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IFIRBRHEARDSZ NI EFMORT VST, LhLids,
ERBIEREBET LAV TOEERE L OBFRIE, AB0%
FREICELRET LRV COBRAFTEIC 2 27212 b 20 b
LY BTSN TBOTFHREL LTBIATWAS,
DEz&a, AHETIE C dificle DEREMIRE, 28O
R HCCRITL, BEICERBEROREEN BT~
WOWHE, WORE, RBEYL L TOHFEREBEL, 752
TEAEIZDWTHRE L. I, FXEOEEER+ #ETFLA
VTR L, BRI 0BGt L.

HE s LUFHE

I. EREH%

ERKRFEFBEER Y EEERTED C dificile s
BEIE60M bR, FEMEA0RRER V2. ThOEDEHDIFL A
&, FEEOWRE CREEMASL X OV 4GB E TR S
B LGRS0,

I. sEREMRFER

HERBMERABRIL, Nakashio b D FEIZL Y fForz. ~F
b —SER - (2% 705+ — <7} »No. 2 (Difco
Laboratories, Detroit, USA), 0.5% NaCl, 0.05% 3 X5 1
—IEEIE—KILY, 0.1%%ER, pH7.2) 3ml (12X115 mm /&
BRE) \CHBEL 1% ()Y U OB4E05%) 0l g,
FERIOIF7 4 3 > T2ARERART # B2 L, FIC24RSRRTEERE L /-
HH0.ImIZMEH L=, 37C, 2HMB L7 AMEER, &
BEHEOPHEREL, WEE L CHE S L EERNELO
2HEBLUT7 A MSEREZOEEREO pH 0% (ApH) %
Lo THRBMEAHE LA, Thbb, ApH H50.5R7 % &M,
“=", 05LLEZREME, L HBMEELTT F= b=,
TITY) Y, TFE/ =R, £O¥F—2Z, FFRA Y,
ANy b=, ZY )Y b=N, ZA2Y Y, TN =X,

P52 b=A, SNVIA—=A, £V =N, £1X), 5%}
—A, RMI=R, vy b— ), R I—R, A ¥t —X;
TTA =R, FAI—R, YK=R, ¥ VLE -
W, VIVR=A, A70—=2A, FLNrE=X, F0—2 (W
THOMEMELE, KK), AL F F— 2 (Difco
Laboratories) M28FE3H % v 7.

. BFERMNIEHO pH, BMOHE, HEOME, KBEHOD

BEA

BHERINEE I B T2 pH, B0, BONE, 4,
T 2T T OFITIZI Serikawa 5P DR 2 AV (E ). T
bbt, BEN-BER— )L a— 2 (de viande et de levures-
glucosés) HiH SR L )b a2 — X% B\ -1 # % B8 TE
XU (prereduced anaerobically sterilized, PRAS) i i &

7

LEHEZ 1% (F) 2 DBA05%) 12725 (17X165
mm FHEREIC Sml §OME) F V. I ORI FFA N
743 TR BT E L B0 Iml 2 HEH L, 37CThE
L7,

V. pH OHIE

7Y % v pH Bt 60718! (BEMAEE, HE) % AV pH 2% L
7z,

V. BEOEBEOAE

BOMEOREIIBER 204 X7 bT=v s 24
(B, TH) =, EE 560nm 12355 2% %EE (optical
density at 560nm, ODsy) ZBPET B Z L2 L 5757z,

V. EOSH

BRI P XF V) MELEH, TRAZOS 2574
=2k hFEE, EEL:.

BEERE 1ml 12 h ) 7 D OFERE 0.2ml 2h0%, HET2HE
BB LA (1,500Xg, 200) 2F7VERS ¥ 87 Lz, 2o
EHEEBERBREILL Y VI F LI —F 0V 15ml #0%, T4
2% LC0MEEBML M) 7 0oz L — 5 VB ISR
ELl 27 VEBERELZE, EHEOBREL 2EEIEL,
BRolzKBEREER L. Y RF LYY M, ZoFk
¥ L 7230BHS, TrisSil (Pierce Chemical Co., Rockford, USA)
Zlml Nz, FHLT, 60T, 309BRIGSETH- 72 &L
(1,500Xg, 155M) I2& W Bohizkis%, FRZu< hy57
1 —HOEB L L.

HAZOAINTTT4—ix, )3 GESE30 (AAZzuw

Table 1. Composition of pre-reduced anaerobically sterilized

(PRAS) basal medium
Bacto-peptone 1g
Yeast extract 1g
Resazulin (0.1% solution) 0.1ml
Mineral I : 7.5ml
K,HPO, 0.6%
Mineral I 7.5ml
KH,PO, 0.6%
(NH,),SO, 1.2%
NaCl 1.2%
MgSO, - 7H,0 0.12%
CaCl, - 2H,0 0.12%
Na,CO, (8% solution) Sml
Cysteine-HCI - H,0 50mg
Distilled water 80ml

Bacto-peptone and yeast extract were purchased from Difco
Laboratories, Detroit, USA.

Table 2. Oligonucleotide primers used to detect the toxin A and the toxin B genes

Toxin Prirher Oligonucleotide Location
gene sequence (5'-3')” within gene”
Toxin A KAGI CTCGCATATAGCATTAGACCA 34-54
KAG4 ATTTCCCAACGGTCTAGTCC 919-938
Toxin B KAGS8 ATATCAGAGACTGATGAGGGA 3063-3033
‘ KAGI10 AAACCTGGTGTCCATCCTGT " 4098-4117

o Sequences derived from the toxin A and the toxin B genes.

® In nucleotides.
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FIT%, WE) *3%l2a—7 14 ¥ 7 L7z Gaschrom Q (X v
5 280/100, HARZ o< ML) #FEL 72 3mmX2m DA 7
2HFLER, FAr0< 57 JGC-100 (HAET, B
B) WTEETNAEMEIB L L, EAIRE200T, &7 LEE
170C, HMBBBE20CTITo42. U XFL VY AL L 4
i, FERE 241 24 T AIEAL, KERA L CURLES
lCCHRH L.

