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Clostridium difficile BT 412 RIE T —MBME, 12 Streptococcus faecalis DFAF DR
2L oAy, BEXETTC difficile & ¥HE * BE T 2 EHH% % brain heart infusion broth %3
WTF, EEahs C difficile DEROBEE £MIRNESRFABIC L VREL 2. HFREMFIIBIT S Str.
faecalis ¥ OENHE T C. difficile DBRELERE L RS e, MOKKE L OEFERTHE,
DL RERIEs SR T, RIZ, Str.faecalis #E% 1% (1~ 3 B %) % brain heart infusion
broth iz 4 : 6 DEI& =i T C. difficile #E L, BREECRIZTHHELMETL . Str. faecalis D
3% Py pH, Be{LBTTEAL, hexose HINEE 3 AMABL CEEALUTH 724, 3H Mk E LES
Mz e izns, C difficile DEREEIHBICHLLABRIEE >, LaL, Str.faccalis B LE
Rinztz & &0 C. difficile DBEHIZINEH & iz, &7z, Str. faecalis 3 HgzzE Lo PM 10(AMICON)
2EAE (<M. W. 10,0000 2I0x7: & S0 b BREEINBLLLERCRE > 7.
LLEDER L 1, Str.faecalis D% EETC C. difficile DBRELEEL HHS ¢ 2AFHEEL, B
FEDESFHE Th 5 AREENRE S L,
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Intestinal bacteria.

Clostridium difficile 2SHAFIE 5 & 2 BEEX
iE4% (Pseudomembranous colitis I PMC & B&) D
IRERE THD, C difficile DEET 2 HRESNE
BRICIDAEEMNF| RIS I, H, —
BIZEDHONTLBEY, X, FiEFIRES L% PMC
PO TR BWT Y, ZOEEFIC C. difficile D
BES, 1A OEETRESNS LORE™D, ¥
IR D BEFEMERE 4 D 20 Fid 5 Fliz C. difficile D#HFR
BRI LOREINAE SN LI waD, PMC
st zh s BRICBWLT S, C difficile D521
B ->TETWS,

C. difficile 3EFBE Iz L 2BRBEOEME D
IR S TREA, CHFERRVILROEE»SE
HEEIZABEINE™, 2 LT, IRHERALS O
Eh3 C. difficile DBLBIIEREEKTH 2D, Z
DEIEF L b 23 C. difficile 2 RRBE & T 28B4

OFRFEIELT, BROBRSEZ SN TS, il
R EIC L ABNEEHEROREY, £0—2K
#F 5N TVW3Y, PMC THBERHERES S EHD C
difficile M= h, LEHOBR LML SN 2 03, @K
AME» > BREEGEOR C. difficile B HH S
ENTH, BERIBLEIALWY, Z0Zens, BE
Wiz 1) 5 C. difficile DRFEZ G TH <, FHRELC
MLTH, —BBRENEDL I ChrbL> TSR
FHLMIT S ENEBEEEbNLS,

—%, PMC REHEDOE Y > 274 v 850,
&M 1C Streptococeus faecalis BEHIET 5 2 L»
5, Str. faecalis & PMC % &9 2 A & 2B
REWER £ OBEEMNEH S Tw 2,

z2T, BEEEPFRT, C difficile ORI
R+ — RSB O EH % Str. faecalis & 7012 in
vitro THEFL 72,

Enhanced Toxin Production of Clostridium Difficile by Streptococcus Faecalis. Kazuya
Honke, Department of Pediatrics (Director: Prof. N. Taniguchi), School of Medicine,

Kanazawa University.
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1. #WREHK

HMERIIE SRR FEFEIMEDFRE (AHE
WEIE) £ 0a5EZU:C difficile ATCC 17859
ZERL 72,

FOMOERISBRAZEL DDLU TO LD
ZEMLZ.

Streptococcus faecalis 3 £, Streptococcus
faecium 1#k, Klebsiella pneumoniae 2 £k, Kleb-
siella oxytoca 1%, Escherichia coli 3 #, Entero-
bacter cloacae 1, Lactobacillaceae 2 #£, Bifido-
bacterium 2 #%, Bacteroidaceae 2 #£.

