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➨⫔⠇� ⤖ᯝ/᪂つ 2ḟඖ⤖ᬗ᮲௳᳨ウ  

3-4.� ⤖ᯝ   

㏱ᯒእᾮࡢ㔠ᒓࣥ࢜⤌ᡂ

⤖ᬗࡿ࠸⏝⏬ศࡢ㑅ᢥ 

3-4-1.� Negative control 

3-4-2.� ⤖ᬗ⏝⬡㉁᳨ࡢウ 

3-4-3.� ⬡㉁」ྜయϬࡢΰྜ᪉ἲ 
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3-4-6.�

3-4-7.�

3-4-8.� CL ࡢῧຍຠᯝ 

 ᙧᡂࡢᬗ⤖≦ࢺ࣮ࢩ �.3-4-9

3-4-10.� Lyso PC㏱ᯒ ᗘኚ᭦ేࡢ⏝ 

3-4-11.� Lyso PC (16:0)ῧຍࡿࡅ⌧ᛶ 

3-4-12.� 」ྜయϬ2 ࡢ ḟඖ⤖ᬗᨵၿⅬ 

3-4-13.� 」ྜయϬࡢᏳᐃᛶྥୖ 

3-4-14.� 2ḟඖ⤖ᬗ୰ࡢ」ྜయϬࡍ♧ࡀ ATPຍỈศゎάᛶ 

3-4-15.� ⤖ᬗࡢಖᏑ᮲௳ 

➨ః⠇� ⪃ᐹ  

3-5.� ⪃ᐹ   

➨㝣⠇� ⤖ㄽ�  

3-6. � ⤖ㄽ   
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␎ㄒ୍ぴ  

NADH: 㑏ඖᆺࢻࢳ࢜ࣞࢡࢾࢪࣥࢽࢹࢻ࣑ࣥࢳࢥࢽ 

ATP:  㓟ࣥࣜࣥࢧࣥࢩࣀࢹ

Na-Pi ⦆⾪ᾮ⦆⾪ᾮ: ࣜࣥ㓟࣒࢘ࣜࢺࢼ⦆⾪ᾮ 

K-Pi ⦆⾪ᾮ: ࣜࣥ㓟࣒࢘ࣜ࢝⦆⾪ᾮ 

HEPES-Na ⦆⾪ᾮ: ࣒࢘ࣜࢺࢼࢫ⦆⾪ᾮ 

EDTA: ࣑ࣥࢪࣥࣞࢳ࢚ᅄ㓑㓟 

DTT: ࣮ࣝࢺࣞࢫ࢜ࢳࢪ 

DDM: ࢻࢩࢺ࣐ࣝࣝࢩࢹࢻ 

DM: ࢻࢩࢺ࣐ࣝࣝࢩࢹ 

PEP: ࣥࣅࣝࣆ࣮ࣝࣀ࢚࣍ࢫ࣍㓟 

LDH: ங㓟⬺Ỉ⣲㓝⣲ 

PK: ࣥࣅࣝࣆ㓟ࢮ࣮ࢼ࢟ 

TLC: ⷧᒙ࣮ࣇࣛࢢࢺ࣐ࣟࢡ 

DMPC: ࣥࣜࢥࣝࢪࢳࣇࢫ࣍ࣝࢺࢫ࣑ࣜࢪ 

CL: ࣥࣆࣜ࢜ࢪࣝ࢝ 

Lyso PC: ࣔࣥࣜࢥࣝࢪࢳࣇࢫ࣍ࣝࢩࣀ 

Lyso PG: ࣮ࣔࣝࣟࢭࣜࢢࣝࢪࢳࣇࢫ࣍ࣝࢩࣀ 

NAD+: 㓟ᆺࢻࢳ࢜ࣞࢡࢾࢪࣥࢽࢹࢻ࣑ࣥࢳࢥࢽ 

DOC: ࣮ࣝࢥࢩ࢟࢜ࢹ㓟 

HS ⦆⾪ᾮ: ࢫ࣮ࣟࢡࢫ࣒࢘ࣜࢺࢼࢫ⦆⾪ᾮ 

ADP:  㓟ࣥࣜࢽࣥࢩࣀࢹ

LPR: ⬡㉁㓝⣲ẚ 

AMP-PNP: ࢻ࣑-ࣝࣜࢽࢹࣜࣥ㓟
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ᅗ␒ྕ  

Figure 1. ࣜࢻࣥࢥࢺ࣑ෆ⭷ᶍᘧᅗ� page 12
 

ࣜࣥ⬡㉁⤌ᡂศᯒἲ�  

ྜᡂ㓝⣲ࡢᶍᘧᅗ� Figure 2.  FoF1-ATP page 16 

Figure 3.  2 ḟඖ⤖ᬗࡢཎ⌮ᶍᘧᅗ� page 18 


Figure 4.� ᴟప 㟁Ꮚ㢧ᚤ㙾┿  (☻࣭⌮◊)  page 20 


Figure 5.� 
⢭〇ἲ� page 25ࡢᚰ➽」ྜయϬࢩ࢘ 

Figure 6.� V-630ྍど྾ศගගᗘィ� page 26 


Figure 7.� ATPຍỈศゎάᛶࡢ ᐃ᪉ἲ� page 29 


Figure 8.� ྵ᭷ࣜࣥ㔞 ᐃἲ� page 31
 

Figure 9.� 
ᐃ㔞ἲ� page 32ࣥࣜࢥ 

Figure 10. ⢾ᐃ㔞ἲ� page 

Figure 11. page 35 

Figure 12.  ᗘࡿࡼ ATPຍỈศゎάᛶᵝᘧࡢᕪ� page 40 


Figure 13.  ATP ຍỈศゎάᛶ⟬ฟ㡿ᇦ  page 42 


Figure 14. 㓝⣲㔞ᑐࡿࡍῶᑡࡓࡋἼ㛗 340 nm ࡢ྾ගᗘᕪ� page 43 


Figure 15.� ATP ຍỈศゎάᛶ⟬ฟ㡿ᇦ� page 44 


Figure 16. ࣜࢻࣥࢥࢺ࣑ෆ⭷ᑠ⬊ỿẊ� page 48 


Figure 17. ࣜࢻࣥࢥࢺ࣑ෆ⭷ᑠ⬊ỿẊ 
page 51  (⏝࣮ࢱ࣮ࣞࣆࢫ)  

Figure 18.  Q-Sepharose ࣇࣛࢢࢺ࣐ࣟࢡ࣒ࣛ࢝� page 55 


Figure 19.  Q-Sepharose࣒ࣛ࢝⁐ฟᚋ㓝⣲ Poros-20HQ࣒ࣛ࢝⁐ฟᚋ㓝⣲ࡢ྾࣌ࢫ  

ࣝࢺࢡ  (㑏ඖᆺ㸫㓟ᆺ)  page 56
 

Figure 20. ᪧ⁐ฟ᮲௳ࡿࡼ Poros-20HQ ࣇࣛࢢࢺ࣐ࣟࢡ࣒ࣛ࢝ (AA95) page 57 


Figure 21. ᪂⁐ฟ᮲௳ࡿࡼ Poros-20HQ ࣇࣛࢢࢺ࣐ࣟࢡ࣒ࣛ࢝ (AA100) page 58 


Figure 22. ᪂⁐ฟ᮲௳,2.7 ಸࢻࢵ࣒࣋ࣛ࢝య✚ࣇࣛࢢࢺ࣐ࣟࢡࡿࡼ(AA166) page 59 


Figure 23. ⁐ฟ㔞ኚࡿࡼ㓝⣲⃰ᗘୖྥࡢ (AA159)� page 60 


Figure 24.  BN-PAGE ࣮࣐ࢲ/࣮࣐ࣀࣔࡿࡼᵓᡂẚ  (ᒣᮏ༞ㄽ)� page 62
 

Figure 25. ྛ ᗘಖᏑࡿࡼ㓝⣲άᛶࡢቑῶ� page 66 


Figure 26. ྛ ᗘಖᏑࡿࡼ㜼ᐖ⋡ࡢቑῶ� page 66 


Figure 27. ගᏛ㢧ᚤ㙾㟁Ꮚ㢧ᚤ㙾ᶍᘧᅗ� page 77 


Figure 28. ┿✵╔ᶵ� page 81
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Figure 29. 㞼ẕ∧� page 82
 

Figure 30. ࣮ࢱ࣮ࢥࣥ࢜  page 83
 

⤖ᬗ⏬ศࡢ㑅ᢥ�  

Figure 31.  Negative control  page 89
 

Figure 32. ྛ✀⤖ᬗ⏝⬡㉁ᵓ㐀ᘧ� page 90
 

Figure 33. ྛ✀⤖ᬗ⏝⬡㉁᳨ࡢウ� page 91
 

Figure 34. ㄪᩚἲձࡢᴫ␎ᅗ  page 93
 

Figure 35. ㄪᩚἲղࡢᴫ␎ᅗ� page 94
 

Figure 36. ㄪᩚἲճࡢᴫ␎ᅗ� page 95
 

Figure 37. ㄪᩚἲմࡢᴫ␎ᅗ� page 96
 

Figure 38. ㄪᩚἲձࡿࡼ⤖ᬗ⤖ᯝ� page 97 


Figure 39. ㄪᩚἲղࡿࡼ⤖ᬗ⤖ᯝ� page 98 


Figure 40. ㄪᩚἲճࡿࡼ⤖ᬗ⤖ᯝ� page 99 


Figure 41. ㄪᩚἲմࡿࡼ⤖ᬗ⤖ᯝ� page 100 


Figure 42.  3⪅」ྜ⁐ᾮࣥࣙࢩ࣮࣋ࣗ࢟ࣥࡢ㛫� page 102 


Figure 43. ㏱ᯒࢢࣥࢽ࣮ࣜࢡࢫࣥࢱ࣎� page 104 


Figure 44. 㔠ᒓࢢࣥࢽ࣮ࣜࢡࢫࣥ࢜⤖ᯝ� page 106 


Figure 45.  Poros-20HQ ࣇࣛࢢࢺ࣐ࣟࢡ࣒ࣛ࢝� page 107 


Figure 46. page 108
 

Figure 47. 
 ᵓ㐀� page 109ࡢࣥࣆࣜ࢜ࢪࣝ࢝ࢩ࢘

Figure 48. 
 ᙳ㡪� page 111ࡢᬗ⤖ࡿࡼῧຍࣥࣆࣜ࢜ࢪࣝ࢝

Figure 49. ⤖ᬗ ᗘࢢࣥࢽ࣮ࣜࢡࢫ page 112 


Figure 50. ⤖ᬗ ᗘࢢࣥࢽ࣮ࣜࢡࢫ⤖ᯝ� page 113 


Figure 51. ⤖ᬗ ᗘࢢࣥࢽ࣮ࣜࢡࢫ (annealing)  page 115 


Figure 52. ⤖ᬗ ᗘࢢࣥࢽ࣮ࣜࢡࢫ⤖ᯝ (annealing)  page 115
 

Figure 53. ⬡㉁⭷୰࡛ࣥࣜࣝࢩࣀࣔࣥࣆࣜ࢜ࢪࣝ࢝ࡢ⬡㉁ࡢᵓ㐀� page 116 


Figure 54. 
 ῧຍຠᯝ� page 117ࡢ㉁⬡ࣥࣜࣝࢩࣀࣔ

Figure 55.  DMPC  Lyso PC ࡢΰྜẚ⋡ࢢࣥࢽ࣮ࣜࢡࢫ� page 118 


Figure 56. 
 ㉁ΰྜẚ⋡᳨ウ� page 119⬡ࣥࣜࣝࢩࣀࣔ

Figure 57.  Lyso PCࣝࢩࡢ㙐ࢢࣥࢽ࣮ࣜࢡࢫ� page 120 


Figure 58.  Lyso PCࣝࢩࡢ㙐ࢢࣥࢽ࣮ࣜࢡࢫ� page 121 


Figure 59. ⤖ᬗ ᗘࢢࣥࢽ࣮ࣜࢡࢫ� page 122 


Figure 60.  Lyso PC㏱ᯒ ᗘኚ᭦ేࡢ⏝� page 123 
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Figure 61. ⤖ᬗ ᗘࢢࣥࢽ࣮ࣜࢡࢫ (annealing)  page 124 


Figure 62.  Lyso PC㏱ᯒ ᗘኚ᭦ేࡢ⏝ (annealing)  page 125
 

ᠱ⃮ᾮ⃰ᗘᑐࡿࡍ㓝⣲άᛶࡢ᥎⛣�  

Figure 63. ㏱ᯒ ᗘࢢࣥࢽ࣮ࣜࢡࢫ (27 Υ26ࠊ Υ)  page 126
 

Figure 64.  Lyso PC㏱ᯒ ᗘేࡢ⏝ (27 Υ26ࠊ Υ)  page 126
 

Figure 65. DMPC:Lyso PC (16:0)=10:1 (wt:wt)ࡓ࠸⏝ࢆ⤖ᬗ⌧ᛶ� page 128 


Figure 66. 」ྜయϬ2 ࡢ ḟඖ⤖ᬗࡢࡑ⤖ᬗࡽᚓࡓࢀࡽ FFT.ࢺࢵ࣏ࢫ� page 130 


Figure 67. 」ྜయϬ୍ࡢ㒊2 ࡢḟඖ⤖ᬗㄆࡿࢀࡽࡵၥ㢟Ⅼ� page 131 


Figure 68. ࠸࡞ࡲྵࢆࣥ࢜ࢡࢵࣆࣟࢺ࢜࢝⦆⾪ᾮ࡛ࡢ⤖ᬗࢢࣥࢽ࣮ࣜࢡࢫ� page 133
 

Figure 69.  c ࣥࢩ࣐ࢦࣜ࢜ࡿࡍྜ⤖ࢺࢵࢽࣘࣈࢧ� page 134 


Figure 70. 
 ᵓ㐀ᘧ� page 135ࡢࣥࢩ࣐ࢦࣜ࢜

Figure 71. ࣥࢩ࣐ࢦࣜ࢜⤖ྜᆺ㓝⣲㠀⤖ྜᆺ㓝⣲ࡢ㓝⣲άᛶ� page 136 


Figure 72. ࣥࢩ࣐ࢦࣜ࢜⤖ྜᆺ」ྜయࡢ⤖ᬗࢢࣥࢽ࣮ࣜࢡࢫ� page 137 


Figure 73. ࣥࢩ࣐ࢦࣜ࢜⤖ྜᆺ㓝⣲㠀⤖ྜᆺ㓝⣲ࡢ⤖ᬗࢢࣥ࢟ࢵࣃീᅗ� page 138 


Figure 74.  AMP-PNPᵓ㐀ᘧ� page 138
 

Figure 75.  AMP-PNP ⤖ྜᆺ」ྜయϬࡢ⤖ᬗࢢࣥࢽ࣮ࣜࢡࢫ� page 139 


Figure 76. ῧຍࡢᵓ㐀ᘧศᏊ㔞� page 140 


Figure 77. ྛ✀ྜ≀ῧຍࡿࡼ⤖ᬗࡢᙳ㡪� page 142 


Figure 78. ྛ✀⏺㠃άᛶ⃰ࣝࢭ࣑⏺⮫ࡢࡑᗘ� page 143 


Figure 79. ྛ✀⏺㠃άᛶῧຍࡀཬࡍࡰ⤖ᬗࡢᙳ㡪� page 144 


Figure 80. ⬡㉁ὶືᛶ᳨ࡢウ� page 147-148
 

Figure 81.  2ḟඖ⤖ᬗ୰ࡢ」ྜయϬࡢάᛶ ᐃἲ� page 150 


Figure 82.  2ḟඖ⤖ᬗ୰ࡢ」ྜయϬࡢάᛶ ᐃ⤖ᯝ� page 151 


Figure 83. ⤖ᬗಖᏑ᮲௳᳨ࡢウ� page 153
 

Figure 84. ಖᏑ⤖ᬗࡢᏳᐃᛶ� page 154
 

Figure 85. 」ྜయϬࡢ⤖ᬗࡢࢢࣥ࢟ࢵࣃീᅗ� page 155 


Table 1. 
 ᥎⛣� page 45ࡢ㔞ࣜࢻࣥࢥࢺ࣑ࡿࡅ᭶ẖ3 

Table 2. 
 ᥎⛣� page 46ࡢෆ⭷ᑠ⬊㔞ࣜࢻࣥࢥࢺ࣑

Table 3. ྛ྾㙐」ྜయࡢ⢭〇ࡿ࠸⏝⏺㠃άᛶ㔞� page 50 


Table 4. page 53 


Table 5. 」ྜయϬᪧ⁐ฟ᮲௳ (Poros-20HQ ࣮ࣇࣛࢢࢺ࣐ࣟࢡ࣒ࣛ࢝⏝)� page 57
 

Table 6. 」ྜయϬ᪂⁐ฟ᮲௳ (Poros-20HQ ࣮ࣇࣛࢢࢺ࣐ࣟࢡ࣒ࣛ࢝⏝)  page 58
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Table 7. ྛ⁐ฟ㔞ᑐࡿࡍ㓝⣲⃰ᗘࠊẚάᛶࠊ㜼ᐖ⋡ྵࠊ᭷ࣜࣥ㔞ࡢᕪ page 61 


Table 8. ྛ⏬ศྵࡿࡅ᭷ࣜࣥ㔞� page 63


ྛ⏬ศྵࡿࡅ᭷ࣜࣥ㔞⤖ᬗᙧᡂࡢ᭷↓�  

ྍ⁐ᠱ⃮ᾮ⃰ᗘࡢ㐪ྵࡿࡼ࠸᭷ࣜࣥ㔞ࡢᕪ� 

ྛᠱ⃮ᾮ⃰ᗘࡢ㐪ྵࡿࡼ࠸᭷ࣜࣥ⬡㉁⤌ᡂ� 

⬡㉁⁐ゎ⁐ᾮ⤌ᡂ� 

⤖ᬗ⏝㏱ᯒ⦆⾪ᾮ⤌ᡂῧຍ⃰ᗘ�  

Table 9. page 63 


Table 10. page 64 


Table 11. page 64 


Table 12. 」ྜయϬࡢ⇕Ᏻᐃᛶ� page 65 


Table 13. ຍ㏿㟁ᅽ㟁Ꮚ⥺Ἴ㛗 page 79 


Table 14. page 85 


Table 15. 㔠ᒓࢢࣥࢽ࣮ࣜࢡࢫࣥ࢜� page 105 


Table 16. ࠊྵ⋠㜼ᐖࠊ㓝⣲άᛶࡿࡼῧຍࣥࣆࣜ࢜ࢪࣝ࢝ ᭷ࣜࣥ㔞ࡢኚ� page 109
 

Table 17. page 141 


Table 18. ྛ✀⬡㉁ࡢ┦㌿⛣ ᗘ� page 145 
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➨ኍ❶  

ᗎㄽ  
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➨➨ኍ⠇� ᗎㄽ  

ࠊࡾ࠶྾㙐࡛ࡀሙᡤࡿᤸࢆẁ㝵⤊᭱ࡢ⛬

」ྜయϫࢆ᭱ࡋ⤊ⓗศᏊ≧㓟⣲ఏ㐩ࢀࡉỈࡀᙧᡂࠋࡿࢀࡉ

ᡂ⃰ࣥࢺࣟࣉࠋࡿࢀࡉᗘ໙㓄࡚ࡋ✚ࡣ࣮ࢠࣝࢿ࢚ࡓࡋ 

1-1. ྾㙐ࣜࢻࣥࢥࢺ࣑ �

ྜᡂྜࠋࡿࢀࡉࡸ㈝ᡂࡓࢀࡉ 

⏕άື࠺⾜ࢆ㝿ࡣ≀⏕ࠊ࡚ࡋእ⏺ࡾࡼ≀㉁ࡾྲྀࢆධࢀኚ࡛ࡇࡿࡏࡉᚲせ࡞ 

ᩘࡾࡼࢀࡑࠊࡾ࠶࡛ࡇࡢኚ⣔࣮ࢠࣝࢿ࢚ࡢࡑࡣ྾ࠋࡿࡍᚓ⋓ࢆ࣮ࢠࣝࢿ࢚

ከࡢࡃᶵ⬟ࢆ᭷ࡓࡁ⏕ࡍ⣽⬊ࢆ࣮ࢠࣝࢿ࢚ࡣᜏᖖⓗ⥔ᣢࡢࡇࠋࡿࡁ࡛ࡀࡇࡿࡍ㐣

 ྾ࠋࡿᅾୖ⭷ෆࣜࢻࣥࢥࢺ࣑ࡣࢀࡑ

ᡂࡢࠎ✀ࠊࢀࡉ」ྜయࡀゐ፹ࡿࡍᛂࡣ㙐ࢡࣃࣥࢱ⭷ࡢ✀3ࠊࡣ㉁」ྜయ࡚ࡗࡼᵓ

እഃࡽ⭷ෆࢆࣥࢺࣟࣉ࡚ࡋඹᙺࢀࡑࡾ࠾࡚ࡋ≉࡚ࡵᴟ࡚ࡋᑐయྜ「ࠎྛ

⬟ື㍺㏦ࡿࡍᶵ⬟ࢆ᭷4ࠋࡿࡍ  ྜ「)㓟㑏ඖ㓝⣲ࣥࣀ࢟ࣅࣘ-NADH ࡣయྜ「ࡢ✀

యϨ)࣒ࣟࢡࢺࢩ-࣮ࣝࣀ࢟ࣅࣘࠊ c㓟㑏ඖ㓝⣲㸦」ྜయϪ㸧࣒ࣟࢡࢺࢩࠊ c㓟㓝

⣲㸦」ྜయϫ㸧࡛ࠋࡿ࠶」ྜయϨ࡚ࡗࡼ NADH ࣘࡣ㟁Ꮚࡓࡗྲྀࡅཷࠊࢀࡉ㓟ࡀ

ࠊc ࣒ࣟࢡࢺࢩࠊయϪྜ「ࡣ㟁Ꮚࡓࡗࢃఏࣥࣀ࢟ࣅࣘࠋࡿࢀࡉఏ㐩ࣥࣀ࢟ࣅ

ྜᡂ㓝⣲㸦」ྜ

ᛂࡢ㐃୍ࡽࢀࡇ

ࠋྛࡿࢀࡉ㏦㍺࡚ࡋࢆ⭷ࡀࣥࢺࣟࣉ࠸⏝ࢆ࣮ࢠࣝࢿ࢚ࡓࢀࡉᨺฟ࡚ࡗࡼ యྜ「ࠎ

ᙧࡀᗘ໙㓄㸦proton motive force㸧⃰ࣥࢺࣟࣉࡓࡋࢆ⭷ෆࢀࡉ㏦㍺ࡀࣥࢺࣟࣉ࡚ࡗࡼ

FoF1-ATP

యϬ㸧࡚ࡗࡼ ATP ATPࡣ௨㝆⏕యෆࢆ࣮ࢠࣝࢿ࢚

ᚲせࡿࡍᛂᾘ㈝ࠋࡿࢀࡉ
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Figure 1. ࣜࢻࣥࢥࢺ࣑ෆ⭷ᶍᘧᅗ 
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ࠋࡿࢀࡉᙧᡂࡀᗘ໙㓄⃰ࡢࣥࢺ

ྜᡂ㓝⣲ࠊࡣ 

1-2. ATP ྜྜᡂ㓝⣲ 

ྜᡂ㓝⣲

ATP ࣮ࢠࣝࢿ࢚ࡀ௦ㅰࢆᨭࡿ࠼㏻㈌࡚ࡋ⨨࡙1939ࠊࡣࡢࡓࢀࡽࡅ ᖺ F.A.Lipman 

SubbarowࠊFiskeࠊLohman ᖺ 1929ࠊࡾࡲࡘᖺ 10 ࡇࡿ㐳ࡣATP ࡢࡑࠋࡿ࠶࡛࡚ࡗࡼ

ࡏࡉ⦰ࡾࡼATP ῧຍ ࢆ⥔⧅ᵓᡂࡢ⫗➽ᖺ 1942ࠊᚋࡢࡑࠋࡓࢀࡉⓎぢ࡚ࡗࡼ

ATP ࡚ࡵᨵࠊࢀࡽࡵㄆࡀࡇࡿ ⣽ࠋࡓࢀࡉㄆ☜ࡀࡇࡿ࠸࡚ࡋ⤥౪ࢆ࣮ࢠࣝࢿ࢚ࡀ

ྜᡂ㓝⣲࡛࠶ 

ᡤㅝࠊ 

⬊ෆ࣮ࢠࣝࢿ࢚ࡢ௦ㅰࢆᨭࡿ࠼ ATP ࡼ⭷ෆࣜࢻࣥࢥࢺ࣑ࠊࡣ㓝⣲ࡿ࠸࡚ࡋᡂྜࢆ

H.Fernandez-Moran ࢆࡇࡿ࠸࡚ࡋᙧ࡛Ꮡᅾࡓࡋฟ✺ࡾ  Ⓨぢࡽ㟁Ꮚ㢧ᚤ㙾ീࡾࡼ

ATP ࡀ㓝⣲ࡓࢀࡉⓎぢ࡚ࡗࡼ㤶ᕝ㟹㞝ࠊE.Rackerࠊᚋࡢࡑࠋࡓࢀࡉ

ྜᡂ㓝⣲ྠᆺࡢ㓝⣲࡛ࠋࡿ࠶ 

ᡂ㓝⣲ุ࡛ࡀࡇࡿ࠶᫂ࡢࡇࠋࡓࡋ 

ゎᯒࡶᡂࡋ

✺ఇሙࡢᵝྠࡶ⭷ࢻࢥࣛࢳⴥ⥳యࡢ≀᳜࡚ࡗࡼ ᖺ M.Avron 1963ࠊࢀࡉ᥎ᐃ

㉳ࡀぢฟࠊࢀࡉඛぢࣜࢻࣥࢥࢺ࣑ࡓ࠸࡚ࡗࡘෆ⭷ୖࡢ ATP

ᇶᮏᵓ㐀ࢆᣢࡢࣥࢺࣟࣉࠊࡕ㍺㏦ඹᙺࡓࡋ ATP ྜᡂᛂࡿࡍᶵᵓุࡀࡇࡘࡶࢆ 

᫂ࡢࡑࠊࡉࡲࠋࡓࡋ㓝⣲ࡀ⣽⬊ෆ࣮ࢠࣝࢿ࢚௦ㅰࡢ୰ᚰⓗྜ≀࡛ࡿ࠶ ATP ࡢ 

FoF1-ATP ࡿࡍ⤥౪ࢆ࡚ࡍࡰ ATP ⬊ᾮࠊᖺ๓ᚋ 1990ࠋࡿ

Ꮡᅾࡀࡇࡿ࠸࡚ࡋሗ࿌ࠊࢀࡉVoV1-ATP ྜ V ᆺ 

ྜᡂ㓝⣲ඹ㏻ࡢ

ྜᡂ㓝⣲࡛ࡿ࠶

ATP H+ࢆ㍺㏦ࡿࡍ F ᆺ ATP 1994 ᖺࠊ 

J.E.Walker ࡚ࡗࡼࡽ F1㒊ࡢ X⥺⤖ᬗᵓ㐀 (Abrahams et al., 1994)1997ࠊ

ྜᡂ㓝⣲ࡀ

ᖺ࣮ࣝ࣋ࣀ㈹ࢆ⋓ᚓ1975ࠋࡿ࠸࡚ࡋ ᖺࡢ3 ➨ࠊ㉸⏺ྂࠊ࡚࠸ࡘ⣽⳦ࡢ ATPྜᡂ㓝 

⣲ (A ᆺ H+-ATPase)ࡀᏑᅾࡀࡇࡿ࠸࡚ࡋド᫂1987ࠋࡓࢀࡉ ᖺྥ⏿ᜤ⏨ࡽචᏛ 

ⓗ1989ࠊᖺྜྷ⏣㈼ྑࡽ㑇ఏᏊ DNAゎᯒ࡚ࡗࡼ A ᆺ H+-ATPase ࡀ V ᆺ H+-ATPase 

 ࠊࡾࡼ✲◊ࡽࢀࡇࠋࡓࢀࡉド᫂ࡀࡇࡿ࠶࡛⦖㏆㐍ᏛⓗࡾࡼF ᆺ H+-ATPase 

H+㍺㏦ᆺ ATPase ࡢ㐍Ꮫⓗ⣔ᅗࡀ᫂ࠋࡓࡗ࡞ࡽ 

FoF1 -ATP  (」ྜయϬ)ࣜࢻࣥࢥࢺ࣑ࡣෆ⭷ᅾࡿᕧ⭷ࢡࣃࣥࢱ㉁」ྜయ 

ࢹࣥࣕ࢟ࣉࢵ࣏ࣜࣟࡾࡼ⭷ෆࣜࢻࣥࢥࢺ࣑ࡿࡍほᐹ࡚࠸⏝ࢆ㟁Ꮚ㢧ᚤ㙾ࠋࡿ࠶࡛

 ࢺࢩ࡚ࡋࡣ⭷ෆࣜࢻࣥࢥࢺ࣑ࠋࡿࡁ࡛ࡀࡇࡿぢࢆീࡓࡋฟ✺࠺ࡼࡢ࣮

 ࢠࣝࢿ࢚Ꮫ࡚ࡋᏑᅾࡀࣉ࣏ࣥࣥࢺࣟࣉࡢࡃከࡢࡑࡿࡍࡵึࢆc 㓟㓝⣲ ࣒ࣟࢡ

ࣟࣉ࡛ࢇᣳࢆ⭷ࠊᯝ⤖ࡢࡑࠋࡿ࠸࡚ࡋ㏦㍺ⓗື⬟᪉ྥ୍ࢆࣥࢺࣟࣉ࡚ࡋ⏝ࢆ࣮

㟁ẼᏛࣝࣕࢩࣥࢸ࣏ᕪ࡛ࠋࡿ࠶」ྜయϬࡇࡣ

ᡂᛂྜࡢ ATP ࡋ⏝ࢆࢀὶࡓࡗἢ໙㓄ࡢᕪࣝࣕࢩࣥࢸ࣏㟁ẼᏛࡢࣥࢺࣟࣉࡢ

⏝ࢆ࣮ࢠࣝࢿ࢚ࡓࢀࡉฟࡳ⏕࡚ࡗࡼATPຍỈศゎࠊྠࡓࡲࠋࡿ࠸࡚ࡋゐ፹ࢆ
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࡛ࡲࢺࣄࡽࣜࢸࢡࣂࡣᵓᡂࡢయࠋࡘᣢࡏేࡶ⬟ᶵࡢ࡚ࡋࣉ࣏ࣥࣥࢺࣟࣉࡓࡋ

ྜᡂࠋࡿ࠶࡛ࡢࡶ࠺࠸ࡿࢀࡉヲ⣽グࡍ 

ᴟ࡚ࡵ㧗ᗘಖᏑࠊࢀࡉࡢࡘ2 ࡃࡁ㒊ศ㢮ࡣࢀࡑࠋࡿ࠶࡛⬟ྍࡀࡇࡿࡍぶỈ

ᛶ㒊 F1Ỉᛶ㒊 Fo ࡛ࠋࡿ࠶ぶỈᛶ㒊 F1 ࢆᵓᡂࡶ᭱ࡣࢺࢵࢽࣘࣈࢧࡿࡍ༢⣧ 

ྜᡂ㓝⣲ࡢᛂᶵᵓ࡛ࡿ࠶ᅇ㌿ゐ፹ㄝࡣ 

ATPࠊࡾ࠶࡛ࢺࢵࢽࣘࣈࢧα3�3y8E࡛ࣜࢸࢡࣂ࡞

ࠊࡾ࠶࡛ ab2c8-15 ࡣࢺࢵࢽࣘࣈࢧࡿࡍᵓᡂࢆ Ỉᛶ㒊 Foࠊ࡚ࡋᑐࠋࡿ࠸࡚ࡋ᭷ࢆ⬟

ྜᡂᚲせ࡛ࢩ࢘ࡣࣥࢺࣟࣉ࡞ 

య⎔ቃ୰࡛ ATP⏕ࠋࡿࡍ⬟ᶵࢆ㏦⛣ࡓࡋࢆ⭷ࡾ࡞㏻㊰ࡢࣥࢺࣟࣉ

ゐ፹ࡿࡍᛂࡣ ATP  ࡃࡁ㓝⣲ࡢࡣゐ፹ᶵᵓࡢࡑࠊࡋࡋࠋࡿ࠶ᡂᛂ࡛ྜࡢ

 ᥦ࡚ࡗࡼ ATP 1981 ᖺ P.D.Boyerࠋࡿ࡞␗

 㛫ࡿࢀࡉᡂྜࡀ

ၐࡓࢀࡉ(Boyer 1993)ࡢࡑࠋゝⴥࡍ♧ࡀ㏻ࡾ ATP 

ྜᡂ㓝⣲ 

ᐃᏊࢺࢵࢽࣘࣈࢧᑐ࡚ࡋᅇ㌿࡛ࡇࡿࡍᅛᐃᏊࡢᵓ㐀ኚࡀᘬࡁ㉳ࢀࡉࡇ ATP ࡀ

F1 ᅾ࡚ࡗ ATP ྜࢆᡂࡢࡘ3 ࡿࡍゐ፹

㒊ࢀࡒࢀࡑࡀ┦࡚ࡋࡽࡎࢆᛂࢆゐ፹ࡢࢀࡒࢀࡑࠋࡿ࠸࡚ࡋゐ፹㒊ࡣ ATP ᆺࠊ 

ྜᡂ㓝⣲ࡢᅇ㌿Ꮚࡀࢺࢵࢽࣘࣈࢧᅛ 

ྜᡂࡣࡓࡲຍỈศゎࢆゐ፹ࡿࡍᶵ

ADP ᆺࢻࢳ࢜ࣞࢡࢾࠊ㠀⤖ྜᆺࡽࢀࡇࠊࡾࢆࣥࣙࢩ࣮࣓࢛ࣇࣥࢥࡢ✀3 ࡢゐ፹㒊

 ࡼࡁྥࡢࢺࢵࢽࣘࣈࢧᅇ㌿Ꮚ yࡣኚࡢࡇࠋࡿ࠶࡛ࡢࡿࡏࡉኚࢆ┦ࢀࡒࢀࡑࡀ

 ADP ᆺэATPࠊ㠀⤖ྜᆺэADP ᆺࢻࢳ࢜ࣞࢡࢾࡣゐ፹㒊ࡢࢀࡒࢀࡑࠊࡾࡲỴ࡚ࡗ

ᆺࠊATP ᆺэࢻࢳ࢜ࣞࢡࢾ㠀⤖ྜᆺ㑄⛣ࡢࢀࡒࢀࡑ࡛ࡇࡿࡍゐ፹㒊࡛ ATP

ࠋ୍ࡿࢀࡉᨺฟഃࢫࢡࢵࣜࢺ࣐ࢀࡉᡂྜࡀ ࢻࢳ࢜ࣞࢡࢾࡿࡍ┠ὀゐ፹㒊ࡢࡘ

㠀⤖ྜᆺэADP ᆺэATP ᆺኚ࡞⛥␗≉࡞࠺ࡼࡢࡇࠋࡿ࡞ࡇࡿࡍᛂᶵᵓ 

ྜᡂᚲせ࡞

ྜᡂ㓝⣲ࡀ

 1997 ࡚ࡋࡑࠊࡾࡲ㧗ࡀಙ៰ᛶࢃゎ࡛᫂ࡢᬗᵓ㐀⤖ࡢF1 ࡓࢀࡉሗ࿌ᖺ 1994ࠊࡣ

ᖺࠊ㔝㊰࡚ࡗࡼࡽගᏛ㢧ᚤ㙾ࡓ࠸⏝ࢆ F1-ATPase ࡿࡼ ATPຍỈศゎࢱࣝࣜࡢ

㣕㌍ⓗࡣ✲◊ࡢయϬྜ「࠺ࡼࡢࡇࠋ(Noji et al., 1997)ࡓࡗ࡞Ỵᐃⓗࡾࡼほᐹ࣒

㐍Ṍࠊࡽࡀ࡞ࡋࡋࠋࡿ࠶࡛ࡅࢃࡓࡋᮍࡔ⌮ゎ࠸࡞࠸࡚ࢀࡉ㒊ศࡣከࠊࡃᙜ↛ࡢࡑ୰

ࠋࡿ࠶㛵ಀ࡛ࡢFo ࡓࡋ⤖㐃F1 ࡣ࡛ࢁࡇ࠸῝ዟࠊࡽࡉࠋࡿࢀࡲྵࡶయᵓ㐀

ୖグࡢᅇ㌿ᶵᵓࢆᣢࡢ࡚ࡍࡘ ATP  360rᅇ㌿ ࡢࢺࢵࢽࣘࣈࢧᅇ㌿Ꮚࠊࡣ

ATP ࡢศᏊ 1ࠊᨾࠋࡿࡁ࡛ࡀࡇࡿࡍᡂྜࢆ ATP ࡢศᏊ 3 ࡚ࡏࢃྜ

ᅇ㌿120 ࡣr࡛ࡢࡇࠊࡋࡋࠋࡿ࠶ F1㐃⤖ࡋ㥑ືࡿࡍ Fo ࡢ c ࣜࣥࢵࢽࣘࣈࢧࡢࢢ 

 ࢩࡀ᭱ࠊಶ(Watt et al., 2010) 8 ࡢࢩ࢘ࡀᑠ᭱ࡾ࡞␗ࡃࡁ࡚ࡗࡼ✀≀⏕ࡣᩘࢺ

 ࣈࢧࡿࡍᵓᡂࢆࢀࡑࡣࢢࣥࣜ cࠋ (Pogoryelov et al., 2009)ࡿ࠶ಶ࡛ 15 ࡢࣜࢸࢡࣂࣀ

 ࡘࠋࡿ࠶࡛⬟ྍࡀࡇࡿࡍྜ⤖ࢆࣥࢺࣟࣉࢀࡒࢀࡑࢺࢵࢽࣘࣈࢧ c ࡿ࠶࡛ࢺࢵࢽࣘ

ATP ࡢศᏊ 3ࠊሙྜࡢࢩ࢘ࠊࡾࡲ 8 ಶࢫࢡࢵࣜࢺ࣐ࡀࣥࢺࣟࣉࡢഃ 

 ࠋࡿࢀࡉὶഃࢫࢡࢵࣜࢺ࣐ࡀࣥࢺࣟࣉࡢಶ 15 ࡤࢀ࠶࡛ࣜࢸࢡࣂࣀࢩࠊࢀὶ

ATP ࡢศᏊ 1ࠊࡾࡲࡘ  ࡛ 5 ࡛ࣜࢸࢡࣂࣀࢩࠊ2.7
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 ್࠺࠸ 2.7 ࡢࢩ࢘ࠊࡀࡿࡁ⣡ᚓ࡛࡛ࡢࡿ࠶࡛ᩘᩚࡣಶ 5 ࡢࣜࢸࢡࣂࣀࢩࠋࡿ࠶

ྜᡂ㓝⣲ࡀᵓᡂࠋࡿࢀࡉ 

 ሙࡓ࠼⪄ຊᏛⓗ⇕ࠊࡾ࠶ሙྜ࡛ࡓ࠼⪄Ꮫ㔞ㄽⓗࡣ᪉࠼⪄ࡢグୖࠋ࠸㞴ࡋ⣡ᚓࡣ

ྜᡂᚲせࡣᩘࡢࣥࢺࣟࣉ࡞ 

 యϬ࡛ 1ྜ「ࡢ࡚ࡍࠊࡿ࠼⪄ຊᏛⓗ⇕ࠋ(Steigmiller et al., 2008)ࡿ࡞␗ࡓࡲࡣྜ

ศᏊࡢ ATP  ࡉ㆟ㄽࡶᅾ⌧ࡣ┪▩ࡢ್ࡽࢀࡇࠋࡿ࡞ 4

ྜᡂᛂཬࡧຍỈศゎ 

 ⏝స┦ࡢࢺࢵࢽࣘࣈࢧᅇ㌿ᏊࢺࢵࢽࣘࣈࢧᅛᐃᏊࡿࡅ࠾ Foࠊࡣ᭦ࠋࡿ࠸࡚ࢀ

 ࡚ࡅ⥆ࡋᅇ㌿ࡎࢃኪၥ࡛ࢻ࣮ࣆࢫࡢ .ᅇ㌿/sec 100 ࡣࢢࣥࣜ c ࡿ࠶ᅇ㌿Ꮚ࡛ࠋࡿ࠶࡛

 ࡿ࠶࡛ࡢࡶ࡞࠺ࡼࡢࡣ⏝స┦ࡢᅛᐃᏊయ≀ࡿࡍ㧗㏿࡛ᅇ㌿࡚ࡵᴟࡢࡇࠋࡿ࠸

ࠋࡿ࠶࡛ࡢ࠸࡞࠸࡚ࡋࡾࡁࡗࡣࡔᮍ

ᵓᡂࡾࡼࢺࢵࢽࣘࣈࢧࡢ✀  18ࡣయϬྜ「ࢩ࢘ࡢங㢮့ࡿ࠶࡛≀⏕࡞➼㧗ࡶ᭱

ࠋࡿࢀࡉࢻ࣮ࢥ⪅୧ࡢ᰾㑇ఏᏊ㑇ఏᏊࣜࢻࣥࢥࢺ࣑ࡣࢺࢵࢽࣘࣈࢧࡽࢀࡑࠊࢀࡉ

ࢽࣘࣈࢧ A6Lࠊa ࡿࡍᵓᡂࢆ Fo ࡣࢺࢵࢽࣘࣈࢧࡿࢀࡉࢻ࣮ࢥ㑇ఏᏊࣜࢻࣥࢥࢺ࣑

ࡿࡺࡽ࠶ࡣศᏊ㔞ࡢయϬྜ「ࠋࡿࢀࡉࢻ࣮ࢥ᰾㑇ఏᏊࡣ௨እࢀࡑࠊࡾ࠶࡛ࡳࡢࢺࢵ

ATP ྜᡂ ࡀᇶᮏ༢ࡢATP ྜᡂ㓝⣲ ࡣࢀࡇࠋࡿ࠶࡛ 60 ࡚ࡋᖹᆒࡎࡽࢃ㛵✀≀⏕

ᛂࡣࢺࢵࢽࣘࣈࢧࡽࢀࡇࠊࡾ࠶࡛ࢺࢵࢽࣘࣈࢧࡿྖࢆ⏕≀✀ၥࡎࢃᴟ࡚ࡵ㧗ᗘಖ 

ᏑࠋࡿࢀࡉᑐࠊࡋATPྜᡂ┤᥋ᐤ࠸࡞ࡋ⿵ຓࣜࢸࢡࣂࠊࡾ࠶ᩘ「ࡀࢺࢵࢽࣘࣈࢧ

ATP ࡛ࡳࡢࢺࢵࢽࣘࣈࢧࡢ࡚ࡋሙྜᇶᮏ༢ࡢ≀⏕࡞➼ୗ࡞

ATP ࡵྵࡶࢺࢵࢽࣘࣈࢧຓ⿵࠸࡞ࡋ᥋ᐤ┤ሙྜ ATP ྜᡂࡢ≀⏕࡞➼㧗ࠋࡿࢀࡉ

ࢵࣜ㈏㏻⭷ࡢࡘ1 ࡃࡉᑠ࡚ࡵᴟࡣࢺࢵࢽࣘࣈࢧຓ⿵ࡽࢀࡇ

 ⌮࠸࡞ࢀࡽࡵㄆࡀᕪ࡞ࡁศᏊ㔞ࡎࢃၥ✀≀⏕ࡀࡇࡿࡍࢺࢵࢽࣘࣈࢧࢆࢫࢡ

ಶ 5 ࡚ࡋᅛᐃᏊࡾ࠶ಶ 8 ࡣࢺࢵࢽࣘࣈࢧࡿ࡞ᶵᮏ༢ࡢయϬྜ「ࠋࡿ࠶࡛⏤  (αࠊ 

ಶ 3 ࡋᅇ㌿Ꮚࠊ(ࢺࢵࢽࣘࣈࢧ bࠊaࠊ8ࠊ  (yࠊEࠊc ࢺࢵࢽࣘࣈࢧ)ࠋࡿ࠶」ྜయϬࡢ 

⿵ຓࡣᩘࢺࢵࢽࣘࣈࢧከࡢࢩ࢘ࠊࡃሙྜ OSCPࠊF6ࠊdࠊfࠊA6Lࠊiࠊeࠊgࠊkࠊ(s)ࠊIF1

 ࠾࡚ࡗ࡞ࡽ᫂ࡣヲ⣽࡚࠸ࡘᙺ࠺ᢸࡀࢺࢵࢽࣘࣈࢧຓ⿵ࡢࡃከࡽࢀࡇࠋࡿ࠶࡛

 ᪤ࡣࢺࢵࢽࣘࣈࢧࡓࡋ♧య࡛ᩳࠊࡋࡋࠋ࠸࡞࠸࡚ࡗ⮳ࡶᐃ≉ࡢ⨨࡞☜ṇࠊࡎࡽ

యྜ「ࡣ⪅ᚋࠊࡋᐤᙧᡂ࣮࣐ࢲࡢయϬྜ「ࡣࡘ๓⪅ 4ࠊࡾ࡞ࡽ᫂ࡀ⬟ᶵ

Ϭࡀゐ፹ࡿࡍ ATP ᛂࡢไᚚᐤࣜࢻࣥࢥࢺ࣑ࠋࡿࡍ⎔ 

ቃ୰ᅾࡿ」ྜయϬࡣ ͆ V Ꮠᆺ͇ࢆ࣮࣐ࢲࡢᙧᡂࡀࡇࡿࡍ࿘▱ࡀࢀࡑࠊࢀࡉつ๎ 

ྜᡂ㓝⣲ࡀᵓᡂ

ⓗ㓄ิࡾࡼ࡛ࡇࡿࡍ㧗ḟࡿ࡞࣮࣐ࢦࣜ࢜ࡢ  ⭷ෆࣜࢻࣥࢥࢺ࣑ࠊᯝ⤖ࡢࡑࠋ) 

 ࡿࡍᙧᡂࢆࢸࢫࣜࢡࡿ࠶ᙧែ࡛࡞ᚩⓗ≉⭷ෆࣜࢻࣥࢥࢺ࣑ࠊࡏࡉࡌ⏕ࢆࡳṍࡢ

(Davies et al., 2012)ࡢࢸࢫࣜࢡࠋᙧᡂࡣෆ⭷ࡢ⾲㠃✚ࢀࡑࠊࡁ࡛ࡀࡇࡿࡏࡉୖྥࢆ

 ࡍୖྥࡀ௦ㅰᅇ㌿࣮ࢠࣝࢿ࢚ࡋቑຍࡀ㔞ࡢ㉁ࢡࣃࣥࢱ⭷ࡿࡍ⬟ᶵࡾᅾෆ⭷୰ࡾࡼ
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㑇ఏᏊᐇ㦂ᢏ⾡࡚࠸⏝ࢆ㉥࡛グ㏙ࢺࢵࢽࣘࣈࢧࡓࡋ㑇ఏᏊࢆḞᦆࠋࡿࠊࡿࡏࡉ 」ྜ 

యϬࡀ࣮࣐ࢲࡢⴭࡃࡋῶᑡࣜࢻࣥࢥࢺ࣑ࠊࡋෆ⭷ࡢᙧែࡀᚭᗏⓗᔂቯࠋࡿࡍᨾ

 ࣃࣥࢱ⭷ࡿᅾ⭷ෆࠊࡃ࡞࡛ࡅࡔࡿ࠸࡚ࡗᢸࢆࡳࡢ⤥౪ࡢ ATP ༢ࡣయϬྜ「ࠊ

࡞㔜せ࡚ࡵᴟ࡞࠺ࡼࡢࡑࠋࡿ࠶㓝⣲࡛࡞㔜せ࡚ࡵᴟࡿࡍᥦ౪ࢆሙࡢⅭࡿࡍ⬟ᶵࡀ㉁ࢡ

㓝⣲࡛ࠊࡽࡀ࡞ࡾ࠶㛗ᖺࡿࡓࢃ⤌⧊ⓗ࡞ດຊࡶ㛵ࡎࡽࢃయᵓ㐀ࡣᮍ࡚ࡗࡶࡔゎ

࡛᫂ୖࠊࡣࢀࡇࠋ࠸࡞࠸࡚ࡁグ࡞࠺ࡼࡓࡋ」㞧࡞ᛂᶵᵓࢆᣢࡘᕧࢡࣃࣥࢱ⭷࡞㉁

」ྜయ࡛ࡀࡿ࠶ᨾ࡛ࠊࡾࡼࢀࡇࠋࡿ࠶」ྜయϬᑐࡿࡍ⤖ᬗࡣྍ⬟࡛ࡶࡿ࠶

ゝࠋࡿ࠸࡚ࢀࢃ

యᵓ㐀ࡢయϬྜ「࡞࠸࡞ࢀࡽࡵㄆࡃࡢḞᦆࢺࢵࢽࣘࣈࢧࡣ✲◊ᮏࠊ࡛ࡇࡑ

 ࠋࡓࡋࡇࡴ⤌ࡾྲྀ㛤Ⓨࡢᬗἲ⤖ࠊ㛤Ⓨࡢ⢭〇ἲࠊ࡚ࡋⓗ┠ࢆࡇࡿࡍゎ᫂ࢆ

ྜᡂ㓝⣲ࡢᶍᘧᅗFigure 2. FoF1-ATP 
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  ḟඖ⤖ᬗ 2 ࡢ㉁ࢡࣃࣥࢱ⭷⭷ .1-3

ࠊࡣᬗᵓ㐀ゎᯒ⤖ࡿࡅ࠾ᅾ⌧ࠋࡿ࡞㘽࡞㔜せ࡚࠸ࡘྰࡿࡍ

ᵓ㐀ゎᯒࡀᡂຌ

X⥺⤖ᬗᵓ㐀ゎ

࡛⭷㉁2㔜⬡࠺࠸⭷⬊⣽ࡣ⬊⣽ࡢࡑࠊࡾ࠾࡚ࢀࡉᙧᡂ࡚ࡋᇶᮏ༢ࢆ⬊⣽ࡣ≀⏕

ᅖࠋࡿ࠸࡚ࢀࡲ⬡㉁2㔜⭷ࢆᵓᡂࡿࡍ⬡㉁ศᏊࡣぶỈᛶ㢌㒊Ỉᛶᑿ㒊࡚ࡗࡼᵓ

ᡂࠋࡿࢀࡉ⣽⬊㉁ࡣᴟ࡚ࡵぶỈᛶࡀ㧗ࠊࡽࡇ࠸⣽⬊⭷ࡣ⬡㉁2ศᏊࡢࠎྛࡀỈ

ᛶ㒊ࢆෆഃぶỈᛶ㒊ࢆእഃࡓࡅྥ≧ែ࡛ᙧసࡢࡇࠋࡿࢀࡽ⣽⬊⭷࠸࡞ྜ⤖

 ࡿࡍ㈏㏻ࢆ⭷⬊⣽ࡢࡑࠊᅾ⌧ࠋࡿ࠶㉁࡛ࢡࣃࣥࢱ⭷ࡀࡢࡿ࠸࡚ࡋᙧ࡛Ꮡᅾࡿࢀࡶᇙࡋ

ᙧ࡛Ꮡᅾࡿ࠸࡚ࡋ㈏㏻ᆺ⭷ࢡࣃࣥࢱ㉁㛵2ࡣ࡚ࡋḟඖ⤖ᬗࡢస〇ࡀᡂຌࡽࡇࡑࡋ

㟁Ꮚ⥺⤖ᬗᵓ㐀ゎᯒ࡚ࡗࡼヲ⣽࡞ᵓ㐀ࡀỴᐃࠋࡿ࠸࡚ࢀࡉ

ࢡࣃࣥࢱ㈏㏻⭷ࡽࢀࡇࠋࡿ࠶㓝⣲࡛ࡿ࠸࡚ࡗᢸࢆᙺ࡞㔜せ࡚ࡵయ୰࡛ᴟ⏕ࢀࡤ

㉁ࠊࡣ⬡㉁ྠᵝỈᛶ㡿ᇦぶỈᛶ㡿ᇦࢆᣢࠊࡾ࠾࡚ࡗ⏺㠃άᛶ࡚ࡗࡼ⬡㉁ 

⏺㠃άᛶࡢ㑅ᢥࢡࣃࣥࢱ⭷ࡣ㉁

㔜ᒙྍࡽ⁐ࡾྲྀࡾࡲࡘࠊฟྍࡢࡇࠋࡿ࠶࡛⬟ྍࡀࡇࡍ⁐ࡣࣉࢵࢸࢫ࠺࠸

ࠊࡀ㑅ᢥࡢࡑ

ࡢ㉁ࢡࣃࣥࢱ⭷ྠࡓࡲࠊࡾ࠶࡛ࣉࢵࢸࢫ࡞㔜せࡶ࡚᭱࠸࠾⢭〇ࡢ㉁ࢡࣃࣥࢱ⭷

⤖ᬗࡶࡃࡁᙳ㡪ࢆཬࠊ≉ࠋࡿ࡞ࡇࡍࡰ

ᡤㅝࣉ࣏ࣥࡸࣝࢿࣕࢳࠊ

ࠊࡾ࠶㔜せ࡛࡚ࡵⅬ࡛ᴟ࠺࠸ࡿࡍᣢ⥔Ᏻᐃࢆᵓ㐀ࡢ

ᯒࢆὶࠊࡾ࠾࡚ࡋ⏺㠃άᛶྍ⁐ࡓࢀࡉ㓝⣲ศᏊࢆぶỈᛶ㒊ࡢ┦స⏝

 య⭷୰⏕ࠋࡿ࠶࡛ࡢࡶ࠺࠸ࡿᚓࢆᵓ㐀ሗ࡚ࡋᑕ↷ࢆ⥺X3ḟඖⓗࡓࡋ㓄ิ࡚ࡗࡼ

 ࠸ែ≦࡞Ᏻᐃࡣែ≦ࡓࡋゎ⁐࡚࠸㉁ࢡࣃࣥࢱ⭷ࡿ࡞Ᏻᐃ࡚ࡵึ࡚ࡗᅾ

 ࠋࡘᣢࢆⅬࡿࡁస〇࡛ࡃ࡞ࡇࡿࡍ⁐ྍࢆ㓝⣲ࡾࡼ⭷ࡣ2ḟඖ⤖ᬗࠊ࡚ࡋᑐࠋࡿ࠼

2ḟඖ⤖ᬗ࡚࠸⏝ࢆ㟁Ꮚ⥺⤖ᬗᵓ㐀ゎᯒ࡚ࡗࡼゎࡓࢀᵓ㐀ࠊࡣ⤖ᬗࡀ༢ᒙ࡛ࡿ࠶

Ⅼ᭱ࢆ㝈ࡋ⏕せ࡞┦స⏝ࡿࡼṍࢡࣃࣥࢱ⭷࠸࡞ࡢࡳ㉁ᮏ᮶ࡢᵓ㐀࡛࠶

ᵓࡓࢀゎࡽ2ḟඖ⤖ᬗࡢ㉁ࢡࣃࣥࢱ⭷ࡿࡼ㟁Ꮚ⥺⤖ᬗᵓ㐀ゎᯒ࡞࠺ࡼࡢࡑࠋࡿ

㐀ࣥࢩࣉࢻࣟ࢜ࣜࢸࢡࣂࡣ࡚ࡋ(Mitsuoka et al., 1999)࣏ࣥࣜࢡࡸ(Gonen T et al., 

2ḟࡢࡑࠊࢀࡽ▱ࡀࡇࡿ࠸࡚ࡗసࢆయ⭷୰࡛2ḟඖ⤖ᬗ⏕᪤ࡣ⪅๓ࠋࡿ࠶ࡀ(2005

ඖ⤖ᬗࣥ࢜ࠊࡀᛶ⏺㠃άᛶ࡛ࡇࡿࡍྜ⼥⭷࡚࠸⏝ࢆࡓࡋࡃࡁᚋࠊ㟁Ꮚ⥺⤖ᬗ

ᵓ㐀ゎᯒࠊ࠺ࡼࡢࡇࠋࡿ࠸࡚ࢀࡉ┠ⓗࢡࣃࣥࢱ⭷ࡿࡍ㉁ࢆ㔞ࡀ⭷ࡴྵᚓࢀࡽ

ࡀ࡞ࡋࡋࠋࡿࡁస〇࡛ࢆ2ḟඖ⤖ᬗ࡛ࡋ࡞ࡇࡍฟࡾྲྀࢆ㉁ࢡࣃࣥࢱࡽ⭷ࠊࡤࢀ

ࠊ୍ࡽ ⯡ⓗᵓ㐀ࢆỴᐃࢡࣃࣥࢱ⭷࠸ࡓࡋ㉁ࡣ⏺㠃άᛶྍ࡚ࡗࡼ⁐ࡋ⢭〇ࡿࡍ

ᚲせ2ࠊࡾࡲࡘࠋࡿ࠶ࡀḟඖ⤖ᬗࢆస〇ࡿࡍሙྜࡶ࡚࠸࠾⏺㠃άᛶࡢ㑅ᢥࡀᴟࡵ
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ᢥࡸ㏱ᯒ ᗘࠊ

ࡍⓗ┠ࡣ㉁⬡ࡿࡍᵓᡂࡀ㉁ࢡࣃ

࡚㔜せ࡞せᅉࠋࡿ࡞⢭〇ࢡࣃࣥࢱ⭷ࡓࡋ㉁ྠࢆᵝ⏺㠃άᛶ࡛ྍ⁐ࡓࡋ⬡㉁ 

ΰࡽࡇࡑࠊ࡚ࡐ⏺㠃άᛶࢆ㏱ᯒࡾࡼ㝖ཤ࡛ࡇࡿࡍ⬡㉁㔜ᒙ୰ࢡࣃࣥࢱ⭷

㉁ࡀᇙࢆ⭷ࡓࡗࡲᵓᡂࢡࣃࣥࢱ⭷ࠋࡿࡍ㉁2 ࡢḟඖ⤖ᬗࢆᚓࠊࡣࡵࡓࡿ⬡㉁ࡢ㑅

㏱ᯒእᾮ⤌ᡂࡢ࡞⤖ᬗ᮲௳᭱ࢆ㐺ࣥࢱ⭷ࠋ࠸࡞ࡽ࡞ࡤࢀࡅ࡞ࡋ

 ࢆ⭷య⏕㝿ࡿᅾయ⎔ቃ⏕ࡀ㉁ࢡࣃࣥࢱ⭷ࡿ

ᙧᡂࡿࡍ⬡㉁ࡣࡌྠ㝈ࠋ࠸࡞ࡽᨾ2 ࠊḟඖ⤖ᬗࢆస〇࠸ࡓࡋሙྜࡊࡲࡉࡎࡲࠊ

ࢆ㏱ᯒ ᗘᚲ↛ⓗ࡚ࡗࡼ㉁⬡ࡿ࠸⏝ࠊࡾ࠶ࡀᚲせࡿࡍࢢࣥࢽ࣮ࣜࢡࢫࢆ㉁⬡࡞ࡲ

ኚࡿࡏࡉᚲせࡽࢀࡇࠋࡿ࠶ࡀ⤖ᬗ᮲௳᭱ࢆ࡚ࡍࡢ㐺ࣥࢱ⭷࡚ࡵึ࡛ࡇࡿࡍ

Ᏻࡣᵓ㐀Ỵᐃࡢ㉁ࢡࣃࣥࢱ⭷ࡾࡣࡸࠊࡽࡀ࡞ࡋࡋࠋࡿࡍᡂ㛗ࡀ2ḟඖ⤖ᬗ ࡢ㉁ࢡࣃ

ᐃࡓࡋ㓝⣲ࢆ⢭〇ࡇ࠸࡞ࡽ࡞ࡤࢀࡅ࡞ࡋ␃ពࡿࡍᚲせࠋࡿ࠶ࡀ㸦 Figure 3. ᪥ᮏ⤖

ᬗᏛㄅ➨47ᕳ➨1ྕ 2005㸧 

Figure 3. 2 ḟඖ⤖ᬗࡢཎ⌮ᶍᘧᅗ 
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1-4. �� 㟁Ꮚ⥺⤖ᬗᵓ㐀ゎᯒ 

