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Production of glucosyltransferases by wild-type Leuconostoc
mesenteroides in media containing sugars other than sucrose
MR Smith and JC Zahnley

Western Regional Research Center, US Department of Agriculture, 800 Buchanan Street, Albany, CA 94710, USA

Leuconostoc mesenteroides  produces glucosyltransferases (GTFs) and fructosyltransferases (FTFs) which are
inducible enzymes which respectively synthesize dextrans and levans from sucrose. Except for a few mutant strains
which produce high activities in glucose medium, L. mesenteroides is thought not to produce GTFs and FTFs unless
sucrose is present. We show here that cultures of eight strains produced low, but detectable GTF activity when
glucose, maltose or melibiose replaced sucrose as the growth substrate. Four strains also produced FTFs of
approximately 130 kDa in medium with or without sucrose. The GTFs and FTFs produced on sugars other than
sucrose could be detected as bands on SDS gels even when not detected by other methods. Except for strain B-
523, the number, sizes and relative intensities of the bands were independent of the sugar used for growing the
cultures. Alternansucrase from strains B-1355 and B-1501 in glucose or maltose medium was almost entirely asso-
ciated with the cell fraction, ruling out binding to glucans as the cause of the association.

Keywords: dextran; dextransucrase; glucan; glucosyltransferase; Leuconostoc mesenteroides; inducible enzymes; syn-
thesis; nonsucrose medium

Leuconostoc mesenteroidesoduces a varied but poorly Nott [18] and others [7—11] did not detect GTF activity in
characterized set of extracellular glucosyltransferasethe bacteria-free filtrates or supernatant fractions of cultures
(GTFs) when grown in media containing sucrose [20].grown in media containing sugars other than sucrose and
GTFs synthesize dextrans a-glucopyranosylk(1—6)  concluded that GTFs were not normally synthesized unless
glucopyranoses) from sucrose, by transferring glucosybucrose was present. Mutant strainsLof mesenteroides
units to nascent dextran chains and liberating fructose. Thleave been described which produce high activities of GTFs
dextrans produced by different GTFs exhibit differentin glucose-containing media [7-11,23].

degrees of branching via(1—2), a(1—3) or a(l—4) The conclusion that GTFs were not produced in the
branch linkages, with the structure of the dextran dependerabsence of sucrose contradicted earlier research by Hehre
on the producing strain. Some GTFs synthesize relatednd Sugg [4], who showed that a strainLofmesenteroides
polysaccharides, such as alternans-glucopyranosyl- produced dextransucrase in glucose medium at approxi-
a(1—6)glucopyranosyk(1—3)glucopyranoses) [16] or mately 5% of sucrose levels. We observed thatnesen-
water-insoluble mutans afglucopyranosyle(1—3)gluco-  teroidesstrain B-1355 synthesized polysaccharide after the
pyranoses) [20, 21]. Dextransucrases (sucrosexigfitcan  strain had been grown on glucose agar plates and overlaid
glucosyltransferase, E.C. 2.4.1.5), alternansucrasesith soft agar containing sucrose and streptomycin plus
(sucrose-1,6(3xglucan-6(3)a-glucosyltransferase, E.C. tetracyline to prevent the synthesis of new enzymes [23].
2.4.1.140), and mutansucrases are GTFs which synthesiz#ols et al [3] showed that strain B-1299 produced GTFs
dextrans, alternans and mutans, respectively. Some straimgien grown with fructose or glucose instead of sucrose as
of L. mesenteroidesalso produce fructosyltransferases the sole added carbohydrate. However, the possibility that
(FTFs, levansucrases @-2,6-fructand-glucose 6-fructo- sucrose might have been present in the cultures as an
syltransferases, EC 2.4.2.10), which synthesize levgns ( impurity was not rigorously excluded in the first two
2,6-fructans) from sucrose, producing glucose as a bypraeports, and strain B-1299 might not be typical of other
duct. Some of these GTFs and FTFs might be useful fostrains ofL. mesenteroidesMoreover, the possibility that
synthesizing sugars and polysaccharides containing novélTFs might also be produced in media without sucrose has
structures. not been investigated for this genus.

