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Fig. 1  Synthesis of catenane via coiled coil 

structure. 
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ΰྜ⁐ᾮࡢ ( 2.5 / 2.5 / 2 cm
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2−2.෇೫ග஧Ⰽᛶ ( CD ) ࣝࢺࢡ࣌ࢫ ᐃ 
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ࢆᾮ⁐ࣝࣉ 0.5 cm
3ㄪ〇ࡋ㸪඘ศ࡞ᖹ⾮᫬㛫ࢆ
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㛗: 㛤ጞ 260 nm; ⤊஢ 200 nm, ࢺࢵࣜࢫ㛫㝸: 

1 nm, ㉮ᰝ㏿ᗘ: 50 nm/min, ✚⟬ᅇᩘ: 10 
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2−3. ㉸㐲ᚰศᯒ 

๓㏙ࡢ CD ࣥࢧࡓࡋ⏝ᐃ࡛౑ ࣝࢺࢡ࣌ࢫ
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ࡓ 㸬 ㉸ 㐲 ᚰ ศ ᯒ ⿦ ⨨ ࡟ ࡣ BECKMAN 

COULTER 〇ࡢ XL−A ゎࡢࢱ࣮ࢹ㸪ࡋ⏝౑ࢆ

ᯒ ࡟ ࡣ ௜ ᒓ ࡢ ࢯ ࣇ ࢺ ࢘ ࢙ ࢔ ( Optima 

XL−A/XL−I Data Analysis Software Version 

ࡓࢀࡽ㸬ᚓࡓࡋ⏝౑ࢆ( 6.03 3 ✀㢮ࡢᅇ㌿ᩘࡢ

 ᐃ⤖ᯝ࡚࠸⏝ࢆ㸪࡜ࡈࣝࣉࣥࢧࡢࢀࡒࢀࡑ

ࡼ࡟࡜ࡇ࠺⾜ࢆࢢࣥ࢕ࢸࢵ࢕ࣇࣝࣂ࣮ࣟࢢ࡟

 㸬ࡓࡵồࢆศᏊ㔞ࡾ

 

3. ⤖ᯝ⤖ᯝ⤖ᯝ⤖ᯝ࣭࣭࣭࣭⪃ᐹ⪃ᐹ⪃ᐹ⪃ᐹ 

 タィࡢࢻࢳࣉ࣏࣌ࣜ .3−1

Fig. 2࡟α−helical coiled coil dimer ࢝ࣜ࣊ࡢ

࡜せᅉࡢ㸬஧㔞యᙧᡂࡍ♧ࢆᵓ㐀࣮ࣝ࢖࣍ࣝ

ࡾ⧞ࡢ㙐ࢻࢳࣉ࣏࣌ࣜࡣࡢࡶ࠸ࡁ኱ࡶ࡚᭱ࡋ

㏉ࡋ༢఩୰ࡿ࠶࡟ a, d ఩ࡢ␯Ỉᛶࣀ࣑࢔㓟 



( Leu ) ࡢ␯Ỉᛶ┦஫స⏝ࡿࡼ࡟␯Ỉᛶ࢔ࢥ

㸪e, gࡓࡲ㸬ࡿ࠶ᙧᡂ࡛ࡢ ఩ࡢぶỈᛶࣀ࣑࢔

㓟ࡿࡼ࡟㟼㟁┦஫స⏝ࡶᵓ㐀ࡢᏳᐃ໬࡟ᐤ୚

 㸬ࡿ࠸࡚ࡋ

㓟㓄ࣀ࣑࢔ࡢࢻࢳࣉ࣏࣌ࣜࡓࡋ㸪ྜᡂࡓࡲ

ࢆิ Fig. 3ࡍ♧࡟㸬஧㔞యࡢ㑅ᢥⓗᙧᡂࡣ࡟

2 ✀㢮ࡀࢻࢳࣉ࣏࣌ࣜࡢᚲせࡵࡓࡿ࡞࡜㸪

SDP+ࡧࡼ࠾ SDP−ࢀࡒࢀࡑࢆタィ࣭ ྜᡂࡓࡋ㸬 

 

 

 

 

 

 

 

 

 

 

 

 

ሗ࡟㐣ཤࡣ࡟㓟㓄ิࣀ࣑࢔ࡢࢻࢳࣉ࣏࣌ࣜ

࿌ࡿ࠸࡚ࢀࡉα−helical coiled coil dimer ( EK ) 

