves the ability of T cells discriminate between pMHC ligands of similar
affinity. Using a combination of biophysical and phenotypic modelling, we hypothesise that the underlying
mechanism is a reduction in the molecular forces on the TCR/pMHC interaction. This work has implications for the
use of therapeutic antibodies targeting accessory receptors in checkpoint blockade.
P2.9 Nonequilibrium correlations in minimal dynamical models of polymer copying
J Poulton
Imperial College London, UK
The ability to create accurate copies of data encoded in polymer sequences is central to living systems. In cellular
processes, favourable bonds between complementary subunits allow accuracy during the creation of DNA, RNA and
protein polymers using their templates. However, in order for these polymers to be usable by the cell, they have to
separate from the template, retaining their sequence. The same favourable bonds that encourage accuracy also
make separation more challenging. The creation of an accurate sequence that persists after separation is
intrinsically a non-equilibrium process, with chemical free energy being transduced into free energy stored as
information [1].
In order to understand how a biologically-inspired system is constrained we study the simplest possible mechanism
in which a template acts as a catalyst for the creation of a polymer (figure 1). Like the creation of proteins from RNA
in the ribosome, in our system, a copy polymer is created monomer by monomer, with each monomer coming into
contact with the template and then being incorporated into the copy. After this incorperation step, the penultimate
monomer in the copy detaches from the template, leading to a process in which the copy polymer grows in cycles
that leave a single leading monomer attached to the template. This is the first analysis of a model which accounts
for the eventual separation of monomer and template explicitly.
Our model highlights the difficulties inherent in true copying; namely that the same copy/template bonds which
encourage accurate duplication of data, also inhibit separation. Considering the free energy changes for each
intermediate step in figure 1 demonstrates that the bias from a complementary bond can last at most two cycles,
with the bond formed at the start of one cycle, being broken at the end of the next cycle. Furthermore, given that
each monomer must eventually detach from the template, and with no inherent difference between free-energies of
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backbone bonds within the copy, then there are no overall chemical free-energy differences between distinct copies.
The reduction in entropy required to selectively produce one specific matching sequence cannot be paid for by
favourable interactions with the template; it must arise from an additional input of chemical free energy.
I discuss the impact of these constraints on our understanding of extant biological processes and potential synthetic
analogues of copying processes. Firstly, the need to separate from the template generally reduces accuracy,
particularly when the difference in template binding specificity can only decelerate depolymerization rather than
accelerate polymerization for correct monomers relative to incorrect counterparts. At low driving, in quasiequilibrium, the accuracy necessarily tends to zero - unlike traditional models.This difficulty in obtaining high
accuracy enhances the importance of the ubiquitous kinetic proofreading cycles seen in natural systems. Finally,
these results highlight the importance of intra-sequence correlations as both a potential help and hindrance for
creating accurate copies at low thermodynamic cost.

Fig 1: The cyclic process of adding a monomer to the growing copy polymer in a minimal model. First, a correct or
incorrect monomer comes into contact with the template, with correct bonds releasing more free energy than
incorrect ones. The monomer is then polymerised into the polymer, with the free energy release from the creation of
the backbone bond being the same for correct and incorrect matches. Finally the previous final monomer detaches
from the template, with the cost in free energy being higher for correct bonds than incorrect ones. Thus the free
energy bias towards correct matches cancels out in two cycles.
[1]

Jenny M Poulton, Pieter Rein ten Wolde, and Thomas EOuldridge. Nonequilibrium correlations in minimal
dy-namical models of polymer copying.Proceedings of theNational Academy of Sciences, 116(6):1946–
1951, 2019

P2.10 Origin of asymmetry in tip cell mitosis
C Revell1, H Lovegrove2, S Herbert2, K Bentley1, 3 and 4
1

Boston University, USA, 2University of Manchester, UK, 3Francis Crick Institute, UK, 4King’s College London, UK

