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DAY 1: ELECTRON SPINS IN BIOLOGY FROM ISOLATED
PROTEINS TO MEMBRANES AND CELLS

9:00 Registration
9:20 Welcome
Session I: EPR in the era of cryo-EM
9:30 Plenary: 30' + 5' Q&A
Enrica Bordignon (chair: Maxie Roessler)
10:05 Short Talks: 12' + 3' Q&A
1. Alexey Potapov; 2. M Teresa Bertran; 3. Konstantinos Beis; 4. Rivka Isaacson
11:05 Discussion Panel
Enrica Bordignon, Doryen Bubeck, Alberto Collauto, Kostantinos Beis (moderator: Rivka Isaacson)
M:25 Coffee Break

Session 2: Using EPR to investigate biological membranes
11:55 Short Talks: 12' + 3' Q&A
1. John Britton; 2. Ben Almquist; 3. Rupali Dabas (chair: Jana Eisermann)
12:40 Discussion Panel
Jana Eisermann, Oscar Ces, Nazila Kamaly, Rob Law (moderator: Marina Kuimovay)

13:00 Lunch Break Sponsors:
Session 3: Exploiting_intrinsic paramagnets
INSTITUTE OF
14:30 plenary: 30'+5' Q&A ’é» CHEMICAL BIOLOGY
George Cutsail lll (chair: Blaise Geoghegan)
15:05 Short Talks: 12' + 3' Q&A
1. Eleanor Clifford; 2. Kourosh Ebrahimi; 3. Daniel Wilson; 4. Silene Engbers .~ ROYAL SOCIETY
16:05 Discussion Panel - OF CHEMISTRY
George Cutsail lll, Guy Hanke, Kourosh Ebrahimi (moderator: Maxie Roessler)

16:25 poster Session & Drinks Reception
18:10 Talks and Posters Prizes, Closing Remarks
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Session I: EPR in catalysis
9:20 Plenary: 30' + 5' Q&A

Mario Chiesa (chair: Maxie Roessler)
9:55 Short Talks: 12' + 3' Q&A

1. Leah Webster; 2. Marina Perez Jimenez; 3. Molly Parry
10:40 Discussion Panel

Mario Chiesa, Mark Crimmin, Nick Long, Mark Chadwick (moderator: Maxie Roessler)
11:00 Coffee Break
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Session 2: EPR in energy research
11:30 Short Talks: 12' + 3' Q&A

1. Bowen Ding; 2. Yunfei Dang; 3. Julianna Panidi; 4. Teresa Insinna (chair: Eric Mclnnes)
12:30 Discussion Panel m

Eric Mclnnes, Chun Ann Huang, Stephen Skinner (moderator: Anthony Kucernak)
12:50 Lunch Break | PEPR AGM: 13:10 - 14:40

Session 3: EPR to investigate light-induced phenomena
14:50 Plenary: 30' + 5' Q&A

Sabine Richert (chair: Alberto Collauto)
15:25 Short Talks: 12' + 3' Q&A

1. Jeannine Crlne; 2. Sebastian Gorgon; 3. Hanbo Yang Ta[averas
16:10 Discussion Panel c

Sabine Richert, Neil Alford, John Morton (moderator: Sandrine Heutz) -
16:30 Poster Session & Drinks Reception
18:15 Talks and Posters Prizes, Closing Remarks




General information

The venue is the Uren Building at the Imperial White City Campus.
Closest tube stations are White City and Wood Lane.

Please arrive by 9 am latest for registration. Should you arrive late, ask
the receptionist.

Posters set up will be during the coffee break. Please remember to take
your poster down at the end of the day.

If you need to leave early, note that the reception of the Uren hub is
closed after 5 pm and a swipe card is needed to go through the turnstiles.
Wewilarrange fAhuman shuttle services

Free WiFi is available throughout the College estate via Sky WiFi i
connect to The Cloud from the available network list, open a browser and
follow the instructions to register.

Guests and visitors working for another participating organisation can also
access the eduroam network.

The Imperial Campus is smoke-free. Smoking is not permitted within 20
metres of Campus perimeters.




Electron Spins in Bioloqgy

From Isolated Proteins to Membranes and Cells
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Resonance (LITTER) spectroscopy with Forster Resonance
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EPR in the era of cryBM Invited talk

Biological applications of EPR in the era of cryo-EM

Enrica Bordignon?

