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Abstract

Dental caries is a costly and prevalent disease characterized by the demineralization of the tooth’s enamel. Disease outcome is
influenced by host factors, dietary intake, cariogenic bacteria, and other microbes. The cariogenic bacterial species Streptococcus mutans
metabolizes sucrose to initiate biofilm formation on the tooth surface and consequently produces lactic acid to degrade the tooth’s
enamel. Persistence of S. mutans biofilms in the oral cavity can lead to tooth decay. To date, no anticaries therapies that specifically target
S. mutans biofilms but do not disturb the overall oral microbiome are available. We screened a library of 2-aminoimidazole antibiofilm
compounds with a biofilm dispersion assay and identified a small molecule that specifically targets S. mutans biofilms. At 5 uM, the small
molecule annotated 3FI dispersed 50% of the established S. mutans biofilm but did not disperse biofilms formed by the commensal
species Streptococcus sanguinis or Streptococcus gordonii. 3F| dispersed S. mutans biofilms independently of biofilm-related factors such
as antigen I/Il and glucosyltransferases. 3F| treatment effectively prevented dental caries by controlling S. mutans in a rat caries model
without perturbing the oral microbiota. Our study demonstrates that selective targeting of S. mutans biofilms by 3F| was able to
effectively reduce dental caries in vivo without affecting the overall oral microbiota shaped by the intake of dietary sugars, suggesting

that the pathogenic biofilm-specific treatment is a viable strategy for disease prevention.
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Introduction

Dental caries is a detrimental disease characterized by the
demineralization of the enamel tooth surface. Disease results
from a susceptible tooth surface, frequent sucrose intake, poor
dental hygiene, and the persistence of cariogenic bacteria. The
cariogenic species Streptococcus mutans metabolizes dietary
sucrose into glucans via glucosyltransferases (Gtfs). As a by-
product of sucrose metabolism, S. mutans produces lactic acid,
which leads to demineralization of the tooth’s enamel. Due to
the importance of sucrose in both S. mutans persistence and
disease progression, it is no surprise that the prevalence of
S. mutans has been highly correlated with a sugary diet. The
prevalence of S. mutans in plaque from ancient humans coin-
cided with the introduction of processed sugar (Liu et al. 2011;
Adler et al. 2013). However, selective targeting of S. mutans
biofilms for disease prevention as well as the interactions
between S. mutans biofilms and dietary sucrose on the oral
microbiome has not been reported.

Extracts or derivatives of various natural products such as
propolis and cranberries have been characterized and shown to
prevent dental caries, although none have exhibited notable
selectivity toward S. mutans (Koo et al. 2010; Falsetta et al.

2012). An early study designed an antimicrobial peptide
C16G2 that selectively targeted S. mutans; however, C16G2
kills S. mutans and is not specific for biofilms, a key virulence
factor of S. mutans (Eckert et al. 2006). In this study, we have
identified a small molecule (denoted 3F1) that has a narrow
spectrum activity against S. mutans biofilms. We used this
small molecule as a chemical probe to investigate if it is
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efficient in preventing dental caries and preserving the oral
microbiome in vivo. Through these studies, we have deter-
mined that 3F1 is capable of potently and selectively dispers-
ing established S. mutans biofilms in vitro. Furthermore, we
have demonstrated that 3F1 reduced dental caries in vivo with-
out perturbing the overall composition of the oral microbiome.
Moreover, probing with 3F1 revealed that daily dietary sucrose
intake determined the microbiome community. Overall, we
demonstrate that selective targeting of S. mutans biofilms is
feasible and can effectively prevent dental caries without dis-
turbing the overall oral microbiome, offering a new anticaries
strategy.

