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Charge Scaling Force Fields for Biomolecular Simulations: Do Free Lunches
Exist?

Presenting author: Pavel Jungwirth
10CB Prague, Molecular Modeling, Prague, Czech Republic

Co-author/s: -

Electrical stimuli are essential for a plethora of biological functions. Unlike in electronics,
where electrons form currents, nature mostly exploits ions as charge carriers. Lack of a
consistent molecular picture of action of ions impairs progress in fundamental understanding
of ion-controlled biological processes and in designing smart strategies for fixing ion-related
pathological conditions. Molecular simulations represent a powerful tool for modelling such
processes, however, they can only be as good as is the underlying interaction model (force
field). A major drawback of commonly used force fields is the lack of description of electronic
polarization, which results in severe artefacts such as a dramatic over-binding of ions,
preventing, e.g., accurate modelling of calcium signaling processes. This now well-recognized
deficiency hampers faithful modelling of complex ion-involving biological processes.

In our work, we employ machine learning techniques with the ultimate goal to build a de novo
comprehensive force field for biological systems, that accounts for electronic polarization in a
mean field way via charge scaling. This approach will qualitatively improve modelling of ions
in biological contexts without additional computational costs. This will allow us to address
accurately highly relevant ion-specific processes of increasing complexity from molecular over
cellular to organ levels. In this lecture, | will primarily report on our progress so far, focusing
in particular on charge scaling models for water and biologically relevant ions.



Hybrid Workshop, April 19-20, 2024
“COMPUTER SIMULATION AND THEORY OF MACROMOLECULES”

oral #154 on-site

Investigation on the Protein Dynamics at Extreme Temperatures
Presenting author: Beatrice Caviglia

Université de Paris Cité, University of Perugia, Institute of Physico-Chemical Biology (LBT)
CNRS, Department of Physics, Laboratoire de Biochimie Théorique, Laboratory of Physics of
DNA and Biomolecules, Paris, France

Co-author/s: Fabio Sterpone, Alessandro Paciaroni, Judith Peters

Thermostability of cells and their components is a current research focus. In specific, the link
between the stability of proteins, the most abundant and less stable macromolecules of a
cell, and the process of temperature induced cell death is not completely elucidated, but
poses a fundamental question from a theoretical, biotechnological, and clinical view [1], [2].
A recent work, which investigated the dynamical profile of the proteins in the E. Coli cell, a
mesophilic bacterium, and the rate of unfolded proteins at the cell death temperature
revealed a dynamical catastrophe around the cell death temperature caused by only 10% of
the proteins [3]. Based on these findings, in this project we use all-atoms molecular
dynamics simulations (MD) in combination with neutron scattering measurements (NS) to
investigate the dynamics of the proteins in extremophilic bacteria and to reveal whether it is
a small set of proteins that unfolds. In this occasion, the aim is to show how MD simulations
can be used to model the dynamics of the proteins and to quantify the number of unfolded
proteins at the cell death temperature by incorporating NS measurements. Different
dynamical aspects that have been revealed so far for the extremophilic bacteria, A. Aeolicus
and P. arcticus using MD simulations and NS experiments, such as the global diffusion
coefficient and the mean square displacement of the proteins of the two bacteria, will be
demonstrated.

References:

[1] Coffey, D. S., Getzenberg, R. H., DeWeese, T. L. (2006) ‘Hyperthermic biology and cancer
therapies: A hypothesis for the Lance Armstrong effect’ JAMA 296, 445.

[2] Polizzi, K. M., Bommarius, A. S., Broering, J. M., Chaparro-Riggers, J. F. (2007) ‘Stability of
Biocatalysts’ Curr. Opin. Chem. Biol. 11, 220

[3] Daniele Di Bari, Stepan Timr, Marianne Guiral, Marie-Th er ese Giudici-Orticoni, Tilo
Seydel, Christian Beck, Caterina Petrillo, Philippe Derreumaux, Simone Melchionna, Fabio
Sterpone, Judith Peters, and Alessandro Paciaroni (2023) 'Diffusive Dynamics of Bacterial
Proteome as a Proxy of Cell Death’, ACS Central Science 9 (1), 93-102
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Accessing the Conformational Space of Viral Protein Models by GoMartini 3
Approach

