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Routine identification of Streptococcus mutans and Streptococcus sobrinus is
generally based upon growth on various selective media, colony morphology
and biochemical characteristics. We examined various approaches of
differentiating these two species through a combination of the conventional
phenotypic methodology with chromosomal DNA fingerprint (CDF) and
arbitrarily primed polymerase chain reaction (AP-PCR) methods. Initially, ten
ATCC type strains and 20 randomly selected clinical isolates of mutans
streptococci (MS) were characterized and grouped into two major types based
on patterns generated by the CDF using HaeIII digestion. The CDF’s patterns
with restriction fragments equal to or greater than 6.6 kb were defined as the
CDF-1 group. The CDF’s patterns with restriction fragments less than 6.6 kb
were defined as the CDF-2 group. Both groups were then examined for biotype,
serotype, and composition of DNA via thermal denaturation. AP-PCR was
applied and evaluated for the capability of delineating S. mutans from S. sobrinus
strains. Results of this study showed that all CDF-1 strains fit within a GπC

Key words: DNA fingerprint; AP-PCR;range of 36.2% to 42.2%, whereas the CDF-2 strains had a GπC range of 45.8% S. mutans; S. sobrinus
to 47.0%. The serotyping assay exhibited 100% sensitivity, 90% specificity and
86.7% agreement with the CDF. The biotyping assay presented the poorest Yihong Li, University of Alabama at

Birmingham, School of Dentistry, Box 13,specificity (38.5%), indicating the highest variability. The capability of AP-PCR
1919 7th Avenue South, Birmingham,in differentiation of S. mutans from S. sobrinus was comparable to the CDF AL 35294-0007, USA

method, suggesting that either of these two approaches can and may serve as a
viable alternative method to serotyping or biotyping of MS. Accepted for publication May 16, 2000

The most common cariogenic bacteria
associated with human dental caries are
Streptococcus mutans and Streptococcus
sobrinus. Studies showed that S. mutans
accounts for 74% to 94% of the mutans
streptococci (MS) and is overwhelm-
ingly associated with coronal caries de-
velopment in diverse population (3, 22).
S. sobrinus is less prevalent and has

been correlated with smooth-surface
caries (14, 23). The distinction in iso-
lation frequency between S. mutans and
S. sobrinus may be important because
the two organisms display differences in
initial colonization (13) and virulence
mechanisms (22).

Originally, these two microorganisms
were classified on the basis of taxo-

nomic characteristics such as colony
morphology, carbohydrate antigens,
serological and genetic heterogeneity (4,
7, 25), biochemical fermentation of cer-
tain substrates (27) and immunological
characterization (9). In the past, these
techniques sufficed as practical and
widely used methods of speciation. Un-
fortunately, a potential problem in-
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herent in the use of phenotyping and bi-
otyping taxonomy is that not all strains
within a given species present a positive
result for a common trait. As a result,
the testing systems are not sufficiently
precise or definitive in many instances.
In recent years, classification of differ-
ent microorganisms has depended
largely on genetic relatedness, including
guanineπcytosine (GπC) content de-
termination, DNA-DNA hybridization,
and species-specific probe analyses. One
major drawback of applying those tech-
niques is they are labor- and time-inten-
sive. Investigation into the epidemi-
ology of S. mutans and S. sobrinus was
hindered by the lack of simple tests to
distinguish between the two species and,
more importantly, by the absence of an
effective typing method that would en-
able fine discrimination between strains
within the same species.

Previously, we used a chromosomal
DNA fingerprinting method for show-
ing homology of strains within family
members (18). We noticed that there
were two predominate chromosomal
DNA fingerprinting patterns among
most of the clinical isolates examined.
Chromosomal DNA fingerprinting of
MS serotypes c/e/f strains presented
higher molecular fragments than did
serotypes d/g strains. The objective of
this study was to determine whether
these two chromosomal DNA finger-
printing profiles corresponded to a dif-
ferent serotype and biotype. As means
for comparison, we also analyzed the
mol percentage content of guanineπ
cytosine (mol% GπC) of standard sero-
type of MS strains via thermal denat-
uration. In addition, we evaluated the
discriminative power of arbitrarily
primed polymerase chain reaction (AP-
PCR) in differentiating S. mutans from
S. sobrinus.

