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Abstract A novel halophilic actinobacterium strain,
designated H8T, was isolated from a Saharan soil
sample collected in El-Goléa, South Algeria. Strain
HS8" was identified as representing a new genus using a
polyphasic taxonomic approach. Phylogenetic analy-
sis revealed that strain H8" shared the highest degree
of 16S rRNA gene sequence similarity with ‘Mz-
abimyces algeriensis’ DSM 46680" (93.0 %), Sac-
charopolyspora ghardaiensis DSM 45606" (91.2 %),
Halopolyspora alba DSM 45976" (90.8 %) and
Actinopolyspora mortivallis DSM 442617 (90.0 %).
The strain was found to grow optimally at 28-35 °C, at
pH 6.0-7.0, and in the presence of 15-25 % (w/v)
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NaCl. The substrate mycelium was observed to be well
developed and fragmented in liquid medium and on
solid medium. The aerial mycelium was observed to
be moderately abundant and to form long chains with
non-motile, smooth-surfaced and ovoid or spherical
spores at maturity. The cell wall of strain H8" was
found to contain meso-diaminopimelic acid. The
whole-cell hydrolysates were found to mainly contain
arabinose and galactose. The diagnostic phospholipid
detected was phosphatidylcholine, and MK-9(H,),
MK-9(H,) and MK-10(H,) were found to be the
predominant menaquinones. The major cellular fatty
acids were determined to be anteiso-C;7.o and iso-
Cis.0- The genomic DNA G-+C content of strain H8T
was determined to be 71.3 mol%. The genotypic and
phenotypic data showed that the strain represents a
novel genus and species, for which the name
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Bounagaea algeriensis gen. nov., sp. nov. is proposed,
with the type strain H8" (=DSM 45966" = CECT
8470M).

Keywords Bounagaea algeriensis gen. nov., sp.
nov. - Halophilic actinobacterium - Algerian Sahara -
Polyphasic taxonomy

Introduction

Halophilic actinobacteria are a valuable resource for
discovery of novel products of industrial interest,
including antimicrobial, cytotoxic, neurotoxic, antim-
itotic, antiviral and antineoplastic activities (Zhao
et al. 2011; Hamedi et al. 2013; Jang et al. 2013; Tian
et al. 2013, 2014). Despite this finding, halophilic
actinobacteria are under-explored for the discovery of
novel bioactive secondary metabolites.

In recent years, research has intensified to discover
new halophilic taxa, some of which could have a
biotechnological interest. Most known halophilic acti-
nobacteria belong to the family Actinopolysporaceae,
and certain species to the family Pseudonocardiaceae
(Amycolatopsis, Prauserella, Saccharomonospora,
Saccharopolyspora, etc.) and to the family Nocardiop-
saceae (Nocardiopsis, Streptomonospora and related
genera).

In 2014, two halophilic actinobacterial genera
were successively discovered: Halopolyspora (type
species Halopolyspora alba) isolated from Dead Sea
sediments and Mzabimyces (type species Mzabimyces
algeriensis) isolated from a Algerian Saharan soil.
The name of the latter taxon has not yet been
validated.

Saharan soils, many of which are salted, have
proven to be an interesting source of halophilic
actinobacteria and many new taxa belonging to
Actinopolyspora, Nocardiopsis, Mzabimyces, Sac-
charopolyspora and Streptomonospora have been
described (Meklat et al. 2012, 2013a, b, ¢, 2014a, b;
Saker et al. 2014, 2015; Bouras et al. 2015). In this
context, a halophilic strain, named HS8T, was isolated
from the Saharan desert of Algeria. The aim of the
present study was to determine the taxonomic
position of this strain using a polyphasic taxonomic
approach.
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Materials and methods
Isolation and maintenance of strain

Strain H8" was isolated from a Saharan saline soil
(electrical conductivity = 10.5 mS cm™ ) collected
from El-Goléa (30°58'N, 2°87'E), South of Algeria. A
serially diluted sample was plated on complex
medium (CM) agar (Chun et al. 2000) supplemented
with 20 % (w/v) NaCl and incubated for 3 weeks at
30 °C.

After isolation and purification, strain H8" was
conserved both on slants of CM agar containing 15 %
(w/v) NaCl at 4 °C, and as 20 % (v/v) glycerol
suspensions at —20 °C. The strain has been deposited
in the German Collection of Microorganisms and Cell
Cultures as strain DSM 45966 and in Spanish Type
Culture Collection as strain CECT 8470".

