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¢ bstract A glucanhydrolase (a DXAMase exhibiting both
¢ :xtranolytic and amylolytic activities) from Lipomyces starkeyi
I SM 22 hydrolyzed polysaccharides having o-(1-3)-, o-
( —4)-, and a-(1—6)-D-glucosidic linkages. The oral hygiene
t :nefits of DXAMase-containing mouthwash were examined
i 1 relation to human experimental gingivitis during a 3-week
I 2riod without brushing. The DXAMase-treated group exhibited
¢ lower increase in plaque accumulation and gingival index
s core than the chlorhexidine-treated group. The DXAMase-
t eated group also showed less tongue accumulation, bad
t ste, and tooth staining, thus indicating a positive role for
1'XAMase as an antiplaque agent ingredient.
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] iental plaques, bacterial films that adhere to the tooth
s irfaces, are composed of closely packed bacteria and
1 oncellular materials [16]. Carbohydrates make up
¢ oproximately 20% of the dry weight for dental plaque. A
1 13jor polysaccharide component of some dental plaques is
« water-insoluble glucan or mutan. Microbes are able to
s ynthesize this sticky polymer that appears to be one of the
11gjor determinants of cariogenicity [12]. Structural studies
« [ extracellular glucans produced in vitro have shown that
{ 1ey contain mainly o-(1—3)-, o-(1—-4)-, and o-(1—-6)-D-
¢ lucosidic linkages {24, 27]. Thus, mutanolytic, amylolytic,
¢ ad dextranolytic activities are required for the efficient
1 :moval of dental plaque. The combined activities of a
¢ extranase and an amylase (DXAMase) from Lipomyces
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starkeyi KSM 22, a constitutive and DXAMase hyper-
producing strain, that is produced from starch fermentation,
have been found to inhibit or prevent dental plaque
formation [7]. In previous studies, we demonstrated that
DXAMase is an effective inhibitor of the glucan-mediated
aggregation of Streptococcus mutans and formation of
insoluble glucan. The sucrose-dependent adherence of
Streptococci to a glass surface was also significantly
reduced by adding DXAMase {7]. The DXAMase was
found to be stable with 0.29% (w/v) EDTA, 20% (v/v)
ethanol, 0.05% (w/v) fluoride, and 0.05% (w/v) SDS [7].
In mouthwash, DXAMase was able to partially remove
preformed films of glucan-bound S. mutans cells [7], and
the addition of 0.1 U/ml DXAMase in mouthwash prevented
the formation of insoluble-glucan [7]. The present report
describes the properties of a purified DXAMase that was
prepared from L. starkeyi as a dental plaque control agent,
along with its oral hygiene benefits in human experimental
gingivitis.

The L. starkeyi KSM 22 was maintained on a slant of
LW medium containing 1% (w/v) soluble starch and 0.05%
(w/v) 2-deoxy-D-glucose. The LW medium consisted of
0.3% (wlv) yeast extract and 0.3% (w/v) KH,PO,. The pH
of the medium was adjusted to 4.5 with HCI [7, 26]. The
DXAMase was produced in a 10-1 fermenter (Han-11 Co.,
Korea) with 8.0 1 of the LW medium containing 1% (w/v)
starch. The pH was maintained at 4.0 by adding 3.0 M
NaOH. The aeration rate, temperature, and stirring rate were
3.0 vvm, 28°C, and 250 rpm, respectively. The inoculum
was 1.5% (v/v) culture grown for 48 h in the LW medium
containing 1% (w/v) starch. One unit of dextranase or
amylase was defined as the amount of enzyme that
liberated 1 umole of isomaltose or maltose equivalents in
one minute at 37°C by using 2% (w/v) dextran or soluble
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starch (Sigma Chemical Co. S9765) as the enzyme substrate.
The reducing value was determined by following the copper-
bicinchoninate method [3]. Eight liters of the culture
supernatant was concentrated to 500 ml with a 50 K cut-
off microfiltration module (Pall, Japan). A DXAMase was
purified as reported previously with some modification [7].
A DEAE-Sepharose column (2.5 cmX25 cm) was prepared
and equilibrated with 20 mM potassium phosphate buffer
(pH 6.4). The 50K cut-off concentrate (1.5 ml-20 mg
protein/ml) was applied to the column, which was then
eluted with a linear NaCl gradient (O- 2.0 M) in the potassium
phosphate buffer. The active fractions were pooled and
concentrated by the isopropanol precipitation method. The
dextranase fractions from the DEAE-Sepharose column
were size-fractionated by Gel Permeation Chromatography
with a BIO-RAD A-0.5 m column (70 cmx2.6 cm) which
was prepared and equilibrated with 50 mM citrate phosphate
buffer (pH 5.5). Three ml of the DEAE-Sepharose concentrate
fraction was applied to this column (4 mg protein/ml). The
fractions exhibiting the activity were pooled.