Material and methods
Defining chromosomal DNA fingerprint
patterns (CDF)

In our initial multicenter study of the
transmission and acquisition of MS
within mother-infant pairs of three
populations (12, 18, 21), a total of 1328
MS isolates were included for studying
the fidelity of MS transmission between
mother-child pairs, 204 MS isolates
from Birmingham, 720 from Beijing
and 404 from Malmö. A small-scale
chromosomal DNA isolation procedure
was used and has been described pre-

viously (6, 18). Chromosomal DNA
fingerprints of those MS were generated
from HaeIII restriction enzyme diges-
tion. As shown in Fig. 1, there were two
main profiles in restriction fragment
patterns among those MS strains. To
further study the difference in MS
genotypic characterization, we divided
the chromosomal DNA fingerprint pat-
terns into two groups. Chromosomal
DNA fingerprint type 1 (CDF-1) con-
tained restriction fragments equal to
and greater than 6.6 Kb. Chromosomal
DNA fingerprint type 2 (CDF-2) con-
tained fragments less than 6.6 Kb.

Bacterial strains and DNA preparation

A total of 30 bacterial strains were in-
cluded in the study. Ten reference
strains of S. mutans and S. sobrinus
were selected from various sources and
listed in Table 1. Chromosomal DNAs
from the 30 strains were purified by a
large-scale DNA extraction procedure
as described previously (6). Briefly, the
cells were treated with lysozyme, mut-
anolysin and proteinase K and then lys-
ed with SDS (sodium dodecyl sulfate).
The chromosomal DNA was purified in
a CsCl-ethidium bromide gradient by
ultracentrifugation performed twice.
All the DNAs were removed from the
gradient, dialyzed overnight and stored
in TE (10 mM Tris-HCI, 1 mM EDTA,
pH 8.0) buffer at 4æC.

The serotypes of the 10 reference
strains were known and, therefore, were
used as the ‘‘gold standard’’ for this
study. Based upon serological and bio-
chemical criteria, along with CDF pro-
file, MS strains of serotype c (10449,
KPSK2, Ingbritt, UA159), e (LM7) and
f (OMZ175) were in the CDF-1 cat-
egory. Likewise, serotype d strains (B13,
6715-15, OMZ176) and serotype g
strain (OMZ65) were in the CDF-2 cat-
egory.

Twenty clinical MS isolates were ran-
domly selected from the multicenter
study. Among the 20 clinical isolates of
MS, 8 were from the Birmingham, Ala-
bama cohort, 6 were from Beijing,
China and 6 were from Malmö,
Sweden. These isolates represented dif-
ferent chromosomal DNA fingerprint
patterns, 10 for the CDF-1 and 10 for
the CDF-2. They were serotyped with
an immunofluorescence antisera assay
(5) at the University of Malmö. Sero-
typing was performed without knowing
the chromosomal DNA fingerprint
categories of the isolates.

Biochemical differentiation test

All 30 strains were examined simul-
taneously for their biochemical reaction
with selected reagents using the Minitek
Differentiation System (BBL Minitek,
BBL Microbiology Systems, Cockeys-
ville, MD). The testing procedure was
modified according to the company’s
manual and a previous investigation
(15). Briefly, the bacterial strains were
cultivated on Todd-Hewitt plates at
37æC in an anaerobic chamber (85% N2,
10% CO2, and 5% H2) for 48 h. Colo-
nies were transferred into thioglycolate
broth and adjusted to the same density
as the McFarland 0.5 standard. Fer-
mentation of mannitol, sorbitol, raf-
finose or melibiose and cleavage of argi-
nine was included as the key test for S.
mutans and S. sobrinus differentiation
(15, 16). The Minitek testing trays con-
taining the bacterial samples, and the
discs were incubated anaerobically for
48 h.

