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ride extract from the reference strain for Serratia marcescens
serogroup O18

David Oxley and Stephen G. Wilkinson
School of Chemistry, The University, Hull HU6 7RX ( Great Britain)

(Received October 6th, 1990; accepted for publication, November 12th, 1990)

ABSTRACT

The lipopolysaccharide extract from the cell wall of the reference strain for Serratia marcescens
serogroup O18 contained, in addition to a neutral glycan characterised previously, an acidic glycan. Acidity
was contributed both by D-glucuronic acid and by 4-0-[( R)-1-carboxyethyl]-D-glucose (4-0-Lac-D-Glc). By
using n.m.r. spectroscopy, methylation analysis, and chemical degradations, the repeating unit of the acidic
glycan was 1dentified as a branched hexasaccharide having the structure shown; an O-acetyl group also
present was not located. The glycan is believed to define the O18 serogroup, but is probably not an integral
component of the lipopolysaccharide.

—3)-f-p-Galp-(1 ~4)-a-p-Manp-(1 - 3)-a-D-Galp-(1 >

4-0-Lac-$-p-Glcp

INTRODUCTION

Although serological cross-reactions are common among the heat-stable antigens
of Serratia marcescens, relatively few have been reported for serogroup O18. No
relationship to other antigens was detected in one study', while cross-reactions found in
other studies mainly involved O10 (refs. 2-4) and O22 (ref. 4). These cross-reactions
seem to be based on structural similarities between the repeating units of neutral glycans
from the O10 (1, ref. 5), 018 (2, ref. 6), and O22 (3, ref. 7) reference strains. Although the
010 glycan was the only polymer present in the lipopolysaccharide extract from the cell
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wall, both the O18 extract® and the O22 extract’ also contained acidic glveans. We now
report the structure of the repeating unit for the O18 acidwe glvean.

2-D-Glep
4
— 2}-2-1-Rhap-{1 - 2)-2-1-Rhap-(1 = 3}-2-1-Rhap-(1 - 3)-2-0-GlepNAc-{ 1T~

< 2n-L-Rhap-(1-2)-0-L-Rhap-(1 - 23-2-1-Rhap-{ 1 —=6}-x-0-GlepNAC-( |

—2)-2-L-Rhap-(1—2-x-L-Rhap-(1 - 3)-2-1-Rhap-(1 - 3}-2-2-GlepNAc-( 1

RESULTS

As described previously’, an acidic glycan was isolated from the lipopolvsaccha-
ride of the O18 reference strain after mild acid hydrolysis, followed by jon-exchange
chromatography of the polymeric products. This glycan constituted @ minor fraction

(18%) of the polymeric material and was eluted from DEAE-Sephurose CL-6B with &
Na(ffi. but not with 0.3m NaCl The neutral sugar components of the ﬁi\\,‘izi were

B

L-rhamnose. D-mannose, D-glucose, and p-galactose (relative prak areas in gio of the
alditol acetates, 1.00:0.74:0.19:2.035 After carboxvireduction of the po }\n er, the
proportions of glucose and mannose (relative to rhamnose = L) mnereased 1o 097
and 1.01, respectively, showing the presence of glucuronic acd in the onginal polymer.
probably linked to mannose. High-voltage paper clectrophoresis of an aaid hvdrolysate
confirmed the presence of gluctronic acid, and revealed two other soidhe components
that reacted with anilinehvdrogen oxalate. The major component {A) had M 048
and the minor component (B} had M, .80 Further studies of these products are
described below.

