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ABSTRACT

The structure of the O-polysaccharide component of the lipopolysaccharide produced by Es-
cherichia coli 0119 was determined by the use of methylation analysis, periodate oxidation, 1D and 2D
nuclear magnetic resonance spectroscopy, and mass spectrometric methods. The O-polysaccharide was
found to be a high molecular weight polymer of a repeating pentasaccharide unit composed of
p-mannose, D-galactose, L-rhamnose, 2-acetamido-2-deoxy-p-glucose, and 2-acetamido-2,3-dideoxy-3-
formamido-p-rhamnose residues (1:1:1:1:1) and had the structure:

[ = 3)-a-p-Glc pNAc(1 — 2)-8-p-Man p<1 - 3)-a-p-Gal p-(1 — 4)-a-L.-Rhap-(1 — ],
3
T

1
B-p-Rhap2NAc3NFo

INTRODUCTION

Escherichia coli 0119 is an enteropathogenic (EPEC) serotype that has been
identified as one of the major causative organisms involved in severe infantile
diarrhoeal?. During the course of the disease, some bacteria adhere to and
colonize the luminal wall of the gastrointestinal tract thereby causing local histo-
logical damage to the epithelium which results in a protraction of the disease
state®. The mechanism involved in the adhesion of the bacteria is unclear, however
there is in vitro evidence of the Involvement of plasmid-mediated factors in the
process*. Smooth clinical isolates of E. coli 0119 have shown a strain-specific
difference in their ability to adhere to HEp-2 cells®. SDS-PAGE analysis of the
lipopolysaccharides (LLPSs) isolated from these isolates indicated structural differ-
ences in the LPS core regions which correlate with the adhesive property of the
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bacterial strain®. The present investigation was undertaken to determine the
chemical nature of the L.PS O-chains isolated from an adhesive strain of E. coli
0119 (JCP88, NRCC 4326) and from a nonadhesive strain (19392, NRCC 4325). It
was found that the LPS O-chains produced by the two strains were identical in
their fine structures and that they determine the 0119 serospecificity.

RESULTS AND DISCUSSION

0119 LPS.—LPS was isolated in ~ 6% yield from E. coli 0119 (JCP88, NRCC
4326) cells using the hot aqueous phenol method”®, Partial hydrolysis of the LPS
with hot dilute acetic acid gave a lipid A (12% vyield), as an insoluble precipitate,
and a water-soluble carbohydrate fraction. This latter material was separated by
gel filtration on a Sephadex G-50 column to give three fractions, which were
identified by chemical analyses as being the following: (1) O-polysaccharide (27%
yield, [a]y, +86.24° (¢ 13.5, H,0), K, 0.15), (2) core oligosaccharide (24%, [al,,
+97.40° (¢ 21.4, H,0), K,, 0.72), and (3) a fraction containing 3-deoxy-p-manno-
2-octulosonic acid (p-Kdo) and phosphate (17%, K, 1.00).

LPS from E. coli 0119 (19392, NRCC 4325) cells (~ 4% yield) was also isolated
and, upon partial hydrolysis as described above, gave a lipid A (18% yield),
O-polysaccharide (23%, [al;, +84.85° (¢ 11.5, H,0), K,, 0.15), core oligosaccha-
ride (19%, [a], +120.20° (¢ 9.8, H,0), K,, 0.65) and a p-Kdo-phosphate fraction
(15%, K,, 1.00) after chromatographic separation.

Analysis of the O-polysaccharide.—Chemical analyses and NMR data for the
O-polysaccharide from NRCC 4325 and NRCC 4326 showed that the two O-chains
had the same repeating unit structure. Accordingly, the results presented and
discussed below have been confined to those obtained for the latter strain.

Microanalysis of the 0119 polysaccharide gave: C, 40.30; H, 5.70; and N, 3.18,
with a zero ash value. Glycose analysis (Table I, column 1) after hydrofluoric
acid—trifluoroacetic acid (HF-TFA) hydrolysis indicated the presence of r-Rha,
p-Man, p-Gal and p-GIeN in a molar ratio of 0.9:0.2:1.0:1.7. Stronger hydrolytic
conditions using concd HCI resulted in the detection of a greater molar ratio of
D-Man but with a concomitant reduction in the ratios of L-Rha and p-GlcN (Table
I, column 2). The absolute configuration of the above sugar residues were deter-
mined by GLC analysis of their peracetylated or trimethylsilylated (R)-2-butyl
glycoside derivatives>'® (Table 1).

