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Abstract To isolate mutanase-producing bacteria, soil samples
were collected from several areas in Chonnam Province,
South Korea. A total of 70 strains of actinomycetes were
isolated from the soil samples. All isolated actinomycetes
were inoculated on mutanase screening media to identify new
bacterial strains producing mutanase activity. One strain :in
particular exhibited a strong mutanase-producing activity, and
was identified as Microbispora rosea based on its morphological,
cultural, and physiological characteristics, and also by 16S
rDNA sequences.
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It has already been established that bacterial plaque is the
main etiological factor in dental caries and inflammatory
periodontal diseases [20, 31]. Human dental plaques are
composed of closely packed bacteria and noncellular matrix
material [19]. A dental plaque matrix contains polysaccharides
of which glucans, including in the adherence and colonization
of a large proportion of o-1,3 linkages, seem to play a
significant role for oral bacteria on tooth surfaces [5].

. Cariogenic mutans streptococci produce extracellular water-
ingoluble (mutan) and water-soluble (dextran) glucans from
sucrose through the action of glucosyltransferases [5]. Water-
insoluble glucan is highly adherent, promotes the film adherence
and accumulation of microorganisms on tooth: surfaces
[37], and possesses a branched structure containing a high
proportion of &-1,3 as well as a-1,6 linkages [37]. Several
preparations of a-1,6-D-glucanase (dextranase) and 0--1,3-
D-glucanase (mutanase) have been tested for their ability
to inhibit the formation of dental plaque and prevent dental
caries or periodontitis in animals and humans [8-10, 14, 23].
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The breakdown of the plaque matrix would presumably
result in the dispersion and removal of the plaque. The
enzymatic destruction of plaques using dextranase has
already been attempted, yet dextranase treatment has failed
to demonstrate a significant effect on the prevention of
plaque formation in humans [24]. Dextranase-producing
microorganisms appear to be abundant in samples ofdental
plaques. Oral bacteria capable of demonstrating dextranase
activity include many streptococci [32], Actinomyces israelii
[33], and Bacteroides ochraceus [34]. Furthermore, a variety -
of microorganisms, belonging to the genera Trichoderma
(71, Aspergillus [39], Streptomyces [1], Flavobacterium
[2], and Actinomycetes [18], produce cell-bound as well as
cell-free hydrolases active against o-1,3-glucans. Some of
these enzymes have been purified, and their substrate
specificities and modes of action identified. These enzyme
preparations may provide a useful tool for eliminating dental
plaques, thereby preventing the initiation of dental caries.

The current study isolated a bacterial strainifrom soil
microorganisms :that produce mutanase. Based on the
morphological, cultural, and physiological characteristics
and 16S rDNA sequences, the strain was, 1dent1ﬁed as
Microbispora rosea. ;

MATERIALS AND METHODS

Isolation of Mutanase-Producing Bacteria .

Soil samples collected from several sites in Chonnam
Province, Korea, were dispersed in sterile water and spread
onto actinomycetes isolation agar plates. The plates were
incubated at 27°C for 10-15 days, and the resulting colonies
isolated. The isolates were transferred every month onto
the slope of a Bennett’s agar medium (Difco Lab, Detroit,
MI, U.S.A)) and kept in a refrigerator. To identify those
strains producing mutanase, the isolates were inoculated
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Fig. 1. Clear zone detected around microorganisms producing
mutanase on mutanase screening medium.

on mutanase screening media and incubated at 27°C for 5-
7 days. The mutanase-producing strains displayed clear zones
around each colony, resulting from mutan-hydrolyzing
activity (Fig. 1).

Media

The mutan and blue mutan for the mutanase screening
medium were prepared by the methods of Takehara ef al.
[36] and Yang and Chung [38]. The mutanase screening
medium was made of a minimal essential agar containing
0.5% ammonium sulfate, 0.05% K,HPO,, 0.03% KOH, 0.02%
MgSO, - 7TH,0, 0.001% FeSO, - 7TH,0, 0.0001% glucose,
and 1.5% agar, and overlaid with a 0.6% agar containing
blue mutan.

Morphology

The morphological characteristics of the isolate were observed
under a light microscope. In addition, the mycelia were
grown for 14 days on an ISP2 agar for examination by
scanning electron microscopy. The specimens for electron
microscopy were prepared by the method of Itoh et al
[12].

