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řĉŖ¨Ś 
 
è'×<Ķ/	}s'¨ 1ś7&ċ�5� 
 
ĚğŒliverœ'ĚĐĜŒhepatocyteœ&�	!Æ�ýö�!	8	�8Ń~¹ X
'æĝ<Û6&�8�1&	YRF?BUcBM<ù	�īà<Ĥ�
#Ę

���X<�ĺ"çÕ�8cBM(ěøġêŒembryonic lethalœ#%8�#�Ú
&Ă69!	�'"	Cre-loxPĎ<�ù�!	ĚĐĜ&�	!óüþ& X<çÕ
�8HmT@KgWiYRF?BUcBM<�ħ�8�#&��� 

Cre (ŒaœP1 \>oL'GYd&HoV�98ń�óüþđÔ�ņď
Œsite-specific recombinaseœ"�7	ŒbœloxP #§)98ó¼'äþŅ�¤³'ŋ
"'đÔ��Ê<Ĭ¸�8�.�	Cre<ĚĐĜ&�	!óüþ&ýö��8�
1&	ĚĐĜóüþ&ýö�8Ń~¹ L'Œcœ^kfoPo�5*DmZmIo

<¦0Ļ�ķČŐ®<ù	!	�'sñ& CreŃ~¹< %	� DNAHmMU
hFU<�ħ��Œ« 1œ��9<cBM'�č�&ï��!GYdw&đ/ļ
/	UhmMLCXRFcBMĎĔ<�ħ���È69�ĨÖ'ĎĔ<	ŒdœCre
'đÔ�ņďðË<fXPo�8�1'jboPocBMĎĔŒ« 2œ#yŅ�	
jboPoŃ~¹'ýö<ķ-8�#"	Œeœÿþ$�7&ĚĐĜóüþ% Cre
'ðË<Ą�ĎĔŒL-Cre Tgœ<łÏ��� 
pÙ"	Ń~¹ X'	�8DFOm'uĞ& loxP< 1 � Ó���cBM
ĎĔ<�&�ħ��ŒX floxcBMŘ« 3œ�%�	��"( loxP�Ó��9�
Ń~¹ X'¿ĈŃ~¹Œalleleœ< X flox	ňø'¿ĈŃ~¹< X +#ĥĮ�8�

ŒfœL-Cre TgcBM# X floxcBM#<yŅ�8�#"	ĚĐĜ&�	!óüþ
& X<çÕ�8HmT@KgWiYRF?BUcBM'�ħ<Ĥ��� 
yŅ&57	ĚĐĜóüþ& X<af"çÕ�8cBMŒL-Cre Tg;X flox/floxœ

�Ĳø����'cBM<īà��#�:	ĚĐĜ'²ë&üÂ�ı169��

�6&Œgœ�9#ő�'ĥö�	ĚĐĜóüþ& X<_Sk"çÕ�8cBM
ŒL-Cre Tg;X flox/+œ'ĚĐĜ&�	!2Ī¾�9�� 

 
 
 
 
 
 
 

« 1ŕĚĐĜóüþ& Cre<ýö��8�1' DNAHmMUhFU� 

 

22



 
 
 
 
 
 
 
 
 
 
 

« 2ŕCre'ðË<İ��8�1'jboPocBM' 

GYdw&đ/ļ.9!	8 DNAHmMUhFU� 

 
 
 
 
 
 
 

« 3ŕX floxcBM&��8 XŃ~¹Ä'åÅ«�   � ( XŃ~¹' 

DFOm<	        ( loxPŅ�'Ó��ė<�9�9Ą�!	8� 

 
 
¨ 1.� sĕńŒaœ& 	!�}s'×w' 111? 111 �5* 111A 111 &�8

Þ2Ł�%Ĵ<Į�� 

\>oL#(	111? 111 &Ìâ�8 111A 111 '�#"�8� 
 

¨ 2.�  sĕńŒbœ& 	!�loxP(	sĮ' 34±¯6%8Ņ�"�8�x
Ňsĕ<{�� 8±¯'ń�&āĦþ%±¯Ņ�<	5’�5* 3’'Ù¥�
;85
&Į�� 

5’- ATAACTTCGTATAATGTATGCTATACGAAGTTAT -3’ 
 
¨ 3.� sĕńŒcœ& 	!�^kfoPo#DmZmIo'æĝ�5*Ëô'

ü%8ò< 3  Ñ�5��9�9'ò& 	!	^kfoPo#DmZ
mIo'ŀ	<¿ì�%�6	2ĤĆÃ� "ľ-8�#� 
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¨ 4.� sĕńŒdœ& 	!	}s'¨	&ċ�5� 
Œ1œ« 2'HmMUhFU�'Ļ�ķČŐ® A#�!	}s'	�9<ù

	8-��Þ2Ł�%2'<Œ?œśŒDœ'w6ł="Į¡"

ċ�5� 
Œ?œĚĐĜóüþ&ýö�8Ń~¹'Ļ�ķČŐ® 
ŒAœĚĐĜ}µ'�648ĐĜ"ýö�8Ń~¹'Ļ�ķČŐ® 
ŒBœcBM'�ĺ'�648ĐĜ"ýö�8Ń~¹'Ļ�ķČŐ® 
ŒDœElmFhG GFPŃ~¹'Ļ�ķČŐ® 

Œ2œloxPŅ�&(Ù¥Ë��8�« 2' loxPŅ�Œa	bœ'¥�#�!(	
ŏÙ¥	ĿÙ¥'	�9�Ł�� 

Œ3œŒ2œ"łÐ��'#(ü%8¥�" loxPŅ��v+°£	Cre&58
đÔ��Ĺ�8#GYd&($'5
%´��ø�8�2 ĤĆÃ"
ľ-5� 

 
¨ 5.� sĕńŒeœ& 	!�z©	łÏ�9%��ĎĔ'w&(	ĚĐĜ}

µ&ąĒĐĜŒneuronœ&�	!2 Cre'đÔ�ðË�ı16982'�
�����9(	$'5
%�ª"ø��#Ę�698�2ĤĆÃ"ľ
-5�%�	À��9� DNAHmMUhFUĠ�&(´ü3çÕ(ø�
!�6�	»�%ôÍ"GYd&đ/ļ.9��#<ăı�!	8� 

