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Research Progress on Main Toxins and Detection Methods of

Bacillus cereus
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Abstract: Bacillus cereus is a ubiquitous foodborne pathogen that can cause two types of food poisoning (the
diarrhoeal type and the emetic type) and other illnesses. According to the symptoms of food poisoning, its
toxins can be divided into diarrheal enterotoxin and emetic enterotoxin. Hemolysin BL, non-haemolytic en—
terotoxin and cytotoxin K are the three main diarrheal enterotoxins, and cereulide is an emetic enterotoxin.
At present, food poisoning caused by B. cereus contamination occurs frequently and seriously endangers hu—
man health. Therefore, food safety problems caused by B. cereus have attracted extensive attention. Under—
standing the role of B. cereus and its toxins at the cellular level would be conducive to preventing the bacte—
rial infection. Meanwhile, rapid and accurate detection of B. cereus is extremely important for effective con—
trol of food contamination and post—infection treatment. Herein, the research progress of major toxins and
detection methods of B. cereus was reviewed. It may provide useful reference for researchers to carry out re—
lated work.
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WEHE ZEAUAT TR (Bacillus cereus)/&—F7E H 2K
Fh Iz A B s IMEFTFARARTR , J& T 2R AT
B L QTR RE, 20 7E T aE Y b L i,
TEJRA NG K s ml % 43 5 48 o R/ Ny
(1.0~1.2) wm x (3.0~5.0) pum, FARFPIR, 2 mIRLRS |
Jid - AFN, BEIETE 8~50 CHIMEE 55 A1,
(BFEARIRRAT T AR B NGNS . R AT TR
TP AT, TERPIR I PREE 5 0F T e e IR
FAAE, TRIE RS I NAEA T, 2R EA
FET A A FEAL AP 0T i UV G4 ity B4k
DL HAWAS R PR R R A AR, N A 6 g aX
FERUUE T BRI ATE TR A0 (L
BB RS W ZEEAT R RS | R
B IR PEN TE PR 1) — > FZER ), XA
SN By Wy 0 i BREAA SR W, 4 K R RN BT AR )
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PRI, PR PR M AN E A 2 FELAT R4 i
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AT TR SRR I B DL S A I 5 2 Y
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FK R B7 R 2R (cereulide) F 25 [ W0 (X
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AT IR, 17 S 5L B 7 % A
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BRI, Cereulide M FER AR B R, L
RORTEME, IR TR A B 4H M) 5e S
SR PRI A 1,

Cereulide B4544 H[D-0-Leu-D-Ala-D-0-

(Life Science Research, 2021, 25(6): 471~478)

Val-D-Val],, s&—Fid i S i i e 6 i+
B2 K, HIMEAAE cereulide RETSHEHT
RO PR, R IR EPE(150 °C, 60 min,
pH<9.5) R BEES B T (pH 2~11) LA K X 26 1 il (4n
JER 25 11 it ) A B R S8, Cereulide FH pBCE JBT
B 1 ces FERFEA R, ces FENFEH cesA cesB.
cesCcesD cesH .cesP Fl ces T ¥, Ho cesA/
cesB [ NADPH R AMWEXS 22 RIIE i B A 8 24
H2: cesCleesD Jitih ABC 55 F4K, X cereulide B
E A Az S 21— B PE TEVE Y cesH YR
i 31 kD A/, 2K R T o/ K IFEES
%, "I B SRS 378 813K, cesP RS BEIR
1Z kS O AL Bl (phosphopantetheinyl trans—
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IR, WFFTFRM, pBCE RIS Y cesH 7K fif fifF 1]
RETAIR AT ces HEHFRM G Y OURIEIA Por chr
F1 pBCE ki3 cesP & %) PPTase 4% ce—
reulide FUREHS A U HEVE >,

