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ABSTRACT 

The lipopolysaccharide extract from the cell wall of the reference strain for Serratiu marcescens 

serogroup 0 18 contained, in addition to a neutral glycan characterised previously, an acidic glycan. Acidity 
was contributed both by D-glucuronic acid and by 4-CJ-[(R)-1 -carboxyethyl]-o-glucose (4-O-Lac-D-Glc). By 
using n.m.r. spectroscopy, methylation analysis, and chemical degradations, the repeating unit of the acidic 

glycan was identified as a branched hexasaccharide having the structure shown; an O-acetyl group also 
present was not located. The glycan is believed to define the 018 serogroup. but is probably not an integral 
component of the lipopolysaccharide. 
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INTRODUCTION 

Although serological cross-reactions are common among the heat-stable antigens 
of Serratia marcescens, relatively few have been reported for serogroup 018. No 
relationship to other antigens was detected in one study’, while cross-reactions found in 
other studies mainly involved 010 (refs. 24) and 022 (ref. 4). These cross-reactions 
seem to be based on structural similarities between the repeating units of neutral glycans 
from the 010 (1, ref. 5), 018 (2, ref. 6), and 022 (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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at 6 178.0 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.1.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.1.c. of the methylat- 
ed alditol acetates, 0.852.00: 1.11). The mass spectrum of the fourth product (relative 

peak area, 0.82) indicated8 that it had the structure 4, which corresponds to the 
lactonised derivative of an unsubstituted 4-U-Q -carboxyethyl)hexopyranosyl residue. 

A signal for the quasimolecular ion 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 glycan was reduced 
(LiAlH,) before hydrolysis, the product 4 was replaced by the related product 5 as 
indicated by the mass-spectral fragmentation8, 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 g.l.c., 
0.74:2.00:1.33:0.95), as well as the product 6 {relative peak area, 0.93) with the mass- 
spectral fragmentation pattern shown. 
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In order to identify the acidic sugar (a lactylic acid) that gave rise to compounds 4, 

5, and 6, partial hydrolysis (2~ trifluoroacetic acid, 3.25 h, lOSo) of the parent polymer 
was carried out. The acidic products A and B (see above) were isolated by h.p.1.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 (r 5.35 (1 H, J,,, 4 Hz), 5.22 (0.6 H, J,, -=z 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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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, 0.8~:2.00), and on methyla- 
tion analysis gave the derivatives from 4-substituted mannopyranosyl and 3substituted 

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 (d,,z 4 Hz), 5.08 (J,,z < 2 Hz), 

and 4.53 (J,,z 8 Hz). 
The lH-n.m.r. data for SD1 and SD2 show that one of the galactose residues is 

cc-linked and the other /3. 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.1.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 

Gal- (l-3)- 

I 
-Gal-(l-2)-Eryl Gal-(l-&j)-Gal-(1 CH20H 

Gal-(I-we)-Gly1 Gal-(l--2)-Eryl Cal- (1 -_ICo~CHZOH 

9 10 
11 

n_Yl= Erythrital; Glyl = Glycerol. 

.The aglycon in $1 and its precursor could be an isoneric 

Scheme I. 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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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 Shigefla dysenteriae type 3 (ref. 8), as well as in the capsular polysaccharide of 

Klebsiefla type 66 (ref. 14). The corresponding S isomer is present in an exopolysaccha- 
ride from Aerococcus viridans’5, and the 4-(S)-lactyl ether of D-glucuronic acid is found 
in the capsular polysaccharides of Klebsiella types K22 (ref. 16) and K37 (ref. 17). Other 
examples’8~‘y 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 018 
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 0 18 acidic glycan is introduced by partial 0-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 andfractionation of lipopolysaccharide. -~ These 
operations were carried out by standard methods, and the yields of products have been 
recorded6. 