. EEEEBROSH

BERE P ICES SN HBEEOSHE Holdeman 620 %
Hizky, FArra~w b5 7 GCTA (BiE) MW, HAY
v M 7574 =2 W iTok. EEMABEBEOSTIZIIEE
E#E Iml 1250% H,SO, 0.2ml, NaCl 0.4g, =F VT —7F ) 1ml
AR 2 220 I SR B R AN R0 (00X g, 547) ATV,
0 LigH (m— 7 VMR 2BV, TESEARERO S
B EERO NS ORSE AFMELRr D 7 4 )b
LZHME L, T4bb, BEE®E Iml 245/ =)L 2ml,
50% H.SO, 0.4ml %Nz 60°C (2 T30 ME L7z, kW THEFK
1ml, 7207 %4 0.5ml % HIZFER 2 12 20B RN L 72,
Bl (700Xg, 540 th, TEOZTO 7+ )VARESHICM
L7z,

Vi. 7>E=_T7NEE

BREEETOT VEZTREER, TYEZTHESY M (T
YEZT—FAMTa—, FNMMELE TR, v MR
OFRIZLIDS o THIE L7z, Thb b, #HEEE Iml 2k ¥
YRR 4ml 2MNA, L CRALBKELD (700Xg, 1054
Ly vy Uiz, mOLER 2ml I28EBHTA, B, CEZh
Z3 2ml, 1ml, 2ml Nz, 37C 2 TCAHHMRICEEHL T &I
DT UEZTRAY F7x /= MICAM S, HIEHET5
BB OEICE (630nm) # B#FLa0s ARS b
Zv 7 20A (@) Vvl Le. BHoT ¥ E= 7 KER
LOREBREERL, BBEPOT VEZTIREL KD,

K. EFBRFORBEN

1. EHLRETRIE T T 1 v — O

Dove 52 & % C. difficile M ¥ »A#{E+B & U Barroso
LI E A MNEFY UBEEGETOEERY b &I, FFY VAR
EF&EMETAEL AR FKAGL &7 > F £ AR b
7Y FKAGE 79147 —%, R b¥2 VBRIETZHEM L
T2 KAG8 & KAGI0 79 1 v —%ikil, &lLZ. Zhoo
T7A = T TR S N K EEE(E - DNA Wik o+ A
i, PEFYCABET, PF D UBEIET &4 905H AR
(base pair, bp), 1055bpT&H 5% (F2).

2. PCR

PCR 3, 500 1 7 B AR 38 L T 50 101 O UG RCHERE L 7.
FUGH L, 1%37-1) Ampli Tag® DNA R X 5 —+¥ 25841
0541, 10x#E&EH (100mM Tris-HCI pH 8.3, 500mM KCl,
15mM MgCl,, 0.01% (W/V) £5F>) 5,1 (b Perkin
Elmer, Foster City, USA), & 2.5mM 74 ¥ X7 L 45+
(deoxynucleotide-triphosphate, dNTP) JBA ¥ 4 .1 (United
States Biochemical, Cleveland, USA), 50uM t Y AB LUT
YFERVAANGT Y RTIAT—% 1pl 12, 24BERIT R AT
T4 ERREET VAN Ly Ta—=TVarTaA®
BREW 2,1 % NZ, BREREKCEREER G0l KL
7z, B4R, 44 =ZEY—< 4 4 75— (Hybaid Limited,
Middlesex, UK) 2Tk —F 1 v KV v FERRBETHREN

94C 148, 7=—1 »755C 1430%, DNAMET72C 1430
BEIYA4 2N ELI0Y AL 7 VT 7.

3. PCREHDERIKE

PCR&TH, &EWO I Iz TERKBIEE (32—
v F2, PEAVA, BE)IZLD 100V EBETT 0.5,
g/ml TF VL TOTA FRMLE% T 7o — X 7V ERiKE)
BT, P AL VI A—F— FVI20M (7F 23, BE)
DOEINETHIEEZ T k3, BRELHLL 2B0FE
v —#H—& LTIE, AmpliSize™DNA ¥4 X2 % ¥ ¥— ¥ (Bio-
Rad Laboratories, Hercules, USA) % Fiv 7.

X. fratantgst

pH & EREE O BEMEOMETIE, pH OERE~OEF 710
FRDBILIZENITo . HRREOEORER, tIRET
fro7-.

13 &

1. FERBEIRDSFE

C. difficile 100E % (MiaEMER 60 BB & UFRIEIE40E )
DT DB A B BEEMIRE, _T7 b — R - BRI
FRVOKRE L, fEE, $E#E28H, 7THEICKHEER pH
FRETHI LIZENITo7z (F3). BERBEHOHED ) bR
BEREMERLbOEX, 707 =R, FVI—R, Tr=h
-, vy /=R, ALF =R, YVEI—N, FTU—X,
YER—X, Yy, P —2, £OYF—ZAD1HEET
Hotl. TVY =R, FVaA—R, = = b=, TV /-
A, ALFr—A, VIVEF=WVIZBLTI, BE2H0HET
A BB 2 EEEmEREIERK CH D, BEEROHEIZIE
2 HEORER TS Th o EIREEE). $4hbb, 7L2 b
— R, FVA—RA, vy h—, T/ -RZELTE, B
EREMITEEERL, ALFF—ABLTVVE F—NiZon
T & 2918k, 64BN RERILZ R L 72,

FyO—R, YFE—=Z, Yy, FLnD—2R, LOEF

Table 3. Sugar fermentation by C. difficile in incubation period

of 2 and 7days
Number of fermentation-
positive strains in

Sugar incubation period of

2 days 7 days
Fructose 100 100
Glucose 100 100
Mannitol 100 100
Mannose 100 100
Melezitose 91 91
Sorbitol 64 64
Xylose 56 100
Ribose 85 100
Salicin 57 99
Trehalose 23 99
Cellobiose 8 82
17 other
sugars® 0 0

® Adonitol, amygdalin, arabinose, dextrin, dulcitol, erythritol,
esculin, galactose, inositol, inulin, lactose, maltose, melibiose,
raffinose, rhamnose, sorbose and sucrose.
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CEREERMYO 1WM, LT - 2AREBREO 1 HHRIG R
LCRMERLADY, vOE+— AREEES R L7188 kT
1TRRRATSERERG 1 % 7R L 72,
OITEBEDHEIZOWCHEETHE D ApH 1, 0.00~0.33
2T &Y, IR REERM g shi.

