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ABSTRACT

A cold active lipase producing mesophilic fungus was isolated from Palm Oil Mill Effluent
(POME) dump sites and identified by 28S rRNA molecular identification studies as
Emericella nidulans NFCCI 3643. The BLAST P search with the sequence of the purified cold
active lipase obtained by MALDI-TOF/MS analysis revealed that the protein is a hypothetical
protein from Emericella nidulans with a gi number 67522685. Search of Lipase Engineering
Database (LED) for this protein sequence revealed that this protein belongs to Candida antarctica
lipase A like super family and to Aspergillus lipase like homologous family of class Y lipases. In the
present study, a 3D structure of EnLL A (Emericella nidulans lipase A) was built using homology
modeling, the model was further optimized by molecular dynamic simulations and the optimized
model was then docked with natural substrates. Secondary structure analysis of EnLL A showed
37.11% of its content to be alpha helix making it stable for three dimensional structure modeling.
Homology model of EnL. A was constructed using the X-ray structure of Candida antarctica Lip A
(3 guu.1.A) as a template with which EnL A showed 32.77% sequence identity. The stereo chemical
quality and side chain environment of the model was validated by Ramachandran plot, ERRAT and
Verify 3D. Natural substrates like tributyrin and trioctanoin were docked in to the optimized 3D
model to further investigate the ligand-enzyme interactions.

Key words: Cold active lipase, palm oil mill effluent, Emericella nidulans NFCCI 3643, EnL A,
homology modeling, molecular dynamic simulations, docking, Ramachandran plot

INTRODUCTION

Lipases (triacylglycerol acylhydrolase, EC 3.1.1.3) are ubiquitous enzymes and are found in both
prokaryotic and eukaryotic organisms with physiological significance. Lipases belong to the family
of hydrolases acting on carboxylic ester bonds and responsible for catalyzing the hydrolysis of
triglycerides to diglycerides, monoglycerides, fatty acids and glycerol (Gilbert, 1993). Among
lipases, cold active lipases are gaining the attention of industrialists owing to their applications in
various fields (Cavicchioli et al., 2002; Cavicchioli and Siddiqui, 2004) and due to their ability to
catalyze the reactions at lower temperatures (Gerday et al., 2000; Cavicchioli et al., 2002;
Feller and Gerday, 2003; Cavicchioli and Siddiqui, 2004). Cold active lipases are characterized
by greater structural flexibility especially around the active site and this property can be best
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exploited for improving the thermal stability of these enzymes (Joseph et al., 2008) which makes
them suitable for various industrial applications. The thermal stability of cold active enzymes can
be increased by chemical modification (Siddiqui and Cavicchioli, 2005) and as well by directed
evolution (Zhang et al., 2003).

Bioinformatic applications provide insights in to sequence analysis and structure prediction of
novel proteins. Structural predictions of microbial lipases have been in practice since 1980s.
Ollis et al. (1992) for the first time reported a/B hydrolase fold in lipases based on the 3 D folds.
Most of the lipases contains ‘lid’, a helical segment that covers the active site and the opening and
closing of this lid governs the accessibility and binding of the substrate to the active site
(Derewenda et al., 1992; Van Tilbeurgh et al., 1993; Grochulski et al., 1994; Egloff et al., 1995). The
active site contains the catalytic triad, usually Ser-Asp-His, in the hydrophobic environment.

Understanding the 3 dimensional structures will allow one to perform required modifications
to suit various industrial applications. Molecular modeling is a valuable tool especially for
medicinal chemists in the process of drug design. Computational biology is paving way to
understand protein 3 dimensional structure and predict functions of novel proteins. Sequences of
a number of lipases have been determined and their comparison is used for elucidating the
structure-function relationship (Sinchaikul et al., 2001; Tyndall et al., 2002; Eggert et al., 2002;
Tripathi et al., 2004).

In the field of molecular modeling, docking is one of the very important technique which allows
one to predict the preferred orientation of one molecule relative to the other when both are binding
to each other (Kumar et al., 2013) and this knowledge of preferred orientation in docking studies
in turn predicts the binding affinity and strength of association between two molecules. In general,
docking is used to predict the interactions between drug candidates (Kitchen et al., 2004) in drug
designing process. In case of enzymes, docking can be employed to predict the substrate binding
sites (active sites).

