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Research progress on detection methods of Bacillus cereus
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Abstract: Bacillus cereus is a Gram-positive bacillus, which widely exists in the natural environment and
has strong resistance to adverse environment. It is a kind of foodborne conditional pathogen that affects
both humans and animals. Bacillus cereus can produce a variety of toxins that determine its pathogenicity.
Therefore, the establishment of a rapid and accurate method for the detection of Bacillus cereus is very
important for the diagnosis and timely treatment of the disease. This paper comprehensively summarizes
the methods of detecting bacteria and toxins of Bacillus cereus in recent years, mainly compares the
principle, detection range, advantages and disadvantages of each method, and discusses the feasibility of
the new method, with a view to scientific provide basis and ideas for detection and identification of
Bacillus cereus.
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AL 2E FO KT B (Bacillus cereus) & — Ffr etk IR
SEFRIR 22 [C PR 0 TR, IR 8 T 2R F AT T R
FEZERIFT R, 7E 4. K. MY, TR DL R & A
AR R RARTE ; B AT LU A AT, XPEREE
HARGRAE W E, BREHRPTRR . ROk MR
RS A FA =Y S ARG R R IZ A S
P ot i s I IER AR b7 ot o B a1 D Wi
. DNA FRAR It g 2

UTAESR , R a Y JC B M5 A 2F AT TR TR R 1
T2 5 A 5 b 1 R A R AR
PN TR, X Ry HAE - FE P B B T IR S
SR RIS, 2 — A A R I A T
(Plant Growth Promoting Rhizobacteria, PGPR)F14=
BT, A LE Rk AT LU S [ S s A B R 4
WAFIA IR, SRR KR
TCHE B RATE S 23 A6 TR 78 n 380 3 0 i ek e gk 2
BB, YR A XA R R RE
I, MBS AR Ak, BRI I Y
ATV PE AN A4 (Soluble Extracellular Polymeric
Substances, s-EPS){Eh—Figh BN A: ¥y e Y 22
PSR ORE, BA AR T R,

ORISR ZERUAT TR AR A s B 2 i B
[ s 2 — A E S i B IR AR O T, 25 AR
(@SR AT T —E M5, 4 N AMIGE
JU-T Fe A7 b 26 2 it v 0 RS ARGz T 38) 065 A 25 96 4
S, HOM R RS TS YR, i LA ]
(R B0 TR AR 23 5 RS RIS o 7 8 B R T 5 1 A2
My dE, hEEEIE A BRI LR O
PSS | B LAE DO A | PR DL 2 R T T
Kt Y 2 R Y fEFRH R, %
B AR F g, BRI B, s
JERYIZ A 1 1) H S 2 Al X 2 R B2k
A PEFEIR B

ARSI 5 AGE AT T A AR FR B e SR AR AR
O3 B —RRBERE ZE AT, 4 PCR BNZ A & A
hbl. nhe. entFM 255E 5 LA LKA 5L N groEL,

111y HL 3l S0 a6 45 R A B R B AT B Y
SRS T, ST B RORE i W R 2
JRAT ARSI J5 95 T D20 2 -5 T2 A A A
ARSI RNk AT 2RI LA O 5 G
MIRBESZ, I T — BT TAR B E S

1 fRGE A 5 %

A2 23 1) 240 T G DN 75 9 el o A Wy = Rk
R, FEASIEEETR . ot s
2 R E TR | AL E AR AL LA

fr

IS

I
4%
5
X
EZ

Ay
o

s

1.1 fEHREEFHZE

H A58 [ 6 5 2 i W A R | B bR o k2l
2] [H 3 Ak E R 2 MY PA il PemBA X
2 bR M2 D 15 3R B 40 B AR ZF AT I, (H T
Ik ML A 2SR T V& =4 i ELOR B B UL SR A P
HEM TR B 2R AT, S B 2R I
AN e T e 5 70) LB R (TR TR 7 5 L 4R T
F S BRI HCHE S T AR Y PRI AL

