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Abstract-Conformational computations of the synthesized H3Leu3His3Lys3Leu3Gln3Thr3NH2 and
H3Ala3D-Ala3Lys3Leu3Ala3Thr3NH2 peptide sequences corresponding to the 16321 fragment of salmon
calcitonin II and its highly active analog that exhibits an analgesic activity were performed. The molecular
dynamics method with the AMBER force field was used to trace changes in the geometric parameters of the
two molecules over the course of 1500 ps. The conformation of the molecular skeletons underwent no radical
changes during computations, and relative flexibility was only revealed in the Lys3, Leu4, and Thr6 side chains.

Development of new approaches to identification
of biologically active fragments of natural peptides
and proteins is one of the urgent problems of modern
bioorganic chemistry. Such compounds may form the
basis for preparing analogs possessing selective ac-
tivity and enhanced resistance to enzymatic cleavage.
Analysis of published data shows thata-helix and
b-puckered fragments of peptide hormones and
proteins not infrequently play an important role in
reactions with receptors and cell membranes, as well
as function as carriers and antigen determinants.
Abundant evidence is available for a correlation
between the ability to form such structures and bio-
logical activity [134], which suggests that search for
and study of the corresponding sequence fragments is
of independent interest. As one of the objects for such
a research we chose salmon calcitonin.

Calcitonin is a peptide hormone comprising
32 amino acid residues. Along with its principal, hypo-
calcemic function, it controls the concentration of
blood phosphorus, exhibits analgesic and anorexic
activity, and plays a specific role in stress situations.
Despite the fact that human and salmon hormones
differ by 16 amino acid residues, salmon calcitonin
exhibits a higher affinity for human cell receptors and
is 40350 times more active [5]. Eel calcitonin acts
more effectively but for a short time [6]. For this
reason, preparations on the basis of salmon calcitonin
hold promise as analgesics. At present they are widely
used in the therapy of osteoporosis, Paget’s disease,
and hypercalcemia. Calcitonin is classed with endo-
genous nonopiate analgesics, and is thoroughly

studied [7, 8], in clinics inclusive. It proved very ef-
fective against post-amputation pains. At the same
time, calcitonin analgesics are frequently unadvisable,
since they either directly interfere with the calcium
and phosphate metabolism or lead to immune dis-
orders. In this connection, search for elementary
hormone units responsible the analgesic activity
presents interest.

The analgesic activity of salmon calcitonin frag-
ments has been studied under the direction of
G.P. Vlasov at the Institute of Macromolecular
Compounds. To gain insight into the nature of the
analgesic activity of such compounds, we have syn-
thesized H3Leu3His3Lys3Leu3Gln3Thr3NH2 and
H3Ala3D-Ala3Lys3Leu3Ala3Thr3NH2 peptides
which correspond to the 16321 fragment of salmon
calcitonin II and its highly active analog, and com-
puted their conformations.

The computations were performed using the
HYPERCHEM program package [9]. First geometric
parameters of the peptides in the zwitter-ionic form
were optimized by molecular mechanics computations
with the AMBER force field [10]. Further on the
peptide molecules were embraced into solvation shells
of water molecules; the latter were treated in terms of
the TIP3P model [11]. The hexapeptide molecules
with optimized geometric parameters were centered
in a parallelepipedic[box]; therewith, the free space
was filled with water molecules. The dimensions of
the [boxes] were three times the linear dimensions of
the H3Leu3His3Lys3Leu3Gln3Thr3NH2 (560350
16 A, 1036 water molecules) and H3Ala3D-Ala3Lys3
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Fig. 1. Spatial arrangement of the lowest energy conformation of the H3Leu3His3Lys3Leu3Gln3Thr3NH2 molecule in solution
and denotations of atoms and dihedral angles.

Leu3Ala3Thr3NH2 (56034.5019.5 A, 1201 water
molecules) molecules so as to insulate the peptide
molecule from walls of the[box] by a solvent layer
and thus prevent boundary effects on the geometry of
the peptide during molecular dynamics. Cyclic
boundary conditions were imposed on the peptide3
solvent system. The whole peptide3water system was
optimized by molecular mechanics computations to
eliminate energetically unfavorable van der Waals
contacts.

The molecular dynamics study of solvated peptides
was performed in the following way. Since in the
initial conditions the systems were at 0 K, they were
first heated to 300 K in 30 steps of 10 K in 30 ps.
Further on the total energies of the systems remained
roughly constant (while temperature was a computed
characteristic related to atomic velocities), and in this
state the molecular dynamics was followed up to
1500 ps from the beginning of the computation. The
integration step over the entire computation was
0.5 fs. This scheme was preferred over other possible
schemes for the following reasons. On the one hand,
the temperature was not constant throughout the com-
putation, which allowed the systems to overcome
potential barriers higher then they are able to over-
come in usual conditions (near 300 K), thus extending
potential surfaces available for study. At the same

time, the temperature could reach values sufficient for
cleavage of covalent bonds or for conformational
transitions changing chirality of atoms.

The systems equilibrated 300 ps after the beginning
of the experiment, as judged from the ratio of the
rms deviation of the total energy to the mean total
energy (<0.0001). Every 10 ps between 1000 to
1500 ps the geometric parameters of the systems
were saved (without interrupting molecular dynamics)
and optimized by molecular mechanics computations
with the AMBER force field, after which the solvent
molecules were removed. As a result, 51 conforma-
tions for the H3Leu3His3Lys3Leu3Gln3Thr3NH2
and H3Ala3D-Ala3Lys3Leu3Ala3Thr3NH2 mole-
cules were obtained.

