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ࡐκ␆ޮͤ⌱Ϊࡐࡐೀ⌌Ϊࡺ␆ੇࡁ˽ڛ␜
␐␆␯⑾⑊⑞⑰⌤⌌⑀⌤␺⑶␂␁⌲⌌૊ߌڰష≪

૊Ϊ۴଼ࢠവצ≪ ≼≺≼≾ ૙ ⊁Ը؆≪ ⊡⊏⊌≪
⎝⎛⎝≿ ૙ੇ૊ڰ␃Ј⏱␣Θ૊ؽ޸␆ڰ
≫⌊⏱␖⏜⏾␙␀␖ష␪ߌ

Ϊ
ࡐ
ఫ
ܶ
വ
≫צ

ʤ୔଼ࢠ≪
≫≲Ьૈਈࢦ≳

≼≺≼≾ ૙⎜≺Ը؆≪ ⊡⊏⊌≪ ␯⑾⑊⌤⑘⑎⑓ݎК≪ ≫⌲ଅு␇⏚␢␖⏳␫ڔ١⌱

≫଼ࢠԉ׭ࣣ ≼≺≼≾ ૙⊁Ը؆≪ ⊡⊏⊌≪ ␯⑾⑊⌤⑘⑎⑓ݎК≪ ≫⌲ଅு␇⏚␢␖⏳␫ڔ١⌱

Ϊׁࠞ࢜ԉ
≫଼ࢠ ≼≺≼≾ ૙⊁Ը؆≪ ⊡⊏⊌≪ ␯⑾⑊⌤⑘⑎⑓ݎК≪ ≫⌲ଅு␇⏚␢␖⏳␫ڔ١⌱

≪
⍭౾Ϊ␆ࣣ׭ԉ଼ࢠ␀౾Ϊ␆Ϊׁࠞ࢜ԉ଼ࢠ␆௿К␇⏿⏥␖⏳␫⌋≪ ≪

�
ᷲ � 㠵 ≪≪ ≪≪ ૊૊ΪΪɾɾમમ⌏≪ ⌵Ϊ͑ڐਈ␆૊ߌڰష⌶⑀␯⑓ʼڳ⌵≫␆߁ൽ࡙ѯ⌶≪≪

೽ട೛≪≪ ≪≪ ≫ష⌶ߌڰਈ␆૊͑ڐΪ⌵⌏צצఫఫܶܶവവ⌌צצവവ଼଼ࢠࢠ ⊈≪ ⌵ఫܶവצ⌶≪≪
≪
≪

≪
≪

≪
≪

⌵Ϊ͑ڐਈ␆૊ߌڰష⌶␱␲②⑀␯⑓⌏≪ ≪ ≪

⊳⊿⊿⊻⊾⊄≹≹⊬⊯⊸⊴⊾⊾⊴⊺⊹⊾≸⊿⊴⊿⊰⊮⊳≸⊬⊮≸⊵⊻≹⊬⊯⊸⊴⊾⊾⊴⊺⊹≹≪

≪

≪
� �

⥲ྜᆺ㑅ᢤ��3ࣇࣥࣃB&&�����LQGG����⥲ྜᆺ㑅ᢤ��3ࣇࣥࣃB&&�����LQGG���� ������������������������������������������



�

�

$� ॐܗʤ���PPʹ���PPʥɹ න໚ �ɻ ௙௙ୖୖࡾࡾࡀࡀ఩఩⨨⨨��

㸦㸦᩿᩿⿢⿢఩఩⨨⨨㸧㸧��

ሬሬࡾࡾ㊊㊊ࡋࡋ఩఩⨨⨨��

͐͐௙ୖࡾࡀ఩⨨�᩿⿢఩⨨�ࡣ⥳ᯟ࡛ࠋࡍ�

͐͐ษࡣ࡚ࢀᅔᩥࡿᏐࡣࣥ࢖ࢨࢹࡸ㉥ᯟࡾࡼෆഃ࡟㓄⨨࡚ࡋୗࠋ࠸ࡉ�

�ࠋ࠸ࡉୗ࡚ࡋ⨨㓄ࢆ┿෗ࡸⰍ࡛ࡲ㟷ᯟࡣሙྜࡢᕼᮃࡈࢆ༳ๅࡋ࡞ࢳࣇ͐͐

ଠ�

৉�

≪

⸹ᐗᘿ㤧ᴿ� ⱻ㖉㗁㹬� 㤅Ꮭᓤ㶇�
ඝො⎡૙ੇ≪
 
 ၥ㢟㸯  
 
௨ୗࡢၥ㸯ࠥၥ㸲ࠋࡼ࠼⟆࡟ 
 
ၥ㸯� ࡍṧࡃከࡃ࡭ࡿ࡞ࢆ㸪ᏊᏞࡣ≀᳜

ᛂ࡟ቃ⎔ࡿࡍ⫱⏕㸪ࢆ␎ᡓࡢࡵࡓ

ࢀࡽ࠼⪄࡜ࡓࡁ࡚ࡏࡉ㐺໬࡚᭱ࡌ

ྠࡀ࡭ࡋࡵ࡜࡭ࡋ࠾㸪ࡤ࠼౛ࠋࡿ

࡟≀Ꮚ᳜⿕ࡿࢀࡉᙧᡂ࡟୰ࡢⰼࡌ

⮬⢊㸦ཷ࡜ⰼ⢊ࡢ୰࡛⮬㌟ࡢ㸪ⰼࡣ

ᐙཷ⢊㸧࡜✀ࡿࡍ㸪௚ಶయࡢⰼ⢊

Ꮡࡀ࡜✀ࡿࡍ⢊㸦௚ᐙཷ⢊㸧ཷ࡜

ᅾࠋࡿࡍ௚ᐙཷ⢊ࡀ⮬ᐙཷ⢊࡜ẚ

㍑࡚ࡋ᭷฼࡞Ⅼࡧࡼ࠾୙฼࡞Ⅼࢆ

150 Ꮠ௨ෆ࡛ㄝ᫂ࠋࡼࡏ�
 
ၥ㸰� ⰼࡣ㸪ࢡ࢞∦࣭ⰼᘚ࣭ࡽ࠿࡭ࡋࡵ࣭࡭ࡋ࠾

ᵓᡂࢀࡉ㸪ⱼ㡬ศ⿣⤌⧊ࡀⰼࡢཎᇶ࡟ศ໬

ࡢⰼࡢࡇࠋࡿࢀࡉᙧᡂࡀࢀࡒࢀࡑࡕࡢࡓࡋ

ᙧᡂࡣ㸪㸱✀㢮ࡢㄪ⠇㑇ఏᏊ㸦A 㸪ࢫࣛࢡ

B 㸪Cࢫࣛࢡ 㸪ࢀࢃ࡞ࡇ࠾࡛ࡁാࡢ㸧ࢫࣛࢡ

ABCࠕࡣࡳ⤌௙ࡢࡑ ࠸࡚ࢀࡤ࿧࡜ࠖࣝࢹࣔ

㸪A࡟࠺ࡼࡍ♧࡟ᅗ㸯ࠋࡿ ࡀ㑇ఏᏊࢫࣛࢡ

༢⊂࡛ࡿ࠸࡚࠸ࡽࡓࡣ㡿ᇦ࡛ࢡ࢞ࡣ∦㸪A
࡜㑇ఏᏊࢫࣛࢡ B ࡣࡀ୧᪉ࡢ㑇ఏᏊࢫࣛࢡ

ⰼᘚ㸪Bࡣ㡿ᇦ࡛ࡿ࠸࡚࠸ࡽࡓ 㑇ఏࢫࣛࢡ

Ꮚ࡜Cࢫࣛࢡ㑇ఏᏊࡢ୧᪉࠸࡚࠸ࡽࡓࡣࡀ

㸪C࡭ࡋ࠾ࡣ㡿ᇦ࡛ࡿ ⊃༢ࡀ㑇ఏᏊࢫࣛࢡ

㸪Aࡓࡲࠋࡿࢀࡉᙧᡂࡀ࡭ࡋࡵࡣ㡿ᇦ࡛ࡿ࠸࡚࠸ࡽࡓࡣ࡛ ࡜㑇ఏᏊࢫࣛࢡ C ࢡ

 ࠋࡿ࠸࡚ࢀࡽ▱ࡀ࡜ࡇࡿࡍᢚไࢆࡁാࡢ࠸㸪஫ࡣ㑇ఏᏊࢫࣛ
� ௨ୖ࡟࡜ࡶࢆ㸪㑇ఏᏊ᧯స࡚ࡗࡼ࡟ A ࢆ㑇ఏᏊࢫࣛࢡ B ࡁ⨨㑇ఏᏊ࡛ࢫࣛࢡ

᥮ࡓ࠼⤌᥮࠼యࡢᶍᘧᅗࢆண᝿࡜ࡿࡍᅗ㸰ࡼࡢࡇࠋࡿࢀࡽ࠼⪄࡜ࡿ࡞࡟࠺ࡼࡢ

ࢆ⏤⌮ࡿࢀࡉண᝿࡜ࡿ࡞࡟ⰼࡢᙧែ࡞࠺ 300 Ꮠ௨ෆ࡛㏙ࡢࡑࠋࡼ࡭㝿㸪ⰼྛࡢ

㡿ᇦ࡛ࢫࣛࢡࡿ࠸࡚࠸ࡽࡓࡣ㑇ఏᏊ࡟ゝཬࠋ࡜ࡇࡿࡍ 
 
ၥ㸱� 㸪ྲཱྀࡾ࡜ࡌឤࢆ㸪ⴥ࡛᪥㛗ࡣ≀᳜ ⢊᭱࡟㐺࡞᫬ᮇ࡜ࡿ࡞࡟ⱼ㡬࡛ⰼࢆᙧᡂࠋࡿࡍ

ࡀᬯᮇࡓࡋ⥆㸪㐃ࡾࡼ࡟ᐇ㦂ࡓ࠸⏝ࢆࢼࢬࢼࢾ࢖ࣟࢩࡢ≀㛗᪥᳜ࡣ⪅✲◊ࡿ࠶

୍ᐃࡢ㛗ࡉ௨ୗ࡜ࡿ࡞࡟㸪ࢡࣃࣥࢱ㉁ X ࡢࡇࠋࡓࡋⓎぢࢆ࡜ࡇࡿࢀࡽⴥ࡛సࡀ

⤖ᯝࡽ࠿㸪ࠕⴥ࡛సࢡࣃࣥࢱࡓࢀࡽ㉁ X ᙧࡢⰼ(b)࡛ࡇࡑ㸪ࡋື⛣࡬㸪(a)ⱼ㡬ࡣ

ᡂಁࢆ㐍ࠖࡿࡍ㸪࠺࠸࡜௬ㄝࠋࡓ࡚ࡓࢆୗ⥺㒊(a)࡜(b)᳨ࢆドࡿࡍᐇ㦂ࡒࢀࡑࢆ

࡚ࡏࢃ㸪ྜࡋ᱌❧ࢀ 200 Ꮠ௨ෆ࡛㏙ࠋࡼ࡭ 

ᅗ㸯�

ᅗ㸰�

�

�
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㸦㸦᩿᩿⿢⿢఩఩⨨⨨㸧㸧��

ሬሬࡾࡾ㊊㊊ࡋࡋ఩఩⨨⨨��

͐͐௙ୖࡾࡀ఩⨨�᩿⿢఩⨨�ࡣ⥳ᯟ࡛ࠋࡍ�

͐͐ษࡣ࡚ࢀᅔᩥࡿᏐࡣࣥ࢖ࢨࢹࡸ㉥ᯟࡾࡼෆഃ࡟㓄⨨࡚ࡋୗࠋ࠸ࡉ�

�ࠋ࠸ࡉୗ࡚ࡋ⨨㓄ࢆ┿෗ࡸⰍ࡛ࡲ㟷ᯟࡣሙྜࡢᕼᮃࡈࢆ༳ๅࡋ࡞ࢳࣇ͐͐

ଠ�

৉�

�
�

ၥ㸲� ࡚ࢀࡉㄪ⠇ࡾࡼ࡟㉁≀࡞ࠎᵝࡿࢀࡉయෆ࡛ྜᡂࡣⓗ≧ែ⌮⏕ࡸᙧែᙧᡂࡢ≀᳜

㉁ࢡࣃࣥࢱグୖࠋࡿ࠸ X ௨እ࡞࠺ࡼࡢࡑࡢ≀㉁ࡢ୰࡛᳜≀࡟ࣥࣔࣝ࣍ศ㢮ࢀࡉ

࠸࡚ࡋㄪ⠇ࢆ㇟⌧࡞࠺ࡼࡢ࡝ࡀ㉁≀ࡢࡑ㸪ࡓࡲࠋࡼ࠼⟆ࡘ࡜ࡦࢆ⛠ྡࡢ㉁≀ࡿ

ࢆࡳ⤌௙ࡢㄪ⠇ࡢࡑ㸪ࡋゝཬ࡟࠿ࡿ 200 Ꮠ௨ෆ࡛ㄝ᫂ࠋࡼࡏ 
�

 

