Carbohydrate Research, 215 (1991) 303-314 303
Elsevier Science Publishers B.V., Amsterdam

Structural studies of the Vibrio cholerae O:3 O-antigen poly-
saccharide

Tofail A. Chowdhury*, Per-Erik Jansson, Bengt Lindberg, Johan Lindberg,
Department of Organic Chemistry, Arrhenius Laboratory, Stockholm University, S-106 91 Stockholm
(Sweden)

Bjérn Gustafsson', and Tord Holme
Department of Bacteriology, Karolinska Institute, S-104 01 Stockholm ( Sweden)

(Received October 11th, 1990; accepted for publication, November 26th, 1990)

ABSTRACT

The structure of the Vibrio cholerae O:3 O-antigen polysaccharide has been investigated, mainly by
n.m.r. spectroscopy, mass spectrometry, sugar and methylation analysis, and specific degradations, and is
proposed to involve the following tetrasaccharide repeating-unit.
—2)-D-a-D-Hepp-(1 —+4)-a-L-FucpNAc-(1 - 3)-8-Sugp-(1—
3

1
1

a-Ascp

In this structure, D-D-Hep is D-glycero-D-manno-heptose, Asc is 3,6-dideoxy-L-arabino-hexose (asca-
rylose), and Sug is 2,4-diamino-2,4,6-trideoxy-D-glucose (bacillosamine) in which N-2 1s acetylated and N-4
is acylated with a 3,5-dihydroxyhexanoic acid. That the 2,4-diamino-2,4,6-trideoxy-D-glucose residue is
linked through O-3 and not through one of the hydroxyl groups in the 3,5-dihydroxyhexanoyl group is
indicated but not definitely proved. The configuration of the latter group has not been determined. The
f.a.b.-mass spectrum of the methylated O-antigen indicates that the structure given above also represents the
biological repeating-unit.

INTRODUCTION

There are some 80 serogroups of Vibrio cholerae'. V. cholerae Q:1 is the cause of
Asian cholera, and the other serogroups, commonly referred to as non-O:1 or non-
agglutinating (NAG), cause similar but less severe diseases. The three O-antigens that
have been investigated in more detail all contain unusual components. The O:1 O-
antigen is a homopolysaccharide of 4-amino-4,6-dideoxy-D-mannose, N-acylated with
(S)-2,4-dihydroxybutanoic acid’. The O:2 O-antigen contains a 5-acetamidino-7-aceta-
mido-3,5,7,9-tetradeoxy-L-glycero-L-manno-nonulosonic acid® and the 0:21 O-antigen
a D-glycero-D-manno-heptose’ residue in their oligosaccharide repeating-units. We now
report structural studies of the O:3 O-antigen polysaccharide.

* On leave from Department of Chemistry, Dhaka University, Bangladesh.
" Department of Vaccine Production, National Bacteriological Laboratory, S-105 21 Stockholm, Sweden.
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RESULTS AND DISCUSSION

Treatment of the lipopolysaccharide from V. cholferae O3 with agqueous 1%
acetic acid at 100 for 2 h. centrifugation. and chromatography of the material in the
supernatant solution on a column of Bio-Gel P-10 vielded the O-antigen polysaccharide
(PS). which was eluted with 1.1 1.6 void volumes in a yield of 6%. The void fraction
contained incompletely delipidated material together with ~ 1% of another polv-
saccharide. The pellet obtained on dehpuldmm and centrifugation was further hvdro-
lysed with 0. iw triffuoroacetic acid at 1000 for 2 b and vielded a modificd polvsaccha-
ride, formed by loss of the most acid-labile sugar component {ascarylose, see below)

An improved vield o PS (16%) was obtained when the LPS was O-deacvlated
with aqueous sodium hvdroxide in the presence of sodium dodeov sultate (SDSh
followed by ndm!ya'i,s at pH 36 for 2 b The detergeny pernts dehpidation ander
milder conditions’. Furthermore. the initial treatment with sodium ;‘;\drmzdcmcx«:ascd
the solubility of the LPS and depolymerised the contaminating RNAL >nseiuble
liptd part did not contain any polysaccharide material utter this treatment

