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In this study, isolation, conventional and molecular characterizations of ten thermophilic bacteria from Rize/
Ayder were carried out. Xylanase from Geobacillus galactosidasius BS61 (GenBank number: KX447660) was pu-
rified by acetone precipitation, Diethylaminoethyl-cellulose and Sephadex G-100 chromatographies. The
xylanase of G. galactosidasius BS61 in clarifying fruit juice was also investigated. Enzyme was purified 29.80-
fold with 75.18% yield; and molecular weight was determined as 78.15 kDa. The optimum temperature of
xylanase was 60 °C. The enzyme activity was maintained fully after 24 h and over 50% after 168 h at
pH 4.0–10.0, while optimum pH was 7.0. Km and Vmax for beech wood xylan were measured as 3.18 mg mL−1,
123Umgprotein−1. In addition, Ca2+, Na+, Al3+, Zn2+, Cd2+,Mg2+, Ni2+, Cu2+ had decreasing effect on enzyme
activity, while enzyme activity had been protected against anions, especially HSO3− and HPO4

2− stimulated en-
zyme activity. Xylanase applications (with 15 U/mL enzyme activity) in orange and pomegranate juices were in-
creased; and the sugar and turbidity amounts were reduced 17.36%± 1.18 and 30.52± 1.23, respectively. These
results indicated that the xylanase of G. galactosidasius BS61 has biotechnological potential in juice clarification
due to its stability against metal ions, chemicals and high pH-values.

© 2018 Elsevier B.V. All rights reserved.
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1. Introduction

Microbial life on Earth has existed about 3–3.7 million years before
the formation of high-structured organisms and their precipitation in
the evolution process, adapting to different ecosystems [1]. Especially
microorganisms can be easily adapted to extreme conditions, so they
are not only in air, soil, lakes and seas, they have been isolated from a
wide range of sites from ice, volcanoes and geothermal wells, alkaline
media and high acidic media [1]. Thermophilic bacteria isolations are
noted in recent times [2] due to their enzymes because of thermophiles
could keep their catalytic activities at high temperatures and wide pH
range [3]. This makes the investigation of enzymes from thermophilic
organisms to be used in industrial applications a current topic.

Geobacillus spp., which has recently attracted attention, can also sur-
vive at extreme conditions.Geobacillus genus, which has been separated
from Bacillus genus in 2001 and re-classified, consists of Gram positive,
rod-shaped, spore-forming members with aerobic and anaerobic
lty of Science, Department of

enc), msisecioglu@atauni.edu.tr
ah@atauni.edu.tr (G. Adiguzel).
respiration [4]. The ability of Geobacillus spp. to metabolize five and
six carbon sugars, starch and xylan attracts the attention to use them
in biotechnological applications requiring biomass transformation,
such as hot composting [5–7]. Besides isolation from compostingmate-
rials, Geobacillus spp. has been isolated from high temperature oil fields
[8], corroded fields [9] and hot springs [10].

In the identification of thermophilic microorganisms, molecular
techniques viz., 16S rRNA sequencing, BOX-PCR, GTG-PCR, etc., have
been improved because of long time and high workload requirements,
need for experienced researchers and open to different interpretations
of results of conventional methods [11]. The separation of the genus
Geobacillus from the Bacillus group with studies based on 16S rRNA se-
quence analysis is one of its important consequences. Some other ge-
nius separated from Bacillus are Aeribacillus, Alicyclobacillus,
Amphibacillus, Aneurinibacillus, Anoxybacillus, Brevibacillus,
Coprobacillus, Filobacillus, Geobacillus, Gracilibacillus, Halobacillus,
Jeotgalibacillus, Marinibacillus, Paenibacillus, Sulfobacillus, Salibacillus,
Thermobacillus, Ureibacillus and Virgibacillus [12, 13].

Microbial diversity has led scientists to research the potential of new
thermophilic isolates and their ability to produce thermophilic enzymes
(protease, lipase, amylase, pectinase, DNA polymerase, xylanase,
chitinase and cellulase) [14, 15]. Among these enzymes, xylanase is a
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glucosidase which catalyses β 1,4 D xylosydic bonds in xylan. This en-
zyme is produced inmediumswheremicroorganisms can directly or in-
directly reach the xylan. Thermophilic microorganisms with xylanase
production ability are primarily isolated from hot springs [16–19] and
these enzymes, which break down the xylan, are preferred especially
in biotechnologically available areas such as paper and paper pulp,
pharmaceutical, feed and food industries (bread, clarification of fruit
juices) [16, 17]. For instance, the increase in the consumption of natural
fruit juices improved the efforts to increase the quality of the fruit juices,
because the presence of starch, pectin and hemicellulose-like polysac-
charides is a parameter that lowers the quality of fruit juice. In order
to eliminate this problem, xylanase has been used as a solution to clarify
fruit juices [17]. Due to specificity, moderate reaction conditions and
low toxicity, it is more important and valuable to use enzymes like
xylanases than chemical agents to produce high quality products [16,
17].

In the beginning of the study, isolation of thermophilic bacteria from
Rize/Ayder hot spring and conventional andmolecular identifications of
these bacteria were carried out. Selection of bacteria, purification and
characterization of xylanase, research on potential of using this enzyme
in biotechnological processes such as juice clarification were also
investigated.

2. Materials and methods

2.1. Sampling and identification of microorganisms

The water and sludge samples from Rize/Ayder were collected and
the sampleswere transferred to Tryptic Soy Agar (TSA)medium (casein
peptone (15 g L−1), sodium chloride (5 g L−1), soya peptone (5 g L−1)
and agar (15 g L−1)) in order to incubate (Thermo Scientific Heratherm,
the USA) at 55 °C for 24 h. The growing colonies were spread on the TSA
to obtain pure cultures. The pure and single colonies were stored in the
Nutrient Broth (NB) with 15% glycerol content at −86 °C for further
studies [20], and these colonies were subsequently referred to as
“isolates.”

The test isolates were subjected to conventional tests. The pH
(Mettler Toledo) and temperature range for bacterial growth were
tested between pH 4.0–10.0 and 30–80 °C with 1 °C interval. The NaCl
requirement for growth was also tested in NB medium containing 2.0,
3.0, 4.0, 5.0, 8.0, 10.0% (w/v) NaCl. Cell and colony morphology (Leica
ICC50 HD light microscope), Gram reactions and the presence of cata-
lase, oxidase, and nitrate reactions were also investigated by the
method of Prescott et al. (2002) [21].

2.1.1. DNA extraction from test isolates
The isolates were first stimulated by transferring to TSA medium

from stock cultures. A single colony from stimulating medium was se-
lected and inoculated to Tryptic Soy Broth (TSB) at 55 °C 150 rpm.
After the incubation period, genomic DNA isolation was carried out ac-
cording to PromegaWizardR DNA purification kit and was stored at +4
°C until use [20].

2.1.2. Gene amplification, cloning and sequencing for phylogenetic studies
The 16S rRNA, evolutionary gene of prokaryotic ribosome of total

DNA of the isolates was amplified by Polymerase Chain Reaction
(PCR) with the forward primer UNI16S-L: (5′ ATTCTAGAGTTTGATC
ATGGCTCA 3′) corresponded to positions 11 to 26 of Escherichia coli
16S rRNA, and the reverse primer UNI16S-R: (5′ ATGGTACCGTGTGA
CGGGCGG TGTGTA 3′) corresponded to the complement of positions
1411 to 1393 of E. coli 16S rRNA [22] The amplified fragments were
cloned to a vector system (pGEM-T, Promega, the UK) and the clones
were sequenced (Macrogen, Amsterdam, the Netherlands). The results
of 16S rRNA gene sequencing were analysed using the GenBank and
EzTaxon (http://blast.ncbi.nlm.nih.gov/blast.cgi and http://www.
eztaxon.org/) servers [23, 24]. Considering the results of the study, a
phylogenetic tree was formed via the neighbour-joining method by
using the software package MEGA 4.0 [24, 25].

2.1.3. Genomic fingerprinting
The isolates were subjected to PCR with universal primer of BOX el-

ements (BOX A1R 5′ CTACGGCAAGGCGACGCTGACG 3′) to obtain geno-
mic fingerprinting [26]. To obtain PCR products, 50 ng of purified DNA
was used as a template in a 30 μL reaction mixture. 27 μL of reaction
cocktail was prepared as follows: specific Gitschier Buffer 5 μL, Dimethyl
sulphoxide 2.5 μL (100%, 20×), dNTPs (10 mM) 1.25 μL, bovine serum
albumin 1.25 μL (20 mg/mL), primer (5 μM) 3.0 μL, Taq polymerase
(250 U) 0.3 μL, water 13.7 μL. A negative control (no DNA)was included
in each PCR assay. PCR reactions were performed with a 3 × 32-well
ProFlex™ PCR System, using the following conditions: an initial dena-
turation at 94 °C for 7 min; 30 cycles consisting of 94 °C for 30 s and an-
nealing at 45 °C for 1min with BOX primer, extension at 65 °C for 8min
and a final polymerization at 65 °C for 15 min before cooling at 4 °C.

