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Dataset contents 
The dataset consists of: 
· 1 zipped folder named “Computational Data.zip” containing 6 subfolders named as the following:
Subfolder 1: “Molecular Dynamic Parameters” 
Subfolder 2: “Membrane”
Subfolder 3: “pep1”
Subfolder 4: “pep2”
Subfolder 5: “pep6”
Subfolder 6: “pep7”
The subfolder 1 contains 6 files saved in .mdp format, while subfolders 2-6 contain files saved in .pdb format.
· 1 zipped folder named “Biological Data.zip” containing 2 files named
“Pseudo_OD_measurement”
“Staf_OD_measurement”
· 1 readme file saved in .docx format named “README.docx”

Dataset documentation
 
Abstract 
Antimicrobial resistance requires the development of new strategies to effectively control bacterial infections. In this work, a series of sixteen short antimicrobial peptide derivatives was synthesized by solid-phase peptide synthesis (SPPS), introducing minimal structural modifications aimed at modulating biological activity and toxicity. The peptides were evaluated for antibacterial activity against Staphylococcus aureus and Pseudomonas aeruginosa, including both reference and clinical strains, together with cytotoxicity and hemolysis assays. The datasets supporting this evaluation are here reported and demonstrate the efficacy of the synthesized compounds. The applied structural modifications, such as halogenation, bulky alkyl substitutions, and amino acid replacements, were investigated in relation to their impact on peptide–membrane interactions. Molecular dynamics simulations, here reported as dataset, were performed to explore the structural features governing peptide–membrane interactions, highlighting the contribution of amphipathic arrangements and π–π interactions in membrane association.
 
Content of the files 
The dataset contains 2 compressed folders reporting input files and structures for running molecular dynamics simulations of membranes and peptides, and optical density measurements recorded to assess bioactivity of peptides.
The first dataset, named “Computational Data.zip”, contains 6 subfolders named as reported in the “Dataset content” section
In particular:
· Folder labelled as “Molecular Dynamic Parameters” contains the molecular dynamic parameters defined for minimization (file: “min.mdp”), equilibration (files: “nvt_1.mdp”, “nvt_2.mdp”, “nvt_3.mdp” and “npt.mdp”) and production (file: “pro.mdp”) of peptides 1, 2, 6 and 7 to run the simulations for their conformations. These files can be opened using GROMACS software.
· Folder labelled as “Membrane” includes files for reproduction of portions of Gram-positive (“g-positive” subfolder) and Gram-negative (“g-negative” subfolder) membranes, used in the simulation. The folder contains a subfolder for each membrane, collecting .pdb files. The .pdb files contains informations about 3D-coordinates for atoms, types of atoms, aminoacids residues, proteins, composing each membrane. These files can be opened using PyMOL software.

· Folders labelled as “pepX" with X= 1, 2, 6 or 7, contain the modeled structures and corresponding topology files for each peptide. These files can be opened using VMD and read as input files for GROMACS. 

The second dataset, named “Biological Data.zip”, contains numerical tabular files in .xlsx format with optical density (OD) measurements of the antibacterial results:
In particular:
· File labelled as “Pseudo_OD_measurement” contains the OD measurements at 630 nm of Pseudomonas aeruginosa ATCC 27853 treated with the peptides 1-18 reported in the reference paper. This file contains the experimental setting (sheet “General info”) and 18 further sheets reporting data related to fifteen experiments (sheets from “Exp. 1” to “Exp. 15”).

· File labelled as “Staf_OD_measurement” contains the OD measurements at 630 nm of Staphylococcus aureus ATCC 25923 treated with the peptides 1-18 reported in the reference paper. This file contains the experimental setting (sheet “General info”) and 17 further sheets reporting data related to fifteen experiments (sheets from “Exp. 1” to “Exp. 15”).

