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ABSTRACT: Theoretical conformational analysis was carried out on four cyclic tetrapeptides Ac-Cys-Pro-Xaa­
Cys-NHMe (Xaa=Val, Phe, Leu, and norleucine) using Empirical Conformation Energy Program for Peptides (ECEPP) and 
optimization procedure for investigating the effects of differences in the hydrophonbic side-chain groups of Xaa residue on 
the {3-bend conformation at the Xaa-Pro portion of cyclic peptides having the disulfide linkage. Calculated results indicate 
that four cyclic Ac-Cys-Pro-Xaa-Cys-NHMe essentially form type III {3-bend at the Pro-Xaa portion, and also show fairly 
good agreement with experimental results of the NMR spectroscopy and X-ray crystallography for the tetrapeptides having 
Cys-Pro-Xaa-Cys sequence. 
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For creating new artificial proteins, it is very important 
to design them through an a priori method based on the 
principle relations among three attributes of proteins, 
i.e., amino-acid sequences, conformations, and functions. 
From this viewpoint, we tried theoretical conformational 
analysis based on the molecular mechanics calculations 
to find all stable local minima in the whole conforma­
tional space of peptides 1 - 3 and polypeptides, 4- 11 which 
are model molecules having key sequences in native 
proteins, and also showed that the lowest-energy con­
formations or the ensembles of the low-energy con­
formations of such molecules have reasonable structural 
characters which explain molecular functions of native 
proteins. Such conformational characters theoretically 
proposed for the peptides and polypeptides were also 
preliminary supported by experimental results. 12 - 15 

Disulfide-linkages between two cystine residues are 
very important to introduce topological constraint into 
proteins, and contribute to stabilize the specific 
three-dimensional structure of proteins. In previous 
works, 16 - 18 theoretical conformational analysis was 
carried out on cyclic tetrapeptides Ac-Cys-Pro-Gly­
Cys-NHMe16, Ac-Cys-Pro-Ala-Cys-NHMe1 7 , and 
Ac-Cys-Pro-o-Ala-Cys-NHMe18 using Empirical Con­
formation Energy Program for Peptides (ECEPP) 19 for 
designing amino-acid sequences for the loop portions of 
artificial functional proteins. Calculated results indicate 
that the disulfide-linkage stabilizes the specific P-bend 
structure at the Pro-Xaa portions. That is, cyclic Ac­
Cys-Pro-Gly-Cys-NHMe and Ac-Cys-Pro-o-Ala­
Cys-NHMe form compactly folded conformations with 
type II P-bend at the Pro-Gly and Pro-o-Ala portions, 
respectively, and cyclic Ac-Cys-Pro-Ala-Cys-NHMe 
also forms those with type III P-bend at the Pro-Ala 
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portion. It means that the bend type at the -Cys­
Pro-Xaa-Cys- sequence could be controlled by selecting 
the amino-acid residue Xaa (Xaa = Gly, Ala, and o-Ala). 
In this work, as a further step for investigating the effects 
of the difference in the side-chain groups on the con­
formational preference of the cyclic peptides with di­
sulfide linkage, theoretical conformational analysis 
was carried out on four cyclic tetrapeptides Ac-Cys­
Pro-Xaa-Cys-NHMe (Xaa= Val, Phe, Leu, and norleu­
cine abbreviated as Nie) using ECEPP19 and optimiza­
tion procedure. 20 

THEORETICAL 

All conformational energy calculations were carried 
out on four disulfide-linked oligopeptides Ac-Cys-Pro­
Xaa-Cys-NHMe (Xaa= Val, Phe, Leu, and Nie) 
with the energy functions of ECEPP. 19 During minimi­
zations using the Powell argorism, 20 all if; of Pro, 
(¢, if;, x1, x2 •1, x2·2) of Val,(¢, if;, x1, x2) of Phe, (¢, if;, 
X1, Xz, X3,1, X3,2) of Leu,(¢, 1/1, x1, X2, X3, X4) of Nie, 
and ( ¢, if;, x 1) of cystine were allowed to vary. ¢ of Pro 
was fixed at - 75°. All other backbone dihedral angles 
were fixed at 180°. All combinations of single residue 
minima of Cys, Pro, and Xaa residues were used as 
starting conformations of minimization. Selected num­
bers of all stable single-residue minima were 21, 4, 10, 
28, 15, and 60 for Cys, Pro, Val, Phe, Leu, and Nie, 
respectively. 

