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ABSTRACT

Methylated or acetylated heptopyranose derivatives were prepared variously from L-glycero-D-
manno- and D-glycero-D-mannoe-heptopyranose, O-L-glycero-a-D-manno-heptopyranosyl-(1—3)-L-glycero-
D-manno-heptopyranose, O-L-glycero-a-D-manno-heptopyranosyl-(1 —7)-L-glycero-D-manno-heptopyra-
nose, and O-L-glycero-a-D-manno-heptopyranosyl-(1—7)-0-L-glycero-a-D-manno-heptopyranosyl-(1 - 3)-
L-glycero-D-manno-heptopyranose, which are structural elements of the heptose region of enterobacterial
lipopolysaccharides. Each derivative was investigated by g.l.c. and g.l.c.~m.s., and the retention times and
fragmentation patterns were used to identify partial structures of the heptose region of the core oligosaccha-
ride of bacterial LPS.

INTRODUCTION

3-Deoxy-p-manno-2-octulosonic acid (Kdo) and heptose, reported as L-glycero-
p-manno- (1) and D-glycero-D-manno-heptose (2), are common constituents of many
bacterial lipopolysaccharides (LPS)". Usually, these sugars are constituents of the
so-called inner core region, but, in Vibrie cholerae O:21, D-glycero-D-manno-heptose has
been reported’ as part of the O-specific chain. Some LPS lack heptose, such as those
from enterobacterial Re mutants or bacteria remote from the Enterobacteriaceae”.

Several investigations of the structure of the heptose part of the inner core region
from different LPS have been published. One of the best known structures is that from
Salmonella minnesota R60 (Ra-core)', where the trisaccharide O-L-glycero-a-D-manno-
heptopyranosyl-(1—7)-O-L-glycero-a-D-manno-heptopyranosyl-(1 - 3)-L-glycero-D-
manno-heptopyranose (7) was identified. This constituent carries phosphate and 2-
aminoethyl diphosphate substituents. The trisaccharide 7 has been suggested to be
present in LPS of other bacteria, and the partial structure O-L-glycero-a-D-manno-
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heptopyranosyl-(1 — 3)-L-glycero-D-manno-heptopyranose (5) was found in the rough
mutants Rc and Rd, of S. minnesota. Structures different from the heptose region of S.
minnesota and Escherichia coli strains were identified in other bacterial species, e.g., in
V. ordalii®, where four heptose residues were found, in Aeromonas salmonicida®, in which
5is substituted by a third L-glycero-D-manno-heptose at position 2 of the second heptose
in the main chain, and in Proteus mirabilis’, where the disaccharide O-L-glycero-a-D-
manno-heptopyranosyl-(1 - 4)-L-glycero-D-manno-heptopyranose was detected.

Analysis of the structure of the heptose region is difficult since it is substituted
with (pyro)phosphate groups to various extents and at different positions, and bound to
the Kdo region. The heptose-Kdo and inter-heptose linkages are rather stable, whereas
the Kdo linkages are acid-labile. Therefore, methylation analysis requires special
conditions. Following investigations'® on the Kdo region by g.lc~m.s. and n.m.r.
spectroscopy, systematic studies of the heptose region have been started. Compounds 1,
2, 5, O-L-glycero-a-D-manno-heptopyranosyl-(1— 7)-L-glycero-D-manno-heptopyrano-
se (6), and 7 were used for acetylation, methylation, and methylation analysis, in order
to provide standards for the methylation analysis of natural LPS, and the g.l.c. and
g.l.c—m.s. data are now reported.

EXPERIMENTAL

The syntheses of L-glycero-D-manno-heptopyranose (1), D-glycero-D-manno-hep-
topyranose (2), O-L-glycero-a-D-manno-heptopyranosyl-(1—3)-L-glycero-D-manno-
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TABLE I

Relative retention times (7) of derivatives in g.l.c,

Compound T Compound T
3 1.76 18 0.26
4 1.81 19 0.21
8 3.92/3.95 20 0.39
9 3.96 21 0.61
10 5.32/5.42 22 0.71
11 2.88 23 1.03
12 2.93 4 1.11
13 4.44 27 2.78
16 2.05 28 2.87
17 1.95 30 4.55

“ Relative to a-D-glucopyranose penta-acetate, T 1.00.

heptopyranose (5), O-L-glycero-a-D-manno-heptopyranosyl-(1— 7)-L-glycero-p-man-
no-heptopyranose (6), and O-L-glycero-a-D-manno-heptopyranosyl-(1-7)-0-L-glyce-
ro-a-D-manno-heptopyranosyl-(1 — 3)-L-glycero-D-manno-heptopyranose (7) have been
described®'.

