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Abstract—A neutral O-specific polysaccharide consisting of b-rhamnose was obtained by mild acid hydrolysis of the lipopolysac-
charide of the plant pathogenic bacterium Pantoea agglomerans strain FL1, a common epiphyte of many plant species, and asso-
ciated with Pseudomonas savastanoi pv. savastanoi in young and apparently intact olive knots. By means of compositional and
methylation analyses, and NMR spectroscopy, the chemical repeating unit of the polymer was identified as a linear tetrasaccharide

of the structure:

—2)-0-D-Rhap-(1—2)-B-D-Rhap-(1—3)-0-D-Rhap-(1-2)-0-D-Rhap-(1—
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The phytopathogenic bacterium Pseudomonas savasta-
noi pv. savastanoi (Ps. savastanoi) is a common resident
in the olive phyllosphere being able to switch from an
epiphytic phase sensu Laben' to an invasive phase every
time wounds of various nature allow the penetration of
the bacterium into the host tissues.>> The macroscopic
result, in both, natural and artificial environment, of
an interaction of the bacterium with a susceptible host
is the development of knots. Results of a survey carried
out in olive orchards of central Italy in 2002-2003
showed that Pantoea agglomerans (P. agglomerans)
was associated with Ps. savastanoi in 70% of olive knots
examined.* Pathogenicity tests carried out by coinocul-
ation of the two species on the stem of 1-year-old olive
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plants in ratios of 1:1, 1:100 and 100:1 showed that
the population growth of P. agglomerans was supported
by the presence of an actively growing population of Ps.
savastanoi. At the same time, the presence of a prevail-
ing population of P. agglomerans in the inoculation site
may have a detrimental effect on the population growth
of Ps. savastanoi. Moreover, in certain situations the
association of P. agglomerans with Ps. savastanoi quan-
titatively increases the host cells’ proliferation process.’

It is well established that LPSs play an important role
in host-pathogen interactions in animals, however, this
holds also true for such interactions between pathogenic
bacteria and plants,®® including the elicitation of host
defense mechanisms. Recently, the effects of LPS from
a pathogenic strain of Xanthomonas campestris pv. cam-
pestris and its fragments on Arabidopsis thaliana and
Nicotiana tabacum have been reported,'™!'! proving
LPS-induced plant defense responses. Also, specific
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structural features of LPSs may have chemotaxonomic
value among strains and species of the same genus.

In this paper the isolation and the structural determi-
nation of the O-specific polysaccharide (OPS) of the
LPS from P. agglomerans cells are reported.

After cultivation and harvest, the bacterial cell mass
was lyophilized (5.70 g) and then extracted utilizing
the hot phenol/water method.'” The resulting aqueous
phase was dialyzed then freeze-dried (900 mg, 16% of
bacterial dry mass), dissolved in water, and the LPS
was precipitated by ultracentrifugation and lyophilized
(360 mg, 6.3% of bacterial dry mass).

Mild acid hydrolysis of the LPS and centrifugation
gave a lipid sediment (lipid A, 32.9 mg, 2.1% of the
bacterial dry mass) and a water-soluble carbohydrate
fraction (60.1 mg, 3.8% of the bacterial dry mass). This
carbohydrate fraction was separated by gel-permeation
chromatography (GPC) on Sephadex G-50, from which
two main fractions were obtained, the first of which con-
tained the OPS which was lyophilized (31.6 mg, 2% of
the bacterial dry mass) and used in further investiga-
tions, the second fraction contained core fraction which
is not investigated in this work.

Sugar analysis of the OPS identified p-rhamnose as
the major constituent and minor quantities of glucose
and galactose, in an approximate molar ratio of
Rha:Glc:Gal of 30:3:1. Methylation analyses gave
mainly 1,2,5-tri-O-acetyl-3,4-di-O-methyl-rhamnitol and

