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ƉƒƕŃƉƒƘƑƇƌƑƊŃƗƋƈŃƕƒƅƘƖƗŃƅƄƖƈŃƒƉŃŃŃŃŃŃŃ

ƒƘƕŃƊƏƒƅƄƏƌƝƄƗƌƒƑőŃŃ
ŤƉƗƈƕŃƏƄƖƗŃŖŃƜƈƄƕƖŃƒƉŃƗƋƈŃƅƘƖƜŃƓƕƒƍƈƆƗŏŃ
ƚƈŃƋƄƙƈŃƕƈƆƒƊƑƌƝƈƇŃƗƋƈŃƌƐƓƒƕƗƄƑƆƈŃƒƉŃ
ƖƋƌƉƗƌƑƊŃƒƘƕŃƉƒƆƘƖŃƒƑƗƒŃƗƋƈŃƔƘƄƏƌƗƜŃƒƉŃ
ƓƕƒƍƈƆƗŃƮŴŲųƼŏŃƖƒŃƌƑŃŕœŔŚŃƚƈŃƋƄƙƈŃ
ƅƈƈƑŃƓƕƌƐƄƕƌƏƜŃƄƏƏƒƆƄƗƌƑƊŃƒƘƕŃƕƈƖƒƘƕƆƈƖŃ
ƗƒŃƓƕƄƆƗƌƆƄƏŃƚƒƕƎƖƋƒƓƖŃƄƑƇŃƖƜƐƓƒƖƌŐ
ƘƐƖŃƉƒƕŃƇƈƈƓƈƕŃƇƌƖƆƘƖƖƌƒƑƖŏŃƄƑƇŃƐƒƕƈŃ
ƕƈƖƈƄƕƆƋƈƕŒƖƗƘƇƈƑƗŃƈƛƆƋƄƑƊƈƖŃƌƑƖƗƈƄƇŃ
ƒƉŃƊƕƄƑƇƌƒƖƈŃƈƙƈƑƗƖőŃŤƖŃƗƋƈŃƕƈƖƘƏƗŏŃƒƘƕŃ
ƏƒƑƊŐƆƋƈƕƌƖƋƈƇŃŧƒƘƅƏƈŃųƋŧŃŧƈƊƕƈƈŃ
ųƕƒƊƕƄƐŃƋƄƙƈŃƖƗƄƕƗƈƇŃƗƒŃƉƘƑƆƗƌƒƑŏŃƄƑƇŃ
ƚƈŃƆƒƘƏƇŃƄƏƖƒŃƏƄƘƑƆƋŃƄƑƒƗƋƈƕŃƍƒƌƑƗŃ

ƏƄƅƒƕƄƗƒƕƜŃƌƑŃŷƋƄƌƏƄƑƇőŃ
źƈŃƋƒƓƈŃƗƋƌƖŃƌƖƖƘƈŃƚƌƏƏŃƎƈƈƓŃƜƒƘŃƘƓŐ
ƇƄƗƈƇŃƒƑŃƒƘƕŃƈƉƉƒƕƗƖŃƄƑƇŃƄƆƗƌƙƌƗƌƈƖŃƉƒƕŃ
ƒƘƕŃƄƏƘƐƑƌŏŃƆƘƕƕƈƑƗƏƜŃƈƑƕƒƏƏƈƇŃƖƗƘŐ
ƇƈƑƗƖŃƄƑƇŃƉƄƆƘƏƗƜŃƖƗƄƉƉƖŃƚƋƒŃƄƕƈŃƖƘƆŐ
ƆƈƖƖƉƘƏŃƌƑŃƄƑƇŃƒƘƗŃƒƉŃŭƄƓƄƑőŃŬƗŃƚƒƘƏƇŃ
ƅƈŃƙƈƕƜŃƓƏƈƄƖƈƇŃƌƉŃƜƒƘŃƚƒƘƏƇŃƓƄƜŃƄƗŐ
ƗƈƑƗƌƒƑŃƗƒŃƒƘƕŃƄƆƗƌƒƑŃƄƑƇŃƖƈƑƇŃƜƒƘƕŃ
ƓƕƒƉƈƖƖƌƒƑƄƏŃ
ƒƓƌƑƌƒƑƖŃƗƒŃƘƖŃ
ƉƒƕŃƉƘƕƗƋƈƕŃ

ƊƏƒƅƄƏƌƝƄƗƌƒƑŃƒƉŃ
ƗƋƈŃŸŪŶŤŶŐŪŸőŃŃ

ŃŃŃŃŃŃŃŃŃŃŃŃŃŃŃŃŃŃŃŃŃŃ
ŃŃŃŃŃŃŃŃŃŃŃ Ń ŃŃŃŃŃŰƄƖƄƗƈƕƘŃŶƈƑƊƈŏŃųƋőŧőŃ
ŃŃŃŃŃŃŃŃŃŃŃŃŃŃŃŃŃŃŃŃŃŧƈƄƑŃŃŃŃŃŃŃŃŃŃŃŃŃ

ůŤŷŨŶŷŃűŨźŶŃ
! űƒƙőŃōŧƕőŃŶƋƌƕƏƈƜŃŦőŃŤƊƕƘƓƌƖŃ

ŋƄƏƘƐƑƄŌŃƌƑƄƘƊƘƕƄƗƈƇŃƄƖŃƗƋƈŃ
ŚƗƋŃųƕƈƖƌƇƈƑƗŃƒƉŃŰƄƕƌƄƑƒŃŰƄƕŐ
ƆƒƖŃŶƗƄƗƈŃŸƑƌƙƈƕƖƌƗƜŃŋŷƋƈŃųƋƌƏŐ
ƌƓƓƌƑƈƖŌŃŃŃ

! ŲƆƗőŃōŰƖőŃŭƒƅƄƌƇƄŃŤƎƗƋƈƕŃƖƗƄƗŐ
ƈƇŃƗƋƈŃŧƒƘƅƏƈŃųƋŧŃŧƈƊƕƈƈŃ
ųƕƒƊƕƄƐŃŋŧŧųŌŃƄƖŃƗƋƈŃƉƌƕƖƗŃ
ƆƋƄƏƏƈƑƊƈƕŃƉƒƕŃƗƋƈŃƓƕƒƊƕƄƐŃƄƗŃ
ŸŪŶŤŶőŃ

! ŤƘƊőŏŃŕœŔśŃōŷƋƈŃƉƌƕƖƗŃŭƄƓƄƑƈƖƈŃ
ƖƗƘƇƈƑƗŃƚƌƏƏŃƖƗƄƕƗŃƆƋƄƏƏƈƑƊƌƑƊŃ
ƗƋƈŃŧŧųŃƄƗŃŦƋƘƏƄƏƒƑƊƎƒƕƑŃ
ŸƑƌƙƈƕƖƌƗƜŃŋŷƋƄƌƏƄƑƇŌőŃŃ

! ŰƄƕƆƋŃŚŐśŏŃŕœŔśŃ
ōŬƑƗƈƕƑƄƗƌƒƑƄƏŃŶƜƐƓƒƖƌƘƐŃƒƑŃ
ŬƑƑƒƙƄƗƌƙƈŃŦƕƒƓŃųƕƒƗƈƆƗƌƒƑŃƚƄƖŃ

ŸŪŶŤŶŐŪŸŃűŨźŶůŨŷŷŨŵŃ Ń ŃŬƖƖƘƈŃڲŃ

ŷƋƈŃŸƑƌƗƈƇŃŪƕƄƇƘƄƗƈŃŶƆƋƒƒƏŃƒƉŃŤƊƕƌƆƘƏƗƘƕƄƏŃŶƆƌƈƑƆƈŏŃŪƌƉƘŃŸƑƌƙƈƕƖƌƗƜŃ Ń Ń Ń Ń Ń Ń Ń Ń ŭƄƑƘƄƕƜŃƗƒŃŧƈƆƈƐƅƈƕŏŃŕœŔŚŃ Ń Ń Ń Ń Ń Ń Ń

ŬƑƗƈƕƑƄƗƌƒƑƄƏŃŶƜƐƓƒƖƌƘƐŃƒƑŃŶƒƌƏŃŰƄƑƄƊƈƐƈƑƗŃƉƒƕŃŶƘƖƗƄƌƑƄŐ
ƅƏƈŃŤƊƕƌƆƘƏƗƘƕƈŃŕœŔŚŃŋŤƘƊƘƖƗŃŕśŐŖœŌŃ
� 2XU� VFKRRO� KHOG� WKH� �WK� LQWHUQDWLRQDO� V\PSRVLXP� RQ� LWV�
FDPSXV�ZLWK�D�KXJH�VXFFHVV�DQG�DWWHQGDQFH�RI����SHRSOH��
��)ROORZLQJ� WKH� ZHOFRPH� VSHHFKHV� E\� RXU� GHDQ�� 3URI�� 0D�
VDWHUX�6HQJH��DQG�'U��)XPLDNL�6X]XNL� �9LFH�3UHVLGHQW��*LIX�
8QLYHUVLW\��� ��� LQYLWHG� UHVHDUFKHUV� �&KLQD�� ,QGRQHVLD� DQG�
9LHWQDP�� JDYH� SUHVHQWDWLRQV�� DQG� RWKHU� IRXU� -DSDQHVH� UH�
VHDUFKHUV�SURIHVVRUV� �2ND\DPD�� 1DJR\D�� 6KL]XRND� DQG� *LIX� XQLYHUVLWLHV�� JDYH� NH\QRWH�
VSHHFKHV��7KHLU�SUHVHQWDWLRQ� LPDJHV�DQG� LQ�GHSWK�GLVFXVVLRQV�ZHUH�UHOD\HG� LQ�UHDO�WLPH�
IRU�HQWKXVLDVWLF�SDUWLFLSDQWV�VWXGHQWV�RI�RXU�XQLWHG�SDUW\�RI�6KL]XRND�8QLYHUVLW\�DQG�DOOLHG�
RQH�RI�6HEHODV�0DUHW�8QLYHUVLW\��,QGRQHVLD��YLD�WHOHFRQIHUHQFLQJ���
��$IWHU�WKH�V\PSRVLXP�����VWXGHQWV��8*6$6��5HDULQJ�3URJUDP�IRU�%DVLQ�:DWHU�(QYLURQ�
PHQWDO� /HDGHUV�� DQG�0DVWHU
V� SURJUDPV� RI� DSSOLHG� ELRORJLFDO� VFLHQFHV�� *LIX� 8QLYHUVLW\��
MRLQHG�DQG�RUJDQL]HG�WKH�3RVWHU�3UHVHQWDWLRQ�6HVVLRQ��,Q�WKH�VHVVLRQ��VRPH�RI�RXU�LQWHU�
QDWLRQDO� VWXGHQWV� VWXG\LQJ� ZLWK� WKH� -DSDQHVH� JRYHUQPHQW� IXQG�V�� VKRZHG� SURJUHVV� LQ�
WKHLU� VWXG\� DQG� SURYHG� HIIHFW� RI� RXU� LQVWUXFWLRQV� WKH\� UHFHLYHG� WR� GDWH�� )RXU� VWXGHQWV�
ZHUH�DZDUGHG�WKH�%HVW�3RVWHU�3UL]H�LQ�WKH�FRPSHWLWLRQ��
��7KH�ODVW�GD\�����JXHVW�UHVHDUFKHUV�DQG�HLJKW�WHDFKLQJ�DQG�VXSSRUWLQJ�VWDIIV�SDUWLFLSDWHG�
LQ��6WXG\�7RXU��LQ�7DQLJXPL�DUHD�DQG�7RNX\DPD�'DP��*LIX��-DSDQ���ZKHUH�WKH\�OHDUQHG�
XQGHU�SURIHVVLRQDO�JXLGDQFH�DERXW�WKHLU�LUULJDWLRQ�V\VWHP�DQG�KLJKO\�WHFKQRORJLFDO�ZDWHU�
PDQDJHPHQW�DSSOLHG�WR�RQH�RI�WKH�ODUJHVW��
VFDOH�PXOWL�SXUSRVH�GDP��7KH�SDUWLFLSDQWV��
ZHUH�JLYHQ�D�FKDQFH�WR�GHHSHQ�WKHLU�XQGHU��
VWDQGLQJ�RI�VRPH�WLSV�LQ�IORRG�FRQWURO�DQG��
LGHDV�RI�QDWXUH�FRQVHUYDWLRQ�HPEHGGHG�LQ�
-DSDQbV�WHFKQRORJLHV��

űƄƗƘƕƄƏŃųƕƒƇƘƆƗƖŃŦƋƈƐƌƖƗƕƜŃŬƑƗƈƕƑƄƗƌƒƑƄƏŃŶƜƐƓƒƖƌƘƐŃ
ŋŰƄƕƆƋŃŕŃŉŃŖŏŃŕœŔŚŌŃŃ
� � 8*6$6� KHOG� WKH��WK� LQWHUQDWLRQDO� V\PSRVLXP�RQ� LWV� FDPSXV�� 3URI�� 7RKUX�0LWVXQDJD�
�8*6$6��SOD\HG�D� OHDGLQJ�UROH�DQG� OHDG�WKH�V\PSRVLXP��$�VHULHV�RI�WKHVH�V\PSRVLXPV�
ZH� KDYH� KHOG� IRU� \HDUV� LV� UHFRJQL]HG� DV� SDUW� RI� RXU� FRQWLQXRXV� JOREDOL]DWLRQ� DFWLRQ�
QDPHG� n,&�*8��|
���ZKLFK� DLPV� DW� IRVWHULQJ� KLJKO\�VNLOOHG� SURIHVVLRQDOV� DW� D� GRFWRUDO�
OHYHO�ZLWK�RXU�DOOLHG�XQLYHUVLWLHV�LQ�$VLD��,Q�WKLV�V\PSRVLXP��ZH�SXUVXHG�WR�EXLOG�D�QHZ�
UHVHDUFK�QHWZRUN�LQ�WKH�ILHOG�RI�QDWXUDO�SURGXFWV�FKHPLVWU\�DQG�OLIH�VFLHQFHV��DQG�WR�SUR�
PRWH�RXU�VRFLDO�FRQWULEXWLRQ�WKURXJK�HVWDEOLVKLQJ�UREXVW�LQWHUQDWLRQDO�FRRSHUDWLRQ��
��'XULQJ� WKH� SOHQDU\� VHVVLRQ�� WHQ� SURIHVVRUV�UHVHDUFKHUV�
LQYLWHG�IURP�RYHUVHDV�XQLYHUVLWLHV��LQ�,QGRQHVLD��7KDLODQG��
9LHW�1DP��%DQJODGHVK�DQG�&DQDGD��DQG�WZR�UHVHDUFKHUV�
�.\XVKX� 8QLYHUVLW\� DQG� ,FKLPDUX�3KDUFRV� &R��� /WG��
DPRQJ� ,QGXVWU\� 6XEFRPPLWWHH
��� JDYH� SUHVHQWDWLRQV�
DERXW�WKHLU� ODWHVW�DFKLHYHPHQWV��HDFK�RI�ZKLFK�ZHUH�IRO�
ORZHG�E\�D�NHHQ�GLVFXVVLRQ�ZLWK�DERXW����DXGLHQFH���
��7KH�V\PSRVLXP�HQGHG�ZLWK�D� ODERUDWRU\�WRXU�DW�,FKLPDUX�3KDUFRV�&R���/WG���*LIX��-D�
SDQ���RQH�RI� WKH�PDMRU� UHVHDUFK�DQG�GHYHORSPHQW�EDVHV� IRU�QDWXUDO� UDZ�PDWHULDO�SUR�
GXFWLRQ� LQ� WKLV� DUHD�� :KLOH� WKH� SDUWLFLSDQWV� YLVLWHG� WKHLU� LQGXVWULDO� ODERUDWRULHV�� WKH\�
VKDUHG�WKH�PRVW�XS�WR�GDWH�LQIRUPDWLRQ�DQG�WHFKQRORJLHV�FRQFHUQLQJ�UDZ�PDWHULDOV���
�


���,&ٕ*8�����,QWHUQDWLRQDO�&RQVRUWLXP�RI�8QLYHUVLWLHV�LQ�6RXWK�DQG�6RXWKHDVW�$VLD�IRU�WKH�'RFWRUDO�(GXFDWLRQ�LQ������
�����$JULFXOWXUDO�6FLHQFH�DQG�%LRWHFKQRORJ\���ZKLFK�ZDV�FUHDWHG�XQGHU�WKH�LQLWLDWLYH�RI�*LIX�8QLYHUVLW\��

���,QGXVWU\�6XEFRPPLWWHH��7KLV�FRPPLWWHH�LV�HVWDEOLVKHG�LQ������DQG�KDV�VHYHQ�OLIH�DQG�RU�HQYLURQPHQWDO�VFLHQFHV��
�����UHODWHG�-DSDQHVH�HQWHUSULVHV�LQ�WKH�7RND\�UHJLRQ���,WV�IRXQGLQJ�REMHFWLYH�LV�WR�VXSSRUW�WKH�JOREDOL]DWLRQ�RI�RXU��
�����VFKRRO�IURP�LQGXVWULDO�SHUVSHFWLYHV� 

ťƈƖƗŃųƕƈƖƈƑƗƄƗƌƒƑŃŤƚƄƕƇŃźƌƑƑƈƕƖŃŃ
ŷƕƄƑŃŧƘƜŃŴƘƄƑŝŃŧŕŃŉŃŭƒƅƄƌƇƄŃŤƎƗƋƈƕŝŃŧŕŃŋŸŪŶŤŶŌŃ

ŦƋƈƑŃŶƌƜƘŝŃŧŕŃŉŃŷƋƄƕƄƑƊƌƎƄŃŵƄƑƄƗƘƑƊƄŝŃŧŖŃ
ŋťźŨůŝŃŪƌƉƘŃŸƑƌƙƈƕƖƌƗƜŃŵƈƄƕƌƑƊŃųƕƒƊƕƄƐŃƉƒƕŃťƄƖƌƑŃźƄƗƈƕŃ
ŨƑƙƌƕƒƑƐƈƑƗƄƏŃůƈƄƇƈƕƖŌ�
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ŦƒƐƐƈƑƆƈƐƈƑƗŃŦƈƕƈƐƒƑƜŃ
ŰƄƕƆƋŃŔŖŃŉŃŶƈƓőŃŕŕŃŃŃŃŃŃ

7KH�QXPEHU�RI� VWXGHQWV�ZKR� UHFHLYHG� WKH�
GRFWRUDO�GLSORPD�IURP�0DUFK�WR�'HF�������
DUH�DV�IROORZV��
0DUFK�����VWXGHQWV�����LQWHO��VWXGHQWV�LQFOXGHG���
-XQH������VWXGHQW������
6HSW������VWXGHQWV�����
'HF�������VWXGHQW�������

ŨƑƗƕƄƑƆƈŃŦƈƕƈƐƒƑƜŃ
ŤƓƕƌƏŃŔŗŃƄƑƇŃŲƆƗőŃřŃŃŃ

7KH� QXPEHU� RI� VWXGHQWV� ZKR� ZHUH� ZHO�
FRPHG� DW� WKH� HQWUDQFH� FHUHPRQ\� DUH� DV�
IROORZV����
$SULO�����VWXGHQWV����LQWHO��VWXGHQWV�LQFOXGHG���
2FW�������VWXGHQW�������

ŷƋƈŃŗƗƋŃŬƑƗƈƕƑƄƗƌƒƑƄƏŃźƒƕƎƖƋƒƓŃŕœŔŚŃƄƗŃŤƑƇƄƏƄƖŃŸƑƌƙƈƕƖƌƗƜŃŃ
ŵƈƆƈƑƗŃųƒƖƗƋƄƕƙƈƖƗŃŷƈƆƋƑƒƏƒƊƜŃƉƒƕŃŶƘƖƗƄƌƑƄƅƏƈŃŤƊƕƌƆƘƏƗƘƕƈŃƄƑƇŃũƒƒƇŃŋŭƘƏƜŃŔŚŐŔśŌŃ
�� :H�KHOG�WKH��WK�LQWHUQDWLRQDO�ZRUNVKRS�LQ�,QGRQHVLD��ZKLFK�LV�DQ�HIIRUW�WR�SURPRWH�WKH�
JOREDOL]DWLRQ�RI�RXU�VFKRRO�DQG�WKH�QHWZRUN�ZLWK�ORFDO�LQGXVWU\���
����7KH�ZRUNVKRS�VWDUWHG�ZLWK�DQ�RSHQLQJ�UHPDUNV�E\�RXU�GHDQ��D�NH\QRWH�VSHHFK�E\�'U��,U��
(QGU\�0DUWLXV��0�6F���9LFH�5HFWRU��$QGDODV�8QLYHUVLW\���DQG�,&�*8��
��DFWLRQ�UHSRUW�E\�3URI��
.HQ�+LUDPDWVX��*LIX���7KH�SOHQDU\�SDUW�RI�WKH�ZRUNVKRS�LQFOXGHG�WKUHH�UHVHDUFK�SUHVHQWDWLRQV�
E\�3URI��.RKHL�1DNDQR��3URI��0DVD\D�.DWR�DQG�$VVLVWDQW�3URI��7HSSHL�,PDL]XPL��*LIX���$PRQJ�
RWKHUV��WZR�SURIHVVRUV��$QGDODV��LQFOXGLQJ�$VVRFLDWH�3URI��)HUL�
$UOLXV��DQG�WKUHH�SURIHVVRUV��.LQJ�0RQJNXWbV�8QLYHUVLW\��7KRQEX�
UL��PDGH�UHVHDUFK�SUHVHQWDWLRQV��,Q�DGGLWLRQ��WZR�FRPSDQ\�LQWUR�
GXFHG�WKHLU�EXVLQHVV�VSHFLDOL]HG�LQ�VHHG�SURGXFWLRQ�PDUNHWLQJ�
DQG�,7�LQGXVWU\��7KH�ZRUNVKRS�JDWKHUHG�D�WRWDO�RI�����SDUWLFL�
SDQWV�IURP�DFDGHPLD�DQG�LQGXVWULHV��DQG�WKH\�HQJDJHG�LQ�DFWLYH�
GLVFXVVLRQV�DQG�VKDUHG�WKH�LQIRUPDWLRQ�LQ�WKH�ODWHVW�UHVHDUFK��� � �
��6HFRQG�GD\��WKH�GHOHJDWLRQ��*LIX�DQG�$QGDODV��KHOG�DQ�RSHQLQJ�
FHUHPRQ\�IRU�D�QHZO\�RSHQHG�MRLQW�ODERUDWRU\�n/DE�6WDWLRQ|�DW�
$QGDODV�8QLYHUVLW\��7KH\�KDG�DQ�RSSRUWXQLW\�WR�REVHUYH�WKH�
RSHUDWLRQV�RI�VSHFWURSKRWRPHWHU�DQG�FHQWULIXJH�QHZO\�HTXLSSHG�
E\�8*6$6��7KH�ODE�LV�RSHUDWHG�XQGHU�WKH�VXSHUYLVLRQ�RI�'U��,U��
(QGU\�0DUWLXV��DOVR�*LIX�8QLYHUVLW\�JXHVW�DVVRFLDWH�SURIHVVRU���
7KH�ODE�LV�H[SHFWHG�WR�IXQFWLRQ�DV�D�UHVHDUFK�EDVH�LQ�WKH�ILHOG�RI�
SRVWKDUYHVW�WHFKQRORJ\�DQG�WHDFKLQJ�VWDIIV�DQG�VWXGHQWV�RI�,&�*8���PHPEHU�XQLYHUVLWLHV�ZLOO�
EH�VHHQ�WKHUH�LQ�WKH�IXWXUH��
�ŷƋƈŃŘƗƋŃŬƑƗƈƕƑƄƗƌƒƑƄƏŃźƒƕƎƖƋƒƓŃŕœŔŚŃƄƗŃŷƋƘƜƏƒƌŃŸƑƌƙőŃ
ŵƈƆƈƑƗŃųƕƒƊƕƈƖƖŃƌƑŃŤƊƕƌƆƘƏƗƘƕƈŃƄƑƇŃźƄƗƈƕŃŰƄƑƄƊƈƐƈƑƗŃƌƑŃŤƖƌƄŃŋűƒƙőŃŕŚŐŕśŏŃŹƌƈƗŃűƄƐŌŃ
��$V�WKH�ILUVW�DFWLRQ�DIWHU�WKH�VFKRRO�OHYHO�DJUHHPHQW�FRQFOXGHG�LQ������EHWZHHQ�RXU�VFKRRO�
DQG�7KX\ORL�8QLYHUVLW\��WKLV�ZRUNVKRS�FDPH�LQWR�UHDOLW\��,W�VWDUWHG�ZLWK�WKH�UHPDUNV�DQG�NH\�
QRWH�VSHHFKHV�E\�RXU�GHDQ�DQG�3URI��'U��1JX\HQ�4XDQJ�.LP��5HFWRU��7KX\ORL���3URI��.HQ�
+LUDPDWVX��*LIX�8QLYHUVLW\���DQG�$VVRF��3URI��'U��1JX\HQ�&DQK�7KDL��9LFH�5HFWRU��7KX\ORL���DQG�
$VVRFLDWH�3URI��,LGD�7RVKLDNL��8QLYHUVLW\�RI�7RN\R��
-DSDQ���7KHQ��WHQ�UHVHDUFK�SUHVHQWDWLRQV�ZHUH�GHOLY�
HUHG�E\��$VVRFLDWH�3URI��7DNHR�2QLVKL��$VVRFLDWH�3URI��
7DWVXUR�1LVKL\DPD�DQG�$VVLVWDQW�3URI��.HLJR�1RGD�
�*LIX���$VVRF��3URI��1JX\HQ�&DR�'RQ��7KX\ORL���DQG�
WKUHH�IRUPHU�8*6$6�VWXGHQWV��6HEHODV�0DUHW�DQG�
/DPSXQJ��,QGRQHVLD��DQG�8QLYHUVLW\�RI�'KDND��%DQJ�
ODGHVK���)URP�,QGXVWU\�6XEFRPPLWWHH
���0U��(LML�
&KLKDUD��6DQ\X�&RQVXOWDQWV�,QF���-DSDQ��LQWURGXFHG�
WKHLU�EXVLQHVV�RSHUDWLRQV��$W�WKH�HQG�RI�WKH�VHVVLRQ��D�ILUVW�\HDU�VWXGHQW��8*6$6��DQG�D�ILUVW�
\HDU�VWXGHQW��*UDGXDWH�6FKRRO�RI�$SSOLHG�%LRORJLFDO�6FLHQFHV��*LIX��UHSRUWHG�WKHLU�H[SHULHQFH�
DQG�LQ�UHVHDUFK�LQWHUQVKLS�DW�7KX\ORL�8QLYHUVLW\��ZKLFK�ZDV�IDFLOLWDWHG�E\�6DQ\X�&RQVXOWDQWV�
,QF��DQG�FDPH�LQWR�DFWXDO�LQWHUQVKLS�RSSRUWXQLWLHV�LQ�9LHWQDP��7KLV�LV�RQH�RI�WKH�VXFFHVVIXO�
FDVH�RI�LQGXVWU\�DFDGHPLD�FRRSHUDWLRQV�VHHQ�DPRQJ�,&�*8��
��DFWLRQV���
��7KH�VHFRQG�GD\��RXU�GHOHJDWLRQ�ZDV�LQYLWHG�WR�REVHUYH�%++
��LUULJDWLRQ�V\VWHP�LQ�WKH�VXE�
XUEV�RI�+DQRL��ZKHUH�ZH�UHFHLYHG�D�JXLGDQFH�E\�$VVRFLDWH��3URI��'U��1JX\HQ�&DQK�7KDL��7KH\�
VWXGLHG�WKH�FXUUHQW�LUULJDWLRQ�FRQGLWLRQV�LQ�9LHW�1DP��DQG�LPSRUWDQFH�RI�ZDWHU�UHVRXUFHV�WKHUH��
7KH\�DOVR�YLVLWHG�+DQRL�8QLYHUVLW\�RI�6FLHQFH�DQG�7HFKQRORJ\��DPRQJ�,&�*8���PHPEHU���DQG�
RXU�GHDQ��3URI��6HQJH��DQG�3URI��1DNDQR�KDG�D�PHHWLQJ�ZLWK�$VVRFLDWH�3URI��4XDQ�/H�+D��+HDG�
RI�6FKRRO��+DQRL���$VVRFLDWH�3URI��1JX\HQ�7KL�0LQK�7X��9LFH�'HDQ��+DQRL��DQG�$VVRFLDWH�3URI��
'U��7UDQ�/LHQ�+D��+DQRL��DOVR�*LIX�8QLYHUVLW\�JXHVW�DVVRFLDWH�SURIHVVRU���2XU�GHOHJDWHV�LQWUR�
GXFHG�8*6$6�RQJRLQJ�SURJUDPV�SURMHFWV��DQG�ERWK�SDUWLHV�DJUHHG�ZLWK�IXUWKHU�RSSRUWXQLW\�IRU�
GLVFXVVLRQV�IRU�WKH�'RXEOH�3K'�'HJUHH�3URJUDP���
�DF�+XQJ�+DL�,UULJDWLRQ�6\VWHP%؟++%�
�
�
�

�  

�  

ŷƋƈŃśƗƋŃŸŪŶŤŶŃŶƈƐƌƑƄƕŃŃŃŃŋŰƄƜŃŕŗŌŃ
ŋŅŷŲťŬŷŤŷŨńŃżƒƘƑƊŃŤƐƅƄƖƖƄƇƒƕŃųƕƒƊƕƄƐƼŝŃŵƈƖƈƄƕƆƋŃŬƑƗƈƕƑƖƋƌƓŃŵƈƓƒƕƗŌŃ Ń
��)RXU�VWXGHQWV�LQWURGXFHG�WKHLU�UHVHDUFK�LQWHUQVKLS�UHSRUWV�WR�D�WRWDO�RI����DXGLHQFHV�LQFOXGLQJ��
���VWXGHQWV�����WHDFKLQJ�DQG�RWKHU�VWDIIV�DQG���UHSUHVHQWDWLYHV�IURP�,QGXVWU\�6XEFRPPLWWHH
����
7KH\�YLYLGO\�GHVFULEHG�WKH�UHDOLW\�RI�UHVHDUFK�FLUFXPVWDQFHV�WKH\�H[SHULHQFHG�RYHUVHDV��VRPH��
WLSV�DQG�XQH[SHFWHG�WURXEOHV�LQ�FRPPXQLFDWLRQ�ZLWK�DGYLVRUV�GXULQJ�WKH�LQWHUQVKLS�SHULRG��DQG��
KRZ�WR�LPSURYH�WKHPVHOYHV�ZLWK�WKH�H[SHULHQFHV�LQ�WKH�IXWXUH��,Q�DGGLWLRQ��WKH�VWXGHQWV�KDG�DQ��
RSSRUWXQLW\�WR�EH�LQIRUPHG�RI�WKH�LQGXVWULDO�IHDWXUHV�DQG�RSHUDWLRQV�E\�ILYH�UHSUHVHQWDWLYHV�RI�,QGXVWU\�6XEFRPPLWWHH��$W�WKH�HQG�RI�
WKH�VHPLQDU��WKH�UHSUHVHQWDWLYHV�DQG�RXU�VWXGHQWV�KDG�D�WLPH�IRU�FDQGLG�DQG�VKDUS�GLVFXVVLRQ�RQ�WKH�IHDWXUHV�RI�H[SHFWHG�HPSOR\HHV�DW�
WKH�EXVLQHVV�VFHQHV����

ŃŬŦŐŪŸŔŕŃŬƑƉƒƕƐƄƗƌƒƑŃŃ
Ń
! ŲƆƗőŃŔŗŐŕřŃōŬƑƗƈƕƑƄƗƌƒƑƄƏŃ

ŦƒƑƉƈƕƈƑƆƈŃƒƑŃŦƏƌƐƄƗƈŃ
ŦƋƄƑƊƈŃŋŬŦŦŦŌŃƚƄƖŃƋƈƏƇŃƚƌƗƋŃ
ŶƈƅƈƏƄƖŃŰƄƕƈƗŃŸƑƌƙƈƕƖƌƗƜŃ
ŋŬƑƇƒƑƈƖƌƄŌŃŃŃŃ

! űƒƙőŃŚŐŜŃōŷƋƈŃƇƈƏƈƊƄƗƌƒƑŃƒƉŃ
ŶƈƅƈƏƄƖŃŰƄƕƈƗŃŸƑƌƙƈƕƖƌƗƜŃƓƄƌƇŃ
ƄŃƆƒƘƕƗƈƖƜŃƙƌƖƌƗŃƗƒŃƗƋƈŃƓƕƈƖƌŐ
ƇƈƑƗŃƒƉŃŪƌƉƘŃŸƑƌƙƈƕƖƌƗƜőŃ�
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ᯝࠊMEM ኚᩘ࡜⎔ቃ᮲௳ࡀ஫࡟❧⊃࡟࠸ㄝ᫂ࡓࡋ✀⤌ᡂࡢኚືࡢ๭ྜࢀࡒࢀࡑࡣ 10.0㸣࡜
3.5㸣࡛ࠊMEMኚᩘ࡜⎔ቃ᮲௳ࡀඹ㏻࡛ㄝ᫂ࡣࡢࡓࡋ 13.5㸣࡛ࠋࡓࡗ࠶⦾Ṫయࡢศᩓ࡜⎔ቃ
᮲௳࡟ᛂࡓࡌ✀㑅ูࡢ୧᪉ࡀ✀⤌ᡂ࡟ᙳ㡪ࡀ࡜ࡇࡿ࠸࡚ࡋ♧၀ࠋࡓࢀࡉᲴ⏣␏␁ࡣ ⏕ᚤࡢࡘ2
⫱ᆅࣉ࢖ࢱ㸦ᩳ㠃࡟ࢀࡑ࡜㞄᥋ࡓࡋᖹᆠ㠃㸧࡟༊ศࠊࢀࡉNMDS ࡸࡣᵓᡂ✀ࡢ⪅୧ࠊᯝ⤖ࡢ
㧗ࡸࡸࡀฟ⌧㢖ᗘࡢከᖺⲡࡣ㠃࡛ᩳ࠸࡞ࡅཷࢆ஘᧠ࡢ௨እࡾⲡสࠋࡓࢀࡉ♧ࡀ࡜ࡇࡿ࡞␗ࡸ

ࡋඃ༨ࡀኟ⏕୍ᖺⲡࡣᖹᆠ㠃࡛ࡿࡅཷࢆ㋃ᅽࡸᅵተ᧠஘࠺క࡟ಟసᴗ㸧⿵ࡢ␁␏㸦ࡾሬ␏ࠊࡃ

 ࠋࡓ
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⩌㞟ᵓ㐀ࡢㄪᰝྠ࡜᫬ࠊ࡟Ჴ⏣␏␁࡛ⲡสࡾᙉᗘࢆ᧯సࡿࡍᐇ㦂ࢆ 3ᖺ㛫⥅⥆ࠋࡓࡋ௨ୗࡢ
3ฎ⌮ࢆタࠋࡓࡅ㸦a㸧 0 cm༊㸸49ࠊ8ࠊ7ࠊ5ࠊ᭶࡟ⲡสࡾ㧗0 cm࡛ⲡสࠊࡣࢀࡇࠋࡓࡗ⾜ࢆࡾ
9ࠊ8ࠊ7ࠊ㧗0 cm࡛ࡾⲡส࡟5᭶ࠊ㸦b㸧10 cm༊㸸4ࠋࡿ࠶᪉ἲ࡛ࡾⲡส࡞ⓗ⾜័ࡢ⏣Ჴࡢࡇ
᭶ࡣ࡟ⲡสࡾ㧗10 cm࡛ⲡสࠋࡓࡗ⾜ࢆࡾ㸦c㸧 2ᅇ༊㸸ⲡสࡾ㧗 0 cm࡛ᖺ2ᅇ㸦4᭶5࡜᭶㸧
ⲡสࠋࡓࡗ⾜ࢆࡾⲔⲡሙ࡜Ჴ⏣␏␁ࡢᣦᶆ✀ศᯒࡢ⤖ᯝࢆ㋃ࡢࡇ࡚࠼ࡲᐇ㦂ࡢ⤖ᯝ᳨ࢆウࡓࡋ

ࡣ࡝࡞࢚ࣄࣀ࣓ࢬࢫࠊࡕ࠺ࡢ✀ᣦᶆࡢ␁␏⏣Ჴࠊࢁࡇ࡜ 0 cm༊࡛ࢢࢼࣈࢥࡸࢦ࣐ࣀࢿࢶ࢟ࠊ
 ࠋࡓࡗ࠿ࡁ኱ࡀcm༊࡛⿕ᗘ 10ࡣ࡝࡞ࢧ
ศᕸࡢ≀እ᮶᳜ࠊࡵࡓࡓࢀࡉㄆ☜ࡀ౵ධࡢ≀㒊࡛እ᮶୍᳜ࡢⲔⲡሙࠊ࡛⛬㐣ࡢㄪᰝࡢࡽࢀࡇ

Ⲕⲡሙ඲య࡛ࠋࡓࡋゎᯒࢆ 8⛉ ᒚṔࡢⲔⲡሙ㸦⪔స࠸㛗ࡢṔྐࠋࡓࡋ⌧ฟࡀ≀እ᮶᳜ࡢ✀16
ࡣⲔⲡሙ㸧ࡓࡁ࡚ࢀࡉ㛗ᖺ⥔ᣢࡀⲡཎࡃ↓ࡀ Ⲕࡓࡋ❧ᡂ࡟Ⲕⲡሙ㸦Ჴ⏣㊧ᆅࡢᲴ⏣㊧ᆅࠊ✀3
ⲡሙ㸧ࠋࡓࡗ࠶࡛✀14ࡣ㝵ᒙ⥺ᙧࣔࢆࣝࢹసᡂࢆࢱ࣮࣓ࣛࣃࡢࡑࡋ㝵ᒙࢬ࢖࣋ἲ࡛᥎ᐃ࡜ࡓࡋ
ࢿࡧࡼ࠾ࣖ࢞ࢱࢼࢠࢼࠊᩘ✀ࡢ≀እ᮶᳜ࡢࡾࡓ࠶ࢺ࣮ࣛࢻࢥࠊ࡜㓟ែ❅⣲ྵ㔞◪ࡢᅵተࠊࢁࡇ

ࡾࡓ࠶ࢺ࣮ࣛࢻࢥࠊࡣ㔞ྵ࣒࢘ࢩࣝ࢝ࡢᅵተࠋࡓࡗ࠶ࡀ㛵ಀࡢṇ࡟㛫ࡢ࡜⋠☜⌧ฟࡢࢠ࣒࣑ࢬ

ࠋࡓࡗ࠶࡟㛵ಀࡢṇ࡜⋠☜⌧ฟࡢࢠ࣒࣑ࢬࢿࡧࡼ࠾࢘ࢯࢳࢲ࣡࢔࢝ࢱ࢖ࢭࠊᩘ✀ࡢ≀እ᮶᳜ࡢ

ⲡෙࡢୖࡢ㛤✵⋡ࢯࣥࣂࢥ࣓ࣄࡧࡼ࠾ࢠ࣒࣑ࢬࢿࠊࣖ࢞ࢱࢼࢠࢼࠊ࢘ࢯࢳࢲ࣡࢔࢝ࢱ࢖ࢭࠊࡣ

ࡾࡓ࠶ࢺ࣮ࣛࢻࢥࡢ≀እ᮶᳜ࠊࡣⲔⲡሙ࡛ࡿ࠶ࡢసᒚṔ⪓ࠋࡓࡗ࠶࡟㛵ಀࡢṇ࡜⋠☜⌧ฟࡢ࢘

ࡗ࠿࡞ࢀࡽࡵㄆࡣᙳ㡪ࡿࡼ࡟✚㠃ࡢⲔⲡሙࠊ᪉୍ࠋࡓࡗ࠿㧗ࡶ࡜⋠☜⌧ฟࡢ≀እ᮶᳜ྛࠊᩘ✀

 ࠋࡓ
ᮏ◊✲ࡢ⤖ᯝࡢࡇࠊࡽ࠿ᆅᇦ࡛ࠊࡣⲡสࡾ᪉ἲࠊᅵተ᮲௳ࡧࡼ࠾᧠஘ࣞࡢ࣒࣮ࢪ㐪࡟࠸ᛂࡌ

ࡢᆅᇦࡢࡇࠋࡓࢀࡽ࠼⪄࡜ࡿ࠸࡚ࢀࡉᣢ⥔ࡀከᵝᛶ✀࠸㧗ࠊ࡛࡜ࡇࡿࡍ⫱⏕ࡀ✀ⲡᮏࡿ࡞␗࡚

✀ከᵝᛶࢆಖ඲ࠊࡵࡓࡿࡍⲔⲡሙ࡜Ჴ⏣␏␁ࢀࡒࢀࡑࢆ㐺ษ࡞ⲡสࡾ᪉ἲ࡛⥔ᣢࡿࡍᚲせ࠶ࡀ

ࡉ㧗ࠊࡃ࡞ࡣ࡛ࡅࡔࡾⲡสࡢcm 0ࡉ㧗࡞ⓗ⾜័ࠊࡣ࡛␁␏⏣Ჴࠋࡿ 10 cm⛬ᗘ࡛ⲡสࡿࡍࡾ
ሙᡤࢆタ⨨ࠊ࡛࡜ࡇࡿࡍᲴ⏣␏␁ࡢⲡᮏ✀ࢆຠ⋡ⓗ࡟ಖ඲࡛ࠋ࠺ࢁࡔࡿࡁⲔⲡሙ࡛ࠊࡣ⎔ቃ᮲

ಖ☜ࢆศᩓࡢ✀ⲡᮏࠋࡿ࠶ࡀᚲせࡘಖࢆ୙ᆒ୍ᛶࡢ௳ቃ᮲⎔ࠊࡋಖ඲ࢆሙᡤࡢᩘ「ࡿ࡞␗ࡀ௳

ࠊࡣሙᡤ࠸㧗ࡀ㔞ྵ࣒࢘ࢩࣝ࢝ࠋ࠸ࡋࡲᮃࡀ࡜ࡇࡿ࠸࡚ࡋ㏆᥋࡟࠸஫ࡀሙᡤࡿࡍಖ඲ࠊࡵࡓࡿࡍ

ከࡢࡃⲡᮏ✀ࡢ⏕⫱ᆅ࡛ྠࠊࢀࡽ࠼⪄࡜ࡿ࠶᫬࡟እ᮶᳜≀ࡢ౵ධࡶ࡜ࡇ࠸ࡍࡸࡅཷࢆ♧၀ࢀࡉ

 ࠋࡓࢀࡽ࠼⪄࡜ඃඛᆅࡢ⌮⟶✀እ᮶ࡣሙᡤ࠸㧗ࡀ㔞ྵ࣒࢘ࢩࣝ࢝ࠊࡽ࠿࡜ࡇࡢࡇࠋࡓ
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᰿ᅪ࡟ࢫࣞࢺࢫࣝࣛࢿ࣑ᛂ⟅᳜ࡿࡍ≀ᆅୖ㒊ࡢ 
㌿෗ኚື࡟㛵ࡿࡍ◊✲ 

㏆ᖺࡢேཱྀቑຍ࡟క࠺㣗ᩱၥ㢟ࡣᅜ㝿ⓗ࡞ㄢ㢟ࠋࡿ࠸࡚ࡗ࡞࡜㣗ᩱ㣚㣹ࢆゎỴࡾࡓ࠶࡟ࡿࡍస≀

ቑ⏘ࡀ୙ྍḞ࡛ࡀࡿ࠶ရ✀ᨵⰋࡿࡼ࡟༢఩཰㔞ࡢቑຍࡣぢ㎸ࡎࡵ⪔స㠃✚ᆅࡢᣑ኱ࡀᚲせ࡛ࡿ࠶

ᅉᏊࢫࣞࢺࢫ࡟ᅵተ୰ࠊࡋᏑᅾࡃᗈࡀ୙Ⰻᅵተࡣ࡟సྍ⬟ᅵተ⪓ࡢ⏺ୡࡋ࠿ࡋࠋࡿ࠸࡚ࢀࡽ࠼⪄࡜

ࡢ≀㎰సࠊ࠸క࡟Ⓨᒎࡢ⾡㎰ᴗᢏࡓࡲࠋࡿࡍ㜼ᐖࡃࡋⴭࢆ⫱⏕ࡢ≀స࡚ࡗࡼ࡟ࣥ࢜࢖࡞ࠎᵝࡿ࡞࡜

⏕⏘㔞ࡣቑ኱ࡢ⾜⌧ࠊࡀࡓࡋ㎰ᴗ᪉ἲࡣ࡟ᵝ࡞ࠎၥ㢟ࠋࡿ࠸࡚ࡌ⏕ࡀ໬Ꮫ⫧ᩱࡢᢞධࡣᅵተ⫧Ỻᗘ

࡞࡜ཎᅉࡢቃởᰁ⎔ࡢ࡝࡞₻㉥ࡸᅵተຎ໬ࡣ໬Ꮫ⫧ᩱᢞධ࡞㐣๫ࠊࡀࡍࡓᯝࢆᙺ๭࡞㔜せ࡟ᅇ᚟ࡢ

᪉࡛⎔ቃ୍ࡿࡍ๐ῶࡃࡁ኱ࢆປാຊࡢ㎰ᐙࡾ࠶⑓ᐖ㜵㝖ᡭἲ࡛࡞᭷ຠࡘ࠿౽⡆ࡣ⸆໬Ꮫ㎰ࡓࡲࠋࡿ

ởᰁࡸ⪏ᛶ⳦ࡢฟ⌧ࠊேయࡢ࡬೺ᗣ⿕ᐖࡀᠱᛕࠋࡿ࠸࡚ࢀࡉᅵተࢫࣞࢺࢫࣝࣛࢿ࣑ࡢ㐺ᛂ⬟ຊࡼ࠾

ࠊ᳜ࡋᣦ┠ࢆసฟࡢᙧ㉁㌿᥮᳜≀యࡓࢀࡉᙉ໬ࡣࡓࡲ௜୚ࡀᛶᶵᵓ⪏ࡧ ≀ᆅୖ㒊࡟ࢫࣞࢺࢫࡢᑐࡍ

ࢆᛂ⟅ᶵᵓࢫࣞࢺࢫࡣ㌿෗ゎᯒࡿࡍ࡜ࡵࡌࡣࢆ࢖ࣞ࢔ࣟࢡ࢖࣐ࠊ࡟ࡵࡓࡿࡵ῝ࢆゎ⌮ࡢ⟆㌿෗ᛂࡿ

ゎ᫂ࡾࡓ࠶࡟ࡿࡍ᭷ຠࠋࡿ࠶࡛ࢳ࣮ࣟࣉ࢔࡞ᮏ◊✲࡛࢖ࡧࡼ࠾ࢼࢬࢼࢾ࢖ࣟࢩࡿ࠶࡛≀᳜ࣝࢹࣔࡣ

ゎᯒ࣒࣮ࢺࣉࣜࢡࢫࣥࣛࢺẚ㍑ࡢయᆅୖ㒊≀᳜ࡿࡍᑐ࡟ࣥ࢜࢖᰿ᅪẘᛶࡧࡼ࠾ᰤ㣴Ḟஈࠊ࠸⏝ࢆࢿ

࡛ࣝ࣋㌿෗ࣞࢆ⑓ᐖ᢬ᢠㄏᑟᛶࡿࡼ࡟ ᭷⏝ᚤ⏕≀P.pinophilum sp YS-31 (௨ୗYS-31ᰴ)ࡧࡼ࠾
ホ౯࡟ࡽࡉࠋࡓࡋ㌿෗ゎᯒࡢ≀᳜࡟ࡶ࡜࡜ᰤ㣴≧ែ᳨ࢆᰝࡿࡍ㑇ఏᏊⓎ⌧ࡢ࣮࣮࣐࢝࢜࢖ࣂ㛤Ⓨࢆ

ヨࠋࡓࡳ 
ᰤ㣴Ḟஈ࡚ࡋ࡜NࠊPࡧࡼ࠾Kࠊ᰿ᅪẘᛶ࡚ࡋ࡜ࣥ࢜࢖AlࠊCdࠊCuࠊNaClࠊ࠸⏝ࢆỈ⪔᱂ᇵ
⣔ࡿࡼ࡟᰿ᅪ㒊ࢫࣞࢺࢫࡢ࡬ฎ⌮ࠊ࠸⾜ࢆRNAࢆᢳฟࡧࡼ࠾࢖ࣞ࢔ࣟࢡ࢖࣐ࡋᐃ㔞ⓗRT-PCR࡟
฼⏝ࠋࡓࡋᰤ㣴Ḟஈฎ⌮ࢿ࢖ࡧࡼ࠾ࢼࢬࢼࢾ࢖ࣟࢩࡓࡗ⾜ࢆᆅୖ㒊࢖ࣞ࢔ࣟࢡ࢖࣐ࡢゎᯒࠊࡾࡼNࠊ
P ࡣࡓࡲ K Ḟஈࡿࡼ࡟Ⓨ⌧ㄏᑟ㑇ఏᏊࢫࣞࢺࢫࢀࡒࢀࡑࡣ≉␗ⓗ࡞ᛂ⟅ุࡀ࡜ࡇࡿ࠸࡚ࡋ♧ࢆ᫂
ࡀ㓝⣲㑇ఏᏊࡿࢃ㛵࡟௦ㅰࡸ㑇ఏᏊ࣮ࢱ࣮࣏ࢫࣥࣛࢺࡣ࡟⩌PḞஈⓎ⌧ㄏᑟ㑇ఏᏊࡣࡓࡲNࠋࡓࡋ
≉ᐃࠋࡓࢀࡉ᭦࡟஧ḟ௦ㅰ⏘≀࡟㛵୚ࡿࡍ㑇ఏᏊࡀከࠊࡾ࠾࡚ࢀࡲྵࡃᰤ㣴Ḟஈࡿࡼ࡟௦ㅰࡢᨩ஘

࡟⣽⬊ቨࡧࡼ࠾ᾐ㏱ᅽࡣK࡛ࡓࡲࠋࡓࢀࡉ၀♧ࡀᛶ⬟ྍࡿ࠸࡚ࡌ⏕ࡀࢫࣞࢺࢫᆅୖ㒊࡛㓟໬ࡾࡼ࡟
㛵㐃ࡿࡍ㑇ఏᏊ⩌ࡀኚືࠋࡓ࠸࡚ࡋNࡣࡓࡲPḞஈ࡟≉␗ⓗ࡟Ⓨ⌧ㄏᑟࡣࡓࡲᢚไࡿࡍ㑇ఏᏊࢆ≉
ᐃ࣮࣮࣐࢝࢜࢖ࣂࢆࡽࢀࡇࠊࡋ㑇ఏᏊࡢ≀᳜࡚ࡋ࡜ᰤ㣴≧ែࢆホ౯࡛࠿ࡿࡁᐃ㔞ⓗ RT-PCR ࡛☜
ㄆࢫࣞࢺࢫࡿ࡞␗ࠋࡓࡋฎ⌮ᮇ㛫ࠊ⏕㛗ᮇ㛫ࡧࡼ࠾᱂ᇵ᮲௳ୗ᳜ࡢ≀య࣮࣮࣐࢝࢜࢖ࣂࡢ㑇ఏᏊࡢ

Ⓨ⌧㔞ࢆ ᐃࠊࢁࡇ࡜ࡓࡋNࡧࡼ࠾PḞஈฎ⌮᳜≀࡛㧗࠸≉␗ᛶࡧࡼ࠾⢭ᗘ᳨࡛ᰝࡁ࡛ࡀ࡜ࡇࡿࡍ
࡟ࣥ࢜࢖ࡢ✀4ࡣ࡛ࢢࣥࣜ࢖࢓ࣇࣟࣉ࣒࣮ࢺࣉࣜࢡࢫࣥࣛࢺࡓ࠸⏝ࢆࢫࣞࢺࢫࣥ࢜࢖᰿ᅪẘᛶࠋࡓ
ඹ㏻࡚ࡋᙉㄏᑟࡿࢀࡉ㑇ఏᏊ⩌࡟ᾐ㏱ᅽ⪏ᛶ࡜ FeḞஈㄏᑟ㑇ఏᏊࣥ࢜࢖ྛࠋࡓ࠸࡚ࢀࡲྵࡀ≉␗
ⓗⓎ⌧ㄏᑟ㑇ఏᏊࠊ࡚ࡋ࡜Al࡛ࡣ STOP1ୗὶ㑇ఏᏊALS3ࡸPGIP1ࠊ㔜㔠ᒓ࡛ࡿ࠶Cdࡣࡓࡲ

!!"!



