Universiteit

4 Leiden
The Netherlands

Control of sporulation-specific cell division in Streptomyces coelicolor
Noens, E.

Citation

Noens, E. (2007, September 25). Control of sporulation-specific cell division in
Streptomyces coelicolor. Department Microbial Development (LIC) Department Electron
Microscopy (LUMC/MCB), Leiden University. Retrieved from
https://hdl.handle.net/1887/12351

Version: Corrected Publisher’s Version

Licence agreement concerning inclusion of doctoral thesis in the
Institutional Repository of the University of Leiden

Downloaded from: https://hdl.handle.net/1887/12351

License:

Note: To cite this publication please use the final published version (if applicable).


https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/12351

References

REFERENCES

Addinall, S.G., Cao, C., and Lutkenhaus, J. (1997) FtsN, a late recruit to the septum in Escherichia coli. Mol Microbiol 25: 303-309.

Ainsa, J.A., Parry, H.D., and Chater, K.F. (1999) A response regulator-like protein that functions at an intermediate stage of sporulation in
Streptomyces coelicolor A3(2). Mol Microbiol 34: 607-619.

Ainsa, J.A., Ryding, N.J., Hartley, N., Findlay, K.C., Bruton, C.J., and Chater, K.F. (2000) WhiA, a protein of unknown function conserved
among gram-positive bacteria, is essential for sporulation in Streptomyces coelicolor A3(2). J Bacteriol 182: 5470-5478.

Aretz W, Meiwes J, Seibert G, Vobis G, Wink J. (2000) Friulimicins: novel lipopeptide antibiotics with peptidoglycan synthesis inhibiting
activity from Actinoplanes friuliensis sp. nov. I. Taxonomic studies of the producing microorganism and fermentation. J Antibiot
(Tokyo) 53:807-15.

Ausmees, N., Kuhn, J.R., and Jacobs-Wagner, C. (2003) The bacterial cytoskeleton: an intermediate filament-like function in cell shape. Cell
115: 705-713.

Autret, S., and Errington, J. (2001) Dynamic proteins in bacteria. Dev Cell 1: 10-11.

Barilla, D., Rosenberg, M.F., Nobbmann, U., and Hayes, F. (2005) Bacterial DNA segregation dynamics mediated by the polymerizing
protein ParF. Embo J 24: 1453-1464.

Bath, J., Wu, L.J., Errington, J., and Wang, J.C. (2000) Role of Bacillus subtilis SpollIE in DNA transport across the mother cell-prespore
division septum. Science 290: 995-997.

Bennett, J.A., and McCormick, J.R. (2001) Two new loci affecting cell division identified as suppressors of an fisQ-null mutation in
Streptomyces coelicolor A3(2). FEMS Microbiol Lett 202: 251-256.

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

Bernhardt, T.G., and de Boer, P.A. (2003) The Escherichia coli amidase AmiC is a periplasmic septal ring component exported via the twin-
arginine transport pathway. Mol Microbiol 48: 1171-1182.

Bernhardt, T.G., and de Boer, P.A. (2004) Screening for synthetic lethal mutants in Escherichia coli and identification of EnvC (YibP) as a
periplasmic septal ring factor with murein hydrolase activity. Mol Microbiol 52: 1255-1269.

Bernhardt, T.G., and de Boer, P.A. (2005) SImA, a nucleoid-associated, FtsZ binding protein required for blocking septal ring assembly over
chromosomes in E. coli. Mol Cell 18: 555-564.

Bibb, M. (1996) 1995 Colworth Prize Lecture. The regulation of antibiotic production in Streptomyces coelicolor A3(2). Microbiology 142:
1335-1344.

Bibb, M.J., Molle, V., and Buttner, M.J. (2000) sigma(BIdN), an extracytoplasmic function RNA polymerase sigma factor required for aerial
mycelium formation in Streptomyces coelicolor A3(2). J. Bacteriol. 182: 4606-4616.

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

Bignell, D.R., Warawa, J.L., Strap, J.L., Chater, K.F., and Leskiw, B.K. (2000) Study of the bldG locus suggests that an anti-anti-sigma
factor and an anti-sigma factor may be involved in Streptomyces coelicolor antibiotic production and sporulation. Microbiology
146: 2161-2173.

Bigot, S., Corre, J., Louarn, J.M., Cornet, F., and Barre, F.X. (2004) FtsK activities in Xer recombination, DNA mobilization and cell
division involve overlapping and separate domains of the protein. Mol Microbiol 54: 876-886.

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

Blondelet-Rouault, M.H., Weiser, J., Lebrihi, A., Branny, P., and Pernodet, J.L. (1997) Antibiotic resistance gene cassettes derived from the
omega interposon for use in E. coli and Streptomyces. Gene 190: 315-317.

Bolhuis, A., Broekhuizen, C.P., Sorokin, A., van Roosmalen, M.L., Venema, G., Bron, S., Quax, W.J., and van Dijl, J.M. (1998) SecDF of
Bacillus subtilis, a molecular Siamese twin required for the efficient secretion of proteins. J Biol Chem 273: 21217-21224.

Bork, P., Sander, C., and Valencia, A. (1992) An ATPase domain common to prokaryotic cell cycle proteins, sugar kinases, actin, and hsp70
heat shock proteins. Proc Natl Acad Sci U S 4 89: 7290-7294.

Botta, G.A., and Park, J.T. (1981) Evidence for involvement of penicillin-binding protein 3 in murein synthesis during septation but not
during cell elongation. J Bacteriol 145: 333-340.

Bramhill, D., and Thompson, C.M. (1994) GTP-dependent polymerization of Escherichia coli FtsZ protein to form tubules. Proc Natl Acad
Sci US A91: 5813-5817.

Bramhill, D. (1997) Bacterial cell division. Annu Rev Cell Dev Biol 13: 395-424.

Braud, S., Lavire, C., Bellier, A., and Mazodier, P. (2006) Effect of SsrA (tmRNA) tagging system on translational regulation in
Streptomyces. Arch Microbiol 184: 343-352.

Bucca, G., Brassington, A.M., Hotchkiss, G., Mersinias, V., and Smith, C.P. (2003) Negative feedback regulation of dnak, cIpB and lon
expression by the DnaK chaperone machine in Streptomyces coelicolor, identified by transcriptome and in vivo DnaK-depletion
analysis. Mol Microbiol 50: 153-166.

Buddelmeijer, N., and Beckwith, J. (2002) Assembly of cell division proteins at the E. coli cell center. Curr Opin Microbiol 5: 553-557.

Buddelmeijer, N., and Beckwith, J. (2004) A complex of the Escherichia coli cell division proteins FtsL, FtsB and FtsQ forms independently
of its localization to the septal region. Mo/ Microbiol 52: 1315-1327.

