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Abstract
In order to determine the structural requirements of fMLP analogs receptors, this work presents the results of a comparative 
conformational analysis of the active chemotactic peptide (formyl-Met-Leu-Phe-OMe) and its inactive analog (formyl-Met-
Leuψ [CSNH] Phe-OMe) using the theoretical method PEPSEA. This study showed that a γ turn structure centered on the 
central residue is the native structure of the chemotactic peptide fMLP analogs, where both CO(formyl) and NH(central 
residue) groups are available and ready to interact with the receptor. The inactive analog fMLSP-OMe prefers instead a γ turn 
structure centered on the Met residue, where the two groups cited above are not available for this interaction. Our results 
and those of literature enable us to propose the “induced fit” model of Burgen for the molecular recognition process. Con-
sequently, the activity of fMLP analogs chemotactic peptides would not be related to a specific secondary structure (β turn, 
γ turn or extended….) but rather to the freedom and the availability of the CO(formyl) and the NH group at position 2. 

Keywords: Chemotactic peptide; fMLP analogs; Conformational analysis; Molecular recognition.

1. Introduction
The chemotactic peptide fMLP has received much 

interest in recent years, due to the key role that it plays in 
our body, particularly in the immune system, it induces 
the release of the polymorphonuclear leukocytes, the su-
peroxide O–

2 and the lysozyme enzyme of the neutro-
phil.1–4 It is considered to be a very active agent.5 The 
structure-activity relationship was established as well as 
the specificity of the receptors located on the neutrophil 
cell surface.6–9

The studies carried out by Freidinger et al,10–13 which 
consist to create Lactam bridges in peptide structures and 

by Perdih et al to synthetis of α-amino-organometallic ac-
ids,14 have shown the success of peptidomimetic in the 
field of the design of new therapeutic agents. The aim of 
these modifications is to limit the degrees of freedom and 
capture the bioactive conformation of a native peptide. In 
the case of fMLP analogs, several modifications have been 
made.15–19 The influence of the terminal groups has been 
studied, and it has been demonstrated that esterification of 
the carboxylic C-terminal does not affect the biological ac-
tivity of the molecule.20 On the other hand, the substitu-
tion of the formyl group at N-terminal by the tert-butyl-
carbonyl group (Boc) results in a total loss of activity.21,22 
In 1985 Sauvé et al tried to introduce changes at the back-
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bone by replacing amide bonds by thioamide ones which 
are more resistant to enzymatic hydrolysis.15 The synthe-
sized analogs were tested and the biological activities were 
evaluated using the release of lysozyme from human neu-
trophils. The replacement of the amide bond at the Methi-
onine by a thioamide bond was carried out and resulted in 
a dramatic loss of activity.3 The comparative conforma-
tional study of the two molecules formyl-Met-Leu-Phe-
OMe and formyl-Metψ(CSNH]Leu-Phe-OMe showed 
that the 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 recep-
tor.16 The substitution of the central residue with disubsti-
tuted α-α residues such as aminocyclohexanecarboxylic 
acid (Acc6) and aminocyclopentanecarboxylic acid (Acc5) 
resulted in an increase in activity.23 Using a theoretical 
method, our comparative conformational studies of the 
parent peptide with these lathers have revealed that the na-
tive conformation of fMLP chemotactic peptides is the 
β-turn structure, despite the unavailability of the CO(-
formyl).24,25

In order to continue our investigations on the struc-
tural requirements of the fMLP chemotactic recep-
tors,16,24,25 we present, through this work, a comparative 
conformational study of the parent active peptide (formyl-
Met-Leu-Phe-OMe) and its thioamide analog (formyl-
Met-Leuψ(CSNH)-Phe-OMe) devoid of any activity.3 The 
main objective is to explain the difference in activity be-
tween the two tripeptides (fig. 1), to propose the native 
conformation of fMLP analogs and to determine the struc-
tural requirements for molecular recognition by their re-
ceptors.

conformational studies of several peptide molecules and 
their structure-activity relationship.16,24–32 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 that characterize a particular 
peptidic sequence. Rather than striving for global minima, 
the population of conformers is randomly generated using 
the subtractive method,33 which generates numbers be-
tween 0 and 1. These numbers are then converted into val-
ues between –180 ° and + 180 ° and assigned to different 
torsional angles that define a starting structure of the ana-
lyzed molecule. After the random generation step, a mini-
mization of energy to the closest minimum is performed 
using the conjugate gradient algorithm.34 The convergence 
criterion was set to 10–4, terminating the calculation when 
the module of the vector constituted by the first derivatives 
becomes less than this value. Finally, a statistical analysis is 
applied to this population of minima to deduce the ther-
modynamic and structural properties of the peptides stud-
ied; this new approach is applied with the PEPSEA pro-
gram.

