
J. Chosun Natural Sci.

Vol. 9, No. 4 (2016) pp. 234 − 240

https://doi.org/10.13160/ricns.2016.9.4.234

− 234 −

Theoretical Structure Prediction of Bradykinin Receptor B2 Using 

Comparative Modeling

Santhosh Kumar Nagarajan1 and Thirumurthy Madhavan1,2†

Abstract

Bradykinin receptor B2, a GPCR protein, binds with the inflammatory mediator hormone bradkynin. It plays an

important role in cross-talk between the renin-angiotensin system (RAS) and the kinin-kallikrein system (KKS). Also, it

is involved in many processes including vasodilation, edema, smooth muscle spasm and pain fiber stimulation. Hence,

studuying the structural features of the receptor becomes important. But the unavailability of the three dimensional

structure of the protein makes the analysis difficult. Hence we have performed the homology modelling of Bradykinin

receptor B2 with 5 different templates. 25 different homology models were constructed. Two best models were selected

based on the model validation. The developed models could be helpful in analysing the structural features of Bradykinin

receptor B2 and in pathophysiology of various disorders related to them.
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1. Introduction

Bradykinins are short and structurally similar pep-

tides which involve in the contraction of the venous

smooth muscle, activation of sensory fibers, stimulating

the release of cytokines, inducing the proliferation of

connective tissue and mediating the endothelium-

dependent vasodilation[1,2]. The antagonists of bradykin-

ins are helpful in treating asthma, inflammation, mild

pain and endotoxic shock.

Bradykinin receptors belong to the rhodopsin-like G-

protein coupled receptor family. They are abundant in

the peripheral tissues. The bradykinins receptors are

subdivided into two subtypes: B1 and B2. Also, there

could be a tracheal B3 receptor, but, they are yet to be

confirmed[3]. Bradykinin receptor B2 is the predominant

subtype which is ubiquitously and constitutively

expressed in healthy tissues. The receptor is coupled to

Gq and Gi, in which Gq stimulates phospholipase C to

increase intracellular free calcium and Gi helps in inhib-

iting the adenylate cyclase. Also, the receptor stimulates

the mitogen-activated protein kinase pathways[3,4].

The B2 receptor mediates slow contraction of various

smooth muscles including veins, intestine, uterus, tra-

chea, and lung, inducing endothelium-dependent relax-

ation of arteries and arterioles. It also stimulates the

natriuresis/diuresis in the kidney[5]. They receptors are

involved in the induction and maintenance of cytokine-

induced hyperalgesia, along with B1 receptor. However,

the B2 receptor to a lesser extent than B1[6]. The B2

receptor forms a complex with angiotensin converting

enzyme (ACE) which is thought to play a role in cross-

talk between the renin-angiotensin system (RAS) and

the kinin-kallikrein system (KKS)[7,8].

Since B2 receptor greatly influences the various pro-

cesses, from muscle contraction to activating pathways

like MAPK pathway, it is plausible to consider them as

a potential target for treatment of the conditions related

to them. Exploring the structural features of B2 receptor

thus becomes necessary. However, there are no availa-

ble crystal structures of the B2 receptor. Homology

modeling provides an alternate way of predicting the

three-dimensional structure of the protein when only the

sequence data of the protein is available. The number

of protein structures resolved experimentally lags

behind the sequence data available[9]. The main reason

for this is the enormous amount of time required to pre-
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pare protein for crystallization as experimental process

such as protein expression, purification followed by

crystallization, requires years to perform. In this case,

homology modeling based on comparative modeling

can provide as a tool for the experimental procedures in

finding the structure of the protein in a rather short time.

In this study, we have developed three-dimensional

models of B2 receptor based on comparative modeling

and validated them. The developed models could pro-

vide as a tool for further studies on the structural fea-

tures and binding features of B2 receptor/bradykinin

interaction.

2. Material and Methods

2.1. Template Selection

The amino acid sequence of the human B2 receptor

(Accession No: P30411) was retrieved from the UniProt

database. Protein BLAST[10] search was performed

against PDB[11] to find suitable templates for modeling

the receptor. Five different templates were selected

based on sequence identity, query coverage, and E-

value. The selected templates were – 4ZUD, 4YAY,

2LNL, 4XT1, and 3OE0. If the level of sequence iden-

tity is above 30%, then up to 90% of the polypeptide

conformation tends to be modeled well[12-14]. All the

templates were having sequence identity ≥ 30%. Query

coverage for the templates was greater than 70%. Also,

all of the templates retained the seven transmembrane

helix regions, which is the characteristic feature of the

GPCR proteins.

2.2. Homology Modelling

Using EasyModeller 4.0[15], the three-dimensional

structures of the B2 receptor were developed. Easy-

Modeller 4.0 uses MODELLER 9.12[16] and Python

2.7.1 in the backend. At first, the predicted models were

assessed and validated using the RMSD values. Then,

Using RAMPAGE web server, Ramachandran plots for

the models were plotted[17]. Ramachandran plot pro-

vides a way to visualize backbone dihedral angles ψ

against ϕ of amino acid residues in protein structure,

which identifies the sterically allowed regions for these

angles. Later, validation by Verify3D and ERRAT plots

were carried out. Verify3D determines the compatibility

of the predicted model with its amino acid sequence by

Fig. 1. Alignment between the query (BKRB2) and templates (4ZUD, 4YAY, 2LNL, 4XT1 and 3OE0).
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assigning a structural class based on its location and

environment (alpha, beta, loop, polar, and nonpolar) and

comparing the results to good structures[18]. ERRAT

plots are plotted as a function of the position of a sliding

9-residue window. The error function is based on the

statistics of non-bonded atom-atom interactions present

in the structure[19].

