Metadata, citation and similar papers at core.ac.uk

Provided by University of Groningen

WL
SONN

AN
HE

University Medical Center Groningen

=) university of
7 / groningen

University of Groningen

Regulation of antibiotic production in Streptomyces coelicolor
Gottelt, Marco

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2010

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Gottelt, M. (2010). Regulation of antibiotic production in Streptomyces coelicolor: a bacterial hormone
receptor variant and the awakening of a cryptic antibiotic biosynthesis gene cluster. Groningen: s.n.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 12-11-2019


https://core.ac.uk/display/232460369?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://www.rug.nl/research/portal/en/publications/regulation-of-antibiotic-production-in-streptomyces-coelicolor(a2599456-6a59-48c5-af5d-99ee9acf038e).html

References

References

Alexeev, |., A. Sultana, P. Mantsala, J. Niemi, and G. Schneider. 2007. Aclacinomycin oxidoreductase (AknOx) from the
biosynthetic pathway of the antibiotic aclacinomycin is an unusual flavoenzyme with a dual active site. Proc. Natl. Acad. Sci. U.
S. A 104:6170-6175.

Ando, N., N. Matsumori, S. Sakuda, T. Beppu, and S. Horinouchi. 1997. Involvement of afsA in A-factor biosynthesis as a
key enzyme. J. Antibiot. (Tokyo) 50:847-852.

Baltz, R. H. 2006. Molecular engineering approaches to peptide, polyketide and other antibiotics. Nat. Biotechnol. 24:1533-
1540.

Baltz, R. H. 2007. Antimicrobials from Actinomycetes: Back to the Future, In .

Bendtsen, J. D., H. Nielsen, H. G. von, and S. Brunak. 2004. Improved prediction of signal peptides: SignalP 3.0. J. Mol. Biol.
340:783-795.

Bentley, S. D., K. F. Chater, A. M. Cerdeno-Tarraga, G. L. Challis, N. R. Thomson, K. D. James, D. E. Harris, M. A. Quail,
H. Kieser, D. Harper, A. Bateman, S. Brown, G. Chandra, C. W. Chen, M. Collins, A. Cronin, A. Fraser, A. Goble, J.
Hidalgo, T. Hornsby, S. Howarth, C. H. Huang, T. Kieser, L. Larke, L. Murphy, K. Oliver, S. O'Neil, E. Rabbinowitsch, M.
A. Rajandream, K. Rutherford, S. Rutter, K. Seeger, D. Saunders, S. Sharp, R. Squares, S. Squares, K. Taylor, T.
Warren, A. Wietzorrek, J. Woodward, B. G. Barrell, J. Parkhill, and D. A. Hopwood. 2002. Complete genome sequence of
the model actinomycete Streptomyces coelicolor A3(2). Nature 417:141-147.

Bentley, S. D., S. Brown, L. D. Murphy, D. E. Harris, M. A. Quail, J. Parkhill, B. G. Barrell, J. R. McCormick, R. I.
Santamaria, R. Losick, M. Yamasaki, H. Kinashi, C. W. Chen, G. Chandra, D. Jakimowicz, H. M. Kieser, T. Kieser, and K.
F. Chater. 2004. SCP1, a 356,023 bp linear plasmid adapted to the ecology and developmental biology of its host,
Streptomyces coelicolor A3(2). Mol. Microbiol. 51:1615-1628.

Berdy, J. 2005. Bioactive microbial metabolites. J. Antibiot. (Tokyo) 58:1-26.

Bergmann, S., J. Schumann, K. Scherlach, C. Lange, A. A. Brakhage, and C. Hertweck. 2007. Genomics-driven discovery
of PKS-NRPS hybrid metabolites from Aspergillus nidulans. Nat. Chem. Biol. 3:213-217.

Bibb, M. J. 2005. Regulation of secondary metabolism in streptomycetes. Curr. Opin. Microbiol. 8:208-215.

Bierman, M., R. Logan, K. O'Brien, E. T. Seno, R. N. Rao, and B. E. Schoner. 1992. Plasmid cloning vectors for the conjugal
transfer of DNA from Escherichia coli to Streptomyces spp. Gene 116:43-49.

Bignell, D. R., N. Bate, and E. Cundliffe. 2007. Regulation of tylosin production: role of a TylP-interactive ligand. Mol.
Microbiol. 63:838-847.

Bishop, A., S. Fielding, P. Dyson, and P. Herron. 2004. Systematic insertional mutagenesis of a streptomycete genome: a
link between osmoadaptation and antibiotic production. Genome Res. 14:893-900.

Bode, H. B. and R. Muller. 2005. The impact of bacterial genomics on natural product research. Angew. Chem. Int. Ed Engl.
44:6828-6846.