Guanine plus cytosine content
determination

To test the hypothesis that DNA
fingerprint profiles reflect the GπC
content of strains of MS, determination
of the denaturation temperature, Tm,
which reflects the guanine plus cytosine
mol percentage (GπC mol%), was per-
formed on all 30 strains with a spectro-
photometer and temperature controller
(DU-7400 UV/Vis, Peltier, Beckman,
Fullerton, CA). Each DNA sample,
including the control DNA from
salmon sperm, was adjusted to 10 mg/
ml in 0.1¿SSC buffer. The temperature
ranged from 25æC to 90æC, with a ramp
rate of 1æC/min. The same control
DNA from salmon sperm was tested at
each experimental run to ensure accu-
racy. After the Tm for each given strains
was obtained, the base composition
(mol% GπC) was then calculated ac-
cording to the formula 0.1¿SSC mol%
GπCΩ(Tmª53.9)¿2.4 (24).

Arbitrarily primed PCR (AP-PCR)

The AP-PCR amplification was per-
formed in a total of 50 ml reaction
volume (GeneAmp PCR System 2400,
PE Applied Biosystems, Foster City,
CA) as described previously (19). PCR
reaction was run for 45 cycles of 94æC
for 30 s, 36æC for 30 s and 72æC for 1
min, followed by an extension of incom-
plete amplification for 5 min at 72æC.
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Fig. 1. Chromosomal DNA fingerprint (CDF) of the 30 MS strains. Panel A included all reference strains. Panel B, C and D consisted of
strains from the Birmingham Alabama, Beijing China, and Malmö Sweden, respectively. Difference in the CDF pattern are evident among
these strains. Those that contained DNA fragments greater than 6.6 Kb were defined as CDF-1 group. Those that contained DNA fragments
smaller than 6.6 Kb were defined as CDF-2 group.

Each reaction mixture contained 5 ml of
10¿ buffer (10 mM Tris-HCl, 50 mM
KCl, pH 8.3); 200 mM each of dATP,
dCTP, dGTP, and dTTP; 3.5 mM
MgCl2; 1.25 units of Taq DNA poly-
merase, 50 pmol of 10-mer-primer
OPA02, (5ø-TGCCGAGCTG, Operon
Technologies, Alameda, CA), and 20 ng
DNA template. The primer OPA02 was
selected from a total of 40 based on
criteria discussed previously (19). All
other AP-PCR reagents were obtained
from the PE Biosystems. AP-PCR
product was separated by electro-
phoresis on a 1.2% agarose gel in Tris-
Borate-EDTA running buffer and was
stained in ethidium bromide (1 mg/ml)
solution. The photographic images of
the results were captured digitalized
with a digital imaging system (Alpha
IS-1000. Alpha Innotech Corp., San
Leandro, CA) and saved as Tagged Im-
age File Format (TIFF) for visual com-
parison and for similarity profiles.

Statistical analysis

The five typing methods – serotype, bio-
type, GπC mol%, CDF, and AP-PCR
fingerprint – were compared for the dif-
ferentiation of S. mutans from S. sob-
rinus. The kappa statistic [kΩ(PoªPe)/
(1ªPe)] was applied to compare the

agreement in identification ability
among those methods. The Tm and
mol% GπC values for each MS strain
were collected and summarized accord-
ing to different CDF groups. The mean
value for each group was evaluated by
ANOVA for parametric and nonpara-
metric analyses. A P value Æ0.05 was
considered a significant difference. All
the analyses were conducted with SPSS
10.0 software (28).

All AP-PCR fingerprint images were
analyzed with the Diversity Database
Software (BioRad Laboratories, Her-
cules, CA). To compare the similarity of
fingerprint results generated by the AP-
PCR assay, the similarity matrix was
calculated as dkuΩ(TidkiπTjdkj)/(Ti

πTj). The unweighted pair group
method using arithmetic averages
(UPGMA) (29) was used for cluster
analysis among those strains tested.

Results

As shown in Table 1, each MS strains
was tested for serotype, biotype, Tm and
mol% GπC. The medians and mean
values of mol% GπC for each strain
are listed in this table. To verify the ac-
curacy of our experimental procedure,
the same control DNA from salmon
sperm was tested with each test run.

