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Abstract

The rod shape-determining protein, MreB, is a bacterial actin analog and is involved in determining the shape of non-
spherical bacteria. A tertiary structure of MreB from Escherichia coli was constructed by an online server, RaptorX, and its
accuracy was assessed by four validation tools. The docking software, AutoDock Vina was used to dock a total of one-
hundred natural occurring compounds obtained from ZINC and PubChem databases. The pharmacokinetics and toxicity
profiles of the compounds were predicted by Swiss ADME tool. The results indicate that amentoflavone, rutin, and
chlorogenic acid had binding affinities of -10.9, -10.1 and -9.3 Kcal/mol respectively which were higher than the control,
ATP, -9.2 Kcal/mol. In the pharmacokinetic profiling, these three compounds were not inhibitors of cytochromes, but had a
low gastrointestinal absorption. MreB may serve as an alternative molecular target for new antibiotics against rod-shape
resistant microbes, since the disruption of its function may lead to bacterial cell lysis.
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1. Introduction

The rod shape-determining protein, MreB, is a
component of bacterial cytoskeleton, and is an analog of
the eukaryotic actin. MreB is a product of mre operon
(murein gene cluster €) (Doi et al., 1988). Unlike actin,
MreB uses ATP to polymerize into helical filaments
encircling the whole cell just under the cytoplasmic
membrane (Jones et al., 2001). This activity is essential for
maintaining the rod shape of Escherichia coli, Caulobacter
crescentus, and Thermotoga maritime (Salje et al., 2011).
Several proteins act for this purpose in non-spherical
bacteria including two membrane proteins encoded by
mreC and mreD. The cell wall biosynthetic component,
Penicillin-binding protein 2 (PBP2), via interaction with
MreC also participates in the process (Wachi et al., 1989;
Slovak et al., 2006; van den Ent et al., 2010). Another cell
protein, RodZ, interacts with of MreB in the process of cell
wall synthesis by affecting its biophysics. The expression
of these two proteins varies in response to cell width and
growth rate variations (Colavin et al., 2018). Mutagenesis
of mreB results in the loss of the normal rod-shape of E.
coli and the formation of spherical cells. These slowly
growing irregular cells are hypersensitive to antibiotics
targeting cell wall synthesis such as mecillinam, and tend
to lyse under normal growth conditions (Wachi et al.,
1987; Bendezu and de Boer, 2008).

The failure of the currently-used antimicrobials to
combat infections caused by resistant microbes encouraged
researchers to search for new molecular targets upon
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which newer agents may work either to kill pathogenic
microbes or eliminate their pathogenicity. A suggested
approach is to screen libraries of natural or synthetic
compounds capable of binding a selected molecular targets
inside the bacterial cell. A selected compound should be
able to abolish the function of this selected target. Docking
experiments may be used to compute in silico the binding
affinity of ligands with the molecular targets, and present
the results in a scoring system (Allsop and Illingworth,
2002; Huang and Zou, 2010).

Due to difficulties in the purification of this protein,
most structural studies of MreB were conducted on T.
maritima because there is no experimental structure that
has been determined for E. coli (Salje et al., 2011). The
only study of the MreB inhibition, is that of lwai et al.
(2002) in which the compound S-(3,4-dichlorbenzyl)
isothiourea, affected MreB of C. crescentus, and resulted
in converting the rod-shape cells into spherical ones (Ilwai
et al., 2002).This study is aimed at building a model of E.
coli MreB, and carrying out docking experiments in order
to find possible inhibitors.

2. Materials and Methods

2.1. Homology Modeling

The amino-acid sequence of MreB (Doi et al., 1988)
was obtained from Uniprot database which can be
accessed at http://www.uniprot.org/. The MreB accession
number was (POA9X4). The protein tertiary structure was
built by an online server, RaptorX (Kéllberg et al., 2112),
at (http://raptorx.uchicago.edu/) which also predicts the
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binding site. The sequence was visualized by BioEdit
3.3.19.0 (Hall, 1999). The three-dimensional structure was
visualized by ArgusLab 4.0.1 (Thompson, 2004) and for
the protein-ligand interactions, LigPlot™ was used (Wallace
et al., 1996).

