Purification and Properties of Intracellular Toxin
A of Clostridium difficile
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Clostridium difficile AR+ F ¥ v ADREEL & DR

SIRKFEFAWENFRE EE PHE—BED
i w® B

Clostridium difficile (C. difficile) VPI 10463 #xH ., BRI FY VA%, ¥ fnrad Yy T7 4254 —
ro= b5 7 4 —, QEDE/ QEEEFVNAIEEK I v+ 557 4 — (Mono Q-fast protein liquid chromatography,
Mono Q-FPLOIC L W BEERBM L. TEF LAY ~—t A v7.—2s YERER»SBLAEEOBTRAE g
Wh IR E L, EREERBO o v A (HERIFY VAR, ACTHImseT VY 27 2CHEELITCTE
WX 7. AIEKIEE (hemagglutination, HA) FEHEIZERE D B 5 TIXED » 728 (2° FRIMBRIEE AL (HA unit, HAU)/504),
7TCCHEM ENEEA F F v v AL TIHED? -7 (2 HAU/S04). LaL, BEAHESYEHRTAZ LI D HA &#
12 2° HAU/504 1 E5 L7, 1[EH® Mono Q-FPLC i3\ T, &7 NaCl I8 AR (0—0.4M) THEHETL, BkH
FrovAL HA ElMELY S L. Fic 2@ ED Mono QFPLC %17\, HA &M% H LisWEER v v AD M
ERBERLET . BUEAN L Y VADG TR, REEAYV 7247 I FAAVELZIKE T 580kDa TH D, %7z,
FE AR P Y Y A—RU T2 UAT S FYAAVERKE LD EA Y Fik 240kDa TH - 7o, BREFA P+ v AR
B, < ARFEER LY FRRBERAREERCRT 2RI EHRBIEZTA LA 083ng, 8.7ng, Sug TH o7z, HA
EML 150 OEELYAGCTLRIEIA o, BEEAR S VALEBA Mo v AR, FYRRBRRISC R TH
BRI VANBSICHESA P+ v ABERGL, BATH—KOEMEL B Lz, AR+~ v Al
BIOHBEGN Py AMBIRGC, BEER LU VARICERN Y v ADRRSEYE, <~ v ABIEENE, BEBER
REEEYRBEONME TR LA, ¥, MMEXEEN, P+ v A0 HA S REECHR L. L EORERIL, +
v v AL HA EREH OB CEBATES S h, BEANKE INDE, 55V IEEEH T HA BEMAEEL S 2 THE
UERRELTS.

Key words Clostridium difficile, toxin A, intracellular toxin A, purification, hemagglutination

Clostridium difficile (C. dif ficile) \Z Al KB 35 X U —
HOMAEWBHEAEM TRECRRETH A", KEFIX b+
VABIUV MY VBO2EEOEBEREYEATAYY. 03
HBREENALETE P VAR L RERREOCEORLEE
HRERATTHBEELLNTVLDY,

b vV ADSTFRIGKREVIREE T 400—600kDa, ZEHEIRAE
T 200—250kDa TH 2 Z & NBEZNT B %3}
v ARBEEMOMIC, MikEE, < ABEHENE, Rl
BR#EEE (hemagglutination, HA) i&tE, MEH @M THEREME L
DEWEPENEE S22 EBRHLRTVLE™? ZhbOMEA
AT, BEREFCRE IR VA EES Y
A) MBI LTESALLDOTHD, ZhECHERNKERE
TEMFY VA (HEER Y VA KETAHERIITOAT
Wi, BES T, B R F v A LB v ADRI
DTREEOBR ADHDON, FEEN Y VARRERD
EMECB L CESBORECHEET SO0 ERHOEETH
%

Bifhsh b o v A HA FBike BT 54, OFEERERFIC

TR 5 6 H22ARAT, RS T A 6 HZE

HA Elr bicic WERM Vv VALEET A Z LAATRER
NTWBY, ZOZEREBANFYVAILBLTL, 47l
L4 HA FEHCE LTI RERRECREET S M2 R LT
WA,

FREEEHENICTRL, AR TREEN v AYE
WL, ToMREEE L.

HHEBSLUHE

|, EREHkOER

C.difficile VPI 10463 ¥k& (FF L7z, BREAREHL LT
L4 v ~—}F+ A V7T 2= 5 v (brain heart infusion,
BHI) (Becton Dickinson Microbiology System, Cockeysvile,
Md., USA) iz NaHPO, % 02% O ZiZFin L 7o 5
(modified BHI, m-BHD " % F\ iz, FFHIIF 7 1 2 v T186F
RE3% L7 E# 1ml % 1,000mi © m-BHI (3t 4 A& 6EFR) IEE
#®, B » S AR, 3TCICT 2 HEHRERE LK.

