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lected, maintained, and grown on a preparative scale
in sterility test broth (BBL Microbiology Systems), as
previously described (2, 9).

Antisera. Type-specific rabbit antiserum was pre-
pared by intravenous injection of formalinized C. per-
fringens Hobbs type 5 cells into rabbits as described
by Klotz (17) (antiserum no. 1). An additional antise-
rum was produced by immunizing rabbits with for-
malinized C. perfringens Hobbs type 5 cells in Freund
complete adjuvant administered intramuscularly. A
booster in Freund incomplete adjuvant was given 6
weeks later, and the rabbits were bled 2 weeks after
the booster (antiserum no. 2). Neither freshly prepared
medium nor the spent medium reacted with either
antiserum.

Isolation of antigens. The cell envelope antigens
were extracted with water from acetone-dried cells
under vigorous agitation by using a nonaerating stirrer
(Kraft Apparatus, Inc.) as previously described (18).
Each 25 g of cells was dispersed in 300 ml of water
while heating in a boiling water bath for 5 min and
then stirred for 90 min in an ice bath. The extracted
cell residue was removed by centrifugation and dried
with acetone. The aqueous supernatant was adjusted
to 1% acetic acid, and 2 volumes of 95% ethanol were
added. The precipitate was collected by centrifugation
(27,000 x g for 30 min) after allowing the suspension
to stand overnight in the refrigerator. The crude an-
tigen, the ethanol precipitate (EP), was washed with
an increasing concentration of ethanol and triturated
first with acetone and finally with ether. Residual
ether was removed in vacuo, and the precipitate was
stored over CaCl2 (Fig. 1). The ethanol supernatant
(ES) was reduced to a convenient volume by evapo-
ration in vacuo, dialyzed (Spectrapore 3 dialysis tub-
ing; molecular weight cutoff of 3,500 daltons) and
lyophilized (Fig. 1).
The cell residue (50 g) was re-extracted with 1%

acetic acid (500 ml) under reflux for 2 h. The suspen-
sion was cooled in an ice bath, and the cell residue was
removed by centrifugation (27,000 x g for 90 min).
The acetic acid supernatant (HA) was reduced to a
convenient volume, dialyzed (Spectrapore 3), and ly-
ophilized (Fig. 1). The isolation of antigen fractions by
extraction of the cell residue with formamide at 1700C

Cell
I

Water extraction

for 30 min or with 10% trichloracetic acid at 40C for 24
h was done as described for acetic acid.
A small portion (110 mg) of the EP fraction was

passed through a column of diethylaminoethyl-Seph-
adex (0.5 by 6 cm) equilibrated with water. The column
was washed with water, and the effluent and wash
were combined, dialyzed, and lyophilized.

Immunodiffusion ([D). Serological relationships
among the components in the fractions were deter-
mined with rabbit antisera by double diffusion in gel
as reported previously (8). The appearance of a par-
ticular inununoprecipitin line was dependent on (i) the
duration of incubation, (ii) its concentration in the
antigen fraction, and (iii) the titer of the antiserum
used. The antigens in this study were arranged in
many different orders for comparison. The figures
shown in the results are only representative, however,
and do not illustrate all of the experimental observa-
tions. In situ absorption was done by adding antigen
to the center well 4 h before adding the test samples.
Immunoelectrophoresis. Immunoelectrophoresis

was done on glass slides (75 by 38 mm) (4). Agarose
(low EEO; Sigma A-6013) was the supporting matrix
at a concentration of 1% in tris(hydroxymethyl)-
aminomethane-barbiturate buffer, pH 8.8 (Gelman;
high-resolution buffer).

Analytical procedures. Detection of neutral car-
bohydrate was done by the phenol-sulfuric acid
method of Dubois et al. (10). Antigens (1 to 10 mg)
were hydrolyzed in 2 ml of 2 N HCI in sealed tubes for
16 and 24 h. HCI was removed by repeatedly adding
and evaporating absolute ethanol in vacuo. Hexosa-
mine was quantitated after hydrolysis by the method
of Elson and Morgan (11) as modified by Boas (3).
The hexosamine constituents were tentatively identi-
fied by gas-liquid chromatography as previously de-
scribed (19). Phosphate was estimated by the Ames
and Dubin (1) modification of the method of Chen et
al. (5). Protein content was ascertained by using a dye-
binding assay reagent (Bio-Rad Laboratories; 500-
0006).

