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Amycolatopsis mediterranei S699 is an actinomycete that produces an important antibiotic, rifamycin B.
Semisynthetic derivatives of rifamycin B are used for the treatment of tuberculosis, leprosy, and AIDS-related
mycobacterial infections. Here, we report the complete genome sequence (10.2 Mb) of A. mediterranei S699, with
9,575 predicted coding sequences.

Amycolatopsis mediterranei S699 is derived from the origi-
nal strain that was isolated in 1957 from a soil sample from
a pine arboretum, France (9). Rifamycins were isolated
from the fermentation culture of this strain in 1957 at Lep-
etit Laboratory in Milan (11). It was first named Streptomy-
ces mediterranei (9), later Nocardia mediterranea (13), and
finally Amycolatopsis mediterranei (8). The significance of A.
mediterranei S699 lies in its ability to produce an important
antibiotic, rifamycin B. While semisynthetic derivatives of
rifamycin B are used against Mycobacterium tuberculosis and
Mycobacterium leprae, the causative agents of tuberculosis
and leprosy, respectively, they are also active against variety
of other organisms, including those causing AIDS-related
mycobacterial infections (4, 14).

A. mediterranei S699 has been the focus of extensive research
to explore the genetics of rifamycin biosynthesis (1, 2, 5, 7, 10,
12, 15), making it one of the most thoroughly studied strains.
However, as of today, the genome sequence of only one rifa-
mycin producer, A. mediterranei U32, which produces rifamy-
cin SV, is available (16). Here we present the complete ge-
nome sequence of A. mediterranei S699.

Whole-genome sequencing of strain S699 was performed by
using the Roche 454 system (GS20 version) and Sanger shot-
gun sequencing. The hybrid assembly of Sanger reads and
pyrosequencing data using Phrap resulted in 386 contigs. Sub-
sequently, sequence gaps were filled by primer walking, trans-
poson mutagenesis, and complete sequencing of linker clones
using Roche 454 (GS FLX). The final assembly, which con-
sisted of 1,993,024 reads, was done with the MIRA3 assembler
by mapping to the reference genome of A. mediterranei U32
(GenBank accession number CP002000). The assembly with an
average sequencing depth of �23� was validated in silico using
BACCardI (3). Annotation was done at the NCBI-Prokaryotic
Genomes Automatic Annotation Pipeline (PGAAP) (http://www
.ncbi.nlm.nih.gov/genomes/static/Pipeline.html).

The complete genome sequence of A. mediterranei S699
contains a single circular 10,236,779-bp chromosome with a
GC content of 71.3%. There are 9,575 coding sequences
(CDSs) falling into 6,883 functional COGs (clusters of ortholo-
gous groups). The coding density is 90%, with an average CDS
length of 954 bp. A total of 52 tRNA and 4 rRNA operons are
present. Besides the published 90-kb cluster of rif genes, which
includes a set of five large open reading frames encoding type
I polyketide synthase (PKS) (2, 10), five other PKS clusters
were observed. Twelve nonribosomal peptide synthases
(NRPSs) and three hybrid NRPS/PKS clusters were also iden-
tified. Additionally, 341 CpG islands, 58 transposons, 1,148
tandem repeats, and five CRISPR elements are present. The
genome sequence of A. mediterranei S699 is highly similar to
that of A. mediterranei U32 with respect to nucleotide identity
(�99%) and gene order.

Overproduction of rifamycin in A. mediterranei using tradi-
tional approaches of strain improvement appears to have at-
tained a plateau (6). However, the availability of genome
sequences of S699 and U32 will further improve our under-
standing of rifamycin biosynthesis, which in turn may provide
new knowledge that will help improve rifamycin production
and generate rifamycin analogs to combat rapidly emerging
multidrug-resistant microorganisms.

Nucleotide sequence accession number. The genome se-
quence of Amycolatopsis mediterranei S699 has been deposited
in GenBank under accession number CP002896.

We thank Rudolf Eichenlaub and Karl Heinz Gartemann for their
encouragement to initiate the genome project. We also thank Taifo
Mahmud for providing strain S699 and his keen interest in the genome
project.

