
 

 

 

V. 

LITERATURVERZEICHNIS 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



V. Literaturverzeichnis 
 

135 

 
Alani, E., Cao, L., Kleckner, N. 1987. A method for gene disruption of 

multiply dirupted yeast stains. Genetics. 116: 541-545. 

Anderson, J., Cundiff, M., Schnars, L., Gao, M., Mackenzie, I., Soll, D. R. 
1989. Hypha formation in the white-opaque transition of Candida albicans. 

Infect. Immun. 57: 458-467. 

Anderson, J., Mihalik, K., Soll, D. R. 1990. Ultrastructure and antigenicity of 

the unique cell and pimple of the Candida opaque phenotype. J. Bacteriol. 

172: 224-235. 

Anthley, P. P. & Hazen, K. C. 1988. Role of yeast cell growth temperature on 

Candida albicans virulence in mice. Infect. Immun. 56: 2884-2890. 

Ash, J., Dominguez, M., Bergeron, J. M., Thomas, D. Y., Bourbonnais, Y. 
1995. The yeast proprotein convertase encoded by YAP3 is a 

glycosylphosphatidylinositol-anchored protein that localizes to the plasma 

membrane. J. Biol. Chem. 270: 20847-20854. 

Azaryan, A. V., Wong, M., Friedman, T. C., Cawley, N. X., Estivariz, F. E., 
Chen, H. C., Loh, Y. P.1993. Purification and characterization of a paired 

basic residue-specific yeast aspartic protease encoded by the YAP3 gene. 

Similarity to the mammalian pro-opiomelanocortin-converting enzyme. J. Biol. 

Chem. 268:11968-11975. 

Bader, O., Schaller, M., Klein, S., Kukula, J., Haak, K., Mühlschlegel, F., 
Korting, H. C., Schäfer, W., Hube, B. 2001. The KEX2 gene of Candida 

glabrata is required for cell surface intergrity. Mol. Microbiol. 41: 1-15. 

Banerjee, A, Ganesan, K, Datta, A. 1991. Induction of secretory acid 

proteinase in Candida albicans. J. Gen. Microbiol. 137:2455-2461. 
Beausejour, A., Grenier, D., Goulet, J.-P., Desllauriers, N. 1998. 

Proteolytic activation of the Interleukin-1ß precursor by Candida albicans. 

Infect. Immun. 66: 676-681. 

Berka, R. M., Carmona, C. L., Hayenga, K. J., Thompson, S. A., Ward, M. 
1993. Isolation and characterization of the Aspergillus oryzae gene encoding 

aspergillopepsin O. Gene 125: 195-198. 

Berka, R. M., Ward, M., Wilson, L. J., Hayenga, K. J., Kodama, K. H., 
Carlomagno, L. P., Thompson, S. A. 1990. Molecular cloning and deletion 



V. Literaturverzeichnis 
 

136 

of the gene encoding aspergillopepsin A from Aspergillus awamori. Gene 86: 

153-162. 

Boeke, J. D., Lacroute, F., Fink, G. R. 1984. A positive selection for 

mutants lacking orotidine-5’-phosphate decarboxylase activity in yeast: 5-

fluoro-orotic acid resistence. Mol. Gen. Genet. 197: 345-346. 
Borg-von Zepelin, M., Meyer, I., Thomssen, R., Wurzner, R., 
Sanglard, D., Telenti, A., Monod, M. 1999. HIV-Protease inhibitors reduce 

cell adherence of Candida albicans strains by inhibition of yeast secreted 

aspartic proteases. J. Invest. Dermatol. 113: 747-751. 
Borg-von Zeppelin, M., Beggah, S., Boggian, K., Sanglard, D., 
Monod, M. 1998. The expression of the secreted aspartyl proteinases Sap4 

to Sap6 from Candida albicans in murine macrophages. Mol. Microbiol. 28: 

543-554. 

Bowman, B. H., Taylor, J. W., White, T. J. 1992. Molecular evolution of the 

fungi: human pathogens. Mol. Biol. Evol. 9: 893-904. 

Brown, A. J. P. & Gow, N. A. R. 1999. Regulatory network controlling 

Candida albicans morphogenesis. Trend. Microbiol. 7: 333-338. 

Buffo, J., Herman, M. A., Soll, D. R. 1984. A characterization of pH-

regulated dimorphism in Candida albicans. Mycopathologia 85: 21-30. 

Caro, L. H. P., Tettelin, H., Vossen, J. H., Ram, A. F. J., Van den 
Ende, H., Klis, F. M. 1997. In silico identification of glycosyl-

phosphatidylinositol-anchored plasma-membrane and cell wall proteins of 

Saccharomyces cerevisiae. Yeast 13: 1477-1489.  

Chaffin, W. L., Lopez-Ribot, J. L., Casanova, M., Gozalbo, D., 
Martinez, J. P. 1998. Cell wall and secreted proteins of Candida albicans: 

identification, function, and expression. Microbiol. Mol. Biol. Rev. 62: 130-

180. 

Chomczynski, P. & Sacchi, N. 1987. Single step method for RNA isolation 

by acid guanidinium-thiocyatate-phenol-chloroform extraction. Anal. 

Biochem. 162:156-159. 

Clark, S. J., Templeton, M. D., Sullivan, P. A. 1997. A secreted aspartic 

proteinase from Glomerella cingolata: purification of the enzyme and 

molecular cloning of the cDNA. Microbiol. 143: 1395-1403. 



V. Literaturverzeichnis 
 

137 

Cole, G. T., Halawa, A. A., Anaissie, E. J. 1996. The role of the 

gastrointestinal tract in hematogenous candidiasis: from the laboratory to the 

bedside. Clin. Infect. Dis. 22(Suppl. 2): S73-S78. 

Colina, A. R., Aumont, F., Deslauriers, N., Belhumeur, P., 
De Repentigny, L. 1996. Evidence for degradation of gastrointestinal mucin 

by Candida albicans secretory aspartyl proteinase. Infect. Immun. 64: 4514-

4519. 