The PCR products (27 μL) were mixed with 3 μL gel loading buffer
(6×) and subjected to gel electrophoresis in Tris-Acetate-EDTA (TAE)
buffer at 100 V for 110 min. After the separation of amplification prod-
ucts by gel, the fragmentswere stainedwith ethidiumbromide solution
(2 μL Etbr/100mL 1× TAE buffer). The amplifiedDNAproductwasmon-
itored byusing theQuantumVilber LourmatGel Documentation System
(Australia).

2.2. Biotechnological potentials of isolates

Amylase assay was performed at 55 °C for two days in a medium
which contained Na2HPO4.7H2O (6 mg mL−1), KH2PO4 (3 mg mL−1),
NaCl (0.5 mg mL−1), NH4Cl (1 mg mL−1), MgSO4.7H2O
(0.24 mg mL−1), CaCl2.2H2O (0.24 mg mL−1), peptone (3 mg mL−1),
starch (10 mg mL−1) and agar (15 mg mL−1). The amylase activity
was screened by Lugol's solution [24].

A medium containing carboxymethylcellulose (10 mg mL−1), pep-
tone (5 mg mL−1), yeast (5 mg mL−1), KH2PO4 (1 mg mL−1),
MgSO4.7H2O (0.2 mg mL−1), NaCl (10 mg mL−1) and agar
(15 mg mL−1) was used for cellulose assay. Incubation was carried
out at 55 °C for 2 days, and after the incubation, the Petri dishes were
stained by Congo-Red Dye [15].

Test isolates were inoculated on tributyrin agar medium which
contained 1% tributyrin (glycerol tributyrate) and were incubated at
55 °C. Formation of hydrolysis zone around the culture on Petri dish
was controlled for 2 days, and the strains with transparent and the
highest zone formation (lipolytic activity) were determined as lipase
producers [27].

Twenty-four-hour bacterium culture in NB was propagated in
Skimmed Milk Agar medium at 55 °C for 24–48 h to assay the proteo-
lytic activities of the test isolates. The plates were evaluated according
to the zone formations, and the observation of a halo zone indicated
positive protease activity [28].

2.3. Purification and characterization of enzyme

2.3.1. Microorganism and xylanase production
In order to determinate xylanase-producing bacteria, the isolates in

stock culture were first inoculated to TSA and then xylan-containing
solid medium in which enzyme production was obtained. The growth
was at 55 °C and for four days [29]. Xylan-containing Petri dishes were
treated with 1% Congo red for 15 min. and then washed with 1 M
NaCl for 25 min. Presence of zone was called xylanase-positive and
the other was xylanase-negative [30]. The isolate with its most signifi-
cant zone was inoculated in liquid medium containing 0.12% NaNO3,
0.3% KH2PO4, 0.6% K2HPO4, 0.005% CaCl2, 0.001% MgSO4, 0.0001%
ZnSO4 and 1% (Xylan or oat bran) with minor modifications [31]. The
growth medium, which was shaken at 55 °C 150 rpm for four days,
was centrifuged at 13000 rpm for 30 min. at the end of the incubation.

http://blast.ncbi.nlm.nih.gov/blast.cgi
http://www.eztaxon.org/
http://www.eztaxon.org/


Table 1
Comparison of 16S rRNA gene sequences of isolates with those in GenBank.

Isolate
code

Closest phylogenetic
relative

Accession
number

Identity Number of
nucleotides

BS11 Bacillus licheniformis KX447652 %99 1425 bp
BS12 Bacillus licheniformis KX447653 %99 1425 bp
BS13 Bacillus licheniformis KX447654 %99 1420 bp
BS14 Bacillus licheniformis KX447655 %99 1425 bp
BS15 Bacillus licheniformis KX447661 %99 1511 bp
BS16 Bacillus licheniformis KX447656 %99 1425 bp
BS17 Brevibacillus brevis KX447657 %99 1411 bp
BS18 Aeribacillus pallidus KX447658 %99 1515 bp
BS19 Bacillus thermoamylovorans KX447659 %99 1426 bp
BS61 Geobacillus

galactosidasius
KX447660 %99 1516 bp
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The precipitate was removed and supernatant was used as ‘crude
enzyme’.

2.3.2. Purification
All purification steps were at +4 °C. Precipitation of xylanase was

made by treatment of crude enzyme with acetone at a ratio of 1:1 (v/
v). Crude enzyme and acetonemixture was kept at cold for 1 h and cen-
trifuged at 10000 rpm +4 °C for 30 min. The precipitate, which was
standing on air at +4 °C to evaporate the acetone, was diluted with
20 mM pH 8.0 Tris-HCl buffer. It was then applied to
Diethylaminoethyl-cellulose (DEAE-Cellulose) column equilibrated
with 20 mM pH 8.0 Tris-HCl buffer. The column was washed with
20 mM pH 8.0 Tris-HCl buffer in order to remove the components not
connected to the column resin. The components that were connected
to the column were eluted with 0–500 mM NaCl gradient
(0.5 mL min−1). Active fractions were collected, concentrated and dia-
lyzed with 20 mM pH 8.0 Tris-HCl buffer. After dialysis, crude enzyme
was loaded to Sephadex G-100 column. Elution was repeated as before.
Active fractions were dialysed with the same buffer [32].

2.3.3. Determination of xylanase activity
Xylanase activity was measured by Dinitrosalicylic acid (DNS)

method, spectrophotometrically. 500 μL of 1% solubilised beech wood
xylan (prepared in buffer solution) and 500 μL of enzyme solution con-
taining 2.50mgmL−1 purified xylanase wasmixed and incubated at 50
°C for 20 min. After the incubation, the reaction was stopped with the
addition of DNS at a rate of 1:1 (v/v) and boiled at 90 °C for 5 min.
The amount of reducing sugar thatwas released after coolingwas deter-
mined by measuring the absorbance at 540 nmwavelength against the
blot in the spectrophotometer [33]. Xylose was used as a standard. A
xylanase enzyme unit was defined as the amount of enzyme that re-
leased 1 μmol of xylose equivalents per minute in reaction conditions.
All assays were triplicated.

2.3.4. Protein determination
Protein concentration of purified enzyme at all purification and

characterization stepswas determined by Lowrymethod [34]. The stan-
dard was Bovine Serum Albumin.

2.3.5. Electrophoresis and zymogram
Sodium Dodecyl Sulphate Polyacrylamide Gel Electrophoresis (SDS-

PAGE) was carried out by using 5% stacking gel and 8% separation gel
[35] (Mini-PROTEAN Tetra Cell Unit Bio-Rad, the USA). The bands
were made visible by staining with Coomassie Brilliant Blue R250.
Using this gel, molecular weight of the protein molecule was calculated
using Bio-Rad Precision Plus Protein ™ Unstained.

The purified enzyme samples were heated at 45 °C for 5 min for zy-
mogram analysis and loaded to 8% SDS-PAGE gel. After electrophoresis,
the gel was hold on 2.5% TritonX-100 for half an hour and with 50 mM
pH 7.0 sodium phosphate buffer for half an hour, in order. The reaction
between enzyme and substrate took place in 50 mM pH 7.0 sodium
phosphate buffer at 55 °C for 15–30 min. The expected reaction was
achieved by using 0.1% Congo red for 15 min and washing with 1 M
NaCl until colour change. For a clearer visualization of the activity
band, the gel was immersed in 0.5% acetic acid solution and
photographed [32].

2.3.6. Substrate specificity
Xylans from beech wood, birch wood, oat bran and carboxymethyl-

cellulose (CMC) was used as different substrates. A 5% solution of each
substrate was prepared and activity assays were carried out at standard
conditions. Catalysis effect of xylanase against indicated substrates was
expressed as % relative activity. The value at which the highest activity
was observed was accepted as 100% [36].
2.3.7. Effect of pH and temperature on xylanase activity
The effect of pH was determined by measuring xylanase activity

with different buffers at 50mMconcentration viz. sodiumacetate buffer
for pH 4.0–5.0, sodium phosphate buffer for pH 6.0–7.0, Tris-HCl buffer
for pH 8.0–9.0 and Glycine-NaOH buffer for pH 10.0 by mixing at a rate
of 1:1. In order to examine the effect of temperature on xylanase activ-
ity, enzymeactivity assayswere carried out at 30–90 °Cwith 10 °C inter-
vals [37]. Activity values were expressed as relative (%) activity and the
highest activity was considered as 100%. Optimum temperature and pH
values were determined from the temperature-relative activity (%) and
pH-relative activity plots were plotted using the obtained data [38].

