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JOAM)DULBIZEBVIFF—EEEENSRFET 5. BT Clostridium perfringens V¥ F
F—¥ (Cpa: e b+ ) RBAFOEERFRFERFTHH 5, VJORXMNIDILARL VFF-—ET—Kki#
BN S N2 DI C. perfringens (Cpa) Dfld C. bifermentans (Cbp) & C. novyi (Cnp) D&t 3 &ifg
DBTHD, TITERRATRBLAOI/ QA NI P LBENS VO FF—FYREFOIO-Z2 T %1T
D EBHIT C. sordellii V¥ FF—+t (Csp) KCOWTHEEADI/OA NI PIULRBLFF—HED
BEPXUBHEN, £YEHORERITo /. TORKRE, csp BETIX 1197 X LAF R, 399 73
JEBRENSH-TBD, RBAYINVIX 371 BET, 28 REDI I FIRTFREZELTWS I &N
Bm&iz->7%. Csp &, Cbp, Cnp, Cpa &D7 2 /BEEFIR—HIIE 4L 77.4%, 56.7%, 53.4%THIC
Cbp EDOMIZEWHERIEZF L TWiz, Cpa OEHE 1 & L7288, Csp i, BIE LV > F D KMEIEH 0.38,
D= hOT IV T7F AT+ U IKEEEN 0.08, BMmMIEHE<0.01, U AKIEHEM<0.1 THO,
B, <UARFEEENTHEIL Cop ICHBLTWE, JOAMI)PYULBHEICK> T EREINSH
ABEIIKNT S, HRMOBDEBFRECTHEEMEIUTIZDITIE, S5ITHARLFF—E0 LB EFN
BLETHDEEZONE,

Key Words : JJ RBH, JOXMNIPOARE, BEME, VFir—-¥, #EsFro—==>7

s

i

Clostridium perfringens & a b¥ > (Cpa) LRENB VI FF—EZELET S, ThiZZDX b
DIOABEOLYFF—EFTRELHEL<HEINTBD 87, BEREHITIFIAKRYNS—¥ C K
B93 Y, Cpal38hpicxt U TEME#E D, C. perfringens DBRHEERHERFDO—DTH 3 '8, C
perfringens UADVOA MY POLARECH L VFF —VYEEENEREETIH, TOHRPHEREYE
WOWTREEAER>TWRW 87, JORAPIDPTLARBLYFF-ET—RBENHL LRI
Cpa®3 8 Dl C. bifermentans DR AF VU /N—¥ C (Cbp)'® & C. novyi DF¥ A1 T AFRAKRI/)N—F C
(Cnp)° DFt 3IBEEFITH 3,

C. bifermentans & C. sordellii WX EHFENRBERIZBTNEY, BEEMICIZHLOEBTH 2, T
LT, C. sordellii DV FF—FREDOHFHRBBEHINTHWARWIOANIDILARBVIFF—+F
D—DTHdH>., TITHEMETI, C. sordelli DV FF—F¥ (Csp) #HDICELDIOA KRNI DY
LBV FFr—HlErFEIO—ZF L, HIZ Cop KOWTREMDIORA MY PULABLVFF—
TEOBEBIUVEREYE, £tk EiTo 2,

BEEHE
HHEH VYFFr—¥EEFOIZO—Z2FIZE C. sordelli NCIB10717 (ATCC 9714), C.
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perfringens KZ 221, C. bifermentans KZ 1012 (SJ2) #EXiCAWw/, €D ftt, C. absonum, C.
sardiniense I DOWTH@RAKFEZRMARMEBREERHESEREXKEAVWTL Y FF—YHEETF
DrO—Z T ER».

