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Monoclonal antibodies were developed against serotype 3, P-1059

strain of Pasteurella multocida. Enzyme-linked immunosorbent assays

(ELISA) were used to detect antibodies in supernatants of hybridoma

cells to either a surface protective (2.5 S) antigen prepared from a

2.5% saline extract or lipopolysaccharide (LPS) prepared by the phenol-

water method. Forty two hybridoma cells were developed by fusing Sp 2/0

myeloma cells with spleen cells obtained from mice immunized three times

with inactivated whole cells of P-1059 strain. The supernatant of four

hybridomas, designated as 6EE11, D7H10, E11E3, and C11H2 were positive

for antibody activity against the 2.5 S antigen, and two of them, E11E3

and C11H2, were positive for the LPS antigen. Hybridomas producing

antibodies were cloned by the limiting dilution method, and four clones

were obtained.

The isotype of monoclonal antibodies were determined by an ELISA,

indicating 6EE11 to be a IgG2b and the three others being of the IgG3

subisotype.



Antigens 2.5 S or LPS were subjected to sodium dodecyl sulfate

polyacrylamide gel electrophoresis (SDS-PAGE) and transferred to a

nitrocellulose membrane which was subsequently reacted with the

monoclonal antibody (Western blot). 6EE11 and D7H10 monoclonal

antibodies showed similar patterns in the Western blot, while E11E3 and

C11H2 produced an identical pattern, albeit different from those

produced by the other two. Monoclonal antibodies 6KE11 and D7H10

reacted with a major band having an apparent molecular weight of 35,500

d and at least one minor band of 78,000 d, whereas E11E3 and C11H2

recognized a band with a molecular weight of 12,500 d in the 2.5 S

antigen preparation. After binding of the 2.5 S antigen to the

microtiter plate, 10 mM periodic acid treated antigen reveald no

remaining reactivity with E11E3 monoclonal antibody, while 6EE11 still

maintained reactivity. Monoclonal antibody 6EE11 did not recognize any

band in the Western blot after Proteinase K (250 pg/100 ml) treatment of

the 2.5 S antigen, whereas antibody activity of E11E3 did not change.

Monoclonal antibody 6EE11 did not recognize any band in the

Western blot on the LPS antigen, while E11E3 had the ability to

recognize a pattern of multiple bands with molecular weights varying

from 12,500 to 39,000 d. These antigens were sensitive to periodate

oxidation and resistant to proteinase K treatment.

All the four monoclonal antibodies failed to agglutinate P-1059 or

T-325 strains of P. multocida.

Colonies of 15 serotypes of Pasteurella multocida were subjected

to the indirect immunofluorescence assay employing the monoclonal

antibodies, 6EE11 or E11E3, and fluorescein-labeled goat anti-mouse IgG.



Monoclonal antibody, 6EE11, gave positive reactions with serotypes 3, 4,

9, 10, or 11, and, to a lesser extent, with type 12 organisms, but it

failed to react with type 1, 5, 6, 7, 8, 13, 14, 15, or 16. E11E3 was

positive only with serotype 3 strains or a type 10 strain. Both

monoclonal antibodies were negative with the control organisms, P.

haemolytica, Escherichia coli, Staphylococcus epidermidis or Salmonella

typhimurium.
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MONOCLONAL ANTIBODIES AGAINST P-1059 STRAIN OF

PASTEURELLA MULTOCIDA

CHAPTER I

LITERATURE REVIEW



2

Pathogenicity of P. multocida

Pasteurella multocida causes various diseases in mammalian and

avian species including two economically important septicemic diseases,

fowl cholera in poultry (Rhoades & Rimbler, 1984) and hemorrhagic

septicemia in cattle and buffalo (Bain, 1963). In addition, the

organism is capable of infecting a variety of animal species, including

rabbits, rats, horses, sheep, cats, swine, pigs, and men, causing a wide

variety of clinical diseases (Carter, 1967).

Fowl cholera (avian cholera; avian pasteurellosis) is an acute

contagious disease caused by P. multocida and is associated with high

morbidity and mortality in domestic and wild birds. Fowl cholera is a

serious economical problem in the turkey and chicken industry. Turkeys

are more susceptible to the infection than chickens (Rhoades & Rimler,

1984). In acute fowl cholera, the birds usually die within a few days

following infection. Clinical signs including drowsiness, fever, and/or

diarrhea appear only several hours before death. The chronic form of

fowl cholera, which occurs infrequently in chickens, is characterized by

localized infections probably from either a strains of low virulence or

following an acute outbreak (Rhoades & Rimler, 1984).

Hemorrhagic septicemia is an acute, often fatal, disease affecting

cattle and buffalo and is caused by P. multocida of either type B or C.

The disease is prevalent in Africa, Middle East, and some parts of Asia.

The clinical symptoms in cattle and buffalo commonly include fever,

salivation, and dullness (Bain, 1963). Studies with experimental

infections have shown that bacteremia is detectable by culture within 12

hours after exposure by either the oral or nasal routes. As the disease
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progresses, the organisms appears in feces, urine, and milk (Bain,

1963).

Pasteurella multocida is also an important bacterial pathogen

of rabbits. Pasteurellosis occurs in rabbits sometimes in an acute

pneumonic form with high morbidity and mortality, but the chronic form

is far more common and characterized by mucopurulent rhinitis, or

"snuffles" (Manning, 1984). The clinical signs of chronic

pasteurellosis often result in sequelae such as conjunctivitis, otitis

media, furunculosis, and/or pulmonary abscess (Flatt, 1974).

Pasteurella multocida occasionally infects men after being bitten

or scratched by infected animals, such as cats and dogs (Jaffe, 1983).

The typical clinical sign is a cellulitis at the site of injury followed

by local infection, respiratory tract infection, and/or a transient

bacteremia, which can develop to puerperal septicemia (Griefz, et al.,

1986), appendiceal peritonitis (Raffi, et al., 1986), or meningitis in

infants (Clapp, et al., 1986). Pasteurella multocida infections in man,

unrelated to animal bites, have been reported in patients with

immunodeficiency, alcoholism, and cancer (Hubbert & Rosen, 1970; Raffi,

et al., 1986).