Methodologies 
Computational data. The structural modeling of compounds 1, 2, 6 and 7 was conducted using UCSF Chimera [[endnoteRef:1]]. Standard amino acids belonging to designed new structures were described by the AMBER FF14SB force field, while the parameters for non-standard residues, such as 2,5,7-tri(tert-butyl) tryptophan (Tbt) and the C-terminal phenethyl moiety, were parametrized ad hoc using the RESP-X1 B3LYP charge method via the Restrained Electrostatic Potential Charge Derive Server (R.E.D Server) [[endnoteRef:2],[endnoteRef:3],[endnoteRef:4]]. The coordinates and AMBER topology were generated using LEA. All simulations were performed using the GROMACS package 2024.3. A cubic solvent box of explicit water molecules, described by TIP3P model, was built around each peptide and chloride (Cl-) counterions were included to neutralize the positive charges of the peptides. All-atom molecular dynamics simulations were performed for each peptide in solvent separately. All systems were energy minimized using the steepest-descent algorithm until the maximum force converged to 100 kJ/mol/nm². This was followed by isothermal-isochoric (NVT) equilibration to reach a temperature of 300 K. Then, isobaric (NPT) equilibration without positional restraints was applied to ensure the system reached a stable volume and pressure. The equilibrated systems were then used to generate different initial velocities for production simulations, each run for 300 ns using a 2 fs time step. During production, periodic boundary conditions (PBC) were applied to maintain system stability, and long-range electrostatic interactions were calculated using the Particle Mesh Ewald method (PME). The temperature was controlled using the Nose-Hoover thermostat at 300 K, and pressure was maintained using the Parrinello-Rahman isotropic barostat at 1 bar for systems in solution and the semi-isotropic barostat at 1 bar for systems with membrane, both with a compressibility of 4.5 × 10⁻⁵/bar. The LINCS algorithm was used to apply constraints on hydrogen bond lengths, and pairwise Coulombic and van der Waals interactions were considered with a 1.2 nm distance cut-off. [1: . Pettersen E. F.; Goddard T. D.; Huang C. C.; Couch G. S.; Greenblatt D. M.; Meng E. C.; Ferrin T. E. UCSF Chimera—A visualization system for exploratory research and analysis. J. Comp. Chem. 2004, 25 (13), 1605-1612. DOI: 10.1002/jcc.20084]  [2: . Vanquelef E.; Simon S.; Marquant G.; Garcia E.; Klimerak G.; Delepine J. C.; Cieplak P.; Dupradeau F.-Y. R.E.D. Server: a web service for deriving RESP and ESP charges and building force field libraries for new molecules and molecular fragments. Nucl. Acids Res. 2011, 39 (web server issue), W511-W517. DOI: 10.1093/nar/gkr288]  [3: . Dupradeau F.-Y.; Pigache A.; Zaffran T.; Savineau C.; Lelong R.; Grivel N.; Lelong D.; Rosanski W.; Cieplak P. The R.E.D. tools: Advances in RESP and ESP charge derivation and force field library building. Phys. Chem. Chem. Phys. 2010, 12 (28), 7821-7839. DOI: 10.1039/C0CP00111B]  [4: . Bayly C. I.; Cieplak P.; Cornell W.; Kollman P. A. A well-behaved electrostatic potential based method using charge restraints for deriving atomic charges: the RESP model. J. Phys. Chem. 1993, 97 (40), 10269-10280. DOI: 10.1021/j100142a004] 

The two most frequent lipid compositions of Gram-negative (GN) and Gram-positive (GP) bacterial membranes were modelled, 70x70 Å on X and Y axes, respectively. The membrane is based on a mixture of palmitoyloleoylphosphatidylehanolamine (POPE) and palmitoyloleoylphosphatidylglycerol (POPG). The Gram-negative (GN) model membrane was described as 3:1 ratio of POPE:POPG, while pure POPG for the Gram-positive (GP) model membrane was adopted [[endnoteRef:5],[endnoteRef:6],[endnoteRef:7]], to account for similarities with the bacterial membranes of P. aeruginosa and S. aureus, respectively. The Lipid21 forcefield was employed to describe membranes, placing two layers of 30 Å thickness (TIP3P). A concentration of 150 nM of KCl salts was considered, yielding potassium (K+) and chloride (Cl-) counterions using LEAP. PBC conditions were imposed on all the simulation runs. The membrane size and water layer thickness were maintained consistently across both membrane systems, with a parallelepipedal shape. The solvated membrane systems were then minimized with the Conjugated Gradient method. [5: . Mukherjee S.; Kar R. K.; Nanga R. P. R.; Mroue K. H.; Ramamoorthy A.; Bhunia A. Accelerated molecular dynamics simulation analysis of MSI-594 in a lipid bilayer. Phys. Chem. Chem. Phys. 2017, 19 (29), 19289-19299. DOI: 10.1039/C7CP01941F]  [6: . Lee J.; Jung S. W.; Cho A. E. Molecular Insights into the Adsorption Mechanism of Human β-Defensin-3 on Bacterial Membranes. Langmuir 2016, 32 (7), 1782-1790. DOI: 10.1021/acs.langmuir.5b04113 ]  [7: . Hilton K. L.; Manwani C.; Boles J. E.; White L. J.; Ozturk S.; Garrett M. D.; Hiscock J. R. The phospholipid membrane compositions of bacterial cells, cancer cell lines and biological samples from cancer patients. Chem. Sci. 2021, 12 (40), 13273-13282. DOI: 10.1039/D1SC03597E ] 

