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Abstract
3-hydroxy-3-methylglutaryl CoA reductase is considered as an essential enzyme due to its inevitability in the
Mevalonate pathway for the synthesis of isoprenoids in plants. In this study, theoretical investigations were
accomplished for comparative protein model and active site analyses of Triticum aestivum HMG-CoA reductase
(designated as TaHMGR) as there are no three-dimensional structures available for this species in Protein Data
Bank. So, to fulfill the necessity of this structure we built the comparative protein model, evaluated using
different criteria and finally deposited in Protein Model Database (PMDB). We used different Bioinformatics
tools and servers to carry out this research. The selected enzyme contains disordered regions and the residues
Glycine, Serine, Lysine, and Proline are mainly responsible for these regions as found by our research. We also
found 3 ligand binding sites with the high quantity of Glycine, Valine, and Alanine residues in their binding sites
and the significant Z-score ensures these findings. The biochemical function was found as a catalytic and binding
activity with the significance score, which confirms the actual function of TaHMGR. The attained data convey
necessary fundamental information about this enzyme to pave the way in improving the structure-based drug
development using T. aestivum species.
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Author: M. Mizanur Rahman  mmrahmanbtg79@hotmail.com
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Introduction

The Bioinformatics approach on HMG-CoA reductase

The HMG-CoA reductase is an important enzyme for

sequences for molecular cloning, multiple sequence

its catalyzing activity in the Mevalonate pathway. In

alignment, conserved motif analysis, phylogenetic

plants, the first important step of the Mevalonate

tree

pathway

prediction have already endeavored

is

the

conversion

of

HMG-CoA

to

construction

and

trans-membrane

helix

(Friesen and

Mevalonate (Ha et al., 2003). This pathway includes

Rodwell, 2004; Chen et al., 2012; Darabi et al., 2012;

different superior branch pathways in comparison

Darabi and Seddigh, 2013; Andrade-Pavón et al.,

with other organisms (Leivar et al., 2005). The

2014; Li et al., 2014; Adhikari et al., 2015). But

regulation and the level of Wheat HMG-CoA

Bioinformatics approaches have not implemented on

reductase genes have been trying to explore due to the
potential uses of their molecular components. Wheat
HMG-CoA reductase genes showed tissue specific
gene expression and developmental gene regulation
(Aoyagi et al., 1993).

TaHMGR

for

regulatory

site

prediction

and

functional analysis. There are no protein models of
TaHMGR present in PDB (Protein Database) and
comparative protein model database PMDB (Protein
Model Database). So, there is no way to perform
further research on this TaHMGR. The protein

The activity of HMG-CoA reductase in plant species is
regulated by the level of its mRNA. This regulation
can be varied for the different plant HMG-CoA
reductase gene family. A large number of HMG-CoA
reductase gene families have been reported in wheat
(T. aestivum) and it includes about three genes
namely HMG-CoA reductase 6, 10, 18 (Aoyagi et al.,
1993). Human HMG-CoA reductase gene was isolated
from human fetal adrenal cDNA library (Luskey and
Stevens, 1985).The HMG-CoA reductase includes the
homogenization strategies (Campos et al., 2014),
alternative splicing (Stormo et al., 2012), RT-PCR
(Reverse Transcription polymerase chain reaction)

structural information provide necessary unknown
function, design and improving ligands, studying the
catalytic

mechanism

and

also

the

functional

relationship of structural similarity that can easily be
done using the in silico approach. In general, the
three dimensional structure of protein is determined
by experimental methods like NMR and X-ray
crystallography, which are quite loathsome, highly
expensive and time consuming in comparison with
the in silico modeling approach. In that case, the
objectives of our study were to build a comparative
protein model and to know some important aspects of
this enzyme using in silico approach and finally
deposition to the PMDB database.

and RACE (Rapid Amplification cDNA Ends) (Zhang
et al., 2014) as the detection methods. In some

Materials and methods

species

Retrieval of target sequence

this

enzyme unveils double coenzyme

specificity (Theivagt et al., 2006). The inhibition in

In this study, the protein sequence of T. aestivum

the functional site of the protein with the reverse

encoding HMG-CoA reductase (TaHMGR) was

phosphorylation process can control plant HMG-CoA

retrieved in Fasta format from the UniProt database

reductase. Protein degradation and calcium element

(www.uniprot.org/uniprot) with accession number

accomplish this inhibition as a post-translational

W5FJD4 for in silico analysis.