IHOHBEORIEIZEERICL 0T 1,

2. fEREH

BRERE PR EE g & U C Brain Heart In-
fusion (BBL) (LAF BHI &£#%) broth w7z,

3. C. difficile DEREL L RIEZTHEO/ERAD

®at

BT 2R C T C. difficile L fhoME £#5Z&EL, C.
difficile D FEL B RMERE S 5 2 & THRETL 72,

BEHIELT 1L, Visking seamless cellulose tubing

(pore size 15 A) #{EFIL 7z, B EREE I, F
BoOVDHAVEbDEEMEIEL, B LICRTHEBR
EDGERL 72, Bls, EHEDNHKE U4l BHI
broth Z #H #4112 ml, 26 ml At 121°C, 15 53R
[WE R, WK TRESAIL, C difficile & HEE D
—EREEWEE 0.1ml ¥, £ FANIEHE & AR
#EL, 4 HRE, 3rCTH S HEAMREEMAS 2 &
RHEREEL. X, KEEREIC L A HRAEES
e TIT > 72, W5, WM, BIS C. difficile D8

-l
T

— cellulose membrane
| ~ inner chamber
outer chamber

Fig. 1. Schema of Dialysis Co-culture System used
in this work.

#Higx 4°CT, 10,000 4R, 5 MEOL, ZOLE
% pore size 0.45um @ membrane filter (Millipore)
THEME LR LERFR L, ChedRBL L
%R0 SR THERM 2 RE L .
SR & L T, T C difficile 2315E L 2O
NI L DB ol BRW/EAVL,
4. C. difficile DBERELCRIZTREMBOE
#® EFOER oREt
BHI brothic&EMEOKLE LE£2MA TC
difficile #¥& L, *OEAFRMAZREL 72, Bib,
WM E O —7KEFEE % BHI broth 30ml§iZ 0.1
ml #E L, 3TCT—EHMIREE L, 10,000 [EEE,
5 &L, L, pore size 0.45¢m ¢ membrane filter
(millipore) T@WE L, MEOEBELE£E- 7.
ZOK:#E ¥ % BHI broth X OEAETREEL, £
T 10ml OEEEEIED, 100°C, 10 HHEME, &
RTRBESHI L, 20diz C. difficile O —&3SEK %
HE&EE XMW T 1/300ml &L, 37°CT 4 HIE, K
FHRIERINZ TRHEREE L 2. 20 C. difficile D35
& 4°CT, 10,000 Bz, 5 @& LL, 20 LE%
pore size 0.454m D membrane filter (Millipore)
THBEBEL, IhEBREEL LEBOFETERM
ZHEL, ub, SEMEORE LEICRA, BHI
broth R UEHF k£ Nz ¢ C. difficile #$E#& L1z &
EIBonERBEEMBE L,
5. #EEEE LB OES FEHOIES
DIAFLO ultra filtration membrane (AMICON)
@D YM 10 & ultra filtration cell (AMICON) %MW
PRS2 & D ERE BB S F & 10,000 AT
DSIEHEEAE- T2,
6. MEEELED pH, MBI BA(LT Eh &
B%), hexose SHEBMRE
pH, Eh i pH meter (HiI) & ORP#H&ERE
B) & {# - TEIE L 72, hexose BHEIZ AT A VT
B2z X DE L 2,
7. C. difficile DR & BEREE CRETTMESE
& BiE o ER oREt
AHT 4125 2 FC BHI broth i #iE % LE®
mz < C. difficile 258 L, 1 BEIC4 BH, £FE
LHBLBOSZRMEMEL 2. £FEE, BEELE
EILEEt £ /v OD 560 THIEL /2. MR L T,
C. difficile # BHI broth iZ THEL L L EDEFTE
EBELEOFERMAER V.
8. BRMENRAESZE
C. difficile DEA T 2 FHM1E, AFEROEEHMR
W29 5 cytopathic effect (LAF CPE L B§) % FlIFH
UTHEIE L 72, R L7 algE, SIRKRFEIAM
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FATY AL AP (HHBFE—HE) L DAE5EEZT
7: HeLaffif@ % A7z, ZOMfROEEEIZIZ, HAM-
F 12 84 (HA) B (GIBCO) 12.5%, 4B&R
¥ (GIBCO)2.5%, Wiy > ¥ ¥4 > (Schering)
100 wg/ml, EE 0.2 w/vHDEETMZ LD %
Wie, BREOCHEL, MAREEDD Hela Mgz 7
o F—EAE%, 2 X10°cells/mliZ FE L, micro
test plate (Nunc, Denmark) D& well 12 50 1 (1 X
10¢cells/well) HTHEL, REEV A BEHR AT
AT, 5%REHF AT, 37°C, 24 BFfEEEL 121, C.
difficile DEA L - BRI O BEEE 4 RiE K

