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Thermostability improvement of enzymes used industrially or commercially would develop their capacity and
commercial potential due to increased enzymatic competence and cost-effectiveness. Several stabilizing factors
have been suggested to be the base of thermal stability, like proline replacements, disulﬁde bonds, surface loop
truncation and ionic pair networks creation. This research evaluated the mechanism of increasing the rigidity of
organophosphorus hydrolase enzyme by ﬂexible loop truncation. Bioinformatics analysis revealed that the
mutated protein retains its stability after loop truncation (ﬁve amino acids deleted). The thermostability of the
wild-type (OPH-wt) and mutated (OPH-D5) enzymes were investigated by half-life, DGi, and ﬂuorescence and
far-UV CD analysis. Results demonstrated an increase half-life and DGi in OPH-D5 compared to OPH-wt.
These results were conﬁrmed by extrinsic ﬂuorescence and circular dichroism (CD) spectrometry experiments,
therefore, as rigidity increased in OPHD5 after loop truncation, half-life and DGi also increased. Based on
these ﬁndings, a strong case is presented for thermostability improvement of OPH enzyme by ﬂexible loop
truncation after bioinformatics analysis.
Keywords. Bioinformatics design; ﬂexibility; loop deletion; organophosphorus compounds; organophosphorus hydrolase; thermostability improvement

1. Introduction
Organophosphorus hydrolase (OPH) is a homodimeric
metalloenzyme whose monomer consists of an eightstranded parallel b-pleated sheet and two divalent metal
ions at the active site. This enzyme has been used in the
degradation of organophosphorus compounds, as one
of the most commonly used decontamination procedures (Farnoosh and Latiﬁ 2014). The OPH has a good
potential for industrialization in varied applications
(Paliwal 2008). Although the overall conformational
stability of OPH is large (* 40 kcal/mol for the Zn2?
form), the energy required to inactivate the enzyme is
http://www.ias.ac.in/jbiosci

very small (* 4 kcal/mol). The structural changes
destabilizing the enzyme must be better recognized by
determining unfolding proﬁle and employing rational
design (Armstrong 2007).
Increased thermostability in enzymes used industrially or commercially would develop their capacity and
commercial potential, due to improved enzymatic
competence and cost-effectiveness. Until now, there are
numerous procedures to improve enzyme thermostability, by decreasing the entropy of the unfolded state.
In fact, modiﬁcations improving the entropy of the
folded state can also lead to stabilization (Dagan et al.
2013). Effective factors on the thermostability of an
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enzyme have been documented by comparing thermozyme and mesozyme structures and sequences
(Dagan et al. 2013).
Elongation of loop length leads to a decrease in
folding and gives rise to an increase in unfolding
states of the enzymes. Past studies on ﬂexible loop
areas revealed that the entropic effect of ordering a
loop upon folding is mainly associated with the
energetic outcomes from modifying loop length
(Dagan et al. 2013).
Both theoretical and experimental methods have
been documented that the deletion of exposed loop
regions can improve stability. Loop deletion has been
an important factor observed in some studies comparing crystal structures from thermophilic and mesophilic
sources. By comparison of structures from mesophilic
or thermophilic, scientists have found an inverse correlation between loop length and stability, an increase
in stability by loop shortening (Thompson and Eisenberg 1999).
Studies on loop deletions to explain their effect on
the thermostability indicate that removing some portions of the loops usually increases the thermostability
of the mutants (Yipp et al. 2012). This is documented
with previous bioinformatics analyses and structural
studies in which shorter loop areas are a communal
strategy for the enzymes to increase the stability (Yipp
et al. 2012). Conformational changes of enzyme can be
studied by using molecular dynamics simulations
(MDS). The root mean square ﬂuctuation (RMSF) and
root mean square deviation (RMSD), calculation values
for backbone atoms, are useful to determine conformationally ﬂexible and thermally sensitive regions
(Tian et al. 2010).
In previous study, we improved OPH thermostability
by designing and introducing disulﬁde bridges, as two
new mutated OPH enzymes were more thermostable than wild-type (Farnoosh et al. 2016). Based
on the above, this study is aimed to evaluate the thermostability of OPH after the truncation of one of the
exposed loops using bioinformatics tools.
2. Materials and methods
2.1 Molecular dynamic simulation
The coordinates of OPH-wild-type (OPH-wt) was
retrieved from the protein data bank (PDB code:
1HZY) (Benning et al. 2001). Molecular dynamic
simulation was performed on each PDB structure (wild
type and mutated) and were embedded in a box with