The insoluble-glucan [93% o-(1—3)-glucosidic linkages,
and 7% «o-(1—>6)-linkages] was prepared by using
mutansucrase from S. mutans 6715 [7, 22]. The strain was
grown in 4 1 stirred batch cultures with pH maintained at
7.0. The culture medium was LW containing 2% (w/v)
glucose. After fermentation, the culture was harvested and
centrifuged. The supernatant (1 1) was mixed with 11 of
sucrose (200 mM) dissolved in 20 mM phosphate buffer
(pH 7.0). After the sucrose was exhausted, the remaining
insoluble material was collected by centrifugation, washed
with water (3 times), and titurated with acetone and ethanol.
The glucans were dissolved or suspended in citrate-
phosphate buffer (20 mM, pH 5.5) at 10 mg/m! concentration
for the soluble-glucans and 5 mg/ml for the insoluble-
glucans. Five IU of the enzyme was mixed with 1 ml of the
glucans at 37°C. The end products were identified after
48 h hydrolysis reactions [15, 20]. The samples were then
analyzed by a thin-layer chromatography. Aliquots (1 pl)
were placed on Whatman K5F TLC plates. The TLC plate
was developed at room temperature with nitromethane/1-
propanol/water, 2/5/1.5 (v/v/v) [5,6]. The compounds
were developed on the plate by dipping the plate into a
solution containing 3 g of N-(1-naphthyl) ethylenediamine
and 50 ml of concentrated H,SO, in 11 of methanol. The
quantitative determination of the hydrolysis product on the
TLC plate was achieved by scanning the plate with a Bio-
Rad Imaging Densitometer, model GS-670 (Bio-Rad
Laboratories, Hercules, CA, U.S.A.) [8, 11, 19, 21].

Dextranase and amylase are enzymes that hydrolyze the
o-(1—6)- and o-(1—-4)-glucosidic linkages, respectively,
in glucan, which is the main constituent of dental plaque as
a contaminant. Commercially, dextranase is produced by
either Penicillium sp. or Chaetomium sp. Both genera are
known to produce antibiotics and toxins [9, 10]. L. starkeyi

Table 1. Hydrolysis of polysaccharides using DXAMase.

Polysaccharides Percentage of hydrolysis®

Starch 94.8
Dextran 99.0
Mutan 89.3
Alternan 63.6

“Hydrolysis percentage was calculated as [Hydrolysis product/(Hydrolysis
product+residual substrate)}x100.

Each glucan was dissolved or suspended in a citrate-phosphate buffer
(20 mM, pH 5.5) at concentrations of 10 mg/ml for the soluble-glucans and
5 mg/ml for the insoluble-glucans. Five IU of the enzyme was mixed with
one ml of the glucans at 37°C. The end products were identified after 48 h
hydrolysis reactions. The samples were then analyzed by using a thin-layer
chromatography as described in the text.

