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Abstract 
 
Biofilms are extracellular structures formed by many species of bacteria that attached on various surfaces. The formation of biofilms is 
responsible for many health problems as they are very difficult to treat effectively due to enhanced resistant to antibiotics. Frog skin 
secretions contain bioactive compounds that may exhibit antibiofilms properties against biofilms infection. This study aims to screen the 

presence of antibiofilm activities from lyophilized skin secretions collected from Malaysian frogs. In this study, lyophilized skin 
secretions from four species of Malaysian frogs were tested for biofilm inhibition activities against the bacteria Staphylococcus 
epidermidis, ATCC 35984. Antibiofilm activity was tested at three different stages of biofilm formation which were biofilm maturation, 
biofilm attachment and biofilm dispersion. Biofilm treated with skin secretion from Fejervarya multistriata showed the presence of 
antibiofilm activities of 45 % which was able to reduce biofilm formation to 55 % at the attachment stage. Similarly, the biofilm 
formation at the maturation stage was reduced to 65.8 % only. No antibiofilm activities of Fejervarya multistriata was detected at the 
dispersion stage. The sample showing positive results was fractionated using column chromatography and further purified by C18 
reverse phase high-performance liquid chromatography column (HPLC). Mass spectroscopy revealed the presence of a single peptide. In 

conclusion, frog skin secretion of F. multistriata contains peptide that inhibits biofilm at both attachment and maturation stages. 
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1. Introduction 

Bacteria often grow in the form of a biofilm [1] and are protected 
by this extracellular matrix [1, 2]. Biofilms are also formed by 
many other bacteria on various biotic and abiotic surfaces [1, 3]. 
Biofilms are thought to be responsible for at least 65% of all 
human infections especially in device-related infections, on body 
surfaces and in chronic infections [3, 4].  
Formation of biofilm commonly proceeds in four different stages. 

The first stage is bacterial attachment to a surface, either abiotic or 
biotic surface [5]. The attachment of bacterial cells on the surface 
is due to van der Waal forces, steric interactions, and electrostatic 
interaction known as the DLVO (Derjaguin, Verwey, Landau, and 
Overbeek) forces [6]. The second stage is the sessile growth and 
extracellular polymeric protective matrix film production. The 
matrix production enhances the bacteria attachment to the matrix 
or directly to previous colonists [7]. The third stage is biofilm 

maturation which starts once biofilm grew in optimal growth 
conditions. The final stage is the detachment of bacteria via 
physical detachment or signaling events to colonize new areas [2, 
3, 8, 9, and 10]. 
There are about 106 frog species that had been described in West 
Peninsular Malaysia meanwhile East Malaysia has their own frog 
population. According to the report, five species of frogs from the 
genus Hyalarana (Hylarana baramica, Hylarana glandulosa, 
Hylarana signata, Hylarana picturata and Hylarana luctuosa) 

have been found in Sarawak [11]. A frog’s skins have mucus and 
granular glands that located mostly at the dorsal part of the frog’s 

skin. These glands can produce bioactive peptide with inhibitory 
activities towards microbial growth [12] 
Frog skin secretions have been reported to contain various 
bioactive compounds, such as antimicrobial peptides (AMPs), 
analgesic peptides, algesic peptides, protease inhibitors, lectins, 
antioxidant peptides and neurotoxins that important in their 
survival [13]. AMPs are bioactive peptides that demonstrated 

multifunctional activities against a great range of microorganisms 
such as Gram-negative and Gram-positive bacteria, fungi, 
protozoa and even viruses [14, 15, and 16]. The interactions 
between cationic AMPs and anionic phospholipids in the cell 
membrane by electrostatic forces will lead to cell death due to the 
destruction of cell membranes via hydrophobic interactions 
through several different mechanisms [17, 18]. Therefore, AMPs 
with these properties may represent a powerful weapon against 

