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Using DNA subtractive hybridization, 49 unique gene segments were identified from a strain of Streptococcus
mutans that was isolated from a patient with severe early childhood caries (S-ECC). Further hybridization with
DNA from other S. mutans strains isolated from both caries-active and caries-free subjects yielded five unique
sequences of DNA common to strains associated with S-ECC.

Dental caries is one of the most common chronic childhood
diseases (19). The prevalence of early childhood caries ranges
from 0.8% to 72% (11). The major bacterial component asso-
ciated with dental caries has been attributed to mutans strep-
tococci, notably, Streptococcus mutans and S. sobrinus (4, 7,
13). Not all individuals colonized by mutans streptococci, how-
ever, manifest the disease (5). S. mutans strains may differ in
the propensity to cause disease (12) or virulence as a function
of the acquisition and expression of pathogenicity islands
(PAIs) or other genetic elements (6, 9). For example, some
strains of S. mutans express altered metabolic properties via
the presence of an insertion sequence upstream of the sucrose
hydrolase operon (14). The investigation of DNA loci associ-
ated with strains identified as virulent may enhance our under-
standing of why some children have the disease and others do
not (3, 4, 10, 14, 15).

Our approach to identify unique segments involves PCR-
based DNA suppressive subtractive hybridization (SSH). This
technique provides preferential enrichment of sequences that
differ between two or more strains of bacteria isolated from
patients with and without a particular disease (3, 18, 20). The
application of PCR-based SSH as an approach in identifying
genetic elements unique to S. mutans strains associated with
severe early childhood caries (S-ECC) is described in this
study.

The study included five S. mutans strains isolated from chil-
dren with or without S-ECC having a single genotype of S.
mutans. A putatively virulent strain of S. mutans, AF199 (a
tester strain), was isolated from the dental plaque of a 7-year-
old child from Central Africa with S-ECC (decayed, missing, or
filled teeth [dmft] = >14). Strain AF194 (a driver strain) was
isolated from a caries-free child who lived in the same village.
Two strains, BZ12 and CH19, were isolated from a 2.5-year-
old Brazilian boy (dmft = 20) and a 5.5-year-old Chinese boy
(dmft = 15), respectively. BZ18 was isolated from a 3-year-old
caries-free Brazilian boy. All S. mutans strains were isolated
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using mitis salivarius-bacitracin selective medium (8).
Genomic DNA was extracted using a genomic DNA extraction
kit (QIAGEN, Valencia, CA). The final concentration of DNA
was adjusted spectrophotometrically to 1 pg/pl.

DNA fragments present in AF199 (the target DNA of the
tester strain) but not in AF194 (the nontarget DNA of the
driver strain) were isolated using the PCR-Select bacterial
genome subtraction kit (Clontech Laboratories, Inc., Palo
Alto, CA). An overview of the study design is shown in Fig. 1.
Briefly, 2 pg of genomic DNA from each strain was digested
with Rsal. Tester DNA was subdivided into two portions and
ligated separately with adaptor I or II (provided by the man-
ufacturer). Two hybridizations were performed. Initially, an
excess of driver DNA was added to each adaptor-ligated tester
sample, heat denatured, and allowed to anneal. In a second
hybridization, the two primary hybridization samples were
mixed together without denaturing with an excess of freshly
denatured driver DNA. After the second hybridization, the
entire sample was subjected to a primary PCR (primer 1,
5'-CTAATACGACTCACTATAGGGC-3") and a secondary
PCR (nested primer 1, 5'-TCGAGCGGCCGCCCGGGCAG
GT-3’; nested primer 2R, 5'-AGCGTGGTCGCGGCCGAG
GT-3') to amplify the tester-specific sequences using the Ad-
vantage 2 polymerase mix (Clontech) and these PCR-amplified
fragments were cloned using a TOPO TA cloning kit (Invitro-
gen, San Diego, CA).

Purified plasmid DNA containing subtracted fragments were
sequenced by using the M13 universal primer. Sequencing re-
actions were conducted on an ABI model 377 DNA sequencer.
Sequencing was preformed in both directions, and the result-
ant sequences were aligned. Both nucleic acid and predicted
protein compositions were compared to those archived in Gen-
Bank using BLAST (National Center for Biotechnology Infor-
mation [NCBI]). Sequences were also analyzed for protein
coding regions via ORF finder (NCBI) (16).

