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Cell envelope proteins and lipopolysaccharides (LPS) of Pasteurella multocida strains associated with
atrophic rhinitis in swine were compared by using sodium dodecyl sulfate gel electrophoresis. Among 34
strains, three different types of cell envelope protein patterns, named 1 (16 strains), II (3 strains), and III (15
strains), could be distinguished. These differences were based on the electrophoretic mobility of the major
protein, designated as protein H. Comparison of cell envelope protein type and pathogenicity of the strain, the
latter property predicted by the guinea pig skin test, revealed that all type I strains, 6 of 15 type III strains, and
none of the type II strains were pathogenic. Although pathogenicity has been correlated with extracellular toxin
activity, no protein could be detected in either the cell envelopes or in the extracellular fluid that absolutely
correlated with pathogenic strains. Electrophoretic analysis of the LPS revealed that all strains possessed low-
molecular-weight LPS, which is inconsistent with the presence of a classical 0 antigen. The method allowed the
detection of at least six types of LPS, which often coincided with a certain cell envelope protein type and with
the presence or absence of the pathogenic character of the strain. These results strongly suggest that the
sampled swine carry a limited number of P. multocida clones, in each of which the patterns of cell envelope
proteins and LPS, as well as the presence or absence of the ability to produce extracellular toxin, are well
conserved. Therefore, the possibility is discussed that sodium dodecyl sulfate gel electrophoresis of cell envelope
proteins and LPS may be used for the prediction of the pathogenic character of part of the strains. Finally, the
typing of strains based on cell envelope protein patterns might contribute to the development of vaccines
containing outer membrane proteins as protective antigens.

Pasteurella multocida is an aerobic or facultative anaero-
bic nonmotile gram-negative cocoid or short rod with cap-
sules which are lost upon subculturing (29). The organism is
the causative agent of disease in a variety of animals and
fowl. Under field conditions mixed infections of P. multo-
cida and Bordetella bronchiseptica are often found to be
associated with atrophic rhinitis in swine. Strong indications
for an interaction between these two microorganisms in
causing this disease have recently been obtained by experi-
mental infection of newborn piglets with both organisms
(32).

Serotyping of P. multocida strains is believed to be based
on differences in capsular polysaccharides (7) and in 0-
antigen groups of lipopolysaccharides (LPS) (29).
Hardly anything is known about the protein component of

the cell surface of P. multocida. Now that techniques for the
identification, separation, and purification of many outer
membrane proteins have been described in detail (for a
recent review, see reference 25), the interest in the potential
use of outer membrane proteins for strain typing is rapidly
increasing (1, 2, 6, 10, 11, 30, 33, 37). Moreover, the
application of sodium dodecyl sulfate (SDS)-polyacrylamide
gel electrophoresis for the separation of LPS with different 0
antigens has reached an extremely high resolution (14, 31).

In the present paper we describe a biochemical analysis of
the protein and LPS components of the cell envelope of P.
multocida strains isolated from swine. The results are corre-
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lated with the guinea pig skin test, an indicator of pathoge-
nicity (M. F. de Jong, H. L. Oei, and G. J. Tetenburg, Proc.
International Pig Veterinarian Society [I.P.V.S.], Copenha-
gen, Denmark, p. 211, 1980) and with the occurrence or
absence of the disease in the herd to which the host belongs.
The results show that three protein patterns and six LPS
patterns can be distinguished. The data are discussed in
terms of the diagnostic use of SDS-polyacrylamide gel
electrophoresis and show that the pathogenic character of
more than half of the strains can be predicted, thereby
avoiding the painful, expensive, and elaborate guinea pig
skin test. The results also provide the possibility that mem-
brane protein and LPS patterns can be used to choose new
P. multocida strains for atrophic rhinitis vaccines.

