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DEVELOPMENT OF AN ELISA ASSAY FOR CLOSTRIDIUM
PERFRINGENS PHOSPHOLIPASE C (ALPHA TOXIN)

Richard J. Holdsworth and David Parratt
Department of Surgery and University Department of Microbiology, Ninewells
Hospital and Medical School, Dundee. DD6 8HN. United Kingdom.

ABSTRACT
A new method for the assay of Clostridium perfringens alpha toxin
(phospholipase C) is described using a sandwich ELISA. This assay has been
shown to be quantitative, to have a high specificity for the toxin and is capable
of detecting purified Clostridium perfringens phospholipase C at concentrations
of as little as 0.005 units/ml in cooked meat culture medium.

KEY WORDS: CLOSTRIDIUM PERFRINGENS, ALPHA TOXIN,
PHOSPHOLIPASE C

INTRODUCTION
Many different methods have been described for the assay of Clostridium
perfringens phospholipase C (1,2). All these methods rely indirectly on the
measurement of the chemical properties of the enzyme. They are therefore
dependent on both retained enzymatic activity and the purity of the enzyme and
require careful interpretation (1). The sandwich ELISA described in this paper
was developed using standard ELISA methods to directly detect the presence of

toxin in culture media rather than to detect enzymatic activity.
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MATERIALS
1) Antisera
Horse anti-Clostridium perfringens type A anti-toxin (type RP04) was
obtained from Welcome Diagnostics, Dartford, UK. The World Health
Organisation reference anti-Clostridium perfringens alpha toxin was obtained
from Statens Seruminstitut, Copenhagen, Denmark. A monoclonal antibody
against Clostridium perfringens alpha toxin was obtained from Cambio Ltd. 34

Millington Road, Cambridge, UK.

2) Bacteria

All bacteria used in cultures were obtained from stock cultures kept at
Ninewells Hospital. Ten enteropathic strains of E.coli were kindly donated by
Dr D.C.0Old. Having grown pure cultures under standard laboratory conditions
all sub-cultures were grown at 370C in tubes of Robertson's cooked meat
medium (Bacto cooked meat medium, Difco laboratories, Detroit, USA). After

overnight culture, tubes were centrifuged and the supernatent assayed for toxin.

3) Reagents
PBS (Phosphate buffered saline); PBST (PBS with triton);

Carbonate/bicarbonate coating buffer; and p-nitropheny] phosphate in glycine
buffer alkaline phosphatase substrate have all been previously described (3).
Type VII-T bovine alkaline phosphatase (cat.no. P6774); Type X1V Clostridium
perfringens phospholipase C (cat.no. P4039); Type Il Bacillus cereus
phospholipase C (Cat.No. P6135); grade 1, 25% aqueous gluteraldehyde
(Cat.No. G5882) and bovine serum albumin were all purchased from Sigma,

UK.
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METHODS
1) Conjugation of Anti-Toxin with Alkaline Phosphatase
The Welcome RP04 anti-toxin was conjugated with alkaline phosphatase
using a method previously described (3). The pure anti-toxin (100ul) was
combined with 1000 units of alkaline phosphatase and 10ul of 25% aqueous
gluteraldehyde, left at room temperature for 2 hours and then dialysed against
PBS for 48 hours with three changes of buffer. The prepared alkaline

phosphatase conjugate was stored at 40C until used.

2) Basic Assay Procedure

Flat-bottom, 96-well, micro-titre plates were used in all assays (Nunc type
F, Gibco Life Technologies, Paisley, UK). Plates were initially prepared by
coating the Welcome RP04 anti-toxin onto the surface. The anti-toxin was
diluted 1:500 in PBS and coated onto the wells (100ul) using
carbonate/bicarbonate coating buffer in an antibody:buffer ratio of 9:1. The
plate was incubated at 370C for 4 hours and stored at 40C overnight or until
used. On the day of assay, the plates were washed three times with PBST and
any unoccupied binding sites blanked by incubating with a 1% w/v bovine
serumn albumin (BSA) solution for 45 minutes at 370C followed by a further
three washes with PBST.

The solutions containing toxin to be assayed (100ul) were placed in the
wells, incubated for 45 minutes at 370C, and the plate washed three times with
PBST. The alkaline phosphatase linked anti-serum was then put on the plates
(100u1), incubated for a further 45 minutes at 370C and then cold stored at 40C
overnight.

