
�� ��

HEp-2 ���������� Bacillus cereus �������	
		��


���1)����1)�����2)�����1)

1) ���������������������������
2) ��� !�"#�����

$� 16 6% 17!"#& � 16 8% 10!"$'

Bacillus cereus �����(%&�	)*+,���-./0123'45�67,89+
:;& �(�2 HEp-2������������<)	��4=>7?8�@ 9	*�2A+
�(B,4 5 ng/ml +-.�CB,DE�4& ���	/��01F2G�9+& ���	H
I)�3J8,K8LM:	456F7G�9+:;& IN2O�!�"#�D=>7?8�
	�DE�@ PQRS2��TDUVWX8,9Y,-./01���	Z:�EY[& ;<
�+,� HEp-2�������	HI)	\=4>?+]^& _@ABC`�ab���5�
)M8?�DF=cY@ -./015�)2AE	@F& ABd,eABfg,K	ABC`
��c?& hG�H�G�9+4I;:+,cY@ -./015�2JKg	 midilate-

stationary phase �Lj;7& -./01	5��ab�AB	AMC`2 10k lmnop
qAE 50 ml �? 30r, 30f�& 200 rpm 	N+sABDEcY@ 9	C`�? HEp-2��
�����	HI)F�DJYtu& !vHI) (nw10) 2
	xO	 CV 64.0k :;
35.3k ��yL
P67Y@ -./015�)4ABC`��c?hG�H�G�9+2& A
BC`	QMR���z{)�	X8)FU|}J?a[& AB	AM�2HI)	\=++
U��(B,	\=�UM,4�U	+]^�@

Key words: Bacillus cereus, -./01& HEp-2 �������& ��5�)& ABC`

Bacillus cereus ���%&�2STUVeWXg
�	~8:;& �Y(+��(�ZF67?a[1)&
97;	%&���[G���2& \�45�G��
Y))�� $�����m��' a������ $-
./01' DE�+]^;7?8�2)i4)@ ����-
./012 1994 � Agata;��[�	\'4]
^67& 9(�o��F���V������1 (9-

O-Leu-9-Ala-A-O-Val-A-Val)3, Z_ 1,191.642DE
�9+4|67Y5)@ -./012 121r, 90Z	�
`e���p�0�U��DE�Yj& �`a$�U
%b&D5�67Y��	c���c?��F�y�
9J6)& �d,K	d��Ue�F��G7)@ f��d

 	e�2gh,i¡�2¢�£�9+UE[&
1997 -./01�¤j67Yl¥¦�§F%JY
17¨	k 4©)�QlD¢mJYUn2-./0
1��	ª«J6Fo�p;JjY¬nDEcY8)@
9	�s�-./l�2%�q��(%&�F�y�
9GYj& -./l�%&�	rs�+c?)*%b
e®�t:;\�F�(G�9+2U+�[& Zu
JY�¯4����-./01F5�G�:F��G
�9+2°j?g2DE[& >?��+,c?8�@
J:J& -./012�	Z_4+6L3))F±
Y,8Yj3'45�67²& IN��	�(�2
HEp-2������������<)	��4=>
7?8�	�DE�9)i11)@

HEp-2 �������2 B. cereus 	AB=v+
HEp-2��+³¡J& 48f���´wvh�µ�?
HEp-2��	���F¶·G�*�DE�@ 9	*�
2A+�(B,4 5 ng/ml +-.�CB,DE
�9), 12)4& ��AB4>2DE�9+& ���	/�
�01F2G�9+& ���	HI)43J89+,

G®xyz¸ (461�8673) ��� {¹�º| 1�1�20
������������������
���������

���
TEL: 052�719�3116
FAX: 052�744�2107
E-mail: kumiko@met.nagoya-u.ac.jp
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�����������	
��� �������
����������	����	� �
���� 
!"�#$%&�'�(')*+,- .��/	0
�(1 23
4��'	 HEp-25�6�789�
:���;<���=> :��0?#@AB��
	�CD EF	��#0 �G':������	
���H���D8�(� HEp-25�6�7890I
����J�:��DK�F	#��B� 5��6
�7���0IL	MNIOPQ�N ���H0O
	��R���S��T U�F	 HEp-25���
�'��=>��	� 
�VW��X���R��
�����:��0?#@AB��(� Y�0Z[�
��H0IL	��R��0���\50  B(]
^ �G':������	���HD_�`B(�
�!aF	�

I. �������
��
1) bc�"def�����O1g#Y�($%

h&'�() B. cereus NC7401c i)*+,-*�
jklmnopkq�r DU�B(� NC7401c�$
%h&'�s+0I�� tC&u��	vT�SI
OPwx8,O1-.Y�(�

2) �/� 10y zo{|}~�/ (Difco), Brain

heart infusion (BHI)�/ i��7�icrr IOP LB

�/ (Difco) DU�B(�
3) HEp-25��"def�����O1g#Y

�(#�DU�B(� �����+{� 10y Fetal

bovine serum (FBS; Invitrogen Corporation)D��
Minimal essential medium iMEM; 01234icrr
10 ml DU�B 37�, 5yCO2 �ko�����0
���D��(� HEp-25��5����D��B'
�� 31��0�B����+{0V>��D�
� 56�MEM0�5�D 1�78� 5�9]5
6� BLC-1 )}�k�� i:��4��icrr 1 ml

0;<Y� �80� 056B(�
��
1. �	
�
Z[�/��=[b�D��0F	(�0 >��

�B� LB�/ 3 ml 0� 37�, 24X���B(#
�D4?B(� ���D�@ i3,000 rpm, 20-r 7
8� ���( *¡nD phosphate-bu#ered sa-

line (Ca2�, Mg2�-free) (PBS(�)) 3 ml0:;<B =
[u,�B(� ���zo{|}~�/ 50 ml 0=
[u,D 50 ml ¢> 30�, 200 rpm, 30X���D
£4�B(� ���H�  �� <¤�£4D£0

���¥A (25, 30, 37, 40�)���X�B�V�C
D iEFIOP Bio Shaker BR-33FL (TAITEC)�G
�B�VH¦0� 100, 150, 200 rpm ��H�B�
V��r��/�[I iLB�/ 10y zo{|}~
�/ BHI�/r ���� (5, 10, 50, 100, 200 ml)
��/� pH (4.5, 5.5, 6.5, 7.5, 8.5), �)*+,-�
�§���X��@�CD i�@¨ KM-152000

(KUBOTA) 0� 1,500, 3,000, 4,500 rpm ��H�
30J��@r 0�����D�� Z����<K'
�)*+,-��LM iR��r DN©B(� 'I
�/� pH�  ��Z pH0OªF	 good bu#er

(MES, HEPES, TAPSr (Sigma) D��� 10y zo
{|}~�/D«3B(�

2. ����������
)*+,-�-.¬P3� Agata��H�5)0�

��(� 10y zo{|}~�/ 200 ml 0� B. cere-

us NC7401 cD�QB�V�� (30�, 200 rpm) B
(� ®)n¯n,}¬n-°o±k²� (1 : 1) 0�R
.B Sep-Pak C18 ��n,¡³ (Waters, Co., Mil-

ford, MA, USA) D��P3B(� P3� �´kn
µ¡¶h·zz ~nm�n,� API300 (Perkin-

¸S 1 HEp-25�6�789
(b) CereulideT¢0O	 HEp-25��6�7

(a) HEp-25� i¹knm�}r

Z[���H0IL	 Bacillus cereus $%��R��Z[���H0IL	 Bacillus cereus $%��R��
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Elmer Sciex Instruments, Thornhill, Ontario, Can-

ada) ����������� HEp-2	�
���
������������

3. ��������	
��
������������� Hughes����9)�

������ 10 !"#$%&	'��(
)*+
	� (30,, 200 rpm) ��-.� 121,, 15�/�-
0� 1,500 rpm, 30/12�� 34�567%*�
�� 968�-��9:&;7�<=>8� PBS(?)