Crandall, M. & Edwards, J. E. Jr. 1987. Segregation of proteinase-negative 

mutantes from heterozygous Candida albicans. J. Gen. Microbiol. 133: 2817-

2824. 

Csank, C., Schröppel, K., Leberer, E., Harcus, D., Mohamed, O., 
Meloche, S., Thomas, D. Y., Whiteway, M. 1998. Roles of the Candida 

albicans mitogen-activated protein kinase homolog, Cek1p, in hyphal 

development and systemic candidiasis. Infect. Immun. 66: 2713-2721. 

Cutler, J. E. 1991. Putative virulence factors of Candida albicans. Annu. 

Rev. Microbiol. 45: 187-218.  

Davies, D. R. 1990. The structure and function of the aspartic proteinases. 

Ann. Rev. Biophys. Biophys. Chem. 19: 189-215.  

Davis, D., Wilson, R. B., Mitchell, A. P. 2000. RIM101-dependent and -

independent pathways govern pH responses in Candida albicans. Mol. Cell. 

Biol. 20: 971-978. 

De Bernardis, F., Arancia, S., Morelli, L., Hube, B., Sanglard, D., 
Schäfer, W., Cassone, A. 1999. Evidence that members of the secretory 

aspartic proteinase gene family, in particular SAP2, are virulence factors for 

Candida vaginitis. J. Infect. Dis. 179: 201-208. 

De Bernardis, F., Cassone, A., Sturtevant, J., Calderone, R. 1995. 

Expression of Candida albicans SAP1 and SAP2 in experimental vaginitis. 

Infect. Immun. 63: 1887-1892. 

De Bernardis, F., Mühlschlegel, F. A., Cassone, A., Fonzi, W. A. 1998. 

The pH of the host niche controls gene expresion in and virulence of 

Candida albicans. Infect. Immun. 66: 3317-3325.  

De Bernardis, F., Sullivan, P. A., Cassone, A. 2001. Aspartyl proteinases 

of Candida albicans and their role in pathogenecity. Med. Microbial. 39: 303-



V. Literaturverzeichnis 
 

138 

313. 

De Repentigny, L., Aumount, F., Bernard, K., Belhumeur, P. 2000. 

Characterization of binding of Candida albicans to small intestinal mucin and 

its role in adherence to mucosal epithelial cells. Infect. Immun. 68: 3172-

3179. 

De Sampaio, G., Bourdineaud, J-P., Lauquin, J.-M. 1999. A constitutive 

role for GPI anchors in Saccharomyces cerevisiae: cell wall targeting. Mol. 

Microbiol. 34: 247-256. 

De Viragh, P. A., Sanglard, D., Togni, G., Falchetto, R., & Monod, M. 
1993. Cloning and sequencing of two Candida parapsilosis genes encoding 

acid proteases. J. Gen. Microbiol. 139: 335-342. 

Delbrück, S. & Ernst, J. F. 1993. Morphogenesis-independent regulation of 

actin transcript levels in the pathogenic yeast Candida albicans. Mol. 

Microbiol. 10: 859-866. 

Egel-Mitani, M., Flygenring, H. P., Hansen, M. T. 1990. A novel aspartyl 

protease allowing KEX2-independent MF alpha propheromone processing in 

yeast. Yeast 6: 127-137. 
El Barkani, A., Kurzai, O., Fonzi, W. A., Ramon, A., Porta, A., Frosch, M., 
Mühlschlegel, F. A. 2000. Dominant active alleles of RIM101 (PRR2) 

bypass the pH restriction on filamentation of Candida albicans. Mol. Cell. 

Biol. 20: 4635-4647. 

Enschete, M. L. & West, B. C. 1980. Saccharomyces cerevisiae septicemia. 

Arch. Intern. Med. 140: 1539. 

Ernst, J. F. 2000. Transcription factors in Candida albicans – environmental 

control of morphogenesis. Microbiol.146: 1763-1774. 

Fallon, K., Bausch, K., Noonan, J., Huguenel, E., Tamburini, P. 1997. 

Role of aspartic proteases in disseminated Candida albicans infection in 

mice. Infect. Immun. 65: 551-556. 

Farley, P. C. & Sullivan, P. A. 1998. The Rhizopus oryzae secreted aspartic 

proteinase gene family: an analysis of gene expression. Microbiol. 144: 

2355-2366. 

Felk, A. 1998. Herstellung einer sekretorischen Aspartyl-Protease ∆sap8-

Einzelmutante und einer ∆sap1, 3, 8-Dreifachmutante. Identifizierung, 



V. Literaturverzeichnis 
 

139 

Klonierung und Charakterisierung eines sekretorischen Aspartyl-Protease 

Gens (SAP) 10. Diplomarbeit. Fachbereich Biologie der Universität 

Hamburg.  

Felk, A., Kretschmar, M., Albrecht, A., Schaller, M., Beinhauer, S., 
Nichterlein, T., Sanglard, D., Korting, H. C., Schäfer, W., Hube, B. 2002. 

Candida albicans hyphal formation and the expression of the Efg1-regulated 

proteinases Sap4-6 are required for the invasion of parenchymal organs. 

Infect. Immun. 70:3689-3700. 

Felk, A., Schäfer, W., Hube, B. 2000. GenBank accession number 

AF146440.  

Feng, Q., Summers, E., Guo, B., Fink, G. 1999. Ras signalling is requiered 

for serum-induced hyphal differentiation in Candida albicans. J. Bacteriol. 

181: 6339-6346. 

Filler, S. G., Ibe, B. O., Lukett, P. M., Raj, J. U., Edwards, J. E. Jr. 1991. 

Candida albicans stimulates endothelial cell eicosanoid production. J. Infect. 

Dis. 164: 928-935.  

Filler, S. G., Pfunder, A. S., Spellberg, B. J., Spellberg, J. P., 
Edwards, J. E. Jr. 1996. Candida albicans stimulates cytokine production 

and leukocyte adhesion molecule expression by endothelial cells. Infect. 

Immun. 64: 2609-2617. 

Fonzi, W. A. & Irwin, M. Y. 1993. Isogenic strain construction and gene 

mapping in Candida albicans. Genetics 134: 717-728. 

