TAXONOMIC DESCRIPTION
Dalmastri et al., Int. J. Syst. Evol. Microbiol. 2020;70:4782-4790

“ MICROBIOLOGY
' SOCIETY

DOI' 10.1099/ijsem.0.004348

Description of the bacterial RNA polymerase inhibitor GE23077-
producer Actinomadura sp. NRRL B-65521T as Actinomadura

lepetitiana sp. nov.

Claudia Dalmastri’, Luciano Gastaldo?, Francesca Berini?, Flavia Marinelli? and Giorgia Letizia Marcone?*

Abstract

The filamentous actinomycete that produces the antibiotic GE23077 was isolated by the Lepetit Research Group from a soil
sample collected in Thailand, and it was classified as a member of the genus Actinomadura on the basis of its morphol-
ogy and cell-wall composition. Phylogenetic analysis based on 16S rRNA gene sequences indicated that this strain formed a
distinct monophyletic line within the genus Actinomadura, and it was most closely related to Actinomadura bangladeshensis
DSM 453477 (99.31% similarity) and Actinomadura mexicana DSM 44485" (98.94%). The GE23077-producing strain formed an
extensively branched, non-fragmented vegetative mycelium; no pseudosporangia were formed and the arthrospores were
organized in slightly twisted chains. The cell wall contained meso-2,6-diaminopimelic acid and the diagnostic sugar was madu-
rose. The predominant menaquinone was MK-9(H,), with minor amounts of MK-9(H,) and MK-9(H,). The diagnostic phospho-
lipids were phosphatidylinositol and diphosphatidylglycerol. The major cellular fatty acids were C,, ; and tuberculostearic acid
(10-methyloctadecanoic acid), followed by minor amounts of C,, . @9c, C,, @7c and 10-methylheptadecanoic acid. The genomic
DNA G+C content was 71.77 mol%. Significant differences in the morphological, chemotaxonomic and biochemical data, and the
low DNA-DNA relatedness between the GE23077-producing strain and closely related type strains clearly demonstrate that it
represents a novel species of the genus Actinomadura, for which the name Actinomadura lepetitiana sp. nov. is proposed. The

type strain is NRRL B-655217(=LMG 312587=DSM 1090197).

The genus Actinomadura belongs to the family Thermo-
monosporaceae of the order Streptosporangiales in the class
Actinobacteria [1, 2], which for traditional reasons will be
termed as actinomycetes in the present study. The genus
Actinomadura, classified as a member of the family Thermo-
monosporaceae as emended by Stackebrandt et al. [3] with
Actinomadura madurae as the type species, was first proposed
by Lechevalier and Lechevalier [4] to accommodate so-called
Nocardia species with walls containing meso-diaminopimelic
acid but lacking arabinose and galactose in whole-cell
hydrolysates. Members of the genus Actinomadura are aero-
bic, Gram stain-positive, non-acid-fast actinomycetes that
can form extensively branched non-fragmenting substrate
mycelium on various agar media, with aerial mycelia that
differentiate into hooked, straight or irregular spiral chains

of arthrospores with a surface that can be folded, irregular,
smooth, spiny or warty [5]. The peptidoglycan of the cell wall
contains meso-diaminopimelic acid (cell wall type III), and
the diagnostic sugar of whole-cell hydrolysates is madurose
[6]. The major phospholipids are diphosphatidylglycerol and
phosphatidylinositol, corresponding to phospholipid type PI
of Lechevalier et al. [7]. Tetra-, hexa- and octahydrogenated
menaquinones with nine isoprene units are the predominant
isoprenologues [8]. Complex mixtures of fatty acids with
hexadecanoic (C, ), 14-methylpentadecanoic (iso-C ) and
10-methyloctadecanoic acid (10-Me-C,, , tuberculostearic
acid) are predominant [8].