PCR 2D T 517 —, KAG209 (5 TGGGATGGAAAAGATTGATGGAACAGG 3") BL U KAG210
(5" TTTCTCTTTTCTTATCCACATATTCTTGTATATC 3) I Cbp, Cnp 3L U Cpa OFEEREEEM
5594 Lz, 7514 7— mF2 (5 GAGCTCGTAAAGTGGCCAAATCTAACGT 3) X pKF3 75X
S REOEBEFICHYE T35, KAG211 (5 CTGCAGTAGATAGTCCAGGTCATGT 39, KAG212 (5
CCTGTATCTGGGTCAAAGAAATGGTC 3) BLUKAG213 (5' CTGCAGACAATGAATATGCAGGAA
C 3) B&X csp BRTFDXI VAF R 768-792, 545-570 BL X 1134-1158 DEFIICHE T 5. PCR
RISVE, FE 94°C1 21412, 94°C20 #H-60T15 #-72°C30 8% 30 Y1 VNV DRHETIT- =,
His-tag fL>FF—HF & & NI $EB His-tag Csp 23— RTBTIAI REWETIEDIT, 7
I 14 < — KAG243 (5' GAGAGGGCCCGCACAAAGGGCTTTTAAGGTATT 3'; F#IZX 7 LA F K 220~
242 1ZHY) BLY KAG244 (5' GAGAGGTACCTAATTAGTGATGGTGATGGTGATGTTTGTTTATAT
CATAAACTTGATTACCTGAAAATAC 3'; THIIX I LA F K 1424-1459 IZHY) &FWk PCR HiE
EM%E, 75 A3 R pCRII-TOPO M Apal-Kpnl 8LiZ 51 &' —3 a3 > L. His-tag Cpa & His-tag Cbp
23—RT2575Z3 R, 7517 — KAG245 (5' GAGAGGGCCCAAATTAACGGGGGATATAAAAA
TGAAAAGAAAGA 3'; FT#13 accession No. D32124 ® X 7 LA F R 147-180 I2fY) BIL K KAG246
(5 GAGAGGTACCTAATTAGTGATGGTGATGGTGATGITITATATTATAAGTTGAATTITCCTGAAAT
CCA 3'; THRIXZ L AF K 1329-1361 iIZ/HY) ZAW, C. perfringens KZ 221 M 538gL 7% DNA
Wik &, 7514 <v— KAG241 (5' GAGAGGGCCCGCAATGCAAGATTAGAGGATATTAG 3'; T#IX
accession No. AB061869 O X 7 LA F R 1-25 I Y) BLUKAG242 (5' GAGAGGTACCTAATTAGT
GATGGTGATGGTGATGITTATTTATGTAATAAGTTITCGTTACCTGT 3'; THRIIX Z LA F R 1202-
1231 I24#8%) #fA\, C. bifermentans KZ1012 M58 L7 DNA Wik 2 EhEn 75X X R pCRII-
TOPO IZ#@A L TER U=, & His—tag ¥ >/%713, HisTrap # 5 LBKU Mono Q I L (P %
LT 7IVRVT) ERWTHELZ.

BEER, EYREERE BV FIKBERAIER, BEFRLAEYCINVICEAED 10%IFHBK
ZMAT 37C3 BRMFEEBLAEE, 620 nm ICBITBEE (ODgy) ZRIETHIEICKDIToR, ODgy
BD10DLERZE, 1PHVIFUKBESEEME Uk, BMEEAER, FRUEYCTIINVIRFEAED 1%
T AL PBS Bk EMA (KIBE 0.5%) 37CT 1 BRMRIBEELL, LiED 540 nm X8B3 HAE
(Asy) ZRETBIEIICED, 0.5%7T T AMEE 50%BME¥3 V> FFr—EEEZ RO, p-=bO7
V7 F AT YN U > (NPPC) KRTEMEDBIEIIBER S IV, > 7)VE 1 mL ORBEK (20
mM NPPC, 0.25 M Tris-Cl [pH 7.2], 60% glycerol) #T 35C2 KRR, 410 nm IZB 1T 2 HRAEE
Ay ZEIELRE. ENVEEGEEE 1.51X10°ELTAER Lz bO 7z /- IVEZEEL,

ELISA % L=~ ADOHi#flE enzyme-linked immunosorbent assay (ELISA) IZKDEIEL 7.
T30 2 B LOBRKEERRLEBAFRERZ b TIEY > TV Ohiklis L.

