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Abstract
Background: Chlorhexidine (CHX) is used in oral care products to help control dental plaque. In this study dental
plaque bacteria were grown on media containing 2 μg/ml chlorhexidine gluconate to screen for bacteria with
reduced CHX susceptibility. The isolates were characterized by 16S rRNA gene sequencing and antibiotic resistance
profiles were determined using the disc diffusion method.
Results: The isolates were variably resistant to multiple drugs including ampicillin, kanamycin, gentamicin and
tetracycline. Two species, Chryseobacterium culicis and Chryseobacterium indologenes were able to grow planktonically
and form biofilms in the presence of 32 μg/ml CHX. In the CHX and multidrug resistant C. indologenes we demonstrated
a 19-fold up-regulation of expression of the HlyD-like periplasmic adaptor protein of a tripartite efflux pump upon
exposure to 16 μg/ml CHX suggesting that multidrug resistance may be mediated by this system. Exposure of biofilms
of these resistant species to undiluted commercial CHX mouthwash for intervals from 5 to 60 s indicated that the
mouthwash was unlikely to eliminate them from dental plaque in vivo.
Conclusions: The study highlights the requirement for increased vigilance of the presence of multidrug resistant
bacteria in dental plaque and raises a potential risk of long-term use of oral care products containing antimicrobial
agents for the control of dental plaque.
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Background
The oral diseases (dental caries and periodontal diseases)
are a major public health problem and are amongst the
most prevalent diseases of mankind [1]. The main cause
of these diseases is the complex microbiota established as
dental plaque, a complex microbial biofilm [2] containing
over 750 different bacterial species [3].
Dental plaque biofilms provide a resistant environment
for bacteria due to their stable structures being uniquely
accreted to non-shedding surfaces. Bacterial biofilms show
increased tolerance to antibiotics and antiseptics and resist
phagocytosis as well as other components of host defense,
which can ultimately lead to chronic infections [4, 5].
Regular oral hygiene is vital for oral health. Brushing and
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flossing are considered the gold standard oral hygiene procedures to help control dental plaque. However, even
though much emphasis is placed on the mechanical
methods of oral hygiene, oral care products such as toothpastes and mouthwashes containing antimicrobial agents
are actively promoted by manufacturers as a means to assist in the control of plaque and gingivitis [6–10]. A range
of antibacterial (antiseptic) agents such as chlorhexidine
(CHX), triclosan, essential oils and metal salts SnII, ZnII
are used in commercial oral care products to help control
dental plaque and halitosis [11, 12]. CHX exhibits broad
spectrum activity against both Gram-positive and Gramnegative bacteria, yeast, dermatophytes and lipophilic viruses [13] and is considered stable, safe and effective in
helping to reduce plaque and gingivitis [14–16].
CHX has been used as an antiseptic for many decades.
Although uncommon, some resistance has emerged in
clinical isolates with reduced susceptibility to CHX such
as multiresistant Staphylococcus aureus [17] and other
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species [18, 19]. The major factor for the progression of
bacterial resistance to antiseptic agents has been suggested to be the selective pressure created by over-use of
antibiotics [20]. However, the long term use of oral care
(mouthwash and toothpaste) antimicrobials (chlorhexidine and triclosan) may also be a contributing factor to
the development of multidrug resistance [21, 22]. The
widespread, uncontrolled use of antibiotics and antiseptics may lead to the ultimate selection of multidrug resistance strains that can occupy a niche in dental plaque
after competition with the susceptible normal flora. The
niche can then act as a source for dissemination of the
multidrug resistant strain and establishment of a lifethreatening infection in a compromised host [23–26].
This study sought to identify bacteria less susceptible
to CHX in dental plaque and then to determine the antibiotic resistance characteristics of these CHX-resistant
plaque isolates.

