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Abstract
Intracellular transport is an essential biological process that is highly conserved throughout the
eukaryotic organisms. In fungi, adaptor proteins implicated in the endocytic cycle of endocytosis
and exocytosis were found to be important for growth, differentiation, and/or virulence. For
example, Saccharomyces cerevisiae Pan1 is an endocytic protein that regulates membrane
trafficking, the actin cytoskeleton, and signaling. In Cryptococcus neoformans, a multi-modular
endocytic protein, Cin1, was recently found to have pleiotropic functions in morphogenesis,
endocytosis, exocytosis, and virulence. Interestingly, Cin1 is homologous to human intersectin
ITSN1, but homologs of Cin1/ITSN1 were not found in ascomycetous S. cerevisiae and Candida
albicans, or zygomycetous fungi. Moreover, an Eps15 protein homologous to S. cerevisiae Pan1/
Ede1 and additional relevant protein homologs were identified in C. neoformans, suggesting the
existence of either a distinct endocytic pathway mediated by Cin1 or pathways by either Cin1 or/
and Pan1/Ede1 homologs. Whether and how the Cin1-mediated endocytic pathway represents a
unique role in pathogenesis or reflects a redundancy of a transport apparatus remains an open and
challenging question. This review discusses recent findings of endocytic adaptor proteins from
pathogenic fungi and provides a perspective for novel endocytic machinery operating in C.
neoformans. An understanding of intracellular trafficking mechanisms as they relate to
pathogenesis will likely reveal the identity of novel antifungal targets.
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Introduction to membrane trafficking
Membrane trafficking or intracellular transport is a cellular process by which membrane
materials containing proteins, lipids, and other macromolecules are shuttled between endo-
membrane compartments and the plasma membrane [1]. It fosters cellular functions such as
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the maintenance of cellular homeostasis and compartmental communications during nutrient
uptake and signal perception, which is important for the survival of eukaryotic organisms.
There are two major intracellular trafficking routes: endocytosis and exocytosis. Endocytosis
consists of an inward flux of endocytic vesicles from the plasma membrane, whereas
exocytosis is an outward flux of exocytic vesicles to the plasma membrane [2 – 6].

During endocytosis, plasma membrane proteins and lipids are internalized into vesicles and
then delivered to early endosomes. They are subsequently sent to late endosomes and
vacuoles for degradation, or, as in the case of certain protein receptors, may be recycled
back to the plasma membrane [5]. Endocytosis is a complex molecular process involving
clathrin and/or adaptor proteins, various protein and lipid kinases, phosphatases, and the
actin cytoskeleton. In higher eukaryotic cells, clathrin-dependent endocytosis involves the
formation of vesicles coated with clathrin, while clathrin-independent endocytosis involves
several internalization pathways that use an alternative protein coat or do not require a
protein coat for the formation of endocytic vesicles [5,7].

In exocytosis, the vesicles of early exocytic pathways can be formed similarly with
participation of coat proteins complex I (COPI) and II (COPII), which determine vesicle
specificity and target destinations [3]. COPI is involved in the trafficking of proteins within
the Golgi compartment and retrograde trafficking back to the endoplasmic reticulum (ER),
while COPII is involved in the trafficking of newly synthesized proteins from the ER to the
Golgi apparatus [8]. The final stage of vesicle trafficking is the fusion of secretory vesicles
to target plasma membrane, which is controlled by soluble N-ethylmaleimide-sensitive
factor attachment protein receptors (SNAREs) [3,9].

