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Abstract: The structures and conformational peculiarities of five members of the callatostatin family
of neuropeptides, i.e. Leu- and Met-callatostatins, ranging in size from 8 to 16 amino acid residues
have been investigated by a theoretical conformational analysis method. A comparative analysis of the
conformational flexibilities of Met-callatostatin with those of the hydroxylated analogues, [Hyp2]- and [Hyp3]-
Met-callatostatin has been carried out. Helically packed C-terminal pentapeptide in the structure of all
investigated Leu-callatostatins are shown to be possible. The reason for the great number low-energy
conformers for the callatostatin N-terminus is discussed. Copyright  2002 European Peptide Society and
John Wiley & Sons, Ltd.
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INTRODUCTION

The callatostatins are a family of insect neuropep-
tides isolated from the nervous tissues of the
blowfly Calliphora vomitoria [1–3]. Their designa-
tion as callatostatins derives from (a) the species
of origin; (b) the C-terminal homology to the allato-
statins of the cockroaches Diploptera punctata and
Periplaneta americana [4–7]. The allatostatins have
an important role in the reproductive processes of
insects as inhibitors of the synthesis and release
of juvenile hormone from the corpus allatum. They
also play a variety of roles in neurotransmission
and neuromodulation, and act as neurohormones.
Callatostatin neurones directly innervate muscles of
the hindgut and the heart. The primary structures
of these neuropeptides were assigned as shown in
Table 1.

A hexadecapeptide designated callatostatin 1 was
isolated from the thoracic ganglia, brains and heads.
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Callatostatins 2 and 3 were isolated from the heads
and thoracic ganglia, respectively; they comprise the
last 14 and 8 residues of callatostatin 1. Callato-
statin 4, isolated from the thoracic ganglia, has a
sequence (Table 1) in which Xaa is either Asp or
Asn. This peptide, with a serine substitution for
glycine at position 5, has a C-terminal pentapeptide
sequence identical to that of allatostatins 3 and 4
of D. punctata. These four blowfly neuropeptides are
referred to as Leu-callatostatins 1–4 to distinguish
them from the Met-callatostatins, which have an Asp
in the Xaa position but, more significantly, a Met-
NH2 for Leu-NH2 substitution at the C-terminus
(see Table 1 for sequence data). Met-callatostatin,
or callatostatin 5 was identified from extracts of
whole flies [3].

Two naturally occurring hydroxylate analogues
of Met-callatostatin with a hydroxyproline substitu-
tion for proline at position 2 or 3 were designated
as [Hyp2]- or [Hyp3]-Met-callatostatin. According
to Duve et al. [8,9], both [Hyp2]- and [Hyp3]-Met-
callatostatins are much more potent than Met-
callatostatin as inhibitors of juvenile hormone syn-
thesis in D. punctata. The existence of the hydrox-
yproline analogues of Met-callatostatin suggests
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that the motif for prolyl hydroxylation in C.vomitoria
is more variable than those known from mam-
malian and other invertebrate studies [4–7]. In ver-
tebrates, as well as invertebrates, biologically active
peptides containing hydroxyprolyl residues appear
to be extremely rare. The only known examples
in mammals are the luteinizing hormone releas-
ing hormone, Glp-His-Trp-Ser-Tyr-Gly-Leu-Arg-Pro-
Gly-NH2, where in the adult hypothalamus the
ratio of hydroxylated Hyp9 to non-hydroxylated Pro9

varies from 11% to 70%, and bradykinin (Arg-
Pro-Pro3 or Hyp3-Gly-Phe-Ser-Pro-Phe-Arg). Both
mammalian peptides have Xaa-Pro-Gly in a β-turn
conformation, a motif considered ideal for hydroxy-
lation. The same motif is found in collagen where
it is favoured by collagen prolyl 4- and prolyl
3-hydroxylases. In almost all instances, the pres-
ence of 4-hydroxyproline (and to a more limited
extent, 3-hydroxyproline) in collagens and other pro-
teins is thought to occur only in the Y positions
of X-Y-Gly triplets [10]. An exception to this pre-
ferred prolyl 4-hydroxylase specificity in collagens
occurs in the subcuticular epithelium of earth-
worms where (Pro-Ala-Gly)n is a much better sub-
strate than (Ala-Pro-Gly)n. Met-callatostatin, with
the sequence Gly-Pro-Pro-Tyr-, obviously presents
yet another type of conformation that is accept-
able for prolyl hydroxylase activity, as does the
neuropeptide from Aedes aegypti (Glp-Arg-Pro-Hyp-
Ser).

