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Preparation and immunogenicity of a bivalent
cell-surface protein-polysaccharide conjugate
of Vibrio cholerae

S. KABIR

International Centre for Diarrhoeal Disease Research, Dhaka, Bangladesh

Summary. Alkali-treated lipopolysaccharides (LPS) from Ogawa and Inaba serotypes
of Vibrio cholerae were chemically coupled to cell-surface proteins of V. cholerae. The
reaction product was eluted in the void volume when fractionated on a column of
Sephacryl S-300. The material did not enter the gel when subjected to polyacrylamide
gel electrophoresis in the presence of sodium dodecyl sulphate (SDS-PAGE). The
bivalent protein-polysaccharide conjugate was nonpyrogenic, as determined by the
Limulus lysate assay. It was immunogenic and elicited, in rabbits, antibodies against
both intact LPS and cell surface proteins, as determined by enzyme linked
immunosorbent assay. LPS from Ogawa serotype was resolved into two major bands
by SDS-PAGE and that from the Inaba serotype into one major band. Immunoblot-
ting studies indicated that antisera to the protein-polysaccharide conjugate contained
antibodies to the major LPS fractions from both serotypes. Antisera to the protein-
polysaccharide conjugate tested by crossed-immunoelectrophoresis produced im-
munoprecipitation with whole-cell sonicates of both biotypes and serotypes of V.
cholerae. Such antisera also possessed agglutinating and complement-mediated
bactericidal activities towards V. cholerae strains of both biotypes and serotypes. These
results suggest that a bivalent cell-surface protein-polysaccharide conjugate of V.

cholerae could be developed as a nonpyrogenic vaccine against cholera.

Introduction

Vibrio cholerae is a non-invasive pathogen that
colonises the small intestine. There it secretes an
enterotoxin which is regarded as the cause of
choleral diarrhoea (De and Chatterje, 1953).
Although immune responses to cell-wall antigens
and secreted toxin moieties develop in the host,
volunteer studies have shown that the main immune
mechanism is antibacterial rather than antitoxic
(Levine et al., 1979).

The outer membrane of V. cholerae contains
proteins and lipopolysaccharides (LPS) that are
immunogenic in man (Majumdar et al., 1981;
Kabir, 1983a). Results from field trials indicate that
V. cholerae LPS can offer protection against cholera
(Mosley et al., 1970). However, V. cholerae LPS is
highly pyrogenic and is not suitable for immunisa-
tion against cholera. V. cholerae has two serotypes
(Ogawa and Inaba) and two biotypes (classical and
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El Tor). The serological specificities amongst these
types are determined by the LPS molecules, and the
covalently linked lipid A part of LPS contributes to
endotoxic properties (Raziuddin, 1978). The cell-
surface proteins representing the common antigens
of V. cholerae are nontoxic (Kabir, 1980, 19834 and
b; Kabir and Mann, 1980). Although toxic proper-
ties of the LPS can be reduced by treatment with
alkali, the resulting alkali-treated LPS are poor
immunogens, as has been found with LPS from
other gram-negative bacteria (Whang ez al., 1971;
Sadoff et al., 1982). However, immunogenicity can
be enhanced by chemically coupling the alkali-
treated LPS to carrier proteins.

Infections with V. cholerae are common in several
regions of the world and thousands of cases of
cholera are reported each year to the World Health
Organization (1983). Vaccines currently used for
prophylactic immunisation against cholera consist
of equal numbers of Ogawa and Inaba serotypes
(Joo, 1974). These vaccines induce adverse reac-
tions in many recipients (Feeley, 1970; Schrader,
1975; Mall and Gyr, 1984). Therefore, there is a
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need for a safe cholera vaccine for human use. The
present investigation was initiated to prepare a
bivalent, cell-surface protein-polysaccharide conju-
gate of V. cholerae.

Materials and methods

Bacteria and growth conditions

Vibrio cholerae strains 395 (Ogawa, classical), 569B
(Inaba, classical), W-13021 (Ogawa, El Tor) and W-
28419 (Inaba, El Tor) were used in the study. Cultures
were grown in peptone-water 3% w/v with continuous
shaking at 37°C for 12 h and were harvested in stationary
phase.

Isolation of LPS

LPS was prepared from V. cholerae strains 395
(Ogawa, classical) and 569B (Inaba, classical) by the
phenol-water procedure described by Westphal er al.
(1952). Crude LPS was further purified to remove
proteins and nucleic acids by a procedure involving
repeated ultracentrifugation at 105000 g (Westphal and
Jann, 1965).

