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ABSTRACT 

The structure of the Vibrio mimicus W-26768 O-antigen polysaccharide has been investigated by 

sugar and methylation analyses, Smith degradation, and NMR spectroscopy. It is proposed that it is 

composed of chains of p-(1 + 4).linked 3,6-dideoxy-3-[(R)-3-hydroxybutyramido]-D-glucopyranosyl 

residues (o-Quip3NR), - 60% of which are substituted in the 2-position with 2-acetamido-2-deoxy-a- 

D-galactopyranosyl groups. The polysaccharide does not seem to be composed of oligosaccharide 

repeating units but has a less regular structure, schematically indicated below. 

+ 4)-P-o-Quip3NR-(I 4 4)P-D-Quip3NR-(1 + 4)-P-D-Quip3NR-(I + 
2 
t : 
1 1 

cY-D-GalpNAc a-D-GalpNAc 

INTRODUCTION 

A bacterium, identified as Vibrio mimicus and given the number W-26768, was 

isolated from diarrhoeal patients at the ,treatment center of the International 
Center for Diarrhoeal Disease Research, Bangladesh (ICDDR,B) in Dhaka’. The 
lipopolysaccharide (LPS) was isolated from this strain by conventional methods2, 
and we now report structural studies of this material. 

RESULTS AND DISCUSSION 

The LPS was treated with aqueous 1% acetic acid at 100°C and the product, 
after conventional work-up, was fractionated on a column of Bio-Gel P-4. One 
fraction (PSI was eluted shortly after the void volume, followed by a second (CPS). 
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” Conventional sugar analysis. ” Analysis after solvolysis in liquid hydrogen fluoride. 

Sugar analyses of these fractions (Table I>, by GLC of the derived alditol acetates, 

showed the presence of b-glucose and L-~~~ce~~-o-marz~zo-heptose f~-o-Hep) in the 
CPS, and these sugars, 2-amino -2-deoxy-b-galactose: and two further components 

in the PS. The results indicate that the first fraction consists of the O-antigen 

linked to the core, and that the second is the core. The absohrtc conf~~urati~)ns of 

the sugars were determined as devised by Gcrwig et al.‘.‘. GLC-MS of the two 
unknown alditol acetates demonstrated that one was a 3-acetamido-3,&dide- 
oxyhexitol tetraacetate and the other an analogous 3-acetoxybutyramido derivative. 

After solvolysis, in liquid hydrogen fluoride, of a product (PSHF, see below) in 

which the O-antigen part of the PS had been enriched, 2-acetamido-2-deoxy-u- 
galactose and another component were isolated. On borohydride reduction and 

acetylation, the latter gave the 3-amin~-3,6-dideoxyhexit~)l derivatives mentioned 
above. As amide linkages are not cleaved during the solvoIysis, these results 

demonstrate that the 2-amino-2-deo~-~-gaiactosc in the F’S is IV-acetylated and 

the J-amino-3&dideoxyhexose is N-acylated by a hydroxybutyric acid. A sugar 
analysis of the PS, using solvoIysis in liquid hydrogen fluoride instead of hydrolysis 
with acid (Table I), confirmed this result. 

The acid was isolated from a hyd~~iysate of the PS by extraction with ethyl 
acetate. The ‘I-I NMR spectrum was identical with that given by authentic 
3-hydroxybutyric acid, with signals at S 4. I5 (m, 1 H), 2.35 Cm, 2 HI, and 1.20 (d, 3 

H>. The acid was transformed into the 3-O-trifluoroacetyl derivative of its methyl 
ester, which had the same retention time in GLC on an FS-LIPODEX A column 
as the authentic (RI derivative, but was well separated from the corresponding (S) 
form. 

The ‘H NMR spectrum of the 3,6-didcoxy-3-[lR)-3-hydroxvbutyramido]hexose 
was fully assigned (Table II), and from the coupling c(~ns~nts it is evident that the 

sugar has the &co configuration. The value for the specific rotation, [tr]t, + 15’ 
(C 0.3, HzO), is not very accurate but demonstrates that the sugar is a 
r%&~ose derivative, namely, 3,6-dideo,xy-3-I( R)-3-hydro~butyramidol-D-Flucos~ 
(D-Qui3NR). 