The method of theoretical conformational anal-
ysis as used to describe the different types of
spatial structures for the Leu-callatostatin and
Met-callatostatin neuropeptides. The conforma-
tional behaviours of both [Hyp2]- and [Hyp3]-Met-
callatostatins derivatives have been investigated.
The reasons for the large number of members of
the callatostatin neuropeptide family are discussed.

METHOD AND MODELS FOR CALCULATIONS

The problem of spatial organization and conforma-
tional flexibilities of the callatostatins in an aqueous
environment was resolved by use of the theo-
retical conformational analysis method. The bond
distances and the values of valence angles were
regarded as invariable. Only dihedral angles were
taken to be the intrinsic degrees of freedom. Stable
conformations were found by the total conforma-
tional energy minimization. The basic features of
the computational method are presented below.

Energy Calculations

The total conformational energy (Etotal) is estimated
as a sum of independent contributions of interaction
energies for a pair of non-bonded atoms. The
following peculiar features were used:

(i) The energy of non bonded atom–atom interac-
tion (ENV) is described by the Lennard-Jones
‘6–12’ potential with the parameters proposed
by Momany et al. [11];

(ii) electrostatic energy (EEL) was calculated in
a monopole approximation corresponding to
Coulomb’s law with partial charges of atoms
as suggested [11];

(iii) the effective dielectric constant (ε) was taken to
be equal to 10, as described by Popov et al. [12]
in all calculations used here;

(iv) the energy of hydrogen bond formation was
calculated based on the Morse potential [11] and
the dissociation energy of the hydrogen bond
was taken to be −6.2 kJmol−1 at an NH. . .OC
distance of ro = 1.8 Å;

(v) the intrinsic energy of a molecule also includes
the torsion potentials (ETOR), describing the
barriers of the inner rotation between atoms
that have a 1–4 relationship; the values of the
torsional barrier heights are given in [11].

Simulation of An Aqueous Environment

A molecular conformation is largely determined by
its environment. The multipolar array of charges
chosen to represent the electrical asymmetry of the
structure is largely shielded from the surrounding
bulk solvent of high dielectric constant by associated
groups of the polypeptide chain and possibly also by
solvent molecules complexed (e.g. H-bonded) to the
amide group. The effective dielectric constant for
the coulombic interactions between a neighbouring
pair of peptide units buried within a solvated
polypeptide chain may therefore be expected to
approximate more nearly to the dielectric constant
of the chain than to that of the bulk solvent.
However, the dimensions calculated for polypeptide
chains are found to be fairly insensitive to the
value chosen for ε, provided that it falls within
the range of about 2 to 10 [12]. Although ε = 4
is typically used for calculations with proteins [13]
it was assumed that small neuropeptides may be
less shielded from the bulk solvent in comparison
with the globular proteins, thus the highest value
of ε (ε = 10) in the recommended range is used
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for callatostatins, in agreement with the results of
Popov [12] who investigated the effects of various
solutions on the conformations of oligopeptides
by molecular mechanics calculations. The best
agreement between the experimental and theoretical
data was found for effective dielectric constant
values as follows: for CCl4 solution, ε = 4; for CHCl2
solution, ε = 6–7; for aqueous solution, ε = 10.

Description and Selection of Initial Conformations

The conformational state of each amino acid residue
is conveniently described by the backbone ϕ, ψ

and side chain χ1, χ2 dihedral angles. For a stable
conformation the ϕ and ψ dihedral angles of the
backbone chain are located in low-energy regions
described by the symbols R, B, L and P on the
conformational map (Figure 1).

