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Talk 1 
Unravelling the Working Mechanisms of a BODIPY-based Molecular Rotor for 
Sensing Viscosity 
 
Bethan Cornell a, Ida E. Steinmark a, Mauro Boero b, Klaus Suhling a, Carla Molteni a 
 
a Department of Physics, King’s College London, Strand, London, WC2R 2LS 
 
b Institut de Physique et Chimie des Materiaux de Strasbourg (IPCMS), CNRS-University of 
Strasbourg, 23 rue du Loess, 67034 Strasbourg (France) 
 
Fluorescent molecular rotors are molecules with a rotatable part whose fluorescence quantum yield 
and lifetime are functions of the viscosity and polarity of their local environment. These properties 
can be exploited to obtain real time imaging of processes involving viscosity changes, which may be 
signatures of specific diseases. Rotors based on BODIPY have long fluorescent lifetimes and, hence, 
make excellent probes. However, a detailed description of their working mechanisms at the 
molecular level has not yet been obtained. This limits the ability to design new and more versatile 
BODIPY-based viscosity probes. We attempt to shed light on these mechanisms by focussing, initially 
in the gas-phase, on a prototypical BODIPY-rotor, which is composed of a BODIPY-dye core with an 
attached rotatable phenyl ring.  
 
The ground and excited state potential energy surface of the BODIY rotor in the gas phase were 
calculated as a function of the rotation of the phenyl ring (with respect to the core), using Density 
Functional Theory (DFT) and Time-Dependent-DFT. Minimal energy structures in the S0 state 
correspond to a twisted geometry. However, in the S1 state both flat and twisted geometries 
correspond to energy minima. Furthermore, molecular dynamics simulations at room temperature 
show a complex motion of the phenyl ring, coupling rotation with swinging and out-of-plane 
distortion of the BODIPY-core. Classical molecular dynamics simulations and mixed quantum-
classical (QM/MM) methods provide insights into role of viscosity in affecting the molecule’s motion 
and hence, fluorescence lifetime. Data from our simulations are compared with experimental 
absorption and emission spectra and provide interesting insights into the properties of the BODIPY 
molecular rotor 
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Talk 2 
Binding Modes of Thioflavin T and Congo Red to the Fibril Structure of Amyloid-β 
(1–42) 

 
Benedikt Friega and Holger Gohlkea,b     
 
a John von Neumann Institute for Computing (NIC), Jülich Supercomputing Centre (JSC), and Institute 
for Complex Systems - Structural Biochemistry (ICS-6), Forschungszentrum Jülich GmbH, Jülich.  
bInstitute for Pharmaceutical and Medicinal Chemistry, Heinrich Heine University Düsseldorf, 
Düsseldorf. 
 
 
In 2018, more than 50 Mio. people worldwide are living with dementia, with two-thirds associated 
with Alzheimer’s disease (AD), and the number is believed to rise to 152 Mio. by 2050 [1]. Currently, 
there is no cure for AD, but changes in the brain begin 20 years or more before any AD-related 
symptoms are expected to occur [1]. The long initial phase is of particular interest, as the global 
notion how to slow or stop the progression of AD lies in the therapeutic intervention in the very 
early stages [1]. Therefore, it is essential to conclusively recognize AD-related pathological 
hallmarks, such as amyloid-β (Aβ) fibrils. Thioflavin T and Congo red are potent fluorescent dyes for 
amyloid and amyloid-like fibrils that form fluorescent complexes upon binding [2]. However, how 
the fluorescent dyes bind to the Aβ(1-42) fibril is still a matter of discussion [2]. 
 
Here we predict the binding modes of Thioflavin T and Congo red at the Aβ(1-42) fibril [3] by 
unbiased molecular dynamics (MD) simulations and binding free-energy computations. Both dyes 
bind to two distinct, non-overlapping sites on the Aβ(1-42) fibril surface, with their long axis oriented 
almost parallel to the fibril axis. In the bound conformation, both dyes are stabilized via hydrophobic 
and hydrogen bond interactions. Binding affinities computed by the MM-GBSA method are in good 
agreement with experimental observables from previous studies [2] and corroborate the proposed 
binding modes. Furthermore, the proposed binding modes also explain observables from previous 
structural studies [2]. 
 
The proposed binding modes may provide a starting point for the systematic search and design of 
novel and improved molecules that bind to Aβ(1-42) fibrils. Future studies may also focus on other 
molecules that bind to Aβ(1-42) fibrils, such as, for example, Pittsburgh compound B, which is a 
tracer labeled for Positron-emission tomography, an essential tool for the in vivo diagnosis of AD 
[2]. This study also provides a picture, how modern computational chemistry methods can be 
applied to provide molecular insights into unresolved questions in the field of AD-related research, 
which is considered as one of the significant challenges for the modern healthcare system. 
 
 
References:  
[1] Alzheimer's Disease International, World Alzheimer Report 2018, (2018). 
[2] L. S. Cai, R. B. Innis, and V. W. Pike, Curr. Med. Chem., (2007), 14, 19-52.   

[3] L. Gremer, et al., Science, (2017), 358, 116-119. 
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Talk 3 
Benchmarking the performance of some DFT and semiempirical theoretical 
methods for modelling supramolecular aggregates 
 
Antiope T. Politi, Francesca Giuntini, Andrew G. Leach, Steven J. Enoch 

Liverpool John Moores University (LJMU), School of Pharmacy and Biomolecular Sciences 
Liverpool John Moores University, Liverpool, UK 

The interest in supramolecular species, particularly aggregates, has been increasing during the past 
few years, particularly in the sector of materials and biomedicine. Computational modelling is 
essential for making synthetic and property predictions crucial to their use and development. Semi-
empirical and force field methods are well established for modelling systems consisting of 
thousands of atoms such as proteins and DNA.  At the other end of the size spectrum, quantum 
mechanics methods have found extensive utility for dealing with relatively small systems of up to a 
few hundred atoms. Supramolecular aggregates stand in the middle ground in terms of size, 
complexity and the extended intermolecular interactions holding the monomer units together. 
Consequently, there have been limited systematic investigations into the optimal level of theory 
required for making predictions for such systems. One of the key computational challenges for 

supramolecular aggregates is accurate prediction of the weak - interactions that help hold these 
systems together. Traditionally, only high precision computations, such as the CCSD(T) coupled to 
very large basis sets, have been able to deal with such weak intermolecular interactions. However, 
a number of recent computational methods have incorporated various corrections for non-covalent 
interactions. Herein, this work has evaluated a number of these computational methodologies for 
their utility in predicting the key interactions relevant to supramolecular aggregates. The chosen 
methods being: the dispersion corrected B97D DFT functional (with a 6-31G(d) basis set), and the 
semi-empirical methods PM6, PM6-D3H4X, PM7, and GFN2-xtb. These were applied to a sub-set of 

a publicly available benchmark data related to energetics associated with - and H-bonding 
interactions within a series of small molecules. The aim was to establish the best computational 
approach for accurately predicting such binding energies and geometries within supramolecular 
systems (where benchmark experimental data are absent). The recent semi-empirical GFN2-xtb 
method was able to reproduce binding affinities and geometries with the same level of accuracy as 
DFT methods for these systems. Importantly, this method out-performed other semi-empirical 
methods. These results have important implications for the modelling of supramolecular systems, 
where the ability to predict potential aggregation is important. 
 