Cereulide 51 & MK (HLEN B A7 ¥ A 58 2275
. BADWEERALEE cereulide M 412 B 2= 3
Yy, BA 5 40 a5 R — R iR BB T AR
Cereulide FUA 8= B /K, BE NS 12 40 it A i7F
98, I B e 7 AR s SR g, X
AR AT B AR A8 B 1 AR, ) T R 4 e 5
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Rl T e MR TR, B — DR
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BER WA PTG, A SCkTE ), TR I T
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TR VAT ISR ZE AT T cereulide B 2 MY PLEE
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SEONPE T
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K, CytK)FIiTE 2 FM (enterotoxin FM, EntFM)™ %,
DLSOBTERIAFEREMZ 1T (enterotoxin hemoly—
sin II, Hly A5 T (enterotoxin T, BeeT)P,
Hrr, Hbl \Nhe I CytK J275 EIETE RS HEERY
3 Fh EEREZR S, Hbl A1 Nhe ¥ 3 A4
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AMEIAIME A (cytolysin A, ClyA)RIZEFH AL,
VLA BATTAT e EAT ALV FHAIL, 7T 5 248 i s
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hbl LR B IEH PleR B HETY, %8 E R
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PR & A5 5 T3, 18 BH HGE 2 — 853 W (Sec)
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B, SIRZEY PR A 2R A
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U B IR A AR T T, UL EATE I Sec
WRVEAT 305, A 3 R AR (1 00 3 gl 7 7 7 5K
JIBEZH AN, Nhe F11 Hbl BAA FEA A1 JEME, Wi
HbIB 5 ClyA BB = 45 AL, K Nhe
XK B AN YD B LA M B A T TSR T
L [R] B S5 K AN RESFPE, HbI/Nhe FIT ClyA FKRHY
B 2 AT REAL B — 1 AL A A 25 B R ),

i 52563 W, Nhe X 22 R A0 A7 76 40 i 25
PE, (XA R 00 2R A0 B BN o Nhe 1T 740
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46, DETIE Y . Nhe il H A —241 53
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2 2 AR A M EE T, BT ES A T R
NheC .NheB Fl Nhe A¥ 158 & B, 4 NheA NheB .
NheC 3 F 1 BT SR BE RV EE L 10 10 ¢ 1
B, FEXT Vero 40 i i) 25 B ; B9 NheC 25 F
2 IR B D R AV 20 i, SRk S5 JEE UK
W BE Y NheC W ME] S NheA F1 NheB MY K
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o CytK B cytK FEF4ait, 1ZILH 5 211X
FETE PleR RO BIAL , PleR 3813 454 % PleR-
box PA7 eytK FEPRIARIEM, JEa X & B, CytK
54 AR BRI A FLIMER S oy I E N o1
MZ, AR -T2, LA FE 2R fT
WA ILZR TTARL, 28 T g-Af AL 28 R K%,
AN, CytK XA bz 4n i B A s 2k, 9 nlfig
SHORBCIE 5,

Fagerlund 58P 58 R B, CytK-1 5 H AR &
CytK-2 HATR &P FIRIIEYE, CytK—1 F1 CytK—-
2 HE 2 (] ) 22 5 R A v e R X 7R 4H i
KL, CytK=1 X} Vero Fl Caco-2 AL HAH
MR, CyiK—2 HAa i, I B A BpiE
Caco—2 AHLA Vero 4N A 751, (HHEFMEY
1 CytK—1 B9 20%; CytK 2 ARt R H T
HARETE LR AN AL, 20 MR i A i,
PET SRR ET . 2B & B, CytK 2B
F AR I 2 58 & A 55 IF 21, B B i o
Sec IRARIEAT 43U,

124 RAwBRmEE

5 3 Fp E SR TR Hbl Nhe FICytK
AL, 7% EntFM  Hly [l fll BeeT AVEAERIIETS
RIFE ST, EntFM & 1> NIpC/P60 454K,
LA YR RRBAYRRAE . 1268 TP S AN A TE
AR BB DA b R A0 R B AR R TR A
(S0 RN TR A | N (EP S S o s 1)
AR, Hly TSR B-Hi R ALEE R, A
i #4, % A K I LG BURR, 5 4 o i A Bk
WY a-RE R B SRR 1Y - R A K, 7
I beeT &A1 MNP AE, HAmbS i 2K
1 336 NEIETRA . %I TE R IAFF i iR
IR Vero HUARFENE, I HAE M4 8 &M
S A, [, HAEGSFLA /N BLR] i 3
A5 R RATRE, dhtE /N A BOEE,

