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Abstract: Specific primers and probe were designed for the gyrB gene of Bacillus cereus encoding the gyrase B
subunit, and a method based on insulated isothermal polymerase chain reaction (iiPCR) was established for the rapid
detection of B. cereus and subsequently validated. The efficacy of this method was compared with that of traditional PCR and
real-time fluorescent quantitative PCR (SYBER Green I fluorescent dye and TagMan probe methods) detection methods, and

applied in the detection of B. cereus in different types of retail food. The results revealed that the newly developed method
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facilitated the rapid detection of B. cereus within 40 min. Moreover, there was no cross reaction with other bacteria, including

Escherichia coli, Staphylococcus aureus, Listeria monocytogenes, and Salmonella enteritidis, thereby indicating good

specificity. The minimum detection limit of the method was 1.5x10> CFU/mL, which was significantly superior to that of the

traditional PCR method, and equivalent to that of quantitative PCR. Of the 42 retail food samples assessed, 19 (45.23%) were

found to be contaminated with B. cereus. The results obtained for method validated were completely consistent with those

obtained using traditional PCR detection, although test results were available within a considerably shorter timeframe, saving

at least 4 h. The method developed in this study provides a rapid, convenient, specific, and sensitive procedure that is suitable

for the real-time on-site detection of B. cereus.
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T €07 4 BR B ATCC6538 (Staphylococcus aureus) K
AT i ATCC25922 (Escherichia coli) .31 7 1 4
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Table 1 Basic information for iiPCR of gyrB specific primers and probes

HEZE4 oS il r3) (5°-37) F¥FMKEop BKBE/C
gyrB-iiF TTGGTGACACCGATCAAAC

grB-iiR GCTAGCGTATCAAAATCGTA . %
grB-Pb HEX-CTCGATTTAAACCAGATCCGG-BHQI — —

1.13 &Z&EENE

POCKIT™ /]y B & & % #% B2 4 M7 1~ R-tube
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4 °C, 12 000 r/min 20> 2 min, PBS ¥ @& 14k 2~3
K, F EEBERE K. 9% 8 2 50 2% " 5 R
DNA 777, [HEOE I 500 uL TE i, w
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10 min ; 95 C 10 min ; 60 ‘C 1 min ; 40 MG, £
56 CAHIF IR RGBS .
12.5 {iPCRE KA E L

SHEEIE ik, R 25 uL 7k R 5 Bt
Taq lF (FIEAEE) S UL (11~13.5 uL) ERiE5I149
10 pmol/uL. (0.5~2 uL)\ &% 10 pmol/ul. (0.25~1 pL)+
A DNA (R 48K 94.75 ng/uL) (1~4 pL). &
WK I BT SRR, HiE & B RIS
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PO
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S FE A 1.5%10° CFU/mL Y & k4T 10 1%
(R0 BERR RS, FEXRT 10 /N6 Bk BE 1 181 V2E 1T DNA
FEHL, N 5E DNA WK EE, KA C #5701 iiPCR J7 %
BEATHG . A5 3047 % L PCR R AN LLikSG,
# PCR [ WK %4 20 pL : 2xTSINGKE Master mix
10 uL ; 10 pmol/L L Ri#514)%% 0.4 uL ; DNA it
2ul; EEEET/K 72 uL, B R F]
B 28T KR DNA Bt #3645 95 C iR
P 5 min ; 95 ‘CAEM: 40, 56 ‘CiBK 50, 72 C i
40's ; IR 35 s PR~ WiiAT 4% (m/V) Biflahk
B UK, TEHR R R T MR, FExf s
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I3 of 3K 56 R FH e 1 2% S 1 /K AR DNA BEAR
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SR Y SIZI 52516 5E B PCR 43 0 AN [R) bR 4 B A4
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Fig.1 The primer and probe verification for Bacillus cereus
E:l: HAFRATE; 20 KBAFRA; 3: 4FEFH AR
B 4 BEENEE,; S WITKE; 6: PR,