Confirmatory hybridizations within and between strains
were performed using dot blotting to identify clones that con-
tained unique DNA. Selected clones containing subtracted
fragments (approximately 300 to 1,500 bp) were amplified by
PCR with nested primers 1 and 2R. The PCR products were
purified, arrayed (100 ng per spot) on multiple BrightStar-Plus
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Subtractive Hybridization

* Obtained ~300 clones
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Cloning

* 64 clones randomly selected
+ Size ranged from 0.3 to 1.2 Kb

!

Dot-blot Hybridization
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Sequencing Analysis

* 49 unique clones for AF199
compared to AF194

» 27 clones randomly selected

4

* 16 sequences no similarity

+ 8 sequences similarity with
other S. mutans

» 3 sequences similarity with
other bacteria

* 5 sequences presented in
all three ECC strains

* A2, A8, D7, G3, H7

FIG. 1. Overall study design for subtractive DNA hybridization. After the initial subtraction, 64 colonies were randomly selected for dot blot
hybridization against genomic DNA samples of S-ECC strains AF199, BZ12, and CH19, as well as caries-free strains AF194 and BZ15. Five
individual blots show different hybridization results. The five unique clones (A2, A8, D7, G3, and H7) were present in all S-ECC strains but absent
in caries-free strains. The GC content differed significantly from the species designated GC content of 36%.

nylon membranes (Ambion, Inc., Austin, TX), denatured by
adding NaOH to a final concentration of 100 mM, and then
neutralized with equal amount of 20X SSC buffer (1 SSC is
0.15 M NaCl plus 0.015 M sodium citrate). The samples were
hybridized with Rsal-digested, biotin-labeled (Ambion, Inc.)

genomic DNA using the AF199, AF194, BZ12, BZ18, or CH19
strain. The hybridization was performed in ULTRAhyb hy-
bridization buffer (Ambion, Inc.) at 42°C. Hybridized double-
stranded DNA was detected using a streptavidin-alkaline phos-
phatase conjugate (BrightStar detection kit; Ambion).



3510 NOTES

J. CLIN. MICROBIOL.

TABLE 1. Sequence analysis of gene fragments detected in S. mutans AF199

Subtracted Size BLASTX hit &

clone (bp) acCession 1. Organism E value” Predicted function or property
A2 493 Not detected

A3 506 AF207710 S. mutans CH43 —48 Structural gene for mutacin I

A5 350 None detected

A8 473 None detected

B3 509 None detected

C1 480 None detected

C5 380 NC_004350 S. mutans UA159 0 Putative transposase fragment
Co 1,486 AE015011 S. mutans UA159 0 Putative translation elongation factor P
C7 467 NC_004350 S. mutans UA159 0 Malolactic enzymes

C8 650 AE014944 S. mutans UA159 0 Putative transcriptional regulator
D2 706 None detected

D3 504 AF077024 S. mutans AF199 —145 Hypervariable region

D6 1,165 AE008400 S. pneumoniae R6 —44 Excinuclease ABC subunit A

D7 603 None detected

D8 525 None detected

ES8 354 AJ550464 Bacillus silvestris —166 Partial 16S rRNA gene

F2 417 None detected

F3 570 AE014878 S. mutans UA159 0 Conserved hypothetical protein
F5 710 None detected

F8 450 None detected

G1 391 None detected

G3 610 None detected

G5 575 None detected

G7 475 NC_004350 S. mutans UA159 —166 Putative hemolysin

H5 590 None detected

H7 690 None detected

HS8 523 NC_002945 Mycobacterium bovis AF2122/97 0 dTDP-rhamnose modification protein

“ E value represents the number of times this match or a better one would be expected to occur purely by chance in a search of the entire database.

