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Clostridium difficile (C. difficile) \RVEREIEA N T L BHAEH T PUAEWE DS
HHRE 25 THRHED 2 VI RO TELFEKNRKTH 5. C. difficile DIFFEK 1%, toxin
AB X Ctoxin B 3D V) AH Z R pEANECTHET 5 L Wi 2 FEAE T 5 toxin A+B+FE,
toxin B D A EAT 5 toxin A-B+ Pk, [Binary toxin BEAERR | € L CTHEEZIEFEA D toxin
A-B-BREIZIT 5% AW TR ABRICILEDEEEHR TH S toxin BIZHEH L7z,
T3\ C difficile DFEBET 2T 5720, KR ORIZBIT 2 E{E 7R
Hobi 2 T, toxin B OFBUFEBUICER L SN 70V 3V IVIEBEEE F X A © D W102
BLUD2R6-V-D288 2 5tr 7 77 A Y MOFEBIEAT o720 TDOHEBINRTF N2 8M Urea
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Clostridium difficile (C. difficile) \3RVERER,
WHFNT T LB TERER T PUEWEASERN &
7 % THEHERLBEMERG RO REETH D . b
WIRGGEDJERE & LTE G I N T 5,
& 5122003 AE LA IR RO MBI L D C
difficile \= & BB 9FE AL T2 "7,
C. difficile DIRENT & LTl enterotoxin & L
T toxin A B X OHINEREEMED cytotoxin, toxin B
BB F7EEH 72753 Td 5 Binary toxin
DEEDRE SN TWDS Yy K& HEEEA
THHT 5 & MR T EAT 5 toxin A+B+ i,
toxin B DA A3 5 toxin A-B+ FR. Binary toxin
PEAERR, & L CapkIEpEE o toxin A-B- #R & 12
SFEND Y ZOMEMBTEIIARREAELET 5
toxin B AR O L7 5 —I1kiEHh. 77
IV = 2O THBBANICIYATh, 77T
V' — AN OB BREE T AR ES L L. F v

313

YAHIR S, S V37 EAIRE N
WIS NS, ko, MBI
X7z toxin B 1Z Rho ¥ ¥ 7327 O N Kiiih 5 37
FHOALF = VIZUDP- 7V — A0 7V
O— ADNMERT B Z LI L V) GTP ARl 2%
582 Y% TORKE 77F v OEADRE
S, M EKoBE. Mo MALISEZ %
EENTVD, TNHOFRRICE ) KBRS
SAEDAE U R A I B0 R (B IR KIS 9%
ZEESRITEEZONTWS, KB TIdE
REEDIEE I CllluEE 2 s R L, €0
VEFIBER S TE 0 IR E T 722\ toxin B 1275
H L7z toxin B i3Z DR 7V 3 2 VIR
FZRAL Y BN AAL V- #EENAL D3
FIROM X2 & DM EEE RBIT5 L shT
Who TNHOWEEDOA T B ERIE. Fig. 1 T
R X DI CRG 516 7 3/ ERERAL O IER
I AZ AN o Lk T 7 — LSS Bk
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ERAL UBHY., TN NEERBEEFE N A A
YERE R AL YOMIHERENT 7 TS — L0
DA T 2R A ) R M A A Va8
fFAEL, # LT, UDP- 7 VI — ZADFEEICE
L XD WIR2 B & OBERIEEICUED T 3
JEEF— 7T b D286-V-D288 % &tr N K
546 7 X JBRFRIEIC OV O Y OVEERIESE K A A
AR B EHEN ST 07,

ZZ T, AWFZETIX C. difficile DFEVEFEEIRE
Fe 2 R RIBRORICBIT %85
Wz 5 oy EHCC, BHRBICERLE Sh
L7NVAVNVERBBERZ AL O WIR2 BLY
D286-V-D288 % 5ts 7 T 7 A v DFEBEIT,
Z oMM HEOFEBIEEZ WL L2 HWE
L7z