I. BHEAEBEROER

HEFE (4,000m]) % 7,000xg, 205 MR L, W ()

Abbreviations : Ame, absorbance at 280 nm; C. difficile, Clostridium difficile; CU, cytotoxic unit; CUs
median cytotoxic unit; EC-5, Eagle’s minimal essential medium supplemented with 5% fetal calf serum; fr,
fraction number ; Gal, galactose ; GleNAc, N-acetylglucosamine ; HA, hemagglutination ; HAU, HA unit ; LDs,
median lethal dose; m-BHI, modified brain heart infusion ; MLD, minimal lethal dose ; Mono Q-FPLC, Mono
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% 0.05M Tris-HC! &4 B A&k (pHT.0) (Tris-HCl-buffered
saline, TBS) 2T 2 @ 08, TBS 60ml BB L. B
B B RAEEE UR200P (b $ —FT, ®50) 12T
20ke, 180W D&M TT 7.5 4 (1.5 &, 5ME) ABT B &I
I OB R L. EEHEERE 12,000xe, 0GEREDL,
LEBRA YT Ty T 4 E— w4 L7 AGV (L 022
am) (A& 3 VA7, KR) THRELEGPEME®ES L.
mn. #4057y 774=F4— YATLITT
< 4+ — (thyroglobulin affinity chromatography,
TGAC)

Krivan 5" O FEIz ko, v H14msad Yy
(thyroglobulin, TG) (Sigma, St. Louis, Mo., USA) %# (5mg/
ml) 50ml & 7 7 4 #7115 (Bio-Rad Laboratories, Richmond,
Ca,USA) 10ml # 4 CT—R/RIGERHE, 1x10em DH F A
WoFE L7 (TG A 7 &), TBS IC Tk - PAifLLZ TG % 7
AT 4 CWTEE (B0ml) H¥RMEL, 30ml D TBS T#A 35 4%
WL, T TG H 75 4%37TC~BL, TBS THEX v
7R L GRESH). BRI Sml 5729 L, 280nm i
113 2 IL (absorbance at 280 nm, Awx), MBS I T
HA EMEAHIE L. A iS4 § 2RI E= % -
AC-5100 (7 b —, ®F) X HME L.

N. E/QBEEINIEEIOT MY FT 4 — (Mono
Q-fast protein liquid chromatography, Mono Q-
FPLC)

Mono Q-FPLC I2EHE & v <7k n~ 1+ 7 77 (fast
protein liquid chromatograph) (Pharmacia LKB Biotechnolo-
gv, Uppsala, Sweden) 1z5% L7-%/ Q HR5/5 (Mono Q HR
5/5, Mono Q) # 7 4 (Pharmacia LKB Biotechnology) % A\ »
THfote, REFAVIFTv T 48— <AL 7 AGVIZT
WEL, #5adimL iz, 0.02M Tris-HCl #28&¥ (pH 7.5) T
hT ARWEE, 0—04 M NaCl D ERBEE QDR E (E
05ml/min) 12 X OBEHE1T - 7. BHIT 0.5ml F¥ 25 L,
Aw, $RAEM S LT HA EMExflE Lz,

V. &S FF L ADESR

Bhst L+ o v ADEEIE, Kamiva 570 ki fEn, &
EREwEAYHEMB L L, TGAC, Q £+7 » = — 2 FF
(Pharmacia LKB Biotechnology)-FPLC, Mono Q-FPLC {2 X 9
KR LT,

V. 28

Bio-Rad # v »x7 7,1 % o b (Bio-Rad Laboratories)
ERGT, 2v N EREERTof R S22 LTy oM
E7T v (RO, KB 2 ATz

VI. RUFZUILT I FHILESKE (polyacrylamide gel
electrophoresis, PAGE)

&M PAGE, F5¥ v Lpifg+ + Y v 4-PAGE (sodium
dodecy! sulfate-PAGE, SDS-PAGE) 13 Kamiva 57D FikiZ &
DT o7z, REM PAGE 112 4—15% 77 = b ¥ & f]
L, @Ry 8mA T304 kBN, 125V, 18BSRINKEN L.
FE~<—»—1f HMW # , } E (Pharmacia LKB Biotechno-
logy) #F\ 7. SDS-PAGE 1135 % ¥ A& H o, HRIDERE