Burger, A., Brandt, B., Susstrunk, U., Thompson, C.J., and Wohlleben, W. (1998) Analysis of a Streptomyces coelicolor A3(2) locus
containing the nucleoside diphosphate kinase (ndk) and folylpolyglutamate synthetase (fo/C) genes. FEMS Microbiol Lett 159:
283-291.

Burger, A., Sichler, K., Kelemen, G., Buttner, M., and Wohlleben, W. (2000) Identification and characterization of the mre gene region of
Streptomyces coelicolor A3(2). Mol Gen Genet 263: 1053-1060.

Bushell, M.E. (1988) Growth, product formation and fermentation technology. In Actinomycetes in biotechnology. London, UK: Academic
press, pp. 185-217.

Cabeen, M.T., and Jacobs-Wagner, C. (2005) Bacterial cell shape. Nat Rev Microbiol 3: 601-610.

Calcutt, M.J. (1994) Gene organization in the dnad-gyrA region of the Streptomyces coelicolor chromosome. Gene 151: 23-28.

186



References

Carballido-Lopez, R., Formstone, A., Li, Y., Ehrlich, S.D., Noirot, P., and Errington, J. (2006) Actin homolog MreBH governs cell
morphogenesis by localization of the cell wall hydrolase LytE. Dev Cell 11: 399-409.

Chater, K.F. (1972) A morphological and genetic mapping study of white colony mutants of Streptomyces coelicolor. J Gen Microbiol 72: 9-
28.

Chater, K.F., Bruton, C.J., Plaskitt, K.A., Buttner, M.J., Mendez, C., and Helmann, J.D. (1989) The developmental fate of S. coelicolor
hyphae depends upon a gene product homologous with the motility sigma factor of B. subtilis. Cell 59: 133-143.

Chater, K.F., and Losick, R. (1997) Mycelial life style of Streptomyces coelicolor A3(2) and its relatives. In Bacteria as multicellular
organisms. Shapiro, J.A. and Dworkin, M. (eds). New York: Oxford University Press, pp. 149-182.

Chater, K.F. (1998) taking a genetic scalpel to the Streptomyces colony. Microbiology 144: 1465-1478.

Chater, K.F. (2001) Regulation of sporulation in Streptomyces coelicolor A3(2): a checkpoint multiplex? Curr Opin Microbiol 4: 667-673.

Chater, K.F., and Chandra, G. (2006) The evolution of development in Streptomyces analysed by genome comparisons. FEMS Microbiol Rev
30: 651-672.

Claessen, D., Wosten, H.A., van Keulen, G., Faber, O.G., Alves, A.M., Meijer, W.G., and Dijkhuizen, L. (2002) Two novel homologous
proteins of Streptomyces coelicolor and Streptomyces lividans are involved in the formation of the rodlet layer and mediate
attachment to a hydrophobic surface. Mol Microbiol 44: 1483-1492.

Claessen, D., Rink, R., de Jong, W., Siebring, J., de Vreugd, P., Boersma, F.G., Dijkhuizen, L., and Wosten, H.A. (2003) A novel class of
secreted hydrophobic proteins is involved in aerial hyphae formation in Streptomyces coelicolor by forming amyloid-like fibrils.
Genes Dev 17: 1714-1726.

Claessen, D., Stokroos, 1., Deelstra, H.J., Penninga, N.A., Bormann, C., Salas, J.A., Dijkhuizen, L., and Wosten, H.A. (2004) The formation
of the rodlet layer of streptomycetes is the result of the interplay between rodlins and chaplins. Mol Microbiol 53: 433-443.

Corbin, B.D., Geissler, B., Sadasivam, M., and Margolin, W. (2004) Z-ring-independent interaction between a subdomain of FtsA and late
septation proteins as revealed by a polar recruitment assay. J Bacteriol 186: 7736-7744.

Covarrubias, L., Cervantes, L., Covarrubias, A., Soberon, X., Vichido, I., Blanco, A., Kupersztoch-Portnoy, Y.M., and Bolivar, F. (1981)
Construction and characterization of new cloning vehicles. V. Mobilization and coding properties of pBR322 and several deletion
derivatives including pBR327 and pBR328. Gene 13: 25-35.

Dalton, K., Thibessard, A., Hunter, J.I.B., and Kelemen, G.H. (2007) A novel compartment, the “sub-apical stem” of the aerial hyphae, is the
location of a SigN dependent, developmentally distinct transcription in Streptomyces coelicolor. Mol Microbiol In press.

Daniel, R.A., Drake, S., Buchanan, C.E., Scholle, R., and Errington, J. (1994) The Bacillus subtilis spoVD gene encodes a mother-cell-
specific penicillin-binding protein required for spore morphogenesis. J Mol Biol 235: 209-220.

Daniel, R.A., and Errington, J. (2003) Control of cell morphogenesis in bacteria: two distinct ways to make a rod-shaped cell. Cell 113: 767-
776.

Daniel, R.A., Noirot-Gros, M.F., Noirot, P., and Errington, J. (2006) Multiple interactions between the transmembrane division proteins of
Bacillus subtilis and the role of FtsL instability in divisome assembly. J Bacteriol 188: 7396-7404.

Datsenko, K.A., and Wanner, B.L. (2000) One-step inactivation of chromosomal genes in Escherichia coli K-12 using PCR products. Proc
Natl Acad Sci U S A 97: 6640-6645.

Davis, N.K., and Chater, K.F. (1992) The Streptomyces coelicolor whiB gene encodes a small transcription factor-like protein dispensable
for growth but essential for sporulation. Mol Gen Genet 232: 351-358.

de Leeuw, E., Graham, B., Phillips, G.J., ten Hagen-Jongman, C.M., Oudega, B., and Luirink, J. (1999) Molecular characterization of
Escherichia coli FtsE and FtsX. Mol Microbiol 31: 983-993.

Den Blaauwen, T., Aarsman, M.E., Vischer, N.O., and Nanninga, N. (2003) Penicillin-binding protein PBP2 of Escherichia coli localizes
preferentially in the lateral wall and at mid-cell in comparison with the old cell pole. Mol Microbiol 47: 539-547.

Derouaux, A., Halici, S., Nothaft, H., Neutelings, T., Moutzourelis, G., Dusart, J., Titgemeyer, F., and Rigali, S. (2004) Deletion of a cyclic
AMP receptor protein homologue diminishes germination and affects morphological development of Streptomyces coelicolor. J
Bacteriol 186: 1893-1897.

Du, Y., and Arvidson, C.G. (2003) Identification of ZipA, a Signal Recognition Particle-Dependent Protein from Neisseria gonorrhoeae. J
Bacteriol 185: 2122-2130.

Dye, N.A., Pincus, Z., Theriot, J.A., Shapiro, L., and Gitai, Z. (2005) Two independent spiral structures control cell shape in Caulobacter.
Proc Natl Acad Sci U S A 102: 18608-18613.

