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The determination of the composition of the microbial community in the oral cavity is usually based on
cultivation methods; however, nearly half of the bacteria in the saliva and the dental plaque are not
cultivable. In this study, we evaluated the difference in oral microbial diversity between children with
severe early-childhood caries (S-ECC) and caries-free (CF) controls by means of a cultivation-indepen-
dent approach called denaturing gradient gel electrophoresis (DGGE). Pooled dental plaque samples were
collected from 20 children aged 2 to 8 years. Total microbial genomic DNA was isolated from those
subjects, and a portion of the 16S rRNA gene locus was PCR amplified by using universal primers. We
observed that the mean species richness of the bacterial population was greater in the CF children (n =
12) (42 = 3.7) than in the S-ECC children (n = 8) (35 % 4.3); the difference was statistically significant
(P = 0.005). The overall diversity of plaque samples as measured by the Shannon index was 3.5 for the
S-ECC group and 3.7 for the CF group (P = 0.004). Differences in DGGE profiles were distinguished on
the basis of a cluster analysis. Sequence analysis of excised DGGE bands consisted of 2.7 phylotypes, on
average. After adjusting for the number of observed bands, we estimated that the S-ECC group exhibited
94.5 total phylotypes and that the CF group exhibited 113.4. These results suggest that the microbial
diversity and complexity of the microbial biota in dental plaque are significantly less in S-ECC children

than in CF children.

Severe early-childhood caries (S-ECC) is an extremely de-
structive form of early-childhood caries involving multiple
teeth, including the maxillary anterior teeth (14). The cause of
S-ECC remains speculative. Formerly, S-ECC was thought to
be associated with the prolonged use of a nursing bottle (19),
but dietary intake alone may not account for the severe nature
of this disease (10, 49). A compelling body of scientific evi-
dence suggests that Streptococcus mutans is a major etiologic
agent in the development of S-ECC (5, 20, 46); however, it
remains to be determined whether S-ECC is caused by a single
or specific consortium of bacteria (6, 46) or whether the biofilm
as a whole undergoes a more complicated shift in multiple
groups of bacteria, as suggested by several investigators (3,
4, 8, 45).

Quantitative and qualitative analyses of polymicrobial eco-
systems such as plaque biofilms are complicated because they
may consist of as many as hundreds of different bacterial spe-
cies, many of which are not cultivable (1, 9, 22, 38). Previous
studies by our group (24, 25) and others (17, 39, 40) demon-
strated the value of a whole-microbiota survey method called
denaturing gel gradient electrophoresis (DGGE) to depict the
composition of the oral microbiota. With the DGGE ap-
proach, specific regions of the 16S rRNA gene locus are am-
plified by PCR, and the products are run on a denaturing gel
that separates amplicons according to nucleotide composition.
Different amplicons can then be displayed as bands with dif-
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ferent migration distances to yield a distinctive fingerprint rep-
resenting each of the various bacterial phylotypes or species on
a single gradient gel. Microbial profiles of plaque or saliva
from different individuals can be compared with a variety of
measurement tools, and inferences about shifts in the ecolog-
ical balance of the biofilm can be made. This approach has
been widely used by environmental ecologists to survey entire
bacterial communities without cultivation (15, 36, 37) and to
analyze gastrointestinal microbial ecosystems (32, 43, 51). Spe-
cific bands of interest can be excised from gels, and these
fragments of the 16S rRNA gene can be sequenced and com-
pared with known sequences in an rRNA database (11).

The objective of this study was to characterize the microbial
diversity in the complex dental plaque of children with S-ECC
and in appropriate caries-free (CF) controls. We demonstrated
that sufficient differences in DGGE profiles exist to distinguish
the microbiota of S-ECC children from that of their CF coun-
terparts.

(Part of this study was presented at the 83rd General Session
of the International Association for Dental Research and the
34th Annual Meeting of the American Association for Dental
Research, 2005.)

