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Clostridium difficile DAV KIFTTT I 2 BOZE

SRKEEFRYEYFHE CEFE | FRHE—HED
w B EF A
(ER 4% 1 AL0ARA)

AEME IR, — IO AN EREE TFEDRKEE TH 5 Clostridium difficile (C. difficile) DIFERZRIETT 3
7 BOBECOWT 5 BEEAGT, 0.2% 74 3 — AT - FEHRMERSHC TR L. 87 I VBRI AFv v, MY
FrT v, FVYY, FRUYV, TAF=Y, T2=—AT 5=V, AFt=y, Abt=v, 77=v, VPV, &)
v, Ry, fvefvy, Fuly, TAAS¥UEE, vfvy, YRAFA Y, JA2 I VBRTH-T. &7 3/ BRES
B A AT A LI, BORBFERCE NV A 77y, XUy, YRATFA Y, Fe)vhsia - AOFECH
I S BOTLATHLI LMY -, BIZ, ZAa—AFETRECTUL, A Y vEBLIUAF+= v VPI
10463 ¥k, KZ 1647 BRiC BT, » A v v KZ 1T48 $RICH\ T, 2 FF4 =2 KZ 1630 FRIC KW THRATH T, Tl
N3 - AIEREETEE VTR e £ & vas VPL 10463 kxR W e SHRIC B LW TUATH -7, ShbD7 3 VBIXEEORE
e oTHMNETHY, BFEBRCODALEADT i VBABELLh . &7 1 /7 BEYEEEHE (basal synthetic
medium, BSM) DI0EBEIHBE LM, NV v, fvefvy, Fri v, af v URARTERICED TH >k, -
AFETTRS v Y Ui, Fra—REEETTRA Vel v VALKV TR A TH L. eV vEITI YV r A
B L TFHEOMGE & 4 KZ 1626 ¥k, VPI 10463 Bk VW TRFE LR, Tr ) vBIOT Y rd v VIRENK 4
500mg/l, 4,000mg/] DEFTFHEERI0%WCE L. £7 3 /8% BSM OI0FEEA TV DI THEERITV, EEZ
hifEiie HAZ2 < b 7S 7 4 — L OB LR, 7R ) VUAORTHEEREET s VBB LIUTALVA=Y, 7F5=
v, ) vREE - FIEIhB I EARE IR, X5, C. difficile DRTFHHNE BERE%OBFRL0.2% Na,HPO &b 7
L=y ~—}h A7 a.— g (modified brain heart infusion, m-BHI), 4 YV r A v v B IV 7 r ) v £ 4 5000mg/l,
600mg/l DEEEW 4Ty BSM (BSM reinforced with isoleucine and proline, BSM-IP) 1= TH&f Lz, m-BHI Cids# Ofic
Vi BBES BV S hich ot L Licdis, #va—AKRE BSMIP T Iml 249 10° LA EORT 2B L o Bikk
AR TII20kk 5 B (25%) Th - hoty, EEHETI20BER138k 65%) THho7c. LLEDKERE, Stickland RIRIZ B\ T
EEESBACIETEEL LTHEXARSET § VEABRTHERERET S Z &, BIUEEKDI S EBHR L b laFRlE

DAGTTRRESTRR S his.

Key words C. difficile, sporulation, amino acid, fermentation, toxigenesis

Clostridium difficile (C. difficile) I RAIEY KB, —HD
FEWHEMEBACHERETHL". AEOFFRERNF X2
FOER, F+YVA(=vFridvy) BIUFFY VB
(AP v y) ThHHEELDRTVWSY.

e @ C. difficile BRHICBWTEBAT7 = — 5 & LTHEE
LT3 C. difficile @ & 5 WHARRD ERRBYEER L EXD
RTWBH, AR TOEMBEE TRARBRREIELZ LA T
299 WRBRBOEE, C. difficile BREBZEFEHLHD C
difficile w X BRBBREOFRNRR LD . ZOBE, XH
FHSHRTERE TH DO THEERI KK T TRHELH I
BWTs., LorLicds, HOMARTHIIMFIAKTTHR
BHEFEL, ARERYF &R

e b D C. difficile BROBEZIZAva<L v viMfbh
BW, Avawg v vgsedibd s VX UERBERER

T5% BEOCERIAva<A v v LY C difficile ®
FHRIMINITERT 505, RF21FEESTERFL, EHoRE
R L DR - BETAZ L0 IBEELILRTVLA.

LAEoz & C. difficile DRITFHED C. difficile BB
FERBRYAFELTWHILERTHOTHS.

s RAMY Y ADEBERRMEICOWTIL, Clostridium
perfringens (C. perfringens) D=vFm + ¥ v, Clostridi-
um botulinum (C. botulinum) © C,mB IR & Fw g
BLTWABEZ ERELMZENT WS, C. difficile DHERIR
HPIZDOWTCIE, BRAEERIICEAINDM LI H0D, K
BBV THFERABREECHERL TN ERELD
hs.

