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CHAPTER 5 

Different induction media of the yeast-hypha 
transition in Candida albicans result in 
different cell wall proteomes 

Qing Yuan Yin, Piet W. J. de Groot, Luitzen de Jong, Frans M. Klis, and Chris G. de Koster 
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ABSTRACT 

Various methods are used to initiate the switch from yeast to hyphal growth in the pleiomorphic 
human fungal pathogen Candida albicans. This transition is accompanied by the induction and 
repression of many genes, including a considerable number of cell wall protein-encoding genes. 
However, the actual changes at the protein levels in the wall remain unknown. Using mass 
spectrometry, we quantified 14 cell wall proteins that are differentially expressed upon transferring 
yeast cells to three hypha-inducing growth media, namely, α-MEM, fetal bovine 
serum-containing medium, and N-acetylglucosamine-containing medium. We found that during 
hyphal development, the levels of Als1, Als3, Hyr1, Phr1, Rbt5, and Sod5 strongly increased, 
whereas the levels of Cht2 and Rhd3 strongly declined. The fold ratios highly depended on the 
induction medium and on the particular protein. For example, in α-MEM, Hyr1 and Sod5 
increased 3-fold and 61-fold, in fetal bovine serum induction medium 11-fold and 22-fold, and in 
N-acetylglucosamine induction medium 37-fold and 3-fold, respectively. Our results show that 
the cell wall proteome of C. albicans changes dramatically when the cells switch from yeast to 
hyphal growth and, furthermore, that the extent of these changes strongly depends on the 
conditions used to induce the morphological switch. 
 
In preparation for publication.
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INTRODUCTION 
 
The ability of the human fungal pathogen Candida albicans to switch between the yeast and 
hyphal mode of growth is a major virulence factor (Sudbery et al. 2004).  In vitro studies have 
identified a variety of different stimuli that can induce C. albicans to switch morphologies. One of 
the strongest known inducers of the yeast-hypha transition is serum, a complex medium 
containing many compounds which might be conducive to hyphal growth. Morphogenesis may 
be regulated by growth temperature, pH and nutrients, etc. Screens for chemically defined 
inducers have found that the amino sugar N-acetylglucosamine (Simonetti et al., 1974) and 
certain amino acids, such as L-proline (Shepherd et al., 1985; Maidan et al., 2005), will also 
stimulate the transition towards hyphal growth.  
 
The cell wall proteome is also a major contributor to virulence. Cell wall proteins allow the cells, 
for example, to bind to specific host tissues through specialized adhesins (Li et al., 2007; Nobile et 
al., 2006), to cope with oxidative stress through superoxide dismutases (Fradin et al., 2005; 
Martchenko et al., 2004), and to cope with iron deprivation through iron acquisition proteins 
(Weissman and Kornitzer, 2004). Cell wall proteins are also required for biofilm formation 
(Douglas, 2003; Li et al., 2007; Nobile et al., 2006; Zhao et al., 2006). Importantly, the 
yeast-hypha transition is accompanied by compositional changes of the cell wall (Hoyer, L.L. 
2001; Kapteyn et al. 2000; Staab et al. 1999).  In addition, microarray studies have shown that 
many cell wall protein-encoding genes are either significantly induced or repressed during the 
transition from the yeast mode of growth to the hyphal mode of growth (Kadosh and Johnson, 
2005; Nantel et al. 2002).  
 
Using iTRAQ labeling and mass spectrometry, we report here the identification and quantitation 
of cell wall proteins that are differentially expressed, in response to different hyphal induction 
conditions. We show that the composition of the fungal cell wall proteome is highly dependent 
on the induction method used. 
 