Shy kG R 0 45 SR AN HER 1, ST O il
HH A FIAS TR i s R i | R iR A AR 1Y
i SEERE, 7B, Bayi RTBTERETE -
AT BIEE R, FILHE 2 a4, Kabir
2L 38 2 FivbR VR 37 (MY PA 1 Pemba) il 2 Fif
6 L B R 9% 3k (Bacara 11 Brilliance) i 16 1k B 1) i
FEA KRS TR T TV, 25, Bk
Bk 3 (Bacara and Brilliance) i T4 ¥ibr it i
F(MYPA Fil Pemba), 1fii H. Brilliance X455 115 H
A W AR AR . RS G0 A O R g
U 2R TR (R LR RO HK R LA 4 Ff AT 350
KRS T, SR EN, T HK 746G
MARCRE IR . BT B EARFRERSN, Chon
2 I9LR F MY PA K60 60 FivEr iy rhis Y i ER: 2570
RIS, SRR ISk mk=p i T 2R - B -2 K T
% B B (Cefu-MYPA) 5 5t MYPA (846 Ik g i
FITHH, 4553 Cefu-MYPA (RS I 45 S5 8
B3 . Kang ZEP0% L 20 kG T % -E - H -
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B A R (PemBA) s I H A mE ] LI =4
BIMRIRON , [ e XoF i B AR i 428 o
1.2 HEmAE

A A% T BRI A TR T A K & A
ANV A A SO A R 0 7 o A ZF R 2R RT3 4
e SR U6 25 R S B, B Ak | SRR ER 18
J5 | WA, AR R R . ACHE K T RAA
B, (AR FR T e g G A R B, Savic
AR e o NZRFEAE | £ W FNEREE 2 B f i
FEZERIFF PRI, B el e et G R 3k | b fk
I TR 50, AR5 R A Bal SEE R S PE5 1Y)
iid PCR MMt —HIN, SR ExR, IrAE
PRI 2 AR AR 25 S S B, PCR iy 3
533 bp KN F Bt 1R 58 P (5 A i X B R
R 235 SR L AR A, (E 2 22 L) A ARG O 925 45 B
BoR, TEKERE,

bR TG00, 4 A U E M 5 @ ARGt
T ZEZRC L N—M 2 AN AR HiE 5
4 Phoenix™ 100 #1 VITEK2 X 2 Fii,
Phoenix™ 100 fiEf% X} 100 MREA [ I 347 51 3 4=
b N A2 OSSR 2 AR o VITEK2
{XRE R 30 Wik, A5 14 R~ A
2ER2(d ) VITEK2 % 16 BRIESFE AR I HE 716
W, A R 12Tk A O, R ARG I 45 RN BT
B8] 5 4% 48 7 vk dE AT Xt b R EE R oK,
VITEK2 (% v B0, i ELARS I B [ R K 4
T mULRT AL, 4 A UED S E RE LS
(A AR ARG 30 VR TR T PR Y AT, K
25 TR S MRS o LSS A ARSI R R

i R AE G R % s A AR AR A D vk T
WAL S0 LR A ZEARAT R L (FUR I AN RENS JC# 10 e
P ZE AT TR TR AR A 7 5 A 0 B 2E AT T TR R (X 40
PR I 5 A B Aty ok b — 2

