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ABSTRACT 

The structure of the K95 antigenic capsular polysaccharide (K95 antigen) of 
Escherichia coli 075:K95:H5 was elucidated by determination of the composition, 
‘H- and 13C-n.m.r. spectroscopy, periodate oxidation, and methylation analysis. 
The K95 polysaccharide, which contains furanosidic 3-deoxy-D-manno-2-octulo- 
sonic acid (KDOf) residues, consists of +3)-/3-D-Rib-(l+S)-KDOf-(24 repeating 
units, has a molecular weight of -25,000 (-65 repeating units), and is randomly 
0-acetylated (1 acetyl group per repeating unit at unknown positions). 

INTRODUCTION 

Many invasive Escherichia coli, notably those causing urinary tract infections, 
have capsules which are composed of low-molecular-weight acidic polysacchar- 
ideC3. Several of these capsular polysaccharides (K antigens) contain 3-deoxy-D- 
manno-Zoctulosonic acid (KDO). Thus, the K6, K13, K20, and K23 antigens 
consist of KDO and ribose4-7, the K12 antigen of KDO and rhamnose8, the K14 
antigen of KDO and 2-acetamido-2-deoxygalactoseg, and the K15 antigen of KDO 

and 2-acetamido-2-deoxyglucose lo. In each of these polysaccharides, KDO is 
present in the pyranoid form, linked either at positions 5 (K12, K14, and K15 anti- 
gens) or 7 (K6, K13, K20, and K23 antigens), and, with the exception of one re- 
ports, is p. In the course of studies of E. coli K antigens, we observed unusual 
n.m.r. spectra for the K95 antigen from uropathogenic and septicaemia-causing E. 
coli 075:K95:H5, indicative of the presence of furanosidic KDO residues. We now 
report on the K95 antigen. 

RESULTS AND DISCUSSION 

The capsular (K95) polysaccharide was isolated from liquid cultures of E. 

coli E3b (075:K95:H5) by a sequence 6~ of precipitation with cetyltrimethyl- 
ammonium bromide (Cetavlon), extraction with aqueous calcium chloride, precipi- 
tation with ethanol, and extraction with cold phenol (pH 6.5). The polysaccharide 
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was obtained in a yield of 60 mg/L of culture medium and consisted of 3-deoxy-D- 
~u~~u-Z-octulosonic acid @DO), ribose, and Q-acetyl in the molar ratios 1: 1: 1. 

In immune eiectrophoresis, the K95 polysaccharide exhibited a precipitation 
line with Cetavlonl* and also with an anti-K95 serum, but not with an anti-075 
serum, indicating serological K95 specificity. The polysaccharide had [LY];~ -30” (c 
0.7, water) and an average molecular weight of -25,000. as determined by the 
method of Yphantis13. 

The K95 polysaccharide was methylated (Hakomori) and then hydrolyscd, 
and the products were converted into the alditol acetates. G.1.c. (140* on ECNSS- 

M) showed only one major component (T 0.93, relative to that of 1 ,S-di-O-acetyl- 
2,3,4,4-tetra-~-methylglucitol) which ms. showed to be 1,3,4-tri-O-acetyi-2,5-di- 
~-methylribitol and indicated the presence of 3-linked ribose. No derivative of 
KDO could be detected by this method. Reduction of the carboxyl groups in the 
methylated polysaccharide14 prior to hydrolysis did not give a partially methylated 

polyol derivative of the KDO moiety. Since linkage analysis of KDO by methyla- 
tion had also previously failed with other polysaccharides6JJ5, other methods were 

used (see below). 
The K95 polysaccharide was O-deacetylated at pH 11(4”, 16 h), oxidised with 

periodate, and treated with sodium borohydride. Chromatography on Biogel P-2 

gave a major product 1, eluted with water in the region of di- or tri-saccharides (Kd 
0.53). Oligosaccharide I (90% yield) contained, in the molar ratio 1: 1, ribose and 
a moiety which, in paper electrophoresis, stained like KDO with the thiobarbitu~c 
acid reagent and had &&,, 1.25. Reduction of the latter constituent of 1 with 

sodium borohydride followed by methylat~on16~17 gave a pair of products which, in 
g.I.c.-m.s., showed peaks of equal intensity exhibiting identical mass spectra. The 
major fragments were m/z 103,71(103 - M&H), 133, 101 (133 - MeOH), 161, 
129 (161 - MeOH), 205, and 173 (205 - MeOH). From these data, the products 

of reduction were taken to be 3-deoxymannonic acid and 3-deoxygluconic acid. 
Since both were derived from KDO, following cleavage of the C-6-C-7 bond by 
periodate, they are assumed to be the L isomers. Methylation of 1 gave 2, which 
was purified by chromatography on Sephadex LH-20. In g.l.c., 2 had T 13.1. C.i.- 
m.s. of 2, with ammonia as the reagent gas, gave a peak for the quasi-molecular ion 