 ၥ㢟㸰  
 
௨ୗࡢၥ㸯ࠥၥ㸳ࠋࡼ࠼⟆࡟ 
 
ၥ㸯� ࡟⣽⬊ෆࡀࢀࡑ㸪࡜ࡳ⤌௙ࡿࢀࡉ㜼ᐖࡀάᛶࡢ㓝⣲ࡾࡼ࡟ຠᯝࢡࢵࣜࢸࢫࣟ࢔

࡚ࡏࢃ㸪ྜࢆᙺ๭࠺ᢸ࡚࠸࠾ 150 Ꮠ௨ෆ࡛ㄝ᫂ࠋࡼࡏ�
 
ၥ㸰� ࡿࢀࡉ㌿෗ࡽ࠿㑇ఏᏊࡢ㓝⣲ࡿ࠶ mRNA ࡟

┦⿵ⓗ࡞㓄ิࡴྵࢆ▷㙐ࡢ RNA ⣽⬊ෆ࡛ࢆ

Ⓨ⌧ࢁࡇ࡜ࡓࡋ㸪ࡢࡇ㓝⣲ࡢ⏕ᡂ㔞ࡀῶᑡࡋ

㸪100࠼⪄ࢆ⏤⌮ࡢࡑࠋࡓ Ꮠ௨ෆ࡛㏙ࠋࡼ࡭ 
 
ၥ㸱� ᅗ㸯࡟࠺ࡼࡢ㸪㓝⣲㸿ࡣ㸪໬ྜ≀㹟ࢆ໬ྜ≀

㹠࡜࡬ኚ᥮ࡿࡍ཯ᛂࢆゐ፹ࡢࡇࠋࡿࡍ཯ᛂ࡟

ࡣ ATP ࡶ࡜࡟ኚ᥮ࡢ࡬ᚲせ࡛㸪໬ྜ≀㹠ࡀ

㸪ATP࠸࡞ ࡣ ADP 㸪㓝࡟ヨ㦂⟶ෆࠋࡿ࡞࡟

⣲㸿㸪໬ྜ≀㹟㸪ATP ㄪࢆ཯ᛂ⁐ᾮࡓ࠼ຍࢆ

〇ࡋ㸪ATP ᮲௳㸪ATPࡢప⃰ᗘࡀ 㧗⃰ᗘࡀ

᮲௳㸪ATPࡢ ࡟ࡽࡉ࡟௳᮲ࡢ㧗⃰ᗘࡀ ADP
ࡊࡲࡉࢆᗘ⃰ࡢ᮲௳࡛໬ྜ≀㹟ࡓࡋῧຍࢆ

 ࢆኚ᥮㏿ᗘࡢ࡬໬ྜ≀㹠࡚ࡏࡉኚ໬࡟ࡲ

ᐃࡢࡑࠋࡓࡋ⤖ᯝ㸪ᅗ㸰࡞࠺ࡼࡍ♧࡟⤖ᯝࡀ

ᚓࠋࡓࢀࡽATP ࡜ ADP ࠾࡟άᛶࡢ㓝⣲㸿ࡀ

㸪50ࡋᐹ⪄ࢆᙳ㡪ࡍࡰࡼ Ꮠ௨ෆ࡛㏙ࠋࡼ࡭ 
 

�  

��
ኔ㶇ಓᰬᗛ��

≪ ≪ ⏫␆೤ा␇⌊ߜ௮␆͊␆ԋܕ␀ࡆ௸␃গ೜⏯⌊੼௮␀ʓ␂␣ߜ௮␆ࡐʡ␜⏵␆ৄࡹЯ

≫⌊⏱⏿૧උ␪೤⏞೤ा␣⏱٣ד൛ਘʍя␪ࡐ␆⏵⌋␀൛ͦੇ␆׃
≪
≪ ≪ ʜਯਘ␀ࡅΠۢ␆௸ܕ⌋⏼⏼⏯ࣲ࣑ʡϴҙ␪ࡐ␆௮ߜ␂␖⏮␖⏭␆͸ࢩۋ⌋␇⎜೤ފ

ओഫࡅ␆Πడ␆݃വࡅ␪ד⏠␂⏤␡ͧ੨⏯⏾␚␡⏞⏫␀␪ʍ࠘⏯⏾⏜␖⏱⌋≪
≪
≪ ≪ ␣⏱ೀࡺ␪ࡆ೤⎝␇⌊͊␆ԋފ ⊋⊌⊍ ⑭⑒⑶␪൛ͦ⏯⏾⏜␣⏣⌊␖⏷⏵␆൛ͦ␃Р⏽⏜

≫⌊⏱␖⏜⏾⏻␂␃ೀ⏿⏥␣⏣␪Փ␣મതࡺ␃␪̾Ϊਘ޹ڸ௮Ϊਘࡐ⏾
≪
≪ ≪ ␪ʲയ⏯␂⏤␡⌊ஒവ␂ۢ՛␪ۑঀ␆ݏϩ⏠щࢾڔत⏯⏾⌊ʜਯ␃ࡺ̲␣⏚⌋␇⎞೤ފ

≫⌊⏱␖⏜⏾⏻␂␃௰⏿൥ɾ⏿⏥␣⏣␪Փ␣મതۋ
≪
≪ ≪ ␃␢⏧⏽௮␆ढࡐ⌋⏿␀⏫⏞␡␚⏾⏠ʤඟ␪੨␆׃Яࡹৄ␆ࡆ௮␆ԋपԋߜ⌋␇⎟೤ފ

त⏱␣൛ͦੇ␪Փ␣મത␃␂⏻⏾⏜␖⏱⌋≪≪

ᅗ㸯�

� � � ࡣ ATP  ᮲௳㸪ࡢప⃰ᗘࡀ
� � � ࡣ ATP  ᮲௳㸪ࡢ㧗⃰ᗘࡀ
� � � ࡟௳᮲ࡢ㧗⃰ᗘࡀATPࡣ

ADPࢆῧຍࡓࡋ᮲௳࡛ࡢ໬ྜ≀

㹠ࡢ࡬ኚ᥮㏿ᗘࠋࡍ♧ࢆ�

ᅗ㸰�

⥲ྜᆺ㑅ᢤ��3ࣇࣥࣃB&&�����LQGG����⥲ྜᆺ㑅ᢤ��3ࣇࣥࣃB&&�����LQGG���� ������������������������������������������
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㸦㸦᩿᩿⿢⿢఩఩⨨⨨㸧㸧��

ሬሬࡾࡾ㊊㊊ࡋࡋ఩఩⨨⨨��

͐͐௙ୖࡾࡀ఩⨨�᩿⿢఩⨨�ࡣ⥳ᯟ࡛ࠋࡍ�

͐͐ษࡣ࡚ࢀᅔᩥࡿᏐࡣࣥ࢖ࢨࢹࡸ㉥ᯟࡾࡼෆഃ࡟㓄⨨࡚ࡋୗࠋ࠸ࡉ�

�ࠋ࠸ࡉୗ࡚ࡋ⨨㓄ࢆ┿෗ࡸⰍ࡛ࡲ㟷ᯟࡣሙྜࡢᕼᮃࡈࢆ༳ๅࡋ࡞ࢳࣇ͐͐

ଠ�

৉�

≪

⸹ᐗᘿ㤧ᴿ� ⱻ㖉㗁㹬� 㤅Ꮭᓤ㶇�
ඝො⎡૙ੇ≪
 
 ၥ㢟㸯  
 
௨ୗࡢၥ㸯ࠥၥ㸲ࠋࡼ࠼⟆࡟ 
 
ၥ㸯� ࡍṧࡃከࡃ࡭ࡿ࡞ࢆ㸪ᏊᏞࡣ≀᳜

ᛂ࡟ቃ⎔ࡿࡍ⫱⏕㸪ࢆ␎ᡓࡢࡵࡓ

ࢀࡽ࠼⪄࡜ࡓࡁ࡚ࡏࡉ㐺໬࡚᭱ࡌ

ྠࡀ࡭ࡋࡵ࡜࡭ࡋ࠾㸪ࡤ࠼౛ࠋࡿ

࡟≀Ꮚ᳜⿕ࡿࢀࡉᙧᡂ࡟୰ࡢⰼࡌ

⮬⢊㸦ཷ࡜ⰼ⢊ࡢ୰࡛⮬㌟ࡢ㸪ⰼࡣ

ᐙཷ⢊㸧࡜✀ࡿࡍ㸪௚ಶయࡢⰼ⢊

Ꮡࡀ࡜✀ࡿࡍ⢊㸦௚ᐙཷ⢊㸧ཷ࡜

ᅾࠋࡿࡍ௚ᐙཷ⢊ࡀ⮬ᐙཷ⢊࡜ẚ

㍑࡚ࡋ᭷฼࡞Ⅼࡧࡼ࠾୙฼࡞Ⅼࢆ

150 Ꮠ௨ෆ࡛ㄝ᫂ࠋࡼࡏ�
 
ၥ㸰� ⰼࡣ㸪ࢡ࢞∦࣭ⰼᘚ࣭ࡽ࠿࡭ࡋࡵ࣭࡭ࡋ࠾

ᵓᡂࢀࡉ㸪ⱼ㡬ศ⿣⤌⧊ࡀⰼࡢཎᇶ࡟ศ໬

ࡢⰼࡢࡇࠋࡿࢀࡉᙧᡂࡀࢀࡒࢀࡑࡕࡢࡓࡋ

ᙧᡂࡣ㸪㸱✀㢮ࡢㄪ⠇㑇ఏᏊ㸦A 㸪ࢫࣛࢡ

B 㸪Cࢫࣛࢡ 㸪ࢀࢃ࡞ࡇ࠾࡛ࡁാࡢ㸧ࢫࣛࢡ

ABCࠕࡣࡳ⤌௙ࡢࡑ ࠸࡚ࢀࡤ࿧࡜ࠖࣝࢹࣔ

㸪A࡟࠺ࡼࡍ♧࡟ᅗ㸯ࠋࡿ ࡀ㑇ఏᏊࢫࣛࢡ

༢⊂࡛ࡿ࠸࡚࠸ࡽࡓࡣ㡿ᇦ࡛ࢡ࢞ࡣ∦㸪A
࡜㑇ఏᏊࢫࣛࢡ B ࡣࡀ୧᪉ࡢ㑇ఏᏊࢫࣛࢡ

ⰼᘚ㸪Bࡣ㡿ᇦ࡛ࡿ࠸࡚࠸ࡽࡓ 㑇ఏࢫࣛࢡ

Ꮚ࡜Cࢫࣛࢡ㑇ఏᏊࡢ୧᪉࠸࡚࠸ࡽࡓࡣࡀ

㸪C࡭ࡋ࠾ࡣ㡿ᇦ࡛ࡿ ⊃༢ࡀ㑇ఏᏊࢫࣛࢡ

㸪Aࡓࡲࠋࡿࢀࡉᙧᡂࡀ࡭ࡋࡵࡣ㡿ᇦ࡛ࡿ࠸࡚࠸ࡽࡓࡣ࡛ ࡜㑇ఏᏊࢫࣛࢡ C ࢡ

 ࠋࡿ࠸࡚ࢀࡽ▱ࡀ࡜ࡇࡿࡍᢚไࢆࡁാࡢ࠸㸪஫ࡣ㑇ఏᏊࢫࣛ
� ௨ୖ࡟࡜ࡶࢆ㸪㑇ఏᏊ᧯స࡚ࡗࡼ࡟ A ࢆ㑇ఏᏊࢫࣛࢡ B ࡁ⨨㑇ఏᏊ࡛ࢫࣛࢡ

᥮ࡓ࠼⤌᥮࠼యࡢᶍᘧᅗࢆண᝿࡜ࡿࡍᅗ㸰ࡼࡢࡇࠋࡿࢀࡽ࠼⪄࡜ࡿ࡞࡟࠺ࡼࡢ

ࢆ⏤⌮ࡿࢀࡉண᝿࡜ࡿ࡞࡟ⰼࡢᙧែ࡞࠺ 300 Ꮠ௨ෆ࡛㏙ࡢࡑࠋࡼ࡭㝿㸪ⰼྛࡢ

㡿ᇦ࡛ࢫࣛࢡࡿ࠸࡚࠸ࡽࡓࡣ㑇ఏᏊ࡟ゝཬࠋ࡜ࡇࡿࡍ 
 
ၥ㸱� 㸪ྲཱྀࡾ࡜ࡌឤࢆ㸪ⴥ࡛᪥㛗ࡣ≀᳜ ⢊᭱࡟㐺࡞᫬ᮇ࡜ࡿ࡞࡟ⱼ㡬࡛ⰼࢆᙧᡂࠋࡿࡍ

ࡀᬯᮇࡓࡋ⥆㸪㐃ࡾࡼ࡟ᐇ㦂ࡓ࠸⏝ࢆࢼࢬࢼࢾ࢖ࣟࢩࡢ≀㛗᪥᳜ࡣ⪅✲◊ࡿ࠶

୍ᐃࡢ㛗ࡉ௨ୗ࡜ࡿ࡞࡟㸪ࢡࣃࣥࢱ㉁ X ࡢࡇࠋࡓࡋⓎぢࢆ࡜ࡇࡿࢀࡽⴥ࡛సࡀ

⤖ᯝࡽ࠿㸪ࠕⴥ࡛సࢡࣃࣥࢱࡓࢀࡽ㉁ X ᙧࡢⰼ(b)࡛ࡇࡑ㸪ࡋື⛣࡬㸪(a)ⱼ㡬ࡣ

ᡂಁࢆ㐍ࠖࡿࡍ㸪࠺࠸࡜௬ㄝࠋࡓ࡚ࡓࢆୗ⥺㒊(a)࡜(b)᳨ࢆドࡿࡍᐇ㦂ࡒࢀࡑࢆ

࡚ࡏࢃ㸪ྜࡋ᱌❧ࢀ 200 Ꮠ௨ෆ࡛㏙ࠋࡼ࡭ 

ᅗ㸯�

ᅗ㸰�

�

�
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㸦㸦᩿᩿⿢⿢఩఩⨨⨨㸧㸧��

ሬሬࡾࡾ㊊㊊ࡋࡋ఩఩⨨⨨��

͐͐௙ୖࡾࡀ఩⨨�᩿⿢఩⨨�ࡣ⥳ᯟ࡛ࠋࡍ�

͐͐ษࡣ࡚ࢀᅔᩥࡿᏐࡣࣥ࢖ࢨࢹࡸ㉥ᯟࡾࡼෆഃ࡟㓄⨨࡚ࡋୗࠋ࠸ࡉ�

�ࠋ࠸ࡉୗ࡚ࡋ⨨㓄ࢆ┿෗ࡸⰍ࡛ࡲ㟷ᯟࡣሙྜࡢᕼᮃࡈࢆ༳ๅࡋ࡞ࢳࣇ͐͐

ଠ�

৉�

�
�

ၥ㸲� ࡚ࢀࡉㄪ⠇ࡾࡼ࡟㉁≀࡞ࠎᵝࡿࢀࡉయෆ࡛ྜᡂࡣⓗ≧ែ⌮⏕ࡸᙧែᙧᡂࡢ≀᳜

㉁ࢡࣃࣥࢱグୖࠋࡿ࠸ X ௨እ࡞࠺ࡼࡢࡑࡢ≀㉁ࡢ୰࡛᳜≀࡟ࣥࣔࣝ࣍ศ㢮ࢀࡉ

࠸࡚ࡋㄪ⠇ࢆ㇟⌧࡞࠺ࡼࡢ࡝ࡀ㉁≀ࡢࡑ㸪ࡓࡲࠋࡼ࠼⟆ࡘ࡜ࡦࢆ⛠ྡࡢ㉁≀ࡿ

ࢆࡳ⤌௙ࡢㄪ⠇ࡢࡑ㸪ࡋゝཬ࡟࠿ࡿ 200 Ꮠ௨ෆ࡛ㄝ᫂ࠋࡼࡏ 
�

 

 ၥ㢟㸰  
 
௨ୗࡢၥ㸯ࠥၥ㸳ࠋࡼ࠼⟆࡟ 
 
ၥ㸯� ࡟⣽⬊ෆࡀࢀࡑ㸪࡜ࡳ⤌௙ࡿࢀࡉ㜼ᐖࡀάᛶࡢ㓝⣲ࡾࡼ࡟ຠᯝࢡࢵࣜࢸࢫࣟ࢔

࡚ࡏࢃ㸪ྜࢆᙺ๭࠺ᢸ࡚࠸࠾ 150 Ꮠ௨ෆ࡛ㄝ᫂ࠋࡼࡏ�
 
ၥ㸰� ࡿࢀࡉ㌿෗ࡽ࠿㑇ఏᏊࡢ㓝⣲ࡿ࠶ mRNA ࡟

┦⿵ⓗ࡞㓄ิࡴྵࢆ▷㙐ࡢ RNA ⣽⬊ෆ࡛ࢆ

Ⓨ⌧ࢁࡇ࡜ࡓࡋ㸪ࡢࡇ㓝⣲ࡢ⏕ᡂ㔞ࡀῶᑡࡋ

㸪100࠼⪄ࢆ⏤⌮ࡢࡑࠋࡓ Ꮠ௨ෆ࡛㏙ࠋࡼ࡭ 
 
ၥ㸱� ᅗ㸯࡟࠺ࡼࡢ㸪㓝⣲㸿ࡣ㸪໬ྜ≀㹟ࢆ໬ྜ≀

㹠࡜࡬ኚ᥮ࡿࡍ཯ᛂࢆゐ፹ࡢࡇࠋࡿࡍ཯ᛂ࡟

ࡣ ATP ࡶ࡜࡟ኚ᥮ࡢ࡬ᚲせ࡛㸪໬ྜ≀㹠ࡀ

㸪ATP࠸࡞ ࡣ ADP 㸪㓝࡟ヨ㦂⟶ෆࠋࡿ࡞࡟

⣲㸿㸪໬ྜ≀㹟㸪ATP ㄪࢆ཯ᛂ⁐ᾮࡓ࠼ຍࢆ

〇ࡋ㸪ATP ᮲௳㸪ATPࡢప⃰ᗘࡀ 㧗⃰ᗘࡀ

᮲௳㸪ATPࡢ ࡟ࡽࡉ࡟௳᮲ࡢ㧗⃰ᗘࡀ ADP
ࡊࡲࡉࢆᗘ⃰ࡢ᮲௳࡛໬ྜ≀㹟ࡓࡋῧຍࢆ

 ࢆኚ᥮㏿ᗘࡢ࡬໬ྜ≀㹠࡚ࡏࡉኚ໬࡟ࡲ

ᐃࡢࡑࠋࡓࡋ⤖ᯝ㸪ᅗ㸰࡞࠺ࡼࡍ♧࡟⤖ᯝࡀ

ᚓࠋࡓࢀࡽATP ࡜ ADP ࠾࡟άᛶࡢ㓝⣲㸿ࡀ

㸪50ࡋᐹ⪄ࢆᙳ㡪ࡍࡰࡼ Ꮠ௨ෆ࡛㏙ࠋࡼ࡭ 
 

�  

��
ኔ㶇ಓᰬᗛ��

≪ ≪ ⏫␆೤ा␇⌊ߜ௮␆͊␆ԋܕ␀ࡆ௸␃গ೜⏯⌊੼௮␀ʓ␂␣ߜ௮␆ࡐʡ␜⏵␆ৄࡹЯ

≫⌊⏱⏿૧උ␪೤⏞೤ा␣⏱٣ד൛ਘʍя␪ࡐ␆⏵⌋␀൛ͦੇ␆׃
≪
≪ ≪ ʜਯਘ␀ࡅΠۢ␆௸ܕ⌋⏼⏼⏯ࣲ࣑ʡϴҙ␪ࡐ␆௮ߜ␂␖⏮␖⏭␆͸ࢩۋ⌋␇⎜೤ފ

ओഫࡅ␆Πడ␆݃വࡅ␪ד⏠␂⏤␡ͧ੨⏯⏾␚␡⏞⏫␀␪ʍ࠘⏯⏾⏜␖⏱⌋≪
≪
≪ ≪ ␣⏱ೀࡺ␪ࡆ೤⎝␇⌊͊␆ԋފ ⊋⊌⊍ ⑭⑒⑶␪൛ͦ⏯⏾⏜␣⏣⌊␖⏷⏵␆൛ͦ␃Р⏽⏜

≫⌊⏱␖⏜⏾⏻␂␃ೀ⏿⏥␣⏣␪Փ␣મതࡺ␃␪̾Ϊਘ޹ڸ௮Ϊਘࡐ⏾
≪
≪ ≪ ␪ʲയ⏯␂⏤␡⌊ஒവ␂ۢ՛␪ۑঀ␆ݏϩ⏠щࢾڔत⏯⏾⌊ʜਯ␃ࡺ̲␣⏚⌋␇⎞೤ފ

≫⌊⏱␖⏜⏾⏻␂␃௰⏿൥ɾ⏿⏥␣⏣␪Փ␣મതۋ
≪
≪ ≪ ␃␢⏧⏽௮␆ढࡐ⌋⏿␀⏫⏞␡␚⏾⏠ʤඟ␪੨␆׃Яࡹৄ␆ࡆ௮␆ԋपԋߜ⌋␇⎟೤ފ

त⏱␣൛ͦੇ␪Փ␣મത␃␂⏻⏾⏜␖⏱⌋≪≪

ᅗ㸯�

� � � ࡣ ATP  ᮲௳㸪ࡢప⃰ᗘࡀ
� � � ࡣ ATP  ᮲௳㸪ࡢ㧗⃰ᗘࡀ
� � � ࡟௳᮲ࡢ㧗⃰ᗘࡀATPࡣ

ADPࢆῧຍࡓࡋ᮲௳࡛ࡢ໬ྜ≀

㹠ࡢ࡬ኚ᥮㏿ᗘࠋࡍ♧ࢆ�

ᅗ㸰�

⥲ྜᆺ㑅ᢤ��3ࣇࣥࣃB&&�����LQGG����⥲ྜᆺ㑅ᢤ��3ࣇࣥࣃB&&�����LQGG���� ������������������������������������������



