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ABSTRACT 

A pure lipopolysaccharide was isolated from Vibrio clzolera Ogawa G-2102. 

After removal of the lipid, the polysaccharide (PS) could be resolved on a column of 

Sephadex G-75 into antigenic PS and the core PS. Results of the structural in- 

vestigations on these components are discussed_ 

INTRODUCTION 

A structural study of a polymeric material in the lipopolysaccharide (LPS) 

of Vibrio clzolera has been reported ‘, but its proportion in the LPS was not carefully 

determined. Redmond’ estimated the proportion of this polymeric material in LPS 

to be only 14%. He and co-workers3 found that, when LPS from V_ cholera was 

heated with 1% acetic acid, the immunological activity of the LPS gradually di- 

minished. Several other groups 4- lo also studied the LPS of V. cholera in 2 preliminary 

way. In our earlier communications”*‘2, we reported the results of detailed, structural 

studies on the O-antigen of Vibrio clzolera, Inaba 569B. Because O-antigens are 

present in the endotoxic lipopolysaccharides located in bacterial cell-walls, and as 

easy interconversions of serotypes of Vibrio dzolerae (Inaba to Ogawa, and vice versa) 

are possible, it was of interest to study the structure of the O-antigen present in the 

LPS of a strain of V. cholera serotype Ogawa. We now report the results of our 

investigation of the O-antigen of V. cizolera Ogawa G-2102. 

RESULTS AND DISCUSSION 

Cells of Vibrio cholera Ogawa G-2102 were obtained from an 18-h growth of 
the strain on nutrient agar in roll bottles, and were then digested with 1: 1 (w;w) 

phenol-water for 45 mm at 65”. The LPS was liberated and was present in the 

*Applied Chemistry Division, Indian Jute Industries’ Rexarch Association, Calcutta-700088, India. 
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Test tube no. - 

Fig. 1. Fractionation of the products obtained after delipidification of the LPS, using a column 
(1 m x 3 cm) of Sephadex G-75. 

aqueous layer of this digest; it was fractionated with cetyltrimethylammonium 
bromide, and isolated by the procedure of Pant and Shrivastavar3. The protein- and 
nucleic acid-free LPS had [z]!&~ ~53” (Me$O)_ The LPS was further purified 
by dissoiving it in 0.25&r sodium chloride solution, removing the fine, insoluble 

matter by centrifugation, and precipitatin, m the LPS from the supernatant liquor 
with ethanol (3 vol.). A solution of the LPS in distilled water was dialyzed against 

distilled water, and then lyophilized. The product had [cx]& +52O (Me,SO). A 
small peak at 1735-1730 cm-’ in the ix. spectrum (KBr) indicated the presence of 
0-acy! groups in the LPS. The LPS was found to be homogeneous; it gave a single 
precipitin line in the Ouchterlony gel-diffusion test’;-I’ with antisera raised against 

the whole organism in rabbits, and showed a single spot, 2 cm from the starting line, 
towards the cathode. 

The polysaccharide and lipid moieties of LPS were cleaved16 by heating it 
(100 mg) in 1 o/0 acetic acid for 3 h at 105 O_ The solution was washed with chloroform 
to remove the lipid, and the aqueous part, containing the degraded polysaccharide 

(DPS), was centrifuged, and lyophilized. The DPS (60 mg) was resolved by gel 
filtrarion on G-75, with elution with pyridine acetate buffer, pH -5-75, the eluate 
being monitored with a differential refractometer; a small peak corresponding to 

3 mg appeared at the void volume, and the rest of the material was obtained in two 
major fractions, vi-_., the 0-antigenic polysaccharide (OPS, 32 mg) and the core 
polysaccharide (CPS, 14.5 mg); see Fig. 1. Both the OPS, [cL]~&~ f 13” (water), 

and the CPS, [z]!&, -8.6” (MeZSO), gave a sing!e spot when electrophoresed in 
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TABLE I 

RESULTS OF ESTIMATION OF SUGARS IS DIFFERENT FIwCnOXS OF THE LIPOPOLYSXCCHARIDE OF t< cholera 
OGXWA G-2101 

Sugars detected= Hxdrolwis prodmts” (“/,) 

Pctre LPS OPS 
_____ 

CPS 

Glucose 2.9 4.25 7.35 
Mannose 0.3 1.7 0.20 
Galactose 0.25 1.4 0.36 
Major heptose” 2.2 3.65 6.98 
Minor heptosed 0.5 1.75 0.50 
2-Amino-2-deoxyglucose 4.5 8s - 
GIucuronicc 6.5 13.5 14 
acid* 5.5 13 12.1 

