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PURIFICATION OF THE ALPHA TOXIN OF CLOSTRIDIUM PERFRINGENS TYPE A 
BY ULTRAFILTRATION AND GEL CHROMATOGRAPHY 

M. W. ODENDAAL, Roodeplaat Research Laboratories, P.O. Box 13873, Sinoville 0129 

ABSTRAcr 
ODENDAAL, M. W., 1987. Purification of the alpha toxin of Clostridium perfringens type A by ultrafil

tration and gel chromatography. Onderstepoon Journal of Veterinary Research, 54, 39-43 (1987) 
Clostridium perfringens type A toxin produced in Jayko & Lichstein medium was subjected to various 

concentration and purification procedures. 
The results obtained with 3 different ultrafiltration membranes followed by gel filtration showed that by 

using Millipore PSED OHVlO and Amicon XM-100 filter membranes in combination, a three-hundred-and
fivefold J?U~~ation could be achieved as against a twelvefold increase obtained with ammonium sulphate/ace
tone precipitation. 

The lecitovitelin test was more sensitive than the haemolytic activity in determining the alpha toxin activity. 
The optical density, measured at 280 nm, did not reveal any alpha toxin activity in the relevant toxic fractions. 

INTRODUCfiON 

The in vitro production of phospholipase C depends to 
a great extent on the composition of the medium in 
which C. perfringens type A is grown. The use of a 
complex medium, as opposed to the use of a synthetic 

· medmm for alpha toxin production (Murata, Yamamoto, 
. Soda & Ito, 1965), has definite advantages, and is 
· usually the medium of choice amongst researchers, with 
each one making his own minor alterations (Jayko & 
Lichstein, 1959; Nakamura, Cook & Cross, 1968; Naka
mura, Schultze & Cross, 1969; Nord, Mollby, Smyth & 
Wadstrom, 1974). Physical factors also play an impor
tant role in toxin production, especially as regards the 
oxidation-reduction potential, the pH of the medium, 
and the temperature and length of incubation (Dolby & 
MacFarlane, 1956; Murata et al., 1965; Schultze & Na
kamura, 1968; Nakamura et al., 1969; Mollby, Holme, 
Nord, Smyth & Wadstrom, 1976; Mahoney, 1977). The 
regulation of pH in a continuous batch culture has also 
been found to improve the extracellular toxin production 
of C. perfringens types A, B, C and D (Pivnick, Habeeb, 
Gorenstein, Stuart & Hauschild, 1964; Pivnick, Haus
child, Gorenstein & Habeeb, 1965; Nord et al., 1974; 
Mollbyetal., 1976). 

The first purification of the alpha toxin from a toxic 
culture supernatant was achieved by Prigg (1937), as 
quoted by MacFarlane & Knight, (1941), using sodium 
sulphate and ammonium sulphate, and subsequently by 
Van Heyningen (1941) with ammonium sulphate alone. 
Th~y prepar~d a crude toxin with these preci?itation re
actiOns, whtch took place at various saturation levels. 
Dixon (1953) calculated a nomo~am to facilitate the 
determination of the exact quantities of ammonium sul
phate to achieve a certain degree of saturation. The am
monium sulphate precipitation reaction was often used to 
prepare a crude toxin for application to gel filtration 
chromatography (Ikezawa, Yamamoto & Murata, 1964; 
Ito, 1968; Diner, _1970; Mitsui, Mitsui & Hase, 1973; 
Katsaras & Hartwtgk, 1979) or electrofocusing (Smyth 
& ~~ut~nott, 1974). Du~n~ the ammonium sulphate 
precipitatiOn, the alpha toxm IS subjected to considerable 
~ioch~mical manipulation, with possible resultant dete
noratton of the molecular structure. This is reflected in 
the rather poor recovery rates obtained by Van Hey
ningen (1941) 54%, Bangham & Dawson (1962) 56 % 
Roth & Pillemer (1953) 14 %, and Smyth & Arbuthnott 
(1974) 56,6 %. 

