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Preliminary Datasets:

Ace2

Acol

Actl

Alsl

Als3

Arr3

Atp6

1. Kelly MT, MacCallum DM, Clancy SD, Odds
FC, Brown AJ, Butler G. The Candida albicans
CaACE2 gene affects morphogenesis, adherence
and virulence. Molecular microbiology. 2004
Aug;53(3):969-83.

2. Mulhern SM, Logue ME, Butler G. Candida
albicans transcription factor Ace2 regulates
metabolism and is required for filamentation in
hypoxic conditions. Eukaryotic cell. 2006
Dec;5(12):2001-13.

Lan CY, Rodarte G, Murillo LA, Jones T, Davis
RW, Dungan J, Newport G, Agabian N.
Regulatory networks affected by iron availability
in Candida albicans. Molecular microbiology.
2004 Sep;53(5):1451-69.

Singh RP, Prasad HK, Sinha I, Agarwal N,
Natarajan K. Cap2-HAP complex is a critical
transcriptional regulator that has dual but
contrasting roles in regulation of iron homeostasis
in Candida albicans. Journal of Biological
Chemistry. 2011 Jul 15;286(28):25154-70.

Nobile CJ, Schneider HA, Nett JE, Sheppard DC,
Filler SG, Andes DR, Mitchell AP.
Complementary adhesin function in C. albicans
biofilm formation. Current biology. 2008 Jul
22:18(14):1017-24.

Cleary IA, Reinhard SM, Miller CL, Murdoch C,
Thornhill MH, Lazzell AL, Monteagudo C,
Thomas DP, Saville SP. Candida albicans adhesin
Als3p is dispensable for virulence in the mouse
model of disseminated candidiasis. Microbiology.
2011 Jun;157(6):1806-15.

Murad AM, d'Enfert C, Gaillardin C, Tournu H,
Tekaia F, Talibi D, Marechal D, Marchais V,
Cottin J, Brown AJ. Transcript profiling in
Candida albicans reveals new cellular functions
for the transcriptional repressors CaTupl, CaMigl
and CaNrgl. Molecular microbiology. 2001
Nov;42(4):981-93.

Joers P, Gerhold JM, Sedman T, Kuusk S, Sedman
J. The helicase CaHmi1p is required for wild-type
mitochondrial DNA organization in Candida
albicans. FEMS yeast research. 2007 Jan
1;7(1):118-30.

Transcription factor; similar to S. cerevisiae Ace2
and Swib5; regulates morphogenesis, cell
separation, adherence, virulence in a mice; mutant
is hyperfilamentous; rat catheter and Spider
biofilm induced

Aconitase; induced in high iron; 2 upstream
CCAAT motifs; amino acid starvation (3-AT),
amphotericin B, phagocytosis, farnesol induced;
Hap43, fluconazole-repressed; Gcen4-regulated;
antigenic in infection; flow and Spider biofilm
repressed

Actin; gene has intron; transcript regulated by
growth phase, starvation; at polarized growth site
in budding and hyphal cells; required for wild-type
Cdc42 localization; unprocessed N terminus;
Hap43-induced; Spider biofilm repressed

Cell-surface  adhesin; adhesion, virulence,
immunoprotective roles; band at hyphal base;
Rfgl, Sski, Spider biofilm induced; flow model
biofilm repressed; CAI-4 strain background
effects; promoter bound Berl, Tecl, Efgl, Ndt80,
and Brgl

Cell wall adhesin; epithelial adhesion, endothelial
invasion; alleles vary in adhesiveness;
immunoprotective in mice; binds SspB adhesin of
S. gordonii in mixed biofilm; induced in/required
for Spider biofilm; flow model biofilm repressed

Ortholog of S. cerevisiae Arr3; arsenite transporter
of the plasma membrane required for resistance to
arsenic compounds; benomyl-induced; Gcn4-
regulated; Hap43-repressed; mutant is viable;
Spider biofilm induced

Subunit 6 of the FO sector of mitochondrial F1FO
ATP synthase, which is a large, evolutionarily
conserved enzyme complex required for ATP
synthesis



Bck1l

Berl

Beyl

Bem1l

1. Monge RA, Roman E, Nombela CP, Pla J. The
MAP kinase signal transduction network in
Candida  albicans. Microbiology. 2006
Apr;152(4):905-12.