MATERIALS AND METHODS
Strains. All P. multocida strains described in Table 1 were

isolated from the noses of pigs out of two different categories
of pig-breeding farms, here designated as P (problem) and C
(certificate of health) farms. P farms harbor clinically atroph-
ic rhinitis-diseased pigs, so-called P herds. From these P
herds 25 P. multocida strains were isolated by way of the
Animal Health Service atrophic rhinitis controlling program
for swine (M. F. de Jong and A. Bartelse, Proc. I.P.V.S.
Copenhagen, Denmark, p. 212, 1980). Strains P1-5/05097-1
and P7-5/05097-2 (9) were isolated on a P farm by the Central
Veterinary Institute, Lelystad The Netherlands. The latter
two strains were kindly supplied by P. K. Storm, Intervet
International, Boxmeer, The Netherlands. C farms harbor
no clinically atrophic rhinitis-diseased pigs. These herds
were qualified with a certificate of health. Seven P. multo-
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TABLE 1. Strains and their relevant properties

Guinea AectropnoretiLc
Strain Farm pig skin patternC

type' teStb Protein LPS

S1-2 P + I a
M2 P + I e
Ve31 P + I e
Me5 P + I a
Me2 P + I a
Da9 P + I a
M7-5 P + I f
L4-6 P + I a
Hu8-1 P + I f
Hu4-3 P + I f
Ho-5 P + I e
Ho-9 P + I e
T5-12 P + I e
Lul-3 P + I a
E4 P + I a
M10-5 P + I f
JH-1 P + III c
Gritt4-6 P + III a
JH-4 P + III c
Ve8-10 P + III c
H4-4 P (+)I-d III c
4B-8 C - II b
Mark 1 P - III c
L8-2 C - III a
LA-5 C - III d
Jas4-8 C - III d
He6 C - III c
KL3-6 P - III a

P3-5 C - IIIc
'tB4 C - III c
Ba4-6 P - II b
H202 P - II b
Pl-5/05097-1 P + III c

P7-5/05097-2 P - III a

a p, Disease present; C, no disease detected.
b +, Positive; (+)/-, doubtful; -, negative.
c The abbreviations refer to patterns of proteins and LPS shown in Fig. 1

and 3, respectively.
d The results of two tests were weakly but significantly positive and

negative, respectively, which seems to indicate loss of toxin production upon

subculturing.

cida strains of such farms were isolated by the Animal
Health Service. Strains designated with the same letter code
(see Table 1) have been isolated on the same farm. On each
of the P and C farms P. multocida strains were isolated from
6 diseased pigs and 10 pigs, respectively, by collecting
samples of the nose mucosales with nose swabs (minitip;
Exogen, Ltd., Clydebank, United Kingdom). These samples
were examined for P. multocida as described previously (de
Jong et al., Proc. I.P.V.S., p. 211, 1980). For identification,
the putative P. multocida strains were isolated on solid
medium containing 5% sheep blood and identified by stan-

dard procedures, e.g., colony morphology, smell of the
culture, absence of hemolysis on blood agar, morphological
appearance as a bipolarly gram-negative cocoid or small rod,
fermentation of glucose without gas formation, and a posi-
tive indole test and negative urea and citrate tests (5). P.
multocida isolates differed from B. bronchiseptica isolates in
the latter four properties, as well as serologically.
Media and growth conditions. Strains were stored on

Dorset agar medium at 18°C, as storage at 4°C should be
avoided (8). Unless otherwise indicated, cells were grown in
fresh meat broth at 37°C under vigorous aeration. In a few
cases L broth (6) was used as the growth medium.

Guinea pig skin test. Guinea pigs with a body weight of 200
to 600 g were epilated on both sides. Broth cultures or the
corresponding cell-free filtrates of P. multocida cells grown
for 48 h at 37°C or bacteria-free broth culture filtrates were
injected intracutaneously in volumes of 0.2 ml, three on each
side. The hemorrhagic necrotizing reactions were judged
daily for at least 2 or 3 days. A diameter of the black-colored
area of at least 15 mm was considered positive. Reactions of
10 to 15 mm were considered doubtful, and those of less than
10 mm were considered negative. Broth cultures and their
corresponding cell-free filtrates gave the same results for all
strains listed in Table 1.
The rationale for using the guinea pig skin test as an

