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The threedimensional structure of the cyclic analogs of bradykinin and substance P C-terminal hexapeptide was studied using 
conformational energy calculations. Initial conformations for energy minimization were selected with the aid of the measured 
intensities of local nuclear Ovcrhauser effects (NOES) and other ‘H-NMR data. Expected values of the ‘H-NMR parameters for 
low-energy conformations of the cyclopeptides were calculated and compared with those observed experimentally using semiquantita- 
tive gradation of NOE intensities. Several low-energy structures of the cyclic bradykinin analog, possessing similar backbone 
conformations stabilized by two /&turns, are in agreement with experimental data. None of the low-energy conformations of the 
substance P cyclic hexapeptide were in satisfactory agreement with the experimental set of NOEs. The agreement was achieved only 
by averaging of the calculated ‘H-NMR parameters over several combinations of the low-energy conformations. 

1. Introduction 

NMR spectroscopy, particularly two-dimen- 
sional nuclear Overhauser enhancement (NOE) 
spectra, is the main source of data on the solution 
conformations of biomolecules [l]. However, the 
parameters obtained from NMR spectra provide 
only fragmentary information on the spatial struc- 
ture. A more detailed description of the three-di- 
mensional structure of biomolecules can be 
achieved by theoretical calculations, using the 
experimental limitations. Distance geometry 
algorithms [2,3], restrained molecular dynamics 
[4,5], and conformational energy minimization [6,7] 
are widely used for this purpose. Of these proce- 
dures, energy minimization is the least time-con- 
suming to perform on computers. However, since 
the molecule is trapped in the local energy mini- 
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mum nearest to the initial conformation, in the 
total investigation of spatial structure, minimiza- 
tion should be carried out for many initial confor- 
mations. The number of local energy minima un- 
der consideration can, however, be substantially 
reduced by limitations obtained from experimen- 
tal data. In this paper, we propose a method for 
determining favorable solution conformations of 
cyclopeptides, based on energy minimization of 
conformers selected using ‘H-NMR data. 

Fig. 1 represents the approach schematically. 
At the first stage, from the experimental set of 
NOES, 3JuNcaH vicinal coupling constants and 
temperature coefficients A&,/AT, those data are 

Fig. 1. Schematic representation of the method used for de- 
termination of the spatial structure of peptides in solution. 
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selected, which make it possible to limit the num- 
ber of conformations examined. At the second 
stage, energy minimization is carried out for initial 
conformations satisfying the above limitations. 

Finally, the basic set of low-energy conforma- 
tions, thus selected, is compared with the NMR 
data. The conformers in agreement with experi- 
mental data can be regarded as possible models 
for the spatial structure of peptides in solution. If 
none of the low-energy conformations presents a 
satisfactory agreement with the ‘H-NMR parame- 
ters, conformational averaging of the measured 
values can be suggested. 

The method was applied to investigation of the 
spatial structure of two cyclic peptides: [cyclo(l + 
9’),Lys’,Gly6]-bradykinin (CBK) with the amino 
acid sequence [8] 

H-Lys’-Pro*-Prd-Gly4-Phe’-Gly6-Pro’-Phe’-Arg’, 

and a cyclic analog of substance P C-terminal 
hexapeptide (CSP6), with the amino acid sequence 

[91 

H-Glu’-Phe’-Phe3-Gly4-Leu’-Met6. 
LNH(l)-(CH,),-NH(2)l 

2. Theory 

The intensity ratio for two cross-peaks I,j and 
I,,., in a two-dimensional NOESY spectrum can be 
expressed through the interproton distances dij 

and dkl by eq. 1 [lo]: 

where the terms (de6) are values averaged over 
the mixing time TV. IQ. 1 is correct, provided that 
the r,,, value used in experiments corresponds to 
the linear part of the NOE time dependencies [ll], 
and that the effective correlation times of the 
interproton vectors are approximately equal [lo]. 
If these conditions are satisfied, ap unknown 
interproton distance can be estimated from eq. 1 
using a reference cross-peak corresponding to a 
known, fiied interproton distance. The farther 
apart the protons are in the peptide sequence, the 
more substantial is the limitation of the three-di- 
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Fig. 2. Distribution of interproton distances d,, and d,, in 
~-amino acids of 19 proteins, calculated from the data of ref. 
14. Theoretical limits for interproton distances d,, arehatched. 
Letters indicate the corresponding regions of ~-amino acid 

conformations (see fig. 3). 

mensional structure that can be obtained via the 
distance estimation. 