vancomycin using disc diffusion. The bacteria showed
variation in their resistance profiles (Table 2) with Chryseobacterium species found to be the most resistant to
the drugs including ampicillin, kanamycin, gentamicin,
and tetracycline whereas they were susceptible to erythromycin and vancomycin with ≥18 mm zones of inhibition.
S. salivarius was susceptible to vancomycin, ampicillin,
and chloramphenicol but resistant to kanamycin and
tetracycline. A. johnsonii was sensitive to kanamycin,
tetracycline and chloramphenicol but was resistant to
vancomycin, ampicillin and erythromycin. E. ludwigii was
erythromycin sensitive (17 mm zone of inhibition) but
gentamicin, kanamycin and tetracycline resistant. P. stutzeri had intermediate resistance against four different
drugs, susceptibility to chloramphenicol and resistance to
kanamycin and tetracycline (Table 2). Therefore, when
CHX resistance was identified the species were also resistant to a range of antibiotics.

Results

Isolates demonstrated biofilm formation in the presence
of CHX

Identification of dental plaque isolates

Dental plaque from 5 individuals was isolated, suspended
in PBS, serially diluted and plated on nutrient agar (NA).
Bacteria with variant morphology were selected and passaged on to NA supplemented with CHX at 2 μg/ml. Six
colonies with variant morphologies were selected for further analysis. Genomic DNA was extracted from the isolates and the 16S rRNA gene sequenced. The sequences
were used for species identification using BLAST similarity search at the National Center for Biotechnology Information (http://blast.ncbi.nlm.nih.gov/Blast.cgi). Maximum
identities were found to Chryseobacterium culicis, Chryseobacterium indologenes, Acinetobacter johnsonii, Enterobacter ludwigii, Pseudomonas stutzeri and Streptococcus
salivarius (Table 1).
Dental bacteria display variable antibiotic resistance
profiles

The presence of bacteria in plaque requires the capacity
to form biofilm. CHX insult may affect this phenotype.
We therefore tested the capacity of these species to form
biofilm in vitro in the presence of CHX. C. culicis and C.
indologenes could form biofilms in the presence of
32 μg/ml of CHX. A. johnsonii and E. ludwigii biofilms
were produced when grown in up to 3.8 μg/ml of CHX,
whilst biofilms of the other species did not form in CHX
above 1.9 μg/ml concentration (Fig. 1).
Exhibition of increased MIC by plaque microorganisms

To gauge how the resistance to CHX supplied as a pure
chemical related to the efficacy of CHX when presented
in commercial CHX-containing antiseptic and mouthwash, cultures were also grown in media containing
Table 2 Antibiotic profile of plaque microorganisms

The six isolates were tested for their susceptibility to
antimicrobial compounds representing β-lactams (ampicillin), aminoglycosides (gentamicin and kanamycin), tetracyclines (tetracycline) and macrolides (erythromycin)
plus chloramphenicol and the non-ribosomal peptide

Organisms

Antibiotics
Zones of inhibition (mm)
Vm

Ap

Km

Gm

Tc

Em

Cm

C. culicis

18

0

4

11

10

18

11

C. indologenes

19

6

4

11

7

22

10

Table 1 Name and accession number of dental plaque bacteria
exhibiting chlorhexidine resistance

A. johnsonii

4

10

17

16

17

10

26

E. ludwigii

14

5

8

13

11

17

16

Species

16S Identity (%) GenBank Accession no.

S. salivarius

23

32

10

15

11

14

28

Chryseobacterium culicis

98

KR002422

P. stutzeri

14

16

12

15

13

14

23

Chryseobacterium indologenes 98

KR002424

E. coli (control)

1

17

21

20

22

17

25

Acinetobacter johnsonii

99

KR002423

S. aureus( control)

17

26

20

21

28

18

20

Enterobacter ludwigii

99

KR002425

Pseudomonas stutzeri

99

KC817808

Streptococcus salivarius

99

KC817807

Vm vancomycin, Ap ampicillin, Km kanamycin, Gm gentamicin, Tc tetracycline,
Em erythromycin, Cm chloramphenicol
Susceptible: ≥17 mm; Intermediate: 14–16 mm; Resistant: ≤ 13 mm
E. coli, Escherichia coli ATCC 25922; S. aureus, Staphylococcus aureus
ATCC 25923
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C. culicis
C. indologenes