I. EIEREEFED SRR

KZ 1613 & H v, BIEEEEICO W TH OB, HoONE,
THBRB L7 e 7TRENE, KRNI ERED 7L 2
-x%ﬁ%kt,PMﬁ%ﬁ%ﬂ%ﬁwr@%Lt

. BOWIE L BEERT pH (M 1)

%ﬁ%&%1%67w: — AR B W TIE, EosE
(ODswfB) 1%, ¥ 1 HEIZHEE ODwfl, 1.24) ISEL 727
HEIHE T T ODGfllid, 28I L, bUfg, B#E7AE

A

1.5F

Incubation period (day)

Fig. 1. Bacterial growth (A) and change in pH (B) in PRAS
medium with different sugars in C. difficile strain KZ 1613. O,
glucose; @, xylose; A, ribose; A, salicin; [, trehalose; M,
cellobiose; ¢, no sugar.

S

T T ODswfliid, ZIZEMEER L. F72, HIRMERL Y
TIE, H# 1 HEIZRE ODwfl (0.45) 1238 L 728 L
7z,

BIERBML, F20—2R, UFR-2BLUOVYY LY, %o
TN RABLTEOEF - 20 2B IRt &
YO—A, VR-ABLUT) LRSI BT B E ok
i3, HE1IHATRS VI AR & EIER AR o

IIPHEME (ODswl : ¥ 20— 2, 0.86; JK—2R, 081;+%
')“/‘/, 0.81) R L 72, g2 HEHIZBITA2HEOMEAEIL, +
U R TIIREE (ODswfE, 0.90) (ZEL, Fom-—
A, V- MR T, SV — ZENERTO 1 HE &
IZIZFIMBEITE L. ODswflf : F2U0—2, 1,16 Y K==,
1.08). HEE3 HHELE, ¥ VRN TIX ODyfE01EHE
RO Do, FO0—R, )R- 2B ME#H T
ODsofE 13T 4 L2380 L, ﬁ%saﬁ’i?%ﬁ(mm@:#
YU—R, 1325 JR—RA, 1.20) 2L~ PO —2,
O Y — 2R M I BT 2 OMFEIE, BVicgEB L Tnre
Re# ] B EH CRERRMEREH L ZIZRBETH Y, B2
HHIZBWTY ODwEQH S 2R NdA D SN o 7,
L L%d%s, ODwflid553 3 HENIXSES oML, s
6 HEICIZBEME (ODswfl : FL/AO—X, 1.03; LV +—
A, 1.00) (ZEL 7.

BEWHE pH &, ¥ 1 HEICES ODWEsRLA7 12
— A, HE2HBICRIEME H5.78) 2R LA H1U Y
¥ RN C IS AE TR INFE TR A2 H S B A BRI T e &
AL Db 53 pH O TRV ECEETHEIZBNT
b pH 628IBE o7z, FLU—RHBWILY FK— KM
BT, ERoMEE ] HEOMIEIE, 7L a— ok
TRAIFRRTH D, EVWCFABRETH Y, 20HBOMIITE
LAF S 0—ARMEMTORLBIFTHo72120 b5
prwﬁTuUL5U+ AWMOEE, L WHEETH-

S abb, VFE-A0BE, ¥%1 BB pH 6.17%

L BAES HOUMETIE pHS.64I1E L2275, 20— 2128
qugﬁlHH?HpH&%JﬁE?HHTipH&%T&U
VHR=ADBERIZIE pH 3K T L ad o7, HE2HAE
FEIE TN ARER 1 KNT%WW%#f@%#mw%hfﬁo
PR =R, w0 Ut — RN RO pH L, &
E2HHLBEERIT L, 87 HEIE, FLoo— 28D
o> pH iH135.84, €U ¥ A — 2 7MEEH O pH {146.08% 55
L.

Table 4. Consumption of sugars by C. difficile KZ 1613 in
PRAS medium

Consumption rate (%)
in incubation period of

Sugar” ~ _
2 days 7 days
Glucose 100 100
Xylose 49 75
Ribose 54 83
Salicin 63 100
Trehalose : 1 42
Cellobiose 14 44

® Concentration : 1% with a exception of salicin (0.5%).
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Fig.2. Relationship between A Acid concentration and pH in
PRAS medium in simulation experiment (simulation curve) .
AAcid concentration (mM) =concentration of acetic acid
(mM)- concentration of ammonia added (mM). Concentration
of ammonia added (mM): O, 0; @, 30.
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2. WOHE

WE2AHBLVTHHOBREREEEZ AU b/ 74
—IEDEET I LIk Y, HORERBENERICOWT
HET L7,

B2 HEHTIE, SREBEETHL VI —A32THHE
BRoHS, BEFEEHEIIOVWTRVTN L HMEIFEEL TV
72 (FE4). BIEERBEOEE2 HEICBIT2HERIL, HEL
HEHTHEZEMERL-FYO—2, YR—X, ¥ T
138 449%, 54%, 63%DENTHE SN Twiznt, KEE2HHE
T THL M REHFEO NGl o/ MO —A, LOE S
—ATIEHERE, &4 1, WRIZTELho7, BETHH
IZBWTIEY ) ¥ TI3100%, ¥ 0—2A, JVE—-RIZDW
TIIHIS0BATHE SNA, B2 FHICOVTIEHA0BTHE S
NIZT ERh o7,

