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Clostridium difficile DEBRELCEHR LT 3 /@

SRKZEZDYENFRE CET | PHE—HED
PEAN i
(R 4 11510824

MRS, —RONEDBERETREDCRRE TH B Clostridium difficile (C. difficile) DHER (F+v v A, +
FYVB) EECEDRLT I BRCOWT 3EkE AV TEBEHIC TRET Lic. 18BEDT § / Bk & Driih S0 A i
Hi (basal defined medium, BDM) & LCHH L. £7 ¢ /KB BDM 2 HHATAZ L1k b, +OnBEHimEa sz Y
Y, VARTAY, WV TRT rv, TRy, xFF=v, VRl vy, sl Y URBLATHEL LS ote. 1, &
MOLET 2 /BOFTYATA VILRTHE LTV TV B Z S hote., FERTEEOSLET ¢ /BICED 11EE0 7
$OBE | BT OMALERIC BT AEOMMEENET AL LICLY, Y Yy, ALt = VABERERET S 2 L iy
ofe. WIEREICER e BT ERRE BDM KB HRE) THHThHo7%. VPL10463 ke A\, TEEONET 3 /@
DEAEGUERERBITELR ) Y v BIUCALF = VERM L& B (minimal amino acid-defined medium,
MADM) BT 5 BRELYRF LER, REOHINEL VRITFTH 7. 6BEOLEAT VBV, PV F L7
v, TRy, AFFEY, AV RLAvy, ol YY) ORYEE LR, EABRERT I BOME L EmL, 7
Mhf % HPRRE O 5 B Lo, BREEEECE L. £, 1Y e v VAR CBREACHEDN TH 1. 85
W2, BF C. difficile 208k 0 BEELE Y EE T L — v 1 ¥ 7 2 — % g v (modified brain heart infusion,
m-BHD), BDM, <y v, pV 77>y, FwY v, 2FF=v, fValfvy, oafvviy BDM © 6 £BiST; MADM
(6-fold MADM, 6XMADM), £ ¥ =1 v D&% BDM O 6 EFEIC &1 MADM (isoleucine-6-fold MADM, 6 X I-MADM) iz
TRE L. ERO3SEOERBEHOH TIX 6XMADM v\ RO BRELECHED Tho7. BEEALCERN T m-BH &
6XMADM % H#3 5 &, BER20M 13k CIRM M TRRE D BRE LD SR, 6X MADM 13 I 5 4 i i B 4T o B
THHZ EpREN. m-BH BLU 6XMADM K575 b+ VA, b % v B O M D MM 2 52200 il L
R, MEROELIFARMCSE Z L esndnte. EORERR, C. difficile DEEEALCLEADT 3/ BOBEILE
DrEAPY) Y AREOHRICHND L, REPATRVILERLTWS. SHIC+v VYA, b+v v BoOEARA—

N — }

OBV EEIA TR I LR TELTVS

Key words C. difficile, toxin A, toxin B, amino acid, defined medium

Clostridium difficile (C. difficile) (34N KIBLS, —H D
FiAHBEEETHECRKRETH Y, AEOEETS b+ v
A, PEYUYBHERERTLEZLRTHAE, P2 vA,
b v BIZEHU L EmEN ERR T, bRy v AR
FERBRBETHAEZEnb=vFa sy, FEYVBIEY
A F PRV ERRBDTECZ ENDY A P2y v e
NTWB?,

PAEMBEBEE TR LRD = & el DAY B S L B
THERETHY, BEERBED FEYER SR BES
BPEDEE, TR C. difficile B OBRERCIZI A Y 2 <4
VYV, AFR= Y- ARHOCERLHR, BEADEFELEER
BETHZ ELERDRBBETHBY. C. difficile 12, F0OI
EREVRIALLERRAOCBNMER: LTEELTY
B L Ligh s, BERACECTL, BRI vy
A, P FYVYBUThOBRGBEHI W™, Doz Lz,

ERBHNMERES C. difficile DI - BHEELZIE L TL
DEERLTCB. C. difficile IBRRBIEBFEOB S HAD
Tk, EWHMBEEOT AL C. difficile DRIE - BRFEEY
SIERIL, BRVRBIETALEELORD. FEMBED C
difficile DIFFE - BRELMHBHCOLTIEAELLND
2, —OOEBERHT L L TCEEXRBROBAYET L L0
T& 3,

C. difficile DBERIEBERCEEIREY Z LhHRT
A BREECEBRLTVWAEELLAT WS, &
Kamiya S8 HEREHIC—K LT+ v v BASHRIA,
BB ER D Z BN L. L LaEnb, B
EEOWEEBBITHTHS . BREEOHABE O MBI
B DR EEeEAERIITETS Y, ROVEEIIRT
W5, BiMh oBREACENCAREROBREIAETATY
5.

Abbreviations : BDM, basal defined medium; C. botulinum, Clostridium botulinum ; C. difficile,
Clostridium difficile ; C. perfringens, Clostridium perfringens; C. tetani, Clostridium tetani; CU, cytotoxic
unit ; EC-5, Eagle’s minimal essential medium supplemented with 5% fetal calf serum; ELISA, enzyme-linked
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LlE DB B ATRTIL, RREOD CEBBEELE L
TWA7 3 JBIZEIL, C. difficile DEEELCEIZTES
oWTCRE L.

HHE&ELUHE

. ERE%®

GRAZELTBEDFHRERT D C. difficile HEKR20H
BrHuic, ThBEHKOGhT, "—o=7 HKVFr=,7
PREeFT 3 L OYNZ K%, BRRMEBEBISERT (Virginia Polytechnic
Institute and State University, Anaerobe Laboratory) E#k®
VPI 10463 #:, S.P. Borriello {4 (Clinical Research Centre,
Harrow, UK) & b 55 2h Bk B-1 #k, EHEDOWRECHAE
WBEBE TRIAERE S Do Lic KZ 1647 fhe T lif Lic.