The acidic glycan also carried O-acetyl groups (non-stoichiometric, less than one
group per repeating unit). which complicated the n.m.r. spectra. However, the 'H-n.m.r,
spectrum of the O-deacetviated glycan contained six unomeric signals {gach 1 Hyat o
S284J, . 3 HzZL 52047, Y Hzy, 5.07 (unresolved). 4.84 funresolved ), 4.7 07, L8 He) and
456, X Hzl. dsmeiiax twodoublets{each A Hat S TAR G THzvand 135176 Hep The
HRLTOI00T. 104,

Soand b signads fo

HConomr. spectrum also contained six anomeric signals a1 o
96 R and 96 as wellastwosignals for CH L at 819 2 amx
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at & 178.0 and 173.9. These data pointed to a hexasaccharide repeating-unit for the
polymer, constructed from rhamnose (1), mannose (1), galactose (2), and glucuronic
acid (1) residues, together with an unidentified acidic sugar (1) that contained an
ethylidene group.

Four products were detected, and were characterised by g.l.c. and m.s., on
methylation analysis of the acidic glycan. Three of these products were identified as the
derivatives of 4-substituted rhamnopyranosyl, 3-substituted galactopyranosyl, and
3,4-disubstituted mannopyranosyl residues (relative peak areas in g.l.c. of the methylat-
ed alditol acetates, 0.85:2.00:1.11). The mass spectrum of the fourth product (relative
peak area, 0.82) indicated® that it had the structure 4, which corresponds to the
lactonised derivative of an unsubstituted 4-O-(1-carboxyethyhhexopyranosyl residue.
A signal for the quasimolecularion at m/z 322 [M + H]* was observed in c.i.-m.s. of the
derivative with ammonia as the reagent gas. When the methylated giycan was reduced
(LiAIH,) before hydrolysis, the product 4 was replaced by the related product S as
indicated by the mass-spectral fragmentation®, and an additional product derived from
a 4-substituted glucopyranosyluronic acid residue was detected. As expected, methyla-
tion analysis of the carboxyl-reduced glycan gave the derivatives from 4-substituted
rhamnopyranosyl, 3-substituted galactopyranosyl, 3,4-disubstituted mannopyranosyl,
and 4-substituted glucopyranosyl residues (relative peak areas in glc.,
0.74:2.00:1.33:0.95), as well as the product 6 (relative peak area, 6.93) with the mass-
spectral fragmentation pattern shown.

CHDOAC CHDOAC CHDOAC
b CHOMe o CHove 292 1;,'583"----~~§C-t10Me 202
1§2—_____$¥:§0Me 62 S!jOMe -/,»" 6{% nnnnnnnnn ‘i ?:lOM?:"/,_.-*"
9 CHO—Chne AT cH—TLo—{—CHMeCH,0AC CH—30—+~CHMeCH,OMe
CHO—CO CHoAc | CHoAc |
 —— - [ 101 | 173
CH,OMe CH,OMe CH,OMe
4 5 6

In order to identify the acidic sugar (a lactylic acid) that gave rise to compounds 4,
5, and 6, partial hydrolysis (2M trifluoroacetic acid, 3.25 h, 105°) of the parent polymer
was carried out. The acidic products A and B (see above) were isolated by h.p.l.c.
Compound B had the same retention time and the same mobility in paper electrophore-
sis as the aldobiouronic acid 7 isolated® from an acidic glycan produced by the 023
reference strain of S. marcescens. The "H-n.m.r. spectrum of compound B contained
anomeric signals at § 5.35 (1 H, J,, 4 Hz), 5.22 (0.6 H, J,, <2 Hz), and 4.96 (0.4 H,
unresolved), consistent with structure 7 (or the isomeric aldobiouronic acid that con-
tains 4-substituted mannose).
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a-0-CilepA-(1 - 3)-p-Man

The '"H-n.m.r. spectrum of compound A contained anomeric signals at 0 $.27 (0.4
H,J ,4Hz)and 4.68 (0.6 H. /, , 8 Hz), as well as methytdoublets at 6 | 30 (1.2 H. J T Hz}
and 1.49 (1.8 H, /7 Hz). indicating that the compound was the factvlic acid. Removalof
the lactic acid residue. catalysed by BBr,, produced p-glucose. thereby identifving
compound A as a 4-O-(t-carboxvethyly-p-glucose. The mass spectrum of the alditol
acetate from the related 2-hydroxy-1-methylethyl sugar {released on acid hydrolvsis of
the carboxyl-reduced polymer) contained the diagnostic peaks with m/z 375, 347, 275,
and 101. G.l.c. comparisons with the corresponding alditol acetates isom gmwiac{yi;t
acids in other bactenal palysaccharides permitted the £ configuration o be assigned to
the lactyl group in the sugar from S, marcescens QK