Bok, J. W., D. Hoffmeister, L. A. Maggio-Hall, R. Murillo, J. D. Glasner, and N. P. Keller. 2006. Genomic mining for
Aspergillus natural products. Chem. Biol. 13:31-37.

Bunet, R., M. V. Mendes, N. Rouhier, X. Pang, L. Hotel, P. Leblond, and B. Aigle. 2008. Regulation of the synthesis of the
angucyclinone antibiotic alpomycin in Streptomyces ambofaciens by the autoregulator receptor AlpZ and its specific ligand. J.
Bacteriol. 190:3293-3305.

Butler, M. S. 2008. Natural products to drugs: natural product-derived compounds in clinical trials. Nat Prod. Rep. 25:475-516.

Bystrykh, L. V., M. A. Fernandez-Moreno, J. K. Herrema, F. Malpartida, D. A. Hopwood, and L. Dijkhuizen. 1996.
Production of actinorhodin-related "blue pigments" by Streptomyces coelicolor A3(2). J. Bacteriol. 178:2238-2244.

Centers for Disease Control and Prevention. 2006. Emergence of Mycobacterium tuberculosis with extensive resistance to
second-line drugs worldwide, 2000-2004. MMWR Morb. Mortal. Wkly. Rep. 55:301-305.

Chakraburtty, R. and M. Bibb. 1997. The ppGpp synthetase gene (relA) of Streptomyces coelicolor A3(2) plays a conditional
role in antibiotic production and morphological differentiation. J. Bacteriol. 179:5854-5861.

153



References

Challis, G. L. and D. A. Hopwood. 2003. Synergy and contingency as driving forces for the evolution of multiple secondary
metabolite production by Streptomyces species. Proc. Natl. Acad. Sci. U. S. A 100 Suppl 2:14555-14561.

Challis, G. L. 2008. Mining microbial genomes for new natural products and biosynthetic pathways. Microbiology 154 :1555-
1569.

Challis, G. L. 2008. Genome mining for novel natural product discovery. J. Med. Chem. 51:2618-2628.

Champness, W. 2000. Actinomycete development, antibiotic production and phylogeny: questions and challanges, p. 11-31. In
Y. V.Brun and L. J. Skimkets (ed.). ASM Press, Washington.

Chang, A., M. Scheer, A. Grote, |. Schomburg, and D. Schomburg. 2009. BRENDA, AMENDA and FRENDA the enzyme
information system: new content and tools in 2009. Nucleic Acids Res. 37:D588-D592.

Chater, K. F. and S. Horinouchi. 2003. Signalling early developmental events in two highly diverged Streptomyces species.
Mol. Microbiol. 48:9-15.

Chater, K. F. 2006. Streptomyces inside-out: a new perspective on the bacteria that provide us with antibiotics. Philos. Trans.
R. Soc. Lond B Biol. Sci. 361:761-768.

Clardy, J., M. A. Fischbach, and C. T. Walsh. 2006. New antibiotics from bacterial natural products. Nat. Biotechnol. 24:1541-
1550.

Corre, C, L. Song, S. O'Rourke, K. F. Chater, and G. L. Challis. 2008. 2-Alkyl-4-hydroxymethylfuran-3-carboxylic acids,
antibiotic production inducers discovered by Streptomyces coelicolor genome mining. Proc. Natl. Acad. Sci. U. S. A 105:17510-
17515.

Cundliffe, E. 2008. Control of tylosin biosynthesis in Streptomyces fradiae. J. Microbiol. Biotechnol. 18:1485-1491.
Davey, P. G. 2000. Concise Oxford Textbook of Medicine. Oxford University Press.

de Carvalho Lima Lobato, A. K., R. Munoz-Hernandez, R. L. Araujo Furlan, G. Padilla, L. M. Garrido, G. Ribeiro de
Macedo, and F. Mavituna. 2007. BioSysBio 2007: Systems Biology, Bioinformatics and Synthetic Biology Manchester, UK. 11-
13 January 2007. Abstracts. I(Suppl 1):P43. BMC. Syst. Biol. 1 Suppl 1:1-S15.

European Parliament and Council. 2003. Regulation (EC) No 1831/2003 of the European Parliament and of the Council of 22
September 2003 on additives for use in animal nutrition.

Feitelson, J. S., F. Malpartida, and D. A. Hopwood. 1985. Genetic and biochemical characterization of the red gene cluster of
Streptomyces coelicolor A3(2). J. Gen. Microbiol. 131:2431-2441.

Finley, E. L., J. Dillon, R. K. Crouch, and K. L. Schey. 1998. Identification of tryptophan oxidation products in bovine alpha-
crystallin. Protein Sci. 7:2391-2397.

