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up to 100 µM did not inhibit biofilm formation. The ratio 
of live/dead bacteria in biofilm was also significantly lower 
after 15 min exposure to 20 µM of LFchimera compared 
to control and 20–50 µM of CHX and MH. Altogether, the 
results obtained indicate that LFchimera is able to inhibit 
in vitro subgingival biofilm formation and reduce viability 
of multispecies bacteria in biofilm better than CHX and MH.
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Introduction

Periodontitis is a major public health problem worldwide 
(Petersen et al. 2005). It is a polymicrobial infection caused 
by a group of specific microorganisms such as Aggregati-
bacter actinomycetemcomitans, Porphyromonas gingivalis, 
Treponema denticola, Prevotella intermedia and Tannerella 
forsythia (Socransky et al. 1998; Wara-aswapati et al. 2009; 
Pradhan-Palikhe et al. 2013) that are cohabitating in subgin-
gival plaque. A recent study in a Thai population reported 
that the presence of P. gingivalis, and high colonization by 
A. actinomycetemcomitans, T. denticola, and P. intermedia 
play an important role in severe periodontitis (Torrungruang 
et al. 2015). A combination of A. actinomycetemcomitans, P. 
gingivalis, and P. intermedia also showed the strongest asso-
ciation with the disease in a Finnish population (Hyvarinen 
et al. 2009). Another Finnish study reported that the pres-
ence of A. actinomycetemcomitans with P. gingivalis and T. 
denticola in saliva has been shown to contribute to deepened 
pockets (Paju et al. 2009). A treatment for periodontitis that 
is associated with success is removal of bacterial biofilm, 
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calculus, and toxins by scaling and root planing (SRP) 
(Greenstein 2000; Aimetti 2014). However, a limitation of 
SRP is the inability to access deeper areas of the gingival 
sulcus wherein remaining plaque could lead to microbial 
re-colonization and recurrence of disease. It is well accepted 
that bacteria growing in a biofilm, as is the case in periodon-
titis, are more recalcitrant to the action of antibiotics than 
bacteria growing in a planktonic state (Hoiby et al. 2010). 
This has led researchers to search for novel antimicrobial 
agents to overcome the problem of antibiotic resistance of 
bacterial biofilms and to investigate whether local delivery 
of antimicrobial agents can be effective on inaccessible areas 
of the gingival sulcus.

Chlorhexidine (CHX) in oral care products has been used 
as an antiseptic for many decades to help control dental 
plaque. Different CHX preparations applied subgingivally as 
an adjunct to SRP in the treatment of patients with chronic 
periodontitis have been reported (Da Rocha et al. 2015; 
Lecic et al. 2016). In addition, there are several options of 
antimicrobials, such as minocycline, metronidazole, doxy-
cycline and tetracycline, which can be locally delivered into 
periodontal pockets as an adjunct to SRP in the treatment of 
periodontitis patients (Goodson et al. 2007; Da Rocha et al. 
2015). However, long term use of antimicrobial oral care 
products may contribute to the development of multidrug 
resistance (Webber et al. 2015; Saleem et al. 2016).

Antimicrobial peptides (AMPs) are considered as poten-
tial agents to overcome the problem of the increasing resist-
ance of bacterial strains to conventional antibiotics (Brogden 
2005). Lactoferrin (LF) is a multifunctional iron-binding 
protein, which has broad-spectrum antimicrobial activity 
against bacteria, fungi, protozoa and viruses (Farnaud and 
Evans 2003), and is recognized as a source for antimicro-
bial peptides (Bruni et al. 2016). Two antimicrobial moie-
ties have been discovered: lactoferricin (LFcin), which was 
discovered after pepsin digestion (Bellamy et al. 1992), and 
lactoferrampin (LFampin) identified based on screening 
of the LF domains exhibiting typical features of antimi-
crobial peptides, like amphipathicity, cationicity (van der 
Kraan et al. 2004). A heterodimeric peptide (LFchimera) 
was constructed by linking the peptides LFcin17–30 and 
LFampin265–284 in such a way that it resembled the struc-
tural orientation in the native molecule (Bolscher et al. 
2009). This construct displayed strikingly stronger antimi-
crobial activities against several microorganisms, including 
Gram-positive and Gram-negative bacteria, Candida albi-
cans and parasites than its constituent peptides LFcin17–30 
and LFampin265–284 (Bolscher et al. 2009, 2012; Leon-
Sicairos et al. 2009; Flores-Villasenor et al. 2010; Silva 
et al. 2012a). We have shown previously that LFchimera 
possesses antibacterial and antibiofilm activities and can 
modulate Burkholderia pseudomallei colonization (Puk-
nun et al. 2013, 2016; Kanthawong et al. 2014). However, 

