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Investigation of Bacillus cereuse of toxin gene and metic toxin in infant milk powder and rice flour
ZHANG Le-yi, ZHANG Xiu-yao, LI Yi, CAI Xin-xin, WANG Xin
(Wenzhou Center for Disease Control and Prevention, Zhejiang Wenzhou 325000, China)

Abstract; Objective To understand the Bacillus cereus pollution occupation in infant formula and rice flour, and learn the
carriage trait of emetic toxin, toxin gene of Bacillus cereus. Methods The dilution culture count method (MPN counting)
was used to isolate Bacillus cereus. PCR was to analyze the toxin gene type, including diarrhea toxin genes and enterotoxin
genes and ultra performance liquid chromatography-triple quadrupole mass spectrometry ( UPLC-MS/MS) was to detect the
emetic toxin-Cereulide. Results 28 Bacillus cereus strains were detected in 39 samples, detection rate was 71.79% (28/
39), and two samples (5.13% ) carried the emetic toxin. All the strains carried at least three toxin genes revealing most of
them are strains of multiple toxic genes. Besides that, nheABC and entFM genes were the common shared toxin genes. The
detection rate of nheABC genes and entFM were 100% , 35.71% respectively. c¢ytK gene was the least frequently detected
gene in isolated strains. Conclusion It should be maintained that the surveillance of contamination occurrence of Bacillus
cereus in infant milk powder and rice flour and the study of pathogenicity of Bacillus cereus to evaluate the possible threat
against infant food safety from Bacillus cereus scientifically and practically.
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REFF R R 6 ) ) J (2012 1T 48 £ 50 B0 1 Wl
TAEFY  FAT S E
1.2.2  SEREZEMOAT R RE 77 2R R 1Y PCR G IE:
1.2.2.1 DNA #EHRAH 45

APRBRR DNA F$EHCS RESCR[ 7], R BB
Bk, B RS UE SR ERE ZE AT PR ) B AR A S
FERAE NG PR E SRR AR, B (30 £ 1) CHEFR
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Table 1  Primers used in the study and their corresponding amplicons’ length

H 5L A 519 SIHFAI(5'3") TRV bp

hblA hblA-F GCA AAA TCT ATG AAT GCC TA 884
hblA-R GCA TCT GTT CGT AAT GTT TT

hblC hblC- F CCT ATC AAT ACT CTC GCA A 695
hblC- R TTT CCT TTG TTA TAC GCT GC

hblD hblD- F GAA ACA GGG TCT CAT ATT CT 1018
hblD- R CTG CAT CTT TAT GAA TAT CA

nheA nheA- ¥ ATT ACA GGG TTA TTG GTT ACA GCA GT 475
nheA- R AAT CTT GCT CCA TACT CT CTT GGA TGC T

nheB nheB- F GTG CAG CAG CTG TAG GCG GT 328
nheB- R ATG TTT TTC CAG CTA TCT TTC GCA AT

nheC nheC- F GCG GAT ATT GTA AAG AAT CAA AAT GAG GT 557
nheC- R TTT CCA GCT ATC TTT CGC TGT ATG TAA AT

entFM entFM- F AAA GAA ATT AAT GGA CAA ACT CAA ACT CA 596
entFM- R GTA TGT AGC TGG GCC TGT ACG T

beeT beeT- F GAC TAC ATT CAC GAT TAC GCA GAA 303
beeT- R CTA TGC TGA CGA GCT ACA TCC ATA

cytK cytK- F ATC GGK CAA AAT GCA AAA ACA CAT 300
cytK- R ACC CAG TTW SCA GTT CCG AAT GT

ces ces- F TTG TTG GAA TTG TCG CAG AG 405
ces- R GTA AGC GAA CCT GTC TGT AAC AAC A
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DNTP, Mg’ %5)25 wl, I FUF5 14045 2 wl, DNA £
M2 wl, FRGEK A 2R 22 50 wl, PCR W
JFM:95 °C 30 5.60 °C 30 s.72 °C 1 min.72 °C 5 min
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FEL UK 5 7 B S IR 3R Ge b BUAZ ., B X6 JE Sy A
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I RE R L I ATCC FRUERIPR) |, B BE A K TR 21
7K PCR g JJ 5K 5 > i 1 a0 3 1k, X
SERA B RN, R 2 IR BRI 25 R
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MS) A5 A it v g X 2R
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BRI 25 T 80% PP SRR R, MR T i ik
J& 43 51 4 0.010,0.10,0.50,1.0,5.0 F130 wg/L
cereulide PRI ZR 5, FHINAE B NARY , (f N4
A E N 0.4 pwg/L,
1.2.3.2 FEShALER

