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An alginate lyase with high specific enzyme activity was purified from Pseudomonas stutzeri MSEA04,
isolated from marine brown algae. The alginate lyase was purified by precipitation with ammonium sul-
phate, acetone and ethanol individually. 70% ethanol fraction showed maximum specific activity (133.3
U/mg). This fraction was re-purified by anion exchange chromatography DEAE- Cellulose A-52. The
loaded protein was separated into 3 peaks. The second protein peak was the major one which contained
48.2% of the total protein recovered and 79.4% of the total recovered activity. The collected fractions of
this peak were subjected to further purification by re-chromatography on Sephadex G-100. Alginate lyase
activity was fractionated in the Sephadex column into one major peak, and the specific activity of this
fraction reached 116 U/mg. The optimal substrate concentration, pH and temperature for alginate lyase
activity were 8 mg/ml, pH 7.5 and 37 °C, respectively. While, K, and V,,, values were 1.07 mg alginate/
ml and 128.2 U/mg protein, respectively. The enzyme was partially stable below 50 °C, and the activity
of the enzyme was strongly enhanced by K*, and strongly inhibited by Ba*2, Cd*2, Fe™? and Zn*2. The
purified enzyme yielded a single band on SDS-PAGE with molecular weight (40.0 kDa).
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INTRODUCTION

Alginate is considered as a linear polysaccharide in which -D-mannuronate (M) and
a-L-guluronate (G) are covalently (1-4)-linked in different sequences. a-L-Guluronate
is C5 epimer of B-D-mannuronate. The uronic acid monomers are linked to form
polymannuronate block (polyM-block), polyguluronate block (polyG-block) and
random copolymer (polyMG-block). In the nature, alginates are quite abundant; they
are produced as a structural component in brown algae; some bacteria also can syn-
thesize alginates [7, 17].

The mechanism of alginate lyases is by degradation of alginate through
B-elimination of the glycosidic bond, yielding various oligosaccharides [1]. These
oligosaccharides have an unsaturated uronic acid at the non-reducing terminus and
unsaturated uronic acid monomers in the non-reducing end [13], which is an unsatu-
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rated double bond between C4 and C5, showing strong absorption at 235 nm.
However, the enzymatic property and the hydrolyzing site of the alginate vary among
different origins [23]. Alginate lyases can be characterized as polyM-, polyG-, and
polyMG-specific lyases which depend on the substrate specificity. Also they have
either endo- or exo-degradation activity with the corresponding substrate specificity
[7]. Moreover, alginate lyases are grouped into three classes, according to their
molecular masses: 20-35 kDa class, ~40 kDa class, and ~60 kDa class [16].

Various alginate lyases have been produced from algae, marine invertebrates,
marine and some soil microorganisms, more often from brown algae and some bac-
teria belonging to the genera Azotobacter and Pseudomonas [18]. Both non-alginate-
synthesizing and alginate-synthesizing organisms produce alginate lyases. In the
non-alginate-synthesizing organisms, alginate lyases play important roles in assimila-
tion of alginate as a carbon source [20]. In the biosynthesis of alginate, alginate lyase
appears to play a certain role in control of alginate polymer length and optimization
of polymerization reaction [6].

Alginate lyases have a wide variety of uses. They are used in the production of
algal protoplasts and for studying the fine structure of alginate [9]. Alginate lyases are
important tools for oligosaccharide preparation, medical treatment, and energy bio-
conversion [24].

In this study, an alginate lyase-producing bacterium was screened from marine
rotten kelp. The enzyme produced by this strain was purified and characterized, and
its molecular weight was determined.

MATERIALS AND METHODS
Bacterium and Culture Medium

Bacterial strains capable of producing alginate lyase enzyme, were isolated from
brown algal samples, collected from Aqgaba Gulf, Suez Gulf and Red Sea, cut into
small pieces and grown in a Mineral salt-medium with the following composition
(g/l): sodium alginate, 10; (NH,4),SO,, 5; K,HPO,, 2; FeSO,-7H,0, 0.01;
MgSO,-7H,0, 1; NaCl, 30; agar, 15 and final pH was adjusted to 7.5; plates were
incubated at 37 °C for 2448 hr to form detectable colonies [9]. For alginate lyase
production, 50 ml aliquots of the mineral medium was inoculated with 1 ml of over-
night bacterial culture in ZoBell medium; then incubated in the shaker at 37 °C and
120 rpm for 24 hr. Production medium was further optimized by statistical ways for
maximum alginate lyase production, the optimized medium used for enzyme purifica-
tion was: 2% sodium alginate, 0.4% yeast extract, 0.2% K,HPO,-3H,0, 0.001%
FeSO,-7H,0, 0.1% MgSO,- 7H,0, 5% NaCl, and inoculum size: 1 ml.