=Estimated by g.1.c. as aldirol acetates. *Hydrolyzed with 0.5~ HzSOa for 24 h with rnyo-inositol as 
internal standard. cBehaves like L-gfycero-D-gkco-heptose. dBehaves like r-glycero-D-matzo-heptose. 
‘Estimated by the carbazole-sulfuric acid method. *Estimated, by g.l.c., from the difference in per- 
centage of glucose in the hydrolyzate of carboxyl-reduced LPS and of pure LPS. 

different buffers (see the Experimental section), but only the OPS gave a single 
precipitin line in thi: Ouchterlony gel-diffusion test. 

The LPS, OPS, and CPS were separately hydrolyzed (with nzJ’o-inositol as the 

internal standard), and, after the usual treatment, the sugars were analyzed by paper 

chromatogaphy (p-c.), ~.l.c_, and g.l.c.-m-s. Table I shows the amounts of the differ- 

ent sugars present in these fractions. Glucuronic acid was detected by p-c., and by 

obtaining a comparatively larger quantity of glucose from carboxyl-reduced (CR- 

LPS), CR-OPS, and CR-CPS. It was estimated both by the carbazole-sulfuric 
acid test”, and by estimating the difference in glucose content in the polysaccharide 

fractions and the corresponding, carboxyl-reduced fractionsl’. Hexosamine was 
detected, and estimated (using the same internal standard) with column c. A trace 
of fructose” was also detected on hydrolyzing rhe LPS with 0.2~ acetic acid and 
analyzing the hydrolyzate by paper electrophoresis in borate buffer using other 
monosaccharides as standard_ Analysis by paper electrophoresis was essential, as 
(a) p-c- using a number of so!vents failed to resolve fructose from glucose and mannose, 

and (6) clear resolution by g.1.c. as the trimethylsilyl derivatives, or as the alditol 
acetates, was not possible in the presence of glucose and mannose. In paper electro- 
phoresis, a spot corresponding to fructose (Ro 0.9) was obtained (mannose has Ro 
0.41). The hexosamine was identified, by g.1.c. in column c, as 2-amino-2-deoxy- 
glucose (using myo-inositol as the internal standard). The amino sugars in LPS 
and OPS were also estimated by using the Ehrlich reagent*‘. The CPS contained no 
2-amino-2-deoxyglucose. The major heptose component was detected by p-c. in 
solvent D, g.l.c., and g.l.c.-m-s., and was found to be identical in behavior with L- 

glycero-D-gko-heptose, both by p-c. in solvent D and by g.1.c. in column a (R, 2.30) 
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TABLE II 

METHYL ETHERS OF SUGARS FROM THE HYDROLYZATTES OF METHYLATED LPS (A), METHYLATED CR-LPS (B), 

METHYLATED OPS (C), ASD METHYLATED CR-OPS (D) 

SrrgarP RT~ Approximate mole proportion dfode of linkage 

A B C D 

Z,3,4,6-GIG I 4 4 6 6 
2,3,4-Tri-U-methvIGlc -._ -JS 7 3 2.8 4.5 4.7 
2.3,6-Tri-O-methy1GIc 2.30 11.8 IS.7 
3.3,4.6.7-Penta-O-methvlheptose 2.00 7.0 2.0 3.1 3.1 
X4,4.7-Tetra-0-methylheptoce 2.30 2.5 2.5 4.7 4.7 
IJ-Di-O-methylheptose 325 I.0 2.0 2.9 29 
2’.6-Di-O-methylGlc 320 1.0 1.0 1.7 1.6 
3.6-Di-0-methyLGal 4.4s 0.6 0.6 1.0 1.0 
3,6-Di-0-methyl(I-4%-Me)CiIcNAc 1.65 9.6 9.5 13.2 13.3 

Glcp-( I + 

-+6)-Glcp-( I-+ 
-t4)-Glcp-(l- 
Hepp-( I--, 
-+6)-Hepp-( l+ 
+4,6,7)-Hepp-(l+ 
+3,4)-Gkp-( 1 + 
+X4)-Galp-( 1 + 
+4)-GlcpNAc-( 1 -+ 

%3,4,6-Glc = 2,3,4,6-tetra-O-methyl-n-glucose. etc. DRetention times of the corresponding alditol 
acetates, relative to that of 1,5-di-0-acetyl-2,3~4,6-tetra-O-merhyl-D-giucitol in a column of SP-2330 
at 165’. 

