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The 10th Annual CCPBioSim & MGMS 2024 Conference: 
Molecular modelling in structure-based drug design 

Hello everyone, and welcome to the 10th Annual CCPBioSim and 
Molecular Graphics and Modelling Society 2024 Conference  

“Molecular modelling in structure-based drug design”! 

 

We are a highly multidisciplinary community which means we all have 
something valuable to share, and new things to learn from each other. 
We hope that you enjoy the posters and talks, see old friends and build 
new connections.  

 

We hope to see you all in Newcastle either in person or virtually!  

 

The CCPBioSim and MGMS Conference Committee 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



												
	
 

   

 

The 10th Annual CCPBioSim & MGMS 2024 Conference: 
Molecular modelling in structure-based drug design 

1. Conference Venue 
 
The conference will take place in the Dame Margaret Barbour Building at Newcastle 
University: 

Dame Margaret Barbour Building, Newcastle upon Tyne NE2 4DR. 

Walking to the University Campus from Newcastle Central Station takes around 30 
minutes. Newcastle also has a metro system (https://www.nexus.org.uk/metro). The 
closest station to campus is the Haymarket Station. 

The registraJon, talks, coffee and lunch breaks will take place in the Dame Margaret 
Barbour Building. On arrival, please register at the registraJon desk at the entrance, 
and pick up your badge. 
 
The conference sessions will take place in room DMBB.G.01 on the ground floor of the 
Dame Margaret Barbour Building. 
 
 

 
 

Dame Margaret Barbour Building, Newcastle University 

2. Registration  

When you arrive on Monday 1st July, please come and register. You will get a name 
badge, a printed conference programme, information about the posters, internet 
connection details etc.  

3. Catering 

On Monday 1st July, Tuesday 2nd July and Wednesday 3rd July there will be lunch 
available in the Dame Margaret Barbour Building. The lunch will be buffet style and 
the food options are clearly labelled. 

https://www.nexus.org.uk/metro
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Molecular modelling in structure-based drug design 

 
Our conference dinner, which is included in the registration fee, will take place on 
Tuesday 2nd July at 7:30 pm at the Biscuit Factory (see section 5 below for details).  

In our coffee breaks there will be coffee and tea available, with pastries or biscuits. 

During poster sessions on Monday and Tuesday there will be a drinks reception with 
snacks.  

PLEASE NOTE THAT NO DINNER IS PROVIDED FOR MONDAY NIGHT 

4. Posters  

All posters should be put up during the registration on July 1st and they must be taken 
down on July 3rd. The poster boards are located in the seminar room in the Baddiley Clark 
Building NE2 4BN (Please ask for directions at registration). 

 
Please check the poster number you have been assigned (the list of posters follows the 
programme below). The poster boards will be numbered so please put yours in the right 
place.  

If your poster has an odd number, we ask you to stand in front of your poster in the poster 
session and engage with the other delegates on Monday; on Tuesday, you can wander 
around and look at the other posters. If your poster has an even number, we ask you to 
stand in front of your poster on Tuesday, and you can look at the other posters on 
Monday.  

The poster boards fit A0 posters portrait and only A1 posters fit landscape. Please note 
A0 posters will not fit landscape. Please have your poster with you when you come; it is 
not possible to print it on the day.  

Poster competition: 

 
All posters take part in our poster competition. The posters will be judged on two factors:  

1) the visual clarity of the poster 
2) the interaction of the poster presenter during poster sessions  

 

We will announce the 4 winners during our conference dinner on Tuesday evening. The 
prizes are kindly donated by our 4 industry sponsors: Cancer Research Horizons, Kuano, 
OpenBioSim and RxCelerate, as well as the Royal Society of Chemistry journals – we would 
like to extend our huge thanks to our sponsors for the prizes.  
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5. Conference dinner 

Time – 7:30 pm Tuesday, July 2nd  

The Biscuit Factory, 16 Stoddart St, Shieldfield, Newcastle upon Tyne NE2 1AN 

Our conference dinner is included in the registration fee.  

 

Photo of the conference dinner venue at the Biscuit Factory, Newcastle 

Everybody is invited to take part in the three-course conference dinner. There will be wine 
and soft drinks available at the tables and a bar where you can buy more drinks. IF FOR 
ANY REASON YOU ARE UNABLE TO ATTEND THE DINNER, PLEASE INFORM A MEMBER 
OF THE ORGANISING COMMITTEE AS SOON AS POSSIBLE.  

We have informed the venue of any dietary requirements that you requested at 
registration. 

 

6. Internet access 

Eduroam is available or visitors can access free wifi provided by the cloud. 
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7. Sponsors 

We are grateful to our sponsors:  

 

 

8. Organising Committee 

Dr Daniel Cole, Newcastle University 
Dr Agnieszka Bronowska, Newcastle University 
Dr Natalie Tatum, Newcastle University 
 
We are especially grateful to the following for their contributions to the conference: 
 
Katy Sawyer, Newcastle University 
Ben Cree, Newcastle University 
Asma Feriel Khoualdi, Newcastle University 
Sarah Harris, University of Sheffield  
Sarah Fegan, STFC 
Georgia Lomas, STFC 
Steve Maginn, Chemical Computing Group  

Email: ccpbiosim2024@group.newcastle.ac.uk 
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Programme 
Day 1: Monday 1st July  

12:00 – 13:00  RegistraJon and Lunch 
13:00 – 13:05  Daniel Cole Welcome  

Session 1: From Desktop to Benchtop and Back 
Chair: Natalie Tatum 

13:05 – 13:35  
T1 

Frank von DelX          
Diamond Light Source 

Fast-Forward Fragments for rapidly 
progressing structure-based (XChem) 
fragment screens 

13:35 – 13:55 
T2 

Anna Duncan                 
Aarhus University 

 

Why Losing a Lipid Tail Mahers: 
Cardiolipin, and not 
Monolysocardiolipin, PreferenJally 
Binds to the Interface of Complexes III 
and IV 

13:55 – 14:15 
T3 

Daniella Hares             
InsJtute of Cancer Research 

Decoding BCL6 Inhibitors: 
ComputaJonal Insights into the 
Impact of Water Networks on 
Potency 

14:15 – 14:45 
T4 

Giulio Tesei 
University of Copenhagen 

Data-driven Modelling of the 
Intrinsically Disordered Proteome 

14:45 – 15:20  Coffee & Tea 
15:20 – 15:50  

T5 
MaYhieu Schapira (online) 
University of Toronto 

Lessons Learned from the First CACHE 
Challenge 

15:50 – 16:10 
T6 

Julian Streit 
University College London 

The Ribosome Lowers the Entropic 
Penalty of Protein Folding 

16:10 – 16:30 
T7 

Isabel EllioY              
University of Southampton 

Structure-guided Disulfide 
Engineering Restricts AnJbody 
ConformaJon and Flexibility to Elicit 
TNFR Agonism in AnJ-cancer 
TherapeuJcs 

16:30 – 16:50 
T8 

James Krieger              
NaJonal Centre for 
Biotechnology, Madrid 

Improving ConJnuous Heterogeneity 
Landscapes and InterpretaJons using 
Atomic Structures: A Case Study of 
SARS-CoV-2 Spike Variants 

16:50 – 18:30 Poster session (odd numbers) 
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Day 2: Tuesday 2nd July  
 
 

Session 2: Molecular Modelling Methods 
Chair:  Agnieszka Bronowska 

9:00 – 9:30 
T9 

Antonia Mey 
University of Edinburgh 

From AcJve Learning to Zinc: 
Adventures with Alchemical Free 
Energy CalculaJons 

9:30 – 9:50  
T10 

Katarzyna Zator 
University of Cambridge 

Atom Surface Site InteracJon 
Mapping of Protein-Ligand 
Complexes 

9:50 – 10:10 
T11 

Wojciech Kopec      
Queen Mary University 
of London 

ComputaJonal Electrophysiology of 
Potassium and Chloride Channels 

10:10 – 10:30 
T12 

Sofia Oliveira   
University of Bristol 

Using Dynamical-Nonequilibrium MD 
SimulaJons to Understand Drug 
Resistance and Allostery in Proteins 

10:30 – 11:00 Coffee & Tea 
11:00 – 11:30 

T13 
Marco de Vivo 
IsJtuto Italiano di 
Tecnologia 

TargeJng the Conserved AcJve Site 
of Splicing Machines 

11:30 – 11:50 
T14 

Finlay Clark      
University of Edinburgh 

Automated AdapJve Absolute 
Binding Free Energy CalculaJons 

11:50 – 12:20 
T15 

Maria Kurnikova 
Carnegie Mellon 
University 

AcJve Learning Driven Hit Mining and 
OpJmizaJon based on Molecular 
Dynamics Simulated Free Energies 

12:20 – 13:30 Lunch 
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Day 2: Tuesday 2nd July  
AVernoon  
 

Session 3: Machine Learning 
Chair:  

13:30 – 14:00 
T16 

Cecilia Clemen` (online) 
Freie Universität Berlin 

NavigaJng protein landscapes with a 
machine-learned transferable 
coarse-grained model 

14:00-14:20 
T17 

Elliot Chan          
University of Bristol 

ElectrostaJc Embedding of Machine 
Learned PotenJals for Accurate and 
Efficient SimulaJon of Enzyme Catalysis 

14:20 – 14:40 
T18 

Christopher Williams 
University of Manchester 

Stable and Accurate SimulaJons of Drug 
Molecules using ConformaJonally 
Generalisable Machine Learned PotenJals 

14:40 – 15:00  
T19 

Francesc Sabanes 
Acellera TherapeuJcs 

Enhancing Protein-Ligand Binding Affinity 
PredicJons using Neural Network 
PotenJals 

15:00 – 15:30 Coffee & Tea 
15:30 – 16:00 

T20 
Mohammed AlQuraishi 
Columbia University 

The State of Protein Structure PredicJon 
and Friends 

16:00 – 16:20 
T21 

Jonathan Heal  
RxCelerate 

Real World Comparison of Dynamic Ultra 
Large Library Screening with Commercial 
Library Screening against Different Target 
Classes 

16:20 – 16:40 
T22 

Will Gerrard              
Kuano 

ApplicaJon of AI Augmented Design in 
Early Stage Drug Discovery 

16:40 – 18:15 Poster Session (even numbers) 

18:15 Move to the Biscuit Factory 
19:00 Conference Dinner 
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Day 3: Wednesday 3rd  July  
 

Session 4: Case Studies in Computer-Aided Design 
Chair:  

9:00 – 9:30  
T23 

Giulia Rossec (online) 
Forschungszentrum Jülich 

AI-based IdenJficaJon of TherapeuJc 
Agents TargeJng GPCRs: Introducing 
Ligand Type Classifiers and Systems Biology 

9:30 – 9:50 
T24 

Richard Heath 
Newcastle University 

Using SeeSAR to IdenJfy Novel TherapeuJc 
StarJng Points for Friedreich's Ataxia 

9:50 – 10:10  
T25 

Jordi Juarez-Jimenez 
Universitat de Barcelona 

ComputaJonal Tools for the RaJonal 
Design of Molecular Glues 

10:10 – 10:30 
T26 

Kin Chao 
Imperial College London 

ModulaJon of Class B1 GPCRs by the 
Plasma Membrane Environment 

10:30 – 11:00 Coffee & Tea 
11:00 – 11:30  

T27 
Joe Bluck 
Bayer 

PrioriJzing Molecules for Synthesis using 
In-Silico Tools 

11:30 – 11:50 
T28 

Joshua Horton 
Newcastle University 

ASAP-Alchemy: A State-of-the-Art Open-
Source Alchemical Free Energy Pipeline 
with Bespoke Force Fields 

11:50 – 12:10 
T29 

Stefano Serapian 
University of Pavia 

MD SimulaJons Map the Havoc Wreaked 
by One MutaJon in [Hsp60]14 

12:10 – 12:30 
T30 

Salome Llabres 
Universitat de Barcelona 

Unravelling the EnergeJcs of a Small 
Molecule-Induced Disorder-to-Order 
TransiJon 

12:30  

 

Closing remarks 

12:45 Conference closes & Lunch 
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 Poster Presentations  

1 Adams, Charlie  

2 Alhabradi, Thuraya  

3 Alyemni, Saleh  

4 Begum, Jaida  

5 Blanco Gabella, Patricia  

6 Burman, Matthew  

7 Casteller, Lisa  

8 Cherednichenko, Anton  

9 Clark-Nicolas, Joan  

10 El Khaoudi Enyoury, Hocine  

11 Emam, Aya  

12 Fegan, Sarah  

13 Figueroa Blanco, David Ricardo  

14 Guljas, Andrea  

15 Holdship, Charlie  

16 Hollands, Katy  

17 Houppy, William  

18 Hsiao, Ya-Wen  

19 Ivanova, Varbina  

20 Kalayan, Jas  

21 Kalita, Papu  

22 Kalpokas, Audrius  

23 Kazmierczak, Magdalena  

24 Khoshravan Azar, Asal  

25 Khoualdi, Asma Feriel  

https://app.cvent.com/subscribers/events2/Invitee/InviteeDetails?evtstub=3b97e415-1175-4d62-8e87-88d085407246&inviteestub=a46ff0b0-5ac4-42ca-a262-339a175d3cb3


												
	
 

   

 

The 10th Annual CCPBioSim & MGMS 2024 Conference: 
Molecular modelling in structure-based drug design 

26 Mattia, Marco  

27 Moore, Harry  

28 Morado, Joao  

29 Morton, William  

30 Notari, Evangelia  

31 Pakamwong, Bongkochawan  

32 Papa, Ioana  

33 Parrag, Matyas  

34 Peeters, Jordy  

35 Pornprom, Thimpika  

36 Puch Giner, Ignasi  

37 Pungpo, Pornpan  

38 Ramos, Carlos  

39 Santos, Sonia  

40 Serrano-Aparicio, Natalia  

41 Taylor, Matthew  

42 Velasco Berrelleza, Victor   

43 Veselu, Diana  

44 Weston, George  

45 White, Elise  

46 Windeln, Leonie  

47 Yong, Chin  

48 Zhang, Chenfeng  

49 Zhu, Ryan  

 
 
 
 
 

https://app.cvent.com/subscribers/events2/Invitee/InviteeDetails?evtstub=3b97e415-1175-4d62-8e87-88d085407246&inviteestub=5b14e254-a675-401b-afb8-9952c883643d
https://app.cvent.com/subscribers/events2/Invitee/InviteeDetails?evtstub=3b97e415-1175-4d62-8e87-88d085407246&inviteestub=36b3cbf2-f9eb-4d8d-9e3f-4b024a7cd0fe
https://app.cvent.com/subscribers/events2/Invitee/InviteeDetails?evtstub=3b97e415-1175-4d62-8e87-88d085407246&inviteestub=ed4f0b35-66b3-4e5a-9bb2-78c3ba6fc6ee
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Fast-Forward Fragments for rapidly progressing structure-based 
(XChem) fragment screens 

 
Frank von Delft1 

1Diamond	Light	Source	 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

T1 
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Why losing a lipid tail matters: Cardiolipin, and not monolysocardiolipin, 
preferentially binds to the interface of complexes III and IV 

 
Anna L Duncan1; Noah Harrison2; Phillip J Stansfeld3; Robin A. Corey2,4  

1Department of Chemistry, Aarhus University, Denmark 

2 Biochemistry Department, University of Oxford, UK 
3Department of Chemistry, University of Warwick, UK 

4Currrent address: School of Physiology, Pharmacology & Neuroscience, University of Bristol 

Corresponding author: anna.duncan@chem.au.dk 

Abstract 
 
The mitochondrial electron transport chain comprises a series of protein complexes embedded in the 
inner mitochondrial membrane that generate a proton motive force via oxidative phosphorylation, 
ultimately generating ATP. These protein complexes can oligomerize to form larger structures called 
supercomplexes. Cardiolipin (CL), a conical four-tailed lipid, unique within eukaryotes to the inner 
mitochondrial membrane, has proven essential in maintaining the stability and function of 
supercomplexes. Monolysocardiolipin (MLCL) is a CL variant that accumulates in people with Barth 
syndrome (BTHS), and differs from CL only by the loss of one lipid tail. BTHS is caused by defects in 
CL biosynthesis and characterised by abnormal mitochondrial bioenergetics and destabilised 
supercomplexes. However, the mechanisms by which MLCL causes pathogenesis remain unclear. Here, 
multiscale molecular dynamics characterise the interactions of CL and MLCL with yeast and 
mammalian mitochondrial supercomplexes containing complex III (CIII) and complex IV (CIV). 
Coarse-grained simulations reveal that both CL and MLCL bind to sites at the interface between CIII 
and CIV of the supercomplex. Free energy perturbation calculations show that MLCL interaction is 
weaker than that of CL and suggest that interaction with CIV drives this difference. Atomistic contact 
analyses show that, although interaction with CIII is similar for CL and MLCL, CIV makes more 
contacts with CL than MLCL, demonstrating that CL is a more successful “glue” between the two 
complexes. The study suggests that MLCL accumulation in people with BTHS disrupts supercomplex 
stability by formation of relatively weak interactions at the interface lipid binding site. 

