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Abstract

We tested the effect of several carbohydrates on the activity of cell-free fructosyltransferases (FTF) in solution and immobilized
onto hydroxyapatite (HA) and found an inhibitory dose-dependent effect of glucose on FTF activity, both on the surface and in
solution. Glucose at 160 mM inhibits FTF activity by 75% both on HA and in solution. Fructose at 160 mM inhibited FTF
activity by 25% in solution and by 15% on HA. Levan inhibited FTF activity by 30% in solution, while dextrans and inulin had
a limited effect on FTF activity. Circular dichroism and infrared analysis demonstrated no major changes in the chemical
structure of fructans synthesized by cell-free FTF on HA and in solution, in the presence or absence of glucose. However, as
verified by size-exclusion chromatography, glucose inhibited the synthesis of high molecular-weight fructans. The results indicate
that glucose, a byproduct of the FTF enzymatic reaction, is the main carbohydrate affecting FTF activity. Selective inhibition of
high molecular-weight fructan production by glucose, may indicate that two mechanisms are involved in the synthesis of fructans,
both in solution and on the surface. © 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Dental plaque is a biofilm coating tooth surfaces1

and is composed of bacteria, cells, proteins, enzymes,
and their byproducts.2,3 �-D-Fructosyltransferases
(FTF, EC 2.4.1.9) are among the cell-free enzymes
found in the oral cavity.4 FTF produces fructans
(polyfructoses) from sucrose, and these play a role in
the pathogenicity and formation of the dental biofilm.5

The origin of these extracellular enzymes are several
species of oral bacteria including Streptococcus mutans,
Streptococcus sali�arius, Streptococcus sanguis, and
Actinomyces �iscosus.6–9

Mutants of S. mutans lacking the ftf gene, have been
shown to be less cariogenic than the native strains.10,11

Fructans are associated with the progression and
pathogenesis of dental caries by serving as carbohy-

drate reservoirs for bacteria in periods of shortage in
the exogenous supply of carbohydrates.12 The fruc-
tanases of several oral bacteria can degrade these fruc-
tans into readily metabolized carbohydrates, which
serve as the source for acid production by cariogenic
bacteria.13 Recently, it has been suggested that fructans
may also serve as binding sites for oral bacteria in the
dental plaque biofilm.14

The properties of enzymes may change upon adsorp-
tion onto surfaces as a result of variation in the mi-
croenvironment conditions, changes in molecular
conformation, and changes in the molecule charge of
the adsorbed enzymes. Immobilization of enzymes in-
duces structural perturbation, resulting in functional
changes15,16 and in the case of bacterial extracellular
enzymes, it can alter their degree of virulence. For
example, glucosyltransferase (GTF, EC 2.4.1.5) immo-
bilized on hydroxyapatite (HA) synthesizes glucans,
which are associated with the formation of the dental
biofilm. Theses glucans are structurally distinct from
those synthesized by GTF in solution.17 Cell-free GTF
in solution exhibited different kinetics, optimal temper-
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ature, optimal pH range, and different susceptibility to
inhibitors as compared to GTF immobilized on HA.18–24

Limited information is available on properties of
cell-free FTF, both in solution and immobilized on HA
surfaces. Rolla et al.4 and Vacca-Smith and Bowen25

have shown that cell-free FTF from saliva exhibited
enzymatic activity when immobilized on HA. Similarly,
Steinberg et al.26 have demonstrated FTF activity on
HA from FTF isolated from oral streptococci. Lately,
Rozen et al.14 have shown that FTF plays an important
role in biofilm formation in vitro, while Bromshteym
and Steinberg27 have shown that FTF forms complexes
upon immobilization on HA which may result in
changes in immobilized FTF physicochemical proper-
ties as compared to FTF in solution.

Different models have been used in the literature for
exploring dental biofilms.28 Experimental procedures
testing properties of the dental biofilm have often used
HA as the hard surface, due to the resemblance of the
HA to enamel surfaces.29

The purpose of this study was to distinguish the
effect of immobilization of FTF on several of its prop-
erties as a step in further understanding the role of FTF
in the formation of the dental biofilm.

2. Results

The effect of carbohydrates on FTF acti�ity.—D-Glu-
cose had a marked inhibitory effect on FTF activity
immobilized on HA (75% inhibition at 160 mM) (Fig.