2.3.8. Effect of pH and temperature on xylanase stability
Purified enzyme eluate was mixed with buffers at a rate of 1:1, as

mentioned before. The mixtures were incubated at 4 °C for 24 and
168 h and then xylanase activities were measured to examine the pH
stability of enzyme [38]. Temperature stability was also examined and
purified enzyme was kept at 4, 40, 60 and 80 °C for 30, 60, 90 and
120min. The enzyme concentration was 2.50mgmL−1. Xylanase activ-
ity measurements were done with half an hour interval. The remaining
activities in the pH and thermal stability processes were calculated by
comparing the activity value determined at the optimum conditions of
the enzyme without any pre-treatment. Thus, time-remaining activity
(%) plot was drawn.

2.3.9. Kinetics parameters
To establish maximum velocity (Vmax) and Michaelis-Menten (Km)

constant of purified xylanase, reaction mixtures with final concentra-
tions of 0.1–10.0 mg mL−1 beech wood xylan at 10 different levels
were prepared. Enzyme activities were measured and Km and Vmax

values were calculated by Lineweaver-Burk plot [39].

2.3.10. Effects of some metal ions and chemicals on the enzyme activity
The changes of isolated and purified xylanase in the presence of cat-

ions viz. Na+, Zn2+, Ca2+, Mn2+, Cu2+, Mg2+, Ni2+, Cd2+, Al3+ and an-
ions viz. CN−, HSO3

2−, SO4
2−

, CO3
2−, HCO3

−, HPO4
2−, B4O7

2− were
examined. Final concentrations of ions were fixed at 5 mM in reaction
mixture for activity assay. EDTA, β-mercaptoethanol and sulphonamide
with final concentration of 5 mM were investigated to determine
whether they had any effect on xylanase activity. Enzyme activity of re-
actionmixture withoutmetal ions and chemical agents was accepted as
100% and other activities were calculated as % remaining activity [40].

2.4. Application of xylanase in fruit juice clarification

In the study, orange, pomegranate, apricot, peach, apple, grape and
kiwi fruits which were taken from the local market were peeled and
fruit juices were obtained by squeezing manually. These fruit juices
were centrifuged at 5000 rpm for 30min. and the obtained supernatant



Fig. 1.Neighbour-joining phylogenetic tree on the basis of 16S rRNA gene sequence data of isolates. Alicyclobacillus contaminansDSM17975was used as out-group. Bootstrap values based
on 1000 replications are listed as percentages at branching points. Only bootstrap values N50% are shown at nodes. The scale bar represented 2% divergence.
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was used in enzymatic trials [16]. Purified enzyme at a concentration of
0.5, 0.10, and 0.15 U/mLwas firstly incubatedwith each fruit juice at 60
°C for 20 min. The reducing sugar in samples was measured by DNS
method andoptical densitieswere examined at 660nmwere examined.
Results were compared with the control which had no enzyme [41].

2.5. Statistical analysis

Measurements were triplicated in all assays. The results were evalu-
ated in SPSS 21.0 with ANOVA/Student-Newman-Keuls (SNK) test and
the results were given asmean± standard deviation. Significant differ-
enceswere calculated in 95% confidence intervals. The resultswere con-
sidered statistically significant when p values were b0.05 and 0.01.
Fig. 2. BOX-PCR gel image of isolates. N; negat
3. Results

3.1. Conventional and molecular aspects of results

Identification of ten thermophilic isolates from water and sludge
samples of Rize-Ayder was carried out at species level by molecular
and conventional methods. For this purpose, genomic DNAwas isolated
firstly. Then the 16S rRNA region, which was evolutionarily conserved,
was amplified using universal primers; and the bands of fragments
were identified at approximately 1500 bp. The sequence of isolates
was compared with 16S rRNA sequences of other bacteria in the
GenBank and the nucleotides were analysed using BLAST and EzTaxon.
BS11, BS12, BS13, BS14, BS15 and BS16 isolates were similar to
ive control; M) molecular marker (10 kb).



Table 2
Morphological, physiological and biochemical test results of isolates.

Isolate
code

Gram Endospore Cell
morphology

Salt
concentration
(%)

pH Temperature
(°C)

Oxidase Catalase Nitrate Amylase Protease Xylanase Cellulase

BS11 + + Rod-shape 2–8 6.5–9.5 30–60 + + + + + + +
BS12 + + Rod-shape 2–8 6.5–9.5 30–60 + + + + + + +
BS13 + + Rod-shape 2–8 6.5–9.5 30–60 + + + + + + +
BS14 + + Rod-shape 2–8 6.5–9.5 30–60 + + + + + + +
BS15 + + Rod-shape 2–8 6.5–9.5 30–60 + + + + + + +
BS16 + + Rod-shape 2–8 6.5–9.5 30–60 + + + + + + +
BS17 + + Rod-shape 2–8 6.5–8.5 40–60 + + + − + + −
BS18 + + Rod-shape 2–10 7.0–8.0 30–70 + + + − − − −
BS19 + − Rod-shape 2–6 5.5–8.5 45–60 + + + + − + +
BS61 + + Rod-shape 2–4 6.0–8.0 50–60 + + + + − + +
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B. licheniformis, BS17 to B. brevis, BS18 to A. pallidus, BS19 to
B. thermoamylovorans and BS61 to G. galactosidasius, at a rate of 99%.
16S rRNA sequence of isolates is given in Table 1 and phylogenetic
tree is drawn for 16S rRNA genes of isolates (Fig. 1). To define the ge-
netic polymorphisms in species, BOX-PCR was carried out (Fig. 2).
BS61 had six bands with 200–1600 bp and BS17 and BS19 had six
bans with 200–1000 bp, while BS18 eight bands with 200–1200 bp,
BS16 and BS13 eight bands with 200-2000 bp, BS11 and BS14 nine
bands with 200–2000 bp and 200–3000 bp, BS12 and BS15 eleven
bands with 200–2000 and 200-3,000 bp.

Some tests were applied to determine themorphological, physiolog-
ical and biochemical characteristics of isolates or strains (Table 2). As a
result, it was determined that all strains were Gram positive,
endospore-forming except BS19, facultative and rod-shaped. Salt con-
centration, pH and temperature requirements of the strains were
Fig. 3. Purification of xylanase from G. galactosidasius BS61: A) DEAE-cellulose ion exchang
determined for optimum microbial growth. BS11–BS17 need optimum
concentration of NaCl between 2 and 8% while BS18 needs 2–10%,
BS19 needs 2–6% and BS61 needs 2–4%. OptimumpHof the growthme-
dium for each strain was as follows;; pH 6.5–9.5 for BS11–BS16,
pH 6.5–8.5 for BS17, pH 7.0–8.0 for BS18, pH 5.5–8.5 for BS19 and
pH 6.0–8.0 for BS61. Temperature tolerance was variable; however,
BS61 was between 50 and 60 °C while BS11–BS16 was between 30
and 60 °C, BS17 was between 40 and 60 °C, BS18 was between 30 and
70 °C and BS19 was between 45 and 60 °C.

As a result of the tests performed to determine the biochemical char-
acteristics of the strains, it was seen that all of the isolates were positive
for oxidase, catalase and nitrate (Table 2). Potential of industrially im-
portant enzyme production was also investigated. Eight of the strains
were amylase positive (except BS17 and BS18), seven were protease
positive (except BS18, BS19 and BS61), nine were xylanase positive
e column chromatography, B) Sephadex G-100 gel filtration column chromatography.



Fig. 4. SDS-PAGE and zymogram profiles of the xylanase from G. galactosidasius BS61.
1) SDS-PAGE analysis, M: protein marker (Bio-Rad: (10–250 kDa), A) purified xylanase;
2) zymogram analysis.

Table 3
Purification procedure summary of the xylanase of G. galactosidasius BS61.

Sample Total activity (U) Total protein (mg) Specific activity (U mg−1) % Yield Purification fold

Crude extract 21,780 539.24 40.39 ± 1.05 100 1
Acetone precipitation 16,375 92.25 177.51 ± 1.85 75.18 4.39
DEAE-cellulose 12,675 45.58 278.08 ± 3.56 58.19 6.88
Sephadex G-100 7679 6.38 1203.70 ± 15.96 35.26 29.80
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(except BS18) and ninewere cellulase positive (except BS17 and BS18).
Following molecular characterization of thermophilic bacteria, enzyme
studies continued with G. galactosidasius BS61, among xylanase pro-
ducers, with the most significant enzyme zone.

