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13．蛋白質工学
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蛋白質工学
Protein engineering

変異導入

新しい機能の蛋白質野生型
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構造予測
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第二の遺伝暗号解読問題

一次配列 三次元構造

構造予測 
（folding）

デザイン 
（reverse folding）
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構造予測

二次構造予測

三次構造予測

四次構造予測

http://en.wikipedia.org/wiki/Protein_structure_prediction
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ホモロジーモデリング 
（homology modeling）

一次構造が似ている

相同な蛋白質

三次元構造（と機能）も似ている

既知の三次元構造

同じコア構造 ループ部の変化

データベース
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相同な蛋白質の構造の類似性

Fig. 17-1H.H. Gan et al., Biophys. J. 83, 2781-2791 (2002)

FIGURE 1 (caption on next page)

2784 Gan et al.

Biophysical Journal 83(5) 2781–2791

53,383蛋白質

FIGURE 1 (caption on next page)

2784 Gan et al.

Biophysical Journal 83(5) 2781–2791
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相同性検索をやってみよう

http://www.genome.jp/tools/blast/

BLAST
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hin:HI1392
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Hin:HI1392

または，ここに配列をペースト

9

CLUSTALW
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Rooted phylogenetic tree 
(UPGMA)
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系統樹

12



PDBデータベースでの検索

PDBSTR
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ホモロジーモデリングに進めないので，ちょっと例としては良くないかも…
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Methyltransferase MboIIa 
(Moraxella bovis)の構造

に，似ているだろう…

PDBID: 1G60
@1g60.txt
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立体構造予測
第二の遺伝暗号解読問題

二次構造予測法

フォールド認識法

Ab initio 構造予測
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三次元構造予測のための二次構造予測法
Chou-Fassman 法 (1974)
GOR方法 (1978)

経験的方法: 
構造の分かっている蛋白質の構造情報からそれぞれのアミノ酸が
どの二次構造を好むかの指標を定義して使用．

Lim の方法（1974）
立体化学的方法： 
パターンマッチング

Garinier-Osguthorpe-Robson

～55%

～50%
～60%

19

フォールド認識法
3D-1D法　Eisenberg, （1991）

三次元構造中の残基（の位置）を
18種類の状態に分類

アミノ酸配列(1D)と，既知の立体構造 
のライブラリー(3D)を直接比較

3D－1Dスコア
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蛋白質の改変 
（蛋白質工学）

例：熱安定性の向上
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熱安定化に寄与する変異
•SS結合の導入 
•Gly と Pro 
   Gly → Ala，Proを増やす 

•ヘリックスの双極子 
   N末側　⊖，C末側　⊕

•疎水性コア（分子内空洞）の改変は困難…
22

T4 リゾチームの熱安定化

S-S結合の導入

ほどけた時に取れる構造の自由度を減らす

折畳まれた時とほどけた時のエントロピー差を削減
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変異導入 T4 リゾチーム

Lessons from the lysozyme of phage T4 
Baase WA et al.,  Protein Sci. 2010, 19: 631‒641.

showed that many substitutions can be tolerated
within the core of the protein.

Figure 3a and b summarize the changes in melt-
ing temperature for all of the mutants of T4 lyso-
zyme that have been characterized. Plots showing
the change in the free energy of folding (DDG) for
these mutants are included in the Supporting Infor-
mation. The plots for the single mutants are asym-
metric, as also seen for other proteins.3 For T4 lyso-
zyme, there are very few point mutations that
increase the melting temperature by more than 3–4!

(see later), but many that decrease stability by 3–4!

or more. The most destabilizing point mutants
reduce the melting temperature by about 20!C.
These include M102K (1L54), which introduces a
charged side chain into the hydrophobic core, A98F
and A98W, which are ‘‘small-to-large’’ substitutions
in the core, and L99G (1QUD), which is a ‘‘large-to-
small’’ replacement in the core. R95A, which deletes
multiple interactions made by the side-chain of
Arg95, is also very destabilizing. As discussed in
more detail later, a number of mutations increase
stability slightly, but there is no single substitution
that has a dramatic effect.

