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ɒ ʢ - ˋ 
 

ɓ  ʖ 
 

�wp�n�.�n]z�B2)�'Ƞ<?>ȄȁǞűǺʬ(�>	ɈɧÉ,��'p�

n�}igO�K_d̍FMN̎�;0p�n�Ebf�WgO�K_d̍FAD̎,Ġƕ�

?�TCATGO��˴ĭ¨ˆɂ�ɪɡˑ�ˑè�Eziˑ¤ʥȶ,ˡ��>ˏɆ-ʍˏɆ

)�'ǉɩ�>	�+A$��wp�n�.Ȅ¯-Ǎő+ǉɩɏƊ,ů˽-ƿ̅Ɇ(�>	

mcB.�8)�>Ċ�́.�wp�n�ûžɩBƳ���̂Ǻ�<-Ɨõ��ùǊ(�

>	 -Ǌ�.÷Éǵ:ʧʇ-6+<��ūȂĎȎų:Ȓ�ȨɋˮĶ-î˩Đĭ)+> 1, 2	 

ʄǺ:ƿ̅Ɇ-Ȅ¯ɶʾ˄.� ?<-¯ÉåźBƜˍ�>˔ʑ+˄ȭ(�>	Ɉɧɶ

.ɪʬ�˔Ņ(ǅž�?'�=�ɪǮű-̊�Ǻʬ.ìɄƉơ,;=ɶʾ˄�ùɩ(�>	

�Ʀ(ǖǮűèûǺ-Ȭʈ.đ˳(�=��-;�+Ǻʬ.�ɽȔ,c��Xx�],;

=ɶʴʼ�Ĭ¡�?>	ǖǮű®Òĭ(�>�wp�n�,ˡ�'9�ľɱ,��>āô�

ɮɷ,��>ŁɈȹÒǙ�;0Ëāô,c��Xx�]�ˡ��>�)Bȥċ�>Ƞʒ�

ø��<Ěă�?'�> 3-8	5"�ɠɷ:ɦȘ�ɐɶȶ-úɷĎȈƹ-Ę̅ɈɧBȆ�"

ǃʗ,��'9̄Ĉű-�wp�n�õ=ʶ6�ʠ8<? 9-16��wp�n�-¯Éåź,

c��Xx�]�˔ʑ+ŤßBƼ"��).Ģǆ+Ĵ̉Ƃǚ,;=ȥ�?'�"	ǻ,�

ɱȹāô.Ȅ¯-�wp�n�ŲőűBɏƊ�>"8,˔ʑ+Ȅȁǉɩ)�'ƍ�<?�

 -ǉǅBʕƬ�>"8,ɀàȔ,ǃʗ�+�?'�" 17, 18	 

Ċ�́(Õ8'-�wp�n�c��Xx�] RFVT1̍SLC52A1; ƪý RFT1̎. 2008

Ŕ,üĳ�? 19� -ŦRFVT2̍ SLC52A2; üRFT3̎20�;0RFVT3̍ SLC52A3; üRFT2̎
21�Ěă�?"	�(9RFVT3.�ľɱ,��>ȓǿ�¢-RFVT)ǔʲ�'Š� 20��

wp�n�ɱȹāô,˔ʑ+ŤßBƈ�ùɩű�ƓĹ�?'�>	RFVT3.�kOa�E

-�wp�n�c��Xx�] impX22-ˊ¨ĭˍÔBę)�" BLAST ǃɇ,;=ƇÑ�

üĳ�?" 11ďɶʩʿĖ-c��Xx�](�> 21	mc,��'.�ľɱ�ɮɷ�ɀŉ�

ɦȘȶ-Ɋɖ(̊ȓǿ�ʠ8<?> 20	RFVT1) RFVT2. 86.7%-EziˑȜüűBƳ

��Ç,ɈɧġNa+˶´įȔ�pH˶´įȔ,�wp�n�Bʴʼ�>+*ː«�"ǻűB

Ƴ�>�Ʀ�RFVT3.RFVT1)-EziˑȜüű� 42.9%)®��Ɉɧġ pH´įűBȥ

�+* 2 &-c��Xx�])ȋ+>ǻŭBȥ� 23	�-ǆ,�ÀʈȡȰ,;= RFVT3

-ɊɖÒō:ǉɩǻűȶ-ęȤȔȠʒ.˰ȯ�?&&�>9--� -ȄȁȔŤß,ˡ�
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>ŵĚ.ȕǷ,ȶ��	 

Ʋʷ�ȓȐǉř�Ƭ-ȨɋȎųBrown-Vialetto-Van Laere̍BVVL̎Ȑ¸ɚųɞ,��'

Ȝǋ�( RFVT3-ˊ¨ĭĠȋ�Ěă�?�RFVT3-ǉɩǊƖ�>�.ǉɩ®��Ȏų)

ˡˁ�>�)�ȥċ�?'�> 24-29	BVVL Ȑ¸ɚ.�˳ɟ�Ȁ̋ȑ�˿˷ɬà�ʁ��

ȷà®��Ćāđ˳ȶ-ȐǼBĂ�>�Ŧ�ɾ-Ȏų(�> 30	RFVT3-ˊ¨ĭ,ĠȋB

Ƴ�>BVVLȐ¸ɚųɞ(.��wp�n�ʇ�ǳś-®�:ɪɡˑ¤ʥȋő�ʠ8<?

>�)9Ěă�?'�> 25	�?<�ˁ-ȨɋȐǼ:¤ʥȋő.��wp�n�BƄ��

>�),;=ƝČ�ʠ8<?> 24-26	5"�2010Ŕ,Ěă�?"Qi{�Gdˡˁʕƻ,

��'�RFVT3�̂˅Ɓœ�ȖȒ-ŹöűŜ)�'ƇÑ�?"31	�wp�n�Ǌ�.�

̂˅Ɓœ�ȖȒ-�XOĐĭ(�>�)�Ěă�?'�> 32, 33	Ũ%'�RFVT3-ǉɩ®

�,©%'Ȅ¯-�wp�n�Ųőű�Ȣɑ��Ȏų-ȓȐ1)ɕ�>�)�ƓĹ�?�

Ʒc��Xx�]-ȄȁȔŤß-ʕƬ.ȏźȄȁİȔ,9˔ʑ(�>	 

¥�-ɥƯ-��ʁɞ. RFVT3 �Ȅ¯É,��'ƈ�ŤßBƬ<�)�>�)BșȔ

)��ǃʗBʈ%"	ȵ Iȳ(.��wp�n�ɱȹāô,��>RFVT3-ǉɩȔˡ�B

ʜµ��ɱ�ȖɈɧ-˻»ɶ,��'�wp�n�ʴʼBƈ��)BƬ<�)�"	ȵ II

ȳ(.�i`OEHcyHXBȆ�"ʕƻBʿ�'RFVT3- in vivo,��>ŤßBɀƾ

�"ɌƼ�Ȅį,ů˽-c��Xx�](�>�)BʒÑ�"	5" RFVT3 �ɦȘ,�

�'�wp�n�-ɦÃȬʈ,ˡ��>�)BƬ<�)��ǉɩǊƖ,©�Ȭʈű-®�

�ƥȄÃ-�wp�n�Ǌ�Bş�ʭ���)�ȥ�?"	 

 

¥��ƷȡȰ,;%'ũ<?"ɌƼBʢʹ�>	 
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ȵ�ȳ�  
�wp�n�ɱȹāô,��> RFVT3-Ťß 

 

�wp�n�.Ȅ¯-Ǎő+ǉɩɏƊ,ů˽-ǖǮű®Òĭ(�=�¯É,ûžɋʯB

Ƴ�+�Ċ�́.̂Ǻ�<-Ɨõ��ùǊ(�>	ɱȹāô.�wp�n�-ŲőűBɏ

Ɗ�>"8,˔ʑ+˄ȭ(�=� -ǉǅ-ʕƬBșȔ)�"ǃʗ�ɀàȔ,+�?'�

" 17, 18	ľɱ,��>Ǻʬ-āô.�ɱ�ȖɈɧ-ȹɯ»Úĭɔɶ�;0ʇȹ»»Śɶ-

�Ǒ˪-ɶʾ˄˄ȭ,;%'ÙŪ�?'�=��ɽȔ,ǖǮűèûǺ-ɶʾ˄.c��X

x�],;=č5?'�> 34	²�/�ǖǮűƿ̅Ǻʬ(�>P�R�X.�Úĭɔɶ,

łĔ�>Na+/glucose co-transporter 1̍SGLT1̎,;=ȹɯÉ�<ɱ�ȖɈɧÉ1)õ=ʶ

5?"Ŧ�»Śɶ,ȓǿ�> facilitated glucose transporter 2̍GLUT2̎,;%'ʇȹÉ1-

Ȭʈ�Ĭ¡�?> 35, 36	�wp�n�,ˡ�'9�ɱ�ȖɈɧ-�ɶ,��>ʴʼ˄ȭB

c��Xx�]�ƈ��)��ì˲ɶľɧBȆ�"ǃʗ,;=Ĵʛ�?'�" 37-40	 

2008Ŕ¥ˤ,RFVTpDz���üĳ�?���?-ÒĭȮ9ľɱ,��'ȓǿ�ʠ8

<?>�)�<��?<��wp�n�-āô,ˡ��>c��Xx�](�>�)�ƶ

ť�?" 19-21	�(9RFVT3.¢-RFVT,ǔ�'ȓǿ�̊� 20�5"�wp�n�Ǌ�

,;=ľɱ,��>ȓǿ��˃�> 41�)+*�<�ɱȹāô,˔ʑ+ŤßBƼ"�'�

>ùɩű�ƓĹ�?'�>	����RFVT3�āô˄ȭ,ĸ��>�ÿ�-Ĵʛ,.ɺ%

'�+�	 

Ʒȳ(.�Ę̅Ɉɧ�0,yHXBȆ�"ǃʗBʈ���wp�n�ɱȹāô,��>

RFVT3-ǉɩȔˡ�Bǃʛ�"	 
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ȵ̏Ⱥ�T84Ɉɧ,��>�wp�n�ʴʼǉɩ-ʕƻ 
 

mcɌɱȒȈƹ�ȖɈɧ(�>T84Ɉɧ,��> human (h) RFVT-mRNAȓǿ˖B�

E�]G{ PCRǚ,;=ĳ˖�"	T84Ɉɧ,��'�hRFVT2�;0 hRFVT3-mRNA

ȓǿ�ʠ8<?"	�Ʀ�hRFVT1,ˡ�'.ǃÑ˥ȉ¥�(�%"	 

 ǋ,�T84Ɉɧ,��>�wp�n�ʴʼ-ƦþˉƆűBǃʗ�"	ĢĮűpF�]�

�,ƙȮ�" T84Ɉɧ-˻»ɶ»5".»Śɶ»,[3H]�wp�n�BǦá��ɋƭȔ,

ɋɈɧʴʼ˖Bʜµ�"	 -ɌƼ�˻»ɶ»�<»Śɶ»Ʀþ1-�wp�n�ɋɈɧ

ʴʼ˖.�ʽƦþ-ʴʼ˖,ǔ2'̀ʁ,̊�¹Bȥ�"	�+A$�T84 Ɉɧ,��'

�wp�n�.ɱȹāô)ĺŰ�>Ʀþ,ˉƆȔ,ʴʼ�?>�)�ȥ�?"	 