1
0.8

A. johnsonii

0.6

E. ludwigii

0.4

S. salivarius

0.2

P. stutzeri

0

(a)
Optical density (600 nm)

Optical density (570 nm)
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1.4
C. culicis

1.2

C. indologenes

1

A. johnsonii

0.8

E. ludwigii

0.6

S. salivarius

0.4

P. stutzeri

0.2

E. coli (control)

0

Chlorhexidine (µg/ml)

Bacteria showed viability after exposure to CHX
mouthwash

To determine if an oral hygiene regime using a CHX
containing mouthwash would be effective against these
species, with a reduced susceptibility to CHX, the bacteria were grown as a biofilm in microtiter plates and exposed to the commercial mouthwash for different time
intervals. The exposed biofilms in the wells were washed
and surviving bacteria grown in fresh media overnight.
The cells in the planktonic phase were aspirated to a
fresh plate and the optical density determined. The bacteria biofilms exhibited different patterns of viability
after exposure. C. culicis, C. indologenes, A. johnsonii
and P. stutzeri showed some tolerance and could grow
after 20 s exposure to the undiluted mouthwash whereas
after 30 s their viability was diminished (Fig. 3). E. ludwigii and S. salivarius could grow after 10 s exposure
whilst the control, sensitive species E. coli only grew following the 5 s exposure interval.
Mechanism of CHX resistance in C. indologenes

C. indologenes is known to be a lethal opportunistic
pathogen, with inherent antimicrobial resistances [27].
The determination that it is also resistant to antiseptics
is of concern and determination of the mechanism warrants investigation. CHX resistance, as with resistance to
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(c)
1.4
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serial dilutions of a CHX-containing disinfectant and
mouthwash (Savacol) (Fig. 2). No species was able to grow
in the presence of the disinfectant at any of the dilutions
tested. Chlorhexidine gluconate and the commercial
mouthwash had activity against A. johnsonii and E. ludwigii
at 4 μg/ml or 8 μg/ml effective CHX respectively. The
growth of S. salivarius and P. stutzeri were completely
inhibited by CHX at ≥2 μg/ml from all three sources. The
MIC for Chryseobacterium sp. was 32 μg/ml effective CHX
from the commercial mouthwash, equivalent to CHX as
pure chlorhexidine gluconate (Fig. 2).
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Fig. 2 MIC of chlorhexidine against oral isolates when presented as
(a), chlorhexidine gluconate (Sigma); (b), disinfectant (Dentalife); (c),
mouthwash (Savacol)

Optical density (600 nm)

Fig. 1 The biofilm forming ability of dental isolates in the presence
and absence of chlorhexidine. Biofilms were stained with crystal violet,
destained and released crystal violet measured
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Fig. 3 Recovery of dental isolates following biofilm exposure to the
commercial CHX mouthwash (Savacol) for different time intervals
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other antimicrobials can be mediated by efflux [28, 29].
Bioinformatic analysis of the C. indologenes NBRC
14944 genome (GenBank RefSeq assembly accession:
GCF_000520835.1) indicated that it encodes numerous
proteins predicted to be efflux pumps and transporters.
WP_034734960 (Ref Seq accession, coded by locus
CIN01S_RS05745) is a putative AcrB/HlyD-like periplasmic adaptor protein component of a tripartite efflux pump
complex. To test if this may be involved in CHX efflux we
exposed C. indologenes to 16 μg/ml CHX and compared
the gene expression to that in cells not exposed to CHX.
Comparison of Cq determined from real-time qPCR from
four separate experiments consistently showed an approximately 4 Cq difference between test and control
samples. This indicated a 19.3 ± 1.18-fold up-regulation of
this gene (Table 3) following CHX exposure.