The ‘form of a residue’ denotes the region of
its backbone dihedral angle (R, B, L or P). Each
conformational state of a residue is characterized
by Xn

ij . . ., where X characterizes the backbone ϕ, ψ

angle regions (B, R. L or P), n is the number of a
residue in the sequence and subscripts i,j,. . . specify
the position of the side chain χ1, χ2 . . ., respectively,
so that i or j = 1 corresponds to the angle χ (χ1 or χ2)
in the range 0° to 120°; a value of two corresponds
to the angle range 120° to −120° and three to −120°

to 0°. R, B and L forms may occur with alanine-
type residues (16 amino acids with no side chain
branching at Cβ atoms),as well as with valine and
isoleucine (excluding the L-L combination, which
is never observed in proteins), but only R and B
for proline. The combination of the backbone form
of the residue in a given amino acid sequence will
specify the backbone form of a fragment.

All backbone forms of a dipeptide can be classified
into two types, referred to as shapes: folded (f)

ψ 180

-180

0

0 180

ϕ

B

R

L

P

Figure 1 The energy regions of conformational map.

and extended (e). The f-shape is represented by
R-R, R-B, B-P, L-L, L-P, L-R, P-B and B-L forms
and the e-shape by B-B, B-R, R-L, L-B, L-R,
R-P, P-L and P-P forms. Forms belonging to a
particular shape have an analogous peptide chain
contour and a similar mutual arrangement of
backbones and side chains and thus should exhibit
similar medium-range interaction potentialities. For
a tripeptide, all possible backbone forms may
be specified by four shapes, i.e. ff, fe, ef and
ee. The suggested classification is based on a
‘tree’ principle, all conformations being specified
according to the backbone form with a following
specification into shape. The identifier system will
be used to describe all structures at the intermediate
steps of the calculations with the numerical values
of geometry parameters produced only at the final
stage. The dihedral angle values corresponding to
the lowest energy states of monopeptides were used
as the starting conformation. Bond lengths, valence
angles and partial charges of the atoms of the
neuropeptides were chosen as given in [11]. The
nomenclature and conventions adopted are those
recommended by IUPAC-IUB [14].

Protocol of Computer Experiment

The conformational analysis of neuropeptides was
carried out through a fragmental calculation
(Figure 2).

The optimization procedure also has several steps.
A final conformation obtained in a preliminary step
is taken as an initial one for the next step. A
procedure for the minimization of the neuropeptide
global energy was conducted by the method of
conjugate gradients using the programs written by
Godjaev et al. [15].

The energy minimization was repeated until the
minimal values of the global energy remained at a
constant level. The conformations with the lowest
minimum of global energy are presented below.

RESULTS AND DISCUSSION

Conformational Analysis of Phe6-Gly7-Met8

Tripeptide

The backbone residues that make up this tripeptide
(Figure 2a) can be in R, B, L and P forms. Therefore
320 conformations corresponding to four possible
shapes and 36 forms of the peptide fragment
skeleton were taken into account for this part
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Leu-callatostatin2

Leu-callatostatin 1

Leu-callatostatin 4

Met-callatostatin

Leu-callatostatin 3

a)       Gly1-Pro2*-Pro3**-Tyr4-Asp5-Phe6-Gly7-Met8-NH2

b)     Xaa1 -Arg2-Pro3-Tyr4-Ser5-Phe6-Gly7-Leu8-NH2

Asp1-Pro2-Leu3-Asn4-Glu5-Glu6-Arg7-Arg8-Ala9-Asn10-Arg11-Tyr12-Gly13-Phe14-Gly15-Leu16-NH2

Figure 2 Calculation schemes of the Met-callatostatin (a) and Leu-callatostatins 1–4 (b) (*,**-hydroxyproline substitution
for proline at position 2 or 3 of [Hyp2]- or [Hyp3]Met-callatostatin, respectively).

Table 1 Amino Acid Sequences of the Callatostatins from C. vomitoria (cast, callatostatin;
sequence nomenclature for the Callatostatins in Brackets is from [1])

Leu-cast1 (callatostatin1) Asp-Pro-Leu-Asn-Glu-Glu-Arg-Arg-Ala-Asn-Arg-Tyr-Gly-Phe-Gly-Leu-NH2

Leu-cast2 (callatostatin2) Leu-Asn-Glu-Glu-Arg-Arg-Ala-Asn-Arg-Tyr-Gly-Phe-Gly-Leu-NH2