Phenotypic characterization

Cultural characteristics of the newly isolated strain
were determined after 3 weeks of incubation at 30 °C
on media of the International Streptomyces Project,
ISP 2 and ISP 4 (Shirling and Gottlieb 1966), CM agar
(Chun et al. 2000) and nutrient agar (Waksman 1961)
media. The colours of the substrate and aerial mycelia
and any soluble pigments produced were determined
by comparison with ISCC-NBS colour name charts
(Kelly and Judd 1976). The morphological character-
istics of strain H8", including spore size, spore-chain
morphology and surface ornamentation, were exam-
ined by light microscopy (Motic, B1 Series) and
scanning electron microscopy (model S450, Hitachi,
Japan) after 3 weeks growth on CM agar at 30 °C. All
media used for morphological characteristics con-
tained 15 % (w/v) NaCl. Growth at different temper-
atures (15, 20, 25, 28, 30, 32, 35, 40 and 45), various
values of pH (4, 5, 6, 7, 8 and 9) and NaCl
concentrations (0, 7, 10, 15, 20, 25, 28, 30, 32 and
35 %; wlv), and also in the presence of antibiotics,
were determined by using nutrient agar medium, after
incubating for 21 days at 30 °C. All media used for
physiological tests contained 15 % (w/v) NaCl (except
for the NaCl concentration test). Utilisation of carbo-
hydrates and decarboxylation of organic acids were
evaluated using the method of Gordon et al. (1974).
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Degradation of other organic compounds was studied
as described by Goodfellow (1971). Production of
nitrate reductase and lysozyme sensitivity was deter-
mined according to the methods of Gordon and
Barnett (1977) and Marchal et al. (1987), respectively.
Production of melanoid pigments was evaluated on
ISP 6 and ISP 7 media as recommended by Shirling
and Gottlieb (1966).

Chemotaxonomical analyses

Biomass for chemotaxonomic analyses was obtained
by cultivating the cell in shake flasks at 30 °C for
10 days on a rotary shaker (250 rpm) using CM broth
containing 15 % (w/v) NaCl. Biomass was harvested
by centrifugation at 3500 rpm and washed several
times with distilled water. The isomeric form of
diaminopimelic acid and the presence (or not) of
glycine in the cell wall were determined according to
the method described by Becker et al. (1964). The
composition of whole-cell sugars was determined as
described by Lechevalier and Lechevalier (1970).
Polar lipids were extracted, examined and identified
by using the procedure developed by Minnikin et al.
(1977), with separation by two dimensional TLC.
Cellular menaquinones were extracted and purified
according to the procedure of Minnikin et al. (1984)
and were analysed by HPLC (Kroppenstedt 1982,
1985). Cellular fatty acid composition was analysed
using the microbial identification system (MIDI)
Sherlock software version 6.1 (method TSBA40,
TSBAG database) as described by Sasser (1990). The
analysis of mycolic acids was performed using the
method of Minnikin et al. (1980).

Phylogenetic analyses

For extraction of chromosomal DNA, strain H8T was
grown on CM broth supplemented with 15 % (w/v)
NaCl. The genomic DNA was extracted according to
the method of Liu et al. (2000). PCR-mediated
amplification of the 16S rRNA gene and sequencing
of the purified PCR products were carried out as
described by Rainey et al. (1996). PCR products were
purified with a PCR product purification kit (Qiagen,
Germany). The primers used for sequencing are listed
in Coenye et al. (1999). The 16S rRNA gene sequence
has been deposited in the GenBank data library and
assigned the accession number KF981441. The

resulting 16S rRNA gene sequence was compared
with sequences present in the public sequence
databases as well as with the EzTaxon-e server (Kim
et al. 2012). Phylogenetic analyses were conducted
using MEGA version 5 (Tamura et al. 2011). The 16S
rRNA gene sequence of strain H8" was aligned using
the CLUSTAL W program (Larkin et al. 2007) against
corresponding nucleotide sequences retrieved from
GenBank.

Phylogenetic trees were constructed using the
neighbour-joining (Saitou and Nei 1987) with Jukes
and Cantor (1969) model, maximum-likelihood
(Felsenstein 1981) with Kimura 2-parameter (Kimura
1980) model and maximum-parsimony (Fitch 1977)
methods. Bootstrap analysis was performed with 1000
replicates (Felsenstein 1985) to validate the tree
topology of the neighbour-joining method.

The G+C content of the chromosomal DNA was
determined by HPLC according to the method
described by Mesbah et al. (1989).

Results and discussion

Strain H8" was found to show good growth on ISP 2,
nutrient agar and CM agar media, and the aerial
mycelium was observed to be moderately abundant
with white colour on these media. However, poor
growth was observed on ISP 4 medium. The substrate
mycelium was observed to be a dark reddish orange
colour on ISP 2 and nutrient agar media, and light
yellow on CM agar and ISP 4 media. Melanoid
pigments and other diffusible pigments were not
produced on ISP 6, ISP 7 and other media. The
substrate mycelium was found to be well developed
and fragmented into non-motile cocci. The mycelium
exhibited extensive fragmentation on solid and liquid
media. The aerial mycelium was observed to form
long chains of non-motile, and oval or spherical
spores (0.8-0.9 x 0.8-1.3 pm) with smooth surfaces
(Fig. 1). No morphological forms or structures resem-
bling sporangia, sclerotia or synnemata were observed.