0. % : 1

Haslam 5" 07 3 /B, v v, #lmHY D x50,
0.2% 7N a2 — A% Sy B A R EH# (basal defined
medium, BDM) & L7z (#1). BDM BT oM CER L
fo. 1255 BEDT S /- ¥R IV A a—ABEEKD pH
% NaOH B¥x AV TT. ACHE Lok, 10/58ED 251
B, 5% NaHCO, BHH MO BRAEDL/10BMNL /o (8
HOBERK pH 12#7.6). St HA 7 02— (BA IV ET
V3TV, KR WTHEERER, PRBRE (15X160mm) i

10ml Fo48E L. Sf% H. 10%, CO, 10%, N, 80% D
A ACERLIE, ACKTHRELL. EhrBrd+sicd
B ER L. hoasiitd BDM (Rl #E
TR L7,

ERELCREFRESERE LTI V-V ~—} AV
7 2 ¥ 3 v (BBL Microbiology Systems, Cockeysville, USA) 1z
Na, HPO, #0.2% Q&&= Fspn L 7 5% 48 (modified brain heart
infusion, m-BHI % A\ 7z, 120C 155 BIERSHEE, A
ROFE LA, SEYEAYYACBERLLCRTREL:.

0. #&k LSS

1. BRELDOBRE

M ORHORERER - LT, BEELLEORICIZ
BDM 16RFHIBERER, SROEKROBERE £ ORI A
71 2 v BRI RERE AW, WEhoBard, 8
BHEWEDO 107 FHIRK0. 1ml % 10m] OFHRIEHMCHE Lz, &
W, HESTNTEA Y AMS T TT, AFTAFLETFTITC
THERLA. 5 ARSEEE, FEEEY HV 74 02— (AK
TURTY 3Ty F) KCHARE L, BROWBH L.
TR REERIMp, BEA Y r s - ARy b r=y 2 20A (B
B, &) 2RV, & 560nm DW®IEIE (optical density at
560nm, ODsw) ZWETH LW I D EOMEFRE L 1.
ODs DYE TS24, 30, 3685, 2, 3, 4, 5HERT-

Table 1. Composition of basal defined medium (BDM)

Amino acids (g)

Histidine 0.1
Tryptophan 0.1
Glycine 0.1
Tyrosine 0.1
Arginine 0.2
Phenylalanine 0.2
Methionine 0.2
Threonine 0.2
Alanine 0.2
Lysine 0.3
Serine 0.3
Valine 0.3
Isoleucine 0.3
Proline 0.3
Aspartic acid 0.3
Leucine 0.4
Cysteine 0.5
Glutamic acid 0.9

Vitamines (ug)

Thiamine 1,000
Ca-D-Pantothenate 1,000
Nicotinamide 1,000
Riboflavin 1,000
Pyridoxine 1,000
p-Aminobenzoic acid 50
Biotin 12.5
Folic acid 12.5
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, - 8H,0 1
NaHCO; 5,000
Glucose (g) 2
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.

immunosorbent assay ; MADM, minimal amino acid-defined medium ; m-BHI, modified brain heart infusion;
ODsw, optical density at 560 nm; PBS, phosphate-buffered saline; 6XI-MADM, isoleucine-6-fold MADM ;
6XMADM, 6-fold MADM ; T-PBS, Tween 20-added-PBS
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7.

2. RERET 1 BOKRS

FhnF 1 2 v 16eRIES K o& L (1,000% g, 159) &%
BEW0.1ml % 10ml OEBRISHICHE L. BIFRREGF 2
EET T, R AFEFTINC THE L. BERMRE 1
BERE4EIC ODs 2 UE L 72

V. EXDORE

1. b v A

Redmond S DERREESHERET v €1 (enzyme-linked
immunosorbent assay, ELISA) ICH# U, LA FOFET v v
AFPE L. 3, Kamiya 5P OHECECTER L+ +
vV A%, Ehrich 5YOFREEEGH FF v v AVIER(F
BlL7tz. =54 v Ab T 4 (Bio-Rad Laboratories, Richmond,
USA) Ik g8 L= b+ v A [gG %#0. 1M REEF 1+ V ¥
L —REEKES T Y v ABHEE (PHI.6) AR L (10ug/ml),
967c~4 e 7L —F 4 a2 (Dynatech Lab., Chantilly,
USA) D& v =iz 100 ik, 4 CT—REE LK. 0.05%
v A -~ (Tween) 200015mM VY vEREZEHA B A E K (pHT.2)
(Tween 20-added phosphate-buffered saline, T-PBS) ‘C—[El#k
%, L ¥MmE7 L7 3 (F¥, KR i PBS 1004 %% v
=AML, 37C, 2EEMEE L. T-PBS © 2 Eskiktk, #
B 100ul & v =ik, 3TCT 1 RRH#BELL.
T-PBS T2 [@¥EHEE, A+ %> & —+ (Sigma, St. Louis,
USA) BE## + + v~ v A IgG (IgG B # 150ug/ml) %
T-PBS TI25E&FWR L, &£v =12 1004 nz, 37C, 1K
BE L. T-PBS T 2E#kEHHE, 0.1M 7 = VEREE R (pH
5.0 0-7 ==L v 7 i v (Sigma) 340pg/ml) ¥ X 0LEEE
{LRFE (0.008%) & &AEBERE 1004 i, Fif TI05H
RIG&®iz. ASNGBE &Y = 50u Mx RIGEEE I
7o, 492nm O B EE % Easy reader EAR340AT (SLT-
Labinstruments, Salzburg, Austria) /= CTHIE L.

et Kamiya 5P OB B I hEBEE LIz v v AR
ATk, BRI Redmond 5™ OHFKIZ X -

it

fo. RETO MY VADHIERAFIL 10ng/ml Th -1,

2. b VUB

b v BORIEREEME BHK-21/WI-2 2B\, ~1 2
Ba - L DT o, AMIROBECIIS XY vk
RiE CKEABREE, KK A — 7 S/bhaEsst (BK, &
) (Eagle’s minimal essential medium supplemented with 5%
fetal calf serum, EC-5) # M\ 7z, bV 7' vALEHE, 205/
ml iz Bk EC-5 TH%E L. BHK-21/WI-2 fifax 9677~ 4
zmr7 LV~ 7523075 (Becton Dickinson Labware,
Lincoin Park, USA) ©O& & = 2 50u 4L, REEY 25
5%W7eh &5 AEINCEBREE Y AMRERER IT 42
(Y= B2, ER) NTITCITHE L. 246EREa%,
EC-5 # T 2 fEBREH R L BHERRE 50u &Y = L itk
L, BORE L. MROBEIERERING, 24, 48R H%I
i, v = h D2 TORMBMNHELT 2 RMER O & AFR
SR O A MM B AL (cytotoxic unit, CU/50u) & L=,

3. BEOBRE

HV 7 4 2 - THEARE L RER Y BES 2~
(Visking, New York, USA) CEAL, &K LB, KV =51
v 7Y a—120,000 (FIE) wCEBREL.

