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ŮȦŜ&��9ƽǖ�ț(@}k?n]`ɢ) 

 

APP : amyloid precursor protein 

BC : basket cell, fTL]`Ǭǿ 

BCA : bicinchoninic acid 

BSA : bovine serum albumin 

cDKO : conditional double knockout 

Ce : cerebellum 

cKO : conditional knockout 

Cx : cerebral cortex 

Cyt c : cytochrome c 

DAPI : 4’, 6-diamidino-2-phenylindole 

DCN : deep cerebellar nuclei 

DKO : double knockout 

EDTA : ethylenediaminetetraacetic acid 

GFAP : glial fibrillary acidic protein 

GFP : green fluorescent protein 

HRP : horseradish peroxidase 

JLP : JNK-associated leucine zipper protein  

JNK : c-Jun NH2-terminal kinase 

JSAP1 : JNK/stress-activated protein kinase-associated protein 1 

KHC : kinesin heavy chain 

KLC : kinesin light chain 

KO : knockout 

MAPK : mitogen-activated protein kinase 

MAPKK : MAPK kinase 

MAPKKK : MAPKK kinase 

NP-40 : nonidet p-40 

OCT : optimal cutting temperature 

PB : phosphate buffer 

PBS : phosphate-buffered saline 

PC : Purkinje cell, ęȂm}I�EǬǿ 

PCR : polymerase chain reaction 
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PFA : paraformaldehyde 

Phospho : phosphorylated 

PVDF : polyvinylidene fluoride 

RIPA : radioimmunoprecipitation assay 

rpm : rotations per minute 

RT-PCR : reverse transcription-PCR 

SDS : sodium dodecyl sulfate 

SNAP25 : synaptosomal-associated protein 25 

SYP : synaptophysin 

SYT1 : synaptotagmin 1 

TBS : tris-buffered saline 
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ȘŢ 

 

ǔǯǬǿ&��!�F}Hd{5Z�gJȬ�RbmTęǿ%$(ǚȉ=ȴȷ�9ȱǫȴȷ

)ǔǯǬǿ(ƷĆ&ĺɣ(ƃȀ"�8�ȱǫȴȷ(ǏǴ)Ɓ�%ǔǯþļǁĽ=Ī�ȭ�

��JSAP1, JLP)ȂǔǯǨ"ɰ�ǂƴ
Ȥ37:�Ǭǿ(üƉ�¹É�ƷĆ�Ƈ%$=¿

Ĵ�9Ǭǿ³RKb}�ȿǯȯ"�9MAPIb�W (MAPK) ǯȯ(�"4Ư& JNKǯȯ

(ÆƳ#Ưƿļ=¿Ĵ�9ȮùZ�gJȬ#�!ǌ7:!�9�0��JSAP1, JLP)ǵȎ

5RzCSzCfE�in vitro "(ªȐǎǛ&6�!�ɢȐļ(ȱǫȴȷ(v�Z�Z�g

JȬ"�9IdR�#ǰÞ��ǔǯǬǿ(ȱǫȴȷ(¿Ĵ&ɔ��9�#
Ǒê�:!�

9�����in vivo&��9é�ɩǔǯǬǿ"( JSAP1, JLP(ƷƵćǃ%ƃȀ&)0��

Ť%ƨ
ƈ�:!�9���"�Cre-loxp RT^t=ƹ�!ęȂm}I�EǬǿ(PC)&�

�9N�_ARzb}e]J@C`(cKO)rCT=�¸�ȝŲ�9�#&6�!�JSAP1, 

JLP( in vivo"(ƃȀȝŲ=Ȑ���PCƯƿǃ Jsap1, Jlp cDKOɸJsap1:Jlp cDKO(PC)ɹ

rCT=ȝŲ��ǰŴ�Jsap1:Jlp cDKO(PC)rCT") PC (ȱǫȃÉ#ȻȐļ(ǔǯȁ

Ȋ�K|F�RT
Ȥ37:���7&�Jsap1:Jlp cDKO(PC)rCT PC (ȱǫȃÉɃ&

)IdR�-1&6�!ȱǫȴȷ�:9s`N�a|@�APP
ɁŇǃ&ż¸�:��0��

in vivo ")fTL]`Ǭǿ(BC)
 PC (ȱǫɒăƨ&ȱǫ(J{TZ�"�9j�T�=

ĬŁ�!�8�j�T�") JSAP1(ɰ�ǂƴ
Ȥ37:9��(�3�Ư& BC"ǂƴ

�!�9 JSAP1(ƃȀ
 PC(ƷĆ&Ĕ�!ĭɡ=�
!�9(")%��#ǻ
��(

ÙȀļ=ȥ.9�3&�0� Cre-loxp RT^t=ƹ�! PC �6, BC Ưƿǃ Jsap1, Jlp 

cDKOɸJsap1:Jlp cDKO(PC/BC)ɹrCT=�¸��ȝŲ=Ȑ%���ǰŴ�Jsap1:Jlp 

cDKO(PC/BC)rCT" PC (ȱǫȃÉ�ȻȐļ(ǔǯȁȊ%$
Ȥ37:�Jsap1:Jlp 

cDKO(PC/BC)rCT(ȓƴó) Jsap1:Jlp cDKO(PC)rCT(ȓƴó#�Ȇ�!����7

&�L7-Jsap1`{�TSDc]JrCT=ƹ�! PCƯƿǃ& JSAP1=ǂƴ��9�#&

6�!�BC Ưƿǃ& JSAP1, JLP =ƄĂ��~TIx�rCT=�¸��ȝŲ��ǰŴ�

Jsap1:Jlp cDKO(PC/BC)rCT"Ȥ37:� PC(ǔǯȁȊ
~TIx��:��ŮǎǛ&

6�!�JSAP1, JLP)é�ɩǔǯǬǿ&��!´ɑǃ%ƃȀ=Ŋ�!�8�IdR�-1 

Ćļ(ȱǫȴȷ=¿Ĵ�!�9�#
Ǒê�:��0��JSAP1, JLP) PC(ƷĆ&ĺɣ

"�8�JSAP1, JLP(ƄĂ)IdR�-1 Ćļ(ȱǫȴȷ(ǏǴ=Ʒ��ǬǿȄįǃ%ǔ

ǯþļ=Ī�ȭ���#
Ǒê�:�� 
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ĦȦ 

 

