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A B S T R A C T

Objectives: This study investigated the effect of CMC/ACP on oral bacteria adherence and biofilm formation on
the enamel surface as well as the underlying mechanism to determine the anti-cariogenic potential of CMC/ACP.

Methods: A mineral solution of CMC/ACP was characterised by transmission electron microscope. The bac-
tericidal activity of CMC/ACP was evaluated with the plate count method. An in vitro biofilm model was es-
tablished on saliva-coated enamel blocks; the effect of CMC/ACP on the adherence of Streptococcus mutans and
Streptococcus gordonii to and biofilm formation on these blocks, as well as co-aggregation of Fusobacterium nu-
cleatum was assessed by scanning electron microscopy, crystal violet staining, and confocal microscopy. Bacterial
surface charge was estimated with the cytochrome c binding assay and by zeta potential measurement.

Results: CMC/ACP nanocomplexes inhibited S. mutans and S. gordonii adherence to enamel blocks by 90% and
86% (P < 0.01), respectively, and biofilm formation by 45% and 44% (P < 0.01), respectively, after 24 h
without bactericidal activity. CMC/ACP reduced F. nucleatum attachment to streptococcal biofilm by 75%
(P < 0.01) while also altering cytochrome c binding to bacteria and reducing the zeta potential of the bacterial
suspension.

Conclusions: CMC/ACP nanocomplexes inhibit cariogenic bacterial adherence, co-adhesion, and biofilm
formation on the enamel surface, possibly by altering bacterial surface charge and enhancing the flocculation
effect. As an agent that promotes remineralisation and has anti-cariogenic effects, CMC/ACP can be used to
prevent and treat early caries and white spot lesions.

1. Introduction

Dental caries is one of the most prevalent and costly diseases
worldwide and can have a profound effect on general health and quality
of life [1]. With the increasing popularity of orthodontic treatments, the
incidence of enamel surface white spot lesions (WSLs) caused by or-
thodontic appliances has shown an upward trend [2,3]. WSLs are a type
of early smooth surface caries characterised by the demineralisation of
the enamel surface around orthodontic appliances [4,5]. Deminer-
alisation is a pathological process caused by organic acids produced by
dental plaque biofilms formed on the enamel surface; cariogenic bac-
teria within the biofilms release acid, which lowers the local pH and

results in the loss of calcium and phosphate ions from the hydro-
xyapatite lattice of enamel [6,7]. Dental caries and WSL formation are
dynamic processes associated with an imbalance between deminer-
alisation and remineralisation [8]. As such, one approach for halting
their progression is to treat early lesions with a remineralising agent.
This is not only consistent with the concept of minimally invasive
dentistry (MID) [9], but also benefits patients by reducing trauma and
treatment costs and preserving natural dental tissue.

Nanoparticles of amorphous calcium phosphate (ACP) stabilised by
biomacromolecules can be used for enamel remineralisation [10,11].
However, multiple species of bacteria colonise the oral environment;
bacterial biofilms tend to aggregate on rough surfaces and cariogenic
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bacteria in biofilms continually produce acid. The colonisation of oral
bacteria cannot be inhibited by biomimetic remineralisation agents
such as casein phosphopeptide/ACP [12,13]. Therefore, while pro-
moting the deposition of calcium and phosphorus on carious lesions,
remineralisation agents may also promote the mineralization of plaques
to form a harder and often tenacious mass called calculus, which may
increase the risk of plaque-related diseases [14,15].

The first step in biofilm formation is the adherence of bacteria to the
acquired pellicle on the enamel surface [16,17]. Streptococcus is the
predominant genus detected on salivary pellicles [18–20], and Strep-
tococcus mutans is the primary causative bacterial agent of dental caries
[21,22]. Streptococcus gordonii is a pioneer coloniser of tooth surfaces
and produces multiple cell surface protein adhesins that promote at-
tachment to the salivary pellicle and provide a foundation for the for-
mation of mixed-species dental plaque biofilms [23,24]. Additionally,
some species such as Fusobacterium nucleatum play a critical role as a so-
called bridge species in biofilm development by selectively co-ag-
gregating with early and late colonisers [25–27]. Thus, strategies that
promote remineralisation while inhibiting biofilm formation on enamel
surfaces are needed for clinical dentistry.