References:  
[1] C. Bannwarth, S. Ehlert, S. Grimme, Journal of Chemical Theory and Computation (2019), 15, 
1652-1671. 
[2] S. Grimme, J. Antony, T. Schwabe, C. Muck-Lichtenfeld, Organic & Biomolecular Chemistry 
(2007), 5, 741-758. 
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Talk 4 
Understanding the controllable dynamics of Pt(II) DBA systems 

 
Heather Carson, Theo Keane, Anthony J. H. M. Meijer, Julia. A. Weinstein. 

Department of Chemistry, University of Sheffield, Sheffield, United Kingdom, S3 7HF. 

Human-induced climate change in combination with the ongoing depletion of fossil fuels means 
there is an urgent requirement to find alternative and more sustainable ways to store and distribute 
energy. As solar radiation is one of the most abundant and inexhaustible energy sources available, 
it makes sense to use materials which utilize the power of the sun. In theory, an artificial 
photosynthesis system could be designed to mimic this natural phenomenon and synthesize fuel 
(either directly or as electricity).  

During artificial photosynthesis, when a photon absorbs light the energy is transported to the 
reaction site via electron transfer (ET). This fundamental process is vital for the efficiency of artificial 
photosynthetic systems. Thus, we need to increase our understanding of ET in order to improve 
artificial photosynthetic systems, which can be achieved through external perturbation of the 
process, such as with IR photons. 

Platinum trans-acetylide complexes, made up of a donor (D), a bridge (B), and an acceptor (A) unit, 
can be used to follow ET and help explore this concept of control and why it is possible. By exciting 
acetylide bonds within these complexes, decay pathways between different electronic states can 
be altered leading to more desirable outcomes of ET after excitation. Previous work carried out by 
the Weinstein and Meijer groups focused on donor-bridge-acceptor molecular triads such as PTZ-
CH2-Ph-CC-Pt-CC-NAP, where PTZ is the donor phenothiazine and NAP is the acceptor naphthalene-
monoimide. Using theoretical calculations, such as time-dependent density functional theory (TD-
DFT), this work will focus on how the excited state dynamics have been understood in these 
complexes and the assignment of various different states upon excitation. As well as the 
identification of key normal modes in the system using non-adiabatic coupling calculations, and 
through the excitation of these modes show how the excited state dynamics can be influenced. 
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Talk 5 
Molecular dynamics study on encapsulation of ibuprofen and indomethacin in 
Triton X-100 micelles 
 
Hrachya A. Ishkhanyan, Christian D. Lorenz 

Department of Natural and Mathematical Sciences, King’s College London, Strand, London WC2R 
2LS. 

Surfactants are widely used in biological applications including the extraction of proteins from cell 
membranes, the enhancement of the permeability of cell membranes1 and the encapsulation of 
poorly soluble drug molecules2. In this study, drug encapsulation capabilities of a non-ionic 
surfactant Triton X-100 were studied using molecular dynamics (MD) simulations. A 300ns all-atomic 
simulation has been performed in an aqueous solution of 150 pre-assembled molecules of TX-100 
and 100 ibuprofen or indomethacin drug molecules using the CHARMM force-field. The micelle 
becomes saturated with ibuprofen molecules after approximately around 50 percent of them are 
encapsulated within 50ns.  Whereas the micelle does not get saturated with indomethacin until 
approximately 70% of the available molecules are encapsulated. Furthermore, the simulation shows 
that in the presence of drug molecules the semi-spherical micelle becomes increasingly rod-like in 
shape. More analysis shows that the volume as well as the surface area of the micelle expand 
significantly in the presence of indomethacin molecules, and are fairly the same in the presence of 
ibuprofen molecules.   
 
 
References:  
[1] B. Mattei, R.B. Lira, K.R. Perez, and K.A. Riske Chemistry and Physics of Lipids, (Year 2017), 202, 
28-37. 
[2] A.V. Solomonov, et al., Materials Science and Engineering: C, (2019) 99, 794-804. 
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Talk 6 
Molecular Simulations of Lubricant Base Oils at High Pressure 

 
Iain J. Prentice, Philip J. Camp 

School of Chemistry, University of Edinburgh, David Brewster Road, Edinburgh EH9 3FJ, Scotland. 

Lubricants are used widely in industry to reduce the effects of friction and wear. Lubricants for 
engine applications are typically composed of a base oil and various additives; the rheology of these 
base oils is very important as the lubricants are exposed to a wide range of pressures and shear 
rates.  
 
Recent high-pressure experiments at Edinburgh indicate that model base oils – squalane and a poly-
alpha-olefin (PAO) mixture – are no longer hydrostatic media above roughly 1 GPa. Diamond-anvil 
cell measurements show that the hydrostatic limit for these base oils is in the range of 0.74 to 1.24 
GPa, as they appear to undergo solidification. X-ray diffraction shows no Bragg peaks, suggesting 
that a glassy structure, and not a crystalline structure, is formed.  
 
In this work, the structure, dynamics, and thermodynamics of squalane and the PAO mixture were 
studied using molecular-dynamics (MD) simulations. The equation of state, self-diffusion 
coefficient, viscosity, and radial distribution functions were calculated over a wide range of 
pressures, from 0.0001 to 10 GPa. The results show that molecular diffusion is essentially arrested 
above about 0.1 GPa, which supports the hypothesis that the samples are kinetically trapped in 
metastable amorphous-solid states. The shear viscosity is immeasurably large at very high 
pressures, but the coefficient governing its increase from ambient pressure is in good agreement 
with the available literature data. Subtle changes in the short-range real-space correlations are 
related to a collapse of the molecular conformations with increasing pressure, while the evolution 
of the static structure factor shows excellent correlation with the available X-ray diffraction data.  
 
Overall, this study shows that these common lubricant base oils solidify and form a glassy structure 
at around 1 GPa. This could have major implications for the tribological properties of lubricants 
under the high-pressure, high-shear conditions found in engines. 
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Talk 7 
Proton Isomers Rationalise the High- and Low-Spin Forms of the S2 State 
Intermediate in the Water-Oxidising Reaction of Photosystem II 
 
Thomas A. Corry, Patrick J. O’Malley 

Department of Chemistry, University of Manchester, Manchester, M13 9PL, UK.  

Nature’s key water oxidising complex (WOC) is a CaMn4O5 complex located within Photosystem II. 
The WOC utilises visible light to split molecules of water into molecular oxygen, protons and 
electrons during oxygenic photosynthesis, proceeding through the SN cycle (or Kok cycle) where 
N=0-4. The S2 state of nature’s WOC is the most experimentally characterised of all SN states, in 
particular through Electron Paramagnetic Resonance (EPR). EPR analysis of the S2 state shows a 
multi-line signal with a low spin SGS =1/2, and a broad, featureless signal at g=4.1 with a high spin 
SGS=5/2. These two signals were previously attributed to an open and closed cubane respectively, 
with a closed cubane at the centre of many current water oxidation theories. EPR has shown that 
only the high spin form progresses from S2 to S3 where a new water substrate enters the reaction 
site. However recent studies, including XFEL crystal structure analysis of the S2 state1, have shown a 
lack of evidence for a closed cubane form of the WOC.  Therefore a new rationalisation for the S2 
state equilibrium needs to be considered. 
 