(M + NHJ+, with m/r 456, indicating a molecular weight of 438. The primary 

fragments obtained in e-i.-m.s. showed 2 to be methylated O-(3-deoxy-L-erythro- 
hexulofuranosyionic acid)-(2~3)-0-ribosyi-(l~l)-ethane-1,2-dio1. This is in 

agreement with the fact that 1, from which 2 was derived by methylation, was 
non-reducing. Fragmentation of the K95 polysaccharide by periodate oxidation in- 
dicated that the KDO residues were furanosidic and linked at position 8. Thus, in 

1 and 2, the aglyconic ethylene glycol residue was derived from C-7,8 of the KDO 
moiety of the K95 polysaccharide. 

After periodate oxidation of the native polysaccharide, followed by boro- 
hydride reduction, -10% of the starting material was recovered, whereas periodate 
oxidation of the O-deacetylated po~ysac~haride resulted in complete fragmentation, 
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2 

indicating that -10% of the KDO residues were 0-acetylated at positions 6 and/or 
7. 

When the K95 polysaccharide was hydrolysed with aqueous 1% acetic acid 
(loo”, 1 h), preparative electrophoresis of the neutralised hydrolysate revealed one 

major saccharide (3, -50%) with M,, 0.75, which was purified by chromatog- 
raphy on Biogel P-2 (Kd 0.57). After reduction and methylation16J7 of 3, the 
product (4) was purified by chromatography on Sephadex LH-20. On c.i.-m.s. with 
ammonia as the reagent gas, 4 gave a peak for the quasi-molecular ion (M + NH4)+ 
at m/z 516, indicating a molecular weight of 498. The fragmentation pattern is 
shown in 4. The data show that 3 was 0-ribosyl-(l-8)-3-deoxy-o-manno-2-octulo- 
sonic acid, thus confuming the (1+8) linkage shown by the methylation analysis of 
2. 
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The K95 polysaccharide gave a complex 13C-n.m.r. spectrum (not shown) 
containing more than 30 signals, the anomeric region (6 100-115) and that charac- 
teristic of carbonyl groups (S 175-185) each containing at least 4 signals. This spec- 
trum indicated that the polysaccharide was randomly 0-acetylated. The proton- 
decoupled 13C-n.m.r. spectrum of the 0-deacetylated polysaccharide contained 13 
well resolved signals, the chemical shifts of which are shown in Table 1. Practically 
the same spectrum was given by 1 (Table I), the main difference being the chemical 
shifts of the signals of C-6 and C-7 of KDO probably due to structural changes 
brought about by cleavage of the C-6-C-7 bond of the KDO residues during period- 
ate oxidation. 
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TABLE I 

13C-NMR DATA FOR 0-DEACEI-YLATED K95 POLYSACCHARIDE (A), 0-DEACETYLATED K13 POLY- 

SACCHARIDE(B),1,ANDTHEFURANOSETAUTOMERSOFAMMONIUM mo 

Assignment 

- 

KDO C-l 176.5 - 176.4 - 
c-2 110.0 - 110.2 - 
c-3 45.1 - 45.5 - 
c-4 73.3 + 73.2 + 
c-5 87.2 + 90.0 + 
C-6 71.1 + 64.3 - 
C-7 71.6 + 61.8 - 
C-8 70.1 + 70.3 t 

Ribose C-l 108.6 - 108.5 
c-2 75.5 + 75.8 + 
c-3 75.7 + 75.8 + 
c-4 82.5 + 83.0 + 
C-5 63.9 - 63.1 - 

A 1 

s APT” 6 APT” 

B KDOf?’ KDOfz’ 

6 AP’lh Mapr Minor Major Minor 

174.0 - 178.4 
102.3 - 105.1 
35.1 - 45.5 
680 + 73.3 
65.8 + 86.4 
70.8 + 71.2/72.3 
75.7 i- 72.3 
59.0 + - 

104.3 + 
73.4 + 
74.3 + 
81.8 + 
65.2 - 

177.8 178.3 177.7 
103.8 105.1 104.1 
44.5 45.5 44.5 

- 73.5 71.0 
85.8 86.2 86.2 

- 72.0 72 0 
_ 72.7 72.6 
_ 64.0 63.8 

The sign of signals obtained in APT spectra*’ is indicated. 

