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A novel actinobacterial strain, designated ACD1 97 was isolated from a Saharan soil sample
collected from Adrar province, southern Algeria. A polyphasic study was carried out to establish
the taxonomic position of this strain. Strain ACD12" was observed to form extensively branched
substrate mycelia. Aerial mycelium was absent or was weakly produced on all media tested,
while spore chains were short with a hooked and irregular spiral form (2—3 turns). The dominant
diaminopimelic acid isomer in the cell wall was meso-diaminopimelic acid. Glucose, ribose,
galactose, mannose and madurose occured in whole-cell hydrolysates. The major phospholipid
was diphosphatidylglycerol and phosphatidylinositol. The predominant menaquinone was MK-9
(He). The fatty acid profile was characterized by the presence of Cyg.0, C17:0, C15.0, C1s:0,
Cig.1 cis9 and iso-C1g.0. Results of 16S rRNA gene sequence comparisons revealed that strain
ACD12" shared the highest degree of 16S rRNA gene sequence similarity with Actinomadura
sputi DSM 45233 (98.3 %) and Actinomadura hallensis DSM 45043" (97.8 %). All tree-making
algorithms used also supported strain ACD12" forming a distinct clade with its most closely
related species. In addition, DNA—-DNA hybridization indicated only 39.8 % relatedness with A.
sputi DSM 452337 and 18.7 % relatedness with A. hallensis DSM 45043". The combined
phenotypic and genotypic data show that the novel isolate represents a novel species of the
genus Actinomadura, for which the name Actinomadura adrarensis sp. nov., is proposed, with
the type strain ACD12" (=DSM 46745" =CECT 8842").

The genus Actinomadura, a member of the family Thermomo-
nosporaceae, was proposed by Lechevalier & Lechevalier
(1968). The strains of species of the genus Actinomadura have
been principally isolated from soil (Lu et al., 2003; Quintana
et al., 2003; Ara et al, 2008). However, some species have
been isolated from patients, such as Actinomadura sputi
(Yassin et al., 2010). This genus is of great importance in

The GenBank /EMBL/DDBJ accession number for the 16S rRNA gene
sequence of strain ACD12" is KU356942.

several domains, including the production of new bioactive
metabolites active against pathogenic microorganisms
(Euanorasetr et al., 2015). Species of the genus Actinomadura
produce an extensively branched non-fragmenting substrate
mycelium and, generally, aerial mycelium is moderately
developed or absent. Spore chains are short and differentiate
into straight, spiral or hooked forms. The strains of species of
the genus Actinomadura are characterized by the presence of
type I1I cell walls (meso-diaminopimelic acid without glycine).
Whole-cell hydrolysates contain madurose as the diagnostic
sugar. Cell membranes contain diphosphatidylglycerol and
phosphatidylinositol as the diagnostic phospholipids, and
MK-9(H,) and MK-9(Hg) as the major menaquinones
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(Lechevalier et al., 1977; Kroppenstedt et al, 1990; Wink
et al., 2003; Cook et al., 2005). Many species of the genus Acti-
nomadura have been described in recent years and, at the
time of writing, the genus comprises 53 species with validly
published names (http://www.bacterio.net).

During our study on the actinobacterial diversity of Saharan
soils, many new taxa were recorded (Saker et al., 2014;
Aouiche et al., 2015; Boubetra et al., 2015; Bouras et al., 2015;
MekKlat et al., 2015). In the present work, we describe a novel
species of actinobacteria belonging to the genus
Actinomadura.

Strain ACD12" was isolated, using the standard dilution
plate method, from a sandy loam soil sample collected from
the palm grove of the Bouda region, adrar province, south-
ern Algeria (27°52’N, 0°17°W), and grown on chitin-vita-
min agar medium, which is recommended for isolating rare
actinobacteria (Hayakawa & Nonomura, 1987). The
medium was supplemented with 80 pg ml™" of cyclohexi-
mide to inhibit the development of invasive fungi. After 21
days of incubation at 30 °C, colonies were transferred onto
International Streptomyces Project (ISP) 2 medium (Shirling
& Gottlieb, 1966) and purified strain ACD12" was main-
tained at 4 °C.

