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625, 628 D 2 WHRER W, ZD2 BRI, RE.
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= C. histolyticum iz —8 L7248, EHETH-720T
Clostridium sp. & @y L TR L. M EOEKRIZE
7 1964 % Nishida 2z & D BB XV SHES n&RK
ESERMAEMERECRES N TR bDTH S,
¥ 72, HEMEILERERIT 515, RFERRE LT
BIF w8 L7z Clostridia 46 Hi%@ 57 Btk & A>Tz,

1. SRAFEFBRMAEYFRERTEE

Clostridium acetobutyricum KZ 586, Clostridium
butyricum KZ 589, C. botulinum B ® KZ 533, CE
KZ 536, D& KZ 537, E& KZ 582, F& KZ 539,
Clostridium chauvoei KZ 382, Clostridium novyi A
& KZ 671, B # KZ 391, D & KZ 415, C. perfringens
A% KZ 211, BA KZ 263, C B KZ 265, D 2 K7267,
E # KZ 275, Clostridium septicum KZ 933.

9. ATCC (American Type Culture Collection,

Rockville, U.S.A.)E#

Clostridium absonum 27555, Clostridium amino-
valericum 13725, Clostridium aurantibytyricum
17777, Clostridium barkeri 25849, Clostridium
beijerinckii 25752, C. botulinum A B 25763, Clos-
tridium cadaveris 26783, Clostridium carnis 25777,
Clostridium cochlearium 17787, Clostridium diffi-
cile 17859, Clostridium fallax 25754, Clostridium
ghoni 25757, Clostridium glycolicum 14880, Clos-
tridium indolis 25771, Clostridium innocuum 14501,
Clostridium limosum 25760, Clostridium litusebu-
rense 25759, Clostridium malenominatum 25776,
Clostridium mangenotii 25761, Clostridium oceani-
cum 25647, Clostridium oroticum 25750, Clostridium
paraperfringens 25753, Clostridium paraputrificum
95780, Clostridium pasteurianum 6013, Clostridium
perenne 25782, Clostridium plagarum 25768, Clos-
tridium propionicum 25522, Clostridium pseudo-
tetanicum 25779, Clostridium putrificum 25784,
Clostridium rubrum 14949, Clostridium sartago-
formum 25778, Clostridium scatologenes 25775,
Clostridium sphenoides 19403, Clostridium sporo-
genes 25762, Clostridium sporosphenoides 25781,
Clostridium sticklandii 12662, Clostridium sub-
terminale 25774, Clostridium tetani 8033, Clos-
tridium tyrobutyricum 25755.
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ZEEE LR ORI 13 PYG Hitt (Proteose pep-
tone No. 2 (Difco) ; 2% (w/v) , Yeast extract

¥

(Difco) ; 0.5% (w/v),Glucose; 1% (w/v), NaCl;
05% (w/v) , Na-thioglycollate; 0.1% (w/v) ,pH
7.2) 2wz, PYGERFH, PYG @K ey
KL TRERY, §21.5%, 0.7%BMLL. %
EEIWIVFE 74 3 9%,

M. #Es & UHEE

PYG i, VF MW FhicsnwTh, FEmEs
43y 24 WA R A 10ml 3D 0.1ml 0¥
THEB L 7. $EI 3TCTITR o7

V. B4EH BTBROUE

BRI ORARRE S URFERONERE
Fesk (Most Probable Number, M.P.N.) #ifE#"1z
k otz %8, 75°Cl5 AIMEVE DM EAEHE TR
L7z,

V., BERXRREOKRE

Nishida &®DHEIC LD VF 74 2 > 18 Kifdss
WAESFEKELL, v 7 A MLD/ml #§EL T,

VI. BEEMHORHE

1, ERPRSEHE

WERER OB 7 4 3 > 37°C, 24 RS RER
%E % 6~8 mm D PYG PIRICHEM % v THH
L, 37PCTHERRIC 48 B BG y ookl ALY
BE LIz, DB TFOEBEBEL TATCTRIELL PYG #
FERIEM 3 ml iz, FEREO PYG 534t 18 RSN
0.1ml 2i0x, BMLLE, EBROFRCEELL.
Bl 3T CTHEMC 24 RERAIEE L&, BRILE
BEEOBECED > RFHIEFHOFRLHEL
7.

