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Detection of Food Poisoning Toxins Produced by

Bacillus cereusin Foods
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Naoki YOSHIOKAZ, Hiroko KITA3 and Masatsugu CHIKAHIRA!

1 Infectious Disease Research Division, Public Health Science Research Center, Hyogo Prefectural
Institute of Public Health and Consumer Sciences, 2-1-29, Arata-cho, Hyogo-ku, Kobe 652-0032,
Japan, 2 Life Science Division, ¢ Kato Health and Welfare Office

Both emetic toxin cereulide and diarrheal enterotoxin produced by Bacillus cereus were directly detected from the cause food
at the food poisoning that occurred in Hyogo prefecture in October 2011. In this case, 700 packed lunchboxes were supplied to
the meeting participants and were presumed to be the cause food by epidemiological inquiry of the local health center. B.
cereus was detected from various kinds of foods in the lunchbox, and maximum number of the viable count was 6.7x107 cfu/g
recognized at koya-dofu (freeze-dried bean curd). Cereulide was determined by LC/TOF-MS, and obtained values were 16-59
ng/g in koya-dofu and meatball contained in the packed lunch. Enterotoxin was also detected in the identical foods by reversed
passive latex agglutination kit. Certain regions of the genes coding cereulide, hemolysin BL, and non-hemolytic enterotoxin
were amplified by PCR from the isolated B. cereus strains, and several kinds of strains carrying different toxin genes were
detected from the individual food. Consequently, it was effective in confirming food poisoning toxins produced by B. cereus to

apply both genetic analysis of plural isolates and direct quantification of toxins in the cause food.
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Table 1 LC/TOF-MS analytical parameters

Apparatus

Column

Column temperature

Agilent 1200 series LLC + 6210 time-of-flight MSD

Inertsil ODS-SP (150 mm, 3.0 mm, 5 pm) (GL Sceiences Inc.)
40°C

A:0.5% HCOOH + 100 mM HCOONH,, B: CH;0H

Mobile phase

(A/B=10/90, 20 min/1 sample)
Flow 0.5 mL/min
Injection volume 10 uLL

Tonization ESI, positive
Capillary voltage 4000V

Nebulizer gas 60 psi

Drying gas 13 L/min at 350°C
Fragmentor voltage 200V

Scan rate

Reference mass used for
internal calibration

1 cycle/sec (m/z 50 - 3200)
m/z 121.05087 (purine), m/z 922.00980 (HP-0291)

Analyte Formula Monoisotopic Monitor ion (m/z) Retention
mass [M+NH,]* [M+KI"  time (min)

Cereulide C57TH96N6018 1152.6781 1170.7119 1191.6413 9.94

[D-O-Leu-D-Ala-L-O-Val-L-Valls

Valinomycin C54H90N6018 1110.6312 1128.6650 1149.5943 9.25

[D-Hyiv-D-Val-L-Lac-L-Vall;
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T102°C, 10 ZEIEZEHIOKG L, 12,000 rpm, 5
SR LITHEC L0 15 B EiER A DNA 3UEHIER &
Lz, #7134 F WD PCR Kn¥ > FBEIW
Invitrogen -5 D 77 A ~—% HVY, BAEREED (X
1) Ex Taq Buffer, 200 pM dNTP Mixture, 0.4 uM 7
FA~—~7, 25 UmL Ex'Taq £722 X 5 ZHRHELL,
ZAUZ DNA #EHE 2.5 uL 22 C, 8% 25 ul & L

Sample 2.5 g + water 2.5 mL
rmethanol 25 + 20 mL

shake for 10 min

centrifuge (3,000 rpm, 10 min)
Supernatant
rmhexane 10 mL

shake for 5 min
Lower layer

evaporate and dissolve in
3 mL of 50% methanol

HLB Clean-up

load sample

rwash with 3 mL of 50% methanol
Fwash with 3 mL of 80% methanol
relute with 3 mL of 95% methanol
Eluate

evaporate under Nz stream
dissolve in 0.5 mL of 95% methanol
filter with membrane filter (0.2 pm)