The strain was found to grow at 2040 °C (optimum,
28-35 °C), pH 5.0-8.0 (optimum, 6.0-7.0), and
10-35 % NaCl (optimum, 15-25 %). The strain was
found to be able to use the majority of the tested sugars
and other organic compounds for its growth. The strain
was found to be resistant to kanamycin (5 pg ml™),
erythromycin (10 pg ml™"), streptomycin (10 pug ml™),

@ Springer



476

Antonie van Leeuwenhoek (2015) 108:473-482

Fig. 1 Scanning electron micrograph of aerial mycelium of
strain H8™ grown on complex medium agar containing 15 % (w/v)
NaCl for 3 weeks at 30 °C. Bar 5 pm

penicillin G (25 pug ml™") and lysozyme (0.005 % w/v),
but sensitive to chloramphenicol (25 pg mi™"). The
detailed physiological and biochemical characteristics of
the type strain H8" are given in the species description
and in Table 1.

The strain H8" was found to contain meso-
diaminopimelic acid (but not glycine) in its cell wall,
and the whole-cell hydrolysate was found to contain
arabinose and galactose (chemotype pattern IVA of
Lechevalier and Lechevalier 1970). Furthermore, an
amount of glucose was also detected. Mycolic acids
were not detected. The diagnostic phospholipid
detected was phosphatidylcholine, corresponding to
phospholipid type PIII (Lechevalier et al. 1977).
Phosphatidylinositol, diphosphatidylglycerol, phos-
phatidylglycerol, two unidentified glycolipids and
two unidentified glycophospholipids were also
detected (Fig. S1). The predominant menaquinones
were determined to be MK-9(H,) (26.3 %), MK-9(H,)
(23.0 %) and MK-10(H,) (11.9 %). MK-10(Hy4)
(6.8 %) and unidentifiable peaks (32 % in total) were
also detected. The fatty acids profile was found to
contain the following: anteiso-Cy7.9 (36.5 %), iso-
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Cis.0 (18.0 %), is0-Cy7.9 (10.5 %), is0-Cig.0 (9.5 %),
cis9 is0-C;7.1 (7.8 %), anteiso-Cys.q (6.9 %) and cis8
Ci7.1 (4.3 %). The percentages of each of the other
fatty acids were found to be lower than 1.6 % each.

Phylogenetic analysis of an almost complete 16S
rRNA gene sequence (1497 bp, GenBank accession
number KF981441) revealed that strain H8" formed a
distinct monophyletic clade in the phylogenetic trees
obtained by the neighbour-joining (Fig. 2), maximum-
parsimony (Fig. S2) and maximum-likelihood meth-
ods (Fig. S3). BLAST results for comparison between
the 16S rRNA gene sequence of the strain H8" and
those of the closely related representatives of the
families Pseudonocardiaceae and Actinopolyspo-
raceae, and also of the genera Halopolyspora and
‘Mzabimyces’, indicated very low percentages of
similarity to sequences from the members of these
families and genera. These percentages are 93.0 %
with ‘M. algeriensiss DSM 46680T, 91.2 % with
Saccharopolyspora  ghardaiensis DSM 456067
(Pseudonocardiaceae), and 90.8 % with H. alba
DSM 45976" and 90.0 % with Actinopolyspora
mortivallis DSM 442617 (Actinopolysporaceae). The
G+C content of DNA of strain H8" was determined to
be 71.3 mol%.

In addition to the above, we noticed within the
phylogenetic tree (Fig. 2) that ‘M. algeriensis’ is very
closely related to H. alba. The percentage of similarity
between the 16S rRNA gene sequences of these two
taxais 99.1 %. This suggests that ‘M. algeriensis’ may
belong to the genus Halopolyspora and thus should be
reclassified. Furthermore, while Lai et al. (2014)
classified the genus Halopolyspora in the family
Actinopolysporaceae, Saker et al. (2014) classified the
genus ‘Mzabimyces’ in the new family ‘Mzabimyc-
etaceae’, a name that has not yet been validated.

The patterns of 16S rRNA gene signature nucleo-
tides detected in the strain H8" and the members of the
related genera (‘Mzabimyces’ and Halopolyspora) and
families (Pseudonocardiaceae and Actinopolyspo-
raceae) are shown in Table 2. Strain H8" appears
more closely related to ‘Mzabimyces’ and Halopoly-
spora (only 3 differences) in comparison to the
representatives of Actinopolysporaceae (7 differ-
ences) or Pseudonocardiaceae (14 differences). In
addition, no differences were obtained between the
‘Mzabimyces’ and Halopolyspora sequences, which
share the same signatures between them, suggesting
that they belong to the same genus. These results
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Table 1 Differential phenotypic and chemotaxonomic characteristics of strain H8" and its closest relative recognized species of the
genera Saccharopolyspora, Halopolyspora, ‘Mzabimyces’ and Actinopolyspora

Characteristics 1 2 3 4 5

Spore surface Smooth Smooth Rugose Rugose Smooth

Utilization as sole carbon source
Adonitol - + ND + ND
L-Arabinose - + - - -
p-Cellobiose - + + + ND
p-Galactose + + - - +
meso-Inositol + + + - -
p-Lactose - + + + ND
p-Maltose + + - + ND
D-Mannitol — - + + -
p-Mannose + + + - ND
p-Raffinose — - —+ + —+
L-Rhamnose - - + - -
p-Ribose + - + - ND
Salicin - - + - ND
p-Sorbitol - - + + ND
p-Xylose + + + - +