V. #ETERRE

FEYVA, FEYVBOBEBEMOKRENE, PEYVADR
FYUBADOEBHIBRYRDBZ LI L b T, BEREK
DEDKREIFHBETTico1z.

X &

[. EREEICHEAEOT I /B

m-BHI =T 400~1,800ng/ml @ k&> v A, 2%~24CU/
S0ul D&V BREASATS C. difficile 3 EER (VPI 10463,
B-1, KZ 16847 BR) w2 nT, 73 VB 1 EEHOLZ 2 RELL
BDM w3 2BHELYRI L, BRELECOLEADT I VB
RDI (F2).

BDM =B 2 O RE XSS E24~6R MBI R ICEL,

Table 2. Effect of amino acid deprivation on toxin production by C. difficile strains in BDM

C. difficile strains

Deprivated

amino acid VPI 10463 B—1 KZ 1647
Growth® Toxin A% Toxin B® Growth Toxin A Toxin B Growth  Toxin A Toxin B
Valine — — - — — — — —
Cysteine — — — — — — - — _
Tryptophan - — — — — — — - —
Proline + — 0 H — 4 - — _
Methionine + —_ 4 H — 3 H# - 1
Leucine + 230 10 H — 1 + - —
Isoleucine + 73 7 H+ — 4 -+ 15 5
320 11 24 6 37 7
Other 11 4t | | Hr 1 l # | |
550 12 36 7 47 8
None Ht 540 12 H 24 6 H# 68 8
® —, no visible growth; +, the maximum value of ODs during 5 days of incubation (ODpe) = 0.2; H, 0.2 < ODpx < 04;
H, ODpux > 04
» ng/ml. .~—, less than 10 ng/ml.

2

? Log,CU/50 pl.

dy

—, no cytotoxicity.

Histidine, glycine, tyrosine, arginine, phenylalanine, threonine, alanine, lysine, serine, aspartic acid and glutamic acid.
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0.59~0.690 ODswfE% R L1z, o, A Y VA, FF
v BEIL& 424~540ng/ml, 2°~2"CU/50p] TH - 7T
FYZ 7 > v /R BDM THE 3 Hifk
BBV THEORBTRADOR T, YROZ LI LEBERE
EBTADERIh -, e ) vRE BDM wiB\Tik, KZ
1647 SR CIIEOEE - BRELRFE Db eh -7, D 2
BB TAHEOEFTREREIHEUEC IS5 D bhi
€T (& ODsof  0.3LF), BEIE2LWTik b+~ VB
DHERBHTNCHBH I NI T E R r - 7 (21 CU/S0u LLTF).
AFF=V/KE BDM TREOREFIESLHERD LN, ¥
#30~36R5RIH%IC ODsw BIXE B E L. & ODw B
(0.29~0.38) = BDM D#1/2TH »7cdt, ELABREI/ED
TE»I T, PRy ARSETHREIAT, P vBAE
BTHE I toh BDM ©1/8 (B-1 #k)~1/256 (VPI 10463
B Eieh ot

mAf v vk BDM, 1V 24 v viig BDM CiuwFho
B oW TLE® 2 HBLBCHOREARZD LN, &E
ODs flIT = A4 ~ v /X8 BDM TiX 3 HifktwiE® S5 HA
(ODseo { : 0.21~0.28), 1V v v v /R{8 BDM Ti3iEE 2~
3 H B (ODsofE © 0.25~0.30) THofc. PFvVBELR, =
4+ vIR#E BDM Tk VPI 10463, B-1 BRIz BWTRDd b,
FO{EIZE 4« BDM D1/48 X V1/32, 1 v eq4 v v RE
BDM Ti3 3 Br&bkc B 5, L DOfEix BDM D1/4 (B-1
Bo)~1/32 (VP 10463 #R) 1T Efehotc. P+ VAR MF
v BED 2° CU/S0u M EOBRICOIKRHI N, 51 v v
RBEEHIZITIE VPI 10463 BRTO AR F v v AXVKRH &
h, BEEXBDM DI2UTFTH -1z, o, A VAV VR
BT 3\ TEX VP 10463, KZ 1647 BKC + o v ADVRHE
Ehizpt, BDM & El Lok, %+« BDM OHE&D1/TUT,
VAT 3 Eeh wiz, ollBEO 7 ¢ 7 B/K#E BDM i
BIFABORTE - BREREAEIT3ERIC BDM LiiIgE LV EY
Rl

PEDRER, Ry, vAFAY, PIT T sV, TEY
Vv, AFd=v, vnAf v, £V a4 YR C o difficile D&
FEECHEDT I JBETHH I ENTh -1,

RY)yv, YATAV,

I. %FRHET I /B

7 oBELTEROERESECLEDT VBT EER X
CMhO1EE O | BE T oMz Al (87 3V BE
12 BDM L@ &) BT HHEOFEE Y, VPI 10463, B-1, KZ
1647 R FHWCHBRFA L, BORECHRRT I /7 BRIz,
KBRS TR 7 4 2 v 16K S B 45 OB
L7z, 0 0.1ml % 10ml OFARHCHEE L. TOHEITT
TEE#HF T, —RE1C ODw EX RIE L.

KEBR &M TiE BDM B\ Tik 3 degbEs & 9 Bl 4
ODs fEIZ S E (0.81~0.87) 7R LI (E3). *io, LAEAT
I/ BOREELYEE, 3SR IANGHEIC ODw EIZR®
i (0.49~0.75) W& L.