2 BTEMFRWITTE
2.1 PCR &
T JLAR P FRESEESLIE R 1 PCR A i

TN, TR AL BT s i £
HoA R 547 16S rRNA., tuf, hblA, cytK,
entFM. nheA Fi ces 2%,

A 16S rRNA JER ELA = BEORAFIE, BFAY
FH] 16S rRNA JE [R5k 1 1T 28 5 407w, REAS 1
RN T 22 ) ) A R e R PP AR,
FEZEFUFF I RERY 16S rRNA LA ISR m, B
RERF AT 25 2 A () — A, AN BEAR G- b X 530
PEZEFURT AR, DRI 28 5 Aty 1 25 B iR A T
£, gyrB.| rpoB. groEL. tuf ¥ MERE ZEHUFT
M B, Hoh groEL LR Al 4fis 7 AR &
M1, tuf N ZE(HE T, rpoB R F1 gyrB K 4352
5 RNA R4 p IV IEF DNA e B I L4
AT P R A Ol W — MR BE DKL 25 FUAT 7
AITERE B BT 54 A 16S rRNA JE K8 FH 514
gyrB BEPRRE SRS 14, 1558 PCR Jr ik #k 414
W, B L AR D e AT R IR R AR
O3B, BFFE4AS 9 R PCR I8 F- BE X 15 i 5L A
A BER/MEAE, 165 rRNA KL A B T /Ky
1 401 bp, i Hi##4T 16S rRNA KK 41 0 #r 5 AL
PR N AT R R 5 gyrB BRSO AR S
PrRUE R (ATCCLA579) M LI =ik 100%, JITRA%E
4 16S rRNA FE[H I gyrB P P 511 2 #r ml v ff 4
SEZ RN Bacillus cereus, A ., 7E# PCR #:
W5k b, ol FH R R SRR R I R 2R R, A
REA 2 A R0 TRT 5 T ol P A8 5 5 R ARG ) D) e S e
S, REAS SIS LA ZEFLRF D A X 4 LA R

A B R AE—E 1 254 T AR S )7 AR K T R
MIEER R R 2 Mgz, AT DU o )
FE[AFEAT AL o MIX it 75 3R (Cereulide) 2 —FPEAE +
TBE SR, H 45 #4 o4 [D-O-Leu-D-Ala-L-O-Val-
L-Val]3¥, ces 454 i Cereulide (LR 5%,
K/NJg 24 kb, fiiF pBCE4810 E Mgk |, H5
I FFUAT I pXOL O AT i B AL 1
H B & B A4 %10 % BL (Hemolysin BL, Hbl).
3k %5 1t ¥ 19 % £ 2 (Nonhaemolytic Enterotoxin,
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Nhe). 4ififi#: % K (Cytotoxin K, cytK), & T
(Enterotoxin , Bce T) . B & E Il (Potential
Enterotoxins Hemolysin 11, Hlyll)ix 5 #7229,
Hbl & d i 2 2P L1, L2 M P 3 B 4541,
=415y E AR E, Hbl £ hblA, hbIB. hbIC
1 hbID 3X 4 /N3 Sy HE R 2 A, PRI G A6 ) hblB
ARG, R BRR M IR O, Nhe J2 =21
SRR, S HEE I EER nheA| nheB. nheC
IR AR 1 Y, AIIRE R K SR —Fh i cytk 2ED
TS BAL A I FE 2, beeT A1 hiyll 25 455 7
R T MR B BRI AT 10 25
BE IR B R OE R PICR & 15 9 45 B
Oltuszak-Walczak Z£P4% %t PICR [X il cytk #5315
Y, BRI A ZEFLAT R . B LA R ) BRI B
MR BB EE PCR R 5 ik AFFE — 22 1 ] &1,
Adame-Gomez 21k T T i WA B PG F G g S 47 s
R B Y 23 BRISAE ZEFAF IR w1t
# 773 cytk . nheA. nheB. C. hibB. hIbC. hlbD
519, A5 PCR ikt R, fHa &3
B RRTAAS I ) ()3 ) B SE e AH A o AT I,
U T SR ZF AT TR PCR AN B —A>
SO DR TR IEARHER . BRINZAN, s
& 2FHFF AT AR P4 HBL #: % . NHE %,
KL, i I8 PCR % Ff AN RE T X 4l -

Eil PCR HOART T [a], $RAE D BRAHRS T H
ARSI Ty 2y a7 5 EUR O 2 A H 23K ELAF
TERAS R, PRI T 2 22 T SR A T A
22 %= PCR il

3% £ 8 PCR #:ll(Multiple PCR, mPCR)#§
(SR TE Al — A R A Z X0 5 [ i1 7 R 3
1) —Ff 3R G e X S 0y, HE T AR D 3 R 20 BRI -
PCR K& AHIH .