In addition to substitutions, lysozyme can also
accommodate insertions and deletions.5 If, for exam-
ple, a small number of amino acids are inserted into
the middle of an a-helical region the protein might
be expected to respond in one of two ways (Fig. 4):
either (1) the inserted amino acids could form a local
‘‘bulge’’, protruding from the side of the a-helix, or
(2) the inserted amino acids could become part of
the helix, and, in effect translate the insertion to
one end or the other of the helix. Our experience
suggests that the latter occurs in the overwhelming
majority of cases.6 Presumably, bulges are avoided
because they tend to introduce local strain, leave
backbone carbonyls and amide groups with unsatis-

fied hydrogen bonds, and also disrupt hydrophobic
contacts present in the parent structure.

Mutations Cause Modest, Local Changes in
Structure: Backbone Shifts are Common,
Rotamer Changes are Rare
In the overwhelming number of cases, point muta-
tions cause very modest, localized changes in the
structure. Combinations of substitutions that are
designed to create cavities or to repack the core also
tend to result in relatively modest structural
rearrangement.

Baldwin et al.7 used a genetic screen to select
combinations of replacements that would repack the
hydrophobic core of the protein. These alternative
residues were accommodated in large part by adjust-
ments in the local backbone, and only rarely by side-
chains adopting different rotamers.

Hurley et al.8 used an in-house computational
procedure based on the algorithm of Ponder and
Richards9 to find alternative replacements of the
buried residues Leu99, Met102, Val111, and Phe153.
This culminated in the mutant L99F/M102L/V111I/
F153L (1L82) whose structure had backbone shifts
up to 0.6–1.0 Å not anticipated in the design proce-
dure. Similarly, the computational procedure of
Dahiyat and Mayo10 was used to predict alternative
core packing sequences.11 Structure determination
again showed that the designed sequence was
accommodated primarily by backbone shifts (up to
2.8 Å) rather than changes in side-chain rotamers.
Although the use of a fixed backbone template in
protein redesign is computationally attractive, expe-
rience with lysozyme suggests that such a procedure
is a poor approximation for the behavior of real
proteins.

The lysozyme mutant in which the most exten-
sive core-repacking was observed, A73-[AAA] (209L)

Figure 2. Figure illustrating the tolerance of T4 lysozyme to point mutation (following Ref. 4). Substitutions at the

green-colored sites have little if any effect on folding or activity. One or more substitutions at the red sites compromise

folding and/or activity. These locations, typically in the core or the active site cleft, are the least tolerant sites. The yellow

sites are tolerant, but less so than the green ones (see text for details).

Baase et al. PROTEIN SCIENCE VOL 19:631—641 633

変異導入可

24



SS 変異導入 T4 リゾチーム

Fig. 17-3
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SS 変異導入 T4 リゾチーム

Fig. 17-3
PDBID: 152L

@152l-1.txt

I3C 
I9C 

T21C 
C54T 

T142C 
L164C
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変異導入の影響

PDBID: 152L
@152l-2.txt

「構造」への影響が 
無いことが重要

野生型
変異導入型
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変異導入の影響

PDBID: 152L
@152l-3.txt

野生型
変異導入型

I3C
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SS 変異導入 T4 リゾチームの熱安定性

Fig. 17-4
29

αヘリックスの双極子安定化変異導入

Fig. 17-5
30

他の変異導入

PDBID: 189L
@189l-1.txt

I3L 
S38D 
A41V 
A82P 

N116D 
V131A 
N144D

ΔT=8.3℃ αヘリックス双極子安定化
プロリンの導入
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変異導入 T4 リゾチーム
a summary of all of the 700 or so mutant lysozymes
and lysozyme complexes that have been character-
ized. PDB codes are included where structures were
determined. Table I is a short list of representative
entries from Table S1. Because the emphasis of this

review is on T4 lysozyme, we have not attempted to
include parallel studies on other proteins.3

