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Abstract: The enzyme catalase breaks down H2O2, a potentially harmful oxidant, to H2O and O2. Besides
oxidase activity, the enzyme also exhibits peroxidase activity. Therefore, it plays an important role in maintain-
ing health and regulating pathophysiology of the organisms. However, 3D structure of this important enzyme
in invertebrates particularly in crabs is not yet available. Therefore, an attempt has been made to predict the
structure of the crab catalase and to envisage its catalytic interaction with H2O2. A three dimensional model of
crab catalase was constructed using the NADPH binding site on Beef Liver catalase from Bos taurus (PDBID:
7CAT) as template by comparative modeling approach. Backbone conformation of the modeled structure by
PROCHECK revealed that more than 98% of the residues fell in the allowed regions, ERRAT results confirmed
good quality of modeled structure and VERIFY3D profile was satisfying. Molecular docking has been used to
know the binding modes of hydrogen peroxide with the crab catalase protein. The receptor structures used for
docking were derived from molecular dynamics (MD) simulations of homology modeled structure. The docking
results showed that the three important determinant residues Arg68, Val70 and Arg108 in catalase were binding
with H2O2 as they had strong hydrogen bonding contacts with the substrate. Our analysis provides insight into
the structural properties of crab catalase and defines its active sites for binding with substrate. These data are
important for further studies of catalase of invertebrates in general and that of crabs in particular.
Key words: homology modeling, molecular dynamics, docking, Scylla serrata, catalase, structural biology, aqua-
culture, hydrogen peroxide.

1 Introduction

Catalase is an important antioxidant enzyme that
converts H2O2, a powerful and potentially harmful ox-
idizing agent into water and molecular oxygen. There-
fore, the enzyme plays an important role in regulating
pathophysiology of the organisms (Mates et al., 1999)
and in graying process of human hair because its low
level leads to accumulation of H2O2 which in turn starts
bleaching hair from their roots (Wood et al., 2009).
Previous studies on catalase of higher vertebrates indi-
cated that the enzyme exists as tetramer protein with-
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out any isomeric form. Each monomer of catalase has
more than 500 amino acids with a molecular weight
of 60 or 75 kDa. The enzyme contains a haem group
in its active site. It is accessible from the surface of
the enzyme through a hydrophobic channel. Catalase
of some organisms such as cow contains NADPH as co-
factor which prevents the formation of inactive catalase
(McDowall et al., 2010) besides protecting the enzyme
from oxidation by its own substrate, i.e. H2O2. Haem-
containing catalase of some species is also bifunctional
in nature exhibiting both catalase (EC 1.11.1.6) and
peroxidase enzyme (EC 1.11.1.7) activities (Mutsuda
et al., 1996).

An important limiting factor to the rate of any en-
zyme catalyzed reaction in solution is the frequency
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with which enzyme and substrate molecules collide with
each other. As the active site of catalase is buried deep
in its structure, availability of H2O2 for catalysis im-
mediately cannot be expected upon its collision with
the enzyme. Because for catalysis, H2O2 has to move
further in the hydrophobic channel of the active site
in order to reach at its haem group. The structure
and amino acid composition of the active site and the
body of catalase of different organisms may vary more
or less with each other. Therefore, catalases of differ-
ent organisms have different activity level (Switala et
al., 2002). It may be due to differences in both struc-
ture and involvement of amino acids of their active site.
So, it is an important task in oxidative stress research
to draw a correlation between the structural arrange-
ment and involvement of amino acids on the active site
of catalase and its activity in different organisms. From
this view point, 3D structural knowledge of catalase be-
comes highly important. It is reported that ectotherms
are always vulnerable to environmental stress (Winston
et al., 1991). Accordingly, both transcript and trans-
lation products of catalase vary with respect to differ-
ent environmental stress (Bohacova et al., 2006). Our
working model, the crab Scylla serrata has a great com-
mercial value throughout the world. It is a euryhyaline
and ectothermal animal. Its catalase activity is also
reported to be altered with respect to environmental
salinity stress (Paital et al., 2010) which may be related
to its growth and pathophysiology. The mechanism of
altered catalase activity in this crab with respect to
their altered physical environment may be attributed
to the spatial arrangement and altered amino acid com-
positions of both the active site and other functionally
and structurally important sites.

