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The Swiss-prot data-base was used for the protein sequence of Rhodococcus UKMP-5M. BlastP was used to
determine the suitable template for homology modelling. Swiss Model is the homology modelling software
was used to determine the 3D structure which passed the ProQ quality test for further analysis. Validation
result for the predicted structure of Rhodococcus UKMP-5M, in which the prediction structure has passed
the validation test with 5.951 Lgscore. This is lies in the range of extremely good model and 0.514 MaxSub

which is lies in the range of very good model.

INTRODUCTION

Phenol has been characterized as first priority pollutants by the
European Union (EU) and the United State Environmental
Protection Agency (US EPA) [1-3]. Ingestion of 1 g phenol
contributes to human fatal and phenol concentration of higher than
50 part per billion (ppb) is toxic to some aquatic life [4]. The
World Health Organization (WHO) recommends that the
maximum permissible concentration of phenol in drinking water is
1 pg/L [5] as the concentration above this level may cause
systemic poisoning [6].Phenols hydroxylase enzyme is the
proteins that play a role in the degradation of phenol.

Proteins are biochemical compounds consisting of one
or more polypeptides typically folded into a globular or fibrous
form, facilitating a biological function. The function of protein is
determined by its structure [7]. The 3D protein structure can be
predicted through three main categories of methods: (1) homology
or comparative modeling; (2) fold-recognition (predicting the
global-fold of a protein); (3) ab initio (trying to model the 3D
structure of proteins using only the sequence or the force field)
[8].

Protein structure prediction using bioinformatics
approach involved sequence similarity searches, multiple
sequence alignments, identification and characterization of
domains, secondary structure prediction and model validation [9]
using PDB (Protein Data Bank) which is the only protein structure

database [10]. Computational methods or algorithms including
homology modelling which is based on alignment to know 3
dimensional protein structure which is derived experimentally
(template) is most accurate method to replace X-ray
crystallography or nuclear magnetic resonance (NMR) technique
[10, 11]. The three critical steps involve in Critical Assessment of
Techniques for Proteins Structural Prediction (CASP) are: (1)
template selection; (2) target-template alignment step; (3)
modeling of regions not present or significantly different from
those in template and (4) modeling of side chains [12]. If the
similarity of the sequence is more than 30%, it can be used as
template. ESyPred3D and Swiss model is an automated homology
modeling program. The method gets benefit of the increased in
alignment performances of an alignment strategy. Alignments are
obtained by combining, weighting and screening the results of
several multiple alignment programs and the final 3D structure
can be built using the modeling package MODELLER.
EsyPred3D and Swiss model passed the targets in CASP4 and has
been proved as the accurate method [10, 11]. The blast suite of
programs is used to find local sequence similarities, which may
lead to the clues about the structure and function of the query
sequence [13]. Between 30% and 50% of identity, multiple
alignments between target, template and similar proteins must be
used. Pairwise alignments between target and template must be
extracted from this multiple alignment [11].

ProQ is a neural network-based method to predict the
quality of a protein model that extract structural features, such as




Bioremediation Science & Technology Research, 2014, Vol 2, No 1, 1-4

frequency of atom-atom contacts and predicts the quality of a
model which is measured either by LGscore [14] or MaxSub [15].
The difference between MaxSub and LGscore is the length of the
target protein. Correct model should have LGscore more than 1.5
and MaxSub more than 0.1 [16]. ProFunc identifies the functions
of a protein related to its 3D structure analyzing the protein’s
sequence and structure by identifying functional motifs [17].
Sequence motif is a nucleotide or amino-acid sequence pattern
that widespread and has, or is assumption to have a biological
significance (http://en.wikipedia.org/wiki/Sequence motif). Motif
is also a segment of DNA or structure that codes for functional
unit of a protein.

MATERIALS AND METHODOLOGY
Microorganism

The bacterium, RhodococcusUKMP-5M, was usedthroughout this
study. This bacterium was isolated from apetroleum contaminated
soil at an oil refinery in Malacca, Malaysia.

Determination of Amino of Phenol
Hydroxylase Gene

Acid Sequence

The DNA sequence of the phenol hydroxylase gene was obtained
from the genome scaffold data of Rhodococcus UKMP-5M [18].
The sequence was then blast using NCBI, BLAST program
against protein database using Blastx algorithm. The most similar
protein sequence with 100% identity to the query sequence was
retrieved in FASTA format.