Fig. 2 and Table 2 show that CDF-1
strains including both reference and
clinical isolates presented a significantly
lower mol% GπC (medianΩ37.4) than
did CDF-2 strains (medianΩ45.8), with
a corresponding left-shifted ‘‘S’’ curve
in the thermal denaturation profiles.
The differences between the two groups
were significant as shown by parametric

Fig. 2. Thermal denaturation profiles for
different MS strains. The mean Tm value
for CDF-1 group was 69.6∫1.2. The mean
Tm value for CDF-2 group was 73.1∫0.3.
This difference was statistically significant
(P,0.001).
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Table 1. Sources of S. mutans and S. sobrinus type strains and clinical isolates used and their test results

Minitekc
mol% GπCd

Strain Source CDFa Serotypeb MN SO RA ARG ME from Tm

1 NCTC10449 ATCC25175 1 c π π π ª π 37.4
2 KPSK2 Bratthall 1 c π π π ª π 37.4
3 Ingbritt Bo Krasse 1 c π π π ª π 36.2
4 UA159 Caufield (ATCC700610) 1 c π π π ª π 39.8
5 OMZ 175 Guggenheim 1 f π π π ª π 42.2
6 LM7 Gibbons 1 e π v π ª ª 38.6
7 B13 Bratthall 2 d π v ª ª ª 45.8
8 6715-15 ATCC27352 2 d/g π v v ª ª 45.8
9 OMZ 176 Guggenheim 2 d π π v ª ª 47.0

10 OMZ 65 Guggenheim 2 g π v ª ª ª 45.8

Clinical isolates
11 UA1 Birmingham, Alabama 1 c/e/f π π π ª π 33.8
12 UA2 1 c/e/f π π π ª π 33.8
13 UA3 1 c/e/f π π π ª π 35.0
14 UA4 1 c/e/f π π π ª π 39.8
15 UA5 1 c/e/f π π π ª π 36.2
16 UA8 2 d/g π π ª ª ª 45.8
17 UA9 2 d/g π π ª ª ª 44.6
18 UA11 2 c/e/f π π ª ª ª 45.8
19 CH3 Beijing, China 2 indefinite v π ª ª ª 47.0
20 CH5 2 indefinite ª ª ª ª ª 42.2
21 CH9 1 c/e/f π π π ª π 38.6
22 CH12 1 c/e/f π π π ª ª 37.4
23 CH13 1 c/e/f π π π ª π 36.2
24 CH15 2 d/g π π ª ª ª 45.8
25 SW2 Malmö, Sweden 2 d/g π ª ª ª ª 47.0
26 SW4 1 c/e/f π π π ª π 35.0
27 SW5 2 d/g π π π ª ª 47.0
28 SW9 2 indefinite π π ª ª ª 47.0
29 SW10 1 c/e/f π π π ª π 36.2
30 SW12 1 c/e/f π π π ª π 37.4
a Chromosomal DNA fingerprint patterns generated by HaeIII enzyme digestion.
b Serotype for clinical isolates was determined with immunofluorescence antisera assay by the microbiologic laboratory at the Faculty of

Odontology, Malmö, Sweden.
c MinitekTM system. MNΩmannitol; SOΩsorbitol; RAΩraffinose; ARGΩarginine; MEΩmelibiose; πΩpositive; ªΩnegative; vΩvariable re-

sults.
d The mol% GπC value was transformed from DNA melting points (Tm), see methods.

Table 2. Comparison of DNA GπC mol% for MS strains CDF-1 vs CDF-2

mol% GπC

Median Mean∫SD P

Fingerprint
Reference strains

CDF1 (nΩ6) 38.0 38.6∫2.1 ,0.01a

CDF2 (nΩ4) 45.8 46.1∫0.6
Clinical isolates

CDF1 (nΩ11) 36.2 36.3∫1.9 ,0.001a,b

CDF2 (nΩ9) 45.8 45.8∫1.6

Serotype
Reference isolates

c/e/f (nΩ6) 38.0 38.6∫2.1 ,0.001a,b

d/g (nΩ4) 45.8 46.1∫0.6
Clinical isolates

c/e/f (nΩ18) 37.4 37.6∫2.9 ,0.01c

d/g (nΩ9) 45.8 46.1∫0.8
UD (nΩ3) 47.0 45.5∫2.8

a Nonparametric Mann-Whitney U-test for two independent samples.
b Student’s t-test for two independent samples
c Nonparametric Mann-Whitney U-test for two independent samples. The UD group was

not included.

(t-test, P,0.001) and nonparametric
statistical analyses (U-test, P,0.001).
No statistically significant difference in
mol% GπC was found within each
CDF group.