� ǔǯþļǁĽ)ƯČ(Ǭǿǹ(ǔǯǬǿ
ĥɲ(ȻȐ##4&ı�&ǔǯǬǿƇ&6�

!ȻȐļ&ǔǯȁȊ���(Ǭǿś
ƠĚ�9�#=Ưķ#��ǁĽ"�9�ǔǯǬǿ&�

�!ȱǫȴȷ)ǔǯǬǿ(ƃȀ5ƷĆ&ɞĢ&ɉȘ"�8�ȱǫȴȷ(ƿĢ
�Ɓ�%ǔǯ

þļǁĽ=Ī�ȭ���#
ǌ7:!�9 1), 2)�ǔǯǬǿ(ȱǫ)Z�gJȬƷÞŁƃȀ=

/#>$Ŋ���ȱǫ&ĺȘ%ƮȬ)�Ǭǿ��7(IdR��[Bc�%$(v�Z�Z

�gJȬ=��!ĶęǤ&Ɣ��ȱǫȴȷ&6�!ȼŕ�:!�9 3)��:0"(ªȐǎǛ

&6�!�ȱǫȴȷ&ƿĢ
Ʒ��ǔǯǬǿ(ȱǫ")�ǔǯ�ȿƮȬ%$=³È�9Rb

mTęǿ5Z�gJȬ�F}Hd{�F�`k?OX�t5yiI\�ÉZ�gJȬ(·ɛ

�%$(ƿłǃ%Ȍǚ5�ȱǫ
ΔĀÉ��ȱǫȃÉ
Ȥ37:9#�	ǌș
ĳ7:!

�9 2)�0��ȱǫȴȷ&ƿĢ
Ʒ��ǔǯǬǿ")ȱǫþļ5ǔǯþļ
Ī�ȭ��:9

�#
Ť7�&%�!�9 1), 2), 4)� 

� Ǭǿ)Ǭǿ³ÿ�7(Àƥ=Øđ��Ǭǿ³RKb}�ȿ&6�!Ɓ�%ĻǢ=Ī�ȭ

��!�9��(�"4�MAPIb�W(MAPK)ǯȯ)Ǭǿÿ�7(Àƥ&ĻǢ�!�Ǭǿ

(üƉ�¹É�ƷĆ�Ƈ%$=¿Ĵ�9ɉȘ%Ǭǿ³RKb}�ȿǯȯ"�8�MAPK kinase 

kinase (MAPKKK)�7 MAPK kinase (MAPKK)�MAPK-#RKb}=�ȿ�9 5)-7)��(

ǯȯ)Ɇƌ�7h`&ȅ90"ȻÉǃ&ɰ�£Ć�:!�8�é�ɩ")�& extracellular 

signal-regulated kinase (ERK)�c-Jun N-terminal kinase (JNK)�p38#�	 3 (ǯȯ
ȣ

��ȝŲ�:!�9 5)–10)�ŮǎǛ"Ǌǆ�� JNK/stress-activated protein kinase-associated 

protein 1 (JSAP1)#�(k?s|�u�f�"�9 JNK-associated leucine zipper protein 

(JLP))�ȂǔǯǨ"ɰ�ǂƴ
Ȥ37:�JNKǯȯ�6, p38ǯȯ=ƀŁ�9Z�gJȬ

#ǈ��ƹ��ƃȀǃvSx�}#å*:9ȗÞ�=ĬŁ�9�#&6�!�:�:(ǯ

ȯ(Ưƿļ#ÆƳ=¿Ĵ�!�9ȮùZ�gJȬ"�9 11)-15)�ªȐǎǛ&��!�Jsap1

e]J@C`(KO)rCT5ǔǯǬǿƯƿǃ Jsap1 N�_ARzb}e]J@C`(cKO)r

CT)¸ƷǇİ&Ƈ���Ȃź(ƄŔ%$
Ȥ37:!�8�JSAP1 )ȂǔǯǨ&��!

ƷĆ&ĺɣ(ĮÃ=Ŵ��!�9�#
Ǒê�:!�9 16)–18)�Jlp KOrCT)�șƆĢ&

ǂȿ�9
 19)�ªȐǎǛ")�Ǿ§ǭȂƯƿǃ& Jsap1, Jlp= cKO��rCT)Ʒİ 5Ⱥ

ɓ0"&Ƈ���§ȂĎ(ŉĀ�ĀȂǅȬ(Ǡ 2/3 Ô, 5 ĝ(ȻȐļ(ǔǯȁȊ
Ȥ37

:�JSAP1, JLP
´ɑǃ%ƃȀ=Ŋ��ǂȿŬ(ȂǔǯǨ&ĺɣ"�9�#
Ť7�&%

�!�9 20)��:7(�#�7�JSAP1, JLP)ǔǯǬǿ(ƷĆ5ƃȀ&ĺɣ(ĮÃ
Ćò

�9#ǻ
7:9��7&�JSAP1, JLP)ǵȎ5RzCSzCfE�in vitro"(ªȐǎǛ

&68�ȱǫȴȷ(v�Z�Z�gJȬ"�9IdR�-1 #(ǰÞauB�=Ŋ��v�
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Z�Z�gJȬ#ǈ��ƹ�9�#"�v�Z�Z�gJȬ#ȱǫ³=ȴȷ�:9ǚȉ#

(@[mZ�Z�gJȬ#�!ƃȀ�9�# 21)–23)5�IdR�-1(Ƙļ#ȼÇļ=¢Ȼ�

9�# 24)
Ǒ�:!�8�ȱǫȴȷ-(ɔ�
Ǒê�:!�9�In vitro"¼�öɬ�:�

ƛɭƺűǔǯǬǿ=ƹ��ªȐǎǛ")�JSAP1, JLP)ƛɭǔǯǬǿ(ƷĆ&ĺɣ(´ɑ

ǃ%ƃȀ=Ŋ��IdR�-1ɳɉɏ kinesin heavy chain (KHC)ɶŮ#Ȳɏ kinesin light chain 

(KLC)ɶŮ�7%9�ɋ�ɴ( KHC Plyc]`#ǈ��ƹ�9�#"IdR�-1&69

ȱǫȴȷ=¿Ĵ�!�9�#
Ǒê�:!�9 20)�����in vivo"(é�ɩǔǯǬǿ=

ƹ��ȝŲ)�08Ȑ%<:!�7��JSAP1, JLP(ǔǯǬǿ&��9ƷƵćǃ%ƃȀ&

)�Ť%ƨ
ƈ�:!�9� 

� JSAP1, JLP(ƃȀȝŲ=Ȣ19&��8�Jsap1 KOrCT)¸ƷǇİ&Ƈ��9 16)–18), 

20)�3�JSAP1, JLP(ƃȀ(ȣǬ%ȝŲ=Ìǩ KOrCT"Ȑ%	�#)ɜ����(6

	%ùÞ�Ɓ�%ŦŬ�ɤõ�ǮǷƯƿǃ&Z�gJȬ(ƃȀ=ƄĂ��� cKOrCT


ƹ�7:9���"�ŮǎǛ")ȮùZ�gJȬ JSAP1, JLP
�ęȂm}I�EǬǿ(PC)

