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Establishment of efficient loop mediated amplification method for
Bacillus cereus detection in milk
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ABSTRACT: Objective To establish a stable method for the detection of Bacillus cereus in dairy products by loop
mediated isothermal amplification (LAMP) system. Methods Five groups of primers were designed, and better
primer pairs were screened out through specificity, sensitivity and other index tests. After that, Bacillus cereus was
detected by optimizing the key reagents and concentrations in the reaction. The false positive interference of primers
was eliminated through genome interference experiment. The detection efficiency of the method was verified in milk.
Results A group of primers with good specificity were screened out. After optimization, the amplification method
could detect 10 fg/uL pure genomic DNA in the optimal amplification system, and 100 ag/pL genomic DNA could be
detected by real-time fluorescence quantitative experiments. The results of anti-interference experiment showed that
the genomic nucleic acid and culture liquid of interference group had no effect on the standard group. The method

showed good detection effect when detecting mixed colonies in milk, and could detect 2.1x10* CFU/mL. Conclusion
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This study establish an efficient, stable and sensitive constant temperature amplification system, which can be applied

to the rapid detection of Bacillus cereus in milk.
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B LA SRR B, R IR B BRI ROK AL S S i
WEY, ERREY &R, HranEgRrasile
Yrb g, o AP i A TS S5 ROREIR T SR 2R AR
AR MR . VTG . RB &R S . KIGFF A
0-157. & W OMAIRE . KWBRAHERNEREMN LS
T B DL 5 S 1 Y i 0 o P

WA 5 fH IR P 1 (loop mediated isothermal
amplification)/&H Notomil*F 2000 4EA M AHE A, HAZ L
EFA 4~6 5519, WA K REH R Z.0 0T,
JE R ZE IR EER AT 3, SO REAR A H8 8 3 . AR EL
TARGE M PCR Y S5k, A IR BRI AR, 1 h iy
FEAT ARSI 25 5, deAh, JLRINAS BT @ A W AR e A
WRER AT I, R A AN AR R A, WHRAE A B
FOREAR, R, AT LG A ARG A BR Rk an 5 4%
WA R/ NV A YRR A 7 SR B AG I ), R4 45
PG E LI | 875 S5 Oy RS I o A
W, AT RASEA T SR AR ) A e

AT F FH PR A T S T 14 T 3 A0 ) A 2 AT R
PEFE T 8 ARIERE ZEALFT B AN O MR H L 40 o EA T4 SR IR IE,
ALY S R, 3T SER S8 RE it PCR SRFA 7% ELIGHIE
[, % 1 SARMEREAE A EAELH R R G, B
TE 7L 4] b A I R R 1R ) R BRI, AR L S
A 2R AT TR A PR A I R AR RS Y

2 MEEREE

21 o #®

ARSI AT B W2 1, 17 FhEE g T EE
AN AR B, P B A A5l Ak B o Al O A B A O A
ATCC.

22 ik
dNTPs . & 3 (3 E Thermo Fisher 72 Al );

10xThermo Pol Reaction Buffer, Bst DNA R & ik A B (35
New England Biolabs /3 Fil); SYBR GREEN I(Z£[# Sigma
o), BREREE(E 254 B0 A FRA R,
23 UFES5EE

QuantStudio 3 Z&IEKMILASE . Nanodrop Hifi & £ 4k
AN TR (32 E ThermoFisher A F)); 1-14 ST B0 AL

(35 Sigma 23 7]); UVP Gel Doc-IT BEI 15 R Gk (3 H
UVP A Fl),

F1 ZBFTRAE

Table 1 Experimental bacteria strains

[ A LT3 e
A 2 FAT Bacillus cereus CMCC63302
A 2 FAT Bacillus cereus ACCC 02803
WS RE ZE LA TR Bacillus cereus ACCC 01664
WS RE ZE LA T Bacillus cereus ACCC 10608
WS RE ZE LA TR Bacillus cereus ACCC 10609
S RE ZE LA TR Bacillus cereus ACCC 01956
S RE ZE LA T Bacillus cereus ACCC 10117
SRR ZE LA TR Bacillus cereus ATCC 14579
O ] Proteus mirabilisHauser ~ ATCC 12453
W 2F FUAT TR Bacillus subtilis ATCC 6633