Another hypothesis the present study
tested was the reliability of chromo-
somal DNA fingerprint method in dif-
ferentiating S. mutans from S. sobrinus.
To do this, we compared the sensitivity
and specificity of serotyping and bio-
typing in differentiating serotypes c/e/f
from serotypes d/g with that of chromo-
somal DNA fingerprinting. Table 3
lists the summary results for each
comparison. With chromosomal DNA
fingerprint as a gold standard, the sero-
typing assay demonstrated 100% sensi-
tivity, 90% specificity and 86.7% agree-
ment, with a kappa statistic of 0.92,
compared with chromosomal DNA
fingerprint. In addition, three of the 30
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Table 3. Comparison of different methods in identifying S. mutans and S. sobrinus strains

Chromosomal DNA fingerprint

CDF-1 CDF-2
(c/e/f) (d/g) Total Statistics

Serotype
c/e/f 17 1 18 Sensitivity serotype vs CDFΩ100%
d/g ª 9 9 Specificity serotype vs CDFΩ90%

indefinite ª 3 3 AgreementΩ86.7%
Total 17 13 30

Biotype
c/e/f 15 ª 15 Sensitivity biotype vs CDFΩ88.2%
d/g ª 5 5 Specificity biotype vs CDFΩ38.5%

indefinite 2 8 10 AgreementΩ66.7%
Total 17 13 30

strains could not be clearly assigned to
any serotype by means of immunoflu-
orescence. The biotyping method, on
the other hand, indicated more vari-
ability. The fermentation tests of man-
nitol, sorbitol, raffinose and melibiose
and hydrolysis of arginine resulted in
poor specificity (38.5%) and low agree-
ment (66.7%) compared with the CDF
method. S. mutans strains could not al-
ways be distinguished from S. sobrinus
strains by biochemical tests alone.

Previously, we demonstrated that
AP-PCR could discern both homogen-
eity and heterogeneity of MS genotypes
among mother and child pairs (19).
The same approach has been applied to
this study. Among the serotypes c/e/f
strains, AP-PCR fingerprints were

Fig. 3. AP-PCR fingerprint for the 30 MS strains. A greater number of amplicons and more diversity were displayed among the CDF-1 strains
than among CDF-2 strains. The AP-PCR profile for CDF-2 strains shows more within-group similarities. The result also shows that AP-PCR
has the similar discriminating power for S. mutans among different individuals compared to chromosomal DNA fingerprint.

unique for each individual strain (Fig.
3). Interestingly, this uniqueness was
not observed among all the serotypes
d/g strains. Comparing AP-PCR with
chromosomal DNA fingerprint, this
study showed 100% agreement between
the two methods in delineating these
two species.

This result was further revealed by
using the cluster analysis (UPGMA) as
described by Swofford et al. (29). The
basic data for conducting the cluster
analysis were similarity metrics gener-
ated by the Diversity Database Soft-
ware (Bio-Rad, Laboratories, Catalog
No. 170–7561). A dendrogram of re-
lationships derived from a similarity
matrix of the AP-PCR fingerprint pro-
files revealed two main clusters at a dis-

tance of about 0.25. Cluster-1 consisted
of all CDF-1 strains, and cluster-2 con-
sisted of all CDF-2 strains (Fig. 4). MS
strains from Beijing, China (CH3, CH5,
CH15) were clustered into one sub-
branch with MS strains from Malmö,
Sweden (SW2, SW5, SW9). CDF-2
strains from Birmingham, Alabama
(UA8, UA9, UA11) had the highest
similarity indices among the total
strains. UA9 and UA11 were identical
to each other. Comparison of the simi-
larity indices demonstrated greater di-
versity among CDF-1 strains than
CDF-2 strains. The clinical isolates
were also more closely clustered than
the reference strains. In addition, the
study had another interesting obser-
vation. Fig. 5 illustrates that all CDF-1
strains consisted of an amplified frag-
ment of 782 bp, while all of the CDF-2
strains displayed a fragment of 1070 bp.
These two fragments were unique to
each CDF group.