Cu࡛ࡣඹ㏻࡚ࡋ஧ḟ௦ㅰ⏘≀ࡸ⑓ᐖᛂ⟅ᛶ㑇ఏᏊࠊNaCl࡛ࡣDREB2Aࡢ࡝࡞ᾐ㏱ᅽࢫࣞࢺࢫᛂ
⟅㑇ఏᏊࡢⓎ⌧ㄏᑟࡀ☜ㄆࡓࡲࠋࡓࢀࡉඹⓎ⌧㑇ఏᏊࢡ࣮࣡ࢺࢵࢿゎᯒࠊࢁࡇ࡜ࡓࡗ⾜ࢆᾐ㏱ᅽࢫ

ࠋྛࡓࡗ࡞࡜࠿ࡽ᫂ࡀ࡜ࡇࡿ࠸࡚ࡋᙧᡂࢆࢡ࣮࣡ࢺࢵࢿࡀ㑇ఏᏊࡿࢀࡉㄏᑟ࡛ࢫࣞࢺ ␗≉࡛ࣥ࢜࢖

ⓗ࡟ᙉㄏᑟࡓࢀࡉ㑇ఏᏊࢆ୙Ⰻᅵተ࡛ࢫࣞࢺࢫ≧ែୗ࡚ࡋ࡜࣮࣮࣐࢝࢜࢖ࣂࡿࡍุ᩿ࢆ࠿ࡿ࠶࡟

฼⏝࡛ࢆ࠿ࡿࡁᐃ㔞ⓗ RT-PCR ࡛ホ౯ࡢࡑࠋࡓࡋ⤖ᯝ࡛ࢫࣞࢺࢫྛࠊ≉␗ⓗࡘ࠿㧗࠸⢭ᗘࡋ♧ࢆ
㓟ᛶࡀ࣮࣮࣐࢝࢜࢖ࣂ⟆Al≉␗ⓗᛂࠊᆅୖ㒊࡛ࢼࢬࢼࢾ࢖ࣟࢩࡓࡋ⫱⏕㓟ᛶᅵተ࡛࡟ࡽࡉࠋࡓ࠸࡚
ᅵተ㞀ᐖࢆホ౯᳨࡛࠿ࡿࡁドࠋࡓࡋ▼⅊ῧຍࡀᑡ㔞ࡢ㓟ᛶᅵተฎ⌮༊࡛ࡣ୰ᛶᅵተࡧࡼ࠾▼⅊ῧຍ

࡟ῧຍ⅊▼ࠊࡁㄆ࡛☜ࡀ࡜ࡇ࠸㧗ࡀⓎ⌧㔞ࡢ㑇ఏᏊ࣮࣮࣐࢝࢜࢖ࣂࡶࡾࡼ㓟ᛶᅵተฎ⌮༊ࡢከ㔞ࡀ

 ࠋࡓࢀࡉ♧ࡀᛶ⬟ྍࡿ࡞࡜ᣦᶆࡿ࠸࡚ࡋ࿴⦅ࡀ㓟ᛶᅵተ㞀ᐖࡢ≀୰ᛶ໬࡛᳜ࡢᅵተࡿࡼ
YS-31ᰴࢿ࢖ࡣ⑓ᐖࡢⓎ⑓ࢆᢚṆࡽ࠿࡜ࡇࡿࡍᚤ⏕≀㈨ᮦ࡚ࡋ࡜ᮇᚅࡿ࠸࡚ࢀࡉ㸬ࡋ࠿ࡋ㑇ఏᏊ
ࢬࢼࢾ࢖ࣟࢩࡧࡼ࠾ࢿ࢖ࡓࡏࡉឤᰁࢆYS-31ᰴࠋ࠸࡞࠸࡚ࢀࡉゎ᫂ࡣ኱ᢚṆᶵᵓ⛊ࡢࡑࡣ࡛ࣝ࣋ࣞ
ࢀࡒࢀࡑࠊࡣࢼ PR family ࡸ஧ḟ௦ㅰ⏘≀ྜᡂ㓝⣲ࠊάᛶ㓟⣲㝖ཤ㑇ఏᏊࡓࡗ࠸࡜⑓ᐖᛂ⟅ᛶ㑇
ఏᏊࡀⓎ⌧ㄏᑟࡀ࡜ࡇࡿ࠸࡚ࡋ᫂ࠋࡓࡗ࡞࡜࠿ࡽYS-31ᰴ᥋✀ࡾࡼ࡟ᗈ⠊࡞⑓ᐖ᢬ᢠᛶ㑇ఏᏊࢆㄏ
ᑟࠊࡽ࠿࡜ࡇࡿ࠸࡚ࡋYS-31ᰴࢆ✀ࡓࡲࠊࡾ࠶࡛ࢫࢡ࢕ࢸ࢜࢖ࣂࣟࣉ≀᳜ࡣ㉸࡚࠼⑓ᐖ᢬ᢠᛶࢆά
ᛶ໬ࡓࢀࡉ♧ࡀ࡜ࡇࡿࡍ㸬 
ᮏ◊✲࡛ࡣẚ㍑࣒࣮ࢺࣉࣜࢡࢫࣥࣛࢺゎᯒࡢࢫࣞࢺࢫࣝࣛࢿ࣑ࡢ≀᳜ࡓ࠸⏝ࢆศᏊ⏕⌮Ꮫⓗᛂ

࢖ࣂ⌧㑇ఏᏊⓎࡓࡲࠋࡓࡁ࡛ࡀ࡜ࡇࡿᚓࢆぢ▱ࡢᛂ⟅ᶵᵓࡢࢫࣞࢺࢫྛࡾࡼࢢࣥࣜ࢖࢓ࣇࣟࣉࡢ⟆

ࡾࡓ࠶࡟ࡿࡍ⌧ᐇࢆቃప㈇Ⲵ㎰ᴗ⎔࡜ᣢ⥔ࡢస≀⏕⏘㔞ࠊࡣࢫࢡ࢕ࢸ࢜࢖ࣂࣟࣉ≀᳜࡜࣮࣮࣐࢝࢜

㈉⊩ࡿࡍᡭἲྍࡿ࡞࡟⬟ᛶࢆ࡜ࡇࡿ࠶ࡀ♧၀ࠋࡓࡋ 
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㣗ရᡂศࡿࡼ࡟኱⭠ෆ⎔ቃࡢ⥔ᣢ࡜ᨵၿ 

ᖹᡂ 24ᖺᗘࡢ᪥ᮏேࡢṚᅉࡣᝏᛶ᪂⏕≀ࡶ᭱ࡀከࡃ㸪኱⭠ࡢࢇࡀṚஸ⋡ࡣ⏨ᛶ࡛ 3఩㸪ዪᛶ࡛
⪄ࡀኚ໬ࡢ኱⭠ෆ⎔ቃࡿࡼ࡟Ḣ⡿໬ࡢ㣗࡚ࡋ࡜ཎᅉࡢቑຍࢇࡀ⭠኱ࡢ㏆ᖺࡓࡋ࠺ࡇࠋࡿ࠶1఩࡛ࡣ
࣑ࣥࢱࣅࡣ⋠Ⓨ⑕ࡢࢇࡀ⭠኱ࡣ࡟␿Ꮫⓗࠋࡿࢀࡽ࠼ B6㸦B6㸧ࡸ㣗≀⧄⥔ࡢ࡝࡞ᦤྲྀቑຍࡾࡼ࡟ప
ῶ໬ࡀ࡜ࡇࡿࡍሗ࿌ࡀࡿ࠸࡚ࢀࡉ㸪ࡢࣥࣉࣥࢹᦤྲྀቑຍࡿࡼ࡟పῶ໬ࡶㄆࡋ࠿ࡋࠋࡿ࠸࡚ࢀࡽࡵ㸪

኱⭠ෆ⎔ቃ࡟ཬࡍࡰB6ࡢࢻ࢖ࢥࢼ࣑ࣝ✀ྛࡧࡼ࠾ᦤྲྀຠᯝࡢ࡚࠸ࡘ࡟▱ぢࡣஈ࡛ࡇࡑࠋ࠸ࡋ㸪 B6
 ࠋࡓࡗ⾜ࢆᐇ㦂࡚࠸ࡘ࡟ຠᯝࡍࡰཬ࡟኱⭠ෆ⎔ቃᨵၿࡀࢻ࢖ࢥࢼ࣑ࣝࡢࠎ✀ࡧࡼ࠾
㸪୍࡚࠸ࡘ࡟ᙳ㡪ࡍࡰཬ࡟኱⭠ෆ⎔ቃࡀB6ᦤྲྀࡢࣝ࣋ࣞࡿ࡞␗㸪ࡣ࡛❶2➨ 㐃ࡢᐇ㦂ࠋࡓࡗ⾜ࡀ

㸪B6ࡿࡅ࠾࡟⢭〇㣫ᩱᦤྲྀ᮲௳ୗࡢ㸪㏻ᖖࡎࡲ ῧຍࣞࡢࣝ࣋ẁ㝵ⓗ࡞ቑຍࡢᙳ㡪ࡢ࡚࠸ࡘ࡟ᐇ㦂
ሷ㓟ሷ㸦PN-HCl㸧/ kg㣫ᩱ㸪ղ7 mg PN-HCl / kgࣥࢩ࢟ࢻࣜࣆձ1 mgࢆࣝ࣋㣫ᩱ୰B6ࣞࡣ࡛
㣫ᩱ㸪ճ35 mg PN-HCl / kg㣫ᩱ୕ࡢẁ㝵ྵࡴ㣫ᩱ࡟ࢺࢵࣛࢆ㣗ࡏࡉ࡭㸪኱⭠ෆ⎔ቃࡢ࡬ᙳ㡪ࢆㄪ
࡛௳㧗B6㣫ᩱ᮲ࡀ㏻ᖖ㣫ᩱ᮲௳㸪ճࡀB6ᚲせ㣫ᩱ᮲௳࡛㸪ղࡢప㝈᭱࡞ᚲせ࡟ᡂ㛗ࡣձࠋࡓ࡭
࣋ᯝ㸪㧗ࣞ⤖ࡢࡑࠋࡿ࠶  ࣝ B6㣫ᩱࡢࢺࢵࣛࡀᒀ୰p-ࢆ࣮ࣝࢰࣞࢡ᭷ព࡟ᢚไࡋ㸪⭠ෆࡢ⭉ᩋⓎ㓝
㸪ࡵࡓࡿࡵ࠿☜࡟ࡽࡉࢆຠᯝࡢB6㣫ᩱࣝ࣋㧗ࣞࡢࡑ㸪ࡓࡲࠋࡓࡗ࠿ศࡀ࡜ࡇࡿࡁᮇᚅ࡛ࢆᢚไࡢ
㏻ᖖ⢭〇㣫ᩱ࣮ࣝࣀ࢙ࣇ࡟໬ྜ≀๓㥑యࢆࣥࢩࣟࢳࡢῧຍࡾࡼ࡟࡜ࡇࡿࡍᐇ㦂ⓗ࡟኱⭠ෆ⎔ቃࢆ

ᝏ໬ࡶ⩌ࡓࡏࡉタࡅ㸪㣫ᩱ୰B6ࣞ7ࢆࣝ࣋ mg PN-HCl / kg㣫ᩱ35࡜ mg PN-HCl / kg㣫ᩱࡢ஧
ẁ㝵࡟ㄪᩚࡢ✀4ࡓࡋ㣫ᩱ࡟ࢺࢵࣛࢆᢞ୚࡚ࡋẚ㍑ࡢࣥࢩࣟࢳࠋࡓࡋῧຍࡾࡼ࡟㸪┣⭠ෆᐜ≀୰ࣇ
ࡢࣝ࣋㸪㣫ᩱ୰B6ῧຍࣞࡣ໬ྜ≀㔞࣮ࣝࣀ࢙ࣇෆᐜ≀୰⭠┣ࠋࡓࡋቑຍ࡟᭷ពࡀ≀໬ྜ࣮ࣝࣀ࢙
ቑຍࡾࡼ࡟㸪᭷ព࡞ప໬ࡀぢࠋࡓࢀࡽᒀ୰࡛ࡣ㸪ῶᑡഴྥ࡛ࠋࡓࡗ࠶B6 ᦤྲྀࡢቑຍࡿࡼ࡟㸪┣⭠
ᢪྜయ࡜㐟㞳ᆺࡣ࡟≀໬ྜ࣮ࣝࣀ࢙ࣇࡀࡓࡗ࠿࡞ࡣ㢧ⴭ࡛ࡀῶᑡࡢ≀໬ྜ࣮ࣝࣀ࢙ࣇᒀ୰ࡧࡼ࠾

㸪ࡾࡼ࡟࡜ࡇࡿࡍᏑᅾ࡟ࡽࡕ࡝㸪࠿㸪ᢪྜయ࠿㸪㠀ᢪྜయࡽ࠿࡜ࡇ࠸పࡀẘᛶࡣ㸪ᢪྜయ࡛ࡾ࠶ࡀ࡜

ẘᛶࡀ㐪࠺࠸࡜࠺Ⅼࡽ࠿㸪ࡓࡋ࠺ࡇほⅬࡽ࠿B6ࡢከ㔞ᦤྲྀࡀ኱⭠ෆ⎔ቃ࡬ཬࡍࡰຠᯝࢆㄪࡇࡿ࡭
ᐇ㦂ࠋࡓࡅศ࡟mg PN-HCl /kg㣫ᩱᮇ㛫 35࡜mg PN-HCl /kg㣫ᩱᮇ㛫 7ࡣヨ㦂ᮇ㛫ࠋࡓࡋ࡜࡜
ࢆ⩌㸲ࡢ⩌ᢞ୚ཱྀ⤒࣮ࣝࢰࣞࢡ-ᢞ୚⩌㸪pཱྀ⤒࣮ࣝࣀ࢙ࣇῧຍ⩌㸪ࣥࢩࣟࢳ㸪⩌࣮ࣝࣟࢺࣥࢥࡣ⩌
タ࣮ࣝࣀ࢙ࣇࠋࡓࡅ໬ྜ≀ࡢ㈇Ⲵ㔞ࡣ㸪๓ᐇ㦂ࣥࢩࣟࢳࡿࡅ࠾࡟ᢞ୚⩌୍ࡀࢺࢵࣛࡢ᪥ᙜࡾࡓᒀ୰

໬࣮ࣝࣀ࢙ࣇࡢ୰⭠┣ࡣ࡛⩌ῧຍࣥࢩࣟࢳᯝ㸪⤖ࡢࡑࠋࡓࡋ࡜໬ྜ≀┦ᙜ㔞࣮ࣝࣀ࢙ࣇࡿࡍ᤼ἥ࡟

ྜ≀㔞ࡀ᭷ព࡟ቑຍࡀࡓࡋ㸪 ⤒ཱྀᢞ୚⩌ࡣ࡚࠸࠾࡟㸪඲ࡃቑຍࡀぢࠋࡓࡗ࠿࡞ࢀࡽB6ῧຍࡢຠᯝ
㸪ࡶ࡚࠸࠾࡟ሙྜࡢ࡝㸪ࡓࡲࠋࡓࡵㄆࢆపῶ໬ຠᯝ࡞᭷ពࡶ࡚࠸ࡘ࡟✀≀໬ྜ࣮ࣝࣀ࢙ࣇࡢ࡝㸪ࡣ

B6ᙉ໬ࡢሙྜ࡟ᢪྜయࡢ๭ྜࡀ㧗ࡾ࠾࡚ࡗ࡞ࡃ㸪paired t-test᳨ᐃࡢ⤖ᯝ࡛ࡣ㸪࣮ࣝࣀ࢙ࣇ໬ྜ
≀ᢪྜయࡢ᤼ἥ๭ྜࡀ㸪B6 ᦤྲྀ㔞ࡢቑຍࡾࡼ࡟㸪᭷ព࡞ቑຍࠋࡓࡋ♧ࢆ௨ୖࡢ⤖ᯝࡾࡼ࡟㸪㣫ᩱ
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B6 ≀໬ྜ࣮ࣝࣀ࢙ࣇࡢᒀ୰ࡧࡼ࠾㸪┣⭠ෆᐜ≀୰ࡾࡼ࡟ᢚไࡢ㸪኱⭠୰⭉ᩋⓎ㓝ࡣቑຍࡢࣝ࣋ࣞ
㔞ࡢῶᑡ࡟ຠᯝࡓࡲࠋࡓࡗ࠶ࡀ㸪㣫ᩱB6ࣞࡢࣝ࣋ቑຍࡾࡼ࡟㸪࣮ࣝࣀ࢙ࣇ໬ྜ≀ᢪྜయࡢ๭ྜࡀ
᭷ព࡟ቑຍࡢࡇࠋࡓࡋ஧ࡢࡘⅬࡽ࠿㸪㣫ᩱB6ࣞࡢࣝ࣋ቑຍࡣ㸪኱⭠ෆ⎔ቃᨵၿຠᯝࡀᮇᚅ࡛ࡿࡁ
 ࠋࡓࡋ࡟࠿ࡽ᫂࡜ࡇ
� ࡢ㈇࡚ࡋᑐ࡟Ⓨ⑕ࣥ࢞⭠኱ࡣᦤྲྀ㔞ࡢࣥࣉࣥࢹࡸ⥔⧅≀㸪㣗ࡾࡼ࡟ᯝ⤖✲◊ࡢࡽ㸪Cassidyࡓࡲ
┦㛵ࢆᣢࡾ࠾ࢀࡉ♧ࡀ࡜ࡇࡘ㸪኱⭠ෆ⎔ቃࡢᨵၿࡀᮇᚅ࡛ࢀࡑࠋࡿࡁᨾ㸪Ỉ⁐ᛶ㣗≀⧄⥔㸦SDF㸧
 ࠋࡓࡗ⾜ࢆᐇ㦂ࡢ㸪୍㐃࡚࠸ࡘ࡟ᙳ㡪ࡍࡰཬ࡟኱⭠ෆ⎔ቃࡀ㸦RS㸧ࢳ࣮ࢱࢫࢺࣥࢱࢫࢪࣞ࡜
� ࡜㸦HAS㸧ࢳ࣮ࢱࢫࢫ࣮࣑ࣟ࢔࢖ࣁࡿ࠶㸪RS࡛ࡣࡎࡲ SDF࡛ࡢࣥࣜࢾ࢖ࡿ࠶ᦤྲྀቑຍࡀ㧗ࢳ
ࡣᐇ㦂࡛ࡢࡇࠋࡓࡗ⾜ࢆウ᳨࡚࠸ࡘ࡟ᙳ㡪ࡍࡰཬ࡟ෆ⎔ቃ⭠ࡓࡋᝏ໬ࡾࡼ࡟㣗㸦5㸣ῧຍ㸧ࣥࢩࣟ
㔜ྜᗘ8࡜㔜ྜᗘ162ࡢ✀㢮ࢆࣥࣜࢾ࢖ࡢ౑⏝ࠋࡓࡋῧຍ㔞࡚ࡋ࡜㸪኱⭠ෆⓎ㓝࡟ᐤ୚ࡿࡍSDF
ண᝿㔞࡚ࡋ࡜㸪 HASࢆ 20㸣㸪ྛ✀ࢆࣥࣜࢾ࢖ࡢ 3㸣⛬ῧຍࡢࡑࠋࡓࡋ⤖ᯝ㸪HASᦤྲྀ⩌࠸࠾࡟
≀ෆᐜ⭠┣ࡳࡢ࡚ pHࡢ᭷ព࡞పୗࡀㄆࠋࡓࢀࡽࡵHASᦤྲྀࡾࡼ࡟㸪┣⭠ෆᐜ≀୰ࡧࡼ࠾ᒀ୰ p-
㸪 HASࡣn-㓗㓟㔞ࡢ୰⭠┣ࠋࡓࡗ࠿࡞ࡋపୗࡣᦤྲྀ࡛ࣥࣜࢾ࢖㸪ࡀࡓࡋపୗ࡟᭷ពࡀ㔞࣮ࣝࢰࣞࢡ
ࡧࡼ࠾㸪HAS࡚ࡋ࡜ㄽ⤖ࠋࡓࡗ࠿ከ࡟8ᦤྲྀ⩌࡛᭷ពࣥࣜࢾ࢖࡜ IT8ࡣ㸪┣⭠ෆn -㓗㓟㔞ࢆቑࡸ
ࡢᒀ୰࡜㸪┣⭠ෆࡋ࠿ࡋࠋࡓࡋ p-࣮ࣝࢰࣞࢡ㔞ࢆపୗࡣࡢࡓࡏࡉ HASࠋࡓࡗ࠶࡛ࡳࡢHASࡀ኱
⭠ෆ⎔ቃ࡚࠸࠾࡟㸪ࡾࡼࣥࣜࢾ࢖㧗࠸ᨵၿຠᯝࢆ᭷ࢆ࡜ࡇࡿ࠸࡚ࡋ᫂ࠋࡓࡋ࡟࠿ࡽḟࡢᐇ㦂࡛ࡣ㸪

HAS ࡜ SDF 㸦KM㸧㸪HASࣥࢼ࣐ࣥࢡࣕࢽࣥࢥࡿ࠶࡛ ࡓࡋ⌮ฎ⇕‵ࢆ HMTS
㸦heat-moisture-treated high-amylase starch㸧ᦤྲྀቑຍࡀ㧗ࣥࢩࣟࢳ㣗ࡾࡼ࡟ᝏ໬ࡓࡋ⭠ෆ⎔ቃ
㸪ࡏࡉపୗࢆෆpH⭠┣ࡣࢻ࢖ࢥࢼ࣑ࣝࡢ࡚࡭ࡍᯝ㸪⤖ࡢࡑࠋࡓࡗ⾜ࢆẚ㍑࡚࠸ࡘ࡟ᙳ㡪ࡍࡰཬ࡟
┣⭠ෆෆᐜ≀ࡧࡼ࠾ᒀ୰࣮ࣝࣀ࢙ࣇ㔞ࡢᢚไࡶぢࡋ࠿ࡋࠋࡓࢀࡽ㸪p-ࡢ࣮ࣝࢰࣞࢡ᭷ព࡞పୗࡀぢ
ࠋࣝࡓࡗ࠿ศࡶ࡜ࡇ࠸㧗␒୍ࡀຠᯝࡢ㸪HAS࡚ࡋࡑࠋࡓࡗ࠶࡛ࡳࡢ⩌㸪RSᦤྲྀࡣࡢࡓࢀࡽ ࢥࢼ࣑

ࡽࢀࡇ㸪ࡋ⏘⏕ࢆ≀௦ㅰࡢࠎ✀㸪࡚ࢀࢃ౑࡟ྀ⳦ෆ⭠ࡀࢻ࢖ࢥࢼ࣑㸪ࣝࡣᨵၿࡢ኱⭠ෆ⎔ቃࡀࢻ࢖
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ࠎᵝࡢ௒ᚋࠊ࡚ࡋ࡜ࣝࢹࣔࡢゎᯒࢡ࣮࣡ࢺࢵࢿ㌿෗ࡢ௚ࡣᡭἲࡓ࠸⏝࡛✲◊ᮏࠊࡓࡲ

�ࠋࡿࡁ࡛ࡀ࡜ࡇࡿࡍ⏝㐺࡟✲◊⟆㌿෗ᛂ≀᳜ࡢሙ㠃࡛࡞
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ࢸࢫࢩ㸫ཷᐜయࣥࣔࣝ࣍ࡢ㛵㐃ᅉᏊ㸱㸧ࣥࣜࢫࣥ࢖㛵㐃ᅉᏊ㸦ࣥࢩ࢟

 [✲◊ࡿࡍ㛵࡟࣒
 
့ங㢮ࡢ⏕Ṫ㐣⛬ࡣከࣝࢼࢢࢩࡢࡃศᏊ࡚ࡗࡼ࡟ไᚚࡢࡽࢀࡑࠊ࡚࠸࡚ࢀࡉ㐺ษ࡞

ไᚚࡀ⦾Ṫ⬟ຊ᭱ࡢ㐺࡞⥔ᣢ࡟୙ྍḞ࡛ࣝࢼࢢࢩࡢࡽࢀࡇࠋࡿ࠶ศᏊࡢ୰࡛ࢱࣈࠊ⢭

ᕢࡢ F'1$ ⌧ࠊ㛵㐃ᅉᏊࣥࢩ࢟ࣛࣜࡓࢀࡉⓎぢࡾࡼ࡟ࢢࣥࢽ࣮ࣜࢡࢫࡢ࣮ࣜࣛࣈ࢖ࣛ

ᅾ࡛ࣥࣜࢫࣥ࢖ࡣᵝࢻࢳࣉ࣌�㸦,16/�㸧࡜࿧ࠊࡀࡿ࠸࡚ࢀࡤ⏕Ṫᶵ⬟ࡢไᚚ࡟㛵୚ࡍ

�/16,ࠊࡣ㞝࡛࡟ࡃ࡜ࠋࡓࡁ࡚ࢀࡉ၀♧ࡀ࡜ࡇࡿ ࠊࢀࡉ⏕⏘⢭ᕢ࡛ࡢங㢮့ࡢࠎ✀ࡣ

⢭ᕢୗ㝆࡟ᚲ㡲࡛ࠊࡋ࠿ࡋࠋࡿ࠶ᡂయ࡛ࡢࡑࡢᙺ๭ࡣゎ᫂㏵ୖࠊ࡟ࡃ࡜ࠋࡿ࠶࡟཯ⱄ

ᐙ␆࡛ࠋ࠸࡞࠸࡚ࡗ࠿ࢃ࡝ࢇ࡜࡯ࡣᮏ◊✲࡛16,ࠊࡣ/� ࡢ⌧Ⓨࡢ㸫ཷᐜయࣥࣔࣝ࣍ࡢ

ドᣐࢆ཯ⱄᐙ␆࡛㞝ࡢ⏕Ṫჾᐁࡧࡼ࠾⢭Ꮚ࡛ㄪࡢ�/16,ࡾࡼ࡟࡜ࡇࡿ࡭⏕⌮ᶵ⬟ࢆ᥈

⣴ࠊࡋຍࠊ࡚࠼ᮏࣥࣔࣝ࣍㸫ཷᐜయࡢ࣒ࢸࢫࢩ≉ᛶ࡟ᇶ࡙ࡁ㞝ᛶ཯ⱄᐙ␆ཷࡢ⢭⬟ຊ

�ࠋࡓࡋホ౯࡚࠸ࡘ࡟ᛶ⬟ྍࡿࡁデ᩿࡛ࢆ

�

ࣥࢩ࢟ࣛࣜࠊࡕࢃ࡞ࡍࠊᐜయཷࡢ�/16,ࡿࡅ࠾࡟㞝ᛶ⏕Ṫჾᐁࡢࢠࣖࠊࡣ࡛❶�➨

�3(;5࡜�/16,ࠊࡋᐃྠࢆ⬊ᶆⓗ⣽ࡿ࠸࡚ࡋ⌧Ⓨࢆᐜయ�㸦5;)3�㸧ཷࢻࢳࣉ࣮࣑࣌ࣜ࢓ࣇ

ࡢ࡬⬊ᶆⓗ⣽ࡸ࣮ࣥࢱࣃ⌧Ⓨ࠺క࡟⇍⢭ᡂࡢ ,16/� ࡼ࡟࡜ࡇࡿࡍ࡟࠿ࡽ᫂ࢆྜ⤖ࡢ

ࠋྲཱྀࡓ࡭ㄪࢆ⬟ᶵࡢ�/16,ࠊࡾ ᐜయ࡛ࢡࣃࣥࢱࡢ�3(;5ࡿ࠶㉁ࣞࡢࣝ࣋ゎᯒ3(;5ࠊࡣ࡟��

㑇ఏᏊࢆᑟධࡓࡋ+(.����⣽⬊࡛≉␗ⓗཷ࡟ᐜయࢆࡳࡢㄆ㆑ࡿࡍᢠయ16,ࠋࡓ࠸⏝ࢆ/�

ࣥࢱ࡜P51$ࡢ�/16,ࠋࡓ࠸࡚ࡋⓎ⌧ቑຍ࡟ࡶ࡜࡜㛤ጞࡢ᫓ᶵⓎືࡣP51$ࡢ��3(;5࡜

ࠊ୍ࢀࡉ⣽⬊᳨࡛ฟࣄࢵ࢕ࢹ࢖⢭ᕢࣛࡣ⌧Ⓨࡢ㉁ࢡࣃ ᪉ࡢ�3(;5ࠊP51$ࢡࣃࣥࢱ࡜㉁

ࡉࠋࡓࢀࡉṪ⣽⬊࡛ぢฟ⏕ࡢῶᩘศ⿣ᚋࡧࡼ࠾ῶᩘศ⿣ࠊ⬊⣽ࣄࢵ࢕ࢹ࢖ࣛࡣ⌧Ⓨࡢ

ࢀࡽࡵㄆࡀ⌧Ⓨࡶ࡛➽⁥ᖹࡧࡼ࠾⬊⣽⓶ୖࡢ⟶⢭ࡸ⢭ᕢୖయᑿ㒊ࡣᮏཷᐜయࠊ࡟ࡽ

�/16,ࠋࡓ 㣬࿴ࡘ࠿ⓗ␗≉࡛ࣥࣔࣝ࣍✀⬊⣽ࡸ⧊⤌ࡽࢀࡇࡃ㝖ࢆ⬊⣽ࣄࢵ࢕ࢹ࢖ࣛࡣ

ⓗࡢࡽࢀࡇࠋࡓࡗ࠿ࢃࡀ࡜ࡇࡿࡍྜ⤖࡟⤖ᯝࠊࡣᡂ⇍㞝ࣖࡍྜ⤖࡜�/16,࡚࠸࠾࡟ࢠ

࡞࡜⢭㊰ࡓࡲࠊ࡛⬊Ṫ⣽⏕ࡢῶᩘศ⿣ᚋࡧࡼ࠾ῶᩘศ⿣ࡣ⢭ᕢ࡛ࡀᐜయཷ࡞ᶵ⬟ⓗࡿ

ࣥࣔࣝ࣍�/⢭ᕢእ࡛,16ࡧࡼ࠾⢭ᕢෆࠊࡋ♧᫂ࢆ࡜ࡇࡿࡍᏑᅾࡶ࡟⟶⢭ࡸ⢭ᕢୖయࡿ

㸫ཷᐜయࡀ࣒ࢸࢫࢩస⏝ࢆ࡜ࡇࡿ࠸࡚ࡋ♧၀ࠋࡓࡋ�

�

➨㸰❶࡛࡟ࢠࣖࠊࡣຍࡢࢪࢶࣄࡧࡼ࠾ࢩ࢘ࠊ࠼⢭ᕢ࡜⢭Ꮚ࡛,16/ࣥࣔࣝ࣍ࡢ�㸫ཷ

ᐜయࡢ࣒ࢸࢫࢩᏑᅾࢆ᫂ࠊࡋ࡟࠿ࡽ㞝ഃࡓࡳࡽ࠿཯ⱄᐙ␆ཷࡢ⢭⬟ຊࡢண ᅉᏊࡋ࡜
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ࠊྲཱྀࢀࡉ⣽⬊᳨࡛ฟࣄࢵ࢕ࢹ ᐜయ5;)3ࣄࢵ࢕ࢹ࢖ࣛࡣ�⣽⬊࡜⏕Ṫ⣽⬊᳨࡛ฟࠋࡓࢀࡉ

⢭Ꮚࡢࢀࡎ࠸ࠊࢀࡉฟ᳨ࡶ࡚࠸࠾࡟⢭Ꮚࢠࣖࡧࡼ࠾ࢪࢶࣄࠊࢩ࢘ࡣᮏཷᐜయࠊ࡟ࡽࡉ

ࡋࠋࡓ࠸࡚ࡋᒁᅾ࡟୰∦㒊ࡿ࠶ࡢ㠧࢔ࣜࢻࣥࢥࢺ࣑࡜㉥㐨ᇦࡢ⢭Ꮚ㢌㒊ࡣ�3(;5ࡶ࡛
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ⱑ⏕⏘ᢏ࡞ຠ⋡ⓗࡓࡋᣦ┠ࢆ⏘⏕࿘ᖺከ཰ࡢ஝⇱ᆅᖏ࡛༙ࡢࢺ࣐ࢺ

 ✲◊ࡿࡍ㛵࡟㛤Ⓨࡢ⾡

ᮏ◊✲࡛ࡣ㸪୰ᮾ༙ࡢ஝⇱ᆅᖏࢺ࣐ࢺ࡚࠸࠾࡟㸦Solanum lycopersium L㸧ࡢ࿘ᖺ⏕⏘ࢆ┠ᣦࡍ
㸪࿘ࡣ࡟ࡵࡓࡍᣦ┠ࢆ⏘⏕࿘ᖺ࡛ࢫ࢘ࣁ࠸࡞ࡢ⨨㸬⎔ቃไᚚ⿦ࡓࡗ⾜ࢆ㛤Ⓨࡢ⾡ⱑ⏕⏘ᢏ⫱ࡢࡵࡓ

ᖺ࡛ⱑ⏕⏘࠸⾜ࢆ㸪Ꮨ⠇ࡢኚ໬࡚ࡏࢃྜ࡟」ᩘᅇస௜࠺⾜ࢆࡅᚲせࡿ࠶ࡀ㸬ࡣࡁࡘࡽࡤࡢ⫱⏕ࡓࡲ

཰✭᫬ᮇࢆࡁࡘࡽࡤࡢᣍࡽ࠿࡜ࡇࡃ㸪ྛస௜࡛ࡅᰴࢆࡁࡘࡽࡤࡢ⫱⏕ࡢ࡜ࡈᑠࡋࡃࡉ㸪୍ᩧ࡟཰

✭࣭᧔ཤసᴗ࠸࡞ࡽ࡞ࡣ࡚ࡃ࡞ࢃ⾜ࢆ㸬ᩧ୍ࢆ⫱⏕࡞ᚓࡣ࡟ࡵࡓࡿ㸪ᩧ୍࡞⎔ቃ࡛⟶⌮ࡿࡍᚲせࡀ

ฟࡢࢺ࣐ࢺࡎࡲ㸪ࡣ࡛✲◊㸬ᮏࡓࢀࡽ࠼⪄࡜ࡿ࠶ࡀᚲせࡿ࠼ᥞࢆ⫱⏕ࡽ࠿ฟⱆࡣ࡟ࡵࡓࡢࡑ㸪ࡾ࠶

ⱆᥞ࡜࠸➨୍ⰼᡣࡢ㛤ⰼᥞࡢ࡜࠸㛵ಀ࡚࠸ࡘ࡟㸪ḟ࡟ฟⱆ࡟ᙳ㡪࡜ࡿࡍᛮࡿࢀࢃᇵᆅࡢ≀⌮ᛶࡑ࡜

ࡢࢺ࣐ࢺ࡚࠸࠾࡟἞ᨻᗓෆ⮬ࢻࣝࢡ໭㒊ࢡࣛ࢖㸪࡚ࡋࡑ㸬ࡓࡋㄪᰝ࡚࠸ࡘ࡟Ỉศᕸࡧࡼ࠾⋠Ỉྵࡢ

సᮇᣑ኱࡟ࡵࡓࡿ࠿ࡣࢆ㸪⡆᫆㛢㙐ᆺⱑ⏕⏘ࢆ࣒ࢸࢫࢩ㛤Ⓨࡋ㸪ࡢࢺ࣐ࢺ෤ᮇⱑ⏕⏘ࡢᐇ⌧ᛶࡘ࡟

 㸬ࡓࡋウ᳨࡚࠸
㸪2014ᖺ4㸪6㸪8㸪12᭶㸪2015ᖺ4㸪࡚࠸ࡘ࡟㛵ಀࡢ࡜࠸ⰼᡣ㛤ⰼᥞ୍➨࡜࠸ฟⱆᥞࡢࢺ࣐ࢺ

9᭶࡟᧛✀ࡋᰴ࡟࡜ࡈ᧛✀ࡽ࠿ฟⱆ࡟࡛ࡲせࡓࡋ᪥ᩘ㸦ฟⱆᡤせ᪥ᩘ㸧࡜ฟⱆࡽ࠿㛤ⰼࡢ࡛ࡲ฿ⰼ
᪥ᩘࢆㄪᰝࡓࡋ㸬ฟⱆᡤせ᪥ᩘࡢ࡜ࡈ฿ⰼ᪥ᩘ12ࡣ᭶᧛✀࡛4㸪6㸪8᭶᧛✀ࡶࡾࡼ᭷ព࡟኱ࡃࡁ
✀᧛ࡣ㸬ฟⱆࡓࡗ࡞ 3᪥ᚋࡽ࠿ጞࡀࡓࡗࡲ㸪᧛✀ 4㹼5᪥ᚋࡢ࡛ࡲฟⱆ⋡ࡢ࡚࡭ࡍ࡜ᰴࡢ➨୍ⰼᡣ
℺ࡢ᧛✀᫬ࡢ࡛࢖ࣞࢺࣝࢭ㸪ࡓࡲ㸬ࡓࡗ࠶ࡀ㛵㸦r 㸻 㸫0.88㸧┦ࡢ㈇ࡣ࡟᪥ᩘࡢ࡛ࡲࡿࡍ㛤ⰼࡀ
Ỉ㔞3ࢆ㸪6㸪9㸪16 mL㸭✰ࡢࡁ࡜ࡓࡋ࡜᧛✀3᪥ᚋࡢฟⱆ⋡3ࡣ㸪6 mL㸭✰༊࡛16 mL㸭✰༊
ฟ࡭ẚ࡜ᮍฎ⌮༊࡜࠺⾜ࢆ⌮ฎࢢ࣑ࣥ࢖ࣛࣉࢡࢵࣜࢺ࣐࡬㸪✀Ꮚ࡟ࡽࡉ㸬ࡓࡗ࡞ࡃ㧗࡟᭷ពࡶࡾࡼ

ⱆࡣ 24 h㸪➨୍ⰼᡣࡢ㛤ⰼᥞࡣ࠸ 5᪥⛬ᗘ᪩ࡓࡗࡲ㸬ᚑ࡚ࡗ㸪పẁᐦ᳜᱂ᇵ࡛ࡣ㸪≉࡟෤స࠾࡟
㔜ࡀ⋠ᇵᆅྵỈࡣ࡟ࡵࡓࡿ࠼ᥞࢆ㸪ฟⱆࡾ࠶㔜せ࡛ࡣ࠸ฟⱆᥞ࡟ࡵࡓࡿ࠼ᥞࢆ㛤ⰼࡢⰼᡣ୍➨࡚࠸

せ࡛ࡓࡗ࠶㸬ࢢ࣑ࣥ࢖ࣛࣉࢡࢵࣜࢺ࣐ࡓࡲฎ⌮ࡣฟⱆᥞ࡜࠸㛤ⰼᥞࢆ࠸ᨵၿࡓࡋ㸬 
ḟ࡟ᇵᆅࡢ≀⌮ᛶ࡜Ỉศ≧ែࡢࢺ࣐ࢺࡀⓎⱆ⋡ࡧࡼ࠾ฟⱆ⋡࡟ཬࡍࡰᙳ㡪࡚࠸ࡘ࡟ㄪᰝࡓࡋ㸬ࢭ

௬ẚ㔜ࢆᕷ㈍ᇵᆅࡢ୺యࢫࣔࢺ࣮ࣆ࡟࢖ࣞࢺࣝ 0.12㸦PM㸭⢒㸧㸪0.15㸦PM㸭ᐦ㸧㸪࣮ࣟࣝ࢘ࢡࢵ
⣽⢏⥥ࢆ௬ẚ㔜0.14㸦RW㸭⢒㸧㸪0.28㸦RW㸭ᐦ㸧࠺ࡼࡿ࡞࡜඘ሸࡋ㸪℺Ỉ㔞ࢆኚ࡚࠼᧛✀4᪥ᚋ
ࡑPM㸭⢒㸪PM㸭ᐦ㸪RW㸭⢒㸪RW㸭ᐦ࡛ࡣࡢࡓࡗ࡞࡜⋠㸪᭱㧗ฟⱆࢁࡇ࡜ࡓࡋㄪᰝࢆ⋠ฟⱆࡢ
㸪᧛ࡁ࡜ࡓࡋ✀᧛ࢆࢺ࣐ࢺ࡟࣮ࣞࣕࢩࡢmm 5ࡉ῝㸪ࡓࡲ㸬ࡓࡗࡔpF 1.1㸪1.4㸪1.4㸪1.6ࢀࡒࢀ
✀ 72 hᚋࡢⓎⱆ⋡ࡢ࡛࢖ࣞࢺࣝࢭࡣฟⱆ⋡ࡶࡾࡼᗈ⠊ᅖࡢయ✚ྵỈ⋡࡛㧗ࡓࡗ࡞ࡃ㸬Ⓨⱆάᛶᣦ
ࡣ኱್᭱ࡢᩘ PM㸭⢒㸪PM㸭ᐦ㸪RW㸭⢒㸪RW㸭ᐦ࡛ࢀࡒࢀࡑ 3,160㸪3,174㸪2,928㸪1,988࡜
PMࡢ᪉ࡀ㧗࠸ഴྥࡾ࠶ࡀ㸪㐺ṇ࡞య✚ྵỈ⋡࡛ࡣPMࡢ᪉ࡀRWࡶࡾࡼ᰿ࡢఙ㛗ಁࡀ㐍ࢀࡉ㸪ฟ
ⱆࡣ࡟Ⓨⱆࡢࡑ࡜ᚋࡢ᰿ࡢఙ㛗ࡀᙳ㡪ࡀ࡜ࡇࡿࡍ♧၀ࡓࢀࡉ㸬࡟ࡽࡉ℺Ỉ㔞ࡢ㐪ࣞࢺࣝࢭࡿࡼ࡟࠸

!!"!



㸪ୖࡣỈศᕸࡢෆࣝࢭࡢ᫬ࡓࡗ࡞࡜኱᭱ࡀ⋠㸪ฟⱆࢁࡇ࡜ࡓࡋㄪᰝࢆỈศᕸࡢෆ࢖ ᒙࡢయ✚ྵỈ⋡

࠼ᥞࢆฟⱆࡋಁࢆఙ㛗ࡢ᰿ࡢᚋࡢࡑ࠼ᥞࢆ㸪Ⓨⱆࡽ࠿࡜ࡇࡓࡗ࠿㧗ࡶࡾࡼ⋠య✚ྵỈࡢ୰࣭ୗᒙࡀ

ࢆࢫࣥࣛࣂࡢ࡜┦Ẽ࡜┦ᾮࡣ㸪୰࣭ୗᒙ࡛ࡋ⤥౪ࢆỈศ࡞ᚲせ࡟Ⓨⱆࡣᒙ࡛ୖࡢࣝࢭ㸪ࡣ࡟ࡵࡓࡿ

☜ಖࡿࡍᚲせࡓࢀࡽ࠼⪄࡜ࡿ࠶ࡀ㸬 
ࢸࢫࢩ⏘⏕㸪⡆᫆㛢㙐ᆺⱑ࡟ࡵࡓࡿ࠿ࡣࢆసᮇᣑ኱ࡢࢺ࣐ࢺ἞ᨻᗓෆ࡛⮬ࢻࣝࢡࡢᅜ໭㒊ࢡࣛ࢖

ࢸࢫࢩ㸬⡆᫆㛢㙐ᆺࡓࡋウ᳨ࢆᛶ⬟ྍࡢ⏘⏕෤ᮇⱑࡢࢺ࣐ࢺ㸪ࡋ㛤Ⓨࢆ㸧࣒ࢸࢫࢩ㸦⡆᫆㛢㙐ᆺ࣒

ከࡓ࠼ഛࢆ࣒ࢸࢫࢩᚠ⎔ᡪ㸪⤥ᾮ࡜㸪⺯ගⅉࡋ⨨タࢆㄪタഛ✵࡟ෆࢼࢸࣥࢥ࠸㧗ࡢ㸪᩿⇕ᛶࡣ࡜࣒

ẁᘧࡢⱑ⏕⏘ࡿ࠶࡛࣒ࢸࢫࢩ㸬ᮏヨ㦂࡛ࡣ㸪⡆᫆㛢㙐ᆺ࡜࣒ࢸࢫࢩⅉἜࢆࣈ࣮ࢺࢫഛ࣮ࣝࢽࣅࡓ࠼

㸬ࡓࡋẚ㍑᳨ウࢆᐇ⌧ᛶࡢ⏘⏕ⱑࢺ࣐ࢺࡢ෤ᮇ࠸࡞࠸࡚ࢀࡉᆅᇦ࡛᱂ᇵࢻࣝࢡ㸪⌧ᅾ࠸⏝ࢆࢫ࢘ࣁ

⫱ⱑࡢࢫ࢘ࣁタ⨨㈝⏝ࡣ 1,440 USD ࡣ⏝㈝⨨タࡢ࣒ࢸࢫࢩ㸪⡆᫆㛢㙐ᆺࡋᑐ࡟ࡢࡓࡗࡔ 7,479 
USD 㸪⡆᫆㛢ࡃࡁ኱࡟᭷ពࡀⱼᚄ࡜ⱼ㛗࡛ࢺ࣐ࢺࡢ࣒ࢸࢫࢩ㸪⡆᫆㛢㙐ᆺࡣ⫱⏕ࡢ㸬ⱑࡓࡗ࠶࡛
㙐ᆺࡣ࡛࣒ࢸࢫࢩⰋ㉁࡞ⱑࢆ▷ᮇ㛫࡛⏕⏘࡛ࡓࡁ㸬⡆᫆㛢㙐ᆺ1ࡢ࡛࣒ࢸࢫࢩᰴࡢࡾࡓ࠶ᾘ㈝㟁ຊ
㔞1,501ࡣ kWh࡛ࡾ࠶㸪0.0036ࡣ⏝㈝ࡢࡑ USDࡓࡗࡔ㸬⫱ⱑࡢࢫ࢘ࣁⅉἜᾘ㈝㔞1ࡣᰴᙜࡾࡓ
0.19 L࡛ࡾ࠶㸪0.22ࡣ⏝㈝ࡢࡑ USDࡓࡗࡔ㸬ࡢࡇᆅᇦࡢ෤ᮇࡢẼ㇟ࢆࢱ࣮ࢹᇶ࡟ᬮᡣ㈇Ⲵࢆ⟬ฟ
ࢻࣝࢡࡢ㸬෤ᮇࡓࡗࡔMJ!d-1 492.8ࡣ࡛ࢫ࢘ࣁMJ!d-1㸪⫱ⱑ 18.0ࡣ࣒ࢸࢫࢩ㸪⡆᫆㛢㙐ᆺ࡜ࡿࡍ

ᆅᇦ࡛ࡢ⡆᫆㛢㙐ᆺࡢ࣒ࢸࢫࢩ฼⏝ࡣ⫱ⱑࡶࡾࡼࢫ࢘ࣁప࣮ࢠࣝࢿ࢚࠸ᾘ㈝㔞࡛ࢺ࣐ࢺ⫱ⱑྍࢆ

 㸬ࡓࡗ࡞࡜⬟ྍࡀᡂ᱂ᇵಁ࡞ࡓ᪂࡚࠸⏝ࢆࢫ࢘ࣁ࡛࡜ࡇࡿ࡞࡜⬟ྍࡀ⏘⏕ⱑ࡟㸪෤ᮇࡋ࡜⬟
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㧗ᗘ⤒῭ᡂ㛗௨㝆ࡢ୰ᅜࠊ⏘⏕ࢩࢥࣟࣔ࢘ࢺࡿࡅ࠾࡟ὶ㏻ࡢᇶ

ᮏᵓ㐀࡟㛵ࡿࡍ◊✲̿ෆࣔࣥࣝࢦ⮬἞༊㏻㑈ᕷࢆ୰ᚰ࡚̿ࡋ࡜�

ᮏ◊✲ࠊࡣ୰ᅜࠊ⏘⏕ࢩࢥࣟࣔ࢘ࢺࡿࡅ࠾࡟ὶ㏻ࡢᇶᮏᵓ㐀࡚࠸ࡘ࡟ศᯒ࠶࡛ࡢࡶࡓࡋ

ᶵࠋࡓࡋቑຍࡶ㔞⏘⏕ࠊ࠸క࡟ቑຍࡢᾘ㈝㔞ࡢࢩࢥࣟࣔ࢘ࢺࠊ࡚࠸࠾࡟㏆ᖺࡣ୰ᅜ࡛ࠋࡿ

Ე໬ࡢ㐍ᒎ࡟కࢩࢥࣟࣔ࢘ࢺ࠺᱂ᇵつᶍࡢᣑ኱ࠊ࡜ᡤᚓ☜ಖࡵࡓࡢ㎰ᐙࡣවᴗ࡟ᚑ஦ࠊࡋ

㎰ᴗ⤒Ⴀᵓ㐀ࡣ኱ࡃࡁኚ໬ࠊࡓࡲࠋࡓࡋ���� ᖺ㡭ࡽ࠿Ẹ㛫㣗⣊ὶ㏻௻ᴗࡢⓎᒎࣔ࢘ࢺࠊࡣ

㞟ࠋࡿࢀࡉ࡜໬⏤⮬ࡢព࿡࡛ࡢ┿࡚ࡗ࡜࡟㎰ᐙࠊࡏࡉపୗ࡟ࡽࡉࢆ⏝㈝ࡢᆅὶ㏻⏘ࢩࢥࣟ

Ⲵᴗ⪅ࢩࢥࣟࣔ࢘ࢺࡀ㈍኎ࢆᢸࡣࢀࡑ࡛࡜ࡇ࠺㎰ᐙࡾ࡜࡟㠀ᖖ࡟ຠ⋡໬ࡢࡑࠋࡓࢀࡉ୰࡛

ὀ┠ࡿࡍᚲせࡿ࠶ࡀ୰ᅜ୰ኸᨻᗓ࡟⏘⏕ࢩࢥࣟࣔ࢘ࢺࡢ㛵ࡿࡍ㔜せ࡞ᨻ⟇ࠋࡿ࠶ࡀ⌧ᆅㄪ

ᰝ࡛཰㞟ࢹࡓࡋ㸫ࢆࢱศᯒࡢࡑࠊࡋ⤖ᯝ࡟ᇶ࡙࡚࠸ᨻ⟇ᥦゝࠋࡓࡗ⾜ࢆ�

୍ࡿ࠸࡚ࡋ᱂ᇵࢆࢩࢥࣟࣔ࢘ࢺࡣ἞༊㏻㑈ᕷ㹑ᮧ⮬ࣝࢦෆࣔࣥࡓࡋ௓⤂࡟❶�➨ࠊࡎࡲ

⯡ⓗ࡞ᮧ࡛ࠊࡾ࠶㎰ᐙࡣಶே࡛つᶍࢆᣑ኱ࠋࡿ࠸࡚ࡋ௚᪉⪔ᆅࢆ㈚ฟࠊࡋᡤᚓࡓࡿࡆୖࢆ

᪂ࠕࡿ࠸࡚ࡋᐇ᪋ࡀ୰ᅜᨻᗓࡣ㹌ᮧࡓࡋ௓⤂࡟❶㸱➨ࠋ࠸ከࡶ㎰ᐙࡿ࠸࡚ࡋᚑ஦࡟වᴗࡵ

㎰ᮧᘓタࠖ஦ᴗࣝࢹࣔࡢᮧ࡛ࠋࡿ࠶㹌ᮧࡣඖ୍ࠎ⯡ⓗ࡞ᮧࡃࡌྠ࡜ಶู㞽⣽࡞㎰ᴗ⤒Ⴀᵓ

㐀ࡀࢀࡑࠋࡓࡗࡔ᪂㎰ᮧᘓタ࡟కࠊ࠸ຠ⋡ⓗ࡟ࡢࡶ࡞ኚ໬ࠋࡿ࠸࡚ࡋ����ᖺ࡟㎰ᴗᶵᲔࢧ

㸫ྜࢫࣅస♫ࡀタ❧ࠊࢀࡉ��ᡞࡢ㎰ᐙࡢࡑࡣ♫ဨྜࡢࡇࠋࡓࡗ࡞࡟స♫ࡣᮧᡤ᭷ࡢᶵᲔࢆ

฼⏝ࠊ࡚ࡋ㎰ᐙࡢࢩࢥࣟࣔ࢘ࢺࡢᶵᲔసᴗࢆㄳࡅ㈇ࠊ࡛࡜ࡇࡢࡑࠋࡓࡗ࡞࡟࠺ࡼ࠺ᶵᲔጤ

ク㈝ࡣపୗࡶ㈝⏘⏕ࠊࡋῶᑡࠊࡋ㎰ᐙࡢවᴗ࡜ࡗࡶࢆ㐍ࠋࡓࡵேẸබ♫᫬௦ࡿ࡞␗࡜㞽⣽
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The Efficiency of Low-Quality Roughage Utilization on Ruminants: 
Researches on its Metabolic Mechanism. 
㸦཯ⱄື≀ࡿࡅ࠾࡟ప㉁⢒㣫ᩱࡢ฼⏝ຠ⋡㸸ࡢࡑ௦ㅰⓗᇶ┙ࡢゎ᫂㸧 

