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Introduction 

This supplement provides information about the media utilized in this study.  The media are divided into 
four basic categories, with the understanding that there is considerable overlap between categories: 
 

1. BASE MEDIA: The three types of media that were used as the base to which additional stress 
agents were added (e.g. fluconazole) or nutritional components were subtracted (e.g. carbon 
source) 

2. STRESS MEDIA: Media assaying resistance and sensitivity to stress agents 
3. NUTRITIONAL MEDIA: Media assaying utilization of nutrient sources 
4. MORPHOLOGY MEDIA: Media inducing formation of colony wrinkling, invasive growth as well as 

media involving colorimetric readout. 
 

The following categories of information are provided for each entry: 
 

 TITLE: Corresponds to the name of the media utilized in all materials related to this study.  When 
applicable, the supplement concentrations and temperatures (other than 30°C) tested in the 
primary screen are provided. 

 COMPOSITION: The full recipe for the media. 

 DESCRIPTION: Information about the mechanism of action. 

 COMMENTS: Additional information relating to the utilization of the medium and interpretation 
of phenotypes 

 PHENOTYPES: Highlights of some phenotypes associated with the medium.  (This is not intended 
to be a comprehensive account!) 

 

All details provided in this supplement refer to the C. albicans TRKO screen.  The primary difference 
between the C. albicans media and the media used for S. cerevisiae phenotyping was that media utilizing 
SD+Arg+Leu as base utilized SC+uri instead (the auxotrophies differed between species).  In addition, 
additive concentrations were recalibrated for the S. cerevisiae media to achieve a level of growth 
inhibition similar to that observed for C. albicans. 
 
(Note: For brevity, ‘TR’ is used as an acronym for the term Transcriptional Regulator) 

Base Media 

YEPD [Yeast Extract Peptone Dextrose] (16°C, 30°C, 37°C, 42°C) 
COMPOSITION: 1L: 20g Glucose (SIGMA G8270), 20g Peptone (BECTON DICKINSON 211677), 10g Yeast 

Extract (BECTON DICKINSON 212750), 18g Bacto Agar (BECTON DICKINSON 214010) 

DESCRIPTION: Standard rich medium.  The typical pH of our YEPD medium is ~6.3.  

COMMENTS: Growth of C. albicans on YEPD at elevated temperature induces the formation of a wrinkled 

colony morphology and invasive growth.  We note that our YEPD medium produced less consistent 

morphological phenotypes than the other morphology-inducing media tested (e.g. Spider), possibly 

because of subtle differences in the medium pH between batches.  

PHENOTYPES: The TR knockout strain ΔΔorf19.1253 represents an interesting case in which growth is 

strongly impaired on YEPD but not on SD+Arg+Leu, SC+uri or MM at 30°C.  Typically, strains exhibiting 

poor growth in rich medium grow poorly under all conditions tested, but in this case the defect appears 
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to be more specific.  In particular, this mutant knockout appears to be defective in copper utilization, as 

the addition of copper to the plates rescues the growth defect.  The YEPD base medium is more basic 

than the SD+Arg+Leu medium, and it has been demonstrated (in S. cerevisiae) that copper becomes 

limiting in an alkaline environment[1].  In keeping with this interpretation, the ΔΔorf19.1253 strain 

exhibits a growth defect on Lee's medium at pH6.8 but not pH4.5.  While ORF19.1253 has no definitive 

ortholog in S. cerevisiae, the closest BLAST match is scPHO4, which is known to be sensitive to alkaline 

pH[1] and part of the copper and phosphate regulons (∆∆orf19.1253 is also unable to grow on low-

phosphate medium)[2].  Interestingly, scMAC1 is also part of the copper regulon, and the TR knockout of 

C. albicans MAC1 exhibits a pattern of sickness on alkaline media similar to that of ΔΔorf19.1253 (but 

the copper rescue phenotype is less evident). 

 

SD+Arg+Leu [Synthetic Defined + L-Arg + L-Leu] (16°C, 30°C, 37°C, 42°C) 
COMPOSITION: 1L: 20g Glucose, 6.7g YNB w/o Amino Acids (BECTON DICKINSON 291940), 40mg L-Arg 

HCl, 25mg L-Leu, 18g Bacto Agar 

DESCRIPTION: This medium is traditionally used for selection of auxotrophic markers by selective 

addition/omission of amino acids.  The typical pH of this medium is ~5.3. 

COMMENTS: SD was chosen as base medium for many of the tested drugs because the required 

concentration for toxicity was often lower in this medium.  A low level of L-Leu was added to the 

medium for historical reasons, in part because of concern over potential position-dependent variation in 

expression of the reintroduced LEU2 marker in the knockout strains.  For brevity, the SD+Arg+Leu 

medium is sometimes referred to as ‘SD’ in the gene phenotype annotations. 

PHENOTYPES: Several TR knockout strains exhibited wild-type growth on YEPD but impaired growth on 

SD+Arg+Leu.  Among the TRs conferring this phenotype were BAS1 and ORF19.4000 (ortholog of 

scPHO2), as well as putative members of the CCAAT-binding complex: HAP5, HAP31, and ΔΔorf19.1228 

(ortholog of scHAP2).  While the mechanism of the CCAAT-binding TR phenotypes remains unclear, the 

impaired growth of BAS1 and ORF19.4000 knockout strains can be traced to a defect in adenine 

biosynthesis.  The SD+Arg+Leu growth defect of these strains was rescued on SC+uri medium but not 

SC+uri medium in which adenine is omitted. 

 

MM [Minimal Medium] 
COMPOSITION: 1L: 20g Glucose, 5g (NH4)2SO4, 40mg L-Arg HCl,  20mg L-Leu, 2μg Biotin, Trace Elements 

(as found in standard Yeast Nitrogen Base), 1g KH2PO4, 0.1g NaCl, 15g Bacto Agar 

DESCRIPTION: This medium was designed for this study for analysis of limited/alternate nutrient 

utilization.  The media is generally similar to the SD+Arg+Leu base medium, with the following 

modifications: (1) All vitamins typically found in Yeast Nitrogen Base are omitted, with the exception of 

Biotin, which is essential.  (2) The salts CaCl2 and MgSO4, which are typically found in Yeast Nitrogen 

Base, are omitted.  (3) A lower agar concentration was used to reduce the levels of nutrients contributed 

by contamination present in Bacto Agar.  (4) The supplemented level of L-Leu is slightly reduced.  

PHENOTYPES: Phenotypes observed on MM closely mirrored those observed on SD+Arg+Leu media, 

suggesting that none of the TRKOs significantly impacted pathways involving biosynthesis and/or 



 
5 TEXT S1.  Composition and mechanism of action of phenotyping media 

utilization of the omitted vitamins and salts (or that these ingredients were present as contaminants in 

the agar). 

