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Antibacterial substance for mutans streptococci was obtained from dried Gloiopeltis furcata by
chromatographic separation. The substance was determined to be a mixture of free fatty acids (FFAs),
from the results of instrumental analyses. The FFAs obtained showed moderate antibacterial activity
against mutans streptococci, with minimal inhibitory concentration values between 25 and 50 yg/ml.
These FFAs also inhibited insoluble glucan production catalyzed by glucosyltransferase of Strepfococ-
cus sobrinus. Experiments carried out by using commercially available fatty acids indicated that unsatu-
rated fatty acids showed more potent inhibition against insoluble glucan production than saturated fat-

ty acids.
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Dental caries is a major infectious disease.” Causative
bacteria are mutans streptococci which relate to insoluble
glucan production from sucrose as well as induction of ca-
ries.? Adherent insoluble glucan forms dental plaque, a
causative matter of promotion of caries, with incorporat-
ing bacteria.””™ The plaque gives good conditions for
promoting caries such as localization of cariogenic bacter-
ia, anaerobic atmosphere, localization of organic acid pro-
duced by bacteria and barrier to saliva working as a buffer.
Production of adherent insoluble glucan is mediated with
glucosyltransferase (GTase) produced by cariogenic
bacteria.” Inhibition of insoluble glucan production by
GTase could decrease a risk of infecting dental caries.”

In attempts to find seafoods containing antibacterial sub-
stance against mutans streptococci, we have screened ex-
tracts of various seafoods (unpublished results). Among
them, the extract of dried Gloiopeltis furcata showed po-
tent antibacterial activity. In the present paper, we investi-
gated antibacterial substance against mutans streptococci
and inhibitor for insoluble glucan production mediated by
extracellular GTase from dried G. furcata.

Materials and Methods

General

'H and “C nuclear magnetic resonance (NMR) spectra
were recorded on a JEOL-JMN-FX90Q spectrometer. The
substance was dissolved in chloroform-d with tetramethyl-
silane as an internal standard. Gas chromatography (GC)
was recorded on a HITACHI 163 Gas Chromatograph
equipped with G-300 column (film thickness, 0.5 gm; i.d.
1.2 mm X length 40 m; Chemical Inspection and Testing In-
stitute, Japan). Condition of GC analysis was as follows:
column temperature, 200°C; injection temperature,
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250°C; carrier gas, He; detection, FID. Turbidity caused
by insoluble glucan was measured with a HITACHI
UV2000 Spectrophotometer at 550 nm. Fatty acids, 14:0,
16:0, 20:0, 16:1, 18:3n-3, 18:3n-6, and 20:4n-6, were pur-
chased from Doosan Serdary Research Laboratories
(Englewood Criffs, USA). Fatty acids 18:0 and (— )-epigal-
locatechin gallate were obtained from Wako Pure Chemi-
cal Industries, Ltd. (Osaka, Japan), 18:1 from Sigma
Chemical Company (St. Louis, USA), and 18:2n-6 from
Idemitsu Petrochemical Co., Ltd. (Tokyo, Japan). Fatty
acid 20:5n-3 was a generous gift from Nippon Chemical
Feed Co., Ltd. (Hakodate, Japan). A GLC-standard mix-
ture of fatty acid methyl esters (GLC-68A) was obtained
from Nu-Chek-Prep, Inc. (Elysian, USA).