Eccleston, M., Ali, R.A., Seyler, R., Westpheling, J., and Nodwell, J. (2002) Structural and genetic analysis of the BldB protein of
Streptomyces coelicolor. J Bacteriol 184: 4270-4276.

Edwards, D.H., and Errington, J. (1997) The Bacillus subtilis DivIVA protein targets to the division septum and controls the site specificity
of cell division. Mol Microbiol 24: 905-915.

Elliot, M., Damyji, F., Passantino, R., Chater, K., and Leskiw, B. (1998) The bldD gene of Streptomyces coelicolor A3(2): a regulatory gene
involved in morphogenesis and antibiotic production. J Bacteriol 180: 1549-1555.

Elliot, M.A., and Leskiw, B.K. (1999) The BIdD protein from Streptomyces coelicolor is a DNA-binding protein. J. Bacteriol. 181: 6832-
6835.

Elliot, M.A., Bibb, M.J., Buttner, M.J., and Leskiw, B.K. (2001) BIdD is a direct regulator of key developmental genes in Streptomyces
coelicolor A3(2). Mol. Microbiol. 40: 257-269.

Elliot, M.A., Karoonuthaisiri, N., Huang, J., Bibb, M.J., Cohen, S.N., Kao, C.M., and Buttner, M.J. (2003) The chaplins: a family of
hydrophobic cell-surface proteins involved in aerial mycelium formation in Streptomyces coelicolor. Genes Dev 17: 1727-1740.

Ensign, J.C. (1978) Formation, properties, and germination of actinomycete spores. Annu Rev Microbiol 32: 185-219.

Erickson, H.P., Taylor, D.W., Taylor, K.A., and Bramhill, D. (1996) Bacterial cell division protein FtsZ assembles into protofilament sheets
and minirings, structural homologs of tubulin polymers. Proc Natl Acad Sci U S 4 93: 519-523.

Errington, J. (2001) Septation and chromosome segregation during sporulation in Bacillus subtilis. Curr Opin Microbiol 4: 660-666.

Errington, J., Bath, J., and Wu, L.J. (2001) DNA transport in bacteria. Nature Rev. Mol. Cell Biol. 2: 538-544.

Errington, J. (2003) Regulation of endospore formation in Bacillus subtilis. Nat Rev Microbiol 1: 117-126.

Errington, J., Daniel, R.A., and Scheffers, D.J. (2003) Cytokinesis in bacteria. Microbiol Mol Biol Rev 67: 52-65.

Fernandez-Moreno, M.A., Caballero, J.L., Hopwood, D.A., and Malpartida, F. (1991) The act cluster contains regulatory and antibiotic
export genes, direct targets for translational control by the bld4 tRNA gene of Streptomyces. Cell 66: 769-780.

Figge, R.M., Divakaruni, A.V., and Gober, J.W. (2004) MreB, the cell shape-determining bacterial actin homologue, co-ordinates cell wall
morphogenesis in Caulobacter crescentus. Mol Microbiol 51: 1321-1332.

Flardh, K., Findlay, K.C., and Chater, K.F. (1999) Association of early sporulation genes with suggested developmental decision points in
Streptomyces coelicolor A3(2). Microbiology 145: 2229-2243.

187



References

Flardh, K., Leibovitz, E., Buttner, M.J., and Chater, K.F. (2000) Generation of a non-sporulating strain of Streptomyces coelicolor A3(2) by
the manipulation of a developmentally controlled fisZ promoter. Mol. Microbiol.. Nov 38: 737-749.

Flardh, K. (2003a) Growth polarity and cell division in Streptomyces. Curr Opin Microbiol 6: 564-571.

Flardh, K. (2003b) Essential role of DivIVA in polar growth and morphogenesis in Streptomyces coelicolor A3(2). Mol Microbiol 49: 1523-
1536.

Flardh, K., and van Wezel, G.P. (2003) Cell division during growth and development of Streptomyces. In Recent developments in
bacteriology. Pandalai, S.G. (ed). Trivandrum, India: Transworld research network.

Formstone, A., and Errington, J. (2005) A magnesium-dependent mreB null mutant: implications for the role of mreB in Bacillus subtilis.
Mol Microbiol 55: 1646-1657.

Fu, X., Shih, Y.L., Zhang, Y., and Rothfield, L.I. (2001) The MinE ring required for proper placement of the division site is a mobile
structure that changes its cellular location during the Escherichia coli division cycle. Proc Natl Acad Sci U S 4 98: 980-985.

Gill, D.R., and Salmond, G.P. (1990) The identification of the Escherichia coli ftsY gene product: an unusual protein. Mol Microbiol 4: 575-
583.

Gitai, Z., Dye, N., and Shapiro, L. (2004) An actin-like gene can determine cell polarity in bacteria. Proc Natl Acad Sci U S A 101: 8643-
8648.

Gitai, Z., Dye, N.A., Reisenauer, A., Wachi, M., and Shapiro, L. (2005) MreB actin-mediated segregation of a specific region of a bacterial
chromosome. Ce// 120: 329-341.

Glauert, A.M., and Hopwood, D.A. (1961) The fine structure of Streptomyces violaceoruber (S. coelicolor). 111. The walls of the mycelium
and spores. J Biophys Biochem Cytol 10: 505-516.

Goehring, N.W., Gueiros-Filho, F., and Beckwith, J. (2005) Premature targeting of a cell division protein to midcell allows dissection of
divisome assembly in Escherichia coli. Genes Dev 19: 127-137.

Goehring, N.W., Gonzalez, M.D., and Beckwith, J. (2006) Premature targeting of cell division proteins to midcell reveals hierarchies of
protein interactions involved in divisome assembly. Mol Microbiol 61: 33-45.

Goodell, E.W. (1985) Recycling of murein by Escherichia coli. J Bacteriol 163: 305-310.

Grantcharova, N., Ubhayasekera, W., Mowbray, S.L., McCormick, J.R., and Flardh, K. (2003) A missense mutation in fisZ differentially
affects vegetative and developmentally controlled cell division in Streptomyces coelicolor A3(2). Mol Microbiol 47: 645-656.

Grantcharova, N., Lustig, U., and Flardh, K. (2005) Dynamics of FtsZ assembly during sporulation in Streptomyces coelicolor A3(2). J
Bacteriol 187: 3227-3237.

Gray, D.I., Gooday, G.W., and Prosser, J.I. (1990) Apical hyphal extension in Streptomyces coelicolor A3(2). J Gen Microbiol 136: 1077-
1084.

Grossman, A.D. (1995) Genetic networks controlling the initiation of sporulation and the development of genetic competence in Bacillus
subtilis. Annu Rev Genet 29: 477-508.

