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Hybridomas secreting monoclonal antibodies specific for Pseudomonas aeru-
ginosa outer membrane antigens were isolated. One of the antibodies was highly
specific for the 0 antigen of the lipopolysaccharide of International Antigen
Typing Scheme serotype 5 strains, reacting only weakly with a serotype 17 strain
and failing to react with the outer membranes of strains representing 15 other
serotypes. This monoclonal antibody was able to agglutinate heat-killed bacterial
cells as well as lipopolysaccharide-coated sheep erythrocytes. Two other mono-
clonal antibodies were able to interact with the outer membranes of strains
representing all 17 serotypes, although they were unable to agglutinate heat-killed
bacterial cells. One of these was shown to be specific for the major outer
membrane lipoprotein H2. The antigenic site against which this monoclonal
antibody reacted was present in the outer membranes of two Pseudomonas
fluorescens strains, two Pseudomonas putida strains, a Pseudomonas anguillisep-
tica strain, and an Azotobacter vinelandii strain, but not in the outer membranes
of five other bacterial species.

The cell surface of Pseudomonas aeruginosa
contains a number of macromolecules which can
interact with host cells during infection (see
references 5, 22, and 24 for reviews). Two
classes of such molecules, lipopolysaccharide
(LPS) and proteins, have been shown to be
components of the P. aeruginosa outer mem-
brane (9, 12). The LPS of P. aeruginosa has
been partially characterized and has been shown
both chemically (15, 16) and serologically (16) to
differ widely among isolates. This explains the
observation that LPS-based vaccines protect
only against subsequent infections by strains of
the same 0 serotype grouping (8, 22). A number
of systems of serotyping P. aeruginosa have
been developed (see references 2, 3, and 16 for
reviews); for example, the commonly used In-
ternational Antigen Typing Scheme (IATS; com-
mercially marketed by Difco Laboratories, De-
troit, Mich.) contains 17 serotypes (2, 3, 16),
suggesting a minimum of 17 distinct molecular
forms of LPS in P. aeruginosa. This observa-
tion, combined with the known toxicity of LPS
and LPS-based vaccines (22), has argued against
the validity of using LPS as a major component
of antipseudomonal vaccines.
Our recent studies have demonstrated the

potential of outer membrane proteins as vaccine
components (L. M. Mutharia, T. I. Nicas, and
R. E. W. Hancock, submitted for publication).
These studies suggest a great similarity in the
major outer membrane proteins of P. aerugin-

osa, since we have demonstrated among the 17
serotype strains of the IATS (i) conservation of
receptor sites for protein-specific phages, (ii)
highly similar major outer membrane protein
patterns on sodium dodecyl sulfate-polyacryl-
amide electrophoretic gels, and (iii) cross-reac-
tions of the outer membranes of the serotype
strains with antisera raised against partially puri-
fied major outer membrane proteins. Other stud-
ies have suggested that major outer membrane
proteins interact with and mitogenically stimu-
late B lymphocytes (4).

Until now, our own and other studies on the
P. aeruginosa cell surface antigens and their
interactions with the host immune system have
involved polyclonal antisera raised in animals
with the use of complex antigens. Even when an
attempt is made to purify the specific antigen of
interest, low levels of impurities can have a very
large influence on the results. The techniques for
isolation of hybrid cells secreting monoclonal
antisera directed against a single antigenic site
(14, 20) should overcome many of the problems
associated with the use of crude antisera.

In this paper, we describe the isolation and
characterization of monoclonal antibodies
against three separate P. aeruginosa outer mem-
brane molecules and demonstrate that the anti-
genic site for the two anti-outer membrane pro-
tein monoclonals is conserved, whereas the anti-
LPS monoclonal antibody demonstrates a
serotype-specific reaction.
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MATERIALS AND METHODS

