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Fig. 1. Schematic representation of the calmodulin-calcineurin-Crz1 signaling pathway in yeast. When

fungal cells are exposed to certain environmental stimuli, the intracellular calcium concentration in-
creases, and then the calmodulin-Ca?* complex binds to the catalytic subunit of calcineurin to acti-
vate calcineurin. Active calcineurin dephosphorylates the downstream transcription factor Crzl in
the cytoplasm. The dephosphorylated Crzl translocates to the nucleus and subsequently induces
transcription of its target genes to activate various cellular processes.

Table 1. Azole susceptibilities of the C. glabrata strains'¥

MIC (ug/mL)
Strain
fluconazole itraconazole voriconazole miconazole

Wild-type 16 2 0.25 0.5
Acnbl 4 0.5 0.125 0.125
Acnbl + CNBI 16 2 0.25 0.5
Acrzl 32 1 0.5 1

Acrzl + CRZ1 16 1 0.25 0.5
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Fig. 2.

Time-kill curves of C. glabrata wild-type and mutant strains exposed to flucon-

azole. Logarithmic-phase cells (5 X 105 CFU/mL) were incubated in minimal medi-

um with agitation in the presence or absence of fluconazole at the indicated con-

centrations. Viable cell counts were determined by plating appropriate dilutions on

yeast extract-peptone-dextrose plates at each time point. The limit of quantitation

was 50 CFU/mL. Geometric means and standard deviations for three independent

experiments are shown.

(Acnbl) 1&, BAMRE LKL TEWT V= VEZEE R
L7278, Crzl S5 T- K8k (Acrzl) TIZ7 vV — v
EZ OB DOONE o7z 2O L XY, C
glabrata ® H v ¥ = 2. —Y) Y13 Crzl IFKAEE OB T
T =V B G LT B RE AR S iz RIC
bhvbiid, BEH#ERZ time-kill assay'®'” & HWT, 7
IF YV = VAAE P TORBNZERBROE=5) ¥ 7%
1172 (Fig.2)o C. glabrata DYFHERR, Acrzl ¥k, #5#1{n
FIERR, EREO TV F VRGN TH Y
% el B 2 EDSUWRETH o T2 — T, Acnbl BRIZ, BEH
DFAEBE TP AEMR & MSF O BGHRE 2 /R 3778, 7 v
F V= VAIEF T ii.i@ﬁc@ﬁi‘&ﬁwﬁﬂﬁﬁ éhto
TV VRIS X B BRI O BRI, R
fEHTHH, Zo k?bi‘ifﬁ'fék%i&ﬂﬁ"glﬂ Ldvh
TWwb, SROEBHERNS, ANV Za—1 v E2HE
THILILEST, VI F V= IVITREITEH % #FE
TEX5Z LRSI NI,

72, C. glabrata ’:BL)‘Z;?J}V/::L—') Y ORIAZ
TARTY VY BREZIIGEELZ 52 20D, ¥y v
Tf/ﬁ%\ﬁ77/#/~ﬁ75@§ﬁ%ﬁbélk
WHEFR SN2 I HT7 7 VXV BD-F VA v DOEK
FEHITH LA, MIZBD-F VA reXFroT A4
N—IEK % HET 5 Congored R FF v DORY) v —T¢
J§% % 59 % calcofluor white 72 & b MIfgEER L X %

FET LI L LTHONT WD, Acnbl BRTIEZI NS
DOFEANTTT 2 EAEMEIFELETLTEY (Fig.3), 7
W= a—1) VIFHIRER b L A RIS b EE R E %
HoTnD Z EAVRER S NIz, —J7, CRZI DRIRIX

Acnbl BREIZIZFEDO I A7 7 V F Uk % 5 ’TTLK
7%, Congored IZ& L CidbINICERZMEZ2HO-DA
T, calcofluor white JEZ I L Tld T o 72 HBE R
1FE8 A no7(Fig.3)e SO & XD, MKaAZF 72 A b

L 2RI U T, ﬁwv—;—uyuaﬂmﬁﬁ
BIOIEEEOTTA P LV ARSKICES LTWwA S
LR E NI,

C. glabrata 37 V' — VR IKEZETH 5 2 & H%k
DEELMETHLY, WVyma—) v EHETLS
EIZEoT, ZNVaAF V= IVICERITERZHEEL, F
72, MOT V= NVRERIAT 7 Y F AT LT K
TE2EOL T ENNRTH 72,

IV. AP Za1—1)>DORED C. glabrata D
RERMEICE A BB

C. glabrata DIRIGEYEMAT CTIE, SWEIHZ 213 T
W RS B REEIRAICEERE L, R0 1 R R,
N, IR 7 & o RGBSR P R % LS B Tk — A
WIZHWSLR TR bbNOWEICBNTY, C
glabrata DEFARE, Acnbl ¥k, Acrzl #k3B X &R T[]
BEROWEZ, EROFEYES >V S iE~Y Y ATV



H A& b % &k 52 & M 6 NOV. 2011
10° 10" 10° 10> 10
Wild-type
Acnbl
Acnbl + CNB1
Acrzl
Acrzl + CRZ1
Control Micafungin
0.01g/mL
Wild-type
Acnbl
Acnbl + CNB1
Acrzl
Acrzl + CRZ1
Congo red Calcofluor white
1 mg/mL 0.8 mg/mL
Fig. 3. Spot dilution assay'¥. Serial 10-fold dilutions of C. glabrata log-phase cells were
spotted onto minimal medium plates containing micafungin, Congo red, or calcoflu-
or white at the indicated concentrations. Plates were incubated at 30°C for 48 h. All
sensitivity tests were repeated at least three times.
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Fig. 4. Virulence assay using a mouse model of disseminated candi

diasis'¥. Groups of 8 mice were intra-

venously inoculated with 8 X 107 cells for each C. glabrata strain. Three target organs (liver, spleen,

and bilateral kidneys) were excised 7 days after injection. Appropriate dilutions of organ homoge-

nates were plated, and the numbers of CFU were counted after 3 days of incubation at 30C . Num-

bers of recovered CFU from each organ are indicated for individual mice in the scatter plots. The

geometric mean is shown as a bar. Representative data of two independent experiments are shown.

%, P<0.05 (Kruskal-Wallis test with Dunn’s posttest).
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neoformans by inhibition of a common target protein.

Elucidation of the calcineurin signaling pathway in pathogenic fungi
to develop a novel antifungal strategy

Taiga Miyazaki and Shigeru Kohno
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Nagasaki, Japan

Invasive fungal infections which have developed in immunocompromised patients are often difficult to
treat in part because physicians have very few therapeutic options and the current antifungal agents have
some issues regarding adverse effects and a limited antifungal spectrum. Elucidation of stress response
mechanisms and virulence factors in pathogenic fungi is required to develop an effective antifungal strat-
egy, in addition to the identification of a fungal-specific molecule. It has been reported that the protein phos-
phatase calcineurin plays critical roles in various stress responses in several important fungal pathogens in-
cluding Candida albicans, Cryptococcus neoformans, and Aspergillus fumigatus. Inhibition of calcineurin signaling
has attracted attention as a novel antifungal strategy that attenuates fungal virulence and increases the effi-
cacy of the existing antifungals while concurrently suppressing the development of antifungal resistance.
This article outlines the calcineurin-signaling cascade in pathogenic fungi especially focusing on our data in
Candida glabrata.



