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Relative Level of Sucrose Metabolizing Enzymes in Oral Streptococci
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ABSTRACT

Occurrence and distribution of sucrose metabolizing enzymes in oral streptococci had been

studied. In these studies, the carbohydrate component of the culture medium had been

glucose. I have extended these studies by analyzing bacterial culture supernatants for the

relative content of hexosyltransferases,namely glucosyl and fructosyltransferase. As a carb-

ohydrate, fructose was used. The growth measured for nine oral streptococci (Streptococcus
mutans strains BHT, ING, AHT, 6715, LM-7, and SL-1; Streptococcus sanguis 903, 9811,
and M-5) varied. The level of glucosyltansferase activity also varied among S. mutans sira-

ins, and its level in S. sanguis was relatively low. Fructosyltansferase activity of the various

strains fluctuated more than that of glucosyltransferase. S.mutans strain LM-7 had signif-

icantly higher level of both enzymes. As a whole, fructose-grown cultures had generally

an agreeable trend of enzyme activity to those from glucose-grown cultures.

INTRODUCTION

Dental caries has long been recognized as an
infectious disease related to the presence of de-
nse, adhesive, microbial deposits (dental plag-
ue) on the surfaces of teeth (Newbrun, 1978).
Demonstration of the etiological role of certain
plague forming streptococci, namely S. mutans
(of which there are seven recognized serotypes)
as infectious agents in multisurface dental car-

ies in rodents (Fitzgerald, 1974) and primates
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(Bowen, 1969) has focused attention on a simi-
lar role of these microorganisms in humans.
Their role in causation of dental caries in hum-
ans is now strongly established (Gibbons et al.,
1974) with S. mutans serotype ¢ the most
prevalent serotype associated with human dise
ase (Bratthall, 1970).

The direct correlation of dietary sucrose,
specifically the frequency of consumption, with
the incidence of dental caries associated with
S. mutans in humans and in experimental ani-
mal model systems is striking and well estab-
lished (Hoover et al., 1980). The biochemist-
ry and physiology of S. mutans with respect
to sucrose metabolism is essential to the caus-
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ation and, therefore, the prevention of dental
caries (Tanzer and Freedman, 1978).

Sucrose’ dissimilation by'S. mutans and other
related streptococci involved i) hexosyltransfe
rase activity, or ii) transport of the carbohyd-
rate to intracellular sites for subsequent catab-
olism (Brown, 1974). S. mutans can hydrolyze
a small portion of available sucrose by the action
of hexosyltransferases, namely glucosyltransf-
erase (GTF) and fructosyltransferase (FTF).
The remainder of the sucrose has been thought
to be transported into the cytoplasm.

The synthesis of high molecular weight wa-
ter-insoluble dextran and levan polymers by
hexosyltransferases is considered to be prima-
rily responsible for the ability of these microo-
rganisms to colonize and develop plaques on
the smooth surfaces of teeth(Newbrun, 1978).
The cohesive character of these polymers in
plaque very likely contributes to the adheren-
ce of the cells. These polymers as components
of the plaque matrix, also function as a diff-
usion barrier for the acids formed within the
plaque by the acidogenic oral bacteria(Newm-
an, 1980). Clearly, the metabolism of sugars
is an important determnant in the ecology of
oral streptococci.

Glucose-grown cultures contain GTF less
dependent on dextran primer, possibly because
small amount of dextran is synthesized from
the contaminating source of the medium comp-
onents, during early culture growth; and it pr-
omotes the formation of high molecular weight
enzyme aggregates (Germaine ef al., 1974).
On the other hand, the enzyme from fructos-
e-grown culture is primer-dependent and produ-
ces greater quantities of GTF(up to four-fold),
possiblely due to fructose-inhibition of dextran
synthesis during culture grown (Germaine and
Schachtele, 1976). Therefore, a non-aggregated
primer-dependent from of GTF may be obtai-
ned from fructose-grown culture of S. mutans.
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As a part of studies designed to analyze the
plaque-ferming capability of oral bacteria, we
have compared the relative level of two sucr:
ose metabolizing enzymes for nine representat-
ive oral streptococci grown in the presence of
fructose.

MATERIALS AND METHODS

1. Becterial strains and growth conditions

The strains of S. mutans utilized in this study
were obtained from Dr. C.F. Schachtele and
S. sanguis strains from Dr. B. Rosan. Stock
bacterial strains were plated on Mitis-Saliva-
rius (MS) agar and incubated anaerobically
(Gas Pak system. BBL) at 37°C for 2 days.
Single colonies from the MS plate were inocula-
ted into 10ml of Trypticase soy broth (TSB)
containing 0.4M fructose and NaPQ, buffer
(0.1M, pH6.8) and incubated anaerobically
overnight. This overnight culture was used to
inoculate 500ml each of TSB supplemented
with yeast extract (0.1%), fructose (0.4M),
and NaPO, buffer(0.1M, pH 6.8). After ove-
rnight growth (approximately (.3 absortance
units at 600nm), cultures were chilled cn ice,
and the bacteria were removed by centrifuga-
tion (10,000x g, 10 min, 4°C). Residual cells
and debris were removed by filtration(Q. 45.m
membrane filter, Millipore Filter Corp.).
2. Enzyme preparation and assay

The procedures previously descriked by Chl-
udzinski et al., (1974) were utilized. Briefly,
both hexosyltransferases were precipitated
from culture supernatants at 4°C by adding
solid ammonium sulfate (enzyme grade, Sigma),
with stirring, to 60% of saturation. The prec-
ipitate was kept in refrigerator overnight, and
then collected by centrifugation, dissolved in
0.01M sodium acetate buffer, pH5.5, and ext-
ensively dialyzed against the same buffer.
Formation of a small amount of precipitate
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was removed by centrifugation (10,000 x g, 20
min) prior to use.