Gueiros-Filho, F.J., and Losick, R. (2002) A widely conserved bacterial cell division protein that promotes assembly of the tubulin-like
protein FtsZ. Genes Dev 16: 2544-2556.

Gust, B., Challis, G.L., Fowler, K., Kieser, T., and Chater, K.F. (2003) PCR-targeted Streptomyces gene replacement identifies a protein
domain needed for biosynthesis of the sesquiterpene soil odor geosmin. Proc Natl Acad Sci U S A 100: 1541-1546.

Harris, S.D., Hofmann, A.F., Tedford, H.W., and Lee, M.P. (1999) Identification and characterization of genes required for hyphal
morphogenesis in the filamentous fungus Aspergillus nidulans. Genetics 151: 1015-1025.

Henriques, A.O., Glaser, P., Piggot, P.J., and Moran, C.P., Jr. (1998) Control of cell shape and elongation by the rodA gene in Bacillus
subtilis. Mol Microbiol 28: 235-247.

Higgins, C.F. (1992) ABC transporters: from microorganisms to man. Annu Rev Cell Biol 8: 67-113.

Higgins, D.G., Thompson, J.D., and Gibson, T.J. (1996) Using CLUSTAL for multiple sequence alignments. Methods Enzymol 266: 383-
402.

Holtje, J.V. (1998) Growth of the stress-bearing and shape-maintaining murein sacculus of Escherichia coli. Microbiol Mol Biol Rev 62:
181-203.

Hu, Z., and Lutkenhaus, J. (1999) Topological regulation of cell division in Escherichia coli involves rapid pole to pole oscillation of the
division inhibitor MinC under the control of MinD and MinE. Mol Microbiol 34: 82-90.

Hunt, A.C., Servin-Gonzalez, L., Kelemen, G.H., and Buttner, M.J. (2005) The b/dC developmental locus of Streptomyces coelicolor
encodes a member of a family of small DNA-binding proteins related to the DNA-binding domains of the MerR family. J
Bacteriol 187: 716-728.
Tkeda, H., Ishikawa, J., Hanamoto, A., Shinose, M., Kikuchi, H., Shiba, T., Sakaki, Y., Hattori, M., and Omura, S. (2003) Complete genome
sequence and comparative analysis of the industrial microorganism Streptomyces avermitilis. Nat Biotechnol 14: 14.
Jakimowicz, D., Chater, K., and Zakrzewska-Czerwinska, J. (2002) The ParB protein of Streptomyces coelicolor A3(2) recognizes a cluster
of parS sequences within the origin-proximal region of the linear chromosome. Mol Microbiol 45: 1365-1377.

Jakimowicz, D., Gust, B., Zakrzewska-Czerwinska, J., and Chater, K.F. (2005) Developmental-stage-specific assembly of ParB complexes in
Streptomyces coelicolor hyphae. J Bacteriol 187: 3572-3580.

Jakimowicz, D., Mouz, S., Zakrzewska-Czerwinska, J., and Chater, K.F. (2006) Developmental control of a parAB promoter leads to
formation of sporulation-associated ParB complexes in Streptomyces coelicolor. J Bacteriol 188: 1710-1720.

Janssen, G.R., and Bibb, M.J. (1993) Derivatives of pUC18 that have Bg/II 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.

Jiang, H., and Kendrick, K.E. (2000) Characterization of ssfR and ssg4, two genes involved in sporulation of Streptomyces griseus. J.
Bacteriol. 182: 5521-5529.

Jones, L.J., Carballido-Lopez, R., and Errington, J. (2001) Control of cell shape in bacteria: helical, actin-like filaments in Bacillus subtilis.
Cell 104: 913-922.

Justice, S.S., Garcia-Lara, J., and Rothfield, L.1. (2000) Cell division inhibitors SulA and MinC/MinD block septum formation at different
steps in the assembly of the Escherichia coli division machinery. Mol Microbiol 37: 410-423.

Kato, J.Y., Suzuki, A., Yamazaki, H., Ohnishi, Y., and Horinouchi, S. (2002) Control by A-factor of a metalloendopeptidase gene involved
in aerial mycelium formation in Streptomyces griseus. J Bacteriol 184: 6016-6025.

Kawamoto, S., and Ensign, J.C. (1995) Cloning and characterization of a gene involved in regulation of sporulation and cell division in
Streptomyces griseus. Actinomycetologica 9: 136-151.

Kawamoto, S., Watanabe, H., Hesketh, A., Ensign, J.C., and Ochi, K. (1997) Expression analysis of the ssg4 gene product, associated with
sporulation and cell division in Streptomyces griseus. Microbiology 143: 1077-1086.

188



References

Keijser, B.J., van Wezel, G.P., Canters, G.W., and Vijgenboom, E. (2002) Developmental regulation of the Streptomyces lividans ram genes:
involvement of RamR in regulation of the ramCSAB operon. J Bacteriol 184: 4420-4429.

Keijser, B.J., Noens, E.E., Kraal, B., Koerten, H.K., and van Wezel, G.P. (2003) The Streptomyces coelicolor ssgB gene is required for early
stages of sporulation. FEMS Microbiol Lett 225: 59-67.

Kelemen, G.H., Brown, G.L., Kormanec, J., Potuckova, L., Chater, K.F., and Buttner, M.J. (1996) The positions of the sigma-factor genes,
whiG and sigF, in the hierarchy controlling the development of spore chains in the aerial hyphae of Streptomyces coelicolor
A3(2). Mol Microbiol 21: 593-603.

Kelemen, G.H., Brian, P., Flirdh, K., Chamberlin, L., Chater, K.F., and Buttner, M.J. (1998) Developmental regulation of transcription of
whiE, a locus specifying the polyketide spore pigment in Streptomyces coelicolor A3 (2). J Bacteriol 180: 2515-2521.

Kelemen, G.H., Viollier, P.H., Tenor, J., Marri, L., Buttner, M.J., and Thompson, C.J. (2001) A connection between stress and development
in the multicellular prokaryote Streptomyces coelicolor A3(2). Mol Microbiol 40: 804-814.

Kieser, T., Bibb, M.J., Buttner, M.J., Chater, K.F., and Hopwood, D.A. (2000) Practical Streptomyces genetics. Norwich, U.K.: John Innes
Foundation.

Kim, H.J., Calcutt, M.J., Schmidt, F.J., and Chater, K.F. (2000) Partitioning of the linear chromosome during sporulation of Streptomyces
coelicolor A3(2) involves an oriC-linked parAB locus. J Bacteriol 182: 1313-1320.

Koonin, E.V. (1993) A superfamily of ATPases with diverse functions containing either classical or deviant ATP-binding motif. J Mol Biol
229: 1165-1174.

Kormanec, J., and Sevcikova, B. (2002) The stress-response sigma factor sigma(H) controls the expression of ssgB, a homologue of the
sporulation-specific cell division gene ssgA, in Streptomyces coelicolor A3(2). Mol Genet Genomics 267: 536-543.