Cultural and Physiological Characteristics

To determine the cultural characteristics, the isolated strains
were cultured on an ISP medium (Difco Lab, Detroit,
MI, U.S.A)) and Bennett’s agar medium for 7, 14, or 21
days. After each incubation period, the growth status,
aerial mycelium color, reverse color, and production of
soluble pigment were recorded [6]. Analysis of cell wall
was performed using the method of Lechevalier and
Lechevalier [17]. Diaminopimelic acid in the cell wall
peptidoglycan was detected by cellulose TLC. The temperature
range for growth was observed on an agar medium

containing 1% starch, 0.2% yeast extract, and 2% agar
(pH 7.0). The method by Shirling and Gottlieb [27] was
applied to assess optimal temperature for growth and to
determine whether carbohydrates were utilized as the sole
carbon source.

16S rDNA Sequencing

Chromosomal DNA extraction: The extraction of
chromosomal DNA from an isolated strain was carried out
as described previously [30]. Two-hundred mi of the
culture was harvested, resuspended in 0.3ml of a TE
buffer (10 mM Tris-Cl, 1 mM EDTA, pH 7.5), incubated
at 65°C for 20 min, and added to a mixture of lysozyme-
mutanolysin (40 mg/ml lysozyme, 200 U/ml mutanolysin)
for 1h at 37°C prior to the addition of 10% sodium
dodecyl sulfate and proteinase K (20 mg/ml). The mixture
was added to a CTAB (hexadecyltrimethyl ammonium
bromide)/NaCl solution, incubated for 10 min at 65°C, and
extracted with an equal volume of phenol/chloroform/
isoamyl alcohol (25:24:1) mixture. The crude DNA fraction
was recovered using a 0.6-fold volume of isopropanol. The
precipitated DNA was washed, dried, and resuspended in
the TE buffer.

PCR amplification of 16S rDNA and cloning of amplified
16S rDNA: The 16S rDNAs were amplified from the
chromosomal DNA, as prepared above, using a PCR. The
oligonucleotide primers for PCR amplification were designed
to include sequences of a region known to be highly
conserved between species [15, 26]. The sequences of the
PCR primers used were 5-AGAGTTTGATCCTGGCTC-
AG-3' (nucleotide positions 8 to 27 of the Escherichia coli
16S rRNA gene) and 5-TACGG(C/T)TACCTTGTTAC-
ACTT-3' (nucleotide positions 1,492 to 1,513 of the
Escherichia coli 16S rRNA gene). The PCR reaction was
performed using a thermal cycler (Perkin-Elmer 480) for
35 cycles. The amplification program was as follows:
denaturation at 94°C for 1 min, primer annealing at 60°C for
1 min, and extension at 72°C for 2 min. The amplified PCR
product was recovered, purified using a GENECLEAN kit
(Biol01), and ligated to a TA cloning vector (Invitrogen).
After transformation and selection in ampicillin, the plasmid
DNA was isolated and purified from cultures of the
ampicillin-resistant colonies.

Sequencing of double-stranded 16S rDNA and
phylogenetic analysis: The isolated plasmid DNA was
sequenced with an automatic DNA sequencer (ABI 310,
Perkin-Elmer) using the primers T7 and M13 reverse. The
168 rDNA sequences were manually aligned with selected
sequences (Fig. 4) obtained from the Ribosomal Database
Project release 4 [16]. A phylogenetic tree was constructed
using the neighbor-joining method [13,25]. In order to
determine the stability of the resultant phylogenetic tree,
the sequence data were repeatedly sampled 1,000 times for
a bootstrap analysis [4].
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Fig. 2. Light micrograph of spore chains of Microbispora rosea
on ISP2 agar incubated at 28°C for 2 weeks (x400).
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Fig. 3. Scanning electron micrograph of spore chains of
Microbispora rosea on ISP2 agar incubated at 37°C for 2 weeks
(x57,000).

RESULTS
Isolation of Mutanase-Producing Strain

To isolate strains producing mutan hydrolytic activity, soils
from the Chonnam Province area were collected. The soil

Table 1. Cultural characteristics of isolated strain (OJ-05).

Table 2. Physiological characteristics of isolated strain (OJ-05).