#fTL]`Ǭǿ(BC)&ī�ǂƴ
Ȥ37:!�9�#&Ɩǆ�� 25)�ęȂ)ËȥȼÇ5

ĤȒǳŊ�ɘľȼÇ%$=¿Ĵ�9ȼÇ�ŵ"�8�PC)RKb}(¸Ä=Ȑ%	�Ș%

ǔǯǬǿ"�9�PC) JSAP1, JLP(ǂƴ
ɰ� 25)�­ǀǮǷÉćǃȝŲ&6�!Ǭǿ�

�6,ȱǫ(ÕŞ=Ȝē�9�#
ÙȀ"�9�3�in vivo "( JSAP1, JLP (ƃȀȝŲ

&ūƹ"�9#ǻ
���7&�in vivo&��!�ǔǯǬǿ)�(ǔǯǬǿ5K|@%$&

äï=×8ï0:!�8��:7(Ǭǿ�7Ɓ�%ĭɡ=Ø�!�9#ǻ
7:9�BC)

PC(ȱǫɒăƨ=×8ï26	&ȱǫ(J{TZ�"�9j�T�=ĬŁ�!�8��(

j�T�") JSAP1(ǂƴ
ɰ��#
øã�:!�9 25)�BC(ƃȀ5�(uGcUt

)�08Ť7�&%�!�%�
�ªȐǎǛ")�BC)j�T�&��! PC(ȱǫ&�

�9ƘÇɝ�(ǂƷ=ń¿ǃ&¿Ĵ�!�9%$�ęȂ(ƆĢ%ƃȀ&ĺɣ(ĮÃ
�9

#ǻ
7:!�9 26)-30)���"�PC &��9 JSAP1, JLP (ƃȀ) BC "ǂƴ�!�9

JSAP1(ĭɡ=Ø�!�9ÙȀļ
ɰ�(")%��#ǻ
��ęȂ")�:0"&�Cre-

loxP RT^t=ƹ�!�PC Ưƿǃ&ǂƴ�9 L7-Cre ɂ�ą=ƹ�� cKO rCT 31)5�

PC# BCƯƿǃ&ǂƴ�9 GluRδ2-Creɂ�ą=ƹ�� cKOrCT 32)
ǐǞ�:!�8�

�:7( cKOrCT) PC&Ǌǆ�� in vivo&��9 JSAP1, JLP(ƃȀȝŲ&ɞĢ&ū

ƹ"�9#ǻ
�� 

ŮǎǛ")�PC&��9 JSAP1, JLP(ƃȀȝŲ=Ȑ%	�3&�0� Jsap1, Jlp=ɤ

õƯƿǃ& cKO�� PCƯƿǃ Jsap1, Jlp cDKOɸJsap1:Jlp cDKO(PC)ɹrCT(�¸�

ȝŲ=Ȑ%����7&�BC"ǂƴ�!�9 JSAP1(�9�) JLP)
 PC&��9 JSAP1, 

JLP (ƃȀ&ĭɡ=�
!�9ÙȀļ=ȥ.9�3&�PC �6, BC Ưƿǃ Jsap1, Jlp 
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cDKOɸJsap1:Jlp cDKO(PC/BC)ɹrCT�PCƯƿǃ& JSAP1=ǂƴ�9 L7-Jsap1`{

�TSDc]JrCT=ƹ��~TIx�ɸJsap1:Jlp cDKO(PC/BC)/L7Jsap1ɹrCT=�

¸��ȝŲ=Ȑ%����(ǰŴ�ȮùZ�gJȬ JSAP1, JLP) PC&��!´ɑǃ%ƃ

Ȁ=Ŋ��PC (ƷĆ&ĺɣ"�9�#
Ǒê�:��JSAP1, JLP ) PC &��!IdR

�-1 Ćļ(ȱǫȴȷ=¿Ĵ�!�8�JSAP1, JLP(ƄĂ)IdR�-1 Ćļ(ȱǫȴȷ

(ǏǴ=Ʒ��ǔǯþļ=Ī�ȭ���0���:7( PC&��9 JSAP1, JLP(ƃȀ)

PC³"ǬǿȄįǃ&Ȑ<:!�9�#
Ǒê�:��3���&øã�9� 
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Şƕ 

 

