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Abstract 

This study aims at Inhibition of 1l3P, Functional Domain of the Major Grass 

Pollen Allergen Phl p 5b. Over 20% of the number of inhabitants in modern 

nations experience the ill effects of occasional unfavorably susceptible 

rhinitis, ordinarily known as hay fever, and the allergens are most of the 

time proteins from pollen of grasses, trees, and weeds. Pollen is the most 

widely recognized allergen causing occasional unfavorably susceptible 

rhinitis. Group 5 allergens are considered as most continuous and powerful 

grass pollen allergens that, as a result of the discharge in the form of very 

small dust particles can be inhaled and are embroiled in asthma assaults. 

Phlp 5b (got from the Phleum pratense, timothy grass) is considered one of 

the most applicable of these small particles and can causes 

hypersensitivities in many sensitive patients. Pharmacophore models are for 

the most part evolved to improve molecular understanding of ligand–ligand 

interactions and can be utilized as an apparatus to distinguish novel 

aggravates that satisfy the pharmacophore prerequisites and have a high 

likelihood of being biologically active. We described here the structural 

analysis of phlp5b followed by pharmacophore designing, virtual screening 

and lead optimization.  

 

Keywords: Allergens; Molecular docking; Blind docking; Property 
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Introduction 

Over 20% of the number of inhabitants in modern 

nations experience the ill effects of occasional 

unfavourably susceptible rhinitis, ordinarily known as 

hay fever, and the allergens are most of the time proteins 

from pollen of grasses, trees, and weeds. Pollen is the 

most widely recognized allergen causing occasional 

unfavourably susceptible rhinitis. At the point when our 

body comes into contact with an allergen, it discharges 

histamine, which is a characteristic concoction that 

safeguards our body from allergen. This can cause 

unfavourably susceptible rhinitis and its manifestations, 

including a runny nose, wheezing, and irritated eyes. 

About portion of every hypersensitive patient are 

sensitive towards grass-dust proteins. 

Group 5 allergens are considered as most continuous 

and powerful grass pollen allergens that, as a result of 

the discharge in the form of very small dust particles can 

be inhaled and are embroiled in asthma assaults. Phlp 

5b (got from the Phleum pratense, timothy grass) is 

considered one of the most applicable of these small 

particles and can causes hypersensitivities in many 

sensitive patients. Pharmacophore models are for the 

most part evolved to improve molecular understanding 

of ligand–ligand interactions and can be utilized as an 
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apparatus to distinguish novel aggravates that satisfy the 

pharmacophore prerequisites and have a high likelihood 

of being biologically active. We described here the 

structural analysis of phlp5b followed by 

pharmacophore designing, virtual screening and lead 

optimization.  

Methods 

Structural Analysis of 1l3P 

1L3p structure is downloaded from Protein data bank 

(PDB). The unique three-dimensional structure of these 

allergens that are considered clinically relevant is of 

central importance: 

(i) These structures permit the representation and 

examination of surface exposed residues and in addition 

with exploratory or computational strategies the real or 

putative B-cell epitopes can also be explained. 

(ii) These structures of protein allows to yield data 

about those bound ligands (proteins and additionally 

small particles), that may depict the proteins that are 

susceptible to allergens. 

(iii) The structure of allergen shapes the reason for 

the objective plan of hypoallergenic subsidiaries, that 

might be created via different strategies (point 

mutations, truncations, mosaic proteins and fusion with 

transporter proteins, and so on.). 

1l3p is a solitary polypeptide chain structure with 

102 residues 

The significant allergen Phlp 5b obtained from timothy 

grass pollen incites hypersensitive rhinitis and the 

bronchial asthma in a large number of unfavorably 

susceptible patients around the world. As a significant 

advance towards the understanding of interactions 

between the allergen protein and receptor of the human 

immune system, the structural determination of Phlp 5b 

allergen’s C-terminal key domain has been resolved at 

2.0 Å and the R value is determined to be 19.7%. 

Although problem of complete 3-dimensional structure 

of group 5 allergens is still not resolved, but the 

structure of the N-terminal and C-terminal domains of 

the 2 isoforms i.e, Phl p 5a and Phl p 5b, obtained from 

timothy grass pollen indicated that N-and C terminal 

domains contains anti-parallel 4 helix bundles. Ph1p is 

the principal allergen made altogether out of helices. 

This protein shapes a dimer forming one intermolecular 

disulfide bond. Sequence homology recommends that at 

any rate all the allergens of group V and group VI grass 

have a place with this new class that is 'the four-helix-

group allergens (Figure 1). 

