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Abstract
The outer membrane (OM) protein components of a Vibrio cholerue 01 and four V. cholerae 0139 strains, collected
from cholera patients, were analysed by SDS-PAGE. A protein of 69 kDa molecular mass was observed only when the
OMPs were prepared frolm strains grown in synthetic broth. As a result of passage in the rabbit ileal loop @IL), virulence
was enhanced, and a protein component around 18 kDa of the V. cholerue 0139 OM became the major protein component.
On immunoblot analysis, with rabbit antiserum against V. cholerae 0139 OM, it was shown that, apart from the major
protein component of V. cholerue 01 OM of around 45 kDa and that of V. cholerae 0139 OM of around 38 kDa, all other
minor protein compunents were cross-reactive between the two serogroups. In immunoblot assays with convalescent sera
obtained from V. cholerae 0139-infected patients, it was observed that in addition to the lipopolysaccharide (LPS)-induced
antibody, only the 38 kDa major protein component elicited considerable levels of antibody in the patient. Minor OM
components of 18 kDa were detected in the immunoblot analysis by LPS-directed antibody, however, as the OM proteins are
known to be associated with LPS.
Ke_ywords: Vibrio cholerae 0139;

Outer membrane

protein; Vibrio cholerae 01; Lipopolysaccharide

1. Introduction
Evidence suggests that the outer membrane (OM)
proteins of Vibrio cholerue 01 play an important
role as protective antigens in the disease [ll. The
genesis of a new serogroup, currently classified as V.
cholerue
0139 Bengal, and capable of causing

* Corresponding
5066.

author.

Tel: +91

0928-8244/96/$15X)0
Copyright
PI1 SO928-8244(96)00056-9

350-1176;

Fax:

0 1996 Federation

+91

350-

of European

cholera, formed the impetus for this study to examine the involvement of OM in 0139-mediated
infections. Serologically distinct, the 0139 serogroup possesses a capsular polysaccharide which distinguishes
the 0139 serogroup from the 01 serogroup and
reportedly confers increased virulence to the 0139
strains [2]. Chemical analyses also revealed that the
LPS of 0139 Bengal contains (among other s&ars)
colitose
(3,6-dideoxy-L-galactose),
a ’ sugar constituent not found in the LPS of other members of
the Vibrionaceae
and further 0139
la&S perMicrobiological

Societies. Published by Elsevier Science B.V.
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2. Materials and methods

raised in rabbits, were again passaged three times in
the RIL.
2.3. Preparation

of outer membranes

Outer membrane (OM) was prepared essentially
following the method of Kabir [6] from 18 h culture
of different bacterial strains grown at 37°C with
shaking. Bacterial cells were washed and suspended
in 0.1 M Tris-HCl (pH 7.4) followed by shearing of
flagella and treatment with lysozyme (0.1 mg/ml of
cell suspension).
The spheroplast so formed, was
lysed by osmotic shock. After removal of the unlysed cells by centrifugation,
the total membrane
fraction was recovered from the osmotic lysate by
centrifugation
at 48 000 X g. The inner membrane
was removed by treatment with 2% Triton X. OM
was prepared from one of the passaged strains grown
in synthetic broth for immunisation,
ELISA and
immunoblot.

2.1. Bacteria and media
Sodium-dodecyl
sulphate
electrophoresis (SDS-PAGE)

2.4.
Four strains of V. cholerae 0139 and one strain
of V. cholerue 01 biotype El Tor from patients with
watery diarrhoea were included in the study. Bacterial strains were grown in different media as tryptic
soy broth (TSB), nutrient broth (NB), synthetic broth
(SB) (ammonium sulphate 7.5 mM, glucose 5.5 mM,
magnesium sulphate 0.8 mM, sodium chloride 0.085
n&I, dipotassium hydrogen phosphate 5.7 n-&I, pH
8.0) [4], and peptone water (NaCl 0.5%, peptone
1%).

gel

SDS-PAGE of OM proteins was performed by the
method of Laemmli [7] at 12.5% (w/v> acrylamide
in the presence of 2-mercaptoethanol.
Electrophoresis was carried out in vertical slab gel apparatus
(Atto, Japan) at constant current using 15 mA on
stacking gel and 20 mA on the resolving gel. The gel
was stained with 0.2% Coomassie brilliant blue G.
2.5. Preparation

