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Abstract

The exopolysaccharide produced by a ropy strain of Lactobacillus spp. G-77 in a semi-de®ned
medium, was found to be a mixture of two homopolymers composed of D-Glc. The two poly-
saccharides were separated and, on the basis of monosaccharide and methylation analyses, 1H,
13C, 1D and 2D NMR experiments, one of the polysaccharides was shown to be a 2-substituted-
(1±3)-�-D-glucan, identical to that described for the EPS from Pediococcus damnosus 2.6 (M.T.
DuenÄ as-Chasco, M.A. RodrõÂ guez-Carvajal, P. Tejero-Mateo, G. Franco-RodrõÂ guez, J.L. Espar-
tero, A. Irastorza-Iribar, and A.M. Gil-Serrano, Carbohydr. Res., 303 (1997) 453±458), and the
other polysaccharide was shown to consist of repeating units with the following structure
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1. Introduction

Many bacteria are known to produce exopoly-
saccharides (EPSs) that are either excreted in the

growth medium or remain attached to the bacter-
ial cell wall [1]. Recently a growing interest has
been observed in EPS produced by lactic acid
bacteria (LAB), which may have suitable rheolo-
gical properties for the dairy industry [2]. How-
ever, in ciders and wines, the polysaccharides
produced by LAB can cause the alteration known
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as oiliness or ropiness. The polysaccharide increa-
ses the consistency of the beverage and causes
economic losses in the Basque Country cider
industry. Some strains of Pediococcus cerevisiae
have been described as polysaccharide-producing
bacteria in both ciders and wines [3,4] and their
structures have been determined [5,6]. In ciders,
ropy Lactobacillus spp. strains have been isolated
by DuenÄ as et al. [7] but their structures have not
been studied. The structures of EPS produced by
several strains of Lactobacillus species including
L. ke®ranofaciens [8], L. hilgardii [9], L. del-
brueckii subsp. bulgaricus [10], L. helveticus [11±
13], and L. paracasei [14] in the dairy industry
have been elucidated. In addition, an EPS-pro-
ducing Lactobacillus sake strain has been isolated
from fermented meat and their polysaccharides
have been characterized [15,16]. This study was
designed with the aim of determining the poly-
saccharide structure produced by a ropy strain
of Lactobacillus spp. in a semide®ned medium.
This knowledge is important for the selection of
speci®c enzymes for the elimination of cider
viscosity.

2. Experimental

Bacterial and culture conditions.ÐLactobacillus
spp. G-77 was isolated from a ropy Basque Coun-
try cider [7]. This strain was identi®ed on the basis
of the morphological, physiological and biochem-
ical characteristics and it resembles quite closely
the species called L. collinoides and L. brevis.

The medium used both for the preparation of
inocula and for the maintenance was the MRS
broth [17] containing 6% ethanol (pH 4.8). For
exopolysaccharide production, Lactobacillus spp.
G-77 was grown in a semide®ned medium
(SMD). The semide®ned medium that was used
for culturing EPS production had the following
composition: glucose 20 g/L, casaminoacids 5 g/L,
bacto yeast nitrogen base (Difco) 6.7 g/L,
MnSO4

.H2O 0.05 g/L, K2HPO4 2 g/L, NaAcO 5 g/
L, adenine 0.005 g/L, guanine 0.005 g/L, xanthine
0.005 g/L, uracil 0.005 g/L, and L-malic acid 4 g/L.
The pH of the SMD medium was 4.8. The glucose
and bacto yeast nitrogen base were sterilized by
passing through a 0.2mm sterile ®lter and added
after autoclaving. For inocula, cells harvested from
48 h cultures in MRS medium with ethanol were
washed and resuspended in phosphate-bu�ered

saline with peptone. Lactobacillus spp. G-77 was
cultured in semide®ned medium and incubated for
7 days (nonshaken, nonaerated) at 28 �C. The ¯asks
were inoculated to give an initial viable count of
approximately 107 CFU/mL (OD600=0.2).

Isolation and puri®cation of the exopolysacchar-
ide.ÐCells were removed by centrifuging for
30min at 20000 g. The clear supernatant was col-
lected, and the EPS was precipitated by adding 3
volumes of cold ethanol, followed by storage over-
night at 4 �C. The precipitate was recovered by
centrifugation at 4500 g for 20min at 4 �C and dis-
solved in distilled water. The polysaccharide was
puri®ed by precipitation with ethanol three times
and the ®nal precipitate was dissolved in and
dialyzed against distilled water for 2 to 3 days
(changed twice each day) and lyophilized.