Organise

Pasteurella multocida is a Gram-negative short, facultatively

anaerobic, nonmotile, and nonsporeforming rod (Krieg, 1984). The

organism is often observed with a bipolar appearance on stained samples

from infected animals, and grows readily at 37° C on ordinary bacterial

media. The variety of colony forms of the organism such as mucoid,

smooth (iridescent) or rough (blue) are usually observed on agar plates.
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The correlation between colonial variants and capsulation of P.

multocida has been described (Rhoades & Rimber, 1984; Heddleston,

et al., 1964; Carter, 1967). The colonies of encapsulated organisms

show characteristic iridescence (fluorescence) which is related to a

higher virulence of the bacteria. Nonencapsulated organisms, forming

noniridescent (blue) colonies, are substantially less virulent.

Organisms from gray colonies are noncapsulated and avirulent, and grow

sometimes as a tangled mass of filaments (Rhoades & Rimber, 1984;

Heddleston, et al., 1964). Capsules contain hyaluronic acid and are

demonstrated by negative staining (Jasmin, 1945). Pasteurella multocida

is oxidase-positive, indole-positive, urease-negative, and produces an

acid slant, acid butt with no gas and no H25 on the triple sugar iron

agar.

Antigenic Variation

The early work on determining the serologic properties of

Pasteurella multocida classification was done by passive protection

tests in mice, and three groups were identified and designated as 1, 2,

and 3. (Little & Lyon, 1943). The passive protection test is still used

in Asia and Africa for the identification of capsular antigens of

organisms isolated from cattle and buffalo with hemorrhagic septicemia

(Rimber & Rhoades, 1987). Four types; I, II, III, IV by cross-

protection tests in mice were classified by Roberts (1947).

Indirect hemagglutination test (passive hemagglutination test) was

used as a serologic grouping system based on the presence of soluble

capsular polysaccharide (Carter, 1955). It is noted that Robert's types
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are identical to Carter's classification (Namioka & Murata, 1961).

In Carter's method, whole bacterial cells were extracted with

0.85% saline solution for thirty minutes at 56° C. It was then adsorbed

to human type 0 red blood cells to demonstrate the presence of

antibodies. The passive hemagglutination test determines four

serotypes; A, B, C, and D. An additional type E was identified later

(Carter, 1961) and the serotype C was abandoned because it was difficult

to recognize by this test (Carter, 1963). Two nonserologic tests for

detection of capsular types A and D strains were described later;

serogroup A, by using staphylococcal hyaluronidase for depolymerization

of hyaluronic acid capsule (Carter & Rundell, 1975); Serogroup D based

on flocculation with acriflavine (Carter & Subronto, 1973). Recently a

new capsule serotype F was identified with an isolate from turkeys

(Rimber & Rhoades, 1987).

A slide agglutination test for capsular antigens was described as

a simplified method for capsule typing of P. multocida (Namioka &

Murata, 1961a). A tube agglutination test was devised to distinguish

the somatic antigens of P. multocida using decapsulated bacteria

(Namioka & Murata, 1961b). Pasteurella multocida was grown on agar

plates and harvested with 0.3% formalinized buffered saline followed by

the treatment with 1 N HC1, at 37° C for 18 hours. The capsular antigen

was removed by the treatment with HC1, and thus somatic antigens were

exposed. Antisera were prepared by the injection of rabbits with the

HC1 treated bacteria. HC1-treated P. multocida demonstrated two

categories of antigens, common and specific, by means of cross-

absorption tests (Namioka & Murata, 1961b).
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Soluble heat-stable components of P. multocida were extracted

with formalinized saline and used for the gel diffusion precipitin test

to type avian strains (Heddleston, et al., 1972). Eighteen to twenty-

four hour growth of different strains of P. multocida were suspended in

0.85% NaC1 solution containing 0.3% formaldehyde and heated for one hour

at 100° C. After centrifugation, supernatant was used as the antigen in

the gel diffusion precipitin test. Antiserum was obtained by injection

of killed whole bacterial cells of each type into chickens or turkeys.

Bacterins generally produce serotype specific immunity, therefore, five

different serotypes were originally obtained (Heddleston, et al., 1972).

Sixteen different serotypes of somatic antigens have been reported to

date.

The antigenic complexity of Pasteurella multocida has made it

difficult to find a reliable correlation between serotypes and different

typing systems because of the nature of the antigens involved in each

test (Brogden & Packer, 1979). The antigen from a capsulated virulent

strain of Pasteurella which can cause hemorrhagic septicemia in cattle,

has demonstrated many properties in common with a similar preparation

obtained from a noncapsulated avirulent strain of avian origin

(Heddleston, et al., 1966).

Free endotoxin (LPS-protein complex) and lipopolysaccharide (LPS)

were purified from a formalin-saline extract of P. multocida, type 1

(Rebers & Hedlleston, 1974). The free endotoxin induced antibodies and

active immunity in chickens, but the Westphal's lipopolysaccharide did

not. The latter antigen contained nitrogen, phosphorous, heptose, and

hexose. However, the free endotoxin contained a larger amount of

nitrogen compound with the LPS. In the gel precipitin test the free
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endotoxin was cross-reactive with some of the 15 other serotypes of P.

multocida, whereas LPS was not. Treatment of the LPS-protein complex

(free endotoxin) with phenol, a protein denaturing agent, destroyed its

ability to induce active immunity in rabbits. The LPS from each

serotype reacted only with its homologous antiserum in 14 of 16

serotypes. The LPS from serotypes 2 and 5 reacted with either of the

corresponding typing sera (Brogden & Rebers, 1978). A purified LPS

antigen from an encapsulated strain of P. multocida was more antigenic

in chickens than in the rabbit or mouse and protection was obtained only

in the form of passive immunity in chickens (Rebers, et al., 1980). It

was suggested that antibodies directed against the LPS were important

determinants of immunologic types of avian strains of P. multocida. To

produce LPS antigen, 13 of the 16 P. multocida type strains were

extracted with the phenol-chloroform-petroleum ether (PCP) method and

serotypes 3, 9, and 13 were extracted by the phenol-water method

(Rimber, et al., 1984). All LPS contained lipid A, glucose, heptose,

and 2-keto-3-deoxyoctonate (KDO). Galactose was found in all LPS,

except for serotype 11, and rhamnose was found only in LPS of serotype

9. The LPS of serotype 2 and 5 were alike in chemical composition, and

in addition to glucose, galactose, heptose, and KDO, they contain 2

isomers of heptose, D-glycerol-D-mannoheptose and L-glycerol-D-

mannoheptose. An isomer of heptose was found in serotype 13 which

differed from both L-and D-glycerol-D-mannoheptose. The serotype 2 and

5 strains produced two different diseases, although their LPS were

similar in biochemical composition and have the same antigenicity. The

serotype 2 causes hemorrhagic septicemia of cattle and buffalo, while

sertype 5 causes fowl cholera in turkeys.
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A protective antigen from P. multocida strain P-1059 was purified

from a 2.5% saline extract by chromatographic methods (Syuto &

Matsumoto, 1982). Following the gel filtration the protective antigen

was detected in the first peak fraction. The peak 1 fraction was further

purified with DEAE-cellulose and elution by a linear gradient of NaCl.