1) Glucosyltransferase assay

The reaction tube received 75.:1 of the reac-
tion mix, 251 of 0.(01M sodium acetate buffer,
and 2521 of enzyme. The reaction mixture con-
tained 40mM sodium actate buffer, pH 5.5, 1.7
mM NaF, 35mM total sucrose containing about
11.7 mM L{U-YC3J sucrose (3.35Ci/mole, New
England Nuclear Corp.), 33.3mM dextran T
(molecular weight 10,000, Pharmacia).

2) Fructosyltransferase assay

Total sucrose (35mM) containing about 11.7
mM [U-*H-fructose] sucrose (275mCi/mmole)
was used as substrate. The primer T,, was
omitted. All other components of the reaction
mixture was the same as for the GTF assay.

For the measurement of both enzyme activity,
the reaction mixtures were incubated for 15 min
and then 104 of them was processed as descr-
ibed by Germaine et al., (1974). Activity from
the 15min incubation point was on linear port-
jon of the time-course assay.

RESULTS AND DISCUSSION

One or two strains of each serotype (major
5 serotypes) of S. mutans and S. sanguis were
studied. The final pH and relative absorbance
of each 18hr culture were tabulated in Table
1. As can be seen, the growth varied among
strains of S. mutans, and also variable was the
final pH of the cultures. The strains of S. mu-
tans grew generally faster than S. sanguis,
with lower final pH;however, from the S. san-
guis strain 903 were comparable to those of S,
mutans. 'Of the taxa comprising the major str-
eptococcal component of the oral cavity, S.
sanguis appears homogenous (Gibbons, 1972),
whereas S. mutans are more heterogeneous by
virtue of their distinctive serotypes (Bratthal,
1970) and also by the existence of multiple

deoxyribonucleic acid hybridization group (Co-
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vkendall, 1974) This fact probablely reflects the
characteristics of the strains of S. muians as
illustrated by the variable growth and pH of
the culture medium. Among oral Streptocceci,
S. natans has been known as one of the most
acidogenic organisms and being relativly acid-
uric as well. In addition, this organism utilizes
sucrose, when supplied with it, to form more
latic acid and decrease the pH more rapidly
The data in Table |

clearly show a facet of such a heterogeneity

than other streptococci.

of S. miutans as described above.

Table 1. Growth expressed as absorbance and fi-
nal pH of cultures of oral streptococci

Serotype Absorbance* Final
pH
S. mutans BHT b 100 5.5
ING C 95 . 4.4
AHT a 64 5.0
6715 d 60 5.8
SL-1 d 88 4.7
LM-7 e 80 4.7
S.sanguis 903 I 84 5.0
M-5 II 42 6.4
9811 Hetero- 85 6.8
geneous

* Expressed as percentage of that from S.mutans
BHT strain.

For the preparation of the two hexosyltran-
sferases, culture media, filtered and neutraliz-
ed, were precipitated with ammonium sulfate
at 60% of saturation. The ammiuonm sulfate
concentration used was increased from 40%
(Mukasa and Slade, 1973) to 60% in order to
recover most of the activities (95%) present
in the filtered medium (Chludzinski et al.,
1974) Since the activity of both GTF and FTF
is extracellular (Chassy et al., 1976), this me-
thod of enzyme preparation could account for
most of the activity present in the cells.

The relative activity of both GTF and FTF
is shown in Fig. 1. The reiative GTF activity
varied among streptococci studied. Within the

strains of S. mutans, the enzyme activity ranged
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m. 1. Glucosyltransferase (dextransucase) and
fructosyltransferase (levansucrase) activ-
ity from the strains of S.mutans and S.
sanguis. Results are expressed as perce-
ntage of S.mutans strain BHT activity.
from 5.2% to 135% The strains of S. sanguis
were relatively low in their activity as com-
pared to those of S. mutans. Relative activity
of the FTF fluctuated much more than that of
GTF did. Among S. mutans, the strains LM-7,
BHT, and ING were producers of higher acti-
vity, whilst this enzyme was not measureable
in three other strains. No FTF was detected
in 8. sanguis as was reported previously by

2
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other investigators (Chassy et al., 1976)

Of the S. mutans strains, LM-7 had significa-
ntly higher levels of both enzymes. This is in.
agreement with the investigation by Chassy et
al. (1978), although the carbohydrate of their
medium is different from the carbohydrate uti-
lized in the present study. However, since GTF
and FTF are constitutive enzymes (Wenham
et al., 1979) the rate of their synthesis would
be expected to bhe similar under the conditions
of various substrates being added to the medi-
um. This may explain why our fructose-grown
cultures had generally an agreeable trend of
enzyme activity to those from the glucose-gro-
wn cultures (Chassy et al., 1976)

Because S. mutans strain SL-1 and S.sanguis
strain 9811 ' produce no detectable amount of
FTF, but are fairly good in GTF production,
they would be the strains of cheoice when one
studies a mechanism of in vitro plaque-forma-
tion where GTF or its catalytic product glucans
are involved, because the interference of FTF

or its product levan could be easily eliminated.
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