Cultural characteristics were observed after 7, 14 and 21 days
of incubation at 30°C using several media: Bennett’s agar
(Waksman, 1961), yeast extract-malt extract agar (ISP 2), oat-
meal agar (ISP 3), inorganic salts-starch agar (ISP 4) (Shirling
& Gottlieb, 1966) and humic acid-vitamin agar (Hayakawa &
Nonomura, 1987). Morphological characteristics were deter-
mined using the naked-eye and by using light and scanning
electron microscopes (Motic, B1 Series and JEOL, JSM-7100F,
respectively). The ISCC-NBS colour name chart (Kelly &
Judd, 1976) was used to determine the colours of the aerial
mycelium, substrate mycelium and diffusible pigments.

Several physiological tests were used to characterize the actino-
bacterial strain. The utilization of carbohydrates and decar-
boxylation of organic acids were studied using the method of
Gordon et al. (1974). Degradation of adenine, aesculin, arbu-
tin, gelatin, guanine, hypoxanthine, starch, Tween 80, L-tyro-
sine and xanthine, reduction of nitrate, and also coagulation
and peptonisation of milk, were evaluated according to the
methods of Goodfellow (1971) and Marchal et al. (1987).
Growth at different temperatures (15, 20, 25, 30, 37, 40 and
45°C) and at different pH values (5, 6, 7, 8,9, 10 and 11) was
determined on ISP 2 medium.

Biomass for chemotaxonomic studies was obtained by
growing strain ACD12" on ISP 2 broth in flasks on a rotary
shaker at 250 r.p.m at 30°C for one week. Cells were har-
vested by centrifugation and washed several times with dis-
tilled water, than dried at 37 °C. Isomers of diaminopimelic
acid and cell sugars were detected following the standard
procedures described by Becker et al. (1964) and Lecheva-
lier & Lechevalier (1970). Menaquinones were extracted
and purified by using the methods of Minnikin et al. (1984)
and were analysed by HPLC (Kroppenstedt, 1982, 1985).

Polar lipids were extracted and identified by using two-
dimensional TLC (Minnikin et al., 1984). The fatty acid
profile was determined by the method of Sasser (1990),
using the Microbial Identification System (MIDI) Sherlock
software version 6.1 (method TSBA40, TSBA6 database).

Genomic DNA was extracted with a DNA extraction kit (Mas-
terPure Gram-Positive DNA Purification Kit, Epicentre Bio-
technologies). PCR amplification of the 16S rRNA gene
sequence of strain ACD12" was carried out according to the
procedures described by Rainey et al. (1996). The EzTaxon-e
server (Kim et al., 2012) was employed to identify phyloge-
netic neighbours and to calculate pairwise 16S rRNA gene sim-
ilarities. The 16S rRNA gene sequence of strain ACD12" was
aligned against corresponding nucleotide sequences using the
CLUSTAL W program (Larkin et al., 2007) of representatives of
the genus Actinomadura retrieved from the EzTaxon-e server.
Phylogenetic trees were reconstructed with the neighbour-
joining algorithm (Saitou & Nei, 1987) with the model of
Jukes & Cantor (1969), the maximum-likelihood algorithm
(Felsenstein, 1981) with the Kimura 2-parameter model
(Kimura, 1980) and maximum-parsimony algorithm (Fitch,
1977) using molecular evolutionary genetics analysis, (MEGA
version 5) (Tamura et al., 2011). The topology of the phyloge-
netic trees was evaluated by bootstrap analysis (Felsenstein,
1985), based on 1000 resamplings of the neighbour-joining
dataset.

