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Abstract

During a screening for the diversity of actinobacterial strains from Saharan soil samples collected from Béchar region
(Algeria), one strain designated KB-T3 was isolated by dilution technique on chitin-vitamins agar medium. The
taxonomic position of this strain was determined by using a polyphasic approach. Morphological and chemical
characteristics of the KB-T3 strain were consistent with those of the genus Thermobifida. The KB-T3 strain had a white
aerial mycelium with dictomically branched sporophores carrying coccoid secluded spores. The substrate mycelium
was pale yellow, sterile, and non-fragmented. The strain is characterized by the presence of meso-diaminopimelic acid
in the cell wall, the galactose in whole-cell, and phosphatidylethanolamine in the cell membrane. The unique
characteristic of this strain was its abundant growth with the absence of NaCl and in temperature ranging from 40 to
65 °C, its capacity to decompose acetate, and its ability to use fructose, glucose and xylose as sole carbon source.
Phylogenetic analysis based on 16S rRNA gene sequence revealed that the strain KB-T3 should be classified in the
genus Thermobifida and exhibited 99.79 % gene sequence similarity to Thermobifida fusca NBRC 14071T.

Keywords: Thermophilic actinobacteria, Thermobifida, Saharan soil, Taxonomy.

1. INTRODUCTION

Actinobacteria are a distinct group of bacteria that are widely distributed in nature. They are one of
the major soil populations where they play an essential role in the cycling of organic compounds
(Hazarika et al.,, 2020). They have a wide range of habitats, including extreme geographical
locations such as deserts, hot springs, salt lakes, caves, and deep-sea (Lee et al., 2012, Quin et al.,
2016, Law et al.,, 2018). Actinobacteria from extreme habitats represent not only extensive
taxonomic diversity but also interesting potential to produce valuable natural compounds (Boubetra
et al., 2013; 2015; Meklat et al., 2013; Khebizi et al., 2018).
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The genus Thermobifida (Zhang et al., 1998), which belongs to the family Nocardiopsaceae
(Kroppenstedt and Evtushenko, 2006) of the order Streptosporangiales (Goodfellow, 2015),
currently contains only four validly named species, including Thermobifida alba, T. fusca (Zhang et
al., 1998), T. cellulosilytica (Kukolya et al., 2002) and T. halotolerans (Yang et al., 2008). This
genus constitutes a promising source of valuable secondary metabolites, mainly enzymes, such as
cellulases, xylanases, mannanase, mannosidase, chitinase, cutinase and amylase (Yang et al., 2004,
Chen et al., 2010, Gomez del Pulgar and Saadeddin, 2014, Gaber et al., 2016).

The extremobiosphere is nowadays becoming the target ecosystem for searching rare actinobacteria
because of the uniqueness of environmental conditions. The Sahara is one of the extreme
environments on Earth and constitutes an unexplored source of thermophilic actinobacteria.
Exploration of thermophilic actinobacteria from Algerian Saharan soils yielded the isolation of
strain KB-T3 with morphological structures typical of the genus Thermobifida. However, as far as
we know, no reports are available on the isolation of the members of Thermobifida from Saharan
soils. The present study aims to describe this new strain of actinobacteria using a polyphasic
approach based on morphological, physiological, chemotaxonomic, and molecular investigations.

2. MATERIALS AND METHODS

2.1. Isolation of strain

During an investigation of actinobacterial diversity in Saharan soils, a strain named KB-T3 was
isolated from non-rhizospheric soil sample collected from Béchar region (31°37'00" N,
2° 13" 00" E). The serial dilution method was used, and the isolation was performed on chitin-
vitamin B agar medium, supplemented with cycloheximide to suppress micro-fungal growth. After
the incubation of the plates at 55°C for 4 days, the strain was purified and maintained on nutrient
agar medium.

2.2. Phenotypic characteristics

A morphological, biochemical, and physiological characterization approach was adopted to
determine the taxonomic status at the genus level of the KB-T3 isolate.

The macromorphological characterization of the actinobacterial isolate was based on cultural
characteristics, including aerial and substrate mycelium color and production of diffusible pigment
for a culture grown for 10 days on ISP2, ISP4 (Shirling and Gottlieb, 1966), nutrient agar, and R8
(Amner et al., 1998) culture media. Spores and mycelia were examined by a light microscope
(Motic, B1 Series) as reported by Goodfellow and Haynes (1984).