Kruse, T., Moller-Jensen, J., Lobner-Olesen, A., and Gerdes, K. (2003) Dysfunctional MreB inhibits chromosome segregation in Escherichia
coli. Embo J 22: 5283-5292.

Kruse, T., Bork-Jensen, J., and Gerdes, K. (2005) The morphogenetic MreBCD proteins of Escherichia coli form an essential membrane-
bound complex. Mol Microbiol 55: 78-89.

Kruse, T., and Gerdes, K. (2005) Bacterial DNA segregation by the actin-like MreB protein. Trends Cell Biol 15: 343-345.

Kwak, J., Dharmatilake, A.J., Jiang, H., and Kendrick, K.E. (2001) Differential regulation of ftsZ transcription during septation of
Streptomyces griseus. J Bacteriol 183: 5092-5101.

Larson, J.L., and Hershberger, C.L. (1986) The minimal replicon of a streptomycete plasmid produces an ultrahigh level of plasmid DNA.
Plasmid 15: 199-209.

Lawlor, E.J., Baylis, H.A., and Chater, K.F. (1987) Pleiotropic morphological and antibiotic deficiencies result from mutations in a gene
encoding a tRNA-like product in Streptomyces coelicolor A3(2). Genes Dev 1: 1305-1310.

Leaver, M., and Errington, J. (2005) Roles for MreC and MreD proteins in helical growth of the cylindrical cell wall in Bacillus subtilis. Mol
Microbiol 57: 1196-1209.

Lee, J.C., and Stewart, G.C. (2003) Essential nature of the mreC determinant of Bacillus subtilis. J Bacteriol 185: 4490-4498.

Lee, K., and Cohen, S.N. (2003) A Streptomyces coelicolor functional orthologue of Escherichia coli RNase E shows shuffling of catalytic
and PNPase-binding domains. Mol Microbiol 48: 349-360.

Leskiw, B.K., Bibb, M.J., and Chater, K.F. (1991a) The use of a rare codon specifically during development? Mol Microbiol 5: 2861-2867.

Leskiw, B.K., Lawlor, E.J., Fernandez-Abalos, J.M., and Chater, K.F. (1991b) TTA codons in some genes prevent their expression in a class
of developmental, antibiotic-negative, Streptomyces mutants. Proc Natl Acad Sci U S A 88: 2461-2465.

Leskiw, B.K., and Mah, R. (1995) The bldA-encoded tRNA is poorly expressed in the bldI mutant of Streptomyces coelicolor A3(2).
Microbiology 141 ( Pt 8): 1921-1926.

Levin, P.A., Kurtser, I.G., and Grossman, A.D. (1999) Identification and characterization of a negative regulator of FtsZ ring formation in
Bacillus subtilis. Proc Natl Acad Sci U S 4 96: 9642-9647.

Liu, G., Draper, G.C., and Donachie, W.D. (1998) FtsK is a bifunctional protein involved in cell division and chromosome localization in
Escherichia coli. Mol Microbiol 29: 893-903.

Locci, R. (1980) Response of developing branched bacteria to adverse environments. II. Micromorphological effects of lysozyme on some
aerobic actinomycetes. Zentralbl Bakteriol A 247: 374-382.

Locher, K.P. (2004) Structure and mechanism of ABC transporters. Curr Opin Struct Biol 14: 426-431.

Longtine, M.S., DeMarini, D.J., Valencik, M.L., Al-Awar, O.S., Fares, H., De Virgilio, C., and Pringle, J.R. (1996) The septins: roles in
cytokinesis and other processes. Curr Opin Cell Biol 8: 106-119.

Lowe, J., van den Ent, F., and Amos, L.A. (2004) Molecules of the bacterial cytoskeleton. Annu Rev Biophys Biomol Struct 33: 177-198.

MacNeil, D.J., Gewain, K.M., Ruby, C.L., Dezeny, G., Gibbons, P.H., and MacNeil, T. (1992) Analysis of Streptomyces avermitilis genes
required for avermectin biosynthesis utilizing a novel integration vector. Gene 111: 61-68.

Margolin, W. (2005) FtsZ and the division of prokaryotic cells and organelles. Nat Rev Mol Cell Biol 6: 862-871.

Marston, A.L., Thomaides, H.B., Edwards, D.H., Sharpe, M.E., and Errington, J. (1998) Polar localization of the MinD protein of Bacillus
subtilis and its role in selection of the mid-cell division site. Genes Dev 12: 3419-3430.

Matsuhashi, M., Wachi, M., and Ishino, F. (1990) Machinery for cell growth and division: penicillin-binding proteins and other proteins. Res
Microbiol 141: 89-103.

Mazza, P., Noens, E.E., Schirner, K., Grantcharova, N., Mommaas, A.M., Koerten, H.K., Muth, G., Flardh, K., van Wezel, G.P., and
Wohlleben, W. (2006) MreB of Streptomyces coelicolor is not essential for vegetative growth but is required for the integrity of
aerial hyphae and spores. Mol Microbiol 60: 838-852.

McCormick, J.R., Su, E.P., Driks, A., and Losick, R. (1994) Growth and viability of Streptomyces coelicolor mutant for the cell division
gene fisZ. Mol Microbiol 14: 243-254.

McCormick, J.R., and Losick, R. (1996) Cell division gene fisQ is required for efficient sporulation but not growth and viability in
Streptomyces coelicolor A3(2). J Bacteriol 178: 5295-5301.

Mendez, C., Brana, A.F., Manzanal, M.B., and Hardisson, C. (1985) Role of substrate mycelium in colony development in Strepfomyces.
Can J Microbiol 31: 446-450.

Merrick, M.J. (1976) A morphological and genetic mapping study of bald colony mutants of Streptomyces coelicolor. J Gen Microbiol 96:
299-315.

Michie, K.A., and Lowe, J. (2006) Dynamic filaments of the bacterial cytoskeleton. Annu Rev Biochem 75: 467-492.

Molle, V., and Buttner, M.J. (2000) Different alleles of the response regulator gene bldM arrest Streptomyces coelicolor development at
distinct stages. Mol Microbiol 36: 1265-1278.

Molle, V., Palframan, W.J., Findlay, K.C., and Buttner, M.J. (2000) WhiD and WhiB, homologous proteins required for different stages of
sporulation in Streptomyces coelicolor A3(2). J. Bacteriol.. Mar 182: 1286-1295.

189



References

Nguyen, K.T., Tenor, J., Stettler, H., Nguyen, L.T., Nguyen, L.D., and Thompson, C.J. (2003) Colonial differentiation in Streptomyces
coelicolor depends on translation of a specific codon within the adpA gene. J Bacteriol 185: 7291-7296.