In this study we have generated large models from the latest S2 state crystal structure. Using broken 
symmetry density functional theory (BS-DFT) combined with Heisenberg-Dirac-van Vleck spin ladder 
calculations, we show that an open cubane form of the WOC alone is capable of transitioning from 
a low spin, SGS=1/2, to a high spin, SGS=5/2, form on protonation of the bridging O4 oxo and is 
therefore responsible for both EPR signals.2 We show that such models are fully compatible with 
structural determinations of the S2 state XFEL crystallography and extended X-ray absorption fine 
structure (EXAFS) and provide a clear rationale for the effect of various treatments on the relative 
populations of each form observed experimentally in EPR studies. 
 
 
References:  
[1] J. Kern, R. Chatterjee, I. D. Young, F. D. Fuller, L. Lassalle, M. Ibrahim, S. Gul, T. Fransson, A. S. 

Brewster, R. Alonso-Mori, R. Hussein, M. Zhang, L. Douthit, C. de Lichtenberg, M. H. Cheah, 
D. Shevela, J. Wersig, I. Seuffert, D. Sokaras, E. Pastor, C. Weninger, T. Kroll, R. G. Sierra, P. 
Aller, A. Butryn, A. M. Orville, M. Liang, A. Batyuk, J. E. Koglin, S. Carbajo, S. Boutet, N. W. 
Moriarty, J. M. Holton, H. Dobbek, P. D. Adams, U. Bergmann, N. K. Sauter, A. Zouni, J. 
Messinger, J. Yano and V. K. Yachandra, Nature, 2018, 563, 421–425. 

[2] T. A. Corry and P. J. O’Malley, J. Phys. Chem. Lett., 2019, 10, 5226–5230. 
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Talk 8 
Towards more selective enhanced sampling of biomolecular dynamics and the 
validation of the AMOEBA polarisable force field 
 
Khaled Abdel-Maksoud, Can Simon Pervane, Jonathan W. Essex 
 
School of Chemistry, University of Southampton, Highfield Campus, SO17 1BJ 
 
The timescale of important biomolecular processes such as protein-protein association and protein 
folding typically is longer than feasibly computable using atomistic molecular dynamics (MD) 
simulations, revealing the need for enhanced sampling simulations that reduce the simulation time 
of these processes of interest. From the perspective of free energy landscape traversal, a bias 
potential can be applied adaptively over the surface with respect to the visited regions during a 
simulation to allow for the system to be pushed over higher free energy barriers into new states, 
such as in the case of metadynamics [1]. 
 
The AMOEBA polarizable force field constantly updates induced dipoles to compute fluctuating 
electrostatic interactions [2]. Since AMOEBA explicitly captures polarization, it should perform 
better than fixed charge models. However, this has not been tested in the context of protein folding. 
As enhanced sampling simulations yield more consistently precise sampling over the target 
pathways and of targeted states, using enhanced sampling alongside using the AMOEBA force field 
should allow for the validation of its performance against traditional fixed charge pairwise force 
fields based on GAFF and similar functional forms. 
 
To test this, the AMOEBA force field was compared in performance against AMBER14SB for sampling 
the folding pathways of the Tryptophan cage (Trp-Cage) model protein from a fully extended 
structure. This validation was performed using metadynamics simulation protocols for both force 
fields, in which parameterization of the bias potential and selection of appropriate collective 
variables (CVs) was first performed in the AMBER14SB force field. The optimized bias potential was 
then used in simulations employing the AMOEBA potential energy surface for comparative 
performance vs AMBER. 
 
An alternative enhanced sampling method called digital filtering uses the vibrational motion of the 
short-timescale dynamics of the system to selective enhance the sampling of the slower degrees of 
freedom (i.e. dihedral angles) directly. The use of this approach in this context will also be described. 
 
References: 
[1] A. Laio, M. Parrinello, Proc. Natl. Acad. Sci. USA. 2002, 99, 12562-12566 
[2] Shi, Y. Xia, Z., Zhang, J., Best, R., Wu, C., Ponder, J. W., Ren, P. J. Chem. Theo. Comput. 
2013, 9, 4046–4063 
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Talk 9 
Elucidating Antibiotic Breakdown by OXA β-Lactamases Using QM/MM 
Computational Assays 
 
Viivi H. A. Hirvonen and Marc W. van der Kamp 

School of Biochemistry, University of Bristol, University Walk, Bristol BS8 1TD, UK 

β-lactam antibiotics, the oldest and most widely prescribed group of antibacterial drugs, suffer from 
increasing antibiotic resistance mainly due to β-lactamase enzymes. β-lactamases open the vital 
four-membered β-lactam ring, which renders the drugs inactive. OXA-48 β-lactamases are a 
clinically significant and globally widespread group enzymes conferring antimicrobial resistance. 
They hydrolyze a variety of β-lactam antibiotics including carbapenems (“last resort” antibiotics). 
Moreover, different variants within the OXA-48 family have distinctly different hydrolytic 
phenotypes (i.e. they break down different drugs), but the exact determinants for this remain 
elusive. 

Starting from experimental enzyme crystal structures,1 we study β-lactam (ceftazidime) inactivation 
by OXA-48-like enzymes using QM/MM molecular dynamics simulations with two-dimensional 
umbrella sampling (US). These reaction simulations are used to obtain free energy barriers of the 
rate-limiting hydrolysis step (deacylation) so that relative rates between different enzyme variants 
can be compared. These calculations are then used as a computational assay, which is an in silico 
protocol illustrating different steps needed for analysing β-lactam breakdown by an OXA enzyme 
(or more generally, a certain β-lactamase enzyme). As described for our previous computational 
assays,2 we utilize both short sampling times and semiempirical QM methods such as DFTB3, which 
enables fast reaction simulations. The current OXA assay differentiates clinically relevant 
ceftazidime-inhibited enzymes like OXA-48 from ceftazidime-hydrolyzing enzymes such as OXA-163. 
The consistent ~5 kcal/mol difference in calculated free energy barriers between inhibited and non-
inhibited enzymes is consistent with experimental data and allows detailed insight into what causes 
the difference. Furthermore, the effect of single point mutations on ceftazidime hydrolysis can be 
studied purely computationally; this is illustrated by the Arg214Ser mutant of OXA-48, which is 
predicted to inactivate cephalosporin antibiotics. Development of these types of computational 
assays for β-lactamases will allow efficient computational screening of new variants from isolate 
sequence information and aid in designing new, more efficient β-lactam antibiotics or inhibitors.  