1), as recorded both on fructans synthesized on HA and
on fructans isolated from the supernatant fluid. Glu-
cose had also a similar significant inhibitory effect on
FTF activity in solution. However, the effect of fruc-
tose on FTF adsorbed onto HA was minor (15%
inhibition at 160 mM) (Fig. 2), while the inhibitory
effect of fructose on FTF in solution was �25%.

A 30% inhibition of FTF activity in solution was
recorded in the presence of levan (at a concentration of
0.12%), while inulin caused a slight increase (10%) in
FTF activity. Both levan and inulin had a minor,
insignificant effect on FTF activity on HA. Dextrans,
both low MW and high MW, had a minor, insignificant
effect on FTF activity in solution and on HA at
concentrations of 1.2% (data not shown).

Circular dichroism–optical rotatory dispersion (CD-
ORD) analysis.—CD scans of fructans synthesized by
FTF in solution, in the absence of glucose, displayed
one strong band in the range 182–192 nm with a
maximum peak at 188 nm (Table 1). This was similar to
the maximal peak band of fructans synthesized by FTF
on the surface. Small shifts in peak location were
recorded, for fructans synthesized by FTF in solution,
in supernatant fluid and on the HA surface in the
presence of 40 and 160 mM glucose. A shift in wave-
length was observed with fructans synthesized in the
presence of 40 mM glucose in solution (195 nm), com-
pared with supernatant fluid (190 nm) and on HA
surfaces (187 nm). No shifts in peak location were
observed in the presence of fructose (data not shown).

Fig. 1. The effect of glucose on FTF activity in solution and on hydroxyapatite.
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Fig. 2. The effect of fructose on FTF activity in solution and on hydroxyapatite.

Table 1
Effect of glucose on CD-ORD spectrum of fructans synthesized by FTF in solution and on HA

Sugar tested a FTF in solution FTF on HA

Fructans from supernatant fluidFructans from solution Fructans from hydroxyapatite surface
Peak (max) location (nm) Peak (max) location (nm) Peak (max) location (nm)

Control b 188 189 188
190195 187Glucose (40 mM)

Glucose (160 mM) 192 193 192

a Sucrose (80 mM) was used as substrate in all experiments.
b Without addition of tested sugars.

Fourier-transform infrared spectroscopy (FT-IR)
analysis.—The infrared spectra of fructans synthesized
by FTF in solution in the absence of either glucose or
fructose showed strong absorption at 3200–2900
cm−1, typical of O�H bonding, and absorption bands
typical of C�H group at 1650–1400 cm (Fig. 3(A)). A
similar FT-IR spectrum was obtained for fructans, in
supernatant fluid, produced by FTF adsorbed on the
HA surface (Fig. 3(B)). Shifts in bands and additional
bands were recorded for fructans from HA surface
(Fig. 3(C)). These showed an absorption typical of
O�H bonding at 3550–3500 cm−1 and two absorption
bands typical of C�H groups at 1650–1400 cm−1 and
1450–1400 cm−1. The presence of fructose had no
effect (data not shown), while the presence of glucose
had a slight effect on the FT-IR spectrum in compari-

son to the spectrum of sucrose alone (Fig. 4). The
only exception was the spectrum of fructans synthe-
sized by FTF in solution in the presence of 160 mM
glucose, which exhibited a different pattern than the
control, especially in the range of 3200–1500cm−1

(Fig. 4(A)).
Molecular weight distribution (MWD) of fructans.—

Cell-free FTF in solution synthesized both high and
low MW fructans (Fig. 5(A)). The low-MW fructans
are characterized by a very low polydispersity index
(1.16). In contrast, the polydispersity index of the
high-MW fructans was high (in the range 9.2–13.6).
In the presence of 50 mM glucose, FTF in solution
synthesized only low-MW fructans. The polydispersity
index of low-MW fructans synthesized in the presence
of glucose remained low (1.11).
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Fig. 3. FT-IR spectra of fructans synthesized by FTF in solution and by FTF immobilized on HA. Fructans synthesized by FTF
in solution (A), fructans in supernatant fluid from immobilized FTF on HA (B), fructans from immobilized FTF on HA (C).
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Fig. 4. FT-IR spectra of fructans synthesized, in the presence of 160 mM glucose, by FTF in solution and by FTF immobilized
on HA. Fructans synthesized by FTF in solution (A), fructans in supernatant fluid from immobilized FTF on HA (B), fructans
on HA from immobilized FTF on HA (C).
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Fig. 5. The effect of glucose on molecular weight distribution
of fructans synthesized by FTF. (A) Fructans in solution. (B)
Fructans immobilized on HA. (C) Fructans detached from
HA.

