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TABLE 2. Mean time to death and percentage of survivors in a
group of immunized mice

Mean time to

Immunogen n death (days) % Survivors
Agtll 36 4.3 0
Agtll/ersA 34 6.47 17¢
Agtll/ersB 35 6.5¢ 14¢

“ P < 0.001 compared with Agtll controls.

Agtll/ersA and Agtll/ersB, showed protective abilities when
further screened by immunizing and challenging groups of
mice. Mice immunized with Agtll/ersA and Agtll/ersB ly-
sates had statistically significantly higher mean time to death
and percentage of survivors than did mice immunized with
the negative control Agtll (Table 2). No statistically signifi-
cant differences between the protective abilities of Agtll/
ersA and \gtll/ersB were detected.

Immunochemical characterization of Agtll/ersA and Agt11/
ersB. Immunoblot analyses of Agtll/ersA and Agtll/ersB
lysates are presented in Fig. 1. The recombinant clones
appeared as high-molecular-weight polypeptides when re-
acted with pig antiserum against E. rhusiopathiae.
Coomassie blue-stained SDS-polyacrylamide gels of the
same preparations showed the absence of polypeptides at
the expected size of the p-galactosidase and instead showed
the presence of higher-molecular-weight polypeptides of
similar size than those observed in Western immunoblots
(data not shown). These findings, in conjunction with the
fact that these polypeptides were observed only in IPTG-
induced lysogens, strongly suggested that the cloned deter-
minants in Agtll/ersA and Agtll/ersB were fused to the
B-galactosidase gene of the Agtll vector.

Reactivities of antisera against Agtll/ersA and gtll/ersB.
Figure 2 shows the reactivities of antisera against Agtll/ersA
and gtll/ersB when reacted with detergent-solubilized sur-
face antigens and whole-cell extracts of E. rhusiopathiae
E1-6P. Antiserum against Agtll/ersA recognized polypep-
tides with molecular weights of 66,000, 64,000, and 43,000 in
both antigen preparations (Fig. 2a), whereas antiserum

FIG. 1. Immunoblot showing the reactivities of Agt11/ersA (lanes
A and C) and Agtll/ersB (lane B). Lysates were separated on an
SDS-polyacrylamide gel, transferred to nitrocellulose membranes,
and treated with E. rhusiopathiae E1-6P convalescent pig serum.
Lysates from the negative control Agt11 did not show any reactivity
(lane D).
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FIG. 2. Immunoblot showing the reactivities of Agtll/ersA and
Agtll/ersB antisera. Whole-cell extracts (lanes A) and detergent-
solubilized surface proteins (lanes B) of E. rhusiopathiae were run
on an SDS-polyacrylamide gel and transferred to nitrocellulose
membranes. Panels were developed with the following antisera:
Agtll/ersA (a), Agtll/ersB (b), and E. rhusiopathiae E1-6P conva-
lescent pig serum (c). Panel d is a silver stain of the same antigens.
Numbers on the left indicate the positions (in thousands) of the
molecular weight standards.

against Agtll/ersB reacted strongly with polypeptides of
molecular weights 64,000 and 43,000 and weakly with the
66,000-molecular-weight polypeptide in the same prepara-
tion (Fig. 2b). In Fig. 2c, the reactivities of the E. rhusio-
pathiae convalescent pig serum used for screening of the
libraries are shown. This antiserum recognized several im-
munologically reactive polypeptides in both antigenic prep-
arations, the most prominent being the same polypeptide
bands recognized by the recombinant antisera with molecu-
lar weights of 66,000, 64,000, and 43,000. A silver stain of the
same antigenic preparations is shown in Fig. 2d. The poly-
peptide of molecular weight 64,000 to 66,000 appeared as one
of the most abundant polypeptide species in the detergent-
solubilized surface antigen preparation. An abundant lower-
molecular-weight band was also present in the Triton X-100
extract. Lachmann and Deicher (12) have identified this
lower-molecular-weight band as a polysaccharide. Guinea
pig antiserum against Y1089(Agtll) showed no reactivities
when tested against the same antigenic preparations (data
not shown).