Decomposition of
Gelatin + - - - —+
Starch - + + - ND
Tween 80 + + + + +
Xanthine + - ND + —+
Butyrate - - ND + ND
Propionate - - ND - +
Serine — + + - ND
NaCl range 10-35 7-32 10-35 7-30 10-32

(%, wiv)
Temperature 20-40 25-45 20-50 20-45 10-50
range (°C)

Predominant MK-9(Hy) (26.3), MK-9(H,) (88.9) MK-9(H,) (93.0) MK-9(Hy) (72.9) MK-10(Hy) (47.0) and

menaquinones MK-9(H,) (23.0) MK-9(H,) (32.0)

(%) (more than

10 %)
Predominant

fatty acids (%)

(more than

10 %)

DNA G+C
content
(mol%)

and MK-10(H,)
(11.9)
Anteiso-C7.g
(36.5), is0-C;5.9
(18.0), is0-Cy7,0
(10.5)
71.3

Ci7.0 (27.8), i50-Cis:9
(26.2), cis9 iso-
Cy7.1(14.7) and iso-
Ci7:0 (14.0)

72.6

Is0-Cy¢.9 (20.5), iso-
Ci7:0 (20.5), i50-Cy5:0
(16.9) and anteiso-
Ci7.0 (14.5)

66.7

Is0-Cys. (27.3), iso-
C16:O (184), iso-
Cy7, (15.8) and
anteiso-C;7.g (15.7)

68.2

Iso-Cy7, (28.0),
anteiso-C,7.9 (29.0),
Cie:0 (18.0) and iso-
Cis0 (16.0)

68.0

Data for reference strains were taken from this study except those of Halopolyspora alba DSM 459767 (taken from Lai et al. 2014)
and Actinopolyspora mortivallis JCM 7550" (taken from Yoshida et al. 1991)

Strains: 1, Bounagaea algeriensis H8"; 2, Saccharopolyspora ghardaiensis DSM 45606"; 3, Halopolyspora alba DSM 45976 4,
Mzabimyces algeriensis DSM 466807; 5, Actinopolyspora mortivallis JCM 75507

All strains producing non-motile spores, have a chemotype pattern IV A and phospholipid type PIII (phosphatidylcholine as
phospholipid diagnosis)

+ positive, — negative, ND not determined

@ Springer
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Actinosynnema mirum DSM 43827" (CP001630)

96’7

Lechevalieria aerocolonigenes NRRL B-3298" (AF114804)

ntzea albidocapillata NRRL B-24057" (AF328680)
h78accharothrix australiensis NRRL 11239" (AF114803)
\—Umezawaea tangerina DSM 44720" (AB020031)
Actinokineospora riparia NRRL B-16432 " (AF114802)
Alloactinosynnema album DSM 45114 (EU438907)
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s
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63 * Goodfellowiella coeruleoviolacea NRRL B-24058" (DQ093349)

Kutzneria viridogrisea JCM 3282" (U58530)

——

Thermotunica guangxiensis ATCC BAA-2499" (JX847499)
Streptoalloteichus hindustanus IFO151 15" (D85497)

Longimycelium tulufanense TRM 46004" (HQ229000)

Pseudonocardia thermophila IMSNU 201 12" (EF588218)

Actinomycetospora chiangmaiensis DSM 45062 (AM398646)
68
Kibdelosporangium aridum subsp. aridum DSM 43828 (AJ311174)
Labedaea rhizosphaerae DSM 45361 (FM998036)

Actinophytocola oryzae DSM 45499 (EU420070)

Amycolatopsis orientalis DSM 400407 (AJ400711)

Saccharopolyspora hirsuta subsp. hirsuta ATCC 27875" (DQ381814)

Haloechinothrix alba YIM 932217 (GQ366705)

ﬁ Saccharomonospora viridis DSM 430177 (CP001683)

98 Thermocrispum municipale DSM 44069" (X79184)

Prauserella rugosa DSM 431 04" (AF466190)

51 Yuhushiella deserti DSM 45648 (FJ526746)

Sciscionella marina DSM 451527 (EU503139)

Bc g algeriensis H8" (KF981441)

100 - ‘Mzabimyces algeriensis’ DSM 46680" (KJ574202)

P Halopolyspora alba DSM 45976" (KF022042)

59 «i Actinopolyspora halophila ATCC 27976 (X54287)
9 Actinopolyspora saharensis DSM 45459" (HQ918198)
*
9 95 L Actinopolyspora algeriensis DSM 45476" (HQ918195)

Actinopolyspora dayingensis TRM 4064 (KC461229)

* ’7
100 L Actinopolyspora mortivallis DSM 44261T (DQ883812)

Actinopolyspora erythraea YIM 90600 (GQ480939)

100 ”
60 | * Actinopolyspora xinjiangensis TRM 40136 (GU479394)

% L———— Actinopolyspora alba YIM 90480" (GQ480940)

99 —— Actinopolyspora mzabensis DSM 45460" (HQ918202)