Presenting author: Gustavo Enrique Olivos Ramirez

Institute of Fundamental Technological Research, Polish Academy of Sciences, Department of
Biosystems and Soft Matter, Multiscale Modelling of Complex Systems, Warsaw, Poland

Co-author/s: Luis F. Cofas-Vargas, Adolfo B. Poma

The conformational space of proteins can be characterized by structural analyses, dynamical
contact map determination, and free energy landscape; which are typically calculated in the
us timescale by all-atom molecular dynamics (MD) simulation. However, longer timescales
are still prohibited to all-atom MD, yet they are necessary to assess the quality of protein
models. In contrast, coarse-grained (CG) MD has the advantage of expanding this scales by
more than 2 orders of magnitude, reducing the computational cost at the expense of losing
information on the specific interactions between atoms. The GoMartini approach [1] is an
alternative tool to circumvent this limitation, and, in its recent implementation, it employs
virtual sites near the Ca -atom positions in the Martini 3 force field [2]. This approach
requires the determination of a contact map that includes the most relevant interactions
between residues. In this, study we apply this CG method to increase our understanding of
the long-time dynamics of a protein model with no a priori deposited experimental
structure. Here, we focus efforts to describe the telomere-binding protein from Monkeypox
virus (MPXV-TBP) that is an essential virosomal protein for virus multiplication in other
analogous viruses, emerging as a promising pharmaceutical target. Hence, we performed an
exhaustive exploration (i.e. timescale of few hundreds of ps) of the conformational space of
MPXV-TBP (UniProtKB ID: Q8V518) under GoMartini 3 approach. Long-time dynamics
comprises CG simulations for three representative models: i) AlphaFold v.2, ii) homology
models, and iii) frames retrieved from unbiased all-atom MD simulation. Our study unveils
major differences between all three models and may suggest ways

for new strategies in rational drug design aimed at viral proteins.
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Exploring the Conformational Landscape of a Class A G Protein-Coupled
Receptor with Biased Molecular Dynamics Simulations and Markov State
Modeling

Presenting author: Rita Ann Roessner

University of Montpellier, Institut des Biomolecules Max Mousseron (IBMM), Molecular
Modelling, Montpellier, France

Co-author/s: Maxime Louet, Nicolas Floquet

G protein-coupled receptors (GPCRs) are key players in signal transduction and as such are
involved in most physiological and pathological processes. As GPCRs are the most
represented protein family among membrane receptors, they are responsible for cellular
responses to a variety of different stimuli, including hormones, neurotransmitters, and
exogenous substances. It is estimated that one-third of approved pharmaceutical drugs
target GPCRs [1]. To date, computer-aided drug design and discovery applied to GPCRs are
largely based on their experimental structures obtained from cryogenic electron microscopy
(cryo-EM) or X-ray crystallography. However, these techniques only capture the receptors in
their lowest energy conformation under specific experimental conditions, whereas it is
widely recognized that the activity of GPCRs spans a broad spectrum of structurally and
functionally distinct and transient states in equilibrium [2]. To bridge this gap, we aim to
capture this highly diverse conformational landscape and shed light on its modulation by
different ligands (agonists, inverse agonists, antagonists). Our model system is the growth
hormone secretagogue receptor (GHSR-1a), which belongs to the subfamily of class A GPCRs
and controls growth hormone secretion, food intake, and reward-seeking behaviors upon
interaction with the neuro-endocrine peptide hormone ghrelin [3]. Taking advantage of the
huge amount of structural data in the field, we performed a principal component analysis
(PCA) of all class-A GPCR structures available in the Protein Data Bank (PDB), based on the
assumption that the collective motions among the protein family are conserved. We used
the amplitudes of displacement along the first eight eigenvectors as collective variables for
well-tempered meta-dynamics simulations combined with a bias exchange scheme. We
show that 1 ps of accumulative simulation time along each principal component is sufficient
to sample the collective motions of the receptor in the eight-dimensional space. We
leveraged the models generated by meta-dynamics as starting points for additional classical
(unbiased) MD simulations whose a posteriori analysis using a Markov state model provides
insights into the dynamical transitions within the conformational landscape of GHSR

depending on the bound ligand.