Materials and Methods

Strains

S. mutans UA159 was used as the model organism. S. mutans
AgtfB and AgtfC mutant strains were kindly provided by Dr.
Robert Burne, and S. mutans Aagl/II was kindly provided by
Dr. Jeannine Brady (University of Florida, Gainesville, FL).
All S. mutans strains, Streptococcus gordonii Challis, and
Streptococcus sanguinis SK36 were grown in Todd-Hewitt
broth (THB; BD Biosciences) at 37°C with 5% CO,. Colony-
forming units (CFUs) were enumerated after plating 10-fold
dilutions and analyzed by analysis of variance (ANOVA).

Biofilm Dispersion Assay

Single colonies of S. mutans were grown in THB overnight and
diluted into fresh THB and grown to an oD, of 0.5 to 0.6.
Bacterial cultures were diluted into biofilm media (BM), a
chemically defined media containing 1% sucrose (Liu et al.
2011). BM inoculated with bacteria was plated into 96-well
polystyrene plates and sealed. Biofilms were formed statically
at 37°C with 5% CO, for 6 h. Biofilms were washed with
phosphate-buffered saline (PBS) to remove planktonic cells.
Small molecules from a 10-mM stock in dimethyl sulfoxide
(DMSO) were diluted in BM, added to the biofilms, and incu-
bated for 14 h. For comparison, identical volumes of DMSO
were added to untreated wells. Briefly, biofilms were stained
with crystal violet and biomass measured at oD, (Garcia
etal. 2016). Differences in biomass were analyzed by Student’s
t test and ANOVA.

Imaging Biofilms with Confocal Laser
Scanning Microscopy

In total, 500 nM Cascade Blue—dextran conjugated dye
(Molecular Probes) was added to BM prior to inoculation for
visualization of the glucan matrix. Biofilms were grown on
8-well ibiTreat slides (ibidi, 80826) (Peng, Michalek, et al.
2016). Cells and extracellular DNA (eDNA) were stained with
1 uM Syto-9 (Molecular Probes) and 0.67 uM propidium
iodide (Sigma-Aldrich), respectively. All images were taken
on a Zeiss confocal microscope with a 63x oil immersion lens

(University of Alabama [UAB] High Resolution Imaging
Facility).

Rat Caries Model

The in vivo effect of 3F1 on S. mutans colonization and cario-
genicity was assessed in specific pathogen-free rats using a
modification of a previously described method (Crowley et al.
1999; Palmer et al. 2012). Fischer 344 rats were bred and
maintained in trexler isolators. Eighteen 20-d-old pups were
removed from isolators and randomly assigned into 3 groups
of 6 animals each based on treatment regimen: small molecule
3F1, fluoride (positive control), or no treatment (negative con-
trol). All animals were provided sulfamethoxazole trime-
thoprim oral in their drinking water to suppress endogenous
flora and facilitate S. mutans infection. Animals were then
infected with S. mutans UA159 and provided a caries-promoting
diet (Teklad Diet 305) containing 5% sucrose (Harlan
Laboratories) and sterile drinking water ad libitum.
Colonization of S. mutans UA159 was confirmed by plating.
For treatment, a solution of fluoride (250 ppm) or 3F1 (100
uM) was topically applied to rat molars for 30 s with the aid of
a camel hair brush, twice daily for 4 wk beginning 10 d postin-
fection. Brushes were cleaned between uses. Animals were
weighed weekly to monitor for signs of toxicity. Following
treatment, all animals were sacrificed and their mandibles
excised for plaque analysis and scoring for caries by the
method of Keyes (1958). Differences were compared statisti-
cally by ANOVA. Animal use was approved by the UAB
Institutional Animal Care and Use Committee (IACUC-
09771).This study was in accordance with ARRIVE (Animal
Research: Reporting of In Vivo Experiments) guidelines for
preclinical animal studies.

