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Abstract

Scavenger receptor A (SRA), as an immune regulator, has been shown to play important roles in
lipid metabolism, cardiovascular diseases, and pathogen recognition. Several natural product
inhibitors of SRA have been studied for their potential application in modulating SRA functions.
To understand the binding mode of these inhibitors on SRA, we conducted systematic molecular
modeling studies in order to identify putative binding domain(s) that may be responsible for their
recognition to the receptor as well as their inhibitory activity. Treatment of SRA with one of the
natural product inhibitors, rhein, led to significant dissociation of SRA oligomers to its trimer and
dimer forms, which further supported our hypothesis on their putative mechanism of action. Such
information is believed to shed light on design of more potent inhibitors for the receptor in order to
develop potential therapeutics through immune system modulation.
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Dimeric SRA model with natural product ligand rhein shown in sticks at the most preferred
docking mode.
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1. Introduction

Scavenger receptor A (SRA) is a newly identified immune regulator and is primarily
expressed on myeloid cells, such as macrophages and dendritic cells (DCs).1 SRA was
reported initially as a major receptor on macrophages for internalization of modified
lipoproteins.23 Since then, the roles of SRA in lipid metabolism, cardiovascular diseases
(e.g. atherosclerosis), and pathogen recognition have been well documented.4-8 Our
previous work revealed a novel feature of SRA action in attenuating antigen-specific T cell
responses, and impeding therapeutically induced antitumor immunity generated by cancer
vaccines.3%14 The immunoregulatory effect of SRA in these contexts has been attributed, at
least in part, to the reduced immunostimulatory capacity of antigen-presenting cells (APCs),
e.g., DCs, in priming tumor antigen-specific T cells. Our molecular studies demonstrated
that disruption of the TLR4-NF-xB signaling cascades in DCs by SRA reduced the
expression of co-stimulatory molecules (CD80, CD86) and production of inflammatory
cytokines/chemokines (IL-12, IFN-B, 1P10).10:15 Therefore, targeting SRA may provide a
novel approach to enhance antitumor immunity.

Many of the ligands for SRA are polyanionic. Interestingly, a number of natural products
have been reported as potential SRA inhibitors with varied biological activities.16:17 Among
them, sennoside B and tannic acid were able to reduce SRA mediated antigen transfer.’
Particularly, sennoside B was shown to be able to reduce T cell proliferation both in vitro
and in vivo. However, the high molecular weight (>1,000) of most of these compounds
makes them not suitable for further drug development. Our recent effort in identifying small
molecule SRA inhibitors showed promise in reducing the size of the molecule while
maintaining the desired pharmacological properties.18:19 For example, natural products like
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rhein, the deconstruction product of sennoside B and danthron, the deconstruction analog of
rhein, partially reversed the suppressive activity of SRA in DC-primed T cell activation and
suppressed the SRA ligand poly (1:C) triggered signaling. All these results indicate that
development of small molecule inhibitor for SRA would be a valid route for intervention of
diseases by targeting SRA-associated activity. To further understand the interaction between
small molecule inhibitors and their target protein SRA, we herein report the molecular
modeling studies of these natural products en route to understand their possible mechanism
of action.

2. Results and discussion

2.1. Structural comparison and conformation analysis of the inhibitors

The chemical structures of four natural product inhibitors are shown in Figure 1. The
common structural feature in them is the phenolic moiety. While Tannic acid is primarily a
polyphenol molecule, sennoside B, rhein and danthron also contain phenolic groups with
additional presence of carboxylic group in sennoside B and rhein making them more acidic
than tannic acid. Glucose unit exists in both tannic acid and sennoside B, while for tannic
acid its glucose is the core unit and for sennoside B two glucoses are at the branching out
sections.

To obtain a reasonable starting point for further study of these natural products, their lowest
energy conformation was obtained first (Fig. 2). The conformation of tannic acid was very
flexible while overall it appeared to prefer an extended planar one. The two chiral centers in
sennoside B made the whole molecule somewhat a staggered conformation while the
anthracenic structure made rhein and danthron completely planar conformations.