indicator for atrophic rhinitis pathogenicity is as follows. (i)
It has been used successfully for the same purpose with B.
bronchiseptica (22, 28, 39). (ii) Pathogenic P. multocida
causes the same atrophic rhinitis symptoms in specific-
pathogen-free piglets as B. bronchiseptica does (9). In the
case of B. bronchiseptica these symptoms are caused by a
thermolabile factor which causes dermonecrotic reactions in
rabbits and guinea pigs (15). Therefore, the possibility was
investigated that the guinea pig skin test could be used as an
indicator for atrophic rhinitic pathogenicity of P. multocida.
It appeared that, like suspensions of B. bronchiseptica,
broth cultures of atrophic rhinitis pathogenic P. multocida,
and not those of nonpathogenic strains, caused a dermone-
crotic reaction upon intradermal injection in guinea pigs (de
Jong et al. Proc. I.P.V.S., p. 211, 1980). (iii) The pathogenic-
ity test of P. multocida strains in specific-pathogen-free
piglets correlates very well with that of the guinea pig skin
test (29). (iv) As the cell-free culture supernatant and the
corresponding broth culture of atrophic rhinitis pathogenic
P. mtultocida cause the same symptoms in guinea pigs free of
Bordetella and Pasteurella spp. (9), the hemorrhagic necro-
tizing reaction must be caused by an extracellular toxin and
cannot be due to an endotoxin or an Arthus reaction. (v) The
cell-free filtrate causes atrophic rhinitis in pigs, and it kills
mice. Heating destroys all these activities, i.e., atrophic
rhinitis lesions in pigs, skin reactions in guinea pigs, and
mouse lethality (36, 43).

Plasmids. Plasmids were isolated by using the method of
Birnboim and Doly (3).

Isolation of cell envelope fractions. Stationary-phase cells
were harvested, washed, and ultrasonically disrupted as
described previously (24). Cell envelopes were isolated by
differential centrifugation (44). Proteolytic degradation of
cell envelopes, after solubilization by boiling for 5 min in
SDS-based sample digestion buffer (24), was performed by
incubation at the solution (1 mg of protein per ml) for 1 h at
60°C with proteinase K (50 ,ug/ml) (17). LPS was purified
from whole cells by using the phenol-chloroform-petroleum-
ether method described by Galanos et al. (13).

Isolation of extracellular macromolecules. After growth of
cells in L broth or meat broth for 24 h, the majority of the
cells were removed by centrifugation, and the resulting
culture supernatant was filtered through a filter (pore diame-
ter, 0.45 ,um; Millipore Corp., Bedford, Mass.) to remove
residual cells. After chilling in ice water, trichloroacetic acid
was added to a final concentration of 10% to precipitate
proteins and other macromolecules. The precipitate was
harvested by centrifugation, washed twice with diethyl ether
to remove the remaining trichloroacetic acid, separated by
SDS-polyacrylamide gel electrophoresis, and analyzed.

Gel electrophoretic separation of proteins and LPS. Sam-
ples were solubilized in a sample mixture containing 5% 2-
mercaptoethanol and 2% SDS as described (24). Three
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different gel systems were used for the electrophoretic
analysis of the samples. System A, which is the gel system
developed in our laboratory (24), was routinely used. In a
few cases this system was modified in that only pure SDS
was used (system B) or in that 4 M urea was added to the
running gel system (system C) to obtain different types of
resolutions (see reference 30). After gel electrophoresis, gels
were stained with Fast Green FCF (Sigma Chemical Co., St.
Louis, Mo.) to stain the proteins (24). Initially, polysaccha-
ride-containing molecules were detected with the periodic
acid-Schiff staining procedure (21). Much higher sensitivity
and better resolution were obtained by staining with a silver
reagent. In the latter case gel electrophoresis system B was
used, and the final concentrations of acrylamide and methyl-
ene bisacrylamide were increased to 13 and 0.29%, respec-
tively. The silver-staining procedure of Tsai and Frasch (42)
was applied exactly as described, except that the periodic
acid was dissolved in water and the fixative ethanol was
replaced by isopropanol.