At the time of writing (June 2020), the genus comprised
65 species with validly published names as reported in the
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List of Prokaryotic names with Standing in Nomenclature
(https://lpsn.dsmz.de/genus/actinomadura), including the
recently described Actinomadura harenae [9], Actinomadura
roseirufa [10] and Actinomadura logoneensis [11]. Although
the primary reservoir of members of the genus Actinomadura
remains soil (including Saharan [12] and rhizospheric soils
[13]), Actinomadura species are widespread in nature, and
have been isolated from a wide range of natural habitats such
as leaves, volcanic cone and hot spring waters, honeybee hive,
rocks and mud nests [14-19]. They have also been isolated
from bovine manure compost [20] and from sewage ditch [21].
Additionally, strains of this genus have been reported as the
agents of actinomycete mycetoma [22], whereas others have
shown the potential to produce antibiotics [10, 19, 23-27].

In the course of a screening programme for discovering novel
inhibitors of rifamycin-resistant RNA polymerase, the Lepetit
Research Group (at that time part of Vicuron Pharmaceuti-
cals) isolated a strain belonging to the genus Actinomadura,
which produced the cyclic heptapeptide GE23077 that had
potent activity against RNA synthesis in cell-free tests but
with antibacterial activity restricted to Moraxella catarrhalis
[26]. The product was patented and the strain was depos-
ited as DSM 13491 [28]. Subsequent efforts to improve the
GE23077 antibacterial activity and extend its antimicrobial
spectrum by chemical modifications allowing its penetration
into whole cells were unsuccessful; the patent was thus left
aside [29]. Due to its specific and selective mode of action, we
recently assisted with renewed interest in this bacterial RNA
polymerase inhibitor that does not show cross-resistance
with rifamycins [30, 31]. Since the GE23077-producing
strain (purchased from DSMZ and coded as VA325 in our
University strain collection) remained poorly characterized
taxonomically, in the present study we describe its polyphasic
taxonomic analysis and propose that it represents a novel
species of the genus Actinomadura, which has been deposited
as NRRL B-65521" (=LMG 31258"=DSM 109019").

The strain producing GE23077 was isolated by the Lepetit
Research Group from a soil sample collected in Thailand
by employing a novel method for isolating spores from
uncommon soil actinomycetes [29]. One gram of soil sample
dried overnight at 50°C was resuspended in 10ml of water
containing novobiocin (10 ug ml™). After vigorous shaking
the sample was centrifuged at 1500 r.p.m. for 2 min and then
allowed to stand at room temperature for 2h. Because the
supernatant was mostly enriched in spores relative to vegeta-
tive forms, the supernatant was spread onto colloidal chitin
agar supplemented by novobiocin (10 pg ml™) and cyclohex-
imide (50 pg ml™) as described by Shirling and Gottlieb [32].
Plates were incubated at 28 °C for 2-3 weeks and colonies
were finally transferred on ISP3 and incubated at 28 °C until
growth was detectable [32]. The pure culture was then used
for fermentation studies and stored as a 20% (v/v) glycerol
suspension at —80°C and as lyophilized cells for long-term
preservation [26].

We extracted the genomic DNA of strain NRRL B-65521"
following the method described by Kieser et al. [33]. The 16S

4783

rRNA gene was amplified by PCR according to the Bact 16S
Service of BMR Genomics using universal primers (Primer
1500F: AGTTTGATCCTGGCTCAG and Primer 1500R:
AAGGAGGTGATCCAGCCGCA) and Platinum Taq High
Fidelity (Fisher Scientific). The PCR product was sequenced
by BMR Genomics using universal primers. The 16S rRNA
gene sequence of strain NRRL B-65521" was compared with
those of representatives of the genus Actinomadura available
in the EzTaxon-e server (http://www.ezbiocloud.net/eztaxon
[34]). 16S rRNA gene sequence similarity between strain
NRRL B-65521" and the type strains of related species was
calculated on the basis of pairwise alignment. A multiple
sequence alignment of strain NRRL B-65521" and other
related taxa was performed by using CLUSTAL w version 2.0
[35] and trimmed manually where necessary. Phylogenetic
trees were reconstructed using the neighbour-joining [36]
and maximum-likelihood [37] algorithms by MEGA software
version X [38]. The topology of phylogenetic trees was evalu-
ated with bootstrap analysis based on 1000 resamplings [39],
to determine the confidence values of the branches in the
phylogenetic tree. A distance matrix was generated using
Kimura’s two-parameter model [40]. All positions containing
gaps and missing data were eliminated from the dataset.

