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Supplementary Figures 
 
Figure S1 Supporting data for Figure 2: Transcriptional regulatory activities 
of Sef1, Sfu1, and Hap43  
 

a) Validation of sfu1 microarray results using RT-PCR.  sfu1 and 
wild type strains were grown in iron-replete medium vs. iron-depleted medium, 
and RT-PCR was used to compare the expression of the 5 genes that were 

found to be highly downregulated in a previous analysis of sfu1 (Lan et al., 
2004) but not in our own analysis.  Error bars depict the standard deviation 
among triplicate samples. 

b) Complementation analysis using Myc-tagged alleles of Sef1, Sfu1, and 
Hap43. Wild type, homozygous knockout, heterozygous knockout, and 
complemented strains were spotted onto the indicated media and incubated at 
30°C.  Sef1 and Hap43 activity were assessed on low iron medium, whereas 
Sfu1 activity was assessed on high copper medium (that is predicted to promote 
the assembly of Fet3/iron permease complexes and to increase the uptake of 
environmental iron).   

c) Validation of predicted direct DNA binding targets of Sfu1-Myc.  Four 
additional ChIP experiments were done comparing strains with and without Sfu1-
Myc.  qPCR was used to quantify the abundance of immunoprecipitated DNA in 
each extract corresponding to each of the 9 predicted Sfu1 direct binding targets 
(CFL4, FTR1, FRE9, SIT1, FTH1, FRP1, orf19.5475, SEF1, and RBT5; PGA7 
was not included since it shares a promoter region with RBT5), as well as 4 
negative controls (CFL1, HAP43, FRE10, and FET3).  White bars correspond to 
the control strain, black bars the epitope-tagged strain.  Each of the 9 direct 
targets was at least 2 times as abundant in ChIP pellets from the epitope-tagged 
extracts, but none of the control promoters differed significantly between the 
tagged and control extracts. 

d) Heat maps of promoters bound by Sef1, Sfu1, and Hap43.  For each 
transcription factor, ChIP results in the untagged control extract are presented on 
the left, and results for the Myc-tagged strain are on the right.  Promoter 
sequences include 1 kb upstream and downstream of the start codon, except in 
cases of larger promoters, in which 2kb upstream and downstream of the start 
codon are included.  Note that all direct binding events are included in these 
maps, not just those with corresponding changes in RNA expression in the 
deletion mutants. 

 
 
Figure S2  Supporting data for Figure 3: Analysis of transcription factor 
orthologs in C. albicans, S. cerevisiae, and S. pombe 
 

a) Growth of viable knockouts of S. pombe zinc binuclear proteins on 

iron-depleted medium. Wild type S. pombe, the php4 mutant (that disrupts the 
CCAAT-binding complex), and 29 viable S. pombe zinc binuclear finger knockout 

mutants were plated on iron replete (YES) and iron-depleted (YES + 140 M 

DIP) media and incubated at 30°C.  Wild type and php4were included as 
resistant and sensitive controls. 

b) S. cerevisiae SEF1 is not induced in low iron medium.  RT-PCR was used to 
assess transcript levels in wild type S. cerevisiae (S288C) grown in YEPD (black 
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bars) vs. YEPD+ 100 M BPS (white bars).  Unlike ScSEF1, the S. cerevisiae 
AFT1 gene was 2-fold induced in low iron medium.  Error bars depict the 
standard deviation among triplicate samples. 

 
Supplementary Tables  
 
Table S1a  Expression microarray results depicted in Figure 2
 
Table S1b ChIP-Chip results depicted in Figure 2 
The genomic coordinates of sequences used for MEME analysis appear in bold. 
 
Table S2a Strains used in Figure 3 and throughout this study  
 
Table S2b Primers used for construction of strains in Figure 3 and 
throughout this study 
 
 
Supplementary Methods 
 
Heat Maps 
 

Heat maps of Sef1, Sfu1, and Hap43 enrichment at promoter sequences (Figure 

S1d) were generated by subtracting the background Cy3 and Cy5 median of the two 

replicate experiments and calculating the mean of log2 probe signal values of IP/whole 

cell extract. Genomic coordinates were extracted for 1kb upstream and downstream of 

the start codon of each ORF and 80bp wide bins were created in these extractions. 

