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Abstract

A thermostable Gly-Asp-Ser-Leu (GDSL) family esterase encoding gene, namely ITBGDSL_1, was directly cloned from the
genomic DNA of Pseudoxanthomonas taiwanensis AL17. Homological analysis revealed that the enzyme contained all
conserved regions of GDSL family esterase despite a low homology to other GDSL enzymes. Recombinant fusion
hexahistidine-tagged ITBGDSL_1 was overexpressed and purified. Biochemical properties were characterised. ITBGDSL_1
having maximal activity to pNP C2. The enzyme was observed to have the highest activity at 55 °C. ITBGDSL_1 exhibited the
highest activity at pH 8. Different from other thermostable GDSLs, ITBGDSL_1 showed stability up to 60 h following incubation
at optimal temperature. The activity of ITBGDSL_1 preferred more polar solvents and was inhibited by
Ethylenediaminetetraacetic acid (EDTA), Phenylmethylsulfonylfluoride (PMSF), B-mercaptoethanol, and surfactants.
Furthermore, the activity was influenced in the presence of metal ions. Monovalent metal ions, such as Na* and K-,
deactivated the enzyme; meanwhile, most divalent metal ions activated it. Unlike the other GDSL enzymes, the activity was
inhibited by the presence of Cu?* or Zn?* ions; the activity of ITBGDSL_1 was increased. This was confirmed by the orientation

change at his loop. ITBGDSL_1 is a new member of GDSL family esterase and may employ a distinct catalytic mechanism.
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1. Introduction

Glycine, Aspartate, Serine, Lysine (GDSL) motif enzyme
represents a relatively recent subclass of hydrolytic enzymes
that remains incompletely understood.!') The GDSL was first
reported by Upon and Buckley.[4] Since then, numerous
research endeavors have sought to elucidate the functions of
these hydrolytic enzymes. The enzymes were isolated from
various origins, including plants and microorganisms.[>-!?]
Some lipases (EC 3.1.1.3) and esterases (EC 3.1.1.1) contain
a GXSXG motif, with the active site serine (S) residue
positioned in the middle of the conserved sequence.
Nevertheless, it is crucial to note that not all lipolytic enzymes
exhibit the common motif. A new subgroup of these
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hydrolytic/lipolytic enzymes, formerly known as GDSLS and
later called GDSL, presents a distinct motif with the active site
serine near the N-terminus.l''""*l Enzymes belonging to the
GDSL esterase/lipase family exhibit five highly conserved
homology blocks, critical for their classification.l'4!5] The
GDSL esterase/lipase family is categorized as SGNH
hydrolase due to the presence of highly conserved residues,
namely Ser-Gly-Asn-His, found in blocks I, II, III, and V.[!!-13]
GDSL esterase/lipase enzyme plays a crucial role in
synthesizing or hydrolysis of compounds containing esters. As
part of the GDSL esterase/lipase family, esterases hydrolyze
fatty acid esters with acyl chain lengths of less than ten carbon
atoms. In the industrial sector, the utilization of GDSL
esterase/lipase enzymes was widespread, encompassing food
processing, beverages, perfume, chemical, agricultural, and
pharmaceutical industries.l'®! Interestingly, some GDSL
esterase/lipase families are multifunctional, demonstrating
activities such as thioesterase, esterase, arylesterase, protease,
and lysophospholipase.!'” The flexible active site environment
within the GDSL esterase/lipase family leads to broad
substrate  specificity. Previous research  highlighted
conformational changes as a unique feature of multifunctional
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GDSL enzymes.[413]

In recent years, the utilization of GDSL esterase/lipase
enzymes from thermophilic bacteria in industries has been
significant.'¥! Several thermostable GDSL esterase/lipase

from Fervidobacterium nodosum,*] Geobacillus
stearothermophilus,’? Ruminococcaceae bacterium,*"
Geobacillus  thermodenitrificans,!  Bacillus  sp.,[?'??

Geobacillus thermocatenulatus,'Y) Pseudomonas sp.,>) were
characterized and reported. However, these enzymes still need
to fully meet the industrial demands for specific properties,
prompting further research to discover and characterize new
GDSL esterase/lipase enzymes from thermophilic bacteria
were needed.

In this study, cloning, expression, and characterization of a
new GDSL esterase from Pseudoxanthomonas taiwanensis
were reported. The enzyme shows low homology with other
GDSL enzymes reported, with the highest (37%) to GDSL
Bacillus sp., K91.