NOES between protons placed in different parts 
of a molecule are rarely observed in oligopeptides. 
However, the NOEs between protons belonging to 
a single residue or two neighboring residues, used 
for resonance assignment in ‘H-NMR spectra [12], 
themselves limit the number of possible peptide 
conformations. The short-range distances dNcu, d,, 
and d,, [13] between protons N,H-CPH, CPH- 
N,+,H and N,H-N,+rH are determined by the 
backbone conformation of the i-th amino acid 
residue [14,15]. NOES corresponding to these pro- 
ton pairs will be referred to here as the local 
NOES of the given residue and are denoted 
NOE,,, NOE,, and NOE,,. 

Frequency diagrams for the occurrence of dis- 
tances d,, and d,, in L-amino acids of 19 
proteins, shown in fig. 2, were calculated on the 
basis of data presented by Billeter et al. [14]. 
Theoretical limits on alterations in distance d,, 

in the permitted conformations of L-amino acid ’ 
residues are demonstrated in fig. 2 by the hatched 
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Fig. 3. Main regions of stqically allowed conformations of 

~-amino acid residues. 

bars. First, it should be noted that each of the 
three interproton distances has two peaks of fre- 
quently occurring values, separated by an interval 
of relatively sparsely populated, intermediate val- 
ues. The populated ranges of distances d,, and 
d NN are correlated with the main regions of the 
conformations allowed for L-amino acid residues 
(fig. 3). High values of distance d,, (>a 4.0 A) 
and low values of distance daN (2.0-2.5 A) corre- 
spond to the e region of extended conformations 
(J, = 120 f 600). The distribution of these inter- 
proton distances expected in the a region includ- 
ing the right-handed a-helix conformation, should 
be the reverse of that in the e region. Thus, the e- 
and a-type conformers can be differentiated by 
observed intensities of the NOE,, and NOE,, 
cross-peaks. Both cross-peaks can have similar 
intensities in the intermediate b region and in the 
small CI * region, including the left-handed a-helix 
conformation. 

For the majority of ~-amino acids, the d,, 
distance is limited to the narrow interval 2.80 * 
0.15 A. Lower values (about 2.2 A) occur only in 
the a* region, which is sparsely populated in 
proteins [16]. Cross-peak intensities, correspond- 
ing to these interproton distances, usually cannot 
fluctuate more than 2-fold in range. Thus, the 
average intensities of NOE Na cross-peaks can serve 
as a reference for the estimation of unknown 
interproton distances or in the prediction of NOE 

intensities in model conformations. Eq. 1 can be 
rewritten in this case as 

b/Z,, = ( d,Jdij)6, (2) 

where ZNol is the arithmetic mean of all NOE.. 
intensities, which differ no more than 2-fold, and 
d,, can be assumed to be equal to 2.8 A. NOE.. 
cross-peak intensities can generally be influenced 
by scalar coupling of the spins [17]. Olejniczak et 
al, [18] showed, however, that this influence was 
usually small in pure-phase NOESY spectra. 

At the level of approximation of eq. 2 with the 
accepted mode of cross-peak intensity measure- 
ment (see section 3) only semiquantitative estima- 
tion of interproton distances, with a&uracy no 
higher than f0.5 A, can be expected [4]. Semi- 
quantitative estimation of NOE cross-peak inten- 
sities, instead of interproton distances, is a more 
suitable means of comparison of suggested models 
of spatial structure with experimental data. Suzuki 
et al. [19] proposed the classification of NOES into 
grades, with a 2-fold increase in peak intensity 
between the lower and upper boundaries of the 
grade. A total difference index was introduced [19] 
for the comparison of a calculated set of NOES 
with observed cross-peak intensities: 

~=CWexpW) -ka,c(iJ) IJ (3) 
i,.i 

where k,,(i, i) and kcalc(i, j) are the intensity 
grade numbers for an observed and calculated 
NOE, respectively, between protons i and j. We 
accepted this approach with the supplementary 
consideration that two NOES should be referred 
to as substantially different only if the difference 
between corresponding grade numbers exceeds 
unity. 