Biological function of a protein is often a reflection of
its tertiary structure. Knowledge of the structural orga-
nization of the protein is a prerequisite for understand-
ing its functional aspects. Owing to technical difficul-
ties, there exists a vast gap in pace of protein sequence
generation and experimental determination of the 3D
structure. In absence of crystal structure, homology
modeling provides a way to obtain structural insight
into proteins. Although catalase gene and its translated
products are well studied in higher group of animals,
still its structural and functional aspects are scantly
studied in lower organisms in general and particularly
in crabs. In this report, we have generated structure
of catalase enzyme of the crab S. serrata by compara-
tive modeling approach. The models were subjected to
molecular dynamics (MD) simulations to study the time
evolution as well as time averaged values of structural
properties. The possible interactions between the crab
catalase and its substrate H2O2 have been predicted.
The predicted structure can be served as a model for
various experimental purposes in relation to the crabs
pathophysiological conditions that may helps in its cul-

ture.

2 Materials and methods

2.1 Functional characterization of catalase of
crab

Domains and motifs were predicted using Inter-
Proscan (Zdobnov et al., 2001) and Multiple Em for
Motif Elicitation (MEME) (Bailey et al., 1994) respec-
tively using default parameters to gain insight about its
function. Disulphide bonds are important in determin-
ing the functional linkages.
2.2 Prediction of protein disorder

Protein disorder was predicted using DisEMBL
(Linding et al., 2003a), GLOBPLOT (Linding et al.,
2003b), RONN (Yang et al., 2005) and Protein DisOr-
der prediction System (PRDOS) (Ishida and Kinoshita,
2007) server.
2.3 Template search and sequence alignment

The amino acid sequence of catalase of Scylla ser-
rata (target) was retrieved from the sequence database
of NCBI (http://www.ncbi.nlm.nih.gov) (ACX46120).
The three-dimensional structure of the protein was
not yet available in Protein Data Bank, hence the
present exercise of developing the 3D model of the crab
catalase of Scylla serrata was undertaken. BLASTP
(Altshul et al., 1990) search was performed against
Brookhaven Protein Data Bank (PDB) (Bermen et al.,
2000) with the default parameters to find suitable tem-
plates for homology modeling. Based on the maxi-
mum identity with high score and lower e-value crys-
tal structure of NADPH binding site on Beef Liver
Catalase (PDB code: 7CAT) (Fita and Rossmann,
1985) was selected as template. The sequence iden-
tity and similarity between the target and template
are 71% and 82%, respectively. The sequence align-
ment of catalase of Scylla serrata and 7CAT was car-
ried out using the CLUSTALW (Thompson et al., 1994)
(http://www.ebi.ac.uk/clustalw) program.
2.4 3D structure generation

The academic version of MODELLER9v6
(http://www.salilab.org/modeler) (Sali and Blun-
dell, 1993), was used for 3D structure generation based
on the information obtained from sequence alignment.
The MODELLER software employs probability density
functions (PDFs) as the spatial restraints rather than
energy (Sali et al., 1993; Sali and Overington, 1994;
Sali et al., 1995). The 3D model of a protein is
obtained by optimization of the molecular pdf such
that the model violates the input restraints as little
as possible. The molecular pdf was derived as a com-
bination of pdfs restraining individual spatial features
of the whole molecule. Out of 20 models generated
by MODELLER, the one with the best G-score of
PROCHECK (Laskoswki et al., 1993), and with
the best VERIFY3D (Eisenberg et al., 1997) profile
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was subjected to energy minimization. Using the
parameters as a distance-dependent dielectric constant
1.0 and non binding cutoff of 14 Å, CHARMm (Brooks
et al., 1993), force field and CHARMm-all-atom
charges, initially a steepest descent algorithm was
used to remove close van der Waals contacts, followed
by conjugate gradient minimization until the energy
showed stability in sequential repetition. All hydrogen
atoms were included during the calculation. The
energy minimization was started with main chain of
the core and then all core side chains were subjected
to the same. All calculations were performed by using
ACCELRYS DS Modeling 2.0 (Accelrys Inc. San
Diego, CA 92121, USA) software suite. During these
steps, the quality of the initial model was improved.
VERIFY3D (a structure evaluation server) were used
to check the residue profiles of the obtained three-
dimensional models. STRIDE (Frishman and Argos,
1995), was used in prediction of secondary structure
of the modeled crab protein. In order to assess the
stereo-chemical qualities of the three dimensional
models, PROCHECK analysis was performed. Quality
evaluation of the model for the environment profile
was also predicted using ERRAT (structure evaluation
server) (Colovos and Yeates, 1993). The final refined
model was evaluated for its atomic contacts using the
Whatif program (Vriend, 1990) to identify bad packing
of side chain atoms or unusual residue contacts. This
model was further subjected for identification of active
site and docking study.
2.5 Molecular dynamics simulation

