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High-Performance Liquid Chromatography-Mass Spectrometry �����
Bacillus cereus ����� 	���
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Bacillus cereus ��/%&�'(01�23. �)4�����5�*���6789
:;+<=7> ?!. @AABCDEFD�G (High-performance liquid chromatography

(HPLC)-mass spectrometry (MS)) ���������HI,���:JKL7MN0OP2
Q�:. -.*R/S�01�20TU16VQ2:WXL2�7>
34-�<3Y�Z@[\]�5�6^�_9`27a`. Multiple Reaction Monitoring

(MRM) bG�0M7 HPLC-MS/MSc8�JP�de.9:����� 1.0 pmol f;���
6789:<Q�> Xg0. 9:�����9Y�Z@[\]9@ACE@D<=>�h
�67890Mi?gL��.@3. 0.1jg 25.0 mg/mL kAl5<)2�B7C@*�
m`�> n�. 3DE<���o�DpD�qF�r;G� Hydrophilic Durapore (PVDF)

H02st67uv�����F��de3. wI�<=7 HEp-2*JxJyK*z{de
9|L`�>
34-�3wI�9>}`2. I,�M~*1M�-.*0NL21i. uvF���OP

67890Mi. uQ<RSO��������0O789:mXL�>
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Bacillus cereus 3. TU. VWO��X�0k�

�Y67���Z*��*[�J+<. %\��]
`. ^_. K_O���8689:`gL2�71)> B.

cereus %&�3�a/9��/ 2�b0��gL
21i2). 8Lg%&�0�c67�_3�L�L
3+:5�67�a)*�d 	�]�ED�\]
 1
M����<=79��gL2�73�5)>

B. cereus :5�67���3 Agatag6):e)�
9:`2. y��f 	��. 1191.642 (9-O-Leu-9-

Ala-A-O-Val-A-Val)3
 ��-`. �����9g�`
�> 9:Og�0� �����3hi�qRA]C
A0jc� 0.5�5��<����Q�8`7, 8). Xg
0 HEp-2*J0k`2xJ� �m68)> Agatag8)
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`�> n�. 1997!Mahlerg9)3�����0�]
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��������������	��
����
�10�13)
� ��������	���� ������
��� ! (High-performance liquid chromatog-

raphy (HPLC)-mass spectrometry (MS)) "
#�
��	$� PCR	���%&' ()�*�+,
	-.14, 15)
�/0�#�1 HPLC-MS��"
#
�%&' (��	2� 3�	 HEp-24�����
�����5� ���6�7����	68�14, 15)


� %&' (	�.�9
�:68�;�� ���

��#�<	���
8�� ��		�=�20>
�?�
��68@�1 AB� CD2 HPLC-MS��
"
#�%&' (��		?�" ���� !"#
E�F���G H�IJK"
#� Multiple Re-

action Monitoring (MRM) L!(�����	�M
#�-$"�@�1 0>��9		N%�O�P��
QR	&S"'��T�� %&' (NU�.		(

��M#�5-$"�@�1

I. �������
��
1) V
WXY )Z[\]�^_`��a*0�

+,b-./0� B. cereus NC7401 X� cd 10X
e%&' (f�1�g O�P B. cereus type strain

ATCC14579 X e%&' (f�h�g "V
��1
2) V
23Y 10i �jklm�23 (Difco) O�
P LB23 (Difco) "V
��1

3) HEp-24�Y )Z[\]�^_`��a*0
�5	"V
��1 24232 10iFetal bovine se-

rum (FBS; Invitrogen Corporation) "no Mini-

mal Essential medium eMEM; 56789g "V

�� 37p, 5iCO2 :qr��24"�@�1 HEp-2

4�2 36s��t;"�#� MEM64�" 1B<
=u� 4�>v?:w BLC-1%mGKx! e@yz9
{|g �AB0}�5	" ~80p �?:��1
��
1. �	
�
�jklm�23�	C�W�"������T

�� Ww	D8"�@�1 LB23 3 mL �� 37p,

24QR	E24"�#� ;	24w"�F e3000

rpm, 20�g�phosphate-bu#ered saline (Mg2�, Ca2�-

free) (PBS (~)) ��<=��u�G>��&��"
PBS(~) 3 mL ��AB��1 242 10i �jkl
m�23 1H�I�� J�D8��Ww 1/1000H"
C���� 30p, 200 rpm, 30QR	K��24"
�@�1

2. ���������� ��������� �
�����
%&' (	�L�M82 Agata>	N	6)�3#
�@�1 10i �jklm�23 (200 mL) �� B.

