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Introduction

Microbial biofilms are present in different habitats and are 
considered highly relevant in clinical environments, where they 
cause many types of chronic infections in patients. Biofilms are 
also a concern within the industrial environment, where they are 
associated with the contamination of products and foodborne 
illnesses [1-3]. These structures are constituted by sessile cells 
embedded in a polymeric extracellular matrix composed of 
polysaccharides, proteins, DNA and lipids. When compared to 
planktonic cells, sessile cells generally have higher resistance to 
adverse environmental conditions, as well as to antimicrobials 
and sanitizers [4,5]. Multispecies biofilms predominate in many 
environments. These biofilms are composed of a heterogeneous 
population of bacteria and yeasts, forming a more complex structure 
that is favored by synergistic interactions and commensalism 
[6,7].

Because they are resistant structures, strategies for cleaning 
and disinfecting surfaces by conventional methods are often 
ineffective in combating biofilms. Consequently, new control 
approaches, including the use of bioactive peptides, has been 
the subject of recent research [8-10]. Antimicrobial peptides 
produced by Bacillus sp. can present a low rate of toxicity, high 
biodegradability and anti-adhesive properties [11,12], providing its 
use as an alternative in the control of biofilms. The antimicrobial 
peptide P34 was initially characterized as a bacteriocin-like 
substance by Motta, Cannavan, Tsai, and Brandelli (2007a) [13] 
and has a molecular weight of 1,456 Da. It is a proteolytic enzyme 
which is relatively heat stable and exhibits activity in a pH range of 
3.0 to 10 at a temperature between 25 and 37 °C. Furthermore, this 
substance demonstrates inhibitory activity against Gram-positive 

bacteria such as Listeria monocytogenes, Bacillus cereus and 
Rhodococcus sp. [14,15]. In addition, this peptide shows antiviral 
capacity against some animal pathogenic viruses [16-18], potential 
to prevent and eradicate the biofilm formation by Staphylococcus 
aureus and Enterococcus faecalis [19] and low cytotoxicity on 
eukaryotic cells [20]. However, until now, little has been known 
about the antibiofilm potential of this substance. 

In this context, the aim of this study was to evaluate the 
behavior of planktonic and sessile cultures of S. aureus F4-1, S. 
Enteritidis ATCC 13076 and C. tropicalis 72-A, under different 
nutritional conditions. Moreover, the responses of individual 
cultures and mixed cultures and multispecies biofilms formed on 
stainless steel, within the presence of peptide P34, were observed.

Materials and Methods

Bacterial strains

The isolate Staphylococcus aureus F4-1 was obtained 
from frozen chicken meat and characterized as a strong biofilm-
producing strain [21]. The clinical isolate Candida tropicalis 72-A, 
which is resistant to fluconazole, amphotericin B and voriconazole, 
has been characterized as a weak biofilm producer (Bergamo et al., 
2014) [22] whereas the strain Salmonella Enteritidis ATCC 13076 
has been characterized as a non-former of biofilms. Both of these 
were also evaluated. The isolates S. aureus F4-1 and C. tropicalis 
72-A have been previously identified by [22,23], respectively. 
The bacterial isolates were maintained at -20 ºC in cryotubes 
containing 10% (v/v) skim milk and 20% (v/v) glycerol. The 
yeast C. tropicalis 72-A was maintained on Sabouraud Dextrose 
Agar (SDA, Acumedia), covered with mineral oil and stored at 25 
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ºC. The cultures were grown in Brain Heart Infusion agar (BHI, 
Himedia) at 37 ºC for 24 h to obtain pure colonies before use. 