FVYUBBNRA VA= VREM LSS, VPI 10463,
B-1 %k CREFIHOLMCREI N, FKE ODwldlX, A L
do VR TRINU AR L, ¥ o8R0~ 120 RS REEe
BEL, AT I/ BOIRAOBAEEGCEERM CRREK
B L7o. KZ 1647 BEDBE, ZV v v, AVt = v
BT h R ODw EOBEFLHEINIA L Nieh - ehd, KE

=
o
T

=
o

Bacterial growth (ODggp)

n A A A A

2 4 6 8 10 12 14 16
Incubation period (hr)

Fig.1. Effect of glycine and threonine on the growth of
C. difficile strain VPI 10463 in essential amino acid-defi-
ned medium. Amino acid supplemented: OO, none; A,
glycine (100 mg/l); A, threonine (200 mg/l); @, BDM.

Table 3. Effect of amino acid supplement on the growth of C. difficile

strains
i ] Maximum ODs, value during incubation
Medium® Amino acid period in C. difficile strain®
supplemented
VPI 10463 B—-1 KZ 1647
BDM 0.85 0.87 0.81
Essential amino  None 0.60 0.49 0.75
acid-defined Glycine 0.70 0.66 0.78
Threonine 0.76 0.81 0.79
Other 9 0.56—0.61  0.43—0.51  0.76—0.80

amino acids?

% A 0.1-ml portion of washed 16-hr liver broth culture of each strain was
inoculated into 10 ml of each medium. The bacterial growth reached the
maximum level in 10 to 14 hr of incubation period.

" BDM consists of 18 amino acids (see Table 1).

Essential amino

acid-defined medium consists of valine, cysteine, tryptophan, methionine,

proline, leucine and isoleucine.

c]

acid and glutamic acid.

Histidine, glycine, tyrosine, arginine, phenylalanine, lysine, serine, aspartic
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ODsw V2T % BB I0~1IBRITH b, AT I /B
DADBECHANEORFIEEI . o IBEHDOT 3/
B oLwWTRYLREREDRERIBD DA oz, VPI
10463 BkOBWREHBE YR LR L. Bhbonh2RIC 7Y v
VIR R, A LA = VIR R & i,
EROM WHEBWIMCEDHTHB LB Ph ol 7V
v, AvF=vE BDM K4 EhTW58 (7Y v v, 100mg/
I, ALdF=v, 200mg/l) D 2{EECHE LB, TOHROH
MEEb b Rehote., Vv v, AvF=vik&4
50mg/l, 100mg/l W E Lk, b Fhicd HEmEERR
B Lic (BLAEEE) .

DEDRERYT D, UTRBAWARHIZEEN TSV vy, A
LA=vBEYL4 200mg/l, 400mg/l & L7z,

I. A7/ BERLBRELE

1. YAT4VE

YAFA VRARTERAYETEOT, TORILIERPEDHE
FE - BRELCEBRELELDORD. LTI T, YATA VO
DEBTRIELTFAZ7Va—ABr ) v a&EHMLE
BDM B\ 2 EKEA %, VPI 10463,B-1, KZ 1647 #k& AL
THRE LI (F4). YAFA via&t BDM Lv 257 1 vof{
Wis+ 7Y a—LEF ) va%E&l BDM KRBT HHEOE
BITIHICEE ODsw HO. AL ETH o7z, F7, EAIFVVE
BERRERABETH»%. Lkd-T, YAFA VILETHIE
LTBWT B ghats. UTRAWGAEIICIE, BT
FE LT EEETHS 500mg/l (0.05%) DY AT 1 v
WL,

2. AONET I JBE

YATAVLAND CEEOUBEAT I /B (XYY, PY T
TV, Tu)y, AFF=V, BfoV, AV R VV)DE
% BDM k& hTWAEEEBRELL, 2, 3, 4, 5,
6.7, 8,9, I0SBCHEL-BEOBERELEY VPI
10463 BrE BWCHRE L7 (K 2).

FVvv - AvFA=VvIERMOBE, T Y VAEIZET
J BB EBERE TIX0.4mg/m]l Tho7opd, 2B
BLK 1.2mg/ml @M. 3~8EEHEELTH b
FYVABOBMIBD bATIRIEE LVE (1.50~1.42mg/
ml) %RL, 9, I0ffB&ETCR I+ vABRD LA L.
PR UBEIRT P BEENEBBE T 2°CU/50u T
Botehy, 2MEBWCHE Lk, 2°CU/S0u L., 3~
IERICHELCH P+ VBEOEMIFD LR TELVE
(2% CU/50ul) %R L7e.

Table 4. Comparison of cysteine and sodium thioglycolate for

production by C. dif ficile strains

it

FUYV e AvF=vERMLEES, Vv 2Lgt=
VIFTRIMT AN b o v BEWE L TRIEMIERD bhich o
Fobh, PEYVAMBCELTIZELWENAED R, b
TVAERT I BBEI EBEREE TIZ1.02mg/ml TH o1
B, TIVBOBEBERCHEML, SEECHEE LR 3.3

3t 115
E EX
> 2t 40 3

-

£ 2
- O
< ~
C [o) o
.g :g
— @
c

1+ 15%

o

'.—

' L 1 A ] 1 Ny i i

5 10
Concentration of amino acids
(ratio to the basal concen-

tration)
Fig.2. Effect of amino acid increment on the toxin
production by C. difficile strain VPI 10463. Basal

concentrations of amino acids (mg/1): tryptophan, 100;
methionine, 200 ; valine, 300 ; isoleucine, 300 ; proline, 300;
leucine, 400. O, A, essential amino acid-defined medium;
@®. A, essential amino acid-defined medium supplemented
with glycine (200 mg/!) and threonine (400 mg/1) (minimal
amino acid-defined medium, MADM). O, @, toxin A; A,
A, toxin B.

toxin B

BDM containing

Cysteine (0.05%)

Sodium thioglycolate

Strain (0.1%)
. Toxin B Toxin B
Crowth”  og, CU/S0 w) O (log, CU/50 )
VPI 10463 H 12 i 12
B—1 # i 4
KZ 1647 #

H 6

¥ Refer to the footnotes of Table 2.
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mg/ml W ETHEMLE. BHEEDFICHBEL T P2 VA
EOHINERDHNT, 10ERICHE LRS-+ v AER
PR LI,

LE0kER, RERECEDCS Y vy, Avr=viiEBl
EECBCTOERET $ /BTHD LR Thoto. Ei2,
Ryyv, VISV Ty, TRIVY, AFEF=Y, vfYY,
4vesyvOBE%Y BDM O 5 BT EUEAERELCEH
Bl r EMShot, ek, SV vy AVvA=vEEERL
gBe, FVYV - ALF=VEELRE, WThiEEwTh7
I/ BOBBCALL OB EHOREOEH IS RIES
ODseo fEVEBTZIZ 3\ T120.26~0.30, HEW BV TIX0. 45~
0.50CH 7.