MATERIALS AND METHODS

Subjects. Twenty children of Hispanic origin (10 boys and 10 girls; age range,
2.4 to 8.6 years) were included in this study. Eight of those subjects were CF
children, and 12 were S-ECC children who had a score for decayed, missing, and
filled teeth of 9.6 + 3.6 (mean * standard deviation [SD]) and a score for
decayed, missing, and filled tooth surfaces of 17.9 + 11.8 (mean + SD) (Table 1).
The S-ECC children were selected based on convenience from a list of children
who were scheduled for extensive treatment under general anesthesia in the
operating room at the Bellevue Hospital from April 2003 to April 2004. CF
children comparable in age to the S-ECC cohort were selected from the pediatric
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TABLE 1. Comparisons of the diversity of DGGE profiles in
children with different caries status

Value (mean * SD) for group

Outcome variable P value
SECC(n=12) CF(n=38)
Age (yr) 47+ 13 6.1 £1.6 0.07¢
Gender
No. (%) male 7 (58) 3(38) 0.65”
No. (%) female 5(42) 5(62)
Caries status?
dmft score 9.6 = 3.6 0
dmfs score 17.9 = 11.8 0
Microbial diversity
No. of DGGE bands 354 +£43 419 £3.7 0.005¢
H' 35+0.1 3.7x0.1 0.004¢
Similarity values (%)
Intergroup comparison 913 =43 92.7 3.6 0.35¢
Intragroup comparison 89.4 £ 4.7 0.001¢

“ By nonparametric Mann-Whitney U test for independent samples.

b By Fisher’s exact test.

¢ Results of ANOVA showed that the P value for the overall comparison was
0.001. Significant differences were also found between the S-ECC group and the
intragroup comparison (91.3 versus 89.4; P = 0.02) and between the CF and the
intragroup comparison (92.7 versus 89.4; P = 0.002).

4 dmft, decayed, missing, and filled teeth; dmfs, decayed, missing, and filled
tooth surfaces.

dental clinic of the New York University College of Dentistry after having been
diagnosed as being free of detectable caries. The study protocol was approved by
the Institutional Review Board of New York University School of Medicine and
the Bellevue Hospital for human subjects.

Bacterial sample collection. Bacterial samples from the 12 children with S-
ECC were collected in the operating room of Bellevue Hospital, and samples
from the 8 CF children were collected in a routine dental setting at the pediatric
dental clinic of the New York University College of Dentistry. In brief, a sterile
Gracey curette was used to collect a pooled plaque sample from the buccogin-
gival surfaces and the accessible proximal surfaces of the molars and canines. The
collected plaque sample was released from the curette by agitation in 1.0 ml of
TE buffer (10 mM Tris-Cl [pH 7.5] and 1 mM EDTA). The plaque samples were
immediately transported on ice to a microbiology laboratory at the New York
University College of Dentistry. A portion of the sample was processed for DNA
isolation.

DNA extraction. The total plaque genomic DNA of the bacterial samples was
isolated by means of a DNA purification kit (MasterPure; Epicenter, Madison,
WI) with modifications. In brief, 300 wl of tissue and cell lysis solution (Epicen-
ter) was added to the suspend pellet and sonicated for 30 seconds, and 10 wl of
a proteinase K stock solution (QIAGEN Inc., Valencia, CA) of 10 mg/ml in TES
buffer (10 mM Tris-HCI [pH 7.5], 1 mM EDTA, and 100 mM NaCl) and 2 pl of
mutanolysin (Sigma-Aldrich, St. Louis, MO) (5,000 U/ml in phosphate-buffered
saline) were added to 10 wl of lysozyme stock solution (100 mg/ml in TES buffer).
That solution was incubated at 37°C for 1 h and was mixed gently at 15-min
intervals. Proteinase K was inactivated via incubation at 65°C for 1 h. One
microliter of 5-pug/ul RNase A was then added, and the mixture was incubated at
37°C for 30 min. The samples were then placed on ice for 3 to 5 min, and 400 pl
of MPC protein precipitation reagent (Epicenter) was added and vortex mixed
vigorously for 10 seconds; this was followed by a phenol-chloroform-isoamyl
alcohol (25:24:1) extraction procedure and isopropanol precipitation. The DNA
was then washed and dried. The quality and quantity of DNA samples were
measured with a UV spectrophotometer at 260 nm and 280 nm (DU 640;
Beckman, Hayward, CA). The final concentration of each DNA sample was
adjusted to 10 ng/ul for all PCR applications.