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 o-glucose oxidase (EC 1.1.3.4) and by 

g.1.c. of the alditol acetate, following O-dealkylation2’ of the peracetylated compound 
with BBr, in dichloromethane. The R configuration of the lactyl group was established 
by g.1.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 018 glycan had a retention time in g.1.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 13C) of samples in D,O were recorded with a Bruker 
WH-400 spectrometer (for 0-deacetylated glycan) or a JEOL JNM-GX270 spectro- 
meter (for other products). The 13C-n.m.r. spectrum of the O-deacetylated glycan was 
recorded at 28” with 1,6dioxane as the internal reference (6 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 0-deacetylated glycan was obtained with a standard pulse sequence, 
and the polymer as the ammonium salt. 



Methods and conditions used for O-deacetylation and carboxyl-reduction of the 

acidic glycan. reduction (LiAll-1,) ofcster groups in the pcrmeth?~lated polymer. Smith 

degradations. and methylation analyses were csscntially those LIX!~ in related stud&‘.“. 

E.i.-m.s. was carried OUI with a Finnigan 102OH spcctromrter. ;ind c.i.-rn.3. with a 

Nicolet FTMS-2000 spectrometer and ammonia as the reagent gay;” 

Put-liul acid i7,wh~r~~i.t. In order to obtain ail ;Ildc,l,i~,urc)ni~ ai:id. the OIX 

glycan (2 mg) was hydrolyscd with 3~ tritluoroacctic acid for _* ’ 3 ii at. i&5 At‘ter being 

rotary-dried. the hydrolysate was fractionated by h.p.1.c. usins a TSKgct G-CNigo-P\%. a 
column (Anachem) elutud with 0.7~ sodium acetate i 1 ml...min 3. li)llotrcd by ~x;:t- 

ment of the eluate u-ith Dowex 50 resin iH form). The itltic~bior:r<>nic. ;tcitl CR) hati :I 
retention time of 17 min. and that of glucolactylic acid !A) \v;i> i&-l min. 

CJlu~cr~rc~ri,rLrriorl qf' ptwiw~ SD3. By means o!’ Sm,:h dtgrad;~tic?ns., ~11~’ O- 

deacetylated glycan was degraded to a linear polymer (SDZ). ‘1-u i> fttr~th &gradations 
produced a mixture (SD3) of three components (9.- 11 j_ :he major ones (9 and IO) being 

disaccharide-alditols. Components 9%11 wcrt studied by iH-n.m.r. spcctroscop?;. h\: 

g.1.c. oftheir per,-O-methyl tlcriv;ltives on Ihe BP1 cc~lumn (isothcrm;.ll at 170 t’or .3 men. 

then programmed to ?)(I ;I! 15 min ‘: tlow r;~lc ‘+A 44 ~17.5 ‘1. and I,> c.E.--!rl.:.. 

(significant fragment ions. with relative intensitiex m hr;tckLsts and asGgnmenri;” in 

square brackets. we indicated hclow). The tnajor componczt ;rcrention time in g.1.c.. 

4.47 minj wan thederivativc ol‘2-O-/~-r~-gal~~ctosyl~l~ccr~~l (9’). tl! :: 11 O(O.3~ [:~:“2!/. I X7(.>.) 

[aA?], 16352) [abJi]. and IO?(33) @A,]. The second component (relentjon time. 6.03 

min,j was the corresponding derivative of a Eal~tctosq-lerythl-ilnl t, 101: ~1~; .1 lO(O.3) [a!\,]_ 

207( IS) [abJ,]. 187(S) [aA.]. 137(X) [hi\!]. and 1 1 P(?Cli [lx!:;. ‘i-lx thrrt! ~(.~mr)~wri~ 

(rct.ention time, 7.98 minj was probably derived from ii I :I-dioYwl;ulc (I 1 I: lil 1 2.3515, . 

[abJ,], 219(0.X) [aA,]. 1X7(.3) [aA,j_ and 175(10) [bA,j. 

