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Abstract 

An acidic exopolysaccharide was isolated from P. fluorescens strain H13. The structure of 
the polysaccharide repeating unit was determined using chemical methods and 1D and 2D 
NMR techniques. The repeating unit was characterized as a trisaccharide composed of 
D-glucose, 2-acetamido-2-deoxy-D-glucose and 4-O-acetyl-2-acetamido-2-deoxy-D-man- 
nuronic acid. © 1997 Elsevier Science Ltd. 
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1. Introduction 

The structures of several exopolysaccharides 
(EPSs) produced by strains of P. fluorescens 
(marginalis) have been characterized in this labora- 
tory [1] as an integral part of a program to determine 
the commercial potential of polysaccharides derived 
from plant-associated bacteria. Whether due to the 
presence of uronic acids or substituents such as pyru- 
vate or succinate, the acidic nature of these poly- 
saccharides is their only apparent common character- 
istic. The characterization of a new acidic EPS iso- 
lated from a saprophytic biovar III strain of P. 
fluorescens (designated H13) obtained from mush- 
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room casing medium [2] is the subject of this report. 
In contrast to the other EPSs produced by P. fluo- 
rescens, this polysaccharide contains acetamido sug- 
ars, one of which (2-acetamido-2-deoxy-mannuronic 
acid) has, to our knowledge, been identified in only 
two other EPS structures [3,4]. 

2. Experimental 

Analytical methods.--  Standard procedures were 
used for determining total carbohydrate [5], amino 
sugar [6], uronic acid [7] and protein [8]. Monosac- 
charide composition was determined by hydrolyzing 
the polymer in 4 M HC1 for 2 h at 105 °C. After 
neutralization with AgzCO 3 the samples were con- 
verted to alditol acetates and analyzed by GLC on a 
SP2330 (Supelco) capillary column (15 m), with 
oven temperature programming from 150 to 250 °C 
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at 4 °C/rain. Permethylation analysis was done ac- 
cording to the procedure of Bjorndal et al. [9], with 
the exception that the permethylated polysaccharide 
was hydrolyzed with 4 M HC1 as above. Mass spectra 
were obtained on a Hewlett-Packard 6890 GLC sys- 
tem fitted with a Hewlett-Packard 6890 mass selec- 
tive detector. The absolute configuration of the 
monosaccharides was determined by the method de- 
scribed by Gerwig et al. [10]. Assignments were 
established by co-chromatography with sugars of 
known configuration. The absolute configuration of 
the uronide was determined after carboxyl reduction. 

EPS preparation and purification.--Overnight 
starter cultures (10 mL per flask) were added to 
2800-mL Fernbach flasks, each containing 500 mL of 
modified King's medium B broth (tryptone substi- 
tuted for proteose peptone #3)  [11] with the glycerol 
content raised from 1 to 5% (w/v) .  Cultures were 
incubated at 20 °C for 5 days with shaking (250 rpm). 
After incubation, cultures were subjected to homoge- 
nization in a commercial blender to separate any 
capsular EPS present from cells [2]. Cells were then 
removed from the homogenate by centrifugation 
(10000 × g, 15 min), and the EPS was isolated from 
the supernatant by repeated (3 × ) precipitation with 
2-propanol (3 vol). Finally, the EPS was extensively 
dialyzed against distilled H 2 ° at 4 °C and lyophilized. 

The EPS was subjected to mild hydrolysis with 0.5 
M trifluoroacetic acid (TFA) at 70 °C for 90 min. 
After concentration to dryness the residue was dis- 
solved in 3 mL of H20 and applied to an Econopak 
DG-10 (Bio-Rad) gel filtration column (mw cutoff, 
10000). The fraction eluting with the initial 4 mL 
was designated HMW H13. 

Anion-exchange chromatography of the native 
sample was carried out on a DEAE-Sepharose col- 
umn. The sample was dissolved in 0.05 M TRIS-HC1 
buffer (pH 6.5). After washing with buffer the col- 

umn was eluted with a gradient (0-2 M NaCI) in the 
same buffer. The polysaccharide eluted between 0.8- 
1.0 M NaC1. 

O-Deacetylation of HMW H13.--The polymer was 
dissolved in concd NH4OH, and after standing at 
room temperature overnight, the solution was concen- 
trated to dryness. 

Reduction of HMW H13.--The procedure of Tay- 
lor and Conrad [12] was modified as follows. After 
formation of the activated ester of O-deacetylated 
HMW H13 with 1-ethyl-3-(3-aminopropyl)carbo- 
diimide, NaBD 4 was added to the solution to make it 
approximately 2 M with respect to borodeuteride; the 
reaction mixture was then dialyzed for 48 h and the 
procedure repeated. The dialyzed sample was chro- 
matographed on a DG-10 column, and the void frac- 
tion (i.e., that eluting with the first 4 mL) was 
designated reduced HMW HI3. 