rial adhesion and accumulation, and may serve as
extracellular reservoirs of carbohydrates. One mecha-
nism whereby FTF affects caries progression is in con-
tributing to the acidogenicity of oral bacteria, by
supplying fermentable carbohydrates to oral bacteria.
Fructans are rapidly synthesized in the plaque31,32 and
can readily be degraded by fructanase to fermentable
sugars that induce the cariogenic challenge in the oral
cavity.33 Carbohydrates produced by oral bacteria and
dietary carbohydrates are abundant in the oral cavity.
Out of the tested carbohydrates, glucose was found to
have the greatest effect on FTF activity. Glucose
demonstrated a similar inhibitory effect on FTF in
solution as on FTF absorbed onto HA. This resem-
blance in functional dependence inhibition indicates
that regulation of FTF activity by glucose is indepen-
dent of the microenvironment or of FTF conformation.

Inhibition of FTF activity by glucose results in less
fructan production, and this may be accompanied by a
change in the structure or MWD of the synthesized
fructans. A potential method for determining the abso-
lute configuration of sugar molecules is the CD tech-
nique.34 Unlike proteins, carbohydrates have few
natural chromophores. The CD method is sensitive to
the chirality of carbohydrates, demonstrating a shift in
chromophore due to a change in chirality. Our CD
results do not indicate a major change in the fructan
spectra in the presence of glucose or fructose. The most
significant shift in optical activity between the fructans
synthesized on the surface and in solution was evident
with 40 mM glucose. The presence of fructose did not
induce a shift in the chromophore of the fructans
synthesized by FTF both in solution and on the
surface.

FT-IR analysis is another technique used to investi-
gate structure of polymers.35,36 Our FT-IR investiga-
tions indicated only small shifts in bands of functional
groups comparing fructans produced in the presence of
glucose or fructose. The shifts in bands were all within
the typical range of O�H or C�H bonding. Since the
FT-IR spectra of fructans synthesized by FTF in solu-
tion and on the surface is similar, it is conceivable that
these minor spectral changes do not indicate a major
change in the chemical structure, as analyzed by FT-IR.
Differences in spectra were observed when comparing
fructans synthesized by FTF immobilized on HA to
those synthesized by FTF in solution. These differences
occurring at 160 mM glucose indicate a change in the
synthesized polysaccharide structure, although the de-
gree of inhibition is very similar in both phases.

Various MW distributions of fructans synthesized in
solution have been reported.36–38 We have found that
FTF, both in solution and immobilized on HA, synthe-
sized two widely separated types of fructans; low- and
high-MW fructans. Glucose, at concentrations of 50
mM, inhibited synthesis of high-MW fructans both in

Fructans synthesized by immobilized FTF also
demonstrated a bimodal MW distribution profile (Fig.
5(B, C)) as observed for the fructans in solution. Fruc-
tans attached to the HA were both low-MW and
high-MW fructans, with polydispersity indices of 1.15
and 9.2, respectively. Fructans detached from the im-
mobilized FTF showed a similar MW profile and simi-
lar polydispersity index. The addition of 50 mM
glucose inhibited the production of the high-MW fruc-
tans, both on HA and in the supernatant fluid.

3. Discussion

Dental caries is a disease that is closely associated
with the presence of carbohydrates.30 Such polysaccha-
rides as fructans and glucans are associated with bacte-
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solution and on HA. Synthesis of high-MW and low-
MW fructans may be affected by other environmental
factors. For example; Tanaka et al.39 have found that
high ionic strength selectively inhibited synthesis of
high-MW fructans, but not low-MW fructans synthe-
sized by levansucrase from B. subtilis. This selective
inhibition of fructans synthesis further supports the
notion that there are two distinct mechanisms involved
in the synthesis of fructans by FTF. Additional support
for the two mechanisms concept of the high- and
low-MW fructans is found in the polydispersity data,
which shows two distinct polydispersity values for the
high- and low-MW fructans. A low polydispersity value
for the low-MW fructans and the absence of intermedi-
ate products is typical for a single-chain elongation
mechanism.40 In contrast, a high polydispersity index
value, as found for the high-MW fraction of fructans,
and availability of fructans with intermediate MW is
quite typical for a multiple-chain elongation
mechanism.