Kumar 25000 e 5 19 BRRF: 25 00T B 1F 1
Bk, 31T hblA, nheA. cytK. crylA Fl pag iX
5 X R M5 Y, [FEIA T 1 N AR (Internal
Amplification Control, IAC), F|H £ PCR 5%

il PCR 20 BT TR, 45 5 & BUBEIR ZE AT 14
Iz G SEARHT 1R LA S B I 2E AT I AT if mPCR
D5 i TRV ARSI T L 2R AT B ARG H BR
1x10° CFU/mL; 7€ mPCR JE&WHin AR IAC
DNA R A AR ARG IR, H 3k 5 T (B
PEZER A H B B mPCR 535 PCR ik iEfTEL
B, KRB mPCR BT 2 piiA, Hah
A EDI IV ST N

MPCR X FH F [R) Aisf A6 000 s B 2F AT B RE A
R, T8 HAAFRMENAE. Razei
=BT 544 nheB . nheC. hly. C 3t 4 %15
Y1, KA mPCR HoA [FIEAGIN £ 5 v i3 2%
ZETRE A | R ZE TR I AN S B S R, o ELAGEI
By 4 5. 4 F0 3 pg, BFFT4s R0 3 FhanmE7E
YRR A e, ILZE PCR HAREN
— R TR I B S T . Yu BB T RE
[F) sz 000 281) B 0 R A T L A ZE R R RNV T T IR
B, ZrBIEF%T ompA. cesB il invA &3 T 3 X4E
S5, @S mPCR Jrik; [RIES A T i BRI PH
PEZER RS R I BE(PMA) KT 4 i 4T Fil A B
PIGEFEPE S BRIET- NI L 4 DNA; LA,
TN —X%HEET 16S rRNA JE SR AT X 038 FH 5 14
Y Ky INTEB 14 % B (Internal Amplification Control,
IAC), FEHEBRH PCR %, 37 [l Al £ A iy
HR R 500 5 L A B 5 2R, &5 2R S R e Al R 57
AT, 25 B BRI B AT IR L B R U] EG R
FEZFAAT B A Y BR 23991y 95,74 1 75 CFU/mL .
K H PMA-mPCR 7 i & G5 37 I %t 3 k4l
PR EAT TR He B, 25 R KB PMA-mPCR Jrik
SXof i) FsF 400 G 00 2 4% e i 3 T HLA R A i
T S8

5358 PCR Xf k., mPCR #6145 A B Gt % ik
0N N 1 I 621 B R ) 2 AN A N
R [7] Bt FH A AP AL 55 o ) B, 38 T LA S
HANAER AT . SRR mPCR Al 75 2 [ s
3 Z A5 Py A ] i DNA Bk, 5255 H e
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FESAEY B e A X N o IR . kL s | 1R
L EE R M SE I 3 N E R, TR X X
3R AT R AR IR BAG I ) S A ROCR -
23 EMRHKEE PCR &N

Sz 2% 56 5 B PCR (Real-Time Fluorescent
Quantitative PCR, RT-qPCR)# il 3 A &% ) & 1
1995 4F3E EI{H A — PR fe e T beoR , LR
PRJEFE PCR A Z N A AT B 0 381 i 24 e A2
A, AR L AR 9155 R 55 K AW PCR P-4 i,
AT S BRI i 9 e RN o AR A T ol R Ak 1l
F AN E] 53R SR ET Tl e gkl 2 Fhor ik,

Zhan 2B T PCR. Ak & Je 4155 (CHA)
FAE AL A 2205 (GO)AH S & I SAar il 48 WA i vh
WX I B A 2R AT B P 0, O TR R AR e A B
DNA (ssDNA)# 3 H H1 Fil FAM-H2 iX 2 4~ H MY
&L, CHA Jb HBE T PCR 8 7= 25 v 77 Lk 1Y
4 ssDNA Jr g, 7ERA AR ssDNA MTENLT,
CHA J W ANRERE fi & , F3X H1 Fll FAM-H2 1% fff
£ GO i, RIMHBACH T CHE, RZHIk
RN RS, 45BN 1% B e A4 R & P A
TBR A 62 CFUMML. #7324 100 s 53— 4 5
51—~ TagMan #4137, T Real-Time PCR
FEAKAGIN R 2 i o A A 2R AT TR, RIS
AN [ e 5 o TR W1 DNA FH At 20 FhoAs [) 4 B
) DNA RIGUEZ 7 A R, S286 45 R4
FUA SRR ZE IOAF TR 2 7 AR Y, RN R £, i HL
R HBR S 1x10% CFU/mL,

