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I. Introduction

C. perfringens type A food poisoning is widely
reported.”™ The enterotoxin from C. perfringens
type A is responsible for many cases of a mild
type of food poisoning. Tt 18 produced in the in-
testinal tract during sporulation, after ingestion
of 10%-10" cells.”
perfringens 1s responsible for a common form of
Food poisonming by C

An enterotoxin produced by C.

bacterial food poisoning.”
perfringens occurs after ingestion of food con-
taminated with large numbers of C. perfringens
vegetative cells, and it is characterized by di-
arrhea and abdominal pain.”

Human stool specimens frequently contain C.
perfringens and some foodstuffs contam a large
amount of this organism.™"" Since such
ganisms found in human and animal feces are
mostly non-enterotoxigenic, it i1s necessary to dis-
tinguish the enterotoxigenic organisms from the

or-
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non-enterotoxigenic ones to identify the true
agents of food poisoning.

Enterotoxigenic C. perfringens causes food pois-
oning, which can be diagnosed by detecting en-
terotoxin in patient's stool specimens or by con-
firming the enterotoxigenicity of isolates from
the incriminated strain or patient's stools. Ex-
cretion of enterotoxin in the stool, however, is
limited only to the diarrheal stage.™'" It is often
difficult to obtain adequate stool specimens and
sensitivity  of assayable methods to detect en-
terotoxin.

This study describes the comparison of sen-
sitivity of detection for C. perfringens type A en-

terotoxin by the RPLA and the PCR.

II. Materials and Methods

1. Bacterial strains
Four well-toxin typed reference strains of C.



46 Hee Kon Jung

perfringens were used. These strains included:
toxin type A strains NCTC 8791(Hobbs serotype
1), NCTC 82338(Hobbs serotype 2), NCTC
8239%(Iobbs serotype 3) and NCTC 8235(Hobbs
serotype 8), (received from Dr. Teizo Tsuka-
moto, Osaka Prefectural Institute of Public
Health, Japan). Besides, one non-toxin typed ref-
erence strain was . perfringens ATCC 3629
(received from Veterinary Research Institute,
Rural Development Administration, Korea).

Twenty four C. perfringens strains (22 types-A tox-
ms and 2 types-C toxins) were isolated from necrotic
enteritis of chickens (7 strans). enterotoxemic piglets
(14 strains) and enterotoxemic cattle (3 stramns) in
Korea.

2. Detection of enterotoxin of strains by the
RPLA

C. perfringens were cultured 1n the thioglycollate
medium at 37°C for 18-20 hrs and deactivated by
heating at 75°C for 20 mun. If the spore-formation
of the C perfringens cells were poor, the cells
were repeated with thioglveollate medium  and
heating 2-3 times. Then C. perfringens were mno-
culated in the Duncan and Strong medium" pre-
pared for promoting enterotoxin production. and
cultured at 37°C for 13-48 hrs.

After cultivation, the culture flud was cold-
centrifuged at 3000 rpm for 20 min and the su-
pernatants were assayed for C. perfringens en-
terotoxin by the RPLA with a PET-RPLA kit
(Denka Seiken, Tokyo)."™

3. Purification of chromosomal DNA from the
strains

Chromosomal DNA was punfied by the fol-
lowing procedure.” Each strain was sceded on a
cooked meat medium (DIFCO) and in the Gifu
anaerobic medium hroth (GAM, Nissw), then in-
cubated for 24 hrs at 37°C. From a 1.5 ml portion
of the culture, chromosomal DNA was purified by
use of ethvlenediaminetetraacetic acid (EDTA. Sig-
ma, St. Lows, MO) and achromopeptidase (Wako
Pure Chemical Industries. Osaka). The cultured
cells were centrifuged and resuspended m 50 mM
EDTA and washed with a 5 mM EDTA solution
(pH 8.0). Washing was repeated with resuspension

in 200 Wl of 5 mM EDTA, to which 100 ! of achro-
mopeptidase (10 mg/m/ of 50 mM EDTA) was add-
ed. The mixture was then stirred gently and in-
cubated for 90 nun at 37°C, and 50 u/ of 10% so-
dium dodecyl sulphate (SDS, Wako Pure Chemical
Industries. Osaka) was added to the mixture,
which was stirred gently and incubated for 10 min
at 60°C. Freezing and thawing were repeated 3
times and H0O i of phenol-chloroform was added
to the muxture, which was stirred vigorously and
centrifuged at 14000 xg for 10 min. 200 p/ of ethyl
and 1 m/ of cold ethanol were added to the su-
pernatants to allow chromosomal DNA to pre-
cipitate. The purified nucleic acids were diluted
with 500 i/ of distilled water, a 5/ portion of
which was added to the PCR system.