 

 

Cardiolipin (CL) vs monolysocardiolipin (MLCL) interaction at the interface of Complex III2 and 
Complex IV 

References 
A. Corey, R.; Harrison, N.; J. Stansfeld, P.; P. Sansom, M. S.; L. Duncan, A. Chemical Science 2022, 
13 (45), 13489–13498. https://doi.org/10.1039/D2SC04072G. 
 

CIVCIII2
CL MLCL

Stronger 

Interface 
interaction 

site

Weaker 
 = less ability to ‘glue’

T2 

https://doi.org/10.1039/D2SC04072G
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Decoding BCL6 Inhibitors: Computational Insights into the Impact of 

Water Networks on Potency 
 

Daniella Hares1; Andrea Scarpino1, Michael Bodnarchuk2*, Swen Hoelder1* 
1 Centre for Cancer Drug Discovery, The Institute of Cancer Research, London SM2 5NG, 

UK 

2 Oncology R&D, AstraZeneca, Cambridge Biomedical Campus, Cambridge CB2 0AA, UK 

Corresponding authors: swen.hoelder@icr.ac.uk, michael.bodnarchuk@astrazeneca.com  

Abstract 
 
Water networks can have a critical role in small molecules binding to a target protein and are an 
important consideration in structure-based drug design. Previous computational studies have predicted 
protein-bound water molecules to contribute between -3 to -6 kcal mol-1 towards binding affinity [1]. 
When modifying the molecular structure of a lead compound, the rearrangement of surrounding water 
networks in the binding site can impact potency but this contribution is challenging to measure 
experimentally. Computational methods are ideally suited to study the interplay between ligand 
optimisation and water displacement by predicting the effect of structural changes on both the activity 
of the compound and the stability of neighbouring water molecules.We used Grand Canonical Monte 
Carlo simulations and alchemical free energy calculations to retrospectively rationalise the trends in 
potency observed in a set of B-cell Lymphoma 6 (BCL6) inhibitors [2]. As part of the drug design 
process, the inhibitor molecular structure was modified to displace water molecules that were part of a 
network within the protein binding site.Using the BCL6 project as an example, this talk will demonstrate 
how computational approaches can shine a light into an aspect that is often overlooked but essential to 
guide the design of better compounds when working with hydrated protein pockets. We show the power 
of these methods and encourage their use more widely, particularly in prospective applications on drug 
discovery projects. 

 

Figure 1: Four compounds selected from Lloyd et al. [2] that sequentially displace up to three water molecules from a 
network within a subpocket of the BCL6 binding site. The IC50 values were calculated using TR-FRET. Using GCMC 

simulations performed at different chemical potentials, the binding free energy of the water molecules in the subpocket 
compared to bulk solvent can be calculated through the Grand Canonical Integration method [3]. 

 

 

References 
[1] Mobley, D. L. and Dill K. A. (2009). Structure, 17 (4), 489–498. 
[2] Lloyd, M. G., Huckvale, R., Cheung, K.-M. J., Rodrigues, M. J., Collie, G. W., Pierrat, O. A., Gatti Iou, M., Carter, M., 
Davis, O. A., McAndrew, P. C., Gunnell, E., Le Bihan, Y.-V., Talbot, R., Henley, A. T., Johnson, L. D., Hayes, A., Bright, M.  
D., Raynaud, F. I., Meniconi, M., Burke, R., van Montfort, R. L. M., Rossanese, O. W., Bellenie, B. R., Hoelder, S. (2021). J. 
Med. Chem., 64 (23), 17079–17097. 
[3] Ross, G. A., Bodnarchuk, M. S. and Essex, J. W. (2015). J. Am. Chem. Soc., 137 (47), 14930–14943. 
 T3 
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Data-driven modelling of the intrinsically disordered proteome 
 

Giulio Tesei1; Anna Ida Trolle1; Nicolas Jonsson1; Johannes Betz1; Frederik E. Knudsen1; Francesco 
Pesce1; Kristoffer E. Johansson1; Kresten Lindorff-Larsen1 

1Structural Biology and NMR Laboratory, Linderstrøm-Lang Centre for Protein Science, Department 
of Biology, University of Copenhagen, Copenhagen, Denmark  

 
Corresponding author: giulio.tesei@bio.ku.dk 

 

Abstract 
 
Intrinsically disordered regions (IDRs) constitute about one third of the human proteome and play 
important roles in biological processes. While lacking well-defined 3D structures, IDRs adopt 
heterogeneous conformational ensembles which are determined by the amino acid sequence, yet not 
captured by existing methods for structure prediction. I will first present CALVADOS, an efficient 
coarse-grained molecular model of IDRs [1,2]. The model was trained on experimental data reporting 
on conformational properties and validated extensively against both conformational and phase 
properties of IDRs with diverse sequences. Second, I will describe how we investigated relationships 
between sequence, conformational ensembles, and biological functions using molecular simulations of 
28,058 human IDRs performed with CALVADOS [3]. Through bioinformatics analyses, we explored 
the relationship between the conformational properties of the IDRs, which we obtained from 
simulations, and the biological function and cellular localization of the full-length proteins. Further, we 
looked at how sequence features relate to conformational properties and analysed the evolutionary 
conservation of compaction across homologous IDRs. Our work exemplifies how a proteome-wide 
database of conformational ensembles can be used to gain insights into sequence–ensemble 
relationships and to formulate hypotheses on the biological role and evolution of human IDRs. 
 

 

Figure 1: Approach for proteome-wide study of human IDRs. (A) Selection of IDRs using AlfaFold2 
predictions. (B) Generation of conformational ensembles via CALVADOS simulations. (C) Linking 
IDR conformational properties to the cellular localization and function of the full-length protein. 

References 
[1] Tesei, G.; Schulze, T. K.; Crehuet, R.; Lindorff-Larsen, K. (2021). PNAS 118(44), e2111696118. 
[2] Tesei, G.; Lindorff-Larsen, K. (2023). Open Research Europe 2, 94. 
[3] Tesei, G.; Trolle, A. I.; Jonsson, N. et al. (2024). Nature 626, 897–904. 
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Lessons learned from the first CACHE challenge. 
Matthieu Schapira1 

1University of Toronto 

The CACHE challenges are prospective benchmarking exercises where computationally predicted 
compounds are tested experimentally. In its first iteration, 23 computational teams collectively predicted 
1955 compounds targeting the Parkinson’s Disease target LRRK2. The seven successful computational 
workflows varied in their screening strategies and techniques. Three used molecular dynamics to 
produce a conformational ensemble of the targeted site, three included a fragment docking step, three 
implemented a generative design strategy and five used one or more deep learning steps. CACHE #1 
reflects a highly exploratory phase in computational drug design where participants sometimes adopted 
strikingly diverging screening strategies. Machine-learning accelerated methods achieved similar 
results to brute force docking. First-in-class, experimentally confirmed compounds were rare and 
weakly potent, indicating that recent advances are not sufficient to effectively address challenging 
targets. 
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The ribosome lowers the entropic penalty of protein folding 

Julian O. Streit1*, Ivana V. Bukvin1*, Sammy H.S. Chan1*, Shahzad Bashir1, Lauren F. Woodburn1, 
Tomasz Włodarski1, Angelo Miguel Figueiredo1, Gabija Jurkeviciute1, Haneesh K. Sidhu1, Charity R. 
Hornby1, Christopher A. Waudby1, Lisa D. Cabrita1, Anaïs M.E. Cassaignau1 & John Christodoulou1à 

1Institute of Structural & Molecular Biology, Department of Structural & Molecular Biology, 
University College 

London, London WC1E 6BT, UK and Department of Biological Sciences, Birkbeck College, London 
WC1E 7HX, UK 

*These authors contributed equally to this work. 
 

àTo whom correspondence should be addressed: j.christodoulou@ucl.ac.uk  

Abstract  

Most proteins fold during biosynthesis on the ribosome, and co-translational folding energetics, 
pathways, and outcomes of many proteins have been found to differ considerably from those in 
refolding studies. The origin of this folding modulation by the ribosome has remained elusive. Here, 
we have exploited long-timescale all-atom MD simulations in explicit solvent of ribosome-nascent 
chain complexes. These simulations were integrated with restraints from paramagnetic relaxation 
enhancement NMR experiments, allowing us to determine atomistic structures of the unfolded state of 
a model protein on and off the ribosome. The ensembles reveal that the ribosome structurally expands 
the unfolded nascent chain and increases its solvation, resulting in its entropic destabilisation relative 
to in isolation. Quantitative 19F NMR experiments confirm that this destabilisation reduces the entropic 
penalty of folding by up to 30 kcal mol-1 and promotes formation of partially folded intermediates on 
the ribosome, an observation that extends to other protein domains and is obligate for some proteins to 
acquire their active conformation. The thermodynamic effects also contribute to the ribosome protecting 
the nascent chain from mutation-induced unfolding, which suggests a crucial role of the ribosome in 
supporting protein evolution. By correlating nascent chain structure and dynamics to their folding 
energetics and post-translational outcomes, our findings establish the physical basis of the distinct 
thermodynamics of co-translational protein folding.  
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 Structure-guided disulfide engineering restricts antibody 
conformation and flexibility to elicit TNFR agonism in anti-cancer 

therapeutics 
 

Isabel Elliott1,2,3, Hayden Fisher1,2,3, Christian M. Orr4, Claude H.T. Chan1, Christine A. Penfold1, 
Patrick J. Duriez1, Tatyana Inzhelevskaya1, C. Ian Mockridge1, Ivo Tews2,5, Mark S. Cragg1,5, 

Jonathan W. Essex3,5. 
1University of Southampton, School of Cancer Sciences, Centre for Cancer Immunology; 

Southampton, SO16 6YD, UK. 
2University of Southampton, School of Biological Sciences; Southampton SO17 1BJ, UK. 

3University of Southampton, School of Chemistry; Southampton SO17 1BJ, UK. 
4Diamond Light Source, Didcot OX11 0FA, UK. 
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Abstract 
 
Immunostimulatory antibodies (ISAs) represent a promising strategy for cancer immunotherapy. By 
activating co-stimulatory molecules expressed on immune cells, such as tumour necrosis factor 
receptors (TNFRs), ISAs can enhance the immune response towards tumours, resulting in powerful 
anti-cancer effects [1]. Antibodies comprise two antigen-binding domains linked to an effector domain 
through a disulfide-containing hinge. There are four isotypes of human (h)IgG, and previous work has 
shown that the hIgG2 isotype can deliver strong agonistic activity for ISAs, due to its unique hinge 
disulfide arrangement [2]. Here we employ an integrative approach to understand how structure and 
conformational dynamics affect agonistic activity of hIgG2 antibodies. We use cellular assays to 
ascertain agonistic activity, small angle X-ray scattering (SAXS) to assess flexibility and conformation, 
X-ray crystallography to determine protein structure and disulfide position, and molecular dynamics 
simulations with SAXS-guided ensemble reweighting to probe antibody conformational dynamics. By 
modifying hinge disulfide patterns using cysteine-to-serine exchange mutations, we show that strong 
agonistic activity is associated with restricted global antibody flexibility and reduced conformational 
dynamics due to the presence of a cross-over of disulfides in the hinge [3]. This has been shown for 
antibodies targeting two different co-stimulatory receptors, CD40 and 4-1BB. We then use structure-
guided approaches to design new hIgG2 antibody variants with novel disulfide patterns, to further 
restrict flexibility and enhance biological activity.  Together, these results demonstrate the importance 
of structure and conformational dynamics in ISAs and provide a strategy for the rational design of more 
powerful antibody therapeutics, and thus more effective anti-cancer treatments. 
 

  

Figure 1: A crossover of disulfides in the hinge region of hIgG2 antibodies restricts conformational dynamics and flexibility, providing 
stronger receptor agonism and more powerful immunostimulatory activity to anti-cancer therapeutics. 
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Abstract 
 
There are now a large number of image processing methods capable of generating landscapes 
representing the continuous heterogeneity present in a Cryo-EM dataset along with volumes 
corresponding to particular landscape regions and particle images. These landscapes usually have many 
dimensions (e.g. 10 or 39) and it is common to visualize them by dimensionality reduction methods 
(such as PCA or UMAP) applied either directly to the multi-dimensional coordinates of the particles or 
to the output volumes, but the resulting 2D or 3D landscapes are still difficult to interpret and often vary 
between methods, executions and datasets. 
 
We have, therefore, come up with a pipeline based around atomic models flexibly fitted to the volumes 
generated by continuous heterogeneity methods including both our deformation- and density-based 
approaches. This approach uses ProDy for PCA of the atomic positions after superposition and then 
projection of the atomic structures onto the principal components (PCs). The same PCA can be easily 
used for structures coming from different datasets as well as those already deposited in the PDB or 
derived from molecular simulations, enabling their comparison in a common space. As atomic PCA is 
a common approach in computational biophysics, the validity and interpretation of the coordinates is 
much clearer. Each axis corresponds to a mode of variation based on motion of the atoms away from 
the average structure that can be visualized in the normal mode wizard (NMWiz) in VMD. There is also 
a related method called logistic regression analysis (LRA), which can be used to generate modes of 
motion related to differences between different subsets of structures. We have also developed a 
connection with the Bayesian ensemble reweighting framework for comparing these atomic structures 
back to the particle images, enabling the full landscapes to represented in this space, providing a better 
idea of populations and free energies. These tools are implemented within plugins of the Scipion 
workflow engine, providing easy access to users downstream of continuous heterogeneity analyses. 
 
We have extensively tested this pipeline on two datasets corresponding to the spike glycoprotein from 
two different SARS-CoV-2 variants, enabling us to draw conclusions about the overall variation within 
both datasets together as well as the differences between them that may underlie variant effects. This 
enabled us to compare these variations to published structures of these variants and better understand 
the effects of different experimental conditions such as stabilizing mutations.  
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Abstract 

 
Relative free energy (RFE) calculations are widely used in academia and industry to compute free 
energies of binding between ligands and proteins as accurately as possible. While alchemical methods 
do provide good accuracy for many systems some challenges remain. One challenge is how to 
effectively choose which ligands to screen with RFE calculations when the ligand pool for testing is 
larger than the computational budget allows. A second challenge involves ligands that interact with 
metals in the binding site. Both have unique sets of challenges. 

 
I will highlight how we have used active learning (AL), an iterative process that allows for learning of 
labels of an unlabelled dataset, to identify which compounds to select next for RFE screening from a 
ligand pool. We benchmarked the influence of different surrogate models (Chemprop and Gaussian 
processes), AL strategies such as exploration and exploitation cycles, batch sizes, and the effect of noise 
on the selection efficiency of the data. 

 
To address how we can better model ligands interacting with coordinating metal ions in metalloproteins 
and devise robust free energy protocols for such systems, I will share our ongoing efforts in this 
direction. Using different β-lactamases, divalent zinc metallo-β-lactamases, and serine β-lactamases, 
we can show that conventional RFE methods give good binding affinities with respect to experimental 
measures of known congeneric series. The same ligands showing activity against metallo-β-lactamases 
cannot be modelled to the same level of accuracy using naïve ligand and metal force field parameters 
as well as restraints for the effective coordination of the metal sites.  

 
 

Figure 1: Active learning allows for efficient selection of ligands in alchemical free energy calculations 

References 
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Abstract 
 
Advances in theoretical chemistry allowed us to discover the equations that describe the electronic 
structure of the atoms, but also informed us that such accurate calculations are very expensive indeed. 
To look at larger systems, akin to protein-ligand complexes, simplifications need to be introduced which 
compromise the quality of result, and we ought to carefully consider errors that might henceforth arise. 
Furthermore, in a drug design campaign the aim is not merely in learning about a single system, but 
discovery of one with desirable properties, hence we need a reliable way of canvassing chemical space 
to find a ligand of interest. This process has been entrusted to scoring functions which evaluate the 
relative stability of complexes formed between ligands and proteins. We have used DFT to develop the 
Atom Surface Site Interaction Point (AIP) approach [1][2] to quantify all non-covalent interactions a 
molecule is capable of making with the environment, i.e. solvent or binding site. When two molecules 
interact, AIPs that are close in space are paired to calculate the free energy of binding by summing over 
all pairwise interactions. Each such interaction has an associated electrostatic and dispersion 
components. The method has been successfully applied to host-guest complexes in a variety of solvents 
by using SSIMPLE solvation energies [3]. We used the CASF-2016 dataset of diverse X-ray protein-
ligand structures [4] to develop an AIP scoring function for use in drug discovery. The method is fast 
and produces interpretable and accurate binding free energies, as well as AIP Interaction Maps, as 
exemplified in Figure 1, that allow interpretation of the key contributions to binding. This knowledge 
can be used not only to judge promising ligand leads but to design better binding ligands overall. 
 