3. Methods 

The synthesis of the cyclopeptides has been 
described in refs. 8 and 9. All ‘H-NMR spectra 
were obtained in (C*H,),SO on a Bruker WM-360 
spectrometer. Cross-peak intensity in the phase- 
sensitive NOESY spectra was calculated from the 
product of the peak height measured in the wr 
slice and the peak contour area at half height. The 
mixing times used were 300 ms for CBK and 400 
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Table 1 

‘H-NMR data and conformational limitations for a cyclic analog of bradykinin in (C2H3),S0 

Residue NOE intensity grades &,/AT 

N@ aN NN (ppm/K) (x lo? 
Possible 
backbone 
conformations 

Pro’ 
Gly’ 
Phe’ 
Pro’ 
Phe’ 
Arg’ 
Nf H 

type II 
3.5 b-bend 
2.2 e,b 
6.3 

> 
trpe I or III 

3.2 &bend 
1.2 a,b 
2.3 

noise ratio (k = 0). It should be noted that five out 
of seven NOE,, cross-peaks observed for both 
peptides have weak intensities with no more than 
a 2-fold difference. Similar intensities were mea- 
sured for several weak cYN-type cross-peaks, al- 
though they ought to correspond to substanti+y 
greater interproton distances (daN = 3.5 A) 
according to their distribution in proteins (fig. 2). 

It can be supposed that the intensity of the weak 
cross-peaks was increased due to spin diffusion 
and/or interproton distance fluctuations [29]. 

5. Cyclic analog of bradykinin 

The classification of the NOE intensities and 
values of the temperature coefficients A&,/AT 

Table 2 

CaIculated low-energy conformations of CBK 

Parameters Structure numbers 

1 2 3 

Backbone $J, 91 90 154 
dihedral & 167 165 165 
angles ’ & 127 125 138 

(P4 107 107 90 
44 -11 -17 3 
‘ps -140 - 112 - 141 
$5 43 50 30 
: -59 -68 -68 -62 -71 -12 

#7 -20 -20 -27 
‘pa -13 -81 -78 
$8 -65 -36 -32 
99 -98 -162 - 162 
$9 -13 92 52 

E - E,, (kcaI/rnol) 0.0 4.6 6.0 

NOE with oN(5) NN(9) aN(5) 
Ik enl, - kcalc I ’ 1 aW9 NW) 

Hydrogen N,H- OC, OC, % 
bonds N,H- OC, OC, oc5 

NfH- OC, - 

a Values of the dihedral angles w are usually within the range 180* 15 O. 

4 

155 
165 
144 

82 
11 

-146 
29 

-69 -72 

-25 
-75 
-34 

-163 
-61 

4.9 

aN(5) 
“JV) 
aW) 

OC, 
=s 

OC, 

5 6 

91 156 
161 169 
112 139 
104 87 

-10 13 
- 107 -147 

80 112 
51 71 -174 -73 

-18 -9 
-66 -66 
-21 -25 
-70 -151 
-34 64 

5.7 7.0 

aN(9) NN(9) 

0% OCZ 
Oc, Oc, 

oc7 
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measured for [cyclo(9 + 1’),Lys’,Gly6]-bradykinin 
in (C2H&S0, are summarized in table 1. The 
‘H-NMR data limited the number of possible 
conformations for all residues excepting Lys’ and 
Gly6 (table 1). Intense NOES between the d-pro- 
tons of prolines in positions 2, 3 and 7, and 
rr-protons of the preceding residues demonstrate 
unequivocally the trans configuration for all 
X-Pro peptide bonds. The combination of a strong 
NOE,, for Pro3, NOEn, for Gly4 and rather low 
temperature coefficient for the Phe’ amide proton 
suggests [15] the type-II P-bend conformation for 
the Pro3-Gly4 residues. The strong NOE,, of 
Phe’ and low temperature coefficient of the Arg9 
amide proton tie indications of a second &bend 
at Pro7-Phe’, that can be assigned from the weak 
NOE,, of Pro’ as either a type I or type III bend. 

A description of the calculated low-energy con- 
formations for CBK is given in table 2. All of the 
structures have both postulated &bends stabilized 
by hydrogen bonding of the Phe’ and Arg’ amide 
protons. The lysine NSH amide proton, which has 
a low temperature coefficient Pa/AT, is also hy- 
drogen bonded in some conformations, but the 
Gly6 amide proton, with a high AS/AT, is not 
involved in any intramolecular hydrogen bond. 
The 3JnNc=n vicinal coupling constants calculated 
for structures 1-4 fit the experimental values 
within an accuracy of 2 Hz. Some coupling ‘don- 
stants calculated for structures 5 and 6 deviate 
from the observed values by more than 3 Hz. 

