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Extreme environment have been an interesting object for microbiological research to
study the diversity of extremophilic microorganisms. The ability to grow in extreme
conditions makes the microorganisms unique. Thermophilic bacteria are bacteria that can
grow at temperatures of 45-60°C. These organisms, each containing a catalog of enzymes and
other bioproducts, could provide a highly valuable resource for biotechnological
developments and applications. Biodiversity in geothermal springs in Algeria appears scanty
and has not been thoroughly investigated. Geothermal springs are scattered in several areas in
Algeria. The present study was conducted to isolate, identify, characterize and to determine
the enzymatic activities of the thermophilic aerobic bacteria isolated from Hammam Righa
Hot Spring. A total of 40 thermophilic bacterial strains were isolated from this Hammam. The
optimum temperature of isolates was 60°C. Totally 14 bacterial strains were selected for this
study. The phenotypic characterization (morphological, physiological, and biochemical tests)
of those isolates was confirmed by genotypic method using 16S rRNA sequence analysis. 16S
rDNA gene analysis found them related to Bacillus, Anoxybacillus, Geobacillus, Tepidimonas
and Hydrogenophilus genera. Positive results on several enzymes such as amylase, caseinase,
cellulase, chitinases and xylanase of most isolates are indication of potential applications of
these bacterial products in biotechnology.
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1. Introduction

Thermophilic prokaryotes are known to grow optimally at temperatures higher than 60
°C with hyperthermophiles possibly growing above 80 °C (Pandey et al., 2015). They have
been isolated from hot terrestrial, subterrestrial and marine habitats including volcanically and
geothermally heated hydrothermal vent systems such as hot springs and deep sea
hydrothermal vents (Baker et al., 2001; Bertoldo & Antranikian, 2002). Many terrestrial hot
springs exist on Earth. Thermophilic microorganisms associated with these ecosystems have
received considerable interest in recent years (Bouacem, 2016; Bouacem et al., 2018; Thebti
et al., 2016) as they are of peculiar interest for regarding the production of thermostable
enzymes like protease, cellulase, xylanase and amylase to be possibly used in the detergent,
leather, pulp and paper industries. These enzymes are still active at temperatures which are
even higher than the optimum temperatures for the growth of the microorganisms themselves
(Saboto et al., 1999).

Algeria possesses more than 240 thermal sources with number increasing when
approaching the Algerian North-eastern with temperatures ranging from 19 °C to 98 °C.
These sources (Hammams) are most often used for therapeutic purposes and curative effects.
For somme of them, they are known to harbor large communities of thermophilic anaerobic
and aerobic bacteria (Bouacem, 2016).

While experiments have been undertaken in these springs to isolate novel anaerobic
thermophiles possessing thermostable enzymes of industrial interest (Bouacem et al., 2014;
Bouacem et al., 2016; Bouacem et al., 2015) there is no information with regard to indigenous
thermophilic aerobic microorganisms inhabiting these extreme environments so far. The main
objective of this study was to isolate and characterize thermophilic aerobic bacteria from a hot



spring (Hammam Righa) in Algeria by using phenotypic (morphological, biochemical and
physiological features) and phylogenetic approaches (16S rRNA gene sequence analysis).
Moreover, hydrolytic activities of these isolates that we obtained were determined.

2. Materials and Methods
2.1. Substrates and chemicals

Unless specified, all substrates, chemicals, and reagents were of the analytical grade or
highest commercially available purity, and were purchased from Sigma Chemical Co. (St.
Louis, MO, USA).

2.2. Sample collection

Water samples were collected from Hammam Righa hot spring, which is situated at 100
Km South — west of Algiers (Algeria) (2°24” East, 36°22° 60’ North), with an altitude of 550
meters, using 1 L sterile thermal glass bottles. Samples were stored in the laboratory at room
temperature.

2.3. Isolation of microorganisms

Enrichment cultures and isolation were performed in MG medium containing as
described by authors(Bouacem, 2016). Different colonies were selected and restreaked several
times to obtain pure cultures which were stored in nutrient agar at 4 °C until used.

2.4. Characterization of the isolates
2.4.1. Morphological studies

The colony morphologies were determined using cultures grown aerobically on nutrient
agar (NA). Cell morphology and motility were examined microscopically in exponentially
growing liquid cultures after 18-24 h of incubation at 60 °C.

2.4.2. Biochemical tests

The thermophilic isolates were identified by the use of conventional tests (Gaudin et al.,
2008; Hernndez et al., 2000).