Flett, F., V. Mersinias, and C. P. Smith. 1997. High efficiency intergeneric conjugal transfer of plasmid DNA from Escherichia
coli to methyl DNA-restricting streptomycetes. FEMS Microbiol. Lett. 155:223-229.

Floss, H. G. 2006. Combinatorial biosynthesis - potential and problems. J. Biotechnol. 124:242-257.
Frieden, T. R, T. R. Sterling, S. S. Munsiff, C. J. Watt, and C. Dye. 2003. Tuberculosis. Lancet 362:887-899.

Fuqua, C., M. R. Parsek, and E. P. Greenberg. 2001. Regulation of gene expression by cell-to-cell communication: acyl-
homoserine lactone quorum sensing. Annu. Rev. Genet. 35:439-468.

Gasteiger, E., A. Gattiker, C. Hoogland, I. Ivanyi, R. D. Appel, and A. Bairoch. 2003. ExPASy: The proteomics server for in-
depth protein knowledge and analysis. Nucleic Acids Res. 31:3784-3788.

Gaynes, R. P, R. A. Weinstein, J. Smith, M. Carman, and S. A. Kabins. 1983. Control of aminoglycoside resistance by
barrier precautions. Infect. Control 4:221-224.

Gerber, N. N. 1975. Prodigiosin-like pigments. CRC Crit Rev. Microbiol. 3:469-485.

Gross, H. 2007. Strategies to unravel the function of orphan biosynthesis pathways: recent examples and future prospects.
Appl. Microbiol. Biotechnol. 75:267-277.

Gust, B., G. Chandra, D. Jakimowicz, T. Yuqing, C. J. Bruton, and K. F. Chater. 2004. Lambda red-mediated genetic
manipulation of antibiotic-producing Streptomyces. Adv. Appl. Microbiol. 54:107-128.

154



References

Hara, O. and T. Beppu. 1982. Mutants blocked in streptomycin production in Streptomyces griseus - the role of A-factor. J.
Antibiot. (Tokyo) 35:349-358.

Hebert, C. G., J. J. Valdes, and W. E. Bentley. 2008. Beyond silencing - engineering applications of RNA interference and
antisense technology for altering cellular phenotype. Curr. Opin. Biotechnol. 19:500-505.

Hesketh, A. R., G. Bucca, E. Laing, F. Flett, G. Hotchkiss, C. P. Smith, and K. F. Chater. 2007. New pleiotropic effects of
eliminating a rare tRNA from Streptomyces coelicolor, revealed by combined proteomic and transcriptomic analysis of liquid
cultures. BMC. Genomics 8:261.

Hesketh, A. R., G. Chandra, A. D. Shaw, J. J. Rowland, D. B. Kell, M. J. Bibb, and K. F. Chater. 2002. Primary and
secondary metabolism, and post-translational protein modifications, as portrayed by proteomic analysis of Streptomyces
coelicolor. Mol. Microbiol. 46:917-932.

Hopwood, D. A. and H. M. Wright. 1983. CDA is a new chromosomally-determined antibiotic from Streptomyces coelicolor
A3(2). J. Gen. Microbiol. 129:3575-3579.

Hopwood, D. A. 2007. Streptomyces in Nature and Medicine: The Antibiotic Makers. Oxford University Press.

Horinouchi, S. and T. Beppu. 1992. Regulation of secondary metabolism and cell differentiation in Streptomyces: A-factor as
a microbial hormone and the AfsR protein as a component of a two-component regulatory system. Gene 115:167-172.

Horinouchi, S. 2002. A microbial hormone, A-factor, as a master switch for morphological differentiation and secondary
metabolism in Streptomyces griseus. Front Biosci. 7:d2045-d2057.

Horinouchi, S. 2007. Mining and polishing of the treasure trove in the bacterial genus Streptomyces. Biosci. Biotechnol.
Biochem. 71:283-299.

Hsiao, N. H., J. Soding, D. Linke, C. Lange, C. Hertweck, W. Wohlleben, and E. Takano. 2007. ScbA from Streptomyces
coelicolor A3(2) has homology to fatty acid synthases and is able to synthesize gamma-butyrolactones. Microbiology 153:1394-
1404.

Hsiao, N. H., S. Nakayama, M. E. Merlo, V. M. de, R. Bunet, S. Kitani, T. Nihira, and E. Takano. 2009. Analysis of two
additional signaling molecules in Streptomyces coelicolor and the development of a butyrolactone-specific reporter system.
Chem. Biol. 16:951-960.