Our previous study showed that carboxymethyl chitosan (CMC)—a
derivative of chitosan that is biodegradable, biocompatible, and non-
toxic—is an excellent stabiliser of ACP nanoparticles owing to its
abundance of carboxyl groups; CMC/ACP nanocomplexes were effec-
tive in promoting the remineralisation of dental tissues [28,29]. Other
studies have shown that CMC can inhibit biofilm formation of some
pathogenic bacteria such as Escherichia coli and Staphylococcus aureus
[30,31]. However, it is unclear how ACP influences the inhibitory effect
of CMC on oral bacterial biofilm formation.

An in vitro model of cariogenic bacterial biofilm on the human en-
amel surface that mimics the oral environment has been established
[32]. In the present study, we used this model to investigate the effects
of CMC/ACP on the adherence of and biofilm formation by cariogenic
bacterial species on enamel, the co-adhesion of F. nucleatum, and the
underlying mechanism. We hypothesised that CMC/ACP nanocom-
plexes can inhibit these processes and thereby promote oral health.

2. Materials and methods

2.1. Bacterial culture

S. mutans UA159 and Streptococcus gordonii ATCC10558 were cul-
tured in brain-heart infusion (BHI) medium (Sigma-Aldrich, St. Louis,
MO, USA) under anaerobic conditions (10% CO2, 10% H2, and 80%
N2). F. nucleatum ATCC25586 was cultured anaerobically in BHI
medium supplemented with haemin (10mg/ml) and vitamin K
(0.2 mg/ml). All cultures were grown at 37 °C.

2.2. Enamel blocks and hydroxyapatite discs

Four hundred and eighty-six enamel blocks (∼4×3×2 mm3 in
size) removed by sawing from the buccal or lingual surfaces of freshly
extracted 120 human third molars and polished with 400- to 2000-grit
SiC paper were used as the substratum. The molars were obtained from
patients aged 18–30 years who required preventive extraction before
orthodontic therapy at the Hospital of Stomatology. The inclusion cri-
terion was that the tooth enamel was mature and lacked caries, cracks,
or other defects. Hydroxyapatite discs (n= 162) (5.0 mm in diameter
and 2.0mm in thickness) were used as a substratum for confocal
scanning laser microscopy analysis. All enamel blocks and hydro-
xyapatite discs were autoclaved and stored in sterile tubes. The study
was approved by the ethics committee (TMUSHhMEC2017090).

2.3. Preparation of CMC/ACP mineral solution

A 1% (m/v) CMC/ACP mineral solution with biomimetic

remineralisation function was prepared as previously described [33].
Briefly, the CMC solution was first prepared by mixing 400mg CMC
powder (95%; Qingdao Hong Hai Biological Technology Co., Qingdao,
China) with 30ml deionised water and stirring (1000 rpm) until the
powder was completely dissolved. Next, 41.76mg K2HPO4 were added
to the CMC solution with gentle stirring (500 rpm). CaCl2·2H2O
(58.80 mg) was then added to 10ml deionised water, and the mixture
was introduced into the CMC solution with stirring (500 rpm) for 5min,
yielding a highly supersaturated CMC/ACP mineral solution. The final
concentrations of calcium and phosphate ions were 10 and 6mM, re-
spectively.

2.4. Characterisation of CMC/ACP nanocomplexes

The size and morphology of nanocomplexes formed by CMC/ACP
nanoparticles were characterised by transmission electron microscopy
(TEM) (JEM-1230; JEOL, Tokyo, Japan) and selected area electron
diffraction (SAED) at 110 kV. A 15-ml volume of nanoparticle solution
was added as a drop onto a 400-mesh copper TEM grid covered with a
carbon support film at room temperature.

2.5. Preparation of salivary pellicle

Non-stimulated whole saliva samples were collected from 10
healthy adult volunteers as previously described [34], and mixed and
immediately centrifuged at 12,000×g for 20min at 4 °C. After sterile
filtration, enamel blocks were treated with saliva for 30min at 37 °C to
obtain salivary pellicle.

2.6. Antibacterial test

The antibacterial activity of CMC/ACP was evaluated with the plate
count method [35,36]. Briefly, S. mutans, S. gordonii, and F. nucleatum
were harvested by centrifugation at 5000 rpm for 5min, washed with
phosphate-buffered saline (PBS), and resuspended in BHI medium; the
optical density at 600 nm (OD600) was adjusted to 0.8 (approximately
1×108 CFU/ml), and the cell suspension was diluted with an
equivalent volume of CMC/ACP, CMC, or deionised water, and in-
cubated for 24 h at 37 °C under anaerobic conditions; the final con-
centration of CMC/ACP and CMC was 0.5% (m/v). A 200-μl volume of
bacterial suspension was serially diluted and 100 μl was spread on a 2%
agar plate in triplicate and incubated for 24 h at 37 °C under anaerobic
conditions, after which the number of viable colonies was counted. The
experiment was repeated three times for each strain.

