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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

© 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 alow 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; Garcia 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).

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

Please cite this article in press as: Rodriguez-Garcia, A. et al., Complete genome sequence of ‘Mycobacterium neoau-
rum’ NRRL B-3805, an androstenedione (AD) producer for industrial biotransformation of sterols. ]J. Biotechnol. (2016),
http://dx.doi.org/10.1016/j.jbiotec.2016.03.021

Q5

45
46
47
48
49
50

52
53
54
55
56
57
58
59
60
61
62
63
64
65


dx.doi.org/10.1016/j.jbiotec.2016.03.021
dx.doi.org/10.1016/j.jbiotec.2016.03.021
http://www.sciencedirect.com/science/journal/01681656
http://www.elsevier.com/locate/jbiotec
mailto:c.barreiro@unileon.es
mailto:carlos.barreiro.mendez@gmail.com
dx.doi.org/10.1016/j.jbiotec.2016.03.021

66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
%2
93
94
95
9
97
98
99
100
101
102

103

105

G Model
BIOTEC 7452 1-2

2 A. Rodriguez-Garcia et al. / Journal of Biotechnology xxx (2016) xxX—Xxx

Table 1 Acknowledgments

General features of the ‘Mycobacterium neoaurum’ NRRL B-3805 complete genome.
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GenBank accession no. CPO11022 Biotechnology and Biological Sciences Research Council (BBSRC,

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 25795". 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 257957
(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.

United Kingdom); the Foundation for Assistance to Small Inno-
vative Enterprises (FASIE, Russia) and the MySterl Consortium
(INBIOTEC, Pharmins Ltd., University of York, SINTEF, Technische
Universitdt Dortmund, Gadea Biopharma S.L.). We thank J. Merino,
B. Martin and A. Casenave for their excellent technical assistance.
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