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Actinomyces viscosus ATCC 15987 was examined for its ability to hydrolyze its
own levan. Washed whole cells and an ammonium sulfate fraction from cell-free
culture fluids were shown to possess levan hydrolase activity. Analyses of reaction
mixtures by gel filtration and thin-layer chromatography demonstrated that the
product oflevan hydrolysis was free fructose. The cell-associated and extracellular
enzyme preparations also hydrolyzed inulin and the levans synthesized by Aero-
bacter levanicum and Bacillus subtilis. Growth of A. viscosus in media supple-
mented with 0.1% A. viscosus levan resulted in a 33-fold increase and a 7-fold
increase in the specific activities of the respective extracellular and cell-associated
enzymes when compared with those from 55 mM glucose cultures. Growth in the
presence of 29.2 mM sucrose resulted in a 28-fold increase and a 5-fold increase
in the specific activities of the respective enzymes when compared with those
from the glucose cultures. The extracellular enzyme exhibited high activity over

a wide pH range, with 87 and 89% of its pH 6.0 optimum activity at pH 5.0 and
7.0, respectively. The cell-associated enzyme also exhibited optimum activity at
pH 6.0, but this was decreased to 10 and 20% at pH 5.0 and 7.0, respectively.
Analysis for the presence of extracellular levan during growth of A. viscosus in
sucrose broths demonstrated that peak levan concentrations occurred during the
mid-exponential to late-exponential phase of growth followed by a rapid decline
in extracellular levan as a result of levan hydrolase activity.

Several studies have demonstrated sucrose-
dependent production of extracellular levan by
oral microorganisms such as Streptococcus sal-
ivarius (12, 33, 39), Actinomyces viscosus (17,
25, 32, 34, 42), Streptococcus mutans (3, 4, 7, 47),
and Rothia dentocariosa (27). The presence of
levan in dental plaque also has been confirmed
(5, 29, 46), and several studies have demon-
strated or inferred that at least part of this levan
can be degraded by plaque microbial enzymes
(6, 14, 16, 30). This suggests that levan might
serve as a fermentable plaque carbohydrate
which could extend the period of acid production
in plaque.

Several streptococcal strains isolated from hu-
man plaque have been shown to hydrolyze S.
salivarius levan (6, 43). Although S. salivarius
is primarily found in saliva (2, 13, 24, 44), it is
possible that this organism could serve as a
source of plaque levans. On the other hand, S.
mutans and A. viscosus are important compo-
nents of human plaque, and both synthesize
levans from sucrose (2, 3, 9, 34). Although little
is known about levan hydrolase activities toward
specific levans produced by isolated strains of S.
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mutans, levan produced by A. viscosus has been
shown to be hydrolyzed by in vitro plaque and
washed whole cells of Actinomyces naeslundii
(31). An additional report has suggested that A.
naeslundii also elaborates an extracellular en-
zyme which hydrolyzes A. viscosus levan to free
fructose (T. N. Warner and C. H. Miller, Int.
Assoc. Dent. Res. Abstr., no. 115, 1975, p. 73).
The levan hydrolase activities from either the
streptococci or actinomycetes also might be ac-
tive toward more than one type of levan.

Besides producing levan which might extend
acid production in plaque, A. viscosus also has
been shown to destroy periodontal tissues in
experimental animals (18, 20, 21, 23). Several
studies have shown that products, components,
or metabolites of A. viscosus have the potential
to induce a variety of immunopathogenic reac-
tions, including delayed hypersensitivity (15),
chemotaxis, and acute inflammatory response
(11), and lymphocyte transformation (1, 10, 26,
36). The specific involvement of levan in the
soft-tissue virulence of A. viscosus is not yet
clear; however, it recently has been shown that
this organism can produce a cell-associated
levan in the form of a tenacious capsule (45). A
preliminary report also has suggested that puri-
fied A. viscosus levan can activate the comple-
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ment system (T. N. Warner and C. H. Miller,
Am. Assoc. Dent. Res. Abstr., no. 410, 1977, p.
B154). Thus, it is important to continue to in-
vestigate the properties, synthesis, and degra-
dation of A. viscosus levan in relation to the
virulence of this organism.
A preliminary report has suggested that cul-

ture filtrates of Odontomyces viscosus hydro-
lyzed levan synthesized from Aerobacter levan-
icum. (Z. Mesner, Int. Assoc. Dent. Res. Abstr.,
no. 50, 1971, p. 670). This, along with unpub-
lished observations from our laboratory during
studies on levan preparation (32, 45), suggests
that A. viscosus ATCC 15987 may be able to
degrade its own levan. Thus, the present study
was undertaken with the following objectives:
(i) to establish whether A. viscosus can hydro-
lyze its own levan and (ii) to characterize the
end product of such hydrolysis in relation to its
ability to serve as a fermentable carbohydrate.

