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Effect of High CO, Concentration on Activation of Sexual
Development in Aspergillus nidulans

Kap-Hoon Han*, Yeong-Seok Yang and Jong-Hwa Kim
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ABSTRACT : Fungal development is largely affected by many environmental factors. In a model filamentous fungus Aspergillus
nidulans, asexual development is promoted by exposure of light, presence of salt and non-fermentable sugars. In other hand,
sexual development is largely induced by absence of light, fermentable sugars and hypoxic condition. Also, some important genes
including veA and nsdD play positive roles in activating sexual development. Here, we reported that the effect of high
concentration of CO, on developmental decision in A. nidulans. When wild-type veA" strain was cultured in normal condition,
sexual and asexual development occurred in balanced manner. However, high concentration of CO, (~5%) strongly activated
sexual development and inhibited asexual development. Furthermore, this CO, effect was controlled by the veA or nsdD gene.
High CO, culture of veA” or nsdD” mutant didn't activate sexual development, suggesting that the activation of sexual development
induced by high CO, cannot overcome the genetic requirement of sexual development such as veA or nsdD. Since 5% CO, is an
important condition for human pathogenic fungi for surviving and adapting in human body, this developmental pattern of A.
nidulans affected by CO, concentration may provide interesting clues for comparative study with human fungal pathogens
including Aspergillus fumigatus.
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AV R Aspergillus nidulanse EYV]AE0|H, Hoz odlEet AREE o] It} (Pontecorvo et al, 1953).

14 2 73S 2% 7FAAL = homothallic A. nidulans®] 3= 533 =4 9 YF FHaxE9)

funguso|th. 71 SRl A= Hj ko] Boletal -4,  ZAEel oo wlg- HushA AR slow U

FAAART ozt ZHA4A AIAE AT Qo] A RoP] 198060 o) BBHE 2ESRE Tk 74

T 18 o) ThsstRg f384 Bl Al Sl FEjHal B0 Sth(Adams et al, 1998; Han,
2009; Yu, 2010).
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PTG o] dA Al7] B dold = o] HFA
A doluAl =w o]gt wARY] Y3 Alse] 2ELe
fadAsle AL 8% 9SS FAYT. fadAs
heterotrimeric G-T& E3A9] G a subunitS +& 8}
S 109 ol G-euo] BSEA ko] F4
Hr] Bah= JojuA| e=TH(Hicks et al, 1997). WA
243k A7lel Estao] A7) fEiME o] G-
A s E JAshk= 717to] Bash, flbA 34 ¢
S35l = RGS T (Regulator of G-protein Sig-
naling)¢] 1 &S FYSH}H(Yu et al, 1996). S/}
G a @AM GTP7} GDPE &= ojof G-tz
HIZd317} =™, FIbA Tl o] FadA T o) £oi3l=
GTPY] 7I523llE EXIsA st PP HAlsta
S TiAekE ZleE d#A Atk (Lafon et al,
2006; Yu, 2006). o]# & FAEsFL FHH O E wlg-
Z143tal s =R Y- o FEE] ks
)= s, 27100 E3ksds g5k FAAEAYEA
712ro] &d3tEt) (Park and Yu, 2012).