UFORERICHESE, UTORBRICETIL, i 1,000m!
iz, 7V v 200mg, AvF=v 400mg, YATAV
500mg, -%Y v 300mg, FV 77 » v 100mg,
300mg, A FA4=v 200mg, =A<~ v 400mg, 1V = A ¥
300mg (F V¥ v, Avit=vEisfiz BDM & h T3
B 07 I /By CAREERANDBET I/ BRERER
(minimal amino acid -defined medium, MADM) & LCERL
o, F¥t, XV, VUSRI ey, TRV Y, AFFEY,
gAYy, AV RAV VO BREEDT I/ BE%S MADM D 6
EBIESLEY 6 %8 MADM (6-fold MADM, 6%
MADM) & LTHW 7.

RANT, FROSEEDT I VBOBRT, WThOT7 I /B
DHENBRELCRLIERTHEATODOTHRF L (R
5).

MR T v, TRV Y, AFF =,
WHELTH FPF VA,

ey v

Aty U BERE
by v BRICEOESBOEMT
Zbhiehhote. LinLishsh, Ay v, 1 Vel v /i HEE
LizBE, bEvvA, PEYVBRICESMICEMLE. T
4veg U EE LK, PEY VA, PFY VBRI
6xMADM L [E UMERR L7z, Hls, 6 XMADM O BREER
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L}
£3
(9)]
C
=
(o]
(o]
<
£2
x
(o]
-
] 1 1
. 10 15
Toxin B (log2 CU/50 pl)
Fig.3. Correlation between productivities of toxins A and B

in m-BHI (O) and 6XMADM (@). —— m-BHI; the
regression equation is Y=0.23X—0.01 and the coefficient
of correlation r is 0.99(p<0.01, n=18). , 6%
MADM ; the regression equation is Y=0.22X--0.14 and the
coefficient of correlation r is 0.98 (p<0.01, n=13).

Table 5. Effect of increase of a single amino acid on toxin production by
C. difficile strain VPI 10463 in the minimal amino acid-defined medium
(MADM)

Amount of toxin produced

Medium Amino acid Concentration - -

! increased® (mg/1) Toxin A Toxin B

(ng/ml) (log. CU/50 pl)

MADM® None 980 14

Valine 1,800 1,480 15

Tryptophan 600 980 14

Proline 1,800 1,000 14

Methionine 1,200 900 14

Leucine 2,400 640 13

Isoleucine 1,800 1,960 15

8 X MADM® 1,960 15

¥ Amino acid composition of MADM : valine 300, tryptophan 100, proline
300, methionine 200, leucine 400, isoleucine 300, glycine 200, threonine 400
and cysteine 500 mg per 1,000 mi.

» MADM supplemented with valine, tryptophan, proline, methionine, leucine
and isoleucine at concentrations 6-fold higher than those in MADM.

9 Bach amino acid was increased up to the concentration 6-fold higher than

that in MADM.
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EFHRIZA Ve o L DD THIARENRENL.
MADM & Eh37 I/ BOFTI Vel v vEBEY 651
WE LMY MV ey 6 E8E MADM (isoleucine-6-fold
MADM, 6 XI-MADM) & LCLATREA LK.

V. C. difficile Bk OEBERIERICH T D ERELE

E#E C. difficile 08O BREAM L HE A m-BHI, 18
BEOT s /B HR A BDM, 9EEDT </ Bh S S
6 XMADM, 6 xI-MADM % i\ CHBHE L.

SEOSREE HET S, #2008+ KZ 1604, KZ
1748 BRZBR\ 748k 6 X MADM @8\ T B b RIFcBRE
EHxR LI (326). KZ 1604 #RizDVTid 6 XI-MADM 12 54>
CrEv/AEPBELEL, KZ 1748 2o Tik BDM ok
WTrFY VA, PRV VYBERELER R, TOMHEI
6XMADM Wk HELIRITF Lo To. BREA RIFHE
HEWTHS m-BHI & 6XMADM & & ik 5 &, #5208
FR138k (KZ 1607, KZ 1610, KZ 1694, KZ 1613, KZ 1626, KZ
1606, KZ 1604, KZ 1608, KZ 1665, KZ 1602, KZ 1650, KZ
1601, VPI 10463 £k 23fit T2 ARBE (b~ v BEDE
PUAFELIR) OBEELEEL TR LA, 6XMADM IZRWT ¥
VA, bEYUBRKICEH SRAERE m-BHI =T 2'CU/
50ul O v v BEERR LI 48RE 1 s X 08 20 CU/50u BA
ED 2V BERRLUCERISSRER, AR TH . Z
N 5148k 4 ¥k (KZ 1602, KZ 1650, KZ 1601, VPI 10463 #k)
Tk m-BHI LARBE (F+v v BEDEN 2 ELAN) OBFEN

BEE I o, B h 10k 4 ¥k (KZ 1604, KZ 1608, KZ 1698,
KZ 1665 £) w2 Tizt 6XMADM 815 + £~ v BIEIR
m-BHI ©1/4~1/8, + ¥ v AELRL/3~1/4TH Y, iy
BOBREANRED SN, 6k (KZ 1648, KZ 1625, Kz
1630, B-1, KZ 1748, KZ 1647 ) i=>\~Ci%, 6 X MADM it &
W ABREAMIT mBHI KHEAREL, v v BEIZ/16~
1/64, b¥F v v AERL/6 (KZ 1630 B)~1/20 (KZ 1748
) T Eiehr ok, mBHI BT v vARBHR ISR
ho e 28k (KZ 1607, KZ 1610 £F), 36 X 0 6 X MADM 12 %4
ThE+y v AR I hieh -7 68 (K2 1607, KZ 1610, KZ
1694, KZ 1613, KZ 1626, KZ 1606 #k) 1oo\u T, $RE&%2 A2
=F LY a—120,000% BB LcBic > v BIE,
FEYVABERRELE. WTRAOBAIS v VBER
9~11CU/50ul W75 % & TH#E L7z, 96~190ng/ml ® b %o
VARBHE IR,

