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Structural investigation of Klebsiella serotype K10 capsular polysaccharide
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The primary structure of Klebsiellu serotype K10 capsular polysaccharide has been investigated using mainly
the techniques of methylation, partial hydrolysis, and 'H and 13C NMR spectroscopy. The polysaccharide was
found to consist of hexasaccharide repeating units having the following structure :

Sedimentation analysis was carried out in an analytical
ultracentrifuge using a 0.4% solution in phosphate-buffered
physiological saline at pH 7.
Quantitative constituent analyses of sugars as their alditol
acetates were performed with a Chemito-3800 gas chromatograph instrument using ECNSS-M and OV-17 columns [lo].
Hexuronic acid was estimated by the carbazole/sulphuric acid
method [11].
Reduction of the carboxyl groups in the polysaccharide
and the oligosaccharides was carried out using sodium
borohydride and carbodiimide (CMC) according to the method of Taylor and Conrad [12].
The reducing end group of the oligosaccharide was
EXPERIMENTAL PROCEDURE
detected [13] by GLC of the acetylated alditol and the derived
The serological test strain [4] for Klebsiellu K10 capsular aldononitriles.
Methylation was carried out by the method of Hakomori
antigen was kindly supplied by Prof. S. Stirm of the University
of Giessen (FRG). The strain was grown on nutrient agar [14] following the experimental details ofHellerqvist et al. [15].
medium [5], harvested, dried, and the capsular polysaccharide Mass spectrometry [16] of the fragments of the permethylated
was isolated by the phenol/water/Cetavlon method [6]. A products was performed with the Finningan combined GLCportion of the native polysaccharide was mildly alkali-treated MS instrument.
Uronic acid degradation [17] was performed using the
171.
All the methods used during the present investigation have methylsulfinyl carbanion.
been reported or cited previously [7, 81.
Oligosaccharides were isolated by partial acid hydrolysis
Descending paper chromatography was carried out using of the polysaccharide with 0.5 M HzS04. Acidic oligoWhatman nos 1 and 3 paper, and the following solvent systems saccharides were separated by high-voltage paper electropho(by vol.) : (a) ethyl acetate/acetic acid/formic acid/water resis [18] and neutral oligosaccharides were separated by paper
(18 :3 : 1:4) and (b) ethyl acetate/pyridine/water (4: 1 : 1).
chromatography (solvent a) of the neutral fraction of the
The equivalent weight of the polysaccharide was deter- hydrolysate obtained after passing through Amberlite AG-1mined by a conductometric titration method [9].
X2 (formate) resin.
NMR spectroscopic analysis was performed with the
Bruker WM-300 spectrometer with D20 as the solvent at
Correspondence to A. K. Chakraborty, Department of Chemistry,
Calcutta University Postgraduate Centre, Agartala, Tripura, India room temperature using sodium 4,4-dimethyl-4-sila(2,2,3,3,'H,)pentanoate as the external standard. 'H NMR experi799004
Abbreviation. CMC, l-cyclohexyl-3-(2-morpholinoethyl)-carbo- ments were carried out at 300.13 MHz and 13C NMR at
diimide metho-p-toluenesulfonate.
75.47 MHz.

Of the 81 serologically different strains of Klebsiellu bacteria [1 - 31 the capsular polysaccharides isolated from almost
all the strains have now been reported for their structural
studies. The serotype K10 glycan is one of the few remaining
ones, and the structure of this polysaccharide is now reported,
Klebsiellu K10 belongs to the group containing 20
chemotypes, all of which contain mannose, galactose, glucose
and glucuronic acid; 10 of these 20 polysaccharides also
contain pyruvic acid. The K10 capsular polysaccharide does
not contain any pyruvate or 0-acetyl substituent.
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Table 1. Sugur untilwis of Klebsiella KIO capsular polysaccharide
H e x o m were determined by GLC of the alditol acetates [lo],
hexuronic acid by the carbazole/sulphuric acid method [Ill; native
polysaccharide was treated [7] for 4 h at 56°C with 0.25 M NaOH;
polysaccharide was carboxyl-reduced using carbodiimide (CMC) and
sodium borohydride [12]; the M ,of the repeating unit was determined
by conductometric titration of the acidic polysaccharide with 0.1 M
NaOH. n.d. = not determined
Molar ratios of constituent sugars

Polysaccharide

D - G ~ D-Gal

~~

Native
Alkali-trcated
Carboxyl-reduced

~

1.00
1.00
1.80

M,

D-Man D-GlcA

~- ._

2.80
2.70
3.00

0.90
090
1.OO

1.05
1.00
0.25

1008 f 5
1015f5
n. d.