Methylation analysis of the 0119 polysaccharide (Table II, column 1) indicated
the presence of residues of an O-4 linked L-Rhap, an 0-3 linked p-Gal p, an O-3
linked p-GlepN, and a branch-point O-2,3-disubstituted p-Man p. The presence of
a terminal, nonreducing sugar residue, expected from the detection of the branch-
point p-Man p derivative, was not detected in the methylation analysis.

An examination of the 3C NMR spectrum of the O-polysaccharide (Table I1I)
showed the following characteristic signals: five major signals in the pyranose
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TABLE I

Sugar analyses of E. coli 0119 polysaccharide and derived products

Sugar Molar ratio ¢

(as alditol acetate) 1 2 3 4 3 5
4-Deoxy-L-erythritol 1.68 0.67
L-Rha 0.88 0.19 0.96 0.83
2,5-Anhydro-p-mannitol 1.55

D-Man 0.23 0.56 0.82 0.63 0.19 0.25
p-Gal 1.00 1.00 1.00 1.00 1.00 1.00
p-GlcNAc 1.73 1.26 0.84 0.92

“ For assignment of the absolute configurations, see Experimental, * Determined on a DB-17 capillary
column, see Experimental for details. ¢ 1, 0119 polysaccharide (HF-TFA hydrolysis); 2, 0119 polysac-
charide {(concd HCI hydrolysis); 3, deacylated—deaminated product; 4, partially deacylated—deaminated
product; 5, OI; and 6, O2.

anomeric carbon region (97-102 ppm), three signals for deoxyamino-substituted
carbon atoms (52—54 ppm), two 6-deoxyhexose methyl carbon resonances (~ 17.7
ppm), signals for two N-acetyl substituents (~ 22.7 ppm (CH;CONH) and 174-176
ppm (CH;CONH)), and for an N-formyl substituent (HCONH) at 165.16 and
168.23 ppm (9:1 rotameric effect). A coupled *C NMR spectrum indicated the
presence of three a- and two B-anomeric linkages'!, which were assigned by
comparison with the data in Table IV. Consistent with the >C NMR spectrum, the
'"H NMR spectrum of the O-polysaccharide (Table III) showed five anomeric
proton signals (4.8-5.3 ppm), two overlapping methyl doublets for 6-deoxyglycose
residues (1.33 ppm), two overlapping N-acetyl methyl resonances (2.02 ppm), and
a singlet (8.05 ppm) characteristic of an N-formyl substituent.

TABLE 11
Methylation analyses of E. coli 0119 polysaccharide and derived products

Methylated sugar ¢ tr b Molar ratio 4

(as alditol acetate) 1 2 3 P 5
1,4,6-Anhydromannitol 0.55 0.23

2,3,4-Rha 0.68 0.18

2,3-Rha 0.89 1.75 0.59 0.97

2,3,4,6-Man 1.00 0.93 0.37

3,4,6-Man 1.31 0.70

2,4,6-Man 1.42 0.53
2,4,6-Gal 1.46 1.00 1.00 1.00 1.00 1.00
4,6-Man 1.73 0.50 0.64
3,4,6-GIlcNAc 2.65 0.21 0.79
4,6-GlcNAc 3.75 0.37 0.32

4 2.3 4-Rha = 1,5-di-O-acetyl-2,3,4-tri-O-methylrhamnitol, etc.; all substitution patterns were confirmed
by GLC-MS. ? Retention time relative to that of 1,5-di-O-acetyl-2,3,4,6-tetra-O-methylglucitol. ¢ De-
termined on a DB-17 capillary column; see Experimental for details. 41, 0.119 polysaccharide; 2,
deacylated—deaminated product; 3, partially deacylated—deaminated product; 4, OI; and 5, O2.