The following day, the plate was washed three times with PBST and the

alkaline phosphatase substrate (100ul) added. Plates were left at room
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temperature and read in an automated plate reader when the colour developed
(EL312 microplate reader, Bio-Tek Instruments Inc. Winooski, VT., USA).

All wells were run in triplicate and the average optical density of three wells
taken as the assay value. Controls within the assay depended on the solution
under test. The assay was zeroed using either a control serum, PBS or cooked

meat medium depending on the circumstances.

RESULTS

1) Choice of Antigens

It was found that the Welcome RP04 anti-toxin was satisfactory for both
binding and conjugating the assay. The WHO reference anti-toxin gave an
identical performance when used as an alternative binding antibody. This is also
a horse anti-toxin and although the source is unknown we suspect that this is
probably the same product as the Welcome RP04 anti-toxin. We attempted to
use a monoclonal antibody with a claimed specificity for the alpha toxin in both
binding and detecting. We were unable to show that this monoclonal antibody
had any affinity for phospholipase C and we stopped using it at an early stage of

the assay development.

2) Binding and Detecting Concentrations

A number of dilutions of the binding antibody were tried (figure 1).
Increasing the concentration of the antibody for initial coating did not alter the
sensitivity of the assay but it did alter the speed at which it could be read. At the
higher coating concentration (1:250 dilution) it also increased the range of
optical densities over which concentrated toxin solutions were measured. We
accepted a coating dilution of 1:500 as a compromise between excessive use of

antibody and increasing the speed of the assay.
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Optical density (405nm)

FIGURE 1: Plot of behaviour of assay when altering the concentration of binding
antibody placed on plate. Assay performed on toxin culture in cooked meat
medium. Effect of coating dilutions of 1:250, 1:500 and 1:750 are shown.

Similarly, increasing the concentration of the conjugating antibody also had

the dual effect of increasing the speed at which the assay could be read and the
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range of optical densities over which it worked (figure 2). However, the overall

sensitivity was not increased. A compromise dilution of 1:500 was used for

detection to conserve reagents at the expense of a slower assay.

3) Effect of BSA Blanking

The one part of the assay where performance was improved was blanking

the assay with 1% BSA after the coating with the binding antibody (figure 3).
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FIGURE 2: Plot of behaviour of assay when altering the concentration of
conjugating antibody placed on plate. Assay performed on toxin culture in cooked
meat medium. The comparison of conjugating with alkaline phosphatase linked
antitoxin at dilutions of 1:250 and 1:500 is shown.

Although, this reduced the peak optical density within the assay it also removed
a considerable amount of background activity, presumably due to the binding of

other proteins later in the assay.

4) Overnight Cold Incubation

Figure 4 shows the effect of leaving the conjugate on the plate overnight at 40C.
The assay behaves in an identical manner whether read the same day or left

overnight. However, reading a plate the same day typically took three hours and
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Optical density (405nm)

FIGURE 3: Plot to show effect of blanking the plate with 1% bovine serum
albumin (BSA). Assay performed on toxin culture in cooked meat medium. The
blanking of unoccupied binding sites with 1% BSA is compared with an identical

1.8

1.8

-t
F-3

-
N

iy
o

o
o

g
o

o
>

o
1

[=J

T

- Blanking solution
S — PBS
N -—-1% BSA
\
L \
\
\
L \
\
R

I o
C | I 1 |

1 10 100 1000

Toxin cuiture dilution (log 10)

assay where phosphate buffered saline (PBS) was used instead.

may take up to five hours. Leaving the same plate overnight meant that

299

development the following day was much quicker and the plate could be read in

under one hour. Although the whole assay could theoretically be run in one day,

to do this, both the initial binding concentration and the conjugating

concentration required increasing.

5) Assay Specificil

The assay was developed using Clostridium perfringens type A grown in
cooked meat medium. The assay was tested with a number of other common

organisms grown under identical circumstances. Results of the effect of other
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FIGURE 4: Plot to show the comparison of leaving a plate overnight at 4°C
before adding alkaline phosphatase substrate. Both assays were set up with
identical solutions. One plate was read the same day at 165 minutes and the other
plate was left overnight at 49C and read the following day at 45 minutes.

organisms in the same medium are summarised in Table 1. The only organism
that showed any degree of cross-reactivity was Clostridium sporogenes. None of
the 10 enteropathic strains of E.coli produced any reaction in the assay.

