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Aspergillus  fumigatus is known as the primary causative agent of aspergillosis, which is an
opportunistic infectious fungal disease mainly localized in the respiratory system of human and animals.
Although the patients suffered from the invasive aspergillosis as well as the allergic diseases are getting
increased, molecular mechanism of 4. fumigatus infection has not been well elucidated yet. The hypoxic
condition is important to 4. fumigatus because the environment of host cells is usually maintained as
hypoxic condition. Currently, A. fumigatus has no known sexual development process, while a
homothallic fungus Aspergillus nidulans, which is a very close relative of A. fumigatus, undergo
complete sexual development process. Furthermore, in 4. nidulans, hypoxic condition is one of the most
important environmental factor for generating fruit bodies or cleistothecia. To study relationship between
hypoxic stress condition and fungal development and virulence in a high-throughput manner, DNA
microarray experiments were performed using A. fumigatus and A. nidulans 70-mer oligo microarray
chips which were supported and provided by pathogenic fungi genome resource center (PFGRC). Total
RNA samples were prepared in variable time points of the life cycle such as submerged culture (9 and
14 h), asexual induction condition (3, 6, 9, 12, and 24 h after transfer from submerged culture to solid
media) and developmental induction after 24 h of hypoxic stress (0, 3, 6, 9, 12 h after hypoxic
condition). The gradual hypoxic stress was simply induced by tight sealing of the culture plate with
tape or parafilm. In A. fumigatus, although no sexual development was observed, developmental process
was blocked and no conidia were produced during the 24 h of hypoxic or limited-oxygenic culture
condition. Microarray experiment was performed using total RNAs extracted from the 12 samples.
Double dye labeling method with cy3 and cy5 was used and mixture of the prepared 12 total RNAs
was used as a common reference RNA which acts as control of all microarray experiments.

As a result, we identified 9,607 reliable genes from A. fumigatus 9,623 microarray spots (Fig. 1) using
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minimum cut off value of 45.67 in 10 out of 12 microarray slides, implying that only 0.2% of microarray
spots were not sufficient to be analyzed. For classification of stage-specific co-expressed genes, ANOVA
test was applied using P < 0.05 parameter. As a result, 702 genes were selected as specific expressed
genes (Fig. 2). The selected 702 genes were clustered with 5 groups by K-means analysis (Fig. 3). The
K1 and K2 groups were divided by up- and down-regulated gene sets, respectively, in mycelial growth.
K3 and K5 represented down- and up-regulated gene sets in aerial culture following hypoxic stress.
Furthermore, comparison between A. nidulans gene set of induced sexual developmental condition will
also provide valuable information of shared and distinct pathway of hypoxic stress response and sexual

development process.

Fig. 1. Analysis of reliable genes of 4. fumigatus microarray. Among
9623 total spotted genes, 9607 (99.8%) genes were included as

reliable genes.

ANOVA (p=0.05) na correction

Fig. 2. ANOVA (P<0.05) test revealed that 708 genes were specifically

expressed with stage specific manner in A. firmigatus.
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Fig. 3. Classification of K-means pattern. K5 group indicates hypoxic stress

By using the microarray analyses, we identified that the genes encoding carbonic anhydrase (CA),
which mediate reversible interconvertion between gaseous CO, and bicarbonate ions (HCO;.) for
maintaining cellular homeostasis, are up-regulated in hypoxic condition. Like vertebrates, carbon dioxide
(CO,) plays an important role in respiration of various microorganisms including fungi. Furthermore,
differential CO, concentration can act as a signaling cue. Since mammals maintain high CO;
concentration (~5%) compared to natural environment (~0.036%), animal fungal pathogens must adapt
to high CO, levels for their infection.

CAs are ubiquitous and grouped into four general classes that are a-, -, y-, and 8-CA. Since 4.
fumigatus is a major fungal pathogen causing invasive aspergillosis in immunocompromised patients,
adaptation of different CO, concentration, probably mediated by CAs, could be important. Genome
sequence of A. fumigatus allowed us to identify three conserved B-CAs designated as caf4 (CA in A.
fumigatus), cafB and cafC, respectively (Fig. 4). Microarray and RT-PCR experiments demonstrated that
all three CAs are expressed during the life cycle. Similarly, A. nidulans genome also contains three CA
orthologs which are named as cand (CA in A. nidulans), canB and canC. However, canC may not be
functional because a fungal transposon was integrated into the 3’ end of canB locus. Interestingly, plate
sealing caused up-regulation of caf4 and canA expression, suggesting that the limited aeration leads to
the shortage of CO, which promotes up-regulation of the CA. Characterization of these genes associated
with the plate sealing or hypoxic stress will give an important clue of CO, sensing and developmental
progresses in filamentous fungi. This work was supported by grant from KOSEF (R1-2006-000-11204-0)
and KRF (KRF-2005-070-C00123).