2.2. Quality Assessment of the Model

The accuracy of the model was assessed by four online
tools; (@) ERRAT (Colovos and Yeates, 1993) at
(http://services.mbi.ucla.edu/ERRATY/), (b) PROSA (Sippl,
1993; Wiederstein and Sippl, 2007), accessed at
(https://prosa.services.came.  shg.ac.at/prosa.php),  (c)
Qualitative Model Energy Analysis tool, QMEANG6
(Benkert et al., 2009) at: (https://swissmodel.expasy.org/);
(d) Ramachandran plot analysis by RAMPAGE (Lovell et
al., 2002), at (http://mordred.bioc.cam.ac.uk/~rapper/
rampage. php). The model was submitted into the protein
model database (PMDB) (Castrignano et al., 2006) which
can be accessed at http://bioinformatics.cineca.it/ PMDB.

2.3. Molecular Docking

A total of one-hundred natural compounds were
obtained from ZINC database (Irwin et al., 2012) available
at (http://zinc.docking.org/) and PubChem database (Kim
et al, 2016) available at (http://pubchem.ncbi.nim.
nih.gov). These two databases also provide the molecular
properties: mass, H-bond donors, H-bond acceptors, and
polar surface area. Molecular docking was performed
using AutoDock Vina (Trott and Olson, 2010). The
Autogrid tool was employed to pre-calculate a grid. This
grid has a size of 60x60x60 and a box center of 1.615,-
1.708 and 22.49 for X, y, and z respectively.

2.4. Pharmacologic Properties of the Compounds

The pharmacokinetics of the compounds were
predicted by Swiss ADME (Daina et al., 2017) at
http://Amwww.swissadme.ch/. The computed parameters
were: (1) Gastro-intestinal absorption (Gl absorption), (2)
blood-brain barrier (BBB) penetration, (4) plasma
glycoprotein (P-gp) substrate and (5) Cytochromes (CYP
P4s0), inhibition.

3. Results

The constructed model (Figure 1) appears to be
composed of 40 % a-helices, 25 % B-strands and 36 % as
coils. Since there is no experimental structure of MreB for
E. coli, the selected template was 2 A X-ray crystal
structure of rod shape-determining protein of C. crescentus
(Léwe and van den Ent, 2014). This template has a PDB
ID of 4cze.1A with a sequence identity of 63.75 % and 95
% coverage of the predicted model. The predicted model
was submitted onto protein model database with PMDB
ID: PM0080558. The constructed model of MreB has the
following topology: Pl D™—G', p2 A®—-V* B3
GSO—>D36,[34 V38_>R45’ BS S48_)G56’ ol H57_>Q(31’ B6
N69—>K77, a2 F84—>V98, [37 RlOQ_)VIIA, a3 Q120—>A133, BS
E137—>Il41, ad P144—>Il4g, [39 Slel—>G167, BIO T170—>Sl77,
Bll G180—>V187, a5 G191—>Y206, B12 G207—>L209, a6
E212—>1222, B13 R232—>L24l, B14 V245—>8253, a7 N254—>A276,
a8 P280—>R289, [315 M291—>T294, 09 L303—>T31l, B16
|314—>A318 and a10 P321—>L333.

Figure 1. The MreB model as predicted by RaptorX. Numbering
starts from N-terminal towards (N) to C-terminal (C). MreB
monomer consists of two domains | and Il. Subdomain 1A and I1A
have the topology of five B-sheets surrounded by three a-helices,
while the smaller subdomains are variable. Subdomain A
comprises a4, a8, 9, p10, B11, B15, 16 and 09 while subdomain
IIA comprises a2, a3, B1, B2, B3, B7, B8 andal0. The variable
smaller subdomain IB comprises a5, a6, 12, f13, 14 anda7and
while subdomain IIB comprises al, B4, B5 and f6. ADP occupies
a cleft between domains | and Il where its phosphate groups
interact. These two sub-domains are connected via a helix, 4.

RaptorX predicted two binding sites of the model. The
largest pocket is for ADP molecule and consists of
following residues: G, T'°, A% N, G, G G'*
Glgl, EZlG, K219, H220‘ GZQS, GZ%, G297, L299’ LSOO and L322.
A second smaller pocket was predicted for binding Mg*?
ion, which is composed of E**® and D*®® (Figure 2).
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Figure 2. Amino acid sequence of MreB (Doi et al.,, 1988). ATP
binding motifs are marked with a red underline.

Four evaluation tools were used to measure the
accuracy of the model. ERRAT overall quality of the
model is 88.855 % (Figure 3 A). PROSA Z-score is -10.66
(Figure3 B). The raw score of QMEANG is 0.713 which is
in the normal range of 0-1. A comparison of Z-scores with
experimentally determined structures is shown in (Figure 3
C). In the Ramachandran plot analysis, the constructed
MreB model has 338(98.0 %) of the residues being in the
favored region (Figure 4), and three residues (0.9 %) in the
allowed region. These residues are S'%, V= and M3%,
Four residues (1.2 %) were in the disallowed (outlier)
region. These residues are R, N'%, F1% and D?*.