T84Ɉɧ-˻»ɶ�;0»ŚɶB¡�"�wp�n�õ=ʶ6-ǳś´įű,&�'ǃ

ʗ�")�@�Ç,ęʬǳś-�ƫ,©%'̄ĈűBȥ�"	5"�Eadie-Hofsteer�`

c.Ç,�ȜűBȥ�"	¥�-�)�<�T84 Ɉɧ-�ɶ,��>�wp�n�ʴʼ,

c��Xx�]�ˡ��>�)�ȥ�?"	 

 ˻»ɶ,��>�wp�n�õ=ʶ6.̀ʁ+Ɉɧġ pH´įűBȥ��ˑ űƸ¦�,

��'ʴʼǞű-�˃�ʠ8<?"	�-ʴʼ.�ȄȁȔƸ¦BɝŻ�"ɈɧġˑűƸ¦

�̍pH 6.0̎,��'Ɉɧġ Na+˶´įȔ(�%"	Ũ%'�T84 Ɉɧ-˻»ɶ,��'

RFVT3-ǉɩȔǻŭ 20�ʔĹ�?>�)�ÖƬ��RFVT3��-ʴʼBƈ%'�>ùɩ

ű�ƓĹ�?"	ɼąǤ��),�ˑűƸ¦�).ĺǸȔ,��űƸ¦�̍pH 7.4̎(.

Na+˧ñ,;=�wp�n�ʴʼǞű�ƳŸ,®��"	»ŚɶB¡�"�wp�n�ʴ

ʼ.�Ɉɧġ pH ,˶´įȔ(�%"	5"Ɉɧġ Na+˧ñ-ţ˺Bǃʗ�")�@�A

��+�wp�n�ʴʼǞű-®��ʠ8<?"	 

  

 

ȵ̐Ⱥ�RFVT3ˢĶʄ-Ƒɇ 
 

RFVT3-ǉɩȔˡ�-ʜµ,ÀȲ$�ˢĶʄ-üĳBʝ6"	ú hRFVTÒĭȮB ?

!?�˄ű,ȓǿ��"mcɦÃɮɷȈƹHEK293ɈɧBȆ���wp�n�ʴʼ,ĺ�

>Ȯ
èûǺ-ˢĶäƼBʜµ�"	 -ɌƼ�1 mM-|_��q��Çį�,��'�

hRFVT1�hRFVT2.� ?!?˶Çįƭ- 68.5 ± 0.9%�81.7 ± 3.0%̍mean ± SEM̎-�

wp�n�ʴʼɩB¶Ɗ�'�"��hRFVT3(. 2.7 ± 0.3%)ʴʼǞű�3)C*ȣʠ�
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?+�%"	 �(�|_��q��-RFVT3ˢĶʄ)�'-ƳȆűBɀƾ�"	0.1 µM

�< 10 mM-ǳśȻĒ(�|_��q��-ú RFVTÒĭȮ,ò4�ˢĶäƼ-ǳś´

įűBʜµ�"	+��mouse (m) Rfvt2. hRFVT1�0, hRFVT2-yHXK�\�P(

�=�mRfvt1.įĔ�+�	mc�yHXK�\�PÇ, RFVT3-�wp�n�ʴʼ,

ĺ�>|_��q��- IC50¹.�RFVT1�;0RFVT2,ĺ�>¹- 1/1000ȭś(�%

"	¥�;=�|_��q���RFVTpDz��-�(�RFVT3BˉƆȔ,ˢĶ�ũ>

�)BʒÑ�"	¥ˤ-ǃʗ(.�RFVT3,��>ˢĶäƼ-Šś�0,¢-RFVT,ò

4�ţ˺BɝŻ��|_��q��-ǳśB 100 µM,ʚĳ��RFVT3ˢĶʄ)�'Ȇ�

"	 

 

 
ȵ̑Ⱥ�T84 Ɉɧ˻»ɶ,��>�wp�n�ʴʼ1-

RFVT3-ˡ� 
 

ȵ̏Ⱥ,��'�T84 Ɉɧ-˻»ɶB¡�"�wp�n�ʴʼ, RFVT3 -ǉɩȔǻŭ

�ʔĹ�?�RFVT3�˻»ɶ,��>ʴʼBƈ%'�>ùɩű�ȥċ�?"	 �(�ȵ

̐Ⱥ,��'RFVT3ˢĶʄ)�'ʒÑ�"|_��q��BȆ�'ǃʛ�"	T84Ɉɧ-

˻»ɶ,��>�wp�n�ʴʼǞű.�100 µM|_��q��-Ǧá,;=̀ʁ+ǩĿ

Bȥ�"	�<,�hRFVT3 ,ĺ�> siRNA ̍hRFVT3-siRNA̎BȆ�'ʜµ�"	

hRFVT3-siRNA-ĽÄ,;=�T84Ɉɧ,��> hRFVT3-mRNAȓǿ�ƳŸ,ƃÙ�?

'�>�)Bȣʠ�"	�-Ƹ¦�,��'�˻»ɶB¡�"�wp�n�ʴʼǞű.�

R�c���)ǔ�'ƳŸ,®��"	Ũ%'�RFVT3.T84Ɉɧ-˻»ɶ,��'�w

p�n�ʴʼBƈ��ʑ+c��Xx�](�>�)�ȥ�?"	 

+���ȖɈɧ,��>RFVT3-ɶłĔBǃʛ�>"8�GFPBʆû��" hRFVT3

̍GFP-hRFVT3̎BǄű�ȖɈɧ(�>GgɮȈƹMadin-Darby canine kidney̍ MDCK̎Ɉ

ɧ,ĽÄ�")�@�˻»ɶ,łĔ�"ěû,ʠ8<?>ÈĖȔ+ʅÁ¿Bȥ�"	�-

ɌƼ.�hRFVT3-˻»ɶ,��>ȓǿBʌ£�>9-(�>	 

¥�;=�RFVT3�ɱ�ȖɈɧ-˻»ɶ,ȓǿ���wp�n�ʴʼBƈ%'�>�)

�Ƭ<�)+%"	 
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ȵ̒Ⱥ�T84Ɉɧ,��>ęʬʠʦǻű 
 

T84 Ɉɧ,��'��wp�n�-ʍˏɆĖ(�>p�n�}igO�K_d̍FMN̎

�;0p�n�Ebf�WgO�K_d̍FAD̎9�wp�n�)üǆ,ʴʼ�?>�ǃ

ʗ�"	˻ »ɶ»�<»Śɶ»Ʀþ1- FMN�;0 FAD-ɋƭȔ+ɋ�Ȗʴʼ˖.��

wp�n�)ǔ�'̀ʁ,®�¹Bȥ�"	+��hRFVT3-ęʬʠʦǻűB hRFVT3˄

Þȓǿ HEK293 ɈɧBȆ�'ʜµ�")�@�FMN -ʴʼ.ʔĹ�?"9--� -¹

.�wp�n�-ʴʼǞű-Ƀ 1/10ȭś(�%"	5" FAD,ˡ�'.�ʴʼ�ʠ8<

?+�%"	 

 

 

ȵ̓Ⱥ�yHX,��>�wp�n�ɱȹāô1- Rfvt3- 
ˡ� 

 

ȵ̑Ⱥ-ǃʗ,;=�RFVT3-�wp�n�ɱȹāô,��>ŤßB in vitro,��'

Ƭ<�)�"	 �(�Ȅ¯É,��' RFVT3 �ǉɩȓǿ�'�>�yHXBȆ�'ǃ

ʛ�"	 

C57BL/6˯űyHX-Ǣèȹ,��>Rfvt3-mRNAȓǿÒōB in situ hybridization,

;=ǃʗ�"	Rfvt3 ,ǻȋȔ+E�_Z�Xr��qBȆ�'ǃÑ�")�@�ȱɱ�

;0ďɱ,��'VPe��ʠ8<?�5" -Šś.ȱɱ,ǔ�'ďɱ,��'Š��

)�ÖƬ�"	˨űĺǸ)�'Z�Xr��qBȆ�"ěû�ȱɱ�;0ďɱ,��'ƽ

ɿ.ʠ8<?��VPe��ǻȋȔ(�>�)�ȣʠ�?"	�Ʀ�Üɤ�ɳɤ�ê�Ƌ

ɱ�Țɱ�Ɍɱ�țɱ,ˡ�'.�Rfvt3-ȓǿ.Ǐ*ǃÑ�?+�%"	 

In situ hybridization-ɌƼBʰ5�'ȱɱ�;0ďɱ,ȝș���wp�n�ɱȹāô,

��>Rfvt3-ǉɩȔˡ�B in situ closed loopǚ,;=ʜµ�"	 -ɌƼ�ȱɱ�;0ď

ɱ,��>�wp�n�ɶʾ˄ű.�Ç, RFVT3 ˢĶʄ|_��q��-Ǧá,;=Ƴ

Ÿ,®��"	5"�loop Éɱȿɶ�-[3H]�wp�n�ʂȯ˖9üǆ�ȱɱ�ďɱÇ,

|_��q��Çį�,��'ƳŸ,®��"	˨űĺǸ)�'ʜµ�"�-|_�-D-P

�Ro�iVd-ɶʾ˄ű�0,ɱȿɶ�ʂȯ˖.�|_��q��,;>ţ˺.ö���

|_��q����wp�n�ɶʾ˄ű�;0ɱȿɶ�ʂȯ˖,��"ţ˺.�˶ǻȋȔ

+äƼ,ʭĐ�>9-(.+��)�ȣʠ�?"	 
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¥�;=�RFVT3�ȱɱ�;0ďɱ,��'�wp�n�-ɱȹāô,ˡ��'�>�

)�ȥċ�?"	 

 
 
ȵ Iȳ� ɝ� Ĺ 
 

̂�Ɨõ�?"�wp�n�.�ľɱ,��'ɱ�ȖɈɧ-ȹɯ»Úĭɔɶ�;0ʇȹ

»»Śɶ- 2Ǒ˪-ɶʾ˄˄ȭBɋ'ʇ�1)õ=ʶ5?��-�˄ȭ.c��Xx�]

,;=Ĭ¡�?>�)�Ƭ<�)�?'�" 3, 6, 38, 39, 42	���� -ÒĭĴ¯.˜<��

Ƭ(�%"	Ʒȳ(.�RFVT3-�wp�n�ɱȹāô1-ǉɩȔˡ�BĘ̅Ɉɧ�0,

yHXBȆ�'ɀƾ�"	mcɌɱȒȈƹ�ȖɈɧ(�>T84Ɉɧ 43(.�mc-ľɱ)

üȭś-RFVT3-mRNAȓǿ 20�ʠ8<?��<,ɱȹāô)ĺŰ�>�wp�n�ʴ

ʼ-ƦþˉƆűB¶Ɗ�'�"	Ũ%' T84 Ɉɧ.��wp�n�ɱȹāô,��>

RFVT3-ŤßB in vitro,��'ʜµ�>�(�Ĩš+}b�Ɉɧ(�>)ɝ�<?"	