RESULTS
lsolution honiogrweity and composition
qf the cupsulur pol.v.succharide
~

About 4.6% (w/w) of the Klebsiella K10 capsular polysaccharide was isolated from the dry bacterial mass by the
phenol/water/Cetavlon (cetyltrimethylammonium bromide)
procedure [6]. The polysaccharide sedimented uniformly in
the analytical ultracentrifuge showing a single peak (s& =
2.80 S). The native polysaccharide was used for the spectral
analysis and the mildly alkali-treated [7] material was used for
methylation and other experiments. Optical rotations of the
sugars, isolated from the hydrolysate, indicated that all of
them had the D configuration. The M , of the repeating unit
of the native and the alkali-treated products, determined by
conductometric titration, were found to be 1008 5 and
1015 5 respectively.
The analysis of the type-10 polysaccharide showed the
presence of n-glucose, D-galactose, D-mannose and Dglucuronic acid in the molar ratios 1.00:2.80:0.90: 1.05
(Table 1). The neutral sugars were analysed by GLC as alditol
acetates and glucuronic acid by the modified carbazole method. A portion of the polysaccharide was carboxyl-reduced
with l-cyclohexyl-3-(2-morpholinoethyl)-carbodiimide
methop-toluenesulfonate (CMC) and sodium borohydride according to the method of Taylor et al. [12]. The carboxyl-reduced
product contained D-glucose, D-galactose, D-mannose and Dglucuronic acid in the molar ratios 1.80:3.00: 1.00:0.25.

+

contained D-glucuronic acid, D-mannose and D-galaCtOSe in
the molar ratios 1.00:0.90:1.00, and galactose occupied the
reducing end. The tetrasaccharide (H4) was composed of Dglucuronic acid, D-mannose and D-galactose in the molar
ratios l.oo: o.90:
and galactose was the reducing-end
'War.
Methylation analysis

The type-10 polysaccharide and the derived oligosaccharides were methylated according to Hakomori [14], and
the permethylated products were analysed by GLC and GLCMS. The results are shown in Table 3. The methylated polysaccharide contained 1,5-di-O-acetyl-2,3,4,6-tetra-O-methylgalactitol, 1,4,5-tri-O-acety1-2,3,6-tri-O-methylgalactitol,
1,4,5tri-O-acetyl-2,3,6-tri-O-methylglucitoland 1,2,3.5-tetra-Oacetyl-4,6-di-O-methylmannitol in the molar ratios
1.00:2.20:0.90:0.85 (Table 3, column I). When the methylated product was reduced/dideuterated [ 191before hydrolysis,
one molar proportion of additional 1,4,5,6-tetra-O-acety1-2,3di-0-methylglucitol was obtained (column 11). The dideuterated fragment, obtained from the permethylated
glycan, was identified by the appearance of the mass spectral
peak at m / z = 263 instead of the normal peak at injz = 261.
The methylation results obtained from the neutral disaccharide N2, and the uronic acids H2, H3 and H4 are also
shown in Table 3 (columns 111-VII). Methylated H4 yielded
1,4,5-tri-O-acety1-2,3,6-tri-O-methylgalactitol
and 1,2,5-tri-Oacetyl-3,4,6-tri-O-methylmannitolin the molar ratios
1.70: 1.OO (column VI). But when the methylated product was
carboxyl-reducedldideuterated before hydrolysis, one molar
proportion of additional 1,5,6-tri-O-acetyl-2,3,4-tri-O-methylglucitol was obtained (column VII). The dideuterated fragment was identified by the appearance of the peaks of mjz =
191 and 235 in the mass spectra instead of the normal peaks
at mlz = 189 and 233.