3.2. Production and purification of xylanase

G. galactosidasius BS61was grown at 55 °C for four days inmediums,
which contained xylan or oat bran as carbon source. After incubation,
activity assay was carried out in supernatant (crude enzyme) of culture.
Insignificant differencewas observed in enzymeproductionwhenxylan
or oat bran was used as the carbon source, and therefore, in this study,
we used oat bran as carbon source in themedium prepared for xylanase
production.

Crude enzyme fromG. galactosidasius BS61was subjected to acetone
precipitation followed by ion exchange and gel filtration chromatogra-
phies (Fig. 3). Xylanase was purified with a yield of 58.19% and 6.88-
fold in DEAE-cellulose column (Fig. 3A) and active fractions were com-
bined for loading to Sephadex G-100 column (Fig. 3B). After elution, en-
zyme activity was determined for fractions which had the highest
specific activity and 35.26% yield with 29.80-fold purification of
xylanase were determined (Table 3). Purification procedure was veri-
fied with a single and homogeneous band corresponding to 78.15 kDa
in SDS-PAGE (Fig. 4-1). The zymogram study performed for xylanase
from G. galactosidasius BS61 revealed the presence of a clear band that
confirmed the purified enzyme was a xylanase (Fig. 4-2).

3.3. Biochemical properties of xylanase enzyme

3.3.1. Effect of pH and temperature on the activity and stability of BS61
xylanase

Optimum pH of xylanase from G. galactosidasius BS61, was deter-
mined with seven different buffers (pH 4.0–5.0 sodium acetate,
pH 6.0–7.0 sodium phosphate, pH 8.0–9.0 Tris-HCl, pH 10.0 Glycine-
NaOH) in activity reaction mixture and optimum value for pH was 7.0.
When the % relative activity-pH graph was examined, the activity was
observed above 60% at pH values of 6.0 and 7.5 (Fig. 5A). This showed
the enzyme activity was higher and close to neutral pH. On the other
hand, purified xylanase from G. galactosidasius BS61 had optimum tem-
perature at 60 °C and the xylanase enzymewas active over awide range
of temperature from 30 to 90 °C (Fig. 5B).

The pH 4.0–10.0 range was studied for pH stability (Fig. 6A). It was
observed that, xylanase activity was completely protected at all pH
values after 24 h while the activity was found to be over 50% at all pH
levels after 168 h. For studying thermal stability of purified xylanase, en-
zymewas incubated at 4, 40, 60 and 80 °C for 30, 60, 90 and 120min. At
the end of the incubation period, the remaining activity (%)-time graph
was drawn (Fig. 6B). When the thermal stability profile of the enzyme
was examined, the activity was completely preserved at the end of
120 min. at 4 °C. Xylanase activity was also nearly preserved at 40 °C
for 90 min while the activity decreased by 10% at the end of 120 min.
The activity was 50% of initial at optimum temperature point for
120 min. However, the enzyme rapidly lost activity at 80 °C.

3.3.2. Substrate specificity and kinetic parameters of xylanase
The xylanase from G. galactosidasius BS61 had the highest catalytic

activity against beech wood xylan while xylan from birch wood, oat
bran and carboxymethylcellulose (CMC) were other substrates
(Table 4). Apart from beech wood, a very high activity was observed
in oat bran and then in the birch wood. It was determined that the pu-
rified xylanase from G. galactosidasius BS61 was not capable of CMC
cleavage. In order to examine the effect of the change in substrate con-
centration on the enzymatic activity of xylanase, reactions with differ-
ent concentrations of beech wood xylan were carried out at optimum
conditions. In this study, activity determinations were performed with
the concentration of beech wood xylan ranging between 0.1 and
10.0 mg mL−1. The Km and Vmax values were 3.18 mg mL−1 and
123 U mg protein−1, respectively.

3.3.3. Effects of various metal ions and chemicals on xylanase activity
The behaviour of xylanase whichwas produced by G. galactosidasius

BS61, in the presence of certain cations and anionswas also studied. The
enzyme activity was inhibited by Ca2+, Mn2+, Na+, Mg2+, Al3+, Cd2+,
Ni2+, Zn2+ and Cu2+ at a final concentration of 5 mM (Table 5). The
highest inhibition was observed in the presence of Mn2+ (78.42%)
and the minimum inhibition was in the presence of Ca2+ (1.89%) in
all cations studied. Purified xylanase was also observed in anionic reac-
tions with a final concentration of 5 mM for each anion (Table 5).
Xylanase activity was decreased in the presence of CN−, SO4

2−
, CO3

2−,
HCO3

−and B4O7
2− (N70%). HSO3

− andHPO4
2− anions stimulated the activ-

ity 24.78% and 24.22%, respectively.
β-Mercaptoethanol, Sulphonamide and EDTA were studied to un-

derstand their effects on xylanase activity. The highest inhibition was
observed in the presence of EDTA (59.37%) and then Sulphonamide
(3.8%) and β-mercaptoethanol (2.38%), respectively (Table 6).

3.4. Clarification of fruit juice with BS61 xylanase

One of the most abundant polysaccharide on the cell wall of fruit is
xylan. Therefore, in this study, the ability of xylanase from
G. galactosidasius BS61 to hydrolyse xylan in juice was studied. The de-
crease in the optical densities of fruit juices at 660 nm was observed
with increasing enzyme concentrations (Table 7). The decrease in opti-
cal density with 0.15 U/ mL xylanase was measured as 39.74% ± 1.04,



Fig. 5. Influence of A) pH and B) temperature on xylanase from G. galactosidasius BS61.
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30.52%± 1.23 and 22.25%± 0.99 for peach, orange and apricot, respec-
tively. As shown in Table 7, the absorbance (at 660 nm) decrease of or-
ange, pomegranate, apricot, peach, apple, grape and kiwi juices with
increasing enzyme concentration was noticed together with increase
in reducing sugar amounts. Treatment of apricot and peach juices with
increasing concentrations of enzyme resulted in a significant increase
in reducing sugars of both fruit juices, with a slightly higher amount of
Fig. 6. A) The pH stability B) thermal stability
reducing sugar in the peach juice. The increase in the concentration of
reducing sugar in the peach juice treated with 0.5, 0.10 and
0.15 U mL−1 enzyme was 9.02% ± 0.45, 39.52% ± 0.28 and 45.88% ±
0.42, respectively. The increase in the amount of reducing sugar was
found to be at most 36.27% ± 0.97 in apricot juice. The increase in the
amount of reducing sugar in other fruit juices remained below 20%.
Xylanase was effective at the lowest level in the kiwi juice. The increase
of xylanase from G. galactosidasius BS61.



Table 5
Influence of some metal ions on xylanase of G. galactosidasius BS61.

Cation (5 mM) Remaining activity (%) Anion (5 mM) Remaining activity (%)

Control 100 (%) Control 100 (%)
Ca2+ 98.11 ± 2.65 HSO3

− 124,78 ± 5.24
Mn2+ 21,58 ± 0.56 CN− 79.17 ± 2.74
Na+ 93.68 ± 2.95 SO4

2− 85.39 ± 3.02
Mg2+ 78.22 ± 3.88 CO3

2− 78.98 ± 3.52
Al3+ 89.72 ± 3.54 HCO3

2− 96.32 ± 4.03
Cd2+ 86.61 ± 3.22 HPO4

2− 124.22 ± 4.99
Ni2+ 76.53 ± 3.85 B4O7

2− 78.32 ± 3.66
Zn2+ 88.21 ± 2.96
Cu2+ 71.06 ± 2.75
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in the amount of reducing sugar in kiwi juice was 4.68% ± 0.20 at the
maximum, and the decrease in the optical density was 9.71% ±
0.96 at the maximum.

4. Discussion

Molecular and conventional identifications with basic biochemical
parameters were examined and G. galactosidasius BS61 were isolated
from Rize/Ayder hot spring in Turkey. Meintanis et al. (2008) [42] and
Adiguzel et al. (2009) [43] concluded genomic fingerprinting (BOX-
PCR) and sequence analysis of 16S rDNAwere powerful molecular tech-
niques not only for estimating genetic relatedness, but also for identifi-
cation and characterization of thermophilic bacterial strains at species/
subspecies level. Savas et al. (2009) [44], Adiguzel et al. (2009) [43]
and Yanmis et al. (2015) [24] determined that rep-PCR was quite suc-
cessful for identification of Brevibacillus, Ureibacillus, Aeribacillus,
Geobacillus, Anoxybacillus and Bacillus genus, at species and subspecies
level. In this study, BOX-PCR among rep-PCR methods was highly suc-
cessful in the molecular characterizations of test strains. As a result of
16S rRNA sequence analysis, test isolates were similar to
B. licheniformis, B. brevis, A. pallidus, B. thermoamylovorans, and
G. galactosidasius at a rate of 99% and Savas et al. (2009) [44] stated
that these species were widely available in thermal sources of Turkey.
Parallel to the literature, similar species have been identified as domi-
nant flora in this study.

