
ከᩘࢻࢳࣉ࣌⣔ࡢ඲ཎᏊMDࡓ࠸⏝ࢆࣥࣙࢩ࣮࣑ࣞࣗࢩจ㞟ࡢゎᯒ 

㯮⏣◊✲ᐊ Ꮫ⡠␒ྕ㸸09251024 బ⸨ 㞝ኈ 

࠙⫼ᬒ࣭┠ⓗ  ࠚ
࡚࡭ࡍࡣࡽࢀࡇࠊࡾ࠾࡚ࢀࡽ࠼⪄࡜ࡿࡇ㉳࡚ࡗࡼ࡟ศᕸࡢࡽࢀࡑࠊ㟁Ⲵ⥲ࠊ␯ỈᛶࡸぶỈᛶࡣจ㞟ࡢࢻࢳࣉ࣌

ຊᏛ⇕ࡢศᏊจ㞟య࡟ⓗ⯡୍ࡣࣥࣙࢩ࣮࣑ࣞࣗࢩศᏊືຊᏛࡓ࠸⏝࡛✲◊ᮏࠋࡿ࠶ᛶ㉁࡛ࡿࡼ࡟㢮✀ࡢ㓟ࣀ࣑࢔

㔞ࡸ᫬㛫౫Ꮡᛶ࡟㛵ࡿࡍᵝ࡞ࠎ≀⌮㔞ࢆศᏊ࡛ࣞࣝ࣋ィ⟬࡛ࢆ࣒ࢬࢽ࣓࢝ࠊࡁ⿬௜ࡿࡅᙺ๭࡛⏝ࡿࢀࡽ࠸ሙྜࡀ

ከࠊࡋ࠿ࡋࠋ࠸⌧ᅾࠊจ㞟ࢻ࢖࣑ࣟ࢔ࡣࣥࣙࢩ࣮࣑ࣞࣗࢩࡢᙧᡂࡢゎᯒࡀ୰ᚰ࡛ࠊ㠀ࢻ࢖࣑ࣟ࢔⣔࡛ࡢจ㞟ࡢゎ

ᯒ࡟↔Ⅼࡣࣥࣙࢩ࣮࣑ࣞࣗࢩࡓࡗ⤠ࢆᴟ࡚ࡵᑡ࡛ࡇࡑࠋ࠸࡞ᮏ◊✲࡛ࡣศᏊືຊᏛ࢔࡚࠸⏝ࢆࣥࣙࢩ࣮࣑ࣞࣗࢩ

 ࠋࡓࡋ࡜ⓗ┠ࢆ࡜ࡇࡿࡍゎᯒ࡛ࣝ࣋ศᏊࣞࢆᙳ㡪ࡍࡰཬ࡟จ㞟ࡀ࠸㐪ࡢᛶ㉁ࡿࡼ࡟㢮✀ࡢ㓟ࣀ࣑

࠙◊✲᪉ἲ  ࠚ
 10 ✀㢮ࣀ࣑࢔ࡢ㓟ࣀ࣑࢔ࡢ୍ྠࠊ࡚࠸⏝ࢆ㓟 4 ṧᇶ࡛ᵓᡂࢆࣝࢹࣔࡢࢻࢳࣉ࣌ࡿࢀࡉసᡂ࣑࢔ࡓ࠸⏝ࠋࡓࡋ

ࢩ࢖ࣟࢯ࢖ࡿ࠶㓟࡛ࣀ࣑࢔ࡢ␯Ỉᛶࠊࡣ㓟ࣀ  ࣥ (Ile)ࣜࣂࠊ  ࣥ (Val)ࢽࣛ࢔ࠊ  ࣥ (Ala)ࠊⲴ㟁ഃ㙐ࢽࢠࣝ࢔ࡘࡶࢆ  ࣥ

(Arg)ࢩࣜࠊ  ࣥ (Lys)ࣥࢠࣛࣃࢫ࢔ࠊ㓟 (Asp)࣑ࣥࢱࣝࢢࠊ㓟 (Glu)ࠊぶỈᛶ࡛ࢠࣛࣃࢫ࢔ࡿ࠶  ࣥ (Asn)࣑ࢱࣝࢢࠊ