Discussion
Mouthwash and toothpaste containing antimicrobials
(CHX, triclosan, essential oils) are used to help control
the growth of dental plaque [30]. Extensive use of antimicrobials (antiseptics and antibiotics) may result in the
selection of resistance bacterial strains which may cause
life-threatening infection or superinfection in compromised individuals [21, 22, 31]. In the current study dental supragingival plaque was isolated from 5 healthy
individuals and 6 species were isolated that could grow
in the presence of 2 μg/ml of CHX. When examined further, these species also exhibited resistance to a variety
of antibiotics. Two isolates, C. culicis and C. indologenes,
exhibited resistance to five of the different drugs tested:
ampicillin, chloramphenicol, kanamycin, tetracycline and
gentamicin, consistent with reports that constitutive
multidrug resistance is common in Chryseobacterium
species [32]. The MIC values for CHX exhibited by the
Chryseobacterium species reported in this current paper
are amongst the highest reported [19]. Knowledge of C.
culicis is scant, being limited to the phenotypic characteristics determined during its classification [33]. C.
indologenes (formerly known as Flavobacterium indologenes, or Flavobacterium aureum) on the other hand, is
known to be distributed in the environment but is

capable of being a lethal nosocomial pathogen, particularly of infants [34] and persons who are immunocompromised or with underlying morbidities [35]. The E.
ludwigii isolate had resistance against four drugs so it
was the second most resistant bacterium. E. ludwigii is a
recently recognized species [36] and is a member of
what is referred to as the Enterobacter cloacae complex,
which is six Enterobacter species clustered due to their
DNA similarity (61–67 %) [37]. The other cluster species
are E. cloacae, Enterobacter asburiae, Enterobacter hormaechei, Enterobacter kobei and Enterobacter nimipressuralis. These species have emerged as nosocomial
pathogens, however, unlike this dental isolate most isolates
of the E. cloacae complex are susceptible to chloramphenicol, aminoglycosides and tetracyclines, while they
are intrinsically resistant to ampicillin [37]. The A. johnsonii isolate showed resistance against vancomycin, ampicillin and erythromycin. A previous study has reported
multidrug resistant Acinetobacter species as emerging
pathogens, most frequently in association with pulmonary
infections [38]. A relationship between oral health and respiratory conditions has been noted [39, 40]. Also, correlation between oral care and reduction in pulmonary
infections in the elderly and ventilator-associated pneumonia demonstrated [41, 42]. Furthermore, deep neck infections are more associated with species of dental origin
than pharyngotonsillar species [43].
The rate of integration of these species in the dental
plaque of populations is at present unknown and it cannot be ruled out that they were transient components of
the plaque microbiome of the individuals. Transient or
otherwise, a more in depth investigation of the prevalence of these species in plaque is particularly important
considering that more than one of these species has potential association with harmful infections in vulnerable
individuals. The presence of multidrug resistant species
in the oral cavity may increase the risk of patients acquiring infections and superinfections that are difficult
to control and also suggests that the oral sources of infectious agents should be a consideration in patient care.
Our study indicated potential ineffectiveness of tetracycline and kanamycin for antimicrobial treatment of

Table 3 Comparative Cq for CIN01S_RS05745 transcription with and without CHX exposure
Experiment