there is no report on inhibitory effects of LFchimera against 
multispecies oral biofilm formation. Therefore, we aimed to 
investigate the potency of LFchimera towards multispecies 
oral biofilm obtained from clinical samples of periodontitis 
patients and to compare its potency with CHX and mino-
cycline hydrochloride (MH). Their activities towards the 
periodontal pathogen A. actinomycetemcomitans grown 
planktonically or as monospecies biofilms were included 
for comparative purposes.

Materials and methods

Peptide synthesis and purification

The bovine lactofer r in pept ides LFcin17–30, 
LFampin265–284 and LFchimera (Table 1) were synthe-
sized using Fmoc-protected amino acids (Orpegen Pharma 
GmbH, Heidelberg, Germany) in a Syro II peptide synthe-
sizer (Biotage, Uppsala, Sweden) and purified with an Ulti-
mate 3000 RP-HPLC (Thermo Scientific, MA) to a purity of 
at least 95% as previously described (Bolscher et al. 2012; 
Puknun et al. 2013). The authenticity of the peptides was 
confirmed by Matrix-Assisted Laser Desorption/Ionization 
Time-of-Flight Mass Spectrometry (MALDI-TOF MS) on 
a Microflex LRF mass spectrometer equipped with an addi-
tional gridless reflection (Bruker Daltonik, Bremen, Ger-
many) as described previously (Bolscher et al. 2012).

Bacterial strain and growth condition

Aggregatibacter actinomycetemcomitans ATCC 43718 
was maintained on tryptic soy serum bacitracin vancomy-
cin (TSBV) agar. A single colony initially grown on TSBV 
agar was inoculated into brain–heart infusion (BHI) broth 
(Criterion, Hardy Diagnostics, CA), incubated overnight at 
37 °C, 5%  CO2, in an incubator and used as inoculum in the 
antimicrobial assay.

Table 1  Sequences and characteristics of the peptides investigated

a The purity of the peptides was at least 95% and the authenticity of 
the peptides was confirmed by ion trap mass spectrometry
b Calculated net charge at neutral pH

Peptidea Sequence mol wt Chargeb

LFcin17–30 FKCRRWQWRMKKLG 1922 6+
LFampin265–284 DLIWKLLSKAQEKFG-

KNKSR
2389 4+

LFchimera FKCRRWQWRMKKLG──K
DLIWKLLSKAQEKFG-

KNKSR

4422 12+
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Antimicrobial assay

The killing activities of all peptides, CHX and MH against 
planktonic A. actinomycetemcomitans ATCC 43718 were 
determined by colony culturing assays as described previ-
ously (Puknun et al. 2013). Briefly, a bacterial suspension 
of approximately  105 CFU/ml was re-suspended in 1 mM 
potassium phosphate buffer (PPB), pH 7.0, supplemented 
with the tested agents to a final concentration of 5, 10, 20 
and 50 µM. A bacterial suspension in PPB without peptide 
served as a control. Following incubation at 37 °C, 5%  CO2, 
for 60 min, the incubated mixture was serially diluted in a 
physiological concentration of saline and plated on TSBV 
agar. Colonies were counted after 48 h of incubation at 
37 °C, 5%  CO2. The percentage killing or inhibiting effects 
of each agent were calculated using the formula [1 − (CFU 
sample/CFU control)] × 100%. Each assay was performed 
on three separate occasions, with triplicate determinations 
each time.

