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uMMARY Nontoxigenic derivatives of a toxigenic strain of Clostridium tetani
S were isolated by treatment with acridine orange, N-methyl-N’-nitro-N-nitro-
soguanidine, rifampicin or ultraviolet light. The frequency of appearance of non-
toxigenic derivatives on these treatments was 0.8 to 3.2 per cent. The nontoxigenic
derivatives produced all the same extracellular antigenic and protein components as
the toxigenic parent strain, except the toxin and materials cross-reacting with the toxin.

The nontoxigenic strains, like the toxigenic parent strain, were lyzed by treat-
ment with mitomycin C. Bacteriophage was detected in the lysates of all the non-
toxigenic derivatives produced with mitomycin C, and this bacteriophage was mor-
phologically indistinguishable from that obtained from the toxigenic parent strain.
The genetic factor controlling tetanus toxin production is discussed.

INTRODUCTION

Strains of Clostridium tetani produce a very
potent toxin which mainly acts on the inhibi-
tory synapses in the spinal cord (van Heynin-
gen, 1971; Curtis, 1971). The toxin 1is
synthesized within the young bacterial cells
(Raynaud, 1951) as a single polypeptide chain
with a molecular weight of approximately
150,000 daltons (Craven and Dawson, 1973;
Matsuda and Yoneda, 1974). As the culture
becomes older and the organisms autolyse, it
is discharged into the culture medium in a
nicked form consisting of two complementary
polypeptide chains (Matsuda and Yoneda,
1974, 1975), showing increased toxicity (Seki
et al., 1954; Lettl et al., 1966; Matsuda and

Yoneda, 1974). Formation of the toxin is
reported to require peptides containing his-
tidine (Mueller and Miller, 1956) and to be
almost completely inhibited by excess glu-
tamate in the medium (Tsunashima et al,,
1964). However, the mechanism of toxin
production is unknown. The only reports
on genetic aspects of toxin production are
those by Prescott and Altenbern 1967a,
1967b) and by Nishida et al. (1969). Prescott
and Altenbern (1967a) detected bacteriophage
in mitomycin C induced lysates of toxigenic
strains of C. tetani. Bacteriophages have been
correlated with toxinogeny in several bacterial
genera (Barksdale and Arden, 1974), but
Prescott and Altenbern (1967a) showed that the
mechanism of lysis induced by mitomycin C
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was not related with the synthesis of tetanus
toxin. Nishida et al. (1969) isolated non-
toxigenic strains of Clostridium resembling C.
tetani from soil and from a culture of a labora-
tory strain by heat selection and attempted
to identify them as nontoxigenic C. tetani by
H antigen agglutination. They suggested
that there was an inverse relationship between
the ability to sporulate and the degree of
toxigenicity, but the exact relationship between
the two properties is unknown. Thus very
little is known about the genetic control of
tetanus toxin production.

To study this problem, we isolated various
nontoxigenic derivatives from an asporogenous,
highly toxigenic strain of C. tetani by treat-
ment with various agents and studied the
antigenic and protein components which they
produced in the culture medium and their
lysogeny.

This paper reports the isolation and some
properties of nontoxigenic derivatives of C.
tetani. The nature of the genetic factor con-
trolling tetanus toxin production is discussed
on the basis of the findings.

MATERIALS AND METHODS

1. Bacterial strains, media and cultures

A substrain (Biken) of the asporogenous Harvard
A47 strain of Clostridium tetani was used as the
parent, toxigenic strain. Before use, three succes-
sive single-colony isolations of the strain were car-
ried out on Zeissler’s blood agar plates. The fil-
trates of a 4 day culture of the strain at 35C in
modified Latham medium (Matsuda and Yoneda,
1975) contained a concentration of 50 Lf units and
1-2x10® MLD per ml of toxin. The parent tox-
igenic strain and the nontoxigenic derivatives iso-
lated from it were stored at 4 C in liver-liver broth
after overnight growth at 35 C. Coloniesisolated on
Zeissler’s blood agar plates from cultures which had
been treated with various agents were each sub-
cultured in semi-solid T.G.C. medium (Daigo Eiyo-
kagaku Co.) and stored at 4 C, while their sub-
cultures were each tested for toxigenicity. In early
experiments, P-II medium (Kubota et al., 1960),
which contains 10 g of whale heart extract (Nissui
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Seiyaku Co.), 20 g of polypeptone (Daigo Eiyo-
kagaku Co.), 5 g of NaCl, 0.2 g of MgSO,.7H,0,
0.16 g of Na,HPO,.12H,0, 0.1 g of KH,PO,, 10 g
of glucose and 0.8 g of reduced iron per liter, pH
6.6-6.8, was used for tests on toxin production.
Later, a modified Latham medium (Latham, Bent
and Levine, 1962) was employed for toxin produc-
tion; the Latham medium was modified by re-
placing 25 g of casein digest by 20 g of polypeptone
and 10 g of whale heart extract and by adding 100
ng of folic acid per liter, pH 7.0 (Matsuda and
Yoneda, 1975). For analysis of the protein com-
ponents in the culture filtrates of the nontoxigenic
derivatives, a protein-free, modified Latham medium
was used, in which the 10 g of whale heart extract
was replaced with the materials that dialyzed through
Visking tube into distilled water from 15 g of whale
heart extract, per liter of the medium. TYC broth
contains 30 g of trypticase (BBL), 20 g of yeast
extract (Difco), 1 g of cysteine hydrochloride (Wako
Pure Chemical Industries, Ltd.) and 10 g of glucose
per liter, pH 7.0. All cultures were incubated at
35 C unless otherwise stated.