Fractional precipitation with ethanol [18].ÐTo a
0.4% aqueous solution (4mL) of exopolysacchar-
ide (PSI) in a centrifuge bottle, ethanol was added
dropwise with stirring to incipient turbidity. After
5min the dispersion was centrifuged and the pre-
cipitate material washed and dried. To the super-
natant from the centrifugation, ethanol was added
as before until incipient turbidity appeared and this
insoluble fraction was isolated as before. The pre-
cipitation procedure was repeated until a con-
centration of 70% ethanol was reached. Five
fractions (40, 55, 60, 65, and 70% v/v ethanol)
were isolated.

Sugar analysis.ÐMonosaccharides were deter-
mined as their trimethylsilylated methyl glycosides
[19]. The polysaccharide was treated with 0.625M
methanolic HCl at 80 �C for 16 h and then silylated
with 1:1 pyridine-BSTFA for 16 h at 80 �C. Iso-
butanol was added to the mixture and then dried
under a stream of nitrogen. The TMS derivatives
were analyzed by GLC-MS performed with a Kra-
tos MS80RFA instrument ®tted with a CP-Sil5-CB
WCOT column (25m�0.32mm i.d.). The tem-
perature programme was isothermal at 140 �C for
2min followed by an 8 �C/min gradient up to
250 �C.

Determination of D and L-con®guration.ÐThe
polysaccharide was methanolized with 0.625M
methanolic HCl, treated with 0.625M (+)-2-buta-
nolic-HCl under the same conditions and then
trimethylsilylated. The trimethylsilylated 2-butyl
glycosides were analyzed by GLC±MS [20] as
above. The temperature programme was iso-
thermal at 130 �C followed by a 2 �C/min gradient
up to 250 �C.
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Methylation analysis.ÐThe polysaccharide was
methylated twice by the method of Ciucanu and
Kerek [21]. The product was further puri®ed by
reversed-phase chromatography on a Sep-Pak C18

cartridge [22] and hydrolysed with 2M tri-
¯uoroacetic acid. The products were then reduced
and acetylated by using the method described by
Blakeney [23]. The partially methylated alditol
acetates were analyzed by GLC-MS and the tem-
perature programme was isothermal at 100 �C for
1min followed by a 5 �C/min gradient up to
250 �C.
NMR Spectroscopy.ÐThe samples were deuter-

ium exchanged several times by freeze drying from
D2O and then examined as solutions (3mg/mL) in
99.98% D2O. Spectra were recorded at 303K or
333K on a Bruker AMX500 spectrometer operat-
ing at 500.13MHz (1H) and 125.75MHz (13C).
Chemical shifts are given in ppm, using the HDO
signal (4.75 ppm, 303K or 4.33 ppm, 333K) (1H)
and external dimethyl sulfoxide (39.5 ppm) (13C) as
references. The 2D homonuclear proton double-
quantum ®ltered correlation experiment (DQF-
COSY) [24] was performed in the phase-sensitive
mode using the Bruker standard pulse sequence. A
data matrix of 512�1K points was used to digitize
a spectral width of 4500Hz; 64 scans were used per
increment with a delay between scans of 1 s. Prior
to Fourier transformation, zero-®lling was used in
F1 to expand the data to 1K�1K. The 2D
ROESY experiment [25] was carried out in the
phase-sensitive mode, with a mixing time of
300ms. The r.f. carrier was set at 6.0 ppm in order
to minimize spurious Hartmann±Hahn e�ects. A
data matrix of 256�1K points was used to digitize
a spectral width of 6000Hz; 64 scans were acquired
per increment. Squared sine-bell functions were
applied in both dimensions and zero-®lling was
used to expand the data to 1K�1K. The 2D het-
eronuclear one-bond proton±carbon correlation
experiment [26] was registered in the 1H-detection
mode via single-quantum coherence (HSQC). A
data matrix of 256�1K points was used to digitize
a spectral width of 4500 and 26,000Hz in F2 and
F1; 128 scans were used per increment with a delay
between scans of 1 s and a delay corresponding to a
J value of 150Hz. 13C decoupling was achieved by
the GARP scheme. Squared cosine-bell functions
were applied in both dimensions and zero-®lling
was used to expand the data to 1K�1K. Selective
excitation 1D experiments were carried out by
application of the DANTE-Z pulse train (n=300,

� � 100 �s, � � 0:3�) [27]. This train was con-
catenated to a TOCSY sequence (isotropic mixing
times of 35, 100, and 170ms, �/2 pulse width of
49�s) [28] to yield the 1D-TOCSY subspectra. The
number of accumulated scans was 512 for each
subspectrum. Besides, 1D-NOESY subspectra were
obtained by allowing the free evolution of mag-
netization during a mixing time of 250ms after the
selection. In these experiments the HDO signal was
presaturated by a low-power pulse (transmitter
attenuation, 65 dB) of 1 s.

