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to outer-membrane-protein antigens of Vibrio cho/erae 0 1 
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Summary. Monoclonal antibodies (MAbs) were raised against the major, 46-48-Kda outer- 
membrane proteins of Vibrio cholerae 01. The hybridoma clones were screened by enzyme- 
linked immunosorbent assay (ELISA) with cell-surface proteins of V. cholerae 0 1  as the 
coating antigen. Four hybridomas, which secreted anti- V.  cholerae cell-surface-protein 
antibodies, were subcloned by limiting dilution and obtained as ascites in viuo. A MAb of 
the IgG, subclass was isolated in good yield from the murine ascites by affinity 
chromatography with recombinant protein G-Sepharose 4B. It gave positive reactions, as 
determined by ELISA, against cell-surface proteins prepared from both biotypes (classical 
and El Tor) and both serotypes (Ogawa and Inaba) of V. cholerae 01. The MAb did not have 
any reactivity towards V.  cholerae lipopolysaccharide preparations. Immunoblotting studies 
were performed on cell-surface proteins separated by one-dimensional sodium dodecyl 
sulphate-polyacrylamide gel electrophoresis (1 D SDS-PAGE) and also by two-dimensional 
(2D) electrophoresis with iso-electric focusing in the first dimension followed by SDS-PAGE 
in the second dimension. When proteins were separated by 1D SDS-PAGE, only one band 
at 46-48 Kda reacted with the MAb. This protein appeared to consist of two narrowly- 
spaced and cross-reactive bands when a nitrocellulose blot, obtained by 2D SDS-PAGE, 
was exposed to the MAb. 

Introduction 

The outer membrane of Vibrio cholerae 0 1  contains 
a number of proteins (OMPs) in the size range 13- 
66 Kda ; their relative compositions and proportions 
depend on the conditions of growth.'92 Many of these 
proteins are exposed on the cell surface, as demon- 
strated by immuno-electronmicroscopy and radio- 
iodination and have been found to be 
immunogenic both in man and in experimental 
animals.'9295 Antisera to the OMPs gave immuno- 
precipitation reactions with OMPs prepared from 
both biotypes (classical and El Tor) and both serotypes 
(Ogawa and Inaba) of V. cholerae 01, suggesting the 
presence of common protein antigens. However, such 
polyclonal sera had to be absorbed with lipopolysac- 
charide (LPS) in order to exclude anti-LPS antibodies. 
Therefore, there is a need to produce specific antibod- 
ies to OMPs under conditions in which antibodies to 
LPS are not generated. 

Sciortino et aZ.6 obtained monoclonal antibodies 
(MAbs) against various components of V.  cholerae 
such as LPS and OMPs by immunising mice with 
outer-membrane preparations. These authors used 
crude tissue-culture supernates instead of purified 
MAbs for immunoblotting studies. They obtained 

simultaneously several clones and, in some cases, these 
antibodies showed broad-range specificities by react- 
ing with a series of protein bands of different molecular 
weights. It is possible that impurities present in the 
crude tissue-culture supernates might have contributed 
to the non-specific binding in immunoblots. The 
present investigation was initiated to produce hybri- 
domas against a purified OMP preparation and to use 
purified MAbs for immunoblotting studies. 

Earlier, by use of both radiolabelled protein A and 
immuno-electronmicroscopy techniques with protein 
A-gold particles, it was demonstrated that treatment 
of V.  cholerae with EDTA/NaCl extracted proteins 
which were localised on the cell When these 
proteins were treated with a mildly anionic detergent 
such as sodium deoxycholate (DOC), the insoluble 
pellet was significantly enriched in the major protein 
band of 46-48 Kda. Previous studies, based on 
immuno-electronmicroscopy techniques, also had sug- 
gested that this major protein component was exposed 
on the cell surface of V.  ~holerae .~  The aim of the 
present investigation was to produce and to character- 
ise MAbs to this protein. 

