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Detection of Enterotoxigenic Clostridium perfringens in Seafood
by Polymerase Chain Reaction Procedure

Shigemi Oxa?, Nobuyo Nisurzaxr? and Kozo Taxama®

Abstract

Polymerase Chain Reaction (PCR) procedure are simple, rapid and specific method to
detect the enterotoxigenic Clostridium perfringens as a causative organism in human food
poisoning. Synthetic oligonucleotide primer pair used in the PCR procedure amplified 364
base pair (bp) seqence internal to the C. perfringens enterotoxin gene.

The principle of this study was to investigate the correlation between the detection by
commercial Kit for enterotoxin production and PCR procedure for enterotoxin gene of C.
perfringens and, also, to detect for enterotoxin gene of the organism in the culture media and
seafood extracts by the PCR procedure.

Moreover, sensitivity of the PCR procedure used in this experiment was determined.
The results obtained were as followed ;

1) The results for enterotoxin production of test strains when using reversed passive
agglutination test, and PCR procedure in detection of enterotoxin gene were proved
to be consistent.

2) No difference was found in detection of enterotoxin gene of C. perfringens cultured
in liquid medium and solid medium by the PCR procedure.

3) It was confirmed that the PCR procedure used in this experiment was specific to
detect only enterotoxin gene of C. perfringens out of six kinds of food poisoning
bacteria.

4y C. perfringens inoculated in five kinds of seafood extracts grew and the number of

bacterial cells were from 10° to 107 CFU/ml. Also, enterotoxin gene was detected
from the organism in each extract by the PCR procedure and the reaction was not
inhibited by food components,

The sensitivity of the PCR procedure used in this experiment was over 10° CFU/ml
as bacterial counts.
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BLOEHD (e, 1975, S, 1978; Oka &, 1989; Oka &, 1989), Rihfid: b LU
M x5,
PR EAORAEE L T, £ 72 ORRO%A LR AHETHY, Foiwicix, M.

R DR T, U SRRSO v BNE fJ»k&) 55

w2 W A U w, B P R R B Ol e R I i BSOS 2 D Ah

Te TR Bt s & » b OJfL UJV(U))T BB, ZOBEWEOREE o B O, & 5k
ORI F TR B EHM AT 5,

o ealciahsd Lo
Tl & 0)4‘"‘311’1 DNA %ML, M4 2
DELTHEHEATWL S,

AP < DM O b TR R

#: o7z PCR (Polymerase Chain Reaction) ik, Et iz
HEHTCH D, BRI O FE LR 3T T o—

NTHOL A LSOO G55, 1997), fVEn LR 2 <, H

Table1. List of strains used.

Strain Source

Clostridium perfringens NCTC 8238+
Clostridium perfringens NCTC 8239

Clostridium perfringens NCTC 8798}

Clostridium perfringens NCTC 10239
Clostridium perfringens FD-1**

Food poisoning
Food poisoning
Food poisening
Food poisoning
Food poisoning

Clostridium perfringens S-40** Food poisonin
. g F g

Clostridium perfringens S-45* Food poisoning
Clostridium perfringens So-1** Soil
Clostridium perfringens So-2° Soil
Clostridium perfringens So-3° Soil

Clostridium perfringens Rw-1% River water

Clostridium perfringens Rw-2° River water

Clostridium perfringens Rw-18° River water

Clostridium perfringens Fi-1
Clostridium perfringens Fi-2°

Clostridium perfringens Fi-3°
Clostridium perfringens Fi-4°

Fresh-water fish
Fresh-water fish
Fresh-water fish
Fresh-water fish

Staphylococeus aurews FP-10%7
Bacillus cereus No. 55*°

Clostridium botulinum ITWANAT?

H7 HK?

Salmonella enterttidis 95-6-12

Escherichia coly 0157 :

Food poisoning
Food poisoning
Food poisoning
Food poisoning

Food poisoning

*t Obained from National Institute of Health, Japan.

*? Obtained from Hokkaido Institute of Public Health.

*¥ Obtained from Food and Drug Administration, Washington, D.C.
** Obtained from Hiroshima City Institute of Public Health.