modification (Korth et al., 2000). The transcription
and translation process of HMG-CoA reductase
increase with decreasing the product concentrations
of the Mevalonate pathway (Istvan, 2000). On the
other hand, the HMG-CoA reductase concentration
decreases

quickly

with

increasing

concentrations (Nishikawa et al., 1994).
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the

sterol

Physico-chemical

characters

and

secondary

structure prediction
The

essential

and

non-essential

amino

acid

compositions and Physico-chemical properties were
generated

by

the

ExPASyProtParam

server

(www.web.expasy.org/protparam) (Gasteiger et al.,
2005).
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It showed the total number of amino acids, PI value

Template identification and creation of protein

(Bjellqvist et al., 1993), molecular weight, total

model

number of negatively and positively charged residues,

The template was searched by subjecting the target

instability index (II) (Guruprasad et al., 1990),

sequence to Blast using the parameters setting to

extinction coefficient (EC) (Gill and von Hippel,

Protein Data Bank proteins (Pdb) and Blastp (protein-

1989), aliphatic index (AI) (Ikai, 1980), half-life and

protein BLAST) for homology modeling. The template

GRAVY (grand average hydropathy) (Kyte and

was selected based on smaller e-value, maximum query

Doolittle, 1982) value as the significant physico-

coverage and sequence identity (above 50%), lower

chemical

resolution, gap

properties

characterize

a

which

protein

are

model.

important
The

to

Secondary

structures with associated features were predicted by
PSIPRED server (McGuffin et al., 2000).

percentage and

elucidating the

alignments between a query and subject. The SwissModel template library was (Biasini et al., 2014) also
confirmed the template selection. The selected
template was 1DQ8_A and it showed 55% sequence

Phosphorylation and intrinsic protein disorder

identity, e-value 3e-163, maximum query coverage,

regions identification

98%, 2.10 Angstrom resolution, and 0% gaps. After

The phosphorylation sites of the protein were

selecting the template the alignment between target

predicted by submitting the TaHMGR protein
sequence

to

the

Net

Phos

(www.cbs.dtu.dk/services/NetPhos).

2.0
The

Server
NetPhos

2.0 server completed its task based on the artificial
neural network method. This is widely used method
for biological sequence analysis (Blom et al., 1999).
The intrinsic protein disorder or unstructured region,
domain and globularity region were predicted using
the GlobPlot version 2.3 which is mainly common
gateway

interface

(CGI)

based

web

server

(www.globplot.embl.de) (Linding et al., 2003). The
disordered, domain and globularity regions were

and the best template were done using MUSCLE v3.8
(Edgar et al., 2004). The alignment was also performed
using ‘align2d’ function of Modeller 9v14 program.
After performing the alignment between target and
template sequences the homology

modeling of

TaHMGR was done using Modeller 9v14 (Eswar et al.,
2006). Modeller 9v14 is a python based widely
accepted computer program, used to develop protein
3D structures with the expiation of spatial restraint
(Eswar et al., 2006). This computer program builds the
model using the selected sequence, templates and five
python script files (including build a profile.py,
compare.py,

aligned2d.py,

model-single.py

and

predicted by setting the default propensities, disorder

evaluate model.py) incorporating modeler instructions.

prediction, smoothing, globular domain hunting and

The Modeller 9v14 program was used to build forty

plot setting parameters.

protein models and the best protein model was selected

Evolutionary relationships prediction
The sequence homology was identified using NCBI

based on DOPE (Discrete Optimized Protein Energy)
potential score and the model was visualized using
PyMOL v1.3 software.

Blastp 2.2.30+ (Altschul et al., 2005) with nonredundant protein sequence and protein blast

Protein model evaluation and submit to PMDB

parameters. The selected sequences were aligned in

database

Clustal W server (Thompson et al., 1994) .The

The validation of the protein model is very important

evolutionary relationship was predicted using MEGA

for the acceptance to others and for further analysis.

6.0 software (Tamura et al., 2013) based on the

In this case, the generated protein model was

neighbor-joining method (Saitou and Nei, 1987) with

subjected to the PDB sum generate page server

the statistical reliability, including bootstrap analysis

(Laskowski,

through 1000 replications (Felsenstein, 1985).

Ramachandran plot statistics results.

26 Adhikari et al.

2004)

for

the

prediction

of

Int. J. Biosci.