TITEED 0%5 AN H 7 b =%/ - VIEEYENE, 35
HRTHILIZL 0Tt BB % 15mA T30 Mk,
30mA, 2.5 Bk L. o FE&~— 4 —(2 SDS-PAGE = %
» % — ¥ High (Bio-Rad Laboratories) % i\ 7z, 3k Eh, #'v
IZoLA— AFA4v %, b (Bio-Rad Laboratories) 2 TER
Yt 2 fT o tn, TeRBERECIEI Y2 A - ZHA T TEKK
FEEE AE-6220 B (7 b —)m M\ Tz

VL. EiEERIE

1. Hilg#EM:

Nakamura 5™ 0 FEzfgy, BHK-21/WI-2 #ifg & Tl
BMEMTHE L. BREELT5% (v/v) v RBROE (X
AR, KK WA — 7S/ NEER (ERK, #K)
(Eagle’s minimal essential medium supplemented with 5%
fetal calf serum, EC-5) # i\ . EC-5 2 Fu, g 2x
10°(@/ml 12 7c A EEaR%L L 72 BHK-21/WI-2 fllRiF il % 9670 <
{4 27wm7L—F 752 3075 (Becton Dickinson Labware,
Lincoln Park, Nj.. USA) @ &702 100ul 5iEL, 5 % REEH 2
FAETFT37CIoTREsE L. 24B5[Ehs3s, EC-5 T 2 5B
FW L7300 50 R 70TIN L, EICABRERIEEE Lz, NhoD
£ TOMBYMFLE 2RO REFRER DB R L HlE
MBS (cvtotoxic unit, CU)/50ul & L7z, #HfaEMD0%H R
& (median cytotoxic unit, CUy) 1%, E—EBDOHFRZFIDHM
fadit 4 6 EHEIE L, Karberd'"M 12X DETEL TRz,

2. HA &%

Krivan 5" D JiEIc# U HA @S RIE L, 7 v ¥Rk
% 0.1 M NaCl #n 0.05 M Tris-HC! &% (pH 7.2) 12 & » 310
HedE Ok, 1.5% (v/v) RERITER 2 B Lo, 308 50u &
gg5vw4 rmesL—+ 23513 — 650101 (C. A. Greiner und
Sohne, Nurtingen, Germany) 12 7 L 0@ EH& T 2 fSERFERTL
7ok, AU ARMBKITE 50ul Nx, 4T, 3MMIEZ &
to. FeBREGE R LEANOERAREROT L HA BV
(HA unit, HAU)/50ul = L 7.

3. v v AN

ddy v & (F 2, (K 18-20g) (HA=A=1 Y~ #
) DIEkEFIZ 0.015 M U v EERR 4 B &R A (phosphate-
buffered saline, PBS) T 2 (SR A8 L 723kt & 0.5ml ik 44
L, 3HEDANAEEL, B #IEH (minimal lethal dose,
MLD) # %\ \1250% 34 % B (median lethal dose, LDs)/ml %
Bz, LDwillE DB iz —FF LD~ A2 il L7,

1. BEENE

De 5% D Jjiic# L, w+F 1 —7F 2 b K&BER
B 21T ~to. thE 2.5—3.0kg DU RFIO ARy + ¥ (JLhE
REAEY, S0 A2 R SR, FA Sy X - R
TR L, PBUEES S DDA R 50em 1T LAz8A D
IE=# 10em DEXCHELEEL, —HY) 5-8 MRk
B FE L7, RREEBE IR 1.0ml FoREALR
#%, BIESAYRA L. REHEAISREER Iy +F2EBRL,
BHEBEHNOFEKE () AE L. WEREY LT
DEZ (ecm) THRLAMED 1.0 BE2RTHEEAL-FTT AL
Bk & L7z,

Q-fast protein liquid chromatography; ND, not detected; PAGE, polyacrylamide gel electrophoresis; PBS,
phosphate-buffered saline; SDS-PAGE, sodium dodecyl sulfate-PAGE; TBS, Tris-HCl-buffered saline; TG,
thyroglobulin ; TGAC, thyroglobulin affinity chromatography
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K. filEOEREBR