dimensions of 8 nm. Subsequently, the system was
solvated with spc216 water model. Energy minimization was carried out in order to equilibrate the whole
system. During the minimization step, steepest descent
integrator with a maximum of 50,000 steps and 1000, 0
(kJ/mol/nm) were taken. In the two short runs of MD,
NVT and NPT, ensembles with restrains on protein
backbone were taken. The main run of MD was ﬁnally
performed after removing all restrains from the system.
In the case of MD, Leap-frog integrator with LINCS
constraint algorithm and particle mesh Ewald Coulomb
type were used. The more accurate Nose-Hoover
thermostat was used together with Parrinello-Rahman
pressure coupling method. Molecular dynamics simulations were performed using the program package
GROMACS 5.1.4 (Abraham et al. 2015) along with
OPLS-AA force ﬁeld (Jorgensen et al. 1996). Calculation of RMSD, RMSF and Rg (radius of gyration)
plots were done through 5 ns.
2.2 Construction of the OPH-wt and mutant
Research results have demonstrated that the removal of
29 amino acids leader sequence leads to increase in
OPH thermostability (Pinkerton 2005). For that reason,
the leader sequence was removed from opd
(AY766084.1) N-terminal domain. The OPH-wt
(1008 bp) and OPH-D5 gene (993 bp) were designed
and optimized for E.coli Rosseta Gami by JCat (Grote
et al. 2005), Gen Script’s (http://www.genscript.com/
cgi-bin/tools/rare_codon_analysis) and Mfold (Zuker
2003) softwares, and were chemically synthesized and
were ﬁnally cloned into NdeI/HindIII restriction sites
of pET21a vector (Biomatik, Canada) with His tag
fused at N-terminal. All the constructs were conﬁrmed
by DNA sequencing.
2.3 Expression and puriﬁcation
The Escherichia coli Rosseta Gami cells were transformed by recombinant plasmids using Heat Shock
Method (Froger and Hall 2007). The transformants
were cultured and expressed according to Farnoosh
et al. method (Farnoosh et al. 2016).
In spite of using different conditions of temperature,
time and IPTG concentration, the majority of enzyme
was in the insoluble fractions, hence, denaturation
refolding was done. Puriﬁcation and refolding steps
were done according to Farnoosh et al. method (Farnoosh et al. 2016). Evaluation of protein concentration
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was performed using Bradford method (Tian et al.
2010, 2013; Yang et al. 2003).
2.4 Activity assay
OPH-wt and OPH-D5 activities were evaluated by
monitoring the production of the p-nitrophenol (PNP),
from paraoxon as the speciﬁc substrate (SIGMAALDRICH). A 40 ll of puriﬁed OPH was added into
140 ll of the reaction solution (50 mM Tris-HCl buffer
containing 10 mM ZnCl2, pH 8.5). The reaction was
initialized by adding 20 ll of 20 mM paraoxon (in
20% deionized water). After the samples were incubated for 10 min at 37 °C, 100 ll of the each reaction
was added in a 96-deep-well plate and the produced
PNP was calculated by determining the absorbance at
405 nm where PNP absorbs at ambient temperature
using microplate reader device. A unit of enzyme
activity was described as one micromole of paraoxon
degraded to PNP per milliliter, per minute at 37 °C
(Briseño-Roa et al. 2011) (Tian et al. 2010).
Enzyme activity was calculated by the following
equation:
Enzyme activity = Absorbance at OD405 nm 9 Reaction volume 9 Dilution coefﬁcient/extinction coefﬁcient 9 Enzyme volume 9 Time (Abdel-Razek et al.
2013).
Extinction coefﬁcient for p-Nitrophenol is
17,000 M-1 cm-1.
2.5 Kinetic parameters determination
Calculation of Michaelis Menten kinetic parameters
was done according to the above enzyme assay
optimized with substrate varying in concentration
from 0 to 700 lM paraoxon. The ﬁnal concentration
of enzyme in each assay was kept constant at 200 lg.
Negative control reactions were performed without
any enzyme. Reactions were performed in triplicate.
The Vmax, Km and Kcat values were determined by
nonlinear regression using Graphpad prism 6.0
software(GraphPad Software Inc., La Jolla, CA,
USA) (Briseño-Roa et al. 2011; Ely et al. 2010; Le
et al. 2012; Tian et al. 2010).