Probe values were assigned to the bins based on the genomic coordinate of the center 

of each probe. 

 



Table S1a Microarray results for Wild type C. albicans in iron-replete vs. iron-depleted conditions

Replicate 1 Replicate 2 Replicate 3
Up-regulated > 2-fold in YEPD vs. YEPD + BPS

orf19.4674.1 CRD2 Metallothionein; role in adaptation to growth with high concentration of copper ions; basal transcription is cadmium-repressed; regulated by Ssn6p; complements copper sensitivity of an S. cerevisiae cup1 null mutant6.2295 4.262 4.954

orf19.2475 PGA26 Putative GPI-anchored protein of unknown function; transcriptionally regulated by iron; expression greater in high iron; induced during cell wall regeneration; possibly spurious ORF (Annotation Working Group prediction)3.945 3.751 2.759

orf19.4040 ILV3 Putative dihydroxyacid dehydratase; fungal-specific (no human or murine homolog); upregulated in biofilm; S. cerevisiae ortholog is Gcn4p regulated; repressed by nitric oxide; macrophage-induced protein; farnesol-downregulated4.1475 3.258 2.609

orf19.238 CCP1 Similar to cytochrome-c peroxidase N terminus; transcription is negatively regulated by Rim101p or alkaline pH; transcription induced by interaction with macrophage or low iron; oxygen-induced activity6.722 3.013 2.88

orf19.7498 LEU1 Protein described as 3-isopropylmalate dehydratase; antigenic in human; decreased expression in hyphae compared to yeast-form cells; alkaline downregulated; upregulated in the presence of human whole blood or polymorphonuclear (PMN) cells5.6995 2.121 3.201

orf19.1770 CYC1 Cytochrome c; complements defects of an S. cerevisiae cyc1 cyc7 double mutant; transcriptionally regulated by iron; expression greater in high iron; alkaline downregulated; repressed by nitric oxide4.842 3.0725 2.4745

orf19.637 SDH2 Succinate dehydrogenase, Fe-S subunit; localizes to surface of yeast-form cells, but not hyphae; transcriptionally regulated by iron; expression greater in high iron; repressed by nitric oxide; induced during log phase (aerobic growth)3.973 3.0245 2.93

orf19.4495 NDH51 Subunit of nicotinamide adenine dinucleotide dehydrogenase complex I, of the mitochondrial electron transport chain; required for wild-type filamentous growth; alkaline downregulated4.703 2.9835 2.447

orf19.2871 SDH12 Protein with similarity to S. cerevisiae SDH1, which is a flavoprotein subunit of succinate dehydrogenase; soluble protein in hyphae; macrophage-downregulated protein level; downregulated by Efg1p; repressed by nitric oxide4.003 2.8785 2.4325

orf19.7590 Protein described as NADH-ubiquinone oxidoreductase; identified in detergent-resistant membrane fraction (possible lipid raft component); predicted N-terminal acetylation; repressed by nitric oxide3.898 2.8335 2.2005

orf19.2091 Predicted ORF in Assemblies 19, 20 and 21; repressed by nitric oxide4.3225 3.0265 2.025

orf19.4365 Predicted ORF in Assemblies 19, 20 and 212.7905 3.987 2.3685

orf19.3327 TRM2 Predicted ORF in Assemblies 19, 20 and 21; decreased expression in response to prostaglandins2.948 3.9265 1.5645

orf19.1744 HEM4 Protein described as uroporphyrinogen III synthase; transcriptionally regulated by iron; expression greater in high iron or elevated CO2; alkaline downregulated3.727 3.057 2.2425

orf19.5077 Predicted ORF in Assemblies 19, 20 and 21; repressed by nitric oxide; possibly spurious ORF (Annotation Working Group prediction)3.4755 2.988 1.598

orf19.3223.1 Predicted ORF; described as 12kDa subunit of mitochondrial NADH-ubiquinone oxidoreductase; gene has intron2.8655 2.8165 1.8295

