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Abstract

The soil dwelling actinomycete strain Actinomadura parvosata subsp. kistnae is the producer of the
antiviral antibiotics kistamicin A and B. Genome sequencing and bioinformatic analysis revealed the
presence of the kistamycin biosynthetic gene cluster responsible for the formation of these
non-ribosomal peptides as well as an impressive number of yet uncharacterized biosynthetic
pathways. This includes polyketide, ribosomal and non-ribosomal peptide and a large number of
terpenoid biosynthetic loci encoding yet unknown natural products. The genomic data of this
strain is thus a treasure trove for genome mining for novel functional metabolites and new

biocatalysts.
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Introduction

Actinomycetes are well known to produce a
wealth of secondary metabolites with diverse
biological activities and complex structures [1].
Included in this broad range of compounds are
antibiotics, antivirals and anticancer agents from
important natural product classes, such as peptides,
polyketides or terpenes [2]. Unfortunately, many
more promising secondary metabolites encoded in
actinomycete genomes remain undiscovered because
their biosynthetic gene clusters are not expressed
under standard fermentation conditions [3, 4]. In
recent years, these putatively silent gene clusters have
become accessible by genome mining [5, 6]. In our
search for yet undiscovered natural product
chemistry and biochemistry we selected the
actinomycete strain Actinomadura parvosata subsp.
kistnae (strain designation S382-8) as a promising
target organism. It was isolated from a soil sample

collected near the Kistna River in India and shown to
produce the potent antiviral antibiotics kistamicin A
and B [7]. These secondary metabolites exhibit potent
antiviral activity against influenza virus type A as
well as antimicrobial activity against Gram-positive
bacteria and putatively belong to the class of
non-ribosomal peptides [7]. To get further insights
into the kistamicin biosynthesis and to explore the
strains whole metabolic potential we sequenced the
genome of Actinomadura parvosata subsp. kistnae
(Table 1).

In the draft genome sequence we indeed
identified the 48 kb kistamicin biosynthetic gene
cluster, showing the typical NRPS assembly line
organization [8, 9]. Furthermore, in silico analysis with
the program antiSMASH [8] revealed 33 other gene
clusters for the biosynthesis of secondary metabolites.
This places Actinomadura parvosata subsp. kistnae
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among those actinomycete strains that harbour the
most biosynthetic gene clusters found in this group of
bacteria [10]. antiSMASH [8] revealed six ribosomal
and non-ribosomal peptide Synthetase (NRPS)
systems ranging from 30 kb to 69 kb in size as well as
six polyketide synthase (PKS) clusters ranging from
34 kb to 51 kb (3 type I PKS, 1 type II PKS, 1 type III
PKS, 1 unspecified) and two mixed NRPS-PKS (both
>100 kb). Additionally, seven terpene biosynthetic
gene clusters (21 kb to 22 kb), 4 lassopeptide, 3
bacteriocin, 2 lantipeptide, 1 mixed lassopeptide-
lantipeptide, 2 siderophore and 1 unspecified cluster
have been detected by antiSMASH. Only two of these
clusters show 100 % similarity to already
characterized pathways, namely those encoding
geosmin and  2-methylisoborneol. ~ All  other
biosynthetic loci have low similarity to previously
characterized gene clusters. Together with the sheer
number of biosynthetic gene clusters these findings
underline the high potential of this organism for the
discovery of novel chemistry and biochemical
transformations  useful in biomedicine and
biotechnological applications.

Table 1. Genome features of Actinomadura parvosata subsp.
kistnae.

Features Chromosome
Length (bp) 13,559,781
G+C content (%) 71.7 %

CDS 12784

rRNA genes 17

tRNA genes 63
Biosynthetic gene clusters 34

The genomic sequence of Actinomadura parvosata
subsp. kistnae was obtained by PacBio single molecule
real-time (SMRTI®) sequencing. The raw data was
generated from three SMRT cells, resulting in a total
of approx. 173.600 reads with an average size of 5.9 kb
and a N50 read length of 10 kb. Assembly of this data
by GATC resulted in 36 polished contigs with an
average coverage of 61.3. In total this leads to a size of
the chromosome of this strain of approx. 13.56 MBp
and thus places it among the largest actinobacterial
genome sequences known to date [10]. The G+C
content is 71.7%. Importantly, approx. 10% of the very
large genome of the strain is devoted to the
biosynthesis of specialized metabolites, as shown by
antiSMASH analysis [8] described above. The genome
was annotated using the RAST server [11] and the
software Geneious version 8.1.8 [12], resulting in the

annotation of 12784 coding sequences (CDSs) as well
as 17 rRNA genes and 34 tRNA loci.

The complete genome sequence was deposited at
EMBL under Accession Np. [PRJEB19374].
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