using different, authentic heptoses. A minor heptose, identified by the same procedure, 

was found to be identical with r-~~~cero-D-lnmrIlo-heptose (RT 2.15). 
Samples of LPS. OPS, CR-LPS, and CR-OPS were separately permethylated, 

first by the Hakomori method”, and then by two methylations by the Kuhn proce- 
&&h.b_ The products showed no hydro.uyl absorption bands in their i.r. 
spectra. They were formylated with SS% fomric acid, and the products hydrolyzed 
with 0.5~ sulfuric acid. After the usual treatment, the partially methylated, amino 
sugar fraction was separated from the partially methylated, neutral (and acidic) 
sugars with a cation-exchange resin. After being dried, all of these fractions were 
converied into their alditol acetatesZ3.‘“, and these were analyzed by g.l.c., and some 
of the fractions, by g.I.c.-m-s. The results, ~ Gven in Table II, showed that all of the 
nonreducing end units are either glucosyl or heptosyl groups, as all of the hydroly- 
zates contained 2,3,4,6-tetra-U-methylglucose and 2,3,4,6,7-penta-0-meihylheptose. 
2,3,6-Tri-O-methylglucose appeared only in the hydrolyzates of the carboxyl-reduced 
fractions, indicating that the glucuronic acid residues in the polymer are present in 
the interior part of the molecules and that they are linked through O-l and O-4. The 
2-amino-2-deoxyglucose residues are also present as (144)-licked sugars, as the 
basic fractions contained only 2-deoxy-3,6-di-O-methyl-Z(methylamino)glucose. The 
interior part also contained (1 -&)-linked glucose and heptose residues, and other 
branched residues of these two sugars. The branch points are at O-l, O-3, and O-4 
of glucose, and at O-l, 04, O-6, and O-7 of the heptose residues. 

The LPS was subjected to Smith degradation*‘, after oxidation with sodium 
metaperiodate. The product was treated as usual, and analyzed as the al&to1 acetates 
by g.1.c. The chromatogram showed spots corresponding to glycerol, threitol, ery- 
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TABLE III 

OXIDATION OF PERACETYL.ATED OPS, AXD PERACETYLATED, CARBOXYL-REDUCED OPS \TH CHROWUSl 

TRIOXIDE 

Materiala 
from 

Time of Glacose Heptose ?-Amino- Galactose hfamrose myo- 
oxifiation kieos_v- Inositol 

01) Major L\Cnor gkose 

Acetylated 0 6-S 5.0 2.1 12.0 1.7 1.5 20 
C:PS 1 5.9 0.5 1.9 11.4 0 1.0 20 

2 4.5 0 1-S 10.7 0 03 20 
Acetylated 0 17.5 6.1 2.9 17.6 1.9 1.6 20 
CR-OPS 1 9.0 0 3.5 Il.3 0 1.2 20 

2 6.5 0 1.9 10.8 0 0.7 70 

uAlditol acetates obtained from peracetylated OPS and peracetylated CR-OPS. 

thritol, and small amounts of glucose and mannose, as expected from the methylation 
data. The molar ratios of the gIycero1, threitot, and erythrito1 obtained after Smith 
degradation were 3 :O.S :2.9. Heptose residues linked (l-+6) and (I-+4)-linked 2- 
amino-2-deoxyglucose residues would be expected to liberate threitol and erythritol, 
respectively, and, from most of the remaining units, glycerol should result; only 
the 2,6-di-U-methylglucose units survived the oxidation. L-Lyxose, expected to be 
liberated from the residue corresponding to 2,3-di-U-methyl-r-&w-o-D-g/we- or 
-L-@ycero-D-nmnno-heptose could not, however, be identified in the chromatogram. 

The low, positive rotation of the LPS, OPS, and CPS indicated the presence 

of both the Z- and /3-anomeric configuration of different sugar residues, and this was 
confirmed by chromium(V1) trioxide oxidationZ6 of the OPS at 50”. The results, 
given in Table III, showed that the glucose and 2-amino-2-deoxyglucose residues 
have the z configuration, whereas the heptose residues have the /3 configuration, as 
they were oxidized rapidly. The results of oxidation of the CR-OPS showed that the 

increased proportion of glucose (due to reduction of glucuronic acid) is vulnerabie 
to chromium trioxide oxidation, indicatin, 0 that the glucuronic acid residues also 
have the p configuration. 

