
65 

 

Chapter 4 

 

To Study the regulation transcription factors 

involved in cell cycle and morphogenesis in 

C. albicans expressing ubiquitin mutations. 
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4.1. Introduction: 

 

is a clinically noteworthy fungal pathogen capable of causing candidiasis and candidemia in 

humans affecting a wide range of organs. Understanding the molecular mechanism of its 

pathogenesis is crucial for developing effective therapeutic interventions. Ubiquitin-mediated 

protein degradation is a highly conserved mechanism that regulates various cellular processes in 

eukaryotes through the Ubiquitin proteasome system (UPS) pathway (Hochstrasser et al., 2009). 

The UPS tightly regulates the degradation of proteins that play important roles in various cellular 

pathways involving viability and host adaptation in fungi. Therefore, understanding the 

regulation of the UPS through ubiquitin mutants in fungal pathogenesis may be valuable for the 

future development of novel therapeutic approaches. Drug development against targets of the 

fungal UPS has not been explored extensively (Cao et al., 2021). In fungal pathogens, ubiquitin 

genes have been shown to play an important role in the development, stress resistance and fungal 

virulence (Villamón et al., 2004, Oh et al., 2012, Liu et al., 2018). Mutations in ubiquitin can 

disrupt protein homeostasis and cellular functions in Eukaryotes (Nakayama et al., 2006), 

potentially affecting the virulence of pathogens such as C. albicans (Dantuslia et al., 2023). 

While previous studies have highlighted the importance of ubiquitin in eukaryote biology, the 

specific effects of ubiquitin and ubiquitination on protein expression during morphogenesis and 

pathogenesis of C. albicans remain poorly understood. The role of ubiquitin in cellular processes 

extends beyond protein degradation, encompassing aspects of signaling, DNA repair, and cell 

cycle regulation (Kornitzer et al., 2000). In C. albicans, ubiquitin-mediated proteolysis has been 

implicated in morphological transitions, stress response, and virulence factor regulation (Hossain 

et al., 2011, Yang et al., 2020). By elucidating the roles of ubiquitin in biological response 

pathways and metabolic processes, present study aims to broaden the understanding of virulence 

of C. albicans and identify novel therapeutic targets to combat fungal infections. Here ubiquitin 

mutations were employed to unravel the role of ubiquitin regulation in the molecular 

mechanisms of pathogenesis of C. albicans. Proteomics approach offers a comprehensive view of 

cellular protein dynamics and has been instrumental in clarifying the effects of genetic 

perturbations on the proteome (Peng et al., 2003). Earlier studies from our laboratory pointed out 

that certain mutations of ubiquitin namely UbEP42, UbL50P, and UbI61T interfere with the cell 

cycle, antibiotic stress, thermotolerance, polyubiquitin chain formation, morphogenesis and 

virulence of C. albicans (Dantuslia et al., 2023). Hence, the same mutations were chosen here to 
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find the differences in protein profile to pinpoint the biological and metabolic changes that 

contribute to morphogenesis and virulence. The combination of genetic manipulation of 

ubiquitin and proteomics helped in understanding the influence of ubiquitin-dependent processes 

over cellular physiology in C. albicans. 

 

4.2. Materials and Methods: 

4.2.1. Strains and Media: 

The auxotrophic avirulent strain of Candida albicans, BWP17, was used in the present studies 

(Wilson et al., 1999). BWP17 (ura3::1 imm434/ura3::1 imm434 his1::hisG/his1::hisG 

arg4::hisG/arg4), a derivative of CAI4, was generously provided by Prof. Yue Wang from 

IMCB Singapore. BWP17 cells were cultured in YPD medium (1% w/v yeast extract, 2% w/v 

peptone, 2% w/v dextrose), with or without 50 μg/ml uridine for selection, as described 

previously [13]. For the proteomics approach, we selected only dosage dependent lethal ubiquitin 

mutants UbL50P, UbI61T, and UbEP42 out of the five mutants (UbS20F, UbA46S, UbL50P, 

UbI61T, and UbEP42) previously used for preliminary investigations involving C. albicans and 

pTET25MN-C vector was used to express the mutant genes of ubiquitin in BW17 strain 

previously described (Dantuslia et al., 2023). The transformants of wild-type ubiquitin UbWT 

were used as the positive control. 