The suppressive subtractive hybridization results are shown
in Fig. 1. More than 300 clones were obtained from the initial
subtractive hybridization of AF199. The fragment sizes ranged
from 0.3 kb to 1.2 kb. Sixty-four of the clones were randomly
selected for further analysis. Of these 64 clones, 49 were
unique for AF199 and 27 were sequenced. Sixteen clones had
no significant matches with known sequences in GenBank (Ta-
ble 1). Six clones resembled genes found in other strains of .
mutans, similar to the following functional genes: a putative
transposase fragment (C5), a putative translation elongation
factor (C6), a malolactic enzyme (C7), a putative transcrip-
tional regulator (C8), a hypothetical protein (F3), and a puta-
tive hemolysin (G7). The A3 clone contained a portion of the
structural gene for mutacin I (15). Another clone (D3)
matched the hypervariable region found in plasmid-containing
strains of S. mutans, including AF199 (21). These two loci
(plasmid and mutacin I) served as controls because AF199

contains both loci while the driver strain does not. Clones D6,
E8, and HS showed significant sequence similarity to excinucle-
ase ABC subunit A of S. pneumoniae, the partial 16S rRNA
gene of the soil bacterium Bacillus silvestris, and the rmlID gene
from Mycobacterium bovis, respectively.

Next, the 64 tester-specific DNA clones were hybridized
against the three S. mutans strains, two from S-ECC children
(BZ12 and CH19) and one from a caries-free child (BZ18).
The percentage of commonality of fragments with AF199 was
23% for CH19, 20% for BZ12, and 16% for BZ18. Five of the
64 clones were present in all three caries-active S. mutans
strains, whereas they were absent in caries-free strains (Table
2). The GC contents of individual fragments ranged from 38%
to 56% and had an average difference of 8.98% from the GC
content of UA159 sequences, which was 36.8% (Table 2). Four
fragments had GC contents of greater than 45%. Of these, two
had no significant hits to any GenBank submission based on

TABLE 2. Subtracted sequences present in AF199, BZ12, and CH19

Sul;;(r)elllzted (Sé;e) %GC D(;geéeé;ge Pr;:fd gtﬁgs%o‘ Similar protein or conserved domain
A2 493 38 1.2 3 Pseudomonas avirulence D protein
A8 423 423 5.5 4 Polyketide synthase COG3321
D7 493 43.6 6.8 4 None detected”

G3 460 56 19.2 3 TraQ protein (transposon, Bacteroides
fragilis YCHA46; P. gingivalis W83)
H7 653 49.1 12.3 5 None detected”

“ Differences were based on the GC content of UA159, which was 36.8% (2).
® NCBI OREF finder (16).
¢ No significant similarities to archived GenBank sequences.
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BLAST searches. The remaining three fragments had homol-
ogies to the protein sequences of organisms other than S.
mutans.

Two putative conserved domains of 107 amino acids for
Pseudomonas avirulence D protein (AvrD) and conserved do-
mains of 118 amino acids for polyketide synthase were de-
tected in clones A2 and AS, respectively (Table 2). Clone G3
exhibited similarity to the TraQ protein (transposon, Bacte-
roides fragilis YCH46; Porphyromonas gingivalis W83). Clones
D7 and H7 exhibited no significant similarities to other Gen-
Bank database entries. Sequence analysis of clones D7 and H7
indicated that there are four or five possible open reading
frames, respectively, but, no protein matches were found in the
existing database. It is possible that these unique gene frag-
ments may constitute a new class of proteins (10); however,
their direct role in caries processes is unknown.

The GC composition of fragments identified from AF199
indicates that these fragments may be part of PAIs or horizon-
tally transferred genes, as observed with known PAIs from
other organisms, which differ from the core genome in GC
composition, on average, by 8.7% (17).

Agron et al. (1) showed a 96% recovery rate of coding genes
using SSH and different restriction enzymes in two Helicobac-
ter pylori strains whose complete genomic sequences are
known. SSH examination of other putative pathogenic strains
should yield additional genetic loci associated with caries if,
indeed, strains differ in virulence by virtue of specifically ac-
quired genetic loci. Extension of the SSH approach should also
be able to identify the unique genetic loci within a total plaque
biofilm associated with caries, regardless of which organisms
harbor the segment. These genetic elements could be applied
in a microarray format, allowing a patient’s plaque sample to
be analyzed for the presence or absence of these indicators.
This, in turn, may provide valuable diagnostic tools in risk
assessment for this severe form of dental caries.

Nucleotide sequence accession numbers. The nucleotide se-
quences unique to AF199 and other cariogenic strains of S.
mutans were deposited in GenBank under accession numbers
DQ072007 and DQO072008.

This study was supported by NIH-NIDCR grant DE13937.
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