4. Extension primers
From the base sequence of the C. perfringens

enterotoxin  gene'”,

two oligonucleotides  were
synthesized as primers.

One, PT-1. was synthesized from the nucleotide
sequence from the 426 to 446 bp (5-TGTA-
GAATATGGATTTGGAAT-3") and the other, PT-
2. from the 770 to 789 bp (5 -AGCTGGGTTT-
GAGTTTAATG-3"). These two primers were
designed to generate for a 364 bp (Takara Biotech.
Co., Kvoto).

5. Detection for enterotoxin by the PCR

PCR was performed in a 50 g/ reaction mixture.
The reagents for the PCR were prepared in the
following way. To a 500 W/ sample tube, 33.7 w/
of distilled water, 5 p/ of the reaction buffer of 10-
fold strength (Promega Corp., Madison, WI), 4.0 p/
of dNTP mixture (2.5 mM), 0.3 ul of Taq DNA po-
lymerase (Promega), 1.0 p/ of PT-1 (20 uM), 1.0
ul of PT-2 (20 mM). and 5 ul of a DNA solution
were added. The mixture was overlaid with ster-
thized mimeral oil (Sigma, St. Louis, MD) to pre-
vent evaporation during mcubation. Incubation for
DNA denaturation was 1.5 mun at 94'C, that for an-
nealing the primers for 2.3 nun at 55°C. Incubation
for primer extension by DNA polymerase for 1.3
mm at 72C, using a DNA thermal cvceler
(Pharmacia Co.. Alameda, Cahf.} that changed the
temperature automatically 25-30 times.
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After the reaction, the final extension was per -
formed by holding the tube for 5 min at 72°C,
then cooling the tube to 4°C. In the amplification
of the DNA, 0.5/ of the reaction mixture was
subjected to electrophoresis in 1.5% agarose gel
with a miniature electrophoresis system from
mupid (Cosmobio Corp., Tokyo).

The electrophoresis gel was stained with a 0.003
% ethidium bromide solution for 1-2 min and read
at a wave length of 312 nm with a transilluminator
(Vilber Lourmat, Vallee, France). Detection of the
364 bp DNA fragment was regarded as a positive
enterotoxin gene.

II1I. Results

The detection of CPE hy the RPLA was ap-
plied to specimens from NCTC 8239 (Hobbs sero-
type 3; ET") and ATCC 3629 (ET ), as well as 7
isolates from necrotic enteritis of chickens, 14 iso-
lates from enterotoxemic piglets and three iso-
lates from enterotoxemic cattle as shown in
Table 1. As this table also shows, detection of
CPE by the RPLA was positive from 2-fold to 64
-fold dilution in NCTC 8239 (Hobbs serotype 3:
ET"), although it showed negative results for 24
samples.

Detected results for enterotoxin genes from
strains of C. perfringens using the PCR are shown
in Fig. 1 and Fig. 2 respectively in electro-
phoretic pattern of the PCR products obtained
with purified nucleic acids from the template.

The sensitivity of the PCR in detecting en-
terotoxin gene extracts from C. perfringens was
performed as 10-fold dilution from 100 ng to 100

506bp \,
364bp -,
344bp

Fig. 1. Sensitivity of the PCR assav in detecting the C.
pertringens enterotoxin gene. Lane 10 1KDb ladd-
er DNA marker; lanes 2-8: 10-fold dilution of
DNA extract of . pertringens NCTC

8238(Hobbs serotyvpe 2; ET) from 100 ng to
100 ag (annealing temperature: 55°C).

Fig. 2. Electrophoretic analysis of the PCR amplified
C. perfringens enterotoxin gene. Lane 1@ 1Kb
ladder DNA marker; lane 20 C. perfringens
NCTC 8791 (Hobbs serotype 10 ET ! lane 3
C. pertringens NCTC 8238 (Hobbs serotype 2;
ET"); lane 4 (. pertringens NCTC 8239
(Hobbs serotype 30 ET)! lane 50 . per-
tfringens NCTC 8235 (Hobbs serotype 80 ET);
lane 61 C. perfringens ATCC 3629 (LT ). and
lanes 7-12¢ samples isolated from animal cases.