Two major sugar components, namely. Z-amino-2.6-dideoyy-1-gatactose (tuco-
samine) and D-glycero-p-mcnno-heptose. were found in the sugar analyvsis, Smaller
amounts of 3.6-dideoxy-1 ~arahine-hexose (ascarvlose), fructose. giucose. and a hep-
tose. ientatively identified as ~glycoro-p-manro-heptose. were adse found, Ascaryviose is
a component of the repeating unit of the PS (see below), but wus partaliv released on
deliptdation and was alse degraded during the hvdrolysis under aadic condinons, The
other sugars, present i small proportions. were also {ound m the core of the O
antigen’”. The absolute configurations of these sugars were determined as devised by
Gerwig ¢ al

The anomeric regions in the 'H-n.m.r (Fig. Tyand the "Conomor (Frg D) spectra
of the PS each show four major signals, indicating a tetrasaccharide repeating-unit, The
chemical shifts of the signals from the anomeric carbons (Tuble [) show m toeach
component is pyranosidic. The 'Jo; and , yy values (Table 1) show that three sugar
restdues have an axial O-1 and one has anequatorial O-1, Mostof the signals (rom each
of the four sugar residues could be assigned from the COSY spectrum. The sets of
signals obtaimed were assigred to the sugar residues sccording o chemical shifts
coupling constants estimated from the COSY spectrum, and the presence of wmino
groups as judged from a H.C-COSY spectrum. Thus. three sugar residues with H-
signals at & 4.86, 507, and 5.25 could be assigned to the Za-dideoxy-x-1 -arabino-
hexopyranosyl. 2-amino-2-deoxy-z-1-fucopyranosyl. and 1)—%/1’\.‘»:‘.:/‘;“(;' seD-ratno-D-hep-
topyranosyl residues. respectively. The fourth H-1signal at 64037 ¢/ 83 H. mmd be
assigned to a 24-diammo-14 6-tndeoxy-p-glucopyvraneosyi r«ssiduc {see helowd that s
f-tinked

The "Conumer. spectrum contained. fnter afia. signals for carbonyl and hydroxy-
methyl groups. N-linked and methvlene carbons, and V-acetviand CH A e groups tir the
proportions 3:1:3:3:2:40 Al of these signals could not be accounted for by the three
sugars ascarylose. 1-fucosamine. and b-glveero-p-manno-heptose. An additonal spin
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Fig. 1. '"H-N.m.1. spectrum of the V. cholerae O:3 O-antigen.
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Fig. 2. “C-N.m.r. spectrum of the V. cholerae O:3 O-antigen.
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system, CH, -CH-CH,-CH-CH,-C. was detected in the COSY specirum and was
proved (see below) to be derived from a 3.5-dihydroxvhexanoyl greup. The unassigned
signals thus indicated that the fourth sugar residuc 1s 2 6-deosyhexose with iwo ammo
groups. Of the three amino groups (ong in r-fucosamine), two are acetviated and the
third is acylated with 3. 5-dihvdroxyhexanoic acid.

Methanolysis of the PS. N-acetviation. and chromatography of the product on
columns of Bio-Gel P-2 and Bondapak CI8 yielded. inter afiv. two glycosides containing
N-acetyl and CHAMe groups. as judged from their 'H-n.mur spectra. A compound from
the gel filtration. eluted in the disaccharide regron, was identificd as methyl 2-acetami-
do-2-deoxy-a-L-fucopyranoside. The "H-nm.r. spectrur of s compound elured 1o the
trisaccharide region contamned signals for equatorial H-1o NAC and CHMe i the
proportions 1:6:3. indicating that it was derived from a &-deoxvhexose that contained
two amino groups. The signals for H-3-H-5 gave a higher order spectrum. and therefore
the compound was acetylated. Assignment of its "H-n.nur. signals by a COSY experi-
ment demonstrated that it was the acetate of methyvi Zd-duimmo-2.4.6-trideoxy-x-i»-
glucopyvranoside. Because of the small amount of matertal avadable, an wocurate value
for the optical rotation of the V-acetvlated derivative could net be determuned. but «
was definitelv positive. Benzyvl 2.4-diacetamido-2.4.6-trideoxyv-x-D-glucopyranoside”
has [, + 163 Cand itis convluded that the parent sugar s 2b-diammo-24.6-trideoxy-
p-glucose.