2.2 SRA homology model construction

SRA belongs to the class A scavenger receptor family and it is composed of six structural
domains: N-terminal cytoplasmic, transmembrane, spacer, a helical coiled coil, collagenous,
and cysteine rich (Fig. 3). Regarding to its possible ligand domain(s), it is still a matter of
investigation. For example, its collagenous domain has been implicated in binding for
denatured and native collagens and modified lipoproteins.1® Recently the cysteine rich
domain of SRA was shown to also serve as a potential binding site for Ac-LDL.20 We
recently completed the construction of SRA cysteine rich domain homology models!8 based
on the available crystal structures of the cysteine rich domain of MARCO, another member
of class A scavenger receptor family, in its monomeric and dimeric form (PDB: 20Y3 and
20YA).21 Mouse scavenger receptor MARCO had the highest sequence identity (43%) and
homology (63%) to SRA and the fact that both proteins belong to the same receptor family,
made the crystal structure of MARCO a suitable choice as the template for homology
modeling. The homology models were built using MODELLER v10.2 and the local
geometry of the optimized structure was checked using PROTABLE and PROCHECK
(Supplementary Information). Primarily, the putative binding sites for rhein were first
identified through exhaustive ligand docking on the built homology models using
GOLD5.422 followed by HINT23 (Hydropathic INTeractions) scoring.18
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2.3 Docking of tannic acid, sennoside B, and danthron on SRA monomer model

The docking strategy employed for tannic acid, sennoside B and danthron was similar to that
employed earlier for rhein, as reported previously.18 Based on the hydrophobic and
electrostatic properties of the protein surface, five unique binding sites were observed on
SRA monomer model. The obtained HINT scores are summarized in Table 1, 2 and 3. In our
practice, we noticed that sometimes the best HINT score from certain docking process could
be an outlier if considering some special docking pose between the ligand and its target
protein. On the other hand, the average HINT score may provide equal weightage to each
docked solution despite that most of the solutions are likely to be sub-optimal. Meanwhile
Boltzmann distribution analysis was also adopted in our practice based on the fact that it
weights the data with reference to the best score and thus provides more weightage to the
optimal solutions.

Combining all three scoring functions, it seemed that tannic acid showed no significant
preference to any one site on the monomer, sennoside B preferred site 2 (which is a similar
site for rhein for its monomer binding site) while danthron showed preference for site 3 on
the monomer model of SRA (Table 1, 2 and 3). Figure 4 illustrates the best Boltzmann
average HINT scored-docking poses of tannic acid on all four sites, Figure 5 of sennoside B
on binding site 2 and Figure 6 of danthron on 3.

In the rhein’s preferred binding pose on the monomer model, a cluster of the basic residues
(Arg382, 389, 422 and GIn385) formed the primary binding locus. While for danthron three
of these basic residues (GIn385, Arg389 and Arg422) participated in the binding locus; for
sennoside B, only two of these residues (Arg382 and GIn385) participated in the binding
locus (Table 4). Several hydrophobic residues were observed to interact with the backbone
of the molecule more significantly. For tannic acid, due to its much larger molecular size
compared to rhein, danthron and sennoside B, more residues from the protein got involved
into the interaction with the ligand. All four “preferred” sites seemed to contribute equally to
the recognition of the ligand to the protein. Only site 3 seemed to share several same
residues with the sites for rhein and sennoside B.

The ambiguity of such an observation among all three ligands (along with rhein) of their
binding mode on the target protein suggests that the monomer model of SRA might not be
the most suitable to predict potential ligand interaction with the SRA cysteine rich domain.
Certainly, it does not exclude the possible effect from the conformation flexibility of tannic
acid.