PCR assay. The complete ~1,500-bp 16S rRNA gene locus was preamplified
for all DNA extracts from S-ECC and CF plaques with a set of universal 16S
rRNA gene sequence primers (23), followed by a second nested amplification of
the V4-V5 hypervariable region (~300 bp) of the 16S rRNA gene locus (46). In
the first PCR, each reaction mixture (a total volume of 50 wl) contained a
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standardized 100 ng of the total genomic DNA, 200 pM of each deoxynucleoside
triphosphate, 50 pmol of universal primers 16S-8f and 16S-1492r (23), 1.5 mM
MgCl,, 5 pl of 10X PCR buffer II, and 2.5 U of Tag DNA polymerase (Applied
Biosystems, Foster, CA).

In the second nested PCR, a second set of universal bacterial 16S rRNA gene
primers (prbacl and prbac2) (41) was used with a 40-nucleotide GC clamp,
which was added to the 5’ end of prbacl to prevent the dissociation of the 16S
rRNA gene duplexes during denaturation electrophoresis (36, 42, 51). PCR
conditions and reagents were as described elsewhere (24, 25). All PCR proce-
dures were performed with the GeneAmp PCR system 9700 (Applied Biosys-
tems). PCR products were evaluated by electrophoresis in 1.5% agarose gels that
were run at 60 V for 100 min, and the sizes of all amplicons were confirmed
according to a molecular size standard.

DGGE assay. A standardized 20 pl of each PCR-amplified product was sep-
arated on gradient gels as previously described (24, 25). A 40% to 60% linear
DNA denaturing gradient was formed in an 8% (wt/vol) polyacrylamide gel.
PCR products were directly loaded in each lane and were run along with known
species-specific DGGE reference markers (24). After electrophoresis, the gels
were rinsed and stained for 15 min in a 0.5-wg/ml ethidium bromide solution,
followed by 15 min of destaining in water. The DGGE images were digitally
captured and recorded (Alpha Innotech Corporation, San Leandro, CA).

Analysis of microbial profiles. All of the DGGE gel images were normalized
first according to the known species-specific DGGE reference markers (24) by
means of Fingerprinting IT Informatix Software (Bio-Rad). The gel background
was subtracted by use of mathematical algorithms according to the spectral
analysis of overall densitometric curves. A minimal profiling setting (1.0%) was
used for the band search for all DGGE gels. DGGE profiles were determined by
measuring the migration distances and the intensities of the bands within each
lane. The results were transferred into a microbial database that allowed us to
cross-compare multiple DGGE profiles simultaneously. The percentage of sim-
ilarity between fingerprinting profiles were calculated according to the Dice
coefficient of pairwise comparisons (16, 29). The final parameters used to analyze
the banding patterns included the numbers of the detected band, the band
frequency distribution, the Shannon index (H") for species richness (the number
of different distinct bands in any individual lane) and evenness, and levels of
pairwise similarity coefficients. Ward’s algorithm was used to construct a den-
drogram for cluster analysis (50).

Cloning and 16S rRNA gene sequencing. Distinct amplicons from DGGE gels
from both S-ECC and CF samples were excised from the gels, and DNA samples
were eluted, purified, and reamplified with the same prbacl and prbac2 primers
but without the GC clamp. PCR amplicons were cloned with cloning kit (TOPO
TA; Invitrogen, Carlsbad, CA) according to the manufacturer’s instructions.
The transformed cells were then plated onto Luria-Bertani agar plates sup-
plemented with kanamycin (50 pwg/ml), and the plates were incubated over-
night at 37°C. The clones were picked, and plasmid DNA was extracted.
Purified plasmid DNA with 16S rRNA gene inserts was sequenced with the
ABI Prism cycle sequencing kit (Applied Biosystems) and universal T3 prim-
ers. The sequences of 16S rRNA gene PCR amplicons obtained from the
DGGE of the S-ECC or CF samples were analyzed against known sequences
in the Ribosomal Database Project IT (11).