2017

The RAMPAGE was also used to check the

ConCavity (CON), PASS (PAS), Q-site Finder (QSF),

stereochemical quality (Lovell et al., 2003). Then the

LIGSITEcs (LCS), SURFNET (SFN), GHECOM (GHE),

protein model was subjected to Resprox server

POCASA (PCS) and Fpocket (FPR) for increasing the

(Berjanskii et al., 2012) to know the Molprobity score.

prediction success rate (Zhang et al., 2011). The

After completing the evaluation process the model

MetaPocket 2.0 predicts the result after completing

was then opened by Swiss-Pdb Viewer version 4.1.0

the following three steps: calling-based approaches,

(Guex and Peitsch, 1997) software for energy

creating Meta pocket sites and finally representing

minimization. Further the energy minimized model

ligand- binding residues (Zhang et al., 2011). The

was

function annotation was completed by using the

submitted

to

the

SAVES

server

(www.nihserver.mbi.ucla.edu/SAVES) for verify 3D

ProFunc

(Lüthy et al., 1992) and ERRAT (Colovos and Yeates,

(www.ebi.ac.uk/thorntonsrv/databases/profunc),

1993) result. ProSA (Wiederstein and Sippl, 2007)

mostly performs to categorize the biochemical

and ProQ (Benkert et al., 2011) server were also used

function of the modeled protein using different types

for evaluating the protein model. After the evaluation

of methods (Laskowski, 2004). The ProFunc was

and energy minimization the refined protein model of

established through the Midwest Center for Structural

TaHMGR was submitted to Protein Model Database

Genomics (MCSG) as an essential portion of the

(PMDB)

(www.mi.caspur.it/PMDB)

web

server

(Castrignano,

structural Genomics Pipeline (Labarga et al., 2007).

2006)and the model was assigned the following

ProFunc predicts the function by analyzing the

PMDB id: PM0080186.

protein sequence and structure using subsisting and
innovative

methods

and

identify

confining

Structure comparison of TaHMGR protein

relationships

The structure comparison was anticipated by using

functionally active proteins (Laskowski, 2004).

or

functional

motifs

among

the

the iPBA web server, a quick and effective protein
sequence based structure comparison tool (Gelly et

Results and discussion

al., 2011). This server performs depends on similarity

Analysis

in the local backbone conformation (Joseph et al.,

secondary structure of the catalytic domain of

2010; Gelly et al., 2011).

TaHMGR

of

physico-chemical

properties

and

In the present study, the physico-chemical properties
Prediction of potential ligand binding sites and

computed by the ProtParam server found that the

function annotation

HMG-CoA reductase protein had a molecular weight

The potential protein-ligand interaction sites were

of 44.5 KDa and extinction co-efficient value 15930.

anticipated by using the web based MetaPocket 2.0

The molecular weight of a typical plant HMG-CoA

(www.projects.biotec.tu-dresden.de/metapocket)

reductase protein ranges from 60 to 65 KDa but the

(Zhang et al., 2011). This server is executed based on

molecular weight of our selected protein is only 44.5

a consensus method and work together with eight

KDa. So, it is commensurate with the catalytic

effective methods,

domain of HMG-CoA reductase protein.

Table 1. The phosphorylation sites of HMG-CoA reductase of T. aestivum L. predicted by NetPhos 2.0.
Serine Prediction
Position
39
115
164
189
221
244
279
337
368
371
410
415

Score
0.998
0.791
0.942
0.885
0.693
0.943
0.540
0.839
o.994
0.767
0.994
0.591
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Threonine Prediction
Position
Score
44
0.984
97
0.607
137
0.938
156
0.628
165
0.623

Tyrosine Prediction
Position
Score
58
0.927
72
0.750
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The retrieved sequence disclosed the isoelectric point

increased with increasing the aliphatic index value. In

value as 6.94 which demonstrating the weakly acidic

this case, the aliphatic index value, 92.40 represent

nature of the catalytic domain. Thermostability and

such effectiveness of the protein in a wide range of

structural stability of the protein are

temperature.

Table 2. Residues involved with ligand binding sites, predicted by MetaPocket 2.0.
Binding Site No.

Site 1

Site 2

Site 3

Residues
GLY_9^63^
CYS_9^66^
GLY_9^71^
MET_9^198^
TYR_9^72^
THR_9^190^
GLN_9^305^
SER_9^351^
ILE_9^301^
ALA_9^95^
ARG_9^129^
SER_9^60^