orf19.6794 FESUR1 Protein described as ubiquinone reductase; transcriptionally induced by interaction with macrophage; alkaline downregulated; repressed by nitric oxide; clade-associated gene expression3.499 2.6505 2.423

orf19.3175 Predicted ORF in Assemblies 19, 20 and 21; alkaline downregulated; repressed by nitric oxide; virulence-group-correlated expression4.683 2.5325 2.616

orf19.4758 Predicted ORF in Assemblies 19, 20 and 21; alkaline downregulated3.896 2.583 2.2365

orf19.6531 NUC2 Protein described as NADH-ubiquinone oxidoreductase; identified in detergent-resistant membrane fraction (possible lipid raft component); alkaline downregulated3.698 2.562 2.106

orf19.1710 Protein described as NADH-ubiquinone oxidoreductase; identified in detergent-resistant membrane fraction (possible lipid raft component); predicted N-terminal acetylation; repressed by nitric oxide3.6305 2.523 1.997

orf19.6257 GLT1 Alkaline downregulated 4.2325 2.722 2.19

orf19.1517 ARO3 3-Deoxy-D-arabinoheptulosonate-7-phosphate synthase; enzyme of aromatic amino acid biosynthesis; GCN-regulated; feedback-inhibited by phenylalanine when heterologously produced in S. cerevisiae; Aro3p and Aro4p catalyze the same reaction2.782 2.7755 2.0055

orf19.5893 RIP1 Protein described as subunit of ubiquinol cytochrome c-reductase; transcriptionally regulated by iron; expression greater in high iron; alkaline downregulated; repressed by nitric oxide2.7305 2.618 1.67

orf19.5629 QCR7 Protein described as ubiquinol-cytochrome-c reductase, subunit 72.48 2.547 1.7285

orf19.1625 Predicted ORF in Assemblies 19, 20 and 21; repressed by nitric oxide2.775 2.4785 1.867

orf19.6385 ACO1 Protein described as aconitase; Gcn4p-regulated; amino acid starvation (3-AT treatment), amphotericin B, phagocytosis, farnesol induced; fluconazole-downregulated; expression greater in high iron; antigenic in human or murine infection5.6095 2.525 2.1655

orf19.446.2 Predicted ORF in Assembly 20 and 21; gene has intron3.0705 2.434 1.909

orf19.287 Predicted ORF in Assemblies 19, 20 and 21; repressed by nitric oxide; identified in detergent-resistant membrane fraction (possible lipid raft component)2.827 2.4475 1.6615

orf19.1179 Transcriptionally regulated by iron; expression greater in high iron; possibly subject to Kex2p processing2.7435 2.5165 1.7395

orf19.2821 Predicted ORF in Assemblies 19, 20 and 21; repressed by nitric oxide2.8575 2.6805 1.311

orf19.3527 CYT1 Protein described as cytochrome c1; transcriptionally regulated by iron; expression greater in high iron; alkaline downregulated3.1615 2.342 1.865

orf19.2954 Predicted ORF in Assemblies 19, 20 and 21; repressed by nitric oxide; possibly spurious ORF (Annotation Working Group prediction)2.7615 2.574 1.5365

orf19.446.1 Predicted ORF in Assembly 20 and 21; gene has intron2.6245 2.405 1.334

orf19.4099 ECM17 Predicted enzyme of sulfur amino acid biosynthesis; putative role in regulation of cell wall biogenesis; upregulated in biofilm; possibly adherence-induced; regulated by Tsa1p, Tsa1Bp under H2O2 stress; Gcn4p-regulated; Tbf1p-activated3.5115 2.345 1.5825

orf19.3290 Predicted ORF in Assemblies 19, 20 and 21; repressed by nitric oxide3.033 2.4075 1.6705

orf19.913.2 ORF Predicted by Annotation Working Group2.8875 2.353 1.553

orf19.1957 CYC3 Cytochrome c heme lyase, mitochondrial; gene also encodes antigenic cell-wall protein; mRNA more abundant in filaments than yeast-form; induced on polystyrene adherence, interaction with macrophage; N-glycosylation, 2 heme-binding motifs2.324 2.3695 1.721