2. Blankenship JR, Fanning S, Hamaker JJ,
Mitchell AP. An extensive circuitry for cell wall
regulation in Candida albicans. PLoS pathogens.
2010 Feb 5;6(2):1000752.

1. Nobile CJ, Mitchell AP. Regulation of cell-
surface genes and biofilm formation by the C.
albicans transcription factor Bcrlp. Current
Biology. 2005 Jun  21;15(12):1150-5.
2. Srikantha T, Daniels KJ, Pujol C, Kim E, Soll
DR. Identification of genes upregulated by the
transcription factor Bcrl that are involved in
impermeability, impenetrability, and drug
resistance of Candida albicans a/o. biofilms.
Eukaryotic cell. 2013 Jun;12(6):875-88.

1. Ding X, Cao C, Zheng Q, Huang G. The
regulatory subunit of protein kinase A (Bcyl) in
Candida albicans plays critical roles in
filamentation and white-opaque switching but is
not essential for cell growth. Frontiers in
Microbiology. 2017 Jan 5,7:2127.
2. Giacometti R, Souto G, Silberstein S, Giasson
L, Cantore ML, Passeron S. Expression levels and
subcellular localization of Bcylp in Candida
albicans mutant strains devoid of one BCY1 allele
results in a defective morphogenetic behavior.
Biochimica et Biophysica Acta (BBA)-Molecular
Cell Research. 2006 Jan 1;1763(1):64-72.

1.Bassilana M, Blyth J, Arkowitz RA. Cdc24, the
GDP-GTP exchange factor for Cdc42, is required
for invasive hyphal growth of Candida albicans.
Eukaryotic cell. 2003 Feb;2(1):9-18.
2.Zhou Z, Liu HP, Chen JY. Cloning of Candida
albicans CaBEM1 and its role in filamentous
growth of Saccharomyces cerevisiae. Sheng wu
hua xue yu Sheng wu wu li xue bao Acta
Biochimica et Biophysica Sinica. 2002 Sep
1;34(5):553-9.

Ortholog of S. cerevisiae Bckl; MAP Kkinase
kinase kinase of cell integrity pathway; mutant is
hypersensitive to caspofungin

Transcription factor; regulates a/alpha biofilm
formation, matrix, cell-surface-associated genes;
confers adherence, impermeability,
impenetrability, fluconazole resistance;
Tupl/Tecl/Mnll-regulated; mRNA binds She3;
Spider biofilm induced

Protein kinase A regulatory subunit; involved in
regulation of filamentation, phenotypic switching
and mating; required for nuclear localization of
Tpk1; physically interacts with Tpk1; apoptosis-
regulated

Protein required for wild-type budding, hyphal
growth, and virulence in a mouse systemic
infection;  suppresses  pseudohyphal  and
filamentous growth defects of various S.
cerevisiae mutants and heat sensitivity of S.
cerevisiae cdc24-4 mutant



Bem?2

Bem3

Bmhl

Bnil

Bnrl

Brgl

Nobile CJ, Fox EP, Nett JE, Sorrells TR,
Mitrovich QM, Hernday AD, Tuch BB, Andes
DR, Johnson AD. A recently evolved
transcriptional ~ network  controls  biofilm
development in Candida albicans. Cell. 2012 Jan
20;148(1):126-38.

Court H, Sudbery P. Regulation of Cdc42 GTPase
activity in the formation of hyphae in Candida
albicans. Molecular biology of the cell. 2007
Jan;18(1):265-81.

1. Cognetti D, Davis D, Sturtevant J. The Candida
albicans 14-3-3 gene, BMHI, is essential for
growth. Yeast. 2002 Jan 15;19(1):55-67.
2. Palmer GE, Johnson KJ, Ghosh S, Sturtevant J.
Mutant alleles of the essential 14-3-3 gene in
Candida albicans distinguish between growth and
filamentation. Microbiology. 2004
Jun;150(6):1911-24.

Li CR, Wang YM, De Zheng X, Liang HY, Tang
JC, Wang Y. The formin family protein CaBnilp
has a role in cell polarity control during both yeast
and hyphal growth in Candida albicans. Journal of
cell science. 2005 Jun 15;118(12):2637-48.

