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A B S T R A C T  

Cryptococcus neoformans is a pathogenic yeast that poses significant health risks, 

particularly to immunocompromised individuals, leading to severe infections and high 

mortality rates. This review delves into the critical roles of the F-box protein in C. 

neoformans, emphasizing its involvement in sexual reproduction and virulence. The yeast's 

ability to form melanin and polysaccharide capsules and its growth at mammalian body 

temperature are critical factors in its pathogenicity. The F-box protein (Fbp1) is specifically 

linked to pathogenicity and immune evasion, playing a significant role in the synthesis of 

sexual spores and the regulation of meiosis and nuclear division. Mutants lacking Fbp1 

exhibit defects in these processes, underscoring its essential role. Various experimental 

approaches, including in vivo pathogenicity assays, bioinformatics tools, transcriptomics 

and proteomics analysis, protein-protein interactions, and genetic knockouts, are 

suggested for evaluating the role of F-box proteins. Comparative genomics highlights the 

presence of 1796 F-box genes in the wheat genome, emphasizing their roles in cellular 

processes and amino acid functions. Studies on other fungi, such as 

Schizosaccharomyces pombe and Candida albicans, provide insights into the conserved 

and unique functions of F-box proteins. Understanding the molecular mechanisms of F-box 

proteins can provide valuable insights into fungal pathogenesis and potential therapeutic 

targets. Further research is essential to develop more effective treatments for infections 

caused by C. neoformans, particularly in light of emerging drug resistance. This review 

underscores the importance of F-box proteins in the biology and pathogenicity of C. 

neoformans, highlighting their potential as targets for therapeutic intervention. 

Keywords:  F-box protein, Cryptococcus neoformans, sexual reproduction, virulence    

I n t r o d u c t i o n  

The human central nervous system (CNS) is infected by 

Cryptococcus neoformans, which is a disease-causing 

basidiomycetous yeast. It can also induce meningoencephalitis, 

mainly in immunodeficient human beings.1 This pathogen has 

appeared as one of the most prominent causes of meningitis 

due to fungi, with about a million cases accounting for 0.6 

million deaths every year.2 C. neoformans was used as an 

experimental organism to examine the genome as well as the 

pathogenesis of fungi. It is a haploid yeast that can grow at a 

very fast rate with a definite sexual cycle. Potent organism 

models are accessible in which evaluation of its virulence can 

be done. 1,3 Studies on large scales have been conducted to 

examine C. neoformans because of its significance and genetic 

tractability. Many factors of virulence, like the synthesis of 

capsule buildups of polysaccharide and melanin, as well as the 

capability of developing in the bodies of mammals at 37 °C, 

have been well distinguished. Sexual reproduction of fungi and 

virulence of fungi-related significant pathways that are used in 

signaling have also been recognized and studied at large 

scales. 4-7 

CD4+ and CDC8+ T cells had a prominent role in adaptive 

immunity while utilizing mouse models for studying cryptococcal 

infection .8-12 In contrast, spontaneous effects of type 2 helper T 

cells, like the synthesis of helixin-4 (also called IL-4), as well as 

interleukin-13, were found to have adverse effects during 

cryptococcosis. 13-16 A remarkable number of virulence factors 

were shown by C. neoformans that are helpful for the cells of 

fungi to escape from the immunity of the host. 17-21 Regardless 
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of the high morbidity and death rate due to cryptococcosis, 