2.2 AR R SR R

1 2 3 4 1 2 3 4
OO0 | OO0
B 2 iiPCR R E R LR
Fig.2 The optimization results of iiPCR

7Z: (a) Taq FURBER Fe9#h1; (b) L T340 MA =
AL (o) AR Za918; (d) AR DNA A Z 89 thk.
a Wby 1~4 ki TR B A A E A A 2.1 x 10° 2.3 x 10°
2.5x10°.2.7x 10° U/L ;b % 1~4 ki 5| i &5 5] A 0.8,
0.6.0.2. 0.2 mol/L ;¢ ¥ 1~4 ikEIFAT RIS H]H 0.4. 0.3,
0.2, 0.1 mol/L; d ¥ 1~4 7 i DNA # 4 & 4 % % 15.16.
11.37. 7.58. 3.79 ng/uL.
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I Taq B BREF. 514, BR A&7 X
LA CanBEl 2D, 20 e I s AR R UNER 2 FT7
Taq THRIREE A E NS 2.5<10° UL, . Tl
YIS N 02 mol/L, #REHHERE N 0.2 mol/L,
DNA 5t F &7 5E 4 7.58 ng/uL.
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Table 2 Final reaction system

AR = /uL KIE
Premix Ex Taq ( Probe qPCR) 12.5 2.5%10°U/L

#3514 (Primer F) 1 0.2 mol/L
T #5149 (PrimerR) 1 0.2 mol/L
K4t (probe) 0.5 0.2 mol/L
DNA #E# 2 7.58 ng/pL

ddH,0 8 —

¥t 25 —

22 FREFH

XPAERE TR R SF AUAT B . KT, &3
R . R R e AN D ] IR R B DNA 1R
RN, 4% EIR ST 7 EREAT iiPCR 91, 45 R
WK 3a. b Fias, POCKIT™ F £ A% R 43 T A At
17 b o AT RE 2 AT A ORI (), B
XPRERUR AT . e B R . PSRRI
TTIRBER I AMINE (5D FRORERXTBERE 2 AT
T P S iiPCR AN 5 V5 7 1k R4

B 3 #R MR
Fig.3 Specific test
E: B aty 1~4BENA A AMEATRR, BAEFRFE.
KATH . &FEFAREA,; B b oy 1~4 B 5 5 A B Mt
BE. PMERTRE. B AMEE . ITRE.

23 REERBER

V4 i) % U ) B R VRBR BE 10 5 R R, A3 Tl I AR
100 pL AN [FIRA B AR R B, 9504 T8 FR B iE
A b, 7R (30+£1) CNREIETREFR, HkEE
B BRI TEM AN TR, R R R T L
HCP 348 5 15 2155 107 AR B B2 10 V6 1 ¥ 30k
1 500 CFU/mL, #1545 H BT il 15 B 27 1 R a6k
4 1.5%10° CFU/mL.

XoF BT R R (17 10 A0 52 A< 58 1 et A 2 76 FF B4 11
BB P O 3R B DNA, K Lk 1 ik &3
AT, 5S4 4 froR, POCKIT™ R s R 43
MHACA T A 1.5%10° CFU/ML AT 1.5x10° CFU/mL
PJR AN (5, BN 15 CFU/mL Al ¥4 X
SR ONBAME (5D, TERAEEST ) iiPCR K 720 i B
ZEAORF R A R R R A R BR A 150 CFU/mL.

4 BEHEFRAAEARRER GG HER
Fig.4 Detection results of Bacillus cereus in different
concentrations of bacterial solution
E 14 KEEN A 1.5% 10 15x10° 1.5% 10 CFU/mL.
LSS P

24 FREMEITN

Gy Al 7 R 2E AT B R 107, 107,
107, 3 MFREERFZED 1.5x10°, 1.5x10°, 1.5x10 CFUML,
53 i $E L DNA A, g bk & 57 [ iiPCR
TEXR Y, AT = IREE TR, AR
Kl 5a. by ¢ i, POCKIT™ T4 0% 8 4 B A 5
T b B 6 HE A 1.5%10 CFU/mL & N (-,
1.5x10°, 1.5x10> CFU/mL &7~ AFAME (+), =IKHE
SRS B3, RN AT T 2L 1iPCR 7 iE
HA RUFHRRE .