 

Figure 1: AIP Interaction Map of protein-ligand interactions in the 1PXN complex: translucent 
green spheres represent attractive interactions, and yellow – repulsive. 
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Ion channels are the third largest class of protein targets in drug discovery. Traditionally, ion channels 
have been studied by either structural biology or electrophysiology techniques. While both approaches 
are extremely powerful, a direct comparison of the “structural world” with the “functional” one is not 
always straightforward, due to resolution and time scales differences between these techniques. Here, I 
will present how Molecular Dynamics (MD) based simulations under applied voltage can be used as a 
bridging “Computational Electrophysiology” (CompEl) approach, to study ion permeation and gating 
at the atomistic scale, simultaneously enabling direct comparison with experimentally measured single 
channel currents. Progress in the force field development allowed us to record, for the first time, full I-
V curves for several potassium channels, revealing the mechanism of inward rectification. We show 
how ion permeation in these channels, occurring via “full” direct knock-on mechanism, underlies their 
high permeation rates. Selectivity filter gating and its modulation by small molecules in the TREK-1 
channel will be discussed as well. Finally, our work on the Cystic Fibrosis Transmembrane 
Conductance Regulator (CFTR) shows a bifurcated permeation pathway, with a hitherto unknown 
regulation mechanism. These examples of pharmacologically relevant ion channels suggest CompEl as 
an attractive technique in drug discovery of ion channel-targeting molecules.  
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Abstract  

Proteins are neither static nor work in isolation in physiological conditions. In fact, it is the opposite; 
proteins are continuously moving and switching between many different conformations. Changes in the 
environment can shift the balance between this multitude of conformations, ultimately determining the 
protein's macroscopic behaviour. The binding of ions and small ligands and peptides, changes in 
voltage, pH, and temperature and light absorption by light-harvesting complexes are all good examples 
of external perturbations that can induce changes in protein structure and dynamics, thus affecting their 
function.  

Several computational approaches have been developed over the years to study functional dynamics in 
proteins and understand how structural and dynamic changes shape function. Here, we will focus on 
the emerging dynamical non-equilibrium molecular dynamics (D-NEMD) simulations approach [1-3]. 
This method combines simulations in stationary (in particular, equilibrium) and non-equilibrium 
conditions and by doing so allows us to extract the evolution of the response of a protein when exposed 
to an external perturbation. This approach, which was initially proposed in the seventies, is currently 
undergoing a renaissance and having increasing impact on the study of biological systems.  

Here, we will briefly discuss the essential features of the D-NEMD approach and how it can be used in 
a more general setting to study proteins. We also provide examples of different biomolecular systems 
and biological questions that can be addressed using this method. The examples, covering different 
proteins ranging from soluble enzymes to integral membrane receptors and the SARS-CoV2 spike 
demonstrate the versatility and general applicability of the D-NEMD approach and how it can provide 
a comprehensive and unbiased mapping of the structural responses and communication networks in 
proteins.  

 

Figure 1: Schematic representation of the D-NEMD approach. The stationary (e.g., equilibrium) MD trajectory (black line) 
provides the initial distribution for the non-equilibrium simulations at time t=0. The individual non- equilibrium trajectories 
sample the dynamic evolution of the system after the introduction of a perturbation.  
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In my contribution, I will illustrate our current efforts in targeting RNA, using small organic 
molecules. Specifically, I will explain our work on targeting the conserved active site of 
splicing machines. This work is based on our mechanistic investigations of the self-splicing 
group II introns, which are bacterial and organellar ancestors of the nuclear spliceosome. I will 
show how we integrate atomistic molecular simulations and alchemical free energy 
calculations with enzymatic and crystallographic studies to design potent splicing modulators. 
Furthermore, I will delve into the mechanism by which the evolutionarily conserved RNA core 
of splicing machinery exhibits specificity in recognizing small molecules. This capability paves 
the way for designing innovative splicing modulators potentially applicable to a broad 
spectrum of human diseases. 
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Abstract 
 
Alchemical absolute binding free energy (ABFE) calculations offer a rigorous method to calculate the 
binding affinities of varied molecules.1 They can address problems such as optimising ligand selectivity 
or promiscuity, and predicting the functional response of ligand binding. They are also useful as a final, 
accurate filter in virtual screening. However, ABFE calculations are computationally expensive, 
demanding tens to hundreds of GPU hours for a single molecule or pair of molecules. To become a 
routine tool in industrial drug discovery, ABFE calculations must become more efficient and automated. 
 
I will discuss algorithms to improve the efficiency of ABFE calculations by reducing both user and 
simulation time. In particular, I will discuss the automated selection of the number and spacing of 
simulations intermediate between the thermodynamic end states, the detection of equilibration, and the 
adaptive allocation of simulation time to achieve minimum variance of the final free energy estimate. I 
will address the automated selection of restraints between the receptor and ligand, which can 
significantly influence the performance of ABFE calculations.2 Finally, I will discuss the 
implementation of these algorithms in an open-source software package, A3FE.3 We hope that these 
approaches will reduce the barrier to the routine use of absolute binding free energy calculations in drug 
discovery.  
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Abstract 
 
In silico identification of potent protein inhibitors requires prediction of a ligand binding free energy 
(BFE). Thermodynamics integration (TI) based on molecular dynamics (MD) simulations is a BFE 
calculation method capable of predicting accurate BFE, but it is computationally expensive and time-
consuming. We have developed an efficient automated workflow for identifying compounds with the 
lowest BFE among thousands of congeneric ligands which requires only hundreds of TI calculations. 
Automated Machine Learning (AutoML) orchestrated by Active Learning (AL) in AL-AutoML 
workflow allows unbiased and efficient search for a small set of best performing molecules. We have 
applied this workflow to select inhibitors of the SARS-CoV-2 papain-like protease 1, as well as to 
predict hit and optimized hits for the Leucine-Rich Repeat Kinase 2 (LRRK2) WD40 Repeat (WDR) 
domain2, a Parkinson’s disease target as a part of the Critical Assessment of Computational Hit-Finding 
experiments (CACHE) Challenge #1.  We obtained hit rates that outperform a traditional expert 
medicinal chemist-guided campaigns, as well as other in silico schemes. Thus, we demonstrate that 
combination of AL and AutoML with free energy simulations provide at least 20x speedup relative to 
the naïve brute force approaches. 
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Abstract 
 
The most popular and universally predictive protein simulation models employ all-atom molecular 
dynamics (MD), but they come at extreme computational cost. The development of a universal, 
computationally efficient coarse-grained (CG) model with similar prediction performance has been a 
long-standing challenge. By combining recent deep learning methods with a large and diverse training 
set of all-atom protein simulations, we have developed a bottom-up CG force field with chemical 
transferability, which can be used for extrapolative molecular dynamics on new sequences not used 
during model parametrization. We have demonstrated that the model successfully predicts folded 
structures, intermediates, metastable folded and unfolded basins, and the fluctuations of intrinsically 
disordered proteins while it is several orders of magnitude faster than an all-atom model. This 
showcases the feasibility of a universal and computationally efficient machine-learned CG model for 
proteins. 
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Abstract 

To simulate reactions in large biomolecular systems, Quantum Mechanics/Molecular Mechanics 
(QM/MM) is typically used, treating just the region where the reaction occurs with QM and the rest 
with MM. Whilst this is the state-of-the-art for simulating enzyme reactions, the speed is primarily 
determined by the QM method used, drastically limiting accessible timescales and sampling. 

An emerging solution is to employ machine learning potentials (MLPs) that predict energies of atomic 
arrangements at a fraction of time needed for QM. Pure MLPs would still be slower than MM, but 
“ML/MM” simulations would offer significant speed-up over QM/MM. One cannot simply replace QM 
with an MLP: electrostatic embedding, crucial for capturing catalytic effects, would not work. Due to 
the absence of electronic density in MLPs, the influence of MM partial charges cannot be taken into 
account. 

Here, we present the use of an electrostatic machine learning embedding scheme (EMLE)1, in which 
generic in vacuo MLPs are implemented in an efficient ML/MM simulation2, with EMLE predicting 
the response of the ML region to the MM region. We test EMLE on simulations of the Diels-Alder 
reaction catalysed by the natural Diels-Alderase AbyU. First, an Atomic Cluster Expansion (ACE) MLP 
was trained on the reaction in the gas phase, learning energies based on the M06-2X functional. Then, 
using this MLP in ML/MM simulations with EMLE, umbrella sampling simulations of the reaction 
were performed and compared to QM/MM simulations of the same reaction using M06-2X. We find 
that the QM/MM free energy profile is reproduced accurately by our ML/MM(EMLE) model, at a 
significant speed up (up to 285 times). Further, tests on different enzyme-substrate poses reveals that 
‘mechanical embedding’ (where fixed point charges are used for the MLP to provided electrostatic 
interactions with the MM region) is not able to distinguish between the reactive pose and alternative 
non-reactive poses that were previously found in AbyU3. Therefore, we demonstrate that using EMLE 
in efficient ML/MM reaction modelling is crucial to capture enzyme catalysis accurately. 
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Abstract 
 
Machine-learned interatomic potentials (MLPs) promise a transformative impact in computational drug 
design, which is a field hampered by the respective efficiency and accuracy limitations inherent to 
quantum mechanics and molecular mechanics techniques.  

In this talk, we firstly show that feed-forward deep neural networks can be used to train 
molecule-specific MLPs according to the newly developed PairFE-Net scheme. PairFE-Net MLPs 
accurately predict forces and energies, competitive with the state-of-the-art, with MAEs << 1 kcal mol-1 
(Å-1). However, unlike most other schemes PairFE-Net uses global input features, ensuring a complete 
representation of the potential energy surface and an ability to account for non-local interactions, which 
are often crucial for correctly predicting the complex conformational landscapes of drug molecules. 

Although much effort has been expended on obtaining MLPs with the primary objective of 
obtaining very low test errors on benchmark datasets, we will show that this approach can often be 
misleading and frequently produces MLPs that are dynamically unstable, producing unphysical 
structures and catastrophic instabilities over the course long molecular dynamics (MD) simulations. We 
demonstrate that this arises when a conformational change occurs and that the problem is particularly 
acute when MLPs are trained on some of the most popular literature benchmark datasets (e.g. rMD17), 
which are missing certain key conformers. 

To address this short-coming we generated new reference datasets for several drug molecules, 
with torsional motions enhanced using metadynamics. Crucially, MLPs trained on these complete 
datasets are stable over long MD simulations and across conformation space, including barrier regions. 
This quality has enabled drug molecule conformational free energy surfaces to be accurately calculated, 
a task beyond the timescales accessible to quantum mechanical methods. In combining quantum 
mechanical accuracy with a computational cost close to molecular mechanics methods, PairFE-Net is a 
vital new tool in ligand-based drug design, enabling the conformational preferences of drug molecules 
to be rapidly evaluated. 
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Abstract 
 
At Acellera Therapeutics we are developing several tools to combine AI-based methods with structural 
based drug discovery. Recently, we presented QuantumBind®, our new platform for automated small-
molecule potency optimization via binding free energy calculations and Machine Learning (ML). With 
the combination of neural network potentials (NNPs) with relative binding free energy (RBFE) 
calculations we have been able to increase the accuracy of these predictions in comparison to other 
conventional force fields such as GAFF2.[1] We combine these results with active learning protocols 
that in combination with our state-of-the-art generative models [2] help us the best small molecules for 
experimental testing. We have recently applied the QuantumBind® platform to a target protein from 
our pipeline which helped us optimize the previously found hit in a short amount of time. 

 

 

Figure 1: Text 
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Mohammed AlQuraishi1 

1Columbia University 

Abstract:  

AlphaFold2 revolutionized structural biology by accurately predicting protein structures from sequence. 
Its implementation however (i) lacks the code and data required to train models for new tasks, such as 
predicting alternate protein conformations or antibody structures, (ii) is unoptimized for commercially 
available computing hardware, making large- scale prediction campaigns impractical, and (iii) remains 
poorly understood with respect to how training data and regimen influence accuracy. Here we report 
OpenFold, an optimized and trainable version of AlphaFold2. We train OpenFold from scratch and 
demonstrate that it fully reproduces AlphaFold2's accuracy. By analyzing OpenFold training, we find 
new relationships between data size/diversity and prediction accuracy and gain insights into how 
OpenFold learns to fold proteins during its training process. 
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Real world comparison of dynamic ultra large library screening with 
commercial library screening against different target classes 
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Abstract:  

A new tool RxNfinity is described which can hierarchically dock synthon libraries to target 
structures and adapt the chemical space during the search using a monte-carlo based scheme. 
This enables an effective structural context search in the billions to trillions of compound range. 
RxNfinity has been reduced practice on different targets and conventional virtual screens for 
novel compound identification were also conducted for comparison. Initial results generally 
demonstrate that ultra large library approaches yield higher hit rates and potencies but that 
conventional virtual screening is a useful complementary approach when considering scaffold 
diversity and hit rates. 
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Abstract 
 
Huge breakthroughs have been made in the design of methods for applying AI to drug discovery, 
however very few of these methods are actually used in industry, with most drugs still being discovered 
via high throughput screening [1]. Huge challenges remain in getting these new techniques and methods 
into real-world drug discovery pipelines. Kuano is an emerging biotech startup that has demonstrated 
how some of these challenges can be overcome, using expert medicinal chemists augmented by the 
latest AI tools.Kuano utilises some of the most popular recent advances in AI for small molecule drug 
development, applying them to enable our medicinal chemists to solve challenging design problems. 
Our approach is based on transition state drug design, and focuses on finding high quality, specific 
inhibitors for difficult or less-explored enzyme targets. Our pipeline relies on finding and developing a 
range of flexible AI tools informed by chemical knowledge, and the rapid iteration of design strategy 
between the developers and medicinal chemists. 
Pipeline overview: 

1. QMMM / MMML reaction simulations to identify ideal drug templates. 
2. Development of bespoke similarity scorers based on interactions, electrostatics and 

pharmacophore features, driven by generative AI with broad exploratory power. This is done 
iteratively with feedback to and from expert medicinal chemists. 

3. Tuning of similarity scorers into an optimisation function for obtaining candidate molecules 
through reaction-driven and local-optimisation-focused models 

4. Wet lab selection guided by expert medicinal chemists informed by data from ML tools, 
classical scoring functions and explainable AI. 

We have applied our approach to efficiently identify inhibitors of NOTUM and DNMT1, targets 
implicated in colorectal and pancreatic cancer respectively. For NOTUM, the pipeline designed a novel 
chemical series with nanomolar potency in biochemical assays, high ligand efficiency and was 
discovered by testing fewer than 30 compounds, an extremely high hit rate compared to alternative 
virtual screening campaigns. Our compounds show similar activity in disease relevant cell lines to toxic 
chemotherapy agents as well as excellent selectivity. 

 

Figure 1: Kuano Drug Design Pipeline 
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Identifying ligands targeting G protein coupled receptors (GPCRs) with novel chemotypes other than 
the physiological ligands is a challenge for in silico screening campaigns. Here we present an approach 
that identifies novel chemotype ligands by combining structural data with an artificial inteligence -
based classifier and a signal-transduction kinetic model. As a test case, we apply this approach to 
identify novel antagonists of the human adenosine transmembrane receptor type 2A, an attractive target 
against Parkinson's disease and cancer. The identified antagonists were tested here in a radio ligand 
binding assay. Among those, we found a promising ligand whose chemotype differs significantly from 
all so-far reported antagonists, with a binding affinity of 310 ± 23.4 nM. Thus, our protocol emerges as 
a powerful approach to identify promising ligand candidates with novel chemotypes while preserving 
antagonistic potential and affinity in the nanomolar range  
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Abstract 
 
Friedreich’s Ataxia (FRDA) is an inherited neurodegenerative disorder caused by deficiency of Frataxin 
(FXN). FXN maintains cellular iron homeostasis by modulating the mitochondrial iron-sulphur cluster 
(ISC) assembly complex. This complex consists of a scaffolding subunit ISCU, a cysteine desulferase 
subunit NFS1, and accessory proteins. Our cryo-electron microscopy structure of the complex 
demonstrates that FXN binds at the interface between NFS1 and ISCU, bringing together catalytic loops 
to assist in the transfer of persulfide from NFS1 to ISCU for ISC synthesis. We demonstrated that 
peptidomimetics containing two FXN β-strands that surround Trp155, the essential residue at the FXN-
NFS1-ISCU interface, are sufficient for binding and modulation of catalytic activity, suggesting that a 
frataxin mimic could bypass the cell’s requirement of frataxin, and represent a potential therapeutic 
avenue for FRDA.  
 
