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Abstract: Background: Candida auris is associated with invasive and severe candidemia, multi-drug resistance 

and high mortalities. Azoles and Flucytosine are commonly used antifungal drugs. Lanosterol alpha-demethylase 

(ERG11), Uracil phosphoribosyl transferase (FUR1) are two principal proteins involved in ergosterol biosynthesis 

and pyrimidine metabolism. However, crystal structures of these proteins from C. auris have not yet been 

established. We constructed structural model of ERG11 and FUR1 proteins for South-African Clade using 

homology modelling, molecular docking and molecular dynamics simulations. To investigate how point mutations 

affect drug interaction, we used the same methods on ERG11 mutants (Y132F, K143R) and FUR1 mutants 

(F211I). Methodology: Homology modelling was used to construct 3D structure of proteins. Reliability of models 

was analysed by using validation tools. The drug interaction in wild and mutant variants was studied using 

molecular docking, and binding energy was calculated. Finally, we investigated structural significance of point-

mutation between two variants of FUR1 through MD Simulation. Result: Structural models of ERG11 and FUR1 

were compared based on binding energy and hydrogen bonding. Few azole compounds showed no effect of 

mutation on interaction. Further, it was found that binding affinity for 5-fluorocytosine decreases in the mutant 

variant of FUR1. MD Simulation of wild variant FUR1-5FC complex showed stabilisation till 7ns while mutated 

complex was stable for 4.5ns. Conclusion: C. auris resistance to antifungal drugs poses a significant risk to public 

health. The study sheds light on how drug interactions are influenced by mutations and aids in the development of 

antifungal drugs. 

 

Keywords: Candida auris, Antifungal Resistance, Point Mutations, Molecular Docking, Molecular Dynamic 

Simulation 

 

1. Introduction 

Antimicrobial resistance (AMR) has emerged 

as one of the leading public health crises of the 21st 

century that threatens the effective prevention and 

treatment of an expanding range of infections [1]. Until 

the last few decades, AMR has been mainly reported in 

bacteria. Peculiarly, in medically important Gram-

negative ones in which plasmid-mediated or 

horizontally acquired antibiotic resistance genes are 

associated with virulence. Prominent genes encoding 

antibiotic resistance enzymes including extended-

spectrum β-lactamases (ESBLs), carbapenemases, 

and the MCR colistin resistance gene due to their 

activity against clinically important antimicrobials agents 

[2]. 

However, it is important to realize that AMR is a 

multi-layered problem and its containment requires a 

multi-dimensional approach. While resistance in 

bacteria has been around for decades, a novel 

multidrug-resistant ascomycetes yeast pathogen 

belonging to the genus Candida was isolated from the 

external ear canal of a geriatric female inpatient in a 

Japanese hospital [3]. It was named as Candida auris 

as - auris in Latin means ‘ears’ [3]. [3] who first 

described this pathogen, found that it clustered in the 

Metschnikowiaceae clade. The phylogenetic 

relationship between C.auris and Candida krusei, C. 
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lusitaniae, C. haemulonii, C. pseudohaemulonii, and C. 

duobushaemulonii, which are innately multidrug-

resistant to amphotericin B (polyenes) and azoles, has 

been adduced as a reason for the corresponding higher 

resistance of C. auris to these two drug classes[4-6]. 

Although Candida auris was initially isolated 

from external ear canal or discharges of patients with 

otitis media, subsequent studies show their involvement 

in fungaemia and other invasive infections with very 

high associated mortalities and co-morbidities [7]. 

Contrary to other yeasts, they can be transmitted 

nosocomially within and between hospitals, patients 

and the environment. Moreover, Candida auris 

resistance to at least one antifungal drug such as the 

azoles (particularly fluconazole and voriconazole), 

polyenes (amphotericin B), flucytosine, and the 

echinocandins (caspofungin, micafungin and 

anidulafungin) is well documented [8-11]. Several 

studies have established its persistence in clinical 

environments, including the air and bedding materials, 

and even in patients undergoing antifungal therapy 

[10,12]. On investigating its virulence and 

pathogenicity, it was found to be corresponding to or a 

bit lower than that of Candida albicans [7,13-15]. 