YOXDEE 4 BEOB ddY YUXOETIZ 3 B (0, 14, 28 HE) , RV FIF—t (2ueg/100
L His-tag Csp, 21#g/100 1L His-tag Cbp £/13 0.5¢4g/100 2L His-tag Cpa) Z 20uL D7 > a
N FT7HY) EEDICERLE, mEY>7IVE 7, 14, 21, 28, 31 HEIHEEL, ELISA % T
M P& RE L. 35 ABIC His~tag Cpa OF v L > P &{To 7,

BR:
L FF—VlBEFOrO—=>F FTRIIC Cbp, Cnp BLY Cpa OF I/ BEFIZLEL, REF
DB WESIZ PCR 751 ¥ — KAG209 BX U KAG210 #&& LA (FIG. 1, 2). ZDT51<—tvy
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MIVIFF—EBEFFOH 1 kb OFEBEEIBT 5. & 51 open reading frame D2 E%2 70—
T BIHIZ, single specific primer PCR' #1727 (FIG. 1). FIG. 1 i3, C. sordellii Z{&H &
LTRLTH S, C. sordellii D, C. absonum, C. sardiniense W 2OWTH VI FF—VHEETFEE
YR w By A 35 1 Y A

KRB DHEBAEN csp BIETIE 1,197 HEMSHRD, 399 73 /EEEEZI—-RLTWE (FIG. 2).
O OA M) PILBLIFF—FEDLEBENS 38, DHFIVRTFREBRBY ONI3&L 28 &
ERLU 371 BEEHEEINE, OV FF—ELOLEMBITOHKRE (FIG. 2, TABLE 1), 72 /8
B LMAEIZB T, Csp 1 Cpa (53.4%F—1£) ® Cnp (56.7%) &V H Cbp (77.4%) LFIZELEIL TW
BT EMHBHLE, Csp & Cbp MOLETIE, N KGfIFEEE, C RRAIEROR—HIZE{ 4 81.7%H
LW 71.8%THoiz. 4 BEOIOA NI DIABL FF—EMOLETIE, N RGHEEN C Kin
PIEE X D HHERENEN S 7.

BEERBINENEN FIG. 3 IZHBL = His-tag L FF—HEH /U O SDS-PAGE #%%RT,
¥/ TABLE 2 1213, & His-tag L FF—tEF N0 D, gL o F U kEENE, BliEES X O NPPC
KEBIEHERY, His-tag Cpa W& TOERIZBIT, His-tag Csp /213 His-tag Cbp & D HEWE
%R L 7%, His-tag Csp 3K His-tag Cbp DI L > F 2 KEREHIL, &4 His-tag Cpa @ 38.2%
BEU 6.1%THolx. FEHRIC NPPC KEREHIZBWT, His-tag Csp B L His-tag Cbp DiEHEIL
His-tag Cpa &% 7.6%B XU 2.5%Tdh > 7. His-tag Cpa tI 29.8 ng T S0%AMIEMEE R LA,
His-tag Csp & His-tag Cbp iX 3ug TH 10%LATFOBMER LM RS LMok, TDI &I, Histag
Cpa #%, His-tag Csp % His—tag Cbp ® 100 L LOBEMEEZFH DO LERLTWE,

His-tag L > FF—VDEHE His—tag Cpa F+ L > Histag LI FFr—E2RFLETDVAD 31
B B om P 5% FIG. 4 1277 . ¥l His-tag Cpa Jifkfii&, ®BEL=Y > /Y (His-tag Csp ki
His—tag Cbp) X7 2HAEMOBICEE, £32BRIIED S iholk, RE LAY AT His—tag Cpa
W&BF vy LY (Sug,ip) 2fro kiR (FIG. 4), His—tag Cop 2RFEL YT ADH 5 L (n=31) &,
His-tag Csp 2% LTI ADA 2 L (n=31) FEEFK-> M, HENBEEZERRSNahok,
—7%, His-tag Cpa #2%ELEZIYUVRA (n=6) BETEFEL, AdbHELEM >3 bO—-IITTUR
(n=10) FE£THRTC L.