Materials and methods 

Bacterial strains 
Received 12 April 1990; revised version accepted 15 Aug. 1990. 
*Correspondence should be sent to Dr. S .  Kabir, Tobakspinnargatan 
5 ,2  TR, 1 17 36 Stockholm, Sweden. 

V.  cholerae strains 395 (Ogawa, classical), 569B 
(Inaba, classical), W-13021 (Ogawa, El Tor) and N- 
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16961 (Inaba, El Tor) were used. Cultures were grown 
in peptone water 3% w/v, pH 7-4 (Difco) with contin- 
uous shaking at 37°C and harvested at the stationary 
phase of the growth. 

Extraction of cell-surface proteins of V.  cholerae 

Cell-surface proteins were extracted from V.  chol- 
erae cells with EDTA/NaCl as described by Kabir.’ 
Briefly, 2 g  (wet weight) of V .  cholerae cells were 
washed twice with cold (4°C) 0.1 M NaCl and then 
with cold EDTA/NaCl (5 ml; 0.12 M EDTA, 0.77 M 
NaCl, pH 7.2). The combined extracts obtained after 
centrifugation (20 000 g, 30 min) were concentrated 
by negative pressure dialysis against 0.01 M phosphate- 
buffered saline (PBS, pH 7.2) and again centrifuged 
for 15 min. The resultant supernate was used for 
further investigation. A portion of the supernate was 
lyophilised. The material (35 mg, dry weight) was 
treated with sodium deoxycholate (DOC; 0.5% w/v, 
5 ml) for 16 h at room temperature and centrifuged at 
85 000 g for 1 h. The pellet was taken up in water, 
dialysed extensively against water for 24 h and 
lyop hilised. 

Immunisation schedule 

An emulsion of DOC-insoluble cell-surface proteins 
of V.  cholerae strain 395 was made in Freund’s 
complete adjuvant (FCA; Difco) at a concentration of 
20 pg of protein in 300 pl of FCA. BALB/c mice were 
immunised with this emulsion partially in foot pads 
and partially subcutaneously. Volumes of 150 pl of the 
emulsion were injected at each injection site. On days 
10 and 20, mice were given booster injections of 
similar amounts of the protein suspended in Freund’s 
incomplete adjuvant. Four days after the last immu- 
nisation, mice were killed and immune lymphocytes 
were isolated from their spleens for fusion with 
myeloma cells. 

Fusion procedure 

Spleen cells from immunised mice and hypoxan- 
thine-guanine phosphoribose transferase-deficient 
mouse myeloma cells (Sp 2/0-X63) were mixed 
together in a ratio of 4 : 1 in Dulbecco modified Eagle’s 
medium (DMEM) and centrifuged at 200 g for 10 min. 
The pellet was equilibrated at 37°C for 1 min and then 
1 ml of polyethylene glycol 50% w/v was added slowly 
over a period of 1 min. The mixture was further 
incubated for 90s at 37°C when fusion was stopped by 
adding slowly DMEM (15 ml). The mixture was 
centrifuged at 400 g for 15 min, washed once with 
DMEM and was distributed in flat-bottomed 96-well 
microtitration plates (Coster, Cambridge, MA, USA) 
at 2 x  lo5 cells/well in DMEM containing hypoxan- 
thine, aminopterin, thymidine (HAT), 2 mM L-gluta- 
mine and penicillin-streptomycin (pen-strep). * All 
wells contained peritoneal macrophages (0.5 x lo4 

cells) from non-immune mice as feeder layers. The 
DMEM-HAT medium was changed after 3 days. On 
the seventh day the medium was replaced by DMEM 
containing hypoxanthine, aminopterin (HT), 2 mM L- 
glutamine and pen-strep.* After 1 O days supernates 
from wells containing growing clones were tested by 
ELISA for antibody to DOC-insoluble cell-surface 
proteins of V.  cholerae. Antibody-secreting hybrids 
were cloned thrice by limiting dilution in 24-well 
plates with macrophages as feeder cells.’ 