Li CR, Wang YM, De Zheng X, Liang HY, Tang
JC, Wang Y. The formin family protein CaBnilp
has a role in cell polarity control during both yeast
and hyphal growth in Candida albicans. Journal of
cell science. 2005 Jun 15;118(12):2637-48.

1. Srikantha T, Daniels KJ, Pujol C, Kim E, Soll
DR. Identification of genes upregulated by the
transcription factor Bcrl that are involved in
impermeability, impenetrability, and drug
resistance of Candida albicans a/o. biofilms.
Eukaryotic ~ cell. 2013  Jun;12(6):875-88.
2.LuY, SuC, LiuH. A GATA transcription factor
recruits Hdal in response to reduced Torl
signaling to establish a hyphal chromatin state in
Candida albicans. PLoS pathogens. 2012 Apr
19;8(4):1002663.

Putative Rholp GTPase activating protein (GAP);
serum-induced transcript; Spider biofilm induced;
flow model biofilm repressed

Putative GTPase-activating protein (GAP) for
Rho-type GTPase Cdc42p; involved in cell
signaling pathways that control cell polarity;
similar to S. cerevisiae Bem3p

Sole 14-3-3 protein in C. albicans; role in hyphal
growth; possibly regulated by host interaction;
localizes to yeast-form cell surface, not hyphae;
alternatively spliced 5' UTR intron; Spider biofilm
repressed

Formin; role in cytoskeletal organization, cell
polarity; role in systemic virulence in mouse; cell-
cycle regulated localization to site of polarized
growth, bud neck; localizes to Spitzenkorper of
hyphae, minor localization at septum

Formin; probable role in hyphal cytoskeletal
polarity; synthetic lethality if Bnrlp and Bnilp are
absent

Transcription factor; recruits Hdal to hypha-
specific  promoters; Tn mutation affects
filamentation; Hap43-repressed; Spider and flow
model biofilm induced; required for Spider
biofilm formation; Bcrl-repressed in RPMI a/a
biofilms



Capl

Catl

Cccl

1. Cao Y, Wang Y, Dai B, Wang B, Zhang H, Zhu
Z, XuY, Cao Y, Jiang Y, Zhang G. Trehalose is
an important mediator of Caplp oxidative stress
response in Candida albicans. Biological and
Pharmaceutical Bulletin. 2008 Mar 1;31(3):421-5.
2. Mogavero S, Tavanti A, Senesi S, Rogers PD,
Morschhduser J. Differential requirement of the
transcription factor Mcm1 for activation of the
Candida albicans multidrug efflux pump MDR1
by its regulators Mrrl and Capl. Antimicrobial
agents and chemotherapy. 2011 May;55(5):2061-
6.

3. Wang Y, Cao YY, Jia XM, Cao YB, Gao PH,
Fu XP, Ying K, Chen WS, Jiang YY. Caplp is
involved in multiple pathways of oxidative stress
response in Candida albicans. Free Radical
Biology and Medicine. 2006 Apr 1;40(7):1201-9.

1. Garcia-Sénchez S, Mavor AL, Russell CL,
Argimon S, Dennison P, Enjalbert B, Brown AJ.
Global roles of Ssn6 in Tupl-and Nrgl-dependent
gene regulation in the fungal pathogen, Candida
albicans. Molecular biology of the cell. 2005
Jun;16(6):2913-25.

2. Bensen ES, Martin SJ, Li M, Berman J, Davis
DA. Transcriptional profiling in Candida albicans
reveals new adaptive responses to extracellular pH
and functions for Rim10lp. Molecular
microbiology. 2004 Dec;54(5):1335-51.
3. Role of the Hog1 stress-activated protein kinase
in the global transcriptional response to stress in
the fungal pathogen Candida albicans. Mol Biol
Cell 17(2):1018-32

1. Chen C, Pande K, French SD, Tuch BB, Noble
SM. An iron homeostasis regulatory circuit with
reciprocal roles in  Candida  albicans
commensalism and pathogenesis. Cell host &
microbe. 2011 Aug 18;10(2):118-35.
2. Singh RP, Prasad HK, Sinha I, Agarwal N,
Natarajan K. Cap2-HAP complex is a critical
transcriptional regulator that has dual but
contrasting roles in regulation of iron homeostasis
in Candida albicans. Journal of Biological
Chemistry. 2011 Jul 15;286(28):25154-70.