The steric structure of the lowest energy conforma-
tion of H3Leu3His3Lys3Leu3Gln3Thr3NH2 and ac-
cepted denotations for geometric parameters are
shown in Fig. 1. Dihedral angles were denoted and
counted according to the current nomenclature [12].
The optimization results showed that the conforma-
tions obtained are expedient to divide into four groups.
The structural parameters of the conformations in each
group vary only slightly (Table 1). As follows from
Table 1, the steric structure of the H3Leu3His3Lys3
Leu3Gln3Thr3NH2 molecular skeleton is almost the
same for all the conformations. The most essential
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differences in the geometric parameters of the four
groups of conformations relate to positions of the Lys,
Leu4, and Thr side chains. Taking as reference second-
group conformations, we can infer that first-group
conformations have differentc6 (Thr) angles, third-
group conformations,c41 and c42 (Leu4) dihedral
angles, and fourth-group conformations,c33 and c34
(Lys) angles.

By molecular mechanics we additionally optimized
all the earlier obtained conformations freed of solva-
tion shells. The desolvated conformations were di-
vided into six groups in terms of potential energies
and structural similarity; their geometric parameters

are listed in Table 1. The first two groups have dif0
ferentc6 angles that define the spatial arrangement of
the Thr side chain, but the conformational energies of
these groups are roughly close to each other. The
principal difference in the geometric parameters be-
tween the last four groups and the first two consists
in the y45, y56, and j56 angles: Change in the
position of the Gln3Thr fragment relative to Leu3
His3Lys3Leu with simultaneous torsion of Thr rela-
tive to Gln decreases the conformational energy by
~132 kcal mol31. No other differences in the structure
of the peptide skeleton of the last four groups of de-
solvated conformations and those belonging to the
first two groups were revealed; different are only the

Table 1. Geometric parameters of solvated (solv) and desolvated (desolv) conformations and trajectory-averaged (dyn)
geometric parameters of the H3Leu3His3Lys3Leu3Gln3Thr3NH2 molecule: number of conformations in group (Nconf),
dihedral angles (y12, w12, j12,y23, w23, j23,y34, w34, j34,y45, w45, j45,y56, w56, j56, c11, c12, c2, c31, c32, c33, c34, c41,

c42, c51, c52, c53, c6, deg), and scatter of potential energies within group (Epot, kcal mol31), as given by molecular
dynamics computations
ÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Parameter
³ solv ³ desolv
ÃÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄ
³ Nconf 22 ³ Nconf 20 ³ Nconf 5 ³ Nconf 4 ³ Nconf 12 ³ Nconf 7

ÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄ
y12 ³ 152.3+4.6 ³ 154.0+2.4 ³ 152.1+4.2 ³ 153.3+2.0 ³ 158.0+1.1 ³ 157.9+1.5
w12 ³ 175.3+2.8 ³ 175.2+2.1 ³ 174.4+3.3 ³ 174.4+3.3 ³ 169.2+0.5 ³ 168.9+0.9
j12 ³ 152.3+4.6 ³ 154.0+2.4 ³ 152.1+4.2 ³ 152.1+4.2 ³ 3165.6+1.2 ³ 3165.2+1.4
y23 ³ 168.7+3.4 ³ 165.7+3.8 ³ 167.6+4.6 ³ 167.6+4.6 ³ 177.5+1.9 ³ 177.1+1.7
w23 ³ 172.1+3.9 ³ 171.8+2.1 ³ 172.5+2.6 ³ 172.5+2.6 ³ 175.6+1.2 ³ 175.7+1.0
j23 ³ 3147.6+5.3 ³ 3142.4+5.4 ³ 3145.8+4.6 ³ 3145.8+4.6 ³ 3162.6+3.6 ³ 3160.7+4.4
y34 ³ 153.8+3.0 ³ 150.7+3.5 ³ 148.6+3.2 ³ 148.6+3.2 ³ 172.8+2.4 ³ 172.0+3.0
w34 ³ 168.7+2.3 ³ 168.3+2.8 ³ 170.4+1.1 ³ 170.4+1.1 ³ 154.9+1.6 ³ 156.5+2.1
j34 ³ 3144.3+3.1 ³ 3140.5+3.8 ³ 3139.2+2.0 ³ 3139.2+2.0 ³ 3119.4+4.0 ³ 3120.1+2.2
y45 ³ 59.3+3.4 ³ 65.5+4.7 ³ 69.7+3.9 ³ 69.7+3.9 ³ 142.3+4.3 ³ 142.3+3.0
w45 ³ 161.1+3.8 ³ 167.1+2.7 ³ 166.6+4.9 ³ 166.6+4.9 ³ 175.5+1.4 ³ 177.0+1.4
j45 ³ 380.1+4.0 ³ 391.4+6.8 ³ 398.9+1.5 ³ 398.9+1.5 ³ 3157.7+2.2 ³ 3157.5+0.9
y56 ³ 118.1+4.8 ³ 106.5+4.1 ³ 104.5+4.8 ³ 104.5+4.8 ³ 77.9+3.9 ³ 77.8+2.0
w56 ³ 3161.1+3.8 ³ 3171.4+2.1 ³ 3172.1+6.1 ³ 3172.1+6.1 ³ 3175.0+1.6 ³ 3176.3+1.6
j56 ³ 3166.4+10.1 ³ 3145.5+3.4 ³ 3139.9+5.0 ³ 3139.9+5.0 ³ 3138.0+3.2 ³ 3129.8+2.2
c11 ³ 3175.4+2.8 ³ 3175.9+2.6 ³ 3174.4+3.7 ³ 3173.4+2.9 ³ 3175.5+0.9 ³ 3175.7+0.5
c12 ³ 3172.6+3.4 ³ 3175.9+1.8 ³ 3176.5+3.0 ³ 3175.8+3.6 ³ 179.1+0.6 ³ 3179.0+0.6
c2 ³ 3175.0+2.1 ³ 3173.7+3.2 ³ 3173.3+2.7 ³ 3170.2+1.5 ³ 3164.8+1.6 ³ 3163.9+1.6
c31 ³ 3165.1+2.6 ³ 3163.9+2.2 ³ 3162.9+1.6 ³ 3166.0+2.7 ³ 3150.8+2.4 ³ 3153.3+2.8
c32 ³ 175.7+1.6 ³ 174.3+2.7 ³ 176.0+1.1 ³ 3172.8+2.1 ³ 3175.0+2.8 ³ 3175.1+2.8
c33 ³ 3175.6+3.6 ³ 3175.1+3.3 ³ 3176.4+0.8 ³ 363.4+3.2 ³ 176.9+1.7 ³ 177.7+1.8
c34 ³ 177.5+2.3 ³ 176.1+3.0 ³ 177.3+2.7 ³ 3168.1+3.1 ³ 177.9+0.9 ³ 3179.2+0.2
c41 ³ 3173.4+5.1 ³ 3170.4+2.6 ³ 3162.0+2.9 ³ 3173.8+4.0 ³ 177.0+2.0 ³ 179.0+0.4
c42 ³ 3171.6+6.8 ³ 3167.3+7.4 ³ 383.0+6.5 ³ 3166.5+7.8 ³ 3175.3+1.3 ³ 3173.4+2.2
c51 ³ 3165.0+5.3 ³ 3168.5+2.2 ³ 3166.5+2.7 ³ 3168.0+4.5 ³ 3170.1+1.4 ³ 3170.6+1.1
c52 ³ 3111.1+8.9 ³ 3110.5+5.9 ³ 3108.6+2.6 ³ 3105.0+4.4 ³ 166.4+2.3 ³ 167.0+1.9
c53 ³ 70.3+11.4 ³ 63.3+9.9 ³ 61.9+11.1 ³ 72.7+14.6 ³ 121.1+3.5 ³ 120.8+1.7
c6 ³ 158.8+4.0 ³ 364.3+6.3 ³ 359.6+4.0 ³ 367.2+8.6 ³ 3178.1+1.7 ³ 367.8+1.1
Epot ³316.31 to325.17³317.99 to325.44 ³318.60 to324.32 ³ 319.50 to 28.21³ 366.38 to366.65³366.55 to366.85
ÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄ
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Table 1. (Contd.)
ÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Parameter
³ desolv ³

dynÃÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄ´
³ Nconf 4 ³ Nconf 4 ³ Nconf 10 ³ Nconf 4 ³

ÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
y12 ³ 159.4+0.4 ³ 159.2+0.3 ³ 159.0+0.7 ³ 159.5+0.5 ³ 157.0+8.8³ ³ ³ ³ ³
w12 ³ 168.0+0.2 ³ 164.1+0.6 ³ 165.8+0.7 ³ 165.6+0.9 ³ 172.5+5.0³ ³ ³ ³ ³
j12 ³ 3161.6+1.8 ³ 3159.3+0.9 ³ 3158.3+1.2 ³ 3158.2+1.1 ³ 3151.0+12.2³ ³ ³ ³ ³
y23 ³ 172.0+1.8 ³ 3178.1+0.5 ³ 169.3+1.0 ³ 171.6+1.1 ³ 3143.2+9.6³ ³ ³ ³ ³
w23 ³ 172.7+0.3 ³ 170.7+0.9 ³ 171.6+0.5 ³ 170.2+0.5 ³ 171.9+5.1³ ³ ³ ³ ³
j23 ³ 3154.6+0.4 ³ 3164.5+0.6 ³ 3154.1+0.6 ³ 3153.7+0.5 ³ 3143.2+9.6³ ³ ³ ³ ³
y34 ³ 174.7+1.7 ³ 174.8+0.5 ³ 176.9+0.8 ³ 177.1+0.7 ³ 149.8+7.5³ ³ ³ ³ ³
w34 ³ 161.6+0.6 ³ 169.5+0.3 ³ 162.2+1.4 ³ 162.4+0.8 ³ 170.3+5.6³ ³ ³ ³ ³
j34 ³ 3136.0+0.4 ³ 3146.6+0.3 ³ 3139.3+1.0 ³ 3139.6+0.8 ³ 3140.2+8.3³ ³ ³ ³ ³
y45 ³ 51.9+3.0 ³ 53.3+0.8 ³ 49.5+1.1 ³ 48.6+1.4 ³ 60.8+9.8³ ³ ³ ³ ³
w45 ³ 171.2+0.2 ³ 3177.5+0.4 ³ 3174.5+0.9 ³ 3174.7+0.2 ³ 163.0+7.1
j45 ³ 3158.6+1.2 ³ 3162.2+1.5 ³ 3157.8+1.5 ³ 3156.9+1.7 ³ 380.9+12.9
y56 ³ 104.6+5.1 ³ 116.7+1.5 ³ 108.3+1.4 ³ 109.0+3.1 ³ 116.4+11.6
w56 ³ 175.8+1.2 ³ 174.7+1.1 ³ 175.4+1.2 ³ 176.0+1.8 ³ 3166.6+8.2
j56 ³ 368.5+1.6 ³ 372.9+1.6 ³ 374.0+3.1 ³ 372.1+3.5 ³ 3149.1+14.0
c11 ³ 3117.0+0.4 ³ 3177.8+1.1 ³ 3178.0+0.7 ³ 3178.3+0.5 ³ 3170.9+5.9
c12 ³ 3178.6+0.5 ³ 3177.9+1.7 ³ 3178.4+0.7 ³ 3178.0+0.7 ³ 3171.7+5.9
c2 ³ 3163.9+1.1 ³ 3162.9+0.6 ³ 3166.2+1.5 ³ 3164.4+1.2 ³ 3172.1+5.3
c31 ³ 374.1+3.4 ³ 3148.8+1.5 ³ 372.6+1.1 ³ 371.9+1.4 ³ 3162.4+7.8
c32 ³ 3167.4+2.7 ³ 172.7+1.8 ³ 3167.9+1.0 ³ 3168.3+1.1 ³ 180+10
c33 ³ 169.7+3.7 ³ 363.4+1.4 ³ 172.7+1.2 ³ 172.7+0.6 ³ 3
c34 ³ 3175.3+3.2 ³ 3169.2+1.8 ³ 179.0+0.6 ³ 3178.8+0.8 ³ 180+10
c41 ³ 3151.2+0.6 ³ 3171.4+0.3 ³ 3171.6+1.4 ³ 3169.6+1.8 ³ 3169.1+6.1
c42 ³ 361.3+0.4 ³ 3177.9+1.8 ³ 3176.7+2.6 ³ 3174.7+3.5 ³ 3
c51 ³ 179.2+0.8 ³ 170.5+0.1 ³ 177.3+0.7 ³ 177.2+0.3 ³ 3166.7+7.8
c52 ³ 390.8+1.6 ³ 392.1+0.8 ³ 389.2+1.8 ³ 389.4+1.3 ³ 3
c53 ³ 141.6+4.8 ³ 159.4+1.6 ³ 145.2+2.3 ³ 145.8+2.3 ³ 3
c6 ³ 365.8+1.5 ³ 368.0+1.7 ³ 367.0+1.1 ³ 3177.8+1.1 ³ 3
Epot ³367.31 to367.80³367.48 to 367.55 ³368.51 to369.01³368.82 to 368.93 ³ 3
ÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

dihedral angles that define the spatial arrangement of
side chains in H3Leu3His3Lys3Leu3Gln3Thr3NH2,
namely,c11 (Leu1), c31 (Lys), c41, and c42 (Leu4) in
the third group,c31, c32, and c33 (Lys) in the fourth,
and c31 (Lys) in the fifth and sixth. Fifth- and sixth-
group conformations have differentc6 (Thr) dihedral
angles. In Table 1 we included data for 41 desolvated
conformations only, since after optimization we ob-
tained six conformations having an appreciably higher
energy (by~436 kcal mol31) and strongly differing in
geometry both from each other and from conforma-
tions placed in the above groups. Four more conforma-
tions, by contrast, had a much lower energy (by~103
15 kcal mol31) and an intramolecular hydrogen bond
between the nitrogen atom of the Lys side chain and
the amide oxygen atom of Gln (N3O distance 2.653
2.75 A).

As follows from a comparison of the geometric
parameters of solvated and desolvated conformations
of the H3Leu3His3Lys3Leu3Gln3Thr3NH2 molecule,
solvent has almost no effect on the steric structure of
the Leu13His fragment but appreciably affects the
structural parameters of the Lys, Gln, and Thr side
chains, as well as of the peptide skeleton in the Leu43
Gln3Thr region. A probable explanation consists in
that the Leu13His fragment is hydrophobic, while the
Lys3Leu43Gln3Thr fragment comprises the proton-
ated amino group of the Lys side chain, the hydroxy
group of the Thr side chain, and the amido groups of
the Gln side chain and peptide C terminus.

We traced the geometric parameters of the H3Leu3
His3Lys3Leu3Gln3Thr3NH2 molecule directly over
the course of molecular dynamics simulation in the
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range 30031500 ps at 2-fs steps. The parameter set
included all skeleton and side-chain dihedral angles,
except for the dihedral angles in the histidine imida-
zole ring, as well as certain N3O distances. Table 1
lists the trajectory-averaged geometric parameters of

H3Leu3His3Lys3Leu3Gln3Thr3NH2. Most of them
only slightly vary with time. Relatively larger varia-
tions are only characteristic ofc33, c42, c52, c53, and
c6. Figure 2 showsc52, c53, and c6 as functions of
computation time. Thec52 value fluctuates within
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Fig. 2. Dependence of the (a3c) c52, c53, and c6 dihedral angles and (d, e) O863H107 and O1063H113 distances in
the H3Leu3His3Lys3Leu3Gln3Thr3NH2 molecule on the time of molecular dynamics computations (t, ps).
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Table 2. Dependence of selected O3N, O3H, O3N, and N3H distances (A) on computation time (t, ps)
ÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄ

t ³ O863O106 ³ O863H107 ³ O1063N112 ³ N1123H107 ³ O1063H113

ÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄ
300+425 ³ 2.99+0.24 ³ 2.98+0.63 ³ 4.57+0.14 ³ 4.89+0.31 ³ 4.30+0.37
425+624 ³ 4.33+0.30 ³ 4.66+0.61 ³ 3.91+0.31 ³ 4.06+0.32 ³ 2.48+0.23
624+757 ³ 3 ³ 3 ³ 3.05+0.19 ³ 3.18+0.34 ³ 3
757+765 ³ 3.05+0.23 ³ 2.65+0.37 ³ 4.34+0.15 ³ 4.61+0.24 ³ 4.04+0.24
765+812 ³ 4.28+0.27 ³ 4.50+0.56 ³ 3.08+0.16 ³ 3.28+0.37 ³ 2.43+0.27
812+824 ³ 2.84+0.20 ³ 2.85+0.61 ³ 4.42+0.21 ³ 4.81+0.20 ³ 4.16+0.36
824+880 ³ 4.37+0.31 ³ 4.72+0.59 ³ 3.12+0.19 ³ 3.20+0.28 ³ 2.47+0.20
880+916 ³ 2.91+0.19 ³ 2.67+0.40 ³ 4.32+0.24 ³ 4.68+0.26 ³ 4.20+0.37
916+936 ³ 4.24+0.27 ³ 4.82+0.37 ³ 3.11+0.22 ³ 2.85+0.30 ³ 2.51+0.25
936+1215 ³ 2.88+0.22 ³ 2.72+0.59 ³ 4.43+0.15 ³ 4.77+0.26 ³ 4.20+0.35

1215+1500 ³ 4.51+0.23 ³ 4.70+0.51 ³ 3.12+0.23 ³ 3.10+0.28 ³ 2.58+0.27
ÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄ

180o+15o up to 963 ps, after which it is3110.6o+
10.8o. Thec53 andc33 values behave similarly: 69.5+
15.6o after 928 ps,372.3+11.6o after 425 ps, and
368.3o+13.0o after 1464 ps, respectively. Thec42
dihedral angle is mostly within 180o+15o, but in the
ranges 124831264 and 141731449 ps it takes the value
of 378.6o+11.2o. Thec6dihedral angle is within 180o+
15o, except for the ranges 4253880 and 9163936 ps,
where it is 372.3o+11.6 and376.3o+14.2o, respec-
tively. After 1215 ps, this parameter takes the value
of 367.6o+11.8o.

We also studied the possibility of intramolecular
hydrogen bonding. As heavy atoms potentially
capable of hydrogen bonding we considered the hy-
droxyl O106 atoms of the Thr side chain, the peptide
carbonyl O86 and O67 atoms of Leu4 and Gln, and the
N112 atom of the N terminus. We traced the O673O106,
O673H107, O863O106, O863H107, O1063N112, N1123H107,
and O1063H113 distances (Fig. 1). The O673O106 and
O673H107 distances vary only slightly: Their mean
values in the range 30031500 ps are 3.98+0.47 and
3.97+0.52A, respectively, which rules out formation
of an O1063H107...O67 hydrogen bond. The dynamics
of variation in the other distances is presented in
Table 2. The time dependences of the O863H107 and
O1063H113 distances are shown in Fig. 2.

As seen from Table 2, there is no time range where
a hydrogen bond involving O106 in the H3Leu3His3
Lys3Leu3Gln3Thr3NH2 molecule would persist over
the entire interval, since the O863H107, N1123H107, and
O1063H113 distances are too large. However, in certain
conformations, the O1063H107...O86 and O1063H113...
N112 hydrogen bonds were found. It is also seen that
the processes of H107...O86 and O1063H113...N112 bond
formation are competitive: The H3Leu3His3Lys3Leu3
Gln3Thr3NH2 molecule never contains both these
bonds together.

According to the computation results, no radical
changes in the H3Leu3His3Lys3Leu3Gln3Thr3NH2
molecular conformation occur during molecular
dynamics up to 1500 ps; the geometric parameters
averaged over the molecular dynamics trajectory and
a series of lowest energy conformations vary only
slightly. Therefore, it is safe to state that the mole-
cular dynamics trajectory of solvated H3Leu3His3
Lys3Leu3Gln3Thr3NH2 passes near minima on the
peptide3solvent potential energy surface.

The spatial arrangement and accepted denotations
for geometric parameters of the H3Ala3D-Ala3Lys3
Leu3Ala3Thr3NH2 molecule are presented in Fig. 3.
The conformations are divided into four groups with
close dihedral angles (Table 3). The structure of the
molecular skeleton is almost the same in all the con-
formations, and different is only the spatial arrange-
ment of the Lys and Leu side chains. For the Ala3D-
Ala3Lys3Leu3Ala3Thr3NH2 molecule, too, additional
optimization of desolvated conformations was per-
formed to assess the effect of solvation on the peptide
geometry. The dihedral angles for five groups of de-
solvated conformations are given in Table 3.