㸪helixࡋ࡟⪄ཧࢆ( Fig. 3 )ࡢࡶࡢ ࢆᏳᐃ໬ࡢ

┠ⓗ࡚ࡋ࡜ b ఩ࡧࡼ࠾ c ఩ࢆ Ala ṧᇶ࡟⨨᥮

ࡓࡋ 4)㸬ࡓࡲ㸪஧㔞యࡢ㑅ᢥⓗᙧᡂࡣ࡟ helix

ᵓ㐀ᙧᡂ᫬࠺ྜࡾ⦞࡟஧ᮏࢻࢳࣉ࣏࣌ࣜࡢ㙐

㛫࡚࠸࠾࡟㏆᥋ࡿࡍ e ఩ࡧࡼ࠾ g ఩ࡢ㟼㟁┦

஫స⏝ࢆ฼⏝࡜ࡇࡿ࡞࡜⬟ྍࡾࡼ࡟࡜ࡇࡿࡍ

㸪eࡵࡓࡿ࠸࡚ࢀࡽ▱ࡀ ఩ࡧࡼ࠾ g ఩ࢆ SDP+

ࡣ࡛ Lys ṧᇶ࡟㸪SDP−࡛ࡣ Glu ṧᇶࡒࢀࡑ࡟

ࡢ㝿࠺⾜ࢆ㸪⢭〇࡟㸬᭱ᚋࡓࡋ᥮⨨ࢀ UV ᳨

ฟࡢࡵࡓࡢᶆ㆑࡚ࡋ࡜ Tyr ࢆ N ᮎ➃࡟ᑟධࡋ

 㸬ࡓ

 

 ࡢࢻࢳࣉ࣏࣌ࣜ .3−2

 ࣥࣙࢩ࣮ࢮࣜࢱࢡࣛࣕ࢟

Fig. 4࡟ CD 㸬ࡍ♧ࢆᯝ⤖ࡢᐃ ࣝࢺࢡ࣌ࢫ

ࡀࢻࢳࣉ࣏࣌ࣜ helix ᵓ㐀 ( α−helix ࡣ࠸ࡿ࠶

α−helical coiled coil ) ࢆᙧᡂࡿ࠸࡚ࡋ㝿࡟㸪

208, 222 nm ௜㏆࡟㈇ࡢᴟ኱ࢆ᭷ࢡ࣌ࢫࡿࡍ

㸪ࡓࡲ㸬ࡿ࠸࡚ࢀࡽ▱ࡀ࡜ࡇࡿࢀࡉ ほࡀࣝࢺ

ࡀࢻࢳࣉ࣏࣌ࣜ random ᵓ㐀࡛ࡿ࠶ሙྜ㸪200 

nm ௜㏆࡟㈇ࡢᴟ኱ࡀほ ࡽ▱ࡶ࡜ࡇࡿࢀࡉ

㸪SDP−༢⊂⣔㸪ࡽ࠿ᐃ⤖ᯝ ࡢ㸬௒ᅇࡿ࠸࡚ࢀ

SDP+༢⊂⣔ࡧࡼ࠾SDP+ / SDP−㸻1 / 1ΰྜ⣔

ࡶ࡚࠸࠾࡟ࣝࣉࣥࢧࡢࢀࡎ࠸ࡢ 208, 222 nm

௜㏆࡟㈇ࡢᴟ኱ࡀほ ࡓࢀࡉ㸬ࡵࡓࡢࡇ㸪࠸

ࡀࢻࢳࣉ࣏࣌ࣜࡶ࡚࠸࠾࡟⣔ࡢࢀࡎ helix ᵓ

㐀ࢆᙧᡂྍࡿ࠸࡚ࡋ⬟ᛶࡿࢀࡽ࠼⪄ࡀ㸬SDP+

༢⊂⣔ࡧࡼ࠾ SDP−༢⊂⣔ࡢ⤖ᯝ࡛ࡣ 222 nm

௜㏆࡟ほ ࡢ➼ྠࡣࣝࢼࢢࢩࡓࢀࡉᙉᗘࡀࡔ㸪

208 nm ௜㏆࡟ほ ࡢࣝࢼࢢࢩࡓࢀࡉᙉᗘࡣ

SDP−༢⊂⣔ࡢ᪉ࡀ኱࠸ࡁ㸬208 nm ௜㏆ࢩࡢ

㸪ࡵࡓࡿ࠸࡚ࢀࡉ ほ࡟Ἴ㛗ഃ▷ࡸࡸࡀࣝࢼࢢ

200 nm ௜㏆࡟ほ ࡿࢀࡉ random ᵓ㐀ࢢࢩࡢ

−㸪SDPࡵࡓࡢࡑ㸬ࡿࢀࡽ࠼⪄ࡀΰྜࡢࣝࢼ

༢⊂⣔࡛ࢻࢳࣉ࣏࣌ࣜࡣ㙐୰࡟ random ᵓ㐀

ࡽ࠼⪄࡜ࡿ࠸࡚ࢀࡲྵࡀ㒊ศࡿ࠸࡚ࡋᙧᡂࢆ

㸬SDP+ / SDP−㸻1 / 1ࡿࢀ ΰྜ⣔ࡢ⤖ᯝ࡛ࡣ

௚ࡢࢀࡎ࠸ࡢ஧ࡢࡘ⤖ᯝࡶࡾࡼ 208, 222 nm

௜㏆ࡀࣝࢼࢢࢩࡢ㢧ⴭ࡟ほ ࡿࢀࡉ㸬ࡓࡢࡇ

࡞Ᏻᐃࡾࡼ㸪ࡵ helix ᵓ㐀ࢆᙧᡂ࡜ࡇࡿ࠸࡚ࡋ

 㸬ࡿࢀࡽ࠼⪄ࡀ

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4  CD spectra of the designed 

polypeptides ( SDP− only ( ○ ), SDP+ only 

( ● ), and 1:1 mixture of SDP− and SDP+ 

( ● ) ) in this study. 
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Fig. 2  Helical wheel of α−helical coiled coil 

dimer. 