cereus NC7401 X"�OK��24 (30p, 200 rpm)

��u� 121p, 15�RPW��1 PWu	24w�
�%��� m�n-�j�K�w" 1 : 1	�)��@
���wQRK����� 250 rpm, 10�RK���
�u� ��� 20�RST��1 G>��U" Sep-

Pak C18 x!� �� (Waters Co., Milford, MA,

USA) "
#� FPLC��M8u� �!� !�G�
&!�!��VW����1 ;" 75i ��H!m
6X��� M8%&' (���1 �O� M8%&'
 (	/�Y�2 HEp-24��������@��
���1

3. � !"������#$%&�
�WX2 10i �jklm�23 10 mL ���O
K��24 (30p, 200 rpm) ��u� 121p, 15�R
PW��1 PWu	24w��%��� m" 1 : 1

	�)��@�� ���� 200 rpm, 3QRK��u�
Z�RST��1 G>��U" Hydrophilic Dura-

pore (PVDF) [ eMillex-LG 0.2 mm, l ���g "

#����� HPLC-MS��
�\���1

4. HEp-2'()(*+,-./�0�����
123,�45
%&' (/�	����2 Hughes>	N	10)

�3#�@�1 �WX2 10i �jklm�23 3

mL ���OK��24 (30p, 200 rpm) ��u�
121p, 15�RPW��1 PWu	Ww" 1500 rpm,

30]R�F�� �^"�K�m���1 96�PW_
`�I���&!�� PBS(~) 25 mL "�a�� b 1

���K�m 25 mL " ¡� ¢ucd 2e£¤¥f
"�@�1 �&!�	���t; 16 	 HEp-22
4w (2¦104 cells/mL) 100 mL " ¡� 37p, 5i
CO2 :qr� 26R24��1 v§	g�2� hi¨
j©ªk«��4�!	��¬�	(l"®�� �
�	mT>�¯°£¤eZ�-.�� 5 ng/mL16)

"n±�o"%&' (Yo ef��g ���1
5. HPLC-MS�6/�0������45
HPLC-MS��2 UK-Phenol (Imtakt �� 1.0¦50

mm) "p¡� MAGIC 2002TM HPLC System eMi-

chrom BioResources �g O�P²c³´µb���
������ ! API300 eApplied Biosystems � )

"
#�1 HPLC62qr 50 mL/min ��¶sj A

eMilliQt��%��� m�·¸¹98 : 2 : 0.1)�¶s
j B eMilliQ t��%��� m�·¸¹2 : 98 : 0.1g

HPLC-MS"
#�%&' (-.		-$HPLC-MS"
#�%&' (-.		-$
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��������	
�����������
HPLC���� 10 mL ����� ���� ��� 
!"#$$%&�'(��) API300���* Mul-

tiple Reaction Monitoring (MRM) +),��-.
/�0�1�� 
)2�30��� 4/5�678.
9�* B. cereus NC7401 :;<=>��?@A�,
����� BC679�*D?@A�,9EFGHI
�JEFKLMNOP�*�-Q�R#ST UVW
XYZ[\6) �����

II. � �
1. ������	
������
=>?@A�,]./�0D��� !"#$$%

&�'(��) API300���*1^�� _ 1�`a
�b�� =>?@A�,D m/z 1153.7[McH(1152.7

c1)]�: deSfghi� 1170.8[McNH4(1152.7c
18)]�: �+�AjSfghi� 1191.7 [McK

(1152.7c39)]�: k�AjSfghi] 3lO]S

fghi9�*4mno��
2. ����	���������� ������
� 
 HPLC-MS !"

2.1 MRM #$	%�&'(�)$*$�+� �,
�+� -(./���+� �0�+� 
12

pqrstDQ�R#ST�BC678.9�*
uh�� MRM+),����0�1b�v�� =>
?@A�,I�JQ�R#ST]��k)�)Sf
 UwSf\ I�J�'x&�Sf UySf\
�zr��� _ 2(a)�`a�b�� =>?@A�,�
{�*D m/z 1170.8[McNH4]� ���k)�)S
f9�*|}�MS/MS�0�1^�~�� m/z

1125.8 ]�'x&�Sf]�������� ��
�� m/z 1153.7[McH]� �{�*�MS/MS�0�
1^�~�� ��] m/z 1125.8 ]�'x&�Sf
]��������9���� m/z 1153.7 I�J
m/z 1170.8 ]��k)�)Sf9 m/z 1125.8 ]
�'x&�Sf]������?@A�,9zr�

