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Abstract: In order to investigate the proper peptide backbone conformation that is
biologically active, the chemotactic peptides formyl-Met-Leu-Phe-OMe and formyl-Met-
Acc6-Phe-OMe (Acc6 is the a-a disubstituted amino acid |-aminocyclohexane-1-carboxylic
acid) were studied by the theoretical method PEPSEA. This study shows that the parent
peptide formyl-Met-Leu-Phe-OMe has a flexible structure, and that the other
conformationally constrained peptide has a tendency to form the (3 turn structure. It also
gives evidence against the hypothesis proposing the importance of a formyl group in the
interaction with the receptor.

Key words: Chemotactic peptide, conformation, a-a disubstituted amino acid,
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Introduction

In recent years, considerable interest has been focused on the chemotactic peptide formyl-Met-Leu-
Phe-OH "fMLPOH" which has been shown to induce lysosomal enzyme release, thereby playing avery
important role in the immunological system. Since it was reputed to be a very active agent [1], various
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studies have been redlized in order to better understand this tripeptide. The influence of terminal
groups has been studied, and it has been demonstrated that the esterification of the C-terminal
carboxylic acid group does not result in loss of biologica activity of molecule [2]. On the other hand,
the replacement of the N-termina formyl group by tert-butyloxycarbonyl group (Boc) induces a
dramatic loss of activity [3].

In an attempt to produce synthetic agents that are more active and more resistant to enzymatic
hydrolysis, severa modifications have been undertaken [4-8]. The replacement of the Met by the
thiomethionine residue (Met®) induces a dramatic loss of activity [4]. The comparative study of the
formyl-Met-Leu-Phe-OMe and formyl-Met>-Leu-Phe-OMe has shown that an active chemotactic
peptide must have the formyl group free of any intramolecular interaction in order to be available for
the formation of the complex with the receptor [5].

Among the modifications made on the tripeptide formyl-Met-Leu-Phe-OMe, we can quote the
substitution of the Leu residue by the a,a-disubstituted amino acids such as Accb
(I- aminocyclohexane-1-carboxylic acid).
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Figure 1. Structures of amino acids Leu and Acc6.

This residue was the subject of a considerable number of conformationa studies [9,10]. The
presence of a a,a-disubstituted carbon atom in this amino acid confers upon it the property to have a
considerable steric effect, which can then impose significant constraints on the orientation of the
peptide backbone. The use of this residue in a given peptide will facilitate the determination of the
conformation adopted during the interaction with the receptor, as well as the search of pharmacophore
groups.

To measure the activity of formyl-Met-Leu-Phe-OMe and formyl-Met-Acc6-Phe-OMe, their ability
to induce the release of lysosomal enzymes in rabbit neutrophils was used. These measurements, which
were undertaken by Sukumar's group, showed that the constrained peptide formyl-Met-Acc6-Phe-OMe
IS approximately six times more active than the parent peptide formyl-Met-Leu-Phe-OMe [1].

The conformational study, that was carried out by *H-NMR, IR, and X-rays on these two peptides
and other formyl-Met-Leu-Phe-OMe analogs containing other a,a-disubstituted amino acids, has not
been able to give a common structure that can explain the biological activity of the chemotactic
peptides [11-13]. This can be explained by the fact that the analyses by the various experimental
methods are carried out in media and environments that are different to those in which these peptides
exert their biological function. Consequently, the resulting structures are not necessarily the active
structures.
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Using a theoretical method, the present article is interested in the comparative conformational
analysis of formyl-Met-Leu-Phe-OMe and formyl-Met-Acc6-Phe-OMe. The main objective of this
study is to find the active conformation of chemotactic peptides.

M ethod

The method used in this study is called PEPSEA (PEPtidic SEArch). It was developed in the
structural chemistry laboratory of the Sherbrooke University [14]. This approach is based on the fact
that the structural, thermodynamic and statistical properties of a molecular system can be deduced only
from a population presenting its conformational space. The principle of PEPSEA consists of generating
a population of conformations which characterize a particular peptidic sequence. Rather than striving
for global minima, populations of conformers are randomly generated, and their energy is minimized.
A dstatistica analysis can be applied upon these populations to deduce the thermodynamic and
structural properties of the peptide under investigation. This new approach is applied with the PEPSEA
program.

The force field used by the PEPSEA program to compute the conformational energy is ECEPP/2
"Empirical Calculation Energy Program for Peptide” [15]. This force field uses rigid geometry to
represent the amino acid residues of a polypeptidic chain. The conformational energy function is given
by the sum of the electrostatic term Eqe, 12-6 Lennard-Jones term E, 5, and hydrogen-bond term E;, for
all pairs of atomsin the molecule together with the torsion term E;, for all torsion angles.