Statistical analyses. The differences in microbial diversity were assessed by
comparing the DGGE profiles within and between the S-ECC and CF groups.
The degree of correlation between the microbial diversity in the dental plaque
and the caries status of the children was evaluated with analysis of variance
(ANOVA), the nonparametric Mann-Whitney U test, the chi-square test, and
Fisher’s exact test. The analyses were performed with the SPSS software version
13.0 (Statistical Package for the Social Sciences; SSPS Inc, Chicago, IL). All P
values of less than 0.05 were two tailed.

RESULTS

The mean age for the 12 S-ECC children was 4.7 years
(%=1.3), and that for the 8 CF children was 6.1 years (£1.6).
This difference was not significant, as determined by the
nonparametric Mann-Whitney U test for independent sam-
ples. The gender distribution between the two groups was
not significantly different as determined by Fisher’s exact
test (Table 1).

DGGE banding pattern. DGGE profiles were obtained from
the plaque samples of the 20 subjects, among whom the caries
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FIG. 1. DGGE profiles of PCR-amplified bacterial 16S rRNA gene segments. The DGGE gel images were obtained from the total genomic
DNAs of the pooled dental plaque samples of 12 children with S-ECC and 8 CF children. For each individual lane, the number of detected
amplicons ranged from 29 to 46, with a mean = SD of 37.9 = 5.0. The oral microbial diversity was greater (P = 0.005 by the nonparametric
Mann-Whitney U test) in the CF group than in the S-ECC group. The marker is the DGGE reference marker corresponding to 16S rRNA gene
fragments from specific bacterial species: 1, Fusobacterium nucleatum subsp. vincenti (ATCC 49256); 2, F. nucleatum subsp. nucleatum (ATCC
25586); 3. Streptococcus sanguinis (ATCC 10556); 4, Streptococcus oralis (ATCC 35037); 5, Streptococcus salivarius (ATCC 7073); 6, Streptococcus
mutans (ATCC 700610); 7, Lactobacillus paracasei subsp. paracasei (ATCC 25598); 8, Porphyromonas gingivalis (ATCC 33277); 9, Actinomyces

naeslundii genospecies 1 (ATCC 12104).

status varied (Fig. 1). A total of 92 distinct amplicons were
detected from the overall DGGE profiles after gel normaliza-
tion. The number of distinct bands (amplicons) ranged from 29
to 46, with a mean * SD of 37.9 = 5.0 for each individual
sample. On average, the total number of detectable bands was
significantly higher in the CF group (41.9 = 3.7) than in the
S-ECC group (35.4 = 4.3), and that difference was statistically
significant (P = 0.005 by the Mann-Whitney U test) (Table 1).
Also shown in Table 1 is the comparison of the Shannon
index, which represents a measure of the richness and even-
ness of microbial diversity in a given sample. The diversity of
bacteria in the CF group (H' = 3.7 = 0.1) was greater than
that in S-ECC group (H' = 3.5 = 0.1). That difference was
also statistically significant (P = 0.004 by the Mann-Whitney
U test). Intragroup and intergroup comparisons of the sim-
ilarity values of the microbial profiles revealed that the
mean similarity values of the DGGE profiles were 91.3% =
4.3% within the S-ECC samples and 92.7% = 3.6% within
the CF samples, but it decreased significantly to 89.4% =
4.7% (P = 0.001 by ANOVA) in a comparison between the
two groups (Table 1).

Clustering of DGGE profiles based on caries status. Figure
2 depicts the results of Ward’s analysis in which the Dice
coefficient for measuring similarity algorithm in banding pat-
terns was applied. The S-ECC and CF groups displayed a
statistically significant clustering of profiles, cluster I (S-ECC)

and cluster II (CF) (P = 0.004 by Fisher’s exact test). The
analysis of specific regions of the profiles, which were deter-
mined by partitioning the migration distances into 10 seg-
ments, revealed that the CF group had more detected bands in
specific segments 1 (P = 0.05), 7 (P = 0.034), 8 (P = 0.046),
and 10 (P = 0.008) (Fig. 3.). The overall differences in the band
distribution between the S-ECC and CF groups were statisti-
cally significant (P = 0.007 by the chi-square test). However,
only four bands (4.2%) were present in more than 85% of the
samples.