As far as could be ascertained, Stephen (1961) was 
one of the first to use hi~h pressure ultrafiltration to 
obtain crude concentrates nch in alpha toxin for exami
n.ation by zone electrophoresis and immunoelectrophore
SIS. 
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It is important to appreciate that ultrafiltration is not a 
high resolution separation technique. Its biggest advan
tage is the delicate way in which the biological mole
cules are treated, because it involves no phase change, 
maintains a constant pH and ionic strength and does not 
expose the molecules to temperature fluctuations or large 
surface areas. Also large volumes of culture supernatant 
can be filtrated in a short period. Ultrafiltration has been 
used quite successfully in the initial purification of the 
alpha toxin of Clostridium oedimatiens (Izumi, Kondo, 
Ohishi & Sakaguchi, 1983) as well as tetanus toxin and 
toxoid (Cox, Liefman, Premier, Chandler, Herrington, 
Middleton & Hurrell, 1984) as a means of concentrating 
the active substance in the culture supernatant for further 
purifying procedures. 

The purpose of this paper was to compare the relative 
efficiency of 3 different ultrafiltration membranes for 
concentrating the alpha toxin sufficiently for subsequent 
gel filtration chromatography. A comparison was also 
made between these results and those obtained by the 
ammonium sulphate and acetone precipitation technique 
prior to gel filtration chromatography. 

MATERIALS AND METHODS 

Bacterial strains 
Over a period of 3 years, 122 different isolates of C. 

perfringens ty~ A were isolated from various animal 
sources, identified by means of their biochemical reac
tions (Smith, 1975) and typed according to the intrader
mal toxin neutralization test in guinea pigs (Sterne & 
Batty, 1975). Eventually, Strain 142 was chosen because 
of its ability to produce high levels of toxin under speci
fied conditions (Odendaal, 1983). 
Culture media 

Blood tryptose agar1 containins 10 % defibrinated 
sheep blood was used for the initial growth of the C. 
perfringens type A cultures under anaerobic conditions. 
Jayko & Lichstein's (1959) medium, modified by substi
tuting sucrose with D( +) glucose1

, was used for toxin 
production. 

Toxin production 
Blood tryptose agar1 plates were inoculated in batches 

of 12, 2 of which were mcubated at 37 oc under aerobic 
conditions for detecting the presence of contaminants. 
The remainin~ 10 plates were incubated overnight in an 
anaerobic stamless steel flask2 under anaerobic condi
tions at 37 oc (Sutter, Vargo & Finegold, 1975). After 
ensuring macroscopically that the 10 inoculated plates 
were free of contaminants based on colony morpholo~y 
and gram-stained smears (Carter, 1973), all the bactenal 

1 Merck Chemicals, Johannesburg 
2 Baird & Tatlock, supplied by Merck Chemicals , Johannesburg 
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growth was transferred under laminar flow3 to the 1 e of 
medium in the fermenter culture vessel4 by means of an 
angular, bent, glass rod. 

The pH (7 ,0) and temperature (35 oq were automati
cally regulated throughout the 3 h growth period. Anaer
obic subcultures were made to monitor the purity of the 
culture. The culture containing the crude toxin was cen
trifuged at 10 400 X gS in 200 me polypropylene flasks at 
8 °C and the supernatant fluid was stored at 6-8 °C. 
Phospholipase C standard curve 

The establishment of a phospholipase C standard 
curve with a commercial product for the quantitative 
determination of phospholipase C was a standard proce
dure that was repeated in this study (Weiss & Strong, 
1967; Nakamura & Cross, 1968; Mitsui et al., 1973). 
The correlation coefficient (r=0,99) was calculated 
(Clarke, 1977), as well as the regression line from which 
the concentrations of phospholipase C were determined 
in p,g/me. 

Protein standard curve 
A standard curve for the determination of protein con

centration, using bovine serum albumen, was also stan
dard procedure necessary for calculating the purity of the 
toxin and establishin~ a ratio in terms of mg phospholi
pase C per mg protem. The correlation coefficient was 
calculated between the 2 variables (r = 0,99). After 
construction of the line of regression, the protein concen
tration was calculated in mg/me. 