2.4. Docking of tannic acid and sennoside B on SRA dimer model

Previously, based on the hydrophobic and electrostatic properties of the SRA dimer model
surface, besides the binding sites on the monomer, four additional binding sites were
observed by focusing mainly on the interface of the two monomers for rhein.18 As one of the
binding sites displayed the highest HINT scores in all three scoring categories, it was
postulated as the plausible binding site for rhein to interact with the SRA cysteine rich
domain. Particularly 11365, 426, and 431 of one subunit formed a hydrophobic cavity to
interact with the anthraquinone backbone of rhein in addition to Arg351 (from the other
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monomer subunit, therefore, the interface), Ser390, and Ser425 side chains acted as
hydrogen bond donors while Leu366 backbone carbonyl and Glu427 side chain served as
hydrogen bond acceptors. Docking of danthron in this putative binding site also resulted in
very similar binding interactions particularly with the residues 11e365, Leu366, Ser390, and
Ser425.19

Very interestingly, from the docking studies of both tannic acid and sennoside B, one
particular binding site displayed the highest HINT scores in all three scoring categories
among four optional sites (Table 1 and 2). Looking at the amino acid residues that were
involved in the interaction with the ligands, a surprising majority of them came from the
same group that was also observed to be interacting with rhein and danthron for their highest
scored binding pose (Table 4). These residues provided potential hydrogen bonding and
hydrophobic force to stabilize the ligand at the shallow surface of the protein. For tannic
acid, the only unique feature came from Glu428, which might interact with one of the
hydroxyl phenol group through hydrogen bonding. The rest of its binding pocket looked
exactly the same as the one for sennoside B.

Figures 7 and 8 illustrate the best Boltzmann average HINT scored-docking pose of tannic
acid and sennoside B on the SRA dimer domain respectively. In addition to the common
features, for sennoside B, His367 and Trp434 seemed to provide aromatic stacking
interaction with the backbone of the small molecule; while Val350, on the other hand, joined
I1e365 and lle426 to reinforce the hydrophobic interaction with the ligand.

To further compare the binding mode of all four natural products in the putative dimer
binding pocket, the electrostatic potential analysis of the dimer was conducted (Fig. 9). The
electrostatic potential map of the monomer model shows a relatively electronegative surface
(Fig. S3). It appears that due to the interaction between two monomers units, the predicted
binding site on the dimer becomes more electropositive (characterized by a relative absence
of electrons) as compared to rest of the protein. Thus, this site would serve as an ideal site
for molecules with higher electronegativity. All four natural products, i.e. tannic acid,
sennoside B, rhein, and danthron being polyanionic would thus interact favorably at this
predicted ligand binding site of the dimer over the monomer binding sites.

2.5 Molecular dynamics simulations of tannic acid, sennoside B, rhein and danthron with
SRA dimer homology model

To further understand the binding modes of tannic acid, sennoside B, rhein, and danthron
with the SRA dimer, we performed molecular dynamics (MD) simulations on these
complexes based on their optimal docking modes. For obtaining stable systems, 10 ns MD
simulations on the protein homology model as well as the four complexes were carried out.
For each complex, the system was enclosed in a water box of dimension 96 A x 96 A x 96 A
and appropriate number of CI~ and Na* ions to make up the concentration to 50mM were
added to neutralize the system. After that, the root-mean-square deviation (RMSD) values of
all the protein backbone atoms were calculated to ensure the stability of all the systems.

Due to the highly flexible nature of the protein as well as the natural product tannic acid,
higher RMSD values were obtained for protein-tannic acid complex. Protein complex with
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rhein and danthron also seem to show higher RMSD values which can again be attributed to
the highly flexible nature of the protein. Danthron, especially, due to loss of the carboxyl
group in its structure, becomes a relatively hydrophobic molecule as compared to other three
natural products. Due to the electropositive nature of the binding site, the RMSD values for
the protein-danthron complex might be higher. Sennoside B, although a large and flexible
molecule, showed RMSD values in the accepted range. One reason for this might be that
water molecules seem to be involved in stabilizing the protein-sennoside B complex (Fig.
11). Comparing the RMSD values of the backbone atoms in all systems after 5 ns and 8 ns
minimum change was observed (SRA 0.15A, SRA-tannic acid 1.6A, SRA-sennoside B
0.2A, SRA-rhein 1.2A, and SRA-danthron 0.44A) (Figure 10) thus after 5ns equilibration
process, the average RMSD values obtained for these complexes seem to be in an accepted
range, indicating the complexes reached to a relatively stable status.

