Vitamins and Minerals Essential for Sporulation
of Clostridium difficile
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Clostridium dif ficile D FEICAEDOE 2 3 v, I X5

SRAFEFRGEWSHE ER 1 PHE—HED)
a4 w K

AN KRS, —HOMEYEEETRECRRE TH B Clostridium difficile (C. difficile) DR F I HLEADE &
IV, IRFARDVCSEHEEAVWTRE L. £ I v RBABREAEHT A LI b+ o BFHK - REC
i, CaD-Rv TVl EFFy, ¥ FFY VR SBRERERBVCTAHATHIAENG M T, ¥, €4 F v, ¥U Fv
VBB TEERLETH A Z EARE I, VP 10463 gkx Vv CaD-fv M FUEE, By, €U F:ov viEggEs
BFHHOBIGRY BN LR, Ca-D- v N FUlg, E4Fv, v F+v i34 41,000, 0.5, 10pg/! OB, BBFHE - %
BFREEMECELE. &1 2 FARBERERE AL, 9B TFREICIZ Mg™, Fet*, K7, PO 25 5 ke kic B W THAT
HEENGD o, Fio, Mg”, Fe¥', K" BRI PRICLATH 2 EXRE S iz, VPI 10463 Bex Vv Mg®, Fe?',
K*, PO ONEBEICODWTHRHN LR, £+ 0.1, 0.001, 0.5, 5mM OK, TP - REIXEEMICE L.
NaHCO; REBHEHIZ BT HEOREFIXRITFTH - 7ed’d, KEBEREO pH RFELEL (5.8~6.2), BFHRLE, o7, H
%, NaHCO, 1338 pH DET B 7o BHETH b, NaHCO: BE Y 40mM LA DR, B35 pH 126.80 E& R L
ToclRFEEAE L. #5k 5 BERRIIIHC NaCl BES 400mM OF, RTFHBH - EORETRECRDBRIch -7, L
LORER, BAMERL LTEETS C difficile 2, FOBRFER - REKC, ALBHNHEEEL LTEET S
Clostridium perfringens & ZIZFAEEDO L X I v, I 2 FAXMNELTHILERLTWS., ¥, KEORERM

Clostridium BEDOH TIIHEHFHT I LXR LT3,

Key words C. difficile, sporulation, vitamin, mineral, synthetic medium

Clostridium difficile (C. difficile) \I{aMREM KEd, —FD
HAHEEEBXRORRETHA". AEOERERTF 28
HOBHE, IV VvA(=vFrtFo V) BIUVFFY VB
(VA PPV Y) THHEELLR TV S,

v @ C. difficile BRIZBCIXBR7» -5 L LTHEE
LT3 C. difficile W X 5ANRBERVELBREERTHD &
Exbh T3, RETOEHARLE CSRRENEL R
TWBYY, ARBYEOES, C. difficile BRBEEENLLD
C. difficile W2 & BREEREOTERNFERA E 725, ZOBA, K
BIIMEERTFERETH LD TEERIIAT T TiERMC
T A, LnLigss, HOMAMTHLRFIRETTY
RIBEIEFL, HERELS (X T,

b b D C. difficile BHDHRBIZIZ A v a <1 v v hifbh
BN, NvavwA v vgbEbdibT s s LI LIEKBRIER
T35 BROFRRIAVa<A v vREIZL b Cdifficile ©
FRELMIDIZER T3, BTIERLeTEEL, EROKS
RIFIC L O R HET AL LA EEL LR T LAY

Loz &4k C. difficile DR3FIREH C.difficile BRICE
BERREELELCVWBILERTLOTHY, LOBHENLE
B oS5 2 &%, C. difficile B DT - R R
CERRDSDTHD. {FH RAEORTFER - REXLAD
T, RTHEEARETST S 7 B2RALLR L.

ERLS 12 3 HEAT, PR 5 FI2H24HRE

ATz, C. difficile DIFHRICHED L E : v, # %
SARDOWTERE L1z, ¥72, NaCl ORBEIEIFEHIZOWT
HOFRERET L.

HE L HE

| . FRE%

SRAXFEZRBYUEYFREFETFD C. difficile HEHSE
Br R, Bb, A= =7 HYF o=, 7 HEEATE O
VKY¥, BKMEWEFT (Virginia Polytechnic Institute and
State University, Anaerobe Laboratory) B #k ® VPI 10463
B, EHOPHRETERERAD S H L KZ 1630 &, Hi4H
BRE THRESEE ) S8 L KZ 1626, KZ 1647, KZ 1748 Bk
BERALK.

I.3 #

Haslam 507 3 /g, €% 3 v, EHHYD x50,
0.2% 7V a— ALY ERA B (basal synthetic
medium, BSM) & L7z (E1). 7L, ¥ ofEcEk-o
e ) VBRI 0.6g/l £ L7z, .