࡚㟁Ꮚ⥺ᅇᢡ⌧㇟ᐤࡿࡍศᏊᩘࡑࡼ࠾ࡣ

ࡋ㠀ᖖᑠࡢࢬࢧ࠸ࡉ⤖ᬗࡶ࡛ࡽ㧗ศゎ⬟ሗࢆᣢࡓࡗᅇᢡⅬࢆᚓࡀࡇࡿ

㟁Ꮚ⥺↷ᑕࡿࡼヨᩱࢆࢪ࣮࣓ࢲࡢᢚࡿ࠼ᚲせࠋࡿ࠶ࡀ

ᅇᢡⅬࡢᙉᗘࡀᛴ⃭ῶ⾶ࠋࡿࡍ 

� 㟁Ꮚ⥺ࡣ X⥺ẚ࡚ᴟ࡚ࡵἼ㛗ࠊࡃ▷ࡀX⥺ẚ㍑ࡋ㉁㔞ࡢ㍍࠸ཎᏊᑐࡢ࡚ࡋ

┦స⏝ࡀ㐶ᙉࢆ್⫣ᩥࠋ࠸ཧ⪃ࡿࡍ⣙ 10 ಸ࡛ࠋࡿ࠶┦స⏝ࡀᴟ࡚ࡵ

ᙉࢆࡇ࠸Ⅼࠊࡋ㟁Ꮚ⥺⤖ᬗᵓ㐀ゎᯒࡣᵓ㐀ሗ㞟ࡿ࠸⏝⤖ᬗࡢ1 ࡀࡉࡁ 

µm2 ⛬ᗘ࡛ࡣࢀࡇࠊࡾ࠶ X⥺⤖ᬗᵓ㐀ゎᯒẚ㍑ࡿࡍᴟ࡚ࡵᑠࠋ࠸ࡉ⤖ᬗ୰࠸࠾

10ࠊࢀࡉᴟ࡚ࡵ㧗࠸┦స⏝ࡶᐤ

 ⏒ࡣᦆയࡢヨᩱࡿࡼ㟁Ꮚ⥺↷ᑕࡽࡉᙉࡀ⏝స┦ࠊࡽࡀ࡞ࡋࡋࠋࡿ࠶࡛⬟ྍ

࡛ࡣ࣒ࢬࢽ࣓࢝ࡢࡑ ࠊࡾ࠶㟁Ꮚ⥺↷ᑕ࡚ࡗࡼ⤖

ᬗ୰ࡢඹ᭷⤖ྜࡕ᩿ࡀษ࡚ࡗࡼࣝ࢝ࢪࣛࡿࡌ⏕࡚ࡗࡼࢀࡑࠊࢀࡽ࿘ᅖࡢヨᩱࡀ 

ḟࠎ◚ቯࠊ᭱ࢀࡉ ⤊ⓗヨᩱࡀⓎࡾࡲࡘࠋࡿࡍ㟁Ꮚ⥺⤖ᬗᵓ㐀ゎᯒ࠺⾜ࢆⅭࠊࡣ

㟁Ꮚ⥺ࡿࡼᦆയࢆᢚࡿ࠼

Ⅽࠊヨᩱࡣᾮయ࡚ࡗࡼࣥࢱ࢚ᛴ㏿⤖ࢫࣇࣝࣔࡋịࡢ୰ໟᇙࠊࢀࡉᾮయ࣊ 

ᴟప 㟁Ꮚࡓࡋ╔ࢆࢪ࣮ࢸࢫ࢜ࣛࢡࡿ࠶࡛⬟ྍࡀࡇࡿࡍ෭༷࡚ࡗࡼ࣒࢘ࣜ

㢧ᚤ㙾㸦Figure 4㸧࡚࠸⏝ࢆほᐹࠋࡿࢀࢃ⾜ࡀ㟁Ꮚ⥺ࡿࡼヨᩱࡢᦆയࠊࡣప ⎔ቃ

ୗ࡛ᢚࠊࡁ࡛ࡀࡇࡿ࠼ᾮయ❅⣲ࢆࢪ࣮ࢸࢫ╔ࡿࡍప 㟁Ꮚ㢧ᚤ㙾࡛ࡑࡼ࠾ࡤࢀ࠶ 

 ࡲ 1/20 ࡤࢀ࠶ᴟప 㟁Ꮚ㢧ᚤ㙾࡛ࡿࡍ╔ࢆࢪ࣮ࢸࢫ࣒࢘ࣜ࣊ᾮయࠊࡁ࡛1/10

ᾮࠊ࡛ࡇࡿ࠸⏝ࢆࢪ࣮ࢸࢫ࣒࢘ࣜ࣊ᾮయࠊࡓࡲࠋࡿࡁ࡛ࡀࡇࡍࡽῶࢆࢪ࣮࣓ࢲ࡛

య❅⣲ࡓ࠸⏝ࢆࢪ࣮ࢸࢫẚ㍑2 ࡑࡼ࠾࡚ࡋಸࡢ㟁Ꮚ⥺㔞ࢆヨᩱ↷ᑕࡀࡇࡿࡍ

 ࡿᅾయ⎔ቃ⏕ࠊࡣᵓ㐀ሗࡿࢀࡽᚓࠊⅭ࠸࡞ࡉࢆᰁⰍࡓ࠸⏝ࢆ㔜㔠ᒓࠋࡿࡁ࡛

 ࡿ࠶ᵓ㐀࡛ࡢ㉁ᮏ᮶ࢡࣃࣥࢱ⭷ࡣᵓ㐀ࡓࢀゎࡽࡇࡑࠊࡋ♧ࢆែ≦࠸㏆࡚ࡵᴟࡁ

 (᪥ᮏ⤖ᬗᏛ 47 44-49 2005)ࠋࡿ࠼࠸
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Figure 4. ᴟప 㟁Ꮚ㢧ᚤ㙾┿㸦☻࣭⌮◊㸧
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ྜᡂ㓝⣲

➨ᘨ❶  

FoF1-ATP ࡚࠸ࡘ⢭〇ࡢ
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㐀ゎ᫂ࡃࡿࡍࢆᑾຊࡀࡿ࠸࡚ࡋᮍࡔᡂຌࠋ࠸࡞࠸࡚ࡋ

ࠋࡿ࠸࡚ࡗࡿฟ᮶ࡀࡇࡿᚓࢆ㓝⣲ᶆရࡓࡋᏳᐃዴఱࠊࡣᡂྰࡢ

ࠋࡓ࠸ᣍࢆపୗࡢ㜼ᐖឤཷᛶࠊ㓝⣲άᛶࡶ࡚ࡋᡂຌࡇࡿࡆୖ

➨➨ኍ⠇� FoF1-ATPྜᡂ㓝⣲ࡢ⢭〇ἲ᳨ࡢウ� 

� 

2-1. �  FoF1-ATPྜᡂ㓝⣲ࡢ⢭〇 

2-1-1.� ⥴ゝ࣭┠ⓗ

� 」ྜయϬࡣᴟ࡚ࡵ」㞧ࡘᏳᐃ࡛ࡀࡿ࠶ᨾከࡀ⪅✲◊ࡢࡃ⤌⧊ⓗయᵓ

ྜయϬࡣ」ྜయϨࢆ⢭〇ࡿࡍ㐣⛬࡛ዃ㞧≀࡚ࡋᏑᅾࢆࡇࡿ࠸࡚ࡋⓎぢ࡚ࢀࡉ௨ 

᮶㛗ᖺரࡾࡼ✲◊ࡿ」ྜయϬࢩ࢘ࢆᚰ➽ࡽࣜࢻࣥࢥࢺ࣑༢㞳ࡿࡍ᪉ἲࢆ☜ 

ᡤᒓࡿࡍ◊✲ᐊ࡚࠸」

2 ᛕ㢌ࢆయᵓ㐀ゎ᫂ࡢయϬྜ「ྠ❧☜ࡢ⢭〇ἲࠋ(Hashimoto 1999)ࡓࡋ❧

ḟඖ⤖ᬗ᮲௳ࡢヲ⣽᳨࡞ウࡽࡕࡇࠊࡽࡀ࡞ࡋࡋࠋࡓࡁ࡚ࢀࢃ⾜ࡀ㛵ࡣ࡚ࡋᮍࡔ

❧☜௳ᬗ᮲⤖ࡢ㓝⣲࡞Ᏻᐃࡘ㞧「࡞࠺ࡼࡢࡇࠋ࠸࡞࠸࡚ࡗ⮳ࡣ❧☜ࡢ௳᮲

ᮏ◊✲┠ⓗࡣ㟁Ꮚ⥺⤖ᬗᵓ㐀ゎᯒࡓ࠸⏝ࢆయᵓ㐀ࡢゎ࡛᫂ࢀࡑࠊࡀࡿ࠶㐺ࡓࡋ

ᶆရࢆᏳᐃᚓࡿࢀࡽ᪂つ⢭〇ἲࢆ❧☜ࡢヨࠋࡓࡳᚑ᮶ࡢ⢭〇ἲ࡚࠸⏝ࢆ⢭〇ࡓࡋ」 

ྜయϬࡣ ATP ຍỈศゎάᛶࠊ㜼ᐖឤཷᛶඹపྛࠊࡃ⢭〇ࡃࡘࡽࡤࡃࡁ⤖ᯝ

ࢆ௳ᬗ᮲⤖࡞㐺ษࠊࡾ࡞ᯝ⤖ࡿ࡞␗⢭〇ẖࡶ࡚ࡗ⾜ࢆᬗ⤖ࠊᨾࠋࡓࡗ࡞

ࣟࢡࢺࢩ࡚ࡋ≀ዃ㞧ࠊࡃపࡀ⣧ᗘࡢ࡚ࡋ㓝⣲ᶆရ᭦ࠋࡓࡗ࡞ฟ᮶ࡀࡇࡿ⤠

࢘ࢽࣔࣥ㓟◲ࠊࡃࡿࡆୖࢆ⣧ᗘࡢయϬྜ「ࠋࡓ࠸࡛ࢇྵࡎࡽ࡞ᑡࢆ㓟㓝⣲࣒

ࢆ⣧ᗘࡀࡓࡳヨࢆ࡞࣮ࣇࣛࢢࢺ࣐ࣟࢡ࣒ࣛ࢝ࠊ⢾ᐦᗘ໙㓄㐲ᚰศ㞳ࣙࢩࠊ⏬ศ࣒

ᮏ❶࡛ࠊࡣ⤖ᬗ࠺⾜ࢆ㐺ࡓࡋᶆရࢆᚓࡃࡿ᪂つࡢ」ྜయϬࡢ⢭〇ἲ㛤Ⓨࠊࡋ

ࠋࡿࡍグ㍕࡚࠸ࡘᯝ⤖ࡢࡑ

22 




 

 

 

 

 

 
 

 

 

   

 

 

  

 

  

 

 

 

  

  

  

 

〇సᡤ〇 

ஂಖ⏣〇సᡤ〇ᐜ㔞෭༷㐲ᚰ 

➨➨ᘨ⠇� ᮦᩱ/㐣ཤࡢㄪ〇ἲ 

 ᠱ⃮ᾮ➼ᆒ㸧࣮ࢱ࣮ࣟ

2-2.� ᮦᩱ/᪉ἲ 

⢭〇ἲࡢ⬊ෆ⭷ᑠࣜࢻࣥࢥࢺ࣑ �.2-2-1

❧ᶵ(᪥ࢳ࣑ࣥࠊࡋព⏝ࢆ➽ᚰࡓ࠸㝖ࡾྲྀࡅࡔࡿࡁ࡛ࢆศ⫫⬡ࠊ➽ࠊ⓶ࡢ⮚ᚰࢩ࢘

 ㉸㐲ࢆᠱ⃮⏝⦆⾪ᾮࡽࡉࢀධࢆ

Meat Chopper 12RF ᆺ)ࢳ࣑ࣥࠊࡅ⣙ 1,100 g ࢆ⏝ព550ࠋࡓࡋ g ࣑ࣥࡢ 

 ࠊ࠼ຍࡅࡔẼศࡢࡢࡑࢆ㸧ࣝࢽ࣍ࣝࢫࣝࢳ࣓ࣝࢽ࢙ࣇࢵࣇPMSF㸦ࠊ࡚ࡋᑐࢳ

ịỈ  ○◚ࠊ࠼ຍࢆ 2,875 ml, 0.2 M Na-Pi ⦆⾪ᾮ⦆⾪ᾮ (pH 7.4) 375 ml (Ỉࣥ࢜) 

; rpm, 5 min 11,000) ࡓࡋ ᪥ᮏ⢭ᶵ〇◚○ᶵ)ࠋᠱ⃮ᾮࢆ㐲ᚰศ㞳2,800) ࡋ rpm, 20 

min ; ᶵ 9810 ᆺࠊRS-6600 ࣮ࣟࠊୖ(࣮ࢱ Ύ2 ࡣᯛ㔜ࡡ 

 ࡾṧࡓࡋị୰࡛ಖᏑࠋࡓࡋㄪᩚ7.4 ࢆ N NaOH ࡛ pH 3 ࡕ┤ࠊࡋℐ࡛ࢮ࣮࢞ࡓࡋ

 ᅇࢆศ⏬ࣜࢻࣥࢥࢺ࣑ࡽỿẊࠋࡓࡋΎᅇୖࠊࡋ⌮ฎᵝྠࡶ g 550 ࢳ࣑ࣥࡢ

ࠊࡵࡓࡿࡍỿẊᑐ࡚ࡋịỈ  3,000 ml, 0.2 M Na-Pi ⦆⾪ᾮ⦆⾪ᾮ (Ỉࣥ࢜) 

(pH 7.4) 375 ml ࢆຍࡋ○◚ࠊ࠼ (11,000 rpm, 5 min)ࠊ㐲ᚰศ㞳ࡓࡋ (2,800 rpm, 20 min)ࠋ

ୖΎ࡛ࢮ࣮࢞ࢆℐࠊࡋị୰ಖᏑ῭ୖࡢΎࠋࡓࡏࢃྜ㞟ୖࡓࡵΎࢆ㐲ᚰศ㞳ࡋ 

(10,000 rpm, 30 min ; Beckman ♫〇෭༷ᘧࣟࣇᆺ㧗ᶵ⬟㐲ᚰᶵ Avanti HP-30I, 

JLA-10.500 ࣮ࣟࠊ(࣮ࢱỿẊ0.1  mM EDTA, 0.1 mM DTT 40 ࡴྵࢆ mM HEPES-Na ⦆ 

⾪ᾮ (pH 7.8)ࢆຍ࣮ࢱࢵ࣏ࣥࣟࣇࢸࢫࣛ࢞ࠊ࠼ᆺࡾ⧞࡚࠸⏝ࢆ࣮ࢨࢼࢪࣔ࣍㏉ࡍࡋ 

10ࠋࡓࡋࡪࡘࡾ ᮏࡢ㉸㐲ᚰࣈ࣮ࣗࢳ 㸦6 ᮏ;Beckman ♫〇 45Ti ࣮ࣟ4ࠊ࣮ࢱ ᮏ;᪥❧

♫〇 P45AT-548 ᚰࣗࢳ

 rpm, 30 min ; Beckman♫〇㉸㐲ᚰᶵ L-7 30,000) ࡓࡋ㉸㐲ᚰศ㞳ࠊ࠼ຍ࡛ࡲ㤳ࡢࣈ࣮

ᆺ45ࠊTi ࣟ ࣮ࣗࢳ㉸㐲ᚰࡣΎୖࠊ㉸㐲ᚰศ㞳ᚋࠋ(❧rpm, 30 min ; ᪥ 30,000ࠊ࣮ࢱ࣮

 mM 40 ࡴྵࢆ mM MgCl2, 0.1 mM EDTA, 0.1 mM DTT 2 ỿẊࠋࡓࡋ㝖ཤ࡚ࡅഴࢆࣈ

HEPES-Na ⦆⾪ᾮ (pH 7.8)ࢆຍ࣮ࢱࢵ࣏ࣥࣟࣇࢸࢫࣛ࢞ࠊ࠼ᆺ࠸⏝ࢆ࣮ࢨࢼࢪࣔ࣍ 
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 ᠱ⃮ᾮࡢࡇࠊࡋml ⛬ᗘ 360~320 ࡚ࡋ ᥎ࡽỿẊ㔞ࠊࡣᠱ⃮㔞ࠋࡓࡋࡪࡘࡾࡍ࡚

ᠱ⃮ᾮ㸯 

 ࠋࡓࡋෆ⭷ᑠ⬊ᠱ⃮ᾮࣜࢻࣥࢥࢺ࣑ࢆ

2-2-2.�� FoF1-ATPྜᡂ㓝⣲ྍࡢ⁐ 

� 11% (w/v)DOC(࣮ࣝࢥࢩ࢟࢜ࢹ㓟࣒࢘ࣜࢺࢼ) (pH 8㹼9)ࣜࢻࣥࢥࢺ࣑ࢆෆ⭷ᑠ⬊

l ᑐ66.125 ࡋ ml 20ࠊࡓࡲࠊ࠺ࡼࡿ࡞ % (w/v) DM (ࢻࢩࢺ࣐ࣝࣝࢩࢹ) 

 ࠋࡓࡋ⁐ྍࢆ㓝⣲ࠊ࠼ຍࡾࡃࡗࡺ࡚ࡅ⛊ 30 ࠺ࡼࡿ࡞(w/v) % 0.4 ࡀᗘ⃰⤊ࢆ

ゎ⁐ࠊࡋị୰࡛᧠ᢾࠋࡓ࠼ຍࢆ࣒࢘ࣜ࢝ሷ࠺ࡼࡿ࡞(w/v) % 7.2 ࡀᗘ⃰⤊ࡕ┤

 (⏝࣮ࢱ࣮ࣟ ᮏ Beckman♫〇 45Ti 6ࠊ39,000 rpm, 50 min) 㐲ᚰศ㞳ࠊㄆᚋ☜ࢆࡢࡓࡋ

 DM, 0.05 % DDM, 0.1 mM EDTA, 0.1 mM DTT, 2 mM % 0.2ࠋࡓࡋᅇࢆΎୖࠊ࡚ࡋ

MgCl2 40 ࡴྵࢆ mM HEPES-Na ⦆⾪ᾮ (pH 7.8)2.0  M, 1.1 M, 1.0 M, 0.9 M sucrose ࢆ

ຍࢀࡒࢀࡑࢆࡢࡶࡓ࠼ㄪ〇ࠋࡓ࠸࠾࡚ࡋ㐲ᚰ2.0 ࣈ࣮ࣗࢳ M 8 ࢆ ml (9.92 g)1.1ࠊ M 

 ࢳ㐲ᚰࡢ❧᪥ࠊml 13 ࡣࣈ࣮ࣗࢳ㐲ᚰࡢBeckman ࢆ M 0.9ࠊml 15 ࢆ M 1.0ࠊml 5 ࢆ

 ୖࡢ㐲ᚰᚋୖࡢࡇࠋࡓࡋస〇ࢆẁ㝵ⓗ⃰ᗘ໙㓄ࡢsucroseࠊ࡚ࡏࡢ ml 12 ࡣࣈ࣮ࣗ

Ύ0.1ࠊࢆ mM DTT0.1ࠊ mM EDTA0.2ࠊ % DM2ࠊ mM MgCl2 40 ࡴྵࢆ mM HEPES-Na 

(pH 7.8)࡛ 1.5ಸᕼ㔘24 ࢆࡢࡶࡓࡋ mlࠊࡏࡢ㐲ᚰ39,000) ࡓࡋ rpm, 15.5 hour, accel 

slow, brake slow)ࠋ㐲ᚰᚋࠊ㐲ᚰࡢࣈ࣮ࣗࢳᗏࡽ⣙ 4 ml ࡘࡎศྲྀྛࠊࡋศ⏬ 10 μl ࢆ 

⏬ࡢࡇࠋࡓࡵ㞟ࢆศ⏬࠸㧗ࡢάᛶࠊ(ᚋ㏙ࠊATPຍỈศゎάᛶ)࠸⾜ࢆάᛶ ᐃ࡚࠸⏝

ศࢆ㉸㐲ᚰࣈ࣮ࣗࢳ㸦Beckman♫〇 45Ti࣮࣮ࣟࢱ⏝㸧ᆒ➼ศ2ࠊࡅ mM MgCl2, 0.1 

mM EDTA, 0.1 mM DTT 40 ࡴྵࢆ mM HEPES-Na⦆⾪ᾮ 㸦pH 7.8㸧ࢆ㐲ᚰࡢࣈ࣮ࣗࢳ

㤳࡛ࡲධࠊࢀ㐲ᚰศ㞳ࡓࡋ (35,000 rpm, 15 min)ୖࠋ Ύ150 ࢆ mM sucrose, 0.2 % DM, 0.1 

mM EDTA, 0.1 mM DTT 40 ࡴྵࢆ mM HEPES-Na ⦆⾪ᾮ (pH 7.8)࡛ᖹ⾮ࡓࡋ 

Poros-20HQ࣒ࣛ࢝㸦ȭ;26 mmࠊε;50 mm㸧྾╔ࠊࡏࡉሷ࣒⃰࢘ࣜ࢝ᗘ 400 mM ࡲ

࣮ࣆࡓࢀࡽᚓࡾࡼ྾ගᗘࡢ A280 nm ࡢ࣒ࣛ࢝ࠋࡓࡏࡉฟ⁐࡚ࡗࡼⓗ⃰ᗘ໙㓄⥺┤ࡢ࡛

 40 ࡴྵࢆ mM DTT 0.5ࠊmM MgCl2 2ࠊࡵ㞟ࡈศ⏬ࠊࡋุ᩿ࢆయϬ⏬ศྜ「ࡽࢡ

mM HEPES-Na ⦆⾪ᾮ (pH 7.8) 800 ml ᑐ20 ࡚ࡋศࡢ㏱ᯒ  (ศ⏬ศᏊ㔞⣙ 14,000 ; 

Viskase ♫〇㏱ᯒ⏝ࣈ࣮ࣗࢳࢫ࣮ࣟࣝࢭ UC20-32-100)3 ࢆ ᅇ⧞ࡾ㏉ࠋࡓࡋ㏱ᯒᚋࠊ㝈 

እℐ㐣  (⏬ศศᏊ㔞 200,000 ; ᮾὒℐ⣬♫〇43࣮ࢱࣝࣇࣛࢺࣝ࢘ mm)࡚⃰ࡗࡼ⦰ 
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 ᾮయ❅⣲࡛ࠊࡋࡅᑠศࣈ࣮ࣗࢳࢻࣥ࣌ࢵ࢚ࡣᶆရ⤊᭱ࠋࡓࡋᶆရ⤊᭱ࢆࡢࡶࡓࡋ

⤖ᚋ80-ࠊ Υ࡛ಖᏑࠋࡓࡋ 

Figure 5. ⢭〇ἲࡢᚰ➽」ྜయϬࢩ࢘
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2-2-3.�� ྾ࡢࣝࢺࢡ࣌ࢫ ᐃཬ⃰ࡧᗘỴᐃ  

0.2 % DM, 0.1 mM DTT/EDTA, 2 mM MgCl2 40 ࡴྵࢆ mM HEPES-Na ⦆⾪ᾮ (pH 7.8) 

1000 µl 1 ࢆ cm×1 cm ࡢ▼ⱥࣝࢭຍࡓ࠼ᚋࠊ㓝⣲ᶆရ 20 µlࣝࢭࢆຍ࠼㔞1020 ࢆ 

µlࣝࢭࠊࡋ୰࡛㟼㌿ಽ᧠ᢾࡢࡑࠋࡓࡋᚋࠊ▼ⱥྍࢆࣝࢭど྾ศගගᗘィ㸦᪥

ᮏศග♫〇 V-630 BIO spectrophotometer㸧ࣝࢺࢡ࣌ࢫࡋࢺࢵࢭ࣮ࢲࣝ࣍ࣝࢭࡢ ᐃ 

ศࠊ࠸⾜20Υ࡛ ࡣᐃ ᗘ ࠋࡓࡋᐃ ࢆࣝࢺࢡ࣌ࢫ྾ࡢ nm~700 nm 250 ࡛ࢻ࣮ࣔ

ගගᗘィࡣᑡ1 ࡶࡃ࡞㛫๓ࡆୖࡕ❧ࡣ㔜Ỉ⣲ࣛࣥࡿࡵ ࢆࣉᚲせࠋࡿ࠶ࡀ 

⃰ᗘỴᐃ278ࠊࡣ nm 700  nmࡢ྾ගᗘᕪ」ྜయϬࡢศᏊ྾ගಀᩘ 1.52 mM-1cm-1

ᕼ㔘ಸ⋡ 51 ࠸ࡍࡸࡋ⏕ⓎࡀẼἻࠊࡣయϬྜ「ࡢᚋ⦰⃰ࠋࡓࡋฟ⟭ࢆᗘ࡚⃰ࡅࢆ

≉ᚩࡢࡑࠋࡿ࠶ࡀⅭࠊ㓝⣲ᶆရࢆ▼ⱥࣝࢭຍࡓ࠼ᚋ 700 nm ࡢ྾ගᗘ0.270-0.280 ࡀ 

 ࠋࡘᚅ࡛ࡲࡿࡍ⠊ᅖ࡛Ᏻᐃࡢ

Figure 6.  V-630ྍど྾ศගගᗘィ
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2-2-4.�� ATPຍỈศゎάᛶ ᐃ᪉ἲ  

ATPຍỈศゎάᛶࠊࡣNADHࡢ㓟340 ࠺࡞ࡶ nmࡢ྾ගᗘࡢῶᑡࢆ ᐃࡋ㓝 

⣲άᛶࠋࡓࡋᛂ1ࠊࡣ cm×1 cm ࡢ▼ⱥࣝࢭෆ࡛⾜࠸ᛂ ᗘ20.0ࠊࡣs0.1Υࡋ 

 ,DDM, 100 mM KCl, 2 mM MgCl2, 2.5 mM PEP, 2.5 mM ATP % 0.2 ࡣᐃ⏝⦆⾪ᾮ ࠋࡓ

200 µM NADH 50 ࡴྵࢆ mM K-Pi ⦆⾪ᾮ (pH 7.8)ࠊࡋ

 ࡿ࡞ mM, 250 mM, 20 mM 250 ࢀࡒࢀࡑࡣ***PEP*, ATP**, NADH ࡵࡌࡽ࠶ࠋࡓࡋ

࠾࡚ࡋㄪ〇࠼ຍࢆmM K-Pi ⦆⾪ᾮ (pH 7.8) 50 ࡴྵࢆ mM MgCl2, 100 mM KCl 2 ࠺ࡼ

 ▼ࠊࡋㄪ〇ࡈᐃ ࡣᛂ⁐ᾮࠋࡓ࠼ຍࣝࢭⱥ▼࠺ࡼࡿ࡞ᗘ⃰⤊ࡢグୖࠊࡁ

ⱥࣝࢭෆ࡛࡚࠸⏝ࢆ࣮࣮ࣛࢱࢫ᧠ᢾࡋᖖᛂ ᗘ୍ࡀᐃಖ࠺ࡼࡿࢀࡓ␃ពࡋ 

ῧຍᚋ྾ගᗘࠋࡓࡋµl ῧຍ 20 ࢆ*****µl, 10 mg/ml PK 20 ࢆ****mg/ml LDH 10 ࡇࡑࠋࡓ

ࠊࡋµl ῧຍ 10 ࢆయϬᶆရྜ「ࠊᚋࡢࡑࠋࡓࡗ⣙ 5 ศᚅ࡛ࡲࡿ࡞ࡃ࡞ࢀࡽࡵㄆࡀῶᑡࡢ

ᛂᾮࡢ⤌ᡂࡣ㔞2110 ࢆ µl 

ᛂࢆ㛤ጞ340ࠋࡓࡏࡉ nm࡛ࡢ྾ගᗘࡢῶᑡࢆ ᐃࠊࡋ㓝⣲ࢆຍ20 ࡚࠼ ⛊ᚋࡢ྾ග 

ᗘ80  ⛊ᚋࡢ྾ගᗘࡽ�Abs340/min ࢆồࠊࡵE340 nm=6.22 mM-1cm-1࡚࠸⏝ࢆ㓝⣲άᛶ

  µM 20 ࡀᗘ⃰⤊ࢆࣥࢩ࣐ࢦࣜ࢜ mM 20 ࡓࡋゎ⁐࣮ࣝࣀࢱ࢚ࠊࡓࡲࠋࡓࡵồࢆ

ࠊྠ࠼ຍࡵࡌࡽ࠶ᛂ⁐ᾮ࠺ࡼࡿ࡞ ᵝ ᐃࠊ࠸⾜ࢆ㓝⣲ࡢ㜼ᐖάᛶࢆồࠋࡓࡵ 

(Chang et al., 1973) 
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*PEP� ග⣧⸆ᕤᴗ♫〇ࡢ PEP (code No. 164-14761) 250 mg 40 ࢆ mM HEPES-Na ⦆⾪ 

ᾮ (pH 7.8) 4.85 ml ࡛⁐200ࠊࡋ µl ࣈ࣮ࣗࢳࣇࣝࢻࣥ࣌ࢵ࢚ࡘࡎศࠊࡅᾮయ❅⣲ 

࡛⤖80-ࠊࡋ ˚C ࡛ಖᏑࢆࡢࡶࡓ࠸࠾࡚ࡋ⏝ࠋࡓࡋ 

**ATP SIGMA♫〇ࡢ ATP (code No.A-2383)ࢆ⣙ 20 mg ࡘࡎᑠศࠊࡋࡅ ᐃᙜ᪥250  

mM 100 ࠺ࡼࡿ࡞ mM KCl,2 mM MgCl2 50 ࡴྵࢆ mM K-Pi ⦆⾪ᾮ (pH 7.8)࡛⁐ゎ

 ࠋࡓࡋ⟶ప ᐊ࡛ಖࢀධࢫࢡࢵ࣎ࢫᖖࠊࡣゎᚋ⁐ࠋࡓࡋ
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  

***NADH� SIGMA♫〇ࡢ NADH (code No. N-8129-100 mg)2-5 ࢆ mg ࡘࡎᑠศ࡚ࡋࡅ 

 mM K-Pi ⦆⾪ᾮ (pH 7.8)࡛ 20 50 ࡴྵࢆ mM KCl, 2 mM MgCl2 100 ᐃᙜ᪥ ࠊࡁ࠾

mM࠺ࡼࡿ࡞⁐ゎࢆࡢࡶࡓࡏࡉ⏝ࠋࡓࡋ 

****LDH�  ᾮ⾪⦅ࡢ ml 2 ࡀ LDH (code No. 46580002) 10,000 U ࡢ㓝ẕ♫〇ࣝࢱ࢚ࣥࣜ࢜

 85ࠊ࠼µl ຍ 860 ࢆmM HEPES-Na ⦆⾪ᾮ (pH 7.8) 40 ࡇࡑࠊ࡛ࡢࡃែ࡛ᒆ≦ࡓࡅ⁐

µl ࣈ࣮ࣗࢳࣇࣝࢻࣥ࣌ࢵ࢚ࡘࡎศࠊࡅᾮయ❅⣲࡛⤖80-ࠊࡋ ˚C ࡛ಖᏑࡓ࠸࠾࡚ࡋ 

ࠋࡓࡋ⏝ࢆࡢࡶ

ͤㄪᩚࡢ㝿ࡣᚲࡎịୖ࡛⾜ࠋ࠺ 

*****PK� SIGMA♫〇ࡢ PK (code No. P9136-1 kU)40 ࢆ mM HEPES-Na ⦆⾪ᾮ (pH 7.8) 

1 ml 80ࠊࡋ⁐ µl ࣈ࣮ࣗࢳࣇࣝࢻࣥ࣌ࢵ࢚ࡘࡎศࠊࡅᾮయ❅⣲࡛⤖80-ࠊࡋ ˚C 

࡛ಖᏑࢆࡢࡶࡓ࠸࠾࡚ࡋ⏝ࠋࡓࡋ

ͤㄪᩚࡢ㝿ࡣᚲࡎịୖ࡛⾜ࠋ࠺
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Figure 7.  ATPຍỈศゎάᛶࡢ ᐃ᪉ἲ
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2-2-5.�� ྵ᭷ࣜࣥ㔞 ᐃἲ 

0.5 mMࣜࣥ㓟Ỉ⣲ 2 ࣒࢘ࣜ࢝Ỉ⁐ᾮ200ࠊ160ࠊ120ࠊ80ࠊ40ࠊ0 ࢆ µlࡘࡎヨ㦂⟶ྲྀ 

㓝ࠊሙྜࡢᐃ㔞ࡢ㓝⣲ᶆရࠋࡓࡋᶆ‽ヨᩱࢆࡢࡶࡓࡋµl 200 ࢆmilli Q࡛㔞 ࡾ

⣲ࡢ㔞ࢆኚ3ࠊࢆࡢࡶࡓࡏࡉ Ⅼ4 ࡣࡓࡲⅬヨ㦂⟶ࡾྲྀ milli Q࡛㔞200 ࢆ µl ࡋ

 ᭷ᶵ⁐፹ࠊࡋᅇࡽࢺࢵ࣏ࢫࡢࢀࡒࢀࡑࠊ࠸⾜ࢆศ㞳ࡿࡼ TLCࠊᢳฟࡢ㉁⬡ࠋࡓ

㐣ሷ⣲㓟% 60 ヨᩱྛࡧᶆ‽ヨᩱཬࠋࡓ࠼µlຍ 200 ࢆ milli Q ࡣヨᩱࡓࡏࡉẼࢆ

 ࡣࡢࡶࡓࡋᢳฟࠊࡾࡁࡽ TLCࠊࡘࡎ µl 500 ࡣᶆ‽ヨᩱࡸᐃ㔞ࡢ㓝⣲ᶆရࢆ

250 µlຍࢫࣛ࢞ࠊ࠼⋢࡛ヨ㦂⟶ࢆཱྀࡢሰ155ࠊࡂ Υࢡࢵࣟࣈࢺ࣮ࣄࡢ୰࡛ 2᪥㛫௨ୖ

↓Ⰽ㏱࡛᫂ࡲࡿ࡞ຍ⇕ࡋ‵ᘧ⅊ࠋࡓࡋ෭༷ᚋࣥࢹࣈࣜࣔ% 0.22ࠊ㓟࣒࢘ࢽࣔࣥ 

% 20 ࢆ g 0.5 ࣮ࣝࢻ࣑ヨ⸆㸦࣮ࣝࢻ࣑ࠊࡘࡎ ml 2.4 ࢆ ள◲㓟Ỉ⣲50 ࣒࢘ࣜࢺࢼ ml

µl 100 ࢆ㸧ࡢࡶࡓࡋℐ⣬࡛ℐ㐣ࡋゎ⁐  ࠊࡂሰࢆཱྀࡢ⟶ヨ㦂࡛⋣ࢫࣛ࢞ࠊ࠼ຍࡘࡎ

100 Υࢡࢵࣟࣈࢺ࣮ࣄࡢ୰࡛ 12ศ㛫ຍ⇕ࠋࡓࡋịỈ࡛෭༷ᚋᐊ ᡠ830ࠊࡋ nm ࡢ

྾ගᗘࢆ ᐃࡓࡋ㸦V-630 BIO spectrophotometer ᪥ᮏศග♫〇㸧ࠋ
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Figure 8. ྵ᭷ࣜࣥ㔞 ᐃἲ
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 ᐃ㔞ἲࣥࣜࢥࢥ .2-2-6

� ග⣧⸆ᰴᘧ♫〇ࣥࣜࡢ⬡㉁ C-ࢆ࣮ࢥ࣡ࢺࢫࢸ⏝ࡢࢺࢵ࢟ࠋࡓࡋᒓရ࡛ࡿ࠶ 

3 mg/ml ࣥࣜࡢ⬡㉁ᇶ‽ᾮ20ࠊ16ࠊ12ࠊ8ࠊ4 ࢆ µlࠊ㓝⣲ᶆရ32ࠊ16ࠊ8ࠊ6ࠊ2 ࡣ µl

ヨ㦂⟶ࡢ࡚ࡍࠊࡾྲྀヨ㦂⟶ࡢࢺࢵ࢟ᒓရ࡛ࡿ࠶⦆⾪ᾮⓎⰍࢆΰࡓࡐⓎⰍ 

ᾮ3 ࢆ ml ࡘࡎຍࠋࡓ࠼᧠ᢾᚋ37ࠊ Υ࡛ 5ศ㛫ࡢࡑࠋࡓࡋࢺ࣮࣋ࣗ࢟ࣥᚋ600ࠊ nm

㸦V-630 BIO spectrophotometerࡓࡋᐃ ࢆ྾ගᗘࡢ ᪥ᮏศග♫〇㸧ࠋ 

Figure 9. ᐃ㔞ἲࣥࣜࢥ
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2-2-7. ⢾⢾ᐃ㔞ἲ

ヨ㦂⟶200  µl ࡘࡎ Milli Qࢆ㔞0.5ࠊ0.4ࠊ0.3ࠊ0.2ࠊ0.1ࠊ0 ࡾࡾ % DM ⁐ᾮࢀࡑࢆ 

µl㔞 200 ࢆ Milli Qࠊᵝྠࡶᐃヨᩱ ࠋࡓࡋᶆ‽ヨᩱࢆࡢࡶࡓ࠼ຍࡘࡎµl 10 ࢀࡒ

 ࢆᾮ⁐࣮ࣝࣀ࢙ࣇ% 5 ᐃヨᩱ ࡧᶆ‽ヨᩱཬࡽࢀࡇࠋࡓ࠼µlຍ 10 ࢆヨᩱࠊࡾࡾ

200 µl ࡘࡎຍࡓ࠼ᚋ97ࠊ %⃰◲㓟1 ࢆ ml ࡘࡎຍ࠼᧠ᢾ20ࠊࡋศ㟼⨨ᚋ 485 nm ࡢ྾ග

ᗘࢆ ᐃࡓࡋ㸦V-630 BIO spectrophotometer ᪥ᮏศග♫〇㸧ࠋ 

Figure 10. ⢾ᐃ㔞ἲ
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 ࠋࡴᅖ࡛ۑࢆ

2-2-8. ⬡⬡㉁ᢳฟⷧᒙ࣮ࣇࣛࢢࢺ࣐ࣟࢡ

ࡁࡘヨ㦂⟶㸦ཱྀࡌࡡヨ㦂⟶�  10 ࡁࡘ1ヨᩱࠋࡿࡍヨᩱᩘ⏝ពࢆ〇㸧♫࣒࢚࣐ࣝ

mgࢡࣃࣥࢱࡢ㉁ࠋࡿ࠸⏝ࢆヨᩱᢳฟ⁐፹ 1 ml㸦ࣔࣥ :࣮ࣝࣀࢱ࣓ :࣒ࣝ࣍ࣟࣟࢡ

ࠋ࠺⾜ࢆ㛫᧠ᢾ⛊30 ࡛࣮ࢧ࣑࢟ࢫࢡࢵࢸࣝ࣎ࠊ࠼Milli Q 0.5 ml ຍࠊ㸻65: 2: 33㸧ࢽ

ࢫࣃࠋ㸦2800 rpm 15 min㸧࠺⾜ࢆᘧ㐲ᚰศ㞳ᶵ࡛㐲ᚰศ㞳ࢺࢵࢣࣂࢢࣥࢫࠊᚋࡢࡑ

 ࠋࡿࢀධ⟶ヨ㦂ࡁࡘࡢูࠊࡋᢳฟࢆᒙ࣒ࣝ࣍ࣟࣟࢡࡢୗ࡚࠸⏝ࢆࢺࢵ࣌ࣆ࣮ࣝࢶ

ୖᒙᗘᢳฟ⁐፹1 ࢆ ml ຍࠋࡿ࠼ᗘ࡛࣮ࢧ࣑࢟ࢫࢡࢵࢸࣝ࣎᧠ᢾᚋ㐲ᚰศ㞳ࢆ

࣒ࣝ࣍ࣟࣟࢡࡢ┠ᗘ 2 ࣒ࣝ࣍ࣟࣟࢡࡢ┠ᗘ 1ࠋࡿࡍᅇࢆ࣒ࣝ࣍ࣟࣟࢡࡢୗᒙ࠸⾜

 ࡶࢫ࢞ rA ࡽࡀ࡞࠸⾜ࢆ↦ࠊࡁ㝖ࡾྲྀࢆࡳࡈࡢᒙୖࠋ࠺⾜ࢆᚋ㐲ᚰศ㞳ࡓࡏࢃྜࢆ

ᢳฟࡿࡍⓎࡀ࣒ࣝ࣍ࣟࣟࢡࠋࡿࡏࡉⓎࢆ࣒ࣝ࣍ࣟࣟࢡ࡛ࢫ࢞ N2 ࡣࡃࡋ

 ゎ⁐ࢆ㉁⬡ࢀµlධ 20 ࢆ࣒ࣝ࣍ࣟࣟࢡ࠸ࡋ᪂ࠊࡇࡑࠋࡿ࡞≦࣒ࣝࣇࡀ㉁⬡ࡓࡋ

�㸦TLC silica gel 60 F254ࢺ࣮ࣞࣉᒙⷧࡓࡋษ᩿cm�15 cm 15ࠋࡿࡏࡉ  〇㸧♫ࢡ࣓ࣝ

 :࣮ࣝࣀࢱ࣓ :࣒ࣝ࣍ࣟࣟࢡࡣ1ḟඖᒎ㛤⁐፹ࠋࡿࡍࢺࢵ࣏ࢫ࡚࠸⏝ࢆ࣮ࣜࣛࣆࣕ࢟

H2O: NH3=6: 4: 0.3: 0.2 ࡚ⷧ࠸⏝ࢆᒙ9 ࡢࢺ࣮ࣞࣉᒎ㛤1ࠋࡿࡍḟඖᒎ㛤ᚋ┤ࡕ 

:Milli Q :࣮ࣝࣀࢱ࣓ :࣒ࣝ࣍ࣟࣟࢡ2ḟඖᒎ㛤⁐፹㸦  㓑㓟=75: 22: 3: 0.1㸧ධࢀᒎ

㛤ࠋྠࡿࡍ ᵝⷧᒙ9 ࡢࢺ࣮ࣞࣉᒎ㛤ࡏࡉ⤊ᚋ㖄➹࡛ᒎ㛤⁐፹ࡢඛ➃ࢆ⥺ 

ᘬࠋࡃ⇱ᚋ࣒ࣥࣜࣜࣉ% 0.005ࠊ⁐ᾮࡢࡇࠋࡿࡅࡘ⁐ᾮ࠸࡞ࡀሙྜࢺࢫࠊ 

 㔜㔞ẚ 4:1 ࡛ΰ࠸ࢆMilli Q ࢆࢀࡑᕼ㔘࡛ࣥࢺࢭ20ಸ ࢆ࣒ࣥࣜࣜࣉ% 0.1 ࢡࢵ

ࢺࢵ࣏ࢫ࡛➹㖄ࠊ1᪥⇱ᚋࠋࡿࡍග࡛ほᐹࡢnm 365 ࡽࡓࡋ⇱ࡀ࣒ࣥࣜࣜࣉࠋࡿࡐ

ࡓࡋࡔࡁᥙࠋࡍࡔࡁ㒊ศ࡛ᥙࣛ࣊ࡢ࣮ࣛࣗࢳࣃࢫࢆࢺࢵ࣏ࢫࡢࢀࡒࢀࡑ

 ml 1 ࢆ1㸧 :2=࣮ࣝࣀࢱ࣓ :࣒ࣝ࣍ࣟࣟࢡᢳฟ⁐፹㸦ࠊࢀධ⟶ヨ㦂ࡢࡁࡓࡩࡣࡢࡶ

ຍ30 ࡛࣮ࢧ࣑࢟ࢫࢡࢵࢸࣝ࣎ࠋࡿ࠼ ⛊㛫᧠ᢾᚋࢺࢵࢣࣂࢢࣥࢫࠊᘧ㐲ᚰศ㞳ᶵ࡛

㐲ᚰศ㞳࠺⾜ࢆ㸦2800 rpm 15 min㸧ୖࠋΎ࡛ࢺࢵ࣌ࣆ࣮ࣝࢶࢫࣃࢆ྾ࡾྲྀ࠸⪏⇕ヨ㦂 

µl Milli Q 200 ࡿࡏࡉ⇱ࡅࡁ྿ࢆࢫ࢞ Arࠊࢀධ⟶ ධࠊࢀ㐣ሷ⣲㓟㸦code 

No.26502-85ࢡࢫࢸࣛ࢝ࢼࠊ♫〇㸧250 ࢆ µl ධ155 ࢀ Υࡋ⇕ຍ⇕ᾘࠋࡿࡍ 
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 ࣜࣥ⬡㉁⤌ᡂศᯒἲFigure 11.�
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2-2-9.�� ⬡㉁ศὀἲ  

⃰ᗘࣥࣜࢥࠊࡣᐃ㔞ࡾࡼỴᐃ⃰ࡢࡑࠊࡋᗘࢆ⬡㉁⃰ᗘࠋ࠺ᢅ࡚ࡋ

࡛ᑒ⃰ࠋࡿࡍࢆᗘࣥࣜࢥࠊࡣᐃ㔞ࡾࡼỴᐃ⃰ࡢࡑࠊࡋᗘࢆ⬡㉁⃰ᗘࠋ࠺ᢅ࡚ࡋ 

 ࠋࡃᒆᡭඖ࡚ࢀࡉᐦᑒ⎼ࣝࣉࣥ〇ࢫࣛ࢞ࡋゎ⁐࣒ࣝ࣍ࣟࣟࢡࡣ

100 mg DMPC (SIGMA) Pcode;1001547885� 

50 ml ࢆࢥࢫࣛࣇࢫࢼ᪂2 ࡛࣒ࣝ࣍ࣟࣟࢡ࠸ࡋ ᅇὙίࠋࡿࡍAr ࢆࢫ࢞྿ࡁࡅ⇱ 

  ᖖࢀධ࣮ࢱ࣮ࢣࢩࢹࢆ㉁⬡ࡓ࠸࠾࡚ࡋ80Υ࡛ಖᏑ-ࠋࡿࡍࢆᰦ࡛࣒ࢦࠊࡏࡉ

 ࢆ㉁⬡ࢥࢫࣛࣇࢫࢼࠊሙྜ㸧ࡢ㉁⬡ࡢmg DMPC㸦SIGMA♫〇 100ࠋࡘᚅ࡛ࡲࡿ࡞

ධ2 ࢆ࣒ࣝ࣍ࣟࣟࢡࡕ┤ࡽࡓࢀ ml ධࡢࡇࠋࡿࢀࠊඖ⎼࡛࣒ࣝ࣍ࣟࣟࢡࡣὙ࡞ࢃ

 ࣂ〇ࢫࣛ࢞ml 1 ࡘࡎ µl 410 ࡛࣐ࣥࣟࢡ࣐ µl 250 ࡽࡓࡋゎ⁐ࡀ㉁⬡ࠋ࠸

ࠋࡿࡍࢆᑒ࡛ࡲࡿࡍ⏝࡛ࣉ࣮ࢸࢢ࣮ࣥࣜࢩࠊࡋᐦᑒࢀධࢆࢫ࢞ Ar ࡄࡍࢀධ⎼ࣝ

25 mg CL㸦ࢩࢥࢼࣇ♫〇㸧Avanti order;219614 12/13/2012 

CL  ࠊⅭࡢࡑ

 ࣂ〇ࢫࣛ࢞ml 1 ࡘࡎ µl 300 ࡾࢆཱྀࡅࡘࢆയ⎼ࣝࣉ࡛࣮ࣥࢱࢵ࢝ࢻࣥࣔࣖࢲ

 10 ࡾ㏻ࡿ࠸࡚ࢀࡉグ㍕ࠊࡵࡓࡿ࠶࡛⬟ᐃྍ ࡣᗘ⃰ࠋࡿࡍศὀࢀධ⎼ࣝ

mg/ml ࠋ࠺ᢅ࡚ࡋ 

Lyso PC㸦Avanti♫〇㸧� Avanti order;217248 10/18/2012 

� 50 ml ࢆࢥࢫࣛࣇࢫࢼ᪂2 ࡛࣒ࣝ࣍ࣟࣟࢡ࠸ࡋ ᅇὙίࠋࡿࡍAr ࢆࢫ࢞྿ࡁࡅ⇱ 

  ᖖࢀධ࣮ࢱ࣮ࢣࢩࢹࢆ㉁⬡ࡓ࠸࠾࡚ࡋ80Υ࡛ಖᏑ-ࠋࡿࡍࢆᰦ࡛࣒ࢦࠊࡏࡉ

 ධࢆ㉁⬡ࢥࢫࣛࣇࢫࢼࠊሙྜ㸧ࡢ㉁⬡ࡢmg Lyso PC㸦Avanti♫〇 25ࠋࡘᚅ࡛ࡲࡿ࡞

ぶỈᛶࠊࡣLyso PCࠋࡿࢀml ධ 1.25 ࣮ࣝࣀࢱ࣓ࠊml 1.25 ࣒ࣝ࣍ࣟࣟࢡࡕ┤ࡽࡓࢀ

࡛ 1:1=࣮ࣝࣀࢱ࣓:࣒ࣝ࣍ࣟࣟࢡࡎᚲࡎࡏゎ⁐ᑐ⤯ࡣ࡛ࡳࡢ࣒ࣝ࣍ࣟࣟࢡⅭ࠸㧗ࡀ

⁐ゎࠋࡇࡿࡍ⬡㉁ࡀ⁐ゎ250 ࡽࡓࡋ µl 300 ࡛࣐ࣥࣟࢡ࣐ µl 1 ࡘࡎ ml ࣛ࢞

ࡲࡿࡍ⏝࡛ࣉ࣮ࢸࢢ࣮ࣥࣜࢩࠊࡋᐦᑒࢀධࢆࢫ࢞ Ar ࡄࡍࢀධ⎼ࣝࣂ〇ࢫ

Lyso PG㸦Avanti♫〇㸧Avanti order;231480 9/12/2013 

50 ml ࢆࢥࢫࣛࣇࢫࢼ᪂2 ࡛࣒ࣝ࣍ࣟࣟࢡ࠸ࡋ ᅇὙίࠋࡿࡍAr ࢆࢫ࢞྿ࡁࡅ⇱ 

 ᖖࢀධ࣮ࢱ࣮ࢣࢩࢹࢆ㉁⬡ࡓ࠸࠾࡚ࡋ80Υ࡛ಖᏑ-ࠋࡿࡍࢆᰦ࡛࣒ࢦࠊࡏࡉ
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 ධࢆ㉁⬡ࢥࢫࣛࣇࢫࢼࠊሙྜ㸧ࡢ㉁⬡ࡢmg Lyso PG㸦Avanti♫〇 25ࠋࡘᚅ࡛ࡲࡿ࡞

ぶỈᛶࠊࡣLyso PCࠋࡿࢀml ධ 1.25 ࣮ࣝࣀࢱ࣓ࠊml 1.25 ࣒ࣝ࣍ࣟࣟࢡࡕ┤ࡽࡓࢀ

࡛ 1:1=࣮ࣝࣀࢱ࣓: ࣒ࣝ࣍ࣟࣟࢡࡎᚲࡎࡏゎ⁐ᑐ⤯ࡣ࡛ࡳࡢ࣒ࣝ࣍ࣟࣟࢡⅭ࠸㧗ࡀ

⁐ゎࠋࡇࡿࡍ⬡㉁ࡀ⁐ゎ250 ࡽࡓࡋ µl 300 ࡛࣐ࣥࣟࢡ࣐ µl 1 ࡘࡎ ml ࣛ࢞

ࡲࡿࡍ⏝࡛ࣉ࣮ࢸࢢ࣮ࣥࣜࢩࠊࡋᐦᑒࢀධࢆࢫ࢞ Ar ࡄࡍࢀධ⎼ࣝࣂ〇ࢫ

࡛ᑒ⃰ࠋࡿࡍࢆᗘࡣ ᐃྍ⬟࡛ࠊࡵࡓࡿ࠶グ㍕ࡿ࠸࡚ࢀࡉ㏻25 ࡾ mg/ml ᢅ࡚ࡋ 

 ࠋ࠺

� 
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ᛂ⣔ࠊࡵࡓࡿ࠸⏝ࢆṇ☜ ᐃࡣࡇࡿࡍ ᐃ⪅ࡢ㧗࠸ᢏ⾡ࢆᚲせࠋࡿࡍ 

➨➨ཧ⠇� ⤖ᯝ/᪂つ㛤Ⓨࡓࡋㄪ〇ἲ 

2-3.� ᪂つ㛤Ⓨࡓࡋㄪ〇ἲ 

2-3-1.� άᛶ ᐃἲ᳨ࡢウ 

ྜᡂᛂࢆゐ፹ࠋࡿࡍ⭷㟁࠸࡞ࡀ⎔ቃ࡛ࡣ 

(ϸ) ᪂つάᛶ ᐃἲࡢ㛤Ⓨ

ࢥࢺ࣑ࡣయϬྜ「ࠋࡿ࠶࡛࡚࠸ࡘᐃἲ ࡢάᛶࡢయϬྜ「ࡣࡇࡿࡍグ㏙ึ᭱

ࠊࣜ⭷ෆࣜࢻࣥ proton motive force ࡣ࡛ࡇࡇ㟁㸦⭷࡞㉁ 2㔜⭷୰⬡࡞࣒࣮ࢯ࣏

ATP ࡳࡢቃ࡛⎔ࡿ࠶ࡀ㸧ࡿ࠶࡛ ATP ຍ

Ỉศゎᛂࢆゐ፹ࡢࡑࠊࡋάᛶ࡚ࡗࡼࣥࢩ࣐ࢦࣜ࢜ࡣ㜼ᐖࠋࡿࢀࡉᮏ◊✲࠸ 

ATP ࡢࡇࠊࡶ࡚ ຍỈศゎάᛶࣥࢩ࣐ࢦࣜ࢜ឤཷᛶࢀࡒࢀࡑࢆ ᐃࠊࡋ⢭〇㓝⣲

࡞㞧「ࡣ㓝⣲άᛶࡿ࠶ᣦᶆ࡛ࡢࡵࡓࡿࡍホ౯ࢆయϬྜ「ࠋࡿ࠸࡚ࡋᣦᶆࡿࡍホ౯ࢆ

ATP ຍỈศゎᛂࢆ┤᥋ ᐃࡣࡇࡿࡍᅔ㞴࡛ࡢ࡞ NADH ࡀ NAD+㓟ࡿࢀࡉ

㝿ᾘኻࡿࡍἼ㛗 340 nm ࡢ྾ගᗘࡽ⟬ฟࡿࡍ (Figure 12)ࠋ ᐃࡣᐜ㔞 3 ml 1 ࡢ cm

ゅࡢ▼ⱥࠋࡿ࠸⏝ࢆࢺࢵ࣋ࣗ࢟▼ⱥࢺࢵ࣋ࣗ࢟άᛶ ᐃ⏝ (detergent ᭷ࡾ)⦆⾪ᾮࢆ 

2 ml ࢆ࣮ࣂ࣮࣮ࣛࢱࢫධ20ࠊࡇࡑࠋࡿࢀ mM  ᐜ㔞 100 µl᭱ࢆNADH ࡓࡋㄪᩚ

 ࢆ NADH ࡞వศࡓࡋ╔ࣉࢵࢳࡢ࣐ࣥࢺࢵ࣌ࣆࠊࡾྲྀࡾµl㔞 20 ࡛࣐ࣥࢺࢵ࣌ࣆࡢ

mM 250ࠊḟࠋࡓࡋῧຍෆࢺࢵ࣋ࣗ࢟ᚋࡓࡗྲྀࡁࡩ࡛ࣉ࣒࣡࢟  ATP ࡓࡋㄪᩚ

 ࡁࡩࢆእഃࡢࣉࢵࢳ࡛ࣉ࣒࣡࢟ࠊࡾྲྀࡾµl㔞 20 ࡚࠸⏝ࢆࢺࢵ࣌ࣆࣟࢡ࣐ࡌྠࢆ

 ࣆࣟࢡ࣐ࡌྠࢆ PEP ࡓࡋㄪᩚmM 250ࠊḟࠋࡓࡋῧຍෆࢺࢵ࣋ࣗ࢟ᚋࡓࡗ

 ࢺࢵ࣋ࣗ࢟ᚋࡓࡗྲྀࡁࡩࢆእഃࡢࣉࢵࢳ࡛ࣉ࣒࣡࢟ࡾྲྀࡾµl㔞 20 ࡚࠸⏝ࢆࢺࢵ࣌

ෆῧຍࠋࡓࡋᚑ᮶ࡢ᪉ἲࠊࡣLDH ⥆࡚࠸ PKࢆῧຍࡋ㓝⣲άᛶࢆ ᐃࠊࡀࡓ࠸࡚ࡋ

᪂つࡢ᪉ἲ࡛ࡣඛࢆࣥࢩ࣐ࢦࣜ࢜ῧຍ࡚ࡋ㜼ᐖάᛶࢆ ᐃࡢࡑࠋࡿࡍⅭ᭱ࠊᐜ

㔞 10 µl 20 ࡚࠸⏝ࢆ࣐ࣥࣟࢡ࣐ࡢ mM  ࢦࣜ࢜ࡓࡋゎ⁐࣮ࣝࣀࢱ࢚࠺ࡼࡿ࡞

ෆࢺࢵ࣋ࣗ࢟ᚋࡓࡗྲྀࡁࡩࢆእഃࡢࣉࢵࢳ࡛ࣉ࣒࣡࢟ࠊࡾྲྀࡾµl㔞 2 ࢆࣥࢩ࣐
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ῧຍࢆࣥࢩ࣐ࢦࣜ࢜ࠋࡓࡋῧຍࡓࡋᚋ10  mg/ml࠺ࡼࡿ࡞ㄪᩚࡓࡋ LDH ᭱ࢆ

