
The strain Streptococcus sobrinus CCUG 21020 was found to produce water-insoluble and adhesive
mutan. The factors influencing both stages of the mutan production, i.e. streptococcal cultures and glu-
can synthesis in post-culture supernatants were standardized. The application of optimized process para-
meters for mutan production on a larger scale made it possible to obtain approximately 2.2 g of water-
insoluble glucan per 1 l of culture supernate – this productivity was higher than the best reported in the
literature. It was shown that some of the tested beet sugars might be successfully utilized as substitutes
for pure sucrose in the process of mutan synthesis. Nuclear magnetic resonance analyses confirmed that
the insoluble biopolymer synthesized by a mixture of crude glucosyltransferases was a mixed-linkage
(1→3), (1→6)-α-D-glucan (the so-called mutan) with a greater proportion of 1,3 to 1,6 linkages.
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INTRODUCTION

The crucial role of mutans streptococci (especially S. mutans and S. sobrinus),
together with dietary sucrose, in the initiation and progression of human dental caries
has been well documented [13, 20]. The cariogenicity of these organisms is well cor-
related with their ability to convert ingested sucrose into adhesive water-insoluble
glucans (referred to as mutans). This process is catalyzed by a constitutive group of
extracellular and/or cell-associated enzymes termed glucosyltransferases (GTFs).
The sizes and structures of mutans as well as the overall properties of the biopoly-
mers produced depend on the relative activity of different GTFs as one GTF may
modify the product of another [3, 21]. Consequently, mutans have a highly branched
structure in which α-1,3 glycosidic bonds predominate. The abundance of α-1,3 link-
ages is associated with water insolubility while the presence of α-1,6-linked side
chains contributes to the adhesive properties of these exopolysaccharides [36].
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Mutans synthesized in salivary pellicle by GTFs can promote the selective adher-
ence of oral bacteria which colonize human teeth [27] and which play an essential
role in the accumulation of dental plaque. Accordingly, strategies to reduce the dis-
ease potential of dental plaque have included the possibility of using mutan-degrad-
ing enzymes to disrupt the molecular architecture of the plaque. Some of these
enzymes termed mutanases (α-1,3-glucan 3-glucanohydrolases) have shown high
potential as a caries preventive agent because they degrade the water-insoluble glu-
cans present in dental plaque [16, 35, 38]. Furthermore, the hydrolysis of mutans by
these enzymes has supplied important structural information from analyses of the
products of digestion [14]. Various preparations of mutanases have also been suc-
cessfully used for obtaining fungal protoplasts [1, 32]. However, to induce the syn-
thesis and secretion of mutanase, it was necessary to prepare first a mutan in vitro as
the sole carbon source in microbial cultures, using sucrose and glucosyltransferase
enzymes prepared from mutans streptococci. This type of water-insoluble glucan has
not yet been made available as a commercial product. Thus, the enhancement of
mutan productivity in streptococcal cultures and post-culture supernates would be
useful in facilitating mutanase production on a larger scale and at a relatively low
cost.

To our knowledge, no article has been published so far on optimal conditions for
intensive production of mutan, and the output of this process in streptococcal cultures
is still relatively low. Moreover, data concerning the productivity of insoluble glucan
in bacterial cultures or post-culture supernatants have hardly been presented [6, 34].
For these reasons, the present study was conducted in order to find the best operat-
ing parameters that might contribute to the efficient formation of mutan by mutans
streptococci as well as to determine the detailed structure of this biopolymer.

MATERIALS AND METHODS

Bacterial strain, media and growth conditions

The stock cultures of Streptococcus sobrinus/downei strain CCUG 21020 (formerly
S. mutans OMZ 176) were provided by the Culture Collection, University of
Göteborg, Sweden. They were stored at –20 °C in 50% glycerol and routinely trans-
ferred on Todd-Hewitt agar slants (pH 7.8). Unless otherwise stated, the bacteria
were grown aerobically in glucose-content complex media, such as Todd-Hewitt
broth (THB), tripticase soy broth (TSB), brain-heart infusion (BHI) (Baltimore
Biological Laboratory, Cockeysville, MD, USA), and I, II, LW, TTY given by
Quivey et al. [24], Fuglsang et al. [7], Su-Jin et al. [33] and Hamada and Torii [12],
respectively. The media contained in 250-ml flasks, 200 ml each, were autoclaved for
30 mins at 121 °C. A precultured broth (24-h-old, 0.25 v/v%) of bacteria grown at
37 °C in the same media was used for flask inoculation. The growth of bacteria under
strictly anaerobic conditions took place in a microbial anaerostat (anaeroJar, AG
025A, Oxoid, Basingstoke, England).



