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Mild  hydrolysis  of  Sphingomonas  sp.  ATCC  31555  polysaccharide  WL-26  afforded  a  new  oligosaccharide,
F21.  Structural  resolution  based  on  sugar  and  methylation  analyses  as  well  as  NMR  data  revealed  the
oligosaccharide  to  have  the  following  structure:
xopolysaccharide
phingomonas
tructural characterization
ligosaccharide F21
artial acid hydrolysis
MR
. Introduction

Microbial polysaccharides have a wide range of industrial appli-
ations as aqueous rheological control agents in food products,
osmetics and pharmaceuticals. Among the most versatile is xan-
han gum, which can serve as a stabilizer, emulsifier and a selective
dsorbent (Balsara et al., 1992). In nature, polysaccharides often
ccur as capsules around bacterial cells to prevent dehydration or
o sequester potential carbon sources and deny access to competing
pecies. Polysaccharides have been the subject of intensive research
ue to their diversity and novelty in terms of structure and function.

Members of the sphingan group of bacterial exopolysaccharides
EPS), produced by various Sphingomonas species, have similar
asic backbone structures and include gellan (S-60) (Jansson,
indberg, & Sandford, 1983), S-88 (Jansson, Kumar, & Lindberg,
986), welan (S-130) (Kwon, Foss, & Rha, 1987) and rhamsan
S-194) (Podolsak, Tiu, Saeki, & Usui, 1996). All of these con-
ist of a linear repeating tetrasaccharide backbone containing

hamnose, glucose, mannose and glucuronic acid with side-chain
ubstituents such as glucose or rhamnose connected by glyco-
idic bonds (Pollock, 2002). Gellan, produced by S. paucimobilis,

∗ Corresponding author. Tel.: +86 51 85918299; fax: +86 51 85918299.
E-mail address: xbzhan@yahoo.com (X.-B. Zhan).

144-8617/$ – see front matter ©  2012 Elsevier Ltd. All rights reserved.
ttp://dx.doi.org/10.1016/j.carbpol.2012.04.061
© 2012 Elsevier Ltd. All rights reserved.

has the repeating unit [→3)-�-d-Glcp(1→4)-�-d-GlcA(1→4)-�-
d-Glcp(1→4)-�-l-Rhap(1→] (Jansson et al., 1983). The native
polysaccharide is partially esterified; the 1,3-d-Glc residue can
be linked to l-glycerate at C-2 and/or to acetate at C-6, and
there is 1 mol  of glycerate and 0.5 mol  of acetate per repeating
unit, respectively (Kuo, Mort, & Dell, 1986). Welan (S-130) has a
monosaccharide side-chain at position O-3 of the 4-linked glucose
that can be either �-l-rhamnose or �-d-mannose. Approximately
two-thirds of the tetrasaccharide units of welan gum contain a ter-
minal �-l-rhamnopynanosyl group, while the remaining one-third
has an �-d-mannopynanosyl residue (Jansson & Widmalm, 1994).
These unusual structures offer unique functionalities distinct from
those of xanthan gum.

Due to the high viscosity of the polysaccharides, analytical
techniques involving 1D NMR, 2D NMR  and chemical micro-
derivatization combined with mass spectrometry are not always
effective in elucidating precise structural features. In such cases, the
polysaccharide must first be partially depolymerized using various
methods including exposure to heat and light, and treatment with
chemical reagents and enzymes (Madras & Chattopadhyay, 2001).

Exopolysaccharide WL-26, produced by Sphingomonas sp. ATCC
6
31555, has a molecular mass of ∼1.71 × 10 Da and exhibits a high

viscosity at low concentrations that is stable at high ionic concen-
trations, various pH values and over a wide range of temperature.
Glucose, rhamnose, mannose, galactose and glucuronic acid have

dx.doi.org/10.1016/j.carbpol.2012.04.061
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
mailto:xbzhan@yahoo.com
dx.doi.org/10.1016/j.carbpol.2012.04.061
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een identified among the monosaccharide components, but addi-
ional features and the repeating unit of the EPS have not been
haracterized. Therefore, we have now degraded WL-26 into frag-
ents of lower molecular weight and viscosity by partial acid

ydrolysis, and subjected one of these fragments, an oligosaccha-
ide designated F21, to 1H, 13C and 2D NMR  spectroscopy combined
ith GC–MS. Our data describing the structural features of F21 will
rovide a better understanding of the overall structure of the native
olysaccharide, WL-26.

