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Abstract: The rapid identification of cereulide-producing Bacillus cereus by matrix-assisted laser desorption ionization time-off-light mass
spectrometry was investigated. The characteristic peak was located and the sensitivity was determined through analyzing the standard substances.
The differences between the test results under different culture conditions were analyzed by the orthogonal test, and the specificity of 49 wild B.
cereus and 3 standard strains were tested under the optimized culture conditions. The results showed that MALDI-TOF MS could detect the
characteristic peaks of [M+Na]* and [M+K]“adducts with 1 175 and 1 191 m/z values respectively, corresponding to the cereulide produced in B.
cereus, with a high sensitivity (0.01 ug/mL). The range analysis showed that the typical colony cultured in MYP medium at 30 ‘C for 12 hours
could lead to the most stable test result with the highest response value (>10%). The method application verification revealed that among 49 wild
strains, 2 Bacillus cereus strains containing ces. gene were detected, whilst the other strains without the ces gene were not detected. The
MALDI-TOF MS detection method established in this study can directly, rapidly and accurately detect cereulide-producing B. cereus. This
method has strong specificity (100%) and high sensitivity (0.01 pg/mL). Thus, it is of great significance for rapid and accurate analysis and
judgment of food safety accidents.
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Fig.1 Molecular structure of cereulide

1 MR5RE

\

L An

1.1 XIS R AR
IR 2 M AR HE R AR (CICC 10352), ¥AREF
PATBRFRE % (CICC 21473), KA T E kA
AP EL AL (CICC); 75 & 3 AT B A
HEEPE (ATCC 10792), KE TT RAYAED R
ABRA T 49 PREF A BEAE 28 OAT B B AR 0O (25
BC-1~49, Hrft BC-43.49 #5717 ces 2, SEIR= 7080
1.1.2 E 2550
WXk g AREN,, 4724 Chiralix A F]; H EEEEHY
B2 3 # I JE (Mannitol Yolk Polymyxin Agar Base,
MYP) . [ R R S B IE FHR (Trypticase Soy
Sheep Blood Agar Plate, TSSB). R K & k¥ 5
(Tryptic Soytone Agar, TSA), | ZRMPUAEMFHS
BRAT; OB (Bigal), HE Meker AF]; HR
(foptati), 3¢ Fisher Scientific AF]; =AM (4
iEal), F[H Sigma-Aldrich AF]; a-FIE-4-F23E A4
& (a-Cyano-4-hydroxycinnamic acid, HCCA ). Bacterial
Test Standard, 7% Bruker A 7],

12 EENHELAE

5 SO 6 AR PR 5 AN B (Ultrafle
Xtreme), f[H Bruker Af]; AALEFE, FIAES
WIGHER (B BRAF, EWealE, ekt
RO BIRAT, sEKER i V20D X
HBRAT .



MK EmBHY

Modern Food Science and Technology

2022, Vol.38, No.11

1.3 R¥F®E

1.3.1 "Rebd & AR/A 0420
Bkt AR 2 mg) A2 EEMIE TR
% 200 pg/mL Fl bR HERE R, Fo=75% BT
FERRRE, 05145 100 5. 1. 0.1. 0.01 pg/mL KIFRE
W, MIXLEFEREE 2 WL 1 pl %8 MTP 384 AR
b, FEEETHAT, B 1 ul 55 HCCA, fFIEHRT
15347 MALDI-TOF MS #:1 »
132 KRR E4 ARG LN
1 BEFRKER
Table 1 Factor level table

KR A

AN AL BAREBC  BARAC
1 12 30 MYP
2 18 36 TSA
3 24 TSSB

4 48
x2 WHRE
Table 2 Test scheme
B& R 2

KI5 A B c m/z 1175 m/z1191

AR R
1 2 1 2 X1 yi
2 4 3 (D 1 X2 Y2
3 1 1 1 X3 y3
4 3 4@ 4@ X4 \Z
5 1 3 4@ Xs s
6 3 3@ 2 X6 Y6
7 2 4@ 1 X7 y7
8 1 2 3 X8 y8
9 4 1 4 (1) X9 yo
10 2 31 3 X10 Yio
11 3 2 1 Xl yi
12 4 2 2 X12 yi2
13 4 4 () 3 X13 yi3
14 2 2 4 (1) X14 yi4
15 1 4 Q) 2 X1s yis
16 3 1 3 X16 yi6

