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ERESHABE®MELT IV —ZBEL0%D
PRAS - trypticase - yeast - glucose 55 #l (M1 T
PRAS - TYG $5ih & ¥8) 2\ 7o, A 85HE, Eklund
5308 C,ERORENICE V- TYG 52t fEAk, Bl s b
) FFr—AT b (BBL) 3% (W/V), BERx
* A (Difco) 2% (W/V), Zna—2R 0.2%, 58
YAFA Y 0.1 %EHEBELEL, ZONECSVI—R
0.8%, #BE R &L T Na,CO, 0.4%, KH,PO, 0.045
%, K;HPO, 0.045 %, H# x L T (NH,) ,S0,0.09
%, NaCl 0.09 %, MgS0,-7 H,O 0.009 %, CaCl,*
2H,0 0.009 %, B{EBITIHEREL LTV XY >~
0.0001 BEFMLI b DTH 5, FEFHIE, 7 AEE
EBE A, COFET ChHEEE (16 X160 mm) iZ
8§ ml¥oMEL, 7FNTLRELT1IFC, 15 2
BERETS L L 0ERLT, &5, B
LT/ hra—RBE 0.2 %D PRAS - TYG i, KU
C. botulinum C MEQOFEEMNERIFTH 5 Egg meat 5
#1 (Difco) &7,

I, EEk R

FFH AT 7 4 3 > T 16 RIS L 725K 0.2 ml
%, hREETOI NI —AWE1.0%%72120.2%
@ PRAS - TYG ##1 8 ml i~ CO.BH T CHEL, £
fo ik R ERE R D Egg meat ¥ 10 ml W AR T THE
BL 7%, CO,EET THELIToL, i, BERK
OFE L LB (450xg, 15 5M) 2HBERE Lk,

V. EHORERTN) 7y it K 2EROERL

ENORER, 0.02%ESFM0.06 MV VEE
EE (pH 6.5) T 2 SRR LU .56 0.25ml &+
v AQBERICES L, 3 HEEIELBEZ L minimum
lethal dose (MLD)/ml ZR& 7z, BROFEELI,
R FEEPSED 0% N Y VEREEBSEL,
37°C, 1RGSR B I I DITH Y, Y 7Y
CEEWRIE, 0.05M U v EREEETR (pH 6.5) 100 ml i b
Y 7y (Difco, 1:250)% 0.5g@MLIzbDER
Wiz, kB, M FYUERCEROEEREKEE
EL,200.25ml 277 XA QRBIRICER L7208, =
DARESBEERS ko, Ei, PUTY ML
BHROEEHT 4°Clo BV TREL 2, ZOHERENH
REET, 1EE%C 8T H MLD/ml OEREEL
Ko,
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AL 7. C. novyi A, BEFAIERME Wellcome
research laboratories (FE) X DEEA L. difpst
Bid, SRR LEROVMBELRAL 37°C, 30 2ER
stk 0.5ml 27V AOEERD 2 Iz E&RNK
WHESRTZZ LT/

VI, B4EEHRRCITFROHE

BREERORUETRUTOREICL VT4, #is
PRAS &8 (Na,CO; 0.24 %, KH,PO, 0.045%,
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T10fEBEARL, 20 0.1ml £ 5 ml 0, VL e
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IR S R 18, B AR (UR-200 8, ©
IR BV, 20 FoH 4 7 T5HLET S
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20 HEBELL, ZOEBRICDLT Y 7y LEE
FoltizHEEEHEL .
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Table 1. Production of Ca-toxin in different media by C. botulinum type C strains producing no
Ci-toxin

Co-toxicity in the culture* supernatant of

PRAS-TYG medium**
containing 0.2% glucose

PRAS-TYG medium

containing 1.0% glucose Egg meat medium

Without trypsi- With trypsi-  Without trypsi- With trypsi- With_out‘trypsi- With trypsi—
Strain nization nization nization nization nization nization
85— 14 0™ 0 0 0 0 0
85—18 8 . 64 32 64 0 32
86—16 16 32 64 64 0 64
86—18 4 32 16 128 0 64
86—19 8 32 0 32 0 64
92-13 32 32 16 64 0 64
98— 1 8 64 256 256 0 64
98- 2 8 16 64 64 0 64

*: Incubative period ; 7 days
. P%S-TIYG medium ; Pre-reduced anaerobically sterilized trypticase-yeast-glucose medium
**. MLD/m

Table 2. Production of Ce-toxin in 24 hr culture
in PRAS-TYG medium containing 1.0%
glucose