For DNA-DNA relatedness studies, DNA was isolated by
using a French pressure cell (Thermo Spectronic) and was
purified by chromatography on hydroxyapatite, as described
by Cashion et al. (1977). DNA-DNA hybridization was carried
out in duplicate, as described by De Ley et al. (1970) with the
modifications described by Huss et al. (1983).

Strain ACD127T exhibited moderate growth on ISP 2, ISP 3,
ISP 4 and Bennett’s media. The isolate formed extensively
branched substrate mycelium, which were light beige. No
aerial mycelium was observed on the media tested, while a

Fig. 1. Scanning electron micrograph of spore chains of strain
ACD12T. The strain was grown onhumic acid-vitamin agar
medium for 2 weeks at 30°C. Bar, 1 um.
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very scanty white aerial mycelium was observed only on
humic acid-vitamin agar medium. Spore chains (2-12
spores) were observed to be short with hooked and irregular
spiral forms and with a smooth surface (Fig. 1). No diffus-
ible pigments were detected on any of the media tested. No
sporangia, sclerotia or synnemata were observed.

Strain ACD12" was found to grow at 25-37 °C, at pH 7-10
and at 0-2 % (w/v) NaCl. Strain ACD12" and its two most
closely related reference type strains (Actinomadura sputi
DSM 45233 and Actinomadura hallensis DSM 450437)
were positive for the utilization of aesculin and cellobiose,
and negative for the utilization of adenine, xanthine and
raffinose. However, the novel strain differed from the two
reference type strains in terms of other physiological char-
acteristics, as illustrated in Table 1. The complete

Table 1. Phenotypic characteristics that differentiate strain
ACD12" from its most closely related species of the genus
Actinomadura

Strains: 1, ACD12%; 2, A. sputi DSM 45233"; 3, A. hallensis DSM
45043". All data are from this study, except the spore-surface orna-
mentation of A. sputi DSM 452337 (Yassin et al., 2010) and A. hallen-
sis DSM 450437 (Lee & Jeong, 2006). +, Positive; —, negative.

Characteristic 1 2 3

Aerial mycelium on ISP2 - + +
medium

Spore-chains arrangement Hooks, Straight Hooks,

spirals spirals

Spore-surface Smooth Smooth Warty
ornamentation

Utilization of:
Adonitol + - -
L-Arabinose — — +
D-Fructose - + +
D-Glucose - — +
D-Lactose — + -
D-Maltose + - +
D-Mannitol - - +
L-Rhamnose - + -
D-Sorbitol — + —
D-Trehalose + — +
D-Xylose - - +

Decomposition of:
Casein + - +
Gelatin + — +
Hypoxanthine + - -
Tween 80 + + -
L-Tyrosine - + -
Starch - + +

Growth at:
45°C - - +
Growth in 3% (w/v) - + +

NaCl

physiological characteristics of strain ACD12" are given in
the species description.

Strain ACDI12" exhibited chemical markers typical of
members of the genus Actinomadura. The cell wall of strain
ACDI12" was found to contain meso-diaminopimelic acid
as the diagnostic peptidoglycan diamino acid, but not gly-
cine. The whole-cell hydrolysate was found to contain
madurose as the diagnostic sugar, along with glucose,
ribose, galactose and mannose. These results indicate that
this strain has type IIIB (Lechevalier & Lechevalier, 1970).
The predominant menaquinone was determined to be MK-
9(Hg) (64.5 %) with small amounts of MK-9(H,) (12.5 %),
MK-9(Hg) (12%) and MK-9(H,) (2.3%) also detected.
The diagnostic phospholipids detected were diphosphati-
dylglycerol and phosphatidylinositol, which corresponds to
phospholipid type PI (Lechevalier et al., 1977); phosphati-
dylinositol mannosides and phosphatidylglycerol were also
present (Fig. S1, available in the online Supplementary
Material). The cellular fatty acids higher than 5% were
identified as C](,:() (222 %), 10—methy1 C17:() (152 %),
C17:1W9C (11.5 %), C15:0 (11.1 %), 10-methyl C18:0 (9.3 %)
and Cig.1w9¢ (5 %). Details are given in Table S1 .