also produces dextranase and/or amylase. In addition, the
mutant, L. starkeyi KSM 22, produces dextranase and
amylase (referred to as DXAMase for both activities) with
a high yield on starch [7]. Only one activity band was
exhibited on nondenaturing SDS-PAGE for both dextranase
and amylase, in which they are always co-purified [7, 23].
The purified DXAMase had the same molecular mass of
100 kDa with either nondenaturing or denaturing SDS-
PAGE (10%) [7, 23], and always showed both dextranase
and amylase activities. The purified DXAMase hydrolyzed
the polysaccharides including o-(1—3)-, o-(1—4)-, and
o-(1—-6)-D-glucoside linkages (Table 1). It hydrolyzed
94.8% of the soluble potato starch [containing o-(1—4)-
D-glucoside linkages] and 99% of the linear dextran [o-
(1-6)-D-glucoside linkages]. In the case of an insoluble
mutan [containing o-(1 —3)-D-glucoside linkages], it made
the insoluble glucan soluble and produced glucose. Alternan,
composed of alternating a-(1—3)- and o-(1—6)-glucosidic
linkages, was also hydrolyzed by approximately 63.6%. In
a model system using S. mutans, DXAMase was able to
inhibit or prevent plaque formation and partially remove
preformed plaque. Furthermore, it showed elevated activity
on insoluble glucans when compared to dextranase from P,
Juniculosum [7, 23]. Accordingly, since the structure of the
insoluble glucans produced by cariogenic oral streptococci
includes predominantly linear chains with o-(1-3)-, o-
(1—4)-, and a-(1—6)-glycosidic linkages [24], the above
hydrolysis characteristics are valuable as a dental plaque
control agent. DXAMase and P, funiculosum both extensively
hydrolyzed a linear dextran from L. mesenteroides B-
S12FMC. Water-insoluble glucans are somewhat resistant to
purified Penicillium dextranase, yet found to be susceptible
to o-(1—=3)-glucanohydrolases [2]. Degradation of S. mutans
insoluble glucan by DXAMase was 3.75-fold greater than
that produced by the dextranase from P. funiculosum [23].
A 3-week clinical trial was carried out in a double-blind
design to evaluate and compare the oral hygiene benefits
and side effects of DXAMase (1 U of dextranase activity
equivalent/ml) or 0.12% chlorhexidine-containing mouthwash.
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T dble 2. The experimental design used to determine the plaque and gingival indexes.

Pre-prophylaxis Baseline Week 1 Week 2 Week 3
GI, PI, TQHI, GI, PI, DCI, TQHI GI, PI GIL PI GI, PI, DCI
Professional TQHI
prophylaxis Professional
prophylaxis,
Toothbrushing

A breviations: GI, Gingival index by Loe and Silness; PI, Plaque index [[4]; TQHI, Turesky modified Quigley-Hein plaque index [24]; DCI, Discoloration

ir lex [14]; Pre-prophylaxis, two weeks before baseline examination.

2 total of 39 systematically healthy subjects with moderate
le vels of plaque participated in the clinical trial [25]; whole
n outh Turesky-Quigley-Hein plaque index score >1.5 and
g ngivitis [16]; whole mouth Loe-Silness gingival index
> 1.0. Two weeks after a professional prophylaxis, the
s bjects were provided with a specific mouthwash and
i structed to use 20 ml volumes for 30s, twice a day
v ithout brushing. The subjects were grouped according to
tl e mouthwash allocated (DXAMase-treated group, using
1 U of dextranase that is equivalent to activity/ml in
s «dium phosphate buffer at pH 7.0 and chlorhexidine-
tr zated group, using 0.12% of chlorhexidine digluconate).
£ t the baseline prior to the experiment, then after the first,
s cond, and the third week of the experiment, the subjects
v ere scored for plaque thickness by using the Silness and
L e plaque index, and for gingival inflammation by using
tl e Loe and Silness gingival index system [16]. Table 2
s ows the experimental design used to determine the
[ aque and gingival indices. The subjects were evaluated
f 1 the plaque area at the baseline, and after the 3-week
e .perimental period, for the Turesky modified Quigley-
I ein plaque index along with plaque severity index, and
f r tooth staining using the area and severity index system

Table 3. Changes of plaque and gingival score index or prevalence

[13]. The oral mucosa was also examined and every subject
was questioned regarding tongue accumulation, altered
taste, and other side effects. For comparison between the
baseline values and the post-experiment data for each
week among the groups, an ANOVA test was used.
Duncan grouping was performed on the differences for
each parameter among the groups and periods at a
probability level of 0.05.