There have been few reports on the regulation of GTF We re-examined GTF production by wild-type strains in
and FTF synthesis bl. mesenteroidesut the GTFs and media without sucrose, because cultures grown in media
FTFs ofL. mesenteroideare inducible enzymes requiring containing sugars other than sucrose might be an important
sucrose for induction [18], whereas the GTFs from relatedsource of dextran-free FTFs and/or GTFs, and because elec-
genera, such aStreptococcusp, are made constitutively trophoretic characterization of the GTFs from new strains
during growth on any fermentable sugar [20]. Neely andshould be done where dextrans cannot interfere [9,11].
Dextran-free cultures were needed to confirm the reported
specific cellular association of alternansucrase in strain B-
Correspondence: Dr MR Smith, Western Regional Research Center, U 395 [27] Presently, ,the only way to tha'” dextrar_w-frge
Dept of Agriculture, 800 Buchanan St, Albany, CA 94710, USA TFs is to mutagenize cultures and isolate constitutive
Received 6 October 1998; accepted 5 February 1999 mutants [7]. We also wanted to measure the approximate
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levels of GTFs produced in media without sucrose by ang 2% (wt/vol) sugar by centrifuging them at 13 08(y
representative sample of strains to determine how muckor 30 min. Protein concentrations in unconcentrated super-
variation occurs among strains in the levels of activity. natant fractions ranged from 30 to @@ mi™.

Polyacrylamide gel electrophoresis

SDS-PAGE was performed using the Bio-Rad mini-Protean
Bacterial strains Il slab gel system, 7.5% polyacrylamide resolving gels
L. mesenteroideSIRRL B-1355, B-1501, B-1299, B-512F, (4.0% stacking gels) of 0.75 mm thickness, and the
B-742, B-523, B-1118, and B-1149 were obtained from theLaemmli [13] buffer system. Samples (0.1-1 ml) were
stock culture collection of the National Center for Agricul- mixed with an equal volume of SDS/dithiothreitol sample
tural Utilization Research (NCAUR, USDA-ARS, Peoria, buffer and incubated at 3€ for 1.5-2 h prior to loading
IL, USA). Cultures were maintained by weekly transfer ononto gels. Final concentrations in samples were 62.5 mM

Materials and methods

GTF medium [22] containing 1% (wt/vol) glucose. Tris-HCI, pH 6.8, 40 mM dithiothreitol, 2% (wt/vol)
sodium dodecylsulfate (SDS), 10% (vol/vol) glycerol, and
Chemicals 0.00125% (wt/vol) bromophenol blue. Samples containing

3,5-Dinitrosalicylic acid, crude (10-25 units myy par- suspended cells were centrifuged at 15 000g in a
tially purified (400—800 units mg) dextranase (fronPeni-  microcentrifuge before applying them to the gels. Approxi-
cillium sp, EC 3.2.1.11), and invertase (EC 3.2.1.26 frommately 1.0-1.5 milliunits of enzyme (approximately 600 ng
baker’s yeast), were purchased from Sigma Chemical Consf protein), as measured by DNS assay, were loaded onto
pany, St Louis, MO, USA. Protein reagent for the Bradfordthe gels and electrophoresis was carried out for 1 h. The
[2] dye-binding assay was purchased from Bio-Rad, Richgels were then stained for GTF activity by washing to

mond, CA, USA. remove SDS, incubating the gels overnight with buffer con-
taining 5% (wt/vol) sucrose, then washing and staining
Assays them for carbohydrate using the periodic acid-Schiff