The MD simulations of modeled catalase protein were
performed with the GROMACS 4.0.6 software package
(Hess et al., 2008) using GROMOS 96 force field (Chris
et al., 2004) and the flexible SPC water model. The
initial structure was immersed in a periodic water box
of cubic shape (0.2 nm thick). Electrostatic energy was
calculated using the particle mesh Ewald method (Es-
smann et al., 1995). Cutoff distance for the calculation
of the coulomb and van der Waals interaction was 1.0.
After energy minimization using a steepest descent for
1000 steps, the system was subjected to equilibration
at 300k and normal pressure for 100 ps under the con-
ditions of position restraints for heavy atoms. LINCS
(Hess et al., 1997) constraints were performed for all
bonds, keeping the whole protein molecule fixed and al-
lowing only the water molecule to move to equilibrate
with respect to the protein structure. The system was
coupled to the external bath by the Berendsen pressure
and temperature coupling (Berendsen et al., 1984). The
final MD calculations were performed for 400 ps under
the same conditions except that the position restraints
were removed. The results were analyzed using the
standard software provided by the GROMACS pack-
age. An average structure was refined further using a
steepest descent energy minimization.

2.6 Active site identification

Pocket Finder (Laurie and Jackson, 2005), a program
for identifying and characterizing protein active sites,
binding sites and functional residues located on protein
surfaces was used to identify binding pockets of crab
catalase. Pocket-Finder works by scanning probe radius
1.6 angstroms along all gridlines of grid resolution 0.9
angstroms surrounding the protein. Cubic diagonals
were also scanned by using this probe. Grid points are
defined to be a part of a site when the probe is within
range of protein atoms followed by free space followed
by protein atoms.

2.7 Protein ligand docking studies

The chemical structure of H2O2 molecule was
extracted from pubchem database (http://pub-
chem.ncbi.nlm.nih.gov). Structure of the ligand was
retrieved into two-dimensional MDL/SDF format and
three dimensional coordinates were generated using
the CORINA program (Tetko et al., 2005). The
molecules were then read into Discovery Studio 2.0 for
further treatment such as energy minimization for 100
steps with CHARMm force field. Genetic optimization
for ligand docking (GOLD) version 4.1.1 (Cambridge
Crystallographic Data Centre, Cambridge, UK) was
used for docking H2O2 for 50 times in the standard de-
fault settings (The standard default settings, consisting
of population size-100, number os islands-5, selection
pressure-1.1, niche size-2, migrate-10, cross over-95,
number of operations-1,00,000, number of docking 10).
For protein - ligand binding, 10 docking conformations
(poses) were tested and the best GOLD score was
selected for studies. GOLD uses a genetic algorithm
to explore the full range of ligand conformational
flexibility with partial flexibility of the protein (Jones
et al., 1997). Docking procedure consisted of three
interrelated components: (a) identification of binding
site, (b) a search algorithm to effectively sample the
search space (the set of possible ligand positions and
conformations on the protein surface), and (c) a scoring
function. To estimate the protein-ligand complexes,
the scoring function, GOLD score was employed which
is based on four components: (1) protein-ligand hydro-
gen bond energy (external H-bond); (2) protein-ligand
van der Waals energy (external vdw); (3) ligand
internal van der Waals energy (internal vdw); (4)
ligand interamolecular hydrogen bond energy (internal
H-bond). The binding affinity between the protein
and ligand was estimated by using the consensus
scoring function X-Score V2.1 (Wang et al., 2003).
The ligand showing maximum interactions with the
protein were plotted using the program LIGPLOT
(Wallace et al., 1995). Hydrogen bond interactions
were double-checked with the software GETNEARES,
available with the program DOCK (Ewing et al.,
2001).
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3 Results