In the present study, Homology modeling was first applied to build a 3D structure of EnLL A
purified and characterized from Emericella nidulans NFCCI 3643 screened and isolated from Palm
0Oil Mill Effluent (POME) dump sites. Molecular Dynamic (MD) simulations were performed to
further optimize the 3D model and docking studies were then performed to study ligand-enzyme
interactions.

MATERIALS AND METHODS

BLAST P, multiple sequence alignment and phylogenetic tree construction: The amino
acid sequence of the cold active lipase, EnLL A, obtained by MALDI-TOF/MS analysis of the purified
lipase from Emericella nidulans NFCCI, screened and isolated from Palm Oil Mill Effluent (POME)
dump sites, Pedavegi, East Godavari District andhra Pradesh, India was used to scan the protein
sequence databases using BLAST P algorithm to obtain homologous protein sequences from the
available protein sequences of various organisms. The sequences so obtained were further subjected
to multiple sequence alignment using CLUSTAL ®» and a phylogenetic tree was then constructed
using phylogeny.fr (http://www.phylogeny.fr/) to determine the evolutionary relationships.

EnL A and Lipase Engineering Database (LED): Lipase engineering database, a database of
lipases, maintains information regarding lipase sequences including putative and hypothetical
sequences from various organisms, organized into classes, super families and homologous families.
Since LED (http://www.led.uni-stuttgart.de/) is a repository of lipase sequences from all possible
sources it was searched for presence of EnLi A sequence.
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Secondary structure prediction of EnL A: Secondary structure of Enl. A was predicted using
SOPMA (https://mpsa-prabi.ibep.fr/cgi-bin/npsa_automat.pl?page=npsa_sopma.html) tool in Expasy.

Homology modeling: The sequence of Enl. A was downloaded from the universal protein resource
(Uniprot KB) (http://www.uniprot.org/) (The UniProt Consortium, 2012) (entry ID: Q5 BCD1). The
suitable template for homology modeling was identified through searching EnLi A on PDB using
the BLAST P algorithm (Altschul et al., 1990). The 3D structure of Candida antarctica lipase A
(Cal A) was downloaded from PDB (PDB ID: 3guu.1.A) as the template structure. The 3D model
of EnLi A was then built with Prime version 3.9 (Jacobson et al., 2002, 2004) in Schrédinger Suite
2015-1 (Schrodinger, LLC, New York, NY). The target (EnL A) and template (Cal A) sequences
were aligned using the Clustal W method employed in Prime, followed by manual adjustment to
avoid big gaps in the secondary structure domain.

Model validation: The quality of the homology model was validated by assessing the stereo
chemical quality of the model using Ramachandran plot obtained from the RAMPAGE
(http://mordred.bioc.cam.ac.uk/~rapper/rampage.php) server (Lovell et al., 2002). Verify 3D
(Bowie et al., 1991) and ERRAT (Colovos and Yeates, 1993) were used to assess the amino acid
environment from the UCLA-DOE server (http://www.doe-mbi.ucla.edu/services).

Molecular Dynamic (MD) simulations: The initial 3D structure of EnL A obtained from
homology modeling was further optimized using MD simulation. The MD simulations were
performed using Desmond Molecular Dynamics module (Guo et al., 2010; Shivakumar et al., 2010)
version 4.1 of Schrodinger with OPLS (Optimized Potentials for Liquid Simulations) 2005 force
field. The 3D EnL A structure was surrounded by a truncated orthorhombic box of SPC water
molecules with a margin of 10.0 A along each dimension. The charge neutrality was maintained
by adding sodium ions to the system. Energy of the prepared systems was minimized for
2000 iterations using steepest descent method. The default parameters in Desmond were
applied for system equilibration. The 12 nsec (nano seconds) MD simulations were then carried
out with the equilibrated systems at a temperature of 300 K and at a constant pressure of latm,
under the NPT (normal pressure and normal temperature) ensemble with a time step of 2f sec
(femto seconds).

Ligand preparation: The natural substrates of lipases like Tributyrin and Trioctanoin were
selected as ligands for docking studies. The 3D structures for these ligands were built using Lig
prep version 3.3 in Schrodinger Suite 2015-1 with an OPLS_2005 force field (Jorgensen and
Tirado-Rives, 1988; Jorgensen et al., 1996; Shivakumar et al., 2010). Epik (Shelley et al., 2007,
Greenwood et al., 2010) version 3.1 in Schrodinger Suite was used to generate their ionization
states at pH7.0+2.0.