Hutchinson, C. R. and A. L. Colombo. 1999. Genetic engineering of doxorubicin production in Streptomyces peucetius : a
review. J. Ind. Microbiol. Biotechnol. 23:647-652.

Isturiz, R. 2008. Global resistance trends and the potential impact on empirical therapy. Int. J. Antimicrob. Agents 32 Suppl
4:5201-S206.

Janssen, G. R. and M. J. Bibb. 1993. Derivatives of pUC18 that have Bglll sites flanking a modified multiple cloning site and
that retain the ability to identify recombinant clones by visual screening of Escherichia coli colonies. Gene 124:133-134.

Joseph, S. J., P. Hugenholtz, P. Sangwan, C. A. Osborne, and P. H. Janssen. 2003. Laboratory cultivation of widespread
and previously uncultured soil bacteria. Appl. Environ. Microbiol. 69:7210-7215.

Kaeberlein, T., K. Lewis, and S. S. Epstein. 2002. Isolating "uncultivable" microorganisms in pure culture in a simulated
natural environment. Science 296:1127-1129.

Kanehisa, M., S. Goto, M. Furumichi, M. Tanabe, and M. Hirakawa. 2009. KEGG for representation and analysis of
molecular networks involving diseases and drugs. Nucleic Acids Res.

Kato, J. Y., . Miyahisa, M. Mashiko, Y. Ohnishi, and S. Horinouchi. 2004. A single target is sufficient to account for the
biological effects of the A-factor receptor protein of Streptomyces griseus. J. Bacteriol. 186:2206-2211.

Kato, J. Y., Y. Ohnishi, and S. Horinouchi. 2005. Autorepression of AdpA of the AraC/XylS family, a key transcriptional
activator in the A-factor regulatory cascade in Streptomyces griseus. J. Mol. Biol. 350:12-26.

Kato, J. Y., N. Funa, H. Watanabe, Y. Ohnishi, and S. Horinouchi. 2007. Biosynthesis of gamma-butyrolactone
autoregulators that switch on secondary metabolism and morphological development in Streptomyces. Proc. Natl. Acad. Sci. U.
S. A 104:2378-2383.

Kaufmann, S. H. E. 2008. Paul Ehrlich: founder of chemotherapy. Nat Rev Drug Discov 7:373.

Kawachi, R., T. Akashi, Y. Kamitani, A. Sy, U. Wangchaisoonthorn, T. Nihira, and Y. Yamada. 2000. Identification of an
AfsA homologue (BarX) from Streptomyces virginiae as a pleiotropic regulator controlling autoregulator biosynthesis,
virginiamycin biosynthesis and virginiamycin M1 resistance. Mol. Microbiol. 36:302-313.

155



References

Kawamura, F. and R. H. Doi. 1984. Construction of a Bacillus subtilis double mutant deficient in extracellular alkaline and
neutral proteases. J. Bacteriol. 160:442-444.

Kieser, T., M. J. Bibb, M. J. Buttner, K. F. Chater, and D. A. Hopwood. 2000. Practical Streptomyces Genetics. John Innes
Foundation, Norwich, United Kingdom.

Kinoshita, H., H. Ipposhi, S. Okamoto, H. Nakano, T. Nihira, and Y. Yamada. 1997. Butyrolactone autoregulator receptor
protein (BarA) as a transcriptional regulator in Streptomyces virginiae. J. Bacteriol. 179:6986-6993.

Kitani, S., Y. Yamada, and T. Nihira. 2001. Gene replacement analysis of the butyrolactone autoregulator receptor (FarA)
reveals that FarA acts as a novel regulator in secondary metabolism of Streptomyces lavendulae FRI-5. J. Bacteriol. 183:4357-
4363.

Kitani, S., A. lida, T. A. lzumi, A. Maeda, Y. Yamada, and T. Nihira. 2008. Identification of genes involved in the
butyrolactone autoregulator cascade that modulates secondary metabolism in Streptomyces lavendulae FRI-5. Gene 425:9-16.

Kleerebezem, M., L. E. Quadri, O. P. Kuipers, and W. M. de Vos. 1997. Quorum sensing by peptide pheromones and two-
component signal-transduction systems in Gram-positive bacteria. Mol. Microbiol. 24:895-904.

Koehn, F. E. and G. T. Carter. 2005. The evolving role of natural products in drug discovery. Nat. Rev. Drug Discov. 4:206-
220.

Kotowska, M., K. Pawlik, A. R. Butler, E. Cundliffe, E. Takano, and K. Kuczek. 2002. Type Il thioesterase from
Streptomyces coelicolor A3(2). Microbiology 148:1777-1783.