*5 Isolated in Faculty of Fisheries, Hokkaido University.

5 Obtained from Faculty of Agriculture, Iwate University.

*7 Obtained from Sapporo City Institute of Public Health.
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fif e r WE R B O F o b % VY b Y o WO

Hp ORI H D, U SIRHIBIES RO R EOREAH T 5 Z ks, T TIAMLEDS
Wiz B TRPBEEEORIER, £ OREHETTH 5 BUllETORER CRIGHEATu S

(7B, 19925 /B - 3238, 1994 ; Candrian, 1995 ; [A19E S, 1997),

ALRFHO R & 2 5 Bt JEA Y 2 b 3 o [ 2 ONHET OB IS A3 & G U 7o s 1350
W2, 3OS NLA (Saito H, 1992; Fik 5, 1993; Baez and Juneja, 1995), U35 b frehis
RS L BB S O SR I IR U2 b O, 8 & i A Rl A G o B 0 o e A
& DB DIGABITH 0, W b »IFH TRPHO A & 7 > 2 (L, 1962) ~
G’)J/L\ PRI 1 o,

& ZTAWIIE T, frnlx ij’ﬁ/ HjGN B b L CH ] S e POR S

fﬁ“t'nl}b“ 5 O B RO S ISIDIREN ST %, 3 TR o0 2% M TR L 7,
ESE ' S -
ARk

AP 1 Clostridium perfringens O fx P B b e ik 7 48k & BAKT sk 8k 10 Bk, 72 & U812 Sta-
ph?/lococcus aureus, Bacillus cereus, Clostridivm botulinum, Escherichia coli 35 % UF Salmonella
enteritidis D4 1 HRODENH 22 R IEA L oy 200 OFENIE Table 1 w5k Lz,

Et OEFELE E R

Voa vy a O BRI E, THIRE v ik B Bt 0)%‘&"‘1‘)}“%’-t;tﬁ’r’:@“(if’? (fif &, 1992) ¢

EBYTHDL, 7220, EtOpEA i394 }’]U)if/ zkz)%‘é(z{fi:& wHZ EpE, BRSO /hiq/i‘
HOIZER L (Duncan and Strong, 1968; A% « KE, 1987) NCHEI AL T2 2 L 2R

B, MR Bt OB BT 12,

ERBORE

7wy 2 W8 L OO RN ORI v 2 B O Wik [Thioglycolate Broth
& Brain Heart Infusion Broth (Difeo)] 188 L OB dhx & At O BRI O I L F o
T L > TTF T,

i‘ﬁéﬁ BEHE T bk, PERIEER R R L, 37°C, 18 20 REIMT SIS R TR 21T - 2218, O perfiin-
gons TUA I 4 & 2 Rt OW JREETEREA (FRMISG 2 0z 10 40 & 10°5 & To & 75T
D01l mlFoaumEHEL, 37C, 48 1Y, Gas palx (BBL) #5488 217 - 72, C. botulinum 128
DT BY, I - 19, 77 R B Brain Heart Infusion Agar 2 M4 BV, FEHESAFO 0.1
ml 9O & WK, 30°C, 48 HHHIBMEIS S 41T - ey $£72, S auveus, B. cereus, E. coli B LS.
enteritidis "Clx Plate Count Agar (Difco) &% 2 M2 Aivs, Z 406 wHEHEHIWED 107 5 1070 &
TORFPID 0.1 ml 370 % Btk 37C, 48 MRS MT CREE R IT - oo BEEHE, Hhki
0> TH 2 ROICRESTA L OMIEE OVt & 1ml H72 h O % Colony Forming
Unit (CFU/ml) TR 7z,

¥, C. perfringens ZEAERE L Fo RS & A BB P I D W T b R O G &
BB CAT - T2,

f
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(
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PCR RIGDOFIR