AP-1 DbZIP transcription factor; apoptotic,
oxidative stress response/resistance, multidrug
resistance; nuclear in  oxidative  stress;
complements S. cerevisiae yapl mutant;
oralpharyngeal candidasis-, human neutrophil,
Spider biofilm induced

Catalase; resistance to oxidative  stress,
neutrophils, peroxide; role in virulence; regulated
by iron, ciclopirox, fluconazole, carbon source,
pH, Rim101, Ssn6, Hogl, Hap43, Sful, Sefl,
farnesol, core stress response; Spider biofilm
induced

Manganese transporter; required for normal
filamentous growth; mRNA binds She3, localized
to hyphal tips; repressed by NO, alkaline pH;
colony morphology-related regulation by Ssn6;
regulated by Sefl, Sful, Hap43; Spider biofilm
induced



Cch1l

Cdc24

Cdc28

Cdc42

1. Brand A, Lee K, Veses V, Gow NA. Calcium
homeostasis is required for contact-dependent
helical and sinusoidal tip growth in Candida
albicans hyphae. Molecular Microbiology. 2009
Mar;71(5):1155-64. 2.
Brand A, Shanks S, Duncan VM, Yang M,
Mackenzie K, Gow NA. Hyphal orientation of
Candida albicans is regulated by a calcium-
dependent mechanism. Current Biology. 2007 Feb
20;17(4):347-52.

1. Bassilana M, Blyth J, Arkowitz RA. Cdc24, the
GDP-GTP exchange factor for Cdc42, is required
for invasive hyphal growth of Candida albicans.
Eukaryotic cell. 2003 Feb;2(1):9-18.
2. Cheng S, Clancy CJ, Checkley MA, Handfield
M, Hillman JD, Progulske-Fox A, Lewin AS,
Fidel PL, Nguyen MH. Identification of Candida
albicans genes induced during thrush offers insight
into pathogenesis. Molecular Microbiology. 2003
Jun;48(5):1275-88.

3. Bassilana M, Hopkins J, Arkowitz RA.
Regulation of the Cdc42/Cdc24 GTPase module
during Candida albicans hyphal growth.
Eukaryotic cell. 2005 Mar;4(3):588-603.

1. Umeyama T, Kaneko A, Niimi M, Uehara Y.
Repression of CDC28 reduces the expression of
the morphology-related transcription factors,
Efglp, Nrglp, Rbflp, Rim101p, Fkh2p and Teclp
and induces cell elongation in Candida albicans.
Yeast. 2006 May;23(7):537-52.

1. Lash E, Prudent V, Stogios PJ, Savchenko A,
Noble SM, Robbins N, Cowen LE. Ent2 Governs
Morphogenesis and Virulence in Part through
Regulation of the Cdc42 Signaling Cascade in the
Fungal Pathogen Candida albicans. Mbio. 2023
Apr 25;14(2):e03434-22.
2. Kowalewski GP, Wildeman AS, Bogliolo S,
Besold AN, Bassilana M, Culotta VC. Cdc42
regulates reactive oxygen species production in
the pathogenic yeast Candida albicans. Journal of
Biological Chemistry. 2021 Aug 1;297(2).

Voltage-gated Ca2+ channel of the high affinity
calcium uptake system; roles in thigmotropism,
establishment of galvanotropism; transcript
regulated by Nrgl and Mig1; flow model biofilm
repressed

GDP-GTP exchange factor for Cdc42p;
phosphorylated; required for maintenance of
hyphal growth; misexpression blocks hyphal
growth and causes avirulence in a mouse model of
systemic infection; antigenic during human oral
infection

Cyclin-dependent protein Kkinase; interacts with
regulatory subunit Cybl; determination of cell
morphology during the cell cycle; phosphorylated
mostly by Swel and phosphorylation is regulated
by Hsl1; 5'-UTR intron; Spider biofilm repressed

Rho-type GTPase; required for budding and
maintenance of hyphal growth; GGTase |
geranylgeranylated; misexpression blocks hyphal
growth, causes avirulence in mouse IV infection;
shows actin-dependent localization to hyphal tip



Cek1l

Cek2

Corl

1. Wagner AS, Lumsdaine SW, Mangrum MM,
King AE, Hancock TJ, Sparer TE, Reynolds TB.
Cekl regulates ss (1, 3)-glucan exposure through
calcineurin effectors in Candida albicans. PLoS
Genetics. 2022  Sep  19;18(9):e1010405.
2. Xie Y, Hua H, Zhou P. Magnolol as a potent
antifungal agent inhibits Candida albicans
virulence factors via the PKC and Cekl MAPK
signaling pathways. Frontiers in Cellular and
Infection Microbiology. 2022 Jul 22;12:935322.
3. Chen H, Zhou X, Ren B, Cheng L. The
regulation of hyphae growth in Candida albicans.
Virulence. 2020 Dec 31;11(1):337-48.