252 A.N. Anderson et al. / Carbohydr. Res. 237 (1992) 249262

TABLE 111
NMR data (500 MHz) for E. coli 0119 O-chain polysaccharide

= 3)-a-p-Gle pNAc(1 = 2)--p-Man p-(1 - 3)-a-p-Gal p-(1 = 2)-¢-L-Rhap-(1 —
3
1
1
B-p-Rha p2NAc3NFo

0119 O-Chain Polysaccharide

'H NMR data “ 13C NMR data
) Assignment © §Uem Assignment
8.05 HCONH (Rha2NAc3NFo) 175.54 CH,CO (Rha2NAc3NFo)
5.31 H-1 (a-p-GlcNAc) 174.15 CH;CO (GleNAC)
5.07 H-1 (a-p-Gal) 168.23 HCONH (Rha2NAc3NFo)
4.98 H-1 (a-np-Rha2NAc3NFo) ¢ 165.16 HCONH (Rha2NAc3NFo)
4.94 H-1(B-p-Man) ¢ 102.16(159) C-1 (8-0-Rha2NAcNFo)
4.86 H-1 (a-1-Rha) 101.85(169) C-1 (a-1-Rha)
4.53 H-2 (Rha2NAc3NFo) 101.64(162) C-1 (B-p-Man)
4.45 H-2 (Man) 100.55(170) C-1 (e-p-Gal)
3.31 H-4 (Rha2NACc3NFo) 97.50(177) C-1 (a-p-GlcNAC)
2.02 C H,CO (GlcNac)! 53.94 C-2 (GleNA©)
(Rha2NAc3NFo) / 53.04 C-3 (Rha2NAc3NFo)
1.33 CH, (Rha) ¢ 52.15 C-2 (Rha2NAc3NFo)
(Rha2NAc3NFo) # 22.87 CH,CO (Rha2NAc3NFo)
22.56 CH,CO (GleNAc)
17.79 CH; (Rha2NAc3NFo)
17.64 CH, (Rha)

@5 Chemical shifts are measured in ppm with reference to internal acetone, § 2.225 for 'H NMR and
31.07 ppm for BC NMR. ¢ Assignments are made with reference to those in Table IV. ¢ Coupling
constants are measured in Hz. ¢ These assignments may be interchanged. /¢ Unresolved signals.

The above preliminary data indicate that the 0119 LPS O-chain is composed of
a regular repeating pentasaccharide unit composed of p-Manp, n-Galp, 1-Rhap,
p-GlepN, and an unidentified trideoxydiaminoglycose residue. Attempts to isolate
and characterize the trideoxydiaminoglycose residue using established procedures!'?
involving hydrolysis, methanolysis, hydrofluorinolysis, and mercaptolysis were un-
successful. The residue was, however, subsequently identified by detailed NMR
spectroscopy and mass spectrometry (MS). In order to further characterize the
O-chain, the polymer was subjected to deamination and sequential periodate
oxidation degradations.

Deamination.—Nitrous acid deamination'® of a completely N-deacylated sam-
ple of O-chain (thiophenol-NaOH method!*), evidenced from 'H NMR spec-
troscopy, followed by reduction (NaBH,) gave a product composed of r-Rha,
p-Man, p-Gal, and 2,5-anhydro-p-mannitol (1.0:0.8:1.0:1.6) (Table I, column 3).
Methylation analysis of this product (Table II, column 2) indicated, inter alia, the
presence of 3-O-acetyl-2,5-anhydro-1,4,6-tri-O-methylmannitol and 2,3,4,6-tetra-
O-methylmannitol, indicating that the 3-O substituted p-GlcNp is linked to either
the O-2 or O-3 position of the pD-Manp residue in the intact O-chain. The
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TABLE 1V
NMR data (500 MHz) for oligosaccharides Of and O2
Unit () Unit (b) Unit (¢) Unit (d)
OlI: a-p-Gle pNAc(1 — 2)--p-Man p-(1 - 3)-a-p-Gal p-(1 — 2)-1-4-Deoxy-Eryol
3
T

1
B-p-Rha p2NAc3NFe

Unit (e)

02: B-p-Rha p2NACc3NFo-(1 - 3)-B-p-Man p-(1 = 3)-a-p-Gal p-(1 - 2)-L-4-Deoxy-Eryol

253

Unit (e) Unit (b) Unit (¢) Unit (d)

'HNMR * 01 02 BCNMR? 01 02
Unit a
H-1(J, ) 5313.7) C-1Uer) 97.29(175)
H-2(J55) 3.9109.6) C-2 54.30
H-3(J; ) 3.82(10.0) C3 72.01
H-4(J, 5) 3.48(9.4) C4 70.46
H-5(Js ) 4.28(6.5) C-5 71.74

