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Prospective Randomised Controlled Trial on Model-Informed Precision
Dosing (MIPD) for Ustekinumab and Vedolizumab in Inflammatory Bowel
Diseases (MOVE-IT): A Bayesian Framework Incorporating Uncertainty
E. S. K. Widigson, K. Braun, Z. Duvnjak, M. Klose, C. Frimor, K. Anilkumar, W.
Huisinga, C. Steenholdt, M. A. Ainsworth, C. Kloft
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Advancing Microdialysis  Calibration for Target-Site  Antibiotic
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I. Giltjes, F. Mlller, C. Kloft

Bridging in vitro and in silico Approaches: Investigating Antibiotic
Combination Therapy of Fosfomycin, Piperacillin, and Tazobactam
L. Grasmaier, N. Zimmermann, C. Kloft

Experimental and Mathematical Investigation of Levofloxacin Resistance in
Escherichia coli
S. Salehian, C. Nyhoegen, C. Kloft

Towards Elucidating Complex Immunomodulatory—Antibiotic Combination
Therapy: Mechanistically Driven PK/PD Modelling to Advance Drug
Development

M. S. R. Happ, C. Nyhoegen, M. Baldry, C. Costa, D. Cayet, W. Huisinga, J.-C.
Sirard, C. Kloft, R. Michelet

Limited Pharmacokinetic and Pharmacodynamic Modelling Research of
Lymphodepleting Agents in CAR-T Cell Therapy: A Literature Review
E. H. Smith, F. Klima, M. Anzbdck, A. Holzem, M. Subklewe, O. Scherf-Clavel,
W. Huisinga, C. Kloft

Towards a Comprehensive CYP2C19- and CYP3A4-Mediated Drug-Drug-
Gene Interaction (DDGI) Network for Oral Voriconazole: Integration of in
vitro Characterization and PBPK Modelling of Oral Bioavailability
M. Gamba, A. Saleh, A. Konrad, G. Mikus, D. Busse, W. Huisinga, C. Kloft, R.
Michelet

Population Pharmacokinetic Modelling of Plasma and Target-Site
Metronidazole in Obese and Non-obese Patients

Y. Mirasbekov, D. Bindellini, S. Nothofer, P. Simon, R. Michelet, C. Dorn, M.
Zeitlinger, H. Wrigge, W. Huisinga, C. Kloft

Direct and Hybrid Machine Learning Approaches do not Outperform NLME-
based full Bayesian Forecasting for Early Identification of Delayed
Methotrexate Elimination

M. Klose, D. Marschner, M. Knott, J. Wendler, J. Muller-Kihnle, C. Nyhoegen, N.
Hartung, W. Huisinga, R. Michelet, A. M. Mc Laughlin, G. lllerhaus, C. Kloft
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Overcoming the Limits of Current Mucolytics: A Safe Inhalable Peptide
Approach for Effective Disruption of Cystic Fibrosis Airway
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Stereoselective Glucuronidation of Propranolol and its Inhibition by
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OpenMMDL: A Workflow for Molecular Dynamics Simulations of Protein-
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V. Talagaev, Y. Chen, N. P. Doering, K. Denzinger, L. Obendorf, S. Liu, A. Wolf,
K. Lam, G. Wolber

Structure-Based Virtual Screening for Novel Adenosine A2B Receptor
Agonists
O. Schlund, N. P. Doering, C. Coffey, A. F. Perhal, V. M. Dirsch, G. Wolber

MDPath Elucidates Ligand-Driven Allosteric Paths Encoding G Protein
Bias at the KOR

N. P. Doering, K. Puls, M. Diceglie, A. Meraner, A. Hentsch, S. Hongnak, A.
Wurzer, H. Schmidhammer, M. Spetea, M. Nazare, G. Wolber
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Sulfur-Containing Quinoline-2-carboxylates as Novel Inhibitors of New
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Remarkable Biochemical and Biophysical Properties
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G.F. Salchert, J. Rademann

Genetic Ablation and Direct Inhibition of Acid Sphingomyelinase Reduce
Sphingosine-1-phosphate Formation in HT1080 Cells
A. Ruffer, F. Schumacher, B. Kleuser

Characterization of Sphingosine 1-Phosphate Lyase Activity via
Quantification of (2E)-Hexadecenal as a Glutathione Adduct by LC-MS/MS
N. Pfeiffer, F. Schumacher, B. Kleuser

Modulation of TET Enzymes as an Epigenetic Approach for Treating IDH1
Mutant Cancers
D. F. Grunwald, F. Schumacher, N. Pfeiffer, B. Kleuser

Chemical characterization of the genus Microcoleus - cyanobacteria
with toxic and biomedical potential
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From a Single Toxin to a Toxin Network: New Insights into
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F. Schanbacher, V. I. C. Rebhahn, T. H. J. Niedermeyer

Aetokthonotoxin uncouples oxidative phosphorylation due to
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V. I. C. Rebhahn, M. Saoud, M. Winterhalter, F. Schanbacher, M. Jobst, R.
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OP1

Ligand-Based Machine Learning Approaches to Predict Novel
TLR9 Modulators

E. Kulitzki!, V. Talagaev?, N. P. Doering?!, L. Tanev?, G. Weindl?, G. Wolber?!

1Freie Universitat Berlin, Institute of Pharmacy, Molecular Drug Design Group, Kénigin-Luise-Str. 2+4,
14195 Berlin, Germany

2University of Bonn, Pharmaceutical Institute, Pharmacology and Toxicology Section, Gerhard-
Domagk-Str. 3, 53121 Bonn, Germany

Toll-like receptor 9 (TLR9) is a key innate immunity target that recognizes
unmethylated cytosine-guanine (CpG) DNA and orchestrates pro- and anti-inflammatory
signaling, making it highly attractive yet mechanistically complex for immunomodulatory
therapies. [1] TLR9 is predominantly localized in endosomal compartments of immune cells,
where ligand binding triggers downstream pathways that can be exploited both for cancer
immunotherapy and for dampening pathological inflammation. [2] However, identification of
novel modulators remains challenging due to intricate SARs and limited experimental and
structural data. Here, we developed a ligand-based ML workflow to discover and characterize
novel TLR9 candidates via virtual screening.

Curated ChEMBL data were transformed to pChEMBL values, with Morgan fingerprints
generated as primary features. [3] Scaffold-based splits ensured realistic validation. [4]
XGBoost, LightGBM, and Random Forest models were trained for regression (pChEMBL;
evaluated via RMSE/R?) and classification (active/inactive; evaluated via ROC/PR-AUC,
precision and enrichment factors), optimized via 5-fold scaffold-CV, and the classification
models combined into consensus models [5-6].

Both regression and classification models demonstrated robust scaffold-generalization. The
complementary use of regression for quantitative potency ranking and classification for binary
hit identification enhanced prediction robustness and interpretability, particularly for large-scale
virtual screening where both ranking within actives and hit/no-hit decisions are essential.
Applicability domain analysis using k-NN Jaccard distance indicated that the validation
compounds in all 5 CV folds were within the training chemical space, supporting reliable model
predictions. These models will be applied in virtual screening to prioritize TLR9 hit candidates,
which will subsequently be docked into the TLR9 structure, subjected to molecular dynamics
simulations and selected for experimental validation.

The developed ML workflow provides a powerful, transferable platform for TLR9 modulator
discovery and is ready for integration with structure-based methods.
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Stable Diazo Peptides and a Decarboxylation Strategy to Access
Diazomethyl Ketone Peptides as Irreversible Covalent Cysteine
Protease Inhibitors

J. Wahl}, S. M. Metzger?, B. Kuropka3, C. Drosten?, J. Rademann?

1Freie Universitat Berlin, Institute of Pharmacy, Dept. of Biology, Chemsitry and Pharmacy,Medicinal
Chemistry, Konigin-Luise-Str. 2+4, 14195 Berlin

2Charité - Universitatsmedizin Berlin, Corporate Member of Freie Universitat and Humboldt-Universitat
zu Berlin, Institute of Virology, 10117 Berlin

SFreie Universitét Berlin, Core Facility BioSupraMol, Institute of Chemistry and Biochemistry, Thielallee
63, 14195 Berlin

Diazo peptides combine the tunable selectivity of peptide sequences with the versatile
reactivity of diazo groups, making them a promising class of enzyme inhibitors.
However, previously investigated C- or N-terminal diazo peptides suffer from limited
stability, particularly under acidic conditions. [1] To overcome this, we designed internal
diazo peptides, stabilized by two adjacent electron withdrawing groups to enhance the
stability of the diazo moiety (a).