Table 1. Detection of Clostridium perfringens enterotoxin by the reversed passive latex agglutination

. [ilution
Strains
X2 8 x 16 w32 “ 64 X128 x 256
NCTC 8239(Hobbs serotype 3; ET')* +++ ++ ++ ++ + t

ATCC 3629 (ET »*

Necrotic enteritis of chickens (n=7)** +
Enterotoxemic piglets (n=14)** +
Enterotoxemic cattle (n=3)** t

NOTE : - reaction of enterotoxin non-producing. 1:
reaction of enterotoxin producing.

reaction of enterotoxin doubtable producing, +. ++. +++:

*ET 1 C. perfringens enterotoxin., **n : Strain numbers of isolated from cases.
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ag for annealing temperature at 55°C (364 hp) in
NCTC 8238 (Hobbs serotype 2; ET"), (Fig. 1).

Moreover, the PCR using C. perfringens en-
terotoxin gene-specific primers detected up to 10
pg (a DNA fragment of 364 bp) for annealing
temperature at 55°C in NCTC 8238 (Hobbs sero-
type 2; ET™), (Fig. 1). But, specific clear band
(364 bp) of C. perfringens enterotoxin gene was
proved of negative results in 24 samples isolated
from specimens of necrotic enteritis of chicken
(n=7 strains), enterotoxemic piglets (n=14
straing) and enterotoxemtc cattle (n=3 strains)
in Korea. The results of detection of CPE by the
RPLA are similar with those of the PCR but the
PCR was more sensitive of the assays than the
RPLA.

1V. Discussion

C. perfringens is widespread in the soil and
sewage, and is commonly found in the intestinal
tract of human and various animals. It 1s an op-
portunistic organism and causes great economic
losses by death due to necrotic enteritis of chick-
ens, enterotoxemic piglets and enterotoxemic cat-
tle.™* Type-A C. perfringens food poisoning is
also widely reported."” The purpose of the
study reported here were to the comparison of
sensitivity of detection for C. perfringens type A
enterotoxin by the RPLA and the PCR.

The detection of CPE by the RPLA was po-
sitive from 2-fold to 64-fold dilution in NCTC
8239 (Hobbs serotype 3. ET7), although it gave
negative results for 24 samples (Table 1).

The sensitivity of the PCR in detecting en-
terotoxin gene extracts from C. perfringens was
performed as 10-fold diution from 100 ng to 100
ag for annealing temperature at 55°C (a DNA
fragment of 364 bp) in NCTC 8238 (Hobbs sero-
tvpe 2: ET7), which is in agreement with Saito ef
al.” (Fig. 1). Moreover, the PCR using . per-
fringens enterotoxin  gene-specific  primers de-
tected up to 10 pg (a DNA fragment of 364 hp)
for annealing temperature at 55°C i NCTC 8238
(Hobbs serotype 2. ET) (Fig. 1).

The detection of Escherichia coli enterotoxin is
compared with the enzyme-linked immunosorhbent

assay (ELISA) and the suckling mouse bioassay.
Taking the suckling mouse assay as the ‘gold stan-
dard’, the gene probe was the more specific and
the ELISA was more sensitive of the assays™
also the gene probe assay had a specificity of 99%
and a sensitivity of 90.4% compared to the infant
mouse method.™

Basically, the detection of C. perfringens en-
terotoxin by the RPLA and the PCR in these
results, which is in similar with the findings of
Cryanlzl.:m

These results suggest that to be rapid and a-
curate diagnostic tests for C. perfringens tvpe A
enterotoxin  into their epidemiological in-
vestigations of animal infectious diseases and hu-
man food polsoning.

V. Conclusion

Detection for Costridiiun  perfringens entero-
toxin (CPE) by the reversed passive latex ag-
glutination (RPLA) was positive from 2-fold to
64-fold dilutions in NCTC 8239(Hobbs serotype 3:
ET"). The polymerase chain reaction (PCR)
which was using C. perfringens enterotoxin gene-
specific primers with a detection imit equivalent
to 10 pg of a DNA fragment of 364 bp in NCTC
8238(Hobbs serotype 20 ET'). The PCR provided
a rapid and more sensitivity tool for the de-
tection of CPE compare to the RPLA
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