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P. aeruginosa is an opportunistic bacterium that produces a capsule-like
polysaccharide called alginate in response to various stimuli. The mucoid strain
of Pseudomonas aeruginosa produces alginate which is an exopolysaccharide
and is involved in the pathogenicity and persistence of these bacteria in
infections. The alginate lyase gene is required for alginate synthesis. The
enzyme can also degrade this polymer. This enzyme has a polymorphism in
different bacteria even in one species and finding an enzyme with tremendous
characters is very important. In this study, alginate lyase from P. aeruginosa
strain 293 which was previously isolated from the sputum, and the encoding
gene was characterized, and thermal and pH stability, as well as the substrate
specificity of the partially purified alginate lyase, were determined. The
amount of 70% activity of the enzyme was maintained after incubation at 80 °C
for 6 hrs and 50% activity retained after incubation in alkaline and acidic pH.
Moreover, it showed activity towards guluronic acid blocks, mannuronic acid
blocks, and alginate blocks with both of them. Due to the unique properties of
the alginate lyase that are useful in medicinal, and industrial applications, the
gene encoding the enzyme was expressed in pET-28a (+)/E. coli BL21 (DE3)
system to produce 371 -amino acid alginate lyase protein, the molecular weight
of which was estimated by Sodium Dodecyl Sulfate- Polyacrylamide gel
electrophoresis to be about 40 kDa. Bioinformatic analysis of P. aeruginosa
strain 293 algl gene revealed that G225A point mutation can improve its
thermostability. Therefore, the P. aeruginosa 293 alginate lyase is proposed as
an appropriate candidate for the evaluation of potential therapeutic and
industrial applications.
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Introduction

Two different uronic acids, B-D-mannuronic
acid (M) and a-L-guluronic acid (G) are present

P. aeruginosa is a Gram-negative opportunistic
bacterial pathogen that secretes a capsule-like
polysaccharide called alginate in response to
various environmental stimuli. The mucoid
phenotype showed by bacteria when they infect
the lungs of Cystic Fibrosis (CF) patients is due
to the presence of this natural polymer (Gol
Fakhrabadi et al., 2015; Moradali et al., 2015).

in alginate as polymannuronic acid blocks
(PolyM), polyguluronic acid blocks (PolyG) and
Poly MG polymer (Li et al., 2011, Zhu et al.,
2019). Alginate is a key component of the
mucoid biofilm matrix. This biofilm is important
for the evasion of host defenses and antibacterial
therapies, especially during the chronic
pulmonary disease of patients with CF.
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Most proteins involved in the alginate
biosynthesis are encoded by 12-gene operon.
Interestingly, this operon also encodes Alginate
Lyase (EC 4.2.2.3) (AlgL) (Franklin et al., 2011;
Ahmed, 2007), a lyase responsible for the
degradation of alginate by a [-elimination
reaction. This reaction involves the breakage of
the 1-4 O-linkage between the uronic acids in
the linear polymer and results in generating
oligomers  with  4-deoxy-L-erythro-hex-4-
enepyranosyluronate at the nonreducing end.
Due to their high efficiency, specificity, and
mild degradation function, alginate lyases have
attracted widespread attention in industrial
applications, especially in the preparation of
alginate oligosaccharides. Thus far, hundreds of
alginate lyases have been purified, cloned, and
characterized from marine microorganisms,
brown seaweeds, and mollusks.

Therefore, there is an urgency to obtain an
alginate lyase with the optimal characteristics
(e.g., pH-stability, thermo-tolerance, and single
product distribution) needed for industrial
applications (Zhu et al., 2018, Huang et al.,
2018).