Diaminopimelic acid

General ‘
Liquefaction of gelatin Negative
Peptonization of milk Negative
Reduction of nitrate Positive
Hydrolysis of starch Negative
Hydrolysis of skim milk Positive

Cell chemistry

Meso-isomers

Menaquinones MK-9(H4)
Phospholipids Containing glucosamine
Growth temperature
Growth range 20-40°C
Optimal growth 37°C
Carbohydrate utilization
D-Glucose +
L-Arabinose +
D-Xylose +/-
Inositol -
D-Mannitol +/=
D-Fructose +-
L-Rhamnose o+
Sucrose +/-
Raffinose -
D-Galactose -
Cellobiose -
Cellulose -
Inulin +
Melibiose -

*+, utilized; +/ -, doubtful; —, not utilized.

bacteria were isolated from the collected samples and the
isolates screened on a blue mutan agar for their ability to
create a clear zone. Among the 70 strains isolated, one
strain named OJ-05 displayed a clear zone on the blue
mutan media (Fig. 1). After selecting this strain, common
procedures for identification were taken following Bergey s
Manual of Systemic Bacteriology.

Morphological Observations

Morphological observation of the isolate cultured for 28
days on an ISP2 agar under light and electron microscopes
showed two spores per chain (Figs. 2 and 3). The spores of

Reverse color

Media Growth® Aerial mycelium

Yeast extract-malt extract (ISP No. 2) ++ Poor Yellowish pink
Oatmeal agar (ISP No. 3) ++ Moderate (Pinkish white) Yellowish pink
Inorganic salts-starch agar (ISP No. 4) + Moderate (Pale yellow) Pinkish yellow
Glycerol-asparagine agar (ISP No. 5) - Poor Pale yellow
Peptone-yeast extract-iron agar (ISP No. 6) - Poor Pale yellow
Tyrosine agar (ISP No. 7) - Poor Pale yellow
Glucose-asparagine agar ++ Moderate (Pinkish yellow) Yellowish pink
Bennett’s agar ++ Moderate (Pinkish yellow)

“++, good growth; +, growth; - no growth.

Yellowish pink
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the isolate were spherical (1.2—1.6 um in diameter) and
nonmotile. The surface of the spores was smooth.

Cultural and Physiological Characteristics
The cultural characteristics of the isolate are shown in
Table 1. The isolate exhibited good growth on the ISP No.

2, 3, and 4 media, glucose-asparagine agar, and Bennett’s
agar, and produced yellow to pink colonies on most of the
media tested. Aerial mycelia were formed on the ISP Nos.
3 and 4 media, glucose-asparagine agar, and Bennett’s
agar. The appearance of the colonies of the isolate was a
pinkish aerial mass, but no soluble pigment was produced.

Plan spora paronlospora

Planobispora longispora

e Slreptosporangium viridialbum

Streptosp: il iol 2

Streptosporangium longisporum

Streptosporangium rosewn

Straprosporangium nondiastaticum
Streptosporangium fragile

Microtetraspora angiospora

Microterraspora helvata

Microtetraspora spiralis

Microtetraspora fastidiosa

Herbidospora cretacea

E Microtetraspora glauca
Microtetraspora fusco

Strain 0)-08

Actinomadura madurae

0.01 Knuc

Micr pora ferruginea

L———- Microtetraspora gfricana

Microbispora rosea subsp. rosea (Mb. amethystogenes)
Microbispora rosea subsp. rosea (Mb. rosea)

Microbispora rosea subsp. rosea (Mb. parva)

. Microbispora rosea subsp, rosea (Mb. chromogenes)
L Microbispora rosea subsp. rosea (Mb. diassatica)
Microbispora rosea subsp. aerata (Mb. thermorosea)
r Microbispora rosea subsp. aerata (Mb. thermodiasiarica)
Microbispora rasea subsp. azrata (Mb. aerata)

Acrinomadura luteofluorescens

Fig. 4. Rooted tree showing phylogenetic positions of OJ-05, representatives of family Streptosporangiaceae, and two Actinomadura

species as outgroup actinomycetes, based on 16S rDNA sequences.
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The results of the analyses of the physiological
characteristics are summarized in Table 2. The isolate was
able to reduce nitrate and to hydrolyze skim milk. However,
it could not liquefy gelatin, peptonize milk, or hydrolyze
starch. The TLC analysis of the cell wall revealed that
most of the diaminopimelic acid (DAP) was in the form of
meso-isomers. The isolate contained MK-9(H4) as the
predominant menaquinones along with glucosamine-containing
phospholipids. The growth permissive temperature was between
20 and 40°C. As regards to the ability of carbohydrate utilization,
the isolate could utilize glucose, arabinose, thamnose, galactose,
and inulin, yet not inositol, raffinose, cellobiose, and cellulose.