�

�
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㸦㸦᩿᩿⿢⿢఩఩⨨⨨㸧㸧��

ሬሬࡾࡾ㊊㊊ࡋࡋ఩఩⨨⨨��

͐͐௙ୖࡾࡀ఩⨨�᩿⿢఩⨨�ࡣ⥳ᯟ࡛ࠋࡍ�

͐͐ษࡣ࡚ࢀᅔᩥࡿᏐࡣࣥ࢖ࢨࢹࡸ㉥ᯟࡾࡼෆഃ࡟㓄⨨࡚ࡋୗࠋ࠸ࡉ�

�ࠋ࠸ࡉୗ࡚ࡋ⨨㓄ࢆ┿෗ࡸⰍ࡛ࡲ㟷ᯟࡣሙྜࡢᕼᮃࡈࢆ༳ๅࡋ࡞ࢳࣇ͐͐

ଠ�

৉�

�
�

ၥ㸲� ヨ㦂⟶ෆ࡟㸪ၥ㸱ࡢᐇ㦂࡛⏝ࡓ࠸㓝

⣲㸿㸪໬ྜ≀㹟㸪ATP㸪ࡧࡼ࠾ ADP
ࡇࠋࡓࡋㄪ〇ࢆ཯ᛂ⁐ᾮࡓࡋῧຍࢆ

≀໬ྜࡢᐃ㔞୍ࡿ࠶㸪࡟཯ᛂ⁐ᾮࡢ

㹟ᩘࢆ⛊㛫㝸࡛ῧຍࡽࡀ࡞ࡅ⥆ࡋ໬

ྜ≀㹠࡜࡬ኚ᥮ࡿࡍ཯ᛂ࡞ࡇ࠾ࢆ

࡜໬ྜ≀㹟ࡢ㸪཯ᛂ⁐ᾮ୰࠸ ADP ࡢ

⃰ᗘࢆ⤒᫬ⓗ࡟ ᐃࡢࡑࠋࡓࡋ⤖ᯝ㸪

ᅗ㸱ձ࡟࠺ࡼࡍ♧࡟㸪཯ᛂ㛤ጞᚋ㸯

ศ⛬ᗘ࡛໬ྜ≀㹟⃰ࡢᗘࡰ࡯ࡀ㸮࡜

㸪ADPࡾ࡞ ࠋࡓࡅ⥆ࡋ᪼ୖࡣᗘ⃰ࡢ

ୗ⥺㒊ࢆ⏤⌮ࡓࡗ࡞࡟࠺ࡼࡢ⪃ᐹ

㸪150ࡋ Ꮠ௨ෆ࡛㏙ࡋࡔࡓࠋࡼ࡭㸪

໬ྜ≀㹟ࢆῧຍࡿࡼ࡟࡜ࡇࡿࡅ⥆ࡋ

཯ᛂ⁐ᾮࡢయ✚ኚ໬ࡣ㸪↓ど࡛ࡿࡁ

࡚ࡋ⾜㐍ࡀ㸪཯ᛂࡓࡲࠋࡿࡍ࡜ࡢࡶ

ࡶ ATP �ࠋࡿࡍ࡜ࡢࡶ࠸࡞ࡣ࡜ࡇࡿࡍᯤῬࡀ

ၥ㸳� ၥ㸲ࡌྠ࡜ᐇ㦂ࢆ㸪࡟ࡓࡽ࠶㓝⣲㹀ࢆῧຍࡢࡑࠋࡓࡗ࡞ࡇ࠾࡚ࡋ⤖ᯝ㸪ᅗ㸱ղ࡟

࡜໬ྜ≀㹟ࡢ཯ᛂ⁐ᾮ୰ࡽ࠿㸪཯ᛂ㛤ጞ࡟࠺ࡼࡍ♧ ADP ᣺ື࡟࿘ᮇⓗࡀᗘ⃰ࡢ

࡜㸪໬ྜ≀㹟࡟ࡶ࡜࡜ࡿࡍ᥎ᐃࢆ཯ᛂࡿࡍゐ፹ࡀ㓝⣲㹀ࠋࡓࢀࡉほᐹࡀᵝᏊࡿࡍ

ADP 㸪ྜࡋᐹ⪄ࢆࡳ⤌௙ࡿࡍ᣺ື࡟࿘ᮇⓗࡀᗘ⃰ࡢ ࡚ࡏࢃ 250 Ꮠ௨ෆ࡛㏙ࠋࡼ࡭

㸪ADPࡣᗘ㏿ࡢ཯ᛂࡿࡍゐ፹ࡀ㸪㓝⣲㹀ࡋࡔࡓ  ࠋࡿࡍ࡜ࡢࡶࡿࡍẚ౛࡟ᗘ⃰ࡢ

��
ኔ㶇ಓᰬᗛ��

≪ ≪ ⏫␆೤ा␇⌊ైؽમ␆̱Ϊେ̔␪ߢଈ⏱␣ࢽנ␃গ೜⏯⌊ࢽנ␆એైؽ␜ࡅ␃⏢⏩␣

ೲζ␃⏼⏜⏾␆൛ͦੇ␜⌊ࢽנେ̔ंੇ␜ࢽנେ̔֍␆ࡆࡐ௮૥ੇ␆ऀ৺⑒⌤⑊⏣␡

␁␆␠⏞␂େ̔⏤н⏥⏾⏜␣␆⏣␪٣ד⏱␣૧උ␪೤⏞␚␆␀␂⏻⏾⏜␖⏱⌋≪
≪
≪ ≪ ೤⎜␇⌊ࢽנ␆κైؽ⌋␀␗⏧⏯␆ࡹৄࡅમ⏿⏵␆⏯⏧␗⏤␁␆␠⏞␃Я૧⏯⏾⏜␣⏣⌊

␖⏷⏵␆⏯⏧␗␆ஒവࡅ␪ד⏠⏾ͦ੨⏯⏾⏜⏷⏸⏧⏫␀␪ʍ࠘⏯⏾⏜␖⏱⌋≪
≪
≪ ≪ ೤⎝␇⌊७أ ⊜⊘⊋ ௰ڔ⏤⑊⑾⑜␺ۡ␆ࡆ׭⌱౿೵⌲␃˜ҭ␪⏢␠␔⏱⏯⏧␗␃⏼⏜⏾

␆൛ͦੇ␪Փ␣೤ा␀␂⏻⏾⏜␖⏱⌋≪
≪
≪ ≪ ೤⎞␇⌊ഝ⏠␡␤⏷ऀ৺⑒⌤⑊⏣␡⌊ࢽנκࡅ␃େ̔˫ঘ␆௮ۡ⏤␁␆␠⏞␃˜ҭ␪

ഝ⏠␣⏣␪٣ד⏱␣උ␪Փ␣೤ा␀␂⏻⏾⏜␖⏱⌋≪
≪
≪ ≪ ೤⎟⌎೤⎠␇⌊೤⎞␆٣ד␚ੳ␖⏠⏼⏼⌊ഝ⏠␡␤⏷ऀ৺⑒⌤⑊⏣␡⌊ڰ՛Ϲમ␆ࢽנେ

≫≫⌊⏱␖⏜⏾⏻␂␀ೀ⏱␣උ␪Փ␣೤ाࡺ⌋⏯٣ד␪⏣␆␣⏜⏾⏯ךࠄ␃⏞␠␆␁⏤̔

໬ྜ≀㹟ࡢ㸪཯ᛂ㛤ጞ᫬ࡣࠖᗘ (┦ᑐ್)⃰ࠕ

ࡧࡼ࠾ ADP  ࠋࡍ♧ࢆᑐ್┦ࡓࡋ࡜㸯ࢆᗘ⃰ࡢ

ᅗ㸱 

�

�

$� ॐܗʤ���PPʹ���PPʥɹ න໚ �ɻ ௙௙ୖୖࡾࡾࡀࡀ఩఩⨨⨨��

㸦㸦᩿᩿⿢⿢఩఩⨨⨨㸧㸧��

ሬሬࡾࡾ㊊㊊ࡋࡋ఩఩⨨⨨��

͐͐௙ୖࡾࡀ఩⨨�᩿⿢఩⨨�ࡣ⥳ᯟ࡛ࠋࡍ�

͐͐ษࡣ࡚ࢀᅔᩥࡿᏐࡣࣥ࢖ࢨࢹࡸ㉥ᯟࡾࡼෆഃ࡟㓄⨨࡚ࡋୗࠋ࠸ࡉ�

�ࠋ࠸ࡉୗ࡚ࡋ⨨㓄ࢆ┿෗ࡸⰍ࡛ࡲ㟷ᯟࡣሙྜࡢᕼᮃࡈࢆ༳ๅࡋ࡞ࢳࣇ͐͐

ଠ�

৉�

�
�

ඝො⎠૙ੇ≪
≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪
ၥ㢟㸯

ḟࢆ❶ᩥࡢㄞࡳ㸪௨ୗࡢၥ㸯㹼ၥ㸱ࠋࡼ࠼⟆࡟

� ࢕ࢸ࣓࢜࣍ࡓࢀࡉⓎぢ࡚ࡋ࡜㑇ఏᏊࡿࡍไᚚࢆᙧែᙧᡂࡢయ⠇ࡢ࢚ࣂ࢘ࣙࢪ࢘ࣙࢩ

ࠋẁ㸧ୖࡢ㸦ᅗࡿ࠸࡛ࢇ୪࡟ᰁⰍయୖ࡚ࡋ⥆㐃ࡀ㑇ఏᏊࡢᩘ「࡟࠺ࡼࡢ㸪ᅗࡣ㑇ఏᏊࢡࢵ

(a)ࡢࡽࢀࡇ㑇ఏᏊࡣ㸪⬇ࡓࡗ࡞␗ࢀࡒࢀࡑ࡚࠸࠾࡟య⠇࡟Ⓨ⌧ࡿࡍ㸦ᅗࡢ୰ẁ㸧ྛࠋయ

⠇࡛ࡢࡽࢀࡇ㑇ఏᏊ⏘≀ࡓࡗ࡞␗ࡀᶆⓗ㑇ఏᏊࢆไᚚࡿࡍ⤖ᯝ㸪(b)ᡂ⹸ྛࡿࡅ࠾࡟య

⠇ࡢᙧ㉁ࡀỴᐃࡿࢀࡉ㸦ᅗࡢୗẁ㸧ࢡࢵ࢕ࢸ࣓࢜࣍ࡢࡽࢀࡇࠋ㑇ఏᏊࡢᰁⰍయୖࡢ㡰ᗎ

㡰ࡢ᪉ࡧ୪ࡢ㸪ᰁⰍయୖ࡜㡰ᗎࡢయ⠇ࡿࡍ⌧Ⓨࡀయ㍈࡛㑇ఏᏊࡢᑿࡽ࠿㸪(c)㢌࡜ࡿぢࢆ

ᗎࢡࢵ࢕ࢸ࣓࢜࣍ࡢ࢚ࣂ࢘ࣙࢪ࢘ࣙࢩࠋࡿ࠸࡚ࡋ⮴୍ࡰ࡯ࡀ㑇ఏᏊ࡞ྠ┦࡟㑇ఏᏊࡣ㸪

㸪Hoxࡾ࠾࡚ࢀࡉⓎぢ࡛≀ືࡢ࡚࡭ࡍ࡝ࢇ࡜࡯ 㑇ఏᏊ⩌့ࠋࡿࢀࡉ⛠⥲࡜ங㢮ࡢ Hox
㑇ఏᏊ⩌ࡣ㸪⬇ࡢ୰ᯡ⚄⤒ࡢศ⠇㸦య⠇࡟┦ᙜࡿࢀࡽ࠼⪄࡜ࡿࡍ㸧ࡢᙧ㉁ࢆỴ࠾࡚ࡵ

㸪ࡣ㡰ᗎࡢ᪉ࡧ୪ࡿࡅ࠾࡟㸪ᰁⰍయୖ࡜ࡧ୪ࡢศ⠇ࡿࡍ⌧Ⓨࡀ㑇ఏᏊࡢࡑࡶ࠿ࡋ㸪ࡾ

�ࠋࡿ࠸࡚ࡋ⮴୍ࡰ࡯࡟ᵝྠ࡜ሙྜࡢ࢚ࣂ࢘ࣙࢪ࢘ࣙࢩ

�

≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪

≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ᅗ㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 䠄ḟ䝨䞊䝆䛻⥆䛟䠅㻌 㻌

� �

⥲ྜᆺ㑅ᢤ��3ࣇࣥࣃB&&�����LQGG����⥲ྜᆺ㑅ᢤ��3ࣇࣥࣃB&&�����LQGG���� ������������������������������������������
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㸦㸦᩿᩿⿢⿢఩఩⨨⨨㸧㸧��

ሬሬࡾࡾ㊊㊊ࡋࡋ఩఩⨨⨨��

͐͐௙ୖࡾࡀ఩⨨�᩿⿢఩⨨�ࡣ⥳ᯟ࡛ࠋࡍ�

͐͐ษࡣ࡚ࢀᅔᩥࡿᏐࡣࣥ࢖ࢨࢹࡸ㉥ᯟࡾࡼෆഃ࡟㓄⨨࡚ࡋୗࠋ࠸ࡉ�

�ࠋ࠸ࡉୗ࡚ࡋ⨨㓄ࢆ┿෗ࡸⰍ࡛ࡲ㟷ᯟࡣሙྜࡢᕼᮃࡈࢆ༳ๅࡋ࡞ࢳࣇ͐͐

ଠ�

৉�

�
�

ၥ㸲� ヨ㦂⟶ෆ࡟㸪ၥ㸱ࡢᐇ㦂࡛⏝ࡓ࠸㓝

⣲㸿㸪໬ྜ≀㹟㸪ATP㸪ࡧࡼ࠾ ADP
ࡇࠋࡓࡋㄪ〇ࢆ཯ᛂ⁐ᾮࡓࡋῧຍࢆ

≀໬ྜࡢᐃ㔞୍ࡿ࠶㸪࡟཯ᛂ⁐ᾮࡢ

㹟ᩘࢆ⛊㛫㝸࡛ῧຍࡽࡀ࡞ࡅ⥆ࡋ໬

ྜ≀㹠࡜࡬ኚ᥮ࡿࡍ཯ᛂ࡞ࡇ࠾ࢆ

࡜໬ྜ≀㹟ࡢ㸪཯ᛂ⁐ᾮ୰࠸ ADP ࡢ

⃰ᗘࢆ⤒᫬ⓗ࡟ ᐃࡢࡑࠋࡓࡋ⤖ᯝ㸪

ᅗ㸱ձ࡟࠺ࡼࡍ♧࡟㸪཯ᛂ㛤ጞᚋ㸯

ศ⛬ᗘ࡛໬ྜ≀㹟⃰ࡢᗘࡰ࡯ࡀ㸮࡜

㸪ADPࡾ࡞ ࠋࡓࡅ⥆ࡋ᪼ୖࡣᗘ⃰ࡢ

ୗ⥺㒊ࢆ⏤⌮ࡓࡗ࡞࡟࠺ࡼࡢ⪃ᐹ

㸪150ࡋ Ꮠ௨ෆ࡛㏙ࡋࡔࡓࠋࡼ࡭㸪

໬ྜ≀㹟ࢆῧຍࡿࡼ࡟࡜ࡇࡿࡅ⥆ࡋ

཯ᛂ⁐ᾮࡢయ✚ኚ໬ࡣ㸪↓ど࡛ࡿࡁ

࡚ࡋ⾜㐍ࡀ㸪཯ᛂࡓࡲࠋࡿࡍ࡜ࡢࡶ

ࡶ ATP �ࠋࡿࡍ࡜ࡢࡶ࠸࡞ࡣ࡜ࡇࡿࡍᯤῬࡀ
 
ၥ㸳� ၥ㸲ࡌྠ࡜ᐇ㦂ࢆ㸪࡟ࡓࡽ࠶㓝⣲㹀ࢆῧຍࡢࡑࠋࡓࡗ࡞ࡇ࠾࡚ࡋ⤖ᯝ㸪ᅗ㸱ղ࡟

࡜໬ྜ≀㹟ࡢ཯ᛂ⁐ᾮ୰ࡽ࠿㸪཯ᛂ㛤ጞ࡟࠺ࡼࡍ♧ ADP ᣺ື࡟࿘ᮇⓗࡀᗘ⃰ࡢ

࡜㸪໬ྜ≀㹟࡟ࡶ࡜࡜ࡿࡍ᥎ᐃࢆ཯ᛂࡿࡍゐ፹ࡀ㓝⣲㹀ࠋࡓࢀࡉほᐹࡀᵝᏊࡿࡍ

ADP 㸪ྜࡋᐹ⪄ࢆࡳ⤌௙ࡿࡍ᣺ື࡟࿘ᮇⓗࡀᗘ⃰ࡢ ࡚ࡏࢃ 250 Ꮠ௨ෆ࡛㏙ࠋࡼ࡭

㸪ADPࡣᗘ㏿ࡢ཯ᛂࡿࡍゐ፹ࡀ㸪㓝⣲㹀ࡋࡔࡓ  ࠋࡿࡍ࡜ࡢࡶࡿࡍẚ౛࡟ᗘ⃰ࡢ

  

