Inhibition of vaginal pathogens by lactobacilli supernatants
Cell-free supernatants (CFS) were obtained from lactobacilli cultures (~10⁸ colony-forming units (CFU)/mL) by centrifugation at 10,000 × g for 10 mins at 4°C, followed by filtration through a 0.45-μm pore-size membrane filter. Neutralized cell-free supernatants (NCFS) were prepared by adjusting the pH of the CFS to 7.0 using 1 M NaOH. For further characterization of antimicrobial activity, NCFS was treated with trypsin (1 mg/mL) or catalase (1 mg/mL) and incubated at 37°C for 2 h [1]. For the heat-tolerance assay, NCFS was incubated in a 100°C dry bath for 30 mins [1]. 
For Gardnerella vaginalis, antimicrobial activity was evaluated using CFS and NCFS. For Neisseria gonorrhoeae, Streptococcus agalactiae, Candida albicans, and Candida tropicalis, antimicrobial activity was further evaluated using trypsin-, catalase-, and heat-treated NCFS. 
The pathogens were adjusted to an OD₆₀₀ of 0.5 in BHI broth. Equal volumes (100 μL each) of the pathogen suspension and CFS, NCFS, treated NCFS, or the corresponding MRS control were mixed in 96-well plates and incubated at 37°C for 24 h. MRS controls were adjusted to pH 7.0 and pH 4.0 as appropriate. After incubation, cultures were serially diluted and plated on tryptic soy agar (TSA) supplemented with 10% sheep blood for G. vaginalis, N. gonorrhoeae, and S. agalactiae, and on TSA for C. albicans and C. tropicalis. Surviving microorganisms were quantified by CFU enumeration. Survival rates were expressed relative to the mean CFU of the corresponding pathogen-inoculated MRS pH 7.0 control. Survival rate (%) = (CFU of individual sample / mean CFU of the corresponding MRS pH 7.0 control) × 100.
Adhesion assay 
To assess the adhesion ability of lactobacilli strains, HeLa cells (3 × 10⁵ cells/well) were seeded into 12-well plates and cultured in DMEM supplemented with 10% FBS and 1% penicillin-streptomycin for 24 h to form a confluent monolayer. The cells were then co-incubated with Lactobacillus strains suspensions at a ratio of 1:100 for 90 mins at 37°C. After incubation, non-adherent bacteria were removed by washing the cells three times with PBS. The cells were subsequently lysed with 0.1% Triton X-100 at 37°C for 10 min, and serial dilutions of the lysates were plated on MRS agar plates to CFUs. The percentage of bacterial adhesion to cells was calculated according to the following formula: adhesion ability (%) = (adherent bacteria)/(total bacteria) × 100. Cell adhesion assay was conducted in biological triplicate to ensure reproducibility.
Effect of lactobacilli strains on pro-inflammatory responses in HeLa cells
To evaluate the inflammatory activity of lactobacilli strains, HeLa cells were treated with LAB (ratio 1:100) for 2 h. Total RNA was extracted using TRIzol, and 1 μg RNA was reverse transcribed into cDNA using SuperScript II RNase H–reverse transcriptase (Bionovas Biotechnology Co., Ltd, Canada). Expression of IL-6, IL-8, and TNF-α was quantified by RT-qPCR using a StepOnePlus™ Real-Time PCR System (Thermo Fisher Scientific, USA) with SYBR Green Master Mix (Ampliqon, Denmark). Reactions (20 μL) contained SYBR Green Master Mix, primers, and cDNA, and were run under standard conditions (95°C for 15 mins; 40 cycles of 95°C for 30 s and 60°C for 60 s). Gene expression was normalized to β-actin and calculated using the 2⁻ΔΔCt method. All experiments were performed in biological triplicate. Primer sequences are listed in references [2-5].
Antibiotic susceptibility tests
Antibiotic susceptibility was determined through disk diffusion assay against 9 antibiotics (tigecycline, tetracycline, ciprofloxacin, ceftazidime, meropenem, amoxicillin + clavulanic acid, gentamicin, azithromycin, polymyxin B) on MRS agar plates for lactobacilli strains and 7 antibiotics (tetracycline, ampicillin, vancomycin, chloramphenicol, amikacin, ceftriaxone, clindamycin and metronidazole) for bacterial pathogens using BD BBL Sensi-Discs (Becton Dickinson, Sparks, MD, USA) according to the Clinical and Laboratory Standards Institute (CLSI) guidelines. E. coli ATCC 25922 was used as a quality control strain. All measurements were performed in triplicate, and the interpretation of resistance to these antimicrobial agents was determined according to the recommendations of the CLSI (2022 version).
Cytotoxicity of lactobacilli strains on HeLa cells
The cytotoxicity of lactobacilli strains CYLB2146 and CYLB2189 on HeLa cells was determined by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay (MTT; Sigma-Aldrich, St Louis, MO, USA) according to the previous study [6]. Cells (3 × 105) were grown and allowed to adhere to a 96-well plate at 37°C for 48 h to approximately 80% confluence, and then cells were treated with bacteria at ratios of 1:100 and 1:10 for 24 h. The medium was removed, and the cells were washed three times with PBS. Thirty µL of MTT reagent (0.05 mg/mL) was added to each well, and the plates were incubated at 37°C in the dark for 3 h. Two hundred µL of DMSO was added to each well, and the plate was incubated with shaking (150 rpm) at room temperature for 15 mins to allow the color to develop. The optical density (OD) was measured at 570 nm. Cell viability (%) = (Asample/Acontrol) x 100, where Asample is the absorbance of the cells incubated with the medium containing Lactobacillus or 0.1% Triton X-100, and Acontrol is the absorbance of the cells alone. The cytotoxicity assay was conducted in biological triplicate to ensure reproducibility.
In vivo cytotoxicity assessment of lactobacilli using Galleria mellonella larvae model
To assess the in vivo cytotoxicity of CYLB2146 and CYLB2189, the G. mellonella larvae model was utilized following the protocols established in our previous study [7]. A total of 10 larvae, each weighing between 200 and 220 mg, were infected with 10 µL of CYLB2146 and CYLB2189 at a concentration of 1 × 108 CFU under each experimental condition using a Hamilton cemented needle syringe. Each experiment was performed in biological duplicate. To assess potential mortality associated with the injection or incubation process, a negative control group received 10 µL of PBS. The survival of the larvae was monitored every 24 h for 7 days post-injection. Larvae were considered dead if they failed to respond to light stimulation with a pipette tip.
