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Abstract

The taxonomic status of a Nocardiopsis strain, designated H13T, isolated from a high altitude Atacama Desert soil, was estab-
lished by using a polyphasic approach. The strain was found to have chemotaxonomic, cultural and morphological character-
istics consistent with its classification within the genus Nocardiopsis and formed a well-supported clade in the Nocardiopsis 
phylogenomic tree together with the type strains of Nocardiopsis alborubida, Nocardiopsis dassonvillei and Nocardiopsis synne-
matoformans. Strain H13T was distinguished from its closest relatives by low average nucleotide identity (93.2–94.9 %) and 
in silico DNA–DNA hybridization (52.5–62.4 %) values calculated from draft genome assemblies and by a range of phenotypic 
properties. On the basis of these results, it is proposed that the isolate be assigned to the genus Nocardiopsis as Nocardiopsis 
deserti sp. nov. with isolate H13T (=CGMCC 4.7585T=KCTC 49249T) as the type strain.

The actinobacterial genus Nocardiopsis [1], which belongs to 
the family Nocardiopsaceae [2] of the order Streptosporangiales 
[3], currently contains 53 validly named species (https://www.​
namesforlife.​com/​10.​1601/​tx.​7526). This genus encompasses 
aerobic, Gram-stain-positive, non-acid-fast, non-motile, 
catalase-positive bacteria which form extensively branched 
substrate hyphae which may fragment into coccoid and bacil-
lary elements, sparse to abundant aerial hyphae which may 
fragment into smooth surfaced spores; whole cell hydrolysates 
contain meso-diaminopimelic acid but lack diagnostic sugars, 
the muramic acid of the peptidoglycan is N-acetylated, the 
predominant menaquinones are variously hydrogenated with 
ten isoprene units, fatty acid profiles are rich in iso-, anteiso- 
and 10 methyl branched components but lack mycolic acids; 
major polar lipids include phosphatidylcholine, phosphati-
dylmethylethanolamine and phosphatidylinositol, the G+C 
content of genomic DNA falls within the range 64–69 mol% 
[4] while representative strains form a distinct clade in 16S 
rRNA gene trees [5, 6]. Nocardiopsis strains are widely distrib-
uted in the environment though the main reservoir appears 

to be soil, notably alkaline [7], desert [8, 9] and hyper-saline 
[10, 11] soils. Some members of the genus are a source of anti-
microbial and antitumour compounds [5, 12] whereas others 
have been implicated as opportunistic pathogens [13, 14].

During a taxonomic survey of filamentous actinobacteria 
present in Atacama Desert soils, an isolate was found to be 
closely related to Nocardiopsis dassonvillei, the type species 
of the genus. The strain, isolate H13T, was compared with its 
closest phylogenetic neighbours in a polyphasic study and 
found to be a new species of Nocardiopsis, for which the name 
Nocardiopsis deserti sp. nov. is proposed.

It should be noted that Yassin et al. [15] established Nocardi-
opsis alborubida corrig Grund and Kroppenstedt 1990 emend 
Nouioui et al. 2018 as a later subjective synonym of Nocardi-
opsis dassonvillei Brocq-Rosseau 1904 (Approved Lists 1980) 
based on a wet DDH experiment. Later, this species was 
reclassified as a subspecies of N. dassonvillei by Evtushenko 
et al. [16] on the basis of having differentiating phenotypic 
and chemotaxonomic characteristics including MK-10 as 
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major menaquinone; subsequently the name Nocardiopsis 
dassonvillei subsp. albirubida Grund and Kroppenstedt 1990 
Evtushenko et al. 2000 was proposed [16]. Nouioui et al. 
[17] in a subsequent genome-based taxonomic study of the 
phylum Actinobacteria argued that Nocardiopsis alborubida 
corrig Grund and Kroppenstedt 1990. emend Nouioui et al. 
2018 should not be considered as a heterotypic synonym of 
Nocardiopsis dassonvillei and proposed to adopt the taxonomy 
of Grund and Kroppenstedt [18].

