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Molecular Characterization and Toxin Profile of Bacillus cereus Strains
Isolated from Ready-to-eat Foods

Tae Sun Kim*, Min Ji Km, Yu Mi Kang, Geune Oh, Su Yeon Choi, Mu Sul Oh, Yong Shik Yang,
Jung-Mi Seo, Mi-Geum Ryu, Eun-Sun Kim, Dong-Ryong Ha, and Bae Sik Cho

Health & Environment Institute of Gwangju

Abstract Toxin-producing Bacillus cereus is the causative agent of two different types of food poisoning: the emetic and
the diarrheal types. This study was conducted to investigate the presence of enterotoxin and emetic toxin genes in 263 B.
cereus isolated from 619 different ready-to-eat food items. Hemolytic enterotoxins hbl4, hblC, and hbID were detected in
85.6, 41.1, and 76.8%, respectively, of the B. cereus isolates. About 67.0% (175/263) of the isolates presented all of three
genes. Non-hemolytic enterotoxins nhed, nheB, and nheC were detected in 100, 97.0, and 68.4% of the isolates,
respectively. Approximately 90.0% (236/263) of the isolates presented all of these three non-hemolytic enterotoxin genes.
Emetic toxin gene, CER, was detected in 132 of 263 (50.2%) isolates. Computer-assisted cluster analysis of Rep-PCR
profiles showed a high genetic diversity among the isolates. All B. cereus isolates from food samples tested in this study

carried at least 6 of 10 toxin genes.
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Real-Time PCRE 0|28} Bacillus cereus 22|
A7 A Zjﬂ]i—rﬂ DNA e o 22 o &
et AF A 25¢g9 SHulA] tryptic soy broth (TSB,
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Oxoid, Hampshire, England) 225mLE %3 423} 3 &
37°ColA 1824717 vl sttt S vl 1 mLE microcen-
tifuge tubeoll NFH L B+ FTHTE 2-33] A t2, Pow-
erprep™ DNA Extraction from Tissue kit (Kogenebiotech Co.,
Ltd., Seoul, Korea)& ©]-83}9] DNAE FE3192H ©o]E Real-
time PCRS 3)3}7] 913t DNA template® ©]-&-3}3iTt.

B. cereus &S 9% Real-Time PCRS PowerChek™ 19
Pathogen Multiplex Real-time PCR kit (Kogenebiotech Co., Ltd.)
2, AAZE FFEAAY TS 7500 Fast Real Time PCR Sys-
tem (Applied Biosystems, Foster City, CA, USA)2 A}&3}4]
50°Coll Al 2%, 95°C/min, 95°C/15 s, 60°C/1 min2] cycleS 403
HHE3lo] 2A|5199t}. Real-time PCRE $13F Wh3-o 243} target
gene A|ZAK(Kogenebiotech Co., Ltd.)oA #A|AJg Wigoz 4
A3k

Bacillus cereus 22| =8
Real-time PCROA] fAA7F 18 A 2Z Ao tgh 2
TE YA 7 - 5L A FoEIHA ] AEFTH v

EAFN3) A8k AA ST

B. cereus toxin TFNX} HAL

= 2% B cereusd T= colony—— Z}Z} tryptic soy agar
(TSA, Oxoid)°ll 30°C/24 h AlthujFet & I-genomic BYF DNA
Extraction Mini Kit (iNtron biotechnology, Seoul, Korea)S AHMH&-
slod A|ZzARY] W] Wl DNAE FZ3t] DNA template®
AT

B. cereus®] E4& FAAE HE7] 93+ Yang 5(14),
Guinebretiere 5(15), Horwood 5(16)2] Wrgol wlgl 43331
™ ARE-3F Primer?} PCR ZAL Table 19} 2t}

PCR-2 GeneAmp PCR system 9700 (Applied Biosystems, Fos-
ter City, CA, USA)S AH&-3td Fasl3lew, PCR WHE &
AR RIS 5 uLE FH3sk 2% agarose geloll A7]953gH

Table 1. PCR primers and cycling conditions for the detection of toxin-producing Bacillus cereus