Assay of crude and purified alpha toxin 
Lecitovitelin reaction (phospholipase C activity). The 

egg yolk or lecitovitelin suspension (LV) was made up 
according to the method of Sterne & Batty (1975), and 
standardized spectrophotometrically6

, at a wavelength of 
470 nm (Mitsui et al., 1973). The stock solution was 
prepared fresh every week, whereas the standardized 
suspension was prepared daily. A standard curve was 
prepared, using a commercial C. perfringens type A 
phospholipase C7 in concentrations ranging from 0,01 
mglme to 0,1 mgtme. The correlation coefficient and 
linear regression were calculated according to Clarke 
( 1977). The LV reaction was performed as described by 
Mitsui et al., (1973), and the phospholipase C concen
tration was calculated from the standard curve in p,g/me. 

Haemolytic activity of alpha toxin. Sheep red blood 
cells were collected in an equal volume of Alsevers solu
tion (Garvey, Cremer & Sussdorf, 1977) and washed 
twice in normal physiological saline. A 1 % red blood 
cell suspension was prepared according to Mitsui et al., 

. (1973), and subsequently used to assay the haemolytic 
act~vity ?~the alpha toxin i~ crude and purified form. 
Thts actmty was expressed m haemolytic units which 
can be defined as the highest dilution of alpha toxin 
causing haemolysis exceeding an absorbance of 0,47 
measured spectrophotometrically at a wavelength of 550 
nm. 

Protein determination. The protein contents of all 
toxic fractions , whether crude or pure, were determined 
by using the method of Lowry, Rosebrough, Farr & 
Randall, (1951). A standard curve, using bovine serum 

3 Senior Medical Services, Johannesburg 
4 Gallenkamp Modular Ferrnenter, supplied by Merck Chemicals, 

Johannesburg 
5 Sorvall RC3B, DuPont Instruments, distributed by Zeiss (West Ger

many),Johannesburg 
6 Hitachi Perkin Elmer UV-VIS, Coleman 139, distributed by Protea 

Laboratories, Johannesburg 
7 PL Biochemicals Inc. , Wisconsin USA, distributed by Weil Organi

zation, Johannesburg 
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albumen (fraction V)8
, was established with concentra

tions ranging from 0,01 to 0,4 mgtme. The correlation 
coefficient and linear regression line were calculated 
according to Clarke (1977). 

Optical density . Measuring the optical density of a 
substance at 280 nm is a convenient method of indtcating 
the presence of certain polypeptides and nucleic acids. 
Although no quantitative determination can be made by 
this method, it is often used (Diner, 1970; Zwaal, Roe
lofsen, Comfurius & Van Deenen, 1971). The optical 
density of most fractions eluted from the gel filtration 
column was measured at 280 nm. 

Purification of the alpha toxin 
Ammonium sulphate and acetone fractionation . One e 

of culture supernatant prepared in a fermenter was sub
jected to fractionation by ammonium sulphate and ace
tone, according to the method by Mitsui et al., (1973). 
The fmal product was freeze-dried and kept at -20 °C for 
later gel filtration chromatography. 

Ultrafiltration . Three different ultrafiltration mem
branes from 2 different systems were used. The XM-50 
and XM-100 filter'~ membranes have a molecular cut-off 
level of 50 000 and 100 000 Dalton units, respectively. 
Ultrafiltration was accomplished by a positive nitrogen 
pressure of 2-3 kg/cm2

, in a filter unit with a maximum 
capacity of 550 me. After filtration, these filters were 
preserved in 96% ethyl alcohol. 

The 3rd type of filter was a PSED OHV 10 filter10 with 
a molecular cut-off level of 25 000 Dalton units. Here, 
ultrafiltration took place with a peristaltic pump with a 
pressure of 2 kg/em and was supplied by a filterunit with 
a maximum capacity of 10 e. After ultrafiltration these 
filters were preserved in 1 % formalin. 

The retentate, which was obtained after a single run 
through a XM-50 filter membrane and contained the con
centrated alpha toxin, was freeze-dried and kept at -20 
oc until its application on the gel filtration column. 

The 2nd ultrafiltration method comprised in succes
sion filtration by both the PSED OHV 10 and XM-100 
membranes. The retentate, collected after passing the 
culture supernatant through the PSED OHV 10 filter, 
was passed through the XM-100 filter. The resultant 
filtrate was freeze-dried for further gel chromatography. 

