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ABSTRACT 

Non-linear capsular polysaccharides of Klebsiella bacteria usually have a single 

side-chain per repeating unit, or, less commonly, two side-chains attached to the 

same unit. The capsular polysaccharide from Klebsiella serotype K60 is unique in 
having three side-chains in the heptasaccharide repeating-umt shown. The structure, 
including the configuratlon of the glycosidic linkages, was established mainly by 
characterization of the oligosaccharides obtained by partial hydrolysis of both the 
original, capsular polysaccharide and the polymer resulting from the removal, by 
Smith degradation, of the side chains. 

+3)-B-D-Glcp-( 1 +3)-j?-D-GlcpA-( 1+3)-cc-D-Galp-( 1 + 3)-u-D-Manp-( 1 -+ 

4 2 2 

T T T 
1 1 

rx-D-Gkp fl-D-Gkp j?-~-G:cp 

INTRODUCTION 

The Klebsiella capsular polysaccharides that are composed’ of D-glucuronic 

acid, D-glucose, D-galactose, and D-mannose constitute the largest chemogroup’ in 
this genus, with 20 strains represented; half of these incorporate pyruvic acid as an 
acetal into the polysaccharides 2_ The capsular polysaccharide from KIebsiella serotype 
K60, discussed here, has a structural pattern that is novel in this series. 

RESULTS AND DISCUSSION 

N.m.r. spectra and composition. - The polysaccharide purrfied by precipitation 
with Cetavlon moved as a single band in electrophoresis on cellulose acetate, and had 

[a-,D f=“, an equivalent weight of 1100, and a molecular weight of 8.1 x IO’. 
N.m.r. spectroscopy (‘H and 13C) indicated seven anomeric protons and carbon 

*Presented, in part, at the Xth InternatIonal Carbohydrate Symposium, Sydney, Austraha, July 1980. 
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T_4BLE I 

METHYLATION ASALYSES OF K60 CI\PSULAR POLYSACCHARIDE A&D DERIVED PRODUCTS 

MethyIatedsugars~ Reiatile retention times Mole ‘fL, b 
(as alditol acetates) 

Column B CoIamn c C0I11ma D I= II III IV 
(ECNSS-Ai_ (0 V-25. (SP-1000, 
i70’) 1704) 22OQ) 

’ 3 4 6-Glc -7 t , 
2,4,6-GIc 
2,4,6-Man 
2_4,6-Gal 
4,6-Man 
4,6-Gal 
2,6-Glc 
2+Glc 
2-Glc 
2,3,4,6-Gal” 

1.00 
1.85 
1.91 
2.12 
3.13 
3.50 
3.50 
4.75 
7.92 
- 

1.00 1.00 
1.83 1.6s 
- 1.82 
- 1.91 
2.96 2.60 
3 26 2.62 
3 26 272 
- - 
7.61 - 
- 0.92 

42 48 - 41 
16 16 28 25 
- - 30 - 
- - 24 - 
I3 I3 - 18 
14 12 - - 
- 11 - - 
- - 1s - 
15 - - - 
- - - 16 

02,3,4,6-Glc = 1.5di-0-acetyl-2,3,4,6-tetra-0-methylglucitol, etc. Walues were corrected by use 
of effective_ carbon-response factors gtven by Albersheim et aLzs ‘Key: I, original, capsular poly- 
saccharide; II, remethylated after reduction of uranic ester, III, polymer Pl obtained by Smith 
degradation; IV, product from B-elimination reaction_ “3-O-Ethyl-2,4,6-tri-0-methylgalactose. 

atoms, corresponding to three z- and four fl-glycosidic linkages; no deoxy sugars, 
acetyl groups, or acetal-linked pyruvic acid could be detected. 

Acid hydrolysis gave mannose, galactose , glucose, glucuronic acid, glucurono- 

lactone, and an aldobiouronic acid. In contrast to the analytical data of Nimmich’, 

galactose was detected, but no fucose. Acid hydrolysis of the carboxyl-reduced poly- 
saccharide, and conversion into alditol acetates, gave mannose, galactose, and glucose 
in the ratios of 1 : 1 : 5. The configuration of the mannose and the glucose was deter- 
mined to be D by measurement of the circular dichroism3 (cd.) of the alditol acetates; 
galactose was also assigned a D configuration, by cd. measurements of a methylated 
derivative subsequently isolated. The sugar ratios obtained, confirmed by the methyla- 
tion analysis, indicated that the K60 polysacchatide contains D-mannose, D-galactose, 
D-glucose, and D-glucuronic acid in the ratios of 1: 1 :4 : 1. 