Preparation of the alkali-treated LPS

LPS (50 mg) was incubated with sodium hydroxide
(0-17 n, 100 ml) at 56°C for 1 h. The mixture was
centrifuged at 5000 g for 15 min. The supernate was
adjusted to pH 7-0 by neutralisation with acetic acid (1 N)
and was poured on to 4 volumes of cold ethanol (95%).
The precipitated polysaccharide was recovered by centri-
fugation, resuspended in 50 ml of water and lyophilised
(35 mg).

Extraction of cell-surface proteins of V. cholerae

A 10-g (wet weight) samples of V. cholerae 395 (Ogawa)
was washed twice with cold 0-1 M NaCl and extracted with
cold EDTA/NaCl (25ml10-12 M EDTA plus 0-77 M NaCl,
pH 7-2). The combined extracts were centrifuged (20 000
¢, 30 min) and concentrated by negative pressure dialysis.
EDTA was removed by dialysis against 0-01 M phosphate-
buffered saline (PBS, pH 7-2). The dialysate was centri-
fuged at 10000 g for 15 min and the resulting supernate
was used for further investigation.

Chemical coupling of cell-surface proteins to alkali-
treated LPS

Equal amounts (25 mg) of alkali-treated LPS of two
serotypes were dissolved in water (20 ml) and mixed with
a freshly prepared solution of cyanogen bromide (0-2 ml,
50 g/1; Sigma). The pH of the reaction was kept constant
at 11-0 by drop-by-drop addition of 0-2 N NaOH. Cell-
surface proteins (25 mg) were suspended in 0-1 M

NaHCO; and were added to the activated LPS. The
mixture was tumbled overnight at 4°C and then centri-
fuged at 10000 g for 10 min. The supernate was dialysed
against distilled water and lyophilised.

Gel filtration of the protein-polysaccharide conjugate

The material resulting from the coupling reaction was
resuspended in 5 ml of 012 M Tris-HCI, pH 80,
containing sodium deoxycholate 0-5% w/v, and was
passed through a Sephacryl S-300 column (1-5 x 90 cm)
eluted with the same buffer. The void volume fractions
were pooled and concentrated by ultrafiltration. As a
control, cell surface proteins were also analysed by gel
filtration under identical conditions.

Polyacrylamide gel electrophoresis

The procedure of King and Laemmli (1971) was used.
The gel (10% w/v) was cast between two plates (15x 15
cm) to a height of 10 cm, with spacers 1-5 mm thick. A
stacking gel (acrylamide 3% w/v) 2 cm high was applied
on top of the analytical gel. Electrophoresis proceeded at
30 mA until the tracking dye reached the end of the
analytical gel. Bovine serum albumin, mol. wt 66000,
ovalbumin, mol. wt 45000, and trypsinogen, mol. wt
24000, were used as marker proteins. The gel was stained
for proteins with Coomassie Brilliant Blue R250.

Individual LPS preparations (1 mg) were dissolved in 1
ml of sample buffer containing 50 mm Tris-HCI, pH 6-8,
SDS 2% w/v, glycerol 10% v/v and bromophenol blue
0-01% w/v. Slab gels were stained for carbohydrate
moieties by the periodic acid-schiff (PAS) reagent as
described by Zacharius e al. (1969).

Electrophoretic transfer of LPS from polyacrylamide
gels to nitrocellulose sheets

LPS was transferred electrophoretically from polyacry-
lamide gels to a nitrocellulose sheet at 25 V for 18 hina
solution containing 25 mM Tris, 192 mmM glycine, metha-
nol 20% v/v and SDS 0-1% w/v. The pH of the solution
was 8-3. The blot was then soaked in bovine serum
albumin 3% w/v in Tween buffer which consisted of a
mixture of NaCl 0-9% w/v, 10 mm Tris-HCl, pH 7-4, 155
mMm NaCl and Tween 20 0-5% w/v. It was then incubated
for 1 h with 5 ml of antiserum to the protein-polysacchar-
ide conjugate diluted 1 in 100 in Tween buffer. The blot
was washed extensively with Tween buffer, incubated for
1 h with horseradish peroxidase-conjugated IgG prep-
arations and washed again as described above. The colour
was developed by soaking the blot in a solution contain-
ing: dioctyl sodium sulphosuccinate 0-2%, tetramethyl-
benzidine 0:06%, H,0,0:02% v/v, 5 mM citric acid, 10 mm
Na,HPO,, pH 5-0. The reaction was terminated after 5
min by washing with water.
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Preparation of V. cholerae sonicates