Sequence analysis of excised bands. Of the 92 discrete PCR
amplicons detected in the DGGE profiles, 30 bands (22 from
the S-ECC group and 8 from the CF group) were excised from
the gels (Fig. 4), after which the DNA was extracted, reampli-
fied, and cloned. An average of 11 clones per unique band (for
a total of 396 clones) were picked and sequenced. The phylo-
genetic affiliation of each sequence was estimated by compar-
ison with the RDP-II database (11). From the 396 sequences
examined, 26 genera were identified (Table 2), 46% of which
were gram negative, 27% gram positive, and 19% unknown.
On average, 2.7 genera per band sequenced were found. Bands
8, 25, and 29 were significantly less present among the S-ECC
group samples, and band 21 was more predominant in the
S-ECC samples than in the CF samples (P = 0.006 by the
chi-square test).
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FIG. 2. Cluster analysis. The difference in microbial diversity was clearly distinguished by cluster analysis with Ward’s algorithm based on the
Dice coefficient. A distinct cluster from the S-ECC group was observed, and 11 of 13 S-ECC profiles were grouped into one dendrogram branch
(P = 0.004 by Fisher’s exact test). The DGGE profiles of the CF children were differentiated from those of the S-ECC children in a separate cluster.
The difference in the mean similarity values (89.4% = 4.7%; P = 0.001 by ANOVA) between the two groups was statistically significant.

DISCUSSION

DGGE profiling of the bacterial populations in the plaque of
children with S-ECC displayed significantly less diversity than
that for the CF controls. This finding suggests that the caries-
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FIG. 3. Distribution of the PCR amplicons. The frequency distribu-
tion of the PCR amplicons in DGGE gels is shown. The x axis of the graph
is the migration distance divided into 10 segment groups that correspond
to the percent GC content of the 16S rRNA gene amplicons. The y axis is
the mean number of bands detected on the DGGE gels. A comparison of
the mean in each segment showed that more DGGE bands were detected
in the CF group in 4 of the 10 category groups according to their migra-
tion distances. Segment 1, 1% to 10% (P = 0.05); 7, 61% to 70% (P =
0.034); 8, 71% to 80% (P < 0.046); 10, 91% to 100% (P = 0.003).

associated microbiota becomes less diverse, perhaps because
certain groups of microbes supplant or dominate the plaque
biofilm as caries progresses. The results of this study are con-
sistent with our previous study with adults (24). Although not
a focus of the present study, one possible explanation for the
lesser microbial diversity in S-ECC plaque is that caries
plaques contain higher proportions of acidogenic and aciduric
bacteria than caries-free plaques, as some research papers
have reported (4, 18, 26, 48). For S-ECC, several studies sug-
gest that this form of caries results predominantly from a
mutans streptococcus infection (3, 5, 27). Other, nonmutans
streptococcus bacterial groups capable of tolerating low pH
have also been found associated with dental caries (47, 48). A
recent study that used a DNA-based reverse capture checker-
board assay indicated that more than 10 bacterial species were
overabundant in the oral cavities of caries-active children (12).
Those bacteria have previously been associated with diseased
subjects but not healthy subjects (38). Each individual bacterial
species may collectively contribute to the overall cariogenicity
of the microbial biocommunity of the dental plaque associated
with dental caries (13, 21). Another explanation for the de-
crease in diversity is that caries lesions create more retentive
niches for cariogenic microorganisms, which increase their to-
tal numbers of cariogenic bacteria but subsequently decrease
the overall richness of the plaque community. This notion was
supported by several studies (2, 3, 47). For example, Becker, et
al. (3) showed that bacterial levels were significantly increased
at each of the caries sites, including white spot, cavitated le-
sions, and excavated carious dentin, compared to those found
on intact enamel surfaces. They also reported that a number of
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FIG. 4. Illustration of the DGGE bands cut for sequence analysis. A total of 30 discrete PCR amplicons (22 from S-ECC children and 8 from
CF children) were excised from the DGGE gels, after which the DNA was extracted, reamplified, and cloned. Three hundred ninety-six clones were
picked and sequenced, and 24 genera were identified. Bands 8, 25, and 29 were significantly less present among the S-ECC samples, and band 21

was more predominant in the S-ECC samples than in the CF samples.