Actinopolyspora lacussalsi TRM 40139" (JX485633)

58 *
99 L Actinopolyspora righensis DSM 45501 (HQ918196)

0.01
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«Fig. 2 Phylogenetic tree calculated from almost complete 16S
rRNA gene sequences (1497 bp) using Kimura 2 parameter
(Kimura 1980) evolutionary distance methods and the neigh-
bour—joining method of Saitou and Nei (1987). This illustrates
the taxonomic position of strain H8 (1497 bp), and members of
the family Pseudonocardiaceae and Actinopolysporaceae, and
also the genera Halopolyspora and ‘Mzabimyces’. Asterisks
indicate branches of the tree that were also found using the
maximum-likelihood (Felsenstein 1981) or maximum-parsi-
mony (Fitch 1977) tree-making algorithms. Numbers on branch
nodes are bootstrap values (1000 resamplings; only values over
50 % are given). Bar 0.01 nucleotide substitution per site

suggest that the strain H8" belongs to a different
family compared to Actinopolysporaceae, Pseudono-
cardiaceae and the family ‘Mzabimycetaceae’ pro-
posed previously by Saker et al. (2014). Additional
studies are needed to clarify the taxonomic position of
the strain H8", and also the genera ‘Mzabimyces’ and
Halopolyspora, at the suprageneric level.
Phylogenetically, strain H8" differs very clearly
from all known genera. On the basis of the phenotypic,

chemotaxonomic and phylogenetic data presented,
strain H8" should be placed as representing a new
species of a new genus, for which we propose the name
Bounagaea gen. nov. The type species of the genus is
Bounagaea algeriensis sp. nov. with strain H8" as the
type strain.

Description of Bounagaea gen. nov

Bounagaea (bou.na.ga’ea, N.L. gen. masc. n. bouna-
gaea of Bounaga, named in honour of the memory and
untimely death of our late Professor Djilali Bounaga
(1931-1980) of the Centre National de Recherche sur
les Zones Arides (CNRZA), and also in honour of our
Professor Nicole Bounaga-Riveill (CNRZA and
URZA) for their broad contributions in teaching and
training of researchers in the field of biology in
Algeria).

Gram-stain positive, extremely halophilic, filamen-
tous, aerobic actinobacteria. Diffusible pigments are
not produced. Substrate hyphae are well developed

Table 2 Patterns of 16S rRNA gene signature nucleotides detected in the strain H8" and the closely related genera and families

Position Strain H8™ ‘Mzabimyces’® Halopolyspora® Pseudonocardiaceae® Actinopolysporaceae®
127:234 U-u G-A G-A G-C A-U
242:284 C-G G-G G-G G-A C-G
480 G G G U U
564 C C C U C
657:749 G-C G-C G-C U-A G-C
672:734 C-G C-G C-G U-G C-G
828 A A A A A
829:857 G-C G-C G-C G-C G-C
831:855 U-G U-G U-G U-G U-G
832:854 G-U G-U G-U G-U G-U
833:853 U-G U-G U-G U-G U-G
840:846 C-G C-G C-G C-A C-G
952:1229 U-A U-A U-A U-A U-A
986:1219 U-G U-G U-G U-A U-A
1100 A A A A U
1117:1183 C-G C-G C-G U-U G-C
1309:1328 G-Gl1 G-G G-G G-C G-U

Nucleotides that differentiate the strain H8T and the closely related genera ‘Mzabimyces’ and Halopolyspora, and the families

Pseudonocardiaceae and Actinopolysporaceae, are shown in bold

? Data from this study

® Data from Zhi et al. (2009), Mao et al. (2011) and Labeda and Goodfellow (2012)

¢ Data from Zhi et al. (2009) and Goodfellow and Trujillo (2012)
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and fragment with age into cocci-shaped elements.
Forms aerial mycelium with long chains of non-
motile, smooth-surfaced and oval or spherical spores.
The cell wall contains meso-diaminopimelic acid as
the diamino acid, and arabinose and galactose are
present as major whole-cell sugars. The diagnostic
phospholipid is phosphatidylcholine. The major fatty
acids are anteiso-C;7.g, 180-Cys.9, 180-C;7.9 and cis9
is0-Cy7.;. The predominant menaquinones are MK-
9(H4), MK-9(H,) and MK-10(H,). Mycolic acids are
not present. The G4-C content of the genomic DNA of
the type strain of the type species is 71.3 mol%. The
type species is Bounagaea algeriensis.

Description of Bounagaea algeriensis sp. nov

Bounagaea algeriensis (al.ge.ri.en’sis. N.L. fem. adj.
algeriensis, pertaining to Algeria, the source of the soil
from which the type strain was isolated).