Nazina et al. (2001) [45] carried out 16S rRNA sequence analysis and
they found that the test isolates belonged to Geobacillus or Bacillus
genus at a rate of 99%. These Bacillus and Geobacillus strains were rod-
shaped, gram and endospore positive at optimumgrowth temperatures
35–75 °C and pH 6.0–9.0 according to conventional test results. Poli
et al. (2011) [7] determined the temperature and pH range for growth
and optimum values were at 70 °C and pH 5.0–9.5 for
G. galactosidasius sp. nov. from compost. Jiang et al. (2016) [46] studied
on a deep-sea thermophile, Geobacillus sp., and reported that it showed
the optimumresponse at 70 °C and pH5.0.Wainø and Ingvorsen (2003)
[47] produced β-xylanase from Halorhabdus utahensis, an extreme hal-
ophilic archaea and reported that it could be produced in a wide range
of 0–30% NaCl. Bryanskaya et al. (2015) [10] isolated a novel thermo-
philic Geobacillus sp. in Russia and it was Gram positive, endospore
forming, aerobic and grown optimum at 60–65 °C, pH 6.5–7.0 and in
the presence of 1% NaCl while 5% NaCl was inhibitory concentration
on growth. It was also oxidase negative and catalase positive.

The general information about high temperatures causing enzyme
denaturation has been destroyed for several years. Thermophiles are
microorganisms that can survive in different localization and depth of
geothermal sources where the temperature becomes hotter. Due to
the microbial diversity of different geothermal resources, enzymes of
these thermophiles are also varied according to the microbial diversity
[48]. Almost all of the isolates in this study were producers of amylase,
protease, xylanase and cellulase enzymes. These enzymes were indus-
trially important and the importance was more significant when the
producers could grow at high thermal values.

Xylanase from G. galactosidasius BS61 purified with DEAE-cellulose
and Sephadex G-100 columns and molecular weight estimated about
78.15 kDa by SDS-PAGE. After purification steps, the xylanase purified
and the specific activity reached to 1203.70 ± 15.96 U mg protein−1

with 29.80-fold purification and 35.26% enzyme recovery. In a recent
Table 4
Substrate specificity of xylanase of G. galactosidasius BS61.

Substrate Relative activity (%)

Birchwood xylan 93.23 ± 1.95
Beechwood xylan 100
Oat bran 98.52 ± 1.45
Carboxymethyl cellulose 0.00 ± 0.00
study the GH11 xylanase from Aspergillus tamarii Kita purified 7.43-
foldwith 36.72% yield [49]. The xylanase from Streptomyces griseorubens
LH-3 was reported to be purified 4-fold with 21.6% enzyme yield [50].
Sanghi et al. (2010) [51] tried to determine molecular weight of
cellulase-free xylanase from Bacillus subtilis ASH and calculated as
23 kDawith a single band. Gallardo et al. (2004) [52] studied themolec-
ular weight of recombinant xylanase from Bacillus sp. BP-7 and it was
24 kDa.

Xylans from beech wood, birch wood, oat bran and carboxymethyl-
cellulose (CMC)were used as different substrates. The xylanases, which
do not fragment the CMC, selectively hydrolyse the hemicellulose com-
ponents; in this way, the cellulose that contributes to the production of
quality paper is slightly damaged. In terms of behaviour against various
substrates, inability to hydrolyse CMC suggests that xylanase from
G. galactosidasius BS61 is a suitable biocatalyst with the desired proper-
ties in the paper industry [18].

The specific activity, purification fold or enzyme recovery after puri-
fication vary depending on materials used in purification or organism
used as xylanase producingmaterials. For this reason, different enzyme
yield or purification fold is reported for xylanase from different species
[49, 50, 53, 54].

The optimum temperature value of xylanase from G. galactosidasius
BS61 was 60 °C, and the enzyme retained nearly 50% of its activity after
120min incubation at optimum temperature. The optimumpHwas 7.0.
The enzyme activity was fully conserved at pH 4.0–10.0 after 24 h incu-
bation. Bhalla et al. (2015) [55] determined the optimumpHof xylanase
from Geobacillus WSUCF as 70 °C. Bin et al. (2012) [56] reported that
xylanase from Geobacillus sp. TC-W7 was optimum at 75 °C while
Gerasimova and Kuisiene [57] reported the optimum temperature of
xylanase from G. thermodenitrificans JK1 was also 70 °C. Optimum tem-
peratures of xylanases from Geobacillus sp. TF16 [16] and Geobacillus sp.
WSUCF1 [3] were reported to be 50 °C and 70 °C, respectively; and it
was found that the activity fell rapidly below and above the optimum
temperature [3, 16]. Xylanase from Geobacillus sp. TF16 protected 53%
of its activity at 65 °C for 40 min [16]. Capacious temperature range of
G. galactosidasius BS61 xylanase has a distinctive feature among
xylanase. As a result of our literature search, we did not find a temper-
ature profile similar to xylanase which we have investigated. A similar
temperature profile was reported for a protease from a B. subtilis strain
by Uttatree and Charoenpanich [58].

The pH stabilities of xylanases from G. stearothermophilus and
Geobacillus sp. TF16 were less than G. galactosidasius BS61's, because
their xylanase activities increased at the end of 24 hour-incubation
Table 6
Influence of some chemicals on xylanase of G. galactosidasius BS61.

Inhibitor (5 mM) Remaining activity (%)

Control 100
β-Mercaptoethanol 97.62 ± 1.30
Sulphonamide 96.20 ± 0.81
EDTA 40. 63 ± 2.08



Table 7
Clarification of some fruit juice by using xylanase of G. galactosidasius BS61. (* p b 0.01; ** p b 0.05).

Fruit Decrease in absorbance at 660 nm (%) Increase in reducing sugar (%)

0.05 (U/mL) 0.10 (U/mL) 0.15 (U/mL) 0.05 (U/mL) 0.10 (U/mL) 0.15 (U/mL)

Orange 10.61 ± 0.92* 21.46 ± 0.96* 30.52 ± 1.23* 5.58 ± 0.47** 11.08 ± 0.63** 17.36 ± 1.18**
Pomegranate 9.33 ± 1.22* 13.09 ± 1.08* 19.16 ± 1.29* 5.08 ± 0.35* 8.42 ± 0.83* 12.55 ± 1.28*
Apricot 12.66 ± 0.52* 17.95 ± 1.03* 22.25 ± 0.99* 9.02 ± 0.45* 22.45 ± 0.83* 36.27 ± 0.97*
Peach 16.05 ± 1.06* 29.42 ± 1.31* 39.74 ± 1.04* 24.74 ± 0.98* 39.52 ± 0.28* 45.88 ± 0.42*
Apple 8.95 ± 1.37* 12.47 ± 1.01* 19.01 ± 1.53* 6.67 ± 0.84* 8.89 ± 1.38* 11.20 ± 1.11*
Grape 5.55 ± 0.61* 9.08 ± 0.76* 13.87 ± 0.97* 3.86 ± 0.19* 4.89 ± 0.25* 10.54 ± 0.75*
Kiwi 4.11 ± 0.38* 6.57 ± 0.42* 9.71 ± 0.96* 1.22 ± 0.12* 3.03 ± 0.10* 4.68 ± 0.20*
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[16, 59].With these features, xylanase ofG. galactosidasiusBS61 is an en-
zyme that can be used in a wide range of pH and temperature-
dependent industrial processes. Moreover, from this point of view, it is
more advantageous than other xylanases in the literature. In addition,
the enzyme exhibited a stability over a wide pH range and in the pres-
ence of metal ions. Inhibition of xylanase with Mn2+ was reported for
Bacillus sp. strain K-1, Bacillus halodurans S7 and Penicillium oxalicum
CZ1028 [60–62]. Conversely, there is also evidence that the same ion
significantly enhanced xylanase activity [53, 63]. The coordination num-
bers, the coordination geometries in the compounds and the Lewis acid
potentials of themetal ionsmay be different from each other. Therefore,
metals may exhibit different properties from each other against pro-
teins, and behaviours of proteins towards metal ions may differ [64].