Bacterial strains and growth conditions. P. aerugin-
osa PAO1 strain H103 (19) was used as a standard
strain for isolation of outer membrane proteins and
immunization. Strains AK1160 and AK1188, obtained
from A. Kropinski (Queen's University, Kingston,
Ontario), were rough P. aeruginosa PAO derivatives
with defined LPS compositions (similar to AK1012
[13] but containing one to two additional glucose
residues attached to the galactosamine [Ann Ryan,
M.Sc. thesis, Queen's University, Ontario, Canada,
1982]). Strain H223 was a rough, LPS-altered mutant
of strain H103 selected for resistance to phage 44.
Strain Z61 was a smooth, antibiotic-supersusceptible
mutant of P. aeruginosa K799 with a lipid A alteration
(1). A set of 17 serotype-specific strains was a kind gift
from P. Liu. These strains were representatives of the
IATS, which contains as subsets the type strains from
all other commonly used P. aeruginosa serotyping
systems with one exception: type M of the Homma
typing set has no correlation in the IATS (see refer-
ences 2 and 3 for relationships among the various
systems). They were named as follows: type 1 (ATCC
33348), type 2 (ATCC 33349), type 3 (ATCC 33350),
type 4 (ATCC 33351), type S (ATCC 33352), type 6
(ATCC 33354), type 7 (ATCC 33353), type 8 (ATCC
33355), type 9 (ATCC 33356), type 10 (ATCC 33357),
type 11 (ATCC 33358), type 12 (ATCC 33359), type 13
(ATCC 33360), type 14 (ATCC 33361), type 15 (ATCC
33362), type 16 (ATCC 33363), and type 17 (ATCC
33364). In addition, a mucoid isolate from a cystic
fibrosis patient, Pl, and its spontaneous revertant was
obtained from D. Speert, Children's Hospital, Van-
couver. The other bacterial strains and species used
were P. fluorescens ATCC 13525 (the type strain of
this species), P. fluorescens ATCC 949, P. putida
ATCC 12633 (the type strain), P. putida K4359, P.
anguilliseptica ET7601, P. acidovorans ATCC 9355,
Azotobacter vinelandii OP, Aeromonas salmonicida
NCMB 1102, Aeromonas hydrophila ET-2, Vibrio
anguillarum HT7602 and Edwardsiella tarda 79054.
Further details of the growth and isolation of outer
membranes from these organisms will be published
(K. Nakajima, K. Muroga, and R. E. W. Hancock,
Int. J. Syst. Bacteriol., in press).

P. aeruginosa cultures were maintained on 1% (wt/
vol) proteose peptone no. 2 agar and used after growth
in proteose peptone no. 2 broth to an optical density at
600 nm of approximately 0.5 to 0.8.
Outer membrane techniques. Outer membranes were

isolated by the one- or two-step procedures described
previously (9, 12). The method of isolation of proteins
F, H2 (previously called 17K), and 1 (4) were exactly
as previously detailed. Protein Hi was isolated from
an HI-overproducing strain, H181 (19), by solubiliza-
tion of H181 outer membranes in 2% (wt/vol) Triton X-
100-20 mM Tris-hydrochloride (pH 8.0)-10 mM
EDTA. The solubilized proteins were then passed
down a DEAE-Sephacel column as described for
protein F (4), the resultant peak fractions containing
protein HI were pooled, and Triton X-100 was ex-
changed for 1% deoxycholate as follows. The pooled
column fractions containing 0.1% (wt/vol) Triton X-
100 were concentrated fivefold by dialysis against 30%o
(wt/vol) polyethylene glycol 20,000, and a fourfold
excess of sodium deoxycholate over Triton X-100 was

added. This sample was then applied to a Sephadex G-
200 column (60 by 1.8 cm) equilibrated with 1%
sodium deoxycholate-20 mM Tris-hydrochloride (pH
8.0)-10 mM EDTA-1 M NaCl (column buffer) and
eluted with column buffer. Protein Hi was found to be
relatively pure (>90%o) in the void volume, but it had
suffered some degradation which increased with stor-
age time.