SarTlple solution (5 g/mL)
LC/TOF-MS analysis

Fig. 2 Sample preparation method for
LC/TOF-MS analysis of cereulide in food
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Table 2 PCR procedure to detect toxin genes of B. cereus in this work
Target gene ces hblA hblC hblD nheA nheB nheC
Primer CesF1 HBLA-N HBLC-N HBLD-N nheA-S nheB-S nheC-S
name? CesR2 HBLA-C HBLC-C HBLD-C nheA-A nheB-A nheC-A
g P /

Thermal 95°C 10min 95°C 5min 95°C 10min
cycler 94°C 1min 94°C 0.5min 94°C 1min
conditions  55°C 1min ~X35 62C 1min X 36 55C 1lmin X35

72°C 1min 72°C 1min 72°C 1min

72°C 10min 72°C 10min 72°C 10min
PCR (bp) 1271 873 399 439 500 770 582
product
Reference 9 10 10 10 11 11 11

a) Sequence of each primer was shown in our previous report
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Table 3 Isolation of B. cereus and detection of its toxin from foods in a packed lunch

Partition No. Laboratory H Laboratory R?
in a packed Food Viable count Colony  Enterotoxin  Cereulide
lunch (cfu/g) isolation (ng/g)” (ng/g)®
1 Vinegared dish 0 — — nt
Stewed foods (Koya-dofu)
Koya-dofu 6.7x107
Shrimp 6 7x10" + 100 16
Green peas 1.2x107 + 200 43
Carrot 5.6x107
3 Fruits
Orange 5.0x10% }>
Pineapple 9.8x10* B ) nt
4 Grilled dish
Salmon 5.7%10°
Kinpira 7.7x10° } - - o
5 Fried foods
Pork cutlet 0 }
. — — nt
Quail egg 0
+ 10 34
6 Meatball 3.7x10° + 10 59
7 Rice with sesami 0 — — nt
8 Rice with plum 0 — — nt
9 Rice with furikake 0 — — nt

a) In laboratory R, foods in a same partition were mixed and tested as a whole, except for the analysis of

cereulide. Two packs of lunch were tested separately, and each value was described for positive samples.

+:positive, —:negative, ntinot tested

b) Semi-determined by CRET-RPLA test kit.
¢) Determined by LC/TOF-MS using valinomycin as a standard
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Fig. 3 Extracted ion chromatograms and mass spectra obtained by LC/TOF-MS
(A) Cereulide detected in koya-dofu, (B) Valinomycin standard solution (100 ng/mL)

Table 4 Occurrence of genes encoding toxins of B. cereus strains isolated from samples

. Enterotoxin
Source Laboratory Cerj:hde HBL complex NHE complex
°  ThbIA hbIC hbiD  nheA nheB uheC

Stewed foods + - - — + + +
(includiing koya-dofu, R — — — — + + +
shrimp, green peas, — — — — _ + +
and carrot) _ _ _ _ _ + +

+ — — — + + -
Meatball R N o7 -t

+ — — — + + +

— — — — — + +
Koya-dofu H — + + + + + +
Shrimp H — — — — — _ _
Green peas H — — — — — _ _
Carrot H - + + + + + +
Orange H — + + + + + +
Pineapple H — — — + — _ _
Salmon H — — — — — — _
Kinpira H — — — — — _ _
Meatball H — — — — — _ _
Swab of a refrigerator's shelf H — + + + + + +
Vomitus from patient H — — — — — _ _
Feces from patient H -+ — — — 4 + +
Feces from patient H — — — + + + T
Feces from cook H — — — — 4 T T

+:a PCR product of the expected size was observed, —:no PCR product was observed
R :Public Health Science Research Center, H :Health and Welfare Office
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