PRV AL VRV VBOEEAMOBEROES VY, M+
VA, PFRYVYBHICBRIEEND P ¥ v BIE 2°CU/504 L
Lreonwt, rFY VA (logung/ml, Y) D FF v v BE
(log. CU/504, X) & DERHBRERDBZ LI L DB LE
(X3). m-BHL, 6XMADM TR DEHIZITH b+ vy
AfEL b2 VBEOHMICIERCEOHEA A ED LR
(th*¥h Y=0.23X-0.01, r=0.99, p<0.01; Y=0.22X +
0.14, r=0.98, p<0.01). ¥7z, 2 oDEREKOEDKRI Y
fTig-tcb Zh, HEOERL, -1 (p<0.01).

Table 6. Toxin production by C. difficile strains in different defined media

Amount of toxin produced in

Strain m-BHI 6xXMADM 6 xXI-MADM BDM
AY  B° A B A B A B
KZ 1607 - 5 — 5 - 4 - 5
KZ 1610 - 5 - 5 — 4 - 5
KZ 1694 18 6 - 5 - 5 - 5
KZ 1613 34 7 — 5 — 5 - 5
KZ 1626 35 7 - 5 - 5 - 4
KZ 1606 52 7 - 5 - 5 - 5
KZ 1604 80 8 24 6 33 6 - 5
KZ 1608 140 9 38 7 30 6 28 6
KZ 1698 180 9 47 6 19 5 15 5
KZ 1648 290 11 19 5 - 3 - 5
KZ 1625 550 12 42 7 29 7 30 6
KZ 1630 540 12 88 8 62 7 23 6
KZ 1665 980 13 320 11 81 9 47 7
B—-1 1,100 13 100 9 71 7 55 7
KZ 1748 1,900 14 a7 8 75 8 110 9
KZ 1647 1,600 14 130 9 120 9 89 8
KZ 1602 45 7 83 8 28 6 14 5
KZ 1850 130 9 110 9 68 8 26 6
KZ 1601 220 10 240 10 230 10 - 5
VPI 10463 1,900 14 2,000 14 1,960 14 110 9

? m-BHI, BHI supplemented with 0.2% NaHPO,; 6 XMADM, refer to the
footnotes of Table 5; 6 XI-MADM, MADM supplemented with isoleucine at
a concentration 6-fold higher than that in MADM ; BDM, basal defined

medium.

Y Toxin A (ng/ml); —, less than 10 ng/ml.

2 Toxin B (log,CU/50 ul).
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C. difficile VPRV KB 2, — SR BT A4 B # T HIEE D
BEEETHD". Zhb C. difficile BHREERFEFTITRED
EETBIEYVA, PEFYVBRFEL, ThHOERIE
FERTTHHZENBELMCINTVE?, FFY VA, b
* o v B ERAEYFENEE & LTI A b Y E Y VviES,
HIEEY:, MEFEAMMMEEY AT A by VARE
HIBETHRATEELE (=vFr bRy VER) BB L, 72, b
v VBIZEDTRGFA b M FE sy UM (P v AN
2230 #91,0000%) 2ET A MR TH B0 B
Wizt v e b Y VEREETA LRV VADHRERT
BB EATRERTN B,

C. difficile BHOREBER L L TR EEL b DILH4EY
HE5THHN, TOMERH, 1 Lvy R, BREEIETLR
TWAY, ZhLOBERRVCTRLBAMERCELY 25
LOTHA.

BERADEENSD C. difficile 58I 0~13% & @E
#iz X p Rir B9 Nakamura 5% 13220~905% D BB A431
AExtg e LTIOA (11.4%) 225 C. difficile % 58 (BE
100~10%/g) L 7. BB C. difficile R EDHH, C.
difficile B BEL Ricy, TOEEPIT P F VA, b
v v B &gy oo

C. difficile BHROBBICLEE A va~1v VAL bR
B\, BREYEVETHE, BENAOEFEONBERESAR
ThHBHLEBREIHTLBY,

Uboz 2, FEBRMEEOENY C. difficile DRF
BWREABEL, EEXhtr v VA, Py Y BAERERN
FLLTEE, B AEREADBZIEERLTVS. —H, B
WRTBEE % C. difficile O8E - BEELXZARL WD &
ERLTWA,

C. difficile DBEFELBECS>WTRFELTRTERD
BEMALRH IR TV AP, Kamiya 5% 12D THBDOHE
HMEOLAYEETAZ &Ly, P&y v BRRTHEELDR
8L TEASh, FhickiiIhsZ exflbnic L
fo. LinLietih, W s PEIBERESICHEL, BRE
EERERETEONEL ARAPTH A, ZOBEXRUET LKL, K
SREMTEAERITETH D, BRELOLDO AR
DOEFENL TR T 5.

AP TRIBRMBEED C. difficile w3 5458 - BRE
EOMEBEL RBROFAOBEAILBRAT, ¥k, B
READIDDOAPIEHOBBELY S HIE LT, EBEROHFT
LEELRE A EDTWDT I/ BOBEELICE X B P
DULTERE L7z,

KPFFRCIL b+ > v ADHIEIIE ELISA AV, b v
BORIEIZ L 2 B A REIC X o 5B 554 b
FUUERPNET A FELY AW, EEARI ST VB
HTBRZHIEDTEVDOT, KPR THCIITEN b+
YBRIECIZ—BEIC G SR TV B2,

LT 3 2 BKIE BDM 2 F W, C. difficile DBRELE
WHEADT 3/ BeRdic. GREKROTHILRE - BREL
TRy v, YAFAV, PIF T sV, FTRDY, 2AFF
v, mfvy, AV el Y YINBETH - . Haslam 500
C. difficile 3WHkEBWTHREL, 3HKRE D, FEE DMK

LR, —hoD7 i /By RE - BREACHATHS LW
LELTWA, LaLiasb, RBULK, HORE - BREAE
MRADHRAWT I BT, BRI VEER DL DD, E
EORBTEAY Y, YAFAY, PUT Ty, TrYV
Th o7, Haslam HY OFRBETIIZh S 4BICMS 512 £
FAh=v, rAYY, 4784V THaT. THK,
Haslam 59Ol CIIERRIC L D R BN, e AF2V, Fr
v, VSy, FARIVE, 7=V, )Y VRHORH
RSN E TRV AEREECHATH > EREZTR T
. FRomIMHET I BRI - EHRE LTE, FHRL
TR O HEDOMICFREROECHEF D, EHEOER
Lokl Haslam 5" O & Of bRk & TR ST
pH TH%. Haslam 5" Okt pH 12 9 LD THEL, BHO
RBHEIZIITHTHA.

