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Abstract: The loop-mediated isothermal amplification (LAMP) assay for the detection of emetic Bacillus cereus was developed by
designing four primers including two inner primers and two outer primers that specifically amplify segments of the cesB gene. Analysis of two
emetic B. cereus strains, nineteen B. cereus strains and forty-one non-B. cereus strains demonstrated that this LAMP assay was specific. The
detection limit of the LAMP method was 1.49 pg/uL with genomic DNA, 5x10° cf/mL in pure culture. The detection limit of the LAMP
method was 2 cfu/g in artificially contaminated rice for either boiling or kit-based DNA isolation method after enrichment at 37 C for 6 h.
Among seventy-two food samples, two was identified to be positive by this LAMP method, which was consistent with the international standard
method. The result demonstrated that the specific LAMP assay can be used for rapid detection of emetic B. cereus strains in food.
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B N AN OB RS RE 2 JAT B R b i
k. 1950 FEAEMRBUR R T 55— RIS RE 2 AT iR B
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s TRAEY R . BB 2K 2 i
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B E B PCR 7245 78 R 15 /2 X F ik (X iH:
BRAMWERAEES S . BN FHERT HHA

(loop-mediated isothermal amplification, LAMP) &
— PSR IR, B DR R SR R
(TR IR /P ol 2y WS oy = e o ol b
REN T Hai 2R EERESURE AT, BT
A T EAFMMEINE (Vibrio parahaemolyticus)
7P TECE (Salmonella spp.)+ 7% i##F H (Cronobacter
spp.) FHIEFE 2 HAF A S5 30% B I LAMP £0K, {H&
A M 2 AT B o X 23t X e B 2R A 2 AT
() LAMP #6300 75923008, ARH 5t 578 DAk 2
FMERE 2R HURT B IR cesB AAEEIN, #tit LAMP &
N RVES |, FE LAMP INAK R, B —Fpreix
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B AR i B A PR R ORI, AW = 3R
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1 MR5REE

1.1 B

AIICER bR 62 P, BT A AR B AR
YRt Rt .

1.2 FEHRFEMRA

JREE AR LB RIS FREE: |ARIAE
VIR IR AT]; Bst DNA R4&MF: NEB A#]; 4
F[HZH DNA 2GR &, 2xPCR Mix: | 9N 484
YIRHARAR] SR N ERAEYRHEA RA
@]; dNTPs, DNA Marker2000: ZE T TR (i)
AR AT MgSO4 FIEHEH,: Sigma AF].

1.3 FEMNH

iR 0L SIGMA 3K30, fH[H sigma 24
"l BEbR{X: EPOCH2, [ BioTek A#]; PCR 1X:
Mini3220, HiM BRI ARA R Ik
DDR-6B, b A—4HMEHARAR: BRBUE R
4%: Tanon-4600SF, LIEREERHIARAR]: Biia:
f#i[E Eppendorf A ]; EAL}EFE4H: SPX-150B-Z, L
W IR S A R A A BRI ® &) s THIR KB
XMTD-8222, ikt 7 s & A RRA A .

1.4 Fx

141 @i

VR R ERE ARG (TSB) #3%,
36+1 CHiFE 16~18 ho
142 DNA F##%

L IR G U0 B 54 H 4 BT 8 DR 41
DNA.

AP B mL VR EE G BT 12000 1/min
B0 5min, FF & M 200 uL TEHKGES 1 )5,
F1 100 uL TE &JFiRA), T 100 ‘C/KHT 10 min, VK
3 min, 12000 r/min &0 5 min, B_EiESH.

143 3l4pi%it

=1 KRS IHFS
Table 1 The sequence of primers

Primer % #& F3(5 03"
cesB-F ACCCATCTTGCGTCATT
cesB-R CAGCCAAGTGAAGAATACC
F3 CTACAACAATTTTCTGCAAAGT
B3 AGCCAAGTGAAGAATACCAT
FIP TGTAATTCCTCTAATGACGCAAGATATTTATTGTAGGAAGAACAGCA
BIP TGTTCACTATATCGATGGGGACCCTGTCCCCCAAATCTCTT
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(1) LAMP 51415it: DAP=R k25 2R 2
FFE# cesB RSN, it LAMP 54, 514550
® 1, HEBEYTREAFEK.

