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antibodies against P. aeruginosa outer membrane Proteins have been
uoed to demonstrate the strong conservation of specific antigenic
Sites in a1} P. deruginosa Strains tested. In the case of one
monoclooal ?ntibody, Specific for outer membrane lipoprotein H2, the
antigenic site recognized by the antibody wasg also found to be

mercaptoethanol-reduced protein F and with Proteolytic and ¢yanogen
bromide peptide fragments of protein F. . One of these protein
F-specific monoclonal antibodies has been demonstrated to have
immunotherapeutic potential.

INTRODUCTION

Monoclonal antibodies provide several advantages over
conventional polyclonal sera derived from immunization of animals
with antigenic fractions. For example, they have defined
specificity for a single epitope (i.e. antigenic site) op one
species of macromolecule. Thisg allows one to accurately quantify
and identify macromolecules under all circumstances, regardless of
the presence of contaminating antigens. Ip addition, monoclonal
antibodies interact with their target antigens in a highly
reproducible fashion, whereas polyclonal sera are notorious for
their batch to batch variation. Also hybrid cells producing these
monoclonal antibodies can be grown in large amounts in tissue
Culture or in ascites and thus provide potentially inexhaustable
supplies of thesge reagents.
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antigenic side chain-
amine phosphate substituted

(reviewed in Darveau and Hancocks q). LPS has WO properties of \

major jmportance to the pathogeneSis of gram negat1ve bacterial
jnfections: Firstly the 0 antigen is usually the 1mmunodominant
portion of the bacterial surface and in many bacterial species
aifferences in O antigen composition are the basis of serotypin&”
gecondly the 1ipid A also caiied‘endotoxin, confers many
interesting properties on the LPS includ1ng pyrogenicity, roxicity, |

mitogenicity, adjuvanticity, tumor necrotising ability, etc.
(Bradley, 1979) -

We have used monoclonal antibodies to probe the antigenic
conservation of different regions O the LPS (Hancock et al-s 19823
Mutharia et al., 1984). A monoclonal antibody speci{ic for the 0
antigen of our wild type 11 inosa strain interacted with
strains of equivalent serotypé (0-5 in the International Antigen
Typing gcheme, 1ATS) and weakly with strains of a related serotype
(0-17) (Table 1).

1n contrast monoclonal antibodies specific for rough LPS
(1acking 0 side chains) reacted with 2 1imited subset of strains
from the 17 serotypes of the TATS (Table 1), demonstrating greater
conservation of the rough core- Monoclonai antibodies against 1ipid
A interacted with all of the strains of P. ageruginosa tested as well
as many other genera of the Gram negative pbacteria (Table 2). Thus,
as a general rule it appears that LPS heterogeneity is increased for
substituents that are further from the outer membrane surface-

CONSERVATION OF PROTEIN ANTIGENS IN P. AERUGXNOSA

The pseudomonas zeruginosa outer membrané contains @ 6-9
speeies of polypeptides present in high coPy number (XOA-XOS
copies Per cell) and thus called major outer membraneé proteins
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Table 1: Reaction of LPS specific monoclonal antibodies o
with Pseudomonas aeruginosa strains §
Pt
>
3 I3 . 3 2
Reaction using monoclonal antibodies to LPS %
o
0 Antigen o
Outer type 5 Rough Core Lipid A »
Membranes (MA1-8) (MA3-5)  (MA3-6) (5E4) 2
>
P. aeruginosa PAO1 + + + + 5
P. aeruginosa rough - + + + §
P. aeruginosa serotype 5 . + + + + 2
, . F: m
P. aeruginosa serotype 17 +8 - .- S+ X
- >
P. aeruginosa serotypes 7,8,10,14,16 - + + + ;
P. aeruginosa serotype 11 - - + + g
. [9)]
P. aeruginosa serotypes 1,2,3,4,6,9 o
12,13,15 - - - + »
. - . b b b b
P. aeruginosa clinical strains +/= (2/34) +/-(1/20)"+/-(1/20)"+(20/20)

dveaker reaction due to a shared determinant between serotype 17 and serotype 5.

b . . .
postive reactions out of the number of strains tested.
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(Mutharia et al., 1982). We have demonstrated that these
proteinsare jmmunogenic in animals and in humans, in that the sera
of cystic fibrosis patients with P. aeruginosa pulmonary infections
(Hancock et al., 1984), of convalescent patients recovered from P.
aeruginosa bacteremia (Lam et al., 1983) and of rats with induced
chronic P. aeruginosa lung infections (Lam et al., 1983), all have
antibodies that interact with the major outer membrane proteins of
our laboratory wild type strain PAOl. The simplest explanation for
this data is the outer membrane protein antigens are antigenically
conserved in P. aeruginosa. We have now confirmed this suggestion
for outer membrane proteins F and H2 using monoclonal antibodies

(Table 2).