KERB &
1. EF Rk
RRRIZI R R R G R v 7 — &
LS. XN C. difficile FERDBERR GAT 99093
ZREH U720 AR toxin A,toxin B Z 4T 5
HREEKRTH 5,
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2. EfnFiEE
SRR X DR L7 C. difficile Witk
57x /=) zaurVirEilL) s/ L
DNA Z il L7z, fililti L7 DNA % template &
L CUDP- 7' )V I — ZADFEEITEE R W02 B
L OBFGEICLHOT IV IREF—T7Th
% D286-V-D288 & & Lz 744 ~ L. DNA
Polymerase (TaKaRa Ex Taq, Takata bio, Otsu,
Shiga) % f#i F§ L 7z Polymerase Chain Reaction
(PCR) 42 C H BB % H4IE L 720 primer (Table
1) 1. forward primer (DK tcdB W102-F) @ 5§
AR |2 CACC BA 2 B &, BERICHGT B>
(ATG). He\CTHEAIM ORI E 2% X HIZL,
—7J7 reverse primer (DK tcdB DVD-R) (33 AHS
frichEE, #ikba F¥ (TAG) ZEE, TOM
M ZRECE & L7z, BUBSEMFIZ. 1.25 wireaction
Taq polymerase. 10 X PCR buffer 5 ul. 25 mM
MgCl, 4ul. dNTP Mixture (2.5 mM each) 4 pl.
DNA template 5 pl. forward primer 0.6 ul. reverse
primer 0.6 pl T4 50 pl IZFABL L. 94°C 300 sec.
(94°C-30 sec, 63°C-30 sec, 72°C-60 sec) X 30cycle.
72°C-300 sec DifBESAT HAYHRAL 2 B L 720
ZOWEEWIZ VAT VN, F Ly b EED

tcdD tcdB tcdE
0 1000 2000 3000 4000 5000 6000 7000
5 =
| N |
W102 D286-V-D288 REPETITIVE SEQUENCE
Important region Essential amino acid motif Receptor-binding domein
for UDP-Glucose binding for enzymatic activity on target cell

Fig.1 Schematic presentation of the tcdB in C. difficile pathogenicity locus (PaLoc)

Table 1 Sequences of Primer pair Used to Amplify Gene in C. difficile tcdB

Primer

Sequence (5'-3")

DK tcdB W102-F
DK tcdB DVD-R

CACCATGAATAATAATTTAACTCCAG
CTACTCTTATAGACTCAAATAAGTCTGGTTG
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TAB—AF VIS TESIKE L. HYDONY K
¥ ) L. Wizard SV GEL and PCR Clean-up
System (Promega, WI, USA) % F\»CHilE&E A
T AR L 72,

3. KIBENDEA

FEEL L 72 HYEBAL OEIEEY) % plasmid vector
(pET101/D-TOPO, Invitrogen, CA, USA) 247
su—= 7L, TNEKETHMRLIREE
(TOP10 competent cells, Invitrogen) &AL THE
T Smin f Y FaxX—bFL72F b—bray
7 (42°C,30s) ICTHAL ZZIZS0CH
Hi (Super Optimal broth with Catabolite repression;
2% Tryptone, 0.5% Yeast Extracr, 10 mM sodium
chloride. 2.5 mM potassium chloride. 10 mM
magnesium chloride, 10 mM magnesium sulfate,
20 mM glucose) 250 ul ZhN A, #EFERE#EL 72
(37°C, 1h, 200 rpm) o E5#Ef%. ampicillin 2 100 pg/
ml TEHT LB ZERRH (1% Trypton, 0.5% Yeast
Extract, 1.0% sodium chloride. 1.5% agar) |ZJ&
B L. 37°C 2T 16 RefisE R L7120 Ttk
fEan = —%EIRL, 30=—PCR 217V HIY
BR T OBEAERE T o720 IH=—PCRIZIZ
plasmid vector @ T7 promoter >k ® primer % H
W72 (Table 2)o F720 TS D primer 12 & B 1
WL D ¥ — 7 T v X % fifEiR3 % 728 CEQ8800
(Beckman Coulter, CA, USA) 2 & % & FLE s
Mrefr v HEL OB A% 2 DBS 77— £ )
MR L 720

4. PTG IC& B2 RIEE

HIYE § 58Iz OEAPER I N2
O=—% LB HICT IS KEMEEEL, £ 2
7 & Wizaed SV GEL and SV Minipreps DNA
purification System (Promega) % H\>T plasmid