Presently, C. auris has been reported in around 

30 countries on six continents: Single or few cases of 

Candia auris are recorded from Austria, Belgium, Chile, 

Costa Rica, Egypt, Greece, Italy, Iran, Norway, 

Switzerland, Taiwan, Thailand, and the United Arab 

Emirates. Multiple cases of C. auris have been noted 

from Australia, Bangladesh, Canada, China, Colombia, 

France, Germany, India, Israel, Japan, Kenya, Kuwait, 

Malaysia, the Netherlands, Oman, Pakistan, Panama, 

Russia, Saudi Arabia, Singapore, South Africa, South 

Korea, Spain, the United Kingdom, the United States 

[16,17].  

Early diagnosis/detection/identification of 

Candida auris infections have exhibited to be beneficial 

as earlier initiation of appropriate antifungal therapy 

have saved many lives [18,19]. However, the inefficacy 

of several available commercial identification 

systems/platforms to quickly diagnose C. auris poses 

as an obstacle to early therapy [8, 20]. 

Whilst MALDI-TOF MS and RT-PCR are aiding 

in the diagnosis of C. auris with their faster turnaround 

times, yet, the cost and skills involved in the procuring 

and operation respectively is a problem for numerous 

under-resourced mycology laboratories [21-23]. 

Presently, there are no official therapeutic guidelines, 

dosage or Clinical Laboratory Standards Institute 

(CLSI)/European Committee on Antimicrobial 

Susceptibility Testing (EUCAST) minimum inhibitory 

concentration (MIC) breakpoints for C. auris infections, 

and studies evaluating these are scarce [24,25]. 

 Several microscopic, molecular and genomic 

analysis has documented the presence of phenotypic, 

phylogenetic and genomic differences between 

different C. auris strains from the same or different 

regions [11,26]. It includes the ability to exist as 

aggregates or nonaggregate cells, biofilm formation 

ability, clonality of outbreak strains, phylogenetic and 

genomic variations between strains from different 

geographical locations [13,15]. There is a great deal to 

be done to answer a lot of pending questions about this 

pathogen. Currently, no available antifungal therapy is 

working against the pathogen as reports of antifungal 

resistance in Candida auris pop up with each passing 

day [26]. Yet the effect of mutation as a common 

contributor to clinical resistance has not been 

investigated fully. In this context and in view of 

contributing to mutual interest of combating 

antimicrobial resistance (AMR), we report the effects of 

mutations on the interactions of antifungal drugs with 

their protein targets namely Lanosterol alpha-

demethylase (henceforth termed as ERG11) and Uracil 

phosphoribosyl transferase (henceforth termed as 

FUR1) using molecular docking and molecular 

dynamics simulation studies. 

 

2. Methodology 

2.1. Sequence Analysis 

 Based on available literature survey, the most 

common occurring variants of Lanosterol 14-alpha 

Demethylase and Uracil Phosphoribosyl transferase 

from the South African Clade of Candida auris was 

selected for the study. The reviewed 524 and 218 

amino acid sequence of Lanosterol 14-alpha-

demethylase (coded by the gene ERG11) and Uracil 

Phosphoribosyl transferase (coded by the gene FUR1) 

with NCBI Reference Sequence Acession ID 

XP_028891800 and XP_028891356 respectively were 

retrieved from NCBI Protein Database 

(https://www.ncbi.nlm.nih.gov/protein). These are highly 

annotated and non-redundant protein sequence. 

 

2.2. Generation of structural models for 

proteins 

 Three-dimensional (3D) protein structure of 

native variants of both Lanosterol 14-alpha-

demethylase (ERG11) and Uracil 

Phosphoribosyltransferase (FUR1) was constructed 

using homology modelling approach of I-TASSER 

Server (https://zhanglab.ccmb.med.umich.edu/I-

TASSER/) [27-29]. The mutated variants of both 

https://www.ncbi.nlm.nih.gov/protein
https://zhanglab.ccmb.med.umich.edu/I-TASSER/
https://zhanglab.ccmb.med.umich.edu/I-TASSER/
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ERG11 and FUR1 were obtained by mutating the 

residues Y132F, K143R in ERG11 and F126I in FUR1 

respectively using the mutagenesis command – 

‘swapaa’ available in UCSF Chimera [30]. 