rCT 

ÇƮčɯ)ŜɃǕćǉ&69ǎǛƃɔǡ&��9ÇƮčɯǡ(čş&ɔ�9÷Ůŋɍ#Ɍ

ƓĀć(ÇƮčɯĄè�(ȚǗ&Ĳ�!Ȑ���Jsap1flox/flox(Jsap1f/f)rCT19), 25)�6, 

Jlpflox/flox(Jlpf/f)rCT20))
>Ȼě¿ĴǎǛłćəǕćčɯV�Z�čɯÇƮǎǛşȠ(

Specific Pathogen Free (SPF)ƶû"ɫǽ�!��rCT=ƹ����í(ǎǛ")�N�

`��}rCT#�! Jsap1f/f:Jlpf/frCT=ƹ��� Jsap1:Jlp cDKO(PC)rCT

(Jsap1f/f:Jlpf/f:L7-Cre)) Jackson Laboratory( L7-Cre`{�TSDc]JrCT 31)#

Jsap1f/f:Jlpf/frCT=�Ʉ�9�#&6�!�¸���Jsap1:Jlp cDKO(PC/BC)rCT

(Jsap1f/f:Jlpf/f:GluRδ2-Cre))�ğŰ¦ÜŚŎ(ŝƤĀć)�7¹��!�����GluRδ2-Cre

rCT 32)#� Jsap1f/f:Jlpf/frCT=�Ʉ�9�#&6�!�¸��� Jsap1:Jlp 

cDKO(PC/BC)/L7-Jsap1 r C T (Jsap1f/f:Jlpf/f:GluRδ2-Cre:L7-Jsap1) ) Jsap1:Jlp 

cDKO(PC/BC)rCT#L7-Jsap1`{�TSDc]JrCT=�Ʉ�9�#"�¸���L7-

Jsap1`{�TSDc]JrCT)PC"L7-Jsap1ɂ�ą=ǂƴ�9rCT"�8�L7-

Jsap1ɂ�ą(N�T`{J`)Fig. 9A&Ǒ���L7ɂ�ąŮű(ATG&þƿ
®��pL7

	AUGnJZ�=ƹ�!�Ĥ�ĊçŚŎ(ǹɭĀć)�7¹��!�����pBS-L7-green 

fluorescent protein (GFP)nJZ��7L7ɂ�ąɤõ(ɒăNa�ATG=ƄĂ����Ł�

�pBS-L7-GFPnJZ�(GFPN�_A�Kɤõ&Jsap1(cDNAɂ�ą=ō®��33)-35)�

L7-Jsap1`{�TSDc]JrCT)ƵÉćǎǛł"�Ł�!�����rCT=ƹ�� 

(Accession No. CDB0513T: http://www2.clst.riken.jp/arg/TG%20mutant%20mice%20list.ht

ml)� 

 

ɂ�ąóȝŲ 

rCT(ǮǷƭ=Ő×��Ő×��rCTǮǷƭ�7�ǥ¡&ǮǷƭ�7MetDNA=ȥ

Ȗ�9�#("�9o]`Rz]`(Ńƕ&Ĳ��pH 12.0(Lysisf]k?� (25 mM N

aOH, 0.2 mM EDTA)=ǮǷƭ&�<
�95 °C"®B}��Ƒ�"µÐ��(��pH 5.0

(Neutralizationf]k?� (40 mM Tris-HCl)=�<
!pH=�ç��4 °C"ɀĹ�!�

f]k?��&MetDNA=ȥȖ���ȥȖ��MetDNA=Ɏó#�!�ǆǃɂ�ą&

Ưƿǃ&ǰÞ�9primer=ƹ�!PCR=Ȑ��DNA(üģ=Ȑ���PCR&ƹ�9DNAq

|u{�W)Go Taq DNA q|u{�W(Promega KKǓ)=ƹ���PCR&ƹ��primer

Ʉ»�Jsap1, 5’-AGGAACAGCCATAGATGGGACCGT-3’, 5’-GGGCTACACAGAGAAACCC

TGTCTCAA-3’ : Jlp, 5’-GTTTCCGTGTTCATTAGGGTGTGTTCAC-3’, 5’-CCCATGTAAGA
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GCAACACAGTTCTTACC-3’ : Cre , 5’-ACCTGATGGACATGTTCAGGGATCG-3’, 5’-TCC

GGTTATTCAACTTGCACCATGC-3’ : L7-Jsap1 (primer set 1) , 5’-TGTTTGGAGGCACT

TCTGACTTGC-3’, 5’-CTCGTCCATCTGGATCTCCATCAT-3’ : L7-Jsap1 (primer set 2) 5’

-CGGAGAGGATGATGAAACTGAGGA-3’, 5’-CACTCAACTCTTTGTTGCTAGTGCC-3’ 

 

ņ� 

­ǀǮǷÉćǃȝŲ&�ƹ���ƅņ�ɸanti-JSAP1 (1 µg/ml)25), anti-JLP (2 µg/ml)19), anti-

mouse calbindin D28K (1:500�6, 1:2000; C9848, Sigma-AldrichǓ), anti-rabbit calbindin 

D28K (1:250�6, 1:1000; AB1778, MilliporeǓ), anti-cytochrome c (Cyt c) (1:500; 556432, 

BD BioscienceǓ), anti-amyloid precursor protein (APP) (1:50; MAB348, MilliporeǓ), anti-

synaptotagmin 1 (SYT1) (1:100 �6, 1:300; 105002, Synaptic Systems Ǔ ), anti-

synaptophysin (SYP) (1:200; S5768, Sigma-AldrichǓ), anti-SNAP25 (1:500; T5168, Sigma-

AldrichǓ), anti-glial fibrillary acidic protein (GFAP) (1:500; G3893, Sigma-AldrichǓ), anti-

phosphorylated (Phospho) JNK (1:200�6, 1:100; 9251, Cell SignalingǓ)ɹ�ƹ���

ƅņ�ɸmouse Alexa 488, mouse Alexa 568, rabbit Alexa 488, rabbit Alexa 568-conjugated 

anti-mouse# anti-rabbit IgG (1:500�6, 1:1000; InvitrogenǓ)ɹ��:7&�<
�ŸŶ

Ȉ& 4’, 6-diamidino-2-phenylindole (DAPI, Sigma-AldrichǓ)=�ƹ���CDTZ�l�]

^A�K&�ƹ���ƅņ�ɸanti-JSAP1 (0.33 µg/ml)25), anti-α-tubulin (1:5000; T5168, 

Sigma-AldrichǓ)ɹ�ƹ���ƅņ�ɸhorseradish peroxidase (HRP)-conjugated anti-mouse, 

rabbit IgG (1:5000; GE HealthcareǓ)ɹ 

 

­ǀǮǷÉćǃȝŲ 

rCT&Ê¹%ɱɅ=ş��4 % g{o}t@}_ha(PFA)/0.1 M|�ɇǶȑƜ(PB)"Ƨ

ƙñČ=Ȑ��Ȃ=×8¸�! 4 % PFA /0.1 M PB�&���4 °C"�ŧİñČ=Ȑ���

İñČ(İ�10 %, 20 %, 30 %(TJ��T/1 M|�ɇǶȑƜ(PBS)"TJ��TǸœ=Ȑ

��ǋưɟ"`|s�K��Ȃ(P�m}= OCTN�gC�a(Sakura Finetek JapanǓ)