2.7. Bacterial adhesion assay

For the microbial adherence assay [37], S. mutans or S. gordonii was
harvested and resuspended as described above to a density of 107 CFU/
ml. A 200-μl volume of streptococcal suspension was combined with an
equal volume of CMC/ACP, CMC, or deionised water, and the mixture
was added to the enamel blocks (n= 9) in a 48-well plate, followed by
incubation at 37 °C for 1 or 5 h; the final concentration of CMC/ACP
and CMC was 0.5% (m/v). To quantify the bacteria adhering to the
enamel blocks, samples were fixed in 2.5% glutaraldehyde solution,
rinsed with distilled water, and dehydrated in a graded series of ethanol
solution (50%, 60%, 70%, 80%, 90%, and 100%) for 15min. Samples
were then dried to the critical point, coated with gold, and examined by
scanning electron microscopy (SEM) (JSM-6701 F; JEOL). Adherent
cells in nine randomly selected 3000-fold magnification fields were
counted, and the number of bacteria in 1 mm2 was calculated.

2.8. Biofilm formation assay

For the biofilm formation assay, streptococcal suspension was di-
luted to 2× 106 CFU/ml with BHI medium supplemented with 1%
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sucrose. A 200-μl volume of suspension was added to a 48-well plate
with saliva-coated enamel blocks (n= 9) along with an equal volume of
CMC/ACP, CMC, or deionised water, followed by incubation at 37 °C
for 24 h under anaerobic conditions; the final concentration of CMC/
ACP and CMC was 0.5% (m/v). After incubation, the enamel blocks
were rinsed three times with PBS, and biofilm formed on the block
surface was stained with 0.1% (w/v) crystal violet for 15min, washed
three times with PBS, and destained with 400 μl of 80% (v/v) ethanol
solution. To determine the amount of bacteria in the formed biofilms,
the absorbance at 590 nm of the destaining solution containing crystal
violet was measured using a microplate reader (Synergy Mx; BioTek,
Winooski, VT, USA) as previously described [38].

2.9. Attachment of F. nucleatum to streptococcal biofilm

The effect of CMC/ACP on F. nucleatum attachment to the strepto-
coccal biofilm was evaluated by fluorescence staining [39–41]. S. mu-
tans and S. gordonii cultures (10ml) were harvested by centrifugation at
5000 rpm and resuspended in 1ml PBS. Cells were labelled with 20 μl of
10 mM hexidium iodide (Thermo Fisher Scientific, Waltham, MA, USA)
for 15min in the dark, centrifuged at 5000 rpm for 5min, and washed
with PBS. For all experiments, the OD600 of the cell suspension was
adjusted to 0.8, and a 400-μl aliquot was added to each well of a 48-
well plate containing a saliva-coated hydroxyapatite disc (n=9) fol-
lowed by incubation at 37 °C for 24 h under anaerobic conditions in the
dark. The discs were then carefully rinsed with PBS and coated with
saliva. Similarly, F. nucleatum cultures (10ml) were harvested as de-
scribed above, labelled with 20 μl of 4 mg/ml carboxyfluorescein dia-
cetate succinimidyl ester (CFSE) (Thermo Fisher Scientific) for 15min
in dark; after washing three times with PBS, 200 μl CFSE-labelled F.
nucleatum suspension (OD600= 1) was added to the saliva-coated hy-
droxyapatite disc along with an equal volume of CMC/ACP, CMC, or
deionised water; the final concentration of CMC/ACP and CMC was
0.5% (m/v). The samples were then incubated for 24 h at 37 °C under
anaerobic conditions in the dark. The supernatant was removed, and
the cells were washed with PBS to remove those that were non-adherent
or loosely bound. The attachment of F. nucleatum to streptococcal bio-
films was visualised by confocal laser scanning microscopy (Axio-Im-
ager LSM-800; Carl Zeiss, Oberkochen, Germany). For each sample,
images were obtained from five randomly selected areas at 400-fold
magnification and were analysed with Imaris v.7.2.3 image analysis
software (Bitplane, Concord, MA, USA) to determine the ratio of green
to red fluorescence (GR ratio).