2.3. Protein Structure Validation and 

Optimisation 

 The reliability of the generated protein model 

(wild and mutated) was verified using Structure 

Analysis and Verification Server version 5.0 (SAVES) 

[31-34]. The SAVES 5.0 server integrates analysis from 

multiple widely-used validation algorithms (such as 

VERIFY 3D, PROCHECK, ERRAT) taking into account 

certain geometrical parameters, or topological, to 

validate goodness-of-fit between model structure and 

experimental data. Post-validation the protein 

structures were subjected to energy minimisation 

performed with the partial implementation of 

the GROMOS96 force-field in Swiss PDB Viewer 

(SPDBV) [35]. This optimises the protein structure by 

repairing distorted geometries by moving atoms to 

release internal constraints. 

 

2.4. Docking protocol of the protein-drug 

complexes 

 To investigate the protein-ligand interactions, 

ligand was docked into the specific site of protein using 

AutoDock Vina [36]. Receptor Grid were centered 

based on the active residues mentioned by meta-

Pocket metaserver [37] on analysis the protein 

structure. Passive residues were automatically defined 

around active residues. Ligands were flexibly docked in 

the grid box and the positively docked molecules were 

ranked based on their docking score. The illustration 

and visualization of the final docked complex were 

completed with UCSF Chimera [30]. While the 

interacting residues in the protein-ligand complex were 

analysed with LigPlot [38]. 

 

2.5. Molecular Dynamics (MD) Simulation 

 Both wild and mutated varianted of docked 

FUR1 protein with 5-fluorocytosine(5FC) were 

subjected to MD Simulation with the CHARMM36 

Force-field in GROMACS 5.1 Tool [39] on UNIX 

System. The simulation was minimised using 5000 

steps of Steepest Descent Minimisation Algorithm. The 

system was later equilibrated at a temperature of 300K 

and a pressure of 1 bar for 2 fs. Final production run in 

Protein-Ligand complex MD Simulation was run for 10 

ns in both wild and mutated FUR1 protein complexed 

with 5FC to study the structural stability and difference 

in the interaction of both the complexes which were 

later analysed using RMSD, RMSF calculations for the 

protein-ligand complex. 

 

3. Result and Discussion 

3.1. Homology Modelling 

Since the crystallographic structure of the 

protein was not readily available in RCSB PDB, tertiary 

structure prediction methods were employed, namely 

ab initio-based method using the I-TASSER Server 

where a single query sequence is used for prediction. 

Since, the protein secondary structure elements are 

context dependent. The formation of the α-helices is 

determined by short-range interactions, whereas the 

formation of β-strands is influenced by long-range 

interactions. 

For the given Lanosterol 14-demethylase 

(ERG11) of Candida auris, the structure was modelled 

using the template: Chain A of protein templates from 

RCSB PDB having PDB ID 4k0f, 5jlc and 5eab 

respectively. The templates used were Lanosterol 14-

demethylase (ERG11) from Saccharomyces cerevisiae 

(PDB ID: 5eab; PDB ID: 4k0f however this entry is now 

obsoleted and superseded to PDB ID: 5eqb) and 

Candida glabrata (PDB ID: 5jlc). 

 For the given Uracil phosphoribosyl transferase 

(FUR1) of Candida auris, the structure was modelled 

using the template: Chain A of protein templates from 

RCSB PDB having PDB ID 1bd3, 1i5e and 1jlr 

respectively and Chain D of template with PDB ID 

1bd3. The templates used were Uracil phosphoribosyl 

transferase (FUR1) from Toxoplasma gondii (Chain A 

of PDB ID: 1jlr; Chain A and D of PDB ID: 1bd4) and 

Bacillus caldolyticus (PDB ID: 1i5e).   

 

3.2. Protein Structure Evaluation 

 The homology model generated for ERG11 and 

FUR1 needs to be evaluated to make sure that the 

structural features of the model are consistent with the 

physiochemical rules. This evaluation involves checking 

anomalies in Φ-Ψ angles with Ramachandran Plot, 

bond lengths, close contacts, and so on. Further, by 

comparing the statistical parameters with the 

constructed model, it reveals which regions of a 

sequence appear to be folded normally and which 

regions do not. On evaluation of the modelled structure 

of ERG11 and FUR1 in Candida auris, it was found that 

83.59% and 90.83% of the residues in ERG11 and 

FUR1 respectively had an averaged 3D-1D score more 

than or equal to 0.2 (computed using VERIFY3D), 

overall quality of the models has a quality factor of 

92.8295 and 91.7476 respectively (computed using 

ERRAT). To summarise, the generated models were 
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correct, validated and could be used for further docking 

analysis.  