Assays for GTF activity depended on the release of reduomethod [22].
ing sugar (fructose), measured using the 3,5-dinitrosalicylic Molecular masses of GTFs and FTFs were estimated
acid (DNS) assay [25], as previously described [22,27]from SDS gels that included Bio-Rad protein standards and
Whole cultures were assayed by incubating samplesvere stained with Coomassie Blue R250 after staining for
(300ul) at 3C°C in 3.0 ml (final volume) of GTF assay GTF activity [27]. The Bio-Rad markers contained myosin
solution. GTF assay solution contained (final (200 kDa), B-galactosidase (116.25 kDa), phosphorylase b
concentrations): 50 mM sodium acetate, pH 5.6, 2 mM(97.4 kDa), bovine serum albumin (66 kDa) and ovalbumin
CacCl, 10% (wt/vol) sucrose, 0.02% (wt/vol) sodium azide (45 kDa). Electrophoresis was often continued for a period
and 0.2% (wt/vol) streptomycin sulfate. Sodium azide waof time sufficient to allow the bovine serum albumin and
included to inhibit the growth of cells. Streptomycin sulfate ovalbumin standards to exit the bottom of the gels in order
was omitted when assaying supernatant fractions, because provide high resolution and good separation of activity
few cells were present to interfere by synthesizing newbands in the 90-300 kDa range. Samples from our cultures
GTFs and incubation times were short (up to 40 min). Thedid not generate protein bands at the loadings used when
reactions were stopped by removing 300samples of gels were stained for protein with Coomassie Blue.
reaction mixture at intervals and adding them to an equal
volume of DNS color reagent. The intervals for cultures in Synthesis of oligo-methyl-a-isomaltosides
sucrose medium 0, 20 and 40 min, and cultures in glucos®ligo-methylw-isomaltosides were synthesized from
medium were sampled at 0, 30, and 60 min and 24 h. Thenethyl-w-glucoside and sucrose in order to identify the
longer sampling period for glucose cultures was necessar@TFs that were present in cultures grown on different
to obtain a sufficiently high concentration of reducing sugarsugars. Samples (3Qd) of cultures of strain B-1355,
for accurate measurements. One unit of GTF activity wagrown overnight in GTF medium containing 2% (wt/vol)
defined as the amount of activity which releasednmiole  sucrose, glucose or maltose as the growth substrate, were
of reducing sugar (fructose) per min from sucrose &C30 incubated for up to 30 days at 3D in GTF assay solution
Protein in supernatant fractions was assayed by theontaining 20Qug ml™* of streptomycin sulfate (to prevent
method of Bradford [2], using Bio-Rad dye-binding protein the induction of enzymes by sucrose). The resulting methyl-
reagent and bovine serum albumin (Sigma, Fraction V) as-oligosaccharides were separated and identified by the
the standard. The protein concentration in whole culture$iPLC method of Lopez-Munguiat al [15], as previously
was estimated by adding NaOH to the cultures to 1 N finadescribed [22,24]. An ISCO (ISCO, Inc, Lincoln, NE,
concentration, boiling the suspension for 5 min, centrifug-USA) HPLC system equipped with a Waters Dextropak
ing it at 15 000x g for 5 min to remove cells, then assaying column (length 20 cm, Millipore Inc, Milford, MA, USA)
the supernatant fractions using the Bradford dye-bindingand a mobile phase consisting of water at a flow rate of
assay and 1 N NaOH as the diluent for the standards ant.0 ml mirr* were used to separate the oligosaccharides,

samples. which were detected using a Waters model 410 differential
refractometer. Peaks contributed by culture medium
Enzyme preparations components, reactants (methydd-glucoside and sucrose),

Supernatant fractions containing GTFs were prepared frormonosaccharide products (glucose, fructose and leucrose),
overnight (30C, 100 ml) cultures in GTF medium contain- buffers, and metabolic products eluted earlier than 16 min,
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while oligo-methyle-isomaltosides produced well-resolved Figure 1 (a—e) shows that all of the cultures produced bands 14
peaks eluting later than 16 min. of GTF activity on SDS gels regardless of the sugar used
for growing the cultures. The number and sizes of the prin-
cipal activity bands produced by each strain are summar-
Results ized in Table 2, and except for strain B-523 (Figure 1c),
We examined a diverse (based on the structures of the desey did not change as result of growing the cultures on
trans produced) sample of strains (strain B-512F, B-742sugars other than sucrose. The activity bands produced by
B-1355, B1501, B-523, B-1299, B-1149 and B-1118), fromthe sucrose cultures of strains B-512F, B-1299, B-742, and
among the more than 96 dextran-producing straind.of B-1355 have been identified and reported previously
mesenteroideg5], for the ability to synthesize GTFs in [3,5,7-11,22,23,24], but the bands of GTF activity pro-
medium containing 2% (wt/vol) sucrose, maltose, melibioseduced by strains B-1501, B-523, B-1118, and B-1149 are
or glucose as the sole carbohydrate. These four carbdgeported here for the first time. SDS gels from strain B-
hydrates were chosen because they are the same as thd§®1 were similar to those produced by strain B-1355, and
used by Neely and Nott [18], to show that GTFs were pro-both strains are known to produce alternansucrase. We did
duced only in sucrose medium. Cultures were maintaine¢iot see any growth substrate-dependent changes, as
on media containing 1% (wt/vol) glucose for over 1 yearreported by Dolset al [3], in the sizes of activity bands