Protein D2 was purified as described previously for
protein Dl purification (10), except that the cells were
grown in BM2-succinate medium to suppress protein
Dl production. The resultant protein D2-containing
fractions were pooled and exchanged into 1% sodium
cholate as described above for the Triton-to-deoxy-
cholate exchange, with three exceptions: (i) 1% cho-
late replaced 1% deoxycholate in the column buffer,
(ii) an LKB AcA34 column (70 by 1.8 cm; LKB
Instruments Inc., Rockville, Md.) was used in place of
the Sephadex G-200 column, and (iii) after protein D2-
containing fractions were pooled from the first column
run, this pool was rechromatographed on the AcA34
column, and the D2-containing fractions were pooled.
The purity of the proteins was determined by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis
and by cross titration against polyclonal antisera
raised in mice, using these proteins as antigens (data
not shown). Thus, we were able to estimate that
protein D2 was approximately 80% pure (with protein
I and LPS as significant contaminants), whereas pro-
teins H2 and I were 70 and 80%o pure, respectively, and
contained 30% protein I and 10%o protein H2 as
contaminants, respectively. Protein F was at least 90%o
pure, as previously described. It was not possible to
accurately estimate the purity of protein Hi because of
extensive proteolysis during storage. However, only
antisera to protein HI reacted strongly against purified
protein Hi.
The method of LPS isolation will be described

elsewhere (R. P. Darveau and R. E. W. Hancock,
manuscript in preparation). In principle, cells were
dissolved in 2% sodium dodecyl sulfate-10 mM
EDTA-20 mM Tris-hydrochloride (pH 7) at room
temperature before digestion of protein and subse-
quent ethanol precipitation of LPS. The resultant LPS
was obtained in high yields (80% or greater) and was
protein- and nucleic acid-free as judged by absorbance
at 260 and 280 nm. Smooth LPS was obtained from
strain H103, and rough LPS was obtained from strain
AK1160 by the same method. Quantitation of the LPS
was performed by using the LPS-specific sugar 2-keto-
3-deoxyoctulosonate, and demonstration of the rough
or smooth nature of the LPS was done by using
sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis as previously described (1).
Sodium dodecyl sulfate-polyacrylamide gel electro-

phoresis of outer membrane proteins was described
previously (9). Azotobacter vinelandii OP outer mem-
branes were kindly provided by R. Moore (University
of British Columbia, Vancouver).

Isolation of monoclonal antibodies. Our monoclonal
antibody isolation procedure was a slight modification
of the techniques of Kohler and Milstein (14, 20).
BALB/c BYJ mice (Jackson Laboratories, Bar Har-
bor, Maine) were immunized by three intraperitoneal
injections of 30 p.g of P. aeruginosa PAO1 outer
membranes at 7-day intervals, resulting in reciprocal
serum antibody titers of 105 as determined by the
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enzyme-linked immunosorbent assay (ELISA) method
(see below). The medium used for suspension of
mouse spleen cells and growth of NS1 myeloma cells
was Dulbecco modified Eagle medium (GIBCO Labo-
ratories, Buffalo, N.Y.) supplemented with 20% fetal
calf serum (GIBCO), 2 mM glutamine, 1 mM pyruvate,
63 Fg of penicillin per ml, 100 p.g of streptomycin
sulfate per ml, 3.5 mg of sodium bicarbonate per ml,
and 5 mM HEPES (N-2-hydroxyethylpiperazine-N'-2-
ethanesulfonic acid) base. Fusion was performed with
108 spleen cells from immunized mice and 10' NS1
myeloma cells, using 50% polyethylene glycol 1,500
(BDH Chemicals, Toronto, Canada) as a fusogen.
After fusion, cells were suspended at approximately 5
x 105 myeloma cells per ml in the Dulbecco medium
described above, containing (per milliliter) 13.6 ,ug of
hypoxanthine, 7.3 ,g of thymidine, 0.22 jig of aminop-
terin, and 103 to 105 BALB/c BYJ normal thymocytes.
Cloning, storage, and antibody production in ascites
cells were essentially as described previously (20).
Titration of monoclonal antibodies was performed by
the ELISA method (23), using microtiter plates (Nunc
substrate plates; Dynatech Laboratories, Inc., Alex-
andria, Va.) coated with outer membrane proteins (50
pug per well) that had been solubilized in 2% Triton X-
100-20 mM Tris-hydrochloride (pH 8.0)-10 mM
EDTA before being precipitated with 2 volumes of
ethanol and 0.1 M NaCl at -20°C overnight and
suspended in coating buffer (23). LPS coating was
performed by using an LPS concentration of 50 ,ug in
100 ,ul of bicarbonate coating buffer (23) to coat each
well. To guard against the possibility of contaminating
polyclonal antibodies in the mouse ascites, the follow-
ing controls were established: all experiments were
duplicated with antibodies raised in ascites cells and
with culture supernatants of hybridomas grown in
vitro, and normal mouse serum controls were includ-
ed. In addition, the specificity of the reactions of the
monoclonals with a variety of antigens (see below)
argued against these results being due to contaminat-
ing polyclonal antibodies.