3. Results and discussion

The EPS (PSI) of Lactobacillus spp. G-77
puri®ed as described in Experimental was shown
to be composed of D-Glc. Methylation analysis of
the PSI revealed the presence of terminal D-Glc,
3-linked D-Glc, 6-linked D-Glc, 2,3-linked D-Glc, and
2,6-linked D-Glc (Table 1) in a ca. 1.8:0.7:1.0:0.8:1.1
molar ratio. In the 1D 1H NMR spectrum
(Fig. 1(a)) six anomeric protons were observed,
labelled A±F from low to high ®eld. From the
� and 3J values, the protons A±C were identi®ed
as belonging to a-glucopyranose residues in 1:1:1
ratios and the protons D±F as belonging to �-gluco-
pyranose residues in 0.7:1.4 ratio. These results
suggested that PSI was a mixture of two poly-
saccharides: one all-� polysaccharide with term-
inal, 6-linked and 2,6-linked D-Glc (1:1:1.1) and
one all-� polysaccharide with terminal, 3-linked
and 2,3-linked D-Glc (0.8:0.7:0.8). In order to
con®rm this assumption, a fractionated precipi-
tation with ethanol was performed. Five fractions
(40, 55, 60, 65, and 70% v/v) were isolated. The 1H
NMR anomeric region and the polysaccharide

Table 1
Methylation analysis data for the EPSs from Lactobacillus spp.
G-77

Methylated sugars
(as alditol acetates)

Molar ratio a

PSI PS� PS�

2,3,4,6-Me4-Glcb 1.8 1.1 1.1
2,4,6-Me3-Glc 0.7 1.0
2,3,4-Me3-Glc 1.0 1.0
4,6-Me2-Glc 0.8 0.9
3,4-Me2-Glc 1.1 1.2

a Key: PSI, EPS mixture; PS�, EPS precipitated from 40%
ethanol; PS�, EPS precipitated from 70% ethanol.
b 2,3,4,6-Me4-Glc=1,5-di-O-acetyl-2,3,4,6-tetra-O-methyl-
glucitol.
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�: polysaccharide � ratio for each, are shown in
Fig. 2. These results showed clearly that PSI was a
mixture of two polysaccharides: PS� (40% ethanol
fraction) and PS� (70% ethanol fraction). The
methylation analyses of both polysaccharides are
shown in Table 1, and the 1D 1H NMR in Fig. 1(b)
and (c), respectively. The exopolysaccharide PS�
was found to be identical to the EPS isolated from
Pediococcus damnosus 2.6 [5]. The exopolysacch-
aride PS� was subjected to a 1D and 2D 1H and
13C NMR analysis.
NMR spectroscopic analysis of PSa.ÐChemical

shifts for the 1H and 13C NMR signals of the frac-
tion PS� were assigned from COSY, TOCSY, and
HSQC experiments (Tables 2 and 3). In the 1D 1H
NMR spectrum of PS� (Fig. 1(b)), three di�erent
signals at 5.11, 5.04, and 4.92 ppm were observed
for anomeric protons and labelled A±C from low
to high ®eld as mentioned above. In order to com-
pletely assign the spectrum, selective excitation 1D
experiments were carried out (Fig. 3). Thus,
Fig. 3(b)±(d) shows the TOCSY subspectra from

selective inversion of the anomeric proton signal in
unit A at 5.11 ppm via a DANTE-Z pulse train for
35ms of spin-lock time (Fig. 3(b)). The magnetiza-
tion is transferred from H-1 mainly to H-2 proton
at 3.64 ppm, and to some extent to H-3 proton at
3.79 ppm. Increasing the spin-locking time
(Fig. 3(c) and (d)) allows the observation of all
protons belonging to unit A, which were easily
assigned. The same procedure was followed to
completely assign the resonance signals from units
B and C (spectra not shown). These assignments
were con®rmed by a homonuclear DQF-COSY
experiment (not shown). Chemical shifts for the
13C resonances were assigned from an HSQC
experiment (Table 3).

Correlation of the three di�erent spin systems
identi®ed in the NMR experiments with the three
di�erent �-D-glucopyranose residues identi®ed by
methylation analysis was made as follows: signals
for C-2 at 77.9 ppm and the attached H-2 at
3.64 ppm appeared shifted down®eld for unit A,
with respect to the same nucleus in units B and C.

