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Light induces various responses in fungi ncluding form ation of asexual and sexual reproductive struc-
tures.The form ation of conidia in the filam entous fingus Aspergilluis nidulans is regulated by red and blue
light receptors. Expression of conidia associated con genes, w hich are w idely spread . the fungalking-
dom , ncreases upon exposure to light.W e have characterized the light-inducible conF and condgenes

ofA.nidulnsw hich are hom ologs of con-6 and con-10 of Neurospora crassa.con genes are expressed dur-

Keyw ords: Ing conidia form ation in asexualdevelopm ent.Five m nutes light exposure are sufficient to induce conF
con6 or conJexpression In vegetative m ycelia.Sin ilar to N .crassa there w ere no significant phenotypes of sin-
?;1:1_111:1; gle con m utations.A double conF and conJddeletion resulted in signficantly ncreased cellularam ounts of
Aspergilus nifulns glycerolorerythritol. This leads to a delayed germm hnation phenotype com bined w ith increased resistance
Light against desiccation . These defects w ere rescued by com plem entation of the double m utant strain w ith

Asexualdevelopm ent either conF or cond.This suggests that fingalcon genes exhibit redundant functions in controlling conidia

gemm Ination and adjusting cellular levels of substances w hich protect conidia against dryness.

2013 Elsevier lhc.All rights reserved.

1. Introduction

Num erous filam entous fungi live in soil, w here it is dark and
they encounter high hum idity and little variation In tem perature.
W hen fungireach the surface of the soil, they are exposed to UV
radiation, desiccation or significant tem perature changes, w hich
require adaptation m echanism s to the harsh conditionson the sur-
face Rodriguez-Rom ero et al, 2012). The filam entous fungus
Aspergilluis nidulans reacts to light as environm ental surface signal.
Light prom otes the form ation ofaerialhyphae w ith asexual spores
(conidia) and reduces sin ultaneously the form ation of sexual
structures (cleistothecia) . W ithin the soilw here it is dark the fun-
gus enhances sexualdevelopm ent and produces various secondary
m etabolites but delays asexual spore formm ation @Adam s et al.,
1998; Bayram and Braus,2012; Bayram et al., 2010; Braus et al,,
2002 ; Purschw itz etal., 2008).There are several studies that inves-
tigated various light receptors of A. nidulans, mcluding the blue
light receptors LreA and LreB W hite Collar Com plex,W CC) (Purs-
chw itz et al,, 2008), red light receptor phytocrom e FphA Blum en-
stein et al, 2005) and blue and UVA receptor cryptochrom e
(Bayram etal., 2008a).Light regulators physically and functionally
nteractw ith each other (Purschw itz etal.,2008) and the develop-
m ent is controlled by various light-dependent protein com plexes
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(Bayram et al, 2008b; Purschw itz et al, 2008). Light control re-
quires controlled protein degradation and a functional COP9 sig-
nalosom e Braus et al, 2011; Christm ann et al.,, 2013 ; von Zeska
Kressetal,2012).Them olecularm echanism s integrating the light
signalare notyet fully understood and there are only lin ited stud-
ies on genes induced by light in this fungus.M icroarray analyses
revealed 425 light inducible genes n A.nidulans genom e w here a
detailed characterization ism issing Ruger-Herreros etal,2011).

In contrast to A. nidulans, there is m uch known about the
light-dependent developm ent m echanism of another m odel sys-
tem Neurospora crassa (Ballario and M acino, 1997; Ballario et al,,
1996 ; Corrochano, 2012 ; Corrochano et al., 1995; Froehlich et al.,
2002 ; Linden and M acino, 1997). I initial studies w ith the asco-
m ycete fingus N . crassa, several transcripts and polypeptides that
are nduced by light have been screened to eluicidate the m olecular
m echanism s of light response, w hich are lim ited to carotenogene-
sis orm orphogenesis (Cham bersetal, 1985).con-6 and con-10 are
expressed In vegetative m ycelia upon blue light exposure, and
this light regulation requires the white collar com plex W CC)
(Corrochano et al, 1995; Lauter and Russo, 1991). The regulation
ofoon-6 and con-10 by W CC and secondary photoreceptors, crypto-
chrom e, opsin or phytochrom e is com plex (O In edo et al, 2010).
con-6 and con-10 are representatives of several conidiation genes
(con gene) preferentially expressed during conidiation or n conidia
(Berlin and Yanofsky, 1985; Roberts et al, 1988; Roberts and
Yanofsky,1989).
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CON -6 and CON -10 proteins are sm allproteins w hich are con-
served am ong filam entous fiingi, although deletions of these genes
cause no obvious phenotype In N. crassa (Springer et al, 1992;
W hite and Yanofsky, 1993).A.nidulans possesses tw o con-6 like
isogenes conF and cfiA and a sigle con-10 hom ologue, cond
(Fig.1A).conJasw ellas one of the tw o con-6 isogenes, conF, are -
duced by light Ruger-Herreros etal., 2011).conF or condJrepresent
a significantnum berofapproxin ately 300 genes that are preferen-
tially expressed In conidia w ith unknown function (Tin berlake,
1980; Zin m erm ann et al., 1980).

M ost of the con genes are organized in severalgene clusters on
the A.nidulansgenom e Galagan etal,2005; Gw ynne etal. 1984 ;
Orrand Tin berlake, 1982 ; Tim berlake and Bamard,1981).Tw elve
ndependent conidia-enriched transcripts (cet) w ere identified and
assigned to fourdistinct classes (O sherovetal. 2002).cetDh and cetJ
code forsm allproteinsw hich are sim flarly mduced by light as cond
Ruger-H erreros et al, 2011).CON -6 show s structural sin ilarities
to late em bryogenesis abundant proteins (LEA) of m aize W hite
and Yanofsky, 1993). LEA is defined as a subset of hydrophilins
Garay-Arroyo etal,2000).Hydrophilins are thought to play roles
In resistance to desiccation stress In m any species Battaglia et al.,
2008).

I this study w e have characterized A.nidulans con genes.W e
show that con genes exhibit redundant functions in controlling
spore viability, germ nation and stress tolerance.