AlgL is classified into three groups: Alginate
lyase (E.C. 4.2.2.3 and E.C. 4.2.2.11) is a kind
of polysaccharide lyase that degrades alginate by

B-eliminating the glycoside 1-4 O-bonds
between C4 and C5 at the non-reducing end,
thus producing unsaturated alginate

oligosaccharides (UAOS) as main products
(Wang et al., 2019) and are distributed over
various organisms including marine organisms,
bacteria including Bacillus circulans and P.
aeruginosa, viruses, fungi, brown seaweeds, and
herbivorous mollusks (Chen et al., 2018; Inoue
et al., 2014; Wong et al., 2000). In particular,
this enzyme which promotes phagocytosis and
killing of P. aeruginosa by human immune cells
has been elucidated to enhance the efficacy of
antibiotics against P. aeruginosa in biofilms and
elimination of biofilms on medical devices
(Sharma et al., 2013).

In this research, a thermal and pH stable alginate
lyase from P. aeruginosa 293 (previously
isolated from the sputum of burned patients),
was partially purified and the gene encoding
Alginate Lyase, algl, was cloned and expressed,
and characterized by bioinformatics tools.
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Materials and Methods
Bacteria and growth conditions

Mucoid P. aeruginosa strain 293 isolated from
the sputum (Rajaee Hospital, Tehran, Iran), was
grown in YTG (0.5% yeast extract, 1% tryptone,
and 0.2% glucose) overnight at 37 °C with
shaking. Escherichia coli DH5a and lysogenic
Escherichia coli BL21 (DE3) were used as hosts
for recombinant plasmids. E. coli was grown in
Luria-Bertani (LB) broth at 37 “C (Sambrook
and Russel, 2001) or on LB agar supplemented
with kanamycin (50 pg.ml") (Farrell and Tipton,
2012). Plasmid pET-28a (+), which was used as
a cloning vector and expression of recombinant
protein, was from Novagen.

AlgL extraction

Bacteria were collected by centrifugation at
6500xg for 25 min at 4 °C (Eftekhar and
Schiller, 1994), washed in 0.03 M Tris-HCI (pH
7.5) containing 0.2 M MgCl,, then centrifuged at
6500xg for 10 min at 4 "C and repeated twice
(Schiller et al., 1993). The enzyme was
extracted with the heat shock method (Eftekhar
and Schiller, 1994; Hoshino and Kageyama,
1980). Briefly, heat shock buffer (MgCl, 0.2 M
and Tris-HCI 0.05 M, pH 7.3) was added to
bacterial suspensions and incubated at 37 °C for
10 min followed by 15 min at 0 °C (four repeats)
then centrifuged at 6500xg for 15 min. The
supernatant containing AlgL activity was stored
at4 °C.

Measurement of AlgL activity

Algl.  activity was measured by the
thiobarbituric acid (TBA) method. The enzyme
extract, assay buffer (Tris-HCl 30mM, NaCl
500mM, and MgCl, 9mM) pH 8.5, and sodium
alginate were mixed with a ratio of 2:2:1 in a
100 pl volume. The 125 ul periodic acid solution
in 0.125 N H,SO4 was added to the mixture and
placed at 37 °C for 20 min. Then, 250 pl of the
2% sodium arsenite solution in 50mM HCI was
added to the mixture, and after 2-min incubation
at room temperature, 1 ml of the 0.3%
thiobarbituric acid solution in the assay buffer
pH 2.0 was added with gentle shaking and the
final mixture was placed in boiling water for 10
min. Finally, immediately after the solution
became chilled, its absorbance was measured at
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548 nm and reported as the enzyme unit
(Weissbach and Hurwitz, 1958).

One unit of enzyme activity was defined as the
amount of enzyme required to produce the
equivalent of 1 nmol of B-formylpyruvic acid
per min per ml at 37 °C (10 nM of B-
formylpyruvic acid gives an OD reading of
0.290 at 548 nm) (Schiller et al., 1993)).