1. Chen H, Zhou X, Ren B, Cheng L. The
regulation of hyphae growth in Candida albicans.
Virulence. 2020 Dec  31;11(1):337-48.
2. Correia I, Prieto D, Roman E, Wilson D, Hube
B, Alonso-Monge R, Pla J. Cooperative Role of
MAPK Pathways in the Interaction of Candida
albicans  with  the  Host  Epithelium.
Microorganisms. 2019 Dec  25;8(1):48.
3. Correia |, Roman E, Prieto D, Eisman B, Pla J.
Complementary roles of the Cek1 and Cek2 MAP
kinases in Candida albicans cell-wall biogenesis.
Future Microbiology. 2016 Jan 1;11(1):51-67.

1. Kusch H, Engelmann S, Bode R, Albrecht D,
Morschhéuser J, Hecker M. A proteomic view of
Candida albicans yeast cell metabolism in
exponential and stationary growth phases.
International Journal of Medical Microbiology.
2008 Apr 1;298(3-4):291-318.
2. Cho T, Sudoh M, Tanaka T, Nakashima Y,
Chibana H, Kaminishi H. Isolation and expression
of a gene (CGR1) regulated during the yeast-
hyphal transition in Candida albicans. Biochimica
et Biophysica Acta (BBA)-Gene Structure and
Expression. 2001 Jan 26;1517(2):288-92.

ERK-family protein kinase; required for wild-type
yeast-hypha switch, mating efficiency, virulence
in mice; Cst20-Hst7-Cek1-Cphl MAPK pathway
regulates mating, and invasive hyphal growth
under some conditions; Spider biofilm induced

MAP kinase required for wild-type efficiency of
mating; component of the signal transduction
pathway that regulates mating; ortholog of S.
cerevisiae Fus3; induced by Cphl, pheromone;
transposon mutation affects filamentous growth

Negative regulator of yeast-form growth; HSP70
family member; induced by growth cessation at
yeast-hyphal transition or in planktonic growth;
physically interacts with Msi3p; similar to rat anti-
aging gene, SMP30, stationary phase enriched



Cla4

Clb2

Clb4

Cmpl

1. Gil-Bona A, Parra-Giraldo CM, Herndez ML,
Reales-Calderon JA, Solis NV, Filler SG,
Monteoliva L, Gil C. Candida albicans cell
shaving uncovers new proteins involved in cell
wall integrity, yeast to hypha transition, stress
response and host—pathogen interaction. Journal of
proteomics. 2015 Sep 8;127:340-51.
2.Kramara J, Kim MJ, Ollinger TL, Ristow LC,
Wakade RS, Zarnowski R, Wellington M, Andes
DR, Mitchell AG, Krysan DJ. Systematic analysis
of the Candida albicans kinome reveals
environmentally  contingent protein  kinase-
mediated regulation of filamentation and biofilm
formation in vitro and in vivo. mBio. 2024 Aug
14;15(8):e01249-24.

1. Bensen ES, Clemente-Blanco A, Finley KR,
Correa-Bordes J, Berman J. The mitotic cyclins
Clb2p and Clb4p affect morphogenesis in Candida
albicans. Molecular biology of the cell. 2005
Jul;16(7):3387-400. 2.
Cdc28 provides a molecular link between Hsp90,
morphogenesis, and cell cycle progression in
Candida albicans. Mol Biol Cell 23(2):268-83

1. Ofir A, Kornitzer D. Candida albicans cyclin
Clb4 carries S-phase cyclin activity. Eukaryotic
Cell. 2010 Sep;9(9):1311-9.
2. Bensen ES, Clemente-Blanco A, Finley KR,
Correa-Bordes J, Berman J. The mitotic cyclins
Clb2p and Clb4p affect morphogenesis in Candida
albicans. Molecular biology of the cell. 2005
Jul;16(7):3387-400.

