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Abstract
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Objectives: Atherosclerosis formed due to the accumulation of the fibrous tissues in the vascular
wall and gradually become thrombus. Agaricus brasiliensis known as a traditional drug for lifestyle-
related diseases, including obesity, hypertension, and diabetes. The aim of this research was to
examine the potency of Agaricus brasiliensis to reduce the excessive inflammatory response that
occurs in the process of atherosclerosis. The extract of Agaricus brasiliensis contains B-glucans and
Agiritin that may bound to the Dectin-1 receptor and TLR-2. Methods: Therefore, we examine the
interaction of the molecules by using bioinformatic. We have docked -glucans and Agaritin to the
active site of the Dectin-1 receptor and TLR-2. Results: The result of the analysis indicated the
binding affinity of between TLR2/1 and 1,3-1,6 B-glucan or agaritin showed higher compared to
positive control, Tri-Acylated Lipopeptide. Besides B-glucan 1,3-1,6 bound to Dectin-1 has similar
binding affinity compared to the positive control, Beta-D-Glucose. Conclusions: It could be
concluded that B-glucan 1,3-1,6 and agaritin might enable to activate the TLR2. However, Dectin-1
receptor might only be activated by 1,3-1,6. B-glucan.
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Key Messages: This study is critical to explore the potency of the fungus for preventing
atherosclerosis process. This study showed that -glucan 1,3-1,6 and agaritin might enable to
activate the TLR2. However, Dectin-1 receptor might only be activated by 1,3-1,6. B-glucan.
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INTRODUCTION

Atherosclerosis is artery diseases, which occurs
slowly and characterized by thickening of the tunica
intima. This is because of fibrous accumulation that will
gradually become a thrombus (Chistiakov et al. 2013).
The formation of atherosclerosis starts with the lumen of
the artery endothelial cell dysfunction. This condition
occurs after endothelial cells injury or the other stimulus
which increasing the permeability of the various
components of plasma. Finally, it makes the
accumulation of cholesterol and fat (Heriansyah et al.
2016). In general, the process of atherogenesis is
divided into four stages, the formation of foam cells, the

formation of plagques, rupture of the plaque, and the last
is thrombosis.

Agaricus brasiliensis (A. blazei ss. Heinemann) has
reportedly used for treatment lifestyle-related diseases,
including obesity, hypertension, diabetes (Hsu et al.
2008), hypercholesterolemia, hepatitis, atherosclerosis,
and heart disease (Firenzuoli et al. 2008). Agaricus
brasiliensis have ability as anti-inflammatory, antitumor,
inhibiting cancer, immune system modulators (Hsu et al.
2008, Karumuthil-Melethil et al. 2008, Ketelhuth and
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Hansson 2011, Rao et al. 2015, Khaled et al. 2015), and
analgesic (Gonzaga et al. 2009).

Research of this fungus in cardiovascular still limited
comparing with the research on the application of the
fungus for anticancer (Reid et al., 2004). Agaricus blazei
Murill has been proven for preventing the process of
atherogenesis through the improvement of dyslipidemia
(Reid et al. 2004, Niwa et al. 2011, Naso et al. 2010).
Moreover, the fungus also has an activity for improving
endothelial dysfunction associated dyslipidemia (Reid et
al. 2004). The extract of fungus has activity as an
antioxidant, which it contain several bioactive
compounds such as B-glucan, phenolic and flavonoid
(Chistiakov et al. 2013, Kim et al. 2005). Therefore we
intend to examine the potency of the active compound
of the Agaricus blazei Murill might have an activity to
bind to Dectin-1 receptor and TLR-2 that may increase
Treg cells to reduce the inflammatory response. This
study is critical to explore the potency of the fungus for
preventing atherosclerosis process.(Gopalakrishnan et
al 2016).

MATERIALS AND METHODS

Retrieving and Modeling Protein

TLR2 was taken from protein data bank with code
access 2z7x (Niwa et al. 2011, Kim et al. 2005,
Lakshminarayanan et al. 2015) and human sequencing
TLR2 from UNIPROT. Meanwhile, TLR-1 was taken
from UNIPROT database (Takaku et al. 2001). Dectin
human receptor structure was modeled based on mouse
Dectin as a template (PDB code 2bpd)
(Lakshminarayanan et al. 2015). Human protein amino
acid sequence Dectin was taken from UNIPROT
(Takaku et al. 2001). The 3D structure was visualized by
the Discovery Studio. Agaritin compound was taken
from PubChem and drawn by the Discovery Studio.

Docking

Active compounds B-glucan and Agiritin was docked
to the active site of protein target, Dectin-1 receptor and
TLR 2. Docking process was carried out using autodock
vina in Pyrx 0.8 (Xu et al. 2011). It was aimed to
identification the inhibition potency and to calculate the
binding affinity between ligand (active compound) and
substrate (protein target). The binding and molecular
interaction were visualized by Discovery Studio.