MATERIALS AND METHODS 

Strains and culture conditions 
The C. albicans strain used in this study was the clinical isolate SC5314 (Gillum et al., 1984).  For 
yeast cultivation, cells were grown overnight in YPD (1% yeast extract, 2% peptone, 2% dextrose) 
and harvested at A600 = 1-2. Cells destined for hyphal induction were grown overnight in YPD and 
inoculated the next morning into pre-warmed hyphal induction media at A600 = 2. Three 
induction media were used: Eagle’s Minimum Essential Medium, alpha modification, (α-MEM, 
Sigma Aldrich) supplemented with 2% glucose, pH 5.3; 10% fetal bovine serum (FBS) in YPD, 
pH 7.4; and basal salt medium (4.5 g l-1 NaCl, 0.85 g l-1 yeast nitrogen base, 2.5 g l-1 ammonium 
sulfate, 2.5 mM N-acetylglucosamine, pH 7.4). Cells were incubated at 37°C for 2-5 h for 
optimal hyphal induction and enrichment. Longer incubation times were used to monitor the 
reversion of hyphal growth to yeast growth. 
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Cell wall isolation and determination of its protein content  
Cells were harvested by centrifugation and washed with cold H2O and 10 mM Tris-HCl buffer 
(pH 7.5).  Cell walls from yeast cells were isolated as described by De Groot et al. (2004).  For 
disruption of hyphae, the pellet was resuspended in 10 mM Tris-HCl buffer (pH 7.5) and 
subjected to disintegration with ∅ 0.25-0.50 mm glass beads (Emergo BV, Landsmeer, The 
Netherlands), using a Bio-Savant Fast Prep 120 machine (Qbiogene, Carlsbad, CA).  Ten cycles 
of 45 sec at maximum speed were required for complete disintegration. The walls were spun down 
and then washed with 1 M NaCl and extracted with hot SDS-extraction solution, as described for 
yeast cell walls (De Groot et al., 2004). The cell wall protein content was determined with the 
BCA protein assay as described by Kapteyn et al. (1997).  
 
Cell wall digestion and isobaric labeling of cell wall peptides 
SDS-extracted cell walls were reduced, alkylated, and trypsin-digested overnight as described (Yin 
et al., 2005). An aliquot of each sample was subjected to LC-MS/MS to profile the corresponding 
cell wall proteome. For quantitative analysis, peptides from equal dry weights of freeze-dried yeast 
and hyphal walls were incubated with iTRAQ reagents to derivatize the N-termini and the lysine 
residues as described (Yin et al., 2007). Four versions of iTRAQ reagents, namely iTRAQ114, 
iTRAQ115, iTRAQ116, and iTRAQ117, were used to label the wall proteins originating from yeast 
cells, and from hyphal cells induced with α-MEM, FBS, and GlcNAc, respectively. 
 
LC-MS/MS Analysis 
To identify and quantify cell wall peptides, three LC-MS/MS runs were performed for each 
labeling experiment. Peptides derived from 30 μg (dry weight) of freeze-dried cell walls were 
fractionated on a reversed phase capillary column and were directly electrosprayed into a Waters 
QTOF mass spectrometer as described (Yin et al., 2007).  
 
Data Analysis 
For profiling of the cell wall proteome, mass spectra obtained in LC-MS/MS were processed with 
MASSLYNX software (Waters, Milford, MA) to generate the peak list (pkl) file and subsequently 
submitted to a licensed local MASCOT server (version 2.05, Matrix Science, London, UK). Each 
MS/MS spectrum was searched against an in-house database (De Groot et al., 2004), resulting in 
a set of tryptic peptide matches with confidence values. The MASCOT searches were run using 
the following parameters: fixed carbamidomethyl modification of cysteine residues, fixed iTRAQ 
modification of free amine in the N-terminal amino acid residue and in lysine residues; variable 
iTRAQ modification on tyrosine; variable glutamine and asparagine deamidation. Incomplete 
tryptic digestion with one missed cleavage was allowed; precursor error tolerance was set at ± 0.8 
Da; MS/MS fragment tolerance was set at ± 0.4 Da and the charge was set at +1. Furthermore, 
only peptides matching the identified protein better than any other protein in the database (first 
rank) with a MASCOT score greater than 30 were retained for further analysis. For quantitation, 
signature ion peak areas at m/z 114.1, 115.1, 116.1, and 117.1 of each MS/MS spectrum were 
extracted using MASSLYNX. Data filtering, normalization, and statistical analysis were performed 
as described (Yin et al., 2007). The proteins that showed statistically significant (p < 0.05) changes 
of > 1.5-fold in at least one of the three hyphal induction conditions were reported.
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RESULTS AND DISCUSSION 