Nodwell, J.R., Mcgovern, K., and Losick, R. (1996) an oligopeptide permease responsible for the import of an extracellular signal governing
aerial mycelium formation in Streptomyces coelicolor. Mol. Microbiol. 22: 881-893.

Nodwell, J.R., and Losick, R. (1998) Purification of an extracellular signaling molecule involved in production of aerial mycelium by
Streptomyces coelicolor. J Bacteriol 180: 1334-1337.

Nodwell, J.R., Yang, M., Kuo, D., and Losick, R. (1999) Extracellular complementation and the identification of additional genes involved
in aerial mycelium formation in Streptomyces coelicolor. Genetics 151: 569-584.

Noens, E.E., Mersinias, V., Traag, B.A., Smith, C.P., Koerten, H.K., and van Wezel, G.P. (2005) SsgA-like proteins determine the fate of
peptidoglycan during sporulation of Streptomyces coelicolor. Mol Microbiol 58: 929-944.

Noens, E.E., Mersinias, V., Willemse, J., Traag, B.A., Laing, E., Chater, K.F., Smith, C.P., Koerten, H.K., and van Wezel, G.P. (2007)

Loss of the controlled localisation of growth stage-specific cell wall synthesis pleiotropically affects developmental gene
expression in an ssgA mutant of Streptomyces coelicolor. Mol Microbiol. 64:1244-59.

Nothaft, H., Dresel, D., Willimek, A., Mahr, K., Niederweis, M., and Titgemeyer, F. (2003) The phosphotransferase system of Streptomyces
coelicolor is biased for N-acetylglucosamine metabolism. J Bacteriol 185: 7019-7023.

Ohnishi, Y., and Horinouchi, S. (1999) Regulation of secondary metabolism and morphological differentiation by a microbial hormone in
Streptomyces. Tanpakushitsu Kakusan Koso 44: 1552-1561.

Ohnishi, Y., Seo, J.W., and Horinouchi, S. (2002) Deprogrammed sporulation in Streptomyces. FEMS Microbiol Lett 216: 1-7.

Park, J.T. (1993) Turnover and recycling of the murein sacculus in oligopeptide permease-negative strains of Escherichia coli: indirect
evidence for an alternative permease system and for a monolayered sacculus. J Bacteriol 175: 7-11.

Pichoff, S., and Lutkenhaus, J. (2002) Unique and overlapping roles for ZipA and FtsA in septal ring assembly in Escherichia coli. Embo J
21: 685-693.

Piette, A., Derouaux, A., Gerkens, P., Noens, E.E., Mazzucchelli, G., Vion, S., Koerten, H.K., Titgemeyer, F., De Pauw, E., Leprince, P., van
Wezel, G.P., Galleni, M., and Rigali, S. (2005) From dormant to germinating spores of Streptomyces coelicolor A3(2): new
perspectives from the crp null mutant. J Proteome Res 4: 1699-1708.

Pope, M.K., Green, B.D., and Westpheling, J. (1996) The bld mutants of Streptomyces coelicolor are defective in the regulation of carbon
utilization, morphogenesis and cell--cell signalling. Mol Microbiol 19: 747-756.

Pope, M.K., Green, B., and Westpheling, J.R.W., IV (1998) the bldb gene encodes a small protein required for morphogenesis, antibiotic
production, and catabolite control in Streptomyces coelicolor. J. Bacteriol. 180: 1556-1562.

Potuckova, L., Kelemen, G.H., Findlay, K.C., Lonetto, M.A., Buttner, M.J., and Kormanec, J. (1995) A new RNA polymerase sigma factor,
sigma F, is required for the late stages of morphological differentiation in Streptomyces spp. Mol Microbiol 17: 37-48.

Prentki, P., and Krisch, H.M. (1984) In vitro insertional mutagenesis with a selectable DNA fragment. Gene 29: 303-313.

Prosser, J.I., and Tough, A.J. (1991) Growth mechanisms and growth kinetics of filamentous microorganisms. Crit Rev Biotechnol 10: 253-
274.

Redenbach, M., Kieser, H.M., Denapaite, D., Eichner, A., Cullum, J., Kinashi, H., and Hopwood, D.A. (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., Schlicht, M., Hoskisson, P., Nothaft, H., Merzbacher, M., Joris, B., and Titgemeyer, F. (2004) Extending the classification of
bacterial transcription factors beyond the helix-turn-helix motif as an alternative approach to discover new cis/trans relationships.
Nucleic Acids Res 32: 3418-3426.

Rigali, S., Nothaft, H., Noens, E.E., Schlicht, M., Colson, S., Muller, M., Joris, B., Koerten, H.K., Hopwood, D.A., Titgemeyer, F., and van
Wezel, G.P. (2006) The sugar phosphotransferase system of Streptomyces coelicolor is regulated by the GntR-family regulator
DasR and links N-acetylglucosamine metabolism to the control of development. Mol Microbiol 61: 1237-1251.

Rothfield, L., Taghbalout, A., and Shih, Y.L. (2005) Spatial control of bacterial division-site placement. Nat Rev Microbiol 3: 959-968.

Ryding, N.J., Kelemen, G.H., Whatling, C.A., Fliardh, K., Buttner, M.J., and Chater, K.F. (1998) A developmentally regulated gene encoding
a repressor-like protein is essential for sporulation in Streptomyces coelicolor A3(2). Mol Microbiol 29: 343-357.

Ryding, N.J., Bibb, M.J., Molle, V., Findlay, K.C., Chater, K.F., and Buttner, M.J. (1999) New sporulation loci in Streptomyces coelicolor
A3(2). J. Bacteriol. 181: 5419-5425.

Sambrook, J., Fritsch, E.F., and Maniatis, T. (1989) Molecular cloning: a laboratory manual. Cold Spring harbor, N.Y.: Cold Spring Harbor
laboratory press.

Sanchez, M., Valencia, A., Ferrandiz, M.J., Sander, C., and Vicente, M. (1994) Correlation between the structure and biochemical activities
of FtsA, an essential cell division protein of the actin family. Embo J 13: 4919-4925.

Saraste, M., Sibbald, P.R., and Wittinghofer, A. (1990) The P-loop--a common motif in ATP- and GTP-binding proteins. Trends Biochem
Sci 15: 430-434.

Schlosser, A., Kampers, T., and Schrempf, H. (1997) The Streptomyces ATP-binding component MsiK assists in cellobiose and maltose
transport. J Bacteriol 179: 2092-2095.

Schmidt, K.L., Peterson, N.D., Kustusch, R.J., Wissel, M.C., Graham, B., Phillips, G.J., and Weiss, D.S. (2004) A predicted ABC
transporter, FtsEX, is needed for cell division in Escherichia coli. J Bacteriol 186: 785-793.