 

3.3. Molecular Docking Analysis 

 To explore how the binding potential differs for 

various Azoles molecules and Flucytosine molecule for 

ERG11 and FUR1 protein respectively, we performed a 

molecular docking studies as summed up in Table 1 

and 2. The findings of a current study consist of 

comparison of molecular docking of azole and 

flucytosine drug with both wild and mutated variants of 

ERG11 and FUR1 respectively. Mutation of Y132F and 

K143R affect the binding of azole to the ERG11 protein 

as the Y132F is one of the active interacting residues 

while K143R is a passive residue around the binding 

pocket. Contrastingly, the same pattern is not observed 

in all of the azoles i.e. among the 19 Azole compounds, 

Itraconazole, Posconazole and Clotrimazole are some 

of the examples which exhibit highest binding potential 

and no change in the binding affinity even on 

mutagenesis. Additional studies are needed to probe 

into this aspect. 

 We did not delve more into the effect of 

mutations in ERG11 as the same has been extensively 

studied since the discovery of antifungal resistance in 

Candida auris. 

 

Table 1. Molecular docking analysis of Lanosterol alpha-demethylase (ERG11) with selected azole 

compounds. The binding affinities were calculated using AutoDock Vina docking tool. 

Sr No. Compounds 
Lanosterol alpha demethylase 

(ERG11) (kcal/mol) 

Mutated Lanosterol alpha demethylase 

(mERG11) (kcal/mol) 

1 Fluconazole - 7.7 - 7.6 

2 Voriconazole - 9.2 - 8.4 

3 Itraconazole - 11.2 - 11.3 

4 Posconazole - 10.9 - 11.3 

5 Oxiconazole - 8.5 - 8.6 

6 Terconazole - 8.1 - 10.2 

7 Clotrimazole - 10.5 - 10.5 

8 Butoconazole - 7.6 - 8.2 

9 Tioconazole - 7.7 - 7.7 

10 Ketoconazole - 8.0 - 10.5 

11 Miconazole - 8.1 - 8.4 

12 Econazole - 8.4 - 8.0 

13 Sertaconazole - 8.7 - 8.8 

14 Bifonazole - 9.2 - 9.3 

15 Sulconazole - 8.3 - 8.4 

16 Isoconazole - 6.8 - 8.4 

17 Efinaconazole - 8.9 - 8.9 

18 Isavuconazole - 9.4 - 8.3 

19 Luliconazole - 7.7 - 7.6 

 

Table 2. Molecular docking analysis of Uracil phosphoribosyl transferase (FUR1) with 5-fluorocytosine. The 

binding affinities were calculated using Auto Dock Vina docking tool. 

Sr No. Compounds 
Uracil phosphoribosyl transferase 

(FUR1) (kcal/mol) 

Mutated Uracil phosphoribosyl transferase 

(mFUR1) (kcal/mol) 

1 5-fluorocytosine - 4.4 - 4.0 
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Figure 1. Surface View and conformation of Compound 5-fluorocytosine (5FC) in red colour (wild) and yellow 

colour (mutated) in the binding pocket of the receptor FUR1 protein. 

 We postulated that the resistance is due to the 

overuse of antifungal drugs given in Candida infections, 

without understanding the aetiology of the species. 

Since effect of mutations in FUR1 is still an 

unexplored arena, our later part of the study focusses 

on understanding the same. Rhodes et al. (2018)[40] 

identified a point mutation F211I in FUR1 in a 

flucytosine resistant Candida auris strain. In our study, 

we observed a decrease in the binding potential when 

the ligand was docked with the mutated protein. Hence, 

FUR1 protein complexed with 5FC was selected for 

further investigation to ascertain the role of mutation in 

affecting the binding potential and thereby impacting 

antifungal resistance to Flucytosine Drugs. The 

analysis resulted reflected the reaction differences 

between protein and ligands in the two docking 

methods. It showed that although the types and 

number of hydrogen bonds in the two complexes were 

nearly the same, a plunge in the binding affinity of 5FC 

to mutated protein was observed. 

