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ʉƣeKl�̉Lack of Molecular-Anatomical Evidence for GABAergic 

Influence on Axon Initial Segment of Cerebellar Purkinje Cells by the 

Pinceau Formation 

Ĳɭ˚ʄû̉The Journal of Neuroscience
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� o����1ǁŴFƌ'Ȼɕ*�A
ǇǺȩʔ+ʘȹ+��ǈɖ+Ŵʒ0Ȇ

-BȞȾȩʔFư�)�B�ʘȹ1
Ȼɕ²0ʘȹŀ��@®3BȻ�ˊ� 1

ƴ0ȞȾȩʔ*�A
ǘâ˝°0ȉǿ+¬ƙFƈ&)�B��ƺȞȾȶ.��

)
ʘȹ0ĥʷÒ1P�Zk�m�[Kl�ŢŽ�B˳ˢ.?&)ɵECB�

���
ʘȹʔĮʷ�@ƮÕ0˳ˢ�Ŏ�Į<B9*0ʷÒ+
˗Ɠ�B˳ˢ

ˌ0ʷÒ1;�Ñ�0ʘȹ*
!C"CʘȹÕȰ+��vNɀʝ+?2CB�

�0́'0ʘȹ˨ė.1
Ȼɕɝȑ�.ǹǌ-ɲƀ%ǃʩ�ıē� 1, 2
��.

ǘâ˝°0ȉǿ>¬ƙ.ˍ��B˝°µıŴ Na+g�p�>
ǘâ˝°0ƏŔ�

ƌɂƬˌ�˪śFØū�B˝°µıŴ K+g�p��˴ĺś.˙Ȧ�)�B 3�

�@.
�C@0ǹǌ-ȽɌǃȱ>KP�g�p�0˙Ȧä.ˍEBȻɕƓȕ

Òİ
Ȼɕ˲ƽe�tU
ʖěe�tU-,
ʘȹÕȰ+��vNɀʝ.1ǹ

Ȇ-ÒİɺÚĲȌǾĞ�ʽŽ�C)�B 4, 5�ǹ.
ʘȹÕȰ1ǘâ˝°FƮÕ

.ȉǿ�Bě*�B�+�@
!0ɺÚĲȌǹŴ>ǈɖȌǹŴ1ǘâ˝°0ȉ

ǿØū.+,9@�
ȥ�0ȞȾȈŶ+=ˍʪ�B=0+�)ʢŖǖȐ�C)

�B 6� 

� ĥəȎʒ>ǝ˰.ıē�Bˆ²Ȼɕ0ʘȹÕȰ.1
]��k�IȻɕ+ą

2CBǹǌ- GABA ³âŴ¤ēo����.?Bʘȹ	ʘȹ]nz_�ŢŽ�

C)�B 7�]��k�IȻɕ0ȞȾȼƳ1 GABA ùŽʻȸ*�BV�e��

ʼɘǱʻȸ˺GAD˻+ GABA FÌɦ�
]nz_ˌ˖�@ GABA FČò�B

ʞʣ² GAT1 =ȉǼ�)�B 8-11�!0�_l]nz_ɝ.1
GABA F¤�

#ƁØŴ]nz_¬ʯ.ůɴ- GABAAôĸ²�ȉǼ�
!0Ĥ�� GABAAα1

[y�ohlFþG*�B 12��0?�-ʘȹÕȰ.��B GABA¬ʯˍʪÒ
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ˆ²Ȼɕ0ǘâ˝°ȉǿ0eK��V>˪śFŠÝ.Øū

�)�B+ɑ�@C)�B 13� 

� �ƥ
ŀə*1
z�S�NȻɕ0ʘȹÕȰF GABA³âŴ¤ēo����

*�Bs_WhlȻɕ0ʘȹ�óAď:
z�S�NȻɕ²ęʷ.ōĥ-ʥÍ

ˆŢǃʩ+�)ɹļ*�B 14-22��0ǹǌ-ǃʩ²1
x��_ʆ*y�]F

ŸĄ�Bt�c�pinceau +Ćû�C)�B�t�c�1
3̌7 ¹0s_Wh

lȻɕ0ʘȹ�˙9&)ÒŇ�
˕ĠǄƓȕF¤�)Ȓ¡.ĺȕ�ù�ɉĺ-

ǃȱ*�B 16, 23-25�z�S�NȻɕ0ʘȹÕȰ1
˝°µıŴ Na+g�p�

NaV1.6
ȻɕƓȕÒİ*�B L1-CAM>o���xH]�
ʖěe�tU0I

�S�� G
Ȼɕ˲ƽe�tU0��_}Ul��-,FʏĻ.ȉǼ� 26, 27


ǘâ˝°0ȉǿ.ˍ��)�B 28�t�c�+z�S�NȻɕ0ʘȹÕȰ+0

ˌ.1
ĥəȎʒ>ǝ˰+úǄ. GABA ³âŴ0ʘȹ	ʘȹ]nz_�ŢŽ�

C)�B+��ĚĂ> 20
I_l�[KlǄǃʩ�¤ē�B#<.]nz_ǃ

ʩ�Ł-�+��ĚĂ=�B�17, 21, 25, 29�t�c�0ǃʩ+ǈɖ.ˍ�)îɑ

.�6�ÄɬȚȧ1
ʤʶɬâ.ˍ��Bț˲˵ˬ0�L_n�Ȼɕ0Țȧ*

�B��0ōĥ-ȞȾȻɕ0ʘȹÕȰăď.1
IUc�S�hz+ą2CB

t�c�.ˬ¯�#ǃʩ�ŢŽ�C)�B�IUc�S�hz1
GABA F¤

�#äĲȌƁØ+ʭÒǁ.?B˝ǏȌƁØ.?A
�L_n�Ȼɕ.��Bǘ

â˝°0ȉǿFØū�)�B+ŷĴ�C)�B 30, 31��C.Ľ�
t�c�Ì

ʷ0s_WhlȻɕʘȹɝ1˝°µıŴ Na+g�p�0ȉǼFǉĬ�B�+�

@
Na+ǙÈ.?BɘÒǁ1ʔ�@-�+ɑ�@C)�B��@.
˝°µıŴ

K+g�p��ʏĻ*�Aȉʯ�#˕ĠǄƓȕ.?BȻɕˌ˖F¤�#KP�0

Ɗơ=Øˏ�C)�B�+�@
t�c�*1ʭÒǁŴ0˝ě�ŢŽ�C
�

C�z�S�NȻɕʘȹÕȰ.Ľ�)˝ǏȌƁØF��B�+*ǘâ˝°0ȉ
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ǿFØū�)�B+ŷĴ�C)�B 16, 23-25� 

� GABA F¤�#äĲȌ]nz_¬ʯ1
�ƺȞȾȶ.��)o����0ɢ

īFƁØ�BƮ=�ɣȌ-ǈǃ*�B��0¬ʯ0ŽȪ.1
z�]nz_¼

.��B GABAùŽ
]nz_ŀɕ50 GABAÃĝ
]nz_ˌ˖50 GABA

0ˋõƞÑ
�_l]nz_ɝ.��B GABAôĸ²0˙Ȧ+ǘŴä
�@.

]nz_ˌ˖FƎG*ü��ù�z�]nz_+�_l]nz_0ǃʩȌƓȕ

Fůɴ+�B����
t�c�.��B GABAF¤�#äĲȌƁØǈǃ.ˍ

�B�C90șɶ1ǁ<)ƤǷȌ-=0*�A
Ɂ��#ɶɺ1Ʋ$Ū@C)

