Kor. J. Microbiol. Biotechnol.
Vol. 38, No. 1, 13-18(2010)

SEHAY Hafy FU FHO| Cryprococcus neoformans )
Pathogenomic Signaling Network %178} E-ZTO|H| THt

LBE - AFA - LstL
OINICEHT M A~ CH S} A

Pathogenomic Signaling Networks and Antifungal Drug Development for Human Fungal Pathogen
Cryptococcus neoformans. Ko, Young-Joon, Yoo Won Kwon, Hanna Na, and Yong-Sun Bahn*. Depart-
ment of Biotechnology, Center for Fungal Pathogenesis, Yonsei University, Seoul 120-749, Korea — Past decade
systemic mycoses caused by opportunistic human fungal pathogens, including Candida, Aspergillus, and
Cryptococcus, have been a growing problem for both immunocompromised and immunocompetent individu-
als. Particularly, Cryptococcus neoformans has recently emerged as a major fungal pathogen, which can cause
fungal pneumonia and meningitis that are lethal if not timely medicated. However, treatment for cryptococco-
sis has been difficult due to a lack of proper anti-cryptococcal drugs with fungicidal activity and less toxicity.
In this review we introduced novel therapeutic methods for treating cryptococcosis by exploring pathoge-
nomic signaling networks of C. neoformans with genome-wide transcriptome approaches as well as diverse
molecular/genetic tools.
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Aol F43] F718l3 A, o] 5 IYY 7o) AL
Candida, Aspergillus Y Cryptococcus 52 7} 713734
7 WA o] (human opportunistic fungal pathogen)o]
2 2T} o] AAAIH 22 X&HQ] FIEE B
o] ieH11]. 53] 71 ABAHQ 737 Felql
Candida’z V|5 HAEA 20A 2 Y wjdZella] w@o]
A& 5% W93 (nosocomial infection) T2 A, W
= W AA| Candidemia (Candida R7F9%F) 3219 4=
ek 10,500~42,000%¢] ©]231, 1 AFE-E 29~47%¢] o2
B AR A=A Qlo11). =3 AMARAE3 o] (filamentous
fungi)Ql Aspergillusell <13k A <A F3 0] 244 (invasive
fungal infection)y>- &< o] 4] 3kx} APke] % 4d]lo] Hx
et B 200699 7 A AAA o= 2AE HIV-AE
32} FollA 957,90099) AFEE©l Cryprococcus neoformans
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Cryptococcus neoformansgh?

C. neoformans= 2R (basidiomycota)l] <31 55
A O TFelRA, TE SF ellA Aot 4 9l
= 7| FAH(parasitic life cycle)s ZEX|2t FAlol] At =}
A3l M= Aol 5 9l F3/d A Ak (saphrophytic life
cycle) AAl 7R v}, C. neoformanss- 718422 vl
A (haploid) AJEAE 22|49k, 4484 (sexual reproduction)
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FA M= ERA Holl YAF R oA (diploid) A F
AFE Z71= 8k C neoformans ¥-35A0l A 71| &
u] 28 AL o-mating type?} a-mating type Ale]el] Yo}
E AT o]9o = o-mating typertololA] F2 ¢
o1} monokaryotic fruitinge|2l= E3l2pA] 0|}, A A4
oA WA= 52 C neoformanss o-mating typeol
7] w3l monokaryotic fruitingol] 23 F32AH-L C
neoformans®] A FHA | Z FFL 7| A AL Ak
= A7

C. neoformans= 17} 7131794 WAA FHo]2A
AIDS, &7]0|4], A7|8UA R ol 28l WY o] x3]F
v ZgE 3REe] F52073A6 F5ed =14 (fungal
meningitisys Y27}, C. neoformans= E¥, V-, A2
WiAE 5 2 ookt A3 elA B s L E
™ Fx}(spore}} AFZETAHE (dried yeast cell)?] Fel2 &
1% 8l o Zg=e] F%14 ¥ (fungal pneumo-
niayg Y2717}, o|F FFAAAE HA P (blood-
brain-barrieryg 3438 F H5dS doI)A HoH7).