2.10. Bacteria cell surface charge assay

The cytochrome c binding assay was used to estimate bacterial
surface charge [30]. S. mutans or S. gordonii was harvested and re-
suspended as described above to a density of 108 CFU/ml; the cell
suspension was then mixed with an equal volume of CMC/ACP, CMC,
or deionised water and cultured for 1 h at 37 °C under anaerobic con-
ditions; the final concentration of CMC/ACP and CMC was 0.5% (m/v).
The cells were harvested by centrifugation, rinsed, and resuspended in
(3-(N-morpholino)propanesulfonic acid) buffer (pH 7.0) to a final
OD600 of 7.0. After incubation with 0.5mg/ml cytochrome c for 10min,
the cells were removed by centrifugation at 12,000 rpm for 5min at
4 °C. The amount of cytochrome c in the supernatant was quantified by
measuring the OD at 530 nm with a microplate reader. The percent
change in cytochrome c bound to the cells was calculated as follows:

− ×( )1 100%ODsample
ODcontrol .

The zeta potential values of CMC, CMC/ACP, and each experimental
group was estimated as previously described [42–44]. Briefly, S. mutans
cells were concentrated by centrifugation at 5000 rpm and resuspended
in PBS to an OD600 of 1.0. CMC/ACP, CMC, or PBS was added to the
cells and after 1 h, the zeta potential was measured using a Zetasizer

Nano ZS 90 device (Malvern Instruments, Malvern, UK) at room tem-
perature.

2.11. Statistical analysis

Statistical analysis was performed with SPSS v.22.0 software (IBM,
Armonk, NY, USA). Differences between groups were evaluated by one-
way analysis of variance with the Tukey-Kramer multiple comparisons
post-hoc test and with the two-tailed unpaired t-test P < 0.05 was
considered statistically significant.

3. Results

3.1. Examination of CMC/ACP nanoparticle morphology by TEM and
SAED

The size and morphology of CMC/ACP nanoparticles were eval-
uated by TEM (Fig. 1). The particles had a diameter< 100 nm and had
a rough surface. SAED analysis did not reveal an obvious dot or ring
pattern characteristic of crystal structures (inset a in Fig. 1), indicating
that the CMC/ACP nanoparticles mainly constituted an amorphous
phase.

3.2. Bactericidal activity

The bactericidal and bacteriostatic activities of CMC/ACP were
examined by the plate count method. After culturing for 24 h, there
were no significant differences among groups in terms of the number of
live colonies on the agar plates. These results suggest that CMC and
CMC/ACP do not interfere with the growth and viability of S. mutans, S.
gordonii, and F. nucleatum at a concentration of 1% (Table 1).

3.3. Effect of CMC/ACP on S. mutans and S. gordonii adherence to saliva-
coated enamel blocks

The effect of CMC/ACP on S. mutans and S. gordonii adherence to
saliva-coated enamel blocks was evaluated by SEM. The adherence of S.
mutans and S. gordonii to saliva-coated enamel blocks was inhibited in
the presence of CMC/ACP by 89.7% and 86.1% (P < 0.01), respec-
tively, at 1 h (Fig. 2A, C) and by 80.8% and 82.1% (P < 0.01), re-
spectively, at 5 h (Fig. 2B, D). There was no significant difference be-
tween CMC/ACP and CMC groups.

Fig. 1. TEM and SAED characterisation of nanocomplexes of CMC/ACP. The
image of TEM show the shape and morphology of nanocomplexes of CMC/ACP.
The inset(a)in Fig. 1：The SAED of nanoparticles of CMC/ACP show there is no
obvious dot or ring pattern characteristic of crystal structure.
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3.4. Effect of CMC/ACP on S. mutans and S. gordonii biofilm formation on
saliva-coated enamel blocks

The effect of CMC/ACP on S. mutans and S. gordonii biofilm for-
mation on saliva-coated enamel blocks was evaluated by crystal violet
staining. Biofilm formation (control = 100%) was decreased by 45.3%
(S. mutans) and 44.0% (S. gordonii) after incubation for 24 h with CMC/
ACP (P < 0.01; Fig. 3). There was no significant difference between
the CMC/ACP and CMC groups (Fig. 3).