 
¨ 6.� sĕńŒfœ& 	!�ĚĐĜóüþ& X<af"çÕ�8cBM<È8

�1&(	Á%�#2�©Œ�t|œ'yŅ<Ĥ
Éĩ��8� 
 
¨ 7.� sĕńŒgœ& 	!�_SkçÕcBM"2afçÕcBM#ő�'ĥ

ö��6;9�÷ú#�!Ę�698 ĝË< 2  Ñ�	�9�9Ŗ
ĤĆÃ"ľ-5�.�	�96' ĝË& 	!ãį�8�1&($'

5
%īà<Ĥ�)Ģ	<	�9�9 2ĤĆÃ"��!ľ-5� 
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ŏú 2�Ő 
 
Û"Í 1�Í 26ğ*�si"� 1ő6!ü�/	 
 
ōÍ 1Ŏ 
îxē"¢ÒØĮ#ĐĤpĸµŊlipid bilayerŋ��
�ëĄĎ!��2�"�- Å�#BaHdae

ĐĤ�GV:eDĐĤ��/%    9    ��2	
îxē"oĕ BaHdaeĐĤ#�BaHdfb

! 2 �"ŊaŋĐčķ
=GMbć���Ü1"UO

d?Eb¢!aeķ6q���)�) ��ë


ć���ĐĤ��2Ŋ� 1ŋ	îxē"BaHdae
ĐĤ#��m X�õ�3���ë"øŅ!/1�Y
GV8KFbHae�   ;    �   <     �!
�Ņ�32	 
§�"ĘßÂ�©#Ăÿ ĐĤpĸµ6°Ð!

#īİ�� �	�"�,îxē!#�;>e.Ā�9[Rķ"Ħĩ6Ç�ēģ

ĬJeTAĤ
ą*ħ)3��2	K^QbŊchannelŋ�§�"Ħĩx
Ŋtransporterŋ#�îxē6È7�ëĤ"è¹�ĶŊ�±!#��«ZMeE^
b"�Ķŋ!À��ëĤ6��Ħĩ�2	gÎ�ŊbŋZeXŊpumpŋ�gĵ"Ħ
ĩx#�=Qb@f6z���è¹�Ķ!Ī0��ĴÆò ëĤĦĩ6Ĕ�	 

 
�1.�    9    ő    <    !�2ĳ� Ĝ6Ě�	 
 
�2.� iĊĵŊaŋ!���	îxē"BaHdaeĐĤ!�)32Đčķ!#�

ņ�Đčķ"[aGKeķŊéăË 14ŋ�Tb[KeķŊ� 16ŋ.GM9
aeķŊ� 18ŋ�jņ�Đčķ">c;eķŊ� 18ŋ �
�2	(�7
�"£���30"éăË#�Ë��2	�"íð6 1Ĕ÷¹�Ĩ'/	 

 
�3.� iĊĵŊbŋ!���	îxē6È7�è¹�Ķ!Ī0��ëĤĦĩ#�

Ħĩ!Áĕ =Qb@f"{Ĉå"Ĳ�	0�gÛď�ĦĩŊprimary 
active transportŋ�pÛď�ĦĩŊsecondary active transportŋ�!��03
2	lČ"Ĳ�6 3Ĕ÷¹�ĞÏ�/	 

  

� 1. îxē!�)32 
BaHdaeĐĤ	 
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ōÍ 2Ŏ 
á�þ.Þı"þđ#�1µ"EfN6¼Å��hóĄĎ�Ė53��2	hó
ĄĎ#×Â6-���1�ĥx"¦�!���łŊ���$�́ ĒhóĄĎ"£

�!#�đ�"łŋ6ńù�Ŋapical sideŋ�ĥx"��!���ł6�¸�
Ŋbasolateral sideŋ��&	ŊcŋßçÂëĤ
ĄĎ"ŀĻ6Ĭ��ńù���¸�

6¿Ô�2"6Ľ�,�hóĄĎ�¤#�ł�ĄĎĻÉô!/1º�!ć�

���2	�"ć�
�2�,�́ ĒhóĄĎ
�đ	0xâ!ÖŇă6�1ħ

+��#�)�ńù�	0ĄĎ�!�1ħ*�ĉ���¸�	0Ê��2���

2ÝĿ"ĆĄĎĦĩ6Ĕ���2	ńù��#�PNa<\|ªÂBbCfG�
ĦĩxŊsodium-dependent glucose cotransporterŋ"#�0�!/1�WO<Ā

´Ē�đ	0ĄĎ�!�1ħ)32	�"Ħĩx#�Na+"Ħĩ!�¾����

WO<Ā6ĄĎ�!į%ħ+	ĄĎ!�1ħ)3�WO<Ā#��"Ħĩx"#

�0�!/����"è¹�Ķ!À��¸�Ŋxâ�ŋ	0ĄĎ¦!Ê��32	 
´ĒhóĄĎ"ÂĤ!���Ġ'2�,�Ê³Â�v�ă�ÙĢ��WO<

Ā6ï��ĆĄĎĦĩ"®ň6Ĕ��	 
 
®ňŌ´ĒhóĄĎ6¡Ň��EfN6¼Å���ńù�"çâ��¸�"çâ


¬�!�Ł�3�ìÃ6y��Ŋ� 2ŋ	�¸�!#Ùæò ąÅ"¡�6�
ńù�!# Na+è¹6ÝĿò!¥��çâ6�3�	Ê³ÂÙĢ��WO<Ā6

ńù�çâ!��2��-!�¸�çâ"Ê³ĊĹ"ä6ĺ¨��WO<Ā


ĆĄĎĦĩ�3�ĭ¹6ý���	ćÕ6� 3!õ�	 ��çâ!�)32
WO<Ā#®ňĺ¨Ñ!���Ê³ÂWO<Ā"*��ĄĎ!/2WO<Ā"

rġ#ċÄ� �	Na+è¹
ñ 2çâ#CaeŊ (CH3)3N+(CH2)2OH ŋ!/�

�çĤ
ûè¹! 2/�ĠÌ���1�çâ"ąÅ"Ĳ�#WO<Ā"ĆĄ

ĎĦĩs¦"ĄĎà�!#½Ń� �	)��ĆĄĎĦĩ!u�çâ"ąÅ"¥

�
WO<Ā"Ħĩĭ¹!k�2½Ń#êė�2	 
 
 
 