��
ኔ㶇ಓᰬᗛ��

≪ ≪ ⏫␆೤ा␇⌊ైؽમ␆̱Ϊେ̔␪ߢଈ⏱␣ࢽנ␃গ೜⏯⌊ࢽנ␆એైؽ␜ࡅ␃⏢⏩␣

ೲζ␃⏼⏜⏾␆൛ͦੇ␜⌊ࢽנେ̔ंੇ␜ࢽנେ̔֍␆ࡆࡐ௮૥ੇ␆ऀ৺⑒⌤⑊⏣␡

␁␆␠⏞␂େ̔⏤н⏥⏾⏜␣␆⏣␪٣ד⏱␣૧උ␪೤⏞␚␆␀␂⏻⏾⏜␖⏱⌋≪
≪
≪ ≪ ೤⎜␇⌊ࢽנ␆κైؽ⌋␀␗⏧⏯␆ࡹৄࡅમ⏿⏵␆⏯⏧␗⏤␁␆␠⏞␃Я૧⏯⏾⏜␣⏣⌊

␖⏷⏵␆⏯⏧␗␆ஒവࡅ␪ד⏠⏾ͦ੨⏯⏾⏜⏷⏸⏧⏫␀␪ʍ࠘⏯⏾⏜␖⏱⌋≪
≪
≪ ≪ ೤⎝␇⌊७أ ⊜⊘⊋ ௰ڔ⏤⑊⑾⑜␺ۡ␆ࡆ׭⌱౿೵⌲␃˜ҭ␪⏢␠␔⏱⏯⏧␗␃⏼⏜⏾

␆൛ͦੇ␪Փ␣೤ा␀␂⏻⏾⏜␖⏱⌋≪
≪
≪ ≪ ೤⎞␇⌊ഝ⏠␡␤⏷ऀ৺⑒⌤⑊⏣␡⌊ࢽנκࡅ␃େ̔˫ঘ␆௮ۡ⏤␁␆␠⏞␃˜ҭ␪

ഝ⏠␣⏣␪٣ד⏱␣උ␪Փ␣೤ा␀␂⏻⏾⏜␖⏱⌋≪
≪
≪ ≪ ೤⎟⌎೤⎠␇⌊೤⎞␆٣ד␚ੳ␖⏠⏼⏼⌊ഝ⏠␡␤⏷ऀ৺⑒⌤⑊⏣␡⌊ڰ՛Ϲમ␆ࢽנେ

≫≫⌊⏱␖⏜⏾⏻␂␀ೀ⏱␣උ␪Փ␣೤ाࡺ⌋⏯٣ד␪⏣␆␣⏜⏾⏯ךࠄ␃⏞␠␆␁⏤̔

໬ྜ≀㹟ࡢ㸪཯ᛂ㛤ጞ᫬ࡣࠖᗘ (┦ᑐ್)⃰ࠕ

ࡧࡼ࠾ ADP  ࠋࡍ♧ࢆᑐ್┦ࡓࡋ࡜㸯ࢆᗘ⃰ࡢ

ᅗ㸱 
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㸦㸦᩿᩿⿢⿢఩఩⨨⨨㸧㸧��

ሬሬࡾࡾ㊊㊊ࡋࡋ఩఩⨨⨨��

͐͐௙ୖࡾࡀ఩⨨�᩿⿢఩⨨�ࡣ⥳ᯟ࡛ࠋࡍ�

͐͐ษࡣ࡚ࢀᅔᩥࡿᏐࡣࣥ࢖ࢨࢹࡸ㉥ᯟࡾࡼෆഃ࡟㓄⨨࡚ࡋୗࠋ࠸ࡉ�

�ࠋ࠸ࡉୗ࡚ࡋ⨨㓄ࢆ┿෗ࡸⰍ࡛ࡲ㟷ᯟࡣሙྜࡢᕼᮃࡈࢆ༳ๅࡋ࡞ࢳࣇ͐͐

ଠ�

৉�

�
�

ඝො⎠૙ੇ≪
≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪  
 ၥ㢟㸯  
 
ḟࢆ❶ᩥࡢㄞࡳ㸪௨ୗࡢၥ㸯㹼ၥ㸱ࠋࡼ࠼⟆࡟ 
 
� ࢕ࢸ࣓࢜࣍ࡓࢀࡉⓎぢ࡚ࡋ࡜㑇ఏᏊࡿࡍไᚚࢆᙧែᙧᡂࡢయ⠇ࡢ࢚ࣂ࢘ࣙࢪ࢘ࣙࢩ

ࠋẁ㸧ୖࡢ㸦ᅗࡿ࠸࡛ࢇ୪࡟ᰁⰍయୖ࡚ࡋ⥆㐃ࡀ㑇ఏᏊࡢᩘ「࡟࠺ࡼࡢ㸪ᅗࡣ㑇ఏᏊࢡࢵ

(a)ࡢࡽࢀࡇ㑇ఏᏊࡣ㸪⬇ࡓࡗ࡞␗ࢀࡒࢀࡑ࡚࠸࠾࡟య⠇࡟Ⓨ⌧ࡿࡍ㸦ᅗࡢ୰ẁ㸧ྛࠋయ

⠇࡛ࡢࡽࢀࡇ㑇ఏᏊ⏘≀ࡓࡗ࡞␗ࡀᶆⓗ㑇ఏᏊࢆไᚚࡿࡍ⤖ᯝ㸪(b)ᡂ⹸ྛࡿࡅ࠾࡟య

⠇ࡢᙧ㉁ࡀỴᐃࡿࢀࡉ㸦ᅗࡢୗẁ㸧ࢡࢵ࢕ࢸ࣓࢜࣍ࡢࡽࢀࡇࠋ㑇ఏᏊࡢᰁⰍయୖࡢ㡰ᗎ

㡰ࡢ᪉ࡧ୪ࡢ㸪ᰁⰍయୖ࡜㡰ᗎࡢయ⠇ࡿࡍ⌧Ⓨࡀయ㍈࡛㑇ఏᏊࡢᑿࡽ࠿㸪(c)㢌࡜ࡿぢࢆ

ᗎࢡࢵ࢕ࢸ࣓࢜࣍ࡢ࢚ࣂ࢘ࣙࢪ࢘ࣙࢩࠋࡿ࠸࡚ࡋ⮴୍ࡰ࡯ࡀ㑇ఏᏊ࡞ྠ┦࡟㑇ఏᏊࡣ㸪

㸪Hoxࡾ࠾࡚ࢀࡉⓎぢ࡛≀ືࡢ࡚࡭ࡍ࡝ࢇ࡜࡯ 㑇ఏᏊ⩌့ࠋࡿࢀࡉ⛠⥲࡜ங㢮ࡢ Hox
㑇ఏᏊ⩌ࡣ㸪⬇ࡢ୰ᯡ⚄⤒ࡢศ⠇㸦య⠇࡟┦ᙜࡿࢀࡽ࠼⪄࡜ࡿࡍ㸧ࡢᙧ㉁ࢆỴ࠾࡚ࡵ

㸪ࡣ㡰ᗎࡢ᪉ࡧ୪ࡿࡅ࠾࡟㸪ᰁⰍయୖ࡜ࡧ୪ࡢศ⠇ࡿࡍ⌧Ⓨࡀ㑇ఏᏊࡢࡑࡶ࠿ࡋ㸪ࡾ

�ࠋࡿ࠸࡚ࡋ⮴୍ࡰ࡯࡟ᵝྠ࡜ሙྜࡢ࢚ࣂ࢘ࣙࢪ࢘ࣙࢩ

�

≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪

≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ ≪ᅗ㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 䠄ḟ䝨䞊䝆䛻⥆䛟䠅㻌 㻌

� �

⥲ྜᆺ㑅ᢤ��3ࣇࣥࣃB&&�����LQGG����⥲ྜᆺ㑅ᢤ��3ࣇࣥࣃB&&�����LQGG���� ������������������������������������������
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͐͐௙ୖࡾࡀ఩⨨�᩿⿢఩⨨�ࡣ⥳ᯟ࡛ࠋࡍ�

͐͐ษࡣ࡚ࢀᅔᩥࡿᏐࡣࣥ࢖ࢨࢹࡸ㉥ᯟࡾࡼෆഃ࡟㓄⨨࡚ࡋୗࠋ࠸ࡉ�

�ࠋ࠸ࡉୗ࡚ࡋ⨨㓄ࢆ┿෗ࡸⰍ࡛ࡲ㟷ᯟࡣሙྜࡢᕼᮃࡈࢆ༳ๅࡋ࡞ࢳࣇ͐͐
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ၥ㸯� ୗ⥺㒊�(a) ࡟࠺ࡼࡢ㸪ࢡࢵ࢕ࢸ࣓࢜࣍㑇ఏᏊࡓࡗ࡞␗ࡢ⬇ࢀࡒࢀࡑࡣయ⠇࡟Ⓨ