Following this, interactions of tannic acid, sennoside B, rhein, and danthron with the SRA-
dimer model were analyzed for the MD trajectory and the results were summarized in Table
5. Although the overall binding pocket remained the same, there were some differences
observed in the interacting residues after MD simulation (Fig. 11). For example, amino acid
residues Arg351, 11e365, Leu366, Ser390 and Ser425 still appeared to be critical for binding
of these natural products as seen from docking results. Due to the large size and polyionic
nature of tannic acid, additional residues were observed contributing hydrogen-bonding to
stable this ligand-protein complex. Simulation of sennoside B-SRA complex did not affect
its binding. Despite the large size of sennoside B, it allowed for two water mediated
interactions with the protein residue Arg351. These water mediated hydrogen bonding
interactions might be responsible for locking the conformation of the flexible natural
product and establish its interaction with Arg351. Although rhein showed similar
interactions with the protein before and after MD simulations, Glu427 which showed
hydrogen bonding interactions with one of the hydroxyl groups from the docking results did
not appear to be critical after the simulation. On the other hand, Arg389 appeared to be an
important residue forming water mediated hydrogen bonding interactions with the hydroxyl
group of the molecule. Interestingly, danthron showed hydrophobic interactions with
residues Val350, Val363, 11e365, Leu366, Trp373, Val387 and 11e426 and r-rt interactions
with Trp373, thus making the binding pocket vey hydrophobic. Ser390, Ser424 and Ser425
appeared to be involved in hydrogen bonding interactions with danthron. Water mediated
hydrogen bonding, similar to rhein, was also seen between Ser425 and danthron.

Based on the above analysis it is not difficult to see that docking studies of four natural
product inhibitors on SRA dimer model seemed to provide a more unified result compared
to the studies on the monomer one. In addition to the collagenous domain of SRA I and Il,
which has been implicated in binding to a number of ligands including denatured type I, 111
collagen, native type 1V collagen, and modified lipoproteins (e.g. AcLDL), their scavenger
receptor cysteine rich (SRCR) domain was also reported to be a functional binding domain
for AcLDL under certain physiological conditions. In comparison, MARCO has also been
reported to require the SRCR domain for ligand binding. As a matter of fact, it has been
postulated that the two trimeric MARCO molecules might dimerize through their SRCR
domains by a domain-swapping mechanism.2! Such an assembly could then proceed to form
oligomers to provide a large surface capable of interacting with large ligands, such as
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modified LDL. The dimer’s crystal structure of the MARCO SRCR domain seemed to
support such a hypothesis.

In comparison, the active forms of both type | and type Il SRA are trimeric integral
transmembrane glycoproteins (220 kDa), which can bind a wide variety of polyanions, are
composed of disulfide-lined dimers (150 kDa) and noncovalently associated monomers (77
kDa).2:24-28 Under physiological conditions, SRA also exists in multimeric forms. Our
dimeric homology model of SRA | SRCR domain was constructed based on the dimerized
MARCO SRCR domain crystal structure, therefore, it is logic to hypothesize that the
binding of rhein and possibly other natural product inhibitors on the dimeric interface of
SRA | SRCR domain would interfere the oligomerization of SRCR domains of SRA, then
further inhibit the binding of endogenous ligands, and modulate the function of SRA. To test
this hypothesis primarily, we incubated SRA-Fc fusion proteins secreted from a 293T-SRA
stable cell line with different doses of rhein at 37°C for 2 hours, and then subjected to
analysis using 4-16% native PAGE gel. Figure 13 showed that after rhein treatment, there
was a significant increase of trimers and dimers when compared with control group, which
mainly contained oligomer. However, no significant dose-dependent increase in the forms of
dimers or trimers was observed, suggesting that 100 uM rhein may have a full effect with the
amount of protein incubated. These observations further defined the role of rhein as a
potential lead to design and develop novel inhibitors of SRA to modulate its immune
functions.