Medium I was chosen among the media tested for mutan production and opti-
mized during the experiments with respect to the initial pH and carbon source. Some
culturing parameters listed in Table 2 were also evaluated to improve the output of
the process. If not stated otherwise, the batch cultures were run at 37 °C for 24 h
under stationary conditions. For mutan production on a larger scale, the strain was
grown on the selected medium I in 3-liter batches in 5-l flasks under optimized cul-
tural conditions.

Production of mutan

Insoluble glucan was synthesized from sucrose by a mixture of extracellular gluco-
syltransferases present in the post-culture fluid of S. sobrinus, and its amount was
assumed as the indicator of GTF activity. 

The bacterial biomass was separated by centrifugation at 12,000 × g for 20 mins.
Unless otherwise stated, clear supernatant fluid (pH 6.5) was allowed to react with
sucrose (3%) in the presence of 0.05% sodium azide as a preservative. After the incu-
bation at 37 °C for 24 h, the subsequently formed water-insoluble glucan was col-
lected by centrifugation at 12,000 × g for 20 mins, washed thoroughly with deionized
water, freeze-dried, and finally weighed. This water-insoluble glucan will be hence-
forth referred to as mutan. Some of the important factors specified in Table 3 influ-
encing the efficiency of mutan production in the post-culture supernate were opti-
mized during the experiments.

Structural studies

The carbohydrate composition of glucan was determined after hydrolysis of the
preparation (2 M trifluoroacetic acid, 100 °C, 4 h) and conversion of the released
sugars into alditol acetates. The reducing agent used was sodium borodeuteride [26].
Alditol acetates were analyzed in a gas chromatograph (HP-5890 series II, Hewlett
Packard, Waldbronn, Germany) equipped with capillary column (HP-5, 0.2 mm × 25
m) and a mass selective detector (HP-5971).

1H and 13C nuclear magnetic resonance (NMR) spectra of water-insoluble glucan
preparation were recorded with Avance (300 MHz) spectrometer (Bruker BioSpin
GmbH, Rheinstetten/Karlsruhe, Germany) at 60 °C. 1H and 13C chemical shifts were
obtained using acetone (δH – 2.225 ppm, δC – 31.450 ppm) as the internal standard.
Glucan (20 mg) was dissolved in 0.6 ml of 30% NaOD in D2O.

Miscellaneous methods

The growth of cultures was measured by recording the optical density at 560 nm
(OD560). Batch cultures were performed in triplicate, and analyses were carried out
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at least in duplicate. The values reported here are the mean values and standard devi-
ations were in all cases smaller than 3%. Other methodological details are provided
in the tables and figures.

RESULTS AND DISCUSSION

The production of water-insoluble glucan by mutans streptococci involves two sep-
arate stages: synthesis and secretion of glucosyltransferases into the culture medium
and glucan formation from sucrose by the same enzymes present in the post-culture
supernatant. Therefore, to maximize the output of the whole process it is important
to determine and optimize both cultural and environmental parameters influencing
individual stages. These variables may be useful indicators of mutan accumulation as
they sometimes cause drastic changes in mutan productivity, signaling the appropri-
ate moment to collect the product.

Optimization of mutan production in streptococcal cultures

The starting point of these studies was the choice of an optimum medium for effec-
tive synthesis of water-insoluble glucan by GTFs of S. sobrinus. Bacterial cultures
were run in 24 h at 37 °C in seven various culture media, mostly used in the produc-

Table 1
Effect of different mediaa on insoluble glucan production

by glucosyltransferases of S. sobrinus grown in stationary culturesb

Medium pH
Medium Glucan yield, mgc

initial final

I 6.7 6.4 95.3
II 6.5 5.2 0.0

LW 7.0 4.6 7.4
TTY 7.4 4.9 6.5
BHI 7.4 6.0 31.6
THB 7.8 6.3 81.9
TSB 7.3 4.6 14.3

aMedia: I, Quivey et al. [24]; II, Fuglsang et al. [7]; LW, Su-Jin et
al. [33]; TTY, Hamada and Torii [12]; BHI, Brain Heart Infusion; TSB,
Tripticase Soy Broth; THB, Todd Hewitt Broth.

bCulture conditions: medium, 200 ml; glucose concentration: I,
0.1%; THB and BHI, 0.2%, TSB, 0.25%, TTY, 1%, LW, 2%, II, 5%;
temperature, 37 °C; cultivation time, 24 h; aerobic conditions. 

cGlucan synthesis conditions: culture supernate, 200 ml, pH-value
was not regulated; sucrose, 3%; NaN3, 0.05%; temperature, 37 °C;
reaction time, 24 h; static conditions.



tion of the GTFs by mutans streptococci. The post-culture supernatants, containing a
mixture of streptococcal GTFs, were then allowed to react with sucrose, and the
amount of synthesized glucan was taken as the indicator of the GTF activity for eval-
uation of the used media.

