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Identification and Virulence Genes Detection of Bacillus Cereus

Food Isolates

BAI Feng-lan, CHEN Song, LUO Meng-you, ZENG Bao-feng, TANG Jun-ni
(College of Life Science and Technology Southwest Minzu/University, Chengdu 610041, China)

Abstract: To identify the virulence genes of Bacillus cereus food isolates,a total of 130 food samples were collected in Chengdu city in
this study. The isolation of Bacillus cereus strains was performed according to the colony morphology on MYP medium. Then 16S rRNA
sequencing analysis and Bacillus cereus housekeeping genes (gyrB, rpoB, VirrA, groEL) were used to identify the isolates. Finally, the virulence
genes of Bacillus cereus isolates were-detected. The results.showed that 23 Bacillus cereus isolates were identified from 130 collected food
samples. The isolation rate was 17.7%. Twenty-three Bacillus cereus isolates carried all four housekeeping genes (gyrB, rpoB, VIrA, groEL). The
virulence genes detection showed nheB and entFM were found in 16 isolates and the detection rates were relatively high (16/23, 69.6%); the
nheA and nheC genes were detected‘in 14 isolated strains and the detection rates were 60.9%; the hblD gene was detected in 11 isolates and the
detection rate was 47.8%; the cytK gene was detected in 10 isolates and the detection rate was 43.5%; the bceT gene was detected in 9 isolates
and the detection rate was 39.1%; the hblA and hblC genes were detected in 8 strains and the detection rates were 34.8%; the cer and ces genes
were detected.in 2'isolated strains, and the detection rates were 8.7%; the hbIB and Hly genes were not found in any isolates. This study indicated
that the occurrence rates of virulence genesin Bacillus cereus food isolates were relatively high, which had a potential threat to food safety. The
regulatory authority should pay attention to Bacillus cereus contamination.
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WEREZEFOAF B (Bacillus cereus) J&—Ffi 2 [GH T KBAEYIR S LRk, SERE
VEGE, REERCERI RSN, | AHE T TR R G B, Rl LR S B T

Y EHA: 2018-06-07 L2, MR RIS SRR FE T ER, |
HETH: ERESHLITR (2018YFD0500500) ; FARARMASHIZAES HI %8 M E AR M E HBL (Hemolysin BL).
RS (CX20185218) A M PE7EEE Nhe (Nonhemolytic enterotoxin). 4]
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WA ELR hblB ZEEl, X H hblAL hbIC. hbID =4
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WL #E R (NHE) H onheA. nheB. nheC =4
R — MR, o EAREs e .
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SR EYRE, FAAMREER. TR R ST
B (1) HARIE RN ces Al cero B4k, L ZEHIFFE A
FHEP groEL. gyrB. rpoB. vrrA 7EFTE Bk Al
T Bk, BaiERE e
SR, GTUEAE 2 FRF 1 1 BR A A B e
FUE A AR P R O Z A R AN B, DR, A
VLT AT R 2R PR B PRV R B S -

ARSI R I X AT T S A R AT SR A
TR R MOAT I, RS IILEE SRR, DU T AR
T R SR FRAT B T YR . SRAF I &
At RS R ZE AR B 1 B P it LA T T R

1 RS

11 B HREFRA

FAEN. FIREE . VK ORI T R TSGR
FIARAT]: HEREEON I 2 R B R 575 (MYP)L
LR By REABKERZ(TSB) IWTH 55
B AR A PR 75, SDS I T Al i BH AL
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Als ToK ST A 2GR IXTE 2201
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R THEREE-FER 28 (L) AIRAR; WD
8008 ZYfrltypl ey - M2 v A == AL ki b LR A PR A
Al; JHFE 202-3-5 BUHEAVEIR T HRFIG T Bk
T E

13 F&k

1.31 ARatfamti s

FEfRAERT ] 2016 -4 H % 20164 9 He 1t
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1.3.3 4\ 49 16S rRNA %2