Z8 .

ARFZETIZ, Csp 3SR, HAEANIC, Cpa® Cnp £V d Chp ICEDEBL TWB I EMNAMNER
7z. Nagahama 5 ™" X X Guillouard 5 213 Cpa ®7 X J BEREIZDWT, W1, H68, H126, H136,
H148, E152 NEHHTF & DOHEAI, D56 & T74 NEERIEMIC, D130 & T272 MEE#FICThEN
BATHBEHELEDR, NS5DOTF I /BEERZIILT Cbp, Cnp, Csp KbREINTWE (FIG. 2).
ZOZER, o7 JBEENIORANISULARBL VFF—EOELBECRIEDHRFICTBNT,
HERREZHE->TVWDE I EE2RLTNS,

Cpa DA RENE (FMBECETESM) ORPFANZXLEHATIIZIE, EEBLVEFIOX L
UPYLBLYFF—F0, BEPHEOHBRITNEETH D, HEMAITICED, Cpa BREKEZRT
FRUH—ZATE 2 RAM UEEZFSTWAIEMAM RS Mo N REAIRAS 1, KR
HRUN—F C OFEREFOTHEY, C KHEMRAAL L, AN DLEEHREICY VEREKEETIEE
A5NTVWS M2 CRIBAIRAA 3, A7 4 > II V) F—V, A, BFEERICHEAETH S 15 Jepson
5313, Cop ® NKIRBI RAT &, Cpa @ C RKRPRALDERINAT) v REREFER UK,
FEDONATTUy REHEIL, Cop KDDbFENEM, BIEEEERFL T, CpaEBETHREN>7%. Cpa
DT I/ #%E, D293, D305 K330 i3, HBED) VIEEERBM TSI LT, Amigtk, HsHEt,
HRABHEORBIIESLTWREEISNTVWE 22, FRAOHER, ThH5DT7 I JBEEIL Csp ®
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Cbp KbHbREINTWEZD, Cpa OBALBEHICE, SSRXHNOTI)BBRENVETHIEEZLS
Nz,

Alape~Giron 5 '3 Cpa ®7 3 J#5%#, D269, Y275, Y307, Y331, D336 NEHICHETHS &
WELE, E/= Jepson 5 1%, Y331 & F334 MUBETHBELHBELTVWS, Zhd 6 BOTI JBR
FEDOHFT, Y307 & D336 IZHHETHEEIT Csp, Chp EDITREINTWE, LML, D269, Y275,
Y331, F334 IZ#HHETZT7 I ) EEEAEIL, Csp THEHEX Y, N, R I, Cop TR&EX Y, N, Y, I K
BRI TWwi, £/, Cpa® CHRIBBIRAAL VI3 ERROAIN T LABESHMNABRNHENTED,
&4 Cal (E32, D269, E271, D336, A337), Ca2 (D293, N294, G296, D298), Ca3 (T272, D273,
N297, D298) EFEINTWS 2, AMEOHRE, TIN5 3 DOINI T LAEAHNB L UVZFDREEDT
TOBBER, EEMIZIE Csp, Cbp, Cnp EHIREFEINTRY, BHEOEWS, HANIULENL
D UEEOBREOEVIIER L TWADTRARNWI EMNREINS:,

Williamson & Titball?' i&, X7F K Cpa247-370 (Cpa @ C KEH R A1 >) THRELETT AR,
LD @ 10 SELAEDHER Cpa Fv L > P%, C. perfringens DEBRBICER TR IEERLE. &
e T, His-tag Cbp ® His-tag Csp THRE L /<D X3, His-tag Cpa OHEMEHTZEMNT
Elxholz. THH5DT L3, Csp ® Cbp &, Cpa @ C RIFAIEBROREEEY/RE WA, Cpa OBFEEMH
DPFHICEBETHSEZLE2RLTVS,