The force field used by the PEPSEA program to com-
pute the conformational energy is ECEPP/2 “Empirical 
Calculation Energy Program for Peptide”.35 This force field 
uses rigid geometry to represent the amino acid residues 
of the polypeptidic chain. The conformational energy 
function is the sum of four terms: Electrostatic term Eele, 
12–6 Lennard –Jones term ELJ, hydrogen-bond term Ehb 
and the torsion term Etor.

Econf = Eele + ELJ + Ehb + Etor			    (1)

The PEPSEA program uses the specific parameters of 
each residue (atomic coordinates, geometrical and energy 
parameters…) to describe the geometry of the peptidic 
molecules. The force field ECEPP/2 possesses the parame-
ters of the 26 amino acid residues and of terminal protect-
ing groups commonly found in proteins. However, for the 
thioleucyl residue that is not included in the database, we 
used the parameters proposed by Michel et al to consider 
the thioamide bond.16

It is worth noting that the dielectric constant used by 
PEPSEA is D = 2 (Different of that in vacuous). According 
to Momany et al,36 this effective dielectric constant D = 2 is 
equivalent to the experimental dielectric constant (set be-
tween 4 and 8) similar to that of proteins in a polar medium.

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

2. 1. Experimental Procedure
The PEPSEA program described above carried out 

the conformational search and the localization of the most 

Fig 1. Structure of fMLP-OMe and fMLSP-OMe.

2. Methods and Materials 
The method used in this study is called PEPSEA 

(PEPtidic SEArch). It was developed by Michel et al in the 
structural chemistry laboratory of the Sherbrooke Univer-
sity,26 and it has shown its effectiveness in the theoretical 
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stable conformers. For each two considered tripeptides, 
20.000 conformers were randomly generated and energy 
minimized to the closest minima. During this generation, 
all torsion angles are allowed to vary except the amide 
bonds; ω (Met), ω (Leu) and ω (Phe) which are fixed at 
180°. We have carefully ensured that the 20.000 generated 
conformations subjected to minimization are the same for 
both molecules. For each tripeptide, the first 100 conform-
ers of lower conformational energies were submitted to a 
second energy minimization allowing all dihedral angles 
to be modified. For each of those 100 minima, the Hessian 
matrix was calculated and the free energy was evaluated.37 
The resulting conformers were sorted by increasing values 
of the free energies, and then clustered into groups of con-
formers having the same structural characteristics (β turn, 
γ turn or extended….).

The calculation of energy and minimization were 
performed on station HP pro-Intel (R) Core(TM) i3-3240 
CPU @3.40 GHz at the faculty of sciences and techniques 
of Fez.

3. Results
For the evaluation of the minimization efficiency, we 

have studied the energy distributions of the 20.000 con-
formers of the 2 molecules: fMLP-OMe and fMLSP-OMe. 
The next figure (Fig 2) represents these distributions.

Of these graphs, it can be seen that the conformers 
generated and minimized are grouped in a single distribu-
tion having a Gaussian form for the 2 molecules studied. 
This observation confirms the effectiveness of the minimi-
zation process.

Tables 1 and 2 give the conformational characteris-
tics of the fifty most stable conformers obtained after the 
second minimization for each tripeptide. Conformers 
were numbered by increasing free energy values. The con-
formational energies (ΔE) are given relative to the global 
minima: conformer 7 (E0 = –5.65 Kcal/mol) for fM-
LP-OMe and conformer 3 (E0 = –4.65 Kcal/mol) for fML-
SP-OMe. Free energy values (ΔG) have been computed 
relative to the same conformers at T = 300 K, the entropic 
contributions (-TΔS) and statistical weights (Wi) are also 
presented. The structural characteristics have been given 
for each conformer indicating the presence or not of an 
intramolecular hydrogen bond between the different do-
nors and acceptors. The torsion angles for the fifty con-
formers of the parent peptide and the thioamide analog 
are listed in Appendices 1 and 2 respectively, with their 
conformational energies in Kcal/mol.