RESULTS
Guinea pig skin test. Of the 27 strains from the P farms, 21

gave a positive reaction. The remaining six strains, as well as
all seven strains from the C farms, were negative (Table 1).
In the six cases that an isolate from a P farm produced a
negative skin test, testing of additional strains isolated on
those six farms revealed in all cases that pathogenic strains
were also present on these farms.

Plasmids. The method of Birnboim and Doly (3) for the
isolation of small plasmids was applied on suspensions of
all P. multocida strains listed in Table 1 except strains P1-5/
05097-1 and P7-5/05097-2. One or two plasmids, for which
the estimated molecular sizes are indicated parenthetically in
kilodaltons, were found in only five of the strains, namely,
Ve31 (1.4), Da9 (1.2 and 1.4), Lul-3 (1.4), M10-5 (1.1 and
1.4), and H4-4 (1.2). Identical values do not necessarily
indicate that the plasmids are identical. We conclude that
either pathogenicity is not related to a plasmid or the
isolation procedure used is not suitable for their detection.

Cell envelope proteins. Cells were harvested by centrifuga-
tion of stationary-phase cultures grown in meat broth. After
being washed, the cells were used for the preparation of cell
envelopes. After solubilization by boiling in SDS, the sam-
ples were analyzed in the three different SDS-gel electropho-
resis systems (Fig. 1 and 2). Over 45 protein bands were
visible. For most bands a counterpart of indistinguishable
electrophoretic mobility and intensity was present in the
other strains. With gel system A, particularly heavy bands
were observed at positions corresponding to apparent mo-
lecular sizes of 65,000 daltons, 50,000 daltons, and between
28,000 and 40,000 daltons (two bands) (Fig. 1). Differences
among strains were particularly apparent in the latter two
bands, named bands H (heavy) and W (weak) (Fig. 1). Three
types of protein patterns, designated as I, II, and III, could
be distinguished, which differed mainly with respect to the
position of the protein bands H and W (Fig. 1 and Table 1).
Types I and II could not be distinguished with gel system B,
whereas the same three types could be detected with the
urea-containing gel system C, but in that case they were
more difficult to distinguish than with gel system A (Fig. 2).
Therefore, only system A was used in all further experi-
ments. The cell envelope protein patterns were compared
with other relevant properties (Table 1). This comparison
allowed the following conclusions. (i) Strains with a type I
pattern were all from P farms, and they were all positive in
the guinea pig skin test. (ii) Type I strains are the major
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FIG. 1. Various cell envelope protein patterns observed among
P. multocida strains. Samples were boiled for 5 min and analyzed by
SDS-polyacrylamide gel electrophoresis with gel system A. The
lanes contain samples of the following strains: lane a, Me2 (type I);
lane b, 'tB4 (type III); lane c, P3-5 (type III); and lane d, H202 (type
II). Strain Me2 was the only strain that produced a positive skin test.
The positions of the molecular weight markers are indicated in lane
e. The positions of bands H and W and of the 65,000-molecular-
weight (65K) and 50K P. multocida cell envelope protein bands are
also indicated.

contributors to the disease, first because as many as 16 of the
21 pathogenic strains tested showed a type I cell envelope
protein pattern and second because no type I strains were
found among the seven strains derived from C farms. (iii) All
three type II strains represented nonpathogenic strains. (iv)
No relationship was found between pathogenicity or farm of
origin and cell envelope protein type III (Table 1). (v) In six
out of seven cases two different isolates from the same P
herd were found to have the same cell envelope protein
pattern, with the pair Ve31 and Ve8-10 being the exception
(Table 1).