MATERIALS AND METHODS
Microorganisms. A. viscosus ATCC 15987, A. lev-

anicum ATCC 15552, and B. subtilis IUOM B-9 were
maintained in the frozen state in Trypticase soy broth
(Baltimore Biological Laboratory, Cockeysville, Md.)
containing excess CaCO3 and 10% glycerine. For en-
zyme production a Trypticase (Baltimore Biological
Laboratories)-yeast extract (Difco Laboratories, De-
troit, Mich.)-salts medium (19) supplemented with
various carbohydrates was used. One-liter amounts of
this medium contained in 2-liter flasks were inoculated
with a 48-h culture of A. viscosus in the unsupple-
mented complex medium previously transferred once
from stock. All cultures were incubated at 370C in air.

Preparation of culture fractions. Cultures of A.
viscosus as described above were centrifuged at 15,000
x g for 15 min at 4VC. Cells used for enzyme assay
were washed three times by centrifugation with 0.85%
NaCl and resuspended in saline to an absorbance at
520 nm reading of 0.9. This was equivalent to 0.58 mg
(dry weight) of cells per ml from 29.2 mM sucrose
cultures, 0.64 mg/ml from 55 mM glucose cultures,
and 0.46 mg/ml from 55 mM fructose cultures. The
extracellular enzyme fraction from the original culture
supernatants was prepared by slow addition of am-
monium sulfate to 90% saturation with subsequent
stirring for 45 min at 4°C. Filtering the culture super-
natants through a 0.45-pm membrane filter (Millipore
Corp.) before addition of the ammonium sulfate did
not alter the protein content or enzyme activity of the
final extracellular preparation. The ammonium sul-
fate-precipitated protein was collected by centrifuga-
tion at 15,000 x g for 15 min at 40 C and dissolved in
a minimal amount of 50 mM sodium acetate buffer,
pH 6.0. The protein solution was dialyzed with stirring
against 200 volumes of the same buffer for 48 h with
two changes of the buffer. In experiments designed to
determine the pH optimum of the enzyme, the protein
solution was dialyzed against deionized water. This did
not alter enzyme activity if the preparation was used
within 24 h after dialysis. The dialyzed protein solution

was then filtered through a 0.45-,um Millipore mem-
brane filter and analyzed for protein content (28).
Levan preparation. Levan synthesized by washed

whole cells of A. viscosus, A. levanicum, and B. sub-
tilis was prepared as previously described (32, 45). The
ethanol-precipitated levan was washed twice with
ethanol, dissolved in water, and deproteinized by the
method of Sevag et al. (38). The levan solution was
dialyzed against deionized water, lyophilized, and
stored at -20°C until used. Concentrations of working
solutions were based upon dry weight and ketohexose
determinations (37). Analyses of acid-hydrolyzed A.
viscosus levan by thin-layer and paper chromatogra-
phy has resulted in the detection of only fructose (32).
Gel filtration of unhydrolyzed preparations through
Sephadex G-75 and G-150 and subsequent analysis of
all fractions for hexose, ketohexose, glucose, reducing
sugar, and protein have shown that A. viscosus levan
prepared as described is a pure fructan (32). Passive
hemagglutination and immunodiffusion analyses with
the antilevan myeloma proteins UPC 10 and UPC 61
have also demonstrated that A. viscosus levan con-
tains both ,8(2--+6) and ,8(2- +1) linkages (45).
Enzyme assay. Levan-hydrolyzing activity of