The purified antigen had a carbohydrate/protein ratio of 1.5 and formed

a single precipitin line with rabbit antiserum against the crude

material in gel diffusion and immunoelectrophoresis analyses. Ten to 50

pg of 2.5% saline extracted antigen induced protection in turkeys.

Four different extracting solutions of P. multocida were studied

to compare their protection in turkeys: 1) 2.5% NaCl; 2) 0.5 M potassium

thiocyanate (KSCN); 3) 1.0 II sodium salicylate; and 4) formalin-saline

solution (FS) (Kodama, et al., 1981). These four preparations induced

protection in turkeys, but LPS-protein antigen and 2.5% saline extract

showed the most consistent protective effects. Endotoxin content was

highest in LPS-protein antigen, followed by KSCN, Na salicylate, and

least in the saline extract. Tsuji and Matsumoto (1988a) reported that

the 2.5% S and the FS antigens consisted of 40% protein and 15%

carbohydrate, whereas LPS contained less than 5% protein. A major

protein component with a molecular weight of 44,000 was detected in the

2.5% S antigen as well as in the FS antigen. Both 2.5% S and FS

antigens contained approximately 45% LPS. Treatments with various

reagents indicated the 2.5% and FS antigen contained at least two kinds

of antigenic determinants, a heat-stable protein sensitive to

protease or phenol-water and a periodate-sensitive carbohydrate, which

was a major antigenic determinant of the LPS antigen.
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Chemical and serological analysis with P. multocida isolates from

rabbits indicated that their LPS possessed pyrogenic potency comparable

to that of Salmonella minnesota, although their average KDO content was

only 18% of that of S. minnesota (Manning, 1984). The somatic antigen

typing by the gel diffusion test indicated that formol-saline extracts

of whole cells of several isolates reacted with up to four different

typing antisera. However, when LPS from each isolate was used as

antigen, predominant reactions were against type 12 antisera,

eliminating all cross-reactivity with other typing antisera except for

one isolate. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis

(SDS-PAGE)indicated that the silver-stained profiles of purified LPS

resembled those of a semirough strain of Gram-negative enterobacteria Ra

chemotype of Salmonella minnesota (Manning, et al., 1986). The Ra

chemotype has an estimated molecular weight of 4,311 (Mintz, et al.,

1984) and consists of lipid A and core polysaccharide but lacks

repeating oligosaccharide units (Hitchcock & Brown, 1983). SDS-PAGE

profiles of silver-stained P. multocida LPS showed no ladderlike

characteristic of semirough Escherichia or Salmonella strains including

S. minnesota. Rather, the LPS profiles of P. multocida contained one or

two argentophilic bands, suggesting that the LPS of P. multocida forms a

short chain of carbohydrate.

Correlation between the pathogenicity of P. multocida associated

with atrophic rhinitis in swine and their membrane proteins or LPS were

compared by SDS-PAGE (Lugtenberg, et al., 1984). Three different types

of cell envelope protein patterns, designated as type I, II, and III,

and 6 different LPS patterns (a through f) in silver-stained sample were

distinguished. Strains with a type I pattern which had molecular
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weights of 28,000 and 40,000, named band "H"(heavy) and "W"(weak),

respectively, had the major association with pathogenicity. Although

pathogenicity has been correlated with extracellular toxin activity, no

absolute correlation was observed between pathogenicity and the presence

of a specific protein species or LPS. All the strains possessed low-

molecular-weight LPS, which is certainly distinct from o-antigen-

containing LPS species such as those of the Enterobacteriaceae. These

form a series of bands through the whole length of the gel. Lugtenberg

et al. (1984) suggested that P. multocida contains a much shorter LPS

with a heterogeneous core or core-like structure. The electrophoretic

mobility of protein H, which is relatively resistant to solubilization

to free monomers in SDS by incubation at 37° C, and resistance to

degradation by trypsin, is the major criterion for determining the type

of cell envelope protein pattern (Lugtenberg, et al., 1986). Protein H

shares many properties between pore protein and peptidoglycan with

members of Enterobacteriaceae. Protein H was strongly immunogenic and

was located at the cell surface of whole cells, its electrophoretic

mobilities were the major basis for distinguishing the isolates of

various classes of Enterobacteriaceae (Miller, 1972). Purified

preparation of protein H can be used for raising polyclonal or

monoclonal antibodies against the protein (Lugtenberg, et al., 1986).

Pathogenesis of Fowl Cholera

Portal of entry of P. multocida in natural infection in poultry is

probably the pharynx and/or upper respiratory tract (Hughes, 1930;

Arsov, 1965). The rapid multiplication of the bacteria within the bird

may produce an acute fatal septicemia and the cause of death is presumed
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to be due to endotoxin shock (Rhoades, 1964; Heddleston, et al., 1966;

Hunter & Wobeser, 1980). The other virulence factors of P. multocida

are relatively unknown. Collins (1977) observed that polymorphonuclear

cell infiltration was a primary host response in infected birds with P.

multocida. However, the amount of phagocytosis was very low, in the

absence of specific opsonins, and the bacteria multiplied freely in

extracellular environment. The virulent encapsulated P. multocida

strain had greater capacity to multiply in the bloodstream than

noncapsulated avirulent variants due to an anti-phagocytic factor of

capsular hyaluronic acid (Maheswaran & Thies, 1979; Anderson, et al.,

1984; Snipes, et al., 1987). Pabs-Garnon and Soltys (1971), however,

demonstrated that P. multocida, inoculated intravenously in turkeys,

initially multiplied in the liver and spleen, and that it appeared in

the bloodstream only at the final phase. Tsuji and Matsumoto (1989)

demonstrated that the blood-borne P. multocida was rapidly removed from

the bloodstream into the liver and spleen regardless of the presence or

absence of capsule. However, encapsulation seemed to be essential for

the survival of P. multocida after being entrapped in the liver or

spleen. Wallner-Pendleten and Matsumoto (1988) suggested that P.

multocida organisms ( X-73, type 1), when injected intravenously , were

entrapped within the liver and spleen mononuclear phagocytes and that

there was no evidence of bacteria within heterophils or free in the

bloodstream.