ATk, C. difficile B O/ EER, BRCEE RS
ETHRFICOVT, TOBHEHBEPALLCTHI EICX

Abbreviations : BHI, brain heart infusion; BSM, basal synthetic medium; BSM-I, BSM reinforced with
isoleucine ; BSM-IP, BSM reinforced with isoleucine and proline; BSM-P, BSM reinforced with proline;

BSM-VIPL, BSM reinforced with wvaline, isoleucine,

proline and leucine; C. botulinum, Clostridium

botulinum ; C. dif ficile, Clostridium difficile ; C. perfringens, Clostridium perfringens ; CU, cytotoxic unit;

E
i
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n, KBROFY - WREFS T L ARELT, 73
BORFERCRETESEC>WTRBHFLE. Fiz C.
difficile DT L BRELTOVTLRE Y INL .

ML HE

I. EREH®

GIRKFRFRBEDLHRIERIFD C. difficile K HH208
B, EEHROEKLAVE. TRALEEDRT, A—-2=7
RVT 7=y 7HEFRELOMIIKE, BLHETLH
(Virginia Polytechnic Institute and State University, Anaer-
obe Laboratory) E§#kd VPI 10463 ¥, EZDOPIFeE CRER
A 5B L KZ 1630 £k, P44 EREE FRIERE D b O %
L7z KZ 1626, KZ 1647, KZ 1748 ¥ex Fic5H Lz,

I.#% #

Haslam 5207 3 VB, €2 3 v, HOPD I 251%4
Tl PSS B HY (basal synthetic medium, BSM) & L1
(F1). BSM RN a - A& ERWEBTHBDT, 71
- ADOFHEAFBETHH AT IV 3 — RIEFM
BSM (BSM without glucose, G(—)BSM) &Frl7z. 7o
- A%0.2%DEFHML 7z BSM % 7L 2 — 27 BSM
(BSM with glucose, G(+)BSM) &FrL 7=,

BSM LT OMIfFB L, 1255 BEDT7 s /8 - ©
2 3 VWD pH % NaOH ¥l A FCT. 4C T L7z, 10
ERED I % VW, 5% NaHCO, B O BKR AR D
1/10BM % e (SO B pH 1 287.6). i1 HA 7 4 1

Table 1. Composition of basal synthetic medium (BSM)

Amino acids (g) Vitamines (ug)

Histidine 0.1 Thiamine 1,000
Tryptophan 0.1 Ca-D-Pantothenate 1,000
Glycine 0.1 Nicotinamide 1,000
Tyrosine 0.1 Riboflavin 1,000
Arginine 0.2 Pyridoxine 1,000
Phenylalanine 0.2 p-Aminobenzoic acid 50
Methionine 0.2 Biotin 12,5
Threonine 0.2 Folic acid 12.5
Alanine 0.2 Bi2 5.0
Lysine 0.3 Minerals (mg)
Serine 0.3 KH:POq 900
Valine 0.3 Na:HPO, 5,000
Isoleucine 0.3 NacCl 900
Proline 0.3 CaCl2+2H:20 26
Aspartic acid 0.3 MgClz2+6H20 20
Leucine 0.4 MnClz+4H:0 10
Cysteine 0.5 (NH4)2S04 40
Glutamic acid 0.9 FeSO47H-0 4
CoClz2+6H20 1
NaHCOs 5,000

Distilled water (ml) 1,000

All amino acids except for cysteine (Kanto Chemical, Tokyo)
and all vitamines except for biotin (Sigma, St. Louis, USA)
were purchased from Wako, Osaka.

F—(AXRIVATY 7y F, BR) CTHBREE, +3R
F (15X 160mm) iZ 10ml ¥4 L. S84 H,10%,
CO:10%, N.80X%DEAH ATBH LItk 4 CIRTRE LT,
Fa BT 5 ko sb BHASK RIS L 7e.

RFEBCRFABEAEBLE LTI L—v ~o b 4 v
7 2 — ¥ 3 v (brain heart infusion, BHI) (BBL Microbiology
Systems, Cockeysville, USA) iz Na,HPO, % 0. 2% D&z Zhn L
7o3%H (modified BHI, m-BHD™ % fiu 7=, 120C 154 & EES
WEE, SRSHOBALAR, SHEYREFRICEBRLLC
CTRE L.

REE, BTROWUZTIH0.8% 7 a— R, 1.0%TEMES
VY (A, KBR), 0.05% v AT A v — Mk, 1.3% %R0
BHI (HK, X&) (glucose and soluble starch-fortified BHI,
GS-BHI) #5#b" % Fiu iz,

I &L LUEE

HORTRBICHADT $ /BERDB1DDOEET 3 )&
X# BSM ~OMEEICIY, G(+)BSM 16K RISHER Y, o
BETIFLIFZ 1 2 v 1R RER Y LAV, WTh
DFET S, FREED 10°FRED 0. 1ml % 10ml D gk
HUTHEES U7 (REEAMMaAK, 109/ml; laF%, < 1/mb). %
R, EERETLEROREH AMEH F T, AFXAFETT
TCTHFE L. 5 AMSESRTRYAE L:. BERk+o
YA PR VEROWEE, HV 74402 — (HA I V£
TVIT e F) CTHBEE LIS EE oy A

V. BOEBEORFE

HOMMOMEIEREY 2 mA 2227 b r=y s 20A
(B¥E, &) AV, PE560nm ORKEE (optical density at
560nm, ODsw} HWET B LT L DT 7. 736 ODge DRI
1RIEF24, 368, 2, 3, 4, SHECf-%