Enzyme characterization

Determination of enzyme-substrate exposure
time: The extracted enzyme, sodium alginate as
substrate, and assay buffer were incubated for
different periods (0, 15, 30, 45, 60 min) at 37 °C
(Shimokawa et al., 1997), then the rest of the
TBA assay was carried out. The extracted
enzyme and assay buffer were incubated with
each PolyM, PolyG (the blocks were separated
from sodium alginate (Haug et al., 1996)) and
sodium alginate to elucidate the substrate
specificity (Nguyen and Schiller, 1989).

Thermal stability of AlgL.

The thermal stability of AlgL was determined by
measuring the residual activity of the enzyme
after incubation at 10 °C, 37 °C, 60 °C, and 80
°C for 1 hr and the measured enzyme activity
after incubation at 80 °C for 2-6 hr. Enzyme
activity without incubation was considered
100%.

Optimum pH and pH stability

To determine the optimal pH, AlgL activity was
measured at 37 °C in the range of pH 2.0-11.0 in
a Britton —Robinson buffer as assay buffer
including phosphoric acid 0.04 M, acetic acid
0.04 M, and boric acid 0.04 M (Britton and
Robinson, 1993). Also, the enzyme activity was
considered 100% in assay buffer. The pH
stability of AlgL was determined by measuring
the residual activity of the enzyme after
incubating the enzyme in Britton—Robinson
buffer from pH 2 to pH 11 at 4 °C for 1-6 hrs
(Wang et al., 2013). The enzyme activity in pH
7 without incubation was considered 100%.

Plasmid extraction

Total DNA from P. aeruginosa 293 was isolated
by successive extraction with a modification of
the SET buffer method of Del Mar Lled (Del
Mar Lled et al., 2000). An overnight culture
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(100 ml) was harvested by centrifugation and the
bacterial pellets were suspended in 1 ml of SET
buffer (20% sucrose, 50 mM Ethylene Diamine
Tetra Acetic Acid (EDTA), 50 mM Tris-HCI
(pH 7.6)) following which 9 ml of 25% SDS
was added, and samples were incubated for 60
min at room temperature. Subsequently, 3 ul of
proteinase K (25 mg.ml') was added, and the
suspensions were incubated at room temperature
for an additional 4 hr. The samples were treated
with 500 pl ammonium acetate (7.5 M) for 15
min and the supernatant was collected by
centrifugation at 22,000xg for 5 min at 4 °C.
Two volumes of isopropanol were added and
stored at -20 °C for 30 min then the supernatant
was discarded by centrifugation and washed in
70% (v.v'') ethanol and finally redissolved in TE
buffer (10 mM Tris. HCI, pH 8.0, contains 1
mM EDTA). Minipreparations of plasmid pET-
28a (+) were obtained by using the method of
Sambrook et al, 1989.

Cloning of algL

After the complete nucleotide sequence of the
gene was determined, the primers with
restriction sites were designed to clone the algL
in the expression vector pET-28a(+) (Tavafi et

al., 2016). The forward primer
[ATATGAATTCATGAAAACGTCCCACCTG
AT (EcoRIl)] and the reverse primer

[ATATAAGCTTTCAACTTCCCCCTTCGC
(HindIII)] were used to amplify the translational
region of algl, with genomic DNA of P.
aeruginosa 293 as the template. DNA fragments
were purified from agarose gels by using the
GF-1 Gel DNA Recovery Kit (Sinaclon, Iran).
The PCR (Polymerase Chain Reaction) fragment
was digested with FEcoRI and Hindlll
(Fermentas, Canada), purified with EZ-Spin
Colum PCR Purification Kit (Bio Basic,
Canada), and ligated into a similarly digested
pET-28a (+) vector. E. coli DH5a was
transformed using the ligation mixture, and
transformants were grown on LB agar plates
containing 50 pg.ml"! kanamycin. Transformants
were initially screened for the presence of algL
using colony PCR.

DNA sequencing

DNA fragments containing the algl were
sequenced by the dideoxy chain termination
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method (Sanger et al., 1977) with synthetic
oligonucleotides as primers. Both strands of
DNA were sequenced and analyzed by the
BioEdit program. Examination of similarities
and differences in gene sequences compared to
other related genes was performed by BLASTn
of the NCBI database.