Utilising our structural data, we aim to identify novel druggable pockets at the NFS1-ISCU interface 
where FXN bind and carry out in silico screening to identify chemical starting points for frataxin 
mimics. The docking suite SeeSAR has revealed three pockets of potential for docking, including the 
FXN interface, a pocket neighbouring the NFS1 catalytic loop, and an allosteric pocket close to the 
ISCU site of activity. Our overall goal is to identify and develop small molecule/peptide binders to these 
pockets that stabilise the loops and improve catalytic activity. 
 
As pilot, virtual screening of the Enamine fragment library (n=320) has yielded 16 fragment building 
blocks clustered in the pocket neighbouring the NSF1 loop. These compounds were validated using 
surface plasmon resonance, which demonstrated medium-to-high μM binding. We are in the process of 
expanding the chemical hit space through screening the dsi poised library (n=860), covalent library 
(n=11760) and peptidomimetic library (n=3600). Altogether, we have identified a druggable site within 
the ISC assembly complex ready for hit discovery and hit-to-lead optimisation of frataxin mimics. 
 
Keywords: frataxin, drug discovery, iron-sulphur cluster assembly, virtual screening  
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Abstract  

Targeted protein degradation (TPD) is a very promising strategy to modulate protein activities in several 
diseases, spearheaded by anti-myeloma drugs lenalidomide and pomalidomide. It has been recently 
demonstrated that the mechanism of action of these drugs involves the increased degradation of several 
proteins. In particular, lenalidomide is able to stabilize the complex between the E3 ligase Cereblon 
(CRL4CRBN) and the transcription factors Ikaros and Aiolos as well as the enzyme Caseine Kinase 1a 
(CK1a), even though the stability of the native protein-protein interactions is very low. The structures 
of these complexes shed light into the molecular glue character of lenalidomide, although they did not 
reveal evident interactions that could account for the high efficiency of the ternary complex formation. 
In this work, we have leveraged Steered Molecular Dynamics to shed light into the molecular 
determinants underlying the stabilization effect exerted by lenalidomide in the complex between 
CRL4CRBN and CK1a. Furthermore, we evaluated the effect that different mutations of CK1a on the 
stability of the ternary complex CRL4CRBN- Lenalidomide-CK1a and provide a thermodynamic and 
kinetic rational for the stabilization of the PPI. These results pave the way to further understand 
cooperativity effects in drug-induced protein-protein complexes and could help in the future design of 
improved molecular glues.  
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Abstract 

Class B1 GPCRs, consisting of 15 receptors, are crucial drug targets for diseases such as obesity and 
type 2 diabetes. Current peptide drugs targeting these receptors have limitations, prompting the need 
for novel small molecule drugs, especially allosteric modulators with greater potential to fine-tune 
receptor activity. GPCR-lipid binding sites present a large, unexplored opportunity for allosteric drug 
development, yet our understanding of lipid modulation of Class B1 GPCRs remains limited. 

We present a comprehensive coarse-grained molecular dynamics (cgMD) study of all 15 B1 family 
members in model mammalian plasma membranes, allowing us to determine patterns of specific lipid 
interactions across this subfamily. We used aiida-gromacs [1] to generate the full workflow to reproduce 
our simulations and encourage others to extend our simulation dataset. We also present a proof-of-
principle case study of identifying cholesterol binding sites in GLP-1R using cgMD simulation, which 
informed the choices of a series of GLP-1R cholesterol-binding residues for further in-depth mutational 
analysis in vitro. In addition, we observe that GM3 plays a modulatory role in the dynamics of the 
extracellular domain (ECD), in a state-dependent manner. We further characterise in vitro the impact of 
GM3 on conformational dynamics of ECD in GLP-1R and GIPR using a TR-FRET GM3 inhibitor 
Eliglustat based assay. 
 

 

Figure 1: GPCR in a asymmetric model mammalian plasma membrane with nine different lipid 
types. Each lipid is coloured differently. 
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Prioritizing molecules for synthesis using in-silico tools  
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Abstract: 

Within the fast environment of active drug discovery projects there are often more compounds proposed 
than can feasibly be synthesized. Therefore, prioritizing molecules for synthesis is a key role of 
computational methods. Prioritization can be driven by modelled pharmacokinetic and physicochemical 
endpoints, but often on-target potency is the key determinant. Multiple tools exist for ranking molecular 
potency for a given target, from the cheap and popular molecular docking methods to more 
computationally expensive molecular-dynamics (MD)-based methods. Here we discuss how we 
embarked on a comparative study on multiple methods, their use in the drug discovery pipeline and 
whether the accuracy of the more rigorous methods justifies the higher computational cost and 
associated calculation time.  
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Abstract 
 
State-of-the-art computational free energy calculations offer a rigorous estimate of the binding affinity between a lead 
compound and its therapeutic target. Such calculations have become key in modern drug discovery and enable more 
efficient use of synthetic medicinal chemistry resources. While there exists a wide range of software tools that cover all 
aspects of the typical execution of a free energy calculation, to date there is no open-source end-to-end pipeline which 
unifies these packages into a single reproducible, customisable and extensible workflow suitable for large-scale drug 
discovery programs.  
Here we present ASAP-Alchemy, a modelling pipeline that aids in the setup, bespoke force field parameterisation, 
execution and analysis of free energy calculations at scale and is created with reproducibility in mind. ASAP-Alchemy 
has a modular workflow composed of state-of-the-art open-source software, such as FEGrow1, OpenFE, OpenFF2, 
BespokeFit3, Cinnabar and Alchemiscale, which can be customised to meet the specific needs of a project or trivially 
extended to interface with new software. The pipeline exposes a command line interface for each part of the workflow 
to simplify its use for routine high-throughput applications while reducing the barrier to entry for non-expert 
practitioners. ASAP-Alchemy has optional interfaces with modern drug discovery tools, like Manifold from Postera and 
the CDD vault, thereby enabling automated comparisons with experimental data and the ability to publish results on a 
project workspace. To aid the dissemination of the predicted results amongst interdisciplinary teams, interactive 
dashboard-style reports are provided to quickly rank and select the most promising compounds whilst giving an 
overview of the calculation accuracy where relevant experimental data is available.  
We demonstrate the ease-of-use of ASAP-Alchemy by performing free energy calculations for a benchmark dataset of 
hundreds of ligand transformations, with bespoke force field parameters derived from machine learning predicted 
reference energy surfaces. 

 
Figure 1: ASAP-Alchemy makes it trivial to apply state-of-the-art binding free energy calculations at scale via its automated end-to end workflow. 
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Abstract 
 
Chaperone proteins Hsp60 and Hsp10 cooperatively fold other “client” proteins into their biologically 
functional form.[1] The Hsp60 monomer M features 3 domains:[2] apical, middle, and equatorial (the 
latter contains the active site; Fig. 1a). Units of M self-assemble into a heptameric single ring S which, 
upon binding of ATP, Mg2+, and K+, pairs equatorially to form a 14-meric double ring D, whose lumen 
accommodates unfolded clients. Recruitment of 14 Hsp10 units by D apical domains (7 per pole) seals 
clients inside a resulting football-shaped complex F (Fig. 1b).[2] ATP cleavage breaks F apart, driving 
client folding and release. A hallmark of certain spastic paraplegia forms,[1] mutation V72I in M (Fig. 
1a) disrupts this cycle: client misfolding is confirmed in vitro,[1] but with unidentified molecular causes. 
We here report findings from molecular dynamics simulations (32 µs in total) of solvated wild-type and 
V72I variants of M and S (apo), and D and F (ATP-bound and with 2 active site aspartates—Fig. 1a—
modelled in 3 protonation states). V72I is found to pervasively disrupt allostery: the shortest path map[3] 
and distance fluctuation analyses[4] indicate communicational shutdown between equatorial and apical 
domains. Principal component analysis reveals M rigidification and reactivity alterations. Our results 
identify molecularly targetable hotspots whence to counter the effects of V72I. 

 

 

Figure 1: (a) View of M (Hsp60 monomer) with domains and key residues labelled (ATP: sticks; K+: 
purple; Mg2+: green). (b) Overview of F highlighting one Hsp10 unit (red) and one M (black). 
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Abstract  

Many proteins recognize other proteins through mechanisms that involve the folding of intrinsically 
disordered regions upon complex formation [1]. We have explored how the selectivity of a drug-like 
small molecule arises from its modulation of a protein disorder-to-order transition [2]. The compound 
AM-7209 induces order in the intrinsically disordered ‘lid’ region of the oncoprotein MDM2. 
Calorimetric measurements revealed that truncating the lid region of MDM2 increases the apparent 
dissociation constant of AM-7209 by 250-fold. This effect is not reported for other families of MDM2 
inhibitors. We have performed a comprehensive thermodynamic analysis, including a combination of 
adaptive absolute alchemical free energy of binding calculations and enhanced-sampling molecular 
dynamics simulations, to obtain insights into the differential binding energetics of MDM2 inhibitors. 
Our results show that in the absence of a ligand, the ordered lid state of MDM2 is energetically 
unfavorable. AM-7209 has a significant energetic preference for ordered lid conformations, thus 
promoting the ordering of the lid in the AM-7209/MDM2 complex. We have also applied this method 
to identify the molecular driving forces underpinning the selective ordering of the ‘lid’ region upon 
binding of AM-7209 [3]. The methodology presented here should facilitate medicinal chemistry efforts 
targeting of intrinsically disordered regions.  
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Abstract 
 
Quantum chemistry (QC) datasets form the backbone of many new machine learning (ML) partial 
charge/electrostatics models [1]. Legacy charge models like AM1-BCC were parameterized with the 
HF/6-31G* method due to having some fortunate over-polarisation, which is desirable for modelling 
organic compounds in the condensed phase. Nevertheless, in general the HF method is a poor choice 
for producing accurate electronic results due to its neglect of correlation effects. The choice of basis set 
has also shown to strongly influence the accuracy of the dipole moment, regardless of the method 
employed 

In order to improve on the accuracy of the method whilst also using a method which is partially 
polarised, a combination of a density functional theory (DFT) functional and an implicit solvent model 
can be used [2]. This study will explore the influence of the DFT method, basis set, and implicit solvent 
model on electrostatic properties using the psi4 QC package, QCFractal, and in-house software. The 
accuracy of each method will be evaluated by comparing the partial charges, dipole moments, and 
electrostatic potential surfaces to a CCSD ground truth. Additionally, the effect of polarising charges 
with different dielectric constants will be explored in relation to HF derived properties.  
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Abstract  
 
The assembly kinetics of Aβ fibrils are significantly influenced by pH, with the sensitivity of 
first nucleation observed at a midway (pKa) of 7.0, corresponding to the pKa of Aβ histidine 
imidazole. Surprisingly, as the pH approaches the isoelectric point (pI) of Aβ, which is 5.3, the 
solubility of Aβ diminishes. This decrease in solubility encourages the self-association of Aβ 
and the development of amyloid aggregates. Alterations in pH have little impact on the rates of 
secondary nucleation and elongation, showing that the charge of Aβ, namely the protonation 
of histidine, illuminates the mechanisms by which Aβ is assembled, facilitating the 
development of inhibitors, and deepens our understanding of the pathogenesis of Alzheimer's 
disease.  

Molecular dynamics (MD) is a suitable way to study how this protein's shape changes and 
interacts with itself or other molecules as a function of pH. We have used constant pH molecular 
dynamics simulations to investigate the impacts of pH change on Aβ monomers and dimers. 
We used MD simulations across a range of pH values (6, 7, and 8) to examine various pH 
settings and better understand how pH influences secondary structure and stability.  

Utilizing constant pH settings, we conducted molecular dynamics (MD) simulations to 
compare Aβ. These simulations allowed us to observe the stability and equilibration of system 
configurations, as indicated by the RMSD and Rg data. These findings are consistent with our 
initial hypothesis. The cluster analysis identified a wide range of structures in different systems, 
such as β-strands and α-helices, providing vital information about changes in secondary 
structure. Studying salt bridges and other interactions helps us get insight into how pH affects 
the structure of Aβ.  

 

 

 

 

 

 

 

 

P2 



												
	
 

   

 

The 10th Annual CCPBioSim & MGMS 2024 Conference: 
Molecular modelling in structure-based drug design 

 

Interrogation of Allosteric Signalling in SOAT enzymes using 
Dynamical Non-Equilibrium Molecular Dynamics 

 
Saleh O. Alyemni1; Shozeb Haider 1 

1 School of Pharmacy, University College London,29-39 Brunswick Square, London WC1N 1AX 

Corresponding author: saleh.alyemni.19@ucl.ac.uk 

 

Abstract 
 
Sterol-o-acyltransferases (SOAT) enzymes are involved in different disorders such as atherosclerosis, 
neurodegenerative diseases, and certain types of cancer. Although the two SOAT isoforms SOAT1 and 
SOAT2 catalyse the same reaction and share similar structures they still behave differently in response 
to the same inhibitors (Long et al.,2020,2021). We believe that studying allosteric sites found in the 
structures of those two enzymes could help us in answering the question concerning the nature of their 
unique behaviour.  

Extensive non-equilibrium simulations (9 μs each) were used to interrogate the allosteric signals in 
SOAT enzymes. Specifically, we used a method called dynamical non-equilibrium molecular dynamics 
(D-NEMD) (Oliveria et al.,2021) that allows us to follow any system in time after the introduction of a 
perturbation and compare it with the unperturbed simulation to calculate any observables. We calculated 
the Cα-deviation between the two conditions, and we traced the allosteric signal from the origin to its 
destination.  

The allosteric signal in the identified major path starts from the allosteric site then travels to the 
FYXDWWN motif then to the TM8-TM9 loop from there to the TM8 helix to reach the active site. Two 
minor allosteric paths branching towards regions distant from the active site, but which might be 
involved in SOAT gating mechanisms are observed as well. We believe that allosteric signalling paths 
revealed here could help in clarifying the distinct behaviour of the two SOAT isoforms. Furthermore, 
our findings could provide drug hunters with a blueprint to look for cryptic pockets along the identified 
allosteric paths to design isoform specific drugs. 
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Abstract 
 
Diazabicyclooctanes (DBOs), such as avibactam, represent a crucial class of covalent β-lactamase 
inhibitors with clinical significance. Together with β-lactam antibiotics, they provide powerful 
combination therapies to treat complicated infections, as exemplified by avibactam-ceftazidime. 
However, the global rise of novel KPC β-lactamases threatens the effectiveness of DBO inhibitors in 
potentiating β-lactam antibiotics. It remains elusive how the KPC-variants alter the reaction rates of 
DBOs as a possible path towards resistance. 

Using multiscale QM/MM simulations, we aim to explain the molecular basis behind the experimentally 
observed differences between DBOs and different enzyme variants. Using the clinically relevant β-
lactamase KPC-2 with avibactam, MM MD simulations were first used to establish protonation states 
of key active site residues. Then, the potential energy profile of avibactam acylation was modelled using 
QM/MM with climbing image-nudged elastic band (CI-NEB) calculations. The rate-limiting step of 
acylation was revealed and corroborated by DFT/MM CI-NEB calculations (at the ωB97x/def2-
TZVP//ff14SB level). To enable fast reaction simulations, 2D potential energy surfaces using the semi-
empirical PDDG-PM3/ff14SB showed excellent agreement to the CI-NEB benchmarking studies and 
this method was then used successfully to determine the minimum free energy pathway using two-
dimensional umbrella sampling (2D US). 

2D US was used as an “avibactam acylation assay” to investigate different KPC variants of clinical 
interest bearing single amino acid substitutions. Good agreement between experimental and predicted 
activity amongst different enzymes was obtained. For example, our protocol was able to clearly 
differentiate between avibactam activity of KPC-2 vs. KPC-3 (His274Tyr mutation). Work is currently 
underway to establish the origins for the variation of free energy barriers amongst multiple KPC 
variants. Our computational assays will help to dissect the reaction mechanism of DBOs on an atomistic 
level and rationalize experimental differences. This can help anticipate variants with reduced DBO 
susceptibility and may aid design of new, efficient inhibitors or antibiotics to treat life-threating 
infections. 