2.2. Serial passages

polyacrylamide

of OM-antisera

in rabbit ileal loop (RIL)

The rabbit loop test was performed

according to
the method of De and Chattejee
[5]. V. cholerue
0139 strains were introduced into the ileal loops
(1 X lo2 cfu/loop).
The volume of fluid accumulated in the loops in ml was measured (V) and also
the length of the loop in cm (L). V/L ratio was
calculated as an index of virulence after each passage. After draining a loop of the accumulated fluid
the intestinal tissue was incubated in peptone water
for 3-4 h at 37°C before reisolating the bacteria by
plating on thiosulphate citrate bile salt sucrose agar
(TCBS; Eiken). The reisolated strains after serological confirmation,
using V. cholerue 0139 antisera

Adult male albino rabbits were immunised with
OM preparations from V. cholerae 0139 by four
intramuscular injections (500 pg of protein per dose)
once a week, initially with Freund’s complete adjuvant (Sigma, St. Louis, MO) followed by three
booster doses with Freunds incomplete adjuvant. The
animals were bled ten days after the last injection.
2.6. Preparation

of LPS

V. cholerue 0139 LPS was prepared by treatment
of tbe bacteria with phenol at 65°C [8], followed by
removal of nucleic acid and acidic polysaccharide by
precipitation
with cetyl trimethyl-ammonium
bro-
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osaminea
characteristic
component
sugar of V.
c/z&rue 01 LPS [3]. The OM of V, cholerae 0139
as compared to OM of the 01 serogroup has been
less extensively examined. This paper attempts to
record some observations relating to OM proteins of
V. cholerue 0139. It is also intended to observe the
effect of variation in the growth media and animal
passage of the strains on the OM protein profile of
the V. cholerue 0139 strains in term of their electrophoretic mobility. A further objective of the study
was to examine the immune response to OM proteins
of V. cholerae 0139 using sera from V. cholerae
0139 infected patients, OM-immunised
rabbits and
to study the immunological cross-reactivity of the V.
cholerue 0139 OM proteins with that of V. cholerue
01 by immunoblot technique.
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mide. The LPS was finally collected.after removal of
protein impurities with pronase, by alcohol precipitation.
2.7. Patient sera

2.8. LPS binding
Convalescent patient sera and rabbit anti-OM sera
were absorbed with C’. cholerae 0139 LPS to remove anti-LPS antibodies by incubating with 100 pg
of LPS per ml of sera. Removal of the anti-LPS
antibodies was confinned by ELISA with LPS as
solid phase antigen.
2.9. ELISA
IgG serum antibodies to OM were determined by
standard ELISA method [9] with 5 pg of OM per
well as solid phase antigen. Diluted sera (1 in 10 for
human sera and 1 in :30 for rabbit sera) were incubated with the antigencoated
well followed by colour
development with peroxidase labelled goat anti-IgG
conjugate (1 in 1000 dilution) and O-phenylenediamine along with hydrogen peroxide, was measured at
492 nm.

The composition of the growth medium affected
the V. cholerae 0139 protein profile as observed in
SDS-PAGE and recorded in Fig. 1. A cluster of
protein bands around 69 kDa was observed consistently in all the strains when the bacteria were grown
in synthetic media, which were absent when the
peptone water, nutrient broth and tryptic soy broth
were used to grow the strains. The 28 kDa protein in
the OM was best expressed in synthetic broth. The
major protein band of V. cholerae 0139 OM was
observed to be at 38 kDa in all the growth media
tested.
Fig. 2 depicts the effect of serial passage of V.
cholerae 0139 in RIL on the protein profile of its
OM in SDS-PAGE. As expected the virulence of the
strains were enhanced on RIL passage as indicated
by the increased fluid accumulation as measured by
V/L index (data not shown). The expression of the
18 kDa protein was enhanced considerably so that it
appeared to be the major protein component of the
OM of the animal passaged strains.
Table 1 records the IgG antibody response against
OM antigens as a result of V. cholerae 0139 infection in humans, being measured by ELISA using

kDa

2. IO. Immunoblot
The SDS-PAGE protein profile of V. cholerae
0139 and V. cholerae 01 OM preparations were
transferred electrophoretically
to nitrocellulose membrane [lo]. The proteins on the membrane
were
allowed to react with anti-OM rabbit sera (1 in 20
dilution), human patient sera acute and convalescent
(both before and after absorption with LPS). The
reaction was visualised by using peroxidase-conjugated anti-rabbit/anti-human
IgG antisera. Colour
was developed by treatment with a solution of 3,3’
diamine-benzidine
hydrochloride (1 mg ml-‘, Sigma)
in 1 mM Tris buffer saline containing H,O, at a
concentration of 0.3 tkl ml- ‘.