V. cholerae cultures (200 ml) were grown in 3% w/v
peptone water in 1-L bottles at 37°C with shaking to an
absorbance at 600 nm of 0-8-1-0 and harvested by
centrifugation at 10 000 g for 10 min at 4°C. The cell pellet
was suspended in 10 ml of PBS (0-01 M, pH 7-4) and was
sonicated in an ultrasonicator (Branson Sonic, Danbury,
CT, USA). The process was continued for 10 min (1 min
sonication alternately with 1 min cooling in ice). The
sonicate had an optical density <1% of the starting
suspension. Unbroken cells were removed by centrifuga-
tion at 10000 g for 10 min. The supernate was further
concentrated by dialysis in colloidion bags against
polyethylene glycol 40% w/v to a final volume of 1 ml.

Antisera

To obtain immune sera, New Zealand white rabbits
about 8 weeks old (2-3 kg) were immunised intramuscu-
larly with 1 mg of either protein-polysaccharide conjugate
or alkali-treated LPS. Both preparations were suspended
in an emulsion of 0-5 ml of PBS plus 0-5 ml of Freund’s
Complete adjuvant.

Crossed immunoelectrophoresis

Crossed immunoelectrophoresis with an intermediate
gel was performed according to the procedures described
by Weeke (1973) and Axelsen (1973). A 10-ml solution of
molten agarose 1% w/v containing polyethylene glycol
6000 1% w/v was poured on to a warmed glass plate
(8x12x0-1 cm) on a horizontal table. V. cholerae
sonicates (7 ul) were applied to a well (3 mm diameter).
Electrophoresis in the first dimension was performed on
the gel plate at 10 V/cm and was monitored by placing 7 ul
of 0-01% bromophenol blue in one of the wells.

A strip of the gel containing test material (1-8 x 8 x 0-1
cm) was placed on the hydrophilic side of Gel Bond film
(Marine Colloids). An intermediate gel (2 x8 x0-1 cm)
was interposed between the first dimension gel and the
second dimension gel containing antibody molecules.
Solutions (4 ml of agarose 1% w/v) containing 0-25 ul of
the immune sera were placed on the remainder of the gel.
Electrophoresis was performed at 2 V/cm on the gel plate
for 16 h. Barbital buffer (pH 8-6; ionic strength 0-02) was
used for electrophoresis. Afterwards the gels were
washed, dried, stained and destained as described by
Weeke (1973).

Enzyme linked immunosorbent assay ( ELISA)

Comparative serum antibody levels to LPS and cell-
surface proteins were determined by ELISA in microtit-
ration plates. Plates were coated with optimal doses of the
antigens, determined in preliminary experiments. Cell-
surface proteins and LPS were used at 50 ug/ml and 20 pg/
ml respectively. Five-fold dilutions of the test sera
obtained 2 weeks after boosting were added to the
antigen-coated wells and incubated at 37°C for 2 h. After

washing, the wells were filled with sheep anti-rabbit
immunoglobulin-conjugated peroxidase (specific for rab-
bit IgG and IgA). After incubation for 2 h at 37°C, the
plates were washed and incubated for a further 10 min
with the substrate consisting of tetramethylbenzidine in
dimethyl sulphoxide and hydrogen peroxide. The reac-
tion was stopped by the addition of 1 N H,SO, and the
absorbance was measured at 450 nm by a Titertek
Multiskan automatic plate reader (Flow Laboratories,
McLean, VA, USA).

Serum vibriocidal assay

Serial fivefold dilutions of heat inactivated antiserum
were made in a 0-5-ml volume containing 0-4 ml of fresh
guinea-pig complement. To each dilution was added 0-45
m! of a bacterial suspension containing 2 x 10° viable V.
cholerae cells/ml. The mixture was incubated at 37°C for 1
h and plated on nutrient agar. Colonies of V. cholerae
were counted after overnight incubation at 37°C. The
vibriocidal titre was determined as the dilution of serum
that caused 50% inhibition of bacterial growth.