Active site identification, grid generation and molecular docking: Site Map
(Halgren, 2007, 2009) version 3.4 in Schrodinger Suite was used to identify probable ligand binding
sites. The optimized EnL A structure was prepared prior to molecular docking using Protein
Preparation Wizard (Sastry et al., 2013) in Schrédinger Suite. Bond orders were assigned and
hydrogen atoms were added to the protein. The OPLS_2005 force field was then used to minimize
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the structure of the protein in order to reach the converged RMSD (root mean square deviation)
0.30 A. Hydrophobic and hydrophilic field contour maps were then generated. This was then
followed by dividing of hydrophilic maps in to donar, acceptor and metal binding regions. All the
sites were finally assessed by calculating various properties. Receptor Grid Generation in
Schrodinger Suite was then used to define a docking grid. Glide (Friesner et al., 2004;
Halgren et al., 2004; Friesner et al., 2006), version 6.6 in Schrodinger Suite with extra precision
(XP) was used to dock the optimized 3 D structures of the two substrates (tributyrin and
trioctanoin) in to docking grid in the optimized 3D structure of EnL A.

RESULTS AND DISCUSSION

In view of growing demand for cold active lipases to use in various industrial applications,
knowledge of 3 dimensional structures could pave the way to modify these enzymes as per the
industrial needs. The 3D structure of proteins can be predicted by using homology modeling which
uses experimentally determined protein structures as templates to predict the 3 D structure of a
target protein based on target-template alignment. In the present study, homology modeling,
MD simulation and docking studies were carried out with EnL. A sequence obtained by the
MALDI-TOF/MS analysis of the purified lipase from Emericella nidulans NFCCI 3643, screened
and isolated from POME dump sites.

Scanning of protein sequence databases using BLAST P (Altschul et al., 1990) with the
sequence obtained by MALDI-TOF/MS analysis of the purified lipase revealed that the protein is
a hypothetical protein from Emericella nidulans with a gi number 67522685 and the protein is
showing up to 64% similarity with hypothetical proteins and putative secretary lipases from
various organisms especially from Aspergillus spp. The FASTA sequence of extracellular cold active
lipase (EnL A) retrieved from Uniprot KB was shown in Fig. 1. Multiple sequence alignment of
sequences obtained by BLAST P analysis using Clustal o revealed that EnL A also contained a
conserved GXSXG sequence that is characteristic of all lipases (Ollis et al., 1992) (Fig. 2). A
phylogram constructed based on multiple sequence alignment using phylogeny.fr (Dereeper et al.,
2008) revealed that EnL A was closely related to a conserved hypothetical protein from
Aspergillus terreus NIH 2624 (Fig. 3).

trlQ5BCD1|Q5BCD1_EMENI Secretory lipase, putative (AFU_orthologue AFUA_7G00110)
OS=Emericella nidulans (strain FGSC A4/ ATCC 38163/ CBS 112.46 / NRRL 194/ M139)
GN=AN1799.2 PE=4 SV=1

MASLLYQLLFLLVPLLAAGLPANPVKKAGPQPPGEDPFY TPPDGWESTEPGAILRHRTPP
YPIAAFGLAEVNLDASYQILYRTTDSFGEPIATVTTILIPHNADY TKVLSY QVAQDAADP
NCSPSFAIQQFSDAGEALALVMPQLEYLFMSSALNKGFVVIVPDHLGPRSAFLANTLSGQ
AVLDNVRAALASTDITGISSQATVALWGY SGGSLASGFAAELQPSY APELKIAGAALGG
TVPQIPPVIRASNKGIFTGLIPAGIQGLANEY PAAQQLIRDAILPDKWAEFNKTQELCLTG
NLIEYLGKDIYTYVNDPNVFESPLANSLTEPNAMGHNTPKIPILIYKGVNDQISPVKDTD
ALYDTYCSNGANVEYVRDLLAEHALMTITGAPDAFMWLTERLSGVPVKKGCRRKTQL
TGLQDPKALAALGTTVVKFLLSLLTLPVGPIGR

Q5BCD1 from UNIPROT KB. Search for the EnL A sequence in UNIPROT KB revealed that
the sequence is a putative secretary lipase from E. nidulans

