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Abstract: Antimicrobial peptides from amphibian skin secretion are a promising source for
the development of alternative antibiotics against the urgent antibiotic resistance. Methicillin-
resistant S. aureus (MRSA) has been found to persist in both early and late disease course of
cystic fibrosis (CF). Japonicin-2LF was isolated from the skin secretion of Fujian Large-headed
Frog (Limnonectes fujianensis) via the combination of cDNA cloning and MS/MS sequencing.
The antimicrobial and anti-biofilm activities of japonicin-2LF were evaluated using both
reference and clinic isolated strains. The permeability of the cell membrane treated by the
peptide was revealed by fluorescent staining. The cytotoxicity was examined by haemolysis,
MTT and LDH assays. Wax moth larvae (Galleria mellonella) infection model was applied to
assess the efficacy of japonicin-2LF against the reference and clinic MRSA isolates in vivo.
Japonicin-2LF exhibited potent antimicrobial activity, particularly against Gram-positive
bacteria Staphylococcus aureus and MRSA, Kkilling the bacteria via membrane
permeabilisation. Additionally, Japonicin-2LF demonstrated the inhibition and eradication of

biofilms, particularly against the biofilm of MRSA by eradicating the biofilm matrix as well as



killing all the sessile bacteria. In the in vivo assay, Japonicin-2LF significantly decreased the
mortality of MRSA acute infected larvae. In conclusion, it is a novel antimicrobial peptide
discovered from the skin secretion of Limnonectes fujianensis, and particularly effective
against both planktonic and sessile MRSA. The further in vivo study suggests that Japonicin-
2LF could be a potential drug candidate to control the MRSA infection in cystic fibrosis

patients.

Keywords: Cystic fibrosis; Methicillin-resistant Staphylococcus aureus; Biofilm;

Antimicrobial peptides; Wax moth larvae.

1. Introduction

Cystic Fibrosis (CF) is an autosomal recessive, fatal and chronic hereditary exocrine gland
disease which results in thickening lung secretions caused by the defect of chloride ion channel
of the patient’s epithelial cell [1]. The high amount and viscosity of the lung secretions make
the lung become a perfect breeding ground for bacteria. New-generation antibiotics treatment
may eradicate the bacterial infection and improve the patients’ lung condition, but continuous
antibiotic treatment makes bacteria develop resistance to drugs and eventually cause the failure
of major commercial antibiotics [2-4]. Methicillin-resistant Staphylococcus aureus (MRSA) is
one of the severe antibiotic-resistant Gram-positive bacteria, imposing more difficulties on
treating CF patients [5-7]. MRSA infection elevated shockingly to the 25% of the CF
population in the USA in 2015 [8], and higher risk factors for MRSA infection CF patients
were identified afterwards [9]. Fortunately, it has been found that the conjoint use of
antimicrobial peptides (AMPs) and ivacaftor augments the antimicrobial therapeutics in

treating CF patients’ respiratory infection [10].



Because of the serious antibiotic-resistant situation around the world, AMPs, with a unique
bactericidal mechanism, are a promising molecule pool for developing a new treatment for
bacterial infections [11, 12]. Among massive AMPs discovered at present, those derived from
amphibian skin secretion have demonstrated remarkable biological efficacy and potential
clinical application [13]. Generally, they are potent against different kinds of microorganisms
with a wide-broad antimicrobial spectrum [14], targeting on the phospholipid bilayer of
bacteria and resulting in rapid membrane permeabilisation, which effectively kills antibiotic

resistance bacteria without the further possibility for developing new resistance [15, 16].

In this study, a novel antimicrobial peptide with 20 amino acids was discovered from the skin
secretion of Limnonectes fujianensis by molecular cloning and MS/MS sequencing. The
peptide was synthesised by solid phase peptide synthesis for further biofunction study. The
synthetic replicates were subjected to different bacterial strains, both reference and CF clinical
isolated strains. The interaction between japonicin-2LF and bacteria cells membrane was
monitored by fluorescence staining. Additionally, the biofilm eradication activity on MRSA
was also investigated. Afterwards, the wax moth larvae were employed to study the anti-MRSA

effect of japonicin-2LF by wax moth larvae model.