Fig. 1. SDS-PAGE of the OM proteins of V. cholerae 0139 strain
grown in different media. Lane A: peptone water; lane B: nutrient
broth; lane C: synthetic broth; lane D: tryptic soy broth; lane E:
standard marker (Pharmacia).
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Sera were collected from patients admitted to the
Infectious Diseases H/ospital, Calcutta, with diarrhoea due to V. cholerae 0139, on admission (acute)
and after 21 days (convalescent).

3. Results
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Table 2
IgG response measured
immunised rabbit sera
Mean net absorbance
Homologous

67

by ELISA

in V. cholerue

Heterologous
LPS absorbed sera

P

I

I-P

P

I

I-P

P

I

I-P

0.108

1.903

1.795

0.049

0.555

0.506

0.070

0.375

0.305

Fig. 2. SDS-PAGE of OM protein of V. cholerae 0139 strain.
Lane A: after third passage in RIL (V/L = 1.24); lane B: before
RIL passage (V/L = 1.0); lane C: standard marker (Pharmacia).

paired sera (acute and convalescent). Four out of six
patients manifested a significant rise in the antibody
level against homologous
V. cholerae 0139 OM.
The ELBA results with LPS-absorbed sera indicated
a significant rise in the level of antibodies against
heterologous V. cholerue 01 OM.
Table 2 indicates that both the LPS and the
protein components of the V. cholerue 0139 OM
were highly immunogenic
in rabbit. The residual
protein specific antibody level in the LPS-absorbed
OM-immunised
sera was raised compared to the

of backsera-

net

preimmunised sera. A considerable level of antibody
was also directed against heterologous V. cholerue
01 OM.
In the immunoblot of the SDS-PAGE of the V.
cholerue 01 and V. cholerue 0139 OMs with rabbit
antisera raised against the latter (Fig. 3) four bands
in the region of 69 kDa, 38 kDa, 28 kDa and 18 kDa
were visualised. The V. cholerue 01 OM did not
show any band corresponding to the 38 kDa protein
component of V. cholerue 0139 OM. Other protein
components of the V. cholerue 01 OM of 69 kDa,
28 kDa and 18 kDa reacted well with the heterologous sera. Fig. 4 indicates the effect of removal of

a

b

kDa
Table 1
Homologous and heterologous serum antibody response to OM
measured in V. cholerae 0139 infected patients by IgG ELISA

94

Patient no.

67

Rise * in net absorbance

(492 nm) with OM antigen

Homologous

1
2
3
4
5
6

Heterologous

Whole sera

LPS absorbed sera

Whole sera

0.307
0.049
0.056
0.304
0.514
0.506

0.152
0.025
0.025
0.250
0.352
0.305

0.098
0.020
0.050
0.064
0.116
0.116

Net absorbance = absorbance of test well - absorbance of background well.
* Rise in net absorbance = net absorbance with convalescent sera
- net absorbance with acute sera.

43

30
20.1
14.4
Fig. 3. Immunoblot of SDS-PAGE of V. cholerae 01 and V.
cholerae 0139 OMs with rabbit antisera immunised with V.
cholerae 0139 OM. Lane a: V. cholerue 01 OM antigen; lane b:
V. cholerae 0139 OM antigen.
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14.4

OM

Whole sera

P = Preimmunised sera.
I = Immunised sera.
Net absorbance = absorbance of test well -absorbance
ground well.
Rise in net absorbance = net absorbance with immunised
absorbance with preimmunised sera (I-P).

20.1

OM

at 492 nm with:

OM

Whole sera

0139
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kDa

a

2
b

ab

3
ab

4
ab

5
ab

43

30
Fig. 6. Immunoblot of V. cholerae 0139 OM with convalescent
sera from V. cholerae 0139 infected patients. Lane a: LPS
absorbed; lane b: LPS unabsorbed.