2. Materials and methods

2.1 Growth condition of AL17

Bacterial culture AL17 was obtained from a collection of
thermophilic microorganisms from our laboratory, originally
isolated from household compost at the Waste Disposal Site,
Saraga, ITB, Bandung.i?! The glycerol stock of bacteria was
incubated at 50 °C overnight. The bacteria were transferred
from the liquid to solid media by an aseptic method and
incubated at 50 °C for 17 hours. Single colonies of bacteria
were transferred with ose to liquid media and incubated
overnight at 50 °C.

2.2 Cloning of ITBGDSL_1

ITBGDSL 1 was amplified by PCR from genomic DNA
through a pair of primers, namely GDSL 1
(ATGCACCGGATCCCCCGC), and GDSL 1 reverse
(TCAGTGCGGCCGGGCCG). A 25 puL reaction mixture
containing 18.5 pL mix KOD OneTM - PCR Master Mix
(TOYOBO), 10 pmol of the forward and reverse primers, and

forward

2 ng of genomic DNA was prepared. PCR was performed
under the following conditions: 10 s at 98 °C, 5 s at 65 °C, 10
s at 68 °C for 25 cycles, and 10 min final extension at 68 °C.
The PCR fragments were purified from agarose gels using Top
Vision Agarose and cloned into pletl.2/blunt easy vector
using The CloneJET PCR Cloning Kit (Thermo Scientific™).
The insert was then sequenced and analyzed.

2.3 Expression and Purification of ITBGDSL 1

To express ITBGDSL 1 into E. coli BL21 (DE3), the
recombinant expression vector was constructed on pET-
30a(+). The target gene was re-PCR using a pair of primers
containing Ndel and Xhol restriction sites with forward primer
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namely: GDSL1 Fex (CAACATATGCACCGGA
TCCCCCGC), and reverse primer, namely GDSL1 Rex
(AGACTCGAGGTGCGGCCGGGCCG). The PCR product
was analyzed through agarose gel electrophoresis and purified
using GeneJET gel extraction KIT by Thermo Scientific™.
The pET-30a(+) plasmid and the gene fragments were
digested with Ndel and Xhol. The product was ligated using
T4 DNA ligase. The recombinant plasmid was confirmed and
transformed into competent cells of E. coli BL21 (DE3) for
gene expression. A single colony of the recombinant BL21
(DE3) was cultivated in LB medium supplemented with 50
png/mL of kanamycin at 37 °C, until cultures reached an OD
600 of 0.6. The cells were induced with 1 mM isopropyl B-D-
1-thiogalactopyranoside (IPTG), and the cultures were
incubated with agitation at 37 °C for 4 hours. Subsequently,
cells were harvested by centrifugation (at 3000 xg, 4 °C for 30
min), and the resulting pellet was resuspended in 50 mM
phosphate buffer (pH 8) containing 0.5% SDS. The cell was
lysed by thermolysis at 50 °C for 20 min. The crude cell
extracts were centrifuged (at 3000x g, 4 °C for 45 min) to
eliminate cellular debris. The supernatant was collected and
loaded into Nickel-Nitrilotriacetic acid (Ni-NTA) affinity
chromatography column (1 mL; Qiagen, Hilden, Germany).
The protein target binds to the resin while other proteins pass
through the column. Washing step was performed to remove
any remaining contaminants bound to protein using wash
buffer. The protein was eluted from the resin using elution
buffer containing 100 mM imidazole, 50 mM phosphate buffer
(pH 8), and 500 mM NaCl. The molecular weight of the
purified enzyme was measured through Sodium Dodecyl-
Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE).

2.4 Enzyme activity assay

The hydrolytic activity of ITBGDSL 1 was assayed based on
a colorimetric technique adapted by Lee et al. (1997),1
employing the substrate pNP-acyl esters. The enzyme-
substrate mixture was incubated at 55 °C for 15 min in 50 mM
phosphate buffer, pH 8. The enzymatic reaction was
terminated through incubation at -20 °C for 10 min.
UV-Vis
spectrophotometry at A 405 nm. One unit of activity was

Measurements were  performed  using
defined as the quantity of enzyme capable of liberating 1 puL
of pNP per min under the assay conditions. All experiments
were conducted in triplicate. A standard curve was established
by measuring the absorbance of solutions containing released

p-nitrophenol at concentrations ranging from 0 to 10 pg/mL.1*!

2.5 Variation of substrate
The enzyme substrate specificity was assayed using pNP
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esters with varying acyl chain lengths ranging from C2 to C18.
The reactions were conducted using substrate concentration of
10 mM and standard conditions (50 mM phosphate buffer, pH
8, ethanol 50 mM).

