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Abstract
Leukotriene A4 Hydrolase (LTA4H) is considered an indispensable enzyme in the 

cascade of producing inflammatory mediators. Overproducing inflammatory mediators will end 

with inflammatory diseases that are disturbing to the patient. Selective inhibition of this enzyme 

will alleviate the symptoms of inflammation and promote the patient’s lifestyle. Within this study, 

a solitary 3D structure-based pharmacophore has been constructed for this enzyme that 

contains a distinguished “Zinc Binding Feature” that selectively extracts candidate inhibitors 

which contain functional groups that coordinate with zinc atom, a property that increases 

selectivity and affinity for this enzyme. The selection process for potential inhibitors was 

performed by screening commercially available AldrichCPR over the generated pharmacophore 

combined with advanced docking procedures. Twelve compounds were introduced to be 

potential inhibitors containing different functional groups and all are possessing drug likeness 

properties.   

Keywords: Leukotriene A4 Hydrolase; Structure-based pharmacophore; Zinc Binding 

Group; CDOCKER; Database screening. 

Introduction
Leukotrienes (LTs) are classified as eicosanoid derived compounds that play a 

major role in mediating inflammation[1]. They are produced via several steps by 

metabolizing fatty acids through numerous enzymes including the rate limiting step 

enzyme Leukotriene A4 Hydrolase (LTA4H) [2]. Physiologically, leukotrienes can 

modulate a series of inflammatory reactions and are responsible for many diseases 

such as asthma, psoriasis, inflammatory bowel diseases, rheumatoid arthritis, gout and 

many allergic reactions. They are produced from leukocytes when inflammation is 

activated by immune system. LTA4H enzyme has been assigned as novel and pivotal 

target for treatment of many inflammatory diseases primarily asthma [3-4]. LTA4H

enzyme has been recently received considerable interest to design new inhibitors ; 

however, no any agent has been emerged to the market although intensive research 
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work. This enzyme produces Leukotriene B4 which is considered the most 

chemoattractants known to date which causes many acute and chronic diseases[5].

The crystal structure of LTA4H has been deposited in the protein data bank 

(PDB) with forty two crystal structures related to homo sapiens. Functionally, LTA4H

has dual catalytic role as either an epoxide hydrolase or an aminopeptidase. The 

epoxide hydrolase activity is performed by converting epoxide containing LTA4 to a 

hydroxyl group containing LTB4 with stereochemistry conversion of one of the 

conjugated double bonds from trans configuration to its cis analogue (Figure 1). On the 

other hand, the aminopeptidase activity has been detected within the same active site 

but at different area from the hydrolase activity which is able to accommodate small 

peptides such as dynorphins, enkephalins and bestatin [6-7].

 According to these facts; any inhibitor that fits inside the active site will be able 

to paralyze both the hydrolase and aminopeptidase activity of the enzyme and will 

block the production of LTB4, the potent inflammatory mediator [7].

    

Figure 1: A representation of the chemical reaction performed by the epoxide 

hydrolase function of LTA4H enzyme. 

Structurally, LTA4H is a monomer found in many organs in the body. It is 

composed of 610 aminoacids with a molecular weight of 69 KDa with an active site 

containing zinc atom. This metallo-enzyme forms an active site that is positioned in a 

deep canyon harboring the zinc atom. The narrow and hydrophobic cavity (6-7Å wide 

and stretches 15Å deep) of the active site is very suitable for designing inhibitors that 

are specific for this enzyme. The monopeptide is folded to three main domains (N-

terminal, catalytic and C-terminal) where the active site is squeezed among them 

(Figure 2). The catalytic domain consists of two lobes; one alpha helix and the other is 

mixed between alpha helix and beta sheet. The zinc atom positioned between the two 

lobes is coordinated to His299, His295 and Glu318 with a ligand forming square based 

pyramid [8-9].