ᐜ㔞 100 µl 20 ࡚࠸⏝ࢆࢺࢵ࣌ࣆࣟࢡ࣐ࡢ µl㔞ࡢࣉࢵࢳ࡛ࣉ࣒࣡࢟ࠊࡾྲྀࡾእ 

ഃࢆᣔࡓࡗྲྀࡁᚋࢺࢵ࣋ࣗ࢟ෆῧຍࠋࡓࡋḟ10ࠊ mg/ml  ࡓࡋㄪ〇࠺ࡼࡿ࡞

PK 20 ࡚࠸⏝ࢆࢺࢵ࣌ࣆࣟࢡ࣐ࡌྠࢆ µl㔞ࡢࣉࢵࢳ࡛ࣉ࣒࣡࢟ ࠊࡾྲྀࡾእഃࡩࢆ 

PKࠋࡓࡋῧຍෆࢺࢵ࣋ࣗ࢟ᚋࡓࡗྲྀࡁ ῧࢆయϬྜ「ࡿࡍῧຍෆࢺࢵ࣋ࣗ࢟ࢆ

ຍࡶ࠸࡞࠸࡚ࡋ㛵340 ࡎࡽࢃ nmࡢ྾ගᗘࡢῶᑡࡀㄆࠊࡣࢀࡇࠋࡓࢀࡽࡵᏳᐃ࡛ 

ࢀࡉ㓟࡚ࣥࣜࡗࡼPK ࡀ ADP ࡓࡌ⏕ࡋศゎ࡚ࡗࡼ࡞⤖࣭⁐ゎࡀATP ࡿ࠶

 ࡍ᮰ࡀῶᑡࡢ྾ගᗘࡢࡇࡣῧຍࡢయϬྜ「ࠊࡾ࠶࡛ࡢࡶࡓࡋ⾜㐍ࡀᛂࡢࡇ㝿ࡿ

ࢹṆ☜ㄆᚋࠊⅭࡿࡍṆࡀῶᑡࡢ྾ගᗘ࡛5-10ศࠋࡿ࠶࡛⬟ྍ࡛ࡲࡿ

ྜ「) ࡿࡍㄆ☜ࢆࡇࡿ࠶20s0.1 Υ࡛ ࡀᗘ ࡢෆࢺࢵ࡚࣋ࣗ࢟࠸⏝ࢆᗘィ ࣝࢱࢪ

యϬࡢάᛶࡢ ᐃ ᗘࡣ࡚࠸ࡘୗグヲ⣽ࢆグ᭱ࠋ(ࡍᐜ㔞 25 µl ࣌ࣆࣟࢡ࣐ࡢ 

ࢺࢵ࣋ࣗ࢟ᚋࡓࡗྲྀࡁࡩࢆእഃࡢࣉࢵࢳࠊࡾྲྀࡾ㔞ࢆ⢭〇㓝⣲ࡢµl 10 ࡚࠸⏝ࢆࢺࢵ

ෆῧຍࡋ ᐃࢆ㛤ጞࠋࡿࡍ⤒㦂ୖࠊ」ྜయϬࡢ⁐ᾮࡣ㠀ᖖẼἻࡀⓎ⏕࠸ࡍࡸࡋᛶ

㉁ࢆᣢࡢࡑࠋࡘⅭ࡚࠸⏝ࢆࢺࢵ࣌ࣆࣟࢡ࣐ࠊ᥇ྲྀࡿࡍ㝿ࠊᴟ࡚ࡵᚤ⣽࡞ẼἻࡀከࡃ

ධᩘࢆࢢࣥࢸࢵ࣌ࣆ࡛ࡇࡑࠋࡿᅇ⧞ࡾ㏉ࠊࡋẼἻࢆ㝖ࢺࢵ࣋ࣗ࢟ࡽ࡚ࡋ 

ෆῧຍ࠺ࡼࡿࡍ␃ពࡿࡍᚲせࠋࡿ࠶ࡀ௨ୖࡀ᪂つ㛤Ⓨࡓࡋάᛶ ᐃἲ࡛ࠋࡿ࠶ 

(Ϲ) άᛶ ᐃ ᗘ᳨ࡢウ

」ྜయϬࡢάᛶ ᐃ ᗘࠊࡣ㐣ཤࡽ⌧ᅾ୍࡛ࡲ㈏20 ࡚ࡋ Υ࡛⾜ࡋࠋࡿ࠸࡚ࢀࢃ࡞

 ,.Buchanan et al) ࡿ࠶Υ࡛ 30 ࡣ್࡛⫣ᩥࡾ࠶Υ࡛ 27 ࡣ㐺⤖ᬗ ᗘ᭱ࡽࡀ࡞ࡋ

 ኚࡀయϬྜ「ࡣΥ࡛ 27 ࡿࡍẚ㍑࠸⾜ࢆΥ࡛άᛶ ᐃ 27 Υ 20ࠊ࡛ࡇࡑࠋ(1996

ᛶࡍ♧ࢆࡇࡿ࠸࡚ࡋ⤖ᯝࠋࡓࡗ࡞ᑐ20ࠊࡋ Υ࡛ࡣᏳᐃ࡚ࡋ㓝⣲άᛶࡀ ᐃྍ⬟ 

 ࠋࡓࡋุ᫂ࡀࡇࡿ࠶࡛
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Figure 12.  ᗘࡿࡼ ATPຍỈศゎάᛶᵝᘧࡢᕪ  

(ᕥ) ᐃ ᗘ 27 Υ, 


㉥:ࣥࢩ࣐ࢦࣜ࢜ῧຍࡿࡼ㜼ᐖάᛶ� 㟷 :ATPຍỈศゎάᛶ  

(ྑ) ᐃ ᗘ  20 Υ, 


㉥:ࣥࢩ࣐ࢦࣜ࢜ῧຍࡿࡼ㜼ᐖάᛶ� 㟷 :ATPຍỈศゎάᛶ 

(Ϻ)� 㓝⣲άᛶࡢ⟬ฟ᪉ἲ

ୖ㏙ࡓࡋ᪂つࡢ᪉ἲ࡚࠸⏝ࢆ⢭〇ࡓࡋ」ྜయϬࡀゐ፹ࡿࡍ ATP ຍỈศゎࢆ ᐃࡋ 

 ࠎᚎࡾ࠶࡛⥺ฝᆺ᭤ࠊࡣẁ㝵 1 ➨ࠋࡓࡗࢃࡀࡇࡿ࠶ࡀ⛬ᛂ㐣ࡢ3ẁ㝵ࠊᯝ⤖ࡓ

 ẁ 3 ➨ࠋࡿ࡞ᐃ୍ࡀᛂ㏿ᗘࡾ࠶ⓗ࡛⥺┤ࡣ2ẁ㝵 ➨ࠋࡃ࠸࡚ࡋቑຍࡀᛂ㏿ᗘ

㝵ࡣพᆺ᭤⥺࡛ࠊࡾ࠶ᚎࠎᛂ㏿ᗘࡀῶᑡ1 ➨ࠊࡣ࡛ࡇࡇࠋࡃ࠸࡚ࡋẁ㝵ࢆຍ㏿ᮇࠊ 

➨ 2ẁ㝵ࢆᐃ㏿ᮇ3 ➨ࠊẁ㝵ࢆῶ㏿ᮇ୍ࠋࡪ⯡ⓗ㓝⣲άᛶࢆ⟬ฟࡿࡍሙྜ᭱ࠊ

㏿ᐃࡶࡾࡼ㏿ึࡣ࡚࠸యϬྜ「ࠊࡽࡀ࡞ࡋࡋࠋࡿࡍฟ⟭ࡽ㏿ึ࠸㧗ࡀάᛶࡶ

ᮇ࡛᭱㏿ᗘ㐩ࠋࡿࡍᨾࠊάᛶࢆ⟬ฟࡣࡁࡿࡍᐃ㏿ᮇࢆ㑅ᢥࠋࡓࡋࡇࡿࡍ

ᐇ㦂⤖ᯝࡽᛂ㛤ጞᚋ 20⛊࡛ᐃ㏿ᮇ㐩ࡵࡓࡿࡍᛂ㛤ጞ 20 ⛊1 ࡽศ㛫ࡢ 

྾ගᗘᕪࢆồࡽࡇࡑࠊࡵ⟬ฟࡢࡇࠋࡓࡋࡇࡿࡍ᪉ἲ࡚ࡗࡼṇࡃࡋάᛶࢆ⟬ฟ 
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ྜయϬࢆᵓᡂࡿࡍ㓝⣲άᛶࢆㄪᩚ 

ẚ㓝⣲㔞ࡓ࠼ຍࢁࡇࡓࡗ⾜ࢆᐃ ࡚ࡏࡉኚࢆ㓝⣲㔞ࠊⅭࡿࡍド᫂ࢆࡇࡿࡁ࡛

࡚ࡋ྾ගᗘࡢῶᑡࡀぢࠋࡓࢀࡽᨾࡢࡇࠊ᪉ἲࡿࡼάᛶ⟬ฟᨭ㞀ࡋ࡞⤖ㄽ 

ATP ࡿࡍゐ፹ࡀయϬྜ「ࠋ(Figure 13) ࡓࡅ ຍỈศゎᛂࡣῶ㏿ᮇ࡛᮰ࠋ࠺ྥ

㓝⣲άᛶࡀ᮰ࠊ୍ࡣ⏤⌮࠺ྥ ⯡ⓗ㓝⣲ࡀᕼⷧ⃰ᗘࡿࡼࡇࡓࡗ࡞ኚᛶࡸ

⏕ᡂ≀ࡿࡼ㜼ᐖຠᯝ ATP ຍỈࠊࡀࡿࢀࡽࡆᣲࡀ࡞(ࣥࣙࢩࣅࣄࣥࢺࢡࢲࣟࣉ) 

ศゎᛂ୰ࡢᐃ㏿ᮇ ADP ᭱ࢆ⤊⃰ᗘ 2.5 mM ࠺ࡼࡿ࡞ຍ࡚ࡗࡼࡇࡿ࠼ຍỈ

ศゎᛂ㏿ᗘࡀ᭦ࡢࡇࠋࡓࡋୖྥᛂ⣔ࡣ PK ࡢᇶ㉁࡛ࡿ࠶ ADPࡀ」ྜయϬࡗࡼ 

࡚⏕ᡂࡕ┤ࠊࡿࢀࡉ PK࡚ࣥࣜࡗࡼ㓟ࢀࡉ ATP ྠࠋࡿ࡞ PK ࡚ࡗࡼ 

PEPࡣ⬺ࣜࣥ㓟ࣥࣅࣝࣆࢀࡉ㓟ࡢࡑࡾ࡞ᚋࠊLDH࡚ࡗࡼங㓟ࡢࡑࠋࡿ࡞㝿 

NADHࡀ㓟ࢀࡉ NAD+ࡢࡇࠋࡿ࡞ᛂࠊࡀADPࢆ㐣㔞ຍ࡚ࡗࡼࡇࡓ࠼㧗㏿

࡛㐍⾜ࡵࡓࡓࡋ NADH ࡽࡇࡇࠋࡿࢀࡽ࠼⪄ࡓࡋῶᑡࡀ྾ගᗘࢀࡉ㓟㏿ᛴࡀ

 ᐇ㦂ࡓࡗ⾜ᅇࡣᗘ⃰ࡢ ADP ࡓࡌ⏕ࡋゐ፹ࡀయϬྜ「ࡿ࠸⏝άᛶ ᐃࠊࡿ࠼⪄

࡛ῧຍࡓࡋ ADP ẚࡿᕼ࡛ⷧࡢࡇࠊࡾ࠶⛬ᗘࡢ ADP ࡛ࡤࢀ࠶ PK ࡚ࡗࡼ▐

ADP ࡣ࡚࠸ᛂ⣔ࡢࡇࠊࡾࡲࡘࠋࡿࢀࡽ࠼⪄ࡿ࡞ ᗘ ATPࢀࡉ㓟ࣥࣜ

ࡗࡼࡇࡓࡋኚᛶࡀయϬྜ「ࠊḟࠋ࠸࡞ࡣࣥࣙࢩࣅࣄࣥࢺࢡࢲࣟࣉࡿࡼ⏕⏘

࡚㓝⣲άᛶࡀ᮰ࠊࡀࡿ࠶࡛࡚࠸ࡘࡇࡓࡋάᛶ ᐃᚋᛂ⁐ᾮ࡚࠸⏝ࢆᗘ ATP

ຍỈศゎάᛶࢆ ᐃࢁࡇࡓࡋ ATPຍỈศゎక࠺ NADHࡢ㓟ࣥࢩ࣐ࢦࣜ࢜

「ࠊࡽⅬࡢࡇࠋ࠸࡞ࢀࡽ࠼⪄ࡣ⏤⌮ࡢグୖࠊࡽࡇࡓࢀࡽࡵㄆࡀឤཷᛶࡿࡍᑐ

࣭ไᚚࡀࢺࢵࢽࣘࣈࢧࡿࡍᶵ⬟ࡿࡼࡇࡓࡋ⪃ 

 ࠋࡿࢀࡽ࠼
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Figure 13. ATP ຍỈศゎάᛶ⟬ฟ㡿ᇦ  

㉥:ATPຍỈศゎάᛶ� 㟷 :ࣥࢩ࣐ࢦࣜ࢜ῧຍࡿࡼ㜼ᐖάᛶ  

ᛂᾮ⤌ᡂ:40 mM K-Pi ⦆⾪ᾮ (pH 7.8), 2 mM MgCl2, 100 mM KCl, 0.2 % DDM,
 

200 µM NADH, 2.5 mM ATP, 2.5 mM PEP, 20 µg LDH, 20 µg PK, 10 µl 」ྜయϬ 

 ᐃ ᗘ:20 Υ 
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Figure 14. 㓝⣲㔞ᑐࡿࡍῶᑡࡓࡋἼ㛗 340 nm ࡢ྾ගᗘᕪ

ᶓ㍈: 㓝⣲㔞  (µl)� ⦪㍈  : ྾ගᗘᕪ 
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Figure 15. ATP ຍỈศゎάᛶ⟬ฟ㡿ᇦ 

ᛂᾮ⤌ᡂ:40 mM K-Pi ⦆⾪ᾮ (pH 7.8), 2 mM MgCl2, 100 mM KCl, 0.2 % DDM, 

200 µM NADH, 2.5 mM ATP, 2.5 mM PEP, 20 µg LDH, 20 µg PK, 10 µl 」ྜయϬ

 ᐃ ᗘ:20 Υ 

ձ:㜼ᐖάᛶࠊղ :㓝⣲άᛶࠊճ :㓝⣲άᛶ ᐃᚋ㜼ᐖάᛶࠊմ :㓝⣲άᛶ ᐃᚋ㓝 

⣲άᛶࠊյ:᭱⤊⃰ᗘ 2.5 mM ADPῧຍࡿࡼ㓝⣲άᛶࠊն: ᭱⤊⃰ᗘ 0.5 mM 

ADPῧຍࡿࡼ㓝⣲άᛶ
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 ࠋࡿ࠶ࡀᚩ≉ࡿ࠸࡛ࢇྵᐩ㇏࡚ࡋẚ㍑⬊⣽ࡿࡍᵓᡂࢆ⧊⤌

2-3-2.��  ෆ⭷ᑠ⬊㔞ࣜࢻࣥࢥࢺ࣑

(ϸ) ࢩ࢘ᚰ➽ࣜࢻࣥࢥࢺ࣑ࡿࢀࡲྵ㔞ࡢᐃ㔞ἲࡢ☜❧ 

ᚰ⮚ࡣᮎ➃࡛ࡲ⧊⤌ࡢ⾑ᾮࢆᢿฟࡿࡍⅭࠊኪၥࡎࢃᖖάືࡿ࠸࡚ࡋჾᐁ࡛࠶ 

ATP ࡢࡃከࡣ⮚ᚰࠊᨾࠋࡿ ࡢࢆࣜࢻࣥࢥࢺ࣑Ⅽࡿࡍ⤥౪ࢆࢀࡑࠊࡋᚲせࢆ

 ࣜࢻࣥࢥࢺ࣑ࡃࡌྠ

ෆ⭷ᅾ࡚ࡗᶵ⬟࣒ࣟࢡࢺࢩࡿࡍ㓟㓝⣲ࢩ࢘ࡽ✲◊ࡢᚰ➽ࣥࢥࢺ࣑ࡿࢀࡲྵ 

ࢻࣥࢥࢺ࣑ࡿࢀࡲྵᐇ㝿ࠊࡽࡀ࡞ࡋࡋࠋࡓ࠸࡚࠼⪄ࡿ࠶ᐃ୍࡛ᖖࡣ㔞ࣜࢻ

⤖࠸࡞ࡁ㐣࡛┳ࡶᙳ㡪ࡿࡼಶయᕪࠊࡋኚືࡃࡁࡾࡼᏘ⠇ࠊࡿࡍᐃ ࢆ㔞ࣜ

ᯝྛࠊࡇࡇࠋࡓࡗ࡞⢭〇ᚓࣜࢻࣥࢥࢺ࣑ࡓࢀࡽෆ⭷㔞ࡢ᥎⛣ྛᏘ⠇࣑ࡢ

 ࡶ᭱ࡣ㔞ࣜࢻࣥࢥࢺ࣑ࡽᯝ⤖ࡢࡇࠋࡍ♧ࢆᶆ‽೫ᕪᖹᆒࡢෆ⭷㔞ࣜࢻࣥࢥࢺ

ከ࠸࡛ 12᭶⢭〇1100 ࡓࡋ g ࡢᚰ⮚ᑐ࡚ࡋ⣙ 200 g ࡛  ࠊ࡚ࡋᑐࠋ(AA135) ࡓࡗ࠶

 ࡇࠋ(AA154) ࡓࡗ࠶࡛ ⣙ 121 g࡚ࡋᑐ⮚ᚰࡢ g 1100 ࡓࡋ⢭〇7᭶ ࡣ࠸࡞ᑡࡶ᭱

 ࡍฟ⟭ࢆᶆ‽೫ᕪᖹᆒ࡚ࡋ㔞ࣜࢻࣥࢥࢺ࣑ࡢࡈ᭶࢝ 3 ࡾࡲࡘᏘ⠇ྛࢆ್ࡽࢀ

 ࠋࡓࢀࡉ♧ࡀഴྥࡿ࡞ࡃ࡞ᑡࡶ᭱ኟᏘࠊࡾ࡞ࡃከࡶ᭱ࡀ㔞ࣜࢻࣥࢥࢺ࣑Ꮨࡿ

Table 1. ⛣᥎ࡢ㔞ࣜࢻࣥࢥࢺ࣑ࡿࡅ᭶ẖ࢝3 
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Table 2. ⛣᥎ࡢෆ⭷ᑠ⬊㔞ࣜࢻࣥࢥࢺ࣑
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 ☜࡛᫂ࡇࡿࡍᅇᩘ್ࠊࡋࡋࠋࡓ࠸࡚ࢀࡽ࠼⪄ࡾࡼ௨๓ࡣࡇࡿ࠶ࡀഴྥࡢࡇ

྾ࡿࡼయ ㄪ⠇ୖࡀᡭࠊࡎ࠸ࡃ 

 ∵ࣥࢱࢫࣝ࣍ࠋࡿ࠶࡛ࡢࡶࡢ∵ࣥࢱࢫ࡚ࣝ࣍ࡋ㈏୍ࡣ⮚ᚰࡿ࠸࡚࠸⏝ࠋࡓࡗ࡞

᭦ᠱ⃮㔞ྍࡽ⁐ࡿ࠸⏝⏺

࣍ࠋࡿ࠸࡚ࢀࡽ▱ࡀࡇ࠸ᙅࡀᛶ⇕⪏ẚ∵࣮ࢪ࣮ࣥ࢞ࡸ∵࣮ࢪ࣮ࣕࢪရ✀ⓗࡣ

 ᗘ ࡍ㉸ࢆΥ 24 ⓗ⯡୍ࠋࡿ࠶Υ࡛ 16-10 ࡣᗘ ࡿ࡞㐺࡚᭱ࡗ∵ࣥࢱࢫࣝ

ࠊሙྜࡢ  ᪼ୖ యࡿࡼࡇࡿࡶࡇయෆࡀ⇕

᪥❧〇సᡤ〇㸧 

ࡋ㇟⌧⌮⏕ࡿࢀࡉࡇ㉳ࡁᘬ࠸క᪼ୖ యࠊࡓࡲࠋࡿ࠸࡚ࢀࡉሗ࿌ࡀࡿࢀࡽࡳࡀ

࡚㣗ḧࡢῶ㏥ࠊయ㔜ࡢῶᑡࠊங⬡⋡ࡢῶᑡࠊⓎ⫱ࡢ㐜ᘏࡢ⭢≦⏥ࠊ␗ᖖࠊ⫢⮚ᶵ⬟ࡢ 

పୗࡿ࠶࡛ࡲࡊࡲࡉ࡞(ᒸᒣ␆⏘౽ࡾ)ࠊࡃࡽࡑ࠾ࠋኟᏘࣜࢻࣥࢥࢺ࣑㔞ࡀᖜ

 ࠋࡿࢀࡉീ࠸࡞ࡣ࡛ࡢࡿ࠸࡚ࡋ㉳ᅉࡀ᪼ୖࡢ య࡚ࡋ⏤⌮ࡿࡍῶᑡ

ᚑ᮶ࣜࢻࣥࢥࢺ࣑ࡢࡇࠊෆ⭷㔞ࡼ ┠ࢆ

㔞ࢆỴࠊࡵ 㠃άᛶ㔞ࢆ⟬ฟࡇࠊࡋࡋࠋࡓࡁ࡚ࡋ

ᾮ⾪⦅ࡿࡍᠱ⃮ࡽࡇࡑࡾࡶ✚ぢ࡚ࡗ

ࠋ୍࠸ࡋஈಙ㢗ᛶ࡞ࡿࡍ౫Ꮡࡃࡁ㦂⤒ࡢಶேࡣ᪉ἲࡢ ⯡ⓗࢡࣃࣥࢱ⭷㉁⢭

〇ࡶ࡚᭱࠸࠾㔜せ࡞せᅉ࡚ࡋ⏺㠃άᛶᑐ㓝⣲ẚ㸦 detergent protein ratio㸧ࡀᣲࡆ

ቑຍࡀ㓝⣲ࡿࡍኚᛶ࡚ࡗࡼ㠃άᛶ⏺࠸ከࡀ㠃άᛶ㔞⏺࡚ࡋᑐ㓝⣲ࠋࡿࢀࡽ

ప᭱ࢆኚᛶຠᯝࡿࡼ㠃άᛶ⏺࠸ࡉᑠࡀẚࡢࡇࠊ࡚ࡋᑐࠋࡿࢀࡽ࠼⪄ࡀࡇࡿࡍ

㝈ࠋࡿࡁ࡛ࡀࡇࡿࡍᨾࠊ」ྜయϬࡢ⢭〇ࡵࡓࡢ㐺ษࡢࡇ࡞ẚࡸ㏿ࢆỴᐃ

 ್ᩘࢆෆ⭷㔞ࣜࢻࣥࢥࢺ࣑ࠊ࡛ࡇࡑࠋࡿ࠶㔜せ࡛ࡶ᭱ࡀࡇࡘಖᐃ୍ᖖࠊࡋ

ࢥࢺ࣑ࠋࡓࡋᨵⰋ࠺ࡼࡿࡁᑐᛂ࡛࡚ࡋᑐኚ࡞ᚤᑠࡿࡼಶయᕪࠊᏘ⠇࡛ࡇࡿࡍ

ࡓ࠸࡚ࡋ౫Ꮡࡳࡢ㦂⤒ࡢಶேࠊࡃࡁࡣຠᯝࡿࡼࡓࡋ್ᩘࢆෆ⭷㔞ࣜࢻࣥ

㠃άᛶ⏺࡞㐺ษࡽࡇࡑࠊࡾ࡞ᐜ᫆ࡀᾮ㔞Ỵᐃ⾪⦅ࡿ࠼ຍෆ⭷㔞ࣜࢻࣥࢥࢺ࣑

㔞ࢆ⟬ฟࠊࡾࡲࡘࠋࡓࡗ࡞⬟ྍࡀࡇࡿࡍ௨๓ࡣྍ⬟࡛ࡓࡗ࠶⏺㠃άᛶᑐ㓝

⣲ẚ୍ࢆᐃಖࠋࡓࡗ࡞⬟ྍࡀࡇࡘ᪂つ⪃ࡓࡋ᪉ἲࡢ⣽ࢆグࡍ௨ୗࡢ㏻

㸦ࣈ࣮ࣗࢳ㉸㐲ᚰࡢ✵ࡵணࠋࡿ࠶࡛ࡾ  45Ti ࣮࣮ࣟࢱ⏝�  Beckman ♫〇㸧6 ᮏ

㸦P45AT-548 ࣮࣮ࣟࢱ� 4ᮏࡢ㔜㔞ࢆ㟁Ꮚኳ⛗࡛ィ ࣜࢻࣥࢥࢺ࣑ࡋ 

 0.1 ࡇࡑࠋࡓࡋศ㓄➼ᆒࣈ࣮ࣗࢳ㉸㐲ᚰࡢᮏ 10 ࡽࢀࡇࢆᠱ⃮ᾮࡴྵࢆ⬊ᑠ

mM DTT/EDTA40 ࡴྵࢆ mM HEPES-Na⦆⾪ᾮ (pH 7.8)ࢆ㉸㐲ᚰ࡛ࡲཱྀ⫪ࡢࣈ࣮ࣗࢳ 

ຍ30,000 ࠼ rpm30ࠊ min㐲ᚰศ㞳ࠋࡓࡋせୖ࡞Ύࡾࡼࣥࣙࢩ࣮ࢸࣥ࢝ࢹࡣ㝖ཤࡍ

 㸦 Figureࡿࡁ࡛ࡀࡇࡿࡍᅇ࡚ࡋỿẊࡣ⬊ෆ⭷ᑠࣜࢻࣥࢥࢺ࣑ࡢⓗ┠࡛ࡇࡿ

16㸧ࠋỿẊ࡚ࡋᚓࣜࢻࣥࢥࢺ࣑ࡓࢀࡽෆ⭷ᑠ⬊ࡴྵࢆ㉸㐲ᚰ10 ࣈ࣮ࣗࢳ ᮏࢆ

ᗘ㟁Ꮚኳ⛗㟼ࡏ㔜㔞ࢆ ᐃࡢࡑࠊࡋ㔜ࡢࣈ࣮ࣗࢳࡢ✵ࡽࡉ㔜ࢆࡉᕪࡋᘬࡃ

ࠋࡓࡋฟ⟭ࢆ㔜㔞ࡢ⬊ෆ⭷ᑠࣜࢻࣥࢥࢺ࣑࡛ࡇ
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ࠊࡋᠱ⃮࡚࠸⏝ࢆ࣮ࢨࢼࢪࣔ࣍ᆺ࣮ࢱࢵ࣏ࣥࣟࣇࢸ〇ࢫࣛ

Ẋࡀᆒ୍࡞ᠱ⃮ᾮࠊࡎࡽ࡞ 

 ࡣᅇᩘࡿࡍᠱ⃮࡚࠸⏝ࢆ࣮ࢨࢼࢪࣔ

Figure 16. ࣜࢻࣥࢥࢺ࣑ෆ⭷ᑠ⬊ỿẊ 

2-3-3.��  ㄪ〇ࡢ⬊ෆ⭷ᑠࣜࢻࣥࢥࢺ࣑

(ϸ) ࡢࢬࢼࢪࣔ࣍ᅇᩘࡢỴᐃ 

グ㏙ࡁࡿࡍ㡰␒ࡀ๓ᚋࢩ࢘ࠊࡀࡿࡍᚰ➽ࣜࢻࣥࢥࢺ࣑ࡽෆ⭷ᑠ⬊ࢆㄪ〇ࡿࡍ

᪉ἲ࡚࠸ࡘグࠋࡍᚑ᮶ࡢ⢭〇ἲࡣ࡚࠸ࡘ᪤グ㏙ࡓࡋ㏻ࢩ࢘ࠋࡿ࠶࡛ࡾᚰ➽࣍ࢆ

 ᆺ㧗ᶵ⬟㐲ᚰᶵ Avantiࣟࣇ㧗㏿㐲ᚰศ㞳ᶵ (Beckman ♫〇෭༷ᘧࡋࢬࢼࢪࣔ

HP-30I, JLA-10.500 ࣮࡚ࣟࡗࡼ(࣮ࢱ⭷⏬ศࢆㄪ〇ୖࠊΎࡾྲྀ࠸ࢀࡁࢆ㝖ࡓ࠸ᚋỿ 

Ẋ0.1  mM EDTA, 0.1 mM DTT 40 ࡴྵࢆ mM HEPES-Na ⦆⾪ᾮ (pH 7.8)ࢆຍ࢞ࠊ࠼ 

600 ml ⛬ᗘࡢࡇࠋࡓࡋ 

㐣⛬ࢫ࡚ࣛ࢞࠸〇࣮ࢱࢵ࣏ࣥࣟࣇࢸᆺ࣍

㸵ᅇ  (ୖୗྜ࡚ࡏࢃ)᭱ࡀ㐺࡛ࠋࡓࡋุ᩿ࡿ࠶ᚑ᮶ࡢ⢭〇ἲ࡛ࡢࡇࡣᅇᩘࡣỴᐃࢀࡉ 

 ỿࠊሙྜ࠸࡞ᑡ➃ᴟࡀᅇᩘࡢࢬࢼࢪࣔ࣍ࠋࡓ࠸࡚ࡋ࠺⾜ࡣప 5 ᅇ᭱ࠊࡎࡽ࠾࡚

㓝⣲ྍࡀ⁐࠸࡞ࢀࡉ⤖ᯝࠋࡿ࡞ᑐࢼࢪࣔ࣍ࠊ࡚ࡋ

 ࡗࡼ㠃άᛶ⏺ࠊࡾ࡞ࡃ⣽ࡀ⢏Ꮚࡢࡓࡋᠱ⃮ᾮࠊሙྜ࠸ከ➃ᴟࡀᅇᩘࡢࢬ

࡚せࢡࣃࣥࢱ࡞㉁ྍࡀ⁐ࡿࢀࡉ⤖ᯝ࡞ࡲࡊࡲࡉ࡛ࡇࡑࠋࡿ࡞ᅇᩘ᳨ࢆウࡓࡋ⤖ 

48 




 

 

 

 
 

 

 

 

 

 

 

 

 

 ࠊᯝ⤖ࡢࡑࠋࡓࡗ⾜ࢆỴᐃࡢᅇᩘ࡞㐺᭱ࡢࢬ

┤๓ࡢᠱ⃮ᾮࢆㄪ〇ࡿࡍ㝿ࢼࢪࣔ࣍ࡢ 

10 ᅇ  (ୖୗྜ࡚ࡏࢃ)ࡶ᭱ࢆ㐺ࡿ࠸࡚ࡋ

྾㙐」ྜయࢆ⢭〇ࡿࡍ㝿ࡢᠱ⃮ᾮ⃰ᗘࡽ⪃៖ࡿࡍᴟ࡚ࡵ㧗⃰࠸ᗘ࡛ࠋࡿ࠶ 

ᯝ7ࠊ ᅇࡶ᭱ࡀ㐺ྠࠋࡓ࠸࡚ࡋᵝྍࠊ⁐ 

「ࡓࡋ⁐ྍࡽᠱ⃮ᾮࡓࡋㄪᩚ

ࡓࡋ⁐ྍࡽᠱ⃮ᾮࡓࡋㄪᩚ

ᅇᩘࠋࡓࡋุ᩿ 

ᠱ⃮ᾮ㔞ࢆቑຍ࠸⏝ࡿࡍ

2-3-4.�� ᠱ⃮ᾮ⃰ᗘࡿࡼ㓝⣲άᛶࡢᕪ (1)

ୖグࡢ᪉ἲࣜࢻࣥࢥࢺ࣑࡚ࡗࡼෆ⭷ᑠ⬊ᐃ㔞ࢆ㎿㏿ࡘ⡆౽ྍࡀࡇ࠺⾜

ࡿࡍウ᳨ࢆᙳ㡪ࡍࡰཬ⢭〇㓝⣲ࡀ࠸㐪ࡢᠱ⃮ᾮ⃰ᗘࡢ⁐ྍ࡛ࡇࡑࠋࡓࡗ࡞⬟

 㠃⏺Ⅽࡿࡍ⢭〇ࠊࡾ࠶㓝⣲࡛ࡿᅾෆ⭷୰ࣜࢻࣥࢥࢺ࣑ࡣయϬྜ「ࠋࡓࡋࡇ

άᛶྍ࠸⏝ࢆ⁐ࡀࡇࡿࡍᚲせ࡛ࠋࡿ࠶」ྜయϬྍࡢ⁐ࡣ DOC  DM ࠸⏝ࢆ

㠃άᛶࡢ㔞ྍࡣ⁐๓ᠱ⃮ᾮ㔞ࡳࡢ 

 ࡀࡿ࠶ᗘ࡛⃰࠺ᢅ࡚ࡵᅇึࡣ

DOCࠋࡿࢀࢃ⾜࡚ 㠃⏺࠸ᙉࠊࡾ࠶㠃άᛶ࡛⏺ࡢᛶࣥ࢜ࡘᣢࢆ㦵᱁࣮ࣝࣟࢸࢫࡣ

 ᠱ⃮ᾮ⃰ࡢ㝿ࡿࡍ⢭〇ࢆయϬྜ「ࡣ

άᛶస⏝ࢆ᭷ࠋࡿ࠸࡚ࡋᑐࠊࡋDMࡣ㠀ࣥ࢜ᛶ⏺㠃άᛶ࡛ࡾ࠶୧⪅ࢆẚ㍑ࡿࡍ

⏺㠃άᛶస⏝ࡣᙅࠋ࠸ᙉ࠸⏺㠃άᛶస⏝ྍࡣ⁐ࡿࡍຊࡶᙉྠࡀ࠸㓝⣲ᑐ࡚ࡋ

ࠋࡿ࠶ࡀᚲせࡿࡍᚲせ᭱ᑠ㝈ࡣ㔞ࡢ㠃άᛶ⏺ࡿ࠸⏝ࠊ࡚ࡗࡼࠋ࠸ᙉࡶኚᛶຠᯝࡢ

᪤グ㏙ࠊࡀࡓࡋ」ྜయϬࡢ⢭〇ࡿ࠸⏝⏺

౫Ꮡࠋࡿࡍᨾࠊ ῶࢆᠱ⃮ᾮ㔞ࠊ࠼ቑࡶ㔞ࡢ㠃άᛶ⏺ࡿ

ࡼࡿసࢆᕪ࡚࠼ᩒᠱ⃮ᾮ⃰ᗘࠊ࡛ࡇࡑࠋࡿ࡞ᑡ㔞ࡶ㔞ࡢ㠃άᛶ⏺ࡿ࠸⏝ࡍࡽ

⾲ࡀᕪ࡞࠺ࡼࡢ㓝⣲άᛶࡘᣢࡀయϬྜ「ࡓࡋ⢭〇ࡋ⁐ྍࡽࡇࡑࡋㄪᩚ࠺

 ᠱ⃮ᾮ⃰࠸ⷧࢆ g/l 430 ࡢࡇࠋࡓࡋ g/l 460  g/l 430 ࡣᠱ⃮ᾮ⃰ᗘࠋࡓࡋウ᳨ࡿࢀ

ᗘ460ࠊࡋ g/l ࠸⃰ࢆᠱ⃮ᾮ⃰ᗘ430ࠋࡓࡋ g/l

ᗘࡣ࡚ࡋᴟ࡚ࡵᕼⷧ࡞ᠱ⃮ᾮ࡛460ࠋࡿ࠶ g/l ྛࠊ

(ϸ) 430 g/l ⁐ᾮྍࡢࡽ⁐ 

430 g/l ྜయϬࡍ♧ࡢ㓝⣲άᛶ0.45 ࡣs0.22 

µmoles/min/mg㸦n=8㸧ࡿࡼࣥࢩ࣐ࢦࣜ࢜ࠊ㜼ᐖ⋡95 ࡣs1.8 %㸦n=8㸧ࠋࡓࡗ࡞ 

(Ϲ) 460 g/l ⁐ᾮྍࡢࡽ⁐ 

� 460 g/l 」ྜయϬࡍ♧ࡢ㓝⣲άᛶ0.92 ࡣs0.29 

µmoles/min/mg㸦n=8㸧ࡿࡼࣥࢩ࣐ࢦࣜ࢜ࠊ㜼ᐖ⋡ 96s1.9 %㸦n=8㸧ࠋࡓࡗ࡞
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㧗⃰ᗘࡢᠱ⃮ᾮࢆㄪᩚྍࡋ⁐࡛ࡇࡿࡍ㓝⣲άᛶࡑࡼ࠾ࢆ

ᡂຌࡓࡋせᅉࠊ࡚ࡋ

」ྜయϬࢆ࣮࣐ࢲࡣᙧᡂࠊࡾ࠶࡛⬟ྍࡀࡇࡿࡍ

2

ࠋࡓࡗ࡞ࡋᐤࡣῶᑡࡢㄗᕪࡿࢀࡽぢ⢭〇ẖࠊࡋࡋࠋࡓ

ࡇࡿࡍ⢭〇ࢆయϬྜ「ࡘᣢࢆ㓝⣲άᛶ࠸㧗࡚ࡋẚ㍑ࢆ㓝⣲ࡢ௨๓ࠊ࡚ࡗࡼࡇ

」ྜయϬࡳࡢෆ⭷ྍࡾࡼ⁐ࡓࡁ࡛ࡀࡇࡿࡍⅭࠋࡿࢀࡽ࠼⪄

ᐇ㝿㟁Ꮚ㢧ᚤ㙾ྍ࡚࠸⏝ࢆ⁐

ᚋࡢ㓝⣲ࢆほᐹࡿࡍ ͆ V Ꮠᆺ͇ࢆ࣮࣐ࢲࡓࡋࢆほᐹࠋࡿࡁ࡛ࡀࡇࡿࡍ」ྜయϬ 

ࡀࡳṍࡢࡇࠋࡿࡏࡉࡌ⏕ࢆࡳṍ⭷ෆࠊྠࡿࡍᙧᡂࢆ࣮࣐ࢲࡢᙧ࡞ᚩⓗ≉ࡣ

㧗⃰ᗘᠱ⃮ᾮ

ࢆࢸࢫࣜࢡࡿ࡞ࡃࡁࡢࡇࠊࡀࡿ࠶࡛ࡅࢃࡿࢀࡤṍ࡚ࡗࡼࡳ」ྜయϬࡣ྾㙐

」ྜయ୰࡛᭱ྍࡶ⁐࠸ࡍࡸࢀࡉ㓝⣲ྛࠊࡇࡇࠋࡿ࠸࡚ࡗ࡞」ྜయࢆ⢭〇ࡿࡍ㝿

 ࡀ㠃άᛶ㔞⏺ࡿ࠸⏝⢭〇ࡢయϬྜ「ࠋࡿࡍグ㍕ࢆ㔞๓ྡࡢ㠃άᛶ⏺ࡿ࠸⏝

ዴఱᑡࡀ࠸࡞᫂☜࡛ࠋࡿ࠶ ኚᛶຠᯝࡿࡼ㠃άᛶ⏺࡛ࡇࡿࡍ

ࡇࡿࡍᚲせ᭱ప㝈㔞ࡿࢀࡉ⁐ྍࡀࡳࡢయϬྜ「ࠊྠࡿࡁ࡛ࡀࡇࡿ࠼ᢚࢆ

 ࢀࡽ࠼⪄ࡓࡗࡀ࡞ࡘୖྥࡢẚάᛶࡀࡇࡿᚓࢆᶆရ࠸㧗ࡢయϬẚྵ㔞ྜ「ࠊ࡛

 ࠋࡿ

ಸ㧗ࡇࡿࡵᡂຌࡋ

ᠱ⃮ᾮ⃰ᗘࢆ㧗ࡿࡵ

Table 3. ྛ྾㙐」ྜయࡢ⢭〇ࡿ࠸⏝⏺㠃άᛶ㔞
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ᠱ⃮ᾮ⃰ᗘࡢ㐪࡚ࡗࡼ࠸㓝⣲άᛶ࡞ࡁᕪࡀࡇࡿࢀ⾲ࡀ᫂ࠋࡓࡗ࡞ࡽ 

2-3-5.�� 㓝⣲άᛶ/㜼ᐖ⋡ࡢㄗᕪపῶ

 ࡋ

 ᚑ᮶ࠊࢁࡇࡓࡋウ᳨ࢆཎᅉࡢㄗᕪ࡛ࡇࡑࠋࡓࡗ࡞ࡽࡀ࡞ࡘࡣపῶࡢㄗᕪࠊࡋ

ഴࢆࣈ࣮ࣗࢳ㉸㐲ᚰ㝿ࡿᚓ࡚ࡋỿẊࢆ⬊ෆ⭷ᑠࣜࢻࣥࢥࢺ࣑ࡣ⢭〇᪉ἲ࡛ࡢ

㝖ཤࢆΎୖࡵࡓ࠸ࡽᰂ㠀ᖖࡀỿẊࡢࡇࠊࡀࡿ࠶࡛ࡅࢃࡿࡍ㝖ཤࢆΎୖ࡚ࡅ

ࡔࢇྵࢆΎୖࠊࡾࡲࡘࠋࡓࡋุ᫂ࡀࡇࡿ࠸࡚ࡋᑡ㔞ṧᏑࡀΎୖࡎࡁ࡛ࡀࡇࡿࡍ

㔜ࣜࢻࣥࢥࢺ࣑ࢆࡉෆ⭷ᑠ⬊㔞ୖࠊ࡛ࡇࡑࠋࡿ࡞ࡇࡓ࠸࡚ࡋΎࢆ㝖ཤ

ࢱ࣮ࣞࣆࢫ࠺ࡼࡿ࡞⬟ྍࡀࡇࡿࡍ 㸦࣮MDA-006 ULVAC♫〇㸧ࡿ࠸⏝ࢆ

ࡢ ෆᚄ 5 mmࡓࡅࢆࢺࢵ࣌ࣆ࣮ࣝࢶࢫࣃ〇ࢫࣛ࢞྾ᘬཱྀࡢ࣮ࢱ࣮ࣞࣆࢫࠋࡓࡋ

 ࢆΎୖỿẊࡢ㉸㐲ᚰศ㞳ᚋࡋᅽຊ࡛྾ᘬࡢ ⣙ 0.02 MPaࡅࡾྲྀࢆࣈ࣮ࣗࢳ〇࣒ࢦ

ศ㞳ࠋࡓࡋ௨ୗୖ࡚࠸⏝ࢆ࣮ࢱ࣮ࣞࣆࢫΎࢆ㝖ཤࡓࡋሙྜࡢỿẊࡢ┿ࢆ

グࠋࡍFigure 16ẚ㍑ࡿࡍ᫂ୖࡽΎࡀ㝖ཤࢀࡉỿẊࡇࡿ࠸࡚ࡗ࡞ࡳࡢ 

 ࠋࡿࢃࡀ

Figure 17.� ࣜࢻࣥࢥࢺ࣑ෆ⭷ᑠ⬊ỿẊ  (⏝࣮ࢱ࣮ࣞࣆࢫ) 
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ࡍ⢭〇㑅ᢥⓗࢆయϬྜ「࡚ࡗࡼ

ᢏ⾡ⓗᅔ㞴࡛ࡿ࠶ゝࡢࡇࠋࡿ࠼ 

2-3-6.�� ᠱ⃮ᾮ⃰ᗘࡿࡼ㓝⣲άᛶࡢᕪ (2) 

「ࡓࡋ⁐ྍࡽᠱ⃮ᾮࡓࡋㄪᩚ

ࡓࡋ⁐ྍࡽᠱ⃮ᾮࡓࡋㄪᩚ

ศ⏬ࣜࢻࣥࢥࢺ࣑࡛ࡇࡿࢀධࡾྲྀࢆ࣮ࢱ࣮ࣞࣆࢫ  (ỿẊ)ࡢࡳࡢṇ☜࡞㔜㔞 

 ⁐ྍᵝྠඛࠊ᭦ࠊ࡚ࢀධࡾྲྀࢆ᪉ἲࡢࡇࠋࡓࡗ࡞⬟ྍࡀࡇࡿࡍᐃ ࢆ

ᠱ⃮ᾮ⃰ᗘ430 ࢆ g/l 460  g/l࠺ࡼࡿ࡞ㄪᩚࡋ」ྜయϬࢆෆ⭷ྍࡽ⁐ࡋ⢭

〇ࡓࡋ ATPຍỈศゎࡿࡼࣥࢩ࣐ࢦࣜ࢜ࠊ㜼ᐖ⋡ࢆẚ㍑ࠋࡓࡋ 

(ϸ) 430 g/l ⁐ᾮྍࡽ⁐ 

430 g/l ྜయϬࡍ♧ࡢ㓝⣲άᛶ0.64 ࡣs0.12 

µmoles/min/mg (n=4)ࡿࡼࣥࢩ࣐ࢦࣜ࢜ࡾ࡞㜼ᐖ⋡93 ࡣs1.7 % (n=4)ࠋࡓࡗ࡞ 

(Ϲ) 460 g/l ⁐ᾮྍࡽ⁐ 

ண ࡓࡋ㏻ࣜࢻࣥࢥࢺ࣑ࡾᠱ⃮ᾮ⃰ᗘ

〇ࢫࣛ࢞ࠊࡃ㧗ࡀ⢓ᛶ࡚ࡵᴟࡣᠱ⃮ᾮࡢ

 ⬟ྍࡀࡇࡿࡍㄪᩚࢆᠱ⃮ᾮࡿࡼ

� 460 g/l 」ྜయϬࡍ♧ࡢ㓝⣲άᛶ0.75 ࡣs0.10 

µmoles/min/mg (n=9)ࡿࡼࣥࢩ࣐ࢦࣜ࢜ࠊ㜼ᐖ⋡98 ࡣs0.42 % (n=9)ࠋࡓࡗ࡞ 

(ϸ)(Ϲ)࡚࠸࠾㓝⣲άᛶࡿࡼࣥࢩ࣐ࢦࣜ࢜ࠊ㜼ᐖ⋡ࡶᚑ᮶್ࡢẚ㍑ྛ࡚ࡋ 

ẁࡿࡍ᪼ୖ⤖ᯝ࣮ࢱ࣮ࣞࣆࢫࠋࡓࡗ࡞ᠱ⃮ᾮ⃰ᗘኚࢆ⏝ేࡢ⪃៖ࡓࡋຠᯝ

 ࡿࡍ⢭〇ࢆయϬྜ「ࡓࡋಖᣢࢆឤཷᛶࣥࢩ࣐ࢦࣜ࢜ࡧάᛶཬ࠸㧗ࠊࡃࡁ࡚ࡵᴟࡣ

ᙜึࠊࡣࢀࡇࠋࡓࢀࡉ♧ࡀࡇࡿࡁ࡛ࡀࡇ

 ࡇࡿᚓࢆศ⏬࠸㧗ࡢయϬẚྵ㔞ྜ「࡛ࡇࡿ

ᚲࡀ㠃άᛶ㔞⏺ࡾࡼࡇࡓࡋᠱ⃮ᾮࡢg/l 460ࠊࡓࡲࠋࡿࢀࡽ࠼⪄Ⅽࡓࡁ࡛ࡀ

せ᭱ᑠ㝈࡛ࠊࡳࡍ⏺㠃άᛶ࡚ࡗࡼኚᛶࡿࡍ㓝⣲㔞ࢆῶࡶࡇࡍࡽ㓝⣲άᛶࠊ㜼ᐖ

ࠊ࡛ࡇࡿࡍㄪᩚࢆᠱ⃮ᾮࡢ㧗⃰ᗘࡿ࡞᭦࡛ࡇࡑࠋࡿࢀࡽ࠼⪄ࡓࡗࡀ⧄᪼ୖࡢ⋠

ࡣࢀࡑࠊࡣ࡚࠸ࡘၥ㢟࠺࠸ࡿ࠶࡛⬟⢭〇ྍࢆ㓝⣲࠸㧗ࡢ⋠㜼ᐖࠊ㓝⣲άᛶࡾࡼ

460 g/l

 ࡓࡵ㧗ࢆᗘ⃰᭦ࠊᨾࠋ࠸㏆⏺㝈ࡿࡍᅇ㌿࡚ࡋᏳᐃࡀ࣮ࢨࢼࢪࣔ࣍ࣥࣟࣇࢸ

 ⢏Ꮚ࡞ᆒ୍ࡎࡏᅇ㌿ࡀ࣮ࢨࢼࢪࣔ࣍ࡶ࡚ࡋ

ࠊ࠺ࡼࡢࡇࠋࡓࡗ࡞ᑠ᭱ࡀㄗᕪࡶ⋠㜼ᐖࠊᅇ㓝⣲άᛶࠋࡿࢀࡽ࠼⪄ࡿ࠶࡛

ࡑࠊࡁ࡛ࡀࡇࡿࡍ㝖ཤࡃ࡞ࡇࡍṧࢆΎୖࡾࡼࡿ࠸⏝ࢆ࣮ࢱ࣮ࣞࣆࢫ

 ㄗᕪࡢᅇࡀࡇࡓࡁ࡛ࡀࡇࡿࡍฟ⟭ࢆỿẊ㔞ࣜࢻࣥࢥࢺ࣑࡞ཝᐦ࡚ࡗࡼࢀ

㍍ῶࠋࡿࢀࡽ࠼⪄ࡓࡗࡀ࡞ࡘ
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Table 4.
 ᠱ⃮ᾮ⃰ᗘᑐࡿࡍ㓝⣲άᛶࡢ᥎⛣
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 ࠊࢀࡉ㝈ᐃࡣᡤ⟠ࡿࡍ᥋ゐࡀయϬྜ「ࣥ࢜ࢡࢵࣆࣟ

2-3-7.��  ᮲௳᳨ウ࣮ࣇࣛࢢࢺ࣐ࣟࢡ࣒ࣛ࢝

� ᡤᒓࡿࡍ◊✲ᐊ࡚࠸」ྜయϬࡣ  Poros-20HQ㸦ᙉ㝜ࣥ࢜య�  Life 

Technologies ♫〇㸧㝜࡚ࣥ࢜ࡗࡼ࣮ࣇࣛࢢࢺ࣐ࣟࢡ࣒ࣛ࢝ዃ㞧≀ศ㞳ࡉ 

Poros-20HQࠋࡿࢀ 㝜ࣥ࢜య୍ࡣ⯡ⓗࣥ࢜࡞యẚ࡚᪩࠸ὶ㏿࡛⢭〇

࡚ࣛ࢝ࡗ㉁ࢡࣃࣥࢱ⭷࡞Ᏻᐃ࡞࠺ࡼࡢయϬྜ「ࠋࡘᣢࢆᚩ≉ࡿฟ᮶ࡀࡇࡿࡍ

ࡗࡼ⏝స┦ࡢయࣥ࢜ࠊ≉ࠋࡿ࡞㈇ᢸ࡞ࡁࡣ࣮ࣇࣛࢢࢺ࣐ࣟࢡ࣒

࡚㓝⣲ᮏ᮶ࡢᵓ㐀ṍࡣࡇࡿࡌ⏕ࡀࡳ↓ど࡛ࠊ࡛ࡇࡑࠋ࠸࡞ࡁ」ྜయϬࢆᏳᐃಖ

⤖ḟඖ⤖ᬗ 2 ࡢయϬྜ「ࠋࡿ࡞ᚲせࡀウ᳨ࡢ௳᮲ࡿฟ᮶ࡀࡇࡿࡍ⢭〇ࠊࡘୟࡕ

ᯝࡿࡼࣥ࢜ࢡࢵࣆࣟࢺ࢜࢝ࠊࡽ」ྜయϬࡢᦆയࡀ♧၀୍ࠋࡓࢀࡉ⯡ⓗ࢜࢝

ࡿࡏࡉᏳᐃࢆศᏊᵓ㐀ࡵᙅࢆ⏝స┦ࡢỈศᏊ㛫ࢀࡤࣥ࢜ࢡࢵࣆࣟࢺ

࡛ࡇࡿࡍ⢭〇ࢆయϬྜ「ࡃ࡞ࡇࡿ࠸⏝ࢆࣥ࢜ࢡࢵࣆࣟࢺ࢜࢝ࠊ࡛ࡇࡑࠋࡿࢀࡉ

㓝⣲ࡢᦆയࢆ㜵ࠋࡓ࠼⪄⬟ྍࡀࡇࡄ」ྜయϬࡢ⢭〇㐣⛬࡚࠸㧗⃰ᗘࢺ࢜࢝ࡢ

ࡋྜ⤖యࣥ࢜ࠊ≉

 400ࠊࡣฟ⁐ࠋࡓ࠼⪄ࡿ࠸࡚ࡋᐤኚᛶࡢ㓝⣲ࡀKCl ࡿ࠸⏝ฟ㝿⁐ࢆయϬྜ「ࡓ

mM KCl 40-150 ࡔࢇྵࢆ mM HS⦆⾪ᾮ㸦pH 7.8㸧 KCl ྠ࠸࡞ࡲྵࢆ⦆⾪ᾮࢆΰྜ 

mM ௨ 135 ࡀKCl ⃰ᗘ ࡣయϬྜ「ࠋ࠺⾜࡛ࡇࡿࡵ㧗ࢆྜࡢᾮ⾪⦅ࡔࢇྵࢆKCl ࡋ

ୖ࡛⁐ฟࡀࡇࡿࢀࡉᐇ㦂⤖ᯝࡾࡼ᫂ࠋࡿ࠸࡚ࡗ࡞ࡽ⁐ฟࡓࢀࡉ」ྜయϬ⃰ࡢᗘ 

 ࡇࡿࢀࡉࣥ࢜ࢡࢵࣆࣟࢺ࢜࢝ࡢಸ 10000 ࡑࡼ࠾ࠊⅭࡿ࠶࡛µM (n=6) 13.5 ࡣ

 ࡿ࠸⏝ࢆK-Pi ⦆⾪ᾮ (pH 7.8)⃰ᗘኚ ࡃ࡞ࡣKCl ⃰ᗘኚ࡛ ࡣฟ⁐ࠊ࡛ࡇࡑࠋࡿ࡞

ࠊࡋࡋࠋࡓࡋPoros-20HQ ࡣ K-PiࠊNa-Pi⦆⾪ᾮࣥࣜࡢ࡞㓟ࡴྵࢆ⦆⾪ᾮᑐ 

య� GEࣥ࢜Q-Sepharose㸦㝜 ⪄ཧࢆ⢭〇⤖ᯝࡢ㐣ཤࠊⅭࡿ࠶ྍ࡛ࡀ⏝ࡿࡍ

 ࣒ࣛ࢝ࡵணࠊࡣ⢭〇ἲࠋࡓࡋࡇࡿࡍ⢭〇ࢆయϬྜ「ࠊ࡚࠸⏝ࢆ〇㸧♫ࢣࢫࣝ࣊

「ࠊࡋmM K-Pi⦆⾪ᾮ㸦pH 7.8㸧࡛ᖹ⾮ 40 ࡴྵࢆ mM DTT/EDTA 0.1ࠊDM % 0.2 ࢆ

ྜయϬࡔࢇྵࢆ⏬ศࢆὶ㏿ 1.3 ml/min ࡛ᖹ⾮ᚋࣛࣉࠋࡓࡋࣛࣉᚋ࣒ࣛ࢝Ὑ 

ί୍ࡣษ⾜ࠊࡎࢃᖹ⾮ࡓ࠸⏝⦆⾪ᾮ0.2  % DM0.1ࠊ mM DTT/EDTA 400 ࡴྵࢆ 

mM K-Pi⦆⾪ᾮ㸦pH 7.8㸧500 ࢆ ml ࡛᭱ࢺ࢚ࣥࢪࣛࢢࢽࣜࡢ⤊ⓗ400  mM K-Pi

⦆⾪ᾮ㸦pH 7.8㸧ࡢྜ100 ࡀ %  ὶ㏿ 1.5ࢆయϬྜ「ࡳ⤌ࢆ࣒ࣛࢢࣟࣉ࠺ࡼࡿ࡞

ml/min࡛⁐ฟࡢࡑࠋࡓࡋࡢ⁐ฟࢆ࣮ࣥࢱࣃ௨ୗࡍ♧㸦Figure 18㸧ࠋ
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Figure 18. Q-Sepharose ࣇࣛࢢࢺ࣐ࣟࢡ࣒ࣛ࢝  


Q-Sepharose (ȭ:26 mm, l:130 mm) :࣒ࣛ࢝ 

ᖹ⾮: 40 mM K-Pi ⦆⾪ᾮ(pH 7.8), 2 mM MgCl2, 0.1 mM DTT/EDTA, 


0.2 % DM, �ࠎᑡࢫ࣮ࣟࢡࢫ ὶ㏿ 1.3 ml/min
 

⁐ฟ: 400 mM K-Pi ⦆⾪ᾮ (pH 7.8), 2 mM MgCl2, 0.1 mM DTT/EDTA, 0.2 % DM


ὶ㏿ 1.5 ml/min


ヨᩱࣛࣉᚋ࣒ࣛ࢝ࠊὙί40-400 ࡎࢃ⾜ࡣ mM K-Pi ⦆⾪ᾮ (pH 7.8)ࣜࢢࢽ 

  ࠋࡓࡋᐜ㔞 500 ml ࡛⁐ฟࡾࡼࢺ࢚ࣥࢪࣛ

」ྜయϬࡣ㉥ࡢᅄゅ࡛ᅖࡔࢇ⠊ᅖࠊࡾ࠾࡚ࢀࡲྵ⢭〇㓝⣲ᶆရࡢ ATP ຍỈศゎά

ᛶࣥࢩ࣐ࢦࣜ࢜ࠊ㜼ᐖ⋡1.9 ࢀࡒࢀࡑࡣ µmoles/min/mgࠋࡓࡗ࡞% 97ࠊATP ຍỈ

ศゎάᛶࡀ Poros-20HQ 㧗ࡃࡋⴭ࡚ࡋẚ㍑㓝⣲ᶆရࡓࡋ⢭〇࡚࠸⏝ࢆయࣥ࢜

ࡼ F1 ࡓࡋゎ㞳ࡀάᛶࡢࡇࠊࡽࡇࡓࡋ♧ࢆ㜼ᐖឤཷᛶ࠸㧗ࠊࡀࡓࡗ࡞್࠸

 ࡓࡋᐃ ࡚ࡗࡼࣝࢺࢡ࣌ࢫど྾ྍࡢ㓝⣲ᶆရࠋࡓࢀࡉ♧ࡀࡇ࠸࡞ࡣ࡛ࡢࡶࡿ

b ࣒࣊ࠊࢁࡇ ⏤᮶ࢆࢡ࣮ࣆࡢ☜ㄆࡢࡇࠋࡓࡋᶆရ2 ࡚࠸⏝ࢆ ḟඖ⤖ᬗࠊࡀࡓࡗ⾜ࢆ

⤖ᬗࡢᙧᡂ୍ࡀษㄆࠊ࠺ࡼࡢࡇࠋࡓࡗ࡞ࢀࡽࡵ Q-Sepharose ⢭〇࡚࠸⏝ࢆ࣒ࣛ࢝

ࡇࠋࡓࡗ࡞ࢀࡉᙧᡂࡀᬗ⤖ࠊࡽࡀ࡞ࡋ♧ࢆ㜼ᐖឤཷᛶάᛶ࠸㧗ࡀయϬྜ「ࡓࡋ

 ࢢࢺ࣐ࣟࢡ࣒ࣛ࢝ Q-Sepharose ࠊࡀࡿࢀࡽ࠼⪄ࡶࡇࡓࡋΰධࡀ࣒࣊ࡢ㧗⃰ᗘࠊࡣࢀ
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Q-Sepharose ࠋࡿࢀࡽ࠼⪄࠸ࡁࡶ᭱ࡀ㛫ࡓࡋせ࣮ࣇࣛ 㝜ࣥ࢜యࠊࡣ 

Poros-20HQ 㝜ࣥ࢜యẚ㍑࠸㏿ࡋὶ㏿࡛ࡇ࠺⾜ࢆ࣮ࣇࣛࢢࢺ࣐ࣟࢡ࣒ࣛ࢝

せࢆ6㛫 ࡑࡼ࠾࣮ࣇࣛࢢࢺ࣐ࣟࢡ࣒ࣛ࢝ࡣᐇ㦂࡛ࡢࡇࠊᐇ㝿ࠋ࠸࡞ฟ᮶ࡀ

㛫 Q-Sepharoseࡢࡑࠊࡋ 㝜ࣥ࢜యࡓࡋྜ⤖」ྜయϬࡣ⦆⾪ᾮ࡚ࡗࡼὙίࡉ

ࡀࢺࢵࢽࣘࣈࢧ࠸࡞ࡋ᥋ᐤ┤㓝⣲άᛶࠊᯝ⤖ࡓࢀ㝖ࡾྲྀࡀ㉁⬡ࡢ㐣ᗘࠊࡅ⥆ࢀ

⬺㞳ࡀࡇࡓࡋ㧗࠸ẚάᛶ㜼ᐖឤཷᛶࠊࡽࡀ࡞ࡋ♧ࢆ⤖ᬗࡀᡂຌࡓࡗ࡞ࡋ⌮ 

 ࠋࡿࢀࡽ࠼⪄⏤

Figure 19.  Q-Sepharose࣒ࣛ࢝⁐ฟᚋ㓝⣲ Poros-20HQ࣒ࣛ࢝⁐ฟᚋ㓝⣲ࡢ  

྾ࣝࢺࢡࢫ  (㑏ඖᆺ㸫㓟ᆺ) 