Reduction with NaB°H, was done conventionally, as was acetylation with pyri-
dine-acetic anhydride (1:1, 30 min, 100°). Methylation was performed according to the
modified" Hakomori'? procedure, followed by purification on SEP-PAK C,; cartrid-
ges"”. Reduced and methylated oligosaccharides were hydrolysed in 2M trifluoroacetic
acid (2 h, 120°). Methylated LPS was methanolysed in methanolic M HCl for 16 h at 85°.

Derivatisation of 1, 2, and 5-7 for g.l.c.—m.s.— All T values are relative to that of
a-D-glucopyranose penta-acetate and are shown in Table 1. Acetylation of the heptoses
1 and 2 gave the hexa-acetates 3 and 4, respectively. Saponification (methanolic 0.25M
sodium methoxide, 15 min, room temperature) of 3 and 4 followed by reduction
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(NaB’H,) gave the (1-°H)heptitols 14 and 15, respectively, which, after acetylation or
methylation, yielded 16-19. All derivatives were identified by e.i.- and c.i.(ammonia)-
m.s. (data not shown). Acetylation of the disaccharides 5 and 6 gave the deca-acetates 8
and 9, respectively, and likewise the trisaccharide 7 gave the tetradeca-acetate 10, which
were identified by g.l.c. and g.l.c—m.s. Methylation of 8-10 gave 11-13. Compounds
5-7 were reduced with NaB’H, to give the corresponding (1-*H)alditol derivatives 25,
26, and 29 that were methylated to afford 27, 28, and 30, respectively, which were
identified by g.l.c. and g.l.c.-m.s. Hydrolysis, reduction with NaB’H,, and acetylation
gave the heptitol derivatives 20 and 22 from 27, and 21 and 22 from 28. Likewise, 13 gave
22-24,

G.l.c. was performed with a Varian 3700 gas chromatograph equipped with a
flame-ionisation detector and a fused-silica capillary column (25m x 0.32mmi.d.) with
chemically bonded SE-54 (0.2 um; Weeke, Miithlheim); the carrier gas was H, (1.5 bar).
Temperature programmes: 140° for 3 min, then 3°.min™ — 250° for methylated and
acetylated heptopyranoses and partially methylated and acetylated heptitols; 150° for 5
min, then 5°.min™" — 300° for reduced and methylated oligosaccharides. G.l.c.—m.s. was
carried out on a Hewlett—Packard instrument (Model 5985) equipped with an SE-54
column and an HP-1000 data system. E.i.-mass spectra were recorded at 70 eV, and
c.i.-mass spectra were obtained with ammonia as reactant gas. The ion-source temper-
ature was 200°.
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RESULTS AND DISCUSSION

G.le. and glc—m.s. of the disaccharide derivatives 8, 9, 11, and 12, and the
trisaccharide derivatives 10 and 13. — The e.i.-m.s. data for 8-10 are summarised in
Table I1. Most of the prominent peaks were derived from the ion at m/z 403, which was
the base peak in the spectrum of 9. The loss of two acetates and a ketene gave the ion at
m/z 241 (base peak in the spectra of 8 and 1), from which the daughter ions at m/z 199
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(—42) and 181 (— 60) were derived. The ion at m/z 139 may originate from that at m/z
199 (—60) and/or from the ion at m/z 181 (—42). After elimination of a ketene (—42),
an ion at m/z 97 was obtained. The peak at m/z 157 was derived from that at m/z 199
{—42) and led to the appearance of ions at m/z 97 (—60) and m/z 115 (—42). All
fragments appeared in the e.i.-mass spectra of 8-10, with different intensities. Com-
pounds 8 and 9 were identified by their base peaks (ions at m/z 241 for 8 and m/z 403 for
9). The e.i.-mass spectra of 8 and 10 differed in that several fragments of 10 had lower
intensities than those of 8. In ¢.i. (ammonia)-m.s., only the mol. wt. of 8 and 9 could be
determined ((M + 18]%, 840). Direct inlet probe-c.i.-(ammonia)-m.s. (d.i.p.-m.s.) of 10
revealed only fragment 32 (m/z 763) as the highest mass; therefore, determination of the
mol. wt. was not possible.