2. Materials and Methods

2.1 Acquisition of Skin Secretion of Fujian Large-headed Frog, Limnonectes fujianensis

Three specimens of adult Fujian Large-headed Frog, L. fujianensis (snout-to-vent length 4-7
cm) were captured during expeditions in Fujian province, China. The skin secretion of the frogs
was acquitted by mild transdermal electrical stimulation through the dorsal skin [17], and after

which, the frogs were released. Harvested secretion was dissolved in distilled deionised water



(ddH20) and frozen by liquid nitrogen prior to lyophilisation. The lyophilised skin secretion

was preserved in -20°C before analysis.

2.2 Identification of Precursor-Encoding cDNA from the Skin Secretion

The prepropeptide encoding cDNA from the lyophilised skin secretion was achieved as
described previously [18]. The degenerate primer was 5’-
CCCRAAKATGTTSACCTYRAAGAAA-3* (R=A/G; K=T/G; S=C/G; Y=C/T), designed
from a highly-conserved domain within the 5’-untranslated regions of closely-related Rana
species. The RACE products were cloned by pGEMT easy vector system (Promega, UK) and
sequenced by ABI 3100 automated capillary sequencer (Applied Biosystems, Foster City, CA,
USA). Sequence analysis was carried out with the NCBI-BLAST (last accessed 14 June 2018).
The nucleotide sequence of japonicin-2LF has been deposited in the GenBank database under

accession number MH752764.

2.3 Isolation of Japonicin-2LF from Skin Secretion

The isolation and identification of mature peptide in the skin secretion using RP-HPLC and
LC-MS analysis were performed as the previous study [19]. The MS/MS spectrum was
analysed by Thermo Scientific Proteome Discoverer 1.0 software, via Sequest algorithm

against the self-defined fasta database (Thermo Fisher Scientific, San Jose, CA, USA).

2.4 Solid Phase Peptide Synthesis

The peptide was chemically-synthesised using the automatic Tribute peptide synthesiser as
previously described [20]. In order to form the disulphide bond, a final concentration of 0.01%
hydrogen peroxide (Sigma-Aldrich, UK) was added to peptide solution with gentle stirring,
standing open to atmosphere until the reaction was completed. The purification of japonicin-

2LF was achieved by RP-HPLC and MALDI-TOF mass spectrometry following lyophilisation.



2.5 Secondary Structure Analysis of Synthetic Peptide

The secondary structure was determined by using a JASCO J815 circular dichroism
spectrometer (JASCO Inc., USA). 100 uM of each peptide sample was prepared in the aqueous
10 mM ammonium acetate (NHsAc; Sigma-Aldrich, UK) buffer, and the membrane-mimic
solution 50/50 (v/v) 2,2,2-trifluoroethanol (TFE; Sigma-Aldrich, UK)/10 mM NH4Ac and 50
mM SDS/10 mM NHsAc, respectively, loading in a 1-mm thickness quartz cuvette. Each
sample was analysed at room temperature with the following parameters: scan range of 190—
250 nm, scanning speed of 100 nm/min, 1 nm bandwidth, and 0.5 nm data pitch. The spectra

were obtained by averaging data from three scans.

2.6 Determination of Minimal Inhibitory Concentration (MIC) and Minimal Bactericidal

Concentration (MBC)

The MIC and MBC of japonicin-2LF were determined against different microorganisms by
broth dilution method [20] with minor modifications. The reference strains including
Staphylococcus aureus (NCTC 10788), Escherichia coli (NCTC 10418), Candida albicans
(NCYC 1467), methicillin-resistant Staphylococcus aureus (MRSA, NCTC 12493) and
Pseudomonas aeruginosa (ATCC 27853), and the clinical isolates, MRSA (B038 VIS1 A),
MRSA (B042 V2E1 A) and P. aeruginosa (B004 V2S2 B) from CF patients that are the
courtesy of Prof. Michael Tunney (CF and airways research group, Queen’s University Belfast,

UK), were employed in this study.

