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ȕš 

 
� îƲ�*ü�*ƵƬ+£¸(ǥ 24Ŧɏ@È4ŦȜ�żşŦȜ@Ŏ #�;�
ȌìúÐ�t�{�ÀƎ�£Ɲ�Ǌǈâŭ'&ž�'ƵƳƱȩ( 24Ŧɏâŭ*
�Wy@��#	<��*żşŦȜ@Æĵ�<�ŵ+�Ȁ*Șĥ�Ɂ(�<ė

�'ǕǪŷ�Ș×Õ�ŷɭSCNɮ$�<�żş�Wy@ĭņ�<ÀĄzKeW
y+ Per1 @+�5%�<�ǵ*ŦȜɀ Ą(9<ȰºǷȟ@���fL`D
onD�ci_O��p$�<��*9
'żşŏÐ*ÀĄƀŽ+·ȯ*ǧǽ

(6ąí�<��SCN+t�{�ÀƎ7ǕǪ Ⱦ(9;·ȯ*ŮŸŦȜ@Ȥİ
��¬£%�#*żş�Wy@ǭō�#	<� 
� ȸĠ�ǖ��*£¸ŦȜ*�Wy+ûƹ*Ťŧ�Wy(ÞȤ�#	<�5�

�*ąí@ċł�<�%+'	�%�>��UG_bƀ(9;ƖûƜȈ@�<

%�ûƹ*Ťŧ�Wy+Ľƣ(úÐ�<*(ē�#�ǖ��*£¸ŦȜ*¡ǆ

+0%A&úÐ�'	*$�£¸ŦȜ%ƴ÷*Ťŧ�Wy��ɛ�#��ǈ7

ɤƃ�ŏ%	 �ŦĜƽƮ(ɕ<�2�ȵģ�ńľǁ'ŦĜƴ÷�$*ƵƑ@

ī	:=<Tnb��K�$+�ĺȌǡəĎ7ǺƟ�ǣęƼ'&*ƵƑǶŅƼ

7ƾ'&*ƿƽ�VO�øÏ�<�%6ǔ�çɠ%' #	<��
�'�:�

ŦĜ*ÀĄǕǪzKeWy(!	#+��=2$0%A&?
 #	'
 �� 
� ȵģǖ��+�SCN@ēȩ(ŦĜ*ÀĄVO��e�P@ȍ	�C�Ne�
iZp�_T�ɭAVPɮ*Ùď£$�< V1a% V1b*]o�g_OCFbwF
VɭV1a–/–V1b–/– wFVɮ��ŦĜƴ÷�(�	#Ŝ�	Ťŧƴ÷(ē�#Ż5

#ȳȹ(¹ÞȤ��·�ŦĜƽƮ@Ǔ�'	�%@Ȗ	������$ǖ+�

ŦĜƴ÷�* V1a–/–V1b–/– wFV%ɉƵðɭWTɮwFV* SCN (��<ŦȜ
ɀ Ą*ƿƱúÐ@�digoxigenin@ƶ	� in situhEo�]EY�T}�(9
 #�SCN*ǧǽ�r�$Țű���WT* SCN$+�ŦĜı 1şǄ(´Ŀô
�¶Î�< SCN*ȃû°ɁɭVLɟñɮ$ Per1�ȰºȡĖ�=�ŦĜı 2şǄ
9;żş�Wy*¡ǆ�¹ÞȤ@ɎĂ��ŦĜı 9şǄ(ŦĜÊ%Þž*żş
ŏÐ�èĶ����ŝ�V1a–/–V1b–/– * SCN (��<ŦȜɀ Ą*úÐ+�Ŧ
Ĝǅı$+WT* SCN*6*%0%A&Þž$� ���¹ÞȤ*ĉ�+ŦĜ
ı 3 şǄ%Ż5#ȳȹ$� ��2�ǖ+�ǕǪƑÐw�K�$�< c-Fos ƿ
Ʊ*µƻǩǳÑĆǁȚű(9 #�ŦĜƴ÷�(��<´Çƣ��SCN*ǧǽ
(ē�#ş�&*9
(¥ƶ�<*
(!	#źȝ����*ǫŴ�ŜŤŧƴ

÷*´+�WT* SCN@Ę'�%6ŦĜı 3şǄ2$+ƑľÑ�<*(ē�#�
V1a–/–V1b–/– * SCN *ƑľÑ+ŦĜı 1 şǄ*3$�<�%�?
 ����
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*ǫŴ+�ŦĜƴ÷�(�	#+�Ŭ(´@ƕ-<�%�ŦȜɀ Ą*ȡĖ7

SCNǧǽ*ƑľÑ@ĩ�ȭ���ŜŤŧƴ÷*�Wy.*¹ÞȤ@ªȼ�#	
<�%@Ǔæ�<6*$�<�2��SCN (��< AVP *ǕǪèȮ+�´Ç
ƣ�ǅő¶Î�'	Ǽ¸°ɁɭDM ɟñɮ(�<��V1a–/–V1b–/– * SCN $+
VLɟñ*¹ÞȤ6ȳȹ$�<�%
:�DMɟñ
: VLɟñ.*Ŝȗ*Æĵ
ƀŽ�ąí�<%Ǹ�:=<�  
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Ħȥ 

 
� îƲ�*01�/#*ƵƬ+�ȅȯ*£¸(ǥ 24Ŧɏâŭ@È4ŦȜ�ż
şŦȜ@Ŏ!ɭDunlap, 1999; Johnson et al., 2011; Rey et al., 2013; Romanowski et 
al., 2015ɮ��*żşŦȜ(9;�t�{�ÀƎ7ȌìúÐ'&ž�'ƵƳƱ
ȩ+ 24Ŧɏ�Wy@Ǔ�ɭReppert et al., 2002; Hastings, et al., 2003; Ko et al., 
2006ɮ�§�,�Ìȁǂȫt�{�$�<R�^[��*Ȍ�ƤĨ+�ȭĥÊ

