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ABSTRACT

The identification of the peracetylated methyl glycosides of 3-deoxy-D-
manno-2-octulosonic acid (KDO) methyl esters was achieved by g.l.c.—m.s. These
peracetylated methyl glycoside methyl esters were obtained from fully acetylated
lipopolysaccharides and core oligosaccharides of representative strains of the Vi-
brionaceae family by the following sequence of mild reactions: acetolysis,
methanolysis, and acetylation. KDO was shown to be present in all of the
lipopolysaccharides (LPS), a result in direct contrast to the generally accepted view
of the absence of this compound in LPS from this family of bacteria.

INTRODUCTION

3-Deoxy-D-manno-2-octulosonic acid (KDQ) is regarded as a ubiquitous
constituent of the inner core-region of the lipopolysaccharide of Gram-negative
bacteria'. and it is also contained in several ecxopolysaccharides from Escherichia
coli* and from Neisseria® species.

In almost all lipopolysaccharides investigated to date, the inner core-region
consists of an oligosaccharide of the core specific sugars L-glycero-D-manno-hep-
tose and KDO, each forming a trisaccharide®. The reducing end of the KDO trisac-
charide, glycosidically attaches the polysaccharide, in a relative acid-labile, 8-D-
(2-3) ketosidic linkage, to the nonreducing 2-amino-2-deoxy-D-glucose unit® of
the lipid A. The exact linkages and the connecting fashion of the constituent units
of the KDO trisaccharide have not yet been completely established, and may vary
for different families of bacteria’.

The incorporation of KDO appears to be a vital step in lipopolysaccharide
biosynthesis and in the growth of most bacteria®®. KDO does, however, appear to
be absent from the lipopolysaccharides of a few Gram-negative bacteria, such as
some species of Pseudomonas’, Bacteroides®, Anabaene variabilis®, and most of the
Vibrionaceae family, including all of its constituting genera'®, i.e., Vibrio,
Aeromonas, Photobacterium, and Lucibacterium.
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In the present investigation. we report the presence of KDO in the Vi-
brionuceae family, and a rapid, g.).c.-m.s. method for the identification of this
component, using very mildly acidic conditions.

RESULTS AND DISCUSSION

The estimation of KDO during structural investigations of the bacterial
lipopolysaccharides is based on the lability of the ketosidic linkage to mild hydro-
lysis with acid. Treatment of any enterobacterial lipopolysaccharide with dilute
acid gencrally cleaves the ketosidic linkage between KDO and lipid A. with con-
comitant rclease of free KDO., which may be estimated by the colorimetric
methods currently used. namely. the thiobarbiturate test'', the semicarbazide reac-
tion'?, and the diphenylamine test'*. Although these methods can be used only for
the estimation of free KDO (that is, ncither glycosidically bound nor substituted),
nonc of them are suitable for determination of the true content of KDO from
bacterial lipopolysaccharidc ™.

Considerable differences in the stability of the glycosidic linkage of KDO
have been observed, which may be due to the nature and the position of the KDO
substituents. In effect. free 3-deoxy-D-manno-2-octulosonic acid is only released by
mild hydrolysis with acid when it is present cither in alateral position or substituted
by a similar residuc!®'®. However, in LPS where the KDO units are substituted by
phosphonoaminoethanol and phosphorylated groups, or in the LPS containing two
distinct KDO residues'”'®. the release of free KDO can only be achieved by hydro-
lysis with strong acid (M HCI at 100°), causing considerable degradation of the
KDO molecule (which may lead to erroneous results during quantitative estima-
tion).

[dentification, and determination, of KDDO by g.1.c. hus been infrequently re-
ported in the literature, and it is not a method currently in vogue. Free KDO has
been analyzed by g.l.c. as the alditol acctates'”, or by g.l.c.—m.s. as the peracety-
lated methyl esters™. Tdentification of KDO from LPS by g.l.c.—m.s. may be
achieved by methanolysis and per(trimethylsilyl)ation®! or by methanolysis and
per(trifluoroacetylation™,

It was reasonable to cxpect that methanolysis of KDO-containing
lipopolysaccharides with 2M methanolic HCI during 16 h at &5°. followed by
acetylation, would give peracetylated methyl glycosides readily identifiable by
g.l.c.—m.s. In effect, methanolysis of the lipopolysaccharide of Vibrio ordalli with
2M HCl for 16 h at 85° yielded identifiable pcaks, but, unfortunately. overlapping
peaks were observed for the peracetylated methyl glycosides ot 3-dcoxy-D-manro-
2-octulosonic acid methyl esters and the peracctylated methyl heptosides. The
mass spectra of these mixtures gave fragmentation patterns that contained the re-
spective, diagnostic primary-ions m/z 375 (MY~ 39) for the KDO, and m/z 403
(M*" — 31) for the heptosc, together with their derived. secondary ions (see Fig.
1). which accorded with the results of Charon and $zabé®’. Decomposition prod-
ucts, arising from considerable degradation of the free KDO released during
methanolysis at 85°, were also noticed.
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Fig. 1. vMass spectrum of the mixture of peracetylated methyl glycosides of 3-deoxy-p-manno-2-oc-
tulosonic acid methyl esters and peracetylated methyl 1.0-heptosides.