Thee.i.-m.s. data of 11-13 are summarised in Table 111. Besides theions at m/z 73,
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TABLE 11

E.i.-m.s. data for 8-10

Compound Mol wt. m/z (% of base peak)

8 822 45 (6.6/9.2), 69 (14.2/7.4),
71(12.7/3.0), 73 (21.2/21.6),
81(17.1/10.6), 85 (19.1/11.0),

97 (45.8/30.1), 99 (75.8/5.4),

101 (6.4/3.8), 103 (31.4/19.0),

110 (23.0/14.5), 111 (50.5/18.7),
115 (40.1/25.8), 127 (13.3/3.2),
139 (81.1/53.9), 145 (16.9/15.6),
152 (11.6/10.7), 153 (47.2/15.7),
157 (13.7/11.0), 181 (35.1/24.8),
199 (14.4/11.5), 241 (100.0/100.0),
242 (12.0/11.1), 403 (28.3/24.9).

9 822 45 (8.4), 69 (10.3), 73 (10.4),

81 (11.4), 85 (12.9), 97 (38.2),
103 (21.8), 110 (14.7), L11 (29.5),
115 (33.5), 139 (64.5), 145 (13.9),
152 (13.1), 153 (17.5), 157 (13.9),
181 (31.6), 199 (14.6), 227 (12.2),
241 (69.2), 403 (100.0).

10 1182 45 (25.7/11.7), 97 (48.6/30.6), 103
(24.8/20.7), 110 (22.0/12.6), 111
(27.5/17.1), 115 (22.9/14.4), 127
(19.3/15.3), 139 (87.2/79.3), 153 (29.4/
18.0), 181 (33.0/22.5), 199 (22.9/23.4),
241 (100.0/100.0), 403 (48.6/37.8)

TABLE I

E.i-m.s. dafa for 11-13

Compound Mol wi. m/z (% of base peak)

1 542 45 (16.6), 59 (15.8), 71 (13.8), 75
(38.1), 88 (53.1), 89 (37.6), 101
(100.0), 111 (17.5), 145 (65.7), 175
(15.7), 199 (22.0), 263 (23.8), 323
(10.1)

12 542 45 (15.3), 59 (12.0), 71 (11.6), 73
(13.6), 75 (100.0), 88 (97.1), 89
(30.8), 101 (96.6), 111 (10.6), 145
(7.6), 199 (19.3), 263 (27.4), 323
(12)

13 790 45 (15.5), 59 (13.0), 71 (16.0), 73
(11.4), 75 (57.6), 88 (61.9), 89
(40.2), 101 (100.0), 111 (19.4), 145
(34.8), 175 (13.5), 199 (25.6), 263
(18.7),323 2.2)
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TABLE IV

E.i.-m.s. data for 27, 28, and 30

Compound  Mol. wt. m/z (% of base peak)

27 559 45 (21.7), 59 (15.5), 71 (10.3), 75
(22.1), 88 (39.3), 89 (38.2), 90
(10.6), 101 (100.0), 102 (7.2), 111
(12.9), 128 (13.4), 145 (20.0), 146
(6.2), 199 (23.6), 231 (6.1), 280
(11.5), 340 (3.9)

28 559 45 (13.8), 59 (9.0), 71 (22.7), 75
(31.6), 88 (38.2), 89 (23.6), 90
(20.7), 101 (100.0), 102 (14.5), 111
(17.0), 128 (3.6), 145 (6.8), 146
(15.5), 199 (23.7), 231 (7.1), 263
(10.3), 280 (21.8)

30 807 59 (12.9), 71 (13.9), 75 (30.7), 88
(51.5), 89 (45.5), 90 (9.7), 101
(100.0), 102 (6.0), 111 (13.3), 128
(14.3), 145 (19.9), 199 (32.1), 231
(8.9), 263 (19.2), 280 (20.0), 340
(6.1)