EXPERIMENTAL 

General metltods. - All evaporations were conducted at 40’ (bath temperature) 
under diminished pressure_ Aqueous solutions of small volumes were lyophilized. 
A differential refractometer (Water Associate model R-403) was used for monitoring 
eluates. Optical rotations were measured at 23 & 1 o and 589.5 nm with a Perkin- 

Elmer model 241 MC spectrophotometer for solutions in water and MelSO. Ultra- 
violet and visible spectra were recorded with a Yanaco SP-1 spectrophotometer. 
Infrared spectra were recorded with a Beckman I.R.-2OA instrument for KBr discs. 
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A Shandon, hi=,h-voltage electrophoresis apparatus, model L-24, was used 

for electrophoresis of materials in different buffers. Paper chromatography was 
performed by the descending technique, usin g Whatman No. 1 and No. 3 paper, 
xvith the following solvent-systems (v/v): (ii) S :2 : 1 ethyl acetate-pyridine-water, 
(B) the upper layer of 4: 1 : 5 I-butanol-acetic acid-water, (C) 5 : 5 I t : 3 ethyl acetate- 

pyridine-acetic acid-\vater, and (D) 6 :Lc : 3 I-butanol-ethanol-water. ihe spray 

reagents used were (I) alkaline silver nitrate, (2) 41?6 pentaerythritol” in 0.5~ 

sodium hydroxide solution and silver nitrate solution in acetone, and (3) 2% nin- 
hydrin in acetone. 

For g.I_c., a He\vIett-Packard 573OA gas chromatograph with frame-ionization 

detector was used. Resolutions were performed in glass columns (I.83 m x 6 mm) 
containing (a) 3:: of ECNSS-M on Gas Chrom Q (100-200 mesh) at 190” (for 
alditol acetates of neutral sugars). (6) I Yi of OV-225 on Gas Chrom Q (SO-100 mesh) 

at 175’ (for alditol acetates of partially methylated sugars), (c) 3 r’, of Poly A-103 

on Gas Chrom Q (100-l 20 mesh) at I SO” (for alditol acetates of amino sugars). 

and (d) an SP-2330 column was used for g.I.c.-m-s. (in Prof. G. 0. Aspinall’s labora- 
tory, York University_ Canada)_ For quantitative evaluation of gas-liquid chromato- 

grams. a Hewlett-Packard 3370B integrator was used. 
Isolation o-f lipopoiysncchnride. - Eighteen-h growths of the strain C’. cholera 

Oga\va G-2102 on nutrient agar in roll bottles at 37” were harvested in O.SSPg cold 

saline, and the suspension was filtered through mus!in. The filtrate was passed through 

a Sharples centrifuge, and the sediment \vas suspended in cold saline and recentri- 
fuged. The washed ceils were treated with I : 1 (w/w) water-phenol for 45 min on a 
water bath at 65 ‘. with occasional stirring. This material was kept in a refrigerator 
(5’). After centrifugation, the material in the aqueous layer was precipitated with 
96 7; ethanol (I .5--2.0 voi.). The suspension was then centrifuged, and the precipitate 
was dissolved in water and fractionated with cetyItrimethyIammonium bromide, 

PH -S, and further purified as described by Pant and Shrivastava”. The neutral 
LPS fraction, [%I$,_, t53 c (c 0.56. Me,SO), was used in all of the esperiments. 
The LPS preparations were confirmed to be free from protein and nucleic acid, 
respectively, and the degraded LPS, by the biuret test, the ultraviolet absorption at 
w-260 nm, and the Ouchterlony gel-diffusion test. 

Prtrification qf the lipopol_waccharide. - The crude LPS (350 mg) was purified 

by dissolving it in 0.25sr sodium chloride. solution, removing the fine, suspended 
matter by centrifuging, and precipitating the LPS with ethanol (3 vol.). The LPS 
was collected by centrifugation, dissolved in water, and the solution dialyzed to 
remove salts, and lyophilized; yield 90%, [z]::,_, i-52” (c 0.56, Me$O). 

Removal of hpid. - A mixture of the LPS (100 mg) with I y0 acetic acid (7 mL) 
was heated’ 6 for 3 h at 105 =. The polysaccharide was separated from the lipid by 

partitioning between water and chloroform (three times)_ The aqueous part, con- 

taining the degraded polysaccharide (DPS), was centrifuged at low speed, and the 
supernatant liquor was lyophilized; yield, 60 m,. = The DPS was dissolved in water 
(5 mL), and was resolved by passing the solution through a column of Sephadex G-75 
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(25 and 17 mL) was added, durin, u 1 h, and the pH was maintained at -7.00 by 

simultaneous addition of 4~ hydrochloric acid. The solutions were dialyzed against 

distilled water for 45 h and lyophilized. The whole procedure was repeated once. 