I I R Vibrio parahaemolyticus ~ ATCC17802

WK Salmonella schottmuelleri ~ CMCC50001

SR B TR Shigella dysenteriae CMCC51135

A HE A IR Saphylococcus aureus CICC21600
PN73 St Escherichia coli 0157:H7  CICC21530
W R R Salmonella Enteritidis ~ ATCC 13076

*&ﬁﬁié Listeria monocytogenes B2£C7C51

2.4 EWTE
24.1 314zt h ik

WA TR 51945 F3. B3, FIP, BIP, LF il
LB 6 %519, 5Bt & S IE51 90 Tm B, KE ., 5l
P H A B Z R BE RS AR S0 1y S A 36 W R A 1R
B H.(>(national center for biotechnology information) [ ik
IR ZF AUAT R R AEPE B, #E I hbl JE K (GenBank:
MH844524.1), f# H # o #H# L W
(http://primerexplorer.jp/lampv5e/index.html)PrimerExplorer
V5 BRI 5 AAFEALES Y, BASIYNRG B Mix
(F3 5 pmol/L, B3 5 umol/L, FIP 40 umol/L, BIP 40 umol/L,
LF 20 pmol/L, LB 20 umol/L), 7E ABI QuantStudio 3 {{#%

L LIARIF 63 °C, 1 min, 45 MEFF I8 NEB #5# LAMP §
41K 22 (10xThermo Pol Reaction Buffer 2.5 puL, 10 mmol/L
dNTPs 3.5 uL, 5% Mix 1 pL, Bst DNA B4k 4B 8 U,
FEAS 1 uL, JKANSFZ 25 pL)EAT5 1 P IR 18 . PRI %
A LB Y R Wy ke S O R, e T — 5 14,
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Table 2 Primers of Bacillus cereus

sl FH (5°-3)

F3 AGCAGCTATTTTAGTTATTGCA

B3 TGCTTTCATACTTAATTCTCCG

FIP GAGCTGAAAGTCCACCAACAACCGGTAGTTATT
GTTGTAACTGG

BIP AGCTGGTATCGGTCTAGGAACGAAATTTCGTTAT
AGGAGTCCAT

LF AGCCGGTGTTGCTGTACCG

LB TGCGGCTGGTGTTACAGCATC

242 MEAZBRRI

RE 2 TR DA 1 DR R BRI B R A B 3R ke rh, 37 °C
3% 24 h, WHERHK, iid QiAmp DNA Mini Kit 32 Bk
JEIR 2] DNA, IR NG T HE R 41 DNA R B e 4k
243 ZHAAFEBYIKEAZL 5K

25 uL AN RERY WEYIRIK RS NEB 2 Al @il
R, B FAB BB ARAE ISR 2R AT R SE I 41 DNA 2758
FEREE] 1 ng/pl AT PIIRIR R OUAL, PR R NR R BUMA
0.1 mol/L 8E857 0. 1. 2. 3 uL ik ihek, e s
FE RN ik
244 FAFlEIRY G R B AN

BB H 4] DNA 5 R B Sl 1 ng/ul |
100 pg/uL .10 pg/uL . 1 pg/pL . 100 fg/pL . 10 fg/pL . 1 fg/ul .
100 ag/uL. 10 ag/pL, FH 2.4.3 RALBIKR R FEAT RN, 125K
5828 allPIS il
245 FEERHKEF PCREE

FRGBELF R ERA 241G 5190 04 F3 R B3 247 SE A 2
E i 2, {# F ThermoFisher /& F] SuperScript IV One-Step
RT-PCR System HEATARMERY 50 pL SNy, AG A% R 14 IR
2.4.4 FBEE AT, FUVEEF N 94 °C 5 min(94 °C 15 s,
54°C20s, 72 °C 30 s, 45 MEH), EEHERATIEINLE
2.4.6 FEINFEFRY IEGRT LS TN

HAEM G 1 S AR 2R AT R T T R S
[KIZH DNA ¥, 4 IR R B bR v B o 1 L 3 Fh T PR B AH
[F] 7K1 3 M EERA E 300 pg/pl. 3 ng/pl. 30 ng/uL. ¥
HIR A TH A E 2H DNA 100 pg/pL. 1 ng/uL. 10 ng/uL 3
e B S I B0 SR B AR R e, RS IR v A 2 AR
P 1< 107 (R R S DR 2 DNA A S b3k iz i fk £ o,
[ s LA R /K AR A 20T TR S DR 41 DNA A% 1,
W0 T JE R 4 DNA i 3 K 41 DNA Kl 28 S50 4 5
MR, RSOV IEE 3 HVATER .