3. BEBBLUOTYyET7OREE

BERE O pH OLBIR S KX EEE 5 2 D3
EWE L TOEREBEBLOT VBT THLI LIEAR, HH
B A~DEBBB L U7 BT RN E AR AR L
), WO pH OLE) & OBIRIZ DV THRE L /-,

1) s

T, MAOREOERE, B »2IEFLEET PRAS A%
HEMzinz pH OFB)E#H%E LR, pH BTHKERLET
Hot:DT, Me L CREEE AV BB A R L7 (02). B
BOHRERNLIGEOERE L pH OBRIE, 7XEZ730
mM %70 L 7z PRAS SR M ICERE 2RI L7 L &0 ARkR
ERREYS T RS TIRIELH U/RE) & pH OFREIE
T8 L7

2) BBREEPOEREE LT TS Tl pH OEH)

BE2HABLVCTHRCAKBB U7 > B TiREZN

Table 5. Concentration of organic acid products and ammonia in culture of PRAS medium containing different sugars of C. difficile KZ 1613

Concentration (mM)

Incubation SR S —
Sugar period pH Acid”
(day) - o - T Ammonia AIAsCldbl
Total A P iB B iv \% ic C L

Glucose 0.5 6.35 22.6 9.9 0.0 1.2 6.0 0.9 0.2 44 0.0 0.0 3.9 18.7

1 6.06 51.2 14.1 00 29 225 1.5 1.6 5.0 0.0 3.6 34 47.8

2 5.78 68.4 203 0.0 25 314 1.3 2.5 4.0 0.1 6.3 3.1 65.3

7 5.90 76.4 257 0.0 25 349 1.3 2.4 4.6 0.1 4.9 14.0 62.4
Xylose 2 6.37 70.9 35.6 14 54 246 2.2 33 3.0 0.6 0.0 38.8 32.1

7 5.86 129.9 520 1.8 54 573 2.2 73 2.7 1.2 0.0 433 96.6
Ribose 2 6.07 94.6 409 1.6 52 360 22 4.7 2.8 0.6 0.6 17.5 77.1

7 5.71 1347 435 1.8 54 672 2.3 9.4 2.7 1.5 0.9 27.2 107.5
Salicin 2 6.37 68.6 34.0 29 56 193 2.5 1.1 3.0 0.2 0.0 34.6 34.0

7 6.19 101.6 499 40 7.1 327 3.1 1.3 33 0.2 0.0 39.7 61.9
Trehalose 2 6.48 58.7 342 20 62 9.2 2.7 1.2 3.0 0.2 0.0 35.7 23.0

7 5.80 126.3 38.6 1.9 49 644 23 9.1 2.5 1.6 1.0 33.0 93.3
Cellobiose 2 6.56 453 222 1.5 66 7.4 2.5 0.9 33 0.1 0.8 29.9 15.4

7 6.16 93.0 482 20 60 286 24 25 3.0 0.3 0.0 29.0 64.0
None 2 6.62 492 256 22 170 6.2 29 09 3.5 0.2 0.7 41.1 8.1

7 6.60 58.5 320 29 8.1 7.0 34 09 35 0.0 0.7 47.1 114

A, acetic acid ; P, propionic acid ; iB, isobutyric acid ; B, butyric acid ; iV, isovaleric acid ; V, valeric acid ; iC, isocaproic acid ; C, caproic acid ;

L, lactic

acid.

Total acid concentration minus ammonia concentration.
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LA BB VL a— R I00n T, BE2AH TS
EHBENRALIADLERISHE, 1HAIZDWTLR
ES R AN

WP ORI T b EHEREE L, B, BB THY,
FofbEO T T L, 1 VESEE, 1V EEEE, TR,
AVHTOVEE, H 7O CBOEENBEO SN, FAEREE
BERE L CIHABOEENFIZIVI—-AIIonTHEDL LN
2. INLOHEEBOBIEHREEE L7z (#5).

B SERAECH B 7N a— A BT A REEEAR IR 2 O
BE Tl Emm & KoL 7225, %%2A8 (684mM) &
7HH (76.4mM) 121Xk ELERIITO LN D o7, HH ]
HEKHL»LHOMENRAO LR FO0—2, 1)K—X,
FIIOBE, FLI2—-A0ESERR, EE2AHICIR
%410, 14, LORSE, HET7THEICIIHE IR 417, 1.8, 13
BROFHRBEESRONL, —F, %2 HE F CIEER
INEERERT L ¢ MREORMEER L NLAT—A, O+ —
AZDWTIE, ZOREEEIIEE2 HHIZB W TIHERO

0 20 40 60 80 100 120

A Acid concentration (mM)

Fig.3. Relationship between A Acid concentration in and pH
of cultures in PRAS medium with different sugars in strain KZ
1613. O,simulation curve (refer to Fig. 2) (Y= —0.01812X +
6.714, r=—0.996802, p<0.01, n=5); @, glucose (Y=—
0.01141X+6.576, r=—0.98645, p<0.01, n=4); A, slowly
fermented sugars (Y= —0.008834X+6.691, r=~0.99052, p<
0.01, n=10).

kb

15— Toxin B
1.0 — / 1055 bp
0.7 — ' \ Toxin A
0.5 905 bp

Fig.4. PCR amplification of toxin gene fragments. Lane 1,
AmpliSize™ DNA size standard as a molecular size marker;
lane 2, nontoxigenic strain KZ 1610; lanes 3 and 4, toxigenic
strains KZ 1613 and KZ 1729, respectively.

BELABETH -2, BEITHATE ML T - 2T
126.3mM, U EF—A T 93.0mM %KL, ZFLa—2 2k
NERETH -7,

TYEZTOMEED, BIERETH 2 7L 3 — AR
T4 %<, THHIZBWTS 4.0mM 123 ELd o, B
REERINEAETOT7 YV EZTRERVTLOBEIIOWTY,
REEZ2HEBLIVCTHEVWTRIZBWTY 7L a— i
HWEDSEhos LrLiEDS, ZOREEIESNELTY
IO BEIRRIMERER I & ZIZRABETH - 7. BIEREEE
MBI BT VESTEE 7L I - ARMERBTOMHELE I
ByaL, BE2HBIZBVTIE, 5.6~12.5(, 7THAETI
19~3.1f58ECH o /.