(Jsg) 22)
H-6(Jg /) 3.79(12.0) C-6 61.22
H-6' 3.79
CH,CO 1.99 CH,CO 22.72 ¢

CH;CO 174.25

Unitb
H-1(J, ) 4.92(1.3) 4.87(< 1) C-1Ucy) 102.44(163) 101.91
H-2(J,3) 4.44(2.4) 4.33(3.1) C-2 74.29 71.02
H-3(J5) 3.83(9.9) 3.78(9.4) C3 83.34 82.74
H-4(J,5) 3.76(8.2) 3.65(9.7) C4 66.98 66.37
H-5(Js4) 3.41(8.4) 3.38(5.8) C-5 77.33 76.74

(s ) (3.5) 2.2)
H-6(J6’6/) 3.78(9.5) 3.69(12.4) C-6 61.38 61.65
H-6’ 3.92 3.88
Unit (¢)
H-10J; ) 5.12(4.2) 5.15(4.0) C-1Ucy) 99.29(169) 99.29
H-2(7,3) 3.90(9.6) 3.96(10.5) Cc-2 68.80 68.60
H—3(J3’4) 4.02(2.9) 4.07(2.9) C-3 79.84 79.11
H-4(J,5) 4.17(<1) 422(<1) C-4 69.74 70.14
H-5(Js5¢) 4.12Q2.0) 4.16(8.8) C-5 72.01 71.50

(s (10.0) (8.8)
H-6(J 61) 3.69(12.0) 3.72(12.0) C-6 61.75 61.81
H-6' 3.71 3.72
Unit (d)
H-1(J, 5) 3.76(6.0) 3.77(6.9) C-1 61.58 61.65
H-1(Jy ) 3.76(2.7) 3.772.7)

) (11.3) (11.5)
H-2J,5) 3.64(4.4) 3.65(4.3) C-2 83.11 83.15
H-3(J3,4) 4.04(6.6) 4.05(6.5) C-3 67.44 67.46
H-4{C H;]) 1.23 1.23 C4 18.32 18.33
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TABLE IV (Continued)
"H NMR “ (0} 02 BCNMR? (o)) 02

Unit (e)
H-1(J, ) 4.94(=1) 5.05(1.6) C-1Ucy) 101.78(160) 101.18
H-2(J,,) 4.50(3.8) 4.57(4.0) c2 52.11 52.36
H—3(J3’4) 4.05(10.5) 4.09(10.3) C-3 53.03 52.91
H-4(J4,5) 3.28(9.4) 3.33(9.5) C4 70.59 70.67
H-S(Js,s) 3.50(6.2) 3.55(6.1) C-5 74.67 74.66
H-6[CH,] 1.32 1.33 C-6 17.79 17.86
HCONH 8.03 8.06 HCONH 165.14 165.21
168.20 168.26
CH;CO 2.04 2.09 CH,CO 22.72 ¢ 22.93
CH,CO 175.70 176.36

@b Chemical shifts are measured in ppm with reference to internal acetone, § 2.225 for 'H NMR and
31.07 ppm for ¥C NMR. Measured coupling constants were refined by spectral simulation and are
given in Hz. ¢ Unresolved signals.

presence of the tetra-O-methylmannitol derivative indicates that the two residues
linked to the original p-Man p residues were both susceptible to the deamination
procedure; however, the second glycose residue was not identified.

A partially N-deacylated sample of O-chain (NaOH hydrolysis), which showed
essentially only a single N-acetyl methyl resonance in its 'H NMR spectrum, on
nitrous acid deamination and reduction (NaBH ) gave a product which on hydroly-
sis afforded p-Man, 1.-Rha, p-Gal, and p-GlcN (0.6:1.0:1.0:0.8) (Table 1, column
4) but no 2,5-anhydro-p-mannitol, indicating that in the partially N-deacylated
O-chain the p-GlcN residues were N-acetylated, and thus the other N-acetyl and
the N-formyl substituent must be located on the unidentified glycose residue in the
native O-chain. Methylation analysis of the product (Table II, column 3) gave
1,2,5-tri-0O-acetyl-3,4,6-tri-O-methylmannitol, indicating that the unidentified
aminoglycose was linked to the O-3 position of the p-Manp branch point in the
native O-chain. The absence of 2,4,6-tri-O-methylmannose in the hydrolysate of
the methylated product substantiates the contention that the p-Manp residues in
the O-chain are substituted at O-2 by p-Glc pNAc residues.