The list of NOES, showing a substantial dif- 
ference bet&een the calculated and measured in- 
tensities, is given in table 2 for each low-energy 

A 

Fig. 5. Stereo drawings of low-energy structures 1 (A) and 2 (B) of CBK. 
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conformation All cases of disagreement are related 
to the NOEs of residues 5 and/or 9. Structures 
1-4 have similar backbone conformations for 
residues 2-8, and differ mainly in terminal 
residues. Transitions among the possible con- 
formers of C-terminal residues can account for the 
difference between the calculated and measured 
NOE intensities of Arg’. The conformation of 
Phe5 in structures l-4 belongs to the intermediate 
b region, with the interproton distances d,, and 
dNN being very sensitive to small deviations in the 
dihedral angles ‘p and 4. Conformational fluctua- 
tions in this region can result in the (d-6) values 
determining the observed cross-peak intensities, 
which differ from the ((d))-6 values predicted 
from the static, calculated structures [29]. 

Stereoviews of low-energy structures 1 and 2 of 
CBK are given in fig. 5. Both structures are prob- 
ably typical representatives of the statistical en- 
semble of cyclopeptide conformers in (C*H,),SO. 
These structures possess a rigid backbone con- 
formation for residues 2-8, stabilized by two /3- 
bends with intramolecular hydrogen bonds, and a 
flexible conformation of the C-terminal arginine 
residue. Such a model for the spatial structure of 
CBK is in good agreement with available ‘H-NMR 
data. Other versions of the spatial folding of CBK 
were also predicted by energy calculation. Struc- 
tures 5 and 6, however, are not in good agreement 
with the experimental data, and are less preferable 
than structures 1-4, providing an entropy contri- 
bution to free energy is taken into account. 

6. Cyclic analog of substance P C-terminal hexa- 
pkptide 

The distribution of observed NOE intensities 
(table 3) in (C’H&SO does not limit the number 
of backbone conformations for single residues of 
CSP6 as substantially as with CBK. Preliminary 
restriction of the conformations considered for 
CSP6 was carried out by exclusion of conformers 
with the expected intensities of separate NOES 
exceeding the measured values. Thus, the a *-type 
conformers can be excluded when a weak NOEN. 
is observed (residues 2 and 5), and e-type con- 
formers are of low probability with a weak NOE,, 
(residue 6). The absence of NOE,, restricts the 
possible conformations of residues 3 and 4 (see 
table 3). The relatively intense NOE,, for res- 
idues 5 and 6, and low temperature coefficients of 
Met6 and NH(2) amide protons suggest the possi- 
bility of a /3-turn conformation in the C-terminal 
moiety. However, in this case, the type of bend 
and the exact localization cannot be ascertained 
without conformational calculations. 

More than 40 conformations of CSP6 within an 
energy limit of 10 kcal/mol were obtained by 
calculation. Typical representatives of the basic 
set of structures are described in table 4. The 
expected intensities of local NOES were calculated 
for each structure. None of the basic structures 
show satisfactory agreement with the experimental 
set of NOES. Each low-energy conformation pre- 
dicts substantial differences between the calcu- 

Table 3 

‘H-NMR data and conformational limitations for a cyclic analog of substance P C-terminal hexapeptide in (C’H,),SO 

Residue NOE intensity grades W.w/AT Possible backbone 

NU L%N NN (PPWK) (X 103) conformations ’ 

Gld 
Phe’ 
Phe’ 
Gly4 
LeI15 
Met6 
NW) 

1.3 
4.8 
4.3 
4.3 
1.3 
0.7 

e 
e and b a, 
e and a* 
core’ 
P and b a, 
aot.a+ 

’ Local NOE intensities for residues 2,3 and 5 can be explained by averaging over conformers from the different regions (and); data 
observed for residues 4 and 6 can be explained by conformers from any of the given regions (or). 
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Table 4 

Representative low-energy structures of CSP6 

Parameters Cluster numbers 

1 2 3 4 

Backbone 4, 138 120 131 116 
dihedral 9s - 145 -151 - 146 -96 
a@es a $2 164 61 63 175 

(P3 -78 - 140 51 54 
$3 126 64 37 39 
v4 165 173 -89 64 
$4 -178 - 168 158 - 166 
‘p5 -73 -64 -74 -64 
45 -47 107 -51 148 
96 -19 51 -83 59 
$6 -36 42 -36 69 

