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Delta 6 desaturase is a key enzyme involved in the production of 

omega 3/6 fatty acids and it is the rate-limiting step. The study aims to 

characterize the delta 6 desaturase enzyme and to find the binding 

affinity of various ligand with the protein by docking. It is found that 

delta 6 desaturase enzyme sequence is very unique and has less 

similarity with the other desaturase protein. The structural analysis was 

performed by Ramachandran plot and SCOPe structure prediction.  

Modeller is used to determine the DOPE score of the selected enzyme. 

The lowest DOPE score protein is chosen to determine the binding 

affinity of ligand molecules. Three different ligands were selected and 

its interaction was determined by the PyRX – Autodock Vina. These 

studies will give a better idea of the interaction of various molecules, 

which help to deduce its function by further experimentation.    
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Introduction:- 
Omega 3/6 fatty acids is a polyunsaturated fatty acid mainly required for human nutrition purpose. The deficiency 

may lead to chronic disorders. The major functions include maintenance of cholesterol, reduction of weight, brain 

development, anti-inflammatory, etc.  Delta–6– desaturase enzyme is a rate-limiting enzyme in the pathway. It is 

helpful to introduce the double bonds in the fatty acid chain. Different desaturase enzymes are reported in various 

species and humans also. But each sequence is unique [1]. The sequence similarity is found to be very less. It is 

found in various organelles.  

 

Fish is the major source of the omega 3/6 fatty acid production [2,3]. Recently, Microalgae is found to be one of the 

sources for the production of omega 3 fatty acids [4]. So far only one protein was reported in the database. Much 

research is required for the prediction of proteins involved in the production of these compounds. The present study 

aims to identify and characterize the delta - 6 - desaturase enzyme. After determining the structure, it is proposed to 

establish the binding affinity of small molecules with the protein by docking.   
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Methodology:- 

Selection and characterization of enzyme : 

The main enzyme responsible for the EPA synthesis is omega -3/6- fatty acid desaturase. This enzyme is selected for 

the current study. The structure analysis and validation were performed using SCOPe, and SWISS-MODEL 

analysis. Discrete optimized Protein Structure (DOPE) was calculated from the query sequence along with the 

similar sequence obtained from NCBI.  

 

Docking studies: 

Docking studies were performed using PyRx software. The ligands are selected for the auto docking with the least 

DOPE structure. The ligands are ATP (adenosine triphosphate), molecular GOL, NAP, and Gly (glycine). The 

binding affinity of the docking was predicted and concluded.   

 

Results and Discussion:- 
Selection and Characterization of enzyme.   

Theomega 3/6 fatty acid desaturase used for the study was given in Table.1.  The accession number, FASTA 

sequence, description was detailed in Table.1.  The FASTA sequence was used to find the similar sequence using 

BLASTP. Only one protein sequence was obtained against the BlastP search (Figure.1). Similar fatty acid desaturase 

of other organisms also shows less or nil similarity against the PDB database. This indicates the more research is 

required for the structure prediction and deriving the molecular interaction of this enzyme. The similar other protein 

was obtained from the PDB database for predicting the DOPE analysis. In addition to 24yy, 6j2y and 4b0n was 

selected. These are other desaturase enzymes from other organisms. Scope analysis is performed to the structural 

classification of proteins (Figure.2). The Ramachandran plot statistics were performed using the SWISS-MODEL, 

and the results are depicted in Figure. 3. It is about 93.5%, which resembles the stability of the structure of the 

protein.   

 

Modeller 9.24 is used for the DOPE analysis. The sequence alignment is predicted by the Weighted pair-average 

clustering based on the distance matrix (Figure.4). It shows the 6j2y has some similarity with 24yy than 4b0n. The 

DOPE score is also given in Figure.5. The least DOPE score model is taken for the docking studies.   

 

Docking studies: 

The ligands were docked with the lowest DOPE score PDB structure. The lowest DOPE score and structure are -

27204 and qseq1.B9990001. Autodock Vina embedded in PyRx is used for the study. Initially, energy minimization 

is done for all the ligand molecules. ATP is found to lowest binding affinity. Table. 2 represents the binding affinity 

with the energy minimization value of the ligand.  

 
Fig. 1:- Sequence similarity results obtained from NCBI against the query sequence. The percentage identity 

was only 43.24%. 
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Figure.2:- Structural lineage of the query sequence predicted in SCOPe. Only one 

PDB entry (6j2y) for Nannochloropsis only reported.  

 

 
Figure 3a:- Ramachandran plot shows the residues present in the most favored region. 
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Figure 3b:- Ramachandran plot shows the residues present in the most favored region. 

 

 
Figure 4:-Sequence similarity obtained from the MODELLER. 6j2y is found to be similar to 2y44.  
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Figure 5:- DOPE scores obtained from the MODELLER. The first one is found to be the least score which is 

used for docking studies. 

 

Table 1:- Details of the omega-6 fatty acid desaturase enzyme, its accession number, aa length and sequence.  

Source  Fasta Sequence  

Chlamydomonas sp. ICE-L ANF04698.1 omega-6 fatty acid desaturase [Chlamydomonas sp. ICE-L]  

ACCESSION    

ANF04698  

 

Sequence Length 389 aa  

>ANF04698.1 omega-6 fatty acid desaturase [Chlamydomonas sp. ICE-L]  

Madrlanmdetqrlvladewgfttvgellpdgadpiilassmsddvrdidggtaftralaplalmvsayawmwfmhs 

IipvwqlvicwiaigtgytglftlahdaargaltpsaprlqEflgslimapslysfqawrlrfishiifpnvlglddsawqp 

VtvealagmgsrarqlarliattplrllgslghclhsfgGfdlkeytpdsradilsswavptvfaaaavsvlvvcggis 

AlvsvwlmpllvfhvwlstltivqhtaphipfkmagldyDlgqaavsgtvtatlprwleyilndanyhlpqhldptvp 

Cyhareateqlrerlgpymteaplslkllaniitcwqvydeesntymtfdeaiklieeaesaesaesapaqaa 

 

Table.2:- Binding affinity and energy minimization values of the different ligand molecules against the protein.   

Ligand  Binding Affinity  

qseq1.B99990001_ATP_uff_E=1652.16  -6.1 

qseq1.B99990001_NAP_uff_E=2004.40  -5.9 

qseq1.B99990001_750_uff_E=27.51  -3.9 

 

Conclusion:- 

Omega 3/6 fatty acids is playing a major role in human health. The delta – 6 - desaturase is the rate-limiting 

enzyme for the production of omega 3/6 fatty acids. The enzyme is found to interact with many molecules in 

the human body and other organisms. Homology modeling and Ramachandran plot was done to validate the 

structure of the protein. The docking studies helped to understand the interaction of the protein with different 

ligands [5]. The complexity of interaction depends upon the organisms and their environmental conditions like 

stress etc [6]. But this study will form the basis to experimentally reveal the interaction of various ligand with 

the particular protein. Hence further exploration of interaction will be helpful to overexpress the production of 

Omega 3/6 fatty acids.  
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