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Abstract: With the advent of biological research in the field of environmental science, 
several microbes were found to act as the most important biodegradable molecules. 
Maleylacetate reductase being a member of oxidoreductase is mostly found in Pseudomonas 
species. This enzyme participates in three metabolic pathways: gamma-
hexachlorocyclohexane degradation, benzoate degradation which are higher alkyl 
compounds involved in chemical pollutions in metropolitan cities. Determining its three-
dimensional structure will lead to the structure function analysis and also might be helpful 
for designing receptors for the degradation of new chemical compounds. For this purpose, 
the amino acid sequence of the protein had been imported from UniProtKB database and the 
template was searched in BLASTp2.2.27. This template was then used for the prediction of 
the three dimensional structure of the protein by using SWISS-MODEL Workspace.  
The predicted model was then validated using SAVES server which gave an almost result for 
better prediction. 
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Introduction 
Maleylacetate reductases (MAR) play a crucial role in the aerobic microbial degradation  
of aromatic compounds [33]. They catalyze the NADH- or NADPH-dependent reduction  
of maleylacetate or 2-chloromaleylacetate to 3-oxoadipate or of substituted maleylacetates  
to substituted 3-oxoadipates. In fungi, maleylacetate reductases contribute to the catabolism  
of very common substrates, such as tyrosine, gentisate, benzoate, 4-hydroxybenzoate, 
protocatechuate, vanillate, resorcinol and phenol [3, 8, 13, 16, 20, 21, 24, 28]. For bacteria,  
it has been shown that Maleylacetate reductases are involved in the degradation of resorcinol 
and 2,4-dihydroxybenzoate via hydroxyquinol [9, 10, 22, 30]. Other substrates whose 
catabolic routes be a substrate of this activity have a more complex structure, such as  
2-hydroxydibenzo-p-dioxin and 3-hydroxydibenzofuran [4] or carry unusual substituents, 
such as nitro or sulfo groups [4, 15, 18, 26, 29] fluorine or chlorine atoms [14, 27, 32].  
Our main objective is to develop a computational three-dimensional structure with reference 
to the sequence, which might play a vital role in increasing the efficiency of this biodegrading 
enzyme. This structure can be modified and validated further through homology modeling. 
The Ramachandran plot projects the residues must have favorable conformation for psi and 
phi angles that will help further in understanding the stability and rotation of amino acid in 
protein structure. The key objective is to explore a chemical-free environment through 
degradation of harmful deterrent chemical substances by the use of microorganism. 
Approaches can be made in identification of various active sites for the attachment  
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of receptors through servers and tools which may lead in identification of most catalytic site 
for the protein. The information may be of helps for the crystal structure prediction of this 
protein. 
 
Materials and methods 
Target selection 
The amino acid sequence of Maleylacetate reductase protein of Pseudomonas aeruginosa was 
retrieved from the UniProtKB (Acc. No. O87612) database (http://www.uniprot.org/help/ 
uniprotkb). 
 
Template selection 
A BLASTP [1] search with default parameter was performed against the Brook Heaven 
Protein Data Bank (PDB) [6] to find suitable template for homology modeling. A set of PDB 
structures i.e., 3JZD_A, 3HL0_A, 3IV7_A, 3OWO_A and 3BFJ_A, presented close similarity 
with the target sequence. The template search, based on the functional domains concept, was 
carried out in HHPred, PDBe, Atom2, and based on all of these searches and also on 
parameters like maximum identity with high positives and lower gap percentage (%)  
(Table 1). Crystal structure of putative alcohol dehedrogenase (3JZD_A) was selected as the 
template since the percentage of query coverage, sequence identity and positives between the 
template and the target was 98%, 53% and 70% respectively. Mod web (http://salilab.org/ 
modweb) [11] and PS2 http://ps2.life.nctu.edu.tw/) was also employed to determine the best 
template in terms of MODELLER base server. 
 