T84Ɉɧ-˻»ɶB¡�"�wp�n�ʴʼ.�RFVT3ˢĶʄ(�>|_��q��-Ǧ

á�;0 RFVT3,ǻȋȔ+ siRNA-ĽÄ,;=ƳŸ,®��"	5"�yHXľɱÉ,

ƞļǇʦ�"�wp�n�BƄ��"ěû�ľɱȿɶ�ʂȯ˖.|_��q��-Ǧá,

;=ƳŸ,®��"	¥�-�)�<�RFVT3�ɱ�ȖɈɧ-Úĭɔɶ,��>�wp�

n�ʴʼ,ĸ��'�>�)�ȥ�?"	�Ĵ�RFVT3-ʴʼǻű 20, 21.�ľɱÚĭɔɶ

;=ʡʎ�?"ɶľɧ,��'ʠ8<?"ǻű 37, 39, 44)ː«�'�>	Ʒȳ,��'�Â

ȍɊɖèİȔ+ʕƻ,;= RFVT3 -ɱ�ȖɈɧ,��>ɶłĔBǃʛ�>"8�ƅ

RFVT3ƅ¯-°ʎBŖś,A"%'ʝ6"��ǻȋƅ¯-ȅȄ,.ɺ<+�%"	RFVT3

. 11ďɶʩʿĖ-c��Xx�](�= 23��-;�+ĢƢďɶʩʿĖ]�lOʬ,ĺ�

>ǻȋƅ¯-°ʎ.đ˳(�>)ʖA?'�> 45-47	Ĵ˭�Âȍƽɿȶ-ƂǚBȆ�'

RFVTpDz��-]�lOʬłĔBĴʛ�"Ěă.+�?'�+�	 �(�RFVT3-

GFP ʆûR�Xc�OcBǄű�ȖɈɧ(�> MDCK Ɉɧ,ȓǿ��")�@�˻»ɶ

,��>łĔ�ʔĹ�?"	mcɌɱȒȈƹCaco-2Ɉɧ,ȓǿ��"ěû,��'9üǆ

-ɌƼ�Ěă�?'�= 48��?<-�).RFVT3-˻»ɶ,��>ȓǿBʌ£�>9-

(�>	¥�;=�RFVT3.ľɱ�ȖɈɧ-Úĭɔɶ,��'�wp�n�ʴʼBƈ�c

��Xx�]-ÒĭĴ¯(�>�)�ȥ�?"	 
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ɱ�ȖɈɧ,��>�wp�n�ʴʼ- Na+´įű,ˡ�'.��?5(,ȋ+%"Ƞ

ʒ�Ěă�?'�>	ï$�wp�n�ɱȹāô,Na+´įű�ʔĹ�?'�>�Ʀ 3, 37, 38, 

49, 50�ľɱÚĭɔɶľɧBȆ�"ǃʗ,��'Na+˶´įȔ+�wp�n�ʴʼ�Ěă�?

'�> 40, 44	T84Ɉɧ-˻»ɶ,��>�wp�n�ʴʼ.�ɈɧġˑűƸ¦�,��'

Na+˶´įűBȥ��Ʀ��űƸ¦�(.Na+˧ñ,;=ʴʼǞű-®��ʔĹ�?"	˻

»ɶB¡�"�wp�n�ʴʼ�ˑűƸ¦�,��'�˃�>�)BɝŻ�>)�Na+-

˧ñ.RFVT3B¡�"�wp�n�ʴʼ,ĺ�'țƒţ˺Bò4�"-(.+��Na+/H+ 

exchanger̍ NHE̎B¡�"r�c�æˍ-Ţž,°Ȇ�"ùɩű�ƓĹ�?>	r�c�

ÇŤĖ-ur_dc��Xx�] PEPT1 :Eziˑc��Xx�] proton-coupled amino 

acid transporter 1̍PAT1̎.�NHE�Ţž�"r�c�æˍB̈åà)�'ØȆ�>�)

�Ƞ<?'�> 51-53	RFVT3.�?<-c��Xx�])üǆ�ˑűƸ¦�,��'ʴʼ

ɩ��˃�> 20	Ũ%'�ɱ�ȖɈɧ,��> RFVT3 B¡�"�wp�n�ʴʼ9�ˋ

NHE B¡�'Ţž�?"r�c�æˍ,;=Ǟűè�?>ùɩű�ɝ�<?� -ɌƼ

Na+´įȔ+ʴʼ�ʠ8<?"9-)ƓĹ�?>	 

RFVT3.ȱɱ�;0ďɱ,��'ȓǿ����?-ˋ,��>�wp�n�āô9|

_��q��,;=ˢĶ�?"	Ũ%' RFVT3 .ľɱ-ŗȻĒ,Òō��ɱȹāô,ĸ

��'�>�)�ȥċ�?"	5"�ľɱ,��>RFVT3-mRNAȓǿ˖�0,�wp

�n�āôɩ.�Ç,�ˋ,��'̊�¾þBȥ�"	1960Ŕ¤,ʈA?"ǃʗ,��'�

�wp�n�āôɩ.ľɱ�ˋ,˥ł�>�)�ȥċ�?'�> 6, 54	���+�<�-

ʒʕ.��wp�n�-ɱȹāô�ȱɲƭ)ǔʲ�'̂Ŧ,ɋ÷Ƅ��"ěû,�˃�>

�):��wp�n�-ŧƞűʎÝBƴȆ�"ěû,āôǾ�®��>�)�<ƓĹ�?

"9-(�>	á�'��wp�n�ɱȹāô-ȭś.Ł��wp�n�Əǘ˖�<Ɠĳ

�?'�>	Ũ%'��?<-ǃʗ.ľɱ,��>āôˋBțƒȥ�ũ>9-(.+�

)ɝ�<?>	�Ĵ��`cBȆ�"ǃʗ,��'9Ʒȳ)üǆ,ȱɱ�;0ďɱ,��

'̄Ĉű-�wp�n�ʴʼ�ʠ8<?� -Ǟű.�ˋ,��'̊��)�Ěă�?'

�> 49	�<,�mc,��'9ȱɱ;=ʡʎ�"Úĭɔɶľɧ,��>�wp�n�ʴ

ʼ,̄Ĉ�ʠ8<?'�=�ȱɱ,��'c��Xx�]�ʴʼBĬ¡�>�)�Ĵʛ�

?'�> 38	¥�Bɝ�ûA�>)��wp�n�-āôɩ.ľɱ-ŗȻĒ,A"%'½

A%'�>�)�5"ɱȹāô,RFVT3�˔ʑ+ŤßBƼ"�'�>�)�ȥċ�?>	 

̂ĉ�-n]z� B2.�, FAD�;0 FMN)�'įĔ�'�> 55	�?<ʍˏɆĖ

��wp�n�)üǆ,āôBö�>�T84ɈɧBȆ�'ǃʛ�")�@�˻ »ɶ»�<
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»Śɶ»Ʀþ1- FMN�;0 FAD-ʴʼǞű.��wp�n�)ǔ�'̀ʁ,®��)

�ÖƬ�"	RFVT3-ęʬʠʦǻű,��'9üǆ-¾þ�ʠ8<?"�)�<�T84Ɉ

ɧ,��>�-ʴʼǻű.�˻»ɶ,��'ʴʼBƈ� RFVT3 -ęʬʠʦ,ʭĐ�>9

-)ƓĹ�?>	ľɱÚĭɔɶʷ¼(. FADo�vXpD]�[�;0 FMNvXpD]

�[�ǉɩ�'�=��?<�ʍˏɆĖB�wp�n�,áǖÒʕ�>�)�Ěă�?'

�> 56	¥�Bɝ�ûA�>)�̂�Ɨõ�?" FAD�;0 FMN.ɱȹÉ,��'�w

p�n�,áǖÒʕ�?� -Ŧ,āôBö�>9-)ɝ�<?>	 

ɱ�ȖɈɧ-Úĭɔɶ,��>�wp�n�ʴʼ.ɀàȔ,ʕƻ�?'�"�Ʀ(�»

ŚɶB¡�"ʴʼ,ȝș�"ǃʗ.3)C*+�?'�+�	T84 Ɉɧ-»Śɶ,��>

�wp�n�ʴʼ.�Ɉɧġ pH ˶´įȔ(�=�5"Ɉɧġ Na+˧ñ-ţ˺.A��(

�%"	üǆ-ʴʼǻű.�ľɱ»Śɶ;=ʡʎ�?"ɶľɧBȆ�"ǃʗ,��'9Ě

ă�?'�> 39	�?<-�wp�n�ʴʼǻű.�RFVT3-v}�P(�> RFVT2-

ǻű)ː«�'�> 20	5" RFVT2B Caco-2Ɉɧ,ŠÙȓǿ��"ěû�»Śɶ,łĔ

�>�)�Ƭ<�)�?'�> 48	Ũ%'�»Śɶ,��>�wp�n�ʴʼ. RFVT2

,;%'Ĭ¡�?'�>ùɩű�ƓĹ�?>	 

¥��Ʒȳ,��'�RFVT3.ɱ�ȖɈɧ-˻»ɶ,��'ǉɩ���wp�n�ɱȹ

āô,˔ʑ+ŤßBƼ"�c��Xx�](�>�)BʒÑ�"	 
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ȵ�ȳ�  
ƥȄÃȄį,��> RFVT3-˔ʑű 

 

2010Ŕ�Green<.ȨɋȎų(�>Brown-Vialetto-Van Laere̍BVVL̎Ȑ¸ɚųɞ,�

�'�RFVT3 ˊ¨ĭ,Ġȋ�ʠ8<?"�)BĚă�" 27	 -țŦ�Bosch <,;=

RFVT3 ˊ¨ĭ,ĠȋBƳ�> BVVL Ȑ¸ɚųɞ,��'�ʇ��wp�n�ǳś-®�

,á��P�]�ˑŁȐ:ʇ�EV�L�f_�¹-�ƫȶ-ɪɡˑ¤ʥȋő�ʔĹ�?