2.7 Induction of Resistance to Japonicin-2LF

The induction of resistance to Japonicin-2LF was performed as previous study [15], with three
MRSA strains. In brief, MRSA were inoculated in the Mueller-Hinton broth (MHB) containing

Japonicin-2LF at the concentration of the respective /2 MICs, with an inoculum ratio as 1:10.



After 15 cycles, bacteria were subjected to MIC assay as described above in a peptide-free

MHB.
2.8 Inactivation of Japonicin-2LF on MRSA by P. aeruginosa supernatant

P. aeruginosa supernatant was prepared as previous method [21]. 50 ul P. aeruginosa
supernatant was mixed with 50 ul MRSA culture, and which subsequently treated by Japonicin-
2LF at the same concentrations as MIC assay. The OD value was determined by the plate reader

after 24h incubation.

2.9 Stability of Japonicin-2LF in the presence of P. aeruginosa supernatant or human

elastase

Japonicin-2LF (50 pM) was incubated with P. aeruginosa supernatant or human neutrophil
elastase (Merck, UK). Elastase was prepared at a peptide to enzyme ratio of 630:1 in 100 mM
Tris-HCI buffer containing 1% KCI, pH 7.6. At different time intervals (0, 15, 30, 60, 120 and
240 min), 40 pl of aliquots were withdrawn and mixed with 40 pl of 0.1% TFA to stop the
enzymatic reaction. The mixtures and Japonicin-2LF standards were analysed by LCQ coupled
with a C18 column (Luna C18(2), 150 x 2 mm, 5u; Phenomenex, UK). Samples were eluted
at the flow rate of 0.2 ml/min by linear gradient elution (0% to 95% solvent B; solvent A: 0.1%

TFA, solvent B: 95% ACN/ 0.1% TFA) in 25 min.

2.10 Determination of Minimal Biofilm Inhibitory Concentration (MBIC) and Minimal

Biofilm Eradication Concentration (MBEC)

MBIC and MBEC assays were performed as previously described [22] with minor
modifications. For MBIC assay, a suspension of broth-diluted bacteria culture (5 x 10° CFU/ml)
was incubated with the peptide solutions at 37°C for 24 hours. For MBEC assay, 100 pl
inoculum culture was seeded to a 96-well-flat-bottom plate and incubated at 37°C for 48 hours

to obtain the mature biofilm. Afterwards, the plate was washed by sterile phosphate buffered



saline (PBS; Sigma-Aldrich, UK) twice and treated with a series peptide solution at 37°C for
24 h. Then, all the plates were washed with PBS and stained by 100 pl 0.1% crystal violet
solution (Sigma-Aldrich, UK), and further dissolved by 30 % acetic acid (Sigma-Aldrich, UK).
The absorbance of each well was recorded by Synergy HT plate reader (Biotech, USA) at

595nm.

2.11 MRSA Biofilm Disruption Assay

MRSA biofilms were prepared in 96-well plates as previously described in MBEC assay. After
washing by sterile PBS, biofilms were treated with different concentrations of japonicin-2LF
at 37°C for 20 h. Then, the plates were washed with PBS to remove all planktonic cells. 100 pl
PBS was added to the well and sonicated for 30 min at room temperature. The suspension was
serially diluted in PBS and plated on MHA plates. The bacteria were counted after a 20 h
incubation at 37°C. PBS and 50 uM vancomycin were employed as negative and positive

control respectively.