(2) PCR 514 ZHCEkFIIN, B g
THERA A o
144 LAMP 3%

LAMP Jx B f& & 25 uL, B 25 uL
10xThermopol N2z 1.6 mmol/L dNTPs. 0.2
umol/L _EI#4M514) F3. 0.2 umol/L Fii4h514 B3,
1.6 pmol/L EI#AN 5|4 FIP, 1.6 pumol/L FiFN 54
BIP. 6 mmol/L MgSO,~ 1 mol/L H{=Zhi#k. 8 U Bst DNA
KA 3 uL 415 DNA B4R, Idd HyO Z2A8FR 25 uL,
TN AFITE PCR G, ¥ 8N ZAF: 63 ClER
K Th, AHIFE, E e E s,

145 PCR ¥ 3%

PCR B4R Z A1 PCR 7 HEF2 /7 S5 5K B 55 (194
B ] IXTAE HLIKZERECH] 2% B fapikte, -
FESuL, 100V HE T 30 min B3k, FHELRIE R4
SR vk S AT T
146 LAMP 453 54E

¥k 2 T E RN 2 TSB W 37 CHy
72 16~18 h )5, HU1 mL W ZFESEH DNA, 24
JGHHT LAMP 373, 3&iiF LAMP NAK 2 R4 51
147 LAMP RBJLFH
1.4.7.1 FEFHRHEE

HE =K B SRR ZE AT R F4810/72 7E TSB 3
B 37 CH5% 16~18 h Ji5, HU 1 mL i, F DNA
AT S EE DNA, FHEEARGINE DNA WKIE.
iR DNA #HATEREERRE, 3E1T LAMP §3, X
J7E DNA REUE .

1.4.72 4 REUE

VMR v B FR A 2 AT R F4810/72 7E TSB 3
B 37 CHEFE 16~18 h J5, B 1 mL w#ik, H#EATHER
JERRE, F DNA 71 S A [FIF R FE 1) DNA,
BT LAMP 43, PEAZ RIS RS . R
B AN RV L 1 B A T~ AR T2
148 A7 HALADN

FRENE B A 30 AN 25 I 28 AT A A oK
PRFE A 25 g %8 225 mL LB 3Rk, Hep it £y ix
5 2% AL 2 AT B F4810/72 BT, N TRHURE S
B 23 7 10° cfu/g. 101 cfu/g. 107 cfu/g 1
10° cfu/g, 37 CHFERFE, 7£0. 2. 416 hJ55 5
MIBEEREFRIEHE | mL SRR B OE T, $2
E DNA #H47 LAMP Ko [RS8 AN R0 R i 4D v
AT AT

%2 R MIRIE T A EMR R SR LA R
Table 2 The specific detection of strains

AREA ELOEN LAMP*
emetic B. cereus F4810/72° 1/1
emetic B. cereus 3733°¢ 1/1

B. cereus ATCC63301 0/1

B. cereus Food isolates 0/18

non-B. cereus (n=41)
B. thuringiensis GIM 1.32 0/1
B. thuringiensis GIM 1.147 0/1
Vibrio parahaemolyticus ATCC33847 0/1
V. parahaemolyticus ATCC17802 0/1
V. parahaemolyticus Food isolates 0/3
V. cholerae Vb0 0/1
V. vulnificus ATCC27562 0/1
V. alginolyticus ATCC33787 0/1
Cronobacter spp. Food isolates 0/3
C. sakazakii ATCC29544 0/1
C. muytjensii ATCC51329 0/1
Escherichia coli ATCC25922 0/1
E. coli 8099 0/1
E. coli Food isolates 0/3
E. coli O157:H7 NCTC12900 0/1
Shigell aflexneri CMCC51572 0/1
Pseudomonas aeruginosa ATCC27853 0/1
Salmonella spp. Food isolates 0/3
S. thompon CMCC50023 0/1
S. paratyphi CMCC50093 0/1
S. enteritidis CMCC50335 0/1
S. typhi CMCC50098 0/1
Staphylococcus aureus ATCC6538 0/1
S. aureus Food isolates 0/3
Listeria monocytogenes CMCC54002 0/1
L. monocytogenes CMCC54003 0/1
L. monocytogenes CMCC54004 0/1
L. monocytogenes ATCC19115 0/1
L. monocytogenes Food isolates 0/3