>�)�Ěă�?" 25	¥ˤ�ƷȎų,��'RFVT3-ĠȋBƳ�>Ȑ²�Ȝǋ�(Ěă

�?'�> 24, 26, 28, 57-59	BVVLȐ¸ɚ.ľÃ,��'ȓȐ�>²�Ģ��˳ɟ�Ȁ̋ȑ�

˿˷ɬà�ʁ��ȷà®��Ćāđ˳ȶ-˔Ƚ+ȐǼB�"���Ŧ.Ǆ8'Ŵ� 30	�

?<�ˁ-ȨɋȐǼ�;0¤ʥȋő.��wp�n�BƄ��>�),;=ʁä�ʠ8<

?> 24-26, 28, 59	Ũ%'�RFVT3-ǉɩǊƖ�>�.ǉɩ®�,;=Ȅ¯É-�wp�n�

�Ǌ���¤ʥȋő:Ȏų-ȓȐ,ɕ�>ùɩű�ƓĹ�?'�>	�-ǆ,�Ȅ¯-Ǎ

ő+ǉɩɏƊ,��> RFVT3 -˔ʑű�ɸŘĚă,;=ȥċ�?>�Ʀ� -ŤßB in 

vivo,��'ǃʛ�"Ěă.ȕǷ(�>	 

ȵ I ȳ,��'�RFVT3 ��wp�n�-ɱȹāô,ĸ��>�)BƬ<�)�"	

RFVT3.�ľɱ¥ġ,9ɀŉ�ɮɷ�ɦȘȶ,ȓǿ�'�= 20, 21��?<-Ɋɖ,��'

9ŤßBƼ"�'�>ùɩű�ɝ�<?>	ȵ IIȳ(.RFVT3- in vivo,��>ŤßB

Ƭ<�)�>�)BșȔ)��Rfvt3i`OEHcyHXBȆ�"ǃʗBʈ%"	 
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ȵ̏Ⱥ�Rfvt3i`OEHcyHX-Ȅį�;0ȓˆ-ʜµ 
 

yHX,��>Rfvt3-ɊɖÒōB�E�]G{ PCR,;=ǃʗ�")�@�ɦȘ�ľ

ɱ�ɀŉ�ɮɷ,��'̊ȓǿ�ʠ8<?"	Ʒȳ,��'Ȇ�" Rfvt3 i`OEHcy

HX(.�ȜüɊ6ƕ�,;= 1Ȋș) 2Ȋș-JO\�ˠ-G�c��,W��c�`

rˍÔ�ƌÄ�?'�=�Rfvt3-ʱÌ�ˢĶ�?>	ÄƂ�"Rfvt3i`OEHcyHX

-ÏɌɀĭB C57BL/6˱ű˕ȄĖyHX,öɀ��ÑȄ�" F1�¤,��'�ȜüɊ6

ƕ�ˋ-ġ»,ɊC#r�Gy�BȆ�'Qi{ PCRBʈ%")�@�5’»�3’»Ç,

Ŷĳ�?"Ĥ��-k�dBǃÑ�"	�?;=�Ǎȣ,ȜüɊ6ƕ��ʈA?'�>�

)Bȣʠ�"	�<,�Rfvt31a�i`OEHcyHXüğB�ˍ��Qi{ PCRǚ,

;=˕ȄĖ�sa�ǊƖĖ̍Rfvt3+/- �̎v}ǊƖĖ̍Rfvt3-/-̎-ÑȄBȣʠ�"	�?<

yHX-ɮɷ,��> Rfvt3- mRNAȓǿ˖B�E�]G{ PCRǚ,;=ĳ˖�")�

@�Rfvt3+/-(.˕ȄĖ)ǔʲ�'ȓǿ˖�ƳŸ,®���5"Rfvt3-/-(.ȓǿ�34ĲÅ

,ǢĦ�'�"	¥�;=�ƷyHX,��>Rfvt3-ǊƖBȣʠ�"	 

ǋ,�Rfvt3-/--Ȅį�;0ȓˆBʜµ�"	Rfvt3+/-ˠ�ˍ,;=ÑȄ�"ƥȄÃ.�|

�b�Û,Ũ%"ˊ¨ĭĖÒōBȥ�"	����Rfvt3-/--ĤˋÒ�ÑȄŦ 48ƭˠ¥É,

ǎ��"	5"�ÑȄšƩ- Rfvt3-/--¯˔.˕ȄĖ)ǔ�'ƳŸ,®¹Bȥ�"	�Ʀ�

Rfvt3+/-,ˡ�'.ÑȄšƩ-¯˔.˕ȄĖ)üȭś(�=�5"ʻʮ�"ȄŦ 20 ˂ˠ-

ƶˠÉ,��'9˕ȄĖ)-ˠ,ƳŸ+ŋ.ʠ8<?+�%"	¥�;=�Rfvt3 �ÑȄ

Ŧ-Ȅį,ů˽-c��Xx�](�>�)�ÖƬ�"	 

RFVT3 -ˊ¨ĭĠȋBƳ�> BVVL Ȑ¸ɚųɞ,��'�P�]�ˑŁȐBĂ�>�

)�Ěă�?'�> 25	 �(ÑȄšƩ-yHX;=ɵɨŁBďô��P�]�ˑǳśB

ǫĳ�"	 -ɌƼ�Rfvt3-/-,��>Ł�P�]�ˑǳś.�˕ȄĖ)ǔ�'ƳŸ,�ƫ

�'�"	 

 

 

ȵ̐Ⱥ�Rfvt3i`OEHcyHX,��>ʇ��;0Ɋɖ�
�wp�n�ǳś-ʜµ 

 

ÑȄšƩ-˕ȄĖ�Rfvt3+/-�Rfvt3-/-,��>ʇ��0,Ɋɖ�̍ ɭ�ɮɷ�ɠɷ�Ůɷ�

ɣ̎-�wp�n�ǳśBʜµ�"	Rfvt3-/-,��>�wp�n�ʇ�ǳś.�˕ȄĖ)
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ǔ�'ʁ��®��'�"	5"Rfvt3-/-(.�ǃʗ�"Å'-Ɋɖ,��'ʁƬ+�wp

�n�ǳś-®��ʔĹ�?"	ï$�Rfvt3 -ǊƖ,;=˔ś-�wp�n�Ǌ��Ȅ

�>�)�Ƭ<�)+%"	�<,�Rfvt3-/-,��'ʇ� FAD ǳś-®�9ʠ8<?�

Ɋɖ� FMN�;0 FAD-ǳś9˕ȄĖ)ǔ�'ƳŸ,®¹Bȥ�"	Ũ%'Rfvt3-Ǌ

Ɩ.��wp�n�-6+<�ʍˏɆĖ-Ǌ�9ş�ʭ���)�ȥ�?"	 

 

 

ȵ̑Ⱥ�ɦȘ,��>�wp�n�ɦÃȬʈ1- Rfvt3-ˡ� 
 

ȵ̐Ⱥ,��'�ÑȄšƩ-Rfvt3-/-(.̀ʁ+�wp�n�Ǌ��ʠ8<?"	�-�

)�<�Rfvt3 .ɦȘ,��>�wp�n�-ɦÃȬʈ,ˡ��'�>ùɩű�ƓĹ�?

"	 �(�yHXɦȘ,��>Rfvt3-mRNAȓǿÒōB in situ hybridizationǚ,;=

ʜµ�"	 -ɌƼ�Rfvt3 .Ǔ¯ɦÃˠ-ƿ̅�;0ɜŝǺ-�ƕBʈ�ˋ(�>ʺ

ʯˋ,��'ȓǿ�>�)�Ƭ<�)+%"	5"�ˁ ɌŐ,��'9ȓǿ�ʠ8<?"	 

ǋ,��wp�n�ɦÃȬʈ,Rfvt3�ˡ��'�>�ǃʛ�"	Rfvt3+/-ˠ�ˍ��"

ħī 16Ʃș-Ǔ¯yHX-ŊĤɴ˵ɫ�<[3H]�wp�n�BȞƭƄ���5ÒŦ-ɦÃ

�-ƞļǞűBǫĳ�"	 -ɌƼ�Rfvt3-/-ɦÃ�-ì˔˖š"=-[3H]�wp�n�

ʂȯ˖.�˕ȄĖ)ǔ�'ƳŸ,®��'�"	5"�ɦÃ�-[3H]�wp�n�ǳśB

ɦȘ˔˖(˧��)(ɦȘ-ì˔˖�"=-�wp�n�ʴʼɩBȸÑ�")�@�

Rfvt3-/-ɦÃ,ĺ�>ɦȘ�wp�n�ʴʼɩ.�˕ȄĖɦÃ,ĺ�>ʴʼɩ,ǔ�'ƳŸ

,®��'�"	¥�;=�Rfvt3 �ɦȘ,��'�wp�n�-ɦÃȬʈ,ˡ��'�

>�)�ȥ�?"	 

 

 

ȵ IIȳ� ɝ� Ĺ 
 

RFVT3�üĳ�?'¥ƹ�ɊɖÒō:ǉɩǻűȶ-ęȤȔȠʒ.˰ȯ�&&�>9--�

 -ȄȁȔŤßB in vivo,��'ǃʛ�"Ěă.ȕǷ(�%"	ȵ IIȳ(.i`OEHc

yHXBȆ�"ǃʗ,;=�RFVT3 �Ȅ¯É,��'ƈ�ŤßBɀƾ�"	ÑȄšƩ-

Rfvt3i`OEHcyHX,��'�ʇ��;0Ɋɖ��wp�n�ǳś.˕ȄĖ)ǔ�'

̀ʁ,®�¹Bȥ��ʁƬ+�wp�n�Ǌ��ʠ8<?"	Rfvt3 .ɦȘ,��'̊ȓ
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ǿ�ʠ8<?>�)�<�ǉɩǊƖ,;=Ǔ¯�<ɦÃ1-�wp�n�³ɍ,ţ˺B�

"�'�>ùɩű�ƓĹ�?"	ɦȘ,��>�wp�n�-ɦÃȬʈ.�c��Xx�

],;=Ĭ¡�?>�)�mcɦȘǴǟǚ:Ę̅ɈɧȶBȆ�"ǃʗ,;=ȥċ�?'�

" 9, 60-63�� -ÒĭĴ¯-üĳ,.ɺ%'�+�%"	á�'�mcɦȘûɧ¯űƿ̅

ɶɈɧ;=ʡʎ�?"ɶľɧBȆ�"ǃʗ,��'��wp�n�õ=ʶ6,̄Ĉű�ʠ

8<?>9--�Ǫś´įűBȥ�+�%"̍37˚C) 22˚Cˠ-ǔʲ̎�)�<c��X

x�]-ˡ�ɹ¯,ŽȌȔ+Ěă9+�?> 64+*�ɦȘ,��>�wp�n�ʴʼ-ʞ

Ɉ+ǉǅ9�Ƭ(�%"	ɦȘ,��> Rfvt3 -ȓǿÒōBǃʛ�")�@�ʺʯˋ,�

�'ȓǿ�ʠ8<?"	ɦȘʺʯˋ.Ǔ -̄ɦÃˠ(ƿ̅Ǻ�;0ɜŝǺ-�ƕ�ʈA?>

ˋ(�=�ʇǣ-ɦȘˡ˝-ŤßBƼ"�ûɧ¯űƿ̅ɶɈɧ�Ǔ¯ʇ)ƒ�'�>	û

ɧ¯űƿ̅ɶɈɧ,.Ȯ
ƿ̅ǺBʴʼ�>c��Xx�]�ȓǿ�'�=�ɦÃ1-ƿ

̅Ǻ-³ɍBĬ¡�'�> 60, 65, 66	Ʒȳ,��'Rfvt3+/-ˠ�ˍ��"ħīyHXBȆ�'

Ǔ -̄ɦÃˠ-�wp�n�ȬʈűBɦÃ-WIi]Gr×,ʜµ�")�@�Rfvt3 i`

OEHcɦÃ1-�wp�n�-Ȭʈű.˕ȄĖ1-Ȭʈű)ǔʲ�'ƳŸ,®��'�

"	Ũ%'�Rfvt3 ��wp�n�-ɦÃȬʈ,ˡ��'�>�)�Ƭ<�)+%"	û

ɧ¯űƿ̅ɶɈɧ,��> Rfvt3 -ɶłĔ. Ŧǃʛ�?>ůʑ��>��ȵ I ȳ,��

'ʹ2"ʿ=�RFVT3B�ȖɈɧ,ŠÙȓǿ��"ěû�˻ »ɶ,łĔ�>�)�ʏƢ-

ɷĎȈƹ-Ɉɧ,��'Ëǿ�?'�> 41, 48, 67	Ũ%'�Rfvt3.ûɧ¯űƿ̅ɶɈɧ,�

�'9˻»ɶ,��'ȓǿ��Ǔ¯ʇ�<ɈɧÉ1-�wp�n�õ=ʶ6BĬ¡�'�

>ùɩű�Ŷĳ�?>	¥��Rfvt3 �ɦȘ,��>�wp�n�-ɦÃȬʈBĬ¡�>

�)B in vivo,��'Õ8'Ĵʛ��ǉɩǊƖ,©�Ȭʈű-®���ƥȄÃ-�wp�

n�Ǌ�Bş�ʭ���Đ(�>�)�Š�ȥċ�?"	 

