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against oxygen toxicity. The function of this protein in the removal 
of phospholipid hydroperoxides, which are generated as products of 
lipoxygenase catalyzed oxygenation of fatty acids has been reported 
(Ursini et al., 1985).

Computational tools provide researchers to understand physico-
chemical and structural properties of proteins. A large number of 
computational tools are available from different sources for making 
predictions regarding the identification and structure prediction of 
proteins. The major drawbacks of experimental methods that have 
been used to characterize the proteins of various organisms are the 
time frame involved, high cost and the fact that these methods are 
not amenable to high throughput techniques. In silico approaches 
provide a viable solution to these problems. The amino acid 
sequence provides most of the information required for determining 
and characterizing the molecule’s function, physical and chemical 
properties. Computationally based characterization of the features of 
the proteins found or predicted in completely sequenced proteomes 
is an important task in the search for knowledge of protein function. 
In this paper the in silico analysis and homology modelling studies 
on antioxidant proteins of spinach was reported. Three dimensional 
structures for these proteins were yet not available. Hence to 
describe its structural features and to understand molecular function, 
the model structures for these proteins were constructed.

Materials and Methods

Sequences of antioxidant proteins of spinach were retrieved 
from the SWISSPROT, a public domain protein database (Bairoch and 
Apweiler, 2000). Table 1 shows the protein sequences considered 
in this study. The antioxidant proteins sequences were retrieved in 
FASTA format and used for further analysis.

Physico-chemical characterization

For physico-chemical characterization, theoretical isoelectric 
point (pI), molecular weight, total number of positive and negative 
residues, extinction coefficient (Gill and Von Hippel, 1989), instability 
index (Guruprasad et al., 1990), aliphatic index (Ikai, 1980) and 
grand average hydropathy (GRAVY) (Kyte and Doolottle, 1982) were 
computed using the Expasy’s ProtParam server (Gasteiger, 2005) 
(http://us.expasy.org/tools/protparam.html). The results were shown 
in Table 2.

Functional characterization

The SOSUI server performed the identification of transmembrane 
regions. Table 3 represents the transmembrane region identified 
for these antioxidant proteins. Disulphide bonds are important in 
determining the functional linkages. Table 4 shows prediction of “SS” 
bonds using the primary structure (protein sequence data) by the tool 

Antioxidant Proteins Accession No. Length Description 
Q42459 250 Ascorbate peroxidase (Cytosolic ascorbate  peroxidase) 
Q7DN63 365 Stromal ascorbate peroxidase 
Q41371 309 Ascorbate peroxidase 
O46921 415 Thylakoid-bound ascorbate peroxidase 
Q7DN73 415 Thylakoid-bound ascorbate peroxidase 

APX 

Q7GDV4 365 Stromal ascorbate peroxidase 
DHAR Q9FVE4 266 Dehydro ascorbate reductase 

PHGPX O23814 171 phopholipid hydroperoxide glutathione peroxidase-like protein 
2-CPs O24364 265 2-Cys peroxiredoxin BAS1, chloroplastic 

 Protein sequences considered for the study.

Antioxidant Proteins Accession 
Number 

Sequence 
Length 

M.wt pI -R +R EC II AI GRAVY 

Q42459 250 21555 5.41 37 28 21680 39.23 76.56 -0.394 
Q7DN63 365 39516.3 8.46 43 46 46995 44.89 67.26 -0.518 
Q41371 309 34471.8 6.25 40 37 16515 40.19 81.78 -0.442 
O46921 415 45015.7 8.62 47 51 51465 46.7 71.37 -0.447 
Q7DN73 415 44987.7 8.61 47 51 51465 45.57 71.37 -0.446 

 
APX 

Q7GDV4 365 39544.3 8.46 43 46 46995 46.18 67.26 -0.519 
DHAR Q9FVE4 266 29901.0 8.28 30 32 33982.5 39.57 78.76 -0.439 

PHGPX O23814 171 19047.6 5.92 23 22 15992.5 21.90 79.77 -0.384 
2-CPs O24364 265 28895.8 7.69 28 29 20002.5 47.14 84.98 -0.095 

 Parameters computed using Expasy’s ProtParam tool.

