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Abstract

AIM: To establish the purification method for Clostridium
difficile (C. difficile) toxin A.

METHODS: C difficile VPI 10463 filtrate was cultured
anaerobically by the dialysis bag methods. And then the
toxin A was purified by precipitation with 500 g/L (NH,),SO.,
and acid precipitation at pH 5.5, followed by ion-exchange
chromatography on DEAE-Toyopearl.

RESULTS: Purified toxin A exhibited only one band on native
polyacrylamide gel electrophoresis (native-PAGE) and
Ouchterlony double immunodiffusion. The molecular weight
of toxin A was estimated to be 550 000. The purified toxin
A had a protein concentration of 0.881 mg/mL. The minimum
lethal dose was 1x108 MLD/mL (i.p.mice). The cytotoxic
titer was 107 CU/mg. The haemagglutinate activity was at
a concentration of 1.72 ug/mL. The ratio of fluid volume (mL)
accumulated to the length (cm) of the loop was 2.46.

CONCLUSION: The modified method for purification of
toxin A of C. difficile was simple and convenient. It may be
even more suitable for purification of toxin A on large scales.
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INTRODUCTION

Clostridium difficile (C. difficile) is one major causative agent
of pseudomembranous colitis (PMC) and a large number of
antibiotic-associated diarrhea in humans and animals. It has
been reported that this organism produces at least two toxins,
designated A (enterotoxin) and B (cytotoxin). Toxin A, atissue-
damaging enterotoxin, causes hemorrhagic fluid accumulation
in rabbit ileal loops and is cytotoxic to cultured fibroblasts.
Toxin B isan extremely potent cytotoxin for many cultured cellgY.
The importance of toxin A in the pathogenesis of C. difficile
enteritis has been documented and severa investigators have
established the purification method of enterotoxinl?. In this
report, we presented a simple method for purification of toxin
A. The highly purified toxin A was obtained and analyzed for
itsbiological and immunological properties.

MATERIALS AND METHODS
Bacterial strains and culture filtrates

C. difficile VPI 10463 was grown anaerobically at 37 for 72h

in Brain Heart Infusion (Difco) by the dialysis bag methods.

Purification of toxin A

C. difficile VPI 10463 culture filtrates were centrifuged at
8 000 r/minfor 20 min and filtrated through a0.45 um membrane
filter. The culture supernatant of 200 mL was precipitated by
500 g/L saturated (NH,),SO, overnight at 4 °C, centrifuged at
8 000 r/min for 15 min. The precipitation was dissolved in
50 mmol/L Tris-HCI buffer (pH7.5) and dialyzed in 10 mmol/L
acetic buffer(pH5.5) at 4 °C for 24 h, centrifuged twice, The
precipitate was dissolved in 50 mmol/L Tris-HCI (pH7.5) and
dialysed against the same buffer, concentrated by PEG 10000
at 4 °C. The sample was then loaded onto anion-exchange
DEAE-Toyopearl 650 mol/L chromatography column, the
sample was equilibrated by 300 mL of 50 mmol/L Tris-HCI
buffer (pH7.5, containing 50 mmol/L NaCl), and then eluted
first with 200 mL of alinear NaCl gradient (50-250 mmol/L
NaCl), followed by 200 mL of 50mmoal/L Tris-HCI buffer (pH7.5)
containing 300 mmol/L NaCl. A second elusion using 200 mL
of alinear gradient (300-600 mmol/L NaCl) inthesamebuffer was
performed. Thetoxinsthat eluted in thefirst NaCl gradient were
designated toxins A. The toxin was pooled and concentrated,
and analyzed for itsbiological and immunological properties.