3. Conclusion

To gain insights into the interaction between natural product inhibitors and SRA at a
molecular level, as well as to guide future molecular design of small molecule SRA
inhibitors, a systematic and progressive molecular modeling study was conducted for four
natural product SRA inhibitors on the monomer and dimer homology models of SRA. The
results indicated that the dimer model provided more consistent information regarding to the
binding pocket composition and ligand binding mode. Experimental evidence came from our
observation that treatment with rhein can partially dissociate or antagonize the
oligomerization of SRA, resulting in increased formation of trimers and dimers. Among all
the natural product inhibitors, it seems to us that rhein and danthron would act as reasonable
leads for further modification to achieve more potent inhibitors for the protein. Information
obtained here will be helpful for future effort to construct more complex and complimentary
3D structure of the protein, particularly the cysteine rich domain, as well as to design more
potent small molecule inhibitor to modulate SRA function for potential therapeutic
applications.

4. Materials and methods

4.1. Conformation analysis of small molecule inhibitors

The molecular structures of tannic acid, sennoside B, rhein and danthron were sketched in
SYBYL-X 2.1.1, and Gasteiger—H ckel charges were assigned before energy minimization
(10,000 iterations) with the Tripos force field (TFF). The molecules were then solvated with
a corresponding water box. Next, energy minimizations were performed with initial
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temperature at 300K and periodic boundary conditions with a 2 fs time-step. The energy-
minimized average for the 10,000 fs of simulation for all 3 ligands was depicted. Figures
were generated using the PyMOL Molecular Graphics system, \Version 1.7.4.

4.2. Sequence analysis and model construction

In order to identify a suitable template for homology modeling operation of SRA, database
search was performed using the basic local alignment search tool (BLAST). From these
results, mouse scavenger receptor MARCO had the highest sequence identity (43%) and
homology (63%) to SRA. Also the fact that both, SRA and MARCO, belong to the same
receptor family, makes crystal structure of MARCO a viable choice as the template for
homology modeling. One of the most important steps in homology modeling study is the
sequence alignment between the target and the template amino acid sequence. The sequence
alignment between SRA and MARCO was performed using the program ClustalX 2.0.1229
(Supplementary Information).

The homology models were built for both the monomeric and dimeric forms of human SRA
protein using X-ray crystal structures of monomeric (PDB ID — 20Y3)21 and dimeric mouse
scavenger receptor MARCO (PDB ID — 20YA)?! respectively, as the templates using
MODELLER v10.2.39 The local geometry of the optimized structure was checked using
PROTABLE and PROCHECK. PROTABLE results showed that all amino acid residues had
reasonable bond lengths and bond angles. The Ramachandran plot obtained from
PROCHECK was shown in Supplementary Information. As seen from the Ramachandran
plot, nearly 94% of the amino acid residues were either in the most favored regions or the
additionally allowed regions.

The homology models were then utilized for ligand docking using GOLD5.422 under default
settings at different sites of the protein models. The generated ligand-receptor models were
then exhaustively minimized under Tripos force field in SybylX2.1.1 in order to remove
clashes and minimize strain energy, so as to optimize interactions between ligand and the
protein. Thus, obtained models were subjected to further hydropathic interaction analyses
using HINT?23 program. The figures shown were generated using PyMOL Version 1.7.4.