Stress Media 

Temperature - Low (16°C) 
COMPOSITION: YEPD base (also SD+Arg+Leu base) 
DESCRIPTION: Low temperatures reduce membrane fluidity, diffusion of membrane proteins, and 

membrane transport[3,4].  In bacteria, cold has been demonstrated to inhibit ribosomal translation, 

possibly by stabilization of RNA-RNA interactions[5]. 

COMMENTS: Note that C. albicans is more cold-sensitive than S. cerevisiae. 

PHENOTYPES: The only TR knockouts that exhibited specific cold-sensitivity (i.e. wild-type levels of growth 

at 30°C and strongly reduced growth at 16°C) were the ΔΔgis2, ∆∆fgr15, and ∆∆crz2 (SD+Arg+Leu only) 

mutants.  The ΔΔgis2 mutant also exhibited a strong sensitivity to sorbitol, possibly by a similar 

mechanism (see sorbitol entry). 

 

Temperature - High (42°C) 
COMPOSITION: YEPD base (also SD+Arg+Leu base) 
DESCRIPTION: Increase in temperature is accompanied by changes in membrane fluidity, protein 

denaturation, and up-regulation of heat shock proteins.  While the primary mechanisms of heat-induced 

toxicity are uncertain (and likely vary), evidence from studies of S. cerevisiae suggests that denatured 

proteins and protein aggregates may contribute both indirectly through loss of function and directly 

through inhibition of the ubiquitin-proteasome system[6]. 

PHENOTYPES: The only TR knockouts that exhibited specific heat-sensitivity (i.e. wild-type levels of 

growth at 30°C and strongly reduced growth at 42°C) were the ΔΔgzf3 and ∆∆fgr15 mutants.  In both 

cases, impaired growth was also observed at the host environment temperature of 37°C on SD+Arg+Leu 

(but not YEPD) medium.  However, we note that the lack of observed impairment at 37°C on YEPD may 

be due to the lack of an earlier time-point on this medium, which supports much faster growth than 

SD+Arg+Leu. 

 

Copper (13mM and 15mM) 
COMPOSITION: YEPD base + CuSO4·5H2O (FISHER C493) 

DESCRIPTION: The cellular machinery devoted to copper homeostasis achieves a balance between the 

essential function of copper as a cofactor of various enzymes and the potential of copper to cause 

oxidative damage by generating toxic free radicals[7].  The specific mechanisms of copper toxicity are 

varied, and include plasma membrane permeabilization resulting from membrane lipid peroxidation[8].  

Copper also serves a key role in the maintenance of iron homeostasis[7].  Thus, copper toxicity 

phenotypes may also reflect perturbation of iron-utilization pathways. 
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COMMENTS: Copper phenotypes tend to manifest as differences in viability rather than growth rate, 

suggesting that the primary toxic effect occurs soon after exposure.  In S. cerevisiae, heterogeneity in 

copper sensitivity has been shown to track with cell-cycle-dependent variation in reactive oxygen 

species[9], a process that may be primarily mediated by cell-cycle-dependent variation in SOD1 

expression[10].  In our phenotyping assay, this heterogeneity increased experimental noise, and thus we 

focused upon the most robust phenotypes.  Two copper concentrations, 13mM and 15mM, were 

utilized in the primary screen.  The 15mM copper plates strongly reduced the viability of wild-type, and 

were thus primarily useful for identification of copper-resistance phenotypes.  Conversely, the 13mM 

plates were most useful for identification of strong copper-sensitivity phenotypes.  Additional copper 

concentrations were tested in follow-up phenotyping assays.  We note that the precise concentrations 

of copper may not be completely accurate: the concentration of the stock solution utilized in these 

latter assays appears to have differed from the original stock solution utilized in the primary screen.  

PHENOTYPES: One of the most copper-sensitive TRKOs was ΔΔcup2, an ortholog of the S. cerevisiae 

CUP2/HAA1 whole-genome-duplication gene pair. Unlike scCUP2, scHAA1 does not regulate 

metallothionein genes[11].  (Testing of the two TRKOs in S. cerevisiae showed that ∆∆cup2, but not 

∆∆haa1 was highly copper sensitive.)   Several TRKOs implicated in iron homeostasis also exhibited 

copper phenotypes.  These included deletions of several components of the CCAAT-binding factor[12] 

(copper resistant) and a TRKO of SFU1, a repressor of iron-utilization genes[13] (copper sensitive). 

 

Lithium Chloride (300mM) 
COMPOSITION: YEPD base + LiCl (SIGMA 310468) 
DESCRIPTION: In fungi, Na+/H+ antiporters facilitate the maintenance of ion homeostasis upon exposure 

to high concentrations of Na+ and Li+ ions[14].  The best characterized mechanism of LiCl toxicity in S. 

cerevisiae is the inhibition of the Hal2p nucleotidase by displacement of one of the two Mg2+ ions at the 

active site with Li+.  This inhibition gives rise to increased levels of pAp and may inhibit 

sulphotransferases and RNA processing endonucleases.  In S. cerevisiae, calcineurin has been shown to 

be important for tolerance to Na+ and Li+ ions, presumably through reduced induction of the scENA1 

transporter[15].  In C. albicans lithium has been shown to inhibit filamentation in galactose-containing 

media[16]. 

PHENOTYPES: All of the TRKOs that exhibited sensitivity to LiCl were highly pleiotropic. The majority of 

LiCl-sensitive strains also exhibited phenotypes on Caffeine, Rapamycin, and media associated with 

maintenance of cell wall integrity or osmotic balance. 

 

Zinc (1mM, 5mM, and 10mM) 
COMPOSITION: YEPD base + ZnSO4·7H2O (SIGMA Z4750) 

DESCRIPTION: Zinc is an essential cofactor for many cellular proteins.  Excess zinc is toxic, and in S. 

cerevisiae has been shown to create reactive oxygen species and interfere with iron homeostasis[17]. 

COMMENTS: This medium was not used in the primary screen, but was used in a follow-up screen of 

mutants with metal homeostasis phenotypes.  It is important to note that the Zinc precipitated upon 
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addition to the medium, and the results were thus more difficult to interpret.  (Despite this 

precipitation, increased Zinc concentrations did exhibit higher levels of toxicity.) 

PHENOTYPES: Multiple isolates were not tested because of the issue with Zinc precipitation.  The two 

most prominent (single-replicate) phenotypes were observed at the highest concentration of Zinc: the 

∆∆gzf3 and ∆∆orf19.1253 strains both exhibited resistance to 10mM Zinc. 

