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Supplemental Experimental Procedures

Strains and Growth Media

Strains used in this study are listed in Table S1. Strains were main-
tained on YPD 1% (w/v) yeast extract, 2% (w/v) mycological pep-
tone, 2% (w/v) glucose, and 2% (w/v) technical agar at room temper-
ature. Media were supplemented with 2% (w/v) glucose or 2% (w/v)
maltose for repression and induction of MRP1-regulated genes, re-
spectively. For galvanotropism assays, strains were grown in mod-
ified Soll’s medium (MSM) [S1-S3] containing 5 mM PIPES, where
the medium was modified by removal of all chloride salts and by
an increase of medium resistivity to 800-1000 Q@ cm by 10-fold dilu-
tion of the total salt content. From overnight cultures at pH 4.5 and
25°C, hyphae were induced by transfer of inocula into 500 ml MSM
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[pH 7.5] for 6 hr. The temperature was maintained at 37°C + 1°C
by circulation through a heat exchanger. The medium was supple-
mented with organic blockers of L-type calcium channels, the cal-
cium chelator, BAPTA (1,2-bis(o-aminophenoxy)ethane- N,N,N’,N’-
tetraacetic acid), CaS0O,, or 5 png/ml of the calcineurin inhibitor,
FK506, as appropriate. For thigmotropism assays, strains were
grown overnight in SC (0.67% [w/v] yeast nitrogen base [YNB] with
amino acids, 2% [w/v] glucose) at 30°C, and hyphae were induced
by transfer into 20 ml 20% (v/v) newborn-calf serum and 2% (w/v)
glucose at 37°C. Concentrations of 1-10 ug/ml FK506 were added
for the inhibition of calcineurin in wild-type cells. For growth-rate
measurements, Ca2*-accumulation assays, and colony morphology
determinations, strains were grown in SD-Ca?* (2% [w/v] glucose,
0.67% [w/v] YNB with ammonium sulfate but without CaCl,). The

Figure S1. Colony Morphology of C. albicans
Ca?*-Channel and Ca®*-Signaling Mutants

Yeast cells (5 x 10%) were spotted on to min-
imal (YNB) solid medium and grown with or
without added Ca®* (10 mM). After 17 days’
incubation on Ca?*-depleted solid minimal
medium, wild-type C. albicans colonies start
to produce abberant lobes, which can be
alleviated by the addition of 10 mM Ca* to
the medium. In contrast, emerging colonies
of the Cacch1A and Camid1A mutants were
lobed. This morphology was alleviated by re-
integration or induced expression of the gene
(right) but not by supplementation with Ca%*,
suggesting that exogenous Ca?* was not
available to the mutant cells. The morphology
of Cafig1A mutant was not lobed but instead
invaded the underlying agar. The Cacrz1A
mutant was the same as the wild-type, and
the calcineurin mutants (CacnalA and
Cacnb1A) were partially lobed. The aberrant
morphologies of the Cafig1A, CacnalA, and
Cacnb1A mutants were partially alleviated
on supplementation with exogenous Ca?*,
supporting the view that these genes are
involved in calcium signaling in C. albicans.
Panels depict the following: (A) control strain,
(B) Cacch1A, (C) Camid1A, (D) Cafig1A, (E)
Camid1A-cch1A, (F) Cacrz1A, (G) CacnalA,
and (H) Cacnb1A. Asterisks denote growth
on maltose for inducing CaCCH1 in condi-
tional strain. The scale bar represents 10 mm.
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Figure S2. *°Ca?* Uptake in the Ca?*-Channel Mutants

Yeast cells were grown in Ca?*-depleted medium prior to incubation
with 4°Ca?* for 2 hr. Hatched bars represent the conditional CaCCH1
strain normalized to controls grown in inducing conditions (maltose).
Each error bar shows the SD of the mean values obtained from three
independent experiments.

only source of Ca* ions in this medium was 0.8 uM Ca2*-pantothe-
noate, supplementation with Ca®* where stated, or *°Ca* in uptake
assays.

