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Abstract The taxonomic position of a Streptomyces
strain isolated from a hyper-arid desert soil was
established using a polyphasic approach. The organism
had chemical and morphological properties typical of
the genus Strepromyces and formed a phyletic line at
the periphery of the Streptomyces coeruleorubidus
subcluster in the 16S rRNA gene tree. DNA:DNA

The GenBank accession number for the 16S rRNA gene
sequence of Streptomyces deserti 63" is HE577172.
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relatedness values between the isolate and its nearest
phylogenetic neighbours, Streptomyces lomondensis
NRRL 3252" and Streptomyces lusitanus NRRL
B-12501" were 42.5 (£0.48)% and 25.0 (£1.78)%,
respectively. The isolate was readily distinguished
from these organisms using a combination of morpho-
logical and phenotypic properties. On the basis of these
results, it is proposed that isolate C63" (CGMCC
4.6997", = KACC 154257) be classified as the type
strain of Streptomyces deserti sp. nov.

Keywords Actinomycetes - Streptomyces -
Atacama Desert

Introduction

Unusual and underexplored habitats, such as those
found in desert and marine ecosystems, are rich sources
of novel filamentous actinomycetes some of which
have a capacity to produce interesting new natural
products, notably antibiotics (Goodfellow and Fiedler
2010; Mao et al. 2011). One of the least explored
biomes is the Atacama Desert in northwest Chile where
conditions have been considered to be too extreme for
any sort of life due to low concentrations of organic
compounds, high salinity, the presence of inorganic
oxidants and high levels of UV radiation. Nevertheless,
novel actinomycetes belonging to the genera Amyco-
latopsis, Lechevalieria and Streptomyces have been
isolated from this hyper-arid environment (Okoro et al.
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2009, 2010), with two Streptomyces strains shown to
produce new natural products, the atacamycins (Nac-
htigall et al. 2011) and chaxamycins (Ratebetal. 2011).

The genus Streptomyces is a unique source of novel
antibiotics (Goodfellow and Fiedler 2010) and encom-
passes, by far, the largest number of published
bacterial species, nearly 600 (Euzéby 2011). The
subgeneric classification of the genus is complex but
has been clarified by the application of genotypic and
phenotypic methods (Kumar and Goodfellow 2010;
Labeda et al. 2011). In their comprehensive phyloge-
netic study, Labeda and colleagues assigned Strepto-
myces species to over 120 statistically-supported 16S
rRNA gene clades, as well as to unsupported and
single membered clades, and found that many of their
taxa were consistent with results from earlier mor-
phological and numerical taxonomic studies. How-
ever, it was apparent that insufficient variation was
present in the gene sequences of the species to support
relationships between many of the individual clades,
notably between small and single membered clade.
Nevertheless, Labeda et al. (2011) concluded that 16S
rRNA sequence and phenotypic data, notably mor-
phological features such as spore colour, spore
arrangement and spore surface ornamentation, provide
a reliable way of assigning new species to the genus.
Streptomyces species are a predominant component of
soils across the world but, to date, none have been
described from Atacama Desert soils.

The present study was designed to establish the
taxonomic status of a Streptomyces strain, designated
C63", which was isolated from a hyper-arid Atacama
Desert soil and found to form a distinct clade in the
Streptomyces 16S rRNA gene tree together with a
second strain from the same habitat, isolate C39,
which had an identical sequence (Okoro et al. 2009). A
polyphasic study showed that isolate C63" belonged to
a new Streptomyces species, Streptomyces deserti sp.
nov.

Materials and methods

Organisms, maintenance and culture conditions
Strain C63" was isolated on raffinose-histidine agar
(Vickers et al. 1984) after incubation at 28°C for

14 days following inoculation with a suspension of soil
taken from the Salar de Atacama in the Atacama Desert
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(Okoroet al. 2009). The isolate and the type strains of S.
lomondensis and S. lusitanus were maintained on
modified Bennett’s agar (Jones 1949) slopes and as
suspensions of hyphal fragments and spores in 20% v/v
glycerol at —20°C. Biomass for the chemotaxonomic
and molecular systematic studies on isolate C63" was
scraped from 14 day-old modified Bennett’s agar
plates and washed twice in distilled water; biomass
for the chemotaxonomic analysis was freeze dried and
that for the molecular systematic work stored at —20°C.