zyxwvutsrqp
Uronic acid degradation

The methylated polysaccharide was subjected to base
degradation [17]. The resulting products contained 1J-diO-acetyl-2,3,4,6-tetra-O-methylgalactitol,3,4,5-tri-O-acetyl2,3,6-tri-O-methylgalactitol,
1,4,5-tri-O-acety1-2,3,6-tri-Omethylglucitol, 1,2,3,5-tetra-O-acetyl-4,6-di-O-methylmannito1 in the molar ratios 0.20: 2.00: 0.25: 1.OO (Table 3, column
VIII).
N M R spectral analysis

Isolation of the oligosaccharides

Partial acid hydrolysis of the polysaccharide yielded a
disaccharide (H2). trisaccharide (H3) and tetrasaccharide
(H4), containing glucuronic acid and a neutral disaccharide
(N2). Mobilities for the H2, H3 and H4 relative to Dglucuronic acid ( RGlcA)in high-voltage paper electrophoresis
(45 V/cm. 2 h) in the solvent pyridine/glacial acetic acid/water
(10:4:86) at pH 5.3 were found to be 0.66, 0.48 and 0.37
respectively. The neutral disaccharide (N2) was separated by
paper chromatography (RGlc = 0.32, solvent b). The sugar
composition and some other properties of the oligosaccharides are shown in Table 2. The disaccharide (N2)
contained D-galactose and D-glucose (1.OO: 0.90), and glucose
was the reducing-end sugar. The disaccharide (H2) was
composed of o-glucuronic acid and D-mannose (1 .OO: 0.80)
with mannose as the reducing end. The trisaccharide

The results of 'H NMR and 13C NMR spectra were
summarised in Table 4. The 'H NMR spectroscopy of the
polysaccharide showed the presence of six anomeric protons,
of which three were M linkages and three P linkages. From the
signal at 6 = 5.42 ppm ( J , 3.5 Hz) in the spectrum of N2, cc
linkage was assigned to galactose. In the spectrum of H2
the anomeric signals at 6 = 4.92 ppm and 4.83 pprn were
integrated together for 1.5 integrals of protons, hence indicating that glucuronic acid was P-linked. The signal at 6 =
5.21 ppm in the spectrum of H3 was accounted for by the cc
linkage of the mannose. In the spectrum of H4, the signal at
6 = 5.35 ppm ( J , 3.5 Hz) was assigned to the cc-galactose
attached to the reducing-end galactose. From the signals at
6 = 4.82 ppm (J, 7.0 Hz) and 4.55 (J, 7.0 Hz) in the spectrum
of the polymer, the glucose and the second galactose of the
repeating unit were deduced to be P-linked.
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Table 2. Analysis of oligosaccharides obtained by partial acid hydrolysis of Klebsiella KIO capsular polysaccharide
N2, neutral disaccharide, isolated by paper chromatography (solvent a; RGlc= 0.32); H2, hydrolysis of the polysaccharide with 0.5 M H2S04,
100°C, 2.5 h; H3, 1 h hydrolysis; H4, 1 h hydrolysis (acidic oligosaccharides were separated by high-voltage electrophoresis [18]); ratio of
reducing/non-reducing hexoses was determined from the ratio of acetylated alditol/aldononitriles [I 31, the GlcA derivative was not recorded
in GLC analysis. RD-GlcA, mobility in paper electrophoresis relative to D-G~cA
~~