Construction of Cacch1, Camid1, and Cafig1 Mutants

Single homologs of ScCCH1, ScMID1, and ScFIG1 were identified
in the C. albicans genome sequence (http://genolist.pasteur.fr/
CandidaDB/) as 0rf19.3298 (a 6765 bp gene on chromosome 1),
orf19.3212 (a 1677 bp gene on chromosome 5), and orf19.138 (a
798 bp gene on chromosome 6), respectively. CaMID1 and CaCCH1
were disrupted in strain CAl4 in accordance with the standard Ura-
blaster method [S4, S5]. For CCH1, the downstream region of the
gene was amplified with primers 5'-GATCCATACGATGTGACGA-3'
and 5-GGACATACTATGCTCTCC-3' and cloned into the Ura-blaster

plasmid, pMB-7, to generate plasmid pVC2. The upstream region of
the gene was amplified with primers 5'-CTAGACCGAATTCAAGCT-
3 and 5'-TCTCGCACACGTGATAGC-3 and cloned into pVC2 to
generate plasmid pVC3. pVC3 was linearized by digestion with Pvull
and transformed into CAl4 to delete 69% of the gene, including all 24
transmembrane domains and the four pore-forming domains. Three
rounds of transformation with the Ura-blaster cassette were re-
quired for deleting all wild-type copies of CaCCH1. Trisomy of genes
located on chromosome 1 of C. albicans has been reported previ-
ously [S6, S7]. For the mid1A mutant, an upstream sequence of
593 bp (bp 2-594) was amplified by PCR with a Sacl site at the &'
end and a Bglll site at the 3’ end, with primers 5'-TGATACCACCTTTT
ATTCTACTA-3 and 5-CGATTAGTATTTTCCGGTGCTC-3, and
cloned into the Ura-blaster vector, pMB-7, for the creation of plas-
mid pMB7-CaMID-UP. A downstream sequence of 695 bp, contain-
ing the last 371 bp of MID1, a 5’ Sall site, and a 3’ Hindlll site was am-
plified with primers 5-GGTTATGTGCCGTTACTATACCTC-3' and
5-GATGATTATTTGTGGGTTTTATAC-3' and cloned into pMB7-
CaMID-UP to generate pSGS2, which was linearized by digestion
with Hindlll and Sacl and used for transforming C. albicans strain
CAIl4. A region comprising 58% of the gene was deleted, including
transmembrane domain H3 that is essential for Mid1 function in
S. cerevisiae [S8]. CaFIG1 was disrupted by amplification of the
dp1200 URA3 mini-blaster cassette from plasmid pDDB57 [S9] by
the use of primers with 19 bp homology to the cassette (underlined)
and 111 bp homology to CaFIG1 (Biomers, Ulm, Germany): 5'-GAG
ATATAAAATGAATTTACCATTGAAATTCACCATTGTATTCACAATAA
TAATTCAATTCATAACTGCTGCGTTATTAAGTTTCTTATTACTTGGA
TGTATAGATACTTCTTTTCCCAGTCACGACGTT-3 and 5-GCAGAA
ATTTGTACACTAAATTTTTGTATCCACCAGTGGTTGTGGTGGGTGT
TGCAGTGATTTTCCATTCAATTTACTCATTCTAATTTCCATCCACCA
TGATAAACAAGCTGTGGAATTGTGAGCGGATA-3. The resulting
product was transformed into CAl4, resulting in the deletion of bp
102-702 (75% of the gene).

For avoiding artifacts resulting from ectopic expression of the se-
lectable marker [S10], URA3 was reintegrated on the Stul-linearized
Clp10 plasmid at the RPS1 locus in the Ura™ derivatives of all mu-
tants [S11]. In control strains, single copies of FIG1 or MID1 were in-
troduced at the RPS1 locus in the null background. For FIG1, 734 bp
of the promoter region, the 798 bp open reading frame (ORF), and
582 bp of the terminator region were amplified by PCR with primers
5'-ATAACTACGGCTTATTCTGG-3' and 5-ACTGCCACTATCATTAA
GTC-3'. For MID1, a region containing 960 bp of the promoter, the
1641 bp ORF, and 371 bp of the terminator region was amplified
with primers 5'-GTTAGAACCTCAACACAATG-3' and 5’CAAGGCTA