The conformational analysis of the fifty most stable 
conformers of the parent peptide fMLP-OMe (table 1) 
shows that it can adopt varied conformational structures, 
which the majority can be distributed into four classes:

The first class is represented by seventeen conform-
ers adopting a β turn structure centered on Met and Leu. 

Five of them are stabilized by a hydrogen bond between 
the CO formyl and NH of Phe: conformers (2, 4, 28, 42 and 
43), and twelve adopt this structure but without that the 
hydrogen bond being established: conformers (3, 5, 6, 11, 
12, 13, 15, 18, 23, 29, 36 and 37). Fig.3a gives a stereoscop-
ic superposition view of the conformers belonging to this 
class, from which we can see that they are similar, mainly 
at the backbone level. The Met and Leu side chains are ori-
ented in two different ways, while the Phe residue can ro-
tate more freely. It is worth noting that several authors 
have suggested this structure for many fMLP-OMe ana-
logs, using spectroscopic X-ray and NMR methods as well 
as molecular modeling studies.21,23–25,38–42. Fig.4a shows a 
stereoscopic view of the superposition of our β turn struc-
ture (conformer 2, table 1) with those found by Bardi for 
the Boc-Met-Aib-Phe-OMe analog21, Rathore for the 
f-Met-AC8C-Phe-OMe38 and Zecchini for the f-Met-
ΔZLeu-Phe-OMe39. This figure shows that there is a great 
similarity at the backbone level and that the only differenc-
es with our structure lie just at the side chains orientation 
of Methionine and Phenylalanine.

Fig 2: Energy distributions of minimized conformers of fMLP-OMe 
and fMLSP-OMe.
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Table 1. Conformational characteristics of fMLP a :

	 Conf	 ΔGI b	 ΔEI c	 –TΔS d	 WI e	 Formyl	 Met	 Leu	 Phe

	 2	 –0.77	 1.76	 –2.54	 0.1035	 CO			   NH
	 3	 –0.39	 0.59	 –0.98	 0.0543	 			 
	 4	 –0.15	 1.56	 –1.71	 0.0363	 CO			   NH
	 5	 –0.02	 1.63	 –1.66	 0.0294	 			 
	 6	 –0.01	 2.42	 –2.44	 0.0289	 			 
	 11	   0.15	 2.63	 –2.49	 0.0221	 			 
	 12	   0.17	 1.71	 –1.54	 0.0211	 			 
	 13	   0.18	 2.61	 –2.43	 0.0210	 			 
	 15	   0.30	 2.13	 –1.83	 0.0172	 			 
	 18	   0.41	 1.53	 –1.12	 0.0142	 			 
	 23	   0.53	 2.14	 –1.61	 0.0116	 			 
	 28	   0.74	 1.15	 –0.41	 0.0081	 CO			   NH
	 29	   0.77	 1.91	 –1.14	 0.0078	 			 
	 36	   0.93	 2.66	 –1.73	 0.0059	 			 
	 37	   0.95	 2.15	 –1.20	 0.0057	 			 
	 42	   1.03	 2.67	 –1.64	 0.0050	 CO			   NH
	 43	   1.06	 2.11	 –1.05	 0.0048	 CO			   NH

	 1	 –0.81	 1.43	 –2.24	 0.1103		  CO		  NH
	 16	   0.34	 2.34	 –2.00	 0.0159		  CO		  NH
	 19	   0.45	 2.68	 –2.23	 0.0133		  CO		  NH
	 20	   0.46	 1.73	 –1.27	 0.0131		  CO		  NH
	 21	   0.48	 1.54	 –1.06	 0.0126		  		
	 33	   0.87	 1.97	 –1.09	 0.0065		  CO		  NH
	 38	   0.95	 2.78	 –1.83	 0.0057		  		
	 41	   1.01	 1.41	 –0.39	 0.0052		  CO		  NH
	 44	   1.06	 2.79	 –1.73	 0.0048		  CO		  NH
	 46	   1.11	 2.49	 –1.38	 0.0044		  CO		  NH
	 48	   1.18	 2.59	 –1.42	 0.0039		  CO		  NH
	 49	   1.29	 2.34	 –1.05	 0.0033		  CO		  NH