BSM XA FOM BB L7z, 1255 @EDT s /8 - &
X3V ga— AERO pH % NaOH B x FVTT7. 4
BLUCHE, 10FBED X5 VAWK, 5% NaHCO AW i D
BHRERD 1 /108 e (SO &K pH 13497.6). B

Abbreviations: BHI, brain heart infusion; BSM, basal synthetic medium; C. botulinum, Clostridium
botulinum ; C. difficile, Clostridium difficile; C. perfringens, Clostridium perfringens; GS-BHI, glucose and
soluble starch-fortified BHI ;- m-BHI, modified BHI ; OD, optical density at 560"nm ; OD,., maximal OD
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HA 74 42— (BRI VATV 17, F, B8 K CTEERE
#, PREE (15x160mm) & 10m! ©29E L. K%
H, 10%, CO, 10%, N, 80% OEGF AWBHR LB 4 CITTR
Bl eyt soBRERMBECER L. BTH
R BFEESERRE LTI v—Y A= AVT 21—
v (brain heart infusion, BHI) (BBL Microbiology Systems,
Cockeysville, USA) 1= Na,HPO, #0.2% DO &= FEin L 755
(modified BHI, m-BHD)'" % i\ 72, 120C 155 BmERIIME R,
BREHRDOEE LR, SHEPESGYACERL 4 CITTRE
Lz,

MER, BTFROMEIX0.8% 7L a—A, 1L.O%RIEHET
vy Gk, KIR), 0.05% v 25 4 v—HaftE, 1.3%ZEXK
BHI (A&, ® ) (glucose and soluble starch-fortified BHI,
GS-BHI) k™ # /e,

L. s SUEE

BSM 16B: R D 107 FHREK 0.1ml % 10ml OHEEIEH
CHEE L (REEME, 10/ml, BRFH, <1/m). FR,
EEIL T EROBEY AHEHT T, AFAFETTITC
TH#E L, 5 HRIERE, RTERNELL.

V. BOHEBORE

BOBEOMEIBERY 4 ARZFr=y 2 20A
(B, EH) AV, EE 560nm OWIE (optical density
at 560nm, OD) #METHZ LWL D fTo7e.

V. BFHEORE

BEROWEL, 0.1%2 v a—n@gr V) v & (GR, F
DSALFAZ, HE) i GS-BHI $ith A WEREREC X
DTt (B e a—EEY — £, SREKRYT0C 1050
i, 0,059 & A 5 v —iEERE I BHI (B &) TIOEBREFR
2170, F0 0.1lml #ER 90mm O+ VIMIZEAL, 56T

BELE0.1% 2 v ra—LEF + VY a¥Ein GS-BHI #
20ml Mz EM L. E{LBITCKC2 MR Y + —% B
WS EE R T o, ERERF Lz s -HERXDH L
Tk BB Iml Yo ) OlRFREYEH L.

R ®

1. E®I

1. BFERCLBEDOE R § v

v ]I BEORY /KRB L BSM KBIF2BFHE - &
DREXZFEHRZOWTERE L, C. difficile DR TFHBIC L
DY X I VvERDE., & I v RBEMCEVTERIH
BRTHEY BSM ki 2 lRTFHCE~, 107 ELTOR, £
D x I vEFBTFERIEHEDE R I v EHELL. FRED
RERIEEEROEE OD & (maximal OD, ODn.) THE L
7o (& 2).

(B RRIE m-BHI TW 10%°"/ml, BSM Tix 10%*/ml ©
RFEHELL.

Ca-D--2v b 7 VEA/RE BSM 2B\ TE, HOEFIZWF
ROBEBRIZOWT S RBRMICIZED B - LA HReh -1z, 18
FH D VPI 10463 (i Tiz 2 @ bh T, o 4 BRICH L Th
10%~10%/ml B S hicic T E e o7,

e F v /RiE BSM 12317 % ODuu 130.12~0.16TH v,
BSM (ODpe, 0.71~0.75) D5 1 /5 BEWRE Db, RF
W@ TEL, 28 (KZ 1647, KZ 1748) 2% &, BSM @
W0 U FrTEiehote.

v RNy v RBEMICEIT S ODu 120.21~0.2T%27R L,
REORIFIHEKTIEIBSM O 1/3BETHH, 1ich REF
ThHote. LrLictih, BFHEIL BSM IKESTRTH D
107 (KZ 1647 #k)~107% (VPI 10463 k) 1= &k » 7.

Table 1. Composition of basal synthetic medium (BSM)

Amino acids (g)
Histidine
Tryptophan
Glycine
Tyrosine
Arginine
Phenylalanine
Methionine
Threonine
Alanine
Lysine
Serine
Valine
Aspartic acid
Isoleucine
Leucine
Cysteine
Proline
Glutamic acid

OOOOOOOOOOOOOOOOOO
N NS S SR SRS RIS SO R CHI C RN R R

Glucose (g)

Do
o

Vitamins (u«g)

Thiamine 1,000
Ca-D-pantothenate 1,000
Nicotinamide 1,000
Riboflavin 1,000
Pyridoxin 1,000
p-aminobenzoic acid 50
Biotin 12.5
Folic acid o125
B, 5.0

Minerals (mg)

KH, PO, 900
Na, HPO, 5,000
NaCl 900
CaCl, - 2H,0 26
MgCl, - 6H,0 20
MnCl, - 4H,0 10
(NH,), SO, 40
FeSO, - TH,0 4
CoCl, + 6H,0 1
NaHCO, 5,000

Distilled water (ml) 1,000

All amino acids except for cysteine (Kanto Chemical, Tokyo) and all vitamins except for biotin
(Sigma, St. Louis, USA) were purchased from Wako, Osaka.
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oD 2 § VEOWTIIRTHER - BEOREHI
BSM S ABETH 7. 7eB, WThOBERBIBWTLHER
5RE® pH J2EELLT.1~7.3TH 1.