1. C. Frohlich, V. Sorum, A. M. Thomassen, P. J. Johnsen, H.-K. S. Leiros and Orjan Samuelsen, 
mSphere, (2019), 4, e00024-19 

2. V. H. A. Hirvonen, K. Hammond, E. I. Chudyk, M. A. L. Limb, J. Spencer, A. J. Mulholland and M. 
W. van der Kamp, J. Chem. Inf. Model., (2019), 59, 3365-3369 
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Talk 10 
An Ensemble-Based Steered Molecular Dynamics Workflow that Predicts the 
Residence Time of A2A Receptor Ligands 
 
Andrew Pottertona,b, Alexander Heifetza,b, Peter V. Coveneyc,d, Andrea Townsend-Nicholsona 

 

a Structural & Molecular Biology, UCL, Gower Street, London, WC1E 6BT, UK. 
b Computational Chemistry, Evotec (U.K.) Ltd., 114 Innovation Drive, Milton Park, Abingdon, OX14 
4RZ, UK. 
c Centre for Computational Science, UCL, London, WC1H 0AJ, UK. 
d Computational Science Laboratory, University of Amsterdam, Amsterdam, 1098XH, The 
Netherlands. 
 
It is becoming clear that the lifetime of a drug at its receptor target, residence time, is more strongly 
correlated to efficacy than equilibrium binding affinity is.1 As such, several notable reviews have 
suggested that residence time should be a key optimisation parameter in the drug discovery 
process. For this, in silico methods that can robustly predict and rationalise residence time would 
be needed, however, these methods are currently scarce. 
 
Using ensemble-based steered molecular dynamics, we have developed a protocol that can reliably 
predict relative residence time on a timescale suitable for drug discovery.2 The calculated change in 
ligand solvation energy, from bound to unbound (∆ELW), correlates strongly (R2 = 0.79) with 
experimentally-determined residence times for 17 A2A adenosine receptor ligands.  
 
From the simulation ensembles, one can also obtain the initial, intermediate and sustained protein-
residue contacts made by the dissociating ligand. Site-directed mutagenesis experiments performed 
on the intermediate contacts identified from the simulation ensembles, were shown to have a much 
greater effect on residence time than binding affinity, whilst mutation of any sustained contact 
affects both equilibrium binding affinity and residence time.3 
 
The workflow presented here is currently being used to rationalise and predict the effect of ligand 
modifications on residence time as part of the lead optimisation phase of a client-commissioned 
drug discovery programme. 
 
References:  
[1] R. A. Copeland, Nat. Drug Disc., (2016), 15, 87–95. 
[2] A. Potterton, F. S. Husseini, M. W. Y. Southey, M. J. Bodkin, A. Heifetz, P. V. Coveney and A. 
Townsend-Nicholson, J. Chem. Theory Comput., (2019), 15, 3316–3330. 
[3] D. Guo, A. C. Pan, R. O. Dror, T. Mocking, R. Liu, L. H. Heitman, D. E. Shaw and A. P. IJzerman, 
Mol. Pharmacol., (2016), 89, 485–491. 
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Talk 11 
A Computational Workflow for the Discovery of Selective Cyclophilin D Inhibitors 

 
Michail Papadourakis1, Maria-Eleni Kouridaki1, Jordi Juárez-Jiménez1, Julien Michel1 

 
1 EaStCHEM School of Chemistry, Joseph Black Building, The King's Buildings, Edinburgh, EH9 3FJ, 
United Kingdom 
 
Cyclophilins (Cyps) are a family of proteins that catalyze isomerization of proline residues.  They are 
thought to be involved in the development of diseases such as cancer and Alzheimer.1 The majority 
of the known Cyps inhibitors are derived from the natural products Cyclosporin A and Sangliferin A, 
which are potent, non-subtype selective inhibitors with severe side effects and that are challenging 
to synthesise and modify. Therefore, there is a need for new drug-like molecules targeting specific 
isoforms of Cyclophilins.  

 
Our research group recently discovered a novel family of cyclophilin ligands with a unique binding 
mode that enables targeting a previously unexploited “3 o’clock” pocket.2 This accessory pocket is 
located close to the enzyme active site, delineated by the so called “Abu” and “Pro” pockets. The “3 
o’clock” pocket is an appealing target to achieve isoform selective inhibition, because is less 
conserved than the other two pockets across the key Cyp isoforms. In particular, some of our 
strongest inhibitors show >10 fold selectivity between CypD and CypA, and potency only slightly 
worse to that of Cyclopsorin A (Kd ca. 70 nM vs 10 nM) even though the current designs only partially 
engage with the 3 o’clock pocket. Therefore, our goal is to design novel tri-vector ligands with 
greater selectivity across Cyp isoforms by expanding further our compound into the ‘’3 o’clock 
pocket’’. 

 
To explore the chemical space for binding to the 3 o’clock pocket, a library of ca. 5000 analogues of 
our current lead molecule was constructed and docked using the Cresset molecular modelling 
package. Compounds were filtered according to their predicted solubility, clustered into structurally 
diverse families and ranked using docking scores. Further refinement of compound prioritisation 
was accomplished by means of Molecular Dynamics (MD) simulations, aiming to retain only 
compounds that maintain stable interactions within the 3 o’clock pocket.  The most promising 
solutions were further assessed using Free Energy Perturbation calculations to identify designs more 
likely to bind selectively to CypD over CypA. The most auspicious designs will be synthesized and 
characterised using biophysical techniques.   

 

 

 

Figure 1; A) The 3 pockets of the Cyp isoforms and 
their fractional conservation across the Cyclophilin 
family.  

 

 

(1)  Nigro, P. et al, Cell Death Dis. 2013, 4, e888.  
(2)  Simone, A. D.et al, Chem. Sci. 2019, 10 (2), 542–547.      
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Talk 12 
Mechanistic Insights into the Reactivity of [1.1.1]Propellane 

 
Alistair J. Sterling,a Alexander B. Dürr,a Russell C. Smith,b Edward A. Anderson,a Fernanda Duartea 

 

aDepartment of Chemistry, University of Oxford, 12 Mansfield Road, Oxford, OX1 3TA, U.K. 
bJanssen P.R.D., 3210 Merryfield Row, San Diego, California, CA 92121, United States. 
 
The highly strained caged hydrocarbon [1.1.1]propellane (tricyclo[1.1.1.01,3]pentane) is a molecule 
that has long fascinated both theoretical and experimental chemists.1 In the last few years, it has 
emerged as the ubiquitous  precursor in the synthesis of bicyclo[1.1.1]pentanes (BCPs), motifs which 
are of high interest as linear spacer units in medicinal chemistry and materials. However, despite 
recent synthetic advances, little is known about the underlying principles governing the 
‘promiscuous’ reactivity of [1.1.1]propellane with anions, cations and radicals. As the field of BCP 
applications continues to grow, we have sought to improve our understanding of the chemistry of 
[1.1.1]propellane, with a view to not only facilitate access to valuable functionalised products for 
medicinal and materials chemistry research, but also provide a generalised basis to exploit its 
reactivity towards new applications. 
 
We have recently developed a unified mechanistic framework that is consistent with experimental 
observables and accounts for the promiscuous reactivity of [1.1.1]propellane.2 To rationalise the 
underlying basis for its reactivity profile, Complete Active Space (CAS), coupled-cluster [DLPNO-
CCSD(T)] and DFT approaches were employed to challenge the hypothesis that the reactivity of 
[1.1.1]propellane is driven by ‘strain relief’. Instead, we show that it is a highly mouldable electron 
density, driven by HOMO-LUMO mixing, that enables reactivity. This model provides fundamental 
guiding principles for the design of new synthetic chemistry of [1.1.1]propellane, and develops 
concepts that can be applied to other strained ring systems. 
 