Altered membrane trafficking is thought to be the basis of several human diseases, such as
Down syndrome and Alzheimer's disease, which provides the impetus for gaining an
understanding of normal and abnormal cellular trafficking events. Fungi are fundamentally
comparable to, though less complex than, multicellular higher eukaryotes with respect to the
endomembrane system, which comprises the ER, the Golgi, endosomes, and lytic
compartments [10]. Not surprisingly, many genetically identified endocytic proteins in S.
cerevisiae have homologues in mammalian cells. Indeed, the study of membrane trafficking
in S. cerevisiae is not only providing mechanistic insights into mammalian cellular
trafficking events, but in other fungi as well. In filamentous and dimorphic fungi, either
pathogenic to host plants or saprophytic, intracellular transport is required for polarity
establishment, hyphal growth, and/or virulence. A wealth of information is available
detailing the roles of specific endocytic components in these fungi, such as Aspergillus
oryzae End4/Sla2, Fusarium graminearum End1 (a S. cerevisiae End3 homolog), and
Ustilago maydis Yup1[11 – 13]. In addition, there are also excellent reviews discussing roles
of endocytic transport in growth and pathogenicity of U. maydis [14,15]. Intracellular
transport, particularly the exocytotic route, has an established role in virulence attributes in
human fungal pathogens such as C. albicans and C. neoformans [16 – 26]. Despite this
importance, we are just beginning to decipher the constituents of the endocytic machinery
responsible for membrane trafficking in these pathogenic organisms.

In this review, we discuss recent discoveries in membrane trafficking of pathogenic fungi,
specifically the endocytic adaptor proteins involved in both endocytosis and exocytosis. We
emphasize recent findings from C. neoformans and compare them with a background of data
from model yeast S. cerevisiae and pathogenic yeast C. albicans. One significant feature of
the endocytic machinery in C. neoformans is that it differs from that of S. cerevisiae and C.
albicans. The significance of this distinction in functions and whether it plays a role in
virulence mechanisms of the fungus remains to be the subject of future investigations.
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Intracellular transport and endocytic proteins in Saccharomyces cerevisiae
The budding yeast S. cerevisiae remains one of few models in fungi in which membrane
trafficking, particularly endocytosis, has been examined. The availability of the lypophilic
styryl dye N-(3-triethylammoniumpropyl)-4-(p-diethylaminophenyl-hexatrienyl) pyridinium
dibromide (FM4-64) and seven transmembrane domain pheromone receptors, Ste2 and Ste3,
have allowed identification of various mutants whose characterization provided a scheme for
the endocytic pathway [27,28]. Many features of the pathway are surprisingly conserved in
those of mammalian systems, including clathrin and Eps15 protein homologs that function
in endocytosis and membrane trafficking [10,29,30]. In this pathway, clathrin assembly and
adaptor proteins are required. Clathrin and Eps15 homolog Ede1 are recruited to the
endocytic site along with additional proteins such as Ent1/Ent2, Yap1801/1802, and AP2
[31,32]. In addition, Las17/Bee1, an ortholog of the human Wiskott-Aldrich syndrome
protein (WASP) that activates the Arp2/3 complex to promote actin assembly, Sla2, an
actin-binding protein, and Pan1, a homolog of human Eps15 protein are also recruited.
Following complex formation with Vrp1, a Las17-interacting WIP homolog, and Bzz1, a
Las17-interacting synapsin homolog, actin assembly is initiated and class I myosin is
recruited. Finally, the coat module is internalized and, following coat/actin disassembly,
vesicles are released and fusion with early endosomes occurs [32,33].

Among proteins involved in coat protein assembly and vesicle formation and fusion, the
adaptor protein Pan1 appears to play a prominent role. Pan1 is an essential protein forming
the core of an endocytic complex, which is involved in both the internalization step of
endocytosis and the organization of the actin cytoskeleton [34,35]. Pan1 contains two N-
terminal Eps15 homology (EH) domains for binding with an Asn-Pro-Phe (NPF) motif
containing Ent1/2 and Yap1801/2 proteins [35]. It also binds to End3, an EH domain-
containing protein involved in the internalization step of endocytosis and is required for
actin cytoskeleton organization [36]. It has been suggested that the central coiled-coil region
mediates the formation of dimers or oligomers with either Pan1 itself or other coiled-coil
domain-containing proteins [35,37]. The carboxyl-terminal region is proline rich and can
bind with Src homolog 3 (SH3) and WW domain-containing proteins, such as Rsp5, an
ubiquitin protein ligase required for endocytosis [38,39]. Also involved in endocytosis is
Ede1, a protein containing three EH domains and genetically interacting with Pan1, End3,
and Rsp5 [40]. Based on multiple proteins that bind to Pan1 and their function, it was
surmised that Pan1 serves as an adaptor to regulate and coordinate the activities of the
endocytic and actin cytoskeleton machinery, which include clathrin coat assembly
(Yap1801/2 and Ede1 proteins), ubiquination (Rsp5), and actin regulation (End3) [35]. A
graphic illustration of the Pan1-mediated endocytic pathway involved in intracellular
trafficking of S. cerevisiae is shown in Fig. 1.