EDTA caused59.37% inhibition ratewhileβ-mercaptoethanol (2.38%
inhibition) and Sulphonamide (3.80% inhibition) did not significantly
affect enzyme activity (Table 6). Due to the EDTA inhibition, it can be
said that xylanase of G. galactosidasius BS61 requires a metal ion for its
activity or it lowers the enzyme activity by causing the change of the en-
zyme conformation through EDTA. Cakmak and Ertunga [16] reported
that the xylanase of Geobacillus sp. TF16was inhibited N60% in the pres-
ence of 1 mM EDTA. Penicillium sp. UCP 1286 [65], Myceliophthora
thermophila BF1–7 [54] and Streptomyces thermovulgaris TISTR1948
[53] was also inhibited at a rate of 5%, 5% and 15%, with 15% EDTA.

Kinetic parameters of G. galactosidasius BS61 xylanase were studied
using xylan from beech wood, which was determined to be the best
substrate for this enzyme. Km and Vmax values of G. galactosidasius
BS61 xylanase were calculated as 3.18 mg mL−1 and
123 U mg protein−1, respectively. The Km and Vmax of xylanases from
G. thermoleovorans and G. thermodenitrificans TSAA1 were reported to
be 2.6 mg mL−1 and 31.2.5 U mg−1, and 0.625 mg/ mL and
555.5 U mg−1, respectively [18, 19]. The xylanase of Glaciecola
mesophila KMM 241 exhibited Km value as 1.22 mg mL−1 and Vmax

value as 98.31 U mg−1 for beech wood xylan as substrate [66].
It was determined that the effect of xylanase on the pomegranate,

apple, grape and kiwi juices were lower than that of peach, orange
and apricot juices. Xylanase ofG. galactosidasius BS61 that leads to an in-
crease in the amount of reducing sugars and a decrease in turbidity has
shown the potential to be used in apricot, peach and orange juice indus-
tries. The presence of hemicelluloses, starch, pectin and other cellulosic
polysaccharides in crude fruit juices causes turbidity, and thus, an in-
crease in optical density. The hydrolysis of these components ensures
the clarity of the juice and the quality improvement [17]. In a study,
xylanase from Bacillus licheniformis P11 (C) was reported to reduce
the amount of reducing sugar by 10 and 5-fold, respectively after
24 hour treatment with orange and apple juices [67].

5. Conclusion

Today, the use of enzymes has come to the forefront as a more
environmental-friendly and productive option for various practices;
and this has inspired the researchers to discover new enzymes and en-
zyme groups that are resistant to extreme conditions. Thermophilic mi-
croorganisms have enzymes that are designed to function at high
temperatures, which enable them to perform different physiological
functions in changing physicochemical micro-environments. In the
present study, a purification and characterization of a novel xylanase
was performed from G. galactosidasius BS61 strain, which had the
highest xylanase enzyme activity, among the obtained thermophilic iso-
lates. It was concluded that the xylanase enzyme, which was purified
from G. galactosidasius BS61 strain, could have the potential of being
used in a wide variety of biotechnological fields mainly in purification
of fruit juice because it has a good level activity at high temperatures.

Acknowledgements

This work was supported by the Research Development Centre of
Ataturk University (Grant numbers are 2015-339 and FAD-2018-6352).

Conflict of interest

There is no conflict of interest to be declared.

References

[1] M.T. Madigan, J.M. Martinko, T.D. Brock, Brock Biology of Microorganisms, Pearson
Prentice Hall, Upper Saddle River, NJ, 2006.

[2] J. Gomes,W. Steiner, The biocatalytic potential of extremophiles and extremozymes,
Food Technol. Biotechnol. 42 (4) (2004) 223–235.

[3] A. Bhalla, K.M. Bischoff, N. Uppugundla, V. Balan, R.K. Sani, Novel thermostable
endo-xylanase cloned and expressed from bacterium Geobacillus sp. WSUCF1,
Bioresour. Technol. 165 (2014) 314–318.

[4] A.H. Hussein, B.K. Lisowska, D.J. Leak, Chapter One - the genus Geobacillus and their
biotechnological potential, in: S. Sariaslani, G.M. Gadd (Eds.), Advances in Applied
Microbiology, Academic Press 2015, pp. 1–48.

[5] P.J. Brumm, M.L. Land, D.A. Mead, Complete genome sequences of Geobacillus sp.
WCH70, a thermophilic strain isolated from wood compost, Stand. Genomic Sci.
11 (2016) 33.

[6] M.J.A. Daas, B. Vriesendorp, A.H.P. van deWeijer, J. van der Oost, R. van Kranenburg,
Complete genome sequence of Geobacillus thermodenitrificans T12, a potential host
for biotechnological applications, Curr. Microbiol. 75 (1) (2018) 49–56.

[7] A. Poli, G. Laezza, R. Gul-Guven, P. Orlando, B. Nicolaus, Geobacillus galactosidasius
sp. nov., a new thermophilic galactosidase-producing bacterium isolated from com-
post, Syst. Appl. Microbiol. 34 (6) (2011) 419–423.

[8] N. Kuisiene, J. Raugalas, D. Chitavichius, Geobacillus lituanicus sp. nov, Int. J. Syst.
Evol. Microbiol. 54 (6) (2004) 1991–1995.

[9] N. Popova, Y.A. Nikolaev, T. Tourova, A. Lysenko, G. Osipov, N. Verkhovtseva, N.
Panikov, Geobacillus uralicus, a new species of thermophilic bacteria, Microbiology
71 (3) (2002) 335–341.

[10] A.V. Bryanskaya, A.S. Rozanov, N.M. Slynko, S.V. Shekhovtsov, S.E. Peltek, Geobacillus
icigianus sp. nov., a thermophilic bacterium isolated from a hot spring, Int. J. Syst.
Evol. Microbiol. 65 (3) (2015) 864–869.

[11] M.O. Baltaci, B. Genc, S. Arslan, G. Adiguzel, A. Adiguzel, Isolation and characteriza-
tion of thermophilic bacteria from geothermal areas in Turkey and preliminary re-
search on biotechnologically important enzyme production, Geomicrobiol J. 34 (1)
(2017) 53–62.

[12] S.S. Bae, J.-H. Lee, S.-J. Kim, Bacillus alveayuensis sp. nov., a thermophilic bacterium
isolated from deep-sea sediments of the Ayu Trough, Int. J. Syst. Evol. Microbiol.
55 (3) (2005) 1211–1215.

[13] T.J. Rahman, R. Marchant, I.M. Banat, Distribution and molecular investigation of
highly thermophilic bacteria associated with cool soil environments, Biochem. Soc.
Trans. 32 (2) (2004) 209–213.

[14] R.K. Singh, M.K. Tiwari, R. Singh, J.-K. Lee, From protein engineering to immobiliza-
tion: promising strategies for the upgrade of industrial enzymes, Int. J. Mol. Sci. 14
(1) (2013) 1232–1277.

[15] B. Genc, H. Nadaroglu, A. Adiguzel, O. Baltaci, Purification and characterization of an
extracellular cellulase from Anoxybacillus gonensis O9 isolated from geothermal area
in Turkey, J. Environ. Biol. 36 (6) (2015) 1319.

http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0005
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0005
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0010
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0010
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0015
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0015
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0015
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0020
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0020
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0020
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0025
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0025
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0025
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0030
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0030
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0030
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0035
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0035
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0035
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0040
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0040
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0045
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0045
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0045
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0050
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0050
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0050
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0055
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0055
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0055
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0055
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0060
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0060
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0060
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0065
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0065
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0065
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0070
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0070
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0070
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0075
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0075
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0075


1026 B. Sari et al. / International Journal of Biological Macromolecules 119 (2018) 1017–1026
[16] U. Cakmak, N.S. Ertunga, Gene cloning, expression, immobilization and characteriza-
tion of endo-xylanase from Geobacillus sp. TF16 and investigation of its industrial
applications, J. Mol. Catal. B Enzym. 133 (2016) 288–298.

[17] H. Shahrestani, A. Taheri-Kafrani, A. Soozanipour, O. Tavakoli, Enzymatic clarifica-
tion of fruit juices using xylanase immobilized on 1,3,5 triazine-functionalized
silica-encapsulated magnetic nanoparticles, Biochem. Eng. J. 109 (2016) 51–58.

[18] D. Verma, A. Anand, T. Satyanarayana, Thermostable and alkalistable endoxylanase of
the extremely thermophilic bacterium Geobacillus thermodenitrificans TSAA1: cloning,
expression, characteristics and its applicability in generating xylooligosaccharides and
fermentable sugars, Appl. Biochem. Biotechnol. 170 (1) (2013) 119–130.

[19] D. Verma, T. Satyanarayana, Cloning, expression and applicability of thermo-alkali-
stable xylanase of Geobacillus thermoleovorans in generating xylooligosaccharides
from agro-residues, Bioresour. Technol. 107 (2012) 333–338.