Many research groups used several techniques in order to find suitable 

inhibitors for LTA4H, however, none has built a comprehensive structure based 

pharmacophore mapping of the active site and they treated zinc atom in the active site 

as hydrogen bond donor (HBD) [10-14]. Accordingly, in this project, we have firstly 

extracted an eight features structure-based pharmacophore model containing unique 

zinc binding feature as the main determinant of ligand binding and then performed a 

comprehensive docking study against the enzyme using DS3.5 (Discovery Studio 3.5, 
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Accelrys Software Inc, San Diego, CA, USA) software. A “Zinc Binding Feature” has 

been customized and added to the eight features pharmacophore to indicated its real 

importance in binding. 

Figure 2: Ribbon 3D representation of the crystal structure LTA4H showing the three 

main domains and the zinc atom at the heart of the active site. (N-terminal: blue; 

Catalytic domain: green; C-terminal: red; Zinc atom: CPK; Bestatin inhibitor: ball and 

stick representation). 

Material and Methods 
Preparing Leukotriene A4 hydrolase Enzyme 

LTA4H enzyme has been downloaded from Protein Data Bank (PDB code: 

1HS6) [8]. The prepare protein protocol supported by DS 3.5 was employed to prepare 

the enzyme for structure-based generation process; this protocol standardizes atoms 

names, inserts missing loops, calculates pKa and protonates the enzyme. The default 

parameters provided by DS 3.5 has been used.

Generation of Pharmacophore Hypotheses: Structure-Based Approach 

This approach has been used extensively in order to find potential inhibitors for 

many targets. The main prerequisite for this approach is to be able to get the three 

dimensional structure of the protein, and in this case, the PDB has deposited forty two 

crystal structures of LTA4H. The crystal structure (PDB code: 1HS6) crystalized with a 

resolution of 1.95 Å was used as a template for generating the pharmacophore. This 

crystal structure was chosen due its acceptable resolution and containing bestatin 
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inhibitor that affords an opportunity for keeping the narrow active site open and can 

accommodate ligands during docking and facilitates the process of structure-based 

generation.  

Two protocols available under Pharmacophore Module in DS3.5 has been used 

to generate the structure-based pharmacophore. The Interaction Generation protocol 

which has the capacity to explore the hydrogen bond donor (HBD), hydrogen bond 

acceptor (HBA) and hydrophobic (HY) pockets within the active site and the other 

protocol is Receptor-Ligand Pharmacophore Generation  which analyzes and 

determines the most important interactions performed between the protein and the 

crystalized ligands. By merging the results of the two protocols, a refined structure-

based pharmacophore has been produced. The resulting pharmacophore can be then 

customized to modify features that are necessary for screening process such as 

adding “Zinc Binding Feature” (ZB) and Hydrophobic Ring Aromatic (RA). 

Insertion of “Zinc Binding Feature” to the Structure-Based Pharmacophore

Recognizing the importance of zinc atom in substrate binding, it is an essential 

step to modify the existing HBA feature pointed to zinc atom by ZB feature to allow 

more specific and accurate selection of potential inhibitors of the enzyme. Employing 

Add Feature From Dictionary under Customize Pharmacophore Features DS 3.5 tools 

to add the ZB feature, keeping the proper distances and coordinates relative to the 

other features. 

Validation of the Structure-based pharmacophore hypothesis. 

The validity of the generated structure-based pharmacophore was tested by 

mapping eight ligands co-crystalized in the active site of LTA4H over the generated 

pharmacophore using Screen Library protocol where the ZB feature mapping was a 

must for all the eight ligands (Figure 3). The eight ligands were allowed to generate 

conformations with “best” conformations options and the full flexibility was given to the 

ligands to map the pharmacophore. Four or five of the eight features of the structure-

based pharmacophore were allowed to fit as there is no ligand could fit all the eight 

features, a property of the uniqueness of the active site to perform both epoxide 

hydrolase and aminopeptidase activity that is performed by the same active site but at 

two distinct areas (Table 1). 
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Figure 3: 3D representation of the Structure-based pharmacophore of the active site 

of LTA4H enzyme. HY: sky-blue; NI: blue; PI: red; HBD: magenta; RA: brown; HBA: 

green; ZB: purple. 