Primer name Primer Sequence (5'-3") PCR cycling conditions Amplicon size (bp) Ref

hbiA GATTAATACAGGGGATGGAGAAAC 94°C, 2 mim—(94°C, 60 s—57°C, 60 s—72°C, 120 s) 501 26
CTGCGTGGACATATAAGTAAGAGC 35 cycles—72°C, 5 mim

wheB GTCGGATACGCAAAAGITCA 94°C, 2 mim—(94°C, 60 s—57°C, 60s—72°C, 120s) 209 2%
GCGCCCGTAGCAATAAC 35 cycles—72°C, 5 mim

wheC GCTGGGGTGGCAACGAG 94°C, 2 mim—(94°C, 60 s—57°C, 60 s—72°C, 120 s) 414 2%
TCCGCTTTTAATTTTCCACTATCC 35 cycles—>72°C, S mim

hbiD GACCGCTCAAGAACAAAAAGTAGG 94°C, 2 mim—(94°C, 60 s—57°C, 60 s—72°C, 120 s) 738 2%
GCGCCAAGAGCCGAGAGT 35 cycles—72°C, 5 mim

hbIC CCTATCAATACTCTCGCAACACCAAT  94°C, 2 mim—>(94°C, 60 s—61°C,45s—>72°C, 120 s) 386 2%
TTTTCTTGATTCGTCATAGCCATTTCT 35 cycles—>72°C, 5 mim

whed ATTACAGGGTTATTGGTTACAGCAGT 94°C, 2 mim—(94°C, 60 s—61°C,45s—72°C, 120 s) 475 %
AATCTTGCTCCATACTCTCTTGGATGCT 35 cycles—72°C, 5 mim

ontEM CAAAGACTTCGTAACAAAAGGIGGT  94°C, 2 mim—»(94°C, 60 s—61°C,455—72°C, 120 s) 290 %
TGITTACTCCGCCTTTTACAAACTT 35 cycles—>72°C, 5 mim

beeT AGCTTGGAGCGGAGCAGACTATGT 94°C, 2 mim—(94°C, 60 s—61°C,455—72°C, 120 s) 701 2%
GTATTTCTTTCCCGCTTGCCTTTT 35 cycles—>72°C, 5 mim

Ve CAATCCCTGGCGCTAGTGCA 94°C, 2 mim—(94°C, 60 s—62°C,30s—72°C, 120 s) 585 40
VR GIGTAGCCTGGACGAAGITGG 35 cycles—72°C, 5 mim

CER ATCATAAAGGTGCGAACAAGA 94°C, 10 mim—(94°C, 60 s—52°C, 60 s—72°C, 60 s) 188 41

AAGATCAACCGAATGCAACTG

35 cycles—72°C, 5 mim
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% EtBr (1 pL/mL)E @Aste] UvstellA Z<lstsirt.

DiversiLab™g 0|28} Repetitive sequence-based PCR
(Rep-PCR) DNA fingerprinting

= B2¥ B caeus T TESFAE VI e 459 &
THF B. cereus FA810/725 Z+Z} tryptic soy agar (TSA, Oxoid,
England)®] 30°CollA 24h #]<Fet &, UltraClean™ Microbial
DNA isolation Kit (MoBio Laboratories, Solana Beach, CA,
USA)E ©|&3l9 DNAE FE3I%, ©]E DNA template® A}
423199 th. Rep-PCRE  DiversiLab™  Bacillus Kit (BioMeriex,
Marcy 1'Etoile, France)S ©]-&3le]  AmpliTaQ® polymerase
(Applied Biosystems, Foster City, CA, USA) 0.5uL (2.5 U), 10x
GeneAMP PCR Buffer 1 (Applied Biosystems) 2.5 puL, primer
mix 2 pL, Rep-PCR master mix (MM1) 18 pL7} zHzb E3e]o]
9= Rep-PCR mixture (DiversiLab™ Bacillus Kit)*] genomic
DNA 2 uL (¢F 25ng/ulyE Yo PCRE S 3tAth

PCR Z7L 94°CollA] 587} denaturation 5, 94°C/30s, 55°C/
30s, 70°C/90s9] cycleS 353] AASIAL, 70°ColA] 348-7F Wh&-A]
Zth. 523t Rep-PCR WESAHES micro-fluidics chip (BioMeriex,
Marcy 1’Etoile, France)Z} Agilent 2100 Bioanalyzer (Agilent
technologies, Palo alto, CA, USA)S ©]&3te] 7195 sttt
A719% A= 28142l DivesiLab™ software (version 2.1.66,
BioMeriex)?ll w2}l dendrograme ZAJsle] #F7ke] HAHAAE