Econt = Ege + ELy+ Enp + Etor 1

The PEPSEA program uses the specific parameters of each residue (atomic coordinates, geometrical
and energy parameters...) to describe the geometry of a peptidic molecule. The force field ECEPP/2
possesses the parameters of 26 amino acid residues and of terminal protecting groups commonly found
in proteins. However, the Acc6 residue is not included in the database, so it is necessary to calculate
its parameters and integrate them in the force field ECEPP/2. The atomic partial charges for this
particular residue are computed by CNDO calculation [15].

As al endogenous peptides, the tripeptides under investigation in this study are constituted by the
sequence of amino acids, al in L configuration.

Experimental procedure

The conformational search and the localization of the most stable minima were carried out by the
PEPSEA program described above. For each of the two considered peptides, 6000 conformers were
randomly generated and energy minimized to the closest minima. During this generation process, all
torsion angles are allowed to vary except those of the amide bonds; w (Met), w (Leu) or w (Acc6)
which are fixed at 180°. For each peptide, the first 100 conformers of lower conformational energies
were submitted to a second energy minimization allowing al dihedral angles to be modified. The
hessian matrix was calculated and the free energy was evaluated [16]. The resulting population of
conformers was sorted by increasing value of the free energies.
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The calculations of energy and minimization were performed on HP Apollo 9000 series 700, model
715 workstation at the higher school of technology of Casablanca.

Results and Discussion

Tables 1 and 2 give the conformational characteristics of the twenty most stable conformers
obtained after the second minimization for each peptide. These conformers are classified by order of
increasing relative free energy. For each conformation, we find the relative free energy AG calculated
for T = 300 K, and the relative conformational energy AE. The structural characteristics of each
conformer are given by indicating the presence or not of intramolecular hydrogen bonds between the
different donors and acceptors. The torsional angles for the parent peptide as well as the constrained
one are listed in table 3 and table 4 respectively.

Table 1. Conformational characteristics of formyl-Met-Leu-Phe-OMe?.

i | Relative conformational

Conf. Relatlv?lzgztle/;njr)gy AG energy AE ¢ (kcal/mol) Formyl Met Leu Phe
1 0.00 0.00 CO NH
2 0.34 0.07 CcoO NH
3 0.54 0.38 CO NH
4 0.69 0.60 CcoO NH
5 1.07 0.39 CO NH
6 1.11 141 CO NH
7 1.23 1.00 CO NH
8 1.58 1.37
9 1.69 2.37
10 1.70 0.92 CO NH
11 1.71 1.40 CcO NH
12 1.73 1.73 CcO NH
13 1.80 0.99 CO NH
14 1.83 1.53 CO NH
15 1.84 1.53 CO NH
16 1.87 1.43 CO NH
17 1.89 1.83
18 1.90 0.66
19 1.92 2.52 CO CO NH MH
20 1.93 211 CcO CcoO NH NH

a. First 20 minimum energy conformations are listed.
b. AG=G- Gy Ggisthefreeenergy of the conformation in order that E = E,.
c. AE=E-Ey For formyl-Met-Leu-Phe-OMe Ep = - 4.22 kcal/moal.
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The conformational analysis of the twenty most stable conformers of the parent peptide formyl-Met-
Leu-Phe-OMe (Table 1) shows that it can adopt varied conformational structures, which can be
distributed into four classes:

The first class is that of the conformers characterized by the presence of the 3 turn structure
centered on Met and Leu, and it can be represented by four conformers (conformers 3, 10, 11 and 12).
Such a structure is stabilized by an intramolecular hydrogen bond including the CO group of the formyl
and NH group of Phe. Figure 2-a gives a stereoscopic superposition view of the four conformers
belonging to this group.

The second class includes five conformers characterized by the presence of a y turn centered on
Met, and stabilized by an intramolecular hydrogen bond involving the CO group of the formyl and NH
group of Leu. The stereoscopic superposition view of these five conformersis given in figure 2-b.

The third class, which includes five conformers, is characterized by conformations adopting ay turn
centered on Leu, and stabilized by an intramolecular hydrogen bond, implying the CO group of Met
and NH group of Phe. Figure 2-c gives the stereoscopic superposition of these five conformers.

The fourth class gathers structures in adouble y turn (ay turn centered on Met and ay turn centered
on Leu at the same time), and includes two conformers of formyl-Met-Leu-Phe-OMe. The stereoscopic
superposition view of both conformers of this classis presented on the figure 2-d.

By

Figure 2. Stereoscopic superposition view of conformers of different classes
obtained in the case of formyl-Met-Leu-Phe-OMe.

