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ABSTRACT 

P450 family, especially CYP51 protein, is a common target for the design of antifungal 

and antiprotozoal drugs. Designing new effective drugs against these pathogens is a 

necessity and a challenge for the scientific community. To this end, they are evaluated 

by molecular docking of five schemes of aryl-substituted imidazoles and pseudopeptic 

imidazoles against CYP51 proteins from different pathogens and against the similar 

human protein to estimate their selectivity. Once these calculations have been carried 

out, none of the compounds studied appears to be an effective inhibitor against CYP51-

L.infantum. However, for all the remaining proteins lower normalized coupling scores 

are obtained, fundamentally for schemes 1 and 3. Given the geometry of the protein-

linked complexes formed, schemes 2 and 4 appear to be more selective than schemes 1, 

3 and 5. However, the highest estimated selectivity values are obtained for schemes 1 

and 3 against CYP51-C.glabrata and for scheme 1 against CYP51-N.fowleri. In general, 

the direct relationship between the stability of the protein-ligated complex with the 
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direct interaction of the ligand with the Fe
2+ 

cation of the heme group, which provides 

stability to the union. 

Keywords: molecular docking; CYP51; pseudopeptide imidazoles; selectivity 

coefficient. 

RESUMEN 

La familia P450, y en especial la proteína CYP51, es blanco común para el diseño de 

fármacos antimicóticos y antiprotozoarios. Diseñar nuevos fármacos efectivos contra 

estos patógenos es una necesidad y un reto para la comunidad científica. Con este 

objetivo se evalúan mediante acoplamiento molecular de cinco esquemas de imidazoles 

arilsustituidos e imidazoles pseudopeptídicos contra proteínas CYP51 de distintos 

patógenos y contra la similar proteína humana para estimar su selectividad. Una vez 

realizado estos cálculos se arriba a que ninguno de los compuestos estudiados parece ser 

un inhibidor efectivo contra CYP51-L.infantum. Sin embargo, para todas las restantes 

proteínas se obtienen menores puntuaciones normalizadas del acoplamiento, 

fundamentalmente para los esquemas 1 y 3. Dada la geometría de los complejos 

proteína-ligado formados los esquemas 2 y 4 se muestran más selectivos que los 

esquemas 1, 3 y 5. Sin embargo, los mayores valores de selectividad estimada se 

obtienen para los esquemas 1 y 3 contra CYP51-C.glabrata y para el esquema 1 contra 

CYP51-N.fowleri. De manera general, se constata la relación directa entre la estabilidad 

del complejo proteína-ligado con la interacción directa del ligando con catión Fe
2+ 

del 

grupo heme, la cual aporta estabilidad a la unión. 

Palabras clave: acoplamiento molecular; CYP51, imidazoles pseudopeptídicos; índice 

de selectividad. 

Recibido: 28/4/2023 

Aprobado: 20/6/2023 

Introduction 

Sterol 14-demethylase (CYP51) is the only cytochrome P450 (CYP) required for sterol 

biosynthesis in different phyla, and is the most widely distributed P450 gene family 

found in all biological kingdoms: animals, plants, fungi, yeasts, lower eukaryotes, and 

bacteria.
(1)

 The CYP51 family is very special in that its members retain strict functional 
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conservation in enzymatic activity across all biological kingdoms. With amino acid 

identity in the kingdoms as low as 25-30 % (about 40 amino acid residues), they all 

catalyze the first step following cyclization in sterol biosynthesis, where the 14-methyl 

group is converted to an alcohol, then into an aldehyde. This is then removed as formic 

acid in the final step, leading to the formation of the initial substrate in steroid hormone 

biosynthesis.
(2)

 

Some of these substrates form cholesterol (animals), ergosterol (fungi) and a variety of 

24 alkylated and olefinated products in plants and protists. Sterols stabilize membranes, 

determine their fluidity and permeability, and also serve as precursors for biologically 

active molecules essential for the regulation of growth and development.
(2)

 Furthermore, 

since humans consume dietary cholesterol which downregulates sterol biosynthesis, this 

enzyme is an attractive target for antifungal agents in human medicine, veterinary 

medicine, and for fungicides in agriculture, provided that the selectivity over 

mammalian CYP51.
(3)

 