Effect of antimicrobial agents on viability and biofilm 
matrix of A. actinomycetemcomitans in a 1‑day old 
biofilm

The most effective antimicrobial peptide and drug from 
the result of the antimicrobial assay was selected to deter-
mine the effect on viability and biofilm matrix of a 1-day 
old A.actinomycetemcomitans ATCC 43718 biofilm using a 
static Amsterdam Active Attachment (AAA) model (Exter-
kate et al. 2010; Silva et al. 2012b). A minimum contact time 
of 15 min was chosen to test bactericidal effect of LFchimera 
in comparison to CHX because the killing activity of LFchi-
mera have been shown to reach its maximum effect already 
after 15 min for most bacteria (Bolscher et al. 2009). Moreo-
ver, bactericidal concentration of CHX on subgingival bacte-
ria tested in serum at short contact times was determined at 
10–60 min by another study (Oosterwaal et al. 1989).

The AAA model consisted of stainless steel lid with 
clamps that contain 12 mm diameter round glass coverslips 
which were used as substratum to grow A. actinomycet-
emcomitans biofilm. The lid fits into standard polystyrene 
24-well plates (Corning, USA). After assembling the lid and 
glass coverslips, the model was autoclaved. To allow adhe-
sion on each glass coverslip, a final volume (1 ml) of bacte-
rial suspension was added in each well of 24-well plate. The 
wells were then covered with the lid of the AAA model con-
taining the glass coverslips and incubated at 37 °C, 5%  CO2, 
for 3 h. After which, the lid was transferred to a new 24-well 
plate containing fresh media and incubated for another 21 h. 
The 1-day old biofilm were then placed on wells containing 
either 1.75 ml of 1 mM PPB (control), 5 µM LFchimera 
or 5 µM CHX for 15 min. The glass coverslips were then 

washed twice with sterile distilled water and subjected to 
staining.

To determine the viability of A. actinomycetemcomitans 
ATCC 43718, the 1-day old biofilm on the glass coverslips 
were submerged in 1.5 ml staining solution of LIVE/DEAD 
BacLight Bacterial Viability kit (Molecular Probes, Invit-
rogen, USA) and incubated at 25 °C in the dark for 15 min. 
After, it was fixed with 1% glutaraldehyde for 3 h at 4 °C. 
The 1-day old biofilm was examined using confocal laser 
scanning microscopy (Zeiss LSM 800, Zeiss, Germany) and 
quantification of bacterial viability was determined using the 
ZEN image software (Zeiss, Germany).

To determine the biofilm matrix of A. actinomycetem-
comitans ATCC 43718, the 1-day old biofilm on the glass 
coverslips were fixed with 1% glutaraldehyde for 3 h at 4 °C 
and the extracellular polymeric substance of the biofilm 
was stained with fluorescein isothiocyanate-concanavalin 
A (FITC-ConA) for 15 min. The coverslips were examined 
using confocal laser scanning microscopy (Zeiss LSM 800, 
Zeiss, Germany) and the structure of the biofilm was ana-
lyzed using the ZEN image software.

Subjects and sampling of subgingival plaque

Subjects were healthy Thai adults who sought periodontal 
treatment at the Faculty of Dentistry, Khon Kaen Univer-
sity, Khon Kaen, Thailand. The criteria used for selection 
included: subjects between the ages of 35 and 45 years with 
no known systemic diseases, who had not received antibi-
otics within the previous 3 months, and who had not used 
medications that might influence the subgingival microbiota. 
The study protocol was approved by the Khon Kaen Univer-
sity ethical review committee (HE542176). Informed con-
sent was obtained from all subjects. Subgingival plaque sam-
ples were collected from five individuals with periodontitis. 
The sampling sites had pocket probing depths ranging from 
4 to 5 mm and clinical attachment loss ≥ 3 mm. The subgin-
gival plaque was collected by method described previously 
(Taweechaisupapong et al. 2014). Briefly, a sterile absorbent 
paper point was inserted to the sulcus depth and moving it 
laterally along the tooth surface and the sulcular epithelial 
lining. The paper point sample was immediately placed into 
1 ml thioglycollate medium (Criterion, Hardy Diagnostics, 
CA) and gently sonicated to disperse the bacterial cells.