Microbes

Cariogenic mutans streptococci employed in this study
were Streptococcus mutans JCM 5175, S. mutans JCM
5176, S. mutans JCM 5705 obtained from Japan Collec-
tion of Microorganisms, the Institute of Physical and
Chemical Research (RIKEN). S. sobrinus GIFU 8819 and
S. rattus GIFU 8641 were obtained from Laboratory of
Microbiology, School of Medicine, Gifu University. A
non-cariogenic bacterium S. salivarius subsp. salivarius
JCM 5707 was obtained from Japan Collection of Microor-
ganisms, the Institute of Physical and Chemical Research
(RIKEN). Streptococcus spp. were individually inoculated
into brain heart infusion (BHI, 3.7 g/!, Difco Laborato-
ries, Detroit, USA) broth and cultured at 37°C for 24 h.
The culture suspension was transferred into vials in which
beads were placed using sterilized pipettes. When bacteria
adhered to beads, remaining suspension was sucked up
from the vials. The beads in the vials were frozen in a
deep-freezer at —75°C until use. Before assay, a bead was
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added into BHI broth (10 m/). The bacteria were preincu-
bated at 37°C for 24 h.

Paper Disk Method for Screening of Antibacterial Sub-
stance

A paper disk method was used for primary screening
and separation of antibiotics. This was done by a modified
method of Namba et a/.” A BHI agar (BHI, 0.185 g/20
m/; agar, 1.2%) plate was prepared in a Petri dish (i.d. 9
cm). Precultured bacterial suspension (0.25 m/) was added
onto the plate and then spread. A paper disk (thick, ¢8
mm, Toyo Roshi Kaisha, Ltd., Tokyo, Japan) individual-
ly impregnated with a test sample was placed on the agar
plate. The Petri dish was kept under anaerobic atmosphere
at 37°C for 24 or 48 h. Diameter of the inhibitory zone
around the paper disk was measured in duplicate tests.

Extraction and Separation of Antibacterial Substance

Dried G. furcata (141 g dry wt) was purchased from a
grocery store in Hakodate in May 1996, ground with a
mill, and then extracted with acetone at room temperature
for a week. Extracted solution was filtered and evaporated
under reduced pressure to give the primary extract. The
residue was re-extracted with 80% acetone for a week to
give the secondary extract. The primary and the secondary
extracts were combined to make crude extracts (15.6 g).
Then the extracts were partitioned between n-hexane and
90% methanol. The n-hexane-soluble fraction (1.40 g)
thus obtained showed antibacterial activity. Through an-
tibacterial activity-guided fractionation, the fraction was
separated into antibacterial substance (0.56 g) by silica gel
column chromatography followed by thin-layer chro-
matography (TLC). A comparison of the antibacterial sub-
stance with commercially available 18:1 was carried out by
analytical silica gel TLC developed with hexane-diethyl
ether-acetic acid (75:25:1).

Agar Dilution Method for Quantifying Inhibitory Activity
of the Antibacterial Substance

The agar dilution method was performed by a modified
method of Ouattara et al.” Just in brief, test sample (30
mg) dissolved in dimethyl sulfoxide (DMSO, 6 m/) was
filtered through a 0.2 um-membrane filter. The filtrate thus
obtained (5000 ug/m/) was added into sterilized 5 m/-vial,
and successively diluted with DMSO at concentrations of
2500, 1250, and 625 ug/ml into separate sterilized 5
m/-vials. BHI agar media (14.7 m/) were pipetted into 20
m/-vials, autoclaved, then kept at 60°C. The test sample so-
lution (0.3 m/) was added into each vial and mixed thor-
oughly. The mixtures were applied into sterile 3 cm-Petri
dishes and left to solidify. One platinum loop of precul-
tured bacterial suspension was inoculated onto the agar
and spread. The bacteria were cultured under anaerobic
condition at 37°C for 24 h. Each test was performed in
triplicate measurements. Minimal inhibitory concentra-
tion (MIC) was determined by judging colonies visually on
the agar plate.

Preparation of Crude GTase Solution from S. sobrinus®

Precultured S. sobrinus suspension (1 m/) was trans-
ferred into BHI broth (300 m/ % 4) in culture flasks then in-
cubated at 37°C for 24 h. The suspension was centrifuged

at 12000xg (4°C) for 20 min. The supernatant wag
brought to 60% saturation with ammonium sulfate and
then standed overnight. The suspension thus obtained wag
centrifuged at 30000 X g (4°C) for 20 min. The precipitate
was dissolved in 50 mM potassium phosphate buffer (pH
6.5). This solution was dialyzed twice against 50 mm potas-
sium phosphate buffer (pH 6.5). Finally, it was centrifuged
at 30000 x g (4°C) for 20 min to give a crude GTase soly-
tion.