A B

The complete structural characterization of the
O-chain was achieved by 1D and 2D 'H and "3C
NMR spectroscopy. 'H,'H COSY, TOCSY, ROESY,
and NOESY, as well as 'H,"’C HMQC and HMBC
spectra allowed the complete assignment of all '"H and
13C chemical shifts (Table 1). Low-field shifted signals
of carbon atoms C-2 (A ¢ 79.72, B 6 79.09, and D 6
78.95) and C-3 (C ¢ 78.18) compared with those of
unsubstituted rhamnose proved the glycosylation at
0-2 of residues A, B, and D, and at O-3 of C.'* These
data were consistent with that of methylation analysis.
The NOESY, ROESY, and HMBC experiments
revealed the sequence of the sugar residues in the repeat-
ing unit. Strong inter-residual NOE contacts were
observed in NOESY spectrum between protons A-1/
B-2, B-1/C-3, C-1/D-2, and D-1/A-2 (Fig. 2). Also,
intra-residual NOE contacts were found between
protons B-1/B-2, B-1/B-3, and B-1/B-5, resulting from
the syn-diaxial orientation of those B-rhamnopyranosyl
ring protons. Thus, the sequence -A—B—C—D was
established which was confirmed by the HMBC experi-
ment (not shown) identifying the inter-residual proton-
carbon correlations, that is, between H-1 of A and C-2
of B, H-1 of B and C-3 of C, H-1 of C and C-2 of D,
H-1 of D and C-2 of A, as well as H-2 of A and C-1
of D, H-2 of B and C-1 of A, H-3 of C and C-1 of B,
H-2 of D and C-1 of C. Thus, the structure of the
OPS from LPS of P. agglomerans was established as

C D

—2)-0-D-Rhap-(1—2)-p-D-Rhap-(1—3)-0-D-Rhap-(1—2)-a-D-Rhap-(1—

1,3,5-tri-O-acetyl-2,4-di-O-methyl-rhamnitol in an app-
roximate molar ratio of 3:1, which revealed the
presence of 2- and 3-substituted rhamnopyranose
residues.

The '"H NMR spectrum (Fig. 1) of the OPS showed
four anomeric signals at 0 5.20 (A), 6 4.84 (B), § 5.05
(C), and 6 5.12 (D), and four overlapping methyl signals
characteristics for 6-deoxy-sugars in the region 6 1.28—
1.31. The sugar residues were labeled A-D according
to the sequence determined for the repeating unit.

The '>C NMR spectrum contained 22 signals, how-
ever, two of them possessed double intensity (§ 70.52
and ¢ 17.80), thus, a total of 24 carbon atoms were pres-
ent, confirming a repeating unit comprising four hex-
oses. A 'H,'”>*C HMQC experiment identified four
anomeric carbon signals at ¢ 101.41 (A), é 97.85 (B), ¢
103.10 (C), and ¢ 102.04 (D).

The anomeric configuration of all rhamnose residues
was assigned from the coupling constants IJH_LC_],
which were identified in another 'H,'*C HMQC experi-
ments without decoupling. The IJH_LC_I values of
176 Hz, 175 Hz, and 174 Hz for residues A, C and D,
and 159 Hz for residue B, revealed their o and B (residue
B) configurations, respectively.'?

In conclusion, the chemical repeating unit structure of
the OPS of the LPS from P. agglomerans was estab-
lished, representing a novel repeating unit which is dif-
ferent from that described for another strain of the
same species that grows symbiotically in wheat.'’
Rhamnose is a common sugar in OPS of plant-patho-
genic bacteria, a number of rhamnan backbones have
been identified in OPS of LPS from plant-pathogenic
Xanthomonas and Pseudomonas species.'®? As de-
scribed above, several studies have demonstrated a strict
cooperation of P. agglomerans and Ps. savastanoi during
the induction of olive knot formation, affecting the pro-
liferation process.” Whether the LPS of P. agglomerans
alone or those of both bacteria play(s) an important role
in this process, is currently being investigated.

1. Experimental
1.1. Cultivation of bacteria
Strain P. agglomerans FL1 was isolated from young and

apparently intact olive knots collected from orchards
located in the province of Grosseto in Tuscany.’ The
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Figure 1. The '"H NMR spectrum of the OPS of the LPS from Pantoea agglomerans strain FL1. The spectrum was recorded at 600 MHz and 27 °C.
The sugar residues were labeled A to D according to the sequence in the repeating unit.

Table 1. 'H and '3C NMR data of the OPS isolated from Pantoea agglomerans strain FL1

Residue Chemical shift of proton and carbons ()
1 2 3 4 5 6
—2)-a-D-Rhap- 5.20 4.13 4.01 3.45 4.22 1.28
A 101.41 79.72 70.94 73.42 70.09 17.80
—2)-B-D-Rhap- 4.84 4.07 3.71 3.51 3.44 1.31
B 97.85 79.09 74.48 71.59 73.47 17.98
—3)-a-D-Rhap- 5.05 4.25 3.95 3.52 3.74 1.28
C 103.10 68.41 78.18 71.57 70.52 17.80
—2)-a-D-Rhap- 5.12 4.11 3.91 3.46 3.74 1.29
D 102.04 78.95 71.10 73.29 70.52 17.91

Spectra were recorded at 27 °C in 2H,O relative to internal acetone (dy 2.225; d¢c 31.45). Underlined chemical shifts indicate substituted positions.

strain was stored in 15% aqueous glycerol at —70 °C and
regrown on nutrient sucrose agar plates at 27 °C for 48 h.
Erlenmeyer flasks (1 L volume) containing 200 mL of
King’s B*® were inoculated with 0.5 mL of 10® log-phase
bacterial cells of P. agglomerans FL1 and incubated
under shaking at 27 °C for 3 days. The bacterial cells
were harvested by centrifugation at 10,000g for 10 min
and washed three times with 0.85% (w/v) NaCL
Harvested cells were frozen at —40 °C and lyophilized.