AUy PEE 20—40ug/ml DREEL N F o v AL, RBE
04% L7cd L 5iZh w0 vaREML, 37CI TA8HER iR
LFeV A FRESELA. b2V 1 F 05ml &t EED7R 1 v
FSE4 7 ¥ 2 % v b (Difco Laboratories, Detroit, Mich.,
USA) oA &K% | BREMET 3 @Y £ 0O KERIHA IS
L, BIZZ0 1BMA%IY, P21 F 05ml LEEEDT7 a1
v FREL 7 Y 23y b (Difco Labortories) DFLEK % 1 B
M T EEH L. SRES I BAFSCRLLAOFELXE
fo. HmEL, 774 ¥4 TeF 1 AMAPSH o b
(Bio-Rad Laboratories) ic & © 1gG #ith% 4B L BEEFFRE
A=A

X. FILWITRRIG

PBS I CEBILT: 1.5% 7H R —R (FHFLFAZ, H
B) ¥ 2ml % T6X26mm DR F A F 752 LcEE, Bkl
oBic, B dmm O % 3—4mm BB TIEY , HUE (40xg/
ml) 254 BB \VIHIME 254 BEA L. BEICAMTITC,
ASEIBE®R 7 —~ > — 7NV =R-2B0(FH 51T AF) THE
L.

X. ERPNER

1. HlREE+TRE

8 CURRT My ABHK 50u &, EC-5 i X 0 215
BFERRL foiiig 504 L2 EE LERTHOSMBES, B
B 50u DEFMRBEOR &Y B HUiE o T 77
ik 4CU & FM L cfimBORAFRERE L.

2. HA EH+HER

S8HAU %R3 F &> v AW 250 &, TBS 2k b 2 (EEE
FRLUCHME 250 L2 BALERTOILBER, BEE4K
50ul DEFF HA EMOFELFE 2. fLlE O FHMIT
8HAU #»524icthfIL MM OB KEFREKE L.

3. =Y AHEHEMLFARE

|

B
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Fig.1. Thyroglobulin affinity chromatography (TGAC) of a
cell extract of C. difficile VPI 10463. The cell extract
(60 ml) was applied to the affinity column at 4C and
thermal elution at 37C was performed as indicated
(arrowed). Five ml-fractions were collected. ——, Ag;
@®. cytotoxicity; A, HA activity; ND, not detected;
b— , fractions (fr 19—22) applied to first Mono Q-fast
protein liquid chromatography (Mono Q-FPLC).

16MLD/ml @ b %> v A## 0.75ml &, PBS 12k 0 2 f&g
FEARLAzfumE 0.75ml & 2B 4 LEE TO0MBES, B
AW 05ml DERF~ v ABRFEHUOEELT . —H 2o
<y AREHA L. HmEO DT OML AMLD % 52400 chA)
Lo O AFRERE L.

1. BEstPRRR

20ug/ml Dk * v A¥H 0.75ml &, PBSIC X b 2 (SRR
FRLUPME 0.75ml &% EE LERTCOSHEBER, B
W Iml DV — 7 F X MCBITABEFREOE&EY B, Hin
BEORFAOMWL > v A 10pg 2RECHR L AHAEOSE
KERERE L.

14 #

. BERFFS S A OB

1. TGAC

B APV H 7 60ml & Fivs TGAC #fF-72 (K 1). TG #
FLAEERD LEBEDTHA 772> 3 v FEE (fraction
number, fr) 2—13 IZIXE\ Aw {8 (>1.0), MlaEM4E (2°CU/
50ul) 36 & O° HA iF¥ (2P HAU/50ul) 2 S e, BEEH S
A EWD fr19 i 2"CU/S0u DI BN B & i,
HA 7&#E12 22HAU/50ul 2 FE U {Edr -7z, Fr 19-22 12iE /K
WHE S E L T Mono QFPLC 23 2 7= %, 0.02M
Tris-HCl #28# (pHT.5) 1o TENT LB Lo, HH%, HA i
Ml 2°2HAU/S0ul i LR L7z,

2 . Mono Q-FPLC

FET L7z TCGAC BEAHES (2lml) % Mono Q # 3 A1
&ML, 0—04M NaCl DEBRBEARE THEHYT -7z (K
2). 0.24—0.26M NaCl THEH I hiz Ag D — 7 (fr30—32)
WL CHREE O v — 2 (29-2"CU/50u) AR Ehi
A, HA Mg S hicr 4. — 4, HA Mo e -2
(2°HAU/50u)) 12 0.28M NaCl THEH Sz 13510k 0, #la
BHEOLE -7 L HAEHMDO Y -2 DBENTD LI, T,
0.30—0.31M NaCl T¥H &7 (r37—39 1ZIT LB & i
#;H (2CU/50ul) = HA &M (PHAU/S0u) s hr. *
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Fig. 2. First Mono Q-FPLC profile of the thermal eluates
(fr 19—22) from TGAC. Each 0.5ml was collected. —
Aggg; oo , molar concentration of NaCl; @, cytotoxicity:
A. HA activity; ND, not detected; |—, fractions (fr
30—32) applied to second Mono Q-FPLC.
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DOEFEMEIICRECET L, rdd DEoEMZICTAD
Ed LRI R T