In the recent study by Rebers, et al. (1988), pili were found on

the capsulated iridescent type and non-capsulated variants of P.

multocida strain P-1059. Pili covered the circumference of the

bacterial cells. Little is known about the role of pili in the
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virulence of P. multocida. When the bacteria were grown on blood agar,

more cells contained pili (73%), compared with the 19% piliation on

dextrose starch agar medium.
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CHAPTER II

MONOCLONAL ANTIBODIES AGAINST P-1059 STRAIN OF

PASTEURELLA MULTOCIDA
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Introduction

Most avian isolates of Pasteurella multocida belong to Carter's

capsular type A (Carter, 1955), but their somatic antigens, commonly

determined by the gel diffusion test, are heterogenous; 16 serotypes

have been recognized to date (Brogden & Rebers, 1978). The serotyping

system based on the specificity of LPS has been widely used for

epidemiological investigations (Snipes, et al., 1988) and for

estimating immunospecificity of vaccinal immunity (Heddleston, et al.,

1972).

Antisera prepared in chickens against purified LPS are generally

specific for their respective serotypes, but some cross reactions occur

in those prepared with purified LPS alone (Rimier, 1984) or purified LPS

coupled with the ribosome (Rimler, et al., 1989). The cross reactions

are attributed to some common epitopes among LPS prepared from organisms

belonging to various serotypes. The cross reactions among serotypes

increases when LPS-protein complex antigens or whole killed cells are

used as an immunogen instead of purified LPS (Heddleston, et al., 1972;

Manning, 1984). For example, encapsulated whole cells of P-1059

belonging to serotype 3 induced precipitin reactions with the LPS-

protein (heat-stable) antigen prepared from serotypes 5, 7, 9, or 11

besides the homologous type 3 antigen (Rimier & Brown, 1982).

Therefore, while some carbohydrate moieties of LPS carry epitopes

responsible for major serotypes (Reber & Heddleston, 1974; Tsuji &

Matsumoto, 1989), there must be other antigens on the surface of

Pasteurella multocida that are common to many serotypes. More studies

are needed to elucidate the complete antigenic framework, its chemical
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structure, and its relationship to pathogenic properties of the

organism.

One of the possibilities for such analysis is the use of

monoclonal antibodies directed toward the surface antigen of various

serotypes of P. multocida. The objective of the present study was to

produce monoclonal antibodies (MAb) to P-1059 strain of P. multocida and

characterize the antibodies.
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Materials and Methods

Source of Bacteria: All P. multocida strains (Table 3) were

kindly provided by Dr. K. R. Rhoades, National Animal Disease Center,

Ames, Iowa. Strain T-325 was a spontaneous mutant derived from P-1059

strain as described by Tsuji (1988). Pasteurella haemolytica

Escherichia coli Staphylococcus epidermidis, and Salmonella typhimurium

were all recent local isolates provided by Mr. R. Sonn of Veterinary

Diagnostic Laboratory, Oregon State University.

Antigen Preparation: Pasteurella multocida, encapsulated strain

P-1059 belonging to serotype 3:A (Heddleston, 1962) was used for the

preparation of the immunogenic antigen originated from a 2.5% saline

extract (2.5% S antigen: Syuto & Matsumoto, 1982) and for the

preparation of lipopolysaccharide (LPS). Growth medium and culture

procedures have been described (Tsuji & Matsumoto, 1988a). Briefly,

P-1059 strain was grown on an agar medium containing brain-heart

infusion broth (Difco), casamino acids, polypeptone, hemin, and fresh

yeast extract. Bacteria were incubated for 18 hours at 37° C and the

cells were harvested using a 2.5% NaCl solution. The 2.5% S antigen was

purified by the combination of molecular sieving with Sephadex G-200 and

ion exchange chromatography using DEAE cellulose (Syuto & Matsumoto,

1982). Westphal-type lipopolysaccharide was extracted and purified by

the method of Rebers and Heddleston (1974). Briefly, strain P-1059 of

P. multocida was grown on agar medium, harvested with formalin-saline

and centrifuged to obtain cell pellet. LPS was extracted from the

bacterial pellet after repeated centrifugation with an equal volume of

phenol-water at 68° C for 15 minutes. The pooled water phase was

dialyzed against distilled water to remove phenol, followed by an
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additional dialysis in 0.05 M tris (hydroxymethyl aminomethane)-HC1

buffer (pH 8.0) containing 10 mM MgSO4 and 0.02% NaN3. A small amount

of precipitate was removed by centrifugation at 12,000 x g for 20

minutes. Finally, LPS was pelleted by two cycles of centrifugation at

105,000 X g for 3 hours at 4° C. The gel-like pellet was suspended in

distilled water and lyophilized. Total protein content of each antigen

was measured by the method of Lowry et al. (1951) with crystalized

bovine serum albumin (Sigma) as the standard and total carbohydrate was

determined by phenol-sulfur acid method (Dubois, et al., 1956) with

glucose as the standard.

Mouse Immunization: Strain P-1059 was grown on dextrose starch

agar (Difco) and 24 hour growth was harvested with 0.02 M phosphate

buffer, pH 7.2, containing 0.85% NaCl and 0.25% formalin. After washing

3 times, bacteria were suspended in the same buffer and the

concentration was adjusted so that 10 fold dilution gave an optical

density of 0.25 at 625 nm. Ten 6-week-old female BALB/c mice (Simonsen

Laboratory) were immunized subcutaneously with approximately 0.4 ml of

an emulsion containing equal volumes of the inactivated bacterial

suspension and Freund's complete adjuvant (Difco). Twenty days later,

the injection was repeated with the same dose of the antigen emulsified

in Freund's incomplete adjuvant. Three days before the fusion, the mice

received a intraperitoneal booster injection of the same antigen without

an adjuvant. Some mice were exsanguinated on the day of the last

injection and their sera were used as the positive control. Negative

control sera were obtained from age-and sex-matched BALE /c control mice.