In protozoa, the sterol biosynthesis pathway is absent in strict anaerobic organisms, 

including the human pathogens Giardia, Entamoeba, Cryptosporidium, and 

Trichomonas. However, the sterol biosynthesis pathway is present in free-living 

amoebae, Acanthamoeba and Naecanthamoeba belonging to several different 

Aecanthamoebae. Sterols are synthesized from squalene in kinetoplastid protozoa, 

Trypanosoma cruzi, Trypanosoma brucei, and Leishmania species, the causative agents 

of Chagas disease, African sleeping sickness, and different forms of leishmaniasis, 

respectively, which collectively affect hundreds of million people, primarily the poor 

and underserved, and which have been designated by the WHO as neglected tropical 

diseases (NTDs).
(3)

 

Most of the currently used clinical antifungal drugs (azoles) are intended to inhibit 

fungal sterol 14α-demethylase (CYP51). These are based on two precursor compounds: 

ketoconazole (imidazole) and fluconazole (azole), all of them selected based on their 

antiparasitic activity in cell experiments.
(4)

 Azole antifungal agents selectively target 

fungal CYP51 enzymes over the human homolog through the direct coordination of the 

triazole ring N-4 nitrogen (fluconazole, itraconazole and voriconazole) or the imidazole 

ring N-3 nitrogen (clotrimazole and ketoconazole) with the heme iron as the sixth axial 

ligand and the azole drug side chains interact with the CYP51 polypeptide backbone. 
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Azole antifungals can also coordinate with the heme iron of other cytochrome P450 

enzymes, raising the potential for alternate and secondary drug targets.
(5)

  

In recent years, with the widespread use of CYP51-targeting drugs, drug-resistant 

Candida, Cryptococcus, and Aspergillus have emerged continuously 
(6)

 and has become 

a serious challenge for public health.
(7)

 This makes the search for new inhibitors an area 

of research for scientists around the world. Currently, development of new CYP51 

inhibitors is focuses on new azoles 
(8)

, triazines 
(9)

, nonazoles 
(10)

 and other nitrogenous 

heterocycles.
(11; 12)

 

However, azole antifungals cause hepatotoxicity by inducing expression of liver 

cytochrome P450 enzymes (CYP1, CYP2, and CYP3 families), which in turn increases 

the abundance of reactive oxygen species in liver cells, resulting in lipid peroxidation 

and DNA damage. In addition, azole antifungals have the potential to inhibit liver P450 

enzymes, interfering with phase I metabolism of xenobiotics. In studies in mice, 

ketoconazole, itraconazole, and propiconazole produced the formation of benign and 

malignant liver tumors. Additionally, disruption of the endocrine system can lead to 

reproductive problems, impaired sexual differentiation, growth and development 

problems, and the formation of hormone-dependent cancers.
(13)

 Therefore, it is vital to 

consider the selectivity coefficient with respect to human CYP51 in the synthesis of 

new drugs. 

Lead selectivity can also be assessed in silico at early stages of drug discovery via 

molecular docking and comparative modeling of newly designed inhibitors against the 

structures for human CYP enzymes.
(3)

 Computational techniques such as molecular 

docking and molecular dynamics have been used to predict this affinity for the 

pathogenic protein over the human one.
(14)

 That is why in the present investigation an 

estimate of the inhibition of sterol 14-demethylase (CYP51) of all the pathogenic 

organisms available in the Protein Data Bank 
(15)

 is carried out, as well as its selectivity 

coefficient with respect to human CYP51 by molecular docking. All this with the 

objective of evaluating the feasibility of designing aryl-substituted imidazoles and 

imidazoles functionalized with amino acids (pseudopeptide imidazoles) as possible 

selective inhibitors of this protein. 
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Materials and methods 

Computational resources 

The Molecular modeling was performed using the high-performance computing 

capabilities of the cluster of the Universidad de Oriente, Cuba (HPC-UO) 

(https://portal.uo.hpc.cu/website/ (accessed on 6 November 2022)). 