Microbiome Analysis

For microbiome analysis of the rat oral cavity throughout the
study, the mouth of each rat was quickly and gently rubbed
with a sterile swab so as not to disturb the plaque. Swab sam-
ples were stored at —80°C. DNA was extracted from swab
samples with the ZR Fecal DNA Miniprep Kit (Zymo
Research). The V4 region of the 16S ribosomal RNA (rRNA)
gene was amplified and then sequenced on an Illumina Miseq
as previously described (Kumar et al. 2014; Daft et al. 2015).
Sequences were analyzed using the Quantitative Insight into
Microbial Ecology (QIIME) suite v1.7 (Caporaso et al. 2010)
and a QIIME wrapper called QWRAP (Kumar et al. 2014).
Operational taxonomic units (OTUs) were assigned taxonomic
groups using the Ribosomal Database Project (RDP) classifier
(Wang et al. 2007) and the May 2013 Greengenes 16S rRNA
sequence database (DeSantis et al. 2006). Distance matrices
generated by clustering were used to generate principal com-
ponents analysis (PCoA) plots. To determine whether samples
clustered differently by treatment and/or time point, samples were
grouped by treatment and/or time point and the distance matri-
ces were tested using the permutational multivariate analysis
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of variance (PERMANOVA) test for significant differences in
clustering (P < 0.05). To determine the differences in taxo-
nomic frequency underlying differences in clustering, OTUs
were grouped by phyla, classes, orders, families, and genera
and tested for significant differences in frequency between
groups using the Kurskal-Wallis test (P < 0.05 after false dis-
covery rate [FDR] correction).

Quantitative Polymerase Chain Reaction

S. mutans UA159-specific primers (Table 1) were used to
determine S. mutans CFUs in microbiome samples. SYBR
Green Supermix (Bio-Rad) was used to perform real-time
quantitative polymerase chain reaction (qPCR) as described
before (Childers et al. 2011).

Results

Small Molecule 3FI Disperses
S. mutans Biofilm In Vitro

To determine whether selective targeting of S. mutans biofilms
could effectively prevent dental caries, we first needed to iden-
tify a compound capable of selectively targeting S. mutans bio-
films. Small molecules present ideal therapeutic candidates in
comparison to antimicrobial peptides due to their stability,
potential membrane permeability, activity at low concentra-
tions, and low toxicity (Worthington et al. 2012; Pierce et al.
2015). 2-Aminoimidazole (2-Al) derivatives based on the
marine sponge—derived natural product bromoageliferin have
been shown to be potent and versatile antibiofilm agents across
phylum and genera (Rogers and Melander 2008; Rogers et al.
2010). A previous study from our groups used a library of 2-Al
derivatives and biofilm formation assays with S. mutans and
successfully identified a small molecule inhibitor of S. mutans
biofilm formation (Liu et al. 2011). In this study, we screened
this library of 600 compounds using a biofilm dispersion assay
to identify a small molecule specific for dispersing S. mutans
biofilms. We only characterized small molecules that met the
following criteria: low minimum dispersion concentration
(MDCS50, or concentration that a single dose of the small mol-
ecule needed to disperse 50% of the biofilm), little to no cyto-
toxicity, and selectivity toward S. mutans biofilms. We identified
1 small molecule capable of selectively dispersing S. mutans
biofilms compared with biofilms treated with DMSO. Small
molecule 3F1 (Fig. 1A) dispersed biofilms at an MDC50 of
5 uM (P < 0.05, 3F1, Fig. 1B). We investigated whether the
structure of 3F1 was specific for the dispersal phenotype by
characterizing the effects of structural analogue 3F2 (Fig. 1A)
on biofilm dispersion. 3F2 did not disperse S. mutans biofilms
(3F2, Fig. 1C), suggesting that dispersal activity was selective
to the 3F1 structure. To determine whether 3F1 was inhibiting
bacterial growth and thereby reducing biofilms, planktonic
cells were treated with 5 uM 3F1 for 14 h and viable cells were
enumerated. CFUs recovered from 3F1-treated cells were simi-
lar to CFUs recovered from cells treated with DMSO (Fig. 1D).

Table I. Quantitative Polymerase Chain Reaction Streptococcus mutans
UA159-Specific Primers.

