
Title Complementation of θ-Toxinogenicity between
Mutants of two groups Clostridium perfringens

Author(s) Higashi, Yasushi; Chazono, Masashi; Inoue, Kozo
et al.

Citation Biken journal : journal of Research Institute
for Microbial Diseases. 1973, 16(1), p. 1-9

Version Type VoR

URL https://doi.org/10.18910/82704

rights

Note

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir.library.osaka-u.ac.jp/

The University of Osaka



COMPLEMENTATION OF a-TOXINOGENICITY BETWEEN

MUTANTS OF Two GROUPS OF CLOSTRIDIUM PERFRlNGENs

YASUSHI HIGASHl, MASASHI CHAZONOT KOZO INOUE, YASUO
YANAGASE and TsuNEHISA AMANO

Department of Bacteriology. Osaka University Aledical School, Yamada-kami, Suitn, Osaka

KAZUO SHIMADA

Kan-onji Institute, The Researclt Foundation for Microbial Diseases of Osaka University
Kan-onit, 1<agawa

(Received October 26,1972)

BIKEN Joui{NAi. '

uMMARY Eighty two ,~ or ,' inutaiTts wei'c isolated from 010s/1'1'drm" fell^}Ige, Is
by treatment with N-methyl-N'-niti. 0-N-nitrosoguanidine. These mutants

were classified into two groups (d and by by the type of their complementation in
O-toxin production. Group " comprised 72 mutants whiclT produce some factoi.
WITicli activates the 10 mutants in b group to form ,-toxin.

Of 30 food poisoning strains of type A 0103trid, 'MM fednhge"$ examined, 28 were
,~, belonging to group (I, and 2 mutants were ,', but easily segregated O~ mutants
belonging to group ,I.

INTRODUCTION

Results of kinetic studies on hemolysis by
,-toxin of 010stri'dit, ?n pen'nitgens, suggested
the possibility that hemolysis of red cells
might be due to the successive attack of two
or more components. If so, 0-toxin negative
mutants may lack one of multi-components
involved and some mutants may complement
each other. in the hemolysis. To test this,
several ,-toxin and retoxin negative mutants,
which had been isolated for another purpose,
were cross-streaked on sheep blood agar.
AstonishingIy enough, some mutants \\, ere

,, I, I-9, 1973

I On leave from the Kan-onji Institute of the Re-
search Foundation for Microbial Diseases of

Osaka University, 1<nn-onji, 1< agriwn

complementary in ,-hemolysis. This paper
describes results of studies on this coinple-
meritation.

AllATERIALS AND METHODS

I . Bacterial strains

CIOstridri, ,,, penninge, ,s PB6K was a generous
gift from Dr. Ryosuke Allurata (National Institute of
Health, TDI<yo, Japan) and was used for iso1atioiT of
mutants. Food poisoning strains were obtained by
courtesy of Prof. Shol<i Nishida (Kanaza\\, a Univer-
sity, 1< ariaza\\, a, Japan).

2. L, Qin'of 111ed^lull

Two g NatC1, 12.6 g NagHP0, -12 H, O, 0.1 g
KH*POj, 0.1 g thiogycolate and 10 g fructose were



added to 1000 inI of 5 '0 proteose peptone (DAT-
Go) which had previously been treated with acetone
to remove cholesterol. For production of a-toxin,
an overnight culture of cells was inoculated into 15
volumes of fresh medium and incubated at 37 C for

7 hr, unless otherwise specified.

3 . Isolation of ,""tants

I) Streptomycin resistant strains (sin') and rifam-
picin resistant strains (rf') were selected by the
method of one step growth on Eiken Ariaerobic
Agar plates containing 1000 14gjml streptomycin and
20 I, glml rifampicin, respectively. None of the
strains isolated were antibiotic-dependent.

2) For isolation of mutants of a-toxin a culture
in the exponential growth phase was treated with
0.02 '0 N-methyl-N'-nitro-N-nitrosoguanidine at
37 C for I hr. Then cells were washed and grown
in fresh liquid medium overnight. Then they were
spread on egg yolk agar plates, and colonies giving
a negative Nagler reaction were picked up.