A bend ( occurring at i + 1 and i + 2th residues) is 
defined as a conformation in which R 7 A (R is the 
distance between ith ca and i + 3th ca atoms) and is 
classified into one of the eleven types given in Table I of 
ref 21. A polar hydrogen atom and an oxygen or nitrogen 
atom with an interatomic distance of less than 2.3 A are 
regarded to be hydrogen-bonded. The conformational 



Conformation of Ac-Cys-Pro-Xaa--Cys-NHMe 

Table I. Minimum Energy Conformations• of Ac--Cys-Pro-Val-Cys-NHMe 

Conformational 
flEb 

Bend 
letter code 

Ve 
typed <Pc,,1 1/tc,,1 1/tPrn <Pval l/tva1 <Pc,,4 1/tc,,4 

kcalmol- 1 

DAAA 0.00 0.599 III III -152 89 -18 -80 -24 -72 -47 
DAAC 0.88 0.137 III I -152 89 -15 -84 -19 -79 84 
EACE 1.08 0.097 I -160 150 -64 -101 99 -166 155 
DFA*E 1.77 0.o31 II -152 88 130 56 71 -132 144 
EACD 1.79 0.030 I -159 150 -64 -101 100 -166 56 

DFA*D 1.93 0.024 II -152 87 131 56 69 -130 84 
A*AAA 2.12 0.017 III III 60 86 -17 -82 -25 -69 -48 
DAAA 2.20 0.015 III III -152 86 -22 -77 -23 -69 -48 
ECA*E 2.29 0.013 II -157 151 76 59 90 -143 156 
ECA*E 2.50 0.009 II -159 154 114 57 83 -153 154 

• All minima with llE <2.73 kcal mo1- 1 . b £ 0 = -3.65 kcalmol- 1, llE=E-E0 • c Normalized Boltzmann factor at 300 K. d Bend type for 
Pro-Val and Val--Cys. 

energy per whole molecule, AE is defined by AE = E- E0 , 

£ 0 is the value of Eat the global minima on the potential 
energy surface of the particular molecules. Vicinal 
NH-CaH coupling constants 3 JNH-c~H of Cys and Xaa 
residues for Ac-Cys-Pro-Xaa-Cys-NHMe were com­
puted using the equation derived by Bystrov et al. 22 and 
normalized Boltzmann factor(v) for all minima with 
AE < 3 kcal mol - 1. Conformational space is divided into 
16 regions with conformational letter codes shown in 
Figure 2 of ref 23. All molecular diagrams are described 
by the modified PEPCON program which is a new version 
of the original PEPCON24 and NAMOD25 programs. 

RESULTS AND DISCUSSION 

Stable Conformations of Ac-Cys-Pro-Val-Cys-NHMe 
There were 425 energy minima for Ac-Cys-Pro­

