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in Processing of Catechol- an Intermediate of
Aromatic Compound Degradation Pathway

Al-Hakim ® Mahmudul Hasan °, Rokib Hasan ?, Md. Hazrat Ali ®, Muhammad Fazle Rabbee®,
Marufatuzzahan®, Hanif Mohammad Rejwan * & Ziaul Faruque Joy "

Abstract- Catechol 1, 2 dioxygenase (EC 1.13.11.1) is an
enzyme intended to catalyze the degradation of catechol an
intermediate of phenolic compound from orfio-mechanisms of
the 3-oxoadipate pathway. Catechol 1, 2 dioxygenase plays a
key role in the aerobic degradation of aromatic compounds,
because it is the substrate for aromatic ring cleavage enzymes
and as such it can be the starting point of many peripheral
metabolic pathways. So, catechol 1, 2 dioxygenase is
deliberated for a solution of environmental pollution occurred
by aromatic compounds. In this study, we have focused on
the in-silico characterization and homology modeling of
catechol 1, 2 dioxygenase. The in silico analysis was
performed by various computational tools and programmes.
The physicochemical properties of the selected catechol 1, 2
dioxygenase were analyzed by using ExPASy'sProtParam tool
and it was found that the molecular weight (M.Wt) ranges
around 35000 Da. Isoelectric Points (pl) exhibits acidic nature
and aliphatic index infers that 95% catechol 1, 2
dioxygenaseare stable. The negative value of GRAVY indicates
that there will be better interaction with water. Motif analysis of
the sequences was conducted by using MEME for predicting
probable domain of catechol 1, 2-dioxygenase. Homology
modeling of catechol 1, 2 dioxygenase taken from
Pseudomonas aeruginosa MH38 (AC NO: CDH71767) was
performed by I-TASSER. Various bioinformatics programmes
and servers like RAMPAGE, PROCHECK and ERRAT were
used for analysis and validation of final 3D structures created
through homology modeling.

Keywords:  catechol 1, 2 dioxygenase, catechol,
aromatic compounds, homology modeling.

[. INTRODUCTION

henol is one of the most widely used in the
organic compounds in existence and is a basic
structural unit for a variety of synthetic organic
compounds including agricultural chemicals and
pesticides. Phenols are aromatic compounds that are
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characteristic pollutants in waste water and effluents
from chemicals, petrochemicals, pharmaceuticals,
textiles, and steel industries [3]. The unwholesome and
environmentally unacceptable pollution effects of the
phenolic effluent have been reported worldwide [4].
Phenol contaminants are relatively soluble in water and
accumulate in soil, resulting in extensive surface water,
ground water, and soil contamination owing to its severe
toxicity [5]. Currently removal of phenol effluents from
contaminated sites has been a major environmental
issue.

Different techniques have been applied to
remove phenolic compounds from polluted areas [6-
10]. However, among all, biodegradation process offers
the more opportunities to completely destroy the
pollutants if possible or at least to transform them to
innocuous substance [11], it possess relatively low cost,
no chemicals used, and high public acceptance [12].
Phenol and its derivatives are not easily biodegradable
because they are toxic to most microorganisms. In
higher concentrations, they can even inhibit the growth
of microbial strains that are capable of assimilating
them. Therefore, phenol is used in practice as an
antimicrobial agent. It has been established that phenol
can be toxic even in 0.05% concentrations [18]. The
metabolism of aromatic compounds, phenol, and its
derivatives in particular, is vigorously investigated in
prokaryotic microorganisms [17]. A lot of information is
accumulated on  bacterial species from  the
Pseudomonas genus, which are known for their ability to
utilize diverse aromatic compounds as a single carbon
source and good degraders of phenol [19-21]. The
ability of microorganisms to transform xenobiotics
intocompounds that can enter the normal cycle of
matter is due to specific microbial enzymes. Thus, the
investigation of enzyme reactions including degradation
and detoxification of phenol pollutants is the focus of
attention for many researchers.