Kotowska, M., K. Pawlik, A. Smulczyk-Krawczyszyn, H. Bartosz-Bechowski, and K. Kuczek. 2009. Type |l thioesterase
ScoT, associated with Streptomyces coelicolor A3(2) modular polyketide synthase Cpk, hydrolyzes acyl residues and has a
preference for propionate. Appl. Environ. Microbiol. 75:887-896.

Kuczek, K., K. Pawlik, M. Kotowska, and M. Mordarski. 1997. Streptomyces coelicolor DNA homologous with
acyltransferase domains of Type | polyketide synthase gene complex. FEMS Microbiol. Lett. 157:195-200.

Laemmli, U. K. 1970. Cleavage of structural proteins during the assembly of the head of bacteriophage T4. Nature 227:680-
685.

Lakey, J. H., E. J. Lea, B. A. Rudd, H. M. Wright, and D. A. Hopwood. 1983. A new channel-forming antibiotic from
Streptomyces coelicolor A3(2) which requires calcium for its activity. J. Gen. Microbiol. 129:3565-3573.

Leblond, P., G. Fischer, F. X. Francou, F. Berger, M. Guerineau, and B. Decaris. 1996. The unstable region of
Streptomyces ambofaciens includes 210 kb terminal inverted repeats flanking the extremities of the linear chromosomal DNA.
Mol. Microbiol. 19:261-271.

Lee, Y. J., S. Kitani, and T. Nihira. 2009. Null mutation analysis of an afsA-family gene, barX, that is involved in biosynthesis
of the {gamma}-butyrolactone autoregulator in Streptomyces virginiae. Microbiology .

Liu, H. W. and J. S. Thorson. 1994. Pathways and mechanisms in the biogenesis of novel deoxysugars by bacteria. Annu.
Rev Microbiol. 48:223-256.

Lu, Y., W. Wang, D. Shu, W. Zhang, L. Chen, Z. Qin, S. Yang, and W. Jiang. 2007. Characterization of a novel two-
component regulatory system involved in the regulation of both actinorhodin and a type | polyketide in Streptomyces coelicolor.
Appl. Microbiol. Biotechnol. 77:625-635.

MacNeil, D. J., J. L. Occi, K. M. Gewain, T. MacNeil, P. H. Gibbons, C. L. Ruby, and S. J. Danis. 1992. Complex
organization of the Streptomyces avermitilis genes encoding the avermectin polyketide synthase. Gene 115:119-125.

Madduri, K., C. Waldron, and D. J. Merlo. 2001. Rhamnose biosynthesis pathway supplies precursors for primary and
secondary metabolism in Saccharopolyspora spinosa. J. Bacteriol. 183:5632-5638.

Matsuno, K., Y. Yamada, C. K. Lee, and T. Nihira. 2004. Identification by gene deletion analysis of barB as a negative
regulator controlling an early process of virginiamycin biosynthesis in Streptomyces virginiae. Arch. Microbiol. 181:52-59.

Mattey, M. and J. Spencer. 2008. Bacteriophage therapy - cooked goose or phoenix rising? Curr. Opin. Biotechnol. 19:608-
612.

Miyadoh, S. 1993. Research on Antibiotic Screening in Japan over the Last Decade: A Producing Microorganism Approach, p.
100-106. In .

Miyake, K., T. Kuzuyama, S. Horinouchi, and T. Beppu. 1990. The A-factor-binding protein of Streptomyces griseus
negatively controls streptomycin production and sporulation. J. Bacteriol. 172:3003-3008.

156



References

Mullis, K., F. Faloona, S. Scharf, R. Saiki, G. Horn, and H. Erlich. 1986. Specific enzymatic amplification of DNA in vitro: the
polymerase chain reaction. Cold Spring Harb. Symp. Quant. Biol. 51 Pt 1:263-273.

Nakamura, L. K., M. S. Roberts, and F. M. Cohan. 1999. Relationship of Bacillus subtilis clades associated with strains 168
and W23: a proposal for Bacillus subtilis subsp. subtilis subsp. nov. and Bacillus subtilis subsp. spizizenii subsp. nov. Int. J.
Syst. Bacteriol. 49 Pt 3:1211-1215.

Nakano, H., E. Takehara, T. Nihira, and Y. Yamada. 1998. Gene replacement analysis of the Streptomyces virginiae barA
gene encoding the butyrolactone autoregulator receptor reveals that BarA acts as a repressor in virginiamycin biosynthesis. J.
Bacteriol. 180:3317-3322.

Nakano, H., C. K. Lee, T. Nihira, and Y. Yamada. 2000. A null mutant of the Streptomyces virginiae barA gene encoding a
butyrolactone autoregulator receptor and its phenotypic and transcriptional analysis. J. Biosci. Bioeng. 90:204-207.

