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In studies of the somatic antigens of phytopathogenic pseudomonads, the struc-
tures have been established'”’ of the O-specific polysaccharide chains of various patho-
vars of Pseudomonas syringae and closely related species [P. syringae pv. atrofaciens, P
syringae pv. syringae ( cerasi), P. syringae pv. syringae (holci), P. wieringae, and others]
belonging to serogroups I-IV, VI, and VII]. We now report the structure of the
O-antigen of P. syringae pv. syringae ( cerasi) strain 435 which, serologically, is similar
to P. syringae pv. syringae (cerasi) strain 467 studied earlier*. Both of these strains are
classified® as belonging to the serogroup I1, but they differ in the structure of the O-chain
of the lipopolysaccharide.

As with lipopolysaccharides of other strains of P. syringae and related species,
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Fig. 1. ®C-N.m.r. spectrum of the O-specific polysaccharide.

* Author for correspondence.
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that of P. syringae pv. syringae (cerasi) 435 was loosely bound to the cell surface and
was isolated by washing the bacterial cells with saline’. The lipopolysaccharide was
cleaved with dilute acetic acid, and the O-specific polysaccharide, isolated by gel-
permeation chromatography, had [x], +87° (¢ 1.8, water).

G.l.c. of the derived alditol acetates indicated that the polysaccharide contained
only rhamnose, which g.l.c. of the (+)- and (—)-2-octyl glycosides'® indicated to be D.

The “C-n.m.r. spectrum (Fig. 1) showed the polysaccharide to comprise a
tetrasaccharide repeating-unit (the spectrum contained signals for anomeric carbons at
101.9, 103.0, 103.2, and 103.3 p.p.m.). The position of signals for C-6 at 18.0 p.p.m. and
the absence of signals from the region of 82—88 p.p.m. proved that all the residues were
pyranosidic.

Methylation analysis of the polysaccharide gave 1,5-di-O-acetyl-2,3,4-tri-O-
methylrhamnitol, 1,3,5-tri-O-acetyl-2,4-di-O-methylrhamnitol, and 1,2,3,5-tetra-O-
acetyl-4-O-methylrhamnitol in the ratios ~ 1:2:1, which corresponded to the presence in
the repeating unit of one lateral, two 3-substituted, and one 2,3-disubstituted rhamno-
pyranose residue, and indicated the polysaccharide to be branched.

Smith degradation of the polysaccharide removed the lateral rhamnose residue
and gave a linear polysaccharide which had a *C-n.m.r. spectrum identical to that of the
common polysaccharide antigen of Pseudomonas aeruginosa'' and the O-specific poly-
saccharide of P. syringae pv. morsprunorum C28 (ref. 12) and P. syringae pv. syringae
(cerasi) 467 (ref. 2) with the structure 1.

-3)-a-D-Rhap-(1 - 3)-a-p-Rhap-(1 - 2)-a-D-Rhap-(1 -
A B C

The results of methylation analysis indicated that the original polymer contained
a 2,3-disubstituted rhamnose residue instead of the 2-substituted residue (unit C) in 1
and, therefore, that the lateral rhamnosyl group (unit D) was attached to unit C at O-3.
Like units A—C, unit D was o, which was indicated by the *C-n.m.r. data for the original
polysaccharide, interpreted using the data for 1 (ref. 2) and the trisaccharide glycoside 2
(ref. 13) (Table I). In particular, the position of the signals for C-5 at 70.5-70.7 p.p.m.
proved that all the rhamnose residues have the o configuration', and, therefore, that the
O-specific polysaccharide has structure 3.
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TABLE1]

BC-N.m.r. chemical shifts (§ in p.p.m.)
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Unit C-1 C-2 C-3 C-4 C-5 C-6
Smith-degraded polysaccharide 1
-+ 3)-a-p-Rhap-(1 — (A) 103.4 7.1 794 72.8 70.6 17.9
-+3)-a-p-Rhap-(1 -+ (B) 103.2 711 79.3 72.5 70.4 17.9
-+2)-a-D-Rhap-(1 — (C) 102.0 79.0 711 73.4 704 17.9
Trisaccharide 2 (ref. 13)
-+ 2)-a-L-Rhap-{1— {C} 1009 78.8 78.8 733 70.2 8.1
3
7
a-L~-Rhap-{1- (D} 103.6 713 71.6 733 70.6 8.0
O-Specific polysaccharide 3
~»3)-g-D-Rhap-(1 — (A) 103.3 715 79.1 2.9 70.7 18.0
— 3}-g-D-Rhap-(1-+ (B) 103.2 71.5 79.1 72.8 70.6 18.0
~+2)-a-p-Rhap-{1 - (C} 101.9 78.5 8.6 733 70.6 18.0
3
1
a-p-Rhap-(1 - (D} 103.0 707 713 733 70.5 18.0

“ Assignments of signals having differences in chemical shifts of < 0.5 p.p.m. could be interchanged.