Cq, no chlorhexidine

Cq, 16 μg/ml chlorhexidine

Cq Difference

Foldb

1

21.35277 ± 0.66

17.12959 ± 0.07

4.23

18.77

2

22.44871 ± 0.17

17.99964 ± 0.01

4.45

21.86

3

25.59883 ± 0.23

21.29023 ± 0.02

4.30

19.70

4

29.26634 ± 0.19

25.18519 ± 0.27

4.08

16.91

Meana

19.30 ± 1.18

a

with standard error
b
calculated as 2(mean)
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infections in the cohort as five of the dental isolates were
resistant to these drugs. Similarly, ampicillin was ineffective
against the plaque bacteria except for S. salivarius and P.
stutzeri which showed some sensitivity. Our results are
similar to Maripandi et al., who found multi-resistance of
dental bacteria to chloramphenicol, vancomycin, penicillin
and streptomycin [44]. The selective nature of the
chlorhexidine-containing media used here precluded determination of the total percentage of species the chlorhexidine resistant organisms represent. Comparison of a total
viability count could enable this to be estimated in future
studies if desired.
Co-exposure to antibiotics and antiseptics may contribute
to the selection of multidrug resistant strains [21, 22, 45].
Multidrug resistance phenotypes can be achieved by microorganisms by a variety of mechanisms, with a common
mechanism being efflux of the drug from the cell. Efflux
removes those compounds that breach the membrane barriers via pumps located in the cytoplasmic membrane of
both Gram-positive and Gram-negative bacteria. Efflux
pumps can utilize the energy of ATP binding and hydrolysis, or transmembrane proton or Na+ potentials to facilitate
transport of antimicrobials out of the cytoplasm [46].
Gram-negative species also have tripartite efflux pumps
that span the inner and outer membranes to enable substrate efflux from the cytoplasm or periplasm to the extracellular environment [28, 46]. These tripartite systems have
an inner membrane pump, a periplasm adaptor protein and
an outer membrane channel. The most well studied and
most significant clinically are members of the RND (resistance nodulation division) family [46].
Efflux pumps can have specific substrates however the
association of multidrug resistance with individual efflux
pumps has been established. For example, the MexABOprM system in P. aeruginosa confers intrinsic resistance
to numerous classes of compounds, including β-lactams,
macrolides, lincosamides, tetracyclines, quinolones, chloramphenicol, trimethoprim, sulfamethazole and nofloxacin
[46]. The E. coli AcrAB-TolC system confers resistance to
these compound as well as antiseptics [46]. Multidrug resistant Acinetobacter baumanii is also resistant to chlorhexidine, effluxing this compound via the AdeAB system
which also exports numerous other compounds [47].
Another example is the AceI transporter of the newly
recognized Proteobacterial Chlorhexidine Efflux (PCE)
protein family [48].
We demonstrated a 19-fold up-regulation of the gene
CIN01S_RS05745 encoding the HlyD-like periplasmic
adaptor protein of a tripartite efflux pump of C. indologenes upon exposure to 16 μg/ml CHX. This responsiveness to CHX stress by C. indologenes suggests that
tolerance to CHX may be mediated by efflux involving
this system. The promiscuity of efflux pumps with
respect to substrates can mean that development of
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resistance to one antimicrobial can have a pleiotropic effect on the resistance profile of a species. Chlorhexidine
resistance may emerge as a co-effect due to overexposure to other antimicrobials. However, it is also
possible that longer term exposure to antimicrobials
in oral care products has led to the development of
resistance and this could have broad implications for
development of resistance to other antimicrobials, including antibiotics.
The CHX-containing antiseptic (Dentalife) had efficient
growth inhibiting effect against all the oral isolates in contrast to the commercial mouthwash where Chryseobacterium species were able to grow up to an MIC value of
32 μg/ml and A. johnsonii showed resistance against CHX
with an MIC 4 μg/ml. The greater effectiveness of Dentalife is likely attributable to other additives in the disinfectant acting in synergy with the chlorhexidine. An oral
formulation (mouthwash) is restricted by the need to be
safe, a low irritant of the oral mucosa and palatable, restraints that do not apply to a surface antiseptic.
Bacteria in biofilms such as dental plaque are more resistant to CHX due to the poor penetration of the antimicrobial [49]. Furthermore, plaque inhibition by a CHX
mouthwash is dependent upon the dose and time of exposure [50]. Herein we show that dental plaque species
resistant to multiple antimicrobials are also able to resist
short term exposure to CHX. Previous studies have reported that in vivo dental plaque regrowth inhibition requires mouth rinsing twice daily for 60 s with 10 ml of a
0.2 % solution of CHX [16] and that even after a 60 s exposure to 0.2 % solution of CHX, a considerable number
of biofilm bacteria remained viable [51]. Hence this suggests that the commercial CHX mouthwash would not be
able to eliminate the multidrug resistant dental plaque
bacteria. It has been shown in the laboratory that Streptococcus sanguis under CHX pressure can develop reduced
susceptibility to CHX which is transmissible [52]. This
may raise concerns about the long-term use of these products in terms of developing multidrug resistance in dental
plaque bacteria. Although studies involving use of CHXcontaining products have shown no long lasting effect on
the prevalence of species with lowered susceptibility to
CHX post cessation of CHX use [53].

