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Extended Data Fig. 5| The cytotoxicity of Bip-FK9 and the mechanism of
action of Bip-FK9 on mammalian cell membranes. a, Cell viability of two
celllines (A549 and RAW 264.7) in the presence of Bip-FK9, Bip-FF, and K7,
respectively. Dataare presented as mean +s.d. (n = 6). b, Haemolytic activity
of Bip-FK9 (320 uM), Bip-FF (320 pM), and K7 (320 uM), respectively. Data are
presented as mean *s.d. (n = 3). ¢, The CLSM images of A549 cells treated with
0.1% Triton X-100 (the positive control), Bip-FF, K7, and Bip-FK9, respectively.
Scale bar, 10 pm. Blue represents the nucleus and purpleis cell membrane,
respectively. BOBO 3-lodide (green), a fluorescent dye, cannot penetrate
intact cellmembranes but can enter cells when membranes are damaged,
allowingit to stain nucleic acids. d, A representative diagramillustrating lipid

compositions of S. aureus membrane and mammalian plasma membrane (% of
total phospholipids). ND, not determined. e, Changes in bacterial concentrations
after the treatment of Bip-FK9 in the presence of mammalian plasma membrane
components. Data are presented as mean +s.d. (n = 3).f, The statistical analysis
of the dissociation constants K, between Bip-FK9 and lipids (PG and PS). g, The
TEMimages of A549 cells without or with the treatment of Bip-FK9. Scale bar
inthe image of the Control group, 2 pm; Scale bar in the enlarged image of the
Control group, 1 pm. Scale bar in the image of the Bip-FK9 group, 5 pm; Scale bar
inthe enlarged image of the Bip-FK9 group, 1 um. Statistical analysis in e and fwas
performed using an unpaired, two-tailed Student’s t-test.
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Extended DataFig. 6 | In vivo biosafety of Bip-FK9. a, Quantification of
cellularity in the BALF from the mice treated with 0.9% saline or Bip-FK9. The
percentage of lymphocytes (left), macrophages (middle), and neutrophils
(right) were quantified through Giemsa staining. Individual data are presented
asmean =s.d. (n=6).b-d, qPCR quantification of mRNA level of proteins related
to Macrophage M1/M2 polarization. RAW264.7 cells were co-incubated with LPS
(positive control) or IL-4 (positive control) peptides for 24 hours. Untreated cells
were set as a negative control. Then, cells were collected for RNA extraction,
cDNA synthesis, and quantification of the mRNA expression level of Arg-1

(b), IL-1B (¢), and iNOS (d). Individual dataare presented asmean £ s.d. (n =3).

e, f, The concentration of IgE (e), and IgG (f) in the serum from mice that received
consecutive 7 days of Bip-FK9 nebulization. Data are presented as mean £s.d.
(n=6).g, Representative histological images of major organs. Scale bar, 100 um.
h, The stability of Bip-FK9 in mouse plasma. Individual data are presented as
mean ts.d. (n=3).1i, Quantification of the total flux of each organin the mice
was administered with Bip-FK9-CyS5.5 via nebulization to the lungs. The Cy5.5
fluorescence was measured in total photon flux (phs™). Individual data are
presented as mean +s.d. (n = 4). Statistical analysis of datain a, e, f,and i was
performed using a two-tailed Student’s t-test.
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Extended Data Fig. 7| Evaluation of the in vivo anti-infective activity of Bip- ¢, Representative histological images (H&E staining) of lung sections. Lung

FK9. a, Colony forming unit (CFU) concentration of MRSA under the treatment tissues were harvested from mice treated with the peptide groups and the 0.9%
of Bip-FF (128 uM), K7 (128 pM), and Bip-FK9 (128 uM) in artificial mucus in vitro. saline group on days 2, 4, and 10. Untreated mice (healthy) were set as a negative
Individual dataare presented asmean £ s.d. (n =3).b, The Cryo-EM image control. Scale bar,100 pm.

of Bip-FK9 solution obtained from a mouse nebulizer. Scale bar, 100 nm.
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For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.
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The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
|X| 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
N Only common tests should be described solely by name; describe more complex techniques in the Methods section.

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

< 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
Give 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

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

Data analysis

The fluorescent intensity of NPN (Aex = 350 nm, Aem = 420 nm) and the membrane-potential-sensitive dye DiSC3(5) was monitored by
Spectrofluorometer (Edinburgh, F55). Molecular dynamic simulations were performed in Gromacs 2018.3. The maximum absorption
wavelength (Amax) of Rhodamine 6G was measured by Microplate Reader (Varioskan Lux, ThermoFisher, USA). The morphology of the
peptides and bacteria was observed by cryo-electron microscopy (Cyro-EM, CRYO-EMO0O01, Thermo Fisher). Zeta potential was measured by a
Zeta Nanosizer (LHA19110041, Brookhaven). The CD data was collected using spectrometer V100 (Rudolph Autopol IV-T). ITC (MicroCal PEAQ-
ITC, Malvern Panalytical Limited) was used to evaluate the binding affinity between DOPG and Bip-FK9. All spectra of the BipF-FK9 blended
with DOPG were measured using 600 MHz solution NMR spectrometer with cryo-probe (AVANCE NEO, Bruker BioSpin). The morphology of
cells was visualized by fluorescence microscopy (Evos FL Auto 2, Invitrogen by Thermo Fisher Scientific). gPCR was performed subsequently on
a Step One Plue Real-Time PCR system (Applied Biosystems) using SYBR Premix Ex Tag™ (TAKARA). The confocal images were collected using
confocal laser scanning microscopy (CLSM 800, Zeiss, Germany).