The specificity of the assay for Clostridium perfringens phospholipase C was
also tested by comparing the effect of Bacillus cereus phospholipase C in the
assay (Table 2). This alternative source of the enzyme was not detected by the
assay. The assay could detect as little as 0.005 units of pure Clostridium

perfringens phospholipase C when diluted in PBS.
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TABLE 1

Results of assay of supernatents from cultures of different organisms. Optical
density (OD) measured at 405nm. Assay zeroed against normal cooked meat

medium.

OPTICAL

ORGANISM DENSITY
Clostridium perfringens Type A 1.743
Clostridium tetanii 0.080
Clostridium bifermentans 0.038
Clostridium sporogenes 0.123
Bacteroides fragillis 0.086
Streptococcus pyogenes 0.015
Staphylococcus aureus 0.003
E.Coli 10961 0.010
E.Coli 9064 0.004
E.Coli 9046 0.051
E.Coli 9966 0.033
E.Coli 9121 0.043
E.Coli 8203 0.004
E.Coli 9016 0.015
E.Coli 17043 0.001
E.Coli 66643 0.031
E.Coli 9094 0.001

TABLE 2

Results of assay of dilutions of pure phospholipase C from either Clostridium
perfringens or Bacillus cereus diluted in PBS. Optical density (OD) measured at
405nm. Assay zeroed against PBS.

PHOSPHOLIPASE C Clostridium Bacillus

units/ml perfringens cereus

10 1.193 0.053

2 0.942 -0.003

1 0.911 -0.015

0.5 0.715 0.013

0.025 0.646 -0.009

0.0625 0.505 -0.002

0.03125 0.336 -0.010
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TABLE 3

Results of assay of dilutions of pure phospholipase C in either PBS or 1:10
diluted human serum. Optical density (OD) measured at 405nm. Assay zeroed
against either PBS or 1:10 human serum.

PHOSPHOLIPASE C PBS 1:10 SERUM

units/ml diluted diluted

10 0.838 0.087

1 0.649 0.063

0.1 0.426 0.065

0.01 0.171 0.029

0.005 0.090 0.004

0.0025 0.037 0.007

0.00125 0.033 0.006

6) Use of Assay on Serum Samples

When pure phospholipase C was diluted in human serum all activity
disappeared (Table 3). Caution in interpretation of the results of serum assays is

therefore merited due to the possibility of anti-phospholipase C antibodies.

DISCUSSION

To date we have found the assay method described in this paper to be
effective in detecting the phospholipase C (alpha toxin) of Clostridium
perfringens in bacterial culture medium. The assay has been shown to be
reliable, reproducible and with a high specificity for the phospholipase C of
Clostridium perfringens rather than the phospholipase C of Bacillus cereus. In
addition, this assay is not only qualitative but it is also able to quantitate the
amount of toxin present.

Although the method described may appear complex, it is a simple ELISA

and requires no specific reagents other than the antitoxin. This antitoxin is
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present in most laboratories and is used in a standard Nagler reaction. In
addition, the assay is capable of detecting very low levels of toxin in pure
culture media.

The principal drawback of the assay is speed. Using the concentrations of
binding and detecting antibody described, the assay is slow, and cannot be
carried out completely in one day. However, increasing the concentration of the
solutions can accelerate the assay and it is likely that the incubation times at
each step could be reduced.

It was disappointing that the only monoclonal anti-toxin we could obtain
appeared to have activity against neither the toxin in culture nor the purified
phospholipase C. Other monoclonal antibodies to the toxin have been produced
although we have had no opportunity to test these in our assay (4).

It was also disappointing to find that the assay behaved poorly when used on
serum. In particular, when we attempted to dilute purified phospholipase C in
serum we failed to detect this at concentrations that gave very high readings
when diluted in PBS or culture medium. We suspect there may be some
naturally occuring anti-toxin in serum that is responsible for this neutralisation
effect. To date, we have not accurately calibrated the assay in serum and we are
currently investigating the antibody theory.

Although this assay is not recommended for general usage, we feel that with
further refinement, including the use of specific monoclonal antibodies this
could become a valuable tool for measuring Clostridium perfringens alpha toxin
in a number of laboratory situations including mixed bacterial cultures and in

tissue culture media (5,6).
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