Characterization of the insert DNA fragment of Agtll/ersA
and Agtll/ersB. Agarose gel electrophoresis of EcoRI digests
of Agtll/ersA and Agtll/ersB DNA revealed the presence of
a 5.4-kb insert (Fig. 3). Insert DNA from Agtll/ersA was
subcloned into the plasmid vector pUCS8-2 (8), yielding
plasmid pSB001. A restriction endonuclease site map of the
insert DNA is shown in Fig. 4. No difference between the
restriction maps of the inserts of Agtll/ersA and Agtll/ersB
was observed. In addition, pSB001 insert DNA hybridized to
Agtll/ersB insert DNA (Fig. 3), strongly suggesting that the
two clones are identical.

Presence of the cloned antigenic determinants in different
strains of E. rhusiopathiae. The presence of the cloned
antigenic determinants of Agtll/ersA and Agtll/ersB in
detergent-solubilized proteins of different strains of E. rhu-
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FIG. 3. Southern blot analysis E. rhusiopathiae strains. Plasmid, phage \, and total cell DNAs were digested with EcoRI, separated on
a0.7% agarose gel, transferred to nylon membranes, and probed with [*2P]dCTP-labeled Agt11/ersB insert DNA fragment. Lanes: 1, pSB001;
2, Agtll/ersB; 3, E1-6P; 4, 2192; 5, 2179; 6, SE-9; 7, S-192; 8, NF-4; 9, 422-1; 10, HC-585; 11, 2229; 12, E1-6P; 13, 1-kb ladder (Bethesda

Research Laboratories). (a) Agarose gel; (b) Southern blot.

siopathiae was determined by Western blot analysis, using
the antisera against Agtll/ersA and Agtll/ersB. Antise-
rum against Agtll/ersA reacted to varying degrees with the
66,000- and 43,000-molecular-weight polypeptides in all
strains tested (Fig. 5). Similar results were obtained with
Agtll/ersB antiserum (data not shown). In addition, South-
ern hybridization analysis with the Agtll/ersA insert DNA
fragment revealed the presence of DNA sequences sharing
homology in all strains tested. The cloned DNA fragment
hybridized with an EcoRI fragment of 5.4 kb in all strains
except strains 2179, S-192, and NF-4, in which it hybridized
with different-size fragments (Fig. 3).

DISCUSSION

We have cloned and expressed in E. coli a protective
protein antigen of E. rhusiopathiae. Lysates of A\gtll/ersA
and Agtll/ersB protected mice against subcutaneous chal-
lenge with 100 50% lethal doses of virulent E. rhusiopathiae
E1-6P. Mice immunized with the recombinant protein
showed statistically significant longer times to death and
higher percentage of survivors than did controls (Table 2).
Nevertheless, protection was not complete, since less than
20% of the immunized mice ultimately survived the chal-
lenge. Several factors may account for these findings. It is
possible that B-galactosidase is immunodominant and inter-
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FIG. 4. Restriction endonuclease site map of Agtll/ersA and
Agtll/ersB insert DNA.

feres with the response to the E. rhusiopathiae protein. A
similar finding has been reported for the VP1 protein of
foot-and-mouth disease virus, which induced a less effective
immune response when fused to B-galactosidase (30). More-
over, the cloned protein as fused to B-galactosidase may be
a defective antigen, which could account for a less efficient
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FIG. 5. Immunoblot showing the reactivities of detergent-solu-
bilized surface proteins of different strains of E. rhusiopathiae.
Extracts were run on an SDS-polyacrylamide gel and transferred to
nitrocellulose membranes. Blots were developed with Agtll/ersA
antiserum. Strains are described in Table 1. Lanes: A, S-192; B,
SE-9; C, 422-1; D, NF-4; E, HC-585; F, 2229; G, 2192; H, E1-6P.
Numbers on the right indicate the positions (in thousands) of the
immunoreactive polypeptides.
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protective immune response. The fused recombinant protein
may lack determinants present in the native protein that are
important in conferring full protection, or other separate
antigens may be required for a high-level protective re-
sponse. It is known that cellular as well as humoral immune
responses (25) are involved in protection against E. rhusio-
pathiae, and therefore several different antigens may be
involved in this process. We do not yet know which arm of
the immune response mediates the protection stimulated by
the recombinant antigens.