2.6 pH and temperature optimum assay

The effect of pH and temperature was determined using pNP-
C2 substrate, and incubation at 55 °C for 15 min. Various
buffer pHs ranging from 3.0 to 12.0 with a final concentration
of 50 mM were used. The buffer of sodium acetate was used
for the pH range of 3.0-5.0, sodium phosphate for the pH range
at 6.0-8.0, and glycine-NaOH for the pH range at 9.0-12.0. To
investigate the effect of temperature on enzyme activity, the
assays were performed on variation of temperature range from
30 to 90 °C, with intervals of 5 °C, under optimal pH.

2.7 Thermostability assay

Thermostability was performed by measuring enzyme activity
after incubation at 55 °C for various times, from 0 to 60 hours.
Enzyme activity was measured under optimum conditions.

2.8 Variation of metal ion

The effect of metal ions on enzyme activity was assayed at
optimum conditions. The enzyme was pre-incubated with each
selected metal ion at a final concentration of 3 mM at 55 °C
for 15 min. The lipolytic activity of the enzyme without metal
ion was considered as 100%.

2.9 Variation of surfactants and organic solvents on the
activity

The activity of the enzyme against various detergents was also
measured by sodium dodecyl sulfate (SDS), Triton X-100,
Tween 80, Tween 20, Cetyltrimethylammonium bromide
(CTAB), and Tergitol at the final concentration of 3 %. The
enzyme was pre-incubated with each detergent under optimal
conditions such as temperature, pH, and substrate, for 15 min
before activity measurement.

Subsequently, the influence of organic solvents on the activity
was also examined. Solvents used ranged from non-polar to
polar. Residual activity was measured according to standard
conditions. The activity without the addition of detergents was
defined as 100%.

2.10 Inhibitor assay

Different inhibitors, including EDTA (3 mM), PMSF (3 mM),
and B-mercaptoethanol (3 mM), were added into the reaction
mixture consisting of the pNP-C2 at pH 8. The enzyme
activity was subsequently measured under standard assay at
55 °C. The enzyme without an inhibitor was considered as the
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control (100%).

2.11 Computational analysis

Multiple Sequence analysis and constructing phylogenetic tree.
Neighbor-Joining program was performed by MEGAI11
software.?! Secondary structure alignment was carried out
using the Promals3D website. The 3D model of ITBGDSL 1
was constructed using the AlphaFold website.?”! Protein
minimization and visualization were carried out using the
pyMol software.?® Docking analysis was performed using the
Autodock Vina.?”! Hydrophobic clusters, salt bridges, and
hydrogen bonds on the protein structure were identified using
the ProteinTools server. Analysis of enzyme metal-binding
sites was performed using Metal Ion-Binding site prediction
and docking server MIB. The catalytic pocket was measured
using the CastP website.

3. Results and discussion

3.1 Homology of ITBGDSL 1

ITBGDSL 1 was cloned through in vitro amplification by
PCR from genomic DNA of ALI17, sequenced,
overexpressed in E. coli BL21 (DE3). The open reading frame

and

(ORF) contains 1131 base pairs, encoding 376 amino acids.
Homological analysis using BLAST revealed that
ITBGDSL 1 was 37.96 % homologous to GDSL of Bacillus
sp. K91 and 30.81 % to the Sphingomonas sp. MJ-3 (Table 1).
Phylogenetic tree generated by MEGA-11 software showed
that the ITBGDSL 1 is close to GDSL Bacillus sp. K91 (Fig.
S1).1261

Despite a low homology with other cloned GDSL, the
amino acid sequence of ITBGDSL 1 appears all conserved
region of other GDSL (Fig. S2), such as GDS(X) in block I
containing serine (S) for triad catalytic, NHAXXG in block II
containing asparagine (N) and glycine (G) for oxyanion hole,
GHND in block III containing histidine (H) for triad catalytic,
and DTTH in block V containing aspartate (D) for triad
catalytic. ITBGDSL 1 lacks an explicit block IV, as other
GDSLs are characterised.! The amino acid residues of
ITBGDSL 1 contain an active site (triad catalytic) of Ser-His-
Asp preserved in blocks I, III, and V (Fig. S2). The catalysis
performed by ITBGDSL 1 follows the classic mechanism of
The
characteristic of GDSL motif is representation as lipolytic

serine  hydrolase  hydrolysis.[*!4 distinguishing
enzyme family II, offering several advantages compared to
other lipases featuring motifs of lipolytic enzymes such as
GXSXG.' The GDSL designates a unique hydrolytic and
lipolytic subfamily, displaying different motifs from GXSXG
lipase. Notably, serine, as one of the catalytic triad, is located