Tissue culture assay

Cytotoxic activity was determined by using African green
monkey kidney (Vero) cellsas previously described by Kamiya
et al.l¥. For the analysis, tenfold dilutions of test samples
were prepared and assayed for activity. The cytotoxic titer,
which was expressed as the reciprocal of the highest dilution
that caused 100% rounding of the cellsby 24 h, was determined
by serially diluted 100 pL samplestransferring to microtiter
wells containing Vero cells (10%mL) in 100 uL of MEM
medium. The specific activity, which was determined from
the cytotoxic titer, was defined as the number of cytotoxic
units per microgram.

Haemagglutinate activity

In reference to the methods described by Meng et al.l¥, rabbit
blood cellswere washed 3 timeswith PBS (0.15 mol/L, pH7.2)
and then diluted to 25 mL/L suspension. 2xserial dilution of
specimens (50 uL) was performed with PBS buffer in microplate
wellsand 50 pL of blood cellswere added to each well. The HA
titer was expressed as the highest dilution that agglutinated
rabbit blood cellsat 4 °C for 3 h.

Rabbit ileal loop assay

Enterotoxic activity was determined by the rabbit ileal loop
assay as previously described®. Results were obtained
approximately 18 h after injection of 1 mL of test samples and
expressed astheratio of the accumulated fluid (volume) to the
length (centimeters) of the loop. Heat-inactivated toxin
preparations were used as negative controls.

Determination of lethal activity

The minimum lethal dose was determined by intraperitoneally
injecting mice (14-16 g) with 0.5 mL aliquots of tenfold serial
dilutions of test samples and observing the mice over 72 h for
toxicity. Two mice were used for each dose of toxin.
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Polyacrylamide gel electrophoresis (PAGE)

Native polyacrylamide gel electrophoresiswas performed in
750/L and40-300g/L gd. Sampleswereeectrophoresed at 120V
for 15 h after initial electrophoresesat 70 V for 30 min. After
electrophoresis, gels were stained with Coomassie brilliant blue
R-250 and destained. Molecular weights were estimated by
comparison with high molecular weight standards (Pharmacia).

Immunological methods

Ouchterlony double immunodiffusion was done in 10 g/L
agarose. Crossed immunoel ectrophoresis (CI P) was performed
as previously described®. Goat antiserum against toxin A used
in the analyses was prepared in our laboratory.

Protein assay

Protein concentration was determined by the method of
Coomassie brilliant blue G-250. Bovine serum albumin was
purchased from Sigma Company of USA.

RESULTS

High purified toxin A was obtained by precipitation with 500 g/L
(NH,4),SO,and acid precipitation at pH5.5, followed by DEAE-
Toyopearl 650 mol/L column chromatography. The elution
profile of toxin A by DEAE-Toyopearl 650 mol/L column
chromatography is shown in Figure 1. The purified toxin A
exhibited only one band on 40-300 g/L native polyacrylamide
gel electrophoresis, themolecular mass of toxin A was estimated
to be 550 000 (Figure 2). The toxin preparation also gave a
single component when analyzed by Ouchterlony double
immunodiffusion (Figure 3) and crossimmunoel ectrophoresis.

Thepurifiedtoxin A had aprotein concentration of 0.881 mg/mL,
the cytotoxic titer was 107 CU units per mg. The HA activity was
at aconcentration of 1.72 pg/mL, theratio of fluid accumulated
volume(mL ) tothelength (cm) of theloopwas2.46. Theminimum
lethal dose was 1x10° MLD/mL (Table 1). All biological
properties of purified toxin A were neutralized by the antiserum
of C. difficiletoxin A.

0.4 I
0.3}
Lozt

0.1¢ III

01 6 11 16 21 26 31 36 41 46 515661 66 71

Fraction number

Figure 1 Purification of Clostridium difficile toxin A by DEAE-
Toyopearl 650 mol/L chromatography. Fractions 1-34 were
eluted with 50 mmol/L Tris-HCI buffer (pH7.5) containing a
linear NaCl gradient (50 mmol/L-250 mmol/L), then fractions
35-50 were eluted with 300 mmol/L NacCl and fractions 51-75
were eluted with linear gradient (300 mmol/L-600 mmol/L
NacCl) in the same buffer.