Comparison, by using the EzTaxon-e server, of the almost-
complete 16S rRNA gene sequence (1492 nt) of strain NRRL
B-65521" with those of type strains of related species with
validly published names indicated that strain NRRL B-65521"
is a member of the genus Actinomadura. The most closely
related type strains were Actinomadura bangladeshensis DSM
453477 [41] (99.31% similarity; 10 nucleotide differences in
1443 positions) and Actinomadura mexicana DSM 44485"
[42] (98.94%; 15 nucleotide differences in 1421 positions).
The neighbour-joining phylogenetic tree (Fig. 1) based on 16S
rRNA gene sequences showed that strain NRRL B-65521" falls
within the evolutionary radiation occupied by representatives
of the genus Actinomadura, and it is included in a cluster that
is also present in the maximum-likelihood tree (Fig. S1, avail-
able in the online version of this article). The two phylogenetic
trees are almost completely in agreement.

We observed the morphological characteristics of strain
NRRL B-65521" by scanning electron microscopy (SEM-FEG
XL-30; Philips) using cultures grown on one-tenth strength
humic acid medium for 7 days at 28°C [43]. The cultural
characteristics of strain NRRL B-65521" in parallel with
those of A. bangladeshensis DSM 45347" (=3-46-b3") and
A. mexicana DSM 44485" (=A290") were determined after
incubation at 28 °C for 21 days on various ISP media [32] in
addition to a few media as recommended by Waksman [44].
The agar media used for morphological and cultural studies
were: yeast extract-malt agar (ISP2), oatmeal agar (ISP3),
inorganic salts-starch agar (ISP4), glycerol-asparagine agar
(ISP5), peptone-yeast extract-iron agar (ISP6), tyrosine agar
(ISP7), nutrient agar, Bennett’s agar, Hickey-Tresner’s agar
and glucose-asparagine agar. Starch hydrolysis was checked
on ISP4 medium and melanin production on ISP7, as previ-
ously reported [45, 46]. Colours were determined according to
Maerz and Paul [47] and Tresner and Backus [48]. The ranges
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70 Actinomadura sporangiiformans NEAU-Jh2-5" (KM000834)
95 |L Actinomadura jiaoheensis NEAU-Jh1 -3T (KM000835)
971" L Actinomadura viridis DSM 43175' (AJ420141)
Actinomadura vinacea JCM 3325 (AF134070)
Actinomadura rugatobispora NBRC 143827 (U49010)
Actinomadura adrarensis DSM 467457 (KU356942)
Actinomadura hallensis NBRC 102110 (DQ076484)
Actinomadura sputi DSM 45233" (FM957483)
Actinomadura flavalba DSM 45200 (FJ157185)
Actinomadura atramentaria NBRC 14695 (U49000)
Actinomadura rayongensis JCM 19830" (AB889544)
Actinomadura chibensis DSM 45038" (AB264086)
Actinomadura syzygii NBRC 110399" (KF667496)
Actinomadura alkaliterrae D310AT' (KT876993)
Actinomadura yumaensis JCM 3369" (AF163122)
Actinomadura catellatispora NBRC 163417 (AF154127)
0.010 100 "Actinomadura livida DSM 43677 (AJ293706)
Actinomadura madurae DSM 430677 (X97889)
Actinomadura darangshiensis DSM 459417 (FN646682)
Actinomadura latina DSM 433827 (AY035998)
Actinomadura meridiana DSM 452527 (FN646663)
Actinomadura pelletieri DSM 43383" (AJ293710)
Act/nomadura bangladeshensis DSM 45347" (AB331652)
Actinomadura chokoriensis JCM 139327 (AB331730)
Actinomadura napierensis DSM 44846T (AY568292)
Actinomadura lepetitiana NRRL B-65521T (MH061375)
Actinomadura sediminis DSM 455007 (JF272484)
Actinomadura algeriensis ACD1" (KT259320)
Actinomadura cremea JCM 3308" (AF134067)
Actinomadura apis JCM 16576" (AB557596)
Actinomadura rifamycini NBRC 14183 (U49003)
a6— Actinomadura deserti BMP8004" (MF972517)
'— Actinomadura meyerae DSM 4471 57 (AY273787)
Actinomadura macra NBRC 141027 (U49009)
Actinomadura xylanilytica NCIMB 147717 (FR692101)
Actinomadura citrea DSM 434617 (AJ420139)
" Actinomadura mexicana DSM 444857 (AF277195)
Actinomadura glauciflava NBRC 14668" (AB184612)
Actinomadura verrucospora NBRC 14100" (U49011)
55 Actinomadura luteofluorescens NBRC 130577 (U49008)
86 L Actinomadura coerulea NBRC 14679" (U49002)
_L— Actinomadura formosensis DSM 439977 (AJ293703)
Actinomadura geliboluensis DSM 45508 (HQ157187)
—|—— Actinomadura roseirufa LMG 30035" (LT996936)
EActmomadura nitritigenes DSM 441377 (AY035999)