3) For isolation of @-negative mutants, cells
treated with N-methyl-N'-nitro-N nitro-

sogunidine, as described above and then mutants
wereisolated by two procedures. in one, cells were
grown overnight and then spread on sheep blood
agar plates, and mutants were isolated from colonies
which had no clear hemolytic halo inside of partial
hemolytic zone due to a-toxin (Fig. I). In the other
procedure, cells were grown overnight and then
spread on bovine serum agar plates and replica plates
were made on the same medium. The original
plates were overlayed with soft agar containing M1200
EDTA (a-toxin inhibitor) and bovine blood and in.
cubated. Doubtful colonies were picked up from

were

TABLE I . Character astz'CS

in"t@"ts "sed tm this study

\

Mutant

MLHIO"

32

46

300 2

300 11

Toxino-

genicity

FIGURE I. Sheep blood agar plate shozui"g parent
nitd " mutant colonies of CIOstridit, in perl"itge"s
PB6K. The guide a"d hagy 20, ,es of incomplete
hemolysis ore due to a-toxin, and the 72"rrot, ! a"of clear
h@!oes of complete hemolysis are dire to O-toxin. 47-
roans titdrc@te a~ in"to"t colonies.

a~

' Strains of Cl. perlnhge"s usually resist up to 200
F1gjml of streptomycin. Therefore, resistance and
sensitivity to streptomycin were tested using a
concentration of 1000 11gjml.
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Sin

the replica plates and serialIy transferred on sheep
blood agar plates for reconfirmation. Eighty-two
a-negative mutants were isolated. Their culture
supernatants had less than 16 units of hemolytic
activity, if any, whereas the parent produced 250-
1000 units. Mutants not producing a-toxin and
leaky producers are expressed as a and O*, respec-
tively. The characters of the representative inu-
tants used in this study are listed in Table I.

4. Assay of hemolytic action^y of a-toxin

The method used for assay of hemolytic activity
of a. toxin is a modification of that of Akama at al.

(1969). Serial I : 2 diulutions of culture super-
natants in PBS, pH 6.8 containing Mj200 EDTA
and Mj200 cysteine were incubated for 15 minutes
at 37 C, and then an equal volume of a suspension of
sheep blood cells in PBS was added. The mixtures
were incubated for 30 minutes more at 37 C. One

Sin

Classified
Group

sinR

Sin

Sin

rfs

rfs

rfs

rfR

rfR
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unit of ,-to XIIT was defined us tlie am OUT\t causing
complete hemolysis of a 0.5% suspension of sheep
blood cells. In some experiments the degree of
hemolysis was graded as O to 4

5. Tests .101' bacter, 'oci', loge, Iy and sells, '11,111, to hoc-
Ierroci, I

Strains to lie tested for bacteriocinogeny were
stab-inoculated into Eiken Ariaerobic Agar plates
and incubated for 2 days. Then the agar surface
was treated with chloroform vapor and covered with
soft agar inoculated \\, ith the strains to be tested for
sensitivity, . Plates were incubated overnight, and
inhibition zones around the stab-inoculated colonies
\\, ere examined

6. Antitoxin to ,-to*:,',,

Partially purified anti-, antitoxin (r-globulin frac-
tion) devoid of anti-a antitoxin \\, as donated bv Dr
Ryosuke ATurata

7. I'llte//@11e0,13

Cysteine \\, as a product of Walko Pure Chemical
Industries, Ltd. Streptomyciit and nthmpicin were
from Tal<eda Chemical Industries, Ltd. and Daiichi
Pure Chemicals Co. , respectively. Cholesterol was
purchased from Nutritional Biochemicals Co. it
was dissolved lit a small volume of chloroform, di-
luted witl\ etltanol tind added to saline buffered at

pH 7.2

as strain 32 \\'CTe classified as group n and the
others, Including strain 46, as group b. A1}y
combination of a mutant from group a and
one from group b showed complementation of
O-toxin production, \\, hile combinations of
two mutants from the same group did not.
Thus, 72 of the 82 ,-negative mutants of tlie
strain PB6K \\, ere classified as group 41 and 10
as group b.