2. ARy b

WEREARD PYG RS R B £ 1000Xg, 10 2
BOL, oW ZonhAbEE LTHENLLE
W (LT, SRS EmE ey &, FAmE74
3 2T 3T°C, 24 BRNSEHE Lo 1ERE 0.1 ml 89—
L7 PYG EREH Lz T L, 3TCTHEIMIC 2
RIS, FEREICHT 3 REEILEOEEEHEL
1z,

3. BEEEE

BRI VY 1.0 ml & 8RO M BUETEN
¥T88 (ODggo=0.15~0.18) DHEEEHK 2.0 ml I
L, BEA~y o=y 2 20 B (B ERBER)
% FVRERIC ODsso BRI L 72,

Vi. SDS 3%

WEREARD PYG H2ih 18 RERTH W | ml £ H78F
PYG $ith 10 ml W HEE L, 37°CTH#%, ODst'HEE
B 2 {5127 - - IEHEE I 1 ml % 1~10 ug/ml
@ sodium dodecyl sulfate (SDS, HELRIE) %
&1 PYG 354t 10 m] WHEEE L, 24 R, 0%
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ml Q¥ PYG BEHIAEE (ODsgo =0.7~0.8) L, 37°C
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1. BEHIEEROBRH

Lo 7 Bk & U Clostridium sp. 2 B#EAE 9 &
BREAY, EX 2BRE L U CRRPHIEREICLY,
IS IEMROREHLEROTELBRN L. C
histolyticum 7 Bi¥E2IBRE & L2k, Wiho@k

Table 1. Sporulation and toxigenicity of C. histolyticum strains

C. histolyticum _Number of Number of Number of spores/ Toxi%tenicity
strain viable cells/ ml spores/ml Number of viable cells (MLD/ml)
KZ 622 2.1x10° 7.8x108 3.8%10™! 512
KZ 620 2.2x10° 4.9%x108 2.3%107? 512
KZ 631 1.3x10° 4.6x108 3.5x107! 256
KZ 626 4.9%x10° 2.3x108 4.7%1072 512
KZ 632 3.3x10? 2.2x108 6.7%1072 512
KZ 627 4.0%10° 1.1x108 2.8x107? 256
KZ 621 4.9x10° 1.3x10° 2.7X10™4 256

Table 2. Growth inhibition among C. histolyticum strains
Indicator Diameter (mm) of the growth inhibition zone produced by strain
strain KZ 620 KZ 621 KZ 622 KZ 626 XKZ 627 KZ 631 KZ 632 KZ 625 KZ 628
C. histolyticum
KZ 620 - - - — — — — - —
KZ 621 - - - - - - - - -
KZ 622 - — — — — _ - — -
KZ 626 -, - - - - — - - _
KZ 627 — - — _ — - —_ — -
KZ 631 — - - — . - - — -
KZ 632 - - - — - - — — —
Clostridium. sp.
KZ 625 20 22 22 22 20 20 20 - -
KZ 628 16 16 16 14 14 14 14 - -

* : Growth inhibition was not observed.
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W UTERRMEEEEIC L ) REHEILER 2 RE L
72, #iBk 57 Bkt KZ 625 Bk U CREHEER %
&L7z0Id, C. aurantibutyricum ATCC 17777 %5
L 1* C. beijerinckii ATCC 25752 D 2 D A TH
p, FEEILMOERZELZA 1lmm & 16mm T
Hotz, L EORERH» HIBRE KZ 625 %%, C. histo-
yticum OFEEEER N U CHRNCRIGT 28