_ 1 =>?@A�,]#$$%&��
m/z 1000 ;< 1250 �t]#$$���`a� =>?@A�,D 3lO]Sfghi9�*4mn
o� m/z 1153.7 DdeSfghi [McH(1152.7c1)]�, 1170.8 D�+�AjSfghi [Mc
NH4(1152.7c18)]�, 1191.7 Dk�AjSfghi [McK(1152.7c39)]� �`a�

������������������ ¡�¢£�¤¥������������������ ¡�¢£�¤¥
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�� ������	 m/z 1111.6[M
H]� �� m/z

1128.6[M
NH4]� ������������ ���
���� m/z 1083.5 ���� !����"#$%
&'(�)*�+��,-.� /0 2(b)1�

2.2 HPLC-MS/MS��� retention time ��
�

2�34'5��� MAGIC 2002TM HPLC Sys-

tem ��6789:;*<<= !�>!��
API300'73.	� MRM?�@'AB�CDEF
G�@��(�)*�+�HI� HPLC-MS/MS

��'JK�34� 0 3(a)�L��M� retention

time 10.35�� 10.69��N� OPQR���
10.35��STU��N� VRW� 0 3(b)�L��
M� m/z 1111.6 �� m/z 1128.6 �XY���

��������Z���������VR[\U�
� m/z 1083.5 ���� !���OPQR��� �
�34VR� retention time 10.35��STU��
N� '(�)*�+���-.�� ������	
10.69��STU��N� VRW m/z 1153.6 ��
 1170.8�XY����������VR m/z

1125.8 ���� !���O]R����VR� re-

tention time 10.69��STU��N� 'EFG�
@��-.� /0 3(c)1� ^_�34VR� retention

time 10.69��STU��N� '`a.	MS/

MS��'JB� m/z 1125.8 ���� !���O
]R��b$'EFG�@cd�e-.�� f�gh
-i��j�CDEFG�@��(�)*�+��
STklmW 1.0 pmol ^_noK��

(a)

0 2 CDEFG�@��(�)*�+����� !���p�
(a): CDEFG�@�MS/MS<= !q
m/z 1170.8 '�F��������.��r�MS/MS<st�'L��
(b): (�)*�+��MS/MS<= !q
m/z 1128.6 '�F��������.��r�MS/MS<st�'L��
,-�uv (m/z) ����'�F��������.	`a.� wxqy�'z{	�pU&��� |
����}~'��.���� !���O]R���

HPLC-MS'AB�EFG�@STi�S�HPLC-MS'AB�EFG�@STi�S�
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3. ������
�������������	
������ �

���	����������
�� ������
� 	
� B. cereus NC7401 !"#$�%&'
�
&'��������� (�)*�+,
�� -�.
/012 20 ng/mL 	3&'������ 1 : 1�4
�56�
� �����)* 0.1, 0.5, 2.5, 5.0, 25.0

mg/mL ���� �7'
� 89��������
7:�;<�� �&'��=�����>� ? 3�
@A=B� H0C2DEF	 NH40C2DEF� 2

GHI	
��JK9�L� 3:$�MRM�/M
IN/O"#�P�QL� 2R	�DEF��P�E
S
�PT U�������P/-�./012��
PV �SJ
�� ? 4�@A=B��PT�WX��
�����)*�YX�	Z
[�\]�^	� �
��>�����)* 0.1"# 25.0 mg/mL �_5�
Y`8.3132X, R2`0.9949 �ab�cd��@

��

4. ��	
����������������
��

�efghij�"#$�K9������k

B. cereus 10!l=m�����nk B. cereus type

strain ATCC14579 !����� �opqJ��=
�������J�rs�� �efghij�$�
B. cereus 10!>� �t9� 10.69$Du�GHIv
wL#9�� x#9�GHI�MS/MS$y�;<�
z{� m/z 1125.8 �|N}IO0C2vwL#9�
�����k	~�
�� (�� ATCC14579!>
retention time 10.69$Du�GHI>wL#9t�
�����nk	~�
�� 89#�z{>���5
� HEp-2������kr��z{	(�
��

III. � �
B. cereus >��h���$�
���Lg��
������v��5�Z� ����2M%M��H
�2���t"��5� ��O���-�� HM¡
�}H��(¢g�������£v��K9��

(b)