Forghani 2 7 7 —Fof ] AR AG: 00 0 A 25 760
FFERT L S 2R TR . S A A BRE ) SYBR
Green | ¥, Z 4% gyrB. hly. nuc JEH—
YR B L 4 ) 3 AR, 1T ELAEANIES 734 TR ) 17
T I E AR BR A 3.7x10° CFU/g, 38475 5 Ao bk
BN 3.7x10" CFU/g. H fi%& LMl PMA-PCR J7
LR HEA IS WP ok, PMA RLE /5
PR, o= e e E R T &5 DNA &
AACHK, [RIBHHIZET- 40 A DNA 38, KRR

6T I B 25 SR 14 A= . Zhou 212 Ff PMA-QPCR
SRS A 5 v 3 I IR 2R AT TR, 4 AR R B
3 pg/mL () PMA 5 REGE N G 5E T 20 M 1 R A il
KN

PENCHRET PCR LAl X REA LA TR e i, 2
iR T M IS B . 59O AR
SYBR Green | JRHE R 5 45 DNA (1) 2 4545 HAH
g4y, I TICIEHESH PCR 774 . 514 — R IR%E,
BN FEM A T8 B, SRS A R R IR 22
2.4 1HiEEE PCR AR

VE MGG E R PCR RN F A, 5T
PCR # AR (ddPCR) & il i fff F 4 BR A B 43 B AN
FASM G 23 e 52 B H bR DNA $5 D1 26 %) 1 i
HEmanE 1 R, Porcellato Z U fb 35 A
TP ddPCR Jy vk 4 5 A= W v () B A 27 7
FEERE, IF4% ddPCR 5451 qPCR JrikitbAy 1 XF
Eb, FEAGIN E AR Y B bR F i, gPCR Jrik
5 ddPCR Jr ikl ZEULT—, A
ddPCR 5 A6 T st AG: I BR 23 FL A Ik, A6 3 7 Hp
WATERYEMZE, GBI 1R22, SR, ddPCR
ANREMEXT B AR R A A AR, T H SR
£ qPCR AHEL, ddPCR s} a] K B A JL-F-80 T —
FU LA, B ddPCR A — R R A i
TR ARG I PRV BE AR A 1 2%, HE ARV EAS
o PR TR 26 A D0 X 0T PR T A 7 4 0
25 AN ESEERY ARG

WA SIS R (LAMP) 2 — R H i AZ R
PEAR, ATEM AN Bk, EMEIR,
WE M 4-6 NGRS TSR AT
A P PA) AR B DA 3ok B 01 6 A8 AL SR TEAS . LAMP
g E AN 2., P 3 Rl

1 0 A V8L T R R L v R 2 FLE A
R4 hblA JEH R B —Er s g k1T
LAMP #2553 Bos 1A H RS 6.4 CFU/mL
L R It s, 5 e S A TR e A 2 A
hblA JE ¥ 8153 A5 95 #3r. LAMP, 5F:
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AT HRA

Limited dilution

1 ddPCR #il# REY £ AR R
Figure 1 Basic principles of ddPCR detection technology

PCRY" 1
PCR amplification

LV

Poisson distribution

B Empty
H | copy

H 2 copies

m 3 copies

W 4 copies

H: Ar —ANMESHTN PCR N R B: BT LT AN PCR RCWAAZR ; C: BV Ho B 53 0 43 10 % ok
Note: A: A PCR reaction system to be analyzed; B: Thousands of independent PCR reaction systems; C: Estimation of the absolute
amount of initial target molecules by the proportion of negative droplets

FIP
b )
F2
Ol
F3 . - I
g 5 3
Primer -
F3¢cC F2c  FleC  Target DNA Bl B2 B3
3 [ . | 5'
5 m o ¥
F3 F2 Fl Ble B2c B3c 3
s s B3
) = B3\ Primer
3 Ry
B2
BlcU's
BIP