GLN_9^64^
GLU_9^67^
ILE_9^61^
PHE_9^56^
LEU_9^349^
VAL_9^73^
GLY_9^304^
GLY_9^341^
LEU_9^75^
VAL_9^77^
ASP_9^229^

ASN_9^197^
MET_9^68^
GLY_9^344
MET_9^196^
GLY_9^346^
ASP_9^306^
THR_9^347^
ALA_9^308^
ALA_9^302^
ALA_9^354^
SER_9^200^

GLN_9^348^
PRO_9^69^
TYR_9^58^
GLY_9^195^
MET_9^194^
LYS_9^230^
PRO_9^307^
GLN_9^74^
ALA_9^350^
PRO_9^76^
GLY_9^55^

GLY_9^345^
VAL_9^70^
CYS_9^65^
ALA_9^193^
VAL_9^343^
GLN_9^352^
GLN_9^309
VAL_9^340^
CYS_9^355^
LEU_9^51^
ASP_9^57^

GLU_9^98^
SER_9^104^
ALA_9^394^
VAL_9^401^

GLY_9^99^
LEU_9^391^
HIS_9^399^
VAL_9^102^

LEU_9^101^
HIS_9^291^
ARG_9^107^

ASN_9^294^
GLN_9^402^
SER_9^390^

CYS_9^100^
LEU_9^400^
ALA_9^103^

VAL_9^12^
LEU_9^26^
ARG_9^31^
PRO_9^2^

ILE_9^17^
THR_9^24^
GLY_9^27^
MET_9^1^

VAL_9^21^
ILE_9^8^
GLU_9^7^
ILE_9^35^

LEU_9^22^
GLN_9^11^
GLU_9^4^
VAL_9^9^

LYS_9^25^
GLU_9^3^
ASP_9^5^

The Guruprasad et al. noted that, the instability index

the positive GRAVY value indicates the hydrophobic

value exceeding 40 indicates the unstable nature

nature while the negative value indicates the

while the value less than 40 specify the stable nature

hydrophilic nature of the protein. So, in this study

of the protein. So, the predicted value 47.05 reveals

GRAVY value 0.065 (positive) expose the hydrophilic

that the selected catalytic domain is unstable in

nature of the catalytic domain.

nature. Kyte and Doolittle stated that,
Table 3. Result showing the function of the best modeled protein predicted by ProFunc (protein biochemical
function prediction server).
SL. NO.

GO Term

Description

Predicted Score

1.

GO:0003824

Catalytic activity

89.22

2.

GO:0005488

Binding activity

88.57

3.

GO:0056491

Oxidoreductase activity

74.71

4.

GO:0050662

Co-enzyme binding

73.12

5.

GO:0048037

Co-factor binding

73.12

6.

GO:0009987

Cellular process

93.78

7.

GO:0008152

Metabolic process

93.28

8.

GO:0044237

Cellular Metabolic process

93.07

9.

GO:0044249

Cellular biosynthetic process

78.17

10.

GO:0055114

Oxidation reduction

74.71
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The ProtParam server also predicted the essential and

respectively for the catalytic domain of TaHMGR

non-essential amino acid composition of the catalytic

whereas the compositions were 6.6%, 9.0% and 4.7%,

domain of TaHMGR. The essential amino acids

respectively, for the catalytic portion of human HMG-

Valine (V), Leucine (L) and Arginine (R) showed the

CoA reductase.

highest composition of 10%, 8.8% and 6.7%,

Fig. 1. The disordered regions of the catalytic domain of TaHMGR. The Red, Cyan, Blue, and Hot pink color
sticks indicate the first, second, third and fourth disordered regions, respectively.

Fig. 2. Evolutionary relationship among HMG-CoA reductase sequences from different plant species were
conducted in MEGA6. The following phylogenetic tree was deduced by using the Neighbor-Joining method and
this finest tree are consisted with the total branch length of 0.81483066. The bootstrap test was conducted using
1000 replications and has been shown next to the branches. The same units such as length have been used
throughout the phylogenetic tree and poisson correction method was used to compute the evolutionary distances.
This analysis included 14 amino acid sequences from different plant species. Entire locations enclosing gaps and
missing data were removed. There were a total of 417 positions in the final data set.
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Fig. 3. (A) Three dimensional structure of the catalytic domain of TaHMGR protein. Helices, sheets and coils are
colored in cyan, magenta and orange, respectively. (B) Topology of the predicted TaHMGR protein and it clearly
displays the presence of α1-α20 (alpha helices) and β1- β10 (beta sheets) in the predicted protein model.
The non-essential amino acids Glycine (G), Alanine

compositions, it can be revealed that the enzyme

(A) and Serine (S) showed the highest composition of

comprises a high composition of Leucine (L), Glycine

10%, 10.5% and 8.6%, respectively for TaHMGR and

(G),

9.0%, 10.7%, and 7.1%, respectively, for human HMG-

compositions showed very little differences between

CoA reductase. After analyzing the amino acid

TaHMGR

Alanine

(A)

and

and
human

Serine

(S)

and

HMG-CoA

these

reductase.