75, 88, and 101 (base peak in the spectra for 11 and 13;ions H,, J 2, H/%, and F?, see ref.
14), an A-series' was present, starting with 31 (m/z 263), which resulted in the daughter
ions at m/z 231 (—32) and 199 (—64). The e.i.-mass spectra of 11-13 contained a
J,-fragment'® at m/z 323 (263 + 60, small intensity for 13). Differentiation of 11 and 12
was possible by the intensities of ions at m/z 145 (65.7% for 11, 7.6% for 12) and 88
(53.1% for 11, 97.1% for 12). The mol. wts. of 11-13 were verified by c.i.(ammonia)-
m.s., where ions at m/z 560 [(M + 18)*, for 11 and 12] and 808 (for 13) were identified.

G.l.c. and g.l.c—m.s. of the disaccharide-alditols 27 and 28, and the trisaccharide-
alditol 30. — Table IV summarises the e.i.-m.s. data. Typical for 27 and 28 were ions at
m/z 280 (from the alditol chain) and 263 (31). The ion 31 afforded daughter ions at m/z
231 (—32) and 199 (—64), which were also intense, whereas the ion at m/z 280 gave
peaks of low intensity at m/z 248 (—32) and 184 (—96). The expected J,-fragment (m/z
340) could not be identified for 28. A poor fragmentation of the alditol chain was found
for 27 and 28. The mass spectra of these two derivatives were very similar; however, the
missing J,-fragment in e.i.-m.s. of 28 could allow differentiation.

The ion at m/z 280 and its J, fragment at m/z 340 were present in the mass
spectrum of 30. Furthermore, 31 was present (/2 263), and its fragments at m/z 231 and
199. The ion 33 at m/z 511 gave the daughter ions at m/z 479 (—32) and m/z 415 (—96).
The molecular weights of 27, 28, and 30 were confirmed by c.i.(ammonia)-m.s., by the
appearance of the ion for (M + 18)*.

Methylation analysis of 13, 27, and 28. — The relevant ¢.i.-m.s. data are summar-
ised in Table V. The fragmentation of compounds 20-24 was essentially the same as
described" for partially methylated hexitol acetates.
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Thus, the identification of 1 and 2 as constituents of LPS is possible by g.l.c. and
g.l.c—m.s. Reduced or non-reduced, methylated or acetylated derivatives are suitable
for such studies. Furthermore, the results show that the disaccharides § and 6 and the
trisaccharide 7 can be distinguished by g.1.c.-m.s., in the methylated or acetylated form.
The structure 12 was identified as a component of natural LPS from S. minnesota R 345

TABLEV

E.i.-m.s. data for 20-24

Compound Mol wt. m/z (% of base peak }

20 339 45 (17.8), 46 (4.9), 75 (35.6), 88
(16.7), 89 (34.9), 90 (74.4), 101
(100.0), 114 (17.8), 129 (10.0), 145
(13.3), 158 (22.2), 174 (3.9), 206
(34.4), 250 (26.7).

21 339 45 (22.4), 46 (19.8), 75 (14.4), 88
(17.8), 90 (34.4), 101 (100.0), 102
(22.9), 117 (68.9), 131 (14.0), 134
(14.0), 146 (37.3), 161 (21.1), 178
(14.4), 205 (4.0), 222 (2.7), 249
(2.4),279(< 1)

22 367 45 (17.0), 59 (24.8), 75 (37.0), 88
(22.4), 89 (100.0), 101 (75.9), 102
(81.0), 113 (18.9), 118 (98.1), 128
(17.9), 162 (24.7), 205 (25.1)

23 395 45 (11.1), 59 (13.5), 89 (32.8), 100
(10.5), 101 (28.6), 118 (100.0), 128
(18.8), 202 (12.0), 205 (9.2), 234
az.mn

24 395 45(9.7), 75 (14.8), 85 (13.8), 88
(21.3), 101 (48.8), 102 (100.0), 117
(86.9), 118 (80.1), 127 (19.0), 143
(18.8), 159 (14.5), 162 (38.3), 233
(15.5), 277 (8.6)
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by g.l.c. and g.l.c.—m.s. after methylation, methanolysis, and methylation, in compari-
son with the synthetic compound.
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