We thank the M.R.C. for a prqject grant. and the S.E.R.C. for an allocation on 

the high-field n.m.r. service at the University of Warwick. We also thank Dr. T. I.. Pitt. 

Dr. M. A. Gaston, and Mrs. H. M. Aucken (Central Public Health Laboratory. 

London) for the culture of .S. ~B(~~CPSCCVIS- and their interest in this prr+ct. Dr. P.-E. 

Jansson (Liniversity of Stockholm) for retuence alditol acetates from ihc .~lcww~~c~c~r~.s 

~:iric/uns polysaccharide. and Professor l--i. Parolis (Rhodes UlGversity. (irahanlstowll! 

for the related products from Kkhsidicr K37 and K66. We are grateful to the statrat 

Warwick (‘for n.m.r. spectra). Nicolet Analytical Instruments ifi-rr c.i.-mas> spectw\, 

and our colleagues Miss L. Galbraith. Mrs. R. Worthingon, r>r. I.). I:. F~ving. :I& Mr. 

A. D. Roberts (for technical assistance and other instrumrntai szrvicrsj. 



ACIDIC GLYCAN FROM &?rrUtia ??ZaYCeSCenS SEROGROUP 018 301 

4 M. A. Gaston and T. L. Pitt, J. Clin. Microbial., 27 (1989) 2697-2701. 

5 D. Oxley and S. G. Wilkinson, Carhohydr. Res., 187 (1989) 303%3 I I, 
6 D. Oxley and S. G. Wilkinson. Curbohydr. i&s.. 195 (1989) 11 I-1 15. 

7 D. Oxley and S. G. Wilkinson, Curbah@. Res., 203 (1990) 247-251. 

8 N. K. Kochetkov. B. A. Dmitriev, and V. L. Lvov, Carhohydr. Res., 54 (1977) 253-259. 

9 D. Oxley and S. G. Wilkinson, Curbohydr. Rex., 204 (1990) 85-91. 

10 D. Oxley and S. G. Wilkinson, Carhohydr. Res., 182 (1988) lOlL109. 

11 A. Adeyeye, P.-E. Jansson, B. Lindberg, S. Abaas, and S. B. Svenson, Carbohydr. Rex, 176 (1988) 

23 I-236. 

12 D. Oxley and S. G. Wilkinson, Curbohydr. Res., 179 (1988) 341 348. 

13 B. A. Dmitriev, V. L. Lvov, N. K. Kochetkov, B. Jann, and K. Jann, Eur. J. Biochem., 64 (1976) 49 l-498. 

14 P.-E. Jansson, B. Lindberg, J. LBnngren, C. Ortega, and W. Nimmich. Carbobydr. Res., 132 (1984) 

I5 L. Kenne, B. Lindberg, B. Lindqvist, J. Liinngren, B. Arie, R. G. Brown, and J. E. Stewart, Curbohydr. 

Rex, 5 1 (I 976) 287-290. 

16 L. A. S. Parolis, H. Parolis. H. Niemann, and S. Stirm, Curhohydr. Res., 179 (1988) 301L314. 

17 B. Lindberg, B. Lindqvist, J. Lijnngren, and W. Nimmich, Curhohydr. Res., 49 (1976) 411L417. 

18 L. Kenne and B. Lindberg, in G. 0. Aspinall (Ed.), The Polysaccharides, Vol. 2, Academic Press, New 
York, 1983, pp. 287--363. 

19 R. J. Stack and D. Weislander, Biochem. J., 268 (1990) 28 I-285. 

20 C. J. Brigden and S. G. Wilkinson, Curhohydr. Res., I38 (1985) 267-276. 

21 J. F. W. McOmie, M. L. Watts, and D. E. West, Tetrahedron, 24 (1968) 2289-2292. 

22 R. B. Cody, Anul. Chem., 61 (1989) 25 I1 -2515. 

23 J. Liinngren and S. Svensson, Am:. Curboh.ydr. Chem. Biochem.. 29 (1974) 41-106. 