2.6 Structural analysis
To evaluate the structural stability of mutant enzymes
after loop deletion and to compare with OPH-wt,
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Fluorescence measurement and circular dichroism
spectrometry experiments were proposed.
2.6.1 Fluorescence measurements: Fluorescence measurement studies were performed on a Perkin Elmer
Fluorescence Spectrometer at 25 °C. The enzymes
were incubated at 65 °C for 10, 20, 30, 40, 50 and
60 min and were carried out rapidly on Fluorescence
Spectrometer. Fluorescence evaluation was performed
using 100 lg/ml of each enzyme at an excitation
wavelength of 295 nm. Emission spectra were calculated between wavelengths of 300 and 400 nm. The
mechanism of thermal denaturation can occur through
the changes in the ﬂuorescence intensity at 350 nm
(Amini-Bayat et al. 2012; Haghani et al. 2008).
2.6.2 Circular dichroism spectrometry: Recording of
Far-CD spectra of the OPH-wt and mutant were done on
a CD spectrophotometer (Jasco J 715, Japan) with a
protein concentration of 300 lg/ml in in 50 mM Tris
buffer, pH 8. The CD spectra were recorded by scanning
the samples from 195 to 260 nm at ambient temperature
using spectropolarimeter (Model J-810, Jasco, Japan).
bandwidth of 1 nm, slit width of 0.02 mm and speed of
50 nm s-1 were constant for each scan (Kachooei et al.
2014). Extracted data were documented as molar ellipticity (deg cm2 dmol-1), according to a mean amino acid
residue weight (MRW) of 37000 g/mol for OPH. Calculation of the molar ellipticity was done as k = (h 9
100MRW)/(cl), where c is the protein concentration in
mg/ml, l is the light path length in centimeters, and h is
the determined ellipticity in degrees at a wavelength k.
Determination of secondary structure was done using
SSE-338 software, which can deconvolute far-UV CD
spectra (Haghani et al. 2008).
2.7 Stability measurements
At this stage for thermostability evaluation, OPH-wt
and mutant were incubated at 65°C for 0, 10, 20, 30,
40, 50 and 60 min, then the reactions were placed
rapidly on ice for 3 min and then the thermostability
was evaluated by using the above mentioned assay
protocol. The remaining activity was calculated as a
ratio of the primary activity (Amini-Bayat et al. 2012;
Chu et al. 2010; Tian et al. 2010). Calculation of ki
values (rate constant of thermal inactivation) of the
OPH-wt and OPH-D5 enzymes were done by the slope
of a ln (Ei/E0) = - ki t linear plot [Ei= initial activity of
inactivated form of enzyme, E0= initial activity of the
enzyme before thermal stage, t = time (min)]. The t1/2
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(half-life) of each enzyme is the time necessary for
50% inactivation of its activity and was determined
from the ln (Ei/E0) = - ki t linear plot by introducing
E0 = 2Ei (Kazan et al. 1997).
The DG inactivation (DGi) values of the OPH-wt and
OPH-D5 at 65°C were documented by the thermodynamic equation as follows (Pawlowski and Zielenkiewicz 2013):
DGi = - RT ln(kih/kBT), where ki is inactivation
rate constant (min), kB the Boltzmann constant
(1.3805 9 10-23 J K-1), h the Planck’s constant
(6.6256 9 10-34 J s) and R the gas constant
(8.314 J mol-1 K-1).
3. Results
3.1 Bioinformatics analysis of the OPH
and design of the deletion mutant
The atom-positional RMSFs for Ca-atoms were computed through 5 ns for OPH-WT protein (ﬁgure 1) to ﬁnd
the most ﬂexible region regarding OPH-WT enzyme that
may cause instability of the molecule. As seen in ﬁgure 1,
the largest ﬂuctuations are observed in the loop region
including aa237-241, indicating that the latter region is
relatively unstable. Therefore, the 5 amino acids (OPHD5) related to the loop region were deleted. MD simulation was also performed on the mutated enzyme.
The stability of the OPH enzyme variants were
analyzed according to two factors, RMSD and Rg.
Divergences in the RMSDs of the Ca atoms relative to
the starting structures through the MD simulations are
shown in ﬁgure 2. A minimum deviation in the average
RMSD values of mutated enzyme, in comparison with
wild-type enzyme, from the 1.5-th ns to the end of
simulation was an indication of the conformational
stability of OPH-D5 against OPH-WT. The radius of
gyration (Rg) of a protein is a measure of its packing.
The conformational compactness of protein residues is
an important aspect of protein stability (Lobanov et al.
2008). For an unstable protein, Rg will drift over time.
The reasonably invariant Rg values are seen for OPHD5 rather than OPH-WT (ﬁgure 3), indicating that the
mutated protein, in its compact form over the period of
5 ns at 310 K, remains very stable.
3.2 Protein expression and puriﬁcation
SDS-PAGE investigation of OPH-wt and OPH-D5
fractions conﬁrmed distinct bands of the anticipated

