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Note

Isolation of D-threo-pent-2-ulose from the lipopclysaccharide of Pseudomonas
diminuta N.C.T.C. 8545

STEPHEN G. WILKINSON
Department of Chemistry, The University, Hull HU6 7RX (Great Britain)
(Received April 7th, 1981; accepted for puolication, June 17th, 1981)

Among the aerobic pseudomonads, the closely related species Pseudomonas
diminuta and Pseudomonas vesicularis form an isolated subgroup, the inclusion of
which in the genus Pseudomonas is increasingly suspect!'?. Chemotaxonomic grounds
for the separate status of these species include the possession by their tvpe strains
of a unique range of polar lipids®~* and lipopolysaccharides in which lipid A is
based on 2,3-diamino-2,3-dideoxy-n-glucose rather than 2-amino-2-deoxy-D-glucose®.
The lipopolysaccharide from P. diminuta N.C.T.C. 8545 has other unusual features -2,
to which can be added the presence of D-threo-pent-2-ulose, evidence for which is
now presented.

As with most other bacterial lipopolysaccharides, mild hydrolysis of the lipo-
polysaccharide from P. diminuta with 19 acetic acid gives lipid A and water-soluble
products which can be fractionated by chromatography on Sephadex. The polymeric
fraction (D1) isolated by using Sephadex G-50 is the putative O-specific side-chain,
and is a partizlly acetylated mannan having a disaccharide repeating-unit®. The
products of lower molecular weight are not fully resolved on Sephadex G-50 or G-25,
but include an oligomeric core-fraction (D2) containing D-glucose, an aldoheptose,
and a 3-deoxy-2-octulosonic acid (but no hexosamine or phosphorus), and a mono-
meric fraction (D3) in which free 3-deoxy-2-octulosonic acid and inorganic ortho-
phosphate have been identified”’.

During chromatography on Sephadex G-10 of the mixed D2 and D3 fractions
from the last of five batches of lipopolysaccharide used for structural studies, separa-
tion of D3 into two subfractions was observed (Fig. 1a). Paper electrophoresis con-
firmed that the reactivity of subfraction D3a with phenol-sulphuric acid was attribut-
able to free 3-deoxy-2-octulosonic acid, and also showed the presence of a little
orthophosphate and traces of amino acids, but no neutral monosaccharides. Sub-
fraction D3b gave a lemon-yellow colour (4., 477 nm) with phenol-sulphuric acid,
and accounted for ~159% of the weight of the parent lipopolysaccharide. Paper
electrophoresis of D3b at pH 5.3 showed the absence of phosphates and ninhydrin-
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Fig. 1. Chromatography on Sephadex G-10 of water-soluble products obtained by mild hydrolysis
of lipopolysaccharides from P. diminuta N.C.T.C. 8545 with 194 acetic acid at 100° for 2 h. Samples
were applied to a column (82 x 1.5 cm) and eluted with aqueous pyridine-acetic acid (pH 5.4) at a
flow rate of 5 ml.h~1. Fractions (2 ml) were analysed for tctal carbohydrate by the phenol-sulphuric
acid method, and then combined as indicated (D1, D2, D3a, and D3b). a. Products of low molecular
weight from a pentulose-rich batch of lipopolysaccharide; b, total water-soluble products from a
batch of lipopolysaccharide having a low content of pentulose.

reactive compounds, and the presence of a neutral component which strongly re-
duced alkaline silver nitrate and gave a reddish-brown colour with aniline hydro-
genoxalate, but no reaction with the periodate~thiobarbituric acid reagent. The
absence from D3b of the known neutral components of the lipopolysaccharide
(glucose, mannose, and an aldoheptose) was confirmed by using the cysteine—
sulphuric acid assay, g.l.c. for alditol acetates, and paper chromatography (p.c.).
The results of the further studies described below showed that D3b was essentially
pure D-threo-pent-2-ulose (D-xylulose).

In the diagnostic colour reactions with phenol-sulphuric acid, orcinol~-hydro-
chloric acid-iron(IIT) chloride, and cysteine—carbazole-sulphuric acid, both D3b
and the reference pentulose gave identical absorption spectra and (in the third
reaction) an identical rate of colour production at room temperature. Identical
mobilities and colour reactions were also found by p.c. (solvents 4, B, and C), tl.c.
[solvents F (for silica layers impregnated with sodium dihydrogenphosphate), 7, J,
and K (all for layers of silica gel 60 F,5,)], and paper electrophoresis in borate
buffer (pH 9.2). G.l.c. for alditol acetates from D3b gave two peaks having the
retention times of the penta-acetates of arabinitol and xylitol and relative areas 3:4.
Confirmatory identification of the pentitols was obtained by p.c. (solvents 4 and D),
t.lc. [solvents E (for cellulose sheets impregnated with tungstate at pH 6), F and G
(for silica layers impregnated with sodium dihydrogenphosphate), and H (for layers
of silica gel 60 F,5,)], paper electrophoresis in borate buffer (pH 9.2) and in calcium
acetate-acetic acid, and h.p.l.c. of the p-nitrobenzoic esters.