The species exhibits the following properties in
addition to those given in the genus description. Aerial
mycelium is moderately abundant with white colour
on ISP 2, nutrient agar and CM agar media. Forms
long chains of non-motile, smooth-surfaced, and oval
or spherical spores (0.8-0.9 x 0.8—1.3 um). Substrate
mycelium is dark reddish orange colour on ISP 2 and
nutrient agar media, and light yellow on CM agar and
ISP 4 media. The substrate mycelium is well devel-
oped on all media tested and fragments into non-
motile cocci. Optimal culture conditions are 28-35 °C
and pH 6-7, in the presence of 15-25 % (w/v) NaCl.
Growth is not observed in the absence of NaCl or in the
presence of 7 % (w/v) NaCl. Not able to reduce nitrate
to nitrite. Degrades adenine, gelatin, hypoxanthine,
testosterone, Tween 80, L-tyrosine and xanthine, but
not casein, guanine and starch. The following com-
pounds are utilised as sole carbon sources: erythritol,
pD-fructose, D-galactose, D-glucose, glycerol, meso-
inositol, maltose, D-mannose, D-ribose, sucrose,
D-trehalose, pD-xylose and L-proline. The following
substances are not utilised: adonitol, L-arabinose,
D-cellobiose, D-lactose, D-mannitol, D-melezitose,
Dp-melibiose, p-raffinose, L-rhamnose, salicin, D-sor-
bitol, L-alanine and L-serine. Acetate, citrate and
pyruvate are decarboxylated, but not benzoate,
butyrate, oxalate, propionate, succinate and L-tartrate.
The G+-C content of the genomic DNA of the type
strain is 71.3 mol%.

@ Springer

The type strain H8' (=DSM 45966" = CECT
8470") was isolated from a Saharan soil sample
collected from El-Goléa (Ghardaia, South Algeria).
The 16S rRNA gene sequence of strain H8" has been
deposited in GenBank under the accession number
KF981441.

Acknowledgments The authors are grateful to Gabriele Potter
(DSMZ) for growing Bounagaea algeriensis cultures and for
assistance with chemotaxonomic analyses.

Conflict of interest The authors declare that there are no
conflicts of interest to declare.

Ethical statement This article does not contain any studies
with human participants and/or animals performed by any of the
authors. The formal consent is not required in this study.

Funding This work was supported by the Ministére de 1’En-
seignement Supérieur et de la Recherche Scientifique (MESRS)
of Algeria. The funder had no role in study design, data col-
lection and analyses, preparation of the manuscript or decision
to publish.

References

Becker B, Lechevalier MP, Gordon RE, Lechevalier HA (1964)
Rapid differentiation between Nocardia and Streptomyces
by paper chromatography of whole-cell hydrolysates.
J Appl Microbiol 12:421-423

Bouras N, Meklat A, Zitouni A, Mathieu F, Schumann P,
Sproer C, Sabaou N, Klenk HP (2015) Nocardiopsis
algeriensis sp. nov., an alkalitolerant actinomycete iso-
lated from Saharan soil. Antonie Van Leeuwenhoek
107:313-320

Chun J, Bae KS, Moon EY, Jung SO, Lee HK, Kim SJ (2000)
Nocardiopsis kunsanensis sp. nov., a moderately halophilic
actinomycete isolated from a saltern. Int J Syst Evol
Microbiol 50:1909-1913

Coenye T, Falsen E, Vancanneyt M, Hoste B, Govan JR, Ker-
sters K, Vandamme P (1999) Classification of Alcaligenes
faecalis-like isolates from the environment and human
clinical samples as Ralstonia gilardii sp. nov. Int J Syst
Bacteriol 49:405-413

Felsenstein J (1981) Evolutionary trees from DNA sequences: a
maximum likelihood approach. J Mol Evol 17:368-376

Felsenstein J (1985) Confidence limits on phylogenies: an
approach using the bootstrap. Evolution 39:783-791

Fitch WM (1977) On the problem of discovering the most
parsimonious tree. Am Nat 111:223-257

Goodfellow M (1971) Numerical taxonomy of some nocardio-
form bacteria. J] Gen Microbiol 69:33-90

Goodfellow M, Trujillo ME (2012) Family 1. Actinopolyspo-
raceae. In: Goodfellow M, Kdmpfer P, Busse H-J, Trujillo
ME, Suzuki K-I, Ludwig W, Whitman WB (eds) Bergey’s



Antonie van Leeuwenhoek (2015) 108:473-482

481

manual of systematic bacteriology, vol 5. Springer, New
York, pp 163-170

Gordon RE, Barnett DA (1977) Resistance to rifampicin and
lysozyme of strains of some species of Mycobacterium and
Nocardia as a taxonomic tool. Int J Syst Bacteriol
27:176-178

Gordon RE, Barnett DA, Handerhan JE, Pang CHN (1974)
Nocardia coeliaca, Nocardia autotrophica, and the
nocardin strain. Int J Syst Bacteriol 24:54-63

Hamedi J, Mohammadipanah F, Ventosa A (2013) Systematic
and biotechnological aspects of halophilic and halotolerant
actinomycetes. Antonie Van Leeuwenhoek 17:1-13

Jang KH, Nam SJ, Locke JB, Kauffman CA, Beatty DS, Paul
LA, Fenical W (2013) Anthracimycin, a potent anthrax
antibiotic from a marine-derived actinomycete. Angew
Chem Int Ed Engl 52:7822-7824