 

Caffeine (15mM) 
COMPOSITION: YEPD base + Caffeine (SIGMA C8960) 

DESCRIPTION: In S. cerevisiae, the purine analogue caffeine (and the drug Rapamycin) interferes with the 

TOR (Target of Rapamycin) signaling pathway by direct inhibition of TOR complex 1[18,19].  This 

inhibition results in impaired response to nutrient signaling and extension of lifespan. 

COMMENTS: Caffeine and Rapamycin appear to act through the same mechanism (TOR inhibition).  
Although Rapamycin was not included in the primary screen, subsequent follow-up testing of both drugs 
confirmed a very strong phenotypic correlation. 
PHENOTYPES: The caffeine-resistant TRKOs included components of the CCAAT-binding complex and 
several TRs with roles in the regulation of nitrogen source utilization (STP3, GAT1, and GLN3).  The 
caffeine-sensitive TRKOs included several TRs with enhanced invasive growth.  Caffeine and TOR 
phenotypes are discussed at length in the manuscript and in Text S3. 
 

Rapamycin (5nM, 10nM, 15nM, 20nM, 25nM) 
COMPOSITION: YEPD base + Rapamycin (SIGMA R0395). 

DESCRIPTION: Inhibitor of the TOR pathway[20] (see Caffeine description). 

COMMENTS: Rapamycin was not tested in the primary screen, but was included in a follow-up assay to 

confirm the expected similarity between Caffeine and Rapamycin phenotypes.  Our Rapamycin stock 

solution was a gift of the laboratory of Dr. Christine Guthrie. 

PHENOTYPES: In almost every case tested, Caffeine phenotypes were recapitulated on Rapamycin 

medium, confirming the presumed common mechanism of action of the two drugs.  Caffeine and TOR 

phenotypes are discussed at length in the manuscript and in Text S3.  

 

Fluconazole (100μM) 
COMPOSITION: SD+Arg+Leu base + Fluconazole (SIGMA F8929) 

DESCRIPTION: Fluconazole is an azole antifungal agent that inhibits ergosterol biosynthesis by interfering 

with a cytochrome P450 (ERG11 in C. albicans)[21,22].  Resistance in C. albicans is typically conferred by 

up-regulation of transporters controlling Fluconazole efflux and/or mutation of ERG11.  A link between 

cAMP pathway signaling and susceptibility to Fluconazole (and many cell-wall perturbing compounds) 

has also been established[23]. 
COMMENTS: The phenotypic profiles for the two ergosterol biosynthesis inhibitors tested in this study, 

Fluconazole and Fenpropimorph, exhibited considerable overlap.  However, in a few cases the 

phenotype of a TR knockout was either exclusive to one of the inhibitors (e.g. ΔΔorf19.6182) or elicited 

opposite phenotypes between the two inhibitors (e.g. ΔΔswi4).  
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PHENOTYPES: Among the most Fluconazole-sensitive TRKOs were several TRs with previously established 

sensitivities, including (1) UPC2, a regulator of ergosterol biosynthesis genes[24], (2) NDT80, a regulator 

of the efflux pump gene CDR1[25], and (3) CRZ1, a target of the calcineurin signaling pathway[26,27].   

Among the TRs newly identified as conferring Fluconazole-sensitivity when deleted were GZF3 and 

ORF19.6182.  Several Fluconazole-resistant TRKOs were also identified, including deletions of MNL1, a 

stress-responsive TR[28], and CRZ2, a TR with strong resemblance to CRZ1.  We note that a previous 

analysis of a ΔΔcrz2 mutant found no Fluconazole phenotype (or perhaps even slight sensitivity?) [27].  

(Fluconazole and Fenpropimorph phenotypes are also discussed at in the manuscript.) 

 

Fenpropimorph (2μM and 4μM) 
COMPOSITION: SD+Arg+Leu base + Fenpropimorph (SIGMA 36772) 

DESCRIPTION: Fenpropimorph is a morpholine antifungal that inhibits ergosterol biosynthesis by 

inhibiting the activity of two pathway enzymes: sterol Δ8,7-isomerase and C14 sterol reductase[29,30].  

Deletion of the C. albicans gene C14 sterol reductase gene, ERG24, enhances resistance to 

Fenpropimorph (and also leads to Fluconazole resistance and Fluphenazine sensitivity)[31]. 

COMMENTS: The phenotypic profiles for the two ergosterol biosynthesis inhibitors tested in this study, 

Fluconazole and Fenpropimorph, exhibited considerable overlap.  However, in a few cases the 

phenotype of a TR knockout was either exclusive to one of the inhibitors (e.g. ΔΔorf19.6182) or elicited 

opposite phenotypes between the two inhibitors (e.g. ΔΔswi4).  (Fluconazole and Fenpropimorph 

phenotypes are also discussed at in the manuscript.) 

 

Fluphenazine (0.3mM and 1mM) 
COMPOSITION: SD+Arg+Leu base + Fluphenazine (SIGMA F4765) 

DESCRIPTION: Fluphenazine is utilized pharmacologically as an antipsychotic medication, and functions as 

a calmodulin antagonist[32,33].  The in vivo mechanism of activity has not been examined extensively in 

fungi, and it is unclear whether calmodulin-inhibition is the sole source of toxicity. 

PHENOTYPES: Phenotypes were limited and generally mild.  Deletion of CRZ1, a calcineurin-responsive TR 

[26,27], resulted in weak sensitivity. 

 

5-FC [5-Fluorocytosine] (3.5μM) 
COMPOSITION: SD+Arg+Leu base + 5-Fluorocytosine (SIGMA 46850) 

DESCRIPTION: 5-fluorocytosine (AKA Flucytosine or 5-FC) toxicity results from deamination to 5-

fluorouracil, which is then metabolized into (1) 5-fluorouridine triphosphate, which incorporates into 

RNA and inhibits protein synthesis, and (2) 5-fluorodeoxyuridine monophosphate, which interferes with 

DNA synthesis by inhibition of thymidylate synthetase[34,35].   Mutations affecting 5-FC transport or 

metabolism can confer resistance to the drug, as can increased pyrimidine biosynthesis.  Our 

phenotyping data suggest that 5-FC exposure may also result in oxidative stress (see Menadione entry). 

COMMENTS: Interpretation of the numerous 5-FC phenotypes observed in this study is complicated by 

the utilization of LEU2 as a selective marker for creation of the knockout strains.  We found that the 
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absence of the LEU2 marker correlated with increased 5-FC sensitivity (i.e. our heterozygous deletion 

strains were still ∆∆leu2 and were all highly sensitive to 5-FC).  It is therefore possible that some of the 

5-FC phenotypes attributed to TRKOs are actually the result of position-dependent variation in 

expression of the LEU2 marker integrated during creation of the homozygous deletion strains.  Addition 

of excess leucine did not rescue the ∆∆leu2 5-FC sensitivity phenotype (data not shown).  We also note 

that different batches of 5-FC plates exhibited slightly differing levels of growth inhibition, suggesting 

slight variation in drug concentrations. 