washed whole cells or of the extracellular preparations
was measured in standard reaction mixtures contain-
ing 50 mM sodium acetate buffer, pH 6.0, A. viscosus
levan at 1.0 mg/ml, and enzyme source in a total
volume of 3.0 ml. Reaction mixtures and appropriate
controls were incubated at 37°C, and the reaction was
'terminated by placing the marble-covered tubes in a
boiling-water bath for 3 min. The reaction mixtures
were passed through a 0.45-tm Millipore membrane
filter and assayed for total reducing sugar (41). As a
precaution, reaction mixtures were also routinely mea-
sured for free glucose with the glucose oxidase reagents
to detect any contaminating glucose in the enzyme
preparations. Such contamination was not observed.
Controls consisted of reactions without levan or with-
out enzyme, and complete reaction mixtures which
had been heat inactivated at zero time. One unit of
levan-hydrolyzing activity is defined as that amount
of enzyme preparation which produces 1 umol of re-
ducing sugar (fructose) per min under the assay con-
ditions. Specific activities are levan-hydrolyzing units
per milligram of extracellular protein or per milligram
(dry weight) of washed whole cells.
Thin-layer chromatography. Reactants and

products from degradation of levan and inulin were
separated by thin-layer chromatography. Fifty micro-
liters of reaction mixtures, controls, and standard
levan, inulin, fructose, or glucose solutions were spot-
ted on silica gel thin-layer chromatogram sheets (20
by 20 cm, no. 13179, Eastman Kodak Co.) 2 cm from
the bottom and at 2-cm intervals. The sheets were
developed for 5 h at room temperature in a chloro-
form-acetic acid-water (3.0:3.5:0.5, volume ratio) sol-
vent system. Sheets were removed from the glass
chromatocab, air dried, and sprayed with a mixture of
diphenylamine, aniline, phosphoric acid, and acetone
(8). Carbohydrate-positive spots were made visible by
heating the sheets in an oven for 15 min at 100°C. Rf
values of each spot were calculated as the ratio of the
distance between the origin and the center of the spot
to the distance between the origin and the solvent
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front. Inulin and levan appeared as brown spots,
whereas fructose and glucose gave pink and blue spots,
respectively. Unhydrolyzed levan and inulin remained
at the origin as expected, and free fructose and glucose
exhibited Rf values of 0.48 and 0.40, respectively.
Sephadex gel filtration. Sephadex G-75 gel filtra-

tion was also used to separate reactants and products
in enzyme reaction mixtures. The G-75 beads were
swelled at 40C in 0.02% sodium azide, and the slurry
was poured into a glass column (2 by 40 cm) and
allowed to settle to a height of 32 cm. The column was
washed and eluted at 230C with 0.02% sodium azide at
a hydrostatic head pressure of 65 cm. Sample volumes
of 5.0 ml were uniformly applied to the surface of the
gel, and 5.0 ml fractions were collected with the aid of
an automatic fraction collector (Buchler Instruments,
Inc.). The column exhibited a void volume of 30 ml
with blue dextran and standard A. viscosus levan and
had a flow rate of 1.25 ml/min. A small column of
Sephadex G-75 (1 by 25 cm) was also used to analyze
for the production of high-molecular-weight, keto-
hexose-positive material (levan) in culture superna-
tants of A. viscosus. One-milliliter samples of cell-free
culture fluids were applied to the small column and
eluted with 0.02% sodium azide at room temperature.
The 1-ml fractions collected were then analyzed for
ketohexose (37). A. viscosus levan standards eluted
immediately after the void volume of 7.0 ml from the
small column, and fructose, sucrose, and glucose stan-
dards eluted after 18.0 ml of effluent had passed
through the column. The levan and sucrose peaks
from culture filtrates were clearly distinguishable and
were separated by seven sugar-negative fractions.

RESULTS
Extracellular levan recovery during

growth. The organism was cultured in the com-
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plex medium supplemented with 29.2 mM su-
crose. At various time periods samples were
analyzed for pH and absorbency at 520 nm and
then centrifuged. The supernatants were passed
through 0.45-,um Millipore membrane filters, and
the cell-free culture fluid was analyzed for high-
molecular-weight ketohexose material on Seph-
adex G-75 as described above. Control samples
of uninoculated sucrose medium were also ana-
lyzed, and the trace amount of the background
high-molecular-weight ketohexose detected was
subtracted from all experimental analyses. Fig-
ure 1 shows that high-molecular-weight keto-
hexose material (presumed to be levan) accu-
mulated in 29.2 mM sucrose cultures during the
early phases of growth. However, during the
late-exponential and stationary phases of
growth, the extracellular levan concentration de-
creased to almost undetectable levels. Similar
results (data not shown) were obtained in 50, 87,
116, and 146 mM sucrose cultures. In all cases,
peak levan concentrations occurred during the
mid-exponential to late-exponential phase of
growth followed by a rapid decline in extracel-
lular levan concentration.