 

Figure 1: SCOP-Functional domain of pollen allergen 

PhI P 5b d1l3pa. 

Lead Identification and Pharmacophore generation: 

In case of drug delivery, a lead compound usually is a 

sort of chemical compound which has some biological 

or pharmacological activity and tends to be extremely 

useful for therapeutic purposes. Lead moieties or 

compounds are also known as developmental 

candidates. Their structure, chemical, acts as beginning 

point for chemical alteration and changes to improve 

and achieve pharmacokinetic parameters, potency and 

selectivity.  

International Union of Pure and Applied Chemistry has 

termed pharmacophore to be "an ensemble of steric and 

electronic features that is necessary to ensure the 

optimal supramolecular interactions with a specific 

biological target and to trigger its biological response". 

Usually. Pharmacophore models are designed to 

demonstrate the various amount of contrasting ligands 

that can be attached or bound to a common or same 

receptor site. In addition to this, the models of 

pharmacophore are used for the identification of novel 

ligands which binds to common receptor through the 

process of virtual screening. The process of virtual 

screening also regards as “de novo design”.  

The Pharmacophore model mainly develops in five 

steps. These are; 

1) Selection of training set of ligands 

2) Analysis of conformation 

3) Superimposition of molecules 

4) Abstraction 
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5) Validation 

Ligand scout 3.1 is being used to establish 

pharmacophore models. To identify the lead, training 

sets of 10 diverse compounds were chosen. The 

compounds have been clustered and show that the 

compounds with high similarity are selected for 

generation of pharmacophores. Based on   optimum 

score and properties, the best pharmacophore was 

chosen (Figures 2-4). 

 

Figure 2: Pharmacophore. 

 

 

Figure 3: Superimposition of pharmacophore and 

ligands. 

Virtual Screening 

Virtual Screening is defined as “a Computer-driven 

procedure employed, in drug delivery system, to seek 

and identify repository of molecules, small molecules, 

that can bind...to a target such as enzyme or a receptor 

of protein”.  Due to the increased precision and accuracy 

of the technique, it has literally become the integral and 

epicentric part of the drug delivery system. There are 

three (3) main screening categories and techniques; 

Structure-based, ligand-based and hybrid-based. These 

approaches have been used consistently for the past for 

screening purposes and has brought about great success 

to the drug delivery process. More and more approaches 

and techniques of screening are being designed to make 

the drug delivery process easy, efficient and more 

computational so that results can be achieved within less 

and less time.  

The pharmacophore model performing best in all the 

validation. procedures were regarded as the best 

pharmacophore. model. In PubChem, structures of top 

five hits compounds were developed that has been 

obtained through ligand scout. These structures were 

further utilized in Pyrx. Molecular docking analysis was 

conducted using well developed docking software, 

called Auto Dock, to minimize the false positives of 

retrieved top-hit compounds. 

 

Figure 4: Superimposition of pharmacophore and best 

hit compounds. 

Top 5 Hits 
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UCSF Chimera 

UCSF Chimera is an interactive visual representation 

and analysis program for (protein) molecular. structures 

and associated data including density maps, trajectories 

and sequences alignments. Through the use of UCSF 

CHIMERA, we can make high quality and resolution-

based images, films and movies. The complete 

document can be downloaded for noncommercial basis 

without costing any money i.e. Free of cost.  

This program has been produced and developed in san 

Francisco at the University of California by RBVI 

which is generally abbreviated as “Resource for 

Biocomputing, Visualization and Informatics. Since 

there is no complex group or compound is attached to 

1L3P protein, it was only associated with simple water 

residues and phosphate and magnesium ions. Therefore, 

using Chimera for protein is not required. 

Molecular Docking 

In drug delivery process, the method of Molecular 

docking or simply Docking is used for predicting the 

desired orientation and conformation of a molecule to 

another when they are attached or bound to one another 

for the formation of a stable complex. By understanding 

and knowing the desired orientation and conformation 

of a molecule, we can find out and estimate the binding 

affinity and strength of association among the two 

molecules.  In structure-based...drug design, this 

method is adopted abruptly finding out the ligands 

binding conformation to its respective target sites. 

Blind docking, a method of molecular. docking, refers 

to “docking a ligand to the whole surface of a protein 

without any prior knowledge of the target pocket”.  