Leu-cast3 (callatostatin3) Ala-Asn-Arg-Tyr-Gly-Phe-Gly-Leu-NH2

Leu-cast4 (callatostatin4) Xaa-Arg-Pro-Tyr-Ser-Phe-Gly-Leu-NH2

Met-cast (callatostatin5) Gly-Pro-Pro-Tyr-Asp-Phe-Gly-Met-NH2

[Hyp2]Met-cast Gly-Hyp-Pro-Tyr-Asp-Phe-Gly-Met-NH2

[Hyp3]Met-cast Gly-Pro-Hyp-Tyr-Asp-Phe-Gly-Met-NH2

of the calculation. The greatest number of low-
energy conformations (49%) corresponds to the
relative energy region of 0–3 kJmol−1. They are
formed of ef and ff shapes in which the R and
B forms of the peptide skeleton are identical.
As the energy of the conformations corresponding
to the L form was found to be higher than
those for the R and B forms, in the following
step of the calculations, the L form was not
considered. According to the calculation result
conformational behaviours of the tripeptide were

induced by the side chains of the Phe6 and Met8

amino acid residues. Specific interaction between
these pairs of residues in the ef and ff shapes
made an important contribution to the stabilization
of the low-energy conformations. For fe and ee
shapes the contact between Phe6 and Met8 was
negligible. In these shapes, other interactions and
torsional contributions were also less than those
of other shapes. The distribution of low-energy
conformations between shapes of the tripeptide
fragment are represented in Table 1.
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Table 2 Energetic Distribution of Stable Conformations of Penta-
and Tripeptide Fragments of Met-callatostatin Molecules

No Shape Erel (kJ mol−1)

0–1 1–2 2–3 3–4 4–5 5–10

Tyr4-Asp5-Phe6-Gly7-Met8-NH2

1 efff — — — 1a 4 28
2 ffff — — 2 6 8 14
3 eeff — 1 — 2 5 37
4 feff — — — — — 34
5 efee — — 1 — 1 11
6 ffee 1 — 1 1 2 6
7 eeee — — — 2 2 12
8 feee — — — 1 1 9
9 efef — — — — — 4

10 ffef — — — 1 1 1
11 eefe — — — — 3 20
12 fefe — — — — 1 17
13 eeef — — — — 1 7
14 feef — — — — — 8
15 effe — — — — — 4
16 fffe — — — — 2 4

Gly1-Pro2-Pro3

1 fe 4 — — — — —
2 ee 2 — 2 — — —

Gly1-Hyp2-Pro3

1 fe 2 1 9 4 2 2
2 ee — — 3 6 1 7

Gly1-Pro2-Hyp3

1 fe 10 7 — 1 — —
2 ee 2 7 3 5 1 —

a Indicates the number of calculated conformations.

Tyr4-Asp5-Phe6-Gly7-Met8-NH2 Pentapeptide
Fragment

The starting conformations of this fragment were
obtained by combining the most stable structures
of the amino acid residues of Tyr4, Asp5 and
the calculation results of the Phe6-Met8 fragment.
Values of ±60°, 180°and value 90° were given to the
χ1 and χ2 dihedral angles of both tyrosine (Tyr4) and
aspartic acid (Asp5).

Therefore, as starting conformations of the pen-
tapeptide fragment Tyr4-Met8, 441 conformations
belonging to 16 different shapes and 72 forms of
backbone skeleton were considered and their geom-
etry was optimized through energy minimization.
The calculation results indicated that about 20

conformations corresponded to the relative energy
region of 0–5 kJmol−1 (Table 2). No significant
energy difference was found between the shapes
and as a result conformational rigidity of the C-
terminal pentapeptide was assumed. Low-energy
conformations are made up ffee, eeff and ffff shapes.
In the ffff shape the terminal residues Tyr4 and
Met8 are close to each other and an effective inter-
action is found to be the contact between them.
Hydrogen bonding between carbonyl oxygen of Tyr4

and amide hydrogen of Met8 is characteristic for all
the low-energy structures of this shape. The lowest
energy conformer, namely the global conformer of
the pentapeptide has the ffee shape. The contacts
between Tyr4 and Asp5 or Phe6 make an important
contribution towards the dispersion (non-bonded)

Copyright  2002 European Peptide Society and John Wiley & Sons, Ltd. J. Peptide Sci. 8: 385–397 (2002)
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interaction (−14.6 and −11.7 kJmol−1, respectively)
in this conformation. The fully extended form of the
pentapeptide skeleton as well as the conformations
of the other shapes are favourable only by disper-
sion contacts between backbone and amino acid
side chains.