BFEER LR L, 2 OBBEEMEICH L, C. botulinum
# A, B, C, C, D, EBERME, KU C. novyi
A, BHERMELF THNEREIT o728, Z
DEFEMIEIN CERMBE I & > TOABEENICF

Cs-toxicity in 24 hr culture supernatant
of PRAS-TYG medium contaming 1.0%

&N, Thb0 CEEIEEE C. botulinum CHE 8 glucose
#oh T#Ri2, C. botulinum C,BREELET 5 Z L Strain %ﬁ?z"a“ttiogypﬁ' With trypsi-
#o7,

1. CERELAH 85-14 o 0

ZNa—REE 1.0 %D PRAS - TYG 5z 8T 85—-18 0 64
CEFPELINZZ ¥ -70T, RIZSVa— 86— 16 0 8
ABE 0.2 %D PRAS - TYG #53, 3 U'ic Egg meat 86—18 4 128
BEHEGRAL T, GEREARGEZRF L, EED
SEORM AR, 37C, 1ENEESOEE FEIC 86-19 0 32
2B, MY Ty U IRAER IS O CE M E BlE 92-13 0 64
Ltz ZO8ER, M) 7y B R1T - 7854, Egg meat 98— 1 8 256
Bz BB T H R DE GBI & L7 2%, 86 98— 2 0 6
— 19 BEEBEE,1.0% 7V a—AD PRAS-TYG £ -

* . MLD/ml

BEBLWTHLBO CEENED ST (F1). 0.2
%7Na—20 PRAS - TYG iz 81T C,ER

BENRD 5N, 18 (85—18KF) 2B E, 20 R 0.2%0OBEWIE THB 6, 27V o —ABE

EfE» o7z, 235, 85—14 BRIIERBIZB LT H WL
THOEHMTY CEMERSLipote, MY 7Y VIE
WEDBEITIE, Egg meat HIc BV TIZE<L CF
HHRBD s e m 57225, PRAS - TYG $#1TI1E 7
I-AWE 0.2 %DB\E I C, B REERE 7 ekt
2, #7210 %70 2 — A DBEIE 78S 6 Bk C,
BUHETRLE, LoLiads, 20 CEMROMEIE MY
T AEB O B DBE L, TVT—2R

1.0 % DB 7 4 #8523 0 U 7y VLRI A
W CEMERLE. UEORER, CERELCELY
N — APEEE1.0%D PRAS - TYG 8311, 0.2 %2
La—ZADPWE LY b H BT E Iz Egg meat 5 &
Ny, BIFTHEIELHE-10T, BURORRIZE
WTIE 1.0 %7 L a—AD PRAS - TYG 822
el

FEoERR,1.0% Va2 —ADPRAS - TYG 5
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Iz BT 2 HOFKE T, 535 24 BRI RAECE
T2 eABRBEINOT, 24 BEASHERICOVWTH
V7Y ENER CERD CEMERE L (B
9). HEUBETIINY Sy VELEDOES,
AEDBERIEBWTESERRE P22, MY 7Y
VI AT o 1S, 86—16 kD 1 BRIk & 28k 1
BREE L A—-0BNER L, 86—16 FRIZ DV T
A BRI ETRANE T (LBEMERLELHE) 27
L7z, BlEoER, HERIXRLE1.0% v
— 2@ PRAS—TYG &z 817 2 1 EMEERICDW
T CEEDRIRERY? S, CERIAETIFEEOR
BrEgwhicitsh, BRRTCEEha[s»
OEEEIC & o THERY L HCFERbsn s Z et
o7z, &1z CoERDBMADREIZ T 48 BEEI OSSR
MRS THZZ L HHBAL .

. MFERL CEREE

BREEFMEERE L BROEBROR, Fra—
ABE1.0%D PRAS - TYG St 242 DR LR L
T CEMERHE LI, ZOHEMEMEH L 8oy

Table 3. Sporulation frequency and Cs-toxicity
of strain 98-1

Case ?(%;vi‘%ﬁ‘a‘ heating at 15:C for Taxicy™
560) 15 min (CFU*/ml)
1 1.46 2.0%10° 4
2 1.40 3.0x10° 8
3 1.32 1.0%107 256
4 1.32 3.4x107 512
5 1.31 4.0%x107 512
6 1.36 5.7x107 512

*: Colony-forming unit
**: Trypsin-activated

Table 4. Sporulation frequency and Ce-toxicity of C.