The complementation of the two groups
was examined using the supernatants of cultures
grown in PTOteose peptone borth. Serial I : 2
dilutions of culture supernatants of a 32 0~
sinn and b 300-2 ,* rfR \\, ere made with saline

cont^ming AT1200 EDTA and Mj200 cystsine
at pH 7.2. Checker board mixtures \\, ere
made from them and itemolysis of sheep red
cells by O-toxin in them \\, as examined. Strain
d 32 produced no O-toxin and strain b 300-2
gave a very low titer (8~16 units), and the
titers of none of the tubes exceeded that of

,-toxin of strain b 300-2. The same negative
results \\, CTe obtained several otlterusing

mutants of the two groups. Complementation
was only detected \\, ith a mixed culture of one
strain of each group in proteose peptone

RESULTS

I. 00/11p/e, Me"tall'o71 of ,-toxinoge?litiO, bet-
toee?I 1200 growps of ,-"egnti"e 711uttt"ts

Complementation in O-toxin production was
detected around mixed colonies on cross

streaking some combinations of a-negative
mutants on sheep blood agar plates : i. e. on
cross-streaking mutants 32 and 46, 32 and
300-2, and 46 and MLH 10, respectively,
complete hemolysis due to ,-toxin was found
around mixed colonies. However, no coin-
PIementation was observed between mutants
46 and 300-2, or 32 and I\{LH 10. The
complementation of all the ,-negative mutants
(82 strains) isolated \\, as tested using strains
32 and 46 as references. From the results

the mutants were classified into two groups
(a and b). \jutants \\, ith the same character
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broth. Figure 2 shows the time course of
,-toxin production in a mixed culture of a
32 ,~ sinn and b 300-2 0* rflt when 0.3 and

0.7 inI of the respective overnight cultures were
inoculated into 15 inI of fresh medium. As

can be seen, the time course of O-toxin pro-
duction was quite similar to that of the parent
strain PB6K. The above ratio of inocula

gave the maximal titer of O-toxin in the mixed
culture. However, it was later found that a
32 and b 300-2 are bacteriocinogenic and each
is partially sensitive to the bacteriocin of the
other. \\Ihen nTore resistant clones were

selected from the partial inhibition
produced by the bacteriocin of the other
strain and examined for complementation
in the mixed culture, in DCula of the same size
gave maximal ,-toxin production.

The ITemolysin produced by the coinple-
meritatioiT appeared to be ,-toXIIT judging

from the nature of the hemolytic zones around
mixed colonies and from the fact that it was

not inhibited in a test tube by EDTA. Further
experiments were carried out to prove that
it was O-toxin : I) As shown in Table 2, when
the super natant of a mixed culture was kept

TABLE 3. 171htbz7io" of O-hemolysis by cholesterol

TABLE 2. Reactiontt'o11 of ,-hemob, 11'c oriiuity
tar CM/tt, re super"at ant by cystez'"e

zones

Dilution of culture sup

of parent PB6K

Culture super natant

PB61< (afte, I day)

PB6K (afte, 2 month*)
Mixed culture of
a 32 a~ and b 46 ,'

(after I day)

Mixed culture of
a 32 a~ and b 46 "'

(after 2 montlts)

16

32

64

128

256

512

1024

Hemolytic unit

\\'itit cysteine

2

Dilution of culture sup

of mixed culture

of a 32 and b 300-2

o

o

o

o

o

o

o

1024

+

4

Dilution of cholesterol solution

o

o

o

o

o

o

128

0.02% cholesterol $01,111'01i zoos diluted sen'ally and 0,111i! of each of null'o11 zoos added to loin! of dimted
ci, 1111re siper, into, it. AlteJ 30 Jin', lutes at 37 C 1.07"I of I% sheep blood cell srrspe"$1'01, atlas added. Fomes
show the degrees of he'llo1ysis after incubation at 37 C for 30 7,117iMtes, graded OS O to 4