options of therapy for cryptococcosis are limited, and only 3 

main groups of drugs are recently authorized for analytical 

purposes: polyenes, azoles, and the pyrimidine analogue 

flucytosine (5-FC). 13,22 

Schizosaccharomyces pombe is another yeast (containing 

numerous F-box proteins) that has been studied extensively. 23 

As concerns about drug resistance as well as the progression 

of new virulent stains increase24-27, there is a dire need to 

recognize the molecular analysis of cryptococcal sepsis 

conducive to identifying and establishing a secure and longer 

potent for fungal medicine.28 Cdc4+ is another protein 

containing F-box that has been examined in S. cerevisiae 29-31 

and C. albicans.32-34 Importantly, an appealing query has 

currently been shown by researchers in which crucial cell cycle 

genes like GRR1 and CDC4, which are preserved all through 

growth, show no crucial part in the cycle of the cell but influence 

development in C. albicans. 32,35-37 Candida albicans is one of 

the main disease-causing fungi in humans, which can cause 

congenital diseases in immunosuppressed individuals and a 

significant number of external infections. 38-40  

Despite significant advancement regarding the understanding of 

Cryptococcus neoformans from a biological point of view, there 

is still a substantial gap in the literature regarding the role and 

function of F-box proteins in this organism. F-box proteins have 

been well-characterized in model organisms such as 

Schizosaccharomyces pombe and Saccharomyces cerevisiae, 

revealing their roles in stress responses, nutrient sensing, and 

cell cycle progression 41. Still, F-box proteins’ characterization in 

C. neoformans remains largely unexplored. Cao and Xue [42] 

have suggested ubiquitin-mediated proteolysis’s potential role 

in stress responses and virulence of C. neoformans. However, 

there is no systematic evaluation of the specific role of F-box 

protein in these processors.  

So, this review article explores F-box proteins in Cryptococcus 

neoformans, with a particular focus on their involvement in 

sexual reproduction and virulence. Moreover, this review also 

seeks to bridge this knowledge gap by examining the molecular 

mechanisms through which F-box proteins influence the 

pathogenicity and immunity evasion strategies of C. 

neoformans.  

F - b o x  P r o t e i n s ’  F u n c t i o n a l  R o l e  i n  
t h e  S C F  U b i q u i t i n  L i g a s e  C o m p l e x  

A critical component of the SCF (Skp1-Cullin-F-box) ubiquitin 

ligase complex is the F-box proteins 43. A crucial role is played 

by the SCF complex in regulating degradation of proteins 

through the ubiquitin-proteasome system 44. This complex also 

functions as an E3 ubiquitin ligase that transfers the ubiquitin 

molecules to specific protein substrates and marks them for 

degradation by the proteasome. 45 

Composition of the SCF Complex 

There are four main components of the SCF complex: Skp1, 

Cullin, an F-box protein, and Rbx1 (RING-box protein). SKp1 is 

a scaffold protein linking the F-box protein to Cullin. Cullin is 

also a scaffold protein involved in the SCF complex 

organization and interaction with the Rbx1. Rbx1 is involved in 

the recruiting of an E2 ubiquitin-conjugating enzyme. The F-box 

protein is a key specificity factor within this complex that 

recognizes and binds to the target substrates 45,46.  

Role of F-box Proteins in the SCF Complex 

A vital role is played by F-box proteins to determine the 

substrate specificity of the SCF complex. 47 F-box proteins have 

two functional domains: the F-box motif and a substrate-binding 

domain. 48 The F-box motif (which is a structural domain of 40–

50 amino acids) is responsible for the interaction between the 

F-box protein and Skp1, thereby anchoring the F-box protein to 

the SCF complex.47 The substrate-binding domain can vary in 

different F-box proteins 48 and it mostly includes WD40 repeats, 

leucine-rich repeats (LRRs), or other protein-protein interaction 

motifs, that helps the F-box protein in recognizing and binding 

to other specific substrates. 49 

Phosphorylation-dependent mechanisms are used by F-box 

proteins in the process of recognition of specific substrates 50. 

The SCF complex recognizes many substrates only after their 

phosphorylation at specific residues, which eventually causes 

the tight binding of substrates with the F-box protein. 51 Once 

attached, the SCF complex tags the substrate for later 

destruction by the 26S proteasome by facilitating the transfer of 

ubiquitin from an E2 ubiquitin-conjugating enzyme to the 

substrate.44 So, F-box proteins are involved in the regulation of 

a variety of cellular processes, i.e., transcription, signal 

transduction, and cell cycle progression. Pathological conditions 

like neurodegenerative diseases and cancer can occur if there 

is dysregulation in the functioning of F-box proteins or 

associated SCF complex. 

P o t e n t i a l  e x p e r i m e n t a l  a p p r o a c h e s  
f o r  e v a l u a t i n g  t h e  r o l e  o f  F - b o x  
p r o t e i n s  

There are a variety of experimental approaches that can be 

used to predict the function of F-box proteins in C. neoformans, 

which are described below. 
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1. In vivo Pathogenicity Assays 

In vivo pathogenicity assays can be used to find the potential 

role of F-box protein in the pathogenicity of C. neoformans. 