. Materials and methods

.1. Bacterial strain and culture conditions

Sphingomonas sp. ATCC 31555 (formerly classified as an Alcali-
enes sp.) was grown in a medium consisting of (L−1): sucrose
0 g, NaNO3 0.8 g, yeast powder 3.2 g, KH2PO4, 2.0 g, MgSO4 0.1 g
nd FeSO4 0.5 g. Exponential phase seed cultures (200 mL)  (grown
n shake flasks) were used to inoculate 1.8 L fermentation broth
ontained in a 3-L Braun Biostat C stainless steel reactor (Sarto-
ius Stedim Biotech AG, Tagelswangen, Switzerland). Initially, the
ulture medium contained 20 g L−1 sucrose and a second aliquot
f the sugar was added 20 h after inoculation. Culture conditions
ere as follows: temperature 30 ◦C, impellor speed 400 rpm, pH

.0 (adjusted with 0.2 mM  NaOH), and dissolved oxygen levels were
aintained >20% by adjusting the aeration rate during the growth

eriod.

.2. Extraction and purification of polysaccharide WL-26

Crude polysaccharide WL-26 from the fermentation broth was
recipitated by adding 95% (v/v) ethanol until the final alcohol
oncentration reached 75%. The precipitated crude material was
hen washed with 75% (v/v) ethanol, resuspended in distilled
ater to the original volume, precipitated once more with 95%

v/v) EtOH, collected by centrifugation (26,000 × g, 20 min, 25 ◦C),
nd lyophilized. An aliquot (0.2 g) of lyophilized material was
esuspended in 2 L distilled water, centrifuged as before, and the
upernatant was concentrated 10-fold under vacuum. This solution
as dialyzed (cut-off 8.0–10 kDa) for 4 days against 20 changes of
istilled water, concentrated to ∼10 mL  under reduced pressure at
0 ◦C and lyophilized to give crude polysaccharide fraction WL-26.

.3. Sugar analyses

Samples (2 mg)  were hydrolyzed with 2 M trifluoroacetic
cid (TFA) at 110 ◦C for 4 h, and the resulting monosaccharides
ere identified by high-performance anion exchange pulsed-

mperometric detection chromatography (HPAEC-PAD) using a
ionex LC30 instrument equipped with a CarboPacTM PA20 col-
mn  (3 mm × 150 mm)  (Yang, Zhang, Tang, & Pan, 2005). The
olumn was eluted with the mobile phases A, B and C (consisting
f deionized water, 250 mmol/L NaOH and 1 mol/L NaAc, respec-
ively) used in the following combinations (A, B, C): 0–30 min,
99.2:0.8:0), 30–40 min  (99.2:0.8:0–79.2:0.8:20), 40–40.1 min
79.2:0.8:20–20:80:0), and 40.1–60 min  (20:80:0–99.2:0.8:0). The
ample volume, column temperature and flow rate were 25 �L,
0 ◦C and 0.45 mL/min, respectively. Monosaccharide components
nd percentage composition were determined using d-Gal, d-Glc,
-Ara, l-Fuc, l-Rha, d-Man, d-Xyl, d-glucuronic acid (GlcA) and
alacturonic acid (GalA) standards (Sigma–Aldrich, USA).
.4. Partial acid hydrolysis of WL-26 and isolation of F21

After hydrolyzing 20 mg  crude WL-26 in 3 mL  of 0.2 M TFA for
 h at 100 ◦C, most of the solvent was evaporated off under reduced
ymers 90 (2012) 60– 66 61

pressure at 40 ◦C and residual acid was  removed by repeated evap-
oration with methanol. After adding 2 mL  distilled water, insoluble
material was  removed by centrifugation (see above) and the clear
supernatant (∼1 mL)  was fractionated using a Sephacryl S-100 High
Resolution gel column (16 mm × 100 cm)  (GE Healthcare, Cardiff.,
UK). Two peaks were resolved on elution with distilled water, and
fractions constituting the first (main peak) were collected, concen-
trated at 45 ◦C under vacuum and freeze-dried to yield fraction
F21.