Fox, J. L. 1993. Fungal infection rates are increasing. ASM News 10:515-

518. 

Fridkin, S. K. & Jarvis, W. R. 1996. Epidemiology of nosocomial fungal 

infections. Clin. Microbiol. Rev. 9: 499-511. 

Ganesan, K., Banerjee, A., Datta, A. 1991. Molecular cloning of the 

secretory acid proteinase gene from Candida albicans and its use as a 

species-specific probe. Infect. Immun. 59: 2972-2977. 

Gerber, L. D., Kodukula, K., Undenfriend, S. 1992. Phosphatidylinositol 

glycan (PI-G) anchored membrane proteins. Amino acid requirements 

adjacent to the site of cleavage and PI-G attachment in the COOH-Terminal 

signal peptide. J. Biol. Chem. 267: 12168-12173. 



V. Literaturverzeichnis 
 

140 

Ghannoum, M. A., Swairjo, I., Soll, D. R. 1990. Variation in lipid and sterol 

contens in Candida albicans white and opaque phenotypes. J. Med. Vet. 

Mycol. 28: 103-117. 

Gilfillan, G. D., Sullivan, D. J., Haynes, K., Parkinson, T., Coleman, D. C., 
Gow, N. A. R. 1998. Candida dubliniensis: phylogenity and putative 

virulence factors. Microbiol. 144: 829-838. 

Gillum, A. M., Tsay, E. Y. H., Kirsch, D. R. 1984. Isolation of the Candida 

albicans gene for orotidine-5’-phosphate decarboxylase by complementation 

of S. cerevisiae ura3 and E. coli pyrF mutations. Mol. Gen. Genet. 198: 179-

182. 
Gimeno, C. J. & Fink, G. R. 1994. Induction of pseudohyphal growth by 

overexpression of PHD1, a Saccharomyces serevisiae gene related to 

transcriptional regulators of fungal development. Mol. Cell. Biol. 14: 2100-

2112. 

Glee, P. M., Cutler, J. E., Benson, E. E., Bargatze, R. F. Hazen, K. C. 
2001. Inhibition of hydrophobic protein-mediated Candida albicans 

attachment to endothelial cells during physiologic shear flow. Infec. Immun. 

69: 2815-2820. 

Glee, P. M., Sundstrom, P., Hazen, K. C. 1995. Expression of surface 

hydrophobic proteins by Candida albicans in vivo. Infect. Immun. 63: 1373-

1379. 

Goldman, R. C., Frost, D. J., Capobianco, J. O., Kadam, S., 
Rasmussen, R. R., Abad-Zapatero, C. 1995. Antifungal drug targets: 

Candida secreted aspartyl protease and fungal wall beta-glucan synthesis. 

Infect. Agents Dis. 4: 228-247. 

Gustafson, K. S., Vercellotti, G. M., Bendel, C. M., Hostetter, M. K. 1991. 

Molecular mimicry in Candida albicans. J. Clin. Investig. 87: 1896-1902. 

Hahn, S., Hoar, E. T., Guarente, L. 1985. Each of three “TATA elements” 

specifies a subset of the transcription initiation sites at the CYC-1 promoter 

of Saccharomyces cerevisiae. Proc. Natl. Acad. Sci. USA 82: 8562-8566. 
Hawser, S. P. & Douglas, L. J. 1994. Biofilm formation by Candida species 

on the surface of catheter materials in vitro. Infect. Immun. 62: 915-921. 

Haynes, K. 2001. Virulence in Candida species. Trend. Microbiol. 9: 591-



V. Literaturverzeichnis 
 

141 

596. 

Hazen, B. W. & Hazen, K. C. 1988. Dynamic expression of cell surface 

hydrophobicity during initial yeast cell growth and before germ tube formation 

of Candida albicans. Infect. Immun. 56: 2521-2525. 

Hazen, K. C. 1989. Paticipation of yeast cell surface hydrophobicity in 

adherence of Candida albicans to human epithelial cells. Infect. Immun. 57: 

1894-1900. 

Hazen, K. C. 1995. New emerging yeast pathogens. Clin. Microbiol. Rev. 8: 

462-478. 

Hazen, K. C., Brawner, D. L., Riesselman, M. H., Cutler, J. E., 
Jutila, M. A. 1991. Differential adherence of hydrophobic and hydrophilic 

Candida albicans yeast cells to mouse tissues. Infect. Immun. 59: 907-912. 

Hector, R. F., Domer, J. E., Carrow, E. W. 1982. Immune responses to 

Candida albicans in genetically distinct mice. Infect. Immun. 38:1020-1028. 
Hector, R. F., Yee, E., Collins, M. S. 1990. Use of DBA/2N mice in models 

of systemic candidiasis and pulmonary and systemic aspergillosis. Infect. 

Immun. 58:1476-1478. 
Hoegl, L., Ollert, M., Korting, H. C. 1996. The role of Candida albicans 

secreted aspartic proteinase in the development of candidoses. J. Mol. Med. 

74: 135-142. 

Hostetter, M. K. 1998. Linkage of adhesion, morphogenesis, and virulence 

in Candida albicans. J. Lab. Clin. Med. 312: 258-263. 

Hoyer L. L., Clevenger, J., Hecht, J. E., Ehrhart, E. J., Poulet, F. M. 1999. 

Detection of Als proteins on the cell wall of Candida albicans in murine 

tissues. Infect. Immun. 67: 4251-4255. 

Hube, B. & Naglik, J. R. 2001. Candida albicans proteinases: resolving the 

mystery of the gene family. Microbiol. 147: 1997-2005. 

Hube, B. 1996. Candida albicans secreted aspartyl proteinases. Curr. Top. 

Med. Mycol. 7: 55-69. 

Hube, B. 2000. Extracellular Proteinases of human pathogenic fungi. In 

Ernst, J. F., Schmidt, A. (eds.): Dimorphism in human pathogenic and 

apathogenic yeasts. Contrib. Microbiol. Basel, Karger, vol. 5, pp 126-137. 

Hube, B., Monod, M., Schofield, D. A., Brown, A. J. P., Gow, N. A. R. 