Molecular modeling of proteins and ligands for docking 

To facilitate understanding, the compounds studied have been divided into five schemes 

(Figure 1). Schemes 1 and 2 correspond to pseudopeptic imidazoles with phenyl groups 

in positions 4 and 5, while schemes 3 and 4 present a phenyl group in position 4 and a 

methyl group in position 5, which from now on will be called asymmetric 

pseudopeptide imidazoles. For its part, scheme 5 corresponds to tetra- and tri-

substituted imidazoles without amino acid residues. To obtain the structures of the 

pseudopeptic imidazoles and imidazoles, the OpenBabel 3.1.1 program 
(16)

 was 

employed using the molecular mechanics method with the MMFF94 force field (Merck 

Molecular Force Field). 
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cheme 1 Scheme 2 Scheme 3 Scheme 4 

 

 

p01 R1= -C6H5 R2= -C6H5 p19 R1= -H R2= -C6H5 

p02 R1= -C6H5 R2= 
-C6H5-

pN(CH3)2 
p20 R1= -H R2= 

-C6H5-

pN(CH3)2 

p03 R1= -C6H5 R2= -C6H5-p(OH) p21 R1= -H R2= -C6H5-p(OH) 

p04 R1= -C6H5 R2= 
-C6H5-

p(OCH3) 
p22 R1= -H R2= 

-C6H5-

p(OCH3) 

1a R=GLY; 1b R=ALA; 1c 

R=VAL; 1d R=ARG; 1e 

R=GLN; 1f R=LYS; 1g 

R=THR; 1h R=ASN; 1i 

R=TPR; 1j R=HIS; 1k 

R=PHE; 1l R=GLU; 1m 

R=ASP; 1n R=TYR 

2a R=GLY; 2b R=ALA; 

2c R=VAL; 2d R=ARG; 

2e R=GLN; 2f R=LYS; 

2g R=THR; 2h R=ASN; 

2i R=TPR; 2j R=HIS; 

2k R=PHE; 2l R= TYR; 

2m R=PRO; 2n R=CYS 

3a R=GLY; 3b R=ALA; 3c 

R=VAL; 3d R=ARG; 3e 

R=GLN; 3f R=LYS; 3g 

R=THR; 3h R=ASN; 3i 

R=TPR; 3j R=HIS; 3k 

R=PHE; 3l R=GLU; 3m 

R=ASP; 3n R=TYR 

4a R=GLY; 4b R=ALA; 

4c R=VAL; 4d R=ARG; 

4e R=GLN; 4f R=LYS; 

4g R=THR; 4h R=ASN; 

4i R=TPR; 4j R=HIS; 

4k R=PHE; 4l R= TYR; 

4m R=PRO; 4n R=CYS 
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p05 R1= -C6H5 R2= 
-C6H5-

m(NO2) 
p23 R1= -H R2= 

-C6H5-

m(NO2) 

p06 R1= -C6H5 R2= -C6H5-p(NO2) p24 R1= -H R2= -C6H5-p(NO2) 

p07 R1= 
-C6H5-

p(CH3) 
R2= -C6H5 p25 R1= -C6H5-p(SO3) R2= -C6H5 

p08 R1= 
-C6H5-

p(CH3) 
R2= 

-C6H5-

pN(CH3)2 
p26 R1= -C6H5-p(SO3) R2= 

-C6H5-

pN(CH3)2 

p09 R1= 
-C6H5-

p(CH3) 
R2= -C6H5-p(OH) p27 R1= -C6H5-p(SO3) R2= -C6H5-p(OH) 

p10 R1= 
-C6H5-

p(CH3) 
R2= 

-C6H5-

p(OCH3) 
p28 R1= -C6H5-p(SO3) R2= 

-C6H5-

p(OCH3) 

p11 R1= 
-C6H5-

p(CH3) 
R2= 

-C6H5-

m(NO2) 
p29 R1= -C6H5-p(SO3) R2= 

-C6H5-

m(NO2) 

p12 R1= 
-C6H5-

p(CH3) 
R2= -C6H5-p(NO2) p30 R1= -C6H5-p(SO3) R2= -C6H5-p(NO2) 

p13 R1= -CH2-C6H5 R2= -C6H5 p31 R1= 
-C6H5-

p(SO2NH2) 
R2= -C6H5 

p14 R1= -CH2-C6H5 R2= 
-C6H5-

pN(CH3)2 
p32 R1= 

-C6H5-

p(SO2NH2) 
R2= 

-C6H5-

pN(CH3)2 

p15 R1= -CH2-C6H5 R2= -C6H5-p(OH) p33 R1= 
-C6H5-

p(SO2NH2) 
R2= -C6H5-p(OH) 

p16 R1= -CH2-C6H5 R2= 
-C6H5-

p(OCH3) 
p34 R1= 

-C6H5-

p(SO2NH2) 
R2= 

-C6H5-

p(OCH3) 

p17 R1= -CH2-C6H5 R2= 
-C6H5-

m(NO2) 
p35 R1= 

-C6H5-

p(SO2NH2) 
R2= 

-C6H5-

m(NO2) 

p18 R1= -CH2-C6H5 R2= -C6H5-p(NO2) p36 R1= 
-C6H5-

p(SO2NH2) 
R2= -C6H5-p(NO2) 