Fig. 1. Growth inhibition of C. histolyticum KZ 620
against indicator strain Clostridium sp. KZ 625.
The growth inhibition was assayed by agar layer

method. C. histolyticurn KZ 620 (center) was
stabbed into agar, incubated at 37" C for 48 hr,
and colony developped was killed by chloroform
vapor. - Mixture of 0.1 ml of indicator strain KZ
625 culture and 3 ml of PYG soft agar was then
overlayed on the PYG agar and incubated at 37° C
for 24 hr.
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FHBIETEDFTH (ODseo=0.15~0.18) DIBHEEW 2.0
ml IR, FEREOMIE (ODsw) #EFIICAIE
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BlEL -1 (2). 20%, 30126 BEEELT
otk REEBWEEEMICEO, REEREEES
AceE OB L 7%, 1 ml OFEEAE R EiREs
H,FO4EE 10ml OBRS R T4 3 VIZHEEL,37C
T 72 BRI R (TR o 2L BORFRI S0 on
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B o,
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Fig. 2. Growth inhibition of the culture supernatant
fluid of C. histolyticum KZ 620 against indicator
strain Clostridium sp. KZ 625. One ml of C
histolyticum KZ 620 culture supernatant fluid was
added to 2 ml of the culture of indicator strain
KZ 625 and the mixture was incubated at 37" C.
Control (PYG medium was added), ® ; KZ 620
culture suspernatant fluid was added, O).
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Fig. 3. Growth and lytic activity of C. nistolyticum

KZ 620. ODsso, & ; number of viable cells/ml, () ;
number of spores/ml, @.
% —, lytic activity-negative; -+, non-diluted
culture supernatant fluid was lytic activity-posi-
tive; H, two-fold diluted culture supernatant
fluid was lytic activity-positive.
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Fig. 4. Thermostability of the lytic activity. One ml
of C. histolyticum KZ 620 culture supernatant
fluid, non-heated (), heated at 100° C for 10 (A),
30 (&), or 60 min ((]), was added to 2 ml of the
culture of indicator strain KZ 625 and the
mixture was incubated at 37° C. Control (PYG
medium was added), @.

L7z, KZ 620 Bk % F O ARRSITIC ODggo, #EAEBRL, o
FEEB L ORI OBEIEE 2 # ("), &5,
VEBTE I BB R R D 2 (SRS IR %
T¥2ARy MEICL ) FEREICRN U, BBEIE
MEIXREHE 6 BRI T 0 b b ER VIS S K ki
WL, 59 8 ~12 B L DML ERER L
25, TOEEEIZEEL 2EERE CBSERTIC
TER o, &7, RFIEE 6 RRI®R» sl
BU®, 12 B & TR 22052 ORIz —3 L
THHFEEMMOBN & I8 Rehik,
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KZ 620 Bk D PYG 353th 10 BE R B 0 05 1 o &
100°C10 42, 30 4335 X UF 60 S3H3A L, YABIEM:E O
BEME R KZ 625 BRE R & L CIRSmEEr &
- THRHF L 72, 100°C10 28 & UF 30 S0 n# e 154 -
7: LIS IS INSET & EREOBEESEERL, AR
WMHMHSHEM TH 2 Z LR RLE, L, 604
DI X D ATE L2 (2 4),