1024

512

8

+

o

o

o

o

o

2

16

32

64

128

256

512

1024

128

16

4

4

o

o

o

o

4

128

2

32
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o

o

o

o

o

o

o

4

4

4

3

o

o

o

Dilution of cholesterol solution

+

64

o

o

o

o

o

o

o

4

4

4

4

2

o

o

8

+

o

o

o

o

o

4

4

4

4

4

4

4

16

4

4

o

o

o

o

o

32

4

4

o

o

o

o

64

4

4

+

3

o

o

o

4

4

4

4

3

o



TABLE 4 Newtr@figatt'on of a~hemolysis by a"ti-, gritz'toxi"

Dilution of culture sup
of parent I'B6K

8

16

32

64

128

256

Dilution of culture sup
of mixed culture

of a 32 and b 300-2

400

o

o

o

o

o

o

Pontine of 0.51,11 of ser!'@!/y din, led @711itoxi, , fuere added to 0.5, "/ qf of!lifted culti, re $14per, !"tall/. A tel 30
1111nt, Ies at 370,1.01"! of I% sheep blood cell sirspe"51'01, tugs added. Resirlts are expressed us 1'13 T 61e 3.

in a Petri dish in a sealed vessel for 2 months

in a cold room its hemolytic activity decreased
from 128 to 2 units. The activity was res-
t. red by additi. n of Mj200 cyst, in, . 2) Th,
hemolytic activity was completely inhibited by
cholesterol, as shown in Table 3. 3) As
shown in Table 4, the I-globulin fraction of
anti-, serum, devoid of anti-, r antitoxin,
neutralized the hemolytic activity completely.
These results indicate that the hemolytic
activity produced by the complementation
was due to U-toxin.

800

Dilution of antitoxin

o

o

o

o

o

o

1600

8

16

32

64

128

256

2

o

o

o

o

o

400

3200

o

o

o

o

o

o

4

3

o

o

o

o

800

6400

Dilution of antitoxin

o

o

o

o

o

o

4

4

4

o

o

1600

2. No gemet, 'c tr"river I'M 1/1e coinp/eme"tall'on
To see whether the complementation was

caused by genetic transfer, a mixed culture
of d 32 ,~ sinn and b 300-2 0* rf't was spread
on a blood agar plate to give about 1000
colonies. Many of these colonies were sur-
rounded by clear haloes of ,-hemolysis. These
colonies were printed on two velveteens and
each was printed again on blood agar plates
containiiTg streptoinycin (1000 11gjml) or

2

o

o

o

o

o

4

4

+

4

4

2

3200

4

o

o

o

o

rifampicin (20 11glml). After' incubation, no
colony on either typc of plate showed a clear
halo of O-hemolysis. Colonies on these plates
were replicated on blood agar plates \\, ithout
antibiotics, and again no clear halo of ,-hemoly-
SIS \\, as found around the colonies.

3. No reqwz'reine"I of of 17eci COMtftct belt, lee, I
?"111a"Is 101' complement@110"

No genetic transfer was shown in the coin-
PIementation, so next the problem of whether
direct contact between the mutants was neccs-
sary for complementation was investigated, as
follows.

Two blood agar plates were streal<ed with
lines of a 32, ~ sinn and b 300-2 ,* rfR respec-
tively. Then, each covered withwas a

membrane filter (Fuji-film microfilter No. 45,
bacteria tight) whiclt does not hemolyze sheep
red cells on the agar plate. The other mutants
(b 300-2 ,* of, * and " 32 ,~ ^in", re^pertiv. Iy)
were streaked on top of tlTe membrane in a
line at right angles to the first streak o1T the

6400

4

4

3

o

o

o

4

4

4

+

2

o
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agar, but separated from it by the membrane.
After incubation overnight, the membranes

carefully removed, and hemolysis was
found at the intersection of the streaks on each

plate. Each streaked culture on the plate
blood agar containingreplicated

rifampicin or streptomycin to allow the cells
inoculated on the membrane to grow and to
kill the cells inoculated on the agar. After
incubation, no colony was found on either type
of replica plate. Thus the hemolysis observed
on the plate was evoked by O-toxin produced
by complementation through the membrane.