Identification of levan degradation prod-
ucts. The standard reaction mixtures contained
1.0 mg of A. viscosus levan per ml, 50 mM
sodium acetate (pH 6.0), and 0.62 mg of sucrose-
cultured washed whole cells per ml or 0.62 mg of
extracellular protein per ml. These reaction mix-
tures and controls in which either levan or en-
zyme had been eliminated were incubated at
370C for 0, 3, and 8 h. The reaction was stopped
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FIG. 1. Relationship between incubation time and presence of extracellular levan during growth of A.

viscosus in sucrose medium. Levan was measured by analyzing for high-molecular-weight, ketohexose-positive
material in portions of the cell-free culture fluid after gel filtration through Sephadex G- 75. Ar52o, Absorbance
at 520 nm.
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LEVAN DEGRADATION BY A. VISCOSUS 269

by placing the tubes in a boiling-water bath for
3 min and passed through a 0.45-Itm Millipore
membrane filter. Equal amounts of the filtrates
were chromatographed on thin-layer silica gel
sheets as described above. Figure 2 shows the
chromatogram of reaction components in mix-
tures containing the extracellular enzyme prep-
aration. A complete reaction mixture in which
the enzyme was heat inactivated at zero time
exhibited a dark spot at the origin indicative of
levan and a very faint spot with an Rf value of
0.40. The 3-h reaction mixture produced three
carbohydrate-positive spots: a faint spot at the
origin, one with an Rf value identical to that of
fructose (0.48), and one with an Rf value of 0.40
identical to that present in the zero-time control.
As the incubation time increased, intensities of
the fructose and levan spots increased and de-
creased, respectively. Similar results were ob-
tained from thin-layer chromatography of stan-
dard levan degradation reaction mixtures con-

taining washed whole cells as the enzyme source.
Standard reaction mixtures containing either

extracellular enzyme preparation (specific activ-
ity, 0.048) or washed whole cells (specific activ-
ity, 0.02) were also analyzed by gel filtration
through a column of Sephadex G-75 (2 by 32
cm) as previously described. The reaction mix-
tures were incubated at 370C for 3 h, heat inac-
tivated, passed through a 0.45-nm Millipore
membrane filter, and applied to the Sephadex
column. Complete reaction mixtures (with either
enzyme source) which were heat inactivated at
zero time exhibited one ketohexose-positive
peak which appeared immediately after the col-
umn void volume of 30 ml. This peak corre-
sponded to the levan standard and was com-
pletely eluted after a total of 50 ml of effluent
had passed through the column. Complete re-
action mixtures incubated for 3 h exhibited two
ketohexose-positive peaks, one smaller peak im-
mediately after the void volume which repre-

0
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FIG. 2. Thin-layer chromatogram of levan hydrolase reaction mixtures containing a 90%o ammonium
sulfate-precipitated extracellular enzyme preparation. (A) Complete reaction mixture (levan, enzyme, and
buffer) heat inactivated at zero time. (B) Complete reaction mixture incubated at 370C for 3 h. (C) Complete
reaction mixture incubated at 37"C for 8 h. (D) Fructose standard.
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270 MILLER AND SOMERS

sented the remaining substrate and a second
larger peak which appeared after a total volume
of 100 ml had passed through the column. The
latter exhibited elution properties identical to
those of free fructose.
Standard reaction mixtures and controls con-

taining either extracellular or washed whole-cell
enzyme preparations were incubated at 370C for
4 h and assayed for the production of reducing
sugars at various intervals. With both enzyme
sources, the micromoles of reducing sugar pro-
duced from levan per milliliter of reaction mix-
ture increased proportionally with time up to at
least 4 h of incubation. Increases in reducing
sugar production after 3 h of incubation were
also directly proportional with increases in
washed whole cell concentration (up to at least
0.60 mg of cell [dry weight] per ml of reaction
mixture) and in extracellular enzyme concentra-
tion (up to at least 700 ,sg of protein per ml).
Extracellular levan hydrolase activity as

a function of growth. Identical 200-ml vol-
umes of the complex medium supplemented
with 29.2 mM sucrose received identical inocula-
tions of cells grown for 48 h in the unsupple-
mented complex medium. At different times
during aerobic incubation at 370C, a single 200-
ml culture was analyzed for absorbency at 520
nm, and the extracellular ammonium sulfate
enzyme preparation from the cell-free culture
supernatant was assayed for levan hydrolase
specific activity (Fig. 3). Maximum specific ac-
tivity was detected during the early stationary
phase of growth. The activity remained high
during the stationary phase at least up to 100 h
of incubation. About 70% of the maximum spe-
cific activity was detected at the mid-exponen-
tial phase of growth. Cell-associated specific ac-
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FIG. 3. Extracellular levan hydrolase activity as

a function ofgrowth. A52,, Absorbance at 520 nm.