~»3)-a-D-Rhap-(1 - 3)-z-D-Rhap-(1—2)-a-D-Rhap-(1 —

A

a-p-Rhap

The structure 3 of the P. syringae pv. syringae ({cerasi) 435 Q-antigen is related,
but not identical, to those of other phytopathogenic pseudomonads that belong to the
serogroup H. Thus, the main chain of the polysaccharide 3 has the same tructure (1} as
the O-antigen of another representative of P, syringae pv. syringae { cerasi) strain 467
(ref. 2) and P. syringae pv. morsprunorum C28 (vef. 12), as well as the main chain of P.
syringae pv. syringae 218 in which ~ 35% of the repeating units (4) are substituted by a
lateral a-pD-fucofuranosyl group®. The O-antigens of P. syringae pv. syringae (holci)
K-1025 and P. syringae pv. atrofaciens 90a differ from that of P. syranges pv. syringae
{cerase } 435 in the structure of the main chain, which is a D-rhamnan with a tetrasaccha-
ride repeating-unit (5) but have the same (1-3)-linked lateral a-D-rhamnosyl sub-

stituent®.
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~35% o-D-Fucf
1

1
4
=»3)-0-D-Rhap-(1 - 3)-¢-D-Rhap-(1 - 2)-a-D-Rhap-(1—
4
«-D-Rhap
1
l
3

—3)-0-D-Rhap-(1 - 3)-a-D-Rhap-(1 = 2)-a-p-Rhap-(1 - 2)-a-D-Rhap-(1 —
5

Therefore, as judged from the structures of the O-specific polysaccharides, se-
rogroup II in the classification of phytopathogenic pseudomonads® is heterogeneous
and should be divided into subgroups.

EXPERIMENTAL

General methods. — “C-N.m.r. spectra were recorded with a Bruker AM-300
instrument for solutions in D,0 at 60° (internal acetone, 4 31.45). Optical rotations were
measured with a Jasco DIP 300 polarimeter at 25°.

G.l.c. was performed with a Hewlett-Packard 5890 instrument equipped with a
flame-ionisation detector and a glass capillary column (0.2 mm x 25 m) coated with
OV-1. G.l.c.—m.s. was carried out with a Varian MAT 311 instrument under the same
conditions as in g.1.c. Gel-permeation chromatography was performed (@) on a column
(3.5 x 70 cm) of Sephadex G-50 in a pyridine acetate buffer (pH 5.5), with the fractions
analysed by the phenol-sulfuric acid method"; or () on a column (80 x 1.6cm)of TSK
HW 40 (S) in water, with the elution monitored by a Knauer differential refractometer.
Neutral sugars were analysed on a column (0.6 x 20 cm) of Durrum DAx4 resin in 0.5m
sodium borate buffer (pH 9.0} at 65°, and the elution was monitored by the orcinol-
sulfuric acid reaction, using a Technicon Autoanalyser I1.

The growth of bacteria and the isolation of the lipoplysaccharide and the O-
specific polysaccharide were carried out as described"’.

Samples were hydrolysed with 2M™ trifluoroacitic acid in sealed ampoules for 2 h at
120°. Methylation analysis was performed according to the Hakomori procedure'® and
the products were recovered using a Sep-Pak cartridge'’.

Smith degradation. — The O-specific polysaccharide (18 mg) was treated with
0.1M sodium metaperiodate (2 mL} for 24 h at room temperature in the dark, the
product was reduced with an excess of sodium borohydride, desalted by gel-permeation
chromatography on TSK HW 40, and hydrolysed with agueous 2% acetic acid (100°, 2
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h), and the modified polysaccharide (10 mg) was isolated by gel-permeation chromatog-
rapiny’ oir Tk e 46
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