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Introduction 
Annatto (Bixa orellana L.)  plant contains pigment contains bixin  

and norbixin, valuable natural colorants (Rodrigues et al.,2007).
These pigments  are widely used for industrial food and beverages, 
cosmetics, and as natural dyes for textiles (Chattopadhyay  et al., 
2008). Bixa orellana seed extracts also lowers blood glucose level 
by stimulating peripheral utilization of glucose so the seed might 
be of pharmacological importance (Russell et al., 2008). The natural 
dye bixin is extracted from the seed of the annatto plant and widely 
used as food colorant. Many restrictions are on the use of synthetic 
additives in the food industry as the synthetic dye having adverse 
effect but the investigation on biochemical properties of Bixa 
orellana plants and seed extracts  has proven that it is having tumour 
inhibiting capacity (Reddy et al., 2005).Bixin is produced from the 
sub-pathway of isoprenoid biosynthesis. More specifically from the 
translycopene the bixin synthetic pathway diverges by the enzyme 
Lycopene cleavage oxygenase and further the action of intermediate 
enzymes like Lycopene beta cyclase and Lycopene epsilon cyclase 
lead to production of the pigment (Bouvier et al., 2003).So due 
to highly commercial and pharmaceutical importance and also to 
understand the biochemical and molecular basis of the biosynthesis 
of the natural compound is an interesting task. The first enzyme i.e. 
Lycopene cleavage oxygenase of the bixin synthesis pathway has been 
considered for the present study.The present study aim to model 
and validate the 3D structure of Lycopene cleavage oxygenase by 
computational approach whose structure has not been reported yet. 
Then to check the reliability of the model and validation purposes 
various tools and molecular dynamics method is used. This work may 
be further carried out for the biotechnology directed natural food 
colorant production in industrial level.

Materials and Methods 
Sequence retrieval and 3D model building

The synthetic pathway of bixin production was obtained from the 
Metacyc pathway database, which is a sophisticated way to retrieve 
metabolic pathway data along with the sub biochemical reactions in 
detail (Caspi et al., 2010).The sequence for the Lycopene cleavage 

oxygenase enzyme was retrieved from Swissprot   database from 
Expasy server (Schneider et al.,2004) and a protein BLAST search 
was performed against PDB (Protein Databank) to retrieve the 
corresponding template for the enzyme (Altschul  et al.,1990). The 
model was built by MODELLER9v7 program and it uses an automated 
approach to comparative protein structure modelling (Eswar et al., 
2008). In brief the modelling procedure begins with an alignment of 
the sequence to be modelled (target) with related known 3D structures 
(templates).The output is a 3D model for the target sequence 
containing all main chain and side chain non-hydrogen atoms (Andrej 
et al., 1993). The program also employs probability density functions 
(PDFs) derived analytically using statistical mechanics and empirically 
using a database of known protein structures as the spatial restraints.

Model validation and Molecular dynamics study

The MODELLER generated structure was verified for the missing 
side chains by SCWRL4 tool (Krivov et al.,2009) further verified 
by PROCHECK (Laskowski et al.,1993).The PROCHECK program 
provides the information about the stereo chemical quality of a given 
protein structure and was used to generate Ramachandrans plot. 
The DOPE (discrete optimized potential energy) score of modeller 
output per residues of the model was observed. DOPE score is 
calculated by Modeller program which is the distance dependent 
statistical potential based on probabilistic theory. This is extremely 
useful in making decisions about reliability (Shen et al., 2006).For 
the calculation of RMSD (Root mean square deviation) and Energy 
value of the model protein GROMACS 4.0.4 (Groingen Machine for 
Chemical Simulation) was used (Vander spoel et al., 2005).GROMACS 
is a versatile package to perform molecular dynamics that simulates 
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Abstract