Periodate oxidation.—Periodate oxidation" of the 0119 polysaccharide, followed
by reduction, produced a high molecular weight polymer, which was purified by gel
filtration on a Sephadex G-50 column. Smith-type hydrolysis of the polymer gave
the pentasaccharide alditol, O (Table IV), indicating that the residue which was
susceptible to oxidation by periodate formed part of the backbone of the polysac-
charide. Composition and methylation analyses of O/ (Table I, column 5; Table 11,
column 4) showed that only the O-4 linked rL-Rhap residue of the O-polysac-
charide had been cleaved and that this residue was attached to the O-3 linked
D-Glc pNAc residue, which occupies a terminal, nonreducing position in OZ. The
analysis failed to detect products of the unidentified diaminoglycose component.

The above results indicated that O would be further susceptible to periodate
oxidation at its nonreducing p-GlcpNAc endgroup. O was thus subjected to a
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second periodate oxidation and Smith type hydrolysis which gave the tetrasaccha-
ride alditol, O2 (Table 1V). Composition and methylation analyses of O2 (Table I,
column 6; Table II, column 5) showed that the pD-GlcpNAc residue had been
eliminated. The methylation analysis indicated that this p-Glc pNAc residue had
been linked to the O-2 position of the p-Man p residue, confirming the conclusions
drawn from the deamination studies.

NMR analysis of O1 and O2.—NMR analysis of O and O2 using 2D 'H and
BC spectroscopy (CHORTLE' and COSY!” experiments) gave the data collected
in Table 1V. This data is consistent with the following structures for the oligosac-
charides:

Unit (a) Unit (b) Unit (¢) Unit (d)
OlI: a-D-Gle pNAc-(1 - 2)-8-p-Man p-(1 - 3)-a-p-Gal p-(1 — 2)-L-4-Deoxy-Eryol
3
T

1
B-p-Rha p2NAc3NFo

Unit (e)

02: B-p-Rha p2NAc3NFo-(1 — 3)-8-p-Man p-(1 - 3)-a-p-Gal p(1 — 2)-1-4-Deoxy-Eryol

Unit (e) Unit (b) Unit (¢) Unit (d)

From analysis of the COSY and relayed COSY experiments, the proton reso-
nances associated with all of the glycosyl residues were identified (Fig. 1). The
chemical-shift data, together with the magnitude of the coupling constants, con-
firmed that each residue has a pyranose ring form and distinguished those residues
that have gluco (unit a), galacto (unit ¢) and manno (units b and e) configurations's
(Table 1V). From the J;, coupling constants'!, units a and ¢ were both identified
as having the a-anomeric configuration. Correspondingly, the IJC,H coupling con-
stants confirmed these assignments and also established that units b and e have the
B-anomeric configuration. The latter assignments were confirmed from subsequent
NOE experiments. Units a and e were identified as the p-GlcpNAc and trideoxy-
diaminomannose residues, respectively, from the '*C NMR chemical-shift values
which were diagnostic of aminodeoxyglycoses.

The sequence of O was unequivocally determined by NOE experiments (Table
V). Measurements were determined in the difference mode at 500 MHz, for which
negative NOE values were observed. Transglycosidic NOEs were observed be-
tween the anomeric and aglyconic protons of contiguous residues, establishing the
sequence of the oligosaccharide. The anomeric proton signals from units b and e
were partially overlapping; however, a distinction could be made by selectivity
irradiating the high-field portion of the signal. Intraresidue NOEs were observed
between H-1 and H-2 of each of the residues and, in addition, units b and e
showed NOEs to their respective H-3 and H-5 protons, clearly establishing their
B-anomeric configuration.
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r3.8
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T 4.4 4.2 40 3.8 3.6 34
1,2e ppm

Fig. 1. COSY contour plot for the non-anomeric ring proton region (3.2-4.6 ppm) of oligosaccharide
O1. The 1D "H NMR spectrum is shown above, and the connectivity pathway and proton assignments
for the 2-acetamido-2,3-dideoxy-3-formamido-B-D-rhamnopyranosyl residue (unit e) are indicated.