཯ⱄᐙ␆ࡢ㣫ᩱ࡝࡞⛩ࢩࢥࣟࣔ࢘ࢺࡸࡽࢃ✄ࠊ࡚ࡋ࡜ᰤ㣴ྵ㔞ࡢప࠸ప㉁⢒㣫ᩱࡣୡ⏺ⓗ࡟ᗈ

≀཯ⱄືࠊࡵࡓ࠸పࡀⓑ㉁ྵ㔞⺮ࠊࡃ㧗ࡀ㔞ྵ⥔⧅ࡣప㉁⢒㣫ᩱࠊࡋ࠿ࡋࠋࡿ࠸࡚ࢀࡉ⏝฼ࡃ

࠿ẁ㝵࠸᪩ࡢᡂᮇ⫱ࡢ≀཯ⱄືࠊࡽ࠿✲◊ࡢ㐣ཤࠋࡿ࠶ၥ㢟࡛ࡀ࡜ࡇ࠸పࡀ⋠฼⏝ຠࡿࡅ࠾࡟

ࡉሗ࿌ࡀ࡜ࡇࡿࢀࡉᨵၿࡀ⋠ᾘ໬ࡸᦤྲྀ㔞ࡢప㉁⢒㣫ᩱࡢᚋࡢࡑࠊ࡜ࡿࡍ୚⤥ࢆప㉁⢒㣫ᩱࡽ

ᙳ࡟௦ㅰᶵᵓࡢே㛫ࡧࡼ࠾␆ᐙࠊࢫ࣐࢘ࠊࢺࢵࣛࡀ㣗㣵⤒㦂ࡢࡽ࠿ᡂ㛗ึᮇࠊࡓࡲࠋࡿ࠸࡚ࢀ

㡪ࢆཬࡶ࡜ࡇࡍࡰ᫂ࠊࡀࡿ࠸࡚ࡗ࡞࡟࠿ࡽ⫱ᡂᮇࡢ᪩࠸ẁ㝵ࡽ࠿ప㉁⢒㣫ᩱࢆ⤥୚ࡓࡋሙྜࠊ

཯ⱄື≀ࡢ௦ㅰᶵᵓ࡞࠺ࡼࡢ࡝࡟ኚ໬ࢆཬࡣ࠿ࡍࡰ᫂ࠊ࡛ࡇࡑࠋ࠸࡞࠸࡚ࡗ࡞࡟࠿ࡽᮏ◊✲ࠊࡣ

཯ⱄື≀࡚࠸࠾࡟⫱ᡂึᮇࡽ࠿ప㉁⢒㣫ᩱࡢᦤྲྀࢆ⤒㦂ࡀ࡜ࡇࡿࡏࡉᾘ໬ࡧࡼ࠾௦ㅰᶵ⬟ࡢ

ኚ໬࡟ཬࡍࡰᙳ㡪ࢆゎ᫂ࢆ࡜ࡇࡿࡍ┠ⓗࠋࡓࡋ࡜ 

� ᐇ㦂1࡛4ࣧࠊࡣ᭶㱋ࡢᏊࢫࣛࢡࣥࢲ࣮ࢫ࡟ࢪࢶࣄ஝ⲡ㸦ప㉁⢒㣫ᩱ⩌㸧࣮ࢩࣔࢳࡣࡓࡲ஝
ⲡ㸦ᑐ↷⩌㸧ࢆ 4ࣧ᭶㛫⤥୚ࡢࡑࠊࡋᚋ୧⩌ࢫࣛࢡࣥࢲ࣮ࢫࡶ࡜஝ⲡࡢ⤥୚࡟ษ2ࠊ࡚࠼᭰ࡾ
ࣧ᭶㛫㣫⫱ࠋ᭱ࡓࡋ 㧗࡟᭷ព࡭ẚ࡟⩌↷ᑐࠊࡣ㣫ᩱᦤྲྀ㔞ࡢ⩌ప㉁⢒㣫ᩱࠊࡣ4ࣧ᭶㛫࡛ࡢึ
㣫ࡢ⩌ప㉁⢒㣫ᩱࠊࡣ࡚࠸࠾࡟2ࣧ᭶㛫ࡓࡋ୚⤥ࢆప㉁⢒㣫ᩱࡶ࡜⩌୧ࠋ㸦P <0.01㸧ࡓࡗ࠿
ᩱᦤྲྀ㔞ࡣᑐ↷⩌ࡾࡼ᭷ព࡟పࡀࡓࡗ࠿㸦P < 0.05㸧ࠊయ㔜ࡣ⩌㛫࡛᭷ព࡞ᕪࠋࡓࡗ࠿࡞ࡀᾘ
໬⋡ࡧࡼ࠾⵳✚❅⣲㔞ࡣప㉁⢒㣫ᩱ⩌ࡀᑐ↷⩌࡟ẚ࡭㧗࠸ഴྥࠊࡾ࠶࡟ᦤྲྀ❅⣲㔞࡟ᑐࡿࡍ⣅

୰❅⣲㔞ࡣప㉁⢒㣫ᩱ⩌ࡀᑐ↷⩌ࡾࡼప࠸ഴྥࠋࡓࡗ࠶࡟⾑Ύ୰ᒀ⣲ែ❅⣲⃰ᗘࡣᑐ↷⩌࡟ẚ

ࠊࡽ࠿ẁ㝵࠸᪩ࡢᡂᮇ⫱ࠊࡽ࠿ᯝ⤖ࡢࡽࢀࡇࠋ㸦P < 0.05㸧ࡓࡗ࠿㧗࡟᭷ពࡀ⩌ప㉁⢒㣫ᩱ࡭
Ꮚ࡟ࢪࢶࣄప㉁⢒㣫ᩱࢆ⥅⥆ⓗ࡟⤥୚ࠊ࡜ࡿࡍ❅⣲ࡢ฼⏝ຠ⋡ࡀᨵၿࡀ࡜ࡇࡿࡍ♧၀ࠋࡓࢀࡉ

ࠋࡓࡗ࠿పࡀ⩌ప㉁⢒㣫ᩱ࡭ẚ࡟⩌↷ᑐࡣT4㸧⃰ᗘࡧࡼ࠾㸦T3ࣥࣔࣝ࣍⭢≦⏥Ύ୰⾑ࠊࡓࡲ
࡚ࡋ၀♧ࢆ࡜ࡇࡓࡋ㐺ᛂ࡟ᇶ♏௦ㅰ࠸పࡀ⩌ప㉁⢒㣫ᩱࠊ࡚ࡗࡼ࡟⮴㥆ࡢ࡬ప㉁⢒㣫ᩱࡣࢀࡇ

 ࠋࡓࢀࡽ࠼⪄࡜ࡢࡶࡿ࠸
� ᐇ㦂2࡛ࠊࡣ⫱ᡂึᮇ㸦2ࣧ᭶㱋㸧ࡢᏊ࡟ࢪࢶࣄప㉁⢒㣫ᩱ࡛6ࣧࢆࢫࣛࢡࣥࢲ࣮ࢫࡿ࠶᭶
㛫⤥୚2ࣧࠊ࡚ࡋ᭶࡟࡜ࡈ㣫ᩱᦤྲྀ㔞ࡧࡼ࠾ᾘ໬⋡ࢆ ᐃࠊࡓࡲࠊࡋ⤥୚4ࣧࡽ࠿᭶ࡧࡼ࠾ 6
ࣧ᭶┠ࠊ࡟Ꮚ⨺ࢆࣝࣉࣥࢧ⮚⫢ࡢ᥇ྲྀࠊ࡚ࡋCE-TOFMS࡛࣓ࢫࢡ࣑ࣟ࣎ࢱゎᯒࢆᐇ᪋ࠋࡓࡋ
௦ㅰయ㔜ᙜࡢࡾࡓ㣫ᩱᦤྲྀ㔞2ࣧࡣ᭶┠6ࣧࡽ࠿᭶┠࡛ࡲῶᑡࠋ୍ࡓࡋ ᪉ࠊᾘ໬⋡4ࡢึ᭱ࡣ
ࣧ᭶㛫ࡣቑຍຍࠊࡢࡢࡶࡓࡋṧ2ࣧࡢࡾ᭶㛫ࡣ࡚࠸࠾࡟ῶᑡ8ࡣ࡚࠸࠾࡟⮚⫢ࡓࡲࠋࡓࡋಶࡢ
⃰ࡢࣥࣜࣝࢺࢩࡿ࠶୰㛫య࡛ࡢࣝࢡ࢖ࢧᒀ⣲ࠊࡕࢃ࡞ࡍࠋࡓࢀࡉほᐹࡀኚ໬ࡢᗘ⃰ࡢ㓟ࣀ࣑࢔

ᗘࡣቑຍ୍ࠊࡋ♧ࢆ᪉ࢡࣁࢥࣀࢽࢠࣝ࢔ࠊ㓟⃰ࡢࣥࢽࢠࣝ࢔࡜ᗘࡣῶᑡࠋࡓࡋゎ⢾⣔/⢾᪂⏕ 
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⣔ࡢ୰㛫య࡛6-ࢫ࣮ࢥࣝࢢࡿ࠶-ࣜࣥ㓟㸦G6P㸧6-ࢫ࣮ࢺࢡࣝࣇࠊ-ࣜࣥ㓟㸦F6P㸧࣮ࣟࢭࣜࢢࠊ
ࣝ3-ࣜࣥ㓟ࣥࣜࣥࢺࢭ࢔ࢩ࢟ࣟࢻࣄࢪ࡜㓟㸦DHAP㸧ࡣῶᑡࠊ୍ࡋ ᪉ࠊNAD+ ࡧࡼ࠾NADP+ 
ῶࡣᗘ⃰ࡢ㓟࣮ࣝࢥࢥࣜࢢࠊࡀࡓࡋቑຍࡣࣥࣜ࢘ࢱࡧࡼ࠾㓟࣮ࣝࢥࣟ࢘ࢱࠊࡓࡲࠋࡓࡋቑຍࡣ

ᑡࡢࡽࢀࡇࠋࡓࡋ♧ࢆ⤖ᯝࠊࡣ⫱ᡂᮇࡢ᪩࠸ẁ㝵ࠊࡽ࠿Ꮚ࡟ࢪࢶࣄప㉁⢒㣫ᩱࢆ⥅⥆ⓗ࡟⤥୚

ࡲࠋࡿ࠸࡚ࡋ၀♧ࢆ࡜ࡇࡿࡇ㉳ࡀ㐺ᛂ࡟ゎ⢾⣔/⢾᪂⏕⣔࡜㓟௦ㅰࣀ࣑࢔࡚࠸࠾࡟⮚⫢ࠊ࡜ࡿࡍ
ࡋㄪᩚ࡟࠺ࡼࡍࡓ‶ࢆせồ㔞࣮ࢠࣝࢿ࢚ࠊ࡛࡜ࡇࡿࡏࡉቑຍࢆ㓟໬ࡢ㓟⫫⬡ࡿࡅ࠾࡟⮚⫢ࠊࡓ

࡚ࡋࡃࡍࡸࡋᦤྲྀࡾࡼࢆ㉁⬡ࠊ࡛࡜ࡇࡿࡍㄪᩚࢆᵓᡂࡢỒ㓟⫺ࠊ࡟᫬ྠࠊࡾ࠶ࡶᛶ⬟ྍࡿ࠸࡚

 ࠋࡓࢀࡉ၀♧ࡶᛶ⬟ྍࡿ࠸
� ᐇ㦂 3ࠊࡣ3࡛ ࣧ᭶㱋ࡢᏊࢫࣛࢡࣥࢲ࣮ࢫ࡟ࢪࢶࣄ஝ⲡ㸦ప㉁⢒㣫ᩱ⤒㦂⩌㸧ࢩࣔࢳࡣࡓࡲ
࣮஝ⲡ㸦ᑐ↷⩌㸧4ࣧࢆ᭶㛫⤥୚ࡢࡑࠊࡋᚋ୧⩌ࢫࣛࢡࣥࢲ࣮ࢫࡶ࡜஝ⲡࡢ⤥୚࡟ษࠊ࡚࠼᭰ࡾ
3 ࣧ᭶㛫㣫⫱ࠊ࡛࡜ࡇࡿࡍࡋప㉁⢒㣫ᩱࡢᦤྲྀ⤒㦂ࡿ࠶ࡀᏊ࡜ࢪࢶࣄ⤒㦂࠸࡞ࡀᏊࡢࢪࢶࣄ㣫
ᩱᦤྲྀ㔞࣒࣮ࣟ࣎ࢱ࣓ࡢ⮚⫢ࡧࡼ࠾ゎᯒࡢ⤖ᯝࢆẚ㍑ࠋࡓࡋ㣫ᩱᦤྲྀ㔞ࠊࡣప㉁⢒㣫ᩱ⤒㦂⩌

௦ࡢ⮚⫢ࡿࡼ࡟ゎᯒࢫࢡ࣑ࣟ࣎ࢱ࣓ࠊࡓࡲࠋ㸦P < 0.01㸧ࡓࡗ࠿㧗࡟᭷ពࡀ࡚࡭ẚ࡟⩌↷ᑐࡀ
ㅰ≀㉁ࠊࡣ୺ᡂศศᯒࡢ⤖ᯝࡀ⩌ྛࠊࡽ࠿㐪࠺㣫ᩱࢆ⤥୚ࡢึ᭱ࡓ࠸࡚ࢀࡉ 4ࣧ᭶㛫ࡣ࡟㐪࠸
ࡢࡾṧࡓࢀࡉ୚⤥ࢆࢫࣛࢢࣥࢲ࣮ࢫࡿ࠶ప㉁⢒㣫ᩱ࡛ࡶ࡜⩌୧ࠊࡀࡓࢀࡽࡵㄆࡀ 3ࣧ᭶࠸࠾࡟
࡛⩌ప㉁⢒㣫ᩱ⤒㦂ࠋࡓࡗ࠿࡞ࢀࡽࡵㄆࡣ࠸㐪࡞☜᫂࡟㛫ࡢ⩌↷ᑐ࡜⩌ప㉁⢒㣫ᩱ⤒㦂ࠊࡣ࡚

ࠋࡓࢀࡽࡵㄆࡀቑຍࡢ㓟㛵㐃௦ㅰ≀㉁ࣀ࣑࢔ࡢ࠿ࡘࡃ࠸ࡧࡼ࠾㓟ࣀ࣑࢔ࡢࡘ6࡚࠸࠾࡟⮚⫢ࠊࡣ
ࡿ࠶୰㛫య࡛ࡢゎ⢾⣔/⢾᪂⏕⣔ࠊࡓࡲ G6PࠊF6PࠊDHAP1-ࢫ࣮ࢥࣝࢢࠊ-ࣜࣥ㓟ࡧࡼ࠾ங㓟
ࡧࡼ࠾㓟࢚ࣥࢡࡿ࠶୰㛫య࡛ࡢTCAᅇ㊰ࠊࡋῶᑡࡀ ATPࡶῶᑡྠࠋࡓࡋ᫬ࠊ࡟⬡㉁㓟໬㛵㐃
௦ㅰ≀㉁࡛ࠊࣥࢳࢽࣝ࢝ࡿ࠶O-ࡧࡼ࠾ࣥࢳࢽࣝ࢝ࣝࢳࢭ࢔ γ-ࡶࣥ࢖ࢱ࣋ࣟࢳࣈῶᑡࠋ୍ࡓࡋ ᪉ࠊ

ᑐ↷⩌࡛ࡶప㉁⢒㣫ᩱࢆ⤥୚࡚ࡋ 1ࣧ᭶ᚋྠࠊࡣ࡟ᵝࡢኚ໬ࡀㄆࡢࡽࢀࡇࠋࡓࢀࡽࡵ⤖ᯝࠊࡣ
⫱ᡂึᮇࡢࡽ࠿ప㉁⢒㣫ᩱࡢᦤྲྀࠊࡣ㣫ᩱᦤྲྀ㔞ࢆᨵၿࠊࡋゎ⢾⣔/⢾᪂⏕⣔ࡧࡼ࠾⬡㉁㓟໬ࡢ
άᛶࢆῶᑡࠊࡀࡿࡏࡉᒀ⣲ࣀ࣑࢔ࡧࡼ࠾ࣝࢡ࢖ࢧ㓟௦ㅰࢆάᛶ໬ࢆ࡜ࡇࡿࡍ♧၀ࡋࠋࡿ࠸࡚ࡋ

ࢆప㉁⢒㣫ᩱࠊࡶ࡜ࡃ࡞ᡂึᮇ࡛⫱ࡣኚ໬ࡢࡇࠊࡽࡀ࡞ࡋ࠿ 1ࣧ᭶ᦤྲྀ࡛࡜ࡇࡿࡏࡉ㉳ࡇࡿࡁ
 ࠋࡓࡗ࡞࡜࠿ࡽ᫂ࡀ࡜
 
� ⤖ㄽࠊ࡚ࡋ࡜ᮏ◊✲࡛ࠊࡣ⫱ᡂᮇࡢ᪩࠸ẁ㝵ࡽ࠿ప㉁⢒㣫ᩱࢆ⤥୚ࡢࡑࠊࡣ࡜ࡇࡿࡍᚋࡢప

㉁⢒㣫ᩱࡢᦤྲྀ㔞࡜ᾘ໬⋡ࢆᨵၿࡀ࡜ࡇࡿࡍ᫂ࠊ࡟ࡃ࡜ࠋࡓࡗ࡞࡟࠿ࡽ⫱ᡂᮇࡽ࠿ప㉁⢒㣫ᩱ

⏝฼ࡢ⣲❅ࠊ࡛࡜ࡇࡿࡍపୗࡀ᤼ἥ㔞ࡢ࡬⣅୰ࠊࡋቑຍࡀ྾཰ࡢ⣲❅ࠊࡾࡼ࡟࡜ࡇࡿࡍᦤྲྀࢆ

ຠ⋡ࡀᨵၿྠ࡜ࢀࡇࠋࡓࡋ᫬ࠊ࡟ప㉁⢒㣫ᩱࡢ࡬㥆⮴ࡢ≀ືࡣᇶ♏௦ㅰ㔞ࢆୗྍࡿࡆ⬟ᛶ࠶ࡀ

ࡼ࠾⏝฼ࡢ㓟ࣀ࣑࢔࡛࡜ࡇࡿࡅ⥆ࡋᦤྲྀࢆప㉁⢒㣫ᩱࡽ࠿ᡂᮇ⫱ࠊࡓࡲࠋࡓࢀࡉ၀♧ࡀ࡜ࡇࡿ

ࢡ࢖ࢧ⣲ࣜ❅ࡣ㓟௦ㅰࣀ࣑࢔ࡧࡼ࠾ࣝࢡ࢖ࢧᒀ⣲ࠊࡋ♧ࢆኚ໬࡞㐺ᛂⓗࠊࡣゎ⢾⣔/⢾᪂⏕⣔ࡧ
ࡗ࡞࡜࠿ࡽ᫂ࡀ࡜ࡇࡿࡍῶᑡࡣ㉁㓟໬⬡ࡢ୰⮚⫢ࠊ࡟᫬ྠࠋࡓࡋάᛶ໬࡟ࡵࡓࡿࡏࡉቑຍࢆࣝ

ࡶ࡛≀ື࠸࡞ࡀᦤྲྀ⤒㦂ࡢప㉁⢒㣫ᩱࡣኚ໬ࡢࡇࠊࡽࡀ࡞ࡋ࠿ࡋࠋࡓ 1ࣧ᭶㛫⛬ᗘࠊప㉁⢒㣫
ᩱࢆ⤥୚ྠࠊ࡛࡜ࡇࡿࡍᵝࡢ௦ㅰࡢኚ໬ࡀㄆࠊࡣ࡜ࡇࡢࡇࠋࡓࢀࡽࡵప㉁⢒㣫ᩱࡢ⤒㦂ᮇ㛫ࡀ

ẚ㍑ⓗ▷ࡿࡅ࠾࡟⮚⫢ࡶ࡚ࡃ௦ㅰࡢኚ໬ࡀ㉳ࢆ࡜ࡇࡿࡇ♧၀ࠋࡿ࠸࡚ࡋ  
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 ࡢᛶุูἲ࡜ゎ᫂ࡢ⌮⏕Ṫ⦾ࡓࡅྥ࡟ᜥᇦእಖ඲⏕ࡢ࢘ࣙࢳ࢖ࣛ
 ✲◊ࡿࡍ㛵࡟❧☜

 㸦Lagopus࢘ࣙࢳ࢖ࣛ⛉࢘ࣙࢳ࢖ࣛ┠ࢪ࢟㸪ࡣ㸦Lagopus muta japonicas㸧࢘ࣙࢳ࢖ࣛࣥ࣍ࢽ
muta㸧 31 ள✀ࡢࡕ࠺ࡢ 1 ள✀࡛ࠋࡿ࠶ᮏ✀ࡣ㸪ୡ⏺᭱༡➃࡟⏕ᜥࡿࡍள✀࡛ࡾ࠶㸪ᆅ⌫ ᬮ໬
ࡽࡵ㐍ࡀࡳ⤌ࡾྲྀࡢಖ඲ࡢ㸪㏆ᖺ⏕ᜥᇦෆእ࡛ࡵࡓࡿ࠸࡚ࢀࡉᠱᛕࡀ࡜ࡇࡿࡅཷࡃᙉࡶ᭱ࢆᙳ㡪ࡢ

࠸࡚ࢀࢃ⾜ࡀㄪᰝࡢᜥ⎔ቃ⏕ࡸࢢࣥࣜࢱࢽࣔࡢಶయᩘࡿࡓࢃ࡟㛗ᮇࡣᜥᇦෆ࡛⏕࡟≉ࠋࡿ࠸࡚ࢀ

㸪ᾏ࡟ࡵࡓࡍᣦ┠ࢆṪ⦾ࡢ㣫⫱ୗ࡛ࡢ࢘ࣙࢳ࢖ࣛࣥ࣍ࢽ㸪࡚࠸࠾࡟ᅬ≀ືࡣ᪉㸪⏕ᜥᇦእ୍࡛ࠋࡿ

እ࡛ࡢ㣫⫱᪉ἲูࡿ࠸࡚ࢀࡉ❧☜ࡀள✀࢘ࣙࢳ࢖ࣛࣝࣂ࣮ࣝࣂࢫࡢ㸦L. m. hyperboreus㸧ࢆ㣫⫱
2015ࠋࡿ࠸࡚ࢀࡉ࡞ࡀ཰㞟ࡢࢱ࣮ࢹᏛⓗ≀⏕ࡿࡍ㛵࡟࢘ࣙࢳ࢖㸪࡚ࣛࡋ ᖺࡣࡽ࠿㸪୍㒊ࡢ㣫⫱᪋
タ࡛ࡢ࢘ࣙࢳ࢖ࣛࣥ࣍ࢽ㣫⫱ࡀ㛤ጞࠋࡿ࠸࡚ࢀࡉ୧✀ࡣ࢘ࣙࢳ࢖ࣛࡢᏘ⠇⦾Ṫᛶࡾ࠶࡛✀ࡢ㸪ཝࡋ

Ṫάື⦾࡟ග࿘ᮇࡣ㫽㢮࡟㸪୍⯡ⓗࡓࡲࠋࡿ࠸࡚ࡏࡉ㐺ᛂࢆࣝࢡ࢖ࢧࣇ࢖㸪࡚ࣛࡋᑐ࡟ᜥ⎔ቃ⏕࠸

ࡼ࡟ᐃ ࣥࣔࣝ࣍ࠋࡿࡍኚ໬࡟ࢡࢵ࣑ࢼ࢖ࢲࡀ⬟ᶵࡸࢬ࢖ࢧࡢ⭢㸪⏕Ṫࡾ࠾࡚ࢀࡉ࣮ࣝࣟࢺࣥࢥࢆ

࡟ࡽࡉ㸪ࡋ࡟⬟ྍࢆ࡜ࡇࡿࡍᢕᥱ࡟㛫᥋ⓗࢆṪ⭢≧ἣ⏕ࡢࡽࢀࡑ㸪ࡣࢢࣥࣜࢱࢽࣔࡢෆศἪືែࡿ

᤼ἥ⣅ࢆᮦᩱ࡛࡜ࡇࡿࡍ࡜ಶయ࡟ᑐࡋ㠀౵くⓗࡵࡓࡿࡁ࡛ࡀࢢࣥࣜࢱࢽࣔ࡟㸪ࣔ ᚓࡽ࠿ࢢࣥࣜࢱࢽ

࡞ኚືࡢయ㔜࡟ࡧⓎ⌧୪ࡢ⩚Ṫ⭢άື㸪᥮⏕࠺క࡟ኚ໬ࡢቃ⎔࡞㸪እⓗࡽ࠿ぢ▱࡞Ꮫⓗ⌮⏕ࡓࢀࡽ

 ࠋࡿࡁ࡛ࡀ࡜ࡇࡿࡍ࡟࠿ࡽ᫂ࢆᙳ㡪ࡢ࡬࡝
ᮏ◊✲࡛ࡣ㸪ࣛ ࠼୚ࢆࢫࣞࢺࢫ࡟ಶయ࡟᥇ྲྀ᫬ࠋࡓࡳヨࢆゎ᫂ࡢෆศἪືែࡢ࡛✀2ள࢘ࣙࢳ࢖
ゎࡢṪ≉ᛶ⦾࡜ウ᳨ࡢ᪉ἲࢢࣥࣜࢱࢽࣔࡢෆศἪືែࡢ࡛࢘ࣙࢳ࢖ࣛࣝࣂ࣮ࣝࣂࢫ㸪࠸⏝ࢆ⣅࠸࡞

᫂ࡧࡼ࠾ᛶุู᪉ἲࡢ☜❧㸪ᕼᑡ✀࡛ࡢ࡛࢘ࣙࢳ࢖ࣛࣥ࣍ࢽࡿ࠶ෆศἪᏛⓗኚ໬ࡢㄪᰝࢆヨࠋࡓࡳ 
ᅜෆ࡛㣫⫱ࡿ࠸࡚ࢀࡉ㞤㞝ࡧࡼ࠾࢘ࣙࢳ࢖ࣛࣝࣂ࣮ࣝࣂࢫ㔝⏕ࢆ࢘ࣙࢳ࢖ࣛࣥ࣍ࢽࡢ◊✲ᑐ㇟

ࢫࠋࡓࡋ᥇ྲྀࢆ⣅ࡣ࡛࢘ࣙࢳ࢖ࣛࣥ࣍ࢽ㸪࠸⏝ࢆ⣅ࡧࡼ࠾ᾮ⾑ࡣ࡛࢘ࣙࢳ࢖ࣛࣝࣂ࣮ࣝࣂࢫ㸪ࡋ࡜

ࣔࣝ࣍ࢻ࢖ࣟࢸࢫ㸪࠸⾜ࡾࡼ࡟࣮ࣝࣀࢱ࣓ࡣ㸪⣅࡛ࣝࢸ࣮࢚ࡣ㸪⾑ᾮ࡛ࡣᢳฟࡢࣥࣔࣝ࣍ࢻ࢖ࣟࢸ

ࣥྵ㔞ࡢ ᐃࡣ㸪࣮࢜ࢪࣛࢺࢫ࢚ -ࣝ17ș㸦E2㸧㸪ࣥࣟࢸࢫ࢙ࢪࣟࣉ㸦P4㸧㸪ࣥࣟࢸࢫࢺࢫࢸ㸦T㸧㸪
 ࠋࡓࡗ⾜ࡾࡼ࡟㓝⣲ච␿ ᐃἲࡓ࠸⏝ࢆᢠయྛࡢࣥࣟࢸࢫࢥࢳࣝࢥ㸦AD㸧㸪ࣥ࢜ࢪࣥࢸࢫࣟࢻࣥ࢔
࡜⣅⭠ࡣ࢘ࣙࢳ࢖ࣛࣝࣂ࣮ࣝࣂࢫࠋࡓࡗ⾜ࢆウ᳨ࡢᮦᩱࢢࣥࣜࢱࢽࣔࡢ㸪ෆศἪືែࡣ࡛❶1➨
┣⭠⣅2ࡢ✀㢮ࡢ⣅ࢆ᤼ἥࡵࡓࡿࡍ㸪ࡢࡽࢀࡇᛶྵࣥࣔࣝ࣍ࢻ࢖ࣟࢸࢫ㔞࡚࠸ࡘ࡟ẚ㍑ࠋࡓࡋ୧⪅
࠸㧗࡟᭷ពࡾࡼ⣅⭠ࡣ㸪┣⭠⣅࡛ࡀࡓࡗ࠶ኚືഴྥ࡛ࡢᵝྠࡣ㔞ྵࣥࣔࣝ࣍ࢻ࢖ࣟࢸࢫᛶࡢ⣅୰ࡢ

ࢽࣔࡢ㸪ෆศἪືែࡾ࠾࡚ࡋ཯ᫎࢆᗘ⃰ࣥࣔࣝ࣍ᛶࡢ୰⾑ࡣ㸪⭠⣅࡟ࡽࡉࠋࡓࡋ♧ࢆ㔞ྵࣥࣔࣝ࣍

㸪ࡋุ᩿࡜ࡿ࠸࡚ࡋ㐺࡟ᮦᩱࢢࣥࣜࢱࢽࣔࡣ㸪⭠⣅ࡵࡓࡢࡇࠋࡓࢀࡽ࠼⪄࡜ࡿ࠶࡛⏝᭷࡟ࢢࣥࣜࢱ

௨㝆ࡢᐇ㦂ࠋࡓ࠸⏝࡟ 
㛗ࡢෆศἪືែࡢ࢘ࣙࢳ࢖ࣛࣝࣂ࣮ࣝࣂࢫ᪉ἲ࡛㸪㣫⫱ୗ࡞㠀౵くⓗࡓ࠸⏝ࢆ㸪⭠⣅ࡣ࡛❶2➨
ᮇࣔࠋࡓࡗ⾜ࢆࢢࣥࣜࢱࢽ↷᫂᮲௳ࡢ࡝࡞⎔ቃࡢ࢘ࣙࢳ࢖ࣛࣝࣂ࣮ࣝࣂࢫࡀ่⃭ࡢࡽ࠿ෆศἪάື

!!"!



እ࠺క࡟⩚ᙧែኚ໬㸪᥮ࡢṪ⾜ື㸪⫗ෙ⦾ࡀኚ໬ࡢ㸪ෆศἪືែࡓࡲ㸪ࡋ࡟࠿ࡽ᫂ࢆᙳ㡪ࡿ࠼୚࡬

ほኚ໬ࡧࡼ࠾య㔜࡜᥇㣗㔞ࡢኚ໬࡟࠺ࡼࡢ࡝࡟㛵ࢆ࠿ࡢࡿࢃ᫂ࠋࡓࡋ࡟࠿ࡽ⏕ᜥᆅࡢ㧗⦋ᗘࡢ᪥㛗

ࡢ㞝ࡧࡼ࠾P4ྵ㔞ࡧࡼ࠾⣅୰E2ࡢ㞤ࡓࡗక࡟ቑຍࡢ㸪↷᫂᫬㛫ࡣ㣫⫱᮲௳ୗ࡛ࡢ᫂↷ࡓࡅ㏆࡙࡟

⣅୰Tࡧࡼ࠾ADྵ㔞ࡢቑຍࡀぢࢀࡽ㸪ࡢࡽࢀࡇᛶྵࣥࣔࣝ࣍ࢻ࢖ࣟࢸࢫ㔞ࡢ㧗್ࡧࡼ࠾⦾Ṫ⾜ື
ࡽ࠿࡜ࡇࡓࢀࡽぢࡀ 24᫬㛫ࡢ↷᫂᫬㛫ࡓࡗ࡞࡜㝿ࡣ࡟⏕Ṫ⭢άືࡀάⓎࡀ࡜ࡇࡿ࠸࡚ࡗ࡞࡟᫂ࡽ
ࠋ୍ࡓࡗ࡞࡟࠿ ᪉࡛᪥ᮏࡢ⮬↛ග࿘ᮇୗ࡛㣫⫱ࡓࡋሙྜࡢࡽࢀࡇࡣ࡟ኚືࡀㄆࡎࢀࡽࡵ㸪᪥ᮏࡢ⮬

↛ග᭱ࡢ㛗᪥↷᫬㛫㸦⣙14᫬㛫40ศ㸧ࡣᮏள✀ࡢ⏕Ṫ⭢άືࡢㄏ㉳ࡣ࡟୙༑ศ࡛ࡀ࡜ࡇࡿ࠶᫂ࡽ
ࡢ㸪㞝ࡋ⾜㐍ࡀ⩚᥮ࡢ㸪㞤࠸క࡟ቑຍࡢ㔞ྵࣥࣔࣝ࣍ࢻ࢖ࣟࢸࢫᛶࡢ⣅୰࡜᫂᫬㛫↷ࠋࡓࡗ࡞࡜࠿

║❐ୖ⫗ෙࡢ⫧኱࡜ⓎⰍࡀ㐍ࡳ㸪య㔜࡜᥇㣗㔞ࡀῶᑡࡓࡲࠋࡓࡋ㸪ග୙ᛂᮇ࡟ධࡾ⣅୰ࡢᛶࣟࢸࢫ

㸪యࢀࡽぢࡀ㏥Ⰽ࡜⦰㏥ࡢ㸪║❐ୖ⫗ෙࡋ㛤ጞࡀ⩚᥮ࡢ㸪㞝࡜ࡿࡍ㛤ጞࢆῶᑡࡀ㔞ྵࣥࣔࣝ࣍ࢻ࢖

㔜ࡀቑຍࡋ㸪᥇㣗㔞ࡶᅇ᚟ࡽ࠿࡜ࡇࡓࡋ㸪ࡢࡽࢀࡇኚ໬ࡀ⏕Ṫ⭢άືࡢእほⓗᣦᶆࡀ࡜ࡇࡿ࡞࡜⪃

 ࠋࡓࢀࡽ࠼
➨ ࢡࠋࡓࡳヨࢆ❧☜ࡢᛶุู᪉ἲࡿࡼ࡟PCRἲࡓ࠸⏝ࢆ⣅⏤᮶DNAࡢ࢘ࣙࢳ࢖㸪ࣛࡣ࡛❶3
ࡢ㸦Centrocercus urophasianus㸧࡛ሗ࿌࢘ࣙࢳ࢖ࣛ࢜ࢪ࢟ࡧࡼ࠾㸦Tetrao tetrix㸧࢘ࣙࢳ࢖ࣛࣟ
࣐࢖ࣛࣉࡿ࠶ࡢ㸦T. urogallus㸧࡛ሗ࿌࢘ࣙࢳ࢖ࣛ࢜࢜ࣃࢵ2550F/2718R㸪࣮࣮࣐ࣚࣟ࢖ࣛࣉࡿ࠶
࣮P2/P8ࡢ࢘ࣙࢳ࢖ࣛࣝࣂ࣮ࣝࣂࢫ࡚࠸⏝ࢆ⾑ᾮ⏤᮶DNA࡛ࡢ᭷⏝ᛶ᳨ࢆウࢁࡇ࡜ࡓࡋ㸪ቑᖜ᩿
∦㛗ࡢᕪࡀ᫂ⓑ࡛2550࣮࣐࢖ࣛࣉࡓࡗ࠶F/2718R ࡲࠋࡓࡁุ࡛᩿࡜ࡿ࠸࡚ࡋ㐺࡟ᛶุูࡢ✀ᮏࡀ
ࡋタィࢆLm-F/Lm-R࣮࣐࢖ࣛࣉ࡟ᇶࢆࢱ࣮ࢹࢫ࢚ࣥࢡ࣮ࢩࡢ≀⏘ቑᖜࡢࡽ࠿࣮࣐࢖ࣛࣉࡢࡇ㸪ࡓ
⣙ࡣሙྜࡓ࠸⏝ࢆ2550F/2718R࣮࣐࢖ࣛࣉࡣ≀⏘WᰁⰍయ⏤᮶ቑᖜࡧࡼ࠾ZᰁⰍయࠋࡓ 450 bp
ඹ㏻࡟㞤㞝ࠋࡓࡗ࠶⣙244 bp࡛࡜⣙395 bpࡣሙྜࡓ࠸⏝ࢆLm-F/Lm-R࣮࣐࢖ࣛࣉ⣙600 bp㸪࡜
2550F/2718R࡛50.88㸣࣮࣐࢖ࣛࣉᛶุูࡢ㸪᪤Ꮡࡣ⋠ቑᖜࡢ≀⏘ZᰁⰍయ⏤᮶ቑᖜࡿࢀࡽࡳ࡚ࡋ
Lm-F/Lm-R࣮࣐࢖ࣛࣉࡓࡋ㸪స〇ࡋᑐ࡟ࡢࡓࡗ࠶࡛ ࡣ࡛ 68.71㸣ࡾ࡞࡜㸪ቑᖜ⋡ࡀୖྥࡢㄆࡽࡵ
≀⏘㸪ZᰁⰍయ⏤᮶ቑᖜࡣ⣅࡛ࡓࡋ᥇ྲྀ࡟ኟᏘࡶ࡟ሙྜࡓ࠸⏝ࢆ࣮࣐࢖ࣛࣉࡢࢀࡎ࠸㸪ࡓࡲࠋࡓࢀ
 ࠋࡓࢀࡽ࠼⪄࡜ࡴ㐍ࡀศゎࡢ㗪ᆺDNAࡾࡼ࡟㸪እⓗᅉᏊࡾ࡞ࡃపࡀ⋠ቑᖜࡢ
➨ࢆ㸪⣅᳨య࡟ࡵࡓࡿࡍᢕᥱ࡟㞤㞝ูࢆἣ≦ࡢෆศἪືែࡢ࢘ࣙࢳ࢖ࣛࣥ࣍ࢽ⏕㸪㔝ࡣ࡛❶4➨

3❶࡛స〇ࡓ࠸⏝ࢆ࣮࣐࢖ࣛࣉࡓࡋPCRἲࡾࡼ࡟㞤㞝ุࢆᐃࠋࡓࡋDNAᛶุูࡓࡗ࠿࡞ࡁ࡛ࡀሙ
ㄪᰝࢆ㔞ྵࣥࣔࣝ࣍ࢻ࢖ࣟࢸࢫࡢ⣅୰ࡿࡅ࠾࡟㸪㞤㞝ࡋศ㢮ࢆ㞤㞝࡟ᇶࢆእほ᝟ሗࡢ㸪᥇ྲྀ᫬ࡣྜ

⣅୰Tྵࡣ㸪㞝࡛ࡀࡓࡗ࡞࡜㧗್ࡶ㔞ྵࣥࣔࣝ࣍ࢻ࢖ࣟࢸࢫᛶࡢ⣅୰ࡢࢀࡎ࠸࡟5᭶ࡣ㞤࡛ࠋࡓࡋ
㔞5ࡀ᭶㹼8᭶࡟㸪ࡓࡲ⣅୰ADྵ㔞6ࡀ᭶࡟㧗ࡿ࡞ࡃഴྥࡀぢືࡢࣥࣔࣝ࣍ࡢࡽࢀࡇࠋࡓࢀࡽែ
ࡋ཯ᫎࢆάືࡢ⭢Ṫ⏕࠺క࡟㸪⦾Ṫࡾ࠾࡚ࡋ⮴୍࡜Ṫ⾜ືᏛⓗ▱ぢ⦾ࡢ࢘ࣙࢳ࢖ࣛࣥ࣍ࢽࡢ⏕㔝ࡣ

 ࠋࡓࢀࡽ࠼⪄࡜ࡿ࠸࡚
ᮏ◊✲ࡢ⤖ᯝࡾࡼ㸪ࣛ ࡞࡜⬟ྍࡀࢢࣥࣜࢱࢽࣔࡢ㸪ෆศἪືែ࡚࠸⏝ࢆ⣅⭠ࡓࡋ᤼ἥࡀ࢘ࣙࢳ࢖

㸪ྠࡣ࡛࢘ࣙࢳ࢖ࣛࣝࣂ࣮ࣝࣂࢫ㣫⫱ୗࠋࡓࡗ ୍ಶయ࡚࠸⏝ࢆ㛗ᮇⓗ࡞⣅୰ࣥࣔࣝ࣍ࢻ࢖ࣟࢸࢫࡢ

ྵ㔞ࡁ࡛ࡀ࡜ࡇ࠺⾜ࢆࢢࣥࣜࢱࢽࣔࡢ㸪ືࡢࡽࢀࡇែࡽ࠿እⓗ࡞⎔ቃࡢኚ໬ࡀෆศἪືែ࡟୚ࡿ࠼

ᙳ㡪ࡓࡋ✲◊࡚࠸ࡘ࡟⤖ᯝ㸪ࡢ࢘ࣙࢳ࢖ࣛࣝࣂ࣮ࣝࣂࢫෆศἪࡸື⾜࡜እほࡢ࡜㛵㐃ࢆ᫂ࡍ࡟࠿ࡽ

ኚ໬ࡢ㔞ྵࣥࣔࣝ࣍ࢻ࢖ࣟࢸࢫࡢ⣅୰ࡿࡅ࠾࡟࢘ࣙࢳ࢖ࣛࣥ࣍ࢽࡢ⏕㸪㔝࡟ࡽࡉࠋࡓࡁ࡛ࡀ࡜ࡇࡿ

ࡿࢀࡽࡵ㸪௒ᚋ㐍ࡣᯝ⤖ࡢࡽࢀࡇࠋࡓࡁ࡛ࡀ࡜ࡇࡿ࠼ᤊࢆኚ໬࡞Ꮨ⠇ⓗࡢ㸪⏕Ṫ⭢άືࡽ࠿┦ᵝࡢ

 ࠋࡓࢀࡽ࠼⪄࡜ࡢࡶࡿ࡞࡜ෆศἪ᝟ሗ࡞⏝᭷࡚࠸࠾࡟㣫⫱ୗ⦾Ṫࡢ࢘ࣙࢳ࢖ࣛࣥ࣍ࢽ
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ே㢮ࡢ⏕࿨࡟ཬࡍࡰẼೃኚືࡢᙳ㡪ࡣ㑊ࠊࡎࢀࡽࡅ㎰ᴗศ㔝ࡶ࡟኱࡞ࡁᙳ㡪ࡀண᝿
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㸦1970ᖺ௨๓㸧࡜⌧ᅾ㸦1990ᖺ௨㝆㸧ࠊ࡚࠸࠾࡟Ẽೃኚືࡢᙳ㡪ࠊࡿࢀࡽ࠼⪄࡜ᐖ
⹸ࡿࡼ࡟ᨷᧁ㢖ᗘࠊỈࡢ඘㊊ᛶࠊ㞧ⲡࡢ⦾ⱱࡧࡼ࠾཰✭୙ⰋࡢⓎ⏕࡟㇟⌧ྛࡢ࡝࡞ᑐ

ㄪᰝᆅᇦࠋࡓࡋศᯒ࡚ࡗࡼ࡟ㄪᰝࢺ࣮ࢣࣥ࢔ࢆ࠿ࡿ࠸࡚ࡋㄆ㆑࡟࠺ࡼࡢ࡝ࡀ㎰ᐙ࡚ࡋ

࡚ࡋ࡜ࢱ࣮ࢹࢆ⟆ᅇࡓࢀࡽᚓࠊ࠸⾜ࢆࢺ࣮ࢣࣥ࢔࡟㇟ᑐࢆ㎰ᐙࡓࡋ㑅ᢥࡽ࠿ẕ㞟ᅋࡢ

཰㞟࢖࢝ࠋࡓࡋ஧஌᳨ᐃ࡛ࠊ㐣ཤ࡜⌧ᅾ࡛ኚ໬ࢆ㇟⌧ࡓࡋᢳฟࡢࡑࠊࡋ⌧㇟㛫࡛᭷ព

ࠋ᭱ࡓࡋゎᯒࢆ㛵ᙉᗘ┦ࡢࡑ࡚࠸⏝ࢆVศᯒࡢ࣮࣓ࣝࣛࢡࠊሙྜࡿ࠶ࡀ㛵┦࡞ ᚋࠊ࡟

௨ୖࡢ⤖ᯝࢆ㋃ࠊ࠼ࡲẼೃኚືࡿࡼ࡟ᙳ㡪࡟ᑐฎࡢࡵࡓࡿࡍලయⓗ࡞᪉⟇ࢆᥦ᱌ࡋ

࣮ࢣࣥ࢔ࠋࡓࡋᆅ༊࡛ᐇ᪋࣭ࣖࣥ࢞ࣥࣛ࢝࣡ࣕࢪ୰㒊࢔ࢩࢿࢻࣥ࢖ࠊࡣ✲◊ࡢࡇࠋࡓ

ࡣࢺ 2011ᖺ 12᭶࢖࢝ࠋࡓࡗ⾜࡟஧஌ศᯒࡢ⤖ᯝࠊࡽ࠿స≀ࠊ࣮ࣥࢱࣃࡢỈ㈨※ࡢ✀
㢮ࡧࡼ࠾ࠊ▷ᮇ㛫ࡢᖸࡢࡘࡤⓎ⏕㢖ᗘࡣ࡚࠸ࡘ࡟㐣ཤࡽ࠿⌧ᅾ࡚ࡅ࠿࡟ኚ໬ࢆឤ࡚ࡌ

ࡿ࠸࡚ࡌឤ࡜ࡓࡋኚ໬ࡀ඘㊊ᛶࡢỈࡧࡼ࠾ᨷᧁ㢖ᗘࡿࡼ࡟ᐖ⹸ࠊ཰✭୙Ⰻࠊࡀ࠸࡞࠸

㎰ᐙࡀከࢆ࡜ࡇ࠸᫂ࠋࡓࡋ࡟࠿ࡽPearson's chi square࡜Cramers Vศᯒ⤖ᯝࠊࡽ࠿㐣
ཤࡿࡅ࠾࡟཰✭୙Ⰻࠊࡣᐖ⹸ࡿࡼ࡟ᨷᧁ㢖ᗘࡧࡼ࠾▷ᮇ㛫ࡢᖸࡢ࡜ࡘࡤ㛫࡟┤᥋┦㛵

࡞࡟࠿ࡽ᫂ࡀ࡜ࡇࡿ࠶ࡀ᥋┦㛵┤ࡶ࡜ࡘࡤᖸࡢᮇ㛫▷ࡣᨷᧁ㢖ᗘࡿࡼ࡟ᐖ⹸ࠊࡾ࠶ࡀ

ࠋ୍ࡓࡗ ᪉ࠊ⌧ᅾࡢ཰✭⿕ᐖࡣᐖ⹸ࡿࡼ࡟ᨷᧁ㢖ᗘ࡜Ỉࡢ඘㊊ᛶࡢ࡜㛫࡟┦㛵ࡀぢࡽ

ࠊࡀࡓࢀࡽぢࡀ㛵┦ࡢ㈇࡟㛫ࡢ࡜ᨷᧁ㢖ᗘࡿࡼ࡟ᐖ⹸࡜཰✭⿕ᐖࡢᅾ⌧ࠊ࡛ࡇࡇࠋࡓࢀ

┦ࠊ࡟ࡽࡉࠋࡿࢀࡽ࠼⪄࡜ࡢࡶࡓࢀ⌧ࡀᙳ㡪ࡿࡼ࡟⏝౑ࡢ⸆㎰ࡓࡋୖྥࡀရ㉁ࡣࢀࡇ

㛵ศᯒ࡟㞧ⲡ⦾ⱱࡢせᅉࡓࡵྵࢆሙྜࠊ཰✭୙Ⰻࠊࡣᐖ⹸ࡿࡼ࡟ᨷᧁ㢖ᗘࢆ௓ࠊ࡚ࡋ

㞧ⲡ⦾ⱱࡧࡼ࠾Ỉࡢ඘㊊ᛶࡢ࡜㛫࡟㛫᥋ⓗ࡟㛵ಀࡀ࡜ࡇࡿࡍぢฟࠋࡓࢀࡉ௨ୖࡢゎᯒ

኱ᖜࡣ཰✭୙Ⰻ࡚ࡗࡼ࡟ᙳ㡪ࡿࡼ࡟Ẽೃኚືࡣᆅᇦࡢࡇࠊࡽ࠿ᯝ⤖ࡢㄪᰝࡾྲྀࡁ⪺࡜

ࡋ୙㊊ࡀỈࠊ࡟୍➨ࠋࡓࢀࡉฟࡁᑟࡀㄽ⤖ࡢ௨ୗ࡚ࡋ࡜せᅉࡢࡑࠊࡀࡿ࠸࡚ࡋቑຍ࡟

ࠊࡋࡇ㉳ࡁᘬࢆⱱ⦾ࡢ㞧ⲡࡽ࠿࡜ࡇ࠸࡞ࡁᣢ࡛⥔ࡀỈ≧ែ‣ࡢỈ⏣ෆࠊࡣሙྜࡿ࠸࡚

Ẽࠊ࡟ࡽࡉࠋࡓࡋᣦ᦬ࢆᛶ⬟ྍࡍࡇ㉳ࡁᘬࢆ཰✭୙Ⰻࠊࡋቑຍࡀᐖ⹸ᨷᧁࠊᯝ⤖ࡢࡑ

ೃኚືࡢᙳ㡪࡚ࡗࡼ࡟㞵Ꮨึࡢᮇࡣ㝆㞵ࡀ୙Ᏻᐃࠊࡽ࠿࡜ࡇࡿ࠸࡚ࡗ࡞࡜㎰ᐙࡣ➨୍

స┠ࡢస௜ࡅ᫬ᮇࢆ㐜ࡢࡑࠊࡏࡽ⤖ᯝࠊ➨஧స┠ࡢ㏵୰ࡽ࠿ጞࡿࡲ஝Ꮨࡢᮇ㛫ࡀ㛗ࡃ

ᖺࡀ㎰ᐙࠊࡕࢃ࡞ࡍࠋࡓ࠸࡚ࡗ࡞࡜ཎᅉࡢ཰✭୙Ⰻࡿࡼ࡟Ỉ୙㊊ࠊࡾ࡞ 2ᅇࡢస௜ࡅ
ࡿ࠶㛤ጞ᫬ᮇ࡛ࡢ㞵Ꮨࠊࡣ࡟ࡵࡓࡿࡏࡉᡂຌࢆ 10᭶࡟➨୍స┠ࡢ᱂ᇵࢆጞࡿࡵᚲせ
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᭷ຠ࡛ࡀ࡜ࡇࡿࡅタࢆ※௦᭰Ỉࡢ࡝࡞ᑠつᶍ㈓Ỉụ࡟ᅡሙෆࠊࡣ࡟ࡵࡓࡢࡑࠋࡿ࠶ࡀ