Fr30—32 # 0.02M Tris-HC! % (pH7.5) TENE, BE
Mono Q-FPLC (zgt L7z,

2@ B Mono QFPLC Tik, B—D Agp D — 272
0.24—0.26M NaCl THH 2 h (fr130-32), Fhio—% L THik
BERHO L — 7 (22—27°CU/50u) vt E N (R3). HA iEH
BOTHhOBESICB T BEHINeh » 7o, Fr30—32 ¥ &
KR YV ADRRBRIER L L1z,

tek, TG B VESOMEENE S LT HA EHE2 LR D
Mono Q-FPLC T4 Liz: 25, BB, v v ABH
WE (0.24—0.26M NaCl) iz iz S h ¥, b %o v BOBEHA
BTHD 046—0.6dM NaCl DEI iz Ehiz. 72, HA
FEHE LY VABHUEE L DE, MREMESARE S
BESCEHE AT

3. BB+ v ADRK

RGN N+ 0 v AORREE IR LA, 4,000ml D8
B H 45pg DREMEER L Y AR BB R, BilitE
#eiT 5.43x 10°CU, HiEMIE 1.21 X 10°CU/mg ThH » 7z, FEHL
feRITMAEETES L TGAC DB I H 269 LA L, I
L 28.7% TH 70,

I. E&HA N2 AODBLENIERE LU EDERER

1. HE(LFENHHER
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Fig.3. Second Mono Q-FPLC profile of the cytotoxic
fractions (fr 30—32) from the first Mono Q-FPLC.
Symbols are the same as those in Fig. 2.

FERIBAM %> v AR BIOTREM PAGE 21T -7 (K
1), Btk M v AR T8 580kDa DEE—D A Y FELT
KBNS, BECEMINIZ 09 o7z, SDS-PAGE I
FUTiZ, 240kDa DEA Y FAEH I B LRSS O
AV N (26—360kDa) bR S his (K 5). B, FBETREC
I DkE) xR — VISR ERIAD BRI o .

2. MR

BHEGN v v A0HaEY. (Cls, ~ v AKESBN
(LDs) % "7 B/ EHEEITA LN 083ng, 8.7ng TH - 2.

232~

140~ e SR

67—

Fig. 4. Analysis of intracellular toxin A by native PAGE.
Lanes 1 and 4, molecular weight markers: thyroglobulin
(669 kDa), ferritin (440 kDa), catalase (232 kDa), lactate
dehydrogenase (140 kDa), bovine serum albumin (67 kDa);
lane 2, purified intracellular toxin A (4 pg); lane 3, purified
intracellular toxin A (1 ug).

Table 1. Purification yield of intracellular toxin A of C. difficile

Total  Cyto- Total Specific Fold

Step Volume  Protein protein  toxicity? cytotoxicity  activity purifi- Percentage

(ml) (mg/ml) (mg)  (CU/504) (CU) (CU/mg) cation yield
Sonication 60 3.6 216 1.16%x10° 1.39x10* 6.44%10° — -
TGAC 21 0.020 0.420 4.50x10* 1.89x10° 4.50x10° 1.00 100
{,Ii;to Q 3 0.042 0.126 1.81x10* 1.09x10° 8.65x10° 1.92 57.7
Second
Mono Q 1.5 0.030 0.045 1.81X10° 5.43X10* 1.21x10° 2.69 28.7

» Cytotoxicity to BHK-21/WI-2 cells.
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=T FAMIBNTIL, lpg TRELRIENTLH o728,
Spg TIHBH L /-7, PR IOKETH -1,
B+ v AD HA EWIT 15 TLEMETH 7.
0. B4R b+ AD BB R
1. FrRGERE
WEREEN v v ALEBS FF Y v AT AR MEY

Fig.5. Analysis of intracellular toxin A by SDS-PAGE.
Lane 1, molecular weight markers: myosin (200 kDa),
B-galactosidase (116 kDa), phosphorylase B (97 kDa), bovine
serum albumin (66 kDa), hen egg white ovalbumin (43
kDa). Purified intracellular toxin A (2.5 ug) was reduced
by B-mercaptoethano! (lane 3) or non-reduced (lane 2) prior
to the electrophoresis.