Sk, ISR E A YA
A7 SRR 2R AT B VR 909 LA o 4 SEE 3R
B, Vero FJEAC AT #EIK A EZ 4 B (human umbili-
cal vein endothelial cell, HUVEC)X] Nhe /&,
HepG2.Vero Fl A549 4l 5 X Nhe F1 Hbl (5 &
U FERZ AR T, Nhe F1 Hb X 41 0 534
B BT R B [F] (409%~60%), 1H 2, 75 HUVEC 4
i Nhe BYAHXTIEEZ) R 90%, TE AS549 it
Hbl ARG 29 75%; CytK X} CaCo-2 R I
Hh e e PO 2 I S,

2 HEFRAFERRITER

TEHE, W5 B WA 2 AT T 0 B R i
LA L R SR IR B R AR 2,
FE N TR, RS R ks i 2 Bk, 4y
S T S SROFI AR B2 S ol T R AR 2R F00AT DA
o AT 2011—2016 4F-7F H [ = ZIR T A T
PR ZE S R, AL 2R AT IR ) 2 AR TR
THBEEWIH, K 279 T QI #1055 A B AR 21
FFEEOY, e o, 4385 AT 100 IR ZEA0FT I
AR T N I R EE TR A6
TR B o BRI, H R T L
SRR ZEAAT IR A TS Y R AR I T AL X, I
e EACTT TS YR 319%, TER IS YRR
25%. BN, 10748 2L LEC 7 Wik vh SR 2R A AT B
M5 YR 429%, Tz FEAE 22 ) LBC 7 Wk v A
ZEARAT TR BOT5 B R AR 12965, HAAS fysiibIX
Wb s LT CHON s E ARG DX, R 25 5
FF TR 19 75 G4 2203 51 28 30% 27% 19% 10% Fl
169%™ %1, 2012—2013 4FF1 2015 4 & A (19 {73
K E B LEC T ks i IR A i 5 2R, I
FEZF AT B A BH PR 253 R 149 Fi 4290 90,
Zhuang SEOHEAR A, H S LIEC T kA il ks
BEZEFUFT R A5 Y R 8.2% o T EIFL i iy p it
LA TR 2R IR PP R IR I B W2 1
S A, 61 ¢ b i DX ) Bt A7 A R ZE LT PR A T
T 52 [ 1) — T 4= R PER A R, 202 A= SR
B WA TR 2T PR Y PR R 899019, 1
EL AR ST AT b r e A 2 AT T P o
IR 62.7%, 12 P4 2HES 8 10T T 00 T AR
ZEIRAFT TR AR 2R 28.490%, HLERT =, AR
KT DA SR, FLFLH A ) 52 2 WA 2
FFFRRRTE Y oAb, RV IRz (R SE R Rl
BT i 25 4 HAtb £ v R 2 AT TR 0 Y5 et
AR, FEXF N Rt ™ oo, PR,
TH 25 [ 34738 V) S HE NS ZE AT T 1Y
15 YL fn) i,

3 ENFHREAENEERNGE
3.1 f&EFHE

TG 1 WERE 25 AT PATEL T sl 20 MR I T 4
i PAOHEOE Ay 2E 0 IR RS Y (liquid
chromatography —mass spectrometry, LC-MS; LC -
MS/MALDI-TOF). ~F-H it fd FH 1807932 Frifi
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Table 1 The positive rate of toxin genes in Bacillus samples from dairy products in China

No. of B.
Detection of toxin gene/(%) 0. 01 D corens

Regi isolate/No. Origi Y
hbIA  hbIC hbID nheA nheB nheC cytK cesB hlyll entFM bceT caton H(.)ae ! e o
of sample
79.0 79.0 79.0 100.0 100.0 1000 ND 50 ND ND ND Beijing 20/205 Raw milk 2013—2014
(55.0)* (100.0)
556 77.8 0 74.1 889 100.0 333 482 ND 40.7 73.4 China 43/-¢ Ultra—high 2014—2015
(741 temperature milk
processing line
246 228 175 877 877 49.1 228 35 ND 719 7.0 Chinese markets 57/135 Infant formula 2015
47.0 68.0 68.0 99.0 99.0 94.0 73.0 5.0 54.0 96.0 75.0 Major cities 70/258 Pasteurized milk 2011—2016
(45.0)* 93.0) in China
355 29.0 21.1 750 100.0 90.8 447 2.6 ND 974 52.6 Wenzhou 76/400 Milk powder 2015—2016
(21.1) (75.0)
0 59.1 545 909 727 1000 682 ND ND ND 545 Liaoning 22/176 Milk—derived 2016
(72.7)° food
36.0 384 384 872 81.6 864 368 32 ND 872 44.8 12 provinces -/125 Milk powder 2018
of China
574 685 167 944 944 1000 759 11.1 53.7 852 77.8 Heilongjiang, 54/500 Dairy products ~ 2018—2019
L1y (94.4)" Jilin, Hebei,