Graphpad Prism 9 was used for statistical analysis. Phospholipid bilayer model was constructed using CHARMM-GUI. The ITC data was
analysed by MicroCal PEAQ-ITC, Malvern Panalytical Limited. NMR data was analysized by the MestReNova 14.2 sofeware.

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

The main data supporting the results in this study are available within the paper and its Supplementary Information flies.

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 Use the terms sex (biological attribute) and gender (shaped by social and cultural circumstances) carefully in order to avoid
confusing both terms. Indicate if findings apply to only one sex or gender; describe whether sex and gender were considered in
study design; whether sex and/or gender was determined based on self-reporting or assigned and methods used.

Provide in the source data disaggregated sex and gender data, where this information has been collected, and if consent has
been obtained for sharing of individual-level data; provide overall numbers in this Reporting Summary. Please state if this
information has not been collected.

Report sex- and gender-based analyses where performed, justify reasons for lack of sex- and gender-based analysis.

Reporting on race, ethnicity, or | Please specify the socially constructed or socially relevant categorization variable(s) used in your manuscript and explain why
other socially relevant they were used. Please note that such variables should not be used as proxies for other socially constructed/relevant variables
(for example, race or ethnicity should not be used as a proxy for socioeconomic status).

groupings ) . .

Provide clear definitions of the relevant terms used, how they were provided (by the participants/respondents, the
researchers, or third parties), and the method(s) used to classify people into the different categories (e.g. self-report, census or
administrative data, social media data, etc.)

Please provide details about how you controlled for confounding variables in your analyses.

Population characteristics Describe the covariate-relevant population characteristics of the human research participants (e.g. age, genotypic
information, past and current diagnosis and treatment categories). If you filled out the behavioural & social sciences study
design questions and have nothing to add here, write "See above."

Recruitment Describe how participants were recruited. Outline any potential self-selection bias or other biases that may be present and
how these are likely to impact results.

Ethics oversight Identify the organization(s) that approved the study protocol.

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

Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

|Z| Life sciences |:| Behavioural & social sciences |:| Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design

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

Sample size Sample sizes for the animal studies were based on prior work, without using additional statistical estimations.
Data exclusions  No data were excluded.

Replication All experiments were independently repeated at least three times with similar results. The number of repetitions for each experiment is
shown in its own legend.

Randomization  The animals were randomly allocated to different experimental groups.

Blinding No blinding measures were performed, and all data were processed by authors.
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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 |Z |:| ChIP-seq
Eukaryotic cell lines |Z |:| Flow cytometry
Palaeontology and archaeology |Z |:| MRI-based neuroimaging
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Clinical data
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Plants

Eukaryotic cell lines

Policy information about cell lines and Sex and Gender in Research

Cell line source(s) A549 and RAW 264.7 cells were purchased from the American Type Culture collection (ATCC).
Authentication None of the cell lines were authenticated.
Mycoplasma contamination All cell lines tested negative for mycoplasma contamination.

Commonly misidentified lines No commonly misidentified lines were used in this study.
(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 BALB/C were male and 8 weeks old.
Wild animals The study did not involve wild animals.
Reporting on sex All animals were male.

Field-collected samples  The study did not involve samples collected from the field.

Ethics oversight The Institutional Animal Care and Use Committee (IACUC) and the Westlake University Animal Care, Westlake University.

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

Plants

Seed stocks Report on the source of all seed stocks or other plant material used. If applicable, state the seed stock centre and catalogue number. If
plant specimens were collected from the field, describe the collection location, date and sampling procedures.

Novel plant genotypes Describe the methods by which all novel plant genotypes were produced. This includes those generated by transgenic approaches,
gene editing, chemical/radiation-based mutagenesis and hybridization. For transgenic lines, describe the transformation method, the
number of independent lines analyzed and the generation upon which experiments were performed. For gene-edited lines, describe
the editor used, the endogenous sequence targeted for editing, the targeting guide RNA sequence (if applicable) and how the editor

was applied- i
Authentication Describe-any-atithentication-procedtres for-each seed stock-tised-or-novel-genotype generated—Describe-any-experiments-tsed-to

assess the effect of a mutation and, where applicable, how potential secondary effects (e.g. second site T-DNA insertions, mosiacism,
off-target gene editing) were examined.
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