HOTr v REBRIE 2 T2, WThOHMEY AV LY
BRI AZBEB MR v ARBIAET A —AD S
R L (K6).

2. BEERTMRR

FEEA £~ v ASUFIZEGBN b+ 2 v A ITHEBH b
Fv v ADHIRENE, ~ v AHREEYE, BEEXYEIRAER
(PRI, 1: 128—1: 256) WohfI L/ (35 2). MEGH b+ +
UARGLHERA N £ VAL, BEZEO Lo
AEMAITTRAEE (1:128—1:256) loshfiL iz, #70,
PLiE I, EfEA b+ v AD HA B s 2 gy
AL, L2 LFfMAOMIFAEE (1:16) TH-7z.

% =

C. difficile DE4T 2 v v ARBEESEYETH A0
5, KEIZ L 2 THIE - BIEEKBAREOCEORLEERRK
FRTTHALEZDNTLDY., b v AR L
Wik, SRE, BAA VB e~ Y 2T 7 4 —, BAK
BEEOHEAAHLEIZ L D ThR T &L F & Krivan
HUII bR v ANALR X B EEME, vERmi
BEBIVYY 1 msar7 0V vDr527r—R al3 #3572

Fig.6. Double immunodiffusion test of the intracellular and
extracellular toxin A. [ intracellular toxin A (I pg); E.
extracellular toxin A (1 ug); A-l, anti-intracellular toxin A
serum (25 al); A-E, anti-extracellular toxin A serum (25
ul).

Table 2. Ability of the antisera to neutralize the biological activities of C. difficile toxin A

Neutralization titer”

Biological activity Toxin A
Anti-intracellular toxin A Anti-extracellular toxin A

Cytotoxicity Intracellular 1 :256 10128
Extracellular 1 :256 1 :256

Mouse lethality Intracellular 1 :256 1:128
Extracellular 1 :256 1 :256

Loop response Intracellular 1 1256 1 :128
Extracellular 1 :128 1 :128

HA activity” Extracellular 1:16 1:16

9 The highest dilutjon of antiserum which neutralized cytotoxicity (4CU), mouse lethality (4
MLD), loop response (10xg), and HA activity (8 HAU).

* The intracellular toxin A has no HA activity.
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=& Bl-4 N-7 2 FL 70 a4 1 v (galactoseal-3galactose-
51-4 N-acetylglucosamine, Galal-3Gal1-4GlcNAc) FEEHI 4 R
PRCEEESTAZ X BE L. ZORSILRERKEETHD b
FUVAIRACTRELITCTHEMTS. PRV ADIOL
snMEYFIALT, Pey vy AOBEARBREEKE LT
TGAC EABEINY, &5 TGAC LI A VBT &
Jew 57 4 —HEBBDEBILICIVEERE N F >
VARESNAZENELMCEALE. ZhABDORE, O
FRLERBERDO b v A (B F Y v A) KETD L
DTHBN, KFEFIZBLTL, ThHDOREFICHEL,
TGAC #, Mono Q-FPLC = X W EiER b+ v ADKRE
Ttz

BAPIE D TCAC DB &% — VIZEBA P+ v
ADBE LN H Bic Ttz Mb, BEEA NS v ADE
&, FREHESII HA FHAR ST, RESHESICIIM
A (P vV A) DE—2X—KLTH HA EHERR S
NAEDTHHENY, AFECB T HEEN T+ v ADEE,
FROBE G P v ADBEEYIC, RAVESZH Y
HA EHA B SR, BEAHENCILED T HA Fh,
rEv LV ADE - 27— L THRIE SR T & e o7z, b
FUVADYY HAvreTY v, vHEFRMORE~NOEA
13, T HAET S Galal-3Galfl-4GlcNAc 2t T5 LD TH
BEMLEELRL, vy HAared Y VICERERXETD
b o v AREDTE HAEH LR E M- 2 &id, —
BFELTVA I ICELASL, ZoMCELTIRLTOMmL
wELOND. PEYVARTG H I LIHETIEEILE
RREASMOKT, HA Fitr R oIt LBREAHEOK
I, BRI ELTIZ Ly, BETIZ27A
BNR b v ADRMICHFET S ZEALETHS. b,
TGAC HEBHESHOEEHN N+ v A TFIE TG ~DfE
B TH AL, HA EHE R AR P oniEgc
Galal-3Galfl-4GlcNAc L DfE& Ay FEEZEA TV 5
LOrEbn A, LEoE21L, TGAC THLHII@EERA b
o v ABSO HA BB IO FR LA 22 a0 X
BXxhatoBbh s, ZOEERFF> v AD HA SRS
DEEHEL LT, BEIC A4 VHEDRK Tz L DEEN b+
vV ADVAREEAE (L L R Galal-3Galfl-4GlcNAc L Dff
HERL DG OMMBEM LD L 70 ) HA M2 ER L,
BHAIBIZ LY HA FHIHHENPREI A ZErE 2
bhb.