ǉɩǊƖĖ-RFVT3Bv}(Ƴ�>BVVLȐ¸ɚųɞ,��'�ĢȮEV�CoAɬǖ

ɆˏɆǊƖȐ̍ Multiple Acyl-CoA Dehydrogenase Deficiency; MADD )̎üǆ-¤ʥȋő�ʠ

8<?>�)�Ěă�?'�> 25	MADD.P�]�ˑŁȐ IIĖ)9ʊǿ�?�ɪɡˑȶ

-¤ʥȋő,©��Ł�,��>P�]�ˑB.�8)�>ɪɡˑ¹�;0ʇ�EV�L

�f_�¹-�ƫ�ʠ8<?> 68	®ʇɁ�¤ʥűEVd�VX�ɠɰĤ�zKl_�+

*Ģǆ+ȐǼBĂ��ƥȄÃ,��'ȓȐ�"ěû.˔Ƚ(�=�Ŧ�Ŵ�	MADD-ȓ

ȐʑĐ)�'�ɪɡˑ�ˑèȶ-¤ʥóŰ,ˡ��> electron transfer flavoprotein̍ETF̎

�;0 electron transfer flavoprotein dehydrogenase̍ ETFDH̎BR�d�>ˊ¨ĭ-Ġȋ�Ě

ă�?'�=��?<-ǉɩǊƖ,;=ɪɡˑ¤ʥȋő�ŷʭ�?>�)�Ƞ<?'�>



 14 

69-71	Ʒȳ,��'�Rfvt3i`OEHcyHX.Ł�P�]�ˑǳś-�ƫBĂ��Rfvt3

-ǉɩǊƖ,;=ɪɡˑ¤ʥȋő�ş�ʭ��?>�)� in vivo,��'ȥ�?"	�ˑ

è. 4Ǒ˪-ˏɆóŰ,;=ž%'�=� -ȵ 1Ǒ˪.FADBʍˏɆ)�>EV�CoA

bmd�Qe�[,;=Ĭ¡�?>	Rfvt3i`OEHcyHX(.ǃʗ�"Å'-Ɋɖ,

��'�FADǳś.˕ȄĖ,ǔ�'®¹Bȥ�'�"	Ũ%'ʍˏɆ-Ǌ�,;=ɪɡˑ

�ˑè-˃ʈ,ţ˺�ò0�ʂȯ�"ɪɡˑ�Ł�,ǯÑ�"9-)ƓĹ�?>	¥Ü,�

˜˚ɪɡˑ�ˑè,ˡ��>mitochondrial trifunctional protein̍MTP̎-i`OEHcyH

X�ɪɡˑ¤ʥȋő:®ʇɁB�"��ÑȄŦ 36ƭˠ¥É,ǎ��>�)�Ěă�?'�

> 72	�-ɌƼ.�ȄŦ-Ȅį,��>ɪɡˑ¤ʥ-˔ʑűBȥċ�>9-(�>	MTP

i`OEHcyHX-Ůɷ�;0ǈ˫ɶ(.˔ś-hO��VX:ȱɧè�ʠ8<?�Ů

ǉɩ-®�5".Ćā�Å,;=ǎ��"ùɩű�ƓĹ�?'�> 72	Rfvt3i`OEHc

yHX-ǎ�ƭƶ. MTP i`OEHcyHX)ː«�'�=�üǆ-ǉř(ǎ��'�

>ùɩű�ɝ�<?>	¥�;=�Rfvt3 -ǉɩǊƖ,©��wp�n�Ǌ�.�ɪɡˑ

¤ʥ,ţ˺B�"��)� in vivo,��'Š�ȥċ�?�ɻǎȔ+ʑĐ)+>ùɩű�Ɠ

Ĺ�?"	 

RFVT3 -ˊ¨ĭĠȋ)-ˡˁ�ȥċ�?'�> BVVL Ȑ¸ɚ.�ľÃ:�ŕÃ,��

'ȓȐ�>Ȑ²�Ģ� 30, 73	RFVT3ˊ¨ĭ,ĠȋBƳ�>BVVLȐ¸ɚųɞ(.�ʇ��

wp�n�ǳś-®��ʠ8<?>�)�Ěă�?'�> 25	�?<-ųɞ,��>Ȩɋ

ȐǼ.�wp�n�-Ƅ�,;%'ʁ��ƝČ�> 25, 26, 28, 59	Ũ%'��wp�n�-Ǌ

�� BVVL Ȑ¸ɚ-ȓȐʑĐ)+%'�>ùɩű�ƓĹ�?'�> 73	ƷȡȰ,;=�

RFVT3-ˊ¨ĭǊƖ,;=ɦȘB¡�"ɦÃ1-�wp�n�³ɍ�®���ƥȄÃ,̀

ʁ+�wp�n�Ǌ�Bş�ʭ���)�ÖƬ�"	5"�ȵ Iȳ,��'Ĵʛ�"ʿ=

RFVT3.�wp�n�-ɱȹāô,��'9˔ʑ+ŤßBƼ"�'�=�̄ ġ�<-Ɨõ

�ůʑ)+>ÑȄŦ,.��wp�n�Ǌ���<,ĞŠ�?>ùɩű�Š�ȥċ�?>	

�wp�n�Ǌ�,;=ȨɋȐǼBȓȐ�>ǉř. Ŧ-ǃʗ�ůʑ(�>��RFVT3-

ˊ¨ĭǊƖ,©�ɦÃƶ-�wp�n�³ɍ�0,ÑȄŦ-ɱȹāôɩ-®�,;=�w

p�n�Ǌ��ş�ʭ��?�BVVLȐ¸ɚȓȐ-ʑĐ)+>ùɩű�ƓĹ�?>	 

¥��Ʒȳ,��' RFVT3 �ȄŦ-Ȅį,ů˽-c��Xx�](�>�)�ÖƬ�

"	5"�RFVT3 .ɦȘ,��'ɦÃ1-�wp�n�-Ȭʈ,ˡ��>�)� in vivo

,��'ȥ�?�ǉɩǊƖ,©�Ȭʈű-®�.ƥȄÃ-�wp�n�Ǌ�Bş�ʭ��

�)�ȥ�?"	  



 15 

Ɍ� � � ʢ 
 

¥��ȳ,A"=�ʁɞ.�wp�n�c��Xx�] RFVT3 -ȄȁȔŤß-ʕƬB

șȔ)�"ǃʗBʈ��¥�-ɌʢBũ"	 

 

 

ȵ Iȳ� �wp�n�ɱȹāô,��> RFVT3-Ťß 
 

�wp�n�.Ȅ¯-Ǎő+ǉɩɏƊ,ů˽-ǖǮűn]z�(�>	mcB.�8)

�>Ċ�́.�wp�n�ȄûžɋʯBƳ�+�"8�̂Ǻ�<-Ɨõ��ùǊ(�>	

̂�Ɨõ�?"�wp�n�.ľɱ,��'�ɱ�ȖɈɧ-ȹɯ»Úĭɔɶ)ʇȹ»»Ś

ɶ- 2&-ɶʾ˄˄ȭBɋ'ʇ�1)õ=ʶ5?��-�˄ȭBc��Xx�]�Ĭ¡�

>�)�Ƭ<�)�?'�>	���� -ÒĭĴ¯.˜Ŕ�Ƭ(�%"	Ʒȳ(.�ľ

ɱ,��'̊ȓǿ�ʠ8<?> RFVT3 -�wp�n�ɱȹāô1-ǉɩȔˡ�Bʜµ�

"	mcɱȈƹ�ȖɈɧ(�>T84Ɉɧ,��>RFVT3-mRNAȓǿ˖.�mc-ľɱ

)üȭś(�%"	5"�T84 Ɉɧ,��'�wp�n�.˻»ɶ»�<»Śɶ»1-Ʀ

þ�ï$ɱȹāô,ĺŰ�>Ʀþ,ˉƆȔ,ʴʼ�?"	Ũ%'��wp�n�ɱȹāô

,��>RFVT3-ŤßB in vitro,��'ǃʗ�>�(�T84Ɉɧ.}b�Ɉɧ)�'Ĩ

š(�>)ɝ�<?"	T84 Ɉɧ-˻»ɶB¡�"�wp�n�õ=ʶ6.Ɉɧġ pH ´

įű�&Na+˶´įűBȥ��RFVT3-ǉɩȔǻŭ�ʠ8<?"	�<,��-�wp�

n�ʴʼ.RFVT3ˢĶʄ(�>|_��q��-Ǧá��;0RFVT3,ǻȋȔ+ siRNA

-ĽÄ,;=ƳŸ,®��"	In situ hybridizationǚ,;=yHXǢèȹ,��>Rfvt3-

mRNAȓǿBǃʗ�")�@�ȱɱ�;0ďɱ,��'ȓǿ�ʠ8<?"	�Ʀ�ɤ�ê

�Ƌɱ�Țɱ�Ɍɱ�țɱ(-ȓǿ.3)C*ʠ8<?+�%"	yHXȱɱ�;0ďɱ

,��>�wp�n�ɶʾ˄ű.�|_��q��-Ǧá,;=ƳŸ,®��"	¥�;

=�RFVT3.ɱ�ȖɈɧ-˻»ɶ,��'ǉɩ���wp�n�-ɱȹāô,ĸ��>�

)�ȥ�?"	 
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ȵ IIȳ� ƥȄÃȄį,��> RFVT3-˔ʑű 
 

� RFVT3.ľɱ-¢,ɮɷ�ɀŉ�ɦȘȶ,9Òō�'�>��in vivo,��'ƈ�Ťß

.Ƭ<�)�?'�+�	 �(Rfvt3i`OEHcyHX̍ Rfvt3-/- B̎Ȇ�'ǃʛ�"	

Rfvt3+/-ˠ�ˍ,;=ÑȄ�"ƥȄÃ.�|�b�Û,Ũ%"ˊ¨ĭĖÒōBȥ�"	��

��Rfvt3-/--ĤˋÒ�ȄŦ 48ƭˠ¥É,ǎ��"	ÑȄƭ- Rfvt3-/--¯˔.�˕ȄĖ,

ǔ�'ƳŸ,®¹Bȥ�"	�Ʀ�Rfvt3+/--¯˔,ˡ�'.�ʻʮ�" 20 ˂ˠ-ƶˠÉ

,��'�˕ȄĖ)-ˠ,ƳŸ+ŋ.ʠ8<?+�%"	RFVT3 -ˊ¨ĭĠȋBƳ�>

BVVLȐ¸ɚųɞ(.�P�]�ˑŁȐBĂ�>�)�Ěă�?'�>	Rfvt3-/--Ł�P

�]�ˑǳś.˕ȄĖ)ǔ�'ƳŸ,�ƫ�'�=�Rfvt3 -ǊƖ,;=ɪɡˑ¤ʥȋő

�ş�ʭ��?>�)� in vivo,��'ȥ�?"	Rfvt3-/--ʇ��;0Ɋɖ�̍ ɭ�ɮɷ�

ɠɷ�Ůɷ�ɣ -̎�wp�n�ǳś.�̞ ȄĖ,ǔ�'ʁƬ,®��'�"	�?;=�

Rfvt3 �ɦȘ,��'�wp�n�-ɦÃȬʈ,ˡ��>ùɩű�ƓĹ�?"	In situ 

hybridizationǚ,;=yHXɦȘ,��> Rfvt3-mRNAȓǿBǃʗ�"ɌƼ�ʺʯˋ,

��'ȓǿ�ʠ8<?"	Rfvt3+/-ˠ�ˍ��"ħī 16Ʃș-˱űyHX,[3H]�wp�n

�BȞƭƄ���ɦÃ1-�wp�n�ȬʈűBʜµ�")�@�Rfvt3-/-ɦÃ�-ƞļǞ

ű.˕ȄĖɦÃ,ǔ�'ƳŸ,®¹Bȥ�"	¥�;=�RFVT3�ƥȄÃ-Ȅį,ů˽-

c��Xx�](�>�)�ÖƬ�"	RFVT3.ɦȘ,��'ɦÃ1-�wp�n�-Ȭ

ʈ,ˡ��>�)�Ƭ<�)+=�ǉɩǊƖ,©�Ȭʈű-®�.ƥȄÃ-�wp�n�

Ǌ�Bş�ʭ���)�ȥ�?"	 