Tolerance to simulated gastrointestinal conditions
The survival of CYLB2146 and CYLB2189 under acidic (pH 3.0) and bile salt (0.3%) conditions were evaluated at 37oC. Viable counts were determined after exposure to individual conditions (3 h at pH 3 for acid stress or 4 h with 0.3% bile salts) and combined stress (3 h at pH 3, then 4 h 0.3% bile salts) by plating on MRS agar and incubating at 37°C for 48 h [8]. Survival rates were calculated relative to initial counts (0 h) as follows: for acid tolerance, survival (%) = (A₁/A₀) × 100, where A₀ and A₁ represent viable counts (log CFU/mL) at 0 h and after 3 h, respectively; for bile tolerance, survival (%) = (B₁/B₀) × 100, where B₀ and B₁ represent counts at 0 h and after 4 h, respectively.
Purification of low-molecular-weight peptides 
Based on genome analysis identifying bacteriocin-related gene clusters encoding small peptides, CFS from L. plantarum CYLB2146 and CYLB2189 was subjected to ultrafiltration using a 10-kDa molecular-weight cutoff membrane to enrich low-molecular-weight components. The filtrates were further fractionated by Sephadex G-25 size-exclusion chromatography (1.6 × 50 cm column) equilibrated with 0.2 M phosphate buffer (pH = 7.0). Fractions were eluted at 1 mL/min, monitored at 280 nm, quantified by the Lowry assay, pooled based on elution profiles, and lyophilized. 
Metabolite extraction and LC-MS/MS analysis
The F3 fractions from CYLB2146 and CYLB2189 that exhibited antimicrobial activity following Sephadex LH-20 separation were selected for metabolite profiling. Lyophilized fractions were reconstituted in 1 mL of 100% methanol, vortexed for 1 min, and filtered through a 0.22 µm membrane filter before LC-MS/MS analysis.
Chromatographic separation was performed using a Dionex Ultimate 3000 UHPLC system equipped with a photodiode array (PDA) detector and coupled to a Q-Exactive Focus Orbitrap mass spectrometer. Samples were separated on a Thermo Hypersil Gold C18 column (100 × 2.1 mm, 1.9 µm particle size) using ultrapure water (solvent A) and 95% acetonitrile (solvent B), both containing 2 mM ammonium formate and 0.1% (v/v) formic acid. The gradient was programmed as follows: 0-8 mins, 5-30% B; 8-13 mins, 30-80% B; 13-15 mins, 80-100% B; and 15-18 mins, 100% B for column washing. The flow rate was 0.3 mL/min, the column temperature was maintained at 40°C, and the injection volume was 2 µL. All solvents and additives were of MS grade.
Mass spectra were acquired in positive ion mode using a spray voltage of 3.5 kV. Sheath, auxiliary, and sweep gases were set at 48, 11, and 2 arbitrary units, respectively. The capillary and auxiliary gas heater temperatures were 256°C and 413°C, respectively. Full MS spectra were acquired over m/z 135-2000 at a resolution of 70,000 (at m/z 200), with an AGC target of 1 × 106 and automatic injection time. Data-dependent MS/MS acquisition was performed at a resolution of 17,500 using a 2 m/z isolation window, stepped HCD collision energies of 10, 20, and 40, and an AGC target of 5 × 104. The three most intense precursor ions were selected for fragmentation in each cycle. All spectra were recorded in profile mode.
Mass spectrometry data processing and compound annotation
Raw LC-MS/MS data were processed in MZmine 4 using a workflow comprising mass detection, chromatogram construction, deconvolution, isotope detection, alignment, feature filtering, gap filling, feature grouping, and ion identity annotation [9]. MS1 and MS2 noise thresholds were set at 2.0 × 104 and 2.0 × 103, respectively, and FTMS shoulder peak filtering was performed using a Lorentzian model at a resolution of 70,000. Chromatograms were constructed using the ADAP algorithm with a minimum of five scans, a minimum group intensity of 6.0 × 104, and a minimum peak height of 2.0 × 105. Deconvolution was performed with the Local Minimum Resolver using a minimum peak top-to-edge ratio of 1.7 and at least five data points per peak. Isotopes were identified using a 13C filter with a tolerance of 0.02 m/z or 10 ppm. Features were aligned using the join aligner with tolerances of 0.02 m/z and 0.05 min for retention time, weighted at 75% and 25%, respectively. Blank subtraction, isotope validation, MS/MS filtering, and gap filling with a 20% intensity tolerance.
Related features were grouped using Meta-Correlate with a retention-time tolerance of 0.05 min, followed by ion identity networking using a 0.001 m/z tolerance and an intensity threshold of 100. Ion identity annotation considered up to two charges, three-molecule clusters, common adducts, and H2O losses. The resulting feature lists and associated MS/MS spectra were exported in CSV, MGF, and edge_annotation formats for downstream analyses.
For compound annotation, experimental MS/MS spectra from fractions F2 and F3 were searched against the SpectraVerse reference library containing approximately 500,000 curated spectra using a single-ionisation-mode spectral matching pipeline implemented in R. Spectral similarity was evaluated using MS2DeepScore, modified cosine, and Spec2Vec, with comparisons restricted to spectra acquired in the same ionisation mode [10]. For modified cosine and Spec2Vec, precursor and fragment mass tolerances were set to 0.02 Da, with a minimum of six matched fragment peaks and at least five peaks per spectrum. A minimum similarity score of 0.70 was required for all three metrics, and the five highest-scoring non-redundant library matches were retained for each feature. An in-house L. plantarum compound list was additionally searched by accurate mass within 5 ppm using [M+H]+, [M+Na]+, [M+NH4]+, and [M+K]+ adducts. Structural classification was performed using NPClassifier, including the integrated NPClassifier module in SIRIUS, to assign pathway, superclass, and class-level information [11]. All spectral-library-based annotations were considered putative MSI level 2 identifications [12, 13].