Val-Cys-NHMe with AE<lO.0kcalmol- 1, and 10 of 
them (AE < 2. 73 kcal mol - 1) are shown in Table I. The 
lowest-energy conformation is a DAAA conformation 
(D, A, A and A are conformational letter codes for the 
Cysl, Pro, Val, and Cys4 residues, respectively.) taking 
type III-III double-bend at the Pro-Val-Cys portion as 
shown in Figure 1. This conformation shows excellently 
good agreement with the results of X-ray crystallography 
for the cyclic Ac-Cys-Pro-Val-Cys-NHMe by Falcomer 
et al. 26 That is, (</Jcysl• i/lcysl, ¢Pro, i/Jpro, </Jva1' i/lv.i, </Jcys4, 
i/lcys4• Xlys1, X2ys1, Xlys4, X2ys4, X •• )=(-152, 89, -75, 
-18, -80, -24, -72, -47, -172, -139, -64, 77, 71) 
and (-135, 73, -60, -29, - 72, -18, - 73, -16, -170, 
-142, -66, 74, 78) for theoretically and experimentally 
evaluated values, respectively. An experimental value of 
xt.1 is not shown in Table V of ref 26. However, a stereo 
diagram of the crystal structure of the cyclic Ac-Cys­
Pro-Val-Cys-NHMe shown in Figure 6 of ref 26 in­
dicates that the rotational state of the ca-C'1 bond of 
the Val residue is trans conformation. This is also 
consistent with the theoretically evaluated xi.1 = 175. 
Moreover, this conformation is stabilized by a 
hydrogen-bond, (Val)N · · · HN(Cys4) and a favorable 
hydrogen-bond-like interaction (Cysl)CO· · · HN(Cys4). 
It means that amido proton of the Cys4 residue is shield­
ed from the solvent. This structural character is also 
supported by the small temperature dependence of the 
chemical shift of the Cys4 amido proton(l .9 ppb K - l) in 
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Figure 1. Lowest-energy conformation (DAAA) of Ac-Cys-Pro­
Val-Cys-NHMe. 

(CD 3)zSO.27 The 2nd low-energy conformation(AE= 
0.88 kcal mol- 1) is a DAAC one taking type III-I double 
bend at the Pro-Val-Cys portion. This conformation 
almost corresponds to the lowest-energy one except for 
the value of i/lcys4, i.e., the conformational difference 
between them is only in the direction of the peptide group 
at the C-terminal. The DAAA and DAAC conformations 
are only two stable ones with AE < I kcal mol - 1. 
Moreover, all 15 minima with AE<3kcalmol- 1 take 
P-bends at the Pro-Val portion. Most are types III and 
I with theoretically estimated occurring probability of 
0.77 and 0.15, respectively. Some takes the type II P-bend 
at the Pro-Val portion with theoretically estimated 
occurring probability of 0.08. As the type I P-bend is 
similar to the type III P-bend, the type III( or I) P­
bend structure is essentially a favorable conformation 
for the Pro-Val portion of Ac-Cys-Pro-Val-Cys­
NHMe. These overall conformational features present 
good agreement with those estimated by experimental 
work. 27 

Stable Conformations of Ac-Cys-Pro-Phe-Cys-NHMe 
There were 453 energy minima for Ac-Cys-Pro-Phe­

Cys-NHMe with AE< 10.0kcalmol- 1, and 10 of them 
(AE < 2.81 kcal mol - 1) are shown in Table II. The 
lowest-energy conformation is a DAAA conformation 
taking type III-III double-bend at the Pro-Phe-Cys 
portion as shown in Figure 2. This conformation is 
stabilized by a hydrogen-bond, (Phe)N · · · HN(Cys4) 
and a favorable hydrogen-bond-like interaction (Cysl)­
CO · · · HN(Cys4). It means that amido proton of the 
Cys4 residue is shielded from the solvent. This structural 
character is also supported by the small solvent shift 

257 



Y. ISHIKAWA et al. 

Table II. Minimum Energy Conformations• of Ac---Cys-Pro-Phe-Cys-NHMe 

Conformational 
t;.Eb 

Bend 
v' <Pcy,1 i/lcysl i/Jrrn <Prh, i/lrh, <Pcys4 i/lcys4 letter code kcalmol- 1 

typed 

DAAA 0.00 0.430 III III -152 90 -16 -85 -15 -78 -47 
DABC 0.21 0.303 III -152 89 -13 -90 -9 -84 81 
DAAC 0.90 0.095 III -152 89 -14 -88 -12 -80 120 
DAAA 1.00 0.081 III III -152 90 -20 -81 -18 -74 -47 
DAAC 1.41 0.040 III -152 90 -16 -86 -12 -81 82 