2.M aterials and m ethods
2 1.Strams, m edia, and grow th conditions

Strains used in this study are listed In Table 1.Standard labora-
tory Escherichia coli srains DH5a and M ACH -1 (nvitrogen) w ere
used for preparation of plasm id DNA .A.nidulans strains; AGB551
and AGB552 Bayram etal,2012)w ere used asw ild type transfor-
m ation hosts for the deletion and GFP tagging.A.nidulans strains
were cultivated on m nim alm edum MM ) (052 g/l1KC1, 052 g/l
M gS0O4,1 52 g/lKH,PO,,0 1% trace elem ent solution,pH 6 5, Barr-
att et al, 1965) at 37 C and supplem ented appropriately w ith
1m g/l pyridoxine-HC], 1 g/l uracil, 250 m g/1 uridine or 1m g/l
PABA .For solid m edium , 2% agar w as added . For short-term light
induction experin ents, approxin ately 10° conidia w ere carefilly
noculated on the surface of liquid m edia and cultivated in dark
for19h at37 C,then culturesw ere exposed to w hite fluorescent
light 90 1W m %) for 5,10,20,40,60,120m in.As a control, cul-
tures w ere further incubated in the dark for further 120 m in. For
developm ental induction, the m ycelia w ere grow n vegetatively in
order to synchronize the fiingalcells and transferred to solid m ed-
um and grown for2,4,6,8,12 and 24 h in lightordark at37 C.
TotalRNA w as extracted from developm entaland short-term light
exposed liquid surface m ycelia. For gemm nation tim e course
experin ents w ith ConF, ConJ and GFP control strains w as per-
form ed as follow s: Freshly harvested conidia w ere noculated Into
MM medum .Grow Inggem lingsand m yceliaw ere harvested after
6,12,18,20,24 h grow th. ProteIns w ere extracted as given else-
w here Bayram etal,2012).

2 2 .Extraction of RNA

For Northem experim ents, m ycelia were ground in liguid
nitrogen and m ixed w ith Trizol (Ivitrogen) and chloroform .
After centrifiging, the upper phase was extracted tw ice w ith
phenol/chloroform (1:1 (vA7)). Total RNA w as precpitated w ith
isopropanol ovemight, dissolved In cross-buffer and stored at

80 C.

2 3 .Hybridization technigues

Northem hybridization experim ents were perform ed w ith
digoxigenin O 1) detection system (Roche) according to m anufac-
turer’s protocol. DIG labeled DNA probe of conF, conJ, cff/A w ere
am plified by PCR DIG probe synthesis kit Roche) according to
m anufacturer’s protocol.

2 4 .Generation of Inear D conF, D cffA and D conJ cassettes and
construction of overexpression plasm ids of each gene

Plasm ids and oligonucleotides utilized and constructed In the
course of this study are given in Tables 2 and 3, respectively.O ligos
w ere purchased from M W G-Biotech). All gene deletion experi-
m ents w ere carried out according to the m ethod of (Takahashi
etal. 2008)based on Latoursystem H irashin aetal.2006).Tom ake
conF deletion construct,5 UTR region,3 UTR region and ORF of conF
w eream plffied from thew ild typegenom icDNA w ith prim ersSATS/
104,SAT105/106 and SAT107 /34 .The three am pliconsw ere fused to
the pyrG m arker (from Aspergillisoryzae genom icDNA) w ith fiision
PCR (Mmested oligos SAT12/108) yielding 4 kb lnear deletion con-
structw hich w asused to transform AGB551 into DconF nterm edi-
ate strain (yrG+). Conidia of the DoonF strain (yrG+) were
noculatedonM M solidm ediaw ith 5-FOA and uridine.5-FOA resis-
tantDoonF strain yrG )w asselected (Table 1).Tom ake cffA dele-
tion construct, 5SUTR region, 3UTR region and ORF of cfiA were
am plfied from the w ild type genom ic DNA w ith prim ers SAT96/
97,SAT98/99 and SAT100/101.These am plicons w ere fused to the
A .oryzae pyrG m arkerw ith fusion PCR (nested oligos SAT102/103).
The resulting 4 kb linear construct was used to transform mnto
AGB551 to yield DcffA interm ediate strain yrG+).5-FOA resistant
DcffA strain (yrG ) w asobtamned asexplained above.conddeletion
construct w as m ade by am plifying SUTR (SAT14/109) and 3UTR
(SAT110/111) region and ORF of cond (SAT112/44).Final4 kb linear
deletion construct containing A o pyrG m arker w as used to obtain
ntem ediate Doond strain yrG+). Docond srain pyrG ) w as ob-
talned on 5-FOA m edia.cfiA deletion cassette w as transform ed nto
DoonF strain (pyrG ) to give interm ediate DoonF/DcfA strain
(EyrG+).DconF/DcfA strain (pyrG ) w as selected on 5-FOA m edia.
conJdeletion construct w as transform ed into DconF strain pyrG )
to yield interm ediate D conF/DconJstrain (pyrG+) and D conF/D cond
double deletion @EyrG ).cffA deletion cassette w as introduced into
DconF/Dconddouble deletion (yrG ), which led to DconF/Dcond/
DcffA srain pyrG ) after 5-FOA selection.

2 5.Construction of C and N -term lally GFP-tagged conF and cond
plasm ds

To create the C-temm nal GFP-tag to conF and cond, the entire
ORFsw ith the prom oter regionsw ere am plified from the w ild type
genom ic DNA w ith prin ers SAT30/31 or SAT37/38.SAT31 and 38
change the termm mnation codon (TAA) of conF or condto GAA and
add KpnIsite.This KpnIsite can ligate w ith the KpnIsite of pPE16,
w hich fiises conF or condgene w ith egfp gene in-fram e on the vec-
tor.pPE16 carries long version ofpabaZA m arker (5 4 kb) w hich en-
ables reconstitution of an mIntact copy of the pabaA gene by
hom ologous integration of the circular plasm id at pabaA locus in
AGB552 strain. hitegration resulted in duplicated pabaA (one is
functional and the other is null) sequences flanking plasm id se-
quences. n order to construct N -gfp ::conF fiision undernative pro-
m oter, conF 5UTR (OSBS11/13), conF ORF (0SBS14/15), conF 3UTR
(OSBS16/17) were am plified from the w ild type genom ic DNA.
5UTR, gfp, conF ORF, pyroA, 3UTR fragm ents w ere cloned in Sm al
site of pUC19 by using in-Fusion cloning kit Clontech) pOB325.
Sin ilarly,condJSUTR (OSBS19/21),gfp,conJORF (OSBS22/23),pyroA,
cond3UTR (OSBS24/25) w ere oined and cloned (©EOB326).
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Fig. 1. Phylogenetic tree and dom ains found In Con proteins. (&) The phylogenetic tree of Con hom ologous proteins. The phylogenetic tree w as constructed using the
Neighbor-biningm ethod (Saitou and Nei, 1987).Evolutionary analysesw ere conducted In M EGAS5 (Tam ura etal,2011).Neurospora crassa CON -6 and CON -10 proteinsw ere
used as reference. Follow ing CON -6 and CON -10 hom ologs and paralogs w ere applied in phylogenetic tree.CON -6 hom ologs: Aspergillus flavus (AFLA_044800), Penicillium
chrysogenum (Pc19g03240), Aspergillus nidulans (ConF, AN86402), (CffA, AN5844 2), N. crassa CON -6 paralog 1 (NCU01109), paralog 2 (NCU01064), Trichodem a reesei
(EGR48259 1), Aspergillus fum igatus AFUA_4G03615), Cochliobolus sativus (EM D58522 1), Verticillum dahliae (EGY134321). Fusarium oxysporum (FOXB_02488).CON-10
hom ologs: N .crassa CON-10, F.oxysporum (FOXG_01269),T.reesei (EGR46148 1),A.flavus (AFLA_083110), P. chrysogenum (Pc14g02030),A.fum gatus AFUA_6G03210),A.
nidulbns AN5015,Cond),V.dahliae (EGY160091),C.sativus (EM D68932). B) Conserved dom ains of CON -6 superfam ily In ConF and CffA protemns. (C) Globaland N -term inal
alignm ents ofCON -6 hom ologs from different fuingalspecies.D .G Iobalalignm ent of CON -10 hom ologs show sG lycine residues.G lycine content ofConF AN 8640) and ConJ
(AN5015) proteins ism ore than 8%.
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Table 1
Strains used in this study.