Primer Set Sequence Source
S. mutans UA159 Forward: This study
GtfB 5'-CAAAATGGTATTATGGCTGTCG-3’

Reverse:
5'-GCTTAGATGTCACTTCGGTTG-3'

Next, we investigated whether 3F1 was selective for
S. mutans biofilms by measuring its activity toward common
commensal oral streptococci. To this end, biofilms formed by
oral commensals S. sanguinis or S. gordonii were treated with
5 uM 3F1 or DMSO. 3F1 did not negatively affect biofilms
formed by oral commensal species at this concentration (Fig.
1E). 3F1 had no effect on biofilms formed by the mutans strep-
tococci member Streptococcus sobrinus (Appendix Fig. 1),
implicating pathogen and species specificity of 3F1.

Antigen I/IT (Agl/IT) and glucans produced by Gtfs, particu-
larly GtfB and GtfC and to a lesser extent GtfD, play a role in
initial bacterial attachment and biofilm development (Ahn
et al. 2008; Xiao et al. 2012). Therefore, we reasoned 3F1
could be targeting Agl/Il, GtfB, or GtfC. Biofilms of single-
gene mutants of agl/Il, gtfB, or gtfC were treated with 5 uM
3F1. All of the mutants were similarly sensitive to 3F1 treat-
ment as the parent strain (Fig. 2A). So was the GtfD mutant
(Appendix Fig. 2). We further investigated the mechanism of
3F1 by examining the effect of 3F1 on the S. mutans biofilm
structure and composition. The S. mutans biofilm is a 3-dimen-
sional complex composed mainly of bacterial microcolonies,
glucans, eDNA, and proteins (Klein et al. 2012; Peng, Zhang,
et al. 2016). DMSO-, 3F1-, and 3F2-treated biofilms exhibited
similar fluorescent levels of glucans and eDNA (glucans,
eDNA, Fig. 2B), suggesting 3F1 treatment did not affect glu-
cans, cell death, or eDNA scaffolding. Minimal to no reduction
of glucans or eDNA corroborated the GtfBCD mutant and
CFU studies, respectively, presented above (Fig. 2A, Fig. 1D,
respectively). In contrast, the fluorescence of bacterial micro-
colonies was visibly decreased in the 3F1-treated biofilm com-
pared with DMSO or 3F2 (3F1 bacteria, Fig. 2A), suggesting
that the decrease in biomass (Fig. 1B) is due to the dispersion
of bacteria from biofilms.

Selective Targeting of S. mutans by Small
Molecule 3FI Treatment Prevents Dental Caries
and Does Not Perturb the Oral Microbiome

The oral cavity is a unique environment of saliva, teeth, the
occasional intake of food and drink, and hundreds of bacterial
species. To examine the activity of our small molecule in vivo,
we used the well-established rat caries model for the character-
ization of anticaries efficacy in a controlled experimental envi-
ronment with a caries-promoting diet (CPD) (Larson et al.
1977). In the model, rapid caries progression can be assessed
with an established caries scoring system for rats’ molars.
However, the oral microbiome throughout the study has yet to
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Figure I. Small molecule 3F| selectively disperses Streptococcus mutans biofilms in vitro. (A) Chemical structure of small molecule 3F| and its
structural analogue, 3F2. 3F2 is a structural isoform of 3F| and only varies in the side projection of the distal propyl oxy group from the center
aromatic ring. (B) S. mutans UAI59 biofilms were formed for 6 h. Biofilms were then washed and treated with dimethyl sulfoxide (DMSO), 5 uM 3FlI,

or 5 uM 3F2 for 14 h. After 14 h, cells released into the media were measured at OD
o (€) S. mutans UAI59 biofilms were formed for 6 h, washed, and treated with DMSO, 5 yM 3FI,
or 5 pM 3F2 for 14 h. Loosely adhered cells were then washed off and remaining biomass quantitated by crystal violet staining at OD

biomass quantitated by crystal violet staining at OD

. Loosely adhered cells were then washed off and remaining

,- (D) Planktonic

S. mutans UA59 cells were treated for 14 h with DMSO or 5 uM 3FI. Viable cells were enumerated by colony-forming unit (CFU) pfating. (E) Oral
commensal species, Streptococcus sanguinis and Streptococcus gordonnii, were allowed to form biofilms for 6 h before treatment with DMSO or 5 uyM 3F|
for 14 h. Bars represent the mean of 3 independent experiments. Differences were statistically compared by analysis of variance. Error bars represent

standard error. *P < 0.05. **P < 0.01.

