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Protein function depends greatly on its structure. Based on this principle, it is vital to study the
protein structure in order to understand its function. This study attempts to build the predicted
model of lipase gene in Rhodococcus sp. NAMS1 using homology modelling method. The
predicted structure was then used to investigate the function of protein through several
bioinformatic tools. The DNA sequence of lipase gene was obtained from the Rhodococcus sp.
NAMSI1 genome scaffold. Blastx analysis showed 100% identity to the target enzyme andthe
appropriate template for homology modelling was determined using Blastp analysis. The 3D
protein structure was built using two homology modelling software, EsyPred3D and Swiss
Model Server. Both structures built obtained LGScore of greater than 4, which means they are
extremely good models according to ProQ validation criteria. Both structures also satisfied the
Ramachandran plot structure validation analysis. The predicted structures were 100% matched
with each other when superimposed with DaliLite pairwise. This shows that both structure
validation servers agreed on the same model. Structure analysis using ProFunc had found seven
motifs and active sites that indicate similar function of this protein with other known proteins.
Thus, this study has successfully produced a good 3D protein structure for the target enzyme.

INTRODUCTION

Lipases are ubiquitous enzymes that catalyze the breakdown of
fats and oils producing free fatty acids, diacylglycerols,
Lipases are also
esterification, transesterification and aminolysis [1]. Many
microbial lipases have been commercialised, especially in
detergents, papers production,

monoglycerols

and glycerol.

cosmetics production, food

may be replaced by Glu in case of Geotrichum candidum lipases,
which have the specificity for hydrolysis of fatty acids with cis-
unsaturated double bonds [8]. The lipases belongs to the o/f
hydrolases family [9] with a central B-sheet, containing the active
Ser placed in a loop by the movement of a lid and exposure of
hydrophobic pocket and the active site structure above critical

efficient

flavouring and organic synthesis [2—4]. Lipases are valuable
biocatalysts, because they act under mild conditions and are
highly stable in organic solvents, showing broad substrates
specificity [5-7].

In general, microbial lipases are 20-60 kDa proteins, with an
active Ser residue of the active site structure Ser-His-Asp. Asp
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micellar concentration (CMC) of the substrate [10], which is also
responsible for its ability to hydrolyse fats and oils.

In this study, the main purpose is to use bioinformatic
approach to predict 3D protein structure and function of lipase
gene in Rhodococcus sp. NAMSI. Bioinformatics is a novel
approach in recent investigations on sequence analysis and
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structure prediction of proteins [8]. The predicted model
constructed from this study will be used for later analysis in
understanding the lipase structural features in which will provide
the knowledge of important characteristics for protein
engineering. The significant structural data may be utilised to
exploit the protein for industrial use and commercialisation.

MATERIALS AND METHODS
Obtaining the amino acid sequence of lipase gene

The lipase gene sequence obtained from Rhodococcus NAMS1
genome scaffold was used throughout this study. The gene
sequence was analysed using Blastx algorithm to attain the amino
acid sequence. Blastx analysis was performed against non-
redundant sequence database. The amino acid sequence with
100% identity was retrieved in FASTA format.

Preparation of the structure template

The amino acid sequence of lipase gene was blasted using Blastp
algorithm against protein databank to search for the appropriate
structure template. Blastp algorithm compared the amino acid
sequence with similar sequence along with known structures in
the Protein Databank. The structure with similarity that is greater
than 30% with the amino acid sequence was selected as the
template.

Prediction of the 3D structure using ESyPred3D and Swiss
Model Server

The selected template was sent to ESyPred3D server [12] and
swiss model server [13-15] to build the structure model. In this
study, the template structure was sent to two different homology
modelling servers to predict the structure as comparison.

Structure validation

The predicted structures were later sent to ProQ-Protein Quality
Predictor [16] and the Ramachandran Plot [17] to check the
quality of the model. ProQ is a neural network-based method to
predict the quality of a protein model that extract structural
features such as frequency of atom-atom contacts and predicts the
quality of a model, which is measured by either LGscore or
MaxSub. The difference between MaxSub and LGscore is the
length of target protein. Correct model should have LGscore more
than 1.5 and MaxSub more than 0.1 [16].

The Ramachandran plot shows the phi-psi torsion angles for
all residues in the structure (except those at the chain termini).
Glycine residues were separately identified by triangles, as they
are not restricted to the regions of the plot appropriate to other
sidechain types. The colouring/shading on the plot represents
different regions described in [18]: the darkest areas (here shown
in red) correspond to the "core" regions representing the most
favourable combinations of phi-psi values. Ideally, one would
hope to have over 90% of the residues in these "core" regions. The
percentage of residues in the "core" regions is one of the best
guides to stereochemical quality [19].
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Structure analysis

Once validated, the structures were sent to DaliLite Pairwise to
check for the similarities between the two structures predicted and
for ProFunc server to predict their function based on the active
sites and motifs. DaliLite was accessed at
http://www.ebi.ac.uk/tools/structure/dalilite/. DaliLite e algorithm
compared all chains in the first structure against all chains in the
second structure. The superimposed coordinate file was later
downloaded from the website.