Antibody detection 

Supernates were screened for the presence of 
antibodies to DOC-insoluble cell-surface proteins by 
ELISA. Polystyrene microtitration plates were coated 
with 100 pl of DOC-insoluble cell-surface proteins 
(10 pg/ml in 0.05 M carbonate buffer, pH 9-6) per well. 
Plates were incubated at room temperature for 24 h to 
allow adsorption of the antigen and then washed with 
PBS containing Tween 20 (Sigma) 0-05 w/v. Plates 
were incubated with bovine serum albumin (BSA ; 
3% w/v, 100 pllwell) for 1 h at room temperature, then 
were washed and the supernates were added. After 
2 h at 37”C, the plates were washed and rabbit anti- 
mouse immunoglobulins were added. After 1 h at 
room temperature, plates were washed and then 
incubated for 1 h at 37°C with protein A coupled to 
alkaline phosphatase (1 in 1000 dilution in PBS). The 
plates were then washed and the substrate (p- 
nitrophenyl phosphate 1 mg/ml in diethanolamine) 
was added. Absorbance was measured at 405 nm by a 
Titertek Multiskan automatic plate reader (Flow 
Laboratories). 

Production of asciticjluid containing MAb 

Cloned hybridoma cells were expanded by growth 
in DMEM. Hybridoma cells (5 x lo6) were injected 
intraperitoneally into BALB/c mice which had been 
primed 2-4 weeks earlier with a 0.5-ml injection of 
pristane (2,6,10,14-tetramethylpentadecane ; Sigma). 
Ascitic fluids, normally produced after 10-14 days, 
were aspirated, centrifuged at 1500 g for 10 min and 
stored at - 70°C. 

Purgcation of MAbs by afinity chromatography 

(i) Protein A-Sepharose 4B. Ascitic fluid (1 ml) was 
dialysed overnight at 4°C against 1.5 M glycine, 3 M 
NaCl adjusted to pH 8-9. The material was centrifuged 
at 10 000 g for 10 min and the supernate was applied 
to a column (5 x 0.7 cm) of protein A-Sepharose 4B 
(Pharmacia Fine Chemicals, Uppsala, Sweden) equi- 
librated with 1.5 M glycine, 3 M NaC1, pH 8.9. The 
column was eluted with 0.1 M sodium citrate buffer 
pH 6-0, and the column effluent was monitored 
spectrophotometrically at 280 nm with an LKB Uvi- 
cord, 

(ii) Protein G-Sepharose 4B. Ascitic fluid (1 ml) was 
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dialysed overnight at 4°C against sodium phosphate 
buffer (0.05 M, pH 6.5) then centrifuged at 10 000 g for 
10 min and the supernate was applied to a column 
(5 x 0.7 cm) of protein G-Sepharose 4B (Pharmacia 
Fine Chemicals). The column was eluted with glycine 
(0.05 M, pH 2.5) and the effluent, monitored at 280 nm, 
was collected in 1-ml fractions in tubes containing 
solid Tris (0.5 8). 

Determination of immunoglobulin class 

Ascitic fluids from various cloned hybridomas as 
well as the MAb purified by affinity chromatography 
were tested against isotype- and subclass-specific 
antisera (Meloy, Springfield, VA, USA) by the 
immunodiffusion method in agar gels. l o  

Sodium dodecy 1 sulphate-poly acry lamide gel 
electrophoresis (SDS- PAGE) 