We developed a robust synthetic protocol that is compatible with standard SPPS and
provides internal diazo peptides as amides and esters in good yields, stable from pH
1-14 (amide) and pH 1-8 (ester), even in 95% TFA or HF/pyridine. [2]

A diazo peptide with the sequence of the human caspase-3 substrate shows
nanomolar, covalent irreversible inhibition (b) and a fluorescent diazo peptide was
used to image apoptosis in living cells by labelling of active hC3-protease.

The inhibitory potential was expanded by using diazo peptide esters as precursors of
the corresponding, more reactive diazomethyl ketones (c). Via a decarboxylation
strategy potent diazomethyl ketone inhibitors of the cysteine protease SRAS-CoV-2
main protease were obtained. The results on metabolic stability and cellular inhibitory
activity encourage further investigations of diazomethyl ketone peptides as potential
drug candidates.
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OP3
LC-MS/MS coupled cell-based assays for identification of potential

endocrine disruptors of thyroid peroxidase activity
D. Hilgefort!, S. Arnold?, F. Schumacher?, L. Dahmen?, N. Hambruch3, R.
Landsiedel®.?, K. Renko?, B. Kleuser’

1Freie Universitat Berlin, Institute of Pharmacy, Kénigin-Luise-Str. 2+4, Berlin, Germany

2German Federal Institute for Risk Assessment (BfR), German Centre for the Protection of Laboratory
Animals (Bf3R), Berlin, Germany

SExperimental Toxicology and Ecology, BASF SE, Ludwigshafen, Germany

Thyroid peroxidase (TPO) plays an essential role in thyroid hormone biosynthesis by
catalyzing both the iodination of tyrosine residues within thyroglobulin and the coupling
of iodinated tyrosines to generate triiodothyronine (T3) and thyroxine (T4). Chemicals
that interfere with TPO activity may disturb thyroid hormone production and
consequently affect developmental and metabolic processes. In light of growing
concerns regarding environmental endocrine-disrupting chemicals (EDCs) and the
continued reliance on animal-based testing approaches, there is a need for reliable in
vitro methods capable of identifying TPO inhibitors. Such approaches are consistent
with the principles of New Approach Methodologies (NAMs), which seek to provide
mechanistically informed and animal-free testing strategies.

In the present study, LC-MS—based cell assay systems expressing functional TPO
were established and characterized for the investigation of chemical-induced TPO
disruption. Although assays performed with cell lysates offer simplified experimental
conditions, they do not reflect the complexity of intact cellular systems. Cell-based
assays, in contrast, enable the simultaneous evaluation of cell viability, allowing
discrimination between specific inhibition of TPO activity and effects caused by general
cytotoxicity.

TPO activity was determined by LC-MS quantification of monoiodotyrosine (MIT), a
direct reaction product of the enzyme. In contrast to colorimetric methods, which
typically depend on surrogate substrates and indirect endpoint measurements, LC-MS
analysis provides direct detection of the enzymatic conversion mediated by TPO. This
allows a more specific assessment of enzyme activity and facilitates the investigation
of mechanisms by which environmental contaminants may interfere with thyroid
hormone synthesis.

To evaluate assay performance, a panel of known positive and negative reference
substances was tested. The assay reliably identified compounds with established
TPO-inhibitory activity, while substances not expected to affect TPO did not produce
inhibitory responses. These results demonstrate the ability of the assay system to
distinguish between TPO inhibitors and non-inhibitors.

Overall, the results highlight the suitability of LC-MS—coupled cell-based assays for
assessing TPO activity and inhibition. The combination of a cellular test system with
direct analytical measurement provides a platform for the screening of potential
thyroid-disrupting chemicals and supports ongoing efforts to reduce animal testing in
endocrine toxicology.
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Design of Experiments-Driven LC-MS/MS Method Development for

the Bioanalysis of Ecdysterone and Metabolites
S. Turschmann?, M. K. Parrt

1Freie Universitat Berlin, Institute of Pharmacy, Dept. of Pharmaceutical Analysis

While analytical method development has traditionally relied on one-factor-at-a-time (OFAT)
optimisation, a time-consuming and resource-intensive approach, new data-driven
approaches like Design of Experiments (DoE) offer valuable alternatives. These techniques
not only reduce the number of experimental runs needed but also deepen the understanding
of how method parameters influence analytical outcomes and therefore play a crucial role in
the analytical Quality by Design (AQdB) framework [1].These principles were applied to the
development of a bioanalytical UHPLC-QQQ (ultra-high performance liquid chromatography -
triple quadrupole mass spectrometer) method for the quantitation of ecdysterone and its main
metabolites.

Ecdysterone is one of the most prominent representatives of ecdysteroids, a group of polar
polyhydroxylated steroids naturally occurring in insects and crustaceans as well as numerous
plants, some of which commonly used in human diet like spinach (Spinacia oleracea L.) or
guinoa (Chonopodium quinoa Willd.) [2]. In mammals ecdysterone undergoes extensive
biotransformation with over 25 urinary metabolites described in literature [3]. For this project,
14-deoxyecdysterone and 14-deoxypoststerone were chosen to be monitored, as they have
repeatedly been reported to be the most abundant metabolites [4-6], as well as poststerone,
the only metabolite with documented bioactivity data [7].

A two-dimensional DoE was set up using DryLab software (Molnar-Institute for applied
chromatography, Berlin, Germany) to develop a binary gradient for an efficient separation (<
10 min, resolution factor = 2.0) of all analytes as well as endogenous interfering compounds.
The predictive model was further used for in-silico robustness testing to determine the method
operable design region (MODR). In order to enable a sensitive quantitation (lower limit of
quantitation < 2 ng/mL), all parameters of the jet stream electrospray ion (ESI+) source as well
as the ion funnel system were optimised via response surface methodology (RSM) with IMP
statistical software (JMP Statistical Discovery LLC, Cary, USA).
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Respiratory Toxicity and Biokinetics of Polymer Particles:
Evaluation of In Vitro Lung Models Compared to In Vivo Reference
Data

E.L. Thal, L. Ma-Hock?!, R. Landsiedel'?

1Experimental Toxicology and Ecology, BASF SE, Ludwigshafen, Germany
2Freie Universitat Berlin, Institute of Pharmacy, Konigin-Luise-Str. 2+4, Berlin, Germany

Inhalation is estimated to account for approximately half of annual human microplastic
exposure, yet uncertainty remains regarding their respiratory toxicity and biokinetics.
As the EU phases out animal testing, it is increasingly important to address the
applicability of new approach methods (NAMSs) for materials of growing concern, such
as microplastics. This thesis tested the hypothesis that NAM-based in vitro lung models
can reproduce key in vivo responses to polymer particles and support mechanistic
interpretation of poorly soluble low-toxicity particle (PSLT) behavior.

To address this, the work comprised two sequential parts. First, reference data on the
biokinetics and respiratory toxicity of polyamide-6 (PA-6) were generated in an in vivo
inhalation study supported by transcriptomic analyses. Next, these data were used to
evaluate the ability of in vitro models for inhalation toxicity to capture key features of
the in vivo response and to assess their potential for predicting human-relevant effects.
The applied in vitro models covered essential lung compartments involved in particle
response, including alveolar macrophages and alveolar epithelium.

In vivo, PA-6 exposure resulted in responses consistent with PSLT-like behavior, with
effects primarily associated with lung overload. These included neutrophil infiltration,
oxidative stress, and epithelial hyperplasia. Lung burden measurements indicated high
particle retention at elevated exposures, and transcriptomic analyses identified
perturbations in pathways related to complement activation and cholesterol
metabolism, consistent with early particle-induced responses.