E: oa: ATCC, ABE#EXIAMESRE; CMCC, FEHE
BAEMEFRRE LTS, NCTC: BEAERE (£E ),
GIM: T RAMAEMFIRFT; CAS, FEMFR; b dXXF
FHE 2P BB AL ARG, o | RAMEMAAIT B E
s odr FRMEE AR PR E AR
149 e =Kok ZF 8 5 IOAT E 6940

TS R T ARSI it 72 4y, Hh |
24 4, JKFE 24 4, WL 24 o BRI FE TS5
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2 4y, —33% GB 4789.14-2014 4 BSkaill; 55—
TR FH RIS K 5 2 B R Rz i R S s B 7, B
1.5 mL 5% ik 42 DNA, #HT LAMP
iRl

2 ZR51He

2.1 LAMP # 5

N T BRI FITER L K B SRR SR HUAT B LAMP
TERIRER M, AR FURK BT LAMP 5149 593
2 BRPER T B FRIE A SE MO ER . 19 PRIEFE SE BT A
41 FRAFSERE 2F AT B I R ZH DNA, A4s SRk 2
Frm. Forp 2 BRP=R T B 2SR 2R MO B S5 B 1
BN RIAR ;19 PRISEESEPRAT B AT 41 FRaARkS
FELEHOAT B S 9 R I, Bt B TS (. iR i%
LAMP 5|44 E 0] =K 235 5 2F /AT B cesB &2
DR P= A e S e 38, KSR AT B . TR s AT B
(Bacillus thuringiensis) 4 @& & % 4 PR H
(Staphylococcus aureus) «  Ff 34 2= #7 K5 3 (Listeria
monocytogenes). V> 1 T 5 1) DNA A f=AEH 14 [ M,
LAMP ¥ 34 (1055 50 R AT, AT TP~ AX i 25 R0 2F
FEAF T R RE S ar U o

22 LAMP R4z
2.2.1 DNA R#JE

] 1 LAMP DNA REESLINLER
Fig.1 Sensitivity of the LAMP assay with genomic DNA

JE: 1: 1.49ng/ul; 2: 0.149ng/ul; 3: 14.9 pg/uL; 4:
1.49 pg/uL; 5: FAMESTER,

F DNA @i S ik i 25 2 2 T
F4810/72 ZE[KI2H DNA, HIEEFR O & DNA IR FE
N 124 ng/uL . ¥4 i DNA S TREEERRE, 3147 LAMP
PIEE AR, LAMP [ REEN 1.49 pg/ul (1.
XERMEE (20200 B2 AIE A HTERRE Y LAMP 2
DRI2H R A
222 SR RHVE

FrFR =X I 2RI 2 BAT 1R F4810/72, Alipd Ji
TEWeRE )y 5.0x10° cfw/mL, FREERRE, 73 HIBCA [F)
TP T R ERE DNA, LAMP 6 5% L E 2. LAMP
S R A 5.0%10° cfw/mL. Wigesidar 7 ishe e
AT OS2 58 2 B PCR, L4l R 0% N 1.0x10°
clumL!™, S5AWF I REEM Y., FsiSd T
LAMP ARG IR LA A 2 fohT B, HL4lip RIS

K 6.4 cfumL, BT AR R REED,

& 2 LAMP ShE R BUE LI sE
Fig.2 Sensitivity of the LAMP assay in pure culture

[A st R,
23 ALITZEAERAM

BE R PEMK I B 2R 2 AT F4810/72, AN TS
YRR AR 4 508 2.0x10°, 2.0x10', 2.0x107%,
2.0x10° cfu/g, 0+ 2. 4 16 h J& 53 HIHURE 19 3 H]
RAEMZ LRI DNA, LAMP # 5 ILE 3
AP 3. Ztbhis YerE &N 2 cfu/g i, 37 CHIER:SR
6 h, FRG G EIEIEE) DNA, # AT LA H
FER I B ISR ZEBUAT T . Martina (2007) 258 T
7RI 25 R RE 2 FAT B RS 28 6 8 B PCR. =X
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- 75 SR ZE MO B N T 4k, 4 6 h 195,