4.2.2. Analysis of the expression levels of virulence-associated transcription factors: 

Quantitative real-time PCR was carried out for comparative analysis of the expression of 

virulence-associated transcription factors. The total RNA of the BWP17 transformants of the 

wild type and the mutant forms were isolated using TRIzol reagent (Takara, Japan). Poly-A 

tailing of small RNAs was performed using E. coli Poly-A Polymerase (New England Biolabs, 

UK) at 37 °C for 30 min. cDNA was synthesized using a cDNA prime script synthesis kit 

(Takara, Japan). Primers used for transcriptional analysis of transcription factor are listed in 

(Table 4.3) One-way analysis of variance (ANOVA) followed by Bonferroni’s test was used for 

intergroup variation analysis. Statistical significance was established at p < 0.05. 

4.2.3. Sample preparation for proteome analysis: 

 

Proteome was extracted using the modified trichloroacetic acid (TCA)/acetone precipitation 

method, as described by (Peng et al. 2003). Briefly, cell pellets were lysed in lysis buffer 
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containing 8 M urea, 2 M thiourea, 4% CHAPS, 65 mM DTT, and 0.2% Bio-Lyte. The resulting 

precipitate was collected and washed three times with PBS before storing at -80°C. The 

concentration of proteins in the samples was determined using the Bradford assay, following the 

protocol outlined. Proteins were reduced with 10 mM DTT, alkylated with 55 mM 

iodoacetamide, and digested with 6 ng/ml trypsin (Sigma Sequencing Grade Modified) for 16 h 

at 37°C. The trypsin reaction was stopped by the addition of an equal volume of a 0.2% formic 

acid solution, and the peptides were extracted using 50% acetonitrile in 0.1% formic acid. 

Peptides were desalted using C18 spin columns. Subsequently, the peptides were analyzed using 

an LC-MS/MS system. During the MS analysis, proteins were ionized and peptides were 

separated on a C18 reverse-phase column using an acetonitrile gradient at a flow rate of 300 

nL/min over a linear gradient of 90 min. The mass spectrometer was operated in data-dependent 

mode with positive polarity, utilizing an electrospray voltage of 2 kV. Full scan MS spectra (m/z 

300–1600) were acquired in the orbitrap at a resolution of 70 K, with an automatic gain control 

(AGC) target of 1e6 and a maximum injection time of 80 ms. The top 10 intense ions were 

selected for HCD MS/MS fragmentation, with MS2 resolution set at 17500 and an AGC target of 

2e5. Fragmentation was achieved using a normalized collision energy (NCE) of 32% and a 

dynamic exclusion duration of 15 s. MS data acquisition was performed in data-dependent mode, 

and subsequent raw file processing was carried out using MaxQuant software for protein 

identification and quantification, following the parameters specified (Peng et al.2003). These 

parameters included a precursor mass tolerance of 10 ppm, a fragment tolerance of 0.02 Da, 

dynamic modifications for oxidation (M), and a static modification for carbamidomethyl (C). 

 

4.2.4. Data Analysis:  

Differential expression analysis of proteins was performed using Perseus software (Gierlinski et 

al., 2018). Proteins with a fold change ≥ 1.5 and a p-value < 0.05 were considered differentially 

expressed. Identified proteins were subjected to bioinformatics analysis to elucidate their 

biological functions, subcellular localization and interactions. Gene ontology (GO) enrichment 

analysis and pathway analysis were performed to identify overrepresented biological processes 

and metabolic pathways. The consensus upregulated and downregulated genes were uploaded 

into the STRING database, and a high confidence interaction score ≥ 0.7 was used to reduce 
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false-positive interactions. The resultant network output was loaded into Cytoscape to obtain 

metabolic pathway information. 