Table 1 shows that medium I was the most favorable to glucan productivity (over
95 mg of biopolymer were obtained from 200 ml of culture supernate). A slightly
lower yield (about 82 mg) was obtained when bacteria were grown in THB broth.
Other media gave much smaller effects, and medium II was found to be completely
useless for glucan production by the tested strain of S. sobrinus. The bacteria acidi-
fied all the media, resulting in the most marked (over 2.4 units) pH drop in the case
of TSB, TTY and LW media. The relatively low acidity of the medium (pH 4.6–6.0)
probably decreases the glucan yield significantly, and more so as the pH-value of the
obtained culture supernatants was not regulated in the initial experiments. It was
shown that low acidity inhibited the activity of streptococcal GTFs and thereby
decreased the yield of glucan production by these enzymes [37]. Also, our further
study was confined to medium I, and the most suitable culture conditions for glucan
production with the selected medium were provided. It is noteworthy that in this set
of experiments the pH-value of culture supernates was adjusted to the initial value
of 6.5.

As can be seen from the data in Table 2, the initial medium pH of 7.5, glucose con-
centration of 0.1%, and the use of 0.5% of the 24-h bacterial suspension as inoculum
proved to be the best conditions yielding from 224 mg to 264 mg of insoluble glucan
per 200 ml of culture supernate after 30 h of cultivation in stationary and aerobic cul-
tures. In contrast, the efficiency of the biopolymer from slowly agitated (50 rpm)
bacterial cultures was over 50% lower than that obtained by streptococci cultivation
under stationary conditions. When the bacterial culture was run under anaerobic con-
ditions (more favorable to facultative streptococci), glucan yield was higher by only
19% as compared to that obtained in an aerobic culture. However, maintaining strict-
ly anaerobic conditions, especially during the production of glucan on a larger scale,
is very difficult and costly. Consequently, in further studies, aerobic cultures of
S. sobrinus resulting in a relatively high glucan productivity were applied.

Optimization of mutan production
in post-culture supernates

To maximize the glucan yield in the cell-free supernatant fluid, basic production vari-
ables, i.e. pH, temperature, sucrose concentration, reaction time, and reaction condi-
tions were standardized. The optimization was carried out with respect to its useful-
ness in the process of glucan production on a larger scale. 

Table 3 illustrates the enzymatic formation of glucan at different values of super-
natant pH. The maximum yield (about 295 mg) was reached at pH 6.0. However, pH
variations ranging from 5.5 to 6.5 did not affect the range of glucan production so
drastically compared with pHs 5.0 and 7.0 when the efficiency of the biopolymer
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Table 2
Culturing factors affecting insoluble glucan production by glucosyltransferases

of S. sobrinus grown in medium Ia,b: effect of initial pH, cultivation time, inoculum
quantity, kind of culture and some medium constituents

Serial No. Factor varied Final pH Glucan yield, mgc

1. Initial pH of the mediumd

6.5 6.2 70.5
7.0 6.7 108.2
7.5 6.8 226.0
8.0 7.4 152.3
8.5 8.2 50.6

2. Glucose concentration (%)e

0.05 7.0 193.1
0.10 6.6 224.3
0.25 5.9 169.6
0.50 4.8 131.2
1.00 4.6 100.7

3. Cultivation time (h)f

6 7.4 69.9
18 6.9 170.1
24 6.6 203.9
30 6.2 240.2
48 5.9 216.4

4. Inoculum quantity (v/v%)g

0.10 6.5 179.9
0.25 6.3 241.6
0.50 6.1 264.9
1.00 6.0 233.4
5.00 5.9 130.3

5. Kind of culture:
stationaryh 6.2 256.8

aerobici 6.2 252.9
anaerobicj 6.3 300.8

agitated (50 rpm)k 5.9 117.6

aComposition of the medium was the same as that of the original one, except for the
factor or its concentration that varied as indicated.