Smith degradation of the carboxyvl-reduced. O-deacetylated gh
meric product (SDI) that. unexpectedly, contamned glucose as wel

rlyean gave a poly-

Fas mannose aad
galactose {molar ratios. (.77:0.87:2.00). Methylation analysois gave the derivatives of
unsubstituted glucopyranosyl, 3-substituted gadactopyranosyl, and 3 4-disubsiituted
mannopyranosyl residues (refative peak areas, 1.20:2.00:1,
of SDi contained foux anomeric signals at 6 S.20(/, ~H§f} SARG, A HzL 308, 2
Hrzy and 4.54 (/. 8 Hry Compared with the Henm oo spectrum of the onginal
O-deacetylated g gﬂiwsm the anomeric signals at 484 (H-1 of Rharand .72 (M- of the
lactylic acid), together with the related mam doublets, had disappeared. These results
for SDI show that the backbone of the O18 acidic glvean s o galactomannan with o
trisaccharide repeating-umit. and confirm that glucuronic acid s attached o the man-
nose residue at the branch point, Taken with other data presented, the results permit o
partial structure (8) to he assigned to the repeating wnt of the onginal, O-deacetvlated
polymer.

The 'Henmr spectrum

- 3-p-Galp-(1 - 34 2-0-Manp-~(1 = 33-0-Galp-¢ L -
43

4-0-Lac-fo-Glop
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When SD1 was subjected to a further Smith degradation, and when the original
O-deacetylated glycan was subjected to two successive oxidation-reduction cycles
before mild hydrolysis, a new polymeric product (SD2) was obtained. This result
indicates that the unexpected survival of the 4-substituted glucopyranosyl residue in the
degradation leading to SD1 was due to hemiacetal formation, involving its 3-hydroxyl
group and a carbonyl group of the adjacent oxidised rhamnose residue. The product
SD2 contained only mannose and galactose (molar ratio, 0.88:2.00), and on methyla-
tion analysis gave the derivatives from 4-substituted mannopyranosyl and 3-substituted
galactopyranosyl residues (relative peak areas, 1.16:2.00). The 'H-n.m.r spectrum for
SD2 included three anomeric signals (each 1 H) at 6 5.18 (J, , 4 Hz), 5.08 (J,, <2 Hz),
and 4.53 (J,, 8 Hz).

The 'H-n.m.r. data for SD1 and SD2 show that one of the galactose residues is
a-linked and the other f5. In order to assign these configurations, SD2 was subjected to
two further Smith degradations. The final product (SD3) had a retention time in h.p.l.c.
consistent with that of the expected disaccharide-alditol (a galactosylglycerol). Howev-
er, g.1.c. of permethylated SD3 showed the presence of three components, for which the
relative peak areas (given in order of increasing retention time) were 5.84:2.56:1.00.
E.i.-m.s. showed that the major component was the galactosylglycerol (9) predicted

—»3)-Gal-{1—w3)~Gal-{1—4)-Man- {1

l CHyOH

Gal-(1—m3)=Gal-{1~m2)~Eryl Gale (1—w3}~Gal-{1 >——CH20H

l

CHyOH

1 0
tal-(1—w2)-Clyl Gale{1—w2)-Eryl Gal-(1 >——CH20H
O

= 10
11
Eryl = Erythritol; Glyl = Glycerol.

The aglycon in 11 and its precursor could be an isomeric

1,3 -d.ioxola.nelo.