Natsume, R., Y. Ohnishi, T. Senda, and S. Horinouchi. 2004. Crystal structure of a gamma-butyrolactone autoregulator
receptor protein in Streptomyces coelicolor A3(2). J. Mol. Biol. 336:409-419.

Newman, D. J., G. M. Cragg, and K. M. Snader. 2003. Natural products as sources of new drugs over the period 1981-2002.
J. Nat Prod. 66:1022-1037.

Nicolaou, K. C., J. S. Chen, D. J. Edmonds, and A. A. Estrada. 2009. Recent advances in the chemistry and biology of
naturally occurring antibiotics. Angew. Chem. Int. Ed Engl. 48:660-719.

Nishida, H., Y. Ohnishi, T. Beppu, and S. Horinouchi. 2007. Evolution of gamma-butyrolactone synthases and receptors in
Streptomyces. Environ. Microbiol. 9:1986-1994.

Okamoto, S., K. Nakamura, T. Nihira, and Y. Yamada. 1995. Virginiae butanolide binding protein from Streptomyces
virginiae. Evidence that VbrA is not the virginiae butanolide binding protein and reidentification of the true binding protein. J.
Biol. Chem. 270:12319-12326.

Omura, S., H. Ikeda, J. Ishikawa, A. Hanamoto, C. Takahashi, M. Shinose, Y. Takahashi, H. Horikawa, H. Nakazawa, T.
Osonoe, H. Kikuchi, T. Shiba, Y. Sakaki, and M. Hattori. 2001. Genome sequence of an industrial microorganism
Streptomyces avermitilis: deducing the ability of producing secondary metabolites. Proc. Natl. Acad. Sci. U. S. A 98:12215-
12220.

Onaka, H., M. Sugiyama, and S. Horinouchi. 1997. A mutation at proline-115 in the A-factor receptor protein of Streptomyces
griseus abolishes DNA-binding ability but not ligand-binding ability. J. Bacteriol. 179:2748-2752.

Onaka, H., T. Nakagawa, and S. Horinouchi. 1998. Involvement of two A-factor receptor homologues in Streptomyces
coelicolor A3(2) in the regulation of secondary metabolism and morphogenesis. Mol. Microbiol. 28:743-753.

Pang, X., B. Aigle, J. M. Girardet, S. Mangenot, J. L. Pernodet, B. Decaris, and P. Leblond. 2004. Functional angucycline-
like antibiotic gene cluster in the terminal inverted repeats of the Streptomyces ambofaciens linear chromosome. Antimicrob.
Agents Chemother. 48:575-588.

Pathania, R. and E. D. Brown. 2008. Small and lethal: searching for new antibacterial compounds with novel modes of action.
Biochem. Cell Biol. 86:111-115.

Pawlik, K., M. Kotowska, K. F. Chater, K. Kuczek, and E. Takano. 2007. A cryptic Type | polyketide synthase (cpk) gene
cluster in Streptomyces coelicolor A3(2). Arch. Microbiol. 187:87-99.

Pfoestl, A., A. Hofinger, P. Kosma, and P. Messner. 2003. Biosynthesis of dTDP-3-acetamido-3,6-dideoxy-alpha-D-
galactose in Aneurinibacillus thermoaerophilus L420-91T. J. Biol. Chem. 278:26410-26417.

Ramos, A., F. Lombo, A. F. Brana, J. Rohr, C. Mendez, and J. A. Salas. 2008. Biosynthesis of elloramycin in Streptomyces
olivaceus requires glycosylation by enzymes encoded outside the aglycon cluster. Microbiology 154:781-788.

Ramos, J. L., M. Martinez-Bueno, A. J. Molina-Henares, W. Teran, K. Watanabe, X. Zhang, M. T. Gallegos, R. Brennan,
and R. Tobes. 2005. The TetR family of transcriptional repressors. Microbiol. Mol. Biol. Rev. 69:326-356.

Redenbach, M., H. M. Kieser, D. Denapaite, A. Eichner, J. Cullum, H. Kinashi, and D. A. Hopwood. 1996. A set of ordered
cosmids and a detailed genetic and physical map for the 8 Mb Streptomyces coelicolor A3(2) chromosome. Mol. Microbiol.
21:77-96.

Rigali, S., F. Titgemeyer, S. Barends, S. Mulder, A. W. Thomae, D. A. Hopwood, and G. P. van Wezel. 2008. Feast or
famine: the global regulator DasR links nutrient stress to antibiotic production by Streptomyces. EMBO Rep. 9:670-675.

Riley, M. A. and J. E. Wertz. 2002. Bacteriocins: evolution, ecology, and application. Annu. Rev. Microbiol. 56:117-137.