�-�� 

!�*
ƴȚȧ*1
GABA ³âŴ]nz_¬ʯ.ůɴ-ȽɌǃȱ+Òİȉ

ǼF
�L_0t�c�+z�S�NȻɕʘȹÕȰ0Ɠɻʷ.��)ɺƷ�


ËĕȌ- GABA³âŴ]nz_+�)ș@CBz�S�NȻɕ+s_WhlȻ

ɕʘȹ+0ˌ0Ȼɕ²]nz_+ǎʙ�#��@.
ĥəȎʒ>ǝ˰0ʘȹÕ

Ȱ.ŢŽ�CBʘȹ	ʘȹ]nz_.��BÒİȉǼ+0ǎʙ=ɬ&#�!0ȿ

Ƹ
t�c��ȑƓƓɻ�Bz�S�NȻɕʘȹÕȰ0˨ė1Ł-�
!0ĥ

ʷÒ1I_l�[Kl0Ȼɕȩʔ.?AɰEC)�#��@.
z�S�NȻ

ɕ0ʘȹÕȰ+t�c�0Ɠɻʷ°.1]nz_ȿù17+G,ɹļ�C�


GABA ³âŴ¬ʯ.ˍEBÒİɏ0Ĥ�=ǉĬ�
ȉǼ�BÒİ*�@Ȼɕ²

]nz_ȉǼ.ǎ6Ʃ@�.±��|�*�&#��C.Ľ�
ĥəȎʒ>ǝ

˰0ʘȹ	ʘȹ]nz_.1
z�S�NȻɕ0Ȼɕ²]nz_+úǄ.
ǀɾ

�#É)0 GABA³âŴ]nz_¬ʯÒİ1˴��|�*ȉǼ�)�#��C

@0žɶ.ę(�
t�c�1z�S�NȻɕʘȹÕȰ.Ľ�) GABAF¤�

#äĲȌƁØFɬ�#<0ǃʩ²*1-�
ËĕȌ- GABA ³âŴ0ʘȹ	ʘ

ȹ]nz_+1Ȇ-BÒİɺÚĲȌęȏFư�)�B+ȿʉ�#� 
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Ȅʆɯ�

˺ƴƣ�*´Ȁ�#Ȅʆ1¨�0+�A*�B�˻ �

�

Car8          carbonic anhydrase 8 

Cy3           cyanine 3 

Cy5           cyanine 5 

GABA         γ-aminobutyric acid 

GABAARα1    γ -aminobutyric acid A receptor alpha 1 subunit 

GAD� � �    glutamic acid decarboxylase 

GAT1           GABA transporter 1 

GLT1           glutamate transporter 1 

KV1.1          voltage-gated potassium channel subfamily A member 1 

KV1.2          voltage-gated potassium channel subfamily A member 2 

NaV1.6         voltage-gated sodium channel 1.6 

PSD-95         postsynaptic density protein-95 

PBS           phosphate-buffered saline 

TBS           tris-buffered saline 

VIAAT         vesicular inhibitory amino acid transporter 
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H�T}���Q|G��

ĵ˱âǸ1
Ž²Ʊ˺ǿŨ 2�Ư˸˻�?3ǿŨ 13Ƨ˸0 C57BL˾6N�L

_FȀ�

åǝʮĥĲ.��BâǸĵ˱.ˍ�Bƍ˃�.ǩƉ�)��-&#�

}�ls�ve��˺100mg˾kg²ʿ˻FɜɛÌƂ��
èÒ-˶ʹFŪ#�

*
ɩÅƃ²ǔ.1 4˹t�xO��I�kum˾0.1M��ʼɈɮǠ˺ pH7.2


¨� PB 
˻Æȇ˝İ˫Ŭˉǔ.1 4˹t�xO��I�kum˾0.1%V�e�

I�kum˾0.1M PB
ʧœ0˝İ˫Ŭˉɹļ.1 2˹t�xO��I�kum

˾2˹V�e�I�kum˾0.1M PBF 7.5 ml/min 0Ǚʨ.) 10Òˌ
ȾŮ

Ȍ.ǭǙ�#�əFƘÑŨ
úǠ.) 1Ƭˌ0ŨđĴFɬ&#�đĴəF 2%I

R��_X�.ãĖ�
�KU�_�K[�˺VT1000S̊Leica
mKi˻FȀ

�)ɧÓ�#�ɩÅƃ²ǔ+ãĖÙ˅ğŹÆȇ˝İ˫Ŭˉǔ.1 50 µmë
ã

ĖŨÆȇ˫Ŭˉǔ.1 400 µmë0əÓǷF³ɳ�#� 

ãĖŨÆȇ˝İ˫Ŭˉǔ.´Ȁ�BəÓǷ1
30˹_U��_˾0.1M PB*

Ïȿ·ʎ�
EM CPC �ohl˺Leica˻FȀ�)Ǡ²z�t�.?AųʨÏ

ȿ� #�ÏȿəÓǷ1ʭí0ĚĂ.ũ�32
AFS ÏȿɍƖ�ohl˺Leica˻

FȀ�)Lowicryl HM-20Ǉɗ˺Lowi˻.ãĖ�#�ʧœ˝İ˫ŬˉɹļȀ0ə

ÓǷ1
2%ċʼäP_�L�.)1ƬˌŨđĴF�#Ũ
2˹ʺʼL��ǐǪǠ

.)20Òˌ0y�hUƻɤFƦ�
ɘǐŨ
Epon812.ãĖ�#�L�l��

U�l��˺UltraCut̊Leica˻FȀ�)
70 nmë0ʕɧÓǷF³ɳ�
oh

W�V�hm.�L�l�#� 
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qF�

� ´Ȁ�#ƃ²�?3!0ǹȆŴʁ¶1ɯ̀.ɿʚ�#�ƴȚȧ*1L[T�

?3���hlI�S��Gƃ²
L[TGAT1ƃ²
L[TShakerĕ˝°µı

ŴK+g�p�KV1.1�?3KV1.2ƃ²
L[T˝°µıŴNa+g�p�pan-NaV

ƃ²
���hlo����^�́ƃ²F³Ž�#�GAT1ƃ²9#1o���

�^�́ƃ²0ƃì1
ƃìNwl�zFY�m�#ĜęʸÔFpGEX4T2˺ GE 

Healthcare
ȳĒ˻0BamHI/EcoRI[Kl.[yU��o�V�
V�egP

�Sl��_xM��bɪùe�tU+�)ȉǼ
ČòFɬ�
l��v�.?

BÓƤŨ
V�egP�axH��_4B+ȿù� B�+.?&)³ɳ�#�

I�S��Gƃ²
KV1.1ƃ²
KV1.2ƃ²
pan-NaVƃ²0ƃì.1
Qyl

Ro{�]Io�0ȿù� #ùŽ}zgmF´Ȁ�#�ƃì1x�K�lĳ

ÉäI^�s�l.?AN��^��ä�
o��^���mȋL[T9#1

r�l�K���hl.6ČȎ�ǖľFɬ�
ƃɫǤFŪ#�ƃɫǤFƃìIx

JojJ�Q��.ʧ��+.?Aȵɳƃ²FŪ#� 

 
�µ¾H���qF�qW¦E�T}��~�n�ON  

NCBI1 National center Biotechnology Information0Ȅ*�B�HEK1


HEK ȻɕöǪäǠFʵ¬İĿÈ�#K�qy�hlǀĴ
IB 1ə~�^p�

l0K�qy�hl
PT1ƃ²ÿòʂ˱.?BǹȆŴǀĴ*�B�+Fȝ�� 

 

Òİû 
ƃìʷ°0I�qʼ˨ė

˺NCBIȊˇȅø˻ 
âǸȥ ǹȆŴ îɑ 

I�S�� G 
1708-1726 
(NP_733924.2) 

L[T 
���hl 

WB/PT Đ 3 

s_�� Rat bassoon 
�L_�q 
U��n� 

� WB 
VAM-PS003, Enzo 
Life Science 
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Car8 33-61 (BC010773) 

L[T 
���hl 
�T 

WB/PT Patrizi et al. (2008)39 

GABAARὰ 369-386 (NM_010250) 
L[T 
���hl 

WB/HEK 
Ichikawa et al. 
(2011)22 

GAD 268-593 (A28072) 
L[T 
�T 

WB/PT 
Yamada et 
al.(2001)54 

GAT1 
1-46/564-599 
(NM_178703) 

L[T 
���hl 

WB/HEK Đ 2 

GLT1 
540-572 
(NM_001077514) 

L[T 
���hl 
�T 

WB 
Yamada et 
al.(1998)55 

KV1.1 478-492 (NM_010595) 
L[T 
���hl 

WB/HEK/
PT 

Đ 8 

KV1.2 482-496 (NM_008417) 
L[T 
���hl 

WB/HEK/
PT 

Đ 8 

pan-NaV 1490-1508 (NM_018733) L[T WB/PT Đ 3 

o����^

�́ 
732-761 (NP_12455) 

L[T 
���hl 

WB/HEK Đ 6 

t�yI�y

�� 
1-110 (NM_013645) 

L[T 
���hl 
�T 

WB 
Nakamura et al. 
(2004)56 

PSD-95 1-62 (D50621) 
L[T 
���hl 

WB 
Fukaya and 
Watanabe (2000)32 

VIAAT 31-112 (BC052020) 

L[T 
���hl 
�T 

� WB 
Miyazaki et 
al.(2003)57 

 

 
M���Vc 

� �6)0ÆȇȽɌäĲĵ˱1Ķǧ�*ǜʬǔFȀ�)ɬ&#�ɩÅƃ²ǔ*

1
10˹ǋœ�TɫǤ.) 20Òˌy�hS�VFɬ�
�Ǌƃ²˺1 µg/ml˻

+�ƭñŰ� #Ũ
âǸȥǹȆȌ- indocarbocyanine˺ Cy3 
˻
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indodicarbocyanine˺Cy5 
˻Alexa488˺Invitrogen̊Carlsbad
ȳĒ˻.?A

ǅʍ�C#ɩÅǅʍ Ǌƃ²+ 2 ƬˌñŰ� #�Ǘǚ+ƃ²0őʾ.