Phylogenetic analysis of the 16S rRNA gene sequence (1484
bp, GenBank accession KU356942) confirmed the place-
ment of strain ACD12" within the genus Actinomadura.
High degrees of 16S rRNA gene sequence similarity were
found between strain ACD12" and its nearest neighbours,
A. sputi DSM 45233" (98.3 %) and A. hallensis DSM 45043 "
(97.8%).

The similarity of the 16S rRNA gene sequence of strain
ACDI12" to those of other members of the genus Actinoma-
dura were found to be lower than 97.7 %. The phylogenetic
relationships between strain ACDI12" and members of the
genus Actinomadura are demonstrated in the neighbour-
joining (Fig. 2), maximum-parsimony and maximum-like-
lihood dendrograms (Fig. S2). The levels of DNA-DNA
relatedness of strain ACD12" with A. sputi DSM 45233"
and A. hallensis DSM 45043" were 39.8% and 18.7 %,
respectively (standards deviations were 5.6 and 0.7 %,
respectively). These values are well below the 70 % thresh-
old proposed by Wayne et al. (1987) for the delineation of
separate species.

Based on these phenotypic and genotypic data, strain
ACD12" is a member of the genus Actinomadura and repre-
sents a novel species, for which the name Actinomadura
adrarensis sp. nov. is proposed.

Description of Actinomadura adrarensis
Sp. nov.
Actinomadura adrarensis (ad.rar. en’sis. N.L. fem. adj. adrar-

ensis pertaining to Adrar, the source of the soil from which
the type strain was isolated).

Aerobic, Gram-stain-positive, non-motile actinobacterium
that forms an extensively branched, light beige substrate
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j:ctinomadura madurae DSM 430677 (X97889)
0.005 | * Actinomadura darangshiensis 459417 (FN646682)

Actinomadura pelletieri JCM 33887 (AJ293710)

{ Actinomadura cremea subsp.cremea DSM43676" (AF134067)
Actinomadura sediminis DSM 455007 (JF272484)

84

Actinomadura formosensis JCM 74747 (AJ293703)

95 Actinomadura maheshkhaliensis JCM 13934 (AB331731)

Actinomadura mexicana DSM 44485" (AF277195)
100 | Actinomadura bangladeshensis DSM 453477 (AB331652)

Actinomadura chokoriensis DSM 45346" (AB331730)

70 Actinomadura meyerae DSM 44715 (AY273787)
| Actinomadura geliboluensis DSM 45508 (HQ157187)
Actinomadura vinacea JCM 3325 (AF134070)

98
54 { Actinomadura viridis DSM 431757 (AJ420141)

———— Actinomadura rugatobispora DSM 441 30" (U49010)
Ectinomadura livida JCM 3387" (AJ293706)
Actinomadura yumaensis JCM 3369 (AF163122)
Actinomadura adrarensis ACD12T (KU356942)

* 499|——Actinomadura sputi DSM 452337 (FM957483)
*

Actinomadura hallensis DSM 45043 (DQ076484)

Actinoallomurus oryzae NBRC 105246 (EU420071)

Fig. 2. Neighbour-joining phylogenetic tree based on almost complete 16S rRNA gene sequences showing the position of
the strain ACD12T(1484 bp) in the genus Actinomadura, including the taxonomically not yet validated ‘A.maheshkhaliensis'.
This illustrates the taxonomic position of strain ACD12T relative to the related species. Asterisks indicate branches of the tree
that were also found using the maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Fitch, 1977) tree making
algorithms. Bootstrap values (>50 %) based on 1000 resamplings are shown at branch nodes. Actinoallomurus oryzae NBRC
105246T was used as the out-group. Bar, 0.005 substitutions per site.