:�ţ�#ȭĥŦ(m�O@ȴ���*ı¢��<%	
şâ�Wy@Ǔ�

ɭWeitzman et al., 1971ɮ�å�ɢ$+��*żş�Wy@ǭō�<�ŵ+�Ȁ
*Șĥ�Ɂ(�<ė�'ǕǪŷ$�<Ș×Õ�ŷɭsuprachiasmatic nucleus, SCNɮ
$�<��*�%+�SCN*Ǒùċɩ7ǘŹċɩ(9;ȚŤ�=���'?��
SCN @Ǒù�<%ȍÐ7t�{�ÀƎ'&*żş�Wy�ĉ·(ƘĀ�
ɭStephan et al., 1972; Moore et al., 1972ɮ�SCN@Ǒù�=�¬£(Ä*¬£

:ŐØ�� SCN@ǘŹ�<%�tVb¬£*żş�Wy�èĶ�<��$'��
�*âŭɌ+cd�* SCN*6*%Ǟ��'<ɭRalph et al., 1990ɮ�2��
ŦȜɀ Ą@Ɓœ��żş�Wy@Ǔ�'	wFV(ē�#�ɉƵðɭWTɮ
wFV* SCN@ǘŹ����$żşȍÐ�Wy+èĶ�<ɭSujino et al., 2003; 
McDearmon et al., 2006ɮ� 
� �*9
(�żş�Wy@ĭņ�<ȚËĆǁ�ƵƳĆǁǎȖ+Ţ�
:ɚǚ

�#	����*�Wyƿŏ*ÀĄzKeWy(!	#+Ɍ:��Ť$� ��

%�>��1997 ģ*ŦȜɀ Ą Per1 *O��e�P@ǂÁ;(�#�ƹ�$
ǐǛ�ȼ3�żş�Wy+ 10¬ǙĨ*ŦȜɀ Ą(9<Ȱº%Ƿȟ@��<f
L`DonD�ci_O��p(9<6*$�<�%�?�
Řģ$ÃŤ���

�ĺǁ'įÍ@Ō
 Per(ǉǄ�#�*ƀŽ(!	#ȣŤ�<%�2�RC�
�p*ȰºƑľÑéĄ$�< CLOCK% BMAL1�q`��Ɋ£@ĭņ��Per
% Cry*p�{�\��* E-box(ǫÝ�# Per% Cry*Ȱº@ƑľÑ�<�
ǯ	#�Ƿȟ�=� PER % CRY +�Ɋ£@ĭņ��CLOCK/BMAL1 (9<
E-box@��<ȰºƑľ@ŉÆ�<��*ǫŴ�PER%CRY*ƿƱɊ�ƛĘ��
ǯ	#CLOCK/BMAL1.*ŉÆ�Țɔ�=<�%(9 #¹-Per%Cry*Ȱ
º�ƑľÑ�=<ɭê 1ɮ��*9
(�#�Per*ȰºSEO�� 1èȰ�<�
2���*RC��p+�ȔŘ*So��p(9<üɈ*ȺǫÆĵ@Ù�<�

%$�ĈĊ�� 24Ŧɏâŭ*�Wy@ĭņ�#	<ɭOkamura, 2004; Dunlap, 
1999; Reppert et al., 2001; Reppert et al., 2002; Hastings, 1997; Moore, 1997ɮ��:
(�p�{�\��(ŦȜɀ Ą�¥ƶ�<ɃÂ@Ŏ���=(9 #�Wx
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_O(żşƿƱ�<ɀ ĄɭŦȜȐÆĵɀ Ą%ǱǗ�=<ɮ6üŘÞĊ�=

#	<��*9
'żşŏÐ@Ƶ3¿�ÀĄƀŽ+�SCN *ǧǽ��$'��
·ȯ*01·#ǧǽ(6ąí�#	<�ƿƱŏÐ�<ŦȜȐÆĵɀ Ą+�ǩ

ǳ�%(Ưȅľ��;�ǩǳëū*ƵƳƀǾ(ƚ�ɐ��#	<�%�?
 

#��ɭStorch et al., 2002; Ueda et al., 2002; Panda et al., 2002; Delaunay et al., 
2002; Lowrey et al., 2004ɮ�SCN+�t�{�ÀƎ7ǕǪ Ⱦ@��#��*
9
(·ȯ(ąí�<ŮŸŦȜ@Ȥİ�<�%(9 #�¬£%�#*żş�

Wy@Æĵ�#	<ɭInouye et al., 1979; Klein et al., 1991; Buijs et al., 2001; 
Terazono et al., 2003; Silver et al., 1996ɮ� 
 

 
ê 1� żş�Wy@Ƶ3¿�ŦȜɀ Ą*ÀĄƀŽ 

 
� SCN+�ĭŃĆǁ(Ǽ¸°Ɂɭdorsomedial, DMɮɟñ%ȃû°Ɂɭventrolateral, 
VLɮɟñ*ǧǽǵ(9 #Žņ�=<�2��DMɟñ% VLɟñ*ǕǪǧǽ
+�C�Ne�iZp�_T�ɭarginine vasopressin, AVPɮ%Ȍǡ¥ÐľȂǡ
±p^cɭvasoactive intestinal peptide, VIPɮ@�=�=ƭƺǁ(ƿƱ�#	<
ɭIbata et al., 1997; Moore et al., 2002ɮ��:(�DMɟñ(+�AVP*Ùď£
$�< V1a% VIP*Ùď£$�< VPAC2��=�=ƿƱ�#	<ɭYamaguchi 
et al., 2013; An et al., 2012ɮ�2��AVP*Ùď£$�< V1b6 SCN(ƿƱ�
#	<�%
:ɭVaccari et al., 1998ɮ�ê 2(Ǔ�9
(�AVP% VIP@��
< SCN¸ĚŇǕǪèȮ�ąí�#	<��* SCNǧǽɏ*đő'ǕǪèȮ(
9 #�SCN+ŮŸǩǳ%+ƺ';�Ƶ£
:Á;ɛ��ÁƫòɧǤ$� #



 6 

6¤�Ūɏ(6?� #ĈĊ��żş�Wy@Ƶ3¿��%�$�<%Ǹ�:

=#	<ɭNagoshi et al., 2004; Yamaguchi et al., 2003; Yamaguchi et al., 2013ɮ� 
 

 