C. neoformans®} HEAQ F 7}A] WA 84 o5
A 7N (polysaccharide capsule)?t UEhd (melanin)el=}. C
neoformans®] MEH FHE FERL e e AT
3718 F7HAA HAAAM E(macrophage)ell 23+ AJH] £21-4-
(phagocytosis)®} =3 Ak(dehydrationyS A sl| g}, 3HAks}
A 24 el AL AR =E, T2 59 AEHA
el Wsk 7As A ZA T2

2E A% =}

A2 g2 M E2] AN E2RE HA] Adsle] C. neoformans
o] gt S50 WeAAE A 7]

C. neoformans= A, B, C, D& Y| 7}x] 83 (serotype)
7189l serotype A(C. neoformans var. grubiiy’} A A|A|3
o2 7} wol WAFY, serotype D(C. neoformans var.
neoformansye A5 FHA Gl o] DAL AL
2A F2 H9ge] AstE IAEANAA wol EALH. o
o)) ¥ls) serotype B2t C(C. neoformans var. gattiiy= %
Ho| Aslel Alseat ope} AR A ) o] gl A%
3 AREA R AdEE AR 4HA A 4](Fig. 1).
m2lA] FHTd = NE2E o2 FEHe Crptococcus
gartii2 HEAT10]. 53] C. gartiiol 3 ¥
7Wte} British Columbia | el A 1999 X& 4 gt
olell JAANZIA <F 160:952] AAFele] FHAH] L FollAM
gHo] APggre 2 v MBI A 7kA] 7ide] HAl H
o 1 527k S7HEL A6, 14, 16].

A cryptococcosisE X&) $3F FEZ polyeneAlE
%l Amphotericin B, pyrimidine A <¢l flucytosine,
cytochrome P450% E}7 22 3= azoleA| Q] fluconazole
%ol AHgEEY AR R XREo] 0% T3
Amphotericin B2} flucytosine®] Ha 8¥o] F2 Alg-gc).
spR|uk Zhzke] kg2 <Al e AR e WAS
A 7] ALz AMAYe] W Alke] glvt. mEkA o
E FE3s) 93 xR A AAHeE g dTAA
AZ$ FIHEIT2 el AAE L] A =¥E
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Fig. 1. Evolution of the Cryptococcus neoformans species complex. Cryptococcus neoformans is classified into four different serotypes
(A to D) based on the capsular structures. Serotype A (C. neoformans var. grubii) and serotype D (C. neoformans var. neoformans) gener-
ally cause fungal pneumonia and meningitis in immunocompromised patients. Between these, serotype A strains are more widely distrib-
uted worldwide and generally more stress-resistant than the serotype D strains. In contrast, serotypes B and C strains have been recently re-
classified as an independent species Cryptococcus gattii due to their ability to cause fungal meningitis in immunocompetent individuals, as
witnessed in recent outbreak in Vancouver Island, the Canada mainland, and Pacific Northwest.
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23l EAlele eHe APAES A 112 A
T A2 AEA S Aszhgsin] 2-3ste] Abolrh
o} oA ZRRE AT Hefat A FAGA A S B
A3 AGH I, o] Az A, 33} A, gL 5 AT
QoA ohg- Bake BES 2l oY W6l Hee 4
UEE gt Tlef o]ejdt 3] WA A ZALA A S A g
& ols) 3t 24 & 4 giokd A28 FFFsFolA|e) A
2l oy AHe] X5l Al =771 2 Aot}