 

 

¥��ʁɞ. RFVT3 ��wp�n�-ɱȹāô�;0ɦÃȬʈ,ĸ��>�)BƬ<

�)�"	5"�RFVT3.Ȅį,ů˽-c��Xx�](�>�)BʒÑ�"	ƷȡȰž

Ƽ.�Ȅ¯-�wp�n�ŲőűɏƊǉǅBȁʕ�>"8-˔ʑ+ęȤȔȠʒ(�>)Ç

,�BVVL Ȑ¸ɚȶ- RFVT3 -ǉɩǊƖ�ˡ��>Ȏų-ȓȐ|LfY{-ʕƬ,9Ƴ

Ȇ+ŵĚ)+>9-)ɝ�>	 
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ʥ � � ʵ 
 

  

ɉA=,ɸ6�ƷȡȰ,˭�'ɉĩŪżȽ+>ŪƋĽ�Ū˹ƚBʪ=5�"�ˌĤİé

İˋˣŃȏ  ˦ƺð Ĉĥ ƠƎ,ʋŮ;=Ǥȃ+>ʥŸBʊ�5�	5"�Ȯ
-Ƴȗ+Ū

âʖ)ŪƋĽBſ�5�"�ˌĤİ � ʫ� ýʟƠƎ��ˌĤİĤİ˦ʄİȡȰȩ ȟ  ̞

ɢĭ ÎƠƎ�Ȳć̆Ĥİʄİ  ̀ǂ Ɵ� ƠƎ��ňĤİȏ  ˦Ğȇ ưÀ ƠƎ��ˌĤİ

éİˋˣŃȏ  ˦Ⱦǲ ǥ ʤŏ,Ǥʥɻ�5�	 

�<,�Ģ�-ŪƋĽ�ŪâʖBſ�5�"�ˌĤİéİˋˣŃȏ˦ʄÝˋʣǕ��0

,Ĵ̉-�ˋ,Ūëàſ�5�"Æŀ ȧ  ̀íğ�ʀ  ̞�əĭ�C�ņʐ ̇˓�C,Ů

;=Źʥɻ�5�	  
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Ĵ ̉ - ˋ 
 
ʝʄ 

Moravek Biochemicals 

D-[1-14C]mannitol (1.961 GBq/mmol), [3H]riboflavin (0.903 TBq/mmol) 

 

GE Healthcare 

[14C]α-methyl-D-glucopyranoside (11.7 GBq/mmol) 

 

Sigma-Aldrich 

Flavin adenine dinucleotide disodium salt hydrate, Lumichrome, Lumiflavine, Probenecid, 

Riboflavin, Riboflavin 5’-monophosphate sodium salt hydrate 

 

Nacalai Tesque 

Amiloride, Choline chloride, Furosemide, Imipramine hydrochloride, p-Aminohippuric acid, 

D-(-)-Mannitol  

 

Wako Pure Chemical Industries 

Chlorpromazine hydrochloride, Desipramine hydrochloride, Methylene blue, N-methyl-D-glucamine 

 

 -¢-ʝʄ.�ŌʨǻɅĉBȆ�"	  
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ȵ�ȳ� Ĵ̉-ˋ 
 
�I-1�ɈɧĘ  ̅

̍1̎�T84Ɉɧ-Ę  ̅

mcɌɱȒȈƹ�ȖɈɧǀT84Ɉɧ̍ CCL-248; American Type Culture Collection .̎�10%

HVɦÃʇǧ̍FBS̎ĀƳDulbecco’s modified Eagle’s medium-Ham’s F-12 with L-Gln, sodium 

pyruvate, and HEPES̍Nacalai Tesque̎(�5% CO2-95% air�37˚C-Ȃĝ�,��'Ę̅�

"	Ĵ̉Ȇ,.�6-well Transwell®̍3.0 µm pores, 4.67 cm2; Costar̎5". 24-well plate, 

?!? 150�104 cells/well�20�104 cells/well(ƙȮ�"	2Ʃ�),ĘĕB�ƕ��5ƩŦ

,Ĵ̉,Ȇ�"	RNA ŒǨBʈ�ěû.�duplexed Stealth RNAi small-interfering RNA

̍siRNA̎̍Life Technologies B̎Ȇ�"	T84ɈɧƙȮƭ,�LipofectAMINE RNAiMAX̍ Life 

Technologies̎BȆ�"�k�Xc��XpIOV��ǚ,;= 1 well�"= 30 pmol -

siRNABɈɧÉ,ĽÄ�"	c��XpIOV�� 24ƭˠŦ,ĘĕB�ƕ�� -Ŧ. 2

Ʃ�),Ęĕ�ƕBʈ��5 Ʃș,Ĵ̉,Ȇ�"	R�c���Ɉɧ,. Stealth RNAi 

Negative Control Duplexes̍ Life Technologies̎BĽÄ�"	±Ȇ�" hRFVT3BǻȋȔ,ƃ

Ù�> siRNA̍hRFVT3-siRNA̎-ǇȔˍÔ.�¥�,ȥ�ʿ=(�>	 

 

hRFVT3-siRNA�: 5’-TCCTGCCTAACAGGTCTCTGCTGTT-3’ 

hRFVT3-siRNA�: 5’-ACCTGCGTCAATGTCACTGAGATAT-3’ 

hRFVT3-siRNA�: 5’-CCGGCGCACCTGGCCTTCATCTATA-3’ 

 

̍2̎�HEK293Ɉɧ-Ę  ̅

mcɦÃɮȈƹHEK293Ɉɧ̍ CRL-1573; American Type Culture Collection .̎�10% FBS

ĀƳDulbecco’s modified Eagle’s medium(�5% CO2-95% air�37˚C-Ȃĝ�,��'Ę̅

�"	Ĵ̉Ȇ,.�HEK293ɈɧBx��W�R�c�Ƨ�?" 24-well9��. 12-well 

plate, 7.5�104 cells/well�15�104 cells/well-ǳś( ?!?ƙȮ�"	24ƭˠĘ̅Ŧ,

24-well plate,ƙȮ�"Ɉɧ,. 0.2 µg�12-well plate,ƙȮ�"Ɉɧ,. 0.4 µg-r�X

zdDNABLipofectAMINE 2000 (Life Technologies)BȆ�'c��XpIOV���"	

24ƭˠŦ,ĘĕB�ƕ��48ƭˠŦ,ʴʼĴ̉,Ȇ�"	+��Ȇ�"r�XzdDNA

.�hRFVT1�hRFVT2�hRFVT3�mRfvt2 5". mRfvt3 -ˊ¨ĭˍÔ�ƌÄ�?"
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pcDNA3.1/Hygro(+)tO]�(�=�ʁɞ-ƀŃ�>ȡȰĵ,��'ƨ,ǅȼ�?"9-(

�> 20	 

 

̍3̎�MDCKɈɧ-Ę  ̅

GgɮȈƹMadin-Darby canine kidney̍MDCK̎Ɉɧ̍CCL-34; American Type Culture 

Collection̎.��I-1�̍ 2̎,ǭ�'Ę̅�"	Ĵ̉Ȇ,.�MDCKɈɧBx��W�R�

c�Ƨ�?" 4-well culture slides̍Becton, Dickinson and Company̎, 4�104 cells/well-ǳ

ś(ƙȮ�"	24ƭˠĘ̅Ŧ, 0.8 µg-r�XzdDNABLipofectAMINE 2000BȆ�'

c��XpIOV���"	24ƭˠŦ,ĘĕB�ƕ��48ƭˠŦ,ʅÁʔĹ,Ȇ�"	+

��Ȇ�"r�Xzd DNA.�hRFVT3-ˊ¨ĭˍÔ�ƌÄ�?" pEGFP-C1tO]�

(�=�ʁɞ-ƀŃ�>ȡȰĵ,��'ƨ,ǅȼ�?"9-(�> 20	 

 

�I-2�mRNAȓǿ-ĳ  ̟

RNeasy Mini Kit̍ Qiagen B̎Ȇ��T84Ɉɧ;= tatal RNABƇÑ�"	ũ<?" total RNA

B˘Ė)�'Random Primer�0, SuperscriptTM IIʽʱÌˏɆ̍Life Technologies̎BȆ�

' 20 µL-ɂ(ʽʱÌóŰBʈ�� -ŦRNase H̍Life Technologies̎ÐȁBʈ%"	ũ

<?" single strand DNAB�E�]G{ PCRǚ,;>mRNAȓǿĳ˖,Ȇ�"	�E�

]G{ PCR.�ABI PRISM7700TM Sequence Detector̍ Life Technologies B̎Ȇ�'Motohashi74

<-Ʀǚ,ǭ�'ʈ%"	¥�,±Ȇ�"TaqMan® Gene Expression AssaysBȥ�	 

hRFVT1, Hs01079030_g1; hRFVT2, Hs01859203_s1; hRFVT3, Hs00364295_m1. 

 

�I-3�T84ɈɧBȆ�"ʴʼĴ  ̉

̍1̎ɋ�Ȗʴʼ�;0ɋɈɧʴʼ-ʜµ 

�I-1�̍ 1̎,ȥ�Ƹ¦,'Transwell®,ƙȮ�"T84ɈɧBȆ�"	˻»ɶ»�»Ś

ɶ»-˼,Ę̅ǣB˧ñ���», 2 mL- Incubation Medium I̍.M.̎̍ pH 7.4̎BǦá

��37˚C( 10ÒˠG�N~t�V���"	�»�< I.M.B˧ñŦ�[3H]�wp�n��

˶Ǉʦ�wp�n��FMN5". FADBĀ7 I.M.B˻»ɶ»9��.»Śɶ»,�I.M.