 
 
 
 
 
Figure 1. Left: KPC-2 β-lactamase (grey) in complex with covalently bound avibactam (green). Single 
amino acid substitutions of KPC-2 shown as spheres, Right: Experimental activation energies versus 
calculated free energy barriers for rate-limiting step of acylation. Error bars represent the standard 
deviation from three replicas. 
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Abstract  

Targeted Protein Degradation has emerged in recent years as a revolutionary strategy in drug discovery. 
The von Hippel–Lindau protein (VHL) is a well-validated E3 ligase that is recruited by many 
efficacious PROteolysis TArgeting Chimera (PROTACs) molecules 1. However, all existing VHL 
warheads have been developed around a central hydroxyproline unit2,3 and, owing to their peptidic 
nature, exploiting them pharmacologically is challenging due to their poor absorption, distribution, and 
metabolism4,5. Consequently, few VHL PROTACs have reached clinical stages so far6.  

Here, we apply a fragment-based approach combining computational techniques and ligand-observed 
NMR studies to discover new chemotypes for VHL ligands that could be developed into more effective 
drugs. A virtual screening of all the accessible fragment space followed by paramagnetic relaxation 
enhancement assays allowed us to identify two novel fragment hits for the hydroxyproline binding site. 
These fragments show a stronger response for VHL than the L-hydroxyproline core on its own. 
Subsequently, we performed μs-long molecular dynamics simulations of VHL and multiple copies of 
each ligand to refine the predicted poses of the fragment hits. Finally, these compounds will be used as 
a starting point for fragment-growing strategies to obtain more potent ligands. 
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Abstract 
 
SOMD2 is an open-source tool for alchemical free energy calculations, leveraging Sire and OpenMM 
libraries. Accessible via a command line interface or a Python API, SOMD2 is designed for ease of use 
and automatic resource management, with low-level access to molecules and lambda levers offering 
flexibility and adaptability. SOMD2 also allows precise control over simulation parameters, supporting 
multiple restraints, automatic hydrogen mass repartitioning, and a custom lambda scheduling 
framework for complex perturbation pathways.  

 

 

Figure 1: Comparison of hydration free energy results between SOMD2 and its predecessor SOMD1 
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Abstract 
 
The aim of this project is to employ an integrative structural approach to investigate the molecular 
mechanisms underpinning spatial organisation, RNA capture and liquid-liquid phase separation of the 
RNA degradosome.  
 
The RNA degradosome, responsible for selective RNA degradation and maturation in E. coli, is a highly 
dynamic multiprotein complex canonically consisting of RNAse E, RhlB, Enolase and PNPase. Spatial 
organisation of the degradosome machinery is believed to rely on endoribonuclease RNase E, who’s 
unstructured C-terminal domain acts as a recruitment platform (Figure 1). Current structural 
understanding is limited to experimentally determined structures of the RNase E N-terminal Domain, 
Enolase and PNPase, however further characterisation by conventional means such as Cryo-EM or X-
ray Crystallography is hindered by the dynamic nature of the RNA degradosome.  
 
Molecular dynamics simulations provide an alternative investigative approach. Combining protein 
models from cryo-EM, X-ray Crystallography, and machine learning-based 3D predictions with 
subassembly dynamic information from biophysical experiments including DLS, SEC-MALS and 
SEC-SAXS, a model of the canonical RNA degradosome can be built. Coarse grained molecular 
dynamics simulations will be used to test the conformational ensemble and interrogate the molecular 
mechanisms of the complex.   
 

 

Figure 1. RNAse E N-terminal domain homotetramer adapted from PDB 6G63, featuring a single 
monomer coloured by subdomain. Hypothesised full-length quaternary conformation adapted from 

Dendooven, Paris et al. (2022).   
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Abstract 
 
Abstract: Molecular dynamics (MD) data contain information on structure and dynamics of compounds, 
which both determine the compounds’ biological activity. One may hypothesize therefore that the 
features extracted from the MD trajectories may be used for prediction the biological activity of similar 
compounds using Neuronal Network (NN) models in target-independent manner, without involving the 
features describing the interaction of the compounds with their biological targets. One may also assume 
that if an NN model is trained using MD/activities of pairs of similar compounds, it may be used for 
prediction of differences in biological activities of compounds possessing entirely different biological 
action mechanism comparing to the training set. Here, verification of these hypotheses on the NN 
models aimed at prediction of biological activity of peptides and peptidomimetics is reported. Two NN 
models were constructed, and their performance was tested on sets of photo-isomerizable membrane-
active peptides. The peptides contain a diarylethene “photoswitch” in their molecules, so they can exist 
in two isomeric forms termed open and closed, interconvertible into each other by irradiation with light 
of different wavelengths. 
 
To predict how photoisomerization influences the biological activity, and if the light can be used to 
efficiently control it is important for a rapidly developing area of science called photopharmacology. 
One of the models, named “Activity Prediction Model” was trained on MD features of photoswitchable 
cytotoxic peptidomimetics, analogues of a natural peptidic antibiotic gramicidin S. It adequately 
predicts the cytotoxic activity for similar analogues, including the diarylethene-containing 
photoisomers. The other NN model, “Open-Closed Similarity Prediction“, was trained by features 
derived from the MD trajectories of pairs of photoisomers of the same gramicidin S analogues which 
were used for the training of the Activity Prediction model. Optimised Open-Closed Similarity 
Prediction model reliably predicts the differences in the protease-inhibiting activity of the diarylethene 
photoisomers from the validation set. 
 

 
 
 
 
 
 
 
 

Figure 1 
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Abstract 
 
The detection of protein cryptic pockets often requires conformational rearrangements that cannot be 
detected in the time scales typically simulated by classical Molecular Dynamics (MD) simulations. A 
variety of MD workflows rely on the use of small chemical probes to induce the formation of and 
stabilise protein cavities [1-7]. Those methods, however, are limited to the region of the chemical space 
defined by the chosen probes, and the fact that the probes are initially placed in the bulk solvent can 
hinder the exploration of cavities that are buried deep within the target protein.  

In this talk, I will present an approach that addresses those issues by using what will be referred to as 
Ghost Probes. Ghost Probes are not part of the simulated system, but 3-dimensional points associated 
with an activity score which represents the ability of the protein to bind a small chemical probe at their 
location (Figure 1). This score is used to construct a biasing potential capable of opening a cavity in the 
surrounding area and is paired with a search algorithm that enhances the sampling of different protein 
cavities.  

Ghost probes are not constrained to a certain region of the chemical space, and they can be placed on 
any region of the protein. This increases the possibilities of sampling buried as well as shallow cryptic 
pockets and presents an opportunity to expand the druggable proteome with proteins previously thought 
undruggable. 

 

Figure 1: Schematic view of the activity score of a ghost probe (purple), considering the number of 
surrounding atoms (green), and their location relative to the ghost probe. 

 

References 
 [1] Ghanakota, P. et al., J. Med. Chem., 2016, 59, 10383–10399. 
 [2] Bissaro, M. et al., Drug Discov. Today, 2020, 25, 1693. 
 [3] Bakan, A. et al., J. Chem. Theory Comput., 2012, 8, 2435–2447. 
 [4] Ghanakota, P. et al., J. Phys. Chem. B, 2016, 120, 8685–8695. 
 [5] Smith, R. D. et al., J. Chem. Inf. Model., 2021, 61, 1287–1299. 
 [6] Schmidt, D. et al., J. Chem. Theory Comput., 2019, 15, 3331–3343. 
  [7] Martinez-Rosell, G. et al., J. Chem. Inf. Model., 2020, 60, 2314–2324. 

P9 



												
	
 

   

 

The 10th Annual CCPBioSim & MGMS 2024 Conference: 
Molecular modelling in structure-based drug design 

  

 GRK2 and Neurotensin Receptor: from PDB to MD 
  

 Hocine El Khaoudi Enyoury1; Peter Kolb1 
 1Department of Pharmaceutical Chemistry, University of Marburg 

  
 Corresponding author: peter.kolb@uni-marburg.de 

 

Abstract 
 
GPCRs constitute the largest protein family, and are associated with many normal as well as aberrant 
biological processes. They are also known as seven-domain transmembrane receptors (7TM) and 
approximately 40% of present-day drugs target this class of proteins. The functions of GPCRs are very 
diverse and they recognize a wide variety of ligands, including photons, small molecules, and peptides 
[1]. 

GRK2 is an important modulator of GPCRs as well as their signaling pathways, due to its role in 
phosphorylating the receptor after activation. Furthermore, GRK2 can interact with different signaling 
proteins related to cell migration [2,3]. Studies have shown that a higher or lower expression of GRK2 
may be involved in numerous pathologies such as cardiovascular diseases, neurodegenerative diseases, 
metabolic syndromes, or cancer [4,5,6].  

So far, the dynamics of the interactions between GRK2 and GPCRs are poorly understood due to the 
unavailability of experimental structures of such complexes. Recently, Duan et al. reported the first 
structure of a G protein-coupled receptor, the neurotensin receptor 1, in complex with GRK2 [7]. In our 
study, we explored the conformational space of the complex via molecular dynamics simulations, 
aiming to understand the interactions between GRK2, Gαq, and the neurotensin receptor. 

  

 

Figure 1: Structure of NTSR1(yellow) - GRK2(blue) - Gαq(yellow) complex. 
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Abstract 
 
Fibrosis is a progressive health disease that affects different organs of the body. In the liver it can 
develop into severe stages such as cirrhosis and cancer.(1) One of the key mediators which play an 
important role in signaling pathway during fibrosis are integrins.(2) In this project, we focus on integrin 
α11β1 which is overexpressed in myofibroblasts during fibrosis.(3) Antibodies targeting this integrin 
have been developed for treatment of fibrosis, joint disease, and cancer;(4) however, there is a lack of 
effective small molecule inhibitors to date.(5) Our aim is to identify small molecule allosteric inhibitors 
of this integrin using computational tools. Virtual screening of ZINC and FDA approved drug databases 
as well as molecular dynamics simulations were performed to identify potential small molecule binders 
to α11β1 for subsequent experimental testing. Based on the hits identified from in silico tools, selected 
small molecules were assessed for their binding affinities using the biophysical assays, microscale 
thermophoresis (MST) and surface plasmon resonance (SPR). From these assays, four small molecules 
which bind to integrin α11β1 with micromolar affinity were found (eg. 21 and 23 in Figure 1). 
 

 

Figure 1: Predicted interactions of hit compounds (a) 21 and (b) 23 respectively with Mg2+ and 
amino acid residues within allosteric pocket of integrin α11β1. 
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Abstract 
 
Entropy is an interesting thermodynamic quantity which contributes to the free energy of any system. 
The CodeEntropy software is an open source software program which implements the multiscale cell 
correlation method [1] for determining the entropy of a system from molecular dynamics trajectories. 
This method breaks the entropy into independent terms and calculates each at different length scales. 
Here we describe how the code works and give details of the latest release and future plans. 
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Abstract 
 
Polymerases (Pols) catalyze RNA or DNA synthesis by adding ribonucleoside triphosphates (NTPs) or 
deoxyribonucleoside triphosphates (dNTPs), respectively. The insertion of correct versus incorrect 
nucleotides relates to Pols’ fidelity, which defines their ability to faithfully replicate DNA strands in a 
template-dependent manner. These enzymes play a central role in several crucial processes such as 
repair, translation and replication of genetic material. The wide range of processes in which they are 
involved makes these enzymes promising targets for drug discovery, as well as for biotechnological 
application.1  
 
Previous studies, including ours, have demonstrated that the alignment of reactants and base pairing are 
crucial structural features for fidelity.2 In this work, we used molecular dynamics simulations to show 
how the protein-DNA interface near the catalytic site differs when correct (dG:dCTP) versus incorrect 
(dG:dATP) dNTPs are bound in Pol Beta. The formation and dynamic stability of specific interatomic 
interactions around the binding site explain the differences in binding affinity for correct and incorrect 
dNTPs. We also show how changes in the interaction network in the mutation R283A lead to a lower 
capacity to differentiate between correct and incorrect nucleotides, which influence directly the Pol 
fidelity. Additionally, we used alchemical free energy calculations to quantify the relative binding free 
energy for the transformation from correct to incorrect (dCTP→dATP) in both WT and R283A, further 
validating our models and mechanistic insights. Finally, sequence and structural alignments with other 
Pols from the same family suggest that these findings can be rationalized in other enzymes.  
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Abstract 
 
Molecular coarse graining (CG) is an invaluable tool for understanding protein dynamics, particularly 
in the study of large biomolecular systems. While molecular dynamics (MD) yields the dynamics of a 
system’s atomistic degrees of freedom, emergent macro-scale properties are often more relevant than 
the microscopic dynamics themselves. Furthermore, simulations of many biological processes cannot 
be performed on timescales required to reproduce experimental observables. Using CG models, we 
focus on slow collective atomic motions and simulate protein systems on scales inaccessible to MD. 

Bottom-up CG incorporates information from higher resolution models to create a simplified 
representation of the system. However, this process leads to the emergence of multi-body effects which 
are difficult to approximate by conventional physically-informed functions. By leveraging state-of-the-
art machine learning approaches, it is possible to develop a CG potential that effectively captures these 
multi-bodied effects and accurately reproduces the thermodynamics of the underlying system [1,2]. 
Here, we train deep graph neural networks on atomistic MD simulations using a force-matching 
approach to learn complex interactions and reproduce the probability density distribution of the 
atomistic model projected onto the CG mapping [3]. 

To ensure that the model is transferable across various systems, we fine-tune both the composition of 
the input training data and the physics informed correction terms that are applied to the model. The 
transferability of these models is assessed by simulating protein folding and aggregation, and successful 
models are eventually applied to study the dynamics of large systems across long timescales. 
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Abstract 
 
Conotoxin peptides are a class of neurotoxin derived from marine cone snail venom and target 
human nicotinic acetylcholine receptors (nAChR’s). While their solution conformations and 
nAChR binding sites are known, their precise binding interactions are not and to elucidate their 
mechanism of action, these must be identified. Although alanine scanning experiments can 
provide information on which residues are crucial for peptide binding, the exact nature of how 
they bind is left to crystallographic methods or protein-peptide docking.  
 
To sample the full range of peptide conformations and to give docking the best chance of 
finding the interactions, we performed molecular dynamics simulations on the known peptide 
structures and their alanine scanning mutants, using enhanced sampling (replica exchange 
(REST2)). The most frequently seen conformations were identified by clustering on the torsion 
angle space and then taken forward to the docking studies. 
In these docking studies, we identify the interacting residues from poses that are consistent 
with the alanine scanning data. We also separately dock the different alanine scanning mutants 
to see how well the docking scores correlate to the experimental data.1 We find generally good 
agreement between the docking scores and interactions involving the crucial residues identified 
by alanine scanning and hope to compare with an experimental structure in the future. 
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Abstract 
 
DNA gyrase is a type IIA topoisomerase, which is an enzyme that can relax and induce supercoils in 
DNA through the strand passage of the double helix. It only occurs in bacteria and is key in the DNA 
replication and transcription processes, as it relaxes superhelical tension caused by DNA polymerase. 
It is also uniquely capable of inducing negative supercoils through the hydrolysis of adenosine 
triphosphate (ATP). Due to its importance in the survival of the cell, they are a common target for 
antibiotics. 

The exact mechanisms of the enzyme, such as strand passage and energy coupling, haven’t been 
observed with experiments, and so these will be investigated using Molecular Dynamics (MD) 
simulations. The impact of varying factors, such as length of DNA and mutations, have also been looked 
at. This allows us to see the system in a dynamic way, with the hope of finding new potential targets for 
antibiotics.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

P16 



												
	
 

   

 

The 10th Annual CCPBioSim & MGMS 2024 Conference: 
Molecular modelling in structure-based drug design 

 
Computational Modeling for Laundry Powder and Porphyrin-Binding 

Proteins 
 

William Houppy1; W. Singh1; G. Black1; N. Lant2 
1 Department of Applied Sciences, Northumbria University of Newcastle (UK) 

2 Procter & Gamble, Newcastle Innovation Center (UK) 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

P17 



												
	
 

   

 

The 10th Annual CCPBioSim & MGMS 2024 Conference: 
Molecular modelling in structure-based drug design 

 

Counterions affect the self-assembly of virus-like nanoparticles 

 
Ya-Wen Hsiao1; Mara Chiricotto1, David Bray1, Maxim Ryadnov2, Jason Crain3,4 
1The Hartree Centre, STFC Daresbury Laboratory, Warrington, WA4 4AD, U.K. 