 
 
 
 
 
 
 

� 2. ´ĒhóĄĎ"ĆĄĎĦĩ®ňā	 

��"K^eSf"¸ł#]LE_! ���1� 

ĄĎ"�¸�	0Ê��3�ëĤ#�¸�çâ!�2	 
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�4.� iĊĵŊcŋ"ĞÏ!ě»�2ĄĎĻć�"�ö6ü�/	 
 
�5.� ńù�çâ" Na+è¹
w����WO<Ā#(�7�ĆĄĎĦĩ�3 

	��Ŋ� 3ŋ	�"íð6�PNa<\|ªÂBbCfG�Ħĩx"Â
Ĥ6ċÄ�� 5Ĕ÷¹�ċ²�/	 

 
�6.� ńù�çâ" Na+è¹6 145 mM!����Na+,K+-ATP9fIŊNa+,K+-

ATPase�Na+,K+-pumpŋ"ľ¯�
WO<Ā"ĆĄĎĦĩ!k�2½Ń6
Ġ'�	ńù���¸�lÎ"çâ�)�#�¸�çâ"*! Na+,K+-ATP
9fIľ¯�6ã�����4�WO<Ā#(�7�ĆĄĎĦĩ�3 

� ��	��4
�ńù�çâ"*!ľ¯�6ã���£�!#�WO

<Ā"Ħĩ#��ľ¯�3 	��	Na+,K+-ATP 9fI6ľ¯�2�W
O<Ā"ĆĄĎĦĩ
ľ¯�3�"# �		Na+,K+-ATP 9fI"Úď
!ę3�� 3Ĕ÷¹�Ĩ'/	)��ľ¯�"�Õ
ĄĎ"ńù���¸
��ñ ��íð6 3Ĕ÷¹�ċ²�/	 

 
 

� 3. ńù�çâ" Na+è¹�WO<Ā"ĆĄĎĦĩ"ĭ¹�"ļ}	 

ŉn#�®ňÓt!��2Ħĩĭ¹"· ~�=`fSf#Ùæĝ¶6õ�	 
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ÿÈ 3wĀ 
 
ª$� 1 � 24Þ)�ZV$w 1ā8#Ê
.	 
 
ý� 1þ 
1ª§ã ��$5KEèçh#%�=RF8à$¼»°�#�Ù"¨�"{¤
Á�|u(21	=RF8à$ 2ª§ã#%�úaûα&O@8<- β;SB��
���2/4�"�NR>L:6P-=SR"!�0��2/$Ì)s3�

#.0¨�"§ãm\_/21	���úbû5KEè«{$aëì$ôb£Í

s�$ÃY_½#.0��/#��l�2� 3 ª§ã���21	�$.	
"=RF8à$ùª§ã��#%�úcûb£Ísj31}s,�1	 
 
w 1.� VÎæúaû#���	ª$�w#Ê
.	 
ú1û� �2/ 2ª§ã4���1$#¢,éÙ"ôb£Ís�$ÃY_½%

^�	�$tÆ4Ü�	 
ú2û ú1û$Ís#íW�1 2�$�Ñ{$tÆ4�2�2Ü�	 
ú3û� α&O@8< β;SB#��1UÜ$ôb£Ís$¨�$ä�#�

���3ÖÇ��Ý��.	 
 
w 2.� VÎæúbû#���	¸#=RF8àcæ� 3ª§ã$��l#�W�
1ôóòÁÃY_½%^�	�$tÆ4Ü�	 

 
w 3.� VÎæúcû#���	����	b£Ís %^�	�$tÆ  ,#�
�$Ís#í315KEè«{$tÆ4Ü�	 

 
w 4.� ³±$ pH =RF8à$Éò¶#á�� �$=RF8à%dï�- 
��"1�"��	=RF8à×õ�$òÔ Ís$í`#{��� 3
ÖÇ��Ý��.	 

 
w 5.� JO58OP5KC9P4½��=RF8à4ò¬¯k�1î�ùª§
ã 5KEèÌ�% k�#��"�ö4W
1	���CA;PÄèDB

O7LúSDSû4½�1 �JOHG?Cë%f�ê$ä��fñ��1.
	#"1	�$o»4 2ÖÇ��Ý��.	 
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ý� 2þ 
�ÓðN@B#nÐi´IPMRúFSHû4�W�1 �ê$ FSH q�]n
��Àº�1	�$¹�$n��/ßØ��Ò¾f% FSHq�]$©ÑÛ¥#
.�½�/21	yü%�T�ê$Ò¾f#���j
1 FSH$ê4�
�FSH
 q�]$Ís¸�4ß'��øÍ¦��1	����FSH q�]4u*Ò�
·%³±X#zT#f��2��1,$ �1	"��ry�$�Ísê�%

�¸¿Á#Ís��ê�$� 4��	 
 

  
y 1. T�ê$n�Ò¾f#��1 FSHÍs$ 

÷v¡Îúaû ScatchardGQ@Búbû	 
y 2. T�ê$�Õ²#��1

�o X$Ís	 

 
w 6.� y 1a#���	FSH Ò¾f$Ís#% FSHq�]¸¿Á"Ís#j

�ô¸¿Á"Ís,u(21�y 1a �%¸¿Á"Ísê$)4Ëe��
Å���1	ôÍs FSH ê$~j#���ô¸¿Á"Ísê%!$.	#
�l�� Ï
/21�	2ÖÇ��Ý��.	 