 

Table 4.3 Primers used for transcription factors analysis 
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4.3. Results and Discussion: 

4.3.1. Dysregulation of hyphal and bud-associated transcription factors in C. albicans 

expressing ubiquitin mutations 

Real-time PCR analysis was carried out for the detection of the levels of hyphal and bud-

associated transcription activators and inhibitors in C. albicans expressing ubiquitin mutations. It 

is evident that both cell cyclins and proteome makeup play key roles in the filamentation of C. 

albicans, and from the previous results in this study it is known that ubiquitin mutants affect 

morphogenesis and the level of cell cyclins. Secretory aspartyl protease (SAP) is a key enzyme 

in the establishment of the filamentous form of C. albicans in the tissues. It was found from the 

zymography studies that SAP secretion was affected in C. albicans expressing UbEP42, UbL50P 

and UbI61T.  

Further, in the background of ubiquitin mutations, the status of the transcription factors 

governing morphogenesis is not known. In this study, the mRNA levels of the transcription 

activators and transcription inhibitors were examined to understand the influence of ubiquitin 

mutations on the regulation of morphogenesis of C. albicans (Figure 4.1). It was reported in the 

literature that the transcription factor FkH2 is involved in the secretion of SAP. Hence, the 

mRNA level of FkH2 was monitored and found to be downregulated in UbEP42, UbL50P and 

UbI61T. Further, certain virulence-associated transcriptional activators and repressors were 

selected for this study based on the literature, namely Nrg1, Efg1, Rbf1, Rim101 and Tec1 

(Sroussi et al., 2017). Nrg1 is an inhibitor of morphogenesis that prevents initiation of hyphal 

formation. Earlier studies have indicated that to facilitate hyphal growth, Nrg1 is downregulated 

by cAMP-protein kinase A (PKA) pathway (Lu et al., 2011). Nrg1 is degraded by a mechanism 

involving kinase Sok1. The transcription repressor Cup9 is known to downregulate the 

expression of Sok1. However, when conditions promote filamentous growth, Cup9 is broken 

down after ubiquitination by the ubiquitin ligase (E3) Ubr1, which leads to expression of Sok1. 

In turn, Sok1 leads to degradation of Nrg1. Removal of Nrg1 subsequently gives rise to hyphal 

growth (Hossain et al., 2021). The findings in the presence of ubiquitin mutations show a 

significant increase in Nrg1 transcript levels in UbEP42, UbL50P and UbI61T, suggesting that 

upregulation of Nrg1 keeps the cells predominantly in their yeast form, negatively impacting 

their ability to transition into hyphal structures in serum environment.  
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Figure 4.1: Transcription factor m-RNA levels in C. albicans under ubiquitin mutants 

expression. N=3 All values are presented as Mean+ SEM *P<0.05; **P<0.01 

and***P<0.001 as compared to control. 

Earlier studies reported that C. albicans undergo filamentous growth when exposed to 

various environmental and host-specific triggers. These signals are processed through intricate 

and often overlapping signaling pathways, notably the cAMP protein kinase A pathway, which 

plays a pivotal role in filamentation in response to serum (Hossain et al., 2021), Within this 

pathway, protein kinase A (PKA) is believed to modify the transcription factor Efg1, triggering a 

series of genetic responses that control morphogenesis. While Efg1 is crucial for the 

filamentation process, which is dependent on the cAMP-PKA pathway, it is not necessary for all 

morphological responses. Here, upon expression of ubiquitin mutations UbEP42, UbL50P and 

UbI61T, the transcript levels of Efg1 diminished. This suggests potential disruption of the central 
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cAMP PKA signaling pathway by these mutations. To understand the effect of ubiquitin 

mutations the levels of four more hyphal-associated transcription factors Rim101, Tec1, Stp1, 

and Rbf1 were examined in the presence of serum. Rim101, an alkaline-responsive transcription 

regulator plays an important role in cell wall assembly. Tec1 and Rbf1 regulate hyphal 

development. Stp1 plays a crucial role in nutrient acquisition. Reduced levels of Rim101, Tec1, 

and Rbf1 correlated with the expression of the mutations UbEP42, UbL50P, and UbI61T. 