	 8	   0.11	 2.43	 –2.32	 0.0236	 CO	 	 NH	
	 10	   0.14	 2.08	 –1.94	 0.0224	 CO	 	 NH	
	 17	   0.36	 1.37	 –1.01	 0.0154	 CO	 	 NH	
	 26	   0.63	 1.96	 –1.34	 0.0099	 CO	 	 NH	
	 31	   0.82	 2.46	 –1.64	 0.0072	 CO	 	 NH	
	 34	   0.89	 1.68	 –0.80	 0.0064	 CO	 	 NH	
	 45	   1.10	 2.57	 –1.47	 0.0045	 CO	 	 NH	

	 7	   0.00	 0.00	 0.00	 0.0283	 CO	 CO	 NH	 NH
	 27	   0.72	 1.51	 –0.80	 0.0085	 CO	 CO	 NH	 NH
	 32	   0.86	 2.07	 –1.21	 0.0067	 CO	 CO	 NH	 NH

	 9	   0.14	 2.06	 –1.92	 0.0224				  
	 14	   0.29	 2.01	 –1.72	 0.0173				  
	 22	   0.52	 2.56	 –2.04	 0.0119				  
	 24	   0.54	 2.72	 –2.18	 0.0114				  
	 25	   0.62	 2.71	 –2.09	 0.0101				  
	 30	   0.81	 2.32	 –1.51	 0.0072				  
	 35	   0.90	 2.56	 –1.66	 0.0062				  
	 39	   0.96	 1.87	 –0.91	 0.0057				  
	 40	   1.00	 2.08	 –1.07	 0.0052				  
	 47	   1.15	 2.23	 –1.08	 0.0041				  
	 50	   1.31	 2.44	 –1.13	 0.0031				  

a. First 50 minimum energy conformations are listed.  b. Free energy: ΔG = G – G0.    G0 is the free energy of the conformation having E = E0. 
c. Conformational energy: ΔE = E – E0. 	 E0 (fMLP) = – 5.65Kcal/mol.    d. Entropic contribution: –TΔS = ΔG – ΔE.   e. Statistical weight of 
conformers: Wi.

	 β turn structure	 γ turn structure centered on Met 
	 γ turn structure centered on Leu	 double γ turn

1st
 cl

as
s

2nd
 cl

as
s

3rd
 cl

as
s

O
th

er
 co

nf
or

m
er

s



734 Acta Chim. Slov. 2018, 65, 730–738

Ameziane et al.:    Structural Requirements for Molecular Recognition  ...

4th
Table 2. Conformational characteristics of fMLSP a :

	 Conf	 ΔGI b	 ΔEI c	 –TΔS d	 WI e	 Formyl	 Met	 Thio-Leu	 Phe

	 2	 –0,77	 1,76	 –2.54	 0.1035	 CO			   NH
	 2	 –0.43	 1.78	 –2.21	 0.0817	 CO		  	 NH
	 4	 –0.01	 1.78	 –1.79	 0.0400	 CO		  	 NH
	 5	   0.10	 2.61	 –2.51	 0.0336	 		  	
	 6	   0.19	 1.96	 –1.77	 0.0290	 		  	
	 8	   0.22	 1.81	 –1.59	 0.0276	 		  	
	 12	   0.50	 2.46	 –1.96	 0.0170	 		  	
	 16	   0.83	 1.98	 –1.15	 0.0098	 		  	
	 18	   0.90	 1.38	 –0.48	 0.0088	 CO		  	 NH
	 19	   0.90	 2.06	 –1.16	 0.0088	 		  	
	 20	   0.90	 2.13	 –1.23	 0.0088	 CO		  	 NH
	 21	   0.95	 2.23	 –1.28	 0.0081	 CO		  	 NH
	 23	   1.07	 1.34	 –0.27	 0.0066	 		  	
	 24	   1.09	 2.30	 –1.21	 0.0064	 		  	
	 25	   1.12	 2.81	 –1.7	 0.0061	 CO		  	 NH
	 26	   1.12	 3.00	 –1.88	 0.0060	 CO		  	 NH
	 31	   1.44	 2.01	 –0.57	 0.0036	 CO		  	 NH
	 41	   1.81	 2.20	 –0.39	 0.0019	 CO		  	 NH
	 47	   2.08	 3.15	 –1.07	 0.0012	 		  	
	 49	   2.16	 3.10	 –0.94	 0.0011	 		  	

