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ABSTRACT 

The structure of the 0-specific side-chains of the cell-wall ljpopolysaccharide 
from Escherirhiu coli 0 69 has been investigated. hletbylation analysis, n.m.r. 
spectroscopy, and N-deace~lation~esmjoation, followed by analysis of the product, 
were the principal methods used. These studies demonstrate that the O-antigen is 
composed of tetrasaccharide repeating-units having the following structure: 

+3)-B-D-GlcNAc&I -+2)-a-L-Rbap-(l -+,)-r-I_-Rhap-( l -+2)-~-D-G&I-( 1 + 

MTRODUCTYON 

Escfwrichia coli 0 69 is an organism that may cause infections of the urinary 
tract in man. Qualitative sugar analysis of its lipopolysaccbaride’ (LPS) demonstrated 
the presence of !.-rhamnose, in addition to D-glUC9se, D-gaktoje, and 1-aceiamido- 
&deoxy-D-glucose, sugars that are known to be components of the core region. We 
now report structural studies on the O-specific side-chains of this LPS. 

RESULM AND DiSCUSSION 

The LPS was isolated from E. cofi 0 69:K ?:H 38, strain P 96, by extraction of 
whole cells with phenol-hater”. The polysnccbaride (PS) was prepared from the LPS 
by mild hyciroiysis with acid j, followed by purification on a column of Sephadex G-50. 

The PS, Ia]578 +67”, on acid hydrolysis folloHsd by deamination’, yielded 2.5 

anhydro-D-mannose, L-rbamnOSC, D-gaktOSe, D-gh!COSC, and L-g/JWF0-D-nWZm- 

beptose in the relative proportions 0.7:2: 1.2:0.46:0.28. Tbe sugars were analyscd by 
g.1.c. of their alditol acetates, in the presence of an internal standard, and together 

accounted for -77% of the PS. 
The ‘H-n.m.r. spectrum of +&e PS showed, inter alia, signals for methyl protons 

of the L-rhamnose residues (6 i.20-1.38. 6 H), for acetyl protons (S 2.05, 3 H) 
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(proved by ix. s~troscopy IO -he N-ace@), and for anomeric proions [b 4.64 
(Jr,? 8 Hz, 1 l-l), 5.16 (2 H), 5.46 (1 H)]. 

O-Specific side-chains of LPS are generally composed of otigosaccharide 

repeating-units, and the results presented so far suggest that tile O-67 antigen is 

composed of tetrasaccbaride repeating-units containing D-galactose, 2-acctamido- 
Meoxy-o-glucose, and two rAxtmnose residues. The o-glucose and L-glycern-D- 
rzanno-heptose found in the sugar analysis most probably derive from the core region 
of the LPS. 

Ln the n.m.r. spectrum, the signal at 3 4.64 (J,,, 8 Hzj probably derives from 
the anomeric proton of a /I-D-galactopyranosyl or 2-acetamido-2deoxy-@-gluco- 
pyranosyl residue. The chemical shifts of the other signals suggest that the three other 
sugar residues are a-Linked. The anomeric region of the n.m.r. spectrum also contained 

some minor peaks, which may derive from the core sugars. 
Metby!ation analysis of the PS gave the sugar derivatives listed in Table I, 

column A; they were analysed by g.l.c.-m.s. of their alditol acetates5’6. In addition, 
2-deo~y-4,6-di-O-metbyl-2-~-me+~ylacetrido-~-g~ucose was found, but the analysis 
of this sugar was qualitative only, as the response factor of its alditol acetate was not 
known. TLe results support the su ggeejtion of a tztrasaccbaride repeating-unit. They 
also demonstrate that the sugars are pyranoid, that the 2-acetamido-2deoxy-D- 
glucose residue is linked through O-3, and that the other sugar residues of the 
repeating unit are linked through O-2. 

TABLE I 

!fETHYLATiON AANALYSIS OF ORIGISU. A.&D MODIFIED POLYSXCCHARlDE FROhl E. Cdl 0 69 

i\feth_vlated suqaP 7” Detector response (%) 

A 3 C D 

1,3.4,5.6-GaIactitol 0.21 

2,3,4-Rha 0.43 
I.4,6-2.j-Aohydro-hl~ 0.38 
3.4-Rho 0.38 
2,3,4,6-GA 1.14 
3.4.6-Glc I .6S 
3.3,6-Gal 1.96 
2&Glc 3.5 

21 
28 

62 40 29 27 
3 4 

3: 494 22 
1 2 

‘.!.3,4-Rba = r?.3,4-Lri-O-methyl-L-rbsmnos-p. etc. *Retention time Tar the corresponding alditol 
acet3te. rel3tiw to I.5di-O-iceryl- ~,3,4,6-te~~-0-meihyl-~~ucitol. =A. original PS: a, N-dsacetyl- 
ared PS; C, tctruxcharide 2; D. lnsacchnnde 4. 