157



References

Rodriguez, E. and H. Gramajo. 1999. Genetic and biochemical characterization of the alpha and beta components of a
propionyl-CoA carboxylase complex of Streptomyces coelicolor A3(2). Microbiology 145 ( Pt 11):3109-3119.

Rodriguez, E. and R. McDaniel. 2001. Combinatorial biosynthesis of antimicrobials and other natural products. Curr. Opin.
Microbiol. 4:526-534.

Rose, R. W., T. Bruser, J. C. Kissinger, and M. Pohlschroder. 2002. Adaptation of protein secretion to extremely high-salt
conditions by extensive use of the twin-arginine translocation pathway. Mol. Microbiol. 45:943-950.

Rudd, B. A. and D. A. Hopwood. 1979. Genetics of actinorhodin biosynthesis by Streptomyces coelicolor A3(2). J. Gen.
Microbiol. 114:35-43.

Sambrook, J. and D. W. Russell. 2001. Molecular cloning: a laboratory manual. Cold Spring Harbor Laboratory Press, New
York.

Sang, Y. and F. Blecha. 2008. Antimicrobial peptides and bacteriocins: alternatives to traditional antibiotics. Anim Health Res.
Rev 9:227-235.

Sherman, D. H. 2005. The Lego-ization of polyketide biosynthesis. Nat Biotechnol. 23:1083-1084.

Slaughter, S., M. K. Hayden, C. Nathan, T. C. Hu, T. Rice, J. Van Voorhis, M. Matushek, C. Franklin, and R. A. Weinstein.
1996. A comparison of the effect of universal use of gloves and gowns with that of glove use alone on acquisition of
vancomycin-resistant enterococci in a medical intensive care unit. Ann Intern Med 125:448-456.

Song, L., F. Barona-Gomez, C. Corre, L. Xiang, D. W. Udwary, M. B. Austin, J. P. Noel, B. S. Moore, and G. L. Challis.
2006. Type lll polyketide synthase beta-ketoacyl-ACP starter unit and ethylmalonyl-CoA extender unit selectivity discovered by
Streptomyces coelicolor genome mining. J. Am. Chem. Soc. 128:14754-14755.

Strauch, E., E. Takano, H. A. Baylis, and M. J. Bibb. 1991. The stringent response in Streptomyces coelicolor A3(2). Mol.
Microbiol. 5:289-298.

Sugiyama, M., H. Onaka, T. Nakagawa, and S. Horinouchi. 1998. Site-directed mutagenesis of the A-factor receptor protein:
Val-41 important for DNA-binding and Trp-119 important for ligand-binding. Gene 222:133-144.

Swedish Ministry of Health and Social Affairs. 2006. Strategy to prevent antibiotic resistance and healthcare-associated
infection.

Swift, S., J. A. Downie, N. A. Whitehead, A. M. Barnard, G. P. Salmond, and P. Williams. 2001. Quorum sensing as a
population-density-dependent determinant of bacterial physiology. Adv. Microb. Physiol 45:199-270.

Takano, E., T. Nihira, Y. Hara, J. J. Jones, C. J. Gershater, Y. Yamada, and M. Bibb. 2000. Purification and structural
determination of SCB1, a gamma-butyrolactone that elicits antibiotic production in Streptomyces coelicolor A3(2). J. Biol.
Chem. 275:11010-11016.

Takano, E., R. Chakraburtty, T. Nihira, Y. Yamada, and M. J. Bibb. 2001. A complex role for the gamma-butyrolactone
SCB1 in regulating antibiotic production in Streptomyces coelicolor A3(2). Mol. Microbiol. 41:1015-1028.

Takano, E., H. Kinoshita, V. Mersinias, G. Bucca, G. Hotchkiss, T. Nihira, C. P. Smith, M. Bibb, W. Wohlleben, and K.
Chater. 2005. A bacterial hormone (the SCB1) directly controls the expression of a pathway-specific regulatory gene in the
cryptic Type | polyketide biosynthetic gene cluster of Streptomyces coelicolor. Mol. Microbiol. 56:465-479.

Takano, E. 2006. Gamma-butyrolactones: Streptomyces signalling molecules regulating antibiotic production and
differentiation. Curr. Opin. Microbiol. 9:287-294.

Takano, H., S. Obitsu, T. Beppu, and K. Ueda. 2005. Light-induced carotenogenesis in Streptomyces coelicolor A3(2):
identification of an extracytoplasmic function sigma factor that directs photodependent transcription of the carotenoid
biosynthesis gene cluster. J. Bacteriol. 187:1825-1832.

Tang, J. S. and P. M. Gillevet. 2003. Reclassification of ATCC 9341 from Micrococcus luteus to Kocuria rhizophila. Int. J. Syst.
Evol. Microbiol. 53:995-997.