orf19.1549 Predicted ORF in Assemblies 19, 20 and 21; repressed by nitric oxide; identified in detergent-resistant membrane fraction (possible lipid raft component); predicted transmembrane helix2.6315 2.6635 1.6505

orf19.1873 Predicted ORF in Assemblies 19, 20 and 21; repressed by nitric oxide; possibly spurious ORF (Annotation Working Group prediction)3.055 2.5245 1.3415

orf19.4016 Predicted ORF in Assemblies 19, 20 and 21; amphotericin B induced; repressed by nitric oxide; protein level decreased in stationary phase cultures2.826 2.524 1.804

orf19.3366.1 ORF Predicted by Annotation Working Group3.296 2.4855 1.755

orf19.5521 ISA1 Reported to have possible role in iron-sulfur cluster biogenesis or cytoplasm-to-mitochondrion iron transport; alkaline downregulated; transcriptionally regulated by iron; expression greater in high iron3.521 2.2825 2.0735

Systematic 

Name

Gene 

Name
Description

log2(iron-replete/iron-depleted)
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Table S1b. ChIP-Chip results depicted in Figure 2

Sef1 binding targets

Peak # Gene name Systematic name Normalized log2 SEF1 enrichmentAgilent Score
1 SOD2 orf19.3340 5.7 10.371

2 ISU1 orf19.6548 5.1 9.9905

3 HGT2 orf19.3668 4.3 9.9135

4 orf19.4901 4.5 9.792

5 orf19.3610 4.25 9.7015

6 ACO1 orf19.6385 4.6 9.6295

7 SAL6 orf19.5758 4.5 9.6105

7 orf19.5757 4.5 9.6105

8 ATM1 orf19.1077 4 9.547

9 ISA1 orf19.5521 4 9.492

9 GCV1 orf19.5519 4 9.492

10 SNM1 orf19.1927 4.25 9.464

10 SEF2 orf19.1926 4.25 9.464

11 YHM2 orf19.4197 4.25 9.42

11 FCA1 orf19.4195.1 4.25 9.42

12 NBP35 orf19.747 4 9.348

12 orf19.746 4 9.348

13 CFL5 orf19.1930 3.9 9.152

14 HAP43 orf19.681 3.8 9.0535

15 orf19.2149 3.85 9.0355

15 orf19.2150 3.85 9.0355

16 HAP3 orf19.4647 5.88 9.024

17 TRR1 orf19.4290 3.8 8.998

18 orf19.6003 4.25 8.856

19 SOD4 orf19.2062 3.5 8.795

20 FRE9 orf19.3538 3.45 8.744

21 orf19.5952 3.7 8.6985

22 GDH3 orf19.4716 3.1 8.6185

23 HMX1 orf19.6073 3.25 8.5975

24 FTR1 orf19.7219 3.25 8.5365

24 RBE1 orf19.7218 3.25 8.5365

25 orf19.7445 3.75 8.4515

26 SMF12 orf19.2270 3.7 8.4475

27 orf19.22 orf19.22 3.25 8.404

28 orf19.5326 3.25 8.3685

29 orf19.4513 3 8.3455

30 orf19.7306 3 8.309

31 CAP1 orf19.1623 3.25 8.2825

31 orf19.1624 3.25 8.2825

32 SAP99 orf19.853 3.45 8.227

33 orf19.6793 3 8.0995

33 RRD1 orf19.6792 3 8.0995

34 CFL2 orf19.1264 3 8.0565

35 orf19.1486 2.75 7.7615

36 IDH1 orf19.4826 2.75 7.681
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Table S2a. Strains used in Figure 3 and throughout this study

Strain Species

Relevant 

Genotype

SN250 C. albicans Wild type 

SN425 C. albicans

Wild type 

(prototroph)

SN330 C. albicans sef1 D/D

SN452 C. albicans sef1 D/D (prototroph)

SN515 C. albicans sfu1 D/D

SN668 C. albicans sfu1 D/D (prototroph)