Fusion and Cloning: Monoclonal antibodies were obtained by fusing

D-azaguanine-resistant SP2/0 myeloma cell line with spleen cells of the
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P. multocida-immunized mice (Kohler & Miltein, 1975). The immunized

mice were euthenatized by CO2 asphyxiation and disinfected liberally

with 70% alcohol before placing them in a sterile cabinet. The spleen

was removed aseptically, minced, and washed in complete RPMI 1640 medium

(Gibco Laboratories) containing penicillin G potassium (100 I.U/m1) and

streptomycin sulfate (100 pg/ml), L- glutamine (2mM), MEM sodium

pyruvate solution (1mM), nonessential amino acids (0.1mM). The spleen

cells were centrifuged at 200 x g for 10 minutes and the supernatant was

decanted and then they were mixed with approximately equal numbers of

non-secreting SP2/0 Ag 14 mouse myeloma cells (Schulman, 1978). The

mixed cells were centrifuged at 200 x g for 10 min, the supernatant was

discarded and 2 ml of 50% polyethylene glycol 1450 (American Type

Culture Collection) was added as a fusion agent (Poste & Allison, 1973).

The mixture was gently shaken and RPMI 1640 supplemented with 15% fetal

bovine serum (FBS; Gibco) was slowly added, followed by incubation for

30 min at 37° C. Primary selection of hybrids was performed by growing

the cells at 37° C under 5% CO2 in HAT medium containing 10% (V/V) FBS,

100 pM hypoxanthine, 0.4 pM aminopterin, 16 pM thymidine (Sigma) and 50

pg/ml endothelial cell growth supplement (Sigma; Littelfield, 1964).

The cells were fed with 100 pl of HAT medium every 2 days for 2 weeks.

When culture fluids became acidic the supernatant was screened by an

enzyme-linked immunosorbent assay (ELISA; Tsuji & Matsumoto, 1988b) for

antibodies specific for 2.5% S and/or LPS antigen. Those hybridomas

producing antibodies against either 2.5 S antigen or LPS were cloned by

limiting dilution calculated to yield <1 cell/well.
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Production and Purification of Cloned Antibodies: Monoclonal

antibodies were produced by growing cloned hybridomas in 75 Cm2 tissue

culture flasks in complete RPMI 1640 medium supplemented with 10% FBS.

Antibodies were also produced in pristane (2,6,10,14

tetramethypentadecane; Sigma)- primed mice (Potter, et al., 1972).

BALB/c mice were injected intraperitonealy with 0.5 ml of pristane 6

days prior to injecting with hybridoma cells. Ascitic fluid was

collected 7-10 days after the injection, and antibodies were purified by

affinity chromatography through Affi-Gel protein A (MAP II kit; Bio-Rad

Laboratories).

ELISA: The supernatants of the hybridoma cultures were screened

by ELISA (Hwang, et al., 1986) with a slight modification. The antigen,

either 2.5% S or LPS was attached to the wells of microtiter plates

(Linbro, Flow Laboratories) with 0.02 M PBS (pH 7.2) containing each

antigen at 0.3 pg/ml and incubated at 37° C until the fluid was

completely evaporated. The coated plates were stored at 4° C. The

plate was washed with PBS containing 0.05% Tween 20 (PBS-Tween). The

culture supernatants, as well as positive or negative control mouse

sera, were diluted three fold in PBS containing 1% bovine serum albumin

and 200 ul amounts were added to the wells. The plates were incubated

at 37° C for 1 hour, and washed four times between each step with PBS-

Tween buffer . Alkaline phosphatase-labeled goat anti-mouse

immunoglobulin (Hyclone) was diluted in 1/2500 with PBS-Tween containing

0.1% BSA and 1 mM MgCl2. Two hundred microliter of the solution was

added to each well and incubated at 37° C for one hour. The plates were

washed 4 times with PBS/Tween followed by the addition of a substrate

(paranitrophyl phosphate, lmg/ml, in a 10% diethnolamine hydrochloride
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buffer contained 1mM MgCl2 PH 9.6; Sigma) and incubated at 37° C for 30

min. The optical density was measured at 405 nm by an ELISA reader

(Titertek Multiskan Spectrophotometer).

The treatment with periodic acid was done according to the method

described by Woodward et al. (1984). Briefly, 2.5 8- or LPS-coated

plates were flooded with PBS/Tween 20 (0.05%) and incubated 30 minutes

at room temperature, after which they were washed with PBS/Tween. They

were rinsed with 50 mM sodium acetate buffer, pH 4.5, prior to the

exposure to varying concentration of periodic acid (0-40 mM) in sodium

acetate buffer, PH 4.5, for 1 hour at room temperature in the dark.

Following a brief rinse with the sodium acetate buffer, the plates were

incubated in 50 mM sodium borohydride in PBS for 30 minutes at room

temperature. After washing with PBS/Tween, the primary monoclonal

antibodies were introduced into the wells and ELISA procedures continued

as described above. The 2.5 S antigen plate was treated with

proteinase K as follows; the 2.5 S-coated plate was washed 4 times with

PBS/Tween 20 (0.05%), flooded with 200 pl of different concentration of

proteinase K (Sigma) diluted in PBS (0.0-400 pg/ml) and incubated at 60°

C for 60 minutes. Following 4 washes the monoclonal antibodies were

introduced to the plate and the ELISA performed as described above. An

optical density

of >0.3 above background was considered to be positive. The endpoint

titer of cell culture supernatants or purified antibody ascites fluid

was defined as the highest dilution still giving an optical density

of > 0.300 above background at 405 nm .
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Immunoalobulin Subclass: The isotypes of monoclonal antibodies

were determined by an ELISA with a mouse monoclonal subisotyping kit

containing rabbit anti-mouse IgGl, IgG2a, IgG2b, IgG3, IgM, or IgA

following the procedure provided by the manufacture (Hyclone

Laboratories).

SDS-PAGE and Western blot: Sodium dodecyl sulfate polyacrylamide

gel electrophoresis (SOS-PAGE) was performed by the method of Laemmli

(1970) with the following modifications. A mini protein II

electrophoresis unit (Bio-Rad) was used. Proteins were separated on 4%

acrylamide stacking gel and a 15% acrylamide resolving gel. The

antigens, 2.5 S or LPS, were solubilized in sample dye containing 2%

SDS, 5% 2-mercaptoethanol, 10% glycerol, 1 M tris base pH (8.3) and

bromphenol blue and heated at 100° C for 5 min. To detect protein

separation in SDS-PAGE, gels were stained with Coomassie blue (R250) by

the method of Fairbanks et al. (1971). To detect LPS, gels were stained

with the silver stain by the method of Tsai and Frasch (1982). Protein

digestion, was accomplished by adding 250 pg of proteinase K (Sigma) to

100 pl of the boiled sample and incubating at 60° C for 60 min

(Hitchcock & Brown, 1983). After electrophoresis, samples were

transferred to nitrocellulose paper (Bio-Rad laboratories) by the method

of Towbin et al. (1979) in a Trans- Blot apparatus (Bio-Rad

Laboratories). Blotting was performed for 4 hours at 190 mA, 100V in

tris-glycine-methanol buffer, PH 8.8. Non-specific binding was blocked

with the addition of 3% bovine serum albumin in TBS for 30 min. Strips

containing individual lanes were cut out of the nitrocellulose paper.