SEAOS Z | homothallic]] A. nidulanss= mating type©]
AL ARl 24 AR el wep 22§49
FAE DE 4 9108, A2 favael B Be §
ARFEo] Hars o F th(Han, 2009). F/3%3h= FAES}
o} gg] AMIA (fruiting body)E BAJs] 1 UjFollA
meiosisE &% FAE o] oUE=E o]F 9siA B
FAEe] #HAT Aoz FZEY ofF] fAEsIE 4
HHom sk AoR JHzl friae B4 ook &
AR GEF AEsE 24 AAE T U] 4
A S nsdD F-AE ©] A= GATA type zinc
fingers 7F AARIALE ¢FEstslal 9o o] fxrt
AAEAY SdAHe)7F AHS AF FAAESE A X
sHAl Hal HPEAEAS A5 FEEsHE S8 8t
o FAdEste] HdxERA A (positive regulator)Z e A
ATH(Han et al, 2001). ©] 2]°| CH, zinc finger trans-
cription factorg ¥2}skal A= FAESE 3 {FHA}
2l nsdC® nosAS WIE3} (Kim et al., 2009; Vienken
and Fischer, 2006) FAE3}2] 2424 Q0AR rosd 73
A7} BA1E 0™ (Vienken et al., 2005), APSES T
< PT38h= stuA -3}, ROS(reactive oxygen species)
Aol TASE noxA FAAEE 3w Be dF
2 HX= Ao Z dHAHTGMiller et al., 1992; Lara-Ortz
et al, 2003). T+ oz} Han 5 (2003)%] WZ=W A.
nidulans®] f/3E-8h= bt o5 S 810l wet J3F
< e R HusHded gofe | 2E#ZS, WY
E7Y, 22k 2+ non-fermentable carbon sources=
AESE JAlshs v, =2 s EEY, 29 2
< HE I RSt ARAEddM e fAdEskE
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o= Fdwstet s Adst S utso] l8gst
Al €}, o]igt Eslage] T2 ved AR FES
=o] | EH(Kim et al., 2002). A. nidulans FEGSC A24
T K8 ved F3A} ofd vedl EAWHOIE 714
I Qo] oRE HF<l FGSC A4 50| H|sle] A3 E-3}
7} #A3] FolEal WS FHolFA] eoke FAAEsT &
= RA7] whizel] 7|1l 7383} 55 It fIg
A dF=2 F2 AREE A Stk (Kafer, 1977). HZ9]
AT AT wEH VeA THAL velvet domain®]Zh= X
<8 F9E 7L A Fe] Alsxd we) slos
o] FshH Fol|lA oA FFY HEY WhlASH Agtst
of Hof| o5t i35te] Ao f/dws}, Fdws), o]zl
AR S 2dske Aol B AT (Bayram et al,
2008).

Han 5 (2003)2 A2k Z7A9] A. nidulans®] 33k
< TS AAslal F3A8ME FXleks AoE B
I3RS ArkA 20X Fe] Aol BSE AT
Aspergillus fumigatus®} 22 YF- Aspergilli7} WS A3
ZFEolA aspergillosisthe M= fFdshe A9 22
o] ok, olelgt WA o] 52U AlEe] AIA]
Uzdo] Akae 3]k AAkA: ZxiowA o] ilsheka
EE7F =2 31 CO, Zx10)7] wiiZef Q1A Wol|Ae] Zt
o] Ao HALT BHT Ao = Hol7] wjZolrt. o]¢}
TRt} 7] B CO, FE(~5%)9M1A ofH ¥ke-&
Bolv] ofuldt 71402 oleld B H3E F e
of Wi A7t FEEHo  gkon,
neoformans?} 2 A HFHA T R OA
fumigatus, A. nidulans®t 2 Fel Uo]  carbonic
anhydrase(CA)Zh= &45 F3to] o iSlgAE 775t
= o] 93X H(Bahn et al, 2005; Han et al., 2010).
CAE o RHIEAE TERIE0E HSKA o]y} &
oJatA REolFH o] 7|12 AlEue] pHAA T 22
43 FrAlell vl F83 75-S St weba et
of|A] o] AT WAl HH F715e] CO7F oF 5%
AT 2 52 EAT A= Sl ZAZF AT
0.033% FELQ! Lut F7] T olitsieke: Frolxe= 3

_O

Cryptococcus

o] AFEA] ke Co, & AT 28 FS eI
A. nidulans®] 739 2719] cAZ} o 159 canBE 9
BE AT AAEE o243 Co, oEd FHES Hol
Al ¥ (Han et al., 2010).