BU1.00 g @i (WK FOK A5 36T 2 ml
45 CHYIERAK T, A 40 pl 10 pe/L NFRIR, TR,

JIABEEZ 10 ml, HER 1 min, 8 A HEH 10 min,
12 000 r/min 50> 5 min, WHL 5 ml % ,60 C A
SIRZE 1 ml, &5 ml IFCREAREL 2 WK, A I 2K L
WCRARET, MA 1 ml IEC keiE ok, FrEle
F Carb BEAHAE R Al X800 FF 5 647747 DU
E 10 O AE S A — AN BT e e

1.2.3.3 {88514

3% 5% fF 635 A R Waters Acquity
BEH300C,, {4 i%4+ (100 mm x2. 1 mm,1.7 pm) , B
RIS UERR ; WA A M 0. 1% WIR- LG ; i
A B M 0.1% WIR0.2 mmol/L RIS, B
FEVEMEFRIF.0 ~ 3.5 min, 88% ~ 95% A;3.5 ~
5.0 min,95% A;5.0 ~5.1 min, 95% ~ 88% A;
5.1~7.0 min, 88% A, ¥t 0.30 ml/min; £ &
40 C; HFAARL 10 i, ZBE-NER(1:1,V/V) fER
SRPEET I, VEATATR 1.0 ml;50% BB A 55 YR 4TI
PREMAFL 0.5 ml,

Ji A% H W 55 B T VR OE B T 22 BB W
(MRM) K, ESIT BAEHEE 3.5 kV; B TR
FE 120 C; HEFL WA i 50 Lk, M i 70 it
350 °C ;A 7S W& 400 L/hg filf 18 % @ <K 1
0.352 Pa, HABBUESEUILFE 2,

#£2 iR MRM 2%

Table 2 MS parameters for multiple reaction monitoring

&Y {4 B3 i 8]/ min W& 1%/ (m/z) HEfLHE R/ V HiE L AE/ eV
e L 1170.9/1 125.9 40
B HE 2 MR AN 25 3.2 1 170.9/357.0 67 65
B C-IE R 2 AT Rt 2 3.2 1177.0/1 131. 8 67 40
WA GER 2.99 1129.1/1 084. 1 60 37
3 39 B LIH KA A AT TR B S,
2 HR Table 3 Bacillus cereus detection results from 39 samples by MPN
2.1 39 DYRAJLYIK RBHIEREZ AR B0, B bl MPN {f/(MPN/g) Kotk 2
x ) Wl =/ 70
i%{m%% B/ <0.3 0.3~10 11~100 >100
HOBLGILTR 12 5 7 0 0 58.33(7/12)

FERZ R 39 1 B LI H KA 28 A
WEREZE M5, K6 H Rk 71.79% (28/39) , HorbiiE
=110 MPN/g IIEESA 6 4y, LLE = 224 L3
By 00 B FE ZF IROAT B R M R 0 &, O 86.36%
(19/22), BARGER I3,

2.2 N HEERBR G T SE R A0 25 R

AR I O B RE ZE AT B ATCC 14579 (ATCC
11778 114 10 F 35 S FE PR A A I 25 51, BR AR A ) ces
SO, Hody o Fhag Sy LRG0 AR I 2 K

2L LR 22 3 10
EEBALKE s 3 1
Al 390 11 18
1R ==y B~ YIS N Y il 2 ST
2.3 28 BREAILYIHY KM I AR 25 MO A
FIRERHEA I B

28 BRIEAEZF MOAF TR A AR I MM B9 1 B & nhe
SR R R 100% , 1 8 R FM HE R #EA7R Ny
35.71% (10/28) . WEAEZF MO AT 18 A W) 55 ) Bk A A

5 86.36(19/22)
1 40.00(2/5)
6 71.79(28/39)

~ | o &

4 AR AT RO IR AR 9T R A PCR JIE 4G

Table 4 PCR analysis of virulence gene of Bacillus cereus reference strains

X BE TR B hblA hblC hblD nheA nheB nheC beeT eytK entFM ces
ATCC14579 + + + + + + + + + -
ATCC11778 + + + + + + + + + -
AR SR A K - - - + + + - - - +
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KPP LI 55 E nhe AT FM OB 09 3 Bk 5
%, 5 28.57% (8/28) , 4 5 ¥R BRALHEAF Nhe JE
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RS5O BYYLYR AR PSRRI A RE ) BB O
Table 5 Distribution of virulence gene of isolated

Bacillus cereus

- B )R o 4 E ik 2/ %

[ SRR 2 3R SR PR R R e 655

YIHEAT Nhe FEH, TEWLFRS 6, hbID 7 25.00(7/28)

2.4 MELI EORR TR IR ML B ¢ 21.43(6/28)
. — nheABC 28 100. 00(28/28)

=W

% (cereulide ) & & 4T » ‘ beeT 6 21.43(6/28)