Clustering was conducted on the RMSD of the molecules alone and with their contacting lipids using the k-medoids clustering technique of BiKi Life Science software suite [[endnoteRef:8]], to find the most representative conformations for each of them. Three conformations of the molecules alone were selected for each of them to start the simulation of membrane model systems. Following this approach, the model-systems generated were: i) GN with 1, 2, 6 and 7 (GN1, GN2, GN6, GN7, respectively), and ii) GP with 1, 2, 6 and 7 (GP1, GP2, GP6 and GP7, respectively). All interaction profiles presented in this study represent merged data obtained from 9 independent replicas of molecular dynamics simulations for each peptide. Trajectories from individual replicas were concatenated using the gmx trjcat command of GROMACS. To maintain a consistent peptide orientation along z-axes, all trajectories were centred and aligned along the x- and y-axes using gcenter library with gmx trjcony. Membrane thickness and the oriented distance between the molecule and membrane were calculated using the Membrane Plugin of VMD, in combination with gmx traj (with the -com option) to extract the center of mass of specific molecular groups. In-house python scripts were employed for further processing and analysis of these measurements. Additionally, the minimum distance between selected groups of atoms was determined using gmx mindist. [8: . Decherchi S.; Bottegoni G.; Spitaleri A.; Rocchia W.; Cavalli A. BiKi Life Science: a New Suite for Molecualr Dynamics and Related Methods in Drug Discovery. J. Chem. Inf. Mod. 2018, 58 (2), 219-224. DOI: 10.1021/acs.jcim.7b00680] 


Biological data. The Optical Density (OD) Measurements were necessary to assess both the minimum inhibitory concentrations (MICs) and the half-maximal inhibitory concentrations (IC50 values) of the tested peptides. They were determined by a previously established method and according to the Clinical and laboratory Standard Institute (CLSI) guidelines [[endnoteRef:9]]. In short, both Pseudomonas aeruginosa and Staphylococcus aureus suspensions were prepared at 0.5 McFarland in PBS and, subsequently, diluted 1:200 in Mueller–Hinton broth (MH broth) (Sigma-Aldrich, St. Louis, MO, USA). A total of 100 µL of these cultures were introduced in a 96-well microplate and incubated with 100 µL of the compounds and their two-fold serially dilution. Positive controls (bacteria in regular media), negative controls (only medium), solvent controls (bacteria incubated with DMSO dilutions) and the reference drug controls were included in the tests. The plate was incubated at 37 °C for 24 h, and subsequently the OD at 630 nm was spectrophotometrically measured. Experiments were carried out in triplicate in three biological replicates. Statistical analysis was carried out by using GraphPad Prism version 9.4.1 for Windows (GraphPad Software, San Diego, California USA, www.graphpad.com). Detailed procedures were reported in the manuscript this dataset refers to (see “References” section).  [9: . CLSI. “Methods for Dilution Antimicrobial Susceptibility Tests for Bacteria That Grow Aerobically,” in CLSI standard M07, 12th ed. (Clinical and Laboratory Standards Institute, 2024).
x. Ferrazzano L., Bonvicini F., Satvati S., Corbisiero D., Rizzo S., Di Stefano I., Cantelmi P., Panzavolta S., Gentilomi G.A., Rocchia W., Cabri W., Tolomelli A. Effect of Minimal Structural Modifications on the Membrane Interaction of Short Antimicrobial Peptides: An Experimental and Computational Study. Eur. J. Med. Chem. 2026. 
] 


File specifics
The files produced and collected in the dataset “Computational Data.zip” were generated using UCSF Chimera. It is a program for the interactive visualization and analysis of molecular structures and related data, including density maps, trajectories, and sequence alignments. It is available free of charge for non-commercial use. 
These files can be opened using GROMACS package 2024.3 software, available free of charge. The .pdb files related to simulations of bacterial membranes can be elaborated via PyMOL software, availabe as open-source with the licence BSD-like. Alternatively, the version Schrödinger PyMOL is commercially available.

Notes
All data refer to computational studies reported in the publication: “Ferrazzano L., Bonvicini F., Satvati S., Corbisiero D., Rizzo S., Di Stefano I., Cantelmi P., Panzavolta S., Gentilomi G.A., Rocchia W., Cabri W., Tolomelli A. Effect of Minimal Structural Modifications on the Membrane Interaction of Short Antimicrobial Peptides: An Experimental and Computational Study. Eur. J. Med. Chem. 2026”

List of variables
Periodic boundary conditions (PBC) 
Particle Mesh Ewald method (PME)
Gram-negative (GN) 
Gram-positive (GP) 
Palmitoyloleoylphosphatidylehanolamine (POPE) 
Palmitoyloleoylphosphatidylglycerol (POPG)
Optical Density (OD) 
Minimum inhibitory concentrations (MICs)
Half-maximal inhibitory concentrations (IC50)
Clinical and Laboratory Standard Institute (CLSI)
Mueller–Hinton broth (MH broth)
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