Our results show a similarity between MW of fruc-
tans synthesized by immobilized FTF and FTF in
solution. Chambert et al.41 have found that fructans
synthesized by FTF from B. subtilis immobilized on
HA synthesizes mainly high MW fructans, while the
FTF in solution synthesizes low MW fructans.

Glucose is a byproduct in the enzymatic reaction of
fructans synthesized by FTF from sucrose. Enzymatic
inhibition by means of a byproduct differs from feed-
back regulation, where the end product regulates enzy-
matic activity. Glucose, found to be the principal
regulatory agent of FTF activity, is readily metabolized
by oral bacteria. This results in a constant production
of fructans, and consequently an increased concentra-
tion of fructans, serving as a carbohydrate reservoir in
the dental plaque. As with the inhibition of FTF by
glucose discussed here, it has been reported that GTF,
which synthesizes glucans from sucrose, is inhibited by
fructose, which is the byproduct of the GTF enzymatic
reaction.42

The mechanism controlling inhibition of FTF from
oral bacteria by glucose is not clear, although this effect
has been noted in fructosyltransferase enzymes in solu-
tion for various types of bacteria.40,43,44 It has been
suggested that, in the presence of glucose, FTF may
also catalyze an exchange reaction whereby a fructosyl
moiety in the sucrose—or a fructosyl moiety in fruc-
tans, in a reverse reaction—was transferred to the
glucose while forming sucrose.

In addition to glucose and fructose we have also
examined the effect of several other polysaccharides on
FTF activity. Chambert et al.40 found that levans can
increase FTF activity from B. subtilis. This positive
modulation occurred at concentrations less than 5 mM.
However, at concentrations �5 mM, they did not find
a dose-dependent correlation between FTF activity and

the amount of levan. Similarly Tanaka et al.39 have
shown that FTF activity (purified also from B. subtilis)
was dependent on levan only with a polymerization
degree of �10 and only at concentrations up to 5mg/
mL (0.5%), after which the reaction was constant and
independent of levan concentrations. The enhanced
synthesis of fructans in the presence of low concentra-
tions of levan was explained by the need for fructan
(levan) primers for the forward reaction. At high con-
centrations of levan, the levan hydrolysis reaction was
enhanced.

Collectively, our work and work of others studying
FTF activity adds to the growing evidence that FTF
plays an important role in the ecology of the oral
cavity. Our study has indicated that glucose is the main
carbohydrate regulator of FTF activity in solution and
on the HA surface. This regulation by inhibition is
accompanied by a dramatic change in the MWD of
fructans synthesized by FTF in solution and on
surfaces.

4. Experimental

Tested carbohydrates.—These were: D-glucose (E.
Merck, Darmstadt, Germany); D-fructose (E. Merck);
dextran MW 9600 (Sigma, St. Louis, MO, USA); dex-
tran MW 300,000 (Sigma); levan from Erwinia herbicola
(Sigma) and inulin (Sigma).

Purification of FTF.—Fructosyltransferases (FTF,
EC 2.4.1.9) was prepared from a culture fluid of S.
mutans V-1995, FTF hyperproducing strain V-403 with
inactivated gtf genes coding for GTF11 using a modified
method of Rozen et al.14 Bacteria were grown to a
stationary phase in BHI medium (Difco Laboratories,
Detroit, MI, USA) under 5% CO2 at 37 °C. At the end
of the incubation period, the culture fluid was harvested
by centrifugation at 9000g for 20 min at 4 °C and
supplemented with 1 mM of phenymethylsulfonyl
fluoride (PMSF) (Sigma) and 0.02% NaN3. The super-
natant fluid was concentrated and washed with 5 mM
phosphate buffer (pH 6.5) containing PMSF and azide,
using ultrafiltration techniques with a 30-kDa cut-off
membrane (YM30, Amicon Inc., Danvers, MA) in a
stirred-cell ultrafiltration device (Amicon) at 4 °C. The
proteins from the prepared concentrate were precipi-
tated stepwise by means of different concentrations of
(NH4)2SO4 (BDH, Poole, UK). The precipitates were
collected by centrifugation at 9000g and redissolved in
the same phosphate buffer. The fractions demonstrat-
ing FTF activity (1.4–1.8 M range of (NH4)2SO4 con-
centration) were pooled, dialyzed against the same
buffer and loaded onto a column (1.5×70 cm) of
DEAE-cellulose (Bio-Rad laboratories, Hercules, CA).
The column was developed with a linear concentration
gradient of NaCl (0.25 mM/mL in the range 0–500
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mM) in the same buffer (flow rate 25–30 mL/h). The
eluted fractions were tested for FTF activity using the
method described below.