ᰁⰍయୖ࡛㉳ࡀ㌿෗ไᚚࡢ㑇ఏᏊࡓࡗ࡞␗࡟࡜ࡈ⧊⤌ࡸ⬊⣽ࡣࢀࡇ㸪ࡀࡿࡍ⌧

ࡸ⬊⣽ࡢ㸪≉ᐃࡎࡽ㝈࡟㑇ఏᏊࢡࢵ࢕ࢸ࣓࢜࣍ࠋ࠸࡞ࡽ࡞௚࡟࡜ࡇࡿ࠸࡚ࡗࡇ

⤌⧊࡛≉ᐃࡢ㑇ఏᏊࡀ㌿෗ࡿࢀࡉ௙⤌ࢆࡳ 200 Ꮠ௨ෆ࡛ㄝ᫂ࡢࡑࠋࡼࡏ㝿㸪ࡲ

࠸ࡘ࡟㌿෗ไᚚࡢ㑇ఏᏊ࡞ⓗ⯡୍ࡢ≀⏕㸪┿᰾ࡎ ㌿෗ㄪ⠇㡿ᇦࠕ࡚ ᇶᮏ㌿ࠕࠖ࡜

෗ᅉᏊ ௙ࡿ࡞␗ࡀ㑇ఏᏊࡿࢀࡉ㌿෗࡟࡜ࡈ⧊⤌ࡸ⬊㸪⣽࡟㸪ḟࡋㄝ࡚᫂ࡗ౑ࠖࢆ

�ࠋ࠸ࡼࡶ࡚ࡋㄝ࡚᫂࠸⏝ࢆᅗࠋ࡜ࡇࡿࡍㄝ᫂ࢆࡳ⤌
� � �

ၥ㸰� ୗ⥺㒊�(b) ࡟࠺ࡼࡢ㸪ࢡࢵ࢕ࢸ࣓࢜࣍㑇ఏᏊྛࡣయ⠇ࡢᙧ㉁ࢆỴᐃࡿࡍᶵ⬟ࢆ

᭷ࡿ࠸࡚ࡋ㸪࡜ゝ୍ࠋࡿ࠸࡚ࢀࢃ⯡ⓗ࡟㸪㑇ఏᏊ X ᙧ㉁ࡀ A ࡇࡿ࠸࡚ࡋỴᐃࢆ

㸪ᙧ㉁ࡁ࡜ࡍ♧࡟ᐇ㦂ⓗࢆ࡜ A 㑇ఏᏊ࡟Ỵᐃࡢ X ᥮ࡾ㸦ྲྀ࡜ࡇࡿ࠶ᚲせ࡛ࠕࡀ

㸧ࠖ࡜ࡇ࠸࡞࠿ࡁࡀ࠼ 㸪ᙧ㉁࡜࡜ࡇࡍ♧ࢆ A 㑇ఏᏊ࡟Ỵᐃࡢ X ࡇࡿ࠶༑ศ࡛ࠕࡀ

㸦ᙧ㉁࡜ A 㸧ࠖ࡜ࡇࡿࡁ࡛ࡀ࡜ࡇࡿࡍㄏᑟࢆ �ࠋࡿ࠶㔜せ࡛ࡀ࡜ࡇࡍ♧ࢆࡘ㸰ࡢ

Antp 㑇ఏᏊࢆ౛࡟㸪Antp ࢆ࡜ࡇࡿ࠸࡚ࡋ᭷ࢆ⬟ᶵࡿࡍỴᐃࢆᙧ㉁ࡢయ⠇ࡢմࡀ

❧ド࡞࠺ࡼࡢ࡝࡟ࡵࡓࡿࡍᐇ㦂ࠋ࠿࠸ࡼࡤ࠼࡞ࡇ࠾ࢆAntp ࠖ࡜ࡇࡿ࠶ᚲせ࡛ࠕࡀ

࡜ࡇࡿ࠶༑ศ࡛ࠕ࡜ ࢀࡒࢀࡑ㸪࠼⪄ࡘࡎࡘ㸯ࢆᐇ㦂ࡍ♧ࠖࢆ 100 Ꮠ௨ෆ࡛㏙ࠋࡼ࡭�
�

ၥ㸱� ୗ⥺㒊� (c) ࡟࠺ࡼࡢ㸪」ᩘࢡࢵ࢕ࢸ࣓࢜࣍ࡢ㑇ఏᏊࡢⓎ⌧㡿ᇦࢆ㢌ࡽ࠿୪ࡓ࡭

㡰ᗎᰁⰍయୖ࡟㓄⨨ࢡࢵ࢕ࢸ࣓࢜࣍ࡓࢀࡉ㑇ఏᏊࡢ㡰ᗎࠋࡿ࠸࡚ࡋ⮴୍ࡰ࡯࡜

㑇ఏᏊ࡟㛵ࡀ㇟⌧࡞࠺ࡼࡢ࡝ࡿࢃ㐍໬ࡢ㐣⛬࡛㉳࡛࡜ࡇࡿࡁ㸪ࡢࡽࢀࡇ㸰ࡢࡘ

㡰ᗎ࠿ࡢࡓࡗ࡞࡟࡜ࡇࡿࡍ⮴୍ࡀ㸪௬ㄝ࡚࠸ࡘ࡟ࢀࡑ࡚࡚❧ࢆ 200 Ꮠ௨ෆ࡛ㄝ

᫂ࠋࡼࡏ�

�ࠋ࠸࡞࠸࡚ࡗࡲᐃࡶ࡚࠸࠾࡟௦⏕≀Ꮫ⌧ࡣ⟆ゎࡿࡍᑐ࡟࠸ၥࡢࡇ㸪ࡋࡔࡓ

�ࠋࡼ࡭㏙࡟㸪ㄽ⌮ⓗ࡚ࡋဨື⥲ࢆ㆑▱ࡢᏛ≀⏕ࡔࢇᏛ࡛ࡲࢀࡇ

≪ 㻌 㻌

㻌

ኔ㶇ಓᰬᗛ�
� ⏫␆೤ा⏿␇⌌⑂⑲␱⑃⑲␱⑛␳␆ԋपԋࡆ␃݃വ␂ೲζ␪०⏞⑦⑬␵⑑␮⑎␺ʜਯڔ␃
গ೜⏯⌌߹Νࡐ௮␆⌽ʜਯڔ␆ਬ۬ࡁ֎⌾␀⌽ʜਯࡁڔ֎␃␠␣ढࡹԲ৺⌾␃Ј⏯⌌⌽ؽ

ైમ⌾␀⌽ढࢪढ⌾␀⏜⏞ʓ␂⏻⏷݊߁ۼ␆ঀՓ␪Ե␋஻⏩␣උ␀⌌ଷࡐࡐ௮Ϊ߁␆ತͦ

Բ␆೤ा␪ͦ⏧⏷␙␆ד⏠␣උ␪೤⏞೤ा⏿⏱⌋≪

≫⎜೤ފ ␇⌌ʜਯߟࢾ␜ైؽ⏤ڔ␆એ৺␆ݨ߈⏿␁␆␠⏞␃ଷե⌎ࡁ֎⏭␤⏾⏜␣␆⏣⌌

Р౾ਘ␂ʜਯڔ␆ਬ۬ࡁ֎␆⑬␶⑖⑅⑫␃൭ʍ⏯⏾੨⏠⏾␚␡⏞␀␠⏜⏿⏱⌋≪

≫⎝೤ފ ␇⌌⑦⑬␵⑑␮⑎␺ʜਯڔ␆Θढࡹ␪Բ৺⏱␣Я૧␪ഋ⏯⏾⏜␣⏫␀␪൥޶⏱␣⏷

␙␆ஒവ⏣⏼ܻ௰␂ۢ՛␪⌌ʜਯࢾڔϩ⏠щݏ␆ঀۑ␚ʲയ⏯␂⏤␡ͦ੨⏯⏾␚␡⏞⏫

␀␪ʍ࠘⏯⏾⏜␖⏱⌋≪

␠␆␁⌌⏾⏯␪೤⏞೤ा⏿⏱⌋ತͦԲ␆೤ा␃तࡅࣸࣅ⌌උ⌌̔യ⏱␣උ␣⏠ד⌌␇≫⎞೤ފ

␭␯⑒⌌⏠ד␆௰ۋ␇␃ढਘࢪ⌊⏱␖⏜⏾⏻␂␀೤ाͦԲඋ␪Փ␣મത␆⏣␘ࢾ␢܈␃⏞

␭␪ේڟ⏤␧⏣␣␠⏞␃੨⏠⏾␚␡⏞␀␠⏜⏿⏱⌋≪

�

�

$� ॐܗʤ���PPʹ���PPʥɹ න໚ �ɻ ௙௙ୖୖࡾࡾࡀࡀ఩఩⨨⨨��

㸦㸦᩿᩿⿢⿢఩఩⨨⨨㸧㸧��

ሬሬࡾࡾ㊊㊊ࡋࡋ఩఩⨨⨨��

͐͐௙ୖࡾࡀ఩⨨�᩿⿢఩⨨�ࡣ⥳ᯟ࡛ࠋࡍ�

͐͐ษࡣ࡚ࢀᅔᩥࡿᏐࡣࣥ࢖ࢨࢹࡸ㉥ᯟࡾࡼෆഃ࡟㓄⨨࡚ࡋୗࠋ࠸ࡉ�

�ࠋ࠸ࡉୗ࡚ࡋ⨨㓄ࢆ┿෗ࡸⰍ࡛ࡲ㟷ᯟࡣሙྜࡢᕼᮃࡈࢆ༳ๅࡋ࡞ࢳࣇ͐͐

ଠ�

৉�

�
�

≪ ≪ၥ㢟㸰  
 
ḟࢆ❶ᩥࡢㄞࡳ㸪௨ୗࡢၥ㸯㹼ၥ㸲ࠋࡼ࠼⟆࡟ 
 
� ࠋࠖ࠸ࡋ࠸࠾ࡀࡅ࠿ࡾ⭉ࡣ⫗㸪ࡀ࠸࡞ࡅ࠸ࡣ࡚࡭㣗ࡣ⫗ࡓࡗ⭉ࠕ 㸪ࡀࡿ࠸ࡀே࠺࠸࡜

ࡒࢀࡑேࡣ࠿࠺࡝࠿࠸ࡋ࠸࠾㸪ࢇࢁࡕࡶࠋ࠿࠺ࢁࡔࡢ࠸ࡋ࠸࠾࡟ᮏᙜࡣ⫗ࡢࡅ࠿ࡾ⭉

⇍ࡢ⫗ࡸᤕ⋓≧ἣࡣ࿡ࡢ⫗ࡢࡑ㸪ࡀࡿ࠸࡚ࡋ⾜ὶࡀ⌮㹙ὀ㸯㹛ᩱ࢚ࣅࢪ㏆㸪᭱ࠋࡿ࠶࡛ࢀ

ᡂᮇ㛫ࡾࡼ࡟኱࡜ࡿ࡞␗ࡃࡁゝࠋࡿ࠸࡚ࢀࢃ౛ࡤ࠼㸪(a)  ື≀ࡀ㏨ࡆᅇࡓࡗᚋ࡟ᤕ⋓࣭

ᒕ㸦࡜㸧ẅࡓࡋ┤ᚋࡣ⫗ࡢ㓟࿡ࡀᙉ࡜࠸ゝ࡟ࡽࡉࠋࡿ࠸࡚ࢀࢃ㸪ᒕẅᚋ࡜ࡿࡍࡃࡽࡤࡋ

⫗➽㸪ࡎ࠿⥆ࡣࡃ㛗ࡣ┤◳Ṛᚋࠋࡿ࠶࡛┤◳Ṛᚋ (b)ࡿࡺࢃ࠸ࠋ࠺ࡲࡋ࡚ࡗ࡞ࡃ◳ࡣ⫗

✀⳦ࡢᐃ≉ࠋࡿࡍࡃ࠿ࡽ㌾ࢆ⫗㸪ࡋప ࡛㈓ⶶࡣ⫗㸪㣗࡛ࡇࡑࠋࡿ࡞ࡃ࠿ࡽ㌾࡟ࠎᚎࡣ

ࡽࡉ㸪ࡋቑࡀ࿡ࡲ࠺࡟ඹ࡜ࡾ㤶ࡢ≉⊃ 㸪(c)࡜ࡿࡍᡂ⇍ࢆ⫗⏕ቃୗ࡛⎔ࡿ࠸࡚ࡋᏑᅾࡀ

 ࠋࡿ࠸࡚ࢀࢃゝ࡜ࡿ࡞ࡃࡋ࠸࠾࡟
 

㹙ὀ㸯㹛� �⫗㣗ࡢ⋇㫽ࡢ⏕㔝ࡓࢀࡉ⋓ᤕ࡚ࡗࡼ࡟⊟⊀  
 
ၥ㸯� ࢿ࢚ࡢ㸪➽⣽⬊୰ࡾධࡀ่⃭࡟➽㦵᱁ࡽ࠿➃㸪⚄⤒ᮎࡁ࡜ࡍ࠿ືࢆᡭ㊊ࡀ≀ື

ࡀ࢔࣓ࢥࣝࢧ㸪ࡅཷࢆ่⃭ࡀ➽㦵᱁ࠋࡿࡍ⦰཰ࡀ࢔࣓ࢥࣝࢧ㸪࡚ࡋ⏝฼ࢆ࣮ࢠࣝ

཰⦰࡜ࣥ࢜࢖࣒࢘ࢩࣝ࢝ࢆ࣒ࢬࢽ࣓࢝ࡿࡍ ATP ࠺࠸࡜ 2 㸪࡚࠸⏝ࢆㄒ⏝ࡢࡘ

200 Ꮠ௨ෆ࡛ㄝ᫂ࠋࡼࡏ 
 
ၥ㸰� ୗ⥺㒊 (a) ࡛㏙࡞࠺ࡼࡿ࠸࡚ࢀࡽ࡭≧ἣࡿࡼ࡟㣗⫗࡚ࡋ࠺࡝ࡣ㓟࿡ࡀᙉࡿ࡞ࡃ

⏘࣮ࢠࣝࢿ࢚ࡢ㐠ື᫬࠸ࡋ⃭ࡓࡗ࠸࡜ࡿᅇࡆ㏨࡜㐠ືࡢ㏻ᖖࠋ࠿ࡢࡿࢀࢃᛮ࡜

㸪300࡚ࡗ⤠ࢆⅬ↔࡟࠸㐪ࡢ⏕ Ꮠ௨ෆ࡛ㄽࠋࡼࡐ 
 
ၥ㸱� ୗ⥺㒊 (b) ࡚࠸ࡘ࡟㸪◳┤ࢆ࣒ࢬࢽ࣓࢝ࡿࡍ 200 Ꮠ௨ෆ࡛᥎ㄽࠋࡼࡏ 
 
ၥ㸲� ୗ⥺㒊 (c) ࡚࠸ࡘ࡟㸪୍⯡ⓗ࡜࠸ࡋ࠸࠾࡚ࡋ࠺࡝࡟ឤࠋ࠿ࡢࡿࢀࡽ࠼⪄࡜ࡿࡌ

⇍ᡂ⫗ࡢ⫗ࡓࡗ⭉࡜㐪࠸㸪ࡧࡼ࠾㸪࡜࠸ࡋ࠸࠾ㄆ㆑ࡿࢀࡉ≀㉁࡟ὀ┠ࡋ௬ㄝࢆ

❧࡚㸪200 Ꮠ௨ෆ࡛ㄝ᫂ࠋࡼࡏ�  

ኔ㶇ಓᰬᗛ�
� ⏫␆೤ा␇⌌ૈࡐߋκ␆ঘ⏿⌌̾Ϊਘ␂Փు␜ד⏠ు⏤⏿⏥⏾⏜␣⏣␪೤⏞೤ा⏿⏱⌋≪
≫⎜೤ފ ␇⌌ӆࢾڇ␆݊ܝ␗␃Ј⏱␣Р౾ਘ␂೤ा⏿⏱⌋ӆ݊ܝ⏤≪ ⊋⊞⊚≪␆␳⑘⑶␹⌤