Gly1-Pro2-Pro3, Gly1-Hyp2-Pro3 and
Gly1-Pro2-Hyp3 Tripeptides

These tripeptides form the N-terminal parts of Met-
callatostatin molecule and its hydroxylate analogues
(Figure 2,a). The glycine residue at the first position
has two forms (R and B) of backbone skeleton
which are equivalent to L and P forms, respectively.
Proline and oxyproline can be in R and B forms
only. So the starting conformations belonging to
the four shapes and 16 forms of the main chain
include 12 conformations of Gly1-Pro2-Pro3 and 70
conformations for both Gly1-Hyp2-Pro3 and Gly1-
Pro2-Pro3 (the value of the oxyproline χ angle
is a variable parameter). The calculation results
(Table 2) indicate that hydroxyproline substitution
for proline at position 3 does not lead to the
re-distribution of low-energy conformations of the

tripeptide. In both cases folded-extended backbone
chains belonging to the fe shape are energetically
favourable. The identical substitution for proline
at the second position leads to the decreasing
of number low-energy conformational states of
the tripeptide Gly1-Hyp2-Pro3 (Table 2). Quantitative
evaluation of interresidue contacts showed that non-
bonded interactions and torsional contributions for
the extended form of the backbone skeleton (ee
shape) are less than those of other shapes.

[Hyp2]-, and [Hyp3]-Met-callatostatins

On the basis of the knowledge of the conformational
possibilities of the above penta- and tripeptide frag-
ments in free states, conformational investigation of
the Met-callatostatin molecule and its modified ana-
logues was carried out. The starting conformations
for these molecules were obtained by combining the
most stable structures of the respective fragment
and the dihedral angles were optimized through
energy minimization. The structures of the inves-
tigated molecule were classified into 40 different
shapes of the peptide skeleton, obtained as com-
binations of 16 shapes of the Tyr4-Met8 fragment

Table 4 The Geometrical Parameters (degrees) of the Met-callatostatin Molecules and Hydroxylate Analogues
for Low-energetic Conformations

Amino acid Conformation

Met-callatostatin [Hyp2]Met-callatostatin [Hyp3]Met-callatostatin

Gly1 ϕ = 138 ψ = −72 ω = 181 ϕ = −70 ψ = −73 ω = 175 ϕ = 137 ψ = −72 ω = 180
Pro2 (Hyp2) ψ = 164 ω = 175 ψ = 161 ω = 179 χ = −86 ψ = 162 ω = 175
Pro3(Hyp3) ψ = −42 ω = 179 ψ = −45 ω = 177 ψ = −54 ω = 180 χ = 154
Tyr4 ϕ = −121 ψ = 160 ω = 183 ϕ = −118 ψ = 161 ω = 182 ϕ = 101 ψ = −38 ω = 177

χ1 = 51 χ2 = 94 χ1 = 51 χ2 = 94 χ1 = 59 χ2 = 87
Asp5 ϕ = −91 ψ = −32 ω = 191 ϕ = −89 ψ = −31 ω = 193 ϕ = −93 ψ = −30 ω = 174

χ1 = 61 χ2 = 97 χ1 = 61 χ2 = 97 χ1 = 61 χ2 = 95
Phe6 ϕ = −70 ψ = 145 ω = 189 ϕ = −69 ψ = 145 ω = 189 ϕ = −75 ψ = −48 ω = 178

χ1 = −57 χ2 = 101 χ1 = −57 χ2 = 101 χ1 = −56 χ2 = 99
Gly7 ϕ = 70 ψ = −72 ω = 181 ϕ = 71 ψ = −74 ω = 180 ϕ = −67 ψ = −57 ω = 180
Met8 ϕ = −116 ψ = −51 ω = 174 ϕ = −117 ψ = −52 ω = 174 ϕ = −101 ψ = −52 ω = 178

χ1 = 62 χ2 = 181 χ3 = 180 χ1 = 62 χ2 = 181 χ3 = 180 χ1 = 184 χ2 = 177 χ3 = 180
Form PBRB1R1B3PR3222 RBRR1R1R3PR3222 PBRR1R1R3RR2222
Shape fefefff fefefff fefffff

Energy contribution (kJ mol−1)

ENV
a −130.5 −153.1 −137.6

EEL −4.6 15.1 15.1
ETOR 15.9 18.0 10.9
ETOTAL −119.2 −120.0 −111.6

a Energy of hydrogen bonding was included in ENV.