Strain Genotype Reference

A.nidulans

AGB551 nkuAD ::argB, pyrG89, pyroAd , veA+ Bayram etal. (2012)

AGB552 nkuAD ::argB, pabaAl, veA+ Bayram etal. 2012)

DconF conFD , nkuAD ::argB, pyrG89, pyroA4, veA+ This study

DcffA cffAD , nkuAD ::argB, pyrG89, pyroA4 , veA+ This study

Dcond cond , nkuAD ::argB, pyrG89, pyroA4, veA+ This study

DconF/DcffA conFD , cfAD , nkuAD ::argB, pyrG89, pyroA4 , veA+ This study

D conF/Dcond conFD , cond , nkuAD ::argB, pyrG89, pyroA4 , veA+ This study

Dcon triple conFD , cffAD , condD , nkuAD ::argB, pyrG89, pyroA4 , veA+ This study

conF GFP conF:egfp-pabal ; nkuAD ::argB, pabaAl, veA+ This study

conJGFP cond:egip-pabad ; nkuAD ::argB, pabaAl, veA+ This study

N GFP conF N -gfp ::conF, AfpyroA , nkuAD ::argB, pyroAd, pyrG89, veA+ This study

N GFP cond N -gfp ::conJ, AfpyroA, nkuAD ::argB, pyroA4 , pyrG89, veA+ This study

conF com plem entation 5 UTR conF-pyroA 3 UTR DconF/Dcond This study

conJcom plem entation 5 UTR conFpyroA 3 UTR DconF/Dcond This study

E.coll

M ACH -1 F-u80 (lacZ)DM 15D JacX74 hsdR (K-m K +)DrecA1398 endAl tonA hvitrogen

DH5a F ,U80dlcZDM 15, D (lacZYA-argF)U169, decR, recAl, endAl, hsdR178r, ;mgb,phoA,supE44,k ,thi-1, gyrA96, reAl Hanahan (1983)
Table 2 default param eters and draw n by GENETYX ver. 6. The phyloge-

Plasm ids em ployed in this study.

Plasm id D escription Reference
pET 12 Cloning plasm id Femm entas
puUC19 Cloning plasm id Ferm entas
pOB325 N gfp::conF-pyroA in Sm alsite of pUCL9 This study
pOB326 N -gfp ::conFpyroA in Sm alsite ofpUC19 This study
pOB327 5 UTR conF-pyroA 3 UTR In Sm alsite of pUC19 This study
pOB328 5 UTR conJpyroA 3 UTR In Sm aIsite ofpUC19 This study
pPEL6 egfp::apC-pabA in pET1 2 This study
pPEconF conF:egfp ::apC-pabA n pET1 2 This study
pPEcond cond:egip ::apC-pabA in pET1 2 This study

2 6 .Construction of conF and cond com plem entation plasm ds

conF com plem entation construct was created by am plifying
SUTR and conF ORF (OSBS11/15), conF 3UTR (©SBS16/18), w hich
w ere fused to pyroA by PCR (0SBS11/18) and cloned into Sm alsite
ofpUC19 (POB327).pOB327 sexved as a tem plate foram plification
of com plem entation cassette w ith prin ers OSBS12/17. Likew ise,
SUTR and cond ORF (0SBS19/23), conj 3UTR (0SBS24/26) were
fised to pyroA and subsequently cloned In pUC19,w hich resulted
pOB328. ConF com plem entation fragm ent w as am plified from
pOB328 w ith 0SBS20/25.

27 .Transform ations

Transformm ation of E. coliand A.nidulans w as perform ed as de-
scribed Hanahan etal, 1991 ; Punt and van den Hondel, 1992).

2 8.In m uncblbtting

For detection of ConF and ConJGFP fusions, 40 1g protein ex-
tract w as used from gemm mnating or light nduced cultures. W es-
tem blot experim ents w ere perform ed as described elsew here
(Christm ann et al, 2013 ; Sarkaya Bayram etal,2010).

2 9.Sequence analyses

The am ino acid sequence ofConF,CffA and ConJfrom A.nidulans
w ere retrieved from AspGD ‘Aspergillus Genom e Database” http://
www aspergillusgenom e org/.Reference sequences w ere retrieved
from the National Center for Biotechnology hfomm ation Entrez
Protein database.M ultiple sequence alignm ents w ere carried out
using Clustald im plem ent in M EGA5 (Tam ura et al, 2011) w ith

netic trees w ere constructed using the Neighbor-bining m ethod
(Saitou and Nei, 1987) by using M EGA5 (Tam ura etal. 2011).

210 .Desiccation stress tolerance test

Desiccation stress tolerance tests w ere carried out as follow s.
Conidia suspensions w ere prepared as described (Sarikaya Bayram
etal, 2010).Tw o-day old conidia (10° perplate) ofw ild type and
the m utants w ere spread on solid m inimalm edium MM ) w ith
appropriate supplem ents and incubated at 37 C.After 2 days the
conidia w ere collected and counted by particle counter analyzer
(M ULTISIZER, BECKM AN COULTER). 10 11 spore solution contain-
ing 10* tw o-day old conidia of w ild type and the m utants in test
tube w ith rid open w ere dried com pletely at room tem perature
30m In.by centrifigal vaporizer.Dried conidia w ere Incubated at
37 C for 0,1, 3 and 5days. Then conidia w ere rehydrated by
1m 1lofwater and approxin ately 200 conidia w ere in m ediately
noculated on solid M M and ncubated for2 daysat37 C.Survival
rates w ere calculated as a ratio of the num ber of grow ing colonies
to the num berof spores inoculated . These tests w ere perform ed In
triplcate .