Henan, Guizhou

VE: a, BT hbIA (hbIC F= hbID; b, Bl i # 75 nheA .nheB #2 nheC; ND, KkA&m; ¢, T BAREF
Notes: a, hblA, hbIC and hblD genes simultaneously positive; b, nheA, nheB and nheC genes simultaneously positive; ND, not
detected; ¢, no data.

D7 AT IR ZEAAT R T ECRIR I, {Hi% 5% (multiplex PCR, mPCR) %05 PCR A (dro-
TeE UL AN A A B R AU RE T, AR AR 2F plet digital PCR, ddPCR)FIZE X5 |14 357 (cross—
FRIFT TR -5 2 AT T TR P 1) A 20 7 D X 53 T priming amplification, CPA)™4, 1277 % F 230 1
ok, BRI EA — 2 AR BRSO, S 2= 5 i B 16S rRNAT™ groELIgyrB™H panCrY%53E A i)
BRI ZFARIRE R AR BT A, A AEHE  SCR PO E B PCR BS54 G k55, XTBEHE
E. YR MBI I NheA \NheB NheC HbIL, Fl  ZEFIFF R MEIEF TS ol o0 Hoh, 3530 PCR .
HbIL, 558 P50, BEEBE S Be W AT (enzyme—  RT—PCR .mPCR 238 1 AG B 28 3k ROR S 58 I i
linked immunosorbent assay, ELISA )i i:f 1 ] 4 57 ZEFUFT R E 2 R, 558 PCR AR
PR SERESUIA, HIE N KT FAC ISR ZE R, (R AG I 25 SR i v R IS, T —
TR B REPE LT o X R s B PR R 2lifk. Pk, 5598 PCR AHLL, mPCR B R &L R
NheB Fll NheB/C B AWEFR, HhmanadzEt:, 3 ER, mPCR AT LA ARG I [R5 = 0 2 1
WHT NheB 41531 B S BEDTARRRIE R Nhe FOAH AT ERIBRTRE A BRIRR, X605 L5 BT A ok I 1, B S (i
JOFEE (B A 98%) ™, A G IE - %M (LC-  FE™W, RT-PCR FOY BERIRIN — 25 B, K J&E
MS/MALDI-TOF) i AT PRk g it v 3005, LR S R R vy BB ARG . RIS, RT—
FIZEFAT B 2, il R F B4l PCR BERT LA PRt ol DUE R, AR PCR
B2 T U s S A TR RS, Ok (RIS Yeiml s, DRI R FH S Ry )3z, g N GOk S

AT RMRE SRS e, BEE MRS e AIRILNEE YRR RT-PCR HARZE &, %0715k
BN — 250 3%, Bk soRM N HEAS A AR SRR ANE . 5 RT-PCR #H L, ddPCR
KRR TR P ERf . AHDCHS Wos, DANTAERER KA TR ZEhniE M £, v LUA RO/ MR 22, %07
P2 E I cereulide 75 m/& 1 191 AbIRBIWEAE, 0l TR BEAEAS A A, SR SR AR PR

KB limit of detection, LOD)A 30 ng/ml . . LR, ddPCR R, R3S 4
32 PCR I LAMP i R E AR AR, I LG AR 5 1t B, o

