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Abstract

The O-specific side-chain polymers from Stenotrophomonas maltophilia serogroups O21 and 025 were isolated
from the lipopolysaccharides of the reference strains. The O21 polymer contained D-arabinose, 2-amino-2-deoxy-D-
glucose and 2-amino-2-deoxy-D-galactose in equal proportions. Methylation analysis and NMR spectroscopy showed
that the polysaccharide is based on a branched trisaccharide repeating unit of the structure shown below. The O25
polymer is linear with a disaccharide repeating unit identical to that forming the backbone of the O21 polymer.
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1. Introduction

Stenotrophomonas maltophilia is an oppor-
tunist pathogen that has an increasing reputa-
tion as an agent of nosocomial infection [1,2].
Many strains display multidrug resistance [3,4]
and the organism poses a potential threat to
the cystic fibrosis population inter alia [5—8].
One method for the epidemiological monitor-
ing of clinical isolates is serotyping of the
heat-stable O-antigens [9]. Structural studies
of several O-antigens have already been pub-
lished ([10,11] and references cited therein). As
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part of an ongoing study of the remaining
O-antigenic structures, we have characterised
the O-specific side-chain polymer from the
lipopolysaccharides (LPSs) of the reference
strains for S. maltophilia serogroups O21 and
025.

2. Results and discussion

Isolation and composition of O-specific poly-
mers.—LPS was extracted from the defatted
cell walls of the reference strains by treatment
with hot, aqueous phenol [12], followed by
exhaustive dialysis and freeze-drying of the
aqueous phase (yields: O21, 13%; 025, 8%).
Minor amounts of phenol-soluble LPS were
also isolated (yields: O21, 1%; 025, 0.4%).
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The polymeric fractions were obtained by mild
acid hydrolysis of the LPS, followed by GPC
(Sephadex G-50) of the water-soluble products
(yvields from LPS: 021, 33%; O25, 7%). The
relatively high yield (28%) of the oligomeric
fraction from the hydrolysate of the O25 LPS
showed that the strain produced mainly an
R-type product. The main monosaccharide
components were identified as D-Ara, D-GalN
and D-GIcN (021), and D-GalN and D-GIcN
(0O25). Minor components were also identified.
The O21 polymer contained Rha, Glc and Xyl,
the O25 polymer Rha, Gal, Glc and Man. A
likely explanation for the Glc and Man in the
025 polymer is the presence of core material,
as further studies of the oligomeric fraction
showed that these were the major monosac-
charide components.

Structure of the O25 polymer.—The NMR
spectra clearly showed that the polymer was
based on a disaccharide repeating unit of o-D-
GalpNAc and a-D-GlcpNAc residues. The 'H
spectrum included major signals for anomeric
protons (each 1 H) with ¢ 4.99 (J,, 3.2 Hz)
and 0 494 (J,, 3.4 Hz) and two N-acetyl
signals with ¢ 2.08 and 2.06. The *C NMR
spectrum contained 16 major signals, including
those for anomeric carbons at ¢ 99.22 and
98.05, two carbons attached to nitrogen (o

Table 1
NMR data ® for O25 polymer

Atom Residue

—4)-0-GalpNAc-(1-» — 6)-a-Glcp NAc-(1 —»

A B
1 H 4.99 4.94
C 98.05 99.22
2 H 4.27 3.93
C 50.86 54.93
3 H ~4.04 3.86
C 68.09 71.33
4 H ~4.04 3.62
C 78.26 70.68
5 H ~4.03 4.28
C 7244 72.03
6 H ~3.77, ~3.73 ~4.03, ~3.65
C 61.12 66.18

2 Values for chemical shifts relative to internal acetone (Jy
222, dc 31.07) in spectra recorded at 40 °C. Additional
signals due to N-acetyl groups at - 175.40, 175.15, 22.87 and
22.70, J4 2.08 and 2.06.

54.93 and 50.86), two acetyl groups (6 175.40,
175.15, 22.87 and 22.70), and one unsubsti-
tuted hydroxymethyl carbon (6 61.12). A sig-
nal at 0 66.18 was shown (HSQC) to be
coupled to two protons (0 ~4.03 and ~ 3.65)
and could therefore be attributed to a substi-
tuted hydroxymethyl carbon. For detailed as-
signment of the signals (Table 1) using 2D
spectra (COSY, relayed COSY, TOCSY,
NOESY, HMQC and HSQC) the residues
were coded A and B, in order of decreasing
chemical shift for the anomeric protons.
Residue A was readily identified as a-D-Galp-
NAc from the chemical shift for C-2 [13] and
residue B as o-D-GlcpNAc from the large
value (~ 10 Hz) for J;, in the proton spec-
trum. The absence of downfield glycosylation
shifts for C-3 and C-4 of B, for which ¢ values
were readily established from correlations with
the corresponding, well-resolved protons, indi-
cated that the Glcp NAc was the 6-substituted
residue. Further assignments for residue A
were complicated by severe overlap of signals
at ~4.04 ppm (total of 4 H, including A H-3).
The attribution of the signal with 6 78.26 to A
C-4, and that with 0 68.09 to A C-3, was based
on the expected o and B effects of glycosyla-
tion at position 4 (predicted shifts ~ 78 and 68
ppm, respectively [14]). Glycosylation at posi-
tion 3 of A should result in chemical shifts for
C-3 and C-4 of ~ 74 and 66 ppm, respectively
[14]. Thus the NMR evidence points to struc-
ture 1 as the repeating unit of the O25 poly-
mer.