'Department of Physical Chemistry, University of Geneva, Quai Ernest Ansermet 30, CH-
1211, Geneéve 4, Switzerland

Enrica.Bordignon@unige.ch

Macromolecular protein assemblies are of fundamental importance for many
processes inside the cell, as they perform complex functions and constitute central
hubs where reactions occur. Generally, these assemblies undergo large
conformational changes and cycle through different states that ultimately are
connected to specific functions further regulated by additional small ligands or
proteins. Unveiling the 3D structural details of these assemblies at atomic resolution,
identifying the flexible parts of the complexes, and monitoring with temporal resolution
the dynamic interplay between different protein regions under physiological conditions
is key to fully understanding their properties and to fostering biomedical applications.

In the last decade, we have seen remarkable advances in cryo-electron microscopy
(EM) techniques, which deeply transformed our vision of structural biology.
Concomitantly, electron paramagnetic resonance spectroscopy (EPR) has benefited
from methodological innovations which also improved the quality of the information
that can be achieved. Such enhanced sensitivity widened their applicability to
macromolecular complexes in environments close to physiological conditions and

opened a path towards in-cell applications.

In this lecture | will focus on the advantages and challenges of EPR techniques within
an integrative biophysical approach! towards a complete understanding of

macromolecular structures and functions.

References

!Laura Galazzo and Enrica Bordignon (2023) Progress in Nuclear Magnetic Resonance
Spectroscopy, Vol. 1341 135, 1-19.



EPR in the era of cryBM Short talk 1

Structure of human Ccr4-Not nuclease module based on
AlphaFold-computed model and experimental data from
X-ray crystallography and EPR distance measurements

A. Potapov?, M. Bartlam? and S. Winkler®

!School of Physics and Astronomy, Sir Peter Mansfield Imaging Centre, University of
Nottingham, University Park, NG7 2RD, UK; 2 School of Pharmacy, Sir Peter Mansfield
Imaging Centre, University of Nottingham, University Park, NG7 2RD, UK; *Nankai
International Advanced Research Institute (Shenzhen Futian); College of Life Sciences;
State Key Laboratory of Medicinal Chemical Biology, Nankai University, Tianjin, 300071,
China.

alexey.potapov@nottingham.ac.uk

Recently, it became possible to predict protein structures based on their amino acid
sequence using Al-based software (AlphaFold2 and RoseTTAFold). This
advancement may potentially revolutionise the field of structural biology because the
procedure for obtaining a structural model becomes less demanding.

Previously, structural models were constructed using computational tools which used
experimental data as an input. However, when the input data is incomplete, such an
approach becomes problematic. Instead, with the structure prediction software, a
structural model can be obtained without any experimental data at all. The role of the

experiment then is to validate this purely computational model.

In this work we present how such an approach helps in improving a model of a
human Ccr4-Not nuclease module based on the data from X-ray crystallography and
EPR distance measurements. The Ccr4-Not complex is involved in the regulated
degradation of mature cytoplasmic mMRNA, which is a key step in eukaryotic gene
regulation. While some parts of Ccr4-Not structure have been resolved by X-ray
crystallography, its complete structure has not been solved. In particular, the position
of the EEP domain in the complex is unknown. To find its position, we overlay the
incomplete experimental X-ray structure with the structure computed by the
AlphaFold software. The predicted distance of 63.9 A between the two nuclease
sites in the complex is validated by the RIDME experiment which yields a distance of
64.9 A. This indicates that the structure obtained by overlaying, provides an

improved model of the human Ccr4-Not nuclease module.



EPR in the era of cryBM Short talk 2

Discovery of specific inhibitors and activators of PADI4 to
elucidate its biological role

Bertran M.T. %, Walmsley R. 3, Cummings T. 3, Valle Aramburu I. 4, Swanton T. 4,
Papayannopoulos V. 4, Christophorou M.3, Walport L. J.%?