REREPO TV EZTIRELZRUME (ABSE) i
B pH OBBREHBIT L, S~ & st L
(3).

ABRRREE EREEEW pH OMIZiz 7 Vv a— 2122w T ik
=—0.01141X+6.576 (r=—0.98645, p<0.01), BUEZEEEMEIC
DV TIEY=—0.008834X +6.691 (r=—0.99052, p<0.01) OHiE
HROLN, FVI—-ADHE, X HEER (Y=—001812X+
6.714, r=-—0.996802, p<0.01) IZFELL TV LA LEDS
IODOMFBRBOEDREEITo72 25, BHEWIZ3EREIC
WFHEBEOENED ST (p<0.01).

II. BEFLANINTOEFREY & FEREBEIR DT

1. PCREIZ & 2 Hilasm sS4k - MBRMHRORE

MET VA MFYUBBETHIHHSAT YA VPI 104634
D2UBFBFRIMAF7 4 3 Y BEERT AT, £75 17—~
T & V) HEWE & & 7> PCR FEW % 14T L 7=,

Table 6. Comparison of toxigenic and nontoxigenic C. difficile
strains for sugar fermentation ability

Rate (%) of strains

Genetic i '
Sugar  toxi- showing fermentation-
icity® positive in incubation
gemety period of 7 days
Melezitose + 88.3
- 95
Sorbitol + 86.7
- 30
Xylose + 100
- 100
Ribose + 100
- 100
Salicin + 98.3
- 100
Trehalose + 100
- 97.5
Cellobiose + 83.3
- 80
Other 4 + 100
sugars” - 100

“ Toxigenicity was determined by PCR method with primers
against toxins A and B. +, toxin A and toxin B genes-positive
59 strains, and toxin A gene-positive but toxin B gene-negative
1 strain ; —, toxin A and toxin B genes-negative 40 strains.

® Fructose, glucose, mannitol and mannose.
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EVAALFI Y FKAGL ET v FEY AR T 2 F KAGY
T4 w—I2& B MF T VABEF OHIETIE 905bp {1,
KAG8 & KAGL0 75 4 =—I2X % b % U BRIETOHIRTI
1055bp H3EIZ/ Sy FAR BRI, TR EESKEY A X
» DNA BiETh o7, L EDKRIZED S HESR L0
B, FIREEEAOEBRIC DWW A PCR 24TV, bHF T VA, MEY
YBEETFOHFEIZOWTHRE L7z, MR 60R B H59
BHIC N F Y VA, M EY UBEEET AR &N, Y
1R (KZ 1729) 23 b % ¥ Y ABEFIRBH Sz, b
S YBEEFIIBB S o7 (M4). —F, MlEHkes
OEHTRAREFCITRARE SN o7

2. BEFLANTOEZERN L HEEREIR

BEFLARNVTOHFEERE L BREERIZOWTEFTLL
E6). REEBEMEIES DY VY b —VSEBENIR & HERRYE
FOBICIIBERAREELNS. Thbh, FEFTUA L
%3 BB TFRHHERARSIR S & O~ F ¥ Y ABIZTHIE,
MY BREFRED 1 EH (KZ 1729), AFI60EPRH52E
B (86.7%) DY NE F— VM TH o203 LT, FRREE
BRAOBI KRN 12T Bk (30%) D& A5V IV E b — Vg &R L7ziZ
TERPok. P F L VARETREYE, bF Y CBE{ETERME
O 1HHRIE, YIVE b= LVRERETHD, MOBEREREIZBEY
Th, MoBkE B2 283 b7,

& =

MEFICBVTHERBME L 5O ORI I3~ OFBEET R
B, %, TAra—), EEEEORKMESEEEINTED, £
OHFIIHEERH T pH OPEIL & o TIT DN B,

C. difficile \ZBEMKIG %, —BOPTEY HBEME THRED
FKRETH 5. C difficile DFERBEERIZ OV TERE IR
MIZERBENTLURVL DD DOWRENR LHNEY Y, FMli%E
I ORE LR EESR Bergey v 7T VUIHONS.
PTF, FLLTEAYZ 2T VEDRILTEEOHERIIOVTH
L 5. Bergey === 7 )b Tld90~100% 0> B #A5Bs P UG DI
“+7 90~100% O BRSSO B —", 61~89% DA
Btk RS OB £”, 40~60% O WA M BUS OB “d”, 11~
399% O IR A FUE DB T, 60~90% O W BRATFEE TR Y
PEBHEOR —w kS Twh, 72, Bergey ¥ =7 b
OPERWHRIE NN — T =7 KU F 7 = 7 #F5ERT (Virginia
polytechnic institute, VP) v =27 MUV T WA HE %

2 HEERETOHERIZOVTILIBRET L 72, Bergey ¥ =27
VT "B ENTVAEI S Na—-AEL TV T P —ADH
(toEF— 23w ks Tnw5EA, VPIv=a 7T
-l shTBhBEBRbhb) THEH, KHIRTIE,
TNVZ =R, FVa—A, wr=b—=, TSRO0
TIX100% DB A, A LT b —ZI2D2WTIF91% DE HRATEH
Bt ER L, v vy ==, T /X, ALFI—AK
Bergey v = 2 7L TIEEK 44x", “Lx”, “d"L ENTV 3,
Iy b=, v/ —AZH L Tid Hafiz b E B EERE,
VPl v =27 0 CEBHBELLTEBY, Thoo 2l
Cdifficile 12X W RESNBDIDLEbNE. ALFF—AIC
By a8z v, VPL w2 7V CIRERICE DikL &
SNTVBIELE2SEIITHE, LD 2B FHHRICLAH
BREDRISICER DD ), FRE LHEICL ) B2 5 TRk