Fig. 4. Ramachandran plot for the modeled TaHMGR. Here, total 362 residues present in the non-glycine and
non-proline regions in the model. 337 residues (93.1%) lies in most favored regions, 25 residues (6.9%) in
additional allowed regions, 0 residues (0.0%) in generously allowed regions and 0 residues (0.0%) in disallowed
regions. It also contains 2 end-residues (excl. Gly and Pro), 42 Glycine residues and 14 Proline residues.
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The amino acid Valine (V) and Leucine (L) raise the

So, the regulation of Valine (V) and Leucine (L)

serum levels of HDL-cholesterol and in this case they

residues in this TaHMGR enzyme may bring a

can be used as valuable components for the reduction

remarkable effect on the research as this enzyme is

of coronary artery diseases like atherosclerosis

also involved in cholesterol synthesis.

(Cojocaru et al., 2010).

Fig. 5. The superposition of the three dimensional model of TaHMGR using iPBA server.
The annotations of secondary structure by PSIPRED

The

NetPhos

2.0

showed that the TaHMGR contained 41.90% (176 AA)

phosphorylation

alpha helices (Hh), 42.14% (177 AA) random coils

encoding protein sequence, including 12 Serine (S), 5

(Cc), and 14.95% (67 AA) extended strand (Ee) while

Threonine (T) and 2 Tyrosine (Y) sites with

the selected template contains 37.04% (173 AA) alpha

significant score. The predicted phosphorylation sites

helices (Hh), 50.53% (236 AA) random coils (Cc), and

with score are shown in Table 1. The phosphorylation

12.42% (58 AA) extended strand (Ee). So, the

site of HMG-CoA reductase has been determined

secondary structural topographies exposed that, the

experimentally in mammals and it appears to be

random coils (Cc) structure of this enzyme is

conserved in plant HMG-CoA reductase protein (Dale

dominated to over alpha helices (Hh), and extended

et al., 1995). The phosphorylation of the protein

strands (Ee) in both targets (catalytic domain of

containing amino acid (Serine, Threonine and

TaHMGR) and template sequence (catalytic portion

Tyrosine) residues affects the cellular signaling

of Human HMGR) which also indicate structural

process and may also prevent the activity of other

similarity between target and template sequence.

amino acid residues (Blom et al., 1999). So, the

sites

server
in

predicted
HMG-CoA

the

19

reductase

results reveal that, identified phosphorylation sites
Analysis of phosphorylation sites

can be used as regulatory sites and may also affect the

In eukaryotes, phosphorylation is responsible for the
regulation

of

cellular

compartments

such

cellular and molecular functions of the protein.

as

regulation of RNA synthesis, DNA repair mechanism,

Analysis of intrinsic protein disorder regions

ecofriendly stress response, metabolism and cellular

The protein sequence which consists of both

diversity (Zhang and Johnson, 2000; Wang et al.,

disordered and ordered regions is called intrinsically

2010; Trost and Kusalik, 2011).

disordered protein (Obradovic et al., 2005).

31 Adhikari et al.

Int. J. Biosci.

2017

The disordered regions are not the useless regions of

which is mainly disseminated in the N-terminal and

the protein sequence because the disordered regions

C-terminal region of the protein. The potential

can contribute the significant role in the molecular-

globular domain (GlobDom) by

interaction

and

definition is located in the position 2-420. There are

translation process, cell signaling and alternative

no low complexity regions in the selected sequence.

linkage

such

as

transcription

splicing (Dyson and Wright, 2005; Ishida and
Kinoshita, 2008). Disordered regions identification of
a protein is essential for useful function prediction
and

structural

determination

to

remove

the

complications in crystallization and refinement of the
protein (Oldfield et al., 2005; Ishida and Kinoshita,

Rusell/Linding

The first disordered region is ‘NGLPLDG’ between the
sequence positions 49-55, second is ‘VSISG’ between
the positions 220-224, third is ‘EVGTVGG’ between
the positions 339-345 and fourth is ‘KGANRESP’
between

the

sequence

positions

362-369

in

TaHMGR. The disordered regions have shown in the
three dimensional structure as Fig. 1. The disordered

2008). In eukaryotes, the disordered regions are

regions do not occur in the same position of all

mainly found in the protein’s functional sites (Dunker

proteins such as the disordered regions are seen in

and Obradovic, 2001). The GlobPlot v2.3 predicts

position 4-42, 72-77, 201-205, 209-214 and 223-228

four intrinsic disorder regions in TaHMGR. The

in Camel milk kappa casein protein (Wadood et al.,

resulting analysis showed that 27 residues are

2014) and in rice Chitinase I the positions are 1-2, 56-

involved in the formation of the disordered region,

70, 80-88, and 319-323 (Sarma et al., 2012).