1.2. Isolation and analyses of LPS
The lyophilized bacteria were extracted with hot phenol/

water,'”> the water phase of which was dialyzed and
lyophilized. The sample was suspended in 10 mL of

ultrapure Mili-Q water and centrifuged (4 °C,
100,000g, 6 h). The LPS was recovered from the pellet,
which was washed with ultrapure Mili-Q water, ultra-
centrifuged again, and freeze-dried. Both obtained
supernatants were combined and lyophilized. The lipo-
polysaccharide (100 mg) was hydrolyzed with acetate
buffer (pH 4.4) at 100 °C for 2 h, the lipid precipitate
(lipid A) was removed by ultracentrifugation
(100,000g, 4 °C, 4 h) and lyophilized. The supernatant
was also lyophilized to yield the polysaccharide which
was fractionated by gel-permeation chromatography
on a column (70 cm x 2.6 cm) of Sephadex G-50 using
0.1 M pyridinium acetate buffer as eluent and monitor-
ing with a differential refractometer (Knauer). Two main
fractions were obtained, the first of which (O-specific



A. Cimmino et al. | Carbohydrate Research 343 (2008) 392-396 395

5 4
3.4—_
E B1-5 @
3.6—_
] B1-3
3.8
“_' B1-C3 @
] B1-2
4.2—-
i Brcz @
4.4——
1 L) T | L) L] L) T | L) L) L) T | L) L] I L] | L L] L) L) |
5.2 5.1 5.0 4.9 IS}

Figure 2. Section of the NOESY spectrum of the OPS of the LPS from
Pantoea agglomerans strain FL1. The spectrum was recorded at
600 MHz and 27 °C. The letters refer to the carbohydrate residues as
defined in Table 1, and the arabic numerals refer to the protons in the
respective residues. The inter-residual NOE contacts are underlined.

chain) was lyophilized and used in further investiga-
tions. For compositional analysis, O-specific polysac-
charide was hydrolyzed with 0.1 M HCI (100 °C, 48 h).
Rhamnose was identified as alditol acetate as the main
sugar by GLC using a Hewlett-Packard 5880 instrument
equipped with a capillary column (30 m x 0.25 mm,
0.25 pm film thickness) of SPB-5 and applying a temper-
ature gradient of 150 °C (3 min) to 320 °C at 3 °C/min.
The absolute configuration of Rha was determined by
GLC of its acetylated (S)-2-butyl glycoside applymg
the same chromatographic conditions as above.?!*?

1.3. Methylation analysis

Methylation of the polysaccharide was carried out
according to Ciucanu and Kerek.”> The methylated
sample was extracted from DMSO three times with
chloroform, organic fractions were pooled, passed
through 25 mL Mili-Q water, and evaporated. Perme-
thylated sample was hydrolyzed (2M CF;CO,H,
120 °C, 2 h), reduced with NaBH,, acetylated, and prod-
ucts were analyzed by GLC-MS using a Hewlett-Pack-
ard 5989A instrument equipped with a HP-5MS
capillary column (30 m x 0.25 mm, 0.25 pm film thick-
ness) and applying a temperature gradient of 150 °C
(3 min) to 320 °C at 5 °C/min.

1.4. NMR spectroscopy

NMR spectra were obtained on solutions of H,O with
a Bruker DRX Avance 600 MHz spectrometer (operat-

ing frequencies 600.31 MHz for 'H NMR and
150.96 MHz for '>*C NMR) at 27 °C. Chemical shifts
were reported relative to internal acetone (9 2.225; ¢
31.45). One-dimensional 'H and '*C NMR, and 2D
'"H,'"H COSY, TOCSY, NOESY, ROESY, as well as
the 'H,"*C-heteronuclear HMQC and HMBC experi-
ments were recorded applying standard Bruker soft-
ware. The spectral width for 'H, '*C correlations was
6009 Hz in F2 dimension and 31,694 Hz in F1 dimen-
sion. A mixing time of 250 ms was used for NOESY
and ROESY experiments. The spin-lock field strength
corresponded to a 90° pulse with 35 pus and the mixing
time of 100 ms was used for TOCSY.
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