A total of one-hundred natural compounds were docked
against the predicted model; the highest ten are shown in
Table 1. Figure 5 shows ATP at its binding site in MreB
and the interaction with the MreB amino acid residues.
The results of AutoDock Vina show that there are three
compounds, namely amentoflavone, rutin, and chlorogenic
acid which had higher binding affinities than ATP. Figures
6-8 show the docking of the three ligands against MreB
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and the amino-acid residues involved. Figure 9 shows the
chemical structure of these three compounds.
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Figure 3. (A) ERRAT result of the generated model. Black bars
represent misfolded regions. On the error axis two lines are drawn
to indicate the confidence in which it is possible to reject regions
(B) Z-score of MreB (black dot) computed by PROSA web tool
compared with Z-scores of the experimentally determined proteins
by NMR spectroscopy and X-ray crystallography (C) QMEANG6
plot of MreB model showing a comparison with-non redundant set
of known experimental PDB structures in  Z-scores.

Table 1. Results of docking E. coli MreB

185

Figure 4. Ramachandran plot of the predicted model using
RAMPAGE. Residues in the disallowed regions are red-colored

squares, while residues in the allowed region are brown-colored
squares.
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Isoquercitrin ZINC04096845 -8.2 166, D19, K210 g‘zg; '\II_SZ'ZN BN PR KEGEL GG BTLHT, G
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Figure 5. ATP |nteract|on Wlth MreB ATP forms H- bonds with
the amino-acid residues D'° (2.83, 3.00 A°), N% (3.10, 2.09 A°),
E(3.11 A°), D'%(3.06 A°), G**¥(2.80, 3.23 A°), G'*?(2.75 A°)
and G'* (3.14 A°). ATP also has hydrophobic interactions with
AZO, 6167, Glgl, K219, HZZO, GZ%, L299 and L322.
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Figure 6. Amentoflavone interaction with MreB Amentoflavone
forms H-bonds with the amino-acid residues D¢ (2.87 A°), N*
(2.70 A°), E*¥(3.13 A°) and G'%8(2.98 A°). It also has
hydrophobic interactions with G8, T®, A%, G, F*% K219 H?®,
GZ%, GZ%, L299’ L300’ L322, and V325.
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Figure 7. Rutin interaction with MreB. Rutin forms H-bonds with
the amino-acid residues D' (3.00 A°), R (3.12, 3.24 A°), D'®
(2.93 A°), G (3.03 A°), G**(3.20 A°), G* (3.08 A°) and L*#
(3.09 A°). It also has hydrophobic interactions with G', A%, N?,
N34, E35, PSG, KGO, E143, G167' Glle Dl%, E216’ K219’ H220’ GZ%, and
V325.
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Figure 9. The chemical structure of (A) amentoflavone (B) rutin
(C) chlorogenic acid.

Table 2 shows the chemical properties of the ligands.
The predicted ADME profiles, namely absorption,
distribution, metabolism, elimination were computed by
Swiss ADME, and are presented in Table 3. Swiss ADME
shows that the three compounds cannot cross the blood-
brain barrier, and have low absorption via the human
gastrointestinal tract. Only Rutin is a substrate for P-
glycoprotein. None of the compounds is inhibitory of the
cytochromes. Amentoflavone and rutin show violation of
the Lipiniski's rule, since their molecular weights are more
than 500, the logP of amentoflavone is greater than five,
and rutin has its hydrogen bond acceptors being more than
10. In respect to this rule, chlorogenic acid appears to be
better than the other two natural products.

Table 2. Molecular descriptors of the compounds.