bCulture conditions: d–kmedium, 200 ml; temperature, 37 °C; cultures were inoculat-
ed with 24-h suspension of bacteria (OD560, 1.5) grown in medium I; d–finoculum quan-
tity, 0.25 v/v%; d–i,kaerobic conditions; d–jstationary cultures; dglucose, 0.1%; cultivation
time, 24 h; ecultivation time, 24 h; medium pH, 7.5; f–kglucose, 0.1%; medium pH, 7.5;
g–kcultivation time, 30 h; h–kinoculum quantity, 0.5 v/v%.

cGlucan synthesis conditions: d–kculture supernate (200 ml, pH-value was adjusted to
that of 6.5); sucrose, 3%; NaN3, 0.05%; temperature 37 °C; reaction time, 24 h; static
conditions.



reached only 55% of its maximum. Also, the temperature of 37 °C and reaction time
of 36 h were adopted as the best parameters to obtain 296–364 mg of polymer.

Sucrose concentrations ranging from 1% to 5% were mostly reported for the pro-
duction of glucan [9, 11, 17, 24, 33]. During the initial experiments sucrose concen-
tration in the post-culture supernate was 3%. To ensure suitable conditions for glu-
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Table 3
Optimization of parameters influencing the enzymatic production

of insoluble glucan in post-culture supernatea

Serial No. Factor varied Glucan yield, mgb

1. pH of culture supernatec

5.0 163.4
5.5 224.0
6.0 294.4
6.5 249.8
7.0 162.6

2. Temperature (°C)d

30 127.6
37 296.0
40 233.2
45 178.8

3. Reaction time (h)e

12 165.1
24 293.5
36 364.2
48 357.3

4. Sucrose concentration (%)f

1 291.8
3 363.5
5 397.9

10 419.3
15 457.5
20 448.3

5. Reaction conditions:
staticg 452.9

agitation (50 rpm)h 158.1

aThe supernatant fluid, containing a mixture of bacterial glucosyl-
transferases, was obtained after 30 h cultivation of S. sobrinus at 37 °C
on the optimized medium I under stationary and aerobic conditions:
pH, 7.5; glucose, 0.1%; inoculum quantity, 0.5 v/v%.

bGlucan synthesis conditions: c–hculture supernate, 200 ml, temper-
ature, 37 °C; NaN3, 0.05%; c–gglucan was formed in static conditions;
csucrose, 3%, reaction time, 24 h; dsucrose, 3%, reaction time, 24 h, pH,
6.0; esucrose, 3%, pH, 6.0; freaction time, 36 h, pH, 6.0; g,hsucrose,
15%, reaction time, 36 h, pH, 6.0.
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can production by GTFs of S. sobrinus, we evaluated its efficiency at sucrose con-
centrations between 1% and 20%. The data in Table 3 clearly suggests that a 5-fold
increase in sucrose amounts from 3% to 15% raised the glucan yield by about 26%.
Accordingly, in further studies the sucrose of 15% inducing a high glucan produc-
tivity (about 458 mg/200 ml of culture supernate) would be an adequate substrate
concentration for the formation of water-insoluble glucan. However, when running
the enzymatic reaction under slow agitation (50 rpm), an approximately 3-fold
decrease in glucan yield was observed in comparison with that obtained under most-
ly popularly applied static conditions.

The optimization of both cultural and environmental factors affecting respective
stages of glucan production resulted in an almost 5-fold increase in product output
compared with the initial, non-optimized process (see Tables 1 and 3). Thus, the opti-
mization of operating conditions plays a significant role in the economy of glucan
production process. Based on the results presented in Tables 1–3, Quivey medium
(marked as I) with initial pH 7.5, containing 0.1% glucose, inoculated with 0.5% of
the 24-h suspension of S. sobrinus and incubated in 30 h at 37 °C under stationary
and aerobic conditions, was proven to be the best for glucan production. The optimal

Table 4
Influence of beet sugar as a substitute for sucrose on the efficiency of insoluble glucan

production in streptococcal culture supernatea

Sugar source Glucan yield, mgb

Sucrose (control)c 424.7
Beet sugard

coming from the following Polish sugar factories:
Strzy�ów 525.2
Wróblin 513.9
widnica 468.1
Glinojeck 458.6
Krasnystaw 404.0
Cerekiew 328.5
Ma�oszyn 326.1
Chybie 321.5
Rejowiec 300.9
Opole Lubelskie 272.0
Ko�cian 222.1
Lublin 193.7

aThe supernatant fluid, containing a mixture of bacterial glucosyltransferases, was
obtained after 30 h cultivation of S. sobrinus at 37 °C on the optimized medium I under
stationary and aerobic conditions. Other details are given in Table 3.

