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STUDIES ON THE STRUCTURE OF POLYSACCHARIDES (GLUCANS AND FRUCTANS)
PRODUCED BY CARIOGENIC STREPTOCOCCI AND ON AN ENZYME HYDROLYZING
THE INSOLUBLE GLUCAN. I. STRUCTURAL STUDIES OF INSOLUBLE GLUCAN,
SOLUBLE GLUCAN, AND FRUCTANS.

Shigeyuki EBISU

Department of Oral Medicine, Osaka University Dental

School, 32-Joancho, Kitaku, Osaka, Japan.

Studies were made on the physical and chemical properties of poly-
saccharides synthesized by cell-free extracts of Streptococcus mutans,
Streptococcus sanguis, and Streptocoecus sp. and their susceptibilities
to dextranases. Judged by liberation of reducing sugars, the soluble
polysaccharide II's were highly susceptible, the soluble polysaccharide
I's were moderately susceptible, and the insoluble polysaccharides,
especially those produced by S. mutans strain OMZ 176 and OMZ 65, were
scarcely susceptible.

The correlation between the chemical structure of various glucans
and the extent to which they were hydrolyzed by dextranases of various
origin was studied. It was found that the Timited extent of hydrolysis
of the insoluble glucans by dextranases is dependent on the amount of
a-1,3 glucosidic linkages present.

The insoluble glucan from S. mutans OMZ 176 has been shown by
methylation, Smith degradation, controlled Smith degradation, and
enzymatic examination to be a a-1,3 glucan having short 1,6-1inked

branches. Hydrolysis of the methylated  glucan yielded 2,3,4,6-tetra-
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(14.6 %), 2,4,6-tri- (50.5 %), 2,3,4-tri- (20.9 %), and 2,4-di-0-methyl-
D-glucose (14.0 %), which indicated a highly branched structure with
an average repeating unit of seven sugar residues. Periodate oxidation
of the glucan followed by reduction and mild hydrolysis with acid
eliminated all of the a-1,6 linked side chains to give glycerol and
an water-insoluble , degraded glucan, which gave on methylation and
hydrolysis 2,4,6-tri-0-methyl-D-glucose, predominantly.

The glucan formed in the presence of dextranase, which is insoluble
but devoid of the original adhesive characteristics, was shown to be
an essentially a-1,3 glucan.

In the view of the physical properties of streptococcal glucans,
it can be deduced that the water-insolubi]ity is attributable mainly
to the long, consecutive a-1,3 linked backbone chain, whereas the a-1,6
-11nked side chains having a certain length are related to the adhesion
of the insoiub]e glucan to the surface of teeth. It is anticipated
that if an enzyme preparation is to have a therapeutic effect, it must
contain hydrolyses spesific for a-1,3 as well as for a-1,6 linkages.

The structure-of fructans formed by S. mutans were also studied
by methylation and enzymatic ekamination. The cold-water-insoluble
fructans from S. mutans strain BHT and JC-1 have inulin-type structures
containing B-2,1-D-fructofranosidic linkages, with average repeating

units of 8 and 27 sugar residues, respectively.
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STUDIES ON THE STRUCTURE OF POLYSACCHARIDES (GLUCANS AND FRUCTANS)
PRODUCED BY CARIOGENIC STREPTOCOCCI AND ON AN ENZYME HYDROLYZING
THE INSOLUBLE GLUCAN. II. ISOLATION, PURIFICATION, AND PROPERTIES
OF THE ENZYME HYDROLYZING THE INSOLUBLE GLUCAN.

Shigeyuki EBISU

Department of Oral Medicine, Osaka University Dental

School, 32-Joancho, Kitaku, Osaka, Japan.

An attempt was made to isolate bacteria capable of degrading the
dextranase-resistant glucans by enrichment culture method, using OMZ
176 glucan as the sole carbon source. An organism was isolated that
produced colonies surrounded by a clear zone on opaque agar plates
containing OMZ 176 glucan. The organism was idetified as a strain of
Flavobacteriunm and named the EK-14 bacterium. |

When the EK-14 bacterium was grown in Trypticase soy broth, an
enzyme capable of hydrolyzing the OMZ 176 glucan wés produced in the
culture supernatant without a-1,3 glucan as an inducer.

The enzyme was concentrated by saturation with ammonium sulfate
and ultrafiltration, and purified by negative adsorption on a diethyl-
aminoethyl cellulose (DE 32) column and gradient elution chromatography
with a carboxymethyl cellulose (CM 32) column. About a 160-fold in-
clease in the specific activity of purified enzyme (EK-14 enzyme) was
achived with a yield of 38%.

The EK-14 enzyme was a basic protéin with an isoelectric point

of pH 8.5 and molecular weight of 65,000. Its optimum pH was 6.3 and



® | | a4

its optimal temperature was about 40 C. The enzyme activity was scarce-
ly affected by a.change in the ionic strength between 0.004 to 0.254.
None of the metal ions tested potentiated the enzyme activity, and Ag+,
ng+, and Pb2+ were strongly inhibitory.
The EK-14 enzyme split the a-1,3 glucan endolytically and was
inactive towards glucans containing o-1,4, a-1,6, B-1,3, 8-1,4, and/or
g-1,6 bonds as the main linkages. . The enzyme released 11% of the total
glucose residues of the OMZ 176 glucan as reducing sugars and solubil-
ized about half of the substrate glucan. The soluble products were
found to be nigerose, isomaltose, and nigerotriose, with some oligo-
saccharides. The methylation studies on the insoluble product showed
that the EK-14 enzyme attccked only a-1,3 glucosidic linkages in the
main chain of the OMZ 176 glucan, but was :inactive .at_these  (a-1,3 :gluco-
sidic) linkages which directly adjoin branching points.

The in vitro effects of the EK-14 enzyme on the adherence of
Streptococcus imutans to tooth surface and’on plaque formed by S. mutans
in the presence of sucrose were evaluated by scanning electron micro-
scopy. In the presence of the EK-14 enzyme, S. mutans was not able
to adhere to the teeth and produce insoluble polysaccharides. The .. .
plaque once formed by S. mutans in the presence of sucrose was not
completely removed by either -EK-14 enzyme nor Spicaria dextranase when

~ applied separately, but When applied together they affected complete

removal of the plaque.
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