PAGE in the presence of SDS was performed by 
the method of King and Laemmli." Briefly, the gel 
was cast between two plates (16 x 16 cm) to a height 
of 12cm with l-O-mm spacers. A stacking gel 
(acrylamide 3% w/v) of 4-cm height was applied on 
top of the analytical gel (acrylamide lO%w/v). 
Electrophoresis was performed at 150 V. Cell-surface 
proteins, either EDTA/NaCl-extracted or DOC-insol- 
uble, were disaggregated at a concentration of 10 mg/ 
ml in sample buffer (50 mM Tris-HC1, pH 6.8, contain- 
ing SDS 2% w/v, glycerol 10% v/v, bromophenol blue 
0.1% w/v). Gels were stained in Coomassie Brilliant 
Blue R-250 0.2% w/v in methanol : acetic acid : distilled 
water (3 : 1 : 6, v : v : v) for 6 h and destained in several 
changes of methanol : acetic acid : distilled water 
(6 : 1 : 3, v : v : v). BSA (67 Kda), ovalbumin (45 Kda), 
carbonic anhydrase (30 Kda), trypsinogen (24 Kda), 
trypsin inhibitor (20 Kda) and lysozyme (14 Kda) 
were used as marker proteins. 

Iso-electric focusing (IEF) 

Analytical IEF was performed in 0.5-mm thin-layer 
polyacrylamide gels cast between two glass plates. The 
solutions for gel polymerisation were prepared in 8 M 
urea as follows: (a) acrylamide 29.1 g made up to 
100 ml, (b) bisacrylamide 0.9 g made up to 100 ml, (c) 
ammonium persulphate 10 mg dissolved in 1 ml. 
Acrylamide solution (3.5 ml) was mixed with bisacry- 
lamide (3.5 ml), ampholine (1.5 ml, pH 4-6.5; LKB, 
Sweden), ammonium persulphate (0.15 ml, 10% w/v), 
8 M urea (12.35 ml) and TEMED (20 pl). Polymerisa- 
tion was complete in 2 h. IEF was performed on a flat 
bed (LKB, Sweden) cooled to 5°C. The anode and the 
cathode wicks were saturated with 0-5 M acetic acid 
and 0.5 M NaOH respectively. EDTA/NaCl-extracted 
cell-surface proteins were dissolved in 8 M urea at a 
concentration of 10 mg/ml. Volumes of 15 pl were 
applied to the gel and focused for 2 h at a constant 

power of 25 W with which a maximum of 2000 V was 
not exceeded. 

Two dimensional gel electrophoresis (IEF followed 

After IEF, the gel strip containing protein bands of 
interest was excised and equilibrated for 1 h at room 
temperature with a solution containing glycerol 
3-75 ml, Tris-HCl(O.125 M, pH 6.8) 18.75 ml, distilled 
water 15 ml, SDS 0-75 g, 2-mercaptoethanol 1.9 ml 
and a trace of bromophenol blue. The equilibrated 
strip was placed above a stacking gel (4.5% w/v) and 
sealed in place with agarose 1% w/v. SDS-PAGE was 
performed according to the procedure of King and 
Laemmli' with a resolving polyacrylamide gel of 
12.5% w/v. Proteins in some gels were visualised by 
the silver staining technique. 

by SDS-PAGE) 

Immunoblotting 

Proteins, after being separated by one (1 D) or two- 
dimensional (2 D) electrophoresis, were transferred to 
nitrocellulose membrane filters by electrophoresis for 
16 h in 25 mM Tris, 192 mM glycine (pH 8.3) and 
methanol 20% v/v. The blot was soaked for 2 h in BSA 
3%, w/v in Tween buffer (20 mM Tris, 500 mM NaC1, 
Tween-20 0.05% w/v, pH 7.5). It was washed three 
times with Tween buffer for a total of 1 h and was later 
incubated for 2 h with the purified MAb to the DOC- 
insoluble cell-surface proteins of V.  cholerae 0 1 
(diluted 1 in 100 in Tween buffer). The blot was 
washed with Tween buffer for 1 h. It was incubated 
for 1 h with swine anti-mouse IgG (DAKO; diluted 1 
in 500 in Tween buffer) and washed for 1 h with 
Tween buffer. It was then incubated for 1 h with 
alkaline phosphatase-conjugated rabbit anti-swine 
IgG (DAKO: 1 in 1000 dilution) and washed for 1 h 
with Tween buffer. The blot was visualised by the 
modified procedure of Blake et aZ.13 Briefly, stock 
solutions were made as follows : nitroblue tetrazolium 
(NBT) 1 mg/ml in 0.1 M ethanolamine buffer, pH 9.6, 
5-bromo-4-chloro-3-indolylphosphate (BCIP) 4 mg/ml 
in methanol: acetone (2: 1, v: v) and 1 M MgC12 in 
water. The reaction mixture contained 1 M MgC12 
0.2 ml, NBT 5 ml, BCIP 0.75 ml and was made up to 
50ml with ethanolamine buffer. The reaction was 
stopped by immersing the blot in distilled water. 