2.5. Determination of purity and molecular weight

Homogeneity and the molecular weight of F21 were deter-
mined by HPLC using a Waters 600 Controller System (Waters
717 plus autosampler, Waters 2996 photodiode array detector,
Waters 2414 refractive index detector, Waters in-Line Degasser
AF), fitted with a TSKPW superoligo (6.0 mm × 150 mm)  gel fil-
tration column. Aliquots (10 �L) of F21 solution (2 mg/mL  buffer
consisting of 0.1 M NaH2PO4 and 0.3 M NaNO3, adjusted to pH 7.0
with 0.1 M NaOH) were applied to the column and eluted with the
same buffer at a flow rate of 0.5 mL/min. The column was  cali-
brated using Dextrans T-2.5 (25,000 Da), T-1.2 (12,000 Da), T-0.5
(5000 Da) and T-0.1 (1000 Da), d-raffinose (522 Da), d-trehalose
(378 Da) and d-mannitol (182 Da) (Sigma–Aldrich, USA), and col-
umn  and RI detector temperatures were set at 35 ◦C.

2.6. Infrared spectroscopy

Aliquots of F21 (1 mg)  were converted into KBr discs and ana-
lyzed in a PerkinElmer 599B FT-IR spectrophotometer.

2.7. Methylation analysis

Vacuum-dried F21 (2 mg)  was dissolved in DMSO (1 mL)  and
methylated with a solution of 2.5% NaOH in DMSO (1 mL) and CH3I
(0.5 mL)  for 30 min  at room temperature according to the method
of Anumula and Taylor (1992).  The reaction mixture was extracted
with 0.5 mL  CHCl3, the organic phase was  washed 3× with 2–3 mL
MilliQ water, and the solvent was  then removed by evaporation
under reduced pressure. Complete methylation was confirmed
by the disappearance of the OH band (3200–3700 cm−1) in the
IR spectrum. Permethylated polysaccharide was hydrolyzed with
HCOOH (88%, 3 mL)  at 100 ◦C for 3 h, evaporated to dryness and
further hydrolyzed with 2 M TFA (4 mL)  at 110 ◦C for 4 h. The par-
tially methylated oligosaccharide in the hydrolyzate was  reduced
with NaBH4 and acetylated with Ac2O, and the resulting mixture
of methylated alditol acetates was analyzed by GC–MS using a
DB-5MS column (30 m × 0.25 mm  × 0.25 �m)  and a temperature
program consisting of 180–270 ◦C at 20 ◦C/min, and held at 270 ◦C
for 25 min  (Albersheim, Nevins, English, & Karr, 1967).

2.8. NMR analysis

F21 (30 mg)  was  lyophilized three times in D2O (0.5 ml), and
the 1H NMR  and 13C NMR  spectra were determined at 27 ◦C
and 40 ◦C, respectively in 5-mm tubes using a Varian INOVA 500
NMR  spectrometer. 1H chemical shifts were referenced to residual
HDO at ı 4.78 ppm (27 ◦C) as the internal standard. 13C chemical
shifts were determined in relation to DSS (� 0.00 ppm) calibrated
externally. 1H–1H correlated spectroscopy (COSY), total correla-
tion spectroscopy (TOCSY), and heteronuclear multiple quantum

coherence (HMQC) was used to assign signals. Two-dimensional
heteronuclear multiple-bond correlation spectroscopy (HMBC) and
dimensional Overhauser effect spectroscopy (NOESY) were used to
assign inter-residue linkages and sequences.
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were achieved following 2D NMR  analysis involving COSY, TOCSY,
NOESY, 1H–13C HMQC and HMBC experiments, which were used to
assign the chemical shift spin systems of the seven sugar residues
present in the repeating unit (Table 2).
Fig. 1. HPLC of F21 on TSK-gel PW superoligo column. The void volume 