1.LuH, Zhu Z, Dong L, Jia X, Sun X, Yan L, Chai
Y, Jiang Y, Cao Y. Lack of trehalose accelerates
H202-induced Candida albicans apoptosis
through regulating Ca2+ signaling pathway and
caspase activity. PLoS One. 2011 Jan
5;6(1):e15808. 2.
Hameed S, Dhamgaye S, Singh A, Goswami SK,
Prasad R. Calcineurin signaling and membrane
lipid homeostasis regulates iron mediated
multidrug resistance mechanisms in Candida
albicans. PloS one. 2011 Apr 12;6(4):e18684.

Ste20p family Ser/Thr kinase required for wild-
type filamentous growth, organ colonization and
virulence in mouse systemic infection; role in
chlamydospore formation; functional homolog of
S. cerevisiae Cla4p; mutant caspofungin sensitive

B-type mitotic cyclin (cyclin-dependent protein
kinase regulatory subunit); essential; required for
wild-type mitotic exit; role in cell polarization;
interacts with catalytic subunit Cdkl; Spider
biofilm repressed

B-type mitotic cyclin; nonessential; negative
regulator of pseudohyphal growth; dispensible for
mitotic exit, cytokinesis; Fkh2-represed; flow
model biofilm repressed; farnesol-upregulated in
biofilm; reduced total RNA in clb4 mutant

Catalytic subunit of calcineurin  (Ca[2+]-
calmodulin-regulated S/T protein phosphatase);
required for wild-type virulence, resistance to high
pH, Na(+), Li(+), Mn(2+), and fluconazole
tolerance; micafungin is fungicidal to null mutant



Cnbl

Cox1

Cphl

Cph2

Shapiro RS, Robbins N, Cowen LE. Regulatory
circuitry governing fungal development, drug
resistance, and disease. Microbiology and
molecular biology reviews. 2011 Jun;75(2):213-
67.

1. Jung PP, Schacherer J, Souciet JL, Potier S,
Wincker P, De Montigny J. The complete
mitochondrial genome of the yeast Pichia
sorbitophila. FEMS yeast research. 2009 Sep
1;9(6):903-10. 2.
Athikomkulchai S, Prawat H, Thasana N,
Ruangrungsi N, Ruchirawat S. COX-1, COX-2
inhibitors and antifungal agents from Croton
hutchinsonianus. Chemical and pharmaceutical
bulletin. 2006;54(2):262-4. 3.
Yu X, MaoY, Li G, Wu X, Xuan Q, Yang S, Chen
X, Cao Q, Guo J, Guo J, Wu W. Alpha-Hemolysin
from Staphylococcus aureus Obstructs Yeast-
Hyphae Switching and Diminishes Pathogenicity
in Candida albicans. Journal of Microbiology.
2023 Feb;61(2):233-43.

1. Wagner AS, Hancock TJ, Lumsdaine SW,
Kauffman SJ, Mangrum MM, Phillips EK, Sparer
TE, Reynolds TB. Activation of Cph1 causes ss (1,
3)-glucan unmasking in Candida albicans and
attenuates virulence in mice in a neutrophil-
dependent manner. PLoS Pathogens. 2021 Aug
25;17(8):1009839. 2.
Kumpakha R, Gordon DM. Inhibition of
morphological transition and hyphae extension in
Candida spp. by occidiofungin. Journal of Applied
Microbiology. 2022 Apr 1;132(4):3038-48.

1. Lane, S., Di Lena, P., Tormanen, K., Baldi, P.
and Liu, H., 2015. Function and regulation of
Cph2in Candlda albicans. Eukaryotic cell, 14(11)
pp.1114-1126.

Kornitzer D. Regulation of Candida alblcans
hyphal morphogenesis by endogenous signals.
Journal of Fungi. 2019 Feb 28;5(1):21.