B 5 REMRWER
Fig.5 Stability evaluation test results
E: B oa. by oc ¥ ey 1~4 @ 5 A H A KRR
1.5x10. 1.5x 10" 1.5 10’ CFU/mL.

25 HHMmM TRk EER

A4 4l % 32 (R B R 1.5%10° CFU/mL B R 25 1l
FFEE B WA 10 586 BE R RE, R AfE 4 PCR
2. R G E E PCR (R EY4R SYBR Green |
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F1 TagMan #REFE) HARY HE 0 I R Btk 247 R o
&k R 6 Fror .

ER R, AL 45 PCR J7 3050 i B 28 A KT 18 10
A PR 1.5%x10° CFU/mL 5 52 24 % & & PCR
DR DR B A B A PR A 1.5%10° CFU/mL
523 g B A A vl AT, AR 5T 5L iiPCR
T3 1 A 2 FRAT TR 1) S AR A HH PR 5 S i 5% S il
FORMIE, BIELHHE PCR B I 45 5t — 3
=R

a 1 2 3 4 5 6 7 8 9 101 M N

= =

94 bp—>

b 10000
9000 - [1log Scale
8000 -
7000 -
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5000 -
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3000 - 1/ 2/ 3/ 4f5k/7
2000
1000 -
Ok I I ; I i I §-10
0 5 10 15 20 25 30 35

RFU

Cycles

C 9000
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RFU

T T T T T T T T

[]log Scale
5 10 15

4/ 56/ 7
5 30 35

7 8-10
2

)} 3
20

(=]

Cycles
Bl 6 54 PCR., LM EAEERRKERBERIWER
Fig.6 Traditional PCR, real-time fluorescence quantitative
PCR Concentration sensitivity test results
JE: (a) 4% PCR; (b) 3K EH% SYBR Green 1 ;
(c¢) TagMan 4% 4t i%. B a F 1~8 7k & 4 3| A 1.5x 10%
15x10°. 1.5x10°% 1.5%10°. 1.5x10* 1.5x 10°. 1.5x 10°
1.5x10' CFU/mL ; M : DL50 Marker ; N : /M ; B b,
c ¥ 1~10 2 A # 1.5x10°% 1.5x10". 1.5x10°. 1.5x10°,
1.5x10% 1.5x10°. 1.5x10°. 15. 1.5 CFU/mL. PR,
{iPCR 77 ¥2: 7 5 8 I FRL vk ks I, e e 0 3t A A
s 7~8 h BIAT43 2|45 5L, 474G [A] 40 min BIAJ oK
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RlUESE S
2.6 SEEREE & AR 4 R
b

B 7 Rt iPCR K HER
Fig.7 Food samples iiPCR detection results
E: B an 693838 1~3RK A EIRA 1~42 5, i8iE
4 3 A A MR R,

NI L N7 7 V6T B P R 2E AT B (AR
MR, RAESLPR W FE i 42 By 3R AT VA BIRL S .
K IR 7 E ST 1iPCR 5 VR AR 42 17 52
A AR R SR AT B AT, 5 SR 7 B,
MEHTTLLE H, MEEFRE) 6 h B, 42 4 8 S RE i
H A R 2R AT B P YRR 19 13, BT
45.23% (19/42), o oK T b AR H #E0h 23.81%
(10/42), FLH SR N 4.76%(2/42), & 2% (A
il SR R Z 0N 4.76%(2/42) F112.38%
(1/42), 65 HEAN 9.52% (4/42). R4k
Ay, HAHRR 62.50% (10/16).
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2.7  FEFrAE&IPCRY @ PCR Y7 3 A 4 R % 3 iiPCR5 % #IPCRI % R L5
Hﬁ %LV;C Table 3 Comparison of iiPCR and traditional PCR results
iiPCR %