 

Calcofluor White (20μM) 
COMPOSITION: YEPD base + Calcofluor White (SIGMA F3397) 

DESCRIPTION: Calcofluor White is a cell wall stain with a high affinity for chitin[36].  The presumed 

mechanism of toxicity is perturbation of chitin synthesis and deposition.  Calcofluor white is often used 

(along with Congo Red, SDS, and caffeine) to screen for defects in cell wall integrity pathways. 

PHENOTYPES: The most highly sensitive TR knockout strain was ΔΔrlm1.  Unlike most strains with 

Calcofluor White phenotypes, this knockout exhibited no phenotypes on conditions that interfere with 

membrane synthesis/integrity (e.g. Fluconazole, SDS).  A ΔΔrlm1 mutant has previously been shown[37] 

to be sensitive to Congo Red (which also inhibits chitin assembly) and the antifungal drug Caspofungin, 

an inhibitor of β-1,3-glucan synthesis[38].  Intriguingly, while these results point to a specific cell wall 

defect, the phenotype may be inverted in the S. cerevisiae ortholog.  Deletion of the RLM1 ortholog in S. 

cerevisiae  confers resistance – not sensitivity – to Calcofluor White[39]. 

 

Sodium Dodecyl Sulfate (0.04%) 
COMPOSITION: YEPD base + Sodium dodecyl sulfate (SIGMA L5750) 
DESCRIPTION: Sodium dodecyl sulfate (AKA SDS) is a detergent that is often utilized in phenotypic screens 

for cell wall integrity defects.  The mode of toxicity is presumably the disruption of membrane integrity. 

PHENOTYPES: One of the most strongly SDS-sensitive TR knockout strains was ΔΔorf19.5924.  This strain 

also exhibits strong resistance to Calcofluor White and weak sensitivity to Fluphenazine, 

Fenpropimorph, and copper.  ORF19.5924 is very poorly conserved among members of the ascomycete 

lineage and has no clear ortholog in S. cerevisiae. 

 

Sorbitol (1.5M) 
COMPOSITION: YEPD base + D-Sorbitol (SIGMA S1876) 
DESCRIPTION: Sorbitol is added to media to increase osmolarity and can serve both to induce osmotic 

stress and rescue defects in osmotic balance. 

PHENOTYPES: The only strong phenotype observed was the sensitivity of ΔΔgis2 mutants to sorbitol.  This 

mutant also exhibited impaired growth on YEPD at 16°C.  A link between osmotic stress and cold stress 

via the HOG pathway has recently been noted in S. cerevisiae[40].  

 



 
10 TEXT S1.  Composition and mechanism of action of phenotyping media 

Alkaline pH (pH10.5) 
COMPOSITION: YEPD base + 150mM buffered glycine 
DESCRIPTION: An alkaline growth environment limits the solubility of nutrients such as iron and interferes 

with the maintenance of a proton gradient across the plasma membrane[41].  In C. albicans, alkaline pH 

also induces morphological differentiation, favoring hyphal growth over yeast-form growth. 

COMMENTS: Here we use the weak biological buffer glycine to create the alkaline media.  It should be 

noted that alkaline-sensitivity phenotypes could in principle be attributed to the buffer rather than the 

alkaline stress (however see below). 

PHENOTYPES: All eight of the TRKO strains that exhibited alkaline-sensitivity also exhibited some form of 

metal ion-related phenotype, such as sensitivity to chelator(s), lithium, and/or copper (with the possible 

exception of ΔΔupc2).  These results suggest that interference with metal ion availability/homeostasis is 

the primary mechanism of alkaline stress (see EDTA section). 

 

Acidic pH (pH2.1, pH2.6) 
COMPOSITION: SD+Arg+Leu base + 150mM buffered glycine 
DESCRIPTION: An acidic growth environment can interfere with proton gradients and damage cellular 

components. 

COMMENTS: Multiple different pH levels were tested because of difficulties optimizing the level of 

viability of the wild-type strain. 

PHENOTYPES: Sensitivity to acidic pH and poor growth at 16°C in SD+Arg+Leu media were correlated, 

perhaps due to a common mechanism involving maintenance of proton gradients.  The two TRKOs with 

the strongest acid-sensitivity phenotypes were ΔΔorf19.5924 and ΔΔorf19.7017. 

 

Menadione (80μM or 90μM) 
COMPOSITION: YEPD base + Menadione (SIGMA M5625) 

DESCRIPTION: Menadione is a quinone that can generate reactive oxygen species (ROS) by redox 

cycling[42].  ROS lead to oxidative stress (see H2O2 entry).  Menadione is exported from the cell following 

conjugation to glutathione (GSH).  In S. cerevisiae, evidence suggests that this GSH-Menadione 

conjugate is itself toxic[43]. 

COMMENTS: Heterogeneity in the viability of isogenic cells plated to oxidative stress media may be due 

to cell-cycle-dependent variation in SOD1 expression[10] (see Copper section). 

PHENOTYPES: Although several TRKOs exhibited sensitivity to Menadione, the ΔΔcap1 mutant was the 

only Menadione-sensitive strain that exhibited a fairly specific response (i.e. it did not also exhibit 

numerous additional phenotypes).  CAP1 has previously been identified as a regulator of the oxidative 

stress response in C. albicans[44].  The ΔΔcap1 mutant was also sensitive to H2O2 and 5-FC.  It is unclear 

whether 5-FC generates reactive oxygen species, but it is noteworthy that (1) many of the Menadione-

sensitive TRKO strains were also sensitive to 5-FC, and (2) expression profiling of the response of C. 

albicans to 5-FC[45] revealed strong induction of two genes known to be involved in protection against 

oxidative stress in S. cerevisiae: GPX2 and TRX1. 
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Hydrogen Peroxide (4.5mM and 6.0mM) 
COMPOSITION: YEPD base + H2O2 (SIGMA H1009) 

DESCRIPTION: H2O2 is a reactive oxygen species (ROS) that damages cellular components, including DNA, 

proteins, and lipids[46].  Resistance to oxidative stress is mediated by both non-enzymatic (e.g. 

glutathione, glutaredoxin, polyamine) and enzymatic (e.g. catalase, superoxide dismutase, glutathione 

reductase) mechanisms. 

COMMENTS: Heterogeneity in the viability of isogenic cells plated to oxidative stress media may be due 

to cell-cycle-dependent variation in SOD1 expression[10] (see Copper section). 

PHENOTYPES: Several TRKOs were sensitive to both H2O2 and Menadione.  However, as previously 

reported[47], deletion of SKN7 resulted in sensitivity to H2O2 but not Menadione, suggesting that the 

response to the primary toxic species generated by Menadione is not regulated by SKN7 (or such 

regulation is redundant). 