References:  
[1] A.M. Dilmaç, E. Spuling, A. de Meijere, S. Bräse, Angew. Chem. Int. Ed., (2017) 56, 5684–5718. 
[2] A. J. Sterling, A. B. Dürr, R. C. Smith, E. A. Anderson, F. Duarte, ChemRxiv (Preprint), (2019), DOI: 
10.26434/chemrxiv.9733628.v1. 
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Programme of Poster Presentations 

Poster 1 
Sequence based ab-initio prediction of the secondary structure of stapled peptides 
for drug design.   
Marie Bluntzer, EaStCHEM School of Chemistry, University of Edinburgh 

Poster 2 
Deep Learning Scoring Function for Flexible Molecular Docking 
Rocco Meli, Department of Biochemistry, University of Oxford 

Poster 3 
Alchemical Free Energy Methods Predict the Effect of DNA Gyrase Mutations on 
Fluoroquinolone Effectiveness in Mycobacterium tuberculosis 
Alice Brankin, Nuffield Department of Medicine, John Radcliffe Hospital, Oxford 

Poster 4 
On the Generation of Quantum Conformational Ensembles using Approximate 
Potentials 
João Morado, School of Chemistry, University of Southampton 

Poster 5 
Investigation of multi-domain dynamics of E3 RBR ligase 
Marius Kausas, Molecular Structure of Cell Signalling Laboratory, The Francis Crick 
Institute, London 

Poster 6 
Computational Simulations Reveal Substrate Translocation Pathway through 
Hydrophobic Transporters 
Kamolrat Somboon, School of Chemistry, University of Southampton 

Poster 7 
oxDNA: A versatile tool to model DNA origami 
Hannah Fowler, Department of Chemistry, University of Oxford 

Poster 8 
Fragment Library Vector Efficiency: Reaching Molecular Space Other Fragments 
Can’t Reach 
Charmaine Chu, Department of Chemistry, University of Liverpool 

Poster 9 
Enhanced Sampling of Hydration States and Binding Modes in Protein-Ligand 
Structures with Nonequilibrium Candidate Monte Carlo Simulations 
Marley Samways, School of Chemistry, University of Southampton 

Poster 10 

Computational investigations into immune response activation by non-lipidic 
ligands via the TLR-4/MD2 signalling pathway. 
Beatrice Pecoraro, Department of Clinical and Pharmaceutical Sciences, University 
of Hertfordshire 

Poster 11 
Evaluating the Role of Electrostatics in Lignin-degrading Peroxidases with QM/MM  
Jonathan Colburn, School of Chemistry, University of St Andrews 

Poster 12 
A Computational Workflow for Catalyst Design via Machine Learning 
Stamatia Zavitsanou, Department of Organic Chemistry, University of Oxford 

 
Poster presenters will give their 2 minute “Lightning Talks” in the above order starting at 11:00. 
 
Posters will be on display during the breaks and at lunchtime. 
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Poster 1 
Sequence based ab-initio prediction of the secondary structure of stapled peptides 
for drug design.   
 
Marie BLUNTZER,1 Terry Baker,2 Julien Michel,1 Alison Hulme1 

 

[1] EaStCHEM School of Chemistry, University of Edinburgh, Brewster Road EH9 3FJ  
[2] UCB Celltech, 208 Bath Road, Slough, Berkshire, SL1 3WE 
 
Linear peptides are more easily optimised to bind with high affinity and specificity to a drug target 
but they usually have poor drug-like properties since they frequently display high conformational 
variability, show low cell penetration, and are easily proteolysed. By contrast stapled peptides, 
whereby cross-linking of two or more sidechains is carried out via chemical synthesis, display a more 
compact structure, usually enriched in helices, show enhanced cell penetration, and are more 
resilient to proteolysis. However, the relationship between the location and the chemical nature of 
the staple, the primary sequence of the peptide, and the resulting helical preferences are poorly 
understood, making stapled peptide design a laborious trial and error process.  
 
Because of the relatively low number of reported stapled peptide designs data-driven approaches 
cannot be reliably trained to infer secondary structure from sequence. We have developed a 
molecular simulations-driven pipeline to predict ab-initio the conformational preferences of a staple 
peptides from their primary sequence. Forcefield parameters for cross-linked amino acids are 
derived with a semi-automated pipeline that combines multi conformer RESP charge fitting with 
torsional scans. The resulting models are input to a novel implementation of solute tempering 
replica exchange molecular dynamics (REST) simulations using AMBER18 for rapid processing on 
GPUs.  
 
The methodology has been successfully used to reproduce the helical preferences of a dataset of 
linear peptide sequences, and is currently being fine-tuned for accurate predictions of the helicity 
of stapled variants of this dataset.  
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Poster 2 
Deep Learning Scoring Function for Flexible Molecular Docking 

 
Rocco Meli, a Jocelyn Sunseri, b Philip C. Biggin, a David R. Koesb 

a Department of Biochemistry, University of Oxford, South Parks Rd., Oxford, OX1 3QU. 

b Department of Computational & System Biology, University of Pittsburgh, 3501 Fifth Avenue, 
Pittsburgh, PA15260. 

Molecular docking—the prediction of binding modes and binding affinity of a molecule to a target 
of known structure—is widely used in structure-based based drug design. Recent advances in deep 
learning for drug discovery showed that docking scoring functions, used to rank ligand binding 
modes, can be successfully learned by convolutional neural networks (CNNs) [1]. Unfortunately, 
most docking studies often neglect the flexibility of the receptor, which can play an important role 
in binding if the receptor undergoes large conformational changes upon complexation. 

In this work, we use gnina [1]—a novel deep learning framework for molecular docking—in order to 
develop and test a new CNN-based scoring function for flexible docking  (i.e. docking with flexible 
side chains). First, a large training set for the flexible docking scoring function is built by re-docking 
the PDBbind 2018 dataset [2] using the standard docking software smina, treating the side chains 
close to the ligand as flexible. Then, a new CNN-based scoring function is trained with gnina on the 
new dataset and its performance is evaluated. Finally, the trained CNN model is used to optimise 
docking poses of both the ligand and the flexible side chains in order to create an enriched dataset 
that can be used to train an improved CNN-based scoring function. 

The performance of the novel CNN-based scoring function for pose-prediction in flexible docking 
and for optimisation of the target side chains is presented in our poster. The CNN-based scoring 
function is shown to outperform the standard smina scoring function for pose prediction, but shows 
serious problems in geometry optimization. We argue that a new scoring function trained on the 
enriched dataset should alleviate or remove such problems. 

 
References:  
 
[1] M. Ragoza, J. Hochuli, E. Idrobo, J. Sunseri, and D. R. Koes, J. Chem. Inf. Model., 2017, 57, 942-
957. 
[2] Z. Liu, Y. Li, L. Han, J. Li, J. Liu, Z. Zhao, W. Nie, Y. Liu, and R. Wang, Bioinformatics, 2015, 31, 405-
412. 
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Poster 3 
Alchemical Free Energy Methods Predict the Effect of DNA Gyrase Mutations on 
Fluoroquinolone Effectiveness in Mycobacterium tuberculosis 
 
Alice Brankin, Philip W. Fowler, A. Sarah Walker 
 
Experimental Medicine, Nuffield Department of Medicine, Level 7 John Radcliffe Hospital, Headley 
Way, Headington, Oxford, OX3 9DU. 
 