Other determinations 

Where specified, ELISAs were also performed 
against the affinity-purified MAb with EDTA/NaCl- 
extracted cell-surface proteins of V. cholerae as the 
coating antigen. Microtitration plates were coated 
with 100 pl of protein (50 pg/ml in 0.05 M carbonate 
buffer, pH 9.6) per well; the remaining steps were 
identical to those of the ELISA procedure described 
above. Protein concentrations were measured with 
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the Folin-phenol reagent. l4 Carbohydrates were esti- 
mated by the phenol-sulphuric acid method. l 5  

Results 

Composition of EDTA extract of V .  cholerae 

The extraction of V. cholerae strain 395 (Ogawa, 
classical) with EDTA/NaCl did not cause any detect- 
able cell lysis when monitored by electronmicroscopy. 
The extracted material was predominantly protein 
(90% by weight). When examined by SDS-PAGE, a 
major protein band of 46-48 Kda and other prominent 
bands of 61,60,52,40 and 25 Kda were observed (fig. 
la). The extract was further treated with DOC and 
the DOC-insoluble pellet contained mainly proteins 
with no carbohydrate detected by the phenol-sulphuric 
acid assay. l5  It consisted of the major protein band of 
46-48 Kda (fig. lb). This material was used as the 
immunogen in mice to obtain immune spleen cells. 

Production and selection of hybridomas 

Fusion of spleen cells from immunised BALB/c 

Fig. 1. Analysis of the cell-surface proteins of V. cholerae strain 395 
(Ogawa, classical) by SDS-PAGE. (a) EDTA/NaCl-extracted cell 
surface proteins ; (b) DOC-insoluble cell-surface proteins. 

mice yielded many clones viable in HAT medium. 
These clones were cultured in HT medium and 
supernates from each were screened by ELISA with 
the DOC-insoluble cell-surface proteins of V. cholerae 
strain 395 as the coating antigen. It was observed that 
many clones secreted antibodies initially but they 
failed to produce antibodies after culture for a few 
weeks in HT medium. However, four clones were 
obtained which were stable and continued to secrete 
antibodies to DOC-insoluble cell-surface proteins 
when cultured in HT medium over a period of 3-4 
weeks. These were recloned three times by limiting 
dilution and injected intraperitoneally into pristane- 
treated mice for the production of ascitic fluids. 
Antibodies from two clones (lC3 G3 and 1C3 G4) 
produced strong reactions by ELISA whereas the 
other two clones (1C7 F4, 1C7 G7) gave weaker 
reactions. All belonged to the IgG, subclass. 

Purijication by afinity chromatography 

MAb was purified from the murine ascites produced 
by one clone (1C3 G3) which gave a strong reaction 
by ELISA. Affinity chromatography was performed 
both on protein A and protein G covalently linked to 
Sepharose 4B. A much higher amount of IgG, was 
recovered when recombinant protein G-Sepharose 4B 
was used as the absorbent (fig. 2). The purified MAb 
was used in subsequent studies. 