Lo R, RTFBRKLEDOE S 3 /4L Ca-D--tv b7 v
B, EAFv, €Y FFEovThh, ThORAKBCEORE
CHEDER I VTHAIENY o1,

2. MFBRCHEDE X § vOBE

VPI 10463 k% FAv, BaFRBICHEAD Ca-D--tv + 7 Vi,
EAFY, B FEy v ONERBEIOWTEE L.

&I Ca-D- v b FvBRB I UL F v OBHITIT
BSM, v) F®vvO@HEIiie ) Py vBED 10ug/l O
BSM # R\ iz,

WFhOEZ I vOBBRIESIRTIHERE LCEORETILRE
KEHC M LS, RFROMMCLERBED 1/100E
BEOEX I VEEZEWT, FREOREOHMMAED A
to. EletotRTHRCETSE L o RREORE LR
BLIIE L.

Ca-D-*v 7 VvBOBE, BFER  HORFRIL 4,
50ug/], 1ug/l LA LK LR L, 1,000pg/| OEREBEE LR
(E1).

vAFvDOBEe, BRFER HOEFRXL 4, 01w/l
0.01pg/l AEDBE ER L, 0.5ug/l ORFRBMEICEL .

vY RNy vORE, BTFBR - EORELE ~, 0508/,
0.05ug/! A EDEEER L, 10ug/! ORREMEIZE LK.

I. 3x3JL

KEBRBEHOBEE R VEEER - KBEHRTH, B

E4% 3 %5142 NaHPO, KH,PO, NaHCO, Th 5. B0
pH OEBIIATFHRIEKELSHETHOTHRERI X7 0
ERERIHTTRE LE. WThoBard, (25018
HOAE KB LI BSM BT 5 THEE - BOREFTXHE
L, BFHBRICHED $ 35145 RDI. ¥4I VOBAELRA
B, &3 %7 ARBEMCET S RTFEHS BSM TBIT 58T
oz, 107 LT O, 0 3 % A2 RFERICLAD
RGN EHELE.

1. FEERI I

1) BFHRCLAD i x50

MgCle /R4 BSM 12813 % ODpy 120.17~0.21TH H , BD
FH 2 BSM (ODne, 0.68~0.80) 0 1/3~1/4BEICHD 5

=5tA rB FC 410
£
o
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L
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Concentration of vitamin (logig pg/1)

Fig.1. Relationship between concentration of Ca-D-pantot-
henate (A), biotin (B}, or pyridoxine (C) and sporulation in
C. difficile VPI 10463 strain. (O, ODnw (the maximum
value of ODs during 5 days of incubation): @, number of
spores produced.

Table 2. Effect of vitamin deletion on growth and sporulation of C. difficile strains

Growth® and number of spores (log,, /ml) in strains

Deleted
VPI 10463 KZ 1626 KZ 1647 KZ 1630 KZ 1748
vitamin?®
Growth Spore Growth Spore Growth Spore Growth Spore Growth Spore

Ca-D-pantothenate - - — 0.8 - 1.9 - 0.3 - 2.5
Biotin + 0.7 + 1.5 + 3.5 + 1.3 + 3.5
Pyridoxine + 1.8 + 3.3 +f 4.3 + 2.5 H 4.4
Other 6 vitamins® # 5.3~5.8 # 5.6~6.0 it 5.0~5.6 #  5.4~6.1 #  6.1~6.7
None 1t 5.6 H#t 5.7 H 5.2 H# 5.8 Ht 6.4

a

Growth and sporulation in each vitamin-deleted BSM were examined.

b) —, no visible growth; +, the maximum value of ODy, during 5 days of incubation (OD .0 =£0.2; +, 0.2<0D .«

<0.4; #, OD . >0.4.
¢) —, no spore/ml.

d) Thiamine, nicotinamide, riboflavin, p-aminobenzoic acid, folic acid and B,,.

Table 3. Effect of mineral deletion on growth sporulation of C. difficile strains

Growth® and number of spores (log,, /ml) in strains

Deleted )
VPI 10463 KZ 1626 KZ 1647 KZ 1630 KZ 1748
mineral®
Growth  Spore Growth  Spore Growth  Spore Growth  Spore Growth  Spore

MgCl, + -9 + 0.5 + 4.5 + 1.6 # 2.6
FeSO, + 3.7 + 4.5 + 3.8 + 3.4 +# 5.4
Other 5 minerals? H# 5.3~6.1 H 5,8~6.2 1t 5.6~6.2 # 5.4~5.9 1 6.2~6.7
None H# 5.4 H# 5.6 H 5.9 . H 5.6 i 6.6

a) Growth and sporulation in each mineral-deleted BSM were examined.