Fig. 6. Three important pockets of the catalytic domain of TaHMGR protein, predicted by MetaPocket 2.0.The
distances are shown among the pockets and involved Serine residues in Ǻngstroms unit.
The amino acid compositions of a protein, namely

namely Isoleucine, Leucine and Valine and aromatic

aliphatic (Alanine, Glycine), basic (Arginine, Lysine),

amino acids, namely Phenylalanine, Tyrosine and

acidic

Tryptophan

(Glutamine,

containing

(Serine)

Glutamic
and

acid),

(Proline)

reduce

the

intrinsically

disordered

are

regions of a protein (Dunker and Obradovic, 2001;

responsible for creating the disorder regions in the

Orosz and Ovádi, 2011). The results disclose that, the

protein sequence (Orosz and Ovádi, 2011). On the

composition of amino acids, namely Glycine, Serine,

other hand, the aliphatic amino acid residues,

Lysine, Proline, Arginine,
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Alanine and Glutamic acid are present in the

Cymbopogon winterianus (AIZ09174.1), Aegilops

disordered regions and that amino acids may be

tauschii

responsible for the formation of intrinsic disorder

(XP_008796235.1),

regions in this selected protein sequence. The

(XP_009387500.1),

predicted disordered regions will not be visible by UV

(AHI88624.1),

spectrophotometry due to the absence of Tryptophan,

(AAB69726.1), Panax ginseng (AIX87980.1) and

Tyrosine or Cysteine in the regions.

Gossypium arboretum (KHG10514.1), respectively.

(EMT29532.1),

Phoenix

dactylifera

Musa
Dendrobium

acuminate
chrysotoxum

Camptotheca

acuminate

The phylogenetic tree constructed by MEGA 6.0 is
Analysis of evolutionary relationships

illustrated in Fig. 2. The phylogenetic tree result

The protein sequences predicted by Blastp showed

showed that the selected sequences of HMG-CoA

94%, 90%, 89%, 89%, 89%, 89%, 88%, 83%, 82%,

reductase from different plant source, including

81%, 79%, 79% and 78% sequence identity with

TaHMGR separated in two different clusters. These

Brachypodium

clusters showed more than 50 bootstrap values in the

Setaria

distachyon

italica

(XP_003578341.1),

(XP_004957224.1),

Oryza

branches of the phylogenetic tree except in the branch

brachyantha (XP_006660783.1), Sorghum bicolor

between C. acuminate and G. arboretum. The

(XP_002460459.1),

separation of cluster maintains the order level order.

Zea

mays

(DAA62078.1),

Fig. 7. Three important ligand binding residues of the catalytic domain of TaHMGR protein. Helices, sheets and
coils are colored in cyan, magenta and orange, respectively.
The cluster I consists of ten species which were

Cluster II consists of four species, namely D.

further distributed into two sub-clusters. Sub-cluster

chrysotoxum, C. acuminate, P. ginseng, and G.

I comprises eight species, namely S. bicolor, Z. mays,

arboretum which have come from four different

C. winterianus, S. italica, B. distachyon, T. aestivum,
O. brachyantha and A. tauschii which have come
from Poales order and Poaceae family while Subcluster II includes two species, namely M. acuminata

orders, namely Asparagales, Cornales, Apiales and
Malvales, respectively. So, the results proposed to
that the selected plant species containing HMG-CoA
reductase have come from different orders

and

evolved into different groups, but there is strong

and P. dactylifera which are from Zingiberales and

similarity exists among these species and probably

Areacales order, respectively.

have come from a common ancestor gene.
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This result will be helpful for creating postulates

The analysis also exposed that the three dimensional

about

structure of TaHMGR extremely resembled with the

protein

function,

especially

intend

for

biochemical and molecular studies.

catalytic portion of human HMG-CoA reductase,
which designate the possible catalytic similarities

Comparative protein modeling and evaluation
The protein three dimensional structures and its
function

are

important

for

establishing

between them.

the

The validation of the predicted protein models was

controlling mechanism at the molecular level. The

carried out based on the Ramachandran plot

crystal structure of plant HMG-CoA reductase has not

statistics, which shows the complete symmetrical

been determined, but only the homology model has

study along with the stereochmical exactness of the

been published for some plant species (Liao et al.,
2004; Jiang et al., 2006; Kiran et al., 2010; Kalita et
al., 2015). The protein sequence of the catalytic
domain of TaHMGR having accession id W5FJD4 has
no three dimensional structure present in the PDB
(Protein Data Bank) or PMDB (Protein Model
Database). In that case, the template (Pdb id: 1DQ8
chain A) was identified with 55% sequence identity
through the NCBI blast against the Protein Data Bank
for comparative protein modeling. Total five models
were constructed after performing comparative
modeling with Modeller 9v14. The lowest DOPE score

modeled protein structure through evaluating residue
by residue geometry and comprehensive structural
geometry. The predicted model with a lower DOPE
score showed that 93.1% of residues were located in
the most favored regions, 6.9% in additional allowed
regions and there were no residues in the generously
allowed and disallowed regions (Fig. 4.) whereas the
template showed 89.5% in most favored, 9.8% in
additional allowed, 0.6% in generously allowed and
0.1% in disallowed regions. The RAMPAGE also
ensures the model quality by maintaining the criteria.