PCR BT O FE » CHIBL 12,

1) #33 DNA oF§% : A0 Thioglycolate Broth ¥ Brain Heart Infusion Broth T,
37°C, 18 MRS L A B8 1 ml 3L ILEE (15,000 rpm, 5 43 H)) o TE $RE¥ (TaKaRa
48y 500 gl (—HFOEER T 1,000 L B 2INZ, LABEEHTHL L) w4 v R ECW
PR SR BRI 35 C Ik 37°C, 18 B SR L - Wi o 1 & % TE $E I 500 1 i
}n x, & <7hﬂ“c‘é'(ﬁubfzfi'<, WhlEACH T 10 S MM 21T v, B, AL S OELL LN % BUR

b

9 TS v— FTIA4v—Id Saito 5 (1992) DF IR - CHBL T,

El f:ubfo 73542 —PT 1Y x by 2 W0 Bt OIS0 426-446, PT 2 13 770-789 24
WT s L0T, FhnER (5-TGTAGAATATGGATTTGGAAT) & (5-AGCTGGGTTT-
(IAGTTTAATG) THY, FHRSNHHIEDNA L 864bp TH S,

3) Rtdeft & WA -’ﬁf?w DNA © 1l %, PCR B I 49 p] (B 288 K 38.75 pl,
10X PCR 5l : 5 ul, dNTP 2w 7 2 dul, PT1 794 ~v—:05ul, PT27/54~—:05
ul, Tag BY A5 — Je 0.25 g1y ¢ }n_ 1%, 94°C, B4FH, DT 94C, 30 BB, 55°C, 30
o7 =—1) ¥ 7, 120, 1 HHOMERIEO 4T, 35 [0 PCR FIE#1T - 720 KIGHK T %,
FESHED 10 ul % & 9 200 7oA 0 — AL VESIKII 2T ¢, B E T4 364 bp #iE DNA OF
EATEEL L 720 e BRIEHB VTR O EDEMIET M o lAL, STt —A -l
100 bp DNA Ladder {(Gibeco BRL) % Hlv/z,

BRI FAOHEE L BOEE

i % A DOPELC RO v IS, Y, A BB IUERY FH A O 4 FEOWE RO
fie, a7k '}1 Wk iz, O v 7 RO BREBORRHE B L CRAEHoERN LT
SEHROMIA AV AKEMACREY FA4 XL, I 7 CRAWISBECN U T8 EROMBA A4 >~
KA Z o1, 100°C, 3043 Engh L7, 2o a0 AL, A PEEME (16160 mm) i
10 ml F o4 Uikis, 121°C, 159 MEFEREL b0 RARI A+ AL L, INSRED
W 2 % 2, HohUh A v rRg CW IIFeRsb ¢ 370, 18 Kkt %
1T 7z C. perfringens O Bt ik (NCTC 8239) O¥FHEH 1 (E AL & HAEL, 37°C, 18 I
B AT - T,

& R
BRI RN & BREBRRRIC B 75 Et EERE

C. peﬁmgms OB HTIRR T & B amm& LOFROF 1T #k2 i L, RO Be i i
Fo bR, B4R OB TR L7z F ORI Table 2 1R L7z & 912, RPHEHSAEE
wmw, Wy Mok D Bt o);f/w»r{u“sw~ Ok 54k (NCTC 8238, NCTC 8239, NCTC
8798, NCTC 10239, S-45) Bkl 10 8D 18k (Rw-18) DA TH 72,

ArhE itk E RBRENIC TS Et#{ETORY
D, H U fraapk i sl 7 6k L BT sk 10 B o v TR IR O S PCR RIS & 1T
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Table 2. Comparison of the results of commercial Kit test for detection of enterotoxin and PCR
procedure for detection of enterotoxin gene of C peyfringens.

Strain Commercial Kit test PCR
(PET-RPLA, SEIKEN) procedure
C. perfringens NCTC 8238 R +
C. perfringens NCTC 8329 + -
C. perfringens NCTC 8798 + +
C. perfringens NCTC 10239 + +
C. perfringens FD-1 e

C. perfringens S-40 - -
C. perfringens S-45 + {

C. perfringens So-1 - -
C. perfringens So-2 — -
C. perfringens So-3 - -
C. perfringens Rw-1 - -
C perfringens Rw-2 -

C. perfringens Rw-18 +
C. perfringens Fi-1 - —-
C. perfringens Fi-2 - -
C. perfringens Fi-3 - -
C. perfringens Fi-4 - -

+*1 Positive, —*2 Negative.