Chemotaxonomy and morphology

The isolate was examined for chemotaxonomic and
morphological properties considered to be typical of
the genus Strepromyces (Williams et al. 1989; Manfio
et al. 1995). The arrangements of hyphae and spore
chains were observed on oatmeal agar (ISP medium 3;
Shirling and Gottlieb 1966) after 14 days at 28°C,
using the coverslip technique of Kawato and Shinobu
(1959). Spore chain arrangement and spore surface
ornamentation were observed by scanning gold-coated
dehydrated specimens taken from the oatmeal agar
plate and examined using a scanning electron micro-
scope (Cambridge Stereoscan 240 instrument), as
described by O’Donnell et al. (1993). Cultural char-
acteristics were determined using standard ISP media
(Table 1) after 14 days at 28°C. The procedure
described by Hasegawa et al. (1983) was used to
detect diaminopimelic acid isomers while menaqui-
nones were extracted and purified after Collins (1985),
and then examined by high pressure liquid chroma-
tography (Minnikin et al. 1984). For quantitative
analysis of fatty acids, strain C63" was grown on
GYM broth for 3 days at 25°C. The cellular fatty acids
were extracted, methylated, separated by gas chroma-
tography (model 6890; Hewlett Packard), according to
the protocol of the Sherlock Microbial Identification
System (MIDI; Sasser 1990). The fatty acid methyl
esters were identified and quantified by using the
ACTINI database (version 6.10) of the MIDI.

Phylogeny
Genomic DNA was extracted from strain C63T

purified using modifications of the method of Chun
and Goodfellow (1995). Washed cells were suspended
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Table 1 Growth and cultural characteristics of strain C63" on standard agar media after incubation for 14 days at 28°C

Media Growth  Substrate mycelium colour  Aerial mycelium colour  Diffusible pigment
Glycerol-asparagine agar (ISP 5) +++ Light cream Cream None

Inorganic salts-starch agar (ISP 4) +++ Brownish white White None

Oatmeal agar (ISP 3) +++ Light olive green White None
Peptone-yeast extract-iron agar (ISP 6)  ++ Brown Whitish grey Dark brown
Tryptone-yeast extract agar (ISP 1) +++ Light yellowish brown Brownish white None

Tyrosine agar (ISP 7) + Dark brown Brown Brown

Yeast extract-malt extract agar (ISP 2)  ++ Light yellowish brown White Brown

+-++ abundant, ++ moderate, 4+ poor growth

in 2 ml STE buffer (75 mM NaCl, 25 mM Tris-HCI,
25 mM EDTA, pH 8.0) which contained 2 mg lyso-
zyme ml~" (Sigma); the suspensions were incubated
for 2-8 h at 37°C, lysed completely by adding 0.2 ml
20% (w/v) SDS and incubated at 55°C for 1-2 h with
periodic mixing by inversion; after being extracted
with phenol/chloroform and precipitated with ethanol,
the total crude DNA preparations were gently agitated
with a thin rod and rinsed twice with 70% ethanol. The
crude DNA preparations were dissolved in 0.5 ml TE
(10 mM Tris-HCI, 1 mM EDTA, pH 8.0) and treated
with RNase A and proteinase K. After being extracted
with phenol/chloroform until the interfaces were
clean, pure DNA was precipitated with an equal
volume of isopropyl alcohol and rinsed twice with
70% ethanol, dried and dissolved in distilled water.
The purity and concentration of the prepared DNA
solutions were measured with a Beckman model DU-
800 spectrophotometer. Solutions with an A260/A280
ratio at 1.7-1.9 were used for 16S rRNA PCR and
DNA-DNA hybridization.

The almost complete 16S rRNA gene sequence of
the isolate [1,440 nucleotides (nt)] was aligned with
corresponding sequences of the most closely related
Streptomyces type strains drawn from the EzTaxon
database (Chun et al. 2007). The sequences were
aligned using CLUSTAL W (Thompson et al. 1994)
and phylogenetic trees generated using the maximum-
parsimony (Fitch 1971), minimum-evolution (Rzhet-
sky and Nei 1992) and neighbour-joining (Saitou and
Nei 1987) tree-making algorithms from the MEGA 4
package (Tamura et al. 2007). The Jukes and Cantor
(1969) model was used to derive an evolutionary
distance matrix for the neighbour-joining data. The
resultant tree topologies were evaluated by a bootstrap
analysis (Felsenstein 1985) of the neighbour-joining

data based on 1,000 resequences using MEGA 4
software (Tamura et al. 2007).