Scheme 5 

Fig .1- Schemes of the compounds studied 

 

For molecular modeling of proteins, their three-dimensional structures were obtained in 

"pdb" format, from the Protein Data Bank.
(15)

 For refining these structures, generally 
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obtained by X-ray diffraction, the UCSF Chimera software version 1,10,227 
(17)

 was 

used. All residues from the crystallization of the macromolecule that do not belong as 

such to proteins in their natural state and could interfere were identified with their active 

centers and, therefore, with the interpretation of the results. 

The molecular docking study was carried out through the AutoDock-GPU version 15 

(18)
 and AutoDock Tools 1.5.6 programs. The Gasteiger charge calculation method was 

used and partial charges were added to the ligand atoms prior to docking, via Autodock 

Tools. The two-dimensional visualization of the hydrophobic and hydrogen bonding 

interactions of the complexes was carried out using the Ligplot
+
 v.2.2 

(19)
 program and 

UCSF Chimera version 1.10.227.
(17)

  

The proteins selected for this study correspond to Cytochrome P450, lanosterol 14α 

demethylase CYP51 and their data are listed in table 1.  
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Table 1.Proteins used in the study. 

 

 

Selection of molecular docking parameters 

AutoDock requires a pre-calculation of the grid maps, which in turn requires a series of 

related parameters. AutoDock requires pre-calculated grid maps, one for each atom 

type, present in the ligand being docked as it stores the potential energy arising from the 

interaction with macromolecule. This grid must surround the region of interest (active 

site) in the macromolecule. In the present study, the binding site was selected based on 

the position of the co-crystallized ligand, except for the CYP51-Acanthamoeba 

castellanii str. Neff protein, for which the position of the heme group was taken as a 

reference, since it is known that it is part of the active site. The selected spacing was 

0.375 Å and the grid box size was 60·60·60 points. In addition to this, the location 

coordinates of the ligand around the region of the active site of the macromolecule are 

needed, which is shown in table 2.  
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Table 2. Location of the ligand around the region of the active site of the 

macromolecules studied. 

 

 

The Lamarckian Genetic Algorithm (LGA) was used to explore the best conformational 

space for the ligand, with a minimum of 100 runs for each of the couplings. The 

calculation was adjusted to a number of energy evaluations of 25·10
6
. In analyzing the 

docking scores, we accounted for the recognized bias due to molecular weight using the 

equation 1, 

 

      (1) 

 

where  

DSnorm is the normalized docking score, Edock is the MolDock re-rank score,  

MW is the molecular weight, and 7.2 is a scaling constant to ensure the average 

DSnorm values are comparable to those of Edock.
(20)

 The use of this parameter is 

necessary because the studied ligands present a difference of up to 531.44 g·mol
-1

. 

Docking calculations can be validated by calculating root mean square deviation 

(RMSD),
(21)

 redocking the ligands that were co-crystallized in the receptor         

structures.
(22; 23)

 This procedure was carried out for all the proteins studied, except in the 
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case of CYP51-Acanthamoeba castellanii str. Neff that does not have co-crystallized 

inhibitors. It is considered that if the RMSD value of the known conformation is less 

than 2 Å, the molecular docking has worked successfully.
(24)

 

With the aim of having a criterion that quantifies the selectivity of the compounds 

studied, a calculable parameter was defined through the results of molecular docking. 

This parameter was called the selectivity coefficient (SC) and is calculated using 

equation 2: 

 

     (2) 

 

where  

Kip is the inhibition constant calculated from normalized docking score for a pathogen 

CYP51  

Kih is the inhibition constant calculated from normalized docking score for a human 

CYP51.  

Results and discussion 

The molecular docking results for the pseudopeptic imidazoles with the CYP51 enzyme 

and the ligands co-crystallized with their corresponding enzymes and the RMSD scores 

are summarized in table 3. 
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Table 3. Docking scores, normalized for molecular weight (DSnorm, kcal/mol) of 

pseudopeptic imidazoles with CYP51 molecular targets and RMSD score (Å). 