Methylation analvsis of the PS showed terminal ascarviose. fucosamine hoked

through O-4. and heptose linked through O-2 and O-3 in the proportions 12121 No
derivative of 2 d-diamine-2 4.0-trideoxy-D-glucose was detected i this analysis

The integrals of the anomeric signals assigned to the ascarviose und 2. 4-diami-
no-2.4.6-trideoxy-f-p-ghucose residues (Fig, 3y were smaller thun those of the other two
sugars. Some ascarylose was also released on delipidation of the LPS Inthe 'Honamor
spectrum of the material from which all of the ascarviose had been cleaved by hydroly-
sis. the signal for the anomenc proton of the T 4-diammao-2de-trideoxy-f-p-glucose

residue had shifted from ¢ 4 2710441 A signalat ¢ 4.4 corresponding 1o the deficit in
ascarviose. was also given by the native PS. indwating eguimolar amounts of 2.4
diamino-2.4.6-trideoxy-n-glucose. fucosaming, and heprase. Other weak signals (big
3y most probably are derived from the core sugars. For each of the strong anomerice
signals, however. a neighbounng weak signal was detected. It was evident. from the

COSY spectrum, that the H-2 signals corresponding 1o the strong and weak anomenc

signals were also close and that the /. . values for cach par of signals were of the same
magnitude. The ascarvlose-free PS shumu the same low-intensity signals. The -
tegration of the signals *:‘('sm ihL‘ N-acyl groups showed that these were present
equimolar amounts. The most reasonable explanation of these weuak signals is that a
small portion of the glveosidic inkages in the chain of the PS was hvdrolvsed durng is
preparation.

When the PS was hvdrolysed with acid under mild conditons. i order to remove
the 3.6-didecoxyhexosyl groups. some depolymerisation alss occurred and three pro-
ducts, as their alditol-7/d dervatives 4 Cowere solated from the hvdrolvsate,
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Fig. 1. '"H-N.m.r. spectrum of the V. cholerae O:3 O-antigen.

The 'H-n.m.r.spectrum of 4 contained signals from two methylene, one N-acetyl,
and two CHMe groups, but no signals from anomeric protons. In a COSY-spectrum,
two spin systems could be observed. One of these could be attributed to protons from a
carbon chain with two methylene groups and a methyl group, as was also observed for
the PS. The (M —H) ™ ion (m/z 336) in the negative-mode f.a.b.-mass spectrum, in
conjunction with evidence discussed above, indicated that it was a 2,4-diamino-2,4,6-
trideoxy-D-glucitol-/-d, N-acylated with acetic acid and a 3,5-dihydroxyhexanoic acid.
The e.i. mass spectrum of permethylated 4 (1) confirmed this conclusion and further
determined the positions of the acyl groups.

CHDOMe

HCNMeAc

T 304272
143175 MCO(,:H
"l 260102

89131

HCNMeCOCH, CH(OMe)CH, CH(OMe)CH,

376

HCOMe 5°

| ,
CH,

Alditol B gave pseudomolecular ions at m/z 399 for (M —H)~, 401 for M +H)"
and 423 for (M +Na)® on f.a.b.-m.s. in the negative and positive mode, respectively,
indicating that it was derived from a disaccharide composed of 2-acetamido-2-deoxy-
fucose and heptose. Hydrolysis yielded D-glycero-D-manno-heptose and 2-amino-2-
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deoxy-r-fucitol-7-d. This was confirmed by the "H-n.m.r. spectrum. which. inrer alia.
showed a signal for one anomernic proton at & 492 (J, . 1.8 Hry These results, n
conjunction with evidence discussed above. show that B has structure 20 This was

further confirmed by the ¢.i-mass spectrum of permethviated £ (3

D-2x-D-Hepp-(1 -4} -FucNAc-0l-/-

3

-~
F o

Hydrolysis of € vielded 2-amino-2-deoxy-i-tucitol-/-« and v-g/veero-t-nranin-
heptose. but the 'H-n.m.r. spectrum demonstrated that it also contained the N-acyvlated
2.4-diamino-2.4 6-trideoxy-f-p-glucopyranosyl residue (Sug) and. consequently, bas
structure 4 or a similar structure in which the heptose 1 hinked through O-2