 
w 7.� y 1b%y 1a#{���_��� ScatchardGQ@B��1	yc#�/
2�x�ÂÎ$�4Å���1	�$Ísp�#��1Úv��úKaû�Û

ñ��úKdû�FSHq�]$µ�4®+.	 
 
w 8.� y 2#���	�$y%��1�o X �2#��1�Õ² $Ís�
ø$Í¦4Å�� Scatchard GQ@B��1	�$Í¦4 1 ¤$ÂÎ�á[
�1$%åg�"�	�$.	"Í¦%!$.	"}s#�/21�	 
3ÖÇ��â'.	 
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ß 4là 
 
WO$l 	�6#®�,��
�

l 1�� :6K=H7>H7C8% 4|$�¹Z3+��TgÛcrossing overÜ�
�"	vj�Ð_y$�¹Z$°)j2�%	��#"/®�,��

�

l 2.� ¢�¯·Ûgerm cellsÜ�%�¹Z$À¿����c¾ÛmeiosisÜ$ 1
c¾� 2c¾3±�Ð_y���10/�:4@EÛchiasmaÜ�Ã{1
0Tg�È�/$%�!�-$��c¾$ �®�,��

�

l 3�� E7?$´³º¯·3BJA7GAF>LÛ3H-dThdÜzqO�tÚ��
S�3 1m��,&�2m±����0�0�¹Z��3\¿���9MB
I>9;ID5MÛautoradiographyÜ3��"���Ã{10/�¹Z$9
MBI>9;IG%!$,
#"/�1m§�2m§#�	��WO$�
�pÛ1Ü�Û6Ü$°)j2� ����	+$a�3�½ 1$ a�h$S
-Î'��Ä% 1� %Ö-"	� 

 
� � � � �          Û1Ü    Û2Ü    Û3Ü� Û4Ü� Û5Ü� Û6Ü 
 
 
 
 

 
�

�

p 1Ý�¹Z9MBI>9;IG$��p� 

Û1Ü�Û6Ü$i�%��/�¹Z$�¹cZÞ�3©�� 

p$��%h.É(0� 3H-dThdÒ$x}#|���	/� 

�

½ 1 
1m§� Û2Ü� Û2Ü� Û2Ü� Û2Ü� Û3Ü� Û3Ü� Û3Ü� Û3Ü�
2m§ Û1Ü� Û3Ü� Û4Ü� Û6Ü� Û1Ü� Û4Ü� Û5Ü� Û6Ü�

°)j2� a b c d e f g h 
�

�

�

� ���� ��� ��� � �� �

�
�

� �� �

��

�� ��

�

�

�

�

�
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�

l 4Ý��¹ZN#Ô	ÊÓP�¼Ûlinkage disequilibriumÜØs��b10�v
j�!$,
"Án�µ�-0/�2����2»ª��®�,��

�  
l 5�� R� �$RÂ%~�¹Zf�Ûautosomal recessiveÜ$ÏY¤� X3¦

¥��	"	��R�$`%�$¤� X3¦¥��	/���#« w£
%È�-"	+$ ��WO$l	#®�,��

Û1Ü� NÅ$�u-�R��¤� X3�
|¬ÏYyÛalleleÜ3+�
¨¡3�*,�Ä3�/Ëª�2/,
#Å���

Û2Ü� R�%Ð_¶ $Õ#y3 3U+
.��ÏYyÆ�3��²��
y% 3U +Ñ¢rÛ¤�|¬ÏYy�%"	Ü|¬ÏYy$)3+�
�	���$��"�u3ek��R��¤� X3�
|¬ÏYy3+
�¨¡3�*,�Ä3�/Ëª�2/,
#Å���

�

l 6�� |¬ÏYy �� A a3+�ÏYy���/�aa^Z%¸�ÛlethalÜ
��/��/×o� a$Ù�3Ç'� �1 0.1�����a$�¢%"	
+$ ��(�×o<6@%x��X�TÐ�»20�	/+$ ��W

O$l	#®�,��

Û1Ü� ×oS$ a$d�Ù�3 0.5 �/ �AA^Z Aa^ZÕ#Í�
�ÛfitnessÜ#Ì	�"	vj�a�NÅ$Ù�Û0.1Ü#"/(�#[
QV�Á�Ä3�/Ëª�2/,
#Å���

Û2Ü� AA^Z Aa^Z�%Í��#Ì	��.�a$Ù�� 0.1�]�
0�	/vj�AA^Z Aa^ZÕ$Í��$Ì	3�*,�Ä3�/
Ëª�2/,
#Å���

�

�
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ó¾ 5vô 
 
¬ � 1�� 20Ö&�\Z v 1õ7�¿�*	 
 
ñ� 1ò 
ÂÈ!jÎ�g¼� DNA  ÐÏ0Í�	îaïDNA MTQSXA�*-åsp�
!�}Ù��-G9V7BF�ç{ DNA\��    3    0�Ñ��-	.
! RNA MTQSXA�!���Ù��-	%��DNA åsp��! t�

�-	� �(�b�"�JE §Ê` £½p�äl��-    4    0�
i�s�����	îbï� Ã¦����§Ê` £½p�äl!�ÂÈjÎ 

�#�¶��-	 
� DNAMTQSXA!ì�!_�
6SX0Ú������G9V7BF
0r,1�� %%ÐÏ0ßÍ���%��
�-	Ý�!�� *��

O?NCB!d��.���G9V7BF�µ�.-
��.
d��.�

�~s!�´î�}Æ�ï��,îcï
1 ox��-�
�-	 
 
v 1.�    3    �    4    �h-¢)âk�Õ0�.�.Ó�	 
 
v 2.� ZÅãîaï����	DNAÐÏ¡ DNAMTQSXA�*-G9V7

BFåsp� à¹0�4Í¹��Ó�	 
 
v 3.� ZÅãîbï����	JE ~s�ÂÈº�*��!§Ê` £½p�

äl
¶��+��ÂÈ)�-	� ~s £½p�äl Ä�«¨�

����4Í¹��Ó�	 
 
v 4.� ZÅãîcï����	DNAMTQSXA 6SX�*-�´
�
10

��Ú�«¨����Ç���4Í¹��Ó�	 
 
v 5.� DNAMTQSXA 6SX�*,��´î�}Æ�ï
��.�. �

ÂÈ����ÂÈjÎ��� 10–9î109�}�� 1�ï ì��³�-�
]��-	JE�ÂÈ
 50 wjÎ����ÒÀY�1 ÂÈ��,ae
 �´
Ì»�-	�ÒÀ�)u(�Ó�	����JEÂÈ ;HP

<4@! 30f�}���-	 
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ñ� 2ò 
DNAÐÏ ßÍ ©�0×$-�(�I9DT7L2X> T4î2¤è DNA5
4U?ï0�§����ÉË0����BO>W0u'|z�¶¡éî2~60·ï
¸��|í���³è DNA0ªØ��	� �� |í¯	+L2X> DNA
0wq��3U8T¥^� 1¤è�����	 Ô�[ L2X>�³è DNA
 ���î=RÁ��mäá��*-®ëÞ�ï�æî��Åæï0°���

� êc0:SLn���/�y 1 *�� 2� KX9 A�*# B
².
�	 
 
v 6.� �³è DNA  ���
���KX9 A ����KX9 B ���BO

>W r,Û& ±�0�4Í¹��Ó�	 
 
v 7.� v 6�Ü$���.�. KX9 ±�	+�I9DT7L2X> T4 

ÐÏ©�����Ç���5Í¹��Ó�	 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
 

y 1ðL2X>�³è DNA ������Åæ êc	 

îOkazaki et al., 1968*,��ï  

DNA の大きさ 

 ����
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� 1ăHA-GPCR�X-GFP
1�% HA-GPCR�Y-GFPGbR>ê$µ��� 
 

ĆË 6�ć 
 
¶$©3æ*�ng$� 1	7#Í.� 
 
Ą©ą 
7 �Øéî�$ G GbR>êw ���q GPCR %�Ð×�$£�3Ð×x#
oð�1���øÀ$ A �4%�GPCR T5Z^c$[bQc�
1 GPCR�X
 GPCR�Y$Õãü�v÷3�+ cDNA3>acOb?���GPCR�Y$ N®
Êü�#%�×qC?N_ô}�������GPCR�X$ N®Êü�#%��
�"����A �4%�N ®Ê# HA G?�.& C ®Ê#ÓÚÛtGbR>ê
GFP �Ü��� HA-GPCR�X-GFP  HA-GPCR�Y-GFPā� 1Ă3Ä¾�1V]
EZM3rÞ����$¡�GPCR�X GPCR�Y$!�/-Ä¾���"��
kýÂ°$�þÐ×#��$V]EZM3�u���HA-GPCR�X-GFP 
1�
% HA-GPCR�Y-GFP3Ä¾���� 
� )���2�2$Ü�GbR>ê$Ä¾3Æä�1�,#�Ð×¦zº3Á

��89EGbUaJLá±3Ý��ā� 2Ă�)��HA-GPCR�X-GFP Ä¾Ð
×$Ð×¦zº3 2 Éý$?^@CHcF�y¿���d�%�ÏGbR>ê
�/ĀYbPcE�:^AÏ3ù��19bM?^@CHcF HāEndoHĂ��
-�d�%�ÏGbR>ê�/ĀYbPcE��.&ß��:^AÏ3ù��

1WVIM N-?^;NcFāPNGaseĂ�
1�?^@CHcFy¿3��¡#�
�2�2$Ð×¦zº3Á��89EGbUaJLá±3Ý��ā� 3Ă� 
� dª�HA-GPCR�X-GFP òo�3�u���þÐ×3�GPCR�X #��1^
<bM�~»����$Ò²�Ð×x Ca2+¼��f«����$� �/�GPCR
�X %eöq GTP Ò�GbR>ê Gq 3¹¢��1 l¤�2��eöq GTP
Ò�GbR>ê%���	�.&�BU\OJL�/"0�� 6�  BU\OJ
L# GDP)�% GTP�Ò��1�� 7�  BU\OJL% GTP6cF¹¢3§
��GTP� GDP' �¸{á�21� #.��eöq GGbR>ê%h¹�
�1�dÙÅ#�Gq% � 8�  3¹¢��1�¹¢��2� � 8�  %XET
5ID_7PCLc_ 4,5-SE^bõ3�¸{á��� 9�    � :�  �À�
1�� :�  %(a)�×q�/$ Ca2+$¨z3s���
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� 1.� � 6�  	 � :�  #u1-ñ|"å3�2�2â�� 

� 2.  � 9�  �¹¢�#�i�1VaK7b=NcF3 1�â�� 

� 3.� � 2#����HA-GPCR�X-GFPÄ¾Ð×$¦zº�% HA¥q�´z
�21QbM�
1$#���HA-GPCR�Y-GFPÄ¾Ð×$¦zº�%
HA¥q�QbM�´z�2"��HA¥q�´z�2"�¿Â3 1ÝÈ
��â�� 

� 4.� � 2#����Õãj$ GPCR�X��×qØ' Ñì)2�,1û$m
Ñ*%�GPCR�Y$�� !$.�#Ã"1 Ö/21��C?N_
äèÎ�$äèóp ��à½�/�2ÝÈ��â�� 

� 5.� � 3#����¬���Ã"1 2¯$QbMā`cb 1Ă%�2�2�
GPCR�X��×q�/�êØ' �×ëí�21ïÈ$!$·ú#
1
 l¤�21��¿Â-�,��5ÝÈ��â�� 