Oligosaccharide

Yield

Approx. molar ratio of sugars
D-G~cA D-Man

N2
H2
H3
H4

D-Gal

~-Glc

%

mol/mol

2.5
5.4
4.2
12.5

-

-

1.00

0.90

1.00
1.00
1.00

0.80
0.90
0.90

-

-

1.oo
1.70

-

Reducing-end Ratio of
RD-GI~A
sugar
reducing/nonreducing hexoses

D-Glc
D-Man
D-Gal
D-Gal

1.O:l.O
1.O:l.O
1.0:1.8

-

0.66
0.48
0.37
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Table 3. Analysis of 0-acetyl-0-methyl alditols obtained from Kleb- DISCUSSION
siella serotype KIO capsular polysaccharide and derived products
2,3,4,6-GalOH indicates 1,5-di-0-acetyl-2,3,4,6-tetra-O-methylgalac- The native glycan contained D-glucose, D-galactose, Dtitol, etc. I, type-10 polysaccharide, permethylated; 11, type-10 poly- mannose and D-glucuronic acid in approximate molar ratios
saccharide, permethylated and reduced with Ca(BD4)2 before hy- 1 :3:1: 1 (Table 1). Alkali treatment did not change the
drolysis; 111, neutral disaccharide (N2), permethylated; IV, H2,
permethylated; V, H3, permethylated; VI, H4, permethylated; VII, composition. The carboxyl-reduced product yielded DH4, permethyhted carboxyl-reduced/dideuterated;VIII, permethyl- glucose, D-galactose and D-mannose (2: 3 :l),which indicated
that the additional proportion of D-glucose was derived from
ated type-10 polysaccharide, base-degraded [17]

zy

the D-glucuronic acid of the original polymer. The amount of
D-glucuronic acid was proportionately reduced in the
carboxyl-reduced product. The M , (1008 f 5) of the polymer
repeating unit was found to be in good agreement with the
I
I1
I11 IV v
VI VII VIII
results of sugar composition.
The composition (Table l), the methylation results
mol/mol
(Table 3) and the NMR spectral data (Table 4) of the polymer
suggested that the type-10 glycan consisted of hexasaccharide
repeating
units containing one residues each of 2,3-disub1.00
0.20
2,3,4,6-GalOH
1.00 1.00
stituted D-mannose, 4-substituted D-glucose, 4-substituted D0.80 1.70 1.80 2.00
2,3,6-GalOH
2.20 2.00 0.25
glucuronic acid and unsubstituted D-galactose, and two resi2,3,6-GlcOH
0.90 1.05 0.90 _
1.00 1.00 1.00 1.00 3,4,6-ManOH
dues of 4-substituted D-galactose. From methylation data it
_ _ _ _ _ - 0.75 2,3,4-GlcOH
also followed that the repeating unit was branched with a
0.85 0.90 1.oo chain mannosyl residue carrying the branch that terminated
4,6-ManOH
2,3-GlcOH
0.80 in a galactosyl unit.
Six distinct signals in the 'H NMR spectrum of the polymer (Table 4) indicated the presence of six anomeric protons.
The spectrum did not show any signal at 6 = 1.5 ppm or
2.2 ppm thereby indicating the absence of pyruvic acetal [20]
The I3C NMR spectrum of the polymer also clearly in- and 0-acetyl groups in the polymer. The I3C NMR spectrum
dicated six signals in the anomeric region, of which three of the polymer also showed the presence of six anomeric
(95.31, 96.76, and 97.03 ppm) were assigned for a linkages carbon atoms in the polymer.
The sequence of the constituents in the isolated
and three (101.90, 103.48, and 104.08 ppm) for fi linkages.
The signal at 175.31 ppm was attributed to C-6 of the oligosaccharides was determined from the methylation data
glucuronic acid and those at 61.13 and 61.81 ppm were as- (Table 4, columns 111-VII). From the results of the sugar
signed for C-6 of the hexose residuces. The signals of the composition and other properties (Table 2), and methylation
spectrum of the polymer in the anomeric region of the 13C analysis, the following structures of the oligosaccharides were
NMR were assigned in accordance with the assignment of the determined :
anomeric configuration by the 'H NMR spectral data.
N2: D-Gal-(l+4)-~-Glc
H2: D-G~cA-(
1+2)-~-Man
Enzymic hydrolysis
H3: ~ - G l ~ A - ( 1 + 2 ) - ~ - M a n - ( l + 4 ) - ~ - G a l
Results of the exoglycosidase treatment showed that on
H4: ~-Gl~A-(1+2)-~-Man-(l+4)-~-Gal-(1+4)-D-Gal.
treatment of the a-D-galactosidase (Sigma) with the neutral
disaccharide (N2), galactose and glucose were separated in
When the methylated polysaccharide is subjected to base
paper chromatography, but p-D-galactosidase (Sigma) could degradation [17], the 4-substituent on the glycosyluronic acid
not split the disaccharide. On incubation of H2 with p-D- residue is eliminated along with the uronic acid. The results
glucuronidase from Helix pomatia, glucuronic acid was of the base degradation reaction (Table 3, column VIII) indicated that fi-elimination caused the loss of both 1,5-di-0liberated.
Methylated sugars
(as alditol acetates)