BEDZENS, HaRJOAMNIPTLABLYFF—EOLERBITEZITD Z&H, Cpa ICBIEEHSE
EEZTWHEREZHSMIL, C. perfringens LB HAEEIIHNT S, RN K- bT
DFEBRRBRTHIEDIIHATHDEEA SNk, £/, C. perfringens A DI O A MU DY LEE
Lo T ERINDITABHOBEERRIODFETZIENTESLLELI SN,
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TABLE 1. Comparison of amino acid sequences of Csp, Cbp, Cpa, and Cnp*

% Identity (N-terminal domain/C-terminal domain) to:

Phospholi
ospholipase Cop Cop Cpa Cnp
Csp 71.4 (81.7/71.8) 53.4 (58.1/45.3) 56.7 (59.8/53.9)
Cobp 7.4 (81.7/71.8) 53.0(57.7/46.2) 54.6 (59.4/48.T)
Cpa 53.4 (58.1/45.3) 53.0(57.7/46.2) 61.9 (68.7/51.3)
Cnp 56.7 (59.8/53.9) 54.6 (59.4/48.7) 61.9 (68.7/51.3)

¢ Data for Csp and Cbp are from this study, and data for Cpa and Cnp are from reference 19.

TABLE 2. Enzymatic activities of Cbp, Csp, and Cpa

egg yolk-phospholipid hydrolysis NPPC hydrolysis” Dose giving 50%
Phospholipase (U/mg/min) (nmol/mg/min) hemolysis* (ng/0.2 ml)
(% activity relative to Cpa) (% activity relative to Cpa) (% activity relative to Cpa)
Cbp 7.41 £ 0.13 (6.1) 2.37 £ 1.94 (2.5) >3,000 (<1)
Cpa 122 + 0.39 (100) 94.7 = 2.27 (100) 20.8 (100)
Csp 46.6 = 13.6 (38.2) 7.16 = 2.88 (7.6) >3,000 (<1)

“ Experiments were carried out at least three times, and the numbers are mean * standard deviation.
b Experiments were carried out at least three times, and the doses which shows 50% hemolysis in the assay were calculated.

KAG209 —» «<— KAG210

HindIIl +— KAG212 HindITl
< KAG213
7
P/
mF2
pKF3

FIG. 1. Schematic presentation of the single specific primer PCR
used to clone the csp gene. A 1-kb partial fragment of the csp gene was
amplified from C. sordellii NCIB10717 total DNA with KAG209 and
KAG210 PCR primers, designed in highly conserved regions among
Cbp, Cnp, and Cpa. Using a HindIII DNA library of C. sordellii
NCIB10717 as a template, PCR was conducted with mF2, located on
pKF3, and with KAG212 or KAG213, located on the known 1-kb
fragment. Nucleotide sequences of the upstream, the known 1-kb, and
the downstream DNA fragments showed an open reading frame of
Csp. The thick arrowed line depicts the csp gene. The filled and open
areas indicate nucleotide sequence-determined (known) and -nonde-
termined (unknown) regions, respectively.
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KAG209