Isolate H13T was recovered from a wet gravelly, subsurface 
soil sample (30 cm depth) collected by one of us (MG) at 
5046 metres above sea level on Carro Chajnantor (23° 00′49″ 
S, 67° 45′31″ W), east of San Pedro de Atacama, Chile, using 
the dilution plate procedure described by Okoro et al. [19]. 
The strain was isolated on oligotrophic agar [20] supple-
mented with cycloheximide and nystatin (each of 25 µg ml−1) 
following incubation at 28 °C for 3 weeks; the isolation plate 
had been dried in a laminar flow hood prior to isolation, as 
recommended by Vickers and Williams [21]. Primary charac-
terization of the isolate by sequencing a 16S rRNA amplicon 
indicated that it was closely related to the type strains of 
Nocardiopsis alborubida [17, 18], Nocardiopsis dassonvillei 
[1, 22] and Nocardiopsis synnematoformans [15]. Working 
cultures of the isolate were maintained on yeast extract – malt 
extract agar (International Streptomyces Project (ISP) medium 
2 [23]) slopes and for long-term storage as lyophilized cells.

The isolate was examined for chemotaxonomic, cultural 
and morphological properties found to be of value in the 
systematics of Nocardiopsis [4]. Spore chain arrangement and 
spore-surface ornamentation were sought following growth 
on trypticase soy agar (TSA) after 10 days at 28 °C using a 
scanning electron microscope (Quanta 400FEG, FEI) as 
previously described [24]. Chemical features of isolate H13T 
were determined using standard procedures, as exemplified 
by the detection of diaminopimelic acid isomers and whole 
cell sugars [25] and cell wall muramic acid type [26]. Biomass 
for the remaining chemotaxonomic studies was harvested 
from trypticase soy broth (TSB) cultures after 10 days at 
28 °C washed in distilled water and freeze dried. Isoprenoid 
quinones extracted after Collins et al. [27] were analysed 
by HPLC [28], mycolic acids were extracted and analysed 
using the procedure described by Minnikin et al. [29] while 
extracted polar lipids were identified by two-dimensional 
chromatography on silica gel plates, as described previously 
[30, 31]. Fatty acids were extracted from TSA cultures after 
10 days at 28 °C (i.e. at late logarithmic phase), methylated 
and analysed using the protocol of the Sherlock Microbial 
Identification (MIDI) system, version 6.1 and the resultant 
peaks identified using the TSBA6 database [32].

Strain H13T formed a yellowish white substrate mycelium and 
an abundant white aerial spore mass but no diffusible pigments 
on oatmeal agar. Aerial hyphae differentiate into rectiflexi-
biles spore chains (Fig. 1). Whole-organism hydrolysates of 
the isolate contained meso-diaminopimelic acid, arabinose 
and galactose, muramic acid moieties were N-acetylated, 
the menaquinone profile consisted of MK-7 (37 %), MK-6 

(35 %), MK-10 (11 %) and MK-9(H8) (10 %) while the polar 
lipid pattern showed the presence of diphosphatidylglycerol, 
phosphatidylcholine, phosphatidylinositol, phosphatidyl-
methylethanolamine and an unidentified phospholipid (Fig. 
S1, available in the online version of this article), mycolic acids 
were not detected. The fatty acid profile was composed of 
iso-C16 : 0 (28.2 %), C18 : 0 10-methyl TBSA (20.1 %), anteiso-C17 : 0 
(16.1 %), iso-C18 : 0 (6.9 %), C18 : 0 (6.7 %), C17 : 0 10-methyl (5.8 %), 
C12 : 0 (2.4 %), C18 : 1 ω8c (1.6 %), C17 : 0 (1.6 %), summed feature 9 
(C16 : 0 10-methyl and/or iso-C17 : 1 ω9c, 1.5 %), C16 : 0 (1.5 %), iso-
C14 : 0 (1.1 %), anteiso-C15 : 0 (1.1 %) and minor contents (<1 %) of 
iso-C10 : 0, iso-C12 : 0, anteiso-C13 : 0, iso-C15 : 0, C14 : 0 2OH, iso-C17 : 0, 
C17 : 1 ω8c, anteiso-C19 : 0, summed feature 7 (C19 : 1 ω7c and/or 
C19 : 1 ω6c), C19 : 0, C18 : 1 2OH and iso-C20 : 0.