2 11.Gem mation rate cakulation

Gemm nation of w ild type and transform ants w ere m onitored
hourly in m nim al m edium supplem ented as appropriate at
37 C.Gem lingsw ere counted under lightm icroscope.These tests
w ere perform ed In six replicates.

2 12 .Polyols and trehalose m easurem ent

Soluble sugars and polyols for HPLC analysis w ere extracted
from conidia.2 10%tw o-day old conidia ofthe w ild type,double,
triple disruptant and com plem entation strains w ere suspended in
300 11ofH,0 and incubated at 98 C for 3 h.Then the suspension
w ere put In M icrocon Centrifugal FilterDevices M illipore), centri-
fiuged for 20m in. at 23 ,000g and flow through containing polyols
and sugars w ere collected. Before use, M icrocon cartridges w ere
w ashed by total3 1H,0 fortw o overnightw ith stirring to rem ove
glycerol on the m em brane and confim ed that there were no
residual glycerol by HPLC. In our experin ental conditions the
retention tim e of glycerol, erythritol, arabitol, m annnitol and
trehalose w ere 4 40,508,580,6.75 and 10 82 m In., respectively,
upon chrom atography onto a Shodex Asahipak NH2P-50 4E
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Table 3
O ligonucleotides used i this study.

Designation Sequence In 57 3 order Features

SATS8 CGT GCT CAG TTT TGC GGC CTC conF deletion 5° outer

SAT12 CGT TAT ACT CTT GCC GGG CTC G conF 5°flanking 5° nner

SAT14 CGA CGA GGG TGC CTC TAT GAG conJdeletion 5°flanking outer prim er

SAT18 AGC GAC TCT TTC CAG CTT CCT CC conJdeletion 5°flanking innner

SAT30 CAG GTA CCT TCT TCC TGC GGC ATC TCG CC conF ORF 3°end T/G KpnI

SAT31 CAC CTG CAG GCT AGA CAG GTT AAC ATT TCT GCT C conF prom oter 963 5%

SAT34 CAC CTG CAG GAT TAT TCT TCA CCA TTA TCG TAT CTG conF deletion 3° outer

SAT37 CAG GTA CCT TCT TCC TCA GGC TCG TGG TGA C conJORF 3%end T/G KpnI

SAT38 CAC CTG CAG GCT CGC ATT CCT CAC TTG ACA TC conJprom oter 1500 5°

SAT44 CAC CTG CAG GGA CAG GTC ATA GAT CCA GTC TGT GG conJdeletion 3° outer

SAT45 CAC CTG CAG GCC TCA CTC GTC ATC ATC GCA GAC conJORF 3° nner

SAT46 AAG AGG TGG AAT TTA TCT GGC CTT G A.oryzae py1G 5°

SAT47 CTT TGG TCT CTA CGA GAG CACC A.oryzae pyrG 3°

SAT96 GGT TCG CAC AAA CTC CCA GTA TG cffA deletion 5° outer

SAT97 GTC TCC TAT CCC GTT TTC GTC CTT AGG ACT TGC cffA deletion 5°flanking 3° prim er w ith 5° end of 3° flanking
SAT98 ACG AAA ACG GGA TAG GAG ACG AAG AAG GAG AAG G cffiA deletion 3°flanking 5° prim er w ith 3° end of 5° flanking
SAT99 CCA GAT AAA TTC CAC CTC TTG CAT GAA GTC CGC TTA ACT GTC cffs deletion 3°flanking 3° prim er w ith pyrG5°

SAT100 TGC TCT CGT AGA GAC CAA AGA TGG ATT CTG ACA AGC TGA CCT TC cffA deletion ORF 5° prin erw ith pyrG3°

SAT101 CTA TCT CTG CTC TTC TTC CTG GG cffA deletion ORF 3° outer prim er

SAT 102 CAG TGA GGG CAA AGC CGG AC cffs deletion 5°flanking nner prim er

SAT103 TCT CGC GCA GTT TCT GAG CG cffA deletion ORF 3° inner prim er

SAT104 TGT CAG GGA CGA AAT TGG GCG AGA TGC CGC AG conF deletion 5° flanking 3° prin erw ith 5° end of 3° flanking
SAT105 GCC CAA TTT CGT CCC TGA CAT CAA TCA GTC TGC conF deletion 3°flanking 5° prim erw ith 3° end of 5° flanking
SAT106 CCA GAT AAA TTC CAC CTC TTT GGA CTC GTA CTT GCC GTC CA conF deletion 3°flanking 3° prim erw ith pyrG5°

SAT107 TG CTCTCGTAGAGACCAAAG TCTTG CG CCTG CTTTTTCCCCT conF deletion ORF 5° prim er w ith pyrG3°

SAT108 GTC AAC GTG AGC GAT GTT CIC GG conF deletion ORF 3° nner prim er

SAT109 GTT CGC CTG GCC AAA CCC CGT GGC ATA CGT AC conJdeletion 5°flanking 3° prim erw ith 5% end of 3° flanking
SAT110 CGG GGT TTG GCC AGG CGA ACG GCA AAG AGA TTC conJdeletion 3°flanking 5° prim erw ith 3% end of 5° flanking
SAT111 CCA GAT AAA TTC CAC CTC TTC TAG AAT CGA TCA TCG GCT GCG conddeletion 3°flanking 3° prim er w ith pyrG5°

SAT112 TGC TCT CGT AGA GAC CAA AGG AAA CTT TTG GCC CTT TTT AGC ATG CC conJdeletion ORF 5° prim erw ith pyrG3°

0SBS11 TCG AGC TCG GTA CCC CTGT GTG CCA GCG CTT CAT C conF 5UTR pUC19 fusioner

0SBS12 CTG TGT GCC AGC GCT TCA TC conF 5UTR nest

0SBS13 CGC CCT TGC TCA CCA TGT AAT GTA CTA AAA AGT GGT GCT conF 5UTR N -GFP fusioner

0SBS15 CCA GCA TCT GAT GTC CGA ATA TGC TCG TGA AAC ATT ATT CAG N -G FP-conF fusioner

OSBS16 GCC TCC TCT CAG ACA GTG CAT CTG TTA CTA ATC CTC G conF-pyroA fiisioner

0SBS17 CCC TCA ATA GTT TCG TAT CAT AC conF 3UTR nest

0SBS18 TCT AGA GGA TCC CCC CCT CAA TAG TTT CGT ATC ATA C conF 3UTR pUC19 fusioner