0.1%Tween20˾��ʼɈɮǿǽ˭Ĝǐ˺PBS˻F´Ȁ�#�GABAAR�1
o

����^�́
˝°µıŴ Na+g�p�0ǀÑ.1ƃì˞Ñ�ůɴ-#<


ÓǷF 0.1 mg/ml}z]�˺DAKO̊Carpinteria
ȳĒ˻˾0.2N ĜʼǪǠ*

37�
30ȡ-2ÒˌÐǽ�)�@ʧœ0ÆȇñŰFɬ&# 33�ƚť1
Êǵǲ�

�\�˫Ŭˉ˺ FV1000̊ Olympus
Ƨƴ F˻Ȁ�#�ĽǸ��`1 10 º˺ PlanApo 

10�̊NA: 0.4˻+ 60º˺PlanApo 60�̊NA: 1.42˻˺ Olympus˻F´Ȁ�


Alexa488
Cy3
Cy5 0ǀÑ.1 488
543
633 nm 0��\�F´Ȁ�#�

É)0ȃÀ1 640�640wUa�*ƚť�#� 

˅ğŹãĖÙÆȇ˝İ˫Ŭˉǔ*1
y�hS�VǪǠ  (AURION̊

Wageningen
P��f) * 30 ÒˌÐǽ�#Ũ
10˹L]ɫǤI�y��˾

0.004˹[�o�˾PBS *őʾ�#�Ǌƃ²+�ƭñŰ� #�0.004˹[�o

�˾PBS.?BǗ�F 3Čɬ&#Ũ
�TɫǤ 1.4 nm˂Y�Kmǅʍ0L[

T9#1���hl Ǌƃ²˺Nanogold̊ Nanoprobes
ȳĒ˻+ 3ƬˌñŰ

� #�0.004˹[�o�˾PBS .?BǗ�F 3 Č
2%V�e�I�kum˾

PBS.?BŨđĴF 15Òˌɬ�
R-gent SE-EMShl˺AURION˻F´Ȁ

�)˅ğŹñŰFɬ&#�1˹ċʼäP_�L�˾PB. 30ÒˌñŰ� 
1˹

ʺʼL��ǐǪǠ* 30 Òˌ˝İƻɤFɬ�
ɘǐŨ
Epon812 .ãĖ�)ʕ

ɧÓǷF³ɳ�#�ãĖŨÆȇ˝İ˫Ŭˉǔ.��)1
ohW�V�hm.

� #ʕɧÓǷFˮćǐʼänl�L�-Neq��ǪǠ. 1	5ȡˌǞǬ�
2˹

ǋœ�TɫǤ* 20Òˌy�hS�V0Ũ
�Ǌƃ²˺20 µg˾ml˻*�ƭÆȇ

ñŰFɬ&#�ǗǚF 3 Čɬ�
10 nm ŧ˂Y�KmǅʍL[T Ǌƃ²

˺1:100̊British Bio Cell International
KT�_˻FȀ�) 2ƬˌÆȇñŰ
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Fɬ&#�ƃ²0őʾ�?3Ǘǚ1 0.03%Triton-X100˾l�_Ɉɮǿǽ˭Ĝǐ

˺TBS; 150 mM NaCl˾10 mM Tris-HCl˺ pH 7.4˻˻ *ɬ&#�3ś0ǗǚŨ


2˹V�e�I�kum˾TBS* 15Òˌ
�@. 1˹ċʼäP_�L�ǐǪǠ

* 20Òˌ0đĴFɬ&#Ũ
2˹L��ǐǪǠ* 10Òˌ
˄ ǣùǠ* 1Òˌ0

ƻɤFɬ&#�˝İ˫Ŭˉɹļ1 H7100˺Hitachi
Ƨƴ˻F´Ȁ�#� 

��]¯ 

ulɔÇȁƶɚɞ 293T˺HEK293T˻Ȼɕ1
1 x }o]��	_l�zl�

K]�˺ Sigma
Ƨƴ˻˾ 1 x w�v�ʼ˺ Sigma˻˾ 1 x ˠů˧I�qʼ˺ Sigma˻

˾1 x V�e�hU_˺Life Technology
ȳĒ˻FÞ�#f�|hYƝĢK�

V�ĘĔ˺Sigma˻.) 37�
5%CO2�*Ę˯�#�l��_xMU]��1

��ʼQ�]L�ǔ.?A 50%Y�x�N�l0Ǻź*ɬ�
l��_xMU

]���@ 48ƬˌŨ
Ȼɕ0ČòFɬ&#� 

 

#946?/0�

^Ng�N�j�.)�L_Fǡ˶ʹ�)əFƘÑŨ
10 ºˁ0~�^nK

`shxH�˺ 0.32 M sucrose
1 mM EDTA
1 mM EGTA
10 mM Tris-HCl


pH7.2
0.4 mM phenylmethylsulfonyl fluoride˻FÞ�
�he�ŝ~�^n

K\�.) 1000 rpm
15 Č0_l��UFɬ�
ÉəƇÑǠFŪ#�Ƽȁƶ

ŽÒ+ĩ˚ǸFóAˑ�#<
1000�g* 10Òˌ0ʱŮŨ.�ǤFČò�
e

�tUǯśF Lowryǔ.?AĴˁ�# 34�Ę˯Ȼɕ[�z�1 5ºˁ0~�^

nK`shxH�FÞ�
ʕˤǕŝ~�^nK\�FȀ�)³ɳ�#�[�z

�1 2 x SDS[�z�shxH�˾50 mM^gP_�Kl��0�
30Òˌ


65�.)ĢŴ� #�SDS-PAGE.?Be�tUÒ˛Fɬ�
K�qv��ʗ

Îɝ˺Millipore˻.y�hl�#�ʗÎɝ1 30Òˌ
5˹_S���U*y�
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hS�V�#Ũ
�Ǌƃ²˺1µg˾ml˻* 1 Ƭˌ
�@.âǸȥǹȆȌ-}�

PS]f�bǅʍ Ǌƃ²˺1:10,000; Jackson ImmunoResearch
ȳĒ˻.)

1ƬˌñŰ� #�Ǘǚ+őʾȀshxH�+�)
0.1% Tween˾TBSF´Ȁ

�#�y�hlñŰ1
ECL äĲȉÅǀÑ]_j�*öɷä�#˺GE 

Healthcare �˻ 
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d±�v  

 

���7='@%��¢�R��f��*17,jp�x��

� s_WhlȻɕʘȹ+z�S�NȻɕʘȹÕȰ0ˌ.��B]nz_ǃʩ0

ưǴFʈ6B#<
˝İ˫ŬˉǔFȀ�)Ž²�L_0z�S�NȻɕ0ʘȹ

ÕȰFɹļ�#˺Đ 1A-E �˻Đ 1A.ȝ�?�.
��d��FʏĻ.þG$Í

ˆǺ0z�S�NȻɕ²0řʷ˺ʘȹŀ�˻�@
Ŭŀȯ.Ļ;Ȼ�ŕǫ-ʘ

ȹ�Ñ)�#�ʘȹʔĮʷ=��1!0ʢ½�@
˝İĺś0˴�Ȼɕɝ0ɲ

ƀ%ǃʩ˺undercoating˻�ÑǼ�˺Đ 1B
F
Șê 
˻ƮÕ0˳ˢ�ÑǼ�B

ʷ°9*ʪɂ�)�#˺Đ 1C
Șê �˻ƴȚȧ*1
ɲƀ%ǃʩF­�ʘȹ˨

ėFʘȹÕȰ+Ĵɐ�#� 

� ũƶ0ĚĂ+�ɡ�) 17, 29, 35, 36
z�S�NȻɕ0Ȼɕ²řʷ�@ʘȹÕȰ

0ăď.��)
�lY�m�IFĤ�þG$s_WhlȻɕ0ʘȹ�ŗʿ.