DNA:DNA pairing

DNA:DNA relatedness studies were performed, in
duplicate, between strain C63" and the type strains of
S. lomondensis and S. lusitanus using the optical
reassociation method (De Ley et al. 1970) and a
reassociation temperature of 85°C.

Phenotypic tests

Isolate C63" and the type strains of S. lomondensis
and S. lusitanus were examined for a broad range of
phenotypic properties using media and methods
described by Williams et al. (1983); the isolate was
examined for additional tests drawn from those used
by Williams and his colleagues.

Results and discussion

The chemotaxonomic and morphological features
shown by isolate C63" were consistent with its
classification in the genus Streptomyces (Williams
et al. 1989; Manfio et al. 1995). The isolate formed an
extensively branched substrate mycelium which sup-
ported aerial hyphae that differentiated into smooth
surfaced spores carried in straight chains and open
loops (Fig. 1). Major amounts of LL-diaminopimelic
acid were present in whole-organism hydrolysates;
hexa- and octa-hydrogenated menaquinones with
nine isoprene units were present in a ratio of 3:7;
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Isolate C63T

Bar luym

Fig. 1 Scanning electron micrograph of isolate C63" on
oatmeal agar after 14 days at 28°C showing spores in straight
chains and open loops

and iSO-ClS:o (1 16%), anteiso-ClS:O (169%), iSO-ClG:O
(10.3%), is0-C;7.9 (5.8%) and anteiso-C;7.¢ (10.8%)
were the predominant fatty acids. The strain grew well
on most of the ISP media exhibiting a range of aerial
spore mass and substrate mycelial pigments (Table 1).

0.005

Comparison of the almost complete 16S rRNA
gene sequence of isolate C63" with the corresponding
sequences of phylogenetically related Streptomyces
strains showed that it formed a distinct branch at the
periphery of the Streptomyces coeruleorubidus 16S
rRNA gene sequence subcluster, an association which
was supported by all of the tree-making algorithms
and by a 63% bootstrap value (Fig. 2). The previous
close relationship with isolate C39, which had an
identical sequence over 1,300 nucleotides (Okoro
et al. 2009), was not supported by the near full length
sequence data. Instead, the isolate was most closely
related to the type strain of Streptomyces lusitanus; the
two strains shared a similarity of 99.1%, a value which
corresponded to 14 differences from 1,440 nucleo-
tides. It was also closely related to the type strain of
Streptomyces lomondensis; these organisms had a 16S
rRNA gene sequence similarity of 98.9%, a value
equivalent to 15 differences from 1,440 nucleotides.
However, the phylogenetic position of the isolate is
likely to change as new species are assigned to what is
an unstable part of the Streptomyces 16S rRNA gene
tree (Labeda et al. 2011).

DNA hybridization data showed that the isolate
shared DNA:DNA relatedness values of 42.2
(£0.48)% and 25.0 (£1.78) % with the type strains
of S. lomondensis and S. lusitanus, respectively; these
values are well below the 70% cut-off point recom-
mended for the delineation of prokaryotic species

S. lomondensisNBRC 15426T(AB184673)
S. parvulusNBRC 131937(AB184326)

S. coeruleorubidus NBRC 12844T(AB184849)
100's, coerulescens|SP 5146T(AY999720)

S.thermocarboxydus DSM 442937 (U94490)

B4L 8. JusitanusNBRC 134647(AB184424)
—— S. indiaensisNBRC 13964T(AB184553)
Isolate C63T(HE577172)

S. thermocoprophilus B197(AJ007402)

S. mexicanusCH-M-1035T(AF441168)

3 4,|—_S.fumigatfscierotkus NBRC 129997(AB184248)
9 S. poonensisNBRC 13485T(AB184437)

