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      Summary  

      C. albicans is an opportunistic pathogenic fungus of humans and warm-blooded 

animals. In healthy individuals it colonizes the gastrointestinal track together with 

other members of the commensal microflora. Under special circumstances such as 

in immunocompromised patients it is able to overcome the natural defense systems 

of the host organism and to cause life-threatening infections. These infections start 

from a local infection of the mucosal surface, followed by penetration of the 

underlying tissue and dispersal by the blood stream, leading to systemic infection. 

The ability to infect the host depends on a balance between host defence systems 

and virulence factors of the fungus. The cell wall of C. albicans plays an important 

role in virulence. As an external organelle it is responsible for direct interactions with 

the host and directly affected by environmental conditions such as pH. It possesses 

many proteins that collectively cover a broad range of functions and take part in 

interactions with the host, thus facilitating colonization of the host environment 

overcoming host defense factors. 

      C. albicans is responsible for most cases of vaginitis, which approximately 75% 

of women encounter at least once in their life time. In chapter 2 the role of cell wall 

proteins in adaptation to vaginal environmental conditions, in particular, 37°C, acidic 

pH, and lower oxygen and elevated carbon dioxide concentrations, is described. 

Using mass spectrometry and immunoblot analysis, we identified 15 covalently 

linked GPI proteins in isolated cell walls (Als1, Als3, Cht2, Crh11, Ecm33, Hwp1, 

Pga4, Pga10, Phr2, Rbt5, Rhd3, Sod4, Ssr1, Ywp1, Utr2) and 4 non-GPI proteins 

(MP65, Pir1, Sim1/Sun42, Tos1). Five CWPs (Als3, Hwp1, Sim1, Tos1, Utr2) seem 

to be specifically incorporated in host environment-simulating conditions as they 
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were absent in cells grown in rich medium. Phr2 protein is specific for acidic 

conditions and has been shown to be important for vaginitis in vivo. Additionally, 

Pir1, the adhesion protein Hwp1, and proteins from the CFEM iron acquisition 

protein family (Rbt5 and Pga10) were incorporated at higher levels in the cell walls 

under low oxygen. Addition of an iron chelator to the medium also caused up-

regulation of Rbt5, suggesting that oxygen deprivation results in iron limitation. Also 

under low oxygen intact cells became more resistant to cell-wall-degrading enzymes 

which is with agreement with the observation that iron limitation in C. albicans results 

in increased resistance of cells to Zymolyase. Our results show further that yeast 

and pseudohyphal cells can under these conditions incorporate in their walls proteins 

that have been described as hyphae-specific (Als3 and Hwp1). Detection of Als3 is 

in agreement with its expression in vivo in vaginal specimens.  

      In chapter 3 I describe the adaptations in the wall proteome in response to 

ambient pHs which the cells encounter during colonization and invasion of mucosal 

layers. We have developed a simple in vitro model of mucosal infection in which cells 

grow on the surface of a semi-solid medium containing mucin as the sole nitrogen 

source and a physiological glucose concentration (5 mM). pH is an important 

environmental factor which affects cell  morphology and incorporation of specific 

CWPs. An acidic pH favors yeast development and this is used by the host as 

protection against the formation of invasive hyphal forms, whereas in blood with its 

slightly alkaline pH hyphal development is favored. In our model cells grown at pH 4 

formed biomats containing exclusively yeast and pseudohyphae which were easily 

washed off from the surface while at pH 7 cells grew invasively and formed cohesive 

biomats due to the presence of hyphae. In order to establish which CWPs are 

incorporated at higher levels in an in vitro model of mucosal infection we used 
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qualitative MS and quantitative FT-MS together with immunological analysis. Using 

these approaches we identified similar sets of more than 20 covalently linked CWPs. 

Using qualitative MS and immunoblot analysis we identified Phr2 specifically at pH4 

and Als1, Als3, Hwp1, Hyr1, Phr1, Rbt1, Sod5, and Tos1 specifically at pH7.  Using 

quantitative FT-MS the majority of CWPs were shown to be pH-regulated. Sixteen 

out of the 22 proteins identified by FT-MS showed a greater than two-fold change 

providing additional information compared to qualitative analysis about pH-

dependent regulation of these CWPs. Our quantitative data are in agreement with 

the trends predicted by transcriptional data and show that pH is an important factor 

regulating the composition of the cell wall proteome. 

      In chapter 4 I describe the effect of thermal stress on C. albicans. C. albicans is 

well adapted to 37°C, which is the temperature of the human body. In this study we 

investigated the effect of 42°C which C. albicans encounters in some warm-blooded 

animals. High temperature caused cell aggregation and decreased the growth. 

Additionally, it caused cell wall stress as indicated by decreased tolerance of the 

cells to cell wall-perturbing agents (CFW and SDS) and by increased levels of chitin 

in the cell walls; this was accompanied by an increased level of cell wall proteins that 

were resistant to release by β-1,3-glucananase and thus probably linked through β-

1,6-glucan to chitin. MS analysis indicated that the cell wall level of chitinase Cht2 

was decreased at 42°C compared to 37°C, which is consistent with higher chitin 

levels and the formation of aggregates, likely due to the presence of non-degraded 

chitin in the septum between mother and daughter cells. Additionally, MS analysis 

showed increased incorporation of proteins of the Crh family (Crh11 and Utr2), which 

are responsible for connecting β-glucan with chitin, together with increased 

incorporation of Phr2, a transglucosidase that connects β-1,3- with β-1,6-glucan, and 
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of Pir1 protein that is believed to crosslink β-1,3-glucan. This indicates that thermal 

stress induces defence mechanisms against cell wall damage. 

      In chapter 5 I describe the identification of covalently linked CWPs in the fission 

yeast Schizosaccharomyces pombe.  Similar to S. cerevisiae and C. albicans the cell 

wall of Sz. pombe contains β-1,3 glucan as a main component and a heavily 

branched β-1,6-glucan (also called diglucan)  but in contrast to S. cerevisiae and 

C. albicans it contains α-1,3-glucan and lacks chitin.  Not much was known about the 

incorporation of CWPs. Our study shows that Sz. pombe contains covalently linked 

CWPs which can be released from the cell walls with HF-pyridine and to a lesser 

extent also with endo-β-1,6-glucanase. A second class of CWPs was released by 

mild alkali treatment and β-1,3-glucanase. MS analysis of trypsin digests of isolated 

cell walls cleaned by treatment with hot SDS and β-mercaptoethanol led to 

identification of six CWPs, among them four GPI-CWPs: two transglucosidases 

(Gas1, Gas5), a widely conserved protein of unknown role in cell wall assembly 

(Ecm33), a protein of completely unknown role (Pwp1). Additionally, two non-GPI 

proteins linked to the cell wall through an alkali-sensitive linkage were identified: 

Psu1 (involved in cell separation, and related to members of the SUN family) and a 

protein of unknown function (Asl1). Our results indicate, that similarly as in 

S. cerevisiae and C. albicans, Sz. pombe walls contain covalently linked GPI- and 

non-GPI-CWPs, but also that in fission yeast walls the variety of cell wall proteins is 

less. 

      Chapter 6 presents a discussion of the results listed in chapters 2-5.  