be investigated. Rats were infected with S. mutans UA159, fed
a CPD (5% sucrose), and then treated with 3F1 or fluoride. A
third group received no treatment. After 4 wk of treatment, the
severity of enamel lesions was significantly reduced in all
locations for the 3F1 and fluoride groups compared with the
no-treatment group (caries, P < 0.001; Table 2). Repeated topi-
cal application of treatment did not account for these differ-
ences (Appendix Table 1). S. mutans CFUs recovered from the
dental plaque of animals treated with 3F1 or fluoride were
decreased compared with the no-treatment group (CFUs; Table 2).

We next investigated whether selective targeting of
S. mutans by small molecule 3F1 disturbed the overall oral
microbiota. Saliva samples were taken from all rats at different
time points: initial removal from isolators (Native [day 0]),
after antibiotic treatment (After Abx [day 20]), S. mutans
UA159 inoculation and concurrent start of a caries-promoting
diet (Sm + CPD [day 26]), and end of study (End [day 64]).
Saliva samples are ideal because they are noninvasive and the
microbiomes between caries-active and healthy humans are
distinguishable (Yang et al. 2012). Beta-diversity of groups
over time was compared by PCoA plots (Fig. 3A). Notably,
groups clustered together by time rather than by treatment (P <

0.001). At the end of the study, all animal microbiomes were
closely clustered together regardless of treatment (P > 0.05).
To investigate whether treatment perturbed the composition of
the oral microbiome, we first compared bacterial composition
at the phylum level. Firmicutes were consistently the most rep-
resented. TM7 and Gemmatimonadetes were only significantly
enriched at the end of the study in the no-treatment group (P <
0.031 and P < 0.042) and 3F1-treated group (P < 0.031 and
P <0.042), albeit their relative abundance was low (Appendix
Table 2). At the genus level, there was a shift after antibiotic
treatment from predominantly Clostridium to Enterococcus
and commensal Streptococci (After Abx, Fig. 3C). Inoculation
with S. mutans and the concurrent start of CPD undoubtedly
led to the dramatic increase in the Streptococcus genus (Sm +
CPD, Fig. 3C). After 4 wk of treatment and CPD, all microbi-
omes despite treatment regimen were composed mainly of
Streptococcus and low-abundance genera (End, Fig. 3C). In
our “end” saliva microbiome samples, we used qPCR to assess
S. mutans (Childers et al. 2011). There were fewer S. mutans
CFUs detected in 3F1- and fluoride-treated rats compared with
the no-treatment control (Fig. 3D), validating our microbiome
data.
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Figure 2. Small molecule 3F| disperses Streptococcus mutans biofilm independent of known biofilm-related factors. (A) S. mutans single-gene knockout
mutants lacking antigen /Il (Aagl/ll), GtfB (AgtfB), or GtfC (AgtfC) and the parental strain (wild-type [WT] UA159) were allowed to form biofilms for

6 h. Biofilms were then washed and treated with dimethyl sulfoxide (DMSO) or 5 pM 3F| for 14 h. Loosely adhered cells were then washed off and
remaining biomass quantitated by crystal violet staining at OD, . Bars represent the mean of 3 independent experiments. Differences were statistically
compared by analysis of variance. Error bars represent standard error. *P < 0.05. ¥P < 0.01. **P < 0.00. (B) Confocal laser scanning microscopy
(CLSM) images of wild-type (WT) UAI159 biofilm treated with DMSO, 5 yM 3FI, or 5 pM 3F2. Bacterial cells (green), extracellular DNA (eDNA; red),
and glucans (blue) were visualized by CLSM after the dispersion assay. Representative images are shown.