OSBS19 TCG AGC TCG GTA CCC GCA TCT GGT GAC GAG CAT AGC conJ5UTR pUC19 fusioner

0SBS20 GCA TCT GGT GAC GAG CAT AGC conJ5UTR nest

0SBS21 CGC CCT TGC TCA CCA TGA TGT ATT TAA AG AAT TGG TTG TGG conJ5UTR N -GFP fusioner

0SBS22 GGG TGG TAG CGG TGG TAT GGC CGA CAA CCA GAA CCC N -GFP-cond fusioner

0SBS23 CCA GCA TCT GAT GTC CCC CAA TCG TCA GAT CGT ATC conFpyroA fiisioner

0SBS24 GCC TCC TCT CAG ACA GCC ATG CAC TTC CAC TCA TGT AC conJ3UTR nest

0SBS25 CCA CAG GAA TCA ATA CAA CCG conJ5UTR pUC19 fusioner

OSBS26 TCT AGA GGA TCC CCC CAC AGG AAT CAA TAC AAC CG conJ5UTR nest

(Shodex) using an isocratic elution w ith CH,CN H,0 (75/25) at
10mlmin ' detected by differential refractive index detector.
Quantification ofpolyols and trehalose w ere perform ed by intemal
standard m ethod on HPLC. 0 5m g/m 1 of glicose as an intemal
standard w as added to each sam ples and values of polyols and
trehalose contents w ere obtained using the calbration curves of
standard sam ples. Conidia of each strain w as harvested from six
Independent cultures.

213 .Confocal spinning disk m icroscopy

Freshly harvested A .nidulans spores (1000) w ere either lnocu-
lated on an agar surface on the cover glass (for asexual spore
m icroscopy) or n eight cham bered coverglass system ©Nunc) sup-
plem ented w ith m inin al m edium . Asexually-induced cells w ere
grow n for 24 h, and vegetative cells w ere allow ed to gem inate
for 10h at 37 C. Confocal in ages were taken with a Quan-
tem :512SC (Photom etrics) cam era connected through a scanner
unit (Yokogaw a) to an AxiovertObserver.Z1l (Zeiss).During captur-
Ing and processing of the im ages the Slidebook v 501 (mtelligent
In aging hhnovations) w as used . The sam e exposure tin e (800 m s)
w as used to capture the in ages of the fluorescently labeled fungal

strains during gem ling form ation. Conidia fluorescence w as ob-
served In 200 m s setting.

3.Results

31.ocon-6 and con-10 are highly conserved am ong filam entous fungi

The A. nidulans genom e contains tw o con-6 hom ologs (con-
F:AN8640, cffA:AN5844) and one con-10 hom olog (conJAN5015)
(Fig.1A).M ultiple global alignm ents w ith various CON -6 or CON -
10 hom ologs and paralogs assigned ConF and CffA to the CON -6
group and ConJto the CON -10 like proteins.

The open reading fram e of conF is divided Into three exons by
tw o Introns and encodes a putative proten of 91 am ino acids.
The deduced am ino acid sequence of ConF consists of two
conserved dom ains of CON -6 superfam ily organized in a tandem
fashion (Fig.1B).The open reading fram e of cffA (conF fam ily gene
A) is divided into three exons by two nntrons and encodes a
putative protein of 162 am no acids w ith three conserved CON -6
superfam ily dom ains (Fig.1B).A com parative ClustalW alignm ent
of the deduced am ino acid sequences of various CON -6 hom ologs
show ed that the N -term nal CON -6 superfam ity dom ain of CfA is
the least conserved dom ain (Fig. 1C). Partial alignm ent of only
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the N -term nus (40 aa) w here the Con-6 dom ain is present further
support that the CfA N -term nus differs from the otherCon-6 lke
protemns.

An intron divides the open reading fram e of condinto tw o exons
w hich encode a putative protein of 82 am ino acids. The deduced
am no acid sequence of Cond possesses no conserved m otifs in
the NCBIdatabase but is highly conserved w ith CON -10 hom ologs
of other filam entous fungi (Fig.1D).N. crassa CON proteins are
hydrophilin-like proteins that have high glycine content and w ere
proposed to be In portant during w aterdeficit Garay-Arroyo etal.,
2000).G ycine constiitesm ore than 8% ofam ino acid com position
n hydrophilins, resulting in higherthan 1 0 hydrophilicity mdexes.
A com parison ofglycine contents of the Con-like proteins revealed
8.7% and 15 8% glycine contents for ConF and Cond, respectively. n
contrast,CON -6 like CffA exhibitsa reduced glycine fraction ofonly
3 7% .Glycine residues of ConF, CffA or ConJare conserved w ithin
the fungi (Fig.1C and D). These results suggest that the conserved
Con proteins have redundant functions as hydrophilin-lke pro-
teins relevant for environm ental conditions.

3 2.conF and conJexpressions are Induced by short light exposure

W e analyzed w hether conF and conJare Induced In vegetative
m ycelia by light sin ilar to con-6 and con-10 of N . crassa.M ycelia
of developm entally com petent culture (19 h liguid surface culture
In the dark after moculation) w ere exposed to light of different
durations (5-120m In) to lnvestigate conF and cond regulation by
short lightexposure .RNAsw ere isolated and subjected to Northem
hybridization analyses.conF w as nduced by 5 m In light exposure
and gradually dow n-regulated by longer exposure.conF w as only
w eakly expressed after 60 m In exposure.h contrast, condshow ed

A

short-time response
post light induction (minutes) -

0 5 10 20 40 60 120 Dark
conF -
cons [ WD =P & -
war | P WY v
B long-term developmental response

light induction (hours
Veg 2 4 6 B8 12 24 Dark
.. 3 I .

conF -

-

conJ

gpdA

a com plex expression pattem. cond w as expressed at significant
levelsafter 19 h of cultivation w ithout light exposure.condw as In-
duced quickly by 5 m in light exposure and gradually decreased un-
til20m In (Fig.2A).condm RNA accum ulated again at 40 m in and
120 m In, resulting In a rhythm ic expression profile.