close to the N-terminal region on ITBGDSL 1 (Fig. S2, Block
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Table. 1: Homological analysis of enzyme ITBGDSL 1 with other GDSL esterases.
M Total Per. Acc.
Description a o Query E Value e e
v Score Score Covert Ident Len Accession
v v v v v
GDSL_Bacillus_sp_K91 147 147 56% 2e-45 37.96% 217 Query_2892640
GDSL_Sphingomonas_sp_MJ-3 79.0 79.0 50% 9e-20 30.81% 292 Query 2892652
GDSL_Pseudomonas_sp 29.6 29.6 21% 0.001 24.47% 299 Query 2892655
GDSL_Anabaena_sp_PCC-7120 25.8 25.8 22% 0.023 26.14% 275 Query_2892656

I) as shown on the other GDSL.[“ Many studies suggested that
the GDSL motif defines
multifunctional properties, with broad substrate specificity
and regiospecificity.

a hydrolytic enzyme with

ITBGDSL 1 contains all consensus
sequences of GDSL and five pivotal amino acid residues (S,
G, N, D, and H) that lie on blocks I, II, III, and V. Ser, Asp,
and His form a triad catalytic supported by Gly and Asn as
proton donor (Fig. S2). In addition, GDSL hydrolases show a
flexible active site, appearing to have conformational changes
in response to the presence and binding of different substrates
or ligands.['¥]

3.2 3D structure modelling of ITBGDSL _1

The 3D structure modelling of ITBGDSL 1 was constructed
by the AlphaFold program using Lysophospholipase L1-like
esterase (AOAS62DZX6.1.A) as template with similarity of
73.33 %.1271 The structure of ITBGDSL 1 consists of several

domains, including a 4-strand parallel S-sheet, with the
addition of two sheets, three inward-curving helices, two
outward-curving helices, and short helices (Fig. 1A). The S-
sheet is located in the core region surrounded by a-helices to
form the typical o/f hydrolase. Three amino acid residues
such as Ser10, Asp185, and His188 formed a triad catalytic
(Fig. 1A).

Based on protein data bank (PDB), two crystal structures
of GDSL were deposited, GDSL from Photobacterium sp. and
GDSL from Pseudoalteromonas sp., namely SXTU and 3HP4,
respectively. The structure of 5XTU contains 4-parallel f-
sheet, 5 inward-curving helices, 2 outward-curving helices,
and additional short helices (Fig. 1B). Three catalytic residues,
Ser12, Asp302, and His305, form a triad catalytic (Fig. 1B).%
Meanwhile, the 3D structure of 3HP4 contains a 5-strand
parallel B-sheet, 3 inward-curving helices, 2 outward-curving
helices, and additional short helices (Fig. 1C). Three

Fig. 1: 3D structure modelling of ITBGDSL 1 with other GDSL lipases using Python Molecular Graphics (PyMol) software. (A)
GDSL P. taiwanensis (ITBGDSL 1) (this study); (B) GDSL Photobacterium sp., (5XTU);B% (C) GDSL Pseudoalteromonas sp.,
(3HP4);B31(D1) Superimposition between ITBGDSL 1 to 5SXTU; (D2) Focusing of triad catalytic; (E1) Superimposition between
ITBGDSL 1 to 3HP4; (E2) Focusing of triad catalytic. (o) Orientation of triad catalytic.
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Table 2: Hydrolysis activity of ITBGDSL 1. Reaction was performed at 55 °C, pH 8, and para-nitrophenyl acetate (pNP-C2) as

substrate.
Enzyme Unit Activity Protein ~ Concentration Specific ~ Activity Purification
U) (mg/mL) (U/mg) (fold)
Crude extract of ITBGDSL 1 1.490 11.605 0.128 1
Pure enzyme of ITBGDSL 1 2.926 3.468 0.844 6.6

catalytic residues, Gly48, Asp158, and His161, form a triad
catalytic.*!l Superimposition between ITBGDSL 1 to 5XTU
and ITBGDSL 1 to 3HP4 showed that there are many
differences between the 3D structures of the two entities (Figs.
1D1 and 1E1); however, the conformation of the triad catalytic
seems to be conserved (Figs. 1D2 and 1E2). ITBGDSL 1 (46
kDa) exhibits larger size compared to that of Photobacterium
sp. (5XTU) (36 kDa) and Pseudoalteromonas sp. (3HP4) (23
kDa).3%31 In addition, the GDSL from Photobacterium sp. and
the Pseudoalteromonas sp. do not show as thermozymes.