Construction of homology model 
SWISS-MODEL Workspace is used for homology or comparative modeling of protein three-
dimensional structures. The user provides an alignment of a sequence to be modeled with 
known related structures and SWISS-MODEL Workspace automatically calculates a model 
containing all non-hydrogen atoms. SWISS-MODEL Workspace implements comparative 
protein structure modelling by satisfaction of spatial restraints, and can perform many 
additional tasks, including de novo modeling of loops in protein structures, optimization  
of various models of protein structure with respect to a flexibly defined objective function, 
multiple alignment of protein sequences and/or structures, clustering, searching of sequence 
databases, comparison of protein structures, etc. It assists and guides the user in building 
protein homology models at different levels of complexity [5, 25, 31]. ClustalW 
(http://www.ebi.ac.uk/research) was used for alignment between template and query 
sequence.  
 
The secondary structural features of Maleylacetate reductase protein were considered for this 
study by SOPMA server [17]. A new highly accurate secondary structure prediction method, 
SOPMA incorporates two feed-forward neural networks which perform an analysis on output 
obtained from PSI-BLAST (position specific Iterated BLAST) [2] and PSIPRED Server 
(http://bioinf.cs.ucl.ac.uk/psipred/) also used to predict the secondary structure of this protein. 
The PSIPRED Protein Sequence Analysis Workbench aggregates several UCL structure 
prediction methods into one location.  
 
Assessment of homology model 
The 3D structure prediction model was assessed by Verify3D 
(http://nihserver.mbi.ucla.edu/Verify_3D/). Structural analysis and verification server 
(SAVES) (http://nihserver.mbi.ucla.edu/SAVES) has been used. Visualization protein model 
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was carried out by PyMOL v I.5 software Package. Structural validation of protein model was 
done by Rampage (http://mordred.bioc. cam.ac.uk/~rapper/rampage.php) which determines 
stereo chemical aspects along with main chain and side chain parameters with comprehensive 
analysis [23]. The Ramachandran plot of Maleylacetate reductase protein shows that various 
residues are falling under allowed, favored and outer regions. The non-bonded atomic 
interactions were analyzed by using ERRAT program [12]. Finally, the model quality 
assessment program ProQ has been used to evaluate the output candidate model [7]. 
 
Active site prediction 
The active site of both template and newly generated structure was carried out by CASTp [19] 
server.  
 
Protein structure accession number 
The predicted 3D structure of Maleylacetate reductase protein was submitted to the Protein 
Model Database (PMDB) (http://mi.caspur.it/PMDB/) and assigned the PMDB ID 
PM0079119. 
 
Results and discussion 
In this study the Maleylacetate reductase has been retrieved from UniProtKB database and 
the sequences of related proteins with known 3D structures were checked for their suitability 
for homology modeling using BLASTp analysis in Table 1. 
 

Table 1. BLASTp report of Maleylacetate reductase 

PDB ID Query 
coverage 

Max 
Identity E value Gap Positive 

3JZD_A 98% 53% 3e-123 1% 70% 
3HL0_A 99% 43% 1e-83 0% 62% 
3IV7_A 99% 42% 9e-81 2% 58% 
3OWO_A 94% 28% 2e-32 10% 45% 
3BFJ_A 97% 27% 2e-32 11% 45% 

 
The alignment between template and query protein sequence is shown below (Fig. 1). 
 

 
Fig. 1 Template-query sequnce alignment by ClustalW server 
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Secondary and tertiary structure prediction 
The secondary structures of proteins are the regularly repeating local structures stabilized by 
hydrogen bonds. The most common examples are the alpha-helix and beta-sheet. SOPMA 
view predicted the following secondary structures (Table 2): 175 (49.72%) in an alpha-helix,  
35 (9.94%) in a beta-sheet, 119 (33.81%) in a coil and 23 (6.53%) in a beta-turn present at 
various positions in the Maleylacetate reductase protein structure of Pseudomonas 
aeruginosa (Fig. 2). 
 