6. WEEIEEMEICNT 2 BH SRR B
KZ 620 ¥ PYG 53t 10 BRI L a5
)7+ > (Difco) BLUFu+—+ (BHHESE) T
HU, FEEEEYEHCH T2 BOMMBERORE S
REL, PPy rHirnid7or—¥2RklE
#5100 pg/m] &%z BRI EREGCERML, 37°CT 30 4
G & 7o, KZ 625 B2 578 & T 5 B a s
L DEEEEERN L, 5 R ABEE
MYURE N 7Y rBLUTur—YiZ L ) FELS
nadZess¥-iz,
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1. SDS L#iz & 3 FEEHERKED HE
FIEEEN L TRREES L CERE L TS,
FEOROL TERIZLIN L BORTHRE, B0,
BRRE, BFEEEETL, RS EE TS
272DT, INHOBFREEIHRNT 272 acridine
orange (AO, FILMIZE T %), deoxycholic acid (DOC,
FOEMIZET %), SDS 2RV TERERB LS LEAT,
SDS 4LEBIZ & D BRI EENR O L RKILE S 2
EIG R b - N S ERE R O M L E RS HE L
72, ZOFEHEIEMAOERX 2 mm CEEED 20 mm i
HUTERL2ERERLE(E6), ZOMERIZ 8
BEEZT (28M) TELTREShATH3 (UT
MO RERLWHIEEE R L W.8), SDS MBI X
PEEENERBOHFEHE LR I0R L. BB C.
histolyticum 7 Bi#krh 6 Btk & SDS MBIz & b ¥
EEEERKOB SN, OB, SDS OESBE LS
~9 ug/ml ThH o7z, FERROHBERE I SDS B
BIUBKRICE DR 20, ERESEIBREED
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Fig. 5. Inactivation of the lytic activity by proteases. One ml of C. histolyticum KZ 620
culture supernatant fluid, non-treated (), treated with trypsin (Fig. 5a) or pronase
(Fig. 5b) at 37° C for 30 min (A) was added to 2 ml of the culture of indicator strain
KZ 625 and the mixture was incubated at 37° C. Control (PYG medium containing
trypsin or pronase was added), @.

Fig. 6. Growth inhibition of lytic activity mutant
(center) from C. histolyticun KZ 620 against
indicator strain Clostridium sp. KZ 625. The
growth inhibition was'assayed by agar layer
method.  Refer to the Fig. 1 for the procedure.
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REEEEERES S B L USDS Mg L ERS
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64~256 MLD/ml % &L, BFEROFLICIEUE
LWEBEOEIEAS 2 LR n o7,
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Table 3. Effect of SDS on bacteriocinogeny

Number of substrains showing weak lytic activity out of 20 substrains
obtained by SDS* treatment in concentration (ug/ml) of

Strain 4 5

6 7 8 9
KZ 620 0 3 5 0 0 0
KZ 621 0 0 2 8 0 0
KZ 622 0 0 8 0 0 0
KZ 626 0 0 8 2 0 0
KZ 627 0 0 0 0 0 0
KZ 631 0 3 3 4 1 1
KZ 632 0 0 2 7 1 0

* SDS: Sodium dodecyl! sulfate.

Table 4. Lytic activity, sporulation, and toxigenicity of substrains obtained by SDS treatment

Name of Lytic activity Number of . Number of spores/  Toxi-
wild of substrain vialln\llgrgebl(le: /%1 ;\I g’gg‘;rm‘ff Number of genicity
strain substrain tested : P viable cells (MLD/ml)
KZ 620 Strong* 5 1.3 to 1.6 x 109 2.2 to 5.4x108 1.6 to 3.4x10"! 512
Weak 5 1.2 to 1.3 x 10¢ Less than 2 Less than 7.8x 1010 4
K7 621 Strong 5 2.8 to 4.5x 109 0.8 to 1.6 x 108 1.6 to 5.7x104 128
Weak 5 2.4 to 3.2x10¢ Less than 2 Less than 3.1x10-10 4
KZ 626 Strong 5 1.2 to 2.3x10¢ 1.2 to 2.2x108 0.7 to 1.6 x 107! 512
Weak 5 1.7 to 3.3x10¢ Less than 2 Less than 3.0x 10 10 8
- KZ 622 Strong 5 1.1 to 2.3x10¢ 1.3 to 3.5 x 108 1.3 to 2.7x 10} 512
Weak 5 1.1 to 4.6 x10¢ 1.3 to 1.7x10% 14 to 3.4x1077 16
KZ 632 Strong 5 2.7 to 4.9x 10° 1.7 to 4.6 x 108 3.7 to 8.1x10"2 512
Weak 5 2.2 to 4.9x10% 1.1 to 1.7x 104 3.3to 5.9x%x10°¢ 16

* Substrains with “strong” lytic activity exhibited 20 mm of lytic zone, while those with “weak” lytic
activity exhibited 2 mm of lytic zone against indicator strain.