Fig. 1: Sequence of the purified lipase from UNIPROT KB
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gi | 67522685| r ef | XP_659403. 1| QAT- - - VALWGYSGGSLASGFAAEL QPSYAPELKI AGAALGGTVPQ PPV 247
gi | 115399588| ref | XP_001215422. TAR- - - VTMAGYSGGSLATGFAAEL QPTYAPELTI AGAALGGTVPKI LSV 246
gi | 238485356| ref | XP_002373916. DPT- - - | ALWGYSGGSLASGFAAELHPTYAPELNI VGAALGGTVPKI RPV 249
gi | 169772037| ref | XP_001820488. DPT- - - | ALWGYSGGSLASGFAAELHPTYAPELNI VGAALGGTVPKI RPV 249
gi | 391872471| gb| EI T81587. 1| DPT- - - | ALWGYSGGSLASGFAAELHPTYAPELNI VGAALGGTVPKI RPV 249
gi | 599151235| gb| EYE90686. 1| DPT- - - | ALWGYSGGSLASGFAAEL QPSYAPELNI QGAALGGTVPQI LPV 243
gi | 345105447| gb| AEN71554. 1| KAT- - - | TLWGYSGGSLASGLAAELRASYAPELNI AGAALGGTVPKI MPV 265
gi | 159122840]| gb| EDP47960. 1| KAT- - - | TLWGYSGGSLASGLAAELRASYAPELNI AGAALGGTVPKI MPV 264
gi | 70982778| ref | XP_746917. 1| KAT- - - | TLWGYSGGSLASGLAAELRASYAPELNI AGAALGGTVPKI MPV 265
gi | 119488165]| ref | XP_001262626. KAT- - - | TLWGYSGGSLASGFAAELRASYAPELNI AGAALGGTVPKI MPV 243
gi | 212527456| ref | XP_002143885. NAT- - - | TI WGYSGGSL SSGFAVELRKAYAPELKI AGAALGGTVPDLLET 248
gi | 573980681]| ref | XP_006668261. DAR- - - VALWGYSGGSLASEFAAELHPTYAPELKI VGAALGGTVPSI LSV 237
gi | 729189900| enb| CEJ81243. 1| NPT- - - | AMAGYSGGSVASLFAAEL QPSYAPELKI AGAAVGG VPNI TNV 240
gi | 734656746| gb| KHN93840. 1| KPT- - - VTMAGYSGGSLATMFAAEL QPSYAPEVEVAGAAVGG VPSI MTV 253
gi | 629735826]| ref | XP_007826372. NSSNLKI GMWAGYSGGSLATNWAAEL QPTYAPELRI AGAAVGGTI PNI TTA 252
gi | 672382699| gb| KFG84821. 1| NSSNLKI GMWAGYSGGSLATNWAAEL QPTYAPELRI AGAAVGGTI PNI TTA 252
gi | 629725822| ref | XP_007823144. NST- - - | TMAGYSGGSLATNHAAEL QPEYAPELQ AGAAVGGTVPNI TNA 247
gi | 672382640| gb| KFG34762. 1| NST- - - | AMAGYSGGSLATNHAAEL QPEYAPELQ AGAAVGGTVPNI TSA 247
gi | 701767719| gb| KGQ3222. 1| DAR- - - VAMAGYSGGSLASQMAEL QPSYAPELHVAGAAVGGTVPDVASY 247
gi | 573991003| r ef | XP_006673422. DAT- - - VAMAGYSAGSDATAWAAEL HPTYAPELAI AGAAI GGTTPNI TNV 391
gi | 358394239| gb| EHK43640. 1| DAT- - - VALWGYSGGSLASGMAEL QPSYAPELKI AGAALGGTVPNI TTV 249
gi | 672382543| gb| KFG34667. 1| NAT- - - VALWGYSGGSVATGMAELHASYAPELNI VGAALGGTVPSI PPV 244
gi | 629734290| r ef | XP_007825873. NAT- - - VALWGYSGGSVATGMAELHASYAPELNI VGAALGGTVPSI PPV 244
gi | 629699887| ref | XP_007815235. NAT- - - VALWGYSGGSVATGMAELHASYAPELNI VGAALGGTVPSI PPV 244