Regulatory subunit of calcineurin B (Ca[2+]-
calmodulin-regulated S/T protein phosphatase);
required for wild-type resistance to fluconazole or
to SDS; micafungin is fungicidal to null mutant

Subunit | of cytochrome c oxidase, which is the
terminal member of the mitochondrial (mt) inner
membrane electron transport chain; one of three
mt-encoded subunits; alternatively  spliced
transcripts encode 4  putative  splicing
endonucleases

Transcription  factor involved in  mating,
filamentation on solid media, and pheromone-
stimulated biofilms; in a pathway with ESS1 and
CZF1; required with EFG1 for host cytokine
response; rat cathether biofilm repressed

Myc-bHLH transcription factor; promotes hyphal
growth; directly regulates Tecl to induce hypha-
specific ~ genes; probably  homodimeric,
phosphorylated; required for colonization of the
mouse Gl tract; rat catheter and Spider biofilm
induced



Crhl1

Crzl

Csrl

1. Liu Y, Solis NV, Heilmann CJ, Phan QT,
Mitchell AP, Klis FM, Filler SG. Role of
retrograde trafficking in stress response, host cell
interactions, and virulence of Candida albicans.
Eukaryotic  cell. 2014  Feb;13(2):279-87.
2. Ene IV, Walker LA, Schiavone M, Lee KK,
Martin-Yken H, Dague E, Gow NA, Munro CA,
Brown AJ. Cell wall remodeling enzymes
modulate fungal cell wall elasticity and osmotic
stress resistance. MBio. 2015 Sep 1;6(4):10-128.
3. Ballou ER, Avelar GM, Childers DS, Mackie J,
Bain JM, Wagener J, Kastora SL, Panea MD,
Hardison SE, Walker LA, Erwig LP. Lactate
signalling regulates fungal B-glucan masking and
immune evasion. Nature microbiology. 2016 Dec
12;2(2):1-9.

1. Jiang L, Xu H, Wei M, Gu Y, Yan H, Pan L,
Wei C. Transcriptional expression of PHR2 is
positively controlled by the calcium signaling
transcription factor Crz1 through its binding motif
in the promoter. Microbiology Spectrum. 2024 Jan
11;12(1):e01689-23. 2.
Jiang L, Xu H, Gu Y, Wei L. A glycosylated Phrl
protein is induced by calcium stress and its
expression is positively controlled by the
calcium/calcineurin signaling transcription factor
Crzl in Candida albicans. Cell Communication
and Signaling. 2023 Sep 18;21(1):237.

1. Wilson D, Deepe Jr GS. The intersection of host
and fungus through the zinc lens. Current opinion
in  microbiology. 2019 Dec 1;52:35-40.
2. Kumar R, Breindel C, Saraswat D, Cullen PJ,
Edgerton M. Candida albicans Sap6 amyloid
regions function in cellular aggregation and zinc
binding, and contribute to zinc acquisition.
Scientific reports. 2017 Jun 6;7(1):2908.

GPI-anchored cell wall transglycosylase, putative
ortholog of S. cerevisiae Crhlp; predicted glycosyl
hydrolase domain; similar to Csf4p and to
antigenic A. fumigatus Aspf9; predicted Kex2p
substrate; caspofungin-induced.

Calcineurin-regulated C2H2 transcription factor;
role in maintenance of membrane integrity, azole
tolerance; not required for mouse virulence;
repressed by low iron; regulates Ca++ influx
during alkaline pH response; Spider biofilm
induced

Transcription factor; role in zinc homeostasis and
regulation of Spider biofilm matrix; mutation
affects filamentous growth; can suppress S.
cerevisiae rok1l mutant inviability; Spider biofilm
induced; mutants for abnormal Spider biofilms



Cstb

Cypl

Cyrl

1. Scaduto CM, Kabrawala S, Thomson GJ,
Scheving W, Ly A, Anderson MZ, Whiteway M,
Bennett RJ. Epigenetic control of pheromone
MAPK signaling determines sexual fecundity in
Candida albicans. Proceedings of the National
Academy of Sciences. 2017 Dec
26;114(52):13780-5. 2.
Yi S, Sahni N, Daniels KJ, Lu KL, Huang G,
Garnaas AM, Pujol C, Srikantha T, Soll DR.
Utilization of the mating scaffold protein in the
evolution of a new signal transduction pathway for
biofilm development. MBio. 2011 Mar 1;2(1):10-
128.

