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Abstract

Beta 2-adrenergic Receptors are widely distributed in heart, airway smooth muscle, liver, skeletal
muscle and adipose tissue. The specific ligand, beta 2-agonist, binds at the specific binding site on ADRB2 then
the signal transduction pathways begins. The three-dimensional configuration of ADRB2 is uniquely and
determines by its amino acid sequence. In this study, human ADRB2, dog ADRB2, and cat ADRB2 sequences
were studied by sequence of P07550, P54833 and Q9TSTS5, respectively. The similarity of human ADRB2 and
dog ADRB2 was 90% whereas the similarity between human ADRB2 and cat ADRB2 was 89%. In addition,
the similarity between dog ADRB2 and cat ADRB2 was 95%. The in silico ADRB2 models were generated
and compared among species of interest. The results show that the shapes and the pocket sites of ADRB2
differ between species. The differences of ADRB2 three-dimensional configuration may give explanations about
the variety of interaction between ADRB2 and its agonist among human, dog and cat. Further study of
protein-protein interaction, structure-based drug design, and novel function of ADRB2 in companion animals

may have basis from human ADRB2.
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Introduction

Beta-adrenergic Receptor (ADRB) is a seven
transmembranefamily of protein, encoded by a gene on
the long arm of chromosome 5 (Johnson, 1998).This
receptor has been subdivided into 3 groups; beta-1,
beta-2 and beta-3.Beta 2-adrenergic Receptors (ADRB2)
are widely distributed in heart, airway smooth muscle,
liver, skeletal muscle and adipose tissue (McNeel, and
Mersmann, 1999). The specific ligand, beta 2-agonist,
binds at the specific binding site on ADRB2 then the
signal transduction pathways begins (Johnson, 1998).

It is probably that beta 2-agonistsbind to the
specific ADRB2 and temporary stabilizing ADRB2 in
their activated state. The beta 2-agonist may affect
shifting of the equilibrium, not through induces a
conformational changes but through ADRB2-beta
2-agonist complex itself (Ahrens and Smith, 1984).
Cryo-EMand three dimensional studies are the latest
techniques to solve and to simulate the ADRB2-beta
2-agonist complex. Therefore, the valuable information
about the ADRB2, the beta 2-agonist and the ADRB2-beta
2-agonist complex are rising after the post genomic era.

Homology modelingtechnique is the technique
that predicts a structure from its sequence with an
accuracy which is comparable to the best results achieved
experimentally.During evolution, the protein structure is
more stable and changes much slower than its associated
sequence. Theoretically, the similar sequences adopt
practically identical structures and distantly related
sequences still fold into similar structures. In addition,
homology modeling is the only one technique that
can obtain information if other experimntal fail
(Krieger, Nabuurs, and Vriend, 2003).

This study compared ADRB2 sequences among
3 species; Homo sapiens, Canis lupus familiaris, and
Feliscatus. We aimed to simulate three dimensional

structures of ADRB2 by homology modeling technique.

Materials and Methods

Sequences and structures

Amino acid sequences of human, dog and cat
ADRB2 were collected from Protein Data Bank (PDB).
Human ADRB2, dog ADRB2, and cat ADRB2 sequence
were downloaded from UniProt (http://www.uniprot.org)
by sequence of P07550, P54833 and Q9TSTS, respectively.
Structural data for ADRB2 was obtained from the
Research Collaboratory for Structural Bioinformatics
Protein Data Bank (RCSB-PDB). Human ADRB2-Gs
Protein complex was selected to be a role model of this

study (RCSB-PDB ID number 3sn6).

Sequences and structural comparisons

Sequences of human ADRB2 were extracted
from the RCSB-PDB file information then compared
with that of dog ADRB2 and cat ADRB2 using the
multiple sequences alignment. The similarities of ADRB2
sequences between human, dog and cat were compared
and pairwise sequences alignment operations by Clustal
O (http://www.clustal.org/omega/) which is the latest
addition to the Clustal family.

Homology model construction

Coordinate files were assigned to the ligand
binding domain of human ADRB2, dog ADRB2 and
cat ADRB2 from the regions of greatest structural
conservation among the ADRB2 structures. The next
step was close comparison with available structures
and constructed the three dimensional structures of

particular ADRB2.
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Results
Table 1  Scores table from CLUSTAL O (1.1.0) multiple sequences alignment of human ADRB2, dog ADRB2 and
cat ADRB2.
Species Length (AA) Species Length (AA) Score
Homo sapiens 413 Canis lupus familiaris 415 90.0
Homo sapiens 413 Feliscatus 418 89.0
Canis lupus familiaris 415 Feliscatus 418 95.0

Differences of amino acid sequences between compared and demonstrated in 3 categories; identical

human ADRB2, dog ADRB2 and cat ADRB2 were
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Figure 1 CLUSTAL O(1.1.0) multiple sequences alignment of human ADRB2, dog ADRB2 and cat ADRB2.
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Whenever the tertiary structure of a native protein

was studied, the varieties of the rotatable bonds were

plotted. Ramachandran plot represented the relationship

between Phi (¢) and Psi () angles; however, the
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steric effect influenced the angles of Phi and Psi. The

complexities of the rotatable bonds made the specific

pattern of Ramachandran plot.
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Figure 2 Ramachandran's plot of human ADRB2 (A),
dog ADRB2 (B) and cat ADRB2 (C) were reported at

96.5, 94.5 and 97.3% respectively.
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Figure 3 Structure of human ADRB2 (A),
Dog ADRB2(B) and cat ADRB2
©).

Figure 4 Structure of human ADRB2 (A),
dog ADRB2 (B) and cat ADRB2 (C)
with predicted pocket sites.(C)
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Discussion

Post-genomic era provides the valuable
information of protein structure and function. New
genes and structures can provide bridges between
superfamilies which previously showed little evidence
of homology (Todd, Orengo, and Thornton, 2001).
Figure 2 shows the residues in most favored regions
from Ramachandran plot of human ADRB2, dog ADRB2,
and cat ADRB2 which are 96.5%, 94.5% and 97.3%,
respectively. The three-dimensional configuration of a
protein is uniquely and determines by its amino acid
sequence (Epstain, Goldberger, and Anfinsen, 1963);
however, we can only underestimate the functional
variation observed especially, in the midnight zone of
sequence and structural similarity (Todd, Orengo, and
Thornton, 2001).

Further study of protein-protein interaction,
structure-based drug design, and novel function of
ADRB2 in companion animals may have basis from

human ADRB2.

Conclusion

The present study has demonstrated that the
amino acid sequences of ADRB2 are very similar among
species of interest. Interestingly, human ADRB2, dog
ADRB2, and cat ADRB2 showedstructural similarity
but the different in predicted pocket sites had been
observed. The differences of ADRB2 three-dimensional
configuration may give an explanation about the variety
of interaction between ADRB2 and its agonist among

human, dog and cat.
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