. Results and discussion

.1. Yield and monosaccharide composition of polysaccharide
L-26

The yield of purified WL-26 polysaccharide was  1.26 g, and
onosaccharide compositional analysis indicated the presence of

-rhamnose, d-glucose, d-mannose, d-galactose, and d-glucuronic
cid in a molar ratio of 10:9:3:1:3. According to Jansson, Lindberg,
ildmalm, and Sandford, 1985, welan (S-130) contained glucose,

hamnose and mannose in the relative proportions 43:46:11, as
ell as glucuronic acid (Jansson et al., 1985). The absence of an

bsorption peak at 280 nm indicated that WL-26 contained no pro-
ein.

.2. Composition of F21

HPLC of F21 produced a single symmetrical peak, indicating
t was a homogeneous oligosaccharide (Fig. 1) with a molecu-
ar weight of ∼1.4 × 103 Da based on a calibration curve prepared

ith dextran and oligosaccharide standards. Lack of absorption at
80 nm indicated that F21 contained no protein.

Infrared spectroscopy revealed characteristic peaks at 3427,
920, 1618, 1416, 1157, 1047 and 617 cm−1. The broad absorption
and at 3427 cm−1 is representative of the stretching frequency
f OH groups and the intermolecular H-bridges between the OH
roups, and the band at 2920 cm−1 is attributable to CH2 asym-
etric stretching. The relative absorption peaks at 1618 cm−1 and

416 cm−1 are also characteristic of polysaccharides, and the region
200–1000 cm−1 contained three absorption peaks indicative of a
yranan saccharide (Ge, Zhang, & Sun, 2009). A weak absorption
eak at 1730 cm−1 indicated the presence of uronic acids.

Monosaccharide compositional analysis of F21 indicated the
resence of l-rhamnose, d-glucose, d-mannose, d-galactose, and
lucuronic acid in a molar ratio of 3:1.7:1:1:0.7.
.3. Structural characterization of F21

GC–MS data (Table 1) indicated F21 to be a branched struc-
ure with the main chain consisting of 1,4,6-tri-substituted glucose,

able 1
inkage analysis and percentage of O-methylated sugars in F21.

Methylated sugars Linkage Molar ratios

2,3,4,6-Me4-Gal Terminal 1.43
2,3-Me2-Glc 1,4,6-Glcp 1.21
2,4,6-Me3-Glc 1,3- Glcp 1.02
2,3-Me2-Rha 1,4-Rhap 2.03
2,3,6- Me3-Man 1,4-Manp 1.01
 column is approximately 1.6 mL  and the total column volume is 4.3 mL.

1,4-di-substituted rhamnose, 1,3-di-substituted glucose and 1,4-
di-substituted mannose, and to contain a terminal side-chain
galactose substituent attached to the 1,4,6-tri-substituted glucose
residue. Minor amounts of terminal glucose and rhamnose residues
were also identified. NMR  analysis suggested the presence of d-
glucuronic acid residues distributed at the non-reducing terminal
of the main chain.

1H NMR  spectra (Fig. 2) revealed seven anomeric signals of sim-
ilar intensity occurring at ı 5.26 (JH-1,H-2 ≤ 3 Hz), ı 5.14 (br.s), ı 4.90
(br.s), ı 4.79 (JH-1,H-2 ∼ 8 Hz), ı 4.70 (JH-1,H-2 ∼ 8 Hz), ı 4.569 (br.s)
and ı 4.553 (br.s) indicating a regular oligosaccharide unit (A–G, in
decreasing chemical shift order), one CH3-group (H-6 of Rha) at ı
1.39 (J5,6 ∼ 7 Hz), and a minor CH3-group (H-6 of Rha) signal at 1.37
(J5,6 ∼ 7.0 Hz), Other sugar protons were observed in the ı 3.34–4.00
region. Both chemical shifts and vicinal coupling constant values
were in good agreement with an �-anomeric configuration for the
first two  residues. The 13C NMR  spectrum (Fig. 3) of the oligosac-
charide contained signals for seven anomeric carbons (ı 94.50, ı
96.43, ı 96.08, ı 105.61, ı 98.42, ı 104.96 and ı 105.07), two  CH3 C
groups (C-6 of Rha) at ı 19.60, and sugar ring carbons linked to oxy-
gen in the ı 62.77–83.93 region, together with one CO group at ı
178.11.