Lipopolysaccharide. As most differences in serotypes are
ascribed to differences in 0 antigens (28), we compared the
LPS species produced by the various strains. Application of
the periodic acid-Schiff staining procedure on gels containing
cell envelopes or purified LPS clearly revealed differences
among strains (data not shown), but the recently developed
silver-staining procedure (42) produced superior results. To
avoid staining of the protein components, cell envelope
protein was degraded by treatment of SDS-solubilized cell
envelopes with proteinase K before electrophoresis (17). On
a gel containing this cell envelope fraction, many different
LPS species, representing molecules with and without 0
antigens (20), with different cores or core-like structures (41)
and even with different numbers of repeating units of 0
antigen (14, 31), can be resolved. Indeed, at least six
different patterns of silver-stain-positive material could be
distinguished in proteinase K-treated cell envelopes of our
P. multocida strains (Fig. 3 and Table 1). Surprisingly, all
silver-stain-positive material was observed in the lower part
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FIG. 2. Schematic representation of the influence of the gel

system on the positions of the H (heavy) band and the W (weak)
band of strains with the three types of cell envelope protein patterns
I, II, and III.

of the 8.5-cm long gel, between 1.0 and 2.5 cm from the dye
front, whereas the 0-antigen-containing LPS, claimed to be
present in P. multocida (see, for example, reference 28), can
be expected to have much lower electrophoretic mobilities
(14, 31). The silver-stain-positive material was positively
identified as LPS by showing that LPS extracted from
strains S1-2, 4B8, M7-5, and Gritt4-6 and subsequently
electrophoresed caused the same band pattern as was found
with the corresponding proteinase K-treated cell envelopes
(data not shown).
The LPS patterns of all strains were determined (Table 1).

LPS types a (11 strains) and c (9 strains) were the most
prominent ones. Although no simple, straightforward corre-
lation was found between LPS type and pathogenicity, some

interesting correlations were observed (Tables 1 and 2). (i)

Of the 11 strains with type a LPS, 10 were isolated on P
farms. Those with type I cell envelope proteins were patho-
genic, whereas three of the four strains with type III cell
envelope proteins were nonpathogenic. (ii) All three strains

A
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FIG. 3. (A) Silver-stained gel of proteinase K-treated cell enve-

lopes of various P. multocida strains representing the six different

types of LPS. These six classes represent a minimum number, and
the possibility exists that some LPS patterns can be subdivided

further, e.g., classes b and c. The intensity of the top band of

patterns cl and c2 (see asterisks in panel B) varies among various

preparations. To simplify comparisons, three samples with type
a LPS have been applied in various lanes. The lanes contain LPS
from the following strains: lane a, Gritt4-6; lane cl, H4-4; lane c2,
Mark 1; lane b1, H202; lane b2, Ba4-6; lane e, Ve3l; lane d, Jas4-8;
and lane f, Hu4-3. Only the relevant part of the ca. 10-cm-long gel,
corresponding to the region between 1.0 and 2.5 cm from the dye
front, is shown. LPS core structures of Enterobacteriaceae run into
this position, whereas the heaviest bands of 0-antigen ladders are
found between 1 and 6 cm from the top. (B) As some details are lost
on the photograph, a schematic representation is also shown.

TABLE 2. Correlation between pathogenicity and patterns of cell
envelope protein and LPS'

Cell en- LPS type
velope Patho-
protein genicity a b c d e f
type

I + 7 5 4
I _

II +
II - 3
III + 1 5
III - 3 4 2
a The number of strains in each category is given. The properties of the

individual strains are listed in Table 1.