ê 2� Ș×Õ�ŷ*ĭŃĆǁƭĸ 

 
� %�>$�żş�Wy*âŭɌ+ƅǒ(+ 24Ŧɏ$+'	�5�ş�ȅȯ*
żş�Wy*¡ǆ@ȤǢ��îƲ*ȅȰ(ó"� 24Ŧɏ*Ťŧâŭ(ÞȤ��
<Ļȕ��<�å�ɢ*żş�Wy*ũ6īÎ'ÞȤéĄ+´$�<�ǰȄ*

ǧǽ
: SCN* VLɟñ* VIPǧǽ(Ŋĕ�<ǰȄȘĥ�ɁȮ��;ɭMoore 
et al., 1972; Ibata et al., 1989ɮ�ûƹ*´Çƣ+�*ǕǪǨŮ
:*P�\x�
ɆŖ¿.%úŒ�=<�ǯ	#��*P�\x�Ɇ+�SCNǧǽ*P�\x�
ɆÙď£(ē�#¥ƶ��mitogen-activated protein kinaseɭMAPKɮ7CRE-binding 
proteinɭCREBɮǪȮ@ƑľÑ��Per1p�{�\�* cAMP responsive element
ɭCRE ɃÂɮ@��# Per1 *Ȱº@ȡĖ�<�%$�RC��p*ŏÐ¡ǆ
@�X_b�<%�=#	<� 
� �*9
(Ƶ£(¸í�<żşŦȜ$�<��ǖ����*ąí@ċł�<

*+�Ɩû(ȍ #ŦĜuQ(' �Ŧ$+'
>

�ȸĠ+�ǖ��*£

¸ŦȜ*�Wy+ûƹ*Ťŧ�Wy(ĉ·(ÞȤ�#	<��ƖûƜȈ*ɘ(

+�Ťŧ�Wy*¡ǆ+ǋŦ(úÐ�<��£¸ŦȜ+�*ĈĊľ8�(ûƹ

*Ŝ�	Ťŧƴ÷(ē�#ǅ�(+¹ÞȤ$�'	��*�5��ǹ*�Wy
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¡ǆ+�ɛ�#�2	�ǖ��+�ǈ7ɤƃ�ŏ%	 �ŦĜƽƮ@á�<

ɭComperatore et al., 1990; Sack, 2009ɮ�2��ǔ�ǁ(+�ńľǁ'ŦĜƴ÷
�$*ƵƑ@ī	:=<Tnb��K�$�ĺȌǡəĎ7ǺƟ�ǣęƼ'&Ƶ

ƑǶŅƼ7ƾ'&*ƿƽ�VO�øÏ�<�%�çɠ%' #	<ɭScheer et 
al., 2009; Buxton et al., 2012; Thaiss et al., 2014; Pan et al., 2011; Kojo et al., 2005ɮ�
�
�'�:�ŦĜ*ÀĄǕǪzKeWy(!	#+��=2$0%A&?


 #	'
 �ɭWaterhouse, 1999; Yamazaki et al., 2000; Reddy et al., 2002; 
Kiessling et al., 2010ɮ� 
� ȵģǖ��+�AVP *Ùď£$�< V1a % V1b *]o�g_OCFbwF
VɭV1a–/–V1b–/– wFVɮ��ŦĜƴ÷�(�	#�ȍÐ7ŦȜɀ Ą*ƿƱ�

Wy@Ŝ�'Ťŧƴ÷(ǦŢ�¹ÞȤ���ŦĜƽƮ@·�Ǔ�'	�%@Ȗ

	���ɭYamaguchi et al., 2013ɮ��ŝ�WTwFV$+�ŦĜƴ÷�(��
<żşȍÐ*�Wy¡ǆ+ş�Ę��!úÑ���9� 10şı(ŜŤŧƴ÷*
�Wy(¹ÞȤ���2���C�\Ey PCR(9;WT* SCN(��<Ŧ
Ȝɀ Ą*ƿƱ@ĊɊ��%�>�ŦĜ@ȭ���ǅı(�Š�*�Wyľ�

ƘĀ���*ış@� #żşŏÐ*ŏġ�Ę��!þ��';�ŦĜı 8ş
ǄǙĨ$ŦĜÊ*żşŏÐ*9
(èĶ��ɭYamaguchi et al., 2013ɮ�Êȶ*
9
(�SCN(�	#+�ŦȜɀ Ą*þ��ĈĊ��şâ�Wy(ó"�ɞ
ī'żş�Wy�ũ6þ�'ƭĸ$�<�%
:��*ŦĜǅı*ŏÐ¯ƄƱ

ȩ+ɝĠ(ȇãƚ	���$ǖ+�ǝ�ǜ$�ŦĜƴ÷�* SCN(��<ŦȜ
ɀ Ą*ƿƱúÐ@ digoxigenin(9< in situhEo�]EY�T}�(9 #
SCN*ǧǽ�r�$źȝ���2��ŦĜƴ÷�(�	#+��=2$ŧŭ$
� �Ŧɏğ(Ƈş´���<�%('<���*´� SCN(&*9
(¥ƶ
�<
+�Ť$�<���$ǖ+�ǝ�ǜ$�ŦĜƴ÷�(��< SCN*´ļ
ǟľ@�c-Fos@w�K�%�#ƶ	#ǕǪƑÐ@ƞĊ�<�%(9 #źȝ�
�� 
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ċɩŰś%ŝƏ 

 

ċɩÐƬ%ŦĜċɩ 
� C57BL/6wFVɭşůÐƬɮ�<	+ V1a–/–V1b–/– wFVɭYamaguchi et al., 
2013ɮ*ɦǻ+�Ťŭ 12Ŧɏ�ŧŭ 12Ŧɏ*ŤŧSEO�*�ɭȋ´Ʀ�200
�OVɮ�ȅƷɥƊ�ȅƷǬɨ�$�´đɍľ*�<ŒƉ�=�u_OV¸(

#ȍ ��2 Ȼɏ��ÞȤ���ı(�ŧŭɎĂı 4 ŦɏǄ(ƧƦ���=9
;Ŝ�(Ťŭ 12Ŧɏ�ŧŭ 12Ŧɏ*ŤŧSEO�*�$ɦǻ�<�%$�w
FV@ŦĜƴ÷�(�	��Ťŧƴ÷�$+�Zeitgeber time 0ɭZT0ɮ@ƧƦŦ
ɏ�ZT12 @ƘƦŦɏ%�<��ŦĜƴ÷�$+�ZT16 $ƧƦ�<�%$�8
ŦɏŤŧƴ÷@Êȼ��#	<�%('<�ůǐǛ$ȍ �·#*ÐƬċɩ+�

�ɂþĆÐƬċɩăä�*ňȠ@Ĵ#ȍ �6*$�;��ɂþĆ(��<Ð

Ƭċɩ*ċŞ(ɐ�<ȗĊ(É;ȍ �� 
 

DigoxigeninɭDIGɮſȧp��o@ƶ	� in situ hybridization 
� 10 mL*Ƌ¼ƵƳɤöƊ@ƥƒ�#wFV@ǿȌ��ı�20 mL* 4%j~t
�yC�akcàū 0.1 M��ɆǲȎơƙɭ4% PFA/0.1 M PBɮ@ƶ	#ƥƒë
Ċ���Ŕ¿��Ȁǩǳ@ 4% PFA/0.1 M PB ( 24ŦɏƗƢëĊ��½ǫ«Ȩ
*�5( 20%VO��Vàū 0.1M PB( 48ŦɏƗƢ���Ȁ@c~ECEV
$Ľȹ(½ǫ��Leica CM3050 SɭLeicaɮ(9; SCN@à4 30 µmÔ*»Ʈ
½ǫÁƫ@¥ȓ���ǯ	#�in situ hybridization @ƔȽÁƫƏ(9;ȍ �
ɭShigeyoshi et al., 1997ɮ�ȀÁƫ@ 2	SSC$ƐƓı�1 mg/ml proteinase Kɭ0.1 
M Tris buffer�pH8.0�50 mM EDTAɮ(�	# 37�$ 10Àŏǃ¾Ƴ��ı�4% 
PFA(9 #×ļ@¯Ƅ����Áƫ@ 2	SSC(#čƝ$ƐƓ��0.25% ƨ
ƊɅɆàū 0.1 Mb�H\g��Cx�ǲȎơƙ(#�čƝ$ 10ÀɏCX^
�Ñ@ȍ ��Áƫ@ 2	SSC$ƐƓ��ı�DIGſȧ cRNAp��o@à4
hEo�]EY�T}�i_nB�ɭ60% formamide�10mM Tris-HCl�pH7.5�
0.2 mg/ml tRNA�1x Denhardt's solution�10% dextran sulfate�0.6 M NaCl�0.25% 
SDS�1 mM EDTAɮ(ǘ��60�$ 16ŦɏhEo�]EW����ǯ	#�2
	SSC/50% formamideơƙ�(# 60�$ƐƓ��10 µg/mL RNaseAɭ0.5 M NaCl�
10 mM Tris-HCl�pH8.0�1 mM EDTAɮ(�	# 37�$ 30Àɏ RNaseA¾Ƴ@
ȍ ���:(�Áƫ@ 2	SSC/50% formamide�9- 0.4	SSC/50% formamide
(# 60�$ƐƓ��Buffer1ɭ100 mM Tris-HCl�pH7.5�0.15 M NaClɮ(ơȚ�
� 10 mg/mL Block ReagentɭRocheɮơƙ(ǘ��čƝ$ 1Ŧɏo�_M�P¾
Ƴ@ȍ ��ǯ	#�C�K�nIVnB\�YſȧŋDIGŋ£ɭ1:500�Rocheɮ
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@à4 Buffer1(Áƫ@ǘ��4�$ 72Ŧɏŏǃ����*ı�Buffer 1$Áƫ
@ƐƓ��Buffer 3ɭ100 mM Tris-HClɭpH 9.5ɮ�0.3% NaClɮ$ 1Ŧɏŏǃ�
�ı�5-bromo-4-chloro-3-indolyl phosphate % nitro-blue tetrazolium chloride @
Buffer 3(ơ
��×ļƙ$�9� 8Ŧɏƿȉ����ǯ	# TE bufferɭ10 mM 
Tris-HClɭpH 7.5ɮ�1 mM EDTAɮ(9;ƿȉ@¯Ƅ���Áƫ@Y~^�R
�bV~EcL~V(Ȫ;���ɣ�����H\g��(9<ǿƊ¾Ƴ�M

T��(9<ȷĹ¾Ƴı(�H�`~�ɭMerckɮ@ƶ	#Ĕ¶���ɡķɋ
ŕĮ+ Axioskop 2 plusɭZeissɮ@ƶ	#ŤȘɉ$ȍ ��cRNAp��oɭPer1, 
NM_011065: 812-1651; Dbp, NM_016974: 969-1475ɮ+�DIG RNA Labeling Kit
ɭSP6/T7ɮɭRocheɮ@ƶ	#Ýņ��� 
� � �  

µƻǩǳÑĆ 
� wFV@ȬȉĈ·´*6%H�`�$ɫɄ��Ƌ¼* 4% PFA/0.1 M PB ëĊ
ƙ 25 ml$ȹ7
(ƥƒëĊ���Ȁ@Ŕ¿��4�$Þ�ëĊƙ$ 24Ŧɏı
ëĊ��ı�20%VO��Vàū 0.1 M PB ǴŒƙ(¶=Ũ��48Ŧɏ*VO
��VǴŒ@ȍ ��Ȁ@c~ECEV$½:��ı�Leica CM3050 SɭLeicaɮ
@¦ƶ�# SCN@à4 30 µm*»Ʈ½ǫÁƫ@¥ȓ��� 
� µƻǩǳÑĆ+v�O��d�ŋ c-Fosŋ£ɭAbcam, ab7963ɮ@ƶ	#�Ɣ
ȽÁƫƏ$ȍ �ɭDoi et al., 2011ɮ�4�$ƐƓıɭ0.1 M PB�10Àɏ�2èɳ
3% Triton X-100@à4 0.1 M PBɭPBXɮ�10Àɏ�1èɮ�1.5% H2O2@à4