The first and fourth groups radically differ from
the other three in the structure of the peptide skeleton,
as evidenced by the magnitudes of thej12, j23, y34,
w34, j34, and c31. dihedral angles. The first group
differs from the fourth and the second, third, and fifth
groups differ from each other in the structure of the
Lys and Leu side chains. The torsion by~90o (c42) of
the 2-propyl substituent in the Leu side chain de-
creases the conformational energy by~1.53
2 kcal mol31 (difference between the second and third
groups), and further changes in the structure of the
Lys side (decrease by~120o of the c33 and c34 di-
hedral angles), decreases the energy by almost the
same value (difference between the third and fifth
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Fig. 3. Spatial arrangement of the lowest energy conformation of the H3Ala3D-Ala3Lys3Leu3Ala3Thr3NH2 molecule in
solution and accepted denotations for atoms and dihedral angles.

groups). Table 3 gives no data for four desolvated
conformations that have much lower (1003
110 kcal mol31) energies compared to the other
conformations. These conformations are stabilized by
N3H...O intramolecular hydrogen bonds between the
amino N41 atom of the Lys side chain and oxygen
atoms: O79 of the C-terminal amido group and two of
the three atoms O50 and O69 (peptide carbonyls of
Leu and Ala5, respectively) (Fig. 3).

Analysis of the molecular dynamics trajectory of
H3Ala3D-Ala3Lys3Leu3Ala3Thr3NH2 in the range
30031500 ps revealed no changes in the skeletal
conformation. The trajectory-averaged dihedral angles
are listed in Table 3. Conformational transitions occur
exclusively in the Lys and Leu side chains; Fig. 4
show c33, c34, and c42 as functions of computation
time. At 857 ps, torsion about the C323C35 bond
occurs, which changes thec33 angle (87.9o+9.8o at
3003857 ps and 137.4o+10.4o at 85731068 ps). At
1068 ps, concerted changes inc33 and c34 are ob-
served: c33 fluctuates within 180+20o at 10683
1500 ps, andc34 is 71.5o+9.2o at 30031068 ps and
357.5o+9.7o at 106831500 ps. Thec42 value exhibits
the most unstable behavior: It varies within 180o+25o
at 3003631, 6373644, 6533832, and 86531035 ps, and

3101.9o+8.2, 399.0o+8.1, 389.3o+16.1, and373.4o+
7.2o at 6313637, 6443653, 8323865, and 10353
1500 ps, respectively. Thec41 value fluctuates within
180o+25o at 3003865 ps and are 169.5o+6.2, and
3164.4o+8.3o at 865o+1035, and 1035+1500 ps,
respectively.

Preliminary experiments in rats (Formalin test)
showed that the peptide molecules in hand exhibit
expressed analgesic activity. The analgesic activity of
salmon calcitonin was also revealed by means hot
plate and clipping tests. It was also established that
the analgesic effect is not relieved with naloxone, a
specific opiate antagonist [13]. At the same, the
mechanism of the analgesic activity both of calcitonin
itself and of its shortened analogs is still unclear.

Probably, H3Leu3His3Lys3Leu3Gln3Thr3NH2 and
H3Ala3D-Ala3Lys3Leu3Ala3Thr3NH2 selectively
interact with certain membrane receptors. Our com-
putations show that such ligand3receptor interaction
can be realized via formation of a hydrogen bond
involving one or several functional groups. Both
molecules have common Lys3, Leu4, and Thr6 residues.
The Leu4 side chain is hydrophobic and contains no
atoms capable of hydrogen bonding. Consequently,
the groups responsible for ligand3acceptor binding are
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Table 3. Geometric parameters of solvated (solv) and desolvated (desolv) conformations and trajectory-averaged (dyn)
geometric parameters of the H3Ala3D-Ala3Lys3Leu3Ala3Thr3NH2 molecule: number of conformations in group (Nconf),
dihedral angles (y12,w12,j12,y23,w23,j23,y34,w34,j34,y45,w45,j45,y56,w56,j56, c31, c32, c33,c34,c41,c42,c6, deg),
and scatter of potential energies within group (Epot, kcal mol31), as given by molecular dynamics computations
ÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Parameter
³ solv
ÃÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
³ Nconf 3 ³ Nconf 39 ³ Nconf 4 ³ Nconf 5

ÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
y12 ³ 175.7+2.8 ³ 170.5+5.8 ³ 170.9+3.4 ³ 175.4+2.1³ ³ ³ ³
w12 ³ 174.2+1.0 ³ 176.2+2.4 ³ 174.1+2.3 ³ 179.0+0.8³ ³ ³ ³
j12 ³ 94.3+6.2 ³ 95.7+6.1 ³ 93.4+6.6 ³ 93.6+3.4³ ³ ³ ³
y23 ³ 114.3+2.6 ³ 109.6+3.8 ³ 111.5+4.0 ³ 108.0+2.9³ ³ ³ ³
w23 ³ 3172.2+4.2 ³ 176.4+2.0 ³ 3174.6+1.6 ³ 176.8+1.7³ ³ ³ ³
j23 ³ 387.8+5.2 ³ 379.9+5.5 ³ 385.3+4.6 ³ 381.6+3.6³ ³ ³ ³
y34 ³ 141.9+2.1 ³ 134.3+4.8 ³ 139.4+1.4 ³ 128.5+2.8³ ³ ³ ³
w34 ³ 159.6+2.5 ³ 156.0+4.3 ³ 150.4+1.9 ³ 152.8+1.3³ ³ ³ ³
j34 ³ 3109.6+4.2 ³ 395.8+5.1 ³ 387.4+4.3 ³ 383.4+5.0³ ³ ³ ³
y45 ³ 132.9+1.1 ³ 128.6+3.3 ³ 139.6+4.3 ³ 125.5+2.9³ ³ ³ ³
w45 ³ 175.6+0.9 ³ 175.9+2.2 ³ 164.8+3.9 ³ 173.9+2.9³ ³ ³ ³
j45 ³ 3117.6+2.1 ³ 3115.9+5.5 ³ 3118.3+4.3 ³ 3116.5+2.2³ ³ ³ ³
y56 ³ 136.5+1.4 ³ 131.4+4.6 ³ 138.8+0.8 ³ 129.2+3.4³ ³ ³ ³
w56 ³ 166.6+1.2 ³ 168.1+3.0 ³ 165.7+3.0 ³ 169.7+1.8³ ³ ³ ³
j56 ³ 3114.1+2.2 ³ 3105.3+3.0 ³ 3112.6+2.0 ³ 3107.1+5.1³ ³ ³ ³
c31 ³ 393.1+4.0 ³ 372.6+5.2 ³ 377.5+8.7 ³ 366.9+3.4³ ³ ³ ³
c32 ³ 176.8+2.1 ³ 3170.7+4.3 ³ 177.7+1.3 ³ 3173.1+4.4³ ³ ³ ³
c33 ³ 146.7+3.4 ³ 180+5 ³ 123.7+6.8 ³ 175.7+1.9³ ³ ³ ³
c34 ³ 60.9+1.4 ³ 357.9+5.6 ³ 64.1+7.0 ³ 361.6+4.0³ ³ ³ ³
c41 ³ 3162.8+5.2 ³ 3165.1+3.9 ³ 165.3+2.6 ³ 165.4+4.3³ ³ ³ ³
c42 ³ 371.0+7.1 ³ 373.0+7.1 ³ 3175.1+4.1 ³ 180+2
c6 ³ 375.1+2.6 ³ 377.4+2.7 ³ 375.4+3.2 ³ 376.9+4.3
Epot ³ 374.90 to380.33 ³ 376.84 to388.42 ³ 379.57 to385.57 ³ 382.45 to387.55
ÄÄÄÄÄÄÄÁÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Parameter
³ desolv ³

dynÃÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄ´
³ Nconf 6 ³ Nconf 27 ³ Nconf 6 ³ Nconf 5 ³ Nconf 35 ³

ÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
y12 ³ 3170.2+1.0 ³ 3172.3+2.3 ³ 3172.3+1.7 ³ 180+2 ³ 3174.0+1.0 ³ 166.6+5.8
w12 ³ 179.5+0.4 ³ 174.3+0.8 ³ 174.1+1.1 ³ 3174.1+0.7 ³ 174.6+1.2 ³ 172.2+5.1
j12 ³ 75.4+1.1 ³ 52.8+1.1 ³ 50.9+1.8 ³ 73.5+1.2 ³ 52.6+1.8 ³ 91.5+7.2
y23 ³ 176.8+1.4 ³ 3138.8+3.3 ³ 3136.2+1.2 ³ 168.7+1.2 ³ 3143.2+1.4 ³ 115.4+6.9
w23 ³ 177.9+0.4 ³ 169.1+1.7 ³ 170.0+1.1 ³ 3179.2+0.5 ³ 168.8+1.1 ³ 180+10
j23 ³ 3161.5+5.0 ³ 3142.2+1.8 ³ 3143.6+1.5 ³ 3172.2+0.9 ³ 3139.5+0.8 ³ 387.8+6.8
y34 ³ 103.0+2.5 ³ 175.5+2.0 ³ 177.1+1.6 ³ 83.8+2.4 ³ 178.2+1.4 ³ 141.9+7.3
w34 ³ 176.8+1.5 ³ 162.4+2.0 ³ 159.6+1.9 ³ 180+2 ³ 164.6+1.2 ³ 155.9+6.4
j34 ³ 365.0+1.5 ³ 388.2+2.7 ³ 388.1+4.1 ³ 358.4+1.6 ³ 384.0+0.8 ³ 393.0+8.1
y45 ³ 147.9+1.9 ³ 142.6+2.2 ³ 145.4+1.7 ³ 143.1+2.1 ³ 134.7+2.6 ³ 147.7+9.1
w45 ³ 166.3+0.8 ³ 168.3+2.9 ³ 171.2+2.7 ³ 159.8+1.5 ³ 162.3+0.7 ³ 169.7+6.5
j45 ³ 3142.0+1.6 ³ 3138.9+3.6 ³ 3139.4+6.1 ³ 3141.3+1.9 ³ 3143.2+1.4 ³ 3125.3+7.8
y56 ³ 3173.8+0.6 ³ 3166.2+4.5 ³ 360.0+7.3 ³ 3174.9+0.6 ³ 178.7+1.4 ³ 129.9+6.7
w56 ³ 172.3+1.5 ³ 171.5+1.4 ³ 170.9+0.8 ³ 172.2+0.8 ³ 173.4+1.2 ³ 166.5+4.5
ÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
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Table 3. (Contd.)
ÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Parameter
³ desolv ³

dynÃÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄ´
³ Nconf 6 ³ Nconf 27 ³ Nconf 6 ³ Nconf 5 ³ Nconf 35 ³

ÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
j56 ³ 3137.9+1.1 ³ 3137.0+1.8 ³ 3138.2+1.6 ³ 3139.4+1.2 ³ 3139.0+1.4 ³ 3111.0+5.9
c31 ³ 3101.4+4.8 ³ 371.6+1.8 ³ 368.5+6.1 ³ 180+2 ³ 358.3+0.6 ³ 370.0+9.2
c32 ³ 177.0+0.7 ³ 3176.3+1.8 ³ 3174.6+1.5 ³ 3175.6+0.3 ³ 3178.8+0.4 ³ 180+10
c33 ³ 167.9+4.4 ³ 3166.2+3.6 ³ 167.7+1.1 ³ 180+2 ³ 57.1+0.8 ³ 3
c34 ³ 372.0+1.4 ³ 367.3+1.4 ³ 365.0+4.3 ³ 73.1+1.0 ³ 176.6+1.1 ³ 3
c41 ³ 3175.2+1.4 ³ 180+3 ³ 180+2 ³ 3173.0+1.1 ³ 3174.0+1.2 ³ 3
c42 ³ 397.1+0.3 ³ 394.2+1.0 ³ 3175.9+1.4 ³ 3176.3+0.5 ³ 3174.0+0.8 ³ 3
c6 ³ 371.2+0.3 ³ 372.6+1.0 ³ 373.0+1.0 ³ 370.5+1.0 ³ 372.1+0.7 ³ 373.8+8.1
Epot ³ 3125.50 to ³ 3131.63 to ³ 3133.37 to ³ 3133.54 to³ 3136.05 to ³ 3

³ 3125.74 ³ 3132.08 ³ 3133.61 ³ 3133.58 ³ 3136.15 ³
ÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

either the amino group of the Lys3 side chain or the
hydroxy group of Thr6. According the computation re-
sults, these groups both are sterically accessible. It thus
can be suggested that the hydrogen bonding involves
only one of these functional groups, since they are 10A
apart and reside on different sides of the skeleton chain.

EXPERIMENTAL

Reagents and amino acid derivatives purchased
from Sigma Chemicals, Fisher Scientific, Aldrich
Chemicals (USA) were used in the synthesis of
peptides. Dimethylformamide was distilled in a
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Fig. 4. Dependence of the (a)c33, (b) c34, and (c) c42 dihedral angles in the H3Ala3D-Ala3Lys3Leu3Ala3Thr3NH2
molecule on the time of molecular dynamics computations (t, ps).
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vacuum and stored over 4A molecular sieves before
use.

Desalination of peptides was performed on Se-
phadex G-15 (Pharmacia, Sweden). High-performance
liquid chromatography was performed on a Waters-
600E chromatograph (USA) using Vydac C-18 and
Zorbax ODS-C-18 columns (4.60250 mm) for ana-
lytical chromatography and Vydac C-18 (220
250 mm) and Delta Pak-C-18 columns (190300 mm)
for preparative chromatography. Hydrolysis of
peptides was performed in 6 N HCl at 110oC for 24 h.
Amino acid analysis was performed on a Microtechna
T-339M amino acid analyzer (Czechia).

Solid-phase synthesis of peptides was performed
on a poly(methylbenzhydrylamine) support (amino
groups content 0.55 mmol g31 [14]) on an 0.25 mmol
scale using an NPS-4000 semiautomatic peptide se-
quencer (Neosystem, France). The polypeptide chain
was elongated using the following protocol for each
synthetic cycle (the solvent consumption in each stage
was 10 ml): (1) CH2Cl2 (101 min); (2) 50% trifluoro-
acetic acid in CH2Cl2 (101 min); (3) 50% trifluoro-
acetic acid in CH2Cl2 (1030 min); (4) CH2Cl2 (2 flow-
up washings); (5) CH2Cl2 (201 min); (6) DMF (10
1 min); (7) 5% triethylamine in DMF (101 min);
(8) 5% triethylamine in DMF (102 min); (9) DMF
(301 min); (10) 3 equiv of activated BOC amino acid
(2 h); (11) DMF (201 min); and (12) CH2Cl2 (10
1 min).

Preactivation of amino acids. To a solution of
3 equiv of BOC amino acid in 2 ml of DMF we added
0.75 ml of 1 M HOBu in DMF and, after cooling to
0oC, 3 equiv of diisopropylcarbodiimide. The reaction
mixture was stirred at 0oC for 25 min. Acylation
progress was followed by the ninhydrin test applied
after operation 12 of the synthetic protocol [15]. At a
positive test, the condensation cycle (operations 6312)
was repeated. Cleavage of peptide from polymer
backbone with simultaneous deblocking was per-
formed in the following way. A 2 :1 mixture of thio-
anisole and ethanedithiol, 0.75 ml, was added to 0.5 g
of the peptidyl polymer. The reaction mixture was
magnetically stirred for 10 min, cooled to 0oC, and
5 ml of CF3COOH was added. After 10-min magnetic
stirring, 0.5 ml of trifluoromethanesulfonic acid was
added dropwise, cooling was discontinued, and the
reaction mixture was stirred for 2 h at room tempera-
ture, diluted with 200 ml of a cold diethyl ether, and
the precipitate was filtered off. Peptide was separated
from polymer by dissolution in CF3COOH and then
precipitated again with 200 ml of ether. The precipi-
tate was filtered off, washed with ether, and dried in a
vacuum. Peptide was desalinated on a column of
Sephadex G-15 (1.90110 cm) in 50% acetic acid and

then purified with reversed-phase HPLC in a gradient
of acetonitrile in 0.1% CF3COOH, flow rate
10 ml min31, detection wavelength 229 nm.

The synthesized peptides were characterized by
analytical HPLC and amino acid analysis. The HPLC
analysis was performed at a gradient of acetonitrile in
0.1% CF3COOH (from 5 to 30% in 25 min), flow
rate 1 ml min31, detection wavelength 229 nm. The
peptides all had correct amino acid compositions.
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