Early angiogenesis occurs by chain migration with trailing stalk cells led by active tip cells [1]. Tip cells were long
thought to not divide [1]. This has recently been observed not to be the case, but tip cell division is seen to be
“isomorphic”, with cells maintaining their shape, and not rounding up before division. This asymmetry in division is
hypothesised to facilitate maintenance of tip cell phenotype in only one daughter cell [2], but the mechanisms by
which the asymmetry arises have not been elucidated. In this ongoing work, we perform a theoretical and
computational investigation of mitotic tip cell shape. Since mitotic rounding is driven by an increase in cell cortical
tension [3] and breakdown of focal adhesions, we focus on the cell boundary and utilise the immersed boundary
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framework [4] with variation in local tension. We consider the effect of a short window of global CyclinB-Cdk1
activity [5,6] and subsequent production of downstream cortical tension effectors. By considering the effect of cell
shape on the local diffusive flux of tension effectors from the cytoplasm into the cell cortex preceding division, we
demonstrate a potential mechanism by which the pre-mitotic morphology of tip cells leads to their isomorphic
division.

Fig 1: (a) Diagram of isomorphic division. (b) In silico results demonstrating the influence of premitotic cell shape on
mitotic rounding.
[1]
[2]
[3]
[4]
[5]
[6]

Gerhardt, H. et al. VEGF guides angiogenic sprouting utilizing endothelial tip cell filopodia. The Journal of
Cell Biology 161, 1163–1177 (2003)
Costa, G. et al. Asymmetric division coordinates collective cell migration in angiogenesis. Nature Cell
Biology 18, 1292–1301 (2016)
Fischer-Friedrich, E., Hyman, A. A., Jülicher, F., Müller, D. J. & Helenius, J. Quantification of surface tension
and internal pressure generated by single mitotic cells. Scientific Reports 4, 6213 (2014)
Rejniak, K. A. An immersed boundary framework for modelling the growth of individual cells: An application
to the early tumour development. Journal of Theoretical Biology 247, 186–204 (2007)
Santos, S. D. M., Wollman, R., Meyer, T. & Ferrell, J. E. Spatial Positive Feedback at the Onset of Mitosis.
Cell 149, 1500–1513 (2012)
Gavet, O. & Pines, J. Progressive Activation of CyclinB1-Cdk1 Coordinates Entry to Mitosis. Developmental
Cell 18, 533–543 (2010)

P2.11 In vivo dynamics and assembly of the Ssn6-Tup1 global corepressor complex upon glucose repression in
yeast Saccharomyces cerevisiae
S Shashkova, A Wollman and M Leake
University of York, UK
The Ssn6-Tup1 complex of the budding yeast Saccharomyces cerevisiae associates with a number of transcription
factors to regulate gene expression [1]. The Mig1 transcription factor of the glucose repression pathway recruits
Ssn6-Tup1 in order to repress target genes under high glucose conditions [2]. However, very little is known about
the dynamic behaviour of the functional co-repressor complex, how its assembly is established and regulated. The
role of the dynamic interactions between the individual subunits within the complex in the native cellular
environment remains to be elucidated. We use high-speed single-molecule super-resolution Slimfield microscopy to
address questions related to the molecular architecture, dynamics and kinetics of the co-repressor complex and its
components in single living cells.
Our data provide insights into dynamics and cellular localisation of interactions between the Ssn6-Tup1 complex
and Mig1 under different extracellular glucose conditions. We also determined apparent protein stoichiometry and
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diffusion coefficients of the co-repressor complex components and how it is related to the glucose presence in
cellular microenvironment. Alternating Laser Excitation approach allowed real-time imaging of protein-protein
interactions within living cells. Here, we present a model of the Mig1 – Ssn6-Tup1 complex mobility, assembly and
dissociation, and recruitment to DNA, thus, shed some light on the dynamics of gene regulation in glucose
repression pathway.
[1]
[2]

Smith RL, Johnson AD, Trends Biochem. Sci. 25(7):325-330 (2000)
Varanasi US, Klis M, Mikesell PB, Trumbly RJ. Mol. Cell Biol. 16(12):6707-6714 (1996)