SN694 C. albicans hap43 D/D

SN802 C. albicans aft2 D/D

SN436 C. albicans

SEF1-

complemented 

strain

SN664 C. albicans

SFU1-

complemented 

strain

SN863 C. albicans

HAP43-

complemented 

strain

SN423 C. albicans SEF1-Myc/SEF1

SN646 C. albicans SFU1-Myc/SFU1

SN840 C. albicans HAP43-Myc/HAP43

SN830 C. albicans SEF1-Myc/ D

SN858 C. albicans SFU1-Myc/ D

SN860 C. albicans HAP43-Myc/ D

BY4741 S. cerevisiae Wild type

Weissman lab 

"WT" S. cerevisiae Wild type (control)

sef1 D S. cerevisiae sef1 D

hap4 D S. cerevisiae hap4 D

SN846 S. cerevisiae aft1 D

SP286 S. pombe Wild type 
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Table S2b. Primers used for construction of strains in Figure 3 and throughout this study

Primer NamePurpose Sequence
Primers used in C. albicans
SNO300 Common 5' verification primer for myc-tagging_reverseCCGTTAATTAACCCGGGGATC

SNO301 Common 3' verification primer for myc tagging_forwardggaacttcagatccactagttctagagc

SNO772 Common 5' verification primer for gene deletion_reverseattcagcgaacggggtgtac

SNO778 Common 3' verification primer for gene deletion_forwardgctatggcgcattcatcgacc

SNO460 SEF1-Myc  Forward primerTTAATAATGATAACCAAGATGACGACTTTTTGGGTTGGTTTGATGTTAATATGATGCAAGAGAAAcggatccccgggttaattaacgg

SNO461 SEF1-Myc  Reverse primerACTTATTCATTACAAAATCATATTAACATAATTACTAACTATTTACATTCTAATGAGGTAGAATCGGCGGCCGCTCTAGAACTAGTGGAT

SNO503 SEF1-Myc 5' verification TGAAATCTTTTGATTCCAGCAAACC

SNO504 SEF1-Myc 3' verificationCTTCTATTGTTCCACAAGGTGCCAG

SNO1016 HAP43-Myc 5' flank_forwardggcgaattggagctccaccgcggtggcggccgctctagaactagtgGATCgtttaaacTTGTACTACTGTTGCCAGTCGAAG

SNO1017 HAP43-Myc 5' flank_reverseGTTCACCGTTAATTAACCCGGGGATCCGATTATATGCTCTTCTATCTAATTCTCG

SNO1018 HAP43-Myc 13xMyc-FLP-SAT1 cassette_forwardCGAGAATTAGATAGAAGAGCATATAATcggatccccgggttaattaacggtgaac

SNO1019 HAP43-Myc 13xMyc-FLP-SAT1 cassette_reverseGTGTCGGAAATACTTCATACTGTAAGTCAAAGCGGCCGCTCTAGAACTAGTGGATCT

SNO1020 HAP43-Myc 3' flank_forwardagatccactagttctagagcggccgcTTTGACTTACAGTATGAAGTATTTCCGACAC

SNO1021 HAP43-Myc 3' flank_reverseGTCGACGGTATCGATAAGCTTGATATCGAATTCCTGCAGCCCGGGGGATCGTTTAAACCGAAACAAGCACTTACTCGATGCCAG

SNO1022 HAP43-Myc 5' verificationGACCAAGGATACTTCTTCTGATGG

SNO1023 HAP43-Myc 3' verificationGTGCAGGTAATACTATTGCTGGTG

SNO883 SEF1-Myc/SEF1D 5' flank_forwardggcgaattggagctccaccgcggtggcggccgctctagaactagtgGATCgtttaaacAGGCAATTTCGGGTCTAGTAGTAAAC

SNO884 SEF1-Myc/SEF1D 5' flank_reverseCTCGAGGGGGGGCCCGGTACCCAAAGTTAAGGGAGGAGTCGATTGGTTGTCG

SNO885 SEF1-Myc/SEF1D FLP-SAT1 cassette_forwardACAACCAATCGACTCCTCCCTTAACTttgggtaccgggccccccctcgagga

SNO886 SEF1-Myc/SEF1D FLP-SAT1 cassette_reverseTTTACATTCTAATGAGGTAGAATCGGCGGCCGCTCTAGAACTAGTGGATC