� 6.� � 3#�����êØf#Ä¾���1 HA-GPCR�X-GFP%�`cb 1
$ 2¯$QbM$���!�/$¬��3Ç�$�3ç(����ÿ3 1
�Ö³��4ÝÈ��â�� 

� 7.� gÔóāaĂ#����Ð×x Ca2+¼�$f«���×qÌ$Ð×x Ca2+

EL6�/$ Ca2+¨z#Â°�1� 3Æ�,����$� 3ç(1

�ÿ3 1�Ö³��2ÝÈ��â��  

� 2ăHA-GPCR�X-GFP
1�% HA-GPCR
�Y-GFP$Ä¾3�GPCR�X¥q�GPCR�Y
¥q�HA¥q��.& GFP¥q3Á��
89EGbUaJLá±��Ò²� 
 

� 3ăHA-GPCR�X-GFPÄ¾Ð×$¦zº
3 2Éý$?^@CHcF�y¿��¡
#�89EGbUaJLá±��Ò²� 
 

HA-GPCR–X-GFP 
Ä¾Ð×$¦zº 

HA-GPCR–Y-GFP 
Ä¾Ð×$¦zº 

`cb 1: HA-GPCR�X-GFPÄ¾Ð×$¦zº 

`cb 2: HA-GPCR�X-GFPÄ¾Ð×$¦zº 
3 EndoH�y¿ 

`cb 3: HA-GPCR�X-GFPÄ¾Ð×$¦zº 
3 PNGase�y¿ 
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�

Įè 7�į 
 
Å#³3ĉ)�dX#� 1İ6"é�-	 
 
Ĭ³ĭ 
Ý¾ÓÎ#Ėe�#Äû$�;FM DNA
. mRNA�čo�1�mRNA
.
@TH:ċ�öĄ�10���Ø±�10	�
�!�.�Đ�#čoÔÎ#

ðõÚĂ¼ĩDPT>:QJDUMĂ¼Ī"-/�@TH:ċ"öĄ�1!�

�# RNA �čo�1��0���¶.
"!��	�1.#\"$Ėe�
ØÑ#�(�(!ÆĠ3t£���0+#��(1�	/����5��� RNA �
�%10	 ���5��� RNA$�	-� 20�30��Ĝ#à� RNA
.² 109S
��Ĝ"	-&Ĝ�+#(����0	�#-�! RNA #\"$ microRNA
,�¢»
.-ß.1��0@TH:ċ#öĄ"¥Ĥ# RNA ��0 
 ���6��� , ���7��� +�(10	zÎìú#���ĩaĪmicroRNA$�ÜþÚ
!��Ęs3^" 3’ĢöĄĥ�"+� mRNA #ØÑ3t�0	�#���
microRNA $Ï�#@TH:ċ�ÿ�g3�«���1.#@TH:ċ3a�
�ĩbĪmRNA# 5’¹ç, 3’¹ç"�0ÀĒ3����mRNA3Y��{�0	 
� Å[c=U:8T<U3Õ��DPT>:QJDUMĂ¼�$�čoĝ�Ì

3ðõÚ"Ă¼�0�����0	Ó¡ 1�10 µÛ#L7>#íó3ġ*�
RNA3®p��čoĝ�Ì3Ă¼�0��Ï�#īê¬
.čo3ĝ��0Ė
e�����0���áĆ�1����1d�"ĩcĪÿ²ê¬"čoĝ�Ì3

+�Ėe���²�0��+2
����ĩ� 1Ī	ÿ²ê¬
.#čo#ĝ
�$PTAM�$!�āu§3+��û§��0	�13¿ą�0´É#V

�����ĩdĪ�V#ãlĖe�
.Ĕ{���÷�.10Ėe�"	�0č

oĝ�Ì3×æĞ�Çď�0���¸y!����0	(��Ėe�#čo3

Ċë�0ĥ�ĩJSOU@U,8TGT<UĪ"	�0;FM DNA #NBR
{$�čoÊ§{" ģ3Z�0	�#-�!ĥ�"	�0ĩeĪ;FM DNA #
NBR{3Ă¼�0����;FM DNA 
.#čo#Á�3ðõÚ"Ă¼�
0����û��0	 
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�

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  � 1. L7>#Ėe� Q#čoĝ�Ì��#WËĥ�#NBR{Ðª	 
ĩAĪL7>#Ėe� Q#WËĥ�#Ã�����¦�0ĥ�"	�0 X� Y��
#�Ě	 

ĩBĪJSOU@Uĥ�"	�0�L7>ù§�ìúĩESìúĪ�øüìú#;F
M DNA#NBR{Ðª	Ù]$NBR{3~���!� DNA�Ĩ]$NBR
{3~���0 DNA3â���0	 

ĩCĪL7>�ID#Ėe� Q#čoĝ�Ì3Å[c=U:8T<U�Ă¼��î
½	òĎ$��#fô#��
.čo��(����=U:8T>QUE#²

ĩčo#Ħ�Ī3â�	ID�L7>3Çď��čo#Ħ�"¸©!�x�Ā

.1�ê¬3·|ĩ*Ī�â���#}��÷�.10��ô°�v¡ī��d
n"�0��$��#ô°3Þ|�â��ĩÞ|#��$ô°"-0čoĦ�

#�x´�3â�Ī	 

 
 
� 1.� ���5��� � ���7��� "m0ĕr!ć�3ă�	 

� 2.� XñėĩaĪ"����dX#��"é�-	 
ĩ1ĪmicroRNA "-0 mRNA #tiÕ"$�microRNA �ÂÚ�!0

mRNA#����w� ģ�0�÷�.10	_ºě RNA#��#�
�3È*0��Ğ#Ü`iÕ"$ #-�!+#��0
	�#�ä

3 2�é�-	 
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�

ĩ2ĪmicroRNA $đ��ÂÚ�!0 mRNA # 3’ĢöĄĥ�"ÜþÚ"��
���#Äû3t�0	V´�microRNA $ mRNA #öĄĥ�"$
��"����!��*"��#���ty½3â�!�	�#