V. BEES S UBRFROAE

REE S LORTEONER, 0.1% 2 Y e 3 —AfEF 1+ v
7 & (GR; 33, HE0) ¥In GS-BHI £33 % A\ B RES S 1
L 0T -7, REBREC I E MBS R A, MRS
WIXT0C 1045 InBS R Be & iV ho . BRI BB % 0.05% o
AT A v—BEEEIN BHI (HK) TIMEBREFEREY T, +0
0.lml #EFE 90mm O~V ILCHEAL, 56 CIERE LY
0.1% 2 v m = — LS b U » ARSI GS-BHI #4; 20ml % i
Z\M LA, BEHEEITCIT 2 BB Y » — % S
ol BEBERE Licor = —HeB2 b Lok bR
W Iml 27 0 ORMBER, BFEYEH LR,

VI. EERERFEEO SR

BRBRPCEL SR B O 4412 Holdeman 5" o Fik
&b, ¥R7e=t 27546 GCTA (BEE) ¥\, #27e
TETTT 4RI N Tote. RIS O ST I R
Iml 2502 H.SO,0.2ml, NaCl 0.4g, =FL=—5 1 Iml %
AR CBREED (T0xg, 54) 27y, 0 FEK
(== F AT &, RERER LR O W ik
DINLDORLGEAFMELIE I v e 7 50 ATHH L
Bl'e, B3I Iml iz 2 % 7 — v 2ml, 509% H.SO,0.4ml %1%
B0CICTIODMB L. RWTHEAK Iml, Z2re7 40a

G(—)BSM, BSM without glucose : G(+)BSM, BSM with glucose ; G(—)BSM-IP, BSM-IP without glucose ;
G(+)BSM-IP, BSM-IP with glucose ; GS-BHI, glucose and soluble starch-fortified BHI; m-BHI, modified BHI;

ODsw, optical density at 560 nm
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0.5ml Ziz BB L. & (T00xg, 540 %, TE
Dr7wvwa7 4 ABEHSICHELE.,

VI. 4 b bFS S FEORIE

BREPOYVA b F v viEEORIER BHK-21/WI-2 #ik
TRV, vM7ea4 2 -BRIVFo0". HlROBERR
BHERINEE, 24, 48BFREIRWCITV, ¥ =Lrh O£ TOMBEL Y
LT 2HEMBRORAFRER (2EEEFR) vHBRANO
MEHRE M BAL (cytotoxic unit, CU)/50u1 & Lic.

X &

[. BFERICHEDOT = /B
73/ B1BEEORYRIB LY G(+)BSM, G(—)BSM 123

AHRFERY C. difficile 5HEHREHB THREL, C.
difficile DRTFHBRCHED T I /e KDz, £7 I 7B
PEHC S TR IR 2 T BSM 803 5l Hucs:
N, 0 EUTOLE, 207 3 VBYEFHBRICLEADT 3
JEBREHELRE (E2).

INa—ARKEETESE, PUVT LT v, RV v, vR
TAV, Te ) VRS REKRT, MY VRIVAFE= U
VPI 10463, KZ 1647 ¥RIZ 38\~ T, = A v v 8 KZ 1748 BRic3s
WT, 2 FF = v KZ 1630 BRiC fs\ TR S el FIR I A
DT IBTHB LR oT.

Tha—ARFELLTWES, VIS 7y, )y, v
AFA v, Te Y vREKRTEWT, v v vt VP 10463 %

Table 2. Amino acids essential for sporulation of C. difficile strains in G(+)BSM and G(—)BSM

Growth? and number of spores (logio/ml) produced in strain

Medium Deprived VPI 10463 KZ 1630 KZ 1626 KZ 1748 KZ 1647
amino acid
Growth Spores  Growth Spores Growth Spores Growth Spores  Growth Spores
G(+)BSM Tryptophan - 0.8 - 15 - -0 - 2.6 - 2.6
Valine - 0.8 - 0.8 - - - 1.2 - 0.3
Cysteine - 0.3 - 1.3 - 0.8 - 2.0 - —
Proline 1+ 0.6 H# 1.1 + 0.3 H+ 1.9 +* -
Leucine + 4.0 + 4.8 H 2.3 ++ 3.5 + 2.7
Methionine 1+ 2.7 H 3.1 H 2.7 # 4.9 + 2.8
None H# 5.2 H 4.4 # 2.9 H# 5.0 # 4.3
G(—)BSM Tryptophan - - - - - - - 2.6 - 1.3
Valine - - - - - - - 1.0 - 0.3
Cysteine — 0.6 - 1.0 1.3 - 1.3 - -
Proline + 0.7 + 1.4 + 2.8 + 1.9 + 1.0
Leucine + 1.7 + 1.0 + 2.2 + 1.9 H#+ 3.0
None ++ 2.2 H 5.5 + 5.1 H# 5.7 + 5.5
m-BHI # 6.0 H# 6.3 1t 5.5 H# 6.4 H# 6.0

a) G(+)BSM, basal synthetic medium with 0.2% glucose; G(—)BSM, basal synthetic medium without glucose; m-BHI,

modified brain heart infusion.

b) —, no visible growth; +, the maximum value of ODseo during 5 days of incubation (ODmax)<0.2; #, 0.2 <ODmax=

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

Table 3. Amino acids enhancing sporulation of C. difficile strains in G(+)BSM and G(—)BSM