=óAď;ʥ�ÍˆŢ0t�c�FȜʅ�#˺Đ 1A �˻z�S�NȻɕ0ʘȹ

ŀ�Fþ;Ȼɕ².Ľ�)
t�c�FǃŽ�Bs_WhlȻɕʘȹ1�2�

2ĽȢŴ]nz_FŢŽ�)�#˺Đ 1A
ʓ
B
D
Ș˩ �˻�0?�-Ȼɕ

²]nz_*1
z�]nz_¼+-Bs_WhlȻɕʘȹȼƳ.1]nz_

ŀɕ�˙Ȧ�
�_l]nz_¼+-Bz�S�NȻɕ0Ȼɕ².1ĽȢŴ0

]nz_Ũɝɓëʷ�ɹļ�C
ËĕȌ-]nz_ǃʩFā�#˺Đ 1B
D


Ș˩ �˻�C.Ľ�
ʘȹÕȰ0˨ė*1
t�c�FǃŽ�Bs_WhlȻɕ

0ʘȹ�ʘȹÕȰ.ȑƓƓ�B�+19C*˺Đ 1A
Ʌ0ʘȹƤˡ 
˻�ɒ0

ˌ.1I_l�[Kl+ŲECBɧ�Ȼɕȩʔ�¤ē�)�#˺Đ 1A
Ⱥ0ʘ

ȹƤˡ
Đ 1B �˻2æ0�L_�@ùɽ 75¹0ʘȹÕȰ0ƤˡFƒó�
Ʉɽ

77.7 µm0ʘȹÕȰȻɕɝFɽǨ�#+�D
!0 9.2%.�#B 7.1 µm.s
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_WhlȻɕʘȹ+0ȑƓȌ-ƓɻFʅ<##�
!C¨ģ1I_l�[Kl

Ǆ0Ȼɕȩʔ�ɵ&)�#��@.
s_WhlȻɕʘȹ0ȑƓȌ-Ɠɻʷ°

FʃȻ.ɹļ�B+
ËĕȌ-]nz_ǃʩ1�Óʅ<@C-�&#˺Đ 1A


E �˻t�c�0ŢŽ�Į9B+�CBǿŨ 13 Ƨ˸ 20, 210�L_ʘȹÕȰ.'

�)=úǄ0ǀɾF��-&#�
Ž²Ʊ+0ĥ�-ʰ�1ʅ<@C-�&#

˺Đ 1F �˻ 

� �

 
�
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Xµ� ¬a®l©z���7='@%��¢�R��joc��u�

Ž²˺A-E˻�?3ǿŨ̀̂Ƨ˸�L_˺F˻.��Bz�S�NȻɕ0ʘȹÕ

Ȱ+t�c�0˝İ˫ŬˉÀ�z�S�NȻɕ0ʘȹÕȰ˺ AIS 1˻Ȼɕ²˺ So˻

0ʘȹŀ��@®3)�B�s_WhlȻɕ0ʘȹ1
z�S�NȻɕ0Ȼɕ

²>ʘȹʔĮʷ.ĽȢŴ]nz_FŢŽ�B0.Þ�˺ʓ 
˻ʘȹÕȰ0�ʷ+

ȑƓƓɻ�B˺Ʌ �˻���
ʘȹÕȰ0ĥʷÒ1V�IǄȩʔ.?AɵECB

#<
Ĥ�0s_WhlȻɕʘȹ1ʘȹÕȰ.Ɠɻ�-�˺ Ⱥ �˻B
D
E 1


A .ȝ�ƹÌ0ƊĥĐ*�B�Ș˩1s_WhlȻɕʘȹ+z�S�NȻɕʘ

ȹÕȰ+0ƓɻʷFȝ��z�S�NȻɕ0Ȼɕ²˺D˻>ʘȹʔĮʷ˺B˻*

1ĽȢŴ]nz_�ʅ<@CB�
ʘȹÕȰ˺E˻.1ʅ<@C-��ʘȹÕȰ

0Ȼɕɝ.1ɲƀ%ǃʩ�ʅ<@C˺B 0Șê?A�ƥ 
˻�C�˳ˢ0Ŏ�Į

<9*ɂ�˺C 0Șê?A�ƥ �˻_W��̉250 µm 

 

� ʘȹÕȰFɵ�I_l�[KlǄǃʩ�ƴš.I_l�[Kl0ȞȾäĲȌ

ŴʒFư�B�FȜʅ�B#<
I_l�[Kl.ʴƅȌ-V�e��ʼl�

�_��e�GLT137.Ľ�Bƃ²FȀ�)ǀʀ�#�GLT1˺Đ 2A
ʓ 
˻z

�S�NȻɕ0��Q�Òİ*�BǱʼɘǐȸʻȸ Car838, 39˺ Đ 2A
B
Ʌ 
˻

z�S�NȻɕ+s_WhlȻɕ�ɒ0��Q�Òİ*�Bt�yI�y��

40˺Đ 2A
˟˻.Ľ�BɩÅ�ʿƻɤFɬ&#�t�c�*1
t�yI�y

��˓Ŵ0s_WhlȻɕ0ʘȹ� Car8 ˓Ŵ0z�S�NȻɕ0ʘȹÕȰF

ď:
GLT1˓Ŵ0I_l�[Klȩʔ+ÈA¢�BŢ*ÒŐ�)�BǄİ�ɹ

ļ�C#˺Đ 2A �˻ 

s_WhlȻɕʘȹɝ�.1GABAʞʣ²GAT1=ȉǼ�B�+�ș@CB

41, 42�GLT1+ GAT10ÒŐFǎʙ�B#<
GAT10 2ȭž0ƃìʷ°˺ 1-44

ȅȐ+ 564-599 ȅȐ0I�qʼ˻.Ľ�Bƃ²F³ɳ�#�K�qy�hl*

1
,%@0ƃ²=ə[�z�.��) 75 kDa 0é�s�mFʅʍ�#˺Đ
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2B �˻HEK293TȻɕFȀ�#ŠØȉǼ[�z�*1
GAT1FȉǼ� #Ȼɕ

[�z�Fʅʍ�
ˬ Ɋ0 GAT30ȉǼ[�z�.1ñŰ�-�&#˺ Đ 2B �˻

9#
Æȇƻɤ*1t�c��Š�ǅʍ�C#�+�@˺ Đ 2C 
˻ƴƃ²1GAT1

.ǹȆȌ*�B+ɑ�@C#��0ƃ²FȀ�)
GLT1+0 ʿÆȇƻɤ.?

BɩÅƃ²ǔ0ɺƷFɬ&#+�D
t�c�*1
GLT1 + GAT1 0Æȇñ

Ű�ÈCİǺ0ÒŐFȝ�Ȓ¡.Ȇ-BȻɕɴȸ.ȉǼ�B�+FȜʅ�B�

+�*�#˺Đ 2D �˻���
z�S�NȻɕʘȹÕȰF,%@�,0Ȥśď

G*�B�FÖƤ�B01Ď˜*�&#� 

!�* GLT1 .Ľ�B˅ğŹãĖÙ˝İ˫ŬˉǔFɬ&#˺Đ 2E �˻GLT1

0ȉǼFȝ�˂ńȴİ1
t�c�Ìʷ0s_WhlȻɕ0ʘȹ˺ Đ 2E
ƪê˻

FóAď;I_l�[Kl0Ȼɕɝ�.ʏĻ.ıē�)�#��C.Ľ�)