The fractions demonstrating FTF activity but with-
out fructanase activity were collected and dialyzed
against phosphate buffer. The enzymatic preparation
obtained was used for the surface and solution
experiments.

The specific activity of FTF preparations was 45
U/mg protein (U=�mol of fructosyl incorporated into
fructans/min).

FTF acti�ity on hydroxyapatite (HA) surface.—hy-
droxyapatite (HA) beads (Type I: 80 �m in diameter,
surface area of 50 m2/g, Bio-Rad, Hercules, CA) were
equilibrated in two washes with phosphate buffer. The
washed HA beads were incubated with FTF (13.3
mU/40 mg HA) for 2 h at 37 °C, while being rotated on
a shaker. Excess FTF was washed with phosphate
buffer. The remaining FTF was equivalent to 4.8 mU,
of which about 95% of the FTF was bound to HA after
washings. FTF activity was measured as the incorpora-
tion of fructosyl moiety from the radiolabeled sucrose
into fructans in a similar method to that described by
Germaine et al.45 and in a modified method for FTF
surface activity21 as follows: FTF adsorbed on HA was
incubated with 80 mM sucrose, supplemented with 0.01
mCi of [3H-fructose]sucrose (NEN Products, Boston,
MA) per 1 mmol of sucrose. The reaction was carried
out in 5 mM phosphate buffer (pH 6.5) in the presence
or absence of different concentrations of the tested
carbohydrates. After 4 h of incubation at 37 °C, the
enzymatic reaction was stopped by removing the HA
beads from the supernatant fluid. The amount of fruc-
tans from the two different compartments, on HA and
in the supernatant fluid, were determined as described
by Steinberg et al.21,22 Briefly, fructans on the HA
beads were measured after five washes of the HA with
phosphate buffer. The beads were then washed with 0.2
mL of EtOH into a scintillation vial containing Ecosint
A scintillation fluid (National Diagnostics, Atlanta,
GA, USA). The amount of radioactive labeled fructans
was measured using a scintillation counter (Beta-coun-
ter, Kontron Basel, Switzerland). Data are presented as
radioactive counts of the adsorbed fructans per min per
mU of FTF.

Fructans in supernatant fluid were determined using
a modified method of Germaine et al.45 In brief: all HA
washes were collected and supplemented with ice-cold
EtOH to a final concentration of 75%. Fructans were
precipitated at 4 °C for 18 h. The precipitated fructans
were than placed over 25-mm glass fiber filters (GF/C
Whatman, Maidstone, UK) in a vacuum manifold
(Millipore, Bedford, MA, USA). After three washes
with ice-cold EtOH, of 4 mL each, the filters were dried
and immersed in scintillation fluid Ecosint A. The
amount of radioactive EtOH-insoluble fructans was

measured in a scintillation counter (Kontron), and the
amount of labeled fructans was measured as already
described. Preliminary experiments indicated that the
concentration of the tested carbohydrate has an impact
on the precipitation of fructans. Therefore, before the
addition of EtOH, all samples with different concentra-
tions of a tested carbohydrate were adjusted to the
same concentration.

FTF acti�ity in solution.—The influence of carbohy-
drates on the activity of FTF in solution was examined
using methods similar to those already described for
fructans in supernatant fluid. In brief: FTF (4.5 mU)
was supplemented with 80 mM of sucrose and [3H-fruc-
tose]sucrose. Carbohydrates were added to the enzy-
matic reaction in the same concentrations that were
used for testing the surface activity of FTF. After 4 h,
the reaction was stopped by the addition of ice-cold
EtOH; radioactive fructans were measured as already
described.

Preparation of fructans for chemical analysis.—The
effect of glucose and fructose on the structure and size
of fructans was analyzed using circular dichroism–opti-
cal rotatory dispersion (CD-ORD), Fourier-transform
infrared spectroscopy (FT-IR) and size-exclusion chro-
matography (SEC).

