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Abstract

Excitation-contraction (E-C) coupling is the series of events in which an electrical stimulus is converted
into a mechanical contraction. Ryanodine receptors (RyRs), the Ca?* release channels, located at the
sarcoplasmic reticulum membrane and played role in E-C coupling. In this study, human RyR1sequence was
studied by sequence of P21817. The irn silico RyR1 models were generated using homology modeling. RyR1 is
the largest known ion channels and composes of 15 important subdomains; cytoplasmic assembly and
transmembrane assembly. This study focused on the larger cytoplasmic assembly that is composed of 10
subdomains. The results show that the shapes and the pocket sites of each domain of RyR1 are different.
Each domain has its own pocket sites which facilitateinteraction between RyR1 and modulators. Future studies
will certainly resolve additional structural differences among species of interest and may apply as model of

calcium release channel-modulator interaction.
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Introduction

Calcium is a common second messenger
(Campbell, 1983; Carafoli and Klee, 1999; Huxley, 1961
in Fill and Copello, 2002). The release of Calcium ion
(Ca*) from its storage tank into the cytoplasm regulates
many processes in cells. Cells have many different types
of Ca* transporters including Ca** release channel that
modulate cytosolic Ca®* levels. Thus Ca?* entry across the
surface membrane can substantially elevate cytosolic
Ca?* levels providing the Ca** trigger signals for a large
number of physiological processes (Fill and Copello,
2002).

cAMP is one of a common second messenger
and plays important roles in varieties of signaling
pathways including beta 2-adrenoceptors. cAMP may
catalyze the activation of protein kinase A and involve
in muscle tone regulatory system. On the other hand,
cAMP also plays role in reduction of intracellular
calcium ion by inhibiting Ca?* release from intracellular
stores. The reduction of intracellular Ca*" is leading to
muscular relaxation (Johnson, 1998).

In mammal, the three RyR isoforms; RyR1, RyR2
and RyR3 are encoded by three different genes on
different chromosomes (Marks et al, 1989; Mikami et al,
1989; Takeshima et al, 1989; Takeshima, 1993; Zorzato
et al, 1990 in Fill and Copello, 2002). Mammalian
skeletal muscle is expressed predominantly RyR1
isoform. RyR2 is the major isoform that expressed in
cardiac muscle. RyR3 is found in diaphragm, epithelial
cells, brain and smooth muscle (Lanner et al, 2010;
Capes et al, 2011).

RyRs are the largest known ion channels
(Takeshima et al, 1989; Nakai et al, 1990; Otsu et al,
1990; Zorzato et al, 1990; Hakamata et al, 1992 in Lanner
et al, 2010). The massive size, multiple modulators,
and the dynamic nature of RyRs make their structural
analysis a challenge (Lanner et al, 2010). RyRs form
homotetramers of square prism shape (Liu et al, 2000;
Fill and Copello, 2002; Samso, Shen and Allen, 2006;
Lanner et al, 2010).

RyR1 consists of two major components: a larger
cytoplasmic assembly and a smaller transmembrane
assembly (TA). RyR1 has been divided into 15 important
subdomains. The cytoplasmic area is a large area with
cavities and micro-structures: foot and clamps. The
corners of the cytoplasmic area are connected through
the "handle" domain. The central rim domain of the
cytoplasmic area is connected to the membrane region
through the "column" (Lanner et al, 2010).

Excitation-contraction (E-C) coupling is the
series of events in which an electrical stimulus is
converted into a mechanical contraction. Skeletal-type
E-C coupling is thought to require a direct interaction
between RyR1 and the Dihydropyridine receptors
(DHPRS) in the absence of extracellular Ca** (Perez
et al, 2003).

This study focused on the cytoplasmic assembly of
human RyR1. We aimed to simulate three dimensional

structures of RyR1 by homology modeling technique.

Materials and Methods
Sequences and structures
Amino acid sequence of human RyR1 was
collected from Protein Data Bank (PDB). Human
RyR1 sequence was downloaded from UniProt

(http://www.uniprot.org) by sequence of P21817.

Structural data for RyR1 was obtained from the
Research Collaboratory for Structural Bioinformatics

Protein Data Bank (RCSB-PDB).

Homology model construction

Coordinate files were assigned to the cytoplasmic
domain of human RyR1. The next step was close
comparison with available structures and constructed the
three dimensional structures of particular subdomains
(http://salilab.org/modweb).Then Q-site

(http://www.modelling.leeds.ac.uk/gsitefinder) simulated
the pocket sites of RyR1 by hydrophobic probing. The

finder

tenth most favorable binding energy of each subdomain

was marked.
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Figure 1 Ramachandran plots and amino acid sequences of each subdomain (A-J).
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Figure 2 Tertiary structure of each hRyR1 subdomain (A1-J1) and back bone structures of particular subdomain with

predicted pocket sites (A2-J2).
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Discussion

Skeletal muscle contraction regulation is one of
the most popular issues in the application for treating
the muscle wasting diseases (Agbenyega et al, 1995;
Smith et al, 2002). The varieties of skeletal muscle
modulators catalyze directly through the transmembrane
receptors such as ADRB2, RyRs. Homology modeling
technique may give the valuable information of 3-D
structure of the particular receptors including of ADRB2
and RyR1 (Toniti et al, 2012).

As methods for determining three-dimensional
structure develop, there are several serious problems of
the validity of protein model (Liithy, Bowie and
Eisenberg, 1992; Hooft et al, 1996). The ultimate goal
of protein modeling is to predict the correct and
compatibility result achieved experimentally (Epstein,
Goldberger and Anfinsen, 1963; Krieger, Nauurs and
Vriend, 2003; Samso, Shen and Allen, 2006; Amado et al,
2009; Meng et al, 2009; Samso et al, 2009; Tung et al,
2010; Lanner et al, 2010; Capes, Loaiza and Valdivia,
2011). Figure 1 and 2 shows the residues in most favored
regions from Ramachandran plots of human cytoplasmic
assembly of RyR1 and the predicted pocket sites of
each subdomain.Future studies will certainly resolve
additional structural differences among species of interest
and may apply as model of calcium release channel-

modulator interaction.

Conclusion
Thein silico human RyR1 model was studied.
The cytoplasmic assembly consists of 10 subdomains.
The results show that the shapes and the pocket sites of
each domain of cytoplasmic assembly are different.
Each domain has its own pocket sites which facilitate
interaction between the cytoplasmic side of RyR1 and

modulators.
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