AlgL expression

The pET28-algl plasmid was transformed into
E. coli BL21 (DE3), which expressed a
recombinant protein containing 6xHis-Tags at
N-terminus. The recombinant E. coli BL21
(DE3) harboring the pET28-algl plasmid was
cultured on an LB medium supplemented with
50 pg.ml! kanamycin for 2-3 hr to obtain
ODg0p=0.4—0.6 in a shaking incubator at 37 °C
and 200 rpm. The cells were cultured for 8 hr to
express the algl by addition of 1 mM Isopropyl-
B-D-Thiogalactopyranoside (IPTG) (Farrell and
Tipton, 2012): After 2, 4, 6, 8 hrs of induction
the cells were harvested and sonicated in
Phosphate Buffer Saline (PBS) (1.8 mM
KH2PO4 (pH 7.2), 137 mM NacCl, 2.7 mM KCl,
10 mM Na,HPOys). Sonication was set at a 30%
duty cycle and 60% power output for 10 min
(Swift et al., 2014). The lysate was cleared by
centrifugation at 22,000xg for 10 min at 4 °C,
and the supernatant was used for Sodium
Dodecyl Sulfate-Polyacrylamide Gel
Electrophoresis (SDS-PAGE) analysis
(Laemmeli, 1970). Fractions containing activity
were combined and used as purified AlgL.

AlgL purification and activity

The supernatant obtained from sonication
containing a maximum amount of expressed
(His)6-tagged Algl was loaded on an
Immobilized Metal Affinity Chromatography

(IMAC) column (Bio-Rad), equilibrated with 5
mM phosphate buffer (pH 8), 300 mM KCI and
50 mM KH,PO4 (wash buffer 1). The column
was rinsed twice with wash buffer 1 and
containing 10 and 50 mM imidazole,
respectively; tagged Algls were then eluted by
the same buffer containing 250 mM imidazole,
and protein was eluted with a flow rate of 2
ml.min"'. The purified recombinant protein was
stored at 4 °C (Bio-Rad protocol of IMAC).
Protein concentrations were determined by
Bradford assay, using BSA as the standard
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(Bradford, 1976). Protein aliquots were run on a
15% SDS-PAGE gel to assess solubility and
purity and the gels were stained with Coomassie
Brilliant Blue (Laemmeli, 1970). AlgL activity
was quantitatively measured by the TBA method
as described before and the thermal stability of
the recombinant enzyme was assayed at 37 °C
and 80 °C for 6 hr.

In silico studies

The nucleotide sequence of AlglL produced by
P. aeruginosa 293 was virtually translated to the
corresponding amino acid sequence using the
ExPASy Translate Tool. The 3D structure of the
enzyme was built using Modeller 9.17. Alginate
lyase with PDB Code 4o0zv was used as a
template for homology modeling. The values of
the MODELLER objective function of all the
built models were screened and the model with
the least value was chosen as the best model for
further studies. Examining the accuracy and the
refining of the model was performed using web
servers Qmean and 3Drefine, respectively. It has
been reported that the alginate lyase undergoes
cleavage to remove the signal peptide after the
translation process.

Therefore, the signal peptide of the enzyme was
specified using Signal-BLAST and Phobius
tools and was deleted from the structure of the
built model. CASTp server was used to predict
the active site of the enzyme. ConTEXT, UCSF
Chimera 1.12, and Avogadro tools were used for
the preparation of the enzyme and ligand before
docking simulation. AutoDock 1.5.6 software
package was applied to determine the key
residues of the alginate lyase involving in the
interaction with its corresponding ligand, alginic
acid. One hundred conformers of the ligand
were assessed as possible conformers interacting
with the residues in the active site of the
enzyme. Among these conformers, one with the
least value of binding energy and the most built
hydrogen bonds with the enzyme was selected as
the best conformer.