A*AAA 2.27 0.010 III III 59 87 -14 -87 -16 -75 -48 
EADE 2.41 0.008 VII -156 151 -47 -149 93 -155 157 
DADC 2.56 0.006 VII -150 88 -43 -145 61 -86 83 
DADD 2.58 0.006 I -152 95 -12 -111 43 -125 86 
EADE 2.59 0.006 VII -157 151 -38 -159 96 -156 157 

a All minima with f;.£ < 2.81 kcal mo!- 1 • b E0 = -9.32kcal mol- 1 , /';.E=E-£0 . 'Normalized Boltzmann factor at 300 K. d Bend type for 
Pro-Phe and Phe-Cys. 

Figure 2. Lowest-energy conformation (DAAA) of Ac-Cys-Pro­
Phe-Cys-NHMe. 

value A6 of Cys 4 NH between (CD 3)zSO and CDCl3 

for Boc-Cys-Pro-Phe-Cys-NHMe. 28 Moreover, an 
amido proton of the Phe residue is situated in the 
neighborhood of amido proton of the Cys4 residue as 
shown in Figure 2. This is also supported by the 
experimental results that irradiation of the Phe NH 
proton results in a large NOE on the Cys4 NH proton 
(72%) for Boc-Cys-Pro-Phe-Cys-NHMe in CDCl3 . 28 

The 4th low-energy conformation (AE= 1.00 kcal mo1- 1) 

is also DAAA one which almost corresponds to the 
lowest-energy one with only one exception, xihe-value, 
i.e., xihe = -55 and -179 for the lowest- and 4th 
low-energy ones, respectively. The 2nd (AE=0.21 
kcal mo1- 1) and 3rd (AE = 0.90 kcal mo1- 1) low-energy 
conformations are DABC and DAAC ones, respectively, 
and take type III fl-bend at the Pro-Phe portion. In spite 
of the differences in the conformational letter codes of 
the above four minima, they have similar backbone 
conformations except for the direction of the peptide 
group at the C-terminal. Moreover, all 15 minima with 
AE < 3 kcal mol - 1 take fl-bends at the Pro-Phe portion. 
All are types III, I, and VII with theoretically estimated 
occurring probability of 0.96, 0.02, and 0.02, respec­
tively. That is, the type III fl-bend structure is a 
dominantly favorable conformation for the Pro-Phe 
portion of Ac-Cys-Pro-Phe-Cys-NHMe. These overall 
conformational features are supported by experimental 
results that a substantial NOE is not observed between 
Phe NH and Pro caH28 . 