25 ml ��@�� A 18�567%� 25 ml BC� D
0�E 2�FGH������ 7�<=�I8�JK
1��� HEp-2	�. (2L104 cells/ml) 100 ml �B
C� 37,, 5 CO2 :6"MN<O<�� 2�/	�
��� PQ����� ��RSTU�V��	���

�WX��� YZ[ 1\ �]^�� 
���_�`
�abFG�c� 5 ng/ml �de�f������
���f Ygh�\ *���

II.  �
1. HEp-2�������
��	
HEp-2	�i�����jk���Clmn�o
�pl�_�qr�����stuB. cereus NC7401

v� ��� !wjk� (nx5) stu�Tjk�
(nx10) ������ " 1(a)�ypt+�qr���
��� ��z{�!wjk�� xx1,152 ng/ml,

CVx22.2 , �Tjk�� xx1,152 ng/ml, CVx
22.2 *#|}~��i� B. cereus NC7401 v� 

��z{�!wjk�� xx1,408 ng / ml, CVx
44.5 , �Tjk�� xx1,184 ng/ml, CVx64.0 
*��� $��Tjk������i�_�`��

2. ��������� �����!"	
#$
B. cereus NC7401 v� ��� 	'��%��

&�)*+�c�	''��	'� pH��I�	�
���s�l�����gh��(�o���� 	'
��%}� 10 !"#$%&	'�s��� a��
������gh�i)�`� LB	'� BHI	'�
t+����i*+�	'}�,���gh�i��
�� Y� 1a\� 	��&������gh�����
mn��s�� 25�30, �s��a���gh�i
)�`�i� 	��&�3�**��gh�����
� Y� 1b\� �������gh��)l�_���
	�w�)*+��� 150 rpm D3-.}~�� �
�	'�'�� 50�� 100 ml i/�*�C�`�
Y� 1c, d\� ��� 	'� pH�o�}�I pH���
pl good bu#er � �� 10 !"#$%&��r
�� 	��� pH0��mnihe��t+����
}���PQ�  �1¡ (pH 4.5, 5.5) �s����
����ghi���2¢£`� Y� 1e\� ¤�¥¦
�+§� 567%�)l¨��+12��3ci��
f����mn���� Y� 1f\� -.� 1.5 ml ©ª
«6�%¬M<®�� 3,000 rpm D3� 30/�
12��+¯�}� ��f� 1,500 rpm �*�*(
��4 3�� 1D��5f*����
D3�o�PQ��� a�°��������gh

" 1 HEp-2	�
����!wjk�stu�Tjk�
(a) ±#² (b) ±#0

qr����� B. cereus NC7401 v NC7401v

!wjk� �Tjk� !wjk� �Tjk� �Tjk�

1,280 1,280 1,280 1,280 1,280
1,280 1,280 1,280 640 2,560

640 640 1,280 320 1,280
1,280 1,280 2,560 1,280 1,280
1,280 640 640 640 1,280

(ng/ml) 1,280 (ng/ml) 2,560 2,560
1,280 1,280 1,280
1,280 640 1,280
1,280 640 1,280
1,280 2,560 2,560

(ng/ml) (ng/ml) (ng/ml)

nx5 nx10 nx5 nx10 nx10
xx1,152 xx1,152 xx1,408 xx1,184 xx1,664

SDx256.0 SDx256.0 SDx627.1 SDx757.9 SDx586.5
CVx22.2 CVx22.2 CVx44.5 CVx64.0 CVx35.3 

³´µ6���/76�°W¶8�·9¸:³´µ6���/76�°W¶8�·9¸:
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��������	 
10� ������� 50 ml