98

Actinomadura barringtoniae GKU 128" (KF667497)
Actinomadura fibrosa DSM 442247 (AJ293702)
Actinomadura fulvescens DSM 43923" (AJ420137)
Actinomadura rudentiformis DSM 449627 (DQ285420)
] Actinomadura montaniterrae JCM 169957 (LC126428)
27— Actinomadura hankyogensis LMG 303277 (KY078843)
Actinomadura kijaniata DSM 437647 (X97890)
Actinomadura namibiensis DSM 441977 (AJ420134)
Actinomadura hibisca DSM 441487 (AJ293705)
Actinomadura miaoliensis LMG 24335" (EF116925)
Actinomadura keratinilytica DSM 451 95" (EU637009)
Actinomadura viridilutea NBRC 14480" (D86943)
Actinomadura oligospora ATCC 43269" (AF163118)
Actinomadura rupiterrae DSM 452517 (FM210337)
Actinomadura gamaensis NEAU-Gz5" (KT989505)
Actinomadura harenae NEAU-Ht49" (MK203829)
Actinomadura rhizosphaerae SDA37" (LC369500)
Actinomadura logoneensis NEAU-G1 7" (MG189967)
Actinomadura scrupuli DSM 45225" (FM210339)
EActinomadura alba DSM 45045" (DQ985164)
Actinomadura craniellae LHW63021T (MG200154)
Actinocorallia lasiicapitis H-GS17" (KR261652)
76' Actinocorallia glomerata JCM 9376 (AF134068)
Actinocorallia aurea IFO 147527 (AB006177)
Actinocorallia herbida IFO 15485" (NR115631)
Streptomyces albofaciens JCM 43427 (AB045880)
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Fig. 1. Neighbour-joining tree based on almost-complete 16S rRNA gene sequences showing the relationship between strain NRRL
B-65521T and other species of the genus Actinomadura. Streptomyces albofaciens JCM 43427 was used as an outgroup. The phylogenetic
analysis compares 1274 sites, following the complete deletion of gaps and missing data. Asterisks denote branches that were also
recovered in the maximum-likelihood tree. Numbers at branch points indicate bootstrap percentages (based on 1000 replications); only
values above 50.0% are shown. Bar, 0.010 substitutions per nucleotide position.
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of temperature (20-43°C), pH (6.0-9.0) and NaCl concentra-
tion (0-2.5%, w/v) for growth of strain NRRL B-65521" were
examined on Hickey-Tresner’s agar plates for 14-21 days.
Carbon source (L-arabinose, cellobiose, cellulose, D-fructose,
D-galactose, D-glucose, myo-inositol, lactose, maltose, D-
mannitol, D-mannose, raffinose, L-rhamnose, ribose, salicin,
starch, sucrose, D-xylose) utilization was tested using carbon
source utilization medium (ISP9) [30, 49] supplemented with
a final concentration of 1% (w/v) of the tested carbon source.