RESULTS
Antigens. The extraction of C. perfringens

type A cells by the procedures described above
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FIG. 1. Flow diagram of antigen isolation.
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610 DAYALU, CHERNIAK, AND HATHEWAY

gave three antigen fractions: (i) water-extracta-
ble EP, (ii) water-extractable ES, and (iii) 1%
acetuc acid-extractable HA. The quantities of
starting materials and the amounts of material
recovered in each fraction are given for each
strain in Table 1.

ID. A comprehensive comparison of the EP,
ES, and HA antigen fractions was done by using
rabbit antiserum no. 1. The EP fractions of
Hobbs types 1, 5,9, and 10 (EP1, EP5, EP9, and
EP10, respectively) formed two immunoprecip-
itin lines of identity (Fig. 2). An additional im-
munoprecipitin line was observed for Hobbs
type 5 only, which corresponded to the type-
specific polysaccharide characterized in an ear-
lier study (7). The ES antigens formed up to
three immunoprecipitin lines of increasing
prominence as their proximity to the antiserum
well increased (Fig. 3). In this and subsequent
experiments EP1 was substituted for ES1, which
was unavailable. The patterns observed for
Hobbs types 1, 5, 9, and 10 appeared identical,
except for the variation in the intensity of the
immunoprecipitin lines (Fig. 3). The immuno-
precipitin lines for NCTC 10578 were related to
other ES antigens only by partial identity (Fig.
3). The HA antigens of Hobbs types 1, 5, and 10
formed two immunoprecipitin lines, whereas
those of Hobbs type 9 and NCTC 10578 formed
one precipitin line (Fig. 4). Immunoprecipitin
lines of identity formed for all the HA antigens,

TABLE 1. Isolation of cell envelope antigen
fractions of C. perfringens

g (dry wt) of
Strain

Cells EP ES HA

Hobbs type 5 153 12 0.81 0.72
Hobbs type 9 110 9.7 1.28 0.92
Hobbs type 10 299 22 1.55 3.9
Hobbs type 1 10 0.79 0.39
NCTC 10578 10 0.48 0.71

_~~~~~~~~~~~~~~~~~._

FIG. 2. ID in gel of the EP fractions versus anti-
serum (AS) no. 1.

INFECT. IMMUN.

FIG. 3. ID in gel of the ES fractions versus anti-
serum (AS) no. 1. The EP fraction from Hobbs type 1
was substituted because there was no ES available
from that strain.

ik. jr*

FIG. 4. ID in gel of the HA fractions versus anti-
serum (AS) no. 1.

except for NCTC 10578, which exhibited partial
identity (Fig. 4). Extracts analogous to HA ob-
tained with trichloroacetic acid or formamide
gave essentially the same results on ID.
A comprehensive, side-by-side comparison by

ID of the relationships between the three anti-
gen fractions, EP, ES, and HA, showed that the
one to three observed immunoprecipitin lines
present in any one fraction were not mutually
exclusive, e.g., ES5 and HA5 formed three and
two immunoprecipitin lines, respectively, when
compared independently by ID and an unequiv-
ocal pattern of double identity when examined
in adjacent positions (Fig. 5).

In situ absorption with any of the antigen
fractions that formed three immunoprecipitin
lines completely inhibited the usual ID reac-
tions. When HA9 was used as the absorbing
antigen, only its corresponding single immuno-
precipitin line was eliminated (Fig. 6).
A duplicate set of ID experiments was done

with rabbit antiserum no. 2 prepared by the
intramuscular injection of immunogen. The ID
patterns were identical to those observed previ-
ously, with one exception: the NCTC 10578 an-
tigen fractions now formed a single immunopre-
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(pronase P; Sigma Chemical Co.) or by heating
at 1000C.
Composition. Each fraction was analyzed for

protein, phosphate, neutral carbohydrate, and
hexosamine content (Table 2). The ES and HA
fractions had a hexosamine content that usually
exceeded the neutral carbohydrate values (Ta-
ble 2). The EP fractions contained the highest
quantities of neutral carbohydrate due to the
presence of RNA and the type-specific polysac-
charides. (The carbohydrate composition of the
type-specific polysaccharides was characterized
in previous studies [2, 6, 18].) The carbohydrate
composition of the EP fractions was more com-

FIG. 5. Comparison of the ES fractions and the
HA fractions by ID in gel versus antiserum (AS) no.
1. EPI was substituted for ES).