Phylogenetic Analyses (or 16S rRNA Gene Sequences)
The near complete 16S rDNA gene sequences of the
isolate was consisted of 1,476 nucleotides. The result of
the phylogenetic analysis of the isolate and some strains of
the Streptosporangiaceae family are shown in Fig. 4. The
16S rDNA sequences of the isolated strain OJ-05 showed
nearly identical sequence (97.7—99.6%) identity with those
of Microbispora rosea (Table 3).

Accordingly, based on the morphological, cultural, and
physiological characteristics, in addition to the 16S rDNA
gene sequences, the mutanase-producing strain was identified
as Microbispora rosea.

DISCUSSION

The cariogenic mutans streptococci secrete insoluble glucans
in which the 1,3-linked glucose chain is predominant.
Insoluble extracellular glucans have also been identified as
an etiologic factor for dental plaque-induced oral diseases,
such as dental caries and periodontal diseases. Efforts have
been made to identify a mutan-hydrolyzing enzyme (mutanase)
as a chemical method, rather than mechanical means, for
dissolving insoluble glucans. A few mutanase-producing
strains such as Trichoderma harzianum and Pseudomonas
have been reported [7, 28]. Most of the studies reported to
date have shown the efficacy of mutanases to reduce dental
caries in rodents [7, 28-29]. Inoue ef al. [11] showed that
Pseudomonas mutanase also inhibits the formation of
dental plaques in humans. Therefore, to find new bacterial
strains producing mutanase activity, we have screened
microorganisms from soil samples collected in the Chonnam
province of Korea and identified a strain belonging to the
Microbispora genus.

Nonomura and Ohara [22] described the genus Microbispora
as an actinomycete that produces paired spores on aerial
hyphae. Microbipora rosea exhibits aerial mycelia which
was initially white and then become pale pink with the
formation of spores on an oatmeal-yeast extract agar.
Strain OJ-05 isolated in the present study also displayed
the characteristic pinkish color of aerial mycelia (Table 2). The

isolate also showed the typical morphological characteristics
of Microbispora rosea; smooth spores and a pinkish aerial
mass. The genus Microbispora can be separated into two
groups based on the temperature range for growth [21];
either mesophilic or thermophilic (growth permissive at
55°C). The Microbispora strain OJ-O5 grew well between
20-40°C and the optimal growth temperature was 37°C.
Most species of the genus Microbispora are characterized
by smooth-surfaced spores (smooth-spored species). As
shown in Fig. 3, the strain isolated in the current study also
exhibited smooth-surfaced spores. In some species of
Microbispora the number of spores per chain is three,
whereas smooth-spored species never have three spores
per chain. The isolated strain OJ-05 had two spores per
chain (Figs. 2 and 3). \

The analysis of 16S tDNA sequences is well-accepted for
studying the evolutionary relationships among microorganisms.
This phylogenetic method has also been used successfully
to resolve relationships among microorganisms at virtually
all taxonomic levels [3, 35]. Therefore, the sequencing of
the 16S rDNA of the isolated strain was also performed in
the current study. The result of comparing the 16S 1DNA
sequences of strain OJ-05 with those of other species led to
identifying the isolate as Microbispora rosea.

Despite the extensive development of dentistry, the major
dental diseases, dental caries and periodontal diseases,
still occur frequently. Recently, prevention rather than the
treatment of diseases is being emphasized, therefore, methods
to prevent diseases by removing etiological factors are being
sought. To prevent dental caries and periodontal diseases, a
variety of research on inhibiting dental plaque formation
and dissolving already-formed plaques has been performed.
Early efforts to regulate plaques using dextranase, based
on the concept that the major component of dental plaques
is dextran composed of dominant o-1,6-linked glucose
chains, did not result in significant effects. Later, the
focus of research extended to mutanase that can destroy
insoluble mutan, since evidence was accumulated for the
notion that mutan, in which o-1,3-linked glucose chains are
dominant, is the major component of a dental plaque matrix.

In this study, a Microbispora rosea strain isolated from
soil microorganisms exhibited a mutanase activity. The
protein responsible for the mutanase was purified from a
culture medium of the isolated strain (data not shown) and
the characterization of the purified mutanase protein is
currently underway. This protein may be applicable in the
future to control dental plaques.
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