3.1 Model building
The structure of catalase protein in the crab Scylla

serrata has determined by using homology modeling
protocol. BLASTP search was performed against PDB
with default parameters to find suitable templates for
homology modeling. Based on the maximum identity
with high score and lower e-value 7CAT was used as
the template for homology modeling. Sequence align-

ment between catalase of crab and 7CAT was done
using ClustalW program. The sequence - structure
alignment used for model building shown in Fig. 1.
The alignment was characterized by some insertions
and deletions in the loop regions. Modeling was car-
ried out from 3 to 515 residues followed by a rig-
orous refinement of the model by means of energy
minimization using CHARMm force field. The final
stable structure of crab catalase protein is shown in
Fig. 2.

Fig. 1 Sequence alignment between crab catalase and template (7CAT).

3.2 Protein structure validation
The stereochemical quality of the homology model of

crab catalase was analyzed using PROCHECK. It was
found that the phi/psi angles of 91.2% residues fell in
the most favored regions. The overall PROCHECK G-
factor for the homology modeled structure was -0.07
(Table 1). PROCHECK commonly used for struc-
ture validation (Singh and Dubey, 2009; Singh et al.,
2008a and 2008b). The model was also validated us-
ing ERRAT graph (Fig. 3). The quality factor of
74.11 suggests that the model has good quality as a
score higher than 50 is acceptable for a reasonable

model. The energetic architecture as predicted by
PROSA score was negative (−8.88) for the modeled
protein. The value is quite nearer to that of tem-
plate (−8.98), which indicates the reliability of the
model. High quality of model is also confirmed from
VERIFY 3D server as 72.69% of residues of mod-
eled protein showed a score higher than 0.2. Re-
sults of WHATCHECK also indicate about the cor-
rectness of the modeled structure (Table 2). Based
on these results, it was ascertained that the obtained
structure has reasonably good quality. The final
model was submitted to the Protein Model Data Base
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Fig. 2 Ribbon representation of modeled crab catalase
protein. The α-helices and β-sheets are shown
as helices and ribbons, respectively. The rest are
shown as loops. The figure was prepared by PyMol

Fig. 3 Superimposition of Cα trace of crab catalase protein
and 7CAT (template).

Table 1 Quality of main chain and side chain parameters of modeled crab catalase proteins giving compar-
ative account of values observed for modeled structure (parameter value) and values obtained for
well refined structures at same resolution (typical values)

Chain
Stereochemical

parameter

No. of

data pts.

Parameter

value
Typical value Band width

No. of band widths

from mean

Main

Chain

Parameter

% distribution residues in A, B, L 430 91.2 83.8 10.0 0.7

Omega angles st. deviation 495 3.8 6.0 3.0 −0.7

Bad contacts/100 residues 4 0.8 4.2 10.0 −0.3

Zeta angle st. deviation 465 1.3 3.1 1.6 −1.2

H-bond energy st. deviation 268 0.8 0.8 0.2 −0.1

Overall G-factor 497 −0.1 −0.4 0.3 1.1

Side

Chain

Parameter

Chi-1 gauche minus st. Dev. 66 5.4 18.1 6.5 −1.9

Chi-1 trans st. dev. 143 8.7 19.0 5.3 −1.9

Chi-1 gauche plus st. Dev. 190 7.0 17.5 4.9 −2.1

Chi-1 pooled st. dev. 399 7.5 18.2 4.8 −2.2

Chi-2 trans st. dev. 110 9.4 20.4 5.0 −2.2

Table 2 Quality indicators as calculated from WHATCHECK

Structure Z-score RMS-Z score

2nd generation packing quality −2.512 Bond lengths 0.924

Ramachandran plot appearance −0.289 Bond angles 1.272

Chi-1/chi-2 Rotamer normality 0.378 Omega angle restraints 0.699

Backbone conformation −5.432 Side chain planarity 0.291

Improper dihedral distribution 0.959

Inside/Outside distribution 1.161

(http://mi.caspur.it/PMDB). The PMDB id for the
submitted model was PM0076843.