Table S1. Candida albicans Strains Used in This Study

Strain Strain Name Genotype Source
CAl4 ura3A-iro1A::Aiimm434/ura3A-iro1A::imm434 [S4, S5]
NGY152 Control strain As CAl4 but rps1A::Clp10/RPS1 [S10, S11]
NGY171 As CAl4 but cch1A::hisG/cch1A::hisG/CCH1 This study
NGY164 As CAl4 but cch1A::hisG/cch1A::hisG/ cch1A::hisG This study
NGY166 Cacch1A As CAl4 but cch1A::hisG/cch1A::hisG/ cch1A::hisG, rps1A::Clp10/RPS1 This study
NGY364 Cacch1A/MRP1-CCH1 As CAl4 but cch1A::hisG/cch1A::hisG/IMRP1-CCH1 This study
NGY116 As CAIl4 but mid1A::hisG/MID1 This study
NGY120 As CAl4 but mid1A::hisG/mid1A::hisG This study
NGY167 Camid1A As CAl4 but mid1A::hisG/mid1A::hisG, rps1A::pClp10/RPS1 This study
NGY468 Camid1A+ MID1 As CAIl4 but mid1A::hisG/mid1A::hisG, rps1A::Clp10-MID1/RPS1 This study
NGY174 As CAl4 but cch1A::hisG/cch1A::hisG/cch1A::hisG, mid1A::hisG/MID1 This study
NGY366 Cacch1-mid14/MRP1-MID1 As CAl4 but cch1A::hisG/cch1A::hisG/cch1A::hisG, mid1A::hisG/MRP1-MID1 This study
NGY368 Cacch1A-mid1A As CAIl4 but cch1A::hisG/cch1A::hisG/cch1A::hisG, mid1A::hisG/mid1A::hisG, This study
rps1A::Clp10/RPS1
NGY469 As CAl4 but fig1A::dp1200/fig1A::dp1200 This study
NGY372 Cafig1A As CAIl4 but fig1A::dp1200/fig1A::dp 1200, rps1A::Clp10/RPS1 This study
NGY373 Cafig1A + FIG1 As CAl4 but fig1A::dp1200/fig1A::dp 1200, rps1A::Clp10-FIG1/RPS1 This study
MKY380 Cacrz1A As CAl4 but crz1A::hisG/crz1A::hisG, rps1A::Clp10/RPS1 [S15]
DSY2091 CacnalA As CAl4 but cna1A::hisG/cna1A::hisG-URA3-hisG [S16]
JRB64 Cacnb1A As CAl4 but his1A::hisG::HIS1/his1A::hisG, arg4A::hisG/arg4A::hisG, [S17]
cnb1A::UAU1/cnb1A::ARG4
MCC85 Cacnb1A + CNB1 As CAl4 but his1A::hisG::CNB1-HIS1/his1A::hisG, arg4A::hisG/arg4A::hisG, [S17]