TGAC @O # oD HA G IXEFIZEr »72h, 20
HA FEME 4 Mono Q-FPLC T4 #7 Lfc#s B, HA iSMHE
EEC VA LITEMATH Tz, ZD I EIL C difficile 12
BkS o v A L 2FO HA BB LY FICEANICEL
TWAZEERLTVAS

%13 Mono Q-FPLC Iz 2 &Iz T, 2THME
Aho v ADBESIZHV O TS 0—1 M NaCl #BE QE
B (O Iml/min)® 28z, ZOK, EEN L F> v AOHM
fasH s HA O v~ 2 IETDOREENBDH NI (F— 4
KB, F T, KPR TILERH L 0—0.4 MNaCl #E Q5
B (E 05ml/min) TRE®T-7ck 25, st L HAE
¥ov— 2B HTA I EATER. B, HA FHER
Bt ofiaEt v — 2 (1r30—-32) I &M EME D 90% M EAE
REMNF-. Fiz £r30—32 1224 T Mono Q-FPLC ##7 -7 &

Z 4, HA EEMRER ST CTERETH D A MltEd ¢~
7 (BEE 2°CU/50u; {r3]) Dapy il Ehtz. LlLORE,
HA M B LV BRI Y VAYSERETAZ ENT
Zfz. L Lieatts, 1EHE® Mono QFPLC 2k T, Al
EM L HA BHESCHFEETAESATAEL, »2, BiENIT
FEC@mA Lz, ZoZ &3, BERO P+ v AOERSIL

HA FHEch s HA EEEET IS v AL ERFE
TAHARENEREL TV

BAR £ v ADSTEIL 580kDa TH O, BRI b
YA LD 40kDa kKEwZ LA SEMIE R, TDI XX
F e BRI e NEEE P v A BB v
AYABEEEXBTAZ L L -TLHREARL. 20
40KkDa WY A E ST P o v ADREIERN & ) BRSO
ENAHYE, DEEHBTENND SN, FARKERITITR
THENPEN A ETHIHS & L TIRH T & A -7z,

BiEst+ %~ v AD SDS-PAGE I X Bk 2 — ik, fi
DEWE v RV BREOAZ -V ERLH, BHTELDAVF
AHETAZLAELATLE"Y . L %o v ADS TR
FEAY KA 240kDa THBEZ AL, KELL T —ThhHE
TLEMY L, BlAVFRERLISTFEDL DI HT 2
=y POEBRINTULALLWORBP AHEVERDO BRI A
ST,

Bkt b ¥ v AT SDS-PAGE |, #BDv KA RS
nAZLEZOWTIE, FO—RELTE*> v ADUMAEE
HD 3, BBV, PWERBPICEISZEAELD
nA. ZOB4A, kW + o v AD SDS-PAGE o313 Bk
B2 - 2L OBMMTHALI LN TFHEENS. L Lih
B, WKW+ v AD SDS-PAGE Dk <& — v L@ Ao+
b v Al 4R 240kDa D E Y FESROEA Y KRS
A, EROEZIBEENTH 1.

WEBLEAR L o v AORIRREY, ~ v AR, BEE
MASI R TROEERIS K b F v v AP L1303
BETHY, ZALDEWEMCEAL T, bEr v ADHIKR
DB ETF TIFHME OIS D 2 B bRz, Bk *
v ALERAAMIHA TMARII I e s loZ L TH A,
EERE b F o v AD HA EMEEIBE MR~ DR A D
BOoEEAGEHAM S, TUALEZ LN TU A WKW L F
ov ARIBE EM A T N S IBE LA R DR S
HA M ik T8 Trou s U7 L B NG M R 0 R BT (7
HELTUDrlbha, 20 2 3HENF+> VA TG »
SLIIREGTAMMD L SR A.