[20] A. Adiguzel, Molecular Characterization of Thermophilic Bacteria Isolated From
Water Samples Taken From Various Thermal Plants, PhD, Atatürk University, Grad-
uate School at Natural and Applied Sciences, Erzurum, Turkey, 2006.

[21] L.M. Prescott, J.P. Harley, D.A. Klein, Laboratory Exercises in Microbiology, McGraw-
Hill Companies, 2002.

[22] T. Beffa, M. Blanc, P.-F. Lyon, G. Vogt, M. Marchiani, J.L. Fischer, M. Aragno, Isolation
of Thermus strains from hot composts (60 to 80 °C), Appl. Environ. Microbiol. 62 (5)
(1996) 1723–1727.

[23] S.F. Altschul, W. Gish, [27] Local alignment statistics, Methods in Enzymology,
Elsevier 1996, pp. 460–480.

[24] D. Yanmis, M.O. Baltaci, M. Gulluce, A. Adiguzel, Identification of thermophilic
strains from geothermal areas in Turkey by using conventional and molecular tech-
niques, Res. J. Biotechnol. 10 (1) (2015) 39–45.

[25] G. Benson, Tandem repeats finder: a program to analyze DNA sequences, Nucleic
Acids Res. 27 (2) (1999) 573.

[26] A. Adiguzel, H. Ogutcu, O. Baris, M. Karadayi, M. Gulluce, F. Sahin, Isolation and char-
acterization of Rhizobium strains from wild vetch collected from high altitudes in
Erzurum-Turkey, Rom. Biotechnol. Lett. 15 (2010) 5017–5024.

[27] S. Ertuğrul, G. Dönmez, S. Takaç, Isolation of lipase producing Bacillus sp. from olive
mill wastewater and improving its enzyme activity, J. Hazard. Mater. 149 (3) (2007)
720–724.

[28] M.K. Panda, M.K. Sahu, K. Tayung, Isolation and characterization of a thermophilic
Bacillus sp. with protease activity isolated from hot spring of Tarabalo, Odisha,
India, Iran. J. Microbiol. 5 (2) (2013) 159.

[29] S. Behera, R. Arora, N. Nandhagopal, S. Kumar, Importance of chemical pretreatment
for bioconversion of lignocellulosic biomass, Renew. Sust. Energ. Rev. 36 (2014)
91–106.

[30] S. Voget, H. Steele,W. Streit, Characterization of a metagenome-derived halotolerant
cellulase, J. Biotechnol. 126 (1) (2006) 26–36.

[31] R. Nascimento, R. Coelho, S. Marques, L. Alves, F. Gırio, E. Bon, M. Amaral-Collaço,
Production and partial characterisation of xylanase from Streptomyces sp. strain
AMT-3 isolated from Brazilian cerrado soil, Enzym. Microb. Technol. 31 (4) (2002)
549–555.

[32] M. Kacagan, S. Canakci, C. Sandalli, K. Inan, D.N. Colak, A.O. Belduz, Characterization
of a xylanase from a thermophilic strain of Anoxybacillus pushchinoensis A8, Biologia
63 (5) (2008) 599–606.

[33] G.L. Miller, Use of dinitrosalicylic acid reagent for determination of reducing sugar,
Anal. Chem. 31 (3) (1959) 426–428.

[34] O.H. Lowry, N.J. Rosebrough, A.L. Farr, R.J. Randall, Protein measurement with the
Folin phenol reagent, J. Biol. Chem. 193 (1) (1951) 265–275.

[35] U.K. Laemmli, Cleavage of structural proteins during the assembly of the head of
bacteriophage T4, Nature 227 (5259) (1970) 680.

[36] B.-D. Amel, B. Nawel, B. Khelifa, G. Mohammed, J. Manon, K.-G. Salima, N. Farida, H.
Hocine, O. Bernard, C. Jean-Luc, F. Marie-Laure, Characterization of a purified ther-
mostable xylanase from Caldicoprobacter algeriensis sp. nov. strain TH7C1T,
Carbohydr. Res. 419 (2016) 60–68.

[37] G. Adiguzel, Z. Sonmez, A. Adiguzel, H. Nadaroglu, Purification and characterization
of a thermostable endo beta 1,4 mannanase from Weissella viridescens LB37 and its
application in fruit juice clarification, Eur. Food Res. Technol. 242 (5) (2016)
769–776.

[38] Ö. Faiz, Purification and characterization of a polyphenol oxidase from Cimin grape
(Vitis vinifera spp. Cimin), Res. J. Biotechnol. 11 (2016) 1–8.

[39] H. Lineweaver, D. Burk, The determination of enzyme dissociation constants, J. Am.
Chem. Soc. 56 (3) (1934) 658–666.

[40] Ö. Faiz, A. Colak, Y. Kolcuoğlu, N.S. Ertunga, Cloning, expression and characterization
of xylose isomerase from thermophilic Geobacillus caldoxylosilyticus TK4 strain, Turk.
J. Biochem. 36 (1) (2011).

[41] S. Nagar, A. Mittal, V.K. Gupta, Enzymatic clarification of fruit juices (apple, pineap-
ple, and tomato) using purified Bacillus pumilus SV-85S xylanase, Biotechnol.
Bioprocess Eng. 17 (6) (2012) 1165–1175.

[42] C. Meintanis, K. Chalkou, K.A. Kormas, D. Lymperopoulou, E. Katsifas, D.
Hatzinikolaou, A. Karagouni, Application of rpoB sequence similarity analysis, REP-
PCR and BOX-PCR for the differentiation of species within the genus Geobacillus,
Lett. Appl. Microbiol. 46 (3) (2008) 395–401.

[43] A. Adiguzel, H. Ozkan, O. Baris, K. Inan, M. Gulluce, F. Sahin, Identification and char-
acterization of thermophilic bacteria isolated from hot springs in Turkey, J.
Microbiol. Methods 79 (3) (2009) 321–328.

[44] S. Savas, A. Adiguzel, K. Inan, H. Ozkan, M. Gulluce, F. Sahin, Molecular characteriza-
tion of thermophilic bacteria isolated from Van City Ercis Town Hasanabdal hot
spring, Rom. Biotechnol. Lett. 14 (2009) 4445–4454.
[45] T. Nazina, T. Tourova, A. Poltaraus, E. Novikova, A. Grigoryan, A. Ivanova, A. Lysenko,
V. Petrunyaka, G. Osipov, S. Belyaev, Taxonomic study of aerobic thermophilic ba-
cilli: descriptions of Geobacillus subterraneus gen. nov., sp. nov. and Geobacillus
uzenensis sp. nov. from petroleum reservoirs and transfer of Bacillus
stearothermophilus, Bacillus thermocatenulatus, Bacillus thermoleovorans, Bacillus
kaustophilus, Bacillus thermodenitrificans to Geobacillus as the new combinations
G. stearothermophilus, G. th, Int. J. Syst. Evol. Microbiol. 51 (2) (2001) 433–446.

[46] T. Jiang, M. Huang, H. He, J. Lu, X. Zhou, M. Cai, Y. Zhang, Bioprocess exploration for
thermostable α-amylase production of a deep-sea thermophile Geobacillus sp. in
high-temperature bioreactor, Prep. Biochem. Biotechnol. 46 (6) (2016) 620–627.

[47] M. Wainø, K. Ingvorsen, Production of β-xylanase and β-xylosidase by the ex-
tremely halophilic archaeon Halorhabdus utahensis, Extremophiles 7 (2) (2003)
87–93.

[48] C. Vieille, G.J. Zeikus, Hyperthermophilic enzymes: sources, uses, and molecular
mechanisms for thermostability, Microbiol. Mol. Biol. Rev. 65 (1) (2001) 1–43.

[49] P.R. Heinen, A. Bauermeister, L.F. Ribeiro, J.M. Messias, P.Z. Almeida, L.A.B. Moraes,
C.G. Vargas-Rechia, A.H.C. de Oliveira, R.J. Ward, E.X.F. Filho, M.K. Kadowaki, J.A.
Jorge, M.L.T.M. Polizeli, GH11 xylanase from Aspergillus tamarii Kita: purification
by one-step chromatography and xylooligosaccharides hydrolysis monitored in
real-time by mass spectrometry, Int. J. Biol. Macromol. 108 (2018) 291–299.

[50] H. Wu, X. Cheng, Y. Zhu, W. Zeng, G. Chen, Z. Liang, Purification and characterization
of a cellulase-free, thermostable endo-xylanase from Streptomyces griseorubens LH-3
and its use in biobleaching on eucalyptus kraft pulp, J. Biosci. Bioeng. 125 (1) (2018)
46–51.