Feature-based molecular networking (FBMN) was constructed from the MGF files exported from MZmine 4 and processed using the GNPS workflow [13]. Precursor and fragment ion tolerances were both set to 0.02 Da. Network edges required at least six matched fragment peaks and a cosine similarity score of ≥ 0.70, and the same thresholds were applied for GNPS library matching. The resulting molecular network was subsequently used together with the processed feature table and structural annotations for downstream analyses in GNPS, MetaboAnalyst, SIRIUS, and R. The FBMN workflow is available at GNPS Job Status (https://gnps.ucsd.edu/ProteoSAFe/status.jsp?task=0eee3bb26c214358bc5736d0c997dab4).
Machine learning-based prediction of antimicrobial peptides
Bioactivity data against four pathogens, including S. agalactiae, N. gonorrhoeae, C. albicans, and C. tropicalis, were curated from public databases. Compounds were labeled as “active” or “inactive” using concentration thresholds of 20 µg/mL for bacteria and 150 µg/mL for fungi. Molecular structures were encoded as Canonical SMILES and processed using RDKit (v2023.09.5) [14]. For feature engineering, a hybrid feature set combining 2D molecular descriptors and structural fingerprints was generated. Descriptors included Lipinski’s Rule of Five parameters, molecular weight, LogP, and topological polar surface area (TPSA). These were complemented with Morgan fingerprints (radius = 2, 1024-bit) to capture local chemical substructures [15]. A stacking ensemble framework was constructed using Random Forest, XGBoost, and Multi-layer Perceptron as base learners [16, 17]  For bacterial datasets, a Logistic Regression meta-learner integrated base model outputs via stacking, whereas a voting classifier was applied to fungal datasets. Model performance was evaluated using 5-fold stratified cross-validation. Decision thresholds were optimized using a threshold sweep to maximize macro F1-score or accuracy. Performance was assessed using Accuracy, Precision, Recall, F1-score, and ROC-AUC. For in silico screening, the trained models were applied to a library of 13 commercially available peptides to predict antimicrobial activity, generating probability scores and binary classifications to prioritize candidates for experimental validation.
Biofilm formation assay
Biofilm formation was assessed using 96-well flat-bottom plates and 0.1% crystal violet (CV) staining as previously described [18]. Briefly, 24 h cultures of C. tropicalis in BHI were diluted 1:100 to ~10⁷ CFU/mL, and 200 μL of the suspension containing test peptides at various concentrations was added to each well. Plates were incubated at 37°C for 24 h without agitation. After incubation, planktonic cells were removed, and wells were washed with PBS. Biofilms were fixed with 100% methanol for 20 mins, air-dried, and stained with 0.1% CV for 20 mins at room temperature. Excess stains were removed by washing, and the plates were dried. Bound dye was solubilized with 95% ethanol, and absorbance was measured at 595 nm using a BioTek Synergy HTX reader. Untreated cultures served as controls, and BHI alone as blanks.
Cell membrane disruption assay
Overnight cultures of each pathogen were adjusted to OD600 = 0.5 in PBS and treated with 1% DMSO (negative control), 1% SDS (positive control), or test peptides at 1 × MIC. After 24 h incubation at 37°C, cells were collected by centrifugation (13,000 x g, 3 mins) and resuspended in PBS. A staining solution containing SYTO9 (3 μM) and propidium iodide (PI, 10 μg/mL) was added, followed by incubation in the dark for 15 min. For quantitative analysis, fluorescence intensities of SYTO9 (Ex/Em: 480/500 nm) and PI (Ex/Em: 535/617 nm) were measured using a microplate reader [19, 20]. Background-corrected signals were used to calculate the percentages of live and dead cells and the live/dead ratio [18].
Quantification of L. plantarum in mouse vaginal lavage
Vaginal lavage samples were collected in 1 mL PBS, and total DNA was extracted using the Presto™ gDNA Bacteria Advanced Kit (Geneaid Biotech, Taiwan) following the protocol for Gram-positive bacteria. The abundance of L. plantarum was quantified by qPCR using a StepOnePlus™ Real-Time PCR System with SYBR Green Master Mix. Reactions were performed in 20 μL volumes containing 10 μL SYBR Green Master Mix, 0.4 μL of each primer, 8.2 μL nuclease-free water, and 1 μL DNA template. Cycling conditions were 95°C for 15 mins, followed by 40 cycles of 95°C for 30 s and 60°C for 60 s. Relative abundance was calculated using the 2⁻ΔΔCt method by comparing post-treatment to pre-treatment levels within each group. Primer sequences were as follows: forward 5′-GCTGGCAATGCCATCGTGCT-3′ and reverse 5′-TCTCAACGGTTGCTGTATCG-3′ [21].
Histopathological examination
Vaginal tissues were fixed in 10% formalin at 4°C for 14-16 h, processed using a tissue processor (STP120, MICROM, Germany), and embedded in paraffin. Sections (3-4 μm) were stained with hematoxylin and eosin (H&E) and analyzed using a digital slide scanner. Histopathological evaluation was performed independently and blindly by two board-certified pathologists, assessing epithelial integrity and inflammatory infiltration. Tissue damage was scored semi-quantitatively on a scale of 0-4, ranging from normal tissue (score 0) to severe epithelial destruction and inflammation (score 4) [22, 23].
Statistical analysis
Data are presented as mean ± standard deviation (SD). Statistical significance was evaluated using unpaired two-tailed Student’s t-test for two-group comparisons and one-way ANOVA followed by Bonferroni post hoc test for multiple comparisons. A p-value < 0.05 was considered statistically significant. Analyses were performed using GraphPad Prism v10.4.0 (GraphPad Software, USA).
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Table S1. Bacterial strains used in this study, their sources, and antimicrobial susceptibility.
	Strains
	Antimicrobial susceptibilitya
	Source