However, the levels of Stp1, which activates transcription of genes required for extracellular 

proteolysis and absorption of resultant peptides did not seem to follow any particular trend, 

unlike the other transcription factors in response to ubiquitin mutations, showing Stp1 levels in 

UbI61T comparable to that of wild type. 

 

4.3.2. Characterization of Differentially Expressed Proteins in Ubiquitin Mutant 

Conditions 

Raw data from proteomics was analyzed to elucidate the log2 fold change in the expression of 

differentially expressed proteins in three distinct ubiquitin mutants: UbEP42, UbL50P, and 

UbI61T. Under the ubiquitin mutant condition, UbEP42 exhibited upregulation of 493 proteins, 

among which 343 were characterized while 145 remained uncharacterized. Additionally, 128 

proteins were found to be downregulated, with 72 characterized and 56 uncharacterized. In the 

case of UbL50P, 122 proteins were upregulated, with 35 characterized and 87 uncharacterized, 

while 497 proteins were downregulated, with 347 characterized and 150 uncharacterized. 

Furthermore, in UbI61T, 160 proteins were upregulated, comprising 53 characterized and 107 

uncharacterized proteins. Conversely, 81 proteins were downregulated, with 59 characterized 

and 22 uncharacterized (Figure 4.2). These findings provide insights into the differential 

expression patterns of proteins under various ubiquitin mutant conditions, shedding light on 

potential roles and interactions in cellular processes. 
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Figure 4.2. Results from DIA quantitation of ubiquitin mutants. Plots (a), (b) and (c) 

represent the protein profile of upregulated vs downregulated in UbEP42, UbL50P, and 

UbI61T respectively. Proteins showing an increase which is greater than 1.3-fold (log2 fold 

change) and a decrease less than 1.3-fold (log2 fold change) were considered and were 

represented by circular blue dots.  Proteins showing (−log10 P value values were 

represented by red dots (−log10 P value, increase 0.05) or decrease (−log10 P value less 

than −0.05). Protein abundances in increasing order on the X-axis. Plot (d) represents no. 

of total proteins that were up and down-regulated in characterized and uncharacterized 

forms 
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4.3.3 Common downregulation of some proteins in Candida albicans due to Overexpression 

of Ubiquitin mutants UbL50P, UbI61T, and UbEP42 

In the present study, after characterization of total protein up and downregulation, we identified 

61 common downregulated individual proteins mentioned in (Table 4.1), that were found altered 

due to the impact of overexpression of ubiquitin mutants UbEP42, UbL50P, and UbI61T on the 

proteomic profile of Candida albicans.  

Table 4.1. Common upregulated and downregulated protein under UbEP42, UbL50P, 

UbI61T mutants overexpression. 
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Table 4.2. Upregulated and Downregulated protein associated with biological process and 

metabolic pathway under UbEP42, UbL50P, UbI61T mutants expression. 

 

 Through proteomic analysis, we identified a multitude of proteins that exhibited downregulation 

upon overexpression of these ubiquitin mutants. These proteins play crucial roles in various 

cellular biological processes, including metabolism, stress response, protein folding, cell wall 
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synthesis, and secretion of aspartyl protease Table 4.2. Downregulated proteins associated with 

biological processes and metabolic pathways are illustrated in Table 4.2. Further, we shed light 

on their importance and how they are interconnecting in biological and metabolic pathways to 

understand their virulence under particular protein level 

 

4.3.4. Metabolic Pathways and Stress Response 

 

Several enzymes involved in metabolic pathways were found to be downregulated in response to 

the overexpression of ubiquitin mutants. The downregulation of these enzymes suggests a 

potential disruption in key metabolic processes such as fatty acid metabolism, amino acid 

metabolism and carbohydrate metabolism. Moreover, the downregulation of stress response 

proteins such as heat shock proteins (Hsp70, Hsp78-like, Hsp90-like) (Gong et al., 2017), fork-

head transcriptional regulator 2 (Bensen et al., 2002), and respiratory growth-induced protein 1 

(Abdhulghani et al., 2022). This list of downregulated proteins indicates the compromised status 

of the cell to cope with environmental stress. This downregulation may contribute to the 

observed decrease in thermotolerance and antibiotic stress resistance in C. albicans 

overexpressing ubiquitin mutants (Dantuslia et al., 2023. 