us #4 sk,

B. cereus?| E2|g

AZel AR AFDAE NF FAY LRI e 4F #
Fol ek, BFAS 24 WA, Y T w2 Ak 2

gl 3

Aol = s SH4H 2 HelHEH 2F55E0] B3]
o] FFFAA HASFAHATY QFE ZyE 5 F F
61972] AA%)A Real-Time PCRES ©]&3l] B. cereuss ==
g A Ax, 27079 AlFolA FAo=m
9 AA Aor] PR BAE AR
AAISE A3 F 2630F2 B cereusE E-2]%57d 515 tH(Table 2).
AEFEE £ AvEd, Adys g AR 5 HAE
FAME 16375(53.1%), A% 2 =4 5 SAERFT 64T
(48.1%), 2)5-Z0] Al 2]FE ZedEAME 36:7(20.1%)
£ Rejslgon, dAor 479 2elAFET HXE
FollA B cereus®] H2l&°] B EUTHp<0.001). Kang 5(12)°]
B3k el wawd, HeAFe Sahe ALl Ao
A B. cereus®] HEES 4% A AR oM = SAIE 5
2971(58.0%), M=ol 3041F F 164(53.3%)0ITh. &

Table 2. Distribution of Bacillus cereus isolates from foods
(n=619)

No. of No. of "
Food Type samples isolates (%) P value
Preserved foods" 179 36 (20.1)
Ready to eat vegetable 307 163 (53.1) <0.001
Ready to eat food 133 64 (48.1)
Total 619 263 (42.5)

YPreserved foods for the investigation of food poisoning outbreak

2011 A Wk Folx 5 T A4
HE AEH F71% ALF 7670 AT 55 e 0P
2 AR Ao w2 oF 50%94 B cereus’t HAEEA L
14.5%7} 7+2715(<3 log CFU/g)S Z#3te] H-23 22 =Ack
6). T3 AAHfEo R @E AlgEe] 2 e A4 161718
AT A3} 5771(354%)1M B. cereus’t HAEHATHL HI(7)
sted, HA A A7V AGER eFzke] ztoli= AR tiA A
oz B Apel 443 L HXE FHAM BEl&e
ARSH AAME S B

2)Eojekzmotdx o] AE TN AASe S44F - Hely
EF5ol et B cereus®] HA715L 1,000 CFU/g ©131EK(13). &
ARolA AR AFhA MM AFF e FAEY e F
243 - HAERS #A7IE BHE 23e AFS gllod,
B. cereusd®] QG0| |4 Ed vld] SHHFH 2 W] HEF
oA of 28] o]} whrh wEhA ol g AlFe] AAEA, A%
2 fEA oM ANRYE ZEIS A, 09F 4FiA
Ao F&53 JFoz et AF5g 738 F A7) WE
o] A fAHe7F 2o Foz AztE,

T
o

ot ‘1‘0

B. cereusz*2| enterotoxin ¥ emetic toxin A=

B. cereus’t AAFsE AU ¥ FEELS §HA HAgARE
golsl7] fate] ANELE BG83 JE B cereus ATCC
11778, ATCC 14579, NCCP 108419} FESAE 7HA|ZL & B.
cereus F4810/725 XFdF2 AHESISITHTable 3). nhed, nheB,
nheC, hblA, hbIC, hbID, entFM, beel, cytK,8F 72+& o7l A=
A FARE EEAF B cereus ATCC 11778, ATCC 14579,
NCCP 10841914 AZo] Bl Wi, FEFAA(CER)=
E4 EFAFoME BERIEA] et a8y XEAdF B cereus
FA810/201 M TEEA FAAS A 21819°H, nhedBC,
entFM 137} 22 JHE5AE 3R1E 4= AA). 54 3t
Z5791 nhed, nheB, nheCSt entFM S AAE FESAS 23S
£ B cereusS 3T B IS THRS). 3, Yang S(14)S
TES} AL S4E BA fEske 54 2559 ¥do] H
£ B. cereuss X3 v} Qo) o] AFAME B cereus T
57t 2 E e ASas FESAS A nugd o
e ArAHe} vy wf, 2FA B2 ZE o5 v
AR LS A9E A& F UATHG,17,18).