Each strip was reacted with monoclonal antibody culture supernatant or

with a pre-determined amount of purified monoclonal antibody derived
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from ascites in a separate plate for 2 hours at RT. Secondary

antibodies were introduced by adding goat anti-mouse IgG affinity-

purified antibodies (1:1750) coupled to horseradish peroxidase (Bio-Rad

Laboratory). Antigenic bands were observed following incubation in a

solution of 15 pg 4-chloro-l-naphthol (Bio-Rad Laboratories) dissolved

in 5 ml methanol and added to the TBS containing 15 p1 of 0.03% H202 as

the substrate. The reaction was stopped by washing the nitrocellulose

membrane in distilled water. In the periodate oxidation, blots were

rinsed with sodium acetate buffer, then the control strip was incubated

in the same buffer for 1 hour and also experimental strips were exposed

to varying concentration of periodic acid (1-20 mM) in the 50 mM sodium

acetate buffer, pH 4.5, for 1 hour in the dark. Then strips were rinsed

with sodium borohydride in PBS for 30 minutes at room temperature.

Following washes with TBS/Tween, the strips were exposed to monoclonal

antibodies and continued as described above. In each experiment,

molecular weight standards (prestained SDS molecular weight markers;

SDS-7B, Sigma or low molecular weight prestained standards of Bio-Rod )

were also subjected to blotting after SDS-PAGE.

Agglutination test: P. multocida T-325 or P-1059 grown in heart

infusion agar (Difco) was suspended in phosphate-buffered saline (PBS),

pH 7.2, containing 0.25% formalin. After washing 5 times, the

concentration was adjusted so that a 10-fold dilution gave 0.25 optical

density at 625 nm. The bacterial suspension was mixed with an equal

volume of a 2-fold dilution of reconstituted monoclonal antibodies in a

96 well microtiter plate with "U" bottoms. The agglutination was

evaluated after 2 hours at 37° C and overnight at 4° C.
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Indirect Immunofluorescence Assay (IFA): The assay was performed

using monoclonal antibody culture supernatants as the source of the

first antibody , and fluorescein-conjugated goat anti-mouse IgG (H- and

L-chain specific, Hyclone)as the source of the second antibody.

Impression smears of bacterial colonies on the glass cover slips were

fixed in 100% cold ethanol for 3 minutes followed by washing with

0.01M PBS (pH 7.6). Also, unfixed P. multocida strain P-1059 were

tested by IFA. The prepared cover slips were flooded evenly with 15 ul

of monoclonal antibody culture supernatants and incubated for 30 minutes

at 37° C in a moist chamber, followed by two washing with PBS. The

fluorescein-conjugated, which was diluted 1/50 in PBS, was added at 15

pl and the slips were incubated for 30 minutes at 37° C. The cover

slips were then washed twice with PBS to remove the excess conjugate.

After the final washing with PBS , the strips were air dried, and

mounted on slides with FA mounting fluid (Difco) and examined

immediately under epifluorescence with a fluorescence microscope

(Zeiss).
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RESULTS

Hybridoma. Balb/c mice were thrice injected with whole killed

cells of strain P-1059. The spleen cell cultures from these animals

were made 40 days after this initial immunization. The cells were fused

with the myeloma cell line and hybridomas were selected by HAT medium.

The culture supernatants of the hybridomas, totally 42, were screened by

ELISA with plates coated with purified 2.5 S antigen or LPS. Four

culture supernatants demonstrated positive reaction with the 2.5 S

antigen. However, only two of these were also positive for LPS. The

cells producing reactive antibodies were cloned by the limiting dilution

technique and 4 clones were obtained. These were designated as 6EE11,

D7H10, E11E3, and C11H2. All the clones produce antibodies to 2.5 S.

Two of the 4 clones, E11E3 and C11H2, reacted also with LPS.

Isotvpic characterization. The immunoglobulin subclass of each

monoclonal antibody secreted by the four hybridomas was determined by

ELISA (Table 1). One (6EE11) belonged to IgG2b and other three

hybridomas were IgG3.

ELISA with periodic acid and proteinase K treatment. The effect

of increasing concentration of periodic acid on the binding of the E11E3

or 6EE11 monoclonal antibody to 2.5 S antigen or LPS attached to ELISA

plate is shown in Figures 1 and 2. About 90% loss of antibody binding

occurred at a concentration of 10 mM periodic acid with EllE3 monoclonal

antibody. Whereas, the binding of 6EE11 monoclonal antibody to 2.5 S

antigen was not effected by the periodic acid oxidation. Proteinase K

treatment of 2.5 S antigen had no effect on E11E3 monoclonal antibody

recognition of the antigen but 6EE11 reactivity was decreased (Fig 3).
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Table 1. Isotypes of monoclonal antibodies secreted by the four cloned
hybridomas.

Isotypes positive mouse monoclonal antibody supernatants

serum*

GEE11 E11E3 C11H2 D7H10

IgM

IgG1

IgG2a

IgG2b

IgG3

IgA

Blank

1/250 dilution.
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Figure 1. Reactions of the monoclonal antibodies, 6EE11 and E11E3, in
ELISA after the treatment of 2.5 S antigen with various concentrations
of periodic acid.
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Figure 2. Reactions of the monoclonal antibodies, 6EE11 and E11E3, in
ELISA after the treatment of LPS antigen with various concentrations of
periodic acid.
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Figure 3. Reactions of the monoclonal antibodies, 6EE11 and E11E3, in
ELISA after the treatment of 2.5 S antigen with various concentrations
of proteinase K.
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Production of Monoclonal Antibodies. The hybridomas grown in

tissue culture flasks, produced antibody titers ranging from 1:3 to

1:224 as ascertained by ELISA. Whereas, the cloned hybridomas propagated

in the peritoneal cavity of BALB/c mice, produced ELISA titers in

purified ascites fluids ranged from 1:10 to 1:1200 at a protein

concentration of 80 pg/ml (Table 2). The titer of unpurified monoclonal

antibodies from ascitic fluid was 50 to 80-fold higher than monoclonal

antibodies present in the culture supernatant. 6EE11 clone produced the

fluid showing the highest titers with 2.5 S antigen with no ability to

react with LPS antigen. E11E3 monoclonal antibody, on the other hand,

was reactive to both 2.5 S or LPS antigen.