 

Anaerobic Chamber 
COMPOSITION: YEPD+ade+uri and SC+uri media incubated at 30°C in a BBL GasPak150 system with three 

BBL GasPak Plus envelopes (BECTON DICKINSON 271040). 

DESCRIPTION:  The BBL GasPak system was used to create an anaerobic environment.  This environment 

is highly relevant to C. albicans fitness, as biofilms and the gastrointestinal tract are thought to be low-

oxygen environments. 

COMMENTS:  This condition was not included in the primary screen.  Instead, the full knockout library 

was plated directly from glycerol stock to YEPD+ade+uri and SC+uri media and incubated at 30˚C for 6 

days (first replicate) and 7 days (second replicate).  The chamber was then unsealed and anaerobic 

growth phenotypes were assessed for strains lacking growth defects on the test media in an aerobic 

environment. 

PHENOTYPES: The only TR that exhibited a clear deficit in anaerobic growth when deleted was the 

ergosterol synthesis regulator UPC2.  This phenotype has previously been described[48]. 

Nutritional Media 

SC+uri [Synthetic Complete + uridine] 
COMPOSITION: 1L: 20g Glucose, 7g YNB w/p Amino Acids (BECTON DICKINSON 291940), 45.1mg Adenine 

HCl, 45.1mg Uracil, 90.3mg L-Trp, 45.1mg L-His HCl, 45.1mg L-Arg HCl, 45.1mg L-Met, 67.7mg L-Tyr, 

135.4mg L-Leu, 67.7mg L-Ile, 67.7mg L-Lys HCl, 108.4mg L-Phe, 334.1mg L-Val, 451.5mg L-Thr, 451.5mg 

L-Ser, 100mg Uridine, 20g Bacto Agar 

DESCRIPTION: A synthetic complete medium with supplemented uridine.  

COMMENTS:  Addition of uridine to SC plates is common practice in our laboratory because it enhances 

growth of ura3 auxotrophic C. albicans strains (the strain utilized for the screen does not have this 

auxotrophy).  This medium was included in the phenotyping assay to determine whether strains with 

fitness defects on SD+Arg+Leu plates could be rescued by addition of the omitted amino acids. 
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PHENOTYPES: The SD+Arg+Leu growth defects of several knockout strains are rescued by SC+uri medium 

(see SD+Arg+Leu section).  

 

SC+uri-his [SC+uri - histidine] 
COMPOSITION: As described for SC+uri, except Histidine is omitted. 

DESCRIPTION: Medium for detection of Histidine auxotrophy. 

COMMENTS:  This medium was only included for a small subset of strains in the primary screen. 

PHENOTYPES: See SD+Arg+Leu entry for details.  

 

SC+uri-ade [SC+uri - adenine] 
COMPOSITION: As described for SC+uri, except Adenine is omitted. 

DESCRIPTION: Medium for detection of Adenine auxotrophy. 

COMMENTS:  This medium was only included for a small subset of strains in the primary screen. 

PHENOTYPES: See SD+Arg+Leu entry for details.  

 

YEPD+ade+uri [YEPD + adenine + uridine] 
COMPOSITION: 1L: 20g Glucose, 20g Bacto Peptone, 10g Yeast Extract, 100mg Uridine, 55mg Adenine, 

20g Bacto Agar 

DESCRIPTION: Rich medium with additional supplement of Adenine and Uridine. 

COMMENTS:  This medium is a variation of the conventional YEPD medium that is typically used in our 

laboratory.  For historical reasons, this medium was used in the assay for anaerobic growth defects. 

PHENOTYPES: See anaerobic medium entry. 

 

N-source: Absent 
COMPOSITION: MM base without (NH4)2SO4 

DESCRIPTION: Control plate in which the nitrogen source is omitted.   

COMMENTS:  Note that even without the added nitrogen source some growth is supported.  Thus, this 

medium serves as a baseline for the 'N-source: GABA' and 'N-source: Proline' media.  

PHENOTYPES: No noteworthy phenotypes were observed with this medium. 

 

N-source: Proline (40mM) 
COMPOSITION: MM base with 40mM L-Proline in place of (NH4)2SO4 

DESCRIPTION: Proline can be utilized as a non-preferred nitrogen source in S. cerevisiae[49]. 

PHENOTYPES: The only TR knockout that exhibited a strong defect in utilization of Proline as a nitrogen 

source was ΔΔorf19.2748 (see Lee's medium section).  Interestingly, the ΔΔgln3 mutant strain grew 

slightly better on 'N-source: Proline' (and 'N-source: GABA') medium than the MM base medium.  This 

result may be due to reduced capacity for ammonium transport, as it has recently been demonstrated 

that GLN3 is an activator of the ammonium permease gene MEP2[50]. 
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N-source: GABA (40mM) 
COMPOSITION: MM base with 40mM Gamma-Aminobutyric acid (SIGMA A5835) in place of (NH4)2SO4 

DESCRIPTION: GABA, a product of glutamate decarboxylation, can be utilized as a non-preferred nitrogen 

source by S. cerevisiae[51].  

PHENOTYPES: The TRKO ΔΔorf19.7570 exhibited a strong growth defect on N-source: GABA medium.  

scUGA3, a S. cerevisiae ortholog of ORF19.7570, is a known regulator of GABA catabolism[52]. 

 

N-source: Isoleucine (15mM) 
COMPOSITION: MM base with 15mM L-Isoleucine in place of (NH4)2SO4 

DESCRIPTION: Used to assay impairment in the utilization of the amino acid Isoleucine as a nitrogen 

source. 

COMMENTS: (Images from this assay were not included in the phenotype viewing software.)  This medium 

was not utilized in the primary screen, but was tested in a less sensitive screen in which strains were 

plated directly from the glycerol stock. 

PHENOTYPES: The only TRKO to exhibit clear growth impairment on N-source: Isoleucine medium was 
∆∆aro80.  However, we note that the two ∆∆aro80 isolates tested were not fully independently derived. 
 

N-source: Ornithine (15mM) 
COMPOSITION: MM base with 15mM Ornithine in place of (NH4)2SO4 

DESCRIPTION: Used to assay impairment in the utilization of the amino acid Ornithine as a nitrogen 

source. 

COMMENTS: (Images from this assay were not included in the phenotype viewing software.)  This medium 

was not utilized in the primary screen, but was used to specifically test whether the ∆∆orf19.4766 

deletion strain shared the Ornithine-utilization defect observed upon deletion of the S. cerevisiae 

ortholog ARG81[53].  The assay was conducted by streaking the TRKO isolates along with the wild-type 

control on N-source: Ornithine and N-source: Absent medium. 

PHENOTYPES: The ∆∆orf19.4766 TRKO strain was defective in the utilization of Ornithine. 