The metabolism of aromatic compounds and its
regulation is extensively studied in prokaryotes. In 1973,
Stainer reported that the 3-oxoadipate pathway was the
main mechanism for degradation of aromatic
compounds, including non-substituted phenol [13].
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There are both aerobic and anaerobic microorganisms
that are able to complete the phenol degradation
process [14]. Phenol-degrading aerobic bacteria have
the abilty to transform phenol into non-toxic
intermediate compounds that enter the Tricarboxylic

acid cycle through ortho- or meta-pathways of
degradation [15].
The first step in  both pathways is

monohydroxylation at the o-position of the aromatic ring.
The enzyme catalyzing these reactions and having a key
role in the aerobic degradation of mono-aromatic
compounds is a monooxygenase: phenol hydroxylase
(EC 1.14.13.7) [16]. Phenol hydroxylase catalyzes the
attachment of a hydroxyl group at the ortho-position of
the aromatic ring, thus hydroxylating phenol to catechol.
The first intermediate product of phenol degradation is
catechol. The dioxygenase enzyme that catalyzes the
aromatic ring cleavage of catechol and its derivatives
realizes the critical step in the aerobic degradation of
aromatic compounds in microorganisms. Two classes
of such enzymes are identified on the basis of aromatic
ring cleavage mechanisms: intradiol-dioxygenases,
(intradiol, i.e., carbon bond between two hydroxyl
groups) which use non-haem Fe (lll) to cleave the
aromatic ring at ortho- position regarding the hydroxyl
substitutes; and extradiol- dioxygenases, (extra diol, i.e.,
between one of the hydroxyl groups and a
nonhydroxylated carbon) which use non-haem Fe(ll) or
other two-valent metal ions to cleave the aromatic ring at
meta-position with regard to hydroxyl groups.

The enzyme  catechol 1,2-dioxygenase
described in Pseudomonas is highly dependent on
ferro- and ferri-ions and has high substrate specificity
[22]. Recently, a new catechol 1,2-dioxygenase was
isolated form a Pseudomonas aeruginosaTKUOQ02 strain
capable of assimilating benzoic acid as a single carbon
source. The enzyme has unique characteristics, such as
very low molecular mass (22 kD), highest activity against
pyrogallol, high medium acidity for enzyme production,
etc, which distinguishes it from other microbial catechol
dioxygenases [23]. Catechol has a key role in the
aerobic degradation of aromatic compounds, because it
is the substrate for aromatic ring cleavage enzymes and
as such it can be the starting point of many peripheral
metabolic pathways. Only some of the catechol is
subjected to direct aromatic ring scission during the
cultivation of microorganisms on phenol as a single
carbon source. The rest of the catechol can
behydroxylated to pyrogallol, and after that transformed
to a- or p-hydroxy-muconates [22,23]. In the previous
study we did homology modeling and in silico structural
analysis of phenol hydroxylase which is another enzyme
strongly involved in aromatic compound degradation
system[1].

The study is representing the computational
study of catechol 1,2-dioxygenase and its homology
modeling. Physiochemical properties, phylogenetic tree
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construction, motif election and homology modeling and
model validation of catechol 1, 2-dioxygenase of
Pseudomonas aeruginosaMH38(AC NO: CDH71767)
are which will help us to better understand of catechol
processing in aromatic compound degradation
pathway.

[I. METHODS AND MATERIALS

a) Sequence retrieval

The sequences of catechol 1,2-dioxygenase
were retrieved from NCBI (National Center for
Biotechnology Information). Sequences retrieved was
done by BLAST with Pseudomonas aeruginosa
MH38(Accession numbers: CDH71767.1) in NCBI and
61 sequences are retrieved for further study.

b) Analysis of physicochemical parameters

The different physicochemical properties of
catechol 1, 2-dioxygenase enzyme were computed
using ExPASy’sProtParam tool and these properties can
be deduced from a protein sequence. ProtParam tool is
used to analyze various physiochemical properties of
industrially important proteins[2]. The ProtParam
includes the following computed parameters: Molecular
weight (MWt), theoretical pl, instability index (I),
aliphatic index (Al) and grand average of hydropathicity
(GRAVY). The computed isolelectric point (pl) will be
useful for developing buffer systems for purification by
isoelectric focusing method [26]. The instability index
provides an estimate of the stability of our protein. A
protein whose instability index is smaller than 40 is
predicted as stable; a value above 40 predicts that the
protein may be unstable [27]. The aliphatic index of a
protein is defined as the relative volume occupied by
aliphatic side chains (alanine, valine, isoleucine, and
leucine). It may be regarded as a positive factor for the
increase of thermo stability of globular proteins [28].

c) Motif election

Motif election is very important in case of
predicting  probable  domain  ofcatechol  1,2-
dioxygenase. Motif election & domain analysis were
done using MEME (http://meme-suite.org/) and Pfam
(http://pfam.xfam.org/).