TABLE V

Nuclear Overhauser enhancement (NOE) observations for O7 and O2

Oligosaccharide “ Irradiated Observed proton Partial
proton ’ Intraresidue Interresidue sequence
0l°¢ H-1a H-2a H-2b a(l - 2)
H-1b H-2b H-3¢ b(1 - 3)e
H-3b
H-5b
H-1¢ H-2¢ H-2d c(1—-2)d
H-1e H-2e H-3b e(1-3)b
H-3e
H-5e
02 H-le H-2e H-2b
H-3e H-3b e(1 -3
H-5e
H-2e H-le
H-3e

@ See text for detailed structures. ® H-1 a denotes the H-1 proton of unit a of the oligosaccharide, as
defined in the text. € Anomeric signals for units b and e were partially overlapping; however, a
distinction could be made by selective irradiation of the high-field portion of the overlapping signal.
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unit e

Fig. 2. Structure of the B-p-Rhap2NAc3NFo-(1 — 3)-p-Man p-(1 — disaccharide moiety: oligosaccha-
ride OI; (R = a-p-GlepNAc-(1 —; oligosaccharide Q2 (R =H). Through-space connectivities are
identified by the 'H-'H NOE measurements indicated.

For O2, positive NOEs were observed at 200 MHz. Irradiation of H-1 of the
trideoxydiaminomannose residue (unit e) showed enhancements at both H-2 and
H-3 of the B-p-Manp residue (unit b), confirming the linkage at O-3 of this latter
residue. The occurrence of an interresidue NOE between H-1 of unit e and H-2 of
unit b can only occur if both glycopyranosyl units possess the same absolute
configuration, see (Fig. 2). Since the absolute configuration of the 8-Man p residue
was established as b, then it follows that the trideoxydiaminomannose residue has
a D-configuration'®.

The acyl substitution pattern of the trideoxydiaminoglycose residue was deter-
mined by selective INEPT? experiments, which identify three-bond proton—carbon
connectivities, For O2, a connectivity was observed between H-2 of unit e and the
carbonyl carbon of the N-acetyl substituent, establishing N-acetylation at C-2. In
addition, connectivities were observed between H-3 of the samec unit and the
carbonyl carbon of both the E- and Z-rotamers of the N-formyl substituent,
showing the formamido substituent to be at C-3. The accumulated data given
above establishes the trideoxydiaminomannose residue to be 2-acetamido-2,3-dide-
oxy-3-formamido-B-p-rhamnopyranose.

Mass spectrometric analysis of O1 and O2.-Positive FABMS of O/ showed a
molecular ion peak at m/z 848 [M + H] and fragment peaks arising via pathways
A~C, as defined by Dell?! (see Table VI). Peaks at m/z 742 [M — Ald] and 580
[M — HexAld] confirmed the sequence of OI, while that at m/z 204 reaffirmed
the presence of an N-acetylated, terminal D-GlcpN residue. The fragment at m /z
215 was interpreted as being from an acetamido-formamido-trideoxyhexose residue.
The presence of a fragment of mass m/z 170 [215 — 45] and the absence of a
significant peak at m/z 156 [215 — 59] indicate that the formamido function was
present at C-3 of the diamino residue!’. Pathway B and C fragments from the
[M + H] molecular ion species were also observed and helped corroborate the
structure given for O/. Fragments of m/z 377 and 366 were interpreted as being
derived from the 8 cleavage (pathway B) of the m /z 580 fragment, while those at
m/z 539 and 528 were similarly derived from the m /z 742 fragment. The intensity
of the m /z 366 fragment may have been augmented by fragments from the matrix.
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TABLE VI
Mass spectral data for O/, O2, and derived products
204 580 742 847
(260) ! (706) l 910) (1043)
01:¢ a-p-Glc pNAc-(1 — 2)-8-pMan p- (1 - 3) -a-p-Gal p-(1 - 2)-Ald
3
T 215
1 @57

B-p-Rha p2NAc3NFo

215 377 539 644
257 ‘ (461) (665) (798)
02: B-p-Rha p2NACc3NFo-(1 - 3)-8-p-Man p-(1 - 3)-a-p-Galp-(1 - 2)-Ald
Oligosaccharide FABMS Pathway ¢ Other
mode ? A B C fragment
peaks
01 + 742(3) 645(11) 760(3) 848(72)
[M] =847 580(2) 634(9) 598(3) 847(6)
216(26) 431(2) 233(10) 539(3)
215(100) 269(6) 232(3) 528(2)
205(26) 268(2) 222(7) 377(10)
204(100) 221(2) 366(24)
170(68)
01 + 742(3) 645(4) 848(100)
[M+H]ion CID-B/E 580(2) 634(2) 539(3)
m/z 848 215(4) 528(1)
204(4) 377Q2)
366(1)
170(1)
(07} - 643(28) 758(8) 847(28)
[M] =847 632(23) 596(10) 846(60)
429(13) 231(25) 671(7)
267(17) 220(16)
105(24)
(074 - 643(2) 231(1) 846(100)
[M-H] ion CID-B/E 632(2) 220(1)
m/z 846 267(1)
Permethylated + 910(5) 274(48) 1066(100)
01 706(9) 1044(41)
[M]=1043 261(94) 1012(14)
260(100) 998(32)
258(18) 984(12)
257(51) 966(5)
242(19)
228(100)
198(56)
196(15)
187(17)
184(12)