V. Literaturverzeichnis 
 

142 

1994. Expression of seven members of the gene family encoding secretory 

aspartyl proteinases in Candida albicans. Mol. Microbiol. 14: 87-99. 

Hube, B., Sanglard, D., Monod, M., Brown, A. J. P., Gow, N. A. R. 1997b. 

Extracellular proteolytic activity of Candida species. In Host-fungus interplay. 

Edited by H. Van den Bossche, D. A. Stevens, F. C. Odds. National 

foundation for infectious diseases. 

Hube, B., Sanglard, D., Odds, F. C., Hess, D., Monod, M., Schäfer, W., 
Brown, A. J. P., Gow, N. A. R. 1997a. Gene disruption of each of the 

Secretory Aspartyl Proteinase Genes SAP1, SAP2 and SAP3 in Candida 

albicans attenuates virulence. Infect. Immun. 65: 3529-3538. 

Hube, B., Turver, C. J., Odds, F. C., Eiffert, H., Boulnois, G. J., 
Kochel, H., Ruchel, R. 1991. Sequence of the Candida albicans gene 

encoding the secretory aspartate proteinase. J. Med. Vet. Mycol. 29: 129-

132. 

Hull, C. M. & Johnson, A. D. 1999. Identification of mating type-like locus in 

the asexual pathogenic yeast Candida albicans. Science 285: 1271-1275. 

Hull, C. M., Raisner, R. M., Johnson, A. D. 2000. Evidence for mating of 

the “asexual” yeast Candida albicans in a mammalian host. Science 289: 

307-309. 

Ibrahim, A. S., Filler, S. G., Sanglard, D., Edwards, J. E., Jr., Hube, B. 
1998. Secreted aspartyl proteinases and interaction of Candida albicans with 

human endothelial cells. Infect. Immun. 66: 3003-3005.  

Joshi, K. R., Solanki, A., Prakash, P. 1993. Morphological identification of 

Candida species on glucose agar, rice extract agar and corn meal agar with 

and without Tween-80. Indian. J. Pathol. Microbiol. 36: 48-52. 

Kaminishi, H., Hamatake, H., Cho, T., Tamaki, T., Suenaga, N., Fujii, T., 
Hagihara, Y., Maeda, H. 1994. Activation of blood clotting factors by 

microbial proteinases. FEMS Microbiol. Lett. 121: 327-332. 

Kanbe, T. & Cutler, J. E. 1998. Minimum chemical requirements for adhesin 

activity of the acid-stable part of Candida albicans cell wall 

phosphomannoprotein complex. Infect. Immun. 66: 5812-5818. 

Kennedy, M. J., Rogers, A. L., Hanselman, L. R., Soll, D. R., 
Yancey, R. J. 1988. Variation in adhesion and cell surface hydrophobicity in 



V. Literaturverzeichnis 
 

143 

Candida albicans white and opaque phenotypes. Mycopathologia 102: 149-

156. 

Koelsch, G., Tang, J., Loy, J. A., Monod, M., Jackson, K., 
Foundling, S. I., Lin, X. 2000. Enzymic characteristics of secreted aspartic 

proteases of Candida albicans. Biochem. Biophys. Acta. 1480: 117-131. 

Köhler, J. R. & Fink, G. R. 1996. Candida albicans strains heterozygous 

and homozygous in mitogen-activated protein kinase signalling components 

have defects in hyphal development. Proc. Natl. Acad. Sci. USA 93: 13223-

13228. 

Kolotila, M. P. & Diamond, R. D. 1990. Effects of neutrophils and in vitro 

oxidants on survival and phenotypic switching of Candida albicans WO-I. 

Infect. Immun. 58: 1174-1179. 

Komano, H. & Fuller, R. S. 1995. Shared functions in vivo of a glycosyl-

phosphatidylinositol-linked aspartyl protease, Mkc7, and the proprotein 

processing protease Kex2 in yeast. Proc. Natl. Acad. Sci. USA 92: 10752-

10756. 

Komano, H., Rockwell, N., Wang, G. T., Krafft, G. A., Fuller, R. S. 1999. 

Purification and characterization of the yeast glycosylphosphatidylinositol-

anchored, monobasic-specific aspartyl protease Yapsin2 (Mkc7p). J. Biol. 

Chem. 274: 24431-24437. 

Kozak, M. 1982. Analysis of ribosome binding sites from the s1 message of 

reovirus. Initiation at the first and second AUG codons. J. Mol. Biol. 156: 807-

820. 

Kretschmar, M., Felk, A., Staib, P., Schaller, M., Hess, D., Callapina, M., 
Morschhäuser, J., Schäfer, W., Korting, H. C., Hof, H., Hube, B., 
Nichterlein, T. 2002. Individual acid aspartic proteinases (Saps) 1-6 of 

Candida albicans are not essential for invasion and colonization of the 

gastrointestinal tract in mice. Microb. Pathog. 32: 61-70. 

Kretschmar, M., Hube, B., Bertsch, T., Sanglard, D., Merker, R., 
Schröder, M., Hof, H., Nichterlein, T. 1999. Germ tubes and proteinase 

activity contribute to virulence of Candida albicans in murine peritonitis. 

Infect. Immun. 67: 6637-6642. 

Kurtz, M. B. & Marrinan, J. 1989. Isolations of Hem3 mutants from Candida 



V. Literaturverzeichnis 
 

144 

albicans by sequential gene disruption. Mol. Gen. Genet. 217: 47-52 
Kurtz, M. B., Cortelyou, M. W., Kirsch, D. R. 1986. Integrative 

transformation of Candida albicans, using a cloned Candida ADE 2 gene. 

Mol. Cell. Biol. 6: 142-149. 
Kyte, J. & Doolittle, R. F. 1982. A simple method for displaying the 

hydropathic character of a protein. J. Mol. Biol. 157: 105. 

Lane, S., Birse, C., Zhou, S., Matson, R., Liu, H. 2001. DNA array studies 

demonstrate convergent regulation of virulence factors by Chp1, Cph2, and 

Efg1 in Candida albicans. J. Biol. Chem. 276: 48988-48996. 