20.1
14.4
Fig. 4. Immunoblot of V. cholerae 0139 OM with rabbit anti-V.
cholerae 0139 OM sera raised in rabbit. Lane a: antisera absorbed
with LPS; lane b: unabsorbed antisera.

the LPS-specific
antibody
from rabbit
anti-V.
&&rue
0139 OM serum on the reactivity of the
homologous OM proteins. The immunological
reaction of the 18 kDa protein band became considerably
reduced in intensity with LPS-absorbed
sera. Removal of the LPS-specific antibody affected the intensity of the 38 kDa immunoblot band marginally,
if at all.

1
kDa

a

2
b

a

b

3
eb

4
abab

Convalescent
sera from V. cholerue 0139 infected patients contained antibody towards the 38
kDa and 18 kDa component of V. cholerue 0139
OM (Fig. 5, lane b). In one patient (No. 4) proteins
below 38 kDa, except for 18 kDa, also reacted with
V. cholerue 0139 convalescent sera. V. cholerue 01
OM protein antigens did not react with V. cholerue
0139 convalescent
sera, except sera No. 4 which
reacted faintly (Fig. 5, lane a). Immunoblot with the
acute sera from the same patients did not react at all
with either V. cholerae 0139 or V. cholerue 01
OM. LPS-absorbed V. cholerue 0139 infected convalescent patient sera could detect only the 38 kDa
protein in V. cholerae 0139 OM (Fig. 6).

5

Fig. 5. Immunoblot with convalescent sera of V. cholerae 0139
infected patients against OM of V. cholerae 01 and V. cholerae
0139 OM. Lane a: with heterologous V. cholerae 01 OM; lane b:
with homologous V. choleroe 0139 OM.

4. Discussion
The variation of the OM protein profile of V.
cholerae 0139 with media of growth was noted.
Similar observations with V. cholerue 01 OM proteins were reported earlier [6]. The major protein
component of the V. cholerue 0139 OM was observed to be of 38 kDa molecular mass instead of
45-48 kDa reported for V. cholerue 01 by several
workers. This difference in the molecular mass of the
major protein bands of V. choZerue 0139 and K
cholerue 01 has been reported earlier [ 111. The
present observation of enhanced expression of 18
kDa protein on passage in RIL possibly reflects a
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2).
By immunoblot technology we could detect the
OM protein antigens against which the antibody
response was directed. Protein specific antibody in
OM-immunised
rabbit and convalescent patients sera
detected four and one (38 kDa) protein bands respectively from the SDS-PAGE of V. cholerue 0139
OM. It is suggested that in natural infection all the
protein components of the OM may not be suitably
exposed to elicit maximum antibody response which
was not the case in immunisation
of rabbits with
isolated OM. Our observation
of the immunoblot
with both OM-immunised
rabbit and V. cholerue
0139 infected patient sera indicates that the major
protein components of 38 kDa and 45 kDa of V.
cholerue 0139 and V. cholerue 01 respectively are
immunologically
unrelated. The OM proteins other
than the major protein components of 38 kDa and 45
kDa of the two groups of strains are immunologically related as is evident from the immunoblot with
OM-immunised
rabbit sera. The 18 kDa component
of V. cholerue 0139 OM was detected in the immunoblot analysis by LPS-directed antibody as the
OM protein is generally known to be associated with
LPS. Further investigation of the 38 kDa antigen of
V. cholerue 0139 OM for its role, if any, in inducing
protective immunity may yield interesting information.
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virulence related in vivo situation. A low iron-regulated, protective 18 kDa OM protein has been described in V. cholerue 01 which is expressed in vivo
[12]. Our observation
indicates that both in V.
cholerue 0139 OM immunised rabbits and in convalescent V. cholerue 0139 infected patient sera antibody directed against both LPS and OM protein
antigens were present. The ELISA titers of the LPSabsorbed sera against V. cholerue 0139 OM is indicative of the total anti-OM protein antibody (Tables 1 and 2). The antibodies directed against the
OM-protein
antigens which are immunologically
cross-reactive between the two groups of strains are
indicated by the ELISA titer of the convalescent
patient sera and OM-immunised
rabbit sera against
the heterologous V. cholerue 01 OM (Tables 1 and
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