Table 1 Purification of C. difficile toxin A
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Figure 2 Analysis of toxin A preparations by native-PAGE
(4-30%). Line 1: Purified C. difficile toxin A; Line 2: High mo-
lecular mass markers, thyroglobulin (M, 669 000), ferritin
(M, 440 000), catalase (M, 232 000), lactate dehydrogenase
(M, 140 000), bovine serum albumin (M, 67 000).

Figure 3 Analysis of toxin A by Ouchterlony double
immunodiffusion. Well 3 contained 20 uL of antiserum against
strain 10463 culture filtrate, well 1 and well 2 contained 20 pL
of purified toxin A by acid precipitation and DEAE-Toyopeal
650 mol/L chromatography respectively.

DISCUSSION

Affinity chromatography used to purify toxin A in the present
study was first described by Krivan et al. The methods using
bovinethyroglobulinfor purification of C. difficiletoxin A which
depends on the temperature was dependent on binding between
toxin A and thyroglobulin. A change of thetemperatureform 4
to37  toxin A wasreleasesfrom the glycoprotein molecul €2.
In addition to toxin A, there were trace amounts of toxin B and
a few other proteins at low level. As thyroglobulin is an
expensive biological reagent, this method might not be suitable
for purification of toxin A in some laboratories.

Sullivan et al. (1982) described a procedure for preparing
milligram amounts of homogeneoustoxin A from culturefiltrate.
The method consisted of ultrafiltration through an Amicon
XM100 membrane filter, anion-exchange chromatography on
DEAE-Sepharose CL-6B, and precipitation at pH5.5. Wepurified
toxin A from culture filtrate with the method and found that
except for amgjor protein band, therewasafaint band aswell on
native PAGE. High purified toxin A wasobtained by precipitation
with500 g/L (NH,),SO,and acid precipitation at pH5.5, followed
by DEAE-Toyopearl 650 mol/L column chromatography.

In the studies on the toxins of C. difficile, researchers have
reported the cytotoxicity of C. difficiletoxin A for human colonic
and pancreatic carcinomacell lines®. Although there are alot

Purification step Vol (mL) Protein(mg/mL) Lethal dose(Mice, MLD/mL) Cytotoxicity (CU/mg)
Crude culture supernatant 200 1.86 6x10* 10%°
50% (NH,),SO4 precipitation 10 ND ND ND
Acid precipitation 10 6.15 2x108 10%
DEAE-Toyopeal 650 mol/L 6 0.881 1x10° 107

ND: not detected.
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of problemsto be solved before the toxin being used in clinic,
the modified method for purification of toxin A of C. difficile
was simple and convenient, it may be even more suitable for
purification of toxin A on large scale.

REFERENCES

1

Bartlett JG. Clostridium difficile: history of its role as an enteric
pathogen and the current state of knowledge about the
organism. Clin Infect Dis 1994; 18(Suppl 4): S265-272

Kamiya S, Reed PJ, Borriello SP. Purification and
characterisation of Clostridium difficile toxin A by bovine thy-

roglobulin affinity chromatography and dissociation in dena-
turing conditions with or without reduction. J Med Microbiol
1989; 30: 69-77

Meng XQ, Kamiya S, Yamakawa K, Ogura H, Nakamura S.
Purification and characterisation of intracellular toxin A of
Clostridium difficile. J Med Microbiol 1993; 38: 69-73

Sullivan NM, Pellett S, Wilkins TD. Purification and Charac-
terization of toxins A and B of Clostridium difficile. Infect Immun
1982; 35: 1032-1040

Kushnaryov VM, Redlich PN, Sedmak JJ, Lyerly DM, Wilkins
TD, Grossberg SE. Cytotoxicity of Clostridium difficile toxin A
for human colonic and pancreatic carcinoma cell lines. Cancer
Res 1992; 52: 5096-5099

Edited by Zhu LH Proofread by Chen WW and Xu FM