Induction of hyphae in Candida albicans 
One of the purposes of our research was to differentiate between cell wall proteins that are more 
abundant in the yeast cell wall and cell wall proteins that are more abundant in hyphal walls. 
There are, however, two complicating factors: (i) most methods for inducing the switch from 
yeast to hyphal growth result in a transient phase of hyphal growth followed at some time by a 
reversion to yeast growth, producing a mixed population of yeasts and hyphal forms; (ii) cell wall 
proteins do not show significant turnover. This makes it important to choose a time point at 
which hyphal growth has continued long enough to minimize the contribution of the cell wall 
proteins of the yeast cells transferred to the induction medium, and short enough to minimize 
reversion to yeast growth. We therefore experimented with three induction media (YPD 
supplemented with 10% FBS; α-MEM, which is an enriched variant of the Minimum Essential 
Medium containing all 20 natural amino acids; and  a basal salts medium containing 2.5 mM 
GlcNAc) and monitored their efficiency (Figure 5.1). It has been widely reported that when 
stationary phase yeast cells are transferred to fresh medium containing amino acids or GlcNAc at 
37°C, Candida cells will undergo the yeast-to-hypha transition (reviewed in Shepherd et al. 1985). 
It was found that for cells grown in α-MEM + 2% glucose and for cells grown in the basal salt 
medium containing GlcNAc, optimal enrichment of hyphae was  achieved after 5 h (Figure 5.1j 
and k), whereas for YPD + 10% FBS this took place after 2 h (Figure 5.1g). A longer incubation 
time resulted in a mixture of yeasts and hyphal clumps in all three media due to the reversion to 
the yeast mode of growth (Figure 5.1 h and i).   
 
Quantitation of cell wall proteins by iTRAQ and mass spectrometry 
To quantitatively study the hyphal wall proteins under different hyphal induction conditions, we 
used the recently developed iTRAQ methodology (Ross et al., 2004), which has been adapted for 
quantitative cell wall proteomic analysis in S. cerevisiae earlier (Yin et al., 2007). The iTRAQ 
method has the advantage that it allows mapping of multiple samples simultaneously. The 
labeling experiment was carried out four times with different combinations of iTRAQ tags (Table 
5.1). 
 
Table 5.1 Number of identified and quantified peptides per labeling experiment 

iTRAQ tagsaLabeling 
experiment YPD α-MEM FBS GlcNAc 

Identified 
peptides 

Quantified 
peptides 

1 114 115 116 117 260 73 
2 115 116 117 114 216 63 
3 116 117 114 115 273 70 
4 117 114 115 116 231 78 