1. Gil-Bona A, Parra-Giraldo CM, Herndez ML,
Reales-Calderon JA, Solis NV, Filler SG,
Monteoliva L, Gil C. Candida albicans cell
shaving uncovers new proteins involved in cell
wall integrity, yeast to hypha transition, stress
response and host—pathogen interaction. Journal of
proteomics. 2015 Sep 8;127:340-51.
2. Martinez JP, Blanes R, Casanova M, Valentin
E, Murgui A, Dominguez A. Null mutants of
Candida albicans for cell-wall-related genes form
fragile biofilms that display an almost identical
extracellular matrix proteome. FEMS Yeast
Research. 2016 Nov 1;16(7):fow075.

1. Ng AW, Li L, Ng EW, Li C, Qiao Y. Molecular
docking reveals critical residues in Candida
albicans Cyrl for peptidoglycan recognition and
hyphal Growth. ACS Infectious Diseases. 2023
Jun 15;9(7):1362-71.
2. Sriram K. A mathematical model captures the
role of adenyl cyclase Cyrl and guanidine
exchange factor Ira2 in creating a growth-to-
hyphal bistable switch in Candida albicans. FEBS
Open bio. 2022 Oct;12(10):1700-16.
3. Glazier VE. EFG1, everyone’s favorite gene in
Candida albicans: A comprehensive literature
review. Frontiers in Cellular and Infection
Microbiology. 2022 Mar 22;12:855229.

Scaffold protein for the mitogen-activated protein
(MAP) kinase cascade that regulates mating;
required for opaque mating or white biofilm
formation in response to mating pheromone;
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macrophage/pseudohyphal-repressed; transcript is
upregulated in RHE model of oral candidiasis and
in clinical oral candidiasis

Secreted aspartyl proteinase; sap4,5,6 mutant
defective in protein utilization for nitrogen;
virulence role complicated by URA3 effects;
expressed during mucosal and systemic infections;
N-glycosylated; rat catheter, Spider biofilm
induced



SCH9

SEF1

SGT1

SHO1

1. Kim SW, Joo YJ, Chun YJ, Park YK, Kim J.
Cross-talk between Torl and Sch9 regulates
hyphae-specific genes or ribosomal protein genes
in a mutually exclusive manner in Candida
albicans.  Molecular  microbiology. 2019
Sep;112(3):1041-57.

2. Stichternoth C, Fraund A, Setiadi E, Giasson L,
Vecchiarelli A, Ernst JF. Sch9 kinase integrates
hypoxia and CO2 sensing to suppress hyphal
morphogenesis in Candida albicans. Eukaryotic
cell. 2011 Apr;10(4):502-11.
3. Liu W, Jingwen Z, Li X, Li Y, Jiang L. The
protein kinase CaSch9p is required for the cell
growth, filamentation and virulence in the human
fungal pathogen Candida albicans. FEMS yeast
research. 2010 Jun 1;10(4):462-70.

1. Vandeputte P, Ischer F, Sanglard D, Coste AT.
In vivo systematic analysis of Candida albicans
Zn2-Cys6 transcription factors mutants for mice
organ colonization. PloS one. 2011 Oct
31;6(10):626962. 2. Ror S,
Panwar SL. Sefl-regulated iron regulon responds
to mitochondria-dependent iron-sulfur cluster
biosynthesis in Candida albicans. Frontiers in
Microbiology. 2019 Jul 9;10:1528.

Shapiro RS, Zaas AK, Betancourt-Quiroz M,
Perfect JR, Cowen LE. The Hsp90 co-chaperone
Sgtl governs Candida albicans morphogenesis and
drug resistance.

1. Kumar R, Maulik M, Pathirana RU, Cullen PJ,
Edgerton M. Sholp connects Glycolysis to Ras1-
cAMP signaling and is required for microcolony
formation in Candida albicans. Msphere. 2020
Aug 26;5(4):10-128.
2. Roméan E, Nombela C, Pla J. The Shol adaptor
protein links oxidative stress to morphogenesis
and cell wall biosynthesis in the fungal pathogen
Candida albicans. Molecular and cellular biology.
2005 Dec 1.

Protein kinase; involved in growth control,
ribosomal protein synthesis, cell size, resistance to
rapamycin,, chlamydospore formation,
filamentous growth, and virulence; prevents
hyphal growth in hypoxia at high CO2
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upregulated; caspofungin repressed; induced by
Mnl1 under weak acid stress; Hap43-repressed

Cu-containing superoxide dismutase; protects
against oxidative stress; induced by neutrophils,
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Cccl
Cchl
Cdc24
Cdc28
Cdc42
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