Multi-drug resistant (MDR) tuberculosis (TB) presents an increasing challenge for the successful 
treatment and control of TB. To treat MDR TB, the WHO recommends prescribing fluoroquinolone 
antibiotics1, but resistance to these drugs has developed. Resistance is usually conferred by point 
mutations in the gyrA and gyrB genes of the antibiotic target, DNA gyrase.  It is important to know 
which mutations confer fluoroquinolone-susceptibility to effectively treat patients and prevent 
resistance spreading. Currently, laboratory TB drug susceptibility testing takes 6-8 weeks and 
therefore computational approaches, able to rapidly predict fluoroquinolone-resistance from 
genetic sequences, would be invaluable for TB diagnostics. 
 
In this study, the effect of several Mycobacterium tuberculosis DNA gyrase mutations on resistance 
to two commonly prescribed fluroquinolones (moxifloxacin and levofloxacin) was predicted. 
Alchemical free energy methods, which rely on molecular dynamics simulations, were used to 
calculate differences in binding free energy between the fluoroquinolone bound to a wild-type 
protein and the fluoroquinolone bound to a mutated protein, in order to make 
resistance/susceptibility predictions.  

Using these methods, gyrA A90V was correctly predicted to confer resistance to both levofloxacin 
and moxifloxacin and gyrA S95T, a lineage-defining mutation, was correctly predicted as susceptible 
to both drugs. Further testing of other common gyrase mutations demonstrates the quantitative 
and qualitative accuracy of the method. All predictions were validated against the CRyPTIC 
consortium’s catalogue of 10,000 sequenced and phenotyped TB isolates2. Interestingly, analysis of 
the equilibration simulations revealed a hydrogen bond interaction between DNA gyrase and the 
fluroquinolone molecules that was not seen in crystal structures. 

Our results suggest that alchemical free energy methods could aid the diagnosis of fluoroquinolone 
resistant TB cases, but further testing and refinement of the methods are required. Bacterial DNA 
gyrase is highly conserved across species and therefore resistance predictions from TB gyrase may 
aid diagnosis of other infectious diseases. In future, pre-emptive predictions of resistance conferring 
mutations could inform the design of fluoroquinolone drugs with improved efficacy against 
emerging resistance.  

References: 
[1] World Health Organisation. Consolidated Guidelines on Tuberculosis Treatment. (2019). 
[2] C. Allix-Béguec et al, N. Engl. J. Med., (2018) 379, 1403–1415. 
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Poster 4 
On the Generation of Quantum Conformational Ensembles using Approximate 
Potentials 
 

João Morado [1], Richard A. Ward [2], Paul Mortenson[3], Marcel Verdonk[3], Jonathan W. Essex[1] and 
Chris-Kriton Skylaris[1] 
 
[1] School of Chemistry, University of Southampton, Southampton, UK 
[2] Medicinal Chemistry, Oncology, IMED Biotech Unit, AstraZeneca, Cambridge, UK 
[3] Astex Pharmaceutical, Cambridge, UK 
 
The pharmacological properties of organic compounds are intrinsically related to their 
conformational structure. Whilst structural information of ligands bound to biological targets is 
widely available, the characterization of their unbound state conformations is often disregarded. 
This structural characterization is essential to understand molecular recognition processes and the 
physicochemical properties of drug-like molecules. 

The key step of conformational analysis is the conformational sampling, which is usually performed 
using classical MD or MC simulations. Even though these methods enable extensive sampling of the 
conformational space, they rely on the underlying force field parameters and functional form, which 
often hinder their performance. On the other hand, high-level methods as ab initio MD provide 
reliable structural information but are still too computationally expensive to allow for extensive 
sampling, ultimately leading to incomplete conformational space coverage. Hence, in order to 
overcome these limitations, we present a method that combines hybrid MC and parametrisation 
techniques to perform conformational analysis. The idea behind this methodology is to estimate 
conformations and the respective populations at the QM level by performing sampling at the MM 
level. This is possible through the use of Hamiltonian MC to perform enhanced sampling in the MM 
level, combined with periodic MC steps that attempt for switching between the MM and QM levels 
of theory. Furthermore, as MM and QM potential energy surfaces often mismatch - which leads to 
very poor acceptance rates -, we also developed a parametrisation protocol that aims to minimize 
the difference between the two potentials. 

The proposed method was tested on a set of small organic compounds where deficits in the force 
field-generated conformations were previously reported in the literature. The results obtained 
indicate that our method is capable of overcoming force field-related deficiencies, allowing 
determination of quantum conformational ensembles with significant speed-up in relation to 
standardly employed methods. 
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Poster 5 
Investigation of multi-domain dynamics of E3 RBR ligase 

 
Marius Kausasa, b, Katrin Rittingera, Franca Fraternalib 
 

[a] Molecular Structure of Cell Signalling Laboratory, The Francis Crick Institute, 1 Midland Road, 
NW1 1AT, London, UK 

[b] Randall Division, King’s College London, Guy's Campus, SE1 1UL, London, UK 
 

Proteins are intrinsically dynamic entities, where dynamics could be described as different 
arrangements of protein domains relative to each other. Through a spatial and temporal scale, each 
unique conformational state is capable of performing a specific function. Such dynamics are crucial 
for activity of multi-domain proteins where individual domains are connected by inter-domain 
linkers. Such linkers are usually highly flexible, allowing diverse set of inter-domain orientations. 
Structural characterisation of multi-domain proteins and their relative domain orientations using 
traditional structural biology methods, such as X-ray crystallography, has been a challenging task, 
due to inherent flexibility of inter-domain linkers. 
 

Integrated modelling approach does provide a way to characterise protein conformational dynamics 
by leveraging biophysical solution measurements with computational modelling. The purpose of 
integrated modelling is to generate a conformational ensemble described by a set of conformations 
with their corresponding probability weights. Here, we provide an integrative modelling pipeline to 
investigate the conformational dynamics of a three-domain protein HOIP RBR E3 ubiquitin ligase, 
which is involved in regulation of immune signalling1. Our pipeline combines the use of solution 
scattering experiments and molecular simulations.  
 

In this study, we performed multiple molecular dynamics simulations to investigate the extent of 
conformational sampling of HOIP RBR domain in solution. Subsequently, the computationally 
generated ensembles were refined using solution scattering data as an experimental constraint. In 
particular, we focused on Maximum Parsimony and Maximum Entropy methods to generate a 
refined conformational ensemble2. With our work we hope to shed light onto the dynamic nature 
of HOIP RBR E3 ubiquitin ligase and how such dynamics regulate its function. 
 