with type b LPS were isolated on P farms, are nonpathogen-
ic, and have a type II cell envelope protein. As they are the
only strains of the latter cell envelope protein type, these
properties might be absolutely correlated. (iii) All nine
strains with type c LPS have type III cell envelope protein
patterns. (iv) Both strains with type d LPS were isolated on
C farms, are nonpathogenic, and have type III cell envelope
proteins. (v) All five strains with type e LPS, as well as all
four strains with type f LPS, were isolated on P farms, are
pathogenic, and have a type I cell envelope protein pattern.
(vi) All tested strains with LPS types e (five strains) and f
(four strains) are pathogenic, whereas those with LPS types
b (three strains) and d (two strains) are nonpathogenic.
However, no correlation was found between the result of the
skin test and the major LPS types a (11 strains) and c (9
strains). (vii) All nine strains of LPS types e and f, which are
all pathogenic, were isolated on P farms. (viii) All LPS types
except type a are absolutely correlated with a certain cell
envelope protein pattern. (ix) Whereas two isolates from the
same farm in six out of seven cases tested had indistinguish-
able cell envelope protein patterns, LPS analysis of these
strains enabled us to discriminate between such a pair of
strains in two additional cases, namely, the pair M2 and M7-
5 and the pair P1-5/05097-1 and P7-5/05097-2.

Extracellular material. Since extracellular toxin of P.
multocida has been implied in atrophic rhinitis (de Jong et
al., Proc. I.P.V.S. p. 211, 1980; M. F. de Jong, P. A. Eijk,
and P. van der Heyden, Proc. I.P.V.S., Mexico, p. 119,
1982), the macromolecular material of culture fluids was
isolated, separated by SDS-polyacrylamide gel electrophore-
sis, and analyzed for protein and polysaccharides. No extra-
cellular protein or periodic acid-Schiff stain-positive material
was detected in supernatant fluids of cells grown in L broth.
When meat broth was used as the growth medium, a growth
condition which has been reported to favor toxin production
(de Jong et al., Proc. I.P.V.S., p. 211, 1980), the supernatant
fluid was found to contain many proteins, most of which
corresponded to bands detected in cell envelope prepara-
tion. Protein H invariably was one of these proteins. The
bands obtained were less sharp than those of cell envelopes
due to contamination of the bacterial material with compo-
nents of the growth medium. Attempts to find a candidate
protein band for the extracellular toxin by comparing prepa-
rations of pathogenic and nonpathogenic strains were not
successful. Testing of the culture fluids for periodic acid-
Schiff stain-positive material revealed spots only in positions
corresponding with the LPS of the tested strain. As both cell
envelope proteins and LPS were detected in the extracellular
fluid, they presumablv are derived from outer membrane
vesicles, the production of which by gram-negative bacteria
has repeatedly been described in the literature (12, 18, 35,
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40) and for which an offensive function in the delivery of a
toxin has been proposed (27).

DISCUSSION
Biochemical analysis of the P. multocida cell surface. Analy-

ses of cell envelopes of 34 isolates by SDS-polyacrylamide
gel electrophoresis revealed at least three different protein
patterns (Fig. 1 and Table 1). The tested strains are far less
heterogeneous than has been found for clinical isolates of
human Escherichia coli strains (32) but more heterogeneous
than the pattern of B. bronchiseptica strains isolated from 16
P farms and 14 C farms, in which we could detect only one
basic type of cell envelope protein pattern (B. Lugtenberg,
R. van den Bosch, R. van Boxtel, and M. de Jong, Vaccine,
in press). Analysis of the LPS with the same technique
revealed at least six different types. Of these, types b, d, e,
and f, representing the minority of the strains, show an
absolute correlation with the presence or absence of extra-
cellular toxin (Table 1). All types except type a show an
absolute correlation with a certain cell envelope protein
pattern (Tables 1 and 2; see above). These results indicate
the existence of several bacterial clones among the tested
isolates, similar to the situation with E. coli Kl isolates (1).
We therefore believe that SDS-polyacrylamide gel electro-
phoresis can be useful for strain typing when used in
combination with the existing techniques, which are mainly
based on serological differences between capsular polysac-
charide and LPS (4, 7, 16, 29).
With respect to the chemical composition of the LPS, our

results clearly show that these are relatively low-molecular-
weight components and that they are certainly distinct from
0-antigen-containing LPS like those of the Enterobacteria-
ceae Salmonella typhimurium (31) and E. coli (14), which
form an enormous series of bands (a ladder structure)
through the whole length of the gel. The present data suggest
that P. multocida forms a much shorter LPS with a heteroge-
neous core or core-like structure, for which the name
lipooligosccharide has been proposed (C. E. Frasch, person-
al communication).