Metlt_vlation analysis. - Methylation 4W5 followed by carboxyl reduction, 
hydrolysis, and converslon into alditol acetates6*’ gave the results shown in Table I, 
column I, and further methylation after carboxyl reduction gave the data presented 
in Table I, column II. These results show that the polysaccharide consists of a hepta- 
saccharide repeating-unit having three (terminal) glucosyl groups and one residue 
each of mannose, galactose, and glucuronic acid as the branching points. 

A partial structure for the K60 polysaccharide may, therefore, be written in the 
following form, 

-Glc-GlcA-Gal-Man- 

I I I 
Glc Glc Glc 
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it being recognized that the sequence of the main chain was unknown at this stage, 
and that the 34inked glucose might equally well bc in a side chain. In either case, it is 
clear that only the three (terminal) glucosyl groups are susceptible to periodate 
oxidation. 

TAJ3LE IT 

N.M.R. DATA FOR KlebsieIIa K60 CAPSULAR POLYSACCHARIDE, AND DERIVED POLY- AND OLIGO- 

SACCHARIDES 

JI 2 lH-N.nz r. data WZ-N m-r. data 
(Hz) - 

Integral ArsignmenF p p n;.b A~sigmnerrt” 
proton 

13 
GlcA- 

B 
Gal-OH 

Al 

5.30 2 0.4 

4.74 8 1 

4.60 7 06 

13 
GlcA- Gal-OH 

p 2 

PI 
Glc 

A2 

5 38 2 cl 

4.70 8 I 

4.66 8 >I 

GI l3 -B GlcAj71-Gal-OH 5.28 

A3 4.80 

4.77 

464 

5.35 2 1 

5.23 2 0.6 

4.65 8 1 

4-48 8 0.4 

2 0.4 

7 1 

7 1 

7 0.6 

3-Gal- 
d 

G’cAB 

3-Ga1F 

3-Gal- 

I a 
2 

G1cAF 

G’cF 

3-Gal- 

I B 
2 

3-Gal- 
a 

Glc- 
B 

3-G1cAF 

3-Gal- 
B 

2-Man- 
a 

3-Glc- 
a 

G% 

3-Glc- 
B 

10450 

97.04 

93 08 

104.21 

102.46 

92 87 

104 35 

103.52 

97 04 

93.00 

102 54 

99.85 

96 80 

93 07 

GlcA- 
P 

3-Gal- 
P 

3-Gal- 
a 

(;lCAF 

G’cF 

3-Gal- 

I a 
2 

3-G1cAF 
Gic- 

P 

3-Ga’F 

3-Gal- 
a 

Glc- 
B 

2-Man- 
a 

3-Glc- 
P 

3-Glc- 
a 



5 04 

4x5 

4.70 

4 54 

2 

2 

7 

s 

2 

? 

7 

I 

7 

7 

1 

1 

1 

1 

2 

1 

1 

1 

1 

1 
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3-Man- 
(x 

3-Gal- 
D 

3-Glc- 
B 

3-GIcA- 
fi 

Glc- 
rx 

3-Man- 

i 
2 

3-Gal- 

I = 
2 

G’cF 
3-Gic- 

P 
3-GlcA- 

I p 
4 

G*cB 

104.19 

103 34 

101.42 

104.23 

10402 

103.07 

10244 

100 60 

99.56 

3-GlcA- 
B 

3-Glc- 
B 

3-Gal- 
a 

3-Man- 
a 

3-GlcA- 

I p 
4 

G’cF 
3-Glc- 

P 
Glc- 

P 
3-Man- 

I Ix 
2 

1 *. 
Glc- 

1 3-Gal- 

I z 
2 

“For the source of Al, _A2, A3, and Kl, see text. *Chemical shift relative fo internal acetone; c> 2.23 
downfield from sodium 4,4-dimethyL&sdapentane-I-sulfonate. ?he numerical prefix indicates the 
position in which the sugar is substituted; the 1. or 8, the configuration of the glycosidic bond, or the 
anomer m the case of a (terminal) reducing sugar residue Thus, 3-Gal- refers to the anomerlc proton 

a 
of a 3-lmLed galactosyl residue in the a-anomeric configuration. The absence of a numerical prefix 
indicates a (terminal) nonreducing group. dAs in c, but for IJC nuclei. 