Leberer, E., Harcus, D., Broadbent, I. D., Clark, K. L., Dignard, D., 
Ziegelbauer, K., Schmidt, A., Gow, N. A. R., Brown, A. J. P., 
Thomas, D. Y. 1996. Signal transduction through homologs of the Ste20p 

and Ste7p protein kinases can trigger hyphal formation in the pathogenic 

fungus Candida albicans. Proc. Natl. Acad. Sci. USA 93: 13217-13222. 

Lee, K. L., Buchley, H. R., Campbell, C. C. 1975. An amino acid synthetic 

medium for the development of mycelial and yeast forms of Candida 

albicans. Sabouraudia 13: 148-153. 

Li, R.-K. & Cutler, J. E. 1993. Chemical definition of an epitope/adhesin 

molecule on Candida albicans. J. Biol. Chem. 268: 18293-18299. 

Liu, H., Köhler, J. R., Fink, G. R. 1994. Supression of hyphal formation in 

Candida albicans by mutation of a STE12 homolog. Science 266: 1723-

1725. 

Liu, H., Styles, C. A., Fink, G. R. 1993. Elements of the yeast pheromone 

response pathway required for filamentous growth of diploids. Science 262: 

1741-1744. 

Lo, H.-J., Köhler, J. R., Didomenico, B., Loebenberg, D., Cacciapuoti, A., 
Fink, G. R. 1997. Nonfilamentous C. albicans mutants are avirulent. Cell 90: 

939-949. 

Lott, T. J., Kuykendall, R. J., Reiss, E. 1993. Nucleotide sequence analysis 

of the 5.8S rDNA and adjacent ITS2 region of Candida albicans and related 

species. Yeast 9: 1199-1206. 

MacDonald, F. & Odds, F. C. 1980. Inducible proteinase of Candida 

albicans in diagnostic serology and in the pathogenesis of systemic 



V. Literaturverzeichnis 
 

145 

candidosis. J. Med. Microbiol. 13: 423-435. 

MacDonald, F. & Odds, F. C. 1983. Virulence for mice of a proteinase-

secreting strain of Candida albicans and proteinase-deficient mutant. J. Gen. 

Microbiol. 129: 431-438. 

MacKay, V. L., Welch, S. K., Insley, M. Y., Manney, T. R., Holly, J., 
Saari, G. C., Parker, M. L. 1988. The Saccharomyces cerevisiae BAR1 

gene encodes an exported protein with homology to pepsin. Proc. Natl. 

Acad. Sci. U S A 85:55-59. 
Madhani, H. D. & Fink, G. R. 1997. Combinatorial control required for the 

specifity of yeast MAPK signalling. Science 275: 1314-1317.  

Magee, B. B. & Magee, P. T. 2000. Induction of mating in Candida albicans 

by construction of MTLa and MTLα  strains. Science 289: 310-312. 
Magee, B. B., Hube, B., Wright, R. J., Sullivan, P. J., Magee, P. T. 1993. 

The genes encoding the secreted aspartyl proteinases of Candida albicans 

constitute a family with at least three members. Infect. Immun. 61: 3240-

3243. 

Maneu, V., Cervera, A. M., Martinez, J. P., Gozalbo, D. 1996. Molecular 

cloning and characterization of a Candida albicans gene (EFB1) coding for 

the elongation factor EF-1 beta. FEMS Microbiol. Lett. 145: 157-162 

Marcantonio, E. E. & Hynes, R. O. 1988. Antibodies to the concerved 

cytoplasmatic domain of the integrin ß1 subunit react with proteins in 

vertebrates, invertebrates, and fungi. J. Cell. Biol. 106: 1765-1772. 

Masuoka, J., Wu, G., Glee, P. M., Hazen, K. C. 1999. Inhibition of Candida 

albicans attachment to extracellular matrix by antibodies which recognize 

hydrophobic cell wall proteins. FEMS Microbiol. Immunol. 24: 421-429. 

Miller, M. E & Nilsson, U. R. 1974. A major role of the fifth component of 

complement (C5) in the opsonization of yeast particles. Partial dichotomy of 

function and immunochemical measurement. Clin. Immunol. Immunopathol. 

2: 246-255. 

Miyasaki, S. H., White, T. C., Agabian, N. 1994. A fourth secreted aspartyl 

proteinase gene (SAP4) and a CARE2 repetitive element are located 

upstream of the SAP1 gene in Candida albicans. J. Bacteriol. 176: 1702-

1710. 



V. Literaturverzeichnis 
 

146 

Monod, M., Hube, B., Hess, D., Sanglard, D. 1998. Differential regulation of 

SAP8 and SAP9, which encode two new members of the secreted aspartic 

proteinase family in Candida albicans. Microbiol. 144: 2731-2737. 

Monod, M., Togni, G., Hube, B., Sanglard, D. 1994. Multiplicity of genes 

encoding secreted aspartic proteinases in Candida species. Mol. Microbiol. 

13: 357-368. 

Montazeri, M. & Hedrick, H. G. 1984. Factors affecting spore formation in a 

Candida albicans strain. Appl. Environ. Microbiol. 47: 1341-1342. 

Morrison, C. J., Hurst, S. F., Bragg, S. L., Kuykendall, R. J., Diaz, H., 
Pohl, J., Reiss, E. 1993. Heterogeneity of the purified extracellular aspartyl 

proteinase from Candida albicans: Characterization with monoclonal 

antibodies and N-terminal amino acid sequence analysis. Infect. Immun. 61: 

2030-2036. 

Morrow, B., Anderson, J., Wilson, J., Soll, D. R. 1989. Bidirectional 

stimulation of the white-opaque transition of Candida albicans by ultraviolet 

irradiation. J. Gen. Microbiol. 135:1201-1208. 
Morrow, B., Srikantha, T., Anderson, J., Soll, D. R. 1993. Coordinate 

regulation of two opaque-phase-specific genes during wthite-opaque 

switching in Candida albicans. Infect. Immun. 61: 1823-1828. 