? 2 �¤¥

¦§¨©ª%«_�©%¬®�%¯°±�%²³©´µ¦§¨©ª%«_�©%¬®�%¯°±�%²³©´µ

¶��·¸¹�º»¼ Vol. 15 No. 2 2005.10

72



�����17)� ���	 
�����������
��� B. cereus ������������ !��
��18)� "#	 $�% Agata�19)��&'����
���(�)*�+��,-./012��3)*4
5�,-./0678�9��� �����	 �&
'����:;<�=>?@�A8�9��%BCD
���EF��E�� 
��GEHI��	 JK2�
LME,-./0N8O�P=�QR����E�	
ST HPLC-MSCUVW�XN8O�� !�14, 15)	
YZ!����� HPLC-MSCUVW�XN8[N�
9��%	 \�� Häggblom�14)�]/^_`ab
Vcdefg�Xh8i��,-./012Vjk\
�#OV� ��������	lmf8CUno%	
HPLC-MS���N8CUV\�p�%	 Zqeg$

rcdef�8sVjk��h8iVtu\�vw�
��gxy��z20)	 {��#O�%|BC���g
}~������	��%
����V��\�X�	
lmf8CUno��O20)����	 $rcdefg
��]/^_`abV���	 �uC"�CU���
���MRM��0�� HPLC-MS/MS�UV�G
,-./0N8OVh��X� ,-./0��3]/
^_`ab����V��C���N�X��	 ��
,-./0�]/^_`ab ¡VW�Xh8i�t
uV¢�X�	 h8i�tu��Xz��gEFX�
%	 ��,-./0� HPLC-MSCU�� NH4`£
b¤�¥��3 H`£b¤�¥� 2¦§�`£b¤
�¥g��hk!�	 
�¨9�`£b¤�¥�©ª
�«"5�����v¬��"N�E�FX
g��

 3 ��,-./0��3]/^_`ab� HPLC-MS/MSCU
(a): HPLC-MS/MS��� Total Ion Chromatogram
(b): retention time 10.35C�_®®¯�;°
1111.6/1083.5 ��3 11286/1083.5 % m/z 1111.6 ��3 m/z 1128.6 �±/²�³�`£bg	 �
`£b��7´X m/z 1083.5 �±µ¶�;`£bV·\�
(c): retention time 10.69C�_®®¯�;°
1153.8/1125.8 ��3 1170.8/1125.8 % m/z 1153.6 ��3 1170.8 �±/²�³�`£bg	 �`£
b��7´X m/z 1125.8 �±µ¶�;`£bV·\�

HPLC-MSVW�X,-./0hkO�h�HPLC-MSVW�X,-./0hkO�h�
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�� ������	
�������������
������������ Isobe �21)�������
����� !"�#�	
$���%&�'�
�(�)*���+,-../�01��.� ���
2��	
������3�'�4�������
�5���6����7�����+,���01�
�../ ��8"��������'9�� :;�
HPLC-MS/MS	���<� 2 =���	
���
�>?@A>B��8�C- �� D!E����
" FGHIJK���/LJM>�N
���O 8P
/������Q�#8%$-.� %��.Q�#�
0.1 R� 25.0 mg/mL �S' T&8'�(#�8U
-��� VW (YX8.3132X) ��YZ��9���
R� ))*��4�*[�Q�#�%��.���
01�� \. Q�#�+] (0.1^25.0 mg/mL) � 
,-_./0`1R�	
��. B. cereus �2
70a � 1 mg/mL bc�GHIJKd3�8U- 
\.Te.4/�GHIJK56�.4 1 g 7.�
0.02^1.28 mg '9�.��19)��808-�� f
	�+]�01��

HPLC-MS	��Q�g6� 1.0h10�15 mol �6
'9��ij����22) :;�9:�$;8%�4
�� -R- !"���� HPLC-MS/MS	�8<4
�GHIJK8Q�$9���# �5R2YZ�
�9�kl8%�./��GHIJK 1.0 pmol (1.0

h10�12 mol) bc���'9�.� m=�� HEp-2

(>n>����o�Q�g6� 5 ng/mL (4.2h

10�15 mol/mL)16) '9��' 1?pIqr (25 mL)

/�GHIJK2 0.105 pmol 8Q�'W�����
� ���"s���)����Q�g6�tt@
4� -R- ��\'�:;�QA'� HEp-2 (>
n>����o��4�����6�$GHIJK
8<4.#�� 5 ng/mL ��Q������'W
.� Bu	
vw�CDcE8<4.#�Q�g
6�2 10F�6@x��Vy�G/��.� 3� 
HPLC-MS	����GHIJK�Bu	
vw8<
4.#�Q�g6�z�G/��{ 7�-.Q�
g6�%��.� ������R� HPLC-MS	�
� HEp-2 (>n>����o���|}�H<'�
tt~g6����'9� �����Q�g6�+
,8����4��� HPLC-MS	�8<4�IW
��J�B�32�01����

HPLC-MS	����GHIJK���8J���
./�� %���K���6���S�L���
�'9�� ��\'������4� HPLC-MS	�
���GHIJK������M�r���M�NO
�������6A��J�qL�H������N
O�PQ�����R��%���'9�� :;�
�GB�BJr��� PVDFS�&����K��
����%��.�
�r8<4 GHIJK�Q�
��T'9���8U-.� )��'� PVDFS�
���&��� 3��GHIJK��&S�	��
�����������01��../ �
�r8
�&-.���
�r� 1/2���GB�BJr8
'��U8-.� �K����kl�m=�� HEp-2

(>n>����o�kl�3V-.��R� GH
IJKd3�8��W�5G��XW�������
��'f	Yp'W����01�� -R- c�-
.��� GHIJK� H �	
���� NH4 �	

������������������-21) �
����3!��G��������>??�@BA
�BJ��������Z�-�4Te'9��4�
�[�9�� ������<�����YZ�t3!
��G���Z���24� ���QA���'9
���j���
 \ ¡3]^¢£_.4¤�`¥��� a¦r

@§�GHIJK¨b���c3©�gd1�e�R
���23) ªD�f��gb�QA��229�� �
����./0`1�«��{ .47h�¬&R�
��5�GHIJK56����\�\�����
�W�4�� )���� HPLC ���$	�	
�
�6E�	�8®���R� ¯�!�+,8"�-
.GHIJK�i°W����'9�� ���Q�g

j 4 Q�#�(#�
LJM>�N
 (20 ng/mL) ���GHI
JK±²³k8 1 : 1 ��'`�- GH
IJK´56 0.1, 0.5, 2.5, 5.0, 25.0 mg/mL
� D!E8%�-.� µ56��<� H�

���� NH4
� ���� MRM �>?@A

>BR���8P/ 2 =��������
8�C- ��" FGHIJK���/LJ
M>�N
���O 8C�-.�

lm¶n·$oSpn$7¸qr$¹sºt$uvnwxlm¶n·$oSpn$7¸qr$¹sºt$uvnwx
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����� ���	
�������������
������ ���� ��!"#$���%��
�����!%�� �&'(�) *+� �,��-
./������#+��0 12�34�56+
���	� 789	!:; <=>�?@��!A6
$�(+���!%����BC9(�)

� � �DE F?!5+G*H$� IJK�I
LM�NG*H+	OPQRQRSTRUDEV��
WXYZ[R\] ^� 
_� 	`abcdef�
	OPDEg hijkl_� %	m!	OPQRQ
RSTRUDEV�noDEpqr� si�t_!
u�vw#+H*�)

� � � �
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A Detection Method of Cereulide, an Emetic Toxin of Bacillus cereus,
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Mass Spectrometry

Kumiko Kawamura,1) Yumi Hirama,1) Norio Agata,2), Hideo Ito,1) Michio Ohta3)

1) Department of Medical Technology, Nagoya University School of Health
Sciences, 1�1�20 Daikominami, Higashi-ku, Nagoya 461�8673

2) Nagoya City Public Health Research Institute, 1�11 Hagiyama-cho, Mizuho-ku,
Nagoya 467�8615

3) Department of Bacteriology, Nagoya University Graduate School of Medicine,
65 Tsurumai-cho, Showa-ku, Nagoya 466�8550

This paper describes a sensitive and specific chemical assay for cereulide, the heat-stable emetic toxin,
produced by Bacillus cereus. The previous method for measuring cereulide is a bioassay that gives a
cytotoxicity (HEp-2 cell vacuolation) titer, but not an accurate concentration and requires a specific skill.
We developed a sensitive and specific chemical assay for cereulide based on high-performance liquid
chromatography (HPLC)-mass spectrometry (MS). This method was calibrated with the purified cereulide
and valinomycin as an internal control and a structurally similar cyclic depsipeptide. The detection limit
for cereulide by this methos was 1.0 pmol and this method gave constant results over a wide range of
cereulide concentrations, ranging from 0.1 to 25.0 mg/mL. Therefore, this method enabled the quantifi-
cation of cereulide in this range of concentration. The results obtained by this method were in good
agreement with those of the HEp-2 cell vacuolation test. This method is reproducible and so sensitive and
specific that it can be applied for detecting a trace amount of cereulide in causative foods.
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