VEEUY R V01T G (Salmonella. enteritidis) . #A% 41 i
14 4= 23 7 (Listeria monocytogenes) . 4 v €4 4 A BRI
(Saphylococcus aureus)ff: i THEBR, BT A T MR B 7%,

B0y TR B JE A T U AR T B8, TRV R KT
PR TR B (6%x10%) ., (6x10%) . (6x10%) CFU/mL 3 Fi
W JEIEAT S R BUR AT, bR v R 25 AT B TR R A TR
A1 T IR AR, BH X A AR, R,
PEATSE IR ARG, 0 VBT PG TR VBRI R 2 A B i R
TR
247 b AR REAE O F0AT B AR R AR

BB JR I O T R, A3 EL TR A B0 S AR A v
JCUE IR ZE T AT I 2R W R, R 2.1x107, 2.1%10°,
2.1x10°, 2.1x10%, 2.1x10%, 2.1x10?, 2.1 CFU/mL, FiFE/k
W SRR IR A R A R i, BOTYE ] 2.4.2 B3R
PEATHERR L 2H DNA #2500,

3 HEREHR

3.1 S5|¥ImTEiE

WK 1A, B, C iR, M 5 514 iR ik H A 3
51, HEAMEY SR g, BRSO H R [E]7E 30 min
ZH0, K 8 FIERESERUFT I AE WL 9 RhRAE it AT As XY
e, A MEFEZEMUAT Y 3 2 S IR, AW x4 5
Yy al FH T I 2 A 8 BORE ARG I T 2L T o R 2 AT B ARG
3.2 EIMTNFEERYT EER

i FEbR VA 22 X 5 A BE o 1k B A T Ak, 40 )
TE X 1 A% BR ) B PR 4 3G B Ry A BE R 3 R A
0.1 mol/L Mgt 0. 1. 2. 3 uL, &R, 4558 LK
2A FIE 2B, FTLLE HESMILA 1 uL 0.1 mol/L BE & F )it
AR FIRANFEEY N T, MBIMINAEE 1)
B 1 pL R, BT R e Rt 4R A, AR TR
RSN, fi 1 pl #9 0.1 mol/L BB T ERE A& .
33 N REERTELNERFEAENREE

W IEARE L HOFT IR SL R 2 DNA DU AR 184 S50 14
REBRUEE 1) AR 108 4%, Z5 5L LA 3, A&l LA HiAR
b J5 1 3 A 5 1H 9 38 4K & (10xThermo  Pol Reaction
Buffer 2.5 uL, 10 mmol/L dNTPs 3.5 pL, 5|4 Mix 1 uL,
0.1 mol/L MgSO, 1 pL, 5 mol/L FH3EH 4 pL, Bst DNA 3§
GEFR A B8 U, #EAS T uL, /KAMFFZE 25 puL) Rl LIS I (4l
FL[FI 4] DNA FREEFE 10 fg/uL.
34 ERRAEEXNHNSERY EEN KR
FFERVIEIE

AT X A ZE AT R A R T R, BN T
TR BT AR R R R N FR R 2902 10 fg/ul, AT
BUEIZY B R A P, BRI A bR RISy 1 SE R Bk
FERLIEN IR 9 ANREERE RIS TR, S5 R E 4,
SE S E LRI BR 2 100 ag/uL, AHH THRA S4 R
Py, KRR 100 5.
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3.5 EMTNSFRY EMITIEEIEN

PEBU R TP H (Salmonella. enteritidis) . #AZ 41
14 A= 2= 4 KR T (Listeria monocytogenes) . 4 3 {03 29 BR 1
(Saphylococcus aureus)3 FiiZE WVE MPL T HEEERE, 43701
TE 100 pg/uL. 1 ng/uL . 10 ng/uL 3 A~ T K 356 PR 40 4%
FRHT TH5286 A1 10* CFU/UL L 10° CFU/UL #1 10° CFU/UL 3
Fi BRI VROV B EA T PRV AR SE 50, 25 AR 3 3 ISk 4. 1
SR BRI BR N B REER, THRA R SE IR CHE B
WENE 2R, R TIAIREF A DNA FIRE I3 AT bs
L SR 1 A 0

1 5 9 13 17 21 25 29 33 37 41 45
[+ 8] /min

—— 51 =52 53 - 5P 5 PULS

]