0.1 M PB$ 20Àɏ¾Ƴ����:( 4�$ƐƓı�čƝ$ 5% Horse serum@
à4 PBX$ 1ŦɏE�M|r�b���1Ƃŋ£×ļ+ 2% Horse serum@à4
PBX$ c-Fosŋ£@ 10,000­Ğɇ��4�(�	# 72Ŧɏ×ļ����4�$
ƐƓı�2Ƃŋ£%�#lJ^�Ñ anti-rabbit IgGɭVector Laboratoriesɮ@ PBX
$ 1,000­Ğɇ��16Ŧɏ×ļ����4�$ƐƓı�Vectorstain Elite ABC kit
ɭVector Laboratoriesɮ@ƶ	#�ſƠp�bR��(ĳ #ƿȉ����Áƫ
@ 50 mM Tris-HClɭpH 7.5ɮ(ǘ�#�Y~^�R�b��V~EcL~V(
Ȫ;��#ɣ�����H\g��(9<ǿƊ¾Ƴ�MT��(9<ȷĹ¾Ƴ

ı(�H�`~�$Ĕ¶@ȍ ��ɡķɋŕĮ+ Axioskop 2 plusɭZeissɮ@ƶ
	#ŤȘɉ$ȍ �� 
 

c-Fosɗľǧǽ*ȜŘ 
� c-Fos*Ŷȉ³+ŷ(ɓĚ�=<*$�c-FosɗľǧǽŘ@ƞĊ�<�%�Ú
Ǿ$�<�ůċɩ$+�ImageJZnbFGCɭNIH�http://imagej.nih.gov/ij/ɮ@
ƶ	��2��ŶȉƸ³@ RGBȉ
: 8-bitP�EVQ��(úŒ��ImageJ
*‘Triangle’@ƶ	#�Čșǁ(ɗľTPd�*ɑ®@ȞĊ���c-Fos ɗľ%
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�=�ŷ*Ř@�‘Analyze Particles.’ @Åƶ�#ƌ5�ɭVargis et al., 2014; 
Pačesová et al., 2015ɮ�ImageJ�ȿ¿�� c-Fosɗľɟñ@J�Ud�*ŶȉƸ
³(Ɉ)Ý?��ůĬ(�!*ŷ$�<
@ǄȘ$ǒȠ���ȵő��ȔŘ¬

* c-Fosɗľŷ� ImageJ(9;�!%Ǡ¿�=#	�õÝ(+��*À@Ȓƅ
�#ƅ�	ǧǽŘ@ƌ5��SCN*�ÿ 3ų*Áƫ(��<· c-Fosɗľǧǽ
Ř@�SCN��;* c-FosɗľǧǽŘ%���ǭȜȚű+�Two-way ANOVA
@ƶ	#ȍ	�Post-hoc`Vb+ BonferroniƏ(9;ȍ ��ūŁƊƠ+�***p 
< 0.001�**p < 0.01��9- *p < 0.05%���  
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ǫŴ 

 

ǝɰǜ� ŦĜƴ÷�*Ș×Õ�ŷǧǽ(��<ŦȜɀ Ą*ƿƱȚ

ű 
 

1.1 S�p��PVQU|�� 
� ǖ+�ŦĜƴ÷�* SCN(��<ŦȜɀ Ą*ƿƱúÐÀĝ@�DIG in situ 
hEo�]EY�T}�(9 #�ǧǽ�r�$Ȥ/��S�p��PvE�

b+�WTwFV$ŦĜÊ 1ş�ŦĜı 1şǄ�2şǄ�3şǄ�9- 9şǄ@�
V1a–/–V1b–/– wFV$ŦĜÊ 1ş�ŦĜı 1şǄ�2şǄ�9- 3şǄ(�1ş
4Ŧɏ�% 6Ƨ(#ȍ �ɭê 3ɮ� 
 

 

ê 3� DIG in situ hEo�]EY�T}�*S�p��PvE�b 

ǀ	i�+Ťŭ�ɬ	i�+ŧŭ@Ǔ��ɜ	ǍÓ+WTwFV�Ȭ	ǍÓ+ V1a–/–V1b–/–�

wFV*S�p��PvE�bɭÜş* ZT2�ZT6�ZT10�ZT14�ZT18�9- ZT22ɮ@

Ǔ��ZT16(�	#Ťŧâŭ@ 8ŦɏÊȼ���ŦĜ@ȭ�����Ɂ+ŦĜÊ��Ɂ+

ŦĜı*Ŧɏ@Ǔ�� 

 
1.2 ŦĜƴ÷�*ɉƵðȘ×Õ�ŷ(��< Per1*ƿƱ 
� 2��ǖ+żş�Wy*ĭņ(% #Ɉȕ'ŦȜɀ Ą$�< Per1 * WT
* SCN(��<ƿƱ@ DIG in situ hEo�]EY�T}�(9;źȝ���
ŦĜ@ȭ��Ê$+�Per1+ZT2$ SCN*DMɟñ*ǝ�Ȁčȵ±$ƿƱ��
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ZT6$+ SCN·£(Ĥ� ���*ı�Per1ƿƱǧǽ+ƛ;�ŧŭ$�< ZT14

: ZT22 $+0%A&ƿƱ�#	'
 ���*9
' Per1 *ƿƱŏÐ+�
ŦĜ*ɎĂı
:þ���=#	��ŦĜı 1 şǄ* ZT2 +�ŦĜÊ* ZT18
(ǆĬ�<Ŧɏ$�<��SCN*VLɟñ$ü�*ǧǽ$Per1�ƿƱ�#	��
�=+�ŦĜÊ* ZT18$+ Per1�01ƿƱ�#	'	�%%+þ��ƺ'<�
2��ŦĜı 1şǄ* ZT10
: ZT18(�	# Per1� SCN·£$ƿƱ�#	
����*Ŧɏğ+ŦĜÊ* ZT2
: ZT10(ǆĬ�<6*$�<�%
:�
ŦĜÊ(� � Per1*żşŏÐ��*22Ǯǯ�#	<%Ǹ�:=<�ŦĜı
2şǄ$6�ZT2(�	# SCN* VLɟñ$ Per1*ƿƱ�ǒȠ�=��2��
ZT6(�	#+�SCN* DMɟñ$6 Per1�ƿƱ�#�;�DMɟñ$6 Per1
*ƿƱ�Wy*¹ÞȤ�Ă2 #	<%Ǹ�:=<��*�%+�2şǄ*ZT14�
ZT18(��<ŦĜÊ*m�O(ǆĬ�<TPd���1şǄ9;ƛĪ�#	<
�%$6ȑ��:=<�ǯ	#�ŦĜı 3şǄ$+ Per1*¹ÞȤ�Ǯǯ�#�
;�ŦĜı 9şǄ(ŦĜÊ%ÞǞ*żş�Wy�èĶ��ɭê 4ɮ� 
 