Growth at 4, 15, 20, 28, 37, 45, 55, 60 and 65 °C and from 
pH 4 to 13.0 (at intervals of 1.0 pH unit) were observed by 
culturing in TSB for 7 and 14 days; the pH of the media were 
maintained as described by Asem et al. [33]. Salt tolerance was 
observed by supplementing TSA with up to 20 % (w/v) NaCl. 
Gram-reaction was tested by using a Gram Stain Solution 
Kit (Shanghai Yeasen Biotechnology), and verified by a non-
staining method [34] and motility checked by inoculating 
the strain in a tube containing a semi-solid medium [35]. 
Oxidase activity was determined by assessing the oxidation of 
1 % (w/v) tetramethyl-p-phenylenediamine [36] and catalase 
activity by looking for the formation of bubbles on addition of 
a drop of 3 % (v/v) H2O2 to colonies. Degradation of cellulose, 
gelatin, starch and Tweens (20, 40, 60 and 80), urea hydrolysis, 
H2S production, milk coagulation and peptonization, and 
nitrate reduction were determined as previously described 
[37, 38]. Utilization of sole nitrogen sources was determined 
as described by Li et al. [39]. The remaining phenotypic char-
acteristics were determined using API ZYM (bioMérieux) 
and API 20NE (bioMérieux) kits and the GEN III Micro-
Plate (Biolog) system in each case following the instructions 
provided by the manufacturers.

Fig. 1. Scanning electron micrographs of isolate H13T from cultures 
grown on trypticase soy agar for 10 days at 28 °C showing Bars, 2 µm.
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Isolate H13T was non-motile, grew from 15–37 °C (optimally 
at 28 °C), from pH 7–9 (optimally at, pH 7) and in the pres-
ence of up to 12 % NaCl (w/v). It tested positive for catalase 
activity, but was negative for the oxidase, H2S production, 
milk coagulation and peptonization, and nitrate reduction 
tests. The isolate hydrolysed starch and urea but was negative 
for cellulose, gelatin and Tweens 20, 40, 60, 80 degradation; 
l-alanine, l-arginine, l-asparagine, l-methionine and potas-
sium nitrate were used as sole nitrogen sources.

Genomic DNA was extracted from harvested biomass (culti-
vated in TSB for 7 days at 28 °C) of isolate H13T and sequenced 
at Novogene Co. Ltd. (Beijing, China) using a HiSeq PE150 
sequencer (Illumina, San Diego, CA, USA). The reads from 
each of the data sets were filtered, and high quality paired-
end reads assembled into contigs using SPADES [40] and the 
completeness, any contamination of the genomes checked by 
using CheckM [41]. The G+C content (mol%) was calculated 
from the genome sequence. Coding sequences (CDS) of 
genome scaffolds over 500 bp were predicted using Prodigal 
[42] with default settings. Predicted CDS were annotated 
using KOALA (KEGG Orthology and Links Annotation) 
[43], HMMSCAN online version (https://www.​ebi.​ac.​uk/​
Tools/​hmmer/​search/​hmmscan) [44] and eggnog-mapper 
v1 online server [45]. The 16S rRNA gene sequence of 
isolate H13T was retrieved from the assembled draft genome 
using RNAmmer [46] and pairwise sequence comparison 
performed using the EzBioCloud server [47]. A 16S rRNA 
gene-based phylogeny was generated using the neighbour 
joining method [48] in the mega X program [49], following 
alignments of the 16S rRNA gene sequences using clustal 
x v.2.1 [50]. Evolutionary distances were calculated by the 
Kimura two-parameter model [51] and the topology of the 
tree was evaluated by bootstrap analysis of 1000 replications 
[52].