"Èô��-80 °C"¶ǰ���J|FTZ]`=ƹ�!¶ǰP�m}( 20 µm, 25 µm¶ǰ

ºƭ=�Ł��T{Ba(S9441, MatsunamiǓ)&Ȫ���Ƭ��İ�TBST (0.1 % Tween 

20 /`|TǶȑƷƵɪúƐ(TBS))"ºƭ( OCT N�gC�a=×8ɗ����(İ�l�

]I�Kf]k?�(2 % BSA, 2 % gort serum, 1 % Triton X-100 /TBST)"Ďơ�1Ŧɓ(

l�]I�KÖĻ=Ȑ���l�]I�KÖĻİ��ƅņ�=�<
�4 °C "�ŧ�ƅņ

�ÖĻ=Ȑ���TBST"Ɨƚ���ƅņ�=�<
�Ďơ�3Ŧɓ�ƅņ�ÖĻ=Ȑ���

�ƅņ�ÖĻǭ�İ�TBST"Ɨƚ��ȏ«ƹĕ®Â(vector laboratoriesǓ)"ĕ®���ĕ
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®��P�m})±ƪƨ~�Q�TIw�ɨĶɐ(LSM510 META, Carl ZeissǓ)( 20x, 40x

~�U=ƹ�!Ƽ©=×ĳ��� 

 

PCśƢČ 

J|FTZ]`=ƹ�!�ęȂ(Ɔ�ǵ�ȶ(g{PSZ}#å*:9ɤõ( 20 µm, 25 

µm¶ǰºƭ=�Ł��T{Ba&Ȫ���Ƭİ�TBS"ºƭ( OCTN�gC�a=×8

ɗ��c]T}ŶȈƜ(0.1 % cresyl violet)"ŶȈ=Ȑ��İ�EZe�}"ȁƐ=Ȑ��I

R~�&6�!ȸĸ��ĕ®Â(ĀȾƸŽŷĩ�Ǔ)"ĕ®���c]T}ŶȈ=Ȑ��P�

m})ȏ«ɨĶɐ(IX71, OlympusǓ)( CCDGu{ (DP50, OlympusǓ)=�ƹ�!Ƽ©(

×ĳ=Ȑ����(Ŧ×ĳ��Ƽ©=ƹ�!�Ƽ©ȝŲXk` Image J(National Institutes 

of HealthǓ)=ƹ�!ęȂ( 2�7 9ȋǆ0"&Ćò�9 PC (Ǭǿ�=Ĭŀǃ&½¾��

PCś(ƢČ=Ȑ���PCĝ(ɑ�)�ßƁ&Ƽ©ȝŲXk` Image J=ƹ�!�PCĝ#

ɧǧǬǿĝ(ɓ&ǵ=Ī���(ɑ�=ƢČ��� 

 

CDTZ�l�]^A�K 

ɥŻȁȇ&6�!ĈžƇ��rCT�7Ȃ=#8���Ƒ��ɨĶɐ�"ęȂ#ĀȂǅȬ=

Ő×���Ő×��ȂP�m})ÏĨ&Ɯ�ǝǪ�"¶ǰ��-80 °C"£Ć���Ő×��

Ȃ=Protease Inhibitor Cocktail (Sigma-AldrichǓ)=�<
�RIPAf]k?�(50 mM Tris-

HCl pH 8.0, 150 mM NaCl, 1 % NP-40, 0.5 % sodium deoxycholate, 0.1 % SDS)"ovSD

bBU��XcL�Rz���12,000 rpm"ɀĹ�!Ǭǿň¸Ɯ=ȥȖ���ȥȖ��Ǭǿ

ň¸Ɯ&SDSP�m}f]k?�(250 mM Tris-HCl pH 6.8, 10 % SDS, 30 % Glycerol, 5 % 

β –mercaptoethanol, 0.02 % Bromophenole blue)=�<
�®B}�9�#&6�!Ǭǿň

¸Ɯ�(Z�gJȬ=þļ����Ǭǿň¸Ɯ�(Z�gJȬƦħ)BCA protein assay kit 

(23225, Thermo ScientificǓ)&6�!ƢČ���@J|}@saM}(ÝCD}&Z�gJ

Ȭ=20 µg@m{B��SDS-PA-gel electrophoresis (PAGE)=Ȑ%����(İM}=º8

¸��TBSTƣƜ"Ɨƚİ�PVDFu�l~�(MilliporeǓ)&M}=ɉ'!`{�Tk?�Ȕ

Ǹ&ȠǸ��̀ {�Tk?�f]k?��"PVDFu�l~�&M}�(Z�gJȬ=`{

�Tk?����Z�gJȬ
`{�Tk?��:�PVDFu�l~�=TBSTƣƜ"Ɨƚ

��5 %TIts}J/TBSTƣƜ(l�]I�Kf]k?�)"ɵŦɓl�]I�K=Ȑ��

�ƅņ�=�<
�l�]I�Kf]k?�"4 °C"�ŧ�ƅņ�ÖĻ=Ȑ����ƅņ

�ÖĻİ�u�l~�=TBSTƣƜ"Ɨƚ���ƅņ�=�<
�l�]I�Kf]k?�

"�ƅņ�ÖĻ=Ȑ%����(İ�Z�gJȬ(f�a= Immobilon Western 

Chemiluminescent HRP Substrate (MilliporeǓ)"ż¸��LAS-4000 (GE healthcareǓ)=ƹ
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�!Ƽ©=×ĳ��� 

  