Conclusions
We have demonstrated the existence of dental plaque
bacteria resistant to multiple drugs as well as the
antiseptic CHX. The study highlights the need for increased awareness of the presence of multidrug resistant bacteria in dental plaque and if long-term use of
antimicrobial oral care products is contributing to the
emergence of multidrug resistant dental plaque bacteria, then the risk/benefit of using these products
may need to be re-evaluated.
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Methods
Isolation and identification of plaque bacteria

Human dental plaque samples were collected from
five healthy individuals from the Dental Hospital, Lahore,
Pakistan with informed consent. The University of
Melbourne’s Human Research Ethics Committee approval
(#1441865) for collection of supragingival dental plaque
for microbial analysis was obtained. With the assistance of
a sterile ultrasonic scaler supragingival plaque from the
surface of canine mandible teeth was collected and transferred to a tube containing sterile phosphate buffered saline (PBS; 10 mM Na2HPO4, 1.8 mM KHPO4, 137 mM
NaCl, 2.7 mM KCl pH 7.4) and immediately transferred to
the laboratory. Each plaque sample was 10-fold serially diluted in PBS and 100 μl from 10-4, 10-5 and 10-6 dilution
tubes spread on NA plates (0.5 % peptone, 0.3 % beef extract, 0.5 % sodium chloride, and 1.5 % agar) and were incubated overnight at 37 °C. Morphologically different
colonies were selected and patched to fresh NA plates
supplemented with 2 μg/ml of chlorhexidine gluconate
(Sigma Aldrich). Resistant colonies were selected for further analysis.
Pure cultures of each were sent to Macrogen Inc.,
(Korea) for DNA extraction and 16S rRNA coding gene
sequence analysis using their standard pipeline (http://
www.macrogen.com/eng/business/seq_16s_rRNA_sequen
cing.html). Briefly, colonies were picked with a sterilized
toothpick and suspended in 0.5 ml of sterile saline in a
1.5 ml centrifuge tube. The sample was centrifuged for
10 min at 10,000 rpm. After removal of supernatant the
pellet was suspended in 0.5 ml of Insta Gene Matrix (BioRad, USA). The sample was then incubated at 56 °C for
30 min then heated at 100 °C for 10 min. One μl of this
solution containing the template DNA was added to
20 μl of a PCR reaction solution containing primers
27 F, AGAGTTTGATC(A or C)TGGCTCAG and 1492R,
CGGTTACCTTGTTACGACTT. Thirty-five amplification cycles were performed with the following specifications, 94 °C for 45 s, 55 °C for 60 s, and 72 °C for 60 s. E.
coli genomic DNA was used as a positive amplification
control. Amplicons of approximately 1400 base pairs were
obtained and purified using the Montage PCR Clean
up kit (Millipore). The purified PCR products were
sequenced by using the nested oligonucleotides 518 F,
CCAGCAGCCGCGGTAATACG and 800R, TACCAG
GGTATCTAATCC. Sequencing was performed using the
Big Dye terminator cycle sequencing kit (Applied BioSystems, USA) with products resolved on an Applied Biosystems model 3730XL automated DNA sequencing system
(Applied BioSystems, USA).
Antibacterial susceptibility pattern of dental isolates