The phylogenomic tree was based on 30 protein marker 
genes (dnaG, frr, infC, nusA, pyrG, rplA, rplB, rplC, rplD, 
rplE, rplF, rplK, rplL, rplM, rplN, rplP, rplS, rplT, rpmA, 
rpoB, rpsC, rpsB, rpsE, rpsI, rpsJ, rpsK, rpsM, rpsS, smpB, tsf) 
selected from the AMPHORA2 database [53]. The marker 
genes were extracted from the draft genomes of strain H13T 
and from available genomes of Nocardiopsis type strains. 
The sequences of each of the marker genes were aligned 
separately using muscle [54] and poorly aligned regions 
removed from the datasets using Gblocks [55]. Cleaned 
alignments were concatenated by using perl script (https://​
github.​com/​nylander/​catfasta2phyml), prior to generation 
of the phylogenomic tree using the RAxML method [56] 
with the default parameters, and visualized using the online 
Tree of Life program v.4.2 [57]. For further investigation 
of phylogenetic relationships, Average Nucleotide Identity 
(ANI) values between the draft genome of isolate H13T and 
those of the type strains of its three closest phylogenomic 
neighbours were calculated using online JSpeciesWS soft-
ware (http://​jspecies.​ribohost.​com/​jspeciesws/) [58], and 
digital DNA–DNA hybridization (dDDH) analysis using the 
DSMZ Genome-to-Genome Distance Calculator platform 
(http://​ggdc.​dsmz.​de/​distcalc2.​php) [59].

The draft assembly of the genome sequence of strain H13T 
(GenBank accession number: VWVS00000000) was composed 
of 59 contigs with a total genome size of 7 251 616 bp and with 
a N50 length of 398 233 bp. The checkM analysis indicated that 
the genome completeness was 100 % with little contamina-
tion (0.55 %) and no strain heterogeneity. The digital DNA 
G+C content of strain H13T is 71.94 mol%. The number of 
predicted genes was 6236 with a total length of 5 949 129 bp 
(82 % of the total genome). The number of CDS assigned 
to the KO, Pfam and COG databases were 2282, 4937 and 
4857, respectively. Isolate H13T showed high 16S rRNA gene 
sequence identities to Nocardiopsis dassonvillei DSM 43111T 
(99.66 %), Nocardiopsis alborubida NBRC 13392T (99.38 %), 
Nocardiopsis synnemataformans DSM 44143T (99.31 %), 
Nocardiopsis lucentensis DSM 44048T (98.83 %) and Nocar-
diopsis aegyptia DSM 44442T (98.76 %), but less than 98.65 % 
similarities to other members of the genus Nocardiopsis. It can 
be seen from Fig. 2 that isolate H13T formed a well-supported 
phyletic line in the Nocardiopsis phylogenomic tree together 
with the type strains of N. alborubida, N. dassonvillei and N. 
synnematoformans [1, 15, 17, 18, 22]. A similar relationship 
is also shown with the above three type strains in the 16S 
rRNA gene tree for isolate H13T (Fig. S2). It can be seen from 
Table 1 that isolate H13T shares dDDH similarities with its 
closest phylogenomic neighbours that are well below the 
70 % cut-off point recommended for the circumspection of 
prokaryotic species [60]. In turn, the ANI values are below 
the 95–96 % threshold used to assign closely related strains to 
the same species [61–63].

It can be seen from Table 2 that a broad range of phenotypic 
properties can be weighted to distinguish between isolate 
H13T and its closest phylogenomic neighbours though all 
of these strains shared common features. In particular, 
the isolate can be distinguished from the type strain of 
N. alborubida, its nearest phylogenomic neighbour (see 
Table 1), by a range of properties, as exemplified by its ability 
to hydrolyse urea, utilize d-arabitol, d-galactose, d-sorbitol, 
l-alanine, citric acid and α-keto-glutaric acid as sole carbon 
sources and its ability to grow at 15 °C. In contrast, the N. 
alborubida strain unlike the isolate, reduces nitrate, uses 
myo-inositol, d-salicin, sucrose and l-lactic acid as sole 
carbon sources and shows much greater activity in the 
API and/or Biolog GEN III tests. Similar combinations of 
phenotypic properties distinguish the isolate from the type 
strains of N. dassonvillei and N. synnematoformans. In turn, 
many phenotypic features can be used to separate the type 
strains of N. alborubida and N. dassonvillei, as illustrated by 
the ability of the N. dassonvillei strain to hydrolyse aesculin 
and metabolise a much broader range of carbon sources, as 
shown in Table 2.