Discussion

Using the genotyping method with
HaeIII as a restriction endonuclease, we
first reported that S. mutans serotypes
c/e/f strains uniformly displayed larger
restriction fragments than S. sobrinus
serotypes d/g strains in their chromo-
somal DNA fingerprint in 1995 (20).
This study supports our previous find-
ings that MS strains from unrelated
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Fig. 4. Dendrogram based on the AP-PCR profiles. The Dice coefficient was generated from
UPGMA clustering analysis based upon the comparison of the similarity matrices of all 30
strains.

individuals display distinctive DNA
fingerprint profiles. The uniqueness of
the DNA profiles aids in the study of
MS acquisition and transmission. These
studies lead us to the recognitions that
DNA fingerprints of MS strains gener-
ally fell into two distinct patterns.
CDF-1 consisted of a greater pro-
portion of larger DNA fragments and
more frequently occurred among MS
serotypes c/e/f strains. On the other
hand, CDF-2 consisted of smaller DNA
fragments and mostly occurred among
MS serotypes d/g strains. On the basis
of the statistical probability of GπC-

rich sequences, we attributed these ob-
servations to differences in GπC con-
tent between S. mutans and S. sobrinus.
Because HaeIII recognizes and cleaves
only the particular base sequence of
GG↓CC, the outcome of DNA restric-
tion fragments is dependent on the
GπC mol% of a particular bacterial ge-
nome. Theoretically, if these four bases
occur with equal frequency, the prob-
ability of the site occurring is ProbΩ
(1/4)4Ω1/256. Assuming the size of the
chromosomal DNA molecule of MS
equals 2.4¿106 and the GGCC se-
quence is random distributed. One

would expect to find this site, on the av-
erage, once in every stretch of 256 bp
on the molecule. Because S. mutans and
S. sobrinus differ in GπC content (38%
vs 46%), HaeIII cuts are less frequently
for S. mutans than for S. sobrinus. The
average fragment size for S. mutans can
be calculated as (0.38)4¿(2.4¿106 bp)/
4Ω191.8 bp. The average fragment
size for S. sobrinus can be calculated
as (0.46)4¿(2.4¿106 bp)/4Ω89.3 bp.
Therefore, one can expect that molecule
with high GπC of 42% to be cut by
HaeIII about twice more frequently
than that of GπC of 38%. Our CDF
patterns not only reflected the differ-
ences in GπC content between species
but also correctly predicted that
enzymes other than HaeIII, such
as HindIII (A↓AGCTT) or EcoRI
(G↓AATTC), failed to generate a read-
able fingerprint profile (data not
shown).

To further validate the difference in
MS genotypic characterization, we ran-
domly selected 10 prototypes and 20
clinical MS isolates for GπC content
analysis. Coykendall and other investi-
gators reported that mol% GπC was
36–38% for MS serotype c/e/f strains,
and 44–46% for d/g strains (7, 8, 30).
In our study, the mean Tm value
for serotypes c/e/f strains (reference
strainsπclinical isolates, nΩ18) was
69.6∫1.2, with a mol% GπC mean of
37.6∫3.0. The mean Tm value for sero-
types d/g strains (reference strainsπ
clinical isolates, nΩ9) was 73.1∫0.3,
with GπC mol% mean of 46.1∫0.8.
For three clinical MS strains, the chro-
mosomal DNA fingerprint belonging to
the CDF-2 group could not be classi-
fied within either serotype group. Their
Tm values (meanΩ72.8) and mol%
GπC (meanΩ46.2) were similar to
those of serotypes d/g strains as iden-
tified by the chromosomal DNA
fingerprint. The results from the present
study suggested that chromosomal
DNA fingerprint method is comparable
to GπC base analysis in differentiating
serotypes c/e/f strains (S. mutans) from
serotypes d/g strains (S. sobrinus) of
mutans streptococci.

Certain limitations exist in determin-
ing the presence and relative quantifi-
cation of S. mutans and S. sobrinus in
dental plaque. Different selective me-
dium such as MSB are known to selec-
tively suppress S. sobrinus relatively to
S. mutans. Phenotypic identification
methods such as sugar fermentation
tests may not be sufficient because the
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Fig. 5. Image report with molecular weight from AP-PCR generated by the Diversity Database (Bio-Rad Laboratories). All of the CDF-1
strains displayed a fragment sized 782 bp. All of the CDF-2 strains presented a fragment of 1070 bp.

systems are based on S. mutans ability
to produce acid from raffinose and mel-
ibiose, while S. sobrinus does not. In
our study, we used the Minitek system
and showed that 11% of the S. sobrinus
strains examined may have been incor-
rectly identified. A similar result was
obtained by other studies (11). Com-
pared with the gold standard of the
chromosomal DNA fingerprint, the
biotype presented 38.5% specificity and
88.2% sensitivity in differentiating the
two types of MS. Hence, S. mutans
strains could not always be dis-
tinguished from S. sobrinus strains by
biochemical tests alone.