	Pathogens
	
	

	Candida albicans CYCRE254
	No determine
	Clinical isolate

	Candida tropicalis CYCRE258
	No determine
	Clinical isolate

	Neisseria gonorrhoeae CY007
	Metronidazole-resistant
	Lab stock

	Streptococcus agalactiae CY004
	Amikacin-, metronidazole-resistant
	Lab stock

	Gardernella vaginalis CY113
	Tetracycline-, ampicillin-, vancomycin-, chloramphenicol-, ceftriaxone-, amikacin-, clindamycin-, metronidazole-resistant
	Clinical isolate

	Probiotic
	
	

	Lactiplantibacillus plantarum CYLB2146
	Ciprofloxacin-, gentamicin-, metronidazole- and polymyxin B-resistant
	Infant feces

	Lactiplantibacillus plantarum CYLB2189
	Ciprofloxacin-, gentamicin-, metronidazole- and polymyxin B-resistant
	Mother milk


aAntimicrobial susceptibility of pathogenic strains to tetracycline, ampicillin, vancomycin, chloramphenicol, amikacin, ceftriaxone, and metronidazole was assessed using the disk diffusion method. The antimicrobial susceptibility of probiotic strains to tigecycline, tetracycline, ciprofloxacin, ceftazidime, meropenem, amoxicillin-clavulanic acid, gentamicin, azithromycin, and polymyxin B was evaluated by disk diffusion.


Table S2. Antimicrobial activity of NCFS from selected Lactobacillaceae strains following trypsin, catalase, or heat treatment against Neisseria gonorrhoeae and Streptococcus agalactiae.
	No
	Strain ID
	Survival rate (%)

	
	
	Neisseria gonorrhoeae
	Streptococcus agalactiae

	
	
	NCFS
	NCFS + 100℃
	NCFS + Catalase
	NCFS + Trypsin
	NCFS
	NCFS + 100℃
	NCFS + Catalase
	NCFS + Trypsin

	1
	CYLB2249
	41.35 ± 15.83
	37.82 ± 12.70
	ns
	31.28 ± 5.23
	ns
	52.27 ± 10.36
	ns
	11.71 ± 4.15
	13.29 ± 10.89
	ns
	9.61 ± 11.93
	ns
	22.56 ± 14.16
	ns

	2
	CYLB1954
	43.17 ± 13.16
	55.64 ± 6.53
	ns
	68.92 ± 12.36
	**
	57.97 ± 3.16
	ns
	27.52 ± 4.92
	34.89 ± 7.03
	*
	27.75 ± 16.13
	ns
	35.97 ± 0.98
	ns

	3
	CYLB2146
	36.61 ± 13.90
	44.36 ± 12.33
	ns
	38.08 ± 8.24
	ns
	61.80 ± 3.97
	ns
	18.36 ± 4.42
	26.85 ± 10.68
	*
	24.86 ± 11.48
	ns
	25.13 ± 4.09
	ns

	4
	CYLB0366
	50.10 ± 17.06
	67.96 ± 7.90
	*
	63.08 ± 13.02
	ns
	74.26 ± 11.88
	ns
	14.69 ± 4.56
	38.05 ± 14.85
	*
	38.46 ± 16.15
	*
	32.74 ± 15.08
	ns

	5
	CYLB2333
	35.69 ± 13.87
	30.04 ± 3.59
	ns
	27.68 ± 2.83
	ns
	34.03 ± 3.31
	ns
	8.51 ± 4.32
	13.73 ± 4.82
	*
	20.79 ± 2.99
	****
	12.31 ± 0.95
	ns

	6
	CYLB2189
	45.35 ± 13.36
	52.13 ± 6.92
	ns
	36.54 ± 11.17
	ns
	61.64 ± 2.01
	ns
	3.69 ± 4.17
	36.16 ± 6.39
	****
	37.73 ± 7.50
	****
	15.01 ± 12.44
	ns

	7
	CYLB0110
	36.55 ± 13.46
	46.35 ± 9.90
	ns
	41.92 ± 13.99
	ns
	53.76 ± 7.01
	ns
	20.18 ± 11.36
	36.86 ± 15.46
	*
	24.22 ± 8.33
	ns
	23.72 ± 16.79
	ns

	8
	CYLB1481
	54.51 ± 14.88
	93.19 ± 18.37
	***
	67.69 ± 8.76
	ns
	55.17 ± 18.22
	ns
	12.50 ± 2.00
	66.22 ± 10.01
	****
	82.03 ± 6.98
	****
	18.90 ± 8.42
	ns

	9
	CYLB0633
	44.63 ± 13.83
	51.51 ± 9.84
	ns
	49.49 ± 7.76
	ns
	60.78 ± 5.28
	ns
	20.47 ± 2.37
	38.58 ± 11.52
	*
	34.21 ± 7.28
	*
	29.60 ± 4.99
	ns

	10
	CYLB0562
	52.18 ± 9.28
	53.29 ± 9.62
	ns
	44.62 ± 7.77
	ns
	67.35 ± 5.00
	ns
	9.35 ± 2.68
	37.42 ± 16.83
	**
	43.46 ± 8.33
	****
	18.04 ± 8.54
	ns

	11
	CYLB0101
	40.10 ± 9.00
	62.15 ± 9.84
	***
	45.64 ± 14.29
	ns
	81.01 ± 11.52
	****
	27.08 ± 8.01
	29.30 ± 3.98
	ns
	21.34 ± 9.30
	ns
	35.11 ± 13.14
	ns

	12
	CYLB0561
	36.20 ± 11.82
	54.42 ± 8.99
	*
	72.31 ± 12.37
	**
	57.50 ± 5.69
	*
	19.83 ± 6.37
	36.95 ± 13.97
	*
	31.80 ± 6.31
	*
	28.22 ± 10.30
	ns

