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The establishment of LAMP rapid detection method for
Clostridium perfringens in food
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Abstract: LAMP (Loop-mediated isothermal amplification, LAMP) rapid detection method for Clos-
tridium perfringens in food was established, with the specific primers designed on the CPa gene. The
results of the study indicated that the method had perfect specificity, as 5 strains of Clostridium per-
fringens were able to amplify specific fragments, while 13 strains of non-Clostridium perfringens were
not, and no false positive or false negative results occurred. The test could be done within 1 hour with
the sensitivity low to 10 fg/uL. The established method provides a better choice for rapid detection of

Clostridium perfringens.
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A(o). B(o. B. €). C(a. B). D(a. &)fl E(a. ), £
BIPSEERTE Y &4 o-8 R (CPa)iE [, 7 a-
TR, Wit a-RERPOA N RREA | i ZAEUN
P, 3, B R B, R
2 TR X BT 9 9 e O S | N B R R
HREE RN Z — HETE Al i b £ 2 2P
By B9 458 FXIZE AT R, BRAEA AR,
I E A o R, H TR o R AR, S 2% i A
AT 22 5 W RS 25 R B HERR P o BEE 2> T AR
PR A PR A, — BB P T AR
A (Loop-mediated isothermal amplification, LAMP)
3% 45 I 1 £ DA S0 B i R 2 R 32
BRI 4 PR R ST | DRI EE DNA | 6 A4
e DX, A — i AT B B 400 1 1 DNA SR 5 il
(Bst DNA), TEMERAE T PGS AR, IHFORIE T
P10 e e M R R R

AWEFEET XA ERE CPa B BT T
LAMP Rl 51y 2, %= IR AT A, ft
PR IE 251, B UE T vk B S e A R AR, O

ITIE SRR DN B e i o

1 MRS

1.1 =k
PR 1,
1.2 iK%

B SR B Sy B AR ) BOR A BR A R
i, TR EE 2 DNA #4257 &4 Qiagen 7
Wi, Bst DNA RA M & H: 10xbuffer ¥ New England
Biolabs /A Al 7= fit, MgSO, . ANTP & Promega 2~ ;=
i, BHSRBECN Sigma 23 F] P4, SYBR Green 1 2H
Invitrogen 2% #l 7= i o DNA Marker DL2000 Al
Premix Ex Taq Jj TaKaRa 7 w724, BiJEHE A
Biowest 23 F] /= it
1.3 X&F

FHEIR AR G Mart 24 w6l 724, BIKI. B3l
B LUK R RG240 Bio-Rad 7=/, Veriti BAEE
PCR {h AB 23] i, fHIRKH AR E 57 8 A
Cils e

F1 ELWEK
Table 1 Strains for test

T 24 ik [akiiaes R

Strain names Strain number Sources
FERIENRMR I Clostridium perfringens ATCC 13124 WU A AR A B F
PR IENRMRE  Clostridium perfringens CICC 22949 F ] D e A 0 T e R
PERJENER T Clostridium perfringens / RSG5 o B ARAT
FEREMAREE  Clostridium perfringens / i M T 5 T BT 42 ol o
FERIEMMRE  Clostridium perfringens / A0 M T 95 7 T B A o s
SO EERE Staphylococcus aureus ATCC 6538 WU A R A R F
SAGFEVD TR Salmonella typhimurium CMCC 50115 e ] P A A0 A A R R R O
W IREB G Shigella flexneri ATCC 12022 L RUR YR A R F
RIPEE G Shigella dysenteriae ATCC 51252 LU A AR R T
RNEHIRE Shigella sonnei ATCC 25931 U A B R A BRA F
PARGZSHTRR TR Listeria monocytogenes ATCC 19114 WU A R A BRA F
B W A WTRE TR Listeria innocua ATCC 33090 HC N T 5 T 9 42 ] e
B MK Vibrio parahaemolyticus / RSG5 o B AR
WINPEBERR B Streptococcus hemolyticus CMCC 32210 o ] = 2 A0 A R PR A B RO
HSR AN Pseudomonas aeruginosa ATCC 15442 VDR A ARG PR
K57 W Escherichia coli ATCC 25922 R A Y AR R A E
BEREZEAUFF IS Bacillus cereus / A S % 43 B ARAT
BRI AT Enterobacter sakazakii ATCC 51329 U A B AR A B
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R2 FERFEERE LAMP #7544

Table 2 Specific primer sequences for LAMP

ag@_zﬁ\ FE51) FRTERLE RIS
n;lrrnneesr Sequence (5'—3") oo Lsugin ()

Para XETT(%{}CG/}AAGGATAAT — 23

CPaB3 :EGTCCTGCGCTATCA ST 18
TTGCCATTCATATCTA  )s 195)