f-Sugp-(1-—-2)-p-2-b-Hepp-( 1 4)-1-FucNAc-ol- /-4,
4

The 'H-n.m.r. spectrum of (was assigned., and further confirmed the configura-
tion of the heptose and the diamino sugar residues. By comparison of ‘Henwmiy
chemical shifts of the native and the peracetylated C (Table 13 the hinkage positions
could also be determined. Thus, signals for H-2 in the heptosvt residuc and Hed mothe
2-acetamido-2-deoxviucosyi residuc were not signmificantly shifted downtield upon ace
wylation. indicating that the residues are linked through the 7 anc dpositions, respe-
tvely. Therefore, the ascarviose group must be Hinked 10 G-3 in the heptose residue. This
conclusion was confirmed by methylation analysis of the ascarviosc-iree PS. which
showed heptose linked through O-2 and fucosamme hinked through O-d 4 the propor-
tions 1115

The combined c¢vidence discussed above indicated that the PS s composed of
tetrasaccharide repeating-unity with the structure 3

- -D-z--Hepp-(1-—-d)-2-1-FuepNAc-(1 = 3)-4-Sugp-( | —
3

Y

2-Ascp
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If the L-FucNAc is linked to the 2 4-diamino-2,4,6-trideoxy-f-D-glucose residue,
as in 5, it has to be linked to O-3. Another possibility, that it is linked to one of the
oxygens of the 3,5-dihydroxyhexanoyl moiety, is not excluded, and examples of this
type of linkage are known’'°. The complete structure of the 3,5-dihydroxyhexanoic acid
was not determined, as it decomposed on attempted isolation by treatment of PS with
acid or base.

On fa.b.-m.s., in the positive mode, of permethylated high molecular weight
glycoconjugates that contain 2-acetamido-2-deoxyhexosyl residues, A -type ions are
obtained by fragmentation at these residues''. Similarily, f.a.b.-m.s. of the fully methy-
lated PS yielded, inter alia, fragment ions with m/z 994 and 622. These are the values
expected for the ions 6 and 7, respectively, which are A, ions formed from the non-
reducing end of the PS by fission at either of the amino sugar residues. These results
support the sequence of the sugars in the tetrasaccharide repeating-unit 5 given above,
and indicate that § is actually the biological repeating-unit.

(Hy

+
e}

N

CH, CH(OMe)CH,CH(OMe)CH yCONMe /
NMeAc

Asc-Hep-FucNMeAc

AcMeN
Asc-Hep-O

OMe
7

As discussed above, some glycosidic linkages were most probably cleaved during
delipidation. That the non-reducing end giving rise to the ions 6 and 7 should be formed
exclusively by such cleavage is, however, not supported by the results of the partial
hydrolysis of the PS.

Secondary fragments are not common in f.a.b.-m.s. of carbohydrates. One
exception, however, involves the A -type fragments discussed above, which eliminate
the substituent in the 3-position, either methanol or a methylated mono- or oligo-
saccharide''. A strong fragment with m/z 355 probably had structure 8 and was derived
from 6 and larger ions, formed by fission at a 2-acetamido-4-(3,5-dihydroxyhexanami-
do)-2,4,6-trideoxy-D-glucosyl residue. This result therefore implies that this residue is
actually linked through the 3-position, as indicated in 5.
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CH CHIONE ICH A CTHOMe O CON e
NATe A

2.4-Diamino-2.4.6-trideoxy-n-glucose (bacillosamine} is & component of cell
walls of Bacillus licheniforniis™ . 1tis also a component of the O-antigen from Pseudonio-
nay aeruginosa O3, v which 1t s acylated by acetic actd at N-2 and by {5)-3-hydroxy-
butyric acid at N-4 (ref. 131 3(5)L5(9)-Dihvdroxyvhexanew acid has been found in
berries of Sorbus aucuparia as the f-p-glucopyranoside of its S-lactone ™

EXPERIMENTAL

General methods, - Concentrations were performed under dimmished pressure
at < 40" or by flushing with wir at room temperature. Forg Lo a Howlett-Packard 3830
mmstrument fitted with a Jame-onisauon detector was used. Glos mas (e} was
performed on a Hewlete Packard 5970 MSD. A JEOL SX102 mstrument was used for
the Fa.b-m.s. Tons were produced by a beam of xenon atoms (4 0 keVi using a matnx
consisting of glycerol for oligosaccharides, glycerol- thioglycerol (11 for peracetviated
oligosaccharndes. and thiogiveerol for the permethylated PS.