2.12 Membrane Permeability Assay

The SYTOX green staining assay was performed as previously described [22]. The DAPI/PI
staining process was achieved as described previously with proper modification [23, 24].
Briefly, peptide concentrations of MIC, 2xMIC and 4xMIC were mixed with bacteria
suspension. The SYTOX green uptake was monitored by Synergy HT plate reader at
excitation/emission: 485/528 nm. Furthermore, the bacteria treated with japonicin-2LF were
collected by centrifugation at 4°C, followed by propidium iodide (PI; Sigma-Aldrich, UK) (5
pug/ml) staining for 15 minutes. Unbound PI was washed away by PBS, and the cells were
stained with 4', 6-diamidino-2-phenylindole dihydrochloride (DAPI; Sigma-Aldrich, UK) (10
pg/ml) for another 15 minutes. The stained bacteria were observed by Leica DMi8 fluorescence

microscopy (Leica, Germany).



2.13 Haemolysis Assay

Peptide concentrations from 512 uM to 1 uM in 2-fold dilution were mixed with 2% horse
erythrocytes suspension, which was prepared from fresh defibrinated horse blood (TCS

Biosciences, UK) as described in the previous study [18].
2.14 Lactate Dehydrogenase (LDH) Cytotoxicity and MTT Assay

The cytotoxicity assay was performed using Pierce™ LDH cytotoxicity assay kit (Thermo
Fisher Scientific, UK). The MTT assay was performed with typical method described as
pervious study [25]. The human lung epithelial cancer cell line, NCI-H23, (ATCC® CRL-
5800™) were treated with japonicin-2LF at concentrations from 128 pM to 1 pM. The release
of LDH was determined by Synergy HT plate reader (490 nm) after a 6 h incubation at 37°C.
For MTT assay, the formazan was dissolved by DMSO and detected at 540 nm using the plate

reader.
2.15 Assessing Efficacy of Japonicin-2LF against Different MRSA Strains in vivo

This infection model employed wax moth larva (Galleria mellonella) as the previous study
with minor modifications [26]. The larvae (Livefood UK Ltd, Rooks Bridge, UK) were selected
between 225 to 275 mg and were inoculated with 5 ul MRSA bacteria suspension in PBS (10®
CFU/ml). All the infected larvae were confirmed to be alive at 1 h post-inoculation, followed
by first treatment doses of 20 mg/kg vancomycin (positive control group), 25 mg/kg japonicin-
2LF (sample group) and 50 mg/kg japonicin-2LF (sample group). The negative control and
positive control were injected 5 ul of PBS and 20 mg/kg vancomycin (Sigma-Aldrich, UK),
respectively. Repeat treatment doses of vancomycin and japonicin-2LF were given at 12 and
24 h. Each group contained 10 larvae and was repeated three times. All larvae were inspected

every 24 h for 5 days.

2.16 Statistical Analyses



Obtained data were analysed to obtain the mean and standard error of the mean. The statistical
analyses of survival rate were performed using log-rank test and One-way ANOVA indicated
by ns (none significant difference), * (p < 0.05), ** (p < 0.01) and *** (p < 0.001). All the

statistical analysis were performed by GraphPad Prism 6 software.

2.17 Ethics

The skin secretion acquisition procedure was performed under UK Animal (Scientific
Procedures) Act 1986, project licence PPL 2694 as issued by the Department of Health, Social
Services and Public Safety, Northern Ireland. All procedures were vetted by the IACUC of

Queen’s University Belfast and approved on March 1, 2011.

3. Results

3.1 Identification and Characterisation of Japonicin-2LF from the Skin Secretion

The prepropeptide encoding cDNA was successfully sequenced, and the translated open
reading frame consists of 67 amino-acid residues (Figure S1a). The LC-MS analysis confirmed
the primary structure of mature peptide as well as its presence in the skin secretion (Figure S1b
& c). The topological domains were differentiated by a signal peptide terminated by a cysteine
residue, a predicted putative mature peptide with 20 amino-acid residues followed by a typical
di-basic peptide convertase processing site (-KR-), and an acidic acidic-rich spacer peptide in

between.

The alignment exhibits a high degree of similarity between japonicin-2LF and Japonicin-
20M1, which has one extra Asn in the conserved "Rana-box" segment (Figure 1). Accordingly,

we named this novel peptide following japonicin-20M1, as japonicin-2LF.