aLabeling was performed on peptides derived from SC5314 cells cultured in YPD medium (Figure 
5.1a), or in α-MEM (Figure 5.1j), in YPD + 10% FBS (Figure 5.1g), or in basal salt medium 
containing 2.5 mM GlcNAc (Figure 5.1k) 
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Figure 5.1 Morphology of Candida albicans cells. Only yeast cells were observed in an overnight 
culture grown in YPD at 30°C (a), or when the culture was inoculated in fresh YPD medium at 30°C 
after 5 h (b) and 9 h (c). Hyphal and partially pseudohyphal development was observed after 
growth for 2 h at 37°C in prewarmed YPD medium (d), 2 h at 37°C in YPD + 10% fetal bovine 
serum (g), 5 h at 37°C in Eagle’s Minimum Essential Medium, alpha modification (j), or 5 h at 30°C 
in basal salt medium which contains GlcNAc (k). A reversion from hyphal growth to the yeast 
mode of growth was observed when culturing took place at 37°C in YPD for a prolonged period of 
time (5h, e). This culture was fully enriched with yeasts after 9 h of incubation (f).When culturing 
took place at 37°C in YPD + 10% FBS, the reversion seems to be slower (compare h and e), but a 
large number of yeast cells is present after 9 h (i, slightly out of focus).
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The purified cell walls from yeast and hyphal cells induced by α-MEM, FBS or GlcNAc (Figure 
5.1a, j, g, and k, respectively) were digested with the endoprotease trypsin. Tryptic peptides from 
four different samples were incubated with one of the four iTRAQ reagents to derivatize their 
N-termini and their lysine residues. These samples were subsequently pooled and analyzed by 
LC-MS/MS. The signature ion region of MS/MS spectra contains quantitative information of the 
corresponding peptides in all four samples. Figure 5.2 illustrates the signature ion region of 
MS/MS spectra from the tryptic peptides of the cell wall proteins Als3, Cht2, Hyr1 and Sod5. A 
strong correlation among all peptides derived from the same protein can be clearly observed, 
indicating that trypsin digestion was exhaustive and that iTRAQ labeling was largely complete. 
Interestingly, the level of adhesion protein Als3 was increased under all three hyphal induction 
conditions, in agreement with  Northern blot analysis showing that ALS3 expression was increased 
by inducing hypha formation with a variety of inducers, including L-proline, L-glutamine (both 
are present in α-MEM), serum, and GlcNAc (Hoyer et al., 1998). The amount of chitinase Cht2, 
on the other hand, was largely decreased under hyphal induction conditions, in agreement with 
Northern blot and microarray analysis showing that CHT2 expression was suppressed in 
serum-induced hyphae (Braun and Johnson, 2000; McCreath et al., 1995; Nantel et al., 2002). 
 
Quantitative cell wall proteomes 
Relative quantity ratios of all peptides derived from the same protein can be grouped and averaged, 
giving rise to a protein abundance ratio. In total, 980 peptides were identified of which 284 
peptide spectra fulfilled the statistical criteria for calculation of their quantities (Table 5.1). These 
980 peptide identifications resulted in an unambiguous identification of 14 proteins, of which 12 
showed a statistically significant (p < 0.05) change of > 1.5-fold in at least one of the three hyphal 
inducing conditions in comparison with YPD at 30°C (Table 5.2).  
 
Consistent with our previous findings, most identified and quantified proteins are 
glycosylphosphotidylinositol-anchored (GPI) CWPs (Table 5.2, De Groot et al., 2004). Among 
the 14 proteins identified, the adhesion proteins Als1 and Als3, the hyphally regulated protein 
Hyr1, the transglycosylases Pga4 and Phr1, the haem receptor Rbt5, and the superoxide dismutase 
Sod5 were found to be induced, whereas the levels of the chitinase Cht2, the transglycosidase 
Crh11, and three more GPI-proteins (Ecm33, Rhd3, and Ssr1) were decreased. Two proteins, 
Ihd1 and MP65/Scw1, were unambiguously identified based on their MS/MS spectra, but the 
intensities of their reporter ion peaks were too low for reliable calculations of protein ratios, 
indicating that these two proteins are relatively rare in the samples analyzed. Thus, these two 
proteins were assigned a ‘+’ in Table 5.2, meaning that they were identified in the experiment but 
that no abundance changes could be determined. It should be noted here that cells with a hyphal 
morphology are induced from yeast cells and that the cultures are therefore only enriched in, but 
do not solely consist of hyphal cells.  
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Figure 5.2 Signature ion regions of MS/MS spectra from tryptic peptides of the cell wall proteins 
Als3, Cht2, Hyr1 and Sod5. The base peak intensities have been normalized to 100%. Peaks at m/z 
114, 115, 116, and 117 correspond to cells in the yeast form (Figure 5.1a), or cells in the hyphal 
form induced by α-MEM (Figure 5.1j), FBS (Figure 5.1g), and GlcNAc (Figure 5.1k), respectively. The 
relative intensities of these peaks were used to calculate the relative quantities of different 
peptides. Average peptide ratios from the same protein gave rise to an accurate and reproducible 
estimation of the protein ratios.
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Table 5.2 Quantitative CWP profiles obtained after the yeast-to-hypha transition in response to 
α-MEM, serum, or GlcNAc. 