For chemotaxonomic study, diaminopimelic acid and whole-cell sugars were analyzed according to
the procedures of Becker et al. (1964) and Lechevalier and Lechevalier (1970), respectively.
Phospholipid types were determined according to the method of Minnikin et al. (1977).

Several physiological tests were used to characterize the actinobacterial strain. The degradation of
different organic compounds was evaluated as described by Goodfellow (1971). Carbohydrate
utilization was performed by using ISP9 medium supplemented with different carbohydrate
compounds. Lysozyme sensitivity and resistance to some chemical compounds such as
chloramphenicol, erythromycin, kanamycin, streptomycin and penicillin were examined according
to the methods of Gordon and Barnett (1977). Growth at different temperatures (30, 40, 45, 50, 55,
60, 65 and 70°C), at different pH values (5, 6, 7, 8 and 9) and at different NaCl concentrations (0, 3,
5 and 10% w/v) was determined on nutrient agar.
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2.3. 16 rRNA Gene Sequencing and Phylogenetic Analysis

Genomic DNA of the KB-T3 strain was extracted according to the method of Liu et al. (2000). PCR
amplification of the 16S rRNA gene was performed as described by Rainey et al. (1996) using a
primer pair 10-30F (5'-GAGTTTGATCCTGGCTCA-3) and 1500R (5'-
AGAAAGGAGGTGATCCAGCC-3'). The PCR products were analyzed by agarose gel
electrophoresis and then submitted to Genewiz (United Kingdom) for purification and sequencing.
The 16S rRNA gene sequence of strain KB-T3 was deposited in the GenBank data library under
accession number OM475721 and was compared with corresponding sequences of the type strains
found on the EzBioCloud server (https://eztaxon-e.ezbiocloud.net) (Yoon et al., 2017).
Phylogenetic analysis was conducted using MEGA 7.0 software (Kumar et al., 2016) according to
the method described by Li et al. (2019). The phylogenetic dendrogram was constructed using the
neighbor-joining method of Saitou and Nei's (1987) tree-making algorithm. The evolutionary
distance model of the Kimura 2-parameter (Kimura 1980) was used to generate evolutionary
distance matrices for the neighbor-joining algorithm. The topology of each tree was evaluated by
bootstrap analysis (Felsenstein, 1985) with 1000 replications.

3. RESULTS AND DISCUSSIONS

Morphological observation revealed good growth of strain KB-T3 on R8 end nutrient agar (NA)
agar media, but no growth was observed on ISP 2 and ISP4 media. The aerial mycelium was
observed with white color. However, the substrate mycelium was observed to be a light yellow on
the same culture media. The aerial hyphae carry coccoid and single spores which are borne on short
dichotomously branched sporophores (Figure 1). The substrate mycelium is sterile and non-
fragmented. The diffusible pigments were not produced on R8 and NA media.

Figure 1. Morphological caracteristics of KB-T3 strain of Thermobifida on nutrient agar medium after 6 days of
incubation at 55 °C. A. Cultural features. B. Microscopic observation under light microscope (400X).

Chemotaxonomic properties of strain KB-T3 showed that cell-wall hydrolysate contained the meso-
diaminopimelic acid isomer, but not glycine. Whole-cell hydrolysates were found to contain
galactose, which is typical of cell-wall type 111 and whole-cell sugar pattern type C (Lechevalier and
Lechevalier 1970). Strain KB-T3 was found to possess phosphatidylethanolamine corresponding to
phospholipid type PIlI (Lechevalier et al., 1977). The morphological and chemotaxonomic
properties of strain KB-T3 are consistent with those shared by members of the genus Thermobifida
(Zhang et al., 1998).
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The KB-T3 strain uses a low amount of sugar and organic acid (acetate). Only three sugars
(fructose, glucose and xylose) out of 23 tested can be used by the strain as a carbon source. The
amino acids tested as a source of nitrogen were not used.