Tbe PS was N-deacetylated by treatment with sodium hydroxide-sodium 
thiopbenolate in aqueous methyl sulfoxide’. The product, [LY]~,~ +W, yielded 
L-rhamnose, D-galactose, and u-glucose in the relative proportions 1:1.3:0.3 on acid 
hydrolysis. Since 2-amino-2deoxyglucopyranosidic !inkages are hydrolysed only with 
difficulty, these results, in conjunction with the sugar analysis of the original PS, show 
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that this sugar is linked to L-rhamnose. This linkage should also be resistant to acid 
hydrolysis during the methylation analysis (Table I, column B) of the IV-deacetylated 
material, and a considerable decrease in 3,4-d&0-methyl-r_-rhamnose was in fact 
observed. The n.m.r. spectrum of the N-deacetylated PS confirmed complete removal 
of IV-acetyi groups and showed signals for anomeric protons at 6 4.67 (J, ,* 8 Hz, 1 H), 
5.18 (2 H), and 5.50 (1 I-I). 

The N-deacetylated PS was deamioated by treatment with sodium nitrite in 

aqueous acetic acid. Part of the product (which according to results presented below 
has structure 1) was reduced with sodium borodeuteride: and fractionated on 3 

column of Sephadex G-25. A tetrasaccharide (2), [rz]s5a f 15”. was obtained; on 

hydrolysis, 2 yielded L-rhamnose, D-galactose, and 2,5-anhydro-D-mannitol in the 
relative proportions 2:l: 1. Tbe n.m.r. spectrum of 2 showed signals for anomertc 

02 0 

H.3 ‘is cy2n 

a-L -Eht,~-(l-21- U-L -R a ap-(1-2l-U-o-Ga'~-O 

1 

2 

0 bEnoo-( l-2)-O-L-nhap-( l-2 )-~-Gal 

3 

protons at b 5.02 (I IT) and 5.I5-5.26 (2 H). The disappearance of the high-field 
signal having 3 large coupling constant, observed in the n.m.r. spectrum of the 
original PS, demonstrates that the 2-acetamido-?-deoxy-D-glucopyranosyl residue in 
that material is /3-linked and consequently that the D-galactopyranosyl residue is 
a-linked. Methylation analysis of 2 (Table I, column C) showed that one of the 
r-rhamnopyranosyl residues was terminal, thus confirming 013: the 2-acetamido- 

2-deoxy-D-glucopyranosyl residue is linked to L-rhamnose in the original PS. The 
analysis of 2, ho\\cver, does not give any information on the mutual order of the two 
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remaining sugar residues. The substitution pattern of the 3-O-ace&l-2,5-anhydro- 
1,~,6-iri-U-melhyl-o-mannitol-I-rl was evident from its mass spectrum, the inter- 
pretation of which has been reported elsewhere6. 

In order to determine the sequence of the sugar residues, the oligosaccharide 
obtained by deamination was seated with base under mild conditions, when the 
oLigosaccbaride linked to O-3 of the 2,5-anbyciro-a-mannose residue w liberated by 

2 /3-&mination. The resulting trisaccbaride (3), [i~]~,~ -3”, yielded L-T mnos and 
o-galactose in the ratio 2:l on acid hydrolysis. Its o.m.r. spectrum &OR 

P 
signals in 

tb: anomeric region [6 4.76 (! H) and 5.08 (1 H)] which could be assigned to two 
L-rbamnopqranosyl residues. This region also contairied s&~Is at 5 4.64 (JI ,z 8 Hz), 
5.33 (J,,z 2 Hz), and 5.31 (J,,, 3 Hz), totalling 1 H, which mere assigned to different 
forms of a terminal D-galactose residue. 

On reduction of 3 to its aldirol (4), [a]5,8 - 33”, using sodium borodeuteride, 
:hz signals in the n.m.r. spectrum assigned to tbe terminal D-galactose residue 
dijappearcd. The mass spectrum of the fully methylated trisaccbaride alditolg showed, 
~n;er alia, peaks at m/e IS9 and 331, assigned to the aA, and the baA, fragments, 
respectively, and at In/e 236. assigned to the al&to1 moiety (CA ,)_ The sequence of the 
sugar residues in 4 is thereby established, and it is further confirmed by the methylation 
analysis (Table I. column D). 

The n.m.r. spectra and optical rotations of the okgosaccbarides 2, 3, and 4 
indicate tbaf the Zacetamido-2-deoxy-D-glucopyranosyl residue in the tetrasaccharide 
re:Jearing-unir is p-linked and that the three otber residues are a-linked. From the 
combined evidence, structure 5 for the repeating unit in the O-specific side-chaios of 
thz E. co/i 0 69 LPS is proposed. 