Immunoblot analysis showed that antisera to the recom-
binant protein recognized proteins of molecular weights
66,000 (occasionally resolved as two closely spaced bands)
and 43,000 in whole-cell extracts and Triton X-100-solubi-
lized surface proteins of E. rhusiopathiae (Fig. 2a). Antisera
to Agtll/ersA and Agtll/ersB showed slightly different reac-
tivities (Fig. 2b). Nevertheless, we have been unable to
detect differences between these two clones by using South-
ern hybridization and restriction analysis. Most likely, the
guinea pigs immunized with each lysate may have responded
differently to the immunogen, not an unexpected finding
considering the outbred nature of these animals.

The three proteins in the extracts of E. rhusiopathiae
recognized by the recombinant protein antisera appeared
among the most reactive proteins when the immunoblots
were developed with convalescent pig antiserum (Fig. 2c). In
addition, convalescent pig antiserum strongly reacted with a
70,000-molecular-weight protein in both whole-cell extracts
and Triton X-100 preparations. Lachmann and Deicher
described several immunologically reactive proteins in sim-
ilar preparations of E. rhusiopathiae, using a rabbit antise-
rum against heat-killed E. rhusiopathiae (12). The 66,000-
and 43,000-molecular-weight proteins were the most promi-
nent antigens reacting with the rabbit antiserum. In the same
work, these authors established the surface location of these
proteins. As shown in the silver stain of Fig. 2d, the
66,000-molecular-weight protein appears as the most abun-
dant detergent-solubilized surface protein of E. rhusio-
pathiae. Although insufficient information is available re-
garding the relationship between the 66,000-, 64,000-, and
43,000-molecular-weight proteins, it is possible that the
lower-molecular-weight proteins are processed or degraded
forms of the larger molecule. Lachman and Deicher found
that rabbits immunized with heat-killed E. rhusiopathiae
made antibodies to a low-molecular-weight polysaccharide
that is abundant in Triton X-100 preparations of this organ-
ism (12). Our immunoblots showed no reactivity of conva-
lescent pig antiserum to such a polysaccharide although it
was present in large amounts in the preparations used in the
analysis shown in Fig. 2d.

Peptidoglycan antigens form the basis of the classification
of E. rhusiopathiae into at least 22 serotypes. The degree of
relatedness of the protein antigens among the different
serotypes is not known, although varying degrees of cross-
protection have been observed (23). We determined the
distribution of the cloned protein among different serotypes
of E. rhusiopathiae of veterinary importance by using the
antisera against the cloned determinants. Figure 5 shows a
Western blot of detergent-solubilized proteins of different
strains of E. rhusiopathiae developed with the Agtll/ersA
antiserum. The 66,000- and 43,000-molecular-weight poly-
peptides were present in varying amounts in all strains
tested. Strains of low or moderate virulence showed less
reactivity than virulent strains, although the significance of
these findings is still unclear. There was no correlation
between serotype and amount of reactivity. Southern hy-
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bridization analysis revealed DNA sequences sharing ho-
mology with the cloned fragments in all strains tested
regardless of virulence or serotype, although some restric-
tion fragment length polymorphism was apparent among the
different strains (Fig. 3).

A lack of correlation of serum antibody titers with protec-
tion against E. rhusiopathiae has been reported (24). This
finding may reflect the inadequacy of the antigen used in the
tests (either whole cells for the agglutination test or crude
cell extracts for the enzyme-linked immunosorbent assay).
The availability of a protective antigen free of other nonrel-
evant antigens will help in the development of improved in
vitro methods for assessing immune status.

Although we have cloned and expressed in E. coli a
protein of E. rhusiopathiae that stimulates partial protection
of mice against challenge with a highly virulent strain of this
organism, immunization studies are needed to evaluate the
protective ability of this recombinant protein in the pig.
None of the immunized mice that survived the challenge
with the virulent strain of E. rhusiopathiae developed ar-
thritic lesions; nevertheless, additional experiments in pigs
will be necessary to determine whether the cloned determi-
nant can sensitize these animals to subsequent contact with
the organism and therefore predispose them to development
of arthritic lesions. The results of such studies will establish
the feasibility of using protective epitopes on this protein in
a subunit vaccine against erysipelas.
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