Lysozyme is Tolerant of Changes in Amino
Acid Sequence
One of the striking results to emerge from early
studies of mutant lysozymes was that the protein is
very tolerant of change. The most compelling demon-
stration came from Poteete and coworkers4 who
used suppressor strains to introduce, in turn, 13 dif-
ferent amino acids at every one of the 164 sites in
the protein, excluding the amino-terminal methio-
nine. These mutant proteins were not purified, but
their activity could be estimated from a convenient
plate assay. Remarkably, at over 50% of the sites all
13 substitutions left the activity of the protein essen-
tially equivalent to wild-type. These tolerant sites
are in large part distributed over the surface of the
protein (Fig. 2). This is consistent with the following
first principle of protein folding: A residue that is on
the surface of a folded protein is partially or fully
solvent-exposed. Because such a residue will pre-
sumably remain solvated when the protein unfolds
and therefore make similar interactions with its
environment in the folded and unfolded form, it will
contribute little to the stability of the protein. Con-
versely, it will make little difference if an alternative
amino is placed at such a site. Poteete’s survey also

Figure 1. Backbone of T4 lysozyme showing its two-

domain structure. The polypeptide chain is colored

following the spectrum, from blue at the N-terminus to red

at the opposite end.

Table I. Thermodynamic, Crystallographic, and Other Key Information for Representative T4 Lysozyme Mutants
and Complexes

Protein
PDB
ID

Activity
(%)

Thermodynamic data Crystallographic data

DTm

(!C)
DDG

(kcal/mol) pH Space group
Resolution

(Å) Comment Reference

WT (100K) 3FA0 P3221 0.98 High resolution WT 103,111
I3C/I9C/T21C/C54T/

T142C/L164C ox.
152L 0 23.4 2.0 P212121 2.0 Triple S-S bridge 9,63

I3L/S38D/A41V/
A82P/N116D/
V131A/N144D

189L 2 8.32 3.57 5.42 P212121 2.6 Cumulative stabilization 64

T21C/S38D/L99A/
M102E/E108V/
S117V/T142C/N114D

3GUI "8.8 "3.2 5.3 P41212 1.45 Buried charge in cavity 112

S38D 1L19 80 1.6 0.6 6.7 P3221 1.7 Helix dipole interaction 15,16,64, 92
S44F/WT* 137L #WT 0.18 0.06 3.0 P21 1.85 Helix propensity analysis 49,50
S44W/WT* 216L #WT 0.15 0.05 3.0 C2 2.1 Helix propensity analysis 28,49,50
K48-[HP]/WT* 201L #WT "7.0 "2.4 5.45 P21 2.0 Insertion ‘‘recovery’’ 52,56
A73-[AAA]/WT* 209L "15.9 "5.0 5.4 P6222 2.7 Insertion 72
R96H (100K) 3F8V "8.3 "3.1 5.35 P3221 1.08 Site 96 survey 103,104
L99A/WT* (200 MPa) 2B6T P3221 2.1 Lysozyme cavity under

pressure
108,109

L99A/WT* þ C6F5I 3DN3 P3221 1.8 Halogenated benzene
binding

101

L99F/M102L/V111I/
F153L/WT*

1L82 87 "1.82 "0.54 3.01 P3221 2.1 Designed core repacking 34

M102K/WT* 1L54 35 "20.3 "6.9 5.3 P3221 1.9 Buried lysine 35,77
S117A/WT* 165L 3.64 1.27 3.01 P3221 1.75 Polyalanine helix 115–123 61

This abbreviated list is excerpted from Table S1 in the supporting information, which also includes explanatory material
and the full list of references.

632 PROTEINSCIENCE.ORG Lysozyme Lessons

Lessons from the lysozyme of phage T4 
Baase WA et al.,  Protein Sci. 2010, 19: 631‒641.
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http://fold.it
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課題
下記の一次構造の蛋白質は，どういうものか． 

相同検索を行って推察せよ．
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