Figure 1. Atom-positional RMSFs of the Ca-atoms of
OPH-WT.

monomeric molecular weight (*35 kDa). Accordingly, majority of the enzymes were observed in
insoluble fractions (ﬁgure 4), therefore, denaturation
refolding protocol was employed to solubilize the
enzyme. The puriﬁcation results showed single bands
on SDS-PAGE with a molecular mass approximate to
35 kDa for both OPH-wt and OPH-D5 (ﬁgure 5).
3.3 Kinetic analysis
Both enzymes of OPH-wt and OPH-D5 were capable
of degrading paraoxon to PNP. To compare the kinetic
properties after loop deletion, Km, Vmax and kcat were
calculated as mentioned in the materials and methods
section. Vmax and kcat calculated in OPH-d5 showed a
slight decrease compared to OPH-wt, whereas Km
increased (table 1).
The loop truncation in OPH-D5 creates new interactions which may cause changes in enzyme catalytic
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Figure 2. RMSDs of the backbone atoms (N, Ca, and C) of OPH-WT (red) and OPH-D5 (green).

Figure 3. The radius of gyration plot of OPH-WT (red) and OPH-D5 (green) proteins.

activity and afﬁnity (D’Amico et al. 2003). The thermostability improvement in protein engineering has
often been documented to be accompanied with
decrease in their catalytic activity and afﬁnity, probably
as a result of the overall protein inﬂexibility (Danson
et al. 1996).

3.4 Structural studies
To evaluate the structural changes of OPH-D5 compared to the OPH-wt after loop truncation, intrinsic
ﬂuorescence and circular dichroism (CD) spectrometry
experiments were applied.
The ﬂuorescence measurement was used as a preferred method to investigate folding modiﬁcations of
the enzymes in solutions. Intrinsic ﬂuorescence

emissions of a folded protein are predominantly related
to the excitation of tryptophan residues and, to a lesser
extent, due to phenylalanine and tyrosine residues
(Ghisaidoobe and Chung 2014). Two Trp residues
(Trp69 and Trp131) are in both OPH-wt and OPH-D5
that present the conformational changes in the tertiary
structure. The results showed a signiﬁcant increase in
ﬂuorescence intensity of OPH-D5 in comparison with
OPH-wt (ﬁgure 6), showing that unfolding occurs
more slowly in OPH-D5 than the OPH-wt.
Circular dichroism (CD) is a valuable technique to
investigate the secondary structure of proteins after
mutation (van Mierlo and Steensma 2000). The far-UV
CD spectra of OPH-wt and OPH-D5 show changes in
the secondary structure (ﬁgure 7). In contrast to the
OPH-wt, a slight increase in the molar ellipticity of
OPH-D5 was observed.
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Figure 4. Native SDS-PAGE analysis of OPH-wt and
OPH-D5. M: molecular weight marker (#SM0761); Lane
1: insoluble fraction of OPH-wt, Lane 2: insoluble fraction
of OPH-D5, Lane 3: soluble fraction of OPH-wt and Lane 4:
soluble fraction of OPH-D5.

Figure 6. Fluorescence emission spectra of OPH-wt and
OPH-D5. (A) Spectra were taken at 25 °C in Tris buffer
(50 mM, pH 8), the excitation wavelength was 280 nm.
(B) Relative ﬂuorescence after incubation at 65 °C for 0, 10,
20, 30, 40, 50, 60 min, the excitation wavelength was
280 nm and emission wavelength was 340 nm. The samples
contained 80 lM proteins in Tris buffer (50 mM, pH 8). 1:
OPH-D5, 2: OPH-wt.