(pH7.2, 0.15M) i X 5 2 fEERBSRIRI % 25 ul 0
& well ICFIIL, #EN0%k 21 85 Hela #IfEd CPE
DEEPBET 2 L TITo7, HEETRTOMIE
AT EE A2 TERELL, ZOBOERE
ORMRERZ 2 2B LHCEL, Zhr2EEM
L7,

(n=0)
10 -

6 - (n=15

TOXIN TITER
B

(n=4) (n= 4)

1

A %

1. C. difficile EBEREEICRITHREOIER

U C. difficile DB FREECRITTEA 27
RMEE 6 EFE 11 PR, MAIEH 6 B 6 HROBAE >
WTERERRE AV TR L2, I LERICONT
R 2EMU EOEBRET o,

HRRETOBENEE B TC. difficile DE4A
# % ffi 12 Str. faecalis ¥ @ B E TX W 3.67x
1.53 (mean=+S.D.) & EE~9.670.82 L F L E
hotr, ZORRIISEMEL 7/ Str. faecalis 3 #4
TTASRE, LaL, O 1IEETRIOL 2l
RizAohxhot, (H2)

—7%, BREHTOBENEZEICB T, E coli, K.
pneumoniae, K. oxytoca, Enterobacter cloacae,
Bacteroidaceae & DFE THRMMIZ ZNEN,5.66+
1.37, 5.00+0.58, 4.50%+0.58, 5.00+0.82, 6.50%
0.58 &3t 9.90+0.99 & b~ - 7z, Str. faecalis

=6)

{ (n= 4)<n Y =0 =1

I

Fig.2. Toxin production of C. difficile ATCC 17859 in the dialysis co-coltures with other organisms in

aerobic condition.

(The results were expressed as the means=*1S. D. of toxin titers.)




C. difficile DFEREAEICTIZT S. faecalis DRI 715

rOBEETITERMIE 10.8610.38 EXHBEIFLAY
Eixsohkmrot, (H3)
2. C. difficille DERES R ITTIHEEE 5
N 1ER

Wiz C. difficile DEREAICRIFTHE SR 1E
DYEF % Str. faecalis ® 3 HRE®E FEA2B VL THR
L7 #8558, BHI broth & 30%~40% DEIE&T, #0D
EEEmMA L E/OBERENE s h, 22T, L
% 40%DEIE T Str. faecalis® 1 B~ 3 B HsE%E -
#, E.coli® 1 B~ 3 HfE# L%, K pneumoniae
O 3 BEREE LiE, B XU Str. faecalis, E.coli® 3
AMEELFEOSTE 10,000 U TOSEKE® 1 Z
NA THEL 7.

Str. faecalis D53 FIEHRMEEMIZ B 5 C. diffi-
cileDELET 2 HEHRMIZ 1 DRIEE F¥E3.00
0.82(mean+S.D.), 2 HRMEE LI 4.25+0.83, 3
RS2 19 5.27£0.88 T4 D, BHI broth O3
4.380.52 L HER, 3HEEBEELEE2MZLEE

12 4 =
(n=14) (@=7)

10 -
(n=4)

6 - (n=4)

T

TOXIN TITER

difficile DELERMIEE (p<0.05) iF» o7,
%7z, Str.faecalis © 3 HREIE#E LB SFE 10,000
UFOBESME % MA -5z 317 2 C. difficile DEE
A EEMY 5.2520.50 £ BHI broth OXEE Ll A
BEIC (p<0.05) B otz #OMOMEEEE FiE
BN, FERMINELOBMCBEEZE s ohn
Motz (K4)