In the final ultrafiltration method, the XM-100 filter 
was used alone, and the filtrate was collected, freeze
dried and kept at -20 oc for gel filtration. 

Gel .filtration. A glass column (3,5 X 100 em) with a 
bed volume of 510 me was packed with 34 g of Sephadex 
G 10011 after equilibration in 1 e of 0,01 M borate buffer, 
pH 7, 1. Gel flltration was performed on the material 
obtained by ammonium sulphate and acetone fractiona
tion, and ultrafiltration with each of the XM-50, XM-
100 and XM-100/PSED OHV 10 filter membranes. The 
fraction volume ranged betwee 5 and 7 me, the hydro
static pressure was 45 em, and the flow rate was approx
imately 48 me per h. In every case, 100 fractions were 
collected and tested for the presence of phospholipase C. 
This procedure was performed at 4 °C. The protein con
centrations and optical densities were determined of 
those fractions that showed phospholipase C activity. 

8 Sigma Chemicals , supplied by Labretoria BK/CC, Posbus 20295, 
Alkantrant , Pretoria 

9 Arnicon Diaflo, distributed by Laboratory and Scientific Equipment , 
Johannesburg 

10 Pellicon Cas sene System, Millipore, (SA) Johannesburg 
11 Pharmacia, Protea PNI, Johannesburg 
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TABLE 1 The optical activity, phospholipase C and protein concentrations of fractions 42-46 of the purified alpha toxin after ammonium sulphate/ 
acetone fractionation and Sephadex gel chromatography 

Fraction 
Optical 
density Protein 

(280nm) (mglmf) 

42 0,105 0,04 
43 0,1 0,036 
44 0,095 0,062 
45 0,09 0,022 
46 0,08 0,019 

REsULTS 

Production of a toxic culture supernatant 

Total 
~t~inl 

ctlon 
(mg) 

0,28 
0,25 
0,44 
0,15 
0,13 

The procedure used was selected after testing 122 dif
ferent C. perfringens type A strains in 4 different media 
and at 2 different vanations in pH and temperature 
(Odendaal, 1983). 

Preliminary comparison of various culture media and 
conditions showed that modified Jayko & Lichstein me
dium gave the best toxin yield. Toxin was obtained by 

. growing C. perfringens type A strain 142, in 1 e of Jayko 
& Lichstein medium in a fermenter with an automati
cally regulated pH of 7,0 and a temperature of 37 °C. It 
contained 0,34 mg protein/me; 0,49 mg phospholipase 
C/mg protein and 167 f.Lg/m( phospholipase C activity. 
Ammonium sulphate and acetone precipitation followed 

· by gel filtration 
The purification of culture supernatant by ammonium 

sulphate and acetone precipitation, followed by Sepha
dex gel filtration chromatography, resulted in only a 
twelvefold concentration of the alpha toxin, as judged by 
the amount of phospholipase C per mg protein (Table 1). 

The first phospholipase C activity appeared in fraction 
25, reached a peak in fractions 42 and 43 and disap
peared completely in fraction 53. The mg phospholipase 
C per mg protein ratio differed slightly m its fraction 
distribution in that the peak values occurred in fractions 
45 and 46. With this method, the phospholipase C was 
purified only twelvefold from 0,49 mg phospholipase C 
per mg protein to 6,24 mg phospholipase C per mg pro
tein. The optical density measured at 280 nm showed no 
increased activity in the eluted toxic fractions, although 
some activity was noted in the region of fraction 20 and 
fractions 68-72. An unexpected high value of 0,44 mg 
protein which occurred for fraction 44 resulted in a de
creased mg phospholipase C/mg protein ratio of 2,5 . No 
feasible explanation can be given. 