resistant pathogenic microorganisms [19]. Some AMPs can inhibit 
biofilm formation as well as eradicating mature biofilm [20], 
which makes bacteria more resistant to conventional antimicrobial 
agents which could be up to 100-times more as compared to their 
planktonic counterparts [21].  
Frog skins have been reported as the source of more than 300 
different AMPs [22, 23]. Lys-a1 that isolated from frog species, 
Hypsiboas albopunctatus inhibit the biofilm growth of different 
strains of oral streptococci [24]. Meanwhile, L-K6 peptide that 

isolated from Rana chensinesis skin secretion has significantly 
reduced cell viability within S. mutans biofilms [25]. 
Esculentin(1-21), amphibian skin membrane-active peptide of 
Rana genus can kill both planktonic and biofilms forms of 
Pseudomonas aeruginosa strains. [26]. A recent study showed the 
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inhibition ability of peptide B1CTcu5 can be enhanced with the 
removal of four N-terminal amino acids [27]. 
In this current study, five lyophilized frog’s skin secretions were 
tested for antibiofilm activity against Staphylococcus epidermidis 
(ATCC 35984). Antibiofilm activities were carried out at three 
stages of biofilm formation i.e. attachment, maturation and 
dispersion. Biofilm formation of Staphylococcus epidermidis in 
microtiter plate indicates the presence of antibiofilm activities. 

The aim of this study is to identify peptide with antibiofilm 
activities from frog species.  

2. Method 

Bacterial Culture 
Brain Heart Infusion (BHI) (Difco) and Tryptic Soy (TS) (Difco) 

media were used for the culture of S. epidermidis ATCC 39584 
and S. epidermidis ATCC 12228. Pure cultures of the S. 
epidermidis strains were grown on BHI agar for 18 – 24 hours at 
37°C before incubation in fresh BHIB at 37°C with shaking for 24 
hours.  
 

Sample preparation 
Five lyophilized frogs skin secretions from three different species 

were obtained from previous study, Zainon et al., 2015 [28]. They 
are Fejervarya multistriata (A), Rana catesbiana (B1 and B2, 
collected from different locations) and Fejervarya limnocharis 
(C1 and C2, collected from different locations). The samples were 
diluted in 0.1 M phosphate buffer, pH 6.0 (PBS) at 0.05 g/ml and 
stored at -20°C until further used. 
 

Biofilm Formation Assay 

Biofilm formation was determined using the microplate  assay as 
described by Stepanović et al., 2007 [30]. An overnight culture of 
S. epidermidis ATCC 35984 (test bacteria and positive control) 
and S. epidermidis ATCC 12228 (negative control) were diluted in 
fresh Tryptase Soy Broth (TSB) supplemented with 1% glucose 
(TSBglu) at 1:100 ratio and incubated until the cell density 
reached ~10-6 cells/ml. Then, 100 μL of the test bacteria were 
transferred into 96-well flat bottom polystyrene microtitre plates 
and incubated at 37°C for 24 hour. The plate were gently washed 

three times with 300 μL of PBS, pH 7.2. The adherent biofilm 
layer formed were fixed with 150 μL of  methanol for 20 minute 
and  with 1 % crystal violet for 15 minutes at room temperature. 
The excess stain were removed by gentle washing under tap water. 
The wells were air-dried and the absorbed crystal violet stain was 
resolubilized with 150 μL of ethanol per well for 30 minutes. The 
plate was observed with microtiter plate reader at optical density 
value of 570 nm (OD570). 

 

Inhibition of Biofilm formation assay 
For the biofilm inhibition assay, the above procedure for biofilm 
formation was carried out, except that after 2 hours of incubation, 
100 μL of skin secretion samples were added to the wells followed 
by incubation for another 22 hours. All sample secretion was 
screened at 3 different stages of biofilm formation which are 
attachment, maturation and dispersion stages. All assays were 

performed in triplicate and repeated for 3 times. The average OD 
values of tested and control bacteria were calculated (Table 1,2 
and 3). The positive control and negative control represented as 
100% and 0 % biofilm formation respectively. The percentage of 
biofilm formation is calculated as  
 