Secretory transport is linked to virulence of Candida albicans
Studies in S. cerevisiae have demonstrated the importance of intracellular transport in the
growth and differentiation of lower eukaryotic organisms. Additionally, characterizations of
Pan1 and Pan1-interacting proteins have revealed the complexity of the intracellular
transport event in unicellular yeasts. As secretory properties in particular have the propensity
to be linked to virulence, intracellular transport in medically important pathogenic fungi,
such as C. albicans and C. neoformans, has been the focus for several recent studies.

C. albicans is a commensal and the most frequent fungal pathogen of humans causing
infections of mucosal membranes and serious systemic diseases. The ability to cause the
disease is attributable to both the ability to undergo a reversible morphogenic transition from
yeast to hyphae and the ability to secrete lytic proteinases such as aspartic proteinases (see
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reviews in [41 – 44]). Both events are largely dependent on intracellular transport of
macromolecules, but knowledge about the details of intracellular trafficking remains
fragmented, particularly for the endocytic machinery that is involved in intracellular
transport.

Nevertheless, a number of studies primarily focusing on the secretory pathway showed that
vesicular proteins, constituents of the endosomal-sorting complexes required for transport
(ESCRT) pathway, and proteins involved in actin cytoskeleton organization, which are
largely conserved in those of S. cerevisiae, are important in the morphogenic transition,
intracellular trafficking, and virulence of C. albicans ([45] and reviewed by [46]).

Endocytosis was first described for C. albicans in 1990, when Basrai and colleagues
demonstrated the uptake of lucifer yellow (LY) by the fungus [47]. As with many other
molecular systems, S. cerevisiae has continued to serve as the model from which analogous
conclusions are derived. In a study of C. albicans ORFs whose homologs in S. cerevisiae are
involved in endocytosis, several genes encoding endocytic coat components, such as Ede1
and the adaptor protein Pan1, were found [48]. An actin-binding protein, Abp1, and a
marker for actin polymerization in cortical patches, Bzz1, that are involved in endocytosis of
C. albicans were also found [48 – 50]. C. albicans Ede1 is similar to yeast Ede1 by
containing three EH domains [48] and End3 is also similar to the yeast homolog that binds
to Pan1 [51]. Interestingly, whether Abp1 encodes an essential function or not remains
uncertain, as an ede1 mutant was viable [48,50]. In accordance with studies in yeast,
mutations of both alleles of Pan1 were not possible for C. albicans [48].

Also worth noting are the Sla2 and Sla1 proteins of C. albicans. S. cerevisiae Sla2 is a Pan1-
interacting protein that negatively regulates Pan1 activity [52]. The coiled-coil region of
Sla2 binds to Pan1 and inhibits its ability to activate Arp2/3-mediated actin nucleation [52].
It is not known whether the role of Sla2 on Pan1 also exists in C. albicans, but a recent study
showed a similar function for Sla2 in the regulation of cell cycle in both S. cerevisiae and C.
albicans [53]. The SH3 domain containing Sla1 protein is a cytoskeleton-binding protein of
S. cerevisiae and the yeast sla1 sla2 mutant is synthetically lethal [54]. A Sla1 homolog was
among three proteins recently identified from C. albicans that contain the SH3 domain [55].
Consistently, a sla1 mutant was found to be defective in hyphal growth, cytokinesis, and
vacuolar formation [55].

Endocytosis was found to have a role in the acquisition of hemoglobin-iron in C. albicans
[16]. Various vacuolar sorting proteins, such as Vps28 and Vps32 that are part of the
ESCRT complexes, small GTPases, such as Vps21 and Ypt72 are required for trafficking
through the prevacuolar compartment (PVC) and vacuole biogenesis, vacuolar ATPase
subunit Vma7, and bin-amphiphysin-rvs (BAR) domain proteins Rvs161 and Rvs167 are all
involved in endocytosis, hyphal transition, and virulence [17,19,22,56]. Deletion of C.
albicans Sur7, an S. cerevisiae Sur7 homolog that is found on eisosomes, affected plasma
membrane organization, endocytosis, and normal growth of yeast and hyphae [57].