1 5 9 13 17 21 25 29 33 37 41 45
Hs [8] /min
=592 593

——51 514 5195

C 35000
30000
i 25000
B 20000
ﬁ% 15000
10000
5000

i

[sssSssssstsde e ]
1 5 9 13 17 21 25 29 33 37 41 45
[} [] /min

B T

+4§iﬁ%‘ﬁ 7l +57§—§,% g

o1 0 1T B 7

e e

%Fw% @%f% ﬁkﬁ%gﬁ?

ey 3 G S 7 e

TE: A B, BEREZFFAT I 5 A5 1R IR Ot 2k 24521 B I,
R ZE ST B S 415 1 DI BR R 2 Hh 2 2R C L, 25 A&
B B RIEPERS 3 AT WIS IERRE, 47 8 BRIGHEZF AT
TR O B UL TR
B R R AT Y 5 M i

Fig.1 Screening of amplification primers for Bacillus cereus
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——0pL —=1pL —-2pL 3ulL

o]

35000
30000+
25000+
20000+
15000
10000+

5000

 S——
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Fsf 8] /min
——O0pL —=—1pL ——2puL 3uL

L A AT A A AAAVAVAVAVAVATATATAY|
ERIF P PO

POLIRE

TE: A RN B RS 2 770 I 70 B0 12 52 107 A1 FE At 075 08 S iz e
AR T LR S5 R . 0.1 mol/L B2 F7EHE A SO AR FR P (1 2
0~4 pL,

2 BEREZF AT I R SRR I R R A
Fig.2 Optimization of loop-mediated isothermal amplification
system of Bacillus cereus

35000
30000
25000
b
520000
15000
10000
5000
0 6 = i
1 5 9 13 17 21 25 29 33 37 41 45
H5} 8] /min
—o— 1 ng/uL —m—100 pg/uL —4—10 pg/uL
1 pg/uL ——100 fg/uL —o—10 fg/uL
——1 fg/uL ——100 ag/uL ——10 ag/uL

VE: KRR UE I AR ZEAURT B 1 L (K 21 DNA $E 745 LR R, LA
% 9 BB BE AT LAMP 22 BUEEAR I
P03 B E AT TR G R A8
Fig.3 Sensitivity of LAMP assay for Bacillus cereus

3.6 AR SF AT E R R BUE AN

TR S AT I B AR B, 2,110, 2.1x10°, 2.1x10°,
2.1x10*, 2.1x10%, 2.1x10?, 2.1 CFU/mL 7 MEJERHIE, X
Seyk BEA R TRVE FIAR IR G, AR, JRBCE RN ARG,
PEAT Y A, 5N 5, RTLAE O AT DA
F] 2.1x10° CFU/mL,
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35000 35000
30000 30000
i
= 25000 % 25000
ey = 20000
20000 R
R R 15000
# 15000 10000
10000 5000
5000 0
0 1 5 9 13 25 29 33 37 41 45
1 5 9 13 17 21 25 29 33 37 41 45 i ] /min
) gglfﬂ//min One/ —+-2.1x10’CFU/mL —=—2.1x10°CFU/mL —4—2.1x10°CFU/mL
—o—1 ng/pL —m—100 ng/pL —4— 10 ng/pL 4 3 2
1 gl %100 ng/hL. e 10 gL 2.1x10°CFU/mL  —%—2.1x10°CFU/mL —e—2.1x10°CFU/mL
——1 ng/uL ——100 ng/uL ——10 ng/uL ——2.1CFU/mL

TE: AR VERY AR 2F JAT B 10 S5 K 2 DNA BEAT A5 LU R, SR e
T 9 AR BEM BE#EAT RT-PCR RAUEAI
4 SEmPEEE i R T

Fig.4 Real time fluorescence quantitative sensitivity

T PR AR ZF FAT T 0 50 B T A LU R, IR I B4R
Wirb il A 7 v BE B BE A it 2E AT LAMP RABEEAGN -
S A e A 2 AT B R AR A

Fig.5 Sensitivity detection of Bacillus cereus in milk

#3 FTHARFBZRBRIRES T RTEAEELE DNA &0 R EE R IE(n=3)

Table 3 Effect of interfering genomic nucleic acids on sensitivity of detection of pure genomic DNA (n=3)