2. Treatment of the toxigenic cultures with wvarious
agents

1) Acridine orange treatment

A sample of 0.1 ml of an overnight culture in
liver-liver broth of the toxigenic parent strain was
added to 15 ml of fresh liver-liver broth containing
25 ug of acridine orange (AO) per ml and cultured
overnight,
2) N-Methyl-N’-nitro-N-nitrosoguanidine treat-

ment

N-Methyl-N’-nitro- N-nitrosoguanidine (N G) was
added at a concentration of 10 g per ml to an
actively growing culture (OD at 590 nm, 0.3) of the
toxigenic parent strain in T'YC broth and incubated
at 35 C for 30 min. Then the culture was cen-
trifuged at 4 C at 10,000 rpm for 15 min and the
pellet was resuspended in TYC broth and small
aliquots of the treated cell suspension were inocu-
lated into tubes containing 6 ml of liver-liver broth
and incubated further overnight.
3) Rifampicin treatment

A sample of 0.1 ml of an actively growing culture
(OD at 590 nm, 0.3) of the toxigenic parent strain
in TYC broth was inoculated into modified Latham
medium (6 ml) containing 0.005 gg of rifampicin
(RP) per ml and cultured overnight.
4) Ultraviolet light irradiation



For irradiation, a culture of the toxigenic parent
strain in the logarithmic phase of growth (OD at
590 nm, 0.1) in TYC broth was diluted 10-fold with
sterile 0.1 M potassium-sodium phosphate buffer,
pH 7.5, and irradiated in 3 ml volumes in Petri
dishes for 15sec periods at a distance of 40 cm
(Hitachi germicidal lamp 15 w) with gentle shaking.

3. Selection of nontoxigenic derivatives

The culture of the toxigenic parent strain, treated
with various agents as described above, were each
streaked onto Zeissler’'s blood agar plates. The
colonies obtained by incubating the plates in an
anaerobic jar for 48 hr were each subcultured into
T.G.C. medium.

Volumes of 0.1 ml of overnight cultures were fur-
ther inoculated into the modified Latham medium
and incubated for 4 days to examine toxin produc-
tion. The lysed culture was mixed with one-hun-
dredth volume of 1% merthiolate and tested in
vitro for the presence of antitoxin precipitable mate-
rial in Ouchterlony’s immunodiffusion plates against
absorbed horse antitoxin serum (50 U/ml), using
toxin (50 Lf/ml)-antitoxin (50 U/ml) precipitation
bands as references. The culture filtrates of ¢ non-
toxigenic ’’ derivatives, that is cultures which showed
no precipitation with antitoxin, even when concen-
trated 10-fold, were tested further by injecting 0.5
ml samples subcutaneously into OF1 mice to see if
they induced any symptoms of tetanus.

4. Preparation of concentrated culture filtrates

Culture filtrates of the organisms grown in modi-
fied Latham medium for 4 days were concentrated
to approximately one-tenth of their original volume,
either with Carbowax 20M (Wako Pure Chemical
Industries, Ltd.) and then dialysis at 4 C against
0.1 M potassium-sodium phosphate buffer, pH 7.5
or in a minicon A25 macrosolute concentrator
(Amicon Corp., Mass.).

5. Toxin

Tetanus toxin was prepared from bacterial ex-
tracts and purified as described previously (Matsuda
and Yoneda, 1974).