Growth® and number of spores (logio/ml) produced in strain

Reinforced

Medium » , . VPI 10463 KZ 1630 KZ 1626 KZ 1748 KZ 1647
amino acid®
Growth Spores Growth Spores Growth Spores  Growth Spores Growth Spores
G(+)BSM  Valine i 5.5 H 5.4 H 4.6 f 5.8 H 4.7
Isoleucine H 5.1 L 5.3 H# 5.1 H 5.4 H# 5.2
Proline # 5.7 # 5.4 W 5.7 # 6.5 # 6.2
Leucine s 4.0 4 3.2 H# 5.2 H# 5.0 # 3.5
None # 5.1 # 4.4 Ht 2.7 H 5.2 # 4.7
G(—)BSM  Valine + 3.9 H 6.6 + 5.3 + 6.0 + . 6.5
Isoleucine +#+ 4.7 +# 6.5 + 5.4 + 6.0 + 6.5
Proline ++ 3.5 H 5.8 + 5.2 ++ 5.5 H# 5.4
Leucine H 3.7 1 4.4 H# 4.6 Ht 5.7 H 5.5
None H+ 2.0 H# 5.4 ++ 5.4 + 5.4 + 5.5
m-BHI # 5.7 # 6.2 1 5.8 1 6.0 H# 5.7

a), ¢) Refer to the foot notes of Table 1.

b) Concentration of amino acid, 10-fold higher than that of BSM.
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B A BRICES CTRFERCLEDT : JBTHDB I sy
ol

IhbRFERCHEADT I VBARBLE G+),
G(—)BSM BT HHOREIL, £7 I /BEEA TS
G(+), G(—)BSM ICHEBSHIZARBTH D, Bz bV 7+
77V, AUV, YAFA VR BSM TSN 3~ 2 DHE
CEbhRLEDRFIEL AbAh v, T Vafvvik
# G(+), G(—)BSM iR\ T, FEFXEL G(+), G(—)B-
SM IZHER D & B ODss fHITEEED - 7228, BFRE DA
TRERZED O -1,

LLEDRER, MFHRCHED T 3 7 BIIRARCEORE
HEADT I7BTHY, HOFKECINATHELR, BTHEK
WWIRBEDT 3 7 BIFELIh -7,

I. BFERERETET I/ BOK

1. AFHBRET s /B

TI/BIBEOXOHEEY BSM 0105 EECHE LT
G(+)BSM, G(—)BSM st s laFH R e+ KA L, C.
difficile DM TFHEREARET ST 3 /BERDI. £7 3 /@
It BSM B\ TR S hi-laF 528 BSM Ikt 2 ¥ ¥
BN 10 L ES VR, 207 3 ) BEETFHRERRET §
BLHE L E3).

T3 — ARFEETHHE, KZ 1626 BRI B\ TIZY v,
Ivmtyy, ey, vdfvupl, KZ 1630 #ic kv Tit
NV v, FTrY vy, KZ 1748 ¥k, KZ 1647 Bz I\~ Cik 7 =
Vv RFERERE L. o7 m ) V(b G(+)BSM iz %
WTh A EE ORI RETRL, G(+)BSM Tit7Rm Y v
PRTFUBICELEGDLT I 7 BTHD L AREI L.

TN 3= AREELIVEE, VP 10463 frTiz Ay v, o
YeAvv, FrY) v, mg v, KZ 1630 B Lo KZ
1647 BRTRAY v, AV m A v v TR L. i
1Y mg v il G(—)BSM KBTIk 5 2 lEn B S 0 iy
FH (VP 10463 BB %) vk G(—)BSM & FRE) %
WL, G(—)BSM TitAf v m A v v AT MBI & & Hhie 7
S/BTHB I EARE IR,

WTRDT 3 BRI G(+), G(—)BSMIZ %\ T & B O RIGE
i, RS AR 58S ODw %4 BSM gLk

Table 4. Concentration of valine, proline, isoleucine and leu-
cine, and spore production of C. difficile strain KZ
1626 in G(+)BSM

zli{rlnni?loOfacid Concentration Growth® ggﬁge;rgfiuced
reinforced (mg/1) (log1o/ml)

None® # 3.4
Valine 600 s 5.3
900 1 5.3
Proline 600 1 5.5
9500 H# 5.5
Isoleucine 600 Ht 5.4
900 H 5.2
Leucine . 800 H# 5.1
1,200 H 5.0

a) Refer to the foot notes of Table 1.
) Concentration of valine, proline, isoleucine and leucine in
G(+)BSM are 300, 300, 300 and 400 mg/1, respectively.

s}
z | °
-
3. —2
= -
1
°
I-2"
2
€
2 |
z
oo i i A ke A5 1 i 1 A '10

Concentration (g/1)

Fig.1. Concentration of valine, isoleucine, proline and
leucine, and spore production of C. difficile strain VPI
10463 in G(—)BSM. (), valine; @, isoleucine; A\,
proline ; A, leucine.

0 200 400 600
Concentration of proline(mg/l)

N

Sporulation rate (log)g %)

-2
0 2000 4000 6000
Concentration of isoleucine
(mg/l)

Fig. 2. Effect of proline for strain KZ 1626 (A) in G(+)BSM
and isoleucine for strain VPI 10463 (B) in G(—)BSM on
the sporulation.
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&, G(—)BSM it % v 1 v v#{k BSM # &, Bibnie
ERIBPOLhALh 1. a4 v vDFE, =4 v &1L
G(—)BSM i1t % 5 DB E ODsw fHi0.42~0.64TH H ,
G(—)BSM D ODss fE (0.25~0. 30) ICH#E<BA B2 Fds -
7.

lEDOER, Ry v, 1vetvy, oy vidEELLE
A, BREIVLDLABTERN L VREINDZLDEELD
iz,

2. MTHEREET I/ BORBRE LT HROBEGR

ERFEREET : VBOBELRFERESVT,
G(+)BSM =B LTk KZ 1626 ¥, G(—)BSM B L Tk
VPI 10463 #k&x H\VTHRE L.