Molecular docking is a promising tool to explore bio-

molecular drug interactions for designing and discovery 

of rational drugs, also for mechanical analysis by 

locating molecule (ligand) at the appropriate binding 

site of the target specific DNA / protein (receptor) 

region predominantly in a non-covalent manner to 

establish..complex of potential.efficacy and more 

specificity. The data collected from. docking. technique 

has been used to depict complexes binding.energy, 

free.energy and.stability. At present, the docking 

technique is designed to determine in advance the 

preliminary binding parameters of the ligand-receptor 

complex.  

The ligand and protein (1l3p) molecules were designed 

in autodock tools. For further use in docking 

calculations, the structure of x protein and ligands 

drawn in pubchem sketcher was saved in pdbqt format. 

A 3D grid box with dimensions X: 40.6313, Y:29.0915, 

Z:33.0885 has been built. A configuration file 

containing details on the grid size, coordinates and 

ligands selected along with protein was established 

prior to running each docking calculation. The study 

was evaluated for obtaining affinity. energy values 

(Kcal / mol) for every ligand conformation in their 

corresponding complex. 

pyRx 

PyRx is a Virtual Screening software for Computational 

Drug Discovery that can be used to screen libraries of 

compounds against potential drug targets. 

PyRx facilitates Medicinal Chemists to run Virtual 

Screening from any platform and assists users in every 

step of the process-from data preparation to job 

submission and results analysis.  

PyRx is user- friendly interface docking wizard making 

it a potential candidate for computer-aided drug design. 

It also incorporates the effective perceiving engine and 

chemical spreadsheet-with working capability that are 

vital for Rational Drug Design.  
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It has several important features which are to be 

mentioned. These are Auto Dock 4, Auto Dock Vina, 3 

Dimensional Viewer, Virtual Screening and Computer 

aided drug design respectively.  

First of all, in PyRx, clicked on file after which loaded 

the molecule i-e protein saved in .pdb format (1L3P 

protein). 

 

Then auto dock was clicked and make macromolecule 

option was selected. After that, clicked on import and 

then opened the ligands. Then after that converted the 

selected files into auto dock pdbqt format. 

 

After clicking on vina wizard, docking process was 

started. 

 

Further, forward button was clicked and then after 

completion of process the results were analyzed. The 

binding affinity was analyzed, and top best hits were 

selected. 

 

PyMOL 

PyMOL is a system created by Warren Lyford 

comprises of molecular visualization that is further 

commercialized by DeLano Scientific LLC whose main 

aim was to make its access to the students, scientists and 

scientific communities. It is one of the foremost tools 

for producing the clear image of macromolecules for 

publications and it has been broadly utilized for three- 

dimensional image of macromolecules. It is extensively 

utilized for three-dimensional visualization of proteins, 

nucleic acids, small particles and electron densities. 

After operating on PyRx the results are analyzed on 

Pymol. To open pdbqt file, all files were selected. After 

opening protein pdbqt ligands were also opened in 

PyMOL. 

Then selected the ligands and clicked on actions and 

polar contacts to atom were selected. 

 

Figure 5: Selected ligands in action and polar contact 

to atom. 
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Property Calculator 

The physical as well as the chemical properties of 

compounds can be determined individually by using 

this tool. M-cule is the tool that is used to calculate 

properties of compounds in which after drawing the 

structures of compounds clicked on calculate then 

results are retrieved immediately. 

IL3P protein and its ligands were when used in ligand 

scout, the top five hits compounds were retrieved and 

their structures were drawn. Consequently, their 

properties were calculated as: 

Compound 1 

 

Property Value 

Mass 332.4228 

logP 2.5037 

Acceptors of hydrogen bond 6 

Donors of H-bond 1 

Bonds of rotation 4 

PSA 105.67 

violations of RO3 4 

Refractivity 95.2758 

Rings 3 

Atoms 43 

Heavy atoms 23.01 

Hydrogen atoms 20 

Heteroatoms 7 

N/O atoms 6.01 

Inorganic atoms 0 

Halogen atoms 0 

Chiral centers 1 

R/S chiral centers 0 

Unknown chiral centers 0 

Undefined chiral centers 1 
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Stereo double bonds 0 

Cis/trans stereo double 

bonds 
0 

Unknown stereo double 

bonds 
0 

Undefined stereo double 

bonds 
0 

 

Compound 2 

 

Property Value 

Log of P 2.76 

Mass 352.839 

Donors of H-bond 1.0…. 