	13
	SLC13
	35.69 ± 13.87
	41.46 ± 14.70
	ns
	22.46 ± 7.57
	ns
	53.28 ± 10.22
	ns
	20.57 ± 0.01
	21.56 ± 1.95
	ns
	26.05 ± 4.53
	**
	26.09 ± 6.06
	ns

	14
	MRS
	100.00 ± 4.82
	100.00 ± 13.57
	ns
	100.00 ± 8.88
	ns
	100.00 ± 5.34
	ns
	100.00 ± 5.10
	100.00 ± 3.27
	ns
	100.00 ± 7.97
	ns
	100.00 ± 8.62
	ns


The strains CYLB2333, CYLB0110, and CYLB0562, highlighted in bold, showed no significant reduction in antimicrobial activity following proteinase K treatment.
Statistical significance was determined by comparing NCFS with treated NCFS. Statistical significance is indicated as follows: *, p < 0.05; **, p < 0.01; ***, p < 0.001; ****, p < 0.0001; ns, not significant.


Table S3. Antimicrobial activity of NCFS from selected Lactobacillaceae strains following trypsin, catalase, or heat treatment against Candida albicans and Candida tropicalis.
	No
	Strain ID
	Survival rate (%)

	
	
	Candida albicans
	Candida tropicalis

	
	
	NCFS
	NCFS + 100℃
	NCFS + catalase
	NCFS + Trypsin
	NCFS
	NCFS + 100℃
	NCFS + Catalase
	NCFS + Trypsin

	1
	CYLB2249
	26.33 ± 9.89
	30.66 ± 7.05
	ns
	26.81 ± 3.67
	ns
	55.47 ± 13.44
	***
	35.01 ± 22.93
	17.83 ± 4.35
	ns
	38.53 ± 13.51
	ns
	62.10 ± 15.16
	*

	2
	CYLB1954
	41.71 ± 19.51
	46.67 ± 11.94
	ns
	26.34 ± 8.91
	ns
	43.83 ± 17.76
	ns
	45.08 ± 15.22
	49.60 ± 17.04
	ns
	64.23 ± 12.95
	ns
	49.17 ± 13.60
	ns

	3
	CYLB2146
	31.88 ± 10.53
	27.80 ± 9.87
	ns
	19.73 ± 9.49
	ns
	44.62 ± 10.54
	*
	28.05 ± 13.81
	27.10 ± 6.24
	ns
	30.29 ± 9.49
	ns
	42.30 ± 10.17
	ns

	4
	CYLB0366
	35.46 ± 15.18
	35.29 ± 16.79
	ns
	28.09 ± 10.62
	ns
	53.80 ± 12.76
	*
	31.63 ± 15.33
	34.81 ± 11.88
	ns
	71.72 ± 12.40
	*
	64.35 ± 14.75
	ns

	5
	CYLB2333
	33.48 ± 4.63
	40.92 ± 10.93
	ns
	38.72 ± 9.83
	ns
	37.78 ± 4.67
	ns
	40.62 ± 17.22
	41.79 ± 11.98
	ns
	29.59 ± 5.57
	ns
	34.60 ± 9.47
	ns

	6
	CYLB2189
	33.42 ± 11.32
	33.60 ± 15.33
	ns
	25.19 ± 6.12
	*
	49.93 ± 14.76
	*
	36.85 ± 12.54
	30.70 ± 8.10
	ns
	39.58 ± 14.97
	ns
	47.04 ± 10.38
	ns

	7
	CYLB0110
	31.34 ± 6.87
	35.79 ± 12.59
	ns
	23.34 ± 10.19
	*
	39.98 ± 10.29
	ns
	43.87 ± 6.48
	32.34 ± 17.16
	ns
	43.56 ± 4.85
	ns
	48.15 ± 18.88
	ns

	8
	CYLB1481
	37.96 ± 11.21
	52.80 ± 17.53
	*
	32.57 ± 7.42
	ns
	54.91 ± 10.67
	*
	27.91 ± 9.75
	28.40 ± 11.15
	ns
	38.19 ± 5.78
	*
	37.47 ± 11.00
	ns

	9
	CYLB0633
	35.03 ± 10.25
	19.53 ± 12.50
	**
	20.41 ± 7.73
	ns
	50.85 ± 12.83
	*
	28.27 ± 12.33
	22.42 ± 7.37
	ns
	23.54 ± 15.05
	ns
	44.62 ± 16.51
	ns

	10
	CYLB0562
	34.16 ± 9.23
	22.73 ± 7.28
	ns
	23.53 ± 9.18
	ns
	47.52 ± 13.05
	ns
	29.37 ± 16.59
	30.66 ± 13.42
	ns
	23.40 ± 7.74
	ns
	45.55 ± 8.66
	ns

	11
	CYLB0101
	36.54 ± 10.94
	43.50 ± 14.74
	ns
	35.14 ± 6.57
	ns
	63.08 ± 12.35
	***
	41.03 ± 14.76
	36.67 ± 11.04
	ns
	58.23 ± 14.55
	*
	45.81 ± 15.29
	ns

	12
	CYLB0561
	34.18 ± 15.67
	25.37 ± 7.55
	ns
	20.23 ± 11.11
	ns
	41.06 ± 17.64
	ns
	32.85 ± 15.25
	33.84 ± 15.46
	ns
	38.53 ± 13.38
	ns
	43.16 ± 9.41
	ns

	13
	SLC13
	26.83 ± 15.16
	22.77 ± 9.45
	ns
	17.11 ± 7.10
	ns
	43.79 ± 9.75
	*
	26.51 ± 11.17
	25.90 ± 6.37
	ns
	52.61 ± 18.72
	**
	39.72 ± 15.29
	ns

	14
	MRS
	97.50 ± 9.75
	100.12 ± 6.84
	ns
	110.73 ± 4.72
	ns
	102.11 ± 9.42
	ns
	97.36 ± 6.59
	102.38 ± 4.70
	ns
	100.00 ± 7.89
	ns
	100.00 ± 8.63
	ns


The strains CYLB2333, CYLB0110, and CYLB0562, highlighted in bold, showed no significant reduction in antimicrobial activity following proteinase K treatment.
Statistical significance was determined by comparing NCFS with treated NCFS. Statistical significance is indicated as follows: *, p < 0.05; **, p < 0.01; ***, p < 0.001; ****, p < 0.0001; ns, not significant.


