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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 
cell lines (A549 and RAW 264.7) in the presence of Bip-FK9, Bip-FF, and K7, 
respectively. Data are presented as mean ± s.d. (n = 6). b, Haemolytic activity 
of Bip-FK9 (320 μM), Bip-FF (320 μM), and K7 (320 μM), respectively. Data are 
presented as mean ± s.d. (n = 3). c, 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 μm. Blue represents the nucleus and purple is cell membrane, 
respectively. BOBO 3-Iodide (green), a fluorescent dye, cannot penetrate 
intact cell membranes but can enter cells when membranes are damaged, 
allowing it to stain nucleic acids. d, A representative diagram illustrating 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 KD between Bip-FK9 and lipids (PG and PS). g, The 
TEM images of A549 cells without or with the treatment of Bip-FK9. Scale bar 
in the image of the Control group, 2 μm; Scale bar in the enlarged image of the 
Control group, 1 μm. Scale bar in the image of the Bip-FK9 group, 5 μm; Scale bar 
in the enlarged image of the Bip-FK9 group, 1 μm. Statistical analysis in e and f was 
performed using an unpaired, two-tailed Student’s t-test.
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Extended Data Fig. 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 
as mean ± 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-1β (c), and iNOS (d). Individual data are presented as mean ± 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 μm. 
h, The stability of Bip-FK9 in mouse plasma. Individual data are presented as 
mean ± s.d. (n = 3). i, Quantification of the total flux of each organ in the mice 
was administered with Bip-FK9-Cy5.5 via nebulization to the lungs. The Cy5.5 
fluorescence was measured in total photon flux (ph s−1). Individual data are 
presented as mean ± s.d. (n = 4). Statistical analysis of data in 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-
FK9. a, Colony forming unit (CFU) concentration of MRSA under the treatment 
of Bip-FF (128 μM), K7 (128 μM), and Bip-FK9 (128 μM) in artificial mucus in vitro. 
Individual data are presented as mean ± s.d. (n = 3). b, The Cryo-EM image  
of Bip-FK9 solution obtained from a mouse nebulizer. Scale bar, 100 nm.  

c, Representative histological images (H&E staining) of lung sections. Lung 
tissues were harvested from mice treated with the peptide groups and the 0.9% 
saline group on days 2, 4, and 10. Untreated mice (healthy) were set as a negative 
control. Scale bar, 100 μm.
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