�� 30�, 30��� 200 rpm ������� � !
"# $����� B. cereus NC7401%&'(" HEp-

2)*+*,-.�/0�&123"45� 678	
9:;<=>?@3� A��BC/0�>67DE
� CVF64.0� G� 35.3� �HI�6JA�" KL
1(b)M#

3. ��������	
��
�����NOPQR;<=��ST& 10� �
������UVW BHI��&'(�123"# X
Y��3"Z& 1[102 CFU/ml � �V��\@
3� 4G� 40��]^�NOPQR;<=UVWZ
=&_`ab3"# c 2�deV�� 10� ���
����� BHI���>��� 8��^	e^�fH

c 1 _g�����Uh�NOPQR9:;<��ij

c 2 �����NOPQR;<��ST
k: 10� ���������Uh�<Zl� m: BHI���Uh�<Zl�

: 10� ���������Uh�NOPQR;<=� : BHI���Uh�NOPQR;<=

_g�����Uh� Bacillus cereus no9:;<�_g�����Uh� Bacillus cereus no9:;<�
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��� 5�108 CFU/ml ������	
 ����
���������
 16�������	����
����� �! �� 10" #$%&'(��)��
� 16����*+�����	,	����
 22�
�-.�/
0� �! 1�
 2����)���3
�4567�0
 10" #$%&'(��)� 16��
��7)�8�3	����
 ��������
	,009�8�4:;<�=>��?@	AB� 
���! /�
 BHI��)� 40���9<�>��
C	56���!

III. � �
DE�4�F7���0��DGH�
 IJ��K

	LM
 HEp-2>�N�OPQ�RSDGH����
����4���T@ 5 ng/ml 0�U����
�12)! Agata��
 ��=����V���2WD�
�� ��� B. cereus )�! 70" ��X	 1 mg/

ml -Y������4Z���M
 1���=��
�["�\]�#�����������#� 1 g

L�M 0.02^1.28 mg )L �0�U����13)! _
����U4`$7�0
 HEp-2>�N�OPQ�R
SDGH� 5 ng/ml �%
H�0���a&�H�
)L�0`b���! /�
 %
�IJ��;���
�B;��'()	c*����M
 HEp-2>�N�
OPQ	dB+e���\]�/;0�f��g
�14)! HEp-2>�N�OPQ�IJ�4h
7�9�
0��
 �,
 i>��N�O�,
j ��k�lm
��no-m
 �����Y.4DEp/07�_0
��
 ��qr���������s�;g
 �t�
7� HEp-2>��u�
 �K	`b���! _��v
,
��k�lm��no-m�w0��1xy1)
L�	
 ���qr���������s�;g0�
HEp-2>��u��s�;g�;���w2�3�
	a&�L�9�0`b-z�D44{ �! �|�
������� (1,000 ng/ml) 4��
 5�IJ�
(n}5) ��n6mIJ� (n}10) 4%
7�_0�
�M
 HEp-2>��%
~���4D4��! ���
���4���T@�5�IJ���n6mIJ�
����9 CV}22.2" 02��IJ�4Z��! /
�
 B. cereus NC7401 X4���T@�IJ��5
�IJ� CV}44.5", 6mIJ� CV}64.0" 0�
M
 �������T@07���
 ��6mIJ
��s�;g	�����! _�������
 8%

��IJ��� HEp-2>��u��M9
 ���
����qr�����������s�;g	I
J�4�B�����]0`b���!

�_)2W��qr��k����������
���47�D4����
 �������W9 i�
�:j
 ����������K���qr�� 
�
 �;�<O7�_0	=��0� � i> 1, 2j!
���������������?gB�����
M
 25^30� ����R9A����	 ���
i> 1bj! ���W9)�<�@A)>�	<�=>
�4�:)g���� LB��� BHI���M9�
��
 <��	B�� 10" #$%&'(�����
�
 R9A��������	 ��� i> 1aj!
1�
 ������nC0��D���������
���4Z���M
 C0��D 180 rpm 0 100

rpm �����4E���%
����
 180 rpm/

100 rpm �����7�! 1.14F)LM
 ���
����������a&���	�����_0	
G�)L�0`b���! ��������0�H
IV�����J)L�	
 ���'4 ����K
qr9%
L�?gB��7�_0	f� � i> 1

fj! MN��(���� � 1¡J~����:v¢
�4Ok���
 �£4�K�
 ��Y.4���'
0�������! _�0g��K�PD4 1,500�
� 3,000 rpm ~0AB7�0QR7���	¤�B
�M
 N�O����>��56�S¥���	
 %