The target strain was identified by the 16S rRNA gene sequencing analysis by
GACT Company-Germany using universal primers; 27F: FAGAGTTTG-
ATCMTGGCTCAG and 1492R: CGGTTACCTTGTTACGACTT. NCBI tools
including blast search, tree method (Fast Minimum Evolution) and pair wise align-
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ment were applied for the providing sequence. PCR amplification program was set
according to the following cycling parameters: 5 min of denaturation at 95 °C, fol-
lowed by 20 cycles of 30 s at 95 °C (denaturing), 30 s at 56 °C (annealing), and 90 s
at 72 °C (elongation), with a final extension at 72 °C for 7 min. The nucleotide
sequences were analyzed with the BLAST database [10].

Preparation of the crude enzyme, enzyme assay and
protein determination

The clear supernatant was considered as the crude enzyme source. Alginate lyase
activity was measured depending on the release of reducing sugars from alginate as
a substrate according to the 3,5-dinitro salicylic acid (DNS) method as described by
El-Katatny et al. [4]. Total soluble protein was also measured as described by Lowry
etal. [12].

Purification of Alginate lyase produced
by Pseudomonas stutzeri MSEA04

Crude culture supernatant obtained from cultures of Pseudomonas stutzeri MSEA04
was precipitated using different agents as ammonium sulphate, acetone and ethanol,
at different concentrations of each precipitant in a sequential manner [2]. The highest
recovered protein which was obtained by precipitation by ethanol was further purified
by anion-exchange chromatography column (28 x 1.8 cm) on DEAE-Cellulose, which
was used as an anion exchanger as reported by Peterson and Sober [19]. It was
equilibrated with 0.05 M Tris buffer (pH 7.5) to be used in chromatography. The frac-
tions were eluted with the same buffer (180 ml) at flow rate 30 ml/h. Four ml fractions
were collected and assayed for protein and enzyme activity. The active fractions with
the highest specific activity of enzyme were pooled. The pooled fractions of the en-
zyme were further fractionated by gel filtration through Sephadex G-100 column,
eluted with acetate buffer (180 ml) at a flow rate of 30 ml/h. Four ml fractions were
collected and assayed for protein and enzyme activity.

Characterization of the alginate lyase produced
by Pseudomonas stutzeri MSEA04

To determine the optimal substrate concentration, different substrate concentrations
ranging from 1-10 mg/ml were used. The reaction was carried at 37 °C for 20 min-
utes. To determine the optimal pH, the enzymatic reaction was carried out in the range
of pH 3.5-8 using 0.05M acetate and phosphate buffer. The optimal enzyme tem-
perature was determined by measuring the activity of the purified alginate lyase to-
ward sodium alginate at pH 7.5 with different temperatures 30, 37, 40, 45, 50 and
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60 °C. The thermal stability of the enzyme was determined by preheating identical
portions of each preparation separately in absence of the substrate for a period of 15,
30 and 60 min. at different temperatures (40, 50 and 60 °C). In each case, a control
was carried out using inactivated enzyme solution. To assay the effects of metal ions
and EDTA on the activity of the enzyme, 100 mM of each metal ion (or EDTA) was
incubated with the enzyme at 37 °C for 1 hr, and then the activity of the enzyme to-
ward sodium alginate was measured. The reaction mixture without any metal ion or
inhibitor was taken as control. The K, and V,,,, values for alginate lyase produced
acting on sodium alginate at different concentrations of 1-10 mg/ml were determined
by linear regression analysis of Lineweaver—Burke [11], double reciprocal, plots of
initial velocity data obtained under the condition described above. To determine the
molecular weight of the enzyme, purified alginate lyase was electrophoresed into
SDS-PAGE gel, according to the method of Laemmli [8]. Gel electrophoresis was
performed in Delta Scientific Services Company, Alexandria, Egypt.