It can be concluded from the chemotaxonomic, morpho-
logical and phylogenomic data that isolate H13T is a bona fide 
member of the genus Nocardiopsis. The isolate can be distin-
guished from the type strains of its three closest phylogenetic 
neighbours using a combination of phenotypic properties and 
by low ANI and dDDH values. Consequently, it is proposed 
that isolate H13T represents a new Nocardiopsis species. The 
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name chosen for this new species is Nocardiopsis deserti sp. 
nov.

Further, it is established from the distinct lineage in the 
genome based tree (Fig. 2) and lower overall genome related-
ness indices (Table 1) that N. alborubida should not be consid-
ered as a synonym of N. dassonvillei as proposed by Yassin 
et al. [15]; a result consistent with the view of Nouioui et al. 
[17] to adopt the taxonomy of Grund and Kroppenstedt [18]. 
This study therefore adopts the name Nocardiopsis alborubida 

corrig Grund and Kroppenstedt 1990. emend. Nouioui et al. 
2018.

Description of Nocardiopsis deserti sp. 
nov.
Nocardiopsis deserti (​de.​ser’ti. L. gen. n. deserti of or pertaining 
to a desert, thereby referring to the source of the isolate).

Aerobic, Gram-stain-positive, non-acid-alcohol fast, catalase-
positive actinobacterium which forms a yellowish white 
substrate mycelium and an abundant aerial spore mass but no 
diffusible pigments on oatmeal agar. Long branched substrate 
hyphae fragment into irregular rods. Aerial hyphae differ-
entiate into long chains of irregular spores (0.3×1.5–1.8 µm) 
with smooth surfaces. Growth occurs at 15–37 °C, pH 7–9 
and in the presence of up to 12 % NaCl. Optimal growth at 
28 °C, pH 7 and in the absence of NaCl. Hydrolyses starch and 
urea, but not cellulose, gelatin, or Tweens. Negative for milk 
coagulation and peptonization, H2S production and nitrate 
reduction tests. Assimilates N-acetyl glucosamine, d-glucose, 
malic acid, d-maltose, d-mannose and d-mannitol, but not 
l-arabinose, capric acid or trisodium citrate (API 20NE tests). 
Positive activities for alkaline phosphatase, esterase lipase 
(C8) and naphthol-AS-BI-phosphohydrolase but is negative 
for cystine arylamidase, α-fucosidase, α- and β-galactosidase, 
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Nocardiopsis lucentensis DSM 44048T (GCA_000341125.1)

Nocardiopsis listeri NBRC 13360T (GCA_001570765.1)

Streptosporangium roseum DSM 43021T (GCA_000024865.1)

Nocardiopsis deserti H13T (GCA_008638355.1)

Nocardiopsis trehalosi NBRC 14201T (GCA_001552555.1)

Nocardiopsis alkaliphila YIM 80379T (GCA_000341005.1)

Nocardiopsis chromatogenes YIM 90109T (GCA_000341185.1)

Nocardiopsis alba DSM 43377T (GCA_000341225.1)

Nocardiopsis prasina DSM 43845T (GCA_000341265.1)

Nocardiopsis sinuspersici DSM 45277T (GCA_008638415.1)

Nocardiopsis xinjiangensis YIM 90004T (GCA_000341145.1)

Nocardiopsis valliformis DSM 45023T (GCA_000340985.1)

Nocardiopsis alborubida NBRC 13392T (GCA_001552695.1)

Nocardiopsis kunsanensis DSM 44524T (GCA_000340965.1)

Nocardiopsis potens DSM 45234T (GCA_000341105.1)

100

73

100

100

99

100

65

100

100

92

50

100

100

83

96

100

81

100
100

89

0.01

Fig. 2. RAxML phylogenomic tree showing the relationships between strain H13T and related type strains of the genus Nocardiopsis. 
Values are the nodes are bootstrap supports (%). Streptosporangium roseum DSM 43021T (GCA_000024865.1) was used as the outgroup. 
Bar, 0.01 substitutions per nucleotide position.