XF 39 {3 B LR Kk HEAT K 3 R A eyiK 1 3.57(1/28)
PG IR 2, % 5. 13% (2/39), 4230 eor 10 35.71(10/28)

N Ny N =) ces 5 17.86(5/28
15 1 GRURRI T GK TR SR g 2 52 , b4 kel
6 ARG BERE ZF A B W) 35 00 B AR
Table 6  Different toxigenic patterns in the study
FEPRIBE hblA hbiC hbID nheA nheB nheC beeT eytK entFM ces  HMEERHEEN /%

1 - - - + + + - - + - 28.57(8/28)
11 + + + + + + + - + - 14.29(4/28)
1 + + + + + + + + + - 3.58(1/28)
v - + + + + + + - - - 3.58(1/28)
Vv - - - + + + - - + + 7.14(2/28)
VI + + - + + + + - + - 3.58(1/28)
VII - - - + + + + - + - 7.14(2/28)
VIII - - - + + + - - - - 17.86(5/28)
X - - - + + + - - - + 10.71(3/28)
X - - - + + + + - - - 3.57(1/28)

2 0.01.0.03 peg/kg, 2 05 BHAERE & 47 R A %t
253K 9.8% 12.0% . KBy FE G Kt 8 &
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&
=
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Figure 1 UPLC-MS/MS chromatogram of rice flour sample
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A ILIRTS 2B I3 T2 9 L ik
MR 2 MR 5 BEARAT B X B4 LB i b A 0
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WA TE R . 246 109 39 4y SR 4 LWk Kk,
28 oy AR ZE AT B, A R K 71, 79% |, [E N
FEL AT Ry 0 2 AT T AR T SR TR ey,
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AN K H 1 B R ZE AT R 2 AT nheABC |
cytK beeT . hbICDA | entFM | ces & [R 55 3¢ Jy FE K 43
i R B KR THTEAMERNE
PR, 5 3 ML LM IRTS B R RN DA AR IR
MR nhe R MR R FM IR0
2,4 28.57% (8/28) . Hh AR LM 1 1 8 =
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SRR TS YERE RN, H AT A B R T |
wEYHE, ST E R, ok 5%
W BRI, ALK 3.57% (1/28) o I 4E R BT 58 48
eytK FEH 43 A WAL 2, B eyeK-1 1 cyeK-2 FE A,
Hrpxt N BA E SR E B R epk-1 FER
FHF XTI cyeK-1 Fl eytK-2 JE R B R BEATRA
WFSE A SCHR R I B eyeK 3V A X 43 T 336 196 ey S5t
A RS R TAE IR AR BF9E, A SCHR R
MYk 75 3R B A ces BT FE N 17. 86% , fm T HoAth 3¢
FRARAE 10170 305 MR K v R 2R 3 PR A A R I B
PSR RN WRA T Y h &P A
YR AR [ B A A

XX R, B R M — AR
SEREREZE AT BB 2 . 18 H UPLC-MS/MS ¥4 I A
MR, %A R R, 2 RN 10 ng/kg, K
R4 3 ng/kg, 39 AL S H A 2 e X it B
F,0X 2 0 FE Y R ZE IRE R 2 R >
110 MPN/g, H- #5345 ces M nheABC FEDH 7 1 361
i hbICD \beeT KA, AR K 1Y B MK i 3 2 2 A
T, (ELFE SCk R AE ™), B A 9 RS FR AN FE R AL Y
WL SAGE A TR 35 R 1 7= A4, i K
Bt f R e e T E R
B Z WA BRAELIN TG 75 %R fh R 47 I, (L JEAH ¢
SCHRARIE 1] B B0 4y L AR I R IR B i AR
AT AR P 75 2 A4 ARG I 9 4 G 1 B B A 56 SRR
R 2 ARG HOCAH SR W ALY
cereulide ARG HE . 1H 2010 HE7E IR N 717 — 2 15 A
AT YRR, L T FEARAS K H A X
7 A R AR AL 0. 01 e /kg, i i 0 & ik
9.3 pe/kg . T RLILIRPL 8, HLAX R
N A 1 R K B R A LA LA A S
a1 LGS I A7 — 2 14 B

Xif TR i B 255 0K i B 2 3 DA T 45 SR e
8,5 O Kt 3 3R L I BR AR 2 K K
B, A 3 O ARKL K BE 2R | X PR 4h SR B R i 1
RE I SE R AT BEAR B TR, 55 W RR 7 vk i T A B
AR AT e AL A R b 245 SR R — B, R T ARG
WX FE R ORE B /D (1 g) I i 2 2R R PR A 2
T o3 B B A R 2 AT A 0 R IR R I
FETRA AN 5 HTE A

YAV G R R, Harsk B2 4 L&
YRR ZE AT RS YRR R 200, B E R A
WX Ay LB T B R 2E A TR B R R
W PARSIEEE L LB S 4
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