 
ê 4� ŦĜƴ÷�*WT SCN(��< Per1*ƿƱúÐp�nBE� 

�Ɂ*ǀ	i�+Ťŭ�ɬ	i�+ŧŭ@Ǔ��ŦĜı 9 şǄ2$* Per1 mRNA *ƿƱ

@ DIG in situ hybridizationƏ(9;Țű���VQ��i�+ 100 µm@Ǔ�� 
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1.3 ŦĜƴ÷�* V1a–/–V1b–/– Ș×Õ�ŷ(��< Per1*ƿƱ 
� ŦĜÊ$+�V1a–/–V1b–/–wFV* SCN (��< Per1 *ƿƱ+�WT wFV
%Þž(ť(ɪ��ý(¢	Ťǌ'�Wy@Ǔ���2��ŦĜı 1şǄ* ZT2
(�	# SCN* VLɟñ$ Per1�ƿƱ�<�%+WT%Þž$�<��ZT10

: ZT22 *Ĥ	Ŧɏğ(�	# SCN ·£$ŗíǁ( Per1 �ƿƱ�<�%�
ƺ' #	��ŦĜı 2şǄ(6�SCN* VLɟñ(Ťǌ' Per1TPd��Ƞ
5:=<��ZT10-ZT22*TPd�+ŦĜÊ%Þž(ɝĠ(¢�' #	<*
�ƭĸ$�<� 
� ȇãƚ	�%(�V1a–/–V1b–/–wFV$+�ŦĜı 3şǄ(+ŦĜÊ* SCN·
£(��< Per1*żşŏÐj\���ĉ·(èĶ�#	���=+�WT* 9
şǄ9;6Ȋ��Ţ
 �ɭê 5ɮ� 
 

 
ê 5� ŦĜƴ÷�* V1a–/–V1b–/– SCN(��< Per1*ƿƱúÐp�nBE� 

�Ɂ*ǀ	i�+Ťŭ�ɬ	i�+ŧŭ@Ǔ��ŦĜı 3 şǄ2$* Per1 mRNA *ƿƱ

@ DIG in situ hybridizationƏ(9;Țű���VQ��i�+ 100 µm@Ǔ�� 

 
1.4 ŦĜƴ÷�*ɉƵðȘ×Õ�ŷ(��< Dbp*ƿƱ 
� Per1+�żşŦȜ*RC��p(9<żşƿƱ��$'��ŧŭ*´j�V
(9 #6Ľƣ(ƿƱȡĖ�=<ɭShigeyoshi et al., 1997ɮ�ŦĜı 1şǄ*
ZT2+�ŧŭ( 2Ŧɏ*´j�V@Ù��Ʈƍ'*$��* VL(��< Per1
*ƿƱ+żş�Wy(9<ƿƱ'*
��=%6ŦĜ*´ƴ÷*úÑ(9<ƿ

ƱȡĖ'*
+ÒÄ$�'	���$ǖ+�żşŦȜ*RC��p(9 #ƿ
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Ʊ�Æĵ�=�´j�V(9 #+ȡĖ�='	 DbpɭYan et al., 2000ɮ*ŦĜ
ƴ÷�(��<ƿƱúÐ@�DIG in situhEo�]EY�T}�(9;źȝ�
�� 
� WTwFV* SCN$+�ŦĜ@ȭ��Ê$+ Dbp+ ZT6@m�O%�<Ť
ǌ' 24Ŧɏ�Wy@Ǔ���ŦĜı 1şǄ* ZT2(�	#�Dbp+ Per1%+
ƺ';ź¿�='
 ���* DbpƿƱ*ǫŴ+�Per1*ŦĜǅı* VLɟñ
$*ƿƱ+żşŏÐ$+'��́ Çƣ(9<ȡĖ$�<�%@Ǔæ�<�2��

ŦĜı 1şǄ* ZT10
: ZT18(�	#�Dbp+ Per1%Þž( SCN·£$ƿ
Ʊ�#	���*Ŧɏğ+ŦĜÊ* ZT2
: ZT10(ǆĬ�<*$�ŦĜÊ(
� � Dbp*żşŏÐ��*22Ǯǯ�#	<%Ǹ�:=<�ŦĜı 2şǄ$
+�ZT2$ SCN* VLɟñ$ Dbp*ƿƱ�ǒȠ�=��2��ZT6-ZT10(�
	#�SCN* DMɟñ$ Dbp�ƿƱ�#�;�ZT14-18*TPd�+ƛĪ²ß
(� ���*�%+�VLɟñ% DMɟñ@à4 SCN·£*¹ÞȤ�ȼȍ�
#	<ǫŴ%Ǹ�:=<�ŦĜı 3 şǄ$+�Dbp * ZT6 *TPd�*øī�
ZT10-18 *ƛĪ²ß+ǯ���ŦĜÊ%Þž*żşŏÐj\���èĶ�<(
+ 9ş@ȕ��ɭê 6ɮ� 
 

 
ê 6� ŦĜƴ÷�*WT SCN(��< Dbp*ƿƱúÐp�nBE� 

�Ɂ*ǀ	i�+Ťŭ�ɬ	i�+ŧŭ@Ǔ��ŦĜı 9şǄ2$* Dbp mRNA*ƿƱ@ 

DIG in situ hybridizationƏ(9;Țű���VQ��i�+ 100 µm@Ǔ�� 
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1.5 ŦĜƴ÷�* V1a–/–V1b–/– Ș×Õ�ŷ(��< Dbp*ƿƱ 
� V1a–/–V1b–/–wFV* SCN$6�Dbp*ƿƱ+ŦĜÊ$+WTwFV*6*%
Þž(ť(ɪ��ý(¢	Ťǌ'�Wy@Ǔ���2��WT* SCN%Þž(�
V1a–/–V1b–/–* SCN$6�ŦĜı 2şǄ* ZT2* VLɟñ$ Dbp*ƿƱ�ǒȠ
�=�ZT6$+ SCN* DMɟñ$6 Dbp�ƿƱ�#�;�DMɟñ$6¹Þ
Ȥ�Ă2 #	<%Ǹ�:=<�VLɟñ6 DMɟñ6à4 SCN·£$* Dbp
*ƿƱ�Wy+�ŦĜı 3şǄ(ĉ·(èĶ��ɭê 7ɮ� 
 