TG 100 pL PREEIEFN S| TSB 357756,
F.(37H) CHRGEFAERE M ER TR 12h~18 h, X
I Tris- A nm- AU 07 R R BN B i) DNAT. Fi 40
) 16S rDNA J& FH 51 #9iE4T PCR ¥4, 51417 51)(5'—3")
% : 16S-27-F : AGAGTTTGATCCTGGCTCAG ;
16S-1492-R: GGTTACCTTGTTACGACTT. KN AE %
20 uL, HAt MIX 10 L, 4k 8.2 uL, EiF514
16S-27-F 0.4uL, FiiE514) 165-1492-R 0.4 pl, 7> B
PEDNA 1 uL, ZEAXTRAA IR DNA, HIEHE
4l 7KK HME E 20 pL 4&FH . PCR W FEF: 95 °C 5 min,
95°C 40, 53 “C 505, 72 °C 40's, 35 MEH, 72 C 10
min. LA TAE NHLVKZEMR, £ 120 V 4, 90 mA
HIL % PCR 38 =i AT 1%E IEHEEEI HUK,
HRI B G RGuirll, Rl R 8 3 =Pk 4 %
HEERI A A BT IR LR, FIF BLAST iz
BT A o
134 HHFRATHETARARFF AR
ERE el

) FH ety 2 AT B A () 1 B ) R R 51 kAT
PCR ¥4, MNAKZ A 20 uL, FHH MIX 10 uL, i##
gk 82 pL, EIFSIY 0.4 ul, RS54 04 ul, 4>
BIE PR DNA KR 1 pl, 2 AR AL JE Bk Atk 4
JEE 20 pL. 51907 HIALE KGR EE K A 8 =K
I 1. PCR JMNAEF: 95°C 5min, 95°C 40s, A~
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[EliB KI5 50's, 72 °C 40 s, 35 MIEHF, 72 °C 10 min.
DL TAE NHLVKZE MR, 1F 120V HLJE, 90 mA HLji R

F1 AMHRFAARSIHY
Table 1 The primers used in this study

XF PCR 3312t 4T 1% s AL Bk, JFAI e
A8 2 gekerill -

A B 2 AR HE B2 A5 (553') RKBEIC  FhREbp  HF K

groEL-F AGCTATGATTCGTGAAGGT

groel 54 236 [6]
groEL-R AAGTAATAACGCCGTCGT
gyrB-F ATTGGTGACACCGATCAAACA

gyrB 51 365 [6]
gyrB-R TCATACGTATGGATGTTATTC
VIrA-F GCGCGTTTCATTTGATTCATAG

VITA 55 300 [6]
VITA-R CACAACTACCACCAATGGCACA
rpoB-F CCACCAACAGTAGAAAATGC

rpoB 52 174 [6]
rpoB-R AATTTCACCAGTTTCTGGATC
cer-F CAAGTCAAGATAAGAGGCTTC

cer 52 370 [6]
cer-R AAAGCTCTTGCCAAATAACC
ces-F GCATTTCGTGAAGCAGAGGT

ces 55 699 [6]
ces-R CCCTTTATCCCCTTCGATGT
cytK-F AACAGATATCGGTCAAAATGC

cytk 54 812 [6]
cytkK-R CCAACCCAGTTACCAGTTCC
entFM-F ATGAAAAAAGTAATTTGCAGG

entFM 48 1269 [6]
entFM-R TTAGTATGCTTTTGTGTAACC
bceT-F TTACATTACCAGGACGTGCTT

bceT 51 428 [6]
bceT-R TGTTTGTGATTGTAATTCAGG

bl hly-F ACATATGGCAGATTCTAAAGGAACTGTAGAAAATC & 867 6]