Table 2. Summary of Results from the Rat Caries Study.

No Treatment, Mean £ SD  Small Molecule 3FI, Mean + SD Fluoride, Mean + SD
Enamel caries score
Buccal 13.0+£ 0.9 6.0 + 0.4* 6.5 + 0.7*
Sulcal 203 +£0.7 12.0 + 0.4* 11.5 £ 0.7*
Proximal 3.5+04 o* 0*
Weight, g 171 £ 14 158 £ 16™ I57 £ 11™
CFUs recovered Streptococcus mutans UA159 (x 10°) 82+1.2 6.1 £1.1™ 68+ I.1™

Rats were separated by treatment and grouped by sex. Samples were collected at the end of the study. n = 6 per group. Differences between groups
compared by analysis of variance. CFUs, colony-forming units.
*P < 0.001 compared with no treatment, ns = not significant compared with untreated.

Discussion vitro, independent of major biofilm-related factors, as deter-

mined by biofilm dispersion assays and confocal laser scan-
Overall, our studies suggest that selective targeting of S. mutans ning microscopy (CLSM) (Figs. 1 and 2). In contrast, structural
biofilms by a noncytotoxic small molecule 3F1 can effectively isoform 3F2 was inactive (Fig. 1C). In an in vivo rat caries
prevent dental caries and preserve the overall microbiome. This study, 3F1 reduced dental caries (Table 2) while preserving the
small molecule selectively dispersed S. mutans biofilms in dynamics of the microbiome (Fig. 3). S. mutans colonization
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Figure 3. 3F| treatment does not perturb the microbiome. Oral microbiome samples were obtained from individual rats at the following time points:
native (Native), after antibiotics (After Abx), after inoculation of Streptococcus mutans and start of a caries-promoting diet (Sm + CPD), and at the end
of the study (End). The microbiota between groups at different time points was analyzed for diversity and composition. (A) Principal components
analysis plots of beta-diversity of all animals in groups over time: native (blue), after antibiotics (red), infect with S. mutans and start CPD (orange), and
end (green). Each dot represents | rat. Clusters did not change depending on sex or caging (data not shown). (B) Phyla composition in all groups. Each
color represents | phylum, and length of bar reflects relative abundance. The major phyla detected throughout the study were Firmicutes, Bacteroides,
Actinobacteria, Proteobacteria, Fusobacteria, Thermi, Cyanobacteria, Deferribacteres, Tenericutes, and Verrucomicrobia. n = 6 per group. (C) Genus-level
composition of all groups. Clostridium dominated in the native microbiome and, to a lesser extent, Enterococcus and Stenotrophomonas. Infection with

S. mutans and daily sucrose intake shifted the composition to a Streptococcus-dominated community. n = 6. (D) Quantitative polymerase chain reaction
of wild-type (WT) UAI59 recovered from microbiome samples at the end of the study.

was reduced in 3F1-treated rats, albeit modestly (CFUs Table
2, Fig. 3D). The observation that 3F1 treatment increased
S. gordonii biofilms in vitro may contribute to a positive out-
come in vivo since S. gordonii antagonizes S. mutans through
production of hydrogen peroxide (Kreth et al. 2008).
Unsurprisingly, the mechanism of 3F1 is not dependent on
well-characterized biofilm factors, including Agl/II, Gtfs, glu-
cans, and eDNA, since they are often associated with initial
development of S. mutans biofilms, while proteins and factors
involved in maintenance and maturation are largely unknown
(Crowley et al. 1999; Bowen and Koo 2011). Slight changes in
2-Al compounds can significantly affect biofilm dispersal
properties (Ballard et al. 2008). This structure-specific activity
is consistent with most small molecule/protein interactions
since compound geometry and architecture play key roles in
protein binding (Bunders et al. 2010). Indeed, small molecules
from this library have been found to target biofilm-essential
proteins (Liu et al. 2011). Thus, 3F1 may target a novel bio-
film-related protein potentially inhibiting a crucial interaction
between S. mutans and the biofilm matrix in vitro. Reduction