In addition, the serotyping assay also
proved that all CDF-1 strains belong to
MS serotypes c/e/f group and that all
CDF-2 reference strains belong to MS
serotypes d/g group. Notice that 10% of
the clinical MS strains in the study
could not be classified into a serotype
group. It indicates that serotyping may
not be the best method to distinguish
the two species. In recent years, the use
of DNA-DNA hybridization, mono-
clonal antibodies or polyconal antisera
assays showed promising results in dif-
ferentiating S. mutans and S. sobrinus

(1, 2, 9). Nevertheless, they still depend
on conventional bacterial culture tech-
niques. A more reliable technique for
identification of MS is determination of
the DNA base composition. It has been
used as a benchmark method for bac-
teria speciation for three decades since
it was first described in 1962 (24). Its
limitation is that it is labor- and time-
intensive.

More recently, PCR and AP-PCR
have been widely applied in genotypic
characterization of many different bac-
terial species. We reported that AP-
PCR had the power to discern both
homogeneity and heterogeneity of MS
(19) among unrelated individuals. Re-
sults from the present study demon-
strated intensively that the agreement
between AP-PCR and chromosomal
DNA fingerprint in delineating S. mut-
ans from S. sobrinus was 100%, sug-
gesting that AP-PCR could be an alter-
native method for identification of MS
strains.

One problem with comparing DNA
fingerprint profiles is the lack of an ob-
jective analytical method. In the current
literature, UPGMA cluster is the most
commonly employed method. Unlike

the study of genomic structure or se-
quence evolution, DNA fingerprint pro-
file analyses are based not on the accu-
rate oligonucleotide sequence infor-
mation but on a fingerprint pattern. To
compare the fingerprint patterns of
bacterial strains among different indi-
viduals, the UPGMA clustering analy-
sis based upon similarity matrices is an
appropriate tree-construction algo-
rithm. In this study, we chose the Bio-
Rad Diversity Database to analyze our
data and to test our hypotheses.
Clearly, the program separated all 30
MS strains tested into two groups. In
addition, two interesting observations
were found that related to AP-PCR.
First, more bands and more diversity
were displayed within the CDF-1
strains than in the CDF-2 strains. It is
not clear how the GπC-rich primer
(OPA02, GπCΩ70%) could amplify
more fragments for strains with less
GπC content than for strains with
more GπC content. Second, all of the
CDF-1 strains, presumably S. mutans,
exclusively displayed a fragment sized
782 bp. All of the CDF-2 strains, pre-
sumably S. sobrinus, uniquely presented
a fragment of 1070 bp. It would be
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worthwhile to investigate what the mol-
ecular significance could be for these
two fragments. Information generated
from such a study could help further
development of species-specific probes
for identification of S. mutans and S.
sobrinus.

In summary, the most common
cariogenic bacteria related to dental
caries in humans are S. mutans and S.
sobrinus. Studies have shown that
young children with both S. mutans and
S. sobrinus in their saliva had signifi-
cantly more dental caries than those
with either S. mutans or S. sobrinus
alone (14, 17). In an animal model, it
has been suggested that S. sobrinus
could be more acidogenic than the
other species of MS (10). The preva-
lence and the level of S. mutans and S.
sobrinus have been used as biological
markers for caries prediction. However,
organisms that are genetically hetero-
geneous might present phenotypes that
are homogeneous, creating more con-
fusion and difficulty for bacterial
identification. This study demonstrated
that discrimination between the two
species was possible by means of the
chromosomal DNA fingerprint and
AP-PCR method. Relying on the less
variable genotype for identification of
organisms would inherently lead to
greater test stability and would yield
more accurate epidemiological infor-
mation.
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