WA GB 4789. 147 2 MU B 53 19 %5 5 3 FH
G FREE IR FRIRIE, RABaTT ces BEDR HOMEHE 2 AT
T R MR 3R ) TSALTSSB Al MYP = Ffil 2 5
B TR RERN S TR PR HITE T 30 "CHI 36 Co%
PERRHATRESR, 0 AR 9% 12, 18,24 F1 48 h J5 1 uL
() — IR MR B NS TR R PR R i %, 3595

FVRTRE] MTP 384 #ER L, F 1 pL AR 5350 70%
MR s & fEEIR N T, RS 1 ul 255 HCCA,
BRI TS5 EHLHE T MALDI-TOF MS 11 .

IRAERIS BRI ARHE R RAE, A
FREATAEM, REEFAKFNER 1L, HPEREAN
VUK, TR By C BTS20 2 PRI PR, 4351
HEACPRI=KCF, SRR E B L AKT,
FIZ& C B —KF, RS A Y T4 Lis(4)3K 2
ET kg, 25N 1-1, 252, 3—1, 42, =
I 1-1, 252, 353, 41, BT IERR R4 5
AT ZE Y HT
133 FrikdEatiein

¥ 5258 = P 1. 49 BRI R 2F F AT B B A= B Ak
(Horp 2 BR S ces FEDRID. Fildr v B PR 0 AF 28 AT 14
(CICC 10352) ERIRZEMIFFE (CICC21473)
&M B (ATCC10792), fE1.3.2 774
PEREFR G B L pL B P A B 4 B R ik
PRI (R 3%, SIS IR PRE] MTP 384 #E4k F, H
LuL p=70%H R i &, Rl TR, HES
1 ub A5t HCCA, 3 45 EALiE4T MALDI-
TOF MS #ll .
1.3.4° Fidk &t

EESF B RllyERE: 700~3 500 us FOL
SRIZ 0 30%; WOt AT REEE 200 (8 IFOG
ERD; BORAIE; 2 000.0 Hzs & FIEINHEHE: 20 kV;
KH#A: 5.00 GS/s.

L4 s

1.4.1 KA k4869t
DL —%1 A RIZ A
Ki=x3txstxgtxs
Ko=x1tx7tx10tx14
Ks=xstxetxn+xi6

K=xtxotxiotxs

k=t

n
Kb
K—% B Fl— kP2 Ao
—% i NKE
k3% B & Fl— AT 0 M
R S KT A

142 MME R
R=max(k;)-min(k;)
ENiE
R

1% B & L BT E A XIS A8 AR R AL A RE AL

353



MK EmBHY

Modern Food Science and Technology

2022, Vol.38, No.11

2 FER5L

2.1 Rek R ATE G AR 25 R

SR 1 pL JFEREA 104 541,01, 0.01 pg/mL
(IR I 25 ZARHETE TGE/ T MALDI-TOF MS &3, ik
EE R 2 fw, B NIRRT DU I B X i B 2
AN m/z A6 1 175 BI[M+Na] A1 1 191 BI[M+K] &
VIRF RN, W s RLE SR T 104, KA RS
Doellinger 2512F MALDI-TOF MS [ S 2 Rl 75 )
WX v 2 22 A N5 (5 5 W B R e 1 45 R —
2, BRI B0 RAE KT 104 H m/z {59 1 175 [M+Na]*
M m/z 51191 [M+K] . Ulrich Z5MI7E 28 M TE AR =,
T INAF K I 2 B PR ANRRIE VA m/z 1171 #1187,
RN AR KT 104, (HPRCEE AN A A
[F], WORRAEVE A B AP — e 2 5