Morrow, B., Srikantha, T., Soll, D. R. 1992. Transcription of the gene for a 

pepsinogen, PEP1, is regulated by white-opaque switching in Candida 

albicans. Mol. Cell Biol. 12: 2997-3005. 

Movahedi, S. & Heale, J. B. 1990. Purification and characterisation of an 

aspartic proteinase secreted by Botrytis cinerea per. ex. pers. in culture and 

in infected carrots. Physiol. Mol. Plant. Pathol. 36: 289-302. 

Mühlschlegel, F. A. & Fonzi, W. A. 1997. PHR2 of Candida albicans 

encodes a functional homolog of the pH-regulated gene PHR1 with an 

inverted pattern of expression. Mol. Cell. Biol. 17: 5960-5967. 

Murad, A. M. A., d'Enfert, C., Gaillardin, C., Tournu, H., Tekaia, F., 
Talibi, D., Marechal, D., Marchais, V., Cottin, J., Brown, A. J. P. 2001a. 

Transcript profiling in Candida albicans reveals new cellular functions for the 

transcriptional repressors CaTup1, CaMig1 and CaNrg1. 

Mol. Microbiol. 42: 981-993. 



V. Literaturverzeichnis 
 

147 

Murad, A. M. A., Lee, P. R., Broadbent, I. D., Barelle, C. J., Brown, A. J. P. 
2000. CIp10, an efficient and convenient integrating vector for C. albicans. 

Yeast 16: 325-327. GenBank Number AF 181970. 
Murad, A. M. A., Leng, P., Straffon, M., Wishart, J., Macaskill, S., 
MacCallum, D., Schnell, N., Talibi, D., Marechal, D., Tekaia, F., 
d'Enfert, C., Gaillardin, C., Odds, F. C., Brown, A. J. P. 2001b. NRG1 

represses yeast-hypha morphogenesis and hypha-specific gene expression 

in Candida albicans. EMBO J. 20: 4742-4752. 

Naglik, J. R., Newport, G., White, T. C., Fernandes-Naglik, L. L., 
Greenspan, J. S., Greenspan, D., Sweet, S. P., Challacombe, S. J., 
Agabian, N. 1999. In vivo analysis of secreted aspartyl proteinase 

expression in human oral candidiasis. Infect. Immun. 67: 2482-2490. 

Navarro-Garcia, F., Sanchez, M., Nombela, C., Pla, J. 2001. Virulence 

genes in the pathogenic yeast Candida albicans. FEMS Microbiol. Rev. 25: 

245-268. 

Negi, M., Tsuboi, R., Matsui, T., Ogawa, H. 1984. Isolation and 

characterization of proteinase of Candida albicans: substrate specificity. J. 

Ingest. Dermatol. 83: 32-36. 

Newport, G. & Agabian, N. 1997. Kex2 influences Candida albicans 

proteinase secretion and hyphal formation. J. Biol. Chem. 272: 28954-28961. 

Nguyen, M. H., Peacock, J. E., Morris, A. J., Tanner, D. C., Nguyen, M. L., 
Snydman, D. R. 1996. The changing face of candidemia: emergence of non-

Candida albicans species and antifungal resistence. Am. J. Med. 100: 617-

623. 

Nicholas, K. B. & Nicholas, H. B. Jr. 1997. GeneDoc: a tool for editing and 

annotiating multiple sequence alignments. Distribution by autor 

www.cris.com/~ketchup.shtml. 

Odds, F. C, Gow, N. A., Brown, A. J. 2001. Fungal virulence studies come 

of age. Genome Biol. 2:1009.  
Odds, F. C. 1988. Candida and Candidosis. London: Bailliere Tindal. 

Odds, F. C. 1994 (a). Candida species and virulence. ASM News 60: 313-

318. 

Odds, F. C. 1994 (b). Pathogenesis of Candida infections. J. Am. Acad. 



V. Literaturverzeichnis 
 

148 

Dermatol. 31: S2-S5. 

Ollert, M. W., Söhnchen, R., Korting, H. C., Ollert, U., Bräutigam, S., 
Bräutigam, W. 1993. Mechanisms of adherence of Candida albicans to 

cultured human epidermal keratinocytes. Infect. Immun. 61: 4560-4568. 

Olsen, V., Guruprasad, K., Cawley, N. X., Chen, H-C., Blundell, T. L., 
Loh, Y. P. 1998. Cleavage efficiency of the novel aspartic protease Yapsin 1 

(Yap3p) enhanced for substrates with arginine residues flanking the P1 site: 

correlation with electronegative active-site pockets predicted by molecular 

modeling. Biochemistry 37: 2768-2777. 

Oluwatosin, Y. E. & Kane, P. M. 1998. Mutations in the yeast KEX2 gene 

cause a Vma−like phenotype: a possible role for the Kex2 endoprotease in 

vacuolar acidification. Mol. Cell. Biol. 18: 1534-1543. 

Prins, T. W., Wagemarkers, C. A. M., van Kan, J. A. L. 1999. GenBank 

accession number AF121229. 

Ray, T. L. & Payne, C. D. 1990. Comparative production and rapid 

purification of Candida acid proteinase from protein-supplemented cultures. 

Infect. Immun. 58: 508-514. 

Ray, T. L. & Payne, C. D. 1991. Degradation of basement membrane matrix 

proteins laminin, fibronectin, and type IV collagen by Candida acid 

proteinase. J. Invest. Dermatol. 96: 606A. 

Ray, T. L., Payne, C. D., Morrow, B. J. 1991. Candida acid proteinases: 

characterization and role in candidiasis. Adv. Exp. Med. Biol. 306: 173-183. 

Remold, H., Fasold, H., Staib, F. 1968. Purification and characterisation of 

a proteolytic enzyme from Candida albicans. Biochem Biophys Acta 167: 

399-406. 

Ritz, K. & Crawford, J. W. 1999. Colony development in nutritionally 

heterogeneous environments. In The Fungal Colony, Edited by 

N. A. R. Gow, G. D. Robson, G. M. Gadd. Cambridge: Cambridge University 

Press, pp. 49-74. 