3.3 Activity and substrate preference of ITBGDSL_1
ITBGDSL 1 was expressed in E. coli BL21 (DE3) following
induction of IPTG 1 mM. The cells were disrupted by
thermolysis at 50 °C. The crude extract still showed hydrolytic
activity (Table 2). The enzyme was purified by IMAC Ni-
NTA and exhibited a single band with a molecular weight of
approximately 46 kDa (Fig. 2). The purified enzyme showed
6.6 times activity compared to that of the crude extract.

Lipase/esterase shows a preference for specific substrate,
especially for carbon chain length or double bonds.?331 The
substrate preference of ITBGDSL 1 was determined on
varying carbon length from C2-C18. The result showed that
ITBGDSL 1 prefers short-chain substrate with the highest on
pNP-C2 (Fig. 3). The result suggested that ITBGDSL 1 is an
esterase-type enzyme. A few reports of thermostable GDSL
are esterases, such as GDSL from Fervidobacterium nodosum
Rt17-B1 and Bacillus sp. K91, both enzymes exhibit optimal
activity on the pNP-C2 substrate.l'>??l However, GDSL from
G. thermodenitrificans was reported to prefer pNP-C4 as
substrate.!!]

To probe more details on the molecular interaction of
ITBGDSL 1, silico analysis was performed. Binding energy
of the substrate to the enzyme showed that the affinity energy
tends to decrease by shorter carbon chains (Table 3). This
suggested that shorter carbon chain substrates are better able
to interact with the enzyme, thus increasing the activity. The
data is in agreement to the experiment showing the enzyme
preferred a short carbon chain substrate (Fig. 3).

Further analysis on molecular docking is to measure the
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46 kDa

Fig. 2: SDS-PAGE of crude extract and purified ITBGDSL 1. M
=marker; (1) total protein; (2) crude extract; (3) flow-through; (4)
wash buffer; (5) 100 mM imidazole elution.

distance between the substrate and Ser10 residue, one of the
triad catalytic. The result showed that shorter carbon chain
substrates tend closer to Serl0 residue (Table 3). A closer
orientation of the substrate to the catalytic pocket may lead to
better interaction and enhance the activity of the enzyme.?
This suggested that C2 substrate is the most preferable
substrate for the enzyme. In addition, the catalytic pocket of
ITBGDSL 1 revealed smaller compared to that of 5XTU or
GDSL from G. thermocatenulatus (Table 4). The three
enzymes contain the same catalytic triad residues; however,
the conformation of catalytic pockets is slightly different.
Previous study showed that the orientation difference in the
catalytic pocket may lead to a difference in substrate
specificity.?! SXTU cavity binding pocket is larger compared
to that of ITBGDSL 1 and hence prefers C4 substrate.l>3!]
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Fig. 3: Hydrolytic activity of ITBGDSL 1 toward different carbon ranges of para-nitrophenyl esters substrate (pNP-esters). para-
nitrophenyl acetate (pNP-C2); para-nitrophenyl butyrate (pNP-C4); para-nitrophenyl octanoate (pNP-C8); para-nitrophenyl caproate
(pNP-C10); para-nitrophenyl laurate (pNP-C12); para-nitrophenyl myristate (pNP-C14); para-nitrophenyl palmitate (pNP-C16);
para-nitrophenyl stearate (pNP-C18).

Table 3: Affinity binding of ITBGDSL 1 and Ser10 - substrate distance. pNP-C2 used as substrate, the distance was measured by
Protein-Ligan Interaction Profiler programme (PLIP).

Substrate Binding Energy (kcal/mol) Ser10 — Sub (&)
C2 -4.8 4.1

Cc4 -4.8 4.2

C8 -4.4 4.7

C10 -4.0 8.5

C12 -3.0 7.8

Cl14 1.0 9.9

Cl16 0 10.1

C18 10 9.8

Table 4: Binding pocket volume of ITBGDSL 1 and other GDSL and the substrate preference. The volume was calculated by
Computed Atlas of Surface Topography of Proteins programme (CastP).