gi | 629731906] r ef | XP_007825110. DPA- - - | ALWGYSGGSI TSARAAEL QPSYAPELKI LGVAI GGTEPNI ANV 247
gi | 303319853| r ef | XP_003069926. KAR- - - VTMAGYSGGSLASGFAAEL QPAYAPELKI AGVALGGTVPKI STV 248
gi | 119183459 ref | XP_001242768. KAR- - - VTMAGYSGGSLASGFAAEL QPAYAPELKI AGVALGGTVPKI STV 248
gi | 258570909| r ef | XP_002544258. KAR- - - VTMAGYSGGSLASGFAAEL QPKYAPELNI AGAALGGTVPRI EPV 216
gi | 302497105]| r ef | XP_003010553. DAV- - - VTMAGYSGGSLAAGFAAEL QPCYAPELKI AGAALGGTVPNI TKV 248
gi | 302663480| r ef | XP_003023382. DAV- - - VTMAGYSGGSLAAGFAAEL QPCYAPELKI AGAALGGTVPNI TTV 355
gi | 327300066| r ef | XP_003234726. DAV- - - VTMAGYSGGSLASGFAAEL QPCYAPELKI AGAALGGTVPNI TTV 248
gi | 326473534| gb| EGD97543. 1| DAT- - - VTMAGYSGGSLASGFAVEVQPCYAPELKI AGAALGGTVPNI TSV 248
gi | 326480243| gb| EGE04253. 1| DAT- - - VTMAGYSGGSLASGFAVEVQPCYAPELKI AGAALGGTVPNI TSV 248
gi | 607894905| gb| EZF33704. 1| DAT- - - VTMAGYSGGSLASGFAVEVQPCYAPELKI AGAALGGTVPNI TSV 248
gi | 315042321 ref | XP_003170537. DAV- - - VTMAGYSGGSLASGFAAEL QPCYAPELKI AGAALGGT| PKVKTV 248
gi | 296816046| r ef | XP_002848360. DAT- - - | TMAGYSGGSLASGFAAEL QPSYAPELKI AGAALGGTVPRVKTV 249
gi | 302652744| ref | XP_003018216. DAA- - - VGLWGT SGGSVASAFAADLHPTYAPELNI VGAALGGVWPSI TTA 254
gi | 302501833| r ef | XP_003012908. DAA- - - VGLWGT SGGSVASAFAADL HPKYAPELNI VGAALGGVWPSI TTA 254
gi | 326475508| gb| EGD99517. 1| DAA- - - VGLWGT SGGSVASAFAADLHPTYAPELNI VGAALGGVWPSI TTA 253
gi | 326483106| gb| EGE07116. 1| DAA- - - VGLWGTSGGSI ASAFAADLHPTYAPELNI VGAALGGVWPSI TTA 253
gi | 607889079| gb| EZF29627. 1| DAA- - - VGLWGT SGGSVASAFAADLHPTYAPELNI VGAALGGVWPSI TTA 253
gi | 607877491| gb| EZF22622. 1| DAA- - - VGLWGT SGGSVASAFAADLHLTYAPELNI VGAALGGVWPSI TTA 253
gi | 607976730| gb| EZ&5913. 1| DAA- - - VGLWGT SGGSVASAFAADLHLTYAPELNI VGAALGGVWPSI TTA 253
gi | 315048943| r ef | XP_003173846. DAV- - - | GLWGTSGGSVASGFAVDLHSTYAPELKI VGAALGGLVPSI TTA 253
gi | 682404984| gb| KFY80564. 1| SAT- - - YQW\GYSGGSLASEWAAEL QPSYAPELNFAGVALNSLVPNI SSV 252
gi | 682455651| gb| KFZ13715. 1| SAT- - - YQWAGYSGGSLASEWAAEL QPSYAPELNFAGVALNSLVPNI SSV 252
gi | 682471249| gb| KFZ24117. 1| SAT- - - YQW\GYSGGSLASEWAAEL QPSYAPELNFAGVALNSLVPNVSSV 252
gi | 682427570| gb| KFY94539. 1| SAT- - - YQW\GYSGGSLASEWAAEL QPSYAPELNFAGVALNSLVPNVSSV 252
gi | 682314829| gb| KFY20655. 1| SAT- - - YQWAGYSGGSLASEWAAEL QPSYAPEL SFAGVALNSLVPNVSSV 252
gi | 682386063| gb| KFY67998. 1| SAT- - - YQWAGYSGGSLASEWAAEL QPSYAPELNFAGVALNSLVPNVASV 252