Based on these findings, it is reasonable to hypothesize that the endocytic machinery
operating in C. albicans closely follows that of S. cerevisiae. The C. albicans endocytic
protein components and actin-related proteins involved in intracellular traffic, morphogenic
transition, and/or virulence, as well as their orthologs in S. cerevisiae are summarized in
Table 1.

Exosomal transport is linked to virulence of Cryptococcus neoformans
C. neoformans is an encapsulated yeast belonging to a class of fungi named basidiomycetes,
which is distinct from ascomycetous S. cerevisiae and C. albicans. Basidiomycetous fungi
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develop distinct dikaryotic mycelia or filaments with clamp connections and produce basidia
and basidiospores as a result of genetic cross [58]. C. neoformans infects primarily
immunocompromised individuals causing meningoencephalitis, which is fatal if left
untreated (see the review in [59]). This fungus employs a multifaceted virulence mechanism
involving the ability to produce an antiphagocytic polysaccharide capsule, the antioxidant
melanin pigment, and to secrete phospholipase B and urease (see the reviews in [59,60]).
Because of this, intracellular trafficking, particularly of those involving the secretory
pathways, was the recent focus for a number of studies, leading to identification of protein
components that suggests the existence of distinct, as well as conserved, intracellular
transport mechanisms.

The production of the polysaccharide capsule is one of the primary virulence factors and a
great array of references has illustrated its importance and likely mechanisms in the
virulence of the fungus [61,62]. Components of the capsule materials such as
glucuronoxylomannan (GXM) are synthesized in the endoplasmic reticulum system, similar
to proteins, and are then transported through the post trans Golgi network (TGN) to the
extracellular environment in the form of exosomes and vesicular bodies [63]. Lipids such as
glucosylceramide and enzymes such as laccases are also found in the extracellular vesicles
[64,65]. Additional studies have validated the presence of those vesicular bodies [66].
Moreover, a recent study provided genetic evidence indicating that the secretory transport of
GXM-containing vesicles follows the conserved secretory pathways demonstrated in S.
cerevisiae. In this study, the authors created a mutant strain of Sec4/Sav1 that resulted in
failed secretion and accumulation of GXM-containing exosomal vesicles [67]. The finding
of a conserved secretory pathway in C. neoformans was corroborated by studies of C.
neoformans Sec6, a homolog for the component of the exocyst complex in S. cerevisiae, and
vacuolar protein Vps41, which were also involved in regulation of exosomal transport of the
vesicular bodies containing laccase, phospholipases and other proteins [24,25]. These
studies demonstrated that secretory transport in C. neoformans is likely achieved through a
conserved mechanism, which also contributes to the virulence traits of the fungus.

Cin1 is a novel endocytic adaptor protein
Studies in S. cerevisiae have illustrated that intracellular transport, being endocytic or
exocytic, is comprised of highly organized events involving orchestrated functions of many
proteins, including Pan1 and others that link the endocytic cycle to actin cytoskeleton and
signaling [2,68]. A recent study of a novel multi-modular protein, Cin1, which is more
homologous to human intersectin ITSN1 than Pan1, has revealed a distinct key component
of the endocytic machinery in C. neoformans [26].