The antibiotic sensitivity profile of the selected oral bacteria was determined by the Kirby-Bauer Method of disk
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diffusion [54]. Species were grown overnight in nutrient
broth then diluted to optical density (OD) at 600 nm of
0.02 in water. The diluted cultures were then spread plated
using a sterile swab onto the surface of Mueller-Hinton
agar plates. Antibacterial discs impregnated with vancomycin (30 μg), ampicillin (10 μg), kanamycin (30 μg), gentamicin (10 μg), tetracycline (30 μg), erythromycin (15 μg),
and chloramphenicol (30 μg) were placed on the surface of
agar. Plates were incubated at 37 °C for 24 h and zone of
growth inhibition measured. Escherichia coli ATCC 25922
and Staphylococcus aureus ATCC 25923 were used as reference Gram-negative and Gram-positive antimicrobialsensitive strains respectively [55].
Microtiter biofilm detection assay

Biofilm formation in the presence of CHX was determined as previously described with some modification
[56]. All the dental isolates were grown in 200 μl of nutrient broth in polystyrene 96-well microtiter plates for
3 days at 37 °C. Each well contained serially diluted
CHX (1.9, 3.8, 7.6, 15.5, 32.0 62.5 and 125 μg/ml).
Growth medium was removed and the plate was washed
twice by submerging it in deionized water. Each well
was treated with 0.2 ml absolute ethanol for 20 min to
fix the residual bacteria. The plates were emptied, air
dried and the adherent biofilm was stained for 10 min
with 0.2 ml of 2.5 % (w/v) crystal violet (CV) and air dried.
The plates were washed with distilled water thrice to rinse
off excess stain. For each well, 160 μl of 33 % (v/v) glacial
acetic acid was used to dissolve the dye bound to adherent
cells and the solution transferred to a new microtiter plate.
The OD of each well was measured at 570 nm using a
Multiskan Ascent microtiter plate reader (Thermo Fisher
Scientific). Three separate experiments were performed
for each studied condition.
Minimum inhibitory concentration (MIC) determination

The CHX MIC of isolates were assayed as previously described with some modifications [57]. Briefly, CHX from
three different sources: chlorhexidine gluconate (Sigma
Aldrich), Dentalife antiseptic with 0.2 % w/v chlorhexidine
gluconate active ingredient; (Dentalife Australia, Ringwood
Victoria, Australia) and Savacol mouthwash, also with
0.2 % chlorhexidine gluconate w/v active ingredient
(Colgate) were prepared as stock solutions of 1000 μg/ml
by dilution with sterile distilled water. Further dilutions
were made from the stock using 1× Mueller Hinton Broth
(MHB) to give 100 μl final volume in the wells of a sterile
polystyrene microtiter plate. The bacterial inoculum
of 3 × 104 colony forming units (CFU) in 100 μl volume
was added to each well and plates were incubated overnight
at 37 °C. For each test plate, two controls were included,
one was a sterility control (medium alone) and the other
was a growth control (medium and bacterial inoculum
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without CHX). The sterility control well was used as a
blank with OD values subtracted from the test control well
OD values.
Chlorhexidine mouthwash time exposure survival profile
of plaque bacteria

Isolates were grown in a 96-well microtiter polystyrene
plate with 180 μl of sterile MHB dispensed in each well
and 20 μl of bacterial culture (OD 600 nm 0.1) added.
Plates were incubated at 37 °C for 3 days. After 3 days,
plates were washed twice with 1 × MHB media to remove the planktonic cells. Using a multichannel pipette
the cells remaining adhered to wall of each well were exposed one row at a time to the undiluted CHX mouthwash for different time intervals (5, 10, 20, 30, 40, and
60 s). At the end of the time interval the CHX was aspirated and the wells washed with 200 μl of 1 × MHB.
After washing, 200 μl of MHB was again added to each
well and the plate incubated overnight at 37 °C. The
planktonic culture was aspirated to a fresh plate and the
OD of the culture was measured at 600 nm using a Multiskan Ascent microtiter plate reader. Two controls
(sterility control and growth control) were also included
for each test plate in three biological replicates.
Transcription response of C. indologenes to chlorhexidine