The synthetic replicates were purified by RP-HPLC and analysed by MALDI-TOF (Figure
S2).The CD analysis reveals that japonicin-2LF form a random coil structure in the aqueous

environment, while it forms an a-helical structure in the membrane-mimic solutions (Figure 2).

3.2 Antimicrobial Activity of Japonicin-2LF

Japonicin-2LF exhibited potent antimicrobial activity against Gram-positive bacteria and the
yeast fungi, while showed no inhibitory activity against Gram-negative stains except E. coli
(Table 1). The antimicrobial potency against three MRSA strains was unchanged after the
induction of resistance. Additionally, we examined the influence of P. aeruginosa supernatant
on the antimicrobial sensitivity of MRSA to Japonicin-2LF. In the presence of P. aeruginosa
supernatant, the antimicrobial activity of Japonicin-2LF against MRSA decreased 8-fold

(Table 2).

3.3 Stability of Japonicin-2LF

The amount of Japonicin-2LF in the presence of P. aeruginosa supernatant or human
neutrophil elastase was quantitated at different time intervals, applying to an established
calibration curve (Figure S3), which showed that Japonicin-2LF was instable in both conditions
(Figure 3). Interestingly, the amount of Japonicin-2LF considerably decreased once it mixed
with P. aeruginosa supernatant (0 min), without detection of cleaved fragment by MS analysis

(data not shown).

3.4 Antibiofilm Activity of Japonicin-2LF

Additionally, Japonicin-2LF more potently inhibited and eradicated bacteria biofilms of S.
aureus and MRSA than which of E. coli (Table 3). The disruption assay further displayed that
japonicin-2LF eradicated all sessile bacteria in the MRSA biofilms at the concentration of

respective MBECs (Figure 4).



3.5 Membrane Permeability Assay

Japonicin-2LF compromised the integrity of the membranes of three standard microorganism
cell types, S. aureus, E. coli and C. albicans. Although it induced around 100% permeability
of cell membranes at 4-fold of respective MICs, japonicin-2LF exhibited more potent
membrane disruptive effect on S. aureus at 1-fold MICs than the others (Figure 5). The
DAPI/PI staining confirmed that japonicin-2LF resulted in a high degree of membrane
permeabilisation at the concentration of 4-fold MICs against the three microorganisms, while

it damaged the cell membrane of S. aureus at 1-fold MIC only (Figure 6).

3.6 Haemolytic, MTT and Cytotoxic Activity

Japonicin-2LF exhibited more than 80% haemolysis from the concentration of 64 pM, while
the effect was below 25% at lower concentrations (Figure 7a). As japonicin-2LF demonstrated
antimicrobial activity against the strains from CF patients, we investigated the cytotoxicity on
lung cells. Both assays show that japonicin-2LF induce cytotoxicity from the concentration of

64 uM (Figure 7b), which is similar to its haemolytic activity.

3.7 Treatment of MRSA-infected Larvae with Japonicin-2LF

The mortality of three MRSA strains infected larvae was significantly decreased by the
treatment of 50 mg/kg of japonicin-2LF. The lower dose, 25 mg/kg, resulted in the similar
survival rate to 50 mg/kg in both MRSA NCTC 12493 and MRSA B038 V1S1 A (Figure 8).
In addition, both doses did not decrease the survival rate of uninfected larvae, indicating

japonicin-2LF showed neglectable cytotoxicity in larvae (Figure S4).