 

4.3.5. Cell Wall Synthesis and Morphogenesis 

 

C. albicans cell wall integrity is crucial for its survival and pathogenesis. Proteomics results 

revealed the downregulation of proteins involved in cell wall synthesis such as GPI-anchored 

proteins, β-1,3-glucan synthase could lead to reduced synthesis of β-glucan, resulting in altered 

cell wall composition and increased exposure of existing β-glucans (De Assi et al., 2022). 

However, other down regulated proteins such as α-1,4 glucan phosphorylase, glucan 1,3-β-

glucosidase, Glucosamine-6-phosphate isomerase (fragment), hexose transporter, pH-response 

transcription factor pacC/RIM101, myo-inositol transporter, putative peroxisome assembly 

protein 12 and putative Phosphate transporter sorting nexin GRD19 are involved in various 

aspects of cell wall synthesis, organization, and maintenance in C. albicans. It is important to 

note that some proteins may have indirect roles in cell wall maintenance or may participate in 

multiple cellular processes. Changes in their levels also could compromise the structural integrity 

of the cell wall, rendering C. albicans more susceptible to host immune responses and antifungal 

treatments. 
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4.3.6. Protein Folding and Ubiquitin-Mediated Proteolysis 

 

The observed downregulation of molecular chaperones in the presence of ubiquitin mutations 

itself suggests impairment in protein folding and failure of quality control mechanisms go hand 

in hand. Additionally, the downregulation of ADP-ribose 1'-phosphate phosphatase may disrupt 

ubiquitin-mediated proteolysis and protein degradation pathways in yeast (Verheugd et al., 

2016). This dysregulation could lead to the accumulation of misfolded or damaged proteins, 

further exacerbating cellular stress and compromising viability. 

 

4.3.7. Secretion of Aspartyl Protease 

 

Interestingly, proteomics analysis of cells overexpressing ubiquitin mutants revealed a decrease 

in the levels of forkhead transcription factor 2. The transcription factor can either activate or 

repress the expression of target genes, thereby influencing cellular processes, including protein 

secretion. Therefore, Forkhead transcription factor 2 (Fork-head transcriptional regulator 2) may 

indirectly regulate the secretion of aspartyl proteases in C. albicans directly regulating the 

expression of genes encoding secretory aspartyl protease or by controlling the expression of 

genes involved in the secretory pathway in C. albicans (Greig et al., 2015). In our study it was 

observed that overexpressing ubiquitin mutants leads to a decreased level of aspartyl protease 

secretion (Sandeep Kumar Datuslia, Bhoomi Prajapati and C. Ratna Prabha, manuscript under 

communication). However, it is an interesting novel observation that ubiquitination has 

importance in protease secretion. Further investigations are required to explain how 

ubiquitination influences FKh2 transcription factor bringing about the regulation of aspartyl 

protease secretion. 

 

4.3.8. Pathways Affected by Downregulated Proteins 

 

The downregulation of various proteins identified in our study explains potential dysregulation in 

multiple cellular pathways in C. albicans. Specifically, the affected proteins are involved in 

crucial processes such as carbohydrate metabolism, stress response, cell wall synthesis and the 

expression of virulence factors. Proteins implicated in carbohydrate metabolism, including 

pyruvate carboxykinase and hexose transporter are downregulated, indicating potential 

alterations in glucose utilization and energy production pathways. Heat shock proteins (HSPs) 