Scheme 1. Reaction pathways leading to the mixture of products (SD3) on two consecutive Smith-
degradations of the linear galactomannan SD2 (see text).
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from classical Smith degradations. The second component (10) was a galactosvl deriv-
ative of a tetritol (expected to be erythritol, from the oxidised mannose residue), and the
final component (11) was probably a similar derivative of u 1.3-dioxane™. Scheme 1
shows the reaction pathways leading to the three components of SD3. in the 'H-n.m.r.
spectrum of SD3, anomeric signals were detected only tor the two meost abundant
components (9 and 10), at 6 4.54 (1 H, J,, 8 Hzyund 450 (¢4 H. 7 . 8 Hzj. Thus. the
glycan contains the sequence — 3)-4-p-Galp-(1 —=4)-2-6-Mung- |~ the 2 configuration
for mannose being assigned from the chemical shift (0 S.07) for its anomeric signal in the
O-deacetylated glycan (and similar values for SDV and S123 The only remaining
problem was the anomeric configuration of the rhamnosyt residue. Although the
chemical shift (0 4.84) {or its anomeric proton could suggest the f configuration. the
chemical shift for the H-5 resonance at 6 ~ 4.1 {determined from a COSY spectrum of
the glycan) is diagnostic for the x configuration’’. Thus. the structure of the repeating
unit for the O-deacetylated ghycan can be finalised as 12,
—3)-f-0-Galp-(1 - 4)-z-n-Manp-{ | - 3)-2-0-Galp-(1 -

3

'

1

x-1-Griep A
4
!
%-1-Rhap
4

s

4-0-Lac-f-D-Glep
12
DISCUSSION

Compared with other acidic glycans isolated from lipopolysaccharide extracts of
S. marcescens, the polymer from the O18 reference strain is unusual in several respects.
In the glycans already characterised. the repeating unit is either Hnear or mono-
glycosylated. whercas both the backbone and the branch in 12 are trisaccharide
residues. In other polymers. acidity is usually conferred by a hexuronic acid. but in one
case’” by pyruvic acid. In only one other polymer” (fromi the O23 reference strain) is
there an additional source of acidity, which arises from partial amidation of b-glucuron-
ic acid by r-glutamic acid. Like the O1R glycan, the modified O3 glvean is stronghy
bound by DEAE-Sepharose C1.-6B.
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Lactyl ethers of various monosaccharides are components of bacterial lipopoly-
saccharides and exopolysaccharides. The 4-(R)-lactyl ether of D-glucose, present in the
018 acidic glycan, also occurs in the lipopolysaccharides of Escherichia coli 0124 (ref.
13) and Shigella dysenteriae type 3 (ref. 8), as well as in the capsular polysaccharide of
Klebsiella type 66 (ref. 14). The corresponding S isomer is present in an exopolysaccha-
ride from Aerococcus viridans', and the 4-(S)-lactyl ether of D-glucuronic acid is found
in the capsular polysaccharides of Kiebsiella types K22 (ref. 16) and K37 (ref. 17). Other
examples™" of this unusual class of acidic sugar include ethers of D-galactose, D-
mannose, and L-rhamnose.

The acidic glycan based on the repeating unit 12 probably defines the O18
serogroup of S. marcescens. However, the absence of core sugars (such as heptoses)
from the polymer, and comparisons with other strains which produce both neutral and
acidic glycans®, indicate that the latter are of (micro)capsular origin. Apparently,
microheterogeneity of the O18 acidic glycan is introduced by partial O-acetylation and
may also involve the absence of lactyl groups from some non-reducing termini (one
possible explanation for the small amount of “glucose” present in acid hydrolysates,
although borohydride reduction of some glucuronolactone is more likely).

EXPERIMENTAL

Growth of bacteria, and isolation and fractionation of lipopolysaccharide. — These
operations were carried out by standard methods, and the yields of products have been
recorded®.