RESULTS
Strain identification

The partial sequence of 16S rRNA (1111 bps) of the isolate was provided by GACT
Company-Germany. According to the blast search of NCBI (http://blast.ncbi.nlm.nih.
gov/Blast.cgi), the sequence similarity was found to be 99% similar to Pseuodomonas
stutzeri A1501 and Pseudomonas stutzeri TS44 contig0058. Consequently, the strain

© Peudomonas akaligenes NBRC 14159 DNA. contig: PA6076, whole genome shotgun sequence
@ Pscudomonas stutzeri TS44 Contig00058, whole genome shotgun sequence
° ® Peudomonas tutzeri CCUG 29243, complete genome

9
© cudomons stutzer strain 2824, complete genome 9"
@ Pscudomonas alkylphenolia strain KL28, complete genome
9 © Pscudomonas japonica NBRC 103040 = DSM 22348 DNA, contig: PJAOIS_CON 11601, whok genome shotgun se...
*  Pcudomonas patida MTCC 5279 strain MTCCS279 contig]25, whole genome shotgun sequence
Jownmnmhw.wmw«m

9
© Pscudomonas putida KT2440 chromosome, comphete genome

@ Pcudomonss sutzeri strain MSEAOS 165 ribosomal RNA gene. partial sequence
9
© Pcudomonas stuzeri A1S01, complete genome

Fig. 1. The phylogeny tree of the identified isolate Pseudomonas stutzeri MSEA04 according to the par-
tial sequence of 16S rRNA; showing the relationships between the strain and other related strains
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Fig. 2. Purification of semi-purified alginate lyase from Pseudomonas stutzeri MSEAQ4 using ion-
exchange chromatography on DEAE Cellulose A-52; (1-3 are protein peaks; alginate lyase is located in
two peaks)

was identified as Pseudomonas stutzeri strain MSEA04 with accession number
GenBank KT867679. In addition, the neighborhood relationship to other strains is
illustrated in Figure 1 showing the phylogeny tree of the identified strain. According
to the molecular identification of the identified isolate Pseudomonas stutzeri
MSEAO04, belongs to Proteobacteria; Gammaproteobacteria; Pseudomonadales;
Pseudomonadaceae; Pseudomonas stutzeri subgroup.

Purification of alginate lyase produced from
Pseudomonas stutzeri MSEA04

lon-exchange chromatography on DEAE-Cellulose A-52

Combined culture supernatants containing the crude enzyme were at first partially
purified by fractional precipitation with different agents. Seventy percent ethanol
fraction showed the highest alginate lyase activity as it gave about 133.3 U/mg spe-
cific activity, which was 3.6 fold higher than that obtained from the crude enzyme
(data not shown). This fraction was evaporated and concentrated. Nine mg protein of
the enzyme was dissolved in 15 ml of 0.05 M tris buffer (pH 7.5) and was loaded on
DEAE-Cellulose A-52 column. It has contained 65 fractions as shown in Figure 2.
The protein recovered by the obtained fractions reached about 83% of the applied
sample. It was noticed that the protein was separated into 3 components in the col-
umn. The first protein component was a minor one and was covered by fractions 8 to
15. It represented about 27% of the total recovered protein from the column. The
second protein peak was a major one and was covered by fractions 16 to 24. The
protein recovered by this peak represented about 48.2% of the total protein recovered.
The third one was a minor and was covered by fractions 25 to 30. It represented about
24.89% of the total recovered protein. The total activity of alginate lyase recovered
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Fig. 3. Purification of the major active alginate lyase component obtained from lon-exchange chromatog-
raphy using gel filtration on Sephadex-G100 (one protein peak; alginate lyase is also located in one peak)

from the anion exchange column reached about 92.7% of the activity of the sample
applied to the column. The first peak eluted by fractions 1 to 7 with no protein peak
and it was estimated to be reducing sugars. The total alginate lyase activity was cal-
culated to be 450 U/ml and was fractionated in the column into 2 peaks. The first peak
was a major one and was present with the second protein component. It eluted at
step-gradient 0.1-0.2 M NaCl in 0.5 M tris buffer (pH 7.5) and was covered by frac-
tions 16 to 24. The major enzyme peak showed approximately an activity of 79.4%
of the total recovered activity from the column. The second alginate lyase activity
peak was a minor one and the activity recovered represented about 20.63% of the
total alginate lyase activity recovered. The specific activity of the fractions obtained
from the column reached 113.3 U/mg showing about 3.06 fold purification of the
crude enzyme preparation (culture extract).