R TF P CtfE 100 pg TP = Ct1H 1 ng THEHF 5 Ct{A 10 ng T 5 Ct{E
1 ng/pL 8.02+0.08 8.12+0.06 7.98+0.11 8.11+£0.03
100 pg/uL 12.3540.43 13.08£0.19 12.36+0.22 13.08£0.20
10 pg/uL 13.87+0.37 14.36+0.10 13.93+0.06 14.29+0.05
1 pg/pL 18.00+0.24 18.23+0.06 17.64+0.08 18.19+0.06
100 fg/ul 28.50+0.41 27.90+0.33 28.73+0.21 28.32+0.26
10 fg/uL 38.62+0.46 39.23+0.10 38.51+0.21 38.37+0.32
IS 1 Xt B - - - -

1: it GraphPad Prism 7 one-way ANOVA Z#F, 7E[E—WE T T4 CtEMETIA Ct{E LR EE2ER .

4 THAREFTFYI RS AT E A RN REUE R R (n=3)

Table 4 Effect of interference group culture on detection sensitivity of pure culture of Bacillus cereus(n=3)

U 2 LT BT T 7 T Cei 10* CFU F#H = Ctff  10° THhE S CtfE 10° T # 5 CfH
107 15.76+0.30 15.2620.11 15.92+0.14 15.57+0.19
10° 20.92:+0.43 20.69+0.24 21.27+0.16 20.71£0.25
10° 24.69+0.42 24.37+0.17 25.03+0.08 24.44+0.24
10 28.71+0.44 28.49+0.24 28.75+0.32 29.52+0.17
10° 33.70+0.36 34.16+0.05 33.52+0.22 34.21+0.10
10 37.94+0.60 37.70+0.17 38.32+0.17 38.22+0.24
TPy %o L - - - -

{¥: it GraphPad Prism7one-way ANOVA Z3#7, 7ER—WE T TH4H CEMETIA CH{EH L EEEZES .

U ZF AT RO £ i R B BRI IR Y, RS
TEEIRHILE . SEfr AT, a5 ASE B F 52
0T A TG A L R 2 ST I A v Ak
RGN 5 3 RV AEAZ BR AGLIN 12 o AZTRRAS: DN 7 2 W P ) 2 5
I S RE B AGIN 5 ¥ A L& BRI PCR Jrik, XA

JPERCR R, (BRSO A EOR LB, B T R A
E W PREE BEAT O 08, 1550 O e AR B v, LA S5 PR
R AR R Y Gy v, LA BT IR ) S SO Y
A B G TEAS I O Y BB, TCIR AT R AL | e
B FAN2EL PR SRR A AT R A B AN Jy 25,
PAHAHE | I | B 2ORARAERE AR DRYT | £ T A
Pz, R EA T Z R A E RS W TR,
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WA ARG 51 W 0 e 5 B ) BB B 0 5 UM
FH P B 1 38 o B4 5 | 49 2 76 35X T 7 T+ B0 [R) 8 o B30 BT 3R
0SS ARBIESE & St s [ B B | B AN AE SOPE A Tk,
BN t— X514, 3 R e SRk R T AR — ARt
Hk, ARG A R e i - — AR A I
Y, ERTLAAT 5 SR NES A, ERA A RN
4 DR U AR R AR R AE NEB P4 S 38 R 2R LRt
PEATEE R T RIR, A3 b G2 opii, P Ak a1 O A
Z, AT RARR SR ) R AR

AR S0 A R ST (IR S A TR 1 A 2R A G DU S A
EHUAT B I Y R AR TR F) 10 fg/ul, i PG E = PCR i
ATIAE, AL 100 ag/pl, XA SER Y 15
TR A HERRE o A Eb T2 T RSB 0 I 4o A
SRR AR, IR AR IR 3G 52 56 T T 18 A BRI,
TR P (R 2, T LS B AGIN  B A K BERE 2 AT
WG BRI AR U S TS AR RE, SR R IR s
WHEATRI, & BLAT ARG 2.1x10% CFU/mL., SERF 9662
i PCR ] LUKt 8.2 CFU/MLY, (H 2 VE L IR 2ml, %t
ICERELRAR S o MR TSR K PR B A T 2k,
R HAERER R, (AR ZORAN S, ATLASEA R, HA R &
4 g F B

g5 b, ARRFRES T —ARUER . AL IR S AE IR
PIIAR, Z5MEOEER PCR WIE, %M F 0] IR0
I FH T A ZE AT TR ARSI, ELA T AR A
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