A e AL el IA Fde] € neoformans
o] 3 ukgA A SAY E =Y A-4712HE ek,
ATF el O 24 fx1A 9 B A3AGA A 7
T Wl 2AHE Fu Y 53 At £ A B A
TAL Aokl A AEgae) 54 QS = C
neoformans®] HOG(High Osmolarity Glycerol response)®t
Ras/cyclic-AMP(cAMP) A SA A Al 5} EA 1o &
= 7199 g v} Qlv2, 3]. B3] o] F 7 AzAgAA
52 FHAEHA U o9l E C neoformans®} T 714
T2 WA AR Qe Aehde] FAde] AR 93
< T3 A, Aol 23t AP TA = g F
83 A4S S R wEFoR M, o9} AFF AF
C. neoformans FAAS] Wz EAGtEe] @& 3L 7)
20|13 Sl Folvh. 1 F 7FY FToll wEd A7
HOG ¢} Ras/cAMP A1 34| E9)=10] 44 el
HAR] Aol B3 A0 =(9, 12], o] ATFES F& F A
IALA AN AF7A] LBIRAA] kR A2 B S
AE 5L E&0]3L Al9F HOG- % Ras/cAMP-2}&3] ¢l
frAAEe] FEE HOG Al sAdA A 299 4
A7} el | (e, hogld, ssklAy= o333} v wa}e]
7 IHXEY 2o e wS- T2 A 3 oS B
o], REH A Ffroll WM E FAA} W ofAte] &
A= AL Wslg e, o] S %3] HOG pathwayel 2]
THoE AEH 2o ubSFhe A2 FAIALE WAkl
[9]. =3t Ras/cAMP A1 34 GA| A 2] v A A7+-2 &
A B2 o) I AEH A ukSA] FHIRlS 0] Ras/cAMP
AZAGA Al o] We] 2P EF AlA Ras/cAMP
HolAFo| voksl S Ed el opE FFET Fr1El
S Bedo] wiguH13]. HOE X o]2]3t s Tl
A e IS RlERSE AR e ATE Sasle] ofF
= dAA 9l %S HOG ¥ Ras/cAMP Al 324 4| 2]
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vide] diair Aoty £2 A3ES 95 T 3
ojc}.

AZF WA el & s Fas AZHIGA A= o
AFSFEY A (COL)-FAIA A 3L Zo|T. C. negformans?}
it AA A AN FE S5 W2 AEE 9 oF 15009
TAT CO2l FE #0](0.036%NM 5%2 F7hHE 2 ¥
s o} whebr o]2g COy) W3S ARSI ofol o
g A Al Enhg- 2 dAE 2 A YA
F4el9] Fa3t 58 Fo sl & 4 Y5, 17]. 6t
44 ¥ QFAME 200530 R AFolA C
neoformans®] CO, A B djAlHA ] $88 A& 3=
carbonic anhydrase -FFAHCAN2YE W73 1 7)5-&
gkl ofo1]. EREAE CAN2 FARE= $e CO, B%
o} dut ApARF NN C neoformans?t AE3=H F4H
ol 9&g 7 A AT ANE F83 JE¢S
S gl v glod1). 2ol CAN2 ARk BS99
Hog AT 5 3y I /WEsl FAATEY At
A 2L A Sk CO,2  carbonic anhydrasedl] 2]3l &3
Hi el 3 el 7 Skl sl
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C. neoformans XS] 715ty 4y

C. neoformans A2 7157 el 71 drbes @
o] AREHE = WL AL Bolq Z<& oAl (targeted gene-
deletion mutant) Az} ©]¢] 3JZEH (phenotypic analysis)
ojt}, dubHq oz [FAHAHIAZE THE7] $18F gene-
disruption cassetteX™ EF 0AK] 554 3' 2] 2F | kb
=719 flanking region3} dominant selectable markergl
NAT(Nourseothricin acetyltransferase)A} ] 2] overlap PCR
< o 8s) AE3H}. C. neoformans’s YA LR Fgole]
A A wp o2 Gt §17] Wil particle
delivery system(gene-gun®]B}il% E-2]F)oll 23t biolistic
transformation HPHC 2 3AH IS 337 ¢lo}. FTo)) vk
A I dFAe] 7 foll= Bl &4 overlap PCRS] %+
AL FEI D717 el d-8Fe] AR ZEHelAE
TE7] A8, dF FoldlM B oE AMEE B} Qe
split-marker transformation W8-S 222 C neoformansll
=3} v} 8], Split-marker transformation ¥H -2 double
joint PCR(DJ-PCR)S o]-£3}e] 7159] overlap PCR ¥P=}
L= =] NAT selectable markers 7 720 2 vhyo] 3H4
3= WPH© 2 gene-disruption cassetteZ HH o] 31 &
A0 AxF 4 92, WelAl $5EE AR 9l
o] ATE B8 w3zl ol#st uhiE Bl A uke-
Al W QAo F 842709 AR o] A 7} A 2E o
B ol gl o], FHo| Hiten Madhani 25 (University
of California, San Francisco)el A3t 1,2000971¢] 4=}
Ho|A| glo|vaie]e}l FA[12] < 2,0004 7H2) fAlAbH o
AL B3I oot o] 5 Al A WelA S vkt
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¥3 342 (phenotypic analysis)} FEAHS E3le] o
WdxA 55 AF3 9o