tivity was 0.08 after 30 h and decreased to 0.02
at 50 and 100 h of incubation.
Effect ofgrowth carbohydrate on enzyme

activity. A. viscosus was cultured for 30 h at
370C (mid-exponential phase in sucrose culture)
in the medium supplemented with 1.0% sucrose,
glucose, fructose or 0.1% A. viscosus levan. Each
200-ml culture was inoculated with equivalent
amounts of cells previously cultured for 24 h at
370C in the unsupplemented complex medium.
Specific activities for levan degradation by
washed whole cells and by the extracellular en-
zyme preparations were determined from each
culture (Table 1). Obvious growth occurred in
all cases, and all final culture pH values were
below 5.6. Identical inoculation and incubations
of the organisms in the unsupplemented medium
resulted in poor growth with final culture pH
values of 6.7 to 6.9. High specific activities from
both cell-associated and extracellular prepara-
tions occurred only when sucrose or levan was
present in the growth medium. Levan cultures
exhibited the highest specific activities (0.165
U/mg of extracellular protein; 0.034 U/mg [dry
weight] of whole cells). Glucose cultures ex-

hibited only 18 and 4% of the respective cell-
associated and extracellular specific activities of
sucrose cultures. Fructose cultures exhibited 33
and 16% of the respective specific activities of
sucrose cultures.
Parameters of levan degradation. Varia-

tion of the pH of 50 mM acetate buffer from 5.0
to 7.5 in otherwise standard reaction mixtures
resulted in the identification of a pH optimum
of 6.0 for levan hydrolysis. Both the cell-associ-
ated and the extracellular activities exhibited
the same optimum; however, deviation from the
optimum pH more severely affected the cell-
associated activity than the extracellular activ-
ity. At pH 5.0 and 7.0 the extracellular activities
were 87 and 89%, respectively, of the maximum
activity at pH 6.0, whereas those of the cell-

TABLE 1. Effect ofgrowth medium carbohydrate on
levan hydrolase activity

Dry wt of Sp act (% of control
Medium sup- cells (mg/

plement ml of cul- Cell asso- Extra-
ture) ciated cellular

Sucrose (1.0%)a 0.58 100b 100C
Glucose (1.0%) 0.64 18 4
Fructose (1.0%) 0.68 33 16
Levan (0.1%) 0.46 126 117

a Specific activities of the whole-cell and extracel-
lular preparations from the sucrose culture served as
the 100% control because this was the standard culture
system used throughout the study.

b 0.141 U/mg of protein.
c 0.027 U/mg (dry weight) of whole cells.
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LEVAN DEGRADATION BY A. VISCOSUS 271

associated activity were only 10 and 20%, re-
spectively, of the maximum activity at pH 6.0.
Both the cellular and extracellular enzyme

preparations exhibited maximal levan degrada-
tion activity at 370C when standard reaction
mixtures were incubated at temperatures rang-
ing from 25 to 530C.
The concentration of A. viscosus levan was

varied from 12.5 to 1,500 Ag/ml in otherwise
standard reaction mixtures. A Lineweaver-Burk
double-reciprocal plot of the washed whole-cell
activity versus levan concentration revealed a
calculated Km of 5 x 10' M levan based on

fructose equivalents. Saturation of the standard
amount of the extracellular enzyme (620 ,ug of
protein per ml) was not reached under identical
assay conditions. The increase in activity of the
latter was linear over the range of 12.5 to 1,500
,ug of levan per ml.