ᕥ: Q-Sepharose࣮ࣇࣛࢢࢺ࣐ࣟࢡ࣒ࣛ࢝⁐ฟᚋ㓝⣲  

ྑ: Poros-20HQ࣮ࣇࣛࢢࢺ࣐ࣟࢡ࣒ࣛ࢝⁐ฟᚋ㓝⣲ 

ୖグ᳨ࡢウ⤖ᯝࣥ࢜ࡽయ࡚ࡋ▷㛫࡛ࢆ࣮ࣇࣛࢢࢺ࣐ࣟࢡ࣒ࣛ࢝⾜ 

࢜ Poros-20HQ ࠊ࡛ࡇࡑࠋࡓࢀࡉ♧ࡀࡇࡿ࠸࡚ࡋ㐺ࡀPoros-20HQ ࡿฟ᮶ࡀࡇ࠺

ࣥయࡓ࠸⏝ࢆ」ྜయϬ᭱ࡢ㐺⁐ฟ᮲௳᳨ࡢウ⤖ᯝ࡚࠸ࡘグ㏙ࠋࡿࡍ」ྜయϬࢆ

⢭〇ࡿࡍⅭ⏝ࡿࡍ⁐ฟࢆ࣒ࣛࢢࣟࣉୗグࡢࡇࠋࡿࡍ⁐ฟ࡚ࡗࡼ࣒ࣛࢢࣟࣉ⢭〇

 ࡋࢡ࣮ࣆ࡞ࢻ࣮ࣟࣈ࠺ࡼࡢ㒊ศࡔࢇᅄゅ࡛ᅖࡢ㉥ࡣศ⏬ࡴྵࢆయϬྜ「ࡿࡍ

ศ࡛ 1 mg/ml⏬࠸㧗ࡶ᭱ࡣ㓝⣲⃰ᗘࠊⅭࡿ࡞ࢡ࣮ࣆ࡞ࢻ࣮ࣟࣈ࠺ࡼࡢࡇࠋࡿࢀ⌧࡚

௨ୗ࡛ࠊࡾ࠶」ྜయϬ2 ࡢḟඖ⤖ᬗ᭱㐺࡞㓝⣲⃰ᗘ࡛10-15 ࡿ࠶ mg/ml ࡽࡁ 

 ᪉ἲ࡛㓝ࡿࡍ⦰࡚⃰࠸⏝ࢆ⭷㝈እℐ㐣ࡽࡀ࡞ࡅࢆ⣲ᅽ❅ࠊⅭࡢࡑࠋࡿ࠸࡚ࡋ⬺㐓ࡃ
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⣲⃰ᗘࢆ㧗2ࠊࡵḟඖ⤖ᬗࠋࡓ࠸࡚࠸⏝」ྜయϬࡣ㠀ᖖᏳᐃ࡞㓝⣲࡛ࡇࡿ࠶

ࠊ⃰ࡾ࠾ࡋ▱⇍㦂ⓗ⤒ࢆ  ⣽㒊࡞ᢾ㏿ᗘ᧠ࡿࡼ࣮࣮ࣛࢱࢫࡸ⣲ᅽ❅࠺⾜ࢆ⦰

ர࡛ࡲࡿ⣽ᚰࡢὀពࢆᡶࡿ࠸࡚ࡗ  (ᅽຊ: 2 atm ࠊᅇ㌿: 60 rpm)ࡿࡼ⦰⃰ࠊ࡛ࡇࡑࠋ

㓝⣲ࡢᦆയࢆ㜵ࠊࡵࡓࡄ⁐ฟ᮲௳ࢆኚ᭦ࡃ࡞ࡇ࠺⾜ࢆ⦰⃰ࡋ⤖ᬗ᳨࠺ࡼࡿ࠼⾜ࡀ

ウࠋࡓࡋඛࠊࡎᚑ᮶ࡿ࠸࡚࠸⏝ࡽ」ྜయϬ⏝⁐ฟ᮲௳ࡢࡑ᮲௳࡛⁐ฟࡓࡋ㝿ࢡࡢ

 ࠋࡿࡍୗグࢆࣇࣛࢢࢺ࣐ࣟ

Table 5. 」ྜయϬᪧ⁐ฟ᮲௳㸦Poros-20HQࢺ࣐ࣟࢡ࣒ࣛ࢝⏝㸧 

Figure 20. ᪧ⁐ฟ᮲௳ࡿࡼ Poros-20HQ ࣇࣛࢢࢺ࣐ࣟࢡ࣒ࣛ࢝  


Poros-20HQ (ȭ:26 mm, l:50 mm) :࣒ࣛ࢝ 

ᖹ⾮: 40 mM HEPES-Na ⦆⾪ᾮ(pH 7.8), 2 mM MgCl2, 0.1 mM DTT/EDTA, 


0.2 % DM, �ࠎᑡࢫ࣮ࣟࢡࢫ ὶ㏿ 4.5 ml/min
 

⁐ฟ: 40 mM HEPES-Na ⦆⾪ᾮ (pH 7.8), 2 mM MgCl2, 400 mM KCl,
 

0.1 mM DTT/EDTA, 0.2 % DM, 150 mM ࢫ࣮ࣟࢡࢫ 

ὶ㏿ 4 ml/min
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ḟࠊ⁐ฟ᮲௳ࢆୗグኚ᭦ࡢࡑࡋ᮲௳ࢆࣇࣛࢢࢺ࣐ࣟࢡ࣒ࣛ࢝ࡿࡼグࡢࡇࠋࡍ⁐

ฟ᮲௳ࣥ࢜ࡣᙉᗘࢆᛴ⃭ቑຍࡿ࠸࡚ࡋྜ⤖࣒ࣛ࢝ࡏࡉ」ྜయϬྠࢆ⁐ฟ 

 ࠋࡓ࠼⪄ࡿࡍୖྥࡀᏳᐃᛶࡁᣢ࡛⥔ࡃ㧗ࢆ㓝⣲⃰ᗘࠊࡾࡼࢀࡇࠋࡿࡁ࡛ࡀࡇࡿࡍ

Table 6. 」ྜయϬ᪂⁐ฟ᮲௳㸦Poros-20HQ࣮ࣇࣛࢢࢺ࣐ࣟࢡ࣒ࣛ࢝⏝㸧 

Figure 21. ᪂⁐ฟ᮲௳ࡿࡼ Poros-20HQ ࣇࣛࢢࢺ࣐ࣟࢡ࣒ࣛ࢝  


Poros-20HQ (ȭ:26 mm, l:50 mm) :࣒ࣛ࢝ 

ᖹ⾮: 40 mM HEPES-Na ⦆⾪ᾮ(pH 7.8), 2 mM MgCl2, 0.1 mM DTT/EDTA, 


0.2 % DM, �ࠎᑡࢫ࣮ࣟࢡࢫ ὶ㏿ 4.5 ml/min
 

⁐ฟ: 40 mM HEPES-Na ⦆⾪ᾮ (pH 7.8), 2 mM MgCl2, 400 mM KCl,
 

0.1 mM DTT/EDTA, 0.2 % DM, 150 mM ࢫ࣮ࣟࢡࢫ 

ὶ㏿ 4 ml/min
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ୖグ࠺ࡼࡢኚ᭦ࢁࡇࡓࡋ」ྜయϬࢡ࣮ࣆ࡞ࣉ࣮ࣕࢩࡽࢻ࣮ࣟࣈࡀࡴྵࢆኚ

ࡢࡇࠊࡋࡋࠋࡓࡋ⁐ฟ᮲௳ࡶ࡚࠸⏝ࢆ㓝⣲⃰ᗘ2 ࡣ mg/ml ᭱ࡀ࡛ࡾ࠶⤖ᬗ᭱

㐺⃰ᗘ5-7 ࡑࡼ࠾࡛ࡲಸࢆ⦰⃰ࡢᚲせࡽ≦⌧ࠋࡿࡍ᭦ࣥ࢜ᙉᗘࡇࡿࡆୖࢆ

 ࣒ࣛ࢝ࠊࡎࡏࡣࡇࡿࡍኚ᭦ࢆ௳ฟ᮲⁐ࡢ௨ୖࢀࡇࠊⅭࡓࡁ࡛ ணࡀΰධࡢ≀ዃ㞧ࡣ

྾࣒ࣛ࢝ࡋࡸቑ cm3 70 ࡽ cm3 26 ࢆ✚యࡢయࣥ࢜ Poros-20HQ ࡿࡍሸ

ࠋࡓࡋࡇࡘಖᏳᐃࢆ㓝⣲ࡋᣢ⥔ࢆ㓝⣲⃰ᗘࡃ㧗ࠊ࡛ࡇࡍࡸቑࢆ㓝⣲㔞ࡿࡍ╔

 mg/ml 7 ࡀ㓝⣲⃰ᗘࡓࢀࡉฟ⁐࡚ࡗࡼࡇࡍࡸቑࢆ✚యࢻࢵ࣒࣋ࣛ࢝࠺ࡼࡢࡇ

࣐ࣟࢡ࣒ࣛ࢝ࡢࡢࡇࠋࡓࡗ࡞⬟ྍࡀࡇࡿࡍ⦰▷ᖜࢆ㛫ࡍࡸ㈝⦰⃰ࡾ࡞

 ࠋࡿࡍグୖࢆࣇࣛࢢࢺ

Figure 22. ᪂⁐ฟ᮲௳,2.7 ಸࢻࢵ࣒࣋ࣛ࢝య✚ࣇࣛࢢࢺ࣐ࣟࢡࡿࡼ  


Poros-20HQ (ȭ:26 mm, l:130 mm) :࣒ࣛ࢝ 

ᖹ⾮: 40 mM HEPES-Na ⦆⾪ᾮ(pH 7.8), 2 mM MgCl2, 0.1 mM DTT/EDTA, 


0.2 % DM, �ࠎᑡࢫ࣮ࣟࢡࢫ ὶ㏿ 4.5 ml/min
 

⁐ฟ: 40 mM HEPES-Na ⦆⾪ᾮ (pH 7.8), 2 mM MgCl2, 400 mM KCl,
 

0.1 mM DTT/EDTA, 0.2 % DM, 150 mM ࢫ࣮ࣟࢡࢫ 

ὶ㏿ 4 ml/min
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ࡣࡇࡿࡍ㐩㓝⣲⃰ᗘ࡞⬟ྍࡀᬗ⤖ࡎࢃ⾜ࢆ⦰⃰ࡶ࡚࠸᮲௳᳨ウࡢࢀࡎ࠸

 ࡿ࡞␗ࡽࡇࡿ࠶ᅔ㞴࡛ⓗ⌮≀ࡣࡇࡍࡸቑࢆ✚యࢻࢵ࣒࣋ࣛ࢝᭦ࠋࡓࡗ࡞

᪉ἲ᳨ࢆウࡿࡍᚲせࠊ࡛ࡇࡑࠋࡿ࠶ࡀᚑ᮶ࠊ⁐ฟ㔞 50 ml ࡛ 135 mM ࡋ࠺ࡼࡿ࡞ 

ࡋ ᥎⬟ྍࡀ㧗⃰ᗘࡢయϬྜ「ࠊ࡛ࡇࡿࡍml 10ࠊml 20ࠊml 40 ࢆࢁࡇࡓ

ฟ㔞 20 ml⁐ࠊᯝ⤖ࡢࡑࠋࡿ࠶࡛⌮ཎࡌྠἲࢺ࢚ࣥࢪࣛࢢࢬ࣡ࣉࢵࢸࢫࡣࢀࡇࠋࡓ

ࠋࡓࡗ࡞⬟ྍࡀḟඖ⤖ᬗ 2 ࡎࢃ⾜ࢆ⦰⃰ࡾ࡞ mg/ml 14 ࡀ㓝⣲⃰ᗘ࡛ࡇࡿࡍ

 ࠊµmoles/min/mg 0.82 ࢀࡒࢀࡑࡣ⋠㜼ᐖࣥࢩ࣐ࢦࣜ࢜ATPຍỈศゎάᛶ ࡢ㝿ࡢࡑ

 ࠋࡿࡍୗグࢆࣇࣛࢢࢺ࣐ࣟࢡ࣒ࣛ࢝ࡢฟ㔞 20 ml⁐ࠋ㸦Figure 19㸧ࠋࡓࡗ࠶࡛% 98

Figure 23. ⁐ฟ㔞ኚࡿࡼ㓝⣲⃰ᗘୖྥࡢ  


Poros-20HQ (ȭ:26 mm, l:130 mm) :࣒ࣛ࢝ 

ᖹ⾮: 40 mM HEPES-Na ⦆⾪ᾮ(pH 7.8), 2 mM MgCl2, 0.1 mM DTT/EDTA, 


0.2 % DM, �ࠎᑡࢫ࣮ࣟࢡࢫ ὶ㏿ 4.5 ml/min
 

⁐ฟ: 40 mM HEPES-Na ⦆⾪ᾮ (pH 7.8), 2 mM MgCl2, 400 mM KCl,
 

0.1 mM DTT/EDTA, 0.2 % DM, 150 mM ࢫ࣮ࣟࢡࢫ 

ὶ㏿ 4 ml/min
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ㄆࡀ㓝⣲ࡓࡋจ㞟ࠊࡎࢀࡽࡵㄆࡀᬗ⤖ࡀࡓࡗ⾜ࢆ2ḟඖ⤖ᬗ ࡚࠸⏝ࢆ㓝⣲ᶆရࡢࡇ

 ࠸ࠋࡍグࢆ⋠㜼ᐖࠊẚάᛶࠊ㓝⣲⃰ᗘࡿࡅฟ㔞⁐ྛୗࠋࡓࡗ࡞ᯝ⤖ࡿࢀࡽࡵ

ࠊ࡚ࡋ⏤⌮ࡓࡗ࡞ࢀࡉᙧᡂࡀᬗ⤖ࠋࡓࡗ࡞ࢀࡉᙧᡂࡣᬗ⤖ࡶ࡚࠸௳᮲ࡢࢀࡎ

」ྜయϬྵࡢ᭷ࣜࣥ⬡㉁㔞ࡀኚࡇࡓࡋ᥎ ࠊࣜࡋ ࣥ㔞ࢆ ᐃࡢࢀࡒࢀࡑࡀࡓࡋ

ࣜࣥ㔞᭷ព࡞ᕪࡣㄆࠋࡓࡗ࡞ࢀࡽࡵᛴ⃭࡞ KCl⃰ᗘࡣ᪼ୖࡢ」ྜయϬࡢ⢭〇㐺 

 ࠋࡿࢀࡽ࠼⪄࠸࡞࠸࡚ࡋ

Table 7. ྛ⁐ฟ㔞ᑐࡿࡍ㓝⣲⃰ᗘࠊẚάᛶࠊ㜼ᐖ⋡ྵࠊ᭷ࣜࣥ㔞ࡢᕪ 

�  

61 




 

 
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2-3-8.�� ྵ᭷⬡㉁㛵ࡿࡍศᯒ 

 㸦ࡓࡗ࡞ࢀࡽࡵㄆࡣᕪ࡞ࡁᵓᡂẚࡀࡓࡋㄆ☜ࢆẚ࣮࣐ࢲ

ୖグ2 ࠺ࡼࡓࡋḟඖ⤖ᬗ㐺ࡓࡋᶆရࢆᚓࡿⅭࠊ」ྜయϬ⢭〇᮲௳ࢆከᒱ

ࠊࡣ࡛ࡇࡇࠋࡓฟ᮶ࡀࡇࡿࡍᡂຌୖྥࡢ㜼ᐖឤཷᛶࠊ㓝⣲άᛶࠊࡋウ᳨ࡾࡓࢃ

ࠋᪧࡿࡍグ㏙࡚࠸ࡘศᯒ⤖ᯝࡿࡍ㛵యϬྵ᭷⬡㉁ྜ「ࡿࡍኚ࡚࠸⛬㐣ࡢࡑ

ࢀ⌧࡚ࡋࢡ࣮ࣆ࡞ࢻ࣮ࣟࣈࡣయϬྜ「ࡿࡍฟ⁐ࡽ࣒࡚ࣛ࢝࠸⏝ࢆ࣒ࣛࢢࣟࣉ

 ࣐ࣀࣔࡿࡍᵓᡂ࡚ࡗࡼ BN-PAGE ࢆศ㸦⥳㸧⏬ྛࡢࢡ࣮ࣆࠋࡓ㏙᪤ࡣࡇࡿ

࣮/ Figure 24㸧ࠋ 

Figure 24.  BN-PAGE ࣮࣐ࢲ/࣮࣐ࣀࣔࡿࡼᵓᡂẚ  (ᒣᮏ༞ㄽ) 

ࢀࡒࢀࡑࡋศ⏬ (Fc.1, Fc.2, Fc.3, Fc.4)ࡘ 4 ࢆࢡ࣮ࣆ࡞ࢻ࣮ࣟࣈࡢయϬྜ「ࠊ࡛ࡇࡑ

ࣜࣥ㔞ࢆ ᐃࠋࡓࡋ ᐃ⤖ᯝࡣ Fc.1 (No.32-34);162 moles/ATPaseࠊFc.2 (No.35-40);122 

moles/ATPaseࠊFc.3 (No.41-49);60 moles/ATPaseࠊFc.4 (No.50-56);40 moles/ATPase ࡞ 

ࠋ㸦Table 5㸧ྛࡓࡗ ⏬ศࡢ㓝⣲άᛶࠊ㜼ᐖ⋡ࢀࡒࢀࡑࡣ Fc.1;0.57 µmoles/min/mgࠊ% 89ࠊ 
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Fc.2;0.41 µmoles/min/mgࠊ% 97ࠊFc.3;0.16 µmoles/min/mgࠊ% 88ࠊFc. 4;0.12 µmoles/min/mgࠊ  

 ࠋࡓ࠼⪄ࡿ࠶ࡀ㛵㛵ಀ┦᭷ࣜࣥ㔞ྵ㓝⣲άᛶࠊࡾ࠶࡛% 66

Table 8. ⢭〇㓝⣲ྵࡢ᭷ࣜࣥ㔞 

 ࡓࢀࡽࡵㄆࡀᙧᡂࡢᬗ⤖ࡳࡢ

ྛ⏬ศྵࡿࡅ᭷ࣜࣥ㔞⤖ᬗᙧᡂࡢ᭷↓

⁐ฟ᮲௳ࢆኚ᭦ࠊࡋ᭦ࢻࢵ࣒࣋ࣛ࢝య✚ࢆቑࠊ࡛ࡇࡍࡸᚑ᮶࡛ࡣྍ⬟࡛ࡓࡗ࠶

㓝⣲⃰ᗘ࡛ࡾࡼ࣒ࣛ࢝⁐ฟࠋࡓࡗ࡞⬟ྍࡀࡇࡿࡍ⁐ฟࡓࢀࡉ」ྜయϬࡘ 3 ࢆ 

(Fc.1,Fc.2,Fc.3)ศ⏬ࡢࢀࡒࢀࡑࠊࡋ⏬ศྵࡢ᭷ࣜࣥ㔞࡚࠸ࡘศᯒࠊࡿࡍ Fc.2 

ྵࡳࡢ࡚࠸᭷ࣜࣥ㔞୍ࡀᐃ࡛ࡢࢀࡒࢀࡑࠊ࡛ࡇࡑࠋࡓࢀࡉ♧ࡀࡇࡿ࠶⏬ศࡢ⤖ᬗ 

࠺⾜ࢆ Fc.2  㐺2ḟඖ⤖ᬗ ࡀศ⏬ࡢࡇࠊࡣࢀࡇࠋ

 ࠋࡓࡋࡇࡿ࠸⏝ḟඖ⤖ᬗ 2 ࢆ Fc.2ࠊᨾࠋࡿ࠶ᯝ࡛⤖ࡍ♧ࢆࡇࡿ࠸࡚ࡋ

Table 9.

ᖖ୍ᐃ࡛ࣜࢻࣥࢥࢺ࣑ࡓ࠸࡚࠼⪄ࡿ࠶ෆ⭷ᑠ⬊㔞ࡣព࡚ࡋቑῶࡇࡿࡍ

ࠋྍࡓࡗ࡞ࡽ᫂ࡾࡼᯝ⤖ࡢ㔜㔞 ᐃࣜࢻࣥࢥࢺ࣑ࡀ ⁐ࡿࡅ⏺㠃άᛶ⃰

ᗘࢆᅛᐃࡋ⏺㠃άᛶᑐ㓝⣲ẚࢆࡳࡢኚࡢࡇࠊࡋࡇࡿࡏࡉẚࢆᑠࡇࡿࡍࡃࡉ 

࡛ᚑ᮶ẚ㍑࡚ࡋ㧗࠸㓝⣲άᛶࡍ♧ࢆ」ྜయϬࡢ⢭〇ࢆࡇࡿ࠶࡛⬟ྍࡀぢฟࠋࡓࡋ
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㓝⣲άᛶࡢᕪྵࡀ᭷ࣜࣥ㔞౫Ꮡࢀࡒࢀࡑࠊࡀࡓ࠼⪄ࡿ࠸࡚ࡋ࡚࠸᭷ព࡞ᕪࡣ

ㄆࠋࡓࡗ࡞ࢀࡽࡵ 

Table 10. ྍ⁐ᠱ⃮ᾮ⃰ᗘࡢ㐪ྵࡿࡼ࠸᭷ࣜࣥ㔞ࡢᕪ

ࠊࡾ࡞ࡃ㏆㉁⤌ᡂ⬡ࡢ⭷ෆࣜࢻࣥࢥࢺ࣑

ྛྍ⁐ᠱ⃮ᾮ⃰ᗘࡢ㐪ྵࡿࡼ࠸᭷ࣜࣥ⬡㉁⤌ᡂ

㞳ᒎ㛤ࡋ⤌ᡂศᯒ࠺⾜ࢆ୧⪅࡞ࡁ

⬡㉁⤌ᡂࢆศᯒࠋࡓࡋࡇࡿࡍ

ᮏᐇ㦂㛤ጞᙜึྵࠊࡣ᭷ࣜࣥ㔞ࡀ㓝⣲άᛶࡃࡁᐤࠊࡀࡓ࠼⪄ࡿࡍᅇࡢᐇ㦂 

ᵓᡂࠊ࡛ࡇࡑࠋࡓࡗ࠶ᯝ࡛⤖ࡍそࢆࢀࡑࡣ್ ⬡㉁ࢆ 

ᢳฟᚋⷧࠊ ᒙ࡚ࡗࡼ࣮ࣇࣛࢢࢺ࣐ࣟࢡศ

ᕪࡀㄆࠋࡓࢀࡽࡵ⏺㠃άᛶᑐ㓝⣲ẚࢆᑠࠊ࡛ࡇࡿࡍࡃࡉ⌧ᅾሗ࿌ࢩ࢘ࡿ࠸࡚ࢀࡉ 

 ࠋࡿࢀࡽ࠼⪄ࡓࡋᙳ㡪㓝⣲άᛶࡀࢀࡑ

Table 11.
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2-3-9.�� FoF1-ATPྜᡂ㓝⣲ࡢ⇕Ᏻᐃᛶ

� 㜼ᐖឤཷᛶ㓝⣲άᛶ࠸㧗࡚ࡋẚ㍑⢭〇᮲௳࡛ᚑ᮶ࡢࡾ㏻ࡓࡋグ࡛ࡲࡇࡇ

2 ࡢయϬྜ「ࡓࡋ⢭〇ࠊ࡛ࡇࡑࠋࡓࡋ㛤Ⓨࢆ᪉ἲࡢ᪂つࡿࡁ⢭〇࡛ࢆయϬྜ「ࡍ♧ࢆ

ḟඖ⤖ᬗ࠺⾜ࢆⅭ⢭〇ᶆရࡢ⇕Ᏻᐃᛶ᳨࡚࠸ࡘウࠋࡓࡋࡇࡿࡍ㓝⣲ᶆရࢆ 

4,15,20,27 Υタᐃ࣮ࢱ࣮࣋ࣗ࢟ࣥࡓࢀࡉෆ㟼⨨ࠊࡋẖ᪥㓝⣲άᛶ㜼ᐖឤཷ

ᛶࢆ ᐃ࣮ࢱ࣮࣋ࣗ࢟ࣥࠋࡓࡋෆ㟼⨨ࡓࢀࡉ㓝⣲ᶆရࡢẚάᛶ㜼ᐖឤཷᛶࡢ

᥎⛣ࢆୗグࠋࡿࡍ 

Table 12. 」ྜయϬࡢ⇕Ᏻᐃᛶ

ᅇ᳨ࡢウ ᗘෆ࡛ࡢ」ྜయϬࡢᏳᐃᛶ4 ࡣΥࡶ࡚᭱࠸㧗ࠊࡃᑐ27 ࡚ࡋ Υ 

㜼ࡢ⢭〇ᚋ 4 ᪥ᚋ࡛ 70 %௨ୖࡣయϬྜ「ࡓࡋ⨨㟼4Υࠋࡓࡗ࡞ᯝ⤖࠸పࡶ࡚᭱࠸

ᐖឤཷᛶࠋࡓࡋ♧ࢆ」ྜయϬࡢぶỈᛶ㒊࡛ࡿ࠶ F1 1976ࠊࡣ ᖺ E.Racker ࡚ࡗࡼ 

A New Look at Mechanisms in Bioenergetics ࡀࡇࡍ♧ࢆప ኚᛶࡾ㏻ࡓࢀࡉグ㏙͇

ᗈࠊࡀࡿ࠸࡚ࢀࡽ▱ࡃ࡞」ྜయϬࡢࡑࡣᛶ㉁ࢁࡋࡴࡎࡉ♧ࢆప ࡛Ᏻᐃᛶࢆಖࡘ

F1 ࡿ࠶࡛ࢫࢡࢵࣞࣉࣥࢥࣈࢧࡢࡑయϬྜ「ࠋࡓࢀࡉ♧ࡀࡇ ࡛ࡿ࡞␗ࡃᛶ㉁ࢆᣢ 

 ࠋࡿࢀࡽ࠼⪄⏤⌮ࡓࡗ࡞ࡋᡂຌᬗ⤖࡛ࡲ᪥ࡀࡇࡘ
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Figure 25. ྛ ᗘಖᏑࡿࡼ㓝⣲άᛶࡢቑῶ 

⢭〇␒ྕ:AA165


㓝⣲⃰ᗘ: 11.8 mg/ml (21.2 µM)


 ᐃ ᗘ: 20Υ 

ᛂᾮ⤌ᡂ: 50 mM K-Pi ⦆⾪ᾮ (pH 7.8), 2 mM MgCl2, 100 mM KCl, 0.2 % DDM 

ỈⰍ:4ΥಖᏑ� ㉥ : 15ΥಖᏑ� ⥳: 20ΥಖᏑ� ⣸:27ΥಖᏑ 
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Figure 26. ྛ ᗘಖᏑࡿࡼ㓝⣲άᛶࡢቑῶ

⢭〇␒ྕ:AA165

㓝⣲⃰ᗘ: 11.8 mg/ml (21.2 µM)

 ᐃ ᗘ: 20Υ 

ᛂᾮ⤌ᡂ: 50 mM K-Pi ⦆⾪ᾮ (pH 7.8), 2 mM MgCl2, 100 mM KCl,
 

0.2 % DDM, 20 µM ࣥࢩ࣐ࢦࣜ࢜  

ỈⰍ:4ΥಖᏑ� ㉥ : 15ΥಖᏑ� ⥳: 20ΥಖᏑ� ⣸:27ΥಖᏑ  
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➨➨⫔⠇.� ⪃ᐹ 

2-4.� ⪃ᐹ 

ຍỈศゎᚋ⏕ᡂ≀࡛ࡿ࠶ 

ᴫ␎

」ྜయϬࡢయᵓ㐀ゎ᫂ࡓࡅྥ⤖ᬗసᡂࡣዴఱᏳᐃࡓࡋ㧗⣧ᗘࡢ」ྜయϬࢆ

ᚓࡀࡇ࠺࠸ࡿ⤯ᑐ᮲௳࡛᭱ࠊࡾ࠶ࡢ㞴㛵࡛ࠋࡿ࠶ࡶ」ྜయϬࡢయᵓ㐀ࡀᮍࡔ

ሗ࿌ࡣࡇ࠸࡞ࢀࡉ⥴ゝࡶグࡣࢀࡑࠊࡀࡓࡋ」ྜయϬࡀᴟ࡚ࡵ」㞧࡛ࡾ࠶Ᏻᐃ࡞

ศᏊ࡛ࡀࡿ࠶ᨾࡢࡇࠋࡿ࠶࡛ࡇࡢၥ㢟ࡢゎỴ⟇୍➨ࡣ⢭〇ἲ࠼⪄ࡿ࠶࡛❧☜ࡢ

 ࠋࡍグࢆぢ▱ࡓࢀࡽᚓࡽࡇࡑࠊࡵࡲ௨ୗࢆᨵၿⅬࡢࡽ⢭〇ἲࡢᚑ᮶ࠋࡿ

1.� άᛶ ᐃ᪉ἲ᳨ࡢウ

」ྜయϬ⃰ࣥࢺࣟࣉࠊࡣᗘ໙㓄ࡿ࠶ࡀ⎔ቃ࡚࠸ ATP ྜᡂᛂࠊ࠸⾜ࢆ⦆⾪ᾮ 

୰࡛ࡣ ATPຍỈศゎᛂࠋ࠺⾜ࢆATPຍỈศゎάᛶࢆ ᐃࡿࡍ᪉ἲࡣ Figure 7 ♧

ATP ຍỈ ࡿࡍゐ፹ࡀయϬྜ「ࡣᚊ㏿ẁ㝵ࡿࡅ࠾ᛂࡢࡇࠊࡀࡿ࠶㞧࡛「ࡾ㏻ࡓࡋ

ศゎᛂ࡛ࡀࡇࡿ࠶ᐇ㦂⤖ᯝࡾࡼ᫂ࡢࡇࠋࡿ࠸࡚ࡗ࡞ࡽᛂ࡚࠸」ྜయϬ

1 ➨ࠋࡿ⤒ࢆ⛬ᛂ㐣ࡢ3ẁ㝵 ࡾ㏻ࡍ♧Figure 13ࠊࡣATPຍỈศゎᛂ ࡿࡍゐ፹ࡀ

ẁ㝵ࢆຍ㏿ᮇ2 ➨ࠊẁ㝵ࢆᐃ㏿ᮇ3 ➨࡚ࡋࡑẁ㝵ࢆῶ㏿ᮇ࡛ࠋࡿ࠶㓝⣲άᛶࡘ 3ࠊࡣ

 ᛂ㛤ጞᚋ 20-80ࡿࡍ㐩ᐃᖖᮇࠊࡋฟ⟭ࡽᐃᖖᮇ࠸㏿ࡢᗘ㏿ࡶᛂẁ㝵୰࡛᭱ࡢ

ࠊⅭࡓࡋῶᑡࡀ྾ගᗘ࡚ࡋẚ㓝⣲㔞ࡿ࠸⏝άᛶ ᐃࠋࡓࡵồࡽ྾ගᗘᕪࡢ⛊

㓝⣲άᛶࡣᐃᖖ≧ែ࡛ࡿ࠶᥎ᐃࠋࡓࢀࡉᨾࡢࡇࠊᛂẁ㝵ࡽ㓝⣲άᛶࢆ⟬ฟࡍ

 ࠋࡿࢀࡽ࠼⪄࠸࡞ࡣᨭ㞀࡚ࡋᑐࡇࡿ

2.� ATPຍỈศゎᛂ㐣⛬

ඛグࡓࡋ㏻ࠊࡾ」ྜయϬࡍ♧ࡀຍỈศゎάᛶࡢࡘ3 ࡣᛂ㐣⛬3 ࡢࡇࠋࡿ࠶ࡀ

㔜せࡶ᭱ࡍ♧ࢆࡇࡿࡍ᭷ࢆ⬟ᶵ࡞ࡀయϬྜ「ࡣῶ㏿ᮇࠊ࡚࠸⛬ᛂ㐣ࡢࡘ

ࣥࢺࢡࢲࣟࣉࠊሙྜ࠺ྥ᮰ࡀ㓝⣲άᛶⓗ⯡୍ࠋࡿࢀࡽ࠼⪄ࡿ࠶࡛⛬㐣࡞

 ࢀࡽࡏࡉ࠼⪄ᛶ⬟ྍࡓࡋኚᛶࡀ㓝⣲࡛ࡇࡓࡗ࡞ᕼⷧ⃰ᗘࡀ㓝⣲ࡸࣥࣙࢩࣅࣄ

ATPࠊ࡛ࡇࡑࠋࡿ ADP  ࡿࢀࡉ㜼ᐖࡀ㓝⣲άᛶࡋῧຍࢆ
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ᐃࢁࡇࡓࡋ ADP ຍỈศゎάᛶࡣ㜼ᐖࠊࡓࡲࠋࡓࡗ࡞ࢀࡉάᛶ ᐃᚋࡢ㓝⣲ᶆရ 

ྜᡂᛂࢆㄪᩚࠊ

ᑐ㓝⣲ẚࢆ⮬ᅾㄪᩚྍ⬟ྍࠊ࡛ࡇࡑࠋࡓࡗ࡞⬟ᠱ⃮ᾮ⃰ᗘࢆ 

ྍ⁐ᠱ⃮ᾮ⃰ᗘࡀཬࡍࡰẚάᛶ㜼 

࢜ࠊࡋゐ፹ࢆATPຍỈศゎ ࡣ㓝⣲ᶆရࡿࡍᐃ ࢆᗘ ATPຍỈศゎάᛶ࡚࠸⏝ࢆ

ࣙࢩࣅࣄࣥࢺࢡࢲࣟࣉࡣᯝ⤖ࡢࡇࠊᨾࠋࡓࢀࡉ㜼ᐖࡀᛂ࡚ࡗࡼࣥࢩ࣐ࢦࣜ

࠸ᛂ⣔ࡢࡇࠊ࡛ࡇࡑࠋࡿࡍᐃྰࢆኚᛶࡿࡼࡇࡓࡗ࡞ᕼⷧࡀ㓝⣲⃰ᗘࣥ

ࡢ྾㙐」ྜయྍࡢ⁐᭱ࢆప㝈ᢚࠊ࡛ࡇࡓ࠼

࡚㓝⣲άᛶࡀ᮰ࡿࡍせᅉࠊࡣࡢࡿࢀࡽ࠼⪄࡚ࡋᮏ᮶」ྜయϬࡣ ATP ຍỈศゎ࣭

ไᚚࢆࢺࢵࢽࣘࣈࢧࡿࡍᵓ 

3ẁ㝵┠ࡢῶ㏿ᮇࡀࢺࢵࢽࣘࣈࢧࡽࢀࡇࡣࡇࡍ♧ࢆᶵ⬟ࡍ♧ࢆࡇࡿ࠸࡚ࡋ⤖ᯝ࡛ 

 ࠋࡿࢀࡽ࠼⪄ࡿ࠶

3.� ᐃ㔞ࡢ⬊ᑠࣜࢻࣥࢥࢺ࣑

� ࡼಶయࢩ࢘ࠊࡓࡲࠊࡋኚື࡚ࡗࡼᏘ⠇ࡣ㔞ࣜࢻࣥࢥࢺ࣑ࡿࢀࡲྵ➽ᚰࢩ࢘

 ࠊࡣ⢭〇ἲ࡛ࡢᚑ᮶ࠋࡓࡗ࡞ࡽ᫂ࡾࡼᐇ㦂⤖ᯝࡢᅇࡀࡇࡿ࡞␗ࡃࡁࡶ࡚ࡗ

ᠱ⃮ᾮ⃰ᗘࢆ⮬ᅾㄪᩚࡇࡿࡍ 

ࠊ࠼⪄ࡿ࠶ᐃ୍࡛ᖖ࡚ࡋ㏻ࢆ1ᖺ ࡣ㔞ࣜࢻࣥࢥࢺ࣑

ᡂᅉᏊ࡚ࡋᣢࠊࡾࡲࡘࠋࡘ㓝⣲ᶆရࡀ 

「࡚ࡵỴࢆᠱ⃮㔞ࡽ ┠

ྜయϬྍࢆ⁐ࡋ⢭〇ࡢࡇࠋࡓࡗ⾜ࢆ᪉ἲࡽᚓࡓ」ྜయϬࡓ࠸⏝ࢆ⤖ᬗᐇ㦂࡛ࠊࡣ 

ඃ2 ࡓࢀḟඖ⤖ᬗࢆᚓࡣࡇࡿฟ᮶ࠊࡣࢀࡇࠋࡓࡗ࡞⢭〇ẖᚓࡿࢀࡽ」ྜయϬࡢ

㓝⣲άᛶࡸ㜼ᐖឤཷᛶ࡞ࡁኚືࠊࡾ࠶ࡀ㓝⣲ࡢ㉁ࡀᏳᐃࡽࡇࡓࡗ࡞ࡋ㐺

ษ࡞⤖ᬗ᮲௳ࡀࡇࡴࡇࡾ⤠ࢆฟ᮶ࡇࡓࡗ࡞㉳ᅉࠊ࡛ࡇࡑࠋࡿࢀࡽ࠼⪄ࡿࡍ 

 㜼ᐖ㓝⣲άᛶࠊ࡛ࡇࡿࢀධࡾྲྀࢆ᪉ἲࡿࡍ ィ☜ṇࢆᑠ⬊㔞ࣜࢻࣥࢥࢺ࣑

ឤཷᛶࡀᏳᐃࡢࡇࠋࡓࡗ࡞ࡇࡿࡍᨵၿࠊ࡚ࡗࡼ 

⢭〇㓝⣲ࡀ㠃άᛶᑐ㓝⣲ẚ⏺ࡓࡗ࠶࡛⬟ྍࡣ⢭〇᪉ἲ࡛ࡢᚑ᮶ࡾ࡞⬟ྍࡀ

 ࠋࡓࡗ࡞⬟ྍࡀࡇࡿࡍウ᳨ヲ⣽࡚࠸ࡘᙳ㡪ࡍࡰཬ

4.� ᐖ⋡

㠃άᛶ⏺ࠊ࡛ࡇࡓࡗ࡞࠺ࡼࡿฟ᮶ࡀࡇࡿࡍᐃ ☜ṇࢆ⬊ᑠࣜࢻࣥࢥࢺ࣑ �

430 g/l ࡞

g/l 460 㓝⣲ࡓࡋ⁐ྍࡋㄪᩚ࠺ࡼࡿ 㜼ᐖάᛶ࡛㓝⣲ࡓࡋㄪ〇࠺ࡼࡿ࡞

ឤཷᛶࢆẚ㍑ࡿࡍ๓⪅0.45ࠊࡣs0.17 µmoles/min/mg95ࠊs1.7 %ࠊࡾ࡞ᚋ⪅ࠊࡣ 

0.75s0.10 µmoles/min/mg98ࠊs0.42 %ࠋࡓࡗ࡞᫂ࡽᚋ⪅ࡀ㓝⣲άᛶࠊ㜼ᐖឤ

ཷᛶࡶ㧗ࡃ೫ᕪࡶᑠࡽࡇ࠸ࡉ㓝⣲࡚ࡋඃࠋࡿ࠸࡚ࢀᚋ⪅ࠊࡣ⏺㠃άᛶᑐ

㓝⣲ẚࡣᑠ࠸ࡉⅭࠊ ┠ⓗࡢ」ྜ

యϬࡢẚྵ㔞ࢆ㧗ࡀࡇࡓࡵ㓝⣲άᛶࡿࡆୖࢆせᅉࠊࡓࡲࠋࡿࢀࡽ࠼⪄ࡓࡗ࡞⏝ 

69 


http:0.75s0.10
http:0.45s0.17


 

 

 

 

 

 

 

 

 

 

 

㓝ࡀࢀࡑࠊ࠼ᢚࢆኚᛶຠᯝࡘᣢࡢ㠃άᛶ⏺ࡶࡇࡿࡍప㝈᭱ࢆ㠃άᛶ㔞⏺ࡿ࠸

⣲άᛶࢆୖྥࡢᣍࠋࡿࢀࡽ࠼⪄ࡓ࠸᭦ࡿ࡞ᠱ⃮ᾮ⃰ᗘࠊࡣୖྥࡢ⤖ᯝࡶグࡍ㏻ࡾ

 ࠶࡛⬟Ⅽྍ࠸࡞ฟ᮶ࡀࡇࡿࡏࡉᅇ㌿Ᏻᐃࢆ࣮ࢨࢼࢪࣔ࣍ࣥࣟࣇࢸ〇ࢫࣛ࢞

g/l 460 ࡣ࡚࠸⢭〇ࡢయϬྜ「࡚ࡗࡼࠋࡿ

 ࠋࡿࡁ࡛ 

Ỵᐃࡢ࣮ࣇࣛࢢࢺ࣐ࣟࢡࣥ࢜ �.5

」ྜయϬࡢ⢭〇㐣⛬ࡢ୰࡛࣮ࣇࣛࢢࢺ࣐ࣟࢡ࣒ࣛ࢝၏୍ Poros-20HQ 㝜࢜

ࣥయࠋࡿ࠸⏝ࢆ」ྜయϬࡣᴟ࡚ࡵᏳᐃ࡛ࡿ࠶Ⅽࠊ㛗㛫ࣥ࢜ࡢయࡢ⤖

࢜࡞ᛴ⃭ࠋࡓࡗ࡞ࡽ᫂ࡀࡇࡃᣍࢆኚᛶࡢ㓝⣲ࡏࡉࡌ⏕ࢆࡳṍࡢయᵓ㐀❧ࡣྜ

ࣥᙉᗘࡓࡲࡶ᪼ୖࡢ㓝⣲ኚᛶࢆᣍࡃ⤖ᯝࠋࡓࡗ࡞ᨾࠊ」ྜయϬࡢ⢭〇ࡿࡅ

᥎ࡿ࠶㐺࡛᭱ࡣ࡚ࡋᠱ⃮ᾮ⃰ᗘࡀ

Poros-20HQ ࡿ࠶࡛⬟ྍ⏝㧗㏿࡛ࡣయࣥ࢜ ⏝ࢆ KClࠊࡣฟ⁐ࠊࡾ࠶㐺࡛᭱ࡀ

 ࠼⪄ࡿ࠸࡚ࢀඃ࡚࠼⪄ࡽ⣧ᗘࡢ㓝⣲ᶆရࡀࡇ࠺⾜࡛ࢺ࢚ࣥࢪࣛࢢࢽࣜࡓ࠸

 ࠋࡿࢀࡽ

6.� ⢭〇㓝⣲ࣥࣜࡿࡍྜ⤖⬡㉁ࡢಶᩘ࣭✀㢮

� ᪂つ㛤Ⓨࡓࡋ⢭〇ἲᇶ࡙࡚࠸ᚓࡓ」ྜయϬࡣᖖ75  ಶࢆࣥࣜࡢ᭷ࠊࡾ࠾࡚ࡋ 

ྜ⤖ศᏊ 2 ࡀ࣮ࣝࣟࢭࣜࢢ࣍ࢫ࣍ࡣ CLࠋࡿ࠶㉁࡛⬡ࣥࣜ࠺࠸CL ࡀ% 27 ࡕ࠺ࡢࡑ

CL ࡾࡼ⫣ᩥ࡞ࠎᵝࠋࡿ࠶㉁࡛⬡ࡢ᭷≉⭷ෆࣜࢻࣥࢥࢺ࣑ࠊࡾ࠾࡚ࡋࢆᵓ㐀ࡓࡋ

 ࡛ࡇࡑࠋࡿ࠸࡚ࡗ࡞ࡽ᫂ࡀࡇࡿ࠸࡚ࡋᐤࡃࡁ㓝⣲άᛶࡸᏳᐃᛶࡢ㓝⣲ࡣ

CLࢆ⢭〇4  moles/ATPaseศຍ࡛ࡇࡿ࠼」ྜయϬࡢ㓝⣲άᛶࢆᖜࡏࡉୖྥ 

 ࠊࡋᒁᅾࡾᅇࡢయϬྜ「ࡀ ෆ⭷୰࡛ CLࣜࢻࣥࢥࢺ࣑ࠊࡣࢀࡇࠋࡓࡋᡂຌࡇࡿ

ᶵ⬟ࠋࡿ࠶࡛ࡢࡶࡍ♧ࢆࡇࡿ࠸࡚ࡋ⌧ᅾࠊࡣ࡚࠸ዴఱᶵ⬟ࢆࡿ࠸࡚ࡋ≉ᐃ 

㟁Ꮚ⥺⤖ᬗᵓࡿฟ᮶ࡀࡇࡿࡍゎᯒࢆ⏝స┦ࡢ㉁ศᏊ⬡ࠊࡀ࠸࡞ฟ᮶ࡣࡇࡿࡍ

㐀ゎᯒ࡚ࡗࡼ᫂ࡀࡇࡿࡍࡽฟ᮶ࠋࡿ࠼⪄ࡿ࠶࡛ࡢࡶࡿ 

7.� ⢭〇㓝⣲ࡢ⇕Ᏻᐃᛶ

⢭〇ࡓࡋ」ྜయϬࡢ⇕Ᏻᐃᛶࢆ ᐃ27ࠊࢁࡇࡓࡋΥ࡛ಖᏑࡓࡋሙྜ⢭〇ᚋ 3 ᪥┠ 

࡛ⓑ⃮ࡢࡓࡋᑐ4ࠊ࡚ࡋ Υ࡛ಖᏑࡓࡋሙྜ⢭〇ᚋ 4 ᪥┠ࡶ࡚࠸ⓑ⃮ࠋࡓࡗ࡞ࡋ 

20 Υ15  Υࡢ୧᮲௳ࠊࡣ⢭〇ᚋ 4᪥┠࡛ⓑ⃮ࠋྍࡓࡋ ⁐㓝⣲ࡢಖᏑ4 ࠊࡣ Υ᭱ࡀ

㐺࡛ࠊࡾ࠶」ྜయϬࡢ⢭〇ࡣịୖ࡛⾜ࡀࡇ࠺ᮃ1976 ࠋࡿࢀࡽ࠼⪄࠸ࡋࡲ ᖺ 
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సᡤ〇 

E.Racker Ᏻᐃ࡚࠸ పࡣ F1 ࡿ࠶ぶỈᛶ㒊࡛ࡢయϬྜ「ࡓࢀࡉᥦၐࡾࡼ

ࠋ㸦A New Look at Mechanisms in Bioenergetics㸧ࡿ࠸࡚ࢀࡉࡿࡍ᭷ࢆᛶ㉁ࡿࡍኚᛶࡾ࡞

 ࡇࡘᣢࢆᛶ㉁ࡿ࡞ప ࡛Ᏻᐃࠊࡎࡉ♧ࡃࢆᛶ㉁ࡢࡑࡣయϬྜ「࡞ࠊࡋࡋ

ࠊ࡛ࡇࡍ♧ࢆᛶ㉁ࡿࡍ┦ࡀF1 ࡿ࠶࡛ࢫࢡࢵࣞࣉࣥࢥࣈࢧయϬྜ「ࠋࡓࢀࡉ♧ࡀ

⤖ᬗ᮲௳ࡾࡼࡀ」㞧ࡀࢀࡑࡾ࡞⌧ᅾ࡛ࡲ 

 ࠋࡿࡁ࡛ ᥎せᅉࡓࡗ࡞࠸

8. 」ྜయϬࡢ᪂つ⢭〇ἲ

ᶵ (᪥❧〇ࢳ࣑ࣥࠊࡋព⏝ࢆ➽ᚰࡓ࠸㝖ࡾྲྀࡅࡔࡿࡁ࡛ࢆศ⫫⬡ࠊ➽ࠊ⓶ࡢ⮚ᚰࢩ࢘

Meat Chopper 12RF ᆺ)ࢳ࣑ࣥࠊࡅ⣙ 1,100 g ࢆ⏝ព550ࠋࡓࡋ g ࢳ࣑ࣥࡢ 

ịỈࠊ࠼ຍࢆ㸧ࣝࢽ࣍ࣝࢫࣝࢳ࣓ࣝࢽ࢙ࣇࢵࣇPMSF㸦ࠊ࡚ࡋᑐ  (Ỉࣥ࢜) 

యࡢ」ྜయϬࡢ⤖ᬗసᡂᡂຌ࡚ࡋ

2,875 ml, 0.2 M Na-Pi ⦆⾪ᾮ⦆⾪ᾮ (pH 7.4) 375 ml ࢆຍ11,000) ࡓࡋ○◚ࠊ࠼ rpm, 5 

ᠱ⃮ᾮࢆ㐲ᚰศ㞳min ; ᪥ᮏ⢭ᶵ〇◚○ᶵ)ࠋ ; rpm, 20 min 2,800) ࡋ ஂಖ⏣〇సᡤ〇

 ෆ⭷ᑠ⬊ᠱ⃮ᾮ㸯ࣜࢻࣥࢥࢺ࣑

 ࡚ࡋ ᥎ࡽỿẊ㔞ࡣᠱ⃮㔞ࠋ

ᆒ➼ᠱ⃮ᾮࢆධࡽࡉࢀᠱ⃮⏝⦆⾪ᾮ 

ᐜ㔞෭༷㐲ᚰᶵ 9810 ᆺࠊRS-6600 ࣮ࣟୖࠊ(࣮ࢱΎ2 ࡣᯛ㔜࡛ࢮ࣮࢞ࡓࡋࡡℐࠊࡋ┤ 

 ᵝྠࡶ g 550 ࢳ࣑ࣥࡢࡾṧࡓࡋị୰࡛ಖᏑࠋࡓࡋㄪᩚ7.4 ࢆ N NaOH ࡛ pH 3 ࡕ

ฎ⌮ୖࠊࡋΎᅇࠋࡓࡋỿẊࣜࢻࣥࢥࢺ࣑ࡽ⏬ศࢆᅇࠊࡵࡓࡿࡍỿẊᑐࡋ 

࡚ịỈ  ◚ࠊ࠼ຍࢆ 3,000 ml, 0.2 M Na-Pi ⦆⾪ᾮ⦆⾪ᾮ (pH 7.4) 375 ml (Ỉࣥ࢜) 

ịࠊࡋℐ࡛ࢮ࣮࢞ࢆΎୖࠋ(rpm, 20 min 2,800) ࡓࡋ㐲ᚰศ㞳ࠊ(rpm, 5 min 11,000) ࡋ○

୰ಖᏑ῭ୖࡢΎࠋࡓࡏࢃྜ㞟ୖࡓࡵΎࢆ㐲ᚰศ㞳ࡋ  (10,000 rpm, 30 min ; 

Beckman ♫〇෭༷ᘧࣟࣇᆺ㧗ᶵ⬟㐲ᚰᶵ Avanti HP-30I, JLA-10.500 ࣮ࣟࠊ(࣮ࢱỿẊ 

 ࣛ࢞ࠊ࠼ຍࢆmM HEPES-Na ⦆⾪ᾮ (pH 7.8) 40 ࡴྵࢆ mM EDTA, 0.1 mM DTT 0.1 

 ࢃ㸦ୖୗྜࡓࡋࡪࡘࡾࡍࡋ㏉ࡾ⧞ᅇ 7 ࡚࠸⏝ࢆ࣮ࢨࢼࢪࣔ࣍ᆺ࣮ࢱࢵ࣏ࣥࣟࣇࢸࢫ

ࣈ࣮ࣗࢳ㉸㐲ᚰࡢ10ᮏ ࡓࡋ㔜㔞 ᐃࡵணࠋ㸧࡚ࡏ 㸦 6 ᮏ;Beckman♫〇 45Ti ࣮ࣟࢱ 

ᮏ;᪥❧♫〇 P45AT-548 4ࠊ࣮ 㸧࣮ࢱ࣮ࣟ

rpm, 30 min ; Beckman♫〇 30,000) ࡓࡋ㉸㐲ᚰศ㞳ࠊ࠼ຍ࡛ࡲ㤳ࡢࣈ࣮ࣗࢳ㉸㐲ᚰࢆ

㉸㐲ᚰᶵ L-7 ᆺ45ࠊTi ࣮ࣟ30,000ࠊ࣮ࢱ rpm, 30 min ; ᪥❧)ࠋ㉸㐲ᚰศ㞳ᚋୖࠊΎࡣ

 mM 2 ỿẊࠋࡓࡋ㝖ཤ࡚࠸⏝ࢆ࣮ࢱ࣮ࣞࣆࢫࡓࡅࡾྲྀࢆࢺࢵ࣌ࣆ࣮ࣝࢶࢫࣃ

MgCl2, 0.1 mM EDTA, 0.1 mM DTT 40 ࡴྵࢆ mM HEPES-Na ⦆⾪ᾮ (pH 7.8)ࢆຍࠊ࠼ 

 ࡏࢃୗྜୖ) ࡓࡋࡪࡘࡾࡍᅇ 10 ࡚࠸⏝ࢆ࣮ࢨࢼࢪࣔ࣍ᆺ࣮ࢱࢵ࣏ࣥࣟࣇࢸࢫࣛ࢞

࡚) 320~360 ml ⛬ᗘࡢࡇࠊࡋᠱ⃮ᾮࣜࢻࣥࢥࢺ࣑ࢆ 

ࢆ(pH 8㹼9) (࣒࢘ࣜࢺࢼ㓟࣮ࣝࢥࢩ࢟࢜ࢹ)DOC(w/v) 11%ࠋࡓࡋෆ⭷ᑠ⬊ᠱ⃮ᾮ

l ᑐ66.125 ࡋ ml 20ࠊࡓࡲࠊ࠺ࡼࡿ࡞ % (w/v) 
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DM (ࢻࢩࢺ࣐ࣝࣝࢩࢹ)ࢆ⤊⃰ᗘ0.4 ࡀ % (w/v)ࡾࡃࡗࡺ࡚ࡅ⛊ 30 ࠺ࡼࡿ࡞ຍ

࠼ຍࢆ࣒࢘ࣜ࢝ሷ࠺ࡼࡿ࡞(w/v) % 7.2 ࡀᗘ⃰⤊ࡕ┤ࠋࡓࡋ⁐ྍࢆ㓝⣲ࠊ࠼

ᮏ Beckman 6ࠊ㐲ᚰศ㞳 (39,000 rpm, 50 minࠊㄆᚋ☜ࢆࡢࡓࡋゎ⁐ࠊࡋị୰࡛᧠ᢾࠋࡓ

♫〇 45Ti ࣮ࣟ4ࠊ࡚ࡋ(⏝࣮ࢱ 㔜㔜࡛ࢮ࣮࢞ࡓࡡℐୖࡋΎࢆᅇ0.2ࠋࡓࡋ % DM, 

0.05 % DDM, 0.1 mM EDTA, 0.1 mM DTT, 2 mM MgCl2 40 ࡴྵࢆ mM HEPES-Na ⦆⾪ᾮ 

(pH 7.8)2.0  M, 1.1 M, 1.0 M, 0.9 M sucroseࢆຍࢀࡒࢀࡑࢆࡢࡶࡓ࠼ㄪ〇ࠋࡓ࠸࠾࡚ࡋ

㐲ᚰ2.0 ࣈ࣮ࣗࢳ M 8 ࢆ ml (9.92 g)1.1ࠊ M 5 ࢆ ml1.0ࠊ M 15 ࢆ ml0.9ࠊ M ࢆ Beckman

ẁ㝵ⓗࡢsucroseࠊ࡚ࡏࡢ ml 12 ࡣࣈ࣮ࣗࢳ㐲ᚰࡢ❧᪥ࠊml 13 ࡣࣈ࣮ࣗࢳ㐲ᚰࡢ

⃰ᗘ໙㓄ࢆస〇ୖࡢࡇࠋࡓࡋ㐲ᚰᚋୖࡢΎ0.1ࠊࢆ mM DTT0.1ࠊ mM EDTA0.2ࠊ % DMࠊ 

2 mM MgCl2 40 ࡴྵࢆ mM HEPES-Na (pH 7.8)࡛ 1.5ಸᕼ㔘24 ࢆࡢࡶࡓࡋ ml ࠊࡏࡢ

㐲ᚰࡓࡋ (39,000 rpm, 15.5 hour, accel slow, brake slow)ࠋ㐲ᚰᚋࠊ㐲ᚰࡢࣈ࣮ࣗࢳᗏ 

ᚋࠊATPຍỈศゎάᛶ)࠸⾜ࢆάᛶ ᐃ࡚࠸⏝ࢆ ศ⏬ 10 μlྛࠊࡋศྲྀࡘࡎ ⣙ 4 mlࡽ

㏙)ࠊάᛶࡢ㧗࠸⏬ศࢆ㞟ࡢࡇࠋࡓࡵ⏬ศࢆ㉸㐲ᚰࣈ࣮ࣗࢳ 㸦Beckman ♫〇 45Ti ࣟ 

 mM 40 ࡴྵࢆ mM MgCl2, 0.1 mM EDTA, 0.1 mM DTT 2ࠊࡅศ➼ᆒ㸧⏝࣮ࢱ࣮

HEPES-Na⦆⾪ᾮ㸦pH 7.8㸧ࢆ㐲ᚰࡢࣈ࣮ࣗࢳ㤳࡛ࡲධࠊࢀ㐲ᚰศ㞳35,000) ࡓࡋ rpm, 

15 min)ୖࠋΎ150 ࢆ mM sucrose, 0.2 % DM, 0.1 mM EDTA, 0.1 mM DTT 40 ࡴྵࢆ mM 

HEPES-Na ⦆⾪ᾮ (pH 7.8)࡛ᖹ⾮ࡓࡋ Poros-20HQ࣒ࣛ࢝㸦ȭ;26 mmࠊε;130 mm㸧

ࡼ྾ගᗘࡢ A280 nm ࡢ࣒ࣛ࢝ࠋࡓࡏࡉฟ⁐࡚ࡗࡼᗘ໙㓄࣒⃰࢘ࣜ࢝ሷࠊࡏࡉ╔྾

 ࡞ moles/ATPase 4ࠊࡵ㞟ࡈศ⏬ࠊࡋุ᩿ࢆయϬ⏬ศྜ「ࡽࢡ࣮ࣆࡓࢀࡽᚓࡾ

 ⾪⦅ mM HEPES-Na 40 ࡴྵࢆ mM DTT 0.5ࠊᚋ 2 mM MgCl2ࡢࡑࠊ࠼ຍࢆ CL ࠺ࡼࡿ

ᾮ (pH 7.8) 800 ml ᑐ20 ࡚ࡋศࡢ㏱ᯒ  (ศ⏬ศᏊ㔞⣙ 14,000 ; Viskase ♫〇㏱ᯒ⏝ࢭ 

㝈እℐ㐣ࠊ㏱ᯒᚋࠋࡓࡋ㏉ࡾ⧞ᅇ 3 ࢆ(UC20-32-100 ࣈ࣮ࣗࢳࢫ࣮ࣟࣝ  (⏬ศศᏊ㔞 

200,000 ; ᮾὒℐ⣬♫〇43࣮ࢱࣝࣇࣛࢺࣝ࢘ mm)ࠋ⃰ࡓࡋ⦰࡚⃰ࡗࡼ  2 ࡣᅽຊࡢ⦰

atm60ࠊ rpm⃰ࡋ⦰ᚋ᭱ࠊ⤊ᶆရ᭱ࠋࡓࡋ⤊ᶆရࡕ┤ࡣ⬡㉁ΰྜࡋ⤖ᬗࢆ 

 ࠋࡓࡗ⾜

�� 
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➨➨ః⠇.� ⤖ㄽ  

2-5.� ⤖ㄽ 

➨ᘨ❶ࡿࡅ⤖ㄽࢩ࢘ࠊࡣᚰ➽ࢻࣥࢥࢺ࣑ 

ຌࡢࡇࠋࡿ࠶࡛ࡇࡓࡋ⢭〇ἲࢆ㛤Ⓨ࡚ࡗࡼࡇࡓࡋ㓝⣲άᛶࢆ⣙ 2.5ಸ㧗ࡇࡿࡵ 

ࠊྠࠋࡓ࠸࡚ࡋಖᣢࢆឤཷᛶ࡚ࡋᑐࣥࢩ࣐ࢦࣜ࢜ࡀ㓝⣲ࡢ% 98ࠊࡋᡂຌ

⢭〇ẖ࡚ࡗࡼㄆࡓࢀࡽࡵㄗᕪࡶ% 96 ࢆῶᑡࡇࡿࡏࡉᡂຌࠋࡓࡋ 

ᡂ㛤Ⓨࡢ᪂つ⢭〇ἲࡢయϬྜ「ࣜ
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ྜᡂ㓝⣲ࡢ⤖ 

➨ཧ❶  

FoF1-ATP ᬗ 
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ࠋࡿ࠸࡚ࡗࢃ㛵ᡂྰࡀࡿࡍ⢭〇ࢆ㓝⣲࡞