ʘȹÕȰFóAď;I_l�[Kl0Ȼɕɝ.1ƬƄ˂ńȴİ�92@.ɹļ

�CB.+,9A
I_l�[Kl*�B�+FȜʅ�B.ɠ@-�&#˺Đ

2E
Ș˩ �˻!�*
ʪɂ˝İ˫ŬˉÓǷ0ɹļFɬ&#+�D
ʘȹÕȰ�@

˛CB.'CI_l�[Kl0Ȼɕɝ.ʏĻ-˂ńȴİ�ÑǼ�#˺Đ 2E
ȋ

Ș˩ �˻�-E%
z�S�NȻɕʘȹÕȰFóAď;Ȼɕȩʔ1I_l�[K

l*�A
ʘȹÕȰ+s_WhlȻɕʘȹFóAď;I_l�[Kl0ȩʔ*

1GLT10ȉǼ�|��Ȇ-&)�B�+=Ʃ@�.-&#�̈ �0ȿƸ?A


z�S�NȻɕ0ʘȹÕȰ.ȑƓƓɻ�)�B�ɴ-Ȼɕɴȸ1I_l�[K

l*�A
�ʷ0t�c��ȑƓƓɻ�)�BʘȹÕȰ˨ė.��)=]nz

_ŢŽ�-��+�ÖƩ�#� 

 
�
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�

X¶� 7='@%��¢�R�� GLT1 «n�",0?)#0� ��

�h�� ���

A.GLT1
Car8
t�yI�y��˺PV˻.Ľ�B�ʿɩÅƻɤÀ�Car8 ˓

Ŵ˺˟˻0z�S�NȻɕ²+ʘȹÕȰ(Șê)+t�yI�y��˓Ŵ˺ʓ˻0

s_WhlȻɕʘȹF
GLT1˓Ŵ˺ Ʌ 0˻I_l�[Kl0ȩʔ�ɰɵ�)�
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B�B. GAT1ƃ²0ǹȆŴ�K�qy�hl*1
 ȥˬ0 GAT1ƃ²˺1-46

I�qʼ+ 564-599I�qʼ 1˻�L_ə˺ Ō��� +˻ GAT1ȉǼ HEK293T

Ȼɕ˺�ħ���˻Fʅʍ�
GAT3 ȉǼ HEK293T Ȼɕ˺÷���˻Fʅʍ

�-��C. GAT1.Ľ�BÆȇɩÅƻɤ�GAT11t�c�.ʏĻ.ȉǼ�)

�B�D. GAT1˺ʓ˻+ GLT1˺Ʌ˻.Ľ�B ʿɩÅƻɤÀ�z�S�NȻ

ɕ0ʘȹÕȰ˺Șê˻FóAď;t�c�.1
�ɒ0ȉǼ�ʅ<@CB�


Ȓ¡.Ƒ¥Ȍ-ÒŐFȝ��E. GLT1.Ľ�BʪɂÓǷFȀ�#ãĖÙÆȇ˝

İ˫ŬˉǔɺƷ�GLT10ÆȇñŰ1I_l�[Kl0Ȼɕɝ.ÒŐ�
s_W

hlȻɕʘȹ˺ƪê˻Fď;˨ė*1ʏĻ$�
ʘȹÕȰFɰ�˨ė˺˷�Ș

˩˻*1����ȋ�Ș˩1
�ɒ0ȣɬʷ+-BV�Iȩʔ. GLT1 �ǀÑ

�CB�+�@
ʘȹÕȰFɰɵ�BȻɕɴȸ1I_l�[Kl*�B�+�

E�B�_W��̉A
C
D
5 µm̉E
250 nm 

 

 

���GABA GTn*17,
J����7>*17,Pa����

� Ǌ.
t�c�.��B GABA³âŴ]nz_¬ʯ�ŽȪ� B#<.ůɴ

-Òİɏ0ȉǼF
ĤʿɩÅÆȇƻɤ+Æȇ˝İ˫ŬˉǔFȀ�)ǀɾ�#�

ʘȹÕȰFɩÅǅʍ�BȐȌ*
ʘȹÕȰ�?3��vNɀʝ.ȉǼ�BI�

S�� G4+˝°µıŴ Na+g�p�.Ľ�Bƃ²F³ɳ�#�̋ °µıŴ Na+

g�p�ƃ²0ƃì.1
9ȥˬ0˝°µıŴ Na+g�p��[y�ohl0Ê

ʧI�qʼʸÔFʴƅ�#˺pan-NaVƃ² �˻I�S�� Gƃ²1
Éə[�z

�FȀ�#K�qy�hl.) 200 kDa¦ʢ.ƩȖ-s�mFʅ<˺Đ 3A 
˻

ÆȇȽɌäĲ*1t�c�Fʐ�ʘȹÕȰ.Š�ɇǺñŰFʅ<˺ Đ3B
Șê 
˻

!0ñŰ1ƃìÿòʂ˱*78ǟĨ�#˺Đ 3C �˻pan-NaVƃ²1
Éə[�

z�FȀ�#K�qy�hl.)250 kDa ¦ʢ0é�s�mFʅʍ�˺ Đ3A 
˻

ÆȇȽɌäĲ*1ʘȹÕȰ+ŲECBʷ°.ɇǺ0˓ŴñŰFȝ�#��C@
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0ƃ²FȀ�) ʿɩÅƻɤFɬ�+
z�S�NȻɕ²ȑ�0ʘȹÕȰ.�

�)Êłē�B�+�Ȝʅ*�#˺Đ 3D
E �˻�@.ãĖŨÆȇ˝İ˫Ŭˉǔ

.?Bʁ¶=ɬ&#+�D
I�S�� G+˝°µıŴ Na+g�p�.Ľ�B

˂Y�Km1!C"Cɲƀ%�C#ʘȹÕȰ0Ȼɕɝȑ�>Ȼɕɝ.ʴƅȌ-

ÒŐFȝ��+�Ȝʅ�C#˺Đ 3F
G
Șê �˻¨�?A
³ɳ�#I�S�

� Gƃ²+ pan-NaVƃ²1!C"CǹȆȌ*�B+ÖƤ�
̈ �0ĵ˱*1I

�S�� Gƃ²FʘȹÕȰ��Q�+�)Ȁ�#� 
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�

X·� ¢�R�����"@'<@ G �¬EIbn Na+.:3=�gY�

A. ���hlI�S�� G˺AnkG˻ƃ²+L[T pan-NaVƃ²FȀ�#K�

qy�hl�!C"C 200 kDa+ 250 kDa0s�mFʅʍ�B�B. ŀəȎʒ

.��BI�S�� G˺ʓ˻+ Car8˺Ʌ˻0 ʿɩÅƻɤÀ�I�S�� G0

ÆȇñŰ1
z�S�NȻɕ0ʘȹÕȰ.Š�˺Șê �˻C. I�S�� G0Æ

ȇñŰ1
ƃìÿòʂ˱.?AǟĨ�B�D. ŀəȎʒ.��B˝°µıŴ Na+
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g�p�˺ʓ˻+ Car8˺Ʌ˻0 ʿɩÅƻɤÀ�Car8 ˓Ŵ˺Ʌ˻0ʘȹÕȰ

.˝°µıŴ Na+g�p�0ÆȇñŰ˺ʓ˻�ʅ<@CB˺Șê �˻E. I�S

�� G˺ʓ˻+˝°µıŴ Na+g�p�˺Ʌ˻0 ʿɩÅƻɤÀ�I�S��

G˺ ʓ +˻˝°µıŴ Na+g�p�˺ Ʌ 1˻ʘȹÕȰ.��)ÊȉǼ�)�B˺ Ș

ê �˻F, G. I�S�� G˺F˻+˝°µıŴ Na+g�p�˺G˻.Ľ�BãĖ

ŨÆȇ˝İ˫ŬˉɺƷ�I�S�� G 1ʘȹÕȰ0Ȼɕɝ0ȑ�.
˝°µı

Ŵ Na+g�p�1ʘȹÕȰ0Ȼɕɝ�.ʅ<@CB�_W��̉B-D
10 µm̉

E
5 µm̉F
G
250 nm 

 

 

� GABAùŽʻȸ0 GAD43
GABA0ŀɕÃĝFɬ�ŀɕɝƁØŴI�qʼʞ

ʣ² VIAAT44
IUjJyd��0ǃŽÒİs_�� 450 3'0z�]nz_

Òİ0łē.'�)
z�S�NȻɕ0Ȼɕ²]nz_+ʘȹÕȰ0ǎʙFɬ

&#��ʿɩÅƻɤ*1
z�S�NȻɕ²�0 GABA³âŴ]nz_Fñƫ

�) 46, 47
Car8˓Ŵ0z�S�NȻɕ²ɯˡF GAD�?3 VIAAT0Š�ǲ

ǺñŰ�ƤɂȌ.óAďG*�BǄİ�ɹļ�C#˺Đ 4A
B
ʓ
Ș˩ �˻Ľ

ǶȌ.
t�c�Ìʷ.��B GAD + VIAAT 0ÆȇñŰ1ş�39GŴ*


I�S�� G ˓Ŵ0ʘȹÕȰ.ü�&)˙��B¿ü=-�&#˺Đ 4A
B


Șê �˻s_��=
z�S�NȻɕ²FǲǺñŰ�óAď;Ǆİ�ɹļ�C#

�˺Đ 4C
Ș˩ 
˻ʘȹÕȰ.ǒ�?�-ÆȇñŰ1É�ɹļ�C-�&#˺Đ

4C
Șê �˻ 
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�

X¸� �LqFz!�
� GABA GTnD¥�m��7>*17,Pa

����u�

Car8˓Ŵ²˟˻0z�S�NȻɕ0Ȼɕ²˺A
B
C˻.1
GAD˺Ảʓ


Ș˩ 
˻VIAAT˺B̉ʓ
Ș˩ 
˻s_��˺C̉ʓ
Ș˩˻0ʜś0˴�ǲǺñ

Ű�ʅ<@CB����
I�S�� G˓Ŵ˺Ʌ˻0ʘȹÕȰ˺A
B
C
Ș

ê F˻ď;t�c�Ìʷ1
GAD> VIAAT0ÆȇñŰ�ş��_W�� 5̉ µm 

 