ol2gt /NE-FAALY 715EA olgol FAA FF9)
AR E A4S M C. neoformansoll A= vl ¥
3 714 ($40/chip)>Z DNA microarray chipe] EF%3 9}
of, A A MAHLZ w2 HAMA (transcriptome) H77}
o] Fo|x| 2 gle}. WA W AFAE DNA microarray ¥
AAAE 253 C neoformansol A A 2P oekst 413}
ol ol o) gk v) A AFA £ (comparative transcriptome
analysis}S A8} ¢jr}. A B2 o) #0]= DNA micro-
array slideoll3= Crypfococcus®] serotype A$t D genomeS
o] &3 E F 71X FFY slide’t o] F 7HA] serotype
o gt A7t 2F sFsdiet. vlwAdi 48 B8 &
A AR 9 2B A bR £ 54 ¢
FAApH o)A 8] AALA LH ofFE Totsle] AHglow
FEENE W3 Holx A AAE=d, ol3d
AL &9 71%%S AAE 2R Felsp] ¢ o
Al AR O)A AlZel] 28 F71H) AR o] P s}

C. neoformans TMZ=FEQIX Transcription factor)ofl CHEt
oI

HAA FFole] BYA A A (virulence factor)s S5
e EAg 7oA 2 i F A gke] A, o
T el AL, B3 3 WY o] Z ¢S F
o}, oleigl vkt WA AR ALY B S TP AgHe
2 ZA3= AP} AAEA AN Transcription Factor, TF)
ojt}. AF7A] FEAIE WA FgoldM Hokst Axkx
AALEe] /R AFE] $hov} ofF] o]F AFA
FEAS PR sl dgsge] Aloke APEE 3] wiv]
g Aelelot. 1 F8 o= ARG A7) o)n] g
FollA gl AP S vleko g 3 Al3H oz wAd A5
Age A FAAA L] dFo XS o] o]E WYA
FFo|2] Bo|xql Al = T3] AR ognt ¥y
=il 9)7) wWiEole}. C. neoformans®] AZADIEY A W)
A FAH JTE sl AZADAUAELS Ao
2 & BAFe] glo), HFAel AsAge) 938 d
g AAEAIRES] A= oRE FENAIM ortholog?} &
of WAE|R] ¢ko}, o] ¥-Fo| C neoformans®] E-o)4 W
A 249 AAA DAE 7RI T 758 4 Qi
] Batel W2, C. neoformansl= A 184702) A
AtEARIAE o] B ALE €|&EHHDBD: Trans-
cription factor prediction database, www.transcriptionfactor.
org)[18]. webA kAl T4 AT M= AA fFAAS
Foll ArEA A Bo] -2l focused mutant libraryE
3o, o]59] 715 9 A, £3}, AL 2 wHUA
4] FmolA] B4 o g3le] 3ol £33 ¢
neoformans®] WA} Y A ZAIEQ 9] 755 B

3] Q7S AP et o2 WAAAFTFole] AR
AAAES 715E FEH= Y oy A%, &
2}, A, dAF 2 Azt #e Bkl A3 AN
o] & AEWS] &5 o + ded BE AL
2 AL ARG FIHEIZTS 9 gl Aok /e
zA o] & Zlo|rt.

Signaling pathway 217& 0|88 ME22 X XEge|
ik

FAYETAL I g ABAE Ate] 3] o
Ha, wetA T X B8Ale vzt 1 FFe) A7)
+ Ak 1 AAAQ olfire FHol/EART} 71 EH =R <l
A E 2} A2 Fdg APYM| £ F2F 7R 7] W
o Xl Fge] EolxQl ebAle Mgt LM £ AT
9] EeolAql JigEe} ERA A7) wjio|c}. wiebr] Fge]
o] A WA 2o L 7R M2 e A
AFYA S =25 o] AT ¥ 4 A