CPa-FIP  GCTAATGCTCTATACC 34773 (o) A
TGACACAGGGGA
CAAGCTACATTCTATC 13 4ss)

CPa-BIP TTGGAGAGGATTAGCA (481-502) 47
GGATGATATGGAGTA

1.4 3|¥

FERFEBREL YIS % GenBank
NC_003366.1 Z:H 751, BARG1WF50 0% 2, 51
Y54 BLAST Kk i 51935t Invitrogen

A FA
2 gk

2.1 HFPLK

PR IR E R TN N R IR, &R e
JRARGIRA 36 °C £59% 24 h, F:3EWHF T SPS
Rige 3k, 36 °C RN FE 24 h, PRHUCE @R & K%
vt TA) A 3 %5 5% ik b A7 4 15 3%, % 2R AR B4 1A
DNA, HARTEFPLLE = R R G 1, B3R5 )
FEHUA T DNA,
2.2 M DNA 2

YT DNA HEHCRH Qiagen 4 DNA #EHGR
NG, HAE AL TR ™ s e B B 45
2.3 SI¥I{ERECH

W25 51 B B BE A 50 umol/L YR W,
% Ho
2.4 LAMP [

LAMP 2 NARFR N 25 uL, 1IR3, H /e
I TE IR KB 5 T, 61 °C )i 60 min.
2.5 PCR FEREAL

PCR 5|#¥% A CPa-F3 fil CPa-B3, [k &R
UL 4, HEYFBEKE N 214 bp, RV 51FM: 95 °C
5 min; 95 °C 30 s, 55 °C 30's, 72 °C 30 s, 30 M,
72 °C 5 min,
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Rx3 LAMP X N{RZRERR
Table 3 LAMP reaction

ikl (L3

Components Volume
CPa-F3 and CPa-B3 (50 umol/L) 0.1 pL each
CPa-FIP and CPa-BIP (50 pmol/L) 0.4 puL each
DNA template 1.0 uL
Bst DNA polymerase (8 U/uL) 1.0 uL
10xBst buffer 2.5 uL
Mg** (100 mmol/L) 1.4 uL
dNTPs mix (10 mmol/L) 2.0 uL
Betaine (8 mol/L) 2.0 uL
Sterile ultrapure water Up to 25.0 uL

&4 PCR RF{KRERK
Table 4 PCR reaction

iy AR
Components Volume
Premix Ex Tag (Lodding dye mix) 12.5 uL
Primer F3/B3 (50 pmol/L) 0.2 pL each
DNA template 1.0 nL
Sterile ultrapure water Up to 25.0 uL

2.6 LAMP %55 %584iF

P S5 MR PR IEWEMR A A 13 BRAE =S IEBEAR
B 240 DNA #E47 LAMP £, 45 50 F o vk G
JE B R S B K, UK S5 1FSA 0.5xTBE. 2.0%3i R
BEEERS . 150 V HL R 54 T HIK 30 min), &0
(6 000 r/min DL B0 5 min)BiN ¢ B AF (A
SYBR Green [)JF WY HIL5IR, SikiZ )y Al
PR I R TR O o e A Sk
2.7 LAMP #1 PCR 73589 R 8% LLER

APPSR IR AR MER PR ATCC 13124 &%
PARE, XA LAMP Kl 773 F1 PCR I 7732 43 i) it
1T R E, IRt 38 REUE AT IR, HARE:
VELBR A WP~ IR H DNA $REUGRIEST 10 £5
B BEFG B, fff DNA WREEZ9°4 10 ng/uL . 1 ng/pL.
100 pg/uL. 10 pg/uL. 1 pg/ulL. 100 fg/ulL . 10 fg/uL.
1 fg/ul. 0.1 fg/uL, H LI L DNA AR5 54T
LAMP KU F1 PCR A, HLIKULERZE S, FIWIf L
B MR RARE
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2.8 AEIIHEGEY LR IR

2.8.1 HEIIAERAHIE: BT BRI K
MFLA o W R R AR IE R Bk ATCC 13124 4%
PP IR R B IR, RAERTFE 24 ho DIP=SIEREM
BRI ATIR A TR A B AR RE &, AR S b
(5L E 10°/mL(g). 7K EHAmERE . ¥
TR TR AR R IS AR SR G TH BB ke
H, AE RSB PERE &

2.8.2 R RBEI: KEERIEES A BILL 2
TR, 51 Rk, 8 25 g BERIRE S INA
225 mL MR FRW T, IRAKESE 8 h )5, HiLH
EIRBIE R T4 DNA, R LAMP J5 ik ik
PR 55 2 Aoy ik, R AT 5 IR E R bR
HELOT 7 VR AT R PRGN, XoF T 2L A 45 SR A T
He Xt