Enzyme Volume (4% Substrate Reference
ITBGDSL 1 8.874 C2 This study
GDSL Photobacteri .

otobacterium sp 63.603 ca (30]
(5XTU)
GDSL M. thermotolerans (MT6)  89.129 C10 [36]

Meanwhile, GDSL from Marinactinospora thermotolerans 3.4 The effect of temperature and pH on the activity of
showed a cavity binding pocket larger compared to that of ITBGDSL 1
5XTU and hence prefers C10 substrates.>! Determination of optimal temperature and pH was performed
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on the purified ITBGDSL 1 using pNP-C2 as substrate. The
optimal temperature was assayed, at a temperature range from
30 °C to 90 °C. The activity was assayed based on hydrolysis
activity of the enzyme on pNP-C2 substrate. The result
showed that the activity of the enzyme was increased by
increasing temperature from 30 to 55 °C. Further elevating
temperature appeared to decrease the activity. At 60 °C, the
activity remains 70 % compared to the optimum temperature.
Further elevation of temperature showed that the activity of
the enzyme was 40 % from its optimal condition at 70 °C (Fig.
4A). Some of the GDSL from Geobacillus sp. were reported
to exhibit optimum temperature at 55 °C, such as GDSL from
G. thermodenitrificans and G. thermocatenulatus.!"'%

The activity of the enzyme is also influenced by the pH
condition to maintain hydrogen interactions on the protein
pH

conformation. influence

on protonations and

120 ~

100

1

80

60 -

Relative Activity (%)

0 T T T T

deprotonations of amino acid residues, thereby affecting its
activity.’’l The optimum pH of ITBGDSL 1 appeared at pH 8
(Fig. 4B). ITBGDSL 1 showed highest homology to GDSL
from Bacillus sp.?'! The enzyme also exhibited optimum
activity at pH 8. Some of GDSL from G. thermodenitrificans
and Ruminococcaceae bacterium exhibited optimum activity
at pH 9. From all of the above data, ITBGDSL 1 is classified
as a thermostable and slightly alkaline enzyme.!!"

3.5 Thermostability of ITBGDSL_1

Thermostability is an essential character of the enzyme for
industrial applications.%31 Thermostability of ITBGDSL 1
was assayed by incubating the enzyme at optimum
temperature for durations of 0 to 60 h. Following incubation,
the hydrolysis activity was measured at optimum conditions,
55 °C, pH 8, and pNP-C2 as substrate. The result showed that

(A)

35 40 45 50

T T T T T 1

55 60 65 70 75 80
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100
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Fig. 4: Relative activity of ITBGDSL 1 in variation of temperature (A) and pH (B). Optimal condition at 55 °C and pH 8.
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the residual activity remained at 90 %, after 24 h incubation.
The residual activity was retained up to 80 % for 60 h
incubation (Fig. 5). The result was surprising since most of
GDSL from Geobacillus F.
bacterium,* and Pseudomonas sp. exhibited thermal stability

sp. 110 nodosum," R,
at its optimal temperature for only 1 — 12 h, and residual
activity less than 90 % (Table. 5).1°! Several factors contribute
to thermal stability of enzyme, such as hydrogen bonds,
hydrophobic interactions, and salt bridges within the protein
structure. "

To probe more detail on intramolecular interaction of the
enzyme, molecular dynamic simulation was performed on
ITBGDSL 1 and compared to TesA, thermolabile GDSL
from Pseudomonas aeruginosa.*'’ The results showed that
Solvent Accessible Surface Area (SASA) was relatively
constant during 100 ns simulation at 300 K and 400 K;
however, at 500 K, the SASA appeared slightly higher and
fluctuated during the simulation (Fig. 6). Comparison of
SASA value at 500 K between ITBGDSL 1 and TesA showed
that ITBGDSL 1 exhibited lower SASA values compared to
TesA (Fig. 6, green line). Indicating that ITBGDSL 1
maintains a more conformationally stable state at higher
temperatures. Further analysis on the structure of the protein
revealed that the hydrogen bonds were essential for the
thermal stability of the protein (Fig. 7). The hydrogen bonds
of Asp70-Arg3, Phe76-Tyr96, and Argl02-Thr106
consistently occurred during approximately 60 % of
simulation time (Table 6). These interactions were likely
of ITBGDSL 1, potentially
preventing excessive structural rearrangement or unfolding of
the protein at high temperatures; hence, ITBGDSL 1 is a

stabilized critical regions

highly thermostable protein.
120
100

80
60

40 1

Relative Activity (%)

0 12 24 36 48 60

Time (Hours)

Fig. 5: Residual Activity of ITBGDSL 1 following incubation
time at optimal temperature.
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Fig. 6: SASA of ITBGDSL 1 and TesA, generated by Groningen
Machine for Chemical Simulation (GROMACS) programme.
(black line) ITBGDSL 1 at 300 K;; (red line) ITBGDSL 1 at 400
K; (blue line) ITBGDSL 1 at 500 K; (green line) TesA at 500 K.