A mixture of cultures of a 32 a~ sinn or' and

b 300-11 a* rfR or~ (the latter is an netoxin
negative derivative of b 300-2 a* rfR) was
spread on blood agar plates to give about 100
colonies, After incubation, some a-hemolytic
colonies formed were fused colonies of mutants

were

was on

of both groups, because they showed dis-
coloration due to netoxin and because they
gave a-negative colonies after replication on
blood agar containing rifampicin (group b)
or streptomycin (group a). However, there
were some or-toxin negative colonies (group b)
surrounded by a-hemolysis, and these were
always found very close to ortoxin positive
colonies (group @), as shown in Fig. 3. The
distance between two such colonies was up to
I mm. A sterile glass capillary was inserted
into the agar in the region where the colonies

closest together, then the capillary
was sticked into another sterile blood agar
plate using a micromanupilator under the
low power of a microscope. This plate was
then incubated. No colonies grew. The

was carried outsame experiment using a

MLH 10 a* or~ and b 468* or' rfR. No netoxin

negative colonies (group a) gave a-hemolysis
Haloes due to a-hemolysinon blood agar.

were always found around or-toxin positive
colonies (showing discoloration of red cells
by ortoxin). Some of them were mixed
colonies, which gave colonies of group @ and b
after restreaking on another plate. Others
gave only group b colonies after restreaking,
and these were always found very close to

colonies. These results indicategroup @
that the complementation dose not require
the direct contact of cells of the two groups
and that cells of group b seem to produce
a-toxin after activation by some product
diffusing from group a cells.

To observe the development of the hemoly-
tic zone between the colonies of mutants of

group a and b, a blood agar plate was stab-
inoculated with a loop of a heavy inculum.
Group a cells were inoculated at the center
and four stabs of group b cells were made
round the central inoculum, very close to it.
After incubation for 5 hr in an ariaerobic jar,
the plate was examined for initial signs of
hemolysis. The group b colony separated by
about I mm showed the beginning of @-
hemolysis at the edge closest to the group a
colony. The hemolytic zone was lentiform

were

FIGURE 3. Formation of a clear halo of a-hemolysis
by coinple, "e"tatio" bettuee" tauo in"taints. Aryoz!^s
Indic@te colo"ies of b 300 77 "* of' a surro, ,, Ided by
complete h, ,101ysis to here there is a Dery close colony
of a 32 0~ slit" a+.

^.
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isolated during outbreaks of food poisoning
in the Tokyo, Osaka and Shizuoka districts
were examined. The complementation in
a-toxin production was examined by cross
streaking using a 32 a~ sin' and b 46 a'
sinR as references.

Fifteen of the 30 strains were found to be-
long to group a.

Two of the 30 were a-toxin positive, but the
clear haloes around the mixed colonies after
cross-streaking with b 46 a* sinn were slightly
wider than those formed with each strain
alone. Therefore, the pure cultures
each spread on blood agar o1ates to give about
100 colonies. Among the colonies grown
on the plates a few a-negative colonies were
found. One of them had been isolated and
serotyped in the Public Health Laboratory of
the Osaka City according to the method of
Hobbs at a1. (1953). So th, a-positive and
a-negative clones were also serotyped by
courtesy of Dr. Akira Yasukawa at the Public
Health Laboratory of Osaka City, and both
were found to belong to type 6, like other
strains isolated in the same outbreak of food
poisoning. The hemolytic colonies were

picked up, and spread on blood agar plates,
and again a few a-negative colonies were found
on each plate. These a-negative clones were
also found to belong to group a.

Four of the remaining 13 strains showed no
complementation, Before they could be
regarded as completely a-negative, their
bacteriocinogeny and sensitivity to the bacterio-
cin of PB6K had to be tested. No bacterio-
cinogeny could be detected with PB6K as
indicator, but they were sensitive to the
bacteriocin of PB6K. The plates were in-
cubated until the resistant mutants formed
colonies in the inhibition Thesezones.

resistant mutants were picked up, purified,
and tested for complementation. All these
mutants showed complementation with b 46
a' sin'. Thus they also belong to group a.