To avoid the formation of the degradation products, we now propose a sim-
ple, mild procedure to release KDO, and identify it by g.l.c.—m.s. This modifica-
tion consists of the complete peracetylation of the LPS or the core oligosaccharide
with 1:1:1 acetic anhydride—pyridine—N, N-dimethylformamide, followed by
acetolysis with 1:1:0.01 acetic acid—acetic anhydride~sulfuric acid for 16 h at room
temperature, and methanolysis with 2M methanolic HCI for 16 h at room tempera-
ture, followed by neutralization and acetylation. G.l.c.-m.s. of the peracetylated
methyl glycosides is conducted under temperature-programmed conditions, and
several well resolved peaks, identified by their mass-spectral fragmentation-pat-
terns, are obtained for the various forms of each monosaccharide.

This modification was applied to lipopolysaccharides isolated from represen-
tative strains of several members of the Vibrionaceae family, from which KDO had
been claimed to be absent’®. Thus, when acetolysis and methanolysis were succes-
sively applied to the peracetylated lipopolysaccharides of Aeromonas hydrophila
Chemotype 1 and of Vibrio ordalli, and to the peracetylated core oligosaccharides
of Aeromonas salmonicida, Aeromonas hydrophila Chemotype I and Chemotype
I1, and Vibrio ordalli, KDQ was released, and was identified as the peracetylated
methyl glycosides of 3-deoxy-D-manno-2-octulosonic acid methyl esters by g.l.c.~
m.s.?°.

The mass spectra of the peracetylated methyl glycosides of KDO obtained
from the aforementioned LPS and core oligosaccharides were identical.

Important features associated with this method of release, and identification,
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of KDO from LPS and core oligosaccharides are that all of the reactions are simple
opcrations conducted under very mild conditions; g.l.c. m.s. of the peracetylated
methyl glycosides affords a rapid method for the identification of the methyl csters
of KIDO: and glycosidic linkages of amino sugars. normally resistant to hvdrolvsis,
are cleaved. The fragile constituents of LPS, such as dideoxy sugars. which are nor-
mully degraded during methanolysis with 2M methanolic HCE during 16 h at 85°,
would survive the gentle treatment described herein.

Although phosphorus is known to be a structural component of the lipid A
of lipopolysaccharides, recent work has shown that this element is absent from the
core oligosaccharide™” of Aeromonas hydrophila Chemotype 11, Unpublished work
from our laboratory indicates the same lack of phosphate in the core oligosac-
charides of Aeromonas salmonicida, Aeromonas hydrophila Chemotype I, and
Vibrio ordalli. Thus. it is not possible that substitution of KDO by phosphate is the
cause for the apparent luck of KDO erroncously indicated on using the conven-
tional hydrolytic and colorimetric methods of analysis. Determination of KDO by
the thiobarbiturate-based. colorimctric assays scemed to indicate that it was essen-
tially absent from the atorementioned LPS$ and core oligosaccharides representa-
tive of the Vibrionaceae family. The absence of measurable free KDO clearly indi-
cates the lack of a lateral KDO residue and of a nonphosphoryiated KDO disac-
charide residue. Our results suggest that, in a molecule of the LPS of the Vi-
brionaceae tamily. there is indeed at least one molecule of KDO. The cleavage of
these LPS with mild acid to yield lipid A and a polysaccharide containing one KDO
residue as an intrinsic part would also indicate a direct linkage between the KDO
and lipid A. Strittmatter er al.”* have established the presence of a single KDO unit
in the LPS of Rhodopseudomonas sphaeroides. ATCC 17023, and Brade er al. ™
demonstrated the presence of one KDO residue in a molecule of Vibrio cholerae
lipopolysaccharide by using strong hydrolysis conditions.

It is important o note that. contrary to a published report™. the absence of
KDO as supposedly established by the thiobarbiturate-based. colorimetric assay
method cannot be used as a taxonomical characteristic for the classification of the
Vibrionuceae.

EXPERIMENTAL

Chemicals. — Analytical-grade solvents were distilled before  use.
Mecthanolic HCT (2M) was prepared by adding acetyl chloride (15.6 g) to a cooled
solution of dry methanol (184 mL). The acetolysis mixture was prepared by adding
cone. sulfuric acid (1 mL) to a cooled solution of glacial acetic acid (100 ml.) and
acetic anhydride (100 mi.).