|

MR D RZ2BRICEELL. OB, hopg
DB DL TRTREET > L 22, Buisg
ErRLEERBEORBERCISHORT»Es »
NizDItRL, BREEMEVEE I PEOREL
DB SN, IO ED S, MEBECE
REL LEBRBRL T30 TER VD L Bbiy,
Flzid, R31EB—1HRZOVTITo7 6 EOER
FLo CEMLRFREOBEEEFENZLOTHE,
H1%,98— 1 #% 1.0 %7 v 7—AD PRAS—TYG &
T 24 BB B\ 013 48 RIS L B0 O
HrlRTH e OBFRERANER, 6AOERDS &
4 B 107/ml OIEF %5, HD 256~512 MLD/m]
D CEMERLIY, 1D 2 BB LTI HOET
EFROICEBEYT, TRHAIL TER B,
FAICEEIW, FEERIHREHKII DL T 1.0% va—
A D PRAS - TYG 80T 24 FEM B % V> 13 48 B
BLUIEERTO CEREBTFREOBRE, 6~7
BiCh iz > TRNEEER L. ZORERE»S, I
THH 104/m] AT OBBIEPIZId < 7 AN T 250
EHEIED SNZ o7, 105/ml BED b Dizon
TIIFEEIZ CEMMFTRD s h, B ORTHEMT 5
ONTCEELMML, BFHE CEEITRCH
BT 3 ZLotlote, EOEKRT C,EREEPTDL
2ol 85—14 #RiZ, 6 EIDEERD S b 4 EIIKFHm
104/ml BT %R0, BEbE0zh o708, 2E0%
BRIz 3512 2.6% 10, 3.2X 10°/ml DRFHEERD,
Bz B8O BO 16, 8 MLD/ml OBEEEMEE AL,
¥ 7:, AEFREH CERME R X > TOAFMEN,
EEHD CERELAETH S 2 Lol 7. BT
V3 E 7o pH MR L TH D, SEEO pH Y
6.0 LA Lo, BTHUE 107/ml U EoEsRTHEs
Bt i, A8HERIEEDS 515 5 N EERIRD
A AL 1, 2ERIC DV T CEMERD
B2 EMNHERE NI,

botulinum type C strains producing no

Ci-toxin o
fSr;;(()qru\élrz]léi;m No. of Toxicity* (MVVLD/ml) B -
(level/ml) cases 4 8 16 32 64 128 256 51210

Less than 10 4 | 0 0 0 0 0 0 0 0
10% 11 0 2 3 4 1 1 0 0 0 0
108 20 0 0 6 2 8 4 0 0 0 0
107 15 0 0 0 0 n 0 4 2 7 2
108 1 0 0 0 0 0 0 0 0 1

*: Trypsin-activated

. Number of cases showing each level of toxicity
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Table 5. Sporulation and Cy-toxin production by type C strain 981

[ncubation Bacterial Viable counts after Toxicity* (MLD/ml)
period growth pH heating 75;@ for 15 - -
(hr) (ODs60) min (CFU*/ml) Intracellular Extraceliular
T 0.08 6.70 1.3%10° 0 0
4 0.16 6.50 1.ox10 0 0
6 0.70 6.30 5.9x10% 0 0
3 1.52 5.85 5.7x10° 0 0
10 1.55 5.90 8.4x10° 0 0
12 1.54 6.20 8.3x10° 0 0 -
14 1.50 6.20 3.2x10° 128 4
16 1.50 6.00 7.7%10° 128 256
18 1.40 6.06 1.4x107 128 512
20 1.40 6.10 3.4x107 64 512
22 1.40 6.05 3.6x107 64 512
24 1.40 6.03 3.0x107 64 512
48 1.36 6.20 5.7 %107 0 512
168 1.16 6.20 4.3% 107 0 512

*. Colony-forming unit
*. Trypsin-activated

KT, CERSEFERLBEELBEO IS
BCEE AN ONERFT 2100, BREEVH
BEEOTTRLE Y 98— LEkE My, HERRHE, B
ORE, WERRK, RUCGERELOBRICOVTR
HL1z (E5), FFEMIF7 4 3> T 16 BREEMEEL
REHO.2mlE, 20KD IV - ABELIOIK%D
PRAS- TYG $# (8 ml) Wil L 37TCTHEEET
ofe, BOBIE ODs = THIEL, BBEICET 2 &
Tit LR, DUk 24 FEMIE £ T 2 R, 1.BHE
HeCcl1BERHEL ., 272 CGEFRCEL THE,
BEUBEE  C2ME I, U 1EMEET1H
I 1 RO EIRE WY B2 HE L, AR pH,
RERH, RTEE2HE L. ODsgld 5% 3B,
SHEMAERD, 10 FETESEICEL, Mk 1ERD
Hos0nkBdE2R UL BTHIERE 2B
T 10°~10*/ml OfE%E R L 728 E 3, BEMEERIZIE
BFeR02  idskah -7, 2 OB12FEME)
ETRCHENLAD o ed -7, K3 14 BEHOR
BRIZBOT, MERH3.2x100/ml &40, FEMEE
bl F D 2 2 L3R, 95 %l EokaF
it sporangia DHCEELZ (M 1), TOBHRCBW
T GBI B RN R ORI £ e & Lo,
BREEICBT 2 CEERH T 4 MLD/mlIC@ S
FHRNIC 128 MLD/ml £ @V BEMSENED ST,