 

YEP [Yeast Extract Peptone] 
COMPOSITION: 1L: 20g Peptone, 10g Yeast Extract, 18g Bacto Agar 

DESCRIPTION: Medium designed to assay growth in the absence of a carbon source supplement.   

COMMENTS:  These plates support considerable growth, presumably through the utilization of alternate 

carbon sources present in the yeast extract and/or peptone. 

PHENOTYPES: The knockout strains of two TRs, HAP5 and ORF19.1228 (ortholog of S. cerevisiae HAP2), 

exhibited wild-type growth on YEPD but impaired growth on YEP (see CHROMagar section). 
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YEPGlycerol [Yeast Extract Peptone Glycerol] 
COMPOSITION: 1L: 3% Glycerol, 20g Peptone, 10g Yeast Extract, 20g Bacto Agar  

DESCRIPTION: A rich medium containing the non-fermentable carbon source glycerol.  Unlike S. 

cerevisiae, C. albicans favors respiration over fermentation in the presence of oxygen[54].   

COMMENTS:  YEP medium supported growth rates comparable to YEPGlycerol, suggesting that the 

alternative carbon sources in the YEP medium are utilized preferentially over Glycerol. 

PHENOTYPES: YEPGlycerol elicited the same phenotypes as YEP medium. 

 

C-source: Absent 
COMPOSITION: MM base without Glucose 

DESCRIPTION: Control plate in which the carbon source is omitted.   

COMMENTS:  Even without glucose some growth is supported, but the level of growth is substantially less 

than observed for YEP medium, suggesting that either the Yeast Extract or Peptone are the primary 

sources of carbon in that medium.  This medium serves as a baseline for the 'C-source: Galactose' 

medium.  

PHENOTYPES: No noteworthy phenotypes were observed with this medium. 

 

C-source: Galactose 
COMPOSITION: MM base with 2% Galactose in place of Glucose 

DESCRIPTION: Galactose is converted to glucose-6-phosphate and utilized as a carbon source via the 

Leloir pathway[55].   

COMMENTS:  A recent study describes a rewiring of the regulatory circuit controlling galactose 

metabolism in C. albicans[56].  

PHENOTYPES: No strong phenotypes were observed with this medium. 

 

C-source: Mannitol 
COMPOSITION: MM base with 2% Mannitol in place of Glucose 

DESCRIPTION: Used to assay impairment in the utilization of the polyol Mannitol as a carbon source. 

COMMENTS: (Images from this assay were not included in the phenotype viewing software.)  This medium 

was not utilized in the primary screen, but was utilized in conjunction with 'C-source: Maltose' medium 

to specifically test the capacity of ΔΔorf19.1685 and ΔΔsuc1 to utilize Maltose and Mannitol as carbon 

sources. 

PHENOTYPES: The TRs SUC1 and ORF19.1685 genes both share similarity with several S. cerevisiae genes 

involved in maltose utilization.  SUC1 is a likely ortholog of the maltose activator scYPR196w, and 

exhibits impaired growth on 'C-source: Maltose' but not 'C-source: Mannitol' media.  The deletion strain 

of the uncharacterized ORF19.1685 exhibited a growth defect on Lee's medium and reduced 

morphology on Spider medium.  Both media contain mannitol as a carbon source, suggesting that 

ORF19.1685 may regulate the utilization of mannitol.  Indeed, this mutant strain exhibited a reduced 

growth rate on the 'C-source: Mannitol' (but not the 'C-source: Maltose') medium.  
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C-source: Maltose 
COMPOSITION: MM base with 2% Maltose in place of Glucose 

DESCRIPTION: Used to assay impairment in the utilization of the disaccharide Maltose as a carbon source. 

COMMENTS: (Images from this assay were not included in the phenotype viewing software.)  This medium 

was not utilized in the primary screen, but was utilized in conjunction with 'C-source: Mannitol' medium 

to specifically test the capacity of ΔΔorf19.1685 and ΔΔsuc1 to utilize Maltose and Mannitol as carbon 

sources. 

PHENOTYPES: See section on 'C-source: Mannitol'. 

 

P-source: Absent 
COMPOSITION: MM base with 0.548g/L KCl in place of K2HPO4 

DESCRIPTION: Control plate in which the phosphate source is omitted.   

COMMENTS:  Even in the absence of the K2HPO4, some residual growth is supported. 

PHENOTYPES: The ΔΔORF19.1253 knockout strain exhibited a complete absence of growth on this 

medium (see YEPD section). 

 

EDTA [Disodium ethylenediaminetetraacetate dehydrate] (0.75mM) 
COMPOSITION: YEPD base + 0.5M pH8.0 EDTA solution (SIGMA E5134) 

DESCRIPTION: EDTA is a commonly used chelator of both di- and trivalent metal ions.  EDTA is also 

sometimes utilized to reduce flocculation of yeasts, reportedly by chelating Ca2+ ions and thereby 

altering the interaction of lectins with the cell surface[57]. 

COMMENTS: EDTA was originally included in the phenotyping screen to screen for metal ion transport 

mutants.  However, EDTA also elicited a very strong morphological response.  Follow-up testing included 

additional EDTA concentrations and an assay of morphological growth from single-cell-derived colonies 

of a few select TRKOs.  A link between EDTA treatment and filamentation has previously been described 

in an experiment in which the C. albicans INT1 gene was expressed in S. cerevisiae[58].  In this system, 

EDTA reduced filamentation, and this effect could be alleviated by addition of Mn2+.  This effect was not 

specific to INT1, as a similar effect was observed upon addition of EDTA to mutant S. cerevisiae strains 

that exhibited highly polarized growth.  In our study, EDTA elicited the opposite effect: it enhanced 

filamentation and colony morphology.  (Note that while the EDTA stock solution is pH8.0, addition the 

EDTA had negligible effect on the pH of the media.) 

PHENOTYPES: All but one of the TR knockout strains that exhibited EDTA-sensitivity also grew poorly on 

basic medium (YEPD pH10.5).  This correlation may stem from limiting iron or copper supplies, either by 

chelation (EDTA) or due to an alkaline environment.  Copper and iron are limiting for S. cerevisiae in 

basic media, possibly due to reduced solubility and impaired transporter function[1].  The only EDTA-

sensitive TR knockout strain that was not also alkaline-sensitive was ΔΔcsr1.  The S. cerevisiae ortholog 

of this TR, scZAP1, is known to be involved in zinc ion homeostasis[59]. 
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BCS [Bathocuproinedisulfonic acid] (0.15mM) 
COMPOSITION: SD+Arg+Leu base + BCS (SIGMA 146625) 

DESCRIPTION: BCS is a copper chelator that is commonly added to media to limit copper availability[60].  

Low copper conditions have been shown to enhance invasive growth of C. albicans[61]. 