Foll ¥HA 14 FFAllA = 2009 Eukaryotic cell
Aol EZ E=F(Ko ef al., 2009; |0 E}S) A &)
o|glo] E E=E[9E B3l C neoformans®} HOG pathway
£ Eloz g A2 29 JaHEITAE Y S5
o] XA ML 73S ARBIKAG. o] AFelr= HOG
pathway ¥ o]l hoglA, sskiA skn7A ¥eld W ofA 3
H9973} DNA microarrays ©]-8-3F B HARAEAS- AlA|
3le] HOG pathway EF-FAARE 43ldet. o] dollA
7P 30128 732 w2 ergosterol AT FAAE]
HOG pathway He]AelA 1 #&le] F7I8laL, AA AZ
W ergosterol §F A F71skee AR o 9], whebA]
HOG pathway * o] 3|+ ergosterolol bindingd= Ampho-
tericin Bell W&t ZHpAde] 343 718k A4S WSt
A}, o2& -2 HOG pathway?] inhibitor2} Ampho-
tericin BS] E3FX]8 8% (combination therapy)el =i-¢- &3}
A<l Cryptococcosis®] ABA7}F @ 4 leh= AL &w|gh
HEFHEHEY 10-2009-0001947 2 FAH E3|E4Q PCT/
KR2010/000137). :

=3} Wk 24 A7l AE 2010419) Eukaryotic Cell
2] 3Y 5o AFXEE =Fo2 AAHH Ras/cAMP
pathway2] DNA microarrays- ©]-8-8 B ZAAA F+E &
3] Ras/cAMP pahwayZ B}l 2 E 3 A2-$ 2149 3=7]
EFFAF 9 FFge] A8A N 7FeAE AAEHA
o}, o] ATFellr B3R Fw] 28 AML-E HOG pathway<}
= 2% Ras/cAMP pathway Ho|T-5-2 ergosterotfi-d A
Walst ke #Agle] i $7F] Amphotericin B 7
TAE Bode Aol o] wiEe] HOG pathway2} Ras/
CAMP pathway®] o]FH o] Z7ke] i WolFHEc} v
€ 2 22T 9] Amphotericin Bl ® & A4S Byt
=8 Azole A9 drugell = resistance® X o|%l HOG
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Fig. 2. Potential antifungal target for the HOG, RAS/cAMP pathway of Cryptococcus neoformans. The HOG and Ras/cAMP path-
ways appear to be good antifungal drug targets since these pathways not only play important roles in sensing and adapting to a plethora of
environmental stresses, but also controls production of virulence factors, such as capsule and melanin, and mating process of C. neofor-
mans. A drug targeting to and inhibiting the HOG pathway could increase expression levels of ergosterol biosynthesis genes and intracel-
lular ergosterol contents, which renders C. neoformans highly sensitive to polyene drugs such as Amphotericin B. In contrast, a drug
targeting to and inhibiting the cAMP pathway could increase sensitivity against Amphotericin B independent of the ergosterol biosynthesis.
A drug targeting to Ypd1 in the HOG pathway could directly cause cell lethality whereas a drug targeting to Ras could affect cell survival at

high temperature.

pathway ¥ e]qto] cAMP pathway F-H=}7} o] FH o] =|g]

= W v B2 IS Kol o] IAF YT 13])E
WESHEY 10-2009-0127206 2 ZAEFHZY PCT/

KR2010/000137). ©}7-& HOG = Ras/cAMP Al ZAGA Y
o] F23 “‘r“-“l’%% Ao A3 g 4= 9l inhibitor S
Amphotericin B = Azole 7] X342 H3tx8e] &
AL 93 "]7] T Uoe AL oR|3okFig. 2).
T
A A mpe] v A E A-EE AP A F
7HA] ol Fofzl W AAATE viEke 2 C neoformans®)
Serotype A, B, C, D9 BE F3A9 Ad BA 8=
o9 2 o)A} 8 FAxpHolA A2 2 Microarray
52 o83 AAREA 59 ] AFETE o] fale] 2
EF‘*—E ALY AFADAA Y] 7% 579 Bt ol ¢
neoformans 5014 A5G A <] H—J@‘ 2 715477}
L 28 Folrt. o] F F3l A2 FFdold] B H
A Fgo] AFET ML B o} YAE ERE o) %
g Hle] 2 AR P Sol AEE AE = AT ARES

& A% ol FoAd 5 A& AR S ok

UAte 2

o] :=R.o 20094 % AR @S Er|ER )] AReE 3}
Sl AL ol al® 179 (No.2009-0058681).
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