The PS was treated with aqueous 48% hydrogen fluoride for 24 h at 3”C, and 
the product was reduced with sodium borohydride and then fractionated on a 



TABLE II 

‘II NMR chemical shifts (ppmf and coupling constants (Hz) for 3,6-dideo~-3-[(~~3~bydro~- 
b~~arnido]~- and -/3-n-glucose 

H-l H-2 H-3 H-4 H-5 H-6 f1.2 J2,3 J3.4 J4,5 J&b 

(Y Anomer 5.19 3.61 4.07 3.17 3.95 1.26 3.4 7.0 10.4 9.9 6.2 
/3 Anomer 4.72 3.27 3.87 3.17 3.58 1.29 7.5 8.0 10.2 8.2 6.3 

column of Rio-Gel P-2. A main fraction CPSHF) was eluted shortly after the void 
volume, followed by a smaller fraction (CPSHF). Sugar analyses of these fractions 
(Table I>, using solvolysis with liquid hydrogen fluoride, showed that PSHF was 
composed of the two amino sugars, and CPSHF of D-glucose and L-D-Hep. A 
comparison of the ‘H NMR spectrum of PSHF (Fig. 1) with that of PS showed that 
the typical signals assigned to the amino sugars were essentially unaffected by the 
treatment with aqueous 48% hydrogen fluoride, but that signals caused by other 
sugar residues were considerably reduced. The O-antigen polysaccharide was 
consequently released from the core by this treatment. 

The results of the methylation analyses of PS and PSHF (Table III), performed 
using solvolysis of the methylated polysaccharides in liquid hydrogen fluoride, 
show that the O-antigen polysaccharide is composed of terminal 2-acetamido-2-de- 
oxy-o-galactopyranosyl groups, o-Qui3NR residues linked through O-4, and 
residues of the same sugar linked through O-2 and O-4, NMR evidence (see 
below) shows that all residues are pyranosidic. The molar proportions, estimated 
from the flame-ionisation detector response and use of effective carbon response 
factors6, are not expected to be very accurate for these st~cturally different 
derivatives. An unusually high percentage of the amino sugars were not N-methyl- 
ated in these analyses. 

TABLE III 

Methylation analysis of poiysaccharide fractions from V&tie mimicus W-26768 

Sugar ’ IR 
b Mole % 

2,3,4,6Glc 1.00 

PS 

11.7 

PSHF CPS 

42.5 
2,3,4,6,7-Hep 1.42 21.8 
3,4,6-GalNAc 1.77 25.8 30.5 
~,3~4,6-GalNAc 2.00 10.8 17.7 
2,6Hep 2.13 8.2 35.7 
2,3-QuiNR 2.43 10.8 11.8 
2-QuiNR 2.48 5.2 6.4 
3-QuiNR 2.66 21.5 33.7 

’ 2,3,4,6-Gic = 2,3,4,6-tetra-Q-methyt-D-glucose, etc. ’ Retention time of the corresponding alditol 
acetate, relative to 1,5-di-O-acetyl-2,3,4,6-tetra-O-methyI-n~gIucitol, on a DB-225 fused-silica capillary 
coiumn at 190°C. 
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Fig. I. 500-Mfiz ‘11 NMR spectrum of the K rniruiws W-2676?! O-antigen polywccharide (PSHF). 

PSHF was subjected to a Smith degradation7. It was evident from the ‘H NMR 
spectrum of the polymeric product that it contained solely r~-Qui3NR residues. A 
single signal in the region for anomer~c protons, at 6 4.47, Jr,, 7.3 Hz, demon- 
strated that these residues are P-linked. Methyl~~ti~~n analysis of the product 
showed that they are finked through O-4. 

The ‘H NMK spectrum of PSHF (Fig. I showed, it&zr ml&, signals for anomeric 
protons at 8 5.30 (I H), 4.61 f 1.2 HI, and 4.46 (0.S H); for methylene groups at S 
2.40 (3.4 H); for N-acetyl groups at is 2.05 (2.8 HI; and for C-methyl groups at 6 
1.33 (5.9 H) and 1.23 (5.9 HI. The “C NMK spectrum (Fig. 2) was in qualitative 
agreement with these results and showed, infer u&r, signals for carbonyl groups at 
6 175.21 and 174.83; for anomeric carbons at 6 103.55, 103.04, and 05.84; for a 
hydroxymethyl group at 6 62.06; for carbons linked to nitrogen at 6 56.15, 54.66. 
and 50.13; for C-2 of the 3-hydroxybutyryl group at ci 46.24; for N-acetyl at 6 
23.01; and for C-methyl groups at 6 18.32 and 1X.05. Most of the signals in the ‘H 
NMR spectrum could be assigned by COSY and relayed COSY experiments 
(Table IV). The signafs for anomeric protons and carbons were correlated from an 
HMQC experiment, and the I,..,,,,_! values determined. The results of the NMK 
experiments show that u-GalpNAc is cu-linked and n-Quip3NK p-linked. 