100 - [[(S - N) / (P - N)] × 100 %] 
 

where  S = biofilm formation treated with sample 
N = biofilm formation in the negative control 
P = biofilm formation in the untreated positive control 

 

 

Inhibition of biofilm attachment assay  
The assay for inhibition of biofilm attachment was performed in a 
similar manner as biofilm formation assay. For the inhibition of 
biofilm attachment assay, the wells were pre-incubated with 100 
μL of the samples before the bacteria culture were added and 
incubated for 24 hours. The biofilms were then fixed, stained, 
washed and the resolubilised as described in the biofilm formation 
assay. OD readings were taken and the percentage of biofilm 

formation was calculated. 
 

Biofilm dispersion assay 
For the biofilm dispersion assay, the test and control strains were 
allowed to form biofilm by incubation at 37°C for 24 hour before 
addition of the skin secretion samples followed by a further 
incubation of 2 hours. The biofilms were fixed, stained, washed 
and resolubilised as described in the biofilm formation assay. OD 

readings were taken and the percentage of biofilm formation was 
calculated. 
 

Peptide Purification 
Column chromatography was carried out according to He et al., 
2012 [31] with modifications. Approximately 0.5 g of lyophilized 
crude skin secretion sample was dissolved in 10 ml of PBS and 
filter-sterilized with 0.45 μm (cellulose acetate or nylon) followed 

by centrifugation at 5000 g for 10 min. Gel chromatography was 
prepared by suspending Sephadex G-50 (Superfine, Amersham 
Biosciences) in 0.1 M phosphate buffer, pH 6.0 (PBS) in a column 
(diameter 2.6 cm, length 100 cm). The sample was then 
introduced and eluted with PBS and fractions of 3 ml were 
collected and monitored at absorbance of 280 nm.  
All fractions were then lyophilized and diluted with 2 ml of PBS 
(0.1 M, pH 6). A small volume of diluted samples were transferred 
to 1 ml of PBS with 1:10 ratio before tested with biofilm 

inhibition assay for confirmation test. Positive fractions were 
pooled, lyophilized and re-suspended in 1 ml of PBS. Then, it was 
applied to a C18 reverse phase high-performance liquid 
chromatography (RP-HPLC, AGILENT 770995-902 300Extend-
C18, 4.6x250mm, 5 micron) column.  
 

Peptide sequencing 
Mass spectroscopy of the sample was performed by the Australian 

Proteome Analysis Facility Ltd (Macquarie University, Sydney, 
Australia) on a Triple TOF 5600 (AB Sciex). 

3. Results 

Biofilm Inhibition Assay 
Table 1 shows the classification of biofilm formation activity. 

Biofilm formation in S. epidermidis ATCC 12228 is weak at an 
OD of less than 0.3000, and this is considered as the negative 
control. Biofilm formation in S. epidermidis ATCC 39584, 
without treatment, is classified as very strong biofilm activity at 
OD readings of 2.000 – 3.000. 
 

Table 1: Classification of biofilm formation activity 

Optical Density (OD570) Indicator 

OD ≤ OD-ve Non-biofilm activity 

OD-ve< OD ≤  2×OD-ve Weak biofilm activity 

2×OD-ve< OD ≤ 4×OD-ve Moderate biofilm activity 

4×OD-ve< OD  ≤  OD+ve Strong biofilm activity 

OD >OD+ve Very strong biofilm activity 

 
F. multistriata (A), R. catesbiana (B1) and F. limnocharis (C1) 
were able to demonstrate inhibition of biofilm formation of S. 

epidermidis (ATCC 35984) at the attachment stage (Figure 1, 
Table 2). After treatment with the skin secretion of the F. 
multistriata (A), R. catesbiana (B1) and F. limnocharis (C1), the 
mean OD ± SEM of the biofilm formation were 1.42 ± 0.20, 1.17 ± 

0.18 and 1.72 ± 0.18 respectively which was less than to the 
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positive control of S. epidermidis (ATCC 35984) at 2.21 ± 0.04. 
The biofilm formations were reduced to 55 % (F. multistriata 
(A)), 40.7 % (R. catesbiana (B1)) and 71.7 % (F. limnocharis 
(C1)). This indicates that skin secretion of F. multistriata (A), R. 
catesbiana (B1) and F. limnocharis (C1) contain bioactive 
compounds with antibiofilm activities which can inhibit almost 45 
%, 28.3 % and 59.3 % of biofilm formation of S. epidermidis 
(ATCC 35984).  