᱂ࡢ┠స୍➨࡛࡜ࡇࡿࡍ⤥౪ࢆỈ୙㊊⏝ࡢࡵึࡢ㞵Ꮨࠊࡣ⨨タࡢᑠつᶍ㈓Ỉụࠋࡿ࠶

ᇵ᫬ᮇࢆ㐜ࠊ࡟ࡽࡉࠊ࡜ࡇ࠸࡞ࡏࡽ➨୍స┠ࡸ➨஧స┠ࡢ᱂ᇵ᫬ᮇ࡟Ỉ୙㊊ࡓࡌ⏕ࡀ

ሙྜ࡟⏝Ỉࢆ౪⤥ࡋỈ⏣ෆࡢ‣Ỉ≧ែࢆ⥔ᣢ࡛ࡽ࠿࡜ࡇࡿࡁ཰✭୙Ⰻࡢཎᅉࡿ࡞࡜

㐣๫࡞㞧ⲡࢆ⫱⏕ࡢ㜵ࠋࡿࡁ࡛ࡀ࡜ࡇࡄ

➨㸰␒┠ࠊ࡚ࡋ࡜✲◊ࡢ๓グࡌྠ࡜ᆅᇦࢆᑐ㇟ࠊ࡟ᅡሙෆ࡟タ⨨ࡓࡋᑠつᶍ㈓Ỉụ࡟

ᑠつᶍ㈓Ỉụෆࠊࡣⓗ┠ࡢ✲◊ࡢࡇࠋࡓࡋウ᳨ࢆⓗ᭷ຠᛶ῭⤒࡚࠸ࡘ࡟₅ຠᯝ℺ࡿࡼ

㠃ࡢ⿕そᮦ୍ࢆ⯡ⓗ࡟౑⏝ࣜ࢘ࣃ࢘ࢱࡿ࠸࡚ࢀࡉ 㸦ࣥࢺ࣮ࢩ࣮ࣝࢽࣅ㸧ࣥࢥࡣ࠸ࡿ࠶

ࡢ㞟Ỉ㎰ᴗ࡟㎰ᐙࡢࡃከࠊࡋศᯒࢆ࠿ࡿ࠶࡛⬟ྍ⏝㐺࡟ⓗ῭⤒ࠊሙྜࡓࡋ࡟ࢺ࣮ࣜࢡ

ᢏ⾡ࢆᬑཬࡢࡵࡓࡿࡏࡉ᪉⟇ࢆᥦ᱌ࠋࡿ࠶࡟࡜ࡇࡿࡍᑐ㇟ᆅᇦෆࠊ࡚࠸࠾࡟ኳỈ⏣ࡢ

ࡓࡋ⨨タ࡟ࡵࡓࡢ₅℺⤥⿵ 4 ࡗ⾜ࢆศᯒ࡜ㄪᰝ࡞ヲ⣽ࠊࡋ㑅ᢥࢆᑠつᶍ㈓Ỉụࡢࡘ
࡞఍⤒῭ⓗ♫࡚࠸ࡘ࡟⏝㐺ࡢ㈓Ỉụࠊࡋᑐ࡟㎰ᐙࡿࡍ⪅ᡤ᭷ࢆᑠつᶍ㈓Ỉụࡢࡇࠋࡓ

ศ㔝ࡾྲྀࡁ⪺࡜ࢺ࣮ࢣࣥ࢔ࡓࡋ⨶⥙ࢆㄪᰝࢆ 2014ᖺ 6᭶㹼8᭶࡟ᐇ᪋ࠋࡓࡋ⤒῭ศ
ᯒ2012ࠊࡣᖺ㹼2013ᖺ㸦ᑠつᶍ㈓Ỉụࡢᘓタ௨๓࡛ 1ᖺ 1సࡢᮇ㛫㸧࡜ 2013ᖺ㹼2014
ᖺ㸦ᑠつᶍ㈓Ỉụࡢᘓタᚋ࡛ 1ᖺ 2సࡓࡗ࡞࡟⬟ྍࡀᮇ㛫㸧ࢆᑐ㇟࡟ᐇ᪋ࡽࡉࠋࡓࡋ
ࡿࡍウ᳨ࢆ࠿࠺࡝࠿ࡿࢀࡽࢀධࡅཷ࡟ⓗ῭⤒ࡀࢺࢡ࢙ࢪࣟࣉࡢᑠつᶍ㈓Ỉụࡢࡇࠊ࡟

Ariyantoࠋࡓࡋ⏝㐺ࢆẚศᯒࢺࢫࢥ㸫┈౽ࠊ࡟ࡵࡓ 㸦2015ࡽ ᖺ㸧࡚ࡗࡼ࡟㐣ཤ࡟ᐇ
᪋ྠࡓࢀࡉᆅᇦ࡛ࠊࡣ࡛✲◊ࡢᑠつᶍ㈓Ỉụࡀᘓタࠊ࡚ࡗࡼ࡟࡜ࡇࡓࢀࡉ㞵Ꮨࡢ➨୍

స┠࡟ຍࠊ࡚࠼㞵Ꮨࡽ࠿஝Ꮨࡿࡍ⾜⛣࡟➨஧స┠ࡢᖸኳ᪥࡟ᚲせ₅℺࡞⏝Ỉࢆ☜ಖ࡛

ᖺࠊࡁ 2ᅇࡢỈ✄᱂ᇵࢆ࡜ࡇࡓࡗ࡞࡟⬟ྍࡀ᫂ࠊࡕࢃ࡞ࡍࠋࡿ࠸࡚ࡋ࡟࠿ࡽᑠつᶍ㈓
Ỉụࡢ⠏㐀ࠊࡣ┈౽ࡿࡼ࡟ᖺ୍సࡽ࠿ᖺ஧సࡢస௜ࡿࡼ࡟࡜ࡇࡓࡗ࡞࡟⬟ྍࡀࡅቑຍ

࡚ࡗࡼ࡟ุ᩿ࡢ㎰ᐙ࡚ࡋ⏝฼ࢆỈ⏝ࡢᑠつᶍ㈓Ỉụ࡟ᐇ㝿ࠊࡋ࠿ࡋࠋࡿ࠶࡛┈཰ࡓࡋ

᱂ᇵࡓࡋỈ⏣㠃✚ࡣᑠࠊࡃࡉ౽┈㸫ࢺࢫࢥẚࡀ್ࡢ 1ᮍ‶࡚ࡗ࡞࡜⤒῭ⓗ࡞᭷ຠᛶࡀ
ᑠつᶍ㈓ࠊ࡚ࡋ⏝㐺ࢆ᪉ἲࡓࡋᥦ᱌ࡀࡽAriyantoࠊࡽ࠿࡜ࡇࡢ௨ୖࠋࡓࡗ࠿࡞ࢀࡉ♧
Ỉụ₅࡛᭱℺ࡿࡼ࡟኱ࡀ┈౽ࡢᚓࡿࢀࡽ➨஧స┠᭱ࡢ㐺℺₅㠃✚ࢆồ࠸ࡤࢀࡅ࡞ࡵ

࡟そᮦ⿕ࡢࢀࡒࢀࡑࡢࢺ࣮ࣜࢡࣥࢥ࡜ࣥࣜ࢘ࣃ࢘ࢱࠊ࡟ࡽࡉࠋࡓࡋ၀♧ࢆ࡜ࡇ࠸࡞ࡅ

ẚࢺࢫࢥ㸫┈౽ࠊ࠸⾜ࢆศᯒ῭⤒ࡢሙྜࡓࡋ᱂ᇵࢆ✚㐺℺₅㠃᭱࡟┠஧స➨ࠊ࡚࠸ࡘ

ࢺ࣮ࣜࢡࣥࢥ࡜ࣥࣜ࢘ࣃ࢘ࢱࠋࡓࡋ࡟࠿ࡽ᫂ࢆ㛵ಀࡢ⋠㞟Ỉࠊ㈓Ỉᐜ㔞ࠊ✚㞟Ỉ㠃࡜

⿕そᮦࡢሙྜࡢ౽┈̿㈝⏝ẚࡢศᯒ⤖ᯝࠊࡽ࠿ᑠつᶍ㈓Ỉụࢢࣥࢽ࢖ࣛࡢᮦ࡚ࡋ࡜ᘓ

タ㈝⏝ࡣ㧗ࡀ࠸⪏⏝ᖺᩘࡀ㛗ࡢࡑࡃ㛫ࡢ⥔ᣢ㈝ࡀᑡࡀࢺ࣮ࣜࢡࣥࢥ࠸࡞᥎ዡࠋࡓࢀࡉ

࡚ࡋ౫Ꮡ࡟ࡳࡢ㎰ᴗࠊࡃ㧗ࡣࢺࢫࢥᘓタࡢᑠつᶍ㈓Ỉụࡿࡼ࡟ࢺ࣮ࣜࢡࣥࢥࠊࡋ࠿ࡋ

ࡗࡀࡓࡋࠋ࠸ከࡀሙྜࡿ࠶࡛⬟୙ྍࡀ࠸ᣓᨭᡶ୍࡚ࡋ࡜⏝㈝ᮇึࡣ㎰ᐙ࡛⯡୍ࡿ࠸

ࡢ࡝࡞㈨㔠㈚௜ࡢ῭㛗ᮇ㛫㏉ࡸຓ㔠⿵ࠊࡣ࡟ࡵࡓࡿࡍ࡟⬟ྍ⏝㐺ࡾࡼࢆ⾡ᢏࡢࡇࠊ࡚

ᨻᗓࡿࡼ࡟ᨭ᥼ࡀ࣒ࢸࢫࢩᚲせ࡛ࢆ࡜ࡇࡿ࠶ᥦ᱌ࡓࡋ.
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㸦ࡢࢺ࣐ࢺ㣴ᾮ᱂ᇵࡿࡅ࠾࡟ሷࡀࢫࣞࢺࢫ⏕㛗ࠊ཰㔞ࠊỈ฼⏝ຠ⋡࡟୚࠼

 ᙳ㡪㸧ࡿ

 

ࠊࡤ࠼࡜ࡓࠊࢀࡉ㈝ᙧᘧ࡛ᾘ࡞ࠎᵝࡣࢺ࣐ࢺࠋࡿ࠶࡛ࡘ୍ࡢ≀㔝᳜⳯࡞㔜せࡶୡ⏺୰࡛᭱ࡣࢺ࣐ࢺ

⏕㣗ࠊㄪ⌮ࢺࢫ࣮࣌ࠊࣉࣝࣃࠊࢫ࣮ࣗࢪࠊࡣࡓࡲࠊ௚ከ✀࡟ࢫ࣮ࢯࡢຍᕤࠊࢀࡉ⨁ワࠋࡿࢀࡉ࡟Ỉ

⪔᱂ᇵࡣ⏕⫱⎔ቃࡢไᚚࢆᨵၿࠊࡋᅵተ᱂ᇵࡢỈศࡸ⫧ᩱ≧ែࡢ୙☜ᐇᛶࢆ㑊ࢺ࣐ࢺࠊ࡟ࡵࡓࡿࡅ

ࡿࡵ㧗ࢆရ㉁ࡢ≀ᯝࠊࡣ࡜ࡇࡿࡍ᱂ᇵࢆࢺ࣐ࢺ࡚࠼ຍࢆሷ࡟ᰤ㣴ᾮࠋࡿ࠸࡚ࢀࡉ⏝౑ࡃᗈࡀ᱂ᇵࡢ

᭷ྡ࡞ᢏ⾡࡛ࡢࡑࠊࡋ࠿ࡋ ࠋࡿ࠶᰿ᇦࡿࡅ࠾࡟㧗⃰ᗘࡢሷࠊࡣᡂ㛗ࠊᯝᐇࡢ኱ࡧࡼ࠾ࡉࡁᯝᐇ཰

㔞ࡢపୗࢆᘬࡁ㉳ࠊࡵࡓࡢࡑࠋࡍࡇᮏ◊✲ࡢ┠ⓗࡢࢺ࣐ࢺࠊࡣ㣴ᾮ᱂ᇵࠊࡿࡅ࠾࡟ῶ཰ࡃ࡞ࡀᯝ≀

ရ㉁ࡅࡔࡿࡁ࡛ࢆ㧗ࡶ᭱ࡿࡵ㐺ᙜ࡞㟁Ẽఏᑟᗘ㸦EC ್㸧㜈್᭱ࡧࡼ࠾㧗ࡢሷศ⟶⌮᪉ἲࢆぢࡅࡘ

 ࠋࡿࢀࡉ኱ู࡟ࡘ஧ࡢୗグࡣ✲◊ᮏࠋࡿ࠶࡛࡜ࡇࡿ

㸦㸯㸧పሷࢫࣞࢺࢫୗࡢ⁐ᾮ᱂ᇵࡢࢺ࣐ࢺࡿࡼ࡟ᡂ㛗ࠊ཰㔞ࠊỈ฼⏝ຠ⋡࡟୚ࡿ࠼ᙳ㡪 

㸦㸰㸧␗ࡿ࡞ᡂ㛗㝵ẁ࡛ሷࡢࢺ࣐ࢺࡀࢫࣞࢺࢫᡂ㛗ࠊ཰㔞ࠊỈ฼⏝ຠ⋡࡟୚ࡿ࠼ᙳ㡪 

 ࠋࡿ࠶࡛ࡾ࠾࡜ࡢୗグ࡜ࡿࡵ⧳ࡾྲྀࢆᡂᯝ✲◊ࡢ┠ࡘ1

࣋ሷศࣞࡢࡘ6ࠊⓗ࡛┠ࡢEC㜈್࡞㐺ᙜࡶ᭱ 㸦ࣝ㟁Ẽఏᑟᗘ㸦EC㸧㸸0.78, 0.91, 1.10, 1.26, 1.41, 1.58�

dS m-1㸧ୗ࡛Ỉ⪔᱂ᇵ࡚࠸⏝ࢆࢺࢵ࣏ᐇ㦂ࠊྛ࠸⾜ࢆ ࠋࡓࡅタࢆ཯᚟ࡢ㸧≀᳜ࡢ㸦6ᮏ ࢺࢵ࣏ࡢࡘ3

ᡂ㛗ࡢ࡝࡞஝㔜ࡧSPAD್㸦ⴥ⥳⣲㸧ཬࠊయ㔜⏕ࠊ࡜ࡿ࡞࡟dS m-1 1.58ࡀEC್ࡢ㣴ᾮࠊᯝ⤖ࡢࡑ
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⥳SPAD್㸦ⴥࠊ࡟ࡃ࡜ࠋࡓࢀࡉ♧ࡀ࡜ࡇࡿࡅཷࢆᙳ㡪ࡢࢫࣞࢺࢫሷ࡞᭷ព࡟ィⓗ⤫࡟ࢱ࣮࣓ࣛࣃ

⣲㸧ࡣሷࡶ᭱࡟ࢫࣞࢺࢫᩄឤ࡞཯ᛂࡿࡍᣦᶆ࡛ࢆ࡜ࡇࡿ࠶☜ㄆࠊࡓࡲࠋࡓࡋ㣴ᾮࡢEC್1.41ࡀ dS 

m-1࡟㐩ࡢࢺ࣐ࢺࠊࡁ࡜ࡓࡋ཰㔞ࡣሷ࡚ࡗࡼ࡟ࢫࣞࢺࢫ⤫ィⓗ࡟᭷ព࡞ᙳ㡪ࠊ࡚ࡅཷࢆᡂ㛗࣓ࣛࣃ

⵨Ⓨᩓࠋࡓࢀࡽぢࡀഴྥࡿࡍୖྥ࡚ࡗࡼ࡟ࢫࣞࢺࢫሷࡣရ㉁ࡢᯝᐇࠊ᪉୍ࠋࡓࢀ⌧࡟ᩄឤࡾࡼࢱ࣮

Ỉ฼⏝ຠ⋡㸦༢఩ᾘࠊࡀࡓࡋῶᑡ࡚ࡅཷࢆᙳ㡪ࡢࢫࣞࢺࢫሷ࡜ࡿ࡞࡟dS m-1 1.58ࡀEC್࡟ᵝྠࡶ

㈝Ỉ㔞ࡢࡾࡓ࠶ᯝᐇࡢࢫ࣐࢜࢖ࣂ࡜⏕⏘㔞㸧ࡣ࡟ඃ఩࡞ኚ໬ࣇ࢖ࣛࣝࣈࢱࢪ࣋ࠋࡓࡗ࠿࡞ࡣAỈ⪔

᱂ᇵᾮయ⫧ᩱࠊ࡚࠸⏝ࢆῶ཰ࡃ࡞ࡀᯝᐇࡢရ㉁ࢆ㧗ࡿࡵ㣴ᾮࡢሷ⃰ᗘࡣEC್࡛1.41 dS m-1࡛ࡿ࠶

 ࠋࡓࢀࡉ♧࡚ࡋ࡜Ᏻ┠ࡢ࡜

� ஧ࡢ┠ࡘ◊✲ᡂᯝ࡜ࡿࡵ⧳ࡾྲྀࢆୗグࠋࡿ࠶࡛ࡾ࠾࡜ࡢ 

� 㸧≀᳜ࡢ㖊㸦6ᮏࡢࡘ3ࡁࡘ࡟⌮ฎࡢ1ᅇࠊ࠸⾜ࢆ⌮ฎࡢࢫࣞࢺࢫሷࡌྠ࡟ᡂ㛗ẁ㝵ࡿ࡞␗ࡢࡘ6

Ỉ฼⏝ຠࡸᡂ㛗ࡢࢺ࣐ࢺࡣࢫࣞࢺࢫሷࡢᮇ㸦21᪥ᮍ‶㸧▷ࡶᡂ㛗ẁ㝵࡛ࡢࢀࡎ࠸ࠋࡓࡅタࢆ཯᚟ࡢ

ࢺࢫሷࡢᯝᐇᮇࡧࡼ࠾㛤ⰼᮇࠋࡓࡋุ᫂ࡀ࡜ࡇ࠸࡞࠼୚ࢆᙳ㡪࡟཰㔞ࡣᰤ㣴ẁ㝵࡛ࠊࡎࡏᙳ㡪࡟⋠

ࡢᩘࡢᯝᐇࡿࢀࡉ⏘⏕ࢁࡋࡴࡶࡾࡼࢬ࢖ࢧࡢᯝᐇࡣࢀࡇࠊࡋࡇ㉳ࡁᘬࢆῶᑡࡢ཰㔞ࢺ࣐ࢺࠊࡣࢫࣞ

ῶᑡࠊࡋ࠿ࡋࠋࡓࡗ࠶࡛ࡢࡶࡿࡼ࡟ᯝᐇᮇࡢሷࡶࢫࣞࢺࢫᯝᐇࡢရ㉁ࢆᨵၿࠋࡓࡋሷࡣࢫࣞࢺࢫ๓

ᚋࡢࢫࣛࢺࡢ཰㔞࡜ᯝᐇရ㉁࡟୚ࡿ࠼ᙳ㡪ࡀࢫࣞࢺࢫࠊࡣⓎ⏕ࡓࡋ᫬Ⅼ࡛ࡢࢫࣛࢺࡢᡂ㛗㝵ẁ࡟౫

Ꮡࠋࡓ࠸࡚ࡋ 
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⢾㒊㛤⎔ᆺேᕤ᰾㓟ྜࡢᡂ࡜㑇ఏᏊⓎ⌧ᢚไἲࡢ࡬ᛂ⏝ 

᰾㓟་⸆ࢫࣥࢭࢳࣥ࢔࡟≉ࠊ་⸆ࡸ small interfering RNA (siRNA) ࠊࡣ๰⸆㛤Ⓨࡢ⡆౽ࡉ
ࡣ᰾㓟ࢫࣥࢭࢳࣥ࢔ࠋࡿ࠸࡚ࢀࡉ┠ᮇᚅ࣭ὀ࡚ࡋ࡜་⸆ရࡢḟୡ௦ࡽ࠿ࡉ㧗ࡢᶆⓗ㑅ᢥᛶ࡜

17㹼20ሷᇶࡽ࠿ᡂ୍ࡿᮏ㙐᰾㓟࡛ࠊࡾ࠶ᶆⓗmRNA࡜஧㔜㙐᰾㓟ࢆᙧᡂࠊࡋᶆⓗmRNAࡀ
RNase Hࡾࡼ࡟ษ᩿ࢡࣃࣥࢱ࡛࡜ࡇࡿࢀࡉ㉁ࡢⓎ⌧ࢆᢚไࠋࡿࡍsiRNA2ࠊࡣሷᇶࣂ࣮࢜ࡢ
⣙ࡘᣢࢆሷᇶࢢࣥࣁ࣮ 19ሷᇶᑐࡽ࠿ᡂࡿ▷㙐஧ᮏ㙐RNA࡛ࠊࡾ࠶Agoࢡࣃࣥࢱ㉁ࢆ୺ᅉᏊ
mRNA⿵┦ࠊࡋᙧᡂࢆ RNA induced silencing complex (RISC)࡜㉁ࢡࣃࣥࢱࡢᩘ「ࡿࡍ࡜
ࢀࡉษ᩿ࡀmRNAࡾࡼ࡟άᛶ࣮ࢧ࢖ࣛࢫࡘᣢࡢ㉁ࢡࣃࣥࢱAgoࠊᚋࡓࢀࡲ㎸ࡾྲྀ࡟RISCࡀ
ࡧ᰾㓟ཬࢫࣥࢭࢳࣥ࢔ࠊ࡟ᵝࡢࡇࠋࡿࢀࡉᢚไࡀ⌧Ⓨࡢ㉁ࢡࣃࣥࢱ࡛࡜ࡇࡿ siRNAࡣゐ፹㔞
࡛స⏝ࡽ࠿࡜ࡇࡿࡍ㧗࠸άᛶࡀᮇᚅࠊࡀࡿࢀࡉ᰾㓟་⸆࡟ᛂ⏝ࡣ࡟ࡵࡓࡿࡍᵝ࡞ࠎၥ㢟Ⅼࢆゎ

Ỵࡿࡍᚲせࡶ᭱ࠋࡿ࠶ࡀ኱࡞ࡁၥ㢟Ⅼࠊ࡚ࡋ࡜ኳ↛ࡢDNAཬࡧRNAࡣ⏕యෆ࡛ᐜ᫆࡟ศゎ
ࡧ᰾㓟ཬࢫࣥࢭࢳࣥ࢔ࠊࡽ࠿࡜ࡇ࠺ࡲࡋ࡚ࢀࡉ siRNAࡢᐇ⏝໬ࢮ࣮࢔ࣞࢡࢾࡣ࡟⪏ᛶࢆቑࡍ
ᚲせࢮ࣮࢔ࣞࢡࢾ࡛ࡲࢀࡇࠋࡿ࠶ࡀ⪏ᛶࡢቑᙉࠊᶆⓗmRNAࡢ࡜ぶ࿴ᛶࢆୖྥࡢ┠ⓗࠊ࡚ࡋ࡜
 GNA (glycerol࡚ࡋ࡜⢾㒊㛤⎔ᆺ᰾㓟ࠊࡣࡽMeggersࠊ࡟≉ࠋࡿ࠸࡚ࢀࡉᡂྜࡀேᕤ᰾㓟ࡢࠎ✀
nucleic acid; ᅗ ࠊࡀࡿࡍᙧᡂࢆ஧㔜㙐࡞ⓗᏳᐃ⇕࡜㙐RNA⿵┦ࠊࡣGNAࠋࡓࡋሗ࿌ࢆ (1
DNAࡣ࡜஧㔜㙐ࢆᙧᡂ࠸࡞ࡋ RNA㑅ᢥᛶࢆᣢࡀ࡜ࡇࡘሗ࿌ࣥࢪ࣑ࢳࠊࡓࡲࠋࡿ࠸࡚ࢀࡉሷ
ᇶ㒊5఩ࣝࢽࣆࣟࣉ࡟ᇶࢆᑟධࡴྵࢆࢢࣟࢼ࢔ࢻࢩ࢜ࣞࢡࢾࡓࡋDNAࠊࡣ␯Ỉᛶ┦஫స⏝ࡢ
ቑᙉࡾࡼ࡟┦⿵㙐ࡢ࡜஧㔜㙐ࡀ⇕ⓗ࡟Ᏻᐃ໬ࡢ࡜ࡿࢀࡉሗ࿌࡞࠺ࡼࡢࡇࠋࡿ࡚ࢀࡉࡀ⫼ᬒࢆᇶ

ࢡࢾ᪂つ⢾㒊㛤⎔ᆺࡓࡏࡉྜ⤖ࢆሷᇶ࡚ࡋ௓ࢆᇶࣝࢽࢳ࢚࡟㦵᱁࣮ࣝࢥࣜࢢࠊࡣ࡛✲◊ᮏࠊ࡟

ࢢࣟࢼ࢔ࢻࢩ࢜ࣞ TaཬࡧCaࢆタィ࣭ྜᡂࡴྵࢆࡽࢀࡑࠊࡋ siRNAཬࢫࣥࢭࢳࣥ࢔ࡧ᰾㓟ࡢ
ᛶ㉁᳨࡚࠸ࡘ࡟ドࠋࡓࡋ 

 
 
 
 
 
 
 
 
 
(R)-glycidol ࢜࢖ࢻࣜࢳࢭ࢔ࡢ࡬ࢩ࣏࢚࢟ࠊಖㆤࡿࡼ࡟ᇶࣝࣜࢩࡢỈ㓟ᇶࠊࡋ࡜ฟⓎཎᩱࢆ
࣓-N1ࡓࡋㄏᑟࡽ࠿ࣝࢩࣛ࢘ࠊᚋࡢࡑࠋࡓࡋᡂྜࢆㄏᑟయࣝࢽࣆࣟࣉࡾࡼ࡟ồ᰾௜ຍ཯ᛂࡢࣥ
ࢳ ࣥࢪ࣑ࢳࡾࡼ࡟཯ᛂࢢࣥࣜࣉࢵ࢝ࢫࣟࢡᅬ㢌ࡢ࡜ㄏᑟయࣝࢽࣆࣟࣉ࡜ࣝࢩࣛ࢘ࢻ࣮ࣚ-5ࣝ-
ࢢࣟࢼ࢔ Taࡢಖㆤయྜࢆᡂ୍ࠋࡓࡋ᪉ࡾࡼࣥࢩࢺࢩࢯ࢖ࠊㄏᑟࡓࡋ N1-࣓ࢳ ࢯ࢖ࢻ࣮ࣚ-5ࣝ-
ࢢࣟࢼ࢔ࣥࢪࢳࢩࡾࡼ࡟࡜ࡇࡿࡍྜ⦰ࢆㄏᑟయࣝࢽࣆࣟࣉ࡜ࣥࢩࢺࢩ Caࡢಖㆤయྜࢆᡂࡋ

ᅗ 1. ⢾㒊㛤⎔ᆺࡢࢻࢩ࢜ࣞࢡࢾᵓ㐀 

!!"!



ࡼ࡟᰾㓟⮬ື᰾㓟ྜᡂᶵࠊᚋࡓࡋኚ᥮࡜࡬యࢺ࢖ࢲ࣑࢔ࢆCaࡧTaཬࢢࣟࢼ࢔࠸ᚑ࡟ᖖἲࠋࡓ

ࢢࣟࢼ࢔ࠋࡓࡋᡂྜࢆ (ON) ࢻࢳ࢜ࣞࢡࢾࢦࣜ࢜ࡴྵࢆࢢࣟࢼ࢔ࡾ Taཬࡧ Caࡴྵࢆ ON࡜
RNAࡢ࡜஧㔜㙐ࡢᏳᐃᛶ50ࢆ㸣⼥ゎ ᗘ (Tm) ࢆ ᐃ᳨ࡾࡼ࡟࡜ࡇࡿࡍドࢼ࢔ࠊࡓࡲࠋࡓࡋ
⟭ࢆࢱ࣮࣓ࣛࣃຊᏛⓗ⇕ࡽ࠿ࢺࢵࣟࣉvan't Hoffࠊࡵࡓࡿࡍゎᯒ࡟ヲ⣽ࢆ⬟ሷᇶᑐᙧᡂࡢࢢࣟ
ฟࡢࡑࠋࡓࡋ⤖ᯝࠊTaཬࡧ CaࢆᑟධࡓࡋONࡶࢀࡎ࠸ࡣኳ↛ࡢDNA࡜ẚ㍑࡚ࡋ┦⿵ RNA
ẚ㍑ࡢࢱ࣮࣓ࣛࣃຊᏛⓗ⇕ࠊࡓࡲࠋࡓࡗ࡞࡜࠿ࡽ᫂ࡀ࡜ࡇࡿࡏࡉ୙Ᏻᐃ໬࡟ⓗ⇕ࢆ஧㔜㙐ࡢ࡜

ࠊ୍ࡀࡿ࠶࡛ࡢࡶࡿࡍ㉳ᅉ࡟㡯࣮ࣆࣝࢱ࢚ࣥ࡟୺ࡣせᅉࡢ୙Ᏻᐃ໬ࡽ࠿ ᪉ࡢࢢࣟࢼ࢔ࠊᑟධࡣ

஧㔜㙐ᙧᡂ࣮ࣆࣟࢺ࢚࡚ࣥ࠸࠾࡟ⓗࡣ࡟᭷฼࡟ാุࡶ࡜ࡇࡿ࠸࡚࠸᫂ࠋࡓࡋ 
ḟࢢࣟࢼ࢔ࠊ࡟Taࢆ siRNA࡬ᑟධࡢࡑࠊࡋ㑇ఏᏊᢚไ⬟᳨ࢆドࠋࡓࡋTaࢆᑟධࡓࡋ siRNA
ࡢࡢࡶࡿࡍపୗࡀⓗᏳᐃᛶ⇕࡟࠿ࡎࢃࡶࡾࡼኳ↛ᆺࡣ Taࡣሷᇶ㆑ู⬟ࢆ᭷ࡀ࡜ࡇࡿ࠸࡚ࡋ᫂

ࡢRNAࠊࢁࡇ࡜ࡓࡋㄆ☜ࢆᙳ㡪ࡍࡰཬ࡟ᛶ⪏ࢮ࣮࢔ࣞࢡࢾࡢࢢࣟࢼ࢔ࠋࡓࡗ࡞࡜࠿ࡽ 3′ᮎ➃
ࢢࣟࢼ࢔࡬ Taࢆᑟධ࡛࡜ࡇࡿࡍ RNAࡢ⺬ẘ(ࢮ࣮࢔ࣞࢡࢾࢯ࢚࢟-’3) ࢮ࣮ࣛࢸࢫ࢚ࢪ࣍ࢫ࣍ 
ࠊࣝ࡟᭦ࠋࡓࡗ࡞࡜࠿ࡽ᫂ࡶ࡜ࡇࡿࡍୖྥ࡟኱ᖜࡀᛶ⪏ࡿࡍᑐ࡟ ࡼ࡟࢖ࢭࢵ࢔࣭ࢮ࣮࢙ࣛࣇࢩ

≉ࠋࡓࡋ♧ࢆ⬟㑇ఏᏊⓎ⌧ᢚไࡿ࡞␗ࡾࡼ࡟ᑟධ㒊఩ࠊࢁࡇ࡜ࡓࡋド᳨ࢆ⬟㑇ఏᏊⓎ⌧ᢚไࡾ

ࡓࡋᑟධ࡟㒊఩ࢢࣥࣁ࣮ࣂ࣮࢜➃ᮎ′3ࡢ୧㙐ࢆTaࠊ࡟ siRNAࢫࣥࢭ࡜㙐3′ᮎ➃௜㏆࡟ᑟධࡋ
ࡓ siRNA࡛㑇ఏᏊⓎ⌧ᢚไ⬟ุࡀ࡜ࡇࡿࡍୖྥࡀ᫂ࠊࡣࢀࡇࠋࡓࡋTaࢆᑟධࡾࡼ࡟࡜ࡇࡿࡍ

࢖࢞ࡢ࡬RISCࡽ࠿ኚ໬ࡢຊᏛⓗᏳᐃᛶ⇕ࡢ஧㔜㙐ࠊ࠼ຍ࡟࡜ࡇࡓࡋୖྥࡀᛶ⪏ࢮ࣮࢔ࣞࢡࢾ
 ࠋࡿࢀࡽ࠼⪄࡜ࡢࡶࡿࡼ࡟࡜ࡇࡓࡋୖྥࡀ㑅ᢥᛶࡢࡳ㎸ࡾྲྀࡢ㙐ࢻ
᭱ᚋࠊ࡟DNAࡢ୧ᮎ➃㒊఩ࢢࣟࢼ࢔࡟ Taཬࡧ Caࢆᑟධ࣮࣐ࣉࢵࣕࢠࡓࡋᆺࢫࣥࢭࢳࣥ࢔

᰾㓟 (AON) ྜࢆᡂࡢࡑࠊࡋᛶ㉁᳨ࢆウࢢࣟࢼ࢔ࠋࡓࡋ Taཬࡧ Caࢆᑟධࡓࡋ AON/RNA஧
㔜㙐࡛ࡣኳ↛ᆺ࡜ẚ㍑࡚ࡋ஧㔜㙐ࡢ⇕ⓗᏳᐃᛶࡀపୗࠋ୍ࡓࡋ ᪉࡛ࠊCD ᐃࡽ࠿AON/RNA
஧㔜㙐ࡣኳ↛ᆺྠ࡜ᵝ࡟ A ᆺࢇࡏࡽᵓ㐀ࡀ࡜ࡇࡿ࠸࡚ࡋࢆ♧၀ࡴྵࢆࢢࣟࢼ࢔ࠋࡓࢀࡉ
AON/RNA஧㔜㙐ࡢRNase Hάᛶ໬⬟ࢆ ᐃࠊࢁࡇ࡜ࡓࡋTaࢆᑟධࡓࡋAON/RNA஧㔜㙐
ࠊࡣࢀࡇࠋࡓࡋุ᫂ࡀ࡜ࡇࡿ࡞ࡃ㏿ࡶࡾࡼኳ↛ᆺ஧㔜㙐ࡀRNAศゎ㏿ᗘࡿࡼ࡟RNase Hࡣ࡛
AON/RNA஧㔜㙐ࡢ⇕ⓗᏳᐃᛶࡀኳ↛ᆺ࡜ẚ㍑࡚ࡋపࠊࡵࡓ࠸RNase Hࡿࡼ࡟RNAศゎᚋ
ࡵࡓࡓࡋୖྥࡀᗘ㏿࣮ࣂ࣮࣮࢜ࣥࢱࡢRNase H࡛࡜ࡇࡿࡲ㏿ࡀゎ㞳ࡢࡽ࠿AONࡢRNAࡢ
 ࠋࡿ࠸࡚࠼⪄࡜
௨ୖࠊᮏ◊✲࡛ࠊࡣ᪂つ⢾㒊㛤⎔ᆺࢢࣟࢼ࢔ࢻࢩ࢜ࣞࢡࢾTaཬࡧCaࢆタィ࣭ྜᡂࢀࡑࠊࡋ

ࡴྵࢆࡽ siRNAཬࢫࣥࢭࢳࣥ࢔ࡧ᰾㓟ࡢᛶ㉁᳨࡚࠸ࡘ࡟ドࡢࡑࠋࡓࡋ⤖ᯝࡢࢢࣟࢼ࢔ࠊᑟධ
⬟RNase Hάᛶ໬ࡢ᰾㓟ࢫࣥࢭࢳࣥ࢔ࠊࡓࡲࠊ࡜ࡇࡿࡏࡉቑᙉࢆ⬟㑇ఏᏊᢚไࡢsiRNAࠊࡣ
࡟⸆᰾㓟་ࡣࢢࣟࢼ࢔ᮏࠊࡽ࠿࡜ࡇࡿࡏࡉቑᙉࢆᛶ⪏ࢮ࣮࢔ࣞࢡࢾࠊ࡟᭦ࠊ࡜ࡇࡿࡏࡉୖྥࢆ

฼⏝࡛ୖࡿࡍ᭷⏝࡛ࠋࡓࢀࡉ♧ࡀ࡜ࡇࡿ࠶ 
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 ✲◊┙ᇶࡿࡍ㛵࡟ⓑ㉁⤖ᬗᵓ㐀ゎᯒ⺮ࡓ࠸⏝ࢆ໬⢾ࣀࣞࢭ

⢾㙐ࡣ᰾㓟ࠊ⺮ⓑ㉁ࡢ୕➨ࡃ⥆࡟⏕࿨㙐࡚ࡋ࡜⏕యෆ࡛㔜せ࡞ാࡶ࡛࠿࡞ࠋࡿ࠸࡚ࡋࢆࡁ⣽

⬊⾲㠃࡟Ꮡᅾࡿࡍ⢾㙐ࡣ⺮ⓑ㉁ࡢ࡜」ྜయᙧᡂࠊ࡚⤒ࢆ⣽⬊ࡢቑṪ࣭ศ໬ࠊ⒴⣽⬊ࡢ㌿⛣ࠊᢠ

ཎᢠయ཯ᛂࠊᚤ⏕≀ࡿࡼ࡟ᐟ୺ㄆ㆑ࡢ࡝࡞ᵝ࡞ࠎ⏕࿨⌧㇟࡟㛵୚ࠊࡵࡓࡢࡑࠋࡿ࠸࡚ࡋ⢾㙐ࡢ

ᶵ⬟Ⓨ⌧ᶵᵓࢆศᏊ࡛ࣞࣝ࣋ゎ᫂ࠊࡣ࡟ࡵࡓࡿࡍ⢾㙐㸫⺮ⓑ㉁」ྜయࡢ❧యᵓ㐀᝟ሗྲྀࡢᚓࡀ

ᴟ࡚ࡵ㔜せ࡛ࠋࡿ࠶ᙜ◊✲ᐊ࡛ࣥࣞࢭࠊࡣཎᏊࡢ྾཰➃㏆ഐ࡛ࡢ␗ᖖศᩓຠᯝࢆ఩┦Ỵᐃ࡟฼

Ỉ㓟ᇶࡿ࠸࡚ࢀࡲྵ࡟⢾ศᏊࠊࡋ┠╔࡟༢Ἴ㛗␗ᖖศᩓἲ(MAD/SADἲ)ࡧࡼ࠾ከἼ㛗ࡿࡍ⏝
┦఩ࡘ࠿ࢻࣥ࢞ࣜࢆࡽࢀࡑࡧࡼ࠾໬Ꮫྜᡂࡢ໬⢾ࣀࣞࢭࡓࡋᇶ(MeSe)࡛⨨᥮ࣀࣞࢭࣝࢳ࣓ࢆ
ỴᐃศᏊ࡚ࡋ࡜฼⏝ࡓࡋ⢾㸫⺮ⓑ㉁」ྜయࡢ X ⥺⤖ᬗᵓ㐀ゎᯒࠊ࠸⾜ࢆ⢾ㄆ㆑⺮ⓑ㉁ࡢ❧య
ᵓ㐀ゎᯒࣀࣞࢭࡿࡅ࠾࡟໬⢾ࡢ᭷⏝ᛶࢆぢฟࠊࡋ࠿ࡋࠋࡿ࠸࡚ࡋඹ⤖ᬗ໬ࡢᡂྰࣥࣞࢭࡀཎᏊ

໬⢾ࣀࣞࢭࡢ࡬ⓑ㉁⺮ࡢᮍゎ᫂ࡀᇶ㉁ㄆ㆑ᶵᵓࠊࡾ࠾ᚓ࡚ࢆぢ▱࠺࠸࡜ࡿࡍ౫Ꮡ࡟⨨ᑟධ఩ࡢ

ࡲࢀࡇࠊࡓࡲࠋࡿ࠶ࡀᛶ⬟ྍࡍ♧ࢆపぶ࿴ᛶ࡚ࡋᑐ࡟ⓑ㉁⺮ࡀ໬⢾ࣀࣞࢭࡓࡋㄪ〇ࠊࡣ⏝฼ࡢ

࡛ሗ࿌ࣀࣞࢭࡿ࠸࡚ࢀࡉ໬⢾ࡢᵓ㐀ゎᯒࡢ࡬ᛂ⏝ࡀ࡝ࢇ࡜࡯ࡢࡑࡣ⢾ㄆ㆑⺮ⓑ㉁ࢆᑐ㇟ࡋ࡟

⥙ࡢ໬⢾ࣀࣞࢭࡓࡗ࠿࡞࠸࡚ࢀࡉሗ࿌࡛ࡲࢀࡇࠊࡣ࡛✲◊ᮏ࡛ࡇࡑࠋ࠸ࡋஈ࡟ỗ⏝ᛶࠊࡾ࠾࡚

⨶ⓗྜ࡞ᡂࡢ┠ࡘ୍࡛࡜ࡇ࠺⾜ࢆၥ㢟ࡢゎỴࢆ┠ᣦࣀࣞࢭࠊࡓࡲࠊࡋ໬⢾ࡢ⺮ⓑ㉁⤖ᬗᵓ㐀ゎ

ᯒࡿࡅ࠾࡟㐺⏝⠊ᅖᣑ඘ࣀࣞࢭࠊࡅྥ࡟໬⢾ࡿࡼ࡟⺮ⓑ㉁ಟ㣭ࢆ┠ᣦࠋࡓࡋ 
⏝ᛂࡢ࡬X⥺⤖ᬗᵓ㐀ゎᯒࡢAOLࡧࡼ࠾ᡂྜࡢࢫ࣮ࢥࣇ໬ࣀࣞࢭ࠙  ࠚ
ᇶ㉁ㄆ㆑ᶵᵓࡀᮍ▱࡞⺮ⓑ㉁ࣀࣞࢭࡢ࡬໬⢾ࡢ฼⏝࡟₯ᅾࡿࡍၥ㢟ࡢ࡬ゎỴ⟇ࠊ࡚ࡋ࡜⢾ศ

Ꮚෆ࡟ᏑᅾࡿࡍỈ㓟ᇶࣥࣞࢭࢀࡒࢀࡑࢆཎᏊ࡛⨨᥮ࡓࡋ໬ྜ≀⩌ࡢ฼⏝ࡀ᭷ຠ࡛ࠊ࠼⪄࡜ࡿ࠶

ࠋɔࡓࡋ࡜࡜ࡇࡿࡍド᳨ࢆ᭷⏝ᛶࡢࡑ 㐀ⓗ༢⣧࡚ࡋ࡜ࣝࢹࣔࢆࢫ࣮ࢥࣇࡽ࠿ࡉ㑅ᢥࡢࡑࠊࡋㄏ

ᑟయ(α-MeSe-Fuc, β-MeSe-Fuc, 2-MeSe-Fuc, 3-MeSe-Fuc, 4-MeSe-Fuc) (Fig. 1)ྜࡢᡂࡧࡼ࠾❧య
ᵓ㐀ࡀᮍゎ࡛᫂ࢫ࣮ࢥࣇࡓࡗ࠶⤖ྜ⺮ⓑ㉁AOLࡢ࡜ඹ⤖ᬗ໬ࠊX⥺⤖ᬗᵓ㐀ゎᯒ࡚ࡋࡑࠊ⾲
㠃ࣥࣔࢬࣛࣉඹ㬆(SPR)ࡓ࠸⏝ࢆ⤖ྜぶ࿴ᛶ ᐃࣥࣞࢭ࠸⾜ࢆཎᏊᑟධ఩⨨ࡢ┦㐪ࡿࡼ࡟ᙳ㡪
 ࠋࡓࡋド᳨ࢆ

 
Fig. 1 structure of target compounds 
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ࠊᯝ୍⤖ࡢࡑ ఩⨨᥮య(Ș-MeSeయࠊș-MeSeయ)ࡧࡼ࠾஧఩⨨᥮య(2-MeSe-Fuc)࡛ࡣඹ⤖ᬗ໬࡜
❧యᵓ㐀Ỵᐃ࡟ᡂຌࡓࡋ(Fig. 2)ɔࠋ 㐀ゎᯒࡢ⤖ᯝࠊAOLࡀභᯛṑࡢșࠊ࡜ࡇࡿ࡞ࡽ࠿ࣛ࣌ࣟࣉ
AOL ࡝࡞࡜ࡇࡿ࠸࡚ࡋࢆỈ㓟ᇶ㛫࡛Ỉ⣲⤖ྜᙧᡂࡢᅄ఩ࡧࡼ࠾఩୕ࠊෆ㓟⣲⎔ࡢࢫ࣮ࢥࣇ࡜
MeSe-Fuc-4ࠊMeSe-Fuc-3ࠊᯝ⤖ࡢぶ࿴ᛶ ᐃࡢ࡜AOL࡜ㄏᑟయࢫ࣮ࢥࣇࠋࡓࡗ࡞࡜࠿ࡽ᫂ࡀ
࡭ẚ࡟ㄏᑟయࡓࡋᡂຌ࡟ඹ⤖ᬗ໬ࠊࡣぶ࿴ᛶࡢ 4ಸ௨ୖపୗࠊࡾ࠾࡚ࡋᇶ㉁ㄆ㆑ᶵᵓࢆᨭᣢࡍ
໬⢾ࣀࣞࢭࡿࡍᑐ࡟ⓑ㉁⺮ࡿ࠶ᮍゎ࡛᫂ࡀ⢾㙐ㄆ㆑ᶵᵓࠊࡾࡼᯝ⤖ࡢ௨ୖࠋࡓࢀࡽᚓࡀᯝ⤖ࡿ

 ࠋࡓࢀࡉ♧ࡀᐇ⾜ྍ⬟ᛶࡢࢢࣥࢽ࣮ࣜࢡࢫḟ୍ࡢ᥈⣴ࣈ࣮ࣟࣉࡓ࠸⏝ࢆSPR࡜᭷⏝ᛶࡢ⩌
   
 
 
 
 

Fig.2 3D-structures of AOL with a) α-MeSe-Fuc, b) β-MeSe-Fuc and c) 2-MeSe-Fuc 

࠙⢾⺮ⓑ㉁ಟ㣭ࢆ┠ᣦࣀࣞࢭࡓࡋ໬⢾ྜࡢࣥࣜࢰࢧ࢟࢜ᡂ࡜ᛂ⏝  ࠚ
X⥺⤖ᬗ㐀ゎᯒࣀࣞࢭࡿࡅ࠾࡟໬⢾ࡢ᭦ࡿ࡞㐺⏝⠊ᅖᣑ඘ྵࣥࣞࢭࠊ࡚ࡅྥ࡟᭷⢾ࢰࢧ࢟࢜
ࣜࣥయྜࡢᡂࠋࡓࡗ⾜ࢆ┿᰾⣽⬊࡟⏤᮶ࡿࡍ⺮ⓑ㉁ࡢ 50%௨ୖࡣ⢾㙐ಟ㣭ࡓࢀࡉ⢾⺮ⓑ㉁ࡋ࡜
࡚Ꮡᅾࠋࡿ࠸࡚ࡋ⢾࡜⺮ⓑ㉁ࡓࡋྜ⤖ࡀ⢾⺮ⓑ㉁ࠊࡣ⺮ⓑ㉁ࡣ࡚ࡋ࡜ᆒ୍࡛ࡶ⢾㙐ᵓ㐀࡟ᚤᑠ

୙ᆒ୍ᛶࢆ᭷ࠊࡾ࠾࡚ࡋ⤖ᬗ໬ࡀᅔ㞴࡛ࠊ࡛ࡇࡑࠋࡿ࠶㓝⣲ฎ⌮ࡾࡼ࡟୙ᆒ୍࡞⢾㙐ࢆ㝖ཤࠊࡋ

ᶆࣥࣞࢭࡧࡼ࠾ゎỴࡢᚤᑠ୙ᆒ୍ᛶ࡛࡜ࡇࡿࡍ௜ຍࢆ໬⢾ࣀࣞࢭ࡚࠸⏝ࢆ⢾㌿⛣㓝⣲࡟ࡽࡉ

㆑ྠࢆ᫬࠸⾜࡟⢾⺮ⓑ㉁ࡢ❧యᵓ㐀ゎᯒࢆ㎿㏿໬࡛ࣞࢭ࡛ࡲࢀࡇࠊࡋ࠿ࡋࠋࡓ࠼⪄࡜ࡢࡶࡿࡁ

⬟ᇶ㉁ࡢ໬⢾ࣀࣞࢭࡣ࡛✲◊ᮏࠊ࡛ࡇࡑࠋ࠸࡞ࡣሗ࿌ࡓ࠸⏝࡚ࡋ࡜ᇶ㉁ࡢ⢾㌿⛣཯ᛂࢆ໬⢾ࣀ

࠸࡚ࢀࡽ▱࡚ࡋ࡜ᇶ㉁࡞Ⰻዲ࡚࠸࠾࡟⢾㌿⛣཯ᛂࡀయࣥࣜࢰࢧ࢟࢜⢾ࠋࡓࡋ࡜࡜ࡇࡿࡍド᳨ࢆ

ࠊྜࡸ࡜ࡇࡿ ᡂࡢ⡆౽ࠊࡉᇶ㉁ㄆ㆑ᶵᵓࢆ࡝࡞⪃៖ࡋᶆⓗ໬ྜ≀ࣥࣞࢭࡣཎᏊࢻࢩࢥࣜࢢࢆ⤖

ྜ㒊఩࡟᭷ࡿࡍ஧⢾ࣥࣜࢰࢧ࢟࢜య࡟タᐃࡓࡋ(Fig.3)ࠋ஧⢾㦵᱁ᵓ⠏ࠊࡣβ-ࢻࢩࣀ࣐ࣥࣀࣞࢭ
ࢻ࣑ࣟࣈࣝࢩࣀ࣐ࣥࡣࢻࢩࣀ࣐ࣥࣀࣞࢭ-βࠋࡓࡗ⾜ࡾࡼ࡟ồ᰾⨨᥮ࡢ࡬㒊ศ࣑ࣥࢧࢺࢡࣛ࢞ࡢ
࡟ 4-࣓ ࠊࡣᡂ࡛ྜࡢ㒊ศ࣑ࣥࢧࢺࢡࣛ࢞ࠋࡓᚓ࡟య㑅ᢥⓗ❧ࡏࡉ⏝సࢆ࣒࢘ࣜ࢝Ᏻᜥ㤶㓟ࣝࢳ
ࡾࡼ࡟໬ࣝࢳࢭ࢔࡞఩⨨㑅ᢥⓗࠊᚋࡓࡋTBDPSᇶ࡛ಖㆤࢆ఩࣮࣐ࣀ࢔ 4఩Ỉ㓟ᇶࡀ㐟㞳ࡢ୰
㛫య࡬ㄏᑟࠋࡓࡋ஧⢾㦵᱁ᵓ⠏ᚋ࣑ࣥࢧࢥࣝࢢࠊ 1఩ࡢ⬺ಖㆤࣥࣜࢰࢧ࢟࢜ࠊయࡢ࡬ኚ᥮ࠊ⬺
ࠊ⢾౪୚యࢆయࣥࣜࢰࢧ࢟࢜໬⢾ࣀࣞࢭࠊ࡟ḟࠋࡓᚓࢆ≀ᶆⓗ໬ྜ࡚⤒ࢆ໬ࣝࢳࢭ࢔

pNP-GlcNAcࢆ⢾ཷᐜయ࡚ࡋ࡜⢾㌿⛣㓝⣲Endo Mࡿࡼ࡟⢾㌿⛣ࣀࣞࢭ࠸⾜ࢆ໬⢾ࣜࢰࢧ࢟࢜
ࣥయࡀEndo Mࡢᇶ㉁ࡿ࡞࡜஦ࠋࡓࡋ♧࡚ࡵึࢆ 

 
Fig. 3 Enzymatic transglycosylation reaction utilizing Se-glycan as a glycosyl donor 