Concerning the constrained tripeptide formyl-Met-Acc6-Phe-OMe, the conformational analysis of
the most twenty stable conformers (table 2) shows a great tendency toward the ( turn structure.
Indeed, 17 conformers over the 20 most stable conformers, represent this structure. The stereoscopic
superposition view of these conformersis givenin Figure 3.
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Table 2. Conformational characteristics of formyl-Met-Acc6-Phe-OMe?.

. b . .
Conf. Rel atlv%l:le/s]njr)gy AG Reelnztrlgj Z(I)En: ?&g?}:ﬁg@l Formyl Met Acc6 | Phe
1 0.00 0.00 CO NH
2 0.82 0.99 CO NH
3 1.02 0.43 CO NH
4 1.52 1.27 CO NH
5 1.56 1.82
6 1.63 1.02 CO NH
7 1.69 173 (6(0) NH
8 1.70 1.55 CO NH
9 173 121 (6(0) NH
10 1.78 1.61 CO NH
11 1.80 241 (6(0) NH
12 1.81 241 CO NH
13 1.86 0.82 CO NH
14 1.87 2.07 CO NH
15 1.89 2.08 CO NH
16 1.93 2.02 CO NH
17 1.95 0.98
18 1.96 2.03 CO NH
19 2.02 1.99 CO NH
20 2.06 0.97 CO NH

a. First 20 minimum energy conformations are listed.

b.
C.

AG= G - Go. Gp isthe free energy of the conformation in order that E = E,.

AE=E - Eo. For formyl-Met-Acc6-Phe-OMe E, = -3.26 kcal/moal.

Figure 3. Stereoscopic superposition view of the 17 conformers of
formyl-Met-Acc6-Phe-OMe in [ turn structure.
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Table 3. List of torsional angles for formyl-Met-Leu-Phe-OMe.

formyl Met Leu Phe OMe

AG__® I VR S AR A AR AR S TR y A AR AU AR TR - S G G -

1 0.00 179 =157 131 177 179 171 173 -60 =79 87 177 -179 63 -68 59 ~70 144 -175 -63 107 58
2 0.34 179 -156 131 180 179 171 173 -60 =81 89 180 179 61 -68 58 -72 -25 173 -63 107 -57
3  0.54 -178 -66 -32 178 -171 173 179 60 =-62 -38 -176 176 62 -67 =61 -100 25 -170 -52 104 -63
4 0.69 -178 -66 -34 177 -172 174 179 -60 -78 81 178 -176 65 51 179 -75 147 -176 -61 -70 178
5 1.07 179 -157 134 -179 179 170 172 59 -82 79 178 =57 173 -178 70 -63 136 -174 -65 =71 58
6 1.11 -178 -79 75 178 -66 -178 -179 -59 -79 =27 179 =58 172 -59 70 -143 159 -178 -57 -77 179
7 1.23 -179 -73 133 -175 -167 175 179 =-60 -67 =53 -175 175 61 172 177 -89 131 -174 =55 =71 -62
8§ 1.58 -179 -76 -30 179 -67 -179 179 -179 -148 128 -177 179 67 -66 -60 -160 -15 -175 56 -89 58
9 1.69 179 -155 111 180 -175 177 176 60 -79 -49 -180 177 63 ~67 =-60 -161 -25 -169 177 -102 -63
10 1.70 -179 -68 -39 -175 -173 175 179 179 -82 -38 -177 =55 175 61 -49 -146 -39 -177 -59 -74 -60
11 1.71 -175 -71 -17 174 -68 -179 -179 -179 -60 -36 -173 176 63 173 178 -98 147 -176 -52 106 58
12 1.73 -177 -68 -28 174 -69 -179 -179 59 -133 44 -178 -162 78 -60 -178 -147 -22 -179 -58 105 179
13 1.80 179 -156 138 177 -170 178 175 59 -90 120 174 178 63 172 -60 -156 165 177 57 =92 60
14 1.83 -179 -76 96 176 -172 177 -86 -59 =77 -33 -179 -58 173 61 70 -145 145 -179 -58 103 -60
15 1.84 -179 -76 97 176 -173 176 -86 -59 -77 -33 -179 -58 173 -178 70 -145 146 -179 -58 103 -60
16 1.87 =179 =75 93 172 -172 178 176 61 -77 -32 177 =57 173 61 70 -158 -28 -171 178 -101 -63
17 1.89 -178 -80 -28 -177 -66 -178 -179 -59 -153 143 176 -176 69 174 -59 -139 -20 177 -57 =73 -179
18 1.90 -177 -61 -41 -179 -173 176 -84 61 -109 37 -177 -53 171 60 -52 -148 -1 -173 -58 101 177
19 1.92 -178 -78 77 178 -67 -178 ~179 60 -76 80 179 -175 66 51 -60 -157 -26 -177 178 77 59
20 1.93 -179 -69 124 180 -173 69 -174 60 -82 75 180 -55 175 -178 -49 -156 -26 -178 -178 -100 59