In vitro, nano-sized PA-6 induced concentration-dependent effects in alveolar
macrophages, including increased release of inflammatory and cytotoxicity markers,
predominantly at high particle burdens. In alveolar epithelial models, limited cytotoxicity
was observed, while inflammatory signaling responses were increased. Transcriptomic
analyses indicated that the primary tissue model AlveolAir™ was more sensitive than
A549 cells and showed greater overlap with in vivo pathways, including cholesterol
biosynthesis and neutrophil-related processes.

Overall, the in vivo and in vitro findings consistently support a PSLT-like behavior of
PA-6 particles. The integration of transcriptomic data across systems highlights
conserved early molecular events and provides a mechanistic basis for cross-model
comparison. These results demonstrate that selected NAM-based in vitro models can
reproduce key features of in vivo responses and may support the development of
mechanistically anchored approaches for polymer particle hazard assessment while
reducing reliance on animal testing.
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Formidable: The venom peptide repertoire of formicine ants
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Research on ant (Hymenoptera: Formicidae) venoms dates back to Samuel Fisher's
first report on the isolation of formic acid from wood ants (Formica sp.) in 1670. Since
then, diverse natural products have been described from ant venoms, including
alkaloids, terpenoids, and peptides with neurotoxic, insecticidal, or antimicrobial
activities. [1]

Ants of the Formicinae, one of the most species-rich and ecologically dominant
subfamilies, do not sting. Instead, formicine ants use acidic venom sprays for predation
and defense, for brood disinfection, and, when ingested, gut microbial control. [2,3]
Despite their biological importance, little is known about the composition of formicine
ant venoms, and preliminary evidence on the presence of peptides has never been
substantiated. [4-6]

Pursuing this enigma, we combined mass spectrometry and RNA sequencing to
identify peptides in the venoms of 13 species and species complexes of carpenter ants
(Camponotus spp.). [7] We describe 35 venom peptides, the formicitoxins, derived
from two novel gene families. Several formicitoxins inhibit the growth of opportunistic
and entomopathogenic fungi, suggesting a role a social immunity.
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Background: Currently, the minimum inhibitory concentration (MIC), determined in
vitro using a fixed tazobactam (TAZ) concentration, is used as the basis for the
pharmacokinetic/pharmacodynamic (PK/PD) index of piperacillin (PIP)/TAZ. The [-
lactamase inhibitor (BLI) concentration-dependent MIC (MICcsu) represents a
promising alternative PD metric accounting for varying TAZ concentrations.
Objectives: In this work, the probability of TAZ dosing regimens to achieve predefined
targets was investigated by using the in vitro MICcsLi as PD metric in conjunction with
the in vivo population PK of PIP/TAZ.

Methods: The MICcsu for six isolates were evaluated as a function of TAZ
concentrations. Based on clinical data from 44 critically ill patients two distinct
nonlinear mixed-effect PK models for PIP and TAZ were developed. Probability of
target attainment (PTA) analysis was performed, and PTA values for the PK/PD targets
100% fT>mc and 100% fT>micceLr were assessed.

Results: The susceptibility against PIP was dependent on the TAZ concentration for
all isolates. A two-compartment PK model with interoccasion variability on clearance
(CL) and interindividual variability on CL and both volumes, with creatinine clearance
as a covariate on CL, described the PK of PIP and TAZ best. The PTA analysis
displayed differences between the isolates, infusion types, and the metrics.
Conclusions: By adopting this framework, future investigations might identify
optimised effective dosing regimens of PIP/TAZ. The shift from a single point estimate
describing the susceptibility of a pathogen (i.e. the conventional MIC) to a
concentration-dependent susceptibility clearly improved the knowledge of the
susceptibility of a pathogen against PIP/TAZ.
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Background: Polyethylene vinyl acetate (PEVA) is a bio-compatible, non-degradable
polymer widely used as a carrier of long-acting injectables with release periods up to
several years. The development of PEVA-based drug delivery systems is thus time-
consuming. Understanding the underlying release mechanism is crucial to reduce trial-
and-error during formulation design. This study aims to gain a deeper understanding
of release from implants prepared using hot-melt extrusion with different PEVA grades.
Results: The in-vitro risperidone release was slow and was independent of drug
loading from high molecular weight PEVA (Figure 1A and 1B). During release, drug
crystals dissolved in the polymer matrix and the dissolved drug diffused to the surface.
Therefore, a drug depleted layer formed (Figure 2 A — D) and the front between layers
with dissolved and undissolved drug moved towards the center until release was
complete. In this case, no pores formed, which was supported by the minimal medium
uptake (< 4% in PEVA 4355 and < 2% in PEVA 40) and implant shrinkage (Fig. 1D),
which increased with increasing risperidone loading. In contrast, the risperidone
release from PEVA 4310 increased with increasing drug loading (Figure 1C). This was
associated with pore formation in the outer drug-depleted layer (Figure 2E and 2F) and
therefore increased with increasing drug loading by additional diffusion pathways
(Figure 1C). These observations were supported also by significant medium uptake
(e.g. 45% medium uptake at 50% risperidone loading after release completed) und
nearly unchanged volume (4%) of implant during release. The difference in release
mechanism could be attributed to their difference in melt index. Since the melt index
reflects polymer weight, a low polymer weight led to less polymer chain entanglement.
Restrictive forces against water influx were presumably diminished in the case of the
mechanically weaker PEVA 4310, leading to formation of visible pores and thus, a
drug-loading-dependent release mechanism.
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Fig. 1: In-vitro risperidone release from PEVA 4355 (A),  Fig. 2: SEM images of 20% risperidone-loaded implants before
PEVA 40 (B), PEVA 4310 (C) with different drug loadings;  (T,) and after 4-month release from 3 different PEVA grades.
and volume change of PEVA 40 implant during release (D).



OP9
Recombinant production of a plant-derived lectin and its application

as a modular anti-infective platform
H. C. Brakebusch?, A. Patel*, D. C. Lauster!

1Freie Universitat Berlin, Institute of Pharmacy, Biopharmaceuticals, Berlin, Germany

Mucosal surfaces represent a major entry point for respiratory, gastrointestinal, and
urogenital pathogens, yet effective local drug targeting remains challenging due to
rapid clearance, limited retention, and potential systemic side effects. This project
focuses on the recombinant production and further development of a plant-derived
lectin as a modular mucus-binding platform for anti-infective applications. The lectin
was engineered to enable recombinant expression, controlled activation, multivalent
mucus binding, and flexible conjugation to therapeutic or diagnostic cargo molecules.
By targeting glycan structures enriched on mucins and mucosal surfaces, the platform
is designed to locally enrich bioactive molecules within the mucus layer while reducing
systemic exposure.

During the project, the lectin scaffold was refined to allow modular coupling of different
functional entities, including antimicrobial peptides and pathogen-specific nanobodies.
This approach may improve the therapeutic potential of compounds that are otherwise
limited by cytotoxicity, poor mucosal retention, or insufficient neutralizing activity. As a
proof of concept, conjugation strategies for antimicrobial peptides and SARS-CoV-2-
specific nanobodies are currently being investigated. Overall, this work establishes a
versatile recombinant lectin-based platform with potential applications in mucosal
targeting, pathogen entrapment, and localized anti-infective therapy.



Abstracts — posters

PO1
Our Research Focus, Key Publications, Interests, and Collaboration

Partners
Introducing the working group of Prof. Dr. C. Kloft at the Institute of Pharmacy

Freie Universitat Berlin, Institute of Pharmacy, Dept. of Clinical Pharmacy and Biochemistry, Berlin,
Germany

P02

Prospective Randomised Controlled Trial on Model-Informed
Precision Dosing (MIPD) for Ustekinumab and Vedolizumab in
Inflammatory Bowel Diseases (MOVE-IT): A Bayesian Framework

Incorporating Uncertainty
E. S. K. Widigson, K. Braun, Z. Duvnjak, M. Klose, C. Frimor, K. Anilkumar, W.
Huisinga, C. Steenholdt, M. A. Ainsworth, C. Kloft

Freie Universitat Berlin, Institute of Pharmacy, Dept. of Clinical Pharmacy and Biochemistry, Berlin,
Germany

P03

Should Models for Model-Informed Precision Dosing (MIPD)
Purposes Be Full Random-Effects Models (FREM) when a Covariate
Is Missing?