d) Construction of Homology Models of Catechol 1,2-
dioxygenase

The amino acid sequence of catechol 1,2-
dioxygenase of Pseudomonas aeruginosa MH38
(Accession numbers: CDH71767.1) was taken for
homology modeling and p BLAST was done with PDB
(Protein Data Bank). No significant similarity was found
and for this why we have done homology modeling by I-
TASSER (http://zhanglab.ccmb.med.umich.edu/I-
TASSER/).

e) Validation of the models
Homology models generally contain errors in
their initial structures. An essential part of homology
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modeling is the verification or validation of the model.
Several procedures were used to estimate errors in the
3D models [29]. Their stereo chemical quality and
energetic parameters were evaluated to determine
whether the bond lengths and angles were within normal
ranges, or whether there were many bumps in the
models (corresponding to high van der Waals energies).
The structures were evaluated and validated by
RAMPAGE, PROCHECK and ERRAT [30-32].

) Rampage

Rampage is a program for visualizing and
assessing the Ramachandran plot of a protein structure.
It works on the basis of a manually curated set of high
quality protein structures and a number of filters,
reference phi/psi plots are derived for gly, pro, pre-pro
and general residue type and subdivided into ‘favoured’,
‘allowed’ and ‘outlier’ regions will be listed, and a picture
of the Ramachandran plotis displayed. The output, high-
resolution multi-color Adobe PDF or PostScript file
contains the general plot with critical data showing the
percentage of residues that occurred in different
regions[36].

g) Procheck

PROCHECK aims to assess how normal, or
conversely how unusual, the geometry of the residues in
a given protein structure, is compared with stereo
chemical parameters derived from well-refined, high-
resolution structures. The input to PROCHECK is a
single file containing the coordinates of the protein
structure. The outputs comprise a number of plots,
together with a detailed residue-by-residue listing [36].

h) Errat

ERRAT is a program for verifying protein
structures determined by crystallography. Error values
will be plotted as a function of the position of a sliding 9-
residue window. According to the analysis by ERRAT,
the final model is significantly improved relative to the
initial model. This program examines a PDB file, and

generates a score based on the quality of the local
structure surrounding each residue, based on the typical
ranges of dihedral angles and side chain contacts
observed in real proteins, generally speaking, the
method is sensitive to smaller errors than 3-D profile
analysis but is more forgiving than Procheck [36].

[11. RESULT AND DISCUSSION

The physicochemical properties of catechol 1,2-
dioxygenase were predicted by using ProtParam tool.
The ProtParam includes the following computed
parameters: Molecular Weight (M.Wt), theoretical pl,
Instability Index (Il), Aliphatic Index (Al) and grand
average of hydropathicity (GRAVY) (Table 1). The
physicochemical properties showed that molecular
weight of maximum number of catechol 1, 2-
dioxygenaseis around 40007.7 Da. The instability index
showed that more than 50% catechol 1, 2-dioxygenaseis
stable as their instability index stayed below 42.
Isoelectric point (pl) is the pH at which the surface of
protein is covered with charge but net charge of the
protein is zero. The computed pl value showed that
catechol 1, 2-dioxygenase are acidic in nature (pH<7).
The instability index is used to measure in vivo half-life of
a protein [32]. The proteins which have been reported
as in vivo half-life of less than 5 h showed instability
index greater than 40, whereas those having more than
16 h half-life [33] has an instability index of less than 40.
Among the studied catechol 1, 2-dioxygenasemore than
95% protein showed stable nature having more than
sixty hours of half-life as the contains instability index
less than 40. In case of Aliphatic Index (Al) the studied
catechol 1, 2-dioxygenaseshowed the tendency of
having a wide range of temperature as showed Aliphatic
Index (Al) above 70. GRAVY value of the studied
catechol 1, 2-dioxygenaseshowed that maximum) most
of them exhibit lower GRAVY value which indicates the
better interaction of those proteins with water.

Table 1 : Physicochemical properties of catechol 1, 2-dioxygenase analyzed by Prot Param

Protien name Organisms Number Molecular Theoretical Instability Aliphatic  Gravy

of amino Weight pl index index

acids MW)

Catechol 1,2- Pseudomonas  aeruginosa 310 34182.8 5.16 44.09 74.71 -0.594
dioxygenase MH38
3-RNA Pseudomonas 310 34159.8 5.24 43.95 74.71 -0.577
processing
protein
PA2507, partial synthetic construct 311 34163.8 5.15 44.67 74.47 -0.554
Catechol 1,2- Pseudomonas aeruginosa 309 34128.8 5.24 44.06 74.63 -0.589

dioxygenase
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79.49 -0.475
80.13 -0.393
80.10 -0.477
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© 2015 Global Journals Inc. (US)