3. WEEE EB 0 pH, Eh, hexose 85 #

Str. faecalis® 1 H~ 3 Q&% Figiz, £C pH
73 6.00~6.10, Eh 23+135mV~+155mV, hexose
BEHED 200~210 ug/ml ThH 7. %7, Str. fae
caisD T END LR BAE L 2 EEKIE pH 28
6.40~6.45, Eh #5+135 mV~+145mV TH - /=,

4. C. difficile ®%% » FEREEICR T TR

ELBNEA

C. difficile DB L ERELCRIZTHEEE
EODIEM % Str. faecalis RU'E. coli ® 3 A% -
&% 40% OE& iz BHI broth Iz THRE L. =

(n=4)
(n=4)

(@ _2}4) _}

Fig.3. Toxin production of C. difficile ATCC 17859 in the dialysis co-cultures with other organisms in

anerobic condition.

{The results were expressed as the menas+1S. D. of toxin titers.)
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OEBI 2ETEVWE DR R L.

51RT & 5 B e RS LB AN
1188, WREILED - 7228, Str. faecalis DHEE FE
EMAREE, BRI RIMOEERPICHEL, BR
MBIzt~ { % » 72, E.coli T, HBREEHA~
OBZOHBEIINBICIEGEL, ERMEEr o7,

& =

ARFZE T3, C. difficile DBEELCRIZT —RE
WNEOVER % Str. faecalis #5002 in vitro THRETL
7o, BFEBREBEIEFETR T NEET 5 2 B
M, BEEL THEBES 2 The R oMEYEE
B2 HEYT, LEOMEMORENERERRCY
GHEEANTVWARLDOTHS, ZOHEEMEBELT, @
BMEMORERFREENAEITORTEY, 72
L2, —HOMEmSEOBERT ZRERTF 2

(n=15)
6 - (n=4)

(&)
1

(n=4)

KN
i

TOXIN TITER
w

(n=4)

(n=4)

WT B Z WP, —FOMEY S DT A (R
BWE o B SN TS, IOEEEL
B -8R IR Iz, C. difficile DEBREEBE LT
—CFv 5TV A BHI broth'® 2R L 72, o B,
BHI broth 2 & % C. difficile DIEE T3, TR,
Kertb?, HEIOMTLEIOERMIESE I,
DIEEIEAME THEL TR V.Y Z0ILnsEE
B Z 4 BB E U7z, &7z, S E5F 510,000
UFTOMERLENES CEBRT 28N T0E
Visking cellulose tubing'” % L 7z,

C. difficile ¥ (RFEH—BIBNE CTENEE%1T-
FEER, FREMEICB TS Str. faecalis & C. difficile
DHEHBETD A, C.difficile DELFRMHIEL <
Bl k3BERNRAELNT,

# 2T, Str. faecalis 553 FiFRIENTE 2 Ei@L
7 C. difficile DBREE LENICE < WELEE

(n=8)

(n=10) (n=9)

(n=4) (n=5)

ultrafiltrate

MW.< 10,0007

Fig.4. Toxin production of C. difficile ATCC 17859 in the brain heart infusion broth containing the culture
filtrates of indicated bacteria or the ultrafiltrate of culture supernatant.
(The results were expressed as the means®1S. D. of toxin titers.)




C. difficile O#HHHEICK

TAHOTIE RO EEL, SOIHEHBRET7, (XL
iz C. difficile O HFHEAIZ KT T Str. faecalis i
# LIS OER £ RBFICHETL 728 2 3, Str. fae-
calis 1 H~3 Hi¥E LE0 S &, 3 HEEELE
ANzt L EBOBRMSE N, BREEICIZE
#i o pH, Eh, #ik, BENKE (ET 29 23,

1 H~ 3 HHI5%% L% D pH, Eh, hexose ii3iE & A
PENREL, &, FhoLERMNALEZERO pH,
Eh bIEEBICTH o7, 2D Z 5, Str.faecalis
DR Eicix, Cdifficile 0B REA 2 {EET 2
HAOhORFBPEIET 2 eE Loz, BEEED
HFESFEAH 10,000 LTOB S TRBDOER 2 1T-
b, SHEEEEEFHOELRRCEE
EfinGonlzZ s, TORFIZSFI 10,000 2A
ToOWMETHY, FEBIBVLOERELEEL C.
difficile DBEREECRENFRA LD TR 2L
LEZ o0