Tsiodras, S., H. S. Gold, G. Sakoulas, G. M. Eliopoulos, C. Wennersten, L. Venkataraman, R. C. Moellering, and M. J.
Ferraro. 2001. Linezolid resistance in a clinical isolate of Staphylococcus aureus. Lancet 358:207-208.

Udwary, D. W., L. Zeigler, R. N. Asolkar, V. Singan, A. Lapidus, W. Fenical, P. R. Jensen, and B. S. Moore. 2007.
Genome sequencing reveals complex secondary metabolome in the marine actinomycete Salinispora tropica. Proc. Natl. Acad.
Sci. U. S. A 104:10376-10381.

158



References

Waki, M., T. Nihira, and Y. Yamada. 1997. Cloning and characterization of the gene (farA) encoding the receptor for an
extracellular regulatory factor (IM-2) from Streptomyces sp. strain FRI-5. J. Bacteriol. 179:5131-5137.

Waksman, S. A. 1947. What Is an Antibiotic or an Antibiotic Substance?, p. 565-569. In .

Walsh, C. T. 2002. Combinatorial biosynthesis of antibiotics: challenges and opportunities. Chembiochem. 3:125-134.
Walsh, C. T. 2003. Where will new antibiotics come from? Nat. Rev. Microbiol. 1:65-70.

Walsh, C. T., H. C. Losey, and C. L. Freel Meyers. 2003. Antibiotic glycosyltransferases. Biochem. Soc. Trans. 31:487-492.

Wang, Y., S. Lechno-Yossef, Y. Gong, Q. Fan, C. P. Wolk, and X. Xu. 2007. Predicted glycosyl transferase genes located
outside the HEP island are required for formation of heterocyst envelope polysaccharide in Anabaena sp. strain PCC 7120. J.
Bacteriol. 189:5372-5378.

Waters, C. M. and B. L. Bassler. 2005. Quorum sensing: cell-to-cell communication in bacteria. Annu. Rev. Cell Dev. Biol.
21:319-346.

Watve, M. G., R. Tickoo, M. M. Jog, and B. D. Bhole. 2001. How many antibiotics are produced by the genus Streptomyces?
Arch. Microbiol. 176:386-390.

Weaver, D., N. Karoonuthaisiri, H. H. Tsai, C. H. Huang, M. L. Ho, S. Gai, K. G. Patel, J. Huang, S. N. Cohen, D. A.
Hopwood, C. W. Chen, and C. M. Kao. 2004. Genome plasticity in Streptomyces: identification of 1 Mb TIRs in the S.
coelicolor A3(2) chromosome. Mol. Microbiol. 51:1535-1550.

Weber, T., K. Welzel, S. Pelzer, A. Vente, and W. Wohlleben. 2003. Exploiting the genetic potential of polyketide producing
streptomycetes. J. Biotechnol. 106:221-232.

Widdick, D. A., K. Dilks, G. Chandra, A. Bottrill, M. Naldrett, M. Pohlschroder, and T. Palmer. 2006. The twin-arginine
translocation pathway is a major route of protein export in Streptomyces coelicolor. Proc. Natl. Acad. Sci. U. S. A 103:17927-
17932.

Wietzorrek, A. and M. Bibb. 1997. A novel family of proteins that regulates antibiotic production in streptomycetes appears to
contain an OmpR-like DNA-binding fold. Mol. Microbiol. 25:1181-1184.

World Health Organisation. 1995. WHO statement on BCG revaccination for the prevention of tuberculosis, In .
World Health Organisation. 1999. Report on Infectious Diseases: Removing obstacles to healthy development.
World Health Organisation. 2004. The World Health Report 2004 - changing history.

Yang, K., L. Han, and L. C. Vining. 1995. Regulation of jadomycin B production in Streptomyces venezuelae 1SP5230:
involvement of a repressor gene, jadR2. J. Bacteriol. 177:6111-6117.

Ye, J., S. McGinnis, and T. L. Madden. 2006. BLAST: improvements for better sequence analysis. Nucleic Acids Res. 34:W6-
Wo.

Yim, G., H. H. Wang, and J. Davies. 2007. Antibiotics as signalling molecules. Philos. Trans. R. Soc. Lond B Biol. Sci.
362:1195-1200.

Yonaha, K., M. Nishie, and S. Aibara. 1992. The primary structure of omega-amino acid:pyruvate aminotransferase. J. Biol.
Chem. 267:12506-12510.

Zerikly, M. and G. L. Challis. 2009. Strategies for the discovery of new natural products by genome mining. Chembiochem.
10:625-633.

159



160