Fig. 2 Neighbour-joining tree based on nearly complete 16S
rRNA gene sequences (1,440 nt) showing relationships between
isolate C63T and closely related Streptomyces species. Asterisks
indicate branches of the tree that were also found using the
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S. megasporusNBRC 147497(AB184617)

maximum-parsimony and minimum-evolution tree-making
algorithms. Numbers at the nodes are percentage bootstrap
values based on 1,000 resampled datasets, only values above
50% are given. Bar 0.005 substitutions per nucleotide position
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Table 2 Phenotypic
properties which distinguish
isolate C63T from the type

Characteristic

Isolate C63T S. lomondensis S. lusitanus NRRL
NRRL 32527 B-125017

strains of S. lomondensis

S hai hol
and S. lusitanus pote chaill Mofplology

Spore surface ornamentation
Biochemical tests

Allantoin hydrolysis

Nitrate reduction

Hydrogen sulphide production
Degradation tests

Adenine

Cellulose

DNA

RNA

Xanthine

Xylan

Straight/open Open loops/spiral Open loops/spiral
loops

Smooth Warty to spiny Spiny

- - +
+ + -

+

J’_
J’_

+ o+ + o+t
|

Growth on sole carbon sources at 1%, w/v

Amygdalin
L-Arabinose
D-Arabitol
Arbutin
Inulin
Lactose
D-Maltose
D-Melezitose
o-Methyl-p-glucoside
p-Raffinose
Salicin
D-Sorbitol
D-Sucrose

D-Xylose

+
+

J’_
o+ + o+t
|

+ +
+ o+ +
|

J’_

+ +
+ |

Growth on sole nitrogen sources at 1%, w/v

L-Aminobutyric acid
L-Isoleucine
DL-Methionine

DL-norleucine
L-norvaline

L-Ornithine
L-Tryptophan
L-Valine

Growth in the presence of NaCl
(7%, wiv)

+

J’_
o+ o+ o+ o+
—+ |

|
+ + +
+

(Wayne et al. 1987). The DNA G+C content of the
isolate was 72.4%.

Isolate C63" carries spores in straight chains and
open loops (Fig. 1) and can thereby be distinguished

from strains in and around the S. coeruleorubidus
subclade, all of which produce spiral spore chains
(Labeda et al. 2011); it can be readily separated from
the type strains of S. lomondensis and S. lusitanus as it
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forms smooth spores, as opposed to the warty to spiny,
and spiny spores produced by these organisms,
respectively. It can also be distinguished from its
two closest phylogenetic neighbours using a combi-
nation of phenotypic tests (Table 2). Thus, unlike the
latter it uses sorbitol, but not p-arabitol, inulin, lactose,
maltose, salicin or xylose as sole carbon sources nor
does it degrade cellulose, xanthine or xylan or grow in
the presences of 7% (w/v) NaCl. The additional tests
carried out on isolate C63" are given in the species
description.

Minimal standards for the delineation of Strepto-
myces species need to be based on a judicious selection
of genotypic and phenotypic data (Manfio et al. 1995;
Kumar and Goodfellow 2010). Isolate C63T was
readily distinguished from its nearest phylogenetic
neighbours, the type strains of S. lomondensis and
S. lusitanus, on the basis of 16S rRNA sequence,
DNA:DNA pairing, morphological and phenotypic
data. It is, therefore, proposed that this organism be
recognised as a new species, S. deserti sp. nov.

Description of S. deserti sp. nov

S. deserti (de’ser.ti. L. gen. n. deserti, of a desert,
pertaining to the Atacama Desert of northwest Chile,
the source of soil from which the strain was isolated).

Aerobic, gram-positive, non- acid-alcohol-fast acti-
nomycete which forms an extensively branched sub-
strate mycelium that bears aerial hyphae which
differentiate into straight chains and open loops of
smooth surfaced spores (0.9 —0.7 pm). Melanin pig-
ments are formed on peptone-yeast extract-iron and
tyrosine agars. Growth occurs from 10 to 35°C,
between pH 4 and 11 and in the presence of 4% (w/v)
NaCl. Aesculin and arbutin are hydrolysed, casein,
chitin, gelatin, guanine, hypoxanthine, keratin, RNA,
starch, L-tyrosine, Tweens 40 and 80 and uric acid are
degraded, but not elastin or Tween 20. p-fructose,
D-galactose, D-glucose, glycerol, glycogen, b-manni-
tol, p-mannose, meso-inositol, and D-trehalose are
used as sole carbon sources for energy and growth (at
1%, w/v), but not L-arabitol, butane 1,4 diol, dextran,
dulcitol, meso-erythritol, methanol, propanol, salicin,
L-sorbose or xylitol (at 1%, w/v or 1%, v/v). Similarly,
sodium citrate and sodium pyruvate are used as
sole carbon sources at 0.1%, w/v. L-alanine, L-glycine,
L-histidine, L-phenylalanine, L-proline, L-serine and
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L-threonine are used as sole nitrogen sources. Addi-
tional phenotypic properties are cited in the text and in
Tables 1 and 2. Chemotaxonomic properties are
typical of the genus.

