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研究成果の概要（和文）：細胞増殖やがん化といった細胞内シグナル伝達に関与するC1ドメインの新規リガンド
としてセリ科植物由来のセスキテルペンラクトンであるタプシガルギンに着目し，様々なタンパク質のC1ドメイ
ンに対するその結合能を評価した．タプシガルギンは既知のC1ドメインリガンドが強く結合するnovelプロテイ
ンキナーゼC (PKC) にはほとんど結合せず，RasGRP4やChimaerinのC1ドメインに一桁μMの結合阻害定数を示し
た．したがって，タプシガルギンはこれらのタンパク質選択的なリガンドのシードとして期待できる．

研究成果の概要（英文）：C1 domain is involved in 1,2-sn-diacylglycerol signaling and also bind 
natural tumor promoters including phorbol esters. We focused on thapsigargin (Tg), a sesquiterpene 
lactone isolated from Thapsia garganica, as a candidate for C1 domain ligand, and evaluated its 
affinity for C1 domains from various proteins. Tg exhibited little ability to bind to C1B domains of
 novel protein kinase C isozymes, main targets of natural tumor promoters, but exhibited substantial
 ability to bind to C1 domains of RasGRP4 and β-chimaerin. These results suggest the potential of 
Tg as a seed for C1 domain ligand with unique selectivity for subset of C1 domain-containing 
proteins such as RasGRP4 and β-chimaerin． 

研究分野： 農学

キーワード： C1ドメイン　タプシガルギン　がん
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Ī� ï� Ǌǀǂǈ	ǋǀǂǈǀǂ	Ǎǀǂǈ	Ǌǌǀǂǈƽ¢ƛƾ�

ǂǁŕśƬÑó§&ŷę 
� 1,2-sn-M;LqGpOswq (DAG) 'ƿ
ũŸźy&µÚ�3&LGZq8ũŸ£
RwITX*~Ů�5£Ãü&OBuYj
TOuMlw �5ǁņńŏĢ�z$�	�ƿ
DAG ' G Ru^Fƕ¢õÆźµÚ�3&
LGZq$24ĸü¬��eNep^wP C 
(PLC) �eNa:SMq=]LXwq�p
uƥ (PIP2) 8«Ĵ¦Ƈ�5�!$2��ņ
Ā�5ǁDAG&�ƅ#RwITX'ũŸ£ý
É�Ɵ&ƨƤŨ �5csV=uDZwP C 
(PKC)  �5ǁDAG' 8Śƶ& PKC;=Q
K=i&ƏŢƴÇ$ÓÅ�5 C1 Yj=u 
(Ä 1) $Ŭº�ƿ�63&;=QK=i8ĸ
ü¬�5ǁ 
� ƙéƿ_X$�	� PKC�Í$0 C1Yj
=u8Ĝ�5Ru^Fƕ� 60 Śƶ�yÓÅ
�5�!�Ė3$�6�	5ǁĠŕś�Ƃ
Ŷ&āà�5ŕśGqwc 'ƿ�63&Ƴ
PKCÆRu^Fƕ& C1Yj=u8¬ÔºĀ
�ƿ�Ƨ8ň	� in vitro a@wqW<uG
��5�! ƿ�63&
�ť 15 Śƶ (Ä
1: M;LqGpOswqDZwP (DGK) β
�2) γ; csV=uDZwP D (PKD) 1, 2, 
3; RasGRP1, 3, 4; Chimaerins (α1, α2, β1, β2); 
Munc13s) �Ƶſ#Ŏ�9cskwRwŬº
ĸü8Ĝ��	5�!8�6, $Ė3
$�� (K. Irie et al., J. Am. Chem. Soc. 1998, 
120, 9159; K. Irie et al., Bioorg. Med. Chem. 
2004, 12, 4575). 
 