2.9 EXHMBIEN: N LAMP ik, XA
FAEKY 34 SEROKRREL | 22 #EKIKH KRR R

bp

2000

1 000
750
500

250

100

JKFT 20 LR ELAS A 2 PR ] R AT AR AR D
RO, ELARR T2 K 25 mL(g) B4R fimA
225 mL B ARFRECR, RERFE 8 h)a, FikH&
RGP AE DNA, K LAMP ikt
W5 R BREIX 76 YR S 2 HE R S AR O vkt
FrrE PRI, I %o P 2EL ARG 00 23 SR A 7 He e o

3 4R

3.1 LAMP # 1%

FHAZIT IR 5 8 7 S JE B TR S R 41 DNA i#E 47
LAMP 434 4384 7y s Dk A i 25 R Aan 81 1 B, 5
PR SN TR A B e BBtk B i 5%ty g
YOS RAE 2 FiR, 5 BRFER ISR B 2 0
W UUTE; =Yoot B g e 3 BioR, 5 8
FER IR T ) LB A . R, RIS SR (A 1)
WoR, 13 #RAE 7 AIEEMR A TR DNA BR Y3 1
FARE =9, LA 7 ik B RAF R R

1 FRERRERIFFSFERE LAMP =) Bk R
Fig.1 Electrophoresis of LAMP products of Clostridium perfringens and non-Clostridium perfringens
F: 1. 20: DNA marker; 2—6: 3R LAMP 352558, 7-19: 5/ MM LAMP § 845 R, IRUCH & B @A k1S . B0
FEVTTIRE . MIREBIRE . FREIRE . RNETIE ., LI BRRE . e S . AEmonsE . e sk . sk

AT . R TCTE | IR 2F AL AT 1 A0 B 06 i A 14

Note: 1,20: DNA marker; 2—6: Clostridium perfringens; 17-19: Staphylococcus aureus, Salmonella typhimurium, Shigella flexneri, Shigella
dysenteriae, Shigella sonnei, Listeria monocytogenes, Listeria innocua, Vibrio parahaemolyticus, Streptococcus hemolyticus, Pseudomonas
aeruginosa, Escherichia coli, Bacillus cereus, Enterobacter sakazakii, respectively.
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2 EREERBEMIEFASEERE LAMP RN~YBELEER
Fig.2 The LAMP production of Clostridium perfringens and non-Clostridium perfringens after centrifugation
TE: 159 S RPN AR R AR A 12 AR B AR P R W R bR, KR & i (R A IR . LT ITIRE . 44
AEPUICH . RIEPUICHE . RSN . BRI . SO R I L VA MBI . AR IRIE . KR IR

TR 2 AT R IR A A

Note: 1 and 9 were Clostridium perfringens; The rest tubes were Staphylococcus aureus, Salmonella typhimurium, Shigella flexneri, Shigella
dysenteriae, Shigella sonnei, Listeria monocytogenes, Listeria innocua, Streptococcus hemolyticus, Pseudomonas aeruginosa, Escherichia
coli, Bacillus cereus, Enterobacter sakazakii from left to right, respectively.

3 PEREBRREMEFASEREE LAMP =YREREER
Fig. 3 The LAMP products of Clostridium perfringens and non-Clostridium perfringens after adding fluorescent dye
TE: 152 SRR R AR A 12 AR B AR R TR R bR, KR & i (R A IR . LT TTIRE . 44
TOEBURTE . PGB IR . R EBUIRE . IR . S s R TE IR VEBE R . SR BT . R IR A IRTA | b

oF 2 FRUAT T 1 R I A 149

Note: Tube 1 and 2 were Clostridium perfringens, the rest tubes were Staphylococcus aureus, Salmonella typhimurium, Shigella flexneri,
Shigella dysenteriae, Shigella sonnei, Listeria monocytogenes, Listeria innocua, Streptococcus hemolyticus, Pseudomonas aeruginosa, Es-
cherichia coli, Bacillus cereus, Enterobacter sakazakii from left to right, respectively.

32 RYERRK

DL A Y 7= RO3E B MR T DNA B A ¥k B XoF
LAMP 77 ( 4)F1%5@ PCR J7 ik (E 5) A0 =
SR EAT I . Hoh LAMP J5 3K B, 24 DNA
B BE [ 2 10 fg/pl I AT AT D045y Bl 5 i Btk
Py, B LAMP 3R B IAE] 10 fg/ul; PCR
A, X4 DNA BM Wk EEFE %= 10 pg/uL B4
AL ULE SR B SE 0 H B8 R B, B PCRE Kl R
LN 10 pg/pl. TEASIER, LAMP 3l Jr ik
() R AR #5838 PCR 7k 3 N, R T
T RSO R R
3.3 R RED PR IS

XTRSPIRE i LAMP A6 I 285 58 5 74 o8 42— 3K,
B 5 EZArifE ik kg 1 2w &, T
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4 FRIFERRE LAMP & REUE

Fig. 4 Sensitivity of LAMP for Clostridium perfringens

@: 1. 11: DNA marker; 2—10 k3B 43510 10 ng/puL. 1 ng/uL.
100 pg/pL. 10 pg/pL. 1 pg/pL. 100 fg/pL. 10 fg/ulL. 1 fg/pL.
0.1 fg/uL B DNA ¥ B ) LAMP 2 L = #).