Table S4. Untargeted metabolomics profiling of detected compounds in Fraction 3 of CYLB2146 and CYLB2189.
	shared name
	precursor mass
	RTMean (min)
	Compound_namea
	Formula
	Observed (m/z)
	Theoretical (m/z)
	intensity

	18832
	678.478
	15.3792
	3a, 6a, 7a-hayochlic-acid_estrone
	C42H6OO6
	660.4389896
	678.4734
	6086500

	1712
	652.403
	6.8023
	val-leu-pro-val-pro
	C31H53N7O8
	651.3955617
	652.4034
	925800

	18992
	634.451
	15.3863
	Bis-nor-chenodeoxycholic-acid_estrone
	C4OH56O5
	616.4127749
	634.4471
	7075700

	3841
	599.38
	10.4044
	lithocholic-acid_L-leucine-L-alanine
	C33H56N2O5
	560.4189229
	599.3826
	375850

	19158
	590.425
	15.4084
	nor-lithocholic acid: nor-3a_bisphenol A
	C38H52O4
	572.3865601
	590.4209
	6783900

	1892
	564.359
	7.3535
	C22-3a,7b-methacrylic-acid_L-asparagine
	C30H46N2O7
	546.3305018
	564.3649
	8211000

	1767
	520.333
	6.9795
	Undecaethylene glycol
	C22H46O12
	502.2989269
	520.3333
	1451700

	20053
	502.373
	15.5106
	10-undecenoic-acid_undecanoic-acid_D-ribose
	C27H48O7
	484.3400039
	502.3744
	2771350

	1669
	476.307
	6.6576
	Arg-Arg-Gln
	C17H34N10O5
	458.2713642
	476.3057
	873550

	20146
	458.347
	15.5123
	Carnitine_Isoamyl alcohol_mesaconic acid
	C25H48NO6
	458.3476147
	458.3476
	2403000

	1464
	432.28
	6.1596
	Nonaethylene glycol
	C18H38O10
	414.2464974
	432.2809
	3561550

	7627
	426.321
	12.7163
	Cholic acid
	C24H4OO5
	408.2875744
	426.3219
	641000

	2672
	423.275
	8.964
	MKK
	C17H35N5O4S
	405.2409756
	423.2753
	3865700

	2293
	421.259
	8.3069
	Val-Phe-Arg
	C20H32N6O4
	420.2485035
	421.2563
	1397050

	9696
	415.211
	13.5862
	Gelomulide N
	C24H32O7
	432.2148034
	415.2121
	446250

	9534
	415.211
	13.5376
	Austinoneol
	C24H3OO6
	414.2042387
	415.2121
	526450

	22040
	403.232
	15.721
	Acetyl tributyl citrate|tributyl 2-acetyloxypropane-1,2,3-tricarboxylate
	C20H34O8
	402.225368
	403.2332
	8587250

	2507
	401.262
	8.7412
	Undecanoic-acid_L-valine_L-aspartic acid
	C20H36N2O6
	400.2573369
	401.2652
	4976700

	15338
	400.305
	14.9261
	3-(1H-1,2,3,4-tetrazol-1-YL)Benzoic-acid_1-aminopentadecane
	C23H37N5O
	399.2998108
	400.3076
	878450

	2210
	399.246
	8.1037
	Asn-Arg-Lys
	C16H32N8O5
	416.2495661
	399.2468
	1398500

	5118
	391.23
	11.342
	Hexa(methoxymethyl)melamine|2-N,2-N,4-N,4-N,6-N,6-N-hexakis(methoxymethyl)-1,3,5-triazine-2,4,6-triamine
	C15H3ON6O6
	390.2226827
	391.2305
	26666500

	1311
	388.254
	5.7248
	Leu-Gln-Lys
	C17H33N5O5
	387.2481692
	388.2560
	2321500

	3246
	377.214
	9.7622
	hexamethylolmelamine pentamethyl ether (putative)
	C14H29N6O6
	377.2143091
	377.2143
	949200

	3444
	373.166
	10.0068
	3,6-Bis(1H-indol-3-ylmethyl)-2,5-piperazinedione
	C22H2ON4O2
	372.1586259
	373.1665
	419350

	8382
	373.127
	13.1291
	MLS002667634-01
	C20H2OO7
	372.120903
	373.1287
	569400

	18753
	366.321
	15.364
	stearic_acid_3,5-Diamino-1,2,4-triazole
	C20H39N5O
	365.3154609
	366.3233
	1256400

	14747
	352.305
	14.8124
	(Z)-icos-11-enoic_acid_2-mercaptoethylamine
	C22H43NOS
	369.306536
	352.3038
	2141350

	8231
	343.295
	13.0168
	(Dodecanoylamino)propyl(carboxymethyl)dimethylammonium|carboxymethyl-[3-(dodecanoylamino)propyl]-dimethylazanium
	C19H39N2O3
	343.2955195
	343.2955
	2866350

	2150
	335.222
	7.9859
	Prostaglandin J2
	C20H3OO4
	334.2144094
	335.2222
	528150

	5102
	331.081
	11.3299
	Tricin
	C17H14O7
	330.0739528
	331.0818
	408750

	6055
	329.254
	11.7923
	Arg-C10:0
	C16H32N4O3
	328.2474409
	329.2553
	257200

	4984
	325.227
	11.2367
	Denatonium
	C21H29N2O
	325.22744
	325.2274
	2300350

	5695
	319.096
	11.6508
	Phenolphthalein
	C20H14O4
	318.0892089
	319.0970
	764050

	14722
	308.279
	14.8124
	stearic_acid_2-mercaptoethylamine
	C20H41NOS
	343.2908859
	308.2776
	1955600