a), c¢) Refer to the footnotes of Table 2.
d) NaCl, CaCl,, MnCl,, (NH,), SO, and CoCl,.
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e, BTFEBRIITRRTH -7 (383). 412 VPI 10463,
KZ 1626 BRZ BV TIIRTHRIRTE TS D, &40, 10°%/
ml ORFEEIBD LRI TEeh o7,

FeSO, X BSM 123513 %5 ODpw 120.29~0.32TH H BSM
DHIL~50% TH -7, L Lichs, BIHRIZTETH D
BSM @ 107" 5 (KZ 1626 #k)~107%% = (KZ 1630%k) iz & 7¢
Mot

fhD 5 BED I 23V OCCIEBEFEEB LOEORE 1T
12 BSM LRBRETH 7. B8, WThOERBRCBTD
HEESHED pH 1ZIBFELLT.1~T.3TH o 1=.

2) MEIFTALOERE

VPI 10463 k% FE\V, BT HEICHED MgCl, FeSO,0 hE
BEZOWTES L.

BT IE MgCl, & %\ i3 FeSOBEA ImM ® BSM %
s, MgCly, FeSO, D WTFhogaie s, +4BFHRC
BT2BLTHRBFCHERELZE L. B,
MgClL D4, BFMK - BOZRE 1 0.0lmM LA Lok -
AL, 0.lmM ORREMEICE L. FeSO,DE4, MFFHK -
BOREF X 0.0005mM LD EF L, 0.000lmM DOk 5
EETELE (K2).

2. BRIz

1) RFEBRICLED S 250

KH,PO, % & U8 Na,HPO, # 3£z /K38 L1z BSM TIZEORE

AS'A T 'B 4]0
E

(@]

al.- . - 40.8
o

© 3t 4t 106 5
2 5
v O
S 2 . 404
5 02
€’ 14 T

z 1

<

' 1 1
-, 3 -2 -1 0 -4 -3 =2
Concentration of mineral(logi0 mM)
Fig. 2. Relationship between concentration of MgCl; (A), or

IR L A ERBRTIEH 57 (ODaw, 0.01~0.06). %72, Ba T
bRDbNIeh > (F4). b HESEBRERD pH 127.4ThH -
7.

KH,PO, K1 BSM 1281} %5 ODmu 110.15~0.17TH b ,
BSM (ODpu, 0.73~084) DFI 1 /5 TH w7z, LosLieaih, fa
FHBIZTRBRTHH BSM @ 107 (KZ 1748#)~10"* (VPI
10463 8F) I+ & ek o7z, 5 BEEBRE®KO pHIX7.1~T7.4T
Hoto.

Na,HPO, X BSM IZ %1+ % ODnu 130.75~0.85TH b ,
BSM L EARE LM ZRIIBD bhieh 7. BFHHIL KZ
16308k, KZ 17488k T2 BSM X133 Lhv-Tcdd, BD 38
Tk BSM 01 /100103 Eleh iz, 5 BEEHERD pH
126.9~T.0TH »7=.

NaHCO; X8 BSM 1817 % ODmu 120.72~0.85TH b
BSM & B O 7e B2 RIIBD b itk » o, BFHEHIEKZ

(9]
T

1.0

|

~
L]

|
o
Lo o}

N W
Y

1
o
N

D

Number of spores(logi0/ml)

o

e Tl
Concentration of
KCl(logio mM)

Fig.3. Relationship between concentration of KCl and

FeSO, (B), and sporulation in C. difficile VPI 10463 " sporulation in C. difficile VPI 10463 strain. O, ODpe;
strain. (O, ODnu; @, number of spores produced. @, number of spores produced.
Table 4. Effect of deletion of mineral associated with buffer system on sporulation
Growth® and number of spores (log,,/ml) in strains
Deleted mineral VPI 10463 KZ 1626 KZ 1647 KZ 1630 KZ 1748
Growth Spore Growth Spore Growth Spore Growth Spore Growth Spore
KH,PO,, Na, HPO, + - + - + - + - + 2.2
KH, PO, + 1.4 + 1.6 + 2.8 + 1.6 + 3.7
Na, HPO, # 3.7 #t 2.6 # 3.7 fit 4.8 # 4.8
NaHCO, H 1.6 . H 2.2 # 3.7 # 4.3 R 4.5
None # 5.8 + 5.0 1 5.6 + 4.7 it 5.2

a), b) Refer to the footnotes of Table 2.
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16308k, KZ 1748 Bk Tit BSM L i3iZZ Lo iedd, BhH 38k
Z2WTiE BSM W LN ARBETH 7. 12 VPI
10463 BRI BT B IITHBIIRETSH H, BSM D 107w+ X 7¢
M wotz. NaHCO; K BSM i B\ T3 3 % A RigEsH
DBEERCD, 5 AMEEEKD pH EBHICEL, 5.8~
6.2TH 7.

2) K*, PO DEE L RTFHR

LhE® KH,PO,-Na,HPO, X #§ BSM, KH,PO, /18 BSM 1= 3
BB - BORBF WL K, POS BAUNETH ST
EEERLTWABDT, %£7 KCA AW K BEOWLTRE
Lz, ROCHREINABED KCl 24148 T T POS %
BADBEICEMTAZ LICL D PO BEIZOWTKRE L
fo. AEBICI VPI10463 k% Vo, KYBEOKREIIZ Y v
FAREMET % & LT NaH,PO,Na,HPO, %% Fi\» KCl %% 4« D E
M AREEV.