The formation of both arabinitol and xylitol indicated that D3b contained a



NOTE 249

threo-pent-2-ulose, and this inference was supported by g.l.c.—m.. of the alditol
acetates obtained after reduction with sodium borodeuteride. Deuterium labelling
at C-2 was proved by the formation of major primary fragments with m/z 290, 218,
217, 146, and 145 (but not 289) (see formula 1). Furthermore, the value of [a],
for D3b was —28° (¢ 0.7, water; based on g.l.c. of the pentitol acetates), approaching
that recorded (—33°) for D-t/ireo-pent-2-ulose.
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The unexpected finding of the pentulose as a major component of this latest
batch of lipcpolysaccharide prompted a re-examination of three earlier batches. In
previous studies of these batches, grades of Sephadex inappropriate for the resolution
of subfractions of D3 had been used. Also, any pentulose would have been destroyed
under the conditions of acid hydrolysis used to determine the monosaccharide
compositions of the lipopolysaccharides and their fractions (this was confirmed by
paper chromatography and g.l.c. analysis of the latest batch of lipopolysaccharide).
The re-examination showed the pentulose to be present in all three batches of lipo-
polysaccharide, but in much smaller amounts. This is illustrateu in Fig. 15, which
shows the elution profile for the total water-soluble products from a batch which
gave relatively low yields of both D1 and D3b. Thus, D-tireo-pent-2-ulose seems to
be a consistent, but quantitatively variable, component of lipopolysaccharide prepara-
tions from P. diminuta N.C.T.C. 8545. It is unlikely to be an artefact of a retro-aldol
condensation of the 3-deoxy-2-octulosonic acid also released on mild, acid hydrolysis:
the pentulose and related pentoses have not been found in similar hydrolysates from
other lipopolysaccharides containing a 3-deoxy-2-octulosonic acid.

Although the polymeric origin of the pentulose in P. diminuta is clear from tne
fact that it is present in material extracted from isolated cell-wails by aqueous phenol
and is not lost during the dialysis stage of the preparation, it may not be an integral
component of the lipopolysaccharide. Indeed, the observation that it may contribute
at least 159 to the weight of the extract or be only a minor component indicates that
it may form a separate polymer. However, it should be noted that at least 839, of
the phenol-sulphuric acid reactivity of the pentulose-rich batch of lipopolysaccharide
was associated with material excluded from Sephadex G-100 during chromatography
in the presence of sodium dodecyl sulphate, and that the periodate—Schiff-reactive
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material in this preparation migrated into the gel during electrophoresis in poly-
acrylamide in the presence of the surfactant®. Thus, it is possible that lipopoly-
saccharide preparations from P. diminuta, like those from some other bacteria®, may
contain species having chemically distinct side-chains. Further work is necessary to
establish the architecture of the lipopolysaccharide and the significance of the isolated
fractions.

Whatever the molecular origin of the pentulose in the cell envelope of P.
diminuta, this appears to be the first time that the monosaccharide has been isolated
from a bacterial polymer. On the other hand, 3-deoxy-D-manno-2-cctulosonic acid
is a “normal” component of bacterial lipopolysaccharides® and occurs in various
other polysaccharides'®™ '3, while N-acetylneuraminic acid is encountered fairly
commonly!'* !¢ and other glyculosonic acids occasionaily'”?. Fructose appears to
be the only neutral ketose previousiy isolated from bacterial polysaccharides. It is
present in some capsular polysaccharides produced by strains of Haemophilus in-
fluenzae type €'®'° and in the lipopolysaccharides of Vibrio cholerae?®~?3. Like
the pentulose in the P. diminuta lipopolysaccharide, the fructose in V. cholerae lipo-
polysaccharides apparently occurs as acid-labile furanosyl residues. Although the
fructose is nct considered to be part of the O-specific chain?3 25, evidence for its
location is inconclusive®?'2%. In contrast to the lipopolysaccharide of P. diminuta,
the Vibrio products apparently lack a 3-deoxy-2-octulosonic acid.