Mass H-bond H-bond Polar
Compound (g/mol) xlogP donors  acceptors  surface
. area
% R
e, Amentoflavone  538.464 5.61 6 10 182
Glyls =
Rutin 610.521 -1.06 10 16 269
Chlorogenic 353303 -045 5 9 168
acid
s -
Gly16 - 1 Scutellarin 461.355 0.07 6 12 210
AL
,,.,ﬂ;‘% ﬁ,u:j@ e Takakin 300266 274 3 6 100
Key Coumestrol 268.224 2.54 2 5 84
il Ligarsd bud s 3 Mo lagamd residues involvesd i hyseophobe . ..
®—@ oniigand bond g Soniaistsy Hinokinin 354358 302 O 6 63
-~ Hydrogen bond and is kengih @ Comesponding stoms imvolved in kydrophobis contactish
Figure 8. Chlorogenic-acid interaction with MreB. Chlorogenic Bucegin 314293 3.02 2 6 89
i N ; nA_ae P 16 o
acl;d forms H-bonds V\zqth the amlnolfigld residues D™ (2.75 '?Eg)' Isoquercitrin 164379 036 8 12 211
T7(2.83,2.93 A°),N* (2.84 A°), E*(2.99, 2.92 A°) and G o
(2.95 A°), TH°(3.17 A°) and G**(2.92 A°). It also has Vitexin 432.381 052 7 10 181
hydrophobic interactions with G'8, A®, G, D**®, G'%, G**¢, G'*,
G295 and V325.
Table 3. Swiss ADME predicted pharmacokinetics of the ligands.
Gl BBB P-gp CYP 450 Inhibition
Compound .
absorption permeant substrate CYP1A2 CYP2C19  CYP2C9 CYP2D6  CYP3A4
Amentoflavone Low No No No No No No No
Rutin Low No Yes No No No No No
Chlorogenic acid Low No No No No No No No
Scutellarin Low No Yes No No No No No
Takakin High No No Yes No Yes Yes Yes
Coumestrol High No No Yes No No Yes No
Hinokinin High Yes No Yes Yes Yes Yes Yes
Bucegin High No No Yes No Yes Yes Yes
Isoquercitrin Low No No No No No No No
Vitexin Low No No No No No No No




© 2019 Jordan Journal of Biological Sciences. All rights reserved - Volume 12, Number 2 187

4. Discussion

The actin-like protein MreB regulates the synthesis of
the cell wall. The length and number of polymer and its
curvature are correlated to the cell width and cylindrical
uniformity of the cell (Bratton et al., 2018). The anionic
phospholipids, phosphatidylglycerol and cardiolipin are
essential to MreB activity since they would be deposited at
the cell poles and an irregular shape is developed due to
lack of these phospholipids (Kawazura et al., 2017). Van
den Ent et al., (2001) suggested that MreB of T. maritima
possesses a similar topology to actin. The tertiary structure
appears to be composed of two domains (I and Il) where a
nucleotide-binding site is formed by the cleft between the
two domains. Each domain is subdivided into two sub-
domains A and B.

Walker et al. (1982) suggested that an ATP-binding
motif, also called Walker A, having the sequence of
GX,4GK]S/T], is found in the nucleotide recognition
sequences of many proteins (Walker et al., 1982). Several
Walker-A sequence variants have been identified; for
example, the serine/threonine residue may be replaced by
aspartic acid or glycine in some kinases. Several proteins
that bind ATP may also have G-rich loops, GXGXXG,
which bind the a and B phosphates of ATP (Bossemeyer,
1994; Leipe et al., 2003). A second sequence, the Walker-
B motif, contains a conserved aspartic or glutamic-acid
residue which is preceded by four hydrophobic residues.
This second motif forms coordinate bonds with the Mg?*
ion which is necessary for the catalysis of the ATPase
reaction (Walker et al., 1982). However, Bork et al.,
(1992) suggested that MreB and its related division
protein, FtsA, contain two ATP binding motifs one for
phosphate: V163’ V164’ D165’ |166‘ 6167‘ GIBS’ G169 and T17°,
and a second for adenosine: V2%, % T2 G®% and G**.

Although many online automated servers have been
developed for homology modeling, reliability and
accuracy of these models for docking experiments should
be explored and assessed. ERRAT is a statistical potential
to detect regions of errors the basis of heavy atomic-pair
distributions (CC, CN, CO, NN, NO and OOQ) of the
amino-acid residues that are compared with a set of 96
experimental structures. A high-resolution experimental
structure usually produces quality factors of 95 % or
higher, but those had a lower resolution showing an
average of 91 % as a quality factor (Colovos and Yeates,
1993). PROSA is another statistical potential method to
measure the energy difference in terms of standard
deviation between a native fold of protein and an ensemble
of alternative folds to predict error in the constructed
model. The energy of the model is shown against the
known X-ray and the NMR solved structures of proteins
deposited in the Protein Data Bank (Zhang and Skolnick,
1992; Wiederstein and Sippl, 2007).

QMEANSG estimates the quality of the models by six
indices. These are (a) the solvation potential, (b) the
torsion angle potential, (c) two distance-dependent
potentials: one based on B-atoms, and the second is based
on all-atom, and (d) two terms: one compares the predicted
secondary structure with a computed (SSE agree.), and the
second is for the solvent accessibility (ACC agree.)
(Benkert et al., 2009, 2011). In the Ramachandran plot
analysis, normally 98.0 % of the residues are expected to

be in the favored region, and 2 % are in the allowed region
for accurate models (Lovell et al., 2002).