Production and partial purification of peptide P34

For the production of peptide P34, Bacillus sp. P34 was 
grown in 100 ml BHI medium at 30 ºC in a rotary shaker at 180 rpm. 
After cultivation for 24 h, the cells were harvested by at 10,000 g 
for 15 min at 4 ºC. The filtrate was precipitated with ammonium 
sulfate at 20% (w/v centrifugation) saturation, and then dissolved 
in 10 mM phosphate buffer pH 7.0. This solution was purified by 
gel filtration chromatography using a Sephadex G-100 column 
[13]. The antimicrobial activity titre was determined by the serial 
twofold dilution method previously described by Mayr-Harting, 
Hedjes, and Berkeley (1972) [24]. Activity was defined as the 
reciprocal of the last serial dilution giving an inhibition zone and 
expressed as Activity Units (AU) per milliliter. The AU/ml was 
determined against Listeria monocytogenes ATCC 7644 as the 
indicator strain. The fractions showing antimicrobial activity were 
pooled, sterilized through a 0.22 μm filter (Millipore, Bedford, 
USA) and frozen stored.

Antimicrobial activity of peptide P34 against planktonic cells

Antimicrobial activity was determined essentially as 
described by Motta and Brandelli (2002) [25]. An aliquot of 20 
μl of peptide P34 (1600 AU) was applied onto BHI agar plates 
previously inoculated with a swab submerged in suspensions of 
S. aureus F4-1, C. tropicalis 72-A or S. Enteritidis ATCC 13076, 
which corresponded to a 0.5 McFarland turbidity standard solution. 
The strain L. monocytogenes ATCC 7644 was used as a control. 
Plates were incubated at the optimal growth temperature of the test 
organisms and inhibitory zones were measured after 24 h.

Evaluation of antimicrobial activity of peptide P34 on the 
growth of individual cultures and mixed culture 

For the evaluation of peptide P34 against individual cultures 
of S. aureus F4-1, C. tropicalis 72-A and S. Enteritidis ATCC 
13076, a standard concentration of 103 CFU/ml (Colony-Forming 
Units) of each isolate was inoculated in 50 ml of BHI broth. After 3 
h incubation at 37 ºC and 120 rpm, 5 ml of either 10 mM phosphate 
buffer pH 7.0 or 1600 AU/ml-1 of peptide P34 were added to the 
control and treated samples respectively. Aliquots of 100 μl were 
collected at 0 h, 8 h and 24 h of treatment to perform an evaluation 
of viable cell counts.

The mixed culture assay was performed by the inoculation 
of a standardized concentration of 10³ CFU/ml of each isolate in 
BHI broth (BHI, Himedia). Equal amounts of each strain were 
added to the assay tube, which was incubated for 3 h at 37 ºC 

and 120 rpm. After incubation, the procedures were performed as 
described above. For the counting of individual microbial species, 
aliquots from each treatment were inoculated into selective media: 
Mannitol Salt Agar for S. aureus F4-1, MacConkey Agar for S. 
Enteritidis ATCC 13076, and Sabouraud Dextrose Agar containing 
1% chloramphenicol for C. tropicalis 72-A. The incubation was 
carried out at 37 ºC for 24 h, for subsequent determination of the 
CFU/ml, according to the protocol established by Milles, Misra, 
and Irwin (1938) [26]. The assays were performed in duplicate and 
the results were expressed as log CFU/ml.

Evaluation of antibiofilm activity of the peptide P34 on the 
multispecies biofilm formed on stainless steel 

The ability of the peptide P34 to prevent biofilm formation 
was evaluated on AISI 304 stainless steel probes (2 x 2 cm). The 
probes were previously prepared by soaking in neutral detergent 
at 0.3% for 60 min and subsequently immersing them in acetone, 
flushing with distilled water and spraying them with 70% (v/v) 
ethanol for disinfection. After this sanitization process, the probes 
were subjected to drying for 2 h at 60 ºC and autoclaved at 121°C 
for 15 min [27]. The control probe was submerged in sterile water 
for 4 h while the treated probe was submerged in the solution 
containing 1600 AU/ml of the peptide P34 for the same period. 
After this pretreatment, the probes were immersed in 20 ml of TSB 
(Himedia) containing 1% glucose which was previously inoculated 
with S. aureus F4-1, S. Enteritidis ATCC 13076 and C. tropicalis 
72-A, at a concentration of 108 CFU/ml each. The samples were 
incubated at 37 ºC for 24 h at 180 rpm in a rotary shaker.