Bacterial pofysaccharides arc generally composed of oligosaccharide repeating 
units, hut several signals in the ‘H NMR spectrum of PSHF were broad ot 



L. K&me et al. / Carbo~ydr. Res. 243 (1993) 131-138 135 

PPM /t t ),N I ,I II,> I / /I I / ,I Tiili I,, I I /I, 

180 160 140 120 100 80 SO 40 20 

Fig. 2. 13C NMR spectrum of the I! mimicus W-26768 O-antigen polysaccharide (PSHF). 

appeared as pairs, with small differences in chemical shifts between them. This is 
typical for a less regular structure. The values of the integrated signals in the ‘H 
NMR spectrum also indicate - 0.6 cY-o-GalpNAc groups per one @-o-Quip3NR 
residue. 

From the combined result, it is thus concluded that the O-antigen polysaccha- 
ride from the V&i0 ~iinicus W-26768 LPS is composed of chains of p-(1 - 4) 
linked 3,6-dideoxSi-3-[(R)-hydroxybutyramido]-D-glu~opyranosyl residues, -. 60% 
of which are substituted in the 2-position with ~-acetamido-2-deo~~-D-galac- 
topyranosyl groups. The results are not consistent with a structure composed of 
repeating units, but with a less regular structure schematicaliy represented below. 

+ 4)-p-o-Quip3NR-(1 + 4)-/3-D-Quip3NR-(1 -+ 4)-P-u-Quip3NR-(1 -+ 
2 2 
t t 
1 1 

ar-o-GalpNAc cr-o-GalpNAc 

TABLE IV 

Protan chemical shifts (ppm) and .fC_l.H_l (Hz) values for the sugar residues in the vibrio mimicus 
W-26768 O-antigen polysaccharide 

Residue H-l H-2 H-3 H-4 H-5 H-6 C-l JC-1.H.I 

ru-D-GaipNAc_(l * 5.39 4.19 3.68 3.9 4.15 3.86 3.79 95.8 178 
-+ 2,4)~~-~-Qui~3NR-(l + 4.61 3.43 4.11 3.66 3.63 1.34 103.0 165 
-+ 4)-P-D-Quip3NR-(1 --) 4.46 3.28 3.92 3.47 3.69 1.34 103.6 160 
-COCH,CHtOH)CH, 2.40 4.21 1.23 



The cleavage of the O-antigen ~lysaccharjde from the core on trca~ent with 
aqueous 48% hydrogen fluoride was fortuitous, but there is no indication of the 
type of linkage that was actuaily broken during this treatment. 

General methods. -Concentrations were performed under diminished pressure 
at < 40°C or at room temperature by flushing with air. For GLC, a Hewlett- 
Packard 5830 instrument, a came-i~ll~sation detector, and a DB-225 fused-silica 
capillary column were used. Effective carbon response factors” were used for 
calculation of the molecular proportions of aIditol acetates and partialIy meth- 
ylated alditul acetates. GLC-MS was performed on a Hewlett-Packard 50711 

instrument. 
NMR spectra of solutions in D,O were recorded at 70°C (‘“C) and 85°C (‘f-I), 

using a Varian Unity 5OU, JEOL GX-400, or (3X-270 instrument. Chemicai shifts 
are reported in ppm, using acetone (8 31.07) for 13C and sodium 3trimethyl- 
silylpr~pan~~ate~~~ (8 O.Klf for ‘H as internal references. The 2-D experiments 
were pcrfornled using standard pulse sequences available in the JEOL software. 