Partial hydrolysis of HMW Hl3. - -The polymer 
was hydrolyzed with 1 M HC1 at 100 °C for 1 h, 
neutralized with Ag2CO 3, and then chromatographed 
on a Bio-Gel P-2 (fine) column (162 × 1 cm). The 
fraction with an elution volume approximately equiv- 
alent to chitobiose was further purified by preparative 
HPLC using an Aminex HPX-42A (Bio-Rad) column 
with H20 as the eluant (0.4 mL/min)  at 65 °C. 

NMR analysis.-- Spectra were obtained on a Var- 
ian Unity + 400 MHz spectrometer at 30 °C. Typi- 
cally, 2D spectrometer conditions were: 2 K data 
points; 4 kHz spectral width; 90 ° pulse (6.8-7.2 ~s); 
2 s recycle time; 8-32 transients (8 for TOCSY and 
32 for HMQC/HMBC experiments). Prior to setting 
up the 2D experiments, residual water presaturation 
(SLPSAT) was performed. Once the presaturation 
was optimized, these identical spectral conditions 
were utilized with the appropriate TOCSY 
(TNTOCSY; mixing times of 50, 100, 150 and 300 
ms) or HMQC/HMBC experiments. In the HMQC 
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Fig. 1. ~3C NMR spectrum of O-deacetylated HMW H13. 
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experiment, GARP 13C decoupling was applied dur- 
ing the acquisition period. For 1D proton and carbon 
NMR spectra typical concentrations were approxi- 
mately 1.0 and 10 mg/mL respectively. For 2D 
NMR experiments concentrations were 10 to 25 
mg/mL. 

3. Results  and discussion 

Aqueous solutions of EPS precipitated from cul- 
ture filtrates of P. fluorescens strain H13 were very 
viscous at concentrations of 2 mg/mL or greater. 
The monosaccharide composition of a 2 M TFA 
hydrolysate (1 h, 120 °C) of this material was deter- 
mined to be rhamnose, fucose, arabinose, glucose, 
2-amino-2-deoxyglucose (or the corresponding ac- 
etamide) and an unknown peak eluting after 2-amino- 
2-deoxyglucose in the gas chromatogram of the alditol 
acetates. Using strong acid conditions, (4 M HC1, 2 h, 
105 °C) glucose and 2-amino-2-deoxyglucose ac- 
counted for more than 90% of the sugar composition. 
An acidic polysaccharide was isolated by anion-ex- 
change chromatography of the crude EPS that con- 
tained only minor amounts of rhamnose, fucose and 
arabinose relative to glucose and 2-amino-2-de- 
oxyglucose. Treating the crude EPS with 0.5 M TFA 
under relatively mild conditions yielded a much less 
viscous solution which on gel-filtration chromatogra- 
phy could be fractionated into a high- (>  10 000) and 
a low-molecular-weight fraction designated HMW 
H13 and LMW H13, respectively. A yield of about 
35% was obtained for HMW H13 which, on sugar 
(alditol acetate) analysis, was shown to contain glu- 
cose, 2-amino-2-deoxyglucose and a minor unknown 
peak eluting after 2-amino-2-deoxyglucose; the ~H 
NMR spectra of the ion-exchange purified material 
and HMW H13 were identical. This result, in con- 
junction with the fact that the arabinose, fucose and 
rhamnose were determined to be non-terminal sugars, 
indicates that the deoxyhexoses and arabinose are 
constituents of a co-precipitating polymer(s) and not 
associated with the glucose and 2-amino-2-de- 
oxyglucose containing polysaccharide. 

Signals at 52.1, 53.5, 21.2, 173.9 and 173.7 ppm 
in the ~3C NMR spectrum of O-deacetylated HMW 
H 13 (Fig. 1) indicated that the repeating unit contains 
two acetamido sugars. The total number of carbon 
resonances (22) and the number of carbon resonances 
observed in the anomeric region (3) of the 13C NMR 
spectrum obtained without NOE indicated that the 
polymer is composed of a trisaccharide repeating unit 
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Fig. 2. (a) JH-13C correlation map of HMW Hl3. (b) 
J H-13C correlation map of deacetylated HMW H 13. 

with two acetamido groups. Although the HMW H 13 
fraction was retained on an anion-exchange chro- 
matography column, and a peak was observed in the 
~3C NMR spectrum at 174.7 ppm, colorimetric assay 
for uronic acid was negative. HMW H13 reduced by 
the Taylor-Conrad method [12] using NaBD 4 was 
shown to contain by GLC-MS of the alditol acetates 
besides glucose and 2-amino-2-deoxyglucose, 2- 
amino-2-deoxymannose dideuterated at C-6, which 
must have resulted from the reduction of 2- 
acetamido-2-deoxy-mannuronic acid. The retention 
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Table 1 
~H and 13C NMR spectral assignments for acetylated HMW H13 