However, no reduction of biofilm was observed in the skin 
secretion of the remaining three samples. 
 

 
Figure 1: Inhibition of biofilm attachment. All frog skin secretion samples 

and S. epidermidis were incubate for 4 hour. From the left, Sample A, 

Sample B1, Sample B2, Sample C1 and Sample C2. Positive control (P) 

and Negative control (N) were placed at the bottom of samples. T is 

representing as triplicate of samples. 

 

Table 2: Inhibition of biofilm attachment 

Sample Mean OD ± 

SEM  

%biofilm formation t Test 

(P < 0.05)  

A 1.42 ± 0.20 55.0 0.00136 

B1 1.17 ± 0.18 40.7 0.00003 

B2 2.45 ± 0.14 113.3 0.11419 

C1 1.72 ± 0.18 71.7 0.01493 

C2 2.34 ± 0.07 106.9 0.14831 

Positive 2.21 ± 0.04 100.0 - 

Negative 0.46 ± 0.01 0 - 

Data shown represent mean of the optical density (OD) with standard error 

of mean (SEM). Each sample was compared to the positive control using 

Student’s t test.  

 
F. multistriata (A) and R. catesbiana (B1) were capable to reduce 
S. epidermidis (ATCC 35984) biofilm formation at maturation 
stage (Figure 2, Table 3). The percentage of biofilm formation 
after the treatment with the skin secretion of the F. multistriata 

(A) and R. catesbiana (B1) were reduce to 65.8 % and 75.5 % 
respectively. The mean OD ± SEM for both F. multistriata (A) 
and R. catesbiana (B1) samples were 2.09 ± 0.19 and 2.32 ± 0.24 
respectively which was less than to the positive control of S. 
epidermidis (ATCC 35984) at 2.92 ± 0.17. The biofilm formations 
were decreased by 34.2 % (F. multistriata (A)) and 24.5 % (R. 
catesbiana (B1)). This indicates that bioactive compounds in skin 
secretion of F. multistriata (A) and R. catesbiana (B1) can inhibit 

the formation of biofilm in S. epidermidis (ATCC 35984) at 
maturation stage.  
Unlike at the attachment stage, F. limnocharis (C1) was unable to 
reduce biofilm formation at maturation stage. The mean OD ± 
SEM of F. limnocharis (C1) was 2.96 ± 0.18 which was more than 
positive control. However, still no reduction of biofilm was 
observed in the skin secretion of the two remaining samples. 
 

 
Figure 2: Inhibition of biofilm maturation. All frog skin secretion samples 

and S. epidermidis were incubate for 24 hour. From the left, Sample A, 

Sample B1, Sample B2, Sample C1 and Sample C2. Positive control (P) 

and Negative control (N) were placed at the bottom of samples. T is 

representing as triplicate of samples. 

Table 3: Inhibition of biofilm formation (maturation) 

Sample Mean OD 

± SEM 

% biofilm formation T Test 

(P < 0.05) 

A 2.09 ± 0.19 65.8 0.00528 

B1 2.32 ± 0.24 75.5 0.06171 

B2 2.90 ± 0.17 99.2 0.93435 

C1 2.96 ± 0.18 101.6 0.87742 

C2 2.83 ± 0.17 96.5 0.72780 

Positive 2.92 ± 0.17 100 - 

Negative 0.48 ± 0.03 0 -  

Data shown represent mean of the optical density (OD) with standard error 

of mean (SEM). Each sample was compared to the positive control using 

Student’s t test.  