2National Physical Laboratory, Hampton Road, Teddington TW11 0LW, U.K. 
3Department of Biochemistry, University of Oxford, Oxford, OX1 3QU, U.K. 

4IBM Research Europe, Hartree Centre, Warrington WA4 4AD, U.K. 

Corresponding author: Ya-Wen.Hsiao@stfc.ac.uk 

 

Abstract 
 
A wide range of nanoparticles (NP) consisting of liposomes, synthetic and natural polymers, and 
inorganic-based carriers have been developed for tumour imaging and therapy. Among them, the 
protein-based NPs have the advantages of uniform structure, controllable assembly, biocompatibility, 
biodegradability, and suitable sizes. Virus-like nanoparticles (VLP) are one category of protein-based 
NPs. They can encapsulate a wide range of therapeutic and diagnostic agents, and therefore are full of 
potential in cancer therapy. 

Understanding the driving forces that dominate VLP self-assembly can facilitate the design of VLPs 
with broader functionality. Electrostatic interactions are the strongest of noncovalent forces and are also 
long-range. Thus, charges and counterions play an important role in self-assembly processes: One of 
the strategies to carry/release cargo using VLPs is self-assembly/disassembly around cargo by altering 
pH and buffer conditions. It is also relevant to consider the Hofmeister series on the tendencies of ions 
to precipitate or solubilize proteins. 

Here we tested the assembly of cyclic peptides (cyc-QdLRdLRdLRdL) with counterions	PO4
3-, H2PO4

- , 
F- and Cl- using MD simulation. The order of these anions of the Hofmeister series (salting-out): Cl- < 
F- < PO4

3-; H2PO4
- . We find that the systems with PO4

3- or H2PO4
-  form stable packings, while the other 

anions do not. We therefore investigate what makes PO4
3- or H2PO4

-  different from F- and Cl-. The results 
may also shed lights on the origin of the Hofmeister series. 

 

 

 
 
 

 
 
 
 
 
 
 

 
 

 

Figure 1: VLP consists of cyclic peptides 
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Abstract 
 
Targeted Protein Degradation is a promising therapeutic approach for the regulation of proteins involved 
in cancer, neuropsychiatric diseases and other disorders. [1] [2] At the core of this approach, lies the 
development of small molecules able to engage E3 ubiquitin ligases. To date, however, many E3 ligases 
have been deemed "undruggable". In this context, the combination of fragment-based drug discovery 
and allosteric regulation provide an appealing path towards targeting undruggable proteins. [3]  
 

In this work we develop a structure-based computational approach to elucidate fragment binding modes, 
aimed at the rational design of novel ligands targeting the Fbw7 E3 ligase. Fbw7 acts as a crucial tumor 
suppressor by facilitating the ubiquitination of key oncogenes such as Cyclin E, C-Myc, and Notch1, 
along with other vital proteins like DISC1. [4] [5] Previously, our research group had identified 10 
potent Fbw7 fragment hits, but crystallography efforts to determine the complex structure have not been 
successful.  Here we present a computational workflow for the elucidation of fragment binding modes 
through Multiple-copies Association Studies (MAS). MAS combines classical molecular dynamics 
(MD) simulations with elevated ligand concentrations and employs a post-MD clustering algorithm to 
rank the probable binding modes and determine the correct one. We have developed a novel LJ 
potentials adjustment approach to mitigate small molecule aggregation typically observed in water 
simulations with high concentrations of organic molecules, enabling MAS to be conducted at high 
concentrations of ligand. To optimize and validate MAS, we are utilizing a benchmarking set 
comprising protein-ligand systems with crystallographic and binding affinity data. This methodology 
holds promise for uncovering unknown binding modes for known small molecule binders and has 
already been applied to elucidate the binding poses of the Fbw7 E3 ligase fragment hits. 
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Abstract 

Can interesting simulation methods presented in academic papers be applied to your scientific problem? 
What stops you from doing so? One reason is the high barrier to reproduce results from the information 
provided. Biomolecular simulation protocols are multifaceted and tailored to the biological system of 
interest, with a variety of software used to build and prepare molecular systems for simulations. 
Explicitly describing all simulation steps is unrealistic, time consuming and often inaccurate if written 
after the fact. Currently, no tools are available to track and collect steps as they are performed for 
biomolecular simulations, due to the complexity of workflows and the lack of standard practices in how 
to capture and disseminate them. 

Here we present our software tools [1] to aid in full simulation data provenance collection with minimal 
impact to research time. Our aim is to develop user infrastructure [2], guided by the biomolecular 
simulation community, to promote sharing and reuse of data according to FAIR principles [3]. Examples 
of how simulation metadata can be tracked, saved, queried and shared is presented, using coarse-grained 
MD simulations of GPCRs as a case study. 

 

 

Figure 1: Vision for Biomolecular Simulation Data Provenance Collection and Storage 
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Abstract 
 
Antimicrobial resistance (AMR) poses a global health threat as the resistance of pathogenic bacteria to 
vital drugs. Particularly concerning is the widespread bacterial resistance to carbapenems, a class of 
“last resort” β-lactam antibiotics. An important and growing cause of resistance is L1, a metallo-β-
lactamase (MBL) enzyme, which can break down nearly all types of β-lactam antibiotics, including 
carbapenems and penems. Notably, no clinical inhibitors have been discovered thus far that can 
effectively inhibit the hydrolysis process of L1. So, understanding the mechanisms through which these 
bacterial enzymes hydrolyse β-lactam antibiotics is crucial in combating this resistance.  

To gain insights into the hydrolysis mechanism of faropenem (a penem) by L1 MBL, we employed 
combined quantum mechanics/molecular mechanics (QM/MM) simulations using DFTB3 and 
B3LYP/6-31G(d) QM methods, with umbrella sampling (US) and the adaptive string method (ASM). 
The simulations revealed that a zinc-bridging nucleophile, likely in the form of a hydroxide ion, plays 
a pivotal role in the hydrolysis process. The free energy curves analysed using the DFTB3 1D-US 
method indicated the presence of a single transition state. Furthermore, the ASM analysis suggested a 
concerted pathway for faropenem hydrolysis by L1. Calculations at the DFT level indicate that the 
protonation of anionic nitrogen of the ring most likely involves another water molecule that orients 
towards the nitrogen which facilitates the proton transfer. These simulations provide an atomic level 
analysis of the reaction mechanism of antibiotic breakdown. These findings contribute to our 
understanding of how β-lactam antibiotics are hydrolysed by L1 and may aid in the development of 
strategies to prevent and combat AMR, including the development of MBL inhibitors. 
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Abstract 
 
Free Energy Perturbation (FEP) methodologies are frequently used in industrial settings to optimise the 
binding affinity of small molecular ligands to protein binding sites. FEP protocols for modelling protein 
modifications, in particular side-chain mutations, are less established. In particular, protein FEP 
protocols are currently challenging to apply to proteins that undergo large conformational changes upon 
mutations. Here we focus on developing robust protein FEP protocols to reproduce experimental 
binding affinities that have been measured for a panel of mutants of the protein MDM2 against two 
ligands, AM-7209 and Nutlin-3a. We focus on mutations that occur in the intrinsically disordered lid 
region of MDM2, that is known to undergo ligand-dependent folding upon binding.1,2   

 
We systematically assess the effectiveness of both equilibrium and non-equilibrium FEP protocols in 
reproducing experimental binding affinities in particular for mutations with slowly-varying degrees of 
freedom. Our approach paves the way for robust application of FEP protocols to model drug resistance 
and thermostability in conformational flexible protein regions. 
 

 

Figure 1: MDM2 and the intrinsically disordered lid mutations explored in this work. 
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Abstract 
 
AbyU is a powerful Diels-Alderase, which has been proven to be mutable, and also adaptable to changes 
within the substrate.1–3 This highly active and stereoselective enzyme withstands harsh conditions, such 
as elevated temperatures and organic solvents, marking it as a potential biocatalyst for industrial 
applications.4 Previously, for efficient Diels-Alder reaction modelling in AbyU, QM/MM umbrella 
sampling simulations were performed with DFTB as a QM method. The activation free energies 
obtained show acceptable consistency with higher level QM methods (DFT) and experiment.1,2 
Nevertheless, there is room for improvement in terms of the detailed reaction path followed. Here, the  
semi-empirical methods AM1 and PM6 were tested as the potential candidates for such an 
improvement.  
 
In the Diels-Alder reaction, two new carbon-carbon bonds are forming. To allow efficient sampling,  
the modelling process was previously simplified by combining the two bond lengths with appropriate 
weights as a single reaction coordinate for umbrella sampling1. Here, a range of weights for 4 different 
substrate poses (with different reactivities) were used in an attempt to optimize weights specifically for 
AM1 and PM6. Although the resulting free energy profiles agree with the previous results to some 
extent, there are also clear differences between them, especially regarding the most probable active 
pose. 2D umbrella sampling (one reaction coordinate for each bond) does not resolve this disagreement. 
Therefore, alternative methods to AM1 and PM6 may need to be considered in this instance.  
 

 

Figure 1: Schematic representation of the Diels-Alder reaction catalysed by AbyU 
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Abstract  

Metalloenzymes are crucial in numerous biological processes, yet the structural dynamics underpinning 
their function remain incompletely understood. Our research focuses on the Copper- containing nitrite 
reductase (nirK) where the Copper-loaded form is a trimer, and the apo form is a monomer. Trimer 
formation, dependent on copper loading, is a slow process in vitro and appears to be irreversible. 
However recent experimental results also show that, surprisingly, Copper can then be removed from a 
formed trimer without compromising its stability.  

In this work, we gain insight into the trimerization process of nirK by characterizing the dynamics of 
its monomeric and multimeric states via molecular dynamics simulations. Our results confirm that the 
trimer does not require copper to be stable. We also find that in the microsecond timescale the 
unstructured C-terminal region of the monomer transiently occupies conformations that may make it 
binding-competent. We hypothesise that this region may act as a "fishing rod", ultimately latching to 
an adjacent subunit in the multimeric state. These insights enhance our understanding of the enzyme's 
activation mechanism, testable in future experimental studies via targeted mutagenesis.  
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Abstract 
 
Galactosemia is a rare autosomal recessive disease caused by a defect in galactose metabolism. GALK1 
is a kinase enzyme involved in galactose metabolism and whose inhibition can help alleviate 
galactosemia1. By making use of the GALK1’s allosteric inhibitors which are crystalized1, molecules 
with better binding properties can be designed, modified and optimized within the binding pocket using 
FEgrow tool2. Molecules can be designed interactively or automatically using substructures from 
databases, built and scored using FEgrow.  

Pocket flexibility is addressed with the conformation prediction tool Molearn3 which uses a 
convolutional neural network to learn from relatively short, example MD simulation trajectories to 
predict the different conformations the protein will have. Designing inhibitors that fit the predicted 
ensemble of pocket conformations means more potent inhibitors can be generated and tested. 

 

Figure 1:   GALK1	upper	and	lower	cluster	starting	molecules	(left)	from	which	the	molecules	
shown	in	pink		(right)	are	designed	in	the	pocket 
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Abstract 

Proteins are flexible biopolymers essential to all biological processes, with their collective 
conformational ensemble dictating their biological function. This dynamic nature is particularly 
pronounced in intrinsically disordered proteins (IDPs), which, despite exhibiting a higher degree of 
conformational variability compared to folded proteins, play crucial roles as promiscuous binders. This 
capacity allows them to participate in a wide range of cellular interactions, making them central to the 
molecular mechanisms of various diseases, including cancers and neurodegenerative disorders. Given 
the challenges associated with direct experimental observation of these dynamics, utilizing 
experimentally determined structures as starting points for molecular dynamics (MD) simulations has 
become a standard approach [1]. Still, sampling protein conformational dynamics at biological 
timescales with unbiased MD simulations alone is a highly computationally intensive task, especially 
for proteins featuring broad dynamics such as IDPs. 

Our aim is to combine molecular simulations and generative neural networks (GNNs), a machine 
learning method, to predict the conformations of IDPs. To reach this goal we use molearn [2], a 
framework for training GNNs on protein conformational spaces. While a GNN implemented in molearn 
has previously been shown capable of learning the dynamics of folded proteins [3] it is unknown 
whether it will succeed in learning the dynamics of IDPs. To test this, we have trained the standard 
GNN in molearn with 4 μs of MD we produced for the IDP α-synuclein. We find that the GNN’s 
performance with this dataset is worse than what previously observed for folded proteins, with lower 
performances obtained for extended conformations than for more compact (folded) ones. This suggests 
that additional strategies are needed to capture the conformational space of IDPs through machine 
learning approaches that go beyond the current GNN implementations available in molearn.  
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Abstract 
 
Free energies play a central role in characterising the behaviour of chemical systems and are among the 
most important quantities that can be calculated by molecular dynamics simulations. The free energy 
of hydration in particular is a well studied physicochemical property of drug-like molecules and is 
commonly used to assess and optimise the accuracy of nonbonded parameters in empirical forcefields, 
and as a fast-to-compute surrogate of performance for protein-ligand binding free energy estimation. 
Machine learned potentials (MLPs) show great promise as more accurate alternatives to empirical 
forcefields, but are not readily decomposed into physically motivated functional forms, which has thus 
far rendered them incompatible with standard alchemical free energy methods that manipulate 
individual pairwise interaction terms. However, since the accuracy of free energy calculations is highly 
sensitive to the forcefield, this is a key area in which MLPs have the potential to address the 
shortcomings of empirical forcefields. In this work, we introduce an efficient alchemical free energy 
method compatible with MLPs, enabling, for the first time, calculations of biomolecular free energy 
with ab initio accuracy. Using a pretrained, transferrable, alchemically equipped MACE model, we 
demonstrate sub-chemical accuracy for the hydration free energies of organic molecules. 

 

 

Figure 1: Comparison of MACE-OFF23-SC hydration free energies with classical forcefields and 
experiment 
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Abstract 
 
The landscape of molecular models used in biomolecular simulations is rapidly evolving. While 
molecular mechanics (MM) simulations have traditionally relied on complex functional forms or 
optimised force field (FF) parameters for accuracy, the advent of machine learning potentials (MLPs) 
has opened new horizons in this field. MLPs offer the potential to achieve quantum-level accuracy at a 
computational cost near that of MM methods. As a result, new methodologies are emerging to 
seamlessly integrate MLPs into existing simulation frameworks.  
 
In condensed-phase biomolecular simulations, mechanically-embedded MLP/MM schemes have been 
predominantly used [1]. These hybrid simulations leverage MLPs to accurately describe the 
intramolecular energetics of a specific region, while treating the remainder of the system and MLP/MM 
interactions at the MM level. To enhance this static formulation and include polarisation effects, various 
electrostatic embedding schemes have been recently developed. Among these, the electrostatic ML 
embedding (EMLE) stands out as a promising model for capturing the response of an MLP system to 
MM point charges [2]. EMLE can be used on top of existing MLPs, and it combines static and induced 
physics-informed potentials with an ML model that predicts the required EMLE parameters.  
 
In this poster, we present absolute alchemical solvation free energy calculations for a set of small 
organic molecules using mechanically- and electrostatically-embedded MLP/MM simulations. We 
benchmark the accuracy of employing a new-generation MACE-OFF23[3] MLP in these settings and 
compare the results against pure MM approaches. Our findings offer insights into the additional physics 
captured by the EMLE potential and suggest potential research avenues to enhance the accuracy of 
hybrid MLP/MM simulations.  
 

 

Figure 1: Schematic of the thermodynamic cycle used to calculate electrostatically-embedded hydration free energies.   
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Abstract 

The interaction between RNA polymerase II (Pol II) and transcription factors (TFs) is essential for 
proper cellular function. TFs act as controllers and aids for Pol II’s transcription of RNA. Many TFs 
can work in unison with Pol II, forming condensates where the interaction between disordered regions 
precisely controls the size and makeup of these molecular hubs1. Our understanding of species' spatial 
organization and concentration within the condensates is limited by the microscopic resolution of 
densely packed proteins2. Here we focus on RECQL5, a TF known to be present during the elongation 
phase of transcription when Pol II is hyperphosphorylated3. In vitro mixtures of proteins were recreated 
in silico, giving insight to their interaction network. The disordered region of RECQL5 is responsible 
for localization in a homotypic condensate. The uMol affinity between phosphorylated serine and 
RECQL5’s SRI domain increases the valency of the heterotypic condensate and may be responsible for 
recruiting Pol II.  