HA §TMs R ERI 350 TR 1 (A 2 RSN 2 JRE 5L B
BB LR T, #RAPFABIIE g6 HER R

FONRBRIGTIE, EEW - BIRARE F r v AlZ—ARD
o A ISR IR L, BEPIMERIC B THREN b
Foov AR, Bk v ADHIKENE, < v ARER
M, BEENY, EERNFC s ACRT A0 L RBEECHR
L. W EDEER S, SRR - EiEAE P %2 v ADHREE
wmoERNTGLDEEX SR HA EEE R CBEBA T
o AT AHENEBS FF v AD HA FHiEk
Lz &3, EER L+ v A PRIz HAENCEET S
FESEAREENTOA I EERELTVLS. BiEN+
vAD HA EROFEEILOBBEISEMETNERELLT
BENTLA,
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i #

C. difficile VPI 10463 #kOHADBEWME HiERK L 0 &
BRrFVARBRL, TONRERILUTORKELS
1z,

1. TGAC, 2[@® Mono Q-FPLCIZ & W B AR P+ v A
PEECEBHE T ENTER.

2. BER P+ v ADH FRIEKREM PAGE Tt
580kDa TH bh, Bitkst b+ v ADHFE L D 40kDa k &
Motz SDS-PAGE Ik hREABEAY FOHFEIR
240kDa T# »7=.

3. EEANF v ADKIREN, v AREEKS I OE
EERL TR TR EDEIThFh 083ng, 8.7ng, 5ug TH -
72. HA &M 15ug OBFEXHAGCTCLBRIIIhie o1,

4. YARERGS IUBRTRNRR L, BRI+
ALEEN P v ADEICIIZERIAD SR - 12,

5. HA B REBA L v v AT AHMEL B
HrFvvAD HA Ettx L.

EDRERIL, Py v Al HA ENEROM CEERNTE
£2h, HEABE SR BE, $5 IS8R K+RC HA B4
REUIL SN DA AL R L TV 5.

# 2

a2 2102, KRS 5 Hi MBI L M E & L BEh
HE-#ECREZDHEEHELET. i, ARRORTCHi 08
HEBEERE F Lol £, BE RES GIEArEER
MAEDFHRER ) T LDBKBHNILME F L BEnEREL
il k D EMOBEELET.
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Abstract

Intracellular toxin A of Clostridium difficile (C. difficile) VPI 10463 was purified to homogeneity by thyroglobulin affini-
ty chromatography (TGAC) followed by repeated Mono Q-fast protein liquid chromatography (Mono Q-FPLC). Cells culti-
vated in modified brain heart infusion broth were collected and disrupted by sonication. The disrupted cell suspension was
centrifuged and the supernatant was used as a starting material. In TGAC toxin A (intracellular toxin A) activities were
bound to thyroglobulin column at 4C and were eluted at 37°C. A high hemagglutination (HA) activity was detected in the
TGAC-unbound fraction (2’ hemagglutination unit (HAU)/50 1), but a very low activity in the TGAC-thermal eluate (20
HAU/50 1), The HA activity of the thermal eluates was markedly increased to 2’ HAU/50 w1 after dialysis. The dialized
preparation was submitted to the first Mono Q-FPLC with a 0-0.4 M sodium chloride linear gradient, and the peaks contain-
ing cytotoxic and HA activities were separated from each other. A highly purified preparation of intracellular toxin A with-
out HA acti\"ity was obtained by the second Mono Q-FPLC. The molecular weight of the purified intracellular toxin A was
estimated to be 580 kDa on polyacrylamide gel electrophoresis (PAGE) under non-denaturing conditions: this size was 40
kDa larger than that of extracellular toxin A. A major band of 240 kDa was detected on sodium dodecyl sulfate-PAGE. The
minimum doses of the purified intracellular toxin A causing cytotoxicity, mouse lethality and rabbit ileal loop response were
0.83 ng, 8.7 ng and 5. g, respectively. The purified intracellular toxin A had no HA activity even at a concentration of 1.5 u g.
In an immunodiffusion test with anti-intracellular toxin A and anti-extracellular toxin A sera, the intracellular and extracellu-
lar toxin A showed antigenic identity. Anti-intracellular toxin A and anti-extracellular toxin A sera neutralized the heterolo-
gous toxins for cytotoxicity, mouse lethality and loop reponse at nearly the same titers as did the homologous toxins. Anti-
intracellular toxin A serum neutralized HA activity of extracellular toxin A at the same titer as anti-extracellular toxin A
serum did. These results suggest that toxin A is produced in the HA-negative form intracellularly but converted to the HA-
positive form when released from cells, or after release into the medium.