bGlucan synthesis conditions: culture supernate, 200 ml; NaN3, 0.05%; sugar/
sucrose, 15%; temperature, 37 °C; reaction time, 36 h; pH 6.0; static conditions.

cAnalytical grade reagent purchased locally.
dGranulated sugar as a substitute for pure sucrose.



parameters for efficient synthesis of glucan in the culture supernate were as follows:
pH, 6.0; temperature, 37 °C; sucrose concentration, 15%; and the enzymatic reaction
was run in 36 h under static conditions. These conditions were utilized in our further
studies.

An attempt was also made to replace pure sucrose used for the production of insol-
uble glucan by much cheaper sugar beet. Of the twelve granulated sugars coming
from various sugar factories, four – produced in Strzy�ów, Wróblin, widnica and
Glinojeck, respectively – were found to form, by means of streptococcal GTFs, much
larger amounts of insoluble glucan than those obtained with pure sucrose used as a
control (Table 4). Accordingly, these sugars may be successfully utilized as a substi-
tute for pure sucrose in the process of glucan synthesis. Other sugars tested decreased
(in some cases even over twice) the efficiency of biopolymer accumulation in culture
supernatant.

The differential effects of particular sugars on the output of insoluble glucan pro-
duction are probably caused by some ions present in non-purified sugar, which may
activate or inhibit the activity of bacterial GTFs. It was found that divalent metal ions
(Cu, Fe, Zn, Sn, Ag) and the fluoride ion (F) were effective caries inhibitors when
used alone or co-crystallized with sucrose [5, 25]. However, the combinations of
these cariostatic elements were more effective in caries prevention than single ions.
Among different possible mechanisms for the effects of these ions in reducing the
cariogenic potential of sugar, an inhibitory action of Cu2+ and Fe2+ on the activity of
two GTF enzymes (B, D) from S. mutans was reported [25]. It was also shown that
the fluoride ions may also decrease the synthesis of extracellular polysaccharides in
S. mutans [2].

On the other hand, Mukasa et al. [22] have shown that the formation of water-
insoluble glucans by extracellular GTF from S. mutans 6715 was greatly stimulated
by mono- or divalent cations such as Na+, K+, NH4

+, Ca2+, Ba2+. The authors have
found that high concentrations of these cations stimulated GTF activity up to 2.7-fold
and also shifted the product from water-soluble to insoluble.

In order to scale up the glucan production, S. sobrinus strain was grown on the
selected medium I in 3-liter batches in 5-l flasks under optimized culture conditions.
Also, the enzymatic synthesis of insoluble glucan in post-culture supernatant was
carried out under previously established conditions. The application of the best oper-
ating parameters made it possible to obtain a high glucan productivity (in average 2.2
g of water-insoluble biopolymer per 1 l of culture supernate) within a relatively short
time. This yield is eleven times higher than that obtained by Ebisu et al. [6] for the
best insoluble glucan-producing strain S. mutans OMZ 176 (now known as S. sobri-
nus OMZ 176 [31]). Also, basing on twenty-seven of the S. mutans strains isolated
from dental plaque or carious lesions of patients, Trautner et al. [34], obtained from
2.02 g to 3.94 g of insoluble glucan (for the strains of type c and of type d, respec-
tively) from the incubation medium of 4000 ml. In this paper, however, the glucans
were produced in a one-stage process, in which sucrose was added directly to the cul-
ture medium. Thus, the final products were contaminated with bacterial cells. The
above-mentioned authors have reported that the water-insoluble fractions of the type
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c strains were composed of only 50 per cent extracellular polysaccharide and con-
siderable quantities of bacteria; those of the type d strains consisted of 88 per cent
glucan. Having taken these facts into account, we calculated that glucan yields
reached by these authors were from 2.5 times to 9 times lower as compared with
those obtained in our present study.