Acceptors of H-bond 6.00…… 

 Bonds of rotation 3.00…… 

PSA 105.67 

RO3 violations 3 

 Violations of RO5 1 

Atoms 40 

Refractivity 97.562 

No. of rings 3 

Heavy atoms 23 

Hydrogen atoms 17 

Hetero atoms……. 8 

Inorganic atoms…… 0 

Halogen atoms 1 

Chiral centers 1 

Unknown chiral centers 0 

Stereo double bonds 0 

Cis/trans stereo double bonds 0 

Undefined stereo double bonds 0.00…………. 

 

Compound 3 

 

Property Value 

Mass 
451.503

8 

 Acceptors of H-bond 10 

Log of P 2.5327 

Donors of hydrogen bond 2 

 Bonds for rotation 7 

PSA 147.41 

RO5 violations 0 

RO3..violations 4 

 Number of Atoms 53 

Number of rings 4 

Heavy atoms number 32 

Number of hydrogen atoms 21 

Number of heteroatoms 11 

Halogen atoms number    0.0…. 

N and oxygen atoms ratio 10 

Number of Inorganic atoms 0 

Halogen atoms 0 

Chiral centers 1 

Number of Unknown chiral centers 0.0 

Undefined chiral centers 1 

Cis/trans stereo double bonds 0 

Number of Undefined stereo double 

bonds 
0 
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Compound 4 

 

Property Value 

Number of atoms 46 

Acceptors of hydrogen bond 9 

Log P 1.6901 

H-bond donors 2 

Number of rotatable bonds 7 

RO5 violation number  0 

RO3 violation count  4 

Index of Refractivity 100.6564 

Mass 356.3979 

Rings number  3 

Heavy atoms count 26 

Hydrogen atoms number 20 

Heteroatoms count  9 

Ratio of nitrogen and oxygen atoms 9 

Inorganic atoms count 0 

 Number of Halogen atoms 0 

Count of Chiral centers 0 

Unknown chiral centers count  0 

Rotatable double bonds 0 

Ratio of cis and trans double bonds 0 

Unknown stereo double bonds 0 

Undefined stereo double bonds 0 

 

Compound 5 

 

Property Value 

Mass 366.866 

Log of P 3.1571 

H-bond acceptors 6 

H-bond donors 1 

Rotatable bonds count 4 

RO5 violations 0 

RO3 violations 5 

Index of Refractivity 100.286 

 Number of Atoms 43 

Rings count 3 

 Number of Heavy atoms 24 

Hydrogen atoms number  19 

Heteroatoms count 8 

Nitrogen/oxygen atoms 6 

Inorganic atoms number  0 

Halogen atoms count 1 

Chiral centers number 1 

Unknown chiral centers 0 

Rotatable double bonds 0 

Cis/trans double bonds 0 

Number of Undefined stereo 

double bonds 
0 

 

Toxicity Checker 

Toxicity is the extent to which a compound can be 

poisonous. Checking the toxicity and detecting any 

toxic structure in compounds is important part of drug 

designing. Toxicity checker is employed to detect any 

substructure found in drugs. By checking toxicity of a 
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compound, it becomes easier to predict that either that 

drug is safe to use or not.  

In our project, this web server has been used to detect 

toxicity level of the retrieved compounds which is as 

follow: 

Compound 1 

 

 

Compound 2 

 

 

Compound 3 

 

Compound 4 

 

Compound 5 
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Toxic structures were found in the compounds that can 

be eliminated and alternative compounds can be added 

which are not toxic and safe to use. It will be safe to use 

when the toxic substructure will not be found and 1L3p 

can be blocked by interaction of these ligands. 2-[6-(4-

chlorophenyl)-3-ethyl-7H-[1,2,4]triazolo[3,4-

b][1,3,4]thiadiazin-7-yl]acetic acid is the best drug that 

can be used in which no toxic substructures were found 

and optimum properties were observed amongst all 

drugs. 

Interpretation of Results and Discussions 

By analyzing the relation among the structure and 

function of 1L3p, the impact on the 1L3P activity of 

those partners which have affinity for protein and the 

inhibition of 1L3P by ligands such drugs can be 

produced that can reduce allergy by minimizing the 

level of histamine. This strategic approach is effectively 

employed to treat pollen allergy where treatment is 

carried out by comparison of genetic profile of normal 

person and allergic patient. It has been shown that 1L3P 

can be inhibited by ligands. The IL3P binding site is 

considered as target. The protein structure of 1L3P has 

been retrieved from the database “PDB” (Protein 

Database).  

1L3P interaction 

By the analysis of the interactions of the natural origin 

ligands, it can be easily predicted that which drug 

inhibits the active pocket of 1L3P effectively, resulting 

in its least IgE interaction. 