other bacterial species may also be associated with caries ini-
tiation and development. Clearly, the concept that dental car-
ies is a polymicrobial infectious disease was well supported by
the published literature (7, 8, 28, 33). Further studies, however,
are needed to determine whether caries-associated plaques are
more or less diverse overall and to elucidate the determinant
associated with the microbial composition.

The results of our study also demonstrate that the DGGE
profiles of each caries type formed significant group-specific
clusters (Fig. 2). The delineation of two distinct clusters was
reflected by the number of bands detected (richness), the in-
tensity, and the migration distribution of the PCR 16S ampli-
cons. This finding is noteworthy, considering that the S-ECC
and CF profiles were generated on multiple gels. Moreover,
the overall S-ECC and CF profiles were more similar within
each group than between the groups, which suggests the pres-
ence of common phylotypes associated with diseased or
healthy status. These results demonstrated that caries group
can be predicted with reasonable accuracy based on DGGE
banding patterns. Even though the molecular fingerprinting
profile does not provide immediate discrimination among bac-
terial species, it does enable the simultaneous analysis of mul-
tiple samples and thus facilitates the direct comparison of
microbial communities from different samples of interest (35,
36). Additionally, DGGE-generated molecular fingerprinting
also allows the study of changes in individual microbial com-
munities over time (25, 30, 31, 44).

One feature of DGGE profiling is that bands (amplicons) of
interest can be excised from the gels and sequenced to obtain
a better approximation of their taxonomic identity (35). By
doing so, we were able to obtain valuable information in three

areas: the distribution of gram-positive versus gram-negative
microbes, the identification of each amplicon to at least the
genus level, and the number of phylotypes represented in each
band. Interestingly, we found that on average, each band rep-
resented not just one, but 2.7 phylotypes. If we assume that
each band present on the DGGE gels from the plaque samples
represented 2.7 different phylotypes, it would mean that the
overall species richness of the samples for the 20 children as a
group is 248.4 (92 X 2.7) and that the group-specific species
richness is 94.5 (35 X 2.7) for the S-ECC children and 113.4
(42.2 x 2.7) for the CF children. Since a known limitation of
DGGE in most instances is that the identification is based on
partial 16S rRNA gene sequences, which may not be sufficient
for species-level assignment, this adjusted value could be an
overestimation of the actual numbers of phylotypes in the
supragingival plaque samples.

With a different population (adults) and using a different
sampling method, Munson et al. (34) found an average of 32
phylotypes present within caries lesions in which gram-pos-
itive species dominated the sample, and they noted that
lactobacilli were the most prevalent of all species present.
Kroes and coworkers (22) reported an overall diversity of 59
phylotypes from subgingival plaque samples collected from
a healthy adult. Paster and colleagues (38) found 215 novel
phylotypes in subgingival samples, and on average healthy
subjects harbored 72 of the 215 phylotypes of bacteria. They
estimated that this number represented only 84% of the
total number present based on coverage estimation. An
adjusted value of 99 (72 identified plus 27 expected) would
be closer to our estimation of 113.4 for caries-free individ-
uals. Becker et al. (3) reported that only 11 phylotypes were



86 LI ET AL.

TABLE 2. Sequence analysis of genera identified in the study subjects

J. CLIN. MICROBIOL.

Distribution (%)

Band no. Genus(era)