[51] A. Sanghi, N. Garg, V. Gupta, A.Mittal, R. Kuhad, One-step purification and character-
ization of cellulase-free xylanase produced by alkalophilic Bacillus subtilis ash, Braz.
J. Microbiol. 41 (2) (2010) 467–476.

[52] Ó. Gallardo, P. Diaz, F.J. Pastor, Cloning and characterization of xylanase A from the
strain Bacillus sp. BP-7: comparisonwith alkaline pI-lowmolecular weight xylanases
of family 11, Curr. Microbiol. 48 (4) (2004) 276–279.

[53] P. Boonchuay, S. Takenaka, A. Kuntiya, C. Techapun, N. Leksawasdi, P. Seesuriyachan,
T. Chaiyaso, Purification, characterization, and molecular cloning of the xylanase
from Streptomyces thermovulgaris TISTR1948 and its application to
xylooligosaccharide production, J. Mol. Catal. B Enzym. 129 (2016) 61–68.

[54] S. Boonrung, S. Katekaew,W. Mongkolthanaruk, T. Aimi, S. Boonlue, Purification and
characterization of low molecular weight extreme alkaline xylanase from the ther-
mophilic fungus Myceliophthora thermophila BF1–7, Mycoscience 57 (6) (2016)
408–416.

[55] A. Bhalla, K.M. Bischoff, R.K. Sani, Highly thermostable xylanase production from a
thermophilic Geobacillus sp. strain WSUCF1 utilizing lignocellulosic biomass, Front.
Bioeng. Biotechnol. 3 (2015) 84.

[56] L. Bin, C. Zhao, L.H. Xie, Characterization of a recombinant thermostable xylanase
from hot spring thermophilic Geobacillus sp. TC-W7, J. Microbiol. Biotechnol. 22
(10) (2012) 1388–1394.

[57] J. Gerasimova, N. Kuisiene, Characterization of the novel xylanase from the thermo-
philic Geobacillus thermodenitrificans JK1, Microbiology 81 (4) (2012) 418–424.

[58] S. Uttatree, J. Charoenpanich, Isolation and characterization of a broad pH- and
temperature-active, solvent and surfactant stable protease from a new strain of Ba-
cillus subtilis, Biocatal. Agric. Biotechnol. 8 (2016) 32–38.

[59] Y. Wang, S. Feng, T. Zhan, Z. Huang, G. Wu, Z. Liu, Improving catalytic efficiency of
endo β 1,4 xylanase from Geobacillus stearothermophilus by directed evolution and
H179 saturation mutagenesis, J. Biotechnol. 168 (4) (2013) 341–347.

[60] Z. Cheng, D. Chen, Q.Wang, L. Xian, B. Lu, Y.Wei, H. Tang, Z. Lu, Q. Zhu, Y. Chen, Iden-
tification of an acidic endo-polygalacturonase from Penicillium oxalicum CZ1028 and
its broad use in major tropical and subtropical fruit juices production, J. Biosci.
Bioeng. 123 (6) (2017) 665–672.

[61] G. Mamo, R. Hatti-Kaul, B. Mattiasson, A thermostable alkaline active
endo β 1 4 xylanase from Bacillus halodurans S7: purification and characterization,
Enzym. Microb. Technol. 39 (7) (2006) 1492–1498.

[62] K. Ratanakhanokchai, K.L. Kyu, M. Tanticharoen, Purification and properties of a
xylan-binding endoxylanase from alkaliphilic Bacillus sp. strain K-1, Appl. Environ.
Microbiol. 65 (2) (1999) 694–697.

[63] F. Zhang, S.-N. Hu, J.-J. Chen, L.-B. Lin, Y.-L. Wei, S.-K. Tang, L.-H. Xu, W.-J. Li, Purifi-
cation and partial characterisation of a thermostable xylanase from salt-tolerant
Thermobifida halotolerans YIM 90462T, Process Biochem. 47 (2) (2012) 225–228.

[64] C.A. DiTusa, T. Christensen, K.A. McCall, C.A. Fierke, E.J. Toone, Thermodynamics of
metal ion binding. 1. Metal ion binding by wild-type carbonic anhydrase, Biochem-
istry 40 (18) (2001) 5338–5344.

[65] M.C. de Albuquerque Wanderley, J.M.W.D. Neto, W.W.C. Albuquerque, D.d.A.V.
Marques, C. de Albuquerque Lima, S.I. da Cruz Silvério, J.L. de Lima Filho, J.A.C.
Teixeira, A.L.F. Porto, Purification and characterization of a collagenase from Penicil-
lium sp. UCP 1286 by polyethylene glycol-phosphate aqueous two-phase system,
Protein Expr. Purif. 133 (2017) 8–14.

[66] B. Guo, P.-Y. Li, Y.-S. Yue, H.-L. Zhao, S. Dong, X.-Y. Song, C.-Y. Sun, W.-X. Zhang, X.-L.
Chen, X.-Y. Zhang, B.-C. Zhou, Y.-Z. Zhang, Gene cloning, expression and characteri-
zation of a novel xylanase from the marine bacterium, Glaciecola mesophila
KMM241, Mar. Drugs 11 (4) (2013) 1173–1187.

[67] B.K. Bajaj, K. Manhas, Production and characterization of xylanase from Bacillus
licheniformis P11 (C) with potential for fruit juice and bakery industry, Biocatal.
Agric. Biotechnol. 1 (4) (2012) 330–337.

http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0080
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0080
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0080
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0085
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0085
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0085
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0090
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0090
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0090
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0090
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0095
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0095
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0095
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0100
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0100
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0100
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0105
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0105
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0110
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0110
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0110
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0115
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0115
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0120
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0120
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0120
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0125
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0125
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0130
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0130
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0130
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0135
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0135
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0135
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0140
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0140
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0140
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0145
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0145
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0145
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0150
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0150
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0155
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0155
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0155
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0155
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0160
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0160
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0160
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0165
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0165
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0170
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0170
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0175
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0175
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0180
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0180
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0180
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0180
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0185
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0185
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0185
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0185
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0190
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0190
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0195
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0195
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0200
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0200
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0200
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0205
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0205
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0205
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0210
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0210
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0210
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0210
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0215
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0215
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0215
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0220
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0220
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0220
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0225
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0225
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0225
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0225
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0225
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0225
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0225
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0230
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0230
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0230
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0235
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0235
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0235
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0240
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0240
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0245
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0245
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0245
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0245
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0245
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0250
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0250
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0250
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0250
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0255
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0255
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0255
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0260
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0260
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0260
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0265
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0265
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0265
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0265
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0270
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0270
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0270
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0270
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0275
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0275
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0275
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0280
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0280
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0280
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0285
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0285
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0290
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0290
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0290
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0295
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0295
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0295
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0300
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0300
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0300
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0300
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0305
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0305
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0305
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0310
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0310
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0310
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0315
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0315
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0315
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0320
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0320
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0320
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0325
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0325
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0325
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0325
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0325
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0330
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0330
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0330
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0330
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0335
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0335
http://refhub.elsevier.com/S0141-8130(18)32193-7/rf0335

	New xylanolytic enzyme from Geobacillus galactosidasius BS61 from a geothermal resource in Turkey
	1. Introduction
	2. Materials and methods
	2.1. Sampling and identification of microorganisms
	2.1.1. DNA extraction from test isolates
	2.1.2. Gene amplification, cloning and sequencing for phylogenetic studies
	2.1.3. Genomic fingerprinting

	2.2. Biotechnological potentials of isolates
	2.3. Purification and characterization of enzyme
	2.3.1. Microorganism and xylanase production
	2.3.2. Purification
	2.3.3. Determination of xylanase activity
	2.3.4. Protein determination
	2.3.5. Electrophoresis and zymogram
	2.3.6. Substrate specificity
	2.3.7. Effect of pH and temperature on xylanase activity
	2.3.8. Effect of pH and temperature on xylanase stability
	2.3.9. Kinetics parameters
	2.3.10. Effects of some metal ions and chemicals on the enzyme activity

	2.4. Application of xylanase in fruit juice clarification
	2.5. Statistical analysis

	3. Results
	3.1. Conventional and molecular aspects of results
	3.2. Production and purification of xylanase
	3.3. Biochemical properties of xylanase enzyme
	3.3.1. Effect of pH and temperature on the activity and stability of BS61 xylanase
	3.3.2. Substrate specificity and kinetic parameters of xylanase
	3.3.3. Effects of various metal ions and chemicals on xylanase activity

	3.4. Clarification of fruit juice with BS61 xylanase

	4. Discussion
	5. Conclusion
	section31
	Acknowledgements
	Conflict of interest
	References