 

a) b) c) 
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⡿⣇ࢡࣃࣥࢱ㉁࣮ࣝࣟࢸࢫࣞࢥࡢ௦ㅰᨵၿస⏝࡟㛵ࡿࡍ◊✲ 

㧗⬡⾑⑕࡟≉ࠊ㧗࣮ࣟࢸࢫࣞࢥ 㸦ࣝCHOL㸧⾑⑕ࡣᚰ⮚⾑⟶⑌ᝈࡢ㔜せ࡞༴㝤ᅉᏊࠊࡾ࠶࡛ࡘ୍ࡢ
㣗㣵ㄪ⠇ࡿࡼ࡟ண㜵ࡣࡓࡲᨵၿస⏝ࡀ㠀ᖖ࡟㔜せ࡛ࠊࡓࡲࠋࡿ࠸࡚ࢀࡽ࠼⪄࡜ࡿ࠶㏆ᖺ࡛ࡣ㣗㣵

ࡢ㉁ࢡࣃࣥࢱ CHOL⾑⑕పୗస⏝ࠊືࢀࢃ⾜࡟ࢇ┒ࡀ ≀ᛶࢡࣃࣥࢱ㉁᳜ࡾࡼ≀ᛶࢡࣃࣥࢱ㉁ࡢ⾑

Ύ CHOLపୗస⏝ࡀඃࡀ࡜ࡇࡿࢀሗ࿌ࠋࡿ࠸࡚ࢀࡉ 
⡿⣇ࠊࡣ⋞⡿ࡽ࠿⢭ⓑ⡿ࢆసࡿ㝿ࡢ๪⏘≀࡛ࠊᯝ⓶ࠊ⓶✀ࠊ⢶⢊ᒙཬࡧ⬇ⱆ㒊ศཬࣥࣉࣥࢹࡧᛶ

⬇ஙࡢእᒙࡢ10-16%ࠊࡾ࠾࡚ࢀࡲྵࡀ㧗࠸ᰤ㣴ᛶࢡࣃࣥࢱ㉁ࠋࡿ࠸࡛ࢇྵࢆ⡿⣇ࢡࣃࣥࢱ㉁
㸦RBP㸧ࡢప࣮ࢠࣝࣞ࢔ᛶࡧࡼ࠾ᢠ⒴ᛶࡀሗ࿌ࠊࡋ࠿ࡋࠋࡓࢀࡉRBP ࡢ CHOL ௦ㅰ࡟ᑐࡿࡍᙳ
㡪ࡢ࡚࠸ࡘ࡟ሗ࿌ࡣᑡࠋ࠸࡞Elisa Rࡣࡽ㧗࣮ࣝࣟࢸࢫࣞࢥ⾑⑕ࣛࠊ࡚࠸࠾࡟ࢺࢵ⡿⣇ࡢỈ⁐ᛶ㓝
⣲ᢳฟ≀࡛ࡿ࠶ RBEE㸦ࢡࣃࣥࢱ㉁ 38.1㸣㸧ࡀ⾑Ύ CHOL ሗ࿌ࢆ࡜ࡇࡿࡍపୗ࡟᭷ពࢆࣝ࣋ࣞ
ࡶ࡟㉁௨እࢡࣃࣥࢱ࡟RBEEࠊࡋ࠿ࡋࠋࡓࡋ γ-ࡢ࡝࡞࣮ࣝࣀࢨࣜ࢜ᡂศ࡛ྵࠊࡵࡓࡿ࠸࡚ࢀࡲRBP
Ύ⾑ࡀ CHOLࢆῶᑡࠊ࡚࠸ࡘ࡟࠿࠺࡝࠿ࡿࡏࡉ᫂☜࡞ドᣐࠋ࠸࡞ࡣZhangࢮ࣮ࢲࢳࣉ࣌⮚⮅ࡣࡽ
ࡿࡼ࡟ࣥࢩࣉࣜࢺ RBPࡢຍỈศゎ≀ࡀ in vivo ࡛ࠊࡃ࡞ࡣin vitro࡛ CHOLࣝࢭ࣑⁐ゎᛶࢆ㜼ᐖ
ࡧin vivo ཬࠊࡣ࡛✲◊ᮏࠊ࡛ࡇࡑࠋࡓࡋ♧ࢆ࡜ࡇࡿࡍ in vitroᐇ㦂ࡾࡼ࡟ RBP ࡢ CHOL௦ㅰ
ᨵၿస⏝ࢆ᫂ࠊ࡜࡜ࡇࡿࡍ࡟࠿ࡽ⫹Ồ㓟⤖ྜ⬟ࣝࢭ࣑࣮ࣝࣟࢸࢫࣞࢥࡸ⁐ゎᛶ࡞࠺ࡼࡢ in vitro 
ヨ㦂ࡿࡅ࠾࡟ホ౯ࢆᣦᶆ࡟άᛶ⏬ศࢆᾮయࡾࡼ࡟࡝࡞࣮࢕ࣇࣛࢢࢺ࣐ࣟࢡศ㞳࣭⢭〇ࠊࡋάᛶࢱ

 ࠋࡓࡋ࡜ⓗ┠ࢆ࡜ࡇࡿࡍᐃྠࢆ㉁ࢡࣃࣥ

(1) RBPࡢ in vivo ࡿࡅ࠾࡟ CHOL௦ㅰᨵၿస⏝ཬࡧ in vitro ࡿࡅ࠾࡟ CHOLࣝࢭ࣑⁐ゎᛶࠊ
⫹Ồ㓟⤖ྜᛶ࡟ᑐࡿࡍᙳ㡪 

Wistar⣔㞝ࣛࢺࢵ㸦5㐌㱋㸧࡟⡿⣇ࢡࣃࣥࢱ㉁ࢆ 㧗ࡓࡋ10%ῧຍࠊࡣࡓࡲ5% CHOL㣗ࢆ୚ࠊ࠼
21᪥㛫10ࠊࡣࡓࡲ᪥㛫㣫⫱ᚋࠊ⾑Ύ⬡㉁ࠊ⫢⮚⬡㉁࡜⣅୰ࢻ࢖ࣟࢸࢫ᤼ฟ㔞ࢆᐃ㔞ࠊࡓࡲࠋࡓࡋ
RBPࢆ[14C]- CHOLࣝࢭ࣑ࡴྵࢆ⁐ᾮ࡟ῧຍࠊࡋin vitro ࡛ࡢ CHOLࣝࢭ࣑⁐ゎᛶ࡟ᑐࡿࡍᙳ
㡪ࠊ[14C] -࣮ࣝࢥࣟ࢘ࢱ㓟࣮ࣝࢥࣟ࢘ࢱࡴྵࢆ㓟⁐ᾮ࡟ῧຍࠊࡋin vitro ࡛ࡢ⫹Ồ㓟⤖ྜ⬟ࢆホ౯
ࡢ5%ῧຍࠊᯝ⤖ࡢࡑࠋࡓࡋ RBP ⥲Ύ⾑ࠊ࡚ࡋẚ㍑࡜⩌↷ᑐࡣ࡛ CHOLࠊ⫢⮚ CHOL ࡟᭷ពࡀ
పୗ10%ࠊࡋῧຍࡢ RBP࡛ࡣ⣅୰ࡢ⫹Ồ㓟ཬࡧ CHOL᤼ฟ㔞ࡀ᭷ព࡟ቑຍࢆ࡜ࡇࡿࡍ᫂࡟࠿ࡽ
ࡣin vitroヨ㦂࡛ࠊࡓࡲࠋࡓࡋ CHOLࣝࢭ࣑⁐ゎᛶࡀ᭷ព࡟పୗࠊࡋ⫹Ồ㓟ࢆ⬟ྜ⤖ࡶ࡜ᣢࡇࡘ
 ࠋࡓࡋ࡟࠿ࡽ᫂ࢆ࡜

(2) RBPࡢ⫹Ồ㓟⤖ྜࢡࣃࣥࢱ㉁ࡢศ㞳࣭⢭〇࣭ྠᐃ 
0.02% NaN3ࡴྵࢆ 10mM Tris-HCl (pH8.0) ࡟⁐ゎࡓࡏࡉ 5mg/ml RBPࢆ⫹Ồ㓟⤖ྜ࣒ࣛ࢝

ࢡࣃࣥࢱࡓࡋྜ⤖࡟ⓗ␗≉࡟࣒ࣛ࢝ࠊ࠸⾜ࢆ࣮࢕ࣇࣛࢢࢺ࣐ࣟࢡ࣮࢕ࢸࢽ࢕ࣇ࢔ࠊࡋ࢖ࣛࣉ࢔࡟

㉁ࢆ⁐ฟࠊࡓࡲࠋࡓࡋSDS-PAGEࠊ࠸⾜ࢆMALDI-TOF/MSศᯒࡢࡑࠋࡓࡋ⤖ᯝࠊ⏬ศ No.11ࠊ
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No.12࡜No.13࡟⫹Ồ㓟⤖ྜࢡࣃࣥࢱ㉁ࡀᚓࠊࢀࡽHypothetical  protein OsJ_13801(54.5KDa) 
(NCBI accession no. EAZ29742)ྠ࡜ᐃࠋࡓࡋ 

 
(3) RBPࢁࣝࢤࡢ㐣࣮࢕ࣇࣛࢢࢺ࣐ࣟࢡཬࡧ in vitro ࡿࡅ࠾࡟CHOLࣝࢭ࣑⁐ゎᛶ࡟ᑐࡿࡍᙳ

㡪 
RBPࢆ 10mM Tris-HCl (pH8.0)࡟⁐ゎࠊࡏࡉ㐲ᚰศ㞳㸦25,000×g 4ࠊΥ20ࠊศ㸧ୖ࡚ࡋΎࢆ

㞟ࠊࡵHiLoad 26/60 Superdex 200 pgࢁࣝࢤࠊ࡚ࡋ࢖ࣛࣉ࢔࡟࣒ࣛ࢝㐣ࢆ࣮࢕ࣇࣛࢢࢺ࣐ࣟࢡ⾜
ࢆࢡ࣮ࣆࡓࢀࡉ⏬ศᏊ㔞࡛ศࠋࡓࡗ RBPF1㹼RBPF6 ⤖෾࡚ࡋሷ⬺ࠊࡋᅇ཰ࢀࡒࢀࡑࠊ࡚ࡅศ࡟
஝⇱ࠊࡋ࡜ࣝࣉࣥࢧࢆࡢࡶࡓࡋ[14C]- CHOLࣝࢭ࣑ࡴྵࢆ⁐ᾮ࡟ῧຍࠊࡋCHOLࣝࢭ࣑⁐ゎᛶ࡟
ᑐࡿࡍᙳ㡪ࢆホ౯ࡢࡑࠋࡓࡋ⤖ᯝࠊRBPF3㸦47.6㸣㸧ࡀ RBPୖࡢΎ㸦49.7%㸧ྠ࡜ᵝ࡛ࠊRBPF1
㸦68.0㸣㸧ࠊRBPF2㸦73.5㸣㸧ࠊRBPF4㸦75.3㸣㸧ࠊࡣࡓࡲRBPF5㸦75.6%㸧࡜ẚ㍑࡚ࡋ CHOL
CHOLࠊࡣᯝ⤖ࡢࡽࢀࡇࠋࡓࡏࡉపୗ࡟᭷ពࢆゎᛶ⁐ࣝࢭ࣑ ࡿࡍ㛵㐃࡟⏝㜼ᐖసࡢゎᛶ⁐ࣝࢭ࣑
RBPୖࡢΎࡢάᛶࢡࣃࣥࢱ㉁ࡀ௚ࡢ⏬ศࡶࡾࡼ RBPF3ࠋࡿ࠸࡚ࡋ♧ࢆ࡜ࡇࡿ࠸࡚ࢀࡉ⦰⃰࡟ 

 
(4) RBPF3ࡢ㏫┦࣮࢕ࣇࣛࢢࢺ࣐ࣟࢡཬࡧ in vitro ࡿࡅ࠾࡟ CHOLࣝࢭ࣑⁐ゎᛶ࡟ᑐࡿࡍᙳ

㡪 
ୖグ(3)ࡢ࡛⢭〇ࡓࡋ RBPF3 ⏬ศࢆ㏫┦࡛࣮࢕ࣇࣛࢢࢺ࣐ࣟࢡศ⏬ࠊࡋάᛶ⏬ศࢆ᥈⣴࣭≉ᐃ

RBPF3ࠋࡓࡋ࡜ⓗ┠ࢆ࡜ࡇࡿࡍ ⏬ศࢆ ࡿࢀࡲྵࡀ㓑㓟(TFA)ࣟ࢜ࣝࣇࣜࢺ0.065% ࢽࢺࢭ࢔ 2%
 TFA in 80% 0.050%ࠊ࠸⏝ࢆ࣒ࣛ࢝ SOURCE 5RPC ST 4.6/150ࠊ㸦10mg/ml㸧ࡏࡉゎ⁐࡟ࣝࣜࢺ
⏬ RBPF3C࡜RBPF3BࠊRBPF3Aࢆࢡ࣮ࣆࡓࢀ⌧ࠋࡓࡅ࠿ࢆࢺ࢚ࣥࢪࣛࢢᾮ࡛⁐ࣝࣜࢺࢽࢺࢭ࢔
ศ࡟ศ࡚ࡅᅇ཰ࠊࡋ෾⤖஝⇱ࠊࡋ࡜ࣝࣉࣥࢧࢆࡢࡶࡓࡋ[14C]- CHOLࣝࢭ࣑ࡴྵࢆ⁐ᾮ࡟ῧຍࠊࡋ
CHOLࣝࢭ࣑⁐ゎᛶ࡟ᑐࡿࡍᙳ㡪ࢆホ౯ࡢࡑࠋࡓࡋ⤖ᯝࠊRBPF3A㸦79.9㸣㸧ࠊࡣࡓࡲRBPF3B
㸦81.9㸣㸧࡜ẚ㍑࡚ࡋ RBPF3C㸦10.1㸣㸧ࡣ CHOL⁐ゎᛶࢆ᭷ព࡟పୗࠋࡓࡏࡉ 
RBPF3Cࠊࡓࡲ ࡢ CHOL ࢆ㉁ࢡࣃࣥࢱάᛶࡿࡍ㛵㐃࡟㜼ᐖάᛶࡢゎᛶ⁐ࣝࢭ࣑

MALDI-TOF/MSศᯒ࡛ྠᐃࡓࡋ⤖ᯝࠊศᏊ㔞ࡀ 11.3KDaࡢNon-specific lipid-transfer protein 
1 (LTP1) (NCBI accession No.A2ZHF1) ࡜ศᏊ㔞ࡀ 22.7KDa ࡢ Lectin (NCBI accession 
No.Q01MB6) ࢆ࡜ࡇࡿࢀࡲྵࡀ᫂ࠋࡓࡋ࡟࠿ࡽ 
௨ୖࡢ⤖ᯝࠊࡾࡼ࡟ᮏ◊✲࡛ࡣ⡿⣇ࢡࣃࣥࢱ㉁ࡣ㣗㣵ᛶ㧗 CHOL⾑⑕ࠊ࡚࠸࠾࡟≀ືࡢ⣅୰ࡢ
Ύ⾑࡛࡜ࡇࡿࡏࡉቑຍࢆ᤼ฟ㔞ࢻ࢖ࣟࢸࢫ CHOLࡀపୗࠊࡓࡲࠊ࡜ࡇࡿࡍin vitroࠊ࡚࠸࠾࡟⫹
Ồ㓟࡚ࡋྜ⤖࡜ CHOLࣝࢭ࣑⁐ゎᛶࢆపୗࢆ࡜ࡇࡿࡏࡉ࡚᫂ࡵึࡣ⚾ࠋࡓࡋ࡟࠿ࡽ⡿⣇ࢡࣃࣥࢱ
㉁⏤᮶ࡢ᪂つ⫹Ồ㓟⤖ྜࢡࣃࣥࢱ㉁࡚ࡋ࡜ Hypothetical protein OsJ_13801 ࠊ᪂つ CHOLࢭ࣑
ࣝ⁐ゎᛶ㜼ᐖᛶࢡࣃࣥࢱ㉁࡚ࡋ࡜Non-specific lipid-transfer protein 1(LTP1)ཬࠊࡧLectinྠࢆ
ᐃࠊࡋRBPࡢ CHOL௦ㅰᨵၿపୗస⏝ᶵᵓ࡟㛵୚ྍࡿࡍ⬟ᛶࢆ࡜ࡇࡿ࠶ࡀ᫂ࠋࡓࡋ࡟࠿ࡽ 

 
�

�

�

�

�

 !!"!



ู⣬ᵝᘧ➨㸱ྕ㸦➨㸲᮲㸪➨㸴᮲㛵ಀ㸧� Form No.3 
ᏛᏛ ఩ ㄽ ᩥ せ ᪨ 

DISSERTATION SUMMARY  

Ặ  ྡ
Name 

୕ᾆ� リ⧊ 

㢟� � � � � ┠ 
Title of Dissertation 

The Role of Transcriptomics: Physiological Equivalence Based on  
Gene Expression Profiles  
⏕ࡃᇶ࡙࡟ࣝ࢖࢓ࣇࣟࣉ⌧ᙺ๭㸸㑇ఏᏊⓎࡢࢫࢡ࣑ࢺࣉࣜࢡࢫࣥࣛࢺ)
⌮Ꮫⓗྠ➼ᛶ) 

DNAࡸ࢖ࣞ࢔ࣟࢡ࢖࣐ RNAࠊ࡚ࡗࡼ࡟࣒࣮࢛ࣇࢺࢵࣛࣉࡢ࡝࡞ࢫ࢚ࣥࢡ࣮ࢩከᩘࡢ㑇ఏ
ᏊⓎ⌧ࣞྠࢆࣝ࣋᫬࡟ ᐃࡣ࣒࣮࢛ࣇࢺࢵࣛࣉࡢࡽࢀࡇࠋࡿ࠶࡛⬟ྍࡀ࡜ࡇࡿࡍಶࡢࠎ㑇ఏᏊ

Ⓨ⌧ゎᯒࡸ㑇ఏᏊࡢࢢࣥࣜ࢖࢓ࣇࣟࣉᗈ⠊ᅖ࣒࣮ࢺࣉࣜࢡࢫࣥࣛࢺࡿࡓࢃ࡟ゎᯒࡢࡵࡓࡢ᪂

ࠊβ࡝࡞ホ౯ࡢ㑇ఏᏛⓗ⫼ᬒࡢ≀⏕ࠊࢫࣞࢺࢫࡸቃ⎔ࡣ⾡ᢏࡢࡽࢀࡇࠋࡿ࠶࡛⾡ᢏ࠸ࡋ ≦࡞ࠎ

ἣ࡟ᛂ࡚ࡌⓎ⌧ࡀኚືࡿࡍ㑇ఏᏊྠࡢᐃ࡟ᐤ୚ࠊࡾ࠾࡚ࡋ⏕≀Ꮫⓗ཯ᛂࢆゎᯒࡋ࡜࣮ࣝࢶࡿࡍ

୍࡚⯡ⓗࠋ୍ࡿ࠸࡚ࢀࡽ࠸⏝࡟ ᪉ࠊᗈ⠊ᅖ࡛ࡢ㑇ఏᏊⓎ⌧ࡣ✲◊ࡢᐇ㦂ࣔࡢࢱ࣮ࢹࡸࣝࢹᆒ୍

ᛶࢆ᫂☜ࡢࡵࡓࡿࡍ࡟⏕≀Ꮫⓗᐇ㦂ࡶ࡚࠸࠾࡟ᙺ❧ࠋࡘᶆ‽໬ࡸ෌⌧ᛶࡢ࡝࡞ド࣮᫂ࢹࡾࡼ࡟

ド᫂ࢆ⢭ᗘࡸṇ☜ᛶ࡞ᢏ⾡ⓗࡢゎᯒ࣒࣮ࢺࣉࣜࢡࢫࣥࣛࢺࠊࡣ࡜ࡇࡿࡍ࡟࠿ࡽ᫂ࢆᆒ୍ᛶࡢࢱ

ࢱ࣮ࢹࠊࡓࡲࠋࡿ࠶ᡭẁ࡛࡞㔜せࡿࡍ࡟☜᫂ࢆᆒ୍ᛶࡢ௳ᐇ㦂᮲࠸࡞ࡢࢫ࢔࢖ࣂᏛⓗ≀⏕ࠊࡋ

㑇ఏࠊࡣ⪅ㄳ⏦ࠋࡿ࠶࡛⬟ྍࡶ࡜ࡇࡿࡍホ౯ࢆᏛⓗ≉ᛶ≀⏕ࠊ࡛࡜ࡇࡍ♧ࢆ୙ኚᛶࠊ㢮ఝᛶࡢ

ᏊⓎ⌧ࡓ࠸⏝ࢆࣝ࢖࢓ࣇࣟࣉከࡢࡃ◊✲࡛ゝཬࠕࡿࢀࡉኚືᛶࠖྠࠕࠊࡃ࡞࡛ࡅࡔ➼ᛶࠖࡶ࡟

 ࠋࡓࡋウ᳨ࢆᙺ๭ࡢࢫࢡ࣑ࢺࣉࣜࢡࢫࣥࣛࢺࡿࡅ࠾࡟Ꮫⓗホ౯⌮⏕࡚ࡋ┠╔

ኚືᛶࠕ ᛶ➼ྠࠕࠖ࡜ ❧ࢀࡒࢀࡑࢆᐇ㦂࢖ࣞ࢔ࣟࢡ࢖࣐ࡢࡘ㸰ࠊࡋ࡜ⓗ┠ࢆウ᳨ࡢホ౯ࡢࠖ

᱌ࠊ࡟1➨ࠋࡓࡋ㣗㣵ㄏᑟᛶࡢ㧗⬡⾑⑕ࡢࢱࣈࢽ࣑㑇ఏᏊⓎ⌧ホ౯࡚࠸ࡘ࡟ᐇ㦂ࠋࡓࡗ⾜ࢆ㧗
⬡⾑⑕ື≀ࣔࠊࡀࡿ࠸࡚ࢀࡉ❧☜ࡣࣝࢹ㏻ᖖࡢ⬡㉁⃰ᗘࡽ࠿᥎⛣ࡿࡍ㑇ఏᏊⓎ⌧ࣝ࢖࢓ࣇࣟࣉ

⾑⬡㣗㣵ㄏᑟᛶ㧗ࠊࡾ࠾࡚ࡋ㢮ఝ࡜ࢺࣄ࡟Ꮫⓗ⌮⏕ࠊゎ๗Ꮫⓗࡣࢱࣈࢽ࣑ࠋ࠸࡞࠸࡚ࢀࡽᚓࡣ

⑕ࡢ㑇ఏᏊⓎ⌧◊✲ࡢࡵࡓࡢ᭷⏝ࡢࢱࣈࢽ࣑ࠊࡓࡲࠋࡿ࠶࡛≀ື࡞⾑ᾮࡾ⧞ࡣࣝࣉࣥࢧ㏉ࡋᚓ

ࡣ࡛✲◊ᮏࠋࡿࡁ࡛ࡀ࡜ࡇࡿ SPF2ࠊ࡚࠸⏝ࢆࢱࣈࢽ࣑ࣥ࢘ࣛࢡࡢ✀㢮ࡢ㣗㣵㹙㧗⬡⫫࣭㧗
࣮ࣟࢸࢫࣞࢥ  ࣝ (HFCD) ࠊ㧗⬡⫫࣭㧗࣭࣮ࣝࣟࢸࢫࣞࢥ㧗ࢫ࣮ࣟࢡࢫ (HFCSD)㹛ࡾࡼ࡟ㄏ
ᑟࡓࢀࡉ㧗⬡⾑⑕ࣔࡢࣝࢹ⏕⌮Ꮫⓗ࡞ホ౯ࡢࡘ2ࠋࡓࡗ⾜ࢆ㣗㣵ࣔࡢࣝࢹⓎ⌧ࡢࣝ࢖࢓ࣇࣟࣉ
᥎⛣ࢆホ౯ࠊ࡟ࡵࡓࡿࡍ㣗㣵ᮇ㛫୰ࡧࡼ࠾㣗㣵ᮇ㛫⤊஢᫬ࡢ⾑ᾮࡧࡼ࠾ࣝࣉࣥࢧⓑ⾑⌫ࣉࣥࢧ

⌧඲⾑㑇ఏᏊⓎࡢHFCSD⩌ෆࡧࡼ࠾⩌HFCDࠋࡓࡗ⾜ࢆゎᯒ࢖ࣞ࢔ࣟࢡ࢖࣐ࠊ࡚࠸⏝ࢆࣝ
㣗㣵ࠊࡣࢀࡇࠋࡓࡗ࠶ᗘ࡛⛬ྠ࡜ኚ໬ࡿࡇ㏻ᖖ㣗࡛㉳ࡿࡅ࠾࡟⩌࣮ࣝࣟࢺࣥࢥࠊࡣᙉᗘኚ໬ࡢ

ᛶ㧗⬡⾑⑕ࢆㄏⓎࡢࣝࢥࢺࣟࣉࡿࡍᆒ୍ᛶࠊࡓࡲࠋࡿ࠸࡚ࡋ♧ࢆGene ontology (GO) ࡟ᇶ࡙
ኚືࡀ㑇ఏᏊࡿ࠸࡚ࡋ㛵୚࡟Ṫ⏕࡜㛫࡛⅖⑕཯ᛂࡢ⩌HFCSD࡜⩌HFCDࡾࡼ࡟ᶵ⬟ゎᯒࡃ
࢖࢓ࣇࣟࣉ⌧Ⓨࡢ⌫⾑ⓑ࡜⾑඲ࡿࡅ࠾࡟27㐌ࡢ⩌ HFCSDࠋࡓࡗ࡞࡟࠿ࡽ᫂ࡀ࡜ࡇࡿ࠸࡚ࡋ
ࡧࡼ࠾⩌࣮ࣝࣟࢺࣥࢥ .ࡣ㛵ಀᩘ┦ࡢࣝ HFCD ⧊⤌ࠊࡣࢀࡇࠋࡓࡗ࠿పࡃࡋⴭ࡚ࡋẚ㍑࡜⩌
㣗⤯ࡢHFCSD⩌㛫࡜⩌HFCDࠋࡿࢀࡽ࠼⪄ࡀ࡜ࡇࡿ࠸࡚ࡋ㉳ᅉ࡟RNAࡿࡍ᮶⏤࡟ჾᐁࡸ
ᮇ㛫୰ࡢ⾑₢⬡㉁ࡸ⾑⢾ࣞ࡟ࣝ࣋᭷ព࡞ᕪࡣㄆࠊࡋ࠿ࡋࠋࡓࡗ࠿࡞ࡵ⾑ᾮRNAゎᯒࢀࡑࠊࡣ

!!"!



࠾࡟ࢱࣈࢽ࣑ࠊࡾࡼᯝ⤖ࡢ௨ୖࠋࡓࡋ࡟࠿ࡽ᫂ࢆᚩ≉ࡿ࡞␗ࡓࡋᑐᛂ࡟ࣝࢥࢺࣟࣉ㣗㣵ࡢࢀࡒ

඲⾑RNAゎᯒࠊ࡟ࡵࡓࡿࡍホ౯ࢆ⛣᥎ࡢࣝ࢖࢓ࣇࣟࣉ⌧㑇ఏᏊⓎࡢ㣗㣵ㄏᑟᛶ㧗⬡⾑⑕ࡿࡅ
 ࠋࡓࢀࡉド᫂ࡀ࡜ࡇࡿ࠶࡛࣮ࣝࢶ࡞⏝᭷ࡣ

ࢆᐇ㦂࡚ࡋ࡜ⓗ┠ࢆホ౯ࡢ㐺⏝ᛶࡢ࡚ࡋ࡜ᐙ␆㣫ᩱࡢ㓅⢑㸧↝ࠊ㓅⵨␃⢑㸦௨ୗ↝ࠊ࡟2➨
ࠋࡓࡁ࡚ࢀࡽ࠸⏝࡚ࡋ࡜㣫ᩱࡢ␆ᐙࠊࡾ࠶࡛≀ᗫᲠࡿࡍ⏕⏘࡛⛬㐣ࡢ⏘⏕㓅↝ࡣ㓅⢑↝ࠋࡓࡗ⾜

ᮏ◊✲࡛ࠊࡣᐙ␆㣫ᩱࡢ࡚ࡋ࡜↝㓅⢑ࡀ⏕యࡢ⏕⌮≧ែ࡟୚ࡿ࠼ᙳ㡪ࣝࢹࣔࢱࣈࢽ࣑࡚࠸ࡘ࡟

ࣥࢧᾮ⾑࡟㣗㣵ᮇ㛫⤊஢᫬ࠋࡓࢀࡽ࠼୚࡟ࢱࣈࢽ࣑ࣥ࢘ࣛࢡࡣ㓅⢑㣫ᩱ↝ࠋࡓࡋホ౯࡚࠸⏝ࢆ

㓅↝࡜⩌࣮ࣝࣟࢺࣥࢥࠊᯝ⤖ࡢࡑࠋࡓࡋ౪࡟ゎᯒ࢖ࣞ࢔ࣟࢡ࢖࣐࡜໬Ꮫヨ㦂⏕ࠊࡋ᥇ྲྀࢆࣝࣉ

⢑⩌ࡢ㛫࡛ࠊ㌟యⓗ࡞ᕪࠊࡎࢀࡽࡳࡣ⏕໬Ꮫ᳨ᰝ࡛ࡶ㐪ࠊࡓࡲࠋࡓࡗ࠿࡞ࢀࡽࡳࡣ࠸㑇ఏᏊⓎ

⬡㧗ࠊࢆࢢࣥࣜ࢖࢓ࣇࣟࣉ㑇ఏᏊࡢ⩌2ࡢࡽࢀࡇࠊ࡟ࡽࡉࠋࡓ࠸࡚ࡋ㢮ఝ࡟㠀ᖖࡶ࣮ࣥࢱࣃ⌧
⾑⑕ࣔࡧࡼ࠾ࣝࢹẘᛶࣔ࡜ࢢࣥࣜ࢖࢓ࣇࣟࣉࡢࣝࢹẚ㍑ࡓࡋ⤖ᯝ࡜⩌࣮ࣝࣟࢺࣥࢥࠊ↝㓅⢑⩌

ࢃࡀ࡜ࡇࡿ࡞␗ࡃࡋⴭ࡜ࣝࢹẘᛶࣔࡧࡼ࠾ࣝࢹ㧗⬡⾑⑕ࣔࠊࡣࢢࣥࣜ࢖࢓ࣇࣟࣉ⌧㑇ఏᏊⓎࡢ

௦ࡢ㏻ᖖ㣫ᩱࠊࡃ࡞ࡣ࡜ࡇࡍࡰཬࢆᙳ㡪࡟ែ≦⌮⏕ࡢࢱࣈࡣ㓅⢑㣫ᩱ↝ࠊ࡚ࡋ࡜ㄽ⤖ࠋࡓࡗ࠿

᭰㣫ᩱ࡚ࡋ࡜฼⏝ྍ⬟࡛ࡀ࡜ࡇࡿ࠶ド᫂ࠊ࡟ࡽࡉࠋࡓࢀࡉ௨ୖࡢ⤖ᯝ࢖ࣞ࢔ࣟࢡ࢖࣐ࠊࡣゎᯒ

 ࠋࡓࡋ♧ࡶ࡜ࡇࡿ࠶࡛⬟ྍ⏝ᛂ࡟Ᏻ඲ᛶホ౯ࡢ㣗ရࡀ
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 㛵㐃ࡢ௦ㅰ␗ᖖࣥࢽ࢜ࢳ࣓࡜✚B6Ḟஈ᫬⫢⮚⬡㉁⵳࣑ࣥࢱࣅ

ࢽ࢜ࢳ࣓࡟ࢺࢵࣛ  ࣥ (Met) ࢆ㈇Ⲵ࣑ࣥࢱࣅࡓࡋ B6 (B6) Ḟஈ㣫ᩱࢆ୚࡜ࡿ࠼㸪㧗ࢫࢩࣔ࣍
⬡࡟⮚⫢㸪ࡋቑຍࡀ㸪⫢⮚㔜㔞࡟᫬ྠࠋࡿ࠸࡚ࡗ࡞࡜࠿ࡽ᫂ࡀ࡜ࡇࡿ࡞࡜₢⾑ (Hcy) ࣥ࢖ࢸ
㉁ࡀ⵳✚ࡿࡍᵝ┦ࡀㄆࡀࡓࢀࡽࡵ㸪ࡢࡑཎᅉࡣ࡛᫂ࡇࡑࠋ࠸࡞ࡣ࡛࠿ࡽ㸪B6Ḟஈ᫬ࡢ⫢⮚⬡

㉁⵳✚ࡣMet௦ㅰ␗ᖖ࡜㛵㐃ࢆ࡜ࡇࡿࡍண ࡋ㸪B6Ḟஈ᫬࡟ច㉳ࡿࢀࡉ⫢⮚⬡㉁⵳✚ࡢཎᅉ

 ࠋࡓࡗ⾜ࢆᐇ㦂㸦Exps. 1~6㸧ࡢ㸪௨ୗ࡚ࡋ࡜ⓗ┠ࢆ࡜ࡇࡿࡍゎ᫂ࢆ

Exp. 1㸸B6Ḟஈ㣫ᩱࡢ࡬ⴥ㓟㸪ࣥࣜࢥ㸪ࣥࣜࢥࣝࢪࢳ࢓ࣇࢫ࣍ῧຍຠᯝ 
� 4㐌㱋ࡢWistar⣔㞝ࣛࢆࢺࢵ 㣫ᩱ㸪B6Ḟஈ㣫ᩱ㸪B6Ḟஈ࣮ࣝࣟࢺࣥࢥ㸪(n=7) ࡅศ࡟⩌5

㣫ᩱ࡟Met௦ㅰ࡟㛵୚ࡿࡍᰤ㣴⣲࡛ࡿ࠶ⴥ㓟㸪ࣥࣜࢥ㸪ࣥࣜࢥࣝࢪࢳ࢓ࣇࢫ࣍㸦PC㸧ࢀࡑࢆ
ࢆ㣫ᩱࡓࡋῧຍࢀࡒ 35᪥㛫୚ࡢࡑࠋࡓ࠼⤖ᯝ㸪B6Ḟஈ⩌࡛ྵࢻࣜࢭࣜࢢࣜࢺ⮚⫢ࡣ㔞ࡧࡼ࠾

ࠋ୍ࡓࡋ✚⵳ࡀ㸪⬡㉁ࡋቑຍࡀ㔞ྵ࣮ࣝࣟࢸࢫࣞࢥ ᪉㸪ࡧࡼ࠾ࣥࣜࢥPCῧຍ⩌࡛ࡣ⫢⮚⬡㉁
⵳✚ࡀᨵၿഴྥ࡛ࡓࡲࠋࡓࡗ࠶㸪B6Ḟஈ⩌࡛ࡣ⾑₢ VLDL+LDL࣮⃰ࣝࣟࢸࢫࣞࢥᗘࡀపୗ
ࡧࡼ࠾ࣥࣜࢥ㸪ࡀࡓࡋ PCῧຍ⩌࡛ࡣᅇ᚟ഴྥ࡛࡚ࡗࡀࡓࡋࠋࡓࡗ࠶ B6Ḟஈ᫬ࡣ࡟㸪⫢⮚࠿

ࡿ࠶㉁࡛ࢡࣃࣥࢱ࣏ࣜࡿࡍ㐠ᦙࢆ㉁⬡ࡽ VLDLࡢศἪࡀపୗࡵࡓࡿࡍ⫢⮚⬡㉁⵳✚ࡀច㉳ࡉ
ࡣᨵၿຠᯝࠋࡓࢀࡉ♧ࡀᛶ⬟ྍࡓࢀ PCࡢ᪉ࡾࡼࣥࣜࢥࡀ㧗࡛ࡇࡑࠋࡓࡗ࠿㸪Exps. 2㹼4࡛ࡣ
ࡋウ᳨࡚࠸ࡘ࡟ῧຍຠᯝࡢࣥ࢖ࢱ࣋ࡿࢀࡉయෆྜᡂࡾࡼ࡟㓟໬ࡢࣥࣜࢥ࡟ࡽࡉ㸪PC㸪ࣥࣜࢥ
 ࠋࡓ

Exps. 2㹼4㸸B6Ḟஈ㣫ᩱࣥࣜࢥࡢ࡬㸪PC㸪ࡢࣥ࢖ࢱ࣋ẁ㝵ⓗῧຍຠᯝ 
� Exp. 2࡛ࡣ㸪B6Ḟஈ㣫ᩱࢆࣥࣜࢥ࡟ 2, 4, 6 g/ kg㣫ᩱࢀࡒࢀࡑῧຍࡋ㸪ຠᯝ᳨ࢆウࡑࠋࡓࡋ
࣮ࣝࣟࢸࢫࣞࢥVLDL+LDL₢⾑ࡸ✚ῧຍ࡛㸪⫢⮚⬡㉁⵳ࣥࣜࢥࡢᯝ㸪4 g/ kg㣫ᩱ௨ୖ⤖ࡢ
⃰ᗘపୗࡢ࡝࡞⬡㉁௦ㅰ␗ᖖࡀ᭷ព࡟ᨵၿࡓࡲࠋࡓࡋ㸪⫢⮚ࡧࡼ࠾⾑₢୰࡛ୖ᪼ࡓࡋ Hcy ࡀ
 ࠋࡓࡋῶᑡ࡟᭷ពࡾࡼ࡟ῧຍࣥࣜࢥ

Exp. 3࡛ࡣ㸪B6Ḟஈ㣫ᩱ࡟PCࢆ 3.15, 6.3, 12.6 g/ kg㣫ᩱࢀࡒࢀࡑῧຍࡋ㸪ຠᯝ᳨ࢆウࡋ
ࡢᯝ㸪6.3 g/ kg㣫ᩱ௨ୖ⤖ࡢࡑࠋࡓ PCῧຍ࡛㸪୍㐃ࡢ⬡㉁௦ㅰ␗ᖖࡀᨵၿഴྥ࡛ࡲࠋࡓࡗ࠶
⮚⫢ࡧࡼ࠾Hcy₢⾑ࡧࡼ࠾⮚⫢㸪ࡓ S-ࣥ࢖ࢸࢫࢩࣔ࣍ࣝࢩࣀࢹ࢔㸦SAH㸧ࡢ⵳✚ࡀPCῧຍ
ࡸࣥࣜࢥࡣ࡟㸪B6Ḟஈ᫬ࡵࡓࡢࡑࠋࡓࡗ࠶ᨵၿഴྥ࡛ࡾࡼ࡟ PC ㉁⬡⮚⫢࡛࡜ࡇࡿࡍ୙㊊ࡀ
⵳✚ࡀច㉳ࡀ࡜ࡇࡿࢀࡉ♧၀ࠋࡓࢀࡉPCࡣVLDLࡢᵓᡂᡂศࠋࡿ࡞࡜PC୙㊊ࡾࡼ࡟㸪VLDL
ศἪࡀῶᑡࡀ࡜ࡇࡿࡍண᝿ࡀࡓࢀࡉ㸪PCࡢࣥࣜࢥࡧࡼ࠾ᦤྲྀࡾࡼ࡟㸪྾཰ࡓࢀࡉ PCࣜࢥࡸ
ࡓࢀࡉᡂྜࡽ࠿ࣥ PCࢡࣃࣥࢱ࣏ࣜࡀ㉁௦ㅰ࡟฼⏝࡟ࡽࡉࠋࡓࢀࡽ࠼⪄࡜ࡓࢀࡉ㸪 PCࢥࡽ࠿

!!"!



ࣜࣥ㸪ྜࡀࣥ࢖ࢱ࣋ࡽ࠿ࣥࣜࢥᡂ࡛࡜ࡇࡓࢀࡉ㸪ࣝࢳ࣓ࡢࣥ࢖ࢱ࣋ᇶࢆᇶ㉁ࡓࡋ࡜ Hcy ෌ࡢ
 ࠋࡓࢀࡽ࠼⪄࡜ࡓࡋᨵၿࡀ✚⵳ࡢ㸪Hcyࡵࡓࡓࡋቑຍࡀ໬ࣝࢳ࣓

Exp. 4࡛ࡣ㸪B6Ḟஈ㣫ᩱࢆࣥ࢖ࢱ࣋࡟ 1, 2, 4 g/ kg㣫ᩱࢀࡒࢀࡑῧຍࡋ㸪ຠᯝ᳨ࢆウࠋࡓࡋ
࠾⮚⫢㸪ࡓࡲࠋࡓࡗ࠶ᨵၿഴྥ࡛ࡀῧຍ࡛㸪⬡㉁௦ㅰ␗ᖖࣥ࢖ࢱ࣋ࡢᯝ㸪4 g/ kg㣫ᩱ⤖ࡢࡑ
⮚⫢Hcy㸪₢⾑ࡧࡼ SAHࡢ⵳✚ࣥ࢖ࢱ࣋ࡀῧຍࡾࡼ࡟ᨵၿഴྥ࡛ࣥ࢖ࢱ࣋ࠋࡓࡗ࠶ῧຍ࡛⫢
⮚⬡㉁⵳✚ࡀᨵၿࡽ࠿࡜ࡇࡓࡋ㸪Met௦ㅰࡢᨵၿࢆ௓࡚ࡋ B6Ḟஈ᫬⫢⮚⬡㉁⵳✚ࡀᨵၿࡓࡋ

࢔࣮ࣝࣀࢱ࢚ࣝࢪࢳ࢓ࣇࢫ࣍ࡢ୰࣒࣮ࢯࣟࢡ࣑⮚⫢ࡾࡼ࡟㸪B6Ḟஈࡓࡲࠋࡓࢀࡉド᫂ࡀ࡜ࡇ

ࡣ㒊୍ࡢPCࠋࡓࡋపୗࡀ㸪PC/PEẚࡋ✚⵳ࡀ㸦PE㸧࣑ࣥ PEࣝࢳ࣓ࡢ໬ྜࡾࡼ࡟ᡂࡿࢀࡉ
ࡣ࡟㸪B6Ḟஈ᫬ࡀ SAHࡀ⵳✚ࡋ㸪PEࣝࢳ࣓ࡢ໬ࡀ㜼ᐖࡵࡓࡿࢀࡉ PCྜᡂࡀᢚไࡇࡓࢀࡉ
ࡢ㸪PE⏤᮶ࡓࡲࠋࡓࢀࡉ၀♧ࡀ࡜ PCࡣVLDLྜᡂ࡟ᚲせ࡛ࡵࡓࡿ࠶㸪PEࣝࢳ࣓ࡢ໬㜼ᐖ
ࡾࡼ࡟ VLDLྜᡂࡧࡼ࠾ศἪࡀపୗࠋࡓࢀࡽ࠼⪄࡜ࡓࡋ 

Exps. 5 & 6㸸B6Ḟஈ㣫ᩱࡢࣥࣜࢥࡧࡼ࠾ࣥ࢖ࢱ࣋ࡢ࡬ῧຍຠᯝࡢẚ㍑ 
� Exp. 5࡛ࡣ㸪B6Ḟஈ㣫ᩱ࢖ࢱ࣋࡟  ࣥ (2 g/ kg) ࣜࢥࡧࡼ࠾  ࣥ (4.3 g/ kg) ࢆ≀㉁㔞ࡑ࡚ࡋ࡜
ࢀࡒࢀ 17 mmol/ kg㣫ᩱ࠺ࡼࡿ࡞࡜⤫୍ῧຍࡋ㸪ᨵၿຠᯝࢆẚ㍑ࡢࡑࠋࡓࡋ⤖ᯝ㸪⬡㉁௦ㅰ
␗ᖖࣥࢽ࢜ࢳ࣓ࡧࡼ࠾௦ㅰ␗ᖖࡶࢀࡎ࠸ࡀᨵၿࡋ㸪ῧຍ㔞ࡀ༑ศ࡛ࡀ࡜ࡇࡓࡗ࠶♧၀ࠋࡓࢀࡉ 

Exp. 6࡛ࡣ୧⪅ࡢῧຍ㔞༙ࢆῶࡋ㸪࢖ࢱ࣋  ࣥ (1 g/ kg) ࣜࢥࡧࡼ࠾  ࣥ (2.15 g/ kg) ࢆ≀㉁㔞
ࢀࡒࢀࡑ࡚ࡋ࡜ 8.5 mmol/ kg㣫ᩱ࠺ࡼࡿ࡞࡜⤫୍ῧຍࡋ㸪ᨵၿຠᯝࢆẚ㍑ࡢࡑࠋࡓࡋ⤖ᯝ㸪
ࡣῧຍ࡛ࣥࣜࢥ Met ௦ㅰ␗ᖖࡢᨵၿഴྥࡀㄆࢀࡽࡵ⬡㉁௦ㅰ␗ᖖࡀᨵၿࡀࡓࡋ㸪ࣥ࢖ࢱ࣋ῧ
ຍ࡛ࡶࢀࡎ࠸ࡣ᭷ព࡞ᨵၿࡣㄆ࡚ࡗࡀࡓࡋࠋࡓࡗ࠿࡞ࢀࡽࡵ㸪ࡢࣥࣜࢥ᪉ࡾࡼࣥ࢖ࢱ࣋ࡀᨵၿ

ຠᯝࡀ㧗ࡓࡲࠋࡓࢀࡉ♧ࡀ࡜ࡇ࠸㸪ࣥࣜࢥῧຍࡾࡼ࡟㸪⫢⮚ࣥ࢖ࢱ࣋㔞ࡀ᭷ព࡟ቑຍࡑࠋࡓࡋ

࡜ࡇ࠸ࡍࡸࢀࡉ⏝฼࡚ࡋ࡜ࣥ࢖ࢱ࡛࣋⮚⫢㸪ࢀࡉ྾཰ࡃຠ⋡Ⰻࡀ᪉ࡓࡋᦤྲྀࢆࣥࣜࢥ㸪ࡵࡓࡢ

 ࠋࡓࢀࡉ၀♧ࡀ
⤖ㄽ࡚ࡋ࡜㸪Metࢆ㈇Ⲵࡓࡋ B6Ḟஈ᫬ࡣ࡟㸪⫢⮚࡟Hcyࡀ⵳✚࡛࡜ࡇࡿࡍ SAHࡶ⵳✚ࡋ㸪
ࡾࡼ࡟ࢀࡑ PEࡢࡽ࠿ PCྜᡂࡀపୗࡋ㸪PC/PEẚࡀపୗࡀ࡜ࡇࡿࡍ᫂࡞ࡍࠋࡓࡗ࡞࡜࠿ࡽ
ࡕࢃ B6Ḟஈࡾࡼ࡟PCྜᡂࡀపୗ࡛࡜ࡇࡿࡍṇᖖ࡞VLDLྜᡂࡀ㜼ᐖࢀࡉ㸪⫢⮚ࡽ࠿VLDL
ศἪࡀῶᑡࡋ㸪⫢⮚࡟⬡㉁ࡀ⵳✚ࡀ࡜ࡇࡿࡍ♧၀୍ࠋࡓࢀࡉ᪉㸪PC㸪ࣥࣜࢥ㸪ࡢࣥ࢖ࢱ࣋ῧ
ຍࡾࡼ࡟㸪⫢⮚⬡㉁⵳✚ࡀᨵၿࡣࢀࡇࠋࡓࡋ㸪PCࣥࣜࢥࡽ࠿㸪ྜࡀࣥ࢖ࢱ࣋ࡽ࠿ࣥࣜࢥᡂࡉ
㸪ࡵࡓࡓࢀࡉᢚไࡀ✚⵳࡞㐣๫ࡢHcyࡾ࡞࡜ᇶ㉁ࡢ໬ࣝࢳ෌࣓ࡢHcyࡀࣥ࢖ࢱ࣋㸪࡛࡜ࡇࡿࢀ
୍㐃ࡢ௦ㅰ␗ᖖࡀᨵၿࠋࡓࢀࡉ♧ࡀ࡜ࡇࡓࢀࡉᨵၿຠᯝࡣ㸪≀㉁㔞࡚ࡋ୍⤫ࢆ㣫ᩱ୰࡟ῧຍࡋ

ࡀ࡝࡞⋠⏝฼ࡢ࡛⮚⫢ࡸ⋠྾཰ຠࡢ࡛⭠ᑠࠋࡓࡗ࠿㧗࡟㡰ࡢࣥ࢖ࢱ࣋㸪ࣥࣜࢥሙྜ㸪PC㸪ࡓ
ᙳ㡪ྍࡿ࠸࡚ࡋ⬟ᛶࠋࡓࢀࡽ࠼⪄ࡀ 
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Genome-wide Studies on Structure of Arabidopsis Promoters and Application to a 

Promoter of Aluminum-activated Malate Transporter 1 
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%"1/5 1/%1#.40Ŝ +'D 631/5 76#1(1.% GTMAA 7#"0.1/

)3 )/015./ )/% 7"$84$"/)$ACGTMAA )/01:"%8 )/%

7#.1226/. )/01:"%8 )/% 0#81/5 0" ":0)1/ :.00.#

30)/%)#% 46#-.& ?.F0* + ,)-. 7$)/ 0" 2.)36#.