Protein fold changeaProtein
name 

ORF 
No. α-MEM FBS GlcNAc 

Yeastb mRNA  
fold changec

Function and propertiesd

  ↑ ↓ ↑ ↓ ↑ ↓  ↑ ↓  
Als1 5741 4.0  11  7.1  Y n.a. Adhesin 
Als3 1816 19  33  16   70  Adhesin 
Cht2 2344  13  30  23 Y 5.9  Chitinase, GH18 
Crh11 2706  1.8  1.9  2.6 Y 1.2  Transglycosidase, GH16 
Ecm33 3010.1  1.3  2.4  4.4 Y n.a.  
Hyr1 4072 3.3  11  37   166  Hyphally regulated 
Ihd1 6198 + + +  10   
Pga4 4035 1.3  1.7  1.5  Y  1.9 Transglycosylase, GH72 
Phr1 3829 8.9  17  6.1  Y 14  Transglycosylase, GH72 
Rbt5 5636 18  7.4  4.8  Y  13 CFEM, iron uptake 
Rhd3 
/Pga29 

5305  2.8  7.1  3.1 Y  7.4  

Scw1 
/MP65 

1779 + + + Y n.a. GH17, non-GPI-CWP 

Sod5 2060 61  22  3.4   6.4  Superoxide dismutase 
Ssr1 7030  1.1  1.6  3.4 Y  1.1 CFEM 

aProtein fold change (hyphal vs. yeast walls;  ↑, fold increase; ↓, fold decrease) are means of 
peptide ratios from four labeling experiments (Table 5.1). The coefficient of variation ranges from 
11% to 32% with a mean of 21%. 
bProtein identified (Y) in the yeast cell wall (De Groot et al., 2004). 
cmRNA data are obtained from Kadosh and Johnson (2005); n.a., not available. 
dGH, glycoside hydrolases, classification according to Henrissat and Davies (1997); CFEM, a 
domain with a conserved cysteine pattern  found in fungal extracellular membrane/wall proteins. 

Importantly, four proteins, Als3, Hyr1, Ihd1 and Sod5, were identified in our study but not in 
our previous profiling of the cell wall proteome in log phase-cultured yeast cells in rich medium at 
acidic pH (De Groot et al., 2004). This is probably due to the fact that these proteins are highly 
induced under the hyphal-specific conditions used in this study. Indeed, all four proteins were 
shown at the transcriptional level to be highly induced under the hyphal induction conditions 
(Table 5.2, mRNA fold changes; Hoyer et al., 1998; Bailey et al., 1996; Martchenko et al., 2004). 
On the other hand, four proteins (Als4, Pga24, Pir1, and Sod4) were identified in the previous 
study but not in the current investigation. Interestingly, the expression of both PGA24 and PIR1 
was strongly down-regulated (Kadosh and Johnson, 2005) in a hyphal induction medium, which 
might explain why they were not found here. Als4 and Sod4 were previously identified either with 
a single peptide or using a large-scale fractionation approach (De Groot et al., 2004), suggesting 
that their abundance in the cell wall is relatively low. They may have been missed here because of 
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the lower sensitivity inherent to the multiplexed approach taken in the current study. It is 
noticeable that the abundantly present  hyphal wall protein Hwp1 (Staab et al., 1998) was not 
identified. An in silico tryptic digestion of the mature form of Hwp1 revealed that four out of 
seven cleavage products have a molecular weight of at least 4300 Da, which was outside the m/z 
detection range used in the experiment (Fig 5.3). The remaining three peptides are localized in the 
S/T-rich domain and might be highly glycosylated. The glycosylation will not only limit the 
accessibility of Hwp1 to the proteolytic enzyme but also complicate the MS identification of these 
peptides. 
 