Preparation of the Structure Templates

The sequence was again Blast against Protein Databank using
Blastp algorithm to find the template for homology modeling. The
sequence with similarity greater than 30% with known structure
was selected as template.

Prediction of the 3D Structure using Swiss Model

The selected template was sent to Swiss model server [13, 19] to
predict the 3D structure. The Swiss model server predicted the 3D
structure model and the pdb file of the predicted 3D structure were
then sent to the author’s email.

Structure Validation

The structure predicted by the Swiss model server was then sent to
ProQ-Quality Predictor [14] to check the quality of the model.

Function Predicting from Structure
The pdb file was loaded in the ProFunc online tool. Preliminary

information was then entered before the result was sent to the
email provided [17].

RESULTS AND DISCUSSION

The Amino Acid Sequence of Phenol Hydroxylase Gene

The phenol hydroxylase gene sequence (Figure 1) was obtained
from the Rhodococcus UKMP-5M genome scaffold [18].
Sequence comparison is a major step in the prediction of protein
structure from existing templates in the Protein Data Bank [20].
Figure 2 shows the results of Blastx analysis, which was
performed against a protein database to find the most similar
protein with the query sequence. The analysis has successfully
generated informative result. The sequence with the highest score
YP 119267.1 with 97% identity to the query is selected as the
input sequence for BlastP analysis to search for the protein
homolog (Figure 3).

>NODE_122_length_1233_cov_13_ 780355
GCTEGTGCCETGEGAGARCETCTICECCTACGACGCCGAGACGACCARCGGGTTCETCR
TGARATCCGEETICATGICGCGCTTCATGTTTCACGETIGCGCCCEICTCGCCETEARGT
TCEACTTCATCGCCGECTGTGTGATGAAGGCGETGEAGATEACCGECTCGGCCEEATTCC
GCEEGGTGCAGATECAGETCEGCEAGATCCTCARCTGECECEACATETICTGGEEACTET
CCERCGCGATGECEARGRCGCCCEATCCETEEETGEGCEEEECCETECARCCGARCCTGR
ACTACGECCTGECETATCGEACCTTCATGECTGTEEECTATCCECEEATCARGGAGATCR
TCCRAGCAGACTCTCGGCAGCEETCTEATCTACCTGAATTCCCATCCEAGCEACTEEEECA
ACCCCGACATCCGECCETACCTCGACCAGTACGTGCECGEGTCERACGGCATCGCGEEC
TCERACCGTETCARGCTGCTCAAGCTECTCTGEEATGCCETCEGCACCEAGTTCEECEECE

GECRCGRGTTGTRCGAGCGCALCTACGGCEETGACCACGRAGECCETGCECTTCCAGRCGT

GTTCGCCTRCCRGECCCAGEECCTEGACRRCCAGCTCRAGGGCTTCGCCGAGCRGTEE

GTCCGAGTACGRCGTCGRCGECTGEACGCGCCCOGATCTGATCGECRRACGACGRTCTGR
LGATCETCCEEEECTERACECAGCEAGACCATCAGEAGCACTGCTETGGCCCATCTCGAG
GICACTCCRCAARCATATGCGALRAGCGCTITGGGCGETTCECGAGCEECGTCACCATCGTC
ACCRCCGCOGAGT G CGAGGRCGRGECTICEETGCRCGEEATGACCECCARCGCICTTCACC
TCGETGEICECTCGRCCCGOCECICETIGCICETETCGATCGCCARCCGCGCCAGEATGARC
GRGCGGRTCCGGGAGACCEETAGETACGEEETTTCGATCCTCGCCGEGERCCAGERACCE
TTGTCCCTGCACTTCGCCGETGCEECACACCAGCCGEATCTGETCCEGTTICGTGTIGELGE
LA CGAAGTECCCCTCCTCGAGEECGCGCTEETGCACCTCEOGTGCACGETEETCERETCC
CATCCCGCGEEGTGRACCACRCGCTIGCACGTGEGCCEEETGEAGCAGCTCTGETACGROGRT

GEGCACCCCCTGETGTICTACACCEECAGTITCCGETCGCTCGRGTIGCRAGEECAGEERT

GRCCCCTEEEEC TT T AT O RGETRAGR G GG EE TR CC GO EEC G EEETCEIEEICT

Figure 1. Phenol hydroxylase gene sequence from Rhodococcus
UKMP-5M genome scaffold [18]
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Figure 2. The blastx graphic display demonstrate high score of
hits. The circled area showed the region of contig which has high
identity with phenol hydroxylase in protein database.
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Figure 3. Blastx descriptions shows the total score of hits
sequence. YP 119267.1 demostrates the highest score and
identity, with the lowest e-value when aligned with the contig
sequence.