AldrichCPR Database screening. 

The commercially available AldrichCPR database has been screened over the 

generated structure-based pharmacophore to extract compounds that carry a potential 

to be LTA4H inhibitors. The pharmacophore has provided a 3D query for the search 

process and Screen Library protocol has been used in this step were ZB and positive 

ionizable features are essential to be mapped for each ligand, a prerequisite for being 

eligible as candidate inhibitor. This stringent parameters were used to increase the 

possibility of finding a lead that is specific for this enzyme. Other parameters were 

used such as best conformation generation and full flexibility of the ligand while other 

parameters left as default. 

Database Docking. 

This process has been conducted using two disciplines; the first is selective 

docking of the compounds retrieved from the database screening process. Within this 

discipline, all the compounds in this database which mapped at least four features or 

more in the database screening were allowed to dock the active site to investigate their 

scores and discovering the orientations adopted within the active site.    

The second discipline is performed by docking the whole AldrichCPR database 

(181,329 compounds) over the crystal structure 1HS6. This process is very time 

consuming (3 months with full computer power, 8 CPUs), but was performed to unravel 

any possible inhibitors of this enzyme that were not discovered through structure-

based pharmacophore technique. CDOCKER is a build in docking program was 

employed, CDOCKER uses a CHARMm-based molecular dynamics (MD) parameters 



204

to dock ligands within the active site. Firstly, random ligand conformations generation 

is conducted using high-temperature Molecular Dynamics, and then the generated 

conformations are positioned into the binding site. Candidate poses are further 

produced using random rigid-body rotations superseded by simulated annealing. A 

final conjugate gradient minimization is used to pick the correct ligand poses. 

Results and Discussion 
Generation of Pharmacophore Hypotheses: Structure-Based Approach 

There are forty two homo sapiens crystalized LTA4H structures deposited in the 

PDB. The selection of the proper crystal structure is based on different principles such 

as crystallization resolution, presence of ligand inside the active site and absence of 

lost chains. For 1HS6 crystal structure, it has been chosen a template enzyme for both 

possessing good resolution (1.95Å) and presence of bestatin as a known inhibitor for 

this enzyme co-crystalized inside the active site. DS3.5 software provides a 

preparation step for the enzymes downloaded from protein data bank to enable the 

correct processing and dealing with the enzyme under Macromolecules module, the 

protocol Prepare Proteins was used to add any corrections for the enzyme and being 

ready for generation of pharmacophores and docking. 

Structure-based pharmacophore generation starts with assigning the active site 

of the enzyme which is in this case labeled by the presence of the most important 

feature, the zinc atom. A virtual radius of 10Å was used to enable the protocol 

Interaction Generation to spot the three main areas within the active site and assign 

them as HY, HBD and HBA. This step produces a huge bulk of data that should be 

filtered and trimmed; in this step, the expertise of the medicinal chemist is necessary to 

prioritize the most important features. The trimming step is facilitated by exploiting an 

existing Edit and Cluster tool to cluster and omit any redundant features or features 

with no catalytic precedence. 