The type strain, C63" (CGMCC 4.6997" = KACC
15425") was isolated from soil taken from the Salar de
Atacama in the Atacama Desert. The species descrip-
tion is based on a single strain and hence serves as a
description of the type strain.

Acknowledgments A.T.B. thanks the Leverhulme Trust for
an Emeritus Fellowship, and A.T.B. and J.A.S. thank the Royal
Society for International Joint Project Grant JP100654 and
funded in part by the National Science Foundation of China
(grant 31100003).

References

Chun J, Goodfellow M (1995) A phylogenetic analysis of the
genus Nocardia with 16S rRNA gene sequences. Int J Syst
Bacteriol 45:240-245

Chun J, Lee J-H, Jung Y, Kim M, Kim S, Kim B-K, Lim Y-W
(2007) EzTaxon: a web-based tool for the identification of
prokaryotes based on 16S ribosomal RNA gene sequences.
Int J Syst Evol Microbiol 57:2259-2261

Collins MD (1985) Isoprenoid quinone analysis in bacterial
classification and identification. In: Goodfellow M, Min-
nikin DE (eds) Chemical methods in bacterial systematics.
Academic Press, London, pp 267-287

De Ley J, Cattour H, Reynaerts A (1970) The qualitative mea-
surement of DNA hybridization from renaturation rates.
J Biochem 12:133-142

Euzéby JP (2011) List of bacterial names with standing in
nomenclature: a folder available on the Internet. Last full
update 9 Sep 201 1. http://www.bacterio.cict.fr/

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

Fitch WM (1971) Toward defining the course of evolution:
minimum change for a specific tree topology. Syst Zool
20:406-416

Goodfellow M, Fiedler HP (2010) A guide to successful
bioprospecting: informed by actinobacterial systematics.
Antonie van Leeuwenhoek 98:119-142

Hasegawa T, Takizawa M, Tanida S (1983) A rapid analysis for
chemical grouping of aerobic actinomycetes. J Gen Appl
Microbiol 29:319-322

Jones KL (1949) Fresh isolates of actinomycetes in which the
presence of sporogenous aerial mycelia is a fluctuating
characteristic. J Bacteriol 57:141-145

Jukes TH, Cantor CR (1969) Evolution of protein molecules. In:
Munro HN (ed) Mammalian protein metabolism. Aca-
demic Press, London, pp 21-132

Kawato M, Shinobu R (1959) On Streptomyces herbaricolor sp.
nov., supplement: a simple technique for microscopical
observation. Mem Osaka Univ Lib Arts Educ B 8:114-119

Kumar Y, Goodfellow M (2010) Reclassification of Strepto-
myces hygroscopicus strains as Streptomyces aldersoniae


http://www.bacterio.cict.fr/

Antonie van Leeuwenhoek (2012) 101:575-581

581

Sp. nov., Streptomyces angustmyceticus sp. nov., comb.
nov., Streptomyces ascomycinicus Sp. nov., Streptomyces
decoyicus sp. nov., comb. nov., Streptomyces milbemyci-
nicus sp. nov. and Streptomyces wellingtoniae sp. nov. Int J
Syst Evol Microbiol 60:769-775

Labeda DP, Goodfellow M, Brown R, Ward AC, Lanoot C,
Vanncanneyt M, Swings J, Kim S-B, Liu Z, Chun J,
Tamura T, Oguchi A, Kikuchi T, Kikuchi H, Nishii T, Tsuji
K, Yamaguchi Y, Tase A, Takahashi M, Sakane T, Suzuki
KI, Hatano K (2011) Phylogenetic study of the species
within the family Streptomycetaceae. Antonie van Leeu-
wenhoek (in press)