BORE X KCl BE 0.0ImM Ll Lo, BEKTMEE
L, 0.5mM OREEMECEL:. BFKOBEMNT KClEE
ROImM b ER L, BOREDOHE LA 0.5mM 08, &
EEE LT (K3).

ke, ERoRICHEK-SE KC ImM F - KHPO, % L Ot
Na,HPO, FEF 0 BSM Iz POS # A DRERRNT A Z L1
I h POS BEWD\WTHES Lz, PO & LT NaH,PO % &
O Na,HPO, % 1 © 4 DEB TN L.

BT - EoREE POS BE2 0.1mM LI DR, BEK

5

1
o

~
1

O

o)

w

1
o
N

A Number of spores(logijg/ml)

G510
Concentration of
PO~ (logio mM)

Fig. 4. Relationship between concentration of PO and
sporulation in C. difficile VPI 10463 strain. O, ODp;
@, number of spores produced.

FHEC LR L, RTEE SmM O, BORE IR ImM DS
EECE L (4).

3) NaHCO: B & faF¥BL

VPI 10463 k% FA\~, NaHCO, BE & B FHR OB G 5

Number of spores(logig/ml)

QZ 1+ 0 1 2 0 >
Concentration of
NaHCO3(logip mM)

Fig.5. Relationship between concentration of NaHCO; and

sporulation in C. difficile VPI 10463 strain. (O, ODuu;
@, number of spores produced ; A, pH of culture.

=5 <1,
E 0
o
o4 108
°
T
§3 0.6 35
£

@ S
5 2 404
g

1+ 40.2
E N
=z
<0 0

0 100 200 300 400
Concentration of NaCl{mM)

Fig. 6. Relationship between concentration of NaCl and
sporulation in C. difficile VPI 10463 strain. (O, ODuu;
@, number of spores produced.
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EREHED pH OBA»RE LK.

BOXRE X NaHCO B EE & 535330 D 72 { ODne 0.73~0.78 T
bt (5). BFHEIE NaHCO, £ 10mM TLEAL,
0mM OREEMICE L. S AMEEEKD pH i1
NaHCO: 2% 0~1mM % Ti36.0TH » 722, 10mM LLETiZi
Btk ER L 40mM Tk 6.8, 60mM TRT.0%R L.

Il. NaCl OEOHRE - MFEAIHER

*4° VPI 104638k Fi\-C NaCl BE L EORE - RTHR
DEBRIZO VTR L.

B ODpu t2 NaCl BE ORI & FHWFHA L, 22 ODnu I
ETARR L RVIERBELE L. BORE I NaCl BE
2% 100mM ¥ Cr 5% 3 3ARF ) LA PIWC ODue W22 L7z B3, 150,
200, 300mM IZHB W TIL ODny 3& 4% 2, 3, 4 BERZE
Hhto. Eio, 400mM ORIEOREFRBDLhish -k (K
6).

BFRELE NaCl #EEA 60mM ¥ Ti 104/ml TH o et
80~200mM 1Z B\ THER I A L, 300mM BEK BT
REFRELEDDRIEh -,

LD E, D 4RI OWTHET - TG
NaCl BE%* Rl (&5).

4 BR& BRItz VPI 10463 #k & F#E, NaCl B 400mM OB
BOREF - RTHEAKE2{ZD b o7,

% ®

C. difficile 24 EEEBBENRBL, TREOCRKEE
THOKEOESETD 2BEOEE, t+v VA, ++Y VB
BEREEFEE2LLATWAY, Zhb C. difficile BoDF
FEBFCOVLCTIRUTOMRELLATWAY, HAEYER
B ) BRREESEL SRR, BE C. difficile 2 ERH
LERYELTS. 7, Y ARBE LEHARCES,
MEH HOBREROEEXRL, ELWLEEEYEDOKHY
REL, BELEORE, Hhrxtt>KEOTWETESE,
THRIXERE XS, P VB FVY VAR L DESYFT
FefibId CHEACRAL, BIERERETS.

C. difficile WD BRHBER I I RBEER X A RBEE
ExbhTws., ARERRIEFE e F OBERNCKRERER
WERL LTEETA LS\ Cw B, C. difficile 5>t
KIIEW X D R7c A5, Nakamura 5" XBEOCEESE, EE
ELEFA3BDOFEMIZOWT C. difficile D4R R 2494
(11A4A%) 2 BAEE2 OB L. HAERRIRREC BT 2EMAR
EDERERE L LTEXLATED, B2 OBENFRC X
hEEIA TS, Burdon® i, BHHKEOABFRHETO C.

Table 5.

£}

difficile 48958 628 1 bR — D P A BERSM 5 — v
=T C. difficile B\FBEZ hicds, MOREM S8 L35k
ZOWTIL 2 R AL & R — D AEMERSZE &% — v EIR
Lick#& L. Wist 5P 3 EMRBEOBE, 7523 F
DNA DBRkE- &2 — v, AL V7 OBKRKE) % —
v, AYWBREW 2 - v EA—0ERI S Ehb I L
BRIz L.

