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Abstract


The pathogenic fungus Candida albicans is able to cover its most potent proinflammatory cell wall molecules, the β-glucans, underneath a dense mannan layer, so that the pathogen becomes partly invisible for immune cells such as phagocytes. As the C. albicans histidine kinases Chk1p, Cos1p and CaSln1p had been reported to be involved in virulence and cell wall biosynthesis, we investigated whether deletion of the respective genes influences the activity of phagocytes against C. albicans. We found that among all histidine kinase genes, CHK1 plays a prominent role in phagocyte activation. Uptake of the deletion mutant Δchk1 as well as the acidification of Δchk1-carrying phagosomes was significantly increased compared with the parental strain. These improved activities could be correlated with an enhanced accessibility of the mutant β-1,3-glucans for immunolabelling. In addition, any inhibition of β-1,3-glucan-mediated phagocytosis resulted in a reduced uptake of Δchk1, while ingestion of the parental strain was hardly affected. Moreover, deletion of CHK1 caused an enhanced release of interleukins 6 and 10, indicating a stronger activation of the β-1,3-glucan receptor dectin-1. In conclusion, the Chk1p protein is likely to be involved in masking β-1,3-glucans from immune recognition. As there are no homologues of fungal histidine kinases in mammals, Chk1p has to be considered as a promising target for new antifungal agents.






	
Received: 
25/03/2010

	
Accepted:
02/08/2010

	
Revised:
12/07/2010

	
Published Online:
01/11/2010


 



Keyword(s):


HK, heat-killed
, 
IL, interleukin
, 
MAP kinase, mitogen-activated protein kinase
, 
PMN, polymorphonuclear leukocyte
, 
RFU, relative fluorescence units
and 
TLR, Toll-like receptor




SGM








Article metrics loading...




/content/journal/micro/10.1099/mic.0.040006-0

2010-11-01

2024-03-13


























Download as PowerPoint




Full text loading...





/deliver/fulltext/micro/156/11/3432.html?itemId=/content/journal/micro/10.1099/mic.0.040006-0&mimeType=html&fmt=ahah








References

	

Adams E. L., 
Rice P. J., 
Graves B., 
Ensley H. E., 
Yu H., 
Brown G. D., 
Gordon S., 
Monteiro M. A., 
Papp-Szabo E.
other authors
2008;  Differential high-affinity interaction of dectin-1 with natural or synthetic glucans is dependent upon primary structure and is influenced by polymer chain length and side-chain branching.  J Pharmacol Exp Ther 325:115–123


[Google Scholar]

	

Alex L. A., 
Korch C., 
Selitrennikoff C. P., 
Simon M. I.
1998;  COS1, a two-component histidine kinase that is involved in hyphal development in the opportunistic pathogen Candida albicans.  Proc Natl Acad Sci U S A 95:7069–7073


[Google Scholar]

	

Bahn Y. S.
2008;  Master and commander in fungal pathogens: the two-component system and the HOG signaling pathway.  Eukaryot Cell 7:2017–2036


[Google Scholar]

	

Bahn Y. S., 
Xue C., 
Idnurm A., 
Rutherford J. C., 
Heitman J., 
Cardenas M. E.
2007;  Sensing the environment: lessons from fungi.  Nat Rev Microbiol 5:57–69


[Google Scholar]

	

Behnsen J., 
Narang P., 
Hasenberg M., 
Gunzer F., 
Bilitewski U., 
Klippel N., 
Rohde M., 
Brock M., 
Brakhage A. A.
other authors
2007;  Environmental dimensionality controls the interaction of phagocytes with the pathogenic fungi Aspergillus fumigatus and Candida albicans.  PLoS Pathog 3:e13


[Google Scholar]

	

Brachmann C. B., 
Davies A., 
Cost G. J., 
Caputo E., 
Li J., 
Hieter P., 
Boeke J. D.
1998;  Designer deletion strains derived from Saccharomyces cerevisiae S288C: a useful set of strains and plasmids for PCR-mediated gene disruption and other applications.  Yeast 14:115–132


[Google Scholar]

	