A B
— 4)-a-D-GalpNAc-(1— 6)-a-D-GlcpNAc-(1—->

1

Methylation analysis of the O25 polymer
supported this structure. Although the results
were complicated by the presence of deriva-
tives of Rha and hexose residues, and the
relatively low response for the amino sugar
derivatives, GLC-MS data were consistent
with the presence in the polymer of 4-substi-
tuted and 6-substituted hexosamines, both as
pyranose residues.

Structure of the O21 polymer.— Methylation
analysis of the polymer, monitored by GLC-
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Table 2
NMR data ? for the O21 polymer

Atom Residue
a-Araf-(1- - 4)-0-Galp- —3,6)-0-
NAc-(1- GlcpNAc-(1-
C D E
1 H 5.27 5.01 4.93
C 108.69 97.00 98.40
2 H 4.13 4.28 4.02
C 81.20 49.81 52.36
3 H 3.94 ~4.06 3.94
C 76.12 66.88 77.62
4 H 3.97 ~4.06 3.77
C 83.79 77.13 69.58
5 H 3.83, 3.73 ~4.05 4.34
C 60.92 71.36 70.78
6 H ~3.73 ~4.05, 3.61
C 59.93 64.79

2 Values for chemical shifts relative to internal acetone (Jyy
222, 6 < 31.07) in spectra recorded at 40 °C. Additional
signals due to N-acetyl groups at d- 174.46, 173.86, and 21.86
(2C), dy 2.10 and 2.06.

MS of the methylated alditol acetates (labelled
at C-1 with deuterium), showed that it was
constructed from a branched trisaccharide re-
peating unit. The products detected were
derived from unsubstituted Araf, 4-substituted
HexpN (or 5-substituted HexfN), and 3,6-dis-
ubstituted Hexp N residues. The retention time
of the third product, derived from the branch-
point residue, matched that of the product
from 3,6-disubstituted GIcN [15]. NMR spec-
tra confirmed that both hexosamines occurred
as N-acetylated pyranoses and showed that all
three sugars had the o configuration. Thus,
the '"H NMR spectrum included signals for
three anomeric protons at 0 5.27 (unresolved),
5.01 (J,, 3.6 Hz) and 4.93 (J,, 3.0 Hz), and
methyl singlets at 6 2.10 and 2.06. The "*C
spectrum included three signals for anomeric
carbons at ¢ 108.69, 98.40 and 97.00, and
signals from two acetamido groups [0 174.46,
173.86, 52.36 and 49.81 and 21.86 (2C)]. For
more detailed interpretation of the spectra
(Table 2), the residues were coded C, D and E,
in order of decreasing chemical shift for the
anomeric protons.

Residue C was readily identified as a-Araf
from the five prominent signals in the '*C
spectrum and by reference to literature data

[16]. Assignments for the corresponding pro-
tons were made with the aid of COSY,
TOCSY and HMQC spectra. Residue D was
identified as a-GalpNAc from the chemical
shift for C-2 [13] located via the COSY and
HMQC spectra. The spin system could not be
traced beyond H-3 because of signal conges-
tion at about 4.05 ppm, as found for the
corresponding residue A in the O25 polymer.
The assignments made for C/H at positions 3
and 4 of D were based on the arguments used
for the O25 polymer, and the evidence from
methylation analysis of 4-substitution of the
GalpNAc residue in both cases. D H-5 and
H-6,6" were correlated from the COSY spec-
trum and signals for the corresponding car-
bons identified from HMQC. Similar analyses
led to assignments (Table 2) for the 3,6-disub-
stituted Glcp NAc residue E.