Funding: This project has received funding from the European Union’s Horizon Europe research and 
innovation programme under the Marie Sklodowska-Curie grant agreement No 101180586, in 
association with funding from GAČR.  
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Abstract 
 
Proteins found in Nature have only sampled a small fraction of the available protein sequence space to 
solve problems faced during evolution. De novo protein design has so far mostly focused on design 
algorithms that maximise the free energy difference between a single conformational state and other 
plausible macrostates, resulting in rigid and hyper-stable folds that lack functionality. However, proteins 
often need to interconvert between different conformational states in order to execute their functions. 
Future progress in the field of de novo protein design depends on advances in designing multi-state 
proteins, i.e. proteins that can switch between different conformations upon an external perturbation. 
Coiled coils are an attractive scaffold for de novo protein design, given that they are one of the few folds 
in Nature whose structure can be accurately described with simple parametric equations. These clear 
sequence-to-structure rules can assist in the selection of sequences that can assemble into a desired 
oligomerisation state, e.g. dimer, trimer, tetramer etc. However, unexpected oligomerisation states can 
often be adopted upon external stimuli, e.g. a change in the pH, disagreeing with simple design rules.1 
It is therefore hypothesised that the fine balance of intermolecular interactions that dictates the adoption 
of multiple conformational states could be sufficiently captured with atomistic molecular dynamics 
simulations. 
 
In our work, we are developing a computational pipeline for the prediction of the oligomerisation and 
conformational preferences of coiled coils. To this end, we couple parametric design and metadynamics 
simulations with a combination of conformational and orientational restraints, in order to estimate the 
free energy of aggregation of coiled coil designs. We show that our pipeline is able to distinguish 
between different topologies (e.g. parallel vs antiparallel) and oligomerisation states (e.g. dimer vs 
trimer), rank designs with different sequences, as well as model structural stability in different pH 
conditions, in agreement with experimental observations. Given the versatility of insights our protocol 
can provide, we propose it can be employed to compute the free energy of binding of other protein-
protein or multiprotein complexes of interest to pharmaceutical applications. 
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Abstract 
 
Tuberculosis, caused by the Mycobacterium tuberculosis (M. tuberculosis), is a communicable disease 
and one of the leading causes of death worldwide. M. tuberculosis DNA gyrase is a validated target of 
fluoroquinolones (FQs), second-line antibiotics used for the treatment of multidrug-resistant 
tuberculosis [1-2]. Mutations in DNA gyrase confer resistance to fluoroquinolones. Thus, the 
identification of new agents that inhibit M. tuberculosis DNA gyrase ATPase activity is one strategy to 
overcome this. Here, structure-based virtual screening, subsequently validated by biological assays, was 
applied to identify candidate compounds from natural products in the Specs compound library as M. 
tuberculosis GyrB ATPase inhibitors. Eight compounds were identified as hit compounds for in vitro 
biological assays. Four of eight compounds (1, AE–562/12222575; 2, AE–562/43459688; 6, AO–
103/41868968; and 7, AA–504/20999031) inhibited the inhibition of M. tuberculosis DNA gyrase 
ATPase activity with IC50 values of 18.39, 19.86, 16.31, and 18.93 μM, respectively. These compounds 
showed nontoxicity to Caco-2 cells at concentrations up to 20-fold, 18-fold, 25-fold, and 10-fold higher 
than their IC50 value, respectively. Further, the binding modes and binding energy of compounds 1, 2, 
6, and 7 were investigated by molecular dynamics (MD) simulations. These compounds provide 
attractive starting templates for the optimization of anti-tuberculosis agents. 
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Abstract 

The accurate calculation of binding free energies is crucial in medicinal chemistry as it contributes to 
assessing and tuning properties of drug molecules such as selectivity, specificity and off-target effects. 
Approaches developed for their quantification include energy-entropy methods, which calculate 
binding free energies from the two components. There have been various computational methods 
developed for computing the entropy of a system, but this quantity is generally difficult to compute in 
a manner that exhibits a good balance between computational cost and accuracy. Furthermore, the 
accuracy of such approaches is difficult to assess due to limited experimental methods that can help 
validate computational methodologies.  

Multiscale cell correlation [1], a strategy which relies on decomposing molecules into sets of beads at 
different levels of hierarchy, is able to provide a detailed breakdown of contributions to the binding 
entropy of protein-ligand systems. The current release of CodeEntropy, gave results that show a good 
agreement with quasielastic neutron scattering data for the streptavidin-biotin system [2]. An in-
development version of CodeEntropy was found to be more suitable for the analysis of small organic 
molecules, better optimized for larger systems and able to yield more accurate conformational entropies.  
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Abstract 
 
Membrane proteins play an important role in many vital systems of a cell, such as transport of ions and 
raw materials, communication between adjacent cells, and antibiotic resistant behaviours. Correctly 
orienting membrane proteins is almost always the first step in the molecular simulation and analysis of 
membrane-protein systems. The method presented aims to orient a wide range of proteins that interact 
with the membrane. Many such programs already exist such as OPM [1] and MemEmbed [2], however 
these do not work for some situations such as multi-bilayer systems or peripheral membrane proteins. 
MemPrO also contains tools for further analysis of membrane-protein systems without the need for 
simulations to be run. Currently membrane deformation and localisation of negatively charged lipids 
can be predicted. Figure 1 shows deformation and localisation predictions compared to simulation and 
experimental data respectively. The core method consists of a minimisation in a mean field of potential 
constructed using Martini3 [4] CG parameters. 

 

 

Figure 1: The protein 7MHA was oriented using MemPrO. The resulting orientation was then used 
to predict the membrane deformation (A) and the localisation of cardiolipin (B). In A the 

deformation prediction is compared to MemProtMD simulation data [3] and in B the localisation 
prediction is compared to X-ray diffraction data from RCSB. 

 
 
 
 
 
 
References 
[1] Lomize, Andrei et al. (2009). Protein Science, Volume 15 (Issue 6) , 1318-1333 
[2] Nugent, Timothy, Jones, David. (2013). BMC Bioinformatics, Membrane protein orientation and 
refinement using a knowledge-based statistical potential.  
 [3] D Newport, Thomas. (2018). Nucleic Acids Research, Volume 47, 390-397 
[4] Souza, Paulo et al. (2021), Nature Methods,Volume 18, 382-388. 
 

P33 



												
	
 

   

 

The 10th Annual CCPBioSim & MGMS 2024 Conference: 
Molecular modelling in structure-based drug design 

 

Psychedelic, Antipsychotic and Antidepressant effects of 
5-HT2A modulation 

 
Jordy Peeters1; Kenno Vanommeslaeghe1 

1 Vrije Universiteit Brussel (VUB) Laarbeeklaan 103, 1090 Brussels, Belgium 

Corresponding author: jordy.peeters@vub.be 

Abstract 
 
The serotonin 2A-receptor (5-HT2AR) is best known for inducing hallucinations when activated by 
hallucinogenic ligands like LSD, psilocin or DMT.[1,2] However, it is also of high and increasing interest 
for the treatment of mentally linked afflictions such as depressions, ADHD and schizophrenia. The 5-
HT2AR belongs to the family of the G protein-coupled receptors (GPCRs), but its two distinct effects 
suggest different intracellular signalling. This ability is called biased agonism (or functional selectivity) 
and is hypothesized to apply to 5-HT2AR.[3] Indeed, recent studies have shown that activating the 
receptor with certain agonists may give rise to antidepressant action without psychedelic side effects.[4,5] 

Although a lot of research has been done on GPCRs in general, on an atomistic level the mechanisms 
behind the 5-HT2AR’s differential activation remain unclear. In our study we performed multiple 
atomistic molecular dynamics (MD) simulations on 5-HT2AR bound with an antipsychotic, two 
different potential non-hallucinogenic antidepressants and a hallucinogen to identify the receptor’s 
ligand dependent conformations. Additionally, we used an in-house variant of Adaptive Biasing Force 
(ABF), a free energy method, on these systems to energetically map these different conformational 
landscapes and hence explore their conformational freedom. Given the current gap in specialized 
pharmacological profiles for agonists, our ultimate goal is to develop new types of specific agonists to 
advance the design of novel therapeutic drugs. 
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Abstract 
The 2-trans enoyl-acyl carrier protein reductase (InhA) presents a compelling target for the 
development of novel chemotherapy agents to combat tuberculosis. Extensive research has been 
conducted to explore the inhibitory effects of these agents on InhA activity through various 
physicochemical experiments. In the present study, we first designed novel compounds based on ligand 
X-ray structure that obtained from our previous study (PDB code: 6R9W) as well as benzimidazole 
derivatives. To elucidate the binding energies and the specific interactions between InhA and our 
designed derivatives using ab initio fragment molecular orbital (FMO) and Waterswap calculations. 
The key interactions between InhA and the ligand X-ray structure were found with water molecule, 
Gln100, Ala157. Therefore, we designed novel compounds by replacing H atom at the R1, R2, or R3 
site of the 2,3-dihydro-1H-indene ring of ligand X-ray structure to enhance specific interactions. The 
results evaluated by FMO highlight some key interactions between InhA and the derivatives, indicating 
that the most potent derivative has strong interaction with a water molecule, Gln100, Ala157, Ile215, 
and NAD+. In addition, as compared with the conformation of ligand obtained from the X-ray 
crystallographic data, the enhancement of the size of R2 substitution results in the changes in total IFIE 
from −103.1 to −118.2 kcal/mol. Models of complexes of novel compound bound to the M. tuberculosis 
InhA-binding site, generated by molecular dynamics (MD) simulations. Moreover, MD simulations 
were conducted to explore the binding energies and interactions of novel compound within the InhA 
binding pocket. Finally, these findings offer valuable insights for the development of novel compounds 
with anti-tuberculosis properties by effectively inhibiting InhA activity. 
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Abstract  
The newborn mammalian heart has an inherent regenerative capacity through the replication of pre- existing 
cardiomyocytes. This capacity diminishes shortly after birth[1], leaving the adult mammalian heart with limited self-
repair capacity following injury[2,3]. The transcription factors Meis1 and Hoxb13 cooperatively induce cell cycle 
arrest[4], resulting in the loss of this regenerative capacity. Structure-based drug repurposing screening identified FDA-
approved drugs that can inhibit their transcriptional activity. These drugs, named Neomycin and Paromomycin, 
demonstrated a dose- dependent inhibition and significant proliferation of neonatal cardiomyocytes in vitro and in 
vivo[5]. In this study, we used HPC resources to explore how these small molecules disrupt the formation of the Meis1-
Hoxb13-DNA trimer (Fig. 1, Image A), halting transcriptional activity. We proposed three hypotheses: (1) The ligands 
attach to the proteins’ DNA-binding alpha helices, preventing DNA binding; (2) The ligands promote homodimerization 
of the proteins, halting transcription activity; (3) The ligands bind to DNA, preventing transcription factor attachment. 
The roadmap to prove or discard these hypotheses can be seen in Fig. 1, Image B. Our protein surface exploration 
revealed relatively small binding energies for all Paro/Neo-Meis1/Hoxb13 combinations. Neomycin and Meis1 
exhibited the best binding energies. Simulations with PELE[6] and GROMACS[7] showed strong and lasting 
Neomycin-Meis1 interactions in the parallel alpha helices region, discarding the first hypothesis. Dimerization 
simulations indicated that Neomycin enhanced Meis1-Meis1 homodimer binding energies, but the DNA-binding alpha 
helices of both monomers remained available to bind DNA. DNA surface simulations showed that Neo and Paro 
increased the binding energy twofold compared to Meis1 or Hoxb13. The best binding-energy poses were located in the 
transcription factors region of binding to DNA. With these results, the DNA-blocking hypothesis is the only one that 
agrees with both in-silico and experimental observations.  
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Abstract 
 
Protein kinase B (PknB) has emerged as a promising target for developing new drugs to combat tuberculosis (TB) 
[1]. This study utilized structure-based virtual screening and biological assays to identify candidate compounds 
from natural products in the Specs compound library targeting 
M. tuberculosis PknB ATPase. Among the six hit compounds, compound 6 (AO-103/41868968) was particularly 
effective, inhibiting M. tuberculosis PknB ATPase with an IC50 value of 9.96 μM. Importantly, this compound 
demonstrated no toxicity to Caco-2 cells at concentrations up to 40-fold higher than its IC50 value. Furthermore, 
the binding mode and binding energy of compound 6 were investigated using molecular dynamics (MD) 
simulations. The results revealed strong hydrogen bond interactions with Glu93 and Val95, along with 
hydrophobic interactions involving Leu17, Phe19, Val25, Val72, Met92, Ala142, Met145, and Met155. These 
findings underscore compound 6 as a promising starting point for optimizing anti-tuberculosis agents. 
 

 

Figure 1: Interaction structures of compound 6 and the key residues of M. tuberculosis PknB.  
Red dotted lines indicate hydrogen bonding interactions. 
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Abstract 
 
This study investigates the factors that shape the catalytic activity of the SARS-CoV-2 main protease 
(Mpro) in presence of three peptide substrates using extensive molecular dynamics (MD) simulations 
and the pKa prediction software PROPKA3. We focus on the differences in the rate of cleavage of the 
substrates by the enzyme. The S01 substrate is hydrolysed the fastest, followed by S02 and ending with 
a slow cleavage rate for the S05 substrate. Our results show a corelationship between His41 pKa values 
and substrate cleavage rates, indicating that substrates with poor cleavage rates spend more time in 
configurations with lower His41 pKa values than the fastest. In addition, an inverse behaviour is 
observed for the pKa values for the catalytic Cys145. A combination of high His pKa and low Cys pKa 
could be translated into a favourable proton transfer event between these two residues, a key step in the 
hydrolysis reaction catalysed by the enzyme. 

We also investigated the role of the conserved crystallographic water molecule within the His41 - 
His164 - Asp187 (HHD) cavity on the pKa of His41. It was found that the hydrogen bond interactions 
formed by this water molecule with the residues in the HHD cavity correlate with the observed pKa 
shifts for His41. In particular, this water molecule shows stronger interactions with the HHD cavity in 
the presence of S01, followed by S02, and weaker interactions with S05. Overall, our study provides 
important insights into the catalytic mechanisms of natural peptide substrates of SARS-CoV-2 Mpro 
and lays the groundwork for future strategies in antiviral drug development. 

 

 

Figure 1: SARS-CoV-2 Mpro Michaelis Complex and detail of the HHD cavity and the catalytic dyad. 
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Abstract 
 
The significance of aryl-O-demethylation is increasingly recognized in lignin valorization for chemical 
production and biofuels. A key advancement is the discovery of the cytochrome P450 enzyme (GcoAB) 
from the CYP255A45 family, which converts guaiacol to catechol via aryl-O-demethylation. A single-
site mutation (Phe169Ala) in the active site of GcoAP450 enables the oxidation of syringol, making the 
enzyme more versatile. Further mutations (Phe169Ser and The296Ser) have expanded its ability to 
demethylate o- and p-isomers of vanillin. Through recombinant engineering, GcoAP450 has been 
adapted to process diverse lignin-derived subunits, proving to be a versatile catalyst for lignin 
valorization. 
In the biorefinery industry, a depolymerization method known as reducing catalytic fractionation (RCF) 
produces 4-alkylguaiacols. However, transforming these into valuable products poses a challenge, as 
GcoAP450 has limited activity against 4-alkylguaiacols with additional alkyl groups. A newly 
discovered enzyme, AgcAP450 from Rhodococcus rhodochrous EP4, effectively catalyzes the aryl-O-
demethylation of 4-alkylguaiacols to catechol. Given the 64.4% sequence identity between AgcAP450 
and GcoAP450 (Figure 1), a homology model based on GcoAP450’s X-ray structure was developed. 
Using molecular docking, MD simulations, and QM/MM calculations, we elucidated AgcAP450’s 
binding configuration and its ability to process bulkier substrates compared to GcoAP450.The structural 
insights from these enzymes, especially regarding 4-alkylguaiacols—lignin depolymerization by-
products—are crucial for developing robust P450s for efficient lignocellulose-based biorefinery 
processes. Building on knowledge from P450 GcoA and AgcA, the goal is to design a versatile enzyme 
catalyst capable of aryl-O-demethylation of both small and bulky substrates. Using rational design and 
MD simulations with guaiacol and 4-propylguaiacol as model substrates has revealed interactions 
within the enzyme’s active site, providing insights into the effects of engineered mutations. These 
simulations offer a detailed view of enzyme-substrate dynamics, enhancing understanding and 
predicting catalytic potential. 