The PDB file of the enzyme-ligand complex was
written. The residues contributing to the
hydrogen bindings and hydrophobic interactions
with alginate ligand in the written complex were
analyzed using Ligplot software version v.1.4.5.
Other important residues in alginate lyases are
cysteine residues involved in disulfide bridges.



Zali Benekohal et al., J Genet Resour, 2021; 7(1): 49-58

Cysteine residues forming disulfide bonds were
recognized using DISULFIDE, TargetDisulfide,
and DIANNA tools. HotSpot Wizard 2.0 was
used to specify the residues with the most
mutability score among the residues without the
importance in the enzyme activity located in the
non-conserved regions on the surface of the
enzyme.

To increase the heat stability, a mutation of Gly
to Ala was proposed for Gly225 which is located
in a loop of P. aeruginosa 293 AlglL without
contributing to the enzyme activity, disulfide
bridges, or the signal peptide. Thereupon,
G225A mutation was introduced to the enzyme
structure using Chimera (version 1.12) and the
stability of the mutant enzyme was analyzed
using SDM and MCSM web servers.

Results

As shown in Fig. 1A, the extracted enzyme
initially showed maximum activity and its
activity slightly decreased over time. AlgL had
activities with both PolyG and PolyM as
substrate, indicating that it is a bifunctional
AlgL (Fig. 1B). It had almost the same activity
towards sodium alginate and PolyM, but lower
reactivity with PolyG.

Other hands, as shown in Fig. 2A, the enzyme
was active after treated at various temperatures
(10, 37, 60, and 80 °C) and pH 7.3 (Tris HCl
buffer) for 1 hr. The enzyme retained 88% of
activity after 1 hr at 10 °C, as well as the enzyme
retained 70% of activity after incubating for 6 hr
at 80 °C, the activity measurement without
incubation was considered 100% (Fig. 2B).
Maximum enzyme activity was observed at pH 7
but 84%, 94%, and 90% enzyme activity
observed at pH 2, 4, and 11, respectively (Fig.
3A). After incubation of enzyme at various pH,
55%, 60%, 68%, and 50% of the activity was
retained at pH 2, 4, 7, and 11, respectively (Fig.
3B).

E. coli DH5a cells were transformed with
pET28-algl plasmid and cultured on LB agar
plates including kanamycin. To determine the
accuracy of cloning, colony PCR, and screening
of colonies containing recombinant vector was
performed randomly on colonies. PCR was
carried out with primers designed by Tavafi et
al., 2016 for the algl from P. aeruginosa 293
(Bradford, 1976). AlgL-positive clones were
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identified (Fig. 4A). Results show that the
cloned sequences had homology to some AlgLs
indicating, for example, 97% identity with AlgL
from P. aeruginosa TAG48. Based on DNA
sequence information, the full-length gene with
1,117 nucleotides was cloned. AlgL protein
consists of 371 amino acids.
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Fig. 1. Characterization of the enzyme-substrate
relationship between alginate lyase (AlgL) from P.
aeruginosa strain 293 and its substrates. A) The
effect of enzyme-substrate exposure time on enzyme
activity. B) Substrate specificity of the AlgL.
Guluronic acid blocks (PolyG), mannuronic acid
blocks (PolyM) and compared with that of sodium
alginate (ALG).
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Fig. 2. Thermal stability of alginate lyase from P.
aeruginosa strain 293. A) The enzyme was incubated
at various temperatures for 1 hr. B) The enzyme was
incubated at 80 °C up to 6 hr.
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Fig. 3. Effect of pH on the activity and stability of
alginate lyase (AlgL) from P. aeruginosa strain 293.
A) Effect of pH on AlgL activity. Determination of
the optimum pH for use in preparing Britton—
Robinson buffer (pH 2, 4, 7, 11). B) Enzyme stability
at various pH. The enzyme solution was incubated
for various times at pH 2, 4, 7, and 11, using Britton—
Robinson buffer at 4 °C, and residual activities were
assayed.