Miscellaneous immunological techniques. Double
immunodiffusion (21) was performed in 2% (wt/vol)
agarose in 0.1 M NaOH-0.12 M Barbital buffer (pH
8.6) containing 1% (vol/vol) Triton X-100. The antigen
wells were filled with 20 ,ug of the solubilized antigen,
and the antibody wells were filled with undiluted or
twofold dilutions of ascites or hybridoma culture su-
pernatants. Rocket immunoelectrophoresis was per-
formed as described by Laurell (17), except that 1%
(vol/vol) Triton X-100 was added to the antibody-
containing agarose gel. Bacterial agglutination was
performed by using heated cells prepared as described
by Brokopp et al. (3). Agglutination was scored on a
scale of +1 (weak agglutination) to +4 (strong aggluti-
nation) in undiluted ascites or hybridoma culture su-
pernatants. Test controls were done in saline, and
control ascites fluids were used to demonstrate that
other components in ascites fluid were not responsible
for agglutination. Passive hemagglutination was done
as described by Lanyi and Bergen (16).

RESULTS
Isolation of monoclonal antibodies. After NS1

myeloma cells fused with the splenic cells of

mice primed with whole outer membranes, hy-
bridomas were cloned by limiting dilution until
only a single clone in each well of the tissue
culture plate was evident. A total of 15 clones (of
about 400 hybrids) were isolated which pro-
duced antibody specific for outer membrane
antigens; of these, 3 were chosen for detailed
study. They were judged to produce monospe-
cific antibody on the basis of their specificity
towards a variety of crude antigenic fractions
from outer membranes (see below) and their
production of single precipitin lines in the Ouch-
terlony double-diffusion and rocket immuno-
electrophoresis procedures, using as antigens
whole PA01 outer membranes solubilized in 1%
(wt/vol) Triton X-100-20 mM Tris-hydrochlo-
ride (pH 8.0)-10 mM EDTA. The selected hybri-
domas and their corresponding antibodies were
named MA1-3 (monoclonal antibody fusion 1
clone 3), MA1-6, and MA1-8.

Interaction of monoclonal antibodies with LPS
and LPS-altered mutants. The three monoclonal
antibodies tested reacted strongly with purified
outer membranes from strain PAO1 and from an
antibiotic-supersusceptible, LPS lipid A-altered
mutant, Z61 (1), derived from a clinical isolate of
P. aeruginosa (Table 1). However, MA1-8 failed
to interact with the outer membranes of three
independently isolated rough, LPS-altered mu-
tants derived from strain PA01 (Table 1). In
contrast, MA1-3, MA1-6, and rabbit serum
raised against whole PAO1 outer membranes
reacted equally well against the outer mem-
branes of PAG1 and its rough, LPS-altered
mutants. This finding was consistent with MAl-
8 being specific for the 0-antigen portion of
PAO1 LPS. In agreement with this, MA1-8
interacted strongly with purified PAO1 LPS, but
MA1-3 and MA1-6 failed to interact with LPS
(Table 2). We were also able to demonstrate
passive hemagglutination by MA1-8 of sheep
erythrocytes coated with smooth PA01 LPS
(titer, 1,400), but we could not demonstrate he-
magglutination of sheep erythrocytes coated
with rough AK 160 LPS lacking 0 antigen (titer,
<2).