Saliva collection and processing

Unstimulated saliva was obtained in 5-ml samples from the 
same subjects who had donated subgingival plaque and pro-
cessed as previously described (Walker and Sedlacek 2007; 
Taweechaisupapong et al. 2014). In brief, each saliva sample 
was diluted (1:10) with pre-reduced, anaerobically-sterilized 
Ringer solution, containing 0.05% cysteine (Sigma Chemical 
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Co, St Louis, MO) as a reducing agent, and centrifuged at 
2000×g for 10 min to remove any particulate matter. The 
supernatant was passed through 0.2 µm sterile syringe filter.

PCR detection of A. actinomycetemcomitans 
in subgingival plaque

Subgingival plaque samples were suspended in 1 ml sterile 
double distilled water, pelleted, and resuspended in 200 µl 
of DNA isolation reagent (InstaGene Matrix, Bio-Rad Lab, 
Hercules, CA, USA). Total DNA was extracted according 
to the manufacturer’s instructions. The suspension was cen-
trifuged and 5 µl of resulting supernatant was used for PCR. 
The PCR reactions (Taq PCR Core Kit, Qiagen, Valencia, 
CA, USA) were carried out as previously described using 
oligonucleotide primers specific for A. actinomycetemcomi-
tans, sense 5′ AAA CCC ATC TCT GAG TTC TTC TTC 3′, 
antisense 5′ ATG CCA ACT TGA CGT TAA AT 3′ (Ashi-
moto et al. 1996). The PCR product was analyzed by 1% 
agarose gel electrophoresis. DNA of A. actinomycetemcomi-
tans ATCC 43718 was used as positive control.

Effects of antimicrobial agents on multispecies 
subgingival biofilm formation

The inhibitory effect of LFchimera, CHX and MH on biofilm 
formation in a simulated oral cavity condition was investi-
gated. The experiment was designed to test the capacity of 
multispecies bacteria to re-establish a biofilm after 15 min 
pretreatment, subsequent dislodgment and reseating; which 
is similar to a possible scenario after SRP. In detail, sub-
gingival plaque sample from each periodontitis patient was 
cultivated in patient matched saliva-coated 96-well micro-
titer plate under anaerobic atmosphere at 37 °C for 24 h to 
form a 1-day old biofilm. Thereafter, the supernatant in each 
well was removed and the wells were washed with 200 µl 
phosphate buffered saline (PBS). LFchimera, CHX or MH, 
was added at final concentrations as indicated to the adherent 
microorganisms for 15 min. The control wells were incu-
bated with PBS without antimicrobial agents. Then the wells 
were washed with PBS and 200 µl of fresh tryptic soy broth 
was added in each well. Sonication was performed for 5 min 
to dislodge adherent microorganisms. The bacterial suspen-
sion was transferred to the new 96-well microtiter plates 
and cultivated under anaerobic atmosphere at 37 °C for 24 h 
to allow re-establishment of a new biofilm. Then superna-
tant in each well was removed and the wells were washed 
with PBS. The re-established biofilm was stained for 15 min 
with 150 µl of 1% crystal violet. Excess stain was removed 
with running tap water. The plates were air dried and the 
dye bound to the adherent cells was solubilized with 150 µl 
of 33% (v/v) glacial acetic acid per well. After transferring 
the dye solution to a new plate, the optical density (OD) of 

each well was measured at 595 nm using microplate reader 
(Varioskan Flash, Thermo Fisher Scientific Inc., USA). The 
experiments were repeated on three separate occasions, with 
triplicate determinations in each experiment.

Effects of LFchimera on survival of bacteria 
in multispecies subgingival biofilm

To determine the effects of the tested agents on survival 
of bacteria in an established multispecies biofilm, LIVE/
DEAD BacLight Bacterial Viability kit was used. Subgin-
gival plaque sample from each periodontitis patient was 
cultivated in saliva-coated 96-well microtiter plate under 
anaerobic atmosphere at 37 °C for 24 h and the tested agents 
were added as described above. The control wells were incu-
bated with PBS without the tested agents. After contact with 
the 1-day old biofilm for 15 min, the tested agents in each 
well were removed. The wells were washed with PBS and 
aliquots of 100 μl of the staining solution were added to 
each well and mixed thoroughly. The plate was incubated 
at 25 °C in the dark for 15 min and the fluorescence was 
measured with a fluorescence microplate reader (Varioskan 
Flash, Thermo Fisher Scientific Inc., USA). The excitation/
emission maxima for the dyes were 485/530 nm for SYTO 
9 and 485/630 nm for propidium iodide. The experiments 
were repeated on three separate occasions, with triplicate 
determinations in each experiment.