The structural superimposition of Cα trace of the tar-
get model after MD simulation over template structure

7CAT (Fig. 4) resulted in a root mean square devia-
tion (RMSD) of 1.3 Å (Z-score 8.3) using CE program
(http://cl.sdsc.edu/ce.html). It indicates a valid struc-
ture of the model.
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Fig. 4 The 3D profiles of crab catalase protein verified using ERRAT server. Overall quality score indicates residues are
reasonably folded.

3.3 Molecular dynamics simulation
The MD simulation of the modeled catalase protein

was performed and the resulted trajectory was analyzed
to study the motional properties of the protein. The
time evolution of root mean square deviation (RMSD)
was computed for the modeled structure of the pro-
tein by taking the whole protein as initial structure
(Fig. 5). It is evident from the Fig. 6 that RMSD in-
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Fig. 5 Trajectories of the overall Cα (RMSD) of the crab
catalase protein structure with respect to the start-
ing structure over 400 ps MD simulation. The x
axis represents the simulation time in picoseconds.
The y axis represents RMSD in nm unit.
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Fig. 6 Calculated energy vs time plot using GROMACS

software. The x axis represents the simulation time
in picoseconds. The y axis represents energy in nm
unit.

creased slowly up to 320 ps and then decreases up to
350 ps then again slightly increases up to 400 ps and
attained the equilibrium. Based on intrinsic dynamics,
structural stability and improved relaxation of the mod-
eled structure, the energy (Fig. 6) of the energy mini-
mized structure was also calculated. The energy and
RMSD calculations demonstrated that the protein is
highly conserved in nature i.e. the protein is not much
flexible. RMSF indicates the flexibility of the protein.
RMSF of Cα is presented as a function of residue num-
bers (Fig. 7).
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Fig. 7 Residue-wise RMSF profiles of Cα atoms of the
catalase protein structure computed after stabiliza-
tion of the RMSD trajectories. The x axis repre-
sents the residue number. The y axis represents
RMSF in angstrom unit.

3.4 Active site identification of crab protein
After getting the final model, the possible bind-

ing sites of modeled catalase were searched using the
Pocket-Finder server. Ten possible binding sites were
obtained and these pockets were compared with ac-
tive site of the template and were found that pocket1
is highly conserved in comparison to the template.
Since the catalase protein and 7CAT are well conserved
in both sequence and structure; it is predicted that
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their biological function may be identical. From the
structure-structure comparison of template and final re-
fined models of catalase using SPDBV program (Guex
and Peitsch, 1997), it was found that the residues in the
pocket1 such as Arg68, Val69, Val70, His71, Arg108,
Ser110, Val112, Gly113, Gly114, Arg123, Asp124,
Pro125, Arg126, Gly127, Phe128, Ala129, Val142,
Gly143, Asn144, Thr146, Ile148, Phe149, Phe150,
Phe157, Pro158, Phe160, Ile161, His162, Thr163,
Gln164, Lys165, Lys173, Asp174, Trp179, Phe181,
Ile182, Gln191, Val192, Leu195, Phe196, Gly212,
Ser213, His214, Leu295, Leu328, Ala329, Phe330,
Met346, Gly349, Arg350, Ala353, Tyr354, Thr357,
His358, Arg361, His462 are highly conserved in compar-
ison to the active site of template. Therefore, pocket1
was chosen as the binding site to dock with the sub-
strate hydrogen peroxide.
3.5 Protein-ligand interaction studies