C. indologenes was grown overnight in nutrient broth
then inoculated at 1/100 volume into 50 ml of fresh
media and incubated at 37 °C with shaking at 200 rpm.
After 4 h 2 × 10 ml aliquots were removed with one aliquot transferred to vial containing chlorhexidine to give
16 μg/ml final concentration. Incubation was continued
for 1 h, after which cells were harvested in 1 ml aliquots.
To harvest, the aliquots were centrifuged in a microcentrifuge at 8000 × g for 2 min at 4 °C, the supernatants
were removed and the pellets snap frozen in liquid nitrogen before storage at -80 °C. Four separate experiments were performed.
RNA isolation and cDNA synthesis

RNA was isolated using Trizol (Invitrogen) with the
addition of 1.4 ml of Trizol directly to the frozen cell pellet. After gentle mixing the sample was transferred to a
2 ml tube containing 0.1 mm silica spheres (MP Bio
Matrix B, pre chilled at -20 °C). The sample was homogenised using a Precellys instrument (Bertin Technologies)
with two cycles of 600 rpm for 23 s, with 5 s between cycles. The samples were snap-chilled on ice for 3 min then
incubated for 5 min at room temperature. The beads were
pelleted by centrifugation (12,000 × g) for 5 min at 4 °C
and the supernatant removed to a fresh tube. Chloroform
(280 μl) was added to the supernatant and the tube shaken
vigorously for 15 s by hand. After incubation at room
temperature for 3 min the sample was centrifuged at
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16,000 × g for 10 min at 4 °C and the upper colourless
phase transferred to a fresh tube. For RNA precipitation,
0.7 ml of isopropanol (100 %) was added and the sample
incubated at -80 °C for 30 min. The sample was centrifuged at 16,000 × g for 15 min at 4 °C and the supernatant
removed. To wash the pellet 1.4 ml of 75 % v/v ethanol
was added, the tube was briefly vortexed then centrifuged
at 16,000 × g for 10 min at 4 °C. After centrifugation the
wash solution was discarded and the RNA pellet was air
dried for 15 min prior to suspension in 60 μl of RNase free
water. Contaminating DNA was removed using Turbo
DNA Free following manufacturer protocol (Applied
Biosciences Inc.). Total RNA was quantified using micro
spectrometry (Nano-Drop Technologies, Inc.). Oligonucleotide primers Cep2 FP (AACCGTTCCTTTTGTC
AGCC) and Cep2 RP (CAGCGAGTTGTGCCTGTAAG)
were designed using Primer-BLAST [58] to produce a 158
base pair amplicon from the C. indologenes gene of locus
CIN01S_RS05745. Removal of DNA was confirmed by
PCR with Cep2 FP and Cep2 RP, with genomic DNA as
positive control.
Synthesis of cDNA was performed using the iScript
Reverse transcription kit (Bio-Rad) with 1 μg of total
RNA per reaction set up according to manufacturer instructions. Complete reaction mix was incubated in a
thermal cycler with reaction conditions of 25 °C for
5 min, 30 min at 42 °C and at 85 °C for 5 min. The
cDNA was stored at -80 °C.
Real-Time PCR conditions

All reactions were performed in triplicate 10 μl volumes
using Universal SYBR Green Supermix (Bio-Rad). Master
mixes were prepared for each 10 μl final reaction volume
that include 2 μl of cDNA, 0.25 μl of each primer Cep2 FP
and Cep2 RP, 5 μl of 2× Universal SYBR Green Supermix
and 3 μl of RNase free water. Serial diluted genomic DNA
served as reaction controls. PCR was conducted on a
QuantStudio™ 7 Flex Real-Time PCR System (Applied
Biosystems). Reaction conditions were: enzyme activation
and DNA denaturation at 98 °C for 3 min followed by
40 cycles of 98 °C (denaturation) for 15 s and at 50 °C for
30 s (annealing and extension). The melt curve analysis
was done using instrument default of 65 °C-95 °C for 5 s
and 0.5 °C temperature increments. QuantStudio™ 7 Flex
software generated the cycle threshold value (Cq).
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