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Abstract 

Fatty acid desaturase 2 is a membrane bound enzyme of fatty acid desaturase

on the chromosome 1 of the rat genome. Like other membrane bound protein it has important physiological and industrial 

importance. Most importantly, the synthesis of polyunsaturated fatty acids requires the pr

However, the lack of its three-dimensional structure hinders the understanding of its biological function at molecular level. 

Sequence analysis was done using sequence alignment and phylogenetic which shows the evolutiona

the sequence under study and its homologous proteins retrieved from PDB databank. To investigate in its functions, docking 

studies of heme ligand onto the predicted 3D structure of Fatty acid desaturase 2 from rat was conducted using 

computational methods. The ligand got docked o

interacting residues when compare to interacting residues between heme and the experimentally determined structure of the 

template protein used while building the 3D model of fatty acid desaturase 2 through homology modeling technique.
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Introduction  

Fatty acid desaturase 2 is a membrane bound enzyme, also 
called delta (6) fatty acid desaturase (D6D), encoded by the 
FADS2 gene located on the chromosome 1 of the rat genome
This enzyme is involved in lipid metabolic pathway of highly 
unsaturated fatty acids (HUFAs) through substrates binding
HUFAs are known to be important in membrane fluidity as well 
as in the inflammation processes and brain development
demonstrated that this enzyme catalyzes both Linoleic acid (LA) 
and α linoleic acid (ALA) into γ linoleic acid and stearidonic 
acid respectively4,5. Watanabe and his co-authors worked on the 
designation of residues involved in the specific interaction of 
membrane binding fatty acids6. The same study shown elements 
needed for the conformational stabilization of the enzyme
another research, the involvement of HIS-box, a liga
motif required for electron transfer, was investigated
mammals, FADS2 plays a major role in cell signaling by acting 
as secondary messengers which activate the transcription 
factor3. FADS2 is also linked with both the decrease and 
increase of lipoprotein3. Activation of HUFAs are considered to 
have critical importance in the development of vertebrates and 
in the prevention of cancers, cardiovascular disease, and 
diabetes8. The investigation using site-directed mutagenesis 
techniques revealed that the activity of D6D depends 
histidine of cytochrome domain9. Though the interaction 
between this domain and its homologs, significantly increases 
the enzyme activity; the function of HPGG motif is not yet clear 
and the role of cytochrome b5 to increase the desaturation 
activity is not known9. Many other investigations have been 
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Fatty acid desaturase 2 is a membrane bound enzyme of fatty acid desaturase family. It is encoded by a gene Fads2 located 

on the chromosome 1 of the rat genome. Like other membrane bound protein it has important physiological and industrial 

importance. Most importantly, the synthesis of polyunsaturated fatty acids requires the presence of fatty acid desaturase 2. 

dimensional structure hinders the understanding of its biological function at molecular level. 

Sequence analysis was done using sequence alignment and phylogenetic which shows the evolutiona

the sequence under study and its homologous proteins retrieved from PDB databank. To investigate in its functions, docking 

studies of heme ligand onto the predicted 3D structure of Fatty acid desaturase 2 from rat was conducted using 

methods. The ligand got docked onto the binding sites of the predicted model with more or less similar 

interacting residues when compare to interacting residues between heme and the experimentally determined structure of the 

used while building the 3D model of fatty acid desaturase 2 through homology modeling technique.
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desaturase 2 is a membrane bound enzyme, also 
called delta (6) fatty acid desaturase (D6D), encoded by the 

of the rat genome1. 
This enzyme is involved in lipid metabolic pathway of highly 
unsaturated fatty acids (HUFAs) through substrates binding2. 

s are known to be important in membrane fluidity as well 
as in the inflammation processes and brain development3. It is 
demonstrated that this enzyme catalyzes both Linoleic acid (LA) 

 linoleic acid and stearidonic 
authors worked on the 

designation of residues involved in the specific interaction of 
. The same study shown elements 

needed for the conformational stabilization of the enzyme6.  In 
box, a ligand binding 

motif required for electron transfer, was investigated7. In 
major role in cell signaling by acting 

as secondary messengers which activate the transcription 
also linked with both the decrease and 

. Activation of HUFAs are considered to 
have critical importance in the development of vertebrates and 
in the prevention of cancers, cardiovascular disease, and 

directed mutagenesis 
techniques revealed that the activity of D6D depends on 

hough the interaction 
between this domain and its homologs, significantly increases 
the enzyme activity; the function of HPGG motif is not yet clear 
and the role of cytochrome b5 to increase the desaturation 

gations have been 

conducted on fatty acid desaturase 2 using both 
vitro techniques to find out its function but none of them 
characterized a clear structure function relationship. This reveals 
the necessity of structure-function characteriza
important enzyme. This study aims to predict the 3
structure of the enzyme and evaluate the structure
relationship using in silico technique
 