AR ISR, FERAEWREE 0.01 pg/mL (1)
TR 1 pL ATy R IS I 1 AH S RN A 405 ik e , 1)
RAERT 104, BEHZ 75 R B m A R g%,
155 0.01 pg/mL. Ulrich 21§ MALDI-TOF/TOF
MS (Bruker Daltonics Gmbh) FEZE 4 IFAE R, (m/z 800~
18000 T, SXFASRIHRFE AR i 25 22 b v VA Y0 &2 P A
HEEA 1.0 pg/mL; Doellinger %121 H MALDI-
TOF/TOF MS fE1E & S (m/z 700~3 5000 T
XA [ B2 F X I 25 3% o 14 A VU £ R R TR
0.25 ng, BMETAURTE R REE 0.01 pg/mL.
P T I R (9 IR ok 2 R W A 5 o A P
BATLRE, W 2 B, WG BF, WA
FHFAEIE m/z A9 1 175 [M+Na] Ml m/z 154 1191
(MK P AR5 A B TR At P N e M G R
X T MALDI-TOF MS TE5E BRI 7 T A7 —
5E 1) JR PR o

250000 __ 1175

....... m/z 1191

200 000 |-

150 000 |-

100 000

Intensity (a.u.)

50 000 e

0

0 2 4 6 8 10
JUERE / (ug/mL)
2 Rnt S =bnERBKE L (72)

Fig.2 Concentration curve of cereulide standard (n=2)
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Table 3 Test results and range analysis
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10 2 3 (D 3 0 2200
11 3 2 1 2039 5112
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Ki o 67311 134952 122972
Kavoo 27706 22540 31219
K5 | 18850 3301
Ky 44125
miz1191 %M ko 16828 16869 15372
b 6926 2818 7805
ks 4588 825
k11031
R 12240 14051 14 547

23 FEERESRRER

W 49 PREFAERE 27 O B AT 3 BRERAHE IR, AT
ZEHAFE (CICC 10352) ELIRZF AT B (CICC 21473)
B FRFFE (ATCC 10792) M FE] MYP EifiEF
W B2t 30 TR 12 h J5, PREUE; R kAT
MALDI-TOF MS tuill, finssinzk 4. B 3. K4

B, o 2 BRE ces DRI RE 2F BOF B 350 DU 2]
MR i 75 2R m/z {8 1175 BI[M+Na] Fl m/z (54
1191 MK NG REE g, e A 35 KT 104, 3
T ARABE T ces F= DR FRY TR 25 ARSI 80 A B2 ORI g

PR R 2ZEHOAT B BRI IRAT IR DR & F i
FFBEBIAET ces R, 15045 RSB A B AH B
m/z 59 1 175 [M+Na]" Al m/z {E4 1 191 [[M+K]*

355



MR EmREHY Modern Food Science and Technology 2022, Vol.38, No.11

I PIRHiEE, RERELE] 100%. Pk MALDI-TOF MS Jll5& 25 51 PCR 737 ) HL X 45 3R
4 ERIIRNIZER —3, RA Kt 5 R FE R E MALDI-TOF MS

Table 4 Detection results of strains ':F'EE'f Fxlgﬂ Iﬁ, FEZER j\j 12 Iﬁk}t %ﬁﬁjj *&ﬂi& ’ 3'13/2

FYEpA s BRI R, AEE VORI 8 B A L A fE

P i — %, i MALDI-TOF MS R 7=MX It 25 2 8 R 25 U FF 12

e 135 101 EI’J%‘?“J?‘?H%E:%B??%E’J%ETEE (>99%). Doellinger

BC-1~42, 44~48 - - - SEUALEI T 8 MRIEFE 27 MO B, (G B A 2 K

BC-43, 49 + + 4 *F%ilﬁ,ﬁﬁﬁi3ﬁ =8 2 bk, HR

CICC 10352, 21473, ATCC10792 - - - Y 8 MR A IBIA IS RANE ], AR TR A
E: kTl RTARHDE. Wro DAL, EEINNIEEE A KA AT R A BT

Ulrich £} X i 75 2 A X I 2 R A 28 7 T R S T — D IRAIE
AT B 3 B AR B XA 7, 121 AR B AR A 120

1191.815

x10*

25

201 1191.806
£l
S 15F
2
g 10 |

05

00 :7;1?3140 11501160 117011801190 120012101220

m/z
3 49 HRPAMAEAF SFRRATEIAT MALD 1 -TOF MS 42 45R
Fig.3 MALDI-TOF MS detection results of 49 positive strains of Bacillus cereus
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