[1] K. Sriram et al., “G Protein-Coupled Receptors as Targets for Approved Drugs: How Many Targets and How Many
Drugs?,” Mol. Pharmacol., vol. 93, no. 4, pp. 251-258, Apr. 2018, doi: 10.1124/mol.117.111062.

[2] M. Casiraghi et al., “Functional Modulation of a G Protein-Coupled Receptor Conformational Landscape in a Lipid
Bilayer,” J. Am. Chem. Soc., vol. 138, no. 35, pp. 11170-11175, Sep. 2016, doi: 10.1021/jacs.6b04432.

[3] B. Sivertsen et al., “Functionally biased signaling properties of 7TM receptors - opportunities for drug
development for the ghrelin receptor: Biased signaling properties of the ghrelin receptor,” Br. J. Pharmacol., vol. 170, no. 7,
pp. 1349-1362, Dec. 2013, doi: 10.1111/bph.12361.
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Condensate Coexistence in Gene Transcription: Molecular Dynamics Insights
Presenting author: Arya Changiarath Sivadasan

Johannes Gutenberg University, Institute of Physics, Statistical Physics and Soft Matter
Theory, Mainz, Germany

Co-author/s: Jasper J. Michels, Rosa Herrera Rodriguez, Sonya M. Hanson, Friederike Schmid,
Jan Padeken, Lukas S. Stelzl

The formation of distinct phase-separated condensates of biological macromolecules
underpins specific regulation in cells. Here we elucidate under what conditions phase-
separated condensates can regulate biochemical processes by providing distinct chemical
environments with particle-based multi-scale simulations. As a prototypical example, we
study the disordered C-terminal domain of RNA polymerase Il (CTD), which in experiments
has been found to form condensates under both unphosphorylated and phosphorylated
(pCTD) states. CTD condensates have been proposed to underpin transcription initiation,
while pCTD condensates may support transcription elongation. A better understanding of
the molecular driving forces of CTD phase separation will provide insights into how CTD and
pCTD condensates can regulate transcription initiation and elongation. Combining nuclear
magnetic resonance (NMR) spectroscopy and atomistic molecular dynamics to generate
conformational ensembles using a Bayesian formalism, illustrates the significance of
interactions involving tyrosine, notably tyrosine-proline contacts driving the phase
separation of CTD. In vivo experiments in C. elegans show that CTD is more prone to
condensation at higher temperatures (30°C) than at lower temperatures (5°C). However, it
has remained unclear whether CTD and pCTD condensates would mix when coexisting or
remain as distinct chemical environments; either as multi-phase condensates or by forming
entirely separate condensates. Computing surface tensions from coarse-grained molecular
dynamics simulations we establish under what conditions they remain coexist either as
multi-phase condensates or by forming entirely distinct condensates. Our findings indicate
that the two phases associated with transcription initiation and elongation constitute
distinct chemical environments, which modulate chain conformations. These condensates
facilitate the selective recruitment of other biomolecules, as demonstrated with FUS.
Comparisons with atomistic reference simulations and experimental data highlight that our
simulations capture the essential elements of CTD interactions.
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Simulation of lon Mobility Spectrometry Experiments
Presenting author: Daniel SzollGsi

Max Planck Institute for Multidisciplinary Sciences, Department of Theoretical and
Computational Biophysics, Theoretical and Computational Biophysics, Géttingen, Germany

Co-author/s: Juan Luis Restrepo-Lépez, Christoph Wichmann, Jirgen Cox, Helmut
Grubmdiller