Bacterial agglutination

Bacterial cultures were adjusted to 10'* cells/L in 0-2 M
PBS (pH 7-2). Twofold dilutions of antisera to bivalent
polysaccharide-protein conjugate that had previously
been heated at 56°C for 30 min were added to an equal
volume of bacteria in microtitration plates. The aggluti-
nation pattern was recorded after incubation for 2 h at
room temperature.

Proton magnetic spectroscopy (p.m.r.)

'H-p.m.r. spectra were recorded on a 200 MHz spec-
trometer (Varian, Palo Alto, CA, USA). The alkali-
treated LPS was thrice lyophilised from 99-7% D,O and
examined in the same solvent. The chemical shifts were
expressed relative to external sodium 4,4-dimethyl-4-
silapentane-1-sulphonate.

Limulus amoebocyte lysate test

The endotoxin contents of the LPS and the protein-
polysaccharide conjugate were determined by the Limu-
lus amoebocyte lysate test in a flat-bottomed microtit-
ration plate as described by Kreeftenberg et al. (1977).

Electronmicroscopy

V. cholerae cells, after extraction with EDTA/NaCl,
were fixed in glutaraldehyde 2% in 0-1 M sodium cacody-
late buffer (pH 7) containing 0-1 M sucrose for 1 week. The
samples were then centrifuged, and the pellets were
suspended in distilled water. One drop from the sample
was applied to a carbon-coated grid. A 2% w/v solution
of sodium silicotungstate was applied to a carbon-coated
grid. The grids were rinsed with several drops of sodium
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silicotungstate 2% in water. The specimens were exam-
ined in an electronmicroscope (Philips EM 200, Philips
Electronic Instruments, Mahwah, NJ, USA) operated at
60 kV.

Results

The composition of the EDT A-extracted material of
V. cholerae

The extraction of V. cholerae with EDTA/NaCl
was monitored by electronmicroscopy. No cell lysis
was observed. The polar flagellum of V. cholerae
remained intact. The extracted material was pre-
dominantly protein (90%, by weight) and its com-
position was analysed by SDS-PAGE (fig. 1). The
major component had an approximate mol. wt of
48000. In addition, prominent protein bands of
approximate mol. wts 66000, 25000, 20000 and
13000 were observed.

The electrophoretic mobilities of V. cholerae LPS
The LPS and alkali-treated LPS from both

Mol. wt
(10°)

Fig. 1. Composition of the cell surface proteins of V. cholerae
strain 395 (Ogawa, classical) by SDS-PAGE.
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Fig. 2. SDS-PAGE of LPS preparations from V. cholerae; 50 ug
of LPS were used in each lane and gels were stained for
carbohydrate moieties by the periodic-schiff reagent. (a) LPS
from V. cholerae 395 (Ogawa); (b) LPS from V. cholerae 569B
(Inaba); (c) alkali-treated LPS from V. cholerae 395 (Ogawa);
and (d) alkali-treated LPS from V. cholerae 569B (Inaba).
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serotypes of V. cholerae were analysed by polyacry-
lamide gel electrophoresis (fig. 2). Ogawa LPS
produced a slow migrating and a fast migrating
band. Inaba LPS produced one thick band with a
mobility close to that of the fast migrating band of
Ogawa LPA.

Ester-linked fatty acids (Kabir, 1982) were
removed by treating the LPS with 0-17 N sodium
hydroxide at 56°C for 1 h. The extent of deacylation
was monitored by p.m.r. The characteristic proton
chemical shifts of ester groups which occur at 2-2-2
ppm (Solomons, 1976) were absent from the 3H-
p-m.r. spectra of the alkali-treated LPS. The alkali-
treated V. cholerae LPS was readily soluble in water
in contrast to the native LPS. Treatment with alkali
had little effect upon the electrophoretic mobility

(fig. 2).

Covalent coupling of alkali-treated LPS to cell
surface proteins

The product resulting from the coupling reaction
was subjected to gel chromatography and eluted in

a b v
1.0

-—

08

0.6

04

Absorbance at 280 nm

0.2

0.0

the void volume (fig. 3). It was subjected to SDS-
PAGE and did not enter the gel (fig. 3) suggesting
that a chemical bond was formed between carbo-
hydrate and protein moieties. Because the upper
limit of mol. wt for molecules entering the gel is c.
2 x 108, it is most likely that the material was heavily
cross-linked.

Limulus lysate reactivity

Both Ogawa and Inaba LPS possessed endotoxi-
city as judged by gelation of the Limulus lysate. The
minimum concentrations were 0-015 ng/ml and 0-25
ng/ml for Inaba and Ogawa LPS respectively. The
protein-polysaccharide conjugate, even when used
at a concentration of 200 ug/ml, had essentially no
activity in the Limulus assay.