TABLE 2 The volume, protein concentration and phospholipase C 
activity of the culture supernatant (SUP) before ftltration 
and the retentate (RET) and filtrate (FlL) after ultrafiltra
tion with XM-50 membrane 

Volume Protein Phospholipase mgphospho-
Fraction (mf) (mg/mf) C (p.glmf) lipase C/ 

mgprotein 

Sup 477,5 18,2 75,4 0,0044 
Ret 46,16 24,2 114,15 0 ,0045 
Fil 423,33 16,86 6,4 0 ,0012 

TABLE 3 The phospholipase C activity and protein concentration of 
fractions 39-41 after gel filtration of XM-50 retentate on 
Sephadex G 100 

Phospholipase C Protein mgphospho-
Fraction lipase C/ 

p.gtme Totalmg mglmf Totalmg mgprotein 

39 138 0,828 0 , 174 1,044 0,79 
40 139 0,834 0,154 0,924 0,9 
41 124 0,744 0,2 1,2 0 ,62 

41 

Phospho-
Total phos-

mtphospho-pholipase C lipase C per fraction 
'pase C/ 

(p.glmf) mgprotein (mg) 

167 1,2024 4,29 
167 1,2024 4,29 
155 1,116 2,5 
130 0,936 6,24 
111 0,7992 6 ,14 

TABLE 4 The phospholipase C activity and protein concentration of 
the culture supernatant (SUP), the retentate (RET 1) and 
flltrate (FIL 1) after filtration through PSED OHV 10 mem
brane, with retentate (RET 2) and flltrate (FIL 2) after 
filtration through XM-100 membrane 

Volume(mf) Protein Phospholipase mgphospho-
Fraction mgt me Cp.gtme lipase C/ 

Pre- Post- mgprotein 

Sup 900 13,2 125 0,009 
Ret 1 900 150 22,4 117 0 ,005 
Fill 900 750 3,6 0 0 
Ret2 150 27 42,25 113 0,002 
Fil2 150 120 23,2 100 0,0043 

TABLE 5 The phospholipase C activity and protein concentration of 
fractions 42-44 after completion of gel filtration of RET 2 
on Sephadex GlOO 

Fraction Phospholipase C Protein mg phospholipase 
p.gtme mgtme C/mg protem 

42 33 0 ,012 2,75 
43 38,5 0 ,022 1,75 
44 38 0,022 1,75 

TABLE 6 Protein and phospholipase C concentration of the superna
tant (SUP) before the retentate (RET) and flltrate (FIL) 
after flltration with a XM-100 fllter membrane 

Volume(mf) Protein Phospholipase mgphospho-
Fraction mglmf C p.glmf lipase C/ 

Pre- Post- mgprotein 

Sup 500 0,92 150 0,163 
Ret 500 50 0,66 167 0,253 
Fil 500 450 0,87 146 0,167 

TABLE 7 Phospholipase C and protein concentrations of fractions 
39-41 after elution of filtrate (XM-100 membrane) on Se
phadexGlOO 

Fraction Phospholipase C Protein mg phospholipase 
p.gtme mgtme C/mg protem 

39 129 0,032 4,03 
40 144 0,036 4,00 
41 147 0,05 2,94 

A control run with (>UTe medium, applying the same 
procedures as for a toxic supernatant, produced no signs 
of phospholipase C. 

Ultrafiltration and gel filtration chromatography 
Amicon Diaflo XM-50. The volume, protein concentra
tion and phospholipase C activity were measured from 
the various fractions before and after ultrafiltration 
(Table 3). The mg phospholipase C per mg protein in the 
culture supernatant and the retentate after filtration did 
not differ si~nificantly, which meant that there was still a 
large quantity of contaminating protein or polypeptide 
present. 
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TABLE 8 A summary of the results obtained for each of the 4 
methods used to purify the phospholipase C in mg phos
pholipase C per mg protein 

Method Sup Ret Fil GF* Purification 
factor 

1 0,49 - - 6,24 12,7 
2 0,0044 0,0045 - 0,9 200 
3 0,009 - 0 ,043 2,75 305 
4 0,163 - 0,167 4,03 24 