Using published methodology (Duus, Gotfredsen, & Bock, 2000;
Hounsell, 1995), the complete structural characterization of F21
Fig. 2. 500 MHz 1H NMR  spectrum of F21 in D2O at 27 ◦C. The anomeric protons are
labeled as (A)– (G).
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Fig. 3. 500 MHz 13C NMR 

Chemical shifts of residue A were assigned according to COSY
nd TOCSY spectra. 13C resonances were assigned from the HSQC
pectrum (Table 2). The small JH-1,H-2 coupling constant in the 1H
MR  spectrum, and the H-1/H-2 intra-residue correlations in the
OESY spectrum, indicated that residue A had an �-configuration.
he downfield shifts of the C-4 (ı 81.37) and C-6 (ı 69.50) carbon
ignals with respect to standard values for glucopyranoses indicate

hat residue A was 1,4,6-�-d-Glcp. HMBC experiments (Table 4)
howed clear correlations between H-1 of residue A and C-4 of
esidue G indicating that residue A was linked with residue G by

 1,4-O glycosidic bond.

able 2
H and 13C NMR  chemical shifts (ppm) of F21 at 27 ◦C.

Residue Proton or carbon

H-1/C-1 H-2/C-2 H-

A →4,6)-�-d-Glcp-(1→ 5.26 3.62 3
94.5 77.47 72

B  �-d-Galp-(1→ 5.14 3.97 4
96.43 73.55 72

C  →4)-�-d-Manp-(1→ 4.90 3.97 3
96.08 72.65 73

D  → 3) - �-l-Rhap 4.80 3.40 3
105.61  75.43 83

E  �-d-GlcA-(1→ 4.70 3.32 3
98.42 76.30 76

F  →3)-�-d-Glcp-(1→ 4.56 3.36 3
104.94  76.30 78

G  →4)-�-l-Rhap-(1→ 4.55 3.41 3
105.07  75.66 78

a Chemical shift for H-6a.
b Chemical shift for H-6b.
um of F21 in D2O at 27 ◦C.

1H resonances for H-1 to H-4 of residue B were assigned from
the cross-peaks in COSY and TOCSY spectra. The COSY spectrum
showed most of the correlations between the neighboring protons
within each spin system, but there was  no H-4, H-5 correlation. The
signals from H-1 to H-3 of residues B are coincident and diverge
from H-4. The H-5 resonance was  assigned from the H-3/H-4 and
H-4/H-5 cross-peaks in the NOESY spectrum. H-5, H6a and H-6b

were assigned from the TOCSY spectrum. In the HMBC spectrum,
the cross-peaks of H-1 and C-3, C-5 showed that H-5 and H-6 are
located on residue B. The chemical shifts of C-1 to C-6 were readily
obtained from the HMQC spectrum (Table 2). A self-spin system

3/C-3 H-4/C-4 H-5/C-5 H-6/C-6

.98 3.64 3.85 3.97a, 3.98a

.65 81.37 75.43 69.50

.04 3.87 3.92 3.86a, 3.93b

.65 78.07 78.07 63.32

.87 3.67 3.86 4.01a, 3.90b

.92 81.49 73.22 62.77

.72 3.71 3.97 1.37

.92 76.89 69.50 19.71

.68 3.66 3.81

.89 78.07 77.47 178.11

.53 3.43 3.71 4.05, 3.96

.23 75.36 76.89 62.88

.57 3.79 3.55 1.39

.07 83.07 78.07 19.71
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Table 3
Inter-glycosidic correlations from NOESY spectra of F21.