prior to inoculation into experimental media. from strain B-1299. Strains B-523, B-1118, and B-1149
exhibited patterns of activity bands on SDS gels that
Sucrase activity in cultures resembled one another in size and number, and they are

Table 1 shows that 24-h cultures of all of the strains testednown to produce similar types of water-insoluble mutan-
produced GTF activity measured by the DNS method wheriike glucans, but the patterns of bands were different from
sugars other than sucrose were provided as the sole energgtterns produced by cultures of strain B-1501, B-1355, B-
source; the activity in sucrose medium was higher (usuallyl299 or B-742.
5- to 10-fold) than activities in medium containing sugars To exclude the possibility that our cultures were induced
other than sucrose. Strains B-1501, B-1299, B-1355 and Bby low concentrations of sucrose which might have been
742 grew poorly in melibiose medium, and GTF activities present in our media as an impurity, we carried cultures of
were not measured in melibiose medium. strains B-1355 and B-512F for four transfers [1% (vol/vol)
Most of the activity in cultures grown in non-sucrose inoculum] in glucose medium to which filter-sterilized sol-
medium was cell-associated. Supernatant activities, aftestions of invertase had been added to a final concentration
removing the cells by centrifugation at 16 060g for  of 1000 units (approximately 1.2 mg) mil The invertase
20 min, ranged from 0.008 to 0.16 units Pland rep- was added at least 24 h prior to inoculation, and the
resented 20% or less of the total activity, except for culturesnedium was incubated at ambient temperature until inocu-
of strain B-1501 grown in glucose medium, where it rep-lated (up to 4 days). After four transfers, cultures from the
resented approximately 69% of the activity of glucose cul-invertase-treated glucose medium produced activity bands

tures. on SDS gels following SDS-PAGE that were identical in
number, size and intensity to activity bands produced by
SDS-PAGE GTFs from cultures in glucose medium which had not been

Since DNS assays are not specific for GTFs or FTFs, itreated with invertase. We concluded that sucrose
was necessary to confirm by SDS-PAGE that GTFs werémpurities did not cause GTF synthesis by our glucose cul-
produced in media containing sugars other than sucroséures.

Table 1 Effects of growth substrate on the specific activity of GTFs friommesenteroidés

Strain Specific activity (units mg protein)
Growth substrate

Sucrose Glucose Maltose Melibiose

B-523 17.4 0.2 0.3 1.3
B-1118 4.9 0.3 0.1 2.2
B-1501 10.5 0.4 0.4 NM
B-512F 6.5 ND 0.1 0.1

B-1299 4.4 0.2 0.5 NM
B-1355 3.6 0.2 0.4 NM
B-742 2.8 0.2 0.5 NM
B-1149 2.4 0.2 0.2 0.2

aThe whole cultures in Table 1 were assayed for GTF activity by the DNS method and protein by the dye-binding assay. The DNS assay buffer contained
0.2% streptomycin sulfate to inhibit protein synthesis. Protein concentrations ranged from 175ug A4, except where growth was poor (25-48

protein mr?).