Y hly-R CAAGCTTATCAGATTITTTTAATCTCAATATAAGG
hblA-F AAGCAATGGAATACAATGGG

hblA hblA-R AGAATCTAAATCATGCCACTGC 52 1154 [61
hbIB-F AAGCAATGGAATACAATGGG

hbiB 53 2684 [6]
hbIB-R AATATGTCCCAGTACACCCG
hbIC-F GATACTCAATGTGGCAACTGC

hbiC 55 740 [6]
hbIC-R TTGAGACTGCTCGTCTAGTTG
hbIC-F ACCGGTAACACTATTCATGC

hbID 53 829 [6]
hbIC-R GAGTCCATATGCTTAGATGC
nheA-F TACGCTAAGGAGGGGCA

nheA 53 500 [6]
nheA-R GTTTTTATTGCTTCATCGGCT
nheB-F CTATCAGCACTTATGGCAG

nheB 53 770 [6]
hheB-R ACTCCTAGCGGTGTTCC
hheC-F CGGTAGTGATTTGCTGGG

nheC 53 582 [6]
hheC-R CAGCATTCGTACTTGCCAA

TSR S AR N BRI D-H il DRI A=
2 ZBRE57HR

21 RaHETYEEFRAENL B S0P

1

'

=

M2, 16 MYP EERFRIE MM ER T, B

TEA NP LG, BEAh, TSR SR fAT 3™ A
UENERE, /£ MYP RERIEh s AL T, &FE

TR A A 2~6 mm JUER,  RITEBOR, 2R A

TR WA FI)

M, 454 16S rDNA HillF45 R,
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AWFTEMERFR T AT e 130 fke b 2> 152 23
PRI R 2 B TR, A A0 17.7%. o,

T3 S R Z HOR B T PRIl A 1 ik B ) i 5
FLAKE SRR 5 44 PR SRFE I TR VE LR 2,

R 2 RAEERIRRRAERTE]
Table 2 The Sampling sources and time

HAR G # 5 RR #5024 AR RAFH ]

BC-16-1 ) EEEYN 2016 %4 A 22 B
BC-16-2 e 2R 2016 4 A 228
BC-16-3 e Wi AL, 2016 44 f1 30 B
BC-16-4 &R X X 2016 %4 A 30 B
BC-16-5 e Rt eT 2016 %5 A 15 A
BC-16-6 LR i) 2016 45 A 15 A
BC-16-7 B2 SR MR 2016 45 f 18.H
BC-16-8 R FA 2016 -5 A 18 A
BC-16-9 b SuRe ] 2016 <5 A 29 A
BC-16-10 R HHE 2016 %7 A 43 |
BC-16-11 LR R 2016 7 A 14 8
BC-16-12 e 28 2016 ~7/F 14 A
BC-16-13 e H&f 2016 .7 Al 14 B
BC-16-14 B2 SR ax 2016 47 A 17 B
BC-16-15 e REJE 2016 %7 A 17 8
BC-16-16 e 28 2016 %7 A 178
BC-16-17 Fhih KRR 2016 47 A 17 A
BC-16-18 Bei e i 2016 47 A 17 A
BC-16-19 ki | KT 2016 49 A 10 A
BC-16-20 3hih | AR 2016 9 A 11 8
BC-16-21 R KA 2016 49 A 24 A
BC-16-22 B SR ESAE? 2016 49 A 24 A
BC-16-23 ik TRAR 2016 -9 A 24 B

22 SEMFRATE S EEBTER

XoF 3 B IR 23 PRIEAE 2R AT 18 BRI AR HEA T 44N 5k
gyrB. rpoB. VITA. groEL G, 455 23
PRUEFE ZEAUAT B 40 SR RN 4 K IEH gyrB. rpoB-.
VITA. groEL 46 %N 100%. AN 23 FR e
PP ONISHEZEORF T BliJEs X LA b 23 Ak 23 B s pkidt
AT DRGNS 25 RVE AR 3, HHER 3 ATLUE e
23 MR ESTERRE, AT 19 AREADRIH —Fh & B _E
BRI, A 4 MR R 8 1R R . A 13

FRES I35 S FE R H, nheB F entFM 7E 16 #R4 B H
BRI, & H 26N 69.6%; nheA Fl nheC 7 14 ¥k4y
BRI, K 2N 60.9%; hbID 7E 11 ¥R
BRI, K2 47.8%:; cytK 7E 10 #R4 BS Bk
B, K EEA 43.5%; beeT 7 9 #R4r B B dk A
B, A6 %0 39.1%:; hblA AT hbIC #£ 8 k7> B bkt
L, fH 3N 34.8%; cer 1 ces £F 2 ¥R B E Ak
HIL, KHEN 8.7%: RAEIS B BERIE N hblB F1
hly-11 J& [