General methods. — Neutral sugars and glucuronic acid were identified, and their
absolute configurations were determined, as in related studies’. The parent sugar of the
lactylic acid was identified as D-glucose by using D-glucose oxidase (EC 1.1.3.4) and by
g.l.c. of the alditol acetate, following O-dealkylation®' of the peracetylated compound
with BBr; in dichloromethane. The R configuration of the lactyl group was established
by g.l.c. of the acetylated 2-hydroxy-1-methylethyl ether obtained from the carboxyl-
reduced polymer by acid hydrolysis and reduction (NaBH,) of the products. The
relevant product from the O18 glycan had a retention time in g.l.c. {using a fused-silica
capillary column (25 m) of BP1 at 200°] which was the same as that of the corresponding
product from the Klebsiella K66 polysaccharide, and different from that of the diastere-
oisomeric product from either Klebsiella K37 or Aerococcus viridans polysaccharides.

N.m.r. spectra (‘H and "*C) of samples in D,0 were recorded with a Bruker
WH-400 spectrometer (for O-deacetylated glycan) or a JEOL JNM-GX270 spectro-
meter (for other products). The “C-n.m.r. spectrum of the O-deacetylated glycan was
recorded at 28° with 1,4-dioxane as the internal reference (4 67.4), and the correspond-
ing 'H-n.m.r. spectrum at 61.6° with sodium 3-trimethylsilylpropanoate-d, as the
external reference (6 0.00). Other 'H-n.m.r. spectra were obtained at 70° with sodium
4 4-dimethyl-4-silapentane-1-sulphonate as the external reference. The 2D COSY-45
spectrum for the O-deacetylated glycan was obtained with a standard pulse sequence,
and the polymer as the ammonium salt.
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Methods and conditions used for O-deacetylation and carboxyl-reduction of the
acidic glycan. reduction (LiAIH, ) of ester groups in the permethylated polymer. Smith
degradations. and methylation analyses were essentially those used in refated studies™.
E.i.-m.s. was carried out with a Finnigan [020B spectrometer. and ci.-ms with a
Nicolet FTMS-2000 spectrometer and ammonia as the reagent gas

Partial acid hivdrolvsis, - In order to obtain an aldohiouronic acid. the O18
glycan (2 mg) was hydrolvsed with 2v trifluoroacetic acid for 3 25h at 105 After being
rotary-dried. the hydrolysate wus fractionated by h.p.l.c. using & TSKgel G-Oligo-PW
column {Anachem) eluted with 0.2m sodium acetate (1 mbL.min 5. followed by treat-
ment of the eluate with Dowex 50 resin {H ' form). The aldobiouronic acid (B) had a
retention time of 17 min. and that of glucolactvhe acid (A) was 1Y mm.

Charucterisation of product SD3. By means of Smuth degradations. the O-
deacetylated glycan was degraded to a lincar polymer (SD2). Two further degradations
produced a mixture (SD3) of three components (9-11). the major ones {9 and 10) being
disaccharide-alditols. Components 9-11 were studied by "H-n.m.r. spectroscopy. by
g.l.c. of their per-O-methyl derivatives on the BP1 column fisothermal at 170 tor 3nnn,
then programmed to 290 at 157 min ') flow rate ~44 cms 5L oand by edmes
(significant fragment ions. with relative intensities mm brackets and assignments™ in
square brackets. are indicated below). The major component {retention time in g.l.c..
4.47 min) was the derivative of 2-0-fi-D-galactosylglyeerol (9 = 21900 3) uA | 1873
[aA.]. 163(52) [abl,]. and 103{33) [bA||. The second component (retention time. 6.08
min) was the corresponding derivative of a galactosylerythritol (10 a1 2 219(0.3) [aA | L.
207(15) [abl]. 187(3) [aA.]. 147(8) [bA,]. and 11530y [bA. The thid component
(retention time, 7.98 min} was probably derived from a 1.3-dioxolance (113 m - 235(5)
[ab] ]. 219(0.8) [aA 1. 187(3) [aA.]. and 175010} [bA L.
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