EXPERIMENTAL

Isolation and fractionation of lipopolysaccharide. — Methods used for the
extraction of lipopolysaccharide from cell walls of P. diminuta N.C.T.C. 8545, the
degradation of the lipopolysaccharide with 19/ acetic acid, and the fractionation of
water-soluble products by chromatography on Sephadex G-50 and G-10 were those
described previously -8,

Chromatographic and electrophoretic methods. — Paper chromatography and
electrophoresis were performed using Whatman No. 1 paper. T.l.c. was performed
with layers of silica gel 60 F,5, (Merck), untreated or impregnated with sodium
dihydrogenphosphate by immersion?? or spraying®®, and with layers of cellulose
{Merck) impregnated with sodium tungstate at pH 6 (ref. 29). The following solvents
were used: A, the upper phase of ethyl acetate—pyridine—water (5:2:5); B, the upper
phase of butan-l-ol-ethanol-waier—0.88 ammonia (40:10:49:1); C, butan-i-ol-
pyridine—water (10:3:3); D, butan-{-0l-0.75M boric acid3° (85:10); E, butan-1-ol—
ethanol-water?® (40:11:19); F, propan-2-ol-acetone-0.1M lactic acid®?? (4:4:2);
G, propan-2-ol-acetone-0.2M lactic acid®® (6:3:1); H, ethanol-acetone-0.IM boric
acid®! (4:5:1); I, acetone—chloroform-water3? (17:2:1); J, butan-1-ol-acetone—
water33 (4:5:1); K, propan-2-ol-ethyl acetate—water®® (83:11:6). Buffer systems
used for paper electrophoresis were aqueous pyridine-acetic acid’ (pH 5.3), 0.05M
sodium tetraborate®* (pH 9.2), and 0.2M calcium acetate-0.2um acetic acid®°. Detection
was effected witk ninhydrin, the Hanes/Isherwood reagent, the Warren reagents,
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alkaline silver nitrate, aniline hydrogenoxalate, and the periodate-Schiff reagent
(all described previously’-®), an aniline-diphenylamine reagent?, the periodate—
“tetrabase” reagents®!, naphthoresorcinol reagents33+3%, an anthrone reagent®¢, and
an orcinol reagent3® followed by aniline hydrogenoxalate.

The p-nitrobenzoic esters of pentitols were prepared and analysed by h.p.l.c.
as described by Schwarzenbach®’. Alditol acetates were prepared by standard
methods and were identified by g.l.c. at 190° on a column (i.6 m x 2 mm) packed
with 39 of Silar 10C on Gas Chrom Q. G.l.c.-m.s. analysis was performed at the
Physico-Chemical Measurements Unit, Harwell.

Other analytical methods. — The phenol-sulphuric acid reaction3® was used
to monitor chromatographic separations on Sephadex and for the comparison of
fraction D3b with reference D-threo-pent-2-ulose (Sigma). The cysteine—carbazole
reaction®? and tke orcinol reaction*® were also used fer the comparison of pentuloses,
and the cysteine reaction*! was used for the detection of aldoheptose. The specific
rotation of the pentulose in fraction D3b was determined with a Bendix polarimeter
(model 143A). For the detection of acid-stable monosaccharides, samples were
hydrolysed for 2 h at 105° with 2m hydrochloric acid, and the hydrolysates were
neutralised with Dowex 1 (HCOZ) resin.

ACKNOWLEDGMENTS

The author thanks the Science Research Council and staff of the Physico-
Chemical Measurements Unit (Harwell) for providing a g.l.c.—m.s. service, Mr. G.
Collier for polarimetry, Mr. I. A. Pickering for glc., Dr. D. F. Ewing for h.p.l.c.,
and Miss L. Galbraith for expert technical assistance.

REFERENCES

. J. PALLERONI, The Pseudomonas Group, Meadowfield Press, Shildon, Durham, 1978.

DE Vos anp J. DE LEY, Soc. Gen. Microbiol. Juart., 8 (1981) 145.

WILKINSON, Biochim. Biophys. Acta, 187 (1969) 492-500.

WILKINSON AMD M. E. BELL, Biochim. Biophys. Acta, 248 (1971) 293-299.

WILKINSON AMD L, GALBRAITH, Biochim. Biophys. Acta, 575 (1979) 244-254,

WILKINSON AND D. P. TAYLOR, J. Gen. Microbiol., 109 (1978) 367-370.

G. WILKINSON, L. GAl BRAITH, AND G. A. LIGHTFOOT, Eur. J. Biochem., 33 (1973) 158-174.
G

Z

. WILKINSON, Carboh;dr. Res., 93 (1981) 269-278.