EHH L7 KETHEMRL-KERE (E coli

Table 2 Sequences of Primer Pair Used to Amplify
Gene in T7 Promoter in the pET TOPO Vector

Primer Sequence (5'-3")
T7 Forward TAATACGACTCACTATAGGG

T7 Reverse TAGTTATTGCTCAGCGGTGG
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BL21 Star (DE3), Invitrogen) & plasmid DNA %
XA 70T 2a—THNTHEPMIEEL, KET30
DA v FaR—bLI FOHB -V ay
7 (42°C, 30s) % 5 % BL21 |2 plasmid DNA %
AL, ZZICS.OCHH 250 wl 2N, i
HEEE L7 (37°C, 1h,200rpm) o H53EHR. R %
50 ml 3% (> F 2. — 7 N D ampicillin % 100 ug/ml T
B4 LB RIS, HERFE L7 37°C, 16h,
200 rpm)o 16 FEH OFERG ML, ampicillin &
o7z 7 LBE L 10 ml ISEEEE 2 500 pl
Z. PHEERGEEL 72 (37°C, 20,200 pm)e S 5
ml T2U25E L. A HISHEREE 1.0mM @ IPTG
(thiogalactopyranoside) Z M L7z, PTG Z NI
L7-b 0& 8RN ML 2w 0% IEEE
AEFE Ly 1 BERIELC 5 BT E T 500 pl 08K
BCL 3008 (16,000 X g, 30sec) BTV XL >
e TvE Lz,

5. 221N HKIEDHERD

IPTG 12 & % ¥ ¥ 8 7 BBLHEIEERTH S
M7=Vl v b % Lysis buffer (50 mM potassium
phosphate (pH 7.8). 400 mM sodium chloride. 10
% glycerol. 0.5% Triton X-100, 10 mM imidazole)
WCTRRE L. #R 0 oK USRS RR 2 ATV IRR K D
SHE 3T B U7 ze w0 (16,000 X g,
1 min) (2T, EHEEXRV Y MIGF. EhEh
% SDS-PAGE (2 CTHHL Y ¥ /37 AR L 720

6. K2 NI DELAE - B&

MMz By ok, WAKE LT
L. B 2237 51E LW RS 2 TR L.
AFEE R FEO X )T 5720, WE L - FE
#f7o720 9\ 8M Urea ¥ (10mM Tris (pH
8.0). 8 Murea. 0.1 M 2-mercaptoethanol, 0.1 M
sodium phosphate) (2T Lysis XL v b Z %L
W b L7z wic, Thzslaoil, gz
Brij 35 % & O HAEENE (50 mM Tris (pH 7.5).
0.15 M sodium chloride. 10 mM calcium chloride.
0.5% Brij 35) 2 F L7z ZLC. ZOEWHE
w0 L. B3 % Tris-HCL B X OV Brij 35 %
G AR 2 FESE (50 mM Tris (pH 7.5). 0.15

M sodium chloride. 5 mM calcium chloride. 0.5%



R e Wy 881558 e

Brij 35)) (50 mM Tris (PH 7.5). 0.15 M sodium
chloride. 0.5% Brij35) ZHWTEN L7z Y,

BENT L 721 % Amicon Ultra 30K (Millopore,
MA, USA)) Z HHW TR A @ L. A% B
BONAEE S LI FH A X2 10K EL
72 Amicon Ultra 10K (Millopore) TR} % 3t L
720 EHIT. CORMIRE AR T YA X 02 um D
T4 NE EHCTAHER L7z, Mlndiaio
BRI HN OB TR 2 EA LT
W vector 20 O DFEHER 2o ThH £
NZNERERML. 59 LD 10%FCS # &5
MEM 28T 10 cell/ml % 48 BRI L.
Confluent Z2RED 12 7z V<=4 70 7L — |
FIEL TR 770 5 3 FYHFILORE L

Fig. 2 Agarose electrophorisis of amplified Toxin B
Fragment gene (lane 1-3) by PCR and molecular
weight marker (lane 1). PCR were carried out
by a condition of various annealing temperature

(59°C; lane 1, 60°C; lane 2, 63°C; lane 3).