Interaction of monoclonal antibodies with par-
tially purified antigens. A variety of partially
purified outer membrane proteins were tested
for their ability to interact with the three mono-
clonal antibodies (Table 2). In agreement with
the above data, MA1-8 reacted only with those
antigens which could be shown by chemical
means to contain LPS as a contaminant. In
contrast, MA1-3 failed to interact with LPS or
partially purified outer membrane proteins D2,
F, and Hi, but interacted well with protein I. In
an Ouchterlony double-diffusion assay, MA1-3
gave a strong precipitin line when protein I was
used as an antigen. The third monoclonal, MAl-

INFECT. IMMUN.

 at U
N

IV
 O

F
 B

R
IT

IS
H

 C
O

LU
M

B
IA

 on M
ay 5, 2008 

iai.asm
.org

D
ow

nloaded from
 

http://iai.asm.org


MONOCLONAL ANTIBODIES TO P. AERUGINOSA 169

TABLE 1. Interaction of monoclonal antibodies with the outer membranes of LPS-altered strains of P.
aeruginosa

Logl0 ELISA titer with:'
Outer membrane

antigen from strain: defect MA-6 MA-8 Rabbit anti-whole
outer membranes

PAO1 Wild type 3 3 5 7
Z61 Lipid A (semirough) 3 3 6 6
AK1160 Rough 3 3 <1 7
AK1188 Rough 3 3 <1 7
H223 Rough 3 3 <1 NDb

a Log10 ELISA titers were obtained by using serial 10-fold dilutions of ascites fluid or antiserum as the primary
antibody in ELISA assays. The antigen-antibody complexes were then reacted with alkaline phosphatase-
coupled rabbit anti-whole mouse immunoglobulin antibodies. The log10 of the highest dilution of ascites or
antiserum giving 30% of the rate of substrate (p-nitrophenylphosphate) conversion to products, when compared
with the 10-fold-diluted control, was taken as the loglo ELISA titer.

b Not done.

6, interacted well in ELISA with partially puri-
fied outer membrane proteins H2 and I (which
was contaminated with H2), thus distinguishing
it from MA1-3, which only interacted with pro-

tein I. In an Ouchterlony double diffusion test,
MA1-6 gave a single precipitin line with both H2
and I as antigens. In addition, we observed a

single precipitin line, using as an antigen protein
H2 cut out of sodium dodecyl sulfate-polyacryl-
amide gels and eluted into 2% Triton X-100-20
mM Tris-hydrochloride (pH 8.0-10 mM EDTA
solution; we also observed a positive ELISA
reading when this antigen was used to coat the
plates. Neither MA1-3 nor MA1-6 reacted with
protein I eluted from polyacrylamide gels.

Interactions of monoclonal antibodies with the
outer membranes of serotyping strains. Monoclo-
nal antibody MA1-8, specific for the 0 antigen of
strain PA01, interacted strongly with the outer
membrane of the serotype 5 strain (Table 3), in
agreement with a previous observation that
strain PA01 is type 5 in the IATS (6). Of the
other 16 serotype strains examined, only the

TABLE 2. Interaction of monoclonal antibodies
with partially purified outer membrane antigens of P.

aeruginosa

Log10 ELISA titer with

Antigen monoclonal antiserum:

MA1-3 MAl-6 MA1-8

H103 outer membranes 3 4 5
Protein D2' <1 <1 3
Protein F' <1 <1 2
Protein Hl <1 <1 2
Protein H2b <1 4 <1
Protein Ib 3 4 <1
LPS 0 0 4

a Partially purified proteins D2, F, and Hi were
shown to contain significant amounts of LPS (about
10%o [wt/wt]).

b Proteins H2 and I were cross-contaminated (see
the text).

outer membranes of type 17 interacted weakly
with MA1-8. This was consistent with a series of
experiments testing the ability of our monoclo-