Five of the 14 proteins identified in this morphological transition study are putative carbohydrate 
active enzymes, namely Cht2, Crh11, Pga4, Phr1, and Scw1. Their location in the cell wall and 
the dramatic changes in their abundance suggest that these proteins may have a specific role in 
hyphal growth. Among the proteins identified, two adhesion proteins, Als1 and Als3, belong to a 
larger family of eight adhesins (Hoyer, 2001). Both Als1 and Als3 were significantly upregulated 
in hyphal samples and therefore may be important for hyphal adhesion to host cells. This is in 
agreement with the previous report that deletion mutants of ALS1 or ALS3 are less adhesive to 
epithelial cells and impaired in the formation of biofilms.

Media-specific hyphal wall proteins 
As can be seen in Table 5.2, the absolute abundance ratios of some cell wall proteins under a 
specific hyphal induction condition are greater than in the other two conditions. For example, 
Hyr1, a well known hyphae-specific protein, is much more induced in GlcNAc-containing basal 
salt medium (36.9-fold) than in FBS or in α-MEM medium (10.9- or 3.3-fold respectively), 
whereas the increase in Sod5 expression is more pronounced in α-MEM medium (60.6-fold) than 
 

MRLSTAQLIAIAYYMLSIGATVPQVDG QGETEEALIQKR SYDYYQEPCDDYPQQQQQQEP 
 CDYPQQQQQEEPCDYPQQQPQEPCDYPQQPQEPCDYPQQPQEPCDYPQQPQEPCDNPPQP 

 DVPCDNPPQPDVPCDNPPQPDIPCDNPPQPDIPCDNPPQPDQPDDNPPIPNIPTDWIPNI 

 PTDWIPDIPEKPTTPATTPNIPATTTTSESSSSSSSSSSSTTPKTSASTTPESSVPATTP 

 NTSVPTTSSESTTPATSPESSVPVTSGSSILATTSESSSAPATTPNTSVPTTTTEAKSSS 

 TPLTTTTEHDTTVVTVTSCSNSVCTESEVTTGVIVITSKDTIYTTYCPLTETTPVSTAPA 

 TETPTGTVSTSTEQSTTVITVTSCSESSCTESEVTTGVVVVTSEETVYTTFCPLTENTPG 

 TDSTPEASIPPMETIPAGSESSMPAGETSPAVPKSDVPATESAPVPEMTPAGSQPSIPAG 

 ETSPAVPKSDVPATESAPAPEMTPAGTETKPAAPKSSAPATEPSPVAPGTESAPAGPGAS 

 SSPKSSVLASETSPIAPGAETAPAGSSGAITIPESSAVVSTTEGAIPTTLESVPLMQPSA 

 NYSSVAPISTFEGA GNNMRLTFGAAIIGIAAFLI 

 
Fig 5.3 In silico tryptic digestion of the GPI-CWP Hwp1. The predicted N-terminal signal peptide, 
the Kex2 cleaved propeptide and the C-terminal GPI-anchor addition signal are in grey; they are 
all removed from the mature form of the protein (Staab et al., 1999). Note that the C-terminal 
peptide of the mature protein remains attached to the skeletal framework of the cell wall during 
trypsin digestion of isolated walls. Highlighted, potential trypsin cleavage sites. Underlined, tryptic 
peptides that localize at the S/T-rich domain which might be highly O-glycosylated.  
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in the other two conditions (21.9- and 3.4-fold, Table 5.2). Similar differences, although to a 
lesser extent, can be observed for Crh11, Ecm33 and Rbt5 as well. In other words, under the 
different conditions that have been used to incubate the cell, there seems to be a medium-specific 
cell wall proteome being expressed. Genome-wide studies have shown that hyphal inductions 
under different conditions (e.g. Lee’s medium and serum-containing medium) generate a different 
pattern of gene expression (Nantel et al., 2002). By quantitatively assaying the cell wall proteome, 
we show here that the CWP profile of C. albicans may vary widely, probably to cope better with 
the specific environment it is exposed to.  
 