G(+)BSM DEE, AV v, ey, 41 veq4vy, af
v vikic BSM @ 2f& &, BEl®%K « 600, 600, 600, 800mg/1 %
BRI BRI CEDTRETH 2 (FE).

G(—)BSM D4, G(+)BSM b~k ED7 3 /BT
BREECLETH. NV, fVefvy, Tr) T
1T BSM D20f5&, Bl® 6,000mg/l, =1 ¥ v Tk BSM ©10
&8, 4.000mg/1 DK, LR TFHEIBDLhL (K1).

G(+)BSM, G(—)BSM &2 oW THFEBEC R BRI T
I/ BThokeTRY Y, AV e v VICEL, BTERED
BEsb LT L (K 2).

G(+)BSM &2\ Tix, 7 r ¥ v Omg/l OB, BRI L
AEHE IR T, BBTFHREIL0.000013%12F X ieh o ol
e ) vREOHE L FCRTFEREILAL, 7Y VRE
A% 500ml/1 DRE100% L .

G(—)BSM To4 v v 4 ¥ v RBE LIATHEROBIRIZOWT
i, AV eA Y BRED Omg/l DB S ORFHERNSE
Hhh, BTHEREZ0.0036%ThHotc. 1V g v O
ADTEMC IV BEFERRIER LY, Edo T &<
G(+)BSM &3 7 ey vick~R, Ih KEXELL. BF
BREIZA YV A v v OEEN 1,000mg/l ¥ TRABKER
L, U1 ves v vBEOHMEFBROIrC ERL,

Eig

4,000mg/l DEFI00%ICEE L.

3. RTFHBURET I 2 BOFIARE

C. difficile BRIFHBRRET I VBE=F 1 F—JFHL LT
FIRLE 5 HEM %L, &7 3 7 #fk G(—)BSM 5 BEE|IKF D
RBEVES A7 v~ 757 4 —2AVCEHRTHILIC X
DR L7z,

%7 3 /Bt G(—)BSM EEEFONRBMEHBE L
G(—)BSM D& & Ml Ui, laF i€ 3/ B4 88
R ) vERWIEIERE (XY, 1Y RAYY, vV
V) TRWTRALOEHEIAEL SHEMLE (&S5). b,
G(—)BSM 12l Y v Tl A v BERAY6.9~9. 215, A vV e A
VVTIA Y EEBNRT.A~8.2E, mA VTR v EER L
AV HTa VERE24.0~5.06%, T.9~9. If5HE LA, B
BbIhS 3EEDOT I 2Bk C. difficile WX h =5 A ¥~
ELTHIAShBATREIVRERL. BTHBIHEET 3/
BIEECOWTIE, Avd=v, 7=V, &) vR{LE#H
TREx T vt V- iR, BERR - BRR, FBERR - BABRCHAD
MBI AEADR, ThH3EHEO7 I/ 8B F C.
difficile X D =R AF—F L LTHAINS 5 HEMHAIVRS
hic.

LLED#ER, C. difficile =% 1 F—-HELELTHAELS %
TI/BILTLAEFHEREET I VBT WZ LAY
Mo,

. EAhE LUERERICHSTIRFHREERESE

1. RFEERAERET

N — AL - FEECThOBETRTH RIFERT
ERERT7 I /7BTHENV v, 1 Vel vy, Frly,
v v vk &% 6,000, 5000, 6000, 4000mg/l =& tr BSM
(BSM reinforced with valine, isoleucine, proline and leucine,
BSM-VIPL), 7'\ a — AFEEEBCHICEY e ) v %
600mg/l, Z'/v = — AJEFEZHMTHRCED AV v A v v
5,000mg/l %€t BSM (BSM reinforced with isoleucine and
proline, BSM-IP), ¥ & U'& 2+ —Ji D &% &%y BSM (BSM

Table 5. Gaschromatographic analysis of fatty acid products of C. difficile in G(—)BSM containing each amino acid
effective or non-effective on sporulation at high concentration

Effectiveness

Amino acid .
on sporulation

Increased fatty acid

Amount (mM) of each fatty acid in the tested medium® in strain

VPI 10463 KZ 1630 KZ 1626 KZ 1748 KZ 1647
Valine + Isobutyric acid (2.9)® 20.1 25.8 26.0 23.2 26.7
Isoleucine + Isovaleric acid (3.0) 22.9 24.2 24.7 22.2 23.4
Proline + None
Leucine + Isovaleric acid (3.0) 12.2 15.0 12.7 12.1 13.6
Isocaproic acid (6.5) 52.9 59.2 52.5 59.3 51.2
Threonine - Propionic acid (0.4) 8.1 11.5 8.4 9.5 11.8
Butyric acid (1.5) 5.4 7.7 6.0 7.7 9.2
Alanine - Acetic acid (9.4) ni¢ 17.3 23.3 18.0 16.0
Butyric acid (1.5) ni 2.7 5.2 2.8 3.2
Serine - Acetic acid (9.4) 28.3 29.1 26.9 25.2 29.3
Butyric acid (1.5) 2.5 3.3 3.0 3.1 4.3
Other 10
amino acids® - None

a) G(—)BSM containing each amino acid at high concetration. Concentration of each amino acid in the tested medium -

is 10-fold higher than that of BSM.