in S. mutans CFUs after treatment with 3F1 in vivo (Table 2)
corroborates with results from other rat caries studies where a
slight reduction in S. mutans CFUs resulted in a significant
decrease in dental caries (Branco-de-Almeida et al. 2011;
Falsetta et al. 2012). Under our in vivo conditions, 3F1 treat-
ment may have an impact on S. mutans virulence, such as
reducing the production of lactic acid while only modestly
affecting bacterial colonization.

One of the novel aspects of our study is the full character-
ization of the oral microbiome throughout the rat caries model.
Phylum-level comparison of groups from initial infection of
S. mutans to after 4 wk of treatment showed that selective con-
trol of S. mutans by 3F1 did not perturb the overall rat oral
microbiome (Fig. 3A—C). Together, our data suggest that the
S. mutans biofilm-specific therapy we reported here is a novel
viable approach for preventing caries and preserving the oral
microbiome. A therapeutic combining both species-specific
selectivity toward S. mutans and preservation of the oral micro-
biome in vivo has not been reported. Derivatives or extracts
from natural products such as cranberries, green tea, tea tree
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oil, garlic, or hop polyphenols are able to reduce or inhibit the
oral biofilm but do not specifically target S. mutans (Tagashira
et al. 1997; Houshmand et al. 2013; Thomas et al. 2015).
Killing and elimination of S. mutans by synthetic antimicrobial
peptide C16G2 in an in vitro oral biofilm model in saliva also
nonspecifically eliminated noncariogenic species, leading to a
drastic shift of the structure of the microbiota (Guo et al. 2015).
We speculate that under our conditions, the combination of a
sugary diet and the presence of S. mutans biofilm shape the
microbiota diversity and composition, while control of
S. mutans colonization is sufficient to decrease the incidence of
dental caries. The minimal changes in the microbiome after
fluoride treatment are corroborated by studies in humans
(Koopman et al. 2015; Reilly et al. 2016). While these studies
do not take diet into consideration; we show that sugary intake
can significantly affect the composition of the microbiome
despite the treatment and colonization of S. mutans. The influ-
ence of the frequent ingestion of sucrose, rather than the preva-
lence of S. mutans, has been shown to correlate with the
dysbiosis of the oral microbiome (Rudney et al. 2015; Tian
et al. 2015; Bernabe et al. 2016). Such a dysbiotic community
may precede the development of caries lesions, which can be
employed as a microbial biomarker to predict the disease
pathogenesis.

In summary, we identified novel small molecule 3F1 capa-
ble of selectively dispersing S. mutans biofilms independent of
well-studied biofilm-related factors. 3F1 treatment controlled
S. mutans in a rat caries model and prevented dental caries. The
dysbiosis of the oral microbiome is mainly attributed to daily
sugar intake and not the abundance of S. mutans, as the reduc-
tion of S. mutans colonization by 3F1 did not significantly alter
overall the microbiome at the phylum and genus levels. The
necessity of sucrose intake in the maintenance of the oral
microbiome suggests that environmental factors such as diet
are necessary to properly assess anticaries therapies. To our
knowledge, this is the first report to demonstrate selective tar-
geting of the cariogenic biofilms to prevent dental caries and
characterize the oral microbiome throughout the rat caries
model. Our studies demonstrate that a therapy aimed at
S. mutans can effectively prevent dental caries and preserve the
microbiome. This report provides a scientific basis for devel-
oping a complete anticaries therapy that is selective for key
pathogen S. mutans despite the presence of a dysbiotic micro-
biome fueled by dietary intake.
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