3.5. Effect of CMC/ACP on F. nucleatum attachment to pre-formed
streptococcal biofilm on saliva-coated hydroxyapatite disc

The effect of CMC/ACP on the attachment of F. nucleatum to saliva-
coated streptococcal biofilm was evaluated by fluorescence staining.
The biofilm formed on saliva-coated hydroxyapatite discs was stained
with hexidium iodide, and CFSE-labelled F. nucleatum was then added
in the presence or absence of CMC/ACP. F. nucleatum attachment to the
biofilm was quantified by determining the GR ratio. In the absence of
CMC/ACP, a large number of F. nucleatum (green fluorescent signal)
adhered to the Streptococcus biofilm (red fluorescent signal) after 24 h
of co-culture (Fig. 4A). Addition of CMC/ACP decreased the number of
F. nucleatum cells bound to the pre-formed S. mutans or S. gordonii
biofilm. Accordingly, the GR ratio was decreased by 74.6% and 74.9%,
respectively, in the presence of CMC/ACP (P < 0.01; Fig. 4B). There
was no significant difference between CMC/ACP and CMC groups in
terms of F. nucleatum attachment.

3.6. Effect of CMC/ACP on cell surface charge

Cytochrome c and zeta potential were measured in order to estimate
the relative charge of the cell surface. CMC/ACP reduced cytochrome c
binding to S. mutans and S. gordonii cells by 12.6% and 11.9%, re-
spectively (P < 0.01; Fig. 5), indicating that their surface charge was
altered. The average zeta potential of CMC, CMC/ACP, and untreated S.
mutans was −41.6, −28.1, and −38.2 mV, respectively; however, 1 h
after adding CMC or CMC/ACP, the zeta potential of S. mutans de-
creased to −31.3 and −22.1 mV, respectively, which was significantly
lower than the value of untreated S. mutans suspension (P < 0.05;
Fig. 6), and the zeta potential of the CMC/ACP groups was significantly
lower than that of the CMC groups (P < 0.05; Fig. 6). The absolute
value of zeta potential of CMC was significantly higher than that of
CMC/ACP (P < 0.05).

4. Discussion

Early caries and WSLs are characterised by demineralisation of the
enamel surface, which is attributable to the action of acids, among
which organic acids produced by bacteria are of great importance.
Acidogenic bacteria on the enamel surface form plaque biofilm, which
plays an important regulatory role in mineral deposition by decreasing
the pH of the microenvironment, leading to demineralisation of the
tooth surface [45]. Remineralisation—which meets the requirements of
MID—is the desired approach to reverse this process; however, failure

to inhibit the colonisation of acid-producing bacteria during treatment
can result in dental plaque and calculus formation.

CMC consists of long chains harbouring carboxymethyl groups that
protect calcium ions on the inner side of the ACP particles from nega-
tively charged phosphate ions [28,46]. We found that the CMC solution
was transparent without any particle deposition after sequential addi-
tion of Ca2+ and HPO4

2−; moreover, the nanocomplexes could be
stored for over a week without precipitation. Accordingly, no crystal-
lites were observed by TEM and SAED (Fig. 1), indicating that the CMC/
ACP nanocomplexes are stable.

In this study, 1% CMC/ACP had no effect on the growth and via-
bility of S. mutans, S. gordonii, and F. nucleatum after 24 h (Table 1),
suggesting that it does not alter the oral microbiome profile. This is
important since antimicrobial agents that disrupt the balance of normal
flora in the oral cavity can promote the proliferation of opportunistic
pathogens [47].

Bacterial cell adherence is the first step in dental plaque formation;
S. mutans is the predominant cariogenic bacterial species that attaches
to the salivary membrane on the enamel surface [48]. Our results de-
monstrate that CMC/ACP reduced early adherence (Fig. 2) and 24-h
biofilm formation (Fig. 3) of S. mutans and S. gordonii on saliva-coated
enamel blocks, indicating that it can prevent acidification of the local
environment and consequently, secondary colonisation by F. nucleatum
and late colonisation by periodontal pathogens such as Porphyromonas
gingivalis and Treponema denticola [41,49]. Indeed, we found that CMC/
ACP inhibited the adherence of F. nucleatum to pre-formed strepto-
coccal biofilm (Fig. 4), confirming our hypothesis that CMC/ACP na-
nocomplexes can inhibit the adherence of and biofilm formation by
cariogenic bacterial species on enamel and the co-adhesion of F. nu-
cleatum. CMC/ACP and CMC had comparable effects on S. mutans, S.
gordonii, and F. nucleatum, suggesting that the anti-cariogenic activity of
CMC was not affected when it was used as a stabilizer of the ACP
cluster.