The spectrum of the K95 polysaccharide exhibited the same general pattern 
as that of the K13 polysaccharide (Table I), which also consists of equimolar 
amounts of KDO and ribose6. With respect to the signals of the K13 polysacchar- 
ide, which have all been assigned4, most of the signals of the K95 polysaccharide 
appear 3-10 p.p.m. downfield. This type of shift difference is observed with 
furanoses, as compared to pyranoses 18-20. We therefore analysed the spectrum in 
comparison with data available for the equilibrium forms of reducing KD02*,22. 
Since the anomeric forms of furanosidic KDO are dificult to differentiate, they 
have been termed the major (probably (Y) and the minor (probably p) anomers, 

according to their relative equilibrium concentrations in aqueous solution. The 
values reported are included in Table I and support the interpretation that both 
ribose and KDO are present in the K95 polysaccharide as furanosides. The chemi- 
cal shift values4J0 indicate that the ribose is /I. 

Assignment of signals in the 13C-n.m.r. spectra of the K95 polysaccharide, 
the K13 polysaccharide, and 1 were facilitated through the use of the attached 
proton test (APT)23J4. In spectra recorded with this spin echo technique, signals 
due to =CH- and CH, groups are positive and those due to =C- and -CH, groups 
are negative. As shown in Table I, in the spectra of the K95 and K13 polysacchar- 
ides, the signals due to C-1,2,3,8 of KDO and that of C-5 of ribose are negative and 
all the others are positive. In the spectrum of 1, the signals that were positive in 
the spectrum of the K95 polysaccharide, and have been assigned to C-6,7 of KDO, 
changed sign and were negative. This finding is in agreement with the conversion 
of the secondary hydroxyl groups at C-6,7 of KDO into primary hydroxyl groups 
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H-3 KDOf 
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Fig. 1. ‘H-N.m.r. spectrum (300 MHz) of the O-deacetylated K95 polysaccharide [D,O, 70”, exter- 
nal sodium 4,4-dimethyl-4-sila-(2,2,3,3-*HJpentanoate]. 

by periodate oxidation and borohydride reduction of the B-linked furanosidic KDO 
residues in the K95 polysaccharide. 

The ‘H-n.m.r. spectrum of the native K95 polysaccharide (not shown) 
exhibited several signals in the anomeric region between 6 5.01 and 4.98, as well as 
multiplets at 6 2.42 and 2.15. The spectrum of the 0-deacetylated polysaccharide 
(Fig. 1, Table II) exhibited distinct signals in these regions, indicating that the 
spectral complexity is due to variously located 0-acetyl groups. The anomeric 
region of the 0-deacetylated polysaccharide contained one singlet at 6 4.98. Com- 
parison with n.m.r. data obtained for the K13 polysaccharide (not shown) indicated 
this signal to be due to H-l of /3-ribose. The signals of H-3a and H-3e of KDO are 
indicative of the anomeric KDO linkages 25. For methyl cz-KDOp, these values are 
S 1.79 (dd) and 2.04 (dd); and for methyl p-KDOp S 1.74 (dd) and 2.38 (dd)**,“. 
Similar values were reported for the sodium and ammonium salts of free reducing 
KDO and for KDO-containing polysaccharides 2*,22,25. However, chemical and 13C- 
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TABLE II 

CHEMICAL SHIF’rS FOR H-3 OF KDO IN THE ‘H-N M R SPECTRA OF THE O.DW.C~TY~ATED K95 posy. 

SACCHARIDE (K95 PS) AND 1 

Sample 6” J3.3 J 3.4 

K95 PS 2.19 (dd) 14.4 1.7 
2.32 (dd) 14.5 6.6 

1 2.15 (dd) 14.6 1.9 
2.40 (dd) 14.5 6.3 

“Internal Me,Si. 

n.m.r. data showed the presence of furanosidic KDO in the K95 polysaccharide, 
but since there are no n.m.r. data avilable on furanosidic (Y- and @KDO glycosides, 
the anomeric form of the furanosidic KDO residues in the K95 polysaccharide can- 
not be determined. On the basis of the foregoing results, the K9.5 polysaccharide 
can be formulated as 5. From the results of periodate oxidation, it was concluded 

that only -10% of the KDO is acetylated at positions 6 and 7. The position of the 
remaining acetyl groups is not known. The complexity of the n.m.r. spectra, how- 
ever, indicated a random substitution of the K95 polysaccharide with 0-acetyl 

groups. To our knowledge, the capsular K95 polysaccharide of E. coli is the only 
example of a polysaccharide which contains furanosidic KDO. 

C02H 

* 
o- 

HCOH 

HcfOH 

- 

- 65 
5 

The K95 and K13 polysaccharides cross react serologically. The K13 poly- 
saccharide also contains ribose and KDO. The serological cross-reactivity is possi- 
bly due to 3-linked P-ribose as common determinant. Comparative immunochemi- 
cal studies of the K13 and K95 polysaccharides are in progress. 