°ND, not detected; NM, not measured because of poor growth.
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Figure 1 SDS-PAGE of sucrases produced by strains grown on sucrose, glucose, maltose, or melibiose as the sole sugar. Samples from 24-h cultures wersD&dets and subjected to SDS-
PAGE. The gels were then stained for GTF activity. (a) Lane: (1) B-512F on glucose medium; (2) B-512F on maltose; (3) B-512F on melibiose; (4) Busi@fep(by B-742 on glucose; (6) B-742
on maltose; (7) B-742 on sucrose. (b) Lane: (1) B-1355 on glucose; (2) B-1355 on maltose; (3) B-1355 on sucrose; (4) B-1501 on glucose; (5) B-1664; ¢6)rBalt501 on sucrose. (c) Lane: (1)
B-523 on glucose; (2) B-523 on maltose; (3) B-523 on melibiose; (4) B-523 on sucrose; (5) B-1299 on glucose; (6) B-1299 on maltose; (7) B-1299. dd)duenes€1) B-1149 on glucose; (2) B-
1149 on glucose; (3) B-1149 on melibiose; (4) B-1149 on sucrose; (5) B-512F on sucrose; (6) B-742 on sucrose. (e) Lane: (1) B-523 on sucrose; ([2)sBebdgF; (3) B-1355 on sucrose; (4) B-
1118 on melibiose; (5) B-1118 on maltose; (6) B-1118 on glucose; (7) B-1118 on sucrose. Samples in lanes b-5, d-6, and e-1 to e-3 were includetz¢ocpenpatisons.
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Table 2 Number of principal activity bands on SDS gels 143
Strain Growth substrate Approx. mol. mass

(kDa)
Suc Glu Mal Mel

B-512F 2 2 2 2 177, 130
B-742 2 2 2 - 198, 170
B-1355 4 4 4 - 240, 203, 179171
B-1501 4 4 4 - 240, 203, 183, 173
B-1299 2 2 2 - 240, 197-213
B-523 4 3 3 3 250, 192, 186, 130
B-1149 3 3 3 3 250, 185, 130
B-1118 4 4 4 4 250, 192, 186, 130
aPreviously considered a minor activity band, but consistently present on SDS gels.
Abbreviations: Suc, sucrose; Glu, glucose; Mal, maltose; Mel, melibiose.
Partial identification of activity bands on SDS gels ose, glucose or sucrose as the sole carbohydrate, by show-

We partially identified the activity bands on our SDS gelsing that cultures grown on each of the three sugars
by comparing gels treated with 10 unitsPnbf dextranase synthesized the same methylisomaltosides from methyl-
prior to staining for carbohydrate with the periodic acid- a-glucoside and sucrose (Figure 3 a—c). The incubations
Schiff reagent to gels not treated with dextranase (Figurare described in the Materials and Methods section, and
2 a,b). Figure 2a shows the normal pattern of activity bandshey contained streptomycin to prevent induction of GTFs
produced by sucrose cultures of the eight strainsLof by sucrose. The presence of GTF-1 was indicated by the
mesenteroidesn SDS gels which had not been treated withpresence of 1-O-methyi-glucopyranosyk(1—2) isomal-
dextranase before staining for carbohydrate. Figure 2b is #oside, and alternansucrase by the presence of 1-O-methyl-
duplicate gel which was hydrolyzed with dextranase priora-glucopyranosyk(1—3)isomaltoside among the reaction
to staining for carbohydrate, in order to reveal alternansucproducts [15,24]. 1-O-Methyk-isomaltoside and 1-O-
rase and other GTFs synthesizing dextranase-resistant polgethyl-«w-isomaltotrioside were synthesized by GTF-1,
mers containing significant percentages of mdfi—6)  alternansucrase, and dextransucrase [19,24]. In agreement
linkages. All of the strains except strain B-742 produced atvith Dols et al [3], we were able to detect a very small
least one activity band that was resistant or partially resistpeak corresponding to 1-O-methylglucopyranosyk
ant to hydrolysis with dextranase. The dextranase-resistarfl— 3)isomaltoside after sucrose cultures of strain B-1299
bands in lanes 2 and 4 were produced by alternansucraseere incubated with sucrose, methydd-glucoside, and
[22]; that in lane 5 by a GTF which synthesizes highly streptomycin, but we did not see a peak corresponding to
branched glucans containing(1—2) glucosidic linkages the trisaccharide when glucose cultures were the source of
[3,10]. Strain B-512F (lane 1) produced a band of approxithe GTFs.
mately 130 kDa which was resistant to hydrolysis with dex-
tranase, and which we identified (see below) as levansudCell-associated alternansucrase activity in glucose-
rase. This band was apparently previously misidentified agrown cultures
dextransucrase [8]. We have previously reported that alternansucrase produced
Levansucrases (Figure 2c) were identified by incubatindy strain B-1355 was almost entirely a cell-associated GTF,
an SDS gel identical to those in Figure 3a and b with 8%while GTF-1 and dextransucrase were distributed more
(wt/vol) raffinose instead of 5% (wt/vol) sucrose, thenequally between the cell and supernatant fractions of
staining it using the periodic acid-Schiff method. We alsosucrose cultures than was alternansucrase [27]. However,
treated our raffinose-incubated gels with dextranase priothe apparent cellular association of alternansucrase might
to staining them to eliminate any GTF bands that mighthave been caused by it binding to dextrans or other glucans
arise from sucrose impurities in our raffinose solution. Fig-of high molecular weight produced in the sucrose cultures.
ure 2c shows that strains B-512F, B-1149, B-523, and BGTFs bind to dextrans, and dextrans of high molecular
1118 produced levansucrases; the apparent moleculareight tend to sediment with the cells during centrifugation
masses were all near 130 kDa. Strain B-523 and B-512FL1]. To confirm that alternansucrase was truly associated
are known to produce levans [6]. The partially dextranasewith the cellular fraction of cultures, and not merely bind-
resistant activity band at 186 kDa seen with cultures ofing to dextrans, we grew cultures of strain B-1355 and B-
strain B-523 and B-1118 (Figure 2b) were possibly pro-1501 in glucose medium, where dextrans are not produced,
duced by mutansucrases, because the two strains are knownd compared the GTFs from whole cultures, using SDS-
to produce mutans and the bands were not levansucrasd®AGE, with GTFs from the supernatant fractions. The gels