M 123456789101112
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Bzl H R D vero MRZIZ AN L 720 vero M@,
C. difficile FEABFRIT L D HIFIFEL R L 50%
VL EDOfF 7 vero MlEASFIALT 22 & L. #
# 2 toxin B W v DM a1 SR O H) % 12 H
720

BREELVUZER
PCR JEICCHANGR L 78R sE 2 7 ra — A7
IVEESIKE) L 72K R % Fig. 2 ISR $. 7=
YImER 9T 5 3C T L-E 2 A,
BCTHo L OHRGEH—DNY PO
720 C DOIENEREY) % K5 L vector NEA L 72
IO =—PCRICK BIEMEZ 7 Fa— A7
IVIESIKEY L7245 R % Fig. 3 12789 TOP10 ™~
DIEEIZ BT 5 20 =— PCR Tl plasmid
vector @ T7 promoter H13K @ primer % F\ 7272

1353 bp
1078 bp —
872 bp —

603 bp —»

655 bp

310 bp —»

Fig. 3 Agarose gel electrophoresis of PCR products by T7 primer pair Lane M is Marker4( X174/
Hae I digest) and Lane 1 to 12 were indicated colony number.
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. T7 promoter EADIEI (282 bp) dED T
BWIRSN T2, $oT, HOWI2 B X
OF D286-V-D288 % % & Wi i (655 bp)  AY AL A
FNGAEIT B7bp IS AT NV AEIR
T7 promoter JE LD H D 282 bp 1273 ¥ F A
SN b, Lanel, 2 TIEHEIRDITON 20> 72,
Lane3, 5~7 Clid T7 promoter JEZAD KD/ > K3
R T& 72 €L T, Lane4 TIEXHMDONNY K
MM SN2 L DHERE T E 72,

Z ?D colony 4 DHILELY % ffHT L 7245 R %
Fig. 4 \Z7R9 T7 Forward primer % F\ 7= fifdr

1 o L) 4 t
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FHEARTIX vector FLHIIZHEV YT CACC BLFIH H 4k
% % HWE AV ORHI 2R TE 720 T 72,
T7 Reverse primer & W 72T RICEWTDH
vector FCHIZHHE Y T H 1Y DB AFRAL D BLH A3
BTE&7, ZOZENHH, BRTHIERL

HIGFBALATIE L CEA SN/ 2 DR T E 72,

WKIZ. colony 4 HH3K®D plasmid DNA %3 A L
72KBW (BL21) W2 X% % v 80 SBIAEER
DRERZERT . 216 73 /BRI S22 HIY
DHFRY YT DT T T X M A XK 24
kDa CTH b, XL v @ SDS-PAGE O#FH. 24

) n Ll L 1

: MAATTCCCTACT & NAARTAATTTTG TTTAACTTTAAG AMGG AATTCAGG AG CCCTTICACCATG AATAATAATTTAACTCCAGTTGAGARRAATTTACATTTT

Vector sequence

—

e

MA AN n :J\

Inserted gene

i - I hh ..LJLLu.

B

- 1 ] L L] 15 ] m

B TAGTCT TAOCTT CUAG CT TQ: AATTCAG CTQ: COCTT CTACTCTATAG ACTCAAAT ARG TCTEE TTGTAT TCOM:G TAACKT ATOUCAT CTALATACH TACCACCAATTTCT TT TAATGCAS ATATTCTTALTATE TOUGANSCACCRG CTAAAT

Vector sequence >

i H.M.al

i
L:-'__ s l

i nﬂll I Wl,h.l )

VAL )

il

1 1 n H] u 4] W ul

Inserted gene f

h ..L.ul\l,..