Antioxidant Proteins Accession No. Transmembrane region Length Type of protein 
O46921 PTNYFLNIMIVIGVLAVLSYLAG 23 Transmembrane APX Q7DN73 PTNYFLNIMIVIGVLAVLSYLAG 23 Transmembrane 

 Transmembrane regions identifi ed by SOSUI server.

Antioxidant Proteins Accession No. CYS_REC 
Q42459 -  
Q7DN63 Cys70-Cys194 

Q41371 Cys82-Cys272 
Cys252-Cys304 

O46921 Cys70-Cys194 
Q7DN73 Cys70-Cys194 

 
APX 

Q7GDV4 Cys70-Cys194 
DHAR Q9FVE4 Cys61-Cys75 

PHGPX O23814 -  
2-CPs O24364 -  

 Disulphide (SS) bond pattern of pairs predicted, by CYS_REC.
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study. These antioxidant protein sequences were retrieved from 
the SWISSPROT, a public domain protein database. These protein 
sequences were retrieved in FASTA format and used for further 
analysis. Parameters computed using Expasy’s ProtParam tool was 
represented in Table II. The calculated isoelectric point (pI) will be 
useful because at pI, solubility is least and mobility in an electro 
focusing system is zero. Isoelectric point (pI) is the pH at which the 
surface of protein is covered with charge but net charge of protein 
is zero. At pI proteins are stable and compact. The computed pI 
value of APX (Q42459, Q41371) and PHGPX were less than 7 (pI<7) 
indicates that these antioxidant proteins were considered as acidic. 
The pI of APX (Q7DN63, O46921, Q7DN73, Q7GDV4), DHAR and  
2-CPs are greater than 7 (pI > 7) reveals that these proteins were 
basic in character. The computed isoelctric point (pI) will be useful 
for developing buffer system for purification by isoelectric focusing 
method. Although Expasy’s ProtParam computes the extinction 
coefficient for 276, 278, 279, 280 and 282 nm wavelengths, 280 
nm is favored because proteins absorb light strongly there while 
other substances commonly in protein solutions do not. Extinction 
coefficient of AFPs at 280 nm is ranging from 15992.5 to 51465 
M–1 cm–1 with respect to the concentration of Cys, Trp and Tyr. The 
high extinction coefficient of APX (Q7DN63, O46921, Q7DN73, and 
Q7GDV4) indicates presence of high concentration of Cys, Trp and 
Tyr. The computed extinction coefficients help in the quantitative 
study of protein–protein and protein–ligand interactions in solution. 
The instability index provides an estimate of the stability of protein 
in a test tube. There are certain dipeptides, the occurrence of which 
is significantly different in the unstable proteins compared with those 
in the stable ones. This method assigns a weight value of instability. 
Using these weight values it is possible to compute an instability 
index (II). A protein whose instability index is smaller than 40 is 
predicted as stable, a value above 40 predicts that the protein may be 
unstable (Guruprasad et al., 1990). The instability index value for the 
spinach antioxidant proteins were found to be ranging from 21.90 to 
47.14. The result classified APX (Q42459), DHAR (Q9FVE4) and PHGPX 
(O23814) as stable protein (Table 2).

The aliphatic index (AI) which is defined as the relative volume 
of a protein occupied by aliphatic side chains (A, V, I and L) is 
regarded as a positive factor for the increase of thermal stability 
of globular proteins. Aliphatic index for the antioxidant protein 
sequences ranged from 67.26 – 84.98. The very high aliphatic index 

of all antioxidant protein sequences indicates that these antioxidant 
proteins may be stable for a wide temperature range. The lower 
thermal stability of APX (Q7DN63 and Q7GDV4) was indicative of a 
more flexible structure when compared to other antioxidant protein. 
The Grand Average hydropathy (GRAVY) value for a peptide or protein 
is calculated as the sum of hydropathy values of all the amino acids, 
divided by the number of residues in the sequence. GRAVY indices 
of APX are ranging from - 0.095 to -0.519. This low range of value 
indicates the possibility of better interaction with water.