P2.12 General sol to gel transition of liquid-liquid phase separated protein under shear
Y Shen and T Knowles
University of Cambridge, United Kingdom
It has been discovered that protein undergo reversible liquid-liquid phase separation (LLPS) forming membraneless
compartments with condensed protein in living cells. This process is essential for information transportation and
spatial organization. However, irreversible phase transition caused by protein aggregation or fibrillation results in
neurological diseases, such as Amyotrophic lateral sclerosis (ALS) and Frontotemporal lobar degeneration (FTLD).
Nonetheless, the aspects affecting this irreversible phase transition are not well understood. We have discovered,
for several biological relevant proteins, such as FUS, Annexin A11 and Ded1, that shear stress triggers the sol-gel
transition and can further transform condensed liquid protein droplets into solid fibres. The process is remarkably
similar to the silk formation. In past studies, a few attempts have been made to generate fibres mimicking silk
spinning but limited only to silk proteins. Our results have shown that proteins containing intrinsic disordered
regions undergo LLPS, gelation and form solid fibres upon the response to the shear stress. To well study this
phenomenon, microfluidic techniques have been applied to observe protein phase transition under controlled
laminar flow. We characterized the change of structural conformation and mechanical properties of these materials
of the different phases. All these discoveries are suggesting the possible mechanism of irreversible phase transition
of liquid-liquid phase separated droplets in biological systems and opened a door to new sources of shear sensitive
biomaterials.
P2.13 The emergence of sequence-dependent structural motifs in stretched, torsionally constrained DNA
J Shepherd, R Greenall, M Probert, A Noy and M Leake
University of York, UK
The double-helical structure of DNA results from canonical base pairing and stacking interactions. However,
variations from steady-state conformations result from mechanical perturbations in cells. These different topologies
have physiological relevance but their dependence on sequence remains unclear. Here, we use molecular dynamics
simulations to show that sequence differences result in markedly different structural motifs upon physiological
twisting and stretching. We simulated overextension on four different sequences of DNA ((AA)12, (AT)12, (GG)12 and
(GC)12) with supercoiling densities within the physiological range. We found that DNA denatures in the majority of
stretching simulations, surprisingly including those with overtwisted DNA. GC-rich sequences were observed to be
more stable than AT-rich, with the specific response dependent on base pair ordering. Furthermore, we found that
(AT)12 forms stable periodic structures with non-canonical hydrogen bonds in some regions and non-canonical
stacking in others, whereas (GC)12 forms a stacking motif of four base pairs independent of supercoiling density. Our
results demonstrate that 20-30% DNA extension is sufficient for breaking B-DNA around and significantly above
cellular supercoiling, and that the DNA sequence is crucial for understanding structural changes under mechanical
stress. Our findings have important implications for the activities of protein machinery interacting with DNA in all
cells.
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Fig 1: Structural motifs seen in the four DNA sequences with σ=±0.068 extracted from different overstretching
extensions. Blue indicates low non-canonical hydrogen bonding while red indicates high non-canonical hydrogen
bonding; the distinct interfaces between the two regions are therefore visible. In C) black is used because the
structure is essentially intact. Taken from [1]
[1]

Jack W Shepherd, Robert J Greenall, Matt I J Probert, Agnes Noy, Mark C. Leake. bioRxiv 599480; doi:
https://doi.org/10.1101/599480

P2.14 An action principle for living systems
R Summers
University of Mississippi Medical Center, USA
Background: Rather than considering the direct forces and mechanisms for change codified in the Newtonian laws
of physics, the rederivation of phenomena by Lagrange and Hamilton emphasized the identification of the right
action principle as a more general framework for dynamics. For the living system, it is the sensory-experiential
establishment of the dimensional structure of spacetime that creates the information and meaningful form of the
order and action dynamics of any phenomena. As this experience drives actions for change and system adaptation,
dynamic information processing also serves as a general action principle for the biocontinuum of living systems.
Methods: A nonequilibrium thermodynamic steady state is considered as the base state for all living systems with
any deviations from this condition resulting from some force for change. For living systems that autonomously
determine their own attractor conditions, the process of acquiring experiential information and translating it into
actionable meaning for adaptive responses becomes the action dynamic for the system change. Therefore, the core
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axiomatic structure of this experiential process should include an innate general action principle that can determine
the system directional changes without requiring a detailing of the particulars of the system. Adaptive changes
within any complex living system is then naturally mapped by the information geometry of its experiential
biocontinuum space and the resultant Lagrangian of that space.
Results: A mathematical expression incorporating the Kullback Principle of Minimum Information Discrimination
driven by replicator dynamics that describes the experiential information gathering process can serve as an action
principle for living systems. In this way, the information entropic dynamic path along a geodesic trajectory naturally
minimizes the distances between information points like a least action principle and serves as an inference
procedure for directional change. Expressions for the potential and kinetic information of the biocontinuum are then
respectively defined by:

AND

Where
is the information state and is a target goal state with a fixed probability distribution and
dependent probabilities of current state. Then the Action for any i element is:

is time

which is defined as the integral summation of the Lagrangian integrand which is the difference between the kinetic
and potentials at each phase of the change transition which is minimized for the trajectory of the phenomena
dynamics.
Conclusion: The drive for adaptive system reconciliation of divergence from steady state within the biocontinuum
can be described by a mathematical formulation of the experiential process for actionable knowledge acquisition
that incorporates an axiomatic inference through Kullback-Leibler information minimization driven by survival
replicator dynamics. If this mathematical expression of the experiential process is the Lagrangian integrand for
adaptive change in the biocontinuum then it can also be considered as a general action principle for the living
system.
P2.15 From magnets to biological nanosprings
M Synakewicz1, A Perez-Riba1, D Bauer2, T Schäfer3, G Settanni3, M Rief2 and L Itzhaki1
1

University of Cambridge, UK, 2Technische Universität München, Germany, 3Johannes Gutenberg Universität,
Germany

We tend to view proteins as globular objects but rarely as the linear, horseshoe-like and superhelical molecules that
arise from the simple repetition of small structural building blocks (Fig. 1). These so-called ‘tandem-repeat’ proteins
comprise small motifs stacked to form stabilizing contacts between residues close in sequence, either within a
repeat or between adjacent repeats, which makes these structures strikingly different from globular proteins and is
thought to afford them inherent structural flexibility. Indeed, molecular dynamics simulations and single-molecule
force microscopy experiments have shown them to have striking spring-like mechanical properties that may be
relevant for functions such as transmitting enzyme activity and binding of nuclear transporters to their cargo [1-4].
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Using both computational and experimental approaches, we are exploring (a) how variations in sequence of
solenoidal repeat proteins translate into particular mechanical characteristics, and (b) whether their mechanical
properties are required to direct function.
The biophysical behaviour of arrays that comprise identical repeats with sequences based on highly conserved, or
consensus, residues within a protein family can be described using simple 1D Ising models [5-8]. In these models
the overall energy can be described by the sum of intrinsic energetic components of the individual repeats and the
interaction potential between different repeats. These energetic contributions differ depending on the repeat type,
yet even within one repeat type, a small number of amino acid substitutions can alter these parameters. Previously,
some consensus repeat proteins were shown to unfold repeat by repeat [9]. For the first time, we conducted force
spectroscopy experiments of consensus tetratricopeptide repeat proteins (TPRs, Fig. 1) using optical tweezers.
Surprisingly, these TPRs do not unfold in a stepwise manner but instead ‘melt’ apart at a constant force, a response
that is reversible and independent of repeat array length. Furthermore, we found that by substituting a small number
of amino acids we could tune the force at which this melting transition occurs.

Fig 1: Tandem-repeat proteins are built from small structural motifs of 12-40 residues that stack in a linear manner
giving rise to a variety of shapes.
To address the question of whether mechanical properties control function in the repeat-protein class, we have used
the giant HEAT-repeat protein PR65 (Fig. 1). PR65 is the scaffolding subunit of the heterotrimeric protein
phosphatase 2A (PP2A). Both coarse-grained and molecular dynamics simulations indicate that PR65 could drive
the dynamics essential for PP2A’s catalytic activity. Using force spectroscopy combined with site-directed
mutagenesis, we have been able to map the unfolding pathway of PR65. We have shown that the weakest repeats
are located at the centre and are flanked by more stable, spring-like repeats. Our results suggest that PR65 has
evolved to contain a central flexible ‘hinge’ region that is protected by neighbouring repeats. Although the
application of Ising models to natural repeat proteins is currently not possible due to the heterogeneity of natural
sequences, we believe the same underlying principles hold true. Variations in sequence create a range of stabilities
across a repeat array, but it is the interactions between nearest neighbours that hold the array together to form a
flexible platform fit for biological function.
[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]
[9]