	 1	 –0.87	 1.42	 –2.3	 0.1719	 	 CO	 	 NH
	 13	   0.83	 1.98	 –1.15	 0.0098	 	 CO	 	 NH

	 9	   0.24	 3.04	 –2.8	 0.0265	 CO	 	 NH	
	 10	   0.26	 2.67	 –2.41	 0.0258	 CO	 	 NH	
	 14	   0.69	 1.03	 –0.34	 0.0124	 CO	 	 NH	
	 17	   0.88	 2.63	 –1.74	 0.0090	 CO	 	 NH	
	 22	   1.02	 3.65	 –2.63	 0.0071	 CO	 	 NH	
	 27	   1.20	 3.24	 –2.04	 0.0053	 CO	 	 NH	
	 28	   1.29	 2.92	 –1.63	 0.0045	 CO	 	 NH	
	 30	   1.34	 3.30	 –1.97	 0.0042	 CO	 	 NH	
	 32	   1.48	 3.63	 –2.15	 0.0033	 CO	 	 NH	
	 33	   1.53	 3.00	 –1.47	 0.0031	 CO	 	 NH	
	 36	   1.61	 2.09	 –0.48	 0.0026	 CO	 	 NH	
	 38	   1.69	 3.47	 –1.77	 0.0023	 CO	 	 NH	
	 42	   1.85	 2.78	 –0.93	 0.0018	 CO	 	 NH	
	 43	   1.86	 3.79	 –1.93	 0.0017	 CO	 	 NH	
	 44	   2.00	 3.87	 –1.87	 0.0014	 CO	 	 NH	
	 48	   2.13	 2.55	 –0.42	 0.0011	 CO	 	 NH	
	 50	   2.29	 2.84	 –0.55	 0.0008	 CO	 	 NH	

	 3	   0.00	 0.00	 0.00	 0.0403	 CO	 CO	 NH	 NH
	 37	   1.69	 2.68	 –0.99	 0.0023	 CO	 CO	 NH	 NH
	 39	   1.74	 2.91	 –1.17	 0.0021	 CO	 CO	 NH	 NH
	 45	   2.03	 1.50	 0.53	 0.0013	 CO	 CO	 NH	 NH

	 7	   0.20	 2.58	 –2.39	 0.0285	 		  	
	 11	   0.39	 2.33	 –1.95	 0.0206	 		  	
	 15	   0.74	 3.03	 –2.3	 0.0115	 		  	
	 29	   1.29	 3.21	 –1.91	 0.0045	 		  	
	 34	   1.53	 3.26	 –1.73	 0.0031	 		  	
	 35	   1.54	 2.92	 –1.39	 0.0030	 		  	
	 40	   1.79	 3.38	 –1.6	 0.0020	 		  	
	 46	   2.03	 4.20	 –2.17	 0.0013	 		  	

a. First 50 minimum energy conformations are listed.    b. Free energy: ΔG = G – G0.    G0 is the free energy of the conformation having E = E0. 
c. Conformational energy: ΔE = E – E0. 	 E0 (fMLP) = – 5,65Kcal/mol.    d. Entropic contribution: –TΔS = ΔG – ΔE.    e. Statistical weight of 
conformers: Wi.

	 β turn structure	 γ turn structure centered on Met 
	 γ turn structure centered on Leu	 double γ turn
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The second class includes twelve conformers charac-
terized by conformations adopting a γ turn structure cen-
tered on Leu, ten of them are stabilized by an intramolec-
ular hydrogen bond involving the CO of Met and NH of 
Phe (1, 16, 19, 20, 33, 41, 44, 46, 48 and 49). It is interesting 
to note that the most stable conformer regarding the free 
energy belongs to this class. Fig.3b presents the stereo-
scopic superposition view of the conformers of this class, 
showing that the major variability is at the Met side chain. 
Using NMR studies, this structure was found for the ana-
logs formyl-Met-Aib-Phe-OH, formyl-Met-Aib-Phe-
OMe, and formyl-Met-Pro-Phe-OMe.15,17,43 Following IR 
and Circular Dichroïsm studies this structure was also 
found for fMLP-OH, fMLCha-OMe, and fMLP-OMe.44 

The stereoscopic superposition view of the minimized 
structure of this latter using the Metropolis Montecarlo 

procedure,45 with our γ turn structure centered on Leu 
(conformer 1, table 1) is presented in Fig.4b and shows the 
great similarity between both structures.