 

Table 2. Secondary structures predicted by SOPMA view 

Protein structure, 
Unit No. of amino acids Percentage of structural, 

Unit 
alpha-helix (Hh) 175.00 49.72 
310-helix (Gg)     0.00   0.00 
pi-helix (Ii)     0.00   0.00 
beta-bridge (Bb)     0.00   0.00 
extended-strand (Ee)   35.00   9.94 
beta-turn (Tt)   23.00   6.53 
bend-region (Ss)     0.00   0.00 
random-Coil (Cc) 119.00 33.81 
ambigous states     0.00   0.00 
other states     0.00   0.00 

 
 

 
(a) 

 

 
(b) 

Fig. 2 Secondary Structure prediction result  
of Maleylacetate reductase protein by SOPMA (a) and by PSIPRED server (b) 
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Tertiary structure 
After the choice of a suitable template (3JZD_A), the model was constructed for the target 
protein using SWISS-MODEL Workspace (comparative Protein 3D modeling server.  
The predicted model was visualized under PyMOL visualization software. 3D structure of 
Maleylacetate reductase is shown below (Fig. 3). 
 

 
Fig. 3 3D structure of Maleylacetate reductase 

 
Protein model validity 
The geometrical and structural consistencies of both modeled and template proteins were 
evaluated by different approaches. The structural validation was carried out by PROCHECK, 
a well known protein structure checking program. The Φ and Ψ distributions of 
Ramachandran plot. This analysis revealed that only one residue (0.3%) in the Ramachandran 
plot of Maleylacetate reductase protein falls under the disallowed region. Overall, both 
homologues have nearly the same distribution in the steriochemically allowed main chain 
atoms (90.28%) (Fig. 4). 
 

   
Fig. 4 Protein validation study by SAVE and Rampage Server 
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In addition, two more protein evaluation programs (Verify3D and ERRAT) were utilized to 
check the stereochemistry of our model. Verify3D (Fig. 5) scores the compatibility between 
the amino acid sequence and the environment of the amino acid side chains in the model.  
It assesses the environment of the side chain based on the solvent accessibility and the 
fraction of side chain covered by polar atoms. ERRAT assesses the arrangement of different 
types of atoms with respect to one another in the protein model. It is a sensitive technique, 
which is good at identifying incorrectly folded regions in preliminary protein models. 
 

 
Fig.5 Verify3D Graph of Maleylacetate reductase protein 

 
ERRAT plot (Fig. 6) shows that the developed structure of Maleylacetate reductase is 
acceptable (overall quality factor 90.80%). 
 

 
Fig. 6 ERRAT plot of Maleylacetate reductase protein 

 
The modeled structure has been checked for quality by using ProQ. The result shows that 
predicted LG score: 7.776 (>4: extremely good model) and predicted MaxSub score:  
0.747 (>0.5: very good model) were in acceptable range of a good model. Then the active site 
of the template and generated Maleylacetate reductase 3D protein structure was identified by 
CASTp server is shown below (Fig. 7). 
 
The best pocket site was selected by the basis of area and volume of the protein active site. 
The area and volume of both template and Maleylacetate reductase 3D protein model 
structure is 1213.2, 2040.4 and 1179.6, 1879.9 respectively. 
 
Finally, after its validation, the newly generated Maleylacetate reductase 3D protein model 
structure was then submitted in PMDB and got an authorship (PM0079119) of this protein 
structure.  
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(a) 

 
(b) 

Fig. 7 Active site prediction of template (a)  
and Maleylacetate reductase (b) protein structure by CASTp server 

 
 
Conclusion 
The purpose of this study is to minimize the gap between in silico and wet lab determination 
of three-dimensional structure of a protein by molecular modeling. The three-dimensional 
structure model of Maleylacetate reductase protein was stable and proved reliable using the 
PROCHECK Verify3D and ProQ module. Most amino acids fall under α-helix secondary 
structure and this provides stability to the protein. The overall results provided the proofs that 
the predicted three-dimensional structure of Maleylacetate reductase protein is acceptable and 
of good quality. Predicting the structure for Maleylacetate reductase gives an idea of its active 
site and the active site residues which can be further analyzed by the use of software for the 
design of ligands and receptors. 
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