J. K. Forwood, et al., Structure 18, 1171 (2010)
A. Grinthal, et al., PNAS 107, 2467 (2010)
M. Kim, et al., Biophys. J. 98, 3086 (2010)
D. Serquera, et al., Biophys. J. 98, 1294 (2010)
E. R. Main, et al., Structure 11, 497 (2003)
H. Binz, et al., J. Mol. Biol. 332, 489 (2003)
A. L. Cortajarena, S. G. J. Mochrie, and L. Regan, Prot. Sci. 20, 1042 (2011)
J. Marold, et al., Structure 23, 2055 (2015)
L. Li, et al., Biophys. J. 90, L30 (2006)
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P2.16 New methods to harvest micro-algae in suspensions using depletion interaction
N Taghi and E Boek
Queen Mary University of London, UK
As our consumption of energy keep increasing, developing renewable and environmentally friendly sources of
energy to replace fossil fuels has become a major concern worldwide. Therefore, a lot of research are focusing on
biofuels to replace it. Currently, biofuels are primarily produce from agricultural products. However, these raises
ethical concerns as it competes with the food market. For that reason, researchers are focusing on producing biofuel
using oleaginous microalgae that store lipids. Those lipids are considered as a promising alternative to fossil fuel.
However, the algae biofuel sector is still under development and the current production price is still too high. This is
due to the huge energy cost linked to the different stages of production, especially the harvesting step. This step is
crucial as it separates the liquid growth media from the algae.
To harvest microalgae, there are two most commonly used methods which are centrifugation or filtration. Those
methods are very energy costly due to the low sedimentation velocity of microalgae, their colloidal character with
repelling negative surface charge, and more importantly the low biomass concentrations that require the processing
of large volumes of water. Therefore, a pre-harvesting step can be added to concentrate the cells. This preharvesting step can be in the form of flotation or flocculation. To the best of our knowledge, only enthalpic
flocculation methods have been described in the literature, using positively charged poly-electrolytes to flocculate
the negatively charged algae in the algal suspension [1]. Here we report, for the first time, the use of negatively
charged poly-electrolytes, including xanthan, to induce flotation of the negatively charged algae, based on entropic
depletion forces [2].

Fig 1: Depletion Flotation experiment of a solution of xanthan gum and N. oculate After 1 week
[1]
[2]

G. Chen et al., journal of Nanomaterials, 38 (2014)
Lekkerkerker, H.N. and Tuinier, R., 2011. Colloids and the depletion interaction (Vol. 833), Springer
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P2.17 Electrofusion of Escherichia coli giant spheroplast and giant unilamellar vesicle
S Takamori1, 2 and S Takeuchi2
1

University of Cambridge, UK, 2The University of Tokyo, Japan

Escherichia coli (E. coli) is one of the most popular bacteria in bio labs. Genetically modified E. coli is frequently
used to amplify recombinant DNA for research application and to produce a large amount of recombinant proteins
for industrial and medical applications. However, such E. coli-based genetic modification generally has a limitation
in the length scale of DNA introduced and it usually is upto 100 kbps. This has been a major bottleneck of large
scale genetic recombination. Meanwhile, along with the recent advancement of synthetic biology researchers have
started to develop technologies that enable genetic modification in the chromosome-scale in order to understand
the functionality of chromosomes and ultimately to design and create cells which possesses useful genetic features.
Electric field-mediated fusion (electrofusion) of lipid/cell membrane is a well-developed technology and used for
introducing extracellular substances encapsulated in lipid vesicles into cells and also for making hybridomas.
Researchers have succeeded in electrofusing giant unilamellar vesicle (GUV) with eukaryotic cells and gram positive
bacteria and introduced encapsulated extra cellular materials into the cytoplasm. Yet the fusion of lipid/cell
membrane with E. coli’s membrane has not been achieved due to their characteristic envelope structure. E. coli is a
gram negative bacterium and has layered envelope: 1) outer membrane, 2) peptidoglycan layer, and 3)
cytoplasmic membrane. These three layer of cell envelope generally hinders one to fuse the cell with lipid/cell
membrane. In order to overcome this envelope barrier and induce membrane fusion, one needs firstly to remove the
outer two parts of the envelope: 1) outer membrane and 2) peptidoglycan.
In this study we report a developed method for performing the electrofusion between E. coli and GUV. We adopts a
widely known method of preparing E. coli spheroplast using EDTA and lysozyme and combine it with a method of
growing the spheroplast as large as 5 μm previously reported by Kuroda et al. [1]. E. coli giant spheroplasts and
GUVs are mixed and loaded into a glass chamber with two electrodes. Alternating current at 10 MHz is applied for
pairing E. coli GS and GUV (‘pearl chain’ formation) and pulsed direct current with 30 μsec width is applied for
disturbing interfacing membranes and inducing the membrane fusion. With our method we have achieved the fusion
of E. coli GS and GUV and captured the process in movies. Since DNA with arbitrary length can be encapsulated into
GUVs by existing methods and E. coli GS retains an ability to revert to the original cylindrical shape, we believe that
our method for the electrofusion between E. coli giant spheroplast and GUV can be further developed for
transplanting synthetic chromosomes into E. coli and ultimately for creating E. coli-based synthetic cells.
[1]