Db, JIVE M= LEEBEIZOWTIX, Bergey ¥= a7 VT
F—wERBENTVEDY, ZORBREIEZEREEEBERL,
AR TR SRR T86.7% D WS, MiE R
B TIZ0% PHBAHIERIGE R L7z, OB "2 &
ZE&bEsE, YV P EBEERCOWTIIERERE &
BEERICOUTRT LWL EbND. BEENIZEHER
BRIZ DWW T E”, EBHEERICOVTIZF LT I %Y
EBEbhs, Fiu—X, ¥y, PLNT—2A, Lukdt
— 2% Bergey ¥ =2 7V TlE“—w’ L BRI E N TV 525, AHF
FIBITEENLOBIINT 2 2 AMBECTORERBERR
% 456%, 57%, 23%, S%THY, BitaBergey v =27V
OTEE—F L7 YE—RIIDWTIdBergey ¥ a7 AT
Fe—"ER|MENTWED, VPI 727 TiE ="t ahT
Wh. KPR TS DRI RERBEERL, ‘"L EN5
CEICRYRELRLRLN, FOEBE LTI, ZOBOEE

AR R LB L DS R B TR EL SN,

ZOMOPEIZDONT Bergey T =2 TV TR“—"LEEMENT
WBAS, AT I00EKE TR MR R L.

DlhE#ET2 L, 2OMEECTHETLSHE, 7V -
A, FUNA—R, ¥ b=, RV /=R, ALF -5
B+, FLu—A, YKR-RX, T, blLnE—23,
OVt — ARV TIE BB TR, ST &4 “d", “2”,
“dr, “Fr “—r FRULME - LRBIEBEETIEEY,
EHEEHTIRT”, LENIZENGho. LhLEDFL,
“qr @, FrERBANAMREERE LRI wb o
THN, BREEREIVHOMIT A0 7T BMEETHE
FTHIEERKRT., FORKREFLO-ABLT) K—ATRE
WS, Uy, FLAD—ATIE I BT R EREREL
HEEN, INHOWIE, “FL SNEEIGD o/ LOE
F— ROV TIEI 7 HESECIER2% M REREZ R L, B
7 HRERE L2, 99% ASAEERRTER R L, AHE D BEARYIZIX
BEENDEZERSHhoT, TV F—A, FALI—X, T
Z b=, vy /=R, ALFF—RA, VLY - UEEEIK
32 HHE 7THHOBBIE -8 L. 72, 2 HENET
LW HAIERENE A R LIS oW TIE 7 B E T Wik
ARV R L. DUEOREE, 7 BRI
PAZIFIZHMEIZ SN, Bergey ¥ =2 7TV T —w L SN T
WA EEE O THIATH D Z L 2%h o7z, Hafiz 5
&, 79/ —A, AN b=, £/ b=W, HF5 }—
A, 5T 47 —A, T h—RA, AYT— X0V CREER
ELTWAA, Bergey v a7 L CRRBHELEINTED,
ko in < ARRFFE TV 22100 Fk bk b F o BEERM T R L
oo B IAEDIEEALR, INSOWERBELLRVLD
LEZLNA.

AR CIIRE#R 2 D TAKRE L TREREL HE S L
% BT EEE, FOHEIC T BN EOBRELET DM BIE
FEEEME L L7278, B C difficile 137027 b—2R, Tl
a—RA, Ry b=\, v/ —A, ALFI-A, VIVE}D
— )V RHEIEESSEEL, ¥Yu—2x, VE=Z, FUL ¥, bbN
O—2, vO ¥t — AL BEREET S I L5007z, RICE
TESEERE DR EE R R AR B D SV O — R eI E R, F
YR—A, JR—R, FN ¥y, PLAT—A, LOEF—R
REAEE2 A CERYE, R7HBCHBELHNE SN KZ
1613 % IV CEAICHE L7, BIERRE 1L Bl R o 2T
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Mo 2BIIGPNBEZ Lol Thbh, BELIRBI
BITAROMIHIZ /NI — 2 L ) BOAHIERITEER LY
Bz BAFRMHE (Fou—2, VK=, HUT ), &b
B OMAEIZEER 1 BB CREIRRIG R & I2IZE LY
A2 B ELRICHEREIEmT A (P L e —X, £T
¥t —2) 028G, N. HERE pH @BBOAEOH
FIZONTERTFT LA, HOBEBIOWTIE SV I - ATIEHE

2 HATEAIHEE SN, BERBECRMEI BV TE
EE2AHTII49~63% Y HB Sh2IcT 89, BETHHI
BUTLHY ¥ L IX100%A5THE SN0 2 22V TR
F20%ABEL TV, FABEFIODWTEEEZEETR
85% LLEARIEL, HETOHIZBWVLTHHE0%BPIRFL T
7o, DLEO# O, HoOWE,rLEZD L, METIIHED
REEIZHES T ABEGEEERFENOOFET L, TOER
PN D EHEBENL, BEIIOVWTHEEEOFREROF
B VCITEREREOHIRAE 2 N D PHEBRE RO & 47
BIESRT A DL OBBEROFTEOTHREIHEE NS,
COBIZOWTIREIIRT % ET 5. Clostridium J&TIL,
& Embden-Meyerhof 8B ZRCE LY VEEE 2 D BELH S
MBI )L d = uad F—EIZ L)y mkGHEh
FLa—ARHERL, FLOo—R, VE-ARFTILI b—Z—
6= VEEBIU T ELMTLFE F-3—1 yBrEah, Zh
& i3 Embden-Meyerhof #£8(Z A Y St s s, Lo
—A, tUEF—ARKLka—rNasy—¥, g-rnvad
F—Xlot ) 2BFOr VLI —RIKSEESNE. Lizd o
THI 3HEOBEIZOWTIIZE AL T ARERFRELTHL, B2 F
oW THE AL T EHEER o —, p— VoL y—¥
VHEINLLNDEEZLNA.