Fig. 3  Amino acid sequences of designed 

polypeptides in this study. 

 

EK 

SDP−    

SDP+ 

a b c d e f g  a b c d e f g  a b c d e f g  a b c d 

YGG LAALEQE LAALEQE LAALEQE LAAL GG 

YGG LAALKQK LAALKQK LAALKQK LAAL GG 

H2− 

H2− 

−OH 

−OH 

(     )n LGALEKK LGALEKK 

d
c

b

g

e

a
f

d
c

b

g

e

a

f

d
c

b

g

e

a
f

d
c

b

g

e

a

f



ḟࡢࢻࢳࣉ࣏࣌ࣜ࡟఍ྜ≧ἣ᳨࡚࠸ࡘ࡟ウ

ࢆᯝ⤖ࡢࡑ㸬ࡓࡗ⾜ࢆ㉸㐲ᚰศᯒ࡟ࡵࡓࡿࡍ

Fig.5ࡍ♧࡟㸬 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

㸪Fig.5࠾࡞ ᅇ㌿ࡶࢀࡎ࠸ࡣᯝ⤖ࡓࡋ♧࡟

ᩘ:35000 rpm ࡛ศᯒࡿ࠶࡛ࡢࡶࡓࡋ㸬 

ᯝ㸪SDP+ / SDP−㸻1 / 1⤖ࡢࡑ ΰྜ⣔ ( Fig. 5 

c) )ࡳࡢ࡚࠸࠾࡟஧㔞య࡟᝿ᐃࡿࢀࡉண ศ

Ꮚ㔞ࡢィ⟬᭤⥺ ( ᐇ⥺ ) ࡟ᐇ ್ࡀ᏶඲࡟

㸪༢㔞ࡓࡲ㸬ࡿࢀࡉほᐹࡀ࡜ࡇࡿ࠸࡚ࡋ⮴୍

య࡟༉ᩛࡿࡍศᏊ㔞 3000 ◚ ) ⥺ィ⟬᭤ࡢ

㸪ࡵࡓ࠸࡞ࡀ㒊఩ࡿࡁㄆ࡛☜ࡀ㛵ᛶ┦࡜ ( ⥺

ࢀࡽ࠼⪄࡜ࡿ࠸࡚ࡋᙧᡂࢆ஧㔞య࡟᏶඲ࡰ࡯

 㸬ࡿ

 CD ⤖ࡢ㉸㐲ᚰศᯒࡧࡼ࠾ᐃ ࣝࢺࢡ࣌ࢫ

ᯝࡽ࠿㸪SDP+ࡧࡼ࠾ SDP−༢⊂⣔࡛ࡣᏳᐃ࡞

α−helical coiled coil 㸪ࡎࡁ࡛ࡀ࡜ࡇࡿࡍᙧᡂࢆ

Ỉ⁐ᾮ୰࡛༢㔞య࡚ࡋ࡜Ꮡᅾࡀࡿ࠸࡚ࡋ㸪

SDP+ / SDP−㸻 1 / 1 ΰྜ⣔࡛ࡣᏳᐃ࡞

α−helical coiled coil ࡟㸪᏶඲ࡾ࠾࡚ࡋᙧᡂࢆ

஧㔞యࢆᙧᡂࡀ࡜ࡇࡿ࠸࡚ࡋ♧၀ࡓࢀࡉ㸬 

௨ୖࡽ࠿࡜ࡇࡢ㸪SDP+ࡧࡼ࠾ SDP−ΰྜ⣔

࡛⏝᭷࡚࠸࠾࡟ᙧᡂࣥࢼࢸ࢝ࢻࢳࣉ࣏࣌ࣜࡣ

ᙧᡂ࣏ࣜࣥࢼࢸ࢝ࡣ㸬௒ᚋࡿࢀࡽ࠼⪄࡜ࡿ࠶

࠶ணᐃ࡛࠺⾜ࢆウ᳨ࡢタィ࣭ྜᡂࡢࢻࢳࣉ࣌

 㸬ࡿ
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Fig. 5  Results of sedimentation equilibrium 

analysis by ultracentrifugation of a) SDP−, b) 

SDP+, and c) 1:1 mixture of SDP+ and SDP−. 

The samples were centrifuged at 35000 rpm at 

20 ℃, and the absorbance was monitored at 

230 nm. 
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