 
All samples of the frog skin secretions except R. catesbiana (B2) 
were unable to remove matured biofilm of S. epidermidis (ATCC 

35984) at the dispersion stage (Figure 3, Table 4). The mean OD ± 
SEM for all sample were very close to the positive control of S. 
epidermidis (ATCC 35984) at 3.35 ± 0.12 compare to R. 
catesbiana (B2) that was 2.96 ± 0.10. The frog skin secretion of R. 
catesbiana (B2) was able to reduce the biofilm formation to 86.1 
%. This indicates that R. catesbiana (B2) skin secretion still 
inhibit 13.9 % of biofilm formation while no biofilm activities 
were observed in the skin secretion of the four remaining samples. 
 

Table 4: Biofilm dispersion assay 

Sample Mean OD ± 

SEM  

% biofilm formation T Test 

(P < 0.05)  

A 3.22 ± 0.15 95.4 0.50819 

B1 3.07 ± 0.19 89.9 0.23117 

B2 2.96 ± 0.10 86.1 0.02197 

C1 3.37 ± 0.14 100.7 0.91583 

C2 3.12 ± 0.07 91.7 0.11341 

Positive 3.35 ± 0.12 100.0 - 

Negative 0.58 ± 0.04 0 - 

Data shown represent mean of the optical density (OD) with standard error 

of mean (SEM). Each sample was compared to the positive control using 

Student’s t test.  

 

 
Figure 3: Inhibition of biofilm dispersion. S. epidermidis strain was 

incubating for 24 hour to allow biofilm to form. All frog skin secretion 

samples and S. epidermidis were incubated for 24 hour. From the left, 

Sample A, Sample B1, Sample B2, Sample C1 and Sample C2. Positive 

control (P) and Negative control (N) were placed at the bottom of samples. 

T is representing as triplicate of samples. 

Purification of antibiofilm peptides 

The skin secretion of F. multistriata was separated into 200 
collection tubes by Sephadex G-50 gel filtration (Figure 4). 
Samples that suspected to have antibiofilm activity were selected 
and divided into 4 fractions. Fraction 3 was confirmed to have 

antibiofilm activity against S. epidermidis biofilm compare to 
other fractions when tested with biofilm inhibition assay at 
attachment stage.  
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Figure 4: Separation of lyophilized skin secretion of F. multistriata. 

Lyophilized sample was applied to Sephadex G-50 gel filtration (flow rate 

of elution at 0.3ml/min. 

 
Table 5: Inhibition of biofilm attachment (Confirmation test) 

Fraction Average OD % biofilm formation 

1 0.97 36.3 

2 1.46 79.6 

3 0.66 8.8  

4 1.16 53.1 

Positive 1.69 100 

Negative 0.56 0 

 

Fraction 3 were further purified by C18 reverse phase high-
performance liquid chromatography (RP-HPLC) (Figure 5) and a 
peak (retention time = 4.116 min) was eluted. Purified peptide was 
further analyzed for peptide identification. 
 

 
Figure 5: Purification of antibiofilm peptide. Fraction X was subjected 

onto C18RP-HPLC column. Elution was performed with 65 % of 

acetonitrile and 35% of trifluoroacetic acid (TFA) at flow rate of 1.0 

ml/min. 

Structural characterization 

The purified peptide was subjected to trypsin digestion and 
peptide mass fingerprinting. One peptide was identified with the 
sequence LCQSLPFGGVK. The peptide sequence is similar to 
peptide XP_010940924.1 which is predicted to be part of the 
aldehyde dehydrogenase enzyme.  