-+ 3)-/%D-GkNAcp-( I -+ ‘)-,r-L-Rhap-( 1 -*2)-a-L-Rhnp-(l-r')-a-D-Gal~-(l-, 

5 

General rn4ods. - Conwntrations were performed under reduced pressure at 
bath temperatures not evxeding 40’. For g.l.c., a Perkin-ELmer 990 or Hewlett- 
Prckard 5S30 A instrument fitted with flame-ionkation detectors was used. 
Separations of alditol acetates were performed at 2lO’on glass columns(l80 x 0.15 cm) 
containing 3% of OV-125 on Gas Cbrom Q, and of partially merbylated alditol 
acetates at 220” on a glass-capiilarj column wall-coated with SP 1000 (25 m x 
0.25 mm). G.l.c.-m.s. was performed with a Varian MAT 31 I-SS 100 m.s.-computcr 

system. N.m.r. spectra for solutions in D2O were recorded on a Varian XL-100 
in;u-ument at SO”. High-speed liquid chromatography of free sugars v.as performed 
with two klicro-Bondapsc Carbohydrate (Waters) (30x0.5 cm) columns and with 
acetonitrile-water (9: I) as eluant. 

Preparaiion of PS. - E. coli 0 69;K ?:H 38, strain P 96, was used. Acetone- 
dried bacteria were extracted wi’k phenol-warer2, and a sample of the resulting LPS 
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(220 mg) was treated with 1 ‘3’0 acetic acid (50 ml) at 100” for 2 h. The hydrolysate was 
centrifuged, and the supernatant was washed with ethyl ether (3 x I5 ml) and freeze- 
dried. Chromatography of the product on a column (86 x 1.6 cm) of Sephadex G-50 
yielded the PS (50 mg), [4x]gz, +67” (c 0.5, water), eluted with the void volume. In 
the ix. spectrum of the PS, absorption typical for amides ( - 1650 cm- I), but not for 
esters (h 1750 cm- I), was observed. 

Sugar analysis”. - A sample of the PS (3 mg) was treated with 2or hydrochloric 
acid at 100’ for 3 h, and the hydrolysste was concentrated to dryness. A solution of 
the residue in water (0.3 ml) was treated with 33 %I acetic acid (0.5 ml) followed by 
5% aqueous sodium nitrite (0.5 ml) and kept for 40 min at room temperature. The 
solution was deionised with Dowes 5O(H’) resin and freeze-dried. The sugars, 
including 2,5-anhydro-D-mannose, were converted into alditol acetates, and analyscd 
by g.l.c.-ms. 

The following sugars from an acid hydrolysate of the PS were also isolated by 
using high-speed liquid chromatography: L-rhamnose, [a]:;8 + 12’; D-galactosc, 
[a]::, + 53”; 2-a~no-2-deoxy-D-glucose hydrcchloride, [LY)::~ +70” (all optical 
rot3tions in water, c 0.2). 

Methylation analyses. - These nerc performed as previously dsxribed5m6. 
Polymeric methylated products \\ere isolated by dialysis, and oligomeric products b> 
partition between chloroform and water. The identification of the partially methylated 
sugars, by g.l.c.-m s. of their alditol acetates. was unambiguous and \+ill not bz 

discussed. 
N-Deacetylation7. - A solution of PS (20 mg), sodium hydroxide (400 mg), 

and tbiophenol (400 mg) in water (I ml) and methyl sulfoxide (5 ml) \\as kept at. 
100” for I5 h, neutralized with acetic acid, filtered, dialysed, and freeze-dried. The 
modified PS (I3 mg) shotLed [i~;i:~ +&I (c 0.7, water). 

Deamination. - N-Deacctylatcd PS (40 mg) \\as dissolved in water (0.6 ml); 
3396 aqueous acetic acid (I ml) and 5% aqueous sodium nitrite (I ml) were added, 
and the solution was kept at 25” for 40 min, passed through a column of DOWX 
50(H+) resin, and freeze-dried. 

A solution of half of the product in water (I ml) was treated with sodium 
borodeuteride (20 mg), neutralised with Do\+es 50(H+) resin, filtered, and con- 

centrated. Boric acid was removed from the residue by codistillation with methanol 
(3 x 3 ml). Fractionation of tbis product on a column (86 x I .6 cm) of Sephadcv G-25 

yielded oligosaccharide 2 (3.3 mg), [a]::, + 15” (c 0.3, water), which was eluted in the 
tri- to tetra-saccharide region. 

The other half of the deaminated product was rreated with 0.05~ aqueous 
sodium hydroxide (1 ml) at 37” for 30 min. The solution was made neutral with M 
hydrochloric acid and then fractionated on a column (80 x 0.8 cm) of Sephadex G-l 5. 
Pure trisaccharide 3 (2.5 mg), [a]::, -3” (c 0.1, water), was obtained. 

Reduction of 3 with sodium borodeuteride yielded 4, [r]::, - 34” (c 0. I, water). 
The n.m.r. spectrum of 4 showed. inter dia. signals at 5 I. 16-l .26 (6 H), 4.95 (I H), 
and 5.03 (I H). The mass spectrum of fully methylsted 3 showed, infer alia, the 
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!*oliowing peninent fragments (relatitie intensities in brackets): nr/e 45 (27), 4.6 (7), 

59 (35). 88(100), 89(28), 101 (64), 125 (II), 145(23), 157(29), 189(70), 203(G), 

236 (18), 295 (l), 331 (2), and 377 (2). 
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