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Abstract

Alpha-melanocyte stimulating hormone (alpha-MSH) is an endogenous linear tridecapeptide

which interacts with the melanocortin receptors (MC1-R to MC5-R) to mediate its biological

effects. Antipyretic and anti-inflammatory activities of alpha-MSH are due to the COOH-

terminal peptide sequence, Lys-Pro-Val (alpha-MSH[11–13]). This tripeptide might be useful as

a therapeutic agent in the control of fever and inflammatory reactions. With this aim, a

theoretical conformational study of the tripeptide has been carried out using molecular

dynamics. The obtained conformational space has been classified into families according to the

letter-code convention to partition the φ–ψ map. The lowest energy conformations of each

family were used as templates to design six models of conformationally constrained non-

peptide analogues.

Introduction

Alpha-melanocyte stimulating hormone (alpha-MSH), or alpha-melanotropin, is

an endogenous linear tridecapeptide (Ac-Ser-Tyr-Ser-Met-Glu-His-Phe-Arg-Trp-

Gly-Lys-Pro-Val-NH2) that is responsible for skin pigmentation in most vertebrates

and has been reported to enhance the metastatic behaviour of melanoma cells in

man (Cone et al 1996; Abdel-Malek et al 1999). Alpha-MSH is found in the brain

where it acts to suppress appetite (Vergoni & Bertolini 2000). It also modulates

fever (Richard & Lipton 1984; Huang et al 1998) and all forms of inflammation by

acting on peripheral inflammatory cells, glial inflammatory cells, and on central

receptors that activate descending anti-inflammatory neural pathways (Hiltz &

Lipton 1990; Macaluso et al 1994). The biological effects are mediated by binding

of the hormone to the melanocortin receptors (MC1-R to MC5-R) that have been

identified and cloned (Wikberg et al 2000). Much research has been dedicated to

obtaining either agonists or antagonists of the different subtypes (Sahm et al 1994a;

Hadley et al 1996; Hruby et al 1998; Nikiforovich et al 1998). The COOH-terminal

sequence, the Lys-Pro-Val (alpha-MSH[11–13]) tripeptide, is more important for

binding and biological activities than the NH2-terminal sequence (Sahm et al

1994b; Schio$ th et al 1997) and is responsible for the antipyretic and anti-

inflammatory activities of alpha-MSH (Richard & Lipton 1984; Hiltz & Lipton

1990). This tripeptide might be useful as a therapeutic agent in the control of fever

and inflammatory reactions. However, peptides are limited in their use as drugs

because they show metabolic instability, poor bioavailability and relative selectivity

for receptors. From the conformational knowledge of the bioactive peptides when
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bound to the receptor, a design of analogue non-peptidic

structures that can mimic the functions of bioactive

peptides may be considered (Hruby & Balse 2000).

Biologically active conformation can be attempted in

two complementary ways: using theoretical methods

such as molecular modelling and experimental methods

such as vibrational spectroscopies (infrared and

Raman), NMR or X-ray crystallography. Using molec-

ular modelling techniques, the possible conformations

adopted by a flexible molecule may be obtained, par-

ticularly those of lowest energy and the most different

from a structural point of view. Molecular dynamics,

which simulates the motions expected in a molecule,

provides a useful means of exploring the conformational

space of flexible peptides such as alpha-MSH (Chan et

al 1996;Al-Obeidi et al 1998; Pascutti et al 1999; Prabhu

et al 1999a, b). In this paper, we report the theoretical

conformational study for the Ac-Lys-Pro-Val-NH2 tri-

peptide, COOH-terminal sequence of alpha-MSH,

using molecular dynamics. Theoretically predicted

structures of this tripeptide constituted the starting point

for the design of non-peptidic compounds. Peptide side

chains were constrained to fulfil the three dimensional

arrangement given by the peptidic template.

Materials and Methods

Molecular modelling studies were performed using the

SYBYL software version 6.2 running on Silicon

Graphics Indigo 2 workstation. The starting confor-

mation for dynamics simulation was built from the

standard fragments library and the geometry was subse-

quently optimized using the all-atom Kollmann force

field (Weiner et al 1984, 1986) including the electrostatic

term. The partial charges were calculated by the semi-

empirical MOPAC package version 6.0 using the AM1

hamiltonian. The Powell algorithm of the Maximin2

procedure was used for energy minimization until gradi-

ent value smaller than 0.005 kcal mol−1 A/ . The mol-

ecular dynamics simulation was performed at constant

temperature (300 K) in-vacuo for a total 600 ps period.

The target temperature was achieved by slowly heating

the system in stages of 50 K for 4 ps. The atomic

velocities were initialized in a Maxwell distribution

consistent with the chosen interval temperature. The

Verlet algorithm was used with a step of 0.001 ps and

the bonds lengths were constrained to their equilibrium

values using the SHAKE algorithm. The results (co-

ordinates, energies and velocities) were collected every

0.025 ps during simulation. The last 500 ps (correspond-

ing to 20000 conformers) were subjected to analysis.

These numerous conformations have been classified

using the COMPARE program implemented in

DGEOM95 (Blaney et al 1995). COMPARE clusters a

set of conformations (molecular dynamics trajectory)

into families. It calculates all pairwise RMS least-

squares fit errors between the conformers heavy atoms

and generates a distance matrix from the RMS matrix.