NERBRBERIFRRERECHFET 5 C. difficile RS .
Mulligan 52, Kim 5"1% C. difficile BREBENAR LT3
REWOWT, BERT, K, Xy F, #HFwwonwT C
difficile DBRFRZ RS ~BI0B DENC KB B Lzt
XTW5b. ZDBE, C.difficile (ZBELIHERTFERETHAD
T, KT CIESRENMIESHERT A5, RFOBT
RHM4AFL, BRBRFEE5Y.

C. difficile B OBERCIEAva<f vy, Ata=f
V-nBECbRBD, ThHEROREFRIEE LIELIZER
T2, BROEEIIBEEHRL T ENHBY. C. difficile ik
RvawsAvy, Arr=FY - LEERSEHTHADT, Zh
LEFZ & b ¥BAMRIFER T 2 RFARD, EFORE
R X DTS - METAZ LTI N ERTHEELD
htTw3a,

BT, Kamiya B QAEOBREEL L RFEHE OBEYE
FRE L, AROBRIAFHERMCER SR, HHPicK
HINnBZ EEBELMZLE.

P kwat~tcinl, C. difficile BRI RS WTABEDOBFIZ
KERBEALELITCBD, RTOBBEHEEXHLNCTHZ L
RABRORERFOBRBPCEECEHLE TS, HEH 1R
FHEET § 7BICOVCTREL, BFRRCIZT VL7 5
v, RN)v, YARFAY, Tr)v, v vyv, AFF=UR
DETHHZEERELMC L. KPR T, BHIEE v,
$FRFLRDVTERF L. AFRTRETEEL X I VAH
BSM ZH\, C. difficile DRFHBICHEDE £ I Vi RD
o, BREKOTIURTFBRCLEDO L 2 3 VIXFARCEH
WHEDER I VvTHD, CaD-Rv i F v, sy, v
Fv vARTEE - BECLATH -, CaD-tv TV
/x4 BSM CTRECEFTRIABRMNCIAD LR o, L
MLIEAS, EdFvHB vy ) FEv v KB BSM ki
Tk, BORBILBSM D 1/3~1/5BERRDLALICY
b bY, KZ 164THhkxbkE, lRFHEX BSM © 107 5L
FTrTERMr o, ZTOZEREAFUVBIVEY FEv il

 ATHRCECLATH A L RE LTS, C. difficile
DEBEHE LTEABEZI N TV 52, Haslam 5% 05

Influence of concentration of NaCl on sporulation of C. difficile strains

Concentration of

Growth® and number of spores (log,,/ml) in strains

KZ 1626 KZ 1647 KZ 1630 KZ 1748
NaCl (mM)
Growth  Spore Growth Spore Growth Spore Growth Spore
0 H# 5.3 H# 5.4 H# 5.4 # 5.5
100 H’r 5.5 1 4.1 1 4.0 1 5.5
200 # 3.7 ++ 3.3 # 2.3 + 4.0
300 H . 2.5 + 3.1 # 2.5 + 3.2
400 - - - - — - - -

a), b) Refer to the footnotes of Table 2.
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Ex IVvELTLEEIBECMS 2RFT v, =aFv7
3N, VRIS VY, pT I REBE, ¥, B.hSE R
TuwA. FicHubert 5% O ci2Ca-D-7¢v b 57 VEE, ¥ i
Fv, ¥V FEr DRI, Seddon HP DIEH I = 25 v
B, VEZ7SEVORBPEEATVS. ZALDWThORH
EOWTHRRWICMNAL X § VERBLALLDO TR,
OEBICAVEEAREYZTOEF ATV BT ET, ARk
I bw» T C. difficile DETFHE - RECSHERLE 2 3 VT
FRIBEHTHHZEN Do, ¥z, CaD-v 7 Vg,
CAF Y, B FeyvEa 1,000ug/], 0508/l 10ug/| O,
BFEE - REIREECE L.

ZhbDE R 3 C. difficile DBFHE - RECLET
Hotedd, RFEHECETIERBEFCET S BICEAEHK
BBl ThiIRTHERRIEORERCEZSHE TS
h, LVERDERDEGFBEREZET A0 EEbA 5.

Clostridium perfringens (C. perfringens) DFEH+ 5 RE
CHEDE X 3 v (EHEE) 13 Ca-D-o2v b 7 B (300ug/1),
et v (03ug/l), €V FF43 v (100pg/), VEZS v
(100pg/l), BB\ iE Ca-D-o%v b 7 VER (200ug/l), ¥ FF v
(0.04pg/), U Fv v B00ug/ "2 TdHs. ¥ 1,
Clostridium botulinum (C. botulinum) DFEBIWCMHEDE & 1
vYiEAFV, U FEH IV, pT7 IV KERR, o+ v
B, 77 3 v TCH 5. C. perfringens, C. dif ficile \33£W & b
DEADEEMEFEL2 VN TrEETH Y, MEELCRAL,
PEOEE I VERBETHAZENTE IR, LrLiah
b, TOLBEEIIESRILY, C. difficile 12 C. perfringens
ZHXIDKED Ca-D-Rv i FvBEICTIPEDEY ¥
FYURETHI LRI R,