WILKINSON, in I. W. SUTHERLAND (Ed.), Surface Carbohydrates of the Prokaryotic Cell,
cademic Press, London, 1977, pp. 97-175.

A. K. BHATTACHARIEE, H. J. JENNINGS, AND C. P. KENNY, Biochemistry, 17 (1978) 645-651.

T. YADOMAE, H. YaMADA, T. MivAzakI, T. OMORI, AND T. HIROTA, Carbohydr. Res., 60 (1978)
129-139.

12 W. F. VANN AND K. JANN, Infect. Immun., 25 (1979) 85-92.

13 P. MzssnNerR AND F. M. UNGER, Biochem. Biophys. Res. Commun., 96 (1980) 10603-1010.

14 K. JANN AND B. JANN, Methods Enzymo/., 50C (1978) 251-272.

15 B. Klf.Dzn-:RsKA, Eur. J. Biochem., 91 (1978) 545-552.

16 H. J. JENNINGS, K.-G. ROsELL, AND D. L. KASPER, Can. J. Biochem., 58 (1980) 112-120.

17 B. LINDBERG, K. SAMUELSSON, AND W. NIMMICH, Carbohydr. Res., 30 (1973) 63-70.

nwhruvnnnng

G
e
.G
.G
G

>

1
2
3
4
5
6
7
8
9
10
11



252 NOTE

18 P. Branerors-HELANDER, L. KENNE, B. LINDBERG, K. PETERSSON, AND P. UNGER, Carbohydr.
Res., 88 (1981) 77-84.

19 F.-P. Tsui, R. SCHNEERSON, AND W. EgaN, Carbohydr. Res., 88 (1981) 85-92.

20 J. W. RepMonND, M. J. KorsCH, AND G. D. F. JAcCKsoN, Adust. J. Exp. Biol. Med. Sci., 51 (1973)
229-235,

21 B. Jann, K. JAnN, AND G. O. BevaerT, Eur. J. Biochem., 37 (1973) 531-534.

22 S. RAZIUDDIN, Infect. Immun., 27 (1980) 211-215.

23 K. HisaTsunNE anND S. KonNpo, Bigchem. J., 185 (1980) 77-81.

24 J. W. REDMOND, Biochim. Biophys. Acta, 584 (1979) 346-352.

25 L. KenNE, B. LINDBERG, P. UNGER, T. HoLME, AND J. HOLMGREN, Carbohydr. Res., 68 (1979)
cl4-cié6.

26 A. K. SEN, A. K. MUKHERJEE, B. GUHATHAKURTA, A. DUTTA, AND D. Sasmar, Carbohydr. Res.,
86 (1980) 113-121.

27 S. A. HANSEN, J. Chromatogr., 107 (1975) 224-226

28 B. P. KREMER, J. Chrcmatogr., 166 (1978) 335-337.

29 J. BriGGs, I. R. CHAMBERS, P. FINCH, 1. R. SLAIDING, ar> H Weiger, Carbohydr. Res., 718 (1980)
365-367.

30 B. P. KReMER, J. Chromatogr., 110 (1975) 171-173.

31 J.-P. PAapIN AND M. UDIMAN, J. Chromatogr., 115 (1975) 267272,

32 Z. Zmi¢, N. BrLau, anNp M. KNoB, J. Chromatogr., 164 (1979) 91-94,

33 J.-P. ParIN AND M. UbmmaN, J. Chromatogr., 132 (1977) 339-343.

34 J. L. FRAHN AND J. A. MiLLs, Aust. J. Chem., 12 (1959) 65-89.

35 S. J. ANGYAL AND J. A. MiLLs, Aust. J. Chem., 32 (1979) 1993-2001.

36 D. C. ErrioTT, in R. M. C. Dawson, D. C. ELiiortr, W. H. ELLioTT, AND K. M. JONES (Eds.),
Data for Biochemical Research, Oxford University Press, London, 1959, pp. 239, 240.

37 R. SCHWARZENBACH, J. Chromatogr., 140 (1977) 304-309.

38 M. Dusors, K. A. GiLies, J. K. HAMLTON, P. A. REBERS, AND F. SMITH, Anal. Cher., 28 (1956)
350-356.

39 Z. DiscHE, Methods Carbohydr. Chem., 1 (1962) 481-482.

40 J. O. LaMmeeN, J. Biol. Chem., 204 (1953) 999-1010.

41 B. G. WRIGHT AND P. A. REBERS, Anal. Biochem., 49 (1972) 307-319.