HESSREPLIR ISR W pH OB TIZL DT S 5205,
IHIEBICL DAL 2R REE pH tRFELL 2
BIZEOVT WA, T 2= TR KL T AT L
AU MWEFEE SN, £, BHhoBEdYE, Tk
WESHEREND., TobbiEENR pH ZHIZHEMIZLI D E
LB L - TOARBEENEbIFTIE RV, AL TILESE
ENHERBEBIUCT 2o TREFNEL, WH T AV B
WMEDEMIEERET A L&Y, BILBEEOREIZOW
THET L 72, BIERSEEEED 7/ L o — X, B L ONVRIESEIENE O T
FHIZOWT, &4 ABRREEE pH OBIZERBEHIEOLN
72, LA Lads, ZFLa— 20841, BERIZX DL,
VRIESEERE OB A 13 A MR OO #1211 pH O TIEA 2
Mot Thbb, FLa—AORASIIERERO pH 2 8E
TAHEEMNER I EEENATRBET v E=TTHEN
BIEREEOH S IMORTFOHL L LEL HHTVWDE I LT
Ghot, TROOEERHFL LTCEFRPIZEINATVS
REETR, VBEOBICLIIHEBE EZLNL, BEIZ, o
— ZHNBERMEOS S, LMEESIENIE, TUE
STESENSVWI L ERT L L, BERBBEFETIZET
BB ESSEEEO SV I — ARETOREEBR L
HZEbILS,

C. difficile DERERFIE + & VA, PEFIUBTHD,
K OHRE M L ERBIIRIZOWTIE, FEERIIZV VY
b — VRBEGERE RS, BICEBERKIEVLE F-VE
BEEMERIZ VI EFREIN TV, ZOBDEER
P& B EFEROMBEETAET A LI VBEELAY

DTHAH, EE, PFV A MF T UBBET OEEEY
Herizash, BEREMHZBEFOFETRETEL LI IIn
D, BRI & 2o T X299 —JF, SEEERIZOWT
LbEFERMS PCREFHWCHEEBETWICRET A I &2k
EloTERDY, DE%EL, KFFETIE, ¥ VA b
* Y YBEEFOEERT?Hh MBI LT 71<—%
Fiviz- PCREEIZED FF IV VA, P F T UBEGRTOREELR
L, BIEFLNVTOFREM L EREEROBEGRE ML
7o, BERE REUZHIRBEEDR S kb o 1 EEERA0E kA
TRWFho7TFI5 1 <w—ty bE AWV PCR IZH LT Bk
2RL, O DOEHRIEETIF Y YA, FF T YBOWVT
NOBEFLHEL TWRWENSP oo, B LiERICMias
% b - A HEERGOE AR IT SRR b & & Y ARETHE
H754<v—ty FEHAWEPCRTIEBEER LD, 1@
MY UBRILE T I A v—t v bR B2 PCR TIZEMK
nERLE. ZOWEKRE ¥V VBEEFERBLTWA2DD,
HEVIEAWETI A — Xy MIxT 2RSS Er o720
», ThbbhF L UBRETFO—EOEEEY 2 BORERK L
BhosT0AONIBEIZRET 5L EXH DN, KFRETIE—
b Y UBEETREERE Lz, Tho R, FEE
HRIZIZADVEAGEE NS VA, ¥ Y UBmBETEZET
LV BOBED I —FH T BN TH o7, D EOBELS
EHBE L LCOBEZEERMEE VLY b= VEBERIZE SN
B (HBRRIIZEERNC Y VY b — LREBEB MRS W)
L, BEFLALTOEEEMHICE L CORNT A2 Z L2509,
o, MEOEBEELE VLY b — VEBEMIRE OGOV
TiL Escherichia coli (E. coli) 2BV TLR OGNS, HEDE,
coli 1V V¥ b — VEBEMTH BH, EBRBRELEM E coli
0157: H7 3 —Hgf9icy M b — VBB TH 5. T/
Y — VREES T OEE BEEAY E coli O157: HT #HSETE
TAH, BEEEOMIE, FEEIRICOVCIRERN oL
LR E TV B®, C difficile 122\ TIE IO X9 RGN
HERTELT, ABROBUTHS.

MY 7 MESEBE Clostridium WD C. perfringens |-\ TId
BESSEEMEIR S A MBS TBY, FUY Y, T714 /2R
AN EF— AN BIEEBETH DL LHE SN TWA™, $12,
574 —ABXURA) A — I HEREEMREL, DT
T4 - ARFERENEBRT ALy FE M EL yOMEED
T B ERMS N TV B™, C difficile DA FHEEISFILIE
BEBMRLTH Y, KFFRTHO & % - 72 BIESEEICD
W, FRIBIRE L CHEREENDBED ) IZ200TIAHOK
FHETHB.

#

C.difficile DWERBEEIROMMEE 1008 #E FVTIRITL,
SICRERBIZOWT, WoME, HoRA, {HERLLT
OEBBEBLOT v 2T EEOBENSRET L. T2, &
{BF LNV TOHBRFEUEBTL, BORBIR & OBRER
i LR T Offm e 57,

1. C difficile 100H# (Wl B PERPECORI MR, (7 IE1E40MHR)
OB OREIRT B BEEIRE R T b —ER -

E 2

CFRWTHRE LRR, 1B OB I L TREREZR L.