PCR & P53 Wik A 5538 PCRSERIZ¢ SE b, A0 rpoil 3 &8 SRV FE (1 7, 7R AT
JtiE i PCR (real-time PCR, RT-PCR). £ PCR  PCR 2 Mkl 2 il 75 220k 17 RE A A S A= 4 i 4
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YR WA, A S Y R B R R I
WAESLREIN ] RT-PCRo 73— FIMZIRY S HAR R
AT IRY 1 (loop—mediated isothermal ampli—
fication, LAMP), Z i IATE IR IAE T TAE, AT H
TR 2 AT TR A PR GEL | S s R A A 2,
JRER% NS T (rotate and react SlipChip, RnR-Slip—
Chip) f&BI LAMP HARBEIT & T[] i A6 4475
IR AT R R P ) 22 T 200 B S A4, 3207 1k i
FEJR 8 — P e (T B S8 B 3 RS
BIYREIF ROV, 60 min N AT ELHEEMEEU, i3
B 100%. (2, XIHAREAR [R5 T
ZEAUFT AT ARSI A e — 2T
33 AR REER

UTAER, F T WA TS MK EAR 7
B PHART B RG22 2 G 2,
RES A ROT B S M ) 40 B 461 A U ook
(BARBTAAR 3 A B AR A, R A W A% i
MITF R i Ak TP B, 5 AT AR T, ffk
P YA I SR R BUE R I B o T/
AT A SRR AV, Mazzaracchio ST & T
—FPIChRIC A BB DNA G A 1 B4, LM
ZEAUFT TR AR HH PR A 3%10° CFU (colony—forming

unit)/mL, ZMETEE N 10°~5%x10° CFU/mL, 1%1% &
A RS, WIS H ARG I A 2 FL AT T Y
AEJ1 . RS FIRILIR (surface plasmon reso—
nance, SPRYJE—F1 R B TChRiC e E WA 7 vk
Kong S F W R N 13 ZRAE i B SPR 8 R A
D7 E R 2 AT TR R SR A, R R
10> CFU/mL, %77 ¥ 2R F1H i 40 il 1006 42 v 1
SPR & I8t K I E A 25 FAT B A T O Bt . 4
i, BIFSEN D3 T BERE T & SN R A R g e
S VR IR AT ARSI B AR GOk, AdR
WA 2 AL BRT A0 G I BB ) AR

TIAN, A HABTT 1k AT T R ZF SR 1R
HAERFE BRI, 5 W BR i i A e ——
AR SHEF R, 3 2 BT R 2T I 2
HAE RIS Y 322877 1 AR A DLt

4 FHRMEE

B AT P, AT A RN
R OE B i (O R B e i o AR, B 25 £
FrE S A B e R PRI A AR S, B EEZR
TR RE— RPN AR AT B A, al SRR
Yyeb g, AR MKk RIS, HAHE I AT R W

®2 EHFATERESRERNENSE

Table 2 Detection methods of B. cereus and its toxin genes

Detection method Detected target

Advantage

Disadvantage

Plate count B. cereus and
method
LC-MS/MALDI-TOF

Enzyme-linked

its spores method
Cereulide

B. cereus and its toxin

Early official

High accuracy

High specificity, sensitivity,

Give no indication of the ability of
the bacteria to produce toxins
Narrow application scope

Complicated steps

immunosorbent assay, ELISA  proteins, polysaccharides and precision; low—cost

Standard PCR

and toxin genes

Universal, housekeeping Rapid and simple

Low accuracy

Real-time PCR, Toxin genes
RT-PCR

Multiplex Toxin genes
PCR, mPCR

Droplet digital
PCR, ddPCR
Cross—priming

amplification, CPA

Loop—mediated isothermal
amplification, LAMP
Surface plasmon
resonance, SPR

Rotate and react
SlipChip, RnR-SlipChip
Electrochemical

biosensors

Toxin genes

B. cereus

B. cereus

B. cereus and
its spores

B. cereus

B. cereus

spores

Rapid, high sensitivity and
specificity; low false positive,
and not easy to be polluted
Rapid, accurate, sensitive;
multiple bacteria can be
identified simultaneously
High sensitivity, accuracy, and

stability; lower detection limit

High sensitivity and specificity,

easy to perform, and requires
simple equipment

High sensitivity, specificity
and rapidity, low—cost
Rapid, specific, sensitive,
and label-free

Rapid, accurate, simple,
economical and visual
Low—cost, high sensitivity,

and easy to miniaturize

Unable to detect the

size of amplified gene

Nonspecific amplification

is easy to occur

Quantitative range is small,

expensive and time—consuming

Less Versati|e, easy to
give false positive

In early phase

The application is restricted because of low

number of recognition antibodies and aptamers
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