Schwedock, J., Mccormick, J.R., Angert, E.R., Nodwell, J.R., and Losick, R. (1997) assembly of the cell division protein Ftsz into ladder
like structures in the aerial hyphae of Streptomyces coelicolor. Mol. Microbiol. 25: 858.

Sharpe, M.E., and Errington, J. (1999) Upheaval in the bacterial nucleoid. An active chromosome segregation mechanism. Trends Genet 15:
70-74.

Shih, Y.L., Le, T., and Rothfield, L. (2003) Division site selection in Escherichia coli involves dynamic redistribution of Min proteins within
coiled structures that extend between the two cell poles. Proc Natl Acad Sci U S A 100: 7865-7870.

Smyth, G.K., and Speed, T.P. (2003) Normalization of cDNA microarray data. Methods: 265-273.

Smyth, G.K. (2005) Limma: linear models for microarray data. In Bioinformatics and Computational Biology Solutions using R and
Bioconductor. Gentleman, R., Carey, V., Dudoit, S., Irizarry, R. and Huber, W. (eds). New York: Springer, pp. 397-420.

Slovak, P.M., Wadhams, G.H., and Armitage, J.P. (2005) Localization of MreB in Rhodobacter sphaeroides under conditions causing
changes in cell shape and membrane structure. J Bacteriol 187: 54-64.

Soliveri, J.A., Gomez, J., Bishai, W.R., and Chater, K.F. (2000) Multiple paralogous genes related to the Streptomyces coelicolor
developmental regulatory gene whiB are present in Streptomyces and other actinomycetes. Microbiology 146: 333-343.

Soufo, H.J., and Graumann, P.L. (2003) Actin-like proteins MreB and Mbl from Bacillus subtilis are required for bipolar positioning of
replication origins. Curr Biol 13: 1916-1920.

190



References

Suefuji, K., Valluzzi, R., and RayChaudhuri, D. (2002) Dynamic assembly of MinD into filament bundles modulated by ATP, phospholipids,
and MinE. Proc Natl Acad Sci U S 4 99: 16776-16781.

Takano, E., Tao, M., Long, F., Bibb, M.J., Wang, L., Li, W., Buttner, M.J., Deng, Z.X., and Chater, K.F. (2003) A rare leucine codon in
adpA is implicated in the morphological defect of bld4 mutants of Streptomyces coelicolor. Mol Microbiol 50: 475-486.

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

Tan, H., Yang, H., Tian, Y., Wu, W., Whatling, C.A., Chamberlin, L.C., Buttner, M.J., Nodwell, J., and Chater, K.F. (1998) The
Streptomyces coelicolor sporulation-specific sigma WhiG form of RNA polymerase transcribes a gene encoding a ProX-like
protein that is dispensable for sporulation. Gene 212: 137-146.

Tillotson, R.D., Wosten, H.A., Richter, M., and Willey, J.M. (1998) A surface active protein involved in aerial hyphae formation in the
filamentous fungus Schizophillum commune restores the capacity of a bald mutant of the filamentous bacterium Streptomyces
coelicolor to erect aerial structures. Mol Microbiol 30: 595-602.

Traag, B.A., Kelemen, G.H., and Van Wezel, G.P. (2004) Transcription of the sporulation gene ssgA is activated by the IcIR-type regulator
SsgR in a whi-independent manner in Streptomyces coelicolor A3(2). Mol Microbiol 53: 985-1000.

Tian, Y., Fowler, K., Findlay, K., Tan, H., and Chater, K.F. (2007) An Unusual Response Regulator Influences Sporulation at Early and Late
Stages in Streptomyces coelicolor. J Bacteriol 189: 2873-2885.

Ueda, K., Oinuma, K., Ikeda, G., Hosono, K., Ohnishi, Y., Horinouchi, S., and Beppu, T. (2002) AmfS, an extracellular peptidic morphogen
in Streptomyces griseus. J Bacteriol 184: 1488-1492.

Ukai, H., Matsuzawa, H., Ito, K., Yamada, M., and Nishimura, A. (1998) ftsE(Ts) affects translocation of K+-pump proteins into the
cytoplasmic membrane of Escherichia coli. J Bacteriol 180: 3663-3670.

van den Ent, F., Amos, L.A., and Lowe, J. (2001) Prokaryotic origin of the actin cytoskeleton. Nature 413: 39-44.

van Wezel, G.P., van der Meulen, J., Kawamoto, S., Luiten, R.G., Koerten, H.K., and Kraal, B. (2000a) SsgA is essential for sporulation of
Streptomyces coelicolor A3(2) and affects hyphal development by stimulating septum formation. J Bacteriol 182: 5653-5662.

van Wezel, G.P., van der Meulen, J., Taal, E., Koerten, H., and Kraal, B. (2000b) Effects of increased and deregulated expression of cell
division genes on the morphology and on antibiotic production of streptomycetes. Antonie Van Leeuwenhoek 78: 269-276.

van Wezel, G.P., White J, Hoogvliet G, Bibb M.J. (2000c) Application of redD, the transcriptional activator gene of the undecylprodigiosin
biosynthetic pathway, as a reporter for transcriptional activity in Streptomyces coelicolor A3(2) and Streptomyces lividans. J Mol
Microbiol Biotechnol 2:551-556.

van Wezel, G.P., and Vijgenboom, E. (2004) Novel aspects of signaling in Streptomyces development. Adv Appl Microbiol 56: 65-88.

van Wezel, G.P., Mahr, K., Konig, M., Traag, B.A., Pimentel-Schmitt, E.F., Willimek, A., and Titgemeyer, F. (2005) GlcP constitutes the
major glucose uptake system of Streptomyces coelicolor A3(2). Mol Microbiol 55: 624-636.

van Wezel, G.P., Krabben, P., Traag, B.A., Keijser, B.J., Kerste, R., Vijgenboom, E., Heijnen, J.J., and Kraal, B. (2006) Unlocking
Streptomyces spp. for use as sustainable industrial production platforms by morphological engineering. App! Environ Microbiol
72: 5283-5288.

Vicente, M., and Rico, A.L. (2006) The order of the ring: assembly of Escherichia coli cell division components. Mol Microbiol 61: 5-8.

Vicente, M., Rico, A.L., Martinez-Arteaga, R., and Mingorance, J. (2006) Septum enlightenment: assembly of bacterial division proteins. J
Bacteriol 188: 19-27.

Vinella, D., Joseleau-Petit, D., Thevenet, D., Bouloc, P., and D'Ari, R. (1993) Penicillin-binding protein 2 inactivation in Escherichia coli
results in cell division inhibition, which is relieved by FtsZ overexpression. J Bacteriol 175: 6704-6710.

Wachi, M., and Matsuhashi, M. (1989) Negative control of cell division by mreB, a gene that functions in determining the rod shape of
Escherichia coli cells. J Bacteriol 171: 3123-3127.