The third class is that of the conformers character-
ized by the presence of another γ turn structure centered 
this time on the Met residue, and represented by seven 
conformers (8, 10, 17, 26, 31, 34 and 45). Such structure is 
stabilized by an intramolecular hydrogen bond involving 
the CO formyl and NH of Leu. The stereoscopic superpo-
sition view of the conformers belong to this class is pre-
sented in Fig.3c. 

The fourth class gathers structures in a double γ 
turns ( a γ turn centered on Met and a γ turn centered on 
Leu at the same time) and include three conformers (7, 
27, and 32). The stereoscopic superposition view of the 
three conformers of this group is given in Fig.3d. Using 
NMR studies Lucente et al have proposed this structure 
for the for-Met-Dag-Phe-OMe and for-Met-Cpg-Phe-
OMe analogs.46 However, by molecular modeling, Michel 
et al proposed it as the rigidified precursor for extended 
conformation after the release of the intramolecular 
H-bond by external interactions.16 The eleven remaining 
conformers, not belonging to any of the classes above, are 
mainly stabilized by hydrophobic interactions and char-
acterized by favorable entropic terms, leading to lower 

Fig 3: Stereoscopic superposition views of conformers of different 
classes obtained for fMLP-OMe. a- β turn involving CO formyl and 
NH Phe. b- γ turn centered on Leu involving CO of Met and NH of 
Phe. c- γ turn centered on Met involving CO formyl and NH of Leu. 
And d- Double γ turns cited above.

a)

b)

c)

d)

Fig 4:  Stereoscopic superposition views of the conformers of this 
study with those of the literature. a- β turn structures b- γ turn cen-
tered on Leu.

a)

b)
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values of free energies. This observation is exemplified by 
conformer 9.

For the thioamide analog fMLSP-OMe, the table 2 
shows that preferred structures are distributed on the same 
classes found previously for fMLP-OMe: 19 for the first 
class (β turn centered on Met and Leu), 2 for the second (γ 
turn structures centred on Leu), 17 for the third (γ turn 
structures centred on Met), and 4 for the fourth class (dou-
ble γ turns structures). The stereoscopic superposition 
views of structures of different classes obtained for this 
molecule (fMLSP-OMe) are presented in Appendice 3.

4. Discussion
The main structural difference that can explain the 

dramatic fall in fMLSP-OMe activity compared to that of 
the potent peptide fMLP-OMe can be deduced directly 
from the comparison of Tables 1 and 2, and considering 
the number of times where the two pharmacophores, 
CO(formyl) and NH(Leu), are involved in intramolecular 
hydrogen bonds in both cases. For fMLSP-OMe, the CO(-
formyl) group acts as H acceptor 30 times: C10 β turns in 9 
cases and C7 γ turns in 21 cases. On the contrary for the 
parent peptide fMLP-OMe, the situation is very different: 
This group is involved in intramolecular hydrogen bonds 
only 15 times: C10 β turns in 5 cases and C7 γ turns in 10 
cases. Likewise, the NH(Leu) is involved in hydrogen 
bonds 21 times for the fMLSP-OMe and only 10 times for 
the fMLP-OMe. This result is in perfect agreement with 
the literature which emphasizes the importance of the 
availability of these two groups in the formation of the 
substrate-receptor complex.7,16,39,47–54

The determination of the native structure of the 
fMLP analogs can be deduced by comparing the confor-
mational preferences of the two tripeptides for the con-
formers that we have presented in Table1 and Table 2.

The fact that we found almost the same number of 
conformers adopting the β turn structure (1st class, Fig.3a) 
for the active peptide fMLP-OMe (17 times), and for its 
inactive analog fMLSP-OMe (19 times), rejects the propo-
sition that this structure may be the native structure of 
chemotactic peptides. Indeed, if this structure was native, 
the thioamide analog would also have been active. 

The double γ turns structure (4th class, Fig.3d) will 
also be rejected for the same reason, the fMLP-OMe adopts 
this structure 3 times and the fMLSP-OMe, devoid of any 
activity, adopts it 4 times.