166(14)
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TABLE VI (Continued)

Oligosaccharide FABMS Pathway <4 Other
mode ? N B C fragment
peaks
02 + 539(6) 106(10) 645(57)
[M]= 644 377(15) 170(39)
215(100) 156(7)
Permethylated 655(1) 198(14)
02 461(33) 184(2)
[M] = 798 257(100)

4 Where “Ald” refers to a 4-deoxy-L-erythritol residue and “Rha p2NAc3NFo” to a 2-acetamido-2,3-di-
deoxy-3-formamido-p-rhamnose residue. Relevant molecular masses for components of OJ and O2,
together with those of the permethylated derivatives in parentheses, have been shown. ® For details,
see Experimental. ¢ Pathways as defined by Dell 2. dM/z ratio given with relative percentage
abundance in parentheses.

A collision-induced dissociation-B/E (CID-B/E) linked scan spectrum of the
positive-ion FAB molecular ion species at m/z 848 confirmed the primary frag-
mentation of O/ and also showed some secondary fragmentation. Data for the
negative-ion FABMS of OI and CID-B/E linked scan of the molecular ion species
at m/z 846 [M — H] (Table VI) support the O1 structure as given.

Positive-ion FABMS analysis of permethylated O helped to conclusively se-
quence the oligosaccharide alditol. As can be seen from Table VI, the majority of
significant fragments from the permethylated derivative resulted either from
A -type cleavage (pathway A), with or without subsequent fragmentation, or from
cleavage of the terminal alditol residue. Of the former, the most significant peak
was that at m /z 706, which confirmed the position of the branch-point within O/.
The ions at m/z 198 and 166 were interpreted as resulting from the sequential
loss of the formamido group at C-3 (as NHCH,CHO) and the methoxy group at
C-4 (as CH;0OH) from the A ,-type fragment ion of the diamino residue (m /z 257).
The analogous series (m /z 260, 228, and 196) was seen for the Glc pNAc residue.
Less significant peaks at mi/z 184 and 187 were from the elimination of the
acetamido substituent at C-2 (as NHCH; Ac) from each of the above A ,-type ions,
respectively. The 4-deoxyalditol residue at the reducing end of permethylated O
cleaved to give fragments at m /z 1012, 998, 984, and 966.

Fragmentation by positive-ion FABMS of O2 gave a molecular ion species at
m/z 645 [M+ H] and pathway A fragments at m/z 539, 377, and 215 which
resulted from sequential cleavages from the oligosaccharide alditol. A large peak
at m/z 170 and a small peak at m /z 156 were interpreted as being from the loss
of the formamido and the acetamido group, respectively, from the fragment at
m/z 215 and thus gave supporting evidence for the presence of a formamido
group at C-3 of the diamino glycose?'. Direct-probe EIMS of permethylated O2
gave, inter alia, a molecular ion peak at m/z 798 and A,-type fragments at m /z
665, 461, and 257. Once again, the ion at m/z 257 fragmented to give either a
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large peak at m/z 198 [257 — NHCH,CHO)] or a significantly smaller peak at m /z
184 [257 — NHCH ; Ac], sec Table VI.

CONCLUSIONS

From the accumulated evidence, the structure of the E. coli 0119 O-antigen is
concluded to be a high molecular weight polymer of repeating branched pentasac-
charide units having the structure:

[ 3)-a-p-Glc pNAc-(1 — 2)-B-p-Man p-(1 - 3)-a-p-Gal p-(1 = 4)-a-L-Rhap-(1 — ],
3
T

1
B-p-Rha p2NAc3NFo

The 2-acetamido-2,3-dideoxy-3-formamido-8-p-rhamnose residue has not previ-
ously been reported. However, an analogous 2,3-diaminomannuronic acid has been
found in Pseudomonas aeruginosa O :3a,b lipopolysaccharide?. Since it is possible
that the trideoxydiaminomannose residue is a major epitopic feature of the E. coli
0119 O-antigen, the synthesis of the glycose has been undertaken and its serologi-
cal relevance is being explored.