Rockwell, N. C. & Fuller, R. S. 1998. Interplay between S1 and S4 subsites 

in Kex2 protease: Kex2 exhibits dual specifity for the P4 side chain. 

Biochemistry 37: 3386-3391. 

Rostand, K. S. & Esko, J. D. 1997. Microbial adherence to and invasion 



V. Literaturverzeichnis 
 

149 

through proteoglycans. Infect. Immun. 65: 1-8. 

Rüchel, R. & Böning, B. 1983. Detection of Candida protease by enzyme 

immunoassay and interaction of the enzyme with α-a-macroglobulin. J. 

Immunol. Methods. 61: 107-116. 

Rüchel, R. 1981. Properties of a purified proteinase from the yeast Candida 

albicans. Biochem. Biophys. Acta. 659: 99-113. 

Rüchel, R. 1983. On the renin-like activity of Candida proteinase and 

activation of blood coagulation in vitro. Zbl. Bakt. I. Abt. Orig. A. 255: 368-

379. 

Rüchel, R. 1984. A variety of Candida proteinases and their possible targets 

of proteolytic attack in the horst. Zbl. Bakt. Hyg. A. 257: 266-274. 

Rüchel, R. 1986. Cleavage of immunoglobulins by pathogenic yeast of the 

genus Candida. Microbiol. Sci. 3: 316-319. 

Rüchel, R., Tegeler, R., Trost, M. 1982. A comparison of secretory 

proteinase from different strains of Candida albicans. J. Med. Vet. Mycol. 20: 

233-244. 

Ruchel, R., Zimmermann, F., Boning-Stutzer, B., Helmchen, U. 1991. 

Candidiasis visualised by proteinase-directed immunofluorescence. Virchows 

Arch. A. Pathol. Anat. Histopathol. 419:199-202. 
Samonis, G., Anaissie, E. J., Bodey, G. P. 1990. Effects of broad-spectrum 

antimicrobial agents on yeast colonization of the gastrointestinal tracts of 

mice. Antimicrob. Agents Chemother. 34: 2420-2422. 

San-Blas, G., Travassos, L. R., Fries, B. C., Goldman, D. L., 
Casadevall, A., Carmona, A. K., Barros, T. F., Puccia, R., 
Hostetter, M. K., Shanks, S. G., Copping, V. M. S., Knox, Y., 
Gow, N. A. R. 2000. Fungal morphogenesis and virulence. Med. Mycol. 38 

(Suppl. I): 79-86. 

Sanglard, D., Hube, B., Monod, M., Odds, F. C., Gow, N. A. R. 1997. A 

tripple deletion in the SAP4, SAP5 and SAP6 secretory aspartyl proteinase 

genes of Candida albicans causes attenuated virulence. Infect. Immun. 65: 

3539-3546. 

Schaller, M., Korting, H. C., Schäfer, W., Bastert, J., Chen, W. C., 
Hube, B. 1999. Secreted aspartic proteinase (Sap) activity contributes to 



V. Literaturverzeichnis 
 

150 

tissue damage in a model of human oral candidosis. Mol. Microbiol. 34: 169-

180. 

Schaller, M., Schäfer, W., Korting, H. C., Hube, B. 1998. Differential 

expression of secreted aspartyl proteinases in a model of human oral 

candidosis and patient samples from the oral cavity. Mol. Microbiol. 29: 605-

615. 

Schröppel, K., Sprößler, K., Whiteway, M., Thomas, D. Y., 
Röllinghoff, M., Csank, C. 2000. Repression of hyphal proteinase 

expression by the mitogen-activated protein (MAP) kinase phosphatase 

Cpp1p of Candida albicans is dependent of the MAP kinase Cek1p. Infect. 

Immun. 68: 7159-7161. 

Schweizer, A., Rupp, S., Taylor, B. N., Röllinghoff, M., Schröppel, K. 
2000. The TEA/ATTS transcription factor CaTec1p regulates hyphal 

development and virulence in Candida albicans. Mol. Microbiol. 38: 435-445. 

Shepherd, M. G., Yin, C. Y., Ram, S. P., Sullivan, P. A. 1980. Germ tube 

induction in Candida albicans. Can. J. Microbiol. 26: 21-26. 

Silva, T. M. J., Glee, P. M., Hazen, K. C. 1995. Influence of cell surface 

hydrophobicity on attachment of Candida albicans to extracellular matrix 

proteins. J. Med. Vet. Mycol. 33: 117-122. 

Slutsky, B., Staebell, M., Anderson, J., Risen, L., Pfaller, M., Soll, D. R. 
1987. „White-opaque-transition“: a second high–frequency switching system 

in Candida albicans. J. Bacteriol. 169: 189-197. 

Smolenski, G., Sullivan, P. A., Cutfield, S. M., & Cutfield, J. F. 1997. 

Analysis of secreted aspartic proteinases from Candida albicans: purification 

and characterization of individual Sap1, Sap2 and Sap3 isoenzymes. 

Microbiol. 143: 349-356. 

Soll, D. R. 1992. High frequency switching in Candida albicans. Clin. 

Microbiol. Rev. 5: 183-203. 

Soll, D. R. 1997. Gene regulation during high-frequency switching in 

Candida albicans. Microbiol. 143: 279-288. 

Soll, D. R. 2002. Phenotypic Switching. In Candida and Candidiasis. Edited 

by R. A. Calderone. ASM Press, Washington, D. C., pp. 123-142. 

Soll, D. R., Anderson, J. M., Bergen, M. 1991b. The developmental biology 



V. Literaturverzeichnis 
 

151 

of the white-opaque transition in Candida albicans. In The Molecular Biology 

of Candida albicans. Berlin: Springer, pp. 20-45. 

Soll, D. R., Galask, R., Schmid, J., Hanna, C., Mac, K., Morrow, B. 1991a. 

Genetic dissimilarity of commensal strains carried in different anatomical 

locations of the same healthy women. J. Clin. Microbiol. 29: 681-690. 

Soll, D. R., Langtimm, C. J., McDowell, J., Hicks, J., Galask, R. 1987. 