! Protein-Protein Interaction Laboratory, The Francis Crick Institute, London, UK
2 Imperial College London, UK

3 The Babraham Institute, Cambridge, UK

“* Antimicrobial Defense Laboratory, The Francis Crick Institute, London, UK

Teresa.bertran@crick.ac.uk

Peptidyl Arginine Deiminase 4 (PADI4) is a member of the peptidyl deiminase family
of proteins that catalyse the post-translational modification of arginine to the non-
canonical amino acid citrulline. PADI4 is involved in various biological processes and
its dysregulation has been linked to various pathologies, including rheumatoid arthritis
and a range of cancers; however, the molecular mechanisms that regulate PADI4 are
poorly understood *2. In consequence, the discovery of chemical tools that selectively
modulate PADI4 activity is crucial to understand its biological function.

The Random non-standard Peptide Integrated Discovery (RaPID) platform is a very
powerful technology that enables us to screen > 1 trillion cyclic peptides against a
target of interest 4. We carried out three RaPID screens and identified macrocyclic
peptides that bound to different conformations of PADI4 with nanomolar affinities. One
of the peptides identified acts as a potent and selective PADI4 inhibitor both in vitro
and in cells, while another one with no inhibitory effect was used as an affinity probe.
In addition, we also identified a cyclic peptide that acts as a potent PADI4 activator at
low calcium concentration. These peptides will be used as chemical tools to modulate

PADI4 activity and hence elucidate its biological role.

References

lwitalison et al. Curr Drug Targets. 2015:16(7) 700-710.
2Christophorou M., R. Soc. Open. Sci. 2022, 9:220125

3N. K. Bashiruddin et al., Curr. Opin. Chem. Biol. 2015 24, 131-138.
4Passioura T and Suga H., Chem Commun, 2017, 53,1931.



EPR in the era of cryBM Short talk 3

Molecular mechanism and dynamics of SLiPT transporters
K. Beis? 2

! Department of Life Sciences, Imperial College London; Exhibition Road, London, South
Kensington, SW7 2AZ, UK. ? Rutherford Appleton Laboratory, Research Complex at
Harwell; Didcot, Oxfordshire OX11 OFA, UK.

kbeis@imperial.ac.uk

Antibiotic metabolites and antimicrobial peptides mediate competition between
bacterial species. Many of them hijack inner and outer membrane proteins to enter
cells. Sensitivity of enteric bacteria to multiple peptide antibiotics is controlled by the
single inner membrane protein SbmA. To establish the molecular mechanism of
peptide transport by SbmA, we determined its cryo-EM structure in two different
conformations. The structures show a novel fold, defining a new class of secondary
transporters named SbmA-like peptide transporters (SLiPT). SLIPT transporters are
proton driven as established in proteliposome transport assays. PELDOR
measurements show how protons are coupled to conformational changes along the
transport cycle. These data has allowed us to propose a transport mechanism of

antibacterial peptides. !
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Cryo-EM structure of the SbmA transporter (left panel). PELDOR analysis of SbomA dynamics
(right panel)

References

1Ghilarov D, Inaba-Inoue S, Stepien P, Qu F, Michalczyk E, Pakosz Z, Nomura N,
Ogasawara S, Walker G, Rebuffat S, lwata S, Heddle JG, Beis K (2021) Molecular
mechanism of SbmA, a promiscuous transporter exploited by antimicrobial peptides.
Science Advances, 7, eabj5363



EPRn the era of cryeEM Short talk 4

Molecular Machinery for Proteostasis

J. H. Torpey?, B. A. Haynes?, A. H. Camp? and R. L. Isaacson?

'Department of Chemistry, Kingds College London,
London, SE1 1DB, U.K.; 2 Department of Biological Sciences, Mount Holyoke College, 50
College Street, South Hadley, Massachusetts, 01075, U.S.A.

rivka.isaacson@kcl.ac.uk

The crowded cell interior relies on
many quality control mechanisms
to ensure the correct protein
machinery is present in the right

places at the right times. | will

present the latest results from two

projects currently underway in our

Animated journey through NMR  structure
lab that unite within this theme. | determination for CsfB, a sporulation anti-sigma
factor.

One investigates the temporal and
spatial changes in protein content that facilitate spore-forming in bacteria as they wait
out unfavourable environmental conditions®. The other explores triage of mislocalised
hydrophobic proteins exposed to the aqueous cytoplasm of mammalian cells?. We use
a range of biophysics techniques, including NMR, X-ray crystallography, cryo-electron
microscopy, SAXS, EPR, native mass-spectrometry, modelling and more, to study

structure, function and interactions of proteins involved in these processes.