3.6 The effect of reagent and chemicals on activity of
ITBGDSL_1

The activity of ITBGDSL 1 was decreased by decreasing
polarity of the solvent with exception of DMSO (Fig. 8). The
chemical might interact to the enzyme and inhibit the catalytic
reaction. Replacement of ethanol by n-hexane reduced to
activity up to 93 %. The data are in agreement with previous
reports, such as GDSL from Bacillus sp., which was decreased
in the presence of n-hexane.l?'! Meanwhile, GDSL from G.
thermodenitrificant and Thauera sp. were deactivated on
methanol as solvent. The data suggested that ITBGDSL 1
prefers more polar solvents.[!4?]

The activity of ITBGDSL 1 was deactivated by the
presence of surfactant (Fig. 9). CTAB was the most reactive
detergent to deactivate ITBGDSL 1. The activity of most
GDSLs was decreased in the presence of surfactant.[':2!]
EDTA, PMSF, and S-mercaptoethanol inhibited the activity
of ITBGDSL 1 (Fig. 10). EDTA is known as a chelating agent
and interacts with divalent metal ions. Deactivation of the
enzyme in the presence of EDTA suggests that the activity of
the enzyme was influenced by divalent metal ions or that the
enzyme was classified as a metalloenzyme. PMSF might
interact with Serine or Histidine. Deactivation of ITBGDSL 1
in the presence of PMSF suggested that Serine and Histidine
residues may be involved in the catalytic mechanism.

3.7 The effect of metal ion on the activity of ITBGDSL _1
Most of the confirmation and activity of the enzymes are
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Fig. 7: 3D structure of ITBGDSL 1 with essential hydrogen bonds (o). Three hydrogen bonds between (A) Asp70-Arg3; (B) Phe76-
Tyr96; and (C) Argl02-Thr106.

Table 5: Thermostability of ITBGDSL 1 and other GDSL.

Optimum Temperature Thermostability Residual

No. Enzyme .. Reference
(°C) (Hours) Activity (%)

1 ITBGDSL 1 55 60 80 This study

2 GDSL G. thermodenitrificans 60 12 60 [1]

3 GDSL G. thermocatenulatus 55 3 50 [10]

4 GDSL F. nodosum 75 1.2 40 [19]

5 GDSL R. bacterium 60 1 70 [20]

6 GDSL Pseudomonas sp. 60 3 90 [23]

Table 6: The hydrogen bond of Asp70-Arg3, Phe76-Tyr96, and Argl102-Thr106 on ITBGDSL 1.

Receptor Donor Fraction Distance (A)
300 K 400 K 500 K 300 K 400 K 500 K
Asp70-OD2 Arg3-NH2 0.990 0.766 0.601 2.73 2.74 2.75
Phe76-0O Tyr96-OH 0.953 0.917 0.812 2.69 2.70 2.72
Argl02-O Thr106-OG1 0.894 0.816 0.661 2.74 2.75 2.75
102 -

100 1

98 -
9 -
94 -
92
90
88 -
86 -

Control ~ Formamide DMSO  Acetonitrile Methanol  n-hexane
(Ethanol)

Relative Activity (%)

Organic Solvent

Fig. 8: Relative Activity of ITBGDSL 1 at variation of organic solvent 3 % concentration.
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20
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[Surfactant] 3%

Fig. 9: Relative Activity of ITBGDSL 1 on the present of variation surfactant at 3 % concentration. (Control) Ethanol.

influenced by the presence of metal ions. The effect of metal
ions on the activity of ITBGDSL 1 was determined by
addition of the metal to the reaction mixture. The activity of
ITBGDSL 1 was inhibited by the presence of monovalent
metal ions such as Na* and K*. Meanwhile in the present of
divalent metal ions such as Mg?", Co?', Ca*", Mn**, Ba?",
Mn?*, Fe**, Cu?*" and Zn?", the activity was increased with the
exception to Ni2" (Fig. 11). Previous report appeared that the
addition of transition metal ions such as Fe**, Co®", Zn>" and
Cu*" inhibited the activity of the GDSL through
conformational changes of the enzyme.l?**?l In contrast,
additional Fe**, Co?*, and Cu*" on ITBGDSL 1 increased the
activity, indicating that the conformation of the enzyme is
preferable for its activity. In the presence of Ca>" and Zn*" ions,
the activity of ITBGDSL 1 was increased. In contrast, the

activity of some GDSL, such as the enzyme from G.