POTENTIAL USE OF MONOCLONAL ANTIBODIES IN THE TAXONOMY OF BACTERIA

At present the major tools in the taxonomic grouping of
bacterial cells are determination of growth characteristics ,
DNA:DNA hybridization (Palleroni et al., 1973), rRNA homology
studies (Palleronmi et al., 1973; DeVos and Deley, 1983) and fatty
acid analysis (Moss et al., 1972). Each of these methods is time
consuming and in the latter three cases involves expensive reagents
or equipment. Thus there is some justification for the development
of new taxonomic aids for the identification of groups of gram
negative bacteria. We have considered monoclonal antibodies
directed against outer membrane antigens as potential taxonomic

tools.

To date we have identified three monoclonal antibodies (Table
2) which may have taxanomic value. Monoclonal antibody 5E&4 was
produced by Centocor, PA and is directed against the lipid A portion
of the lipopolysaccharide (LPS) of E. coli strain J5 (Mutharia et
al., 1984). This antibody interacts with almost all (97%) Gram
negative outer membranes. (i.e. lipid A), including those from
representatives of & Families, 16 species and up to 30 strains of a
single species. Unfortunately this is a moderately low affinity
antibody (thus giving weak ELISA reactions) and the delineation of
bacterial cells into Gram negative and Gram positive is usually more
simply accomplished by the Gram stain. However, this or a similar
antibody may be of interest in those cases in which Gram staining
provides a Gram indefinite phenotype.

A second monoclonal antibody MAl-6, specific for the outer
membrane peptidoglycan—associated lipoprotein H2 (Hancock et al.,
1982), may have greater taxanomic value. This antibody interacts
with all knowr species of the group ("true") Pseudomonads as
classified by Palleroni et al. (1973) and by DeVos and Deley (1983),
but not with those strains of Pseudomonadaceae shown by nucleic acid
homology to be distantly related to these strains. The group 1
Pseudomonads {and the related organism Azotobacter vinelandii) share
one or more of the following characteristics, DNA homology
(Palleroni et al., 1973), rRNA homology (Palleroni et al., 1973;
deVos and deley, 1983), and the presence of the hyd;3x§_fatty acids
a-hydroxy decanoic acid, a-hydroxydodecanoic acid
(occasionally)and B-hydroxydodecanoic acid attached to their LPSs
(Moss et al., 1972). TIn contrast they differ substantially in
morphology, nutritional requirements and production of fluorescent
pigments - all of which are characteristics previously used to
differentiate the Pseudomonadaceae.
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Table 2: Potential taxonomic value of monoclonal antibodies g
Q
o
Reaction using monoclonal antibodies to Relationship to Pseudomonas %
Bacterial outer Outer membrane proteins LPS aeruginosa established by a ;
membrane antigen H2 F F Lipid A rRNA DNA Fatty acid >
(MA1-6) (MA5-8) (MA4-4) (5E4) homology ~ homology  homology P
e}
P. aeruginosa (33 strains) + + + + + + + : %
B. E\Jtida + - + + + + + 0
P. syringae + - + + + + + g
P. chloraphis + - - + + > .
P. aurofaciens + - - + + % !
P. stutzeri + = - + * * ; !
P. fluorescens + - - + + + + > ;
P. anguilliseptica + - - + + 2 i
Azotobacter vinelandii + - - + * m ]
>
P. maltthiliab - - - + - - - >
P. acidovorans - - - + - - - z
P. solanacearumP - - - + - - - 3
5 T _ _ - - - - m
P. cepacia + i
17
Enterobacteriaceae
(4 Genera) - - - + - - -
Vibrionaceae (4 Genera) - - - + - - -
Rhizobiaceae ND¢ ND ND + - - -
a. + relationship established; - no relationship; blank - no available data.

b. These strains were established as taxonomically distinct from the P. fluorescens group of the Family
Pseudomonadaceae and fit into 3 distinct rRNA and DNA homology groups.
¢. ND - not determined.
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220 R.E. W. HANCOCK AND L. M. MUTHARIA

A third antibody of interest is MA5-8 specific for porin
protein F of Pseudomonas aeruginosa (Mutharia and Hancock, 1983).
This antibody cross-reacts with all 33 strains of P. aeruginosa we
have examined, but no other Gram negative bacterial strains.
Interestingly, other monoclonal antibodies against porin protein F
have lesser specificity, since they recognize P. putida and P.
syringae strains. Nevertheless, even these antibodies may turn out
to be of taxonomic interest.