Version 1 m Year 2015

XV Issue

(G) Volume

Research

Frontier

Global Journal of Science



Version | E Year

XV Issue

Research (G) Volume

Frontier

Global Journal of Science

3-RNA
processing
protein

Catechol 1,2-
dioxygenase

3'-RNA
processing
protein

3-RNA
processing
protein

3-RNA
processing
protein

3-RNA
processing
protein

Catechol 1,2-
dioxygenase

Catechol 1,2-
dioxygenase

Crystal Structure
Of Catechol 1,2-
dioxygenase

3-RNA
processing
protein

3-RNA
processing
protein

Catechol 1,2-
dioxygenase

Catechol
oxygenase

3-RNA
processing
protein

Catechol 1,2-
dioxygenase

3-RNA
processing
protein

Pseudomonas putida group

Pseudomonas taeanensis

Pseudomonas putida

Pseudomonas
chloritidismutans

Pseudomonas putida

Pseudomonas mendocina

Pseudomonas
pseudoalcaligenes

Pseudomonas
pseudoalcaligenes AD6

Pseudomonas Anvilla C-1

Pseudomonas putida

Pseudomonas stutzeri

Pseudomonas
cremoricolorata

Pseudomonas putida

Pseudomonas monteilii

Pseudomonas

Pseudomonas sp. EGD-AK9

311

312

311

312

311

309

309

309

311

311

312

311

311

311

311

313

343201

34149.0

34264.1

34614.6

34387.2

34088.1

34240.2

34083.1

34312.2

34361.1

343331

34140.9

34301.2

34236.0

34232.9

34514.6

514

4.89

514

5.49

5.13

5.22

4.86

5.29

5.20

5.20

5.15

4.90

5.36

5.07

4.82

5.42

41.85

49.08

38.44

43.74

44.86

41.94

34.88

38.76

40.18

43.83

39.35

43.46

39.11

38.30

42.58

40.83

79.16

81.09

79.49

74.78

78.55

78.35

81.81

78.96

79.49

78.55

78.85

78.23

80.74

79.52

77.94

82.01

-0.421

-0.343

-0.401

-0.527

-0.440

-0.370

-0.393

-0.390

-0.390

-0.446

-0.482

-0.395

-0.390

-0.391

-0.435

-0.422

© 2015 Global Journals Inc

(US)



Catechol
dioxygenase

3-RNA
processing
protein
3-RNA
processing
protein
Catechol
dioxygenase

Catechol
dioxygenase

Catechol
dioxygenase

3-RNA
processing
protein

Catechol
dioxygenase

Catechol
dioxygenase,
partial

1,2-

Pseudomonas resinovorans

Pseudomonas mendocina

Pseudomonas sp. M1

Pseudomonas syringae

Pseudomonas sp.
MOILT4HWK12:12

Pseudomonas sp.
URMO17WK12:13

Pseudomonas
thermotolerans

Pseudomonas syringae

Stenotrophomonasmaltophilia

309

313

307

309

311

309

314

309

314

33947.8

34684.8

33845.7

34354.3

34290.9

34577.5

349521

34180.0

34513.4

4.92

5.33

5.33

5.07

4.78

5.33

5.22

5.10

5.23

32.51 79.94 -0.388
44.03 81.73 -0.499
37.28 82.41 -0.415
41.67 84.66 -0.397
42.64 77.94 -0.445
35.34 73.62 -0.537
44.83 82.13 -0.439
42.44 79.90 -0.475
41.63 79.65 -0.429

Motif helps to find out the functional domain of

using MEME. This is well known fact that E-value

proteins and also motif represents the conserved
pattern in protein sequences through which we can
design degenerate primer of those protein sequences.
Motif analysis of the sequences was conducted by

describes the statistical

significance of the moatif.
According to Baker et al [34], by default, MEME looks
for up to three motifs, each of which may be present in

some or all of the input sequences.

Table 2 : MEME result showing sequence logos with width and respective E value

Motif No Width E Value Sites Sequence Logo
1 50 1.66-2998 61 “AVDoll ANToCT!SYFD=sQSELNLRRR | TDACRRARSIV SCGC
2 50 1.0e-2920 61 “TQEeLPsLCR COR A ) FFISA G R LTTQINLACDs/LWODFAYAT
3 50 7.26-2496 61 LGy eLOLLeDAsDaEACLIGCT RTIEG LYVACA yasCeeRUDD:

%TQEELQ&L,B=

Figure 1 : Three motif of Catechol 1, 2-dioxygenase generated by MEME
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MEME chooses the width and number of
occurrences of each motif automatically in order to
minimize the ‘E-value’ of the motif which increases the
probability of finding an equally well-conserved pattern
in random sequences. In our experiment, motif overview
has shown in ‘Table 3’ describing 1.6e-2998 E-value of
motif one, 1.0e-2920 E-value of motif two and 7.2e-2496
E-value of motif three. E-value, width, sites, sequence
logo and regular expressions are given in ‘Table 2'.