120 -
100 A

80 4

Relative Activity (%)

20 A

Control EDTA

[Inhibitor] 3 mM

thermocatenulatus and Ruminococcaceae bacterium, was
decreased. Ca*" was proposed to stabilize tertiary structure of
the enzyme.l°2043] In some lipase Ca’* ion appeared to have
function as ligand, binds to amino acid residues at the active
site, maintaining the structural stability of the enzyme. The
loss of Ca*" might affect disruption of the structure and reduce
the stability.[*4

The activity of ITBGDSL 1 was inhibited by the present
of Ni?". Previous studies reported similar phenomenon. 454!
The inhibition might due to Ni?>" interact to the functional
histidine residue at active site of the enzyme.“®! Previous study
reported that metal ions could form complexes with ionized
fatty acids, altering their solubility and behaviour at
interfaces.[*”? The release of fatty acids into the medium is a
rate-determining factor and might be influenced by
metalions.[' However, the effect of metal ions depends on the

PMSF B-Mercapto

Fig. 10: Relative Activity of ITBGDSL 1 in the presence of variation inhibitor. (Control) Ethanol.
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Fig. 11: Relative activity of ITBGDSL 1 on the present of metal ions (3 mM). Control reaction mixture without addition of metal

ions.

structure and conformation of each enzyme.

Orientation of his loop at the active site of the enzyme (Fig.
12) is a critical factor for the interaction of the enzyme with
the substrate. The distance between Serl10-His188 and
His188-Asp185 on ITBGDSL 1 was influenced by the
presence of metal ions (Table 7). In the presence of Cu®" and
Zn*", the distance is closer, but the activity of the enzyme was
increased. Meanwhile, in most of the characterised GDSL,
such as MTG,?® Tlip,*?! EstR5,1? and 643A,!1 the presence

of Cu?" and Zn*" ions results in longer distances between Ser-
His and decreases the activity of the enzymes (Table 8). The
data support that the confirmation of his loop is a critical factor
for the activity of the enzyme. However, the response of
ITBGDSL 1 to the presence of a few metal ions was opposite
to that of other GDSLs, suggesting that molecular interaction
of catalytic process in ITBGDSL 1 is different from the others
and hence ITBGDSL 1 might be a new member of the GDSL
family and employ a different catalytic mechanism.

Table 7: The effect of metal ion on the distance of Ser-His and His-Asp at the catalytic pocket of ITBGDSL 1. The distance was

calculated by PyMol software.

Enzyme Metal Ion Ser-His (&) His-Asp (A)
None 32 3.1
Mg?* 3.0 2.4
ITBGDSL 1 Co* 3.0 24
Zn** 3.0 2.4
Cu?* 3.0 2.4
A B

Fig. 12: 3D structure modelling of ITBGDSL 1 with the orientation of triad catalytic. (A) The whole enzyme; (B) Orientation of
triad catalytic. (SER10) Serine; (ASP185) Aspartate; (HIS188) Histidine.
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Table 8: The effect of Cu?* and Zn?>" metal ions on the orientation of his loop and the activity of the enzyme.

Metal Ions
None Cu? Zn*
Name Enzyme S10- H188- L. S10- H188- L. S10- H188- ..
Activity Activity Activity
H188 D185 %) H188 D185 %) H188 D185 %)
o o o
(A) (A) A) A) A) A)
ITBGDSL 1
. 3.1 3.1 100 3.0 24 106 3.0 24 106
(this study)
EstR5 [20] 3.2 3.0 100 32 4.1 28.9 32 4.1 76.4
643A B 8.7 2.5 100 11.3 2.5 24 11.3 2.5 0
MTé6 B3] 2.6 3.2 100 3.6 3.2 36.04 3.6 3.2 39.90
Tlip 42! 32 32 100 4.2 4.3 18 4.2 4.3 50
4. Conclusion Bioengineering, 2013, 115, 133-137, doi:

ITBGDSL 1 was successfully expressed in E. coli BL21 (DE3)
and characterised. Homological analysis revealed that the
enzyme showed all conserved regions in GDSL enzymes
despite low homology to other GDSL-characterised enzymes.
The enzyme exhibited hydrolysis activity to pNP-ester with
optimum activity at 55 °C, pH 8, and pNP C2 as a substrate.
Hydrolysis activity of ITBGDSL 1 prefers more polar
solvents and was inhibited by EDTA, PMSF, g-
mercaptoethanol, and surfactant. Furthermore, the activity of
the enzyme was stable following incubation at the optimum
temperature up to 60 h. The activity was influenced in the
presence of metal ions. Monovalent ions such as Na" and K*
deactivated. Meanwhile, most of the divalent metal ions
activated the enzyme. The response of ITBGDSL 1 in the
presence of some metal ions was opposite to that of the other
GDSLs, suggesting ITBGDSL 1 has unique and potential
biocatalytic properties.
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