Sk Kk Kk .- Kkk k- * k- *

Fig. 2: Multiple sequence Alignment using CLUSTAL » (Omega), multiple sequence alignment
using CLUSTAL & (omega) showing a GXSXG consensus sequence characteristic of lipases

0.975 gi_169604905_ref XP_001795873.1_hypothetical_protein_SNOG_05468
gi_58651819_cmb_CA151321.1 extracellular_lipase Blastobotrys adc
0.463 0.932 — gi_115399588 ref XP_001215422.1_conserved_hypothetical_protein A
0 %'E gi_67522685_ref_XP_659403.1_hypothectical_protein_ AN1799.2_Aspergillus
0.00 gi_169772037_ref_XP_001820488.1_lipase_2_preccursor_Aspergillus_o

1 gi_159122840 gb EDPA47960.1_secretory lipase putative Aspergillus
I:gi_119488165_ref_x P_001262626.1_secretory_lipase putative Ncosar
gi_169784612_ref XP_001826767.1_lipase 2 _pre:cursor_Aspergillus o

gi_119183459_ref XP_001242768.1_hypothetical_protein_ CIMG_06664

0.4

Fig. 3: Phylogenetic tree of EnL A, A phylogenetic tree of EnL A constructed using
phylogeny.fr showing that Enl. A is closely related to conserved hypothetical protein of
Aspergillus terreus NIH 2624

Since, LED is a repository of lipase sequences from all possible sources it was searched for the
presence of EnLi A sequence. The lipase sequence under current study belongs to Class Y lipases
based on oxy anion hole forming amino acid i.e., tyrosine which included 5 super families,
8 homologous families, 1905 proteins, 2553 sequences and 225 structures. Of the 5 super families
and 8 homologous families, EnlL A belongs to Candida antarctica lipase A like super family
(abH38)and to the homologous family of Aspergillus lipase like (abH38.03). The Aspergillus lipase
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Fig. 4(a-b): Secondary structure prediction of EnL A, (a) Sequence length: 450; Alpha helix (Hh):
167 1s 37.11%, Extended strand (Ee): 70 is 15.56%, Beta turn (Tt): 45 is 10.00%,
Random coil (Cc):168 is 37.33% and (b) Distribution of secondary structure
elements in EnL A. Blue line-Alpha Helix, Red-Extended strand, Green-beta turn,
Orange-random coil

like homologous family contained 10 protein sequences including the EnL: A sequence and most of
them were hypothetical proteins/putative secretary lipases from different Aspergillus spp. Till now
there were no resolved 3D structures for that homologous group (*Source-Lipase Engineering
database, http://www.led.uni-stuttgart.de/).

Secondary structure of the target protein was predicted by using SOPMA tool in Expasy
(Fig. 4). The results indicate that EnLL A has 37.11% a-helix thus making it stable for homology
modeling.