Structure Template Preparation

Blastp analysis was used to find the template for homology
modelling. From the analysis it can be described that sequence of
2YYG A (crystal structure of the monooxygenase component
(Hpab) of 4-hydroxyphenylacetate 3-Monooxygenase) resulted
with 32% of identity and high score of 229 (Figures 4 and 5).
2YYG_A was then selected as the template for the 3D protein
prediction.
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Figure 4. Blastp graphic shows only two hits with high score.
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Figure 5. Blastp descriptions give the total score, max identity and
e-value. 2YYG_A is selected as the template sequence as it
obtained the highest score with the max identity greater than 30%
when aligned with the target sequence.

Prediction and Validation of the 3D Phenol Hydroxylase
Structure

The 3D protein structure of the target protein was successfully
predicted using Swiss Server. The predicted structure is shown in
Figure 6.
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Figure 6. The 3D structure of phenol hydroxylase predicted by
swiss model.

ProQ-Protein Quality Predictor was used to validate the 3D
protein structure generated by Swiss model (Figure 7), which also
presented the ranges of the scores. The predicted LGScore for the
model is 5.951 indicating that this is an extremely good model of
the predicted phenol hydroxylase structure. Meanwhile, the
MaxSub predicted for the model is 0.514. This result shows a
highly acceptable score which lies in the range of a good model.
Hasdianty et al., (2012) reported that LG Score for the prediction
of the 3D structure of phenol hydroxylase by Rhodococcus
NAMBSI is 5.936 [21].

SBCz:

ProQ - Results

Predictien not using predicted secondary structure
(0OBS: By using predicted secondary structure the prediction will be more reliable)

Predicted LGscore : 5.951
Predicted MaxSub : 0.514

Different ranges of quality:
LGscore=1.5 fairly good model
LGscore=2.5 very good model
LGscore=4 extremly good model

MaxSub=0.1 fairly good model
MaxSub=0.5 very good model
MaxSub>0.8 extremly good model

Figure 7. Pro-Q validation result for the predicted structure, in
which the prediction structure has passed the validation test with
5.951 Lgscore (lies in the range of extremely good model) and
0.514 MaxSub (lies in the range of very good model).

Prediction of Function from Structure Analysis

Numerous new methods have been designed to predict the protein
function from local structure similarities. One of the methods is
the search for the derivation of libraries of motifs from known
protein structures againts the new structures [22]. Result of
sequence motif for SWISS model 3D structure, which showed the
presence of phenol hydroxylase enzyme is shown in Figure 8.
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Nine (9) motifs matches were observes in phenol hydroxylase
structure. Motif is a segment of DNA or structure that codes for
functional unit of a protein, which confirmed the function of
phenol hydroxylase enzyme through the predicted structure.

Sequence motifs [ DPROTPAENUT ATDRUAYLASE STRUCTUREVSORala_ZImaiUIZ o |

InterPro scan for sequence mofifs, Chain A
IntérPro

9 motifs matched in scan against PROSITE, PRINTS, PFam-A, TIGRFAM, PROFILES and PRODOM mafifs
Tupe Hotf ~ Name

1. HMMPfam PF11794 HpaB_N

2. HMMPfam PFO3241 HpaB

3.HMMPR  PIRSF000331 4-hydroxyphenylacetate 3-monooxygenaseld-hydroxyphenylacetate-3-

hydroxylase

4 HMNTigr TIGRO2309 HpaB-1: d-hydroxyphenylacetate 3-monooxygenase, ox

5.Gene3D  G3DSA:1.10.3140.10no description

IS Others

Figure 8. ProFunc result shows 9 motif matched with other
sequences in the databases.

CONCLUSION

The predicted structure of Rhodococcus UKMP-5M phenol
hydroxylase shows the very good model of the predicted 3D
structure through the scaffold gene sequence, where LG Score for
the model is 5.951. Nine (9) motifs were also successfully
matched with the phenol hydroxyalse enzyme from the predicted
structure.
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