as indicated by their absence in Figure 2c. were stained for GTF activity as before. The results (Figure
4) showed that alternansucrase was almost entirely removed

Identification of GTFs from strain B-1355 by the from the supernatant fractions of glucose-grown cultures

synthesis of methyl-a-isomaltosides when the cells had been removed by centrifugation at

We confirmed that strain B-1355 produced GTF-1, alter-13 000 x g for 20 min. We concluded that the cellular
nansucrase, and dextransucrase in medium containing ma#ssociation of alternansucrase was a true cellular associ-
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Figure 3 Oligosaccharides synthesized from methyti-glucoside and
sucrose. Cultures of strain B-1355 grown in 2% (wt/vol) sucrose, glucose
5 or maltose were incubated in a solution containing 100 mM meithgi-
i glucoside, 200 mM sucrose and 2@ ml™* streptomycin sulfate. The
oligosaccharides that were synthesized were separated by HPLC and ident-
ified by their relative retention times. Horizontal axes: minutes. (a)
sucrose-grown culture; (b) glucose-grown culture; (c) maltose-grown cul-
ture. Numbered peaks: (1) methyld-glucoside; (2) 1-O-methyl-isomal-
toside; (3) 1-O-methyk-glucopyranose(1—2)a-isomaltoside; (4) 1-O-
methyl«-glucopyranose(1—3)a-isomaltoside; (5) methyd-isomalto-
trioside.

Figure 2 Partial identification of activity bands on SDS gels. Cultures 1 7 a 4 5 ] T
were grown in GTF medium containing 2% (wt/vol) sucrose. Samples