Lk 7 BEOMET ¢ / BOAEGLIIC KT 5O
FRRRTH DT, FE7 /B 1 BHOZLEICHML
FEHIC KT ARORELRE L, RERET 3 /BrRD
7. NEHOT 3 /BOPTr7 Y v, ALt =VviHORE
PHOMCEE L. LrLihs, Y vy vBIUALVL=
VERREEN LBAC b HRERRIRDSRT, A
ODsg {HIT 18D 7 < /BLTYEA TS BDM 12 ~$
SEM otz | BEOZEENLICES, TORBREDHR
ARECIRIeh - b OBEDO 7 I /B2, TR ECILY
FETHBIEERLTWA. FY) vy, ALt=vORERE
VEFE BDM K& EhTWARN OB TH - 0.

TREONAT ¢ / BRLEABREOBHEMBIOVWTR
ALz, ThBUEAET I/ BORTYATA VIXBETEREE
THELIANDL, BEHEHORRCY - TLEFETHE LT
HUubhTWAY, KEHICEWTLYAFA vIZELHE L
THETHAZERELDORE=OT, BEHE LT ATAV
DpICF+ 7Y a— LT PV Y AREATVS BDMIZ
BIDHEORE BRELYRF L. #4573 —L@F b
) % AWM BDM ki A HORE - BREAILY AT A VIR
41 BDM & ABETH -1 Emb, BDM IEEBWTLY AT
4B IEHFE LTEVCTWA Z EXWL N Eic- T, &Kl
ELTYATA vERMTHHE0.06%»RETHH, Tnlh
FOBRBIIEORT IS LASIBCE S Z &8 H B R T W
BE, LLEOENSY AT VRER0.00ETHI L LT,
WAT, VPL10463 B VT, B 6 EEOT I VRO EY
BDM & ThTWAE02~I0GCHEL, BREER KR
Liz.

WL AREIERBWTLH 7Y VY s AL = VEEGATLS
FOBEEENRBIFTHD, TALOKHERET I/ BIHEHR
EACLEDTHHZ 9ot bF v v BOMEILITES
I bhiehotehd, Zhik Y vBOHE 2 HEEAR
B -TWwBZEERTALDERELRS. 7Yy - A
Vo = VRIS BT A BREARILT I BE% BDM ©
S5EBIE LR, BEMECELL:. 6EEOT I /B,
EBRELCRLEDLT BERLMCT LD, 1RO
A% B REECHE LB BT AERESARRE L. 68
HhAY Y, v rAvy, oAy nd v VRBREECH
HeHy, BELTEYHELILEALELVWERELELRD
bhiz.

Ll ED#ER, C. difficile DEREALDIDDUREAT 3 /B
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BAY Y, PR T rv, Y)Y, AFF=Y, B

v, AveLrsTHY, Piel L XV vy, Avd=vid
BREEYERTHZ L0 h ok, BT, BAT  /BOF
TA Ve v Uy RBRELICHBCE I RS -Tr.

Clostridium DvpCix, #1C Clostridium perfringens (C.
perfrigens), Clostridium botulinum (C. botulinum), Clost-
ridium tetani (C. tetans) B LEBREACHEAD 5 ITERD
7 I B OWTHRENT S, C. perfringens D=V F r
PR V20T, o BREAZIIEEOT I BYED
BEREHTELEIIDY. o BREACHEDT $ VBT NV
Fov, VAFV, TARIVEE, SV, eAFOV, A
yaAf vy, sy, AFF=Y, Te=—AT 5=V, &
Vv, Avd=v, PITFr Ty, FrOV, XY UDIAE
HThy, 7=y, TARSEVE, VovixEY7 ./
BTH5Y. C. botulinum A, BREEOMBEBEREACIZIT L
Fov, AV YY, gL YV, AFF=V, Tz=—LT
S=v, VT Ty, FrSy, AVvOSEEOT
BABHEATHB™, C. tetani DMRBREAITITDIL & B
TAF=v, LR IVEE CAFTCV, AV, B
v, vV, PITLVT ey, FrOY, RV, YSUD
10EEALETH BPY, C. difficile DEEEAWCNEDT §
SR, ATRTRIALML, 6 EECTEY, KB
Clostridium &HA~2Z LBDTHRLCEED7 3 VBEET T
BRELNTETHS Z LRI hi.

C. difficile DBERBEEIIZA Y v v VRHEREHTH -
. AV weA v C. o difficile DRFHE 2 BEEC(EET 5
TIJBTH Y, ¥z C. difficile DEFRILITF RS I B
EINBEV L ELEDRBE, 4V as v UnKBEOEER
EEOHMCER e BEUEH LTV AEELRD B .