Previously, specific F-box proteins have been linked to immune 

evasion strategies during malaria infection in Plasmodium 

species. 52 

2. Bioinformatics Tools 

Bioinformatics tools that are based on phylogenetic analysis, 

domain architecture, and sequence homology can be used to 

predict F-box proteins’ functions. Szklarczyk et al. [53] have 

used bioinformatics tools like STRING and BLAST for predicting 

different proteins’ functions and interaction networks in various 

pathogens. 

3. Transcriptomics and Proteomics Analysis 

Transcriptomics and Proteomics Analysis are used to evaluate 

the global impact of F-box protein knockouts on gene 

expression and protein abundance. For example, Gonzalez et 

al. 54 employed a transcriptomic analysis to find the impact of F-

box protein knockouts on stress response pathways in 

pathogenic bacteria. 

4. Protein-Protein Interactions 

Protein-protein interactions (PPI) can be used to find the 

interaction partners of F-box proteins that could eventually help 

in finding the potential role of F-box proteins in the pathogen. 

PPI studies have been vital in identifying substrates of F-box 

proteins in model organisms like Saccharomyces cerevisiae. 55 

5. Genetic Knockouts 

A Genetic knockout approach is used to identify the role of 

specific F-box proteins in the pathogen's response to 

environmental stresses, life cycle, or virulence. This technique 

was previously utilized by Chow et al. [56] for evaluating the 

role of F-box proteins in Candida albicans and found that 

knockouts led to defects in virulence and morphogenesis. 

G e n e s  o f  F - b o x  p r o t e i n  o f  W h e a t  
g e n o m e  

The genome of wheat contained 1796 genes of F-box protein, 

which depend on the practical domain at C-end and are 

distributed into various sub-categories 57. F-box proteins persist 

functionally in human beings due to amino acids like proline and 

leucine. These amino acids are important components of the F-

box protein 23. The overall 4363 probable genes of F-box 

protein were recognized by a hidden Markov model profiling F-

box proteins against the database of regional proteins in the 

genome of wheat, utilizing biosequence analysis. About 1032 F-

box genes out of 1796 genes of F-box protein were categorized 

into the main 3 gene ontology terms like biological activities, 

activities of molecules, and parts of a cell. Genes of F-box were 

found to be spread extensively all-round the complete genome 

of wheat, and localization was not associated with the 

elongation of chromosomes. 57  

F - b o x  p r o t e i n  F b p 1  i n  C .  n e o f o r m a n s  

To assess the involvement of Cdc4 in fungi breeding, Wu et al. 

[58] synthesized the cdc4Δ mutants in KN99a as well as H99 

strain environments. The air passage and lung-draining 

mediastinal lymph nodes of mice shows the cytokine profile of 

CD4+ T cells when mice are infected due to the fbp1 mutant 

compared with H99. Earlier studies shows that all the previous 

established methods have also been used to study CD4+ T 

cellular signals 59-61. In mediastinal lymph nodes, a remarkable 

maturation of cytokines synthesizing CD4+ T cells was 

examined by Olson et al. [62] between 7 and 14 days after 

infection. Th2 responses were detrimental to C. neoformans, 

while enhanced responses of T helper cell type 1 were secured, 

according to previous studies 63-74.  