RESULTS AND DISCUSSION
Obtaining the amino acid sequence of lipase gene

The contig containing lipase gene sequence obtained from the
genome scaffold data of Rhodococcus nam81 is showed in Fig. 1.
Meanwhile, Fig. 2 gives the result of Blastx. It shows the
sequences from protein databases that matched with the query
sequence. Blastx analysis gives good result with high percentage
of similarity with the lipase gene sequences in the databases. The
most similar sequence with 100% identity to the query was
selected. The identical protein sequence is lipase (Rhodococcus
pyridinivorans AK37), [Accession Number ZP_09310273.1]. The
sequence was selected and used throughout the study for further
analysis.

/| NODE_90 length_19639_lipasel - Matepad (=1

File  Edt Forrmst  Wiew  Help

p-roDE_90_length_19639_cov_44. T837013 -
GO A AL CCGrCGG TATTGACCCTCGLGATCC TCACC G GO TC GLCAAC GAGT A
CGAAL TCGAC ATGL ACATCCGTGCAGCCC TR GLGCCGGGATCGATCOCGAC GACCTCGT
CRAGGTCTTTC TG ACACCGUGOTCTACGCGGLTGTCCCCAACAGC AMCCGGGIATTCGE &
GCTCGGRCAAGT AGGC AL TC GCC CAC AL C GAGGGAGGTGL GLGI T GTCAGC AL TCOC GAL
GTCACC G CC L GAGGTC AT TC G GAGAAL CCCGGGOLGTC GCCLGATTACGTGC AGTCG
CTGGCACGTGGCC TGTC GG TCATC ARG TTOGGTGE GLAC GOOCAGC GGLAGTCGITC
T GAL GTC QoL Gl G GALC oA TC AL CC G G TAC TOC G GLC GATTCC TGT TRALT
CTCATCGAAC TCGGTTACGTECOC ACC GACCGATCCCAGTTC TGGC TCACCCCACGLGTG
T AL T G TAC A TAC CTETC LR G TCAC TR C GRACLTC QL QO CALCCCAT
CTEGACGE O TCGECOAGAAAGTE AAGGAATE GACC TECOTGTCCETEE TEGACGLEALL
GACGTEGTE TACGTCGLAC GAGTTCOC GTCAGECGCATCATGACCGTCALCATCACCC T
S A T T G T AL G A TCC AT AL GO TAC TCC TCGC C LT T TERAAL
GATGAL GAAL TCGACGIC TALC TCGLGL GCGECCAATTCGE TCCCATC ACCGGEAMC AL
GTCACCACC QO GAGCAAT TG G GUC GAGATC QU C AL GO TAC QAL G AAC GLATAC TGL
ATEGTEGALC ACGAAL TCGAGGAGGHCL TEL 6L TCGE TCGCCGEGECCATECGEGATEEG