from the cultures (3l) were loaded onto triplicate SDS gels and subjected

to SDS-PAGE. The gels were then incubated with 5% (wt/vol) sucrose ®

or 8% (wt/vol) raffinose to visualize bands of sucrase or FTF activity, b —_— — ———
respectively. After washing gels to remove carbohydrate, one of the
sucrose-incubated gels and the raffinose-incubated gel were treated wi
10 units mit dextranase. All three gels were then stained for carbohydrate
synthesized by the enzymes during incubation with sugar. (a) SDS-ge:
stained for sucrase activity by incubating with sucrose. (b) SDS-gel stainegfigure 4 Distribution of alternansucrase activity in cultures of strains B-
for sucrase activity by incubating with sucrose, but the gels were treated 355 and B-1501 grown in glucose medium. (a) GTF-1; (b) alternansuc-
with dextranase before staining carbohydrate polymers with periodic acidrase; (c) dextransucrase. Cultures of strains B-1299 and B-512F grown in
Schiff reagent. (c) SDS-gel stained for levansucrase activity by incubatingucrose medium were provided for reference. Lanes: (1) B-1355 culture;
it with raffinose followed by dextranase treatment before staining carbo{(2) B-1355 supernatant fraction; (3) B-1299 culture; (4) B-1299 super-
hydrates with periodic acid-Schiff reagent. Lanes 1-8 (left to right): B- natant fraction; (5) B-1501 culture; (6) B-1501 supernatant fraction; (7)
512F, B-1501, B-1149, B-1355, B-1299, B-742, B-523, B-1118. B-512F supernatant fraction.
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ation, and not the result of alternansucrase binding to glumore alternan) in sucrose cultures than did a second mutant
cans. strain (B-21297), also derived from strain B-1355. We
believe that the apparent discrepancies among measured
supernatant alternansucrase activity, colony morphology on
sucrose agar, and alternan production result from differ-
We show for the first time thdt. mesenteroideproduces ences between the mutant strains in the extent to which
low levels of GTFs and FTFs in the absence of the inducealternansucrase is associated with the cells. Mutations
sucrose when glucose, maltose or melibiose is substituteaffecting the cell-association of alternansucrase in strain B-
for sucrose as the energy source. Bacteria often produck355 [24], and of GTFs irStreptococcus gordonii26]
inducible enzymes at low levels in the absence of arhave been reported previously. Other straind. ofnesen-
inducer, as withB-galactosidase from the lac operon of teroidesproduce mixtures of GTFs, some of which might
Escherichia col[1]. L. mesenteroidesight therefore more exhibit specific cell associations, and care must be taken to
closely resemble streptococci in GTF synthesis than foreonsider the possibility of specific cell associations when
merly thought. GTF and FTF production by uninduced cul-drawing conclusions concerning GTF production in cul-
tures was previously missed, apparently because few straingres.
have been examined, supernatant fractions or bacteria-free
filtrates were used as the source of the GTFs [7-11,19],
and much of the activity tends to reside with the cellularAcknowledgements
fraction of cultures. When cell extracts were examined, as ) )
in the experiments of Hehre and Sugg [4], the activity of We thank Denyse Goff for expert technical assistance.
the GTFs in glucose cultures could be detected. The pro-
duction by wild-type strains of GTFs in glucose medium
explains why some researchers [12,23] have reported protiReéferences
lems in attempting to use the agar-overlay method of 1 gourgeois S and A Jobe. 1970. Superrepressors of the lac operon. In:
Mizutani et al[17] to isolate mutant strains producing high  The Lactose Operon (Beckwith JR and D Zipser, eds), pp 325-341,
levels of GTFs constitutively in glucose medium. Cold Spring Harbor Laboratory, Cold Spring Harbor, New York.
In spite of its importance to anyone wanting to produce 2 Bradford M. 1976. A rapid and sensitive method for the quantitation
GTEs on a commercial scale. there is little available infor- of microgram quantities of protein utilizing the principal of protein-
. . i . dye binding. Anal Biochem 72: 248-254.
mation concerning regulation of GTF or FTF synthesis by 3 Dols M, M Remaud-Simeon, R Willemot, M Vignon and P Monsan.
L. mesenteroidedols et al [3] reported energy substrate- 1998. Characterization of the different dextransucrase activities
dependent changes in the number and types of GTFs pro- excreted in glucose, fructose, or sucrose mgdiurr_lLbyconostoc
duced by strain B-1299. We did not see (except for strain mesenteroideNRRL B-1299. Appl Environ Microbiol 64: 1298—
B-523 and B-1299) any substrate-dependent changes in thg Hehre E and J Sugg. 1942. Serologically reactive polysaccharides pro-
GTFs produced by our cultures. The GTFs produced by duced through the action of bacterial enzymes I. Dextrabenfcono-
y y
strain B-1355 apparently did not change as result of itoc mesAen\tlsr?_:de‘som scucvr\?ishe. J %xgl I\/il((_ed 25: l\;lo,s’lg__e,sla_A o
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