	6539
	308.185
	12.0676
	octanoic-acid_L-tyrosine
	C17H25NO4
	307.1783583
	308.1862
	209800

	13945
	304.299
	14.6809
	Benzyldodecyldimethylammonium from NIST14
	C21H38N
	304.2998766
	304.2999
	1125050

	9104
	292.19
	13.3234
	Octanoic-acid_L-phenylalanine
	C17H25NO3
	291.1834437
	292.1913
	845400

	6739
	285.087
	12.2067
	Glutamic Acid-Valine
	C10H18N2O5
	246.1215717
	285.0853
	216750

	936
	283.175
	4.4805
	Hexaethylene glycol
	C12H26O7
	282.1678532
	283.1757
	507850

	17398
	279.158
	15.2126
	Dibutyl phthalate
	C16H22O4
	278.1518092
	279.1596
	2067000

	7202
	279.093
	12.5204
	Sulfamethazine|4-amino-N-(4,6-dimethylpyrimidin-2-yl)benzenesulfonamide
	C12H14N4O2S
	278.0837467
	279.0916
	612600

	8290
	274.273
	13.0783
	Palmitic-acid
	C16H32O2
	256.24023
	274.2746
	838200

	4926
	271.07
	11.1715
	Aspartic Acid-Valine
	C9H16N2O5
	232.1059216
	271.0696
	1316700

	732
	256.175
	3.5885
	Arginine-Valine
	C11H23N5O3
	273.1800896
	256.1773
	9737050

	1888
	245.128
	7.349
	Cyclo(L-Phe-D-Pro)
	C14H18N2O3
	262.1317424
	245.1290
	6268850

	10219
	244.227
	13.6873
	Undec-10-enoic-acid_1-propanol
	C14H26O2
	226.1932801
	244.2277
	422550

	1080
	243.134
	4.9609
	Pyroglutamic acid_L-leucine
	C11H18N2O4
	242.1266571
	243.1345
	501500

	369
	235.119
	1.3747
	His-Pro
	C11H16N4O3
	252.1222404
	235.1195
	1735150

	4537
	230.175
	10.8527
	Heptanoyl chloride_L-valine
	C12H23NO3
	229.1677936
	230.1756
	897650

	721
	229.118
	3.5327
	PyroGlu-Val
	C10H16N2O4
	228.111007
	229.1188
	2717650

	7179
	228.196
	12.4958
	4-pentynoic-acid_dl-2-octanol
	C13H22O2
	210.1619799
	228.1964
	1057400

	10228
	227.2
	13.6968
	2-hydroxytetradecanoic-acid
	C14H28O3
	244.2038448
	227.2011
	1363600

	603
	227.103
	2.312
	PyroGlu-Pro
	C10H14N2O4
	226.0953569
	227.1032
	1060850

	1363
	227.081
	5.862
	Alanine-Valine
	C8H16N2O3
	188.1160924
	227.0798
	2379150

	2828
	222.112
	9.1604
	Candidate Phenylalanine-C3:0
	C12H15NO3
	221.1051933
	222.1130
	434150

	631
	212.149
	2.4845
	tetraethylene glycol
	C8H18O5
	194.1154237
	212.1498
	1209950

	1449
	211.144
	6.1254
	Cyclo(proline-leucine)
	C11H18N2O2
	210.1368278
	211.1447
	4820100

	9642
	209.153
	13.5674
	4-pentynoic-acid_1,8-Octanediol
	C13H22O3
	226.1568946
	209.1542
	601350

	1090
	204.123
	4.9996
	Hexanoyl chloride_L-serine
	C9H17NO4
	203.115758
	204.1236
	779500

	947
	197.128
	4.4913
	Cyclo(L-Val-L-Pro)
	C10H16N2O2
	196.1211778
	197.1290
	9012550

	5085
	190.086
	11.3255
	86704-55-4
	C11H11NO2
	189.0789786
	190.0868
	1872650

	1549
	188.128
	6.4023
	heptanoyl chloride_glycine
	C9H17NO3
	187.1208434
	188.1287
	800000

	383
	182.081
	1.404
	L-(-)-Tyrosine
	C9H11NO3
	181.0738932
	182.0817
	566050

	5516
	167.143
	11.5689
	Undec-10-enoic-acid
	C11H2OO2
	184.1463299
	167.1436
	605150

	581
	166.086
	2.2072
	L-phenylalanine
	C9H11NO2
	165.0789786
	166.0868
	316300

	896
	163.039
	4.3635
	4-Methylphthalic anhydride|5-methyl-2-benzofuran-1,3-dione
	C9H6O3
	162.0316941
	163.0395
	924400


aCompound identities were assigned based on spectral matching against public databases (e.g., MassBank and NIST), and may include putative annotations, isomers, or isobaric compounds. Signal intensity reflects the relative abundance of each metabolite detected in the sample.