Alzol f55U SHHF 2 AN E, 283 2550
WAEte] oF| e EodA E2ls B cereus Tl 2+t
off gk 9FFe A=A F 1T/ TESAE 43T
ZF 26305 T FUlS4 NHE complex (nhed, nheB, nheC),

Table 3. PCR analysis of toxin genes of Bacillus cereus
enterotoxic and emetic reference strains using the primer
sequences used in this study

. Emetic toxin
B cereus Enterotoxin genes genes
strain

nheABCY hbIACD? entFM bceT cytK, ~ CER
ATCC 11778 + + + - + -
ATCC 14579 + + + - + -
NCCP 10841 + + + + + -
F4810/72 + - + - - +

YuheABC: nhed, B and/or C
DhbIACD: hblA, C and/or D
+: detected, -: not detected
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Table 4. Detection of toxigenic genes of Bacillus cereus strains isolates from foods (n=263)

NHE Complex (%) HBL Complex (%)
B. cereus source
nheA nheB nheC hblA hblB hblD
Preserved foods" (n=36) 36 (100) 35(97.2) 33(91.7) 34 (94.4) 33(91.7) 28 (77.8)
Ready to eat vegetable (n=163) 163 (100) 156 (95.7) 143 (87.7) 144 (88.3) 34 (20.9) 130 (79.8)
Ready to eat food (n=64) 64 (100) 64 (100) 4(6.3) 47 (73.4) 41 (64.1) 44 (68.8)
Total (n=263) 263 (100) 255 (97.0) 180 (68.4) 225 (85.6) 108 (41.1) 202 (76.8)

YPreserved foods for the investigation of food poisoning outbreak

HBL complex (hblA, hbIB, hbID), entFM, bceT, cytK, 12|3L -
EX4 CERY #HE 23 Table 4 2 Table 59F 2t} & A+
olX+= NHE complex (nhed, nheB, nheC) % 3/N2] nhe 712}
E B5F H{3S B cereuss 23645(89.7%)F WEFREO M, nhed
vke] HA5 749 270(0.8%) 0]t S HBL complex (hbiA,
hbIB, hbID) % 37/M8] hbl RS BEF BEfS #3< 175¢F
(66.5%), L3l N =2 F O] bl RS 7R #5559
TF5(21.7%), 3N hbl A BF 7L A @2 #9529
TFT(11.0%)=2 Yelgth & 743, e o] A4(5,18,19)
o} vl7EAlZ NHE complex -%3AF ®1%=7} HBL complex -7
2 Hote o =27 vYehve 548 g1 A
AFASA T A Fe B2l R B cereus dF Eoll=
NHE complex (nhed, nheB, nheC)y7} 70-100% A% ZAgTi
BIHATH19). Kim S(5)2 B cereus o5 EA3l= NHE
complex A= 90.9-97.8%7F HAEEYoH, B} 2o A+
RS HH, Lee 5(20)°] Aol B. cereuss A A3, 1
E #5904 NHE complex A7t AESHATtaL 2oL § v}
AT B AN E ohFet AFR A 22l B cereus T
&0l EAIS= NHE complex (nhed, nheB, nheC) G A= 98.8-
100%7} AZEe] e AFRIsEd sk 2345 veRlth
HBL enterotoxin complex= B, L, L,2 7% 9lom, B
cereus @ ol HBL complex 3719 #4271 9IS o A5
27 A3} "ok Bl th2l). Zhou $(22)0 Aol w=
H, follA E2gt B cereus 4F 49 HBL 3o Hl=&=
37.0%0A 71.7%7k ERIHE AT Sjollx e ArAAE A
HA, AW 5 SAAES A4 59 He AFelA € B
cereus @5 49 HBL 3712 #71A1] HlE== 48.7%14 81.8%
2 UERTHGS20). ¥ AT SAHF B Ao FAA &

Table 5. The Distribution of enterotoxin and emetic toxin genes
among Bacillus cereus isolated from food samples (n=263)

No. (%) of B. cereus isolates

Toxin  pregerved Ready toeat Readyto ~ 1otal
gene foods?  vegetable eatfood (M=263)
(M=36) (n=163)  (n=64)

nheABC" 36 (100.0) 161 (98.8) 64 (100.0) 261 (99.2)

WPIACD? 33 (91.7) 145 (89.0) 46(71.9) 224 (85.2)
Enterotoxin entFM 36 (100.0) 163 (100.0) 64 (100.0)263 (100.0)
bceT 18(50.0) 74 (45.4) 21(32.8) 113 (43.0)
oK, 36(100.0) 163 (100.0) 64 (100.0)263 (100.0)
Et‘;f;c CER  36(100.0) 58(35.6) 38(59.4) 132(50.2)

YuheABC: nheA, B and/or C
DhbIACD: hblA, C and/or D
9Preserved foods for investigation of food poisoning outbreak

23t B cereus @5 4ol HBL 371l F3212] =& 71.9-89.0%
2 ERIF thE ATFEIY} fAE AHE B o, AFH0]
whgsle] o)FE Ze]2)EolA E8]E B, cereus drollME 91.7%
2 O AEFRFYEY I A4 Uehis 540 Atk