Scanning Electron Microscopy (SEM) 

The stainless steel AISI 304 surfaces, which were used for 
the development of multispecies biofilms, were fixed with 3% (v/v) 
glutaraldehyde in 0.2 M phosphate buffer pH 7.2 for 8 days. After 
this process, the probes were washed three times with the same 
buffer and dehydrated using an acetone gradient from a 30% (v/v) 
to 100% concentration. The probes were processed in a critical 
point dryer (Balzers CPD030; Bal-Tec, Balzers, Liechtenstein) and 
then gold and platinum particles were deposited on the samples. 
The visualization was performed using a Scanning Electron 
Microscope JSM6060 (JEOL, Tokyo, Japan).

Statistical analysis 

All experiments were performed at least in duplicates and 
standard deviations from the mean values were calculated. The 
effect of peptide P34 on biofilm formation was analyzed using 
Parametric Analysis by Statistica 10.0 software (Statsoft, Tulsa, 
OK, USA). Values were considered significantly different from 
each other at P<0.05.
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Results and Discussion

Antimicrobial activity against planktonic cells

In the present study, cultures of S. aureus F4-1, S. Enteritidis 
ATCC 13076 and C. tropicalis 72-A were evaluated in planktonic 
and sessile conditions, as multispecies biofilms, in the absence 
and in the presence of the peptide P34. Only the S. aureus F4-1 
strain showed an inhibition zone of 13.0 mm, while other strains 
were not sensitive to peptide P34 (data not shown). The indicator 
strain L. monocytogenes ATCC 7644, which was used as a positive 
control, presented an inhibition zone of 13.6 mm.

The behavior of microbial cells in planktonic form is distinct 
from their behavior in sessile form, whether in monospecies or 
multispecies biofilms. In recent years, many studies have been 
performed with a focus on the complexity of microbial interactions 
in heterogeneous biofilms, in order to understand the consequences 
of the associations between different microorganisms [7,28]. 
Although the mechanism of action of this substance is not fully 
understood, its potential has been tested against a variety of 
microbial species [13]. The authors reported no antimicrobial 
activity against isolates of S. aureus, S. Enteritidis ATCC 13076 
and Candida sp. This discrepancy of results for S. aureus may 
be due to peptide concentration, composition of culture media, 
concentration of indicator culture, or the peculiar phenotypic 
and genotypic characteristics of each microorganism [25,29]. 
According to Otto (2012) [30] the proportion of teichoic acids 

present in the cell wall of Staphylococcus sp. seems to be involved 
in the bacterial adhesion process and the susceptibility to different 
antimicrobial peptides. The planktonic cells are important for the 
dissemination of pathogenic microorganisms, which can adhere to 
and colonize new environments [5,31].

The effect of peptide P34 on the growth of individual and 
mixed cultures

The analysis of individual cultures, with the addition of 
the peptide P34, demonstrated that only S. aureus F4-1 suffered 
a bacteriostatic effect at 8 h of culture, the moment at which the 
control sample count was 7.81 log CFU/ml and the treated sample 
count was 4.20 log CFU/ml (Table 1). The statistical analysis 
indicated a growth difference between the two conditions tested 
(P<0.05). After 8 h of incubation, an increase in cell growth 
was verified, and at the end of 24 h no differences in the cell 
population were verified among the samples. The peptide P34 
caused no effect on the cultures of S. Enteritidis ATCC 13076 
and C. tropicalis 72-A (Table 1). This behavior was similar to 
that observed in agar diffusion tests. Antimicrobial peptides, 
such as those evaluated in this study, can have bactericidal or 
bacteriostatic effects. The mentioned effects have been attributed 
to the concentration and the degree of purity of the antimicrobial 
peptide, as well as the concentration of the target cell. In many 
cases, these molecules present such effects on a narrow spectrum 
of bacteria [32-34]. Lisboa, Bonatto, Bizani, Henriques, and 
Brandelli (2006) [29] evaluated an antimicrobial peptide produced 

Table 1: Growth of S. aureus F4-1, S. Enteritidis ATCC 13076 and C. tropicalis 72-A, individually evaluated with peptide P34 during 
24 h.