Docking with hydrogen peroxide (H2O2) was carried
out on the binding site of crab catalase protein using
GOLD software applying the parameters of standard
default setting with fifty Genetic Algorithm runs. To
substantiate the estimations done by the GOLD pro-
gram, we used consensus scoring program X-Score. The
scoring schema used in the software X-Score computes a
binding score for a given protein-ligand complex struc-
ture, and this binding score correlates to experimental
binding constants well. The H2O2-catalase complex has
best GOLD fitness value of 13.14. The predicted bind-
ing energy for the docked complex is −5.17 kcal/mol
and predicted average −log Kd is 3.79 using X-Score
program. Ligplot shows hydrogen bonding (R68, V70
and R108) and hydrophobic interacting residue (H71)
with the H2O2 ligand in the binding site of catalase
protein (Fig. 8).

4 Discussion

The crystal structure of catalase enzyme in inverte-
brates like the crab Scylla serrata has not yet been de-
termined. Therefore, we built a model following com-
parative modeling approach to understand the struc-

ture of catalase. The fact that the 3D structure of
catalase of crab is highly conserved justifies the util-
ity of catalase comparative models in structural stud-
ies. The initial models used in this study were stereo-
chemically good, with 91.2% residues falling in the most
favored regions of the Ramachandran map and with
a PROCHECK G-score of −0.07. The VERIFY3D
plots for these models also showed satisfactory 3D-1D
scores for all the residues in the sequence. The ER-
RAT graph result shows that the quality factor of the
protein is 74.11 which is higher than 50, the recom-
mended value for a reasonable model. The energetic
architecture predicted by PROSA score was negative
(−8.88) for the modeled protein which almost same for
template (−8.98). The WHATCHECK results also in-
dicate about the accuracy of the model. The structural
superimposition of Cα trace of the model over its tem-
plate 7CAT also validates the model. The structure was
also simulated for 400 ps and this ensured sufficient re-
laxation of the structures. The above findings indicate
that the predicted structure can be accepted as a good
model for the obtained sequence. Domains and motifs
indicate about the functional profile of a protein. Ta-
ble 3 shows the location of predicted domains. Details

Fig. 8 Ligplot showing interacting residues (hydrogen
bonding and hydrophobic) with the H2O2 in the
binding site of crab catalase protein generated by
Ligplot program.

Table 3 Location of domains predicted using Interproscan

PRINTS PR00067 CATALASE

3e-76 [37-60]T 3e-76 [100-118]T

3e-76 [121-138]T 3e-76 [140-158]T

3e-76 [305-332]T 3e-76 [337-363]T

PFAM Pf06628 Catalase-rel 1.3e-17[427-494]T

PROSITE PS00437 PS00438 CATALASE 1 CATALASE 2 NA [350-358]T NA [60-76]T

GENE3D G3DSA:2.40.180.10 3e-210[11-494]T

PROFILE PS51402 CATALASE 3 79.833[20-499]T

PANTHER PTHR11465 CATALASE 6.2E-266[99-496]T

SUPERFAMILY SSF56634 Heme-dependent catalases 6.6e-227[16-494]T
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about location and occurrence of motifs calculated us-
ing MEME server are summarized in Table 4. Disor-
dered regions in a protein facilitate interactions of the
protein with numerous proteins and allow more mod-

ification sites in the protein. Disordered regions were
predicted using different servers and are summarized in
Table 5. The intrinsic disorder profiles of crab protein
obtained is illustrated in Figs. 9 (a), 9(b), 9(c) and 9(d).