7$)32) #./1/ )401-108 GTADM* 7$)32) #./1/

4"/4./0#)01"/ GTA9M)/%7$)32)G7#"M#./1/ #.4.70"#

4"/4./0#)01"/& D(0.# 3644.33(6$ .30):$13,2./0 "(

0,.3.2.0,"%3*+!)/00"63.0,.)33)83830.231/

284"6/0#8*B)/5$)%.3,&

B_<B



!"#$"%&'(#)(*(+,"+-./00(&&)&+,(&/1 23&1"##

(3324+&5 4(6("+(7 7"% )8 "87 7"% 2/+- 9:2'(4+

;2##)(4<=>26(!0"8 4("0, 1% ?2"#28(7"%=!"1

4("##% +,"8@3/#+2 A#1)?,+% 324 (*(4%+,)8?51%

3"1)#% 324 "#$"%& &+"87)8? '(&)7( 1( "87 1%

,/&'"87 324 ,)& 028+)8/2/& &/6624+=B% &)80(4(

?4"+)+/7(+2$"47&"##+,(6"&+"8764(&(8+1(1'(4&

23')2#2?)0"#0,(1)&+4% #"'24"+24%5C/1)"@)./D/@)

&(8&()5 A@)2 E'),"4" &(8&()5 A>B F/4/8 F"')

&(8&()5 G&/+21/ F"@"?"$" &(8&()5 B&= ;,),"4/

./D/@)HF"@"?"$" "87 "##&+"33 23 IJ.A.5J)3/

I8)*(4&)+%=

!"#$ "%&"'()$*

!"#$%&'( !")*+,&-./0
12345!小川 直人教授 (静岡大学)

!"1 K)8"!&+)L21",5$,2&(8(*(4'((8 )1"?)8(

+20216#(+(+,(&+/7%/8+)#M,=K=7(?4((=!+22@1%

N"0,(#24 7(?4(( )8 O(87(4"#.2(7)41"8 I8)*(4&)+%

"871%B"&+(47(?4(()8J"7P",B"7"I8)*(4&)+%5

!8728(&)"=Q,(8!$"&P2)8)8?.,24+.+"%M42?4"1

283"##&&(1(&+(4RSTU)8.,)D/2@"I8)*(4&)+%5!,"7

"8 26624+/8)+% +2 "66#% M,=K=&0,2#"4&,)6 3421

O"6"8(&( J2*(481(8+=!$"& *(4% #/0@% "+ +,"+

+)1(+2 6"&&+,((V"1)8"+)28 "87 ?(++,(K2/'#(

K(?4((M42?4"1 23IJ.A.5J)3/ I8)*(4&)+%=!"1

*(4% ?4"+(3/#+2 ,"*(F"2+2 W?"$" &(8&()"&1%

M4)1"4% ./6(4*)&24 "87 "#$"%& &"% +2 (*(4%28(

+,"+!"1 *(4%#/0@%+2,"*(+,)&26624+/8)+%=

B% 4(&("40, )&"'2/++4"8&04)6+)28"#4(?/#"+24%

"8"#%&)& 23 &23+ 42+ '"0+(4)"= G,( &23+ 42+

6"+,2?(8)0 '"0+(4)" )& !"#$%&' ('(')*"" $,)0,

0"/&)8? &23+ 42+ 7)&("&( )8 $)7( 4"8?( 23

(02821)0"##%)1624+"8+0426&=!84(0(8+&+/7%+,(4(

)& " ?(8( $,)0, $"& )7(8+)3)(7 "& " 8($

+4"8&04)6+)28"#4(?/#"+24)8*2#*(7)8 +,((V64(&&)28

23*)4/#(80(3"0+24&"876"+2?(8)0)+%23!+('(')*""

)88(?"+)*(1"88(40"##(7,*-=

!$2/#7#)@(+2"8"#%D(+,(6,%&)0"#3/80+)28 23

+,( X+: 642+()85"8"#%D( +,( )8 *)*2 ')20,(1)0"#

3/80+)28 23X+: )8 '"0+(4)"#0(##&+2 @82$)8? +,(

4(#"+)28&,)623X+: $)+,+,(3"0+24&23(8*)4281(8+5

)+1)?,+?)*((33(0+2482++22+,(4+4"8&04)6+)28"#

4(?/#"+24&=G,(4(324(!$2/#70287/0+4(624+(4?(8(

"8"#%&)& )8 &(*(4"#,2&+& 24 $)+,)8 +,( 7)33(4(8+

(8*)4281(8+=

A#&2!6#"8+20287/0++4"8&04)6+21)0"8"#%&)&+2

&/4*(%+,(?(8((V64(&&)286423)#(23!+('(')*"")8

4(&628&( +2 &(*(4"# (8*)4281(8+"# 0287)+)28& '%

:FAH&(L "8"#%&)&=G,/&5!)8+(87 +2 (V"1)8(+,(

1(0,"8)&1 23 ,2$ +,( 6#"8+ '"0+(4)"#6"+,2?(8

"++"0@& 6#"8+ '% 6427/0)8? &(*(4"#6"+,2?(8(0)+%

3"0+24&=G,(4(324()+$)###("7+2+,(4)?,+028+42#

23+,(7)&("&(=

!8 0/44(8+"0+)*)+%5!"1 $24@)8? 28 :FAH&(L

"8"#%&)&= ! "#&2 $24@)8? 28 6,%&)0"# 3/80+)28

"8"#%&)&23X+: 642+()8 '% (#(0+426,24(+)012')#)+%

&,)3+ "&&"% "87 )8 *)+42 +4"8&04)6+)28 /&)8? +,(

642+()8=!$2/#7 0#28(+,(X+: ?(8(5(V64(&&+,(

642+()8 "87 +,(8 6/4)3% +,( 642+()8= G,(85 '%

(#(0+426,24(+)012')#)+%&,)3+"&&"%!$2/#7"8"#%D(

+,(')87)8?23X+: 642+()8$)+,64212+244(?)2823

*)4/#(80(?(8(&23!+('(')*""+G,)&(V6(4)1(8+)&

+2 /87(4&+"87)8? +,(1(0,"8)&1 23+4"8&04)6+)28"#

4(?/#"+)28)8')2#2?)0"#021628(8+&=

>"*)8?"8(V0)+)8?(V6(4)(80("87&(()8?"82+,(4

6"4+23+,($24#7'(0"1(1%1)&&)28$,(8!3)4&+

12*(7+2O"6"8+,"+?"*(1("$)7(@82$#(7?(23

+,(4(#"+)28&'(+$((8 02/8+4)(&"870/#+/4(&=!3((#

(V+4(1(#%#/0@%+2&+/7%)8O"6"8+,"+"##2$&1(

+20287/0+4(&("40,28$,"+)8+(4(&+&1(+,(12&+5

&2)8"##1%+)1(,(4(!,"*(8(*(43(#+'24(7=N%

72)8? +,"+5!,"*(7)&02*(4(7,2$ &0)(80()&1"7(

3421 $)+,)85 &()D(7 26624+/8)+)(& +2 7(*(#26 "##

&24+&23&@)##&5"87(8P2%4($"47)8?&20)"#(V0,"8?(

"870/#+/4"##)3(=

C)8"##%5!$2/#7 #)@(+2+,"8@ +2F"2+2W?"$"

&(8&()"&1%M4)1"4%./6(4*)&245.,)8P)G2@/%"1"

&(8&() "87 B"&"3/1) .,)1)D/ &(8&() "& 02H

./6(4*)&24 324 +,( ?/)7"80( "87 &/6624+&5

E8*)4281(8+"# B)042')2#2?% X"'24"+24% 1(1'(4&

9.,)D/2@"I8)*(4&)+%<5"##+,(&+"33&23:(882W33)0(5

"87 "#&2 324 O"6"8(&( J2*(481(8+ .0,2#"4&,)6

9BEYG<=

6ZT6



!"#$%&'$ #&()*$

!"!#$%&' ("!#)*%+,-.
/0123!45 67289:;<%=

!"# $%&"'()" *(+,-" .'/# 0"+,1"23&-4!5"&

6/'+ (+ " +/'%-3'+ 2(&%'(7%/.0"+,1"23&- 7"1132

8"1#/+('-"%49/&%/.%-3:3/:13/.%-"%"'3""'3

."'#3' "+2 1(;3-"+2 %/ #/<%-40= &33(+, %-3('

#(&3'=!23%3'#(+32%/&%<2="6/<%",'(7<1%<'3"+2

-31: %-3# %/ /;3'7/#3 %-3(' #(&3'=4>'/# %-"%

%(#3? ! #3"+ .'/# %-3 ;3'= 63,(++(+, /. #=

7-(12-//2? ! 2'3"#% " 2'3"# %/ &%<2= (+ "

23;31/:32 7/<+%'=?"+2 (+ @7%/63'ABCD?E'/.3&&/'

*-(,3+/'( 9"3F"5" 613&&32 #3 6= ,(;(+, %-3

/::/'%<+(%= %/ 637/#3 " 7/#:3%3+% :"'% /. -(&

1"6/'"%/'=4 ! %-"+)32 E'/.4 9"3F"5" "+2 G(.<

$+(;3'&(%= ./' %-(& ;"1<"613 /::/'%<+(%=4 >'/#

H:'(1ABCI?!637"#3" 2/7%/'"17/<'&3&%<23+%/.

<+(%32,'"2<"%3&7-//1/.",'(7<1%<'"1&7(3+73&?G(.<

$+(;3'&(%=4 03./'3 7/#(+, J":"+ ! 2(2 #=

<+23','"2<"%3"+2 #"&%3' 23,'33.'/# " '3:<%32

<+(;3'&(%= /. 0"+,1"23&-? +"#32 J","++"%-

$+(;3'&(%= 5-(7- (& &(%<"%32 (+ %-3 7/'3 /.

0"+,1"23&-?K-")"4!L;3"1'3"2= :"&&32 %5/ =3"'&

-3'3 (+ G(.<49= 1(.3 (+ G(.< (& M<&% "53&/#34

N-3'3"'3&/#3#"+= 2(..3'3+73&63%533+ %-31(.3

&%=13/.G(.< "+2 0"+,1"23&-4N-3:3/:13/.G(.<

"'3 ;3'= )(+2? 7/O/:3'"%(;3? ,3+%13? -31:.<1? "+2

.'(3+21=4!-3"'2"6/<%%-37<1%<'3/.J":"+63./'3

7/#(+,-3'3?6<%+/5 !"# %-35(%+3&&4!&/13#+1=

&53"'%-"%%-(&)(+2 /.,//2 7<1%<'3"+2 %-37/O

/:3'"%(;3"%%(%<23/.%-3:3/:13!+3;3'&33+63./'34

*/#3%(#3& ! "&%/+(&-32 "+2 %-(+) %-"% -/5

J":"+3&3 :3/:13 63-";3 &/ 7/'2("11= 5(%- /%-3'

2<'(+, %-3 %(#3 /.(#:"%(3+734H%13"&%!13"'+%

:"%(3+735(%- &/#3/%-3';"1<"6132(..3'3+%%-(+,&

"1/+, 5(%- #= '3&3"'7- 2<'(+, %-3 :3'(/2 1"&%

7/<:13 /. =3"'& (+ G(.<4H& " &%<23+% /. %-3

2/7%/'"17/<'&3?!-";3"1'3"2= 7/#:13%32 " =3"'4

N-"%%(#3!,"%-3'32 2(..3'3+%)(+2 /.)+/5132,3

6= "%%3+2(+, 2(..3'3+% &/'%& /. "7%(;(%(3&4 9/&%

(#:/'%"+%1= !M/(+32%-3(+%3+&(;37/<'&3H "+20

./'13"'+(+,J":"+3&31"+,<",34N-/<,-%-35'(%(+,

/.%-3)"+M(7-"'"7%3'(&2(..(7<1%6<%%-31"+,<",3

(&1/;31="+23<:-/+(/<&4!M/(+32"&3#(+"'5-(7-

5"&-312/+H(7-()3+?5-3'3!5"&(+%'/2<7325(%-

&/#3/%-3'&'3&3"'7-"+2,/%"7-"+73%/&-"'3#=

'3&3"'7-.(+2(+,&5(%-/%-3'&4N-(&)(+2/.&3#(+"'

(& -31:.<1./' %-3 63%%3'#3+% /. " '3&3"'7-3'4!

"%%3+232&/#3&:37("1137%<'3&5-(7- 53'3:'/;(232

6=&/#35311O)+/5+'3&3"'7-3'&"+2%3"7-3'&5-3'3

!"1&/ ,"%-3'32 &/#3;"1<"613(+./'#"%(/+ %-"%!

7"+<&3(+#='3&3"'7-4*7(3+%(.(7:":3'5'(%(+,(&

&/#35-"%2(..(7<1%./'#3?%//;3'7/#3%-(&:'/613#

! M/(+32 " &3'(3& /. 137%<'3& :'/;(232 6= K'4

*'()"+%-"?"+2 +/5 ! .331! 7"+ 5'(%3 " ,//2

P<"1(%= &7(3+%(.(7 :":3'4 9= '3&3"'7- "'3" (&

;3,3%"613 #"')3%(+, &=&%3# /. 0"+,1"23&-4>('&%

.35 #/+%-&/..('&%=3"'/.#='3&3"'7-!&%<2(32

&/ #"+= (+%3'+"%(/+"1 :33' '3;(3532 M/<'+"1 %/

<+23'&%"+2 "6/<%;3,3%"613#"')3%(+, &=&%3#4H&

=/< )+/5 ;3,3%"613(&" :3'(&-"613.//2 :'/2<7%?

"+2%-3#"')3%(+,&=&%3# (&1(%%136(%2(..3'3+%%-"+

/%-3'.//2&%<..&4!+"22(%(/+%/%-(&?0"+,1"23&-(&

",'(7<1%<'3 6"&32 7/<+%'=4 !+ '<'"1 "'3"& /.

0"+,1"23&-?#/'3%-"%QBR :3/:13"'32('37%1= /'

(+2('37%1="&&/7("%325(%-",'(7<1%<'3/'",'(7<1%<'3

'31"%32 "7%(;(%(3&4 N-/<,-? 23;31/:32 7/<+%'(3&

/'(3+%32 2(..3'3+% %=:3& /. #3%-/2/1/,(3& ./'

:3'(&-"613:'/2<7%#"')3%(+, 6<%"&" 23;31/:(+,

7/<+%'=? 0"+,1"23&- 7"+L% 3../'% %-/&3 &/'% /.

%37-+/1/,(3&=3%4N-"%S&5-= !./7<&/+ %-3'<'"1

0"+,1"23&-;3,3%"613#"')3%(+,"7%(;(%(3&4T373+%1=?

./' %-3 :<':/&3 /. 2"%" 7/1137%(/+ ! ;(&(%32 #=

'3&3"'7- "'3" "+2 &<773&&.<11= 7/1137% #= 23&('32

2"%"4!,/%&/#3(+%3'3&%(+,%-(+,&5-(7-!2/+/%

5"+%%/ 2(&71/&3+/54U/5?!"# 6<&= 5(%- #=

7/1137%322"%""+"1=&(&"+25'(%(+,":":3'6"&32/+

%-"%2"%"4!+ %-313(&<'3:3'(/2/.#= '3&3"'7-?!

M/(+32 " 7/<:13 /. 3V7-"+,3 ;(35 :'/,'"# 5(%-

:'(#"'= "+2 M<+(/'-(,- &7-//1&%<23+%&?5-3'3!

&-"'32 #= ;(35& 5(%- %-3 &%<23+%&?:1"=32 5(%-

%-3# "+2 -"2 1<+7-4!+ "22(%(/+?!M/(+32 &-"'32

;(35 :'/,'"# /. G(.< $+(;3'&(%=? /'(3+%"%(/+?

:<%1/7) "+2."'35311:"'%(3&/.(+%3'+"%(/+"1-/<&3

"+2%-3"++<"1#33%(+,5(%-%-3:'3&(23+%/.G(.<

$+(;3'&(%="+2(+%3'+"%(/+"1&%<23+%&4!%-(+)(%(&

%-363&%%(#3./'13"'+(+,"+2!%'=%/13"'+#/&%

"+2!5(115(+ %-3'"735(%-(+ %-3&/'%:3'(/2/.

1(.34!5"+%%/7/+71<23#= %"1) 6= ,(;(+, %-"+)&

%/#= -/+/'"613&<:3';(&/'&?"11/.#= 1"6#"%3&

"+2 "11/.%-3&%<..&/.T3++/ /..(73/.$G*H*?

G(.<$+(;3'&(%=./'&<::/'%(+,#3(+%-(&;"1<"613

>QA>



!"#$%&'()%*+& +$,"-%.$/"01 2!"3$4+-546,2-%

017"+%/"&5*2746&8%#5$23%6-$6*%*2$62!$#4-$%6'

!"!#$%"&

!"!#$%&' ("!#)*%+,-.
/0123!45 67289:;<%=

9*#$6.-5$28$#2-1"4#%8&%3-%#4+3%*#2"$6:$8*

;6$/"#2$-1<(+"4#6"&4+%-%8"=!"#$0"6-0"-5%&2<

8$"+&0464."0"6-2,$++2<46&#"4&4+%-%8#"2"4#35

4#-$3+"2'>% 4 3"#-4$6 "=-"6-<()42+*3,1 ?%$6$6.

5%#-$3*+-*#" +47'(6 -5" 8$#2- 1"4# )5"6 ( )42

042-"#2-*&"6-$6:*46.=$;6$/"#2$-1<@5$64<(.%-

+*3,1 46& ( )42 40%6. %-5"# 2-*&"6-2 -% 7"

433"!-"& 71 4 &%*7+" 042-"# &".#"" !#%.#40

!#%/$&"& 71 7%-5 :*46.=$ ;6$/"#2$-1 46& :$8*

;6$/"#2$-1' A- -54- -$0"< ( 35%2" "6/$#%60"6-

3%*#2" 7"34*2" %8 -5" !#%/$2$%62 %8 :*46.=$

;6$/"#2$-$"2'(3%0!+"-"01 042-"#&".#""$6 :$8*

;6$/"#2$-1 46& :*46.=$;6$/"#2$-1 $6 BCDE<46& (

.%-4&0$22$%6 -% -5" ;6$-"& :#4&*4-" F35%%+%8

A.#$3*+-*#4+ F3$"63" $6 :$8* ;6$/"#2$-1 42 4

&%3-%#4+2-*&"6-04?%#$6.$6G%#-$3*+-*#"*6&"#-5"

2*!"#/$2$%6%8H#%8"22%#G$#%,4I*J*,*$'

(6 %*#+47 %85%#-$3*+-*#"<)"4#"6%) 04$6+1

8%3*2$6. %6 7#""&$6. 0*+-$!+"#"2$2-46-#%%-2-%3,

%8 #%2"< $6/"2-$.4-$6. #%2" !"-4+ !$.0"6-2<

$6/"2-$.4-$6.$68+%#"23"63"%8#%2"46&7#""&$6.6")

G$7$23*2)5$353467+%%0 7+*"8+%)"#2$62*00"#'

K1#"2"4#35$2-#1-%7#""&0*+-$!+"#"2$2-46-#%%-

2-%3, %8#%2"71 *2$6. !"#$ %&'()*'"+$ 517#$&$I"2

)$-5L',-./0"&12'M'N"4#"&%$6.-5$27"34*2"#%2"

$2%6"%8-5"0%2-$0!%#-46-%#640"6-4+!+46-$6

-5" )%#+&< 46& -5" )%#+& #%2" !#%&*3-$%6 )42

"2-$04-"& -% 7" /4+*"& 4- OPQ 7$++$%6'G%)"/"#<

L%2"24#""42$+1-%7"4--43,"&714)$&"#46."%8

&$2"42"<$63+*&$6.8*6.$<743-"#$4</$#*2"2<6"04-%&"2

46& !51-%!+42042 4++4#%*6& -5" )%#+&<46& -5"

!+46- !#%-"3-$%6 3%2- $2 5$.5'9*#$6. -5" .#""6

5%*2"0464."0"6-<"/"6)"2!#41!"2-$3$&"-)$3"%#

-5$#& 4 &41<$- $2 2-$++&$88$3*+- -% 3%6-#%+-5"

%33*##"63" %8 &$2"42"2 46& !"2-2< "2!"3$4++1 $6

2*00"#'

9*#$6.-5"R1"4#2$6S4!46<(54&7""64+%-%8

)%6&"#8*+!+43"2<$0!#"22"&71S4!46"2"3*+-*#"46&

-42-"& +%-2%8-#4&$-$%64+S4!46"2"8%%&<"2!"3$4++1

!*88"#8$25'(8""++$,"-5"-$0"!4222%T*$3,+146&

(2-$++)46-0%#"-%"=!"#$"63""/"#1-5$6.$6S4!46'

()$++04," -5" -$0" 3%*6-46& &% 01 7"2--%

.#4&*4-"'A8-"#-54-<$8!%22$7+"<()%*+& +$,"-%

7"3%0"4 !%2-&%3-%#4+#"2"4#35"#46& "65463"01

%)6 23$"6-$8$3 #"2"4#35 34!43$-1< 433*0*+4-"&

"=!"#$"63"'(6-5""6&<()%*+&+$,"-%-546,4++01

!#%8"22%#2<8#$"6&2<01840$+146&0%2-%84++<01

)$8"<8%#4++-5"5"+!46&2*!!%#--5"1!#%/$&"&'

! " # $

!"!#$%&' >"!#?@%+,-.
/0123!ABC DE289:;<%=

+,F%GH$IJ%KLMN7OPQRKSTUMV

WEXYZKL[%\6]^_I`%KSSabcde\

!fghijklbmnkopqersKSGHt!fX

uvwgPexSTJ%yzMVWEgKL\{|P}~

�b�\{|Xp�LGHI�l���g��L�SPb

6]^_eMVWEgKL\{|eM�I�~vwg\e

xk���P��e��SSab{|X��KkP�GH

I��KSTVWEgKL\Q�Xf��wgPexvw

g��ib�\���e��exvwg��i��SPb

�IhijkvQ����Sab���wg����ST

�]^_ ¡VWE¢BMb£¤¥¦§¨e\GH©ª«

I��KL�SSabs�tIw��L\s�P���ST

K�Kb6]^_e\¬§­M®¯°­¨±²¨³²¯X

�´KSµ¶·¸\¹ºI»�vGH¼e�lb³½§¨

¾¿§Àg£¤¿§À\ÁÂ\ÃÄP��e�vT³½§

¨¾e\GHMzae��SSabÅÆNÇÆ\ÈÉÊË

NÌÍNÎo\ÏÐkÑbJ%ÒIMÓÔ§ÕMexL�

S�\\bsÖIQ��vghiÓÔ§Õgjklbmn

kQ�e��ST×¢IbØÙÈÉÚe\Û§Ü\�lÂ

NÛ§Ü\ÝÞkÑb£¤¥¦§¨gMhijklb��

ÂNßàP����jk�L�vSabáiwg����

ST�â>"�s�tãä¨\å>"eMkibæg��

<>"Xç�Sabèé¾êéëNìéíêéëI»�v

ç�ÂMhijklb�\î�IyzMï�KSPbða

L<>"Xç�GH\ñòóXs{�vwgPexS7O

e��STØÙôIMõök>("P÷øKb»ùK��

LzaL!úûPülý�L�lb³½§¨¾¿§ÀXQ

��vwgeb�\wg\þ�ÿXðaLs{�vwgP

!QP!



!"#$%&'()*+,-.,/012345.678

89:;<0=>3?@ABC.DEFGH0I"#I5

JK0IL$

森 幾 啓

MNMOP6QR SNMOTU6VWXY
Z[\]^!_` ab]cdefg6h

VWi6?@PFjkl5<0m6<9nopqFr7

efg63st.uI#43bov.wqxL59(<I

yz3V;!9{|F}~/�5I�v�/#��F��

{�$E�.GH0I2�!��'��<#���3��

F8I0}����*/#3��.�"�H0JK9��

.�K0��.@��L���9� 3¡¢5�{#£/

#¤¥¦§~q9?@F>.¨2453©<|.E�<0

I{�$

ª3?@ABC�9«¬­®¯°±!"#.UI0²³

FM´�LSNµ.¶·¸F¹º»¼<��5I�'3!

�$½¾¿9À5I/#ÁÂÃ�3ÄÅÆ®ÇÈ�ÉSN

µ.ÊË�L45§!"ÌÍ9ÎÏÐM�Ñ¾ÒMSNÓ

Ñ9�<0��qÔP6ÕÒFÖI0×U*ØBÈ5*q

Ù{�$43��*¾¾ÊÚ*?@ABC.ÛÜ�ÝÞF

�9ª3¡¢§ßà<0I{�$efáâ3P6ãÑ?@

ä!åæ�LªF5/09(#*çËèÔ3éy§êë!

~/##H!�$ìí9²³3âî!�SNµ.»¼�L

çË�ï5ÜðñòÌ0I{óÜ$<#§/0943?@

ô�§×U*'35*ÌÍõö(#*÷ø®ùB¯F*L9

5ú�0E�.GH0I{�$ÔP6ûü�ý!*2þÕ

ÒFÖýLÿ!*"B#F'$%!"L��F59»¼$

&5*LSNµ.'¾<0CÈ(Ç)*+÷$%&3,-

�../00�IL'339~-É.10ÌÍ4-É§1

#ö5I/#2W!3ñ453V;!�$

¡¢�ý!*267.8KL>5<0�99²§~{q

:Kö9;<=>5IKð'!���F?@.GHÉÌ*

I'ð�<|§~q{�§9%o��F�6ky"§!"

Lïð3#Bø.!"!"ÌÍ5JK0I{�$

#$*§É9Qs�3ÕÒ!~LF'ßòÉö%2[\

]^5*/0I#�I#&M'F(2�).*<+,{�$

! " # $

MNMOP6QR -NMO./6VWXY
Z[\]^!01 2b]cdefg6h

ª�93o45Fjkl¯+øB5<0³6Fm6<9

6789³3:;<6µ3?@=5I�ABC!"("(

>?3:;@A/'Ô3�.9:;@F�L-NB3CD

E@*ðF8I0E�.GH{<#$

³ABC�92FêGm655'Fé!<#?@!'�

É3÷øB¬!<#3!9��§"L���H�Ã#!<

#§9?@$3]%3'!3±¯&'÷96M3()'Ù

*§É9*Ü5�:;@*B3+Ù9:;@A/,-F8

I03,z.+Ù�L45§!"0"0Öq{�$

{#92FêG!o"!3#&(I$S5<0�9%²

v!é&|Ì{<#'Wi6(«)BÈ3*X§~q{�$

ÊFª�jkl¯+øB9<�'>F.+�<0�É'(o

!+"#<0�É3m6!<#3!9$%F6Mº&34

5.'Ì0I#ªF5/043X(�)*F()*'3!

<#$43X(.+�06,-Ù..[<0?@.GHL

F/#/030Ù.6p45§!"#�ý!*29¹�÷

AB1!?@.GH0IL|{2{*3&9|{2{*4

35v567!"#45�)*F=ÕF5/0×8(*'

3!<#$ÊF9�Ì9Ì36M3?@ABC9ð�I�

:;!9ð�I�45..[<0?@.GH0IL�.9

Ç)(®AB<=®.+�0>245§!"#3�9=Õ

3?@.GHL+!3?JF*q{<#<9gIF@AF

*q{<#$

2FêG!o"3!ov�9%2!,3"#!9$'!

'"2Õ�É*I{{GÜ!"#�§~q{�§9|{2

{*'!3()#±¯&'÷.I#�"*§É�5�?@

.GH0Iý#�5!I{�$#�9$%�ô3;!�%

2GHL45§!"{óÜ!<#$!o"!�92F36

M3³Õ5'"KL$%3�ô.GH0IýL��9÷!

1"BÈ�.'/0?@.GH0ñ"#I5JK0Öq{

�$

#)*#



!"#"#$

!"!#$%&' ("!#)*%+,-.
/0123!45 67289:;<%=

!"#$%&'%()$&)*$)+*,%-(.",,")#>)#&'%/-,",)0

&'% "#1%,&"2-&")# -#( *%,%-*$' )# 3-4-#%,%

-2*"$+5&+*-5 (",&*"/+&")# .-*6%& -& .7 .-,&%*

$)+*,%4%*")(89/%2-#&),&+(7/+,"#%,,-445"$-&")#

.)(%5 )0 /"2 (-&- -#-57,", "# &'% 5)$-&")#-5

-2*"$+5&+*-5.-*6%&,: ;'", ", 4-*&57 (+% &) &'%

*-4"( (%1%5)4.%#& )0 (-&- ."#"#2 &%$'#"<+% "#

*%$%#&7%-*,&'-&4*)1"(%-# %00%$&"1%-#( ,$-5-/5%

&%$'#)5)27 )# &'% 4*)$%,,"#2 -#( 4*%("$&")# )0

("*%$&")# )0&'%(-&-8)# &'%)&'%*'-#(",-5,)-

#%= (%.-#(0*). &'%$'-#2%,"# %-&"#2 '-/"&,)0

3-4-#%,%#-&")#-5,:

9#&'%0"*,&7%-*89%#*)55%("#?>)+#2?%,%-*$'%,

@(+$-&")# A*)2*-. 0)* 9##)1-&")#@4*)2*-.8-#(

/7 &'% &'*%% 5%$&+*%, )0BC+,"#%,, @#25",' BB9(%-

;*-"#"#2 D-.4 BB@#5"2'&%#.%#&E%$&+*%B&'-&2"1%

.% - 5)& )0 2-"#,: ;'% 5%$&+*%, #)& )#57

,&*%#2&'%#%()+*-/"5"&78-5,)%#*"$'%()+*0"%5()0

1",")# )0*%,%-*$'8-&&'%,-.%&".%8&'*)+2' &'%

$)..+#"$-&")#="&'("00%*%#&,4%$"-5"F%(,&+(%#&,8"&

4*)1"(%,-#)44)*&+#"&70)*+,&)()"#&%*(",$"45"#-*7

*%,%-*$':

9#&'%5-&%*'-50)0&'%,%.%,&%*89&))64-*&"#

&'%-$&"1"&"%,&'-&$-55%(?ABCDEFG@ '%5(/7

&'%G"*),'".- +#"1%*,"&78 &'%-$&"1"&7 )*2-#"F%*,

"#1"&%( .)*% &'-# HI ()$&)*-5$-#("(-&% ,&+(%#&,

$).%, 0*). G"*),'".- J#"1%*,"&78 ;)6+,'".-

J#"1%*,"&78K"0+ J#"1%*,"&7 %&$:;'-& -5,) ()"#2

("00%*%#&*%,%-*$' -*%-,8-#( 9-. &'% )#57 )#%

0*). L2*"$+5&+*-5-*%-: 9#-(("&")#8"#&'%,4%%$'

(+*"#2 &'%-$&"1"&78=%-555))6%( 0)*=-*( &) &'%

$)#&%#&)0)+**%,%-*$'8='"$'/%#%0"&%*.%2*%-&57:

D-#/%,-"(8"#&'%0"*,&7%-*)0.7()$&)*$)+*,%8

.70)$+,",&)-(M+,&.7,%50&)&*7&)0"#()+&&'%

/%,& 4),"&")#"#2 -, - ()$&)*-5$-#("(-&% ,&+(%#&8

-5,) .-(% - (%1%5)4.%#&-5 4*),4%$& 0)* .7

*%,%-*$'8 ='"$' $-# '%54 .% &) %N45)*% &'%

%1-5+-&")#)0&'%1-5+%)0.7*%,%-*$'&),)$"%&7:

9#&'%,%$)#(7%-*89="55$)#&"#+%&)"#$*%-,%&'%

*%,%-*$' )0 &'% -445"$-/"5"&7 "# L2*"$+5&+*-5

O-*6%&"#2 /7 P-&-O"#"#2 &%$'#)5)278='"$' ="55

4*)1"(%- 2))( 0)+#(-&")# 0)*&'%()$&)*-5&'%,",

-#(&'%$-*%%*(%1%5)4.%#&-0&%*2*-(+-&")#:

%!"&%'(%)

!"HI$%&' HIJK%+,-.
/0123!LM NO289:;<%=

O7 #-.% ", L5" ?-'.-&8 Q*). E-.4+#2

A*)1"#$%8 9#()#%,"-: 9 %#*)55%( +#(%*2*-(+-&%

$)+*,%,"#J#"1%*,"&7)0E-.4+#2="&'.-M)*0"%5(

-2*)&%$'#)5)27:3-4-#",)#%$)+#&*72"1%.%.+$'

"#,4"*-&")#8$+5&+*% -#( &%$'#)5)27 $-# 2*)= +4

&)2%&'%*86%%4&'%#-&+*%-#('-*.)#70)*,)$"%&7:

L0&%* 2*-(+-&%(8 9 2%& )44)*&+#"&7 &) $)#&"#+%

.-,&%* (%2*%% "# K*-(+-&% !$'))5 )0 L445"%(

C")5)2"$-5 !$"%#$% &*)+2' C-,"# R-&%*

@#1"*)#.%#&-5 E%-(%* !$')5-*,'"4 SCR@ET K"0+

J#"1%*,"&7:9,&-*&.7,&+(7"#K"0+J#"1%*,"&7-,

*%,%-*$',&+(%#&+#(%*?"1%*C-,"#?%,%-*$'D%#&%*:

9 5%-*# 3-4-#%,% 5-#2+-2% -#( 4*%4-*-&")# 0)*

.-,&%*%#&*-#$%%N-."#-&")#:

P+*"#2 *%,%-*$' ,&+(%#&89'-1% /%%# 0)55)="#2

,).% $5-,,%,: 9 M)"#%( "# ,&-#(-*( 3-4-#%,%

5-#2+-2%S$5-,,LT:;'",$5-,,",#)&%1%*7(-7-#(

5"&&5%').%=)*68/+&=%2%&5)&)00+#8%N$"&%(-#(

&*7 &)4*-$&"$%:3-4-#%,%5-#2+-2%$5-,,.-6%.7

(-"57-$&"1"&"%,%-,"%*:Q"#-55790"#",'.7.-,&%*"#

U7%-*,:L0&%*0"#",'.7.-,&%*89("*%$&57$)#&"#+%

()$&)*-5 $)+*,% -& J#"&%( K*-(+-&% !$'))5 )0

L2*"$+5&+*%!$"%#$%8+#(%*CR@E!$')5-*,'"4:

O7 P)$&)*-5,+44)*&%(/7 CR@E 4*)2*-.8,)9

#%%(&)$).45%&%$+**"$+5+. 0*). CR@E4*)2*-.:9

-. 1%*7 2*-&%0+5&'-&9'-1%!%#2%!%#,%"-,.7

4*".-*7 ,+4%*1",)*:G%'-,- /"2 4-&"%#&'%54"#2

.%5%-*#%1%*7&'"#20)*.7*%,%-*$':

O7$+**%#&*%,%-*$'",0)$+,%,)#$).4-*",)#)0

'7(*)5)2"$-5 $)#("&")# +#(%* ("00%*%#& 1%2%&-&")#

&74%:D+**%#&57 "# =)*5(="(%.-#7 #-&+*-50)*%,&

$'-#2% &) 45-#&-&")# 0)*%,& &) 0+50"5 "#(+,&*"-5

(%.-#(8')=%1%* .-#7 =-&%* ,')*&-2% ",,+% -#(

%$)5)2"$-54*)/5%. =-,-44%-*:C7 &'",*%,%-*$' 9

=-#& &) 1%*"07 ')= &'% ".4-$& $)#1%*&"#2 0*).

/*)-(5%-0 0)*%,& -, #-&+*-5 0)*%,& &) $)#"0%*)+,

PVWP



!"#$%&'%()'*&'&+"*!"#$%&+*,$*&#')-'('*./0"($

12#$%$'#303'*4$#$!$#$*3$!"#!"#$%&1'*'5$1$*&

&"1'6$%&#'&$5+$%"#(")+32&"+1(#"7$89')+&2"!

&0$!"#$%&'*:%9%&'+*'4)$.

;+7+*5 +* -'('* +%5#$'&$<($#+$*3$!"#1$.=2

%30")'#%0+("*)23"7$#&9+&+"*!$$'*:)+&&)$%9(("#&

!"#)+7+*53"%&>&0'&+%*"&$*"950!"#%9(("#&12

)+!$+* -'('*./:"('#&&+1$?"4>+* !+#%&2$'#/

?9%&@"#6+*A'6+!#9+&!'#1>'*:*"@ /@"#6+*

B9%0+#$%&'9#'*&./+1(#"7$12)'*59'5$&0$#$'*:

5$&)"&"!!#+$*:./)$'#* 0"@ @"#6 '&&+&9:$ +*

-'('*+*&0$#$.

! " # $

!"#$%&'( #$)*&+,-.
/0123!45 67289:;<&=

>?@A>BCCDDEFGHIJKLMNOPMQRS

TUVWFXYHVTEFDEFZKC[\HVT]DE^

_W`FaDLMNOPMQbW`cdefgF:;<&

Th&WiWjklmKnopqFrMstXuvwxT

yz{|}~��GHT��{lm�F�|}~���Oo

�K����K�������WF�9���=����

�K�K�d���FI��9IKiiK��=K���

�9w���e�T {��K¡,=�¢£WF¤G¥w

x�¦§¨©eª«��¬jI��K��­®K¯°T±

¬`lm�{²bTW`¬i�k

³´µ>¶DEK·D¸�¹{aDqFtº»¼KrM

stXTQoPO½¾¿EÀÁÂÃiW`F¯Ä`ÅÆÇ

T�K Èe²bf�d{KÉÊËWF��KÌÍÎÏK

Ð*��Ñ��GÒbÓ��GÒKÔ¦ÕÔÍ��Ö�×

¬iWjk

rMstXqtº»¼KØvTÙÚ�{YÛX�FÜÝ

KÞßàKáâTÞEGãäå9ÜÝKÞEHED=fæg�

çèéÁX��kêå�KÞIDJFG¥vå�KÞKDëf

GHT^_WFGHå�KÞIGëfIwìí·0'îïK

|}~G5beð`¬i�krMstXuvwxqDEñ

�ÍfE>DDD11�ò�óÌ�fôõ�Fö÷Tø�fÌ

ù`¬{úfûü¹ÃFö÷K��GHf¨©ewx��k

WÉWF��GHKýþfÿ¬jÄF!"e��f×#ù

`¬e¬����k

ijFrMst$uvqrMst�ø%W¬wxbeð

`yÃF&�ø'(�)*Ñ+,t»�-.{-/0f1ð

`¬i�k2ø-WiWjfF)*q34�Wjf5ðj

+,t»q67W8`9:�Wjk

i;i;çèéÁKwxTy¬`FlmK<=f>T!

`ù7b"¬F²ùi�XYb[\#!�"ðjýþ�!

ÉW`Flm�hÄ`#Ãi�k

!"#$"%&'%#(

!"#$%&'( !"#$$%&+,&.
/0123!' ()*289:;<&=

=2 *'1$+%BLMN LO/-OMP '*: /'1 !#"1

,0+*'./0'7$4$$* +* -'('* !"#&0#$$'*:'0')!

2$'#%.M!&$#/5#':9'&$:!#"1 P'*?+*5M5#+39)&9#')

O*+7$#%+&2+*,0+*'+*CDEQ>/5"&&0$"(("#&9*+&2

!"#&9*'&$)2 '*: ?"+*$: +*&" R'%+* S'&$#

T*7+#"*1$*&');$':$#U#"5#'1 +* V+!9 O*+7$#%+&2

!"#!9#&0$#%&9:2./'1 7$#2+*&$#$%&$:+*-'('*$%$

)'*59'5$ '*: 39)&9#$./ &0+*6 ,0+*$%$ ($"()$ +*

-'('* +%#$)'&+7$)2 $'%2 &")+7$>4$3'9%$&0$#$'#$

1'*2 ,0+*$%$ 30'#'3&$#% +* -'('*$%$./)"7$ &0$

4$'9&+!9)%3$*$#2>%'!$!"":'*:!#$%0'+#+*-'('*.

W0$!+#%&+1(#$%%+"*"*-'('*+%&0'&+&+%%"3)$'*

$7$#2@0$#$.M*:@0'&%9#(#+%$:1$+%&0'&&0$#$+%

*"&#'%0"*&0$%&#$$&+*-'('*.W0$%"9*:"!&0$

3'#@0+%&)$+%%$):"1 0$'#:>+&+%#$)'&+7$)289+$&+*

-'('*.-'('*$%$ ($"()$ '#$ 7$#2 (")+&$>*+3$ '*:

"#:$#)2.N* &0$"&0$#0'*:>&0$&#'*%("#&'&+"* +*

-'('* +%&"" $<($*%+7$%930 )+6$49%'*: &'<+./

)"7$&#'7$))+*5'*:/0'7$4$$*&"N6+*'@'"*3$./

)"7$&0$%$'&0$#$>+&+%&0$!+#%&&+1$/%'@ %930'

4)9$ %$' '*: / @'% 5#$'&)2 &"930$:. / !$$)

3"1!"#&'4)$)+7+*5+*-'('*.

/5"&121'%&$#:$5#$$!#"1 V#':9'&$B30"")"!

M(()+$:R+")"5+3')B3+$*3$%+*CDEG'*:3"*&+*9$:&"

:"3&"# 3"9#%$ +* &0$ O*+&$: V#':9'&$ B30"")"!

M5#+39)&9#')B3+$*3$+* V+!9 O*+7$#%+&2.B+*3$&0$

X969%0+1'Y'++30+P93)$'#U"@$#U)'*&'33+:$*&+*

CDEE+*-'('*#$)$'%$:#':+"'3&+7$*93)+:$3$%+91ZEQI

[EQI,%\+*&"&0$*'&9#')$*7+#"*1$*&>)'#5$%3')$%"!

!"#$%&'*: '5#+39)&9#')'#$'% +* &0$ *"#&0$'%&$#*

('#& "! -'('* '#$ ("))9&$:.,% +% 0+50)2 @'&$#

%")94)$ '*:>4'%$: "* &0$ @$'&0$# 3"*:+&+"*>&0$

!+<$: ,%"* !"#$%&%"+)%3'* #$)$'%$+*&" &0$("#$

@'&$#&"3'9%$3"*%+%&$*&("))9&+"*"!@'&$#%"9#3$%

"#$7$* 30'**$)+*&"&0$!"":30'+* 42 ()'*&%.B"

+]G+



!"#$ %&'&#"( #&)&*+",+-. )&,/-*% %01/ "%

1-.,")+.",&*%-+(#&)-'"(-#2/3,-#&)&*+",+-./"'&

4&&. "22(+&*$/-5&'&#$,/&1-%,5"%'&#3 /+6/ -#

,/& &!!+1+&.13 5"% '&#3 (-57 8-)2"#&* ,-

*&1-.,")+.",+-.$,/&0%&-!(-591-%,".*&.'+#-.)&.9

,"((39!#+&.*(3 "**+,+'&% ,- +))-4+(+:& 8% +. %+,0

)+6/,4&" )-#&!&"%+4(&".* +*&"("22#-"1/ !-#

*&"(+.6 5+,/ 2-((0,&* !-#&%,"#&"%-. ("#6&%1"(&%7

;3#&%&"#1/+%"4-0,,/&4&/"'+-#-!1&%+0) +.%-+(9

2(".,%3%,&)$,/&+.!(0&.1&!"1,-#%".* ,/&&!!&1,%

-! *+!!&#&., %-+( "**+,+'&% -. 8% )-4+(+,3 ".*

4+-"'"+("4+(+,37<. )3 )"%,&# %,0*3$,/& %-#2,+-.

1"2"1+,3-!8%-.,-*+!!&#&.,!-#&%,".*"6#+10(,0#"(

%-+(%5"%+.'&%,+6",&*7=.*+. )3 *-1,-#%,0*3$<

5-0(* (+>&,- &%,+)",&,/&&!!&1,%-!%&'&#"((-5

1-%, "**+,+'&% "22(+1",+-. +.,- %-+(-. %-+(?2(".,

2/3%+-1/&)+1"(2#-2&#,+&%$8%4&/"'+-#+. %-+(92(".,

%3%,&) ".*,#3,-!+.*1&#,"+."**+,+'&%,/",1-0(*

+))-4+(+:&8%".**&1#&"%&8%4+-"'"+("4+(+,37

@+."((3$<5-0(* (+>& ,- ,/".>% )3 %02&#'+%-#$

ABCD2#-6#")$E&..--!!+1&".*"((-!)3!#+&.*%

5/-/&(2 ".* %022-#,)&"(-,7<. ,/&.&F,,5-

3&"#%$<5+((%,0*3/"#*-.)3#&%&"#1/".*,#3,-

"1/+&'&)3&F2&1,",+-.%7

!"#$%&'(

!"#$%&'( !"#$)*&+,-.
/0123!45 67289:;4&<

;3.")&+%G+308/&.".*<1-)&!#-) 8/+."7<

/"'&4&&.+.H"2".!-#I3&"#%$<") 6#",&!0(,/",

<1/-%& J#-!7K/,%0>" ,- )3 %02&#'+%-#$"!,&# <

!+.+%/&* ,/& )"%,&# 1-0#%& +. L+!0 M.+'&#%+,3$<

1-.,+.0& %,0*3+.6 *-1,-#"( 1-0#%& -! A+-(-6+1"(

&.'+#-.)&., %1+&.1& 0.*&# ,/& M.+,&* L#"*0",&

G1/--(-!=6#+10(,#0"(G1+&.1&$/-5 ,+)&!(+&%$+,+%

%&1-.*3&"#-!*-1,-#"(1-0#%&7

D-->+.64"1>-.,/&2"%,3&"#$</"'&,-%"3$+,

+% ,-,"((3 *+!!&#&., 4&,5&&. )"%,&# 1-0#%& ".*

*-1,-#"(1-0#%&7<.)"%,&#1-0#%&$3-0N0%,.&&*,-

,">& (&1,0#& ".* !+.+%/ 3-0# #&%&"#1/$3-0 *-.O,

/"'&,- 204(+%/ " 2"2&#$/-5&'&#$+. ,/&*-1,-#"(

1-0#%&$+! 3-0 5"., ,- 6#"*0",&$3-0 /"'& ,-

204(+%/ 2"2&#%7P0#+.6 ,/& *-1,-#"(1-0#%&$3-0

.&&*)-#&!"+,/".*2"%%+-.,-0#6&3-0,-)">&

2#-6#&%%7

<6"+.&*"(-,-!,/+.6%("%,3&"#$!+#%,-!"(($<

1/".6&* )3 )+.*9%&,$ ".* < %&& ,/& 5-#(*

*+!!&#&.,(3$,/&#&+%.-"4%-(0,&6--*-#4"*+.,/+%

5-#(*$+,+%"(%-%")&+.,/&#&%&"#1/$<*&'&(-2"

2-%+,+'& ",,+,0*& 43 %&,,+.6 #&"(+%,+1 6-"(% ".*

!-10%+.6-.#&%&"#1/7G&1-.*$+,+%"4-0,#&%&"#1/7<

") 5-#>+.6-.,/&#-(&-!*+%%-('&*-#6".+11"#4-.

QPK8R+.1"#4-.131(+.6+.*&1+*0-0%".*&'&#6#&&.

!-#&%,% -!1&.,#"(H"2".$5/+1/ +% 4"%&* -. ,/&

#&%&"#1/ -! )3 )"%,&# 1-0#%&7P+%%-('&* -#6".+1

1"#4-.QPK8R+%1-.,"+.&*+.2#&1+2+,",+-.$#&(&"%&*

!#-) 2("., ,+%%0&% ".* *&1-)2-%+.6 %-+(-#6".+1

)",,&#$ ".* "*%-#4&* +. )+.&#"( %-+( /-#+:-.%$

&'&.,0"((3 &F2-#,&* !#-) ,&##&%,#+"(&1-%3%,&)%"%

)+.&#"(+:&*1"#4-.*+-F+*&-#+.%,#&")%".*#+'&#%7

S/& !(0F&% -! PK8 ,#".%2-#,&* !#-) ,/& !-#&%,

!(--# ,- )+.&#"( %-+( /"'& 4&&. &%,+)",&* ,-

#&2#&%&.,"4-0,TU,-VIU-!"..0"(+.20,%-!8+.

(&"!(+,,&#7<,2("3% ". +)2-#,".,#-(& -!1"#4-.

131(+.6 +. !-#&%,7P0#+.6 ,/&,5- 3&"#%-!)",&#

1-0#%&$</"'&40+(,)3 %,0*3 +. "1--(9,&)2&#",&

*&1+*0-0% 4#-"*(&"'&* !-#&%, 5/+1/ +% ".

&F2&#+)&.,"(!-#&%,-!,/&S">"3")"@+&(*G,",+-.7

<. ,/&*-1,-#"(1-0#%&$<1-.,+.0&,/&#&%&"#1/ +.

)"%,&#1-0#%&".* "(%- 40+(," .&5 %,0*3 +. ".

&'&#6#&&. !-#&%, +. W+.>":".7 =+)+.6 ,- XR

"110#",&(3Y0".,+!31-.1&.,#",+-.".*!(0F2",,&#.%

-! PK8 +. ,/& *+!!&#&., &1-%3%,&) %,#"," Q40(>

*&2-%+,+-.$,/#-06/!"(($%,&)!(-5$(+,,&#(&"1/",&".*

%-+(%-(0,+-.R-!" 4#-"*(&"'&* *&1+*0-0%!-#&%,-!

%040#4". "#&" ".* ". &'&#6#&&. !-#&%,-!0#4".

"#&"+.1&.,#"(H"2".$VR,-+.'&%,+6",&,/&&!!&1,-!

/+6/ ",)-%2/&#+1 Z *&2-%+,+-. ".* ,/& (&"!

2/&.-(-63 -. PK8 *3.")+1% +. ,/#-06/!"(($

%,&)!(-5 ".* (+,,&# (&"1/",& 43 1-)2"#+.6 ,5-

!-#&%,%$[R,-Y0".,+!3,/&"..0"(PK8+.20,,-,/&

%-+(".*,/&#-(&-!PK8 +.,/&1"#4-.4"(".1&-!

,/&%&,5-!-#&%,%7

<.,/&%,0*3-!("%,3&"#$5&!-0.*)-.,/(3PK8

1-.1&.,#",+-.% -! %,&)!(-5 ".* ,/#-06/!"(( +.

*&1+*0-0%!-#&%,5&#&6&.&#"((3/+6/&#,/".,/-%&+.

&'&#6#&&.!-#&%,$5/+1/+)2(+&*,/&%&"%-."(1".-23

+.,&#"1,+-.%-!*&1+*0-0%!-#&%,/"'&)-#&+)2"1,%

-. ,/& PK8 (&"1/+.67 @-# %,&)!(-5$ PK8

1-.1&.,#",+-. "(%- #&(",&* ,- ,/& *+!!&#&., 4"#>

)-#2/-(-63$)-%,4"#>%+. ;,7W+.>" Q&'&#6#&&.R

5&#&%)--,/".*%+.6(&9("3&#&*$5/+1/)&".%,/&#&

=\]=



!"#$% !"&'(#&%(")'%*&+',"(- "$. /'##012

/'"3+4$) *(%5 &+' ,"(- 3%56"('. &% &+' 57/&48

/"9'('. *4,(%7# ,"(- 4$ :"-"9"5";<& "/#% 3"$

'=6/"4$ &+' .4**'('$3' %* #&'5*/%! 3%$3'$&("&4%$

,'&!''$ .4**'('$& #6'34'#; >&'5*/%! */7= 4$

'?'()(''$ *%('#& !"# 5%(' &+"$ 4& 4$ .'34.7%7#

*%('#& ,'3"7#' %* &+' /"()' "5%7$& %* #&'5*/%!

!+43+!"#('/"&'.&%&+''?"6%("&4?'6(%3'##'#@,"(-

!"&'( #&%(")' "$. ("4$*"//6"(&4&4%$4$) AB'4. "$.

C'!4#@DEEFG;H33%(.4$) &% I4&&" A'&"/;JFFKG@4$

'?'()(''$,(%"./'"?'.*%('#&@/'"**"//!"#5%('%(

/'###9$3+(%$4L'.!4&+ &+'/'"*'5'()'$3'@"$.&+'

6'"- %*/'"**"//!"#4$ M"9 &%N7$'"#!'//"#

&+'4(*/7#+;O+43+!"#.4**'('$&*(%5 &+'"7&75$"/

*"// %* .'34.7%7# &(''#; 2%$#4.'(4$) &+' /4&&'(

/'"3+"&' 012 3%$3'$&("&4%$ !"# ('/"&'. &% &+'

"5%7$&/4&&'(*"//4$.'34.7%7#*%('#&@!'"##754$)

&+"&&+'/4&&'(/'"3+"&'012 3%$3'$&("&4%$ +"?'"

.4**'('$&6"&&'($4$'?'()(''$*%('#&"##%34"&'#!4&+

&+'/4&&'(*"//;P%!'?'(@4&$''.#5%('#&7.4'#4$

'?'()(''$ *%('#&&%3%$*4(5 4&;<$ %(.'(&%"$#!'(

&+' 7$3/'"( 6%4$&# 4$ &+' #&7.9@*4(#&%*"//@&%

3%56"('&+'#'"#%$"/6"&&'($#%*'5'()'$3'"$./'"*

*"//4$ &+'#'&!%*%('#&#Q#'3%$./9@&%'#&45"&'&+'

/4&&'( /'"3+"&' 012 */7= .7(4$) #$%!5'/& 4$

#6(4$)&45','3"7#'%*&+'/%$) #$%! 6'(4%. 4#"

#4)$4*43"$&.4**'('$3','&!''$ &!%*%('#&#Q/"#&,7&

$%&/'"#&@4$%(.'(&%'=6/"4$&+'/"()'#%4/%()"$43

3"(,%$ 4$ :"-"9"5" *%('#&@!'!"$&&% '#&45"&'

&+'012%(4)4$"&4$)*(%5 *4$'(%%&#;

:+'('*%('@4$ &+' $'=&&!% 9'"(#@<!4//5"-'

)('"&'('**%(&#&%67,/4#+5%('6"6'(#;C"#&,7&$%&

/'"#&@<"5 )("&'*7/*%(&+'+'/6#"$.#766%(&#%*

59 #76'(?4#%(@3%8#76'(?4#%(#"$."//&+'5'5,'(#

%*1+&#7-"/",@<!4//"/!"9#"66('34"&'&+"&;

!"#$%"#&'()

!"#$%&'( !"#$)*&+,-.
/0123!45 67289:;<&=

M9 $"5'4#R'$) O'$L+7%@*(%5 2+4$";H*&'(

3%56/'&4$) 59 ,"3+'/%( .')(''@< 3"5' &% S4*7

T$4?'(#4&9 *%(59 *7(&+'(#&7.4'#%$ 13&%,'(DEJU

"$. < V%4$'. &+' 6(%)("5 %* W"#4$ O"&'(

X$?4(%$5'$&"/C'".'(# "&&+' #"5' &45';I%! <

+"?'*4$4#+'.595"#&'(.')(''Y#3%7(#'"$.#&"(&'.