Kuroda, Teruo, et al. Journal of Biological Chemistry 273.27 (1998)
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P2.18 Glucose nanosensors and single-molecule microscopy to better understand glucose signal transduction and
diabetes
A Wollman
University of York, UK
Diabetes affects > 400 million people worldwide, resulting in enormous health, social and financial challenges.
Underlying this disease are problems maintaining body levels of glucose. Protein receptors on the surface of normal
cells detect glucose and trigger a chain of other protein-protein reactions inside the cell, ultimately leading to genes
switching on or off – a process called glucose signal transduction. Faults in this process lead to diabetes. Here I
show how new biophysical tools including single-molecule super resolution fluorescence microscopy and FRETbased glucose nanosenors are shedding light on the basic molecular mechanisms of glucose regulation. Using a
bespoke single-molecule microscope and analysis software, the stoichiometry and dynamics of key glucose
regulating proteins have been measured in model yeast cells.1 I’m now bringing these tools to mammalian cells to
answer questions directly related to diabetes, using nanosensors in fat cells to probe links between diabetes and
obesity and imaging the dynamics of the glucose transport protein, GLUT4, a key player in Type 2 diabetes.
[1]

Wollman, A.J. et al. Transcription factor clusters regulate genes in eukaryotic cells. Elife 6, (2017)

P2.19 Modeling intrinsic biases in high-throughput sequencing data for chromatin accessibility
C Zang and S Hu
University of Virginia, USA
Accurate detection of transcription factor (TF) binding events in the genome is essential for studying transcriptional
regulation in eukaryotic cellular systems. Genome-wide profiling of chromatin accessibility with the assay for
transposase-accessible chromatin using sequencing (ATAC-seq) or DNaseI hypersensitivity sequencing (DNase-seq)
has been widely used for identifying regulatory DNA elements and TF binding sites, represented as peaks or
footprints in the signal patterns (Fig. 1A). However, it has been reported that DNaseI cleavage of DNA has sequence
preferences that can significantly affect the footprint patterns at transcription factor binding sites in genomic
profiles. Our previous work showed that simulated cleavage biases alone or data from naked DNA can create
identical footprint patterns as if in chromatin (Fig. 1B)[1]. Therefore, efficient and thorough data analysis with
intrinsic biases assessment is important for extracting biological information from such high-throughput sequencing
data.
By systematic analysis of publicly available data, we found that enzymatic sequence biases commonly exist in both
bulk and single-cell chromatin accessibility profiling ATAC/DNase-seq data. Using a regular simplex encoding
model, we developed a quantitative approach for accurate characterization of intrinsic sequence biases contained
in ATAC-seq and DNase-seq data (Fig. 1C). As a proof-of-concept study, we showed that the discrepant patterns
between ATAC-seq and DNase-seq near transcription termination sites (TTSs) in mouse embryonic stem cells can be
partially attributed to different intrinsic biases (Fig. 1D, data from [2,3]). We further developed a Poisson modelbased statistical method for systematic correction of the intrinsic biases, and effectively corrected the observed TTS
pattern discrepancies (Fig. 1E). This quantitative modeling approach can be applied in bioinformatics for improved
analysis of high-throughput chromatin accessibility sequencing.
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Fig 1: (A) Illustration of chromatin accessibility and a footprint; (B) Aggregate DNase-seq or bias pattern at aligned
P53 motif sequences in leukemia cell chromatin or naked DNA; (C) Correlations between expected (predicted by
cutting bias) and observed read counts in different bias models; (D) Aggregate signal patterns in mouse stem cells
at genes using reads with different bias levels; (E) Correction effects of correction model on TTS and non-TTS peaks
(left), and significance levels calculated by t-test (right).
[1]
[2]
[3]