Agglutination Test. The test was performed using P. multocida T-

325 or P-1059 suspension with four monoclonal antibodies supernatants.

The results were uniformly negative with different concentrations of

monoclonal antibodies. The mouse positive serum diluted 1/250 was used

as a positive control.

SDS-PAGE and Western blot. The 2.5 S antigen and/or LPS antigen

was subjected to SDS-PAGE followed by immunoblotting with the monoclonal

antibodies. Monoclonal antibodies, 6EE11 and D7H10, reacted with a

major band of 35,500 d with 2.5 S antigen (Fig 4). The 6EE11 monoclonal

antibodies recognized an additional band at molecular weight 78,000

daltons. However, the intensity of the stained bands on nitrocellulose

after it stained with monoclonal antibody D7H10 was very low compared

with 6EE11 monoclonal antibodies (data not shown). The 6EE11 and D7H10

monoclonal antibodies did not produce detectable bands with the LPS

antigen on Western blot (Fig 5).
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Table 2. Monoclonal antibody titers determined by ELISA
against 2.5 S or LPS antigen.

titers

Monoclonal hybridoma MAb purified from
Antibodies supernatant Ascitic fluid"

2.5 S LPS 2.5 S LPS

6EE11 224 <1 1200 <1

D7H10 3 <1 10 <1

C11H2 51 8 375 105

E11E3 48 12 300 106

a See text for the calculation of the titer.

b Ascites fluids was passed through an Affi-Gel column containing
protein A. The protein concentration of eluantes was adjusted to 80
ug/ml.
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Figure 4. SDS-PAGE and Western blot analysis of 2.5 S antigen of
Pasteurella multocida strain P-1059. Lines a, d, and e are markers.
Line b is silver stained profiles in 12.5% SDS-PAGE of 2.5 S antigen.
Lines c and f are blots of 15% SDS-PAGE gels with E11E3 and 6EE11
monoclonal antibodies, respectively.
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Figure 5. SDS-PAGE and Western blots analysis of LPS antigen of
Pasteurella multocida strain P-1059. Line a and e are markers. line b
and c are blots of LPS antigen with E11E3 and 6EE11 monoclonal
antibodies, respectively. Line d is silver stained profiles in 15% SDS-
PAGE of LPS antigens. Line f is silver stained profile of 2.5 S antigen
in 15% SDS-PAGE.
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Monoclonal antibodies E11E3 and C11H2, on the other hand, both

recognized a band at a molecular weight of 12,500 daltons with 2.5 S

antigen (Fig 4). The E11E3 and C11H2 monoclonal antibodies recognized

a pattern of multiple bands with molecular weights varying from 12,500

to 39,000 d on the LPS antigen (Fig 5). Monoclonal antibody 6EE11

failed to react with the 2.5 S or LPS antigen on the Western blot when

those antigens were treated with proteinase K. whereas, the activity of

E11E3 did not change (Fig 6). Periodate oxidation had no effect on

reactivity of 6EE11 to 2.5 S antigen on Western blot (Fig 7 A), but

E11E3 monoclonal antibody failed to react with LPS antigen on Western

blot after treatment at 10 mM (Fig 7B).

Indirect Immunofluorescence Assay. Fifteen different P. multocida

serotypes were examined for their reactions with the monoclonal

antibodies as ascertained by IFA. The results are shown in Table 3 and

figure 8 and 9. The function of each of two sets of monoclonal

antibodies were very similar. As expected, E11E3 and C11H2 reacted in

an identical manner as did 6EE11 and D7H10. All serotype 3 strains of

P. multocida were stained in a similar manner whether they were

encapsulated or not. Unfixed samples reacted in identical manners with

ethanol-fixed samples with these strains. Cross-reactivity is obvious

among types 3, 4, 9, 10, 11, and 12 with monoclonal antibody 6EE11.

E11E3 monoclonal antibody had cross-reactivity only with serotype 10 of

P. multocida. However, the immunofluorescence was less extensive in

serotype 10 than that with serotype 3.
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Figure 6. Western blots of 2.5 S or LPS antigen of pasteurella
multocida before and after proteinase K treatment with monoclonal
antibodies. (A) Blots of 15% SDS-PAGE gels of 2.5 S antigen using 6EE11.
lane a is marker, b is before treatment, and c is after treatment. (B)

Blots of 15% SDS-PAGE gels of LPS antigen using E11E3. lane a is marker,
b is before treatment, and c is after treatment.
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Figure 7. Western blots of 2.5 S or LPS antigen of Pasteurella
mutlocida before and after periodic acid treatment with monoclonal
antibodies. (A) Blots of 15% SDS-PAGE gels loaded with 2.5 S antigen.
Lane a is marker, b and c are control and periodic acid treatment of
6EE11 monoclonal antibody, respectively. (B) Blots of 15% SDS-PAGE gels
loaded with LPS antigen. Lane a is marker, b, c, and d are controls, 1
mM, and 10 mM periodic acid treatment of E11E3 monoclonal antibody,
respectively.
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Table 3. Reaction of monoclonal antibodies with different
serotypes of Pasteurella multocida and other bacteria as
determined by the indirect immunofluorescence.

Bacteria Type Monoclonal antibody supernatants

6EE11 D7H10 E11E3 C11H2

P. multocida
T-325 3 + + + +
P-1059 3 + + + +
11146 Rabbit 3 + + + +
1103 T3 SCP3 3 + + + +
CU strain 3 + + +a +a
X-73 1
P -1662 4 + +
P -1702 5 - - -
P -2192 6
P -1997 7 - - -
P -158 8
P -2095 9 + + - -
P -2100 10 + + + +
P-903 11 + +
P -1573 12 + +
P -R040 12 + + - -
P -1591 13 - - -
P -2225 14 - -
P -2237 15 - - - -
P -2723 16 -

P. haemolytica
(4843)

Escherichia coli

Staphylococcus epidermidis

Salmonella typhimurium

- -

a Some colonies were positive, while others were
negative.
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Figure 8. Indirect immunofluorescnce staining of
Pasteurella multocida strain P-1059 with 6EE11 monoclonal
antibody.
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Figure 9. Indirect immunofluorescence staining of Escherichia coli
with 6EE11 monoclonal antibody.
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Discussion

Whole cells were used to immunize mice for producing monoclonal

antibodies. The lipopolysaccharide antigen purified by the phenol-water

method is poorly immunogenic in mice (Rebers, et al., 1980). In

addition, the LPS antigen is also highly toxic in mice (Tsuji &

Matsumoto, 1988a). However, on the surface of gram-negative bacteria,

IRS molecules form a complex with outer-membrane protein (Lugtenberg &

van Alphen, 1983). Rebers et al. (1980) and Tsuji and Matsumoto (1988)

demonstrated that the LPS-protein complex is essential to induce

antibodies against LPS in mammalian species. While the underlying

immunologic mechanism responsible for the phenomenon is not clear, the

use of complex antigen containing LPS is essential to produce antibodies

against Pasteurella LPS in mice.

