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a  b  s  t  r  a  c  t

Microbial  bioconversion  of  sterols  into  high  value  steroid  precursors,  such  as  4-androstene-3,17-dione
(AD), is  an  industrial  challenge.  Genes  and enzymes  involved  in sterol  degradation  have  been  proposed,
although  the  complete  pathway  is not  yet  known.  The  genome  sequencing  of  the  AD  producer  strain
‘Mycobacterium  neoaurum’  NRRL  B-3805  (formerly  Mycobacterium  sp.  NRRL  B-3805)  will  serve to  eluci-
date  the  critical  steps  for industrial  processes  and  will  provide  the basis  for further  genetic engineering.
The  genome  comprises  a  circular  chromosome  (5 421  338  bp),  is  devoid  of plasmids  and  contains  4844
protein-coding  genes.Q4

© 2016  Published  by  Elsevier  B.V.

The microbial biotransformation (or bioconversion) of sterols
into steroid precursors provides an economical and sustainable
pipeline for the production of steroid drugs. The sterol carbon
skeleton is found in cholesterol or the so-called phytosterols (e.g.,
sitosterol, stigmasterol, campesterol, and brassicasterol). Phytos-
terols are a low cost and abundant source for the synthesis of steroid
drugs by microbial bioconversions that degrade their side chain.
As a result valuable steroid precursors, such as 4-androstene-3,17-
dione (AD) that can be chemically converted to almost all kinds of
pharmaceutically steroids, are obtained. There are 300 approved
steroids representing, after antibiotics, the second largest class of
drugs marketed for medical applications (Donova and Egorova,
2012; García et al., 2012; Shtratnikova et al., 2014).

Sterol bioconversion is efficiently carried out by Mycobacterium
species at industrial level. Mycobacterium sp. NRRL B-3805 (CECT
3018; DSM 2967; NCIMB 11678) (hereafter B-3805) was  obtained
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from a screening and mutagenesis program for efficient biocon-
version strains (Marsheck et al., 1972; patent no. US3759791). The
parental strain was a soil isolate characterized as an androsta-1,4-
diene-3,17-dione (ADD) producer. In contrast, the B-3805 strain,
selected after two  rounds of ultraviolet irradiation, partly lost the
ability to 1-dehydrogenate steroids; consequently, it transforms
sterols mainly into AD. This strain is also a better AD producer and
generates less of the by-product ADD than its closely-related strain
Mycobacterium neoaurum VKM Ac-1815D (Shtratnikova et al.,
2014)(hereafter Ac-1815D). Q5

The complete genome sequence of Mycobacterium sp. NRRL
B-3805 was determined with Ion Torrent and Sanger sequenc-
ing technologies. Next-generation sequencing of B-3805 total DNA
yielded 6 165 546 reads. Sequences were trimmed or discarded
using the sickle program (Joshi and Fass, 2011) The remaining
sequences (93.8%; average length of 250 bp) were mapped with
segemehl (Hoffmann et al., 2009) at a 269-fold coverage to the
Ac-1815D reference genome sequence (Shtratnikova et al., 2014).
Analysis of the alignment of reads revealed 13 regions with low
(<4) or null coverage. PCR products were obtained and used as
templates for Sanger sequencing reactions on both DNA strands to
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Table  1
General features of the ‘Mycobacterium neoaurum’  NRRL B-3805 complete genome.

Genome size (bp) 5 421 338
G  + C content (%) 66.9
Coding region (%) 88.6
Total genes 5 065
Protein coding genes 4 844
Average CDS length (bp) 992
Pseudogenes 168
rRNA (operons) 6 (2)
tRNA 46
ncRNA 1
GenBank accession no. CP011022

close these gaps. A de novo assembly of the Ion Torrent and Sanger
reads using SPAdes, which allows hybrid assemblies (Bankevich
et al., 2012), confirmed the collinearity between the reference (Ac-
1815D) and the assembled sequences. The chromosome sequence
of the B-3805 strain was nearly identical to that of Ac-1815D strain.
The differences comprise 10 SNPs, a point deletion and five 36-nt
tandem repeats in B-3805 compared with three equivalent repeats
in Ac-1815D. How these sequence differences relate to the varia-
tions in steroid precursor (AD, ADD) production described above is
not clear.

The genomic sequence of Mycobacterium sp. B-3805 comprises
a circular chromosome of 5 421 338 bp and no plasmids. Gene pre-
diction and annotation by the NCBI prokaryotic genome annotation
pipeline found 5 065 genes, including 4 844 protein-coding genes
and 6 rRNA genes arranged in two operons (Table 1).

These genome data permit the species-level identification of
the strain using three marker sequences. In addition to the well-
known 16S rRNA gene, internal regions of both rpoB and hsp65
genes were used as Mycobacterium inter-species markers as pro-
posed by previous researchers (Kim et al., 1999, 2005). The 16S
rRNA gene sequence of B-3805, following a search in the EzTaxon
database (Kim et al., 2012), showed 100% identity to that of the
type strain M.  neoaurum ATCC 25795T. A BLAST search against the
GenBank’s non-redundant nucleotide database (http://www.ncbi.
nlm.nih.gov/) showed the highest similarity of B-3805 hsp65 gene
(MyAD 05080) with the Ac-1815D strain (100% identity; accession
no. CP006936) and subsequently with M.  neoaurum ATCC 25795T

(98.28% identity; accession no. AY299156). Finally, M.  neoaurum
ATCC 23072 was the best match against a 638-nt fragment of the B-
3805 rpoB gene (99.2% identity; accession FJ172338). These results
indicate that Mycobacterium sp. NRRL B-3805 belongs to the M.
neoaurum group (Simmon et al., 2009).

In conclusion, the genome sequence of the ‘M.  neoaurum’  NRRL
B-3805 strain will serve to improve the current understanding of
the sterol degradation pathway in Mycobacterium (Donova and
Egorova, 2012) and will help in the future rational development
of industrially important bioconversion strains.

Nucleotide sequence accession number

The complete genome sequence of ‘M.  neoaurum’  NRRL B-3805
has been deposited in the GeneBank under the accession number
CP011022.
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