Mass spectrometry based proteomics is becoming an invaluable analysis tool of complex
samples like human cell lysates and allows the identification and quantification of thousands
of proteins. To enhance the coverage and accuracy of complete proteomes the digested
proteins are initially separated with HPLC and in latest devices additionally by trapped ion
mobility spectrometry (TIMS). lon mobility spectrometry enables differentiation of peptides
based on their mass, size, shape and charge distribution. However, a deeper understanding
of the peptide conformation in the low pressure environment of the drift tube would help
the interpretation of the measurement results and foster instrument development.
Therefore, we carried out molecular dynamics simulations of a model peptide in low
pressure air (2.7 mbar). Simulation parameters were carefully adjusted to reproduce the
experimental conditions as close as possible. Drift speed obtained from simulations show a
decent agreement with experimental measurement e.g. 60 m/s versus 78 m/s, respectively.
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Atomistic Mechanism of Copper Transfer to Plant Receptor ETR and Structural
Receptor Dynamics after Binding of Ethylene and 1-Methylcyclopropene

Presenting author: Lisa Sophie Kersten

Heinrich Heine University, Institute for Pharmaceutical and Medicinal Chemistry,
Computational Pharmaceutical Chemistry and Molecular Bioinformatics, Diisseldorf,
Germany

Co-author/s: Stephan Schott-Verdugo, Holger Gohlke

The gaseous plant hormone ethylene is a small molecule recognized for its role in triggering
fruit ripening. Its interaction with the plant receptor ETR1 (ethylene response 1) within the
transmembrane sensor domain (TMD) is crucial for this effect [1]. The TMD obtains its high
affinity and specificity for the chemically simple ethylene molecule through an essential
copper cofactor, which also binds in the TMD. To date, established pathways elucidate the
transport of copper from the cell’s plasma membrane to the ER membrane-bound ETR1 by
the chaperones ATX1, CCH, and RAN1. These chaperones are characterized by a shared
structure featuring a ferredoxin-like fold and a copper-binding motif [2]. Despite this
knowledge, a comprehensive understanding at the atomistic level of the interactions
between the chaperones and ETR1 is still lacking. Here we present preliminary interaction
models derived from coevolutionary and structural data, coupled with protein-protein
docking. It is known that ETR1 bound to ethylene undergoes conformational changes,
leading to the failure of downstream target activation and initiation of fruit ripening. Many
strained alkenes, such as 1 methylcyclopropene (1-MCP) are effective antagonists of
ethylene responses by targeting the same binding site [3]. However, it remains elusive, how
ethylene binding deactivates ETR1 and why 1-MCP functions as an ethylene antagonist.
Here, we provide initial insights into how ethylene deactivates, and how 1-MCP maintains,
ETR1 activity. Leveraging our model of the ETR1 TMD [4,5] and employing free ligand
diffusion simulations, we constructed an ETR1:Cu(l):ethylene TMD model that aligns with
our characterization of the ethylene binding site [6]. Additionally, we developed parameters
of ethylene or 1-MCP binding to Cu(l) by applying a bonded model. Both the distances and
force constants obtained indicate that 1-MCP interacts more strongly with copper than
ethylene. The obtained trajectories of the ethylene-bound ETR1 TMD suggest directional
movements of amino acids known to be associated with ethylene binding or signal
transduction. These movements are less pronounced or absent in the unbound- or 1-MCP
bound states. Overall, these studies provide initial insights into the atomistic mechanism of
copper transfer, how ethylene binding affects ETR1 structural dynamics, and how
antagonists, such as 1-MCP, maintain ETR1 activity and might give a perspective of the

structural dynamics of full-length ETR1 at the atomistic level.
[1] S. P. Burg, E. A. Burg, Plant Physiol., 1962, 37, 179-189.

[2] C. Hoppen, L. Miiller, Sci Rep. 2019, 9, 10715.

[3] E. C. Sisler, M. Serek, Plant Growth Regul., 1996, 18, 169-174.

[4] S. Schott-Verdugo, S. Muller, Sci. Rep., 2019, 9, 8869.

[5] A. Kugele, B. Uzun, RSC Adv., 2022, 12, 7352-7356.