␪ڊ⏜⌌⑪␵⑂⑾①␮⑴⑬⑾⑓⏤␭␺⑌⑾①␮⑴⑬⑾⑓␃μ␢؄␘⏫␀⌌ӆ݊ܝ␇␶⑶⑂␱⑫␯␵

⑾⌌⑓⑸⑨⑖⑾⌌⑓⑸⑨⑪␵⑂⑾␃␠⏻⏾ࡁ֎⏭␤␣⏫␀␂␁⌌ӆࢾڇ␆݊ܝ␗␆౾ۡ␪൛ͦ

≫⌊⏱␖⏜⏾⏻␂␀ा␆ʍ࠘ݎ⌌⏤⏣⏞␁⏣␣⏜⏾⏯

≫⎝೤ފ ␇⌌೮ࡐ੼௮⏤ੴ⏪ͧ␣ߑप␇ܻ௰␃ࢽڂ␪؄␢܈␘⏫␀⏤⏿⏥␂⏜ವࢽڂ˕

੼⏿⏚␣⏫␀␪ࠞऀ⏯⌌ӆࢽڂ⏤ైؽ␪ஒവ␀⏯␂⏜ͦ੪␃␠⏻⏾␻⑶␾⌤⑄⏣␡ૉڂ␀

␳⑘⑶␹⌤␪ࡐټ⏱␣⏫␀␪ͦ੨⏯⏾␚␡⏞␀␠⏜⏿⏱⌋≪

൭␃␗ࢾڇ␂Р౾ਘ␆݊ܝৎ␆⑬␶⑖⑅⑫␪⌌ӆ׋֍ڢ⏜␂␆␗࢏೤⎞≪␇⌌⏚␖␢ષފ

ʍ⏯⏾੨⏠⏾␚␡⏞␀␠⏜⏿⏱⌋≪

≫⎟೤ފ ⑜␺⑾⑊␆ૅ␜ࡐټ␆௮ۡࡅק௮␃␠␣౉ࡐ௰␇એ৺஁ࡆ␗ڟ␣␠␃ࡆݍ⌌␇

ۡ␆௰ͦ␃␠␢ࡐ⏰␣␭⑪⑙ڂ⏿⏚␣⏫␀⌌␖⏷⌌஁ࡐ௮␃␠␣ଷנ␀ோ૾␆ࢾڇ␗␪൛ͦ

≫⌊⏱␖␢␂␀ा␆ʍ࠘ݎ⌌⏤⏣␣⏜⏾⏥⏿ೀࡺ⏾⏯

⥲ྜᆺ㑅ᢤ��3ࣇࣥࣃB&&�����LQGG�����⥲ྜᆺ㑅ᢤ��3ࣇࣥࣃB&&�����LQGG����� ������������������������������������������



�

�
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㸦㸦᩿᩿⿢⿢఩఩⨨⨨㸧㸧��

ሬሬࡾࡾ㊊㊊ࡋࡋ఩఩⨨⨨��

͐͐௙ୖࡾࡀ఩⨨�᩿⿢఩⨨�ࡣ⥳ᯟ࡛ࠋࡍ�

͐͐ษࡣ࡚ࢀᅔᩥࡿᏐࡣࣥ࢖ࢨࢹࡸ㉥ᯟࡾࡼෆഃ࡟㓄⨨࡚ࡋୗࠋ࠸ࡉ�

�ࠋ࠸ࡉୗ࡚ࡋ⨨㓄ࢆ┿෗ࡸⰍ࡛ࡲ㟷ᯟࡣሙྜࡢᕼᮃࡈࢆ༳ๅࡋ࡞ࢳࣇ͐͐

ଠ�

৉�

�
�

ၥ㸯� ୗ⥺㒊�(a) ࡟࠺ࡼࡢ㸪ࢡࢵ࢕ࢸ࣓࢜࣍㑇ఏᏊࡓࡗ࡞␗ࡢ⬇ࢀࡒࢀࡑࡣయ⠇࡟Ⓨ

ᰁⰍయୖ࡛㉳ࡀ㌿෗ไᚚࡢ㑇ఏᏊࡓࡗ࡞␗࡟࡜ࡈ⧊⤌ࡸ⬊⣽ࡣࢀࡇ㸪ࡀࡿࡍ⌧

ࡸ⬊⣽ࡢ㸪≉ᐃࡎࡽ㝈࡟㑇ఏᏊࢡࢵ࢕ࢸ࣓࢜࣍ࠋ࠸࡞ࡽ࡞௚࡟࡜ࡇࡿ࠸࡚ࡗࡇ

⤌⧊࡛≉ᐃࡢ㑇ఏᏊࡀ㌿෗ࡿࢀࡉ௙⤌ࢆࡳ 200 Ꮠ௨ෆ࡛ㄝ᫂ࡢࡑࠋࡼࡏ㝿㸪ࡲ

࠸ࡘ࡟㌿෗ไᚚࡢ㑇ఏᏊ࡞ⓗ⯡୍ࡢ≀⏕㸪┿᰾ࡎ ㌿෗ㄪ⠇㡿ᇦࠕ࡚ ᇶᮏ㌿ࠕࠖ࡜

෗ᅉᏊ ௙ࡿ࡞␗ࡀ㑇ఏᏊࡿࢀࡉ㌿෗࡟࡜ࡈ⧊⤌ࡸ⬊㸪⣽࡟㸪ḟࡋㄝ࡚᫂ࡗ౑ࠖࢆ

�ࠋ࠸ࡼࡶ࡚ࡋㄝ࡚᫂࠸⏝ࢆᅗࠋ࡜ࡇࡿࡍㄝ᫂ࢆࡳ⤌
� � �

ၥ㸰� ୗ⥺㒊�(b) ࡟࠺ࡼࡢ㸪ࢡࢵ࢕ࢸ࣓࢜࣍㑇ఏᏊྛࡣయ⠇ࡢᙧ㉁ࢆỴᐃࡿࡍᶵ⬟ࢆ

᭷ࡿ࠸࡚ࡋ㸪࡜ゝ୍ࠋࡿ࠸࡚ࢀࢃ⯡ⓗ࡟㸪㑇ఏᏊ X ᙧ㉁ࡀ A ࡇࡿ࠸࡚ࡋỴᐃࢆ

㸪ᙧ㉁ࡁ࡜ࡍ♧࡟ᐇ㦂ⓗࢆ࡜ A 㑇ఏᏊ࡟Ỵᐃࡢ X ᥮ࡾ㸦ྲྀ࡜ࡇࡿ࠶ᚲせ࡛ࠕࡀ

㸧ࠖ࡜ࡇ࠸࡞࠿ࡁࡀ࠼ 㸪ᙧ㉁࡜࡜ࡇࡍ♧ࢆ A 㑇ఏᏊ࡟Ỵᐃࡢ X ࡇࡿ࠶༑ศ࡛ࠕࡀ

㸦ᙧ㉁࡜ A 㸧ࠖ࡜ࡇࡿࡁ࡛ࡀ࡜ࡇࡿࡍㄏᑟࢆ �ࠋࡿ࠶㔜せ࡛ࡀ࡜ࡇࡍ♧ࢆࡘ㸰ࡢ

Antp 㑇ఏᏊࢆ౛࡟㸪Antp ࢆ࡜ࡇࡿ࠸࡚ࡋ᭷ࢆ⬟ᶵࡿࡍỴᐃࢆᙧ㉁ࡢయ⠇ࡢմࡀ

❧ド࡞࠺ࡼࡢ࡝࡟ࡵࡓࡿࡍᐇ㦂ࠋ࠿࠸ࡼࡤ࠼࡞ࡇ࠾ࢆAntp ࠖ࡜ࡇࡿ࠶ᚲせ࡛ࠕࡀ

࡜ࡇࡿ࠶༑ศ࡛ࠕ࡜ ࢀࡒࢀࡑ㸪࠼⪄ࡘࡎࡘ㸯ࢆᐇ㦂ࡍ♧ࠖࢆ 100 Ꮠ௨ෆ࡛㏙ࠋࡼ࡭�
�

ၥ㸱� ୗ⥺㒊� (c) ࡟࠺ࡼࡢ㸪」ᩘࢡࢵ࢕ࢸ࣓࢜࣍ࡢ㑇ఏᏊࡢⓎ⌧㡿ᇦࢆ㢌ࡽ࠿୪ࡓ࡭

㡰ᗎᰁⰍయୖ࡟㓄⨨ࢡࢵ࢕ࢸ࣓࢜࣍ࡓࢀࡉ㑇ఏᏊࡢ㡰ᗎࠋࡿ࠸࡚ࡋ⮴୍ࡰ࡯࡜

㑇ఏᏊ࡟㛵ࡀ㇟⌧࡞࠺ࡼࡢ࡝ࡿࢃ㐍໬ࡢ㐣⛬࡛㉳࡛࡜ࡇࡿࡁ㸪ࡢࡽࢀࡇ㸰ࡢࡘ

㡰ᗎ࠿ࡢࡓࡗ࡞࡟࡜ࡇࡿࡍ⮴୍ࡀ㸪௬ㄝ࡚࠸ࡘ࡟ࢀࡑ࡚࡚❧ࢆ 200 Ꮠ௨ෆ࡛ㄝ

᫂ࠋࡼࡏ�

�ࠋ࠸࡞࠸࡚ࡗࡲᐃࡶ࡚࠸࠾࡟௦⏕≀Ꮫ⌧ࡣ⟆ゎࡿࡍᑐ࡟࠸ၥࡢࡇ㸪ࡋࡔࡓ

�ࠋࡼ࡭㏙࡟㸪ㄽ⌮ⓗ࡚ࡋဨື⥲ࢆ㆑▱ࡢᏛ≀⏕ࡔࢇᏛ࡛ࡲࢀࡇ

≪ 㻌 㻌

㻌

ኔ㶇ಓᰬᗛ�
� ⏫␆೤ा⏿␇⌌⑂⑲␱⑃⑲␱⑛␳␆ԋपԋࡆ␃݃വ␂ೲζ␪०⏞⑦⑬␵⑑␮⑎␺ʜਯڔ␃
গ೜⏯⌌߹Νࡐ௮␆⌽ʜਯڔ␆ਬ۬ࡁ֎⌾␀⌽ʜਯࡁڔ֎␃␠␣ढࡹԲ৺⌾␃Ј⏯⌌⌽ؽ