Table S5. Peptide-related compounds detected in fraction F2 of strains CYLB2146 and CYLB2189.
	No
	Compound name
	Precursor mass (Da)
	RT (min)
	Formula
	Observed (m/z)
	Theoretical (m/z)
	Strain(s)

	1
	Cyclo(L-Phe-D-Pro)
	244.121
	7.3622
	C14H16N2O2
	245.12838
	245.128
	CYLB2146; CYLB2189

	2
	Cyclo(Tyr-Pro)
	260.116
	4.2579
	C14H16N2O3
	261.12312
	278.15
	CYLB2146; CYLB2189

	3
	Cyclo(Leu-Pro)
	210.273
	6.5088
	C11H18N2O2
	211.14402
	211.145
	CYLB2146; CYLB2189

	4
	Cyclo(Ile-Pro)
	210.137
	6.1506
	C11H18N2O2
	211.14391
	211.144
	CYLB2146; CYLB2189

	5
	Pyroglutamyl-Val
	228.111
	3.5395
	C10H16N2O4
	229.11818
	229.118
	CYLB2146; CYLB2189

	6
	Cyclo(His-Pro)
	234.255
	1.3109
	C11H14N4O2
	235.11881
	235.11895
	CYLB2146; CYLB2189

	7
	Leucylvaline
	230.304
	3.1701
	C11H22N2O3
	231.17012
	231.17
	CYLB2146

	8
	Pyroglutamylisoleucine
	242.126
	5.7503
	C11H18N2O4
	243.13373
	243.134
	CYLB2146; CYLB2189

	9
	Cyclo(Val-Pro)
	196.250
	4.5397
	C10H16N2O2
	197.12836
	197.129
	CYLB2146; CYLB2189

	10
	leucyl-proline
	228.147
	3.0506
	C11H2ON2O3
	229.1545
	229.15467
	CYLB2146; CYLB2189

	11
	Arg-gly-glu-ser
	447.204
	5.7743
	C16H29N7O8
	448.21116
	448.21504
	CYLB2146; CYLB2189




Table S6. Predicted Pactive scores and classification results for 13 candidate antimicrobial peptides.
	Pathogen
	Training Samples
	Accuracy
	Precision
	Recall
	F1 Score
	AUC
	Predicted Active

	C. albicans
	22096
	0.9129
	0.9743
	0.9211
	0.947
	0.9597
	12/14 (85.71%)

	C. tropicalis
	4722
	0.9295
	0.9739
	0.9468
	0.9601
	0.9616
	14/14 (100%)

	S. agalactiae
	752
	0.8936
	0.9248
	0.9305
	0.9272
	0.9241
	14/14  (100%)

	N. gonorrhoeae
	469
	0.8636
	0.874
	0.9168
	0.8924
	0.9201
	14/14 (100%)
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Figure S1. Antibacterial activity, adhesion, and pro-inflammatory effects of lactobacilli strains. (A) Inhibition of lactobacilli against G. vaginalis using neutralized cell-free supernatants (NCFS), presented as survival (%) and CFU/mL after 72 h incubation on blood-supplemented TSA under anaerobic conditions (37°C). MRS broth (pH 7.0) treatment served as the control. (B) Adhesion of lactobacilli strains to HeLa cells. Cells were incubated with bacteria (ratio 1:100) for 2 h, followed by lysis and colony enumeration. Adhesion (%) was calculated as (adherent/total bacteria) × 100. (C) Pro-inflammatory effects induced by lactobacilli in HeLa cells. IL-6 and TNF-α expression levels were measured by RT-qPCR, with G. vaginalis-treated cells as control. Data are presented as mean ± SD (n = 3). Statistical significance: **p < 0.01, ***p < 0.001, ****p < 0.0001; ns, not significant. Pink, blue, and orange indicate strains isolated from stool, milk, and fermented food, respectively.

[image: ]
Figure S2. Phenotypic characterization of CYLB2146 and CYLB2189. (A) Cytotoxicity toward HeLa cells after treatment with Lactiplantibacillus plantarum strains at ratios of 100 and 10 for 24 h. Untreated cells and 0.1% Triton X-100 served as negative and positive controls, respectively. (B) Cytotoxicity assessment in a larvae model using 109 CFU per larvae. (C) Tolerance to simulated gastrointestinal conditions was evaluated by incubating the strains in MRS at pH 3.0 for 3 hours, in MRS supplemented with 0.3% bile salts for 4 h, and under combined stress conditions (MRS at pH 3.0 with 0.3% bile salts) to assess survival under sequential and simultaneous gastrointestinal challenges. Error bars represent standard deviations from three independent biological replicates. Statistical significance: ***p < 0.001; ns, not significant. 

[image: ]
Figure S3. LC-MS/MS analysis of peptide fractions from Lactiplantibacillus plantarum CYLB2146 and CYLB2189. (A) LC-MS/MS chromatogram of peptide fractions obtained from CYLB2146 and CYLB2189. Each isolate was separated into F1 (0-3 mins), F2 (3-6 mins), F3 (6-12 mins), and F4 (12-30 mins) based on retention time and peak intensity profiles. (B) LC-MS chromatogram of the peptides identified from F3 fraction.

[image: ]
Figure S4. Antibiofilm activity and membrane permeability of selected peptides. (A) Biofilm formation of C. tropicalis following treatment with peptides at various concentrations in BHI broth for 24 h, quantified by crystal violet staining (OD595). (B) Membrane permeability of G. vaginalis after peptide treatment in PBS for 24 h, assessed using live (SYTO9)/dead (PI) fluorescence staining. DMSO (1%) and SDS (0.5%) were used as negative and positive controls, respectively. Viable cells fluoresce green (SYTO9), while dead cells fluoresce red (PI); live/dead ratios were calculated from fluorescence intensities. Data are presented as mean ± SD (n = 3). Statistical significance: *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001; ns, not significant.
[image: ]
Figure S5. Quantification of Lactiplantibacillus plantarum in vaginal fluid and Gram staining of vaginal smears. Bacterial load in vaginal fluid collected before treatment and on days 5 and 10 post-treatment, quantified by qPCR using species-specific primers. Data are presented as mean ± SD (n = 3). Statistical significance: *p < 0.05, **p < 0.01, ****p < 0.0001.

[image: ]
[bookmark: OLE_LINK1]Figure S6.  Representative hematoxylin and eosin (H&E)-stained vaginal tissue sections showing histopathological changes. Compare epithelial integrity and inflammatory cell infiltration among groups. Healthy mice exhibit a continuous epithelial layer without inflammation. The PBS group shows severe epithelial disruption and dense inflammatory infiltration. The MRS group displays moderate damage with partial epithelial loss. In contrast, CYLB2146, CYLB2189, and their CFS show improved epithelial continuity and reduced inflammatory cell presence. Scale bar = 50 µm. 
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