[6] G. Cutsail, S, Schott-Verdugo, Biophys. J., 2022, 121, 3862-3873.
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Effects of Charge Scaling on Potassium Channel Simulations, Conductance, lon
Occupancy, Voltage Response, and Selectivity

Presenting author: Chenggong Hui

Max Planck Institute for Multidisciplinary Sciences, Department of Theoretical and
Computational Biophysics, Computational Biomolecular Dynamics, Géttingen, Germany

Co-author/s: Reinier de Vries, Wojciech Kopec, Bert de Groot

Potassium channels are widely distributed in many types of organisms. They permeate
potassium ions at high rates (~100pS). Potassium channels achieve high efficiency and
selectivity by a conserved selectivity filter with four adjacent potassium-binding sites.
Molecular dynamics simulations can provide a detailed mechanism for this sophisticated ion
permeation. However, there are clear inconsistencies between the molecular dynamics
prediction and experiments. Firstly, the ion occupancy of the selectivity filter is lower than
expected (~2.5 compared to ~4 from X-ray crystallography). Second, the conductance is an
order of magnitude lower than what is measured in single-channel electrophysiology
experiments. This discrepancy is likely because the force fields typically used in MD
simulations do not account for polarization. One proposed force field modification is the ECC
(Electronic Continuum Correction), which scales down the charge to introduce the
polarization in a mean-field way. When ECC is applied to Charmm36m, the simulated
conductance significantly increases 7-fold, whereas applying ECC to Amber14 does not
consistently increase the conductance. We further investigate this difference between ECC-
Charmm36m versus ECC-Amber14sb by looking into the equilibrate distribution of the
selectivity filter state using Hamiltonian Replica Exchange (HRE). We propose and test new
parameters for Amberl4sb that also predict a conductance similar to that of experiments
and predict the |-V curve qualitatively close to the experiment for different potassium
channels. Our modifications for both force fields reconcile Molecular Dynamics (MD)
simulations and experimental data, in terms of ion occupancy in the selectivity filter,
conductance, and current-voltage response, but not selectivity. In the channels (Nak2K,
TRAAK, and MthK) with 2 force fields (Amber14sb and Charmm36m) tested in this study, no
water co-permeation was observed. Overall, these refinements represent meaningful
progress in the development of force fields for simulations of ion channels.
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Bayesian Electron Density Determination from Single-Molecule X-ray
Scattering

Presenting author: Steffen Schultze

Max Planck Institute for Multidisciplinary Sciences, Department of Theoretical and
Computational Biophysics, Theoretical and Computational Biophysics, Géttingen, Germany

Co-author/s: Helmut Grubmdller

Single molecule X-ray scattering experiments using free electron lasers hold the potential to
resolve both single structures and structural ensembles of biomolecules. However, structure
refinement is exceedingly challenging due to complications such as low photon counts, high
noise levels and low hit rates.

Most analysis approaches focus on large specimen like entire viruses, which scatter
substantially more photons per image, such that it becomes possible to determine the
molecular orientation for each image. In contrast, for small specimen like typical proteins
the molecular orientation cannot be determined for each image, and must be considered
random and unknown. Here we developed and tested a rigorous Bayesian approach for
electron density determination from single-molecule X-ray scattering images, taking into
account experimental effects such as hits and misses, intensity fluctuations, beam
polarization, irregular detector shapes, incoherent scattering and background scattering. We
demonstrate using synthetic scattering images that it should be possible to determine
electron densities of small proteins in this extreme low hit-rate high noise Poisson regime.
Notably, our results show that determining which of the millions of images are hits as
opposed to misses, which becomes impossible for small molecules, is not required.
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Molecular Mechanisms Unveiling Virus-Host Interactions Steering Membrane
Fusion

Presenting author: Chetan Poojari

Saarland University, Department of Theoretical Physics, Computational Biophysics,
Saarbriicken, Germany