C. difficile 208682\ T, BDM (18EEDO7 I /B %S
), BRECOLA7 I VBEY 6 HE L SR EH
(6XMADM) (9EHDT I /BEEL), 1V 1 vDLY 6
EICHE Lo ARUSEH 6XI-MADM) (9@EO 7 3 2 B2 S
) R BERELY, HAKHM m-BHI L EBRH L. &
EEEGT, 3SEEOAREOF T, 6XMADM 24
TEBREEVRLBEFTH 7. B, C. difficile DERES
CRAFR TR L IBEOT I /B (VAT 1 viEl) T
THTHD, DT 3 /BRI T L ANETRNZ L0905
72, 6XIEMADM B X U6 XMADM Iz B3 2 BEREA T ITE
LB S 5 7oy, BXI-MADM & 0 & 6 XMADM 12 513
LINBREENRIFCEELEE L. ZORLEKRTIZS
VeAYVENDOBRET $ BB ERESICECED LD L
Exbhn. 6XMADM xR} 2 BEELY m-BHL it 13 %
BELLET DL, 20813 TIE P £ U BEIZ 4 fELIRT
BHYH, AEHCEERTWET7 I8, BIUFORER C.
difficile DBERELITIIBD TRIFILZ LARINT.

m-BHIL, 6 X MADM 123\~ T + &> v BEA 25CU/50u LATF
DFE, APFERTHG 7 ELISA TIL b+ v ATKHEBRR L
FTTHBHTed, BETAZLICID ISV VADHEEYRD
to. B, AE C. difficile vV A, bEvvBIRICE
ETHILERREN. BEETITEBRI ISV VA, b
FvVBEGTFERCHEL, ThbIPes brss L crEE
THZEHBHEONCEINT A, PR Licing, BSEK
FRINFYVA, PRV UBRKCEETD L, W ey

VEBEFORFNF—BIIC X 0 TbhTuw5 2 &Rt
%
HEEMTRELAINI VSV VARL P+ Y VBERTED
BT H22, AFR TR IhAM SREBLCE T LH
BHEBOBE LR, v VvARBE Y VBEORICIE
DHBISBNITHZ L3kt BB, P VA, by
vBOEABROHMEL, M TH—OBBC X 5 e
HWATRENL. AR TRINIAREHILT § 7 BN
BMTH Y, BRELABBMUOLDOER SRS THS
LBbhB.

=1 E

C. difficile DER (Vv v A, ++vvB) BAECELL
T B OWT 3B E AV TAREIC TR L, By
RREERI NGBS BT 2BEEECSOWTRIL, %
DRER®BI.

1. C. difficile DHBREEETCHEDT 3 /BTN v, w2
FAY, PITF YT sy, TRV Y, AFFH=v, Vel
vV, BRAYVYTHoT. ThHDT7 I JBOBRTY AT L /T
BIEFAE LTHVTWS Z LRI NI,

2. ERTEOT I VB sy, Avd=vEEMLE
K, BOREFXREXhL.

3. THOXLAT IV BOAYSLEmE, EHK Sy v
Vo AVA = vERRMLCER MADM) KB A HERELY
VPI 10463 k& I\ CTHE Lichs, BEZonsEREL T LY
BEFTH -1z,

4. BT I 7B (VY ATFA vER) #HE LIk, BEE
AIZHEMML, MADM IR \WTIET § /Bl Ea EE D 5
HERICHEE LR, BREARRBMECELL. ¥4, 2hb
DRTA Y uf Y Vv RNBEEECELEYNTH - 1.

5. DWET I VB (VAT VERL) R EBEED 6 5108
& LIcABREH (6 X MADM) i 51 5 B AL 180 7 ¢
JBEEATWOHAERKE L O RIFTH D, S50k 138
BOTHEHARES (m-BH) L 133% LUWBEEEARED SR,

6. m-BHIL 6 XMADM ®BIF5 rFv v A, F+vVvBOD
PEAETPATREMRIC B - T

L EDRERIL, C. difficile DBEEEEWCLEOT I/ BO
BRI 2 2 2 b ) Oy ABHBOBEICEA, 1230
WIZERRLTWAS, 8B, FFv VA, PR VBOEE
RE—OBBIZL VHHEIRTODZERRBR LTV 5.

Bl &

MK 2 DA, KBEBRET DSR2 5 b £ LB
ME—SECEL L W ERLMBERLET. T, HEtEmRic
DWTHFRHE ¥ LR M0, MRN8 BB L
7. LK, KAWROFETCH 7 h H KB B BEDTEH
BOREETCTELBLS L EFET.
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Abstract

The amino acids effective for toxin production (toxin A and toxin B) by Clostridium difficile (C. difficile), which is the
cause of pseudomembranous colitis and some cases of antibiotic-associated diarrhea, were investigated using 3 strains in a
defined medium. The defined medium consisting of 18 amino acids was used as a basal defined medium (BDM). By using
each amino acid-deficient BDM, it was revealed that, for sufficient toxin production, valine, cysteine, tryptophan, proline,
methionine, isoleucine and leucine were essential. It was also revealed that, out of these 7 essential amino acids, cysteine
was needed as a reducing agent. By estimating bacterial growth in media consisting of the 7 essential amino acids and each
of the remaining 11 amino acids, it was found that glycine and threonine could enhance the bacterial growth. Basal concen-
trations of these two amino acids, which are those in BDM, were sufficient for the growth enhancement. Media consisting of
the 7 essential amino acids, and of these amino acids, glycine and threonine (minimal amino acid-defined medium, MADM)
were compared for toxin production by a strain VPI 10463. Results showed that the latter is superior to the former. When
amounts of 6 essential amino acids (valine, tryptophan, proline, methionine, isoleucine and leucine) were increased, toxin
production was also increased; toxin production reached the maximum level at the concentrations of these amino acids S-fold
higher than the basal concentrations. In addition, it was revealed that, out of these 6 amino acids, isoleucine was the most
effective for toxin production. Furthermore, toxin production of 20 toxigenic C. difficile strains was examined using modi-
fied brain heart infusion (m-BHI), BDM, MADM containing valine, tryptophan, proline, methionine, isoleucine and leucine
at concentrations 6-fold higher than those in BDM (6-fold MADM, 6 X MADM), and MADM containing isoleucine at a con-
centration 6-fold higher than that in BDM (isoleucine-6-fold MADM, 6 XI-MADM). Out of the 3 different defined media
mentioned above, the 6 XMADM was the most effective for toxin production. When the 6 X MADM was compared for
toxin production with m-BHI, which is an excellent complex medium for toxin production, out of 20 strains tested 13 strains
produced nearly equal amounts of toxins in both media, indicating that the 6 X MADM is fairly excellent for toxin
production. By static analysis of correlation between productivities of toxins A and B in m-BHI and 6 X MADM, it was
demonstrated that both toxins were produced in parallel in amount. These findings indicate that number of essential amino
acids for toxin production by C. difficile are far less than those in the other clostridial species, and suggest that production of
toxins A and B might be regulated by a common mechanism.