Detectiotz of fructose in the LPS’ 9. - The LPS (15 mg) was dissolved in 0.2~ 
acetic acid (1.5 mL), and hydrolyzed for S h at 100”. After centrifugation at low 

speed. the supernatant liquor was lyophilized. Electrophoresis was conducted with 

a 1 06 solution of this LPS hydrolyzate, using 0.01~ borate buffer, pH -9.1, at 2 kV 

(25 V/cm). Standard. 1 7; solutions of glucose, fructose, and mannose were spotted 
on the same paper. The paper was dried, and sprayed with 5% acetic acid and then 
with rcagent Z. Fructose was detected on the paper. 

.\ferlr?_luriorr urml_vsis. - LPS, CR-LPS, OPS, and CR-OPS (-S mg each) 

vvere each dissolved in ?vle$O (2.5 mL). 3x1 methylsulfinyl sodium” (2.5 mL for 
each) was added under nitrogen. and the solutions were stirred overnight at room 

temperature_ Methyl iodide (2 mL) was then added dropwise to each, with external 

cooling. and the mixtures were stirred for 3 h, dialyzed, and lyophilized. Once- 
methylated samples were twice remethylated by the Kuhn method”a*b. The i-r. 

spectra of the materials contained no bands for free hydroxyl groups at 3600-3300 

cm-‘. 
The methylated products hvere formylated with SS% formic acid for 2 h at 

IOO’_ The acid was removed by co-distillation with water, and the products were 
further hydrolyzed vvith 0.5~ H?SO, for 20 h at 100’. The solutions were made neutral, 
and passed through a column (10 x 1.5 cm) of Dowex 50-W X-S (H’) ion-exchange 

resin. The columns were thoroughly eluted with water, to remove all of the partially 
methylated, neutral and acidic sugars. After conversion into alditol acetates, these 

Lvere examined by g.1.c. and g.l.c.-m-s. 
The columns of Dokvex 50-W X-S (H+) resin were then successively eluted 

with Zsr (25 mL) and SI (25 mL) hydrochloric acid, to obtain the partially methylated, 

basic sugars. After removal of the HCl in a vacuum desiccator (over PZOs and NaOH 

pehets). they were converted into the alditol acetates, and these were analyzed by 

g.1.c. and g.l_c.-m-s. 
Sniirli dtq-ad&on. - A solution of the LPS (23.6 mg) in water (25 mL) was 

treated with 0.2~ sodium metaperiodate” (25 mL) in the dark for 48 h at 5’. The 
excess of periodate was decomposed with ethylene glycol, and the solution was 

dialyzed against distilled water, and freeze-dried_ The product was reduced with 
sodium borohydride in vvater, overnight at room temperature. The excess of boro- 
hydride was neutralized with glacial acetic acid, the solution was dialyzed, and the 
dialyzate concentrated to a small volume, and lyophilized. The product was hydro- 

lyzed with 0.5~ H,SOa for 24 h at loo”, the sugars in the hydrolyzate were converted 

into alditol acetates by the usual procedure, and the acetates were analyzed by g.1.c. 

using columns Q and c. 
Cizromitrm( VI) trioside osidatiotl’ 6 of OPS and CR-OPS. - A mixture of 

OPS (12 mg) and t)-o-inositol (1.28s mg) was dissolved in formamide (1.5 mL). 
Acetic anhydride-pyridine (1 : 1) was added, and the solution was stirred for 18 h 
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at room temperature. The excess reagents were removed by evaporating the mixture 
to dryness, the partially acetylated product was reacetyiated with 1 : 1 acetic anhydride- 

pyridine, and the excess reagents were removed by co-distillation with toluene. 
The product was dissolved in glacial acetic acid (3 mL), and powdered chro- 

mium trioxide (300 mg) was added, with stirring, at 50’. Aliquots were removed at 
0, 1, and 2 h, and immediately diluted with water. The solutions were thrice extracted 

with chloroform, and the extracts were combined, dried (anhydrous Na$SO,), and 
evaporated to dryness. The product was deacetylated with 0.2~1 sodium methoxide, 
the material was hydrolyzed with 0.31 HzSOl for 22 h, and the sugars were converted 
into alditol acetates. These were analyzed by g.l.c., using columns a and c. 

CR-OPS (S-5 m_g, plus 0.9 mg of i?zyo-inositol) was also subjected to chromium 

trioxide oxidation by the same procedure. The results are given in Table 111. 
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