of the constructed models was deemed to select the

The predicted model showed the good Molprobity

best model. The predicted protein model was

value in bad bond length (-0.33), bad bond angles

functional as a monomer because the selected

0.45) and also in the Ramachandran plot outliers

sequence was a catalytic domain of TaHMGR and

(-0.11). The Verify 3D score above 80% is considered

only a single chain “Chain A” of template “1DQ8” was

as an acceptable score for the model. In the present

used for the comparative protein modeling. The

study, the Verify 3D analysis showed 85.00% for the

selected template is a catalytic portion of human

predicted model, whereas for the template showed

HMG-CoA reductase enzyme (a homo-tetramer)

97.79% residues in the 3D-1D score of greater than

(Istvan et al., 2000) and our selected protein

0.2. ERRAT is used to take the decision about the

sequence is also a catalytic domain sequence of

reliability of a protein model. The ERRAT value for

TaHMGR and only this catalytic domain is conserved

the template and predicted model was 96.873 and

between plant and human HMG-CoA reductase

84.250, respectively. The ProSA is mainly used to find

enzyme. The result revealed that the monomer of the

out the potential errors in protein model. The positive

catalytic domain of TaHMGR consisted of three

Z-score indicates the presence of problematic region

domains, including the small helical N-terminal N-

in the protein model. In our study, the ProSA showed

domain, the largest central L-domain and the

the negative Z-score (-9.18) for predicted model while

smallest helical S-domain (Fig. 3A.) and the topology

the Z-score value for the template was -8.6 in the

of our predicted protein model shows twenty alpha

NMR region, designating the acceptability of the

helices and ten beta sheets (Fig. 3B.) which are also
comparable to human HMG-CoA reductase (Istvan et
al., 2000) and different plant species, namely,
Artemisia annua (Kiran et al., 2010), Eucommia
ulmoides (Jiang et al., 2006), and Taxus media (Liao
et

al.,

2004)

HMG-CoA

previously.
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reductase

reported

predicted model. The energy plot ensures the finest
compatibility between target and template sequence.
The evaluation process using Ramachandran plot
statistics, Verify 3D, ERRAT quality factor and ProSA
Z-score confirms the quality of the predicted model in
comparison with the template.
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The energy of the predicted model before energy

After

minimization and after energy minimization was -

MetaPocket 2.0 clusters the top 3 files from various

completing

the

cluster

technique,

the

5558.672 and -22260.557, respectively. The ProQ

algorithmic methods. This server finds out the six

(Protein Quality Predictor) server predicted the LG

metapocket clusters for the submitted protein model,

score (4.147) and MaxSub score (0.348). The LG and

but the best three pockets sites are considered for

MaxSub score of ProQ server confirms the quality of

presenting the results (Fig. 6).

the model as an extremely good model and good
model, respectively. The evaluated protein model was

The result showed the first metapocket site (MPT 1)

deposited in PMDB database and assigned with a

consists of seven pockets. These seven pockets

PMDB id: PM0080186. The three dimensional model

include the first pocket from Concavity (CON-1, Z-

of TaHMGR, using the best template 1DQ8 chain A

score 1.00), the second pocket from Fpocket (FPK-2,

was visualized using PyMOL software that contains

Z-score 1.53), the first pocket from GHECOM (GHE-1,

helices, sheets and coils.

Z-score 4.60), the first pocket from Ligisitecs (LCS-1,
Z-score 7.38), the second pocket from PASS (PAS-2,

Structure comparison assessment of HMG-CoA

Z-score 0.87), the first pocket from POCASA (PCS-1,

reductase enzyme

Z-score 1.99), and the first pocket from SURFNET

Comparative structural analysis of TaHMGR enzyme

(SFN-1, Z-score 6.82) with total Z-score 24.18.

was performed using the iPBA server. The structural
comparison of the model helps to comprehend the

The second MetaPocket site (MPT-2) comprises of five

essential character of protein and their functions. The

pockets, from CON-2 (Z-score -1.00), GHE-2 (Z-score

functions of newly identified proteins can also be

0.97), LCS-2 (Z-score 1.63), PAS-1 (Z-score 1.33) and

assessed by observing the structural co-relationships

PCS-2 (Z-score -0.34) with total Z-score 2.60. The

(Ingale and Goto, 2014). The energy minimized

third and final MetaPocket site (MPT-3) contains two

protein model was superimposed with the selected

pockets, from the third pocket FPK-3 (Z-score 1.42)

template. The superimposed model of TaHMGR with

and the third pocket SFN-3 (Z-score 0.32) with total Z-

a template at zero degree angles is exhibited in Fig. 5.