S-ECC CF
1 Bacteroidetes, Capnocytophaga, Fusobacterium 66.7 50.0
2 Bacteroidetes 333 75.0
3 Bacteroidetes, Capnocytophaga, Leptotrichia 41.7 25.0
4 Bacteroidetes, Capnocytophaga, Fusobacterium 41.7 50.0
5 Bacteroidetes, Capnocytophaga, Fusobacterium, TM7 phylum 333 375
6 Capnocytophaga, Fusobacterium, Sarcina, uncultured bacterium 41.7 50.0
7 Bacteroidetes, Fusobacterium, Neisseria 41.7 50.0
8 Bacteroidetes, Fusobacterium, Filifactor, Leptotrichia 16.7 62.5
9 Fusobacterium 25.0 12.5
10 Fusobacterium, Bacteroidetes, uncultured bacterium 33.3 50.0
11 Fusobacterium, uncultured bacterium X112 66.7 375
12 Fusobacterium 41.7 25.0
13 Capnocytophaga, Fusobacterium, uncultured bacterium 41.7 62.5
14 Fusobacterium 50.0 375
15 Bacteroides, Fusobacterium, Leptotrichia 66.7 25.0
16 Kingella, Leptotrichia, Streptococcus 66.7 75.0
17 Corynebacterium, Neisseria, Rothia 66.7 87.5
18 Cardiobacterium, Leptotrichia, Streptococcus 66.7 87.5
19 Gemella, Kingella, Leptotrichia, Streptococcus, Veillonella 75.0 100
20 Granulicatella, Leptotrichia, Neisseria 66.7 87.5
21 Leptotrichia, Neisseria, Streptococcus 66.7 12.5
22 Bacteroides, Leptotrichia 58.3 50.0
23 Eubacterium, Leptotrichia, Prevotella, uncultured bacterium 33.3 375
24 Lautropia, Leptotrichia, Prevotella 58.3 75.0
25 Corynebacterium, Prevotella, Lautropia 8.3 375
26 Bacteroidetes 50.0 375
27 Actinomyces, Treponema, uncultured human oral bacterium All 50.0 37.5
28 Actinomyces, Neisseria 25.0 50.0
29 Treponema 8.3 37.5
30 Campylobacter, Leptotrichia, Veillonella 41.7 62.5

present in the tooth surface plaque from a caries-free child.
More recently, Aas et al. (1) reported that in five healthy
volunteers, 52 species were detected on sound tooth sur-
faces. This discrepancy in the number of phylotypes among
the different studies may be due to differences in sampling
methods, sampling sites, the number of clones that were
sequenced, and the number of subjects that were included in
different studies. In our study, greater species richness was
found than in previous studies. Possible reasons could be
that we gathered pooled supragingival samples from each
child to get better consistency in the plaque sample and that
DGGE profiles were obtained and systematically analyzed
for all 20 children, i.e., 12 highly caries-active children and
8 caries-free children. Moreover, the bacterial lysis method
we employed appears to have yielded a better representa-
tion of gram-positive and gram-negative organisms as evi-
dent on DGGE profiles (Fig. 1). Because pooled supragin-
gival plaque is dominated by gram-positive streptococci and
that group of bacteria is difficult to lyse, all of the bacterial
samples were treated with a cocktail lysis buffer containing
mutanolysin, proteinase K, and a lysozyme treatment, which
yielded a high quality and concentration of total bacterial
genomic DNA and a wide range in the 16S rRNA gene
diversity. Sequencing of excised amplicons from DGGE gels
further demonstrated that the distribution of the amplicons
ranged from low GC content to high GC content (Table 2).
Since the goal of this study was to evaluate the overall
variation in oral microbial diversity in children of different

caries status by means of the DGGE technique, we did not
conduct extensive cloning or sequence entire sets of bands
from each subject to identify all members of the microbial
population. If more precise taxonomical identification is
required, then the full-length 16S rRNA pool from which
the nested DGGE amplicons were generated can be cloned
and sequenced.

In summary, we observed a significant variation in the
DGGE profiles between the S-ECC and CF groups. The mi-
crobial diversity and the complexity of the microbial biota in
plaque were less in children with S-ECC than in CF children.
The results of our study also demonstrated that PCR-based
16S rRNA gene DGGE is a sufficiently valuable tool for dif-
ferentiating the microbial composition of the oral plaque in
S-ECC children from that of CF children. Moreover, DGGE
may be further developed as a pattern recognition tool with
which to identify specific group of bacteria predominantly col-
onized in children of various caries status. The information,
therefore, can be used as a basis for targeted caries interven-
tion and prevention.
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