B IERI DNA, REEN 10° cfug 'Y, Awfig
SLH) LAMP 1A 2 REUE 5 HAHY . 5kEMSSE (2014)
IR AL T P MK B 2R 2 AT B 1) S 2 e s
PCR, <MK 73 2 IERE 2 MOAF i A\ 5 ek, &id
2 hIEE, REUEN10° cfwg ™, mT AP RHR 2
cfu/g, (AT 7T 728 PR 58t 8 & PCR AXZRAN
LA N RERAE, AR TFE 2L EAG IS 56 2 KRS
A, Toik R DU I ER . MGy 5 Ye K
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FEAT I LR X I B R AR S MUAT TR . Zhang (2014)
SR T AR R E AR I R A SR A 2
#H PCR, NTi54fi, PRSI, HRE
JER 3.6x10° cfu/g!"”, SAHT I RBUE A .

g5 PR, fERHLESEPRFE SRS I, mT LR
B IBEIEE DNA, M5 E I R FANRF . 47X
FUERE ST B TS e B i IR FE R 10° efw/g 1, A
TR RS, PTUAE Y, AR T AR
JAM. T SRS E BT R AR KT 10° cfu/g WA
ATRES b B EERET, R AT AW T &
(1] LAMP J7 15 E B2 PR 25 7 K i 25 220 R 28 HAT
B, HEE XU

% 3 PR SREH T EA TISRKIR T EIRE T EIE
EATIE]AY LAMP 4630
Table 3 Effects of different levels and pre-incubation times of
artificially contaminated rice on sensitivity of the LAMP

detection of emetic B. cereus

BB A ) ARVRE 3G A 3 Ir/ (cfu/g)
h 2.0x10°  2.0x10'  2.0x10* 2.0x10°
0 - - - +
2 - - - +
4 - - S +
6 + + + +

3 FEIRRLE AR S RATE A LIS R IR EIREE T EHEERE]HY LAMP 1125 R
Fig.3 Results of different levels and pre-incubation times of artificially contaminated rice on sensitivity of the LAMP detection of emetic

B. cereus
7E: 1~4 388 0 h, B EH 54 2.0x10°, 2.0 x10'. 2.0x107, 2.0x10° cfu/g, 5~8 3¢ 2 h, 4EFE 5514 2.0x10°. 2.0x10", 2.0x10%
2.0x10° cfu/g; 9~12 32 4 h, B8 5514 2.0x10°, 2.0x10". 2.0x10%, 2.0x10° cfu/g; 13~16 ¥ H 2 h, 4EFF 5514 2.0x10°. 2.0x10',

2.0x10%, 2.0x10° cf/g; 17: FRMERTEE; 18: FAMTRE,
2.4 B P PR ek B I A OF AT T B9 A

T2 B AR S AL G VR 2 4 K I R S
FEZEBOFF R FHPERE i, B — B A — i R R Y.
FLHH LAMP A5 72 G ErkbBfdh,  doAert 2 4377 0X
R IR 2 MO IR BH PR, LRI ST —BL
{BLEAR G T VR ARG 8] KK 648 o

3 g

AR RS T T cesB FE A= MX & 2%
WEREZE MU B LAMP K 592 o BN 57 B 4 5
PSR DU . FEFEAL DNA /KPR REE AN
1.49 pg/uL, 4 REUE N 5.0x10° cfwmL. N Ti54%
KUFER, RIS Y BN 2 cfwg I, 37 CHER;
F 6 h, BIFTR Y . 247 MR 75 2R 2 AT S Y
AR B 10° cfu/g I, A7 B SR RE, R

P DAEHEA o AT LAMP SR A R T8
et A P MK e 2 R 2 AT 1 PO DR s e
A REE, BT B i NI A5t
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