The morphological and cultural characteristics of strain
NRRL B-65521" were consistent with members of the genus
Actinomadura. Strain NRRL B-65521" showed good growth
on ISP2, ISP3, ISP4, ISP6, ISP7, Hickey-Tresner’s agar,
Bennett’s agar and nutrient agar, and moderate growth on
ISP5 and glucose asparagine agar. As reported in Table 1, the
colour of the substrate mycelium varied from pale yellow to
pink according to the medium used [47, 48]. The strain did
not produce soluble pigment with any of the media used.
The aerial mycelium, when present, was white or pale pink.
The aerial mycelium produced slightly twisted chains of
spores (0.9-1.0 um in diameter). Spore chains were curved
to hooked and consisted of 6-8 or more non-motile spores
with warty surfaces (Fig. 2). No pseudosporangia were
detectable.

Strain NRRL B-65521" tolerated temperatures of ~20-43°C
with an optimum between 28 and 37°C. The strain grew
in the pH interval from 6.0 to 9.0. Strain NRRL B-655217
tolerated up to 2.5% (w/v) NaCl (Table 2). Starch hydrolysis
and melanin production were positive. The strain grew on
all carbon sources tested, but growth was more abundant on
cellobiose, cellulose, p-glucose and D-xylose. The cultural
and physiological characteristics of strain NRRL B-65521"
that differentiate it from the closely related A. bangladesh-
ensis DSM 453477 and A. mexicana DSM 444857 [41, 42]
are reported in Tables 1 and 2, and indicated in detail in the
species description.

For comparative analysis of antibiotic production, we culti-
vated strain NRRL B-65521" and the closest related strains
A. bangladeshensis DSM 45347 and A. mexicana DSM 44485"
in a medium previously optimized for GE23077 production,
consisting of: glucose 2% (w/v), yeast extract 0.2% (w/v),
soybean meal 0.8% (w/v), NaCl 0.1% (w/v) and CaCO,
0.4% (w/v) [26]. The cultures were incubated for 192h on a
rotary shaker at 200r.p.m. and at 28°C, and sampled every
24h. Biomass was measured as dry weight after harvesting
the mycelium by centrifugation for 10 min at 4000 gand then
dehydrating the pellet for 24h in a 50°C oven. To follow
GE23077 production, 20 ml of the harvested broth was filtered
to remove the mycelium and the supernatant was loaded on
2ml pre-activated Diaion HP-20 resin and then eluted with
5 ml methanol. Samples were concentrated to 1.5ml in a rota-
vapor before HPLC injection. HPLC analyses were conducted
on a 5-um particle-size Ultrasphere ODS (Beckman) column
(4.6 by 250 mm) eluting at a flow rate of 1 ml min™" in isocratic
mode for 25 min of 82% Phase A and 18% Phase B. Phase A
and B were solutions of methanol/40 mM ammonium formate
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buffer 1:99 (v/v) and methanol/40 mM ammonium formate
70:30 (v/v) [26], respectively.

As shown in Fig. S2a, in the antibiotic production medium,
A. bangladeshensis DSM 45347" and A. mexicana DSM 44485"
grew well with a biomass production comparable or even
higher than for strain NRRL B-65521", but neither of them
produced any GE23077. In contrast, GE23077 production was
detectable in cultures of strain NRRL B-655217 (Fig. S2b).