Bixin is a natural dye and a high commercial important compound, produced from Bixin synthetic pathway in case of 
Bixa orellana plant. The particular enzyme Lycopene cleavage Oxygenase catalyzes the fi rst step of reaction pathways 
from Trans-lycopene to Bixin synthesis. The 3D structure of the enzyme was predicted by MODELLER program and 
the missing side chains were verifi ed by SCRWL4 tool. Model validation was done by using the output of PROCHECK 
and DOPE score. The Ramachandran plot for the model was observed as 87.3 percentages of residues is in favourable 
regions that indicate the model is reliable. Molecular dynamics simulation of the model protein was performed in water 
5 lakh times for 1000 Pico second and at 300K by GROMACS software in a high performance computing environment. 
The energy value and RMSD (Root men square deviation) fl uctuation of Carbon alpha back bone of the model was 
computed that confi rms the stability of the model protein.
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the Newtonian equations of motion for systems with hundreds to 
millions of particles (Hess et al., 2008). The model was subjected to 
molecular dynamics simulation in water at 300 K temperature and 
for 1000 pico second by using Gromos 43a1 force field of GROMACS 
tool. The computing facility utilised is High performance cluster for 
Biological Applications which is based on Intel Xeon Dual Quad core 
as processor, Gluster HPC 1.3 X86-64 bit edition ,total 16 nodes each 
having 4GB of memory. 

Results and Discussions 
Homology modelling of Lycopene cleavage oxygenase

The considered suitable template having PDB ID 2BIW (Kloer et 
al., 2005) for Lycopene cleavage oxygenase protein was obtained 
from BLAST search. Then Modeler9v7 program was used to generate 
the three dimensional structure (Figure 1). Modelling was performed 
for 10 times and the output of the model having lowest molpdf value 
was chosen as the final model. 

Structure validation by DOPE score and PROCHECK 

To verify further the predicted structures, The DOPE score for 
the model was obtained from Modeller output has been shown in 
(Figure 2). From the figure the peak indicates that there is no defect 
in the loop regions of the model. Also the validation of the model was 
carried out using Ramachandran plot calculations computed with the 
PROCHECK program. The  and  distributions of the Ramachandran 
plot of non-Glycine, non-Proline residues are summarized in (Figure 
3). Altogether 100% of the residues were in favoured and allowed 

regions. The overall G-factor (Goodness factor) used was computed. 
(Table 1)

Molecular dynamics simulation study

The molecular dynamics simulation was performed. Both 
energy and root mean square deviation plots were derived from the 
respective trajectory file by Gromacs software output. The potential 
energy for the protein was initially high but during course of 
simulation it has been come down. Similarly the high kinetic energy 
shows the constant value however the total energy is low (Figure 
4). The RMSD fluctuation plot shows the C-alpha backbone deviation 
during the simulation process is within the range 0.25-0.69 (Figure 5). 
Since it is a tolerable fluctuation in the backbone hence it confirms 
the model protein is stable. 

Here in this work, we propose a valid and stable 3D model of 

Figure 1: The fi nal considered model from Modeller output (Visualisation by 
Chimera).

Figure 2: Analysis of the DOPE score profi le of the model obtained from 
Modeller.

Figure 3: Ramachandran plot calculation of the psi/phi angle distribution of the 
model as computed by PROCHECK program.

% residues in favourable regions 87.3
% residues in additional residue regions 9.7
% residues in generously regions 2.3
% residues in disallowed regions 0.6
% of Non Proline and non Glycine residues 100
Over all G- factor -0.04

Table 1: Ramachandrans plot calculations on 3D model of Lycopene cleavage 
oxygenase protein computed with the PROCHECK program.

Figure 4: Energy plot obtained during 1000 Pico second molecular dynamics 
simulation of the model at 300 K temperature by Gromacs tool.
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Figure 5: The Root mean square deviation plot (Carbon Alpha back bone) 
obtained from Gromacs tool during molecular dynamics simulation for 1000 
Pico second.

Lycopene cleavage oxygenase enzyme whose structure is not present 
in PDB (Protein data bank) .Positive results obtained both from model 
validation followed by molecular dynamics simulation confirms our 
prediction. This in-silico work may be used further to predict the key 
residues in the substrate binding site of the enzyme  that would lead 
to use of   protein engineering approach to enhance the production 
of the  important compound i.e.  Bixin.
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