Wang, L., Yu, Y., He, X., Zhou, X., Deng, Z., Chater, K.F., and Tao, M. (2007) Role of an FtsK-like protein in genetic stability in
Streptomyces coelicolor A3(2). J Bacteriol.

Wang, X., Possoz, C., and Sherratt, D.J. (2005) Dancing around the divisome: asymmetric chromosome segregation in Escherichia coli.
Genes Dev 19: 2367-2377.

Ward, J.M., Janssen, G.R., Kieser, T., Bibb, M.J., and Buttner, M.J. (1986) Construction and characterisation of a series of multi-copy
promoter- probe plasmid vectors for Streptomyces using the aminoglycoside phosphotransferase gene from Tn5 as indicator. Mo/
Gen Genet 203: 468-478.

Wardell, J.N., Stocks, S.M., Thomas, C.R., and Bushell, M.E. (2002) Decreasing the hyphal branching rate of Saccharopolyspora erythraea
NRRL 2338 leads to increased resistance to breakage and increased antibiotic production. Biotechnol. Bioeng. 78: 141-146.

Wei, Y., Havasy, T., McPherson, D.C., and Popham, D.L. (2003) Rod shape determination by the Bacillus subtilis class B penicillin-binding
proteins encoded by pbpA and pbpH. J Bacteriol 185: 4717-4726.

White, J., and Bibb, M. (1997) bidA dependence of undecylprodigiosin production in Streptomyces coelicolor A3(2) involves a pathway-
specific regulatory cascade. J Bacteriol 179: 627-633.

Wildermuth, H. (1970) Development and organization of the aerial mycelium in Streptomyces coelicolor. J Gen Microbiol 60: 43-50.

Wildermuth, H., and Hopwood, D.A. (1970) Septation during sporulation in Streptomyces coelicolor. J Gen Microbiol 60: 51-59.

Willey, J., Santamaria, R., Guijarro, J., Geistlich, M., and Losick, R. (1991) Extracellular complementation of a developmental mutation
implicates a small sporulation protein in aerial mycelium formation by S. coelicolor. Cell 65: 641-650.

Withey, J.H., and Friedman, D.I. (2002) The biological roles of trans-translation. Curr Opin Microbiol 5: 154-159.

Woodcock, D.M., Crowther, P.J., Doherty, J., Jefferson, S., DeCruz, E., Noyer-Weidner, M., Smith, S.S., Michael, M.Z., and Graham, M.W.
(1989) Quantitative evaluation of Escherichia coli host strains for tolerance to cytosine methylation in plasmid and phage
recombinants. Nucleic Acids Res 17: 3469-3478.

Wu, L.J., and Errington, J. (2004) Coordination of cell division and chromosome segregation by a nucleoid occlusion protein in Bacillus
subtilis. Cell 117: 915-925.

Yamazaki, H., Ohnishi, Y., and Horinouchi, S. (2000) An A-factor-dependent extracytoplasmic function sigma factor (sigma(AdsA)) that is
essential for morphological development in Streptomyces griseus. J Bacteriol 182: 4596-4605.

Yamazaki, H., Ohnishi, Y., and Horinouchi, S. (2003) Transcriptional switch on of ssg4 by A-factor, which is essential for spore septum
formation in Streptomyces griseus. J Bacteriol 185: 1273-1283.

Young, K.D. (2003) Bacterial shape. Mol Microbiol 49: 571-580.

Yu, X.C., Weihe, E.K., and Margolin, W. (1998) Role of the C terminus of FtsK in Escherichia coli chromosome segregation. J Bacteriol
180: 6424-6428.

191



CURRICULUM VITAE

Elke Noens was born on the 3™ of April 1979 in Kapellen (Belgium). In 1997, she obtained
the diploma for secondary education at the Sint Lambertus Instituut (Ekeren, Belgium). In the
same year, she started the study Medical Biochemistry at the University of Antwerp
(Belgium). During the fourth and last year, she participated in an Erasmus exchange
programme for six months, completing an internship in the department of Medical
Microbiology, LUMC (Leiden, The Netherlands). In 2001, she obtained her Masters degree at
the University of Antwerp (Belgium). During 2001-2002, she completed an internship in the
Centre for Carbohydrate Chemistry, University of East Anglia (Norwich, UK) under the
supervision of Prof. R.A. Field. In the summer of 2002, she started as a Ph.D. student at
Leiden University. She worked under the supervision of Dr. G.P. van Wezel in Microbial
Development (formerly Genexpress), LIC and Dr. H.K. Koerten in Electron Microscopy,
MCB, LUMC. Prof. C.W.A. Pleij was her promotor. The work done as a Ph.D. student is

presented in this thesis.

LIST OF PUBLICATIONS

BJ Keijser, EE Noens, B Kraal, HK Koerten and GP van Wezel. (2003) The
Streptomyces coelicolor ssgB gene is required for early stages of sporulation. FEMS
Microbiol Lett. 225 (1): 59-67.

A Piette, A Derouaux, P Gerkens, EE Noens, G Mazzucchelli, S Vion, HK Koerten,
F Titgemeyer, E De Pauw, P Leprince, GP van Wezel, M Galleni, S Rigali. (2005)
From dormant to germinating spores of Streptomyces coelicolor A3(2): new
perspectives from the crp null mutant. J Proteome Res. 4 (5): 1699-708.

EE Noens, V Mersinias, BJ Traag, CP Smith, HK Koerten and GP van Wezel.
(2005) SsgA-like proteins determine the fate of peptidoglycan during
sporulation of Streptomyces coelicolor. Mol. Microbiol. 58(4):929-44.
(Including cover illustration)

P Mazza, EE Noens, K Schimer, N Grantcharova, AM Mommaas, HK Koerten, G
Muth, K Flardh, GP van Wezel, W Wohlleben. (2006) MreB of Streptomyces
coelicolor is not essential for vegetative growth but is required for the integrity of
aerial hyphae and spores. Mol Microbiol. 60 (4):838-52.

S Rigali, L Nothaft, EE Noens, M Schlicht, S. Colson, M Muller, B Joris, HK
Koerten, DA Hopwood, F Titgenmeyer and GP van Wezel. The sugar
phosphotransferase system of Streptomyces coelicolor is regulated by the GntR-
family regulator DasR and links N-acetylglucosamine metabolism to the control of
development. Mol. Microbiol. 61(5):1237-1251. (Including cover illustration)

EE Noens, V Mersinias, BA Traag, KF Chater, CP Smith, HK Koerten, GP van
Wezel. In vivo localization and transcriptomic studies identify SsgA as an important
developmental protein that controls early stages of sporulation-specific cell division
in Streptomyces coelicolor. Mol. Microbiol. 64(5): 1244-1259. (Including cover
illustration)

192