Reactivity of the MAb with LPS 

The MAb to the DOC-insoluble cell-surface proteins 
of V. cholerae strain 395 (Ogawa), purified by affinity 
chromatography on recombinant protein G-Sep harose 
4B, was tested against homologous V. cholerae LPS 
by ELISA. Microtitration plates were coated with V. 
cholerae LPS (Ogawa). An affinity-purified polyclonal 
anti-LPS (Ogawa) was used as the positive control. 
The MAb preparation did not contain any detectable 
activity against V. cholerae LPS whereas the polyclonal 
anti-LPS serum produced a positive reaction (data not 
shown) . 

Reactivity of the MAb towards homologous and 
heterologous cell-surface proteins of V.  cholerae 

It has been reported that V. cholerae contains cell- 
surface-protein antigens which are common to both 
the biotypes (classical and El Tor) and the serotypes 
(Ogawa and Inaba) of V. ~ h o l e r a e . ~ ~ ~ ~ ’  The cross- 
reactivities of the purified MAb to the DOC-insoluble 
cell-surface proteins of V. cholerae strain 395 (Ogawa, 
classical) with EDTA/NaCl-extracted cell-surface 
proteins from the heterologous strains 569B (Inaba, 
classical), W-13021 (Ogawa, El Tor) and N-16961 
(Inaba, El Tor), as well as the homologous strain, were 
determined by ELISA. The MAb displayed almost 
equal reactivity towards these preparations with titres 
c. 10 000. 
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Fig. 2. Isolation of the MAb (IgG1) from murine ascitic fluid by chromatography on recombinant protein G-Sepharose 4B (G; top) and 
protein A-Sepharose 4B (A; bottom) columns. Arrows indicate the addition of elution buffer. 

Demonstration of the spec@ protein band by 
immuno blo t t ing 

The EDTA/NaCl-extracted cell-surface proteins 
from V. cholerae strain 395 (Ogawa, classical) were 
separated by SDS-PAGE and transferred on to 
nitrocellulose. To determine whether the purified 
MAb reacted with the protein band at 46-48 Kda, the 
blot was incubated with the MAb and subsequently 
developed by ELISA. Although the EDTA-extracted 
material contained several protein bands (fig. la), only 
the major protein band at 46-48 Kda reacted with the 
MAb (fig. 3). 

Two dimensional electrophoretic analysis 

Two dimensional (2D) electrophoresis (IEF in the 
first dimension and SDS-PAGE in the second dimen- 
sion) has a high resolving power. IEF in the first 
dimension was performed in the presence of 8 M urea. 
The EDTA/NaCl-extracted cell-surface proteins were 
resolved into several protein bands in the PI range 4- 
6.5 (fig. 4a). The majority of the proteins were focused 
in the PI range 5-0-5.5. 

Before the second dimension electrophoresis, the 
gel strip containing proteins after IEF in the first 

dimension was equilibrated at room temperature with 
the equilibration buffer for SDS-PAGE. The electro- 
phoretic pattern was visualised by silver staining (fig. 
4b). Another, unstained, 2D gel was electroblotted 
and visualised by immunoblotting with the purified 
MAb. Although the 2D gel, developed by the silver 
staining technique, displayed numerous bands (fig. 
4b), the MAb reacted with the protein complex 
appearing at 46-48 Kda (fig. 5) .  The spot appeared to 
consist of two closely-spaced adjacent protein bands. 
A faint band was also detected against a higher mol. 
wt protein band of c. 95  Kda. Since proteins, separated 
by IEF, were treated at room temperature with SDS- 
equilibration buffer, it is possible that the higher mol. 
wt protein might represent the dimer of the protein 
complex at 46-48 Kda. 

Discussion 

Initial attempts were made to purify the MAb on a 
protein A-Sepharose 4B column. Alkaline buffers of 
high ionic strengths were used to bind the antibody to 
protein A.16 However, the amount of IgG, recovered 
was rather small and the use of high salt concentrations 
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Fig. 4. Separation of the EDTA-NaC1-extracted cell-surface proteins 
of V. cholerue strain 395 by 2D gel electrophoresis. In the first 
dimension, proteins were separated by IEF and bands were 
visualised by staining with Coomassie Brilliant Blue R250 (a). They 
were subjected to SDS-PAGE in the second dimension under 
reducing conditions and bands were visualised by silver staining 
@I. 