Reverse transcription (RT)-PCR 

Sepasol-RNA I Super G (Nacalai TesqueǓ)(Ńƕ&Ĳ��čɯƃů5ǜƏ�(RNase&6

�!P�m}�(RNA
¹ȝ�:%�6	�RNAň¸čɯƹ&ƹľ��čɯì²#RNase

k|�(Ɛ=�ƹ�!��(�Ž=Ȑ%��total RNA=ȥȖ���rCT�7Ő×��r

CTȂP�m}(ɉɋ=ƢČ��ɉɋ&Ļ��ɋ(VgY�}=�<
�ovSDbBU�

��J��o}t=�<
�12,000 rpm�4 °C"ɀĹ���Ɵ=Ő×��Ő×���Ɵ#ǡ

ɋ(BXm�ge�}=�<
�12,000 rpm�4 °C"ɀĹ��RNA=Ų¸����ƒƋ&

70 %EZe�}=�<
�Ȱ¤ƞç&6�!ƒƋ&�Ǌ��ú=×8ɗ��12,000 rpm�

4 °C"ɀĹ�!EZe�}=×8ɗ��İ�RNasek|�(Ɛ=�<
!ƒƋ=ƣȝ���

RNAƣƜ=ĳ��RNAƣƜ&â0:9RNA(Ʀħ)¹««ħȟ=ƹ�!ƢČ���

PrimeScript� 1st strand cDNA synthesis kit (TakaraǓ)(Ńƕ&Ĳ��RNA&{�[t&ǰ

Þ�9{�[tprimer=ƹ�!RT=Ȑ��ȥȖ��total RNA�7cDNA=ĳ��Jsap1:Jlp 

cDKO(PC/BC)/L7-Jsap1rCT�7ĳ7:�cDNA=Ɏó#�!�L7-Jsap1�6,Gapdhɂ

�ą(primer=ƹ�!RT-PCR=Ȑ���L7-Jsap1ɂ�ą(N�T`{J`#�primer
Ȥ

Ȩ�9ɤõ)Fig. 9A&Ǒ���L7-Jsap1ɂ�ą=ȤȨ�9primer)L7-Jsap1ɂ�ą(L7ɂ

�ąɤõ(exon3#Jsap1ɂ�ąɤõ(ũ¼(Ʉ»=ȤȨ�96	&Ƞȟ�:!�8� L7-

Jsap1ɂ�ą(cDNA��%<�L7-Jsap1 mRNA
ęȂ&��!ǂƴ�!�9�$	�=ȝ

Ų � � � RT-PCR & � ƹ � � Primer Ʉ » � : L7-Jsap1, 5’- 

CGTGTAACAGTTAATTCCCTGCCTG -3’, 5’- CTCGTCCATCTGGATCTCCATCAT -3’ : 

Gapdh, 5’-AAATGGTGAAGGTCGGTGTG-3’, 5’-TGAAGGGGTCGTTGATGG-3’.  

 

ǱȟćǃȝŲ 

ǱȟćǃȝŲ&) Student's t-test=ƹ�!¹Ų=Ȑ���P¥) P< 0.05=Ǳȟǃ&ūľ

#��� 
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ǰŴ 

 

PCƯƿǃ JSAP1, JLPƄĂ&69 PCȱǫȃÉ#ǔǯȁȊ 

� PC&��9ȮùZ�gJȬ JSAP1, JLP(ƃȀ=ȝŲ�9�3&�0� Cre-loxpRT^

t=ƹ�� PCƯƿǃ% Jsap1, Jlp cKOrCT=�¸���čɯ&�ƹ��N�`��} 

(Jsap1f/f:Jlpf/f) � Jsap1:Jlp cDKO(PC) (Jsap1f/f:Jlpf/f:L7-Cre) � Jsap1 cKO(PC) 

(Jsap1f/f:Jlpf/+:L7-Cre)�Jlp cKO(PC) (Jsap1f/+:Jlpf/f:L7-Cre)rCT)�loxp-flanked (floxed)Ʉ

»=ō®�� Jsap1, Jlp(ɂ�ąǮ1œ
rCT(�:�: Jsap1f/f, Jlpf/f)#�ęȂ") PC

Ưƿǃ&ǂƴ�9�#"ǌ7:9 L7 ɂ�ą(m�v�Z�(¿Ĵ�" Cre Ǯ1œ
ɆǪ

=ǂƴ�9 L7-Cre`{�TSDc]JrCT=ŏ�Þ<�9�#&6�!�¸�� 19), 20), 

25), 31)�CreǮ1œ
ɆǪ) loxpɄ»=ȤȨ���(Ʉ»&Ō0:� DNAɤõ=Ǯ1œ
�

ƄĂ��9Z�gJȬ"�9�0��Jsap1:Jlp cDKO(PC)rCT&��! PC Ưƿǃ&

JSAP1, JLP
ƄĂ�!�9�$	�=�PCr�G�"�9ņ calbindinņ�#�ņ JSAP1

�9�)ņ JLP ņ�=ƹ��­ǀǮǷÉćǃȝŲ"ȥ.���(ǰŴ�Ʒİ 4 Ⱥɲ(

Jsap1:Jlp cDKO(PC)rCT( PC&��!�JSAP1, JLP(RKb}
ƄĂ�!�9�#=

ǐȤ��(Fig. 1A)���"�­ǀǮǷÉćǃȝŲ"Ǒ�� JSAP1(RKb}) PC(Ǭǿ

�")ƄĂ�!�9�Ş�ßƁ& JSAP1(ɰ�ǂƴ
Ȥ37:9 BC
 PC(ȱǫɒăƨ

&ĬŁ�9ȱǫ(J{TZ�"�9j�T�&) JSAP1(RKb}
Ȥ37:���:)

Jsap1:Jlp cDKO(PC)rCT") L7m�v�Z�(¿Ĵ�" PCƯƿǃ& JSAP1, JLP
Ƅ

Ă�!�9�#=Ǒ�!�9�Ʒİ 24Ⱥɲ(N�`��}�Jsap1 cKO(PC)�Jlp cKO(PC)�

Jsap1:Jlp cDKO(PC)rCT(ņ calbindinņ�=ƹ��­ǀǮǷÉćǃȝŲ")�Jsap1:Jlp 

cDKO(PC)rCT" PC (ǔǯȁȊ
Ȥ37:�(Fig. 1B)���"�Ʒİ 24 Ⱥɲ(N�`

��}�Jsap1 cKO(PC)�Jlp cKO(PC)�Jsap1:Jlp cDKO(PC)rCT(¶ǰP�m}�7�

Ł��ºƭ=c]T}ŶȈ��PC(Ǭǿ�ś=ƢČ���ǰŴ�Ʒİ 24Ⱥɲ( Jsap1:Jlp 

cDKO(PC)rCT")N�`��}rCT#ƍȳ�!PCś(Ǳȟǃ&ūľ%ƠĚ
Ȥ37

:�(Fig. 1C)�Jsap1 cKO(PC)�Jlp cKO(PC)")�:7(ƿĢ)Ȥ37:%���(Fig. 1B, 

C)�0��Ʒİ 24Ⱥɲ(N�`��}�Jsap1 cKO(PC)�Jlp cKO(PC)�Jsap1:Jlp cDKO(PC)

rCT(ņ calbindinņ�=ƹ��­ǀǮǷÉćǃȝŲ")�Jsap1:Jlp cDKO(PC)rCT"