The NOESY spectrum showed the follow-
ing contacts: (a) between C H-1 and signals at
0 4.13 (C H-2) and ~ 3.95 (possibly E H-3),
(b) between D H-1 and signals at ¢ 4.28 (D
H-2), 4.05 and 3.61 (E H-6,6), (¢) between E
H-1 and signals at 6 4.02 (E H-2), 4.06 (pre-
sumably D H-4) and 3.73 (unassigned). These
data point to structure 2 for the repeating unit
of the O21 polymer. This was confirmed by
selective removal of the Araf substituent by
mild acid hydrolysis to give a linear polymer
with NMR spectra (‘"H and '*C) essentially
identical to those of the O25 polymer.

C
a-D-Araf
1
d
3
— 4)-a-D-GalpNAc-(1— 6)-a-D-GlcpNAc-(1—»>
D E
2

Neither the O21 nor the O25 serotype of S.
maltophilia i1s frequently encountered [9,17].
Although the O antigens are structurally re-
lated, no cross-reaction between the serotypes
has been reported [9], indicating that the lat-
eral a-D-Araf substituent is part of the domi-
nant epitope defining the O21 serotype.
Aldopentoses are relatively unusual as compo-
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nents of bacterial O antigens [18], but this
feature is present in several antigens from S.
maltophilia. In addition to the O21 antigen,
a-D-Araf occurs in Ol [15], B-D-Xylp in O6
[19], B-L-Xylp in O2 [10] and O10 [20], 3-O-
Me-B-L-Xylp in O8 [21], and a-D-Ribf in O16
(A.M. Winn, S.G. Wilkinson, unpublished re-
sults). It is also noteworthy that the O21
antigen of S. maltophilia differs from the O
antigen of Ralstonia (Pseudomonas) solana-
cearum strain ICMP 4157 [22] only in the
anomeric configuration and the location of the
D-Araf substituent.

3. Experimental

Growth of bacteria, isolation and fractiona-
tion of LPS.—S. maltophilia strains PM-41
(serotype O21) and PM-219 (serotype O25) [9]
were grown in Nutrient Broth No. 2 (Oxoid,
20 L) for 21 h at 37 °C, with stirring at 300
rpm and aeration at 20 L min ~'. The wet cells
(yields 98 and 168 g, respectively) were me-
chanically disintegrated, the cell walls were
isolated (yields 2.8 and 9.3 g), defatted, and
the LPS was extracted with hot aq phenol
(45%, w/w, 68 °C, 15 min) as in earlier studies
[12,23] (yields: 330 and 755 mg). Fractionation
of the LPS was achieved by mild acid hydroly-
sis (aq 1% AcOH, 100 °C, 1.5 h) followed by
GPC of the water-soluble products on Sep-
hadex G-50 in pyridine—AcOH buffer (pH
5.4). The eluates were monitored for total
carbohydrate by the phenol-H,SO, method
[24].

General methods.—NMR spectra (1D and
2D), for the O-specific side-chains and the
polymeric product from partial hydrolysis
(021), in D,0O were recorded with a Jeol
Lambda LA 400 MHz instrument. Spectra
('H and "C) were recorded at 40 °C, with
acetone (0 2.22 and o, 31.07) as internal
reference. Standard pulse sequences were used
to record COSY, relayed COSY, HMQC,
HSQC, NOESY and TOCSY spectra. GLC
was carried out on a Perkin—Elmer Autosys-
tem GLC, and GLC—-MS on a Finnigan GCQ
mass spectrometer.

Determination of monosaccharide composi-
tion.—In general, samples were hydrolysed
with 2 M CF,;COOH at 98 °C for 16 h [25].

Products were analysed by PC (13:5:4
EtOAc—pyridine—water, and 5:5:1:3 EtOAc—
pyridine—AcOH-water), HPAEC (Dionex
DX300, CarboPac PA100 column, 0.16 M or
0.25 M NaOH), and by GLC of the alditol
acetates. Absolute configurations were as-
signed by conversion into but-2-yl glycosides
[26] followed by peracetylation and GLC, by
enzymic assay of D-GalN [27], and by polar-
imetry of D-Ara (Optical Activity Ltd., AA-10
automatic polarimeter). Amino sugars in the
partially hydrolysed O21 polymer (vide infra)
were released by hydrolysis (6.1 M HCI,
105 °C, 4 h), and separated by elution from a
Dowex 50 column (H* form) with 0.33 M
HCI [28]. The eluate was monitored for amino
sugars by the methods of Rondle and Morgan
[29] and Lewandowski [30].

Chemical degradations.—Partial hydrolysis
of the O21 polymer was carried out by treat-
ment with 0.05 M H,SO, (80 °C, 4 h). The
hydrolysate was neutralised with BaCO,,
filtered then freeze-dried. The products were
separated by preparative HPLC (Anachem,
TSK gel G-Oligo-PW, water, 0.6 cm® min—').
Standard procedures were used for methyla-
tion analysis [31-33]. The results were moni-
tored using GLC and GLC-MS.
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