Per-iodate oxidation. - Periodate oxidation was performed on the sodium salt 
of the starting material, and the periodate consumption reached a plateau (4.8 mole- 
cules of periodate per repeating unit) in 140 h. Reduction of the polyaldehyde, and 

oxidation of the resulting polyalcohol, caused the consumption of a further 0.7 
molecule of oxidant per repeatin g unit; the theoretical value is 6 moles of periodate 
per mole of K60 polysaccharide. Reduction followed by mild hydrolysis (Smith 
degradation) yielded a polysaccharide (Pl) composed of D-glucose, D-galactose, 
D-mannose, and D-glucuronic acid in equimolar proportlons. The n.m.r. spectrum 
of PI (see Tab!e II)* showed the presence of two rl- and two P-linkages, and the 

*Previous publications in this series have mcluded tabular mm-r_ data that have been used for assigning 
anomertc configurations. In the present article, a modification has been made in the method of 
designating the assigr.ment of each signai in the anomeric regions of the spectra- The symbolism used 
indicates the position of substitution (if any) of the sugar residue, in addition to the anomeric con- 
figuraltion; it is hoped tha: this method of presentation will focus attention on the variation of 
chemical shafts with substitution patterns_ See also, Table II, footnote c. 
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methylation data (see Table I, column III) demonstrate that Pl is a hnear polymer: 
the 3-linked glucose must, therefore, be part of the main chain. It further follows from 
these data that, of the three lateral, glucose units, one is x- and two are /Hinked, 
and that the side chains are joined to O-4 of the D-gh.ICUrOniC acid residue and to 
O-2 of both the D-galactose and D-mannose residues_ 

The partial structure may now be elaborated to the following, 

-+3)-Glc-( 1+3)-GlcA-( 1+3)-Gal-( l-+3)-Man-( 1 + 

4 2 2 

t t t 
1 1 1 

Glc Glc Glc 
again with the proviso that the sequence of the main chain was stall unknown, as were 
the anomeric configuratrons of all of the linkages_ These problems were resolved by 
isolation, and characterization, of suitable ohgosaccharides. 

Pnrrial Izqdr-olysk - In effect, there were two polysaccharides to be studied- 
the original, K60 capsular polysaccharide, which is highly branched, and the linear 
polymer Pl obtained by periodate degradation. It was anticipated that the information 
obtained from the products of partral hydrolysis of the two polysaccharides would 
be complementary, and this proved to be the case. 

(cr) Originnl cqsrrlar po~~mcchmYde_ Partial hydrolysis of the starting material 
gave two acidic oligosaccharides (Al and A2), together with a neutral one (N1). 
On the basis of their n.m_r.-spectral data (see Table II) and their methylation analyses 
(see the experimental section), the structures of these compounds were shown to be 
as follows. 

fl-GlcA-( 1+3)-Gal /I-GlcA-( 1+3)-Gal &Glc-( 1 +2)-l-Man-( l-,3)-Glc 
Al 2 Nl 

t 

/&G:c 
A2 

Comparison of the spectral data for the original polysaccharide and PI had 
already demonstrated that, of the three lateral glucose units, one is U- and two arc 
p-linked. The last two were shown directly, by the structures of A2 and NI, to be 
those linked to galactose and to mannose; by elimrnation, the third glucose unit 
must be a-linked to O-4 of the glucuronic acid residue, whence it follows that the 
formula may now be expanded to the following. 

+3)-Glc-(l-+3)-/3-GIcA-( 1+3)-Gal-( l-+3)-g-Man-( I -+ 
4 2 2 

T T T 
1 1 

Z-Glc /?-Glc /I-G:, 
There were still two anomerrc linkages unassigned, those of the in-chain glucosyl 
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graphy in a coIumn of Bio-Gel P-2 gel. Three fractions were collected, corresponding 

to (I) the aldobiouronic acid (43 mg), (2) a mixture of two trisaccharides (30 mg), 
and (3) a mixture of two tetrasaccharides (32 mg). 

Fraction 2 was purified by paper chromatography (solvent C), and the pure 
aldotriouronic acid was isolated (A3; 14 mg), having [~]n + 10” (c 1.1, water)_ 
Sugar analysis of this compound, as previously described, showed (g_l_c_, column A) 
galactitol and glucitol hexaacetates in the ratio of 1:2. Methylation analysis (column 
B) showed the presence of 2,3,4,6-tetra-@methylglucose, 2,4,6-tri-O-methylgalactose, 
and 2,4-di-O-methylglucose in approximately equimolar proportions- 

Uranic acid degradation’ 6p1 ‘_ - Methylated K60 polysaccharide (30 mg) was 
carefully dried and then, together with a trace of p-toluenesulfonic acid, dissolved 
in 19 : 1 dimethyl sulfoxide-2,2_dimethoxypropane (20 mL) under nitrogen in a sealed 
flask: dimethyIsulf?nyI anion (10 mL) was added, and allowed to react at room temper- 
ature_ After 1s h, the product was directly alkylated with ethyl iodide. Following 
neutralization of the base with 50% acetic acid, and addition of water, the ethylated, 
degraded product was isolated by partition between chloroform and the aqueous 
solution. Hydrolysis with 2sr TFA, and g_l.c.-m-s. analysis of the alditol acetate 
derivatives, yielded the results given in Table I, column IV_ 
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