Catechol 1, 2-dioxygenase3D structure is very
important in understanding it interactions, functions and

their localization. Homology modeling is the most
common structure prediction method. Pseudomonas
species Pseudomonas aeruginosa MH38 (Accession
numbers: CDH71767.1 was taken as a representative
sequence in the experiment and we generated five 3D
models (Figure: 2)of it by I-TASSER. Quality and
reliability of structure was checked by several structure
assessment methods including Rampage, ERRAT and
Z-Score by various parameters and Ramachandran plot
analysis.

Mode 3

Model 4

Mode 5

Figure 2 : 3D model of Catechol 1, 2-dioxygenase generated by I-TASSER

RAMPAGE (Figure 3). Ramachandran plot analysis
showed that only 1.0 % residues in outlier region, 2.6 %
allowed region and 96.4 % in favored region, indicating
that the models were of reliable and good quality.

|
Among five models, model 4 has shown better
conformational attribute in case of checking by several
structure assessment methods. The stereochemical
quality of the modeled protein was analyzed by

© 2015 Global Journals Inc. (US)
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Figure 3 : Favoured amino acid residues in Ramachandran plot for 3-D structure of catechol 1, 2-dioxygenase
generated by RAMPAGE

Procheck checks the stereochemical quality of
a protein structure by analyzing residue-by-residue
geometry and overall structure geometry. This tool was

used to determine the Ramachandran plot to assure the  1.2%

(Figure 4).

PROCHECK

Pi (degnees)

Ramachandran Plot
modell - Chain A

b b
diay 25
AR '.l'i .'l.l:
~h
135 180
Phi (degreas)
Piod statistics
Residnes in mos fveed mams [ARL| m 7%
Residnes in additonal afirwed mpoes. [2b,Lpi 45 1a3%
Fesidues in peemesty diowed mpions. |-a-b-L-p] 6 23
Fesidues in deallowed & pioes 3 L3
%0 W00E

umher of non-ahycine and non-preiine residaes

quality of the model. The result of the Ramachandran
plot showed that 77.7% of residues in favorable region
and amino acid percentage in disallowed region as

Figure 4 : Showing Ramachandran plot of phi versus psi angles of homology model of catechol 1, 2-dioxygenase
generated by using PROCHECK. Color codes are Red color- most favorable regions, yellow color region- allowed
region, and pale yellow generously allowed region and white color- disallowed regions
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ERRAT is a protein structure verification
algorithm that analyzes statistics of non-bonded
interactions between different atom types based on
characteristic atomic interaction [35]. ERRAT is a so-
called “overall quality factor” for non-bonded atomic
interactions, with higher scores indicating higher quality.

Program: ERRAT2

File: ivariwww/SAVES/Jobs/77884837 /lerrat.pdb
Chain#:1

Overall quality factor*: 86.093

The generally accepted range is >50 for a high quality
model. For the current 3D model, the overall quality
factor predicted by the ERRAT server was 86.093
(Figure-5).

Emor value*
w w
o w
&2 ®
_—

Residue # (window center)

Figure 5 : ERRAT result showing amino acid distribution in error or non-error region for catechol 1, 2-dioxygenase.
Black bars identify the misfolded region located distantly from the active site, gray bars demonstrate the error region
between 95% and 99%, and white bars indicate the region with a lower error rate for protein folding

V. CONCLUSION

In this study, catechol 1, 2-dioxygenase were
selected and characterized from physicochemical
perspectives.For this enzyme, molecular weight,
theoretical isoelectric point, aliphatic index, instability
index, Grand Average Hydropathy (GRAVY) was
computed and that are essential and vital in providing
data about catechol 1, 2-dioxygenase and their
properties. Conserved sequences in motifs help us to
culminate a significant insight of functional domain and
also it may be utilized for designing specific degenerate
primers for identification and isolation. Homology
modeling generated five structural models and
validation technique extols the best one. This 3-D
structure may provide a new insight to better understand
of structure and function. The study also focused on the
future prospects of research in environmental safety
concern.
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