Methodology 

Sequence information of Fatty acid desaturase
number: q9z122) was retrieved from UniProt database
FASTA format was submitted to SWISS MODEL server to 
search for potential template structures
iterated mode with PDB as database, was activated
Theoretical structure of fatty acid desaturase 2 was predicted 
either by threading (I TASSER server)
(SWISS MODEL server)11 approaches, based on sequence 
identity. Based on output generated by sequence alignment, 
multiple sequence alignment of fatty acid desaturase 2 and its 
top homologous proteins, was performed by accessing Clustal 
omega17. To evaluate the evolutionary relationship between 
fatty acid desaturase 2 and its homologous proteins, 
phylogenetic analysis was conducted using PHILIP package 
which generate a CONSENSE tree
consense programs of the package. 
 
The three dimensional (3D) structure of f
was predicted by submitting the primary sequence information 
of this protein along with the template retrieved by PSI
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conducted on fatty acid desaturase 2 using both in vivo and in 

techniques to find out its function but none of them 
characterized a clear structure function relationship. This reveals 

function characterization of this so 
This study aims to predict the 3-dimentional 

structure of the enzyme and evaluate the structure-function 
techniques. 

Fatty acid desaturase 2 (accession 
q9z122) was retrieved from UniProt database10. The 

FASTA format was submitted to SWISS MODEL server to 
search for potential template structures11-14 and PSI-BLAST 
iterated mode with PDB as database, was activated15. 

atty acid desaturase 2 was predicted 
either by threading (I TASSER server)16 or homology modelling 

approaches, based on sequence 
identity. Based on output generated by sequence alignment, 

atty acid desaturase 2 and its 
top homologous proteins, was performed by accessing Clustal 

To evaluate the evolutionary relationship between 
atty acid desaturase 2 and its homologous proteins, 

phylogenetic analysis was conducted using PHILIP package 
nerate a CONSENSE tree18 via seqboot, promlk and 
programs of the package.  

The three dimensional (3D) structure of fatty acid desaturase 2 
was predicted by submitting the primary sequence information 
of this protein along with the template retrieved by PSI-BLAST 
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tool, to SWISS MODEL server in the automated mode12. The 
3D structure initially obtained was submitted to ERRAT 
server19 for quality factor control. Loop regions showing high 
percentage error was then refined using MODLOOP server20, 
based on the output generated by ERRAT server. The refined 
3D model was subjected to energy minimization using Deep 
view package then submitted to PROCHECK server21  for 
checking its stereochemistry status22. 
 
Docking studies were undertaken by opening the energy 
minimized 3D model of fatty acid desaturase 2 and the 3D 
structure of heme ligand, into HEX software. This exercise was 
started by activating the shape and electrostatic energy of the 
software and both conformation and interaction energies were 
recorded at the completion of docking process. 
 
Results and Discussion 

Molecular modeling: PSI BLAST tool was able to retrieve 
sequence homologs from PDB databank having more that 30 % 
sequence identity which is essential for homology modeling 
(Figure-1). Among the retrieved homologs, 1CYO chain A was 
selected to serve as model structure for structure prediction. 
Multiple sequence alignment has shown conserved regions 
between the query sequence and top 5 structural homologs 
retrieved by PSI BLAST tool. 

From Figure-2 showing multiple sequence alignment, some 
conserved domains were retrieved. These are “EEIQKH”, 
“KVY”, “HPG”, “DAT” and “IGEL”. Maithri and her 
collaborators have used Multiple sequence alignment to analyze 
sequence similarity between aminopeptidase N from H. 
armigera with selected PDB homologs using ClustalW23. 
 
The evolutional relationship between the query sequence and its 
homologs was analyzed. Phylip package was able to construct a 
consensus tree which shows the revel of relationship among 
compared homologous proteins. It appears that two sets of 
proteins (“1CYO-1HKO and 3OZZ”) are closely related to fatty 
acid desaturase 2 and for this reason; it was chosen to serve as 
template while predicting the model structure of fatty acid 
desaturase through comparative modeling. 1CYO-1HKO are 
sister clades as they are placed on the same tree branch and 
3OZZ can be considered as precursor of fatty acid desaturase 2. 
While 2I96 could be seen as the out group, a set of proteins 
placed above fatty acid desaturase 2 (seven proteins in a red 
box) can evolutionally be considered as delivered from fatty 
acid desaturase. There are published articles in which 
phylogenetic analysis was used as one way to study evolutional 
similarities between the query and target sequences of 
proteins24,25. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure-1 

Top sixteen homologs retrieved by PSI BLAST tool at the completion of 21
st
 iteration 
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Figure-2 

Multiple sequence alignment showing fully conserved motifs (underlined in red) among the alignment proteins 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure-3 

Consensus unrooted tree generated for fatty acid desaturase 2 from rat using Promlk program of PHYLIP. 
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The number on the branches indicates the number of times a 
given branch appeared among the tees out of 100 trees 
generated by the package. 
 