FIG. 7. ID in gel of the ES fractions (A) and the
HA fractions (B) with antiserum (AS) no. 2. The
secondary immunoprecipitin lines associated with
many of the antigens fractions had not developed at
the time these slides were photographed.

FIG. 6. ID in gel with antiserum (AS) no. after in
situ absorption with HA9 against ES antigens (A)
and HA antigens (B). HA9 was added to the-center
well ofA and ofB 4 h before the addition of antise-
rum.

cipitin line of identity with the other antigen
fractions (Fig. 7).
Immunoelectrophoresis. The common an-

tigens exhibited zero mobility when examined
by immunoelectrophoresis.
Antigen stability. Formation of the immu-

noprecipitin lines with each antigen fraction was
unaffected by exposure to proteolytic enzymes

TABLE 2. Analysis of C. perfringens fractions
% (by weight) of:

Fraction Hexosa- Carbohy- Phos-
Protein mine dratea phate

EP5 9 21 23 14.6
EP9 27 3 22 13.8
EP10 28 2 23 11.3
ES5 2 22 12 4.8
ES9 10 18 18 4.9
ES10 7 6 11 3.4
HAl 0 21 14 6.4
HA5 8 24 12 1.2
HA9 14 24 6 1.2
HA10 14 19 15 4.0

a Determined by the phenol-H2SO4 method with
glucose as the standard.
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612 DAYALU, CHERNIAK, AND HATHEWAY

plex than those of the ES and HA fractions, as
indicated by the detection of glucose and galac-
tose by gas-liquid chromatography, because of
abundant amounts of the type-specific polysac-
charides; the composition of the diethylamino-
ethyl-Sephadex-treated EP fractions resembled
that of the ES and HA fractions because the
type-specific polysaccharide had been removed.
All of the samples contained significant quanti-
ties of organic phosphate. The ES and HA frac-
tions were shown to be rich in hexosamine.
Preliminary analysis by gas-liquid chromatog-
raphy indicated the presence ofglucosamine and
mannosamine in approximately equal quantities
and the presence of some galactosamine (Fig. 8).
Galactose and glucose were present in the ES
and HA fractions to a lesser extent.

DISCUSSION
A cursory examination of all of the serolog-

ically active fractions, EP, ES, and HA, isolated
by the selective application of physical and
chemical extraction procedures suggested that
the cell envelope of C. perfringens type A pos-
sesses a complex antigenic structure. A compre-
hensive, side-by-side comparison of the anti-
genic fractions by ID, however, always showed
immunoprecipitin lines common to both the ho-
mologous and heterologous strains when anti-
sera prepared against C. perfringens Hobbs type
5 cells were used. It appears that only three
distinct antigens were responsible for the for-
mation of the observed heterologous immuno-
precipitin lines; whereas many fractions pos-
sessed all three antigens, others contained only
one or two components. The homology observed

INFECT. IMMUN.

among the antigen fractions was usually cate-
gorized as identity, except for the partial identity
observed with the antigens derived from NCTC
10578.