Table 1. Comparison of the overall genomic relatedness indices of the 
genome of isolate H13T and those of three closely related type strains 
classified in the genus Nocardiopsis

Taxa: 1, Isolate H13T (GCA_008638355.1); 2, N. synnematoformans 
DSM 44143T (GCA_000340945.1); 3, N. alborubida NBRC 13392T 
(GCA_001552695.1); 4, N. dassonvillei DSM 43111T (GCA_000092985.1).

dDDH 1 2 3 4

ANI

1 – 58.9 62.4 52.5

2 94.08 – 58.1 53.1

3 94.87 93.95 – 53.4

4 93.22 93.63 93.54 –

http://doi.org/10.1601/nm.7526
http://doi.org/10.1601/nm.7534
http://doi.org/10.1601/nm.10904
http://doi.org/10.1601/nm.7534
http://doi.org/10.1601/nm.7526
http://doi.org/10.1601/nm.7526
http://doi.org/10.1601/nm.7429
http://doi.org/10.1601/nm.7526
http://doi.org/10.1601/nm.7534
http://doi.org/10.1601/nm.10904
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Table 2. Phenotypic properties that distinguish isolate H13T from its closest phylogenomic neighbours

1, Isolate H13T; 2, Nocardiopsis dassonvillei KCTC 9190T; 3, Nocardiopsis alborubida CGMCC 4.2086T; 4, Nocardiopsis synnematoformans CGMCC 4.2091. 
+, positive; w, weak positive; –, negative.

  Characteristics 1 2 3 4

Growth physiology

 � Temperature range (optimum, ºC) 15–37 (28) 28–37 28–37 (28) 28–37 (28)

 � pH range (optimum) 7–9 (7) 6–9 (7) 7–10 (7) 7-9(7)

 � NaCl requirement 0–12 0–13 0–13 0–12

Milk coagulation – + w w

Milk peptonization – + + w

Nitrate reduction – + + –

Hydrolysis of:

 � Starch + + + –

 � Urea + – – –

API ZYM tests:

 � Acid phosphatase – + w w

 � Alkaline phosphatase + + w +

 � α-Chymotrypsin – + w –

 � Esterase (C4) – + w +

 � Esterase lipase (C8) + + w –

 � α-Glucosidase – w + –

 � β-Glucosidase – + + –

 � Leucine arylamidase – + + w

 � Lipase (C14) – + w +

 � Valine arylamidase – + w w

API 20NE tests:

 � β-Galactosidase – + + –

 � β-Glucosidase (aesculin hydrolysis) – + – –

 � Protease (gelatin hydrolysis) – – w +

 � Urease + – – –

 � Assimilation of:

 � �  Phenylacetic acid – + + –

 � �  l-Arabinose – – + –

 � �  N-acetyl Glucosamine + – – –

 � �  d-Glucose + – – +

 � �  d-Maltose + – + +

 � �  d-Mannose + – – –

 � �  Potassium gluconate + – + +

 � �  Trisodium citrate – + + +

BIOLOG GEN III

Continued

http://doi.org/10.1601/nm.10904
http://doi.org/10.1601/nm.7534
http://doi.org/10.1601/nm.7526
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  Characteristics 1 2 3 4

Carbon source utilization assay:

 � l-Aspartic acid – – – +

 � β-hydroxy-d,l-Butyric acid – + – +

 � Citric acid + – – –

 � Formic acid – + – –

 � l-Galactonic acid lactone – – – +

 � l-Pyroglutamic acid + + + –

 � α-keto-Glutaric acid + – – +

 � l-Lactic acid – + + –

 � d-Lactic acid methyl ester – – – +

 � l-Malic acid – + + –

 � p-Hydroxy-phenylacetic acid + + – –

 � d-Saccharic acid + + + –

 � d-Arabitol + + – +

 � Dextrin + + – +

 � d-Fructose + + – +

 � d-Fructose-6-PO4 – – – +

 � d-Galactose + + – –

 � N-acetyl-d-Galactosamine – – – +

 � Gentiobiose + + + –

 � N-acetyl-d-Glucosamine – – – +

 � α-d-Glucose + + – –

 � d-Glucose-6-PO4 – – – +

 � Glycerol + – + +

 � Myo-inositol – – + –

 � d-Maltose + + – +

 � d-Mannose + + + –

 � N-acetyl-β-d-Mannosamine – – – +

 � d-Melibiose – – – +

 � Pectin + – – –

 � d-Raffinose – – – +

 � l-Rhamnose + + + –

 � d-Salicin – + + +

 � d-Sorbitol + + – +

 � Sucrose – + + –

 � d-Trehalose – – – +

 � d-Turanose – + – +

Table 2.  Continued

Continued
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N-acetyl-β-glucosaminidase, α- and β-glucosidase, 
α-mannosidase and trypsin (API ZYM tests). Acetic acid, 
acetoacetic acid, citric acid, d-gluconic acid, l-glutamic acid, 
l-pyroglutamic acid, α-keto-glutaric acid, d-malic acid and 
d-saccharic acid are oxidized but not d- or l-aspartic acid, 
γ-amino-butyric acid, β-hydroxy-d,l-butyric acid, α-keto-
butyric acid, formic acid, d-galacturonic acid, d-glucuronic 
acid, l-lactic acid, mucic acid, N-acetyl-neuraminic acid, 
propionic acid, quinic acid or bromo-succinic acid (organic 
acids). d-Arabitol, d-cellobiose, dextrin, d-fructose, 
d-galactose, gentiobiose, α-d-glucose, β-methyl-d-glucoside, 
glycerol, inosine, lactose, d-maltose, d-mannitol, d-mannose, 
l-rhamnose and d-sorbitol are metabolized but not d- or 
l-fucose, N-acetyl-d-galactosamine, 3-methyl-glucose, 
N-acetyl-d-glucosamine, glucuronamide, myo-inositol, 
N-acetyl-β-d-mannosamine, d-melibiose, methyl-pyruvate, 
d-raffinose, d-salicin, stachyose, sucrose, d-trehalose or 
d-turanose (sugars). Degrades pectin (polymer) but not 
Tween 40. Grows in the presence of lithium chloride, sodium 
butyrate, sodium lactate (1 %, w/v) and tetrazolium blue but is 
inhibited by sodium bromate and tetrazolium violet. Sensitive 
to fusidic acid, guanidine hydrochloride, rifamycin SV, trole-
andomycin and vancomycin. Whole-organism hydrolysates 
contain meso-diaminopimelic acid, arabinose and galactose, 
muramic acid moieties are N-acetylated, the predominant 
fatty acids are iso-C16 : 0, C18 : 0 10-methyl TSBA and anteiso-C17 : 0 
and the polar lipid profile contains diphosphatidylglycerol, 
phosphatidylcholine, phosphatidylinositol, phosphatidyl-
methylethanolamine and an unidentified phospholipid. The 
genome size is 7.25 Mb and the in silico DNA G+C content 
is 71.9 mol%.

The type strain, H13T (=CGMCC 4.7585=KCTC 49249), was 
isolated from a high altitude Atacama Desert soil in Chile. The 

DDBJ/ENA/GenBank accession number of the whole genome 
sequence of strain H13T is VWVS00000000.

This is the first classification of a Nocardiopsis species isolated 
from an Atacama Desert soil though isolates with very similar 
colonial properties to isolate H13T have been isolated from 
other high altitude soils collected from Carro Chajnantor, as 
have members of a putatively novel species related to Nocar-
diopsis trehalosi [64]. Idris also found that isolate H13T inhib-
ited the growth of several Bacillus subtilis reporter strains, 
including ones detecting the inhibition of cell envelope 
and cell wall synthesis. These preliminary data suggest that 
representatives of novel Nocardiopsis strains, like member of 
other genera isolated from Atacama Desert soils and shown 
to have large genome (sensu Baltz 2017 [65]), should feature 
in bioprospecting campaigns [66].
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  Characteristics 1 2 3 4

 � l-Alanine + + – +

 � l-Arginine + + – +

 � Glycyl-l-proline + + – +

 � l-Histidine + – + –

 � l-Serine + – – +

 � Inosine + + + –

Chemical sensitivity assay:

 � Potassium tellurite + – – –

 � Aztreonam – – – +

 � Lincomycin + – – –

 � Nalidixic acid + – – +

G+C content (mol%) 71.9 72.7* 72.0* 72.3*

*Data from EzBioCloud database.
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