Stable Conformations of Ac-Cys-Pro-Leu-Cys-NHMe 
There were 1157 energy minima for Ac-Cys-Pro-
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Leu-Cys-NHMe with AE<I0.0kcalmol- 1 , and 10 of 
them (AE < 1.35 kcal mol - 1 ) are shown in Table III. 
The lowest-energy conformation is a DAAA conforma­
tion taking type III-III double-bend at the Pro-Leu­
Cys portion as shown in Figure 3. The backbone 
conformation shows excellently good agreement with the 
results of X-ray crystallography for the cyclic Boc-Cys­
Pro-Leu-Cys-NHMe in ref 29. Moreover, calculated 
side-chain conformations of Cys l and Cys4 residues 
correspond to those obtained from X-ray crystallo­
graphic data in Table II of ref 29. That is, (X~ysl, X2yst, 
X~ys4, X2ys4, Xss)=(-173, -138, -64, 77, 71) and (-172, 
-142, - 70, 74, 79) for theoretically and experimentally 
evaluated values, respectively. This conformation is 
stabilized by a hydrogen-bond, (Leu)N · · · HN(Cys4) and 
a favorable hydrogen-bond-like interaction (Cysl)­
CO · · · HN(Cys4). It means that amido proton of the 
Cys4 residue is shielded from the solvent. This structural 
character is also supported by the small temperature 
dependence of the chemical shift of the Cys4 amido 
proton ( 1.2 ppb K - i) in (CD 3)zSO. 30 The 2nd low­
energy conformation (AE=0.01 kcalmol- 1) is also a 
DAAA one whose conformational character almost 
corresponds to the lowest-energy one except for 
Xieu = - 55 and X[eu = 174. The 3rd and 5th low-energy 
conformations (AE=0.52 and 0.98kcalmol- 1 , respec­
tively) are DAAC ones taking type III-I double bend at 
the Pro-Leu-Cys portion. The backbone conformations 
almost correspond to the DAAA one except for the value 
of t/Jcys4. These results indicate that DAAA and DAAC 
conformations are energetically favorable ones for 
Ac-Cys-Pro-Leu-Cys-NHMe. Moreover, all 52 minima 
with AE < 3 kcal mo! - 1 take fl-bends at the Pro-Leu 
portion. Most are types III, I, and VII with theoretically 
estimated occurring probability of 0.62, 0.08, and 0.12, 
respectively. Some takes type II fl-bend at the Pro-Val 
portion with theoretically estimated occurring prob­
ability of 0.18. As the type I and VII fl-bends are similar 
to the type III fl-bend, the type III ( or I, VII) fl-bend 
structure is an essentially favorable conformation for 
the Pro-Leu portion of Ac-Cys-Pro-Leu-Cys-NHMe. 
These conformational features present good agreement 
with experimental results, i.e., non-observation of an 
NOE between Pro caH and Leu NH group of Boc­
Cys-Pro-Leu-Cys-NHMe in CDC13 . 30 
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Conformation of Ac-Cys-Pro-Xaa-Cys-NHMe 

Table Ill. Minimum Energy Conformations" of Ac-Cys-Pro-Leu-Cys-NHMe 

Conformational 
!J.Eb 

Bend 
letter code v' typed <Pcysl 1/lcysl t/iPro </JLeu t/JLcu <Pcys4 I/Jcys4 

kcalmol- 1 

DAAA 0.00 0.211 III III -152 90 -21 -78 -25 -72 -47 
DAAA 0.o7 0.209 III III -152 89 -17 -82 -20 -76 -47 
DAAC 0.52 0.088 III I -152 89 -13 -86 -14 -82 81 
EADE 0.69 0.067 VII -156 152 -43 -156 98 -155 157 
DAAC 0.90 0.047 III -152 90 -17 -82 -18 -79 83 

~-----~--- -~~-~-

DFA*E 0.91 0.046 II -152 87 137 58 58 -127 143 
DFA*D 0.99 0.040 II -152 85 138 57 56 -125 85 
DAAA 1.14 0.031 III III -152 89 -17 -81 -21 -76 -47 
FADE 1.22 0.027 VII -78 151 -44 -155 99 -155 157 
DFA*E 1.25 0.026 II -152 87 134 57 63 -130 144 

"All minima with !J.E < 1.35 kcal mol- 1 • b Ea= -5.39kcalmol- 1 , !J.E=E-E0 . 'Normalized Boltzmann factor at 300 K. d Bend type for 
Pro-Leu and Leu-Cys. 