W& 2 % 50K BSM &\, C. difficile DRAFTEL
WHED I FF M ERDI. BTHEER I & 54D NaCl,
CaCl,, (NH,), SO,, FeS0,, CoCLIZ DWW THE L. £ 53 vD
BE L, BREKO TSR TFHBICLEAD x5 11IR
RRCREBICMHED : 250 THH, MgChEs LU FeSO, 2 aF
B - FECMLETH 7. Cl7, SOF 1D I 25 iz b &
FRTWBDT Mg, Fe" WU ATHDHEE L bLhi.
FeSO, RIBIEHIZ BT HFHE - BORE I b BIFT
Holchy, Thik Fe' ORERIIe<, 2D Fe¥ 3 R#Y
ELTAHBTEIDIANEET : 7B, x50, $I2Y) VERE
A% ((FH L7z NaHPO,KH,PO, v Fe** 44 & : Na,HPO,,
0.002% ; KH,PO,, 0.001%) K& Eh T\ 52 LiEET5 & &
bhn. FEER &S5 A L TI2 Haslam 5° O&REHI
1% NaCl, CaCl,, MgCl,, MnCl,, (NH,).SQ,, FeSO,, CoCl, 234 #
nTWB. F 7z, Hubert 5% DIz 1z MgSO,, MnSO,,
ZnS0,, FeSO, Seddon 5 Dz iz MgSQO,, NaCl, FeSO, %
BEhTO5. BB, ThbOEMICE L Tifio
BHECACORACERY O EHCTW AT ERRV. Lk
BEXD L, AFRTESIC Licm , Mg®, Fe'" B HTH
B RBCSLED I RAS5AEELDRD. MgCl, FeSO,, Dl
T - BBCHELETIZEELL, &4 0.1mM, 0.001
mM TH -7z,

BE R % 7 /LD NaHPO,, KH:PO & JL1Z /K38 L7z BSM 1o
BWUE, RFBE - BOREHCBREALRD AT,
KHPO, X BSM HWTHRFHR - REREDTRRT
Hote. —F, NaHPO, K38 BSM e BT FHE - B0

HEFIORLORIFTH-7. LROFFR, L0 BSM kit
% NaHPO, KH,PO, BEIZ& 4 35mM, 6.6mM THAHZ L%
Eibbhed bl K BIU PO BMUETHDHEEL bR
EFTREER L LT Na,HPOKH,PO, D {84 1z Na,HPO,-Na-
HPO, AV, REREW KCl %8 LR, KClBEOR
mERRTFHE  EoRF XML, 0.5mM BEDOK, &5
BIZELY., ZThHDBRIT K AUETHAZ LETRLT W
D, kI BSM @b U KC & ImM BEHML
Na,HPO-NaH.PO,, (BEL., 1:4) #BE L-&E, “hb Dl
BERFECRTEE - BOoRTREML 5mM Oy, BEEIC
EL7z. Bl PO 28 C. difficile DJTFHE - HEICLAT
BDHTEITRFRERT.

NaHCO; X BSM 2BV TREDOREFIIBIFTH - 1248,
JFEBIIARETH -7, NaHCO; K38 BSM 12\ i,
BRED pH IZT.TTh-7cA, #H S HEE.0F TETL
7o, BEEH pH METT2ERFEREIARBRELDDT,
NaHCO; k38 BSM IC &1} 2 A F BB O T it k&R D pH ©
ETFTLEZbNL. FE, NaHCO, BE® N L1-6, 1%
D pH X EH L, NaHCO 2 40mM A Lo0BE, BEHEH O
pH 116.8Lh ExRL, ABCRFELESHECELR.

LhE##IETS & C. difficile DIRFHE - RECHED 3
* F IR EER ST Tk MgCl, FeSO,, Na,HPO,-KH,PO, &
WmRTH b, Mgh, Fer', K, PO BEETHA L Bbht.
ZhbDRRT Mg?, Fe?', K* R#B BSM ok Ti, HOXE
&% BSM D 1/3~1/4, 1/2, |/5BECRDLA:
Wb bd, RFEHIZERE « BSM © 107 5L T,
107 BT, 107 fEU T Elshnt. ZOZERZALD
HERRFERC, BCOLHATHIAZ ErRBELTV5. BT
R RN ERT 5 TRICOVT it Bacillus BEE >
WTEABRHINTED, K, Mg?, Fe**, Mn** BEETH5
EREI N T LB,

C. perfringens DEBEIWCLHEAED I % 5 412 Mg, Fe**, K,
PO THH™W®, TOEFEEWH L, Fuchs 5% (3 Mg
0.5mM, Fe** 0.005mM, K~ 0.1~50mM, PO~ 0.05~125mM &
W L, Murata B2 13 Mg™ 0.02~0.08mM, Fe* 0.02~
0.2mM, K™ 10mM, PO 10~30mM &#&ELTwv5. Hb
C. perfringens & C. difficile \ZEBRNZ L EHNT & THELL
L2 3V EREXYETDHZ LR T AT,

NaCl iz — i HIE oo LRBEHAFIERY 2R L, ARHHD
RYEDBEEMD, THEMZS LELWEEEE SR 3. Clostridi-
um @O TIL C. botulinum 22\ T & D e tE A SR # st
SRTEY, REAGINaClBEIZ2~6%TH 5™, AFRT
LT, C. difficile BT 5 %EME NaCl @12
400mM (2.3%) TH b, C. botulinum C R L 1ZIFALTH»
fo. 1z, NaCl BED 100mM LI DK, BoXRFORA
N, X OBEBCRTFHEARA LI, 202 L&D NaCl
IR C. difficile WX B RGDOBELETFHITEDTEHTH
BT ERTELTNS.