L�TL0��¦§	�����! �_)
 3,000

rpm )�K�
 UV���4 PBS(¨) 1 ml �IQR
�
 �K4©���ª�4%
����
 ��Y.�
! 1/2�L	 ���! _��������K��M
%
L	TL0��\]0��
 WX�	«���
��	���¬g1����009�UV��7B
� ��
 9�B�&YZ������	��[\
�]^��u�)��009�UV��7B� ��
�)����0`b���!
®��������0����
 ��
 ��n�

�3�0�V�4 10"#$%&'(����n BHI

���;��D4��! �������� 10" #
$%&'(��
 BHI��09�	_��mid^late-

stationary phase )L� 16�������	���
������ � i> 2j! _��������0�
�0�V�4¯�0
 ��	_� 10" #$%&'(
��
 BHI��09�� 8�����R?��� 5�
108 CFU/ml ������_0��
 ������
�������C°`7��)��B
 	_��K�
phase)L��	±�)L�0²f��! ���

10" #$%&'(��)� 16�����7)�8
�4:;<�=>�	����
 ��������
	,009�8�4:;<�=>��?@9AB� 

ab³c´µM�dcµ¶3efµ·g¸hab³c´µM�dcµ¶3efµ·g¸h
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����� ���	
 B. cereus ��������
����������� ������� ��� !��
"#$%���&'
���()
*+,�-.� /
0
1���2�3405678&'�9:;�
-
��<=8&'><?6�@A0� ��BC�DE3
FG�HIJKLMNO
���PQ/5��6RS
2<TU/5� VWX�YZ>?6�
[\�]^>�������2�78&'_`a,

�3� ���	
����23����� ����
��� ��� !��"#$%���&'
���(
)
*+b6�@�� b$cdefb6��&'

���� ���3gh2+b6�@<TU,�-
.� ���78+�ij2�kl@@<
]mn �
kl
<C$36@op6� [q�ra �s:�t:
+�ra� 
-u6vw-�xyzw�{|<}��
-.� ]~�����
�/0$6��3��@�c
56�

� �
������
?�.�,�� �����-�x�

������_�.�,����������� �
�¡�¢£¤¥s��¦�� §¨©ª«¬�
Xn
®��,�b�
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Improvement of HEp-2 cell vacuolation assay for Bacillus cereus emetic toxin

Kumiko Kawamura1), Yumi Hirama1), Norio Agata2), Hideo Ito1)

1) Department of Medical Technology Nagoya University School of Health Sciences
2) Nagoya City Public Health Research Institute

Cereulide is the causative toxin of emetic type food poisoning by Bacillus cereus. Because of its
hydrophobic character, it does not induce specific antibodies. Therefore, HEp-2 cell vacuolation assay is
usually used for the detection of cereulide. This method is highly sensitive as the minimum detection
sensitivity of 5 ng/ml. However, there are several problems such as requirement for skill in the judgment
of vacuolation and poor reproducibility in the quantification of cereulide in this method. Our laboratory
has been trying to establish a new practicable method for the cereulide detection. In this study we
improved the reproducibility of the standard HEp-2 cell vacuolation assay and examined the concentra-
tions of cereulide production by B. cereus. We found that culture media, temperature and culture stages
remarkably a#ected the cereulide production. The highest cereulide secretion was observed in mid- to
late-stationary phases, when B. cereus was incubated in 50 ml of 10� skim milk medium for 30 h at 30�
with a rotary shaker at 200 rpm. When HEp-2 cell vacuolation assay was performed under this condition,
the result of between-run reproducibility was improved dramatically to CV 35.3� from before modification
of CV 64.0�. Since the cereulide production changed markedly depending on the culture conditions,
false-negative results can be brought about by inadequate culture conditions. Therefore, the optimal
culture condition will lead to improvement of detection sensitivity as well as reproducibility.

Key words: Bacillus cereus, emetic toxin cereulide, HEp-2 cell vacuolation assay, cereulide production,
culture condition
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