Intersectins are cytoplasmic membrane associated human proteins involved in membrane
trafficking, actin cytoskeleton maintenance, and signaling. The long-splicing variant,
ITSN1, is neuronal-specific and required for normal transport of synaptic vesicles. ITSN1
overexpression, as in the case of chromosome 21 trisomy, was linked to Alzheimer's disease
and Down syndrome [69]. ITSN1 contain two N-terminal EH domains, a central coiled-coil
region, five SH3 domains, a tandem RhoGEF (DH)-Plectrin homology (PH) domain motif,
and a C-terminal C2 domain that binds calcium [70,71]. The N-terminal EH and central
coiled-coil configurations are similar to Pan1 (E-value: 6.1e-26). The SH3 domains are
found in signaling proteins including phospholipases, tyrosine kinases, and Ras GTPase-
activating protein (GAP), Cdc24, and Cdc25 [72]. The DH domain is the structural
component of guanine nucleotide exchange factor (GEF) that activates Rho/Rac/Cdc42-like
small GTPases to control the actin dynamics, membrane trafficking and signaling [73 – 78],
whereas the PH domain occurs in proteins involved in intracellular signaling or as
constituents of the cytoskeleton [79 – 81].
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Cryptococcal intersectin homolog, Cin1, was identified in a search for protein partners of
Gib2, a Gβ-like/RACK protein homolog [26]. Similar to ITSN1, Cin1 contains an N-
terminal EH domain, a coiled-coil region, two SH3 domains, and a C-terminal DH-PH
domain. In contrast to ITSN1, Cin1 also has a unique WH2 domain, which is known in other
systems to bind to actin monomers and to be involved in the regulation of the actin
cytoskeleton [74,82 – 84], but lacks a C2 binding domain [26].

Cin1 encodes important functions as disruption of the CIN1 gene resulting in a wide array of
phenotypic defects. The cin1 mutant exhibited reduced growth rate at ambient temperature
and was nonviable at body temperature (37 °C). In addition, the mutant failed to respond to
the presence of pheromones by the opposite mating type and to undergo genetic cross [26].
Cytological examination revealed that the cin1 mutant was unable to undergo normal
cytokinesis separation thus appearing as clusters of multicellular structures, and the mutant
was unable to endocytose FM4-64, suggesting a defect in endocytic transport. The defect in
exocytosis was demonstrated by in vivo examination of a fluorescence-labeled laccase
fusion protein, DsRed-Lac1 [26]. Importantly, the cin1 mutant failed to display common
virulence traits such as capsule, melanin, and secretory proteins phospholipase B, urease,
and laccase [26]. In a murine model of cryptococcosis, freshly prepared cin1 cells, which
exhibited less severe multicellular structural defects, were infected via the nasal cavity of
mice. The cin1 mutant was verified to be present inside the lung following inoculation,
however, they were completely cleared by the host within 34 days (Whittington and Wang,
unpublished result), indicating that the cin1 mutant is avirulent.

Cin1 defines novel endocytic machinery of Cryptococcus neoformans
Characterization of Cin1 reveals its functions in both endocytosis (FM4-64 uptake) and
exocytosis (DsRed-Lac1 localization). This is highly analogous to functions of human
ITSN1 proteins. Moreover, Cin1 exists in two ITSN1-like isoforms due to the similar event
of alternate mRNA splicing: a 2004 amino acid long isoform (Cin1) and a 1282 amino acid
short isoform (Cin1s). Although the SH3 and DH-PH domains unique to Cin1 were found to
exhibit in vitro and in vivo functions, distinctions between Cin1 and Cin1s remain largely
unknown [26].