T order to Investigate the regulation of expression of conF and
condduring asexualdevelopm ent,RNA w asextracted from synchro-
nously differentiating asexualculturesatdifferent tin e points.conF
w as strongly expressed In the conidiation stage 24 h cullure after
nduction of asexual developm ent) and faintly expressed n 24 h
dark controlculture. n contrast, condw as w eakly expressed in the
2h,4h, 6h and 8 h cultures before conidiation occurred, then
shortly disappeared in 12 h culture. h conidiation stage (24 h cul-
ture),condw as strongly expressed .condexpression in 24 h dark con-
trolcultures w as w eak but stronger than conF levels (Fig.2B).The
short-tim e lightresponsesofotherlight nducible genes,containing
severalcandidates ofhydrophilin -like proteins show ed strong sin -
flarities to the expression profile of conF (Fig.2C).M ostofthe genes
w ere highly expressed after5,10 m in of lightexposure.cffA w asex-
pressed constitutively (data not shown).

These expression studies show that the instant expression of
conF or condgenes are controlled by short-tim e illum ination and
long-term control is coordinated w ith mnduction of asexual
developm ent.

3 3.ConF and CondGFP fusion Iocalize to the cytoplasn and partially
nucleus

Localization of CON-6 and CON-10 protein in N. crassa w as
observed by W estem hybridization and im m unofluorescence
m icroscopy (Springer et al, 1992; W hite and Yanofsky, 1993)

C short-time response
post light induction (minutes) [l
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Fig.2. Regulation of con gene expression in response to light and developm ent. &) Expression of conF and conJin A.nidulans In response to short-tin e light exposure.A w ild
type strain w as pre-grow n on liguid surface culture for 19 h in dark w ere exposed to light for5,10,20,40,60 and 120 m in, then m ycelia w ere harvested and analyzed by
Northem hybridization analysis using digoxigenin (D I3) labeled probes specffic to the coding regions of the conF, conJand glycolytic gene, gpdA, served as an intemalcontrol.
(B) Developm ental regulation of conF and cond n A.nidulans after onset of asexual developm ent. Vegetative cultures w ere grow n in dark in shaking liguid m edium for
approxim ately 20 h at 37 C.M ycelia w ere harvested and transferred onto solid m edium in the light to nduce the asexualdevelopm ent.At ndicated tin e points m ycelia
w ere harvested and subjected to Northem hybridization analysis using gene speciic probes. (C) Expression of light inducible genes in A.nidulans in response to short-tin e

light exposure.D IG labeled probes speciic to the coding region of indicated genesw ere used forNorthem hybridizations [due to low expression AN 9310 w asom itted am ong

fourteen genes).
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Fig. 3. Subcellular localization of Con::GFP fusion proteins in conidia and gem lings. &) A picture of recipient control strain through GFP and DAPIfilters w ithout any
fluorescence m arker. (B) Localizations of C-term nalConF::GFP and Cond::GFP In conidiophores.Both proteins are observed in m ature conidia and not In conidiophore stalks.
(€ and D) Subcellilar Iocalization of ConF::GFP and ConJ::GFP in germ lings.FM 4-64 dye stainsthe plasm am em brane and vacuoles red .DAPI 4°6-diam idino-2-phenylindole)
stainsnucleiblue and a m RFP:H istone2A fusion visualizes the nucleipositions.The granular structures of both proteins w ere nside the vesicle m em brane.The arrow heads

either show granular accum ulation of GFP fusions or the positions of nuclei.

and both protelnsw ere detected in free conidia.Functional fusions
consisting of genom ic DNA fragm ents of both conF and condgenes
containing the entire prom oter regions and corresponding ORFs
com bined w ith cDNA of the green fluorescent protein (GFP) w ere
constructed to detem ine cellilar and subcellular localization of
conF and condgene products (Fig.S1).Fliorescence m icroscopy re-
vealed thatboth ConF and ConJproteins localized in the cytoplasm
ofm ature or free conidia butnot in the conidiophore stalk (Fig.3B).
T dom ant conidia,both protens uniform Iy localized in the entire
cytoplasm . T contrast,fluorescence of GFP w asnotuniform in the
cytoplasm of sw elling or gem inating conidia resulting in occa-
sional sm allbright dots of granular sttucture .M em branes stained
by FM 4-64 revealed that granular structures ofboth proteinsw ere
In contact w ith m em brane vesicles, w hich are presum ably vacu-
oles (@arrow head) (Fig.3C and D).Nucleiw ere stained by DAPI
blue) to detem Ine colocalization of distinct Con proteins w ith
the nucleus. The green fluorescence signal of ConF::GFP w as ob-
served to colocalize or closely localize w ith the blue fluorescence
signalofDAPT, suggesting association of ConF w ith nuclei (@rrow s)
(Fig.3C and D m iddle panel) .A m onom eric red fluorescent protein
fiised to histone 2A also colocalized to ConF protein, supporting the
observations w ith DAPIstaining (Fig.3C low er panel).

Green fluorescence of Cond::GFP, although In a lesser extent,
w as also associated w ith nuclei (Fig.3D, low erpanel). Ih late veg-
etative stage, Con-GFP fusions w ere w eakly visualized due to the
presum ably decreased expression of the genes. Ih order to deter-
m ine why GFP fluorescence dim nishes, w e m onitored the ConF
and ConJprotein levels n gemm mating conidia (Fig.4).Both pro-
teins w ere enriched In dom ant conidia, w hereas after 12 h post-
gemm nation Con protein levels declined.This reduction w asm ore
evident for ConF protein levels.GFP protein under the constitutive

gpdA prom oterw as equally present during germ mnation stages.W e
nvestigated how light exposure nfluences the Con protein levels
(Fig.4B) .Exposure of the dark grow n surface cultures to w hite Iight
resulted n an Increase n the expression ofConF w hile Condprotein
levels slightly ncreased after 40-80 m in exposure. These results
were also sim ilar to transcript levels of the con genes during
short-term light exposure.GFP expression controlw as unrespon-
sive to Iight treatm ent (Fig.4B, low er panel). Subcellnlar localiza-
tions of Con proteins did not alter drastically during gemm nation
and light exposure.

Our localization studies show that Con proteins are m ainly
localized n dom ant conidia but are also present In the cytoplasm
of gem lings w here they can colocalize w ith vacuole-lke struc-
tures and partially w ith nuclei. These data suggest that Con pro-
teins are gradually degraded during the germ mnation process and
that light exposure induces an increase In subcellilar levels of
Con proteins.