*® 3 BT E S BERTEHEENIETRR

Table 3 The detection results of virulence genes in Bacillus cereus food isolates

e KB %A ‘
AR o1
ces cer cytKk hblA  hblB hblC hbiID nheA nheB nheC bceT entFM hly-1l
BC-16-1 + + - + + + + + + - 8
BC-16-2 + + - + + + + + + - 8
TR
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#LER

BC-16-3 - - - +
BC-16-4 - - +
BC-16-5
BC-16-6
BC-16-7
BC-16-8
BC-16-9 - - - + - +
BC-16-10 - - +
BC-16-11 - - +
BC-16-12 - - + + - +
BC-16-13 - - - + - +
BC-16-14 + +
BC-16-15 - - + - - +
BC-16-16 + +
BC-16-17
BC-16-18
BC-16-19 - - +
BC-16-20 - - + + - +
BC-16-21
BC-16-22
BC-16-23 - - + + - +
4t 2 2 10 8 0 8
#r ik &% 870 870 4348 34.78 0

+

11

3478 4782 6087 69.57 60.87 39.13

+ 4+ o+ 4+ o+ o+ o+ o+ o+
+ o+ + O + + 4+ + o+ o+ o+ o+
+ %+ o+ + o+ o+ o+ + o+

+ o+ + o+ o+

+ A+ o+ 4+ o+

+ + + o+
® O B © A A DN Ul O O © Ul U1 ® O O O B W o

+ + - + +

14 16 14 9 16 0
69.57 0

3 Z5ip

31 AR, FRIE S A HRAE H R SR O S |
R YRR, XA SR E R TR
Hor S e 2T B S e PR AT IR | B
T4 LB 7K SRR i LA Tl i S 84 T R
P SO A PR DN, R B A 2 AR B A R
12.70%; R SPFEE0 1 448 W%l L S AT A I,
Kt % 928.67%. RPN R 1% L 13 Mk
P S il AT AR AT TR TR, R LSRR
A RS TR AT I, SR R A
84.6%. BHEEMINF 2011~2015 4EH MR FIHLX %
DB HIRE dh A TR SR AT B A, S R
32.9%. AHHITHRAERS A2 2016 4F 4~9 FIHIE, 3L
KAL T RN T A B T 3 S By /N PRI 8- 2R B S
130 f, BFEKmES] G W S AT,
KA B A A AT TR AR R R 17.7%. FRATT
fi 5 5% 5 o 0 AU ) Bl Tl i e AR 2 TR B A
2% 209 L % FH 551812014 4R MRS T A 52 T 47 AN
PRIA/INER AR 1) B ity S 2 R B (O HH 2R 24%
P . A R T 2 I S A B i A E— 2

WERE SEFOAT B Y5 G o I 2D AT ARG Hh PR A
LEFAT B RE S T 0T, R BIK T ) S K S S S
PABEBLLLE ™ E, AT RS R AT 745 s
N8 WEFE LRI B R B LIRS ZAAETH
RAFE S, SHRAE N SR,
HASCHR B RIE, K. KR, BEMEIRES A K
PR ESOK ) it () B it M R 2 AT TR G T B i
KOM I R T A b B SRR, B
e i E BRI (44.6%) FITF/KIEAR (17.0%)
04, FEE e, KORGS5 R S R A
B3 DS FE AT RS Y, 0 A R B 8 T i
W, SR EY RIS, B42%G T8
o H B TR Fa ] AR CRRIR PR M A
FEY AR RIBRIK A Hh DA 2 FO AT B R B S
MITH

3.2 WEFELARAT R N AR T R R AR, R AR
ZMER, WA ZLIEEYH R MR S A
iR (BEOEHBIR et iR (i AkbeE
WA REILEZ) BB AFd, T4 8 23
PRIEFE ZF AT B Pty B8 0 2R RLBEA TR I, PIX
I ADEAE ZEFRAT B A DU H AOFELR ces A cer & HI %
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B (8.7%), {UfE BC-16-14 1l BC-16-16 1,

HpraA 835 Cereulide 78— A& S Tid 2
HONRE K, DRI, SRR G R ER. TR
[ SR TR A Y E RS hblA, hbIC, hbID 4
A=A IR, ZBERA AR R Hbl.