Z. Duvnjak, N. Hartung, J. A. Abrantes, W. Huisinga, R. Michelet, C. Kloft

Freie Universitat Berlin, Institute of Pharmacy, Dept. of Clinical Pharmacy and Biochemistry, Berlin,
Germany

P04
Advancing Microdialysis Calibration for Target-Site Antibiotic
Pharmacokinetics: Validation of the Artificial Tissue Perfusion

Microdialysis System
l. Giltjes, F. Miiller, C. Kloft

Freie Universitat Berlin, Institute of Pharmacy, Dept. of Clinical Pharmacy and Biochemistry, Berlin,
Germany

P05
Bridging in vitro and in silico Approaches: Investigating Antibiotic

Combination Therapy of Fosfomycin, Piperacillin, and Tazobactam
L. Grasmaier, N. Zimmermann, C. Kloft

Freie Universitat Berlin, Institute of Pharmacy, Dept. of Clinical Pharmacy and Biochemistry, Berlin,
Germany



P06
Experimental and Mathematical Investigation of Levofloxacin

Resistance in Escherichia coli
S. Salehian, C. Nyhoegen, C. Kloft

Freie Universitat Berlin, Institute of Pharmacy, Dept. of Clinical Pharmacy and Biochemistry, Berlin,
Germany

PO7
Towards Elucidating Complex Immunomodulatory—Antibiotic
Combination Therapy: Mechanistically Driven PK/PD Modelling to

Advance Drug Development
M. S. R. Happ, C. Nyhoegen, M. Baldry, C. Costa, D. Cayet, W. Huisinga, J.-C. Sirard,
C. Kloft, R. Michelet

Freie Universitat Berlin, Institute of Pharmacy, Dept. of Clinical Pharmacy and Biochemistry, Berlin,
Germany

P08
Limited Pharmacokinetic and Pharmacodynamic Modelling
Research of Lymphodepleting Agents in CAR-T Cell Therapy: A

Literature Review
E. H. Smith, F. Klima, M. Anzbock, A. Holzem, M. Subklewe, O. Scherf-Clavel, W.
Huisinga, C. Kloft

Freie Universitat Berlin, Institute of Pharmacy, Dept. of Clinical Pharmacy and Biochemistry, Berlin,
Germany

P09

Towards a Comprehensive CYP2C19- and CYP3A4-Mediated Drug-
Drug—-Gene Interaction (DDGI) Network for Oral Voriconazole:
Integration of in vitro Characterization and PBPK Modelling of Oral
Bioavailability

M. Gamba, A. Saleh, A. Konrad, G. Mikus, D. Busse, W. Huisinga, C. Kloft, R. Michelet

Freie Universitat Berlin, Institute of Pharmacy, Dept. of Clinical Pharmacy and Biochemistry, Berlin,
Germany

P10
Population Pharmacokinetic Modelling of Plasma and Target-Site

Metronidazole in Obese and Non-obese Patients
Y. Mirasbekov, D. Bindellini, S. Nothofer, P. Simon, R. Michelet, C. Dorn, M. Zeitlinger,
H. Wrigge, W. Huisinga, C. Kloft

Freie Universitat Berlin, Institute of Pharmacy, Dept. of Clinical Pharmacy and Biochemistry, Berlin,
Germany



P11
Direct and Hybrid Machine Learning Approaches do not Outperform
NLME-based full Bayesian Forecasting for Early ldentification of

Delayed Methotrexate Elimination
M. Klose, D. Marschner, M. Knott, J. Wendler, J. Muller-Kuhnle, C. Nyhoegen, N.
Hartung, W. Huisinga, R. Michelet, A. M. Mc Laughlin, G. lllerhaus, C. Kloft

Freie Universitat Berlin, Institute of Pharmacy, Dept. of Clinical Pharmacy and Biochemistry, Berlin,
Germany



P12
Impact of Dialysis Membrane Material and Molecular Weight Cut-Off

on the Permeability of Model Substances
T. Boralewski!, M. C. Hacker?, A. Seidlitz*

IFreie Universitdt Berlin, Institute of Pharmacy, Pharmaceutical Technology, Kelchstrafie 31, 12169 Berlin,
Germany

2Heinrich Heine University Diisseldorf, Faculty of Mathematics and Natural Sciences, Institute of Pharmaceutics
and Biopharmaceutics, UniversitdtsstrafSe 1, 40225 Diisseldorf, Germany

Dialysis-based release testing is widely used to evaluate drug release from particulate
drug delivery systems, such as nanoparticles, microparticles and liposomes. [1] To
obtain reliable results, the dialysis membrane should allow the released compound to
diffuse freely without becoming the rate-limiting step. However, membrane properties
such as material and molecular weight cut-off (MWCO) may influence solute transport.
Therefore, this study investigated the impact of different dialysis membranes on the
permeation of dissolved model substances.

Fluorescein isothiocyanate-labelled dextran (FITC-dextran) with molecular weights of
4 and 20 kDa were used as model substances. Permeation across regenerated
cellulose and cellulose ester membranes with different MWCOs was investigated over
24 hours using a standardized dialysis setup in phosphate-buffered saline (PBS, pH
7.4) at 37 °C.

As expected, the 4 kDa FITC-dextran permeated faster than the 20 kDa compound. In
addition, membrane material strongly affected solute transport. Regenerated cellulose
membranes were consistently more permeable than cellulose ester membranes with
comparable nominal MWCOs. While regenerated cellulose membranes showed a
gradual decrease in permeability with increasing solute size, cellulose ester
membranes exhibited a sharp decrease in permeation close to their nominal MWCO.
These findings demonstrate that membrane permeability depends not only on the
nominal MWCO but also on the membrane material. Therefore, membrane selection
for in vitro release testing should consider both parameters to minimize membrane-
limited diffusion and improve the reliability of release data.
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PURPOSE: Additive manufacturing of elastic, drug eluting implants faces multiple
processing challenges. Due to the low glass transition temperatures of thermoplastic
elastomers like thermoplastic polyurethane (TPU) or ethylene vinyl acetate, achieving
homogeneous drug-polymer blends usually requires expensive cryo-milling equipment
and/or the use of organic solvents. Additionally, high temperatures during hot-melt
extrusion (HME) and 3D printing of TPU increase the risk of drug degradation. To
overcome these limitations, this study introduces a hollow cylindrical implant
comprised of an elastic TPU frame with embedded drug-loaded islands. By employing
HME to produce drug-loaded filaments and dual-extrusion 3D printing, a sustained-
release Eudragit RS (ERS) matrix containing dexamethasone (DEXA) was printed
independently of the structural TPU frame.

METHODS: A twin-screw hot-melt extruder was used to produce pharmaceutical grade
ERS filaments containing 10 % of dexamethasone (w/w %). The API-loaded filament
was used to print the islands. Commercially available TPU filament was used to print
the elastic frame. The cylindrical implants were composed of 32 single units (figure
la), each carrying 3, 4, 5 or 6 drug-loaded islands. Vertical compression tests were
performed with a loading speed of 0.1 mm/s until 50 % compression (5.0 mm) of the
implants was reached. The DEXA content was determined from the filaments (n=5) as
well as from printed single units (n=3) carrying 3, 4, 5 and 6 islands.