Brown G. D., 
Taylor P. R., 
Reid D. M., 
Willment J. A., 
Williams D. L., 
Martinez-Pomares L., 
Wong S. Y., 
Gordon S.
2002;  Dectin-1 is a major β-glucan receptor on macrophages.  J Exp Med 196:407–412


[Google Scholar]

	

Calderone R. A., 
Fonzi W. A.
2001;  Virulence factors of Candida albicans.  Trends Microbiol 9:327–335


[Google Scholar]

	

Calera J. A., 
Calderone R.
1999a;  Flocculation of hyphae is associated with a deletion in the putative CaHK1 two-component histidine kinase gene from Candida albicans.  Microbiology 145:1431–1442


[Google Scholar]

	

Calera J. A., 
Calderone R. A.
1999b;  Identification of a putative response regulator two-component phosphorelay gene ( CaSSK1) from Candida albicans.  Yeast 15:1243–1254


[Google Scholar]

	

Calera J. A., 
Choi G. H., 
Calderone R. A.
1998;  Identification of a putative histidine kinase two-component phosphorelay gene ( CaHK1) in Candida albicans.  Yeast 14:665–674


[Google Scholar]

	

Calera J. A., 
Zhao X. J., 
De Bernardis F., 
Sheridan M., 
Calderone R.
1999;  Avirulence of Candida albicans CaHK1 mutants in a murine model of hematogenously disseminated candidiasis.  Infect Immun 67:4280–4284


[Google Scholar]

	

Calera J. A., 
Zhao X. J., 
Calderone R.
2000;  Defective hyphal development and avirulence caused by a deletion of the SSK1 response regulator gene in Candida albicans.  Infect Immun 68:518–525


[Google Scholar]

	

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


[Google Scholar]

	

Chauhan N., 
Calderone R.
2008;  Two-component signal transduction proteins as potential drug targets in medically important fungi.  Infect Immun 76:4795–4803


[Google Scholar]

	

Chauhan N., 
Inglis D., 
Roman E., 
Pla J., 
Li D., 
Calera J. A., 
Calderone R.
2003;  Candida albicans response regulator gene SSK1 regulates a subset of genes whose functions are associated with cell wall biosynthesis and adaptation to oxidative stress.  Eukaryot Cell 2:1018–1024


[Google Scholar]

	

Cowen L. E., 
Steinbach W. J.
2008;  Stress, drugs, and evolution: the role of cellular signaling in fungal drug resistance.  Eukaryot Cell 7:747–764


[Google Scholar]

	

Fernández-Arenas E., 
Bleck C. K., 
Nombela C., 
Gil C., 
Griffiths G., 
Diez-Orejas R.
2009;  Candida albicans actively modulates intracellular membrane trafficking in mouse macrophage phagosomes.  Cell Microbiol 11:560–589


[Google Scholar]

	

Fonzi W. A., 
Irwin M. Y.
1993;  Isogenic strain construction and gene mapping in Candida albicans.  Genetics 134:717–728


[Google Scholar]

	

Galán-Diez M., 
Arana D. M., 
Serrano-Gomez D., 
Kremer L., 
Casasnovas J. M., 
Ortega M., 
Cuesta-Dominguez A., 
Corbi A. L., 
Pla J.
other authors
2010;  Candida albicans β-glucan exposure is controlled by the fungal CEK1-mediated mitogen-activated protein kinase pathway that modulates immune responses triggered through dectin-1.  Infect Immun 78:1426–1436


[Google Scholar]

	

Gantner B. N., 
Simmons R. M., 
Underhill D. M.
2005;  Dectin-1 mediates macrophage recognition of Candida albicans yeast but not filaments.  EMBO J 24:1277–1286


[Google Scholar]

	

Goodridge H. S., 
Simmons R. M., 
Underhill D. M.
2007;  Dectin-1 stimulation by Candida albicans yeast or zymosan triggers NFAT activation in macrophages and dendritic cells.  J Immunol 178:3107–3115


[Google Scholar]

	

Gow N. A., 
Netea M. G., 
Munro C. A., 
Ferwerda G., 
Bates S., 
Mora-Montes H. M., 
Walker L., 
Jansen T., 
Jacobs L.
other authors
2007;  Immune recognition of Candida albicans β-glucan by dectin-1.  J Infect Dis 196:1565–1571