W, Bt E T OME E 1T o Foo F OfEH, A v MW T B 264 Lo rh ik o 5 8
&, BUEHMO 10 & B ET bR & h, sl & 5 850 —3 L 72 (Table 2),

HEHOMERERINEEE ¢ PCR EH DR

DEW, VanyalE e A ECREEL, SEIREE D o MBI -85 DNA o v
PCR P OMUNTIERE T 5 DE N D TRET L o 1 U IS¢ % % Thioglycolate
Broth & Filvs Cdrrpiagehisiell 7 #8520 DNA 235 L, Whdo44¢ PCR KIS %170, #5
iz PCR 2EEWIO K88 — > % Fig 1 AR U 7o, [EHEGC Rk sie il 3 1k & B sl
34 & BEAR U 2 BRSO B W 0 5 15 5 7z POR IOkl €4 — > % Tig. 1. Bk L
72 Fig LA B LU Fig 1B 2 S U&7 & 5 12, Wil sl U 2o ghSHk (NCTC 8239, S-45,
S-40) @5 B, NCTC 8239 & S-45 0 2#ETH, Wb 364 bp OFIIHIC 1R D FHRH &
n, BEBMIC & B PCREHOMIBEHICE RO S h -,

Bk, WEAREEH O RAGHI A FROBME S Iml b7 D 10 CFU DA — 5 —CH -7z,

@
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A M1234567

Tig. 1. A. Agarose gel electrophoresis of PCR products of €. perfringens cultured in Thiog-

lycolate Broth.

Lanes: M, 100 bp ladder marker; 1, NCTC 8238; 2, NCTC 8239; 3, NCTC 8798 4,
NCTC 10239 5, FD-1; 6, S-45; 7, $-40.

B. Agarose gel electrophoresis of PCR products of C. perfring, ens cultured on CW Egg

Yolk Agar plate.
Lanes: M, 100 bp ladder marker; 1, NCTC 8239, 2, 8-40; 3, S-45; 4, Rw-18; 5, So-2;
6, Fi-3.

M1 234506

-—364
{bp)

Pig 2. Agarose gel electrophoresis of PCR products of six kinds of food poisoning bacteria
cultured in Brain Heart Infusion Broth.
Lanes: M, 100 bp ladder marker; 1, B. cereus No. 55 ; 2, S. aureus FP-10; 3, S. entoretidis
95-6-1: 4, K coli 0157: H7 HK; 5, C perfringens NCTC 8239; 6, C. botulinum
IWANAL

& PCREARDSEMEDIRET

C. perfringens 5 L 8% OO QP HEIRE (S aureus, B. cereus, C. botwlinum, E.coli ¥ LU
S. enteritidis) 0> Brain Heart Infusion Broth B4EHiin o, # NN DNA £38IL, Hido
JEhs % v T PCR k&% L 7o %0 POR VDMLY — v % Fig 2 1R Lic, £/ %
OEOEMITT ORI TR D 105 505 108 CPU/ml 04 — 7 —ThH o (Table 3),

Fig 21225015 & 542 364 bp DT /x> N A% & A7 BEATE 6 BRI C. perfringens O
BT, o 5 T R 2 S R S T, A PCR a8 C. perfringens 0 Bt i O
Mzt U TR BUNCdh 5 & B S,

— 38 —
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Table 3. Viable cell counts of six kinds of food poisoning bacteria in
Brain Heart Infusion Broth.

Viable cell counts

Strain (CFU/ml)
Bacillus cereus No, 55 1.5 107
Staphylococcus aureus FP-10 4.7 108
Samonella enteritidis 95-6-1 4.3 10°
Bscherichia coli O157: H7 HK 52> 108
Clostridivm peyfringens NCTC 8239 2.3x10%
Clostridium botulinum TWANAIL 8.0 10¢

VL ABOBERRIFATORIEL EGRETFORE
O R e & AR OTREL 2 o 5 % NE N
M DNA %34 L, Wiko 4T PCR KIS 21T, B E 35 364 bp it 5 /9> sl &
% el LT,