High-frequency switching in Candida strains isolated from vaginitis patients. 

J. Clin. Microbiol. 25:1611-1622. 
Sonneborn, A., Bockmühl, D., Ernst, J. F. 1999a. Chlamydospore 

formation in Candida albicans requires the Efg1p morphogenetic regulator. 

Infect. Immun. 67: 5514-5517. 

Sonneborn, A., Tebarth, B., Ernst, J. F. 1999b. Control of white-opaque 

phenotypic switching in Candida albicans by the Efg1p morphogenetic 

regulator. Infect. Immun. 67: 4655-4660. 

Srikantha, T. , Chandrasekhar, A., Soll, D. R. 1995. Funktional analysis  of 

the promoter of the phase-specific WH11 gene of Candida albicans. Mol. Cell. 

Biol. 15: 1797-1805. 

Srikantha, T., Tsai, L. K., Daniels, K., Soll, D. R. 2000. EFG1 null mutants 

of Candida albicans switch, but cannot express the complete phenotype of 

white-phase budding cells. J. Bacteriol. 18: 1580-1591. 

Staab, J. F. & Sundstrom, P. 1998. Genetic organization and sequence 

analysis of the hypha-specific cell wall protein gene HWP1 of Candida 

albicans. Yeast 14: 681-686. 

Staab, J. F., Bradway, S. D., Fidel, P., Sundsrom, P. 1999. Adhesive and 

mammalian transglutaminase substrate properties of Candida albicans 

HWP1. Science 283: 1535-1538. 

Staib, F. 1965. Serum-proteins as nitrogen source for yeast-like fungi. 

Sabouradia 4: 187-193. 

Staib, P., Kretschmar, M., Nichterlein, T., Hof, H., Morschhäuser, J. 
2000. Differential activation of a Candida albicans virulence gene family 

during infection. Proc. Natl. Acad. Sci. USA 97: 6102-6107. 

Stehr, F. C., Felk, A., Kretschmar, M., Schaller, M., Schäfer, W., Hube, B. 
2000. Extrazelluläre hydrolytische Enzyme und ihre Relevanz bei Candida 



V. Literaturverzeichnis 
 

152 

albicans-Infektionen. Mycoses 43 (Suppl. 2): 17-21. 

Steinmetz, H. T. 1999. Mykosen. Candidainfektionen in der Intensivmedizin. 

Ausgabe 1. PVV-Verlag. 

Stoldt, V. R., Sonneborn, A., Leuker, C., Ernst, J. F. 1997. Efg1 an 

essential regulator of morphogenesis of the human pathogen Candida 

albicans, is a member of a conserved class of bHLH proteins regulating 

morphogenetic processes in fungi. EMBO 16: 1982-1991. 

Sullivan, P. A. & Wright, R. J. 1992. Two genes for secreted aspartate 

proteinases in Candida albicans. Abstr. 8th Int. Symp. Yeasts, G-10, p. 203. 

Suzuki, T., Kanbe, T., Kuroiwa, T., Tanaka, K. 1989. High frequency 

variation of colony morphology and chromosome reorganization in the 

pathogenic yeast Candida albicans. J. Gen. Microbiol. 135: 425-434. 

Tiraboschi, I. N., Bennett, J. E., Kauffman, C. A., Rex, J. H., Girmenia, C., 
Sobel, J. D. 2000. Deep Candida infections in the neutropenic and non-

neutropenic host: an ISHAM symposium. Med. Mycol. 38 (Suppl. I): 199-204. 

Tsushima, H. & Mine, H. 1995. Cleavage of human big endothelin-1 by 

Candida albicans aspartic proteinase. FEMS Immun. Med. Microbiol. 11: 69-

72. 
Tsushima, H., Mine, H., Kawakami, Y., Hyodoh, F., Ueki, A. 1994. 

Candida albicans aspartic proteinase cleaves and inactivates human 

epidermal cysteine proteinase inhibitor, cystatin A. Microbiol. 140: 167-171. 
Tuomanen, E. 1993. Subversion of leukocyte adhesin systems by 

respiratory pathogens. ASM News 59: 292-296. 

Tzung, K-W., Williams, R. M., Scherer, S., Federspiel, N., Jones, T., 
Hansen, N., Bivolarevic, V., Huizar, L., Komp, C., Surzycki, R., 
Tamse, R., Davis, R. W., Agabian, N. 2001. Genomic evidence for 

complete sexual cycle in Candida albicans. Proc. Natl. Acad. Sci. USA 98: 

3249-3253. 

Udenfried, S. & Kodukula, K. 1995. How glycosylphosphatidylinositol-

anchored membrane proteins are made. Annu. Rev. Biochem. 64: 563-591. 

Von Heijne, G. 1986. A new method for predicting signal sequence cleavage 

sites. Nucleic Acids Res. 14: 4683-4690. 

Vossen, J. H., Müller, W. H., Lipke, P. N., Klis, F. M. 1997. Rectrictive 



V. Literaturverzeichnis 
 

153 

glycosylphosphatidylinositol anchor synthesis in cwh6/gpi3 yeast cells 

causes aberrant biogenesis of cell wall proteins. J. Bacteriol. 179: 2202-

2209. 

White, T. C. & Agabian, N. 1995. Candida albicans secreted aspartyl 

proteinases: isoenzyme pattern is determined by cell type, and levels are 

determined by environmental factors. J. Bacteriol. 177: 5215-5221. 
White, T. C., Miyasaki, S. H., Agabian, N. 1993. Three distinct secreted 

aspartyl proteinases in Candida albicans. J. Bacteriol. 175: 6126-6133. 

Wright, R. J., Carne, A., Hieber, A. D., Lamont, I. L., Emerson, G. W., 
Sullivan, P. A. 1992. A second gene for a secreted aspartate proteinase in 

Candida albicans. J. Bacteriol. 174: 7848-7853. 
Zaugg, C., Borg-von Zeppelin, M., Reichard, U., Sanglard, D., Monod, M. 
2001. Secreted aspartic proteinase family of Candida tropicalis. Infect. 

Immun. 69: 405-412. 
 


	Literaturverzeichnis