 
Ä 1   csV=uDZwP C (PKC) �2) 
      �&�& DAGµÚRu^Fƕ&ĩƜ 
      �2)ĭŹǁ 
 
� �63Ƴ PKCÆ DAGµÚRu^Fƕ&~
 0ƿRasGRP1 Chimaerin'ƿũŸ&ËĲ1
;gXwLN$Ʈ|��	5�!�Ė3
$�6ƿƀ¿&īŏ�ƃRu^Fƕ!��
ķő�6�	5ǁRasGRP 'ƿ�9ơ�ÒŇ
ł �5 Ras$Ŭº�� GDP& GTP*&�
ĉ8�ƞ�5�! ƿRas 8Ńōŏ$ĸü¬
�5ĭŹ8Ĥ���	5ǁ xēƿChimaerin

' Rho a:hpw$à�5 Rac 1 Cdc42 $
Ŭº��GTP&GDP*&«Ĵ¦Ƈ8�ƞ�ƿ
�63&Ru^Fƕ&ĭŹ8Ă¨�5ǁ��
���ƿ�63&Ƴ PKCÆ DAGµÚRu^
Fƕ&ĸü8ƠĄŏ$¨ù�5�¦ÒpC
uY&ƬŎ�ò�ĝ,6�	5ǁ��ƿÏ
Ł&Ŏ�9cskwRw1 DAG'ƿPKC!
�63&Ƴ PKCÆ DAGµÚRu^Fƕ!&
ƭ Ƶſ#ŬºƠĄü8ŗ�#	ǁ,�ƿ�
6, $ƿDAG 8¦Ò£ Ņ¬���
DAG-lactone ƎÝ�&xŚ�ƿPKCα 240
RasGRP1 $Û��ò�Ŭº�5�!�
Marquez 3$2��É½�6�	5�ƿ�&
ŬºƠĄü'ť 50�řì ��� (Y. Pu, et 
al. J. Biol. Chem. 2005, 280, 27329). 
�   
ǃǁŕś&őŏ 
� Ƴ PKCÆ DAGµÚRu^Fƕ$Ƽ	ƠĄ
ü8ŗ�¬ºł&ƬŎ$'ƿDAG1ĔÓ&Ŏ
�9cskwRw&ƻĦ$�3#	Ē�#
ƻĦ8È$��¦ÒƊƉ�úƅ �5!ŵ
�365ǁ 
� �©ƿĬĠ3'ƥ¬ÆJrNVswq&
yakkasteroid ƶ1Ƴ TPA ÆŎ�9cskwR
w  � 5 R c L C q E u  (Ä 2) �
cytosolic-nuclear tumor promoter-specific 
binding protein (CN-TPBP) $Ŭº�5xēƿ
PKC $'Ŭºĸü8ŗ�#	�!8É½�
�	5 (Y. Hashimoto and K. Shudo, Jpn. J. 
Cancer Res. 1991, 82, 665)�RcLCqEu'
OpŘĨł Thapsia garganica3®Ʋ�6�
ONDVqduoFXu �4ƿŠÞŸ�
Ca2+-ATP;wP (SERCA) &ƯÙª!��Ŕ
36�	5ǁCN-TPBP $' TPA #"&Ŏ�
9cskwRw0Ŭº�5�!3ƿ
CN-TPBP' C1Yj=u8¼.ğŔRu^F
ƕ �4ƿRcLCqEu' C1 Yj=up
CuY �5!ŵ�36�ǁ 
 
 