 
Figure 1: Sequence alignment of the AgcAP450 and GcoAP450 enzymes using Clustal-Omega webserver developed by the 
European Bioinformatics Institute.  Marked in green we have the conserved residues between these two proteins. While in 
red we have the non-conserved residues, In the active centre we have an Isoleucine (GcoAP450) replaced by a Leucine 
(AgcAP450) and a threonine (GcoA) replaced by an Alanine (AgcAP450). At the entrance of the main pocket in AgcAP450 have 
a Serine, a much smaller residue than the Asparagine present in GcoAP450. 
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Abstract 

 
Modern drug discovery is a highly multidisciplinary area where computational chemistry enables the 
efficient exploration of vast chemical spaces. In this context, the use of computational techniques 
combined with structural information can lead to the identification of new binding sites and help finding 
new hit compounds for drug discovery purposes. In this study, we present a multi-stage virtual screening 
approach utilising crystallographic fragment information from XChem screening,[1] preliminary 
validated by LO-NMR[2]. Our aim is to identify potential hits binding to a functionally relevant site of 
Damage-specific DNA binding protein 1 (DDB1), with the possibility of hijacking it as ligase for 
protein degradation purposes.  

Initially, we leveraged XChem crystallographic data of fragments bound to our target protein to define 
a pharmacophoric query including features shared by at least two fragments. These features guided a 
pharmacophore-based virtual screening of two Enamine compound libraries (3.1M compounds), 
yielding more than 150K virtual hits. Each hit was then subjected to docking simulations which allowed 
to prioritise compounds whose features matched the pharmacophore query also in the predicted binding 
conformations. Where the Molecular Operating Environment software (MOE)[3] was selected for 
performing the pharmacophoric search and the subsequent docking stage was done with Glide[4]. The 
resulting virtual hits were further classified into two distinct groups assigned, using cheminformatics 
approaches, depending on if structural information from the parent XChem fragments is contained or 
they correspond to novel structures. This classification informed the visual inspection stage and led to 
the selection of 60 compounds representing both categories to probe for the extent of structural diversity 
permitted in the pocket. 

Our results highlight several promising candidates whose experimental validation is ongoing and 
demonstrate the effectiveness of integrating structural data from crystallographic fragment screening 
with structure-based computational methods. We believe the approach presented here not only enables 
and accelerates the identification of compounds with improved affinity but will also provide insights 
into the key features driving the binding to the site under investigation. 
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Abstract 
 
Current synthetic gene circuits are designed to perform logical functions, mimicking those in electronic 
circuits [1]. These designs ignore DNA supercoiling, which can affect gene expression as it is intimately 
related to transcription, capable of both up- and down-regulating the expression of distal genes [2]. Our 
goal is to understand, characterize, and harness the potential of supercoiling in regulating transcription 
in synthetic gene circuits as a novel and powerful component of the next generation of synthetic gene 
circuits.  
 
In this work, we introduce TORCphysics, a fast and computationally cost-effective coarse-grained 
physical model designed to predict the expression profiles of gene circuits in bacteria by simulating 
transcription-dependent supercoiling under various biological conditions. These expression profiles are 
suitable for comparison with experimental data. Our results reveal the interplay between transcription 
and genomic architecture, highlighting the importance of factors such as gene orientation, topological 
barriers, and promoter sequences. Concurrently, wetlab experiments are underway to validate our 
findings.  
 
The insights gained from our physical model, combined with experimental data, will contribute to the 
development of a computational toolkit called TORC. TORC will enable the design of genetic circuits 
that exploit transcription-dependent supercoiling. Once constructed, the toolkit's utility will extend to 
circular DNAs in complex environments, including eukaryotic cells. The practical implications are 
broad, potentially yielding gene circuits with enhanced functionalities and increased efficiency.   
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Cystic fibrosis (CF) is a debilitating genetic disorder caused by the malfunction of the cystic fibrosis 
transmembrane conductance regulator (CFTR) protein, an anion channel that regulates epithelial ion 
transport. The treatment of CF has been revolutionized by orally administered drugs that directly target 
defects in CFTR called correctors and potentiators. The potentiator ivacaftor partially restores function 
to CFTR channels with gating mutations, such as G551D. Ivacaftor binds CFTR at the protein-lipid 
interface in a cleft formed by transmembrane segments 4, 5, and 8,1 but the conformational and 
dynamical changes it induces remain incompletely understood. Here, we investigate how the ivacaftor-
binding site is allosterically coupled to other functionally important regions of CFTR using a new 
computational approach named dynamical-nonequilibrium molecular dynamics (D-NEMD) 
simulations.2 The D-NEMD process combines molecular dynamics (MD) simulations under 
equilibrium and nonequilibrium conditions to map the evolving structural response of a protein to a 
perturbation. 
 
We constructed a model of CFTR from the cryo-EM structure of phosphorylated, ATP-bound human 
CFTR in complex with ivacaftor.1 Missing loops were filled in using AlphaFold.3 The regulatory 
domain that is absent from the cryo-EM dataset was not included due to its considerable size and low-
confidence AlphaFold prediction. The model was inserted into a lipid membrane composed of POPC, 
POPE, and cholesterol. The simulations were consistent with a 60 % lipid contribution to the ivacaftor 
binding site,1 with interactions formed during a preliminary 20 ns “pre-production” stage. Consequently, 
ivacaftor remained in the cryo-EM-deduced binding site throughout all the subsequent unconstrained 
500 ns runs (5 replicas for each system), unlike systems set up without prior equilibration of the lipid 
binding site. This allowed us to refine our understanding of ivacaftor-CFTR dynamics and its response 
to ivacaftor perturbation. These equilibrium MD simulations were used to generate a large set of short 
D-NEMD simulations (305 x 5 ns) where ivacaftor was removed as the perturbation, to identify 
communication pathways through the observed responses (ensuring the statistical significance of our 
findings).  

Our work reveals that there are allosteric signals related to ivacaftor binding that are propagated from 
the binding pocket up towards the extracellular vestibule of the CFTR pore and, significantly, 
downwards via neighbouring transmembrane segments to both ATP-binding sites at the interface of the 
dimer (the nucleotide-binding domains). For example, there are three routes from the ivacaftor-binding 
site that reach ATP-binding site 2. One of these goes through transmembrane segment 5 and intracellular 
loop 2 to reach ATP-binding site 2. By studying disease-causing mutations that map to these allosteric 
pathways, such as G551D, we can gain a better understanding of how ivacaftor restores CFTR function, 
potentially guiding the rational design of future therapies for CF. 
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Abstract  

Carbon dioxide (CO2) has a fundamental role in biology. It is involved in a huge variety of processes 
in many organisms, ranging from cellular homeostasis to photosynthesis [1, 2]. While much is known 
about the impact of CO2 on the overall physiology of an organism, much less is known about how its 
interaction with specific biomolecules may affect their function. Our work focusses on carbamylation, 
a non-enzymatic reversible protein post-translational modification (PTM) where CO2 binds onto the 
neutral lysine ε-amino groups [3]. A novel mass spectrometry-based experimental technique, TEO 
trapping, has been recently used to demonstrate that, for reasons yet unclear, CO2 does not bind to every 
lysine [2]. While informative, this experimental technique is laborious, which limits our ability to gain 
a clear and comprehensive view of the interactions between CO2 and proteins. For this reason, we are 
carrying out extensive molecular dynamics simulations and developing a computational method to 
predict which lysine, in any protein, may undergo carbamylation. We found that standard metrics (pKa, 
solvent accessible surface area, and amino acid depth) are insufficient to singlehandedly explain why 
some lysine may be modified, but not others. Therefore, we are now exploring the usage of atomic 
environment vectors, commonly used in machine learning, for this classification task.  
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Abstract 
Polyketides are a diverse group of natural compounds; many are biomedically active. For example, the 
antibiotic actinorhodin (act) is biosynthesised by a type-II polyketide synthase (PKS) multi-enzyme 
complex. A ketosynthase-chain-length-factor (KS-CLF) catalyses initial chain elongation reactions to 
iteratively build a polyketide backbone. This involves a repeating cycle of binding of an acyl carrier 
protein (ACP) with a phosphopantetheine (Ppant) arm attached to a malonyl-group, a condensation 
reaction to join the malonate units together, and unbinding of ACP. This occurs until the polyketide 
reaches the desired chain length, controlled by the substrate channel. Subsequent enzymes then tailor 
the polyketide to generate the final molecule. Due to the reactive nature of polyketide substrates and 
the transient nature of protein-protein interactions, these systems are difficult to study experimentally, 
and obtaining structural insight into the states relevant for reaction is a challenge. As such, the detailed 
mechanism of type-II PKS polyketide chain elongation is debated.  
 
Here, we build models of actACP-actKS-CLF complexes for multiple stages of the chain elongation 
reaction cycle using protein-protein docking and iteratively refining Ppant and polyketide substrate 
positioning using molecular mechanical (MM) molecular dynamics (MD) simulations. We then use 
these optimised models in extensive combined quantum mechanical / MM (QM/MM) simulations. 
Semi-empirical QM methods were selected through benchmarking against small (QM-only) models at 
DFT level. Combined QM/MM CI-NEB (climbing image nudge elastic band) and umbrella sampling 
reaction simulations successfully revealed the mechanism of the first step in chain elongation and 
highlight an energy difference in penultimate and final rounds of elongation. Detailed mechanisms of 
the second and third steps of the reaction help generate a complete picture of the reaction. MM MD 
simulations further indicate that ACP-Ppant is released when the expected polyketide chain length is 
reached. This mechanistic insight into the chain elongation reaction, coupled with other work regarding 
chain length control, provides a platform for PKS engineering to develop novel polyketides with 
potential novel biomedical activities.  
 

 

Figure 1: Type-II PKS KS-CLF-catalysed chain elongation reaction steps. Step 1 is the transfer of the growing polyketide 
from the KS-CLF active-site cysteine to the malonyl-loaded-Ppant to elongate it by one ketide unit. Step 2 is the formation 
of the tetrahedral intermediate, before step 3 which is the complete transfer back to the active-site cysteine to yield an 
‘empty’ ACP-Ppant which can unbind. 
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Abstract 
 
α-Conotoxins are a class of disulfide-rich cyclic peptides produced by marine cone snails that target 
human nicotinic acetylcholine receptors (nAChRs). The specificity of these toxins against different 
isoforms of nAChRs make them attractive pharmacophore candidates.1  
 
To elucidate the mechanism of action, the solution conformations of the conotoxins must be determined 
before modelling their interactions with the receptor. We have carried out molecular dynamics (MD) 
simulations of five conotoxins using enhanced sampling methods. In MD simulations, large datasets 
with high dimensionality (many variables) are generated. These variables are the cartesian coordinates 
of each atom for each time-step of the simulation. From this, other variables such as the backbone 
torsion angles can be derived. To extract meaningful movement of the system over time and thus obtain 
stable solution structures, the dimensionality of these data has to be reduced significantly.  
 
A popular method for dimensionality reduction is principal component analysis (PCA) which uses a 
linear combination of all input variables to calculate the orthogonal collective variables which 
maximally capture the data covariance.2 In the case of our conotoxin simulations, the first two principal 
components of the PCA captured less than 50 % of the variance. Here we compare the use of PCA to 
analyse the conformational space of conotoxins to using autoencoders for the same task. Standard 
autoencoders have a symmetric neural network architecture with a bottleneck in the center (encoder 
layer) whilst the network is trained to reduce the error between input and output (decoder) layer. We 
were able to perform reduction of the simulation data to two dimensions (2 encoder nodes) and extract 
diverse conformations with better separation than for the PCA workflow. Furthermore, we achieved 
high model accuracy (defined by low reproduction error) throughout the trajectory for autoencoders, 
which was not the case for PCA. 
 
Going forward autoencoders will enable us to more accurately model interactions of conotoxins and 
their targets. Our findings in using autoencoders for analysing simulations of cyclic peptides will allow 
us to expand their use in structural biology and help identify more biologically relevant conformations 
of other cyclic peptides. 
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Abstract 
 
DL_FIELD is a software tool to set up molecular simulation force field (FF) models for DL_POLY and 
Gromacs. DL_FIELD contained a unified FF framework that enable smooth data transformation for a 
wide range of FF schemes implemented within DL_FIELD, such as CHARMM, AMBER, OPLS, 
PCFF, CVFF, TraPPE, and their variants. Within the similar framework, DL_FIELD also contained 
inorganic force fields for a wide range of materials such as zeolites, glass, and minerals. The software 
tool allows users to easily switch FFs, via a single-step process, and to construct complex mixed FF 
models, including those of bio-inorganic systems. 
 
DL_FIELD program has the following functions: 

(i) Force field model convertor. Reads user configurations and concurrent production of ready-
to-run, self-contained force field files for DL_POLY and Gromacs simulation packages.  

(ii) Force field editor: Allows users to edit or modify a particular FF scheme to produce a 
customised scheme that is specific to a particular molecular model. 

(iii) Force field model repertoire: consistent file structure format for all FF schemes and 
molecular structure definitions. 

(iv) Third-party FF file formats (CHARMM’s pdb, rtf, psf and prm) conversion into DL_FIELD 
FF files for DL_POLY and Gromacs. 

(v) Integration with pyChemShell for QM/MM calculations. 
(vi) Chemical-sensitive atom typing and identification, by making use of the DL_F Notation 

[1], to facilitate rapid chemistry-based atomic interactions analysis including standardised, 
systematic annotation and quantification analytics using DL_ANALYSER [2]. 

 
DL_FIELD is designed to handle a wide range of molecular system of varying complexity: from simple 
ionic compounds, small covalent molecules to systems with complex topologies such as biomolecules, 
carbohydrates, drug molecules, organic cages, or a mixture of these components. In addition, the 
unification of file formats and data structures based on the DL_FIELD framework facilitates migration 
of one class of FF system model to another, with minimum learning curve. This encourages researchers 
to carry out calculations on novel classes of molecular systems spanning across multidisciplinary fields, 
from material sciences to biological and pharmaceutical areas. 
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Abstract 
 
The allosteric effect is a crucial mechanism for modulating protein functions. However, predicting 
whether a ligand binding at a non-orthosteric site can act as an allosteric modulator remains challenging. 
To tackle this issue, we propose a computational method that combines molecular dynamics simulations 
with Markov State Models (MSMs).1 This method evaluates the modulation efficacy of allosteric 
binders based on the probabilities of observing a protein in different conformational states. In our 
workflow, after distinguishing between different states using conventional molecular dynamics 
simulations (cMD), state transitions are sampled through steered MD (sMD). Snapshots from the sMD 
trajectories are then used as seeds for further unbiased simulations, and their trajectory data are 
featurised to construct the MSMs. Through the model, probabilities of the protein in different states can 
be determined, enabling the assessment of the modulation potential of allosteric ligands. The potential 
and challenges of this method are illustrated through case studies on Phosphoinositide-dependent 
kinase-1 (PDK1). Several experimentally verified PDK1 allosteric modulators2,3 were put through the 
workflow to validate the method. Our study confirms the method's effectiveness in assessing the 
modulation efficacy of allosteric ligands, highlighting its utility in the 'hit to lead' phase of allosteric 
drug discovery campaigns. 
 

 
Figure 1: Brief workflow of our method. 
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Abstract 
 
Protein kinases play crucial roles in cellular signalling by regulating various biological processes, 
including cell growth, differentiation, and division. Dysregulation of these kinases is often found in 
cancers, where mutations can lead to uncontrolled cell proliferation. Kinases, as other proteins, sample 
a large and diverse set of conformations that are key to their function and regulation.  Understanding 
the structural features of these conformational states provides insights into the mechanisms underlying 
kinase activity and also facilitates inhibitor design. Computational methods, such as molecular 
dynamics (MD) simulations, enable us to study the dynamic behaviour of these proteins at an atomic 
resolution, capturing transitions between different conformations. Markov state models (MSMs) can 
then be used to recover information on kinetics even from sets of independent trajectories [1].  

 
In this talk, I will present an MSMs analysis of MD simulations of the catalytic domains of EGFR and 
Abl1 kinases. Their catalytic activity is characterised by a kinetically slow transition between 'active' 
and 'inactive' states defined by a few key structural features, including the DFG-motif [2]. We analysed 
trajectories that reach a cumulative simulation time of 2.4 ms, which were started from a diverse set of 
starting conformations, collected on the Folding@home network. For the first time, we demonstrate 
that DFG-flipping, experimentally known to occur on timescales of tens of milliseconds [3], can be 
reconstructed from parallel simulations, with no single trajectory longer than 2 microseconds. This 
model gives atomic resolution insights into the transition between active and inactive conformations 
facilitating future design of novel inhibitors.    
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