PHENOTYPES: The only TRKO strain that was strongly sensitive to BCS was ΔΔmac1.  This strain is also 

sensitive to BPS and exhibits poor growth on YEPD media.  These phenotypes have also been observed 

in a previous study, where it was noted that addition of copper rescues the poor growth on YEPD 

media[61]. 

 

BPS [Bathophenanthrolinedisulfonic acid] (0.15mM) 
COMPOSITION: SD+Arg+Leu base + BPS (SIGMA 11890) 

DESCRIPTION: BPS is an iron chelator that is commonly added to media to limit iron availability[60].  

COMMENTS: After prolonged incubation with BPS, some mutants acquired a pink/red coloration, 

presumably signaling formation of a ferrous/BPS complex.  Follow-up assays for BPS-sensitivity included 

additional BPS concentrations and different base media (YEPD and SC+uri).   

PHENOTYPES: The BPS-sensitivity phenotypes are described in detail in the manuscript.  We note that 

although ∆∆csr1 exhibited a strong BPS phenotype, we believe this is due to chelation of zinc ions at 

high BPS concentrations.  This hypothesis is supported by several lines of evidence: (1) CSR1 has 

previously been shown to regulate zinc homeostasis[62]. (2) When a broad range of BPS concentrations 

were tested on the BPS-sensitive mutants in the TRKO library, the ∆∆csr1 mutant was atypical in that it 

only exhibited a phenotype at the highest concentration.  Moreover, this phenotype was more severe 

than the phenotype observed for any of the other TRKO mutants, suggesting that the elevated BPS level 

had crossed a chelation threshold and was limiting the availability of zinc. 

Morphology Media 

Invasion - YEPD 
COMPOSITION: YEPD base 

DESCRIPTION: The transition of C. albicans from yeast to hyphal forms is believed to facilitate invasion 

into host tissue[63].  Invasive growth was assayed using YEPD plates grown at 30°C for two days.  After 

this period the plates were photographed before and after thoroughly washing the cells from the 

surface.  Any cells remaining embedded in the agar were interpreted as evidence of invasive growth. 

COMMENTS:  After washing, the plates were incubated at 30°C for one additional day and photographed.  

The plates tended to be overgrown at this stage, but this final image was sometimes useful in detecting 

reduced invasion phenotypes.  A follow-up screen assayed invasion of a subset of TRKOs more rigorously 

by: (1) plating cells in a checkerboard fashion to reduce edge effects, (2) testing two temperatures: 30°C 

and 37°C, (3) assaying invasion by washing at several time-points, and (4) including multiple wild-type 

controls on each plate. 

PHENOTYPES: The invasive growth screen identified enhanced invasiveness in deletions of three well-

characterized regulators of filamentous growth NRG1, SSN6, and TUP1[64].  Several additional TR 
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knockout strains also exhibited strongly enhanced invasion (particularly in the SD+Arg+Leu assay) with 

only minor growth defects on the underlying growth media.   In most cases, enhanced invasion was 

accompanied by enhanced colony wrinkling on other media (and vice versa).  An exception to this trend 

was the ΔΔndt80 strain.  In C. albicans, the only known function of NDT80 is regulation of the drug pump 

CDR1[25].  We find that deletion of NDT80 results in pleiotropic phenotypes, including the unusual 

combination of enhanced and invasion and reduced colony wrinkling phenotypes. 

 

Invasion - SD+Arg+Leu 
COMPOSITION: SD+Arg+Leu base 

DESCRIPTION:  Invasive growth was assayed as described for the YEPD invasive growth test, except plates 

were incubated three days prior to washing rather than two. 

COMMENTS: Because invasion of the wild-type strain at the time of the wash step was minimal, only 

phenotypes involving enhanced invasion could be reliably detected. A more detailed follow-up screen 

was also conducted (as described in the YEPD invasive growth entry). 

PHENOTYPES: See YEPD invasive growth section. 

 

Lee's Medium (pH4.5 and pH6.8, 30°C and 37°C) 
COMPOSITION: 1L: 20g Mannitol, 5g (NH4)2SO4, 0.2g MgSO4·7H20, 2.5g K2HPO4, 5g NaCl, 0.5g L-Ala, 1.3g L-

Leu, 1g L-Lys, 0.1g L-Met, 0.5g L-Phe, 0.5g L-Pro, 0.5g L-Thr, 85mg L-Arg HCl,  75mg L-Ornithine, 0.2μM 

ZnSO4·7H20, 0.25μM CuSO4·5H2O, 1μM FeCl3·6H2O, 1mM MgCl2·6H2O, 1mM CaCl2·6H2O, 10mg Biotin, 

20g Bacto Agar, pH with NaOH 

DESCRIPTION: Lee's medium induces filamentation at elevated temperatures and pH (e.g. 37°C at pH6.8), 

while supporting predominantly yeast-form growth at lower temperatures[65]. 

PHENOTYPES: While the Lee's medium morphological phenotypes generally track well with the 

phenotypes seen on Spider and YEPD, the phenotype of ΔΔorf19.2748 represents an interesting 

exception.  The ΔΔorf19.2748 mutant strain exhibits a highly diminished morphological response to 

Lee's medium (pH6.8 at 37°C) relative to wild-type, but no comparable phenotype on Spider medium 

and YEPD.  This mutant also exhibits a strong growth defect on media with proline as the sole nitrogen 

source, suggesting that the inability to import and/or utilize proline from the Lee's medium may 

influence morphogenesis. 

 

Spider Medium (30°C and 37°C) 
COMPOSITION: 1L: 20g Nutrient broth (BECTON DICKINSON 234000), 20g Mannitol (SIGMA M9647), 4g 

K2HPO4, 27g Bacto Agar, pH adjusted to 7.2 with NaOH 

DESCRIPTION: This rich medium strongly stimulates hyphal growth and colony wrinkling in C. albicans, 

particularly at 37°C[66]. 

COMMENTS: Although colony wrinkling and hyphal formation were more dramatic and rapid during 

growth at 37°C, these phenotypes were also evident at 30°C at day 7.  However, due to an increase in 

edge effects at this time-point it was not considered when scoring phenotypes.  Nonetheless, the slower 
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progression of colony morphology at 30°C made it easier to identify mutants with enhanced 

morphology; conversely, it was easier to identify mutants with reduced morphology at 37°C. 

PHENOTYPES: All TR knockout strains that exhibited growth defects on Spider medium also exhibited 

growth defects on YEPD, with the exception of ΔΔhap5 and ΔΔorf19.1228 (see discussion of the strains 

in CHROMagar section).  All of the ~10 TR knockout strains that exhibited enhanced colony morphology 

at 30°C on Spider exhibited enhanced coloration on CHROMagar medium and/or growth impairment on 

YEPD media (with the possible exception of ΔΔorf19.1168, which shows only hints of growth impairment 

on YEPD at 42°C).  Of the ~10 TR knockout strains that exhibited reduced colony morphology on Spider 

at 37°C, two of the two TRs, GAT2 and CSR1, had previously been identified as having filamentation 

phenotypes in a haploinsufficiency screen that utilized Spider media[67]. 