E - E,, (kcal/mol) 0.0 5.4 4.0 4.6 

NOE with 

Ik exp-k&I ‘1 NN(2) NN(2) 
Nu(3) Na(3) oN(3) oN(3) 
uN(5) NN(5) @N(5) NN(5) 

Accessible N,H 0.0 0.0 1.1 0.0 
surface N,H 4.9 0.0 1.8 8.4 
area of N4H 2.1 2.2 0.0 7.5 
amide pro- N,H 8.0 8.4 7.1 8.6 
tons b (K) N,H 2.1 63 2.6 2.3 

NH(2) 0.0 1.4 2.0 0.5 

B Values of the dihedral angles o are usually within the range 180 f 10 ‘. 
b Calculated according to the method of Lee and Richards [31]. 

5 6 I 8 

115 137 152 113 
-86 -82 -81 -82 
-35 -24 -26 -25 

-140 -151 49 54 
152 158 63 40 

-71 -79 -172 176 
16 69 -136 -68 

-97 -87 -66 -81 
-59 83 -44 89 
-95 53 -71 52 
-41 43 -35 47 

1.5 4.2 4.8 4.8 

&N(2) oN(2) uN(2) ON(~) 
Na(3) No(3) oN(3) 
aN(5) NN(5) oN(5) NN(5) 

1.3 1.8 0.0 0.0 
1.3 1.3 0.0 0.0 
5.6 4.5 0.0 0.0 
0.0 0.0 7.0 0.0 
0.1 3.9 1.8 3.8 
0.0 3.2 0.0 2.0 

lated and observed intensities for at least two local corresponds to each of three main, allowable con- 
NOES. This discrepancy is involved mainly with formational regions for L-amino acid residues (fig. 
the effects of residues 2, 3 and 5. 3). Nevertheless, two rather intense effects were 

As mentioned in section 2, one intense NOE observed for most CSP6 residues. This is possible 

Table 5 

Results of ‘H-NMR parameter averaging over the different combinations of CSP6 low-energy structures 

Combinations a AJ(Hz) b K = ml* Weight limits (X 100) d 
of clusters 

w1 w2 w3 
4s 1.5 5 59-76 24-41 
3,6 2.0 5 65-77 23-35 
1,4,5 1.0 2 16-41 13-50 32-43 
3,435 1.0 3 15-26 38-54 30-38 
2,375 1.0 4 18-44 25-57 22-32 
1,336 1.5 4 4-52 11-71 13-46 

a ‘H-NMR parameters were averaged over the representative structures of the clusters (see table 4). 
u Minimum of the three values AJ = 1.0, 1.5 and 2.0 Hz for which all conditions (eq. 6) are satisfied. 
c Minimum value of the total difference index; see eq. 3. 
d Minimum and maximum weights of the corresponding structures, obtained with the given values of AJ and K,, 
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in the case of either a very specific spatial struc- 
ture or equilibrium between essentially different 
structures. The fact that none of more than 40 
low-energy conformations can completely satisfy 
the experimental data suggests, in our opinion, 
that conformational equilibrium is the most prob- 
able explanation for the observed cross-peak in- 
tensities. 

With the basic set of structures, we attempted 
to select the combinations of conformers giving 
calculated average values in agreement with ob- 
served NOES and other ‘H-NMR parameters. This 
analysis was feasible for a limited number of 
structure combinations. Therefore, calculated 
structures predicting similar intensities for all 
NOES under investigation were united into clus- 
ters. Table 4 lists eight clusters of structures 
selected according to this criterion with four types 
of Phe’-Phe3 conformers (ee, ea *, ae and aa * ) 
and two types of Leu’-Met6 conformers (ua and 
ea * ). Clusters 7 and 8 each contain single confor- 
mations, while other clusters include from 4 to 10 
low-energy conformations. A single representative 
structure was selected for averaging from each 
cluster (energies are given in table 4). 