Possible contribution of SDS-polyacrylamide gel electropho-
resis to the prediction of pathogenicity. The only reliable
method described to test pathogenicity of P. multocida is the
guinea pig skin test. This test is painful, elaborate, and
expensive. For a large number of strains a correlation was
detected between the results of the guinea pig skin test and
the electrophoretic patterns of cell envelope proteins and
LPS (Table 2). Presently the number of tested strains is in
several cases too low to definitely conclude that the data are
of predictive value. Assuming that the mentioned properties
are indeed found to be clustered after a sufficient number of
strains have been tested, a procedure could be designed to
avoid most of the skin tests since our present results suggest
the following relationships (Table 2). (i) All strains with a
type I protein pattern (16 of 34) are pathogenic, and (ii)
strains with type II protein patterns (3 of 34), as well as those
with type III protein pattern that have type d LPS (2 of 34),
are nonpathogenic. So far SDS-polyacrylamide gel electro-
phoresis has no predictive value with respect to pathogenici-
ty for the minority of strains (13 of 34), namely, those with
type III cell envelope protein patterns and either type a or
type c LPS (Table 2). However, we expect that future
research directed to serological discrimination between type
III cell envelope protein strains, especially those with LPS
types a and c, might be successful, since the method we used
for classification of LPS types depends on the resolution
obtained in only a very short part of the gel (see Fig. 3). It is

even conceivable that in later stages antisera can be devel-
oped which are specific for certain clonal types (Table 2),
thereby making SDS-polyacrylamide gel electrophoresis su-
perfluous.
No absolute correlation was observed between pathoge-

nicity and the presence of a certain protein in cell envelopes
or in the culture supernatant or the presence of a certain type
of LPS (Table 2). As the agent directly responsible for
pathogenicity is (most likely) an extracellular toxin, it cannot
be expected to be present in cell envelopes, whereas our
inability to correlate pathogenicity with the presence of a
protein in culture supernatants may be explained by the high
background of material from the growth medium or the low
number of toxin molecules, or both. Alternatively, different
strains may produce toxin molecules with different apparent
molecular weights.

Prospects for protection. Results of serotyping systems are
often used for the development of vaccines to ensure that the
most important immunogens are present in the vaccine. The
relatively weak interest in the possibility of using outer
membrane proteins as immunogens is probably due to the
notion that outer membrane proteins are not very good
immunogens compared with LPS and some capsular poly-
saccharides. However, outer membrane proteins in combi-
nation with LPS can be excellent immunogens or even
protective antigens (19, 23, 26, 34; J. Dankert, H. Hofstra,
and T. S. Veninga, FEMS Symp. Microb. Envelopes, 1980,
abstr. no. 51; N. Kuusi, M. Nurminen, H. Saxen, and P. H.
Makela, FEMS Symp. Microb. Envelopes 1980, abstr. no.
50). Also outer membrane proteins of P. multocida may be
able to play a role in protection. The a-complex described by
Prince and Smith (34) is immunogenic and closely bound to
the cell envelope. It probably consists of a protein-polysac-
charide complex (29). Also a protective antigen extracted
from the turkey pathogenic strain P. multocida P-1059
contains three protein subunits (with apparent molecular
sizes of 44,000, 31,000 and 25,000 daltons), as well as one
carbohydrate band in the electrophoretic position of proteins
with apparent molecular sizes below 20,000 daltons (38). Our
present results make it likely that the proteins correspond
with at least some of the proteins found in Fig. 1, whereas
the carbohydrate very likely is identical to LPS (see Fig. 3).
For the future development of vaccines it seems worthwhile
to take into account the results of the present study with
respect to both proteins and LPS. Presently we are investi-
gating the properties of outer membrane proteins of P.
multocida, e.g., surface localization, immunogenicity, and
antigenicity, in more detail to explore their potential as
protective antigens.
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