RESULTS: The bi-material model implants comprised of single units with 3, 4, 5 and 6
drug-loaded islands were successfully printed (figure 1b). Initial compression tests
confirmed structural integrity, without visible detachment of the embedded islands at
50 % compression. API recovery was determined as 9.81 =+ 0.18 % w/w for the
filaments. The weight-related drug-loading of the 3, 4, 5, and 6-island containing units
was 7.83 + 0.38; 7.87 + 0.32; 8.10 + 0.17 and 8.03 + 0.22 % w/w, respectively.
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CONCLUSION: The spatial separation of drug delivery components (islands) from the
structural frame aims to preserve API integrity, while maintaining the mechanical
flexibility necessary for shape compression and recovery. This approach offers a
promising platform for the fabrication of elastic, drug eluting implants, i.e., for
application to paranasal sinuses. However further studies are required to evaluate the
implants mechanical properties, stability, drug solid state and in vitro release profiles.
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Cystic fibrosis (CF) is characterized by abnormally thick, tenacious airway mucus
driven by elevated mucin concentrations and pathologic disulfide crosslinks. [1]
Current mucolytic treatments, including N-acetylcysteine (NAC), fail to adequately
resolve mucus obstruction. While reducing agents targeting mucin disulfides show
theoretical promise, their clinical translation faces significant limitations. [2]
Dithiothreitol (DTT) exhibits unacceptable cytotoxicity, and NAC lacks mucolytic
potency.

To address this therapeutic gap, we performed a rational screening of 30 peptide
derived from natural mucin, evaluating storage stability, reaction kinetics with disulfide
solubility, and biological activity on CF mucus. This comprehensive analysis identified
lead candidates demonstrating non-toxic profiles at concentrations (up to 5 mM) while
achieving potent mucolytic activity with more than 80% disulfide bond reduction,
surpassing NAC efficacy and matching DTT potency.

Our best candidate exhibited superior biochemical properties: lower thiol pKa values
conferring enhanced reactivity at CF airway pH, and exceptional stability in solution.
Comprehensive in vitro validation through Western blot analysis of Muc5B multimers
and bronchial epithelial cell viability assays confirmed robust mucolytic activity and
non-toxicity.

These naturally derived peptides from lung mucin sequences represent a
transformative advance for CF management. Further development in vitro and in vivo
models is in progress
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Uridine diphosphate N-acetylglucosamine (UDP-GIcNAc) 2-epimerase (GNE)/N-
acetylmannosamine kinase is the rate-limiting enzyme in sialic acid biosynthesis and
a promising therapeutic target. We applied mass photometry (MP) to investigate GNE
oligomerization and its modulation by three small-molecule inhibitors (C5, C13, and
C15). Substrate-binding (UDP-GICNACc) stabilized tetramer formation by increasing
dimer-dimer affinity 98-fold. All inhibitors destabilized tetramers in a concentration-
dependent manner, with ICso values in the low micromolar range. Using a modified
Cheng-Prusoff equation, ICso values were converted into Ks app Values. Schild analysis
and the Operational Model of Allosterically Modulated Agonism were applied to
estimate an apparent Kg,app Value and assess cooperative inhibition effects. Molecular
docking confirmed competitive binding for all inhibitors and helped rationalize observed
potency trends. While MP has previously been used to study protein assembly, our
work demonstrates its applicability for the label-free, quantitative characterization of
small-molecule inhibitors affecting protein oligomerization. These findings provide a
foundation for further mechanistic studies and underscore the potential of MP in drug-
target interaction profiling.
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Objectives: Methylclostebol (CLMT) is an Anabolic Androgenic Steroid (AAS)
included in the World Antidoping Agency (WADA) prohibited list under section “S1,
Anabolic Agents”. Its use is therefore prohibited at all times (in and out of competition)
[1]. An excretion study, aiming to investigate potential long-term metabolites of CLMT,
focusing on 5a-configurated compounds, was carried out by Harps et al. [2]. In
unpublished, group-internal data, it was assumed that a fully A-ring-reduced metabolite
(M8) was excreted but could not be properly identified as it was coeluting with another
unidentified metabolite, probably a 5@-configurated compound. In order to allow
identification of the presumably 5R-configurated metabolite, four potential isomeric
structures should be synthesized as reference material.

Methods: The synthesis, starting from Methyltestosterone, was inspired by a
previously reported strategy for structurally related molecules, published by Kratena et
al. [3]. Progress of the synthesis was monitored by GC-EI-MS analysis after
derivatization. Separation of the isomeric compounds was performed by semi-
preparative HPLC coupled to a UV/VIS detector at a wavelength of 194 nm. Urine
samples from the before mentioned excretion study were freshly prepared and
measured on GC-EI-QQQ-MS as well as the synthesized compounds for retention time
comparison with the unidentified metabolite. High-resolution mass spectrometry was
performed by GC-EI-QTOF-MS.

Results: The synthesis resulted in a mixture of six compounds (P1, P2, P3, P4, P6,
P7) with a mass to charge ratio (m/z) of 484 of the molecular ion as expected reaction
products. It is supposed that the additionally generated compounds are position
isomers, in which the chlorine is located in position 3, as it can be formed as a side
product during the chlorination of position 4. Confirmation of the structure of P7 was
achieved by NMR experiments. The signal of P3 could correspond to the signal of the
unidentified metabolite. Further measurements are necessary to prove this hypothesis.
Conclusion: Six potential 5B-configurated compounds were synthesized. One of the
isomers (P3) could correspond to the signal of the unidentified metabolite. The
structure of P7 was confirmed by NMR. Structural confirmation of the remaining five
compounds by NMR has not been achieved yet, due to low yields, but will be pursued
in the future.
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Objectives: Sulfoconjugated metabolites of anabolic androgenic steroids are
promising long-term anti-doping targets because they may be detectable longer than
parent compounds due to plasma protein binding.[1] This study developed, optimized,
and validated an LC-MS/MS method to quantify 17a-5B-3a-THMT-S, a urinary
metabolite of methyltestosterone. It was applied to a controlled excretion study to
assess excretion rates, elimination kinetics, and the detection window after
administration.

Methods: Chromatographic separation was developed and modeled using a two-
dimensional DryLab model evaluating gradient slope and column temperature on an
EC-C18 column. Electrospray ionization efficiency was subsequently optimized using
a custom response-surface design in JMP. Analyses were performed using an LC
system coupled to a triple-quadrupole mass spectrometer. The 17a-5p-3a-THMT-S
metabolite was quantified in negative ESI-MRM mode using the transitions m/z 385.2
— 97.0/80.0 and m/z 387.2 — 99.0/82.0. DHEA-d¢ sulfate was used as the internal
standard, and the optimized method was validated in accordance with the ICH M10
guideline. A controlled excretion study was conducted in seven healthy male
participants who received a single oral dose of 10 mg methyltestosterone and collected
urine samples for up to three months. The samples were analyzed to characterize the
excretion of the 17a-5B-3a-THMT-S isomer.

Results: Chromatographic development yielded an LC-MS/MS method with a 14.10-
min runtime. Optimization of nine ESI source parameters increased the mean analyte
peak area by 1838%. The method achieved an LOD and LOQ of 1 ng/mL, with 0.76—
3.74% relative error and 1.47-2.25% CV. The analyte remained stable for 8 h at room
temperature, 5 days in the autosampler, after two freeze—thaw cycles, and during
storage at —20 °C. After oral administration of 10 mg methyltestosterone, maximum
urinary concentrations of 92.69-556.82 ng/mL were reached after 6.57-21.25 h, and
cumulative excretion was 2.79-7.04% of the dose. Quantification remained possible
for 92—-193 h, with an average of approximately 131 h.

Conclusion: The DoE-based approach enabled the development of a sensitive and
reliable LC-MS/MS method for the quantification of 17a-58-3a-THMT-S in human
urine. The validated method successfully characterized its urinary excretion and
demonstrated quantifiability for up to 193 h after methyltestosterone administration.
These findings support 17a-58-3a-THMT-S as a promising long-term marker in anti-
doping analysis.
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Objectives: Ecdysterone is a phytosteroid which naturally occurs in plants ingested
by humans and animals. The effects of ecdysterone have been suggested to both
stimulate anabolic effects in cell cultures and animal experiments *. Additionally,
performance-enhancing effects have been attributed to the phytosteroid 2. Therefore,
future misuse and use in farm stock are possible. To evaluate the effects and
metabolism of ecdysterone, Goéttingen Minipigs were used. The Minipigs have
previously been suggested as a suitable model for pharmacological studies®. However,
the understanding of metabolism remains limited. To fill the knowledge gap, an
excretion study was performed, followed by LC-MS/MS analysis of urine samples. The
method was optimised for the porcine matrix and later validated for ecdysterone,
poststerone, 14-deoxypoststerone, and 14-deoxycortisol.