 ࣥ (Gln)ࣜࢭࠊ  ࣥ (Ser) ࡛ࠋࡿ࠶ഃ㙐ࡢ㐪ࡿࡼ࡟࠸⤖ᯝࢆヲ⣽࡟ゎᯒࠊࡵࡓࡿࡍ඲࡚ࠊ࡚࠸࠾࡟ࢻࢳࣉ࣌ࣝࢹࣔࡢ

C ᮎ➃ࢆ N-࣓ ࣑ࣗࢩࡿࡅ࠾࡟ࢻࢳࣉ࣌ࣝࢹࣔྛࠋࡓࡋࡃ࡞ࢆᙳ㡪ࡢ୺㙐㟁Ⲵࠊࡋ໬ࣝࢳࢭ࢔ࢆ➃N ᮎࠊ໬ࣝࢳ

⨨ศᏊ㓄 27 ࢆࢻࢳࣉ࣌ࣝࢹࣔࡢ୍ྠࠊ࡟ෆࡢ᪉య❧ࡢ ㎶⣙ 104 ύ 1 ࡀࡉࡁ኱ࡢ⣔ࠊࡣᮇᵓ㐀ึࡢࣥࣙࢩ࣮ࣞ

ࠊ⃰ࡋࡓ‶ࢆỈศᏊ࡛⣔ࡢ⣙ 30,000ಶࠊ࡚ࡋࡑࠋࡓࡋ ᗘࢆ⣙ 40 mM ࠋࡓࡋ࡜ィ⟬ࡣศᏊືຊᏛࣙࢩ࣮࣑ࣞࣗࢩ

ྍࡀ㧗㏿໬ࡾࡼ࡟࡜ࡇࡿࡍ⏝౑ࢆ MD-GRAPE3 ࡢ໬Ꮫ◊✲ᡤ⌮ࠊ࠸⏝ࢆ Amber 8.0 ࢪ࣮ࢣࢵࣃ࢔࢙࢘ࢺࣇࢯࣥ

ࣝࢹ඲ࣔࠊࡋタᐃࢆ௳᮲ࡢ ᗘ 300 K ࠊẼᅽ 1 atomࠋࡓࡗ࡞࡜⬟  ࡛ ฟຊ࡟࡜ࡈ⛊ࣀࢼ 0.01ࠋࡓࡗ⾜⛊ࣀࢼ 50

ࢳࣉ࣌ྛࠊ࡟ࡵࡓࡿࡍホ౯ࢆจ㞟ᛶࡢࢻࢳࣉ࣌ࠊࡓࡲࠋࡓࡗ⾜ࢆゎᯒࡽ࠿ࢱ࣮ࢹ࣮ࢠࣝࢿ࢚ࡸࢱ࣮ࢹᗙᶆࡿࢀࡉ

ࡋ⩏ᐃ࡜࣮ࢱࢫࣛࢡࢆࢻࢳࣉ࣌ࡿ࠶࡟࿴௨ෆࡢvan der Waals ༙ᚄࡢཎᏊࡢ࠸஫ࡀ㊥㞳ࡢ࢔࣌ཎᏊ࠸㏆ࡶ᭱ࡢ㛫ࢻ

 ࠋࡓ

࠙⤖ᯝ࣭⪃ᐹ  ࠚ
ྛ᫬㛫ࢆ࣮ࢱࢫࣛࢡ) ࢬ࢖ࢧ࣮ࢱࢫࣛࢡ࡚࠸࠾࡟ᙧᡂࡢࢻࢳࣉ࣌ࡿ࠸࡚ࡋ  Ileࠊࢁࡇ࡜ࡓࡋ໬ࣇࣛࢢࢆᖹᆒࡢ ᩘ(

࡟ GlnࠊAsnࠊValࠊ࡛࠸ḟࠋࡓࢀࡽぢࡀจ㞟ᛶ࠸㧗ࠊࡽ࠿࡜ࡇࡓ࠸࡚ࡋᙧᡂࢆ࣮ࢱࢫࣛࢡࡢࡘ 1 ࡀࢻࢳࣉ࣌඲ࡣ