It was not practical to illustrate all of the
antigenic relationships observed in this study,
because when the resolution of one component
was maximal, others may not have been visible,
and on extended incubation the features of the
earlier appearing precipitin lines were often dis-
torted. The elimination of all antibodies for all
of the common antigens by in situ absorption
with any of the heterologous fractions which
formed three immunoprecipitin lines confirmed
the homology of the common antigens observed
by ID. When HA9, which showed one line in ID,
was used as the absorbing agent, only the inner-
most precipitin line was eliminated. This showed
that the common antigen corresponding to HA9
was present in all of the fractions, but was sero-
logically distinct from the less prominent anti-
gens represented by the two remaining precipitin
lines.
The observed serological relationships of the

antigen fractions were essentially unchanged
when a duplicate set ofID experiments was done
with rabbit antiserum no. 2. In these experi-
ments, however, the common antigen extracts,
EP, ES, and HA, of NCTC 10578, which previ-
ously showed only partial identity with the an-
tigens from the other serotypes, now formed
immunoprecipitin lines of identity. No explana-
tion for this change in antigen relationship of
NCTC 10578 was apparent.
The EP fractions contained the type-specific

polysaccharide peculiar to the strain of origin,

28 300 2 4
TIME (MIN)

FIG. 8. Gas-liquid chromatograph of the per(trimethylsilyl)ethers of the constituent monosaccharide of
selected HA antigens. The components are: 1, a-galactose; 2, a-glucose; 3, ,B-galactose; 4, N-acetylmannosa-
mine (derivative 1); 5, N-acetylmannosamine (derivative 2); 6, N-acetylgalactosamine; 7, N-acetylglucosamine.
The ES and diethylaminoethyl-treated EP fractions gave comparable analyses.
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COMMON ANTIGENS OF C. PERFRINGENS 613

although it was demonstrated serologically only
with EP5, the EP fraction from the strain ho-
mologous with the antisera used in this study.
Antisera prepared against other strains of C.
perfringens contained antibodies which reacted
with the homologous type-specific antigens, but
no antibodies were demonstrable against the
common antigens.
The serological activity of the common anti-

gen fractions was diminished by dialysis when
membrane tubing having a nominal molecular
weight cutoff value of 12,000 to 14,000 daltons
was used. The loss of antigen was dependent on
the pore size of the membrane tubing employed
for dialysis, slowly permeating membrane tubing
with a molecular weight cutoff of 12,000 to 14,000
daltons and completely retained by membrane
tubing with a molecular weight cutoff of 3,500
daltons. This information, in conjunction with
the nonprecipitable nature of the common anti-
gens with 2 or 10 volumes of ethanol or acetone,
was consistent with the conclusion that the ob-
served immunoprecipitin lines were due to low-
molecular-weight antigens. The stability of the
serological activity to heat and protease treat-
ments indicated that the common antigens were
probably polysaccharides or glycoproteins.
The EP fractions, though yielding the greatest

amounts of material, required 20 times the con-
centration to attain an equivalent level of activ-
ity when compared with either the ES or the
HA fractions, because substantial amounts of
nucleic acids, proteins, and type-specific poly-
saccharides were present. Perhaps the presence
of common antigens in the EP was due to copre-
cipitation with the readily precipitable materi-
als.
The contribution of the type-specific polysac-

charides to the composition of the EP fraction
was so overwhelming that any similarity in car-
bohydrate content between it and any of the
other antigen fractions could not be established.
Therefore, it was impossible to determine which
carbohydrate constituents were associated with
the observed serological activity.
The similarity of the carbohydrate content of

the ES and HA antigen fractions coincided with
their serological activity. Analysis by gas-liquid
chromatography indicated that the major car-
bohydrate constituents of the ES and HA frac-
tions were glucosamine and mannosamine, prob-
ably present as their N-acetyl derivatives. It was
noteworthy to find that the diethylaminoethyl-
Sephadex effluents obtained for each EP frac-
tion conformed closely in carbohydrate compo-
sition to the ES and HA antigen extracts. Ap-
parently, the common serological activity ob-
served among the antigen fractions, EP, ES, and
HA, was due to antibodies reacting against pol-

ymers composed of glucosamine and mannosa-
mine.
The common antigens described in this study

were presumably associated with the cell enve-
lope and may be the type of markers sought
previously by other researchers for the serolog-
ical identification of C. perfringens (13, 17).
The fact that the common antigens were ap-

parently one or more closely related low-molec-
ular-weight polysaccharides, or glycopeptides,
composed predominantly of N-acetylhexosa-
mines, was of particular interest. One of the
major constituents, mannosamine, is found in-
frequently in nature. The purification and reso-
lution of the compounds responsible for the se-
rological activity observed by ID is in progress.
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