Fractionations on Bio-Gel, using water containing 1% of I-hutanoi as irrigant. 
were monitored with a differential refractometer. Optical rotations were measured 

at room temperature (- 22°C) with a Perkin-Elmer 241 instrument. 
~‘~~~ff~~~j~~~ of tire PS. ---The LPS (600 mg) in aq 1% acetic acid (4110 mL) was 

kept for 90 min at IOtYC, cooled, and centrifuged. The s~lper~latant solution was 
extracted with diethyl ether, freeze-dried, and fractionated on a cofumn (90 x 2.6 
cm) of Rio-Gel P-IO. Two fractions, PS (200 mg) and CPS (SO mg), were obtained. 

Trea t~~e~~ with ~~u~~i~.~ ~ly~~r~~e~~ f&wide. -The PS it30 mg) was dissolved in aq 
48% HF (2 mLI and kept for 24 h at 4°C. ~~iethyl ether (6 mLf was added and the 
HE’-dicthyl ether removed by flushing with air. The procedure was repeated twice 
and the fast traces were removed under reduced pressure. The product in water (2 
mLI was treated with NaBH, (SC) mg) for 2 h at room temperature. After 
c~nventi(~~al work-up, the product was fractionated on a column of Bio-Gel P-2. 
Two fractions, PSHF (47 mg) and CPSHF (9 mg), were obtained. 

Sugar and methylation unaly.srs. -A solution of the polysaccharide ( - 1 mg) in 2 
M aq CF,C02H (0.5 mL1 was kept in a closed vial at 120°C for 3 h. The sugars in 
the hydrolysate were then converted into alditoi acetates by conventional methods. 

McthyIati~n analyses were performed as previously described’. Products were 
recovered by reversed phase chr~mat~graplly on Sep-Pak C,, cartridges”. The 
permethylated material was hydrolysed with 2 M aq CF,CO,W at 120°C for 3 h. 
The partially methyI~tcd sugars in the hydr(~iys~te were then converted into their 
alditol acetates by conventi~nai methods. 

The hydr~Iysis of p~tysaccharides and methyl~ted p~lysaccharides was also 
replaced by solvolysis with anhyd HF. The sample t. w 1 mg) was dried (P,O,), 
dissolved in anhyd HF (- 1 mL1, and kept for 3 h at room temperature. The tfF 
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was evaporated, and the residue treated with aq 50% acetic acid for 8 h at room 
temperature, and concentrated. 

Isolation of monomeric sugtatx-In a separate experiment, PSHF (3 mg) was 
solvolysed as above and the resulting sugars were separated on a column (90 x 2.6 
cm> of Bio-Gel P-2. Two components, identified by ‘H NMR spectroscopy as 
n-Qui3NR and n-GalNAc, were obtained. 

I~e~ti~cution of ~R~-3-~~~ro~~u~~c acid, -The PS (10 mg> was treated with 2 
M CF,CO,H (5 mL) for 4 h at 12o”C, the solution concentrated, and the product 
extracted with EtOAc (5 X 3 mL). The extract was dried (MgSO,), concentrated, 
and dissolved in M methanolic HCl. This solution, in a sealed tube, was kept at 
80°C for 16 h, neutralised with Ag,CO,, and centrifuged. The supernatant solution 
was concentrated by flushing with air at 10°C and dissolved in a mixture of 
tri~uoroacetic ~hydride (50 FL) and CH,Cl, (ZOO y L). The mixture was kept, in 
a sealed tube, at 100°C for 60 min, concentrated as above, dissolved in EtOAc, and 
analysed by GLC on an FS-LIPODEX A column. The product had the same 
retention time as authentic methyl CR)-3-trifluoroacetoxybutyrate, but was well 
separated from the corresponding (.S) derivative. The mass spectra, obtained by 
GLC-MS on an HP-5 column, of the product and the authentic derivative were 
identical 

Smith &g~adation. -A solution of the PSHF (5 mg) and sodium metaperiodate 
(45 mg> in 0.1 M sodium acetate buffer of pH 3.9 (5 mL) was kept in the dark for 
30 h at 4°C. Excess of periodate was reduced with ethylene glycoI(O.1 mL>, NaBH, 
(200 mg) was added, and the solution was kept for 16 h at room temperature. After 
conventional work-up, the polyal~ohol was isolated by chromatography on a 
column (90 X 2.6 cm) of Bio-Gel F-2. A solution of the polyalcohol in 0.5 M 
CF,CO,H (2 mL) was kept for 90 h at room temperature, diluted with water (25 
mL), and freeze-dried. The product was fractionated on the same column, giving a 
polymeric (2 mg> and a low molecular weight fraction (1 mg). 
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