Substrate specificity. Both extracellular
and cell-associated enzyme preparations were
incubated with A. levanicum levan, B. subtilis
levan, inulin, and sucrose in otherwise standard
reaction mixtures. Table 2 compares activities
toward these substrates with that for A. viscosus
levan. Both enzyme sources catalyzed the pro-
duction of reducing sugars from all substrates
tested. To partially characterize the nature of
the reducing sugars, 8-h reaction mixtures and
controls without enzyme or without substrate
were chromatographically analyzed on silica gel
as previously described. The results with A.
levanicum levan, B. subtilis levan, and inulin
were identical to those shown in Fig. 2 for A.
viscosus levan. The levan or inulin reaction mix-
tures each produced two spots: a faint spot of
unhydrolyzed substrate at the origin and a dark
spot with an Rf value identical to that of free
fructose. A separate spot corresponding to free
glucose from the complete reaction mixtures
containing inulin was not detected. This may
have been due to the relative low percentage of
glucose in the inulin molecule or a retention of
the glucose moiety with any unhydrolyzed por-
tion of the inulin polymers remaining at the
origin. As expected (31) resolution of sucrose
and fructose from the sucrose reaction mixtures
was poor on the one-dimensional silica gel sys-
tem used. Other studies have described degra-
dation of sucrose by A. viscosus (22, 34, 35, 42).

DISCUSSION
Both washed whole cells and cell-free culture

supernatant preparations of A. viscosus ATCC
15987 hydrolyzed levan. Chemical analysis of
complete reaction mixtures containing either en-
zyme source revealed an increase in the produc-
tion of reducing sugars which was proportional

TABLE 2. Substrate specificity
Sp Actb

SubstrateaC
eCel Extracellularassociated

A viscosus levan 0.029 0.104
A. levanicum levan 0.035 0.115
B. subtilis levan 0.033 0.090
Inulin 0.012 0.024
Sucrose 0.051 0.026

a Final substrate concentrations were 1.0 mg/ml in
standard reaction mixtures.

b Enzyme sources were obtained from the standard
29.2 mM sucrose cultures incubated for 48 h.

with increases in incubation time and with en-
zyme and substrate concentrations. Analysis of
the reaction products generated by both the cell-
associated and extracellular preparations sug-
gested that the levan was hydrolzyed to free
fructose. The results from gel filtration of zero-
time and incubated reaction mixtures demon-
strated degradation of the levan to a single peak
of low-molecular-weight, ketohexose-positive
material with an elution pattern identical to that
of free fructose. Additional evidence for produc-
tion of free fructose was revealed by thin-layer
chromatographic analysis of complete reaction
mixtures incubated for various times. Increased
incubation time increased the intensities of car-
bohydrate-containing spots with chromato-
graphic properties identical to those of free fruc-
tose (Fig. 2).
A. viscosus grew when the standard medium

used throughout the study was supplemented
with levan previously synthesized by strain
15987. Growth in the unsupplemented medium
was poor. The total cell yield from growth on
levan was 72, 67, and 79% of the cell yields from
respective glucose, fructose, and sucrose cultures
inoculated and incubated under identical con-
ditions (Table 1). Growth on levan reduced the
culture pH from 7.0 to 5.5 after 30 h of incuba-
tion. The specific activities of both the cell-as-
sociated and extracellular levan hydrolase were
also the highest in levan and sucrose cultures
when compared with those associated with glu-
cose and fructose cultures (Table 1). The glucose
and fructose cultures even exhibited the highest
cell yields. These data suggest that A. viscosus
not only utilizes levan as a fermentable carbo-
hydrate, but also may be induced to synthesize
levan hydrolase when cultured in the presence
of levan or sucrose.
Measurement of extracellular levan levels dur-

ing growth of the organism in the presence of
sucrose revealed that during the late-exponen-
tial and stationary phases of growth the extra-
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cellular levan concentration decreased to very
low levels (Fig. 1). This decrease in extracellular
levan concentration coincided with that portion
of the growth phase in which extracellular levan
hydrolase specific activity was at its maximum
(Fig. 3). The culture pH during the period of
levan degradation was also at a level (5.5 to 5.2)
which would allow for extracellular levan hydro-
lase activity. At pH 5.0 the enzyme exhibited
87% of its maximum activity expressed at pH
6.0. Thus, it appears that the decrease in extra-
cellular levan during the stationary phase of
growth resulted from hydrolysis. However, this
does not preclude the possibility that a small
portion of the extracellular levan may have be-
come associated with the cell surface and, thus,
would not have been detected in the cell-free
culture fluid. This latter possibility seems plau-
sible in light of recent findings which demon-
strated that sucrose-grown A. viscosus cells pos-
sess a low level of cell-associated levan (45). On
the other hand, the cell-associated levan of su-
crose-grown cells was also shown to partially
exist as a loose slime rather than as a tenacious
capsule which is present on glucose-grown cells
subsequently incubated with sucrose (45). This
previous study also shows that the maximum
amount of levan found to be associated with the
surface of A. viscosus cells is about 2.0 ,ug/109
cells or about 0.02 to 0.03% of the cellular dry
weight (45). Assuming that this relationship is
reasonably accurate, cell binding of extracellular
levan during the stationary phase of growth
could not have accounted for the total decrease
in extracellular levan observed in the 500-ml
sample culture analyzed as described in Fig. 1.
There were not sufficient cells present to bind
the total 32 mg of levan produced in this culture
during the exponential phase of growth. Thus, it
appears that the decrease in extracellular levan
concentration primarily resulted from the action
of levan hydrolase.
The relationship between levan synthesis and