SNO887 SEF1-Myc/SEF1D 3' flank_forwardtccactagttctagagcggccgccGATTCTACCTCATTAGAATGTAAATAG

SNO888 SEF1-Myc/SEF1D 3' flank_reverseGTCGACGGTATCGATAAGCTTGATATCGAATTCCTGCAGCCCGGGGGATCGTTTAAACGTCCAGGGTTCTCTTGTAAACTTG

SNO901 SEF1-Myc/SEF1D 5' verification_forwardCTGCACGACCTTGCATCATTAC

SNO898 SEF1-Myc/SEF1D 3' verification_reverseCACAAGGTGCCAGAATATACACAG

SNO1070 SFU1-Myc/SFU1D 5' flank_forwardggcgaattggagctccaccgcggtggcggccgctctagaactagtgGATCgtttaaacTTCGCTTTAGTTCACATCCAGTTG

SNO1071 SFU1-Myc/SFU1D 5' flank_reverseCTCGAGGGGGGGCCCGGTACCCAAATTCATAAACGGTGGTTGACTTTGTTG

SNO1072 SFU1-Myc/SFU1D FLP-SAT1 cassette_forwardACAAAGTCAACCACCGTTTATGAATttgggtaccgggccccccctcgagga

SNO1073 SFU1-Myc/SFU1D FLP-SAT1 cassette_reverseAAGGGGATTGTTTTGCATACTCGGCGGCCGCTCTAGAACTAGTGGATC

SNO1074 SFU1-Myc/SFU1D 3' flank_forwardtccactagttctagagcggccgccGAGTATGCAAAACAATCCCCTTTC

SNO1075 SFU1-Myc/SFU1D 3' flank_reverseGTCGACGGTATCGATAAGCTTGATATCGAATTCCTGCAGCCCGGGGGATCGTTTAAACCAGACGATAACTTGGAAGATTGTG

SNO1084 SFU1-Myc/SFU1D 5' verification_forwardTCAAGTACCAGTTACTGTTTGAGAG

SNO1085 SFU1-Myc/SFU1D 3' verification_reverseAGGACGTAATGATGATGATGAAGG

SNO1076 HAP43-Myc/HAP43D 5' flank_forwardggcgaattggagctccaccgcggtggcggccgctctagaactagtgGATCgtttaaacGACTCGCTTCTAATTCTCACAAAC

SNO1077 HAP43-Myc/HAP43D 5' flank_reverseCTCGAGGGGGGGCCCGGTACCCAACCGATTACTCGCTGATTTCTCT

SNO1078 HAP43-Myc/HAP43D FLP-SAT1 cassette_forwardGAAATCAGCGAGTAATCGGttgggtaccgggccccccctcgagga

SNO1019 HAP43-Myc/HAP43D FLP-SAT1 cassette_reverseGTGTCGGAAATACTTCATACTGTAAGTCAAAGCGGCCGCTCTAGAACTAGTGGATCT

SNO1020 HAP43-Myc/HAP43D 3' flank_forwardagatccactagttctagagcggccgcTTTGACTTACAGTATGAAGTATTTCCGACAC

SNO1021 HAP43-Myc/HAP43D 3' flank_reverseGTCGACGGTATCGATAAGCTTGATATCGAATTCCTGCAGCCCGGGGGATCGTTTAAACCGAAACAAGCACTTACTCGATGCCAG

SNO1082 HAP43-Myc/HAP43D 5' verification_forwardGACAACAAAAGCAGTTCATTGG

SNO1083 HAP43-Myc/HAP43D 3' verification_reverseTCAAGTACCAGTTACTGTTTGAGAG

SNO1056 qPCR for Sef1 promoter_forwardCGGGTCTAGTAGTAAACAAAGC

SNO1057 qPCR for Sef1 promoter_reverseCTGTCAGGAAGAAAGGAAGAGA

SNO1062 qPCR for Rbt5 promoter_forwardTACGAGGTTTCGCTATTTCTTGAC

SNO1063 qPCR for Rbt5 promoter_reverseGTAGCAAATACTTATGCAGCTTGG

SNO1066 qPCR for SFU1 promoter_forwardTTCAAGTACCAGTTACTGTTTGAG
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