Methods: Goéttingen Minipigs (n=6, male) were administered 50mg/kg BW of
ecdysterone. Afterwards, urine was sampled for a total of two weeks. The samples
were analysed by LC-MS/MS on an Agilent 1290 Infinity I UHPLC coupled to a 6495
triple quadrupole tandem MS system, utilising a jet stream electrospray ionisation (ESI)
source and an ion funnel (Agilent Technologies GmbH, Waldronn, Germany).

Results: A successful excretion study to obtain the urine samples was performed.
Afterwards, a modification of the LC-Gradient to account for inter-species differences
was performed, and a validation in accordance with the International Council for
Harmonisation (ICH M10) guideline for Bioanalytical Method Validation was
conducted. The final procedure was applied for the analysis of the post-administration
study samples, resulting in the identification of all human metabolites and the parent
compound.

Conclusion: LC-MS/MS is a suitable methodology for analysing phytosteroids in
porcine urine samples. We suggest that the Goéttingen Minipig is a suitable model for
future trials investigating phytosteroidal metabolism.
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Objectives: The aim of the project was to investigate the effect of co-administration of
the non-steroidal anti-inflammatory drug etoricoxib on the sulfoconjugation of
salbutamol. Etoricoxib has been shown to inhibit human SULT1E1 [1, 2], and the
manufacturer warns about a potential interaction with orally administered salbutamol
in the drug information [3]. However, no information on the inhibition of SULT1AS3,
which is the main responsible SULT isoform for salbutamol sulfoconjugation [4, 5], is
available in literature so far.

Methods: To comprehensively investigate the potential of etoricoxib to inhibit human
sulfotransferases (SULTs), an inhibition assay was developed using genetically
modified Schizosaccharomyces pombe (S. pombe) expressing all 14 human SULT
isoforms. Additionally, the activity of all SULTs towards salbutamol was tested using
the same S. pombe model to check if there are isoforms that metabolize salbutamol
and are also impacted in their activity by etoricoxib. A human excretion trial (n = 6)
after single administration of salbutamol and co-administration with etoricoxib was
performed to investigate the effect of etoricoxib on salbutamol sulfoconjugation in vivo.
Results: Etoricoxib was found to inhibit not only SULT1E1, but also SULT1C3d and
SULT4A1 in vitro. There was no inhibition of sulfoconjugation by SULT1A3 in presence
of etoricoxib in vitro. Furthermore, it was found that salbutamol can be metabolized by
SULTI1E1 as well. However, the activity of SULT1E1L in vitro was only reduced by 58%
at an etoricoxib concentration of 1 mM. Therefore, urine samples after a single
administration of salbutamol and co-administration with etoricoxib were analyzed via
HPLC-MS/MS. The amounts of sulfoconjugate produced with or without co-
administration were compared. It revealed that the sulfoconjugation of salbutamol was
not significantly impacted by co-administration of etoricoxib at a daily dose of 90 mg
etoricoxib.

Conclusion: Etoricoxib was shown to impact sulfoconjugation mediated through
human SULT1E1, 1C3d and 4ALl in vitro. However, even though salbutamol was found
to also be metabolized by SULT1E1, which can be inhibited by etoricoxib, no in vivo
effect on the extent of sulfoconjuation of salbutamol was observed.
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Objectives: UDP-glucuronosyltransferases (UGTs) are the most important enzymes
in human phase Il metabolism, as approximately 15% of drugs are metabolized by
UGTs!. Propranolol is a non-selective B-blocker used therapeutically as a racemate
and is also prohibited in several sports due to its performance-modulating effects.
Since the two propranolol enantiomers exhibit different pharmacological activity,
stereoselective metabolism may influence drug efficacy and safety. In addition, co-
medication with non-steroidal anti-inflammatory drugs may affect UGT-mediated
metabolism and contribute to drug—drug interactions (DDIs). Diclofenac was selected
as a model inhibitor because of its widespread clinical use and reported interactions
with multiple UGT isoforms.? Therefore, this study investigated the stereoselective
glucuronidation of propranolol and its major metabolite 4-hydroxypropranolol, each
forming two glucuronide diastereomers, as well as the inhibitory effects of diclofenac
on selected UGT isoforms.

Methods: Recombinant human UGT enzymes were expressed in
Schizosaccharomyces pombe. After permeabilization, the resulting enzyme bags were
used as a biocatalytic system for in vitro glucuronidation assays. Incubations were
performed with propranolol or 4-hydroxypropranolol in the presence and absence of
diclofenac. The resulting glucuronide diastereomers were separated and quantified
using LC—MS/MS methods on a triple quadrupole mass spectrometer.

Results: Propranolol and 4-hydroxypropranolol glucuronidation was observed in
multiple recombinant UGT isoforms and resulted in the formation of two glucuronide
diastereomers for each substrate, which were individually quantified by LC-MS/MS.
The relative formation of these diastereomers differed between UGT isoforms,
indicating isoform-dependent stereoselective glucuronidation. Diclofenac inhibited
glucuronidation of both substrates in a concentration-dependent manner. The
magnitude of inhibition varied between UGT isoforms and individual glucuronide
diastereomers, suggesting isoform-specific and stereoselective effects on UGT-
mediated metabolism.

Conclusion: The present study demonstrates isoform-dependent and stereoselective
glucuronidation of propranolol and 4-hydroxypropranolol by human UGT enzymes.
Furthermore, diclofenac altered glucuronide formation in a concentration-dependent
manner, indicating potential for UGT-mediated DDIs. These findings contribute to a
better understanding of stereoselective phase Il metabolism and highlight the
applicability of enzyme bags for the functional characterization of human UGT
enzymes.
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Aldo-Keto Reductases (AKRs) are involved in the human phase | metabolism. These
enzymes facilitate NADPH dependent reduction of aldehydes and ketones to their
corresponding primary or secondary alcohols [1]. To further investigate the role of
AKRs in the endogenous and also synthetic (anabolic-androgenic) steroid metabolism,
the fission yeast Schizosaccharomyces pombe (S. pombe) was genetically modified to
express human AKR1B15 (17B-hydroxysteroiddehydrogenase) (HSD), AKR1C1
(200(3a)-HSD), AKR1C2 (3a-HSD), AKR1C3 (17B(3a)-HSD) and AKR1D1 (58-
reductase). This model for the human metabolism is well-established and has already
been used to express different phase | and phase Il metabolizing [2-6].

The transformation of the fission yeast was carried out using the adapted lithium
acetate method based on Okazaki et al. [7].

In order to confirm the activity of the newly transformed strains, they were incubated
with endogenous steroids as substrates. The “enzyme bag” method was employed,
using permeabilized cells [8]. To investigate the enzymatic conversion of testosterone,
5a-dihydrotestosterone and the AAS 17a-methyltestosterone, methyl-1-testosterone,
methandienone, 4-hydroxytestosterone and formestane by aldo-keto-reductases, GC-
MS analysis was performed after TMS-derivatization. For identification of the
substrates and metabolites, retention times and the mass spectra (MS) were compared
to references or the evaluation was based on the specific fragment patterns from MS.
Successful conversion of the endogenous substrates was demonstrated for all newly
transformed strains.

We were able to demonstrate that our fission yeast model is highly suitable for
metabolic studies involving human aldo-keto-reductases. The results of testosterone
and 5a-DHT were comparable with other experiments e.g. in COS-1cells [9-12]. Our
results confirm Loke et al’s hypothesis regarding the metabolism of
Methyltestosterone and metandienone [13]. The metabolite of formestane, 3OH-5a-
Androstan-4,17-dion was detected in urine by Kohler et al. 2007 [14] and now we are
able to say which human enzyme is responsible for it.
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The emergence of sequence-defined peptides under prebiotic or non-enzymatic
conditions remains a fundamental challenge in the research on the origins of life. Here
we present a protein-templated peptide synthesis platform that exploits the binding
grooves of viral and non-viral proteases to direct sequence-selective oligomerization
of activated amino acids.*? Using enzymatically inactive S135A mutants of the flaviviral
NS2B/NS3 proteases from West Nile and Zika virus, we demonstrate that non-covalent
interactions within the protease active site can selectively amplify specific peptide
products from mixtures of amino acid N-carboxyanhydrides (NCAs). Arginine-initiated
reactions revealed distinct selectivity profiles for non-canonical guanidinium-containing
amino acids, and combinatorial experiments showed cooperative effects between
certain residue pairs, highlighting the fine structural requirements for selective
templation.