£ W
C. difficile DMFHRICNEDEL IV, I XS54 58
Bx AW CERE I TRE L, Eic NaCl OREEIFIERC
DLWTKRE L, ROBRL B,
1. C. difficile DIFHBICHEDE £ § VIiL 5 HeH
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BT, Ca-D-Rv I+ F VB, €FFv, YV FFv Vv ThHo
o, ¥, TADLRHEORBIALBEOL R I vy THBIEN
Bt

2. ZhAbOEZ I voLTFhicBLTY, B (VPI 10463
B O+ TFRECETARL O RTRLELTRRE
LS, CaD-2vV 5 vE, 45V, ¥V FFovy, K4
1,000ug/1, 0.5¢g/1, 10pg/l DOBF, BFHE - BEIRBECE
L7z,

3. MFHEICLEAED I %7k 5 BREKRI BT Mg”,
Fe**, KY, PO Th -1, o, ThHREOEEFCLLED
IXSATH-T.

4. ThHD:xFA0ThiIBEIL T, B (VPL 10463
B OF9iRTFBRCET EL T RFRLE IR
8 L ¢, Mg¥, Fe*, K*, PO& % 4 0.1mM, 0.00lmM,
0.5mM, 5mM OFf, KFHR - REIRBEICE L.

5. NaHCO; i25%#s pH OET B S-D R HLBETH Y,
40mM [A R, BB pH 126.80 L2 R L, RFHEIT
BEECELL.

6. #ER 5 EkkIEIC NaCl BEAS 400mM DO, TFHEL -
HoRERFRLZED ORI, T,

LiED#ERE, BRMAE#RL LTHEETS C. difficile 12,
FORTFHE BB, ALBAMERL LTFETS C.
perfringens LIZIZA UBEOE 2 I v, 125X NLEET
HIERRLTWA, Eio, KEOEEMME ILENFE - &
ZRLTWAS.

4t &

AR BICHS, RIAEARTET DA BRI 2B ) ¥ LB
NE—SSCROL Y RELDMELRLET. T, FRRORT
B D SRUABN E R REDFREOREES T HLE L E
FET.
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Vitamins and Minerals Essential for Sporulation of Clostridium difficile Kiyomitsu Kawabe, Department of
Bacteriology, School of Medicine, Kanazawa University, Kanazawa 920—1J. Juzen Med Soc., 103, 27— 35 (1994)
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Abstract

Vitamins and minerals essential for the sporulation of Clostridium difficile (C. difficile), which is the cause of
pseudomembranous colitis and some cases of antibiotic-associated diarrhea, were examined using 5 strains in a synthetic
medium. By using a desired vitamin-deficient medium, it was revealed that, for sufficient sporulation and growth to occur,
Ca-D-pantothenate, biotin and pyridoxine were essential in all strains tested. It was also suggested that among these 3
Vitamins, biotin and pyridoxine are particularly required for the sporulation in C. difficile. When the relationship between
sporulation and the concentration of Ca-D-pantothenate, biotin or pyridoxine was examined, both sporulation and growth
reached the maximum at the concentration of 1,000 « g/l of Ca-D-pantothenate, 0.5 g/l of biotin or 10« g/l of pyridoxine,
By using a desired mineral-deficient medium, it was revealed that, for sufficient sporulation and growth to occur, Mg*,
Fe”, K and PO,>” were essential in all strains tested. Results obtained also indicated that among these minerals, Mg, Fe*
and K* might be particularly required for the sporulation in C. difficile. When the relationship between sporulation and the
concentration of Mg, Fe*, K* or PO,’” was examined, both sporulation and growth reached the maximum at the concentra-
tion of 0.1 mM of Mg*, 0.001 mM of Fe*, 0.5 mM of K* or 5 mM of PO,*". In NaHCO,-deficient medium, although bacteri-
al growth was luxuriant, the sporulation was poor with the significant decreases of pH (pH values, 5.9-6.2) of the bacterial
cultures, indicating that NaHCO, was essential to prevent the decrease of pH during incubation. When the concentration of
NaHCO, was 40 mM or more, pH of bacterial cultures was above 6.8 and sufficient sporulation was obtained. Neither
sporulation nor growth occurred in all strains tested at the concentration of 400 mM of NaCl. These findings indicate that,
for sporulation and growth, C. difficile, which is a member of the intestinal bacterial flora, requires the same kind of vitamins
and minerals as Clostridium perfringens, which is also a member of the intestinal bacterial flora, and that NaCl resistance of
C. difficile was relatively weak among clostridial species.