Identification of Lead and its Validation 

Collection of Dataset- One of the key and common issue 

associated with computer generated pharmacophore is 

the correct and precise choice of training set as rough 

data of drugs. The input data information acts as a key 

for precise formation of hypothesis of pharmacophore. 

To achieve valuable hypothesis of pharmacophore the 

criteria of selection of data set must be strictly followed. 

In the training set the compounds which have been 

selected should bind to the same receptor. Those 

compounds which show high binding affinity for the 

receptors are considered more active than those which 

do not bind effectively. Therefore, while forming the 

training set, the most active compounds should be 

considered at top priority and all biological data related 

to them should be retrieved. In the resulting hypothesis, 

each individual feature makes contribution in biological 

activity therefore it is predicted that these features 

should be carefully monitored so that it can be easily 

predicted that which feature controls what property. On 

the basic principle of diversity in structure; and range of 

activities about 10 compounds were carefully 

scrutinized and selected as the Training Set Compounds 

and the rest of all compounds were selected as Test Set 

for the validation of model. 

Generation and Validation of Pharmacophore 

The pharmacophore models with common features were 

designed and built with 10 active training set 

compounds using the program. Ligand scout. The set, 

training set, included Pentaethylene glycol, 8-anilino-1-

naphthalene sulfonate, 3r,….4r, 5ar,11ar)-3-methyl-

6,11-dioxo-2,3,4,5,5a..,6..,.11.,11a-

octahydrothiepino[3,2-g]… isoquinoline-4-carboxylic 

acid,. acetate ion, acetic acid, benzoic acid, beta-

mercaptoethanol, s,s-(2-hydroxyethyl)thiocysteine,. s-

hydroxycysteine, 3-sulfinoalanine. Plethora of runs of 

pharmacophore were carried out to obtain the best 

model by altering the control parameters and the ideal 

pharmacophore model is comprised of three acceptors 

of hydrogen bond. The best hit values were used to build 

the best 5 pharmacophores. The ZINC database was 

employed to screen homologous structures in 

pharmacophore. After doing virtual screening total 21 

compounds were selected and molecular docking was 

carried out using AutoDock program to analyze and 

predict the site of binding and interactions with the 

components on active site. 

Molecular Docking 

Those compounds which were most active and showed 

best screening activity are selected and further docked 

using program of Auto Dock. Eventually, the best 5 

compounds namely 2-[6-(4-….chlorophenyl)-..3.-ethyl. 

7H-[1,2,4] triazolo [3,4-b]..[1,3,4]   thiadiazin- 7 –yl 

]acetic acid , 2-{3 -ethyl-6-phenyl-7H 

[1,2,4]…triazolo..[3,4-b]….[1,3,4]thiadiazin-7-

yl}acetic acid, 2-[6-(4-chlorophenyl)- 3.-ethyl- 7H.. 

[1.,2 ,4].triazolo [3,4-b][1,..3.,4] .thiadiazin-7-

yl]..acetic acid,  ethyl 6-{[5-(4-ethylphenyl)-2H-1,2,3,4 

tetrazol-2-yl]...methyl}..-2-oxo-..1.,2.,.3.,.4-

tetrahydropyrimidine-5-carboxylate and  2-{[1-(2, 5 

dimethylphenyl)- 1H -1,2,3,4-tetrazol-5-yl]..sulfanyl}- 

.N.-(4-..methyl.-.2, .5-.dioxo -4 ..phenyl imidazolidin.-

1-yl)..acetamide. were selected. 

In order to block the 1L3P, the binding residues on the 

pocket of 1L3P were analyzed. 2-[6-(4.chloro ..phenyl)-

..3..-ethyl-..7H..-[1.,2,4] triazolo   [.3.,..4.-..b][1.,.3,..4 ] 

...thiadiazin-7-yl]acetic acid showed high binding 

affinity at the active site of 1L3P (Figure 6). 
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Figure 6: Pharmacophore with high binding affinity. 

Conclusion 

At last, the data obtained shows that the models of 

pharmacophore could be used for the description of 

stereo specific binding of compounds. The binding 

occurs at one of 1L3p molecule sites. Thus, the 

pharmacophore model having chiral centres acts as a 

potential in silico screen of new drug candidates. The 

results conclude that LEU 209.A, GLY153.A, 

GLN156.A are interacting commonly with the drugs 

and 1L3P protein and 2-[6-(4-chlorophenyl)-3-ethyl-

7H-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazin-7-yl]acetic 

acid can act as most appropriate inhibitor among all the 

ligands that were retrieved as top hit compounds. 
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