The previous step is followed by more stringent and investigative stride that 

classify the polar and apolar areas generated from the previous step to more specific 

ones; namely, HBD, HBA, aliphatic HY, aromatic HY, positive ionizable PI and 

negative ionizable NI. Additional features could be added by customizing some 

features as in this study to add ZB feature. The protocol Receptor-Ligand 

Pharmacophore Generation was used in this step and the most important amino acids 

that contributes to catalytic activity of this enzyme has been determined and the 

suitable feature were assigned. The final refined structure-based pharmacophore 

contains eight features and this pharmacophore covers all the active site of LTA4H

including both areas of epoxide hydrolase and aminopeptidase. The eight features are 

(HBD:Glu325), (HBD:GLN136), (HBA:Tyr383), (HY_Aromatic: Tyr267), (Positive 

Ionizable (PI):Glu271), (Negative Ionizable (NI):Lys565, Arg563), (customized ZN 

binder (ZB): Zn+2), and HY (Figure 3). The suggested pharmacophore indicates the 

features that should be found in the ligand, so it can bind with the receptor. So the 
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positive ionizable feature is complementary to the amino acid Glu271 and the negative 

ionizable feature that should be found in the ligand is complementary to the Lys565. 

This pharmacophore is considered the first in the literature for LTA4H that 

contains “Zinc Binding Feature” which has the advantage to be able selectivity to 

choose functional groups during database screening. The functional groups that are 

assigned specifically for zinc are (carboxyl, phosphate, imidazole, 1,2,3-triazole, 1,2,4-

triazole, tetrazole, thiadiazole, 1-hydroxy-2-oxo derivatives), other groups are known 

as zinc binders were excluded due to the fact they are cause serious side effect when 

they are in drugs such as hydroxamates and thiols. Hydroxamates cause 

pharmacokinetic problems such as poor bioavailability and toxic metabolites, whereas 

thiols produces sun exposure sensitivity.  

Structure-based Pharmacophore Validation 

To ensure the validity of the generated pharmacophore; it has been tested by 

choosing eight ligands from literature that were co-crystalized or tested against the 

enzyme and mapped over the pharmacophore using Screen Library protocol. The 

results indicate that all the ligands have matched at least four out of eight features and 

scored from 3.95 to 2.86 fitness value (Figure 4, Table 1). All the compounds have 

matched the zinc binding feature and the positive ionizable features which are 

considered the most important ones in the binding process.  

Figure 4: Bestatin mapped on structure-based pharmacophore; (amide bond: ZB; NH2:

PI, Benzene ring: RA; COOH: HBA; the rest of feature omitted to simplify view).  
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Table 1: The structures of the eight ligands retrieved from literature used for the validation of 

the structure-based pharmacophore generated. 

No. Name Structure Fit

Value

CDOCKE

R Score

1 Bestatin 3.48 62.2 

2 Kelatorphan 2.95 68.7 

3 3-((3-(4-(biphenyl-4-

yloxy)phenoxy)propyl)(methyl)amin

o)propanoic acid 

3.80 62.0 

4 (R)-1-(2-(4-

benzylphenoxy)ethyl)pyrrolidin-3-ol 

2.86 51.5 

5 2-(methyl(2-(methyl(4-

sulfamoylbenzyl)amino)ethyl)amin

o)-N-(4-phenoxyphenyl)acetamide 

3.54 67.7 

6 3-(3-(4-

benzylphenoxy)propylamino)propa

noic acid 

3.95 50.7 

7 3-(methyl(3-(4-(thiophen-2-

yloxy)phenoxy)propyl)amino)propa

noic acid 

3.86 50.8 

8 4-((methyl(2-(methyl(2-oxo-2-(4-

phenoxyphenylamino)ethyl)amino)

ethyl)amino)methyl)benzoic acid 

3.37 75.3 

Database Screening

AldrichCPR was chosen to be a representative database for screening over the 

generated pharmacophore. Firstly, the database was prepared using Prepare Ligand 

protocol in DS3.5 that performs coordinate generation, fix bad valences, change 

ionization to the required pH=7.4, generate isomers and generate tautomers. 