4. Discussion

AMPs have demonstrated remarkable antimicrobial effects and appeared as potential antibiotic
agents for treating emerging antibiotic resistance because most of them exert the function
through membrane permeabilisation [27]. Therefore, it was unsurprising that japonicin-2LF
inhibited both wild-type bacteria strains as well as the antibiotic-resistance strains, as they have
no considerable difference between their cell membranes, where the antimicrobial peptides are
commonly targeted [28]. So, the antimicrobial effects of AMPs might not be affected by the
presence of resistant genes for conventional antibiotics [29]. We also demonstrated that the
MRSA strains in this study did not generate resistance to japonicin-2LF after exposure to this
peptide at sub-MIC for two weeks. However, the antimicrobial effects could be suppressed by
the changes of cell wall structures of microorganisms. It was reported that the constitution of
A- and B-band LPS of S. maltophilia and P. aeruginosa outer membrane could alter the
hydrophobicity and charge of the cell surface [30, 31]. These changes can directly affect the
interaction between AMPs and bacterial cell membranes, which could explain the reason that
japonicin-2LF was ineffective against P. aeruginosa. Besides, the slight difference in the amino
acid sequence of AMPs can alter the effect distinctively. As the alignment shows, japonicin-
2LF displays similar amino acid constitution to japonicin-20M1 with only one Asn less, while
showing more potent inhibition against bacteria comparing to previous data [32], which may
be caused by the changes to amphipathicity of AMPs that influences the ability to disrupt cell

membrane.

In expectation, japonicin-2LF permeabilised the cell membrane straightforward and rapidly,
especially towards Gram-positive bacteria cells. As the DAPI/PI staining assay indicated, the
membrane permeabilisation was initiated once the peptide was mixed with cell suspensions.
japonicin-2LF easily passed through the hydrophilic peptidoglycan layer and disrupted the

intact membrane of S. aureus, whereas the effect was weakened on E. coli due to that the helical



peptide usually has higher affinity to LPS in the outer membrane [33], which may prevent the
translocation to the cell membrane. Interestingly, the MBIC and MBEC of japonicin-2LF
against Staphylococcus strains are the same as the respective MIC and MBC. We assumed that
the inhibition of biofilm formation might be related to the growth inhibition of planktonic
bacteria and surface colonisation of initial biofilm formation [34]. Similarly, japonicin-2LF
exhibited the detergent-like function to disintegrate the biofilm as well as killing all the bacteria
inside. Therefore, japonicin-2LF can effectively eradicate both planktonic and sessile

pathogens rapidly, which could be applied in both acute and chronic infections.

The strong mucus phenotype of CF provides a pleasant environment for the bacteria, and the
chronic infection by them up-regulates the mucin gene expression via inflammation pathway
[35]. Whereas, Japonicin-2LF can perforate cell membrane and disintegrate the biofilm directly
on different strains since membrane-disruption AMPs meet these challenge and are considered
to be possible alternative substances to antibiotics facing chronic infection like CF [36]. As
another predominate bacteria in CF, P. aeruginosa was reported to protect S. aureus from
antibiotics treatment that effects of vancomycin were significantly eliminated against S. aureus
by the compounds in P. aeruginosa supernatant [21]. Therefore, we investigated the influence
of the supernatant on the antimicrobial activity of japonicin-2LF against MRSAs, and it turned
out that there is an 8-fold decrease in such condition. Although japonicin-2LF was instable in
the presence of both P. aeruginosa supernatant and human elastase that resulting the deficiency
of anti-MRSA effects, we noticed that the amount of peptide decreased significantly in the P.
aeruginosa supernatant at 0 min, without producing any cleaved peptide fragments (data not
shown). It suggested that japonicin-2LF may bind to the hydrophobic/amphipathic compounds
(e.g. quorum-sensing molecules) in the supernatant non-specifically, decreasing the

concentration of free japonicin-2LF. Whilst, further investigations on identifying peptide-



binding molecules in the P. aeruginosa supernatant can help to clarify the deficiency of

antimicrobial activity.

Wax moth larva (G. mellonella) infection model has been used to assess the efficacy of anti-
Staphylococcus agents [37]. Japonicin-2LF significantly decreased the mortality of infected
larvae, but the efficacy against three MRSA stains was different. Notably, more than 50% of
infected larvae survived after 5 days with MRSA B038 at both doses, while only 50 mg/kg
increased the survival rate of the larvae infected by MRSA B042. In contrast, the virulence of
three stains in 5 days are similar, but the infection of MRSA B038 resulted in the death of the
larvae in the first 12 h. The reason remains unclear, but we assume that the infection of MRSA
B038 might stimulate a different immune response and then japonicin-2LF might be able to

treat the MRSA infection synergistically in this situation.