B A7 AL nidulans®] CA 713+ A8 5 5%
CO, % oM BolFo=z fAAEsT HdEe A
Ay #23 v} Th(Han et al, 2010). 2 AFoM= A
nidulans ©PYE T2 FGSC A47} 5% CO, &% ZF710
A BolHoz FAESIE sk AS #EsIHeH,
24491 CO, F5(0.033%) 2 35 E2] CO,(5%)°A] K.
AT w3F ol FAaEst A FAAR] veAdt
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nsdD7} 8732 0)A] eF& EdAWo] o

FolM= FLsH

FRRE FASEA E oleid falAle] GBS ol
TFE CO, ZANAE FHR87E AawA) ereol v

@ o sk sisle

£ Aol o3 752 Fungal Genetics Stock Center
oA A]-8g+ FGSC A4 (veA )= ARESIT). Sk Bl wE
A& 913 EHo] HdFEE vedl EHOIE 7HXAL )
T FGSC A26(biAl, veAl) T} veA 314} A|A EAHo Tt
2] AveA28 (pabaAl; argB2; pyroAd; chaAl AveA"argB)
(Kim et al., 2009), nsdD -4} A A EAHe)TFE2] KOD2
(AargB:trpC; AnsdD::argB; choAI)(Kim et al., 2009 ), 18]
I Gl M COo, =5 E]lshr] Aste] CA 734
canB A|A EAHo] TR0 AcanB(pyrG89; pyroAd,
AnkuA::argB; riboB2; AcanB:AfpyrG)(Han et al., 2010) &
& ALl A CM) R T AL Han
5(2010)8] ZA°l w2t ARESIAAL AEE CO, Mg
GasPack EZ CO, Pouch system(BD, USA)T% ARESE S
o, BE fFE2 37°ColA vidsaint.

A3 A3, Fig. 1A°1A4 He ule} o] o E 5=l
FGSC A4S YWk Q] vz (~0.033% CO,) I °F 5%
o] AFLE CO, Z0A HidslS o E3ledol 3
A vHAY aE% COo, 174° Arka 23 FALSHA
RS F8a FEsE IAlske 2s & T 3l
T}(Fig. 1A, Table 1). ﬁ'—zr kA1 CO, T=2 Q‘?l%
98] AcanB TFE o] AFSIE vk, A T2
CO, ZHA= AcanB 57} AF=HA] Eslal 5% CO, &
AT AcanB 757 ARE sl E §AESH] &
7F 5% CO AR Lojui= Zs 44| EM“ T A

TS oSt F = €Ol 93t fAdws 3L fdEst
F 24 FAARR] veA U nsdD2) %‘H 39S S3te] Lok
=0, Fig. 1B9} 2] % CO, 0] Fo1XIt}h E=x|e}

5 veA®] 7150] dE o)A AU AAH A5 (veAl
2 AveA) B nsdD AR} AAR HS-(AnsdD)oll=
AiEslR o] £xlo] dojubA] ei= RS & 4 Utk (Fig.
1B, Table 1).

FGSCA4

Normal

Ve ’w

5% CO,

Anaerobic

Normal

AcanB

AveA |AnsdD

- Normal

5% CO,

Fig. 1. Effect of CO, concentration on sexual development of
A. nidulans wild type and sexual developmental mutants. A.
Plate and microscopic pictures of wild type strain FGSC A4
cultured in normal, 5% CO, and hypoxic conditions. Arrows
indicate cleistothecia, the fruiting bodies of A. nidulans. B.
Plate pictures wild-type, veA” and nsdD mutants in normal
and 5% CO, conditions. AcanB strain was innoculated as an
indicator of high CO, condition. All strains were cultured in
CM at 37°C for 4 days.

Table 1. Effect of CO, on A. nidulans development in various genetic backgrounds

Normal High (5%) CO,
Strain Genotype - Strain source
Conidia’ Cleistothecia Conidia Cleistothecia
FGSC A4 veA” + ++ - +++ FGSC*
FGSC A26 veAl +++ + +++ + FGSC
AveA28 AveA +++ - ++ - Kim et al., 2009
KOD2 AnsdD, veA" +++ - +++ - Kim et al., 2009
AcanB AcanB, veA" No growth - +++ Han et al., 2010

“The number of conidia was examined by scoring with a haemacytometer obtained from a sold plate with cork borer. The numbers of
conidia per ml from at least 3 agar blocks were averaged. -, <10% +, 10°-10% ++,10°-5x10% +++, >5x10°.
bAverage number of mature cleistothecia per cm’ of 5 different areas of a plate. -, <1; +, 1-10; ++, 10-50; +++, 50-100.