Residue Proton Intra-correlation

A →4,6)-�-d-Glcp-(1→ 5.26 (H-1) 3.62 (A: H-2)

B  �-d-Galp-(1→ 5.14 (H-1) 3.97 (B: H-2)
3.87 (H-4) 4.04 (B: H-3), 3.87 (B: H-4), 3.92 (B: H-5)

C  →4)-�-d-Manp-(1→ 4.90 (H-1) 3.53 (F: H-3), 3.87 (C: H-3), 3.97 (C: H-2)
D  →3)-�-l-Rhap 4.80 (H-1) 3.72 (D: H-3), 3.71 (D: H-4), 3.40 (D: H-2)
E  �-d-GlcA-(1→ 4.70 (H-1) 3.32 (E: H-2), 3.66 (E: H-4), 3.64 (A: H-4)
F  →3)-�-d-Glcp-(1→ 4.56 (H-1) 3.45 (F: H-2), 3.92 (F: H-5)
G  →4)-�-l-Rhap-(1→ 4.55 (H-1) 3.55 (G: H-5), 3.67 (C: H-4), 3.79 (G: H-4)
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nter-residue NOESY are shown in bold font.

rom H-1 to H-3, the large coupling constant value JH-2,H-3 (∼9 Hz),
nd the small coupling constant value JH-4,H-5 (<3.0 Hz) indicated
hat residue B was galactopyranose. The anomeric signal at ı 5.14
nd the small JH-1,H-2 value in the 1H NMR  spectrum, and H-1/H-

 intra residue correlations in the NOESY spectrum, indicated that
esidue B was �-d-Galp. HMBC experiments (Table 4) showed clear
orrelations between H-1 of residue B and C-6 of residue A indicat-
ng that residue B was linked with residue A by a 1,6-O glycosidic
ond.

1H resonances for H-1, H-2, H-3 and H-4 of residue C were
ssigned from the cross-peaks in the COSY and TOCSY spectra. H-
, H-6a and H-6b were assigned from the COSY, TOCSY and HMBC
pectra. The carbon chemical shifts from C-1 to C-6 were assigned
rom the HSQC spectrum (Table 2). Identification of the mannopyra-
ose residue C signals was based on the small value of JH-1,H-2 < 3 Hz
nd the large coupling constant value of JH-4,H-5 (∼8 Hz). The
mall JH-1,H-2 value for the d-mannosyl residue did not provide
nformation about the anomeric configuration (Paramonov, Bailey,
angarajan, Hashim, Kelly, & Curtis, 2001). The � configuration
f Man  was inferred from the H-5 and C-5 chemical shifts at ı
-5 3.86 and ı C-5 73.2; published values for �-mannopyranose
re ı H-5 3.82 and ı C-5 73.34, and ı H 3.38, and ı C 77.00 for
-mannopyranose (Jansson, Kenne, & Widmalm, 1989). The down-
eld shift of the C-4 (ı 81.49) carbon signal with respect to standard
alues for mannopyranose indicate that residue C was (1→4)-
-d-Manp (Senchenkova, Knirel, Shashkova, Ahmed, Mavridis, &
udolph, 2003). Inter-residue NOE correlations (Table 3) were
bserved between H-1 of residue C and H-3 of residue F indicat-
ng that residue C was linked with residue F by a 1,3-O glycosidic
ond.

1H resonances (H-1 ı 4.80 and H-6 ı 1.37) for residue D
ere characteristic of a 6-deoxysugar, which was identified as
ha (Perry, Bundle, MacLean, Perry, & Griffith, 1986). The �-
onfiguration of Rha was established from the chemical shift of the

-5 signal at ı 69.50; published values for C-5 in �-Rhap and �-
hap are ı 70.0 and ı 73.2, respectively (Bradbury & Jenkins, 1984;

ansson et al., 1989). The downfield shifts of the C-3 (ı 83.92) carbon

able 4
nter-glycosidic correlations from of F21.