Note: Lane 1 and 20 were DNA marker; lane 2—11 were the LAMP
production of Clostridium perfringens with the DNA concentration
of 10 ng/uL, 1 ng/uL, 100 pg/uL, 10 pg/pL, 1 pg/uL, 100 fg/uL,
10 fg/uL, 1 fg/uL and 0.1 fg/uL, respectively.

© FERZFRMEMARTATIKSHIEST http://journals. im. ac. en



FLAE: B T EER T LAMP PREAS I 7 32 i 2 5

1293

—2 000
— 1 000

750
— 500

— 250
— 100

5 FREBEKRE PCR N R SUE MR

Fig. 5 Sensitivity of PCR for Clostridium perfringens

: 11: DNA marker; 10: BJ#EX5 IR, 1-9 k3B 535120 10 ng/pL
I ng/uL. 100 pg/pL. 10 pg/pL. 1 pg/uL. 100 fg/uL. 10 fg/pL .
1 fg/uL. 0.1 fg/uL #4Rk DNA ¥ LAMP 1% 7= 4.

Note: Lane 11 was DNA marker, lane 10 was negative control, lane
1-9 were the LAMP products of Clostridium perfringens with the
DNA concentration of 10 ng/uL, 1 ng/uL, 100 pg/puL, 10 pg/uL,
1 pg/uL, 100 fg/uL, 10 fg/uL, 1 fg/uL and 0.1 fg/uL, respectively.

PEECB B ZE R B, B T I B R R
SRR SE FE o TR, LAMP 60 57 325 6 4G 5 15043
10 h, B ZARMES T 51 3 d ARSI R A ]
[
3.4 EXHREN KIS

N LAMP J7 365 34 HEUOKSRGESL | 22 itk
KRR AR 20 HEWR 3125 fu B 20 A i Stk A5
PR AN, AE LA AL B R R 1
HERAE S AEAE T RTEEAR TS G, LR h R A
WP SRR B . LAMP 7 bl 45 55 55 [ R br e
J5 A 25 SR — 3
4 Wit

FER IR Iz A0 A0 T H AR AL, IR 2
BT IR, S — AR A 51 A S ) & 1)
IR . MEAEEE RS 10° D EEY
iy, Bl ey b, HilA 240 EZENE
st P A S R TR A B SR, T R A % i
B R AN, I SEAE 2008 Wi P
KRR SRR GEFR e P I T A& R 2R . K
HILIK, £ v = A R TR A G ) 2 R FH SF- Al
R S vk, iz kil Bk 3 d, B
Wi AR AR A, Taik R PR ARG I B . AR,

A PR TE R TR R B AR B 43 BB 9 3 Ay
TR PCR FIZH PCR 4507 WaB i v T4
T, 33K kg 7 A STE R T T 5 W v 7 1) 9 s 4R 3
B ARTE S

PCR iR G B K LRI B 547, (HJE 4
VE SRR 0 20 o G 3 I IR B G B ke e, DA
R ANREAE S V2 W . LAMP AR TG
TR R, IEEERESAFT, 1h N
P 107 FEEHIHE DL, PO R — R
SV T 5 ) B 11 25 P 45 # R 22 R AR R SRR 25 R 1Y
DNA F BIR A4, ol i B o 202 75 0 BB
K, ooE o MR w R IE, SUmAZER
RIS 2R AWM Z5 R . LAMP £
ARUIHER SR . SR A, BERR . Yok
585 B o5 £ i 2 A R R L SR B T H 25T
I

RSG5 R R, T d LAMP K0 7 vk 4%
SRR, FE MEAR, A R IRE] 10 fg/ul,
PCR J7 i RAUEHEE 1 000 £, B, xF Fi5ge%
BE A, mEYrhErEA, TR Lalgit
SR AL ZUREAR, AT L) TG 4 TR T A A
28 WAL DNA 17 ORI, 48 LAMP £5
73 1 52 R 5 4 BB A% Tl R A I R X
Yo A B R AR AR A, RT3 e 5 P 9 PR 35 3R RO R
TE 36 °C 41F FIREIETH 6-8 h, 40T e % B AT 5 2
LAMP Kl Bk, [AlEF, LAMP Kl 45 5 i 2 05 =
{5 22 K, R i & ZOR AN, HAT ) e N A Al
S, B E T 32 B R b 2 e R A R
Gk, AR T RSk s B b e R R

2 £ X #f
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