Jukes TH, Cantor CR (1969) Evolution of protein molecules. In:
Munro HN (ed) Mammalian protein metabolism, vol 3.
Academic Press, New York, pp 21-132

Kelly KL, Judd DB (1976) Color. Universal language and dic-
tionary of names (National Bureau of Standards special
publication 440). US Department of Commerce, Washington

Kim OS, Cho YJ, Lee K, Yoon SH, Kim M, Na H, Park SC, Jeon
YS, Lee JH, Yi H, Won S, Chun J (2012) Introducing
EzTaxon-e: a prokaryotic 16S rRNA gene sequence data-
base with phylotypes that represent uncultured species. Int
J Syst Evol Microbiol 62:716-721

Kimura M (1980) A simple method for estimating evolutionary
rates of base substitutions through comparative studies of
nucleotide sequences. J Mol Evol 16:111-120

Kroppenstedt RM (1982) Separation of bacterial menaquinones
by HPLC using reverse phase (RP18) and a silver loaded
ion exchanger as stationary phases. J Liq Chromatogr
5:2359-2367

Kroppenstedt RM (1985) Fatty acid and menaquinone analysis
of actinomycetes and related organisms. In: Goodfellow M,
Minnikin DE (eds) Chemical methods in bacterial sys-
tematics. Academic Press, London, pp 173-179

Labeda DP, Goodfellow M (2012) Family 1. Pseudonocar-
diaceae. In: Goodfellow M, Kdmpfer P, Busse H-J, Trujillo
ME, Suzuki K-I, Ludwig W, Whitman WB (eds) Bergey’s
manual of systematic bacteriology, vol 5. Springer, New
York, Dordrecht, Heidelberg, London, pp 1302-1445

Lai H, Wei X, Jiang Y, Chen X, Li Q, Jiang Y, Jiang C,
Gillerman L (2014) Halopolyspora alba gen. nov., sp. nov.,
isolated from sediment. Int J Syst Evol Microbiol
64:2775-2780

Larkin MA, Blackshields G, Brown NP, Chenna R, McGettigan
PA, McWilliam H, Valentin F, Wallace IM, Wilm A,
Lopez R, Thompson JD, Gibson TJ, Higgins DG (2007)
CLUSTAL W and CLUSTAL X version 2. Bioinformatics
23:2947-2948

Lechevalier MP, Lechevalier HA (1970) Chemical composition
as a criterion in the classification of aerobic actinomycetes.
Int J Syst Bacteriol 34:435-444

Lechevalier MP, de Bievre C, Lechevalier HA (1977) Chemo-
taxonomy of aerobic actinomycetes: phospholipid com-
position. Biochem Syst Ecol 5:249-260

Liu D, Coloe S, Baird R, Pedersen J (2000) Rapid mini-prepa-
ration of fungal DNA for PCR. J Clin Microbiol 38:471

Mao J, Wang J, Dai H-Q, Zhang Z-D, Tang Q-Y, Ren B, Yang
N, Goodfellow M, Zhang L-X, Liu Z-H (2011) Yuhushiella
deserti gen. nov., sp. nov., a new member of the suborder
Pseudonocardineae. Int J Syst Evol Microbiol 61:621-630

Marchal N, Bourdon JL, Richard CL (1987) Les milieux de
culture pour I’isolement et I’identification biochimique des
bactéries. Doin Press, Paris

Meklat A, Bouras N, Zitouni A, Mathieu F, Lebrihi A, Schu-
mann P, Spréer C, Klenk HP, Sabaou N (2012) Actinopo-
lyspora algeriensis sp. nov., a novel halophilic
actinomycete isolated from a Saharan soil. Extremophiles
16:771-776

Meklat A, Bouras N, Zitouni A, Mathieu F, Lebrihi A, Schu-
mann P, Sproer C, Klenk HP, Sabaou N (2013a) Actino-
polyspora saharensis sp. nov., a novel halophilic
actinomycete isolated from a Saharan soil of Algeria.
Antonie Van Leeuwenhoek 103:771-776

Meklat A, Bouras N, Zitouni A, Mathieu F, Lebrihi A, Schu-
mann P, Sproer C, Klenk HP, Sabaou N (2013b) Actino-
polyspora mzabensis sp. nov., a halophilic actinomycete
isolated from an Algerian Saharan soil. Int J Syst Evol
Microbiol 63:3787-3792

Meklat A, Bouras N, Zitouni A, Mathieu F, Lebrihi A, Schu-
mann P, Sproer C, Klenk HP, Sabaou N (2013c) Actino-
polyspora  righensis sp. mnov., a novel halophilic
actinomycete isolated from Saharan soil in Algeria.
Antonie Van Leeuwenhoek 104:301-307

Meklat A, Bouras N, Zitouni A, Sabaou N, Mathieu F, Schu-
mann P, Spréer C, Klenk HP (2014a) Saccharopolyspora
ghardaiensis sp. nov., an extremely halophilic actino-
mycete isolated from Algerian Saharan soil. J Antibiotics
67:299-303