Structure prediction: Both the results of sequence alignment 
and phylogenetic analysis gave insight on the template to be use 
for three-dimensional structure prediction of fatty acid 
desaturase 2. Based on both analyzes, 1CY0 was selected to as 
the template for homology modelling. This protein was selected 
based on the fact that it was determined using x-ray 
crystallography with a better resolution and it is among those 
with higher sequence identity, compared to other proteins 
candidates to serve as template for homology modeling 
exercise. Swiss model was able to generate a model of fatty acid 
desaturase 2. This model is generally considered to be the best 
one as it recorded the highest C-score. A model with a higher C 
score indicates a better structural match with the template 
structure used to build the model. This also is of great 
importance in anticipating the protein functions by utilizing the 
template protein26.  The model obtained was submitted to 
ERRAT server for quality factor. This server shown that the 
quality was of accepted range and there was no loop to be 
refined (Figure-4). 
 
The energy minimized structure was further validated using 
PROCHECK server. The later revealed that 89.2 % residues 
were in the favored region and the remaining 10.8% were in the 
allowed region with a reasonable overall G factor (-0.6). A G 
value of not less than -0.5 is indicates the satisfaction quality of 
the predicted model27. Prabhavathi et al., used ROCHECK to 
check the quality of the predicted thioredoxin (TRX) protein28. 

Both the predicted model of fatty acid desaturase and the 
template structure used to predict it were superimposed. They 
got more or less superimposed with overall RMSD of 0.333 Å. 
The structural sequence alignment shows that more regions of 
both proteins got fully aligned (Fig 7).In our previous study, we 
used structural superimposition as one of ways to model the 
interaction between MC2R and ACTH models from human29. 
 
Docking studies: Hex software was successful in docking the 
ligand (Heme) onto the predicted model of fatty acid desaturase 
2 and has generated ten poses. Among all poses, the first one 
having a higher docking energy (-365.65 kcal mol-1) was taken 
for further analysis. Active residues of the complex analyzed by 
Deep view software shown 20 active residues. These revealed 
interacting residues are: Leu37,77,86,89, Ile39,60, Tyr44,63, Val46,59,82, 
Trp49, His53, Pro54, Gly55, Ala68,71, Phe72,75,81. Majority of these 
interacting residues being nonpolar “Leu, Val, Pro, Gly, Ala, 
Phe, Trp and Ile”. Interacting residues between the native 
template structure 1CYO, used for homology modeling of fatty 
acid desaturase 2 and native heme ligand were analyzed for 
comparison. While the predicted model interacts with the ligand 
with 20 residues, the template structure interacts with 23 which 
are: Leu23,24,32,46,70, Tyr30, Phe35,58,74, His39,63 Pro40, Gly41,62, 
Val45,61, Gln49, Ala54,67, Asn57, Ser64,71, and Asn66.Umme and 
her colleagues    docked epigallocatechin (EGC) onto the middle 
domain of theoretical structure of cytoplasmic Hsp90 dimer of 
Arabidopsis thaliana, in their study “molecular dynamics 
simulation of homology modeled cytosolic hsp90 iso form from 
Arabidopsisthaliana”

30 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure-4 

Errat plot showing the quality factor of the energy minimized predicted model of fatty acid desaturase 2 
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   (a)        (b) 

Figure-5 

(a) template structure used for structure prediction of the model (b) of fatty acid desaturase 2 from rat. The image was 

generated by CHIMERA package 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure-6 

Superimposition of the model structure predicted onto the template structure (1CYO colored in cyan). The image was 

generated using CHIMERA package 
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Figure-7 

Structural alignment of the template structure (1CYO) and the predicted model of fatty acid desaturase 2 from rat. The 

image was generated using CHIMERA package 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure-8 

Interacting residues between (a) HEME ligand with the template structure and (b) HEME with the predicted model of fatty 

acid desaturase 2 from rat. Image was generated using PyMol software 

 

Conclusion 

The predicted structure of fatty acid desaturase 2 contains a 
cytochrome b5 binding domain. This domain acts as the 
catalytic region since it is similar to 1CY0, the protein used to 
predict the 3D model of fatty acid desaturase 2. The overall 
function should be electron transfer during the process of 
desaturation. Docking studies confirmed the affinity of heme 

ligand towards the predicted model. While twenty residues of 
the predicted 3D model were seen to be interacting with heme 
ligand, 23 residues of the protein used as template structure for 
homology modeling exercise; were interacting with the ligand. 
All interacting residues from both the model and template are 
believed to be of the same binding domain. This study revealed 
that fatty acid desaturase 2 from rat has the binding site of heme 
ligand.
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