mycelium. No aerial mycelium is observed on ISP 2, ISP 3, ISP
4 and Bennett’s media, while a very scanty white aerial myce-
lium is observed on humic acid-vitamin agar medium. Aerial
mycelium bear chains of spores (2—12 spores) with hooked
and irregular spiral forms. No diffusible pigments are detected
on any of the media tested. The optimum growth temperature,
pH and NaCl concentration are 30°C, 8 and 0% (w/v),
respectively. Acetate, aesculin, casein, gelatin, hypoxanthine,
pyruvate and Tween 80 are degraded, but adenine, arbutin,
benzoate, guanine, oxalate, propionate, starch, succinate, tar-
trate, L-tyrosine and xanthine are not. Negative for nitrate
reduction. Milk peptonisation is positive, while milk coagula-
tion is negative. Adonitol, D-cellobiose, D-maltose, D-mannose,
D-ribose and D-trehalose are utilized, but L-arabinose,
D-fructose, D-galactose, D-glucose, D-lactose, D-mannitol,
D-melibiose, D-raffinose, L-rhamnose, D-sorbitol and D-xylose
are not decomposed. The diamino acid in the cell wall is meso-
diaminopimelic acid. Madurose is the diagnostic sugar in
whole-cell hydrolysates. The major phospholipids are diphos-
phatidylglycerol and phosphatidylinositol. The predominant
menaquinone is MK-9(Hg). The major fatty acids are Cq.,
10-methyl Cy;., Ci7.1w9¢, Cy5. and 10-methyl Cys. .

The type strain is ACDI2" (=DSM 46745" =CECT 8842")
isolated from a Saharan soil sample collected from Bouda
region, Adrar province (South Algeria).

Acknowledgements

We would like to gratefully acknowledge the help of Gabriele Potter
(DSMZ) for growing Actinomadura adrarensis cultures and for assis-
tance with chemotaxonomical analyses and Bettina Straubler (DSMZ)
for assistance with DNA-DNA hybridizations.

Reference

Aouiche, A, Bouras, N., Mokrane, S., Zitouni, A, Schumann, P,
Spréer, C., Sabaou, N. & Klenk, H. P. (2015). Actinokineospora mzabensis
sp. nov., a novel actinomycete isolated from Saharan soil. Antonie Van
Leeuwenhoek 107, 291-296.

Ara, |, Matsumoto, A. Bakir, M. A, Kudo, T, Omura, S. &
Takahashi, Y. (2008). Actinomadura bangladeshensis sp. nov. and Actino-
madura chokoriensis sp. nov. Int ] Syst Evol Microbiol 58, 1653—1659.
Becker, B., Lechevalier, M. P., Gordon, R. E. & Lechevalier, H. A.
(1964). Rapid differentiation between Nocardia and Streptomyces by


doi:10.1601/nm.7572
doi:10.1601/nm.7572

paper chromatography of whole-cell hydrolysates. Appl Microbiol 12,
421-423.

Boubetra, D., Zitouni, A., Bouras, N., Schumann, P., Spréer, C.,
Klenk, H. P. & Sabaou, N. (2015). Saccharothrix tamanrassetensis sp. nov.,
an actinomycete isolated from Saharan soil. Int ] Syst Evol Microbiol 65,
1316-1320.

Bouras, N. Meklat, A. Zitouni, A, Mathieu, F., Schumann, P.,
Spréer, C., Sabaou, N. & Klenk, H. P. (2015). Nocardiopsis algeriensis sp.
nov., an alkalitolerant actinomycete isolated from Saharan soil. Antonie Van
Leeuwenhoek 107, 313-320.

Cashion, P., Holder-Franklin, M. A., McCully, J. & Franklin, M. (1977).
A rapid method for the base ratio determination of bacterial DNA. Anal
Biochem 81, 461-466.

Cook, A. E., Roes, M. & Meyers, P. R. (2005). Actinomadura napierensis
sp. nov., isolated from soil in South Africa. Int J Syst Evol Microbiol 55,
703-706.