T GECAA L T TE TGO CTC GO TRAACC TETE GAC CCAL L GEL OO GL TACC CRATGRAG
ACCGT G AL GAL GAGE TCATCCC GO GTTEL TC G CACC GO GRAGL GATC TCCALCGAT
CTCECCCGLACCCAGAL CCACCAGTEAAC AAC CLCGATC GAGGTACATCATGACC GACGT
AGTEATE TEC CAACCCL TR Gl AL COC GO T A TAGE TTCGEC G G TCC TEAAGLACAT
CELCCCCGAGRATC TCRC GLCCACCETCATCC L GAMl TCATCGOCCGCACC GETATC AL
CEATTCCGAC ATCEAC CACCTC TTCL TCEELCALGCATCCCCCAAMC GETEAGGCCCCC O
CCTCGGOCGE G TCECCRCCC TCAAL GLCGELC T GEEGTEEAC GTTCCGLGOC TELAGGT
CEACCETCOE TECGEE TEGLGTE TECAGCL CATC GTEC AGGLCETCATCC AGGE TEC AGAL
COGCGLEAGL GATC TEATCL TCGE CGGLGEL GOC GAATC GATGAGC CAGGLC GAGTTCTA
COOCALC GO ATGOGE TREHGEGTC AAGGLL GAAGCCGTCGL TCTGTOCGATCGOL TGGL
CCGTGOOCGOGTCALC SCC RO GEACGLGAL TTCCC TETECLCGLE GLCATGATC GAGAL
COOCGAGAACC TEO G GCCGAGTTC TCCATC AGLCGTGAGGAC CAGGAC GLCC TGGLCGT
GCAGTC G ACC AGCGGGCGTOGCCGE GE AGAAGAAC GGTGTGT TC GO GE AGGAGATOGT
GTCCGTGAGC GTGOCGLAGEGC AAGGGC GATCCGE TCGTCGTC GAC ACC GAC GAGCACLC
CCGCGOCGAD ACC TCGATGRAGAL CC TCOGOC AAGE THE GOCCGATCCGC GG AAGATCGA
CCCCGAGTOC ACCGTCACC GCCGGC AACGOC AGL GEOC AGAAC GAC GETGOC GECC TOGE
GATCGTC ALC ACCAC AGAGAAGGE CGCCGCGC THEGTC TG GTCCGE TEEOCCGOC TCGE
AAGE TEGGE GETHECC EETETGOC GO GEGE ACC ATGGGE ATC GGCCCGE TGO GCCAG:
COEAGAAGGL GC TCGGOCGOC TCGGAC TGAL GC TCGCCGAC ATGGAC GTCATC GAAL TCAA
CEAGGEGT TCGOCGE AL AGHCCC TGHOCGTC ACCCGE TCGTRGGGE ATC GAGGC GACGA.
CTCGCGOC TGAATCOCC AAC GGC TCCGGLATC TOCC TCGGACATCC GGTGRGE GLGACC GG

Fig. 1. Lipase gene sequence from Rhodococcus sp. NAM81 genome
scaffold which is used as the query sequence for Blastx analysis.
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Fig. 2. Graphic display of Blastx analysis shows high score of hits. The
arrow points to the region of lipase sequences from the database.

Preparation of the structure template

Using the Blastp analysis, the appropriate template for homology
modelling was successfully obtained. 3DNM_A with the total
score of 133 and 35% of max identity was selected as the template
for the 3D protein prediction (data not shown). Blastp algorithm
compares protein query with the protein sequences in the public
databases and resulted with the most similar and significant
sequences.

Prediction of the 3D structure using ESyPred3D and Swiss
Model server

Rhodoccoccus sp. NAMSI lipase is a 46 kDA protein in a single
chain monomer strand that consists of 431 amino acid residues.
The 3D structures that were built using ESyPred3D and Swiss
Model are given in Fig. 3. Generally this protein has structurally
similar characteristics with other lipase, which is the existing of
two types of secondary structure, known as alpha helices and beta
sheets. The secondary structures of Rhodoccoccus sp. NAMSE1
lipase include 188 residues that created 16 alpha helices, shown in
red, and 99 residues involved in beta sheets totalling 8 strands,
shown in blue with a few random coil structures. The alpha
helices were accounted for 44% of the protein, while beta sheets
comprise 32%. The total number of negatively charged residues
(Asp + Glu) was 35 whereas the total for positively charged (Arg
+ Lys) was 27 residues.

Structure validation

Structure validation analysis was performed to check the quality
of the modelbuilt. The structure validation analysis was done
using ProQ-Protein Quality Predictor and the Ramachandran Plot.
Fig. 4 and 5 show the structure evaluations by ProQ-Protein

Quality Predictor. The predicted LGScore for the EsyPred3D
model was 7.143 (Fig. 4) and the predicted MaxSub was 0.731
(Fig. 5). Meanwhile for the Swiss Model, the predicted LGScore
was 6.953 and the predicted MaxSub was 0.736. Both the
predicted LGScore lies in the range of an extremely good model
of predicted 3D protein structure, while their predicted MaxSub
were highly acceptable score, which lies in the range of a good
model.

Fig. 3. Predicted structure built by a) ESyPred3D and b) swiss model
server.
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ProQ - Results

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

Predicted LGscore - 7.143
Predicted MaxSub : 0.731

Different ranges of quality
LGscore>1.5 fairly good model

| Gseore>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 exiremly good model

Fig. 4. ProQ Validation result for predicted structure by EsyPred3D server.
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ProQ - Results

Prediction not using predicted secondary structure

(OBS: By using predicied secondary structure the prediction will be more reliable)
Predicted LGscore : 6.953

Predicted MaxSub : 0.736

Different ranges of quality
LGscore=1.5 fairly good model
LGscore>2.5 very good mode!

1 Gscore=4 extremly good model

MaxSub>0.1 fairly good mode!