Copyright  2002 European Peptide Society and John Wiley & Sons, Ltd. J. Peptide Sci. 8: 385–397 (2002)
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Table 5 Inter-residue Interaction Energies (kJ mol−1) of Met-callatostatin Molecules for the Low-energy
Conformationsa

Gly1 Pro2[Hyp2] Pro3[Hyp3] Tyr4 Asp5 Phe6 Gly7 Met8

1 5.73 −13.26 −1.88 −0.46 −0.17 −0.04 0.00 −0.04 GLY1

2 5.64 −1.80 −2.09 −0.33 −0.25 −0.08 0.04 0.00
3 5.69 −13.59 −1.21 −0.37 −0.33 0.00 0.00 0.00

3.18 −1.25 −11.00 −0.88 −0.17 0.00 −5.81 PRO2

3.09 −18.73 −14.60 3.26 0.46 −0.01 −11.12 [HYP2]
3.05 −14.76 −8.86 −1.80 −5.35 0.04 0.04

0.88 −10.16 −0.71 −0.08 0.00 0.04 PRO3

1.00 −10.50 −0.75 −0.08 0.00 0.04 [HYP3]
3.93 −10.66 0.54 −7.32 −5.02 −1.38

−0.17 −8.32 −10.25 −1.04 −1.04 TYR4

0.46 −8.14 −12.88 −1.00 −4.06
0.17 −13.76 −8.72 −3.97 −7.15

−3.47 −10.75 −1.96 −4.85 ASP5

−3.43 −10.29 −1.96 −4.56
−3.39 −9.66 −3.68 −6.27

2.50 −1.38 −5.81 PHE6

2.59 −1.42 −6.31
0.58 −0.96 −4.00

5.44 −2.93 GLY7

5.39 −2.84
5.60 −2.30

0.58 MET8

0.58
0.96

together with four shapes of the N-terminal tripep-
tide fragments. Also for each backbone form (shape)
every possible combination of side chain angles of
the residues was taken into account.

The distribution of conformations of the low-
energy states Met-callatostatins and the contribu-
tion of non-bonded (including energy of hydrogen
bonding), electrostatic and torsional interaction to
the most stable conformations of the molecules are
given in Tables 3 and 4.

The global conformation of Met- and [Hyp2]-
Met-callatostatins is in the PBRB1R1B3PR3222 and
RBRB1R1B3PR3222 form, respectively, and belongs
to the fefefff backbone shape. This conformation
is optimal with regard to the dispersion energy
contribution which plays an important role in the
stabilization of the density packing structures of the
molecules. The electrostatic energy contribution is
found to be small because contacts between charged
groups of atoms are weak in water solutions. Con-
sideration of the energy of interresidue interaction
of the Phe6 residue (Table 5) showed that it may
be considered to be the centre of dispersion sta-
bilization. The total energy of interaction of this

residue with Tyr4, Asp5 and Met8 is found to be
−26.8,−29.5, −20.7 kJmol−1 for Met-, [Hyp2]-Met-
and [Hyp3]-Met-callatostatins.

The PBRR1R1R3RR2222 conformation is the most
stable state for the [Hyp3]-Met-callatostatin molecule
and belongs to the fefffff shape (Figure 3). This
is characterized by the folding of the majority of
the conformations of the residues and is consid-
ered to be a helical-type structure of [Hyp3]-Met-
callatostatin. All three molecules are characterized
by an identical structure of the C-terminal part, hav-
ing a folded form of skeleton. The conclusion from
this study is that the geometry of the pentapep-
tide fragment including the amino acid sequence
Gly1-Pro2-Pro3 could be essential for the biological
activity of callatostatins. The replacement of amino
acid residues in the naturally occurring sequence,
i.e. modification of the chemical structure of the
peptide molecule is accompanied by a change of
conformational possibilities, intra- and interresidue
interactions and also stability of analogues to an
peptidase action. The strong interresidual interac-
tions between Hyp2 and Pro3 (−18.8 kJmol−1) and
Pro2-Hyp3 (−14.6 kJmol−1) allows the assumption
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Pro 3
Tyr 4