B2 LAMP ARSIt
Figure 2 Primer design of LAMP

AUk SYBR Green |, J] 21 ¥R B €
¥iF RealAmp, F£¥ RealAmp 5 %@ LAMP 3f
ik, 459K RealAmp X4l (R IV B A
8.2 CFU/mL, %@ LAMP AU R H 10 177,
(7 B Ay G 32 R AR 1 18 Tl

5T EEANE IR FIEE S LT ) PCR kA 1L,
LAMP 6 0 35 52— A 87 B 4 Yl B 255 8 G o
6065 °C), {HJZi% 5 i ANREkE G s H i s BH 4
g0, T H BRI T A, X5 R

26 HEMESEIIEEA

&4 MR A B Y ¥ B R (Recombinase
Polymerase Amplification, RPA)JZ Piepenburg 7£
2006 45 7 YR ) A — g (0 T AR IR B 3R AR T
RPA AR B YR AR AR, BRI
T4 BEDEIRR) DNA SZHIALHIARZERL; FEmE IR &1
T, UvsX 1 Gp32 #1 7] 55 DNA XUk S RS S
PS5 45E, JF7E Bsu RAMAREEI T, HZ& 2l
DNA M 58, R 4 pos™,
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A Fac F2c Flc Bl }% B3
F2c F1 Bl B2 B3 3 =
l;c____c CTaEgetDNA B 5’ - =l
5 — - = m 3 F3 F2 Fl Blc B2¢ B3¢
F3 F2 FI Blc B2¢B3c 4
m 3
Flc F2 F1 BIcBZcB3c
4 F3c F2c¢ Flc Bl %BB» , F .
Flc’-g E2 ‘ wc 3
ﬂ Flc ﬂ B2 5/
FIP | Combine Fle F2 FI Blc B2¢B3c
5 ﬂ -
F3c F2c Fle Bl B2B3 _ m 6
2 -—: = - F1 F2c Flc B 5
,'5 Fl BlcB2cB3c ﬂ Bl
Flc F2 FI BchZcB3c
5 m=— 3 7
' I _ '
: F3e F2e Flc BI B2B3 ¥Fl F2cFle BI B-z B3 )
= i 3 FI
o # F2 FI BlcB2cB3c cm S 46 B2
ST Blc
F3 primer ’ :
Combifis Ring structure Ring structure
B
Flc F2 F1 Blc
e =
= =
FI F2¢ B2¢
Flc 23 F2c
F2¢ QBZ
F1 Blc
Flc
FIP

g

Flc Bl B2 Bl %
- 2
F
< Kl BIP< BhcB2c Flc
Flc B

F1 Blc

E 3 LAMP RARREKRE
Figure 3 The basic principles of LAMP

Flc Bl B2 BlcFlcF2 FI Blc
- ==l
” F2cFle B2
31;3? .

Blc

Bl
BIP

T A MR AR B JRIRYHE B BORIE (IR R Be

Note: A: The forming process of the dumbbell-shaped template structure; B: Cycle expansion stage and extension cycle stage

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



SRFSHOSE: WA AT RSy 1 BTt

1367

|
(===
C: Y
c. = e
@-—mﬂ::-( ——
Wf\\a b
P )

B4 RPAAEK[FEE
Figure 4 Basic principles of RPA

T A EARM-EZATRS Y E S YIE BRI RAEE; B: SSB E M S EHMFL S, MMM D W E; C: #iE
HREGEHRN G D BEESIF, GINdkZE; E: TR 2 DB, a: SERITRRYIY; b: HAEE; o HHE DNA 2545 (SSB)