Meklat A, Bouras N, Riba A, Zitouni A, Mathieu F, Rhode M,
Schumann P, Sproer C, Klenk HP, Sabaou N (2014b)
Streptomonospora algeriensis sp. nov., a halophilic acti-
nomycete isolated from soil in Algeria. Antonie Van
Leeuwenhoek 106:287-292

Mesbah M, Premachandran U, Whitman WB (1989) Precise
measurement of the G4-C content of deoxyribonucleic acid
by high-performance liquid chromatography. Int J Syst
Bacteriol 39:159-167

Minnikin DE, Patel PV, Alshamaony L, Goodfellow M (1977)
Polar lipid composition in the classification of Nocardia
and related bacteria. Int J Syst Bacteriol 27:104-117

Minnikin DE, Hutchinson IG, Caldicott AB, Goodfellow M
(1980) Thin layer chromatography of methanolysates of
mycolic acid-containing bacteria. J Chromatogr A
188:221-233

Minnikin DE, O’Donnell AG, Goodfellow M, Alderson G,
Athalye M, Schaal A, Parlett JH (1984) An integrated
procedure for the extraction of isoprenoid quinones and
polar lipids. J Microbiol Methods 2:233-241

Rainey FA, Ward-Rainey N, Kroppenstedt RM, Stackebrandt E
(1996) The genus Nocardiopsis represents a phylogeneti-
cally coherent taxon and a distinct actinomycete lineage:
proposal of Nocardiopsaceae fam. nov. Int J Syst Bacteriol
46:1088-1092

Saitou N, Nei M (1987) The neighbor-joining method: a new
method for reconstructing phylogenetic trees. Mol Biol
Evol 4:406-425

@ Springer



482

Antonie van Leeuwenhoek (2015) 108:473-482

Saker R, Bouras N, Zitouni A, Ghoul M, Rohde M, Schumann P,
Sproer C, Sabaou N, Klenk HP (2014) Mzabimyces alge-
riensis gen. nov., sp. nov., a halophilic filamentous acti-
nobacterium isolated from a Saharan soil, and proposal of
Mzabimycetaceae fam. nov. Antonie Van Leeuwenhoek
106:1021-1030

Saker R, Bouras N, Meklat A, Zitouni A, Schumann P, Spréer C,
Klenk HP, Sabaou N (2015) Actinopolyspora biskren-
sis sp. nov., a novel halophilic actinomycete isolated from
northern Sahara. Curr Microbiol 70:423-428

Sasser M (1990) Identification of bacteria by gas chromatog-
raphy of cellular fatty acids. Technical note 101. Microbial
ID, Newark

Shirling EB, Gottlieb D (1966) Methods for characterization
of Streptomyces species. Int J Syst Bacteriol 16:313—
340

Tamura K, Peterson D, Peterson N, Stecher G, Nei M, Kumar S
(2011) MEGAS: molecular evolutionary genetics analysis
using maximum likelihood, evolutionary distance, and
maximum parsimony methods. Mol Biol Evol 28:
2731-2739

Tian SZ, Pu X, Luo G, Zhao LX, Xu LH, Li WJ, Luo Y (2013)
Isolation and characterization of new p-Terphenyls with
antifungal, antibacterial, and antioxidant activities from
halophilic actinomycete Nocardiopsis gilva YIM 90087.
J Agric Food Chem 61:3006-3012

@ Springer

Tian S, Yang Y, Liu K, Xiong Z, Xu L, Zhao L (2014)
Antimicrobial metabolites from a novel halophilic actino-
mycete Nocardiopsis terrae YIM 90022. Nat Prod Res
28:344-346

Waksman SA (1961) Classification, identification, and
descriptions of genera and species. The actinomycetes, vol
2. Williams & Wilkins, Baltimore, pp 331-332

Yoshida M, Matsubara K, Kudo T, Horikoshi K (1991) Acti-
nopolyspora mortivallis sp. nov., a moderately halophilic
actinomycete. Int J Syst Bacteriol 41:15-20

Zhao LX, Huang SX, Tang SK, Jiang CL, Duan Y, Beutler JA,
Henrich CJ, McMahon JB, Schmid T, Blees JS, Colburn
NH, Rajski SR, Shen B (2011) Actinopolysporins A-C and
tubercidin as a Pdcd4 stabilizer from the halophilic acti-
nomycete Actinopolyspora erythraea YIM 90600. J Nat
Prod 74:1990-1995

Zhi XY, Li WJ, Stackebrandt E (2009) An update of the struc-
ture and 16S rRNA gene sequence-based definition of
higher ranks of the class Actinobacteria, with the proposal
of two new suborders and four new families and emended
descriptions of the existing higher taxa. Int J Syst Evol
Microbiol 59:589-608



	Bounagaea algeriensis gen. nov., sp. nov., an extremely halophilic actinobacterium isolated from a Saharan soil of Algeria
	Abstract
	Introduction
	Materials and methods
	Isolation and maintenance of strain
	Phenotypic characterization
	Chemotaxonomical analyses
	Phylogenetic analyses

	Results and discussion
	Description of Bounagaea gen. nov
	Description of Bounagaea algeriensis sp. nov

	Acknowledgments
	References