b) Amount of each fatty acid produced in G(—)BSM (mean value of 5 strains). Range: isobutyric acid, 8.9—9.7 mM;
propionic acid, 0.3—0.5 mM ; isobutyric acid, 2.4—3.6 mM ; butyric acid, 1.3—1.8 mM; isovaleric acid, 2.6-—3.6 mM,

isocaproic acid, 5.4—7.4 mM.
¢) Not increased. -

d) Histidine, tryptophan, glycine, arginine, phenylalanine, methionine, lysine, aspartic acid, cysteine and glutamic acid.
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reinforced with proline, BSM-P; BSM reinforced with
isoleucine, BSM-T) & OWT 7V 2 — A58 - SEFET I 881
LRTHERE LD 5 BT BB L (£6).

7V a — AFEE T TRARC RV T BSMIP & BSM-P Ml
FHRCRLAD TH - (FBe st s BTROER T
10ELATF). v o — RIEFELF i BSMIP & BSM-I b
THERCROAR TH - (MB8T5 RFROER T
10 & LAT). Ale, BSM-IP 122 2 — RFHE « JEFLED W
MOBET TR IED THER RIS TH B = & AR
hi-.

2. m-BHI, 7V = — 2% BSM-IP (BSM-IP with glucose,
G(+)BSM-IP), Z7/v 2 — 2 3kFsin BSM-IP (BSM-IP without
glucose, G(—)BSM-IP) &2 %13 B FHE & BRE M

HE20E0EE, M08y mBHI o Cigsk Lichs, BT
RFEEAZSNBTEIR 102~10"/ml Itk L AT, 10°%/ml
U EDORFEZRUAERI A SR, EBktic208kS 168
(80%) TH h MEMCIIERRITD Shich o (BT). 1
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EIZ, G(+)BSM-IP, G(—)BSM-IP i %1} 5 o F WA x B
R & DBRIC IS TR L7 (3% 8). HEMIT I L2 — 20D
FEDﬁ%K%bD&<@%%&d$Ef®D,m+B%MR
G(—)BSM-IP Ti 351z 5 £ (25%) 2% 10 LA EDJaFHa R L
W ET, WS FHRICE LTI ST b
hkmok.:hm&b,ﬁ%&miﬁ&%%m%mr,ﬁm
Tha—ADRFIE LI, BFARTFBREYRLE. B
ICLLEDFH %R LBz G(+)BSMIP <t 7 #%
(35%6) 123 & 7ahs o 4o B, G(—)BSM-IP T2 138k (85%) & 474e
Lz,

HERD G(-+)BSM 13613 B4 A b + %+ ViEH#E % m-BHI
TOMED1/2~1/16C T Ed o, G(—)BSM &~z L
VPT 10463 #RTIXE Lir o o hd (2,048 CU/B0 1Y), fio k<
32~512f5 Ehr s e, LA Lintis, BFREH A b b Fo
IEW ORNCIZE S 2 TrBRIZ SIS B h i ds - 7o

Table 6. Sporulation of C. difficile strains in different synthetic media

Growth® and number of spores (logio/ml) produced in strain

Medium® VPI 10463 KZ 1630 KZ 1626 KZ 1748 KZ 1647
Growth Spores Growth Spores Growth Spores  Growth Spores Growth Spores

Glucose(+) BSM Ht 4.4 1 4.6 i 3.0 H# 5.5 H# 4.5
BSM-VIPL # 4.0 # 3.4 #t 4.9 H 5.4 H# 4.9
BSM-IP i 5.7 # 4.5 H# 4.9 H# 5.8 H# 5.2
BSM-P H# 5.3 Ht 4.3 H# 4.8 H 6.1 H# 5.3

Glucose(—) BSM + 1.7 + 5.4 + 5.1 1 6.0 + 5.7
BSM-VIPL H# 3.9 + 5.1 + 5.3 H+ 6.5 # 5.6
BSM-IP + 4.8 + 6.2 + 5.4 + 6.5 + 6.7
BSM-I + 4.5 + 6.2 # 5.2 H 6.3 #+ 6.5

a) Refer to the foot notes of Table 1.
b) Concentration of

glucose, 0.29; BSM, basal synthetic medium;

BSM-VIPL, BSM reinforced with valine (6,000mg/1),

isoleucine (5,000mg/1), proline (6,000mg/1) and leucine (4,000mg/1); BSM-IP, BSM reinforced with isoleucine (5,000mg

/1) and proline (600mg/1); BSM-P, BSM reinforced with proline

(5,000mg/1).