Strain Time (h) Control
(log CFU/ml) Sample with peptide P34 (log CFU/ml)

C. tropicalis 72-A

0 3.60 + 0.06a 3.59 + 0.01a

8 5.74 + 0.03a 5.55 + 0.04a

24 7.36 + 0.03a 6.62 + 0.05a

S. aureus F4-1

0 3.11 + 0.02a 3.15 + 0.02a

8 7.81 + 0.04a 4.20 + 0.04b

24 9.07 + 0.02a 8.36 + 0.12a

S. Enteritidis ATCC 13076

0 3.10 + 0.08a 3.00 + 0.01a

8 7.76 + 0.06a 6.70 + 0.04a

24 9.07 + 0.11a 8.75 + 0.08a

*Averages followed by the same letter in the same row do not differ by the Parametric Analysis at 5% significance (P>0.05).



Citation: Costa GA, Brandelli A, Frazzon APG, Motta AS (2019) Antibiofilm Activity of the Antimicrobial Peptide P34 against Multispecies Biofilms. Food Nutr J 4: 
209. DOI: 10.29011/2575-7091.100109

4 Volume 4; Issue 05

Food Nutr J, an open access journal
ISSN: 2575-7091

by B. amyloliquefaciens and observed a bacteriostatic effect on 
planktonic cells of L. monocytogenes. Deng, Su, and Zhang (2011) 
[35], while using the peptide subticin 112 against S. aureus CVCC 
1885, also reported a bacteriostatic effect. The peptide P34 did 
not influence the development of planktonic cells of S. Enteritidis 
ATCC 13076 and C. tropicalis 72-A. Gram-positive bacteria are 
the main targets of this peptide, which acts against Gram-negative 
bacteria in the presence of EDTA [15]. Generally, the resistance 
to antimicrobial peptides presented by most Salmonella spp. is 
primarily due to the presence of an external membrane [36,37]. 
The cell reduces the external membrane fluidity, which in turn 
causes an increase in hydrophobic interactions [38]. Therefore, the 
hydrophobicity generated decreases the possibility of the inclusion 
of the antimicrobial peptide, and consequently the reduction 
of pore formation in the membrane, resulting in resistance to 
the antimicrobial substance. In agreement with our study, other 
authors have reported that Candida spp. are not susceptible to these 
kinds of antimicrobial peptides [13,29,39]. It is suggested that the 
differences in the lipid composition of the yeast membrane may 
be related to the ineffectiveness of the peptides against eukaryotic 
microorganisms [40].

In the evaluation of mixed culture, with or without the 
addition of the peptide P34, it was observed that in a period of 
24 h, the development of S. Enteritidis ATCC 13076 was superior 
when compared to S. aureus F4-1 and C. tropicalis 72-A (Table 2). 
No significant differences in cell counts were observed when the 
strains were cultivated simultaneously in the presence of peptide 

P34. The coexistence of different microbial species in the same 
environment favors synergistic interactions that influence their 
distribution in such milieu. These multispecies interactions may 
affect the cell physiology, functionality and virulence [7,10,41]. The 
ineffectiveness of different antimicrobial compounds in controlling 
multispecies cultures has been reported [10,42,43]. However, 
there is a lack of reports about the effects of antimicrobial peptides 
on mixed cultures. In the present study, the peptide P34 did not 
influence the development of the mixed culture. Nevertheless, a 
decreased growth rate in S. aureus F4-1 was recorded, resulting 
in the smallest amount of viable cells. Similar to our study, when 
Waili, Al- Ghamdi, Ansari, Al-Attal, and Salon (2012) [42] 
evaluated synergism in multispecies culture of S. aureus, E. coli 
and C. albicans, they also noted a small reduction in the growth 
of the isolates. This reduction was speculated to be the result of 
competition among the isolates for a limited amount of nutrients. 