Functional analysis of these proteins includes prediction of 
transmembrane region, disulfide bond and identification of important 
motifs. SOSUI distinguishes between membrane and soluble proteins 
from amino acid sequences, and predicts the transmembrane helices 
for the former. The Transmembrane regions and their length were 
tabulated in Table 3. The server SOSUI classifies APX (O46921 and 
Q7DN73) as membrane protein and other spinach antioxidant proteins 
as soluble proteins. SOSUI server has identified one transmembrane 
region in these proteins. The transmembrane regions are rich in 
hydrophobic amino acids. As disulphide bridges play an important 
role in determining the thermostability of these proteins. CYS_REC 
was used to determine the Cysteine residues and disulphide bonds. 
Possible pairing and pattern with probability were presented in Table 
4. Result shows that except APX (Q42459), PHGPX (O23814) and 
2-CPs (O24364) all proteins contain disulphide linkages.

The functions of antioxidant proteins of spinach were analyzed 
by submitting the amino acid sequence to Prosite server. Sequence 
of a particular cluster of residue types, which is variously known 
as a pattern, motif, signature or fingerprint. These motifs, typically 
around 10 to 20 amino acids in length, arise because specific residues 
and regions thought or proved to be important to the biological 
function of a group of proteins are conserved in both structure and 
sequence during evolution (Christian et al., 2002). Prosite analysis 
suggested the functionality of these proteins with profiles and 
patterns identified for characteristic functionality were represented 
in Table 5.

The secondary structure of spinach antioxidant proteins were 
predicted by SOPMA (Self Optimized Prediction Method with 
Alignment) which correctly predicts 69.5% of amino acids for a state 
description of the secondary structure prediction (Geourjon and 
Deléage, 1995). The secondary structure indicates whether a given 

APX DHAR PHGPX 2-CPs Server Antioxidant Proteins 
Q42459 Q9FVE4 O23814 O24364 

Residues in the most Favored Region 84.4% 79.8% 83.5% 83.0% 
Residues in additionally allowed region 13.7% 16.6% 16.5% 13.9% 
Residues in generously allowed region 0.9% 1.8% 0.0% 1.2% 

 
Geno3D 

Residues in disallowed region 0.9% 1.8% 0.0% 1.8% 
Residues in the most Favored Region 92.8% 84.0% 81.0% 90.8% 
Residues in additionally allowed region 7.2% 13.3% 17.6% 8.6% 
Residues in generously allowed region 0.0% 1.7% 1.4% 0.0% 

 
Swiss model 

Residues in disallowed region 0.0% 1.1% 0.0% 0.6% 
Residues in the most Favored Region 96.2% 80.0% 95.0% 91.5% 
Residues in additionally allowed region 3.3% 18.2% 5.0% 7.9% 
Residues in generously allowed region 0.5% 1.8% 0.0% 0.0% 

 
Modeller 

Residues in disallowed region 0.0% 0.0% 0.0% 0.6% 

 Ramachandran plot calculation and Comparative analysis of the models from Geno3D, Swiss-model and Modeller computed with the PROCHECK program.

Antioxidant Protein Accession No. RMS Z-score for bond angles 
APX Q42459 1.084 

DHAR Q9FVE4 1.123 
PHGPX O23814 1.053 
2-CPs O24364 1.208 

 RMS Z-score for bond angles of modeled protein structure using WHAT IF.
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Conclusion

In this study antioxidant protein of spinach were selected. Physico-
chemical characterization were performed by computing theoretical 
isoelectric point (pI), molecular weight, total number of positive and 
negative residues, extinction coefficient, instability index, aliphatic 
index and grand average hydropathy (GRAVY). Functional analysis of 
these proteins was performed by SOSUI server. For these proteins 
disulphide linkages, motifs and profiles were predicted. Secondary 
structure analysis revealed that random coils dominated among 
secondary structure elements followed by alpha helix, extended 
strand and beta turns for all sequences. The modelling of the three 
dimensional structure of the proteins were performed by three 
automated homology programs, Geno 3D, Swiss model and Modeller. 
The models were validated using protein structure checking tools 

 

 Figure 2: Ramachandran’s Map of spinach proteins. (A) Q42459 (B) Q9FVE4 (C) O23814 (D) O24364.

PROCHECK and WHAT IF. These structures will provide a good 
foundation for functional analysis of experimentally derived crystal 
structures.
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