(600mg/1); BSM-I, BSM reinforced with isoleucine

Table 7. Toxigenesis and sporulation of C. difficile strains in
B

m-BHI
Number of strains producing spores
o Number S BHI in number (level o) of
Toxigenesis strains
tested 107 108 108
Toxigenic 20 3 13 4
Nontoxigenic 20 1 15 4

Table 8. Toxigenesis and sporulation of C. difficile strains in BSM-IP with and without glucose

Number of strains producing spores in
Number of Presence
Toxigenesis strains o number (level/ml) of
tested glucose® 108 105 104 103 102
Toxigenic 20 + 1 4 9 3 3
- 1 4 6 8 1
" Nontoxigenic 20 + 1 6 9 3 1
- 7 6 6 1 0

a) +, BSM-IP with 0.2% glucose (G(+)BSM-IP); —

, BSM-IP without glucose (G(—)BSM-IP).
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e+ O C. difficile BRI BTiZ, e FPOBHT = —
SO0 2 IR ERBE T v — 70 L LTAEIFEEL T
BLTANDL, HRREZETHHEELLATHS, L2 L
S, ABRBEOFMAYEHEERKBESHE C. difficile &
BROFBEIBE X 5BERE, 79 AI FDNAOT He—2A
BEEKE AR -V, AI2FVFT7 s —VBIVAZTFIFVY
RS, TEMBERAOBRNKE 4~ v, BEREQ~D ™S
E#AF+=vORDRARAL— v, Juathk DNA OHIREER
TG & — v EDEFEATIED T 2 b, FICHBE COEMABLE
BARBRRNETHDLELDRTVD

Kim 5% 3RBEBsic 1t 5 C. dif ficile DTV TF
MICBE L, C. difficile BEBEDRE, EHERETIIE
9.3%, 11%, C. difficile SHFRBEDORE, EPHERE TR
& x2.6%, 2.8%DEI D C. difficile ¥ RHE LT3, C.
difficile ZEESHRTFHERETH O T, KT CIRRELM
FEELIZIER T B4, RTOM CREREC KRR T
%. Kim 5 38F12 6 » AEREORICERF L T o i
T3, 1%, ARBROERIBFTHIEELLRTY
%

C. difficile BROBFZII AV a4 v vHRHAVLR T
BN, Avawf v vESHELIELIEERTS. BREOSER
e X h Rl BAH, Bartlett SO BRICBERENEE S LK
LHLTW5, HITHEEEE18IBHL6H (24%) KHEFHELBI D,
W ERELED1E (46%) 1T 2 EH OBFRIE L » 1 LN
Twb, BEERAVaI~L Y VERERTHHDT, KA
BEI L XBRTARISTE T 5 B TR % ) R ORIk
X hFsnRss WEY LTERTHALELLRTWS.

LA Egkfofn g, C. difficile BHREBVWTAEORTIZK
ERBEPEETE Y, BFOBREHELYPELMETHZ LT
KB LEOFE - BECHFLOHARZRTHOLELDLNS, T
ik, EPgeTik C. difficile DRFHREHITOWT, #ic
73I7BBELTHRE L.

IJrAMY Y ABOHBRET—RCHTITEERNARF D
iRk, BFERRERC LY, BriA—RBECk\\T
LEikkEIC R B . C. difficile DA, MTFHBIED TRE
THBHNR, —F, FEOKF D CHRIENEE TH D,
KEOBMFORF - BREE, BFEFA427 V) a2 -8ty
U ATHEY LeBIC, VY F— aRMSHcHEET?H
I s 0. 1% & e — AR Y Y ARSI
THHEORD S . HETEBOCULOME) HDH VXTI
B U GERTFORYF - RECIBDTER TR Y TR REF -
KERLIHTY, LEoACEARRRTIRTHRONER
Wi vwma— i) Y AGRNEMEBVSZ EE L.

EEL1ZEKE BSM AW FHERTI Vv~ ABRE LR
FHBECOWTHRHE LK, C. difficile BkORIZIZ 7V
o - ANEE L HAMTFERABFLERE, o — 20
FELRWHARTFHREBEFLERPIFET D L2 AW
Liz®, f65 T, EPFRTCEI NV 2 - AFEB L OEFLEDO M
FrowtlETAZ L L.

AR TITETEET I 2 BB BSM # f\v C. difficile
DRTFHRCHEDT I 7 BERD. FREKOTDIERTE
CIErYV A 79w, XNV, YAFAV, Ful)v, afy

i

v, AFF=v, 4 Vel v URLEATH- . Haslam 573
ShbD7 3 8H C. difficile DREBFCHATHHEREL
TWwa, L Lids, RBLEHEORENE - {RHH
hicw7 3 VB, EZORBETIIIY VST » v, RNY Y,
SAFAL VTH oA, Haslam 52 OFE TR b 3
ms3E7w)y, AVRr{YY, BAYY, AFF =T
Dots. ThITEESDOEMO pH 1X7.6TH 5 A Haslam HD
o pH 29 LD TEVWC L BR T2 D LBbh
5.

C. perfringens DMNET7 I JBIETAF =V, ZvE IV
B, eRXAFTOV, rAY Y, Fa=—=AT 5=V, Abt=
v, PV F Ty, FrSY, A) o EE™, C
botulinum A, B, E BIEONET I /BR7A¥=v, f VR
Avy, aAv Yy, AFF=V, T2=—NT75=V, PV T
L777,%u&y,KUVDBEﬁwvb%:&%%iéb
C. difficile DBELA7T 3 7 BOBEI LI >TBbh
5.