59 .%3&%("/ #&7.4'# 7$.'( &+' T$4&'. S(".7"&'

>3+%%/ %* H)(437/&7("/ >34'$3' *(%5 H6(4/ DEJZ;

T$.'(&+'-4$./9+'/6%*59N"6"$'#'*(4'$.#"$.

59#76'(?4#%(@$%! &+'('4#$%#4)$4*43"$&6(%,/'5

$%&%$/94$59."4/9/4*'4$N"6"$,7&"/#%4$59

('#'"(3+*4'/.;

< 5"V%( ('#'"(3+ 4# ",%7& &+' .'?'/%65'$& %*

#456/' .'&'3&4%$ 5'&+%.# %* 6/"$& 6"&+%)'$43

%%593'&'#!+43+3"7#'.'?"#&"&4$).4#'"#'#%*3(%6@

%($"5'$&"/@"$.$"&4?'6/"$&4$3/7.4$)."564$)8%**@

#''./4$),/4)+&#@(%%&(%&#@*%/4"(,/4)+&#"$..%!$9

54/.'!# "(' &+%7)+& &% ,' $%& %$/9 &+' 5%#&

456%(&"$& )(%76 %* 6"&+%)'$# %* .43%&9/'.%$%7#

6/"$&#;<$ &+4#-4$. %*%%593'&'#@<*%37#%$ &+'

)'$7#!"#$%&' "$.!$"#()$#$(*+;:%.'?'/%6"!"9

*%( 6/"$& .4#'"#' .4")$%#4# "$. 5"$")'5'$&

('3%55'$."&4%$# 4$ &+' *4'/.;:+' /%%685'.4"&'.

4#%&+'(5"/ "56/4*43"&4%$ ACHM[G !4&+ &+'

".?"$&")'# %* ("64.4&9@ #456/434&9@ "$. +4)+

#6'34*434&9 *%( #6'34*43 "56/4*43"&4%$ %* " 0IH

&'56/"&' .'?'/%6'. ('3'$&/9 !"# 7#'. "# &+'

.'&'3&4%$ 5'&+%. 4$ 59 ('#'"(3+;W"#'. %$ &+'

CHM[ .'&'3&4%$ 5'&+%.@ < +"?' .'#4)$'. #%5'

#6'34*43"$.#'$#4&4?'6(45'(#'&#*%()'$7#!"#$%&'@

#73+ "# !",%**-.&/+*-0!",&12%1&/+#&5 "$. !",

&/#%'&'0"#!'//"#)'$7#!$"#()$#$(*+@#73+ "#

!$,)3-&4(/+2#&2+-,T#4$) &+'#' 6(45'( #'&#@&+'

5'&+%.#*%( .'&'3&4%$ %*&+'6"&+%)'$#4$ 6/"$&#

"$.#%4/+"?'"/('".9.'?'/%6'.;

B'3'$&/9@&+'4$&(%.73&4%$ %*+9.(%6%$4337/&7('

#9#&'5#4$ +%(&437/&7('6(%.73&4%$ 4$.73'(4#-#%*

.4#'"#'#3"7#'. ,9 L%%#6%(436/"$&6"&+%)'$#;:+'

3%$&(%/4#)'$'("//9 .4**437/&,'3"7#'%*&+'("64.

#6('".%*L%%#6%('#4$ $7&(4'$&#%/7&4%$;<$ V"6"$@

&+'&%5"&% "$. X7#&%5" 37/&4?"&'. 7#4$) &+'08

&("9 "$.I7&(4'$&*4/5 &'3+$4\7'AIR:G37/&4?"&4%$

#9#&'5 +"?',''$ #7**'('.*(%5 &+'.4#'"#'3"7#'.

,9 !", +)$+1%4-*'+#&' "$. !", %**-.&/+*-@

('#6'3&4?'/9;<$59('#'"(3+@CHM[!"#"66/4'.*%(

3/"(4*43"&4%$ %* &("$#54##4%$ 5%.'# %* &+' &!%

6"&+%)'$# ,9 5%$4&%(4$) &+' 6"&+%)'$# 4$ &+'

$7&(4'$& #%/7&4%$# %* !"&'( #766/9 !'//@#''./4$)

&'(("3'"$.'"3+)(''$+%7#'#@"$..4#'"#'.6/"$&#"#

!'//"#)(%7$.#%4/#;

R4$"//9@<"5 )("&'*7/&%596(45"(9#76'(?4#%(@

[(%*;]")'9"5"@593%8#76'(?4#%(#@[(%*;>7)""$.

[(%*; >7L7-4@ "$. "// %* &+' 5'5,'( %* %7(

> ^̂>



!"#$%"&$%'($%)%$*+,+-./$011((+2+1-&/3..1/&+$-/

"-,/3))$%&/+-0'%1/1"%24"-,5+(16

! " # $

!"#$%&'( !"#$)*&+,-.
/0123!45 67289:;<&=

>?@ABC&DEFGHIJKLMDNOPBQRSE

TJUVWXSYZ[\]B^_`a7JbQcRNOd

?efYghieQXE>?@A7JYjklefBVm

]YNNnoVpnqrNHYYEstuvYwxyzc

{B^|DEJU}B~��G\]`atQKfnNO0

1DSG��a�!�uvHEWXSY\]V^_`aQ

��S�N��BEIJbY��E�GY�bi��`t

QQcRNO��fEZ[i��`acuf�GYtQi

&�tQKfnNOtY~�cLzi�yB����E�

��Y���Bca�G��DS�nN�Q��O

��B�DSVE8�"� B~a¡¢£¤¥¦Y§¨8

i``XS�aOt©efBªv©NghB«�SVE¬

9:­®¯°±²�³&´<´E®¯�µ%&¶&´¬;<­

<´E®¯�"� &´¬=7­&·¸´¹~º®¯»¼½

&´=:79JU<´BS¾¿iÀRNOsY��E®¯�"

� &´¬=7­&·¸´fV¾¿ÁiÂGtQKfnNO

t©vVEÃÄYÅ��fVcGÆ01�ÇÈiDSÉ�R

N�!����ÊYËÌY¹ÅÍÎB~aHYfÏaÐÎ

S�aO

ÑJÒBÓ�SVE�vca��ÔÕYÖCQ×BE>

?@AY&!¾QcaØÙ´YÚÛc{HÜÝfna~�

BÞÅDS�nN�Q��O

% & ' (

!"#$%&'( !"¥ß£¤&+,-.
/0123!àá >â289:;<&=

ãJV�GYäfå�ÆæçDÆÃÄY�Bè�V�u

aéiê«Xë`JQcRNO

PV�GYLziìDSí&ÅÆ01ÅÆZîï�ÐÅ

c{�GYéKðñDS�atQiyòDNO

ãJÆ+»Yó5ôõôÔö½÷øõùúûi)*DS

Ñüýbþÿ!¶%<&"#$%&Yþÿ'(ÿ)*÷B

+xDNO,-f��`aQ��LzVWXSfÏ.Æ�

GY���Q¹/�Y���[½B«�S0`¥´K�G

ÏRNOsY�ByòDNYKÆÃÄY��i1íB23

S4ÎaNXYí&ÅK56DS�atQ�O7ïctQ

V03SHÆ89ïc:;efV�eG¿<fncuRN

YfÏaOT=Æ>!ïBÔ"DS�GNXBHí&ÅY

ÓqVF#B!"fÏaQyòDNO

>?@ABC&`aQÆ#&!�=$%B��01`a

¥´K�GÏRNO����i&nRn.f01`atQ

V5'ßfÏ.Æ!vBV/9öiHRS��DSHv�

!"KÏRNOsY!Bò"NYKÆ#!"#$()%ÿ

i&atQQÃ'ïB��Kfna~�B���3a01

ÅY!"ö�Ot©uv01`a¥´V{({()ÎSG

aQ��Os(c�Bï*c0+i,DSÆÃÄY-.i

/0D««Æ=$%Y��i�yB�C�3v©a~�B

DN�O

ãJÆ1Hå�æçDNtQV��B�`aZîï�Ð

ÅK6.c�2�OÃÄY��B�DS¾¿`a!fÏa

��ÊY"!�#b¾¿fÃÄY$ªfna÷%"ÿ$(

)%ÿK1&fnS�c�OÃÄK$ªfnc�ee¾¿

DSDe�QÆ!"Q¾¿fncGcRSDe�OÃÄB

Ã#iHRS¾¿`aNXBHZîïB��i$ÀDS�

GßÅYÓqK!"Qò"NO

æç%u.f!�"#tQK��JQcRNKÆãJV

��Êi��b$ÎSG©NÑ�Y�$KXfNG%&�

©NOt©uvV~.�'��Êi$ÎS�ucGSVc

vc�Q��Yf!�"(f%u.H�v©c�O�iÓ

�S�yB�CDÆ!"i2.#Îv©a���BcRS

�t�Q��O

!"#$%&"#'(#$

!"#$%&'( !"#$)*&+,-.
/0123!$% &'289:;<&=

>"0 ?"-.@3"-)1-."-,>A0 (%$0 B4+-"6C(&1%

(+-+/40'#"2415$%,1.%11+-&41D%",3"&1E24$$5$(

C))5+1,F+$5$.+2"5GD+(3H-+*1%/+&'+-I"%24=:7J+-

&41!"#$%"&$%'$(($$,)%$21//+-.K-.+-11%+-."-,

B410+/&%' 3-,1% &41 /3)1%*+/+$- $( L%$(1//$%

M"N"4+/"O+/4+P3G>Q"/2$-&+-3+-.&41L46R62$3%/1

+-&41/"01!"#+-&41H-+&1,D%",3"&1E24$$5$(

C.%+235&3%"5E2+1-216O$QG0'%1/1"%24+/"#$3&&$

+-*1/&+."&1 &41 %15"&+$-/4+) #1&Q11- &41 #%1"N+-.

(ST(



!"#$%&"'(%()&*+&+,&-$+.-%/"&0'12$-(2*01'')3

4*+ &$%)"&"'(%/ )+1"("&"'( '1 &*+ &+,&-$+ '1

2$-(2*0 1'') #0 5*06"2%/5$'5+$&"+6 /"7+ 6-2* %6

*%$)(+66 %() 6&"11(+66 6++86 ('&9+//1"&"( &*+

1'') 5$'2+66 "()-6&$034*+ 6+(6'$0 +!%/-%&"'( &'

%66+66&*+&+,&-$+.-%/"&0'12$-(2*01'')"6*":*/0

$+/"%#/+ "( 2'85%$"6'(;#-&"&-(+%60 &' :+&&*+

-("1"+) $+6-/&6 1'$ 6+(6'$0 +!%/-%&"'( !%$0 1$'8

5+$6'(&'5+$6'(3<8+$:"(:%55$'%2*+6;6-2*%6&*+

+/+2&$'80':$%5*0 =<>?@'1 2*+9"(: '$ #$+%7"(:

6'-() *%!+ #++( $+6+%$2*+) #0 (-8+$'-6

$+6+%$2*+$6;*'9+!+$;&*+ 2'(6&$-2&"!+ $+6-/& 9%6

('&1'-()&'+!%/-%&+&*+2$-(2*01'')34*+6+(6+

'1*-8%( &'&*+1'')&+,&-$+#0 &*+6":(%/1$'8

&*+ 2*+9"(: '$ #"&"(: 5$'2+66 "6 &$%(6)-2+);

&$%(68"&&+) %() 2+(&$%//0 5$'2+66+) %& 2+$+#$%/

2'$&+, 9%6"()"2%&+)#0 A+-$'/':03B+(6'$0 (+$!+6

&*%&6-55/0 &*+ 5+$"')'(&%/%$"6+ 1$'8 8%,"//%$0

%() 8%()"#-/%$)"!"6"'(6'1&*+&$":+8"(%/(+$!+;

&*+6+ 1"##+$6 %$+ 2%5%#/+ '1 &$%(68"&&"(: &%2&"/+;

5$+66-$+ %() 5%"( 6+(6%&"'(6 #0 &*+ &$":+8"(%/

5%&*9%06;(+$!+#-()/+65%66"(&' &*+5+$"')'(&%/

/":%8+(&1$'8 &*+%/!+'/%$#'(+&*%&1'//'96&*+

2'-$6+'1&*+#/'')!+66+/63

4*+$+1'$+;#%6+)'(&*+6+(6+5$"(2"5/+"('$%/#0

8+2*%('$+2+5&'$ %() &*+ !"#$%&"'( $+2+5&'$; "&

6-55'6+) &*%&!"#$%&"'( "(1'$8%&"'( '15+$"')'(&%/

/":%8+(& =CDE@2'(&$"#-&+6 5$+)'8"(%&+/0 &' &*+

*-8%(61++/"(: 6"(2+&*+CDE 6+$!+6%6% 6*'27

%#6'$#+$ #0 8+2*%("686 %() $"2*/0 6-55/"+6 9"&*

(+$!+6 +()"(:6 &*%& %$+ 5$"8%$"/0 $+2+5&'$6 1'$

5$+66-$+%() !"#$%&"'(3F+%&&+85&&' 5$'5'6+%

)"$+2&%()+11+2&"!+8+&*')&'%66+66&+,&-$+.-%/"&0

"( % 2%6+'12$-(2*0 1'') #0 #$+%7"(: !"#$%&"'(3

4*+ !"#$%&"'( "(1'$8%&"'( $+65'()+) 1$'8 1'')

&+,&-$+#0%!%$"+&0'1%85/"&-)+6;1$+.-+(2"+6;%()

'&*+$2*%$%2&+$63G( %))"&"'(;&*+5"+H'+/+2&$"21"/8

"6 % 2'(!+$&+$ #+&9++( +/+2&$"2%/ +(+$:0 %()

8+2*%("2%/+(+$:0&*%&8%7+6"&5'66"#/+&'2'//+2&

%()$+2'$)&*+!"#$%&"'( "(1'$8%&"'( 9*+( 1'')"6

#+"(: #$'7+( "( '$%/3 G( &*+ 6%8+ &"8+; &*+

!+$"1"2%&"'(&+6&6'1&*+!"#$%&"'(&'*-8%(1++/"(:6

&*$'-:* &*+ !"#$%&"'( %85/"1"+$ &' 6"8-/%&+ &'

*-8%(3

4' &*+ 5$+6+(& 6&%:+;&*+ '$%/)+!"2+ "6 9+//

$-(("(: "( *-8%( '$%/3"&6-55'6+) &' 1"() &*+

)'8"(%(&1%2&'$6'1!"#$%&"'(&'&*+*-8%(6+(6'$0

'1%&+,&-$+'12$-(2*0 1'')34*+5$+!"'-6$+6-/&

6*'9+) &*%&6'8+ 6+(6'$0 1++/"(: 2'(&$"#-&+) #0

&*+ 2'85$+*+(6"!+ "85%2& '1 % 1$+.-+(20

)"6&$"#-&"'('1&*+)"11+$+(&9")&*%$+%"(!"#$%&"'(

9")&* %() &*+ 1$+.-+(20 )"6&$"#-&"'( '1 &*+

)"11+$+(&"(&+(6"&0'1%85/"&-)+3

I'9+!+$;&*+$+"66&"//(++)1"(+%)J-6&8+(&'1&*+

'$%/)+!"2+%() /%$:+9'$7 &' 6++7 &*+$+:-/%$/0

5$+6+(&9%0'1&*+!"#$%&"'(6":(%/3G&6&"//(++)6%

/%$:+ %8'-(& '1 5$+K&+6& %() )%&% %(%/06+)3G&

+,5+2&+) &' 1"() '-& &*+ )'8"(%(& 1%2&'$ '1

!"#$%&"'(&'&+,&-$+.-%/"&0'12$-(2*01'')%6&*+

1'//'9"(: +,5+$"+(2+3G&8%0 "85'66"#/+)"6&"(:-"6*

&*+&+,&-$+.-%/"&0 '11'') #0 2*+9"(: !"#$%&"'(3

D-$"(: &*+&'-:* $+6+%$2*;G9'-/)%55$+2"%&+80

6-5+$!"6'$:"!+8++,2+//+(&:-")%(2+&'8+%69+//

%6&*+5%&"+(2+&'/+$%(2+%&8+3G$+%//0 +(J'0 %//

&*+&"8+"( ?"1- L("!+$6"&0;&*+$+6+%$2*;&*+/"1+

%() &*+ 5+'5/+3M'$ &*+ 1-&-$+;G9'-/) /"7+ &'

2'(&"(-+ 80 $+6+%$2* "( &*+ 1"+/) '1 &*+ 1'')

5$'2+663

! " # $

!"#$%&'( !")*+,&-./0
12345!67 894:;<=>&?

@ABCDEFGHIJKLMNOPQRSTUVWX

YZ[BN\COPE]AI _̂`abcICdBCDe

CfgAh[NijklmnopqIrNNSsPtuN

ERSvKLMwpBNxyNz{|}N~����S�

�f��FRuDcIX�CN�S��N23BxyN`

aBN�zS�&!N��S�N&!BxyN`a��N

�S�uF��VYSxyb�CAIC�fcIX�CN

�by�X���AhcwAI��b@AI^��Sxy

beAhCItu`af��Z[Bbp���AINb�

�wYZbS[NNP�q�bXrxyN �¡f@XI

�hTUZ¢C)£B�AI^¤¥�&£kN¦§�S¨

©ª«¬­®¯°±²N�&!BN³´fµ¶hSxyb

w]w]·X�CijfI�Vo¸Z[Bbp�I^¹}

>&p@Z<=>&FRJKLMN&!bº�C»S¼¶

�D�!½�`aN¾f¿Z[Bbp�ZÀEbº��S

º¥ÁcCÂrcIbSÃÄ>&¹}&!B³´¿Z)£

b\�@�S¼¶�D�ÅÆÇÈªpÉÊËÌchCZÀ

EbCZ[BRÍqF�AI^

ÎÏOPP�FRSÐxÑÒ�hNÓÔ&£pNÕÖr×

UhCZ^ØP�FRL?BQBK?LFÙÚZÛÜÝÇÕÖ

ÞPRÞ



!"#$%&"'()*+,-./(012134567

89(:!;<.9=>?@-A*BC(D993EF9

;<G9H%IJ!36K!L'"D3MN!L'"D3

OP!781"BQR+,-./S2C(+,-TUVW

R0

XYZ![\13E]9MN^V,:_:R`a!\C

(0b9MN7c.BRde!fgRhi-jYk_:(

+,2l3m^n%WRop^qr"'R0UlS2C(

+,^sTgRtuS+,!SlS'tu!3./R)v

w*MNxy^z{./Rtu!|G1('0

! " # $

6}~��5�� 6}����5����
�����!�� ����������5�

����9 Y¡¢3£¤¥¦§!MN¨©^ª:R+

,-./(0«�2l¬­1"'RMNDhi!V,:R

`a!\p3®¯hi9X°¡,SR±²9MN!D³p

´2R+,-./3µ¶·'¸y-¹lW"'R01213

ºWl9MNxy^»Y! ¼½¾%WR¿ÀÁ}ÂÃ=

Ä !"#$%&#'$()#'*+*'#$,-$&($()#.)**)/-(-01"+,.2

.ÅY9ÆÇ!ÈÉÊËÌ!"z{1tu,ÍÎ^1"'

(Ïm!3ÅÐDÑÒÓËz{¢MN�2l9¿À5=z

{ÔÕ97c!SlS',9+,.3�Ö×Ø1"'R0

"+,.9tuSÙÚÛÜ2l�Ý9MNÞ-ßVR¿À5

=!à'"áâz{^ãu9¢äå9æçèéêëÉìí

Òæ.Bp3569áâz{Sî¢ïð1ñ*^òu9ó

.BR0ô!ÑÒÓËz{-õ:lWS'�ö-÷pøQ

.BR9Slù3ºW¢z{Þ9úûü9ýþ.Bp3�

��ÿ9!"#ã$.BR,%u0º9tuSäå9&�

'!(vR)*9ã+!tp356,�9deÉÒ--.

WR9¢/0.SlS'0ZÐ2l¢12%WR+,^3

u0

4596�9�þ¢3hi978!9*-22pg:R

+,.BR0 Y¡¢;<ÈËÓ9³¹¢Ò=Ë>!ªð

)-3hi978!A*99*^!C"1VC(0XYZ

9*!hi9"#óV.¢!"*.#vRtu!Sp3i

$9%&!''9*^2vlWRtu!|GgR0V(3

XYZ¢()S5=UMN=!*+13',ðS]-9.

/U!"^#$1"3EF9MN^tp%'D9!1tu

,&J"'R0

% & # '

6}~��5�� 6}����5����
�����!'( )i�������5�

����!ªð.2lDu Y**C"1VC(9)S3

w2C(S,qr"'R0����956,SC"36K

-Ö+gR,'u+,¢S2C(-3,)S+,!-.1

(/0/�u+,,SC(3Y*)C(9.¢S'2,%

u0+Wl^ÅY¼!*<1(+,,ä1!2!1('0

V"¢-.1(+,!L'"#$R0 L¡¢%ûê9

&!^E].ãJRtu!SC(+,.BR0b9;<"

.¢3#$%9&!",'C(#Ó$%=9ÈËÓ^&u0

+Wl9&!¢+WV.!"1"#ð.'(-3BR�¼

E].ãu+,-./Rtu!SC(0+Wl^$%gR

!B(p3&"9%-*ðU'�59m6�5=!à12

v"!ý1(�!¢�ÖàÙ>!SpV1(0XL¡¢3

+5;<!"1P^#ó\W(+,.BR0+5;<¢$

%m6!&��1"!'"àp3�Öq"1"àpVg0

Z!0/�u+,,SC(+,.BR0V"¢;<G9

(#.BR0$Ç!%ê!9"ü#É.½¾%W(¿À$

6}%&5=�"45.�.ÑÒÓËz{^ãC(0ÅÐ9

5=-'!.z{gRXÐ¡9�=,SC(9)-3(Ð

tp¢)*!MN^+JlW(-3OP'*V.ÈíÒ,ç

-.É^ãu+,¢./S2C(0L/'"è01É�G

!L'".BR0MNÞ!,C"E]9MNxy^+JR

,'u23¢4MN^ª:R+,,&r*l'56S+,

),%u0ÅY¼¢%*z{^XÐãC(07���9m

6!!71"MN"#^ãC(.v)-36+.C"'S

'6,'u+,^$.qr(0;<Gàt%è01ÉG!

f1"¢45w&!'J"'R,+,.Bp3����(

YZ!¢'!9¿À5=.áâz{^./Rtu!SR+

,^¡)!*!C"'+u,%u0

����DB,/pXY*0"!Eö!MN-./R#

$^%C"*)%C"'R'(m6!q",·'·'&^

':"4()MN^)1ð.'v(l,%u0

*73*



! " # $

!"#$%&'( !")*+,&-./0
12345!67 894:;<=>&?

@ABCDEFGHI&JKLMNOPQHRSHTU

VAWXYQZ[\DEFG]&^H_`JQabc\V

dHefghijklm&no\pqrskZtuClm

vHwxykRSzWXk{W|b2J}~�K����

X�WO�BCef\RS)�gRSJQaW��}akZ

�\Q�H]&^Hg�k��>��Xlm&nopqJK

���HV�HRSJQaRSz|�d�QaW��}a

QZ@ABCKlmvH��W��sk&nWJ}��j

}akK!"#$"%&'(')#*+,"%-'#'%*'\���\�Wd

H[\RS��W��V�ykO\rsYQ\gK-. 

&RS%\lm&n¡¢&!£¤|¥�}¦§¨©gª«

¬jkn­W®¯°�HpqJQaW��}aQZ{\�

±X>�Xlm&ngCK²³¡¢C1«z´µ�¶·¬

jQ¸�V¹\º!»\¼gK½\pqzC¾¿À�¡¢

|ykWa±\rVÁvX�±gskZ{\�±X>�X

lm&ng¾¿À�¡¢|JKl�\&ngCn±{W\

g�XaRSzQNWÂÃ¿©ÄÅÆÇg�k{W|W}

OÈJ¼HJ}aQZJµJKÉ&Ê�\ËÌÍÇ¿gK

@ABµ�-. &RS%\lm&n¡¢&!£¤C²³

¡¢H�kWÎÏHXYQWÐaQÑCW}OÒÓJQZ

�\Ôg\ÕÖ×Øµ�K{\ÎÏCÙ¾¿À�¡¢z\

^HC¾¿À�|ÚkÛ�g¡¢|JXazrakQ�Ü

ÛWÐaQrK�\�±XÝ\Þ]H�Y}Kßàykl

m&nHpqJQa&!r£¤|¥��jXa\Cáâg

skZ@ABCãävXåæµ�efg\lm&n¡¢|

çâJKl�gª«¬jQèd\lm&nHpqJKéê

g¡¢|hYQZ..ëHìíîgª«¬jQ,"/$01#2%3

4)#5"#6(2),"%-'#'%*'HpqJQmHCKpqz\

º ! » µ � 7 Ô ¦ § ¨ © \ ,"/$ 01#2%3 4)#5"#

7)5"#)8"#9:''82%3g\¡¢|ï��jQZ{N�Ol

mvHðñX&nÛrKòC�¾¿À�¡¢Jµg�Xa

�±gskZ¡¢óÊH�Y}gCX�K¡¢��W�\

ôõHöJ}£¤r¥��jk�±K÷ø|ù·ykZ

% & '

!"#$%&'( !"#$úû&-./0
12345!6ü ýþ4:;ÿ!>&?

>&"oÉ&J}#�AKë$r%&k\C7'HsY

Wa±(gskZ)*JQ�AgCsYQrKPQX+,

H-µ¬jk{WO.µYQZ/AV0X1W2±rK3

E|4}µ�.;A5�6dW78X+,rI9J}~�K

:�O:;<g¨¦=ÀÌ>H*!¬jK"Ç#ÌÇ!g

78X"#O4ukZ.�\&$|%&JQ'(�)=Ý

*rK!nH"�4¬jk\C#$H%&JaO\\K'

(O�jH)�*�±$8R+HT,X�j&W-.QZ

V»gPJa+,o/×ykQ�\!"O.µYQZ!n

ÝÉ&\Q�KRSC#$òð$#%r^&gK'YQ(

!HÑ(r)j*H+r,a'a|JK-.ùHC�/W

\)#Ç¿r)j*!"|#y{WOsYQZòC�$A

\%ù&3+B|'ûJ}O�YQ\C()ÛYQZ

RS\I*CK,Û,ÛW2YQW{+Û+±ZRS,

\§Ç)�W-!gI�}akrK!"�aYQ"Osj

&�±gXa"OskZRS\^HCK&f\#$%&|

ûaQ"Os�K�\'&H"()YQrK(a)�\*

+|&�j!"J}akZ#$K!ù!\RSI*|Ð�

W�\Â�À%H&,J¬|-.krK'!}O"»Xa

\g'(X�H#$#$I��±W'±Z&n¡¢Hda

}CK->µ�%aQ&!&£ã|ûa}K'(ghij

Q$7)*&nA!>nHpqyk{Wrg�K#$H-

"J}akZ#�O{\7X&£|J}%�kWs�rQ

a\gKâÉ�H!"J}~�QaZ#A\<ëHC$7

!"&nA!>nHOpqyk#$gs�KDE$%o\

"&µ�|V9*dI�}a�Z

'�H#�\F!ÛrKòC�!nÝWa±{WOs�K

Ñ(|1\7H"Y}a�µr#$X���ÛW-.}a

kZ*%!�K%""#K$¾�%!`X1|!"�¬&

�Xr�&!vH$%|"!"}a�Q�HCKº!»\

#$X$8|%¼k{Wr.d\Ø�Û+±ZQÛK1{

,g&a!�kµC#�\!"���HX��±ÛZ

#=>#



! " # $

!"#$%&'( !"#$)*&+,-.
/0123!45 67829:;<=&>

?@ABCDEFGHIJKLKMNOPQRSTUVW

XYZ[M\]^_`abTPOICDMcdPeWfg

Zh@ijcRWklmdUnopqrOstuZvVw

xygz{|E}~I�l`rRSTU�ksMWABC

D`�OP�R�j&�lt�oW!"#$���`��E�

�TW�&TSTU�\]@AC��������,CD

:%&'>Z��`��HI����`�OPZ��E[�

`W� r��`¡¡¢RWijZstE&£¤¥TU!

¦E§dPQRSH�

%&'@WA¨t©ª«¬­®¯°±�������E

²³´µTU�,CDMH�sq@ACt������Z

¶qU�BE·¸¹ºWSUW»¼®AB½CW½¾��

����¿ZÀ)*V°ÁMcIh¡pWÂÃCDtTP

Ä�kZ!ÅÆVÇ=TPOSH�%&'@WA¨ZÈÉ

ÊËyÌÍÎZ�Ï¿`�RW"�ZÐÑyÒUr��Z

ÓÔrÕV°ÁtrIUÖWijZ��V×¢qPQRS

H�sZ[MW?@%&'ZØÙÚ��`=Ûj��HI

ÜÝÞÎ`ßàTWá�âãäE×dPÛSTU�ÜÝÞ

Î@åæ�CDMcIA¨tçæ�CDMcI�����

�`èTWÞ&Úré,yê�âZëì,OrÕE!~x

¸W� r�ÁEÐÑx¸INÛVcRSH�7íÚ`*

OpqIîæïªð­ñò�óô�õöª­:()&&>

@÷ø��¿ZÐÑ`=Ûr��Eù�HstVgpqP

OSHVW()&&úûZ��V%&'̀ ù�H��`�O

P@üê`ãäxqPOS¸ý�ksM��ZþrIÿ�

ÏZ()&&E*OU%&'E!FTWØÙÚ��Z"#y

$­�%Z&'ÉZ()rÕE×OSTU�

\]@sqSMZ��M*U+,E-./0tTPSt

ÖPQRSH�sZ!X`123Ñ`4âV¡¡dPQRW

ú5ZÁ6{|E7}T��W8 9&`:ýMQRSH�

SUW-./0Z!+t;×TPW<�Z¥=M@üê`

�)MÛr¡dUhEãäHI¥=>!EµdPQRSH�

"�@#!&�MZ"ÈrÕ`�OPe#$Ú`×dPO

ÛUOt�oPQRSH�

!"#$!!$%&'('))$!$&

!$*'!

!"#$%&'( !"#$)*&+,-.
/0123!%& '29:()=&>

(* +,-./0(12,--,3 456577,-,+ (,05-89

2,:. ;1-<=.>.3 -* ?8@; AB1+0C ,+3 (@ D61-

E.<,6>-.+>1D?/1;2.-/0>6*,+3(1=.;5=,6?/1=1F*G

H+/:.60/>* 1DE2,I, ,+3 +1J 31;>16,=0>53.+>,>

H+/>.3 K6,35,>. @;211= 1D )F6/;5=>56,= @;/.+;.

AHK@)@CGK/D5 H+/:.60/>*8L,<,+ /0 1+. 1D >2.

=.,3/+F ;15+>6* /+ >2. J16=3 D16 >2./6 -13.6+

>.;2+1=1F*,+3;5>>/+F.3F.6.0.,6;28%2.+9;,-.

>1 I+1J ,M15> -* &28E8 05<.6:/016 ,+3 2/0

6.0.,6;2G/>-,I.0-.-16./+>.6.0>.3>10>53* /+

L,<,+8)+3 92,:.0>,6>.3 -* 31;>16,=0>53* /+

)<6/=G!"#$/+K/D5H+/:.60/>*8

N56 =,M16,>16* -,/+=* D1;50.3 1+ >2./01=,>/1+

,+3 /3.+>/D/;,>/1+ 1D M/1,;>/:. ;1-<15+30 D61-

3/DD.6.+> -.3/;/+,= <=,+>08 (* 6.0.,6;2 >/>=.3 O

;2.-/0>6* ,+3 M/1;2.-/0>6* 1+ -.=,+1F.+.0/0

;1+>61==/+F -.;2,+/0-0 50/+F ;1+0>/>5.+>0 /+

?,+F=,3.02/-.3/;/+,=<=,+>089+?,+F=,3.02G+/+.>*

<.6;.+>1D>2.-.3/;/+,=<=,+>0,6.J/=3 0156;.38

N5> 1D,<<61P/-,>.=* QG""" 0<.;/.0 1D/+3/F.+150

,+3 +,>56,=/7.3 <2,+.61F,-/; ,+3 <>.6/31<2*>/;

<=,+>0 F61J/+F /+ >2. ;15+>6*G -16. >2,+ ,

>2150,+31D>2.-G/+;=53/+F -,+* D113G:.F.>,M=.G

M.:.6,F.G 0</;. R 16+,-.+>,= <=,+>0G ;1+>,/+

-.3/;/+,==* 50.D5=;2.-/;,=05M0>,+;.08) >1>,=1D

QS$-.3/;/+,=<=,+>0>2,>1;;56/+>2.;15+>6*2,:.

M..+ ;15+>.3 01 D,68B1J.:.6G>2/0 =/0> /0 +1>

.P2,50>/:. 0/+;. /> /0 M.=/.:.3 >2,> -,+* 1>2.6

-.3/;/+,=<=,+>0,=01F61J >2.6.GM5>2,:.+1>*.>

M..+ 3/0;1:.6.3 16 /3.+>/D/.38 ?,+F=,3.02/ <.1<=.

2,:.>6,3/>/1+,=-.3/;,=<6,;>/;.,0,+/+>.F6,=<,6>

1D >2./6 ;5=>56.8) =1> 1D -.3/;/+,=<=,+>0 ,6.

,:,/=,M=. D16 >2./6 >6.,>-.+> 1D:,6/150 3/0.,0.08

B1J.:.6G0;/.+>/D/;0>53/.02,:.M..+;1+35;>.31+=*

>1,=/-/>.3.P>.+>J/>2 D.J -.3/;/+,=<=,+>08@1G

J.2,:.3.;/3.3>1J16IJ/>2?,+F=,3.02/-.3/;/+,=

<=,+>0 >1 .P<=16. -.=,+1F.+.0/0 ;1+>61==/+F

-.;2,+/0-08

*TU*



!"# $%&'() *+ (*,%#)$( ,-$. (*.(#/., *. )"#

01'2$)3 *+ 2$+# '.4 )"# '5.*/%'2 &$6%#.)')$*.

('1,#, ,#/$*1, #,)"#)$( &/*52#%, ', 7#22', 2$+#

)"/#')$.6 4$,#',#,89#2'.$. $, )"# %':*/ (#2212'/

(*%&*.#.)/#,&*.,$52#+*/,-$.&$6%#.)')$*.8;*<$)

$,$. 6/#').##4 *+4#=#2*&$.6 .#7 %#2'.*6#.#,$,

/#612')*/+/*% 4$++#/#.),*1/(#,<&'/)$(12'/23 +/*%

.')1/'2,*1/(#,<',5#('1,#*+2*7#/ '4=#/,#,$4#

#++#(), '.4 "$6" ,'+#)3 )"'. ,3.)"#)$( *.#8

!3/*,$.',#$,'-#3 #.>3%#$. %#2'.*6#.#,$,8!"#

#.>3%# "', ' 5$+1.()$*.'2 (')'23)$( %#("'.$,%

(*.,$,)$.6*+)"#"34/*?32')$*.*+%*.*&"#.*2,)*!@

4$&"#.*2, '.4 )"# *?$4')$*. *+!@4$&"#.*2, )* !@

01$.*.#,8 A*23%#/$>')$*. *+ &/*41(), 2#'4, )*

%#2'.$.+*/%')$*.8!3/*,$.',#$,'2,*'.$%&*/)'.)

+'()*/$. 7*1.4 "#'2$.6 '.4 (1)$(2#+*/%')$*. $.

'/)"/*&*4,'.45/*7.$.6$.&2'.),8

B*7< 7# '/# )/3$.6 )* +$.4 *1) 5$*'()$=#

(*%&*1.4,(*.)'$.$.6 '.)$@)3/*,$.',#'()$=$)3 +/*%

"#$%&'($&( )*(+$( (*22#()#4 +/*% C'.62'4#,"8D#

"'=#(*22#()#4,#=#/'2+/'()$*.,7$)" '.)$@)3/*,$.',#

'()$=$)3+/*% /**)#?)/'(),*+"#$%&'($&()*(+$(8E*/

$,*2')$*.< $4#.)$+$(')$*. '.4 5$*'()$=$)3< 7# "'=#

1,#4 4$++#/#.) )#(".$01#, 2$-# (*21%.

("/*%')*6/'&"3< FAGH< B9I< 9;< )3/*,$.',#

',,'3<CJK%#2'.$.',,'3#)(8L.+1)1/#<7#7$22)/3

)*$,*2')#'.4$4#.)$+3)"#&1/#(*%&*1.4,7$)"'.)$@

)3/*,$.',#'()$=$)3 +/*% )"#'()$=#+/'()$*.,8L+7#

6#)&1/#(*%&*1.4,7$)"#?&#()#4LHMN='21#,<)"'.

7$22)/3)*+$.4*1))"#)3&#,*+#.>3%#$."$5$)$*.

'.4#.>3%#@$."$5$)*//#2')$*.1,$.6G$.#7#'=#/@C1/-

&2*) '.4 9*2#(12'/ 4*(-$.6 '.'23,$,8 !"#

$4#.)$+$(')$*.'.4(*%&/#"#.,$*.*+)"#%#2'.*6#.#,$,

%#("'.$,% 7$22+'($2$)')#)"#1.4#/,)'.4$.6 *+)"#

&')"*6#.#,$, *+ &$6%#.)')$*. 4$,*/4#/, '.4 )"#

4#=#2*&%#.) *+ &*)#.)$'2 )"#/'&#1)$( *&)$*.,8 L.

*/4#/)*6'$.'5#))#/1.4#/,)'.4$.6*+)"#(*.)/*2

*+%#2'.*6#.#,$,&/*(#,,'.4)*4#=#2*&','+#'.4

&*&12'/,-$. 2$6")#.$.6 '6#.),<)"#(1//#.),)143

%$6")"'=#%12)$&2#'.47$4#@/'.6$.65#.#+$),8

E$.'223< L 7*124 2$-# )* 4#2$=#/ %3 ,$.(#/#

6/')$)14#)*%3,1&#/=$,*/,<A/*+8!*"/19$),1.'6'

'.4%3(*@,1&#/=$,*/,<'22*+)"#%#%5#/*+I#..*

*++$(# '.4 '22 )"# %#%5#/ *+ B')1/'2 A/*41()

H"#%$,)/3 G'5*/')*/38L'% #.:*3$.6 %3 2$+# $.

O'&'. '.4 /#(#$=#4 "#2& 2',) *.# 3#'/ +/*%

#=#/3*.#7"#.#=#/.##4#48

!PQ!



!"#$%&'()*+,-./"012345678792466

!"#$%&'()*+,-./"012345678792466

!"# !!# !$# !%#&&&&'(
)&*

+# ,# -# .# !/# !0# !+# !,# !-# !.# $"# $!# $$# $%#%" "" %" "" %" "" %" "" %" "" %" "" %" "" %" "" %" "" %" "" %" "" %" "" %" "" %" "" %" "" %" "" %" ""

!"#$%&'(
!!!"!#$%&'())*+,-.!!!!"#$%&'()*+,-%./01234*56667666789()*+,6:;<=>?@>A?B=<<!!!/012!!334(5)67!333389:;<=!!!>?12!33&5(&@67!3!389:;<=

CDEFGHIJKLMNOK

25:568;<=>?@ABC;<=D

!"#)%&*( PQ

!"#!%&+( PQ

E"FG34668H466
IJKL

E"FG34668H466

2M:56823456NOPIQRSTUVWXYCZ[\]^_96`ab/RS2c`abdefc`ab1PRS@ABC;<=D

IJKL

ghijklm92466899456 RS

#nop'.&%,-.qRS

666ATUV<WX66666YZ$%66[\]^_666A@UV<`6YZ$%abcd6666"#$%66[\]^_666A>U<<`6"#$%abcd666666666666e$%fghij

!"

r466829466NOPIQRSTUVWXYCZ[\]^_96`ab/RS2c`abdefc`ab1PRS@ABC;<=D

s"KL29466825466
25:668tuvW?)$*.w=D

!"
2M466823456NOPIQRSTUVWXYCZ[\]^_96`ab/RS2c`abdefc`ab1PRSxyzC{=D

22:668;<=>|}~;<=D
!"

r466826466NOPIQRST
@ABC;<=D

26:668tuvW|��=D
!"

!"#$%&'()*)*+,-.*/01

2-.*34567

!"#$ % & # $

'() * +,!"-./!#*0123!"*042

5(6 7 8%&#$9$:;<=>?@ABCD$EFGHIJKALMN?@ABC

$%&'()*+,*-+")((

O*!,+(((- %&PMNQRS,.T=

U(VW67XVWYZ

[\#$]^$_ `a!( [\#$bW#$cGHDdefVW

%&#$]^$_ -!a-) %&#$9$gWdefVW

hijkl

[\#$0mnopqa[\#$rstuvwxyz0{|}~JKA2

r�s���z�0MN&:~JKA2rMN?@ABC

%&#$0mnopqa%&#$r%&#$rMN?@ABC2

�(���� /01203+45673089310s�9�#$�E�2

�} ��0�����!�J�BKJ� ���:��2

� � ��n� JK0[\#$#$cbW9$GHD¡¢E�2

£¤ ¥¦0[\#$§q_¨D$:©E2

ª(* «

¬")¬



!"# $ !"###%&'()*+,- ./0%1$23*+,

4"5 6 567089:1;<=>?@ABCDEFGH

I"J K L MNOP0QRST1UVWXYUZ[X>\]^_`aPU bcdUeOfghUfghUijXYU

kl^km0nod1UpYUqrsUtuvUwxyz{0|}^1

~"� > � '��)=���@��E�����H

���^h�>wx��@���;U����E�����H

��'(>��Z[��;U ,¡\]^_`aP¢£¤�¥¦%#�§¨0Z[&!�§¨U©ª«�§¨1

¬­���Z[¢K®H

� ¯°±²³_^P¢´µ%'¶&#·&(̧ 0¹1F�@ºW»¼½G���H

¾¼½¿ÀÁÂÃ'Ä )*+,###%-.*/01)/23431+51*6

Å'7Å

!"#$%&'()*

ÆÇ ÈÇ ÉÇ 56ÊËÌ^ÍaÎ ÏÐÑm

~·ÒÓ̧ 0Ñ1 ÔÕX� Ö×ÖØØ ÙØØÊ ÚÙÒÛ ÓØØ

056ÊÜÝÞßàÜá

>âã¢�s�1

~·Òä̧ 0å1 æØØ ÙØØ Ö×ÖØØ ÖØØ

~·Òç̧ 0¹1 æØØ Õèéê



!"#$%&'()*+,-./*012.3

!"#$%&'()*+,-./$012345678(

9(:;<=>?+@ABCDEFGHIJ=+K-!"F

L*MNOPQRSTU0#$VW6XUYZ[\C]^_

`!%U0a6b_`!"U0c6=12/$7de/$BC

D+f12/$#$ghijklm()no$pqrst

<u(0vwlm()n6x=yzD+&'()'*+,-./0*'

12*({0|}#~/$�p�63�@ ��{0����

�!�<�)u<� ���g��6H��\�=��3

�����<u��p�045/$/$��"#$rso63

�  ¡¢045/$£¤G¥o$g¦p6H\�BC+

§\¨#"©Xª«H¬D­®C]¯

°"%°

!"#$%&' ()*+

,-./0#12(3456



!"#$ %&'()*+)$,)"-%.'()*+)$,)"%/0&123345'

6 7+89):+7+52+;"#$ <:=+)9 >"2982+)(?5##3#;

@A"=?83+8"23(?=):?) 529 2 78,7+2:+=23B:+)A"2+)9

@A"=?83+8"23()$=:2" =: (5=C8#D2 <:=E)"7=+F'G)

3=E)9 +#A)+5)"13)2":)9 +#A)+5)"1+23D)9 +#A)+5)"1

752")9#8"7+89F 2:9=9)2'H5=77)$=:2"$29)87

;"#$ 8:;2$=3=2"+#;2$=3=2"2:9$29);"=):97I=+5

)2?5#+5)"'

H5);="7+2:9$#7+$)2:=:A;83)E):+7+2"+)9I=+5

+5) *")7):+2+=#: #; 2 7*)?=23 3)?+8") #: +5)

@77#?=2+) 4"#;)77#" (=2I J:I#:2-@AF)$2: ;"#$

+5)B:7+=+8+)#;@A"=?83+8")1H#DF# <:=E)"7=+F #;

@A"=?83+8")2:9H)?5:#3#AF1K2*2:'B+L72E)"FA##9

2:9 58$#"#87 7*))?512:9 52E) +# 72F +52+5=7

7*))?5=7")233F5)3*;83;#"87+#A)+23#:AI=+5#8"

")7)2"?5 2:9 45'6 3=;)'@AF)$2: 7):7)=)M*32=:

2,#8+ 5#I +# $2D) 7=$*3) +=+3) I5=?5 =7 $2:F

7+89):+787)+5)8::)?)772"F I#"9'N#I +# $2D)

2: =:+)")7+=:A +=+3)15#I +#9)7?"=,)$2+)"=2372:9

$)+5#97 I=+5 9)+2=37'H5): @AF)$2: 7):7)=I27

=:;#"$)9872,#8+$#+=E2+=#:2:9+5)+5=:A7+52+B

52E)+# 9# I=+5 #8"")7)2"?5 ;#"#,+2=:=:A A##9

92+2 ;#"*8,3=75=:A'!8"+5)"$#")1@AF)$2: 7):7)=

752")9 5=7 #I: )M*)"=):?) 2,#8+ +# ?"#77 +5)

?5233):A)71$29)2 7)"=#87+#*=?=: 2 ")32M)9 2:9

3=E)3F I2F1B,)3=)E))E)"F#:)I272**)23)9,F 5=7

58$#"2:972A2?=+F'

H5) :)M+ 7)77=#: +5)") I27 2 *")7):+2+=#: ,F

)E)"F 7+89):+1)E)"F *")7):+2+=#: ;#" %O $=:8+)7

=:?389=:A O $=:8+)7 ;#" P8)7+=#: 2:9 2:7I)"

7)77=#:'(+89):+7$87+*")7):++5)7+89F +52+527

,)):9#:)2:9237#:)M+")7)2"?5*32:'G)2")233

*2"+=?=*2:+7$87+*"#E=9)2: 277)77$):++# )E)"F

*")7):+)"+##,+2=: +5),)7+*")7):+2+=#: +52+I=33

,) 2::#8:?)9 2+ +5) ):9 #; +5) )E):+' H5)

=:+)A"2+)92A"=?83+8"237)$=:2"I27E)"F$)2:=:A;83

2:9=:?")27)9#8"=:7=A5+'QE)"F#:)=7*"#;)77=#:23

=:+5)="")7*)?+=E);=)39#;7+89F'@745'6'7+89):+71

I):))9 +# 3)2": $#")2,#8+#+5)"7")7)2"?5 2:9

A)++5)=::#E2+=#:'

H5=77)$=:2"A=E)787+5)#**#"+8:=+F +# 3)2":

+5) 9=;;)"):+ 2")27 #; ")7)2"?5'B: 23392F +5)

R)::# 7+2;;2")E)"F D=:9 2:9 5)3*;83'@:9 2;+)"

+5) 9=::)"1I) +23D I=+5 )E)"F#:) 2:9 ):S#F 233

2?+=E=+=)7' >):)"233F1 +52:D F#8 E)"F $8?5 +#

#"A2:=C)+5=7=:+)A"2+)92A"=?83+8"237)$=:2"'

!T"#$

%/0&%&'%&()*%.(+),-./01232456

789:;<=>2?@ABCDE;!FG9:;<=$

HIJ"KLMN.OP%.%QRS32TUV;<+WX

-YZ;[ML\]

&'%&(+^I_`abcK.de?fghigj.F

G9:;<=klmgnoapqLMN]rgjst3u

12J:I#:2-@AF$2:(=2Ivw_xyq.U5233):A)7

=:*8"78=:A245'6'*"#A"2$ =:K2*2: kzM-v

w_{abcKLMN]|g_{H^.AB}~���H

g���p�X^�����z.��}��H�P\�+

pN�-g���.����}\��Hg����a�"

K.��+AB}~�-��}��N�.p�X^���

��������}b�N� ¡+¢�£�_£Hp�N

k¤¥-¦qL\]§�¨kWgvw_{^©`�ª«!

¬D­<ED®gd¯�°±)*G52+=7 (@VW<

?#:783+2:+7B:?'Xgz²H%.(+bcKLMN]_{³

´^µ¶·¸g¹º.«!©`�ªg»¼k¹º.�ªg

½¾³´k¿ÀÁÂÃ[.ÄÅHg½¾��ÆÇÈHMN

a.rgÉÊ^Ë*KN¸ÌÊ}¢ÍÎ·M-.3¾·¸

kM-Ï,H��ÐÎ·¸kM-§ÑÒgÐÎ}Ó,�|

k+p�k¤¥.3¾+Ôc�ÕkM-1X+Ö×k�q

LMN]

_x+y�CUV;^%Y(+ØÙ12ÚÛÜÝÞDEß

m?f)*J:+5)V#,)3*"=C)7;#"*5F7=#3#AF#"$)

9=?=:)à0.Y&-%/0Z'gz²HbcKLMN]|gCUV;

H^á;â<ã2ä.Ðå2ägæäÕkæäçè.æä

\�N�+é�*K�½ê��ëÒ�ìQ)*íî\�|

kaHï.|KLHðXñòg|kkócKNá;â<ä

}ôõö÷H¤¥�|kaHïLMN]LN.%.(+^Ø

Ù12øùÓ?)*@ 9)?=7=#:-$2D=:A$#9)3;#""=?)

*299F ?"#**=:A =: 2: 8",2:=C=:A 2")2 #;+5)T2#

46R'gz²H_{a�"KLMN]|g_{^.úûÜ

+¦X-ü�}%+ýþ.p�X^ÿþb�)a.�gy

�+M-!""K�)}.#$<}·X-%&\�³´H

p�Nkå'MLMN](��)*çèHMNgH+ç+

^å'Hï-X�XÈ§p�N)§MKL,#a.#$<

}·X-'-M-X�./^.0j1ç12gAB3~+

45WgH^�X)k¤¥LMN]

0.6g2Ð+y�¿YTD7;89D§%&(k%Y(+b

cK.:6gÇaæä"KLMN]æäÕg��^k+)

��;ac)q<�-=>Hpq.AB³´§!�M-¦

q.+ç+"#M!""K-XNk¤¥LMN]1ç12

g��+WX-^.�;H��\�#�}$%-XNÏX

N|k+ ¡+¤&'M-¦qL\]M)M�a*.!"