Since, there were no resolved 3D structures for the proteins of Aspergillus lipase like
homologous group including EnLL A, an attempt was made to build the 3 D structure of EnLL A using
homology modeling. The first step in homology modeling involves identification of a suitable
template. This was met by performing a BLAST P search against known protein structures
deposited in PDB. The studies of Rost (1999) and Yang and Honig (2000) demonstrated that 3D
structures will be similar if the sequence identity between target and template proteins is higher
than 25%. Generally, a target which shares a sequence similarity of 30% or more to an
experimentally solved protein structure (template) can only be employed for homology modeling
(Marsden and Orengo, 2008). The crystal structure of Candida antarctica Lip A (3 guu.1.A) with
a sequence identity of 32.77% to the target sequence was selected based on BLAST P search against
PDB database (Fig. 5a). The sequence alignhment between the template (3guu.1.A) and the target
was shown in Fig. 5b. Homology modeling was done using Prime version 3.9 of Schrodinger Suite
2015-1. The homology model so obtained was further refined by Protein Prep (Protein preparation)
wizard in Schrodinger software suite. This mainly involves stabilizing the protein by hydrogen bond
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@
Template ms";“h Oligo state F":r"‘ Method Resolution gmm Coverage Description
2molA 3277 monomer  BLAST Xeray 2204 036 0%2 LIPASE A
JguutlA 3277 monomer  BLAST  Xeray 2104 03 082 Lipase A
JguulA 2936  monomer  HHbits Xeay  210A 03 093 Lipase A
2molA 2899 monomer  HHblits  Xeray 2204 034 052 LIPASE A
Jzpx 1A 3056  homo-dimer HHbits Xeray 1994 035 o LIPASE
Jzpx 1A T2HM homo-dimer BLAST Xeray 1934 0.36 089 LIPASE
dezilA 1483  monomer HHbits Xray  1.15A 028 L] Uncharacterized protein
IPh1A 1757  monomer HHBits Xray  210A 028 0T esterase
IG1A 1619 monomer  HHblits Xeay  1.89A 028 070 esterase
3n21A 1656  monomer HHbits Xeay 2104 028 070 esterase
264k 1A 1419 homotetramer HHbits Xeay  330A 0.26 064 alpha-amino acid ester hydeolase
Tryy 1A 1419 homotetramer Heblts Xray 2804 0.26 064 alpha-amino acid ester hydrolase
fins 1A 1345 homo-dmer HHblits Xray  220A 025 064 ‘m&mﬂ
TmpeiA 1172 homo-tetramer Hiblits Xeray 1904 025 064 aipha-amino acid ester hydrolase
G 1A 1378 homotetramer HHblts X-ray 2204 0% 063 alpha-aming acid ester hydrolase
1u31A 1263 monomer HHbits Xray 1584 025 063 cocaing esterase
3291A 1263 homo-dimer HHblits Xray  250A 025 063 Cocaine esterase
MelA 1343 monomar  HHblits  Xeray 1644 026 063 COCAING 5terase
32h1A 1193  homo-mer HHBbits Xeay 1654 025 063 Cocaine esterase
JdatA 1232 homo-dimer HHbits Xeray 160A 025 063 Cocaine esterase
Jpui1A 1388 homo-imer HHbits Xeray 1534 026 062 Cocaine esterase
J21A 1388  homodimer HHbits Xeay 2MA 025 062 Cocaine esterase
Jpuh 18 1388  homo-dimer HHblits Xray  230A 025 062 Cocaine esterase
IQ1A 1388 homodimer HHbits Xray  201A 025 062 Cocaine eslerase
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Fig. 5(a-b): BLAST P search against PDB and Target-Template alignment, (a) BLAST results of
target sequence (EnL A) against PDB for the identification of template for homology

modeling and (b) Alignment between target (EnL A) and template (Candida antarctica
Lip A (3guu.1.A)

addition, structure optimization and energy minimization. Figure 6a and 6b shows the homology
model of EnL A and the ribbon diagram of super imposed structures of the template and target,
respectively.

Built homology models can be further refined by MD simulations (Raval et al., 2012). In the
present study, the initial 3D structure of Enl. A obtained by homology modeling was further
optimized using MD simulation. In MD simulations, RMSD (Root Mean Square Deviation) serves
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Fig. 6(a-b): Homology modeling of EnL A, (a) 3D Ribbon representation of structure of EnL A
predicted using 3 guu.1.A as template based on target-template alignment using prime
module of Schrodinger suite and (b) Ribbon representation of super imposed structures
of initial homology model (blue) vs template (red)

Table 1: Ramachandran plot statistics

Amino acid residues and regions (%) Percentage
Residues in most favored regions 85.7
Residues in the allowed 12.2
Residues in the outlier regions 2.1