As S. cerevisiae Pan1 epitomizes fungal endocytic adaptor proteins, a comparison in domain
structures was made between Cin1 and Pan1. Cin1 and Pan1 both contain the EH domain at
the N-terminal (Cin1 has a single EH domain), but Cin1 has the WH2, SH3, and DH-PH
domains that are not present in Pan1. Proteins with domain structures similar to Cin1 were
not found in the S. cerevisiae genome (www.yeastgenome.org), indicating divergence in the
evolution of endocytic adaptor proteins between the two. However, it is intriguing as to how
and why C. neoformans retains a protein that is more homologous to humans than yeast. To
better understand such a conundrum, a search of available fungal genome databases for
homologs of either Cin1 or Pan1 was made. Unexpectedly, proteins homologous to Cin1 can
only be found in other members of basidiomycetous fungi, such as Ustilago maydis
(GenBank accession: XP_762160 or UM06013), Coprinopsis cinerea (GenBank accession:
XP_001839934), and Phanerochaete chrysosporium (GenBank accession: XP_001878432),
but not in ascomycetous including S. cerevisiae and C. albicans and deuteromycetous fungi.
Additionally, a EH domain-containing protein (GenBank accession: XP_567624) was
identified in C. neoformans to bear some similarities to either Pan1 or S. cerevisiae Ede1.
XP_567624 contains two N-terminal EH domains, a coiled-coil domain, and a proline-rich
(PR) domain similar to Pan1 (E-value: 2.5e-12). Conversely, its C-terminal ubiquitin-
associated (UBA) domain and the centrally located PR domain mimic S. cerevisiae Ede1 (E-
value: 7.1e-29) [40]. Moreover, proteins homologous to S. cerevisiae Arp2/Arp3 (GenBank
accessions: XP_572870/XP_570501), Rsp5 (GenBank accession: XP_572216), and Sla2/
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Sla2 (GenBank accession: XP_570853/XP_572163), which are components of the S.
cerevisiae Pan1 endocytic pathway, and homologs of actin-related proteins were also present
in the C. neoformans genome (Table 1). Thus, it is likely that a pathway similar to Pan1
operates to regulate membrane trafficking and the actin cytoskeleton in this fungus. If
functional characterization of XP_567624 reveals that it is analogous to yeast Ede1, not
Pan1, Cin1 may provide a `Pan1' function through its EH, coiled-coil, and other domains.
Cin1 and XP_567624 form a large protein complex regulating the endocytic cycle of
endocytosis and exocytosis, as well as coupling both events to the actin cytoskeleton
organization and signaling though its multi-domains. Further functional dissections of
XP_567624, along with continual characterization of Cin1, are therefore necessary.
Regardless, current findings provide compelling evidence supporting that C. neoformans has
evolved a major endocytic adaptor protein that not only shares functions of S. cerevisiae
Pan1 but also functions of human ITSN1. The putative endocytic pathway mediated by the
adaptor protein Cin1 is depicted in Fig. 2.

Concluding remarks
Intracellular trafficking is a conserved cellular process essential for biological functions of
all eukaryotic cells. In pathogenic fungi, it also introduces new functions associated with the
organism's ability to cause diseases. Whether the endocytic process, such as signal
perception, nutrient uptake, and ion homeostasis, or the secretory transport of vesicular
bodies containing virulence constituents (virulence cargo), or both play a role in virulence
remains to be further studied and identified. The multi-functional role of Cin1 underscores
the importance of endocytic proteins in physiology and virulence of fungi such as C.
neoformans. Studies to further dissect additional proteins that interact with Cin1 and to
delineate the significance of these interactions will further reveal the importance of Cin1.
Thus, the identification of Cin1 marks a key step in our understanding of novel endocytic
machinery required for membrane trafficking, which will facilitate the understanding of
virulence mechanisms in C. neoformans.
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Fig. 1.
In Saccharomyces cerevisiae, Pan1 associates through its N-terminus with Sla1, which binds
to End3. Pan1 also interacts with End3 through its EH domains to be recruited to cortical
actin cytoskeleton. Pan1 interacts through EH domains with Ent1/2 and Yap1801/2, which
bind to Clathrin, to regulate endocytosis. Additionally, Pan1 activates actin patch
polymerization through binding of its C-terminal A domain to the Arp2/3 complex.
Moreover, Pan1 associates through its proline-rich (PR) domain with type I Myosin Myo3/5
and SH3 domains, contributing to the late stage of endocytosis. Sla1 inhibits the function of
Las17/Bee1, a Wiskott-Aldrich Syndrome Protein (WASP) homologue, which activates the
Arp2/3 complex to initiate the branch filament actin assembly [32,34,35,104,105]. EH,
Eps15 homology; α-helix, α-helical coiled-coil domain; A, acidic domain; PR, proline rich
domain.
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Fig. 2.
In Cryptococcus neoformans, Cin1 has a pleiotropic function through associations with
multiple proteins. Cin1 is hypothesized to interact with Eps15, epsin, and clathrin homologs
through the EH domain to mediate endocytosis. The putative A domain binds to the Arp2/3
complex, promoting the extension of the branched actin filaments, and the monomeric actin
binds to WH2 to supply the globular actin. These two processes contribute to endocytosis.
Through SH3 domains, Cin1 interacts with and activates Wsp1, leading to the assembly of
actin patches. Wsp1 is also activated at the same time by binding of Cdc42 to its GBD
domain. Additionally, Cin1 functions as a GEF for Cdc42 and activated Cdc42 binds formin
to regulate the assembly of actin cables. Moreover, Cin1 could bind to dynamin proteins
through the SH3 domain to regulate the actin cytoskeleton. The signifi cance of Cin1
interacting with Gib2 remains to be determined. Solid arrows indicate experimentally
demonstrated interactions, while dotted arrows suggest potential interactions based on
studies of other model organisms ([26] and Shen et al., manuscript in preparation). EH,
Eps15 homology; α-helix, α-helical coiled-coil domain; A, acidic domain; WH2, WASP
homology 2; SH3, Src homology 3; DH, Rho-GEF domain; PH, Plectrin homology; PI,
phosphoinositides.
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Table 1