ైમ⌾␀⌽ढࢪढ⌾␀⏜⏞ʓ␂⏻⏷݊߁ۼ␆ঀՓ␪Ե␋஻⏩␣උ␀⌌ଷࡐࡐ௮Ϊ߁␆ತͦ

Բ␆೤ा␪ͦ⏧⏷␙␆ד⏠␣උ␪೤⏞೤ा⏿⏱⌋≪

≫⎜೤ފ ␇⌌ʜਯߟࢾ␜ైؽ⏤ڔ␆એ৺␆ݨ߈⏿␁␆␠⏞␃ଷե⌎ࡁ֎⏭␤⏾⏜␣␆⏣⌌

Р౾ਘ␂ʜਯڔ␆ਬ۬ࡁ֎␆⑬␶⑖⑅⑫␃൭ʍ⏯⏾੨⏠⏾␚␡⏞␀␠⏜⏿⏱⌋≪

≫⎝೤ފ ␇⌌⑦⑬␵⑑␮⑎␺ʜਯڔ␆Θढࡹ␪Բ৺⏱␣Я૧␪ഋ⏯⏾⏜␣⏫␀␪൥޶⏱␣⏷

␙␆ஒവ⏣⏼ܻ௰␂ۢ՛␪⌌ʜਯࢾڔϩ⏠щݏ␆ঀۑ␚ʲയ⏯␂⏤␡ͦ੨⏯⏾␚␡⏞⏫

␀␪ʍ࠘⏯⏾⏜␖⏱⌋≪

␠␆␁⌌⏾⏯␪೤⏞೤ा⏿⏱⌋ತͦԲ␆೤ा␃तࡅࣸࣅ⌌උ⌌̔യ⏱␣උ␣⏠ד⌌␇≫⎞೤ފ

␭␯⑒⌌⏠ד␆௰ۋ␇␃ढਘࢪ⌊⏱␖⏜⏾⏻␂␀೤ाͦԲඋ␪Փ␣મത␆⏣␘ࢾ␢܈␃⏞

␭␪ේڟ⏤␧⏣␣␠⏞␃੨⏠⏾␚␡⏞␀␠⏜⏿⏱⌋≪

�

�

$� ॐܗʤ���PPʹ���PPʥɹ න໚ �ɻ ௙௙ୖୖࡾࡾࡀࡀ఩఩⨨⨨��

㸦㸦᩿᩿⿢⿢఩఩⨨⨨㸧㸧��

ሬሬࡾࡾ㊊㊊ࡋࡋ఩఩⨨⨨��

͐͐௙ୖࡾࡀ఩⨨�᩿⿢఩⨨�ࡣ⥳ᯟ࡛ࠋࡍ�

͐͐ษࡣ࡚ࢀᅔᩥࡿᏐࡣࣥ࢖ࢨࢹࡸ㉥ᯟࡾࡼෆഃ࡟㓄⨨࡚ࡋୗࠋ࠸ࡉ�

�ࠋ࠸ࡉୗ࡚ࡋ⨨㓄ࢆ┿෗ࡸⰍ࡛ࡲ㟷ᯟࡣሙྜࡢᕼᮃࡈࢆ༳ๅࡋ࡞ࢳࣇ͐͐

ଠ�

৉�

�
�

≪ ≪ၥ㢟㸰  
 
ḟࢆ❶ᩥࡢㄞࡳ㸪௨ୗࡢၥ㸯㹼ၥ㸲ࠋࡼ࠼⟆࡟ 
 
� ࠋࠖ࠸ࡋ࠸࠾ࡀࡅ࠿ࡾ⭉ࡣ⫗㸪ࡀ࠸࡞ࡅ࠸ࡣ࡚࡭㣗ࡣ⫗ࡓࡗ⭉ࠕ 㸪ࡀࡿ࠸ࡀே࠺࠸࡜

ࡒࢀࡑேࡣ࠿࠺࡝࠿࠸ࡋ࠸࠾㸪ࢇࢁࡕࡶࠋ࠿࠺ࢁࡔࡢ࠸ࡋ࠸࠾࡟ᮏᙜࡣ⫗ࡢࡅ࠿ࡾ⭉

⇍ࡢ⫗ࡸᤕ⋓≧ἣࡣ࿡ࡢ⫗ࡢࡑ㸪ࡀࡿ࠸࡚ࡋ⾜ὶࡀ⌮㹙ὀ㸯㹛ᩱ࢚ࣅࢪ㏆㸪᭱ࠋࡿ࠶࡛ࢀ

ᡂᮇ㛫ࡾࡼ࡟኱࡜ࡿ࡞␗ࡃࡁゝࠋࡿ࠸࡚ࢀࢃ౛ࡤ࠼㸪(a)  ື≀ࡀ㏨ࡆᅇࡓࡗᚋ࡟ᤕ⋓࣭

ᒕ㸦࡜㸧ẅࡓࡋ┤ᚋࡣ⫗ࡢ㓟࿡ࡀᙉ࡜࠸ゝ࡟ࡽࡉࠋࡿ࠸࡚ࢀࢃ㸪ᒕẅᚋ࡜ࡿࡍࡃࡽࡤࡋ

⫗➽㸪ࡎ࠿⥆ࡣࡃ㛗ࡣ┤◳Ṛᚋࠋࡿ࠶࡛┤◳Ṛᚋ (b)ࡿࡺࢃ࠸ࠋ࠺ࡲࡋ࡚ࡗ࡞ࡃ◳ࡣ⫗

✀⳦ࡢᐃ≉ࠋࡿࡍࡃ࠿ࡽ㌾ࢆ⫗㸪ࡋప ࡛㈓ⶶࡣ⫗㸪㣗࡛ࡇࡑࠋࡿ࡞ࡃ࠿ࡽ㌾࡟ࠎᚎࡣ

ࡽࡉ㸪ࡋቑࡀ࿡ࡲ࠺࡟ඹ࡜ࡾ㤶ࡢ≉⊃ 㸪(c)࡜ࡿࡍᡂ⇍ࢆ⫗⏕ቃୗ࡛⎔ࡿ࠸࡚ࡋᏑᅾࡀ

 ࠋࡿ࠸࡚ࢀࢃゝ࡜ࡿ࡞ࡃࡋ࠸࠾࡟
 

㹙ὀ㸯㹛� �⫗㣗ࡢ⋇㫽ࡢ⏕㔝ࡓࢀࡉ⋓ᤕ࡚ࡗࡼ࡟⊟⊀  
 
ၥ㸯� ࢿ࢚ࡢ㸪➽⣽⬊୰ࡾධࡀ่⃭࡟➽㦵᱁ࡽ࠿➃㸪⚄⤒ᮎࡁ࡜ࡍ࠿ືࢆᡭ㊊ࡀ≀ື

ࡀ࢔࣓ࢥࣝࢧ㸪ࡅཷࢆ่⃭ࡀ➽㦵᱁ࠋࡿࡍ⦰཰ࡀ࢔࣓ࢥࣝࢧ㸪࡚ࡋ⏝฼ࢆ࣮ࢠࣝ

཰⦰࡜ࣥ࢜࢖࣒࢘ࢩࣝ࢝ࢆ࣒ࢬࢽ࣓࢝ࡿࡍ ATP ࠺࠸࡜ 2 㸪࡚࠸⏝ࢆㄒ⏝ࡢࡘ

200 Ꮠ௨ෆ࡛ㄝ᫂ࠋࡼࡏ 
 
ၥ㸰� ୗ⥺㒊 (a) ࡛㏙࡞࠺ࡼࡿ࠸࡚ࢀࡽ࡭≧ἣࡿࡼ࡟㣗⫗࡚ࡋ࠺࡝ࡣ㓟࿡ࡀᙉࡿ࡞ࡃ

⏘࣮ࢠࣝࢿ࢚ࡢ㐠ື᫬࠸ࡋ⃭ࡓࡗ࠸࡜ࡿᅇࡆ㏨࡜㐠ືࡢ㏻ᖖࠋ࠿ࡢࡿࢀࢃᛮ࡜

㸪300࡚ࡗ⤠ࢆⅬ↔࡟࠸㐪ࡢ⏕ Ꮠ௨ෆ࡛ㄽࠋࡼࡐ 
 
ၥ㸱� ୗ⥺㒊 (b) ࡚࠸ࡘ࡟㸪◳┤ࢆ࣒ࢬࢽ࣓࢝ࡿࡍ 200 Ꮠ௨ෆ࡛᥎ㄽࠋࡼࡏ 
 
ၥ㸲� ୗ⥺㒊 (c) ࡚࠸ࡘ࡟㸪୍⯡ⓗ࡜࠸ࡋ࠸࠾࡚ࡋ࠺࡝࡟ឤࠋ࠿ࡢࡿࢀࡽ࠼⪄࡜ࡿࡌ

⇍ᡂ⫗ࡢ⫗ࡓࡗ⭉࡜㐪࠸㸪ࡧࡼ࠾㸪࡜࠸ࡋ࠸࠾ㄆ㆑ࡿࢀࡉ≀㉁࡟ὀ┠ࡋ௬ㄝࢆ

❧࡚㸪200 Ꮠ௨ෆ࡛ㄝ᫂ࠋࡼࡏ�  

ኔ㶇ಓᰬᗛ�
� ⏫␆೤ा␇⌌ૈࡐߋκ␆ঘ⏿⌌̾Ϊਘ␂Փు␜ד⏠ు⏤⏿⏥⏾⏜␣⏣␪೤⏞೤ा⏿⏱⌋≪
≫⎜೤ފ ␇⌌ӆࢾڇ␆݊ܝ␗␃Ј⏱␣Р౾ਘ␂೤ा⏿⏱⌋ӆ݊ܝ⏤≪ ⊋⊞⊚≪␆␳⑘⑶␹⌤

␪ڊ⏜⌌⑪␵⑂⑾①␮⑴⑬⑾⑓⏤␭␺⑌⑾①␮⑴⑬⑾⑓␃μ␢؄␘⏫␀⌌ӆ݊ܝ␇␶⑶⑂␱⑫␯␵

⑾⌌⑓⑸⑨⑖⑾⌌⑓⑸⑨⑪␵⑂⑾␃␠⏻⏾ࡁ֎⏭␤␣⏫␀␂␁⌌ӆࢾڇ␆݊ܝ␗␆౾ۡ␪൛ͦ

≫⌊⏱␖⏜⏾⏻␂␀ा␆ʍ࠘ݎ⌌⏤⏣⏞␁⏣␣⏜⏾⏯

≫⎝೤ފ ␇⌌೮ࡐ੼௮⏤ੴ⏪ͧ␣ߑप␇ܻ௰␃ࢽڂ␪؄␢܈␘⏫␀⏤⏿⏥␂⏜ವࢽڂ˕

੼⏿⏚␣⏫␀␪ࠞऀ⏯⌌ӆࢽڂ⏤ైؽ␪ஒവ␀⏯␂⏜ͦ੪␃␠⏻⏾␻⑶␾⌤⑄⏣␡ૉڂ␀

␳⑘⑶␹⌤␪ࡐټ⏱␣⏫␀␪ͦ੨⏯⏾␚␡⏞␀␠⏜⏿⏱⌋≪

൭␃␗ࢾڇ␂Р౾ਘ␆݊ܝৎ␆⑬␶⑖⑅⑫␪⌌ӆ׋֍ڢ⏜␂␆␗࢏೤⎞≪␇⌌⏚␖␢ષފ

ʍ⏯⏾੨⏠⏾␚␡⏞␀␠⏜⏿⏱⌋≪

≫⎟೤ފ ⑜␺⑾⑊␆ૅ␜ࡐټ␆௮ۡࡅק௮␃␠␣౉ࡐ௰␇એ৺஁ࡆ␗ڟ␣␠␃ࡆݍ⌌␇

ۡ␆௰ͦ␃␠␢ࡐ⏰␣␭⑪⑙ڂ⏿⏚␣⏫␀⌌␖⏷⌌஁ࡐ௮␃␠␣ଷנ␀ோ૾␆ࢾڇ␗␪൛ͦ

≫⌊⏱␖␢␂␀ा␆ʍ࠘ݎ⌌⏤⏣␣⏜⏾⏥⏿ೀࡺ⏾⏯

⥲ྜᆺ㑅ᢤ��3ࣇࣥࣃB&&�����LQGG�����⥲ྜᆺ㑅ᢤ��3ࣇࣥࣃB&&�����LQGG����� ������������������������������������������
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㸦㸦᩿᩿⿢⿢఩఩⨨⨨㸧㸧��

ሬሬࡾࡾ㊊㊊ࡋࡋ఩఩⨨⨨��

͐͐௙ୖࡾࡀ఩⨨�᩿⿢఩⨨�ࡣ⥳ᯟ࡛ࠋࡍ�

͐͐ษࡣ࡚ࢀᅔᩥࡿᏐࡣࣥ࢖ࢨࢹࡸ㉥ᯟࡾࡼෆഃ࡟㓄⨨࡚ࡋୗࠋ࠸ࡉ�

�ࠋ࠸ࡉୗ࡚ࡋ⨨㓄ࢆ┿෗ࡸⰍ࡛ࡲ㟷ᯟࡣሙྜࡢᕼᮃࡈࢆ༳ๅࡋ࡞ࢳࣇ͐͐
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�
�

 
 
 
 
 
 
 
 
 
 
 
 
 

�
�

⸹ᐗᘿ㤧ᴿ� 㳪ᷧᓤ㶇� ⢎⛶ಐ㯚౾ರ㖘ᓤ䈴㤅Ꮭಓ჈�
 
ࡐ⌌⏠̷␃␁␂␗ࢾ␢܈␆⏿␖␤⏫⌌ʍഽܪౠ੼Я⌌Ϊژ␣⏱ಿ൛֯Ϊ௰೮␃तࡐ⌌␇⏿ࡴೌ

௮␃Ј⏱␣ࡷ೤␃੨⏠⏾␚␡⏜␖⏱⌋ʂ̰␇⌌⏵␆ࡷ೤ඟ⏿⏱⌋≪

ඝො⎡૙ੇ≪
⑊⑾⑜␺ۡ␆①␴⌤⑶⑒␮⑾␻␀⑂⑮⑥⑸⑾␀␇̳⏣␃⏼⏜⏾ࡺೀ⏯⏾̰⏭⏜⌋≪≪
␭⑨⑓⌤⑂⑄␃⏼⏜⏾ঀ⏻⏾⏜␣⏫␀␪ࡺೀ⏯⏾̰⏭⏜⌋≪

ඝො⎠૙ੇ≪
߱ԉ␾⑸⑕Ϧޥ࢏␃त⏱␣⑺␺⑌⑾⏤ෝा␃␂⏻⏾⏜␖⏱⌋⑺␺⑌⑾⏤Ϧޥ࢏␪ഛ౫⏱␣⑬␶

⑖⑅⑫␪ࡺೀ⏯⏾̰⏭⏜⌋≪≪
≫⌊⏜⏭⏸⏧⏾⏯ೀࡺʛ⏜␪␆ٛ۔␀ઙнߑܙ␣⏩⏢␃ైؽԚߺ

ඝො⎟૙ੇ≪
⊜⊘⊋ ග␪܏␆ ≽⏼ʂ߁ҁ⏪⌌⏵␤␡␆Я૧␃⏼⏜⏾ࡺೀ⏯⏾⏧⏸⏭⏜⌋≪

␖⏷␇⌌⊜⊘⊋⏤⏣⏣␧␣Я૧␃⏼⏜⏾ࡺೀ⏯⏾⏧⏸⏭⏜⌋≪≪
⏤␫ైؽߋࡍ␀ైؽ␆ʛ⏜␪ҁ⏪⌌⏤␫␆ʲ⏥ӎ␃␇␁⏞⏜⏞␚␆⏤⏚␣⏣⌱␂⏴ʓߝࣳߋ
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