Biomass for chemotaxonomic study was prepared by growing
strain NRRL B-65521" in ISP2 broth [32] at 200 r.p.m. for
5 days at 30 °C; cells were harvested by centrifugation, washed
twice in distilled water, re-centrifuged and freeze-dried. The
steroisomeric form of diaminopimelic acid was determined
by TLC [50]. The whole-cell sugar pattern was determined
according to Saddler et al. [51]. Isoprenoid quinones were
extracted and purified according to the procedure of Minnikin
et al. [52] and analysed by HPLC [53]. Polar lipids and fatty
acids were extracted and analysed by the Identification
Service of the Leibniz-Institut DSMZ (Deutsche Sammlung
von Mikroorganismen und Zellkulturen GmbH). Briefly,
polar lipids were separated by two-dimensional silica gel TLC
(Macherey-Nagel Art. No. 818 135). The first direction was
developed in chloroform/methanol/water (65:25:4, by vol.),
and the second in chloroform/methanol/acetic acid/water
(80:12:15:4, by vol.). Total lipid material was detected using
molybdatophosphoric acid and specific functional groups
were detected using spray reagents specific for defined func-
tional groups according to Tindall et al. [54]. For the extrac-
tion of whole-cell fatty acids, the wet biomass was extracted
using minor modifications [55] of the method of Miller [56].
Analyses were carried out as described by Kroppenstedt et al.
[8] and fatty acid methyl ester peaks were separated by the
Microbial Identification System (MIDI; Microbial ID) and
analysed using the TSBA 40 database.

Strain NRRL B-65521" contained meso-diaminopimelic
acid as the cell-wall diamino acid and the whole-cell sugar
was madurose (type B). As shown in Fig. S3, the major
phospholipids were phosphatidylinositol and diphosphati-
dylglycerol. The predominant menaquinone of the strain
was MK-9(H,) (58.94%), while minor amounts of MK-9(H,)
(12.61%) and MK-9(H,) (5.83%) were also present. The major
cellular fatty acids were C,_ (32.47%) and tuberculostearic
acid (10-methyloctadecanoic acid) (25.29%), followed by
moderate amounts of C . ®9¢ (8.88%), C,, w7c (6.86%),
and 10-methylheptadecanoic acid (5.25%).

For draft genome sequencing and assembly, the genomic
DNA of strain NRRL B-65521" was checked by agarose gel
electrophoresis to evaluate DNA integrity and purity and
via a NanoDrop UV-Vis spectrophotometer (ThermoFisher
Scientific) and Qubit assay (ThermoFisher Scientific) to
estimate DNA concentration. Whole-genome sequencing
was performed by BMR Genomics on the Illumina MiSeq
platform. A-tailed, ligated to paired-end adaptors and
PCR-amplified library with a 300 bp insert were prepared
at BMR Genomics. [llumina PCR adapter reads and low-
quality reads from the paired-end were filtered by a quality
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Table 1. Comparison of the cultural characteristics of strain NRRL B-65521" and the type strains of the most closely related species of the genus
Actinomadura with validly published names

Strains: 1, NRRL B-65521T; 2, A. bangladeshensis DSM 45347T; 3, A. mexicana DSM 44485, G, growth (+++, good; ++, moderate; +, poor; -, no growth);
AM, aerial mycelium (-, not produced; +, poorly produced); SM, substrate mycelium; SP, soluble pigment (-, not produced). Colour chart from [47, 48].

Medium 1 2 3
ISP2 G +++ ++ +++
AM - - +
SM Pale pink Bamboo Light yellow
SP - - Yellow
ISP3 G +++ +++ +++
AM + + +
SM Pink Bamboo Light brown
SP - - -
ISP4 G +++ +++ +++
AM - + -
SM Deep pink Light beige Pale pink
SP - - -
ISP5 G ++ +++ ++
AM + - -
SM Pale pink Light beige Light brown
SP - - -
ISP6 G +++ +++ ++
AM + - -
SM Pale yellow to brownish Deep orange-yellow Light brown
Sp - - -
1SP7 G +++ +++ +++
AM + + +
SM Pink Red wood Red wood
SP - - -
Nutrient agar G +++ ++ +++
AM + - -
SM Pale yellow Bamboo Light ivory
Sp - - -
Hickey-Tresner’s agar G +++ +++ +++
AM + + +
SM Pale yellow Light brown Light ivory
SP - - -
Glucose asparagine agar G ++ ++ +++
AM - + +
SM Light pink Light ivory Light ivory
SP - - -
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Table 1. Continued
Medium 1 2 3
Bennet’s agar G +++ ++ +++
AM - - _
SM Pink Light brown Pink to pale red
N - - _