[Google Scholar]

	

Herre J., 
Marshall A. S., 
Caron E., 
Edwards A. D., 
Williams D. L., 
Schweighoffer E., 
Tybulewicz V., 
Reis e Sousa C., 
Gordon S.
other authors
2004;  Dectin-1 uses novel mechanisms for yeast phagocytosis in macrophages.  Blood 104:4038–4045


[Google Scholar]

	

Ibata-Ombetta S., 
Jouault T., 
Trinel P. A., 
Poulain D.
2001;  Role of extracellular signal-regulated protein kinase cascade in macrophage killing of Candida albicans.  J Leukoc Biol 70:149–154


[Google Scholar]

	

Janusz M. J., 
Austen K. F., 
Czop J. K.
1988;  Phagocytosis of heat-killed blastospores of Candida albicans by human monocyte beta-glucan receptors.  Immunology 65:181–185


[Google Scholar]

	

Jouault T., 
El Abed-El Behi M., 
Martinez-Esparza M., 
Breuilh L., 
Trinel P. A., 
Chamaillard M., 
Trottein F., 
Poulain D.
2006;  Specific recognition of Candida albicans by macrophages requires galectin-3 to discriminate Saccharomyces cerevisiae and needs association with TLR2 for signaling.  J Immunol 177:4679–4687


[Google Scholar]

	

Klippel N., 
Bilitewski U.
2007;  Phagocytosis assay based on living Candida albicans for the detection of effects of chemicals on macrophages function.  Anal Lett 40:1400–1411


[Google Scholar]

	

Kondori N., 
Edebo L., 
Mattsby-Baltzer I.
2003;  Candida albicans cell wall antigens for serological diagnosis of candidemia.  Med Mycol 41:21–30


[Google Scholar]

	

Kruppa M., 
Calderone R.
2006;  Two-component signal transduction in human fungal pathogens.  FEMS Yeast Res 6:149–159


[Google Scholar]

	

Kruppa M., 
Goins T., 
Cutler J. E., 
Lowman D., 
Williams D., 
Chauhan N., 
Menon V., 
Singh P., 
Li D.
other authors
2003;  The role of the Candida albicans histidine kinase ( CHK1) gene in the regulation of cell wall mannan and glucan biosynthesis.  FEMS Yeast Res 3:289–299


[Google Scholar]

	

Kruppa M., 
Jabra-Rizk M. A., 
Meiller T. F., 
Calderone R.
2004;  The histidine kinases of Candida albicans: regulation of cell wall mannan biosynthesis.  FEMS Yeast Res 4:409–416


[Google Scholar]

	

Kumagai Y., 
Cheng Z., 
Lin M., 
Rikihisa Y.
2006;  Biochemical activities of three pairs of Ehrlichia chaffeensis two-component regulatory system proteins involved in inhibition of lysosomal fusion.  Infect Immun 74:5014–5022


[Google Scholar]

	

Le Cabec V., 
Emorine L. J., 
Toesca I., 
Cougoule C., 
Maridonneau-Parini I.
2005;  The human macrophage mannose receptor is not a professional phagocytic receptor.  J Leukoc Biol 77:934–943


[Google Scholar]

	

Lee S. J., 
Zheng N. Y., 
Clavijo M., 
Nussenzweig M. C.
2003;  Normal host defense during systemic candidiasis in mannose receptor-deficient mice.  Infect Immun 71:437–445


[Google Scholar]

	

Li D., 
Bernhardt J., 
Calderone R.
2002;  Temporal expression of the Candida albicans genes CHK1 and CSSK1, adherence, and morphogenesis in a model of reconstituted human esophageal epithelial candidiasis.  Infect Immun 70:1558–1565


[Google Scholar]

	

Li D., 
Williams D., 
Lowman D., 
Monteiro M. A., 
Tan X., 
Kruppa M., 
Fonzi W., 
Roman E., 
Pla J.
other authors
2009;  The Candida albicans histidine kinase Chk1p: signaling and cell wall mannan.  Fungal Genet Biol 46:731–741


[Google Scholar]
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