RESULTS

Docking analysis was done to examine the binding
affinity between TLR2/1 complex molecule (receptor)
and four ligands (1,3 B-Glucan; 1,3/1,6 B-Glucan;
Agaritine; B-Glucan; Positive control). The hydrogen
bond, binding position and distance between the
receptor and ligands were examined to evaluate
potentiality of the ligands in the exciting receptor activity.
The binding affinity used as a parameter to determine
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Table 1. Binding affinity between tlr2/1 with its substrate
Substrate Binding Affinity (Kcal/mol)

1,3 B-Glucan 7.6
1,3/1,6 B-Glucan -8.6
Agaritin 7.7
B-Glucan -7.5
Positive control -7.7

D E
Fig. 1. The interaction between TLR2/1 with Small molecule
(yellow). (A) the interaction position between TLR2/1 with
1,3 B-Glucan (B) 1,3/1,6 B-Glucan, (C) Agaritine, (D) B-
Glucan, (E) Positive control.

the ability each ligand bind to the receptor. The result
showed that 1,3/1,6 B-Glucan has the highest binding
affinity compare with the other four compounds (Table
1). While the binding affinity of 1,3 B-Glucan, agaritine,
B-Glucan, and a positive control with the TLR2/1 were -
7.6,-7.7,-7.5 and -7.7, respectively (Fig. 1).

The binding position between 1,3-1,6 B-Glucan with
Human Dectin-1 has similarity with the complex between
B-Glucan and mouse Dectin-1 (experimental data). This
data suggested that the 1,3-1,6 B-Glucan might have a
potency to activate the Human Dectin-1. Further
analysis indicated that the complex between 1,3-1,6 B-
Glucan with Human Dectin-1 has a binding affinity -52
kcal/mol, while B-Glucan with Human Dectin-1 has a
binding affinity -59 kcal/mol (Fig. 2).

DISCUSSION

The data from the in silico analysis indicated that
active compound of Agaricus blazei Murill (1,3-1,6 B-
Glucan) bound to the TLR2/TLR1 and also Dectin-1. The
binding might have an activity to stimulate the signal
cascade to produce of anti-inflammation cytokine and
the function of Treg Cell. This data correspond with the
previous report that explains the fungi increased IL-10
cytokine in human peripheral blood mononuclear cells
(hPBMC) (Xu et al. 2011, Jeurink et al. 2008). The main
components in Agaricus blazei Murill a B-glucan and
zymosan (yeast cell wall extract consisting of B glucan,
mannan, chitin, proteins, and lipids targeted a specific
Dectin-1 receptor (Brown 2006, Fgrland et al. 2011).
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Fig. 2. Bounding of B-Glucan with Dectin. (A) Interaction
between B-Glucan with Mouse Dectin-1, (B) 1,3-1,6 B-
Glucan with Human Dectin-1, (C) B-Glucan with Human
Dectin-1, (D) Molecular bond from 1,3-1,6 B-Glucan with
Human Dectin-1 interaction, (E) Molecular bond from -
Glucan with Human Dectin-1 interaction

The Dectin-1 receptor is found in macrophages,
monocytes, cells - PMN cells and a subset of T cells
(Brown 2006, Fegrland et al. 2011, Taylor et al. 2002).
Dectin-1 was significantly regulated cytokines that
associated with Th2, especially IL-4 and IL-13, in which
IL-10 (Ferland et al. 2011, Taylor et al. 2002, Willment
et al. 2003). The receptor is known to collaborate with
TLR2 in inducing immune responses balance between
the pro and anti-inflammatory (Goodridge and Underhill
2008, Underhill 2007). Signaling on Dectin-1 contributes
to the expansion and function of Treg cells. Several
studies using zymosan has been shown in simultaneous
interaction with TLR-2 and Dectin-1 to induce a large
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number of suppressor cytokine (Dillon et al. 2006, Slack

et al. 2007).
A number of bioactive from fungi including
polysaccharides, small molecules, and protein

complexes have the benefit of pharmacological (CFR
Ferreira et al. 2010, Wasser 2010, Swain et al. 2015).
Some study indicated that the zymosan is increased
TGF-B1 and IL-10 production, and the suppressive
function of CD4*CD25* Tregs. The Tregs activation
might be mediated through TLR2 and Dectin-1
(Ketelhuth and Hansson 2011). TLR2 recognizes
lipoprotein/lipopeptide (LP) and peptidoglycan to form a
heteromer with TLR1 or TLR6 to mediate intracellularly
(Ketelhuth and Hansson 2011, Omueti et al. 2005,
Farhat et al. 2008). Furthermore, TLR2 agonist
demonstrates the potential to induce some cytokines
suppressor significantly and increasing of CD4*CD25"
Treg (Zanin-Zhorov et al. 2006). Atherosclerosis is
caused by stem activation of monocytes/macrophages
in response to the accumulation of oxidized-LDL (Ox-
LDL). Therefore upregulation T-reg by the active
compound from Agaricus blazei Murill (1,3-1,6 B-
Glucan) may have beneficial to normalize immune that
may lead to preventing atherosclerosis (Sakaguchi et al.
2008).

CONCLUSION

The active compound from Agaricus blazei Murill,
1,3-1,6 B-Glucan, able to bind with TLR-2/1 and Dectin
that might have the potency to activate Treg Cell and
production anti-inflammatory cytokine. This result is a
warrant for further study to elucidate the function of the
fungi for developing anti-atherosclerosis.
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