cnb1A::UAU1/cnb1A::ARG4

DAY185

URAS3/ura3A-iro1A::\imm434, HIS1/his1A::hisG ARG4/arg4A::hisG [S18]
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TCAGGACGATA-3'. The products were cloned into pGEM-T-Easy
(Promega, Southampton, UK) to generate plasmid pYM1 and
pAB1, respectively. The inserts were released by digestion with
Notl and were subcloned into the Clp10 plasmid to generate plas-
mids pYM2 and pAB2. These were linearized with Stul and trans-
formed into NGY469 and NGY120, respectively. Expression was
confirmed by RT-PCR with primers 5'-GGTTATATGGGTGTATGTTT
AT-3 and 5'-GAAACTAGATTGCTGCATCAT-3' for FIG1 and primers
5-TATATTGTTATGGATTTTGAAGG-3' and 5-CTATATGACAACCA
TTAAAGTAA-3' for MID1. The cch1A/mid1A double null was ob-
tained by disruption of the first MID1 allele with pSGS2, as described
above, in NGY164 to generate strain NGY174. The second MID1
allele was disrupted by amplification of the MID1 pSGS2-deleted re-
gion from the remaining WT MID1 allele in NGY174, with primers
MIDint-XBA 5-GCAAATCTAGACTAATCGTACAGCACAATGGACA
T-3' and MIDint-XHO 5-GCAAACTCGAGCAATTTTTATAACTTTGA
GCACAATC-3'. The Xho1-Xba1l-digested fragment from this prod-
uct was used for creating plasmid pDS1197. An internal deletion
was made by amplification of pDS1197 with primers MIDint-BGL
and MIDint-PST (5'-GCAAAGATCTTTGTTAACCATAAATTGTTGTT-
3’ and 5-GCAAACTGCAGAGTACAAAATATATTGCTTATAT-3)). The
product was ligated with a Bglll-Pstl 3.7 kb fragment from pMB-7
to generate pDS1199. pDS1199 was linearized with Apal/Sacl and
transformed into NGY174. CAI4/Clp10 was used as the isogenic
control strain in all experiments. As reported for ScCCCH1 [S12], we
were unable to isolate full-length CaCCH17-containing plasmids
from bacteria. We therefore constructed a conditional mutant where
the remaining functional allele of CaCCH17in NGY171 (cch1A/cch1A/
CCH1) was placed under the control of the maltose/glucose-regulat-
able MRP1 promoter [S13]. CaMID1 was likewise regulated in
NGY366 (cch1A/cch1A/cch1A/mid1/MRP1-MID1) as a control for
MID1 function in the double null mutant. The CaCCH1 and CaMID1
promoters were replaced by the MRP1 promoter by amplification
of the URA3-MRP1 construct that was previously cloned into
pBLUESCRIPT and transformation of the products into the hetero-
zygous mutants NGY171 and NGY174 to generate strains NGY364
and NGY366. For CaCCH1, the primers were 5'-GATTCCAAAACTG
ATCAAATATTTTAAAGGAAGTTTTCCTAACCTCTGCCAATCTTGCTT
TGGATGGTAACACTTTCTAGAAGGACCACCTTTGATTGT-3 and 5'-
ATTTGATTCAGTTGGGGGATTTATTATTATTCCAGGTCTGCCTCGA
CTTGAATGGGTATTGCTGTTATCCATGATTTATGATCAAGTTACTTA
CAGGTA-3'. For CaMID1, the primers were 5-TAAAACTAAATC
AATGTTAGAACCTCAACACAATGATTCAACATCCAATGGTAATGAT
AATGGTAGTGGTAATAACCTAGAAGGACCACCTTTGATTGT-3' and
5'-GGTGAGATTTGTAGATGGATCTAAGTTTTGAAAAAAATCAAATT
CAAAAGGTTCACAATATGATGAGTTCATTATTAGAGATCAAGTTAC
TTACAGGTA-3'. The MRP1 promoter is repressed by glucose and
induced by maltose in the medium and was selected because
changes in carbon source do not impinge on the resistivity of media
used in galvanotropism experiments. Conditional MRP1p-regulated
mutants were subcultured for 3 days in glucose-containing medium
prior to assays. CaCCH1 expression was examined by RT-PCR with
primers 5'-CAAGTACATCAACACCAAGT-3' and 5'-GGGAATTCACC
AAATACTTTA-3'. Gene deletion and reintegration was confirmed by
Southern analysis (data not shown).

Growth Curves and Ca?*Accumulation

Cells were grown overnight in SD-Ca* at 30°C with shaking. For
yeast-growth assays, cells were washed and diluted to ODggo = 0.1
in a 96-well plate (5 wells/strain). Growth was measured spectropho-
tometrically over 16 hr at 30°C. The length of hyphae grown over 6 hr
were measured with Openlab 2.0 software, and the extension rate
was calculated. For Ca?* accumulation (adapted from [S14]), cells
were washed and diluted to ODggo = 1 in 8 ml fresh medium and
cell concentrations determined with an Improved Neubauer hemocy-
tometer. Cells were incubated for 2 hr at 30°C, pelleted, and resus-
pended in 8 ml fresh medium supplemented with 0.6 MBq (megabec-
querel) “°Ca®* (8 pl of 74 MBg/ml, Amersham Biosciences,
Buckinghamshire, UK). The ODggo was determined att=0and t =2
hr, when triplicate samples of 2 ml were filtered with Whatman GC/
C filters wetted with medium containing 5 mM calcium and washed
with 17 ml of the same. **Ca®* accumulation was determined by scin-
tillation counting and reported as the mean pmol “°Ca?* accumulated
per 10° cells = SD from three independent experiments.
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Scanning Electron Microscopy

Cells were adhered to ridged quartz slides, grown for 6 hr in 20%
(v/v) FCS and 2% (w/v) glucose, and fixed with 2.5% glutaraldehyde
in 0.1 M phosphate buffer [pH 7.4]. Cells were postfixed with 1% os-
mium tetroxide, dehydrated in 70%, 90%, 95%, and 100% ethanol,
and critical-point-dried in CO,. The slide was mounted on a stub and
sputter-coated with gold. Cells were viewed in a JEOL35CF scan-
ning electron microscope at a voltage of 10 kV.
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