6. Antisera

1) Horse antitoxin serum

Horse antitoxin serum prepared by immunizing
a horse with crude toxoid preparation (crude horse
antitoxin serum) and the absorbed antitoxin serum

prepared by removal of the nonspecific antibodies
from this serum by the method of Tsunashima et al.
(1964) were gifts from Kanonji Institute, The Re-
search Foundation for Microbial Diseases of Osaka
University, Kanonji, Kagawa.
2) Rabbit antisera

Rabbit anti-fragment « and anti-fragment j sera
were prepared as reported previously (Matsuda and
Yoneda, 1976).

7. Polyacrylamide gel electrophoresis

Conventional polyacrylamide gel electrophoresis
using 7.5% gel was carried out with 10 mm tris-
(hydroxymethyl)aminomethane (Tris)-77 mM gly-
cine buffer, pH 8.6, as the electrode buffer accord-
ing to the method originally described by Davis
(1964). Gels were stained with Amido black 10B
(E. Merck, Darmstadt) and destained by electro-
phoresis in 7%, acetic acid.

8. Crossed tmmunoelectrophoresis

Crossed immunoelectrophoresis on a micro-scale
was carried out on 5.5x5.5 cm glass plates by the
method of Laurell (1965). The antigens (6 pliters
of concentrated culture filtrate, 10 mg/ml) were
initially subjected to electrophoresis in an agarose
gel (1%) containing 50 mM Tris~0.6 M glycine buf-
fer, pH 8.5, containing 1 mm EDTA, applying 10
vicm for 90 min at 4 C (first dimention electro-
phoresis). Then the electric field was turned
through 90°, and electrophoresis was continued into
agarose gel (1%) containing antiserum (concentra-
tion of antiserum containing antitoxin 5 U/ml of
gel), applying a current of 2 v/em for 20 hr at room
temperature (second dimension electrophoresis).
Gels were stained using Coomassie brilliant blue
and destained by diffusion in ethanol-acetic acid-
water (4.5: 1: 4.5, by volume).

9. Immunodiffusion test

The double diffusion precipitation method origi-
nally described by Ouchterlony (1953) was em-
ployed using 19, agarose containing 0.5 m glycine
in buffered saline.

10. Protein determination

Protein was estimated by the method of Lowry
et al. (1951).

11.  Mitomycin C induction

Kinetic studies on induction of lysis with mito-
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mycin C were performed in tubes (1.2x10.4 cm)
from Bausch & Lomb-Shimazu Spectronic 20, con-
taining 5 ml of TYC broth. Tubes were inoculated
with an overnight culture in liver-liver broth to
give an optical density (OD) of 0.01, and incubated
until the OD attained a value of 0.1. Then various
concentrations of mitomycin C (1, 2.5, 5, 7.5 and
10 pg/ml) were added and the OD was measured
in a Bausch & Lomb-Shimazu Spectronic 20 spec-
trophotometer at 590 nm.

12.  Preparation of bacteriophage for electron micro-

scopy

After complete lysis of the cells with mitomycin
C (10 pg/ml), the lysate was clarified by centrifuga-
tion at 4 C at 8,000 X g for 20 min. The resulting
supernatant fluid was centrifuged at 4 C at 54,500 x g
for 100 min in a Type 30 roter of a Beckman model
65 B ultracentrifuge. The pellet from 50 ml of
clarified lysate was resuspended in 0.2 ml of 0.1 M
ammonium acetate solution, pH 6.8, and examined
in an electron microscope (Hitachi HU-12A) by the
negative staining technique with 2% phosphotungs-
tic acid, adjusted to pH 6.8 with KOH. In some
cases, phage was further purified using a stepwise
CsCl density gradient (densities: 1.3, 1.5 and 1.7
g/cm3) as described by Mathews (1960).

13. Chemicals

Acridine orange was purchased from E. Merck
AG, Darmstadt, N-methyl-N’-nitro-N-nitrosogu-
anidine from Aldrich Chemical Co., rifampicin from
Daiichi Seiyaku Co., and mitomycin C from Kyowa
Hakko-kogyo Co.

RESULTS

1. Isolation of nontoxigenic derivatives from
the toxigenic strain

Nontoxigenic colonies were obtained by
treating the toxigenic strain with various agents
(Table 1). Table 1 shows that the frequency
of incidence of the nontoxigenic derivatives
on treatment was 0.8 to 3.2 per cent, but that
no nontoxigenic colonies were obtained with-
out treatment. The morphological features,
gram-stainability and doubling times in various
media of the nontoxigenic derivatives and the
toxigenic parent strain were similar. Rever-
sion from nontoxigenicity to toxigenicity did
not occur during repeated subcultures of the
nontoxigenic derivatives.