ZOWRGKI Y — 13 Fig 3R Uie & 24, Bt AR HREL 72 6 BRI ~Cofei o ¢

1234567885101112M

364~

(bp) ~ 300

p

Fig. 3. Agarose gel electrophoresis of PCR products of enterotoxigenic C. perfringens cultured
in various food extracts and culture media.
Lanes: M, 100 bp ladder marker; 1, CW Egg Yolk Agar plate; 2, Brain Heart Infusion
Broth; 3, Control (Brain Heart Infusion Broth); 4, Control (Thioglycolate Broth); 5,
Control (Chicken ext.); 6, Control (Mackerel ext.); 7, Seaweed (kombu) extract; 8,
Scallop extract; 9, Squid extract; 10, Salmon extract; 11, Mackerel extract; 12, Chicken
extract.

Table 4. Viable cell counts of Clostridium perfringens cul-
tured in various food extracts.

Viable cell counts

Extract (CFU/ml)
Seaweed (kombu) 1.5 10%
Scallop 5.0% 10
Squid 2.0x10°
Salmon 6.0x 107
Mackerel 4.0%107
Chicken 3.2 107
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, HIEHERO 1 Y L//‘* Brain Heart Infusion Broth ¥ & tF CW JH# R i
B S, LV,HL«O 364 bp W7 5 LARD N> R E Rz,

iz, oA ANTOH SHEDC k> T o T %)CD(D, 108 4» & 107 CFU/ml @
4 — " Ch-ote (Tabled), 24, WEE LCHv 7 2 DR A & 28 0)d§d/‘>1niL7'J>o
MY R s o te, ERARKGTEF A0 pH b 62506 64 Olilicd > 7,

{

5 x ) 2B PCR EMOHKRERE & B OBF

D, AREERTH V7 POR KT O BUSHEY OIS # O sir SHE L, £9,
D AN 17)) 'l‘hloglycolate Broth o 37°C, 18 BHIESSE R0 o IEE M & v C 10 £5 18 IH 5
KRRV 2 ERR L, % /IL/ NOFPR D & 4w iR~ Fe SO DNA 2 E L, AR 44T

ST T ORI Fig 4 IR LI LB D, il 107 F5H0E & Tk 364 bp Ol

Z PCREHTH S 14\0)/\ B S &g 3, 107 FV B C i S R o 2, T
J/; T DNA B9 o0 TR 551 500 11 Td - T2 A8, 27 1,000 4] 20 U726 & [k
WMy — % e Lz,

SR O 1 ml H72 D OWEIL I CRUE TH -7 2 e d, PCREYOHILE S
ST Tml B72 9 100 CRURLETH S & ,.m.twmo

12345M

Fig. 4. Agarose gel electrophoresis of PCR products amplified from diluted solution of
Thioglycolate Broth incubated with enterotoxigenic C. perfringens.
Lanes: M, 100 bp ladder marker; 1, 10° ; 2, 107*; 3, 107*; 4, 10=* ; §, 107

& B

Yoy a RN AEOMET sy T o b &Yy (BY) ko TR SR NS EATN
PR TH 5
R & 20 5 Bt i J 9w by o ORI SN E TSRk L & L TE S Dk
s anTH D (Duncan and Sommers, 1972; Uemura 5, 1973; Skjelkvale and Uemura,
1977 9V S, 1982 ; Notermans &, 1984 ; Jakson &, 1986 ; Mehta &, 1989 ; Uemura &, 1992),
LS N2 O—20GHE R L T0 L BifHIHO Ly FTHod, SOFy bIFHEAITED
T, B OB b S TAR o ElH9 R ,),» W Th b, Linl, JORELTH
& NI BRI T & o CHEERIH O YR ’»'11 vy, ST RGOSR & s B & D AR
WO e 5 2 &, FIEIHC L o TH LT L SHIIBRBAY TRV I L, 36KK%
DI HOIEERDS I D, AL HEOEELOME $ It b EHIAS D B L D B H B
F TR, BAL L OUES TSN T v D PCRENY 2 v 2 WA & ﬁ‘{’m
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B ol v IR I SN TO A AL, v v a o B a s & &
DUFFEFA B O AR OISR ST RED T 2 M B — DDA L LT, ZASDORG»STML /-
I AN TORIIE OXHOENE &, Kk & 2 MEHIBTO BOEETFRI A~ O O W 12
DT L 2.