Immunological studies on the conjugate

To investigate whether immune sera to protein-
polysaccharide conjugate contained any antibody
to V. cholerae LPS and if so, against which compo-

10 15

20 25 30 35

Fraction Number

Fig. 3. Gel filtration of the bivalent polysaccharide-protein conjugate and cell-surface proteins of V. cholerae 395 on a Sephacryl S-
300 column (15 x 90 cm) eluted with Tris-HCI (0-12 M, pH 8-0) containing sodium deoxycholate 0-5% w/v; flow rate 20 mi/h, 5-ml
fractions were collected; ®—@ polysaccharide-protein conjugate, o—a cell surface proteins of V. cholerae 395. SDS-PAGE of the
bivalent polysaccharide-protein conjugate and a mixture of standard proteins is shown in the inset on the left. (a) Polysaccharide-
protein conjugate purified by gel chromatography; (b) a mixture of bovine serum albumin (mol. wt 66 x 10%), ovalbumin (mol. wt

45 x 10%) and trypsinogen (mol. wt 24 x 10%).
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Fig. 4. Immunoblot reactivity of antisera to the polysaccharide-
protein conjugate to V. cholerae LPS; 5 ug of V. cholerae LPS,
separated by SDS-PAGE, were transferred electrophoretically to
a nitrocellulose membrane and the blot developed by ELISA. (a)
LPS from V. cholerae 569B (Inaba); (b) LPS from V. cholerae 395
(Ogawa).

nents, LPS blotting studies were performed. Both
Ogawa and Inaba LPS reacted with antiserum to
the protein-polysaccharide conjugate (fig. 4).
Ogawa LPS produced two bands, one fast and one
slow migrating, the latter being densely stained. The
Inaba LPS produced a broad and diffuse band
which migrated close to the fast moving LPS band.
A few slow moving minor bands were detected in
the Inaba LPS blot. No reaction was observed when
the blot was incubated with preimmune sera.

The electrophoretic patterns among various V.

cholerae sonicates were similar (fig. 5), suggesting
that the conjugate contained several common anti-
gens of V. cholerae irrespective of their sero and
biotypes.

In ELISA tests, antibodies of both IgG and IgA
isotypes to both the LPS and the carrier cell-surface
proteins were detected in the immune sera (fig. 6).
Highest antibody titre was obtained to cell-surface
proteins. Alkali-treated LPS was poorly immuno-
genic; very little antibody level was detected in sera.
However, when alkali-treated LPS was covalently
coupled to cell-surface proteins, antibody titres to
polysaccharide moieties were greatly enhanced.

The antisera agglutinated V. cholerae strains of
both biotypes and both serotypes (fig. 7). The
antisera also possessed complement-dependent bac-
tericidal activity against V. cholerae strains of all

types.

Discussion

A new immunogenic and nonpyrogenic protein-
polysaccharide conjugate of V. cholerae was pro-
duced by chemically coupling alkali-treated LPS
from Ogawa and Inaba serotypes to cell surface
proteins of V. cholerae. V. cholerae LPS contains
neutral and acidic sugars (Redmond, 1978; Sen et
al., 1979; Kabir, 1982). The endotoxic lipid A
component can be removed from the LPS by acid
hydrolysis (Raziuddin, 1978; Kabir, 1982). How-
ever, acid hydrolysis will destroy highly acid-
sensitive sugars such as 4-amino-arabinose. In the
present study mild alkaline conditions were used to
detoxify V. cholerae LPS which contains several
fatty acids of which only one is amide linked. The
remaining ester-linked fatty acids were removed by
mild treatment with alkali (Kabir, 1982). The
resulting deacylated LPS was soluble in aqueous
medium and did not respond in the Limulus lysate
assay. Thus, mild alkaline treatment renders the
deacylated LPS nonpyrogenic without the risk of
losing acid labile components such as 4-amino-
arabinose.