Ä 2  RcLCqEu�2)Yakkasteroidƶ&ĩƜǁ 
 
 
� �� Ġŕś 'ƿRcLCqEuƻĦ8
pwY!��Ƴ PKCÆ DAGµÚRu^Fƕƿ
Ń$ RasGRP 1 Chimaerin ƠĄŏ#pCuY
&ƬŎ8őŏ!��ǁ 
� Ƴ PKCÆ DAGµÚRu^FƕƠĄŏ#p
CuY�ƬŎ �6(ƿDAGLGZqūƗ&
Ƈģ&�/&Uwq1ƿă�9ª�ƃ¬ºł
$Ŏß�5¶Źü�Ğö �5ǁ 
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Ǆǁŕś&ēĶ 
(1) RcLCqEu& C1 Yj=uƠĄü&
Ƌ� 
� RcLCqEu& RasGRP41 Chimaerin8
¼.Ī�#Ru^Fƕ& C1 Yj=u$Û�
5ŬºŹ8ƿĠŕś�ƂŶ3&ŕśGqwc
�ƬŎ��ºĀ C1dcSY (ť 30Śƶ) 8
ň	�Ƌ���ǁRcLCqEu'ƿƌƀj
wBw24Ɩ ��ǁ¹¬ºł& C1 dcS
Y$Û�5ŬºŹ'ƿČÜü»��Ũ īƑ
� 6 � e q f w q ? N V q Ǝ Ý � 
([3H]phorbol 12,13-dibutyrate, PDBu) &Ńōŏ
Ŭº&ƯÙì$2��Ƌ���ǁČÜü»�
�Ũ8ň	�ĠŬºƌƺ'Ƴä$ÿì�Ƽ
�ƿİŖ$ŬºŹ8Ƌ��5�!� �5 
(N. A. Sharkey and P. M. Blumberg, Cancer Res. 
1985, 45, 19)ǁŬºŹ'RcLCqEu&ľì
� 10−4.5 M&Ę&ıÓ [3H]PDBuŬºì (%) 
�2)ŬºƯÙØĎ (Ki)  Ƃ��ǁKi 'ƿ
C1dcSY![3H]PDBu&ŃōŏŬº8 50%
ƯÙ�5Ę&pCuYľì  (IC50) !
[3H]PDBu &ƇƲØĎ  (Kd) 8ň	�ƿ
Goldstein and Barretï (A. Goldstein and R. W. 
Barrett, Mol. Pharmacol. 1987, 31, 603) $24
š¥��ǁ,�ƿıÓ[3H]PDBu � 50%8z
Â3#	Êº'ƿDandliker &ï  (W. B. 
Dandliker et al. Methods Enzymol. 1981, 74, 3) 
3 Ki8š¥��ǁ 
 
(2) RcLCqEu& 8 �ċÌ��2) 3 �
;uIpqÈƷ¾�&ºĀ! C1 Yj=uƠ
Ąü&Ƌ� 
� RcLCqEu& 8�bR]=qÈ8ċÌ
��ƎÝ� (1–3ƿÄ 3) 8ºĀ�ƿĩƜĸü
ŒƮ8Ė3$�5�/ƿ�63& PKCδ 
C1B�2) RasGRP4 C1Yj=u$Û�5Ŭ
ºŹ8Ƌ���ǁRcLCqEu& 8�ċÌ
�'ãƔ&RcLCqEu3 2ĳƱ&³û
 ø�ǁ,�ƿ�ƦŬº8ĈƈĴŨĻ« Ʒ
¾���ƎÝ� (4ƿÄ 3) $�	�0ĸüƋ
�8Ɓ��ǁ 
 
 
 
 
 
 
 
 
 
Ä 3  RcLCqEuƎÝ� 1–4&ĩƜǁ 

 
(3) RcLCqEu! RasGRP4 C1 Yj=u
&YTDuGLhmrwLnu 
� RcLCqEu! RasGRP4 C1Yj=u&
ŬºĪï8�ļ�5�/ƿYTDuGLhm
rwLnu8Ɓ��ǁRasGRP4 C1 Yj=u
&Ş�ĩƜ'ğŔ&�/ƿRasGRP1 C1 Yj
=u&Ş�ĩƜ8VucrwX!��ek
sMwkWpuG$24�Ā��ǁeksM

wkWpuG$'MODELLER (version 9.17)ƿ 
YTDuGƉš$' AutoDock (version 4.2.6) 
8�ň��ǁ 
 
(4) RcLCqEu®Ŧ¬;ZsG&ƊƉ!
ºĀ 
  ºĀ&Ťŋ¬!åê	ƎÝ�ßƬ8¶Ź
!�5$'ƿĭŹ8�Ć��,,ĩƜ8®Ŧ
¬��®Ŧ¬;ZsG&ƬŎ�Ĝĝ �5ǁ
ø36�ĩƜĸüŒƮ&ŔƆ3ƿRcLC
qEu&LFsduVuŅ8ư°,�'ż
ƸŅ Ŵ�ĉ��®Ŧ¬;ZsG (5 �2)
6) 8ƊƉ��ǁ,�ƿRcLCqEu& 7
ÀŅ8 6ÀŅ$Ŵ�ĉ�ƿ�3$LFsdu
VuŅ8ư°��®Ŧ¬;ZsGƽ7 �2)
8ƾ8ƊƉ�ƿ�63&ºĀ8ƌ-�ǁ 
�
ǅǁŕśĀĤ�

(1) RcLCqEu& C1 Yj=uƠĄü&
Ƌ� 
� RcLCqEu' RasGRP1 C1ƿRasGRP4 
C1ƿPKCα C1AƿPKCγ C1Aƿβ-chimaerin C1ƿ
DGKβ C1Aƿ�2) DGKγ C1AdcSY$Û
�� 10 µM©÷& Ki Ŭº�ƿRasGRP4 C1
dcSY$Ě0ò�Ŭº�� (Ki, 1.9 µM)ǁ 
� xē ƿŎ�9cskwRw&�ƅ#Rw
ITX �5 novel PKC ;=QK=i&
PKCδƿεƿηƿ�2) θ-C1B dcSY$'ƌ
ƺ��Ě0Ƽ	ľì& 10−4.5 M 0¡�Ŭº
�#��ǁ,�ƿPKCβ C1A�2)PKD C1B
dcSY$Û��'�6�6 Ki� 79 �2)
26 µM!žç&ŬºŹ8ŗ�� (Ƃ 1)ǁ 
 
Ƃ 1  RcLCqEu (Tg)ƿ=uYoFRi V 
(ILV)ƿ�2) [3H]PDBu & C1 Yj=u$Û�5
ŬºŹ 

C1 peptides Ki of Tg 
(µM) 

Ki of 
ILVa 
(nM) 

Kd of 
[3H]PDBua 

(nM) 
PKCα-C1A 6.8 21 1.1 
PKCβ-C1A 79 19 1.3 
PKCγ-C1A 6.7 140 1.5 
PKCδ-C1B >110 1.1 0.53 
PKCε-C1B 98 7.7 0.81 
PKCη-C1B >110 5.5 0.45 
PKCθ-C1B >150 8.7 0.72 
RasGRP1 C1 11 13 0.72 
RasGRP4 C1 1.9 8.4 1.1 
β-chimaerin C1 8 120 4.5 
PKD C1A 10 53 2.5 
PKD C1B 26 210 2.7 
DGKβ C1A 5.3 1900 15 
DGKγ C1A 4.1 580 2.8 

 a K. Irie et al. Bioorg. Med. Chem. 2004, 12, 4575. 
 
� ĔŔ&Ŏ�9cskwRw �5=uY
oFRi V (ILV) �2) [3H]PDBu � novel 
PKC C1B dcSY$Û��ò�Ŭº�5&
$Û��ƿRcLCqEu'�63$¡�Ŭ
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º�#��ǁC1Yj=uŬºŹ&ŒƮ�Ď
' ILV![3H]PDBu  0.96 �4ƿƳä$ƙ
	ŬºƠĄü8ŗ��&$Û��ƿRcLC
qEu–ILV�2)RcLCqEu–[3H]PDBu
&ŒƮ�Ď'�6�6�0.32�2)�0.27 �
4ƿÎ��ō#5ŬºƠĄü8Ĝ��	5�
!�ŗ�6�ǁ 
� RcLCqEu&2
$ novel PKC$'¡
�ŬºŹ8ŗ�#	pCuY&�'�6,
 ��#�ƿRcLCqEu� PKC �Í&
C1 Yj=u¼ĜRu^FƕƠĄŏ#pCu
Y&LwY!#4ø5�!�ŗÁ�6�ǁ�
��&ŬºŹ'ĔŔ& C1 Yj=upCu
Y24 1000 ��yñ	�/ƿƎÝ�ßƬ1
;ZsGºĀ$24ŭÛŏ#ŬºŹ8Îå
$y�5úƅ��5ǁ 
 