("#}+ç+b�|kaHï!."|#�X��k��

-MLXLMN]$ì|gy��#�}XNÏXNlmg

ÇÒg%&+'%!(M)�X!"#HX�#XH\]0

j.�;H��\�#�apqLMN*.æäÕg��}

$.Y$



!"#$%&'()%*+,*-./01/234567

89:5;<=>?@A1BCDEFGHIJKG5%,

($LM&!=+NO

PQ*R(ST8%,U*VWX5YZ[1\]$^N

C_$U8`*+,*abcdeCY11fgh1ij3

k8lmC_$U8`&no&pqreFstIu8Bv

,$'(+NOfw5_1FstIu3xM&y9(+%

,z{|\*}%&*~�|\1��1��5�?l��

%B�+NO �!97�

!"#$%&

���1����$eC�����1��

��

"�p���3����c

#�| @5¡)9¢,£¤�¥¦8ce?*§1¨©5

)&`,Y13ªM:¢e(<$LM&«¬%&(CO

"�«­3®¯°%,�U±²³´Uµ(18c

#�¶·5¸C¹°E¹1º»����£¤�1¡¼�U

]m&*��½y5¸C¾£UªM5??eC¿À�3

LM*}1º»3Á¦C,oeCÂ?ÃÄ$1ÅÆ8Ç

È%&(CO

"�ÉÊ%e(Ë�U)&%+v,:Ì

#�}1Ë�1@5+,Í%(ij1ÎÏ3Ð(¥Ñ¢ÒO

"�Ó1Ô�81ÕÖcÌ�°×°Ø°ÙÚÛÜJeÝ�

#�+Þc§ßà8áâ%*}1wÓãä8Yåæ1£¤

��ç�U��$eC<*.1Y1<$(�èé3êo

,(O°×°eÝ1ëì�1bßc.5LMCíîUB

C$'�O

"���5e=�Cpïe£¤�1ðñcBC1<Ì

#�+¥áâ@8B=*òó1£¤�U��1ðñ$(�

¸=*ô�e��Uõ�ö�$%&]mC÷ÎIG3ø

ùúû%&��¾£3ªMC_$3LM&(CO

ülýþÿ1!"U#?*�¨$%3&$7Ý8`e(+

+'78%+v,_$U()*8BCO�+3(,¥¦,

_$cB=U,?*,A1@8-,=ÿ5ev&(,*3

Ð.N$$Y5*/Å101$ä�32�NCµ(�3$

ev,O

!'()*+,$%

456°781�]9:5!¦Cõ�;<$%&1=>!

1"#

4!#öÙs"#à1$%4&']Æ

4()­$%&'()*+,&%&-').*)�1+,-.ÔÖ$/

l012!5"MCº»

4#%$1%S&'(1$�

!-./0

)�/0&11.(2.) '( ,3%)3'(2 & ,0454,%*2%&6 '(

7&8&(

*�90&:')# /;<=>?!#<!=@

!1234

)�;(:0.<*A.1,%'B.)+*%,0C)'*1*2C*%D.-'E'(.

*�# -.E')'*(F6&G'(26*-.1+*%%'E.8&--CE%*88'(2

'(&(3%A&('B'(2&%.&*+:0.?&*,5H

-./05*+stI)c,-Xeþ.*þ/3!+M:

¢,"#8B=*Pw45$o&!?Â`þU%e<:Þ

Bv,O

-./06*+stI*5&(&c*'ÿ1-./r5Bv

,()V1!"£Ø#$%aúeÝ1"#�&Ø#'Ø(

G)*12"*&Ø#'+,Ø!"£1-¢1.eU:�

5/UC$_0YB=*12�<v,O

NÂ&1"#U3485;¢C$(�_$8*67ÿ5

c89YBv,U*!%"=5#$U%¢&?C&l'3

lmC_$Y8`*(/%,+stI8Bv,O

�=97�

"#$%&789:

ij�¨38c*!(GHI×�#56°781�]9

:5!¦Cõ�;<$%&1=>!1"#&�5&(&�

¨35v,ODÛ!*"67#1&$7ÝU,a�!�\

$�$cdeCijab8*!�]ö!Ö<:167#c

"1!8Bv,_$YB=*ij�¨31"#5&(&c*

/"1/¬(@1,-Xe!IÎ3nï�;Þ*(G°Û

""JKGØ#¯"!*ÙG$1%&3@455�_$3

4U¦*¹*($3Ô'%,O

",A*34U!q8ce(,o�-5¹"I#G!¹

#u�*ij"#3Ý�.ÑÒ¸(1<�$%&)°eÝ

Y'Ö%,U*}¢U(%(5)*G¹$eC1<�*+

#3ÔC15Y,-%*+,eCÂ?.!3%¸�$$%

Y%,U*#"c+#3&#ÐeU:1�¨$ev&%+v

,O�¨$TY*$%%!8cIJa'"1ÉÈ¥v,U*

#"8c�!}:?�KLa"?$ev&%+(*,A13

4¹#u1½93#o&!l%,O

Pw*348�¨NC�3Y"M&?C8B0�$LM

:¢C,o*#$Ô'1,o1*(H%G!&!$¤;Ñ

&*,a1ij"#:�c348%&8`C¸�*34¹

#u3"o&(`,(O

}1Ó*,a'[1�1�¨8c*,a$#?deCi

jab1"#U'?*12�<v,O-5*"1ij4/

¬c!#X5c(G$*e"(3Ö(&(C,o*)%I

"MM"



!"#$%&'()*+,-./0123456789:

;<=>

?=@+,0ABCD3E:@+,0FGHIJGKL

MN"0OPNQER3S@TU7E*V1WX:@YZ

7E*[(0X\]^+,_34`(;<=>

!"#$%&'()*+,-

a0bcLd!0=e@fg0hi7j`k-@KKl

mnoEp`=HqrJstp`=([uS4`=W@v

owo0fx0\yoSz:{|Q!W}E`k~5@�

��p`=>67@���7-��hi0fxW(kS�

��pp`=�bcWlmn5K)p`==epSJo?

��W�> �!���

�i0]^+,_&��(J=�������$!7T

��J?J=>"�0fg7j*���$&�e?Jk@

;�ER&����k�m?)>

�#��i0]^+,_

�10� W�¡¢£¤0=e@�¡¥�¤0I¦-S

0)§:¨\120[((©\EWtª\k\?J=>�

«k@¬­i®K¯­i®7°)*120�iS\?)0

3@��]^±0²³´µW¶·:X¸E/¹Wº?`k

\*(;<?J=>�10/tE\120+,&ª:[(

-/¹S·W*=e»¼½3-45?)W@¾¿ÀÁc3

SqrWÂJ\(;<?J=>

JpJ@+,_0Ã�W/¹&ÄÅ*j5S@ÆÇ+,

0ÈÉ&ÊË=@ÌÍÎÏK+,0ÐÑ@+,Ò0FÓK

GÔ@vJk]^0Ã�K¼½@]^0Õ¦KGÔ@�Ö

�o*×Ø(v0ÙÚ74*03@127Û\k-67°

ÜE\[(7E5?)>

[0+,_-ÝÁ�7Þ�ßàÃ0�i�a-áàÃ�

WT�J?J=W@T�âÖÒ-$%�3@v0Aã�WÀ

Á�3@ä5#&�Wå�i3J=>æç3-ÀÁ�(�æ

�Wã�3)W@ÀÁ�-aS�eè_�WX:@éêë

�7ì*ÀÁ�0�i-íE\j³3)>î¡ï3]^ð

7ñ:[(S4*03@ë�7ä*[(CDW]^ð0ò

3-45?��W@ë�0GWj5]^7óô3mk@õ

öE]^W3m*j³7©\?)>v³\³¼�3ÀÁ�

0�iWíE\[(W÷7E5?J=>

�$��10+,7Û\k

�ø+,3ùúJ=ÌÍ&+,ú7?(e*êøWno

y@ûü)*S03-45?��3J=>?=@�10]

^12-ýþ�¡7°)*S03@67ÿ!æ30�¡"

+7#$3m*j³7@%h&0'(�)N*%�(\³

j5S@+$*%76¥Jk\?)03@,-�E+.K

+/-ÂJ\[(7E5?)>4:?3S+$*%34*

W@012K»32W4*S0&4e*(\³L5QL3@

]^J=\(U«k~5?)>

6$7@8Q9@:!;ER0<=&²³>�Et!@

j5"\#!2K3"2&#4Jk@$%K0&0'(S

4*(©\?)W@)«k~*&+DE\,-./Kv0

!"#q7Û\k@U«k\[³(Jk~5?)>

�&�fg7j*6çfx

$%&<_è0'(WfxJ?Jk@!J)57*è0

+,7Û\kU«��to?J=>-ê-./*0>34`

=ÀÁ0'(ÒW@$3-.«*0>(E`k\?)>ÿ

!æW+1)*=e@¸2E'(&3!"#7$`=%3

&«*'(2&)*¹J?J=>

?=@��hi0���$-@M+L3,/o=è_-

.0O$5&!'( 1/7j50q�o=ÆÇ0123J

=>a0]^3S3!0!"#$0=e@è_-.0O$

5&%ºJk\?)>-.&'&0qJkÆÇ7?(e*

(7@TU7��k�[³(U«k~5?)> �!���

)*+,-.+/01.+23/04567.6017!+84-10$%#9:;)*+

<-4.+2 =01261.+ !5*::7 :; 3/04567.6017 !54+-5+>

=4;6<-4?+0@4.AB1@:0/1-4C+2;0:8 $DE$F!+G.+8H+0>

$%#9 1.!*4C6:I1 <-4?+0@4.AJ)*4@@+84-10B1@1

/::2 5*1-5+;:0K*JLJ@.62+-.@.: 4-.0:265+.*+40

0+@+105*G71-:00+@67.@:;.*+400+@+105*1@B+771@

.:7+10--+B I-:B7+2/+;0:8 :.*+00+@+105*+0@J,-

.*4@@+84-10>K*JLJ@.62+-.@B+0+1..+-2+2 @G+5417

7+5.60+@ ;0:8 G0:;+@@:0@ :;)*+ <-4.+2 =01261.+

!5*::7 :; 3/04567.6017 !54+-5+ 1-2 .B: /6+@.

7+5.60+0@:;:.*+0:0/1-4C1.4:-@J,- 1224.4:->+15*

K*JLJ@.62+-.B1@0+M640+2.:*1?+1G0+@+-.1.4:-

:;.*+400+@+105*.:G45B4.*4-$%84-6.+@2604-/&

21A@:;.*+@+84-10J3;.+024--+0:;+15*21A>.*4@

B1@.*+.48+:;;0++24@56@@4:-J)*4@15.4?4.A B1@

17@:4-.+0+@.4-/ 1-2B1@/::2:GG:0.6-4.A ;:0.*+

K*JLJ@.62+-.@ .: 81I+ -+B ;04+-2@ 1-2 24@56@@

;60.*+0.*1-1H:6.:600+@+105*.:G45J

N+2+G10.+2;0:8 =4;6<-4?+0@4.A1.OP&%18>$D.*

!+G.+8H+01-21004?+2!*4C6:I1<-4?+0@4.A1.#G8

.:@.10..*+@+84-10J)*+@+84-10B1@H+/6-B4.*

.*+;40@.@G+54177+5.60+:;3@@:541.+K0:;+@@:0!41B

Q-B:-1E3/A+81- ;0:8 ,-@.4.6.+ :; 3/04567.60+>

):IA: <-4?+0@4.A :;3/04567.60+ 1-2 )+5*-:7:/A>

R1G1-JS4@G0+@+-.1.4:- B1@1H:6.TU*177+-/+@4-

K60@64-/ 1K*JLJK0:/018 4- R1G1-TJ)*4@7+5.60+

B1@0+177A6@+;67B4.*6@J,-*4@7+5.60+>*+@*10+2

)#%%)



!" #$ %&'%()%*+%$ ,-"#! .)(%+! +/,00%*1%$ ,*.

)*.)(%+!+/,00%*1%$!/,!2%+,*3,+%2/%*2%.""#(

(%$%,(+/ )* "#( 4/565 +"#($%5 7/%*8 /% ,0$"

$#11%$!%. #$ /"2 !" "9%(+":% !/%$% +/,00%*1%$5

7/%$% $#11%$!)"*$ ,(% (%,00; /%0'3#0 3"( 4/565

$!#.%*!$ %$'%+),00; 3"( 3"(%)1* $!#.%*!$ 2/" 2)00

/,9% !" "9%(+":% !/%$% +/,00%*1%$ !" -% ,-0% !"

0%,(* *%2 <*"20%.1% )* =,',* ,*. 1(,.#,!% !/%

4/565+"#($%5>*"!/%(',(!"3!/%3)($!0%+!#(%2,$

/"2 !"'(%$%*!(%$%,(+/ 3)*.)*1$)* ?*10)$/5@!)$

"-9)"#$ !/,! )*!(".#+)*1 (%$%,(+/ (%$#0!$ "3

(%$%,(+/%($)$9%(;):'"(!,*!%$'%+),00;2)!/4/565

$!#.%*!$)*=,',*)*1%*%(,05@*!/)$',(!8A*2"*,B

>1;%:,* $%*$%) $/,(%. !" #$ /"2 !" +/""$%

(%$%,(+/ !)!0%,*.2/)+/ +"*!%*!$81(,::,($/"#0.

-% #$%. )* >-$!(,+!8@*!(".#+!)"*8C,!%(),0$ ,*.

C%!/".$8 D%$#0!$8 6)$+#$$)"* ,*. E"*+0#$)"*5

F%$).%$ !/,!8$":% $#11%$!)"*$ !" :,<% ,* "(,0

'(%$%*!,!)"* !" -% :"(% ,!!(,+!)9% 2%(% 1)9%* )*

!/)$',(!5@!+,* -%$,). !/,!8!/)$',(!)$,0$"

*%+%$$,(; 3"( #$-%+,#$%)* *%,( 3#!#(%82%2)00

/,9% !" $#-:)!"#( ','%($ !" )*!(".#+% (%$%,(+/

3)*.)*1$!"$+)%*!)3)++"::#*)!; ,$%$$%*!),0.#!)%$

"3!/%4/565+"#($%)*G)3#H*)9%($)!;5

A*!/%$%+"*..,;82%/,.,*"!/%(0%+!#(%3(":

4("3%$$"(I,+/)I()J,*!/,57/%!)!0%"3!/%0%+!#(%

2,$ KA* !/% L"-%0 '()M%$ 3"( 4/;$)"0"1; "(

C%.)+)*%N OPQRBSTOUK5 @* !/)$ '(%$%*!,!)"*8 -;

(%9)%2)*1 L"-%0'()M%$8I()J,*!/, $%*$%)$/,(%.

2)!/ #$ 0%$$"*$ -%/)*. !/% L"-%0 '()M%$ ,*.

(%$%,(+/ ,+!)9)!)%$5 7" -% $#++%$$3#0 )* (%$%,(+/

,+!)9)!)%$8 , (%$%,(+/%( ."%$ *"! "*0; *%%.

<*"20%.1% -#! ,0$" ',!)%*+%8$<)00,*. 0#+<5V%

$/,(%.!"#$/"2 !".%,02)!/(%W%+!)"*!""-%+,#$%

%9%* ,* %&+%00%*! $+)%*!)$! 2,$ ,0$" ,-0% !" -%

(%W%+!%./)$X/%(','%(5

A* !/% 3)*,0.,; "3 !/% $%:)*,(82% /,. S

)*!%(%$!)*1 0%+!#(%$5A*% 0%+!#(% 2,$ 3(": L".,

$%*$%) "3 G)3# H*)9%($)!;5@* /)$ 0%+!#(%8L".,

$%*$%))*!(".#+%.!"#$"*%"3/)$$!#.)%$"*K,.%+)B

$)"*B:,<)*1 :".%03"(()+%',..; +("'')*1 )* ,*

#(-,*)M)*1 ,(%, "3 !/% Y," 46DK5 7/)$ $!#.;

+"*+%(*%."*.)33%(%*!3,+!"(!/,!+,*-%(%0,!%.!"

3,(:%(Z$.%+)$)"* !" +("' ()+%',..; 3)%0. )* .(;

$%,$"* "(*"!5@* :; #*.%($!,*.)*18!/)$(%$%,(+/

)$9%(; *%+%$$,(; 3"(.%9%0"')*1 "(#*.%(.%9%0"'%.

+"#*!()%$2/%(%3"".$%+#()!;+,*-%!/(%,!%*%..#%

!" '"'#0,!)"* 1("2!/ ,*. +/,*1%$)* !/%#$%"3

0,*.57/% 3)*,0'(%$%*!,!)"* 2,$ ,-"#! I>L[H

EALIHY7>L7I @LE8 "3 C(5 E/)/,(,5 @* /)$

'(%$%*!,!)"*8/%$/,(%.!"#$$":,*;)*3"(:,!)"*

,-"#!+":',*;/)$!"(;8+"*$#0!,*!,+!)9)!)%$,$2%00

,$$":%"3$'%+),0$!(#+!#(%$$#''"(!%.-;I>L[H

+":',*;5>+!#,00;8!/)$'(%$%*!,!)"* )$"*%"3!/%

:"$! )*!%(%$!)*1 0%+!#(%$ 2)!/ :% -%+,#$% !/%

+"*!%*!$ "3 !/% '(%$%*!,!)"* 2,$ +0"$% 2)!/ :;

:,W"( 3)%0.5 @ 2,$ (%,00; ,!!(,+!%. -; ,*

#*.%(1("#*..,: $!(#+!#(%#* A<)*,2,4(%3%+!#(%

!/,!2,$+"*.#+!%.-;I>L[H +":',*;5@!:)1/!

-%-%+,#$%!/)$$!(#+!#(%2,$,*%2 <*"20%.1%2)!/

:% !" :,*,1% ,*. %&'0")! #*.%(1("#*. 2,!%(

(%$"#(+%8,*.!/)$$!(#+!#(%2,$%+"B3()%*.0;!""5

F%$).%$,!!%*.)*1\$'%+),00%+!#(%$82%,0$"/,.,

+/,*+%!"/,9%,'(%$%*!,!)"*,-"#!"#((%$%,(+/"(

(%$%,(+/ '0,*57/)$ ,+!)9)!; "3 !/% $%:)*,( 2,$

/%0'3#0 2)!/ #$ !" ):'("9% '(%$%*!,!)"* $<)008

-(",.%* "#(<*"20%.1%8:,<%*%2 3()%*.$,*.1%!

%&+%00%*! $#11%$!)"*$ 3(": '("3%$$"($ "( "!/%(

(%$%,(+/%($3"( "#( (%$%,(+/ )* 3#!#(%5G%*%(,00;8

@*!%1(,!%.>1()+#0!#(,0I%:)*,(STOR)$,9%(;1"".

,+!)9)!;2)!/:%5 !7"#$

%&'()*+,-./01234+*+56789:;/

0<=+>?@AB/CD:;/0<EFGHIJKLMN

O@AB/1P"JQR'SETULVWXEYZ'[\

]^_`abc^defLMN

%&'ghif1VOPj'+k]Yl'mnopqrs

EVtuXvwxyz/{|}fghLKLMN+k'm

nghiE~_`V*+'�#���f'��]��E�

XKLMN���V��'��V����V���V��V

�:��'P����*�V*�� ¡¢£¤¥V¦§¨

+V©ª«¬­®�V¯L°'±²³V��'´µ'mn

�¶JeJe���q�+LKLMN

·L`V¸kM¹'ghqºJ`V»¼E½¾x`VJ

J��E�XKLMN¿À*Á4+'�ÂÃA¸kuÄ

ÅÆÇÈÉ'ÊËÌAÂÍ^JÎÏ/Ã'Ð�qÑÒKL

MN�ÂÃA¸k1�:��ÓÔ/.uÄGOEÕ+L`V

Ö×GO'4+f¸k'ØÙqL`JKwNGO'ÚÛq

ÜxÝÞL`VßÚÛ'à-áâã/äåA'æçVGO

ÚÛ^èé'ÚÛ'êëìqíîï�Ù�f½¾xðñL

KLMNòaGOEÕ+L`VGO'ÚÛq¹ó_^ÝÞ

L`Jô^õJKw]V�ÂÃA¸k^ö÷ô^KøKø

luÄ�Jd^]Mx"#ùXKwN·L`VÆÇúÚq

ûxü³qýLxðñL`Vmnþ'¸ÿV!ÿ'"#V

+k^$%&¸k'"#�¶G¼k''��aMx"#�

(OTO(



!"#$%&'(

)*"+,-./0123456789:;"<=>+

?@ABC%&'(DDE+789:;"<=>+FGH

#IJAK!&>+LMNOA&P3$Q=>+RSTU

VTWXEYZ"[\&'=]^=%&'(

_`T*"+abc6Tde12]f!g/h:0/i

Tjk1234lm"<=>+no&'pqArs"tu

&%&'(DT?@E+vwvxyz{|T}~���]

v�-.T����"<=>K!"#$%&'(

�=f*�E��+��#E��"2�&>+��"�

�&>+��=�&3P'E�(�U�T12'���|

T�62]��&>+�O5A��&>+U�IJ�K!

"#$%&'( �!���

"#$%&'($%)*&'+,-.$-'(.!%/+#('01234(5,(''+%)

6-$ 7'6/ 03$8 $6 09$8 !%:$%/;%' +# <%#$%' 76'

=)-,($+6#(#)>%5%(',8+#?+%.)!,+%#,%5@!8+A-6B(

C#+D%'5+$E@ ?-F+%)( ?+%.)G H8%'% 4%'% I 5:%,+(.

.%,$-'%5 (#) 29 :'%5%#$($+6#5 &+D%# ;E :'67%556'5

7'6/ )+77%'%#$7+%.)5(#)J8GKG5$-)%#$57'6/ L+7-

(#)!8+A-6B(C#+D%'5+$EG*..$8%:'%5%#$($+6#54%'%

D%'E+#$%'%5$+#&(#)",6-.);%(;.%$6.%('#(.6$

67$8+#&7'6/ (..67$8%/G

H8% 7+'5$ 5:%,+(. .%,$-'% 4(5 M<8(..%#&%5 +#

J-'5-+#& (J8GKGJ'6&'(/ +# N(:(#M;E *556,+($%

J'67%556'!+(4 O#46#(P*&E%/(# 5%#5%+486,(/%

7'6/ "#5$+$-$%67*&'+,-.$-'%@H6BE6C#+D%'5+$E 67

*&'+,-.$-'%(#)H%,8#6.6&E@N(:(#G";%.+%D%)$8($

%D%'E 76'%+&# 5$-)%#$4(5+#$%'%5$%)+# 8+5.%,$-'%

;%,(-5%$8+5'%(..E%Q+5$%)+#-5G?6'%Q(/:.%@(5(

76'%+&#%'@" 8() /(#E ,8(..%#&%5 $6 :-'5-% /E

J8GKG)%&'%%+# )%,+)+#& /(F6')+'%,$+6#@5%.%,$+6#

675(/:.%5+$%5(#)566#G"(/ '%(..E&'($%7-.76'

8+/ $658('%$8+5+/:6'$(#$$6:+,4+$8-5G"#$8+5

$6:+,@8% (.56 58('%) 4+$8 -5 (;6-$ 56/% 5B+..5

48%# 4%4'6$%$8%:(:%' +# =#&.+58@48+,8 4(5

D%'E8%.:7-.76'/%$64'+$%(&66):(:%'G"#$8%

.(5$@J'67G*&E/(#5%#5%+(.5658('%)8+55$-)E(#)

46'B %Q:%'+%#,% +# N(:(# 4+$8 -5@ 48+,8 4(5

8%.:7-.76'-5$6-#)%'5$(#)/6'%(;6-$(76'%+&#%'

.%,$-'%',6-.)(.56)6&'%($'%5%(',8+#N(:(#G

H8% 5%,6#) 5:%,+(..%,$-'% 4(5 MO# $8% R6;%.

J'+A%5 76' J8E5+6.6&E 6' S%)+,+#%T29U3P012VM;E

J'67G!(,8+!'+W(#$8(7'6/ L+7-C#+D%'5+$EG?'6/

$8+5 $6:+,@",6-.) 7%%.J'67G!'+W(#$8( 5%#5%+X5

(/;+$+6#5$8($R6;%.J'+A%4(5#6$+/:655+;.%G"#

8+5.%,$-'%@7+'5$.E 8%5864%) 8+5:(:%'X5'%F%,$+6#

%Q:%'+%#,%76'-5@48+,88%.:%)/%B#64 +$4(5#6$

%(5E$6:-;.+586#%:(:%'(#)%D%#E6-':(:%'4(5

'%F%,$%)@E6- 586-.) #6$7%%.)%:'%55%)GY($%' 8%

(.5658('%)4+$8-548E4%586-.)76,-56#R6;%.

:'+A%5GH8%'%(56#%#,6-'(&%)/%$6'%(.+A%$8($4%

8();%$$%'76,-56#$8%R6;%.:'+A%5+74%4(#$%)

$6 ;%( 5,+%#$+5$;%,(-5%$8%R6D%.:'+A%4(5$8%

-.$+/($%,'64#76'(5,+%#$+5$X5%776'$5(#),('%%'G"

46-.) #%D%' 76'&%$ 6#% 5%#$%#,% 7'6/ J'67G!'+

W(#$8(5%#5%+$8($+5ML%)-.)@L%5,8+,B@L.-,B-#)

L%.)MGH8%46') '%7%''%) $6 MJ($+%#,%@!B+..@Y-,B

(#)L%$M48+,8/%(#$$8($+$4(5'%(..E)+77+,-.$$6

6;$(+#$8%R6D%.:'+A%-#.%554%,6-.)8(D%%#6-&8

:($+%#,%@%#6-&85B+..(#)%#6-&8.-,BGH8($+5$6

5(E@56/%$+/%5%D%# E6- ,(##6$6;$(+# $8%R6D%.

:'+A%@$8($)6%5#X$/%(# E6- ('%&66) '%5%(',8%'G

S(E;%;%,(-5%E6-)6#X$8(D%%#6-&8.-,BG

H8%$8+')5:%,+(..%,$-'%4(5M* )%,+5+6#P/(B+#&

/6)%.76''+,%:())E,'6::+#&+#(#-';(#+A+#&('%(

67$8%Y(6JK>M;E W%+&6R6)(5%#5%+486,(/%

7'6/ L+7- C#+D%'5+$EG"# $8+5$6:+,@8%76,-5%)6#

8%.:+#& $8%7('/%',6#)-,$$8%)%,+5+6#P/(B+#& +#

'+,%:())E,-.$+D($+6#;E!=S /6)%.GZ+5'%5%(',8

5%%/%) D%'E +#$%'%5$+#&@ (#) " (.56 &(D% /E

[-%5$+6#$68+/ (7$%'8+5+#$'6)-,$+6#GR6)(5%#5%+

$6.)/%$8+5B+#)67+)%(,6-.);%(.56(::.+%)+#

6$8%' ,6-#$'+%5GH8+5 4(5 %Q,%..%#$ ;%,(-5% $8+5

'%5%(',8 46-.)/(B%&'%($%77%,$76'7('/%'48%#

$8%E4%'%,6#7-5%)(;6-$48%$8%':.(#$+#&6'#6$G

H8% .(5$ 6#% 5:%,+(..%,$-'% 4(5 M\8($ +5 *

<6#5-.$(#$5M;E=+F+<8+8('(486,(/%7'6/ !(#E-

<6#5-.$(#$5"#,G"#8+5$6:+,@8%/(+#.E76,-5%)6#

+#5$'-,$+6# 67!(#E- <6/:(#E (#) 5864+#& 48($

,6-.)8+5,6/:(#E)6%5G"$4(5(.56+#$%'%5$+#&76'

-5$6 -#)%'5$(#) N(:(#%5%,6/:(#E (#) N(:(#%5%

,-.$-'%4%..G"7:655+;.%@56/%,6':6'($+6# ;%$4%%#

!(#E-<6/:(#E(#)6-',6-#$'+%5,6-.);%)6#%G

"#())+$+6#@%D%'E5$-)%#$(.56$'+%)$8%+';%5$$6

&+D%-5#+,%:'%5%#$($+6#G=D%#/(#E67$8%+'/(F6'

4(5)+77%'%#$4+$8/%@;-$",6-.)-#)%'5$(#)48($

$8%E4%'%)6+#&4+$8$8%+',('%7-.+#5$'-,$+6#G

?+#(..E@"46-.).+B%$6&+D%/E5+#,%'%&'($+$-)%

$6 H8% C#+$%) L'()-($% !,866. 67 *&'+,-.$-'(.

!,+%#,% 76' $8% 6'&(#+A($+6# 67 MH8% "#$%&'($%)

*&'+,-.$-'(.!%/+#('MG"4(5D%'E.-,BE76'8(D+#&

$8+5,8(#,%(5( :('$+,+:(#$67$8($5%/+#('(#)

7%%.+#&:'6-)(5(5$-)%#$67L+7-C#+D%'5+$EG

�?���

�210�



!"#$%&#'()&#*)'($+,-&,()-.#/$%)(&"$.0#)(1).

"#-* 2% 3#4&#/5#( 67869 )&:#%&#( ;2( <*,+)&$2%

)%*=#.#)(+"$%>$#-*3+$#%+#.?3"$@,2A)B%$C#(.$&0?

>,D$#*)>$#-*E>,D$#*);$#-*$.(#)--0%$+#4-)+#1$&"

)-2&2;;(,$&.)%*C#'#&)5-#;)(/E!"#(#)(#;$C#

/)$%4(2'()/.2;&"#.#/$%)(F&12.4#+$)--#+&,(#.?

&12.#/$%)(.)%*.&,*#%&.G4(#.#%&)&$2%E

!"#;$(.&.4#+$)--#+&,(#1).)52,&:")--#%'#.$%

4,(.,$%'H"EIE$%J)4)%50I(EK'0#/)%E!"#(#

)(#&12&04#.2;+")--#%'#.&")&.&,*#%&.")C#&2

;)+# 1"$-# 4,(.,$%' H"EIE$% J)4)%E>$(.& $.

*$(#+&-0 (#-)&#* (#.#)(+" +")--#%'#. )%* .#+2%* $.

$%*$(#+&-0 (#-)&#* (#.#)(+" +")--#%'#.E!"#*$(#+&-0

(#-)&#* (#.#)(+" +")--#%'#. )(# .2/#&"$%' &")&

)-/2.&)--.&,*#%&#L4#($#%+#*.,+")."21 &2.#-#+&

&"#(#.#)(+" &24$+.?.)/4-$%' .$&#.)%*D2,(%)-;2(

4,5-$+)&$2%? -)%',)'# 5)(($#( )%* -)52()&2(0

#M,$4/#%&E!"# $%*$(#+& +")--#%'#. )(# .2/#&"$%'

&")&/)05#%2&)--&"#.&,*#%&#L4#($#%+#.,+").

.2+$)-')&"#($%'.?+,-&,()-$.,,#)%*(#-$'$2,.$..,#E

!22C#(+2/#&"$.+")--#%'#?I(EK'0#/)%#%+2,()'#

,. &2 5# /2(# 24#% /$%*#* )%* &2-#()%& 1$&"

)%2&"#(+,-&,(#E

!"# .#+2%* .4#+$)--#+&,(# 1). )% $%&(2*,+&$2%

)52,&3)%0,:2%.,-&)%&.E!"$.+2/4)%0.&)(&#*50

-2+)- ;)(/#( )%* "$'" .+"22- &#)+"#( $% K$+"$

4(#;#+&,(#&")&+)(#)52,&&"#$(($')&$2% +2%*$&$2%

$% K$+"$4(#;#+&,(#E!"# +2/4)%0 &"#% .&)(&&"#

5$''#.&*)/ 4(2D#+&$% J)4)% )&&")&&$/#E3$%+#

&"#%?&"$.+2/4)%01#(#'(21 5$''#()%*5$''#().

) +2%.,-&)%& )& :2%.,-&$%' 3#(C$+#. ;2( .,(C#0?

4-)%%$%'? *#.$'%? +2%.&(,+&$2% .,4#(C$.$2%?

/)$%&#%)%+#?.2+$)-)%* #%C$(2%/#%&)-)..#../#%&

2%I#C#-24/#%&2;K'($+,-&,(#)%*N)&#(=#+2,(.#.

$% J)4)% )%* 2C#(.#).E!"$.+2/4)%0 )-.2-$A#&2

$%C$&#)--&"#02,%' )%*4)..$2%)&#.&,*#%&.&25#

&"#$(+2%.,-&)%&.$%)--2C#(&"#12(-*E

!"#.#/$%)(O)52,&P25#-4($@#.1$%%#(50H(2;E

3($Q)%&")$%&(2*,+#,.&2.#C#()-1)0.&21$% )

%25#-4($@#EP25#-4($@# $. &"# /2.& 4(#.&$'$2,.

4($@#$%.+$#%&$;$+12(-*&")&#%+2,()'#)--.+$#%&$.&

&2*25#&&#(12(AE!"#(#)(#;2,("2(.#.&")&1#

%##* &2 +2%&(2-1$.#-0 $% 2(*#(&2 1$% &"#P25#-

4($@#?&"#0)(#12(A?-,+A?'2-*)%*-2%'-$C#E

!"#.#/$%)(OO&"2,'"&,."21&2/)A#)*#+$.$2%8

/)A$%'/2*#-;2(($+#4)**0+(244$%'$%R)2HI=E

R)2HI= $.)&(24$+)-+2,%&(0 )%*").&12&04#.

2;.#).2%?) ()$%0 .#).2% )%* ) *(0 .#).2%ES%

()$%0.#).2%&"#1)&#(.,44-0;2(&"#4)**0;$#-*$.

%2&)4(25-#/ET21#C#(?$%*(0.#).2%?$&1$--5#)

&2,'"*#+$.$2%1"#&"#(&24-)%&+(242(%2&E!",.?

&"$. /2*#- +)-+,-)&# .2/# )*C)%&)'#. )%*

*$.)*C)%&)'#.+2/5$%$%'1$&"&"#;)+&2(.&")&%##*

&2+2%.$*#(?"#-4&"#;)(/#(&2*#+$*#;2(4-)%&$%'

+(24$%*(0.#).2%2(%2&E

!"# /2.& $%&#(#.&$%' 4)(& 2; &"$. $%&#'()&#*

)'($+,-&,()-.#/$%)( $. &"# .&,*#%&. 4(#.#%&)&$2%E

U#+),.#)&&"$.&$/#?1#+)% -#)(% )52,&2&"#(.

(#.#)(+" )%* )-.2 *$.+,..&"#4(25-#/.1#;)+#*E

SC#()--?&"$.4(2'()/ (#)--0 "#-4./#/)A$%' %#1

;($#%*. )%* A#4& /# /2&$C)&#* 2% *2$%' /0

(#.#)(+"E !K"#$

!"#$$%&'%()&*+,(+)&'#*"-.-*,/',#0 )&1#2#&

!"$. -#+&,(# 1). '$C#% 50 K..2+$)&# H(2;#..2(

3$)1 SPNSPK8KVW<XKPE 32/# +")--#%'#.

*$(#+&-0(#-)&#*&2(#.#)(+"1#(#$%&(2*,+#*?.,+").

.#-#+&$2% 2; (#.#)(+" &24$+Y&$&-#? .)/4-$%' .$&#?

D2,(%)- )%* +28),&"2(.? &"# +2//,%$+)&$2% 1$&"

.,4#(C$.2( )%* -)5 /)&#.?)%* &"# ,&$-$@)&$2% 2;

-)52()&2(0 #M,$4/#%&E K-.2? .2/# +")--#%'#. 2;

2++).$2%)-.2+$)-')&"#($%'.?+,-&,(# )%* (#-$'$2%

&")&1#(#$%*$(#+&-0 (#-)&#* &2 (#.#)(+" 1#(#4,&

;2(1)(*EO% 2(*#(&2 2C#(+2/#&"#.#+")--#%'#.?)

%,/5#( 2;.,''#.&$2%. 2;1($&$%' .A$--. ;2( #)+"

4)(&. Z&$&-#?)5.&()+&?$%&(2*,+&$2%?/)&#($)-. )%*

/#&"2*.? (#.,-&.? *$.+,..$2% )%* +2%+-,.$2%[ $%

)+)*#/$+ 4)4#(. 1#(# '$C#% 50 4(2;#..2(E

>,(&"#(/2(#?;2( ) '22* 2()-4(#.#%&)&$2%?&12

&"$%'.)(#$/42(&)%&?2%#$.&2 .4#)A /,+"?)%*

)%2&"#($.&2.4#)A1#--E

3& 4"%5/6%$*,)7%(8/,*"9()/$/'9 /,:%;)<)&%=

>?@ABCD>E

!"$. -#+&,(# 1). '$C#% 50 H(2;#..2( 3)+"$3($

Q)%&")E>(2/ &"#$%&(2*,+&$2%?O-#)(%#*)-2&2;

A%21-#*'# )52,& &"# P25#- H($@#E \[ .#-;8

$/4(2C#/#%&?#;;$+$#%+0?4#(.4#+&$C#)%*$/)'$%)&$2%

)(#&"#%##*.&2 .&,*0 &"$."$.&2(0 2;P25#-]6[

&"(## &"$%'. 2; %#1 $%;2(/)&$2% 2% &"# P25-#

%2/$%)&$2%4(2+#..?(#-#).#*);&#()Ĝ_0#)(5-2+AG?
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VWXYZ[X\]̂[X_ \̂]Ỳab[a]̂bcXdYẐ]ef][WXgX̂]

hijkl̂ cWfb_ [̂mnaoYX_̂ pY[g,qWYrafŝ t]XeX̀[a]Xu

e]fd hk[W[fhv[WqXt[XdwX]uhijkxjvc[a_XZ[c Ẑ_

[X̂ ẀX]c e]fd yYea zZY{X]cY[g Ẑ_ qWYrafŝ

zZY{X]cY[g ofYZX_x|̂ Ẁ c[a_XZ[YZ[]f_àX_ WYc f]

WX]]XcX̂]̀Wlf]s [̂[WXcXdYẐ]YZ|Z\bYcWx}e[X]

[WXt]XcXZ[̂[YfZucfdX~aXc[YfZclX]X ĉsX_xVW]XX

t]feXccf]c\̂{XbX̀[a]Xc [̂[WXcXdYẐ]x

� b̂cf YZ[]f_àX_ dg ]XcX̂]̀W lf]s [̂ [WX

cXdYẐ]YZ |Z\bYcWx�g ]XcX̂]̀W YcfZ [WXbfZ\m

[X]d t]XcX]{̂[YfZdX[Wf_fe_]YX_tX]cYddfZx�]YX_

tX]cYddfZ Yc^ctX̀Ŷbt]f_à[YZ yYea t]XeX̀[a]Xu

XctX̀Ŷbbg [WX R̂ ẀYĝ \̂sY YZ �YZfŝdf Ỳ[gx

}b[Wfa\W Y[Yc_]YX_ tX]cYddfZu[WX f̀Zcadt[YfZ

_̂[XYc [̂dfc[fZXdfZ[WX{XZYe{̂ àad t̂ s̀YZ\

Yc _fZXxVWX]Xef]XuY[ Yc tfccYwbX [f X�[XZ_ [WX

_X̂_bYZXef]ZX̂]bgcY�dfZ[Wcwge]XXrYZ\uwa[[WX

lWY[X tfl_X] fZ [WX ca]ê X̀ lYbbYZ̀]X̂cXxVWX

lWY[X tfl_X] fZ [WX ca]ê X̀ fetX]cYddfZ Yc ^

eX̂[a]X fe _]YX_ tX]cYddfZuwa[ Ye [WX]X Yc [ff

dàW lWY[Xtfl_X]fZ [WXca]ê X̀[WX t̂tX̂]̂Z̀X

d ĝwXZf[\ff_x}Z_[WXtWgcỲ̂ bt]ftX][YXcd ĝ

Ẁ̂Z\X_a]YZ\[WXef]d [̂YfZfelWY[Xtfl_X]xVWX

t]XcXZ[ cY[â[YfZ Yc [Ŵ[ Y[ `̂Z�[ d ŶZ[̂YZ [WX

~âbY[g oac[XZfa\W ef] [WX t]ỲX wX̀ âcX fe[WX

tWgcỲ̂ b̀ ŴZ\Xcx

VWX]XYcbY[[bX]XcX̂]̀W[Ŵ[YZ{Xc[Y\̂[X_[WXlWY[X

tfl_X] YZ̀]X̂cYZ\ Ẑ_ [WX ~âbY[g _X[X]Yf]̂[YfZ

_a]YZ\e]frXZc[f]̂\XxVWXfwoX̀[Y{Xfedg]XcX̂]̀W

Yc[f b̀̂]Yeg[WXef]d [̂YfZdX̀ŴZYcd fe[WXlWY[X

tflX] fZ [WX ca]ê X̀ fe _]YX_ tX]cYddfZ Ẑ_

X�tbf]X [WX tWgcỲ̂ b Ẁ̂Z\X fe _]YX_ tX]cYddfZ

_a]YZ\e]frXZc[f]̂\Xx�Z̀X[WYc\f̂bYc^̀WYX{X_uY[

YctfccYwbX[feYZ_fa[YZWYwY[YfZl̂ gc Ẑ_X�tbf]X^

bfZ\m[X]d t]XcX]{̂[YfZdX[Wf_ef]_]YX_tX]cYddfZx

�\̂{X[WXt]XcXZ[̂[YfZ ŵfa[[WXeY]c[t̂][fe

dg]XcX̂]̀W Ẑ_[WXea[a]Xtb̂Z Ẑ_[WXt]feXccf]c

Ẑ_ c[a_XZ[c \̂{X dX d Ẑg _̂{ỲXc Ẑ_

ca\\Xc[YfZcx� Ŵ{X bX̂]Z[ [WX _YeeX]XZ[ ]XcX̂]̀W

e]fd _YeeX]XZ[c[a_XZ[ Ẑ_ bX̂]Z[cfdXsZflbX_\X

YZf[WX]eYXb_xY[w]f̂_XZdgXgXcx�Ŵ{XwXZXeY[cf

dàWe]fd [WYccXdYẐ]x

VWX t]feXccf]uqŶl fZlfẐm̂\gXd Ẑu \̂{X ^

bX̀[a]XfZ Ẁ̂bbXZ\XcYZta]caYZ\^�Wx�x�]f\]̂d

YZ �̂t̂ZxRXYZ[]f_àX_[WX_Y]X̀[bg Ẑ_YZ_Y]X̀[bg

]Xb̂[X_ ]XcX̂]̀W Ẁ̂bbXZ\Xc _a]YZ\ _f̀[f]̂bc[a_g

Ẑ_ Wfl [f f{X]̀fdX [WXcX Ẁ̂bbXZ\Xcx VWX

t]feXccf]uq̂ ẀYq]Y�̂ Z[Ŵu\̂{X^ bX̀[a]XfZ [WX

�fwXb�]YrXef]tWgcYfbf\gf]dX_ỲYZXe]fd jv�k[f

hij�x�XY\f�f_̂ cXZcXYYZ[]f_àX_fZXfe]XcX̂]̀W

WXŴ_ _fZXx�[Yc ŵfa[^_X̀YcYfZmd ŝYZ\ df_Xb

ef]]ỲXt̂__g ]̀fttYZ\ YZ Ẑ a]ŵZYrYZ\ ]̂X̂ fe

[WX�̂f���xVWXb̂c[_̂gu|YoYpWYŴ]̂ cXZcXYe]fd

ĉZga f̀Zcab[̂Z[c��p YZ[]f_àX_ [WXWYc[f]g Ẑ_

[WX ctX̀ŶbYrX_ eYXb_c fe [WX f̀dt̂Zgx RX b̂cf

YZ[]f_àX_ [WX f{X]cX̂ t]foX̀[c fe f̀Zcab[̂Z[cx�

Ŵ{XbX̂]Z[cfd Ẑg[WYZ\ce]fd [WXbX̀[a]XcxqàW

ĉu Wfl [f f{X]̀fdX [WX Ẁ̂bbXZ\X _a]YZ\ [WX

_f̀[f]̂bc[a_g Ẑ_\f[cfdXYZef]d [̂YfZ ŵfa[[WX

�fwXb�]YrXx

�X b̂cfŴ_dX̂bc[f\X[WX] ê[X][WXt]XcXZ[̂[YfZ

X{X]g_̂gx�X[̂bsX_lY[WX̂ Ẁf[WX] Ẑ__Yc̀accX_

ŵfa[ [WX ]XcX̂]̀WXcx �X Zf[ fZbg bX̂]Z[ ZXl

sZflbX_\Xwa[ b̂cfd _̂XZXl e]YXZ_ce]fd _YeeX]XZ[

f̀aZ[]YXcYZ[WYccXdYẐ]x Q�STU

�[l̂ ctbX̂ĉZ[u f̀cgdf]ZYZ\lWXZ[WX[]Ytef]

Ẑ d̂ r̂YZ\ X�tX]YXZ̀X fe bYeX wX\aZx �X ]f_X

[W]fa\W [WX[aZZXbcuwXcY_X[WXcX̂ cWf]XuŴb[YZ\

[̂tb̂ X̀c Ẑ_ XZofgYZ\ [WX �̂t̂ZXcX àYcYZXxnf]

dgcXbeu�ctỲX_atdgdfa[WlY[Wz_fZxnYẐbbgu

oac[ ]̂faZ_ [WXZffZulX]X̂ ẀX_ fa]_Xc[YẐ[YfZu

naoYX_̂ eYXb_u ^ wX̂a[Yeab tb̂ X̀ lY[W cf d Ẑg

tb̂Z[̂[YfZc Ẑ_dXcdX]YrYZ\{YXlcfe[WXdfaZ[̂YZc

b̂fZ\x

VWX cXccYfZ c[̂][X_ lY[W ^ w]YXe YZ[]f_à[YfZ

ŵfa[[WXê ỲbY[g [WX]X Ẑ_ [WXZu[WX]X`̂dX[WX

dfc[ XZ[X][̂YZYZ\u_XbY\W[eab Ẑ_ d̂acYZ\ ctX̀Ŷb

bX̀[a]Xwg }\gXd Ẑ qXZcXYx�[l̂ c^ tbX̂ca]X[f

bYc[XZ[fWYd lY[WWYcflZbYeXX�tX]YXZ̀XcYZ�̂t̂Z

Ẑ_wX[̂a\W[ ŵfa[[WXbYeXfe^�W� c̀Wfb̂]YZ

�̂t̂Zx�[ t]f{Y_X_ ac lY[W d Ẑg YZcY\W[eab Ẑ_

Ydtf][̂Z[ sZflbX_\X ef] tb̂ZZYZ\ Ẑ_ _XcY\ZYZ\

fa]ea][WX]]XcX̂]̀Wx�[l̂ c^{X]g\]X̂[wX\YZZYZ\

ef] [WX cXdYẐ]x na][WX]u lX df{X_ fZ[f [WX

t]XcXZ[̂[YfZculY[W ]̂faZ_ � YZ X̂ Ẁ cXccYfZxqfu

[WXeY]c[cXccYfZwX\̂ZlY[W[WXeY]c[�t]XcXZ[X]cx

�[l̂ c{X]gYZ[X]Xc[YZ\[fbYc[XZ[f[WXY]lf]suX{XZ

[Wfa\W �Ŵ_ Zf f] ^ bY[[bXsZflbX_\X ŵfa[Y[x
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["T"#<(&GM,&_̂ 03̂ Ô_ ?'.#U,"1KG] 0$RT'-+.R 789P)̂ +Q.<Y'-,G/T/G-G#,",+'#<

!0+$.%&G#)0&+##TG+2'-&+,"VG)('-&+$.V+=&,-.V"6789P;<(&GH"/+"1+K+,$+#J'#JG#,/",+'#-"#UQK.SG-'Q

U+--'KHGU '/I"#+JJ"/1'# +# 5",G/QK.SG-'Q" J''KO,GRTG/",G1/'"UOKG"HGU UGJ+U.'.-Q'/G-,+# JG#,/"K

["T"#<789Pkl$%mHb-no8ph-)YO8M)q5<Y'-,G/T/G-G#,",+'#<

!0+$.%&G#)?.'R+#I%"')0&+##TG+2'-&+,"VG)('-&+$.V+=&,-.V"6789:;<%'RT"/+#I,&GT",,G/#-'Q>=%

"#U >@ +# UGJ+U.'.- "#U GHG/I/GG# 1/'"UOKG"HGU Q'/G-,- +# JG#,/"K["T"#B%'#JG#,/",+'# "#U QK.S

G-,+R",+'#-<PN,&A0[3##."K*GG,+#I)YMM)>87O8̀)('V$'<=/"KT/G-G#,",+'#<

!FG#IX)0.I"!)C"IG$"R"C<6789P;<>GHGK'TRG#,'Q"b''TO*GU+",GU4-',&G/R"K3RTK+Q+J",+'#3--"$

Q'/ ?"T+U >G,GJ,+'# 'Q ()%*$+, +"-$"+./%+,<(&G M,& _̂ 03Ô_ ?'.#U,"1KG ] 0$RT'-+.R) +̂Q.
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: � � �
� � �

� � � �

O�_O� PT~Q
2VWXYZ[5

� ��:;

~pd�q h̀n}� Rbfpiai�epìh
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ke½ih��p̀ àl̀fR̀fbjp
_ehe�bkbhpǹk¾ihih�
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Ù j�bhbfepìh_bcgehijk
eh��SO �eke�b l̀
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!#
木教

員Ｆ
Ｄ（

静大
）

!#
土

!#
火

!#
木

!#
日

!#
水

!$
金連

合農
学研

究科
入学

式・
新入

生ガ
イダ

ンス
!$

日
!$

水
!$

金
!$

月
!$

木
!%
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月
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!%

土
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金
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火
!&

金
!&

日
!&

水
!&

土
!'

月
!'

水
!'
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木
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月
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）
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金
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月
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水
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土
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木
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金
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金
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日
#*

火
#*

金
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日
#*

水
#*

土
#!

水
#!

月
#!

木

第３回
代議員

会[S
INET

]・研
究

科委員
会[臨

時・S
INET

]
! " # $ % & '

第４回
国際ワ

ークシ
ョップ

（イン
ドネシ

ア：
アンダ

ラス大
学）

第４
回代

議員
会・

第３
回

入学
試験

委員
会・

前期
第

1回教
員資

格審
査委

員会
閉庁

〔岐
大〕

閉庁
〔岐

大〕
合格発

表（第
1次）

連合
農学

研究
科学

位記
授与

式

入学
(特別

)願書
受付

締切
※ラ

マダ
ン　

５/２
７－

６/２
５

第 ! 次 入 学 願 書 受 付

! " # $ %& '

9月
平成

29年
度 岐

阜大
学大

学院
連合

農学
研究

科年
間行

事

第1次
入学

試験
・

第４
回入

学試
験委

員会
研究者

倫理・
職業倫

理

第５
回代

議員
会・

前期
第2回

教員
資格

審査
委員

会

全国連
合農学

研究科
長懇談

会
4月

5月
6月

7月
8月

全国連
合農学

研究科
協議会

学位
論文

審査
受付

締切
前期

教員
資格

審査
の推

薦締
切

第６
回代

議員
会・

研究
科委

員会
第1回

代議員
会・第

１回入
試験

委員会
・第１

回広報
編集委

員会
メンタ

ルヘル
ス・フ

ィジカ
ルヘル

ス

学位
記伝

達式
（予

定）
・

学位
論文

審査
受付

締切
国際会

議（８
／２８

－３０
）

　Sy
mpo

sium
[岐阜

大学］
　　E

xped
ition

 Tou
r

! 特 別 " 入 学 試 験 ! 面 接 " 期 間

連農
セミ

ナー
第７回

代議員
会[S

INET
]・研

究
科委員

会[臨
時・S

INET
]

合格
発表

（特
別）

第 ! 次 出 願 資 格 認 定

閉庁
〔岐

大〕

合格
発表

（特
別・

国費
優先

）

! 特 別 ・ 国 費 優 先 " 入 試 ! 面 接 " 期 間
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議員
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]
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第 ! 次 ・ 英 語 特 別 入 学 願 書 受 付

10月
11月

12月
1月

2月
3月

学位
記伝

達式
（予

定）

第 ! 次 出 願 資 格 認 定

後期
教員

資格
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の推
薦締

切
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[臨時

・
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&'
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ョップ
（ベト
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ライ

トキ
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]
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入学

式・
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２回
代議
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・英

語特
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験、

第５
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! " # $ % & '
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締切

DNC
試験
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試験

第１
１回

代議
員会

・後
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２回
教員

資格
審査
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会

第９
回代
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会・
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第1
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]

公 開 論 文 発 表 会

第８
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会
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