Table IV. Minimum Energy Conformations" of Ac-Cys-Pro-Nle-Cys-NHMe 

Conformational 
!J.Eb 

Bend 
letter code 

v' typed <Pcysl i/Jcysl i/JPrn <PNle i/JNI, <Pcys4 i/Jcys4 
kcalmol- 1 

DAAA 0.00 0.237 Ill III -152 89 -18 -81 -21 -76 -47 
DAAA 0.29 0.146 III III -152 90 -21 -77 -25 -72 -47 
DAAC 0.57 0.091 III I -152 89 -14 -85 -15 -82 81 
DFA*E 0.97 0.047 II -152 87 137 57 59 -127 143 
DFA*D 1.05 0.041 II -152 86 138 56 57 -125 85 

EADE 1.09 0.038 VII -156 152 -44 -155 98 -154 157 
DFA*E 1.10 0.037 II -152 87 133 59 64 -130 144 
DAAC 1.21 0.031 III -152 90 -17 -82 -18 -79 84 
DFA*D 1.23 0.030 II -152 86 134 58 62 -128 84 
DAAA 1.41 0.022 III Ill -152 89 -18 -81 -21 -76 -47 

-·---~--- ·---~-

a All minima with !J.E < 1.60 kcal mo] - 1 . b Ea= -5.91 kcal mol- 1 , !J.E= -E-Ea. 'Normalized Boltzmann factor at 300 K. d Bend type 
for Pro-Nie and Nle-Cys. 

Figure 3. Lowest-energy conformation (DAAA) of Ac-Cys -Pro 
Leu-Cys-NHMe. 

Stable Conformations of Ac-Cys-Pro-Nle-Cys-NHMe 
There were 2295 energy minima for Ac-Cys­

Pro-Nle-Cys-NHMe with AE < 10.0 kcal mo1- 1 , and 
10 of them (AE< l.60kcalmol- 1) are shown in Table 
IV. The lowest-energy conformation is a DAAA con­
formation taking type III-III double-bend at the Pro­
Nle-Cys portion as shown in Figure 4. This conformation 
is stabilized by a hydrogen-bond, (Nle)N · · · HN(Cys4) 
and a favorable hydrogen-bond-like interaction (Cysl)­
CO · · · HN(Cys4). The 2nd low-energy conforma­
tion (AE=0.29kcalmol- 1) is also a DAAA one which 
almost corresponds to the lowest-energy one except for 
the value of xJ1e- The 3rd low-energy conformation 
(AE=0.57kcalmol- 1) is a DAAC one taking type III-I 
double bend at the Pro-Nle-Cys portion. The backbone 
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Figure 4. Lowest-energy conformation (DAAA) of Ac-Cys-Pro­
Nle-Cys-NHMe. 

conformation almost corresponds to that of the 
lowest-energy one except for the value of i/lcys4 , i.e., 
conformational differences between them are only the 
direction of the peptide group at C-terminal. Moreover, 
all 67 minima with AE < 3 kcal mol - 1 take /J-bends at 
the Pro-Nle portion. Most are types III, I, and VII with 
theoretically estimated occurring probability of 0.62, 
0.09, and 0.06, respectively. Some takes type II /J-bend 
at the Pro-Nle portion with theoretically estimated 
occurring probability of 0.23. Calculated results indicate 
that the type III /J-bend structure is essentially a favor­
able conformation for the Pro-Nie portion of Ac-Cys­
Pro-Nle-Cys-NHMe. 
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Table V. Vicinal Coupling Constants (3JNH-c•tt) 
of Ac-Cys-Pro-Xaa--Cys-NHMe 

Xaa 
Cysl Xaa Cys4 

Val 7.9 (7.7)" 7.5 (9.2) 6.0 (7.3) 
Phe 8.1 (8.8) 7.9 (8.1) 6.7 (-) 
Leu 7.9 (8.5) 7.6 (9.5) 7.1 (8.0) 
Nie 8.0 (-) 7.6 (-) 7.2 (-) 
Alab 8.0 (9.6) 7.6 (9.0) 7.3 (5.5) 

• Values in parentheses are experimental results for Boc--Cys-Pro­
Xaa-Cys-NHMe in (CD3}iSO from ref 27, 28, and 31. bFrom 
ref 17. 