The four monoclonal antibodies, 6EE11, D7H10, E11E3 and C11H2

reacted with 2.5 S antigen and two of the monoclonal antibodies, E11E3

and C11H2, also reacted with the LPS antigen. Although antigens cross-

reacting with LPS are present in 2.5 S antigen (Tsuji & Matsumoto, 1988

a, b), the latter contained its own specific epitopes (Tsuji &

Matsumoto, 1988a). 6EE11 and D7H10 are similar in that both recognized

the major 35,500 dalton protein antigen of 2.5 S, but the two showed

some differences in reactivity with minor protein bands. E11E3 and

C11H2 recognized carbohydrate epitopes antigens in a manner described

below.

Monoclonal antibody, 6EE11 recognized a major protein band of

35,500 dalton and a minor band (or sometimes it was visible as double

bands) of 78,000 dalton upon Western blotting. The monoclonal antibody
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6EE11 no longer recognized the major and other bands after the 2.5 S

antigen was treated with Proteinase K (Fig 3). When nitrocellulose

sheets or ELISA plates containing 2.5 S antigen were treated with

periodic acid which cleaves the carbohydrate-vicinal hydroxyl groups

without altering the structure of the polypeptide chains (Hobbit, 1956),

6EE11 monoclonal antibody retained its capacity to react with the 35.5

kd of the 2.5 S antigen. Neither 6EE11 nor D7H10 reacted with the LPS

antigen, containing less than 5% protein, in the Western blot or in

ELISA. This suggests that epitopes recognized by 6EE11 are protein in

nature.

Whenever 2.5 S antigen was stained with 6EE11 or D7H10, a diffuse

single band and sometime, close multiple bands were detected at the

place of application. Whether this is due to high molecular weight

protein that did not migrate or due to the tight binding of the material

to the gel is not known.

D7H10 recognized similar bands of 2.5 S to those recognized by

6EE11. However, on the concentration basis, 6EE11 showed 100 fold higher

titer than D7H10 did (Table 2). In addition, there was a difference in

recognizing a minor band of the 2.5 S antigen between the two monoclonal

antibodies. Therefore, both antibodies recognize epitopes that are

protein in nature, but the specificity of the two seems different and

also their immunoglobulin subclasses are different (Table 1).

E11E3 detected a major band of 12,500 dalton on 2.5 S antigen

which was visible only with the silver stain (Fig 2). With LPS, at

least 5 visible bands were discernable by the silver stain and it

appears that E11E3 reacted with at least 4 of them. When a relatively
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high concentration of the purified E11E3 monoclonal antibody (25 pg/ml)

was used, bands corresponding to lower molecular weights (12.5 and 17.5

kd) of LPS were also recognized with 2.5 S antigen. The E11E3

monoclonal antibody lost its ability to recognize 2.5 S or LPS antigen

in ELISA in a dose-dependent manner when these antigen were treated with

periodic acid (Fig 5 and 6). The effect of periodate oxidation was

confirmed in Western blot (Fig 4). On the other hand, the treatment

with proteinase K did not show any effect on the antibody activity (Fig

3 and 7). The data indicate that epitopes of both LPS and 2.5 S antigen

recognized by E11E3 are carbohydrate in nature.

The indirect immunofluorescence assay using monoclonal antibody

6EE11 showed cross-reactivity among type 3, 4, 9, 10, 11, and 12,

while, E11E3 monoclonal antibody which recognizes carbohydrate epitopes,

was more specific and reacted only with type 3 and 10 (Table 3).

Kajikwa and Matsumoto (1984) reported that protective antigens purified

from a soluble extract of a type 1 strain contained two major proteins

having molecular weights similar to those found in 2.5 S antigen of the

type 3, P-1059 strain, but they were immunologically distinct from each

other. Hwang (1985) and Hwang, et al., (1986) indicated the presence of

similar proteins in a type 3, 4 or type 12 strains. These data suggest

that Pasteurella multocida, regardless of their serotypes, possess these

two protein species. In the present study indirect immunofluorescence

assay showed that there is considerable cross-reactivity among types 3,

4, and 12, with 6EE11 monoclonal antibody recognizing epitopes located

on these protein species. E11E3, which recognizes carbohydrate

epitopes, on the other hand, is specific only for type 3 (Table 3).
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The surface location of epitopes recognized by 6EE11 or E11E3

monoclonal antibodies was not clear. Regardless of presence (P-1059

strain) or absence (T-325 strain) of the capsule, both 6EE11 and E11E3

showed uniformed binding on the bacterial surface either with ethanol-

fixed (Fig 8) or non-fixed bacterial smears (data not shown). The data

indicate that the antibodies freely permeate through capsule, or that

the epitopes recognized by these antibodies are located in the outside

of capsule. Futher studies by electron microscopy are needed to

determine topographical location of epitopes or antigens recognized by

the monoclonal antibodies. Pili-like structure were recently found on

P-1059 and related strains (Rebers et al., 1988). Since pili are

normally protein in nature, epitopes recognized by 6EE11 might be

related to the pilus structure.

Due to its narrow range of specificity, E11E3 should be a useful

reagent in differentiating type 3 organisms. More monoclonal

antibodies, however, would be required for reliable serotyping of

Pasteurella multocida strains if the currently used gel-diffusion test

is to be replaced. A major problem with this current system is

polyclonal antibodies which cross-react widely among the serotypes.

In the present study two different monoclonal antibodies were

produced against P-1059 strain of Pasteurella multocida belonging to

serotype 3:A. One of them recognizes the protein epitopes, and the

other appears to react with the carbohydrate moiety of 2.5 S, protective

surface antigen; the latter also reacts with lipopolysaccharide antigen.

These monoclonal antibodies were shown useful in detecting specific

epitopes on the surface of Pasteurella multocida belonging to various
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serotypes. In addition, because of their specificity, the monoclonal

antibodies could be used in various serological procedures or in

detecting the organism in situ.
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