De Ley, J., Cattoir, H. & Reynaerts, A. (1970). The quantitative measure-
ment of DNA hybridization from renaturation rates. Eur J Biochem 12,
133-142.

Euanorasetr, J.,, Intra, B.,, Mongkol, P., Chankhamhaengdecha, S.,
Tuchinda, P., Mori, M., Shiomi, K., Nihira, T. & Panbangred, W. (2015).
Spirotetronate antibiotics with anti-Clostridium activity from Actinomadura
sp. 2EPS. World ] Microbiol Biotechnol 31, 391-398.

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

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

Fitch, W. M. (1977). On the Problem of discovering the most parsimonious
tree. Am Nat 111, 223-257.

Goodfellow, M. (1971). Numerical taxonomy of some nocardioform bac-
teria. ] Gen Microbiol 69, 33-90.

Gordon, R. E., Barnett, D. A, Handerhan, J. E. & Pang, C. H. N. (1974).
Nocardia coeliaca, Nocardia autotrophica, and the nocardin strain. Int J of
Bacteriol 24, 54—63.

Hayakawa, M. & Nonomura, H. (1987). Humic acid-vitamin agar, a new
medium for the selective isolation of soil actinomycetes. J Ferm Technol 65,
501-509.

Huss, V. A, Festl, H. & Schleifer, K. H. (1983). Studies on the spectro-
photometric determination of DNA hybridization from renaturation rates.
Syst Appl Microbiol 4, 184-192.

Jukes, T. H. & Cantor, C. R. (1969). Evolution of protein molecules. In
Mammalian Protein Metabolism, pp. 21-132. Edited by H. N. Munro. New
York: Academic. Press.

Kelly, K. L. & Judd, D. B. (1976). Color: Universal Language and
Dictionary  of Names (National Bureau of Standards — Special
Publication 440). Washington, DC: US Department of Commerce.

Kim, O. S, Cho, Y. J, Lee, K, Yoon, S. H., Kim, M., Na, H,
Park, S. C, Jeon, Y. S, Lee, J. H. & other authors (2012). Intro-
ducing EzTaxon-e: a prokaryotic 16S rRNA gene sequence database
with phylotypes that represent uncultured species. Int ] 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, R. M. (1982). Separation of bacterial menaquinones by
HPLC using reverse phase (RP18) and a Silver loaded ion exchanger as sta-
tionary Phases. ] Lig Chromatogr 5, 2359-2367.

Kroppenstedt, R. M. (1985). Fatty acid and menaquinone analysis of acti-
nomycetes and related organisms. In  Chemical Methods in Bacterial
Systematics (Society for Applied Bacteriology Technical Series), vol. 20, pp.

173-179. Edited by M. Goodfellow. & D. E. Minnikin. London: Academic
Press.

Kroppenstedt, R. M., Stackebrandt, E. & Goodfellow, M. (1990). Taxo-
nomic revision of the actinomycete genera Actinomadura and Microtetras-
pora. Syst Appl Microbiol 13, 148—160.

Larkin, M. A, Blackshields, G. Brown, N. P. Chenna, R,
McGettigan, P. A., McWilliam, H., Valentin, F., Wallace, I. M., Wilm, A. &
other authors (2007). cLusTAL W and CLUSTAL X version 2.0. Bioinformatics
23,2947-2948.

Lechevalier, H. A. & Lechevalier, M. P. (1968). A critical evalua-
tion of the genera of aerobic actinomycetes. In The Actinomycetales,
pp. 393-405. Edited by H. Prauser. Jena: VEB Gustav Fischer
Verlag.

Lechevalier, M. P. & Lechevalier, H. (1970). Chemical composition as a
criterion in the classification of aerobic actinomycetes. Int J Syst Bacteriol
20, 435-443.