* Th~ eluted fraction with the highest mg phospholipase C/mg protein 
ratio 

Method !-Ammonium sulphate/acetone precipitation with gel 
filtration 

Method 2-Ultraflltration with XM-50 membrane with gel filtration 
Method 3--Ultrafiltration with PSED OHV 10 and XM-100 membrane 

with gel filtration 

Method 4--Ultraflltration with XM-100 and gel filtration 

After gel filtration, the phospholipase C activity oc
curred only in fractions 32--47. Fraction 40, containing 
the most phospholipase C activity of 139 ~J.glmf with a 
protein content of 0,154 mgtme, gave a mg phospholi
pase C per mg protein ratio of 0,9 (Table 3). A two
hundredfold increase in purity was achieved. The optical 
density was not measured. 
Millipore PSED OHV 10 and Amicon Diajlo XM-100. 
The phospholipase C activity and protein concentration 
of toxic culture supernatant prepared for ultrafiltration 
was 125 IL~Ime and 13,2 mgtme, respectively. After the 
first filtration through the PSED OHV 10 ultra mem
brane with a molecular cut off of 25 000 Dalton units, 
there was a slight decrease in the phospholipase C activ
ity to 117 jLg/me and an increase in the rrotein content to 
22,4 mgtme (Table 4). After elution o the RET 2 frac
tion, through Sephadex G100, the protein content de
clined dramatically to 0,012 mgtme and 0,022 mglmf for 
fractions 42 and 43, respectively (Table 5). This led to 
an increased mg phospholipase C per mg protein ratio of 
2,75 and 1,75 for fractions 42 and 43, respectively. For 
fraction 42, a three-hundred-and-fivefold purification 
was achieved. 

Ami con Diajlo XM -100. The mg phospholipase C per mg 
protein ratio for the crude toxin in culture supernatant of 
0, 163 did not differ greatly from that of the final product 
(0,167) in the filtrate (Table 6). The retentate also con
tained a substantial amount of phospholipase C activity 
and did not really fit into the picture. The filtrate was 
freeze-dried to be reconstituted for later use. After elu
tion on the Sephadex column, fractions 39--41 gave the 
highest ratios mg phospholipase C per mg protein of 
4,03; 4,00 and 2,94, respectively. The protem concen
trations decreased from 0,92 to 0,032 mgtme (Table 7, 
fraction 39), with a slight concomitant decrease in phos
pholipase C from 150 to 129 mg/mf. A twenty-fourfold 
purification was achieved. 

A summary of the results obtained with all 4 methods 
is given in Table 8. Methods 2 and 3 provided a product 
which was purified 200 and 305 times, respectively. 

DISCUSSION 

The molecular mass of the alpha toxin, as determined 
by various authors quoted by Smyth & Arbuthnott 
(1974), ranges from 26 3~106 000. Though Mitsui et 
al. (1973) calculated its molecular mass as 49 000 by 
means of Sephadex gel filtration, Smyth & Arbuthnott's 
(1974) calculation with SDS polyacrylamide disk-gel 
electrophoresis was 53 800. During ultrafiltration, both 
these molecular masses were used as guide-lines as a 
subjective indicator to the toxic activity of each fraction. 
This was well illustrated after ultrafiltration with the 

42 

XM-50 membrane with a cut-off level of 50 000 Dalton 
units. The retentate, which included most of the large 
molecules, contained most of the phospholipase C activ
ity, whereas the filtrate, which mcluded all the mole
cules with a molecular mass less than 50 000, contained 
much less activity. This would imply that the molecular 
mass of the alpha toxin was greater than 50 000 Dalton 
units. After ultrafiltration with the Millipore PSED OHV 
10 filter membrane, it was quite clear that the alpha toxin 
was not less than 25 000 Dalton units (Table 4), but after 
filtration through the XM -100 filter membrane, phos
pholipase C activity appeared in the retentate fraction as 
well as in the filtrate. The alpha toxin was expected only 
in the filtrate (FIL 2, Table 4). One possible explanation 
for this phenomenon is that the alpha toxin formed ag
gregates with a molecular mass exceeding 100 000 Dal
ton units. 

Compared with the single membrane system, the com
bined ultrafiltration system gave the best results (Table 
8). From a practical point of view it is evident that ultra
filtration is less time-consuming, easier to perform and 
less laborious than ammonium sulphate and acetone pre
cipitation. It is not feasible to use it alone, because it 
cannot replace the other more sensitive and technically 
more involved techniques, but, if used purely in con
junction with gel filtration chromatography, it is effec
tive as a method for concentrating the alpha toxin activ
ity. 
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