4.3. Docking studies

Using GOLD 5.4, rhein was docked into different sites of both the monomer and dimer
models. The putative binding area was restricted to a 10A radius around 11426, GIn385,
Phe418, Lys401 and Va353 corresponding to the five monomer sites as well as Ser425,
Leu391, 1le365 and Glu361 corresponding to the four sites in the dimer. Tannic acid,
sennoside B, rhein and danthron were docked into the models with a total of 100 iterations.
This docking of ligands was followed by energy minimization under Tripos force field in
SybylX2.1.1 to optimize the structural models for the ligand—protein complexes. CHEMPLP
and GOLD scores, which have been optimized for modeling steric complementarity between
ligand and protein along with distance- and angle-dependent hydrogen bonding, were used
to obtain plausible docking poses. The obtained poses were then rescored with HINT
(Hydropathic INTeractions), an empirical free energy scoring tool based on the experimental
measurements of log P for 1-octanol and water, to estimate atomic level free energies
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associated with noncovalent interactions. Optimal docking poses for each ligand—receptor
complex were chosen by the highest GOLD and HINT scores. The figures shown were
generated using PyMOL Version 1.7.4.

4.4 Molecular dynamics simulations

The homology models of the protein and its complexes with tannic acid, sennoside B, rhein,
and danthron were refined by subjecting them to an all-atom Molecular Dynamics (MD)
simulation. MD simulations were carried out with the NAMD 2.9 package developed by the
Theoretical and Computational Biophysics Group in the Beckman Institute for Advanced
Science and Technology at the University of Illinois at Urbana-Champaign.3! CHARMM
(Charmm-27) was used as the force field.32 The 3D-homology models of the SRA-dimer
and its complexes with tannic acid, sennoside B, rhein and danthron were first solvated in an
equilibrated TIP3P water box of dimension 96 A x 96 A x 96 A using the center of mass of
the complex as the origin. Then CI~ and Na* ions were added to neutralize the system and
appropriate number of ions were added up to a concentration of 50 mM. Solvent molecules
were first minimized for 500 steps of conjugate gradients minimization method, keeping the
protein molecules fixed to allow favorable distribution of water molecules on the complex
surface. Subsequently, the system was coupled to a heat bath from 0 to 300 K and the
constraints applied to the solute atoms were gradually decreased after which, the system was
allowed to be simulated without restraints for over a period of 10 ps. Finally, a 10 ns
molecular dynamics production phase was carried out on the entire systems. The analysis of
the MD trajectory was done in VMD.33 All figures were generated using PyMOL Version
1.7.4.

4.3. Generation of SRA-Fc fusion protein

The mouse IgG2aFc portion was fused to the N-terminus of the mouse SRA extracellular
domain (residues 79-458), and cloned into a modified pcDNAS3.1 vector (Invitrogen). The Fc
region comprises the CH2 and CH3 domains of the IgG heavy chain and the hinge region.
The amino acids that are critical for FcryRs and C1q binding were mutated to minimize the
cytotoxicity and FcR-mediated binding. For constitutive overexpression of the fusion
protein, 293T cells were stably transfected with the construct. Western blotting of 293T-SRA
stable cell supernatant with anti-mouse SRA antibody (R&D systems) confirmed the
secretion of the fusion protein.

4.5. Cell culture and native PAGE electrophoresis

293T-SRA stable cells were cultured in DMEM (Hyclone, Logan, UT, USA) supplemented
with 10% fetal bovine serum (FBS), 100 U/ml penicillin and 100 mg/ml streptomycin at
37°C in a humidified incubator containing 5% CO2. 5x10° 293T-SRA cells were seeded in
24-well plate for 24hr. After the cell reached 80% confluency, medium were removed, cells
were washed with PBS once, and then serum-free DMEM were added in each well. After
24h incubation, supernatant were collected, and cell debris were removed. 50 ul supernatant
was incubated with or without different doses of rhein at 37°C for 2 hrs. The samples were
then subjected to 4-16% native PAGE gel electrophoresis, and western blotting were
performed with anti-mouse SRA antibodies.
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Highlights

To gain insights into the interaction between natural product inhibitors and
SRA at molecular level, we constructed monomer and dimer homology
models of SRA.