78 

 
such as Hsp70 and Hsp90-like proteins, crucial for stress response and protein folding, exhibit 

reduced expression levels in ubiquitin mutants of C. albicans, suggesting impairment in the 

ability to cope with environmental stresses. Downregulation of enzymes involved in cell wall 

synthesis pathways, such as α-1,4 glucan phosphorylase and glucosamine-6-phosphate 

isomerase, implies potential disruptions in cell wall integrity, leading to increased exposure of β-

glucan and enhanced chitin deposition. Decreased expression levels of secretory aspartyl 

proteases (SAPs), which are important virulence factors, indicate a potential attenuation of 

virulence in C. albicans upon overexpression of ubiquitin mutants. The downregulation of these 

proteins collectively impacts several vital pathways in C. albicans. These include but are not 

limited to, carbohydrate metabolism, lipid metabolism, stress response, cell wall synthesis, 

protein quality control and virulence factor secretion. Dysregulation of these pathways could 

contribute to the observed phenotypic changes, including decreased cell viability, impaired 

thermotolerance, increased susceptibility to antibiotic stress, and attenuated virulence. 

 

4.3.9. Up and downregulated protein-protein functional interactions as revealed by String 

node interaction 

To identify the interaction of a protein in a biological process and/ or a metabolism, differentially 

expressed downregulated proteins common among three ubiquitin mutants UbEP42, UbL50P, 

and UbI61T in a consensus module were input into the STRING database, where interactions 

with a high confidence score of ≥ 0.7 were considered to minimize false-positive results. 

Subsequently, the network-generated output is presented in (Figure 4.3), for the biological 

processes mentioned in Table 4.2, and the involvement of downregulated proteins in the 

metabolic pathway is given in (Figure 4.4).  

Glycolysis and gluconeogenesis pathways were selected to study further as the scores of the 

proteins belonging to these pathways were on the higher side. KEGG Glycolysis and 

gluconeogenesis pathways database analysis was done in Cytoscape to check the involvement of 

the downregulated proteins in the pathway (Figure 4.5). Similar exercise was repeated with 12 

common upregulated proteins in C. albicans cells expressing ubiquitin mutants UbEP42, 

UbL50P, and and UbI61T and it was found that only two proteins MET3, MET10 showed close 

functional interaction (Figure 4.6).  
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Figure 4.3. STRING analysis of differentially regulated proteins involved in the biological 

processes of C. albicans due to the expression of ubiquitin mutants. Protein-protein 

functional interaction prediction map of downregulated proteins of C. albicans obtained 

using STRING v.11 database (confidence score 0.700).  
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Figure 4.4. STRING analysis of differentially regulated proteins involved in the metabolic 

processes of C. albicans due to the expression of ubiquitin mutants. Protein-protein 

functional interaction prediction map of downregulated proteins of C. albicans obtained 
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using STRING v.11 database (confidence score 0.700). Filled protein nodes that signify the 

availability of protein 3D structural information either known or predicted. 

                                                {Annotation of Gene Interaction} 
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Figure 4.5. KEGG pathway map of glycolysis/ gluconeogenesis. Mappable enzymes within 

the pathway are highlighted in green and teal denoted as the pathways identified with the 

aid of the following database: https://www.kegg.jp/entry/cal00010 through 

http://www.cytoscape  

https://www.kegg.jp/entry/cal00010
http://www.cytoscape/
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Figure 4.6. Gene ontology and STRING analysis of differentially regulated proteins 

involved in the metabolic processes of C. albicans due to the expression of ubiquitin 

mutants. Protein-protein functional interaction prediction map of upregulated proteins 

of C. albicans obtained using STRING v.11 database (confidence score 0.700). Red color 

indicates the interaction of MET3 with MET10. 

4.3.10. Identification of common upregulated proteins in Candida albicans expressing 

UbEP42, UbL50P, and UbI61T ubiquitin mutants:  

Proteomic analysis of C. albicans under the influence of UbEP42, UbL50P and UbI61T 

ubiquitin mutants revealed a significant upregulation of several proteins associated with various 

cellular processes. There were 12 common proteins which were upregulated among UbEP42, 

UbL50P, and UbI61T mentioned in Table 4.1. These upregulated proteins play crucial roles in 

modulating the cell cycle, viability, ubiquitin chain formation and stress tolerance in C. albicans. 