Inhibition Assay for insoluble giucan production by Free
Fatty Acids (FFAs)

The Assay of GTase activity was done by a modified
method of Osawa ef al.9 The substrate solution, 2.5% sy-
crose in 50 mM phosphate buffer (pH 6.5, 0.4 m/) and ali-
quots of FFA (5000, 1670, 556, 185, and 61.7 um) in
DMSO (0.1 m/) were mixed in a test tube. Saturated fatty
acids (14:0, 16:0, and 20:0) in DMSO were sonicated unti]
homogeneous suspension. Then crude GTase solution
(0.5 m/) was added into this substrate solution. The mix-
ture was incubated at 37°C for 24 h in the test tube kept at
an angle of 30° to the horizontal. Insoluble glucan ad-
hered to the glass surface of the test tube was gently
washed and dispersed by sonication in 4.0 m/ H,O. The
amount of adhered insoluble glucan was measured by tur-
bidimetry at 550 nm using a spectrophotometer. The per-
centage of insoluble glucan production was calculated in
comparison with turbidity in the absence of the test com-
pound as a control. Each test was performed in quadrupli-
cate measurements. ICs, values were determined by inhibi-
tion-log (FFA concentration) plot analysis.

Results

Identification and Antibacterial Activity of the Antibacteri-
al Substance

The yield of the antibacterial substance was about 0.4%
of the dried alga. The substance was determined to bear
carboxyl group because of a positive response in a
bromocresol green test. The data of 'H and *C NMR spec-
tra of the antimicrobial substance showed characteristics
of FFAs."® From these results and also from the R, value
coinciding with that of commercially available FFA stan-
dard (18:1) on TLC, the antibacterial substance was deter-
mined to be a mixture of FFAs. The GC analysis of the an-
tibacterial substance disclosed that major fatty acid was
20:5n-3, and unsaturated fatty acids comprised high
proportion among all fatty acids (Table 1). The MIC
values of the FFA mixture obtained were 25 to 50 ug/ml
against Streptococcus spp. (Table 2). The antibacterial ac-
tivity was almost comparable among the six strains exam-
ined of Streptococcus spp.

Effect of FFAs on GTase Activity

Inhibitory activity of FFA mixture of G. furcata was de-
termined against insoluble glucan production mediated by
GTase from S. sobrinus. The mixture inhibited insoluble
glucan production by 61.6% and 13.4% at concentrations
of 100 and 10 ug/m/, respectively, while they showed no in-
hibition at a concentration of 1 ug/ml. Inhibitory activity
of each standard fatty acid demonstrated that saturated
fatty acids, such as 14:0, 16:0, and 20:0, had a weak or 0o
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Table 1. Fatty acid composition of the antibacterial substance
Fatty acid (%)
16:0 15.9
16:1 3.2
18:1 7.5
18:2 1.6
18:3 0.7
20:0 1.4
20:3 0.9
20:4 2.3
20:5 66.4

Table 2. Minimal inhibitory concentration (MIC) values of the an-
tibacterial substance against Streptococcus spp.

Strain MIC (ug/ml)
S. mutans JCM 5705 50
S. mutans JCM 5175 50
S. mutans JCM 5176 25
S. rattus 50
S. sobrinus 25
S. salivarius subsp. salivarius 50
Table 3. ICs, values of free fatty acids against insoluble glucan

production by Streptococcus sobrinus glicosyltranserase

Fatty acid 1Cso (um)
14:0 275
16:0 >500
20:0 320
16:1 75
18:1 45
18:2 50

18:3 n-3 85
18:3 n-6 85
20:4 40
20:5 85
(—)-EGCG* >500

* (—)-Epigallocatechin gallate was employed as a known glucosyltransferase inhi-
bitor obtained as food components.

inhibitory effect on GTase activity, while that of unsaturat-
ed fatty acids were notably high, giving ICs, values be-
tween 45 and 85 uM (Table 3). A well known GTase inhibi-
tor, (—)-epigallocatechin gallate (EGCG),>'? from green
tea showed weak inhibition against insoluble glucan syn-
thesis at a concentration of 500 uM under the same condi-
tion above.