BATAI S R AT LR B, 23 ¥R BT A 7 HRE
& (BC-16-1. BC-16-2. BC-16-9. BC-16-12. BC-16-13.
BC-16-20. BC-16-23) FA A=/ R, #iiHixX 7
PR B MR T DU IR 2R Hbl, XYE 3 &=
AfETE . IS, AR nhe JEDSI A H 3R B0,
nheA A1 nheC &y 60.9%, nheB &y 69.6%, [FIFEAESIHE
B NREEARRRB, RA 2. 25 e
P A X E it HROREAE 2R BR S R LA TR AL, R
HERE SRR IR 39 Ik, RILFT A Bk b —
BRRAER, L, 12.8% 1) AR Y X I B 2R AR (R I
[ B 4855 52 A BRI PR EE 2% nhe JEEA], AT TR
FINAEAEIMPEGEEZ nhe JEK. entFM JE[H. beeT
B R BBk B R R R . FRA T A RIA R
RInhe, cytK, entFM F1 beeT Al RIS HY KA i o

X BT 7 R G I 8 R A 2 3R R M
SRR RS R TR mEE R AN
TR R ST B B, SRR
DN 5t N E e S - RGN =Y S A oy =T L
FEARRN. Z7 1, ASZIS @ R s =2 & Stk
ITRFE, BT T IERESF AR 20 B 2, IR S
HHEE R TR, TR T RCER T S RS
FOFFBR V5 LB L, SRAS AT I 27 PR B 5
Pz S EAEFEN.

o AR

(] AT, 2 (T T A SRR AT e A D5 VT Tk FE ).
Hh [ 444 <, 2018,45(3) 1635-642
HUANG Jing-jing, LUO Jing, HE Hong-xuan. Research
progress on.detection. methods.for bacillus cereus [J]. China
Animal ‘'Husbandry & Veterinary Medicine, 2018, 45(3):
635-642

[2] LR UR PR 2 AT i 2 BRI BT 25T aPCR #R
AR TR AT 2 [D]. 7 B 7 B A2#,2017
LI Fan. Research on virulence genes of food borne Bacillus

ceres and the naked eye detection method based on aPCR [D].

Nanchang: Nanchang University, 2017

[B8] R —RIFILVERREF AR WH2015 43I N7
BT S M DR R [D] AR L) AR K %,2016
CHENG Jun. Genome Analysis of a Hemolytic Bacillus

cereus and screen its hemolysis genes [D]. Zhanjiang:

252

(4]

(5]

(6]

[7]

(8]

[

[10]

(1]

Guangdong Ocean University, 2016

RIGREE, SV, R 3, S5 B DR 2 AT W 1 R o 0
JERRH 5 TR PRSI [9] A 2E 0241k, 2007,47(3):392-395

HU Xiao-min, CAI Ya-jun, ZHOU Guo-ping, et al. Detection
of some pathogenic factors in bacillus cereus strains [J]. Acta
Microbiologica Sinica, 2007, 47(3): 392-395

FET R TN, 2 B A FR ] Er P A 2 AT 1 7 0 5
R FN 25 M) UM 9 [J]. A B i B AR 4% K, 2013,25(3):
198-201

ZHUANG Zi-hui, HE Li, GUO Yun-chang, et al. Virulent
gene profiles and antibiotic susceptibility of foodborne
Bbacillus cereus in China [J]. Chinese Journal ofFood
Hygiene, 2013, 25(3): 198-201

FH 3L, K5, 0, S8 i £ i oA 2 SR 7 0 R A
KTt 2R 8 i oA, 2018,39(6):135-139,151
TIAN Wan-fan, ZHANG Rong; LONG Hu, et al. Analysis of
virulence gene detection and antimicrobial susceptibility of
Bacillus cereus' isolated from fresh food [J]. Science and
Technology of Food Industry, 2018, 39(6): 135-139, 151

AR N 4 AR GE 2R, EO0H), 45— T bRIg A T SR I 22 IR [ 1
IS FCPHEGH B L RIZH DNA BT VR[] 2R R 4 2 5
A4 41%,2016,35(2):385-390