 

� ʃȻ-łēɺƷFɬ�#<
GAD + VIAAT .Ľ�B˅ğŹãĖÙÆȇ˝İ

˫ŬˉǔFɬ&#�GADȝ�˂ńȴİ1
z�S�NȻɕ².]nz_FŢŽ

�Bs_WhlȻɕȼƳÌ*˴ĺś.ɹļ�C
]nz_ȿù.ü�&).˙

Ȧ�B]nz_ŀɕ0ÒŐ+úǄ0˙ȦFȝ�#˺Đ 5A
Ș˩ �˻�ƥ
ʘȹ

ÕȰăď0t�c�Ìʷ0s_WhlȻɕʘȹ.1
GADFȝ�˅ȴİ1±ĺ

ś*
ʘȹÕȰ50˙Ȧ¿ü=ʅ<@C-�&#˺Đ 5B
ȋȘ˩ �˻VIAAT.
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'�)=úǄ0ȿƸFŪ#˺k�eȝ�� �˻ 

ÒİȉǼ0ĴˁɺƷ.ÁC#ãĖŨÆȇ˝İ˫ŬˉǔFȀ�) GAD +

VIAAT
s_��0ȉǼɺƷFɬ&#˺Đ 5C-H �˻GAD+ VIAATFȝ�˂Y

�Kmȴİ0ÒŐte��1
˅ğŹãĖÙÆȇ˝İ˫Ŭˉǔ0ȿƸ+?��

ɡ�)�#˺Đ 5C-F �˻s_WhlȻɕʘȹ0�%
z�S�NȻɕ0Ȼɕ²

]nz_FŢŽ�B˨ė+ʘȹÕȰ+Ɠɻ�B˨ė0ƤˡȦš#A0˂Y�K

mȴİ0ĺśFȮÑ�#�GAD1!C"C 169/µm2+ 34/µm2˺Đ 5C
D
Ș

ểɽǨˡȦ1!C"C 5.60 + 8.94 µm2 
˻VIAAT 1!C"C 185/µm2 +

39/µm2˺Đ 5E
F
ȘểɽǨˡȦ1!C"C 8.65+ 11.9 µm2˻*�A
,

%@0Òİ=ʘȹÕȰ+Ɠɻ�B˨ė�Ȼɕ²]nz_0 5 Ò0 1 Ȥś*�&

#�s_��Fǅʍ�#˂Y�Km=Ȼɕ²]nz_0z�]nz_ɝʢ½*

�2�2ɹļ�C#�˺Đ 5G
Ș˩ 
˻ʘȹÕȰ+0Ɠɻʷ*1É�ɹļ�C

-�&#˺ Đ 5H
ȋȘ˩ �˻ɽǨȿƸ1
s_��1Ȼɕ²]nz_*1 4.12/µm2


ʘȹÕȰ*1 0¹/µm2�&#˺ɽǨˡȦ1!C"C 4.11+ 6.51 µm2 �˻Æȇ˝

İ˫Ŭˉǔ.?Bɹļ.��)=
s_WhlȻɕʘȹ+z�S�NȻɕʘȹ

ÕȰ0ˌ0Ɠɻʷ.1
]nz_ǃʩǄ0ǹǌä1ʅ<@C-�&#˺Đ 5B


D
F
H
ȋȘ˩ �˻�#�&)
t�c�+z�S�NȻɕʘȹÕȰ0Ɠɻʷ

.1
Ȼɕ²]nz_.ʅ<@CB?�- GABA0ùŽ+ƞÑ0#<0Òİǈ

ǃ�ĳ¾�C)�-��+�ÖƩ�#� 
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X¹� U[S²A, B³���U[kM�¬a®l©z²C-H³��� GABA

GTnD¥�m��7>*17,Pa����u�
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A.z�S�NȻɕ0Ȼɕ²]nz_.��B GAD .Ľ�BãĖÙÆȇ˝İ˫

ŬˉɺƷ�GADFȝ�˂ńȴİ1
ĽȢŴ]nz_FŢŽ�Bs_WhlȻɕ

ʘȹ.ʏĻ*
]nz_ȿùʷ˺Ș˩˻.ü�&)˙Ȧ�B�B. z�S�NȻ

ɕ0ʘȹÕȰ.��B GAD.Ľ�BãĖÙÆȇ˝İ˫ŬˉɺƷ�ʘȹÕȰ.Ɠ

ɻ�Bs_WhlȻɕʘȹ.��B GAD 0˙Ȧ1���˺ȋ�Ș˩ �˻C-H. 

GAD˺C
D 
˻VIAAT˺E
F 
˻s_��˺G
H˻.Ľ�BãĖŨÆȇ˝İ

˫Ŭˉǔ.?BɺƷ���C0Òİ=
z�S�NȻɕ²0ĽȢŴ]nz_˺ C


E
G̉Ș˩˻FŢŽ�Bs_WhlȻɕʘȹ.ʏĻ-˙Ȧ�ʅ<@CB�
ʘ

ȹÕȰ.ȑƓƓɻ�Bs_WhlȻɕʘȹ˺D
F
H̉ȋ�Ș˩˻.1ʅ<@

C-��_W��̉250 nm 

 

 

���GABA GTn*17,
J����8,0*17,Pa����

� GABA ³âŴ]nz_¬ʯ.ůɴ-�_l]nz_Òİ+�)
GABAAR�

148+ƁØŴ]nz_ǹȆȌ-]nz_ƓȕÒİo����^�́490ȉǼFǀ

ɾ�#�³Ž�#o����^�́ƃ²1
K�qy�hl.)�L_Éə[

�z��?3o����^�́0ȉǼȻɕ[�z�0ðƥ* 100 kDa¦ʢ.é

�s�mFǀÑ�#˺Đ 6B �˻�@.
ÆȇȽɌäĲ*1
o����^�́

1
Ȼɕ²�?3ǇǺȩʔ.ŢŽ�CB GABA³âŴ]nz_Fñƫ�B GAD

0Š�ǲǺñŰ+�ɡ�#ÒŐFȝ�#�+�@
�0ƃ²1o����^�

́FǹȆȌ.ʅʍ�)�B+ÖƤ�#˺Đ 6C �˻ 
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�

Xº� �LqFz!�
� GABA GTnD¥�m��8,0*17,P

a����u	�

A.� ŀəȎʒ.��BI�S�� G˺Ʌ 
˻Car8˺˟ 
˻GABAARα1˺ʓ˻0�

ʿɩÅƻɤÀ�Car8˓Ŵ0z�S�NȻɕ²�?3ʘȹŀ�.1
GABAARα1

0ǲǺñŰ�:@CB�˺Ș˩ 
˻Car8 +I�S�� G ˓Ŵ0ʘȹÕȰ.1

GABAARα10ñŰ1-�˺Șê �˻ƬƄ
I�S�� G˒Ŵ0ʘȹʔĮʷ.1

GABAARα10ñŰ�:@CB˺  ʿȘ˩ �˻B. K�qy�hl.?Bo���

�^�́ƃ²0ǹȆŴǀĴ��L_Éə[�z�˺Ō���˻�?3o���
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�^�́ȉǼ HEKȻɕ[�z�˺÷���˻.��) 100 kDa0é�s�m