16 BRI T3, B FHUS 14 BRSSO 2 51088
L, BAMEERICIE free spore HIEMIL £FEOK
17 %% ED2CH o7, ZOMHICB LT, BEE
HEHO CENIABIIHEML 72 (256 MLD/ml), 18 K
MEECBL TR, RTEEECH 220, free
spore HIEML TLED 50 BLAEERL Iz, 2 O
g LEh O CGEMIZRAMED 512 MLD/ml 2%
L7, 20 PR ORI B LTI, BETHIZEZIE—
ETH - 7=h, BEIORA & 1T free spore DEE X
B, 48 BEREEEE T 0 %L (BM2), 1BRIsE
T3 free spore DA LR o7, CEMCEL TIE, 20
LA E BB O H I KA (512 MLD/mD) %
RL—TETH -7, BEROEM 14 R TR AE
(128 MLD/ml) 1238 U 7= %813 20 BRI E 0 S84 L,
48 BERREE LIRS 13RO B Z etz ot B
DOFER, CERIETIRFEERIEHCES S NEER
WEBL, FOBREEEELIAIC, free spore DN
o, EREHICRB s S QLR a i, 1B,
ERoEERIG 3 ERDIEL 248, EIRERRO BT £ R
L.

% %=

S EHIC L - T C. botulinum C RIEOEEM -
LTHEESNK 8 FRIE, @R /Lo - A EBE1.0%
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Fig. 1. C. botulinum type C strain 98—1; 14-hr culture in PRAS-TYG medium.
%x 1,000 (bar, 10 um),

Fig. 2. C. botulinum type C strain 98—1; 48-hr culture in PRAS-TYG medium.
x 1,000 (bar, 10 um).
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O PRAS - TYG 8HIC B 2 BB EHEE b ) 7y AL
Brozlicky, CGEREEETL LMo nL
#o1:. C. botulinum Ca #i3 C,, C,ER%, CFR
5 CEROAREET S LS Jansen DREYIC L
E, i 5 OEEE, C. botulinum CAEIE WS Z &
155,

C,EZEA ML T Eklund 5?3 7V 3 —AREE
L0%IT B &, CEREEGIME SN2 L |WELL.
Lppic kBT, Fra—ABEL0 %D
1 CEREEMRES N722%, Zhid Eklund 525
AL TYG B ERNEENTE ST, 20T
ey a—AREL 1L0RT LGS, RERRF
# b pH MEL < T 0, 2 ORRIFERIS B
- pH OF#E % 5 B Tlfls 1, fEFREER & e R
pHo CEREENMET T bOLELONS, 20
5, EZOEMA L7 PRAS - TYG Kt @B R» & %
natHpH METLIL {, B2 2 RELREFTH
50T, CEREAREHE L TELTVL S EED
na.

CEH, BFHAIICEEMNICEL SN free spore
ORI BOIEEEOIRE THEER B IR s htg,
EREhOF L rOBERIIL - TEELENZLDL
Erohb, ZOLDI, HEELE LTRSS EE
CEEL T2 &0k LTI, C histolyticum D #EH
B BT s OBESH Y, TR B RE
HLREBETH Y. BEPEESTRZEERIIEERT
BB EREMOE N T WA, %72 C. perfringens D x>
Fo by yEAR, TR ERCBRLTED,
Fiz 2 0E#IL spore coat EEMATH D LFREVX
nTna, CGERL FLRFERCOLEEEIND
LOTHEN, ZOBRMELHESTHL20ERES
ROFERETH 5.