TNF V=R, IV, ===, Tr/—RA, AV
Fr—R, VIE = LORBEROHEICIE2 HROEET
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FRThorz EIRFRBER 25, ¥ u—-2X, JK-2A, 4
y/,bbnn ADOFEBEROHFEIZE T AM, tust—
GIII4H OB ELE L 72 (RIEERE.
9. C difficile KZ 1613 #k% Fl\V CREMERBEMERMMES I 51
PHORHESY — L FBITT A Z L2 X D BIEREIZ, HE
IRBICZ Va—2 X 0E2500HLPLEOHMERD D
B(GryO—2R, UE—X, $ULY), BLUKE2 DHME
CHOREERRD AR (PLhn—R, Lo+ —X) ®2 8
NN ECY (AR
3. BEONBIHOMBEEIZIZEML, ABEBETHD S
a—RiE, 2 AHTETHEE SN, BEEBEICONT
i, 2HECTRMHYEFRELTE), FIn-X, JFE-2,
WL TIE37T~51%%%, LT —R, tOEF—ATR
85% L EAERAE LTz, TAHWKBWTIE, YTk
100% 4% S 72h%, Mo TII17~58%A55%AF L T,
4. EHREHDORBEL, BNEBETHLINI-RIIE
wf@%%ZHBiTWEt#’%mL ¥E2HHE7THH
THKRELEZBRINDOSN LD o 7208, BILRERETIE, HE
ZEEl)7EB®ﬁ#%<,#O7»:~xib%%#ot.
B4 DEEIZDOWTIEZ N T — A DA D A FLEERE £ AR
FE oYX AWAR
5, TYELTOEEIEINVI—-ATIEIV Lotz
6. HEHETORERBEL LT Y E-TIRELH UMHE (A
BhERE) & IEREEO pH OMICIZHEEFEo b, HIFEMRK
um#“&mfﬁé7»J ADFHIRIESEHRE L 1 b BB
EALL Tz,
7. MR FEMER 0 FRHSOWARIZ ¥ L VA, b D VB
B{EFAS PCREEICTHRINE R, 1HMAKIZIE MY VARETD
AV a N, —F, MlEEBE OB K TR IRE TV
ThbRm s zdh o7,
8. FF¥I VA, MEIUBWELTREMIREM L P#&‘/Aiﬁ
SRt | W8k, A0 521 E (86.7%) A%/ L E k—
BEtr L, PEY A XY CBl#EE TR é40r~*1|°,tr|1
128 (30%) DAY LK F— VIR TEE R L 72T &R
IISWAR
utm#n 3, C difficile O5EEERE LRI SEBERE & M2 MEJERE
IO Hdn, RAESSEEMEAE A IS B U B O (CAHITNRE Y
%m%ﬁ WP e L Twas, 3612, KIEH Lo
iWWt/wzb~w SEEVEIRIZ A 5 L7z MR
FL AL TOEREE

ELEINE 1 {IR
mf%&v?éVaémwaé

# &

HWEmDbDIZEA, BIHERE L 2L MEE LB Y £ L2 BA0
PRE —Hg L L R R R E R R L ET. F /4, ABIRIEITIC
Hizh, WIEEHEOSKEHWMIEE L WIG 2 HE $ LABEYFEE
WS 5 O RREERHM L O EROBERLE
T.ooF 7, HU Y 2 OBICEEG I TEV R ST 2V b A R
FTRIARH —HK 4 & OVHEHERRET IS oW CHTRETE S 3 L2 NITER
TR R DB ER B S E LR R L E Y. SO IR
REFIZHVERELMBNZEHE F L A GIRREEF B EH
BOEEICECHILEL EiTET.
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Abstract

The characteristic of the sugar fermentation ability of Clostridium difficile (C. difficile), which is a causative agent of
pseudomembranous colitis and antibiotic-associated colitis, was investigated with a large number of strains. Following that,
the fermentation manner in slowly fermented sugars was analyzed for bacterial growth, sugar utilization, acid and ammonia
production. Furthermore, the relationship between genetic toxigenicity and sugar fermentation property was examined. A
total of 100 C. difficile strains, 60 cytotoxicity-positive and 40 cytotoxicity-negative, were examined for their fermentation
capacity against 28 sugars with a peptone-agar-basal medium. Incubation for 2 days was long enough for determining the
ability to ferment fructose, glucose, mannitol, mannose, melezitose and sorbitol (rapidly fermented sugars). However,
incubation for 7 days was necessary for xylose, ribose, salicin and trehalose, and 14 days for cellobiose (slowly fermented
sugars). For the analysis of slow fermentation, bacterial growth, sugar utilization, acid production and ammonia production
with a strain KZ 1613 were measured in the presence of each of the slowly fermented sugars by using PRAS medium and
compared with those in glucose, a representative of rapidly fermented sugars. On the basis of bacterial growth, slowly
fermented sugars were divided into two groups: one showed that bacterial growth distinctively increased in one-day
incubation, although the growth was not so much as that in glucose, and the other that bacterial growth in the presence of the
sugar increased after an incubation period of 2 days. Xylose, ribose and salicin were included in the former group, and
trehalose and cellobiose in the latter. Sugar consumption reflected the rate of bacterial growth. In 2-day culture, glucose was
completely consumed, while, in slowly fermented sugars, 37-51% of each of the sugars remained in the former group and
more than 85% in the latter. In 7-day culture, in salicin, 100% was consumed and in others 17-58% remained. In the medium
with glucose, the total amount of acids, which were measured by gas chromatography, increased in accordance with the
incubation period to 2 days but did not increase any further in the 7 day. In the slowly fermented sugars, however, the
amounts in the 7-day culture were more than those in the 2-day culture and even more than that in the 7-day culture in
glucose. In the analysis of individual acid production, lactic acid was detected in measurable amounts in the medium with
glucose but not in that with slowly fermented sugars. Ammonia was produced in much greater amounts in slowly fermented
sugars in comparison with that in glucose. A relationship between A acid concentration (a total concentration of acids minus
concentration of ammonia) and pH in cultures was found. The regression equation was more similar to a simulation curve in
cultures with glucose than in those with slowly fermented sugars. Further, genetic toxigenicity (toxin A and toxin B) was
examined by PCR with primer sets specific for respective toxin A gene and toxin B gene, and the relationship between genetic
toxigenicity and sugar fermentation was analyzed. Fifty-nine out of cytotoxicity-positive 60 strains showed a positive reaction
to both toxin A and toxin B genes and the remaining one strain a positive reaction only to toxin A gene. All cytotoxicity-
negative 40 strains showed a negative reaction to both toxin A and B genes. Therefore, it was shown that a relationship
between sorbitol-fermenting property and toxigenicity exists in genetic toxigenicity as well as in phenetic toxigenicity.