To understand the binding mode of these inhibitors, we conducted docking
study andmolecular dynamics simulations, identified putative binding
domain(s) that may beresponsible for their recognition to the receptor as well
as their inhibitory activity.

The results indicated that the dimer model provided more consistent
information regarding to the binding pocket composition and ligand binding
mode.

Treatment of SRA with rhein led to significant dissociation of SRA oligomers
to its trimer and dimer form supporting our hypothesis of their putative
mechanism of action.

Such information will be helpful in designing more potent small molecule
inhibitor to modulate SRA function for potential therapeutic application.
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C.
Fig. 2.

Lowest energy conformation of four natural product SRA inhibitors. A) Tannic acid; B)
Sennoside B; C) Rhein; and D) Danthron.
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Fig. 3.
Schematic of the structural domains of Scavenger Receptor A and MARCO.
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Fig. 4.
Docking modes of tannic acid (in balls and sticks) on SRA domain monomer (cartoon

representation). Amino acid residues involved in putative interactions are shown in green
sticks representation: A) Site 1; B) Site 2; C) Site 3; D) Site 4.
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Fig. 5.
Most preferred docking mode of sennoside B (in balls and sticks) on SRA domain monomer

(cartoon representation). Amino acid residues involved in putative interactions are shown in
green sticks representation.
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Fig. 6.
Docking modes of danthron (in balls and sticks) on Site 3 of SRA domain monomer

(cartoon representation). Amino acid residues involved in putative interactions are shown in
green sticks representation.
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Fig. 7.

Most preferred docking mode of tannic acid (in balls and sticks) on SRA domain dimer (site
3, cartoon representation). Amino acid residues involved in putative interactions are shown
in green sticks.
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Fig. 8.

Most preferred docking mode of sennoside B (in balls and sticks) on SRA domain dimer
(site 3, cartoon representation). Amino acid residues involved in putative interactions are
shown in green sticks representation.
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Fig. 9.
Electrostatic potential map of dimeric SRA model. Highest HINT scored docking solutions

for at the most preferred docking mode for each ligand (ball and stick representations) A)
Tannic acid; B) Sennoside B; C) Rhein, and D) Danthron.
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Root-mean-square-deviation (RMSD) of the protein backbone atoms of SRA dimer model

and the four complexes.
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Fig. 11.
Binding pose for each ligand (ball and stick representations —left and 2D -right) after MD

simulations— A) Tannic acid; B) Sennoside B; C) Rhein, and D) Danthron.
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Fig. 12.
Treatment with rhein affects the oligomerization of SRA. The culture media containing

secreted SRA protein was incubated with or without rhein at concentrations indicated,
followed by analysis using native PAGE. Lane 1: control; lane 2: 100 uM rhein treated; lane
3: 300 uM rhein treated; lane 4: 1000 uM rhein treated; lane 5: native marker.
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Tannic acid docking sites and scoring summary (the most favored binding sites in bold/italics).

Table 1

Best HINT  Average HINT  Boltzmann average HINT

Monomer  Sitel 2488 -195 2176
Site2 2627 1391 2318
Site3 2916 1468 2623
Site4 2656 1387 2393
Site5 1727 465 1322

Dimer Sitel 2086 =712 1869
Site2 1029 -1014 766
Site3 4170 1073 4109
Site4 2362 662 2085
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Sennoside B docking sites and scoring summary (the most favored binding site in bold/italics).

Table 2

Best HINT  Average HINT  Boltzmann average HINT

Monomer Sitel 1025 -98 39
Site2 1491 122 999
Site3 761 127 428
Site4 769 -237 366
Site5 654 -41 353

Dimer Sitel 485 -636 149
Site2 -666 113 -308
Site3 1407 -215 1031
Site4 673 -422 323
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Danthron docking sites and scoring summary (the most favored binding sites in bold/italics).

Table 3

Best HINT  Average HINT  Boltzmann average HINT

Monomer

Site 1
Site 2
Site 3
Site 4
Site 5

779
478
661
810
282

-849
211
562
169
55

168
265
573
342
70
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