Bacterial culture. — Aervmonas hydrophila Chemotype 1. strain No. 8J-85,
and Chemotype II, strain No. S$J-26, and Aeromonas sulmonicida, <strain No. S1-185,
were obtained from the Northwest Atlantic Fisherics Centre collection: Vibrio or-
daili. strain No. SJ-42, was isolated from experimental sockeye salmoun. and was
supplied by Dr. T. P. Evelyn. Pacific Biological Station. Nanmmo B .
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Extraction of lipopolysaccharide. — All strains were grown in trypticase soy
broth (25 L; Baltimore Biological Laboratories) for 24 h at 25°, with aeration at 12
L/min, as previously described®. Lipopolysaccharide was extracted from the wet
cell-cake by the aqueous phenel method of Westphal and Jann®’. Production of
core oligosaccharide devoid of O-polysaccharide and lipid A was achieved by hydro-
lysis of the LPS in 1% aqueous acetic acid during 90 min at 100°, followed by gel
chromatography on Sephadex G50, as previously described®,

Chromatographic methods. — Thin-layer chromatography of the methyl
glycosides was conducted on plates precoated with Merck silica gel 60F-254 in a sol-
vent system of 10:3:1 chloroform—methanol-water or 20:5:1 chioroform-
methanol-acetic acid; detection was achieved by charring after spraying with 5%
sulfuric acid in ethanol.

High-voltage paper-electrophoresis was conducted for 90 min in a Shandon
flat-bed ¢lectrophoresis-apparatus, using a bulfer of 5:2:43 (v/v) pyridinc~—acetic
acid-water, at pH 5.4, 2 kV, and 170 mA. Free KDO was detected by spraying
with the thiobarbiturate reagent, or the alkaline silver nitrate reagent.

Gas~liquid chromatography of the peracetylated methyl glycosides was per-
formed in columns (183 x 2 mm i.d.) packed with 1.59 of Silar 7 CP on Gas
Chrom Q (100-120 mesh) in a Perkin—Elmer model 3920 gas chromatograph equip-
ped with a hydrogen-flame detector and a model 3380A electronic integrator, em-
ploying a temperature program starting at 180° for 32 min, and then increased to
270° at 8%/min (final temperature held for 64 min). G.l.c. was also performed in a
capillary column (25 m) of W.C.O.T. CP-Sil 5 (0.25 mm film thickness:
Chrompack, the Netherlands), using the same temperature program.

Combined g.l.c.—m.s. was performed in a Hewlett-Packard model 5981A
GC/MS  instrument controlled by a 5934A data system, with a membrane
separator, a source temperature of 160°, and an ionizing voltage of 70 eV, using the
same temperature program.

Peracetylation of the lipopolysaccharide or core oligosaccharide. — The
polysaccharide (20 mg) was dissolved in N, N-dimethylformamide (1.5 mL), and
acetic anhydride (1.5 mL) and pyridine (1.5 mL) were added. The solution was stir-
red for 16 h at room temperature, diluted with water (10 mL.), and extracted with
chloroform {10 mL). The extract was dried {(anhydrous sodium sulfate), and evapo-
rated under diminished pressure. The residue was reacetylated with 1:1 acetic
anhydride—pyridine during 1 h at 100°, and the solution was evaporated to dryness
to afford the peracetylated product.

Acetolysis. — A solution of the peracetylated product (10 mg) in the
acetolysis mixture (1 mL) was kept for 16 h at room temperature, poured into
crushed ice (10 mL), and extracted with chloroform (10 mL). The extract was suc-
cessively washed with a saturated solution of sodium hydrogencarbonate (§ mL)
and water {5 mL)}, dried (anhydrous sodium sulfate), and evaporated to dryness, to
afford a residue composed of the peracetylated glycose components of the LPS or
core oligosaccharides.
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Methanolysis and acetviation. — A solution of the foregoing residue in 2M
methanolic HCI was stirred for 6 h at room temperature, and evaporated under
diminished pressure. The residue was redissolved in methanol. and the solution
reevaporated (to remove traces of HCI). T.Lc. of the residue containing the methyl
glycosides obtained from the different polysaccharides indicated the presence of
the methyl glycosides of 3-deoxy-D-manno-2-octulosonic acid methyl esters™. Hy-
drolysis of these methyl glycosides with 125mM sulfuric acid for 8 min at 100°, fol-
lowed by high-voltage electrophoresis, indicated the presence of free KDO. The
residue {containing the methyl giycosides) was acetylated with 1.1 acetic an-
hydride—pyridine during 1 h at 100, and the solution was evaporated to dryness.
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