EXPERIMENTAL

Analytical methods.—Unless otherwise specified, analytical GLC-MS was done
with a Hewlett Packard 5985 GLC-MS system, operating in the EI mode and
using an OV-17 fused silica capillary column (Quadrex Corp.). The following
temperature programs were employed: A, 180°C for 2 min, then 4°C/min to 240°C
(for alditol acetates); B, 200°C for 2 min, then 1°C/min to 240°C (for partially
methylated alditol acetates); C, 180°C for 2 min, then 2°C/min to 240°C (for
peracetylated (R)-2-butyl glycosides); and D, 140°C for 2 min, then 4°C/min to
200°C (for per-O-trimethylsilylated (R)-2-butyl glycosides).

FABMS analyses were carried out using a JEOL AX505H double-focusing mass
spectrometer operating at an accelerating voltage of 3 kV and a mass resolution of
1500. Glycerol—thioglycerol (1:3) or m-nitrobenzyl alcohol were used as the
supporting matrix for underivatized or permethylated oligosaccharides, respec-
tively. The matrix was applied to the probe tip and was mixed with a solution (1
L) of the sample in water or CH,Cl,. An Xe atom beam of 6 kV was used to
sputter and ionize the sample, and spectra were calibrated with Ultramark 1621.
Collision induced dissociation FABMS—-MS experiments on [M + H] ions were
performed using He as the collision gas. Linked scans at constant B/E were
generated by the JEOL complement data system.

Samples (~ 1 mg) were hydrolyzed using 4 M TFA (1 mL, 125°C, 1 h) and the
constituent glycoses were determined by GLC-MS of their peracetylated alditol
acctate derivatives?. Acetolysis, hydrolysis (concd HCI), methanolysis, hydrofluori-
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nolysis, and mercaptolysis were performed as described'?. Methylation of samples
(~ 3 mg) was carried out by the Hakomori method?* as modified by Sandford and
Conrad?, using potassium methylsulfinylmethylide.

NMR spectroscopy.—Unless otherwise specified, spectra were obtained from
D, 0O solutions of samples at 27°C using a Bruker AM 500 spectrometer equipped
with an Aspect 3000 computer using standard Bruker software. 'H NMR specira,
recorded at 500 MHz, were obtained using a 90° pulse, a spectral width of 2.4 kHz.
Chemical shifts are expressed relative to internal acetone (2.225 ppm). Broad-band
13C NMR spectra were obtained at 125 MHz using a 90° pulse, a spectral width of
31 kHz, and WALTZ decoupling with acetone as internal reference (31.07 ppm).
ey values were determined using gated decoupling.

NOE difference spectra®® were obtained at 500 MHz or at 200 MHz using a
Bruker AM 200 spectrometer by sequential saturation of each line of a multiple
resonance for a total irradiation time of 400 ms.

Two-dimensional homonuclear chemical shift correlation experiments (COSY
and relayed COSY) were carried out as previously described?” using spectral
widths of 2400 or 900 Hz. Heteronuclear *C—'H one- and three-bond chemical
shift correlations were carried out using the CHORTLE and selective INEPT?
pulse sequences, respectively.

Preparation and properties of 0119 polysaccharide.—E. coli 0119 (JCP88, NRCC
4326 and 19392, NRCC 4325) were grown (yield 10 g wet wt /L), and the LPS was
isolated as previously described®. Partial hydrolysis of LPS (2.5 g) with acetic acid
(1.5%, 200 mL, 100°C, 2 h) gave an insoluble lipid A fraction (0.29 g) and a
carbohydrate fraction (1.83 g), which was fractionated by Sephadex G-50 gel-filtra-
tion chromatography using a 0.05 M pyridinium acetate buffer at pH 4.6. Collected
fractions (10 mL) were analyzed for neutral glycose by the phenol-H,SO,
method?*, aminodeoxyglycose by a modified the Elson—Morgan method?, and for
Kdo?® and phosphate?’, and appropriate fractions were lyophilized. The separa-
tion afforded O-polysaccharide (0.49 g) core oligosaccharide (0.43 g) and a fraction
containing Kdo and phosphate (0.30 g).
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