 

References: 
[1] H. Walden and K. Rittinger, Nat. Struct. & Mol. Biol., 2018, 25, 440-445. 
[2] M. Bonomi, G. T. Heller, C. Camilloni and M. Vendruscolo, Curr. Opin. Struct. Bio., 2017, 42, 106-
116. 
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Poster 6 
Computational Simulations Reveal Substrate Translocation Pathway through 
Hydrophobic Transporters 
 
Kamolrat Somboona, Prof.Bert van den Bergb, and Prof.Syma Khalida 

University of Southamptona, Newcastle Universityb  

Bacterial biodegradation of hydrocarbons requires proteins to facilitate the passage of the 
hydrophobic substrates across the outer membrane of Gram-negative bacteria. This membrane is 
rich in lipopolysaccharides (LPS), and consequently it is a highly effective barrier to hydrophobic 
molecules. The FadL family of proteins are known to enable the passage of a range of hydrocarbons 
across the outer membrane1,2. Here, we focus our attention on TodX from Pseudomonas putida 
which has been shown to facilitate passage of toluene and benzene. Based on the X-ray structure, 
there are two plausible pathways for substrate transport through TodX; either through the long axis, 
called the “classical mechanism” or through the lateral pore in the barrel, called the “lateral 
diffusion mechanism”. In order to identify which mechanism is more likely, atomistic level molecular 
dynamics simulations were performed. Free energy calculations and steered MD simulations reveal 
substantial barriers to the movement of monoaromatic compounds through the classical route. Our 
results provide predict that TodX can allow the substrate to move though the lateral opening in the 
barrel wall, into lipid bilayer where the substrate can spontaneously diffuse to the periplasmic 
space. Furthermore, we identify the likeliest route taken through the lateral gate.  
 
 
References: 
[1] B. W. Lepore, M. Indic, H. Pham, E. M. Hearn, D. R. Patel and B. van den Berg, Proc. Natl. Acad. 

Sci. U. S. A., 2011, 108, 10121–6. 
[2] B. Van Den Berg, Curr. Opin. Struct. Biol., 2005, 15, 401–407. 
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Poster 7 
oxDNA: A versatile tool to model DNA origami 
 

Hannah Fowler, Joakim U. Bohlin, Jonathan P. K. Doye 
 
Department of Chemistry, University of Oxford, South Parks Road, OX1 3QZ 
 
Increasingly, many DNA nanostructures are being synthesised to combat a number of real-life 
problems, such as the development of potential cancer drug delivery devices1 in the pharmaceutical 
industry. When synthesised, these structures are often imaged using transmission electron 
microscopy and atomic force microscopy, but the resolution of these techniques can be limited. To 
optimise experimental work, it is important to gain an insight into the behaviour of such DNA 
origami structures at equilibrium – a task not always possible with experimental methods alone. 
Instead, simulating a system can provide insight where experiment cannot. However, in order to do 
this, it is important to use a well-designed model which is capable of mimicking the action of DNA 
and, as such, predict behaviour. Results from this can then help to guide experiment, or design new 
ones. 
 
Many coarse grained models for DNA have been published in recent years, including the oxDNA 
model.2 In the work presented, we demonstrate the utility and versatility of this model in modelling 
both simpler and more complex structures to find out further information that experimental 
techniques may not be able to. This is also done with the aim of encouraging more experimental 
groups to, firstly, use the code within their own work and, secondly, use it directly themselves rather 
than requiring the help of a computational group.  
 
1) R. M. Zadegan, M. D. E. Jepsen, K. E. Thomsen, A. H. Okholm, D. H. Schaffert, E. S. Andersen, V. 
Birkedal and J. Kjems, ACS Nano, (2012) 6, 10050-10053. 
2) J. P. K. Doye, T. E. Ouldridge, A. A. Louis, F. Romano, P. Šulc, C. Matek, B. E. Snodin, L. Rovigatti, J. 
S. Schreck, R. M. Harrison and W. P. Smith, Phys. Chem. Chem. Phys., (2013) 15, 20395-20414. 
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Poster 8 
Fragment Library Vector Efficiency: Reaching Molecular Space Other Fragments 
Can’t Reach 

 
Charmaine S.M. Chu a, Paul Colbon b, Philip B. Cox c, Chris Swain d, Neil G. Berry a 

a Department of Chemistry, University of Liverpool, Crown Street, Liverpool L69 7ZD, United 
Kingdom 
b Liverpool ChiroChem Ltd., Department of Chemistry, Crown Street, Liverpool L69 7ZD, United 
Kingdom 
c AbbVie Inc., Drug Discovery Science and Technology, 1 North Waukegan Road, North Chicago, IL 
60064-6217, U.S.A.  
d Cambridge MedChem Consulting, 8 Mangers Lane, Duxford, Cambs, CB22 4RN, United Kingdom  

The ability to analyse the three dimensional pharmacophore diversity is an area that has remained 
underdeveloped in fragment-based lead discovery (FBLD). In this poster we introduce a novel 
descriptor, vector efficiency (VE), that captures the 3-dimensional space and pharmacophore 
diversity of a fragment library. The application of this descriptor allows for analysis of individual 
libraries, as well as allowing for the comparison of two libraries thereby enabling identification of 
fragments which would increase the 3-dimensionality and pharmacophore diversity of a library. This 
approach gives medicinal chemists a methodology for optimising their selection of a fragment 
library for fragment-based drug discovery.  
 
Within our work we have developed several Pipeline Pilot1 protocols which calculates VE and in this 
poster we present two of the core protocols: Vector efficiency calculation with substructure 
alignment and Library comparison. In order to exemplify the advantages of VE as a metric in 
fragment-based lead discovery, we have applied our protocols to three Enamine fragment libraries: 
Ro3 fragment library, General sp3 rich fragment library and Enamine Special sp3 rich fragment set2, 
and the Liverpool ChiroChem (LCC) in-house library. By comparing the library VE per molecule of the 
three Enamine libraries we can show that the specially selected general sp3 rich fragment library 
and Enamine special sp3 rich fragment set have a much improved vector efficiency when compared 
to their parent library, Ro3 fragment library. LCC library is comparable to the Enamine special sp3 
library. Using the Library Comparison protocol to compare Ro3 fragment library and LCC fragment 
library, the vector efficiency of the Ro3 fragment library could be improved by 2.05% whilst 
increasing the number of fragments in the library by only 2.58%, showing that the newly added 
molecules are efficiently adding new vectors to “fill the gaps” of the pre-existing library. 
 

References:  
[1] Pipeline Pilot, https://www.3dsbiovia.com/products/collaborative-science/biovia-pipeline-
pilot/, (accessed 09-10-2019). 
[2] Enamine Ro3 Fragment library, General sp3 rich fragment library and Enamine Special sp3 rich 
fragment set, https://enamine.net/index.php?option=com_content&task=view&id=208 and 
https://enamine.net/index.php?option=com_content&task=view&id=206, (accessed 22-10-2018, 
2018). 
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Poster 9 
Enhanced Sampling of Hydration States and Binding Modes in Protein-Ligand 
Structures with Nonequilibrium Candidate Monte Carlo Simulations 
 
Marley L. Samways, Hannah E. Bruce Macdonald, Jonathan W. Essex 

School of Chemistry, University of Southampton, Southampton, SO17 1BJ, UK 

Routine and rigorous calculation of the binding free energies of drug-like molecules to their 
biological targets is a long-standing aim of the biomolecular simulation community. This aim is often 
impeded by limited sampling of slow transitions between high probability states, such as between 
ligand binding modes or distinct hydration states. These typically occur on timescales inaccessible 
to standard simulation techniques, such as molecular dynamics. This therefore necessitates the use 
of enhanced sampling techniques to drive these changes, but in such a way that does not distort the 
equilibrium properties of the system of interest.  
 