Co-author/s: Tobias Bommer, Katharina C. Scherer, Jochen S. Hub

Viral infection relies on the stable binding of viral fusion proteins to host membranes, which
comprise numerous lipid species. The process by which viruses sense lipid compositions to
target suitable host cells, and how viral protein-lipid interactions propel membrane fusion,
remains poorly understood. Through multi-scale molecular simulations, we calculated
membrane binding free energies of fusion proteins spanning classes I-lll, considering various
lipid compositions. Our findings reveal membrane binding affinities follow the order: class |
> class Il > class lll. This disparity in affinities implies different mechanisms followed by fusion
proteins during membrane fusion. Class Il and Il proteins drive membrane fusion by
specifically bind to polyunsaturated lipids at designated lipid binding pockets, aligning with
their respective membrane fusion pathways. To assess the biological relevance of selective
binding to polyunsaturated lipids, we conducted membrane fusion simulations. The stalks
formed during membrane fusion exhibited an enrichment of polyunsaturated lipids,
indicating that fusion proteins binding to such lipids prime the membrane for the initial stage
of fusion through stalk formation. Considering the non-specific binding of lipids by class |
proteins, we delved into the role of fusion peptides employed by class | to target the host
membrane. Membrane-fusion simulations unveiled that fusion peptides from class |
significantly reduce the free energy required to form stable stalks. Thus, beyond serving as
host-membrane anchors, fusion peptides actively drive membrane fusion. Our results
underscore the significance of lipid recognition by class Il and Il fusion proteins as a key
feature for selective binding and fusing at the mammalian plasma membranes or
membranes within endosomal compartments. Class | fusion protein which lack lipid binding
pockets, utilize fusion peptides to anchor and drive membrane fusion.
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Microscopic Dynamics of an Intrinsically Disordered Protein in a Condensate
Presenting author: Saumyak Mukherjee
Ruhr University Bochum, Theoretical Chemistry, Molecular Simulation, Bochum, Germany

Co-author/s: Lars Schafer

Biomolecular condensates play a significant role in cell compartmentalization, allowing the
organization of biochemical processes. The crowded environment of a condensate is
characterized by a plethora of molecular interactions that determine its dynamical nature.
Using atomistic molecular dynamics simulations, we aim to understand these interactions
and decipher their effects on the internal dynamics of a FUS-LCD (Fused in Sarcoma Low
Complexity Domain) protein condensate. We aim to understand the time- and length-scales
of protein motions. Moreover, we determine the population and residence times of different
dynamic amino acid contacts present in the condensate.
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Charges and Boundary Terms: Easy Ways to Spoil Your QM/MM(MD) Results
Presenting author: Aleksandr Zlobin
Leipzig University, Medical Faculty, Institute for Drug Discovery, Leipzig, Germany

Co-author/s: Phillipp Kachkin, Julia Beliaeva, Andrey Golovin

Hybrid quantum mechanical/molecular mechanical (QM/MM) simulations are a staple of
modern computational biochemistry. A small portion of the molecular system is modeled
with a more accurate QM approach, while keeping everything else under the much
computationally cheaper MM description. This allows us to model enzymatic reactions in
practice. To saturate open valencies on QM atoms when the subsystem is passed to the QM
engine, capping hydrogen atoms are added. These atoms are called link atoms (LA) and are
invisible to the MM engine. For QM engine, a LA placed along a bond to a sizably charged
MM atom will be heavily influenced by it. This is called hyperpolarization, and it results in a
setup that does not bear much chemical sense. A number of elaborate schemes to correct
the issue were proposed. However, they have got limited traction in popular QM/MM
software and, therefore, practice.

In biomolecular setting, two out of three backbone atoms are polar, and in QM/MM with
electrostatic embedding, a neighboring intra-backbone link atom will be hyperpolarized.
Here, we show that the consequences of such an artifact may be severe and may completely
overturn the conclusions drawn from the simulations. Since QM/MM MD is getting ever
more popular, we then investigated how different boundary types and charge redistribution
schemes influence backbone dynamics. We showed that the results are heavily dependent
on which boundary MM terms are retained, with charge alteration being of secondary
importance. Only three intra-backbone boundaries produce correct results in dynamics
when the classical scheme to omit angular and dihedral terms with only one MM atom is
used. When these terms are retained, as implemented in Amber and NAMD suites, five out
of six boundaries are mostly correct.