Xaa 

Val 
Phe 
Leu 
Nie 
Ala" 

Table VI. Bend Probability of Pro-Xaa portion 
of Ac-Cys-Pro-Xaa-Cys-NHMe 

Bend type 

I II III 

0.15 0.08 0.77 
0.02 0.96 
0.08 0.18 0.62 
0.09 0.23 0.62 
0.08 0.16 0.57 

"From ref 17. 

VII 

0,02 
0.12 
0.06 
0.20 

Averaged Conformational Properties of Ac-Cys-Pro­
Xaa-Cys-NHMe 
Calculated vicinal NH-CaH coupling constants 

3 JNH-c«H of Cys and Xaa residues of Ac-Cys­
Pro-Xaa-Cys-NHMe (Xaa = Val, Phe, Leu, Nle, and 
Ala) are summarized in Table V. These statistically 
averaged values showed fairly good agreement with the 
experimentally evaluated ones for Boc-Cys-Pro-Xaa­
Cys-NHMe in (CD 3)zSO solution27 •28 •31 within the 
range of ambiguousness in the relationship between <p 
and 3 JNH-c«H· Moreover, in our previous works on a 
model tetrapeptide of the repetitive portion in elastin, 
Ac-Val-Pro-Gly--Gly-NHMe1 , and its analogue tetra­
peptide, Ac-Ala-Pro-Gly-Gly-NHMe, 32 it was also 
shown that theoretically evaluated 3 JNH-c«H of Val, Gly, 
and Ala residues of them indicate good agreement with 
the experimental values for Boc-Val-Pro-Gly-Gly­
OMe in CDC13 with 20% C6D/3 and HCO-Ala-­
Pro-Gly-Gly-OMe in CDC13 • 34 These results indicate 
the possibility that ensemble of stable conformations 
obtained theoretically can express actual ensemble of 
conformations in solution for the oligopeptides having 
strong structural constraint such as the disulfide-linkage, 
or those having non-polar side-chain groups without 
forming strong side-chain/backbone interactions. 

Calculated bend probability of the Pro-Xaa portion 
of four oligopeptides Ac-Cys-Pro-Xaa-Cys-NHMe 
(Xaa=Val, Phe, Leu, and Nie) is summarized in Table 
VI with previous results for Xaa = Ala. It is clearly 
shown that the type III /J-bend(including types I and VII) 
is an energetically favorable conformation for all four 
oligopeptides, and also that such tendency is more 
favorable for the Val and Phe residues having bulky 
side-chain groups than the Leu and Nle residues having 
relatively long side-chain groups. Such conformational 
character corresponds to the previous result that Ac-
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Cys-Pro-Ala-Cys-NHMe has a tendency taking type 
III /J-bend at the Pro-Ala portion. 1 7 It means that the 
Pro-Xaa portion of Ac-Cys-Pro-Xaa-Cys-NHMe has 
common propensity forming the type III /J-bend in the 
case that Xaa residue is a Ala-type residue having 
non-polar side-chain group. These results suggest that 
the Ala-residue approximation35 is also useful method 
for investigating basic conformational properties of 
oligopeptides and polypeptides as already shown in our 
previous works. 9 •36 - 39 

For dipeptides such as Ac-Pro-Xaa-NHMe, calcu­
lated total bend-probability of the Pro-Xaa portion was 
0.22, 0.07, 0.33, and 0.26 for Xaa= Val, Phe, Leu, and 
Ala, respectively, 21 and their bend types are not restricted 
to the type III. These results indicate the disulfide-linkage 
at Ac-Cys-Pro-Xaa-Cys-NHMe to be very important 
to stabilize the type III /J-bend at Pro-Xaa portions. That 
is, it is suggested that the type III /J-bend is constructed 
on the specific portion of the designed artificial protein 
by introducing the Cys-Pro-Xaa-Cys sequence into the 
amino-acid sequence using the Ala-type Xaa residue 
having non-polar side-chain group. Then, these results 
also suggest that disulfide-linkage is a very useful for 
constructing hairpin structures on protein backbones. 
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