The γ turn structure centered on Met (3rd class, 
Fig.3c) is more preferred by the inactive thioamide analog 
(17 times, table 2) compared to the parent peptide (7 times, 
table 1), consequently, its chance to be native becomes 
weak. We note here that in this structure the two groups 
CO(formyl) and NH(Leu) are involved in an intramolecu-
lar hydrogen bond which decreases their availability to 
participate in the process of molecular recognition and 

justify the inactivity of the thionated analog. It is very im-
portant to remember that the large preference of the fML-
SP-OMe to adopt this structure over than fMLP-OMe is 
not a stroke of luck, since the generated departure confor-
mations were identical for the two molecules.

The γ turn structure centered on Leu (2nd class, 
Fig.3b) seems to be the native structure of fMLP analogs; 
firstly, because it is more preferred by the active parent 
peptide fMLP-OMe (12 times) than for its inactive analog 
fMLSP-OMe (2 times). Secondly, it confirms the impor-
tance of the CO(formyl) and NH(Leu) that has been 
mentioned above. Indeed in this structure, the two groups 
are not involved in any intramolecular hydrogen bond, 
which allows us to suggest them as pharmacophores re-
sponsible for the formation of the substrate-receptor 
complex. 

Since several structures (β turns, γ turns and extend-
ed) have been proposed for active fMLP analogs, and giv-
en the great importance of the two pharmacophores CO(-
formyl) and NH at position 2 demonstrated in this study, 
we can suggest that in the molecular recognition process it 
is the “Induced fit” model of Burgen which applies.55,56 Ac-
cording to this model, there is no requirement for a mole-
cule to take a specific secondary structure (β turn, γ turn 
or extended….), because any conformer, within reason-
able limits, can be extracted from the solution and bound 
by the receptor. For the fMLP active analogs, we suggest 
that the substrate binds in a first step with the receptor 
proposing the CO formyl (necessary but not sufficient 
condition), after several conformational changes for both 
receptor and substrate, this latter proposes the determi-
nant NH group at position 2 for the constructive interac-
tion with the receptor. The absence of structural data from 
studies of the interaction of fMLP with its receptors makes 
a docking study necessary to validate the proposed model 
and confirm the importance of these two groups in the 
molecular recognition process.

5. Conclusion
The comparative conformational study of fM-

LP-OMe and its analog fMLSP-OMe described in present 
work allowed us to deduce three fundamental aspects con-
cerning the structural requirements of fMLP analogs re-
ceptors.
a) �The γ turn structure centered on the central residue 

seems to be the native structure of the chemotactic pep-
tide analogs.

b) �The CO(formyl) and NH at position 2 must be free of 
any intramolecular hydrogen bond and available for a 
constructive interaction with the receptor.

c) �The inactive analog fMLSP-OMe prefers a γ turn struc-
ture centered on the Met residue.

Our results and a careful examination of the recent 
literature enable us to suggest the “Induced-fit” model of 
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Burgen in the molecular recognition process, and that the 
fMLP analogs activity is not related to the adoption of a 
specific secondary structure (β turn, γ turn or extend-
ed…..), but rather to the freedom and availability of the 
CO (formyl) and NH group at position 2 to form the sub-
strate-receptor complex.
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Povzetek
To delo predstavlja rezultate primerjalne konformacijske analize aktivnega kemotaktičnega peptida (formil-Met-Leu-
Phe-OMe) in njegovega reaktivnega analoga (formil-Met-Leuψ [CSNH] Phe-OMe) z uporabo teoretičnega modela PEP-
SEA, katerega namen je določitev strukturnih zahtev fMLP. Študija je pokazala, da je struktura z γ zavojem, centrirana na 
centralnem preostanku, nativna za analoge kemotaktičnega peptida fMLP, v katerem sta obe skupini, tako CO (formil) 
kot NH (centralni preostanek), na razpolago za interakcijo z receptorjem. Neaktivni analog fMLSP-OMe pa ima namesto 
tega raje strukturo z γ zavojem, ki je centrirana na preostanku Met, kjer zgoraj omenjeni skupini nista dostopni za inter-
akcijo. Naši rezultati in tisti iz literature omogočajo, da za molekularni proces prepoznavanja predlagamo »induced fit« 
model po Burgenu. Aktivnost fMLP analogov kemotatičnega peptida ni povezana s specifično sekundarno strukturo (β 
zavoj, γ zavoj ali iztegnjena….), ampak z dostopnostjo CO in NH skupin na položaju 2.
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