F u n c t i o n a l  v a r i a t i o n  o f  F ‑ b o x  g e n e  

d u p l e x e s  

During evolution, distinctive secular or spatial expression 

patterns are possible mechanisms for the functional variation of 

duplexed genes. The pattern of expression of genes of F-box 

protein was correlated among 7 growth phases in C. elegans, 

and mostly genes of F-box protein reveal a phase-particular 

pattern of expression. At the embryonic stage, few members 

have an extremely supreme expression, but in the larval phase, 

others members have a specifically high expression. 75,76  

Because of their vast and diverse expression patterns, F-box 

proteins are thought to have a variety of roles throughout plant 

development, growth, and response to cellular or extracellular 

nodes. A large number of the F-box proteins are utilized as 

elements of Skp1-Cullin1-F-box (SCF)-type ubiquitin E3 

ligases, in which F-box proteins work as the substrate-

conclusive element. 77  

F - b o x  p r o t e i n  i n  d e g r a d a t i o n  

The significance of F-box proteins is being governed 

in many ways. Firstly, the substratum particularity complexes of 

Skp1-Cullin1-F-box depend upon F-box protein (Figure 1). The 

F-box proteins b-Trcp and Skp2 target substrates that 

command the addition of different cells in mammals. The 

degradation of p27 depends upon Skp2, a significant controller 

for S stage entrance and the remaining stages in the cycle of a 

cell  78-80. F-box proteins are evolutionarily preserved in 

eukaryotes like D. melanogaster and S. cerevisiae. With the 
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strongest hereditary methods and absolute advancing devices, 

Drosophila is seen as a good model organism for observing the 

F-box proteins. Recently, the genome coded about 33 F-box 

proteins 81. The variation in substrates implies an extensive 

range of biological activities that F-box proteins could plausibly 

regulate 82 

 

Figure 1. Schematic Diagram of SCF (Skp1–Cullin–F-box) 

complex with a RING-domain E3 ligases. 

F b p 1  i s  s i g n i f i c a n t  f o r  t h e  s y n t h e s i s  
o f  s e x u a l  s p o r e s  

F-box protein 1 elimination mutants were developed by Liu et 

al. [83] in C. neoformans KN99a as well as H99 strain 

backgrounds. Liu et al. [83] also studied Dikaryotic hyphae as 

well as basidiospore development in F-box protein one-sided 

coupling (fbp1×violent type) and mutual coupling (fbp1 × fbp1). 

No apparent phenotypic variations were noticed by Liu et al. 

[83] in the fbp1 unilateral coupling analysis. So, the domain of 

F-box is a crucial part in the functioning of the protein. Liu et al. 

[83] examined the importance of the F-box domain in fbp1 

activity by developing strains showing F-box protein 1 without 

the F-box domain (Fbp1ΔFB).  

I m p o r t a n c e  o f  F b p 1  i n  m e i o s i s  a n d  
n u c l e a r  d i v i s i o n   

A yeast cell with a single nucleus was examined in the violent 

type by Liu et al. [83], and they found that cultivations of F-box 

protein 1 and 2 different nuclei can be recognized in the hypha 

of each dikaryotic cell developed from a bilateral coupling 

combination after plasmogamy. Although nuclei in the mutual 

coupling of fbp1 mutants flopped to encounter meiosis after 

amalgam, one nucleus was examined in each adult basidium 

after incubating fortnightly, while all basidia from violent-type 

coupling synthesized 4 nuclei. Because fbp1 mutants have a 

usual rate of development as well as contain regular nuclear 

segmentation when developed in filthy medium, F-box protein 1 

acts only in regulating meiosis but does not take part in the 

cellular cycle in mitotic division 83.  

C D C 4  g e n e  i n  C .  n e o f o r m a n s   

Stempinski et al. [84] indicated that a deeper understanding of 

the genetic and molecular processes that cause morphological 

changes in cryptococcal cells may improve our understanding 

of the role of cellular morphology in disease. The Cdc4 gene is 

used to regulate cell membrane integrity and is also known for 

repairing DNA damage 85. Though Cdc4 is not associated with 

the growth of many well-defined factors of virulence, May et al. 

[13] studied the development of a Cryptococcus strain under 

pressure that parasitizes the environment of a malicious host. 

The Cdc4 gene is needed for the infection of fungi 85.  

Cdc4 is not associated with the production factors that are 

involved in the virulence of pathogens 85. It is also studied that 

Cdc4 is very essential for the proliferation inside the 

macrophages as well as in the endurance of the complement 

cascade of the host 58. Diagrammatic demonstration of Cdc4 

proteins in C. albicans (CaCdc4), S. cerevisiae (ScCdc4), and 

C. neoformans (CnCdc4) is shown in Figure 2 while the number 

of genes which code F-box protein recognized in nematode’s 6 

species are given in table I. 