K H L PCR 7923500 o RAE 16 B b B b A i A Mootk Heal PCRA LI S

INBLGE PR JiEMAE R, SRR eE s wmp TEEEF
8 h IHREL DNACHTH 4 6 h % # PCR AR AEKIIHD, B
L POR HEAFY™ 10, 450 8 . e PooEmed e
A BT 35 B PCR J7 4 T XE 19 b 47K i AP,
5 SR T RO VR IR 5 AT LR, B B
BRI 3 Proax, &M PCR J5 ik {iPCR J5 6 . . .
VER R 25 B — 8. vl WL, ASHI ST L R 7 ok _ _
ZF fHAT B A I 1) 1iPCR 77 ¥ A% 48 PCR 77 74 A PR Y & + + 23.81%
RN A, BAEERE RS, ERERRE He o wem - - 0 (los)
s 10 B 37 s W R FH g e, 711 1iPCR &8N 10 BEWR o+ +
PebE. S2H. 1 "%k - -
1 23 45 6 78 9 1011 MN 12 BRI *
a 13 HKeEHE + +
14 Bt * *
15 MEH - -
16 =9%me - -
17 4 + +
12 13 14 15 16 17 18 19 20 21 22 I\i I\L ) 18 ,7]<bit,;H; - -
L *[‘f’l 19 BRFHIL - - 2 (4;2;”’)
20 Zlmgr o o+ +
21 PRG54 - -
22 AN - -
23 = A A - -
Wk 24 B P + * 4.76%
#E 05 5 + + 2 (2/42)
26 528 K - -
27 B R - -
28 RIFEAE - -
w29 mHEHEEE - - L 238%
34 35 36 37 38 39 40 41 42 RE 30 pFrz - - (1/42)
31 =75 K + +
32 wEFHLF - -
33 WERIFEA - -
M Ferzh o - -
35 2% + +
El 8 BEmEMEM PCRIEHER 36 2 - -
Fig.8 Food samples traditional PCR detection results ;zji 37 *a ¥ + + 4 (941%;/0)
E: Ba 1~11%kid: FEFRA4 1~11 5; M: DL50 38 23k - -
Marker ; N : FpEst B8, B b 12~22 kifl: S2FRAES 12~22 39 M 3L - -
%, M: DL50 Marker ; N: FAMaTRE, B ¢ F 23~33 skif: 40 eFmmkaT o+ +
FFFAES 23~33 5 ; M : DL50 Marker ; N: M8, B d 41 aFERKER  + +
P 34~42 jkid ;S FRAESE 34~42 55 M : DLSO Marker ; N : 42 EE L - -
PR R E o+ Rl hrad; -7 RTASH K.
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AT FE BT R (1 b ot DR A 2 TR B 1 A
H RN 45.23% (19/42), 5 H 3L Z%1(24.00%)
7 55 4 09(26.56%) . B EFL & (13.03%). HE 5
P (30.51%) B 70K I 45 SR e, T A% 1 5
KA FREM B MEMEFET9 H,
RIEE SO SRS A K . R
1] it A B 2 AT A B 2 SR B SRR, ARHIE AT
HROK T SRR B D SRR R A, N 62.50%
(10/16), 3% P25 BV E 20 Bt DU AN ) 63 ot B
LEFRAT B 10 20 A RN, 915 B AR T 1 & B
RAERE R TR S5, A RS, 5S4
FEEVCHAE

£ it RIS SR AT B S B R 10° CFU/g B n]
VE N B BRI Y 8 R T AT SRR i
AT RERE 2 TR B 5 B S A5 2 A9 Be % 7 AR X
KNGV TE RN EE DRI, B TRS HH R o B e
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