TABLE 3. Interaction of monoclonal antibodies
MA1-3, MA1-6, and MA1-8 with the outer membrane
antigens of P. aeruginosa strains representing the 17

serotypes of the IATS
Outer Loglo ELISA titer' with antibody:

membrane
antigen' from MA1-3 MA1-6 MA1-8

Serotype 1 3 2 (0.73)c <1
2 3 2 (0.85) <1
3 3 2 (0.54) <1
4 3 2 (0.73) <1
5 3 2(0.41) 3
6 3 3 (1.08) <1
7 3 3 (1.20) <1
8 3 2 (0.70) <1
9 3 3 (1.09) <1
10 3 3 (1.21) <1
11 3 2 (0.92) <1
12 3 2(1.18) <1
13 3 2 (0.41) <1
14 3 3 (1.25) <1
15 3 2 (0.40) <1
16 3 3 (0.56) <1
17 3 3 (>2) 1

P1 mucoid 3 2 (0.38) <1
P1 revertant 3 2 (0.20) <1
PA01 3 3 (1.15) 5

a For testing MA1-3, outer membranes were solubi-
lized in 2% Triton X-100-20 mM Tris-hydrochloride
(pH 8.0)-10mM EDTA and then precipitated at -20°C
after the addition of 2 volumes of ethanol and 0.1 M
NaCl before ELISA plates were coated. Using unsolu-
bilized outer membranes as antigens gave inconsistent
results for MA1-3. For the other monoclonal antibod-
ies, unsolubilized outer membranes were used as the
coating antigen.

b ELISA readings are the averages of three or more
experiments.

c Numbers in parentheses represent the optical den-
sity at 490 nm for a single experiment after 2 h of
incubation at 4°C with p-nitrophenylphosphate.
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TABLE 4. Interaction of monoclonal antibodies MA1-3, MA1-6, and MA1-8 and anti-outer membrane sera

against various bacterial strains

Log1o ELISA titer with:

Antigen (outer membrane from strain:) MAl-3 MAl-6 MAl-8 Rabbit anti-outer
membrane serum

Pseudomonas aeruginosa PAO1 3 3 5 7
P. fluorescens ATCC 13525 1 >3 <1 6
P. fluorescens ATCC 949 <1 3 <1 6
P. putida ATCC 12633 <1 3 <1 6
P. putida K4359 <1 3 <1 6
P. anguilliseptica ET 7601 <1 3 <1 6
P. acidovorans ATCC 9355 <1 <1 <1 4
Azotobacter vinelandii OP 1 3 <1 6
Aeromonas salmonicida NCMB 1102 <1 <1 <1 5
Aeromonas hydrophila ET-2 <1 <1 <1 5
Vibrio anguillarum HT 7602 <1 <1 <1 5
Edwardsiella tarda 79054 <1 <1 <1 3

nal antibodies to agglutinate whole bacteria. In
these experiments, we could show strong agglu-
tination (+4) of cells of strain PAO1, strain Z61,
and our serotype 5 strain, but no bacterial agglu-
tination reactions were observed when the other
serotyping strains were used. MA1-3 and MA1-6
were unable to agglutinate PAO1 or any of the 17
serotyping strains. A rabbit anti-whole outer
membrane serum agglutinated PA01, Z61, and
the serotype 16 strain strongly (+4), the sero-
type 5 strain moderately (+2), and the serotype
4, 6, 7, and 17 strains weakly (+1). The other 11
serotyping strains were not agglutinated.
Monoclonal antibodies MA1-3 and MA1-6 in-

teracted with the outer membranes of all P.
aeruginosa strains tested, although the reactions
varied from strain to strain (e.g., see values in
brackets for MA1-6, Table 3). Thus, the antigen-
ic sites recognized by these antibodies are ap-
parently common to all P. aeruginosa serotypes.

Interactions with the outer membranes of other
species. To determine whether our monoclonal
antibodies were specific for P. aeruginosa anti-
gens, we screened them against the outer mem-
branes of a variety of strains of Pseudomonas
and other organisms (Table 4). MA1-8 was

shown to be specific for P. aeruginosa PAO1,
and MA1-3 showed weak reactions with one of
two P. fluorescens strains tested and the Azoto-
bacter vinelandii strain. However, MA1-6 react-
ed strongly with the outer membranes of two P.
fluorescens strains (including the type strain
ATCC 13525), two P. putida strains (including
the type strain ATCC 12633), a P. anguillisep-
tica strain, and an Azotobacter vinelandii strain,
but not with the outer membranes of five other
organisms.