C D C 4  i n  S e x u a l  R e p r o d u c t i o n  

To assess the function of Cdc4 in the coupling of fungi, we 

produced the cdc4 mutants in H99 as well as KN99a strain 

backgrounds 86. In the process of mating, the wild type and the 

cdc4 mutants had one nucleus that was fused in the immature 

basidium, revealing that both strains experience conventional 

fusion of a nucleus to form basidia, which is constant with 

earlier discoveries 83,87,88. Cdc4 is needed for the surveillance of 

meiosis in the breading process, which is suggested by Wu et 

al. 58  

Table I: The no. of genes which code F-box protein recognized in nematode’s 6 species. 

Species  Hmmer Psscan Hmmer & Psscan Psiblast F‑box genes Genome genes Percent 

C. brenneri 559 471 437 1 594 30667 1.93% 

C. briggsae 181 150 139 0 192 21936 0.88% 

C. elegans 356 302 281 0 377 20532 1.84% 

C. japonica 35 23 19 0 39 29964 0.13% 

C. remanei 1377 1252 1203 1 1426 31444 4.54% 

C. pacificus  95 79 77 0 97 29644 0.33% 
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Figure 2. Diagrammatic demonstration of Cdc4 proteins in 

C. albicans (CaCdc4), S. cerevisiae (ScCdc4), and C. 

neoformans (CnCdc4). Source = Wu et al.58         

F u n c t i o n s  o f  F - b o x  p r o t e i n  g e n e s   

The genes for the F-box protein contain a key role in the 

production of plants as well as protection from stress 77,89. 

Particularly, homologous F-box genes, which are homologous 

in nature, could have the same applications. For instance, 

SmFBX353 and SmFBX241 in cluster 8 are similar 90. It is also 

identified that SmFBX193 (PP2), SmFBX13 (N/A), SmFBX49 

(GRAS), SmFBX13 (N/A), SmFBX172 (N/A), and SmFBX11 

reacted conclusively to stress due to heat in eggplant 90. 

Future Directions 

Currently, C. neoformans has developed resistance to 

fluconazole (FLU), which generates a number of difficulties 

associated with the treatment of patients with infections due to 

C. neoformans 13,91. To solve this problem, researchers are 

working to search out new agents or sensitizers against fungi 

(antifungal agents). It is also revealed that a number of 

antimicrobials and related analogs can increase the potency of 

antifungals in the treatment of C. neoformans 92,93. Research 

has revealed that minocycline (MINO) has an effect of inhibition 

on Acinetobacter baumannii, C. albicans, and Staphylococcus 

aureus 94,95.  

The key property of cryptococcal cells is their capacity to 

change the size of the encapsulated cells dramatically. These 

enlarged cells are “titan cells,” which are from 10 μm up to 100 

μm in diameter 96-98. It is also revealed that C. neoformans has 

a pseudohyphal physical composition. In Cryptococcus, 

pseudohyphae are in the form of chains that are partially 

completed and distinguished cells of yeast that look like real 

hyphae but are distinguished by contractions among cells as a 

substitute of septa 99. In current years, a lot of discoveries and 

more research on pseudohyphal development must be required 

to assess the morphological mechanisms in Cryptococcus. 

C o n c l u s i o n  

In conclusion, the F-box proteins are very important in 

reproducing sexually and in the virulence of Cryptococcus 
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neoformans. C. neoformans is a disease-causing yeast that is 

very lethal for humans of different ages and genders. So, it is 

required to study this yeast to better identify the genetics and 

their role in the pathogenesis of yeast. The genes of the F-box 

proteins are very vital in various roles of Cryptococcus 

neoformans, as well as their locations in the genome of C. 

neoformans. Different genes of C. neoformans are tailored for 

various functions and are very specific in their functions. Cdc4 

gene is very crucial in the virulency and reproduction sexually in 

C. neoformans. It is unclear until now whether Cryptococcus 

has the same substrates, and further investigation is needed to 

explain this. Given the critical role that protein degradation 

plays in cellular homeostasis and the adaptation to 

environmental stress, further research is needed to identify and 

characterize the F-box proteins in C. neoformans. Such studies 

could elucidate their roles in pathogenicity, stress response, 

and survival within the host. Moreover, understanding the 

functions of these proteins could reveal new targets for 

antifungal therapy, addressing a significant unmet need in the 

treatment of cryptococcosis. 
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