





Extended DataFig. 1| In vitro leaky pore-forming activity. a, Schematic of 14 induced concentration-dependent dye leakage; only KDFC16 + 9SV-NH2

liposome-encapsulated calcein leakage via peptide pore formation. b, Calcein showed none, likely due to narrow pores observed in simulations; strong
release from POPC:POPG (1:1) LUVs as a function of P:L ratio. Triton X-100 agreement between leakage assay and MD predictions. Experiments were
induced 100% leakage. Of the 22 peptides synthesized, 15 were soluble in PBS; performed in triplicate. Data are presented as mean +s.d.
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Sequence template: tttthbbssbbhspshaphaaahaastttt
Peptide: AL AT CNF

D: polar (Q/N/T/S) b: basic (R/K) or p h: hydrophobic (L/I/A/M/V)
t: termmal/end (p or b) a: acidic (D/E) or p S: aromatic (W/F) or h
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Extended DataFig. 2| Design guidelines. A peptide sequence template of three antiparallel neighboring transmembrane peptides (shown in helical

30 amino acids in length (central hydrophobic patch spanning -22 residues), wheels at the bottom) representing two peptide-peptide interfaces of an
defined by identifiers-p, h, b, a, s, and t - characterizing specificamino acids. octameric TBP. Color coding: peptide hydrophilic and hydrophobic residues/
Sequence templates are categorized into four groups (A, B, C, D) based on the patchesin green and white; basic and acidic residues in blue and red; and
total number and type of interactions that can be designed at each interface. aromatic residues insilver.

Schematic of aromatic m-1t stacking and salt bridge interactions shown between
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Reporting Summary

Nature Portfolio wishes to improve the reproducibility of the work that we publish. This form provides structure for consistency and transparency
in reporting. For further information on Nature Portfolio policies, see our Editorial Policies and the Editorial Policy Checklist.

Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.
Confirmed

IZ The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement

|:| A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

< The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

[ ] Adescription of all covariates tested
A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

|X’ A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
N Gjve P values as exact values whenever suitable.

|:| For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

|:| For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

XXX O 0 OX O XOS

|:| Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  MD simulations were performed using GROMACS (v5.1.4 for coarse-grained and v2021.4 for all-atom simulations). Peptide structures were
built in PyMOL and converted using martinize.py. Lipid bilayers were constructed using CHARMM-GUI Martini Maker (accessed YYYY). Coarse-
grained systems were back-mapped using initram.sh. Electrophysiology data were acquired using pCLAMP (v10.7). AFM data were acquired
using Bruker NanoScope (v10.30).

Data analysis Simulation trajectories were analyzed using VMD. Pore radius and permeation pathways were calculated using HOLE. Umbrella sampling data
were analyzed using WHAM. Electrophysiology data were analyzed using Clampfit (v10.7.0.3). Statistical analyses were performed using
GraphPad Prism (v10.4.2). AFM images were analyzed using Gwyddion (v2.58), and force spectroscopy data were analyzed using NanoScope
Analysis (v2.0).

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.
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Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

Data supporting the findings of this study are available in the Article, Extended Data, and Supplementary Information. Extended Data include in vitro leaky pore-
forming activities, peptide design guidelines, and designed sequence patterns. The Supplementary Information contains Supplementary Methods, Supplementary
Note, Supplementary Tables S1-S14, and Supplementary Figures S1-519 presenting simulated pore snapshots, interaction strengths, water density, permeation
pathways, free energy profiles, antimicrobial activity, cytotoxicity, membrane depolarization and permeabilization, serum stability, animal studies, CD spectra,
electrical recordings, AFM, fluorescence imaging, and Supplementary Materials including HPLC and mass spectrometry certificates of all synthesized peptides.
Source data used to generate Figs. 1-5 and Extended Data Fig. 1 are provided with this paper. All simulation input and output files associated with this study are
publicly available at Zenodo (DOI: 10.5281/zen0do0.11026320) (ref. 72).

Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender N/A

Reporting on race, ethnicity, or  N/A
other socially relevant

groupings

Population characteristics N/A
Recruitment N/A
Ethics oversight N/A

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting
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Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size For animal experiments, sample sizes were determined based on previous studies using similar infection models (https://doi.org/10.1038/
s41551-021-00801-1, https://doi.org/10.1038/s41551-024-01201-x, https://doi.org/10.1038/s41564-025-02061-0). For all other experiments,
no formal statistical method was used to predetermine sample size; instead, sample sizes were chosen based on standard practice in the field
and were sufficient to ensure reproducibility and consistency of the results across independent replicates.

Data exclusions  No data was excluded.
Replication Experiments were performed with at least three independent replicates where applicable. All attempts at replication were successful.

Randomization  For animal experiments, mice were randomly allocated to experimental groups. For in vitro assays and simulations, randomization was not
applied as experiments were conducted under predefined conditions with objective quantitative measurements.

Blinding Peptides were solubilized and labelled with internal codes to ensure unbiased experimentation. For animal infection models, investigators

were blinded to group allocation during data collection and analysis. For in vitro assays and simulations, blinding was not applicable due to the
objective and automated nature of the measurements.

Reporting for specific materials, systems and methods
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We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems Methods
Involved in the study n/a | Involved in the study
Antibodies [] chip-seq
Eukaryotic cell lines |Z |:| Flow cytometry
Palaeontology and archaeology |Z |:| MRI-based neuroimaging

Animals and other organisms
Clinical data

Dual use research of concern
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Plants

Eukaryotic cell lines

Policy information about cell lines and Sex and Gender in Research

Cell line source(s) Human embryonic kidney cells (HEK293T) were obtained from the American Type Culture Collection (ATCC; CRL-3216).
Cytotoxicity assays on human dermal fibroblasts (HDFs) were performed as a service by Essence Line (Czech Republic) at
Sterlab (France) using a Neutral Red Uptake assay. Human red blood cells (hRBCs; type A-, male donor) and human serum
were purchased from Zen-Bio.

Authentication None of the cell lines used were authenticated.

Mycoplasma contamination The cell lines were not tested for mycoplasma contamination.

Commonly misidentified lines  no commonly misidentified cell lines were used.
(See ICLAC register)

Animals and other research organisms

Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research, and Sex and Gender in
Research

Laboratory animals CD-1 mice (Mus musculus; outbred ICR/CD-1 genetic background; 6-week-old females; Charles River Laboratories, stock no.
18679700-022) and Balb/c mice (Mus musculus; inbred strain; 8—10-week-old females; Anlab/Inotiv) were used. Mice were housed
under a 12 h light/dark cycle at 22 °C and 50% humidity (CD-1 models) or 2024 °C and 40-70% humidity (Balb/c scratch model).

Wild animals No wild animals were used in this study.

Reporting on sex All animals used in the experiments were female.

Field-collected samples  No field-collected samples were used in this study.

Ethics oversight The animal protocols for the skin abscess infection model (806763) and the thigh infection model (807055) were reviewed and
approved by the Institutional Animal Care and Use Committee (IACUC) of the University of Pennsylvania (University Laboratory
Animal Resources, ULAR). The scratch infection model was conducted in accordance with the Czech Animal Protection Act (No.

246/1992) and approved by the Czech Ministry of Education, Youth, and Sports (MSMT-2963/2023-5) and the Institutional Animal
Welfare Committee of the Faculty of Medicine and Dentistry, Palacky University Olomouc.

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Plants

Seed stocks N/A

Novel plant genotypes  N/A

Authentication N/A
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