4. Discussion 

Staphylococcus epidermidis is a Gram-positive bacteria and a 
coagulase-negative staphylococcus [32] that commonly found 
from skin and mucous membranes of humans and other mammals 
[33]. S. epidermidis represents the major causative organism of 
infections related to any type of indwelling medical devices, such 
as peripheral or central intravenous catheters (CVCs) [34, 35]. 
Many S. epidermidis strains produce sessile microbial community 

known as biofilm. S. epidermidis produce extracellular polymeric 
matrix known as poly-N-acetyl glucosamine (PNAG) that resist to 
antimicrobial agent [36, 34].  
Antimicrobial peptides (AMPs) are the alternative way to against 
bacterial biofilms and antibiotic resistant strains more effectively 

[37]. A number of peptides exhibit antibiofilm activities that cause 
inhibition or eradication of the biofilm and provide a first line of 
defense of virtually all organisms [47, 48]. Most frogs secrete 
AMPs through their skin glands [12]. As the source of more than 
300 different AMPs, many of frog skin secretion have been used 
for inhibition of bacteria biofilm [22, 23]. Report shows that 
magainin 2 has antibiofilm activity against E. coli [38], S. aureus 
[39], and P. aeruginosa (at higher concentrations) [38, 39].  

F. multistriata (belonging to the subfamily Dicroglossinae of the 
family Dicroglossidae) is known as Rice Paddy Frogs that found 
in in regions with rice agriculture [40]. Previous report shows that 
Tigerinin peptides from Hoplobatrachus tigerinus [41] and F. 
cancrivora [42] can display broad-spectrum antimicrobial activity 
despite inability to adopt a α-helical conformation [41, 42]. 
Another report has revealed that skin secretion of Phyllomedusa 
hypochondrialis contains distinctin-like-peptide-PH (DLP-PH) 

that displayed antibiofilm activities against Escherichia coli [46].  
In this study, peptide from F. multistriata (A), R. catesbiana (B1) 
and F. limnocharis (C1) have shown antibiofilm activities by 
inhibiting S. epidermidis biofilm more than 20 % but less than 60 
% at attachment stage. However, antibiofilm activities became less 
effective at other stages due to percentage of biofilm inhibition by 
each peptide samples from F. multistriata (A), R. catesbiana (B1) 
and F. limnocharis (C1) was less at maturation stage compare to 

attachment stage. However, no antibiofilm activity of peptide 
samples from F. multistriata (A), R. catesbiana (B1) and F. 
limnocharis (C1) were observed at dispersion stage. S. 
epidermidis strain (ATCC 35984) known as one of the strong 
biofilm producer [43]. Report shows that antimicrobial effect of 
F2, 5,12W was more effective against weak biofilm-producing S. 
epidermidis strain (BM185) compare to the strong biofilm-
forming strain (BM492) [44]. This is due to the presence of 
polysaccharide intracellular adhesin (PIA) of staphylococcal 

biofilm matrix that increase the protection from AMPs penetration 
into the biofilm structure [45]. This might be reason for the 
reduction of antibiofilm activities of peptides at maturation and 
dispersion stages compare to attachment stages. 
In this study, peptide from F. multistriata (A) and R. catesbiana 
(B1) have shown the best result to inhibit the biofilm formation of 
S. epidermidis strain (ATCC 35984) compare to F. limnocharis 
(C1) and R. catesbiana (B2) that only show antibiofilm activity at 

single stage. However, F. multistriata (A) has been chosen for 
further analyzed due to have better result compare to other 
samples at the maturation stage.  MS fingerprinting of the peptide 
reveal a sequence that is not matched to known peptides from 
frogs. Rather the peptide sequence has similarities to a part of the 
plant aldehyde dehydrogenase enzyme.  

5. Conclusion 

The antibiofilm inhibition assays revealed that frog skin secretion 
of F. multistriata contain peptides with the ability to inhibit the 
bacteria biofilm but limited to different stages. Once the mature 
biofilm is formed, the peptide has no effects. However, further 
studies are needed to confirm the ability of this peptide to inhibit 
the bacteria with weak and moderate biofilm activities. This study 

will contribute to other biofilm studies for searching new 
antimicrobial peptides (AMPs) profiles from frogs that could be 
used as novel antibiofilm agents. 
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