Cell-surface proteins of V. cholerae can be
obtained with EDTA/NaCl extraction (Kabir,
1983b). These surface proteins were chemically
coupled by cyanogen bromide activation to alkali-
treated LPS from Ogawa and Inaba serotypes.
Because the polysaccharide moiety of V. cholerae
LPS contains primary amino, free hydroxylic and
carboxylic groups (Redmond, 1978; Kabir, 1982),
these groups may have been involved in the direct
attack of cyanogen bromide on carbohydrates to
form covalent linkages with the amino groups of
proteins.
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Fig. 5. Analysis of V. cholerae sonicates by crossed immunoelectrophoresis. An intermediate gel was interposed between the first-
dimension gel and the second dimension gel to facilitate the recognition of precipitates at the base line. The second dimension gel
contained immune rabbit sera against the polysaccharide-protein conjugate of V. cholerae. The precipitation line due to the
polysaccharide, as shown by an arrow in (a), was detected by staining the gel with the periodic-schiff reagent (Zacharius et al., 1969).
(a) V. cholera 395 (Ogawa, classical); (b) 569B (Inaba, classical); (c} W-28419 (Inaba, El Tor); (d) W-13021 (Ogawa, El Tor).

Several lines of evidence suggest that a conjugate
of protein-polysaccharide was formed: first, the
conjugate was eluted in the void volume of the
column containing Sephacryl S-300 which has mol.-
wt exclusion limits of 1-5x 10% and 4-0 x 10° for
proteins and polysaccharides respectively. Proteins,
not subjected to the conjugation reaction, were
eluted separately and in the inclusion volume of the
column. Second, when the conjugate was subjected

to SDS-PAGE, it did not enter the gel. Third, alkali-
treated LPS itself was poorly immunogenic (fig. 6).
In contrast, high-titre antibodies to both Ogawa
and Inaba LPS were detected when rabbits were
immunised with the conjugate. This indicates that
the polysaccharide moieties were part of the same
molecule that contained both protein and polysac-
charide moieties in the form of a covalently linked
hapten-carrier complex.
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alkali-treated LPS. Rabbits were given the protein-polysaccharide conjugate (1 mg/dose) or alkali-treated LPS (1 mg/dose) by
intramuscular injection as described in the text. Test sera were collected from two rabbits 2 weeks after booster doses. ELISA was
performed in microtitration plates. Absorbance readings at 450 nm >0-1 were considered positive. Each value represented the
arithmetic mean of three readings.
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Fig. 7. The kinetics of appearance of (A) agglutinating and (B) bactericidal antibodies in rabbit sera after immunisation with the
protein-polysaccharide conjugate. Arrows (1) indicate the time of priming doses (1) and boosting doses (2) given to two rabbits. The
following strains were used: 395 (8—Ogawa, classical), W-13021 (A—Ogawa, El Tor), 569B (O—Inaba, classical) and W-28419 ( x —
Inaba, El Tor).
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The electrophoretic pattern of the Ogawa LPS on
the polyacrylamide gel differed from that of the
Inaba LPS. The presence of two LPS bands in the
Ogawa serotype indicated that the LPS was hetero-
geneous and contained a mixture of both slow
moving (smooth) and fast migrating (rough) LPS.
Polyacrylamide gel electrophoresis has been applied
to study electrophoretic patterns of rough and
smooth LPS from gram-negative bacteria such as
salmonellae and Escherichia coli (Kabir, 1976;
Goldman and Leive, 1980). It has been observed
that LPS from rough bacterial strains possessing
shorter O-specific side chains migrates faster during
electrophoresis.

The antibody titre to Inaba LPS in sera raised
against the protein-polysaccharide conjugate was
less than that to Ogawa LPS. This might be due to
lower immunogenicity of Inaba LPS because of its
-shorter chain length. Conjugate antisera contained
immunoglobulins to the polysaccharide fractions
from V. cholerae Ogawa and Inaba serotypes. Both
the polysaccharide fractions of the Ogawa serotype
were detected in nitrocellulose blots. The Inaba blot
showed a few minor bands which might have been
due to the contaminating proteins associated with
LPS.

The electrophoretic patterns of alkali-treated
LPS did not differ from those of untreated LPS
indicating that the removal of ester-linked fatty
acids did not affect the electrophoretic mobilities of
the polysaccharide moicties of the LPS. Because
intact LPS preparations used in the immunoblot
technique reacted with antisera to the protein-
polysaccharide conjugate, it is evident that the
antigenic determinants that bound anti-LPS anti-
bodies remained intact in the conjugate. Thus
alkaline treatment and subsequent chemical cou-
pling did not affect the antigenic determinants of
native LPS.

The protein-polysaccharide conjugate gave nega-
tive results in the Limulus test which detects 0-01-
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