Surface charge is an important determinant of the binding between
bacteria and a substrate, which affects biofilm formation [50]. Bacteria
typically have a negatively charged surface [44,51]. Cytochrome c is a
low molecular mass protein with a positive charge and a redox-active
haem group [52,53]. In this study, we used cytochrome c and zeta
potential measurements to estimate the relative surface charge of bac-
teria. CMC/ACP decreased the binding of cytochrome c to bacterial
cells, which may be explained by the large number of cationised amino
groups in CMC/ACP that may have fully or partially neutralised the
negative charge on the cell surface. Surface charge is an important
parameter for flocculation, which affects bacterial adhesion [54,55]. In
this study, the zeta potential of S. mutans suspension had a negative
value (−38.2 mV), which is consistent with previous reports [44,51].
The value decreased significantly after the cells were incubated with
CMC or CMC/ACP for 1 h, possibly due to surface charge neutralisation
and consequent depolarisation of the bacterial cell membrane. The
decrease in zeta potential also suggests that the stability of the sus-
pension was decreased by the addition of CMC or CMC/ACP, which can
lead to enhanced flocculation of particles in the mixed solution [56] as
well as weakened adherence among bacteria and between bacteria and
the substrate surface.

Table 1
Colony counts of viable colonies after 24 h-incubation on agar plates. The bactericidal and bacteriostatic activities of CMC/ACP were examined by the plate
count method. CFU on the agar plates were counted and expressed as the means ± SD, the experiments were performed three times in triplicate, #P=not
significant compared with the control value (absence of CMC/ACP or CMC). CFU, colony-forming unit.

Bacterial strains CFU

Control CMC CMC/ACP

S. mutans (1.60 ± 0.12) ×108 (1.58 ± 0.23) ×108# (1.59 ± 0.12) ×108#

S. gordonii (5.50 ± 0.10) ×107 (5.53 ± 0.13) ×107# (5.63 ± 0.18) ×107#

F. nucleatum (1.70 ± 0.11) ×108 (1.65 ± 0.21) ×108# (1.63 ± 0.23) ×108#
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In summary, our results indicated that the inhibitory effects of
CMC/ACP on bacterial cell adherence and biofilm formation may be
relevant to the large number of cationised amino groups in CMC/ACP,
which could fully or partially neutralise the negative charge on the cell
surface due to electrostatic attraction; moreover, flocculation was

enhanced, which weakened the adhesion between bacteria. In addition,
the flocculation could also be enhanced by the high molecular weight of
CMC/ACP due to the bridging mechanism, which further affected the
bacterial cell adherence [57]. However, the detailed mechanism re-
mains to be determined.

Fig. 2. Effect of CMC/ACP on S. mutans and S. gordonii adherence to saliva-coated enamel blocks. The image of SEM showed the adherence of S. mutans and S.
gordonii on enamel blocks (3000-fold), (A) one-hour incubation; (B) five-hour incubation. The number of bacteria in 1mm2 was calculated, and the representative
data are shown: (C) one-hour incubation; (D) five-hour incubation. The experiments were performed three times in triplicate. **P < 0.01 compared with the control
value (absence of CMC/ACP or CMC).
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5. Conclusion

The results of this study demonstrate that CMC/ACP nanocomplexes
were effective in blocking the adherence of and biofilm formation by
cariogenic bacteria. These effects were exerted at least in part through
alteration of the surface charge of bacteria and consequent enhance-
ment of flocculation. Given its ability to promote remineralisation and
inhibit biofilm formation, CMC/ACP has potential applications in
clinical dentistry for the prevention and treatment of early caries and

WSLs.
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Fig. 3. Effect of CMC/ACP on S. mutans and S. gordonii biofilm formation on saliva-coated enamel block. The percent biofilm formation of S. mutans and S. gordonii
are shown (control: 100%). The experiments were performed three times in triplicate. **P < 0.01 compared with the control value (absence of CMC/ACP or CMC).

Fig. 4. Effect of CMC/ACP on F. nucleatum attachment to pre-formed streptococcal biofilm on saliva-coated hydroxyapatite disc. The image of CLSM (A) showed
CFSE-labelled F. nucleatum (green) bound to pre-formed S. mutans and S. gordonii biofilm (red). The ratio of GR was determined, and the representative data was
showed (B). The experiments were performed three times in triplicate. **P < 0.01 compared with the control value (absence of CMC/ACP or CMC) (For inter-
pretation of the references to colour in this figure legend, the reader is referred to the web version of this article).
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