Endocytosis-related proteins in Saccharomyces cerevisiae, Candida albicans, and Cryptococcus neoformans.

S. cerevisiae protein
[reference] Proposed function C. albicans ortholog

[reference]
C. neoformans ortholog
[reference]*

Endocytic coat component

 Chc1 [82] Stabilization of membrane curvature XP_710836 XP_567407

 Clc1 [82] Binding clathrin and recruiting other coat
proteins XP_722811 XP_572797

 Ede1 [40] Binding Ent proteins and ubiquitin Cta3 [48] XP_567624

 Ent1 [31, 32] Binding clathrin, part of coat complex XP_722494 XP_570888

 Ent2 [31, 32] Binding clathrin, part of coat complex no homolog

 End3 [36] Binding Pan1 and recruiting Sla1 End3 [51] no homolog

 Pan1 [34, 35] Binding Clc1, Yap180 and activating Arp2/3 Pan1 [48] Cin1 [limited similarity, 26]

 Sla1 [32, 33] Binding cargo and inhibiting Las17 Sla1 [55] XP_571337

 Sla2 [32, 33] Coupling actin to vesicle coat Sla2 [52] XP_570853

 YAP1801 [31, 32] Clathrin coat assembly, binding clathrin and
Pan1 XP_712638 XP_572163

 YAP1802 [31, 32] Clathrin coat assembly, binding clathrin and
Pan1 XP_774414

Actin related protein

 Abp1 [83] Binding actln to coat and recruiting regulatory
kinases Ark1 and Prk1 Abp [48] same as XP_570077

 Arf3 [84] Regulating PIP2 levels and actin Arf3 [85] XP_568186

 Arp2 [86] Part of the machinery of branching filament
actin Arp2 [87] XP_572870

 Arp3 [86] Part of the machinery of branching filament
actin Arp3 [87] XP_570501

 Bbc1 [88] Inhibiting Las17 Bbc1 [55] XP_570166

 Bzz1 [89] Binding to Las17 and myosin Bzz1 [48] XP_570077

 Cap1, Cap2 [90] Funnelling monomer to growing actin filament
ends XP_717926, XP_722814 XP_569038, XP_569217

 Cof1 [91] Depolymerizing actin filaments EEQ46087 XP_569980

 Las17 [92] Activating Arp2/3 complex to iniate branch
actin filament Wal1 [93] Wsp1 [Shen et al.,

unpublished]

 Myo3, Myo5 [94] Arp2/3 activation, actin motor for invagination,
and vesicle scission Myo5 [95] XP 568008

 Rvs161/Rvs167 [96] Vesicle scission Rvs161/Rvs167 [22] XP_568976

 Sac6 [97] Bundling and cross-linking actin Sac6 XP_567345

 Scp1 [98] Bundling and cross-linking actin Scp1 no homolog

 Vps1 [99] Sla1 binding and actin organization Vps1 [20] XP_566870

 Vrp1 [100] Regulation of type 1 myosins Vrp1 [33] no homolog

 Ysc84 [101] Binds to Las17 and increases rate of actin
polymerization EEQ45902 XP_571248

Other protein

 Ark1 [102] Kinase regulating disassembly of the endocytic
coat Ark1 [103] XP_569322

 Prk1 [102] Kinase regulating disassembly of the endocytic
coat no homolog
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*
All are putative, with the exception of Cin1 and Wsp1.
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