(2) RcLCqEu& 8 �ċÌ��2) 3 �
;uIpqÈƷ¾�&ºĀ! C1 Yj=uƠ
Ąü&Ƌ� 
� ãƔ&RcLCqEu8¥Ŏ¯đ!��ƿ
8 �bR]=qÈ8ư°��WbR]=qR
cLCqEu (1) 8ºĀ�ƿ į$ 8 �Ĵƥ
È8;OSq¬�� 2�2)AFR]=q¬
�� 3 $ƎÝ��ǁ2 �;uIs=qÈ&�
ƦŬº&Ʒ¾'Ĵƥ¬^oM>i8ň	�
ĈƈĴŨĻ«$24Ɓ��ǁ 
� �63 4 Ś&ƎÝ� (Ä 3) & PKCδ-C1B
�2) RasGRP4 C1dcSY$Û�5ŬºŹ
8Ƌ���ǁƎÝ� 1-4 'RcLCqEu!
»Ī$ PKCδ C1B dcSY$Û��¡�/+
!9"Ŭº�#��ǁxēƿRasGRP4 C1
dcSY$Û��'ƿ1 �2) 3 '¡�Ŭº
��ƿ2 �2) 4 'RcLCqEu!»řì
&ĸü8ŗ��ǁ�63&ŬĤ3ƿRcL
CqEu& C1 Yj=uŬºĸü$' 8 �$
bR]=qÈřì&ƪ�&;LqÈ�úƅ
 �5�!ƿ;uIpqÈ&�ƦŬº�2)
?]uĩƜ'Ŭº$Ʈ|��	#	�!ƿ�
�� 3�&Ņ&
�·�& 2�&Ņ��Ŭº
$Ʀƅ �5¶Źü�ŗÁ�6�ǁ 
�
(3) RcLCqEu! RasGRP4 C1 Yj=u
&YTDuGLhmrwLnu 
� YTDuGLhmrwLnu ø36�
100 �&Ƅº�ĩƜ8FoNRwƇģ� 
(rms tolerance = 3.0)ƿ39�&FoNRw8ø
�ǁ�&~ 4�&FoNRw (Ä 4A-D) $
�	�ƿƎÝ�&ĸüƋ�3Ŭº$Ʀƅ 
�5�!�ŗÁ�6� 8 �bR]=qÈ�
C1 Yj=u&Ŭºŝ-&ëƢ!Œ��ň�
�	�ǁAutoDock$2��Ɖš�6��63
4 �&kWq&Ŭº?\qEw&â'ƿ
AutoDock ?\qEw&īĽ�â�£ �4ƿ
4 �&
�"&kWq�24ÕØ8?\q
Ew�3ƒƐ�5�!' �#��ǁ 
� DAG1Ŏ�9cskwRw!	�� C1Y
j=upCuY'¢ƛĩƜkSwa!��ƿ
1 ŧ,�' 2 ŧĴƥÈ8Ĝ�ƿ�63&Ĵƥ
È' C1Yj=u& 12Ōő&ıÈ&�Ʃ NH

È�2) 21Ōő&ıÈ&�ƩCOÈ!ĴŨŬ
º\TXtwF8ôĀ�5!ŵ�36�	
5ǁ��ƿRcLCqEu' 1 ŧ,�' 2
ŧĴƥÈ8Ĝ��	#	ǁ�3$ƿYTDu
GLhmrwLnu �ļ�6�ŬºĪï
 ' 12�2) 21Ōő&ıÈ!ĴŨŬº8ô
Ā��	5×ŹÈ'#��ǁ�����ƿ
�&ĴŨŬº&ĮÐ�ƿRcLCqEu&ñ
	 C1 Yj=uŬºŹ&¯Ã&x� �5!
ŵ�365ǁ 
� �63&�ļŬºkWq'�÷ C1 Yj=
u8īŏ!��RcLCqEu;ZsG8
ƊƉ�5
� &ÈŐ!#50& �5. 
 