 
ê 7� ŦĜƴ÷�* V1a–/–V1b–/– SCN(��< Dbp*ƿƱúÐp�nBE� 

�Ɂ*ǀ	i�+Ťŭ�ɬ	i�+ŧŭ@Ǔ��ŦĜı 3 şǄ2$ Dbp mRNA *ƿƱ@

DIG in situ hybridizationƏ(9;Țű���VQ��i�+ 100 µm@Ǔ�� 
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ǝɱǜ� ŦĜƴ÷�*Ș×Õ�ŷ(��< c-Fos*ƿƱȚű 
�  
� ǝ 1ǜ*ǫŴ
:�ŦĜƴ÷�(�	#�SCN$*ŦȜɀ Ą*ƿƱ�Wy
+�ş��Ę��!ŜŤŧƴ÷(¹ÞȤ�#	��%�À
 ����� #�

ŦĜı*Ŝ�'Ťŧƴ÷��SCN(ē�#ş�¥ƶ�#	<%Ǹ�:=<��
�$ǖ+�ŦĜƴ÷�(��<Ťŧƴ÷*úÑ� SCNǕǪǧǽ(Ö1�¥ƶ(
!	#�ǕǪƑÐ*w�K�$�< c-Fos@ƶ	#źȝ��� 
 
2.1 ŦĜɎĂş*Ș×Õ�ŷ(��< c-Fos*ƿƱ 
� c-Fos+�SCN(�	# 30Àɏ*´j�V(9 #ī�ȡĖ�=<�ɭRusak 
et al., 1990ɮ��* c-FosȡĖ(+ŦÈƭƺľ��;�ŧŭ*´j�V(9 #
+ȡĖ�=<��Ťŭ*´j�V$+ȡĖ�='	ɭKornhauser et al., 1990ɮ�
�:(�ŧŭ*´j�V+żşȍÐ�Wy*¡ǆ@úÐ��<���*úÐɊ

% c-Fos*ȡĖɊ(+ǆɐ��<�%6Ǔ�=#	<ɭKornhauser et al., 1990ɮ�
��$ǖ+�ŦĜƴ÷�*WTwFV%V1a–/–V1b–/–wFV*SCN(��< c-Fos
*ƿƱúÐ@µƻǩǳÑĆ(9;Țű��� 
� 2��ŦĜı 1şǄ*WTwFV* SCN(�	#�c-Fos�	!ȡĖ�=<
*
@Ȥ/��ŦĜÊ(+�SCN* c-Fosɗľǧǽ+0%A&Ȗ:='
 �
��ŦĜɎĂı 1 ŦɏǄ$�< ZT1 (�	#�c-Fos + VL ɟñ(Ż5#ī�
ȡĖ�=���*ı�c-Fos*ƿƱ+Ĳ�(ƛ #	��ZT10�ɒ$+0%A
&Ȗ:='�' �ɭê 8Aɮ�2��SCN (��<´ļǟľ*w�K�%�
#Åƶ�=<MAPK*��ɆÑ6�Þž( ZT1$ VLɟñ(ī	×ļ�Ƞ5:
=�ɭê 8Bɮ���� #�ŦĜı 1ŦɏǄ�ũ6ɡȊ'úÑ@Ǔ��%�À

 �� 
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ê 8� ŦĜı 1şǄ(��< c-FosƿƱÖ-��ɆÑMAPK*Țű 

�Ɂ*ǀ	i�+Ťŭ�ɬ	i�+ŧŭ@Ǔ��ɜ	ǍÓ+WTwFV*S�p��Pv

E�b@Ǔ��ZT16(�	#Ťŧâŭ@ 8ŦɏÊȼ���ŦĜ@ȭ����c-FosɭAɮ�

9-��ɆÑ MAPK*ƿƱɭBɮ@µƻǩǳÑĆ(9;Țű���VQ��i�+ 100 µm

@Ǔ�� 
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2.2 ŦĜƴ÷�*Ș×Õ�ŷ(��< c-Fos*ƿƱ 
� Ƃ(�ŦĜƴ÷�$ŤŭɎĂı 1ŦɏǄ* SCN(��< c-Fos*ƿƱ@µƻ
ǩǳÑĆ(9;Țű���WTwFV(!	#+ŦĜı 8şǄ2$�V1a–/–V1b–

/–wFV(!	#+ŦĜı 5şǄ2$* SCN@Ȥ/�ɭê 9ɮ� 

 

 
ê 9� ŦĜƴ÷�* SCN(��< c-FosƿƱ@źȝ�<S�p��PVQU|�� 

ǀ	i�+Ťŭ�ɬ	i�+ŧŭ@Ǔ��ɜ	ǍÓ+WTwFV�Ȭ	ǍÓ+ V1a–/–V1b–/–�

wFV*S�p��PvE�b@Ǔ��ZT16(�	#Ťŧâŭ@ 8ŦɏÊȼ���ŦĜ@

ȭ�����Ɂ+ŦĜÊ��Ɂ+ŦĜı*Ŧɏ@Ǔ��S�p��PvE�b+ŦĜÊ$

+ ZT1% ZT17�ŦĜı$+ ZT1(ȍ ��WTwFV(!	#+ŦĜı 8şǄ2$�V1a–

/–V1b–/– wFV(!	#+ŦĜı 5şǄ2$@Ȥ/�� 
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� WT * SCN (�	#�ŦĜÊ$+Ťŭ* ZT1 $6ŧŭ* ZT17 $6�c-Fos
ƿƱǧǽ+0%A&Ȗ:='
 ��%�>��ŦĜı 1şǄ*ŤŭɎĂ 1Ŧ
ɏı$+�SCN * VL ɟñ*·ñ(üŘ* c-Fos ɗľǧǽ�ǒȠ�=��ŦĜ
ı 2şǄ$+�1şǄ%ƈ/<%ǧǽŘ+ƛĘ����VLɟñ*
�Ș×Õǅ
�*ȃ°ħɁ(ü�* c-Fosɗľǧǽ�ǒȠ�=���*ı�c-Fosɗľǧǽ+
ŦĜı 3şǄ
: 4şǄ(
�#Ƃǝ(ƛ #	��ŦĜı 5şǄ�ɒ$+0
%A&Ȗ:='�' �ɭê 10ɮ� 
 