Fig. 2. Scanning electron micrographs showing spore morphology. The
strain was grown on humic acid at 28 °C for 14 days. Bars, 2.0 um.

control step using the BMR Genomics compilation pipeline.
Adapter trimming was conducted with Cutadapt (https://
cutadapt.readthedocs.io [57]), we used an in-house compila-
tion pipeline to remove residual PCR primer sequences and
filtered low-quality bases (Q<30) and short reads (length
<150 bp). All good-quality paired reads were assembled by
using SPAdes v3.12.0 (http://cab.spbu.ru/software/spades/
[58]) into a number of scaffolds. The filter reads were then
handled by the next step of the gap-closing. Evaluation of
assembly output was performed with QUAST v4.6.3 (http://
quast.sourceforge.net/quast [59]).

The assembled genome sequence of strain NRRL B-65521"
was 8592328 bp long and composed of 2016 contigs with an

Table 2. Physiological properties that differentiate strain NRRL
B-65521T from the type strains of the most closely related species of
the genus Actinomadura

Strains: 1, NRRL B-65521"; 2, A. bangladeshensis DSM 453477,
3, A. mexicana DSM 444857, Only results that differentiate among the
strains are reported. +, growth/degradation; -, absence of growth/
degradation; ND, not determined.

Characteristic 1 2 3
Temperature for growth (°C) 20-43 20-45 25-37
pH range 6-9 5-9 7-9
NaCl tolerance (%, w/v) 2.5 4 2.5
Starch hydrolysis + - -
Melanin production + - +
Growth on sole carbon source

L-Arabinose + + T+
Cellobiose ++ ++ +
D-Fructose + + —
p-Galactose + - -
myo-Inositol + - +++
Lactose + — _
D-Mannitol + + _
D-Mannose + _ _
Raffinose + - ND
Rhamnose + - +
Xylose ++ + ND
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N50 value of 35526 bp, a DNA G+C content of 71.77 mol%
and a coverage of 75x. It was deposited at DDBJ/ENA/
GenBank under accession JAABOU000000000. The version
described in this paper is version JAABOU010000000.
Genome analysis by Prokka v1.14.5 revealed eight copies
of the rRNA gene, 100 tRNA genes and one copy of
tmRNA. The 16S rRNA gene sequence from the whole
genome sequence shared 100% similarity to that from
PCR sequencing, proving that the genome sequence was
not contaminated.

According to the phenotypic and genotypic results,
strain NRRL B-65521" is different from the type strains
of closely related species. To confirm this, the level of
DNA-DNA hybridization between strain NRRL B-65521"
and the closest strains A. bangladeshensis DSM 453477 and
A. mexicana DSM 44485" was determined by the Identi-
fication Service of the Leibniz-Institut DSMZ. Cells were
disrupted by using a Constant Systems TS 0.75 KW device
(IUL Instruments) and the DNA in the crude lysate was
purified by chromatography on hydroxyapatite as described
by Cashion et al. [60]. DNA-DNA hybridization (DDH)
was carried out as previously described [61, 62], under
consideration of the modifications reported, using a model
Cary 100 Bio UV/VIS-spectrophotometer equipped with a
Peltier-thermostated 6x6 multicell changer and a tempera-
ture controller with in-situ temperature probe (Varian)
[63]. DNA-DNA relatedness values were examined from
two independent determinations. Additionally, average
nucleotide identity (ANI) and digital DNA-DNA hybridi-
zation (dDDH) values were determined by comparing
the genomes of strain NRRL B-65521T with those
of A. bangladeshensis DSM 45347" (SMJW01000100.1)
and A. mexicana DSM 44485" (FZNP01000053.1) using
the ortho-ANTu algorithm from Ezbiocloud (https://www.
ezbiocloud.net/tools/orthoaniu [64]) and the Genome-to-
Genome Distance Calculator (GGDC 2.1) at http://ggdc.
dsmz.de [65].