Our newest and unpublished results investigate the effects of both classical and Amber
boundary term retainment schemes on the sidechain dynamics. We report that, quite
worryingly, both schemes significantly alter chi-1 and chi-2 rotations. We then propose an
updated term retainment scheme that alleviates this issue. Given the popularity of
sidechain-only QM systems in practice, our results are of the utmost importance to all
QM/MM MD practitioners.
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Proton Coupled Electron Transfer in Biomimetic Peptides
Presenting author: Katharina Spies

Karlsruhe Institute of Technology, Institute of Physical Chemistry, Theoretical Chemical
Biology Group, Karlsruhe, Germany

Co-author/s: Marcus Elstner, Natacha Gillet, Tomas Kubar

Proton Coupled Electron Transfer (PCET) plays an important role in several biological
processes involving the oxidation and reduction of aromatic residues such as tyrosine and
tryptophan. Electron transfer is mediated along long-range transfer pathways involving a
series of proton and electron transfer reactions. Insight into the environment that influences
the mechanism of the PCET and the study of the structure and function of the tyrosyl radical
and the adjacent residues are important for understanding the enzymatic reactions. Since
experimental and computational studies of complex protein systems in which PCET plays an
important role, such as photosystem Il (PSIl) and ribonucleic reductase (RNR), are costly,
time-consuming and difficult to manage, biomimetic peptides and proteins are used instead.
Theoretical studies can be essential for a deeper understanding of the reaction mechanism
and the use of multiscale simulations is crucial: Molecular force-field methods correctly
capture the protein environment that influences the donor and acceptor molecules involved
in the transfer mechanism. Meanwhile, quantum chemistry accurately describes the particle
motions, providing a comprehensive picture of these complex reactions.

The free energy surface of the reaction was obtained by tracking two collective variables
along the simulation: 1) the proton tranfer as the difference of the distance between the
donor and acceptor atoms to the transferred proton and 2) the electron transfer as the
difference of the summed Mulliken charges. Two-dimensional multi walker metadynamic
simulations were performed with biasing potentials applied to both CVs. For the later, the
bias on the atomic charges, coupled-perturbed equations were implemented in the density
functional tight binding (DFTB) method.

The methodology was tested on two types of biomimetic peptides. For the PSll-inspired B-
hairpin peptides, the mechanism of the PCET reaction between a tyrosyl radical and either a
histidine, tryptophan or tyrosine residue was investigated. It was found that the geometry,
in which the residues are arranged relative to each other strongly influences the electron
transfer. In addition, a a-helical radical maquette was studied and we were able to show the
influence of the protein and water environment on the transfer mechanism.
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Binding kinetics parameters, i.e. dissociation and association rate constants, can be more
relevant than binding affinity as predictors of drug efficacy in non-equilibrium in vivo
conditions. Therefore, a growing interest is emerging to develop methods to compute the
drug-target dissociation rate constant or its inverse — residence time (t). However,
computing residence time is challenging due to dissociation occurring over a wide range of
timescales (minutes and hours) — generally extending beyond timescales accessible by
conventional molecular dynamics (MD) simulations. tTRAMD is a method based on MD and
enhanced sampling by Random Acceleration Molecular Dynamics (RAMD) for computing the
relative residence times of ligand-protein complexes. In this study, tRAMD was applied to a
set of compounds targeting Histamine-1-receptor (H1R). This protein is a member of the G
protein-coupled receptors (GPCR) superfamily and is a validated target for the treatment of
allergies and some forms of gastric acid related conditions. For some protein-ligand
complexes, including H1IR complexes, residence time is affected by the relatively slow
motion of flexible loops. We modified the TRAMD protocol to account for the motion of a
flexible loop and used it to compute the relative residence times of a set of antagonists of
H1R. We find that the modified tTRAMD protocol gives a better correlation of the computed
residence times of the H1R antagonists with experimental values when compared to the
standard TRAMD protocol. The TRAMD calculations also provide mechanistic insights into the
H1R-ligand dissociation kinetics.
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The Automated Ligand Searcher (ALISE) is designed as an automated computational drug
discovery tool. To approximate the binding free energy of ligands to a receptor, ALISE
includes a three-stage workflow, with each stage involving an increasingly sophisticated
computational method: molecular docking, molecular dynamics, and free energy
perturbation, respectively. To narrow the number of potential ligands, poorly performing
ligands are gradually segregated out. The performance and usability of ALISE are
benchmarked for a case study containing known active ligands and decoys for the HIV
protease. The example illustrates that ALISE filters the decoys successfully and demonstrates
that the automation, comprehensiveness, and user-friendliness of the software make it a
valuable tool for improved and faster drug development workflows.
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Antimicrobial resistance represents a growing threat to global public health, underscoring
the urgent need for novel strategies to counteract the spread of multi-resistant bacterial
strains. Antimicrobial peptides (AMPs) have emerged as a promising alternative to common
antibiotics for inhibiting bacterial growth without inducing new forms of resistance.
Recently, the cyclic peptide lugdunin was isolated from nasal Staphylococcus lugdunensis
and has shown a strong antimicrobial activity against several Gram-positive bacteria.
Lugdunin consists of six D,L-amino acids and a thiazolidine moiety. While maintaining
membrane integrity, lugdunin was shown to enable proton translocation across the
membrane. However, the mechanistic mode of action of lugdunin on membranes is hardly
understood. Here, we applied atomistic molecular dynamics simulations to investigate
lugdunin’s differential interaction with a range of complex model membranes.