Scanning electron microscopy

The use of antimicrobial peptides has been proved to be an 
interesting approach to prevent microbial adhesion to surfaces 
[8,44,45]. The scanning electron microscopy evidenced a change 
in the arrangement of microbial cells which adhered to the surface 
when compared to the control sample and the sample treated with 
the peptide P34 (Figure 1). Isolated cells of S. Enteritidis were 
observed in both samples, suggesting that bacterial adhesion 
failure was not influenced by other microbial species.

Table 2: Effect of the peptide P34 on mixed culture with S. aureus F4-1, S. Enteritidis ATCC 13076 e C. tropicalis 72-A, in BHI broth 
at 37 ºC during 24 h.

Strain Time (h) Control
(log CFU/ml)

Sample with peptide P34
(log CFU/ml)

C. tropicalis 72-A

0 3.08 + 0.12a 3.05 + 0.07a

8 4.75 + 0.02a 4.77 + 0.02a

24 6.61 + 0.06a 6.59 + 0.04a

S. aureus F4-1

0 3.49 + 0.07a 3.44 + 0.07a

8 4.64 + 0.04a 5.31 + 0.06a

24 6.71 + 0.04a 6.70 + 0.12a

S. Enteritidis ATCC 13076

0 3.23 + 0.04a 3.26 + 0.01a

8 7.51 + 0.06a 6.80 + 0.03a

24 9.14 + 0.04a 8.75 + 0.05a

*Averages followed by the same letter in the same row do not differ by the Parametric Analysis at 5% significance (P>0.05).
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Figure 1: Images of Scanning Electron Microscopy (SEM) of 
multispecies biofilm with o S. aureus F4-1, S. Enteritidis ATCC 
13076 e C. tropicalis 72-A formed on stainless steel surface - 
positive control (a); surface treated with BLS P34 showing smaller 
C. tropicalis 72-A population (b).

An irregular biofilm was observed in the control sample, 
without large cell agglomerations and with a prevalence of yeast 
cells (Figure 1 (a)). However, in the treated sample, the use of 
peptide P34 reduced the population of yeast cells when compared 
to the control sample (Figure 1 (b)). Furthermore, there was a 
change in the arrangement of S. aureus cells which adhered to the 
surface: larger cell agglomerations appeared in the treated sample 
when compared to the control sample (Figure 1 (a) and (b)).

The SEM images confirm the ability of S. aureus F4-1 and 
C. tropicalis 72-A to adhere to and from biofilm on stainless steel. 
Although there are several studies about the interaction between 
C. albicans with S. aureus [46-49], C. tropicalis species have not 
been studied in multispecies biofilms. S. aureus and C. albicans are 
commonly found together in different types of infections, showing 
increased resistance when they infect the host [46,47]. It has been 
suggested that this behavior can be mediated by protein filaments 
of Candida sp., as described by Peters et al. (2010) and Peters 
et al. (2012) [6,48]. The presence of peptide P34 on the stainless 
steel surface decreased the adhesion of C. tropicalis 72-A cells. It 
is possible that the peptide formed a film that somehow interacted 
with the yeast cell surface and decreased its adhesion. Some 
antimicrobial molecules can reduce the surface hydrophobicity, and 
therefore, reduce cellular adhesion. This characteristic suggests a 
potential application in the destabilisation of the biofilm [10].

The adherence of S. aureus F4-1 was not influenced. 
According to [50], S. aureus is able to produce proteins and secrete 
enzymes that perform modifications on the cell surface and ensure 
the resistance against action of antimicrobial peptides. It was also 
possible to note surface irregularities in the stainless steel (Figure 
1 (b)) that probably hamper the efficiency of the cleaning process, 
serving as a source of substrate accumulation and therefore 
favoring the adhesion of cells and biofilm formation.

Conclusion

In summary, the results of this study demonstrate that the 
peptide P34 presents bacteriostatic potential on planktonic cells of 
S. aureus F4-1. However, it does not interfere in the development 
of S. Enteritidis and C. tropicalis in mixed culture. Besides this, it 
was observed that the stainless steel surface treated with peptide 
P34 showed a change in the distribution and architecture of C. 
tropicalis 72-A cells, suggesting a potential anti-adhesive action.
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