Figure 5. SDS-PAGE analysis of puriﬁed OPH-wt and
OPH-D5. M: molecular weight Marker (#SM0761); Lane 1:
negative control, Lane 2: OPH-wt, Lane 3: OPH-D5.

Table 1. Kinetic parameters of OPH-wt and OPH-D5
Protein
OPH-wt
OPH-D5

Vmax (lmol/min)

Km (mM)

kcat(s-1)

3068
2980

0.175
0.261

176.32
171.26

These results conﬁrmed the previous research in
thermostability studies, demonstrating that an increase
in thermostability decreases structural ﬂexibility.

Figure 7. Far-UV CD spectra of OPH-wt and OPH-D5.
The concentration of proteins was 0.3 mg/ml. The samples
were equilibrated in 50 mM Tris buffer, pH 8 at 25 °C. 1:
OPH-D5, 2: OPH-wt.

Obtained data were also in line with previous studies
on the conformational changes, indicating a decrease in
the protein unfolding process after loop truncation
(Dagan et al. 2013; Damnjanović et al. 2014; Li et al.
2012; Sakurai et al. 1996a).
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(Dagan et al. 2013; Damnjanović et al. 2014; Imani
et al. 2010; Le et al. 2012).
4. Discussion

Figure 8. Residual activity (%) graphs of OPH-wt and
OPH-D5 after incubation at 65 °C for 0, 10, 20, 30, 40, 50,
60 min. 1: OPH-D5, 2: OPH-wt.
Table 2. The values of half-life (t1/2) and denaturation
energy change (DGi) of OPH-wt and OPH-D5 at 65 °C

OPH-wt
OPH-D5

DGi (kcal/mol)

t1/2 (min-1)

94
97

40
65

3.5 Thermal tolerance assay
By calculating the percentage of the remaining activity
of OPH-wt and OPH-D5 after the heat treatment at
65 °C for 60 min during the time interval of 10 min,
the result of temperature on the stability was evaluated.
The residual activity of OPH-wt after 60 min at 65 °C
was 31% whereas for OPH-D5 it was 46%. According
to the results shown in ﬁgure 8, OPH-D5 shows more
thermostability than the OPH-wt. The calculation of
thermal parameters, including half-life (t1/2), rate of
thermal inactivation (ki) and DGi, and comparing them
can be beneﬁcial to have more information about the
thermostability after loop deletion.
The evaluation results showed an increase in both
DGi and half-life in OPH-D5 compared to OPH-wt that
clearly indicates the increasing effect of loop deletion
(table 2). The higher t1/2 and DGi values at OPH-D5
show that this mutation causes an increase in the
thermostability, consequently, the conformation of
enzyme would not simply be unfolded after incubation
at 65 °C.
The increase in DGi and half-life parameters, as
important factors in stability analysis, conﬁrmed that
the loop truncation reduces the susceptibility of
enzyme to thermal inactivation. The acquired results
are in line with those of previous studies indicating that
this method leads to thermal tolerance in enzyme

The energy needed to inactivate the OPH is much
lower compared to its overall conformational stability,
and therefore, it would be necessary to understand how
the OPH unfolded into its inactive form to reconstruct a
stable folding (Armstrong 2007).
Previous research studies have suggested that the
stability of thermophilic proteins arises from their
rigidity compared to their mesophilic homologs. It is
documented that deleted sites in thermophilic proteins
are related to the exposed loops, and therefore, deleting
the exposed loops is regarded as a regular mechanism
to improve thermostability (Boone et al. 2015b; Kumar
and Nussinov 2001; Thompson and Eisenberg 1999).
Previous studies on engineered enzymes revealed
that the truncation of ﬂexible loops can protect the
enzyme against unfolding at high temperatures. In
these studies, the mentioned mechanism was used to
improve the thermostability in several enzymes such
as: phosphatidylinositol-synthesizing streptomyces
phospholipase D, serine protease subtilisin and Photinus Pyralis ﬁreﬂy luciferase (Almog et al. 2002;
Ásgeirsson et al. 2007; Damnjanović et al. 2014;
Halliwell 2015).
Human carbonic anhydrase II has a long loop region
between residues 230 and 240 that was a candidate for
truncation, in which the ﬁndings on loop deletion
showed that the modiﬁcation could have positive effect
on the thermal stability (Boone et al. 2015b).
In previous study, the improvement of OPH thermostability was done by designing and introducing
disulﬁde bonds as two new mutated OPH enzymes
(Farnoosh et al. 2016). Although loop truncation has
been found as an important approach for protein thermostability, this study evaluates this mechanism in
OPH enzyme.
The structural analysis of OPH showed the presence
of some ﬂexible areas with high temperature factors.
Bioinformatics data (ﬁgure 1) showed a higher temperature factor in a loop region from residues 237 to
241 located between the a-helix and beta sheet (ﬁgure 9) compared to other areas, indicating that this
region might be very ﬂexible and might play a key role
in thermal stability.
According to these data, D5 loop is a ﬂexible and
hotspot region in OPH that is located at the most
exposed portion of loop.
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Figure 9. The three-dimensional structure of Loop D5
OPH, which describes the location of loop truncation and
binding site (large packet). The yellow region is Loop D5.
The conserved His254, His257, Leu271 and Met317
residues are binding sites (PDB code: 1HZY).