‘Fungal Genetics Stock Center (http://www.fgsc.net)



°ol&@ CO, FE&dl WE F3Fdo] owd 7Fs F
st} dofuf=Alell tistel= oFd7kA] Beixl uirt {int.
Zonneveld(1977)°] W2 CO,E AASH= A718ES X
Frate] wike 7B-polls FARSPT AAlEY ol 2=
thatel Bdo] Sle Aos FASY. x=32 FH &
Zgezt duyAde®r C3 FHAE Tt dhpt HE
2 yugo] 14E A AlXe C2 35l vl oE3
o]A =™ o] Fitol| 2lojX CO,= pyruvate carboxylaseS
&3} anaplerotic carbon fixationdl] 8.3+ A&-S- 517] o
ol CO7t F58 735 Ahdzte] @/l A= Ao
2 X3} (Zonneveld, 1977). LY} CO 7} EH3AY L
TEY A FAESET B3Pl JdEe @4 oF4

2 ZdoXe BaHR| &S A nidulans®] A7) A <1
SAoF Hn. o2 A Aakh 3 744
2020 fFrse 71AF w9 fFAR BolA|vh Al
o] W7hiEo] MZ AR thelrd= B AIA] 33k
o IFEES] CO, 23S AR HAA el Jloixe
Aellr Hedeto] Sl Heetar AEsh=t Fad
A 2R1% 0 shfelng CAS 53 Co, A 2 AT
off thate] B ol A7t 2ds] YL ot
(Bahn and Mhlschlegel, 2006; Kim et al., 2010; Elleuche
and Pggeler, 2010). T&HEZ A. nidulans|X¢] CO, &%
wsto] e £t 2] ®ishes 7|29 M e #
Eshabg Bk opde} IZF T AW #8717l
JoME FHER ARES AT 5 S Aeln. et
oz} 7120l ARgskar IE FAAA ezl At
AZ Wk olel 31 o, 2UE FE3loiE FUS #
sPiRls A 5 Jlems RS vl Al oA

Z1to] w3tagS vk S ajlel o] ks v
o 2 AP X1 Aspergillus nidulans®] 78-5- 40|
EARIAY =2 4 w5, 8] dEg gl oste] TS
7F 25 W2 o] gAY Eas go] 5 o,
ag)ar Arke 21U A9 FAAESE S8 v &
g veAY nsdDSF S A FEAXRERHAEE
AESE fshe 2o dEA i B Agelxde A
nidulanso| A CO,9] F=9} ¥3luele] BAIE Lolr vz}
SHATE. A7 2330014 ved OB E T A
o] d@E oIF el B3t sk v
2 5% A= E& CO, 2N wiFetHS 735 54
ks dojuA| &aL fda ezt E3labgo] dojut
Al Ho}. BNk o} o] gk 13} P2 veASt nsdDO
ojEH o2 JojuA Ht. ars=e] Cco, 27iolEt A}
T veA I nsdD EQHO] Aol Me FAEshs dol
WA a1 FAEsRe] dojue Ale B AME

CO, F=ol W2 A. nidulans®] 7383157 195

tl, °]= CO, §=7F =obA%E /3840l 3lejA ol & fr
Azt 7lse] Basithe 243 ARRRITH B8 5% CO, &
AL AR A el Al hox] Abe] AIA] Yo ot
W] Slalo] Hgaloiof ke Uy ZASE, oleldt 4
nidulans®] CO, &&=° wWE E3Fde] W= A
fumigatus®t 322 7+ Axte] e, #3H4] wstel] gk
lstaAfoll AHE 5 S,

aAMel =2

o] =F-2 Mgk & 20129 % AR (0S84
o] APo = SarATAITY A LS B} ey 72 AT
A4S (NRF-2012R1A1A4A01012864).
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