HH; d: B

Note: A: The recombinase-oligonucleotide primer complex forms and targets homologous DNA; B: The SSB protein binds to the
replaced chain to stabilize the formed D loop; C: Strand displacement polymerase initiates synthesis; D: The parent chain is separated and
the synthesis continues; E: Form two duplexes. a: Oligonucleotide primer; b: Recombinant enzyme; c: Single stranded DNA binding (SSB)

protein; d: Polymerase

X1] 37 £ 4 OV i Wbk 28 AT I 19 16S rRNA
L FEH B R exo 454F, 7 Real-Time
RPA J5 %, %5 1%t FAth 28 AT 187 A0 I 28 AT 7
JoH, HRT IR S8 AL 2 B AT oA, A H BR Sy
1.0x107% ng/ul, i HAREFR LR e Y b &
5% 1.5x10* CFU/g B 6-13 min s AT 4kt

RPA AN ZORAL, Frstk R, K
FEAR S T ARSI ES[E], RT3z 0 T I R AR A
WO, ] Bt Ay 5t 1 Joi o 00 e e I 4 4t 1
(37 1) o TR AT DK 31 A0 A I A 2T B 1 5 |
YR TR 1,

3 ST RN

YR TT W IEREBOR I A A A AR R LI, et
G BN 5 15 I B e BEBTIA, SRRl i B s A
2 I B2 S i A 52 17 ) 21
3.1 BEEX s R BRI E K g 4G

PRI G 122 K7 Y 7 16 (E L I SAY RGN 2 485470 i
W E PR ETE RS L, I ABEPR AR 2l T e
ZRAETON, RO B S5 I, SRS AT
SRR, PRI RENS BRI IR o, al LA
AR B €2 4 R T A TR o o AR ST st e AR ) 5
. ELISA BERIAIR EHARIGR, donlAeiix
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Fz1 WMEHEFBRTERNSY
Table 1 Primers for detection of Bacillus cereus

FEIA 52l B R 1R B

Genes Sequences (5'—3’) Annealing temperature (°C) Amplicon size (bp)

hblA GCAAAATCTATGAATGCCTA 54 884
GCATCTGTTCGTAATGTTTT

hbIC CCTATCAATACTCTCGCAA 54 695
TTTCCTTTGTTATACGCTGC

hbID AATCAAGAGCTCTCACGAAT 52 430
CACCAATTGACCATGCTAAT

nheA TACGCTAAGGAGGGGCA 55 500
GTTTTATTGCTTCATCGGCT

nheB CAAGCTCCAGTTCATGCGG 58 935
GATCCCATTGTGTACCATTG

nheC ACATCCTTTTGCAGCAGAAC 58 618
CCACCAGCAATGACCATATC

bceT TTACATTACCAGGACGTGCTT 55 428
TGTTTGTGATTGTAATTCAGG

cytK CGACGTCACAAGTTGTAACA 52 565
CGTGTGTAAATACCCCAGTT

entFM GTTCGTTCAGGTGCTGGTAC 55 486
AGCTGGGCCTGTACGTACTT

Ces GCATTTCGTGAAGCAGAGGT 59 699
CCCTTTATCCCCTTCGATGT

groEL AGCTATGATTCGTGAAGGT 54 236
AAGTAATAACGCCGTCGT

R 77 A B RE 25 Zhu 2300 R 2 F AT T 4 A i
G, RS T RBAE VRN P 2R T L A 1 T
Z T BB/ N B TS TR 5 3 B MBI B
TH & ELISA, LIPEE  EHEH7 (58 b I £ 0
AR . %7 IR ER G 249 R 1.0x10%
2.8x10° Zfg/mL, KRN 0.9x10° 4i/mL; His
A , XI5 — A AR S A R 27
AT T 240 . 14 S PR EEK 28 W Bt

ELISA Z—FhES . B, & FE A K5y
TR . RN TR 1 )51 o 10 B SR
HATZtE] . P, ELISA 33 FH T ARSI i
ik 2 RN (E SR S ol et/ [N WA R IR
A RB XA £ (4995 B AR sl A T ) SR R AR, B
A T PRIA ) 10°-10° CFU/g I A RE S FH 5388 437 ok
PRALSTHTE E