Table 5. Lytic activity, sporulation, and toxigenicity of substrains of C. histolyticum
KZ 631 obtained by SDS treatment

Lytic Name of Number of Number of Number of spores/ Toxigenicity
activity* substrain  viable cells/ ml spores/ ml Number of viable cells (MLD/ml)
Strong 1 L7 x10° 4.9%x10% 2.9x10 ! 256
2 1.2x10° 4.6x108 3.8x10! 256
3 1.3x10° 4.5%10% 3.7x107! 256
4 1.3x10° 3.4x108 2.6x107! 256
5 1.1x10° 3.3x10% 3.0x107! 256
Weak 6 1.3%x10° 3.5x10° 2.4Xx107 256
7 3.3x10° 2.4x10° 7.3X1075 128
8 4.5x10° 1.3x10% 2.9x10°5 128
9 6.8x108 2.3x104 3.5x10°5 64
10 4.0x108 4.9%x10° 1.2Xx1078 64

* Refer to the Table 4.
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Table 6. Plaque formation by MC-lysates of C. histolyticwm against lytic activity mutants

MC-lysate* of

Plaque formation against mutant™* from

C. histolyticum

strain KZ 621 KZ 620

KZ 622

KZ 626 KZ 631 KZ 632

KZ 621 + +
KZ 620 - -
KZ 622 - -
KZ 626 - -
KZ 627 -
KZ 631 - -
KZ 632 - -

* Mitomycin C induced lysate.
* Refer to the Table 4.
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Abstract

A study was undertaken to examine the correlation among toxigenicity, sporulation potency,
and lytic agent(s) of Clostridium histolyticum. Seven sporogenic and toxigenic strains of C
histolyticum and two strains of Clostridium sp., which were similar to C histolyticum in the
cultural and biochemical properties except toxigenicity, were used. The detection for the lytic
agent(s) in these strains was conducted by the agar layer method. None of strains tested pro-
duced lytic agent(s) active against C, histolyticum strains, while all of 7 strains of C. histolyticum
produced lytic agent(s) active against Clostridium sp. strains, although the two strains of Clostri-
dium sp. were inactive against themselves. When 57 strains of 46 clostridial species were sub-
jected to the test for the lytic agent(s) against one of the two Clostridium sp. strains as the
indicator strain, none except two strains showed lytic activity. The lytic agent(s) of C. histoly-
ticum was bacteriocidal, inactivated by trypsin or pronase, and not inactivated by heating at
100°C for 30 min. The lytic agent(s) appeared in the culture in the early stationary phase of
bacterial growth, when the number of spores in the culture increased prominently.

Further studies on the lytic agent(s) were performed, in relation to sporulation potency and
tox1gen1c1ty, by using lytic activity mutants that were obtained by sodium dodecyl sulfate (SDS)
treatment. At concentrations of 5 to 9 ug/mlSDS, 6 out of 7 strains of C. histolyticum gave rise
to the mutant colonies, exhibiting distinctly weak lytic activity, at the ratio of 5 to 40 %. The
distinct attenuation of lytic activity was closely associated with those of sporulation potency and
toxigenicity. The lytic activity mutants gave rise to plaques when they were exposed to MC-
lysate of a wild strain. A possible correlation of lysogeny with the toxigenicity, sporulation
potency and lytic activity was discussed.



