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繊維状蛋白質の分類

構造材 物質

αヘリックス ケラチン，ミオシン

βシート アミロイド，絹

ペプチド鎖 コラーゲン

球状蛋白質 アクチン，チューブリン
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コラーゲン
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左巻きの超らせん

Fig. 14-1

Gly-Pro-Hyp

3000Å
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コラーゲン
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Glyとパッキング

PDBID: 4CLG@4clg-2.txt
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Fig. 14-3(a)
水素も表示されていることに注意！
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Glyとパッキング
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Fig. 14-3(a)
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変異コラーゲン
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Fig. 14-2
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変異コラーゲン
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Fig. 14-3(b)
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Hypの役割

PDBID: 1CGD
@1cgd-3.txt

Fig. 14-4
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コイルドコイル
7残基反復等のコイルドコイル構造形成原理は 
ロイシンジッパーの例（10章）で学習済み
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中間径フィラメント

Fig. 14-6

αヘリックスの 
コイルドコイル
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中間径フィラメントの構造
ビメンチンの例

PDBID: 1GK4
@1gk4-1.txt
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フィラメント間の結合

PDBID: 1GK4@1gk4-2.txtFig. 14-6
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中間径フィラメント

Fig. 14-6
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アミロイド原繊維
βシートヘリックス
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βシートヘリックス

Fig. 14-8

24本 / 周期 
115.5Å

6本がユニット 

17

球状トランスサイレチン

Fig. 14-7
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トランスサイレチンの二量体部分

Fig. 14-7
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トランスサイレチンのβシートの捻れ

Fig. 14-8PDBID: 1SN2
@1sn2-3.txt
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トランスサイレチンの疎水性/親水性残基分布
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球状トランスサイレチンのC, Dストランド
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@1sn2-5.txt
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蜘蛛の糸
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βシート微結晶

form of (GPGQQ/GPGGY). The proline-rich segments
are intrinsically twisted, which inhibits edge-to-edge
aggregation of strands, thereby controlling the location
and size of beta-sheet nanocrystals in silk. These seg-
ments, bearing sequence resemblance to elastin, are
thought to form beta-spiral or type II beta-turn struc-
tures that provide extensibility through hidden length
formation, and control the unique thermomechanical
properties of spider silk (Hayashi et al. 1999; Gosline
et al. 2002; Savage & Gosline 2008). Earlier studies
have suggested that MaSp1 is more dominant in the
composite morphology of the spider dragline silk than
MaSp2, with a ratio of approximately 3 : 2 or higher,
depending on the species (Hinman & Lewis 1992;
Guerette et al. 1996; Brooks et al. 2005; Sponner et al.
2005). Recent investigations revealed that anti-parallel
beta-sheet crystals at the nanoscale, consisting of
highly conserved poly-(Gly[G]–Ala[A]) and poly-Ala
repeats found in both commercial and spider silk
(Hayashi et al. 1999), play a key role in defining the
mechanical properties of silk by providing stiff orderly
cross-linking domains embedded in a semi-amorphous
matrix with less orderly structures (Thiel et al. 1997;
van Beek et al. 2002; Lefevre et al. 2007). Earlier studies
have shown that the hydration level and solvent con-
ditions such as ion content and pH play a role in the
structure and mechanical properties of silk proteins
(Dicko et al. 2004; Rammensee et al. 2008). For
instance, a unique aspect of silk fibres is their capacity
to exhibit a dramatic reduction in length upon
hydration; a phenomenon known as supercontraction
(Shao & Vollrath 1999; van Beek et al. 1999).

Beta-sheet nanocrystals that employ a dense net-
work of hydrogen bonds (Keten & Buehler 2008a,b)

have dimensions of a few nanometres and constitute
at least 10–15% of the silk volume, while, with less
orderly extended structures, the beta-sheet content
can be much higher for most silks (Grubb & Jelinski
1997; Rousseau et al. 2004; Du et al. 2006). The exist-
ence of 31 helices, and beta-turn or beta-spiral
conformations has been suggested for the amorphous
domains (Cunniff et al. 1994; Thiel et al. 1997; van
Beek et al. 2002; Lefevre et al. 2007); however, no defi-
nite atomistic-level structural model has yet been
reported. It is anticipated that novel statistical mech-
anics approaches (Porter et al. 2005), experimental
methods, such as X-ray diffraction and scattering
(Riekel & Vollrath 2001; Trancik et al. 2006), solid-
state nuclear magnetic resonance (NMR; Simmons
et al. 1996; van Beek et al. 1999; Holland et al. 2008;
Jenkins et al. 2010) and Raman spectroscopy (Rousseau
et al. 2004, 2009; Lefevre et al. 2007), combined with pio-
neering multiscale atomistic-modelling methods such as
those based on density functional theory (Porter &
Vollrath 2008; Keten et al. 2010) or molecular dynamics
(Brooks 1995; Ma & Nussinov 2006; Buehler et al. 2008;
Keten & Buehler 2010), will provide more insight into
the atomic resolution structure for complex materials
such as spider silk. An earlier study of silk using replica
exchange molecular dynamics (REMD; Keten &
Buehler 2010) has yielded interesting results in
comparison with experiments (Kummerlen et al. 1996;
van Beek et al. 2002; Holland et al. 2008). However,
this study was focused solely on the case of MaSp1 and
did not encompass any mechanical characterization.
Owing to the lack of current large-scale atomic resolution
models, the links between genetic make-up, chemical
interactions and structure, as well as the associated
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Figure 1. (a) Hierarchical structure of spider silk. The work reported here is focused on the scale of the nanocomposite structure,
(b) where beta-sheet nanocrystals are immersed in a matrix of semi-amorphous protein. The focus of the present study is on a
simple model system that contains a single beta-sheet nanocrystal embedded in the semi-amorphous matrix.
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筋繊維
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ミオシンとアクチンフィラメント

Fig. 14-10
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ミオシンとアクチンフィラメント
PDBj「今月の分子」 
018: ミオシン(Myosin)

ミオシン尾部： 
 コイルドコイル

Fig. 14-14
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Fアクチン
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Gアクチン

PDBID: 1ATN
@1atn-1.txt

Fig. 14-13
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Fアクチンのモデル構造
カブトガニ精子の伸びたFアクチン

PDBID: 3B63
@3b63-1.txt標準的な細胞では含まれる

蛋白質の5%を占める
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アクチン ＋ トロポミオシン
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Sousa DR et al., J Mol Biol (2013) 425, 4544-55
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ミオシン頭部

ADP結合構造
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ミオシン頭部のアクチンの結合モデル

PDBID: 1ALM@1alm-1.txt
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ミオシンの滑りメカニズム
タイトカップリング説 

（首振り）

ルースカップリング説 
（ゆらぎ）

Yanagida & Iwane, PNAS (2000) 97, 9357-9
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課題
タファミディス（図）は，トランス
サイレチンの繊維化を防止する薬剤
として知られている． 
なぜ，抗繊維化薬として働くと考え
られるか．複合体の結晶構造解析結
果を見ながら議論してみよ．
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