32 BliEsERNRTE

ERINE7 AR EA L NEN A7 wil kgt P S sl
%7 & Nhe 5% HBL, 32245 BDE VIA™{ 5 £ (3M
Tecra)® . BCET-RPLA iX#|£: . Duopath(®)iz 7
FoR I (20 N G I DREA Y = il e <O
L, ASCR I 2 A i 1 2 H AN BB 0 A Al 4 o
AR — e
4 P

H AT, BrA R 0l AR BN A R IR T N B I
e BEOIR ZE AT IR B A AU T o TR AP AE
KU w25 2L 8, SRR, & RBHE
A HULVE R B ZE AT R TR AR o R R 2 T 2 TR kR
B BB I TR LA, REGUERIRIT R
H TR 43 B8 A0 R ZE AT TR 24 355 1 A B
IR A AT JRAH S IR A | DA IR B A 27 AR AT 2T
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B RRPTPE IR DL IR, I3 H A0 SR LA/ b X
SERRTR Y B

Wt 5 5% T I R 2 AT R 191 0 4 1 S
W2, ORI AR BRI 5 T R S A
SO RGN T TN T
FEA RN T3 180 25 A AL BR T, 7 BRI
s ZER A IR EA T e, AT K 4% A
JIE R R R A A 28 AT B 0k i Lk
ML ETFR 2,

BN 2, BERE 2R AT R 245 A\ A3l ) R
G R )N NTTPNE 2 A Gk Rl W R P T ]

R2 MEFRETEANGEMMRS

AT B R, RRIE R T2 R, (R,
NEAT BRI 5 9 R g 32 W A e e B i
J7 B OCHEL (R T o T AR I AN b HUS R A
WA L, PO R AT g A O 28R, ]
A2 o 25 3R J2 WA BUCIE S, i s
RERR 2, DA i 0 ™ R Y3 3R A TR I, A
AR M L A DA 2R o A, R ARE 25 AT itk
Frigifle ZAEPEI0 AT, AT LAS i Xof R 25 ST R D At
SALR) T, A BTN ER . DR ARSI 5
S M T B R 2 AT A R A R A 1 B
fiihti

Table 2 Advantages and disadvantages of detection methods for Bacillus cereus

A6 5 (s B

Methods Advantages Disadvantages

PCR il (AN FES N ] R A5 SRR AR, TS BETHERR X 20 Fih

PCR Simple and time-saving The accuracy of the test results is low, can’t
accurately distinguish between species and genera

Z 58 PCR £l ][] B 4 () S RTAR ) e S P 400 25 5 1 BUAR R S 1 538 SR b

mPCR Identify the same and different kinds of bacteria at the Prone to nonspecific amplification or cross reaction

SEHT %6 E B PCR
iRl

same time
AL X REAR YA THERf e =, RPHPEAR

The sample can be quantified accurately, the false

RT-gPCR positive is low

R ECT PCREBCAR  KMIBRAIK,  Fev/F Al FAR M 2 i 15 00 B X 4+

il BEAREAT AR E B, PI R 2

ddPCR The detection limit is low, allows absolute
quantification of molecular targets without using
standard curves, and the error can be reduced

WA SFEERY e mhEsE, ARG, e E

A Short time, low cost, convenient operation

LAMP

HAMRAIY Y AHERRAGES, REGES, FrRrEte, e

FARA [i] %5

RPA No need for special instruments, high sensitivity, the
specificity is good, short detection time

B B AR, AR, AR, AEEE RIS

RGN Strong specificity, save time, low cost, no need for

ELISA expensive equipment

B ALEE R AL R

il & Fast

Commercial toxin
test kit

BAS R, TRIEAGI 3 T

High cost, Unable to detect the size of the extender

ANRESE XS B AR B m AR A E T AL, 5 gPCR
AH GBS [R] B A B T — %

Samples with high target abundance cannot be
quantified, and the time and cost are doubled
compared with gPCR

Dy IR BATESE R, RAEREA T E A I
Prone to false positive results, only qualitative
testing can be carried out

GIE7/b 37 an oAl = o)

The primer is difficult to design, the detection
fragment is short

R 2 SIS A 0 ) e

Lack of real-time ability to detect microorganisms

FEAERAG . RIS

There are missed detection and false detection
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