Gel filtration in Sephadex-G100

The collected fractions obtained from ion exchange chromatography were evaporated
and concentrated. Three mg protein of the enzyme was dissolved in 10 ml of 0.05 M
tris buffer (pH 7.5) and was loaded on a Sephadex-G100 column. The results indicated
in Figure 3 that the gel filtration of the purified alginate lyase yielded 35 fractions. The
protein recovered by the obtained fractions reached about 97.6% of the applied sam-
ple. The total alginate lyase activity recovered from the Sephadex G-100 column
represented about 86.53% of the original activity. Also, the protein was separated into
one component in the column which was covered by fractions 5 to 14. The alginate
lyase activity was fractionated in the Sephadex column into one major peak covering
fractions from 7 to 12. The specific activity of the fractions from column reached 116
U/mg showing about 3.13 fold purification of the crude enzyme preparation. A sum-
mary of the purification steps of alginate lyase enzyme is shown in Table 1.
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Table 1
Purification steps of alginate lyase enzyme produced from Pseudomonas stutzeri MSEA04
Total protein | Total activity Alginate lyase Purification
Purification step P activity (U/ Yield (%)
(mg) ) fold
mg)
Crude enzyme 214.00 7918.00 37.00 1.00 100.00
Ethanol precipitation (70%) 9.00 450.00 50.00 1.35 5.68
Ion-exchange chromatography 3.00 340.00 113.30 3.06 4.29
Sephadex-G100 2.50 290.00 116.00 3.13 3.66

Characterization of the alginate lyase produced
by Pseudomonas stutzeri MSEA04

Optimal activity

The effect of substrate concentration on the activity of the purified alginate lyase
enzyme showed that the rate of the reaction was directly correlated with the substrate
concentration. The optimum substrate concentration for the purified enzyme was
8 mg/ml reaction mixture, giving the highest specific activity (121.8 U/mg). The K,
and V. values of the purified enzyme were found to be 1.07 mg alginate/ml and
128.2 U/mg protein, respectively (Fig. 4). Influence of pH and temperature of the
reaction using a substrate concentration of 8 mg/ml reaction mixture were studied.
The purified enzyme exhibited the highest activity at pH 7.5 giving specific activity
(128 U/mg), showing a relative high activity in a pH range from 5.5 to 7.5. Moreover,
alginate lyase activity increased gradually by increasing the reaction temperature
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Fig. 4. Lineweaver-Burk plot for evaluation of kinetic constants (K, and V,,,,) of purified alginate lyase
from Pseudomonas stutzeri MSEA04. Enzyme activity was determined at different alginate concentra-
tions of 1-10 mg/ml
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Fig. 5. Thermal stability of the purified alginate lyase from Pseudomonas stutzeri MSEA04. The enzyme

was incubated at 40 °C, 50 °C and 60 °C for different periods of time (15, 30, 60), and then the residual

activity toward alginate was assayed at 37 °C. The relative activity was defined as the percentage of activ-
ity determined with respect to the maximum alginate lyase activity

Fig. 6. Effect of some metal ions on the activity of the purified alginate lyase from Pseudomonas stutzeri

MSEA04. 100 mM of each metal ion (or EDTA) was incubated with the enzyme at 37 °C, and then the

activity of the enzyme toward sodium alginate was measured. The activity of the enzyme without any
metal ion in the reaction mixture was taken as control

reaching its maximum value (128 U/mg) at 37 °C. However when the upper limit
was approached, the activity diminished indicating thermal denaturation (data not
shown).

Acta Biologica Hungarica 67, 2016



Alginate lyase from Pseudomonas stutzeri 313

ka M 1

w

150

2 3

100

80
60

20 Purified alginate lyase; 40.0 kDa

30

Fig. 7. Purity and molecular mass of the alginate lyase analyzed by 10% SDS-PAGE. The standard pro-

tein markers for SDS-PAGE are: Phosphorylase-b, 97.0 kDa; Bovine serum albumin, 67.0 kDa; egg

albumin, 45.0 kDa; glyceraldehyde-3-phosphate, 36.0 kDa; Beta-Lactoglobulin, 18.4 kDa; 30 pg proteins

were loaded in each lane. Lane M, molecular weight marker; Lane 1, crude enzyme; Lane 2, fraction from

ion exchange chromatography; Lane 3, fraction from Sephadex-G100. The molecular mass of the enzyme
was estimated to be 40.0 kDa

Thermal stability

The purified enzyme was partially stable after exposing to 40 °C for up to 30 and 60
minutes, respectively (Fig. 5). A further increase in temperature to 50 °C resulted in
a further decrease in the stability of the enzyme. A treatment at a temperature of 60 °C
showed a loss of 74.1% and 82% of the original activity after 30 min and 60 min of
exposure, respectively.