XIONG Ming-hua, ZHU Ji-rong, WANG Guang-li, et al. A
Rapid economic method to extract genomic DNA from
gram-negative and gram-positive bacteria [J]. Genomics and
Applied Biology, 2016, 35(2): 385-390
REEFT, YU IEFT.2010~2015 45 [ BT Er IR B0 BTG et
BLA AT (3] 0073 I 2 A i  75,2017,33(8): 793-796

LIU Gui-dan, FAN Zheng-xuan. Food-borne pathogen
contamination in Zigong, 2010-2015 [J].
Preventive Medicine Information, 2017, 33(8): 793-796
RESRAKEE UK, 55,2012 48] REZL) L&t 3 Fi
FrURTESO B5 AeR LI A [J]. 7 Ty 22, 2013,39(6):
17-19,23

SONG Man-dan, CHEN Qiu-xia, YANG Bing, et al.

Contamination leyels of foodborne pathogens in infant food

Journal of

in Guangdong Province, 2012 [J]. South China Journal of
Preventive Medicine, 2013, 39(6): 17-19, 23

RIEEL, i, A DR, 55 P I 1 e o e o 2 PR T R 2
G T[] AR = N T, 2018,8:56-59

LIU Qi, CHEN Jing, ZHANG Pei-na, et al. Investigation and
analysis of bacillus cereus in fermented bean products [J].
Farm Products Processing, 2018, 8: 56-59

AT, PV S, X B, A RS 2011~2015 4 £ h P A
ZF MUAT B G M TN 008 73 [91. 62 i 22 4 BAR I 27 41%,



MK EmBHL

Modern Food Science and Technology

2018, Vol.34, No.10

[12]

(13]

[14]

2018,9(5):1190-1194

ZHAO Wei, SUN Jing-yu, LIU Si-jie, et al. Analysis on the
monitoring data of Bacillus cereus in food in Jilin province
during 2011~2015 [J]. Food Safety and Quality Detection
Technology, 2018, 9(5): 1190-1194

T A R e PR S PR R S B A R S AR 2
FEMEWFR[D]) M R Tk k24,2013

WANG Jun. Study on contamination distribution and genetic
diversity of bacilus cereus Isolated from food in China [D].
Guangzhou: Guangdong University of Technology, 2013
MR AERT AN TR 2 FRAT 1 A2 B XU PG D] b
TR ML AR, 2015

LIN Yu-bin. Quantitative risk assessment for bacilus cereus
in wet rice noodle [D]. Changsha: Central South University
of Forestry and Technology, 2015

TEPHRH, IR, S R P 2 A o A I TR g
L[] T R 2, 2017,29(6):431-434

HUANG Dan-yang, CAO Hui, XU Fei, et al. Bacillus cereus
growth model established in cooked rice [J]. Shanghai

[15]

[16]

[17]

Journal of Preventive Medicine, 2017, 29(6): 431-434

o0 s 5, R B0 SR 3 A 2 AT 1 S 7 2K T R I
R[] & S F1,2009,30(9):259-263

DUN Yu-hui, ZHAO Geng-feng, ZHENG Qi-wei. Research
status of emetic toxin of bacillus cereus [J]. Food Science,
2009, 30(9): 259-263

M, SR, TR AR A LA 2 MAT BRI ZR BL S PR S 3
TR A I 8 E 7 &, 2007(3):21-23

WANG Li-guo, WANG Qi, QI Jun-sheng, etal. Detection of
hemolysinbl genes and hemolysin in several bacillus spccies
[J]- Journal of Microbiology; 2007, .3: 21-23

BRRFIRR, 2 AT AT A R X S O FAF B AR
oy 1 EOMI 2 o pr 9] AR A g2 A, 2014,
24(20):3010-3012

LI Yi, ZHANG Le-yi, WU Ke-ke, etal. Research on
biochemical. typing, toxin and antibiotic resistance of food
borne bacillus cereus in" Wenzhou [J]. Chinese Journal of
Health Laboratory Technology, 2014, 24(20): 3010-3012

253