Asp 5

Phe 6
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Met-callatostatin
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[Hyp2]Met-callatostatin
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Met 8
Gly 7 Phe 6
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Hyp 3

Pro 2

[Hyp3]Met-callatostatin

Figure 3 The stereoviews of the Met-callatostatin neuropeptides structures in the optimized conformations based on the
coordinates of atoms.

Table 8 The Forms and Shapes of the Leu-callatostatins Backbone (cast, callatostatin)

Shape Conformation Energy contribution (kJ/mol)

ENV EEL ETOR Etotal

Leu-cast 4
fefffff R21B3RR1R2R2RR21 −180.0 13.2 21.2 −145.6
fefeeff R22B1RB2B1B3PR21 −165.9 12.7 11.2 −142.0
fefefff R21B1RB3R1B2PR32 −159.0 10.4 10.8 −137.8

Leu-cast 3
fefffff RB11R2B3PB2PB21 −165.5 22.8 11.1 −131.6
ffeffef RR22B3B1PR1PR32 −171.4 24.7 13.9 −132.8
fffefff RR11R2R3PB2PB32 −177.4 25.9 21.4 −130.1
ffeffff RR11B1B3PR2RR21 −166.8 24.6 12.5 −129.7

Leu-cast 2
ffffeffefffff R2R11R3R2B3R2RB11R2B3PB2PB21 −274.5 −17.4 102.5 −154.6
ffffeefefffff R2R11R3R2R3L2BL11R2B3PB2PB21 −273.8 17.6 121.7 −134.5
ffffeffffefff R2R11R3R2B1R2RR11R2R3PB2PB32 −273.7 15.8 113.8 −144.1

Leu-cast 1
eeffffeffefffff B1BR2R11R3R2B3R2RB11R2B3PB2PB21 −317.7 46.9 70.7 −200.1
eeffffeefefffff B3BR2R11R3R2R3L2BL11R2B3PB2PB21 −315.6 65.9 50.8 −198.9
eeffffeffffefff B1BR2R11R3R2B1R2RR11R2R3PB2PB32 −311.0 63.2 49.0 −198.8
efffffeefefffff B2RR2R11R3R2R3L2BL11R2B3PB2PB21 −331.4 82.1 51.2 −198.1

that [Hyp2]-Met- and [Hyp3]-Met-callatostatins are
more stable against peptidases capable of degrading
the Pro-Pro- bond in all known regulatory peptides.
Therefore these molecules should have a prolonged
inhibitory effect compared with Met-callatostatin.
The hydroxyprolyl residue most probably imparts a
special conformational status that is important not
only in receptor recognition but also (at least when
the peptides are tested in cockroach haemolymph)
as a protection against degradation, a factor that
increases relative potency.

Conformational Analysis of the Leu-callatostatin
1–4 Neuropeptides

The spatial structure and conformational properties
of four Leu-callatostatins are shown in Table 1 and
Figure 2b. All the neuropeptides are C-terminally
amidated. The C-terminal pentapeptide sequence
-Tyr-Gly-Phe-Gly-Leu-NH2 of callatostatins 1–3 is
identical to that of allatostatin 1 from D. punctata.
The octapeptide callatostatin 4 shares with allato-
statins 3 and 4 the substitution of serine for glycine
at position 4 from the C-terminus.
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Leu 8

Ala1

Asn 2 Arg 3

Tyr 4
Gly 5
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Gly 7

Leu-callatostatin 3

Tyr 4

Leu 8

Gly 7

Phe 6

Ser 5

Pro 3

Arg 2

Asn 1

Leu-callatostatin 4

Figure 4 The stereoviews of the Leu-callatostatin 3 and Leu-callatostatin 4 structures in the optimized conformations
based on the coordinates of atoms.