& B

WALE D LA & L 72 CoEEIEEAE C. botuli-
num CHESHIZDWT, AL I—AEEL.0%D
PRAS - TYG 12 Hvy, CEHRELEDRFTEIT-
P EOER, BEFEONY Sy Bz L0, 8
PR f&ﬁi))‘” Sh, ZOERIN sz&i[ﬂ[

Lo ToABEMchManZtmo, TRHOHE
Bix C. botulinum C,ig84mET 2 2 La¥ -7,

Colm#EE 212 PRAS - TYG HHips L Tl 9, 7
-2 0.2% Db LA L.0%DHARIFT
botr, 21, CEZRELIN-FIAER L BELBEERY
HLZehlor, BB, BTESZUNESVERE
Wovsd, v RCKT A RSEEEERT O, HE
2 105/ml LR F 2D 2 2 e L ETH -

S

fo. %1z, ZOBZENEMERCEESHLT, BT
Rk & RERICEAE S T,

# B

oK B R, RIAMERE 7 2 83 R 2 8
W T MCER L S L LT E T, o EBROR
Tz B D SR R E B S 2V LY ERE BN
B—0ERIE U SR HB 2RO MEEHE %%fj
E BN RHEASHEFRMENTAN T RERC
BoELFELE T, £/, C botulinum i C,, Czﬁiﬂ‘ﬂ
EORE %R KRIFIAEBREEROX ZEL, HA,
B, D, ERMERMEORS %213 - TRE MENFEATLE
A HEERL T,

X )

1) FNEE: BIIRSEHE 802 Clostridium
botulinum CBID I, +2ESFE, 86, 245-255
(1977).

2) Hungate, R. E. : The anaerobic mesophilic
cellulolytic bacteria. Bacteriol. Rev., 14, 1-49
(1950).

3) Eklund, M. W. & Poysky, F. T.: Activation
of a toxic component of Clostridium botulinum
types C and D by trypsin. Appl. Microbiol., 24, 108
-113 (1972),

4) HE= FABERE—F L OERSEREEEE, A
F 47 =20, 11, 169 - 183 (1966).

5) Segner, W. P., Schmidt, C. F. & Boltz, J. K.:
Enrichment, isolation, and cultural characteristics
of marine strains of Clostridium botulinum type C.
Appl. Microbiol., 22, 1017 - 1024 (1971).

6) Buttiaux, R., Beerens, H. & Tacquet, A. :
Manuel de techniques bactériologiques, 2d ed., p
436, Editions Médicales Flammarion, Paris, 1966.
7) Wirtz, K.: Eine einfache Art der Sporen-
farbung, Zentbl. Bakt. Parasitkde, I Abt. Orig., 46,
727 - 728 (1908).

8) Jansen, B. C.:
produced by Clostridium botulinum types C and D.
Onderstepoort J. Vet. Res., 38, 93-98 (1971).

9) SREBB - FEAMK : CL histolyticum DFEZRIK
1 r B TEEREE. B L P, 70, 1-5 (1965).

10) Sebald, M. & Schaeffer, P.: Toxinogenése et
sporulation chez Clostridium histolyticum. C. R.
Acad. Sc., 260, 5398 - 5400 (1965).

11) Frieben, W. R. & Duncan, C. L.: Homology
between enterotoxin protein and spore structural
protein in Clostridium perfringens type A. Eur. J.
Biochem., 39, 393 - 401 (1973).

The toxic antigenic factors



694 C. botulinum CEEo C, FHRIEL L MFEK

C,-Toxin Production by Clostridium Botulinum Type C Having No C,- Toxigenicity ang
the Relation of C,-Toxigenesis with Sporulation Frequency Toshihiko Serikawa, Depart.
ment of Bacteriology (Director: Prof. S. Nishida), School of Medicine, Kanazawa University,
Kanazawa, 920 — J. Juzen Med. Soc., 91, 687694 (1982)

Key words: Clostridium botulinum type C, Sporulation, Toxin production,
Clostridium botulinum C,- toxin.
Abstract

Clostridium botulinum type C strains with no C;-toxigenicity were reexamined for Cy~
toxigenicity and all the 8 strains tested were found to be C,- toxigenic. Pre-reduced anaerobical-
ly sterilized trypticase-yeast-glucose medium (PRAS-TYG) containing 1% glucose was used for
the production of C,- toxin, because the toxin was yielded at higher levels by C. botulinum type
C cultured in this medium than those in two other media tested, PRAS-TYG containing 0.2%
glucose and egg meat medium., The culture fluid was trypsinized to activate C,-toxin. The
present study on toxin production revealed that C,-toxin was activated by some enzyme(s) in the
culture medium after the toxin was issued out of cells. The production of C,- toxin appeared to
be closely related with sporulation frequency of C. botulinum type C: the higher the sporulation
frequency, the higher the yield of C,-toxin was. The toxin was not produced during the log-
-phase, but it was produced during the sporulating period and then excreted into the medium as
spore maturation proceeded. The toxin was not produced when the sporulation frequency was

less than 10*/ml.