᪂つࡢ᪉ἲ㛤Ⓨࡳ⤌ࡾྲྀᡂຌࠋࡓࡋ

➨➨ኍ⠇� FoF1-ATPྜᡂ㓝⣲ࡢ⤖ᬗ᮲௳᳨ࡢウ� 

3-1.� FoF1-ATPྜᡂ㓝⣲2 ࡢ ḟඖ⤖ᬗ 

3-1-1. ⥴ゝ࣭┠ⓗ

」ྜయϬࡢయᵓ㐀ゎ᫂ࢆ┠ᣦ࡚ࡋ⤌⧊ⓗ࡞ດຊࡀᗄᖺࡶரࡾୡ⏺୰࡛⾜ࢀࢃ

 ᙜࠊࡾ࠶࡛↓ⓙࡣࡓࡋᡂຌᬗసᡂ⤖ࡢయϬྜ「ࠊࡶ࡚࠸ᅾ⌧ࡋࡋࠋࡓࡁ࡚

↛యࡢ⤖ᬗᵓ㐀ࡣሗ࿌ࡢࡇࠊࡣࢀࡇࠋ࠸࡞࠸࡚ࢀࡉ」ྜయϬࡀ㢮⛥࡞ᛂᶵᵓࢆᣢ

Ᏻᐃዴఱ࡚࠸ᬗ⤖ࡢయϬྜ「ࠊᨾࠋࡿ࠶Ⅽ࡛ࡿ࠶㓝⣲࡛࡞Ᏻᐃ࡚ࡵᴟࡘ

➨ᘨ❶グࡓࡋ㏻ࡾ」ྜయϬࢆ⢭〇ࡿࡍ

ᬗ᮲⤖࡞ヲ⣽࡚࠸⏝ࢆయϬྜ「ࠊࡾࡼࢀࡇ

࡚࠸ࡘᬗ᮲௳᳨ウ⤖ࡢయϬྜ「ࡣ❶ཧ➨ࠋࡓࡗ࡞⬟ྍࡀࡇࡿࡳヨࢆウ᳨ࡢ௳

グࠋࡍ�
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ගᏛ㢧ᚤ㙾࡛⏝ࢫࣛ࢞ࡿ࠸࡚ࢀࡽ࠸〇࡚ࣞࣥࡗࡼࢬᒅᢡࠊࡎࡏ 

➨➨ᘨ⠇� ⨨/ཎ⌮ 

3-2.� ⨨/ཎ⌮ 

3-2-1.� 㟁Ꮚ㢧ᚤ㙾 

(ϸ)� 㟁Ꮚ㢧ᚤ㙾ᴫせ

ᙜ↛㟁Ꮚ⥺ࢆᵓᡂᩥࡣࡢࡿࡍᏐ㏻ࡾ㟁Ꮚ

㐀ࡸᵓᡂᡂศࡢሗࢆᚓ࡛ࡢࡶ࠺࠸ࡿ

㟁Ꮚ㢧ᚤ㙾ࡢᇶᮏཎ⌮ࡣගᏛ㢧ᚤ㙾ࠊࡽࡀ࡞ࡋࡋࠋࡿ࠶࡛ࡌྠỴᐃⓗࡿ࡞␗Ⅼ 

 ࡿࡍほᐹࢆ㇟ᑐ࡚࠸⏝ࢆ⥺㟁Ꮚ࠸㐪ࡣගᏛ㢧ᚤ㙾ࡿぢࢆ㇟ᑐ࡚࠸⏝ࢆ⥺どගྍࡣ

ᶵჾࡿ࠼ᨭࢆࢀࡑࠊࡾ࡞␗ࡃࡁࡀቃ⎔ࡿࡏࡉసືࠊࡵࡓࡢࡑࠋࡿ࠶࡛ࡇ࠺࠸

ࠊࡣ⥺㟁Ꮚࡿ࠸⏝㟁Ꮚ㢧ᚤ㙾ࠋ࠸ࡁ㐶ࡋẚ㍑ගᏛ㢧ᚤ㙾ࡣࡉࡁ࡚ࡗࡼ

ᡤㅝ 

ᨺ㟁ࡓࡌ⏕࡚ࡗࡼ࡞㟁Ꮚࡢὶࠊࡾ࠶࡛ࢀ

ࡇࡿࡍ㆑ู࡛║⫗ࡣ㟁Ꮚࡿ࠶࡛✀୍ࡢࣥࢺࣉࣞࠋఱࡣ㟁Ꮚࠊࡤࡽ↛ࠋࡿ࠶࡛

 ┿Ⅽ㧗ࡢࡑࠊ࠸ᙅࡀ㏱㐣ຊࡃᙉࡀ⏝స┦ࡣ㟁Ꮚࠋࡿ࠸࡚ࡗᣢࢆ㟁Ⲵࡢ㈇ࠊࡎฟ᮶ࡣ

✵≧ែ࡛ࡾྲྀࡳࡢฟࠊࡣࢀࡇࠋࡿ࠶࡛⬟ྍࡀࡇࡍࡢ⢏Ꮚ┦స⏝ࡋᾘ⁛ࡿࡍⅭ

 ⥺㟁Ꮚࠋࡿ࡞ࡇࡿࢀ⨨㧗┿✵≧ែᖖࡣᑕ⣔↷ࡢ㟁Ꮚ㢧ᚤ㙾ࠊᨾࠋࡿ࠶࡛

ࠊࡣ ࢡࢵࢸࢿࢢ࣐

ࠊⅭࡢࡑࠋࡓࡋグ᪤ࡣࡇ࠸࡞ࡁほᐹ࡛ࡣ࡛║⫗ࡣ㟁Ꮚࠋࡿࡏࡉᒅᢡࡾࡼࢬࣥࣞ

ほᐹࡣ⺯ග∧࡚࠸⏝ࢆ┤᥋⫗║࡛ほᐹྍ⬟࠺ࡼ࡞ኚࡿࡍᚲせࠋࡿ࠶ࡀ㟁Ꮚ㢧ᚤ

㙾ࡢࡘ 2 ࡣᆺูࠊࡣࢀࡑࠋࡿࡁ࡛ࡀࡇࡿࡍ㉮ᰝᆺ㟁Ꮚ㢧ᚤ㙾 (SEM)㏱㐣ᆺ㟁 

Ꮚ㢧ᚤ㙾 (TEM)࡛ࠋࡿ࠶㉮ᰝᆺ㟁Ꮚ㢧ᚤ㙾ࡣపຍ㏿㟁ᅽ࡚ࡗࡼຍ㏿ࡓࢀࡉ㟁Ꮚ⥺ࢆ 

ヨᩱ↷ᑕࠊࡋධᑕ㟁Ꮚ࡚ࡗࡼບ㉳ࡓࢀࡉヨᩱෆ㒊ࡢ㟁Ꮚࠊ 2ḟ㟁Ꮚࠊヨᩱ

ᑕࡓࡋᑕ㟁Ꮚࢆほ ࠊࡋヨᩱ⾲㠃ࡢሗࢆᚓࠋࡿ࠶࡛ࡢࡶ࠺࠸ࡿᑐࠊ࡚ࡋ㏱㐣

ᆺ㟁Ꮚ㢧ᚤ㙾ࠊࡣ㧗ຍ㏿㟁ᅽ࡚ࡗࡼຍ㏿ࡓࢀࡉ㟁Ꮚ1 ࢆ µm௨ୗ࠸ⷧࡢヨᩱ↷ᑕ

ࡶࠊᙎᛶᩓ㟁Ꮚ࠸࡞࠸࡚ࡋษ୍ࢆࡾྲྀࡾࡸࡢ࣮ࢠࣝࢿ࢚ࠊ㟁Ꮚࡓࡋ㏱㐣ࢆヨᩱࠊࡋ

ෆ㒊ᵓࡢᑐ㇟ヨᩱࠊࡋ ほࢆᑕ㟁Ꮚࡣࡃࡋ

㸦᪥ᮏ㟁Ꮚ HP㸧ࠋࡿ࠶㏱㐣ᆺ㟁Ꮚ㢧ᚤ㙾࡛࡚ࡍࡣ㟁Ꮚ㢧ᚤ㙾ࡿ࠸⏝࡛✲◊ᮏࠋࡿ࠶
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Figure 27. ගᏛ㢧ᚤ㙾� 㟁Ꮚ㢧ᚤ㙾ᶍᘧᅗ 

ᕥ: ගᏛ㢧ᚤ㙾, ྑ: 㟁Ꮚ㢧ᚤ㙾

(Ϲ)� 㟁Ꮚ⥺ࡢἼ㛗

㟁Ꮚ⥺ࡢἼ㛗ࠊࡣ⏝ࡿࡍ㟁Ꮚ㢧ᚤ㙾ࢺ࣓ࣥࣛࣇࡢ༳ྍࡿࡍ㟁ᅽ࡚ࡗࡼỴࠋࡿࡲ 

 ㏱㐣ࠊࡾ࡞ࡃ▷ࡀἼ㛗ࡢ⥺㟁Ꮚࡿࢀࡉᑕ↷ࡿ࡞ࡃ㧗ࠊࡧຍ㏿㟁ᅽࢆ㟁ᅽࡢࡇ
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ୖグࡢ㛵ಀࡀᚲࡎᡂࠋࡘ❧ࡾ

⬟ຊ୍ࠋࡿࡀୖࡀ⯡ⓗ࡞⏕యヨᩱࡢሙྜ 80-100 kVࠋࡿࢀࡽ࠸⏝ࡀຍ㏿ࡓࢀࡉ㟁Ꮚࡢ

Ἴ㛗ࢆồࡿࡵሙྜࡢࣟࣈࢻࠊ᪉⛬ᘧ࡚ࡗࡼồࠋࡿࡁ࡛ࡀࡇࡿࡵ 

E =hv 
ἼᩘȢࠋࡿ࠶v：Ἴᩘ࡛ࠊᐃᩘࢡࣥࣛࣉ:hࠊ࣮ࢠࣝࢿ࢚:E ࡣពࡍ⾲ࡀᏐᩥࡢࢀࡒࢀࡑ

 �ࠊࡿࡍ௦ධᘧࡢグୖࡽࡇࡿ࠶㏫ᩘ࡛ࡢἼ㛗ࡣ

E =  一h
ୖグ࣮ࢠࣝࢿ࢚ࠊ࡛ࡇࡇࠋࡿࡁ࡛ࡀࡇࡍ⾲࠺ࡼࡢὀ┠ࠋࡿࡍࡢ࣮ࢠࣝࢿ࢚⥲ 

ࡢࣥࢱࣗࢩࣥࡣ᪉⛬ᘧ࡛⾲ࠊࡋࡋࠋࡿࡁ࡛ࡀࡇࡍຍ㏿ࡓࢀࡉ㟁Ꮚࡢሙྜࠊ

┦ᑐㄽⓗຠᯝࢆ◳ࡿࡍᚲせࠊࡾ࠶ࡀḟᘧ࡛⾲ࠋࡿࡁ࡛ࡀࡇࡍ 

E = mc2 + 巨V  
⇕ຊᏛ➨ 1 ἲ๎ࡣ࣮ࢠࣝࢿ࢚ࡿࡼಖᏑࡵࡓࡿࢀࡉ㟁Ꮚࡀຍ㏿㟁ᅽ࡚ࡗࡼຍ㏿ࡉ 

ࢩࣥࢸ࣏ࡢࡇࠊࡁ࡛ࡀࡇࡿ࠼⪄࡚ࡋ࣮ࢠࣝࢿ࢚ࣝࣕࢩࣥࢸ࣏ࡣ࣮ࢠࣝࢿ࢚ࡓᚓࢀ

 ࠊࡾࡲࡘࠋࡿ࠶࡛ࡎࡣࡿ࡞ࡃࡋ➼࣮ࢠࣝࢿ࢚㐠ືࡣ࣮ࢠࣝࢿ࢚ࣝࣕ

U =  2mv2

 ࠊ࣮ࢠࣝࢿ࢚ࣝࣕࢩࣥࢸ࣏:U ࡍ⾲ࡀᏐᩥࡢᘧࡢグୖ࡛ࡇࡇ

m:㉁㔞ࠊv:㏿ᗘ࡛ࡣ࣮ࢠࣝࢿ࢚ࣝࣕࢩࣥࢸ࣏ࡢࡇࠋࡿ࠶ຍ㏿㟁ᅽ࡚ࡗࡼ㟁Ꮚ 1 ಶࡀ 

ᚓ࡚ࡗࡼࠋࡿ࠶࡛࣮ࢠࣝࢿ࢚ࡓຍ㏿㟁ᅽ 100 kV ࡛100 ࡤࢀ࠶ keV ࠊࡾࡲࡘࠋࡿ࡞ 

eV = 2 mv2

 ࡤࡅゎ࡚࠸ࡘᗘ v㏿ࡽᘧࡢࡇࠋࡿࡁ࡛ࡀࡇࡍ⾲

v =  �2巨V m
 Ἴ㛗ࢆ᪉⛬ᘧࡢࣟࣈࢻ࡛ࡇࡇࠋࡿࡁ࡛ࡀࡇࡿᚓࢆᗘ㏿ࡢ㟁Ꮚࡓࢀࡉ㏿ຍࠊࡾ࡞

Ȣࢆồࡿࡵᘧኚࡢࢀࡒࢀࡑࠊࡋᘧࢆᤄධࡿࡍch 
Ȣ = -巨V(2mc 2 + 巨V)
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 12.26ࠊࡿࡍᤄධࢆ್ࡢࢀࡒࢀࡑ࡚ࡋࡑࠋࡿ࠶࡛ࡎࡣࡿ࡞
Ȣ = -V * (1 + 9.8V * 10 7)

 ࠋࡿࡁ࡛ࡀࡇࡿࡍฟ⟭ࢆἼ㛗ࡢ⥺㟁Ꮚࡢࡢຍ㏿㟁ᅽࡢࢀࡒࢀࡑࠊ࡚ࡗ࡞

Table 13. ຍ㏿㟁ᅽ㟁Ꮚ⥺Ἴ㛗 

ࠋࡿ࠶㔜せ࡛࡛ୖ࠺ᢅ

ᅇᢡ࡚࠸ࡘࢺࢫࣛࢺࣥࢥ 

⥺ᅇᢡࡣヨᩱෆ㒊ሗࡿ࠸࡛ࢇྵࢆⅭࠊ 

(Ϻ)� 㟁Ꮚ㢧ᚤ㙾ീࢺࢫࣛࢺࣥࢥࡿࡅ࠾ 

TEM 2 ࡢᬯど㔝ീ᫂ど㔝ീࠊࡣ ෆ㒊ᵓ㐀ࠊ㠃ᵓ㐀⾲ࡸ≦ᙧࡢほᐹἲ࡛ヨᩱࡢࡘ

࠸࡚ࡋࢆホ౯ࡢᬗ⤖࡚ࡗࡼ᫂ど㔝ീ࡚ࡋ㈏୍ࡣ✲◊ᮏࠋࡿࡁ࡛ࡀࡇࡿᚓࢆሗࡢ

ࢆ㟁Ꮚ㢧ᚤ㙾ࡣࡇࡿࡍゎ⌮ヲ⣽ࢆ⌮Ⓨ⏕ཎࡧཬ࠸㐪ࡢࢀࡒࢀࡑࠊࡀࡿ࠶࡛ࡅࢃࡿ

⥺㟁Ꮚࠋࡿࡍグ㏙࡚࠸ࡘ࠸㐪ࡢᬯど㔝᫂ど㔝୍➨ࠊࡎࡲ

ࠋࡿࡍ⏕Ⓨࡀ㟁Ꮚࡿࡍᩓࡋ⏝ヨᩱෆ㒊࡛┦స㟁Ꮚࡓࡋ㏱㐣ࡿࡍᑕ↷ヨᩱࢆ

ᩓ㟁Ꮚࠊࡏࡉീ⤖ࢆࡳࡢ㏱㐣㟁Ꮚࠋࡪᩓ㟁Ꮚࠊ㏱㐣㟁Ꮚࢆࡇࡢ㟁Ꮚࡽࢀࡇ

ീ⤖ࢆᩓ㟁Ꮚࠊ࡚ࡋᑐࠋࡿ࠶᫂ど㔝ീ࡛ࡀീࡿࢀࡽᚓ㝿ࡓࡋࢺࢵ࡛࢝ࡾ⤠≀ᑐࢆ

㟁ᏊࡸTEM⏬ീࠋࡿ࠶ᬯど㔝ീ࡛ࡀሙྜࡓࡋ

 ࢺࣥࢥࡿࡅ࠾TEM ⏬ീ ᇶᮏⓗࠋࡿ࠶࡛⬟ྍࡀࡇࡿྲྀࡳㄞࢆෆ㒊ᵓ㐀ࡽࡇࡑ

 ࠋࡿࡌ⏕࡚ࡗࡼࢺࢫࣛࢺࣥࢥᅇᢡࠊࢺࢫࣛࢺࣥࢥᩓࠊࢺࢫࣛࢺࣥࢥ┦ࡣࢺࢫࣛ

ཎࡢヨᩱࡀ㟁Ꮚࡓࢀࡉ㏿ຍࠋࡿࡍグ㏙࡚࠸ࡘࢺࢫࣛࢺࣥࢥᩓ࡞⡆༢ࡶ᭱ࠊࡎࡲ

Ꮚ࣭㟁Ꮚ࡚ࡗࡼࡇࡿࡍ✺⾪ᩓࠊࢀࡉᑐ≀⤠࡚ࡗࡼࡾᩓࡓࡋ㟁Ꮚࢺࢵ࢝ࡀ

 ሙࡓࡋᑕ↷ࢆ⥺㟁Ꮚ㠀ᬗᙧヨᩱࠊࡾ࠶࡛ࢺࢫࣛࢺࣥࢥࡿࡌ⏕ࡾࡼࡇࡿࢀࡉ

ࢥᩓࠊࡣࢺࢫࣛࢺࣥࢥࡢࡇࠋࡿࡍグ㏙ ࠊḟࠋࡿࡌ⏕ྜ

ࡉᑕ↷ࡣ⌮ཎࠋࡿࡇ㉳ሙྜࡓࡋᑕ↷ࢆ⥺㟁Ꮚヨᩱࡢᬗ㉁⤖ࡾ࡞␗ࡣࢺࢫࣛࢺࣥ
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ࠊࡋࡇ㉳ࢆ㇟⌧ᅇᢡࡾࡓᙜヨᩱࡀ⥺㟁Ꮚࡓࢀ

࠸ࡘࢺࢫࣛࢺࣥࢥ┦ࠊᚋ᭱ࠋࡿ࠶࡛ࢺࢫࣛࢺࣥࢥࡿࡌ⏕࡚ࡗࡼࡇࡿࢀࡉࢺ

࡚グ㏙ࡣࢺࢫࣛࢺࣥࢥࡢࡇࠋࡿࡍ㏱㐣㟁Ꮚࠊᩓ㟁Ꮚࠊ

㏿ຍࠊ࡛ࡢࡿ࠶࡛↓ⓙࡀࡾྲྀࡾࡸࡢ࣮ࢠࣝࢿ࢚ሙྜࡢ㏱㐣㟁Ꮚࠋࡿ࠶࡛ࡢࡶࡿࡌ⏕࡛

㟁ᅽ࡚ࡗࡼ㟁Ꮚ⥺ࡢᣢࡘἼ㛗ࡀỴࠋࡿࡲᑐࠊ࡚ࡋᩓ㟁Ꮚࡢሙྜࡾࡸࡢ࣮ࢠࣝࢿ࢚ 

ࠊሙྜࡢᴟప 㟁Ꮚ㢧ᚤ㙾ࠋࡿࡌ⏕࡛ࡇࡿࡍኚࡀ┦ࢀࡎࡀἼ㛗࡚ࡗࡼࡾྲྀ

2ࠊࡾ࠶ࡀᚲせࡿࡍほᐹࢆヨᩱ࡛ࡳࡢࢺࢫࣛࢺࣥࢥ┦ ḟඖ⤖ᬗ࡞࠺ࡼࡢ㍍࠸ཎᏊࡼ

 ࠋࡿ࠶ᅔ㞴࡛ࡇࡿᚓࢆࢺࢫࣛࢺࣥࢥ࠸㧗ࡣヨᩱࡿࢀࡽస࡚ࡗ

ᑐ≀⤠ࡾࡼࡾᅇᢡࡓࡋ㟁Ꮚ⥺ࢵ࢝ࡀ 

ᅇᢡࡓࡋ㟁Ꮚࡀᖸ΅ࡇࡿࡍ 
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3-2-2.�� ┿✵╔ᶵ  

(ϸ) ┿✵╔ᶵ 

� ┿✵╔ᶵࠊࡣ㧗┿✵୰࡛Ⓨᮦᩱ㧗㟁ὶࢆὶ࡛ࡇࡍⓎᮦᩱࡀᣢࡘᢠࡼ

 ⓎᮦࡓࡋẼ㠃⾲ࡿ࡞ᇶᯈࡓࢀ⨨⨨ࡓࢀ㞳ࡋ⳹Ẽ࣭᪼ࢆⓎᮦᩱ࡚ࡗ

ᩱࢆ╔ࢆ⭷ⷧࡏࡉᙧᡂࡿࡍ⨨࡛ࡢࡇࠋࡿ࠶⨨ࡿࡅ࠾㔜せ㒊ศࡣ㧗┿✵≧ែࢆ

⥔ᣢࠋࡿ࠶࡛ࡇࡿࡍ㧗┿✵≧ែ࡚ࡗࡼẼࡓࡋⓎᮦᩱ࡚ࡵึࡣ┿✵╔ᶵෆࢆ

㣕⾜ࠋࡿࡁ࡛ࡀࡇࡿࡍప┿✵ᗘࡢሙྜࠊẼࡓࡋⓎᮦᩱࡣ✵Ẽ୰ࡿࢀࡲྵศᏊ 

 ඹపୗࡢᗘ ࠊࡣ╔ᮦᩱࡓࡋẼࠋࡿ࠶࡛ࡵࡓ࠸࡞ࡁ࡛ࡀࡇࡿࡍື⛣ࡋ✺⾪

 ࠋࡿ࠶࡛⌮ཎࡌྠ㇟⌧ࡿࡾ㝆ࡀ㟖Ꮨࠋࡿ࠶࡛ࡢࡿࡍ╔㠃⾲ࡢᇶᯈࡋจ㞟

⨨ෆࡀࣉ࣏ࣥࡢ㢮✀2 ࡿ࡞␗ࡢ㏵⏝ࢀࡒࢀࡑࠊⅭࡍฟࡾసࢆ㧗┿✵≧ែࡣ⨨ࡢࡇ

 ࡚ࡋࣉ࣏ࣥࡁࡧ⢒ࡣࣉ࣏ࣥࡢࡇࠋࡿ࠶࡛ࣉ࣏ࣥἜᅇ㌿ࡣࡘ୍ࠋࡿ࠸࡚ࢀࡲ㎸ࡳ⤌

⏝࡛105-10-2ࠊࡁ Pa ࡢ┿✵ᗘࡿ࠸⏝࡛ࡲࣉ࣏ࣥࣥࣅ࣮ࢱࡣࡘ୍ࡽࡉࠋࡿࡁ࡛ࡀ 

 Pa 10-2-10-9ࠊࡾ࠶࡛ࣉ࣏ࣥ࡞ᚲせⅭࡍฟࡾసࢆ㧗┿✵≧ែࡣࣉ࣏ࣥࡢࡽࡕࡇࠋࡿ࠶࡛

 ࡼࡿࡍຓ⿵ࢆࢀࡇࡣࣉ࣏ࣥ㛫Ἔᅇ㌿ࡿ࠸࡚ࡋാ✌ࡀࣉ࣏ࣥࣥࣅ࣮ࢱࠋࡿࡁ࡛⏝࡛ࡲ

 �2 ࡣ╔ᶵ࡛✵┿࡚ࡗࡼࣉ࣏ࣥࡿ࡞␗ࡢ㏵⏝ࡢ✀2 ࡽࢀࡇࠋࡿ࠸࡚ࢀࡉタィ࠺

10-4 Pa ௨ୗࡢ⎔ቃࢆసࡾฟࠋࡍ 

Figure 28. ┿✵╔ᶵ  
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ࠋࡿ࠸⏝ࢆ࣐࢝ࡓࡋᡭ㓄

(Ϲ) Ⓨᮦᩱ 

ᮏ◊✲ࡓ࠸⏝Ⓨᮦᩱࠋࡿ࠶࡛࣮ࣥ࣎࢝ࡣ┿✵╔ᶵࡢᡤᐃࡢ⨨ຍᕤ࢝ࡓࡋ

ࠊᚋࡢࡑࠋࡿࡍ㧗┿✵≧ែࡳ㎸ࡋᕪࢆࢻࢵ࣮ࣟࣥ࣎

ࠋ୍ࡿࡏࡉⓎࢆ࣮ࣥ࣎ ⯡ⓗⓎᮦᩱࡿࢀࡽ࠸⏝࡚ࡋᮦᩱࡢ࣮ࣥ࣎࢝ࡣ❅

≀ࡢ㧗⣧ᗘࡣࢻࢵ࣮ࣟࣥ࣎࢝ࡿ࠸⏝࡛✲◊ᮏࠋࡿ࠶㉁࡛≀ࡘᣢࢆᖹ㠃ᵓ㐀࡞⣲࢘࣍

 ⣧ࠋࡿ࠶࡛≀ࡢ௨ୖ% 99.999 ࡣ⣧ᗘࡢࢻࢵ࣮ࣟࣥ࣎࢝ࡓࡋ⏝ࠊࡾ࠶ࡀᚲせࡿ࠸⏝ࢆ

ᗘࡀప࠸╔୰ࡀࢡ࣮ࣃࢫⓎ⏕ࡢ≦࣮ࢱࢫࣛࢡࠊࡣࢡ࣮ࣃࢫࡢࡇࠋࡿࡍⅣ⣲࡛࠶

࡞ࡃ࡞ࡁ࡛⏝ࡁ㛤ࡀ✰⭷࣮ࣥ࣎࢝ࠊࡾࡼࡇࡿࡍ⏕Ⓨࡀࢀࡇࠊࡀࡿࢀࢃᛮࡿ

ࡽࢀࡇࠋࡓࡋ≦ᙧ࡞࠺ࡼࡢ௨ୗࠊ࠸⾜࡚࠸⏝ࢆ㔠ᒓ㛃ࡣຍᕤࡢࢻࢵ࣮ࣟࣥ࣎࢝ࠋࡿ

┦㐪Ⅼࠊୖࡣ グࡣ」ᩘᅇࡢ╔㐺ࡀࡿ࠸࡚ࡋ╔ࡿࡍⅭࡢ㟁ὶࡀ㧗ࡃ┿✵ᗘࡀ㏵୰ 

࡛ᝏࠋ࠸ࡍࡸࡾ࡞ࡃୗグࡣ╔࡛ࡿࡁᅇᩘࡣ㝈ࡀࡿࢀࡽ╔ࡿࡍⅭࡢ㟁ὶࡀపࡃ┿✵ 

ᗘࡀᝏࠋ࠸ࡃࡾ࡞ࡃ 

㟁Ẽࢆὶࡋᢠຍ⇕࡚࢝ࡗࡼ 

(Ϻ) ᇶᯈ 

� ᮏ◊✲ࡓ࠸⏝ᇶᯈࠋࡿ࠶࡛࣐࢝ࡣ᪥ᮏㄒ࡛ࡣ㞼ẕࠊࢀࡤᒙ≧ࢣ㓟ሷ㖔≀ 

ᖹ㠃࡛࡛ࣝ࣋ཎᏊࣞࡣᯈ࣐࢝ࡢࡇࠋࡿ࠸࡚ࢀࡽ࠸⏝࡚ࡋయ⦖⤯ᕤᴗⓗࠋࡿ࠶࡛

ࡿࡼᴟప 㟁Ꮚ㢧ᚤ㙾ࠋࡿࡏࡉ╔ࢆ⭷࣮ࣥ࣎࢝ࡿ࠶࡛⭷ᨭᣢ㠃⾲ࡢࡇࠊⅭࡿ࠶

ヨᩱほᐹࡣ⭷࣮ࣥ࣎࢝࠺ཎᏊࣞࡿ࠶࡛ࢺࢵࣛࣇ࡛ࣝ࣋ᚲせࡢࡑࠊࡾ࠶ࡀⅭ≉ู

࣐ࡓࡋ㉎ධࡣ⭷࣮ࣥ࣎࢝ࡿࡍ⏝ほᐹࡢ㏻ᖖࠊࡋࡋ

࠼⪏⏝ࠊࡾ࠶ࡀࡾ೫࡞ࡁࡣ㉁ࡢ࣐࢝ࡓࡋ㉎ධࠋࡿ࠸⏝ࢆࡢࡶࡓࡋ╔࢝

ගࡢ࡞⌫㟁ࠊࡣࡢࡶ࠸࡞࠼⪏⏝ࠋࡿ࠶ࡀᚲせࡿࡍ㑅ูࢆࡢࡶ࠸࡞࠼⪏ࡢࡶࡿ

㏱࡞࠺ࡼࡢࢢࣥࣜࣥࢺ࣮ࣗࢽࡍගࡢᑕࡀㄆࠊ࡚ࡗࡼࠋࡿ࠶࡛ࡢࡶࡿࢀࡽࡵ

 ࠶ࡀᚲせࡿࡍ⏝࡛ࢇ㑅ࢆࡢࡶ࠸࡞ࡁ࡛ ほࡀࢢࣥࣜࣥࢺ࣮ࣗࢽࡢࡇࠊࡣሙྜࡿࡍ⏝

 ࠋࡿ

Figure 29. 㞼ẕ∧ 

(ᕥ)Ⰻ࠸ࠊ(ྑ)ᝏ࠸ 

82 




 

  
 

 

 

 
 

 

 

 

 

 

 

 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

ᵓᡂཎᏊࡀヨᩱᑐ࡚ࡋᆒ୍ࢆ⭷⿕ࡣᙧᡂࠋࡿࡍ 

 (ion sputtering device) ࣮ࢱ࣮ࢥࣥ࢜ ��.3-2-3

 ࠶࡛⨨ࡿ࠸⏝Ⅽࡍࢆ⌮ぶỈᛶฎ㠃⾲ࡢỈᛶᇶᯈࡢ࡞⭷ᨭᣢ࣮ࣥ࣎࢝

 Ẽయ࡚ࡗࡼ㟁ᅽࡢࢺࣝ࣎ⓒᩘࠊࡋฟࡾసࢆప┿✵⎔ቃ࡚࠸⏝ࢆࣉ࣏ࣥἜᅇ㌿ࠋࡿ

ᨺ㟁ࡏࡉṧవ࣐ࢬࣛࣉࢆࢫ࢞≧ែ࣐ࢬࣛࣉࠋࡿࡍࡓࡋẼయࡣ㝜ᴟഃᅾࢤ࣮ࢱࡿ 

 ࡓࡋᨺฟࠊ࡚ࡋࡑࠊࢀࡉᨺฟࡀཎᏊࡿࡍᵓᡂࢆࢺࢵࢤ࣮ࢱᯝ⤖ࡢࡑࠋࡿࡍ✺⾪ࢺࢵ

Figure 30. ࣮ࢱ࣮ࢥࣥ࢜  
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➨➨ཧ⠇� ヨ⸆ㄪᩚἲ 

3-3. ヨ⸆ㄪᩚἲ 

3-3-1.� ⬡㉁ㄪᩚἲ

�  ࡚ࢀࡉᑒධ〇ᐜჾࢡࢵࢳࢫࣛࣉ࡛≦⢊ᮎࡢmg 100ࠊmg 25 ࡣ㉁⬡ࡢ〇♫࣐ࢢࢩ

 ࢞ࣥࢦࣝࢥࢫࣛࣇᆺࢫࢼ ml 50 ࡓࡏࡉ⇱ࡋὙί࡛࣒ࣝ࣍ࣟࣟࢡࠊ࡚ࡗࡼࠋࡿ࠸

 ࣛࣇᆺࢫࢼࢆ㉁⬡ࡁ྇ࢆᣦ࡛ᩘᅇ⬡㉁ᐜჾࠋࡿࢀධࢆ⢊ᮎ≧⬡㉁ࡇࡑࠊࡋࡓ‶ࢆࢫ

 ࢥࢫࣛࣇᆺࢫࢼࡏࡉゎ⁐࣒ࣝ࣍ࣟࣟࢡࡣ㉁⬡ࡓࡗṧᐜჾࠊࡣ௨๓ࠋࡍⴠࢥࢫ

᪉ἲ࡛ࡢ᪂つࡵࡓࡿࢀࡽ࠼⪄ࡀࡇࡿࡅ⁐ࡀᐜჾ࡚ࡗࡼ࣒ࣝ࣍ࣟࣟࢡࠊࡀࡓ࠼ຍ

 ࡇࡑࡽࡓࢀධࢆ㉁⬡ࢥࢫࣛࣇᆺࢫࢼࠋࡿࡍࡇࡿࡍど↓ࡣ㉁⬡ࡓࡗṧᐜჾࠊࡣ

 ࡢ ㉁ 25 mg⬡ࠊࡣ㔞ࡿ࠼ຍࢆ࣒ࣝ࣍ࣟࣟࢡࠋࡿࡏࡉゎ⁐ࢆ㉁⬡࠼ຍࢆ࣒ࣝ࣍ࣟࣟࢡ

ሙྜ 500 µlࡋ⬡㉁ 100 mg ࡢሙྜ 2 ml ࡢࡇࡾࡲࡘࠋࡿࡍẁ㝵࡛⬡㉁⁐ᾮ⃰ࡢᗘࡣ 

50 mg/ml ࡛ࠋࡿ࠶ண࡛࣒ࣝ࣍ࣟࣟࢡࡵὙίࡋ⇱1 ࡓࡏࡉ mlࡢࡇ⎼ࣝࣂ⬡㉁ 

80Υ࡛-ࢀධಖᏑᐜჾࡓࢀධᩘ「ࢆ㓟⣲⬺ࠊࡋµlẖศὀ 500 ࢆᾮ⁐࣒ࣝ࣍ࣟࣟࢡ

⏝࡛ࡲࡿࡍಖᏑࠋࡿࡍ⬡㉁⁐ᾮ⃰ᗘ50 ࡣ mg/ml ⃰࡞☜ṇࡀࡓࡋㄪᩚ࠺ࡼࡿ࡞

ᗘࣥࣜࢥࡣᐃ㔞࡚ࡗࡼ⟬ฟࠋࡓࡋAvanti♫〇ࡢ⬡㉁࣒ࣝ࣍ࣟࣟࢡࡣ⁐ゎࡓࡋ≧ែ

⇱ࡋὙίࡵணࠊษ᩿ᚋࢆ㒊ୖࡢࣝࣉࣥࠋࡿ࠸࡚ࢀࡉᑒධ⎼ࣝࣉࣥ〇ࢫ࡛ࣛ࢞

Υ 80-ࢀධ⟽ࡓࡗධࡢ㓟⣲⬺ࡣ⟶ಖࠋࡃ࠾࡚ࡋศὀ⎼ࣝࣂ〇ࢫࣛ࢞ࡓࡏࡉ

 ࠋࡓࡋฟ⟭࡚ࡗࡼᐃ㔞ࣥࣜࢥࡣᗘ⃰ࠋ࠺⾜࡛

3-3-2. ⬡㉁⏝ἲ 

50 ml ࢫࣛ࢞〇ࢫࢼᆺ࡛࣒ࣝ࣍ࣟࣟࢡࢆࢥࢫࣛࣇὙίࡋ⇱ࠋࡿࡏࡉ⇱ᚋᚲせ㔞 

᥇ྲྀ࡚࠸⏝ࢆࢺࢵ࣌ࣆࣟࢡ࣐ࡾࡼ⎼ࣝࣂ〇ࢫࣛ࢞ࢆᾮ⁐࣒ࣝ࣍ࣟࣟࢡ㉁⬡ࡢ

 ࣒ࣝ࣍ࣟࣟࢡࡅࡁ྿ࢆࢫ࢞ࣥࢦࣝࠊᚋࡢࡑࠋࡿࢀධࢥࢫࣛࣇᆺࢫࢼ〇ࢫࣛ࢞ࡋ

 ࡣᅽຊࠋࡇࡿࡍព␃ᅽຊࡿฟࡀࢫ࢞ࣥࢦࣝࡢ㝿ࡢࡇࠋࡿࡏࡉⓎࡳࡢ
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0.05 MPaࢆ᥎ዡࠋࡿࡍⓎࡿࡏࡉ⇱ࡓࡋ⬡㉁ࠊࡀࡿࡁ࡛ࡀ⭷ⷧࡢప⣧ᗘࡢ⬡㉁ࢆ

୰Ṇࡣ⏝ࡢࢺࢵ㉁ࣟ⬡ࡢࡑࠊሙྜࡢࡑࠋ࠸࡞ࡽ࡞ࡣ⭷㉁ⷧ⬡ࡓࡋ⇱ሙྜࡓ࠸⏝

ࠋⷧ࠸ࡼࡀ᪉ࡿࡍ  ࢭῶᅽ⇱ჾࢆࢥࢫࣛࣇᆺࢫࢼ〇ࢫࣛ࢞ࡓࡗධࡀ㉁⬡ࡓࡗ࡞⭷

 㠃άᛶ⏺ࠊῶᅽ⇱ᚋࠋࡿࡏࡉⓎࢆ࣒ࣝ࣍ࣟࣟࢡࡏࡉ⇱㛫 3 ࡋࢺࢵ

ࡣධࡓࡗ⬡㉁⁐ゎ⁐ᾮࢆຍࠊ࠼⬡㉁ⷧ⭷ࢆ⁐ゎࠋࡿࡏࡉຍࡿ࠼⬡㉁⁐ゎ⁐ᾮ㔞25 ࡣ 

mgࡢ⬡㉁ᑐ2.5 ࡚ࡋ ml ࠋࡿࡍ 

Table 14. ⬡㉁⁐ゎ⁐ᾮ⤌ᡂ 

3-3-3. ⬡⬡㉁⁐ゎ⁐ᾮㄪᩚἲ 

� 10 mlࢫࣛ࢞〇࣓࣑࣮ࣜࢲࣥࣜࢩࢫ Q Ỉ 6000 µl ⛬ධࡇࡑࠊࢀ DTT 200 ࢆ µlࠊ 

NaN3 10 ࢆ µl ຍࠋࡿ࠼DM 1000 ࢆ µl ຍࡓ࠼ᚋࠊMilliQ ࡛ 10 ml ᩘ࡚ࡋࣉࢵࢫ࣓࡛ࡲ 

ᅇ㌿ಽ᧠ᢾࡋ⬡㉁⁐ゎ⁐ᾮࠋࡓࡋ 

3-3-4. ⤖ᬗ⏝㏱ᯒ⦆⾪ᾮㄪᩚἲ

⏝ࡿࡍ㏱ᯒ⏝⦆⾪ᾮ100ࠊࡣ mM NaCl0.02ࠊ % NaN35ࠊ mM MgCl20.1ࠊ mM EDTAࠊ 

0.2 mM DTT0.5ࠊ mM ADP 40 ࡴྵࢆ mM Tris-HCl (pH 8.2)ࡢࡇࠋࡓࡋ㏱ᯒ⏝⦆⾪ᾮ 

 ࠊmM EDTA 0.1ࠊmM MgCl2 5ࠊNaN3 % 0.02ࠊmM NaCl 100ࠊࢥࢫࣛࣇl୕ゅ 5ࠊࡣ

0.2 mM DTT 40 ࡴྵࢆ mM Tris-HCl (pH 8.2)࡚ࡋసࠊࡾ⏝ࡿࡍ┤๓ ADP ࢆῧຍ 

 Q ࣑ࣜࡢml ⛬ᗘ 800 ࡛࣮࣮࢝ࣅ l 1 ࢆ Tris ࡓࡗྲྀࡾ㔞࠺ࡼࡿ࡞M 1ࠊࡎࡲࠋࡓࡋ

 ࡽ࡚ࡋࣉࢵࢫ࣓ l 1ࠊᚋࡓࡏࢃྜ 8.2 ࢆ pH ࡚࠼ຍࢆ HClࠊࡢࡶࡓࡋ⁐࡛

 ࣮ࢲࣥࣜࢩࢫ࣓ࠊࢆࢀࡇࠋࡓࡋస〇ࢆM Tris-HCl (pH 8.2) 1ࠊࡋᖖ ࡛ಖᏑࠊࢀධ⎼

࡛ 200 ml㔞20ࠊࡇࡑࠊࡾྲྀࡾ % NaN3 5 ࢆ ml2ࠊ M MgCl2 12.5 ࢆ ml ධ࣑ࣜࠊࢀ Q 
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࡛ 1 l 5 ࢆࡢࡶࡓࡋࣉࢵࢫ࣓L ୕ゅࠋࡓࡋ⛣ࢥࢫࣛࣇḟ࣮࣮࢝ࣅࠊ⢊ᮎࡢ 

NaCl 29.22 ࢆ g ࣑ࣜࡾྲྀࡾ Q ࢆධࡓࢀᚋࢆ࣮࣮ࣛࢱࢫࠊᅇࡋ⁐ࡽࡀ࡞ࡋඛࡢ 

1 l ࣓  ࣉࢵࢫ࣓ l 1ࠊࢆࢀࡑࠋࡔࢇࡇ࠸Ὑᅇ 3 ࢆ࣮࣮࢝ࣅࡋ⛣࣮ࢲࣥࣜࢩࢫ

࣓ l 1 ࡢඛࠊࡇࡑࠋࡓࡋ⛣ࢥࢫࣛࣇl୕ゅ 5ࠊࡋ Q ࣑ࣜࡢ l 3 ࡛࣮ࢲࣥࣜࢩࢫ

 mM ADP 500ࠋࡓࡋ㌿ಽ᧠ᢾࠊࡽ࡚ࡋࢆ㔜࡛࣒ࣝࣇࣛࣃࠊ࠼ຍ࡚ࡗྲྀࡾ㔞ࢆ

 ࣮ࣅࠋࡓࡋ⏝ࢆ ADP ࡢ♫ ORIENTAL YEAST ࡿ࠸࡚ࢀࡉศὀ ⢊ᮎ࡛⣙ 1 gࠊࡣ

 mM HEPES-Na 40 ࠺ࡼࡿ࡞ mM 500ࠊࡾ㔞ࢆࡉ㔜ࠊࢀධࢆ ADP ࡓࡋᡠ ᐊ࣮࢝

(pH 7.8)࡛⁐1.5ࠊࡋ ml 1 ࣈ࣮ࣗࢳࡢ ml ࡘࡎศὀࡓࡋᚋ80-ࠊ Υ࡛ಖ⟶ࠋࡓࡋ 

3-3-5. 3 ⪅⪅」ྜ⁐ᾮㄪ〇ἲ� 
�

� � ịୖࠊ㔠ᒓᛶࣥ࣌ࢵ࢚ࡢ❧࡚(㔠Ⰽ)1.5 ࡇࡑࠊࡁ⨨ࢆ ml ࣇࣝࢻࣥ࣌ࢵ࢚ࡢ 

ࡓࡋ⢭〇࡛(ࣉࢵࢳ㉥)࣐ࣥࣟࢡ࣐୰ࡢࡑࠋࡓࡋࡓ‶࡛ Arࠊࡋࢆࣝ࣋ࣛࣈ࣮ࣗࢳ

㓝⣲ᶆရ70 ࢆ µlࡘࡎศὀ᳨ࠊࡇࡑࠋࡓࡋウ࠸ࡓࡋ LPRࡿ࡞㔞ࡢ⬡㉁ࠊࢆศὀࡋ

 ࠊ࠼ຍ㓝⣲࡚࠸⏝ࢆ࣐ࣥࣟࢡ࣐ࡣ㉁⬡ࠊࡢࡇࠋࡓ࠼ຍࡾྲྀࡽࢡࢵࢺࢫࡓ࠸࡚

ຍࡿ࠼ࡃ࡞ࢇࢇࡲࠊࡣຍࠊ࠺ࡼࡿࢃ⁐ᾮࡁࢆΰࣝࢻࣥ࣌ࢵ࢚࠺ࡼࡢࡿࡐ 

 ࡋࢢࣥࢸࢵ࣌ࣆᅇ 10ࠊ࠼ຍࡽࡀ࡞ࡋᅇࡿࡃࡿࡃࢆ࣐ࣥࣟࢡ࣐୰࡛ࣈ࣮ࣗࢳࣇ

 ΰࡃࡼࡽࡉ࡚࠸ࡌࡣ⛬ᣦ࡛ 10 ᅇࢆᗏࠊᚋࡓࡋࢆࡢࣈ࣮ࣗࢳࣇࣝࢻࣥ࣌ࢵ࢚ࠋࡓ

 ࠋࡓࡋ Pre-incubationࠊࡁ⨨Υ࡛ 1 ᬌ 4ࠊࢆࢀࡇࠋࡓࡐ

3-3-6. ㏱ᯒ2 ࡓ࠸⏝ࢆࣥࢱ࣎ ḟඖ⤖ᬗ᪉ἲ� 
� 

� �  SPECTRUM ♫〇ࡢ㏱ᯒ⭷ࡢ≦⟃ࡎࡲࠊࡣ㏱ᯒ⭷ࢆᚲせ࡞ศ࡛ࡳࡉࡣࡅࡔษࡾ 

 ࠊࡁ㛤ࡾษ࡛ࡳࡉࡣࢆ⟃ࡢ⭷㏱ᯒࢀධ࣮࣮࢝ࣅࡓࢀධࢆmilliQࠊࢆ⭷㏱ᯒࡢࡇࠋࡿྲྀ

⣙ 2.5 cm ᖜษ3ࠋࡿྲྀࡾ ᅇ࣮࣮࢝ࣅෆࡢ milli Qࢆධࠊ࠼᭰ࢀ㏱ᯒ⭷ࡂࡍࡍࢆ

㏱ᯒ⭷ࢪࡿ࠸࡚࠸ࡘࡾྲྀࢆ࣒࢘ࣜࢺࢼ㝖ࠋࡓ࠸㏱ᯒ⭷ࡢಖᏑ4 ࡣ Υ࡛⾜ࠋࡓࡗ

� ㏱ᯒࡣࣥࢱ࣎ HAMPTON♫〇㸦┤ᚄ 5 mm2.45 ࡉ῝ࠊ mmࠊ⾲㠃✚ 78.55 mm2㸧

ཬࡧᏳ⏣ၟᗑ〇㸦┤ᚄ 4 mm4 ࡉ῝ࠊ mmࠊ⾲㠃✚ 50.2 mm2㸧50 ࡢ µl ࢆࣥࢱ࣎⏝ࡋ

࣒࢟ࢆỈศ࡞వศࠊࢀµl ධ 60 ࢆ㉁㸸⏺㠃άᛶ㸸㓝⣲ΰྜ⁐ᾮ⬡ࣥࢱ࣎ࡢࡇࠋࡓ

ࢢࣥࣜ Oࠊᚋࡓࡋᅛᐃࢆ⭷㏱ᯒࡵࡣࢆࢢࣥࣜ Oࠋࡓࡏࡪࢆ⭷㏱ᯒࡾྲྀࡁᣔ࡛ࣉ࣡

ධࡢ㏱ᯒ⏝⦆⾪ᾮ࠺ࡼࡃྥࢆୖࡀ⭷㏱ᯒࠊࡾྲྀࡾษࢆ⭷㏱ᯒ࡞వศࡓࡋฟࡳࡣࡽ
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ࡍ⏝ࠋࡓࡋಖᏑࢀධ୰ࡢ࣮ࢱ࣮࣋ࣗ࢟ࣥࡢ27Υ ࢆࢀࡇࠋࡓࢀධ⎼࣒ࣕࢪࡓࡗ

 ㏱ᯒ⏝⦆⾪ᾮࠋࡓࡋᾘẘ࡛࣮ࣝࣀࢱ࢚ࡵணࡣ➼ࣥࣆࡢࣇࣝࢦࠊࢺࢵࢭࣥࣆࡸࡳࡉࡣࡿ

 ࠊࡅࡘࢆ༳࡛ࢡࢵࢪ࣐ᚋࡓࢀධ⎼࣒ࣕࢪࠊࡾྲྀࡾ㔞࡛࣮ࢲࣥࣜࢩࢫ࣓ࢆml 300ࠊࡣ

⏝㏱ᯒࠊ௨㝆ࠋࡓࢀධࢆࣥࢱ࣎ࡢࡶࡓࡋΰྜ࡚ࢀධࢆDTTࠊEDTAࠊADPࠊࡇࡑ

⦆⾪ᾮࡢࡢ㝿ࡢࡇࠊࡣ༳ࢆ⏝ࠋࡓࡋࡢࡶࡿࡍ 

3-3-6. ⤖⤖ᬗ⏝㏱ᯒ⦆⾪ᾮ᪉ἲ� 
�

� ㏱ᯒ⏝⦆⾪ᾮࡢ300ࠊࡣ ml ࠊ࣮࣮ྂ࢝ࣅࡢ ࠊࡋ⛣ᗘ⛬ 1/4 ࢆ㏱ᯒ⏝⦆⾪ᾮ࠸

࢜ࠋࡓᤞ࡚ࢆ㏱ᯒ⏝⦆⾪ᾮࡢࡾṧࡢ⎼࣒ࣕࢪࠊࡋ⛣ࢆࣥࢱ࡛࣎ࢺࢵࢭࣥࣆ୰ࡢࡑ

ࣥỈ࡛㍍ࡔ࠸ࡍࡺࡃᚋࠊỈศࣉ࣡ࣟࣉࢆ➼࡛ᣔ300ࠊࡾࡁ ml

ᯒ⏝⦆⾪ᾮ A ࢆධࠊࢀࡇࠋࡓࢀP1000 500ࠊ࡚࠸⏝ࢆࢺࢵ࣌ࣆࣟࢡ࣐ࡢ mM ADP 

 ᅇ 10 ᚋࡓࡋࢆࠊࢀµl ධ 600 ࢆ mM DTT 100ࠊµl 300 ࢆ mM EDTA 100ࠊµl 300 ࢆ

⛬㌿ಽ᧠ᢾ࡛ࣉ࣒࣡࢟ࠊࢀࡇࠋࡓࡗ⾜ࢆవศ࡞Ỉศࢆᣔࡓࡗྲྀࡁ㏱ᯒࢆࣥࢱ࣎ධ 

 ࠋࡓࡋᾘẘ࡛࣮ࣝࣀࢱ࢚ࡵணࡣࢺࢵࢭࣥࣆࡿࡍ⏝ࠋࡓࡋ27Υ࡛ಖᏑ ࡧࠊ࡚ࢀ

 ㏱࡛ࡲᡤࡢ༳ࡢ

3-3-8. 㟁Ꮚ㢧ᚤ㙾ほᐹ⏝ࢻࢵࣜࢢస〇᪉ἲ� 

 ࠊࡋ⏝ࢆ(400meshࠊCu〇)Ϩࢻࢵࣜࢢ VECO ࡢVECO♫〇 ࢲࣥࣛ࢜ࡣࢻࢵࣜࢢ �

ࠋࡓࡗࡣࢆ⭷࣮ࣥ࣎࢝

ℐࢫ࣮ࢣࠊࡁ⨨ࢆℐ⣬ࡓࡗษࡃ㛗ࢫ࣮ࢣ⏝ᑓࡢ〇ࢡࢵࢳࢫࣛࣉࠊࡣࢻࢵࣜࢢ

⣬ࢆఱᅇࡶ Milli Q࡛Ὑࢆ࡞ࡾࡇ࡛ࡇ࠺㝖ཤࡢࡑࠋࡓࡋᚋ࡞࠸ࢀࡁࠊ Milli Q ࢆ 

 ࣜࢢࡓࡋᾐ࣮ࣝࣀࢱ࣓࡞࠸ࢀࡁࠊࡇࡑࠋࡓࡵỿ୰ࡢࡑࢆℐ⣬ࠊࡋࡓ‶ࢫ࣮ࢣ

 ࠋࡓ୪࠸ࢀࡁ࡚ࡋୖࢆ(㠃ࡿ࠸࡚ࡗගࣛ࢟ࣛ࢟ࠊ㠃ࡿ㈞ࢆ⭷࣮ࣥ࣎࢝)⾲ࠊࢆࢻࢵ

 ࡽࡀ࡞ࡋࡵᩳࠊࡾษ࡛࣑ࢧࣁࢆ➃ࡘᅄࡢ⭷࣮ࣥ࣎࢝ࡓࡋ╔✵┿࣐࢝ࠊࡇࡑ

 ⭷ࡢࡇࠋࡓࡋ࠺ࡼࡪᾋỈ㠃ࠊ࡚ࢀࡀࡣࡽ࣐࢝ࡀ⭷ࠊ࡚ࡵỿࢆ⭷ࡾࡃࡗࡺ

 ࢝ࢻࢵࣜࢢࠊࡋື࠺ࡼࡿࡃᡭୖࢻࢵࣜࢢࡓ୪ࡽࡀ࡞ࡾࡥࡗࡦࢆℐ⣬ࠊࢆ

 ࢆỈศࠊ࡚ࡏࡉࢻࣛࢫఱᅇࢆୖࡢᮘࠊࡾษࢆℐ⣬࡞వศࠋࡓࡅࡗࡃࢆ⭷࣮ࣥ࣎

ᑡࡾྲྀࡋ㝖ࡶ࡛ୖ࣮ࣞࣕࢩࡽࡉࠊࡁᑡ࡛ࡇࡍືࡋỈศࡾྲྀࢆ㝖ࡢࡑࠋࡓ࠸ᚋࠊ

ࡿ࠶ࠋࡓࡏࡉ⇱ࡣ୰࡛᭱ప 3᪥㛫ࡢ࣮ࢱ࣮ࢣࢩࢹࠊࡲࡲࡓࡅศ㛤༙ࢆࡢ࣮ࣞࣕࢩ

⛬ᗘࠊࡽࡓࡁ࡚࠸ࡣ㛢ࠋࡓࡵ
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3-3-9. 㔠㔠ᒓᰁⰍἲ� 
� 

ඛ࡛ࡢࣉࢵࢳࡢ࣐ࣥࣟࢡ࣐ࠊ࡚࠸⏝ࢆ࣐ࣥࣟࢡ࣐ࡢ µl 25ࠊࡣࢢࣥࣜࣉࣥࢧ �

㏱ᯒ⭷ࡢࣉࢵࢳࠊࡾ◚ࢆඛ࡛ࡢࣥࢱ࣎ᗏ࡚ࡋ࠺ࡼࡿࡍࡇࢆ㏱ᯒᚋࡢ⭷ᶆရ0.5 ࢆml 

 10 ࢆᾮ⁐ࠋࡓࡋ⛣ࣈ࣮ࣗࢳࣝࣉࣥࢧࡢ

30ࠋࡓࡏࡢࢻࢵࣜࢢࡓࡗ㈞ࢆ⭷࣮ࣥ࣎࢝ࡢࡳ῭⌮ぶỈฎࠊࡾµlྲྀ 3 ࡛࣐ࣥࢺࢵ࣌ࣆ

⛊ᚋࠊℐ⣬ࡢ➃࡛㍍ࡃ⁐ᾮࢆ྾40 ࡓࡋࣉࢵࣟࢻୖࡢ࣒ࣝࣇࣛࣃࠊࡾྲྀ࠸ mM 

HEPES-Na ⦆⾪ᾮ (pH 7.8)ࡓࡏࡢࢆࣝࣉࣥࢧ㠃ࢆ᥋ゐ40 ࡚ࡏࡉ mM HEPES-Na ⦆⾪ 

ᅇࡋࢢࣥࢸࢵ࣌ࣆᆒ୍࡞ᠱ⃮ᾮࡓࡋᚋࠊ 

ᾮ(pH 7.8)ࠊࡏࡢࢻࢵࣜࢢࢆ྾࡛ࡇࡿྲྀ࠸వศࢆࣝࣉࣥࢧ࡞ⴠࠋࡓࡋ྾ࡗྲྀ࠸ 

ࡽṧࢆࣝࢽࣛ࢘㓑㓟࡛➃ࡢℐ⣬ࠊᚋ⛊30ࠊࡏࡢ µl 2.5 ࢆࣝࢽࣛ࢘㓑㓟% 2 ྠࡓ

ࠊ㝿ࡿࡍ㟁Ꮚ㢧ᚤ㙾࡛ほᐹࡿ࠶ࡀ࣒ࣛࡾྲྀ࠸྾ࡢᰁⰍᾮࠊࡢࡇࠋࡓࡗྲྀ࠸྾ࡎ

ᰁⰍᾮࡀヨᩱࢆほᐹࡿࡍ㑧㨱ࡃ࡞࣒࡛ࣛࡢࡿ࡞྾ࠋࡓࡋ࠺ࡼࡿྲྀ࠸ℐ⣬ࡣ  

ADVANTEC ♫ࡢ Filter Paper No.2 ࢆ⏝ࠋࡓࡋ

�  ┒┠)mA 3~ࠊ࡚࠸⏝ࢆIB-3㸦Eiko♫〇㸧 ࣮ࢱ࣮ࢥࣥ࢜ࡣ⌮ぶỈฎࡢࢻࢵࣜࢢ

ࢱ࣮ࢥࣥ࢜ࠊࡣㄪ⠇ࡢࡉᙉࡢ㟁ὶࠋࡓࡗ⾜ࡅ⛊⣙ 30ࢆ㟁ὶࡢ(ࠋࡓࡏࢃྜ 5 ࡾ

 タࡉᙉࡢᗘ⛬ࡿ࠼ぢࡽࡍࡗ࠺ࡍࡊࢆᡭࠊࡀගࡢ⣸ࡿࢀࡉᑕ↷ࢻࢵࣜࢢࡽ࣮

ᐃࠋࡓࡋ

� 㹼10ࠊࡣ⌮ぶỈฎࡢࢻࢵࣜࢢ ᯛ⛬ᗘࠊ࠸⾜ࡘࡎ㹼10 ಶࡢ㏱ᯒࣉࣥࢧࡽࣥࢱ࣎

⾜ࢆ⌮ぶỈฎ࡞ࡓ᪂ࠊࡽ࡚ࡗ⾜ࢆࢢࣥࣜࣉࣥࢧ࡚࠸ࡘ㹼10ಶࡢࡑࠊࡋฟࡾྲྀࢆࣝ

ࡃࡿ࡞ࠊࡃ࡞ࡣ࡛ࡢࡍฟࡾྲྀࡽࣥࢱ࣎㏱ᯒࢆࣝࣉࣥࢧࡢ㒊ᗘ୍ࠊࡋࡇ࠺

㹼10 ಶࡾྲྀࡘࡎฟࠊࡋᰁⰍࠋࡓࡋࡇ࠺⾜ࢆ 

88 




 