Structural study of water-insoluble glucan

The preparation of water-insoluble glucan synthesized under optimized conditions
was subjected to the structural study. The sugar analysis revealed glucose to be the
only component of insoluble material. To determine the α-glucosidic linkages in test-
ed glucan it was subjected to nuclear magnetic resonance (NMR) analyses. The
determination of anomeric configuration was based on 1H and 13C NMR spectra. In
1H NMR spectrum signals (broad singlets) for anomeric atoms have been found in
the 5000–5500 ppm region characteristic of α-anomers of glucose (Fig. 1). The
results from 13C NMR analysis of insoluble glucan are presented in Figure 2. Signal
assignments were made according to Colson et al. [4], Gorin [10], Fukui et al. [8] and
Shimamura [30]. As shown in Figure 2, six signals arising from α-1,3-linked glucose
and six signals from α-1,6-linked glucose were present. The approximate amounts of
α-1,3-(60.3%) and α-1,6-glucosidic linkages (21.9%) and those of branched glucose

Fig. 1. 1H NMR spectrum of water-insoluble glucan synthesized in culture supernate by glucosyltrans-
ferases obtained after cultivation of S. sobrinus on medium I. Glucan (20 mg) was dissolved in 0.6 ml of
30% NaOD/D2O. Acetone was used as internal standard (δH = 3.350 ppm). Recording temperature was

60 °C



(17.8%) were calculated from the integration of carbon signal areas of C3, C6 and
C’6 [30]. The 13C NMR spectrum shown in Figure 2 resembled those from articles
concerned with glucans synthesized by S. mutans [8, 10, 28], and decisively proved
the mixed (α-1,3 and α-1,6) nature of the analyzed water insoluble glucan prepara-
tion. Also, a greater proportion (by 2.7 times) of 1,3 to 1,6 linkages in the analyzed
glucan confirms that the insoluble material has a structure typical of mutan.

Although there have been many studies on the linkage analysis of insoluble glu-
cans most of these studies have been made on polymers synthesized by the isolated
and highly purified GTFs [8, 9, 19, 23, 29]. The structural information for glucans
formed by crude GTF preparations is scarce and too general [11]. On the other hand,
the data from in vitro studies indicates that insoluble glucans (mutans) formed by
separated and highly purified GTF preparations are not appropriate substrates for the
induction of enzymes hydrolyzing these biopolymers since they are structurally dis-
tinct products from glucans naturally occurring in dental plaque [17], their synthesis
is mostly dependent on exogenous primer dextran [19], and they are more readily
degradable during enzymatic hydrolysis [18]. Having taken these facts into account,
in the production of insoluble glucans we utilized crude enzymatic supernatants con-
taining GTF complexes which, as shown by Guggenheim [11], Ebisu et al. [6] and
Inoue et al. [15], lead to obtaining natural products more resistant to mutanase diges-
tion and synthesized in the absence of primer molecule.

In conclusion, the data presented here show that the S. sobrinus CCUG 21020
strain, constitutes a culture of high extracellular GTF activity that gives reasonable
yields of insoluble mixed-linkage (1→3), (1→6)-α-D-glucan (mutan) with a greater
proportion of 1,3 to 1,6 linkages. The optimization of the whole process allowed for
the effective mutan production. Its productivity was almost five times higher than
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Fig. 2. 13C NMR spectrum of water-insoluble glucan synthesized in culture supernate by glucosyltrans-
ferases obtained after cultivation of S. sobrinus on medium I. Glucan (20 mg) was dissolved in 0.6 ml of
30% NaOD/D2O. Acetone was used as internal standard (δC = 49,640 ppm). Recording temperature was
60 °C. Peaks were assigned for each carbon in glucose moieties in α-1,3 and α-1,6 glucosidic linkages,

and designated C1 through C6 and C’1 through C’6, respectively
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that obtained under initial, non-standardized conditions. The scale-up of mutan pro-
duction gave a yield of 2.2 g glucan per 1 l of culture supernate, which is a higher
productivity than the best reported so far. Moreover, some of beet sugars may be
effectively used as a substitute for pure sucrose in post-culture supernatants to reduce
the costs of mutan production considerably. In further studies mutan will be used as
a natural substrate inducing the synthesis and secretion of specific mutanases degrad-
ing this polymer. These enzymes are currently being tested in our laboratory for their
potential as caries preventive agent. 

ACKNOWLEDGEMENTS

This study was financially supported by the BW/UMCS and BS/UMCS research programs.

REFERENCES

1. Balasubramanian, N., Juliet, G. A., Srikalaivani, P., Lalithakumari, D. (2003) Release and regenera-
tion of protoplasts from the fungus Trichothecium roseum. Can. J. Microbiol. 49, 263–268.

2. Bowen, W. H., Hewitt, M. J. (1974) Effect of fluoride on extracellular polysaccharide production by
Streptococcus mutans. J. Dent. Res. 53, 627–629.