The nucleotide sequence of Algl was submitted
to GenBank (accession number: BankIt1985231
Seql [P. MF615385]. As shown in Fig. 4B, the
algl from P. aeruginosa 293 was expressed in
E. coli BL21 (DE3) containing plasmid pET28-
algL with the induction of T7 polymerase by 1
mM IPTG (Farrell and Tipton, 2012).
Expression of the cloned algl in E. coli verified
the location of the structural gene for AlgL as
well as providing a source of the enzyme, which
could be used for protein purification and
characterization studies (Schiller et al., 1993).
The resulting recombinant proteins at different
times (2, 4, 6, 8 hr) were analyzed by SDS-
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PAGE, and the highest expression was related to
8 hr after the induction that was used to load the
column.

The enzyme was purified by the IMAC column,
an excellent chromatography technique for
purification of His-tagged proteins. The final
preparation of recombinant protein gave a single
band on SDS-PAGE with a molecular mass of
approximately 40 kDa (Fig. 4B).

Thermal stability characteristics of the
recombinant enzyme were investigated. The
recombinant Algl was active after 6 hrs of
incubation at 37 °C up to 80 °C. The enzyme
retained 56% and 26% of its activity at 37 °C
and 80 °C, respectively.
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Fig. 4. Colony PCR (Polymerase Chain Reaction)
and sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) analysis of the
recombinant P. aeruginosa AlgL protein. A) PCR
product of recombinant plasmid. B) Purified
recombinant enzyme; 1 and 2 are molecular mass
markers; 3 is the eluted protein from immobilized
metal affinity chromatography (IMAC) column.

As shown in Fig. 5, analysis of docking results
using Ligplot software indicated that SerS8,
Lys59, Tyr60, Met136 and Phe78, Serl35,
Trp139, Hisl95 of P. aeruginosa 293 are
involved in H-bonds and hydrophobic
interactions with alginate, respectively. Also,
AlgL amino acid sequence analysis showed that
it contains the conserved region of NNHSYW in
its active site which is related to the PolyM
activity and is observed in alginate lyases with
an average molecular weight of 40 kDa (Wong
et al., 2000). The cleavage site of the signal
peptide was predicted to be located between
residues 20 and 21 in the protein sequence. It
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was predicted that the alginate lyase of P.
aeruginosa 293 contains 5 Cysteines, but they
do not contribute to any disulfide bridges.
Analysis of the computationally mutant G225A
AlgL showed increased stability of the enzyme
structure.

o

Fig. 5. 2D representation of interactions between P.
aeruginosa Alginate Lyase (Algl) protein and
alginic acid ligand using Ligplot. Amino acids Ser58,
Lys59, Tyr60, and Metl136 participate in hydrogen
bonding with the ligand molecule. Phe78, Serl35,
Trp139, and His195 of the AlgL are involved in
hydrophobic interactions.

Discussion

A wide range of microorganisms such as P.
aeruginosa, produce Algl. Substrate specificity
of AlgLs differ in various strains and are
classified into three groups: PolyM lyase, PolyG
lyase, and PolyMG lyase (Wong et al., 2000).
Researchers have focused their efforts to find
Algl. enzymes that have thermal and pH
stability for use in therapeutic applications, food
industries (Zhu et al., 2018; Wang et al., 2019;
Li et al., 2020), and bioethanol production (Park
et al., 2012). Moreover, PolyM lyase activity is
required for the treatment of alginate
polysaccharide build-up in the lungs of CF
patients (Kim et al., 2011). Previous studies
have shown that treated mucoid P. aeruginosa
by alginate lyase is more susceptible to
antibiotics both in vitro (Tavafi et al., 2019;
Bayer et al., 1991) and in vivo (Bayer et al.,
1992).