 
ê 10� ŦĜƴ÷�*WT SCN(��< c-FosƿƱ 

ěê(�	#ǀ	i�+Ťŭ�ɬ	i�+ŧŭ@Ǔ��ɜ	ǍÓ+WTwFV*S�p�

�PvE�b@Ǔ��Û(ŦĜı 8şǄ2$* c-Fos*ƿƱ@Ǔ��ZT16(�	#Ťŧâ

ŭ@ 8ŦɏÊȼ���ŦĜ@ȭ����VQ��i�+ 100 µm@Ǔ�� 
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2��V1a–/–V1b–/–* SCN (�	#6�WT wFV*6*%Þž(�c-Fos ƿ
Ʊǧǽ+ŦĜÊ$+Ťŭ* ZT1$6ŧŭ* ZT17$6�0%A&Ȗ:='
 
���:(�ŦĜı 1şǄ* ZT1$6WTwFV%Þž(�VLɟñ*ü�ǧ
ǽ$ c-Fos �ī�ȡĖ�=#	���
�ŦĜı 2 şǄ�ɒ$+�V1a–/–V1b–/–

* SCN$+�c-FosƿƱǧǽ+WTwFV%ƺ';0%A&Ȗ:='�' �
ɭê 11ɮ� 
 

 

ê 11� ŦĜƴ÷�* V1a–/–V1b–/– SCN(��< c-FosƿƱ 

ěê(�	#ǀ	i�+Ťŭ�ɬ	i�+ŧŭ@Ǔ��Ȭ	ǍÓ+ V1a–/–V1b–/–wFV*S

�p��PvE�b@Ǔ��Û(ŦĜı 5şǄ2$* c-Fos*ƿƱ@Ǔ��ZT16(�	#

Ťŧâŭ@ 8ŦɏÊȼ���ŦĜ@ȭ����VQ��i�+ 100 µm@Ǔ�� 
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2.3 Two-way ANOVA(9<ǭȜȚű 
� ŦĜÊ* ZT1% ZT17(��< SCN��;* c-FosɗľǧǽŘ+�WTwF
V% V1a–/–V1b–/–wFV* SCN *&�:(�	#6ɝĠ(Ę'��ɀ Ąð�
<	+Ŧɏ(9<ūŁ'Ĝ+'
 ���
��ŦĜı 1 şǄ$+�WT wF
V% V1a–/–V1b–/–wFV* SCN*&�:(�	#6�500-600¬ǙĨ%ɝĠ(ü
�*ǧǽ(�	# c-Fos*ƿƱ�ǒȠ�=���*ı�WT* SCN(�	#+�
ŦĜı 2şǄ$+ǥ 180¬�ŦĜı 3şǄ$+ǥ 130¬%Ƃǝ(ƛ #+	�
��ŦĜÊ%ƈ/<%�ūŁ(ü�*ǧǽ$ c-Fos *ƿƱ�ǒȠ�=���

��V1a–/–V1b–/–* SCN* c-FosɗľǧǽŘ+�ŦĜı 2şǄ�ɒ
:Ľƣ(¢
����2��Two-way ANOVA(9<ǭȜȚű@ȍ �%�>�WTwFV
* SCN* c-FosƿƱǧǽŘ+�ŦĜı 2şǄ�9- 3şǄ(�	#�V1a–/–V1b–

/–wFV* SCN9;6ūŁ(ü	�%�?
 �ɭê 13ɮ� 
 

 
ê 13� ŦĜƴ÷�(��< c-FosɗľǧǽŘ*úÐ 

�Ɂ*ºǇ*Ȭ	ǧǽ+�ŦĜƴ÷�*Üş(��<�ȏǁ' c-Fos ɗľǧǽ@Ǔ���

Ɂ*P~n(�	#�ɜȉ+WTwFV*�Ȭȉ+ V1a–/–V1b–/–wFV* c-FosɗľǧǽŘ

@Ǔ��a�\+Ģï�ſƠȢĜ$Ǔ��ǭȜȚű+�Two-way ANOVA@ƶ	#ȍ	�

post-hoc`Vb+ BonferroniƏ(9;ȍ �ɭ**: p < 0.01, ***: p < 0.001ɮ�VQ��i�

+ 100 µm@Ǔ�� 
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ǸĒ 

 
� ǖ��+�=2$*ǐǛ$�ŦĜƴ÷�* SCN(��<ŦȜɀ Ą*ƿƱú
Ð@�C�\Ey PCR (9;ĊɊ�<�%(9 #�SCN *ƭĸ$�<ɞī
'�Wyľ�ŦĜǅı(ƘĀ�<�%@Ȗ¿�#	�ɭYamaguchi et al., 2013ɮ�
��$�ǖ+ǝ�ǜ(�	#�digoxigenin@ƶ	� in situhEo�]EY�T
}�(9 #�ŦĜƴ÷�* SCN(��<ŦȜɀ Ą*ƿƱúÐ@ǧǽ�r�
$źȝ���ŦĜı 1 şǄ$+�ŤŭɎĂ 2 ŦɏǄ* ZT2 (�	#�SCN *
VL ɟñ$ Per1 �ƿƱ�#	���Per1 %+ƺ';´(9 #ȡĖ�='	
DbpɭYan et al., 2000ɮ+ƿƱ�'
 ����� #�ŦĜı 1şǄ* ZT2(
��< Per1*ƿƱ+�żşŦȜ*RC��p(9< E-box@��<ƿƱ$+'
��CREɃÂ@��<ȰºȡĖ$�<%Ǹ�:=<��
��ŦĜı 2şǄ*
ZT2$+�SCN* VLɟñ$ Per1��$'� Dbp6ƿƱ�#	��%
:�
SCN* VLɟñ*Ę'�%6�Ɂ*ǧǽ$+�ŦĜı 2şǄ
:żşŦȜ*R
C��p(9<ŦȜɀ Ą*ƿƱ¡ǆ��ŜŤŧƴ÷*�Wy.%¹ÞȤ@Ɏ
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