3. Colby, S. M., Russell, R. R. B. (1997) Sugar metabolism by mutans streptococci. J. Appl. Microbiol.
Symp. Suppl. 83, 80–88.

4. Colson, P., Jennings, H. J., Smith, I. C. P. (1974) Composition, sequence and conformation of poly-
mers and oligomers of glucose as revealed by carbon-13 nuclear magnetic resonance. J. Am. Chem.
Soc. 96, 8081–8087.

5. Davey, H., Embery, G. (1992) Metal ions in oral hygiene products. In: Embery, G., Rölla, G. (eds)
Clinical and Biological Aspects of Dentifrices. Oxford University Press, Oxford, pp. 165–172.

6. Ebisu, S., Kato, K., Kotani, S., Misaki, A. (1975) Isolation and purification of Flavobacterium α-1,3-
glucanase-hydrolyzing, insoluble, sticky glucan of Streptococcus mutans. J. Bacteriol. 124,
1489–1501.

7. Fuglsang, C. C., Berka, R. M., Wahleithner, J. A., Kauppinen, S., Shuster, J. R., Rasmussen, G.,
Halkier, T., Dalboge, H., Henrissat, B. (2000) Biochemical analysis of recombinant fungal mutanas-
es. J. Biol. Chem. 275, 2009–2018.

8. Fukui, K., Moriyama, T., Miyake, Y., Mizutani, K., Tanaka, O. (1982) Purification and properties of
glucosyltransferase responsible for water-insoluble glucan synthesis from Streptococcus mutans.
Infect. Immun. 37, 1–9. 

9. Furuta, T., Koga, T., Nisizawa, T., Okahashi, N., Hamada, S. (1985) Purification and characterization
of glucosyltransferases from Streptococcus mutans 6715. J. Gen. Microbiol. 131, 285–293.

10. Gorin, P. A. J. (1981) 13C-N.m.r. spectra of polysaccharides. In: Tipson, R. S., Horton, O. (eds)
Advances in Carbohydrate Chemistry and Biochemistry. Academic Press, New York, London,
Toronto, Sydney, San Francisco, Vol. 38, 37–48.

11. Guggenheim, B. (1970) Enzymatic hydrolysis and structure of water-insoluble glucan produced by
glucosyltransferases from a strain of Streptococcus mutans. Helv. Odont. Acta Suppl. V, 14, 89–108.

12. Hamada, S., Torii, M. (1978) Effect of sucrose in culture media on the location of glucosyltransferase
of Streptococcus mutans and cell adherence to glass surfaces. Infect. Immun. 20, 592–599.

13. Hamilton, I. R. (2000) Ecological basis for dental caries. In: Kuramitsu, H. K., Ellen, R. P. (eds) Oral
Bacterial Ecology: The Molecular Basis. Horizon Scientific Press, Wymondham, Norfolk, pp.
219–274.



14. Hare, M. D., Svensson, S., Walker, G. J. (1978) Characterization of the extracellular, water-insoluble
α-D-glucans of oral streptococci by methylation analysis, and by enzymic synthesis and degradation.
Carbohydr. Res. 66, 245–264.

15. Inoue, M., Koga, T., Sato, S., Hamada, S. (1982) Synthesis of adherent insoluble glucan by the con-
certed action of the two glucosyltransferase components of Streptococcus mutans. FEBS Lett. 143,
101–104.

16. Inoue, M., Yakushiji, T., Mizuno, J., Yamamoto, Y., Tanii, S. (1990) Inhibition of dental plaque for-
mation by mouthwash containing an endo-α-1,3 glucanase. Clin. Prevent. Dent. 12, 10–14.

17. Koga, T., Sato, S., Yakushiji, T., Inoue, M. (1983) Separation of insoluble and soluble glucan-syn-
thesizing glucosyltransferases of Streptococcus mutans OMZ 176 (serotype d). FEMS Microbiol.
Lett. 16, 127–130.

18. Kopec, L. K., Vacca-Smith, A. M., Bowen, W. H. (1997) Structural aspects of glucans formed in
solution and on the surface of hydroxyapatite. Glycobiology 7, 929–934.

19. Kuramitsu, H. K., Wondrack, L. (1983) Insoluble glucan synthesis by Streptococcus mutans serotype
c strains. Infect. Immun. 42, 763–770.