3 4 .The doubk and triple con gene disruptants show ed resistance to
desiccation stress

T N .crassa, hactivation experim ent of con-6 or con-10 did not
show any clearphenotype (Springeretal.,1992;W hite and Yanof-
sky,1993). In the genom e sequence of N. crassa, there are three
hom ologous genes of con-6 and three hom ologous genes of con-
10.W e sequentially deleted allofthe three con genes ofA.nidulans
by the Latoursystem H irashin a etal,2006) to address the cellu-
lar function of the A .nidulans con genes (Fig.5A).W e m ade DconF,
DcffA,Doondm utants,but single m utantsdid not show any obvious
phenotype data not show n). Therefore, w e created DcoonF/DcfA,
DoonF/Dcond double and Doon triple disruptant strains and con-
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Fig.4 . Expression of ConF and CondJd::GFP fusion proteins in gemm inating and light nduced fungalm ycelia. (A) Expressionalanalysis of ConF and Cond::GFP fusion proteins in
post-germm ination phase.Con:dom ant conidia,6h,12h,18h,20h, 24 h after gem nation at 37 C.GFP proteln expressed under constitutive prom oter gpdA w as used as

expressionalcontrol. Tubulin protein levelsw ere used as bading control.40 1g protein extract w as loaded on each lane. B) Expression of ConF and CondJ: G FP fiision proteins
after light induction . Strains w ere grow n In the darkness for24 h at37 C and exposed to light up to Indicated tim e poInts (m nutes).LC: Iight controlcultires grow n under

constant light, DC: dark control cultures grow n in constant darkness.

firm ed the deletion of each gene by PCR (Fig.5B).All strains grew
nom ally as vegetative m ycelia and developed nom alasexualand
sexual structures on solid m edia.

conF and condgenes of A .nidulansare highly expressed and pro-
teins accum ulated In m ature conidia.Therefore, w e tested the ef-
fect of several stress conditions for conidia viability . W e applied
high salt or sugar concentrations adjusted to 0 9-0 94 w ater activ-
ity, 50 C heat shock, oxidative stress by H,0, orm enadione, and
UV irradiation, respectively . W ild type and single or double m u-
tants w ere indistinguishable during osm otic stress, increased tem -
perature, oxidative stress and UV irradiation (data not shown).
Conidia of the Doon triple disruptant strain kept 5 days at 37 C
after desiccation show ed increased viability in com parison to the
w 1d type (Fig.5C).The conidialgem ination of D conF/conddouble
and DoonTriple disruptant strains w ere delayed for the first 4-6 h
n com parison to w ild type,after 8 h both strains reached the sam e
level of gem nation ratio (Fig.5D and E).These phenotypes w ere
com plem ented by In-locus mtroduction of either conF or conJ into
double deletion strain.

Gemm nation ofdesiccated conidia of the D conF/conddouble and
DoonTriple disruptant strains kept for 5 daysat 37 C after desic-
cation) w ere higherthan w ild type (Fig.5F).A.nidulans isknow n to
accum ulate polyols upon desiccation stress mcluding glyceroland
erythritol Beever and Laracy,1986).W e analyzed the polyols and
trehalose am ounts of conidia to elucidate the reason w hy the con
disruptant show ed higher resistance to desiccation (Fig.5G).The
DoonF/conddouble and Doon triple disruptant strain accum ulated
significantly higheram ountofglycerolorerythritolthan w ild type.
There w as no difference in m annitol, trehalose and arabiol levels
am ong the double, triple m utantand w ild type.These data suggest

that con genes interfere w ith the accum ulation of speciic polyols
In conidia which are relevant for survival under desiccation
conditions.

4 .Discussion

con Genes are w idely conserved in the fungalkingdom .W e have
show n that con genes in the filam entous fungus A.nidulans have
redundant functions. This is supported by the findings that single
deletions of the con genes do not cause obvious phenotypes,
w hereas sim ultaneous nactivations of tw o or three con genes re-
sult in delays In spore gemm ination. This is connected w ith In-
creased polyol accum ulations of these m utants w hich correlates
w ith Increased survival of corresponding m utant strains in a dry
environm ent. The exact m olecular m echanism of the action of
Con proteins is yet unclear.

The expressions of con genes are strictly regulated spatiotem po-
rally according to the developm ental stage or light exposure in N .
crassa (Roberts et al, 1988; Sachs and Yanofsky, 1991; Springer
and Yanofsky, 1992; W hite and Yanofsky, 1993) and A.nidulans
(Fig.2).In N. crassa, the m RNA accum ulation of both con-6 and
con-10 upon short light exposure ncreases tin e-dependentm an-
neratleastup to 120 m in ©Im edoetal.,,2010),w hereasA .nidulans
conF show ed rapid adaptation and declined m RNA levelaccording
to the tin e of light exposure. cond show ed a com plex expression
pattem of repeated induction and repression during the first 2 h
(Fig. 2A). The expression of A. nidulans cffA w as constitutive and
notcontrolled by light.N orthem hybridization analysesofthe other
fourteen light mnducible genes revealed a sim ilarpattem as for conF
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Fig. 5. Increased desiccation resistance and polyol accum ulation in con double and triple m utants. (A) Gene deletion strategy by Latour system .Band shift of the PCR
am plicon show s Insertion of disruption cassette and loop-outevent. (8) PCR confimm ation ofgene disruptions for single, double and trdple con gene deletions. (C) D esiccated
conidia of DconTriple disruptant show ed higher viability and gem ation ratio after 5 days incubation.10* conidia of each strain w ere rapidly desiccated by centrifugal
vaporizer and incubated at 37 C for 0,1, 3 and 5 days. Then conidia w ere rehydrated and spread on solid m edia at 200 conidiafplate. cfu; colony form ing unit. ©)
Gem Ination ratio of intact conidia.Conidia w ere lnoculated in liguid m edium and incubated at 37 C for 8 h.Gem iation ratio w as calculated by dividing the num ber of
gem inating conidia by totalnum berofconidia. (E) M icroscopic in age ofgerm mnation from intactconidia.Arrow headsshow early stage ofgemm lings. (F) Germ ination ratio of
conidia ncubated at37 C fors days after rapid desiccation .10° Conidia ofeach strain w ere rapidly desiccated by centrifigalvaporizerand incubated at37 C for5 days then
noculated in liguid m edium and incubated at37 C for8 h.The P values represent the signfficance betw een w ild type and tw o m utant strains. (G) Polyolcontent of conidia.
polyols w ere extracted from each strain and analyzed by HPLC.The P values (<0 05) w ere calculated by t-test betw een higher group (double and triple m utant) and low er
group (w ild type and com plem entation strains).