We also observed a change in the 

conformation of 5-fluorocytosine (5FC) in the binding 

pocket of the wild and mutated receptor FUR1 protein 

as shown in Figure 1. In the wild FUR1 protein, the 

compound 5FC is bound to the Thr144 and Ser147 

residues present in the pocket region of the receptor at 

a distance of 2.75 Å for Thr144 and 2.20 Å and 3.03 Å 

for Ser147 residue. In the mutated FUR1 protein, the 

compound 5FC is bound to Met141, Ala143 and 

Gly145 residues at a distance of 2.87 Å, 2.51 Å, and 

3.06 Å each apart from Thr144 residue as observed in 

wild protein. However, interaction with Ser147 is not 

observed in the mutated protein and it may be due to 

the effect of point mutation (F126I) in the protein 

receptor. 

 

3.4. Molecular Dynamic Simulation 

Molecular Dynamic Simulation Studies were 

performed to further investigate the differences in the 

dynamicity and fluctuations of the ligand at the atomic 

level in the active sites of the wild and mutated FUR1 

protein. Figure 2 shows the RMSD trajectories for both 

wild and mutated variants of FUR1 protein. In case of 

the wild protein, it reached equilibration and stabilised 

till 7 ns in the binding pocket and then the ligand 

dissociates from the protein receptor while the mutated 

protein stabilised only till 4.5 ns in the binding pocket 

and later binds to other region of the receptor before 

completely dissociating from the protein. 

An early plunge and differences in the 

stabilisation time observed in the RMSD analysis after 

MD Simulation of the both complexes explain the effect 

of point mutation (F211I) in the drug interaction. In the 

mutated protein complex, an early peak and 

stabilisation in the binding pocket continues only till 4.5 

ns after which a drop is observed and the complex re-

stabilises again although away from the binding pocket 

till 8 ns and then ligand completely dissociates from the 

receptor by the end of the simulation. This early 

dissociation ascertains that mutation affects the 

structural stability of the protein which leds to the early 

release of ligand from the binding pocket. Also, binding 

of the ligand away from the actual active site of the 

proteins explains why the clinical specimens of Candida 

auris are unresponsive towards Flucytosine drugs.  
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Figure 2. RMSD Analysis: Root Mean Square Deviation of Compound Trajectory for Wild and Mutated variant of 

FUR1 protein. The RMSD value indicates stability of compound molecules in the pocket region. 

 

4. Conclusion 

Previous research has shown that mutations in 

the South African clade's ERG11 Y132F and K143R 

and F211I in FUR1 increase drug resistance based on 

clinical data. Because of the similarities between 

Candida auris and Candida albicans, Candida auris 

infections are always and yet treated with common 

antifungal drugs. The failure to recognise the 

importance of studying infections all the way down to 

their aetiology has undoubtedly contributed to 

antifungal resistance. The lack of novel antifungal 

drugs in development, combined with the emergence of 

antifungal resistance, necessitates the development of 

new strategies. Using open-access bioinformatics tools, 

we attempted to provide important insights into the 

effect of point mutations in the hotspot region and the 

underlying mechanism of drug resistance. 

No massive difference in binding affinity or 

structural changes in the binding pocket are observed 

in both variants of ERG11. Rising number of azole 

resistance incidences is a result of overuse of common 

azole drugs. In the FUR1 protein, mutations had a 

significant impact on binding affinity as well as the 

structural conformation of the protein's binding pocket. 

Molecular Dynamic Simulation confirms the early 

destabilisation of the protein-ligand complex due to a 

change in pocket conformation. The organism becomes 

resistant to Flucytosine because there is no significant 

time for the drug to exert an effect on the protein due to 

a lack of correct binding and residual interaction.  

 Finally, using bioinformatics tools to investigate 

emerging fungal pathogens brings with it new 

challenges and considerations. These pathogens are 

frequently understudied, with only a limited amount of 

annotated genomic, proteomic, and structural data 

available. A variety of structural bioinformatics 

techniques, such as homology modelling, protein-ligand 

docking, and molecular dynamic simulations, in our 

study. While our study focuses on ERG11 and FUR1 

from Candida auris, the findings we present, as well as 

the considerations and challenges we discuss, can help 

to pave the way for the development of effective novel 

antifungal therapeutics that can be used against 

Candida auris. 
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