Fig. 3. Immunoblot showing the reactivity of the MAb to 46-48- 
Kda DOC-insoluble cell-surface proteins with EDTA/NaCl-ex- 
tracted cell-surface proteins of V. cholerae strain 395 separated by 
(1D) SDS-PAGE. 

is not desirable, as it may lead to non-specific 
adsorption to the matrix. In contrast, when an affinity 
matrix containing protein G was used, a large amount 
of IgG, was recovered. The recombinant protein G 
used in this investigation was devoid of the albumin- 
binding region present in native protein G, a bacterial 
cell-wall protein extracted from group G strepto- 
cocci.” Although murine MAbs from ascitic fluids 
can be separated by DEAE Affi-gel blue chromatog- 
raphy, the eluted antibodies have been found to 
contain other impurities. * Considering all these 
factors, chromatography on protein G-Sepharose 4B 
should be the method of choice for the purification of 
murine IgG, MAbs. 

By immunoblotting it was observed that the MAb 
had reacted with the major cell-surface protein band 
of V. cholerae of 46-48 Kda. It also produced a positive 
reaction, as judged by ELISA, to the cell-surface 
proteins from both biotypes (classical and El Tor) and 
both serotypes (Ogawa and Inaba) of V. cholerae. The 
MAb reacted with the cell-surface proteins whether 
these had been equilibrated with SDS either at room 
temperature or heated at 1ooOC. When cell-surface Fig. 5. Immunoblot showing the reactivity of the MAb to the DOC- 

insoluble cell-surface proteins against EDTA/NaCl-extracted cell- 
surface moteins of V. cholerue strain 395 setmated bv 2D nel proteins were anabed by 2D (IEF 

and SDS-PAGE) the proteins were treated with SDS- electrophoresis. 
Y 
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equilibration buffer at room temperature. The MAb 
reacted with the protein band at 46-48 Kda but when 
stained by silver nitrate, this band was not very 
prominent. This confirms a previous finding that the 
major band of 46-48 Kda in 1D SDS-PAGE became 
prominent when cell-surface proteins were heated 
with SDS above 60°C.' 

The spot on the 2D immunoblot at 46-48Kda, 
visualised with the MAb, appeared to consist of two 
closely spaced and immunologically cross-reactive 
proteins at 46-48 Kda. In immunoblots of proteins 
separated by SDS-PAGE, it was not possible to 
distinguish between these bands as they overlapped. 
These results indicate the superior resolving power 
of 2D electrophoresis compared to that offered by 
1D SDS-PAGE. Preliminary results suggest that the 
46-48 Kda protein band is resistant to the action of 
proteases such as V8 protease from Staphylococcus 
aureus. Gram-negative bacteria possess transmem- 
brane channel-forming proteins, known as porins, 
which are resistant to digestion by several pro- 
teases. 19-2 ' Escherichia coli strain K 12 contains 
OmpF and OmpC porins which share common 
features : they have very similar amino-acid compo- 
sitions and mol. wts and they are immunologically 
cross-reactive. 22-24 Although porins of V.  cholerae 
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have not been identified, the two closely spaced 
protein bands appearing in the mol. wt range 4 6  
48 Kda might be the porins of V.  cholerae. Thus, 
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action of proteases, (ii) very similar in mol. wt and 
(iii) immunologically cross-reactive. 

The MAb produced in this investigation was devoid 
of any activity towards LPS. This provides a major 
advantage over polyclonal sera because membrane 
protein preparations can be contaminated with LPS 
components which are strong immunogens. Previ- 
ously, polyclonal sera had to be absorbed with V.  
cholerae LPS to be made specific for OMPs.' This 
problem has now been overcome. 

The OMPs of V.  cholerae have been studied by SDS- 
PAGE in several laboratories and anomalous banding 
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