DXAMase binds strongly to hydroxylapatite, thereby
raising the possibility that it can easily bind to teeth in the
mouth [23]. Accordingly, the current study determined the
oral hygiene benefits of DX AMase-containing mouthwash
for human experimental gingivitis over a 3-week period.

Chlorhexidine is antimicrobial agent against Gram-positive
and Gram-negative bacteria and yeast [4]. Plaque accumulation
increased significantly in all three groups in the first week
of the trial. Over a 3-week period, the DXAMase-treated
group exhibited lower plaque accumulation than the
chlorhexidine-treated (p<0.05) (Table 3).

After three weeks, both the chlorhexidine or DX AMase-
treated groups showed increases in plaque accumulation,
yet the DX AMase-treated group score was still lower than
the scores seen prior to professional prophylaxis and the

(%) of side effects during experimental period.

Group™
Score Chlorhexidine-treated DXAMase-treated
Pre-prophylaxis Baseline Week 3 Pre-prophylaxis Baseline Week 3
Plaque thickness® -t 0.137£0.011  0.76920.019 - 0.151+0.011  0.535+0.016
Plaque area’ 2.408+0.274 0.643+£0.023  1.969+0.042 2.275+0.179 0.609+£0.022  1.697+0.039
Gingival index” 1.344+0.070 0.167£0.008  0.694+0.042 1.278+0.071 0.171£0.061  0.442+0.013
) Tongue_ _ _ 444 +0.89 ~ _ 83 +0.580
revalence accumulation
%) of side Bad taste - - 13.8 =028 - - 2.8 #0.112
effects
Desquamation - - 16.6 =0.33 - - 55 +0.22
Discoloration’ - 8.369+0.688 15.877+0.487 - 8.538+0.784 12.569+0.765

retermined by using Silness and Loe plaque index.

hanges in gingival index score.

hanges in discoloration index score.
umber of subjects in each group was 13.
alues are expressed as Mean+SE.

. ot applicable.

hanges in plaque area score by using the Turesky modified Quigley-Hein plaque index.
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plaque area was smaller than that in the chlorhexidine-
treated group (p<0.05) (Table 3).

As for gingival inflammation, both groups showed a
significant increase during 1 to 3 weeks of the experiment.
The inflammation scores after 3 weeks of the treatment
were still lower than the pre-prophylaxis scores for both
groups. The DXAMase-treated group exhibited lower increase
in gingival inflammation, compared to the chlorhexidine-
treated group (p<0.05) (Table 3). In particular, the appearance
of gingival inflammation was much less in the DXAMase-
treated group than in the chlorhexidine-treated group during
the first and second weeks of the experiment (p<0.05).

The long-term use of chlorhexidine can cause certain
problems due to local side effects, including increased
staining of the teeth, restorations, or tongue and calculus
formation. Some patients have also reported inconvenience
due to bitter taste and dryness of the mouth [1]. In the current
study, tongue accumulation, bad taste, and desquamation
were less prevalent in the DXAMase-treated group compared
to the chlorhexidine-treated group (Table 3). Tooth stain
increased significantly in both DXAMase and chlorhexidine-
treated groups compared to the baseline. However, the stain
score for the DXAMase-treated group was still lower than
for the chlorhexidine-treated group (p>0.05) (Table 3).

Based on the above results, mouthrinsing with Lipomyces
starkeyi KFCC 11077 DXAMase was comparable to 0.12%
chlorhexidine mouthwash in regards to inhibition of plaque
accumulation and gingival inflammation. Local side effects
were, if any, less frequent and less intense in the DXAMase-
treated group than in the chlorhexidine-treated group.
Thus, all data provided positive benefits for the use of
DXAMase as an antiplaque agent, thereby suggesting
further development of DXAMase formulations for plaque
control. Recently, there has been considerable interest in
prebrushing rinses as agents to loosen plaque and facilitate
its mechanical removal [17], and DXAMase therefore may
perform such functions. In addition, DXAMase can be
produced in large amounts on a cheap carbon source,
starch [7]. Further studies are necessary to evaluate and
compare the effectiveness of prebrushing or postbrushing
with a DXAMase mouthrinse for plaque control.
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