Therefore, this region might be susceptible to
unstable agents, such as heat. The results imply that the
deletion of 5 residues in this loop has a critical consequence in its stability. In the present study, the role of
the ﬂexible loop in OPH thermostability is described.
Through loop truncation, the mutant enzyme
reserved its catalytic activity. The investigation of the
kinetic parameters of OPH-wt and OPH-D5 showed a
minimal decrease in Kcat and an increase in Km for
OPH-D5 compared to OPH-wt (table 1). These data
showed that the conformation of OPH-D5 might be
changed after loop truncation which is accompanied
with decrease in catalytic activity and afﬁnity
(D’Amico et al. 2003; Han et al. 2009; Kim et al.
2015; Ugarova and Koksharov 2012). The increase in
Km of OPH-D5 compared to OPH-wt is possibly
caused by an alteration in the competence of universal
geometry for binding substrates and reduced ﬂexibility
in the binding site. Protein stabilization by engineering
methods has often been accompanied with a decrease
in their activity and afﬁnity (D’Amico et al. 2003;
Danson et al. 1996; Yin et al. 2015).
As shown in ﬁgure 9, Loop D5 is located near ‘large
packet’ of binding site (Met317, His267, His254 and
Leu271) that affects the geometry of this pocket and
results in decreased enzyme afﬁnity to speciﬁc substrate. The study performed on the deletion of ﬂexible
NC-loop in lipase (FClip1) conﬁrms our observations
in the present study, where it was described that the
NC-loop is positioned adjacent to the substrate-binding
pocket and may play roles in enzyme-substrate contact,

Figure 10. The three-dimensional structure of Loop D5 in
OPH, describes the location of loop truncation between ahelix and the b-strand. The green region is Loop D5 (PDB
code: 1HZY).

therefore the deletion of the region can affect enzymatic activity and substrate afﬁnity (Li et al. 2012).
Based on thermostability results, DGi and t1/2 parameters were improved in OPH-D5 compared to OPH-wt
that were correlated to structural studies by extrinsic ﬂuorescence and circular dichroism (CD) spectrometry
experiments. These data prove that the loop truncation
results in the reduction of ﬂexibility in OPH-D5. Structural analysis and the investigation of dynamic and
energetic states of the mutant enzyme show that the loop
deletion results in changes in the construction, stability
and activity (Boone et al. 2015a; Farnoosh et al. 2016; Li
et al. 2012; Sakurai et al. 1996b).
The loop D5, which was selected for the truncation,
links a-helix and b-strand of the enzyme (ﬁgure 10). It
is predicted that the deletion of ﬁve residues at Loop
D5 decreases the ﬂexibility of loop and stabilizes the bstrand that may be involved in the enzyme unfolding in
high temperatures.
Our ﬁndings are also consistent with a study conducted
to compare the sequence and the structure of OPH from
Pseudomonas diminuta with homolog thermophile
enzymes including OPH identiﬁed from the bacterium
Geobacillus stearothermophilus (GsP), Deinococcus
radiodurans (Dr-OPH) and S. solfataricus (SsoPox), in
which D5 loop is not observed (Hawwa et al. 2009).
Brieﬂy, rational method design by ﬂexible loop truncation showed a valuable approach to improve thermostability with no obvious negative effects on the function and
the folding of the mutant enzyme. This improvement also
showed the accuracy in selecting the residues to delete.
Consequently, the results not only assist us for better
identiﬁcation of the ﬂexible regions in OPH by bioinformatics method, but also promote our knowledge in engineering enzymes for industrial applications.
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