 
 
�
�
�
�
�
�

 
 
 
 
 

Ä 4 YTDuGLhmrwLnu$24�ļ 
     �6�RcLCqEu! RasGRP4 C1 
     Yj=u&ŬºĪïǁ¹^\qy&Ď�' 
     AutoDock $24Ɖš�6�Ŭº?\qEwǁ 
�
(4) RcLCqEu®Ŧ¬;ZsG&ƊƉ!
ºĀ 
  ø36�ĩƜĸüŒƮ&ŔƆ!�ļŬº
kWq3ƿRcLCqEu! C1 Yj=u
!&Ŭº$' γ-oFXuŅ! 7ÀŅ& 2�&
Ņ�24Ʀƅ �5!�þ��ǁ�� ƿL
FsduVuŅ8ư°,�'żƸŅ Ŵ�
ĉ��®Ŧ¬;ZsG 5�2) 6 (Ä 5) 8Ɗ
Ɖ�ƿAndrews 3&RcLCqEu¡ºĀū
Ɨ (S. P. Andrews et al. Chem. Eur. J. 2007, 13, 
5688) 8±ŵ$��ºĀƉŊ8Ş��ǁ�
�ƿºĀ§Ğ&;qW_Y�2)HXu&{
Đ;pq¬�őŏƛ4$ƞƁ�#��ǁ 
 
 
 
 
 
 
 
 
Ä 5  ƊƉ��RcLCqEu®Ŧ¬;ZsG   
     (5–8) &ĩƜǁ 
�  
� �� ƿ�3$ºĀ�Úė#®Ŧ¬;Zs
G&ƊƉ8Ɓ
�!$��ǁRcLCqEu
& 7ÀŅ�%�6	�ôƣí8´��	5�
!$œő�ƿ�68	�ôƣí& 6ÀŅ$Ŵ

A B

C D

−3.43 kcal mol−1 −3.16

−2.92 −2.64
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�ĉ��®Ŧ¬;ZsG 7�2) 8 (Ä 5) 8
ƊƉ��ǁ¦ÒkWpuG$24ƿ7 �2)
8 &ĴŨŬºü×ŹÈ�RcLCqEu$ƙ
	ŜƭŏƣŴ8´4ø5�!8Ŗƍ�� (Ä
6) ǁ�63&ºĀūƗ'ĚƙÉ½�6� Chu
3$25RcLCqEu¡ºĀūƗ (H. Chu 
et al. ACS Cent. Sci. 2017, 3, 47) 8±ŵ$Şħ
��ǁ 
 
 
 
 
 
 
Ä 5  RcLCqEu (ĴŻ) !;ZsG 8 
     (ŰŻ) &Ş�ĩƜ&Ʀ%º7�ǁ  
 
� ;ZsG 8 &ºĀ' (E)-cinnamyl alcohol
8¥Ŏ¯đ!��ƿƸěvLlwcrN{Đ
?gDL¬!Ş�Ńōŏ`[q¬$24ƿ2
�&{Đŀ8Ƽ	Ş�ƠĄü ĩţ��ǁ�
&÷ƿ×ŹÈ&�ƓƿËĿ³ûƿ×ŹÈÌĉ
$24ƿ6 ÀŅ8ôĀ�5ƫŅjROLN³
û&Ņ¬©ƹ�8ø�ǁ 
� ĠŕśĞƭ~$'®Ŧ¬;ZsG&ºĀ
'Ö� �#���ƿ;ZsG$úƅ#Ŀ
Ũ¯Ò8¡�¼.ƨ~ƭ�8ºĀ�5�!
� ��ǁ�÷ƿƫŅ!ů	�ƥ¬³û8ų
4ƚ��! ƿőŏ!�5;ZsG 8&ºĀ
�Ğö �5ǁ 
�
ǆǁ�#ŎƂƐďş�
ƽŕś�ƂŶ	ŕś¦ąŶ²)ƝĊŕśŶ$
'zűƾ�
�
�Ô�ŎƂ�ƽƉ 1�ƾ 
(1) ƼĬŔ}ƿĥŉ�ƿáĺîðƿ ĵxĹǉ
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