Fractionation of glditol acetates was performed on ar HP-5 capdlary column (22
m o< 020 mm x 8.33 gm). using a temperature programme 2000 (3 nung - 250 at
27 mun.and of permethylated oligosacchanide-alditels ovan HP-1 column (12 m ~ 0.20
mm < .33 gm}. using a temperature programme 235 (2 min) - 30 w4t S omn.

Gel iltration wus performed using water contanung [ of f-butanol as irrigani

and was momtored with s differential refractometer. Hopio was performed on g

Shimadzu LCOA system mcluding o u.v, detector (195 wmy Al separanons were
wsocratic, usimg a reversed phase C18 (zBondapak) colunmeeluted with water contwining
up to 10% of acetonitrile.

Preparation of LPS and PS5, - The LPS was prepared us proeviousiy desertbed
The LPS (800 mg) was suspended 1n aqueous 0.1m sodium hydroxide contaning 2% of
SDS. sonicated for S min, and kept at room temperature tor 15 b Glacial scetic acid was
added to pH 3.6 and the solution was kept at 100 for 2 b Alter bvophilisation. the
material was washed three times with ethanol. suspended in water. and centrifuged. The
supernatant solution was then applied to a column (95 = 2 % cmbof Bio-Grel P-16 The
PS (125 mg) was eluted at 1.1 1.6 voiud volumes

Sugar and methyiation analyvsis.— A solution of the native or permethyvlated PSin
anhydrous hvdrogen fluoride was kept for 3 I at room wmperature. The hydrogen

fluoride was evaporated and the residue treated with 2u trittusroacetic acid at 1200 for 2
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h. The sugars in the hydrolysates were then converted into the alditol acetates. The
absolute configurations of the sugars were determined as described by Gerwig et al.’.

N.m.r. spectroscopy. — N.m.r. spectra of solutions in deuterium oxide were
recorded at 70° ('C) and 85° ("H), using a JEOL GX-400 or GSX-270 instrument.
Chemical shifts are reported in p.p.m., using sodium 3-trimethylsilylpropanoate-d, (6
0.00) for 'H and acetone (6 31.07) for “C as internal references. Phase-sensitive
double-quantum filter H,H-COSY, relayed H,H-COSY, and H,C-COSY experiments
were performed using JEOL standard pulse sequences. The double-relayed H,H-COSY
experiment was performed according to Bax and Drobny'”. Relayed H,H-COSY
spectra were obtained using a 30- or 60-ms delay time. For the double-relayed H,H-
COSY experiments, values of 30 ms for both delay times or 30 ms and 60 ms for delay
times one and two, respectively, were used. The ‘JC,H values for the anomeric carbon
signals were determined by an INEPT experiment using a 1.8-ms delay, and the
multiplicities for *C resonances were established via a 'H decoupled DEPT experiment,
using P, 135° and a delay time of 3.58 ms.

Partial hydrolysis.— The PS (120 mg) was treated with 0.1M trifluoroacetic acid at
100° for 1 h. Chromatography on a column (95 x 2.5 cm) of Bio-Gel P-10 gave a
polymeric, an intermediate, and a low molecular weight fraction. The last fraction,
eluted at 2.4-3.9 void volumes, was applied to a column (90 x 2.5 cm) of Bio-Gel P-2.
Compounds eluted in the range 1.3-2.1 void volumes were reduced with sodium
borodeuteride, rechromatographed on Bio-Gel P-2, and further purified by h.p.l.c.,
using a reversed phase C18 column.

Methanolysis. — The fraction of intermediate molecular weight (see above),
eluted at 1.6-2.4 void volumes, was dissolved in dry methanolic M hydrogen chloride (20
mL). The solution was kept at 85° for 15 h and then neutralised with silver carbonate.
Acetic anhydride (1 mL) was added, the solution was kept at room temperature for 4 h
and then centrifuged, and the supernatant solution was concentrated. The residue was
fractionated on a column (90 x 2.5 ¢m) of Bio-Gel P-2. Fractions were investigated by
'H-n.m.r. spectroscopy and those containing acetamido sugars further purified by
h.plc.
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