. “a.; .l.b.l

Fig. 4 Analysed gene sequence of recombinant plasmid using T7-forward primer(A) and T7-reverse
primer(B). These sequence data shown that vector was transfected with toxin B fragment gene.
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kDa fTIZHERGE & & HIZIEL BN RAY
MR EIN (Fig. 5o 2OV FIZFEFHETIZ
W BEALHERETE h ol ZD20,
FHEIZ LS THD Y v 87 pSERICREILS R
72bDEEZ NS, T2 Lysis WHEDRL »

MIHBONY FRROLNIZ DD, BERY
YIRGDT T T A MIEAMKRE LTHELT
WAHZ D25,

MR EM: 2 O toxin B 13, HAKO T ET
VEIE L WA E 2 o C & 3, AT 2R
KpWnicd, HEIHE > THAKOWTEL -
AT o720 LT, BT - BRI A BB OB
toxinB 777 AV MeELHHRE L, By v
2327 P 0, 27 ng/ml, 270 ng/ml, 2.7 pg/ml \ BRI
R L. confluent 72 vero MR L 720 24 BF
M#OBEMSTEE% Fig 6 (2”3, HIYO W12
BLUD286-V-D288 B &ter 7 T 7 A Y MNATE
WML 72 S # DM PPAL L T b 2

M1 234567891011
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EWBIEICTE s COMALIIR Y v 37 REE
27ng/ml ETRDOD LNz, DEDOZ EMNH, R
WHE TR Y /80 DT T 7 A 2 M vero
MIFZIZR LT ath 2 /R 9 2 & AHERR T &,
KM Z 2 X B C. difficile toxin B, Cytotoxin &
g & 7z,

B @

KW DRI BT 2 AR TR 2 Heffi 2 v
T BRI VNI DT T 7 XY MOFEBUIED)
L7z LT, 2O WI02 3B X U8 D286-V-D288
ate 77 A M Vero MR 53 %
L7z SRk, RIS LTI 7 5 7~
FERBIE, ZNOOKRELZ LT AZ &I
L0, &0 BB OfHMT A, C
difficile DFBW B L CHFITH D L 2 &3]
FFC& %,

Fig. 5 SDS-PAGE Analysis of Expressed proteins induced by IPTG in E. coli. Molecular weight marker
(lane 1), Expressed proteins induced by IPTG from Oh to 5h (lane 1 - lane 6), non-induced protein
by IPTG from 1h to Sh (lane 7 - lane 11) were separated by SDS-PAGE and visualized with Silver
stain Kkit. Target protein band at 24kDa gradually appered to induced by IPTG.

T

Fig. 6 Cytotoxic Activity of Expressed protein (Toxin B Fragment) including UDP-Glcose binding

site and Enzymatic activity site. Refolded proteins (A; 0 ng/ml, B; 27 ng/ml, C; 270 ng/ml, D; 2.7
pg/ml) were added to confluent vero cells. Cytotoxic effect of Toxin B fragments were observed

and calculated.
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Study on Expression and Cytotoxicity of Recombinant
Clostridium difficile Cytotoxin (Toxin B)

T. KOMORIYA, K. SUNEYA, H. KOHNO

College of Industrial Technology, NIHON University

Summary

Clostridium difficile, an anaerobic, gram-positive bacillus, causes several diseases,
including diarrhea, colitis, and septicemia, resulting in death. C. difficile-associated diseases
have increased significantly due to the emergence of a highly virulent strain of C. difficile.
Nosocomial infections, particularly, have serious repercussions. Toxin B is essential for C.
difficile virulence. Here, to elucidate the mechanism underlying C. difficile virulence due to
toxin B, we constructed a recombinant partial toxin B and analyzed its cytotoxic activity.

The PCR-amplified toxin B fragment from C. difficile GAI 99093 was recombined
with the pET101/D-TOPO vector. Recombinant protein expression was then induced with
isopropyl-f-D(-)-thiogalactopyranoside. The recombinant protein was refolded to yield a
purified active form. In cytotoxic assay, vero cells were grown to confluence in 96-well
plates and various concentrations of refolded protein were added to each well. Culture
medium devoid of toxins A and B was used for the negative control. After incubation at
37°C/24 h in 5% CO,, the morphological changes were observed by microscopy.

The protein was then expressed in Escherichia coli, and its relative molecular weight
was predicted size (24 kDa) of the recombinant protein. Vero cell cytotoxicity assays were
conducted with the refolded recombinant protein. The cytotoxic activity observed was toxin
B mediated.

(Med Biol 155: 313-320 2011)
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