except for AN9310 w here expression was too w eak to evaliate The exactm echanism ofthis quick induction and photoadaptation
(Fig.2C).Except for the com plex conJregulation, the typical light is not clear.N . crassa show s photoadaptation by longer illum ina-
expression pattem of A.nidulans light nducible genes show m ore tion, usually 1-2h, which depends on the VVD protein
rapid nduction and adaptation than N. crassa con-6 and con-10. (Schw erdtfeger and Linden, 2001). There is no obvious hom olog
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Hydrophilicity profile of light-induced genes.
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Gene D Proteln size (@a.) Preponderance am ino acid residues n Low proportion aa in Hydropathy profile
Hydrophilin (¢ Hydrophiln
Gl Al Glu Lys Arg Thr Cys T1p Values Hydrophilicity + values Hydrophobicity
AN0045 378 98 116 58 74 32 95 00 03 2
-2
AN 0693 136 74 118 51 51 51 74 00 0.7 2
-2
AN3872 245 78 911 73 49 29 94 038 37 2 .
D
-2
AN4299 151 86 172 33 33 33 93 00 20 2
0 '
-2
AN5004 147 102 197 68 102 61 43 00 07 2
-2
ANS5015 (Cond) 82 159 110 110 49 73 12 00 00 2
, T
-2
AN5056 197 96 169 85 141 14 113 00 00 2
-2
AN5764 775 53 143 101 48 105 52 00 04 2
° Hwwrrow
-2
ANG5844 162 37 117 130 49 123 43 00 00 2
. .
-2
AN 7558 197 96 76 86 51 81 81 00 00 2
-2
ANS8018 445 81 83 36 63 31 65 13 16 2 Ill |l| |
0
-2
ANS8339 405 86 104 79 119 35 44 02 17 2 |
0
-2
ANB8638 228 22 44 88 79 57 66 00 13 2
-2
ANB8640 (ConF) 91 88 110 88 88 55 22 00 00 2
-2
ANB8641 131 92 92 53 61 69 107 00 038 2 l
0
-2
AN9285 71 28 197 70 155 14 70 00 00 2
-2
AN9310 158 82 101 70 57 133 57 00 00 2

i
5]
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of VVD I A.nidulans Rodriguez-Rom ero et al,, 2012). k is unkw -
nown for A.nidulans w hether another protein plays a VVD -lke
role or whether there exists a different m echanism for
photoadaptation .

Phenotypes of double and triple disruptant strains of con genes
nterfered w ith spore viability, germ nation and polyolaccum ula-
tion (Fig. 5). Glycerol and erythritol are m ajor osm oregulatory
com pounds In A.nidulans, w hereas arabitol and m annitol do not
represent In portant osm oregulators Beever and Laracy, 1986).
Trehalose or m annitol are nom ally accum ulated during heat
Noventa-brd et al, 1999) or oxidative stress (Fillinger et al,
2001).The double and txriple disruptants accum ulated m ore glyc-
erol and erythritol (Fig. 5G). In contrast, cfA had no significant
additional im pact on polyol accum ulation or gemm ination ratio.
Deletion of several con genes m ight lnduce an osm otic stress re-
sponse,w hich results in the accum ulation of polyols.This suggests
a possible redundant control function of con genes in the adapta-
tion of cellular polyol levels. Redundant functions are also found
for other sporulation related genes w here even the deletion of
the entire A.nidulans SpoC1l cluster resulted in no phenotype Ara-
m ayo et al.,, 1989; Stephens et al., 1999). Further deletions of con-
like genes m ght achieve even stronger phenotypes.

Ruger-H erreros and co-w orkers show ed that425 light nducble
genes are unevenly distributed in the different chrom osom es. & is
unclear w hether even proteins w ithout obvious sim ilarity m ight
exhibit sim ilar fuinctions. CON -6 is structurally sim ilar to the late
em bryogenesis abundant proteins (LEA) of m aize. LEA proteins
did not evolve from a com m on ancestral protein Garay-Arroyo
etal., 2000) and cannot be recognized by prin ary sequence align-
m ent. Garay-Arroyo et al. established a search criterdon to distin-
guish LEA from other proteins based on physicochem ical features
of the polypeptide. They comned the nam e ‘hydrophilins” to pro-
teins defined by their criterion . They selected CON -6 and CON -10
from 2264 fungal sequences as hydrophilin candidates. ConF and
ConJand m ost of the Iight nducible gene products as w ell as the
constitutively expressed CfA m Ight be hydrophilins (Table 4).

Structural features of the LEA proteins as a subset of hydrophi-
Iins include high hydrophilicity,a Jack or Jow proportion ofCysand
Trp residues,and a preponderance ofG ly,Ala,Glu,Lys/Arg,and Thr
Dure, 1993). W e analyzed the structural features of seventeen
fungals proteins mcliding ConF, CHA and Cond (Table 4).Due to
am no acid com position analyses for hydrophilicity Cys and Txp
residues content seem s to be m ore In portant than Gly residues.
From thisaspect,CHA m ay be classiied ashydrophilin even though
it has a ow Gly content.Con proteins and other hydrophilin -like
protens m ight have functions during w ater deficiency .

I N.crassa, CON -6 and CON-10 accum ulate in m ature conidia
and are degraded during gemm mnation (Springeretal,1992;W hite
and Yanofsky,1993).A .nidulans ConF and ConJproteins also local-
ized In m ature conidia (Fig.3A).They are not present in conidio-
phores or Imm ature conidia and are also degraded during
gem ination (Fig.4A).h m ature conidia, ConF and CondJdare uni-
form Iy dispersed in the cytosol, w hereas In germ nating conidia,
they aggregate as granular structures in the cytolasm . Som e of
these granular structures of ConF or ConJ n germ inating conidia
are associated w ith m em brane vesicles (Fig.3C and D).

There is a colocalization of ConF and ConJdw ith nuclei, w hich
ndicates that there m ight be an additional yet unknow n nuclear
function. This is rem mniscent to som e spore proteins of Bacilli,
w hich have been described as sm all acid-soluble proteins (SASPs)
that bind unspeciically to DNA . Such proteins protect spore DNA
from various stresses (Setlow and Setlow ,1994,1995). Ik rem ains
to be analyzed whether Con proteins have sin ilar functions
as bacterial spore proteins to protect genom ic DNA w ithin the
nuclei.

5.Conclusion

Con proteins are sin ilar to hydrophilins. Expression of the Con
encoding genes conF and condJofA .nidulans is strictly requlated by
short tim e exposure of light during developm ent.Con proteins ex-
hibit redundant functions in spore germm nation and in controlling
the level of stress protection In germ inating conidia.
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