Bóĺ»,Ǧá�"	ȄȁȔƸ¦BɝŻ��˻»ɶ»,Ǧá�>Ǯǣ. pH 6.0�»Śɶ

». pH 7.4,ʡʎ�"	ƀĳ-ƭˠ,óĺ»- I.M.B 100 µLďô�"	ƞļǞű.ǣ

¯V�_��V��LH�]�,;=�˶Ǉʦ�wp�n��FMN�;0 FAD-ǳś

.�I-5�,ǭ�'HPLCǚ,;=ǫĳ�"	�wp�n�ɋɈɧʴʼ˖BȸÑ�>ěû
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,.�D-[1-14C]y�fc��BüƭǦá�>�),;=Ɉɧˠˬʾ˄˖Bʜµ��ʍǍ

Bʈ%"	Ĵ̉,Ȇ�" I.M.-Ɋž.�145 mM NaCl�3 mM KCl�1 mM CaCl2�0.5 mM 

MgCl2�5 mM D-glucose�;0 5 mM HEPES̍pH 7.0-8.0,ʡʎ�>ěû̎5". 5 mM 

MES̍pH 5.5-6.5,ʡʎ�>ěû̎(�>	 

 

̍2̎˻»ɶ,��>�wp�n�ʴʼ-ʜµ 

�I-1�̍ 1 ,̎ȥ�Ƹ¦,' plate,ƙȮ�"T84ɈɧBĴ̉,Ȇ�"	Ę̅ǣB˧ñŦ�

0.5 mL- I.M.̍ pH 7.4 (̎ 37˚C,' 10ÒˠG�N~t�V���"	I.M.B˧ñ�"Ŧ,

[3H]�wp�n�ĀƳ I.M.̍ pH 6.0̎BǦá��5ÒˠG�N~t�V���"	ʄǣB˧

ñŦ�ǗÍ�" 1 mL- I.M.̍ pH 7.4̎(ɈɧB 2ďǜǠ�>�)(óŰBºǌ��"	Ɉ

ɧB 0.5 mL- 0.5 N NaOH(Ǯʕ��Ǯʕǣ�-ƞļǞűBǣ¯V�_��V��LH�

]�,;=ǫĳ�"	Na+-free- I.M..NaClBCholine chloride�N-methyl-D-glucamine5"

.Mannitol,ɘƕ�'ʡʎ�"	 

 

̍3̎»Śɶ,��>�wp�n�ʴʼ-ʜµ 

�I-3�̍ 1̎)üǆ,�Transwell®,ƙȮ�"T84Ɉɧ-�», 2 mL- I.M.̍ pH 7.4̎B

Ǧá��37˚C( 10ÒˠG�N~t�V���"	I.M.B˧ñŦ�[3H]�wp�n�ĀƳ I.M.

̍pH 7.4̎B»Śɶ»,�I.M.̍pH 6.0̎B˻»ɶ»,Ǧá��5ÒˠG�N~t�V��

�"	ʄǣB˧ñŦ�ǗÍ�" 2 mL- I.M.̍ pH 7.4̎(Ɉɧ-�»B 2ďǜǠ�"	Ɉɧ

B 1 mL- 0.5 N NaOH�,Ǯʕ��Ǯʕǣ�-ƞļǞűBǣ¯V�_��V��LH�]

�,;=ǫĳ�"	 

 

̍4̎]�lOĳ  ̟

ɈɧǮʕǣ�-]�lOʬǳś.�Bradford-Ʀǚ,ǭ��γ-globulinBX]�^�d)

�'Bio-Rad Protein Assay Kit̍Bio-Rad̎BȆ�'ĳ˖�"	 

 

�I-4�RFVT�˄űȓǿHEK293ɈɧBȆ�"ʴʼĴ  ̉

̍1 [̎3H]�wp�n�ʴʼĴ  ̉

�I-1�̍ 2 ,̎ȥ�Ƹ¦,'RFVTB�˄űȓǿ��"HEK293ɈɧBĴ̉,Ȇ�"	ɹ

ʼĴ̉.��I-3�̍ 2̎,ǭ�'ʈ%"	¬�� [3H]�wp�n�ĀƳ I.M.- pH. 7.4,ʡ

ʎ��5"G�N~t�V��ƭˠB 1Ò)�"	HEK293Ɉɧ,��>ÉĐȔ+�wp
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�n�ʴʼɩBɝŻ��úRFVT,;>�wp�n�ʴʼǞű̍ Specific Uptake B̎�RFVT

ȓǿHEK293Ɉɧ,��>�wp�n�ʴʼǞű�<ȱtO]�ĽÄɈɧ,��>ʴʼǞ

űBǩȸ�>�)(ȸÑ�"	 

 

̍2̎˶Ǉʦ�wp�n��FMN�;0 FAD-ʴʼĴ  ̉

�I-4�̍ 1̎,ǭ�'ʈ%"	ʄǣǦáÜ-G�N~t�V��. 20 Òˠ)�"	ʄǺ

ĀƳ I.M.-G�N~t�V��B 10Òˠʈ��ǗÍ I.M.(ǜǠŦ, 0.2 mL- 10 mM��

ˑk`pD�̍pH 5.5̎�,ɈɧBďô�"	|]i��Bá�>�)(˧]�lOBʈ

��̌ ŮŦ-�ǧBRX}eGXpF�]�̍ 0.45 µm; Merck Millipore B̎ʿ�"Ŧ,�I-5�

,ǭ�"HPLCǚ,Ȇ�"	 

 

�I-5�HPLC,;>�wp�n��FMN�;0 FADǳś-ǫĳ 

HPLC ,.�LC-10ADVP̍Shimadzu �̎ǃÑĎ,.ʅÁǃÑĎ RF-10ASL̍Shimadzu �̎

ȯÒĎ,.O�ycl`O C-R8A̍Shimadzu̎BȆ�"	ÒƻL�{. CHEMCOSORB 

5-ODS-H̍ 4.6�150 mm; Chemco Scientific Co., Ltd. �̎ȬåȜ. 10 mM��ˑk`pD�̍ pH 

5.5̎̔ |]i�� = 65 : 35)��ǟˀ 1.0 mL/min�ãʭǛ˜ 445 nm�ʅÁǛ˜ 530 nm�

G�WIOV��˖ 20 µL�L�{Ǫś 40˚C,'ǫĳBʈ%"	 

 

�I-6�GFP-hRFVT3ȓǿMDCKɈɧ-ʅÁʔĹ 

�I-1�̍ 3 ,̎ȥ�Ƹ¦,' 4-well culture slide,ƙȮ��GFP-hRFVT3B�˄űȓǿ��

"MDCKɈɧBȆ�"	Ę̅ǣB˧ñŦ, PBS(ɈɧBǜǠ��2%l�v�{E�bm

dBǦá�10Òˠ˵ɘ�>�)(ɈɧBēĳ�"	ǁ�;0F-EO_�BǃÑ�>"8�

4’,6-diamidino-2-phenylindole̍2000 ·Ŏ˒̎�;0 Alexa-546-Phalloidin̍1000 ·Ŏ˒̎,

;>ƽɿBʈ��ʅÁ̀Ŭ˛̍BZ-9000; KEYENCE̎BȆ�'ʔĹ�"	 

 

�I-7�In situ hybridization 

yHXɊɖ-l�pF�çė�ʃÓÓǹ-°ž�;0ƽɿ.ǀŞ§ȦWIiX]`p,

Īʘ��¥�-ʑ˾(ĴƧ�?"	 

 

̍1̎ɊɖÓǹ-°ʎ 

 8˂̌-C57BL/6˯űyHXBȆ�"	v�{E�bmdɂēĳǣ̍Genostaff̎BȆ�
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'Ɋɖ-Ǵǟ�ǡǰēĳBʈ%"	l�pF�çėŦ�56 µm-ʃÓÓǹB°ʎ�"	 

 

̍2̎r��qˍÔ 

 yHXRfvt3BǻȋȔ,ǃÑ�>ˍÔBǃɇ�"	 

Ȇ�"r��qˍÔB¥�,ȥ�	 

 

Rfvt3/Slc52a3̍NM_027172.3  ̎

Position̔1045-1645 in the open reading flame 

AGGTCGCTGTTATTCCTGGGGGTGCTCACAGTGTTGGGGACCGGCTTTGGGGCCT

ACAATATGGCCATGGCTGCTATGAGCCCCTGCCCTGTCCTGCAGGGTCACTGGG

GTGGAGAAGTCCTTATCGTGCTCTCCTGGGTGCTGTTTGCAGCCTGTCTCAGCTA

TGTCAAGGTGATGCTGGGTGTGATCTTGCGTGACCGGAGTCGCAGTGCCCTCTTG

TGGTGTGGGGCAGCGGTGCAGCTGGGCTCTCTGATTGGTGCCCTGCTCATGTTCC

CACTGGTTAATGTACTGAAACTCTTCTCATCTGCCGACTACTGCAGCCTGGACTG

CTCCGTGTAGGCTCACTTGGCCACCTCAGGACACCAGGTACCCCCATCGGTGAA

GGTAAAAGCCAGAAGAGCCCAGCGACACTAAGGATAACAACCCTTTGCTCCATT

TTTCATCCCCATCCTCCACACCCCCACTCCAACCTTGCATGGTCATAGATCGGGG

TCTGGGGAGCTGTTAGGCCAGGCCTGAGCTTTTTAACACAAAGGCCTCCTTCCA

ACCTGGAGTTGCACTGTGCAGCCCCTCCTCCAGCACAGTGCCCGTTGCTTATGAG 

 

̍3 I̎n situ hybridization 

ʃÓÓǹ,ɬl�pF�ÐɘBƧ�"Ŧ�Proteinase K̍8 µg/mL̎B 37˚C( 30Òˠó

Ű��"	4% PFA (Ëśēĳ�"Ŧ�0.2 N HCl ( 10 ÒˠÐȁ�"	0.1 M 

triethanolamine-HCl, 0.25% acetic anhydride( 10ÒˠG�N~t�V���>�),;=E

Z_�èBʈ%"	ɬǖƛ°Bʈ%"Ŧ�300 ng/mL,ʡʎ�"WSNVQf�Ǉʦr�

�qB 60˚C( 16ƭˠjGq�^G[�V����"	ÓǹBǜǠŦ�RNase A̍ 50 mg/mL 

in 10 mM Tirs-HCl, 1 M NaCl and 1 mM EDTA Ð̎ȁBʈ%"	0.5%q�`N�Pʝʄ̍ Roche̎

BȆ�' 30Òˠq�`N�PBƧ�"Ŧ�1000·Ŏ˒�"E�L�vXpD]�[Ǉʦ

ƅWSNVQf�ƅ¯̍Roche̎)ĵǪ( 2ƭˠóŰ��"	ȓɿóŰ.�NBT/BCIPǮǣ

̍Sigma̎)�ƮóŰ��>�),;=ʈ%"	Kernechtrot ƽɿ,;=ĺǔƽɿBʈ��

CC/Mount̍Diagnostic Biosystem̎,;=ĻÄ�"	 
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�I-8��wp�n�ɱȹāôɩ-ʜµ 

̍1̎Ĵ̉åǺ 

10-15˂̌-C57BL/6˯űyHX̍Japan SLC̎B±Ȇ�"	yHX.Ĵ̉,Ȇ�>5(

ŲǪ̍22-24˚C �̎12ƭˠ-ƬƱTGO��ǖ)ēŢʝƤBɹȈ,Ɨõùɩ+Ƹ¦�,��

'̃ɢ�"	 