Statistical analysis

Kruskal–Wallis analysis and Dunn’s multiple comparison 
tests were carried out for comparison of biofilm formation 
and bacterial survival among the test and control groups 
using GraphPad Prism 5 (GraphPad Software, Inc., San 
Diego, CA, USA). The level required for statistical signifi-
cance was P < 0.05.

Results

The killing effect of different concentrations of LFchi-
mera and its constituent peptides LFcin17–30 and 
LFampin265–284 in comparison to CHX and MH on A. 
actinomycetemcomitans ATCC 43718 is shown in Fig. 1. 
The antimicrobial activities of each agent or combination 
depended on the dose of the agents. At the highest concen-
tration used (50 µM), all agents reached 100% killing. Dif-
ferences in activity become visible at lower concentrations, 
suggesting that CHX has more killing potency than MH. 
The antimicrobial activity of LFchimera seems comparable 
to CHX but was strikingly stronger than its constituent pep-
tides, or a combination of both. Of these two antimicrobial 
peptides LFcin17-30 was the more potent one suggesting 
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that this peptide might contribute more than LFampin to the 
high activity of LFchimera.

The effects of LFchimera and CHX on viability and 
biofilm matrix of the 1-day old A. actinomycetemcomitans 
ATCC 43718 biofilm were shown in Figs. 2 and 3, respec-
tively. Confocal laser micrographs of biofilm after treatment 
with both LFchimera and CHX showed significantly lower 
live/dead ratio compared to control (P < 0.05). However, 
no statistically significant difference on live/dead ratio was 
seen between LFchimera and CHX (Fig. 2). Visualization 
of the exopolysaccharide matrix using FITC-ConA showed 
that LFchimera is able to decrease biofilm thickness. Meas-
urement of the biofilm thickness using the image software 
revealed that LFchimera and CHX treated biofilms have a 
mean thickness of 8.5 and 9.5 µm, respectively, while the 
control group has a mean thickness of 12.3 µm. Moreover, 
LFchimera treated biofilm showed less green fluorescence 
color than control and CHX treated biofilms (Fig. 3).

Next we tested the potency of LFchimera on multispe-
cies biofilm of clinical samples from periodontitis patients, 
all harboring A. actinomycetemcomitans in the subgingival 
plaque samples as verified by PCR (Fig. 4). After pretreat-
ment of the 1-day old biofilm derived from the subgingival 
plaque of periodontitis patients with 5–100 µM LFchimera 
for 15 min, biofilm was dislodged by sonication and bacte-
ria were tested for the capacity to form a biofilm again in 
fresh culture medium under anaerobic conditions during the 
next 24 h period (Fig. 5). Whereas 15 min treatment with 
5 µM LFchimera showed a similar biofilm forming capac-
ity as the control, significant less biofilm was formed after 
a pretreatment with higher concentrations of LFchimera 
(20–100 µM). Similar inhibition of biofilm formation was 
found with 20–100 µM CHX; using the common clinical 

concentration (1337 µM, corresponding to 0.12% solution) 
an even higher inhibitory effect was found. In contrast, bio-
film formation after pretreatment with MH was not signifi-
cantly different compared with untreated control at all tested 
concentrations (5–100 µM).

Next we tested the capacity of 5–50 µM LFchimera to kill 
the bacteria in the 1-day old multispecies oral biofilm, using 
a LIVE/DEAD staining. Treatment for only 15 min with 
LFchimera at concentrations as low as 5 µM already showed 
a significant lower live/dead ratio of multispecies bacteria 
in biofilm compared to untreated control. Similar treatment 
with CHX at concentrations up to 50 µM had no killing 
effect; only the high concentration of 1337 µM showed a 
significant increase in killing. MH did not show any killing 
effect of the bacteria in biofilm (Fig. 6).