Residue Proton 

A →4,6)-�-d-Glcp-(1→ 5.26 (H-1) 

B  �-d-Galp-(1→ 5.14 (H-1) 

C  →4)-�-d-Manp-(1→ 4.90 (H-1) 

D  →3)-�-l-Rhap 4.80 (H-1) 

E  �-d-GlcA-(1→ 4.70 (H-1)
F →3)-�-d-Glcp-(1→ 4.56 (H-1) 

G  →4)-�-l-Rhap-(1→ 4.55 (H-1) 

roton correlation HMBC spectra are shown in bold font.
signal with respect to standard values for �-l-rhamnopyranoside
indicated that residue D was →3)-�-l-Rhap.

Chemical shifts of residue E were assigned according to COSY
and TOCSY spectra. The carbon chemical shifts from C-1 to C-
6 were assigned from the HMQC spectrum (Table 2). The large
JH-1,H-2 coupling constant (∼8 Hz) indicated that residue E had
the �-configuration, and the chemical shift of the C-6 signal at ı
178.11 identified residue E as �-d-GlcA. Inter-residue NOE correla-
tions (Table 3) were observed between H-1 of residue E and H-4 of
residue A indicating that residue E was linked with residue A by a
1,4-O glycosidic bond.

The anomeric signal at ı 4.56 indicated that residue F was  a
�-linked residue. Proton chemical shifts from H-2 to H-6 were
assigned from 2D NMR, including COSY, TOCSY, NOESY, HMBC and
HSQC spectra. The large J2,3 value and J3,4 coupling constants (9 Hz)
indicated that residue F was d-glucopyranose. The downfield shift
of the C-3 (ı 78.23) carbon signal indicated that residue F was
(1→3)-�-d-Glcp. HMBC experiments (Table 4) showed clear cor-
relations between H-1 of residue F and C-4 of residue G indicating
that residue F was  linked with residue G by a 1,4-O glycosidic bond.

1H resonances for residue G (H-1 ı 4.55, H-6 ı 1.39) were
characteristic of a 6-deoxysugar, which was identified as Rha. The
�-configuration of the Rha residue was established from the chem-
ical shift of the C-5 signal at ı 78.07; published values for C-5 in
�-Rhap and �-Rhap are ı 70.0 and ı 73.2, respectively. The down-
field shift of the C-4 (ı 83.07) carbon signal with respect to standard
values for glucopyranoses indicated that residue G was (1→4)-
�-l-Rhap. HMBC experiments (Table 4) showed clear correlations
between H-1 of residue G and C-3 of residue D, and between H-1
of residue G and C-4 of residue C. Inter-residue NOE correlations
(Table 3) were observed between H-1 of residue G and H-4 of
residue C indicating that residue G was  linked with residue D by
a 1,3-O glycosidic bond and with residue C by a 1,4-O glycosidic
bond.
The sequence of the glycosyl residues was  determined from
NOESY studies followed by confirmation with HMBC experi-
ments. Based on the data presented above, F21 has the following

Proton correlation

83.07 (G: C-4)
69.50 (A: C-6), 72.65 (B: C-3)
73.92 (C: C-3)
69.50 (D:C-5), 83. 92 (D: C-3)

83.07 (G: C-4)
75.66 (H: C-2), 81.49 (C: C-4), 83.07 (G: C-4), 83.92 (D: C-3)
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-D-GlcA-(1→4)-α-D-Glcp-(1→4) -β-L-Rhap-( 1→4)-α-D-Manp-(1→ 
6

. Conclusions

An oligosaccharide, F21, was purified by Sephacryl S-100 gel
hromatography following partial acid hydrolysis of exopolysac-
haride WL-26, produced by a Sphingomonas sp., with 0.2 M
rifluoroacetic acid. Compositional analysis showed that the
ligosaccharide is composed of glucose, rhamnose, galacotose,
annose and GlcA. Linkage analysis and 1H and 13C and 2D NMR

pectroscopy established that F21 consisted of:

-D-GlcA-(1→4)-α-D-Glcp-(1→4) -β-L-Rhap-( 1→4)-α-D- Manp-(1→ 
6 

↓ 

1 

α-D-Gal p 

The deduced molecular weight based on the proposed structure
s 1280 Da compared with the 1400 Da value determined experi-

entally by HPLC.
These findings provide new insight into the structure of polysac-

haride WL-26.
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