FǀÑ�B�
Y�l���0 HEKȻɕ[�z�˺�ħ���˻.1ǀÑ�C

-��C. o����^�́˺ʓ˻+ GAD˺Ʌ˻.Ľ�B ʿɩÅƻɤÀ��

ɒ0ǲǺñŰ1ÊłēF�<��D.o����^�́˺ ʓ 
˻I�S�� G˺ Ʌ 
˻

Car8˺ ˟˻0�ʿɩÅƻɤÀ�Car8˓Ŵ0z�S�NȻɕ²ɯˡ.1o���

�^�́0ñŰ1:@CB�˺ Ș˩ 
˻I�S�� G˓Ŵ0ʘȹÕȰ.1ñŰ1

:@C-�˺Șê �˻_W��̉A
10 µm̉C
D
5 µm 

 

 

� �ʿɩÅƻɤ.?A
GABAARα1 +o����^�́0ÆȇñŰ1
Car8

˓Ŵ0z�S�NȻɕ²ɯˡ.)ƤɂȌ.˙Ȧ�BǄİ�ɹļ�C#˺Đ 6A


D
Ș˩ �˻�0žɶ1ʭí0ĚĂ.ùɡ�B 39, 50, 51����
GABAARα1+

o����^�́0ÆȇñŰ0˙Ȧ1
I�S�� G ˓Ŵ0ʘȹÕȰ�.1ʅ

<@C-�&#˺!C"C 58¹9#1 43¹0I�S�� G˓ŴʘȹÕȰ0ɹ

ļȿƸ̊Đ 6A
D
Șê �˻ ƬƄ
GABAARα1+o����^�́0ǲǺñŰ

�z�S�NȻɕ0ʘȹʔĮʷ.ʅ<#�
!0ʷ°1I�S�� G ˒Ŵ*�

&#�+�@ʘȹÕȰ*1-�+ÖƤ�#˺Đ 6A
 ʿȘ˩ �˻ãĖŨÆȇ˝

İ˫ŬˉǔFȀ�#ɺƷ*1
s_WhlȻɕʘȹ�z�S�NȻɕ²ɯˡ.

ŢŽ�BĽȢŴ]nz_0�_l]nz_ɝ. GABAARα1 +o����^�

́Fǅʍ�#˂Y�Km�!C"CȜʅ�C#˺Đ 7A
C
Ș˩ �˻�_l]n

z_ɝ 1 µmš#A0˂Y�KmĺśFɽǨ�#+�D
GABAARα11 7.9/µm

˺ɽǨˊ1 8.6 µm 
˻o����^�́1 3.5/µm˺ ɽǨˊ1 5.1 µm *˻�&#�

�C.Ľ�)
s_WhlȻɕʘȹ�Ɠɻ�)�BʘȹÕȰ.1É�˂Y�K

mȴİ1ʅ<@C-�&#˺ Đ 7B
D
ȋȘ˩̉ ɽǨˊ1 GABAARα1� 2.5 µm


o����^�́1 1.6 µm �˻�#�&)
z�S�NȻɕ0ʘȹÕȰ.1
Ë
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ĕȌ- GABA³âŴ]nz_�¾�B6��_l]nz_Òİ0ȉǼFǉĨ�

)�B�+�ÖƩ�#� 

 

 
�

X»� GABAARα1²A�B³�2;B?<+@¶²C�D³�U[kM�

¬a®l©�u	�

�Òİ1
z�S�NȻɕ²�0ĽȢŴ]nz_0]nz_Ũʷ.˂Y�Km

0ǅʍ�:@CB�˺A
C̉˷�Ș˩ 
˻t�c�+ʘȹÕȰ0Ɠɻʷ°.˂



 28 

Y�Kmǅʍ1ʅ<@C-�˺C
D̉ȋ�Ș˩ �˻_W��̉250 nm 

 

���`���A{°¨F���¢��¢�*17,��y£�

� ĥəȎʒ>ǝ˰*1
]��k�IȻɕ�ˆ²Ȼɕ0ʘȹÕȰFǅȌ+�)

ʘȹ	ʘȹ]nz_FŢŽ�
GABAF¤�#]nz_¬ʯFɬ&)�B�+�

ș@CB 7, 52�z�S�NȻɕʘȹÕȰ0ÒİǾĞ+ǎʙ�B#<
GAD


VIAAT
s_��
GABAARα1
o����^�́0 5'0ÒİȉǼ.'�)


ǝ˰ CA3˨ė˺Đ 8A-E˻+ĥəȎʒ0²ŴŹɸˀ˺Đ 8F-J˻.��)�ʿɩ

Åƻɤ.?BȉǼɺƷFɬ&#�ˆ²Ȼɕ0ʘȹÕȰ=
I�S�� G 0Æȇ

ñŰ.?AȜʅ*�#˺Đ 8A
F
Șê �˻¤ēo����ȼƳFȝ� GAD0

ǲǺñŰ1Ȼɕ²ɯˡFƤɂȌ.ɵ�
�@.I�S�� G ˓Ŵ0ʘȹÕȰ.

=ïG*�#˺Đ 8B-E
G-J
Șê �˻�C@0 GAD˓ŴȼƳ1 VIAAT0Æ

ȇñŰ+Êłē�
˺ Đ 8B
G
Șê 
˻�@.s_��+=�ɡ�#ÒŐFȝ

�#˺ Đ 8C
H
Șê �˻9#
o����^�́˺ Đ 8D
I
Șê +˻ GABAARα1

˺Đ 8E
J
Șê˻0ǲǺñŰ1
I�S�� G ˓Ŵ0ʘȹÕȰ�* GAD 0

˓ŴñŰ+ü��ù�?�.ʸÔ�)�#��#�&)
ǝ˰>ĥəȎʒ0ˆ

²Ȼɕ0ʘȹÕȰ.��Bʘȹ	ʘȹƓɻʷ.1
GABA³âŴ]nz_¬ʯ.

ůɴ-Òİ�Ɣ&)�B�+�Ʃ@�+-&#� 
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�

X¼� {° CA3 ­\²A-E³���`���²F-J³�¨F������

GABA GTn*17,D¥Pa���C§�Lw�K	�

ʘȹÕȰFǅȌ+�Bĺ- GABA³âŴʘȹ˼ʘȹ]nz_0ŢŽFñƫ�)


VIAAT˓Ŵ˺A, B, F, G̉ʓ 
˻s_��˓Ŵ˺C, H,̉ʓ 
˻o����^�
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́˓Ŵ˺D, I,̉ʓ 
˻GABAARα1˓Ŵ˺E, J,̉ʓ˻0ǲǺñŰ�I�S�� G

˓Ŵ˺Ʌ˻ʘȹÕȰ.ǒ&)ɹļ�C
GAD˺˟˻+P�s�hz=��1ʢ

Ɠ�)�B˺Șê �˻Lu
ʦƩŅ̊Or
ĤŢȻɕŅ̊Py
ˆ²ȻɕŅ�_W�

�̉A
F
10 µm̊B-E
G-J
2 µm 

 

 