Fwrh st C. difficile DEBEWHLEADOT I JBHRRB LK
B BT, ABCRTIERG ELRRTH -T2, BEO
RENELZ L REORBERNTESTHREL T g2 &%
BERTHLDOTHD, MFUBARRIEZ EIYROZLER
bhb.

i, RELIHE, BOXBEHELTOT I/ BE2EUEGL
AU, BFERARRET 3 VBEFEL b oI &b
5, MFUREDALHBDOT I 7V BREELTVWERCEDbA
1.

RIZKT I/ BEIEECHE LEET I 7 BAEILERE
BuvT, BFURERETS 7 I VB OWTHRE L. 7
- ADHEZBED VLAY v, AV BTy, Fr) v,
ed v vRRFRBRCERL7 I JBTh-7c. Fra—RF
ETFTTREC Y v, Zra—2RIEFEFTCREICM Ve
AV VRNEYTHo. ThbO7T 3/ BEHB LR, B
RERBEALFEIZTT, BERCRTHIRTHROES
(FaFHERE) Xohb7 I/ BoMELKCERL, T2
v, A4V eAv s 500mg/l, 4,000mg/l DRF1009% OE % R
Lic. Bie, 2hon7 3 7 BREROM RECLEHTHD
2B, BETFHERCED TEYRT I VB THDHZ L35h s
te. 4 v At C. botulinum E B, C. perfringens O
FHBRCESIET 3 7B TH B, C. perfringens DFTHK
ZizA Y rA DN AF A=Y, v v, V2w, Cl
botulinum A BOMFHBICIZ T AF=v " RNERHLBE SR
Twa, BFERELEETS 7 2 VB oLwWTiFIKRTE
KETHS Bacillus WHONTHRIZHRINTE D, Bacillus
cereus™®, Bacillus subtilis® DFHRIZIZ 7V 2 3 vEERE
BHTHBHEIR TS,

KBFERRET 3 7 BD C. difficile w2 X AFIFEEZ B Hh
2t Bic% G(—)BSM BEWEPONBEBRE XA 7 2= b
757 4 =X DN L. C. difficile 3_7 1+ v —BiR=
FA—FNT—ABEHTA YV ERR, FEB, (VA7 eV
B, B, Sevt VB, 1 VEER, BBEYELETLSO S
G(—)BSM ThADIRIMEL 2 —vERLE. &7 3/
BrIofEErHE LR, )y, fVvefvy, vy,
AVk=vV, T2V, €) VTREARKEDHRES 2~
9fEEMmL, ThbD7 3/ BR C. difficile 12 X b 38% - 5l
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A3 THWBREMIVRI . Zhbnthtry v, 4vn
1y, rAY VAT HBRREDRELRT7 ¢ VBTH -
. LvLisdih, ABBORTHBIRET 7 BD 5 bift—
T VDT, 10/, 5 EERFCHEE LB
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FEBShig\w s, Stickland IS & > CRESh BT 3 /B
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NAAZ - ICEERY RS LRI E B YR T LS
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1.
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Abstract

The effect of amino acids on the sporulation of Clostridium difficile (C. difficile), which is the cause of pseudomembra-
nous colitis and some cases of antibiotic-associated diarrhea, was examined using 5 strains in a synthetic medium with or
without 0.2% glucose. Amino acids tested were histidine, tryptophan, glycine, tyrosine, arginine, phenylalanine,
methionine, threonine, alanine, lysine, serine, valine, isoleucine, proline, aspartic acid, leucine, cysteine and glutamic acid.
By using each amino-acid-deficient synthetic medium, it was revealed that, for sufficient sporulation to occur, tryptophan,
valine, cysteine and proline were essential in all S strains independent of the presence of glucose. In addition, in the pres-
ence of glucose, leucine and methionine were essential in strains VPI 10463 and KZ 1647, leucine in strain KZ 1748, and
methionine in strain KZ 1630; in the absence of glucose leucine was essential in all strains except VPI 10463. These amino
acids were also essential for bacterial growth, and no amino acid was essential only for sporulation. When the amounts of
each amino acid were increased by 10 times those of the basal synthetic medium (BSM), valine, isoleucine, proline and
leucine were effective on the sporulation. The most effective amino acids were proline in the presence of glucose and
isoleucine in the absence of glucose, respectively, in all 5 strains. When the relationship between sporulation and the
amount of proline and isoleucine was examined using strains KZ 1626 and VPI 10463, respectively, sporulation rate reached
100% at the concentration of 500 mg/] of proline or 4,000 mg/l of isoleucine. By analysing fatty acid products using a
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gaschromatograph in the culture containing each amino acid at a concentration 10 times that of BSM, it was revealed that all
of the enhancing amino acids except proline, threonine, alanine and serine might be fermented. Furthermore, the relation-
ship between sporulation and toxigenesis of C. difficile strains was examined using brain heart infusion supplemented with
0.2% Na,HPO, (modified brain heart infusion, m-BHI) and BSM containing isoleucine and proline at the high concentra-
tions of 5,000 mg/l and 600 mg/ (BSM reinforced with isoleucine and proline, BSM-IP), respectively. No relationship
between them was found with m-BHI. However, in the BSM-IP without glucose, the number of strains producing spores
105 or more/ml were 5 (25%) of 20 toxigenic strains and 13 (65%) of 20 nontoxigenic strains. These results suggest that
amino acids used as an oxydant or reductant in Stickland reaction could enhance sporulation, and that nontoxigenic strains
might be stronger in sporulation potency than toxigenic strains.