 

 

 

 

 
 

 

 

 

 

 

 

 
  

 

 

ࠋࡿࢀࡉసᡂ࡛ࡇࡿࡍ㏱ᯒࡋ㏱ᯒ⭷࡛ࢀධࢆᾮ⁐ྜ「ࡓࡋྜ

ᵓᡂ⏝⬡㉁ࡳࡢ㏱ᯒࣥࢱ࣎ሸ

➨➨⫔⠇� ⤖ᯝ/᪂つ 2ḟඖ⤖ᬗ᮲௳᳨ウ 

3-4.� ⤖ᯝ 

3-4-1. Negative control 

� 」ྜయϬࡀ⬡㉁⭷୰ࡳ⤌㎸ࡓࢀࡲࡢࡵࡓࡿࡍุ᩿ࢆᇶ‽ࡀᚲせࡢࡇࠋࡿ࡞ 

ᇶ‽ࡣ」ྜయϬࢡࣃࣥࢱ⭷ࡎࡽ࡞ࡳࡢ㉁2 ࡢḟඖ⤖ᬗ࡚࠸࠾ඹ㏻ࡼ࡚࠼⪄ࡿࡍ 

ΰࢆ㉁⬡⢭〇㓝⣲ࣥࢱ࣎㏱ᯒࡢ〇ࢡࢵࢳࢫࣛࣉࡾ㏻ࡓࡋ๓㏙ࡣ2ḟඖ⤖ᬗࠋ࠸

ᇶ‽ࠊࡣࡿ࠸⏝࡚ࡋ 

ࣥࢱ࣎㏱ᯒࡳࡢయϬྜ「ࡢࡶࡓࡗ⾜ࢆ㏱ᯒࡋ

࡞ᯝ⤖ࡿ࡞␗ࡃࡁ୧⪅ࠋࡿࡍୗグࢆᯝ⤖ࡢࡑࠋࡿ࠶࡛ࡢࡶࡓࡗ⾜ࢆ㏱ᯒࡋሸ

 ࡞ᯝ⤖ࡿࡍจ㞟ࡿࡍ㏱ᯒࡳࡢ㓝⣲ࠊࢀࡽᚓࡀ࣒࣮ࢯ࣏ࣜࡿࡍ㏱ᯒࡳࡢ㉁⬡ࠊࡾ

 ࠋࡓࡗ

Figure 31.  Negative control 

(A)DMPCࡳࡢ㏱ᯒࠊ(B)」ྜయϬࡢ㏱ᯒ
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 ࠋࡿ࡞せᅉ࡞㔜せ࡚ࡵᴟࡿࢃ㛵ᡂྰࡢᬗస〇⤖ࡣỴᐃࡢ㉁⬡ࡢࡇ

3-4-2. ⤖⤖ᬗ⏝⬡㉁᳨ࡢウ

ேᕤⓗྜ࡞ᡂ⬡㉁ࡽ⢭〇ࡓࢀࡉ⬡

� 」ྜయϬࢆ⬡㉁⭷୰ࡳ⤌㎸ࡴⅭࡢ⬡㉁᳨ࡢウ࡚࠸ࡘグࡿ࠸⏝࡛ࡇࡇࠋࡍ⬡㉁ࠊࡣ

ᚲࡶࡋࡎ┠ⓗࡿࡍ㓝⣲ࡀ⏕య⭷୰ᅾࡿ㝿ࢆ⭷ᵓᡂࡿ࠸࡚ࡋ⬡㉁ࡣ㝈ࠋ࠸࡞ࡽ 

ࠊⅭࡢࡑ ㉁࡛ࡲᖜᗈࡿࡍࢢࣥࢽ࣮ࣜࢡࢫࡃᚲせࡀ 

⢭〇㓝⣲ ࠋࡿ࠶

ࡵࡓࡢḟඖ⤖ᬗ 2 ࡢయϬྜ「ࠋࡓࡗ⾜ࢆ㏱ᯒࡋሸࣥࢱ࣎㏱ᯒࡋΰྜࢆ㉁⬡

⏝ࡿࡍ⬡㉁ࡣ௨ୗࡢ㏻ࠋࡿ࠶࡛ࡾ 

Figure 32. ྛ✀⤖ᬗ⏝⬡㉁ᵓ㐀ᘧ

㟁Ꮚ㢧ᚤ㙾ࡿࡼほᐹ⤖ᯝࢆḟグࠋࡍDDPCࠊDLPCࠊPOPCࠊDOPCࡢ⏝ࡣ㐺ࡋ 

㉁⭷୰⬡ࡀ㓝⣲ࡳࡢሙྜࡓ࠸⏝ࢆDMPCࠊ࡚ࡋᑐࠋࡓࡗ࡞ࡽ᫂ࡀࡇ࠸࡞࠸࡚

ḟඖ⤖ᬗ 2 ࡢయϬྜ「ࠊᨾࠋࡓࢀࡽぢࡀ㓄ิ࡞つ๎ⓗࡢ㓝⣲㒊୍ࠊࢀࡲ㎸ࡳ⤌

 ࠋࡿࢀࡽ࠼⪄ࡿ࠶࡛ DMPC ࡣ㉁⬡ࡿ࠸࡚ࡋ㐺ࡶ࡚᭱࠸࠾
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⏺㠃άᛶࡽᡂࡿ 

3-4-3. ⬡⬡㉁」ྜయϬࡢΰྜ᪉ἲ

ᡤᒓࡿࡍ◊✲ᐊ࡚࠸⢭〇ࡿࢀࡉ྾㙐」ྜయϨࠊ 

つ๎ⓗ࡞㓝⣲㓄ิࢆᣢࡘ」ྜయϬ2 ࡢḟඖ⤖ᬗࢆ⌧ᛶࡃࡼᚓࠊࡣࡵࡓࡿ」ྜయ 

Ϭࢆᑡ10 ࡶࡃ࡞ ᪥㛫ࡣᏳᐃಖࡘᚲせࠊࡣࢀࡇࠋࡿ࠶ࡀ」ྜయϬ2 ࡢ ḟඖ⤖ᬗ 

/㉁/㓝⣲⬡ࠊࡣ௳᮲࠸ࡍࡸࡋኚᛶࡶ࡚᭱ࡗ㓝⣲ࠋࡿ࠶࡛ࡵࡓࡿࢀࢃ⾜10᪥㛫࡛ ࡀ

3⪅」ྜ⁐ᾮࡢ≧ែ࡛ࠊࡣࢀࡇࠋࡿ࠶㧗⃰ᗘࡢ⏺㠃άᛶࡀ࿘ࡾ

 ࡚ࡗࡼ㉁ẖ⬡ࡣᗘ⛬ࡢࡑࡀࡿ࠶ᛶ࡛⁐⬡ⓗ⯡୍ࡣ㉁⬡ࠋࡿ࠶Ⅽ࡛ࡿ࠸࡚ࡋᏑᅾ

ࡃࡁኚࠊࡣࢀࡇࠊࡋ㓝⣲ࡢࡑࠊࡾ࠶࡛ࡌྠࡶ࡚࠸ࡘ㓝⣲ࡓࡗྜ᮲௳ࡾ⤠ࢆ㎸

ࠋࡿ࠶ࡀᚲせࡴ ϫࢀࡒࢀࡑࡣ␗

 ᏳࡢయϬྜ「ࠊ࡛ࡇࡑࠋࡿ࠸࡚ࢀࡉసᡂࡀ2ḟඖ⤖ᬗ ࡚࠸⏝ࢆ᪉ἲࡿ࡞␗㉁⬡ࡿ࡞

ᐃ࡞⤖ᬗࢆᚓࡢࡇࠊࡵࡓࡿ⤖ᬗ┤๓ࡢ≧ែ࡛3 ࡿ࠶⪅」ྜ⁐ᾮ᭱ࡢ㐺࡞స〇᪉ἲ

ࠊࡋ⪄ཧࢆᬗ᪉ἲ⤖ࡿࢀࢃḟඖ⤖ᬗ 2 ࡢయྜ「ྛࠋࡓࡋࡇࡿࡍウ᳨ࢆ

ୗグࡢ✀4 ࡢ᪉ἲࢆ⪃ࢀࡒࢀࡑࡋ⤖ᬗࡋẚ㍑ࠋࡓࡋ
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᪉ἲձ  

 ࠊࡀࡓฟ᮶ࡣࡇࡿᚓࢆ⭷ᵓᡂࡓࡗᣢࢆ✚㠃࠸ᗈࡣ᪉ἲ࡛ࡢࡇ

30 ml ࢫࣛ࢞〇ࢫࢼᆺ2 ࢆࢥࢫࣛࣇ ಶ⏝ព࡛࣒ࣝ࣍ࣟࣟࢡࡋὙίࡋ⇱ࢡࠋࡿࡏࡉ

 ࢫࣛࣇᆺࢫࢼ〇ࢫ࡚ࣛ࢞ࡗࡼ࣐ࣥࣟࢡ࣐ࢆ ㉁ 10 mg⬡ࡿ࠸࡚ࡋゎ⁐࣒ࣝ࣍ࣟࣟ

 ⬡ࡏࡉⓎࢆ࣒ࣝ࣍ࣟࣟࢡᅽຊ࡛ࡢ MPa 0.02 ࡚࠸⏝ࢆࢫ࢞ࣥࢦࣝࠋࡿࡍศὀࢥ

㉁ࡓࡋ⭷ⷧࢆᚋࠊῶᅽ⇱ᶵ࡚࠸⏝ࢆᚭᗏⓗࢆ࣒ࣝ࣍ࣟࣟࢡⓎࡇࡑࠋࡿࡏࡉ 

2 % DM 2  mM DTTࡴྵࢆ⬡㉁⁐ゎ⏝⁐ᾮࢆῧຍࡋ⬡㉁⁐ᾮࢆస〇ࠊࡋప ᐊ୍࡛

ኪ㟼⨨ࡢࡑࠋࡿࡍᚋࠊ⬡㉁⁐ᾮ⢭〇┤ᚋࡢ」ྜయϬࡶ᭱ࢆప࠸ LPRࡶ᭱㧗࠸ LPR 

mgᚲせ 50 ࡣయϬྜ「ࡤࢀ࠶0.2࡛ ࡀ LPR ࠸పࡶ᭱ࡤ࠼ࠋࡓࡋῧຍ࠺ࡼࡿ࡞

 ࣥị୰࡛ࠊᚋࡓࡋᢾ᧠࠺ࡼࡿ࡞ᆒ୍ࠋࡓࡋῧຍ࡛࣐ࣥࣟࢡ࣐ࢆᚲせ㔞ࠊࡾ࡞

� ࡿ࡞ࡽ㉁�㓝⣲�⏺㠃άᛶ⬡࡚ࡋࣥࣙࢩ࣮࣋ࣗ࢟ ⪅」ྜ⁐ᾮࢆస〇ࡋࡋࠋࡓࡋ 

ࠊࡽࡀ࡞ ⤖ᬗࢆᚓࡿ 

 ࢫࣛࣇᆺࢫࢼ〇ࢫࣛ࢞ࡽࡿ࠸⏝ࢆ㉁⬡ࡢ㧗⃰ᗘࡣ᪉ἲࡢࡇࠋࡓࡗ࡞ࡁ࡛ࡀࡇ

ప⃰ᗘࢆ㉁⁐ᾮ⬡ࡢࡇࠋࡿࢀࡉ ண࠸࡞ࡣⅭ࡛ࡓࡗ࡞࠸࡚ࡋゎ⁐୰࡛ࢥ

 ࡞ࢀࡽᚓࡣᬗ⤖ࡶ࡚࠸࠾ሙྜࡢࡇࡾ࡞ࡇࡿࢀࡉᕼ㔘㐣ࡀ㓝⣲ࡿࡍ

 �ࠋࡓࡗ

� 

� 

� 

� 

� 
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� 
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� 

Figure 34. ㄪᩚἲձࡢᴫ␎ᅗ 

� 
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᪉ἲղ� 

ほᐹࢁࡇࡓࡋ㒊ศⓗ㓝⣲㓄ิࡿ࠶ࡢᵓᡂ⭷ࢆほᐹࠋࡓࡁ࡛ࡀࡇࡿࡍ 

� ࡿࡁ࡛ࡀࡇࡿࡍࢆᗏࢫࣛ࢞〇ࢆࢫ࢞ࣥࢦࣝࣈ࣮ࣗࢳ༑ศ࠾࡚ࡋࡓ‶

ࢡࢵࢺࢫ㉁⬡ࡓ࠸࠾࡚ࡋㄪᩚࡵணmg/ml 10ࠋࡿ࠼µl ຍ 300 ࢆయϬྜ「ࡇࡑࠊࡁ

LPR ྛࢆ㉁⬡ࡽ 3 ࡢ㉁/㓝⣲/⏺㠃άᛶ⬡࠼ຍ࠺ࡼࡿ࡞ ⪅」ྜ⁐ᾮࢆస〇ࠋࡓࡋ

స〇ᚋị୰࡛࠸⾜ࢆࣥࣙࢩ࣮࣋ࣗ࢟ࣥ㏱ᯒࣥࢱ࣎ሸࠋࡓࡋ㟁Ꮚ㢧ᚤ㙾࡚࠸⏝ࢆ

࡞ࡋࡋ

᪉ἲࡢࡇࠋࡓࡗ࡞ࡽ⮳ࡣ࡛ࡲࡘᣢࢆ✚㠃࡞ࡁࡶࢀࡎ࠸࡚ࡋẚ㍑᪉ἲձࠊࡽࡀ

LPR ྛࡇࡑࠊࢀධඛࢆ㓝⣲ࣈ࣮ࣗࢳ〇ࢫࣛ࢞ྛࡣ࡛ ࠼ຍࢆ㉁⬡࠺ࡼࡿ࡞

ࡀࡿ࠶࡛౽⡆ࡣ᪉ἲࡢࡇࠋࡿࡍ᪉ἲ࡛ㄪᩚࡿ

ྜ「⪅3 ࡞ᆒ୍ࡃ㞴ࡋΰྜࡣ㉁⬡㓝⣲ࡢᑡ㔞ࠋࡘᣢࢆᚩ≉࠸ࡍࡸࡳ⏕ࢆㄗᕪࠊⅭࡿ

⁐ᾮࢆస〇ࡓࡗ࡞ࡁ࡛ࡀࡇࡿࡍⅭࠊ⤖ᬗࢆᚓࠋࡿࢀࡽ࠼⪄ࡓࡗ࡞ࡁ࡛ࡀࡇࡿ 

࠶ᑡ㔞࡛ࡀ㔞࠺ᢅ࡛ࣈ࣮ࣗࢳࡢࢀࡒࢀࡑ

Figure 35. ㄪᩚἲղࡢᴫ␎ᅗ 
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᪉ἲճ 

㓝⣲㓄ิࡢ≦ࣝࢡࢩ࣋ࡿ࠶ࡢᵓᡂ⭷ࠋࡓࢀࡽࡳࡀ

� ᐜ㔞  500 µlࢡࢵࢳࢫࣛࣉࡢ〇ࣈ࣮ࣗࢳ⢭〇┤ᚋࡢ」ྜయϬࢆຍࠊ࠼᪉ἲղྠᵝ 

10 mg/mlணࡵㄪᩚࡓ࠸࠾࡚ࡋ⬡㉁ࡽࢡࢵࢺࢫ⬡㉁ྛࢆ LPR ࠺ࡼࡿ࡞ຍ࠼⬡

㉁/㓝⣲/⏺㠃άᛶ3 ࡢ ⪅」ྜ⁐ᾮࢆస〇ࠋࡓࡋస〇ᚋị୰࡛ࢆࣥࣙࢩ࣮࣋ࣗ࢟ࣥ

ࡀࡿ࠶ࡣ㒊ศⓗ࡛ࠊࢁࡇࡓࡋほᐹ࡚࠸⏝ࢆ㟁Ꮚ㢧ᚤ㙾ࠋࡓࡋሸࣥࢱ࣎㏱ᯒ࠸⾜

㓝⣲㓄ิࡀ㒊ศࠊࡽࡀ࡞ࡋࡋ

LPR ྛ࠼ຍࢆ㉁⬡ࡽᚋ࠼ຍࢆ㓝⣲ඛࠊᵝྠ᪉ἲղࠋࡓࡗ࠶࡛⭷ᵓᡂ࠸࡞ࡢ

ᐜ㔞 500 µlࡿ࠸⏝᪉ἲ࡛ࡢࡇࡿࡍㄪᩚ ࡗ࡞ࡃ⣽ࡀඛࡣࣈ࣮ࣗࢳ〇ࢡࢵࢳࢫࣛࣉࡢ

 ࡵࡓࡓࡗ࡞ࡋΰྜࡀ㓝⣲㉁⬡ᆒ୍ࡃࡋ㞴ࡾࡼ᪉ἲղࡀࢢࣥࣜࢻࣥࣁࡾ࠾࡚

 ࠋࡿࢀࡽ࠼⪄

Figure 36. ㄪᩚἲճࡢᴫ␎ᅗ 
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᪉ἲմ

� ᪉ἲձẚ㍑ⓗఝ࡚ࡢࡇࠊࡀࡿ࠸᪉ἲմ3 ࡚࠸

⬡ࡇࡑࢀධࢆయϬྜ「ࡎࡲࣈ࣮ࣗࢳࠋࡿ࠶࡛ࣈ࣮ࣗࢳ〇 2 mlࢡࢵࢳࢫࣛࣉࡣࣈ

㉁ࢆຍ3 ࠺ࡼࡢࡇࠋࡿ࠼

࡛ ᅇ㌿㏿ᗘ 40 rpmࡋᅛᐃྎ ┞ࡢࡑࠋࡓࡗ⾜ࢆࣥࣙࢩ࣮࣋ࣗ࢟ࣥࡏࡉᚋྛࠊ  LPR

ၥ㢟ࡢ࡛ࡲճࡽ᪉ἲձࠊࡣ᪉ἲࡢࡇࠋࡓࡋሸࣥࢱ࣎㏱ᯒࡋㄪᩚ࠺ࡼࡿ࡞

Ⅼ࡚ࡍࢆゎỴࡿࡁ࡛ࡀࡇࡿࡍ᪉ἲ࡚ࡋ⪃ࠋ᭱ࡓࡋ  LPR ᭱ᑠ LPR ࠺ᢅࢆ 

3 ࡞ᆒ୍ࡿࡼ┞ࡉᐜ᫆ࡢࢢࣥࣜࢻࣥࣁࡿࡼࡇ ⪅」ྜ⁐ᾮࡢస〇ࡢࡇࡀ᪉

ἲࡢ≉ᚩ࡛ࠋࡿ࠶ᚓࡓࢀࡽ⤖ᬗࢀࡒࢀࡑࡾ࠶࡛≦ࢺ࣮ࢩࡶࢀࡎ࠸ࡣ㓝⣲㓄ิࡀぢ

 ⤖ࡿࡘぢࡶၥ㢟Ⅼࡓ᪂࡞ࡿ࠸࡚ࡗ࡞≦ࢳࢵࣃࡀ㓝⣲㓄ิࠊࡋࡋࠋࡓࢀࡽ

ᯝࠋࡓࡗ࡞ 

⪅」ྜ⁐ᾮࢆᙧᡂࡓࡋᚋࠊప ᐊ㓄⨨ࡓࡋୗグࡢ┞

⪅」ྜ⁐ᾮᙧᡂ࣮ࣗࢳࡿ࠸⏝

Figure 37. ㄪᩚἲմࡢᴫ␎ᅗ 
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Figure 38. ㄪᩚἲձࡿࡼ⤖ᬗ⤖ᯝ 

⢭〇␒ྕ:AA120121ࠊ� 

㓝⣲⃰ᗘ:13.7 mg/mlࠊ㓝⣲άᛶ: 0.57 µmoles/min/mgࠊ㜼ᐖ⋡: 88.1 %


⬡㉁ DMPCࠊ㏱ᯒ ᗘ 27Υ12ࠊ㛫ࠊࣥࣙࢩ࣮࣋ࣗ࢟ࣥᏳ⏣ၟᗑ〇㏱ᯒࣥࢱ࣎⏝ 

㏱ᯒእᾮ⤌ᡂ 40 mM Tris-HCl (pH 8.2)5ࠊ mM MgCl2100ࠊ mM NaCl0.5ࠊ mM ADPࠊ  

0.1 mM DTT0.2ࠊ mM EDTA
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Figure 39. ㄪᩚἲղࡿࡼ⤖ᬗ⤖ᯝ

⢭〇␒ྕ:AA120121ࠊ�

㓝⣲⃰ᗘ:13.7 mg/mlࠊ㓝⣲άᛶ: 0.57 µmoles/min/mgࠊ㜼ᐖ⋡: 88.1 %

⬡㉁ DMPCࠊ㏱ᯒ ᗘ 27Υ12ࠊ㛫ࠊࣥࣙࢩ࣮࣋ࣗ࢟ࣥᏳ⏣ၟᗑ〇㏱ᯒࣥࢱ࣎⏝

㏱ᯒእᾮ⤌ᡂ 40 mM Tris-HCl (pH 8.2)5ࠊ mM MgCl2100ࠊ mM NaCl0.5ࠊ mM ADPࠊ 

0.1 mM DTT0.2ࠊ mM EDTA 
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Figure 40. ㄪᩚἲճࡿࡼ⤖ᬗ⤖ᯝ 

⢭〇␒ྕ:AA120121ࠊ� 

㓝⣲⃰ᗘ:13.7 mg/mlࠊ㓝⣲άᛶ: 0.57 µmoles/min/mgࠊ㜼ᐖ⋡: 88.1 %


⬡㉁ DMPCࠊ㏱ᯒ ᗘ 27Υ12ࠊ㛫ࠊࣥࣙࢩ࣮࣋ࣗ࢟ࣥᏳ⏣ၟᗑ〇㏱ᯒࣥࢱ࣎⏝ 

㏱ᯒእᾮ⤌ᡂ 40 mM Tris-HCl (pH 8.2)5ࠊ mM MgCl2100ࠊ mM NaCl0.5ࠊ mM ADPࠊ  

0.1 mM DTT0.2ࠊ mM EDTA
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㏱ᯒእᾮ⤌ᡂ 

Figure 41. ㄪᩚἲմࡿࡼ⤖ᬗ⤖ᯝ 

⢭〇␒ྕ:AA120121ࠊ� 

㓝⣲⃰ᗘ:13.7 mg/mlࠊ㓝⣲άᛶ: 0.57 µmoles/min/mgࠊ㜼ᐖ⋡: 88.1 %


⬡㉁ DMPCࠊ㏱ᯒ ᗘ 27Υ12ࠊ㛫ࠊࣥࣙࢩ࣮࣋ࣗ࢟ࣥᏳ⏣ၟᗑ〇㏱ᯒࣥࢱ࣎⏝ 

40 mM Tris-HCl (pH 8.2)5ࠊ mM MgCl2100ࠊ mM NaCl0.5ࠊ mM ADPࠊ 

0.1 mM DTT0.2ࠊ mM EDTA 
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 ウ᳨ࡢ㛫ࣥࣙࢩ࣮࣋ࣗ࢟ࣥ .3-4-4

ࠊࡀࡿࡍグ㍕ࢆ┿㟁㢧ࡢ⭷ᵓᡂࡢ⪅୧ࠋࡓࡗ⾜ప ᐊ࡛ࡶࢀࡎ

㒊ศࡢᵓᡂ⭷୰࡛㓝⣲㓄ิࡣぢࠊࡎࢀࡽ

ᙧᡂࡿࢀࡉᵓᡂ⭷ࡢࡸࡉࡁ㢖ᗘࡃࡁᙳ㡪ࡿࡍⅭ࡛ࠋࡿ࠶

� 㓝⣲/⬡㉁/⏺㠃άᛶ3 ࡿ࡞ࡽ⪅」ྜయࡣΰྜᚋ୍ᐃ㛫㟼⨨ࡿࢀࡉᚲせࠋࡿ࠶ࡀ 

ࠊࡣࢀࡇ 㓝⣲ࡣ⬡㉁

ᵓᡂ⭷୰㓝⣲㓄ิ

⭷୰ࡳ⤌㎸ࡾࡼࡇࡿࢀࡲᏳᐃ3ࠋࡿ࡞

ࢆ㝖ࡀࡇࡃⰋࠊ୍ࡀࡿࢀࡽ࠼⪄࠸ ᐃ㛫࡚ࡗࡼࡇࡿࡍࢺ࣮࣋ࣗ࢟ࣥ⤖ᬗ

᳨ࢆ㛫ࣥࣙࢩ࣮࣋ࣗ࢟ࣥ࡞㐺ษࡶ᭱ࠊ࡛ࡇࡑࠋࡿࡍ᪼ୖ᱁ẁࡀ㢖ᗘࠊࡉࡁࡢ

ウ᳨ࠋࡓࡋウࢺ࣮࣋ࣗ࢟ࣥࡓࡋ㛫2 ࡣ h 12  h ࡛࠸ࡣࣥࣙࢩ࣮࣋ࣗ࢟ࣥࠋࡿ࠶

2 h ࣮࣋ࣗ࢟ࣥ 

ࠊሙྜࡓࡗ⾜ࢆࣥࣙࢩ  㧗ࡀࡿ࠶ࡣ㒊ศⓗ࡛ࠊ᭦ࠊࢀࡽࡵㄆࡀ

⪅」ྜ⁐ᾮᙧᡂᚋࡸ㏿ࡣ⏺㠃άᛶ

ࠊሙྜࡓࡗ⾜ࢆࣥࣙࢩ࣮࣋ࣗ࢟ࣥ h 12ࠊ࡚ࡋᑐࠋࡿࢃࡀࡇࡿ࠸࡚ࡗᣢࢆᬗᛶ⤖࠸

⤖ᬗ㢖ᗘࠊ⤖ᬗᛶࡢపୗࢆᣍࡀࡇࡃ᫂ 

 ࠋࡿࢀࡽ࠼⪄ࡿ࠶࡛ h 2 ࡣ㛫ࢺ࣮࣋ࣗ࢟ࣥࡿ࠸࡚ࡋ㐺࡚ࡋᯝ⤖ࠋࡓࡗ࡞ࡽ

 ࠋࡓࡗࢃࡀࡇ
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㏱ᯒእᾮ⤌ᡂ 

Figure 42. 3⪅」ྜ⁐ᾮࣥࣙࢩ࣮࣋ࣗ࢟ࣥࡢ㛫  

(ୖ): 2㛫ࠊࣥࣙࢩ࣮࣋ࣗ࢟ࣥ(ୗ):12㛫ࢺ࣮࣋ࣗ࢟ࣥ 

⢭〇␒ྕ:AA116� 

㓝⣲⃰ᗘ:11.5 mg/mlࠊ㓝⣲άᛶ: 0.62 µmoles/min/mgࠊ㜼ᐖ⋡: 95.0 %


⬡㉁ DMPCࠊ㏱ᯒ ᗘ 27ΥࠊᏳ⏣ၟᗑ〇㏱ᯒࣥࢱ࣎⏝ 

40 mM Tris-HCl (pH 8.2)5ࠊ mM MgCl2100ࠊ mM NaCl0.5ࠊ mM ADPࠊ 

0.1 mM DTT0.2ࠊ mM EDTA 
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ࠋࡿࢀࡽ࠸⏝ࡀ᪉ἲࡍಁࢆᡂ㛗ࡢᬗ⤖ࡋࡃ㐜ࢆᚋ㏱ᯒ㏿ᗘࡢ

ࠊ࡛ࡇࡑࠋࡿ࠼࠸ࡿࡍᐤࡃࡁᬗᡂ㛗⤖ࡸᬗᙧᡂ⤖ࡣࢬ

ࠋࡿࢀࡽ࠼⪄ࡓࡋᡂ㛗ࡃ

ᬗᡂ㛗ࡀᵝ࡞ࠎ᪉ྥࡾࡼ㐍⾜ࡿࡍ⌮ 

⪅」ྜ⁐ᾮᙧᡂᚋ 

3-4-5. ⤖⤖ᬗ⏝㏱ᯒ᳨ࡢࣥࢱ࣎ウ 

� 3 2 hࡀࡇࡿࡍࣥࣙࢩ࣮࣋ࣗ࢟ࣥ㐺ࡿ࠸࡚ࡋඛ᳨ࡢウ࡛᫂ 

ࣥࢱ࣎㏱ᯒࡸ㏿ࡣᾮ⁐ྜ「⪅3 ࡓ࠼⤊ࢆࣥࣙࢩ࣮࣋ࣗ࢟ࣥࠋࡓࡗ࡞ࡽ

⤖ᬗᡂ㛗ࡀᵝ࡞ࠎ᪉ྥࡾࡼ㐍⾜ࠋࡿࢀࡽ࠼⪄ࡓࡋ 

ሸࢀࡉ㏱ᯒ࡚ࡗࡼ⏺㠃άᛶࡀ㝖ཤࠊࡋࡋࠋࡿࢀࡉ㏱ᯒࡢࣥࢱ࣎ᐜ㔞ࡢ✰ࡸᚄ

ࠋ୍ࡿ࡞␗ࡃࡁࡀ㝖ཤ㏿ᗘࡢ㠃άᛶ⏺࡚ࡗࡼ ⯡ⓗ2  ḟඖ⤖ᬗᙧᡂึ࡚᭱࠸࠾

ࡑࠊࡳ㎸ࡳ⤌㉁⭷୰⬡࡞Ᏻᐃࢆ㓝⣲࡚ࡗࡼࡇࡿࡍ㝖ཤࢆ㠃άᛶ⏺ࡸ㏿ࡣ

ࢧࡢࣥࢱ࣎㏱ᯒࠊࡾࡲࡘ

2✀㢮ࡢ㏱ᯒࣥࢱ࣎ 

 ࠊ〇ෆᚄ 5 mm♫ࣥࢺࣉࣥࣁࡣࣥࢱ࣎ࡢ㇟ẚ㍑ᑐࠋࡓࡋࡇࡿࡍẚ㍑ࢆ⪅୧ࠊࡋព⏝ࢆ

⤖ᬗᙧᡂ㏿ᗘ᭱ࡀ㐺㏿ᗘࡽ㐓⬺࡚ࡋ 

㠃✚ 78.6 mm2⾲ࠊmm 2.45 ࡉ῝ ࠊᏳ⏣ၟᗑ〇ෆᚄ 4 mm̀̔ 㠃✚ 50.2 mm2⾲ࠊmm 4 ࡉ

 ⭷㏱ᯒࠊࢀµlධ 75 ࢆᾮ⁐ྜ「⪅3 ࣥࢱ࣎ࡢࡇࠋࡿ࠶࡛ࣥࢱ࣎ ᐜ㔞 50 µlࡶࢀࡎ࠸ࡢ

ࡾษࢆ⭷㏱ᯒ࡞వศࡓࡋฟࡳࡣࡽࢢOࣜࣥࠋࡓࡋᅛᐃࢆ⭷㏱ᯒ࡛ࢢࣥࣜ O ࡏࡪࢆ

㏱ࢀධ࣮࣮࢝ࣅ⇕⪏〇ࢫࣛ࢞ࡓࡗධࡢ㏱ᯒ⏝⦆⾪ᾮ࠺ࡼࡃྥࢆୖࡀ⭷㏱ᯒࠊࡾྲྀ

ᯒࢆ㛤ጞࠋࡓࡋ㟁Ꮚ㢧ᚤ㙾࡚࠸⏝ࢆほᐹࢁࡇࡓࡋ୧⪅࡞ࡁᕪࡣぢࡓࡗ࡞ࢀࡽ

ࡿ࠸࡚ࡋ㐺2ḟඖ⤖ᬗ ࡢయϬྜ「ࡀᏳ⏣ၟᗑࡽࡉࡁࡢ⭷ᵓᡂࠊ㢖ᗘࠊࡀ

Ᏻ⏣ၟᗑ〇࡚ࡋẚ㍑ࣥࢱ࣎〇♫ࣥࢺࣉࣥࣁࡀࡿ࠶࡛ࡌྠࡣᐜ㔞ࡢ⪅୧ࠋࡿࢀࡽ࠼⪄

ࡁࡀ⭷ᵓᡂࡾࡼࢀࡑࠊࡃ㐜ࡀ㠃άᛶ㝖ཤ⏺ࡾࡼࡇ࠸ࡉᑠࡀෆᚄࡣࣥࢱ࣎

 ࢵࣃ࠸ᙉ࡚ࡵᴟࡣ㓝⣲㓄ิࡿࢀࡽࡳᵓᡂ⭷୰ࠊࡋࡋ

ࠊࡾ࠾࡚ࡗ࡞≦ࢳ ⤖࠺ࡼࡢࡇ

࡚ࡋ⏤

 ࠋࡿࢀࡽ࠼⪄ࡀᛶ⬟ྍࡿ࠸
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6. ㏱㏱ᯒእᾮࡢ㔠ᒓࣥ࢜⤌ᡂ 

   

 

 

 

  

  

 

  

 

㏱ᯒእᾮ⤌ᡂ 

Figure 43. ㏱ᯒࢢࣥࢽ࣮ࣜࢡࢫࣥࢱ࣎ 

(A) ࣥࢺࣉࣥࣁ♫〇㏱ᯒࠊࣥࢱ࣎పಸ⋡(B):ࣥࢺࣉࣥࣁ♫〇㏱ᯒࠊࣥࢱ࣎㧗ಸ⋡ 

(C)Ᏻ⏣ၟᗑ〇㏱ᯒࠊࣥࢱ࣎పಸ⋡(D):Ᏻ⏣ၟᗑ〇㏱ᯒࠊࣥࢱ࣎㧗ಸ⋡

⢭〇␒ྕ:AA120�

㓝⣲⃰ᗘ:13.7 mg/mlࠊ

㓝⣲άᛶ: 0.57 µmoles/min/mgࠊ㜼ᐖ⋡: 88.1 %

⬡㉁ DMPCࠊ㏱ᯒ ᗘ 27Υ2ࠊ㛫ࠊࣥࣙࢩ࣮࣋ࣗ࢟ࣥ

40 mM Tris-HCl (pH 8.2)5ࠊ mM MgCl2100ࠊ mM NaCl0.5ࠊ mM ADPࠊ 

0.1 mM DTT0.2ࠊ mM EDTA 
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3-4-6. ㏱㏱ᯒእᾮࡢ㔠ᒓࣥ࢜⤌ᡂ  

ሷ࣒࢘ࢩࢿࢢ࣐ḟ⏝ࡿ࠸࡚ࢀࡉሷࢆ࣒࢘ࢩࣝ࢝㑅ᢥࠋࡓࡋ 

୍⯡ⓗ2 ḟඖ⤖ᬗࡣ㏱ᯒ࡚ࡗࡼ⏺㠃άᛶࢆ㝖ཤ࡛ࡇࡿࡍసࠋࡿࢀࡽ」ྜయ 

Ϭ2 ࡢḟඖ⤖ᬗࡿ࠸⏝㏱ᯒ⦆⾪ᾮ40 ࡣ mM Tris-HCl ⦆⾪ᾮ (pH 8.2)ࡀ㐺ࡿ࠸࡚ࡋ

㔠ᒓࡿࡍῧຍᾮ୰⾪⦅ࠊࡋࡋࠋࡿ࠸࡚ࡗ࡞ࡽ᫂ࡾࡼᐇ㦂⤖ᯝࡢ㐣ཤࡀࡇ

ࡢᬗ⤖ࡣࣥ࢜㔠ᒓࡿࡍῧຍ㏱ᯒእᾮࠋ࠸࡞࠸࡚ࡗ⮳ࡿࡍỴᐃࢆ㐺⃰ᗘ᭱ࡢࣥ࢜

ᙧែࡃࡁᙳ㡪ࢆཬ1 ࣏ࣥࣜࢡࡋࡰ (AQP1)ࡢሙྜ10ࠊ mM Mg2+ῧຍ࡛ࢡࢩ࣋ 

ࣝ≧⤖ᬗࡀᙧᡂ20ࠊࢀࡉ mM Mg2+ῧຍ୍࡛㒊ࡀࣝࢡࢩ࣋㛤ࢺ࣮ࢩࡋ≧⤖ᬗࠋࡿ࡞ 

᭦⃰ᗘ50 ࡆୖࢆ mM Mg2+ῧຍ࡛ࡀࣝࢡࢩ࣋ࡢ࡚ࡍ㛤ࢺ࣮ࢩࡋ≧⤖ᬗࡿ࡞ 

(Walz et al., 1994b)࠺ࡼࡢࡇࠋ㔠ᒓ⃰ࣥ࢜ᗘ౫Ꮡࡋ⤖ᬗᙧែࡀࡃࡁኚࡇࡿࡍ

ḟ➨࡛ࡃࡁᡂ㛗ྍࡿࡍ⬟ᛶࡀṧ࠸࡚ࡗ

ࡿࡍ㑅ᢥࢆ≦ࣝࢡࢩ࣋ࢁࡋࡴࡾࡼ≦ࢺ࣮

ሷࢆ࣒࢘ࣜ࢝㑅ᢥࠋࡓࡋ

ᗘ⃰ࣥ࢜㔠ᒓࡿ࡞㐺࡚᭱࠸ᬗ⤖ࡢయϬྜ「ࠊ࡛ࡇࡑࠋࡿ࠸࡚ࢀࡉሗ࿌ࡀ

ࡿ࠶2౯㔠ᒓሷ࡛ ࡿ࠸࡚ࢀࡉ⏝ࡶ᭱ࠊ࡚ࡳ㚷⫣ᩥࡢ㐣ཤࠋࡓࡋࡇࡿࡍỴᐃࢆ

 ຍྠ࡚ࡋࡑ

ࠊ࣒࢘ࣜࢺࢼሷ࡚ࡋࣥ࢜1౯㔠ᒓ ࡿ࠼ ୗグ⾲ࡢグ

 ࢆ mM NaCl 100ࠊ+mM Mg2 5ࠊࢁࡇࡓࡗ⾜ࢆࢢࣥࢽ࣮ࣜࢡࢫࡅศࡾࢆᗘ⃰ࡾ㏻ࡍ

ࡽᚓࡀᬗ⤖ࡽࡀ࡞࠸ࡉᑠ࠺⾜ࢆ㏱ᯒ࡚ࡋᑐmM Tris-HCl ⦆⾪ᾮ (pH 8.5) 40 ࡴྵ

 ࠶࡛≦ࣝࢡࢩ࡚࣋ࡍࡣᙧែࡢᬗ⤖ࡓࢀࡽᚓ࡚ࡋ㏱ᯒ࡚ࡋᑐ㏱ᯒ⦆⾪ᾮࡢࡇࠋࡓࢀ

௳ሙྜᚋ⤖ᬗ᮲ࡢᬗ⤖≦ࣝࢡࢩ࣋ࠋࡓࡗ

 ࠊ࡛ࡇࡑࠋ࠸ࡋ㞴ࡀࡇࡿࡏࡉᡂ㛗ࡃࡁࡾࡼ≦⌧ࠊሙྜࡢᬗ⤖≦ࢺ࣮ࢩ࡚ࡋᑐࠋࡿ

2ḟඖ⤖ᬗึࡢࢢࣥࢽ࣮ࣜࢡࢫᮇẁ㝵ࢩࡣ

᪉ࡀᚋⓎᒎྍࡃ࠸࡚ࡋ⬟ᛶࡀ㧗ࠋࡿࢀࡽ࠼⪄࠸ 

Table 15. 㔠ᒓࢢࣥࢽ࣮ࣜࢡࢫࣥ࢜
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 ㏱ᯒእᾮ⤌ᡂ�

Figure 44. 㔠ᒓࢢࣥࢽ࣮ࣜࢡࢫࣥ࢜⤖ᯝ 

⢭〇␒ྕ:AA122� 

㓝⣲⃰ᗘ:15.2 mg/mlࠊ 

㓝⣲άᛶ: 0.58 µmoles/min/mgࠊ㜼ᐖ⋡: 93.9 %


⬡㉁ DMPCࠊ㏱ᯒ ᗘ 27Υ2ࠊ㛫ࠊࣥࣙࢩ࣮࣋ࣗ࢟ࣥᏳ⏣ၟᗑ〇㏱ᯒࣥࢱ࣎⏝

ୖグ⾲ཧ↷
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3-4-7. ⤖⤖ᬗࡿ࠸⏝⏬ศࡢ㑅ᢥ 

ᙧᡂࠊࡃ࡞ࡣࡇ࡞࠺ࡼࡿࢀࡉ⤖ᬗ㐺ࡓࡋ㓝⣲ᶆရࡢࡇࡣ

ᬗࡀᙧᡂࢆࡿࢀࡉ⤖ᬗࡋぢᴟࡿࡵᚲせࠋࡿ࠶ࡀ

 ࠋࡿࢀࡉᕥྑࡃࡁ㉁㔞⬡ࣥࣜࡢࡇࡣᡂྰࡢ

� 」ྜయϬࡢ⢭〇ἲࡢ࡚࠸ࡘ⣽❶2 ➨ࡣグࠋࡿ࠶࡛ࡾ࠾ࡓࡋ」ྜయϬ1100 ࡣ 

g ࡢᚰ➽150 ࡑࡼ࠾ࡽ mg๓ᚋ⢭〇ࡀࡇࡿࡍฟ᮶࡛࡚ࡍࡢࡇࠊࡋࡋࠋࡿ⤖ᬗࡀ

150 mg ࡿࡅ࠾ᴟ୍

㒊࡛ࡢࡑࠋࡿ࠶Ⅽࡶ᭱ࠊ㐺ࡓࡋ」ྜయϬྵࢆ

⤖࡚࠸㒊ศࡢࠊࡀࡿ࠶ᚋ࡛ࢺ࣐ࣟࢡ࣒ࣛ࢝ࣥ࢜ࡀࡢࡿ࡞⬟ྍࡀࡇࡿ

ୗࡢ࣮ࣇࣛࢢࢺ࣐ࣟࢡ࣒ࣛ࢝

⁐ฟࠋࡍ♧ࢆ࣮ࣥࢱࣃ㉥ࡢ㒊ศࢆ⏬ศ 1ࠊ㟷ࡢ㒊ศࢆ⏬ศ 2ࠊ㯤ࡢ㒊ศࢆ⏬ศ 3 ࡋ

⤖ᬗࡣ⬡㉁⭷୰ࡳ⤌㎸ࡴⅭࠊ⤖ᬗᙧᡂ

ࡣࡇࡿ࠶ࡀᕪࡉࡁ᭷ࣜࣥ㔞ྵࡢศ⏬ࡢࢀࡒࢀࡑࠋࡓࡋホ౯ࡋᬗ⤖ࢀࡒࢀࡑ࡚

ࠋࡿ࠶ࡀᚲせࡿࡍ㑅ᢥࢆศ⏬ࡔࢇ

 ࠋࡓࢀࡽぢࡀᙧᡂࡢศ࡛⤖ᬗ⏬ࡢ࡚

᪤ࠊࡾ࠾࡚ࡗࢃ๓᪉ࡢ⏬ศྵ᭷ࣜࣥ㔞ࡀከ࠸ഴྥྵࡢ࡛ࡇࡇࠋࡿ࠶᭷ࣜࣥ

㔞ࡣ༢⣧ࣥࣜ⬡㉁㔞2ࠋࡿ࠸࡚ࡋ⾲ࢆ ḟඖ

⤖ᬗᛶࡢⰋ2 ࠸ḟඖ⤖ᬗࢆస〇ࡿࡍⅭ

 Ꮡᅾࡶ㉁⬡ࡿ࠸࡚ࢀࡲ㎸ࡳ⤌࡚ࡋ㒊୍ࡢᵓ㐀ࠊࡽࡀ࡞ࡋࡋࠊ࠸ࡓࡁ㝖ࡾᴟຊྲྀ

ᬗ⤖ࠊ࡛ࡇࡑࠋࡿ࠶ࡀࢀᜍࡃᣍࢆኚᛶࡢ㓝⣲࡚ࡗࡼࡇࡃ㝖ࡾྲྀࡽࡇࡿ࠸࡚ࡋ

㐺ࡓࡋ㔞ࢆಖᣢࡓࡋ㓝⣲ࢆぢᴟࡀࡇࡿࡵ㔜せ࡛ࣥࢽ࣮ࣜࢡࢫࡢࡇ࠼⪄ࡿ࠶ 

ࡍࠊࢁࡇࡓࡋᬗ⤖ࢆࢀࡒࢀࡑࠋ࠺⾜ࢆࢢ ࡋ

 ࠋࡿࢀࡽ࠼⪄ࡿ࠸࡚ࡋ㐺ࡀศ 2⏬ࡿࡍ៖⪄ࢆࡉࡁࡸ㢖ᗘࠊࡋ

㑅ᢥࡍ

Figure 45. Poros-20HQ ࣇࣛࢢࢺ࣐ࣟࢡ࣒ࣛ࢝(AA100)
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㏱ᯒእᾮ⤌ᡂ 

ศࡢ㑅ᢥFigure 46. ⤖ᬗ⏬

⢭〇␒ྕ:AA118�

ୖ㸦⏬ศ␒ྕ:48-50㸧㓝⣲⃰ᗘ:12.5 mg/mlࠊ㓝⣲άᛶ: 0.91 µmoles/min/mgࠊ㜼ᐖ⋡: 97.9 % 

୰  (⏬ศ␒ྕ 51-54) 㓝⣲⃰ᗘ: 24.6 mg/mlࠊ㓝⣲άᛶ : 0.89 µmoles/min/mgࠊ㜼ᐖ⋡: 94.9 % 

ୗ  (⏬ศ␒ྕ 55-59)� 㓝⣲⃰ᗘ :13.3 mg/mlࠊ㓝⣲άᛶ : 0.92 µmoles/min/mgࠊ㜼ᐖ⋡: 95.4 %

⬡㉁ DMPCࠊ㏱ᯒ ᗘ 27 Υ2ࠊ㛫ࠊࣥࣙࢩ࣮࣋ࣗ࢟ࣥᏳ⏣ၟᗑ〇㏱ᯒࣥࢱ࣎⏝

40 mM Tris-HCl (pH 8.2)5ࠊ mM MgCl2100ࠊ mM NaCl0.5ࠊ mM ADPࠊ 

0.1 mM DTT0.2ࠊ mM EDTA 
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3-4-8. CL ࡢࡢῧຍຠᯝ  

」ྜయϬࣜࢻࣥࢥࢺ࣑ࡀෆ⭷ࡢࢸࢫࣜࢡᙧᡂ㛵ྠࡢࡿ࠸࡚ࡋᵝࠊ

 ࡞ࡿ࠸࡚ࡋ㛵ᙧᡂࢸࢫࣜ

」ྜయϬࡀಖᣢࣥࣜࡿࡍ⬡㉁⤌ᡂࢆ ᐃࢁࡇࡓࡋከࡢࡃ� CL ࡇࡿ࠸࡚ࢀࡲྵࡀ 

CLࠋࡓࡋุ᫂ࡀ ࡢࡃከࠊࡾ࠶㉁࡛⬡࡞ᚩⓗ≉ࡿࢀࡽぢࡳࡢ⭷ෆࣜࢻࣥࢥࢺ࣑ࡣ

㓝⣲ࡢᶵ⬟⥔ᣢ㛵ࡀࡇࡿ࠸࡚ࡗࢃሗ࿌ࡿ࠸࡚ࢀࡉ(Acehan et al., 2011)ࠋ᭦ࠊࡣ

CL ࢡࡶ

CLࡢᶵ⬟ࡣከᒱࠋࡿࡓࢃ」ྜయϬࡢ⢭〇࡚࠸ 

ࠋࡿ࠶࡛⬟ྍࡀࡇࡿࡏࡉ᪼ୖᖜࢆ㓝⣲άᛶ࡛ࡇ࠺⿵ࡋῧຍࡾࡼእ㒊ࢆCLࠊࡶ

ῧຍࡾࡼ࣒ࣛ࢝ࡣ」ྜయϬࡀ⁐ฟࡋ⤖ᬗࡿ࠸⏝⏬ศࢆᅇ⃰ࡋᗘ ᐃᚋࠋࡓࡋ

ῧຍࡿࡼ⤖ᬗࡢᙳ㡪ࡶࠊࡃࡁ㐣ຍࡓ࠼ሙྜᖹ㠃⭷ࡢ⤖ᬗ୍ࡣษᙧᡂࠊࡎࢀࡉ

 ࠋࡿ࠸࡚ࡗ࡞ࡽ᫂ࡾࡼᐇ㦂ࡢ㐣ཤࡀࡇࡿ࡞ᬗ⤖ࡢ≦ࣝࢡࢩ࡚࣋ࡍ

Figure 47. ᵓ㐀ᘧࡢࣥࣆࣜ࢜ࢪࣝ࢝ࢩ࢘

Table 16.  ኚࡢಶᩘࡢ᭷ࣜࣥྵࠊ⋠㜼ᐖࠊ㓝⣲άᛶࡿࡼῧຍᩘࣥࣆࣜ࢜ࢪࣝ࢝
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 4 ࡚ẚᶆရࡓࡗ࡞ࡋษῧຍ୍ࢆ CLࠊࢁࡇࡓࡋᬗ⤖ࢆయϬྜ「ࡢࢀࡒࢀࡑ

moles/ATPaseῧຍࡓࡋ㝿⤖ᬗᛶࡀୖྥࡢぢ8 ࠊࡋࡋࠋࡓࢀࡽ moles/ATPase ῧຍ࡛

㏫⤖ᬗᛶࡀపୗࡿࡍ⤖ᯝ24ࠋࡓࡗ࡞ moles/ATPase ⭷ᖹ㠃ࡵࡓࡿ࠶㐣㔞࡛ࡣ

ࠋࡓࡗ࡞ᬗ⤖≦ࣝࢡࢩ࣋࠸ࡉᑠ࡚ࡍࠊࡎࢀࡽษぢ୍ࡣ
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ᙧᡂࡀ⤖ᬗᙧᡂ㐣⛬࡚᭱࠸ᚋࡢẁ㝵࡛㉳ࡿࡇⅭ࡛ࠋࡿ࠶

ࠊࡾ࡞ࡃࡁࠎᚎࡋᡂ㛗ࡀᬗ⤖≦ࣝࢡࢩ࣋ᚋࡢࡑ

 ᙧᡂࡢᬗ⤖≦ࢺ࣮ࢩࢩ .3-4-9

� CL ῧຍ࡚ࡗࡼ」ྜయϬࡢᏳᐃᛶࡾࡼࡇࡓࡋୖྥࡀ⤖ᬗࡢ㢖ᗘࡾࡀୖࡀ⤖

ᬗᛶࠊࡋࡋࠋࡓࡋୖྥࡶ⤖ᬗࡀᏳᐃࣝࢡࢩ࡚࣋ࡗࡼࡇࡓࡋ≧⤖ᬗࡢ㢖ᗘࡀ᱁ẁ 

ࡢᬗ⤖≦ࢺ࣮ࢩࠊࡣࢀࡇࠋࡓࡗ࡞ࡃࡃࢀࡉᙧᡂࡀᬗ⤖≦ࢺ࣮ࢩࡿࡍⓗ┠ࠊ࠼ቑ

2ḟඖ⤖ᬗࠊࡣ㓝⣲ࡀ⬡

㉁⭷୰ࡳ⤌㎸ࡓࢀࡲᚋࠊ㓝⣲ࡀつ๎ⓗ㓄ิࣝࢡࢩ࣋ࡓࡋ≧⤖ᬗࡎࡲࢆᙧᡂࠋࡿࡍ

᭱ᚋ⮬㌟ࡢ㔜ࡀࡇࡿ࠼⪏ࡉ

ฟ᮶ࣝࢡࢩ࣋ࡓࡗ࡞ࡃ࡞≧⤖ᬗࡀ㛤ࢺ࣮ࢩࡋ≧⤖ᬗࠊࡀࡔࡅࢃࡿ࡞Ᏻᐃᛶୖྥࡀ

ࠋɔࡓࡗ࡞ᯝ⤖࠺ࡲࡋ࡚ࡗṧࡎࡏ㛤ࡀᬗ⤖≦ࣝࢡࢩ࣋࡞ᕧࡵࡓࡓࡋ 㐀ゎᯒ 

2ࠊ࡛ୖ࠺⾜ࢆ ḟඖ⤖ᬗࡢ㔜ᒙࡣᴟຊ㑊ࡢࡑࠋ࠸ࡓࡅⅭ≺ࠊࡣࡁ࠺༢ᒙࢺ࣮ࢩࡢ≧ 

⤖ᬗ࡛ࢺ࣮ࢩࠊ࡛ࡇࡑࠋࡿ࠶≧⤖ᬗࢆస〇ࡃࡿࡍᵝ࡞ࠎ᪉ἲ᳨ࢆウࠋࡓࡋࡇࡿࡍ 

(ϸ) ㏱ᯒ ᗘ᳨ࡢウ

� 」ྜయϬ2 ࡢ ḟඖ⤖ᬗ27 ࡣ Υタᐃ࣮ࢱ࣮࣋ࣗ࢟ࣥࡓࢀࡉෆ࡛ 1㐌㛫࡚ࡅᙧ

ᡂࡢࡇࠋࡿࢀࡉ㛫⤖ᬗࡢ࣮ࢠࣝࢿ࢚⇕ࡿࢀࡽ࠼⥲ࡣⳘ࡞㔞ࠋࡿࢀࡽ࠼⪄

㏱ᯒ ᗘ1 ࡀ Υኚ࡛ࡇࡿࡍࡣ࣮ࢠࣝࢿ࢚⇕ࡿࢀࡽ࠼ࡃࡁኚࡾࡼࢀࡑࠊࡋ

⤖ᬗᛶࡣࡃࡋࡶࠊࡸୖྥࡢ㓝⣲ࡢኚᛶࡀ㉳ࠊ࡛ࡇࡑࠋࡿࢀࡽ࠼⪄ࡿࡇ⤖ᬗ ᗘࢆ

ኚ࡛ࡇࡿࡏࡉᚓࡿࢀࡽ⤖ᬗࡢᙧែࡀኚࡿࢃண᳨ࡋウࠋࡓࡋඛࠊࡎ⤖ᬗ ᗘ 

 ࠋࡓࡋẚ㍑᳨ウࢀࡒࢀࡑࡋព⏝✀3 ࡢΥ୍ᐃ 32ࠊ28.5 ࡚࠼ຍ27Υ୍ᐃ ࢆ

Figure 49. ⤖ᬗ ᗘࢢࣥࢽ࣮ࣜࢡࢫ 
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ᗘࢢࣥࢽ࣮ࣜࢡࢫ⤖ᯝ 

㏱ᯒእᾮ⤌ᡂ 

Figure 50. ⤖ᬗ 

(A)⤖ᬗ ᗘ 27 Υ� పಸ⋡ 

(B)⤖ᬗ ᗘ 27 Υ� 㧗ಸ⋡ 

(C)⤖ᬗ ᗘ 28.5 Υ� పಸ⋡ 

(D)⤖ᬗ ᗘ 28.5 Υ� 㧗ಸ⋡

⢭〇␒ྕ:AA129ࠊ㓝⣲⃰ᗘ: 13.27 mg/mlࠊ㓝⣲άᛶ : 0.66 µmoles/min/mgࠊ㜼ᐖ⋡: 98.6 %�

⬡㉁ DMPC2ࠊ㛫ࠊࣥࣙࢩ࣮࣋ࣗ࢟ࣥᏳ⏣ၟᗑ〇㏱ᯒࣥࢱ࣎⏝

40 mM Tris-HCl (pH 8.2)5ࠊ mM MgCl2100ࠊ mM NaCl0.5ࠊ mM ADPࠊ 

0.1 mM DTT0.2ࠊ mM EDTA 
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ඛ27ࠊࡎ Υ࡛⤖ᬗࡿࡍ⤖ᬗࡣᙧᡂࡢࡢࡶࡿࢀࡉయ࡚ࡋᑠ࠸ࡉ༳㇟ࠋࡿࡅཷࢆ 

⤖ᬗᙧᡂࡃ࡞ࡣ࡛ࡢࡶࡿࡼ」ྜయϬࡀኚᛶࠋࡿ࠶࡛ࡢࡶࡿࡼࡇࡓࡋ 

యⓗᙧᡂࡓࢀࡉ⤖ᬗࡢ㒊ศࠊࡓࡲ࣋ࡀ ⤖ࡢ32Υ࡛ ࡚ࡋᑐࠋࡿ࠶ᬗ࡛⤖≦ࣝࢡࢩ

ᬗࡣ」ྜయϬࢆኚᛶࡿࡏࡉ⤖ᯝ27 ࠋࡓࡗ࡞ Υ࡛⤖ᬗࡿࡍ㛤ጞ㸲᪥┠

࡛㏱ᯒࣥࢱ࣎ෆࡀⓑ⃮ࡋ⤖ᬗᙧࡀࡇࡿࡍูุࢆฟ᮶32ࠊࡀࡿ Υ࡛ࡢ⤖ᬗࡢሙྜࠊ

㛤ጞ 2᪥┠࡛ࣥࢱ࣎ෆࡀⓑ⃮ࠋࡓࡋ㏱ᯒ⦆⾪ᾮ㔞ࠊ⏺㠃άᛶ㔞ࡣࢀࡇࠊ࡚࠼⪄ࡽ

28.5 Υ࡛ࡢ 

⤖ᬗ27ࠊࡿࡍ Υ࡛ࡢ⤖ᯝẚ࡚᫂ࡽᚓࡿࢀࡽ⤖ᬗࡀࡃࡁᡂ㛗ࡇࡓࡋ

⤖ᬗ ᗘࢆኚ᭦ࡾࡼࡇࡿࡍ⤖ᬗࡀࡃࡁᡂ㛗ࠊࡋ

 ࡋẚ㍑ᯝ⤖ࡢ࡛ࡲࢀࡇࡢࡢࡶࡿ࠶ࡣⅬࡁࡍᨵၿࡔᮍࡢ㓝⣲㓄ิࠊࡓࡲࠋࡿࢃࡀ

 ࡇࡿࢀࡽᚓࡀᬗ⤖≦ࢺ࣮ࢩࠊࡽࡀ࡞ࡋࡋࠋࡿࢃࡀࡢࡓࡗ࡞ࡃⰋ᱁ẁࡶ࡚ࡳ࡚

�ࠋࡓࡗ࡞ࡣ ඛ᳨ࡢウࠊࡾࡼ

ࡆጉࡀᬗᙧᡂ⤖ࡋኚᛶࡀ㓝⣲ࡿࡆୖ࡛

จ㞟ࡋኚᛶࡀ㓝⣲ࠊࡣ࡚ࡗࡼ㏱ᯒ ᗘࠊࡀࡓࢀࡉ♧ࡀࡇࡿࡍୖྥࡶᬗᛶ⤖ࠊࡓࡲ

 ࡇࡿㄪ࡚࠸ࡘຠᯝࡢࡑࡆୖࢆᐃ㛫㏱ᯒ ᗘ୍ࠊ࡛ࡇࡑࠋࡓࢀࡉ♧ࡶࡇࡿࡍ

 ‽ᇶࢆΥ 27 ࡣᗘ ࠋࡿ࠶᪉ἲ࡛ࡿࢀࡤࢢ࣮ࣥࣜࢽࢺ࣮ࣄⓗ⯡୍ࠋࡓࡋ

ࠋࡿ࠶Υ࡛ 32 Υ 30 ࡿ࠶ᗘ࡛ ࠸㧗᭦Υ 28.5 ࡓࡋ♧ࢆᯝ⤖࠸ウ࡛Ⰻ᳨ࡢඛ࡚ࡋ

 ᗘࡣ㏱ᯒ㛤ጞᚋ 3᪥┠ࡽ㏱ᯒ㛤ጞᚋ 4 ᪥┠ࢽࠋࡓࡋࡇࡿࡏࡉ᪼ୖ࡚ࡅ 

Ẽෆࣥࢱ࣎ࡿࡆୖࢆᗘ ᛴ⃭ࠊࡣⅬࡁࡿࡍὀព࡚ࡋᑐࡇ࠺⾜ࢆࢢ࣮ࣥࣜ

ἻࡀⓎ⏕ࠊࡋᑡ㔞࡛ࡤࢀ࠶ၥ㢟ࡀ࠸࡞ከ㔞Ⓨ⏕ࡓࡋሙྜ⏺㠃άᛶࡢ㝖ཤ࡞ࡁ࡛ࡀ

ࡿ࡞␗ࢆ࣮࣮࢝ࣅࡢΥ 27 ࡓࡗධࡢࣥࢱ࣎㏱ᯒࠊࡣ㝿ࡿࡏࡉ᪼ୖࢆᗘ ࠊ࡛ࡇࡑࠋ࠸

 ᗘ࣮ࢱ࣮࣋ࣗ࢟ࣥࡢෆ㟼⨨ࡋᚎࠊࡾࡼࢀࡑࠋࡓࡋ ᪼ࠎ㏱ᯒࣥࢱ࣎ෆẼ

ἻࡀⓎ⏕ࢆࡇࡿࡍᢚไࡢࢀࡒࢀࡑࠋࡓࡋ⤖ᯝࢆẚ㍑ࠊࡿࡍ ᗘࡼࡇࡿࡆୖࢆ 

 ࡿࡍ㉳ᅉࡇࡓࡗࡀୖࡀὶືᛶࡢ㉁⬡ࠊࡣࢀࡇࠋࡓࢀࡉᨵၿࡀᬗᛶ⤖ࡽ࡚᫂ࡗ

ࡲΥ 32 ࢆ㏱ᯒ ᗘࠊࡋࡋࠋࡿࢀࡽ࠼⪄

 ⤖≦ᖹ㠃࡞ࡁࡿ࠸࡚ࡋⓗ┠ࡢᙜึࠊࡾࡼᐇ㦂⤖ᯝࡢ㐃୍ࠋࡓࡗࢃࡀࡇࡿࢀࡽ

ᬗࢆᚓࡀࡇࡿฟ᮶ࠋࡓࢀࡉ♧ࡀࡇ࠸࡞ 
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Figure 51. ⤖ᬗ ᗘࢢࣥࢽ࣮ࣜࢡࢫ (annealing) 