score 1.74. The residues involved in the potential three

The result predicted by the iPBA server showed the

ligand binding sites of TaHMGR is shown in Table 2

lowest RMSD score of 0.40 Angstrom with the

and also in the three dimensional structure (Fig. 7).

normalized score of 400.30 and 91.10% of its residues

The potential ligand binding sites are consisted of total

is aligned in the predicted model. The predicted

94 residues which are divided into three sites. The site

GDT_TS score was 89.63 for the predicted model.

1 contains 56 residues; site 2 contains 17 residues while

The GDT_TS score ranges from 0 to 100 but the score

the site 3 contains 19 residues. The site 1 contains a

50 or more than 50 is deliberated as significant for

high

structural relationship. So, the predicted score 89.63

Glutamine and Aspartic acid residues and site 2

demonstrating the significant structural similarity

contains Alanine, Serine and Valine residues while the

between target and template sequence. Finally, the

site 3 contains Valine, Glutamic acid, Isoleucine and

superimposed model of HMG-CoA reductase with

Leucine residues, but the amino acid residues Glycine

RMSD and GDT_TS score specifies the same fold of

(G), Valine (V), Leucine (L), Arginine (R), Glutamic

the predicted and template model.

acid (E) and Glutamine (Q) were common in all the

composition

of

Glycine,

Alanine,

Valine,

three binding sites.
Analysis of potential ligand binding sites and
function

In TaHMGR, the first and third binding sites contain

The protein surface contains the cavities or pockets

Lys25 and Lys230; respectively, while the Lysine

where small molecules or ligands can bind directly

residue (Lys735) is present in human HMG-CoA

and contribute to structure based drug design

reductase and it helps to clamp the substrate to

(Huang, 2009).

enzyme (Istvan et al., 2000) and
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other residue Lys692 makes the ion-dipole contact

Conclusion

with the C1 carboxylate of statins (Istvan and

In this in silico study, various Bioinformatics tools

Deisenhofer, 2001). The amino acid residues Alanine

and servers have been used for the analyses and

(Ala751) and Leucine (Leu853) makes hydrophobic
interactions with the HMG part of human HMG-CoA
reductase(Istvan et al., 2000) and in TaHMGR the
residues Ala95, Ala193, Ala302, Ala308, Ala350, and
Ala354 present in the first binding site and Leucine is

protein model building of TaHMGR. The selected
protein sequence is a catalytic domain and is weakly
acidic, unstable, high temperature sensitive and
containing phosphorylation sites, regulatory amino

present in all the three binding sites (Fig. 6). In

acid residue Serine, Threonine and Tyrosine. There

human HMG-CoA reductase, Ser684 stabilizes the

are four disordered regions existing and amino acid

substrate by creating a hydrogen bond (Istvan et al.,

residues mainly Proline, Lysine, Glycine and Serine

2000) and in TaHMGR ‘Ser60, Ser200, Ser351’ and

are involved in the formation of disordered regions in

‘Ser104, Ser390’ are involved in the formation of first

this protein sequence. The predicted catalytic domain

and second binding sites, respectively (Fig. 6.) and

model is functional as a monomer and is containing

maybe these residues also acts like as human HMGCoA reductase.

small helical N-domain, the central L-domain and the
smallest helical S-domain and also having three

The Glutamic acid (Glu559) act as a proton donor in

important ligand binding sites.

human HMG-CoA reductase (Istvan et al., 2000)
while the Glu67 and Glu98 are involved in the

This catalytic domain model is involved in binding

formation

site,

and oxidoreductase activity and also in cellular and

respectively, and the residues Glu3, Glu4, and Glu7

metabolic processes as its vital functions. Finally, we

are involved in the third binding site formation (Fig.

hope and expect that these findings will afford

6). Arginine is present in all the three binding sites of

primary necessary information to initiate a wet lab

TaHMGR and the Arginine (Arg590) makes an ion-

research in improving the structure based drug design

dipole

of

first

interaction

and

in

the

second

statins

binding

(Istvan

and

Deisenhofer, 2001). So, the results demonstrated that
the predicted three important ligand binding sites or
pockets and involved residues may be used as an
initial target point for further functions prediction
and improvement of structures based medicine.
The protein structure is important for the function
prediction, but the low availability of structural

using the TaHMGRin near future.
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