To evaluate whether templation is a generalizable phenomenon, factor Xa (fXa) was
employed as a non-flaviviral template. Using Arg-OEt together with Glu- and Phe-
NCAs, fXa selectively enriched peptides matching its Glu-Phe-Arg binding motif. These
findings show that diverse protein binding grooves can impose sequence bias on non-
enzymatic peptide synthesis. This offers a potential pathway from random
polymerization toward template-directed peptide evolution under prebiotic conditions.
Preliminary experiments show that templation is not limited to proteins. Non-protein
scaffolds such as DNA and heparin also influenced Arg-NCA oligomerization,
indicating that diverse biotic and abiotic polymers may direct sequence-biased peptide
formation.
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Phosphorylation is crucial for regulating essential biological processes, including signal
transduction, gene expression, the cell cycle, and metabolism. Consequently, the aberrant
activity of kinases and phosphatases is a major driver of cancer and other diseases. To
address this, our approach focuses on designing non-canonical amino acids that act as
biomimetics for phosphotyrosine and phosphoserine. These novel amino acids can
subsequently be incorporated into peptides and drug-like molecules. Recently this group has
developed such amino acids, bearing a pentafluorophosphato difluoromethyl (PFsCF»-) anion
motif, yielding peptides which proved to be good inhibitors of the protein tyrosine phosphatases
PTB1B and SHP2 1234,

Due to its tetrahedral geometry, the BF3; motif might be even better suited than PFs, as it shares
the same structural conformation with the physiological substrate, phosphate. Initial
experiments with pilot molecules bearing the BFs- motif, proved inhibition of PTP1B.
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Figure 1: Inhibition of the protein tyrosine phosphatase PTP1B by the acyltrifluoroborate 1 (no inhibition)
and its BFsCF2- analogue 2 (ICso: 419.7 uM).

Furthermore, synthetic protocols for the preparation of the BFs-phenylalanine and serine
derivatives were developed and optimized. A suitable route via the palladium-catalyzed
carbonylation yielded the 4-carboxylated phenylalanine, which could then be used for the
acyl trifluoroborate synthesis. This was achieved by a copper-catalyzed borylation of a mixed
anhydride. Deoxyfluorination with DAST and subsequent deprotection afforded the BFs;CF»-

amino acids.
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Figure 2: Synthetic protocol for the preparation of BFs-phenylalanine.
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Objectives: Streptococcus pneumoniae is a major human pathogen and a leading
cause of pneumococcal disease worldwide, including invasive and non-invasive
infections such as community-acquired pneumonia, bacteremia, sepsis, and
meningitis.[1,2] A central determinant of pneumococcal pathogenicity is pneumolysin
(PLY), a cholesterol-dependent cytolysin (CDC) and one of the most important
virulence factors of S. pneumoniae.[3] PLY are anchored to cholesterol molecules
present in the membrane of target cells and assemble in large circular pore structures
of multiple monomers, which penetrate the cell membrane, ending up in its lysis.[4]
Inhibition of PLY might be a way to maintain the integrity of the host cell membrane.
We developed, optimized and characterized a pore-blocking (PB) PLY inhibitors which
might be useful for an antibiotic-adjuvant neutralization therapy. Our lead compounds
for PLY inhibition, PB-3S (ICs0: 2.1 uM), PB-3 (ICs0: 3.1 pM) and PB-2 (ICso: 4.8 uM),
were investigated for their anti-lytic and anti-immunomodulatory effect against the
prototypical CDC, PLY.

Methods: Several methods have been employed including: Structure-based screening
for PLY inhibitors, testing the activity of the lead and optimized compounds by
hemolytic assay, in which the hemoglobin release from erythrocytes is measured
spectrophotometrically. Second, investigating the inhibition of PLY pore formation with
in cell-based experiment utilizing A549 cell lines and LDH assay for the readout of
cytotoxicity. Third, investigating the contribution of PB-3 in the inhibition of PLY-
mediated proinflammatory response. Fourth, investigating synergistic effect between
the inhibitor and cholesterol against PLY in vitro, utilizing A549 cell line as target for
lysis with recombinant PLY.

Results: PB-1 is a virtual screening hit inhibiting PLY-mediated hemolysis. Structural
optimization provides PB-2 with improved efficacy. Cryo-electron tomography reveals
that PB-2 blocks PLY-binding to cholesterol-containing membranes and subsequent
pore formation. Scaffold-hopping delivers PB-3 and further PB-3S with superior
chemical stability. PB-3, is able to inhibit the release of TNF-a from macrophages upon
the activation by PLY. PB-3 and Cholesterol exhibited synergistic effect in the inhibition
of PLY.

Conclusion: PB-3 and PB-3S act as dual function inhibitors in counteracting the
double- edged sword effects of PLY, the lytic and the immunomodulatory ones.
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Carbapenem resistance mediated by New Delhi metallo-S-lactamase-1 (NDM-1) poses a
major global health threat due to the hydrolysis of almost all B-lactam antibiotics. Recently,
guinoline-2-carboxylates bearing sulfonamido substituents at position 8 were identified as
potent zinc-chelating inhibitors of NDM-1 with nanomolar activity and high selectivity for
bacterial over human metalloenzymes. Most importantly, the lead compounds YJ174, YJ182
and YJ196 were able to resensitize multi-resistant clinical isolates for meropenem. (Figure
1).[1] Building upon this scaffold, we aim to develop novel sulfur-containing analogues to
exploit the strong thiophilic nature of the catalytic zinc ions and further improve inhibitory
potency.

We report the synthesis of 8-mercaptoquinoline-2-carboxylic acid (8-MQA), which was isolated
as its corresponding disulfide dimer. To evaluate its inhibitory activity against recombinant
NDM-1 a customized ICso assay protocol utilizing nitrocefin as a chromogenic substrate was
developed. This setup ensures in situ reduction of the disulfide during the pre-incubation
phase, allowing the evaluation of the monomeric thiol as the active inhibitor. To re-evaluate
the pharmacophore of 8-MQ, an initial series of derivatives was synthesized by targeting the
zinc-binding functional groups via alkylation. In parallel, molecular docking studies were
performed to gain deeper insights into the binding mode within the NDM-1 active site and to
identify vectors for growing of the scaffold.

Future work will focus on the synthesis of a second generation of 4 and 5’ halogenated
derivatives and the determination of their ICso values against NDM-1. To ensure a favorable
safety profile, the selectivity of all synthesized and tested compounds will be evaluated against
human zinc-dependent metalloenzymes, including hCAIl, HDACs, and MMPs. Finally,
microbiological broth microdilution assays will be conducted to assess the potential of these
inhibitors as antibiotic adjuvants to restore meropenem efficacy against NDM-1-producing,
carbapenem-resistant bacterial strains.

47 (YJ174) 58 (YJ182) O 59 (YJ196) 8-MQA
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Figure 1: Evolution of the qumolme -2-carboxylic acid scaffold. Inhibitory potency was increased by introducing a thiol moiety at
position 8.
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Phosphorylation states play a crucial role in many biological processes. To investigate
functional consequences of phosphorylation, there is the need for stable, high affinity
phosphate-analogs. We have recently identified pentafluoro-phosphates as novel
phosphate-mimetics. The large degree of fluorination combined with the permanent
negative charge yields cell-permeable phosphatase inhibitors.