Discussion

In this paper we have investigated LFchimera as an antimi-
crobial agent to combat periodontal pathogens in biofilms. 
The potency of this chimerical combination of two antimi-
crobial domains of the mammalian defense protein lactofer-
rin emerged from reports describing a strikingly higher anti-
microbial effect in comparison to both constituent peptides 
against a series of pathogens including parasites, yeast, as 
well as Gram positive and Gram negative bacteria includ-
ing A. actinomycetemcomitans (Bolscher et al. 2009, 2012; 
Leon-Sicairos et al. 2009; Flores-Villasenor et al. 2010; 
Silva et al. 2012a). Here we confirmed the enhanced killing 
activity of LFchimera towards A. actinomycetemcomitans 
and showed that its activity was comparable to that of CHX 
and significant higher than MH, two conventional agents 
used in oral hygiene to combat oral pathogens (Da Rocha 
et al. 2015; Lecic et al. 2016).

CHX is the most commonly used antibacterial agent and 
the most effective antiplaque agent until date. However, its 
disadvantages on long-term usage are staining of teeth and 
altered taste sensation. In rare cases, serious adverse effects 
like oral mucosal erosion, parotid swelling and enhanced 
supragingival calculus has been reported (Chauhan et al. 
2013). For MH, several studies have yielded promising 
results with the local application of MH in the treatment of 
periodontitis (Pandit et al. 2013; Abbas et al. 2016). How-
ever, the long term use of antimicrobial oral care products 
contributes to the development of multidrug resistance 
(Webber et al. 2015; Saleem et al. 2016). In contrast, bacte-
ria seems to be largely unable to develop resistance to AMPs 
(Peschel and Sahl 2006), encouraging the exploration of 
therapeutics based on AMPs.

In the present study, it was clearly evident that LFchi-
mera affects viability and the structure of monospecies A. 
actinomycetemcomitans ATCC 43718 biofilm. Although 

Fig. 1  Effects of different concentrations of LFchimera, LF-pep-
tides, chlorhexidine digluconate and minocycline hydrochloride on 
A. actinomycetemcomitans ATCC 43718. Bacterial suspensions were 
incubated with 5–50 µM of each agent and processed as described in 
materials and methods. Percentage killing was calculated using the 
formula [1 − (CFU sample/CFU control)] × 100%. Data are the mean 
value of three independent experiments carried out in triplicate
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Fig. 2  Confocal laser scanning micrographs of a representative sec-
tion of a 1-day old A. actinomycetemcomitans ATCC 43718 biofilm 
after 15 min exposure to 1 mM PPB control (a), 5 µM LFchimera (b), 
and 5  µM chlorhexidine digluconate (c). The biofilms were stained 

with LIVE/DEAD BacLight Bacterial Viability kit. Green color indi-
cates live bacteria and red color indicates dead bacteria. d Live/dead 
ratio calculation *P < 0.05 compared to control

Fig. 3  Confocal laser scanning micrographs of a representative sec-
tion of a 1-day old A. actinomycetemcomitans ATCC 43718 biofilm 
after 15 min exposure to 1 mM PPB control (a), 5 µM LFchimera (b), 

and 5  µM chlorhexidine digluconate (c). The biofilms were stained 
with FITC-ConA. Green color indicates exopolysaccharide of biofilm 
matrix
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no statistically significant difference on live/dead ratio was 
seen between LFchimera and CHX, LFchimera treated bio-
film showed less exopolysaccharide matrix production than 
CHX treated biofilms (Fig. 3). From our previous reports in 
Gram negative bacteria, the bacteria treated with LFchimera 
showed accumulation of the peptide in intracellular struc-
tures (Puknun et al. 2016; Reyes-Cortes et al. 2017). These 
results suggested that less exopolysaccharide matrix produc-
tion found in LFchimera treated biofilm in this study may 
not only depend on the viability of bacteria but also could 
depend on intracellular effects of LFchimera.