Based on DDH, strain NRRL B-655217 showed DNA-DNA
relatedness of 19.8+4.66%to A. bangladeshensis DSM
45847" and 32.85+0.63% to A. mexicana DSM 444857;
both of these values are clearly below the 70% threshold
for the definition of bacterial species [62]. Consistently,
the level of dDDH between NRRL B-655217 and A. bang-
ladeshensis DSM 45847" was 29.60 % and 44.00 % between
NRRL B-65521" and A. mexicana DSM 44485", again
significantly below the 70% threshold [62]. Similarly, the
ANI values of 85.09 and 91.18% found between strain
NRRL B-65521" and A. bangladeshensis DSM 458477
and A. mexicana DSM 444857, respectively, are below the
threshold used to delineate prokaryote species by genome
comparison [66, 67].

On the basis of the data from our polyphasic study, the
GE23077-producing strain NRRL B-65521" differs from
closely related species of the genus Actinomadura; therefore,
strain NRRL B-655217 represents a novel species, for which
the name Actinomadura lepetitiana sp. nov. is proposed.
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DESCRIPTION OF ACTINOMADURA
LEPETITIANA SP. NOV.

Actinomadura lepetitiana (le.pe.ti.tidna. N.L. fem. adj. lepeti-
tiana from the Lepetit Research Group, which isolated and
studied the strain).

Aerobic, Gram-stain-positive actinomycete that forms
extensively branched, non-fragmented pale yellow to
pink vegetative mycelium on ISP2, ISP3, ISP4, ISP6, ISP7,
nutrient agar, Hickey-Tresner’s agar and Bennett’s agar.
Aerial mycelium, when present, is white to pale pink.
Globose spores with verrucose surface are produced
on humic acid medium. Pigments are not produced. No
growth occurs above 43 °C or below 20 °C; optimal growth
occurs in the range from 28 to 37°C. Grows in the range
of pH from 6.0 to 9.0 and with up to 2.5% (w/v) NaCL
Starch hydrolysis and melanin production are positive.
Cellulose, cellobiose, D-glucose and p-xylose are utilized
as sole carbon sources; in addition, arabinose, D-fructose,
D-galactose, myo-inositol, lactose, D-mannitol, maltose, D-
mannose, raffinose, L-rhamnose, ribose, salicin, sucrose and
starch are used but the growth on them is less abundant. The
cell-wall peptidoglycan contains meso-diaminopimelic acid.
The whole-cell diagnostic sugar is madurose. The predomi-
nant menaquinone is MK-9(H,), while minor amounts of
MK-9(H,) and MK-9(H,) are also detected. The diagnostic
phospholipids are phosphatidylinositol and diphosphati-
dylglycerol. The major fatty acids (>10.0%) are C,, and
tuberculostearic acid (10 methyloctadecanoic acid).

The type strain, NRRL B-65521" (=LMG 31258"=DSM
109019%), was isolated by the Lepetit Research Group
from a soil sample collected in Thailand and identified as
a producer of an inhibitor of bacterial RNA polymerase
during a screening programme for discovering novel
antibiotics. The G+C content of the genomic DNA of the
type strain is 71.77 mol%. The NCBI accession number
for the 16S rRNA gene sequence of strain NRRL B-655217
is MH061375. The Whole Genome Shotgun project has
been deposited at DDBJ/ENA/GenBank under accession
JAABOUO000000000. The version described in this paper is
version JAABOU010000000.
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