Discussion

The antibacterial substance in an edible dried G. furcata
against mutans streptococci was disclosed to be a mixture
of FFAs. FFAs are known to have antimicrobial activity
against various microorganisms.>'"" In general, the an-
tibacterial activity of FFAs is greater toward Gram-posi-
tive bacteria than Gram-negative bacteria.'® Mutans strep-
tococci could have high susceptibility to antibacterial
properties of FFAs since they are Gram-positive bacteria.
Most unsaturated fatty acids showed potent antibacterial
activity while most of saturated fatty acids showed no or

weak antibacterial activity against S. mutans, as demon-
strated by Hattori er al.'V The antibacterial activity of the
FFA mixture in this study would be dependent on high
proportion of unsaturated fatty acids. The possible
mechanism of antibacterial action by unsaturated fatty
acids might be attributed either to an alteration of cell
membrane properties or to generation of free radi-
cals.!M1&1819 At any rate, the true mechanism is not fully un- -
derstood.

FFAs also showed inhibitory activity for insoluble glu-
can production. To the best of our knowledge, inhibition
of GTase by FFAs has not been reported before. They
show considerable multifunctional properties for dental ca-
ries prevention like the methanolic extracts of traditional
medicines used in Sri Lanka®® and macrocarpals from the
leaves of Eucalyptus globulus.® Inhibitory potencies on in-
soluble glucan production by GTase were examined for
the individual FFAs. Unsaturated fatty acids showed more
potent inhibition against GTase reaction than saturated
fatty acids. Although it is not clear, the nature of the fatty
acids, especially the dispersibility against buffer solution
might be one reason for this. Insoluble glucan catalyzed by
GTase of Streptococcus spp. contains predominantly
a(1-3) and «(1—6) linkages,” while glucan catalyzed by
(1,3)-B-glucan synthase of yeast Saccharomyces cerevisiae
contains a f#(1—3) linkage.?” Ko ef al.? revealed that FFA
inhibited yeast (1,3)-8-glucan synthase most effectively
among the lipid class examined. ICs, values against yeast
(1,3)-B-glucan synthase were almost comparable among
the FFAs.? From their report?® and our results, we bear
out that fatty acid has an inhibitory potency against vari-
ous glucan production. But the inhibitory mechanisms are
not well understood.

A mixture of FFAs, showing both antibacterial activity
against mutans streptococci and inhibition of insoluble glu-
can production by GTase, was obtained from an edible
dried alga in this study. Chlorhexidine is well known as an
antibacterial agent against mutans streptococci.”?
Tsuchiya ef al.” reported that MIC values of chlorhexi-
dine for S. mutans, S. sobrinus, and S. rattus varied in the
range from 3.13 to 6.25 ug/ml. Although antibacterial
potency of the FFA mixture is lower than that of chlorhexi-
dine, the moderate antibacterial potency of FFAs would
be sufficient to prevent dental caries without undesirable
side effects, because of large intake of FFAs as food com-
ponents. Inhibitory potency of FFAs for insoluble glucan
production was similar to that of glycyrrhizin® as a
known inhibitor and higher than that of other food compo-
nents such as tea polyphenols.>!? It is conceivable that
FFAs, food components, have an effect on prevention of
dental caries. It appears to be great to explore the poten-
tials of these kinds of foods for the antibacterial activity
against mutans streptococci and also the inhibition of in-
soluble glucan production by GTase.
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