㏱ᯒእᾮ⤌ᡂ 

Figure 52. ⤖ᬗ ᗘࢢࣥࢽ࣮ࣜࢡࢫ (annealing) 

(A)㏱ᯒ ᗘ 27э28.5э27 Υ 

(B)㏱ᯒ ᗘ 27э30э27 Υ 

(C)㏱ᯒ ᗘ 27э32э27 Υ

⢭〇␒ྕ:AA129ࠊ㓝⣲⃰ᗘ: 13.27 mg/mlࠊ㓝⣲άᛶ : 0.66 µmoles/min/mgࠊ㜼ᐖ⋡: 98.6 %�

⬡㉁ DMPC2ࠊ㛫ࠊࣥࣙࢩ࣮࣋ࣗ࢟ࣥᏳ⏣ၟᗑ〇㏱ᯒࣥࢱ࣎⏝

40 mM Tris-HCl (pH 8.2)5ࠊ mM MgCl2100ࠊ mM NaCl0.5ࠊ mM ADPࠊ 

0.1 mM DTT0.2ࠊ mM EDTA 
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(Ϲ) ༢㙐⬡㉁᳨ࡢウ

� 」ྜయϬ2 ࡢ ḟඖ⤖ᬗ࡚࠸ᖹ㠃≧⤖ᬗࡀᚓ࡚ࡋ⏤⌮࠸࡞ࢀࡽ」ྜయϬࡢᅇ 

CL ࡿ࠸࡚ࡋᒁᅾࡾ CLࠋࡿࢀࡽ࠼⪄ࡿ࠸࡚ࡋᙳ㡪ࡀ  ㉁ 2⬡ࡣ

ᙧࡢᵓ㐀ࡀࡇࡿ࠸࡚ࡋࢆᵝࡾࡼ⫣ᩥ࡞ࠎሗ࿌࡞࠺ࡼࡢࡇࠋࡿ࠸࡚ࢀࡉᵓ㐀࡛Ꮡᅾ 

 CL ࠊ࡛ࡇࡑࠋࡿࢀࡽ࠼⪄࠸࡞ࢀࡽᚓࡀᖹ㠃≧⤖ᬗࡓࡗᣢࢆ✚㠃࠸ᗈࠊⅭࡿ࠸࡚ࡋ

 ࠊ㉁ (Lyso PC⬡ࣥࣜࣝࢩࣀࣔࡿ࠶ᆺ⬡㉁࡛ࣉࢱ࣮ࣥࢥࡘᣢࢆᵓ㐀ࡢṇᑐ

Lyso PG)ࢆῧຍ࡚ࡋ⤖ᬗࡿ࠸⏝ࠋࡓࡋࡇ࠺⾜ࢆ Lyso PCࠊLyso PG ࡣ୧⪅ࡶ

Ⅳ⣲ᩘ 16ࡣࡉ㛗ࡢ㙐ࣝࢩ  ࡿࢀࡽᚓࡀᬗ⤖ࡓࡗᣢࢆ✚㠃࠸ᗈࠊࡾࡼࢀࡇࠋࡿ࠶࡛

 Lyso PGࠊLyso PC ࠺ࡼࡿ࡞ 㔜㔞ẚ࡛ 10:1࡚ࡋᑐDMPCࠊࡎඛࠋࡓࢀࡉ ண

Υ 4 ࢆࣥࣙࢩ࣮࣋ࣗ࢟ࣥࡋῧຍࢆయϬྜ「࠺ࡼࡿ࡞LPR ࡢࢀࡒࢀࡑࠊࡋΰྜࢆ

࡛㛤ጞࠋࡓࡋ

㔜⭷୰ᅾ࡚ࡗᡪ 

Figure 53. ⬡㉁⭷୰࡛ࣥࣜࣝࢩࣀࣔࣥࣆࣜ࢜ࢪࣝ࢝ࡢ⬡㉁ࡢᵓ㐀

⤖ᬗᚋ㟁Ꮚ㢧ᚤ㙾࡚࠸⏝ࢆほᐹࠊࢁࡇࡓࡋLyso PGࠊLyso PC୧⪅࡚࠸ᗈ࠸㠃

࡛⋠పಸࠊࡋࡋࠋࡓࡗ࡞࠺ࡼࡿࢀࡽᚓ㧗㢖ᗘࢆ2ḟඖ⤖ᬗ ࠸㧗ࡢ㉁ࡓࡗᣢࢆ✚

ࡓࡗ㟁㢧┿ࠊࡿࡳࢆLyso PGࢆຍࡓ࠼㝿2ࠊࡣḟඖ⭷ࡀ✰ࡶࡘࡃ࠸ぢࠊࡀࡿࡽ 

116 




 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

  

 

 

 

   

   

Lyso PC  ࡀࡓ࠼ຍࢆ Lyso PC ࡽⅬࡢࡑࠋ࠸࡞ࢀࡽษぢ୍ࡀ✰ࡢࡑࡣ㝿ࡓ࠼ຍࢆ

Lyso PGࢆຍࡓ࠼ẚ㍑࡚ࡋ᫂2 ࡽ ḟඖ⭷ࡀኵ࡛ࠋࡿࢃࡀࡇࡿ࠶ᨾࠊ 

Lyso PC ࢆ DMPCᑐ࡚ࡋῧຍࡓࡋ᪉ࡀ㐺ࠋࡓࡋุ᩿ࡿ࠸࡚ࡋ 

Figure 54. ࣔࣥࣜࣝࢩࣀ⬡㉁ࡢῧຍຠᯝ  

(A)Lyso PG ῧຍ� పಸ⋡ (B)Lyso PC ῧຍ� పಸ⋡  

(C)Lyso PGῧຍ� 㧗ಸ⋡ (D)Lyso PCῧຍ� 㧗ಸ⋡ 

⢭〇␒ྕ:AA129ࠊ㓝⣲⃰ᗘ: 13.27 mg/mlࠊ㓝⣲άᛶ: 0.66 µmoles/min/mgࠊ㜼ᐖ⋡: 98.6 %� 

⬡㉁ DMPC:monoacyl lipid=10:1(wt:wt)
 

2㛫ࠊࣥࣙࢩ࣮࣋ࣗ࢟ࣥᏳ⏣ၟᗑ〇㏱ᯒࣥࢱ࣎⏝� ㏱ᯒ ᗘ 27Υ 

㏱ᯒእᾮ⤌ᡂ 40 mM Tris-HCl (pH 8.2)5ࠊ mM MgCl2100ࠊ mM NaCl0.5ࠊ mM ADPࠊ  

0.1 mM DTT0.2ࠊ mM EDTA
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ୖグ᳨ࡢウ࡚ࡗࡼ Lyso PC ࢆῧຍࡿࡍຠᯝࡣᴟ࡚ࡵࠊ࡛ࡇࡑࠋࡓࢀࡉ♧ࡀࡇ࠸ࡁ 

DMPC  Lyso PCࡢẚ⋡ࢀࡒࢀࡑࢆኚࡶ࡚᭱࠼㐺ษ࡞ྜࢆồࠋࡓࡋࡇࡿࡵ 

DMPC  Lyso PCࡢΰྜẚ⋡ࢀࡒࢀࡑࡣ㔜㔞ẚ࡛ࠋࡓࡋ 12:1ࠊ11:1ࠊ10:1ࠊ9:1ࠊ8:1 ࠊ 

Figure 55. DMPC  Lyso PC ࡢΰྜẚ⋡ࢢࣥࢽ࣮ࣜࢡࢫ 
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 Lysoࠊ࡚ࡋᑐࠋࡓࡗ࡞ᬗ⤖ࡢ≦ࢳࢵࣃࠊ࡛ࡁࡓࡋ 8:1 ࠸ከࡢྜࡢ Lyso PC ࡶ᭱

PC ࡢྜࡢᑡࠊࡣࡁࡓࡋ 12:1 ࠸࡞⤖ᬗᛶࡀ DMPCࡢࡳࡢ࡞ࡁᕪࡣㄆࡽࡵ

 ࠊࡀࡿ࠶࡛ࡢ 11:1ࠊ10:1 ࡀࡢࡓࢀࡽࡵㄆࡀῧຍຠᯝ࡞Ⰻዲࠋࡓࡗ࡞ࢀ

 ࡚ࡋ㐺ࡶ᭱ࡀ10:1 ࡣ⋠ΰྜࠊᨾࠋࡓࡗ࡞ࡃⰋࡶ᭱ࡀ࡛⤖ᬗᛶࡢ 10:1 ࡿࡍุ᩿

ࠋࡿࢀࡽ࠼⪄ࡿ࠸

� ඛࡢΰྜẚ⋡ࢆኚࡓ࠼ᐇ㦂⤖ᯝࡽ DMPC  Lyso PCࢆ㔜㔞ẚ࡛ 10:1 ࠺ࡼࡿ࡞ 

 ࠊ࡛ࡇࡑࠋࡓࡋุ᫂ࡀࡇࡿࢀࡽᚓࢆḟඖ⤖ᬗ 2 ࠸Ⰻࡢᬗᛶ⤖࡚ࡗࡼࡇࡿࡍΰྜ

Lyso PCࣝࢩࡢ㙐ࡢ㛗᳨࡚࠸ࡘࡉウࠋࡓࡋࡇࡿࡍ ௨ୗࡓࡋ♧ᵝ࡞ࠎ Lyso PC 

 ᐇ࡞࠺ࡼࡢࡇࠋࡓࡗ⾜ࢆᬗ⤖ࡋΰྜ࠺ࡼࡿ࡞ 㔜㔞ẚ࡛ 10:1࡚ࡋᑐDMPC ࢆ

㦂ࠊ࡛ୖ࠺⾜ࢆᮏ᮶ࣝࣔࡤࡽ࡞ẚ࡛ΰྜ୍ࡀࡇࡿࡍ⯡ⓗ࡛ࡿ࠶ᛮࠊࡀࡿࢀࢃᅇ 

ࢩࡶ᭱ 14:0Lyso PC ࠸▷ࡢ㙐ࣝࢩࡶ᭱ࡣࢀࡇࠋࡓࡋࡇࡿࡍ㔜㔞ẚ࡛ΰྜࡣ

ࣝ㙐ࡢ㛗18:1 ࠸Lyso PC࡛ศᏊ㔞࡞ࡁᕪࡵࡓ࠸࡞ࡀ㔜㔞ẚ࡛ΰྜࣔࡶ࡚ࡋࡓࡋ

ࣝẚᕪࡀぢࠋࡿ࠶࡛ࡢࡶࡿࡼࡇࡓࡗ࡞ࢀࡽ 

ᅇᢡⅬࡽ 

Figure 57. Lyso PCࣝࢩࡢ㙐ࢢࣥࢽ࣮ࣜࢡࢫ
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 ࠊࢁࡇࡓࡗ⾜ࢆᬗ⤖ࡋΰྜ DMPC ࢆ Lyso PC ࡘᣢࢆࡉ㛗ࡢ㙐ࣝࢩࡢࢀࡒࢀࡑ

᭦ࠊ࡛ࡇࡑࠋࡓࡋᡂຌస〇ࡢᬗ⤖≦ࢺ࣮ࢩ࠸Ⰻࡢᬗᛶ⤖࡚ࡗࡼῧຍࡢ

Lyso PC ࡇ࠸࡞ࢀࡽᚓࢆᬗ⤖ࡓࡋᏳᐃࠊ࡛ࡢ 18:1ࠊ17:0ࠊ15:0ࠊ14:0 ࡀ㙐ࣝࢩࡢ

 ࡇࡿࢀࡽᚓࡀᬗ⤖࡛ࡇࡿ࠸⏝ࢆ Lyso PC ࡢ 16:0 ࡾᚑ᮶㏻ࠊ࡚ࡋᑐࠋࡓࡗࢃࡀ

ࢆᬗ⤖≦ࢺ࣮ࢩࡓࡗᣢࢆ✚㠃࠸ᗈ࠸Ⰻࡢᬗᛶ⤖࡚ࡗࡼῧຍࡢLyso PCࠋࡓࡋุ᫂ࡀ

㧗㢖ᗘᚓࠋࡓࢀࡽ 

3-4-10. Lyso PC ㏱ᯒ ᗘኚ᭦ేࡢ⏝ 

� Lyso PC

 ࡿࡍᗘ᳨ウ࡚࠸ࡘ㏱ᯒ ᗘࡓࡗ࠶ࡢຠᯝᬗᛶྥୖ⤖ࠊ࡚ࡗ≻ࢆୖྥࡢᬗᛶ⤖

 DMPCࠊࡋΰྜ࠺ࡼࡿ࡞ 㔜㔞ẚ 10:1ࢆLyso PC (16:0)  DMPCࠊࡎඛࠋࡓࡋࡇ

 ࠋࡓࡋᬗ⤖࠸⾜ࢆ28.5Υ࡛㏱ᯒ ࡓࡗ࠶ࡀᬗᛶྥୖຠᯝ⤖ࡢࡳࡢ

Figure 59. ⤖ᬗ ᗘࢢࣥࢽ࣮ࣜࢡࢫ 
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㏱ᯒእᾮ⤌ᡂ 

Figure 60. Lyso PC㏱ᯒ ᗘኚ᭦ేࡢ⏝  

(ᕥ)DMPC:Lyso PC(16:0)=10:1 (wt:wt)� ㏱ᯒ ᗘ 27Υ  

(ྑ)DMPC:Lyso PC(16:0)=10:1 (wt:wt)� ㏱ᯒ ᗘ 28.5Υ 

⢭〇␒ྕ:AA129ࠊ㓝⣲⃰ᗘ: 13.27 mg/mlࠊ 

㓝⣲άᛶ: 0.66 µmoles/min/mgࠊ㜼ᐖ⋡: 98.6 %� 

⬡㉁ DMPC:Lyso PC(16:0)=10:1(wt:wt)ࠊ 

2㛫ࠊࣥࣙࢩ࣮࣋ࣗ࢟ࣥᏳ⏣ၟᗑ〇㏱ᯒࣥࢱ࣎⏝

40 mM Tris-HCl (pH 8.2)5ࠊ mM MgCl2100ࠊ mM NaCl0.5ࠊ mM ADPࠊ 

0.1 mM DTT0.2ࠊ mM EDTA 
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 Lysoࠊࡣࢀࡇ ࠋࡓࡗ࡞ࢀࡽࡵㄆࡣᕪࡢᬗᛶ⤖࡚࠸⪅Υ୧ 28.5ࠊΥ 27ࠊᯝ⤖ࡢࡑ

PC ࡢῧຍຠᯝࡀ ᗘ᮲௳ࡢኚ௨ୖࠋࡿ࠸࡚ࡋ♧ࢆࡇࡿ࠶ḟ࣮ࢽࢺ࣮ࣄࠊ

 ࠋࡓࡋࡾ㏻ࡢ௨ୗࡣ௳᮲ࢢ࣮ࣥࣜࢽࠋࡓࡗ⾜ࢆࢢࣥࣜ

Figure 61. ⤖ᬗ ᗘࢢࣥࢽ࣮ࣜࢡࢫ (annealing) 
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㏱ᯒእᾮ⤌ᡂ 

Figure 62. Lyso PC㏱ᯒ ᗘኚ᭦ేࡢ⏝ (annealing)
 

(ᕥ)㏱ᯒ ᗘ 27э28.5э27Υ  

(ྑ)㏱ᯒ ᗘ 27э28.5э30э27Υ 

⢭〇␒ྕ:AA129ࠊAA130㓝⣲⃰ᗘ: 13.27 mg/mlࠊ 

㓝⣲άᛶ: 0.66 µmoles/min/mgࠊ㜼ᐖ⋡: 98.6 %� 

⬡㉁ DMPC:Lyso PC(16:0)=10:1(wt:wt)ࠊ  

2㛫ࠊࣥࣙࢩ࣮࣋ࣗ࢟ࣥᏳ⏣ၟᗑ〇㏱ᯒࣥࢱ࣎⏝ 

40 mM Tris-HCl (pH 8.2)5ࠊ mM MgCl2100ࠊ mM NaCl0.5ࠊ mM ADPࠊ 

0.1 mM DTT0.2ࠊ mM EDTA 

 Lysoࠊ࡚ࡗࡼࠋࡓࡗ࡞ᯝ⤖ࡿ࡞ࡃᝏࡀᬗᛶ⤖ࡶ࡚࠸௳᮲ࢢ࣮ࣥࣜࢽࡢࡽࡕ

PC  ࢆࡳࡢ DMPCࠋࡓࡋุ᩿࠸࡞ࢀࡲᮃࡣᬗᛶྥୖ⤖ࡿࡼ⏝ేࡢ㏱ᯒ ᗘኚ

 ࡗ࡞ᯝ⤖ࡿࡍ┦ࢀࡑࡣᯝ⤖ࡢᅇࠊࡀࡓࢀࡽࡵㄆࡀᬗᛶྥୖ⤖ࠊࡣ࡛ࡓ࠸⏝

ࡆୗࢆ㏱ᯒ ᗘࠊⅭ࠸࡞ࢀࡲᮃࡀᬗᛶྥୖ⤖ࡶ࡚ࡋࡓࡆୖࢆ㏱ᯒ ᗘࡽグୖࠋࡓ

࡚⤖ᬗࢆヨࠋࡓࡋࡇࡿࡳᚑ᮶㏻27 ࡢࡾ Υ1 ࡽࡇࡑ Υୗ26 ࡓࡆ Υ࡛⤖ᬗ

ࡋ୧⪅ࢆẚ㍑ࠋࡓࡋ 

125 




 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

  

 

 

  

 

㏱ᯒእᾮ⤌ᡂ 

Figure 63. ⤖ᬗ ᗘࢢࣥࢽ࣮ࣜࢡࢫ (27 Υ26ࠊ Υ) 

Figure 64. Lyso PC㏱ᯒ ᗘኚ᭦ేࡢ⏝ (27Υ26ࠊΥ) 


(ᕥ)㏱ᯒ ᗘ 27Υ  

(ྑ)㏱ᯒ ᗘ 26Υ 

⢭〇␒ྕ: AA130 㓝⣲⃰ᗘ: 14.5 mg/mlࠊ 

㓝⣲άᛶ: 0.84 µmoles/min/mgࠊ㜼ᐖ⋡: 92.1 %� 

⬡㉁ DMPC:Lyso PC(16:0)=10:1(wt:wt)ࠊ 

2㛫ࠊࣥࣙࢩ࣮࣋ࣗ࢟ࣥᏳ⏣ၟᗑ〇㏱ᯒࣥࢱ࣎⏝�

40 mM Tris-HCl (pH 8.2)5ࠊ mM MgCl2100ࠊ mM NaCl0.5ࠊ mM ADPࠊ 

0.1 mM DTT0.2ࠊ mM EDTA 
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୧⪅ࢆẚ㍑ࠊࢁࡇࡓࡋ⤖ᬗᛶ࡞ࡁᕪࡀㄆࠋࡓࢀࡽࡵ᫂26 ࡽ Υ࡛ࡢ⤖ᬗ

 DMPC ࡿ࠸࡚ࡋ⏝ᬗ⤖ࠊࡣࢀࡇࠋࡓࡗ࡞ᯝ⤖ࡿࢃࡀࡇ࠸࡞࠸࡚ࡋ㐺ࡀ

 ࢀࡽ࠼⪄ࡓࢀࡽࡆጉࡀᬗᙧᡂ⤖ࡵࡓ࠸Υ࡛ప 26 ࡀὶືᛶࡢ㉁⬡ྜ「ࡢLyso PC 

 ࠋࡿ
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3-4-11. Lyso PC (16:0)ῧῧຍࡿࡅ⌧ᛶ 

DMPC ᑐ࡚ࡋ Lyso PC (16:0)ࢆ㔜㔞ẚ࡛ 10:1࠺ࡼࡿ࡞ㄪᩚࡓࡋ」ྜ⬡㉁ࢆ⏝ 

ḟ 2 ࡓࢀࡽᚓࠋࡓࡗ࡞ࡽ᫂ࡀࡇࡿࢀࡽᚓࢆḟඖ⤖ᬗ 2 ࡓࢀඃࡢ࡛⤖ᬗᛶࡿ࠸

ඖ⤖ᬗࡶࢀࡎ࠸ࡣᵓ㐀ゎᯒࢱ࣮ࢹ㞟ᚲせࡿ࡞ᗈ࠸㠃✚ࢆ᭷ࡾ࠾࡚ࡋ㢖ᗘࡶၥ

㢟ࠋࡓࡗ࡞⌧ᛶࡢ࡚࠸ࡘ⤖ᯝࢆୗࠋࡍ♧ 

㏱ᯒእᾮ⤌ᡂ 

Figure 65. DMPC:Lyso PC(16:0)=10:1 (wt:wt)ࡓ࠸⏝ࢆ⤖ᬗ⌧ᛶᐇ㦂

⢭〇␒ྕ: AA129ࠊAA130ࠊAA133ࠊAA135ࠊAA137 

㓝⣲⃰ᗘ: 13.3 mg/mlࠊ

㓝⣲άᛶ: 0.66 µmoles/min/mgࠊ㜼ᐖ⋡: 98.6 %�

⬡㉁ DMPC:Lyso PC(16:0)=10:1(wt:wt)ࠊ 

2㛫ࠊࣥࣙࢩ࣮࣋ࣗ࢟ࣥᏳ⏣ၟᗑ〇㏱ᯒࣥࢱ࣎⏝� ㏱ᯒ ᗘ 27Υ

40 mM Tris-HCl (pH 8.2)5ࠊ mM MgCl2100ࠊ mM NaCl0.5ࠊ mM ADPࠊ 

0.1 mM DTT0.2ࠊ mM EDTA 
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3-4-12. 」」ྜయϬ2 ࡢ ḟඖ⤖ᬗᨵၿⅬ 

ᚓࡓࢀࡽ⤖ᬗࡢᅇᢡⅬ࡚࠼⪄ࡽ⼺᪕㍈ࢆ᭷ࠋࡿ࠸࡚ࡋ

ࠋࡍ♧ࢆ┿㟁㢧ࡢᡤ⟠ࡓࡋ⌮⬺ࡀ

� ḟඖ 2 ࠸Ⰻࡢᬗᛶ⤖࡞࠺ࡼࡍ♧ୗࠊ࡛ࡇ࠺⾜ࢆ᮲௳࡛⤖ᬗࡓࡋグ࡛ࡲࢀࡇ

⤖ᬗࡀ㧗㢖ᗘᚓࠋࡓࡗࢃࡀࡇࡿࢀࡽᚓࡓࢀࡽ⤖ᬗࠊࡣ㔠ᒓᰁⰍᾮࢆ࡚ࡋ㟁㢧

ほᐹࡓࡋ㝿᭱ࡢ㧗ศゎ⬟࡛20 ࡿ࠶ 

㝿ࡢศゎ⬟ࡣ࡚ࡋ᭦㧗ࠊࡃᵓ㐀ゎᯒ࠺⾜ࢆ㊊ࡿ⤖ᬗ࡛ࠋࡿ࠸࡚ࡋ♧ࢆࡇࡿ࠶

 ࠊࡣࢀࡇ

ύศゎ⬟ࡢᅇᢡⅬࡀ㩭᫂ࠊࡾࡲࡘࠋࡿ࠸࡚ࢀ⾲ᐇ

ࡁࡿࡍᨵၿࡶ࡚࠸ḟඖ⤖ᬗ 2 ࡿ࠸࡚ࡋ᭷ࢆᬗᛶ⤖࠸㧗࠺ࡼࡢࡇࠋࡿࢀࡽ࠼⪄

Ⅼࡀㄆࡢࡇࡾࡼࢀࡇࠋࡿࢀࡽࡵ᮲௳ࡽᚓࡓࢀࡽ⤖ᬗ࡛ࡢᵓ㐀ゎᯒࢱ࣮ࢹ㞟࡞ࡀ

F1 ࡽ㉁⭷୰⬡ࠋࡿ࠶㞳࡛⬺ࡢF1 ࡢࡽ㉁⭷୰⬡ࠊࡣᨵၿⅬࡢࡑࠋ࠸࡞࠸࡚ࢀࡉ

ᕥ㒊࡛ࠊࡣ」ྜయϬࡀつ๎ⓗ㓄ิࡇࡿ࠸࡚ࡋ

 ⭷㉁⬡ࡃࡽᜍࠋ࠸࡞ฟ᮶ࡣࡇࡿぢࢆ㓝⣲㓄ิࡣ୰ኸ㒊࡛ࠊࡋࡋࠋࡿࢃࡀ

୰࡛ࠊFoࡣつ๎ⓗ㓄ิࠋࡿࢀࡽ࠼⪄ࡿ࠸࡚ࡋ

ᅇᢡⅬࡢᾘ⁛๎ࡽ 

129 




 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  

  

 

 

  

 

㏱ᯒእᾮ⤌ᡂ 

Figure 66. 」ྜయϬ2 ࡢ ḟඖ⤖ᬗࡢࡑ⤖ᬗࡽᚓࡓࢀࡽ FFT.ࢺࢵ࣏ࢫ

⢭〇␒ྕ: AA135 

㓝⣲⃰ᗘ: 11.1 mg/mlࠊ

㓝⣲άᛶ: 0.78 µmoles/min/mgࠊ㜼ᐖ⋡: 96.2 %�

⬡㉁ DMPC:Lyso PC(16:0)=10:1(wt:wt)ࠊ 

2㛫ࠊࣥࣙࢩ࣮࣋ࣗ࢟ࣥᏳ⏣ၟᗑ〇㏱ᯒࣥࢱ࣎⏝� ㏱ᯒ ᗘ 27Υ

40 mM Tris-HCl (pH 8.2)5ࠊ mM MgCl2100ࠊ mM NaCl0.5ࠊ mM ADPࠊ 

0.1 mM DTT0.2ࠊ mM EDTA 
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㏱ᯒእᾮ⤌ᡂ 

Figure 67. 」ྜయϬ୍ࡢ㒊2 ࡢḟඖ⤖ᬗㄆࡿࢀࡽࡵၥ㢟Ⅼ

⢭〇␒ྕ: AA135 

㓝⣲⃰ᗘ: 11.1 mg/mlࠊ

㓝⣲άᛶ: 0.78 µmoles/min/mgࠊ㜼ᐖ⋡: 96.2 %�

⬡㉁ DMPC:Lyso PC(16:0)=10:1(wt:wt)ࠊ 

2㛫ࠊࣥࣙࢩ࣮࣋ࣗ࢟ࣥᏳ⏣ၟᗑ〇㏱ᯒࣥࢱ࣎⏝� ㏱ᯒ ᗘ 27Υ

40 mM Tris-HCl (pH 8.2)5ࠊ mM MgCl2100ࠊ mM NaCl0.5ࠊ mM ADPࠊ 

0.1 mM DTT0.2ࠊ mM EDTA 

ࡓࡋኚᛶᬗ୰⤖ࡀయϬྜ「࡚ࡋ⏤⌮ࡿࡍ㞳⬺ࡾࡼ㉁⭷୰⬡ࡀF1ࠊ࠺ࡼࡢࡇ

᪩ࡕ࠸Υ࡛ 27 ࡿ࠶ᬗ ᗘ࡛⤖ࡀయϬྜ「ࠊࡣࢀࡇࠋࡿࢀࡽ࠼⪄ࡢࡶࡿࡼࡇ

ࢆࢀࡇ࡛ࡇࡿࡍᏳᐃࢆయϬྜ「ࠊࡾࡲࡘࠋࡿࢀࡽ࠼⪄ᐜ᫆ࡽᯝ⤖ࡓࡋኚᛶࡃ

㜵ࡀࡇࡄฟ᮶ࡿண ࠋࡓࡋ 
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㏱ᯒእᾮ⤌ᡂࡢኚ᭦

3-4-13. 」」ྜయϬࡢᏳᐃᛶྥୖ 

(ϸ) 

� ᚑ᮶ࠊ㏱ᯒእᾮ5 ࡣ mM MgCl2100ࠊ mM NaCl ࡴྵࢆ Tris-HCl ⦆⾪ᾮ (pH 8.2)ࢆ

࠸⤖ᬗࡢࡇࠋࡓࡁ࡚ࡗ⾜ࢆ⦆⾪ᾮ୰ࡣ㓝⣲ࢆኚᛶࡿࡏࡉస⏝ࢆᣢࣆࣟࢺ࢜࢝ࡘ

ୖࠊ≉ࠋࡿ࠸࡚ࢀࡲྵከ㔞ࡀࣥ࢜ࢡࢵ

ྵࢆࣥ࢜ࢡࢵࣆࣟࢺ࢜࢝ࡢࡇࠊ࡛ࡇࡑࠋࡿ࠶࡛ࣥ࢜ࡿࢀࡤࣥ࢜ࢡࢵࣆࣟࢺ

⾪⦅࣒࢘ࣜࢺࢼ㓟ࣥࣜࠊᯝ⤖ࡢࡑࠋࡓࡋࡇ࠺⾜ࢆᬗ⤖࡚ࡋኚ᭦ᾮ⾪⦅࠸࡞ࡲ

ᾮࡶ᭱ࡀ㐺⃰ࡢࡑࠊࢀࡽ࠼⪄ࡿ࠸࡚ࡋᗘ࡚࠸ࡘ᭦ヲ⣽᳨࡞ウ᳨ࠋࡓࡗ⾜ࢆウ⤖ 

ᯝࡢࡑࠋࡍ♧ࢆ⤖ᯝ5ࠊ mM MgCl2 55 ࡴྵࢆ mM Na-Pi ⦆⾪ᾮ (pH 8.0)ᑐ࡚ࡋ⤖ᬗ 

グࡢ⤌ᡂ୰࡛ࠊࡣሷ⣲࢜࢝ࡢࡑࡀࣥ࢜ 

ࡁࡓࡗ⾜ࢆ⤖ᬗᛶࡢⰋࠊ࠸F1ࡢ⬺㞳ࡢㄆ2 ࠸࡞ࢀࡽࡵ ḟඖ⤖ᬗࡀᚓࡇࡿࢀࡽ 

 ഴྥࡿ࡞ᬗ⤖≦ࢳࢵࣃࡋపୗࡀᬗᛶ⤖ࠊࡿࡆୖࡀᗘ⃰᭦ࠋࡓࡗ࡞ࡽ᫂ࡀ

࢜ࢡࢵࣆࣟࢺ࢜࢝ࡣ㞳⬺ࡢࡽ⭷㉁⬡ࡢF1ࠊࡾࡲࡘࠋࡓࡗ࡞ࡽ᫂ࡀࡇࡿ࠶ࡀ

ࠋࡓࢀࡉ♧ࡀࡇࡿ࠸࡚ࡋࡰཬࢆᙳ㡪ࡢᐃ୍ࡀࣥ
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࠼ᢚࢆࢀࡑࠋࡿࢀࡽ࠼⪄ࡿࡍ㞳⬺ࡀ

㏱ᯒእᾮ⤌ᡂ

 ࡿ࠼ᢚࢆᅇ㌿ࡋῧຍࢆ㜼ᐖࠊⅭࡿ

Figure 68.࠸࡞ࡲྵࢆࣥ࢜ࢡࢵࣆࣟࢺ࢜࢝⦆⾪ᾮ࡛ࡢ⤖ᬗࢢࣥࢽ࣮ࣜࢡࢫ

⢭〇␒ྕ: AA143 

㓝⣲⃰ᗘ: 15.2 mg/mlࠊ

㓝⣲άᛶ: 0.74 µmoles/min/mgࠊ㜼ᐖ⋡: 91.9 %�

⬡㉁ DMPC:Lyso PC(16:0)=10:1(wt:wt)ࠊ 

2㛫ࠊࣥࣙࢩ࣮࣋ࣗ࢟ࣥᏳ⏣ၟᗑ〇㏱ᯒࣥࢱ࣎⏝� ㏱ᯒ ᗘ 27Υ

ୖグ⃰ࡓࡋᗘ Na-Pi ⦆⾪ᾮ (pH 8.0)5ࠊ mM MgCl2ࠊ 

0.5 mM ADP0.1ࠊ mM DTT 

(Ϲ) 㜼ᐖࡢῧຍ

� ⌧ᅾሗ࿌ࡿ࠸࡚ࢀࡉ」ྜయϬࡢ⤖ᬗᵓ㐀ࡣᖖࡢࣥࢺࣟࣉࠊὶධࡿྖࢆ a ࢽࣘࣈࢧ

ࢧ F1  Fo ࡚ࡗࡼࡇࡿࢀእࡀࢺࢵࢽࣘࣈࢧ aࠋࡿ࠸࡚࠸Ḟࢆ㒊ࡿࢀࡤࢺࢵ

 ࢃྜᅇ㌿ࡢ rotor ringࠊ࡚ࡗࡼࢀࡑࡾ࡞ࡃ࡞ࡀ㒊ࡿࡵṆࡂ⧄ࢆࢫࢡࢵࣞࣉࣥࢥࣈ

F1 ࡚ࡏ

 ࠊࡾ࠾࡚ࢀࡉሗ࿌ᩘ「ࡣ⸆ヨࡿฟ᮶ࡀࡇࡿࡍ㜼ᐖࢆࡁാࡢయϬྜ「ࠋࡓࡋࡇ
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ᆺⓗ࡞㜼ᐖࡢࡇࠋࡿ࠶ࡀࣥࢩ࣐ࢦࣜ࢜ࠊࡣ࡚ࡋྜ≀ࠊࡣᡤᒓࡿࡍ◊✲ᐊ 

ⓗ␗≉࡚ࡋᑐ Fo ࡢ㒊⭷ࠊࡣ㜼ᐖࡢࡇࠋࡿ࠸⏝㝿ࡿࡍᐃ ࢆ㜼ᐖάᛶ࡚࠸

ᑐࢺࢵࢽࣘࣈࢧ c ࡿࡍᵓᡂࢆ rotor ring ࡣ㒊ࡿࡍྜ⤖ࠋࡿࢀࡽ▱ࡀࡇࡿࡍྜ⤖

 ࣥࢩ࣐ࢦࣜ࢜ࡢศᏊ 8 ࡚ࡋᑐయྜ「ࡢ1ศᏊࠊሙྜࡢయϬྜ「ࢩ࢘ࠊࡾ࠶࡛࡚ࡋ

 ࣐ࢦࣜ࢜ࠊࡣᶵᵓࡿࡍゐ፹ࢆຍỈศゎࡸATPྜᡂ ࡀࣥࢩ࣐ࢦࣜ࢜ࠋࡿࡍྜ⤖ࡀ

⤖ࡀࣥࢺࣟࣉࡓࡋὶධࡽࢺࢵࢽࣘࣈࢧ a ࡚ࡗᅾ୰ᚰ㒊ࡢࢺࢵࢽࣘࣈࢧ c ࡀࣥࢩ

࠶Ⅽ࡛ࡿࡍྜ⤖࠺ࡼࡿࡉࡪ࠸そࢆ㓟࣑ࣥࢱࣝࢢࡣࡃࡋࡶ㓟ࣥࢠࣛࣃࢫࡿࡍྜ

ࠋ㸦Symersky et al., 2012㸧ࡿ࠸࡚ࢀࡉሗ࿌ࡀࡇࡿ

ࡽ࠼ᢚࡀ㞳⬺ࡢ

Figure 69. c ࣥࢩ࣐ࢦࣜ࢜ࡿࡍྜ⤖ࢺࢵࢽࣘࣈࢧ 

ඛグࠊࡣࣥࢩ࣐ࢦࣜ࢜ࡓࡋ Fo  㜼ࡿࡍⓎࢆ㜼ᐖຠᯝࡋྜ⤖ⓗ␗≉࡚ࡋᑐ

ᐖ࡛ࠋࡿ࠶ᑐ࡚ࡋ  F1 ࡀࡢࡿ࠸࡚ࢀࡽ▱ࡃᗈ࡚ࡋ㜼ᐖࡿࡍྜ⤖࡚ࡋᑐ  

Adenosine 5’-( ��y-imido)triphosphate (AMP-PNP)࡛ࡢࡇࠋࡿ࠶ྜ≀ࠊࡣATP㢮ఝయ࡛ 

ྜࡽࢀࡇࠋ࠸࡞ࡅཷࢆศゎࡿࡼయϬྜ「ࠊⅭࡿ࠸࡚ࡗ࡞ࢻ࣑ࡀyࠊ� ࠊࡾ࠶

F1 ࡛ࡇࡿࡍṆࢆࡁືࡢయϬྜ「ࠊࡋῧຍ㏱ᯒእᾮࢆ≀

ࢩ࣐ࢦࣜ࢜ࠋࡿ㏙࡚࠸ࡘᯝ⤖ࡓࡋῧຍࢆࣥࢩ࣐ࢦࣜ࢜ࠊࡎඛࠋࡓ࠼⪄ࡿࢀ

 ࠋࡍ♧௨ୗࢆᵓ㐀ࡢࣥ
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⏺㠃άᛶࡽᡂࡿ 

Figure 70. ᵓ㐀ᘧࡢࣥࢩ࣐ࢦࣜ࢜

ୖグࡣࣥࢩ࣐ࢦࣜ࢜࠺ࡼࡿࡍᴟ࡚ࡵỈᛶࡢᙉ࠸ྜ≀࡛ࠊ୍ࡾ࠶ ษỈ⁐ᾮࡣ 

mM 20 ୰࣮ࣝࣀࢱ࢚ࡣࣥࢩ࣐ࢦࣜ࢜ࠊᨾࠋ࠸࡞ࡽ࡞ ࠶࡚ࡋㄪᩚ࠺ࡼࡿ࡞

/㉁/㓝⣲⬡ࠋࡿ 3 ⪅」ྜ⁐ᾮ┤᥋࣮ࣝࣀࢱ࢚୰ࢩ࣐ࢦࣜ࢜ࡢ

ࡿࡍ⏝ࡎࡲࠊ࡛ࡇࡑࠋࡿࢀࡽ࠼⪄ࡀࡇࡿࡍኚᛶࡀ㓝⣲࡚ࡗࡼࢀࡑࡿ࠼ຍࢆࣥ

㔞ࢆࣥࢩ࣐ࢦࣜ࢜ࡢ⟬ฟࢩ࢘ࠊࡋ」ྜయϬ1 ศᏊࡿࡍྜ⤖㔞ࡣඛࡶグࡀࡓࡋ 

8ศᏊ࡛ࠊ࡛ࡇࡑࠋࡿ࠶㓝⣲ 1 ศᏊᑐ1.5 ࡚ࡋಸ㔞12 ࡢศᏊ㔞ࢫࣛ࢞ࢆ〇ヨ㦂⟶

ຍࢫ࢞ࣥࢦࣝ࠼୰࡛ࢆ࣮ࣝࣀࢱ࢚Ⓨࠊࡇࡑࠋࡓࡏࡉ⏺㠃άᛶ⁐ゎࡋ

ࡢࡇࠋࡓ࠼ຍࢆయϬྜ「ࡓࡋ⢭〇ᚋ᭱ࠊࡋゎ⁐ࢆࣥࢩ࣐ࢦ࡚ࣜ࢜ࡋΰྜࢆ㉁⬡ࡓ

 ࠊࢁࡇࡓࡋᐃ ࢆATPຍỈศゎάᛶ ࡢ㓝⣲ࡓࡋㄪᩚ࠺ࡼ
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Figure 71. ࣥࢩ࣐ࢦࣜ࢜⤖ྜᆺ㓝⣲㠀⤖ྜᆺ㓝⣲ࡢ㓝⣲άᛶ 

㟷:ࣥࢩ࣐ࢦࣜ࢜㠀⤖ྜᆺ㓝⣲� ㉥ : ࣥࢩ࣐ࢦࣜ࢜⤖ྜᆺ㓝⣲ 

3 ࡓ࠼ຍࢆࣥࢩ࣐ࢦࣜ࢜ࠊ࠺ࡼࡢࡇ ⪅」ྜ⁐ᾮࡢ ATP ຍỈศゎάᛶࢆ ᐃࡍ

࣐ࢦࣜ࢜ࡀᾮ⁐ࡓࡋㄪᩚࠊ࡚ࡗࡼࠋࡓࡋṆࡀ㓟ࡢNADHࠊࢀࡉ㜼ᐖࡀᛂࡿ

 ᬗ⤖ࡋሸࣥࢱ࣎㏱ᯒࢆᾮ⁐ྜ「⪅3 ࡢࡇࠋࡓࢀࡉ♧ࡀࡇࡿ࠶ᆺ㓝⣲࡛ྜ⤖ࣥࢩ

ࡢࡑࠋࡓࡗ⾜ࢆ⤖ᯝࢆ௨ୗࠋࡍ♧ 
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㏱ᯒእᾮ⤌ᡂ 

ᗈ࠸㠃✚ࡢ⬡㉁⭷ࡢᙧᡂࡶࡘࡃ࠸ࡣぢࠊࡀࡓࢀࡽ 

Figure 72. ࣥࢩ࣐ࢦࣜ࢜⤖ྜᆺ」ྜయϬࡢ⤖ᬗࢢࣥࢽ࣮ࣜࢡࢫ 

⢭〇␒ྕ: AA137 

㓝⣲⃰ᗘ: 11.0 mg/mlࠊ

㓝⣲άᛶ: 1.18 µmoles/min/mgࠊ㜼ᐖ⋡: 94.6 %�

⬡㉁ DMPC:Lyso PC(16:0)=10:1(wt:wt)ࠊ 

2㛫ࠊࣥࣙࢩ࣮࣋ࣗ࢟ࣥᏳ⏣ၟᗑ〇㏱ᯒࣥࢱ࣎⏝� ㏱ᯒ ᗘ 27Υ

40 mM Tris-HCl (pH 8.2)5ࠊ mM MgCl2100ࠊ mM NaCl0.5ࠊ mM ADPࠊ 

0.1 mM DTT0.2ࠊ mM EDTAࠊ 

పಸ⋡࡛ほᐹࠊࡿࡍ ಸ⋡ࡿࡆୖࢆ 

 ࣃࡢᬗ୰⤖ࡽࡇࡇࠋࡓࡗ࡞ᯝ⤖ࡍ♧ࢆࡇࡿ࠸࡚ࡗ࡞␗ࡀࢢࣥ࢟ࢵࣃࡽ᫂

 ࠋࡿࡁീ࡛ࡀࡇ࡞࠺ࡼࡢ௨ୗࡿ࠼⪄࡚࠸ࡘࢢࣥ࢟ࢵ
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㏱ᯒእᾮࡢ⤌ᡂࠊࡣ 

Figure 73. ࣥࢩ࣐ࢦࣜ࢜⤖ྜᆺ㓝⣲㠀⤖ྜᆺ㓝⣲ࡢ⤖ᬗࢢࣥ࢟ࢵࣃീᅗ 

 㠀⤖ྜᆺ㓝⣲ࣥࢩ࣐ࢦࣜ࢜ : ᆺ㓝⣲� ୗྜ⤖ࣥࢩ࣐ࢦࣜ࢜:ୖ

 ࠊࡵࡓࡿࢀࡲ㎸ࡳ⤌㉁⭷୰⬡ୗୖࡀ㓝⣲ࠊሙྜࡢ㠀⤖ྜᆺ㓝⣲ࣥࢩ࣐ࢦࣜ࢜

୍ᐃࡢ㛫㝸࡛㓝⣲ࡀ㓄ิ࠺ࡼࡿ࠸࡚ࡋぢࠋࡿ࠼ᑐࣥࢩ࣐ࢦࣜ࢜ࠊ࡚ࡋ⤖ྜᆺ㓝⣲ 

୍࠺ࡼࡓࡋグୖࠊࡣࢀࡇࡃࡽᜍࠋࡿ࠼ぢࡀࣥࣛࡢ㓝⣲ࡣ㉁⭷୰⬡ࡔࢇ㎸ࡳ⤌ࢆ

ࡋῧຍࢆ AMP-PNPࠊḟࠋࡿࢀࡽ࠼⪄ࡢࡶࡿࡼࡇࡓࡋ㓄ิࡀ㓝⣲ࡁྥࡢࡘ

ࠋࡓࡋࡇࡿ࠼᥋ຍ┤㏱ᯒ⦆⾪ᾮࡵࡓࡘᣢࢆぶỈᛶ࠸㧗ࡣࡽࡕࡇࠊࡀࡿ࠶ሙྜ࡛ࡓ

5 mM MgCl2100ࠊ mM NaCl0.5ࠊ mM ADP0.5ࠊ mM AMP-PNP0.1ࠊ 

mM DTT0.2ࠊ mM EDTA0.02ࠊ % NaN3 40 ࡴྵࢆ mM Tris-HCl ⦆⾪ᾮ (pH 8.2)ࠋࡓࡋ 

Figure 74.  AMP-PNPᵓ㐀ᘧ
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㏱ᯒእᾮ⤌ᡂ 

Figure 75.  AMP-PNP ⤖ྜᆺ」ྜయϬࡢ⤖ᬗࢢࣥࢽ࣮ࣜࢡࢫ 

⢭〇␒ྕ: AA144 

㓝⣲⃰ᗘ: 13.2 mg/mlࠊ

㓝⣲άᛶ: 0.77 µmoles/min/mgࠊ㜼ᐖ⋡: 96.5 %�

⬡㉁ DMPC:Lyso PC(16:0)=10:1(wt:wt)ࠊ 

2㛫ࠊࣥࣙࢩ࣮࣋ࣗ࢟ࣥᏳ⏣ၟᗑ〇㏱ᯒࣥࢱ࣎⏝� ㏱ᯒ ᗘ 27Υ

40 mM Tris-HCl (pH 8.2)5ࠊ mM MgCl2100ࠊ mM NaCl0.5ࠊ mM ADPࠊ 

0.1 mM DTT0.2ࠊ mM EDTA0.5ࠊ mM AMP-PNP 
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ᚓࡓࢀࡽ⤖ᬗ୍ࠊࡣᵝ࡞㓝⣲ࡢ㓄ิࡀㄆࠋࡓࢀࡽࡵ᭦ࠊ F1ࡣࡃ⬺㞳ࡎࡏ㠀ᖖ 

AMP-PNP ࡢࡇࠋࡿࢃࡀࡇࡿ࠶ᬗ࡛⤖࡞࠸ࢀࡁ  ࡃ㧗ࡶ⌧ᛶࠊࡣῧຍᐇ㦂ࡢ

F1 ࡀ AMP-PNPࠋࡿ࠸࡚ࡋ♧ࢆࡇࡿ࠸࡚ࡗᣢࢆᢚไຠᯝ࡞ࡁ࡚ࡋᑐ㞳⬺ࡢ  ࡋ

ࡁ⥆ࡁᘬࡾࡼ♫ Sigma ࡾ࡞ᅾ〇㐀୰Ṇ⌧ࡣ AMP-PNP ࡢࡇࡇ࡞ṧᛕ࡚ࡵᴟࠊࡋ

㉎ධࡀࡇࡿࡍฟ᮶ྠࡶ♫ࣗࢩࣟࠋ࠸࡞ᵝ〇㐀್ࠊࡀࡿ࠸࡚ࡋẁࡀ㠀ᖖ㧗ࡃ㉎ධ

ࠊูࡣᚋࡵࡓ࠸࡞ฟ᮶ࡀࡇࡿࡍ  ࢀࡽ࠼⪄ࡿ࠶ࡀᚲせࡿࡍウ᳨࡚ࡋ㛵㜼ᐖࡢ

 ࠋࡿ

(Ϻ) Ᏻᐃࡢῧຍ 

� F1 ࡇࡑࠋࡓ࠼⪄ࡿࡍゎỴ࡛ࡇࡿࡏࡉᏳᐃࡾࡼ≦⌧ࢆ㓝⣲ࠊ࡚ࡋ㛵㞳⬺ࡢ

ࠊ୍࡛ ⯡ⓗ㓝⣲ࢆᏳᐃࡿ࠸࡚ࢀࡽ࠸⏝ࡵࡓࡿࡏࡉヨ⸆ࢆ㏱ᯒእᾮῧຍࡇࡿࡍ

࣮ࣟࢡࢫࠊ(PEG) ࣮ࣝࢥࣜࢢࣥࣞࢳ࢚࣏ࣜࠊ࣮ࣝࣟࢭࣜࢢࠊࡣ⸆ヨࡿ࠸⏝ࠋࡓࡋ

 ࠋࡓࡗ⾜ࢆᬗ⤖࠼ຍ㏱ᯒእᾮࢆࡽࢀࡇࠋࡍ♧ࢆศᏊ㉁㔞ศᏊᘧୗࠋࡿ࠶࡛ࢫ

Figure 76. ῧຍࡢᵓ㐀ᘧศᏊ㔞
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Table 17.
⤖ᬗ⏝㏱ᯒ⦆⾪ᾮ⤌ᡂῧຍ⃰ᗘ
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  ㏱ᯒእᾮ⤌ᡂ 

Figure 77. ྛ✀ྜ≀ῧຍࡿࡼ⤖ᬗࡢᙳ㡪

⢭〇␒ྕ: AA138ࠊAA140ࠊAA155

㓝⣲⃰ᗘ: 12.1 mg/ml

㓝⣲άᛶ: 0.51 µmoles/min/mgࠊ㜼ᐖ⋡: 98.8 %�

⬡㉁ DMPC:Lyso PC(16:0)=10:1(wt:wt)ࠊ 

2㛫ࠊࣥࣙࢩ࣮࣋ࣗ࢟ࣥᏳ⏣ၟᗑ〇㏱ᯒࣥࢱ࣎⏝� ㏱ᯒ ᗘ 27Υ

55 mM Na-Pi ⦆⾪ᾮ(pH 8.0)5ࠊ mM MgCl20.5ࠊ mM ADP0.1ࠊ mM DTT 
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ࢆᬗ⤖ࠊ࠼ຍ㏱ᯒእᾮࢆ⸆ヨࡿࡏࡉࡿࡏࡉᏳᐃࢆ㓝⣲ⓗ⯡୍ࠊ࠺ࡼࡢࡇ

ࡼῧຍࡢ⸆ヨࠊࡣࢀࡇࠋࡓࡗ࡞ฟ᮶ࡀࡇࡿᚓࢆᬗ⤖࡚࠸࡚ࡍࠊࡀࡓࡗ⾜

 ࢀࡇࠊᅾ⌧ࠋࡿࢀࡽ࠼⪄ࡿࡼࡇࡓࡗ࡞ࡃ㐜ࡀ㏱ᯒ㏿ᗘࠊࡋቑࡀᾮ⢓ᗘ⾪⦅࡚ࡗ

ࢆᬗ⤖ࡽ௳᮲ࡢࡇࠊࡀ࠸࡞࠸࡚ࡗ⾜ࡣࡇࡿࡍᬗ⤖࡚ࡋῧຍ㏱ᯒእᾮࢆ⸆ヨࡽ

ᚓࡣࡇࡿᴟ࡚ࡵᅔ㞴࡛ࠋࡿࢀࡽ࠼⪄ࡿ࠶ 

(ϻ) ⏺㠃άᛶࡢῧຍ 

� 2ḟඖ⤖ᬗࡣ㏱ᯒ࡚ࡗࡼ࡞⏺㠃άᛶࢆ㝖࡛ࡇࡃ⬡㉁⭷୰㓝⣲ࡳ⤌ࢆ㎸

࠺ࡼࡿ࡞cmc ௨ୗ ࢆ㠃άᛶ⏺࡚࠼ᩒࡣ࡛ࡇࡇࠊࡋࡋࠋࡿ࠶࡛ࡢࡶࡿࢀࡉᙧᡂࡳ

 ᣢࢆ㦵᱁࣮ࣝࣟࢸࢫࡣ㠃άᛶ⏺ࡿ࠼ຍࠋࡓࡋࡇ࠺⾜ࢆᬗ⤖࠼ຍ㏱ᯒእᾮ

BigchapࠊChaps ࡘ ࡲ㎸ࡳ⤌㉁⭷୰⬡ࡀ㠃άᛶ⏺ࡘᣢࢆ㦵᱁࣮ࣝࣟࢸࢫࠋࡓࡋ

 ࡞ᙉᅛࡀ⭷㉁⬡࡚ࡗࡼࢀࡑࠋࡿ࡞ࡇࡿࡀୗ᱁ẁࡀὶືᛶ࡚ࡗࡼࡇࡿࢀ

(v/v) % 0.002 㓝⣲୰㏱ᯒእᾮࡶ⪅୧ࠊࡣῧຍ⃰ᗘࠋࡓࡗ⾜ࢆウ᳨ࡢࡇࡋ ணࡿ

ࡲࠊࡃᝏࡀᬗᛶ⤖ࡢࡢࡶࡿࢀࡽᚓࡣᖹ㠃≧⤖ᬗࡶ⪅୧ࠊࡀࡍ♧ୗࢆᯝ⤖ࠋࡓࡋ

 ࠋࡓࡗ࡞㒊ศⓗࡶ㓝⣲㓄ิࡓ

Figure 78. ྛ✀⏺㠃άᛶ⃰ࣝࢭ࣑⏺⮫ࡢࡑᗘ
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  ㏱ᯒእᾮ⤌ᡂ 

Figure 79. ྛ✀⏺㠃άᛶῧຍࡀཬࡍࡰ⤖ᬗࡢᙳ㡪

⢭〇␒ྕ: AA160ࠊAA161

㓝⣲⃰ᗘ: 19.4 mg/ml

㓝⣲άᛶ: 0.55 µmoles/min/mgࠊ㜼ᐖ⋡: 97.0 %�

⬡㉁ DMPC:Lyso PC(16:0)=10:1(wt:wt)ࠊ 

2㛫ࠊࣥࣙࢩ࣮࣋ࣗ࢟ࣥᏳ⏣ၟᗑ〇㏱ᯒࣥࢱ࣎⏝� ㏱ᯒ ᗘ 27Υ

55 mM Na-Pi ⦆⾪ᾮ (pH 8.0)5ࠊ mM MgCl20.5ࠊ mM ADP0.1ࠊ mM DTT 
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 ࡿ࠶ᬗ ᗘ࡛⤖ࡿ࠸࡚ࡋ⏝ࠊᅾ⌧ࠋࡿ࡞␗ࡣྜ

 ሙࡿ࠸࡚࠸⏝ࢆ㉁⬡ྜ「ࡿᡂࡽ

27 ΥࠊࡣDMPCࡢ┦㌿⛣ ᗘ 

(ϼ) ⬡㉁ὶືᛶ᳨ࡢウ

⬡㉁ 2㔜⭷ࡢὶືᛶ᳨࡚࠸ࡘウࠋࡿࡍ㓝⣲ࡳ⤌ࡀ㎸ࡿࢀࡲ⬡㉁ 2㔜⭷ࡣὶືᛶࢆ

ࠊሙྜࡓ࠸⏝ࢆ㉁⬡ྜ「ࡿᡂࡽ

ᣢࡘᾮయ࡚ࡋస⏝ࠋࡿࡍ⬡㉁ࢀࡒࢀࡑࡣ┦㌿⛣ ᗘࡢࡑࠊࡾ࠶ࡀ ᗘ௨ୖ࡛ὶື 

ᛶࠊࡣ್ࡢࡇࠊࡋࡋࠋࡿ࠸࡚ࢀࡉࡍ♧ࢆ༢୍࡞⣔࡚ࡗࡼ ᐃࠊࡾ࠶࡛ࡢࡶࡓࢀࡉ 

ᅇ࡞࠺ࡼࡢ⦆⾪ᾮ୰ᅾ࡚ࡗ DMPC  Lyso PC 

 DMPCࠊࡾࡲࡘࠋࡓࡗ࡞ࢀࡉᙧᡂࡀᬗ⤖ࡣΥ࡛ 26 ࠸Υప 1ࠊࡾ࠶࡛ࡢࡶࡓ࠼⪄ࡽ

Lyso PC 

⥔ᣢ࡛ࡿࡁ ᗘ27 ࡀ Υ࡛ࠊࡋࡋࠋࡿ࡞ࡇࡿ࠶⏺㠃άᛶ࡚ࡗࡼ⁐ゎࡓࢀࡉ

」ྜయϬ27 ࠊࡣ Υ࡛ࡕ࠸᪩ࡃኚᛶࡀࡇࡿࡍ᪤グࡓࡋ㏻ࡢࡇࡋࡶࠋࡿ࠶࡛ࡾ ᗘ 

⤖ᬗࡀᙧᡂࡿࢀࡉⅭ᭱ࡢప㝈ࡢὶືᛶࢆ 

ࡁ࡛ ணࡿࢀࡉᙧᡂࡀᬗ⤖࡞Ᏻᐃࡾࡼࠊࡤࢀࡁᙧᡂ࡛ࡀᬗ⤖ࡋΥ 4ࠊ15ࠊ20 ࢆ

ࡿ࡞ࡃ㛗ࠊࡋపୗࡀ㌿⛣ ᗘ┦ࡿ࡞ࡃ▷ࡀ㙐ࣝࢩࡢ㉁⬡ࠊ࠺⩦ᩍ⛉᭩ࠋࡿ

㌿⛣ ᗘ┦ࡶ࡛ࡇࡘᣢࢆྜ⤖㣬㙐ෆࣝࢩࠊ᭦ࠋࡿࢀࡽ▱ࡀࡇࡿࡍ᪼ୖ

 ࠋࡍグ⪄ཧࢆ㌿⛣ ᗘ┦ࡢ㉁⬡ྛ௨ୗࠋࡿࡍపୗࡀ

Table 18. ྛ⬡㉁ࡢ┦㌿⛣ ᗘ
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」ྜ⬡㉁࡚࠸⏝ࢆ⤖ᬗࠋࡓࡋࡇ࠺⾜ࢆ㏱ᯒእᾮࡢ⤌ᡂࡣ 