2. Antigenic properties of culture filtrates of the
nontoxigenic derivatives

Figure 1 shows the immunodiffusion pat-
terns of concentrated culture filtrates of a
nontoxigenic derivative and the toxigenic
parent strain against crude horse antitoxin
serum (Fig. 1A) and of rabbit antisera against
fragments of tetanus toxin (Fig. 1B). Against
crude horse antitoxin serum, the concentrated
culture filtrates of the nontoxigenic derivative
formed multiple precipitation bands which all
fused with those between the antiserum and
concentrated culture filtrates of the toxigenic
parent strain, except for a single precipitation
band of toxin-antitoxin (Fig. 1A). Figure 1B
shows the absence of either fragment « or
fragment 3 of tetanus toxin (Matsuda and

TaBLe 1. Loss of toxigenicity of C. tetani on treatment with various agents

Total no. of

Nontoxigenic derivatives

Treatment with colonies
tested No. of colonies Per cent
Acridine orange 519 4 0.8
Rifampicin 150 2 1.3
N-methyl-N’-nitro-N-nitrosoguanidine 690 6 0.9
Ultraviolet light 126 4 3.2
Untreated 562 0 0
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90 min) in TYC broth and showed similar
degrees of sensitivity to mitomycin C. More-
over, the nontoxigenic derivatives were lysed
by mitomycin C in a similar way to the toxi-
genic parent strain. Representative results of
induction experiments are shown in Fig. 4.
Lysis began at about 4 hr and was complete
6-7 hr after addition of mitomycin C. A con-
centration of 5-10 pg/ml of mitomycin C
caused maximal lysis of both nontoxigenic
derivatives and the toxigenic parent strain,

T

0.7

0D 580 nm

Time (hr)

Ficure 4 Changes of the optical density of the
cultures of the toxigenic parent strain (@) and a
nontoxigenic derivative, AO 58 (A) treated with
mitomycin C. Mitomycin C (final concentration
10 pg/ml) was added at time zero (indicated by
arrows). O (Toxigenic parent strain) and A (non-
toxigenic derivative, AO 58), mitomycin C not
added.

5. Presence of bacteriophage in mitomycin C
induced lysates of the nontoxigenic derivatives

The pellets prepared from mitomycin C in-
duced lysates of representative nontoxigenic
derivatives obtained by treatment with each
agent were examined for the presence of
bacteriophage. Figure 5 shows electron micro-
graphs of bacteriophage of the toxigenic parent
strain (Fig. 5A) and that of a nontoxigenic
derivative (Fig. 5B). The bacteriophage of
the nontoxigenic derivative had the typical
morphology of a temperate phage mainly with
an electron-dence hexagonal head, 55-60 nm
in diameter, and a tail, 100-110 nm long and
5-8 nm in diameter, without a sheath (Fig.
5B). Bacteriophage indistinguishable in size
and morphology from that of the toxigenic
parent strain (Fig. 5A) was observed in lysates
of all the nontoxigenic derivatives examined.

DISCUSSION

The present results show that after treatment
of cultures of C. tetani with various agents,
nontoxigenic derivatives could be isolated with
a far higher frequency than that expected for
an occurrence due to mutations in bacterial
chromosomes. Thus the derivatives could be
isolated without using any special selection
method. The nontoxigenicity of the deriva-
tives seemed to be very stable, because no
toxigenic revertants were recovered from the
nontoxigenic cultures on repeated subcultures
over a period of years. The nontoxigenic
derivatives did not produce toxin, unlike the
parent strain which produces as much as 5-
109, of the weight of the bacterial cells, with-
out any inhibition of their growth. The
toxin does not appear to be essential to the
life of the microorganism.

Pathogenic clostridia are mainly identified
on the basis of the characteristic toxins which
they produce. Thus it is difficult to identify
nontoxigenic clostridia resembling toxigenic
clostridia (T'akahashi et al., 1967; Nishida et
al., 1969). However, in this study, we iden-
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trachromosomal elements from bacteria. The
high rate of loss of toxigenicity, the stability
of the loss, the restriction of the loss to the
single component, toxin, and the fact that
toxin is not essential for bacteria, all seems to
indicate that the genetic factor controlling
tetanus toxin production is an extrachromo-
somal element, plasmid, not directly related
to the phage which C. fetani carries. It is
possible that the plasmid may be transduced
by the bacteriophage. If the genetic factor
controlling tetanus toxin production were
found to be a plasmid, this finding would
provide an important clue to the confusing
problem of classification of nontoxigenic clo-
stridia resembling C. tetani (Sanada, 1964;
Nishida et al., 1969). Repeated attempts to
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