Table 1. Differential phenotypic properties of strain KB-T3 and the type strains of Thermobifida species
Strains: 1, KB-T3; 2, T. fusca DSM 43792T; 3, T. alba DSM 43795T; 4, T. cellulosilytica DSM 44535T; 5,
T.halotolereans YIM 904627,

+ Positive, — negative, Nd not determined.

Characteristics Strains

1 2 3 4 5
Arial mycelium on ISP2 - - - + -
Temperature range for growth (°C) 35-65 28-55 20-50 28-55 20-50
pH range for growth 6-7 6-9 6-9 6-10 6-9
Maximum NaCl concentration (%, w/v) 5 5 3 3 10

Utilization of
D-Arabinose - + - +
D-Fructose + + - +
Glycerol + - + + - +
Lactose, Maltose and D-Mannose - + - + -
L-Rhamnose - - + + -
D-Ribose - - - + -
Adonitol, Erythritol and Salicine - Nd Nd Nd Nd
Cellobiose - + + + +
Galactose and Xylose + + + + +
Inositol and Sorbitol - - - - -
Mannitol - - - Nd Nd
Melezitose - + + + Nd
Melibiose - - - Nd Nd
Raffinose - + + + +
Saccharose - + + Nd Nd
Glucose - + + - +
Degradation of
Casein, Acetate and Starch + Nd Nd Nd Nd
Gelatin - - - + -
Tyrosine, Guanine, Hypoxanthine and - - - Nd Nd
Xanthine
Tween 80 - + + + +
Alanine, Benzoate, Butyrate, Citrate, - Nd Nd Nd Nd
Oxalate, tartrate, Propionate,
Testosterone, Proline, Pyruvate, Serine
and Succinate
Growth in the presence of

Chloramphenicol and Kanamycine - - - - Nd
Erythromycine - Nd Nd + Nd
Streptomycine - Nd Nd - Nd
Penicilline - - - Nd Nd
Lysozyme - Nd Nd Nd Nd

Temperature and pH ranges for growth are 40-65 °C and pH 6.0-8.0, with optima at 50-60 °C and
pH 7.0. The NaCl concentration range for growth is 0-5 %, with optimal growth occurring at 0%.
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The optimum temperature range of the strain KB-T3 let classify it as strictly thermophilic
actinobacterium (Jiang and Xu,1993; Yang et al., 2008). The organism was found to be sensitive to
kanamycin (5 mg ml?), erythromycin (10 mg ml?), streptomycin (10 mg mI%), penicillin (25 mg
ml1), chloramphenicol (25 mg ml), and lysozyme (0.005 % wi/v). The biochemical results showed
that the strain KB-T3 is physiologically different from the recognized Thermobifida species as can
be seen from the differential physiological characters given in Table 1. Regarding the use of sugars
as a carbon source, we noticed that there is variability in the response spectrum. The KB-T3 strain
degrades a small amount of compounds compared with the T. fusca DSM 437927,

The 16S rRNA gene sequence analysis indicated that the strain KB-T3 is closely related to
Thermobifida fusca with 99.79% of similarity. The strain KB-T3 was clustered in the same clade
with Thermobifida fusca (Figure 2).

Thermobifida cellulosilytica TB100T (KQ950192)

54 | ———Thermobifida halotolerans YIM 904627 (EU250489)

Thermobifida alba JCM 30777 (AF002260)

KB-T3 (OM475721)

100
Thermobifida fusca NBRC 140717 (BCWB01000075)

Thermomonospora chromogena CM6244T (AF002261)
| 00100 |
Figure 2. Phylogenetic tree showing the relationship between the isolate KB-T3 and their phylogenetic neighbors
based on 16S rRNA gene sequences. The neighbor-joining method (Saitou and Nei 1987) was used to construct the
phylogenetic tree. Bootstrap values (50 %) based on 1000 resamplings are shown at branch nodes.
Thermomonospora chromogena was used as the out-group. Bar, 0.0100 nt substitutions per site.

4. CONCLUSIONS

The strain KB-T3 was related to Thermobifida fusca with a hight percentage of similarity.
Nevertheless, this strain differs from the closest species in several physiological characteristics.
Hence, the deep taxonomic status at the species level of this strain should be completed. Therefore,
DNA/DNA hybridization experiments analysis need to be performed between the studied strain
KB-T3 and Thermobififa species.
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