ÒÖ���¨��10��3 4ýå��ă�	 
 

� 3.� XñėĩbĪ"���	mRNA# 5’¹ç� 3’¹ç"$�mRNA3��"
k��*#Ï¤Ú!ÀĒ��0	�1.#ÀĒ#�ä3�1�1é�-	 

 

� 4.� XñėĩcĪ"����dX#��"é�-	 
ĩ1Ī1�#Ėe�"ÿ²#čoĝ�Ì����0����0ÒÖ���÷�

.10��3 2�¯���1�1 1�2ý�Ĉ¶�-	 
ĩ2ĪÝ¾ÓÎ# RNAKQNPU? II"-0čoĝ�Ì"$ēï�� 2��

#Ęs"Ï�#āu§��0���ß.1��0	 #-�!Ï¤3

+��÷�.10
	�īC#CU@"+����é�-	 
 

� 5.�  XñėĩdĪ"����dX#��"é�-	 
ĩ1Ī�#-�"�×!0ÓÎæ"����æq{"-��Ó��Ü�Ėe

�3h���
	�#�ä3é�-	(���#j3 1�¯�-	 
ĩ2Īĩ1Ī�$�ÍÚ"��VÓÎæ"����ãlĖe�#ęÿ"-/Ó

���÷�.10 2 �#Ėe�3h���
	�#�ä3é�-	(
���#j3 1�¯�-	 

 

� 6.�  XñėĩeĪ"����dX#��"é�-	 
ĩ1Ī� 1B$�Ėe� Q#JSOU@Uĥ�"	�0;FM DNA#NBR

{#Á�3â���0	L7># ES ìú�$�'�4 NBR{$	
����!���øü,b#�#q{��ìú�$�NBR{�

	�����	Ėe� Q $ #-�!Äû"ğ20�÷�.10
	 
1�2ý�ă�	 

ĩ2Ī� 1A#-�"JSOU@Uĥ��$ XYĩX� Y$�0��3â��
�0Ī#�Ě�ħ�;FM DNA#NBR{$ XY���ēï���
�Ęs# X "Č�0���ß.1��0	X � Y #��$h
	�1
�1é�-	 
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�

Ó� 8oÔ 
 
h�w Ä�+�!� 1�� 2/µ%�VR!o 1�7 �
(	 
 
Ð� 1Ñ 
h�!¯h'¿h/ �	�¨!"�)�"��¤'DLHN (*c}O¶

¡�,��*��!�$�$�À� ��� Ca2+Ã±�|f/"����+	

ª�h�!Ì��Ískeletal muscleÎ�"� ¿h?JPMNÍmotor neuronÎ�)
!d� (��ÍaÎ�£©!«ÆWÍmembrane potentialÎ     0    /¹����
, ¥�Q½!£©_�¼!ti�j�²¹�,��k§Ímuscle contractionÎ
¹�+	Ca2+"��k§!�� �È����"����k§�¤ (��

c}�,+À� ���&Ã±��+	Ì��!£©°Ç�¿h?JPMN�

)!�q/l��+r     2     ��+	��� ÍbÎ ¿h?JPMN!���)      
    3     �`�,+� & Ca2+�È��+	��-��nTÉ!~¬!�h

"�eU��¤Íº¸�¤Î�U��¤ (+¶¡/l���+	º¸�¤�

��)�`�,+     3     "�~�CP:GP6PÍpacemakerÎ!«! K+8N

<7;N:ÍconductanceÎ/su���«ÆW/     4     ��+�� (*~¬
!�h/¾��+	Q��U��¤�)�`�,+ÍcÎ     5     "�~�£©! Ca2+

=I@L/\Ê�+�� (*~�!k§g/s{���h/»��+	 
 
o 1.�       0     �     5       ]+�&Áb��³/�
(	 

 
o 2.�R¦ÂÍaÎ ���	  �k§!�� �����!�±/�d��) Ca2+

�`$����Ca2+�`�)k§$��! 2�!�Å a���!�³/
[���.�� 5¯�z�´��(	 

 
�³Ï«ÆW!     0      ��y©XÍSRÎ�Ò ¢�>ME?N� 
� � � >MEF59N�F59N�07=N�v�B1KGN>� 
� � � £�B1KGN>�ATP��*¿h�Ë�*¿h 

 
o 3.� R¦ÂÍbÎ ���	     3     �`�,+��/Q®� Y�m#�	

$���!��!�±/ Ca2+!|f �����5¯�z�´��(	 
 
o 4.    R¦ÂÍcÎ ���	     5     !Z�"�G;NA7·ÍGSÎ^|plx

X!ÄS�+¶¡��+	�!¶¡�� ����£©°Ç�!lx�

) Ca2+=I@L!\Ê +$�!À�/�3¯�z�´��(	 
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�S 2� 
/2.1�m�cp�skin��k]�feather��t*)��'�l�4{�
cp���scale��t*)��(	k]+$�rc�epidermis���(�	�
�+$�rc��(�	��n�UV���(dc�dermis��%(wI
�induction��%��^!(	 
� /2.1n�m�6Gk]�C�prospective feather area��l�6G��
C�prospective scale area��cp+g��b`\~�;'9��rc�dc
�:��B�e��i=��dc�5�rc+|��D���	jY��B

1�2�e���(	B 1��5�5.5Tn�m�rc� 10Tn�l�dc�
+i"=*�(��[J�k]+$�rc��(���+�B 2 ��12
Tn�l�rc� 7�7.5Tn�m�dc�+i"=*�(��[J�k]�
aJ�k]�
LO�)���LO�)�	�����+e���(	 

 
@ 5.� l�dc�m�dc
�WX�wIo+bR�(UV���		�

)�)���� 1q�u 2qfK�y %	 
 
@ 6.� m�rc�l�rc�6Gz?�<EM�plasticity�
�(UV��

�		�)�)����ZP��$� 2q�u 4q�fK�y %	 
 
@ 7.� �h�}*(AF�8s����:_M�-30,xA�secretory 

protein�+7G�(	dc	&:_�)(wIAF
A��(�>G
�(�#� 3g��H�+Q��6N�)(jY��$�v�	�
)�)�H����� 2q�u 6q�fK�y %	 