Ramachandran Plot statistics for EnL A homology model using RAMPAGE server

as a measure to determine the stability of EnL A structure based on its deviation from the initial
structure. The optimized 3D model was shown in Fig. 7a. The RMSD values of EnL A residues in
the entire MD simulation trajectory were shown in Fig. 7b. The EnL A structure showed deviations
up to 3 A and then gave a stable trajectory beyond that. The 3D structure of EnL A reached to a
stable state after 6 n sec. Figure 7c shows RMSF (root mean-square fluctuations) of EnL A
structure generated during the MD simulation and these fluctuations were calculated to
characterize the mobility of individual residues. Large fluctuations were reported to the side chain
residues up to 80 with regard to their high peaks in the RMSF plot and beyond 80™ residue the
fluctuations reported were within 3 A indicating that the amino acid fluctuations were in
acceptable range. Figure 7d shows the super imposed structures of initial homology model and MD
simulated model. The stereo chemical quality of the 3D model was validated by Ramachandran plot
using RAMPAGE server. Figure 8a and Table 1 shows that around 97.9% residues were present
in the allowed regions (85.7% in the favored region and 12.2% residues in the allowed regions) and
only 2.1% residues were present in the outlier region indicating that the quality of the model was
good. The amino acid environment was assessed by using ERRAT (Fig. 8b) and Verify 3D (Fig. 8c).
ERRAT determines the overall quality of the model and higher scores implies higher quality. In
general a range of >50 indicates high quality model (Colovos and Yeates, 1993). In the present
study, the EnL A structure has a score 84.677 indicating the high quality of the model. The
EnL A structure was also assessed by Verify 3D, which assesses the structure by analyzing the
compatibility of a 3D model with its own 1D model. The scores generally range from -1 (bad score)
to +1 (good score) (Guex and Peitsch, 1997).
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Fig. 7(a-d): MD simulations of EnLi A structure, (a) Ribbon representation of the optimized
3D model obtained by the 12 ns MD simulation run using Desmond module in
Schrodimger suite, (b) RMSD (Root mean square deviations) of back bone
residues of Enli A structure, (c) RMSF (Root mean square fluctations) diagram
showing fluctuations of amino acid residues and (d) Ribbon representation of the
super imposed structures of initial homology model (blue) and MD simulated
model (green)
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Fig. 8(a-c): Validation of EnL A structure, (a) Stereo chemical quality of the EnL A structure
assessed by Ramachandran plot using RAMPAGE server. The plot values showing
number of residues in favoured, allowed and outlier region, (b) Amino acid environment
assessed by ERRAT using UCLA-DOE Institute for Genomics and Proteomics Server.
Black bars show the mis folded region located distantly from the active site, gray bars
demonstrate the error region and the white bars indicate the region having less error
rate for protein folding and (c) Verify 3D score diagram validating the EnL. A a model

Among the 5 different active sites of Enl. A structure determined by Site Map module of
Schrodinger suite, Site 2 was further selected for molecular docking studies because of its big
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Fig. 9: Active site prediction using Site Map, Active site 2 of EnL A structure predicted using Site
Map. Closer view of site 2 displaying catalytic triad residues

Table 2: Energy values of the two substrates (Tributyrin and Trioctanoin)

Substrates Formula Energy value (kcal mol™)
Tributyrin C,;H,404 -70.67
Trioctanoin CyH;,04 -83.14

Binding energy values of the two substrates in kcal mol™ calculated based on their binding affinity to the active site of the enzyme
(EnL A)

pocket size, enclosed catalytic triad residues (Ser-210, Asp-351 and His-383) and good D score
(Fig. 9). The natural substrates of lipases like tributyrin (Chem spider ID: 13849665), trioctanoin
(Chem spider ID: 10393) obtained from Chem spider database were used to dock the EnLL A
structure. The chemical structures and names of the substrates (ligands) used in this study were
shown in Fig. 10a-b. The binding energies obtained were respectively -70.67 and -83.14 kcal mol~*
for tributyrin and trioctanoin (Table 2). From this result it was clear that the most preferred
substrate for EnL A is tributyrin since its binding energy is smallest. The docked substrates in the
site 2 of the EnL A structure was shown in Fig. 10c (site 2 of EnL A docked with tributyrin) and
10 d (site 2 of EnL A docked with trioctanoin). The key amino acid residues involved in the ligand
binding were shown in Fig. 10e and f. The key residues involved in the binding of tributyrin were
found to be S210, F256, T257, L.302, N301, D116, 1.259, Y305, F172, G258, .298, 1.443, T299, H383,
S354, 1353, V247. In case of trioctanoin, the key residues were found to be same as those involved
in the binding of tributyrin but some additional amino acid residues were also involved in addition
to those mentioned above.
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Fig. 10(a-f): Chemical structures of the substrates (ligands), (a, b) Chemical structures of

Tributyrin and Trioctanoin obtained from Chem spider database, (c-d ) Active site 2
of EnlL A structure docked with Tributyrin and Trioctanoin, respectively and
(e-f) Active site amino acid residues of cold active lipase EnL A as investigated by
docking studies with Glide XP module in Schrodinger suite

48



Trends Bioinform., 8 (2): 37-51, 2015

CONCLUSION

In summary, a homology model of Ernl. A was constructed, further optimized by molecular
dynamic simulations and validated by assessing stereo chemical and amino acid environment
quality. Docking studies were performed with the natural substrates to investigate the key residues
involved in the ligand binding.
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