In this study, an AlgL from P. aeruginosa 293
with PolyM lyase activity was isolated.
Characterization of the AlgL showed that the
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enzyme initially had maximum activity but the
activity decreased over time. However,
Shimokawa revealed that the enzyme from
Enterobacter cloacae M-1 showed an increase
in activity during the time (Shimokawa et al.,
1997). Previous studies indicated that the AlgL
of P. aeruginosa WcM # 2 degraded PolyM
significantly better than PolyG (Eftekhar and
Schiller, 1994), and bifunctional AlgLs have
been purified from some bacterial strains, such
as two types of P. aeruginosa (Farrell and
Tipton, 2012; Jain and Ohman, 2005) and
Pseudoalteromonas atlantica AR06 (Li et al.,
2011) while AlgL from P. aeruginosa 293 was
capable of breaking all three of its substrates
including PolyM, PolyG, and sodium alginate,
the ability of the enzyme to break down of
PolyM was greater. Moreover, AlgL in this
research had high thermotolerance at 10-80 °C
with 6 hrs incubation which would facilitate its
application in bioethanol production and other
industries. AlglL from P. aeruginosa 48 and
AlyVS5 from Vibrio sp., however, kept 35% and
40% of their activity after incubation at 80 °C
for 4 hr and 90 °C for 10 min, respectively
(Ghadam et al., 2017; Wang et al., 2013). The
optimal pH of AlgL of P. aeruginosa 293 was
more extended compared with other strains such
as the optimal pH of aly-SJ02 from
Pseudoalteromonas sp. SM0524 and FIAlyA
from Flavobacterium sp. Strain UMI-01 were,
respectively, 8 and 7.8 (Inoue et al., 2014; Li et
al., 2011). This enzyme exhibited high pH
stability and retained 50% of its activity after
incubation in alkaline and acidic pH, another
good feature of the enzyme. These studies
revealed that there is a wide diversity in
molecular weight, pl, substrate specificity, pH,
and thermostability of the enzyme even in
various strains of one species and there is a poor
similarity in protein and gene sequences in these
enzymes of different strains (Piroozmand ef al.,
2020).

Due to these unique properties, the algl gene
was cloned and expressed in E. coli DH5a and
expressed in E. coli BL21 (DE3) (Pecina et al.,
1999) using pET-28a (+) which is a suitable
vector for inducible expression of recombinant
proteins in E.coli (Farrell and Tipton, 2012). The
purification of the recombinant enzyme was
carried out by IMAC column and was shown as



Zali Benekohal et al., J Genet Resour, 2021; 7(1): 49-58

a single band on SDS-PAGE with a molecular
mass of approximately 40 kDa. As reported
previously, the molecular mass of the Algl. from
P. aeruginosa FRD1 and Pseudomonas sp. Eo3,
determined to be about 42 and 40 kDa,
respectively, by activity staining after SDS-
PAGE (Xiao et al., 2006; Zhu et al., 2015). The
thermostability of the recombinant protein was
assayed. AlglL expressed from Azotobacter
chroococcum completely lost its heat resistance
(Pecifia et al., 1999), while in this study, the
recombinant protein activity was retained after 6
hrs at 37 °C and 80 °C. These results show that
the recombinant AlgL is thermostable similar to
the native protein. Likewise, applying the
computationally proposed mutation of G225A in
an experimental procedure will, with a great
probability, increase the heat stability of the
enzyme. In conclusion, this research revealed
that the alginate lyase of P. aeruginosa 293 had
unique features such as thermal and pH stability
and affected PolyM, PolyG, and alginate as a
substrate. A source for enzyme production was
provided by overexpression in E. coli, which can
be wused in studies to evaluate potential
therapeutic applications and facilitate its
application in medicine and industries. It was
suggested that the induction of single point
mutations to the alginate lyase structure could
help in increasing the stability and specifically
the thermostability of the enzyme making it
more suitable for industrial applications.
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