Part of this work was supported by grants from the Department of
Biotechnology, Government of India. M.V., J.K., M.K., K.K., A.S.,
S.A., and A.N. acknowledge the Council of Scientific and Industrial
Research-University Grants Commission, Government of India, for
providing research fellowships.

REFERENCES

1. Admiraal, S. J., C. T. Walsh, and C. Khosla. 2001. The loading module of
rifamycin synthetase is an adenylation-thiolation didomain with tolerance for
substituted benzoates. Biochemistry 40:6116–6123.

2. August, P. R., et al. 1998. Biosynthesis of the ansamycin antibiotic rifamycin:

* Corresponding author. Mailing address: Department of Zoology,
University of Delhi, Delhi 110 007, India. Phone: 91 11 27666254. Fax:
91 11 27666254. E-mail: ruplal@gmail.com.

§ These authors contributed equally.

5562



deductions from the molecular analysis of the rif biosynthetic gene cluster of
Amycolatopsis mediterranei S699. Chem. Biol. 5:69–79.

3. Bartels, D., et al. 2005. BACCardI—a tool for the validation of genomic
assemblies, assisting genome finishing and intergenome comparison. Bioin-
formatics. 21:853–859.

4. Dickinson, J. M., and D. A. Mitchison. 1987. In vitro activity of new rifamy-
cins against rifampicin-resistant M. tuberculosis and MAIS-complex myco-
bacteria. Tubercle 68:177–182.

5. Doi-Katayama, Y., et al. 2000. Thioesterases and the premature termination
of polyketide chain elongation in rifamycin B biosynthesis by Amycolatopsis
mediterranei S699. J. Antibiot. (Tokyo) 53:484–495.

6. Lal, R., et al. 1995. Rifamycins: strain improvement program. Crit. Rev.
Microbiol. 21:19–30.

7. Lal, R., et al. 2000. Regulation and manipulation of the gene clusters en-
coding type I PKSs. Trends Biotechnol. 18:264–274.

8. Lechevalier, M. P., H. Prauser, D. P. Labeda, and J. S. Ruan. 1986. Two
genera of nocardioform actinomycetes: Amycolata gen. nov. and Amycola-
topsis gen. nov. Int. J. Syst. Bacteriol. 36:29–37.

9. Margalith, P., and G. Beretta. 1960. Rifomycin. XI. Taxonomic study of
Streptomyces mediterranei nov. sp. Mycopathol. Mycol. Appl. 13:321–330.

10. Schupp, T., C. Toupet, N. Engel, and S. Goff. 1998. Cloning and sequence

analysis of the putative rifamycin polyketide synthase gene cluster from
Amycolatopsis mediterranei. FEMS Microbiol. Lett. 159:201–207.

11. Sensi, P., P. Margilith, and M. T. Timbal. 1959. Rifamycin, a new antibiotic.
Farmaco. Sci. 14:146–147.

12. Tang, L., Y. J. Yoon, C. Y. Choi, and C. R. Hutchinson. 1998. Characteriza-
tion of the enzymatic domains in the modular polyketide synthase involved
in rifamycin B biosynthesis by Amycolatopsis mediterranei. Gene 216:255–
265.

13. Thiemann, J. E., G. Zucco, and G. Pelizza. 1969. A proposal for the transfer
of Streptomyces mediterranei Margalith and Beretta 1960 to the genus No-
cardia as Nocardia mediterranea (Margalith and Beretta) comb. nov. Arch.
Mikrobiol. 67:147–155.

14. Woodley, C. L., and J. O. Kilburn. 1982. In vitro susceptibility of Mycobac-
terium avium complex and Mycobacterium tuberculosis strains to a spiro-
piperidyl rifamycin. Am. Rev. Respir. Dis. 126:586–587.

15. Xu, J., E. Wan, C. J. Kim, H. G. Floss, and T. Mahmud. 2005. Identification
of tailoring genes involved in the modification of the polyketide backbone of
rifamycin B by Amycolatopsis mediterranei S699. Microbiology 151:2515–
2528.

16. Zhao, W., et al. 2010. Complete genome sequence of the rifamycin SV-
producing Amycolatopsis mediterranei U32 revealed its genetic characteristics
in phylogeny and metabolism. Cell Res. 20:1096–1108.

VOL. 193, 2011 GENOME ANNOUNCEMENTS 5563