 

 

As can be seen, the vast majority of the RMSD scores are around the expected value, 

since there are always divergences associated with the elimination in the molecular 

coupling calculation of water molecules and ions used during the crystallization 

process, Another factor to take into account is the size of the ligand, which seems to be 
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the cause of the value of 5,76 in the case of posaconazole, which has a molar weight of 

700,78 g·mol
-1

.
(25)

 

All pseudopeptic imidazoles in schemes 1 and 3 show lower normalized docking scores 

than their respective co-crystallized ligands and, except for CYP51-L.infantum, also 

show lower normalized docking scores than fluconazole. It is also remarkable that for 

CYP51-C.glabrata schemes 1 and 3 show the lowest values of normalized docking 

scores in the entire study. It can be seen that these compounds form coordinated bonds 

with the Fe
2+

 cation of the heme group through the carbonyl group of the aspartic acid 

substituent, while the other carbonyl group is free to form a hydrogen bond with amino 

acid residues of the active site (Figure 2), while establishing a significant number of 

hydrophobic interactions. 

 

A 

 

B  

 



381 
 

  

      C                                                                D 

Fig. 2- Lowest-energy docked poses with the CYP51-C.glabrata (PDB: 5JLC). (A, B) 

1d compound (C, D) 3d compound 

 

A 

 

B  
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Fig. 3- Lowest-energy docked poses with the CYP51-N.fowleri (PDB: 5TL8). (A, B) 1k 

compound (C, D) 3i compound 

 

In the case of CYP51-N.fowleri, the values of normalized docking scores are not 

comparable to those obtained against CYP51-C.glabrata, but they can also be 

considered excellent for schemes 1 and 3. As can be seen (Figure 3), the geometric 

arrangement of compounds 1k and 3i is very similar to each other and very similar to 

the behavior of CYP51-C.glabrata. 

 

 

 

 

 

 

 

 

 

 

 

C  D  



383 
 

 

Fig. 4- Lowest-energy docked poses with the CYP51-L.infantum (PDB: 3L4D). (A, B) 

1j compound (C, D) fluconazole 

 

It seems to be the conformation that provides stability to the protein-ligand complexes, 

in the case of these pseudopeptidic imizaloles with amino acid residues in position 1, it 

is when the carbonyl group has the possibility of interacting with the Fe
2+ 

cation of the 

heme group. This is the case in all the proteins studied except in CYP51-L.infantum. 

The nature of the active site may be the reason for this behavior, which is very rigid and 

small, therefore, unlike fluconazole, pseudopeptidic imizaloles cannot directly interact 

with the Fe
2+ 

cation of the heme group (Figure 4), which limits the stability of these 

A 

 

B 

 

C  

 

D  
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compounds. However, compounds such as 1j present comparable results to fluconazole, 

given the large number of hydrophobic interactions with the amino acid residues in the 

cavity. 

The behavior of Schemes 2 and 4 is different from Schemes 1 and 3. The compounds of 

Scheme 2 adopt a conformation similar to closed scissors, where the phenyl substituents 

at positions 4 and 5 parallel the ―scissors‖ and the amino acid fragment with the 

―blades‖ (Figure 5). Interestingly, the ―scissors‖ come close to the heme group, and not 

the "blades". This makes it impossible for the formation of hydrogen bonds and 

coordinated bonds between the ligands and the heme group, which is why these 

complexes formed they are not as stable as those in schemes 1 and 3, in addition to 

being poorly specific and probably continually form and break under the effect of 

concentration. Not surprisingly, the normalized docking scores are generally lower than 

those obtained for fluconazole. 
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A 

 

B 

 

C

 

D

 

Fig. 5- 2b compound lowest-energy docked poses with the (A) CYP51-L.infantum 

(PDB: 3L4D) (B) CYP51-T.brucei (PDB: 4G3J) (C) CYP51- N.fowleri (PDB: 5TL8) 

(D) CYP51-A.castellanii (PDB: 6Q2C) 

 

For the compounds of scheme 4 the parallelism with the shears is not valid (Figure 6), 

but in essence, the behavior is similar. In most cases, it is the phenyl group at the 4 

position that is close to the heme group. This makes it impossible to form hydrogen 
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bonds and coordinate bonds with it. Even when the amino acid fragment enters the 

cavity, it cannot access the Fe
2+ 

cation due to the low flexibility of these compounds 

with an important conjugation effect. As in scheme 2, the normalized docking score 

values are generally lower than fluconazole. 