Secondly, the candidate ligands were further subjected to more stringent techniques 

which is summarized by applying drug likeness rules to exclude compounds that are 

not possible to be future drugs. Lipinski’s and Veber’s rules were set to filter any non-

drug like compound that is characterized by having a logP value out the rage between 

0-5, HBDs more than 5, HBA more than 10, molecular weight more than 500, rotatable 

bonds more than 10, and polar surface area more than 140A2. Of the 181,329 

compounds from the original database, the selected compounds which are drug-like 

after Lipinski’s and Veber’s filtration were 173,108. 
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Database Docking

CDOCKER is a build in docking program that is fully validated and tuned to be 
compatible for DS3.5. The docking was divided to two categories; the first for the 
compounds produced from screen library database and these compounds were firstly 
refined over the structure-based pharmacophore and the second category is the 
directly docked compounds from the drug-like refined library containing 173,183 
compound. 

Compounds scored more 70.0 (CDOCKER Interaction Energy) was chosen as a 
candidate compound and was investigated thoroughly to be selected as a potential 
inhibitor. The score 70.0 was chosen as threshold as the highest compound of the 
eight literature compounds has scored 70.0; based on this any compound to have a 
chance for being investigated has to score more than this value. Of the 866 
compounds which mapped at least four features of the structure based 
pharmacophore, 19 compounds have passed the 70 threshold and from the 19 
compounds four were chosen to be the best in their pharmacokinetic and 
pharmacodynamics properties (Figure 6) (Table 2). 

The same threshold strategy was used when full AldrichCPR was done as only 
compounds more than 80.0 CDOCKER Interaction Energy will be further studied to 
select the most possible inhibitors. The value 80.0 was chosen to refine the most 
active compounds and narrow the selection process as there are  705 compounds that 
scored more than this value. The 705 studied carefully to investigate their orientation 
and after studying all the aspects of choosing a candidate compounds related to 
medicinal chemists expertise, an eight compounds were chosen from this group with 
expected potential to be inhibitors of LTA4H enzyme and consequently being anti-
inflammatory agents (Table 2). 

Figure 6: Compound 9 docked inside the LTA4H active site, where the zinc atom in 

CPK.
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Table 2: Twelve candidate compounds as LTA4H inhibitors generated from both 

structure-based pharmacophore (four compounds) and In silico docking using 

CDOCKER (eight compounds). 

No. Structure CDOCKER Score 

1 102.7 

2 96.6 

3 96.4 

4 94.4 

5 91.2 

6 90.3 

7 88.9 

8 88.6 

From Structure based pharmacophore 

9 82.5 
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No. Structure CDOCKER Score 

10 82.1 

11 81.4 

12 
O-

O
O

N
N
H

OH
N

O

F
70.7 

Conclusion 
The aim of this work was to find selective and potent inhibitors of LTA4H that 

have the property to bind zinc atom which is a benchmark in finding a proper inhibitor. 

Structure-based pharmacophore generation studies have revealed the key structural 

features that are important for inhibitor binding by exploiting the crystal structure 1HS6 

deposited in t PDB. The finally customized pharmacophore model possess an eight 

features ZB, PI, NI, two HBD, HBA, RA and HY.  

The structure based pharmacophore model was initiated by obtaining the crystal 

structure from PDB and then prepared to be ready for pharmacophore generation 

process. Polar and polar areas have been assigned and the most essential amino 

acids have been pointed. . A zinc atom at the center of the active site has been 

showed to be crucial for selecting a potent inhibitor and many studies have confirmed 

the importance of this atom. Then other areas have been mapped and finally an eight 

features pharmacophore has been generated. To emphasize the validity of the 

generated pharmacophore, a mapping process of known eight inhibiters of the is 

enzyme were performed and the results showed the validity of this model for selecting 

potential inhibitors while screening commercially available databases. Finally, an 

extensive docking procedure using CDOCKER program validated by Accelrys 

company has been conducted for the whole database to find potential inhibitors in 

addition to the results produced from the structure based pharmacophore. Twelve 

compounds have been picked as potential inhibitors for LTA4H enzyme an all the 

twelve compounds showed proper orientations inside the active site with specific 

functional group pointing to the zinc atom. 
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