 

Serum (10%) 
COMPOSITION: YEPD base + Fetal Bovine Serum (INVITROGEN 26140-079) 

DESCRIPTION: Serum has long been used to induce filamentation in C. albicans, and is of particular 

interest because serum-induced morphological differentiation may reflect response to cues that may be 

present in the C. albicans host environment.  Media containing serum has previously been utilized in a 

haploinsufficiency screen for filamentous growth phenotypes[67]. 

COMMENTS: Surprisingly, the morphological phenotypes observed on Serum medium did not differ 

substantially from those observed on YEPD.  

PHENOTYPES: No noteworthy phenotypes were observed with this medium. 

 

YEPD - pH7.3 
COMPOSITION: YEPD buffered to pH7.3 using 100mM HEPES. 

DESCRIPTION:  YEPD with a slightly more alkaline pH.  Presumably, the buffer also diminishes that 

capacity of the growing colony to influence the pH of the surrounding medium during growth. 

COMMENTS: This medium was only used during follow-up testing of invasive growth.  Because we 

suspected that subtle variations in the pH of our batches of YEPD media were causing some variation in 

colony morphologies, we included these buffered plates in the invasive growth assay. 

PHENOTYPES: The invasive growth phenotypes on this medium were indistinguishable from those 

observed on YEPD medium. 

 

BBL™ CHROMagar™ Candida medium[68] 
COMPOSITION: Mix purchased from manufacturer (BECTON DICKINSON 254093) 

DESCRIPTION: CHROMagar is a differential medium designed for identification of Candida species using a 

proprietary mix of chromogens.  While the exact nature of the chromogens has not been disclosed, the 

light green colonies formed by C. albicans on CHROMagar may be colored by a chromophore activated 

by β-N-galactosaminidase activity[69]. 

COMMENTS: Although numerous studies have demonstrated the efficiency and reliability of Candida 

species identification using CHROMagar, here we find that CHROMagar also serves to reveal intra-



 
19 TEXT S1.  Composition and mechanism of action of phenotyping media 

species variation in mutant phenotypes.  Because CHROMagar testing was added to our phenotyping 

panel late in testing, we also assayed CHROMagar coloration phenotypes by plating the knockout library 

strains directly to CHROMagar media and observing the colony color phenotypes over the course of 13 

days of growth at 30°C and 37°C.  We have also observed, but not carefully characterized, colored 

sectors appearing in colonies grown on this media during late stages of growth. 

PHENOTYPES: Three atypical colony colorations were observed: 
 

1. DARK BLUE: Approximately 30 different knockouts developed, to varying degrees, a steel-blue color that is more typical 

to C. tropicalis than C. albicans.  In some cases, the coloration was confined to the center of the colony (e.g. ΔΔupc2), 

and in other cases it extended into the plate agar (e.g. ΔΔbcr1).  This dark coloration was correlated with impaired 

growth and enhanced invasiveness phenotypes on YEPD plates.  One notable exception to this rule was ΔΔcsr1, a 

strain that grows well on YEPD and exhibits reduced morphology phenotypes on a few media types. 

2. WHITE: Three knockouts, ΔΔgat2, ΔΔmac1, and ∆∆orf19.4998 produced nearly white colonies, suggesting an inability 

to activate any chromogens.  These two knockouts were among the most strongly impaired for invasive growth on 

YEPD, and also lacked wild-type colony morphology on a variety of media. 

3. TURQUOISE: The knockout strains of two TRs, HAP5 and ORF19.1228 (putative ortholog of S. cerevisiae HAP2), produced 

turquoise colonies that were clearly distinct from the typical C. albicans light green colony color.  Both mutants have 

virtually identical phenotypic profiles, and are thought to be components of the C. albicans CCAAT-binding factor[12].  

Interestingly, both strains exhibited reduced growth on rich media with non-glucose sugars (YEP, YEPGalactose, 

YEPGlycerol, and Spider).  It has previously been shown that ΔΔHAP5 strains cannot utilize YEPLactate media[12], and 

that the S. cerevisiae CCAAT-binding factor is essential for growth on non-fermentable carbon sources[70].  Given that 

many chromophores utilize a sugar moiety, this carbon-utilization phenotype may be linked to the atypical colony 

color. 
 

Phloxine B (6.03μM, 25°C) 
COMPOSITION: Lee's Medium pH6.7 base (with 2.5% Glucose in place of Mannitol) + Phloxine B (SIGMA 

P4030) 

DESCRIPTION: Phloxine B is a commonly used biological stain that can be added to media to differentially 

stain the white and opaque growth forms of C. albicans[71]. 

COMMENTS: Note that this is the only phenotyping condition that utilized a growth temperature of 25°C.  

Also note that the medium contains glucose rather than mannitol. 

PHENOTYPES: Coloration typically took up to a week to develop, and was observed in only a small number 

of mutant strains, all of which exhibited some degree of growth defect on YEPD and SD+Arg+Leu media. 

 

Blood Agar (37°C) 
COMPOSITION: Pre-poured plates purchased from manufacturer (REMEL R01202) 

DESCRIPTION: Blood agar plates contain TSA (trypticase soy agar) and 5% sheep blood.  C. albicans is 

capable of secreting a hemolytic factor that produces a zone of clearing in the blood agar, but only when 

glucose is added to the plates (unlike the plates used in this study) and an incubation temperature of 

37°C is utilized[72].  

PHENOTYPES: No blood agar-specific growth phenotypes were observed.  TRKOs that grew poorly on 

blood agar also grew poorly on YEPD at 37°C.  One possible exception was the TR mutant strain 

ΔΔorf19.6874, which exhibited a strong invasive growth response on blood agar medium (thus making 

scoring of growth difficult). 
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Blood Agar + Glucose (37°C) 
COMPOSITION: Pre-poured plates purchased from manufacturer (REMEL R01202) with an overlay of 

1.875ml 40% glucose (final concentration of ~3%).  

DESCRIPTION: See Blood Agar (37°C) section. 

COMMENTS: These plates were not used in the high-throughput phenotyping study, but were utilized in a 

later screen for hemolysis defects.  The TR knockout library was stamped directly from the glycerol stock 

to these plates, which were then incubated at 37°C.  Almost all strains rapidly exhibited a zone of 

clearing, but the ΔΔtye7 strain exhibited a significant (~24h) delay in the onset of hemolysis (data not 

shown). 
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