2z B3 F= B cereus 2637 EEdF FHEA
entFM, cytK,, bceT FAZe] BH{ES 72 100, 100, 43.0% <=
o2 IRIFAY. EH AERI FAGe] BE B. cereus 45
£ NHE complex F2A52] IR nhed, entFM, cytK,= 54
£ 7 e ZoE ERIFAT AFHT ofvg} 3 Sl
A FHLEHA BEHE B cereus £ nhe, emtFM 5-AA = A2
RE g5 EA8k I AeE Hud o]de] d7(17,19,23)
o} AXEFATh S, hbl(A,BD) AR 22 FoNA bl
B RS AYstale BE AEFRFIAM 69%lA 94%7HA] =
A BEsA ARE, ASE et AFFEETelA vla A
A3k o)1 ATFHIA9PIM 3% RN%E S HEES B
AR vws] & uf, FARE 2345 e S RIS
ok 23U, oK, AR B8 AERFE 2 B cereusollA 1
g8 BE #4571 B{e2 e Ae® Yehd, Hsieh S(19)°]
ZAMSE AEFAETA 3% AEE Adele thh Zolrt
DAt B. cereus el W beel AR HA{p-E8L8 255 @AY
A5, Aol AE, SAAFAXFANA 4 500, 454, 32.8% =
o2 FEJ oL} Hsiech 5(19)8] AFEIANE A=} 4
EReaEAN 2 57, TI%E BRI o] £ Aot
= 4 =A Ueides Fe 1A

B. cereus®] TE=AR CER f4A= AEFF3 e} 2%
= BEX, SHAFAE, HHFNM 2 100, 594, 35.6% &
o2 AZHAJY AF T B2 B, cereus dF7F AHAYs= T
ESAE 7R 45 F Y SAEE BRSIAL = B cereus
T 294%= FRIFom, YA #FEE tiE S8 A
545 /R e AeE RIS A 5(24)0] Bargk A
Tl M2, AARRRF 2 A Fx EEd TE 54AF A
= B. cereus d5% 85%7F UMM &7lle] AUNEAE HAS A
o2 ZARE|e], B Ao} vluste ¥ xo|7t Qe AR A
S YeMIZ 22 ERISHATE B3, o AFelA AE T &
23t B. cereus= nhed, nheB, nheC} entFM FNSAFAAE
T Qe FE0] FEEAE BT /XY e AL YE
u, Fele] AFoNM nhed, nheB, nheCSt entFM N =4
AR B cereus’t Ve FESAE Ao REE B
Atk ol KA(14,1517)2F FAFSIGATE ol2d drdde
B. cereus®ll ¥ TEY AFHoAME it oR FES MA}
/45 Hkete Uehe (143 #Ho] IS Ae=E AzE
t}h 3 B AxAdoMe TE A4S 2SS B cereuss
HBL enterotoxin (hbIACD)S 7FAZL A Fthe o|Fe] A7-(17)
9= & e YERY. ey e A 2o A 4-
2600l wE=H, A} A FolA 2 e B, cereus’t hbIACD
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Table 6. Profile of enterotoxin and emetic toxin genes in Bacillus
cereus strains used in this study

Emetic No, (%) of

Entrotoxin genes toXin B cereus

Profile genes  jsolates
1heABC" hbIACD? entFM beeT cyiK, CER (07263)

" N n T 1+ 1 53002

1 . N Y+ o+ - 55(209)
0 . N v -+ o+ 61232
v . ) Yo+ o3
v N N v+ - 55209
VI T _ + - + + 15(5.7)
VII + - + + + - 2 (08)
v+ ] YL L 19012

YheABC: nheA, B and/or C
DhbIACD: hblA, C and/or D

oA E&3 B cereus’t FE FE 545 KISl HAE
TEY AZES EA]Y o

e T =

Ve A= Az

By

i)

:i

rr

A
Y W2 o oot

Jo
it
it
&
3.

B. cereus &t enterotoxin & emetic toxin genes profile

2 EFo| wel B2lE = B cereus 2637 EHITE Y
o2 A¥S toxin FHA= IR FHIFLSY e FEFL]
EA) 5o Wt 87 profileZ 7% Y THTable 6). ©1% Profile
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Fig. 1. The DiversiLab™ systems results (Dendrogram and vitual gel image) for B. cereus strains isolated from diverse food samples.
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