3R dolell & B A R L, T v Mo b3 B REARE A BT, F OKEY, B
EPEA U EEE D o BGRE T SRS, Bt 24U OEECE BUllET LB s hy
M & BB RTS8 U e, SO, $7- ol o (Saito &, 1992 FHAF 5, 1993,
Ridell &, 1998) OFEBHEIL b—8 L7z 2 Lo, Bt EAEMOMRINCAEOE BN s h

T2o AT, FERESROBEE Crid PCREZETHTIRF Yy L 02 HIEHa LD t»
S, RO HETHEN T L BHLPTH D, ZOEBRTHR L7 FD-1 8 & S-40 Bkt fx
R & U O s e Bl C, OB G BIFCHh o bbb o ¥, Bt iR
ST, E/: Bt T oM S h o, THEOHRYHHE U C o Bt BEAREA RO
TR L b D EH 2 S N2 NG RIECH 5, DT, 8528 DNA % 5870 2 B & Fia
T 5 L&D BUETF ORI H 2 DEPIC DL TR Uk, % OFGEL, Witkkel & [
TR ORI & I U 72 85 DNA o W hun & b Bl a0 B 29 v B oSk S, FBiie
B X 3 BelmE oMb s s s o 7,

DT, C. perfringens %&b BEORRRPEEING 6 FIE MR L, & PCR sho# ik
KOWTHE L, 0, C pefringens D&m 5 Bt EHEF O/ RO S, Bk
PCR 3R O Bt WEFMHNC R CH 5 & LB S iz,

DBEITTHREL Y 2 by 2 RO I IEE AN s TR S O AR R L 7
BEENTHS (U, 1962), LhL, INETIhsOBRME DT PCREXIGHL, Bt
L OB A G v,

ZITINS OB L CEBRERIEH T 201, $3¥Ihs0iv oL 7L

IE A%, NRWICEEREL 7o C perfringens ORI L, PCR 310 L 2 2 o850 » o Bl

BT O AT, # OREE, nﬂ.‘*ﬁbf S HHOMMHAN L ADTRTHE T2V Y 2 B
BRI A & E b, /‘\zi--@f“ﬂl O HMEME > S Btals 7 b4 5 2 a3k, $7z,
Z @Iu 3 ﬁ o A 3}4/} %4 PCR FJIL\”L P%)nu ol 7;.0 PN L fgi:li@ut 9 [ PCR

BEHGLABBRTE Y 2 vy 2 O Ltmj,\{a)/rﬁ R H 5 2 e bW S IS 5T,

MRS B TR A EO— D ‘L7 ELTOFfERH U , AV TRFE @(U&ﬁ’ﬂ’fuu
ELTHIMBEE LI, gk -‘rxm'c Wy e vy 2 OHREA-SFEF T 2 b s (W,
1979), S HWFEHRELHOW O L D ApHAR 2 SAIGEESH 5, Sk, 85 DNA ©

P L E o, WHEANEEEISOY 2 VY 2 OB & 20 BUOSE oM @i 7 PCR
RO D '(4“”-~ f LTI BB 5,

R, KW L 2 PCREMOMHBIE 25 1=, &P E OMER» SME Ui, % Ok
B, Bt BT 032 PSR & Rl B OB AT IREEGE 1070 Cb o T B O BT
Boik 108 CFU/ml T -7 2 L s, Bt METF ORI 10° CFU/ml Bl s #isint, 2
DREA L, #8 DNA o0 TE S 500 1] OB OIREETT o 2 03, FREHR % 1,000 4]
R U288 b B OB v BB s i b o tr, 22 TES L 105 OfilE, A
RO FEERECCH B 10° (@VM*’-, 1981) L DARHUBIE I & & SRR A I B 1 B
RO 32 D182 b OO, L DIREIRE 280 5 72 010 1, 5525 DNA O3S
(i, 1997), Nested PCR #; (Baez and Juneja, 1995) 7% & DLk b hMi L 55
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