Lechevalier, M. P., De Bievre, C. & Lechevalier, H. (1977). Chemotax-
onomy of aerobic Actinomycetes: Phospholipid composition. Biochem Syst
Ecol 5, 249-260.

Lee, S. D. & Jeong, H. S. (2006). Actinomadura hallensis sp. nov., a novel
actinomycete isolated from Mt. Halla in Korea. Int J Syst Evol Microbiol 56,
259-264.

Lu, Z, Wang, L, Zhang, Y., Shi, Y. Liu, Z, Quintana, E. T. &
Goodfellow, M. (2003). Actinomadura catellatispora sp. nov. and Actino-
madura glauciflava sp. nov., from a sewage ditch and soil in southern China.
Int J Syst Evol Microbiol 53, 137-142.

Marchal, N., Bourdon, J. L. & Richard, C. L. (1987). Les Milieux De
Culture Pour L’isolement Et L’identification Biochimique Des Bactéries, Paris:
Doin Press.

Meklat, A., Bouras, N., Mokrane, S., Zitouni, A., Schumann, P.,
Spréer, C., Klenk, H. P. & Sabaou, N. (2015). Bounagaea algerien-
sis gen. nov., sp. nov., an extremely halophilic actinobacterium iso-
lated from a Saharan soil of Algeria. Antonie Van Leeuwenhoek 108,
473-482.

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

Quintana, E. T., Trujillo, M. E. & Goodfellow, M. (2003). Actinomadura
mexicana sp. nov. and Actinomadura meyerii sp. nov., two novel soil spor-
oactinomycetes. Syst Appl Microbiol 26, 511-517.

Rainey, F. A. Ward-Rainey, N., Kroppenstedt, R. M. &
Stackebrandt, E. (1996). The genus Nocardiopsis represents a
phylogenetically 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.

Saker, R., Bouras, N., Zitouni, A., Ghoul, M., Rohde, M,
Schumann, P., Spréer, C., Sabaou, N. & Klenk, H. P. (2014). Mzabi-
myces algeriensis gen. nov., sp. nov., a halophilic filamentous actinobacte-
rium isolated from a Saharan soil, and proposal of Mzabimycetaceae fam.
nov. Antonie Van Leeuwenhoek 106, 1021-1030.

Sasser, M. (1990). Identification of Bacteria by Gas Chromatography of
Cellular Fatty Acids. MIDI Technical Note 101. Newark DE: MIDI Inc.
Shirling, E. B. & Gottlieb, D. (1966). Methods for characterization of
Streptomyces species. Int ] Syst Bacteriol 16, 313—-340.

Tamura, K., Peterson, D., Peterson, N. Stecher, G. Nei, M. &
Kumar, S. (2011). MEGA5: molecular evolutionary genetics analysis using



maximum likelihood, evolutionary distance, and maximum parsimony
methods. Mol Biol and Evol 28, 2731-2739.

Waksman, S. A. (1961). The Actinomycetes, Classification,
Identification, Descriptions of Genera and Species. vol. 2. Baltimore: Wil-
liams & Wilkins.

Wayne, L. G, Brenner, D. J., Colwell, R. R,, Grimont, P. A. D., Kandler, O.,
Krichevsky, M. I., Moore, L. H., Moore, W. E. C., Murray, R. G. E. & other
authors (1987). International Committee on Systematic Bacteriology. Report

of the ad hoc committee on reconciliation of approaches to bacterial systemat-
ics. Int J Syst Bacteriol 37, 463—464.

Wink, J., Kroppenstedt, R. M., Seibert, G. & Stackebrandt, E.
(2003). Actinomadura namibiensis sp. nov. Int J Syst Evol Microbiol 53,
721-724.

Yassin, A. F., Sproer, C., Siering, C. & Klenk, H. P. (2010). Actinoma-
dura sputi sp. nov., isolated from the sputum of a patient with pulmonary
infection. Int J Syst Evol Microbiol 60, 149-153.