Asp 1
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Leu 3
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Glu 6

Arg 7

Arg 8

Ala 9

Asn 10

Arg 11

Tyr 12

Gly 13

Phe 14

Gly 15

Leu 16

Leu-callatostatin 1
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Glu 3Glu 4

Arg 5

Arg 6

Ala 7

Asn 8

Arg 9
Tyr 10

Gly 11 Phe 12

Gly 13

Leu 14

Leu-callatostatin 2

Figure 5 The stereoviews of the Leu-callatostatin 1 and Leu-callatostatin 2 structures in the optimized conformations
based on the coordinates of atoms.

An interesting feature of hexadecapeptide callato-
statin 1 is the presence of a pair of arginine residues
at positions 7 and 8. A similar potential dibasic
cleavage site (-Lys-Arg-) occurs at positions 9 and
10 of the cockroach octadecapeptide allatostatin 5.
The tetradecapeptide callatostatin 2 lacks the first
two N-terminal residues — Asp-Pro-. Of the other
peptides, callatostatins 1 and 2 were more potent
than the shorter octapeptide callatostatin 3. This
finding [1] is in agreement with structure–activity
studies of the cockroach allatostatins [27]. Confor-
mational analysis of the Leu-callatostatins ranging
in size from 8 to 16 amino acid residues was car-
ried out through a fragmental calculation based
on the conformational possibilities of the compli-
cated molecular fragments as shown in Figure 2b.

Only conformations are retained whose energies are
smaller than the cut-off values. This cut-off value is
usually taken as 3 kJmol−1 above the lowest energy,
but it can be varied to make sure than higher energy
states can justifiably be neglected.

Tyr-Gly-Phe-Gly-Leu-NH2 Pentapeptide Fragment

Some 200 initial conformations corresponding to
16 shapes of the Leu-callatostatins 1–3 pentapep-
tide segment were taken into account for the first
stage calculation experiment. The results showed
only a very restricted set of low-energy conforma-
tions. The lowest conformer forms a helical-type
structure with the ffff backbone shape (Table 6).
Hydrogen bonding between the pair of residues at
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the opposite end of the pentapeptide C-terminus
NH (Leu). . . CO (Tyr) was shown to be possible.
The efff and ffef shape conformations were also
found to be important for energy aspects of the
Leu-callatostatins 1–3 neuropeptides. Table 6 rep-
resents energies of interresidue interactions in the
most preferable conformations of the C-terminus
pentapeptide. The Phe residue displays effective
dispersion interactions in all the available confor-
mations of the pentapeptide. So the conclusion was
made that Phe is important for the conformational
stability of the Leu-callatostatins 1–3.

Leu-callatostatin 4 is different from any of
the Leu-callatostatins 1–3 in having a serine
substitution at position 5, so some changes in the
conformational properties were observed (Table 7).
In addition to folded structures the particularly
extended conformations (eeff shape) were shown
to be possible. The conformational study of the
all Leu-callatostatins 1–4 N-terminus was carried
out according to the scheme in Figure 2b. In the
final stage the most favourable conformations were
obtained as results of both N-terminal and C-
terminal pentapeptide fragments overlapping. The
available conformations of all Leu-callatostatins are
presented in Table 8.

All the low-energy conformations of Leu-
callatostatin 1 and Leu-callatostatin 2 may be
divided into two groups that differ in location of
the helically packed segments in the neuropeptide
spatial organization. The first group consists of
two helically packed segments at opposite ends
of the molecule. They are separated by a rigid
structure formed by the Arg7-Arg11 or Arg5-Arg9

amino acid sequences in Leu-callatostatin 1 and
Leu-callatostatin 2, respectively.

Positively charged arginine side chains are located
on the surface of the folded neuropeptide structures
(Figures 4 and 5). They obviously play an important
role as a centre of the electrostatic stabilization at
the ligand–receptor binding.

The low-energy conformations of the second
group consist of three helically packed segments,
separated by an arginine residue in positions 7, 11
for Leu-callatostatin 1 and in positions 5, 9 for Leu-
callatostatin 2. The following conclusions were made
from the calculation experiment:

(i) helically packed C-terminal pentapeptides are
identical for the all callatostatins spatial organi-
zation, so they are members of a family, possible
originating from a single gene;

(ii) positively charged amino acid side chains may
be considered as the centre of the electrostatic
stabilization at the ligand–receptor binding.
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