2.5.  16S rRNA sequence analysis

Methods for purification of the DNA, PCR amplification, and sequencing of the 16S
ribosomal RNA (rRNA) gene were described previously (Ben Dhia Thabet et al., 2004). The
partial sequences generated were assembled using BioEdit v. 5.0.9 (Hall, 1999) and the
consensus sequence was corrected manually for errors. The sequence was compared with
available sequences in GenBank (version 178) using a BLAST search (Altschul et al., 1997)).
The consensus sequence was then manually adjusted to conform to the 16S rRNA secondary
structure model (Winker & Woese, 1991). Nucleotide ambiguities were omitted and
evolutionary distances were calculated using the Jukes and Cantor option (Jukes, 1969).
Phylogenetic trees were constructed with the Tree Con program using the neighbour joining
(Saitou & Nei, 1987). Tree topology was evaluated by a bootstrap analysis using 2,000
resamplings of the sequences (Felsenstein, 1985). Its topology was also supported using the



maximum-parsimony and maximum-likelihood algorithms. The 16S rRNA sequence of each
strain has been deposited in the GenBank.

2.6.  Hydrolytic enzymes
2.6.1. Amylases

Each colony was streaked on a nutrient agar plate that contained 1% starch and
incubated at 60 °C for 48 h. After the incubation period, plates were flooded with Lugol’s
iodine to detect the presence of clear halos around those bacterial colonies capable of
secreting amylase (Burhan et al., 2003).

2.6.2. Proteases

For protease activity, Skimmed Milk Agar (SMA) medium was prepared and the
nutrient broth culture of bacterium after 24 h of incubation was spot inoculated following agar
well method. After inoculation the SMA plate was incubated at 60 °C for 48 h. The colonies
with a clear zone formed by the hydrolysis of milk casein were evaluated as protease
producers (Priest et al., 1988).

2.6.3. Cellulases

Each colony was streaked on a nutrient agar plate that contained 1% (w/v)
carboxymethyl cellulose (CMC) and incubated at 60 °C for 48 h. After incubation, plates
were flooded with 0.1% (w/v) Congo red solution for 1 to 2 min followed by washing the
plate with 1 M NaCl to detect the presence of clear halos around bacterial colonies that
secrete cellulases (Teather & Wood, 1982).

2.6.4. Xylanases

To observe xylanase production, isolates were cultured on nutrient agar plates
containing 1% (w/v) oat spelt xylan. After incubation at 60 °C for 48 h, the zone of hydrolysis
was visualized by staining the plates with aqueous solution of 0.2% (w/v) Congo red for 15
min, and then destained with 1 M NaCl (Silveira et al., 1997).

3. Results and discussion
3.1. Characterization of the isolates

Among 40 isolates, only 14 were subjected to various biochemical and physiological
tests. Morphologically, the isolates showed great variation in the color, shape and texture of
the colonies. The strains KB 70, ATAM, M1V, P2S, HR6, HR1, HR2, HR10, BHIA and
KBM?7 were catalase, oxidase and nitrate reduction positive, and endospore-forming. KBM1,
B5GN, and HB14 were catalase, oxidase, and nitrate reduction positive, and asporulated.

The 14 strains shared more than 97% identity with their closest phylogenetic relative.
They fall into three phyla (Fig. 1). 10 strains (KB 70, ATAM, M1V, P2S, HR6, HR1, HR2,
HR10, BHIA, and KBM7) belonged to the family Bacillaceae, Strains HB14 (Albidovulum
sp.), BBGN (Hydrogenophilus sp.) and KBM1 (Tepidimonas sp.) pertains to the class f-
proteobacteria while strain M2R is closely related to the family Thermaceae with
Meiothermus ruber as its closest phylogenetic relative.
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Fig. 1. Molecular phylogeny of fourteen selected bacteria and the most related type strains species
using partial 16S rDNA sequences.
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3.2.  Hydrolase activities

All the isolates were screened for amylase, protease, cellulase and xylanase activity at 60 °C
(Fig. 4). The enzyme screening studies were performed three times for each isolate. As shown in Table
2, Among the 14 strains selected in this study, 11 strains exhibit amylase and protease activities. 12
strains (ATAM, M1V, P2S, BHIA, KBM7, B5GN, KB70, HR1, HR2, HR6, HR10, and M2R) use
CMC and 8 strains (ATAM, M1V, P2S, BHIA, KBM1, KBM7, B5GN, and M2R) consume xylan.
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Table 2 Enzymatic activities of isolates at 60 °C

Hydrolytic activities
Amylase Protease Cellulase Xylanase
AT AM + +
M1V +
P2S
BHIA
KBM1
KBM7
B5GN
KB 70
HR1
HR2
HB14
HR6
HR10
M2R

Strains

+ + + + + '+ 4+ o+ + o+

+ + 4+ + + + o+
+ + '+ + o+ o+ + + + + +
+ + 4+ + + + o+

4. Conclusion

In conclusion, this is the first investigation of thermophilic aerobic bacteria originating from
Hammam Righa hot spring. The results showed a clear dominance of thermophilic Bacillaceae.
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