Our results suggest that lugdunin easily penetrates the membrane interface region, and is
able to advance further into the membrane core. We decipher the driving forces behind
lugdunin membrane embedment and in particular the role of the thiazolidine moiety.
Microsecond-long simulations reveal the self-assembly of lugdunin molecules to stacks that
span the membrane and form a channel likely capable of transporting protons. The
presented simulations provide a basis for the future rational design of new macrocyclic
thiazolidine peptide antibiotics with enhanced efficacy and safety profiles.
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While allostery is paramount for protein signaling and regulation, the underlying dynamic
process of allosteric communication is poorly understood. PDZ3 domain represents a prime
example of an allosteric single-domain protein, as it features a well-established long-range
coupling between the C-terminal a3-helix and ligand binding. In an intriguing experiment,
Hamm and coworkers [J. Phys. Chem. Lett. 2021,12,4262-4267] employed photoswitching of
the a3-helix to initiate a conformational change of PDZ3 that propagates from the C-
terminus to the bound ligand within 200 ns. Performing extensive nonequilibrium molecular
dynamics simulations [J. Phys. Chem. Lett. 2022, 13, 9862—-9868.] combined with Markov
modeling, the modeling of the experiment reproduces the measured timescales and reveals
a detailed picture of the allosteric communication in PDZ3. In particular, a correlation
analysis identifies a network of contacts connecting the a3-helix and the core of the protein,
which move in a concerted manner. Representing a one-step process involving direct a3-
ligand contacts, this cooperative transition is considered an elementary step in the
propagation of conformational change.
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One way gene regulation occurs in bacteria is through programmed translational stalling.
Specific arrest peptides have evolved to pause the ribosome under certain conditions while
being translated. Thhe SecM arrest peptide, e.g. up-regulates secretion of proteins through
the cell membrane by inducing stalling. A mechanical pulling force acting on the N-terminus
terminates stalling and enables translation to continue. Recently, novel arrest peptides like
ApdP have been discovered which share with SecM a conserved Arg-Ala-Pro-Pro motif.
Cryo-EM structures of the stalled E. coli ribosome containing the peptide-Arg-Ala-Pro-tRNA
in the ribosomal P site and a Pro-tRNA in the A site, suggest that peptide bond formation is
affected during translation of ApdP and SecM.

In all current models of peptide bond formation, the nucleophilic attack of the aminoacyl-
tRNA a-amino group to the carbonyl-carbon of the peptidyl-tRNA is facilitated by the
extraction of a proton from the attacking a-amino group.

Using molecular dynamics (MD) simulations of the E. coli ribosome in complex with wt ApdP
and non-stalling variants, we determined the protonation state of the A-site Pro and found
that specific hydrogen bonds between the Arg-Ala-Pro peptide and the A-site Pro prevent
the efficient adoption of conformations that allow the proton extraction as well as the
subsequent nucleophilic attack required for peptide bond formation.

Additionally, we