To further explore LFchimera as an agent to combat 
periodontal pathogens in multispecies biofilms, an in vitro 

multispecies biofilm model described by Walker and Sed-
lacek was used because this model closely mimics the com-
position of the in vivo state (Walker and Sedlacek 2007). 
Our previous studies demonstrated that LFchimera is an 
effective peptide against monospecies biofilm form of B. 
pseudomallei, possessing a stronger antibiofilm activity than 
the conventional antibiotic ceftazidime (Puknun et al. 2013, 
2016). The inhibitory effects of LFchimera on in vitro sub-
gingival biofilm formation and against an established mul-
tispecies biofilm found in this study are in accordance with 
its effects on monospecies A. actinomycetemcomitans ATCC 
43718 biofilm and our previous report (Puknun et al. 2016).

In this study, multispecies subgingival biofilm forma-
tion was quantified in 96-well microtiter plates using crys-
tal violet staining. However, the 1-day old monospecies A. 
actinomycetemcomitans ATCC 43718 biofilm could not be 
quantified by crystal violet staining in 96-well microtiter 
plates (data not shown). This may be because of the thin-
ner biofilm formation of monospecies A. actinomycetem-
comitans than multispecies and the inherent limitation of 
the detection method. The very thin biofilm formation of 
monospecies A. actinomycetemcomitans was confirmed 
using AAA model and examined by confocal laser scan-
ning microscope (Fig. 3). Several studies have demonstrated 
higher extracellular polymeric substances (EPS) production 
in multispecies biofilms compared to monospecies (Bridier 
et al. 2012; Alavi and Hansen 2013; Wang et al. 2013; Jahid 
et al. 2014) Additional research has found that multispecies 
biofilms can induce the formation of compact 3-dimensional 

Fig. 4  Detection of A. actinomycetemcomitans DNA using aga-
rose gel electrophoresis. The gel shows staining for A. actinomyce-
temcomitans DNA amplified by conventional PCR (Ashimoto et  al. 
1996) from five subjects. Lane 1 a 100 bp DNA ladder as a molecu-
lar weight marker; Lane 2 A. actinomycetemcomitans ATCC 43718; 
Lane 3–7 subgingival plaque samples from subjects No. 1–5, respec-
tively; Lane 8 negative control

Fig. 5  Effects of different concentrations of LFchimera, chlorhex-
idine digluconate and minocycline hydrochloride on multispecies oral 
biofilm formation. The bacteria in a 1-day old biofilm was pretreat-
ment with the tested agents for 15  min, then adherent microorgan-
isms were dislodged and transferred to the new microtiter plates and 
cultivated under anaerobic atmosphere at 37 °C for 24 h. The biofilm 

formation were measured at 24  h. Results are from 5 periodontitis 
patients (N = 5). The upper and lower box margins represent 75th 
percentile and 25th percentile, respectively. The horizontal line inside 
each box indicates the median (50th percentile). *P < 0.05 compared 
to control
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structures (Schwering et al. 2013; Ibusquiza et al. 2012) as 
well as increased biomass compared to monospecies bio-
films (Burmølle et al. 2006; Kuznetsova et al. 2013) Moreo-
ver, multispecies biofilms are more resistant to antimicro-
bial agents than monospecies, possibly due to higher EPS 
production, denser and thicker biofilms maturation (van der 
Veen and Abee 2011; Schwering et al. 2013; Wang et al. 
2013). Our findings are consistent with those studies because 
in the monospecies A. actinomycetemcomitans biofilm after 
treatment with 5 µM CHX, significantly lower live/dead ratio 
compared to control was found (Fig. 2) while in multispecies 
biofilms, only the highest concentration of CHX exhibited a 
significant higher killing activity in comparison to the con-
trols (Fig. 6).

Our present data demonstrate that LFchimera is able to 
inhibit in vitro subgingival multispecies biofilm formation 
and reduce viability of multispecies bacteria in biofilm better 
than CHX and MH. Moreover, concentrations up to 20 µM 
LFchimera does not induce significant lysis or permeabiliza-
tion of human red blood cells (Kanthawong et al. 2014), nor 
cytotoxicity on rat hepatocytes (Leon-Sicairos et al. 2009). 
Therefore, it could be considered for development as a new 
potential locally delivered therapeutic agent that may be 
used as an adjunctive treatment for periodontitis.
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