H. H. He, C. A. Meyer, S. S. Hu, M.-W. Chen, C. Zang, Y. Liu, P. K. Rao, T. Fei, H. Xu, H. Long, X. S. Liu, and
M. Brown, Nat Meth 11, 73 (2013)
J. Wu, B. Huang, H. Chen, Q. Yin, Y. Liu, Y. Xiang, B. Zhang, B. Liu, Q. Wang, W. Xia, W. Li, Y. Li, J. Ma, X.
Peng, H. Zheng, J. Ming, W. Zhang, J. Zhang, G. Tian, F. Xu, Z. Chang, J. Na, X. Yang, and W. Xie, Nature
534, 652 (2016)
L. Gao, K. Wu, Z. Liu, X. Yao, S. Yuan, W. Tao, L. Yi, G. Yu, Z. Hou, D. Fan, Y. Tian, J. Liu, Z.-J. Chen, and J.
Liu, Cell 173, 248 (2018)
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P2.20 The conductivity of self-assembling peptide composites
L Zhang, T Waigh and J Lu
University of Manchester, UK
Organic conductive polymers have attracted a lot of research interest from both chemists and physicists1 and they
are widely used in organic electronics industry for their outstanding performance and low cost compared with
expensive and limited metal oxides 2,3.
Bioorganic peptides were reported to show optical and electronic properties typical of semiconductors and observed
pronounced quantum confinement phenomena in peptide structures4 which is remarkable and interesting. Peptides
are biocompatible and easy to synthesize and functionalise, so they could be used in different applications,
especially in biology5. However, research on peptide-based organic electronic biomaterials contains some
challenges. The electronic properties of peptides still need to be improved to make them widely used in the
electronics industry.
In this work, we designed a self-assembling peptide that forms electrically conductive nanofibrils on the basis that
π-stacking structures could contribute to the electron transport along peptides6. The self-assembly behaviours of
peptides were investigated under various ion strength and salty solutions. The effect of ion on the conductivity of
self-assembling peptides was further studied. Results showed the peptides assembled into different structures such
as nanofibrils and nanospheres and improved conductive peptides were obtained.
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P2.21 Supracellular mechanical architecture of the intact bone microenvironment
X Chen, R Hughes, N Mullin, R Hawkins, I Holen, N Brown and J Hobbs
University of Sheffield, UK
We introduce an improved platform based on atomic force microscopy (AFM) to quantify the mechanical
architecture of the intact bone microenvironment (BMev) within regions of interests (metaphysis, cortical bone,
marrow and growth plate). The elastic modulus of all regions was found to be highly heterogeneous on supracellular
scale, ranging over 3 to 4 magnitudes, and could be down to only few Pas. Such unique architecture provides ‘soft
channels’ for cell migration and consequently may impact a substantial number of active biological processes
involving cell migration, such as bone remodelling and cancer metastasis.
We collected the force generated by indentation of the fresh (un-fixed) murine bone tissue in physiological buffer
and the subsequent relaxation process, on either individual points distributed over the bone surface or a micro scale
array (i.e. AFM force map). The Young’s moduli, extracted from weighted Sneddon model fit, of all BMev regions are
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overall much lower than the values from individual cells or bulk tissues. This is likely due to the tissue hydration and
natural supracellular structures maintained relatively intact in our study. The viscoelastic model describes the
mechanical response better than elastic model, and indicates that the instantaneous elastic response can be
neglected in almost all BMev regions. Both elastic and viscoelastic properties were found to be significantly different
between the various BMev regions as well as between bones from young and mature mice.
High resolution AFM force maps show highly heterogeneous mechanical properties and corresponding morphology
at a supracellular level, in particular in the metaphysis and cortical bone. We also demonstrate the ability to further
correlate such maps with tissue components by combining in-situ and ex-situ fluorescent BMev images. This
improved AFM based system is powerful for further characterisations of bones in the presence of stimuli (e.g.
hormones, cancer cells and drugs) or other complex tissues.
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