B 1.� 5�8.5Tn�m�rc�6Gk]�
C�� 9�13Tn�l�dc�6G��C�
�+i"=*��D���jY	 

B 2.� 9�13Tn�l�rc�6G��C�
� 5�8.5Tn�m�dc�6Gk]�C�
�+i"=*��D���jY	 
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ıì 9�Ĳ� �
 
ÅØ£$ě·�Ĭ I�VI$ 6�Ĭ
1 3�Ĭ7ě'�î�0	 
 
 
ıě·�Ĭ IĲ 
ÅØ$ANX#Ĥ�3je$� 1#î�0	 
 
� 1.� ÅØ�%�Ēõê$ģ�.ANXC<F���à"3����&�&

�3	�4%�ÅØ$ANXC<F7��3ė��æ�Ãģ�.ď�3

� 7�¿���3	ANXC<F7����3ÇÆ7 2�¹���4
�4 3ÿé�ē(0	 

 
 
ıě·�Ĭ IIĲ 
ÅØòú$Ðúįvacuoleİ%��Øòú$^GGbXįlysosomeİ ä�"òú
¨�¤��3 Ć643	gù$ÊĐ#Ĥ�3je$� 2�3#î�0	 
 
� 2.� ÅØòú$Ðú �Øòú$^GGbX#wĕ��i$òú¨�¤#%

ă14"�Ù±7 2�¹���4�4 1ÿé�ē(0	 
 
� 3.� �Øòú$^GGbX#%ă14"��ÅØòú$Ðú$Ù±/Çû7 3

�¹���4�4 1ÿé�ē(0	 
 
 
ıě·�Ĭ IIIĲ 
ÅØ$áÝ#Ĥ�3je$� 4#î�0	 

 

� 4.� >b?Daįauxinİ%��5�5"Ĝk $oß Ĥ62��"�1�
�+�+"áÝ<RaLįdevelopmental eventsİ7}°���3	�$á
Ý<RaL7 2�¹���$}°ÇÆ#����ĤĖ�3Ĝk $�ç
7�-���4�4 3ÿjx�Ċ¾�0	 
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ıě·�Ĭ IVĲ 
ê ÅØ$Ĝk #Ĥ�3je$� 5�7#î�0	 
 
ê ÅØ
1|-��¥�4�SY>TI@EįhomeoboxİĜk $    :    
Ĝk %�L=Z`BD$D\bLīyāóöįshoot apical meristemİ�áÛ�� 
   <    �%áÛ�ă14"�� 
1�cÀ�þ ��$:<KaJ;J;
b7Í-3Ĝk �%"�
 ��čČ�ã8#"�4�	�$¯�LVL"

!$0�#��þ�%"    =�   7.�ÅØê#	��%�cĝ$q�7
ħ�    <    �.áÛ�Ĉ-143� �6
��	+��    <    #	
�3à¶âáÛ��3�%ę~áÛ$�Ä"!
1�Û��%yāóö$ÖĦ

³ ÂĦ³$�y#Ĥ63�û³�¸¼�4��3	 
 
� 5.�    :    �     =    #v3Á.Ěz"ĉ�7ć�	  
 
� 6.�    :    Ĝk �BbM�3HaO@Ď#ĭl��Ğ{7.�Ĝk 

÷įĜk P9W^bİ$�ç7ć�	 
 
� 7.� ê ÅØ#	����Ø#	�3 HoxĜk ÷ ĭl��áÝd$Çû

7.�Ĝk ÷įĜk P9W^bİ$�ç7ć�	 
 

 
ıě·�Ĭ VĲ 
ÅØÝ´£#Ĥ�3je$� 8�9#î�0	 
 
� 8.� ĨdÝ´ï#	����m��Īë��2$ðcÈÝÞğ%�¬«�Ë

Ó	0'¬ĥÌğ ¦»"Ĥr��3	¬«�ËÓ ¬ĥÌğ%�!$

0�#ðcÈÝÞğ7Ą¥���3$
	ÝÜ£â"ąÕ
1�5ÿjx
�Ċ¾�0	�  

 
� 9.� ¬«�ËÓ�Į¬ĥÌğ�©"���#%�CAMÅØ�ă143� 

���	�3ê$ CAMÅØ%ĩô#åÝ��.ÝÎ��3	CAMÅØ
%�!$0�"�,�Ìy7����u�µ7ÿ���3
	5ÿjx
�Ċ¾�0	 

 
 
  

25



ıě·�Ĭ VIĲ 
¡đòúįguard cellİ$ý�Ę�įturgor movementİ#Ĥ�3È$½7ċ,�j
e$� 10#î�0	 
 
Ë¡$Ģġ%¡đòú$ý�Ę�#03	�$ý�Ę�$Ù±7º�3d�Ġ

 "3Ăñ#%�¡đòú$në V�ÌUJaD[_Ψ�ý� P�ÏĔ�ªΔπ 

įòúxÏĔ�
1òú�ÏĔ�7®��tİ�üĩmΔEįòú�7�Ô �3
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ġ����Ë¡$¡đòú Vc Ψc Pc Δπc ΔEc 
Ģ�
���3Ë¡$¡đòú Vb Ψb Pb Δπb ΔEb 
Ģ����Ë¡$¡đòú Vo Ψo Po Δπo ΔEo 
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į1İ Vc�Vb�Vo#���	 
į2İ Ψc�Ψb�Ψo�	0' 0#���	 
į3İ Pc�Pb�Po�	0' 0#���	 
į4İ Δπc�Δπb�Δπo�	0' 0#���	 
į5İ ΔEc�ΔEb�	0' 0#���	 
į6İ Pc   Δπc#���	 
į7İ Pb   Δπb#���	 
į8İ Po   Δπo#���	 
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