Nonequilibrium candidate Monte Carlo (NCMC) simulations1 offer an opportunity to execute Monte 
Carlo move proposals in which the move is carried out slowly, with relaxation, to allow the system 
to adjust to the proposed change before evaluating the acceptance probability. This has been shown 
to allow much more ambitious move types than are traditionally seen in Monte Carlo simulations, 
whilst still preserving the equilibrium distribution via the Metropolis-Hastings criterion. 
 
Here, we have applied NCMC simulations to two sampling problems relevant to computer-aided 
drug design: transitions between ligand binding modes, and the binding of water molecules at the 
protein-ligand interface. The sampling of ligand binding modes was carried out using the BLUES 
module, developed by the Mobley group, focusing on the sampling of restricted torsional rotations. 
The binding of active site water molecules was carried out using an enhanced grand canonical 
Monte Carlo (GCMC) method,2 implemented in an OpenMM-based module. This module allows 
water to be inserted and deleted from a region of interest as Monte Carlo moves, but with NCMC-
enhancement, allowing the insertions and deletions to be carried out gradually, rather than 
instantaneously. We present the performance of these methods and the scope of their application 
and combination in future work. 
 
References:  
[1] J. P. Nilmeier, G. E. Crooks, D. D. L. Minh and J. D. Chodera, PNAS, 2011, 108, E1009-E1018. 
[2] G. A. Ross, H. E. Bruce Macdonald, C. Cave-Ayland, A. I. Cabedo Martinez and J. W. Essex, JCTC, 
(2017) 13, 6373-6381. 
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Poster 10 
Computational investigations into immune response activation by non-lipidic 
ligands via the TLR-4/MD2 signalling pathway. 
 
Beatrice Pecoraro, Stewart Kirton, Ewelina Hoffman, Vicky Hutter, Matt Traynor 

Department of Clinical and Pharmaceutical Sciences, University of Hertfordshire, College Lane, 
Hatfield, Hertfordshire, UK. 

In silico determination of skin sensitizers is an ongoing challenge. However, the Toll-like Receptor 4/ 
Lymphocyte antigen 96 (TLR-4/MD2) complex is known to be participate  in one of the main 
signalling routes leading to dermal immune response1. The endogenous ligand of the complex, the 
Lipopolysaccharide (LPS), is responsible for a strong immune response activation, and its structure 
is available as a complex with TLR-4/MD2 (PDB: 3FXI). Hence developing a novel in silico method 
based on these structures to assess the potential interaction between chemicals and the TLR-4/M2 
complex could be used as a proxy for the prediction of skin sensitization.  
 
Data relating to small molecule TLR-4 activators is sparse. Structures and EC50 values for 8 
pyrimido[5,4-b]indoles and 37 Euodenine A analogues were retrieved from the literature. 
Preliminary docking studies have been conducted using MOE. These showed a good correlation 
between the experimental data and the docking score for the pyrimido[5,4-b]indoles (R2= 0.8076).  
Conversely, the initial correlation between experimental data and docking scores for the Euodenine 
A analogues was weaker (R2=0.3412).  
 
In an attempt to improve results, and as a consequence of the large volume of the TLR-4/MD2 
binding cavity, a pharmacophore was generated based on the pyrimido[5,4-b]indoles and used as a 
query to guide redocking of the Euodenine A analogues. Again, this showed a poor correlation 
between experimental data and docking results for the Euodenine A analogues (R2=0.404). 
  
As a result, a study to identify potential allosteric binding sites for the Euodenine analogues was 
carried out. A site search identified several cavities large enough to accommodate ligands, as 
previously demonstrated for TLR-4/MD2 complex inhibitors2. A further ‘blind docking’ on the 
complex confirmed these binding sites suggesting the possibility of an allosteric mechanism for 
these activators, that can be investigated further. 
 
 
 
1. S. Martin, P. Esser, F. Weber, T. Jakob, M. Freudenberg, M. Schmidt and M. Goebeler, Allergy, 

2011, 66, 1152-1163. 
2. T. Paramo, T. J. Piggot, C. E. Bryant and P. J. Bond, J. Biol. Chem., 2013, 288, 36215-36225. 
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Poster 11 
Evaluating the Role of Electrostatics in Lignin-degrading Peroxidases with QM/MM  
 
Jonathan Colburn, Michael Bühl 

School of Chemistry, University of St Andrews, St Andrews, Fife, KY16 9ST, UK. 

The biodegradation of lignin, a complex and highly recalcitrant biopolymer, involves radical 
mediated oxidative depolymerisation. This process is catalysed almost exclusively by heme 
peroxidase enzymes. It is believed that the ability to support high redox potentials is what confers 
this unique property.  
 
Here we apply QM/MM methodology to compute the one-electron redox potentials of a variety of 
heme peroxidase enzymes, including lignin peroxidase, manganese peroxidase versatile peroxidase. 
We aim to rationalise this property in terms of the enzyme structure, particularly the electrostatic 
environment surrounding heme.  
 
Currently our results correctly predict the experimentally characterised high redox potential of 
lignin peroxidase [1] relative to the other enzymes, however, attempts to interpret this result 
suggest the need to rethink existing explanations involving the role of charged amino-acids, and 
may have implications generally for interpreting electrostatic effects in electronic embedding 
calculations. 
 
References:  
 [1] L. Castro, L. Crawford, A. Mutengwa, J. Götze, M. Bühl, Org. Biomol. Chem., (2016), 14, 2385-
2389. 
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Poster 12 
A Computational Workflow for Catalyst Design via Machine Learning 
 
Stamatia Zavitsanou, Tom Watts, Ben Davis, Veronique Gouverneur, Fernanda Duarte 

Department of Organic Chemistry, University of Oxford. 

The production of medicines, fuels, foods, and fertilizers rely on catalysts. However, despite their 
importance, the question about how exactly chemists can develop new catalysts, without 
depending on laborious trial-and-error, remains. Experimentally modifying catalysts at different 
positions is a laborious and time-consuming process. To this end, computational methods provide a 
complementary approach, guiding the design of more efficient catalysts at an early stage in the 
process of discovery. 
 
In this project, we aim to expand the methodology of hydrogen-bonding phase-transfer (HB-PT) 
catalysis, as reported by the Gouverneur group1, 2, via computational studies. To achieve this goal, 
we use density functional theory (DFT) and machine learning (ML). We develop a linear regression 
(LR) model trained on multidimensional chemical data. It can be used to predict the performance of 
an HB-PT reaction and to infer underlying reactivity of nucleophilic fluoride for both episulfonium 
and aziridinium substrates.  
 
We show that a set of simple atomic and molecular descriptors, which can be automatically 
extracted from currently used electronic structure packages, can serve as an input for a LR model to 
predict reactivity. Ultimately, we wish to implement an automated workflow to streamline the 
computational design of new catalytic scaffolds. Our intention is to change the way chemists select 
and optimize catalysts from an empirical to a mathematically guided approach. 
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