�ƥ
t�c�Ìʷ0s_WhlȻɕʘȹ1˝°µıŴ Na+g�p�FȉǼ

 �
Ȼɕɝ0ʭÒǁä.ˍEB Shakerĕ K+g�p� KV1.1+ KV1.2�?3

�C@0ʖěe�tU PSD-95�ʏĻ.ȉǼ�)�B�+�ș@C)�B 23, 24, 

32, 53�ʘȹ	ʘȹƓɻʷ.��B�C@ÒİȉǼFŀə+ǝ˰*ǎʙ�B#<


KV1.1 + KV1.2 .Ľ�Bƃ²F³ɳ�#��C@0ƃ²1
ə[�z�FȀ�

#K�qy�hl.)é�s�mFʅʍ�
KV1.1 9#1 KV1.2 FȉǼ�B

HEK293TȻɕ[�z�.��)=!C"CFʴƅȌ.ʅʍ�#�+�@
ǹȆ

Ȍ*�B+ÖƤ�#˺Đ 9A �˻�ʿɩÅƻɤ.?A
t�yI�y��˓Ŵ0

t�c�Ìʷ0s_WhlȻɕʘȹ.1 KV1.1
KV1.2
PSD-95 0ʏĻ-Æȇ

ñŰFʅ<#�
t�c�.?AóAď9C# Car8˓Ŵ0z�S�NȻɕʘȹ

.17+G,ʅ<@C-�&#˺Đ 9B-D
Șê �˻ĽǶȌ.
ǝ˰ CA3ˆ²Ȼ

ɕ*1
KV1.1+ KV1.20ÆȇñŰ1I�S�� G˓Ŵ0ʘȹÕȰ.ʅ<@C

#�
GAD˓Ŵ0ʘȹȼƳ¼.1ʅ<@C-�&#˺ Đ 9E
F
Ș˩ �˻PSD-95

0ÆȇñŰ1ʘȹÕȰ>¤ēo����ȼƳ0,%@.=7+G,ɹļ�C-

�&#˺Đ 9G
Ș˩ �˻¨�0ȿƸ�@
ʘȹÕȰ˨ė.��B Shakerĕ K+

g�p�+!0ʖěɨȋ0ÒİȉǼ=
z�S�NȻɕ+ĥəȎʒ�ǝ˰+0

ˌ*Ȇ-&)�B�+�Ʃ@�+-&#� 
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�

X½� 7='@%���{° CA3 ¨F���¢�R��������

ShakerZ&<$9.:3=���¡_-@5( PSD-95���g

Y	�

A. K�qy�hl.?B KV1.1ƃ²+ KV 1.2ƃ²0ǹȆŴǀĴ�KV 1.1ƃ²

1�L_ə+ KV 1.1ȉǼȻɕ[�z�.��)!C"C 100 kDa+ 60 kDa0

s�mFʅʍ�˺ Ō 
˻KV1.2ƃ²1�L_ə+ KV 1.2ȉǼȻɕ[�z�.��

)!C"C 90 kDa+ 60 kDa0s�mFʅʍ�B˺÷ �˻B-D.ŀət�c�.

��B Car8˺ Ʌ 
˻t�yI�y��˺ ˟ 
˻KV 1.1˺ ʓ
B 
˻KV 1.2˺ ʓ
C 
˻

PSD-95˺ʓ
D˻.Ľ�B�ʿɩÅƻɤÀ�KV 1.1
KV 1.2
PSD-951
t

�yI�y��˓Ŵ0t�c�.˴��|�*ȉǼ�
Car8˓Ŵ0ʘȹÕȰ.

1ȉǼ�-��E-F. ǝ˰CA3ˆ²Ȼɕ0ʘȹÕȰ.��BI�S�� G˺ Ʌ 
˻

GAD˺˟ 
˻KV 1.1˺ʓ
B 
˻KV 1.2˺ʓ
C 
˻PSD-95˺ʓ
D˻.Ľ�B�

ʿɩÅƻɤÀ�KV 1.1+KV 1.21
I�S��G˓Ŵ0ʘȹÕȰ.ȉǼ�B�
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GAD ˓Ŵ0ʘȹȼƳ.1ȉǼ�-��PSD-95 0ñŰ1
ʘȹÕȰ+ʘȹȼƳ

0��C=˒Ŵ*�B�_W��̉10 µm 
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�e  

 

ƴȚȧ*1
s_WhlȻɕʘȹ+z�S�NȻɕʘȹÕȰ0Ɠɻʷ.��

)
GABA F¤�#äĲȌƁØ.ůɴ-Òİǃʩęȏ�¾E&)�B�,��

F
]nz_0ưǴ+]nz_¬ʯÒİ0ȉǼ0ɷǲ�@ǀɾ�#�ƴȚȧ0

ɹļȿƸ1
ʘȹÕȰFǅȌ+�)ǃȱ�CBÒİɺÚĲȌǾĞ�
ŀəz�

S�NȻɕ+ĥəȎʒ�ǝ˰0ˆ²Ȼɕ+0ˌ*ĥ��Ȇ-&)�B�+FƩ

@�.�#˺Đ 10 �˻ 
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Xµ´� 7='@%��²A³�`���A{°¨F��²B³�¢�R

����� GABA GTn*17,D¥�ª�����Pajo

c�^�	�

A. ŀəz�S�NȻɕ²˺ Ʌ ɯ˻ˡ.ŢŽ�CB GABA³âŴ]nz_*1


z�]nz_¼0s_WhlȻɕ0ʘȹ˺w�U˻. GAD
VIAAT
s_��

0ȉǼ+˙Ȧ�Ȝʅ�C
!0�_l]nz_¼.1 GABAARα1>o����

^�́0ʴƅȌȉǼ=ʅ<@CB�I�S��̋>˝°µıŴ Na+g�p��

˙Ȧ�BʘȹÕȰ*1
!0ɯˡ0ĥʷÒFI_l�[Kl0ȩʔ�ɵ�
�

ʷ*t�c�+ȑƓƓɻ�)�B�t�c�+0Ɠɻʷ°1]nz_ǃʩ.�

��
GAD + VIAAT 0ȉǼ= 5 Ò0 1 Ȥś+±�
s_��> GABAARα1

>o����^�́0ȉǼFǉ�)�B�B. ǝ˰�?3ĥəȎʒ0ˆ²Ȼɕ0

ʘȹÕȰ.=˺ǰ 
˻I�S��̋>˝°µıŴ Na+g�p��˙Ȧ�BʘȹÕ

Ȱ�ıē�
!�. GAD
VIAAT
s_��
GABAARα1
o����^�

-,0ȉǼ�ʅ<@C
GABA ³âŴ0ƁØŴ]nz_¬ʯ.ÒİȉǼ�Ɣ&

)�B��C@0ÒİŢźĲȌǹŴ0ʰ��@
ǝ˰�?3ĥəȎʒ0ˆ²Ȼ

ɕ0ʘȹÕȰ+1Ȇ-A
t�c��z�S�NȻɕ0ʘȹÕȰ.Ľ�)

GABAF¤�#ƁØŴ¬ʯFɬ-&)�-��+Fȝĉ�B� 

 

� Palay@ 35�ɬ&# 60¹0�hlz�S�NȻɕ0ʘȹÕȰ0ǀɾ*1
s

_WhlȻɕʘȹ.?B]nz_ŢŽ�ʅ<@C#ʘȹÕȰ1#&#̀¹*�
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&#��ƥ
Somogyi + Hamori291
17 ¹0z�S�NȻɕʘȹÕȰ.'�

)˝İ˫ŬˉʪɂÓǷFȀ�#�ǊÂȪ²ǃȱFɬ�
1¹0ʘȹÕȰ�#A.

ŢŽ�CBʘȹ	ʘȹ]nz_Ƣ1
�hl* 2.9¹
pY* 3.5¹�B�+F

ȝ�
�C@07+G,�ʘȹÕȰ0ʢ° 3 Ò0 1 0˨ė.ɶ@C#+�#�

9#
V�I�ɰɵ�BʘȹÕȰ0ɯˡÜù1
�hl* 85.6%
pY* 74.2%

*�B+ĚĂ�#�t�c�Ìʷ0s_WhlȻɕʘȹˌ�?3t�c�+z

�S�NȻɕʘȹÕȰˌ.1ǹȆ-˕ĠǄƓȕ�ŢŽ�CB�
]nz_ŀɕ

0˙Ȧ>]nz_Ũɝɓëʷ-,0]nz_Ŵ0ǹǌä1ıē�-��+=ș

@C)�# 15, 16�ȟ��0Ĳ°ʉƣ0ȚȧFĮ<BǍ˔1
z�S�NȻɕ0

ʘȹÕȰ>��.ŢŽ�CBǹǌ-t�c��
ʘȹ˼ʘȹ]nz_F¤�)

äĲȌ¬ʯƁØFɬ´�Bě*�B0�,��.'�)1�Ʃ-ǺǓ.�&#� 

ƴȚȧ*1
�L_FȀ�) 75¹0z�S�NȻɕʘȹÕȰFɺƷ�#�!

0ȿƸ
ʘȹÕȰɯˡ0 90.8˹FI_l�[Kl�ɰɵ�)�B�+Fȝ�


ÄɬȚȧ+ǂ/�ɡ�)�#��ƥ
ËĕȌ-]nz_ǃʩ1z�S�NȻɕ

0ʘȹʔĮʷ.ơɶ�C#�
!C?Aʱ°+-BʘȹÕȰ.1ËĕȌ-]n

z_ǃʩFɶ'�B�+1*�-�&#�Țȧʉƣ.?Bʘȹ˼ʘȹ]nz_

0ÑǼ˪ś0ʰ�1
ʷÒȌ.1´Ȁ�#âǸȥ0ʰ�>ʪɂ˝İ˫Ŭˉ×Ȁ

0ưǴ-,0Ȓʰ.ʔč�)�BöɖŴ�ɑ�@CB����
�C9*0É

)0Țȧʉƣ1
t�c�+z�S�NȻɕʘȹÕȰ0ˌ.��)ʘȹ	ʘȹ]
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