Table4. List of torsional angles for formyl-Met-Acc6-Phe-OMe.

formyl Met Acc6 Phe OMe
AG 6 0w o oyt ¥ ¥ x 6 oy o by e X x

1 0.00 179 -62 108 -177 -174 174 179 -59 51 41 -178 -156 -30 =177 177 =101 59
2 0.82 -179 -63 107 180 -71 -179 179 179 53 38 180 -157 =29 =177 177 77 179
3 1.02 -178 -61 -36 -178 -174 174 179 -60 -53 -38 -177 -83 -36 167 -55 =70 64
4 1.52 =179 -62 107 -176 -174 175 -85 61 51 41 -178 -157 -30 -178 177 -101 -60
5 1.56 -178 -76 -29 -179 -67 -178 -179 =59 52 39 -177 -159 152 174 177 78 =177
6 1.63 -179 =77 82 177 -68 -177 179 179 -52 -35 174 -153 -9 177 54 -93 -58
7 1.69 -179 -63 107 -180 -72  -74 179 59 53 39 ~-180 -157 -31 -178 177 -101 -60
8 1.70 -177 -59 -35 -178 -174 173 179 -60 -53 -37 -176 -85 123 -172 -56 -70 177
9 1.73 -179 -61 108 -176 -174 172 80 176 51 40 -177 -157 146 175 176 -100 -58
10 1.78 -179 -64 106 -176 -71 =74 179 =59 51 41 -178 -157 -28 -177 177 =101 58
11 1.80 -178 -62 -35 -177 -174 173 179 -60 -53 -39 -179 -77 128 -175 -178 -99 178
12 1.81 -178 -62 -35 -177 -174 174 179 -60 -53 -39 -179 -77 128 -176 -177 80 58
13 1.86 -179 -61 107 -175 -175 66 -179 179 51 40 -177 -157 145 175 176 -100 -178
14 1.87 -~179 -74 -32 -176 -68 -179 -179 60 -54 -42 -179 -159 -34 178 177 -101 -178
15 1.89 -178 -74 -31 -176 -68 -179 -179 60 -54 -42 -179 -159 -36 178 177 79 -58
16 1.93 -179 -63 107 1806 ~-71 177 82 177 53 39 180 -157 -29 -177 177 78 =61
17 1.95 =179 -75 =33 177 -163 -173 -179 =177 54 39 176 -158 -30 =173 -177 83 57
18 1.96 -179 -63 107 180 -71 178 82 177 53 39 180 -157 -29 -177 177 -101 178
19 2.02 -178 -62 110 -178 =71 =179 -179 179 53 39 177 =70 144 178 179 80 -179
20 2.06 -178 -60 =36 -178 -174 172 80 -64 -54 -38 -176 -83 -36 167 -55 =70 -175

From these results, it appears clear that the parent peptide formyl-Met-Leu-Phe-OMe can adopt
several types of structures in such way that we can not favor a precise structure, as compared to other
structures. Therefore, it is not easy to extract the conformational characteristics of the chemotactic

peptides using only the parent peptide formyl-Met-Leu-Phe-OMe.

The conformational analysis results of the geometrically constrained peptides formyl-Met-Acc6-
Phe-OMe in which the a,a-disubstituted amino acid Acc6 gives it a certain rigidity, shows the

preference of this tripeptide to adopt 3 turn conformation.

Taking into account the findings above, we can propose that the active structure of chemotactic
peptide is the B turn structure preferred by the geometrically constrained peptide formyl-Met-Acc6-
Phe-OMe. However, in the case of the parent peptide formyl-Met-Leu-Phe-OMe, we can suppose that
its activity isdueto itsflexibility. Thisflexibility allows the molecule to fit the convenient structure (3
turn) during the interaction with the receptor. This result is in perfect agreement with the "Zipper"

model of Burgen [17].
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Finally, the comparison of results in table 1 and table 2 enables us to rgject the proposa that the
formyl group must be free of any intramolecular hydrogen bond in order to be available for the
formation of the complex with the receptor. Indeed, among the 20 most stable structures of formyl-
Met-Acc6-Phe-OMe, 18 conformers have the formyl group implicated in intramolecular hydrogen
bonds, even though this peptide is six times more active than the parent peptide formyl-Met-Leu-Phe-
OMe.

Conclusion

In summary, the conformational analysis described in this paper and a careful examination of the
recent literature enables us to propose:
(&) The 3 turn structure is the active structure of chemotactic peptides.
(b) The parent peptide formyl-Met-Leu-Phe-OMe adopts a so flexible structure that can adopt the
conformation of the 3 turn active structure during the interaction with the receptor.
(c) A regection of the importance of the formyl group in the interaction with the receptor.
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