degradation during growth of strain 15987 in the
presence of sucrose is not exactly clear. The rate
of degradation may have simply exceeded that
of synthesis during the stationary phase of
growth when the hydrolase appeared to be at its
maximum activity. On the other hand, the lev-
ansucrase may have been inactivated during the
stationary phase as suggested by Van der
Hoeven et al. (42) for strain Ny 1 cultures. If
such inhibitors were present in strain 15987 cul-
tures, the levan synthesized during the early
phases of growth should have remained at a
relatively constant level throughout the station-
ary phase in the absence of a levan hydrolase.
In the presence of a levan hydrolase, a rapid

decline in extracellular levan concentration
would be expected, as observed in the present
study.
The possibility exists that the observed hy-

drolysis of levan was actually a reversal of levan
synthesis catalyzed by levansucrase. Although it
was not the intent of this investigation to purify
and fully characterize the enzyme involved, an-
other study which included such an objective
has shown that purified levansucrase from A.
viscosus Ny 1 does not catalyze levan hydrolysis
(42).
Previous investigations of levan synthesis by

A. viscosus have not concentrated on experi-
ments designed to study levan degradation.
However, a report by Krichevsky et al. (25),
which described levan formation by strain 15987
as a function of the level and type of carbohy-
drate in the growth medium, presented data
which showed an increase in extracellular levan
concentration which decreased after 100 h of
growth in 5.0% (146 mM) sucrose. However, no
such decrease was noted in 0.25% (7.3 mM) or
0.1% (2.9 mM) sucrose cultures under identical
aerobic conditions of incubation. A 30% decrease
from the exponential-phase concentration of ex-
tracellular levan was noted when these investi-
gators analyzed for levan present in 0.5% (14.6
mM) sucrose cultures incubated under an argon
gas phase (25).
Both the cell-associated and extracellular en-

zyme preparations hydrolyzed levans from A.
viscosus, A. levanicum, and B. subtilis along
with inulin (Table 2). Thus, it appears that the
activity expressed may be that of the nonspecific
type of ,B-fructofuranosidase capable of attack-
ing both /8(2-l) and ,B(2--6) fructofuranoside
linkages. Both of these types of linkages are
present in A. viscosus levan (45), whereas inulin
has only the ,/(2-41)-linked fructofuranosides. A
nonspecific fructan hydrolase from Saccharo-
myces fragilis has been characterized (40). On
the other hand, the crude enzyme preparations
used in the present study may have contained
more than one enzyme, each with specificity
toward a single type of fructofuranoside linkage.

Great care must be taken when discussing the
potential importance of A. viscosus levan syn-
thesis and degradation in the human oral cavity
based upon data describing the activities of an-
imal strains of this organism. Until recently, only
animal strains such as 15987 from the hamster
or Ny 1 from the rat have been used in studies
on A. viscosus levan synthesis. The studies of
Pabst (34) on levan synthesis by the human
strain T-14 V and the preliminary report on
levansucrases of fresh human isolates of A. vis-
cosus and A. naeslundii (T. N. Warner and D.
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Holland, Int. Assoc. Dent. Res. Abstr. no. 1131,
1978, p. 357) should greatly facilitate studies
involving levan and its potential activities in the
human oral cavity. If such studies indeed show
that human strains of A. viscosus are also ca-

pable of degrading levan in a fashion similar to
that reported here for strain 15987, then it will
be clear that this species has the potential to
extend acid production in human plaques con-

taining A. viscosus levan.
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