Fig. 1. 500MHz 1H NMR spectra at 333K of the EPSs from Lactobacillus spp. G-77. (a) PSI, (b) PS�, and (c) Ps�. The integrals
for the anomeric protons are: (a) ca. 1:1:1:0.7:1.4; (b) ca. 1:1:1; and (c) 1:2.
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Fig. 2. Fractional precipitation with ethanol. 1H NMR anomeric region of the di�erent precipitates and polysaccharide �/poly-
saccharide � ratio of: (a) whole EPS (PSI), (b±f) 40, 55, 60, 65, and 70% ethanol (recording parameter as in Fig. 1).
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Table 3
13C NMR chemical shifts (�, ppm) for PS� from Lactobacillus spp. G-77

Unit C-1 C-2 C-3 C-4 C-5 C-6

!2,6)-�-D-Glcp-(1!(A) 97.8 77.9 73.5 71.5 72.0 67.5
�-D-Glcp-(1!(B) 98.5 73.2 74.8 71.5 73.8 62.5
!6)-�-D-Glcp-(1!(C) 99.5 73.2 75.0 71.5 72.3 67.5

Table 2
1H NMR chemical shifts (�, ppm) and coupling constants (J, Hz) for PS� from Lactobacillus spp. G-77

Unit H-1 H-2 H-3 H-4 H-5 H-6 H-60

! 2,6)-�-D-Glcp-(1!(A) 5.11 3.64 3.79 3.50 3.85 3.72 3.90
�-D-Glcp-(1!(B) 5.04 3.49 3.71 3.40 3.85 3.71 3.80
!6)-�-D-Glcp-(1!(C) 4.92 3.53 3.67 3.48 3.82 3.71 3,90

J1,2 J2,3 J3,4 J4,5 J5,6 J5,60 J6.60
!2,6)-�-D-Glcp-(1!(A) 2.8 8.6 9.9 10.0 Ð Ð Ð
�-D-Glcp-(1!(B) 2.8 9.0 9.2 9.9 Ð Ð Ð
!6)-�-D-Glcp-(1!(C) 3.0 ca. 8.5 ca. 8.5 ca. 9.5 Ð Ð Ð

Fig. 3. (a) 500MHz 1H NMR spectrum at 333K of PS� and 1D TOCSY subspectra with selective inversion of the A signal at
5.11 ppm and isotropic mixing time of: (b) 35ms, (c) 100ms, and (d) 170ms.
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Fig. 4. (a) 500MHz 1H NMR spectrum at 303K of PS� and 1D NOESY subspectra obtained by selective inversion and sub-
sequent mixing time of 250ms of signals (b) H-1 in unit A , (c) H-1 in unit B, and (d) H-1 in unit C. (e) Schematic representation of
NOE connectivities observed in PS�.
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Therefore, unit A should be substituted in posi-
tion 2, and it could be identi®ed as the 2,6-linked
�-D-glucopyranose unit, the branched point of the
main chain, and the only residue with such a type
of substitution. On the other hand, the C-6 signal
at 62.5 ppm appeared at a higher ®eld in unit B
than those for unit A and C, meaning that position
6 in unit B was unsubstituted. This fact allowed the
identi®cation of the unit B as the terminal �-D-
glucopyranose unit. Finally, unit C was correlated
with nonsubstituted 6-linked �-D-glucopyranose in
the main chain.

These correlations were con®rmed by 1D-
NOESY subspectra obtained by selective excita-
tion of the respective anomeric proton signals A, B,
and C. In Fig. 4(b), transfer of magnetization via
NOE was observed to protons H-1 (B), H-2 (A)
and H-6 and H-60 (C), after selective excitation of
the signal A (H-1 in unit A). In the same way,
NOE responses for protons H-1 (A), H-2 (A) and
H-2 (B) were obtained after selective excitation of
signal B (H-1 in unit B) (Fig. 4(c)). Finally, by
inversion of signal C (H-1 in unit C), NOE
responses for protons H-2 (C) and H-6 (A) and H-
60 (A) were observed (Fig. 4(d)). All these con-
nectivities are summarized in Fig. 4(e) and were
con®rmed by a 2D-ROESY experiment (not
shown). The above NOE conectivities, excluded
any other possible structure.

On the basis of the above chemical and spectro-
scopic data, Lactobacillus spp. G-77 secrete two
exopolysaccharides. One of the polysaccharides
was found to be a (1-3)-�-D-glucan, identical to
that described for the EPS from Pediococcus dam-
nosus 2.6 [5], and the other was shown to consist of
repeating units with the following structure
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