Pentafluoro-phosphate  analogs of phosphotyrosine, phosphoserine  and
bisphosphonates were synthesized using Olah’s reagent, an HF:pyridine complex,
with short reaction times and high yields (Figure 1a). Protected pentafluorophosphato-
difluoromethyl-alanine (PFsCF2Ala) and peptides thereof showed concentration-
dependent inhibition of the protein serine/threonine phosphatase PPP2CA (Figure
1b).[1] Pentafluorophosphato-difluoromethyl-phenylalanine (PFsCF2Phe) was found to
bind to the protein tyrosine phosphatase PTP1B with 25-fold improved affinity
compared to the gold standard phosphono-difluoromethyl-phenylalanine.[2] The
unnatural amino acid PFsCF2Phe was recently incorporated into proteins via genetic
code expansion, yielding stable and functional phosphoprotein mimetics (Figure 1c).[2]
Pentafluorinated bisphosphonate analogs of relevant physiological structures, such as
isopentenyl pyrophosphate, were synthesized and are currently investigated for their
biological potential.[3]
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Figure 1. a) Chemical structures of PFsCF2Phe, PFsCF2Ala and PFsCF2PFOO. b)
Proposed binding mode of PFsCF2Ala with PPP2CA. c¢) Protein-protein complex of a
PFs-protein (magenta) with SHP2 (turquoise).
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Since the beginning of human civilization, humankind has pondered over the origin of
life. Findings of catalytic RNAs, so-called ribozymes [1], led to the hypothesis of an
RNA-first world as foundation for the earliest catalytic and self-replicating systems. On
the other hand, it is widely agreed, that today’s proteins and enzymes must have
derived from simpler peptide precursors, formed from amino acid derivatives present
on early earth [2]. The formation of peptide bonds from free amino acids, however, is
energetically not favoured [3]. While ATP provides this energy, needed for the
formation of peptide bonds, in biological systems and condensing agents like
carbodiimides are used in chemical synthesis, we propose carbon dioxide as a
prebiotic catalyst of peptide formation. Due to its abundance on early earth4 and the
tendency of its highly polarized carbon to form carbamate adducts with the primary
amines of amino acids, which are then able to form N-carboxyanhydrides (NCAS) as
activated monomers, through intramolecular cyclisation [2], COz is an ideal prebiotic
agent for the formation of peptides. To verify this claim, we investigated the behaviour
of several amino acid derivatives subjected to high pressures of CO:2 in an autoclave
reactor under different conditions regarding reaction-temperature and -time, pH and
concentration of the amino acid solutions. After termination of the experiments, the
reaction mixtures were analysed with LC-MS and LC-Q-TOF-MS, to confirm the
emergence of peptides. We could show, that amino acid methyl esters, thioesters and
primary amides are all activated by CO2 to form peptide oligomers. Additionally,
treatment of peptides with CO:2 at elevated temperatures showed not only degradation,
but also elongation of the employed peptides. This would allow CO2-mediated
reorganisation of less-active or afunctional peptides, into more active species, a key
step in an evolutionary setting.

To confirm the proposed NCA-mechanism, we also conducted NMR-experiments, in
which we were able to show the formation of the carbamate adduct as precursor of the
NCAs. As well as on early Earth, CO, is also known to be present on other celestial
bodies, such as Saturn’s moon Enceladus [5]. This research, therefore, also has to be
considered in the context of planetary habitability, as will be done in the newly founded
SFB 1759.
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Cyanobacteria are ubiquitous microorganisms known for producing a diverse array of
natural products, including potent cytotoxins, neurotoxins, hepatotoxins, and
dermatoxins. While common toxic genera like Microcystis have been extensively
studied, the genus Microcoleus remains poorly understood. This is despite its
involvement in high-profile wildlife and domestic animal fatalities, such as the lethal
neurotoxic poisoning (via anatoxins) of dogs in Berlin lakes. Because Microcoleus
thrives in water bodies utilized for drinking water, it presents an uncharacterized risk
to public health. This proposed project aims to conduct an in-depth chemical and
biological investigation of the genus Microcoleus. The primary goals are to identify the
specific natural products and toxins responsible for animal mortality, evaluate the
genus's broader biomedical potential, and assess the potential risks to human health
[1-3].

The study employs a dual metabolomic and genomic approach. Both targeted and
untargeted metabolomics utilizing high-performance liquid chromatography tandem
mass spectrometry (HPLC-MS/MS) and GNPS data evaluation will be used to profile
known and novel compounds accordingly to the CyanoMetDB database.

All of these are followed by isolation, purification and cytotoxicity assay of interesting
compounds. By bridging the gap in Microcoleus research, this study will enhance our
understanding of cyanobacterial toxicity, aid public safety monitoring, and potentially
uncover novel compounds with biomedical utility.
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Cyanobacterial specialized metabolites (SMs) possess chemically diverse structures
and a broad range of biological activities, affecting aquatic ecosystems and human
health while offering opportunities for new drug discovery [1,2]. However, traditional
research methods for discovering new SMs remain resource intensive and time-
consuming. Mass spectrometry, with its high-throughput capabilities, enhanced by
computational approaches, provides an efficient strategy to accelerate their discovery
[3]. We aimed to use these approaches, e.g. Classical Molecular Networking for
obtaining an overview over the produced SMs chemical space [4,5], MassQL for in-
depth analysis, and Feature-Based Molecular Networking for studying structural
diversity to identify biosynthetic intermediates, and congeners of the alkaloid
aetokthonotoxin (AETX) [6], a highly brominated neurotoxin biosynthesized by the
cyanobacterium Aetokthonos hydrillicola [7]. HPLC-HRMS? analyses of environmental
samples revealed the presence of AETX congeners, biosynthetic precursors, as well
as iodine-containing AETX congeners, a rare halogenation in SMs of freshwater
organisms. Based on supplementation studies with KBr, Kl or both, the production of
brominated, iodinated, and mixed halogenated AETX analogues was investigated. We
developed a targeted MassQL query for an in-depth mining of the dataset and
identified 43 biosynthetic intermediates and congeners. Five of these were isolated,
and their structures were elucidated using NMR spectroscopy. Based on these data,
the chemical structures of the additional congeners detected in the extracts by HPLC-
HRMS? could be proposed. The results highlight the substrate flexibility of the involved
halogenases and expanding the previously known biosynthetic pathway. Moreover,
cytotoxicity assays of the isolated congeners showed that they differ markedly in their
cytotoxicity. This study successfully demonstrated the advantages of the mentioned
software tools in accelerating the discovery of SMs [8].
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Wildlife in the south-eastern United States suffer from vacuolar myelinopathy. This
disease comprises severe neurological impairment due to disruption of myelin sheaths
in the white matter, and is eventually lethal. We recently determined aetokthonotoxin
(AETX) as the causative agent of this disease. AETX is a unique natural product
synthesized by the epiphytic freshwater cyanobacterium A. hydrillicola, and
transmitted via the food chain [1]. With the aetiology of the disease being unravelled,
we focused on elucidating the mode of action of AETX. The effect of AETX on
mammalian cells and bacteria was assessed in various in vitro assays using
fluorescent probes and a Seahorse XF Pro Analyzer. Effects of AETX on oxygen
consumption, mitochondrial membrane potential, reactive oxygen generation and
mitochondrial ATP production indicate that the primary mechanism of action of AETX
is the uncoupling of the oxidative phosphorylation in mitochondria. We could further
demonstrate that AETX acts as a protonophore [2].

Taken together, we have shown that the toxin has a mode of action that generally
affects organisms, making its monitoring and further characterization essential to
protect both wildlife and human health.

References:
[1] Breinlinger et al. 10.1126/science.aax9050 (2021).
[2] Rebhahn et al. 10.1021/acs.chemrestox.5c00147 (2025).



P37
Metabolomic Consequences of Second Messenger Modulation in

Genetically Engineered Cyanobacteria
V. Ehrentraut, K. Selim, T. H. J. Niedermeyer

Institute of Pharmacy, Pharmaceutical Biology, Freie Universitét Berlin, 14195 Berlin, Germany

P38
Plant-derived Extracellular Vesicles as CROP BOOSTERS:

Purification, Profiling, and Production
N. Wadehn, S. Planchon, G. Guerriero, A. Weng

Institute of Pharmacy, Pharmaceutical Biology, Freie Universitét Berlin, 14195 Berlin, Germany