Effect of some metal ions (activators and inhibitors) on the activity
of the purified alginate lyase

According to our results, Na*, K" and Ca*? activated the enzyme by 9.37, 18.75 and
13.28% respectively (Fig. 6), while Mg*, Cu*2 and EDTA strongly inhibited the en-
zyme by 64.6%, 73% and 92.2%, respectively. On the other hand, Ba*2, Cd*2, Fe*2
and Zn*2 completely inhibited the enzyme.

Gel electrophoresis

The purity of the alginate lyase enzyme was examined and the molecular weight of it
was determined by gel electrophoresis. The results shown in Figure 7 indicate that
alginate lyase enzyme obtained by ion exchange column and the gel filtration chro-
matography gave a single band on SDS-PAGE gel, indicating the purity of the iso-
lated alginate lyase with a molecular weight equal to 40.0 kDa.
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DISCUSSION

Semipurified alginate lyase was obtained by DEAE-Cellulose A-52 column followed
by Sephadex-G100 column. The specific activity of the fractions from Sephadex-G100
column reached 116 U/mg. Purification of partially purified alginate lyase from
Streptomyces species A5 and Aspergillus oryzae have been studied using DEAE-
Cellulose column and Sephadex G-100 column and the purified enzyme showed a
specific activity of 101.6 U/mg and 67.24 U/mg, respectively [3, 21]. In addition,
purification of alginate lyase from Vibrio sp. YKW-34 strain has been achieved by
using DEAE-Sepharose FF column, a Phenol Sepharose FF column and a Sephacryl
S-100 HR column for gel filtration [5].

Optimal conditions for the enzyme activity have been studied and compared with
other studies as shown in Table 2. The optimal substrate concentration, pH and tem-
perature toward alginate lyase activity were 8 mg/ml, pH 7.5 and 37 °C, respectively.
The K, and V,,,, values of the purified enzyme were found to be 1.07 mg alginate/ml
and 128.2 U/mg protein. K, and V,,,, values of alginate lyase from Aspergillus ory-
zae were 21.52 mg/ml and 222.68 U/mg proteins, respectively [21]. Several reports
indicated that the optimum activity of alginate lyase was obtained between pH 7.0
and 8.0 from, Streptomyces species AS, and Microbulbifer sp. ALW1, respectively [3,
26]. Similarly, it was found that the alginate lyase activity was optimal at 37 °C like
that purified from Bacillus species, Escherichia coli and Streptomyces species A5,
respectively [3, 14, 15].

Alginate lyase from Pseudomonas stutzeri MSEA04 can be considered more ther-
mostable than the alginate lyase produced from Escherichia coli, which lost 50% of
its activity after 10 min at 45 °C [14], and alginate lyase obtained from Aspergillus
oryzae which lost completely its activity at 50 °C [21]. However, it was still consid-
ered to be less stable than the alginate lyase obtained from Bacillus species which
retained 60% and 50% of its activity after treatment for 30 min at 20 °C and 60 °C,
respectively [15].

The present study on the effect of metal ions on alginate lyase from Pseudomonas
stutzeri MSEA04 showed an activity enhancement through Na*, K*and Ca*2. While,
Mg*, Cu? and EDTA strongly inhibited the enzyme. Moreover, Ba*2, Cd*2, Fe*2 and
Zn*2 completely inhibited the enzyme activity. Purified alginate lyase from
Microbulbifer sp. ALW1 was inhibited by Ba*2, Zn*2, Cu*2, Fe™3 and Al*3, and Na* at
1 mM stimulated the activity [26]. Moreover, the activity of the purified alginate lyase
produced by Bacillus species was completely inhibited by EDTA, partially inhibited
by Cu'2, and activated by Ca*2 ions [15]. Molecular masses of the purified alginate
lyases produced from Vibrio sp. QY 105, Bacillus sp. ATB-1015 strain, and Pseudo-
monas aeruginosa were in the range (37-41 kDa) [15, 22, 25] similarly to that
reported by the investigated alginate lyase obtained from Pseudomonas stutzeri
MSEAO04 (40 kDa).
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