A set of nearest neighbours is extracted from the distance

matrix and this list is clustered using the Jarvis-Patrick

algorithm to group the conformations into families. An

RMS value of 1.35 A/ was taken as the upper limit value.

The families ’ centres were retained as to represent the

molecular dynamics trajectory and subjected to energy

minimization. They were then ordered by increasing

energy and the similarity between the minimized struc-

tures was evaluated by comparing the RMS measured

between all heavy atoms. Equivalent conformations

(with RMS ! 0.40 A/ ) are discriminated; the remaining

low-energy conformations are used for further investi-

gations. All energies are expressed as ∆E¯E–E°, where

E° is the energy corresponding to the most stable con-

former.

Results and Discussion

The outcome produced by the COMPARE program for

clustering the molecular dynamics trajectory consists of

191 conformations. After energy minimization, 155

duplicates are removed on the basis of their similarity

with the lower energy conformation. The 36 remaining

conformations spread over an energy range of 9.8 kcal

mol−1 above the most stable one. These 36 con-

formations are grouped into 12 families according to the

Table 1 Conformers families of tripeptide Ac-Lys-Pro-Val-NH2.

Family Number of

conformers

Code E° (kcal mol−1) ∆E (kcal mol−1)

1 5 DCC ®5.1 0.0

2 3 ECC ®2.8 2.3

3 5 DCA ®1.2 3.9

4 5 DCG ®0.9 4.2

5 2 EAC ®0.9 4.2

6 3 ECG 0.0 5.1

7 4 DAA 0.3 5.4

8 4 DAC 0.7 5.8

9 1 DAC 1.1 6.2

10 1 DAD 1.9 7.0

11 1 EAA 1.9 7.0

12 2 EAH 3.3 8.4
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Table 2 Conformational groups for each amino-acid residue.

Lysine Proline Valine

25 D 15 A 10 A

11 E 21 C 15 C

8 G

1 D

2 H

letter-code convention to partition the φ–ψ map

(Zimmerman et al 1977) as shown in Table 1.

Table 2 shows the conformational groups found for

each amino-acid residue according to their respective

Ramachandran maps (Figure 1). It appears that lysine

conformations are found exclusively in regions D

(25}36) and E (11}36). The proline conformations are

180
PSI1

Lysine

–180
–180 180

PHI1

180
PSI2

Proline

–180

–180 180

PHI2

180
PSI3

Valine

–180

–180 180

PHI3

Figure 1 Ramachandran maps for each amino-acid residue.

Table 3 Hydrogen-bonded pseudo-cycle characteristics and mimetic rings for conformer families of tripeptide Ac-Lys-Pro-Val-NH2.

Family Number of H-bonds H-bond type Pseudo-cycle Mimetic ring

1 2 [Lys]C?O…HN[Val] C7 1,2,3,4-tetrahydroisoquinolein-3-one

2 [Pro]C?O…HN[NH2] C7

3 1 [Lys]C?O…HN[Val] C7 cyclohexyl

4

5 1 [Pro]C?O…HN[NH2] C7 piperidin-2-one

6 1 [Lys]C?O…HN[Val] C7 N-substituted piperidin-2-one

7 1 [Lys]C?O…HN[NH2] C10 1,2,3,4-tetrahydroisoquinolein-3-one

10

11

12

8 1 [Pro]C?O…HN[NH2] C7 piperidin-2-one

9

divided into group A (15}36) and group C (21}36) while

the most representative groups for valine are A (10}36),

C (15}36) and G (8}36).

Despite the lack of data concerning the structural

requirement which is important for binding to the

receptor, the backbones of the family heads were con-

strained to maintain the peptide side chains in their

initial spatial orientations. The heads of family are

stabilized by one (C7 or C10) or two (C7) hydrogen-

bonded rings which can be mimicked in several ways as

shown in Table 3 and Figure 2.

The present study provided six different non-peptide

models that are able to mimic the three-dimensional

arrangement of the tripeptide representative conform-

ations backbone. The position of the substituents allows

the keeping in position of the spatial orientation of side

chains that hold putative pharmacophoric features.

The stereochemistry of our non-peptide models must
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Figure 2 Non-peptide suggested models.

be considered since it determines the best superposition

of side chains on the peptide templates. All models

contain chiral centres. The two tetrahydroisoquinolein-

3-one models (1 and 5) contain one chiral centre,

respectively S and R, according to the preferred

orientation of the isopropyl group that correspondswith

the valine side-chain residue. The three piperidin-2-one

models, (3, 4 and 6), contain two chiral centres and we

have retained the corresponding diastereoisomers (3S,

4R), (2R, 5«S) and (3S, 5S). The cyclohexyl model (2)

presents three chiral centres (2S, 1«S, 3«R).

In conclusion, the conformational study using mol-

ecular dynamics allowed us to find several possible

conformations for the Ac-Lys-Pro-Val-NH2 tripep-

tide, COOH-terminal sequence of alpha-MSH. The

synthesis of molecules derived from these theoretical
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models, followed by their preliminary pharmacological

evaluation, would be helpful to investigate the specific

three-dimensional requirement necessary to obtain a

biological response. The best compound might con-

stitute a starting point for the design of novel antipyretic

and anti-inflammatory drugs.
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