 

A 

 

B 

 

C

 

D

 

Fig. 6- 4b compound lowest-energy docked poses with the (A) CYP51-L.infantum 

(PDB: 3L4D) (B) CYP51-T.brucei (PDB: 4G3J) (C) CYP51- N.fowleri (PDB: 5TL8) 

(D) CYP51-A.castellanii (PDB: 6Q2C) 
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The precursor imidazoles behave in such a way that the lowest normalized docking 

score values correspond, in general, to the compounds that are substituted with 

nitrophenyl in position 2 (p05, p06, p11, p12, p17, p18, p23, p24, p29, p30, p35 and 

p36). This is because these compounds can establish interactions with the Fe
2+

 cation of 

the heme group (Figure 7). Compounds with m-nitrophenyl substituent in position 2 

present lower normalized docking score values than compounds with p-nitrophenyl 

substituent in position 2, which seem to be more prevented from approaching the Fe
2+

 

cation. It changes depending on the protein, but what is common is that when the nitro 

group manages to interact with the heme group, the normalized docking score decreases 

by around 1.5 kcal. 
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A 

 

B  

 

C 

 

    D 

  

Fig. 7-Lowest-energy docked poses with the CYP51-T.brucei (PDB: 4G3J). (A, B) p05 

compound (C, D) p06 compound. 

 

However, before analyzing the possibilities of these compounds as inhibitors of one or 

another pathogen based on the selectivity coefficient with respect to CYP51-H.sapiens 

(Table 4). 
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Table 4. Estimated selectivity coefficient of pseudopeptic imidazoles with CYP51 

molecular targets with respect to CYP51-H.sapiens. 

 

 

Since the highest selectivity is usually related to, a lower weight in the interaction with 

the Fe
2+

 cation of the heme group of these proteins. That is, the interactions with the 

amino acid residues that make up the active site are of greater importance. Figure 8 
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analyzes the lowest-energy docked poses of 1j, 2j, 3j, 4j, p1 and p23 with the CYP51-

H.sapiens, as representative compounds of their respective schemes. 

A

 

B

 

C

 

D

 

E

 

F

 

Fig. 8-Lowest-energy docked poses with the CYP51-H.sapiens (PDB: 6UEZ). (A) 1j 

compound (B) 2j compound (C) 3j compound (D) 4j compound (E) p1 compound (F) 

p23 compound 
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The geometry of the protein-ligand complexes 2j and 4j show that there are no 

interactions with the Fe
2+

 cation of the heme group, which explains their low selectivity, 

as well as their high binding free energy values compared to the other schemes. The 

complex with ligand 3j should behave in a similar way to 2j, but the change of the 

phenyl group to the methyl group allows the ligand to be oriented in a very different 

way. Although there is no direct interaction with the Fe
2+

 cation of the heme group, this 

ligand scheme is located in a similar way in all proteins, being very non-selective.  

In the case of schemes 1 and 3, it can be seen that there is a direct interaction with the 

Fe
2+

 cation of the heme group, so the difference between the phenyl and methyl 

substituent hardly influences the selectivity. In fact, the conformations that these ligands 

adopt, which are relatively small, are very similar. 

The precursor ligands behave differently depending on polar groups existing or not. 

Those that have polar groups, such as the p23 compound, interact with the Fe
2+

 cation 

of the heme group through strong bonds that make them very unselective. However, 

those that do not have polar groups are also unselective, which is because these highly 

conjugates structures can interact with the heme group through the π electron clouds. 

This, along with the hydrophobic interactions with the rest of the active site, do not 

provide much stability for any of the proteins, so the selectivity of these compounds is 

rather variable. 

Conclusions 

The pseudopeptic imidazoles studied show, in general, acceptable values of normalized 

docking scores against pathogenic proteins. The high selectivity of scheme 2 against 

pathogenic proteins is shown, in contrast to scheme 1, except for CYP51-C.glabrata. 

Considering both parameters, it can be said that: although it seems that none of the 

compounds achieves effective results against CYP51-M.marinum and CYP51-

A.fumigatus, it is achieved against the rest of the proteins. The interaction of scheme 1 

against CYP51-C.glabrata stands out due to its high selectivity and its low normalized 

docking scores. It can be seen that the interaction of both schemes is different. The 

compounds in scheme 1 coordinate directly with the Fe
2+

 ion of the heme group, while 

the compounds in scheme 2 interact through the π orbitals of the benzene rings.  
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