Cationic antimicrobial peptide usually exhibited cytotoxicity on cancer cells because cancer
cells contain more negative charges on the cell surface than which of normal cells, that
improves the electrostatic interaction for peptide attachment [25]. Japonicin-2LF could induce
low degree of cytotoxicity on normal cells and recognise the negatively-charged bacteria cells
in the G. mellonella larvae. It is also proved by that there was no death of larvae caused by

injection of two doses of japonicin-2LF.

Antibiotics remain debatable and controversial due to the emerging resistant strains. However,
we believe that the resistant strains, like MRSA, are hard to generate resistance to japonicin-
2LF because of the unique membrane-disruption mechanism. With the help of japonicin-2LF,
the therapy may be improved when treating MRSA infection in CF patients, and further implied

that japonicin-2LF could be a promising candidate in MRSA related clinical perspective.
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Legends to Figures

Figure 1. Alignments of translated open reading frame prepropeptide amino acid sequences of
japonicin-2LF and top NCBI BLAST analytes. The accession numbers are showed before the
sequences. The identical amino acids are yellow highlighted. The mature peptide sequence of
japonicin-2LF was underlined and the propeptide convertase processing site was indicated by

arrows.

Figure 2. CD spectrum of japonicin-2LF (100 uM) in 10 mM in 10 mM NHsAc , 50/50 (v/v)

TFE/10 mM NHsAc, and 50 mM SDS/10 mM NH4Ac.

Figure 3. The stability of japonicin-2LF (50 uM) in the presence of P. aeruginosa supernatant

or human neutrophil elastase.

Figure 4. The colony counts of MRSA stains, NCTC 12493, B038 V1S1 A and B042 V2E1
A, after disrupting the respective biofilms. PBS and 50 uM vancomycin were employed as
negative control (N) and positive control (P), respectively. Error bars indicate standard

deviation (SEM) of five replicates.

Figure 5. The SYTOX green uptake effect of S. aureus, E. coli and C. albicans in the treatment
of 1-fold, 2-fold and 4-fold MICs. The 100% permeability of cell membrane was conducted
using the same amount of microorganism cells treated by 70% isopropanol (P). Error bars

indicate standard error of the mean (SEM) of five replicates.

Figure 6. Fluorescence graphs and merged graphs of DAPI/PI staining of a) S. aureus, b) E.

coli, and c) C. albicans treated with 1-fold and 4-fold MICs of japonicin-2LF.

Figure 7. Toxicity of japonicin-2LF. a) Haemolysis of japonicin-2LF on horse erythrocytes. b)
Release of LDH from NCI-H23 cells and the corresponding cell viability in the treatment of

japonicin-2LF. The percentage was calculated based on the effect induced by the positive



control (P), 1% Triton X-100. PBS was used as negative control (N). Error bars indicate

standard error of the mean (SEM) of three replicates.

Figure 8. The mortality of G. mellonella larvae (n=30 for each group) infected with MRSA
stains, including a) NCTC 12493, b) B038 V1S1 A and c) B042 V2E1 A. The infected larvae
were treated with 5 pl 20 mg/kg vancomycin, 25 mg/kg japonicin-2LF and 50 mg/kg japonicin-
2LF, respectively. Treatments were administered at 0, 12 and 24 h, as the arrows indicated.
The statistical analyses were performed by Mantel-Cox test and the statistical significance was

indicated as ns (none significant difference), * (p < 0.05), and ** (p <0.01).



Legends to Tables

Table 1. The MICs, MBCs of japonicin-2LF and MICs of positive controls against both

reference and CF isolated strains.

Table 2. The MICs of japonicin-2LF against the three MRSA stains in the absence and

presence of P. aeruginosa supernatant.

Table 3. The MBICs and MBECs of japonicin-2LF against the biofilm of S. aureus, E. coli

and MRSA stains.