References

! Martinez-Lumbreras, S., Alfano, C., Evans, N.J., Collins, K.M., Flanagan, K., Atkinson,
R.A., Krysztofinska, E.M., Vydyanath, A., Jackter, J., Fixon-Owoo, S., Camp, A.H. &
Isaacson, R.L. Structure 2018, 26(4):640-648.

2 Martinez-Lumbreras, S., Krysztofinska, E.M., Thapaliya, A., Spilotros, A., Matak-Vinkovic,
D., Salvadori, E., Robot, P., Nyathi, Y., Muench, J.H., Roessler, M.M., Svergun, D.l., High,
S. & Isaacson R.L. BMC Biology 2018, 16(1):76.



Using EPR to investigate biological membranes Short talk 1

The effect of ethanol upon the function of respiratory
complex |
J. Britton?, J. Eisermann?, J. Hindley', M. Devgan?, O. Ces! and M. RoRler!

Department of Chemistry, Imperial College London i Molecular Sciences Research Hub,
London, W12 OBZ, United Kingdom of Great Britain and Northern Ireland

ib4814@ic.ac.uk

Ethanol is one of the most widely consumed drug in the world, the average adult
consumes in excess of 6 litres of ethanol per annum, leading to an estimated 2.8
million premature deaths. Excess ethanol consumption leads to a range of chronic
health issues ranging from liver failure to cardiovascular diseases, significantly
impacting the rate of respiration within exposed cells!. Ethanol can pass through
membranes within 200 ns?, enabling it to rapidly reach systemic exposure subsequent
to absorption through the gastrointestinal tract.

Although consensus exists on the reduction of mitochondrial respiration upon
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Figure 1: Effect of ethanol upon R-CI within self-assembled
membrane systems. The lipid composition and other contents

the Iargest protein within the of the system are shown on the right.

respiratory chain, respiratory complex | (R-CI), which is essential for building the

studied the effect of ethanol upon

proton gradient used by ATP synthase. As well as investigating in its isolated state, R-
Cl was reconstituted into liposomes and ethosomes (see Figure 1) with its function
characterised in each state by using previously published biochemical assays*. The
alteration in the activity of R-Cl with ethanol content was correlated with the changes
in membrane viscosity and structure through further characterisation of membrane
mimic with increasing ethanol. This was accomplished using EPR, x-ray scattering,

solid state NMR and light scattering techniques.

References

1T. E. Muller et. al., Neurochem. Int., 2019, 131, 104584.
2M. Patra, et.al., Biophys. J., 2006, 90, 1121.

3L. Simon and P. E. Molina, Function, 2022, 3, 1i 18.

4J. Eisermann, et al., RSC Chem. Biol., 2023
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Using EPR to investigate biological membranes Short talk 2

|l norgani c Transmembrane OProteins
N. Peimyoo?! and B. AiImquist!

'Department of Bioengineering, Imperial College London, UK.

b.almquist@imperial.ac.uk

The ability to seamlessly integrate inorganic

structures with biological membranes enables the

possibility of merging the strengths of

nanofabrication and nanotechnology  with

biological systems. This merging of inorganic and

organic systems can enable new possibilities in

areas ranging from cellular sensing to synthetic

cellular systems. Here, | will discuss the use of

bioinspired  design  principles to create

nanofabricated trans me mbr ane & pr ot e i5nnsydropholzctbantisefaat ur e 3
stable membrane integration. Past research has demonstrated that the molecular
structure of the hydrophobic band plays a key role in the membrane-inorganic
interface’3. However, the molecular dynamics of the interface and the design rules on
optimising the abiotic-biotic interface remain undetermined. The use of EPR presents
an intriguing opportunity to shed light on this unique interface, in turn enabling new

possibilities for merging nanofabricated structures with biological membranes.

References

IAlmquist BD & Mel osh NA, fiFusi on of Bi omi metic Steald'
Proc. Natl. Acad. Sci. USA, 107(13), 5815-5820 (2010).

Almquist BD, Ver ma P, Cai W, & Melosh NA, ANanoscal
Membr ane | nt er NanosealeS3{2y301c400u(20E1D ,

SAlmquist BD & Melosh NA, "Molecular Structure Influences the Stability of Membrane
Penetrating Ranolettetsci(5) 20662870 (2011).