Fructans synthesized by FTF in solution and the two
fractions of fructans synthesized by FTF on the HA
surface (fructans bound to the HA surface and fructans
released from HA into the supernatant fluid) were
prepared a follows: In order to obtain a sufficient
amount of fructans for the chemical analysis, we used
higher amounts of FTF than in the radioactive experi-
ments. FTF (200 mU) in solution or FTF on HA (200
mU on 500 mg of HA) were incubated for 24 h at 37 °C
with 80 mM unlabeled sucrose in 10 mL of phosphate
buffer, in the presence or absence of glucose or
fructose.

Fructans on HA. FTF adsorbed onto HA were incu-
bated in the presence or absence of the tested carbohy-
drate. Fructans bound to HA were detached from the
surface by sonication at a fixed vibration frequency of
23 kHz (Microsom, Misonix Ind., USA) for 3-min
intervals in an ice bath, by means of a method similar
to that of Kopec et al.17 The fructans obtained were
precipitated by addition of ice-cold EtOH to a final
concentration of 75% for 18 h at 4 °C. The precipitated
fructans were recovered by centrifugation at 3500g for
10 min, washed with ice-cold EtOH, centrifuged at
3500g for 10 min and air-dried at rt.

Fructans in the supernatant fluid. The fructans from
the supernatant fluid were isolated using the same
precipitation procedure described.

Fructans synthesized by FTF in solution. FTF was
incubated in solution with the tested carbohydrates
being isolated as already described for the fructans in
the supernatant fluid.
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Circular dichroism–optical rotatory dispersion.—The
CD-ORD spectral measurements were performed on a
CD analyzer (Jobin-Yvon apparatus, France) inter-
faced with an IBM computer equipped with a
DICHROGRAPH software, by a modified method of
Kaluarachchi and Bush.33 The instrument was cali-
brated with deionized water. Spectral data was
recorded at 1-mm intervals in the wavelength region
from 185 to 230 nm at 25 °C, under a nitrogen environ-
ment, using a cell pathway of 0.5 cm. The sample
concentration was 0.25 mg polysaccharide/mL in dis-
tilled water. All spectra were corrected for solvent
refractive index and represent the average of three
different scans.

Fourier-transform infrared spectroscopy.—The fruc-
tans samples obtained as already described were also
analyzed by the Fourier-transform infrared spec-
troscopy (FT-IR), as described by Lijour et al.46 Pellets
for FT-IR analysis were obtained by carefully grinding
a mixture of 3–4 mg of fructans with 100 mg of dry
KBr powder, and then pressing the mixture into a
12-mm diameter mold. Spectra of fructans were
recorded in the 1000–3600 cm−1 on an FT-IR spec-
trometer (Perkin–Elmer, UK) interfaced with an IBM
computer equipped with SPECTRUM V2.00 software.
The results presented herein are an average of 16 scans.

Size-exclusion chromatography measurement.—Fruc-
tans for the size-exclusion chromatography (SEC) anal-
ysis were prepared in the same manner already
described. As a large quantity of fructans was needed,
we used the dialysis tube technique to obtain a high
concentration of fructans. FTF was incubated in
12,000–14,000 dialysis tubing (Spectrum) containing 80
mM of sucrose solution. The dialysis tube was im-
mersed in 80 mM sucrose solution. Following incuba-
tion for 24 h, the fructans in solution and supernatant
fluid were isolated as just described. Fructans synthe-
sized on HA were detached from the surface by mild
extraction of the HA beads with 100 mM EDTA.

The molecular weight distribution (MWD) of the
fructans was determined using aqueous SEC with a
multi-angle laser light-scattering detection (MALLS)
system coupled with differential refractive index as
described by Heyer et al.38 with minor modifications.
The SEC system consisted of a Spectra-Physics-
IsoChrom HPLC-pump, an argon-ion laser (488 nm)
operating the MALLS detector with a detector angle of
90°, a DAWN-F-DSP laser photometer connected to a
Shodex RI-71 differential refractometer (DRI). Fructan
samples were dissolved in 0.1 M NaNO3 and 100 �L of
the sample was run over PSS-Suprema columns (size
100, 1000, and 10,000), 300×8.0 mm, calibrated by
dextran and pullulan standards. The elution was carried
out at a flow rate of 1.0 mL/min at 65 °C. During a
sample run on the SEC-MALLS system, data from the
RI and MALLS detectors were collected and processed

using PSS-WINGPC Ver. 6.1 software. The weight-aver-
age molecular weight (MW), number-average molecular
weight (MN), and polydispersity (MW/MN) for each
fructan sample were computed from their
chromatograms.
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