www.msk.or.kr m



<< May 10~TI, 2007, PyeongChang, Korea

FG04558.1 Fusarium graminearum
m fver-2.9-g127.1 Fusariom verticiliokles
379 estExt Genewise1.C 1 Fusarium solani
1 HCAG 04637.1 Histoplasma capsulatum
SNU11833.1 Stagonospora nodorum
31528 Trichoderma reesei
8 0 NCU08133 .2 Neurospora crassa
MGG 02599.5 Magnaporthe grisea
59 56.8 CHG09778.1 Chaetomium globosum
10 Pa 510260 Spora anserina
spergillus nidulans

ILO36W Saccharomyces cerevisiae 288C
g )a1071 Saccharonyces cerevisiae
56 8 chrXIV.27- 969.1 Sacci aromyces cerevisiae YJM789
Spar 19205 Saccharomyces paradoxus
10 Sbay 21032 Saccharomyces ba’{anus

Smik 18710 Saccharomyces mikatae
57.2 Skud Con\|q1809 .2 Saccharomyces kudnavzew:

skiu Conugz 78.3 Saccharomy:es Kiuyveri

Kwi wa I

9o K} Aor 0403 ? factis
A(559355 Candida glabrata

ADL: SSy pii

9o
orf19. 9289 prot Candida albicans

318 cdub 599.2-9107.1 Candida dubllmensls
42 CTRG 02180.3 Candida tropicalis
jwh1.8.1.501.1 Pichia si

e ipitis
,—|55§— PEUG 81904 1 Candkia quiliermondii

688
| — CLUG 0037 Candida lusitaniae
CAG78517.1 Yarrowa fpolytica
CNAG

— 02805.1 Cryptococcus neoformans serotype A
10 ¢n03300 Cryptococcus neoformans serotype
a7 —  ch-wm276 1004-g12.1 Cryptococcus rieoformans serotype B
JTo— ¢n09206 Cryptococcus neoformans sero%pe
328 L — “cn-wm276 J43-918 1 Cryptococcus neoformans serotype B
Coprinus cinereus
- P UMO00201.1 Ustilago maydis
F602970 1 Fusarium graminearum
110 = Ext 1.C 3 Fusarium solani
Nev 2 12— 331 1 Fusar/um verticillioides
0070.1 Aspergillus terreus
orf19 10354 prot Candida albicans
cdub 14-9507.1 Candida dublinlens/s
e gww1.3.1.1100.1 Pichia stipitis
31885 Tric sef

ree
cafC Asperglllus fumigatus
017041 Coprinus cinereus
fgenesh1 e c scaffold 1uou029 ‘Phanerochaete chiysosporium
R 10 |—|19 2 [ R G 09ess Ao oo, c7psulaturn
cinoc /,;

1 {1 UREG 02606.1 Uncinoc:
CIMG 08543.2 Coccidioides lmml?la‘

8 550 MGG 09234 5 Magna}:onhe grisea
00 284 - pa2 7760 anserina
15 BC1G 001871 Borryru cinerea
SNU15357.1 nodorum
T CC1G 01121 1_Coprinus cinereus
736 estEX fgenesh? pg 8 C 20783 Laccaria bicolor
[ora fgenesh1 pg. scaﬂold 12000311 Phaneroc haefe chrysosporium
NCUO477§ 2 Neumspora crassa
e Pa 4 9090 )
— MGG 046115 Ma naporthe grisea
10 CHG08944 .1 Chaetomium globosum

BC1G 06153.1 Botiytis cineréa
$81G 00146.1

I Afu431 1250 Aspergilius Iumlgatus
r1°17 AQ090003001096 Aspergilius oryzae
R — A
? 14.637.1 Aspeglllus niger
9 AN561 3 Asperglllus nidul

s
G 01589.1 Histoplasma capsulatum
I—|99 8 E UREG 05290 1 Uncarocarpas toosi
G 01537.2 Cocci :o:ges immitis

' 596512 11 Schi haromyces pomb
)chizosaccharomyces pombe
—= 536 107511 Rhopas onjza6

—_—01

Fig. 4. Phylogenetic analysis of carbonic anhydrases in various fungi. Four clades were identified and

A. fiumigatus contains three carbonic anhydrases in the genome.
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