When the remaining 9 strains were cross-
streaked with b 468* sinR, the mixed colonies
did not show clear haloes, but the colonies of

FIGURE 4. Cle@r hemolytic zone between colonies of
a MLH 10 @* and b 300-77 @* a~. A, 5 formc"b@-
tio" ; B, 70 fry mewb@tio".

after 5 hr incubation as shown in Fig. 4A,
and another plate, similarily prepared but

incubated for 10 hr, showed more developed
hemolytic zones as can be seen in Fig. 4B.

4. Thet@-toxin neg@tzbe character of food
po, 'so"litg st@I'"s of type A 0103tr, 'dt'"in penninge"s

According to Hobbs at a1. (1953) in, st typ,
A food poisoning strains are devoid of a-toxin.
To clarify whether they belong to group a or b
or whether they are completely negative and do
not belong to either group, thirty strains

were

HiGASHi, Y. at al. Coinple, "e"lotio" in O-toxin production



b 46 a* sin' were very thin at the portion very
close to the intersection and these thin colonies

showed hemolysis. Two ramdomly selected
strains were tested for bacteriocinogeny for b
46 0* sinn and for sensitivity to the bacteriocin
of the latter. Both strains and b 46 ,* sinn

were partially sensitive to bacteriocin of the
other strains. Pure cultures were prepared
from the partial inhibition zones of each strain
and complementation was Tetested. Results
showed that both strains also belonged to

a. Thus, 30 food poisoning strainsgroup

were shown either to belong to the ,-negative
a or if O-hemolytic, to segregate ,-group

negative mutants belonging to group a In a
very high incidence

DISCUSSION

appropriate negative mutants (Granato and
Jackson, 1969) and the complementation was
performed by merely mixing the culture
super natants of the two mutants. The authors
postulated a similar mechanism to that observed
with U-toxin but results so far have not sup-
potted this

The food poisoning strains of type A 01.
perli'inge"s are mostly devoid of ,-toxin, as
d"^."Ib, d by H, bb^ at a1. (1953). Must of th.
strains tested in this study were isolated after
at 100 C for I I\r. Some were isolated directly
and serologically Identical strains to these
were also isolated after the heating procedure.
Therefore, the food poisoning strains used in
this study, should be characterized to be heat
resistant spore-formers. On the other hand,
Hall at a1. (1963) and Sutt. n and H. bb^
(1965) reported food poisoning due to strains
whiclt were not ITeat resistant and these strains

were mostly ,-toxin producers. From these
results, it seems that loss of ,-toxinogenicity
in Ileat resistant food poisoning strains has no
relation to enterotoxin production but may
have some causal relatioiT to heat resistant

spore formation.

Strains of CIOstrt'of I""I penri"ge"s type A are
well-known to produce two kinds of hemolysins
active against sheep red cells, netoxin and
U-toxin. Theta toxin causes complete liemoly-
sis, even in presence of EDTA, an Inhibitor
of ,t-toxin, and it gives narrow clear Ilaloes
around colonies on sheep blood agar. In
contrast tr-toxin causes Incomplete hemolysis
and gives wide hazy zone at 37 C. These criteria
were routinely used to Identify hemolysis due
to ,-toxin produced by the complementation
The hemolysins also satisfied other criteria
necessary for Identifying ,-toxin : Inactivation
by oxygen reactivation with cysteine, coin-
PIete inhibition by a low concentration of
cholesterol and complete neutralization by

These results indicate that theantitoxin.

hemolysin produced by the complementation
was actually O-toxin.

In the complementation, no genetic transfer
took place and ,-toxin could be produced
without direct contact between mutants

Group b cells produced ,-toxin after. ^ecciving
some diffusible product from groLip a cells.

the exact mechanism Involved hasHowever,

not yet been clarified.
The ITemolysiiT of Sireptococci, s sy"loge, Ies

was demonstrated to be complemented by two
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