Amentofalvone is a bioflavonoid extracted from
Selaginella tamariscina. It has an antibacterial action and
possesses a synergistic effect with antibiotics (ampicillin,
cefotaxime and chloramphenicol) when tested on
Staphylococcus aureus, Enterococcus faecium, E. coli and
Pseudomonas aeruginosa (Hwang et al., 2013). Moreover,
Kaikabo et al. (2009) had isolated amentoflavone from
Garcinia livingstonei, and suggested that it has an
antibacterial activity against S. aureus, E. faecalis, E. coli,
and P. aeruginosa.

Rutin is 3, 4, 4', 5, 7-pentahydroxyflavone-3-
rhamnoglucoside, a flavonoid present in tea, apples and
onions with many medicinal activities such as antifungal,
antibacterial and anti-cancer potentials (Sharma et al.,
2013; Janbaz, 2002).

Chlorogenic acid is a polyphenolic compound found in
apricots where its methanolic extract, containing 968.125
pg/ml of the compound, inhibited E. coli, Salmonella
entritidis and Helicobacter pylori (Mujtaba et al., 2017).
Lou et al. (2011) suggested that chlorogenic acid has
antimicrobial activities against bacteria at minimum
inhibitory concentrations ranging between 20-80 pg/ml. A
possible mechanism of its action is the disruption of the
plasma membrane which becomes permeable to
cytoplasmic components including nucleotides.

Lipinski et al., (2001) suggested a rule of five to predict
the solubility and permeability of a candidate drug. In this
rule, poor permeability probably occurs when there are
more than five hydrogen bond donors, ten hydrogen bond
acceptors, and when the molecular weight is greater than
five-hundred, and the calculated Log P (logarithm of
octanol-water partition coefficient) is greater than five.
The polar surface area also estimates a drug's permeability.
Compounds with a polar surface area being greater than
140 A? may have poor permeability across cell
membranes, and for crossing the blood-brain barrier,
compounds need to have a polar surface area less than 90
A? (Pajouhesh and Lenz, 2005). Lipinski et al. (2001)
stated that in spite of the fact that a huge amount of
compounds were used to predict this rule, several classes
of drugs such as antifungal and antibacterial drugs are
exceptions. Drugs that are subjected to transporters inside
the human body are excluded from the rule as well.

Many factors affect the gastrointestinal tract
absorption. Some of these factors are physicochemical
such as the solubility and lipophilicity, while others are
physiological such as active transport and efflux. The
prediction of drug permeability across the blood-brain
barrier is necessary when a drug is required to exert a
therapeutic effect on the central nervous system, or when
adverse effects of a drug in the brain are being questioned
(de la Nuez and Rodriguez, 2008).

P-glycoproteins are members of the ATP-binding
cassette transporter family and are responsible for
multiple-drug resistance. By their efflux, P-glycoproteins
decrease the bioavailability of a drug by reducing its levels
inside human cells (Lin, 2003; van de Waterbreemd and
Gifford, 2003). P-glycoproteins are found on the surface of
biliary canalicular hepatocytes, the luminal surface of
epithelial cells of the gastrointestinal tract, the proximal
convoluted tubular cells of the kidney, and the capillary
endothelial cells of the blood-brain barrier (Thiebut et al.,,
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1987). The human CYP isoforms CYP3A4, CYP2C9,
CYP2C19 and CYP2D6 account for about 80 % of the
oxidative metabolism of drugs, the first stage of
elimination (Williams et al., 2004).

In the pharmaceutical industry, the chemical and
physical modifications of the parent compounds are
implemented to enhance their properties including
solubility and absorption, e.g. nanosuspension, solid
dispersions, use of carriers and surfactants, and the
reduction of particle size (Chaudry and Patel, 2013).
Upretti et al. (2011) suggested adding a terpene glycoiside
and cyclodextrin to increase the solubility of drugs.

5. Conclusion

The bioinformatics’ tools, including homology
modeling and docking, may be implemented in the
preliminary screening of drugs. The three compounds
identified above may be capable of binding the active site
of MreB, and may interfere with its ATPase activity.
Amentoflavone, rutin, and chlorogenic acid can be useful
as lead compounds to target MreB in E. coli and other
bacilli affecting humans; however, in vitro and animal
studies should be carried out to elucidate their effects.
Pharmacokinetics and pharmacodynamics are essential in
the drug discovery process. The pharmacological
properties could be improved by the chemical and physical
modifications of the drugs.
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