3. Results and Discussion

3.1. Model Generation

Using EasyModeller, five models are modeled for

each of the five templates – 4ZUD, 4YAY, 2LNL,

4XT1, and 3OE0. Therefore totally 25 models were

developed using EasyModeller. Using the CLUS-

Table 1. The query coverage and identity values of the templates

PDB ID Max Score Total Score Query Coverage % E-Value Identity %

4ZUD 166 166 75% 6e-47 34%

4YAY 166 166 75% 7e-47 34%

2LNL 122 122 70% 8e-32 32%

4XT1 124 124 73% 9e-32 30%

3OE0 98.6 148 71% 4e-22 33%

Table 2. RMS Deviation values

Model 

No

Templates 

Used

Homology Modelling Validation

RMSD

Ramachandran Plot

Number of residues in 

favored region (%)

Number of residues in 

allowed region (%)

Number of residues in 

outlier region (%)

1

4ZUD

0.438 91.5 5.4 3.1

2 0.341 91.0 6.2 2.8

3 0.321 90.2 7.7 2.1

4 0.386 92.0 4.4 3.6

5 0.453 91.5 5.4 3.1

6

4YAY

0.887 91.8 3.9 4.4

7 0.706 92.0 5.7 2.3

8 0.474 91.0 5.4 3.6

9 0.980 94.1 3.9 2.1

10 0.638 92.8 5.1 2.1

11

2LNL

0.219 90.0 7.5 2.6

12 0.288 90.5 6.2 3.3

13 0.196 90.5 7.5 2.1

14 0.232 88.9 8.0 3.1

15 0.231 90.7 6.2 3.1

16

4XT1

0.558 88.2 8.7 3.1

17 0.574 89.7 7.5 2.8

18 0.559 91.0 6.4 2.6

19 0.539 89.2 6.9 3.9

20 0.407 90.5 6.7 2.8

21

3OE0

0.540 90.5 6.4 3.1

22 0.439 90.7 6.2 3.1

23 0.653 90.2 6.9 2.8

24 0.645 90.5 4.9 4.6

25 0.496 88.7 8.0 3.3
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TALW[20] program, multiple sequence alignment was

done to find conserved residues. Various models were

developed. The alignment of the templates with the

receptor B2 receptor was represented in Fig. 1.

3.2. Model Validation

The predicted models were validated using various

validation techniques. Root mean square deviation

(RMSD) of all the predicted models with their respec-

tive template was calculated. Ramachandran plot was

generated for each model, and the number of residues

in the favorable, allowed, and disallowed region was

identified. The statistics of both RMS deviation and

Ramachandran plots are represented in Table 2. Only

models scoring acceptable results are displayed and are

numbered. Verify3D was also performed for all the

models. Finally, ERRAT plots were developed for the

Table 3. ERRAT and Verify results

Model No Templates Used
ERRAT

Overall quality factor

Verify3D

(% of the residues had an averaged 

3D-1D score >= 0.2)

1

4ZUD

70.341 64.02

2 65.796 60.66

3 73.243 64.25

4 67.733 59.64

5 62.032 48.87

6

4YAY

58.967 41.20

7 56.720 40.66

8 56.836 40.66

9 55.645 34.30

10 58.981 39.67

11

2LNL

54.354 34.30

12 53.743 35.32

13 56.417 25.35

14 56.464 27.65

15 55.585 37.37

16

4XT1

69.146 32.51

17 61.905 29.18

18 66.485 28.67

19 65.746 37.11

20 65.651 30.97

21

3OE0

54.974 39.92

22 55.643 40.69

23 51.047 39.16

24 61.067 39.41

25 53.927 40.95

Fig. 2. Best models (Model13 and Model 28) selected after

validation.
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Fig. 3. RC plot for selected models 1(a) and 3(b).

Fig. 4. ERRAT plot developed for the selected models 1(a) and 3(b).

*on the error axis, two lines are drawn to indicate the confidence with which it is possible to reject regions that exceed

that error value
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models. The results from Verify3D and ERRAT plots

are represented in Table 3. Based on the statistics, from

the models developed using Easymodeller, models 1

and 3 were found to be the best models. Especially,

model 3 scored well in all the validation and is found

to be the most reliable among the developed models.

Also, all the developed models have a similar structure.

The best models – Model 1 and Model 3 are represented

in Fig. 2. Ramachandran plot and ERRAT plots of the

selected models were represented in Fig. 3 and Fig. 4

respectively.

4. Conclusion

Three-dimensional models for B2 receptor were gen-

erated using multiple template based approaches. Model

numbers 1 and 3 were selected as best, based on their

RMS deviation, Ramachandran plot, ERRAT plot and

Verify3D values. The selected models showed similar

structures. Depending on the results of model valida-

tion, it is found that all the generated models are similar

and the structures are reliable. These predicted models

would be useful in the studying the interaction of the

B2 receptor with bradykinin in future. Also, these mod-

els may serve as a reliable tool for analyzing the essen-

tial structural features and function of B2 receptor.
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