TERE wFERRY ¥ T - t rt w

RERE FEWSE ¥

KAG212

FE K AEER NEEY Ew ws we * e w s ww

Csp WOGKXDGTGTHALIAEHGLT MLNNDLNQNEPKPIKONIEI LNKYLKDLKLGSTFPDYDPN AYDLFQDHFFDPDTGNNFTL DNKWYVASPIYDTAETQVRK 100
(o1 - - N S....... 5 ...... 8G..5QQV.D..K E..G....ons Yoo TR SO S I ..8..ASY...iviiiinnn 1i0¢
Cpa [P M.VvTQ.VS I.E...SK...ESVRK.L . KENMHE. Q....Y....K. ....Y....W....D...SK .85..L.YS.P..6.8.1I.. 10C
Cnp e SM.VTQAVK V.E. MSKD .BIV...FK. .QDNMHKFQ....Y...... .. K.o..... W....DH..S8K ..L. .LSYS.X....S.... 10¢
KAG211
—_—
- b LR - L2 2 L h ha L E X2 4 hh hkds he b A b A sw - *rh & - - - - - &
Csp FATLRAENEWKKGNYKEATFL LGQGMHYLGDLNTPYHAANV TAVDSPGHVKYETFVENRKE NYALNTAGNDTTQGIYKDAV ANKDFDQNVTQNSVKYAKKA 200
Cbp ..... K...E...F...... P P N = E..D ...... S..... S.V..E.M E.PS.NK...... I... 200
Cpa .8A..RY..QR....Q...Y ..EA.. F..ID....Pevs cuunn A....F...A.E... Q.KI....CK.NEAF.T.IL K....NA, SKEYARGF TG 200
Cnp .TA. .R...E....EK..WY F..A I1..7...G.A.X..D Q.RI..T.IK.NE.F .L K. SN..S.SKEYCKGW..Q. 200
KAG213
—
* TERN . * L2324 L 'R ¥ AN * 22223 .k ' TR AR AN
Csp KALYYSHSTMKHNWDDWDYS GREAIKNSQVCTAGFLYRFI NEVSEPQISGNN-LTNEFNV VLKTADNEYAGTDDNVYFGF ETKDGSKYEWNLDNAGNDFE 299
Cbp 1 ¢ S 8. iete tiiriinensereiree. M .. .  NENGD.DSS.|....T ....... Kieeoeoonnnonn NEDK.F..K......... 300
Cpa .81 AS.8.5...... A AKVTLA...KG...YI YIS.SGEKD..... YM...I K....KTQ..EM..P M 300
Cnp T L TNE..... ASH.L..A.MG...CI. .I...NEIA..... Y....I .R...TVQ..T Pooose 300
* * LR * * b w L 23 ~ L - L2 * &
Csp KNQTDNYILKVKNDVKVNTN DITKYWVRKENRTPISDOWE LSNIKLISNGKVILQOKDINK VFSGNQVYDINK a7n
Cbp R..V...... T.DGEE.DI. N SN,.I...KL.S...... ... P...A..... Q.Q.V ..T.,ET.Y... 372
Cpa TGSK.T.TF.L.-.ENLKID ..QNM.I, RKY AF..AYK PE.,.I.A....VVD....E WI...ST.N.~. 376
Cnp A..E.T....1.-KPSIKFS ..NRH.I..A.FP..V....K VKG .V.AD. S QYE.Q. WIH, .EK.Y. .- 370

KAG210

FIG. 2. Amino acid alignment of clostridial phospholipases from C. sordellii (Csp), C. bifermentans (Cbp), C. perfringens (Cpa), and C. nowi
(Cnp). Identical amino acid residues and gapped residues are depicted by dots and dashes, respectively. The residues conserved in all of the
phospholipases are marked with asterisks. The peptide linker between the N-terminal and the C-terminal domains is boxed. The location of PCR
primers is depicled with arrows. Data for Csp and Cbp are from this study, and data for Cpa and Cnp are from reference 35.

15 —fessis

FIG. 3. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis
of His tag Cbp (lane 1), His tag Cpa (lane 2), and His tag Csp (lane 3).
Each purified protein (1 pg) was electrophoresed and stained with
Coomassie brilliant blue R250. M, protein standard marker.
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FIG. 4. Antibody responses of His tag Csp-immunized (left) and
His tag Cbp-immunized (right) mice and the result of the His tag Cpa
challenge. Ttiters for day 31 are presented. Numbers in open circles
indicate the number of mice that had the indicated titer. Log, values
(102 anti-His tag Cpa titer) of His tag Cpa-immunized mice were 6 (n
=2),9(n =2),10 (n = 1), and 12 (n = 1). In His tag Cpa challenge,
5 ng of Cpa was injected intraperitoneally. All nonimunized mice (n =
10) died, and all His tag Cpa-immunized mice survived. The number of
solid arrowheads indicates the number of survivors.
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