ࡓࡋΰྜ࠺ࡼࡿ࡞ ẚ࡛ 1:1ࣝࣔࢆ DLPC ࡘᣢࢆ㙐ࣝࢩ࠸▷ࡾࡼDMPCࠊ࡛ࡇࡑ

5 mM MgCl20.5ࠊ mM 

ADP0.1ࠊ mM DTT 55 ࡴྵࢆ mMNa-Pi ⦆⾪ᾮ (pH 8.0)ࠋࡓࡋ⤖ᬗ ᗘࠊࡣᚑ᮶㏻ 

 ࡢࡾᚑ᮶㏻ࠊࢁࡇࡓࡋほᐹࢆᬗ⤖ࠋࡓ࠼ຍࢆΥ 15ࠊΥ 20 ࡓ᪂࡚ࡋࡑΥ 27 ࡾ

27 Υ࡛⤖ᬗ࠺⾜ࢆ㓝⣲㓄ิࡢㄆࡿࢀࡽࡵ⬡㉁⭷ࡣయ୍ࡢ㒊࡛ࡍࡰࠊࡾ࠶

 ὶືࡢ㉁⬡ྜ「ࡢDLPC  DMPC ࠊࡣࢀࡇࠋࡓࡗ࠶యϬ࡛ྜ「ࡓࡋࢺ࣮ࢤࣜࢢࡀ࡚

ᛶ27 ࡀ Υ࡛㠀ᖖ㧗ࠊࡵࡓ࠸」ྜయϬࡀኚᛶ15 ࠋࡿࢀࡽ࠼⪄ࡵࡓࡓࡋ Υ࡛⤖ᬗ

 ㏱ᯒࠊ࡚ࡋᑐࠋࡓࡋࢺ࣮ࢤࣜࢢࡀ࡚ࡍࡰᵝྠࡶሙྜࡢࡇࠊࢁࡇࡓࡗ⾜ࢆ

ᗘ 20 Υࡢ᮲௳࡚࠸ F1ࡢ⬺㞳ࡢㄆ࠸࡞ࢀࡽࡵ⤖ᬗࢆࡳࡢᚓࡇࡿᡂຌࡋ

ࡍไᚚࢆὶືᛶࡿࡍᑐᗘ ࡢ㉁⬡ࡾࡼࡇࡿࡍΰྜᩘ「ࢆ㉁⬡ࠊࡣᯝ⤖ࡢࡇࠋࡓ

 ࠶࡛⬟ྍࡀᬗ⤖ࡿࡅ࠾ పࡿࡍᏳᐃࡀయϬྜ「ࡾࡼࢀࡑࠊࡾ࠶࡛⬟ྍࡀࡇࡿ

 ࠋࡿ࠸࡚ࡋ♧ࢆࡇࡿ
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   ㏱ᯒእᾮ⤌ᡂ 

Figure 80. ⬡㉁ὶືᛶ᳨ࡢウ 

⢭〇␒ྕ: AA165ࠊAA166ࠊAA167


㓝⣲⃰ᗘ: 12.3 mg/ml


㓝⣲άᛶ: 0.95 µmoles/min/mgࠊ㜼ᐖ⋡: 97.3 %� 

⬡㉁ DMPC:DLPC=1:1 (mol:mol)
 

2㛫ࠊࣥࣙࢩ࣮࣋ࣗ࢟ࣥᏳ⏣ၟᗑ〇㏱ᯒࣥࢱ࣎⏝�

55 mM Na-Pi ⦆⾪ᾮ(pH 8.0)5ࠊ mM MgCl20.5ࠊ mM ADP0.1ࠊ mM DTT 
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3-4-14. 2 ḟḟඖ⤖ᬗ୰ࡢ」ྜయϬࡍ♧ࡀ ATP ຍỈ 

ศゎάᛶ

� ୖグࡓࡋ㏻ࡾ⤖ᬗ᮲௳᳨ࢆウࡓࡋᮎࠊ

ຌࠊࡋࡋࠋࡓࡋᚓࡓࢀࡽ⤖ᬗࡀᶵ⬟ࢆಖᣢࡓࡋ」ྜయϬ࡛ࡿࡵ☜ࢆࡇࡿ࠶ᚲせ

 ࡓࡋ⢭〇ࠋࡓࡋࡇࡿࡍᐃ ࢆ㓝⣲άᛶࡢయϬྜ「ࡿᅾᬗ୰⤖ࠊ࡛ࡇࡑࠋࡿ࠶ࡀ

」ྜయϬ2 ࡣ ḟඖ⤖ᬗࢆᙧᡂࡿࡍ ATPຍỈศゎࠊࡣࢀࡇࠋ࠸࡞ࡉ♧ࢆ⤖ᬗࢵࣃࡢ

ࡿࡍゐ፹ࢆ㉁⭷୰࡛ ATPຍỈศゎ⬡ࡋ΅ᖸࡀศᏊࡢ࠸ࠊࡾ࠶ᐦ࡛࡚ࡵᴟࡀࢢࣥ࢟

 「࠼ຍࢆ㠃άᛶ⏺ᬗ⤖ࡓࡋస〇ࠊࡋࡋࠋࡿࢀࡽ࠼⪄ࡿ࠶Ⅽ࡛࠸࡞ฟ᮶ࡀࡇ

」ྜయϬࡢ⤖ᬗࢆ㢖ᗘࡃࡼᚓࡇࡿᡂ

ྜయϬࢆྍ⁐࡛ࡇࡿࡍࡧ ATPຍỈศゎάᛶࢆ ᐃࡀࡇࡿࡍฟ᮶ࠋࡿ ᐃ 

᪉ἲ100ࠊࡣ mM KCl2ࠊ mM MgCl20.01ࠊ % DDM (cmc.:0.0087 %)50 ࡴྵࢆ mM K-Pi 

⦆⾪ᾮ (pH 7.8)1 ࢆ cmゅࡢ▼ⱥ2 ࢺࢵ࣋ࣗ࢟ ml ࢆ࣮ࣂ࣮࣮ࣛࢱࢫධࢀ᧠ᢾ࡞ࡋ 

 ࢟࠺ࡼࡿ࡞ µg PK 20ࠊµg LDH 20ࠊmM PEP 2.5ࠊᗘ 200 mM NADH⃰⤊᭱ࠊࡽࡀ

 20s ࡀᗘ ࡢෆࢺࢵ࡚࣋ࣗ࢟ࡅ⥆ࢆᢾ᧠ࡃࡽࡤࡋែ࡛≦ࡢࡇࠋࡿ࠼ຍࢺࢵ࣋ࣗ

0.1Υࠋࡿࡍ࠺ࡼࡿ࡞ḟࢺࢵ࣋ࣗ࢟ࠊෆ⤖ᬗ20 ࢆ µl ຍ2ࠋࡿ࠼ ḟඖ⤖ᬗ࢟ࢆ 

ࢆ ATP ࠺ࡼࡿ࡞ ᗘ 2.5 mM⃰⤊᭱ࠊᚋࡓࡋᢾ᧠ min 5 ࡽ࡚࠼ຍࢺࢵ࣋ࣗ

 ࡋµl ῧຍ 20 ࢆᬗ⤖ࠊሙྜࡿࡍᐃ ࢆ㜼ᐖάᛶࠋࡿࡍ㛤ጞࢆᐃ ࡚࠼ຍࢺࢵ࣋ࣗ࢟

 ࢜ࠋࡓࡋῧຍෆࢺࢵ࣋ࣗ࢟࠺ࡼࡿ࡞ ᗘ 20 µM⃰⤊᭱ࢆࣥࢩ࣐ࢦࣜ࢜ᚋࡓ

 ࣜ࢜ࠋࡓࡋ㛤ጞࢆᐃ ࡚࠼ຍࢆATPࠊࡋᢾ᧠ min 5ࠊᚋࡓࡋῧຍࢆࣥࢩ࣐ࢦࣜ

ษ ATPຍỈศゎάᛶ୍ࡿࡍ㛤ጞࢆᐃ ࡋῧຍࢆ ATP ࡕ┤ࠊࡋῧຍࢆࣥࢩ࣐ࢦ

᪉ࡢࡇࠋࡿ࠶ࡀᚲせࡿࡍᢾ᧠ࡣῧຍᚋ 5 minࢆࣥࢩ࣐ࢦࣜ࢜ࡎⅭᚲ࠸࡞ࢀࡉ㜼ᐖࡀ

ἲ࡛ࠊ⤖ᬗࡽ」ྜయϬࢆྍ⁐ࡋ ATPຍỈศゎάᛶ㜼ᐖάᛶࢆ ᐃࠋࡓࡋ
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 Figure 81. 2ḟඖ⤖ᬗ୰ࡢ」ྜయϬࡢάᛶ ᐃἲ
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Figure 82. 2ḟඖ⤖ᬗ୰ࡢ」ྜయϬࡢάᛶ ᐃ⤖ᯝ 

㟷: DDM (+)㓝⣲άᛶ� ㉥ : DDM (+)㜼ᐖάᛶ 

㯤: DDM (-)㓝⣲άᛶ� ⥳ : DDM (-)㜼ᐖάᛶ 

⢭〇␒ྕ: AA49ࠊAA151


⢭〇┤ᚋ㓝⣲άᛶ: 0.61 µmoles/min/mg


⢭〇┤ᚋ㜼ᐖ⋡: 98.4 %


ྍ⁐ᚋ㓝⣲άᛶ : 0.56 µmoles/min/mg


ྍ⁐ᚋ㜼ᐖ⋡: 81 %
 

ྍ⁐ࡓࡋ」ྜయϬࡣ⢭〇┤ᚋᑐ90 ࡚ࡋ %௨ୖࡢ ATPຍỈศゎάᛶࠊࡋ♧ࢆ 

 ࡚ࡋᑐ⢭〇┤ᚋࠊࡣࢀࡇࠋࡓࢀࡉ㜼ᐖ࡚ࡗࡼࣥࢩ࣐ࢦࣜ࢜ࡣ% 80 ࡢάᛶࡢࡑ

80 %௨ୖࡀ࡞ᶵ⬟ࢆಖᣢࡓࡋ」ྜయϬ࡛ࠋࡿ࠸࡚ࡋ♧ࢆࡇࡿ࠶㜼ᐖ⋡ࠊࡀ⢭〇 

┤ᚋᑐࡢ% 20 ࡚ࡋῶᑡࡣࡢࡓࡋ♧ࢆ⏺㠃άᛶ࡚ࡗࡼྍ⁐ࡓࢀࡉ㝿୍㒊 
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ࡂࡲࡀᬗ⤖ࡓࡋస〇ࠊࡣᯝ⤖ࡢάᛶ ᐃࡢグୖࠋࡿࢀࡽ࠼⪄ࡵࡓࡓࡋኚᛶࡀ㓝⣲ࡢ

 ࠋࡿ࠸࡚ࡋពࢆࡇࡿ࠶ḟඖ⤖ᬗ࡛ 2 ࡢయϬྜ「࡞ࡃ࡞ࡶࢀ
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3-4-15. ⤖⤖ᬗࡢಖᏑ᮲௳

� స〇ࡓࡋ⤖ᬗࡽᵓ㐀ゎᯒࡣ࠺⾜ࢆ㔞ࡢ⤖ᬗࡀᚲせࠊ࡛ࡇࡑࠋࡿ࡞⤖ᬗࢆᏳ

ᐃ౪⤥ࡿࡍⅭᚲせ࡞ಖᏑ᮲௳᳨ࢆウࠋࡓࡋࡇࡿࡍ」ྜయϬࡢ⤖ᬗಖᏑ࡚ࡋ 

-196 Υ4ࠊ Υ27 ࡚ࡋࡑ Υ3 ࡢ ᮲௳ࢆ⏝ព27ࠊ4ࠋࡓࡋ ΥಖᏑࡣ࡚࠸ணࡢࡇࡵ 

ᗘタᐃ࣮ࢱ࣮࣋ࣗ࢟ࣥࡓࡋ㟼⨨3 ࡋ᪥㛫ಖᏑ࡛࠼࠺ࡓࡋ⤖ᬗ୰ࡢ」ྜయϬࢆ

ྍ⁐ࡋ㓝⣲άᛶ㜼ᐖឤཷᛶࢆ ᐃ196-ࠋࡓࡋ ΥಖᏑࠊࡣ࡚࠸ᾮయ❅⣲࡛

ᛴ㏿෭ࡓࡋᚋࠊᾮయ❅⣲୰࡛ 3᪥㛫ಖᏑࡋゎᚋࠊྍ⁐ࡋ㓝⣲άᛶ㜼ᐖឤ 

ཷᛶࢆ ᐃࡢࢀࡒࢀࡑࠊࡓࡲࠋࡓࡋ ᗘ࡛ 3᪥㛫ಖᏑࡓࡋᚋࠊ㟁Ꮚ㢧ᚤ㙾࡛ᗘほᐹ

 ࠋࡓࡗ⾜ࢆホ౯࡚࠸ࡘᬗᛶ⤖ࡢࢀࡒࢀࡑࡋ

㏱ᯒእᾮ⤌ᡂ 

Figure 83. ⤖ᬗಖᏑ᮲௳᳨ࡢウ  

(ᕥ)4 ΥಖᏑࠊ(୰)27 ΥಖᏑ196-(ྑ)ࠊ ΥಖᏑ�  

 3᪥㛫ಖᏑ ࡶ௳᮲ࡢࢀࡎ࠸ͤ

⢭〇␒ྕ: AA130 


㓝⣲⃰ᗘ: 15.0 mg/ml


㓝⣲άᛶ: 0.84 µmoles/min/mgࠊ㜼ᐖ⋡: 92.1 %� 

⬡㉁ DMPC:Lyso PC (16:0)=10:1 (wt:wt) 

2㛫ࠊࣥࣙࢩ࣮࣋ࣗ࢟ࣥᏳ⏣ၟᗑ〇㏱ᯒࣥࢱ࣎⏝�

40 mM Tris-HCl (pH 8.2)5ࠊ mM MgCl2100ࠊ mM NaCl0.5ࠊ mM ADPࠊ 

0.1 mM DTT0.2ࠊ mM EDTA 
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㟁Ꮚ㢧ᚤ㙾࡛ಖᏑᚋࡢ⤖ᬗࢆほᐹࠊࢁࡇࡓࡋ⤖ᬗࡶ᭱ࡀᏳᐃࡿ࠸࡚ࡋ᮲௳ࠊࡣ 

 ࠊࡾ࠶㉁࡛⬡ྜ「ࡿᡂࡽ

27Υ࡛ࡢࡇࠋࡓࢀࡉ♧ࡀࡇࡿ࠶ࠊ⤖ᬗࡿ࠸࡚࠸⏝⬡㉁ࡣ DMPC  Lyso PC

27Υ࡛ࡢಖᏑ࡚ࡗࡼ⬡㉁ࡢὶືᛶ᭱ࡀప㝈ಖࡇࡓࢀࡓ 

 ࠊࢁࡇࡓࡅ⥆ࡋ27Υ࡛ಖᏑࠊ᭦ࠋࡿࢀࡽ࠼⪄⏤⌮ࡓࢀࡉಖᏑ࡚ࡋᏳᐃࡀᬗ⤖ࠊࡀ

⤖ᬗ⤊ᚋ 14᪥㛫ᚋ70 ࡶ࡚࠸ %௨ୖࡢ㧗࠸㜼ᐖ⋡ࢆಖࢀࡉ♧ࡀࡇࡿ࠸࡚ࡗ

 ࡇࡿᅾ㉁⭷୰⬡ࠊࡀࡓࡋኚᛶࡃ᪩ࡕ࠸27Υ࡛ ࡣయϬྜ「ࡿᅾ㠃άᛶ୰⏺ࠋࡓ

ࠊࡣᯝ⤖ࡢࡇࠋࡿ࡞Ᏻᐃ࡚ࡵᴟࡣయϬྜ「ࠊ࡛

⬡㉁⭷୰ࡳ⤌㎸ࡳᙧᡂࡿࢀࡉ 

 యᵓ㐀ゎࡢయϬྜ「ࠊᨾࠋࡿ࠶࡛ࡇࡁࡃ㦫࡚࠼⪄ࡽᛶ㉁ࡢయϬྜ「࠸࡞࠸

᫂3 ࡅྥ ḟඖ⤖ᬗ࡛ࠊࡃ࡞ࡣ 2 ḟඖ⤖ᬗࡿ࠸⏝ࢆ

 ࠋࡿ࠶㐺ษ࡛࡚࠼⪄ࡽᏳᐃᛶࡢᬗ⤖ࡣ

Ᏻᐃࡉᨾ⤖ᬗㄡࡶᡂຌ࡚ࡋ

Figure 84. ಖᏑ⤖ᬗࡢᏳᐃᛶ 

27Υ㟼⨨࡚㏱ᯒ⤊ᚋ 2✀㛫࡛ࡲಖᏑ�

⢭〇␒ྕ: AA130 

㓝⣲⃰ᗘ: 15.0 mg/ml

㓝⣲άᛶ: 0.84 µmoles/min/mgࠊ㜼ᐖ⋡: 92.1 %� 
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➨➨ః⠇� ⪃ᐹ�  

⤖ᬗࠊࡀࡓ࠸⏝ࡃ⤖ᬗࡀᙧᡂࠋࡓࡗ࡞ࢀࡉ」ྜయϬࡀ

 ࡣ㙐ࣝࢩࡢෆ⭷ᵓᡂ⬡㉁ࡽࢀࡑࠊࡕᣢࢆෆ⭷ᵓᡂ⬡㉁ࣜࢻࣥࢥࢺ࣑ࡢ

ࠊࡾ࠶ᡂ⬡㉁࡛ྜࡀࡢࡓࡋ♧ࢆᯝ⤖࠸Ⰻࡶ᭱

3-5.� ⪃ᐹ 

1.� ⤖ᬗ⏝⬡㉁᳨ࡢウ

� ⤖ᬗ⏝⬡㉁࡚ࡋ㐣ཤࡢᐇ㦂ࢱ࣮ࢹ㚷࡚ࡳከ✀ࡿࡓࢃ⬡㉁࡚࠸⏝ࢆ⤖ᬗ

ᐇ㦂ࠊࡀࡓࡗ⾜ࢆ  㓟⫫⬡ࢆ㓟ࣥࢳ࣑ࣝࣃ

ࡶ࡞㉁⬡ࡿࡍᵓᡂࢆࣜࢻࣥࢥࢺ࣑➽ᚰࢩ࢘࡞ POPCࠋࡿ࠶࡛ DMPC ࡘࡶ࡚ࡋ

DMPC ࡳࡢᵓ

ᡂࢩ࢘ࠊ࡚ࡋ⏤⌮ࡿࢀࡉᚰ➽ࡽ᪂つࡢ⢭〇ἲ࡚࠸⏝ࢆㄪ〇ࡓࢀࡉ」ྜయϬࡣከࡃ

DMPC ࡼ

 ࠸▷ࡢ㙐ࣝࢩࠊࡾ࠶ࡀᚲせࡘಖࢆࢫࣥࣛࣂࡣࡵࡓࡿࡍᙧᡂࢆ⭷ࠊⅭࡢࡑࠋ࠸㛗ࡾ

DMPCࡀ⤖ᬗ㐺ษ࡛ࠋࡿࢀࡽ࠼⪄ࡿ࠶ 

Figure 85. 」ྜయϬࡢ⤖ᬗࡢࢢࣥ࢟ࢵࣃീᅗ� 
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 ᅽಽࡀᬗ⤖≦ࣝࢡࢩ࣋ࡸᬗ⤖≦ࣈ࣮ࣗࢳ࠺⾜ࢆᬗ⤖࡚࠸⏝ࢆࡳࡢ DMPCࠊࡋࡋ

 ࠊࡾ࠾࡚ࡋࢆᵓ㐀ࡢᡪᆺࡣ࡛

ⓗከࡃᚓࠋࡿࢀࡽᑐࢺ࣮ࢩࠊ࡚ࡋ≧⤖ᬗࡣ㠀ᖖᑡࠊࡣࢀࡇࠋ࠸࡞」ྜయϬࡢᅇࡾ 

CL ≉ࠊ㉁⬡ࡿ࠸࡚ࡋᒁᅾ CLࠋࡿࢀࡽ࠼⪄ࡿ࠸࡚ࡋᙳ㡪ࡃࡁࡣ ㉁⭷୰⬡ࡣ

ࠋࡿࢀࡽ࠼⪄ࡓࢀࡽࡆጉࡃࡁࡀᖹ㠃⭷ᙧᡂࡾࡼࢀࡑ

 ྥ㟁Ꮚ⥺⤖ᬗᵓ㐀ゎᯒࡽࡇࡿ࠸࡚࠸ᥥࢆᘼࡣᬗ⤖≦ࣝࢡࢩ࣋ࡸ≦ࣈ࣮ࣗࢳ

DMPC ࢆ Lyso PC ࡿ࠶༢㙐⬡㉁࡛ࡘᣢࢆᵓ㐀ࡢṇᑐCLࠊ࡛ࡇࡑࠋࡘᣢࢆḞⅬ࠸࡞

 ࡿࢀࡽᚓࡃࡼ㢖ᗘࡀᬗ⤖≦ࢺ࣮ࢩࡘᣢࢆ✚㠃࠸ᗈࠊࡿࡍ㔜㔞ẚ 10:1 ࡛ῧຍ࡚ࡋᑐ

ࠋβࡓࡗࢃࡀࡇ 㙐ࣝࢩࡢLyso PC ࡘᣢࢆຠᯝ࡞࠺ࡼࡢࡇࡋῧຍࢆ Lyso PC ࡞ࠎ

≀ྜࡘᣢࢆຠᯝࡢLyso PC (16:0)௨እ࡛ྠᵝ ࡢࡇࠊࡾ࠶࡛ࡅࡔࡢࡶࡢ C16 ࡣࡉ㛗ࡢ

ࡏࡉኚ୍ࢆᬗᙧែ⤖ࠊࡃࡁ࡚ࡵᴟࡣῧຍຠᯝࡢ Lyso PCࠋ࠸࡞࠸࡚ࡗࡘぢࡔᮍࡣ

㉁ 2⬡ྠࠊࡀࡓࡗ࠶࡛ࡢࡶࡿ 㔜⭷ࡽ F1ࢆ⬺㞳࠺࠸ࡿࡏࡉၥ㢟ࢆᘬࡁ㉳ࡋࡇ 

ኚࡀయϬྜ「ࡾࡼࢀࡑࠊࡋୖྥࡃࡁࡀὶືᛶࡢ㉁⬡࡚ࡗࡼῧຍࡢLyso PCࠋࡓ

ᛶࡀࡇࡓࡋ࡞ࡁせᅉࠋࡿࢀࡽ࠼⪄Lyso PCࡣぶỈᛶࡀ㧗ࠊࡃ⏺㠃άᛶ࡚ࡋ

⏝స࡚ࡋ㠃άᛶ⏺ࡘᣢࡢLyso PCࠊᙜึࠋࡿ࠸࡚ࢀࡽ▱ࡀࡇࡘᣢࡏేࡶ㠃୍ࡶ

ࠊβࡀࡓ࠼⪄ࡓࡏࡉኚᛶࢆ㓝⣲ࡀ ࡗ⾜ࢆᬗ⤖ᵝྠ࡚࠸⏝ࢆLyso PC㢮ఝయ ࡞ࠎ

 Lyso PC ࡀ㞳⬺ࡢF1 ࠊࡣࡇࡢࡇࠋࡓࡗ࡞ฟ᮶ࡀࡇࡿࡍゎỴࢆၥ㢟ࡢࡇࠊࡀࡓ

ᬗ⤖࡛ࡲᗘ ࡿࢀࡓಖᏳᐃࡀ㓝⣲ࠊ࡛ࡇࡑࠋࡿ࠸࡚ࡋ♧ࢆࡇ࠸࡞ࡣ࡛ࡢࡶࡿࡼ

 ᗘࢆୗࠊࡋࡋࠋࡓࡋࡇࡿࡆDMPC  Lyso PCࡢ」ྜ⬡㉁27ࠊࡣ Υࡀ⤖ᬗᙧ

ᡂࡿࡅ㝈⏺ ᗘ࡛26ࠊࡾ࠶ Υ࡛ࡣ⤖ᬗᛶࡀࡃࡁᦆࠋࡓࢀࢃ࡞᪂ࠊࡓ」ྜ⬡

㉁᳨ࡢウࠊࢁࡇࡓࡗ⾜ࢆDMPC  DLPCࢆ➼ࣔࣝΰྜࡓࡋ」ྜ⬡㉁ࡿ࠸⏝ࢆ࡛ࠊ 

⤖ᬗ ᗘ20 ࢆ Υ࡛ࡲୗࠊࡁ࡛ࡀࡇࡿࡆF1ࡀ⬡㉁ 2㔜⭷ࡾࡼ⬺㞳࠺࠸ࡿࡍၥ㢟

 ࠋࡓࡋゎỴࢆ

2.� ⤖ᬗ୰」ྜయϬࡢ㓝⣲άᛶ

స〇2 ࡓࡋḟඖ⤖ᬗ୰ࡿࢀࡲྵ」ྜయϬࠊࡀ࡞ᶵ⬟ࢆಖᣢࡓࡋ㓝⣲࡛ࡇࡿ࠶ 

࣐ࢦࣜ࢜ࠊࡋࡵࡋࢆATPຍỈศゎάᛶ ࡀయϬྜ「ࡓࡋྍ⁐ࡾࡼ2ḟඖ⤖ᬗࠊࡣ

⤖ḟඖ 2 ࡓࡋస〇ࠊࡣᐇ㦂⤖ᯝࡽࢀࡇࠋࡿ࠼࠸ࡽࡇࡓ࠸࡚ࡋಖᣢࢆឤཷᛶࣥࢩ

ᬗࡀ࡞」ྜయϬࡢ⤖ᬗ࡛ࢆࡇࡿ࠶ド᫂ࠋࡿ࠶࡛ࡢࡶࡿࡍ 

� 
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3.� 」ྜయϬ2 ࡢ ḟඖ⤖ᬗ᪉ἲ 

Ϭࡢ⤖ᬗࡀᙧᡂ୍ࠋࡿࢀࡉ⯡ⓗ⏺㠃άᛶ 

⏺㠃άᛶࡽᡂࡿ 

ᙧᡂࡓࢀࡉ」ྜయϬࡢ 

 10-15ࠊ᥈⣴⤖ᯝࡢ௳ḟඖ⤖ᬗ᮲ 2 ࡓ࠸⏝ࢆయϬྜ「ࡓࡋㄪ〇ࡽᚰ➽ 1100 gࢩ࢘

mg/mlࡓࡋ⦰⃰」ྜయϬᑐࠊࡋ⬡㉁ DMPC⬡㉁ DLPCࢆ➼࡛ࣔࣝΰྜࡓࡋ」ྜ

⬡㉁ࢆ LPR 0.245 ࠺ࡼࡿ࡞ῧຍ4ࠊࡋ Υࡢ⎔ቃୗ࡛┞㏿ᗘ 40 rpm ࡛ Ἳ❧࠸࡞ࡓ 

 Ᏻ⏣ၟᗑ〇㏱ࡕ┤ᚋࣥࣙࢩ࣮࣋ࣗ࢟ࣥࠋ࠺⾜ࢆࣥࣙࢩ࣮࣋ࣗ࢟ࣥ2㛫 ࠺ࡼ

ᯒࣥࢱ࣎  (┤ᚄ: 4 mm2.45 :ࡉ῝ࠊ mmࠊ⾲㠃✚ : 50.0 mm2)ሸࠊࡋ✵Ẽࡀධ࠸࡞ࡽ

SPECTRUM ࡢ MWCO15000 ࢬࢧ࣏⭷㏱ᯒࡽࡀ࡞ࡋព␃࠺ࡼ ♫〇 Spectra Por

㏱ᯒ⭷ࡏࡪࢆ O  DMPC,DLPC/」ྜయ ࡓࡋᑒධ୰ࣥࢱ࣎㏱ᯒࠋࡓࡋᐦ㛢࡛ࢢࣥࣜ

Ϭ/ 3 ⪅ΰྜ⁐ᾮࠊࡣணࡵㄪᩚ20 ࡋs0.1 Υ5 ࡢ mM MgCl20.5ࠊ mM 

ADP0.1ࠊ mM DTT0.02ࠊ % NaN3 55 ࡴྵࢆ mM Na-Pi ⦆⾪ᾮ (pH 8.0)ᑐ࡚ࡋ㏱ᯒࢆ

 ᠱ࡞ᆒ୍ࠊࡋࢢࣥࢸࢵ࣌ࣆࡾࡃࡗࡺ

 ⾪⦅࠸ࡋ᪥୍ᅇ᪂୍࡚ࡋ ml 33 ࡾࡓಶᙜ 1 ࣥࢱ࣎㏱ᯒࡣ✚యࡿ࠸⏝㏱ᯒࠋࡓࡗ⾜

ࡣᙧᡂࡢᬗ⤖ࡾ࠶จ㞟࡛ࡢ㓝⣲ࡣࢀࡑ

ᾮࠋࡓࡋ㏱ᯒ୰ࡣᖖ20 s0.1 Υ࠺ࡼࡿ࡞タᐃ࣮ࢱ࣮࣋ࣗ࢟ࣥࡓࢀࡉෆ

యྜ「7᪥㛫࡛ ࡣ㏱ᯒᮇ㛫ࠋࡓࡋ࠺ࡼࡃྥࢆୖࡀ✰ࡢࣥࢱ࣎㏱ᯒࠊࡋ⨨㟼

DM ࡿ࠸⏝ࢆሙྜ᭱ࠊప࡛ 10᪥ࡢ㏱

ᯒࡀᚲせࠊࡀࡿ࠸࡚ࢀࡽ࠼⪄」ྜయϬࡢሙྜ 7᪥࡛⏺㠃άᛶࢆ㝖ࡀࡇࡃ 

ฟ᮶ࠋࡿ 2ḟඖ⤖ᬗࠊࡣ㏱ᯒࣥࢱ࣎ෆࡢᗏ㔜ຊࡢᙳ㡪ࡅཷࢆ 

ࠊࡤࢀ࠶࡛࠺ࡼࡿࡍⓑ⃮ࡀయࣥࢱ࣎ࠋࡿࡲ⁀

ษ᩿ mm 2 ࢆඛࠊࡋฟࡾྲྀࡽᬗ⏝⦆⾪ᾮ⤖ࢆࣥࢱ࣎㏱ᯒࠊ㏱ᯒ⤊ᚋࠋ࠸࡞

ᐜ㔞 200 µlࡓࡋ ㏱࡚࠸⏝ࢆ≀ࡓࡋ╔࣐ࣥࢺࢵ࣌ࣆࢆࣉࢵࢳࢺࢵ࣌ࣆࣟࢡ࣐ࡢ

ᯒ⭷ࠊࡾ◚ࢆ㏱ᯒࣥࢱ࣎ᗏᅾ2 ࡿ ḟඖ⤖ᬗࡾࡃࡗࡺࢆ྾ࠋࡿྲྀ࠸ᛴ⃭྾ࡿྲྀ࠸ 

ᅽຊ2 ࡚ࡗࡼ ḟඖ⤖ᬗࡀᩋࡿࢀⅭࠊᴟຊࠋ࠺⾜ࡾࡃࡗࡺ྾ࡓࡗྲྀ࠸⤖ᬗࢳࢫࣛࣉࡣ

㟁Ꮚ㢧ࠋࡿࡍΥ࡛ಖᏑ 20 ࡛ࡲࡿࡍ⏝ࠊࡋࢆࢀධࡾࡃࡗࡺࣈ࣮ࣗࢳ〇ヨ㦂ࢡࢵ

ᚤ㙾࡛ほᐹࡿࡍሙྜࠊ㔠ᒓᰁⰍᾮ࡛ᰁⰍࢆࡍᚲせࡢࡇࠊࡀࡿ࠶ࡀሙྜ20 ࠊ Υ࡛ಖ 

Ꮡࡓࡋ⤖ᬗ⁐ᾮࡾྲྀࢆฟࡋ⁐ᾮ10 ࢆ ᅇ

⃮ᾮࡓࡋᚋ3 ࡛ࢺࢵ࣌ࣆࣟࢡ࣐ࠊ µlྲྀࠊࡾぶỈฎ⌮ࢆࡓࡗ㈞ࢆ⭷࣮ࣥ࣎࢝ࡓࡋ

ᾮ⁐ࡃ㍍࡚࠸⏝ࢆℐ⣬ࡢADVANTEC♫〇 No.2 ᚋ⛊ 15ࠋࡓࡏ㟼ࢻࢵࣜࢢ

2 ࡢయϬྜ「ࠋࡓࡗྲྀ࠸྾ࢆ ḟඖ⤖ᬗࡣ㠀ᖖ15 ࡵࡓ࠸ࡁ ⛊௨ୖୖࡢ⭷࣮ࣥ࣎࢝

 ࠋࡿࡍὀព࡛ࡢ࠸࡞ฟ᮶ࡀࡇࡿࡍ㟁Ꮚ㢧ᚤ㙾࡛ほᐹࠊࢀ◚ࡀ⭷࣮ࣥ࣎࢝ࡿࡏ

ℐ⣬࡛྾ྠࡓࡗྲྀ࠸ࠊ⤖ᬗࡀ10 ࠺ࡼ࠸࡞ mM Hepes-Na ⦆⾪ᾮ (pH 7.8) 

 ࡕ┤ࠊᚋࡢࡑࠋࡍὶ࠸ὙࢆNa-Pi ⦆⾪ᾮ (pH 8.0) ࡓ࠸⏝ᬗ⤖ࡋὙίࢆࢻࢵࣜࢢ࡛

࢘㓑㓟࡛➃ࡢℐ⣬ࠊࡋࢆ㛫ᰁⰍ⛊50ࠋࡓࡏࡢ µl 3 ࢻࢵࣜࢢࢆࣝࢽࣛ࢘㓑㓟% 2 
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㟁Ꮚ㢧ᚤ㙾࡛ࢆࡢࡶࡓࡏࡉ⇱ෆ࡛࣮ࢱ࣮ࢣࢩࢹ᪥㛫༙ࡾྲྀ࠸྾ࡎࡉṧࢆࣝࢽࣛ

ほᐹࠋࡓࡋᚓࡓࢀࡽ㧗࠸ ATP ຍỈศゎάᛶࡢࡑࠊࡋ♧ࢆ㓝⣲άᛶࣥࢩ࣐ࢦࣜ࢜ࡣ

 ࡉド᫂ࡀࡇࡿ࠶ᬗ࡛⤖ࡢయϬྜ「ࡓࡋಖᣢࢆ⬟ᶵ࡞ࠊⅭࡓࡅཷࢆ㜼ᐖ࡚ࡗࡼ

ࠋࡓࢀ

ᮏ◊✲ࡣ⥴ゝࡶグࡓࡋ㏻ࠊࡾ࡞」ྜయϬࡢ⤖ᬗࡣస〇ࡀࡇࡿࡍฟ᮶࠸࡞

 ⬟ྍࡢ㟁Ꮚ⥺⤖ᬗᵓ㐀ゎᯒ2ḟඖ⤖ᬗࠊࡾ࠶ᯝ࡛⤖ࡍそࢆ᪉࠼⪄ࡢᚑ᮶࠺࠸

ᛶࠋࡿ࠶࡛ࡢࡶࡍ♧ࢆ 

➨➨㝣⠇� ⤖ㄽ 

3-6.� ⤖ㄽ 

� ➨ཧ❶ࡿࡅ⤖ㄽࢩ࢘ࠊࡣᚰ➽ࣜࢻࣥࢥࢺ࣑」ྜయϬ2 ࡢ ḟඖ⤖ᬗࡀసᡂྍ⬟

ࠋࡿ࠶࡛ࡇࡓࡋᐇドࢆࡇࡿ࠶࡛
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  ࡵࡲࡲ

� ᮏ◊✲ࢩ࢘ࠊ࡚࠸ᚰ➽ࡽࣜࢻࣥࢥࢺ࣑」ྜయϬࡢ⢭〇ἲࠊ⢭〇㓝⣲ࢆ 

㧗⣧ᗘୟࡓࡋ㐺2ḟඖ⤖ᬗࠊᯝ⤖ࡢࡑࠋࡓࡗ⾜ࢆウ᳨ࡢ2ḟඖ⤖ᬗ᪉ἲ ࡓ࠸⏝

 ࡇࡿࡍ㛤Ⓨࢆ᪉ἲࡢⅭࡿࡍ⢭〇ࢆ㓝⣲ᶆရࡿࡍ᭷ࢆ㓝⣲άᛶ࣭㜼ᐖឤཷᛶ࠸㧗ࡘ

 ࡛ࡀࡇ࠺⾜ࢆ᥈⣴ࡢ௳ḟඖ⤖ᬗ᮲ 2 ࡚ࡵ࡛ึࡿ࠸⏝ࢆᶆရࡢࡇ ࠋࡓࡋᡂຌ

ࡢᬗ⤖ࡿࡍᑐయϬྜ「ࠊࡣࡇࡢࡇࠋࡓࡋᡂຌࡇࡿࡍసᡂࢆ2ḟඖ⤖ᬗࠊࡁ

ྍ⬟ᛶࢆ᳨ウࠋࡿ࠶࡛ࡢࡶࡿࡏࡉ
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ᐇ㦂ࡢᡭ㡰ࢆぶษ 

ㅰㅰ㎡

ᮏ◊✲ࡈࠊࡾࡓ࠶࠺⾜ࢆᣦᑟ࣭ࡈ㠴᧡ࢆ㈷ࡓࡋࡲࡾඛ⏕᪉ࠊㅖඛ㍮᪉ࠊ㛵ಀ⪅ࡢ 

ⓙᵝࡢࡇሙ࠾ࢆࠋࡍࡲࡆୖࡋ⏦♩࠾࡚ࡋࡾ

ᕝಙஓྜྷࡓࡗࡉࡔࡃ࡚࠼ࢆ࣐࣮ࢸ✲◊ࡿ࠶ࡢ࠸ࡀࡾࡸ㠀ᖖࠊ㔜せ࡛࠺ࡼࡢࡇ

≉௵ᩍᤵࡃ῝ࡣឤㅰࠋࡍࡲࡋࡓ࠸ᐇ㦂⤖ᯝ࡚࠸ࡘඛ⏕࠸⇕㆟ㄽࢆࡇࡓࡏࢃ 

 ࡾ࠶ࡁࡔࡓ࠸ᣦᑟࡈᑀࠋࡓࡋయ㦂࡛࡞⩏᭷ព㠀ᖖࡶ࡛࡞ࡢᏛ⏕⏕άࡢ⚾ࠊࡣ

 ࠋࡓࡋࡲ࠸ࡊࡈ࠺ࡀ

2ᖺ㛫࠸▷࠺࠸ᮇ㛫࡛ࠊࡀࡓࡋᣦᑟᩍᤵࡈ࡛➼࣮ࢼ࣑ࢭ࡚ࡋᣦᑟࠊࡁࡔࡓ࠸◊

 ࠋࡍࡲࡋࡓ࠸ឤㅰࡃ῝ࡣᇛᐅႹᩍᤵࡓࡗࡉࡔࡃ࡚ࡏࡉ⥆⥅ࢆ࣐࣮ࢸ✲

ᐇ㦂ࠊཬࡧᮏㄽᩥࡢᇳ➹ࠊሗ࿌ࠊ㞧ㄅࠊ࡚࡚࠸࠾⣽ࡈࡸᣦᑟࡁࡔࡓ࠸ 

㒔Ꮫ⏕⛉Ꮫ⣔ࢫࣃࣜࣕ࢟ᙧᡂࣘ 

⸩ఀࠊ᭶ཎ Ṋ≉௵ᩍᤵࡓࡋࡲ  (᪂⃝)ᜤᏊᩍᤵᚰࠋࡍࡲࡆୖࡋ⏦♩࠾ࡽඛ 

 㡹ᙇ࠺ࡼࡿࡏάࢆࡇࡔࢇᏛࡣᚋࠊࡧᏛࢆࡇࡢࡃከ㠀ᖖ࡚ࡗᅾࡃ㏆ࡢ⏕

࠸ᣦᑟࡈᑀࠊࡾࡓ࠶⏝ࡢ㟁Ꮚ㢧ᚤ㙾ࠋࡓࡋࡲ࠸ࡊࡈ࠺ࡀࡾ࠶4ᖺ㛫ࠋࡍࡲࡾ

 ࡲࡋࡓ࠸ឤㅰࡽᚰࡣࢇࡉす㔝᭷㔛ࠊᐑ⃝῟ኵᩍᤵࡢ⣽⬊ᵓ㐀Ꮫศ㔝ࡓࡋࡲࡁࡔࡓ

 ࠋࡓࡋࡲ࠸ࡊࡈ࠺ࡀࡾ࠶ࠋࡍ

4ᖺ㛫ࡢ༤ኈᚋᮇㄢ⛬3 ࡚࠸ᖺ㛫ࠊࡣி

ࡢ࡚ࡍ⚾࠸࡞ࡽ▱ࡶఱࡃࠋࡓࡋࡲࡾࢃᦠ✲◊࡚ࡋဨ୍ࡢ◊࣮ࣞࢤࡢࢺࢵࢽ

࣭ᑀᩍࡓࡋࡲࡁࡔࡓ࠸࡚࠼ Christoph Gerle ≉௵ᩍᤵࡣᚰࡼ 

 ࣃࣜࣕ࢟ி㒔Ꮫ⏕⛉Ꮫ⣔ࠊࡓࡲࠋࡓࡋࡲ࠸ࡊࡈ࠺ࡀࡾ࠶ࠋࡍࡲࡋࡓ࠸ឤㅰࡾ

 ࠋࡍࡲࡋࡓ࠸ឤㅰࡶⓙᵝࡢࢺࢵࢽࣘࢫ

ぢ⚾ࡢࡎࡽ▱ࡎ㟁Ꮚ㢧ᚤ㙾ࡢ⏝ࢆチྍࡈࠊࡓࡲࠊࡾࡉࡔࡃ࡚ࡋᣦᑟ࡚ࡋୗࡗࡉ 

 ࡽᚰࡣⓙᵝࡢᐊ✲◊ྜྷ⸩ࠊᑑ≉௵ᩍᤵ୍㇂ࠊዲ๎≉௵ᩍᤵྜྷ⸩ࡢᒇᏛྂྡࡓ

ឤㅰࠋࡓࡋࡲ࠸ࡊࡈ࠺ࡀࡾ࠶ࠋࡍࡲࡋࡓ࠸ 

㟁Ꮚ㢧ᚤ㙾ࡢ᧯సࡸಟ⌮ࡶࡘ࠸࡛࡞㏞ᝨࡓࡗࡲࡋ࡚ࡅࢆ᪥ᮏ㟁Ꮚࡢᑠᯘ୍⨾

≉ᐃ◊✲ဨࡣᚰ࠾ࡾࡼルࠋࡍࡲࡆୖࡋ⏦ࡧ

ᐇ㦂ࡢᴦࡢ✲◊ࠊࡸࡉࡋ㞴ࡽ୍ࢆ࡞ࡉࡋᩍ࡚࠼ୗࡓࡗࡉ᪥ᮏᏛᏛ㝔⌮ᕤᏛ

 ࠋࡓࡋࡲ࠸ࡊࡈ࠺ࡀࡾ࠶ᮏᙜࠋࡍࡲࡋឤㅰ≉ࡣ㛗⏣ὒᏊᩍᤵࡢ⛉✲◊

ࡓࡗࡉࡔࡃ࡚ࡗྜࡁ㢦࡛➗ࡶࡘ࠸㞧ㄯࡢ⚾ࠊࡾࡉࡔࡃ࡚ࡅࢆኌࡃࡋඃࡶࡘ࠸

▼㔝ᜤᏊࢇࡉᚰࡽឤㅰࠋࡓࡋࡲ࠸ࡊࡈ࠺ࡀࡾ࠶ࠋࡍࡲࡋ 
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ྠᮇࡢᘬ⏣⌮ⱥ༤ኈࡧࡽ࡞ࠊ▮㔝┤ᓠ༤ኈࠊࡣᐇ㦂࡛┤᥋࠾ୡヰࡣࡇࡿ࡞

 ࡋࡲࡾ࡞ኚຮᙉࠊࡁࡔࡓ࠸ࢆពぢ࡞㈗㔜ᗘࡢ➼࣮ࢼ࣑ࢭࠊࡀࡓࡋ࡛ࢇࡏࡲࡾ࠶

ࠋࡓࡋࡲ࠸ࡊࡈ࠺ࡀࡾ࠶ࠋࡓ

᭱ᚋ࡛ࡲࢀࡇࠊࡀࡓࡋࡲࡾ࡞ఱࡢⱞゝࠊࡎࡏࡶ㐲ࡃ㞳ࡽࢁࡇࡓࢀᬮࡃぢᏲ

 ࠺ࡀࡾ࠶ᮏᙜࠋࡍࡲࡋࡓ࠸ឤㅰࡃ῝ᐙ᪘ࡓࢀࡃ࡚ࡋࡲບࠊࡅ⥆ࡋᢲࢆ୰⫼ࠊࡾ

 ࠋࡓࡋࡲ࠸ࡊࡈ
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㘓 

(ϸ) 㟁Ꮚ㢧ᚤ㙾ࡢ࠸᪉ 

1: ᮅ㟁※ࢆධࡁࡿࢀ 

 ࠋࡿࡍ㑅ᢥࢆ␒

ձ  ࠋࡿࢀධࢆ※㟁ࡢ࣮ࢱࢽࣔ

ղ 1 ␒5ࠊࡣࡓࡲ

ճ ࢆ࣒ࣛࢢࣟࣉධࠋࡿࢀ  

ϸ� Htset_80 


Ϲ� ht ࢆࣥࢱ࣎ᢲࠋࡍ  

Ϻ� load_ht
 

ϻ  run 


 ࠋ㑅ᢥࢆ

ϼ� 80 


Ͻ� 100 


Ͼ� 1 


Ͽ 㐌᫂ࡢࡅሙྜ 20, ⤊ࡢࡾࢃሙ 5 


մ ᚅࡿ࠸࡚ࡗ㛫ࢆࣥࢥࢯࣃ㉳ື EMguest


յ 㟁ᅽᏳᐃᚋࢆࣥࢱ࣎ࢺ࣓ࣥࣛࣇᢲࠋࡍ㟁Ꮚ⥺ࡀⓎᑕࠋࡿࢀࡉ 

2: 㐣ࡂ࠺ሙྜ 

� ᮅ㟁※ࢆධྠࡁࡿࢀᵝࠋࡇ࠺⾜  

3: ᭱ᚋ㟁※ࢆษ᩿ࡿࡍሙྜ  

ձ ಸ⋡800 ࢆ ಸ࡛ࡲⴠࠋࡍ  

ղ ᫂ࢆࡉࡿⴠࠋࡍ 

ճ  1 ࢆ࣮ࢱࢡࣞࢭ࣐ࣥࢫ࣮࣌ࢫᡠࠋࡍ 

մ ࣥࣙࢩࢪ࣏࣐ࣥࢫ࣮࣌ࢫ X, Y  0 ࢆᡠࠋࡍ 

յ ᑐ≀ࣞࣥྑࢆࡾ⤠ࢬഃࡿࡍ࠺ࡑࠋࡿࡍእࠋࡿࢀ 

ն  ࠋࡿ࡞ࡃ࡞ࢀࡉⓎᑕࡀ⥺㟁Ꮚࠋࡍᢲࢆࣥࢱ࣎ࢺ࣓ࣥࣛࣇ

շ ࢆ࣮ࢲࣝ࣍ࢻࢵࣜࢢእࢆࢻࢵࣜࢢࠊࡋฟࠋࡍ 

ո  ࠋࡍࡶ㟁Ꮚ㢧ᚤ㙾ᮏయࢆ࣮ࢲࣝ࣍ࢻࢵࣜࢢࠊᚋࡓࡋእࢆࢻࢵࣜࢢ

չ Ht ࠋࡍ࠾ࢆࣥࢱ࣎ 

պ ࡢࢻ࣮࣮࣎࢟ F7ࢆࣥࢱ࣎ᢲ࣓ࣥࡢ࣮ࢱࢽࣔࡋ⏬㠃ࠋࡍࡶ
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ջ  ࠋࡿࡍษ᩿ࢆ※㟁ࡢ࣮ࢱࢽࣔ

 ሙྜࡿࢀධ㟁Ꮚ㢧ᚤ㙾ࢆ࣮ࢲࣝ࣍ࢻࢵࣜࢢ :4

୍ẁ㝵እࡽࡓࢀᕥᅇ㌿ࡵࡓࡢࡑࠋࡿࡏࡉᡭࡢ⨨ࠋࡇࡿ࠼⪄ࡾࡗࡋࢆ

㟁Ꮚ㢧ᚤ㙾ࢆ❆ࡢඖᡠࠋࡍ

ࠋࡿࡍㄪ⠇ࢆࢻ࣮ࣆࢫࡢ࣮ࢲࣝ࣍ࢻࢵࣜࢢࠊ࠸ࢆᕥᡭࡁ

࡛㟁Ꮚ㢧ᚤ㙾ᮏయࢆᢚࠋࡇࡿ࠼ 

ձ  ࡇࠋࡿࡍ⥆᥋ẁ㝵㟁Ꮚ㢧ᚤ㙾ᮏయ୍ࢆ࣮ࢲࣝ࣍ࢻࢵࣜࢢࡓࢀධࢆࢻࢵࣜࢢ

 ࠋࡇࡘᣢࡾࡗࡋࢆ࣮ࢲࣝ࣍ࢻࢵࣜࢢ࡛ࡲࡿࡍࢺ࣮ࢱࢫࡀࣉ࣏ࣥ✵┿ࡁࡢ

ղ ✺㉳ࣉ࣏ࣥ✵┿ࡀᮏయࡢ㟁※ࢆධࣥࣛࡢ⥳ࠋࡿࢀࡉࢺ࣮ࢱࢫࡀ࣒࣮ࣗ࢟ࣂࢀ 

 Ⅼⅉࡀࣉ

ճ ┿✵ࡀ࣒࣮ࣗ࢟ࣂࡿ࡞⮬ືⓗṆࡀࣉࣥࣛࡢ⥳ࠋᾘࡿ࠼ 

մ ⥳ࡀࣉࣥࣛࡢᾘࢆࡇࡓ࠼☜ㄆྑࢆ࣮ࢲࣝ࣍ࢻࢵࣜࢢࡽ࡚ࡋഃᅇࠋࡍ 

յ ྑࢆ࣮ࢲࣝ࣍ࢻࢵࣜࢢᅇ㌿ࡓࡏࡉᚋࡽࡉࠊ㟁Ꮚ㢧ᚤ㙾ᮏయධࡢࡇࠋࡿࢀ 

 ሙྜࡍእࡽ㟁Ꮚ㢧ᚤ㙾ࢆ࣮ࢲࣝ࣍ࢻࢵࣜࢢ :5

ձ ࡾࡗࡋࢆ࣮ࢲࣝ࣍ࢻࢵࣜࢢᣢࡾࡃࡗࡺࡕእ࠺ࡶࠊࡁࡢࡇࠋࡍ∦᪉ࡢᡭ

ղ 

ճ ᅇ㌿ࡽࡓࡏࡉࡁࡢࡇࠋࡍࡎࡣࢆ࣮ࢲࣝ࣍ࢻࢵࣜࢢẼᣢᚤㄪᩚࡿࡏࡉ 

 ࠋࡇ࠺⾜ࡾࡃࡗࡺࠋ࠸ࡼ

 ሙྜࡿࡍࢆࢻࢵࣜࢢ :6

ձ ಸ⋡800 ࢆ ಸୗࠋࡿࡆ 

ղ ᫂ࢆࡉࡿୗࠋࡿࡆ 

ճ  2 ࡽ 1 ࢆ࣮ࢱࢡࣞࢭ࣐ࣥࢫ࣮࣌ࢫኚ᭦ࠋࡿࡍ 

7: ㏵୰࡛Ṇࡿࡵሙྜ 

ձ ಸ⋡800 ࢆ ಸୗࠋࡿࡆ 

ղ ᫂ࢆࡉࡿୗࠋࡿࡆ 

ճ ࢆࣥࢱ࣎ࢺ࣓ࣥࣛࣇᢲࠋࡍ 

մ Htࢆࣥࢱ࣎ᢲࡢࡇࠋࡍ㡰␒ࡀ㔜せࠋ 

յ

8: CLࡢ㍈ྜࡏࢃ 

ձ MAG2 ࢆࢳࢵࢫᢲࡋᇶᮏಸ⋡ 5kタᐃࠋࡿࡍ 

ղ Spot size 1 ࢆࢬࢧࢺࢵ࣏ࢫ࡛ࢳࢵࢫタᐃࠋࡿࡍ 

ճ Brightness ࢆࡳࡲࡘィ୍ᮼࡾࡼィࢆ᪉ྥᅇࡃࡺ࡚ࡋ⺯ගᯈୖ᫂ 

166 




( ) 

wobbler ‘gun align’

’gun shift’ def Y ’gun align’

def X ’gun tilt’

def X, Y

’gun shift’ def X, Y 

’gun tilt’ 

def X, Y 

Spot size spot size 5 Brightness 

shift X, Y 

 Spot size 1 ’gun shift’ def X, Y spot size 5 shift X, Y 

’gun tilt’ def 

Spot size brightness

9:  

10 

2 3 

Wobbler HT 

BRT.tilt DEF X, Y 

Wobbler HT 
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10: CL

5k MAG2 

Spot size 2 3 

Brightness 

beam 

 ‘cond stig’ def X, Y

brightness 

def X, Y 

11:  

’gun tilt’ def

’gun tilt’ def

spot size 

 ( 800 ) 

brightness 

 Filament 

LaB6 ’bias mode’ gun bias 

Filament

brightness

’cond stig’ def X, Y

 ’gun tilt’ def X, 

Y

168  



filament 

 filament side spot 

center spot  ( )

3-3-2.
Jeol jem 200 

V5

RP 

DP 

V2

1:  

V1 V3 V5 V2 

V4

V4

2:  

V2

V3

READY 

V3

V2

V1

2 1 10-3 
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 1 10-4

3:  

2 

4:  

V1

V4

V4

V2

V3

READY 

V3

V2

DP 5 

V2

RP 

V5

Jeol jem420T 

 RP 

’’Rough’’

’’Fine’’

170  



 Fine DP

20 30

20 30 

 20 30 ’’VENT’’

’’EVAC’’ 30 

1 10-4

‘’Heat’’ 2 

High 

’’stop off’’ 10 

3-3-3.

 

 

 

 Low 2 
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ᙉ20 ࡣࡉA ࠋࡿࡍ 

ն ຍ⇕5 ࢆ ศࢻࢵ࣮࡛ࣟࣥ࣎࢝ࡇࡿࡍ࠸ࡽࡃෆࠋࡿ࡞ࡃ࡞ࡰࡀࢫ࢞ࡢ 

շ ࢆࢳࢵࢫࡢ࣮ࢱ࣮ࣄษࠋࡿ┿✵ᗘࡀ Low ࢆ 1 ࡢୗᅇ30 ࡛ࡲࡿ ศ⛬ᚅࠋࡘ 

ո ┿✵ᗘࡀᏳᐃࢆࢳࢵࢫ࣮ࢱ࣮ࣄࡽࡓࡋධࢀຍ⇕ࢆ㛤ጞࠋࡿࡍ 

չ 20A ࡢࢻࢵ࣮ࣟࣥ࣎࢝ࡆୖ࡛ࡲ ᗘ୍ࡀᐃ࡛ࡲࡿ࡞ᚅࠋࡘ 

պ ࡢࡑᚋ 30A ࠋࡿࡆୖࡾࡃࡗࡺ࡛ࡲ 

ջ య 25A ࡀ࣮࡛ࣥ࣎࢝Ⓨࢆጞࠋࡿࡵ 

ռ ᚲせ࡞ཌ࡛ࢁࡇࡓࡗ࡞ࡉຍ⇕ࢆṆࠋࡿࡵ

᪉ἲ㸫ղ 

ձ ࢆࢻࢵ࣮ࣟࣥ࣎࢝ᅗ࠺ࡼࡢ๐ࠋࡿ௨ୗ࠺ࡼࡢ๐ࡾฟࡓࡋሙྜࠊ╔㧗 

 ᝏࡀⅭ┿✵ᗘࡢࡑࠋࡿࢀࡉᨺฟࡀࢫ࢞ࡢࡃከࡾࡼࢀࡑࠊࡋᚲせࢆ㟁ὶ࠸

 ሙྜࡓࡋฟࡾ᪉ἲ࡛๐ࡢࡇࠊࡋࡋࠋ࠸ࡍࡸࡋ⏕Ⓨࡀࢡ࣮ࣃࢫࡃࡍࡸࡾ࡞ࡃ

ᩘᅇ⏝࡛ࡿࡁⅬࠋࡿ࠶ࡀ 

㑅ᢥղ ࢆ࣐࢝  ࡢࡶ࠸࡞࠼ぢࡢࢢࣥࣜࣥࢺ࣮ࣗࢽࡋ㏱ගࠊࡣ࣐࢝ࠋࡿࡍ

 ࠋࡿࢀࡽ࠼⪄࠸Ⰻࡀ

ճ ࢆ࣐࢝ࡢࢺࢵࢭࣥࣆࠊࡣࡁࡿඛ➃୍࡚ࡏࢃྜࢆẼࠋࡿ 

մ ࢆ✵┿ࡏࡪࢆ࣮ࣕࢪࣝ࣋ᘬࠋࡃ 

յ ┿✵ᗘࡀ Low ࢆ 2 ࡢୗᅇࢆࢳࢵࢫࡢ࣮ࢱ࣮ࣄࡽࡓࡗධࢀຍ⇕ࠋࡿࡍ㟁ὶࡢ 

ᙉ25 ࡣࡉA ࠋࡿࡍ 

ն ຍ⇕10-15 ࢆ ศࢻࢵ࣮࡛ࣟࣥ࣎࢝ࡇࡿࡍ࠸ࡽࡃෆࠋࡿ࡞ࡃ࡞ࡰࡀࢫ࢞ࡢ 

շ ࢆࢳࢵࢫࡢ࣮ࢱ࣮ࣄษࠋࡿ┿✵ᗘࡀ Low ࢆ 1 ࡢୗᅇ30 ࡛ࡲࡿ ศ⛬ᚅࠋࡘ 

ո ┿✵ᗘࡀᏳᐃࢆࢳࢵࢫ࣮ࢱ࣮ࣄࡽࡓࡋධࢀຍ⇕ࢆ㛤ጞࠋࡿࡍ 

չ 20A ࡢࢻࢵ࣮ࣟࣥ࣎࢝ࡆୖ࡛ࡲ ᗘ୍ࡀᐃ࡛ࡲࡿ࡞ᚅࠋࡘ 

պ ࡢࡑᚋ 35A ࠋࡿࡆୖࡾࡃࡗࡺ࡛ࡲ 

ջ య 34A ࡀ࣮࡛ࣥ࣎࢝Ⓨࢆጞࠋࡿࡵ 

ռ ᚲせ࡞ཌ࡛ࢁࡇࡓࡗ࡞ࡉຍ⇕ࢆṆࠋࡿࡵ
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