Among the upregulated proteins, transcription factors such as Rbf1 and NRG1 were identified, 

indicating their potential impact on cell cycle regulation and gene expression control (Dhillon et 

al., 2003). Rbf1 is known to regulate the G1 to S phase transition in the cell cycle, while Nrg1 is 
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involved in the repression of filamentation and virulence genes. Interestingly Rbf1 and Nrg1 

produce opposing effects with the cell cycle. The upregulation of these transcription factors may 

lead to dysregulation of cell cycle progression and contribute to decreased viability in C. 

albicans under the influence of ubiquitin mutations. The upregulation of proteins involved in 

ubiquitin signaling, such as 1,3-β-glucanosyltransferase, suggests potential alterations in 

ubiquitin chain formation and protein degradation processes (Cao et al., 2021). Ubiquitin 

mutants may contaminate the pool of ubiquitin inside the cell and disrupt the formation of K48 

and K63 polyubiquitin chain types, leading to impaired protein turnover and cellular 

homeostasis. This dysregulation in ubiquitin signaling pathways could further exacerbate cellular 

stress responses and compromise viability. The upregulation of stress response proteins, 

including elongation of fatty acids protein FEN12 and high-affinity glucose transporter HGT1 

(Table 4.1), indicates a compensatory response to the stress imposed by ubiquitin mutant 

overexpression (Brown et al., 2006). Through string analysis, it was found that only two MET3 

and MET10 have better interactive scores than others (Figure 4.6). MET3 and MET10 represent 

sulfate adenylyl transferase and sulfate reductase respectively, which are involved in the sulfur 

metabolism pathway (Table 4.1). MET3 Sulfate adenylyl transferase Catalyzes the first 

intracellular reaction of sulfate assimilation, forming adenosine-5'-phosphosulfate (APS) from 

inorganic sulfate and ATP. Plays an important role in sulfate activation as a component of the 

biosynthesis pathway of sulfur-containing amino acids. APS belongs to the sulfate adenylyl 

transferase family. These proteins enhance antibiotic and heat stress tolerance in C. albicans, 

suggesting a protective mechanism to counteract the deleterious effects of ubiquitin 

dysregulation on fungal viability and survival observed previously (Dantuslia et al., 2023). 

Further to identify up and down-regulated proteins in the cysteine methionine pathway the 

cal00270 KGML file of cysteine methionine pathway was obtained from the KEGG supportive 

database. The file was uploaded for analysis through String database, for Cytoscape validation. 

The results obtained are supportive of the functional involvement of MET3 and MET10 in the 

cysteine methionine pathway (Figure 4.7).  
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Figure 4.7. KEGG pathway map of cysteine methionine pathway. Mappable enzymes 

within the pathway are highlighted in green and were identified with the aid of the 

following database https://www.kegg.jp/pathway/map=cal00270&keyword= through 

http://www.cytoscape 

 

4.4 Conclusion 

 

In conclusion, the proteomic analysis of Candida albicans under the influence of dosage 

dependent lethal mutants of ubiquitin, namely UbEP42, UbL50P and UbI61T revealed the 

downregulation of key proteins involved in metabolism, stress response, bringing about 

alterations in the expression of proteins associated with cell cycle regulation, stress tolerance, 

viability, ubiquitin chain formation, cell wall synthesis, protein quality control, and virulence 

factor secretion. These molecular-level events shed light on the molecular mechanisms 

underlying the phenotypic alterations observed in C. albicans. Further elucidation on the 

interplay of the already known proteins and finding the roles of the proteins unidentified so far 

will contribute to our understanding of fungal ubiquitin signaling and its implications for C. 

albicans biology and virulence. These findings provide valuable insights into the consequences 

of ubiquitin dysregulation and their impact on the molecular makeup underlying the 

pathogenicity of C. albicans.  
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