Wiz, Str. faecalisEE LEMN LY D L 5 B FIC
k- TC. difficile DERELEREET 200 2 FH~

¥4 S. faecalis O)#Ea&{EH 717

7:%E®, Str. facecalis O¥E# FiFix C. difficile D3
AWERICT 2L CHFEL R RELCVLE0TR
LWL LAY, o,

Genus Clostridium Of{# T# 5 Clostridium per-
fringens DS, BRELIIEOBEICIIEGZ <,
farEEilicosRI s I engonTuna®, C
difficile D3BHE b, BN SHAEEL THEEEE
DEFVBI B DO, C  difficile b Genus Clos-
tridium (D'TE’%J:, RRORTFERBCERFEET
540 T hiE, Str. faecalis 3% _EiF1Z C. difficile
DR TEREERICT L2 L TERELRRET 0D
»HEIRE N,

C. difficile 3 HEHIKR S & 2 PMC O X% FHE
THD e, FHRICEH SN T H0~0, RE I
BEAD S L AHE A, BRAEEEL b2 25
ThHa0, HEFRELE 2520 LTHBKESE
fESE 5. whbid, C difficile 2 FRE & 7 2 BEI,
WEBRLEL L WAL bDTH S,

- — — — Absorbance
Toxin Titer
-80 ® Control
o} Str. faecalis
70 at A E.coli ~7
£ L 6
O
No)
Lo — 5
Q L -
O )
< — 4 +
8 —
|-
8 3 E
>
0 @)
<C —
- 2
— 1
0

Days of culture
Fig.5. Growth and toxin production of C. difficile ATCC 17859 in the brain heart infusion broth containing

the culture filtrates of indicated bacteria.
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Z D% IZ C. difficile DEA T 2 AR EMEER
WWEDBIERIENZEEZLNT VRN, F0D¢
ZABECEIBBRIBHEA TR, LirL, #
ECEL—~ER L LT, BRI DFERRSCL DB
NERHEEBORESZZLSNTVEY, Tabb, i
EFBECLI-TBETIBLTERRA®EL, C
difficile WEEMIET 2 Z L THREBREL T B L
D# 2/ TH3. Cdifficile DEEFREE TR, %<
OEE, EFEFOFOEHRIT 102/g UTTH O EEF
CREBRRIBHE AR, LT, TIERBRSICES
PMC 2w LAMBA T, ZOEHIZ100/glEE
BoTBY, SEROBRVSBREINS, £/, Bartl
let 5213 PMC B#H CHEMEP D C. difficile DH & F
REEFAN, MEOMIZIIECHMMSA SIS LRE
LTw3, ZaeDZ i3, BARECBENICEST
% C, difficile DR EMENECEE LTI L%
TTLDTH B2, —FH, BRACELT, TOERE
S OBRELEOM W C. difficile B353BES h
THEZRFREINAZVLEOREYNH S, £z, in
vitro TH&, C. difficile DH7E L B3R 4 12 AHBIE
ASEWVe Zns0Z &1X, C. perfringens D
Hizh, ASNLHERTH 220799, BRIBEICIEIG
FIZBWT C. difficile BEICHIET 3723 T <, B
REERCELETIILVERLEDbNS,

B PIZ B> T normal flora & L TOBNED C.
difficile DEHEH 2 VIR BRELC LD LS T h
boTwaBIZDWTRES» TRV, Rolfe 529
X C. difficile i2ntd 2 — BB B O BETERE I {FFH %
in vitro TH, Str. faecalis & % DYERE b 580> -
TEBELTWS, UL, Lusk &2z X hiE, N4
AF— T ) vIeA v r&2%ELTC difficile i
LABAERESEIERTIE, BEBRABVTZY
¥4 v BRIz S % C. difficile DM
b1z Str. faecalis WEBICEML TS LI,
IO kS, in vive B W T Str. faecalis 3 C.
difficile DM HIMEIL T2 LidE 212 K, B
BIE A S HOM b CREMNEEL THwa 2k
NEZHND,