Thus monoclonal antibodies can distinguish both major
subgroupings and more minor subgroupings of bacterial cells.
However, due to the potential for removal of given antigens by
mutation it seems unlikely that they will become more than an
adjunct technique to assist classical taxonomic wmethods.

CHARACTERIZATION OF TWO ANTIGENIC EPITOPES ON PROTEIN F

In our studies on the cross reactivity of monoclonal antibodies
against outer membrane protein F of Pseudomonas aeruginosa we
demonstrated monoclonal antibodies with two distinct specificities.
One antibody, MA5-8, interacted only with P. aeruginosa strains
whereas three other monoclonal antibodies, MA2-10, MA4-4 and MA4-10,
cross reacted with P. syringae and P. putida strains. These two
antibodies were distinguishable by a variety of other tests
(Table 3).

Table 3: Differentiation of two classes of monoclonal
antibodies against protein F

Monoclonal Antibody

MA5-8 MA2-10, MA4-4, MA4-10
Reactivity with purified protein F  + +
Surface labelling of intact
P. aeruginosa + +
Reactivity with P. putida and
- +

P. syringae protein F

Reactivity with a 31 kD trypsin
or 29 kD papain proteolytic
fragment of protein F

+

Reactivity with cyanogen bromide (23,28 kD) -

fragments of protein F

Antigenic reactivity stable to .+
2-mercaptoethanol

Binding to oligomers of protein F + -
on SDS polyacrylamide gels
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MONOCLONAL ANTIBODIES AGAINST BACTERIAL ANTIGENS

Both classes of antibodies recognized a surface epitope as judged by
indirect immunofluorescent labelling (Mutharia and Hancock, 1983)
and colony immunoblotting (Mutharia and Hancock, submitted) of
intact P. aeruginosa cells. The data favour the existence of two
separate highly conserved surface epitopes on outer membrane protein
F in P. aeruginosa. While these studies have not as yet allowed us
to propose a realistic molecular model for protein F, it is
anticipated that the isolation and characterization of a greater

variety of monoclonal antibodies may permit structural predictions
to be made.

USE OF MONOCLONAL ANTIBODIES IN PASSIVE IMMUNOTHERAPY

Monoclonal antibodies are a good candidate for passive vaccines
due to their high specificity. We considered the possibility that
one of our monoclonal antibodies against protein F would provide
protection against a subsequent lethal challenge with P.
aeruginosa. The results shown in part in Table 4 strongly suggest
that this antibody, which recognizes a conserved surface epitope and
can protect mice against P. aeruginosa of a serotype different to
the strain used to originally isolate the monoclonal antibody, has
good potential as an immunotherapeutic agent.

Table 4. Protective effect of protein F-specific monoclonal
antibody MA4-4 against challenge of B6/D2
mice with P. aeriuginosa strain M2

Group Survival Significance of
Protection Difference
(Fisher exact test)

Control 1/10
MA4-4 injected 9/10 p < 0.01

Antibody MA4-4 (0.1 mg) of the IgGy, class was injected into
the tail vein of 25 Gram mice two hours prior to
intraperitoneal challenge with 4 x 10% strain M2 organisms
suspended in physiological saline. Survival was recorded after
3 days. ©No mice died after this time. Results are taken from
two separate experiments. A control monoclonal antibody MA1-6

specific for a non surface located epitope of protein H2 did
not afford protection.

CONCLUSIONS

This short review has attempted to highlight the potential uses
of monoclonal antibodies directed against bacterial surface
antigens. It is our feeling that monoclonal antibodies will have a
major impact on serology, immunochemistry, taxonomy and
immunotherapy. This is emphasized by numerous studies in addition
to our own studies reported here. Their continued use should open
up many areas of research by providing specific reagents for
defining bacterial antigens.
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