Molar ratios of sugars
(ratio of peak integrals)
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Table 4. N M R data for Klebsiella KIO capsular polysaccharide and its oligosaccharides
'H NMR spectra were run at 300.13MHz at room temperature, and 13CNMR at 75.47 MHz, room temperature; sodium 2,2,3,3-tetradeutero4,4-dimethylsilapentanoatewas used as the external standard. In 'H NMR chemical shifts were measured relative to acetone (6 2.22 ppm),
and coupling constants, when available, in Hz; in 13C NMR, chemical shifts were measured relative to acetone (31.07 ppm)
Oligosaccharide o r polysaccharide

'H

1 3 ~ '

_ _ _ _

GalpGlc-OH
Neutral oligosaccharide (N2)

6

(4

PPm
5.42
5.32
4.68

(Hz)
(3.5)

5.33
4.92
4.83
5.41
5.21

a-Gal

'14
P-Gk

'14

P-ClcA

'12

Proton
assignment

1.o

a-Gal
E-GIc-OH
P-Clc-OH

0.6
0.4
(7.0)

]

(3.0)

0.5
1.6
0.6
1.o
1.5

5.35
5.27
5.22

(3.5)

5.48
5.32
5.14
4.88
4.82
4.55

(3.5)
(3.oj

(3.5)

(7.0)
(7.0)

+3Man~Gal~Gd>
Type-10 polysacchdridc

s

Anomeric
carbon
assignment

PP'n

4.78
ClcAr;?Man~-t4CJ~tl~-.IC;al-OH
(H4)

Ratio of
integrals

)

]

1 .o
1.5

1.o
1.o
1.o

2.0
1.o

a-Man-OH
P-Man-OH
P-GlcA
a-Gal-OH
a-Man
P-Gal-OH
P-GlcA

zyxw

a-Gal
a-Man
a-Gal-OH
B-GlcA
P-Gal-OH
a-Gal
a-Gal
a-Man
P-GlcA
P-Gal
8-Glc

175.31
104 08
103 48
101 90
97 03
96 76
95 71

2; y: ).

acetyl-2,3,4,6-tetra-O-methylgalactitol
and 1,4,5-tri-O-acetyl2,3,6-tri-O-methylglucitol. This indicated that the 4-substituted glucose was linked to the C-4 of the glucuronic acid,
and the terminal galactose residue was linked to C-4 position
of the glucose. The j-elimination reaction further indicated
that the glucuronic acid formed a part of the branch, and it
was, therefore, evident that the branch in the repeating unit
consisted of ~-&1-(1+4)-~-Glc-(1+4)-~-GlcA-(1+. From
the structures of N2, H2, H3 and H4, and from the information that the chain mannosyl residue carried the branch, it
could be deduced that the mannose was substituted by the
branch at C-2, and the chain of the repeating unit comprised
- + 3 ) - ~ - M a n1-+4)-~-Gal-(1+4)-~-Gal-(l+.
(
The sequence
of all the constituents in the hexasaccharide repeating unit
was thus established.
The anomeric configurations of all the glycosidic linkages
were assigned from the results of 'H NMR spectral data of
the oligosaccharides and the native polysaccharide (Table 4).
Of the six anomcric signals in the 'H-NMR spectrum of the
native polymer, the results indicated that three were derived
from a-linked and three from P-linked sugars. The I3C NMR
spectrum of the polysaccharide also showed six signals in
the anomeric region with an approximately equal ratio of
integrals. The assignment of jlinkage to the glucuronic acid
and CI linkage to the terminal galactose was also supported by
the results of enzymic reactions.

C-6 of GlcA
P-GlcA
P-Gal
P-Glc
a-Gal
a-Gal
a-Man

C-6 of hexose

From the results discussed above, it has been concluded
that the Klebsiella K10 capsular polysaccharide consists of
hexasaccharide repeating units having the following structure :
a-D-Galp

'14

B-D-Gkp

'14

j-~-GlcpA

'12

+4)-P-~-Galp-(1-+ 3)-a-~-Manp-(
144)-a-D-Galp-( 1+
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