Double and triple combinations of representa- 
tive structures, with expected agreement between 
the measured and calculated average ‘H-NMR 
parameters, were selected by preliminary analysis. 
Random sets of weights wi were generated for 
these combinations of structures. The average in- 
tensities of 14 NOES and average values of six 
3JHNc0H coupling constants were calculated for 
each set of weights. Results for the combinations 
giving the best agreement between calculated and 
observed values are listed in table 5. A satisfactory 
agreement can be achieved by averaging over the 
pairs of structures from clusters 4,5 or 3,6, but the 
best agreement was obtained in the combinations 
of structures from clusters 1,4 and 5 or 3,4 and 5. 
However, in both combinations, the average inten- 
sity of the Phe2 NOE,, remains at only about 
half of the value measured. An attempt to achieve 
better agreement for this NOE, by adding a fourth 
structure from clusters 2 or 3, was unsuccessful. It 
should be borne in mind, however, that cross-peaks 
corresponding to the amide proton of Phe* and 
the ly-protons of Phe’ and Phe3 overlap in the 

NOESY spectrum of CSP6, and that the accepted 
method of measurement can overestimate the in- 
tensities of these cross-peaks. 

The conformations possible for the CSP6 mole- 
cule are represented in fig. 6 by stereoviews of 
three structures from clusters 1, 4 and 5. It should 
be noted that these conformations differ in both 
main chain folding and orientation of the side 
chains, which are mainly directed toward the 
solvent. The C-terminal moiety of the molecule 
usually forms a P-bend with comer residues Leu5- 
Met6. This can be either a type II bend stabilized 
by a 4 + 1 hydrogen bond or a type III bend 
without a hydrogen bond. In some structures (not 
shown in fig. 6), the Leu’ residue forms a y-turn 
stabilized by a 3 --f 1 hydrogen bond. The carbonyl 
group of the glutamic acid side chain can form 
hydrogen bonds with the amide groups of differ- 
ent residues. 

According to the A&/AT values [30] mea- 
sured in (C*H,),SO (table 3), the amide protons 
of CSP6 can be divided into two groups; the 
protons of Phe2, Met6 and NH(2), which should, 
to a considerable extent, be screened from solvent 
and the amide protons of residues 3-5 which 
would be expected to be exposed to solvent. The 
accessible surface areas of the amide protons in 
the low-energy structures of CSP6, shown in table 
4, were calculated by the method of Lee and 
Richards [31], using the van der Waals radii given 
by Bondi [32] and a probe radius of 1.4 A, corre- 
sponding to a water molecule. Naturally, these 
values can be compared with experimental data 
obtained in (C2H,),S0 only with reservation, but 
at any rate, the amide protons barely accessible to 
H20 molecules should be even more screened 
from the bulky molecules of (C’H,),SO. 

In most of the structures set out in table 4, the 
amide protons of Phe’, Met6 and NH(2) are com- 
pletely, or to a considerable extent, screened from 
solvent. The accessible area for amide protons 3-5 
is substantially different from one structure to 
another. However, in the conformational equi- 
libria of structures from clusters 1,4 and 5 or 3,4 
and 5, each of these amide protons should be 
partly exposed to solvent. Thus, the assumption 
on the conformational equilibrium of several low- 
energy structures of CSP6 is also in qualitative 
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C 

Pig. 6. Stereo drawings of the representative low-energy conformations of CSP6 from clusters 1 (A), 4 (B) and 5 (C). 

agreement with the temperature dependencies of 
the amide proton chemical shifts in (C’H,),SO. 

equilibrium of conformers accounts for the avail- 
able experimental data far better than each selected 

Certainly, the method Applied to the calcula- low-energy structure. Moreover, the conformer 
tion and averaging of NMR parameters is a rather 
rough approximation. Using this procedure, we 

combinations, in the case where the averaged val- 
ues of the NMR parameters do not contradict the 

cannot hope to obtain a real description of the 
conformational dynamics for CSP6. The results of 

experimental data, can serve as a first approxima- 

this investigation prove only that the dynamic 
tion in a more detailed study of the conforma- 
tional properties of a cyclopeptide by Monte Carlo 
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[33,34] or molecular dynamics [2,3] simulation. 

7. Conclusions 

The results presented here relate to two small 
peptides, of which the conformational mobility is 
restricted by cyclization. Nevertheless, the CSP6 
molecule proves to be conformationally flexible in 
solution. CBK has a rather rigid spatial structure 
in dimethyl sulfoxide. In this case, however, the 
more flexible part of the main chain was also 
selected. Dynamic equilibrium in solution, with 
conformational transitions of molecular frag- 
ments, or even entire molecules, is probably a 
common property of oligopeptides. Therefore, 
static models do not give a complete representa- 
tion of the three-dimensional structure of oligo- 
peptides. A complete description of the spatial 
structure can be obtained only in the form of a 
statistical ensemble of conformers. 
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