Manfio GP, Zakrzewska-Czerwinska J, Atalan E, Goodfellow M
(1995) Towards minimal standards for the description of
Streptomyces species. Biotechnologia 7-8:242-253

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

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

Nachtigall J, Kulik A, Bull AT, Goodfellow M, Arenjo JA,
Maier A, Wiese J, Inhoff JF, Siissmuth R-D, Fiedler H-P
(2011) Atacamycins A-C, 22 membered antitumor mac-
rolide derivatives produced by Streptomyces sp. C38.
J Antibiot (in press)

O’Donnell AG, Falconer C, Goodfellow M, Ward AC, Williams
E (1993) Biosystematics and diversity amongst novel
carboxydotrophic actinomycetes. Antonie van Leeuwen-
hoek 64:325-340

Okoro CK, Brown R, Jones AL, Andrews BA, Asenjo JA,
Goodfellow M, Bull AT (2009) Diversity of culturable
actinomycetes in hyper-arid soils of the Atacama Desert,
Chile. Antonie van Leeuwenhoek 95:121-133

Okoro CK, Bull AT, Mutreja A, Rong X, Huang Y, Goodfellow
M (2010) Lechevalieria atacamensis sp. nov., Lecheva-
lieria deserti sp. nov. and Lechevalieria roselyniae sp. nov.,
isolated from hyper-arid soils. Int J Syst Evol Microbiol
60:296-300

Rateb ME, Houssen WE, Arnold M, Abdelrahman M-H, Deng
H, Harrison WTA, Okoro CK, Asenjo JA, Andrews BA,

Ferguson G, Bull AT, Goodfellow M, Ebel R, Jaspars M
(2011) Chaxamycins A-D, bioactive ansamycins from
a hyper-arid desert Streptomyces sp. J Nat Prod 74:
1491-1499

Rzhetsky A, Nei M (1992) A simple method for estimating and
testing minimum evolution trees. Mol Biol Evol 9:945-967

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

Sasser M (1990) Identification of bacteria by gas chromatog-
raphy of cellular fatty acids, MIDI Technical Note 101.
MIDI Inc, Newark

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

Tamura K, Dudley J, Nei M, Kumar S (2007) MEGA4:
molecular evolutionary genetics analysis (MEGA) soft-
ware version 4.0. Mol Biol Evol 24:1596-1599

Thompson JD, Higgins DG, Gibson TJ (1994) CLUSTAL W:
improving the sensitivity of progressive multiple sequence
alignment through sequence weighting, position-specific
gap penalties and weight matrix choice. Nucleic Acids Res
22:4673-4680

Vickers JC, Williams ST, Ross GW (1984) A taxonomic
approach to selective isolation of streptomycetes from soil.
In: Ortiz-Ortiz L, Bojalil LF, Yakoleff V (eds) Biological,
biochemical and biomedical aspects of actinomycetes.
Academic Press, Orlando, pp 553-561

Wayne LG, Brenner DJ, Colwell RR, Grimont PAD, Kandler O,
Krichevsky MI, Moore LH, Moore WEC, Murray R-G-E
et al (1987) International Committee on Systematic Bac-
teriology. Report of the ad hoc committee on reconciliation
of approaches to bacterial systematics. Int J Syst Bacteriol
37:463-464

Williams ST, Goodfellow M, Alderson G, Wellington EMH,
Sneath PHA, Sackin MJ (1983) Numerical classification of
Streptomyces and related genera. J Gen Microbiol 129:
1743-1813

Williams ST, Goodfellow M, Alderson G (1989) Genus Strep-
tomyces Waksman and Henrici 1943, 339" In: Williams
ST, Sharpe ME, Holt JG (eds) Bergey’s manual of sys-
tematic bacteriology, vol 4. Williams & Wilkins, Balti-
more, pp 2452-2492

@ Springer



	Streptomyces deserti sp. nov., isolated from hyper-arid Atacama Desert soil
	Abstract
	Introduction
	Materials and methods
	Organisms, maintenance and culture conditions

	Chemotaxonomy and morphology
	Phylogeny
	DNA:DNA pairing
	Phenotypic tests
	Results and discussion
	Description of S. deserti sp. nov
	Acknowledgments
	References