DISCUSSION
In this paper, we have described the isolation

and characterization of three monoclonal anti-

bodies directed against outer membrane anti-
gens. One of these antibodies, MA1-8, is quite
specific for the 0-antigenic region of the LPS of
serotype 5 strains. Based on its weak cross-
reaction with the outer membrane of a serotype
17 strain, MA1-8 may well be directed against
antigen 2d of the LPS which is apparently shared
by serotypes 5 and 17 (16). This result agrees
with the conclusion of numerous other reports
that variation in the LPS 0-antigen composition
is responsible for serotyping differences (see,
e.g., references 15 and 16).
A major finding of this paper is that all P.

aeruginosa strains studied shared at least two
separate outer membrane protein antigenic sites,
as revealed by their interaction with the mono-
clonal antibodies MA1-3 and MA1-6. The former
antibody could be distinguished from MA1-6 on
the basis of interactions both with partially puri-
fied P. aeruginosa major outer membrane pro-
teins (Table 2) and with the outer membranes of
other bacteria (Table 4). However, the actual
nature of the antigenic site against which MA1-3
is directed has remained obscure since it does
not seem to interact with denatured antigens
from sodium dodecyl sulfate-polyacrylamide
gels, and immunoprecipitation has not given a
clear result (unpublished data). It is possible that
MA1-3 is directed against a minor protein or a
complex of proteins H2 and I, which may be
present in our partially purified protein I prepa-
ration. The existence of such a complex in vivo
has been postulated from selective solubilization
experiments (11) and has also been demonstrat-
ed in our laboratory by protein-protein cross-
linking experiments (B. L. Angus, and R. E. W.
Hancock, unpublished data).
The results reported here demonstrate that

MA1-6 is specific for the major outer membrane
lipoprotein H2. Mizuno (18) has demonstrated
that an outer membrane protein can be immuno-
precipitated from three fluorescent pseudomo-
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nads, P. aeruginosa, P. fluorescens, and P.
putida, by crude antisera against P. aeruginosa
protein H2. Our results confirm and extend
these data in demonstrating that a single antigen-
ic site on protein H2 is shared by proteins from
the outer membranes of 25 P. aeruginosa
strains, 2 P. fluorescens strains, 2 P. putida
strains, a P. anguilliseptica strain, and an Azoto-
bacter vinelandii strain. This pattern of conser-
vation of an antigenic site is consistent with
reports suggesting that Azotobacter vinelandii
demonstrates rRNA homology with a variety of
fluorescent pseudomonads (7), whereas P. an-
guilliseptica, a pathogen of Japanese eels, cross-
reacts antigenically with P. aeruginosa, P.
fluorescens, and P. putida (Nakajima et al., in
press). MA1-6 failed to interact with P. acido-
vorans outer membranes, in agreement with
rRNA homology experiments suggesting that
this organism is taxonomically distinct from the
fluorescent pseudomonads (7).
There are at least three major practical appli-

cations of monoclonal antibodies such as those
described here. A bank of serotype-specific
monoclonal antibodies like MA1-8 would pro-
vide highly accurate typing sera for classifica-
tion of clinical P. aeruginosa strains. In addi-
tion, monoclonal antibodies like MA1-6 and
MA1-3 may help to identify common antigens of
P. aeruginosa for potential use in vaccines.
Finally, they may have considerable value in the
taxonomy of pseudomonads. While this paper
was in preparation, we learned of the work of
Rabin et al. (personal communication), who
have identified similar serotype-specific and -
nonspecific monoclonal antibodies by using a
Homma serotype M strain of P. aeruginosa as
the injecting antigen. Unfortunately, this
Homma serotype does not correspond to any of
the IATS serotypes described here.
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