åǺĴ̉.��ˌĤİåǺĴ̉,ˡ�>Ƌ˗Bˈı�'ʈ%"	 

 

̍2 I̎n situ closed loopǚ 

Shirasaka<-Ʀǚ 75Bę,�¥�-ʑ˾(ʈ%"	yHX.�Ĵ̉Üģ;=Ɏ̂��"	

Pentobarbital̍50 mg/kg̎̋ˎ�(˟ɲ��ȱɱ,��'. treiz˸Ő;= 2 cmˇ»Bʭ

Ƕ)�> 5 cm�ďɱ,��'.Țɱ;= 2 cmʷ»BɉǶ)�> 5 cm-�ȴ,V�R�

_~�qBȆ�'Lf~��V��ƂʉBƧ��˞˚ɂ-ɱȹ LoopB°ž�"	LoopÉ

B50 nM-[3H]�wp�n��;050 µM-α-|_�-[14C]P�Ro�iVdBĀ7200 µL 

- PBS(Ǭ"�"	3ÒŦ,ʷ»-Lf~��;=˶Ǉʦ PBSB LoopÉ,ǟÄ���

ˇ»-Lf~��;=ďô�"	ũ<?"ǮǣB 10 mL,|XE`r��ƞļǞűBǣ

¯V�_��V��LH�]�,;=ǫĳ�>�)(�LoopÉ,ǐį�>[3H]�wp�n

��0, α-|_�-[14C]P�Ro�iVd˖Bʜµ�"	5"�LoopBì˲ŦÓ˟��Loop

-˜��;0ÊĄ˜Bǫĳ�"	 

 

[3H]�wp�n��0, α-|_�-[14C]P�Ro�iVd-ľɱɶʾ˄ű̍Permeability̎

.�ǋ-Ş,;=ȸÑ�"	 

 

Permeability (cm/s) = V(lnX0 – lnX) / CLT 

 

V; LoopÉƄ�ʄǣ˖̍200 µL ,̎ X0; Ƅ�ʄǣ�ƞļǞű, X; ɱÉǐįʄǣ�ƞļǞű,  

C; LoopÊĄ ,̃ L; Loop ,̃ T; G�N~t�cƭˠ̍180Ȫ  ̎

 

�<,�ȿɶ�[3H]�wp�n��0, α-|_�-[14C]P�Ro�iVdʂȯ˖Bʜµ�

>"8�ì˲�" Loop ˋBǗÍ�"Ȅȁ̂Ĝǖ(ǜǠ�"Ŧ�ȿɶBƔ�õ%"	ȫ

˖Ŧ, 19 ·˖-Ȅȁ̂Ĝǖ�(x�c��v}WeGU�BȆ�'v}Wh�cB°ʎ

�"	ˇŮŦ-�ǧ 100 µLB SOLVABLE̍PerkinElmer̎�,ĲÅ,Ǯʕ���ƞļǞű
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Bǣ¯V�_��V��LH�]�,;=ǫĳ�"	5"��ǧ 5 µLB�I-3�̍ 4̎,ǭ

�"]�lOĳ˖,Ȇ�"	 
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ȵ IIȳ� Ĵ̉-ˋ 
 

�II-1�Rfvt3̍Slc52a3̎i`OEHcyHX 

Rfvt3 i`OEHcyHX̍Slc52a3tm1a(KOMP)Wtsi̎-ÏɌɀĭB Knockout Mouse Project 

(KOMP) repository76;=ÄƂ�"	C57BL/6˕ȄĖ˱űyHX,öɀ���F1�¤yHX

Bũ"	ÑȄ�" F1�¤,&�'�ŀ;=ƇÑ�"Qi{DNABT�r�)�'�II-2�

̍2 ,̎ǭ�' long-range PCRBʈ��Ǎȣ,ȜüɊ6ƕ��ʠ8<?"yHXüğB�ˍ

���F2 �¤yHXBũ"	�II-2�̍ 3̎,ǭ�"Qi{ PCR ǚ,;=�˕ȄĖ�sa�

ǊƖĖ̍Rfvt3+/- �̎v}ǊƖĖ̍Rfvt3-/-̎-ÖĳBʈ%"	 

 

�II-2�Qi{ PCR 

̍1̎Qi{DNA-ƇÑ 

yHX-ŀ;=DNeasy Blood and Tissue Kits̍Qiagen̎BȆ�'Qi{DNABƇÑ��

ũ<?"T�r�B¥�- PCRóŰ,Ȇ�"	 

 

̍2̎Long-range PCR 

Long-range PCR.�TaKaRa Ex Taq® Hot Start Version̍TAKARA BIO̎BȆ�'�94˚C

( 30Ȫ̍Ġű �̎55˚C( 30Ȫ̍Ef���P �̎72˚C( 9Ò̍ª˜̎-TGO�B 32ď

ɗ=ʸ��ƲŦ, 72˚C( 20Òª˜Bʈ%"	ũ<?" PCRȅǺB 0.6%EM��XQ�

(Ò˲Ŧ�J_WH{q�yGdƽɿ,;=ǃÑ�"	±Ȇ�"r�Gy�B¥�,ȥ�	 

 

For 5’ homology arm 

  Forward primer (F1) : 5’-GAGTGGCACTTGACATTCGAGGATAAGC-3’ 

  Reverse primer (R1) : 5’-CACAACGGGTTCTTCTGTTAGTCC-3’ 

 

For 3’ homology arm 

  Forward primer (F2) : 5’-TCTATAGTCGCAGTAGGCGG-3’ 

  Reverse primer (R2) : 5’-GCGGCTTTTACCAAGAATATCAAG-3’ 
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̍3̎WIi]Go�P 

˕ȄĖE���;0ĠȋĖE��BǃÑ�>"8� ?!?TaKaRa Ex Taq® Hot Start 

Version�TaKaRa Taq® Hot Start Version̍ TAKARA BIO B̎Ȇ�" PCRóŰBʈ%"	94˚C

( 30Ȫ̍Ġű �̎55˚C( 30Ȫ̍Ef���P �̎72˚C( 3Ò̍ª˜̎-TGO�B 32ď

ɗ=ʸ��ƲŦ, 72˚C( 10Òª˜Bʈ%"	ũ<?" PCRȅǺB 1.5%EM��XQ�

(Ò˲Ŧ�J_WH{q�yGdƽɿ,;=ǃÑ�"	±Ȇ�"r�Gy�B¥�,ȥ�	 

 

Forward primer  

for wild type allele (F3) : 5’-TCCTGAGGCAAAAGTGGAAA-3’ 

for mutant allele (F4)  : 5’-GAGATGGCGCAACGCAATTAAT-3’ 

 Reverse primer (R3)   : 5’-GGCTGAAATAGCCCACCTTT-3’ 

 

�II-3��E�]G{ PCR 

yHXɮɷ�<- total RNA-ƇÑ�ʽʱÌ��;0RNaseÐȁ.�I-2�,ǭ�'ʈ%

"	�E�]G{ PCR.�StepOnePlusTM Real-Time PCR system̍ Life Technologies ,̎;=

ʈ%"	±Ȇ�"mRfvt3- TaqMan® Gene Expression Assays.Mm00510189_m1(�>	 

 

�II-4�ʇ��;0Ɋɖ��wp�n��FMN�;0 FADǳś-ǫĳ 

ÑȄšƩ-yHX;=ʇǣ�;0Ɋɖ̍ɭ�Ůɷ�ɣ�ɮɷ�ɠɷ̎BƐõ�"	ʇǣ

.ˇŮÒ˲Ŧ-ʇǱBT�r�)�"	Ɋɖ,ˡ�'.�9 ·˖-Ȅȁ̂Ĝǖ�(�x�

c��v}WeGU�BȆ�'v}Wh�cB°ʎ��ˇŮŦ-Ò˲�ǧBT�r�)�

'Ȇ�"	úT�r�,ĺ�'ȶ˖-|]i��Bá�'˵ɘ�"Ŧ,ˇŮ�>�)(�

˧]�lOBʈ%"	ˇŮŦ-�ǧB�ʇǱ,ˡ�'. 20·Ŏ˒�Ůɷ�ɣ�ɮɷ�ɠɷ

,ˡ�'. 5·Ŏ˒�"	ɭ-�ǧ.Ŏ˒��,Ȇ�"	�?<BRX}eGXpF�]

�W̍0.45 µm�Nacalai Tesque̎Bʿ�"Ŧ�20 µLBHPLC,;>ĳ˖,Ȇ�"	HPLC

ǫĳ.�I-5�,ǭ�'ʈ%"	 

 

�II-5�Ł�P�]�ˑǳś-ǫĳ 

ÑȄšƩ-yHX;=ɵɨŁBďô��10 µL�-P�]�ˑǳśBGCMSǚ,;=ǫ

ĳ�"	ǫĳ.�ǀŞ§ȦŇǝaOi�T�_,Īʘ�"	 
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�II-6�In situ hybridization 

 ħī 17.5Ʃ̌-C57BL/6˱űyHXBȆ�"	�I-7�̍ 1̎,ǭ�"Ʀǚ(ēĳ�0,ç

ėBʈ��ɦȘ-ʃÓÓǹB°ʎ�"	 

 r��qˍÔ�;0ƽɿƂ˼.�I-7�,ʙʳ�"ʿ=(�>	 

 

�II-7��wp�n�ɦÃȬʈ-ʜµ 

Wyrwoll<-Ʀǚ 77Bę,�¥�-ʑ˾(ʈ%"	Rfvt3+/-yHXˠ(�Ʈ�ˍ���ɛ

Ƶr�P_I`O,;=�ŀ-žȲBȣʠ�"	ħī 16Ʃș-ǓʓyHXB Pentobarbital

̍50 mg/kg̎̋ˎ�(ŊĤɴ˵ɫ,Lf~��V��ƂʉBʈ%"	+��Lf~���

,.�8 heparin̍100 IU/mL̎BǬ"�"	ŊĤɴ˵ɫ;=[3H]�wp�n�̍500 nM�

10 mL/kg̎BȞƭƄ���5ÒŦ,ɲˋĤåɫ;=ÅƐʇBʈ��)(ńǒ��ˀ:�,

ɦȘ�;0ɦÃBƘÑ�"	ɦÃ-ŀ;= REDExtract-N-AmpTM Tissue PCR Kit

̍Sigma-Aldrich̎BȆ�'Qi{ DNA BƇÑ���II-2�̍ 3̎,ǭ�'ɦÃ-WIi]G

rBÖĳ�"	ɦÃ. 4·˖-Ȅȁ̂Ĝǖ�(�x�c��v}WeGU�BȆ�'v}

Wh�c�"	 -Ŧ SOLVABLE̍PerkinElmer̎�,ĲÅ,Ǯʕ���ǣ¯V�_��

V��LH�]�,;=ƞļǞűBǫĳ�"	 
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ʢ� ƣ� ș� ˙ 
 

 

ƷȡȰ-Éķ.�¥�-ʢƣ,ȓʊ�"	 

 

 

Functional involvement of RFVT3/SLC52A3 in intestinal riboflavin absorption 

  Am J Physiol Gastrointest Liver Physiol 306: G102-G110, 2014 

 

 

Riboflavin transporter RFVT3/SLC52A3 is essential for neonatal survival 

  Manuscript in preparation 
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