ࠋ୍ࡓࡁ࡛ࡀ࡜ࡇࡿࡍㄆ☜ࢆจ㞟ᛶࠊࡀࡿ࠶ࡣኚື࡟ࡉࡁ኱ࡶ࡚࠸࠾ ᪉ࠊArgࠊLysࠊAspࠊGlu ࡛ࡣ⤊ጞจ㞟ࡀ☜

ㄆࠊࡎࢀࡉ␯Ỉᛶ࡜㟁Ⲵࡀཬࡍࡰᙳ㡪ࡓࢀ⌧ࡀ⤖ᯝࡓࡗ࡞࡜ (ᅗ12ࠊ) ࠊࡋ࠿ࡋࠋ㟁Ⲵ࠸࡞ࡓࡶࢆ Serࠊຍ࡚࠼␯

Ỉᛶ࡛ࡿ࠶ࡶ Ala ࡛ࡣᑠࢆ࣮ࢱࢫࣛࢡ࡞ࡉᙧᡂࠊࡾ࠾࡚ࡋᙉ࠸จ㞟ᛶࡣ☜ㄆ࡛ࠊࡽ࠿࡜ࡇࡢࡇࠋࡓࡗ࠿࡞ࡁ␯Ỉ

ᛶࡸぶỈᛶࠊ㟁ⲴࡢᏑᅾࡃ࡞࡛ࡅࡔഃ㙐ࡢ኱ࡶࡉࡁจ㞟࡟ᙳ㡪ࢆཬࡀ࡜ࡇࡿ࠸࡚ࡋࡰ♧၀ࠋࡓࢀࡉ 

ࠋྛࡓࡗ⾜ࢆゎᯒࡢᙧᡂ⤒㊰࣮ࢱࢫࣛࢡ࡚࠸⏝ࢆࣝࢹࣔࣇࢥ࣐ࣝࡿ࠶࡛ࡘ 1 ࡢࣝࢹࣔ⋠☜ ࡢ㓟࡛ከ㔞యࣀ࣑࢔

๭ྜ࡟ᕪࡀぢ࡟≉ࠊࢀࡽ Gln ࡛ࡣ༢㔞య2 ࡽ࠿ 㔞యࢆᙧᡂ3 ࡶࡾࡼࡿࡍ 㔞యࢆᙧᡂࡿࡍ๭ྜࡀ㧗ࠊࡓࡲࠋࡓࡗ࠿

IleࠊValࠊAsn ࡚࠸࠾࡟ከ㔞యࡢᙧᡂࡀ᪩࠸ẁ㝵࡛ぢࠊࡽ࠿࡜ࡇࡓࢀࡽᙧᡂ㏿ᗘࡢ㐪ࡀ࡜ࡇࡿ࠸࡚ࢀ⌧ࡀ࠸ண᝿ࡉ

 ࠋࡓࢀࡉ၀♧ࡀᙳ㡪ࡢ㓟ഃ㙐ࣀ࣑࢔ࡶ࡚࠸࠾࡟ᙧᡂ⤒㊰࣮ࢱࢫࣛࢡࠊ࡟࠺ࡼࡢࡇࠋࡓࢀ

௨ୖࣀ࣑࢔ࠊࡾࡼ㓟ࡢ≉ᚩࡢࢻࢳࣉ࣌ࡿࡼ࡟จ㞟ᛶࡢ㐪ࢆ࠸ศᏊࣞࡢࣝ࣋ゎᯒ࡛☜ㄆ࡛ࣥࣙࢩ࣮࣑ࣞࣗࢩࠊࡁ

ࡽ࠼⪄ࡀ࡜ࡇࡿ࠶ᡭẁ࡛࡞᭷ຠ࡟ゎ᫂ࡢจ㞟ᛶࡀ

 ࠋࡿࢀ

ᅗ 2 ᖹᆒࢬ࢖ࢧ࣮ࢱࢫࣛࢡ 

Ile Arg 

ᅗ 1 10 ns ࢺࢵࣙࢩࣉࢵࢼࢫࡿࡅ࠾࡟ 