PC(ȱǫ
Ćò�9ɤõ&�calbindin(a]`ư(RKb}
Ȥ37:�ȱǫ(ȹ�
Δ

ĀÉ�9ĬŀƿĢ"�9ȱǫȃÉ
Ʒ�!��(Fig. 1B)�ȱǫȃÉ)ǔǯǬǿ(ȱǫȴȷ&

ƿĢ
Ʒ��ə&Ȥ37:9ȓƴó#�!6�ǌ7:!�9��:7(ǰŴ) JSAP1, JLP

)´ɑǃ%ƃȀ=4��PC(ƷĆ&�ÙƄ%ĮÃ=Ŵ��!�9�#=Ǒê�!�9��

7&�JSAP1, JLP (ƃȀ) PC &��9ȱǫȴȷ(¿Ĵ&4ɔ��!�9#ǻ
7:9� 
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Figure 1 PCƯƿǃ% JSAP1, JLP(ƄĂ 
(A) Jsap1f/f:Jlpf/f (N�`��})�Jsap1:Jlp cDKO(PC)rCT(­ǀǮǷÉćǃȝŲ�Ʒİ 4Ⱥɲ(
N�`��}�Jsap1:Jlp cDKO(PC)rCTęȂ(ǋưɟºƭ=ņ calbindinņ��6,ņ JSAP1ņ
��9�)ņ JLP ņ�"­ǀŶȈ���Ú&ŉĀð=Ǒ��PC (Ǭǿ�=a]`(ǵ"ï2�#
"Ǒ���(B) Ʒİ 24Ⱥɲ Jsap1:Jlp cDKO(PC)rCT( PC(ȱǫȃÉ#ǔǯȁȊ�N�`��
}�Jsap1 cKO(PC)�Jlp cKO(PC)�Jsap1:Jlp cDKO(PC)rCTęȂ(ǋưɟºƭ=ņ calbindinņ
�"­ǀŶȈ���(C) PCś(ǱȟćǃȝŲ�Ʒİ 24Ⱥɲ(N�`��}�Jsap1 cKO(PC)�Jlp 
cKO(PC)�Jsap1:Jlp cDKO(PC)rCTęȂ(ǋưɟºƭ=c]T}ŶȈ��ęȂ( 2�7 9ȋǆ0
"( PC=GC�`�! 1 µm��8 PC(ś=ƢČ���Nś) 4"�9�Scale bars, 25 µm. **P 
< 0.01; n.s., not significant. 

 

PCƯƿǃ JSAP1, JLPƄĂ&69 PC(ǔǯþļ 

Ɓ�%Ⱥɲ(N�`��}�Jsap1:Jlp cDKO(PC)rCT=ƹ�!�Jsap1:Jlp cDKO(PC)

rCT(68ȣǬ%ǮǷćǃȝŲ=Ȑ���Ʒİ 8�12�16�24�40Ⱥɲ(N�`��}�

Jsap1:Jlp cDKO(PC)rCT(¶ǰP�m}�7�Ł��ºƭ=c]T}ŶȈ��PC(ś(
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ǱȟćǃȝŲ=Ȑ����(ǰŴ�Ʒİ 8Ⱥɲ( Jsap1:Jlp cDKO(PC)rCT") PC(ś

)N�`��}rCT#ßǡ���
�Ʒİ 8Ⱥɲ�ɕ( Jsap1:Jlp cDKO(PC)rCT")

N�`��}rCT#ƍȳ�! PC(ś(Ǳȟǃ&ūľ%ƠĚ
Ȥ37:�PC(ś(ƠĚ

(ÃÞ)rCT(Ⱥɲ
Ȼ2##4&üÅ�!�8�PC(ȻȐļ(ǔǯȁȊ
Ȥ37:�

(Fig. 2A)�0��Ɓ�%Ⱥɲ(N�`��}�Jsap1:Jlp cDKO(PC)rCT( PC(ȱǫ& 

�!�ņ calbindinņ�=ƹ��­ǀǮǷÉćǃȝŲ=Ȑ���ǰŴ�Ʒİ 8�12�16�24

Ⱥɲ(¯!(Ⱥɲ"�PC(Ǭǿ�(ȶ�&ȱǫȃÉ
Ȝē�:�(Fig. 2B)��7&�PC(

ȱǫȃÉ)�PC (ȱǫ(ŭǟ
Ņė�9ęȂŸ (DCN) ɤõ"4Ȥ37:�PC (ȱǫ(

ś
Ʒİ 16�24Ⱥɲ( Jsap1:Jlp cDKO(PC)rCT( DCN")ƠĚ�!�96	%Ƽ©


ĳ7:�(Fig. 2C)��:)ȱǫþļ
Ʒ�!�9�#=Ǒê�!�9#ǻ
7:�ȱǫþļ

)ǔǯþļ"Ȥ37:9ƴȩ(+# "�9�3�Jsap1:Jlp cDKO(PC)rCT"Ȥ37:

� PC(ǔǯǬǿƇ
ǔǯþļ"�9�#=Pq�`�9ǰŴ"�9�PC(ȱǫȃÉ)ǔ

ǯȁȊ
Ȥ37:%�Ʒİ 8Ⱥɲ"4Ȥ37:(Fig. 2B, C)��(�#) PC (ȱǫȃÉ)

ǔǯǬǿƇ
Ī�ȭ��:9Á&š&Ʒ�!�9�#=Ǒê�!�9�0��Ʒİ 24Ⱥɲ

(N�`��}�Jsap1:Jlp cDKO(PC)rCT(ņ GFAPņ�=ƹ��­ǀǮǷÉćǃȝŲ

")�Jsap1:Jlp cDKO(PC)rCT" GFAP (ƿĢ%ƘļÉ
Ȥ37:�(Fig. 2D)�GFAP

)ȂǔǯǨ(K|@(+# "�9@T`�PB`(r�G�"�8�@T`�PB`)