EXPERIMENTAL 

Bacteria and cultivation. - E. coli E3b (075:K95:H5) was obtained from 
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Drs. I. and F. Brskov (Copenhagen) and grown to the late log phase (5-7 h) in a 
fermenter at 37” in 10-L batches, which contained, per L, K,HPO, - 3 H,O (9.7 g), 
KH,PO, (2 g), sodium citrate - 5 H,O (0.5 g), MgCl, . 7 H,O (0.1 g), casamino 
acids (20 g), and the dialysable part of yeast (100 mL from 500 g in 5 L of deionised 
water). 

Isolation and purification of the capsular polysaccharide. -The acidic capsu- 
lar polysaccharide and the bacterial cells were precipitated from the liquid culture 
by the addition of 1 vol. of aqueous 2% hexadecyltrimethylammonium bromide 
(Cetavlon). All of the following operations were carried out at 4”. The poly- 
saccharide was extracted from the precipitate with M calcium chloride, purified by 
three cycles of precipitation from aqueous solution with ethanol (80% final concen- 
tration), followed by repeated extractions with cold phenol (80%) buffered to pH 
6.5 with sodium acetate) 6J1. The combined, final aqueous phases were centrifuged 
for 4 h at 105,OOOg and the supernatant solution was lyophilised. The residue was 
further purified by chromatography on Sephadex G-50. 

Analytical methods. - KDO was determined, after hydrolysis of the poly- 
saccharide with aqueous 1% acetic acid for 2 h at loo”, by the thiobarbituric acid 
assayz6, and ribose was determined, after hydrolysis with 0.1~ hydrochloric acid for 
48 h at loo”, by g.1.c. of the alditol acetate on ECNSS-M. Acetate was determinedz7 
by g.1.c. on Porapack QS. For the quantification of the components, ‘H- and 13C- 
n.m.r. spectroscopy of the polysaccharide was also used. High-voltage paper 
electrophoresis was performed on Whatman No. 1 paper (analytical runs) or on 
Schleicher and Schiill2043b paper (preparative runs) at pH 5.3 for 90 min with 42 
V/cm. Optical rotations were measured with a Perkin-Elmer 141 polarimeter. 
G.1.c. was performed with a Varian Aerograph Series 1400 instrument, equipped 
with an autolinear temperature programmer and a Hewlett-Packard 3380 in- 
tegrator, and g.l.c.-m.s. was performed with a Finnigan MAT 1020B automatic 
system at 70 eV on a CB CP SIL 5 (25 m x 0.25 mm) column, using helium as the 
carrier gas. N.m.r. spectra were recorded with a Bruker WM 300 spectrometer in 
the F-t. mode at 70” (‘H) and 33” (“C) [external sodium 4,4-dimethyl-4-sila- 
(2,2,3,3-2H,)pentanoate]. The 13C values were corrected (-1.31 p.p.m.) by using 
1,6dioxane (S 67.4 based on Me,Si), and the ‘H values by -0.07 p.p.m. (1,4- 
dioxane signal at 6 3.7). 

0-Deacetylation. - A solution of the K95 polysaccharide (100 mg) in dilute 
aqueous ammonium hydroxide (5 mL) of pH 11 was kept for 16 h at 4”, then 
neutralised, chromatographed on Sephadex G-50, and lyophilised. 

Zsolation of 1. - A solution of the K95 polysaccharide (100 mg) in O.O5M 
sodium metaperiodate (10 mL of phosphate-buffered saline, pH 7.5) was left at 4” 
for 90 h. After the addition of ethylene glycol (0.5 mL), the solution was concen- 
trated to -2 mL and chromatographed on a column (10 X 900 mm) of Biogel P-2. 
Fractions containing carbohydrate were combined and concentrated to -5 mL. 
Sodium borohydride (100 mg) was added and the mixture was kept at 4” for 16 h. 
To this solution was added Dowex 5OW-X12 to pH 4-5. Methanol was added and 
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the mixture was concentrated to near dryness in vucuo. This process was repeated 
three times. The residue was taken up in water (-2 mL) and chromatographed on 
a column (10 x 900 mm) of Biogel P-2. Fractions cotaining carbohydrate were 
combined, concentrated, and lyophilised. The yield of 1 was G--90%. 

Isolation of 3. - A solution of the K95 polysaccharide (100 mg) in aqueous 
1% acetic acid (10 mL) was heated at 100” for 1 h and then concentrated in V~CUO 
to -1 mL. Subsequent high-voltage paper electrophoresis yielded 3, which was 
purified by chromatography on a column (10 x 900 mm) of Biogel P-2. The yield 
of purified 3 was -50%. 

Methylation of the K95 polysaccharide, 1, and 3. - The procedure has been 
described in detai18J6,17. Prior to methylation. 3 was reduced with sodium boro- 

hydride. 
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