4EOin  vitro D EEB T, Str. faecalis i C.
difficile DERELZ{EET 2 L OBEM»ES N, 2
h#eLusk 5ONLARAY—DEBRICH TiFD NI,
Str. faecalis BEMWZ BT C. difficile DFERE
EREENICEE, BEAOREEZ D BB LTHLEDT
BrunbeEzsonl,

MEREE L 2 BNHEEOLH 2R/ ED
&P B A, Str. faecalis iZFEL D AEFIKR S
EoTh, BEALBEAVTE I L8, L3

PMC OREHEEOE 7 Y w4 v v 58
BT, X, ) ravd vy o5k 0 BEREIE
BHo& et B¥TiE Str. faecalis D L W3
HHND EDRERD, 7Yy v A4y EEITL
PMC %% L 7 BE TR A b~ Str. faecalis
DML TWw 3 EDI|MEOHDH 2.

Pz s, & MzBiF A C difficile 2RKRE
T ARERICB VLT, Str. faecalis & C. difficile D&
REERBEET LI LT, TOBRRBECEELHRY
DEIFLLTWAAEEEMNEZ SN S,

MR LD, BATEEMEE C. difficile DR
ATWBEEZSRTHAY, Wilson 533, 20
ZERANLAY—REFALECIETRERA. 20
v, EESBASY2%ET 5 2 &£ T C. difficile i
Y 2BAORENBE LoD, IOERIESHE
75 ABRUEICL B O TERVL EBRRTWS, 7
VoA v REICEBNLAY —BRFBRT, Bacte
roides WEBHICEL TR LTBD®, ZORER
+HCEZOND I L THS,

RO —E T, KR O 5 b Bacteroidaceae
iz C. difficile DBEREE ZIMEI T 2HRKHH 51, §
#%, C. difficile DIER UEBHREL W KIFT Bacte-
roidaceae DFEICBEL TH, X DITHWEL T L
Bk b,

b

C. difficile DBREA R T - RBAREORE
% Str. faecalis % H00C 12 B 17 #R12 DV THRE
L.

@ C. difficile DERELEIIIFRFMHICBT D
Str. faecalis E OB HEHBEIIBLTELIBES N
7.

® Str. faecalis OHE# L5y C. difficile DE
RZEEEEESELERABRD e, LrL, IO
PERZ C. difficile DR RET 22 L10L 0D
Tid» ol

® Str. faecalis B#& LEDO S FE 10,000 AT D
Sy C. difficile DB RELZRET 2EAIRD
=% (VR

PLED#R LD, Str. faecalis DiF#E LFEHIZC
difficile DEHKELEL RS 2RATFHEFELEL, &
FEDIES FHE T H 2 AEEMAI R S iz,

E

# i
WMEeRz b, HEEcEEMEBDY £ L8N
BEI%, EHRATFE O VBT EBL D £ L HEMNE
18, RRME—B0%4E, £7-, HeLa A5 % 5 2%
PRSI RN L E T, & 51, IR, HRT
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Abstract

The present study was performed to examine the effects of intestinal bacteria on the toxin
production of Clostridium difficile. The latter was cultivated in a brain heart infusion (BHI)
broth with one of 12 intestinal bacteria, and separated by a semi-permeable membrane from one
another. C. difficile was inoculated inside the tube, while each bacterium was outside. After 4
days of culture, toxin content in the culture supernatants of C. difficile was titrated by means of
its cytopathic effect on cultured HeLa cells. Among 12 bacteria tested, only Streptococcus
faecalis singificantly enhanced the toxin production of C. difficile, which occurred in aerobic
culture, not in anerobic states. When cultured in the mixed media of 60% fresh BHI and 40%
supernant from the 3-day culture of S. fzecalis, it enhanced the toxin production of C. difficile.
YM 10 (AMICON) ultrafiltrate (approximately < M.W. 10,000) of the 3-day culture supernatant
of S. faecalis also enhanced the toxin production, but none of culture supernatants of the re-
maining intestinal bacteria did. The application of culture supernatant of S. faecalis to the
culture media, however, seemed to inhibit the growth of C. difficile. These results suggest that
the toxin production of C, difficile was augmented by dialyzable factors of low molecular weight
which might be generated only in the culture media with S. faecalis.