Sod5 is known as a superoxide dismutase and has been suggested to play a role in protecting C. 
albicans from reactive oxygen species produced by macrophages and neutrophils. Reactive oxygen 
species are potential anti-microbial agents, produced by phagocytic cells to kill microbes. H2O2 is 
the key oxidizing agent produced by immunoactive cells, which generates other extremely toxic 
radicals that are active against microorganisms (Martchenko et al., 2004). To detoxify these 
components, pathogenic microorganisms need a number of enzymes that catalyze the 
transformation of reactive oxygen species via H2O2 to water. It is therefore interesting to observe 
that the level of Sod5 was dramatically increased during the yeast-hyphal transition in 
serum-containing medium and particularly in α-MEM medium. This is consistent with the 
notion that transcription of SOD5 was up-regulated during the yeast-to-hypha transition, and 
SOD5 was induced when C. albicans cells were challenged with osmotic or oxidative stresses 
(Martchenko et al., 2004). These data suggest that C. albicans utilizes cell wall superoxide 
dismutases to counteract oxidative stress.  
 
Consistent to the observation that Hyr1 is a hyphally induced cell wall protein (Bailey et al., 
1996), we found that the level of this protein was increased in all three conditions used for hyphal 
induction. The strikingly high level of Hyr1 expression in GlcNAc-containing medium suggests 
that it is not merely a hyphally regulated cell wall protein, but responds specifically toward 
components in this medium. GlcNAc was first reported to induce hyphae over 30 years ago in a 
screen for chemically defined inducers of hyphal growth in vitro (Simonetti et al., 1974). 
Subsequent studies revealed that C. albicans is capable of taking up GlcNAc and to use it as an 
energy source, whereas the nonpathogenic S. cerevisiae lacks the proteins needed to transport and 
catabolize GlcNAc (Singh et al., 2001). Recently, Ngt1 in C. albicans has been identified as the 

first eukaryotic GlcNAc transporter (Alvarez and Konopka, 2007), thus permitting direct analysis 
of its role in GlcNAc transport and signaling. The analysis of Hyr1 expression in a NGT1 deletion 
mutant would be an interesting approach to understand the interaction between GlcNAc uptake 
and hyphal induction. 
 
The early infection process usually involves a switch from the yeast mode of growth to the hyphal 
mode of growth. As CWPs are involved in the primary interactions with host cells and the host 
environment, the CWPs associated with the yeast-to-hyphal transition may help the fungus to 
initiate and maintain attachment, invade tissues and promote survival. In addition, they may also 
actively help to create a micro-environment. Using a quantitative proteomic approach, we found 
that different hyphal growth-inducing media resulted in widely differing CPW profiles. 
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Conceivably, this may help the cells to better cope with each specific environment. This suggests 
that similar differences in CWP profiles may occur at different infection sites in the body such as 
the surface layers of the vagina, the oral cavity, the skin, and the eye, or in blood, and during 
penetration of various organs. Furthermore, our results suggest that the CWP profiles of hyphal 
cells in biofilms on implanted medical devices might also differ from those occurring in C. 
albicans associated with host cells. Collectively, our results illustrate the dynamics and the 
adaptability of the cell wall proteome, thus contributing to the virulence of C. albicans and the 
capacity of this organism to survive in a mammalian host. 