MaxSub>=0.5 very good model
MaxSub>0 8 extremly good model

Fig. 5. ProQ Validation result for predicted structure by Swiss Model
server.
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Both of the 3D protein structures were also validated using
Ramachandran plot. The result for the EsyPred3D model (Fig. 6)
shows that the percentage of residue in favoured region was
96.7% with 0% of residue in outlier region. Meanwhile for the
Swiss Model (Fig. 7), the percentage of residue in the favoured
region was 87.4% with 1.3% of residue in outlier region. Results
obtained from Ramachandran plot are also promising as most of
the residues clustered tightly in the most favoured regions with
very few at the outliers.

a
-
=
= F o
. L
-
L
. -
an | o — . |
£ 5 -
(]
s & CaremiPre PvesTreling Fasaursd Gt sl T Pe Plr s Al
= Gliyetrs Foumss Giyars Mowsd

Fig. 6. Ramachandran plot for predicted structure by EsyPred3D server.
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Fig. 7. Ramachandran plot for predicted structure by Swiss Model server.

Structure analysis

All the chains in the first structure against all chains in the second
were compared using Dalilite pairwise. The superimposed
structures in Fig. 8 shows exact match between the predicted
model built by EsyPred3D and Swiss Model server, which
indicates a good model of a predicted 3D protein structure.
Although both structures were generated by two different servers,
both servers agreed in the same model. This was further proved
with the structure alignment result given in Fig. 9, which
demonstrates a 100% match between both predicted structures.

Fig. 8. The superimposed structures result from DaliLite pairwise.
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Fig. 9. Pairwise structural alignment result.
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The predicted structures were then sent to ProFunc server to
predict its function. ProFunc server is used to identify the likely
biochemical function of a protein from its 3D structure. It uses a
series of methods including fold matching, residue conservation,
surface cleft analysis, and functional 3D templates to identify both
the protein's likely active site and possible homologues in the pdb.
The results are given in Fig. 10 and 11 in which ProFunc has
successfully found 7 motifs and 7 active sites matched. Motif in
proteins is conjectured to have biological significance. Protein
sequence motifs are signatures of protein families and can often be
used as tools for the prediction of protein functions [20].

Sequence motifs EsyPred3D modeled structure.

@ InterPro scan for sequence mofifs.

f mouts matched in SCan against PRUSIIE, PRINT S, Pram-A, 1IGKEAM, PROHLES and PRODOM motits

Type Notif Hame
1. HMMPanther PTHR23024:SF47  SUBFAMILY KOT NAMED
2. HMMPanther PTHR23024 MEMBER OF 'GDXG' FAMILY CF LIPOLYTIC ENZYMES
3. superfamily SSF53474 alpha/beta Hydrolases
4. Gene3D G3D5A:3.40.50.1820 no description
5772 PSO173 LIPASE_GDXG_HIS
.. plus others
Sequence motifs Swiss Model modeled structure.

InterPro scan for sequence motifs. Chain B

T mouits matched in scan against PROSITE, PRINT S, Pram-A, TIGRFAM, PROFILES and PRODOM motits

Lype Lout Hame
1. HMMPanther PTHR23024:5F47  SUBFAMILY NOT NAMED
2. HMMPanther PTHR23024 MEMBER OF 'GDXG' FAMILY OF LIPOLYTIC ENZYMES
3. Gene3D G3DSA:3.40.50.1820 no description
4. HMMPiam  PFO7858 Abhydrolase 3
517 PS01173 1IPASF_GNXG_HIS
.. plus others

Fig. 10. ProFunc result for predicted structure by EsyPred3D server.

30 functional template searches EsyPred3D modeled structure.

Enryma active site templatas.

7 significant hits out of 584 enzyme active sitc templates.
Scors Templats PDB Hame
1. 397,905 PSAD3100 1j4m Breleldin a estarase, a bactanial Nomologue of Numan hormens sensiti/e lipase
). 264,695 PSAUSUIU 1gpK r acer IOh (+]-NUPEFTING 3 3T Z.13 FeSCIution

3. 249938 PS5,
1. 230914 P
5.201.981 PSAD3124 3ip

. PILS DINErs
0 functional templata searches  Swiss Model modeled structure.
Enzyme active site templates.

7 significant hits out of 584 enryme active site templates.

Score Template PDD Hame
1. 378.844 PSAD3100 1jkm Brefeldin a estzrase, a bactzrial homologue of 'uman hormone sensitive lipase
2 5 PSAD3070 190k Stn cty nple +|-nuperzine a at 2.1a resalution

w plus others

Fig. 11. ProFunc result for predicted structure by Swiss Model server.

CONCLUSION

The study has successfully produces a good predicted model for
the lipase gene where the built structures had passed two
validation tests, which are the ProQ-Protein Quality check and the
Ramachandran plot. Nevertheless, further study is required to
prove the function in the wet lab. Future work will be done in the
analysis of amino acids sequence of this gene to study the
uniqueness of this gene to its source organism.
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