Table 4 Motifs predicted using MEME

S. No. Motif Width Sites Llr E-value Start position p-value Domain site

1 Motif 1 6 3 47 1.0e+001 435 1.81e-8 VMRYSSADED NFTQVC FYKNVLNEE

477 3.14e-08 QEFLQERAIK NFSQAC PEYGAGIRSA

391 1.13e-06 NYQRDGPMTV NDNQTC NYFPNSFS

2 Motif 2 10 3 71 2.3e+001 220 3.21e-11 GYGSHTFKLV NKEGKPVYCK FHYKTDQGIK

403 4.60e-11 NQTCAPNYFP NSFSGPMDCK QFEVPKEKLS

365 1.60e-10 TDTHRHRLGA NYHQIPVNCP YRARSKNYQR

3 Motif 3 9 3 62 1.3e+003 171 5.46e-12 IHTQKRNPAT HLKDADMFW DFITLRPETT

71 7.97e-09 DRERIPERVV HAKGAGAFG YFEVTHDISQ

462 2.84e-08 RQRLVNNIAG HIVNAQEFL QERAIKNFSQ

Table 5 Predicted disordered region

Server Disordered Disordered by REM465
Disordered by loops,

coil definition

Disordered by

HOTLOOPs definition

PRDOS
1-21, 114-119, 390-392,

408-411, 497-517

RONN

1-16, 108-126, 339-345,

376-398, 417-429,

498-514, 516-517

GLOBPLOT
3-17, 54-70, 112-123, 242-248,

413-429, 493-515

DISEMBL 1-9, 112-122, 497-517

15-48, 59-86, 97-105,

135-176, 182-190, 196-239,

244-256, 264-273, 285-321,

327-348, 358-436

11-22, 111-125,

364-375, 501-517

Each monomer of catalase contains a haem group
which is present inside the structure of its active site.
It is accessible from the surface through a hydropho-
bic channel. We aligned the template (7cat) and the
target (crab catalase) structure along with haem us-
ing all atom superposition in a structural comparison
program (Subbarao and Haneef, 1991) to construct a
complex of haem along with the template. This com-
plex was subjected to EM to study the binding residues
involved in haem binding in this protein in order to un-
derstand similarities with other known proteins. There
were hydrophobic interaction between haem and pro-
tein involved in binding of haem moiety (Fig. 10).

The docking studies of H2O2 binding to catalase is
based on the stable receptor structure derived from MD
simulation of homology models. The docking results
indicate that conserved amino-acid residues in catalase
enzyme play an important role in maintaining a func-

tional conformation and are directly involved in donor
substrate binding. From the docking results, the bind-
ing of the ligand to the active site of catalase seems to
predominantly depend on the hydrogen bonding inter-
actions that the ligand makes with the protein, indi-
cating that binding specificity arises largely as a con-
sequence of the volume and geometry of the binding
site. The functional aspect of the protein is mainly
determined by the composition and structural arrange-
ment of the amino acid residues of its active site. The
possible role of Tyr357, His74 and Asn147 for enhancing
H2O2 catalysis is described in bovine catalase (Boon
et al., 2010). From the docking experiment, we found
four amino acids residues are coordinated and present
in vicinity to have possible maximum interaction with
H2O2 (Fig. 10). Unlike Tyr and Asn in bovine catalase,
two Arg residues at 68 and 108 positions and a Val at
70 position along with His at 71 position seem to inter-
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Fig. 10 Ligplot for interaction of haem with catalase protein.
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act to make the 1st phase of peroxide bond breakage in
case of crabs catalase. Further, in higher groups of ani-
mals Asn in the active site of catalase is also believed to
have important role in the 1st step of catalytic reaction.
Apparently, we did not find any involvement of Asn in
case of crab catalase.

The interaction between the enzyme and the sub-
strates proposed in this study are useful for understand-
ing the potential mechanism of enzyme and the sub-
strate binding. It is well known that hydrogen bonds
play an important role for the structure and function of
biological molecules particularly for the enzyme catal-
ysis. The GOLD result (Section 3.5), indicates that
Arg68, Val70 and Arg108 are important for the strong
hydrogen bonding interaction with the substrate. The
interaction between the enzyme and the substrates pro-
posed in this study may be useful for understanding the
potential mechanism of catalase enzyme and its sub-
strate binding in invertebrates. The predicted model of
crab catalase can be useful for different experimental
purposes in relation to the pathophysiological condi-
tions of crabs which in turn may helps in their culture.

5 Conclusion

Our analysis provides insight into the structural
properties of crab catalase and defines the active bind-
ing sites with substrate. These data are importance for
further studies on catalases of invertebrates in general
and that of crabs in particular.
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