20. Kuramitsu, H. K. (1993) Virulence factors of mutans streptococci: role of molecular genetics. Crit.
Rev. Oral Biol. Med. 4, 159–176.

21. Monchois, V., Willemot, R. M., Monsan, P. (1999) Glucansucrases: mechanism of action and struc-
ture-function relationships. FEMS Microbiol. Revs 23, 131–151.

22. Mukasa, H., Shimamura, A., Tsumori, H. (1979) Effect of salts on water-insoluble glucan formation
by glucosyltransferase of Streptococcus mutans. Infect. Immun. 23, 564–570.

23. Mukasa, H., Tsumori, H., Shimamura, A. (1985) Isolation and characterization of an extracellular
glucosyltransferase synthesizing insoluble glucan from Streptococcus mutans serotype c. Infect.
Immun. 49, 790–796.

24. Quivey, R. G., Kriger, P. S. (1993) Raffinose-induced mutanase production from Trichoderma
harzianum. FEMS Microbiol Lett. 112, 307–312.

25. Rosalen, P. L., Pearson, S. K., Bowen, W. H. (1996) Effects of copper, iron, and fluoride co-crystal-
lized with sugar on caries development and acid formation in desalivated rats. Archs Oral Biol. 41,
1003–1010.

26. Sawardeker, J. S., Sloneker, J. H., Jeans, A. R. (1965) Quantitative determinations of monosaccha-
rides as their alditol acetates by gas liquid chromatography. Anal. Chem. 37, 1602–1604.

27. Schilling, K. M., Bowen, W. H. (1992) Glucans synthesised in situ in experimental salivary pellicle
function as specific binding sites for Streptococcus mutans. Infect. Immun. 60, 284–295.

28. Seymour, F. R., Knapp, R. D., Lamberts, B. (1980) Structural analysis of soluble D-glucans from
strains of Streptococcus mutans by 13C-nuclear magnetic resonance spectroscopy. Carbohydr. Res.
84, 187–195.

29. Shimamura, A., Tsumori, H., Mukasa, H. (1983) Three kinds of extracellular glucosyltransferases
from Streptococcus mutans 6715 (serotype g). FEBS Lett. 157, 79–84.

30. Shimamura, A. (1989) Use of 13C-N.M.R. spectroscopy for the quantitative estimation of 3-O- and
3,6-di-O-substituted D-glucopyranosyl residues in α-D-glucans formed by the D-glucosyltransferas-
es of Streptococcus sobrinus. Carbohydr. Res. 185, 239–248.

31. Shouji, N., Takada, K., Fukushima, K., Hirasawa, M. (2000) Anticaries effect of a component from
shiitake (an edible mushroom). Caries Res. 34, 94–98. 

32. Stephen, E. R., Nasim, A. (1981) Production of protoplasts in different yeasts by mutanase. Can. J.
Microbiol. 27, 550–553.

33. Su-Jin, R., Kim, D., Ryu, H. J., Chiba, S., Kimura, A., Day, D. F. (2000) Purification and partial char-
acterization of a novel glucanhydrolase from Lipomyces starkeyi KSM 22 and its use for inhibition
of insoluble glucan formation. Biosci. Biotechnol. Biochem. 64, 223–228.

34. Trautner, K., Gehring, F., Lohmann, D. (1978) Extracellular glucans synthesized by strains of two
types of Streptococcus mutans in vitro. Archs Oral Biol. 23, 175–181.

35. Tsuchiya, R., Fuglsang, C. C., Johansen, C., Aaslyng, D. (1998) Effect of recombinant mutanase and
recombinant dextranase on plaque removal. J. Dent. Res. 77 (Sp. Iss. B), 2713.

Mutan production by streptococcus 149

Acta Biologica Hungarica 56, 2005



150 A. WIATER et al.

Acta Biologica Hungarica 56, 2005

36. Tsumori, H., Kuramitsu, H. (1997) The role of the Streptococcus mutans glucosyltransferases in the
sucrose-dependent attachment to smooth surfaces: essential role of the GtfC enzyme. Oral Microbiol.
Immunol. 12, 274–280.

37. Vacca-Smith, A. M., Ng-Evans, L., Wunder, D., Bowen, W. H. (2000) Studies concerning the gluco-
syltransferase of Streptococcus sanguis. Caries Res. 34, 295–302.

38. Wiater, A., Szczodrak, J., Rogalski, J. (2004) Hydrolysis of mutan and prevention of its formation in
streptococcal films by fungal α-D-glucanases. Proc. Biochem. 39, 1481–1489.