ȂǔǯǨ
¨ď=Ø��#�&ƘļÉ�K|F�RT
Ʒ�9�3�GFAP (ƿĢ%Ƙļ

É)ȂǔǯǨ(¨ď(r�G�#�!ƹ�7:9��7&�K|F�RT)ǔǯþļ"6�

Ȥ37:9ƴȩ"�9��:7) Jsap1:Jlp cDKO(PC)rCT"Ȥ37:� PC(ȻȐļ(

ǔǯȁȊ
ǔǯþļ"�9�#=Ǒê�9ǰŴ"�9��:7(ǰŴ)�PC &��9

JSAP1, JLP (ƄĂ)�0� PC (ȱǫȃÉ=Ʒ��ȱǫ"(ƿĢ
Ʒ��İ&�PC (ǔ

ǯþļ
Ī�ȭ��:!�9�#=Ǒê�!�9� 
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Figure 2 Jsap1:Jlp cDKO(PC)rCT PC&��9ȱǫȃÉ#ȻȐļ(ǔǯȁȊ 
(A) PCś(ǯŦǃ%ǱȟćǃȝŲ�Ʒİ 8�12�16�24�40Ⱥɲ(N�`��}�Jsap1:Jlp cDKO(PC)
rCTęȂ(ǋưɟºƭ=c]T}ŶȈ��ęȂ( 2�7 9ȋǆ0"( PC=GC�`�! 1 µm�
�8( PC (ś=ƢČ���N ś) 4 "�9�(B) N�`��}�Jsap1:Jlp cDKO(PC)rCT(ņ
calbindinņ�=ƹ�� PCĝ(­ǀǮǷÉćǃȝŲ�N�`��}�Jsap1:Jlp cDKO(PC)rCTęȂ
(ǋưɟºƭ=ņ calbindin ņ�# DAPI "­ǀŶȈ���Úð)±ƪƨɨĶɐ( Z-stack =ƹ�!�
Ñ�= 2 µm &ȠČ��Ýºƭ=ȟ 10 ųŖĭ��ŉĀð=Ǒ��� (C) N�`��}�Jsap1:Jlp 
cDKO(PC)rCT(ņ calbindinņ�=ƹ�� PC( DCNɤõ(­ǀǮǷÉćǃȝŲ�N�`��}�
Jsap1:Jlp cDKOrCTęȂ(ǋưɟºƭ=ņ calbindinņ�# DAPI"­ǀŶȈ���(D) Ʒİ 24Ⱥ
ɲ Jsap1:Jlp cDKO(PC)rCT(K|F�RT�N�`��}�Jsap1:Jlp cDKO(PC)rCTęȂ(ǋ
ưɟºƭ=ņ GFAP(@T`�PB`r�G�)ņ�"­ǀŶȈ���DAPI )Ÿ=Ǒ�!�9�Scale 
bars, 25 µm (B, C). Scale bar, 50 µm (D). **P < 0.01; ***P < 0.001; n.s., not significant. 

 

 

PC&��9 JSAP1, JLP&69IdR�-1 Ćļ(ȱǫȴȷ¿Ĵ 

Jsap1:Jlp cDKO(PC)rCT")ȱǫȴȷ&ƿĢ
Ʒ�!�9�#=Ǒê�9ȱǫȃÉ


Ȥ37:�JSAP1, JLP)ȱǫȴȷ(v�Z�Z�gJȬ"�9IdR�-1#ǈ��ƹ�9

�#
ǌ7:!�9�3 20)-24)�Jsap1:Jlp cDKO(PC)rCT( PC")IdR�-1 Ćļ(

ȱǫȴȷ&ƿĢ
Ʒ�!�9(")%��#ǻ
7:9��(ÙȀļ=ȥ.9�3&�Ʒİ

8 Ⱥɲ(N�`��}�Jsap1:Jlp cDKO(PC)rCT( PC (ȱǫȃÉɃ&IdR�&6�

!ȱǫȴȷ�:9ǚȉ
Ȍǚ�!�9�$	��­ǀǮǷÉćǃȝŲ=Ȑ���IdR�-

1 &6�!ȴȷ�:9@s�BaÁɮ�Z�gJȬ(APP)�s`N�a|@r�G�(

cytochrome c (Cyt c)�IdR�-1�ÿ&6�!ȴȷ�:9ǚȉ& �!)IdR�-3&6

�!ȴȷ�:9Rbm`kAS�(SYP)#Rbm`ZKs� 1(SYT)&Ǌǆ�! 3)�ņ

calbindinņ�#�APP�Cyt c�SYP�SYT 1(��:�(ņ�&69�ɉŶȈ=��%�

��­ǀǮǷÉćǃȝŲ(ǰŴ�Jsap1:Jlp cDKO(PC)rCT( PCȱǫȃÉɃ&IdR�-

1&6�!ȴȷ�:9s`N�a|@�APP(RKb}
ż¸�:�(Fig. 3�Ɗ)��Ş"�

IdR�-3 &6�!ȴȷ�:9 SYP�SYT1 (RKb}) PC (ȱǫȃÉɃ&/#>$ż

¸�:%���(Fig. 3�Ɗ)��(ǰŴ) Jsap1:Jlp cDKO(PC)rCT( PC(ȱǫȃÉɃ&

IdR�-1 &6�!ȴȷ�:9F}Hd{5ǚȉ
ɁŇǃ&Ȍǚ�!�9�#=Ǒê�!

�9��:7(ǰŴ�7�JSAP1, JLP) PC&��!IdR�-1 Ćļ(ȱǫȴȷ=¿Ĵ

�!�8�JSAP1, JLP(ƄĂ)IdR�-1 Ćļ(ȱǫȴȷ=ɚď��ǔǯþļ=Ī�ȭ

��!�9�#
Ǒê�:9� 
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Figure 3 Jsap1:Jlp cDKO(PC)rCT PCȱǫȃÉɃ&��9IdR�-1(ǚȉ(ɁŇǃ%Ȍǚ 
Ʒİ 8Ⱥɲ(N�`��}�Jsap1:Jlp cDKO(PC)rCTęȂ(ǋưɟºƭ=�ņ calbindinņ�#�
@s�BaÁɮ�Z�gJȬ(APP)�s`N�a|@r�G�Cyt c�Rbm`kAS�(SYP)�R
bm`ZKs� 1(SYT 1)&Ĕ�9ņ�(��:�"�ɉŶȈ���®]JT(³Ƀ)ŉĀð"�
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