Residue Chemical shifts 

C-6 r 

4.01 

3.68 

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

4)-/3-Glc ~H 4.32 3.34 3.77 3.76 3.64 3.94 
J3 C 102.5 73.0 73.5 79.0 74.0 60.5 

4)-c~-GlcNAc l H 4.92 3.76 4.02 3.53 3.71 3.92 
13C 98.5 53.5 71.0 78.9 76.0 60.5 

3)-/3-ManNAcA l H 4.81 4.48 3.78 5.0 4.11 - - 
13 C 99.0 52.1 77.5 70.5 72.0 174.5 

Table 2 
J H and 13C NMR spectral assignments for O-deacetylated HMW HI3 

Residue Chemical shifts (ppm) 

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

4)-/3-Glc ~H 4.38 3.22 3.54 3.76 3.64 
(Jcl-HJ 167 Hz) J3C 101.80 72.10 73.00 77.90 na a 59.80 
(JHI-H2 7 Hz) 

4)-c~-GlcNAc 1H 4.92 3.68 3.80 3.60 3.83 4.00 
(Jcl-Hl 180 Hz) 13C 98.60 53.00 70.20 77.90 na 59.80 
(JH1-H2 < 1 Hz) 

3)-/3-ManNAcA J H 4.65 4.35 3.73 3.65 na 
(Jcl-Hl 165 HZ) 13C 98.20 52.10 77.90 68.40 na 174.7 

C-6 p 

3.50 

a Not assigned. 

time of the aminomannuronic acid derivative corre- 
sponded to that of the unknown peak observed in the 
sugar analysis of HMW H13. The presence of small 
amounts of the 2-amino-2-deoxymannose derivative 
in the original sugar analysis most likely resulted 
from the reduction of lactone that was formed during 
the preparation of the alditol acetates. The HMQC 
spectrum (Fig. 2a) confirmed that the repeating unit 
is a trisaccharide. The HMQC also indicated that the 
polysaccharide is O-acetylated (8 H, 5.04 ppm; 6 c, 
70.5 ppm). These assignments were confirmed by 
comparison with the HMQC of the base-treated 
(deacetylated) polymer (Fig. 2b). The resonance at 
6n, 4.35 ppm in the 1H NMR spectrum, is clearly the 
H-2 of one of the 2-amino-2-deoxy sugars (6 c, 52.1 
ppm). On the basis of NMR COSY, TOCSY and 
HMQC spectra (Table 1) and permethylation results 
(Table 3), the trisaccharide is composed of 4-sub- 
stituted /3-glucose, 4-substituted 2-acetamido-2-de- 
oxy-a-glucose and 3-substituted 2-acetamido-2-de- 
oxy-/3-mannuronic acid, all in the pyranose form. 

The sequence of the repeating unit was determined 
by an HMBC experiment on the O-deacetylated HMW 
H13. If glucose were substituted on the N-acetyl 
mannuronic acid, then a coupling of C-1 of the 

glucose (103.3 ppm) to H-3 of the 2-acetamido-2-de- 
oxymannuronic acid (3.73 ppm) would be apparent; 
for the other possible sequence in which the glucose 
is substituted on the 2-acetamido-2-deoxyglucose, a 
coupling between the C-I of glucose (103.3 ppm) and 
H-4 of the 2-acetamido-2-deoxyglucose (3.60 ppm) 
would be observed. The latter was the observed 
coupling. A disaccharide was isolated from a partial 
hydrolysate of carboxyl-reduced HMW HI 3, which 
on subsequent reduction, followed by hydrolysis and 
then acetylation, yielded acetylated glucosamine and 
2-aminomannitol, which is consistent with the HMBC 
data. 

The location of the O-acetyl substituent was also 
apparent by comparing the NMR data for the acety- 
lated (Table 1) and O-deacetylated (Tables 2 and 3) 

Table 3 
Permethylation analysis 

Residue HMW Reduced 
H13 HMW HI3 

4)-Glc + + 
4)-GlcN + + 
3)-ManN - + 
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HMW H13. A significant upfield shift was observed 
for H-4 of the 2-acetamido-2-deoxymannuronic acid 
when the EPS was O-deacetylated (H-4, native poly- 
mer, 5.0 ppm; O-deacetylated polymer, 3.65 ppm). 

Absolute configurations were determined [10] on 
the hydrolyzed reduced HMW H 13, and the complete 
structure of the repeating unit of the EPS is deter- 
mined to be as follows: 

~4)-p-I)-Glcp-(1 ~4)-¢z- D-GlcNAcp- (1- 3)-13- D-ManNAcAp-(I 
14 

OAc 
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