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Gene Structure and Function of fkhE, a Forkhead Gene in a
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ABSTRACT: A homothallic filamentous fungus Aspergillus nidulans has been used as the a model organism for
studying growth and development for eukaryotic system. Various studies about specific transcription factors have
been performed for elucidating the molecular mechanisms of growth, asexual and sexual developmental processes.
Among them, the fkhE gene (AN2025.3) is located in chromosome VII and contains an ORF encoding 718 amino
acid polypeptide intervening with two short introns. The cDNA sequencing revealed that at least four types of alter-
native splicing events were occurred when the fkhE gene was transcribed. The putative FKhE polypeptide contains
a conserved forkhead domain and a bipartite nuclear localization signal at it's N-terminus and C-terminus, respec-
tively. Deletion of fkhE resulted in impaired conidiophore formation in a solid medium. However, the sexual devel-
opmental process or cleistothecia formation was normal. Furthermore, fkhE deletion mutant produced conidiophores
and conidia under the submerged culture, indicating that the fkhE gene is involved in asexual developmental process

similar to the fkhF gene.
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e AP H it (filamentous fungi)? Aspergillus nidulans
(teleomorph: Emericella nidulansy= 73733} 23} ol A
el JeidAdo]l dofubH homothallicdte] A2 th&
mating partner’} $1o1= FAESIE YT = Atk =
gk, o7 s mEt i 9 RSt 7 o] A
Ao FEH7] wEol, 7 &3t Atele] A AAl
g Are} Eske] AR Hshs FAAE g
A7t FA3Eo] @7 AtHAdams ef al., 1998; Han et al.,
2003). B+ olU2}, A nidulanse $73H3}bol] w2 A E
Az fosle M2 FHAAES EFskal dAst
=dl oA wig- {85 AR deix Urh(Han and
Prade, 2002).

Fe] A+Age &8k A nidulansA 381278 <]
F¥ 2™ heterotrimeric G-proteini} ¢cAMP/PKA
MAP kinaseE &3+ ASHLEAA 7} st sl
slxon, 53] §4Esle] A= G-protein AT
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A28l (G-protein coupled receptor; G protein-RGS interaction;
PKA; MAP Kinase 5)°] &< WA 3L tH(Chang er dl.,
2004; Han et al., 2004). =3t FAAE3IE stk I
2191 ZAIRIA (transcription factor)’} EAHO|AE o] &
ALES B3l g K=, ved®t nsdD, nsdC 53
Ao F83% FHAEe] 8 EAEHATKHan er al.,
2001; Kim et al., 2002; Kim et al., 2009). &} &%
Saccharomyces cerevisiae®] &3}l T3 HTS =
Ste122] homolog?! SteA:= homoeodomain} zinc finger
domaing AY3iL Q= TAZA {A3Este] A} o
&S vt AR ofrst dirtell F88 7S S
COP9 signalosome®] -4 @ 4E0| F48-3}2] zgde)] L=
Holgh= AMdER YAt (Busch ef al., 2003; Vallim
et al., 2000). ¥4k of2} g 50]% <l Zn,Cys, domaine
A RosA= fAdtste] AR Zhg-slth=s Zlo] v
K tH(Vienken et al., 2005). A. nidulans®] F-3E-3h= F
sl vlste] diHo® we Ad frxEe] W
RO, brid 2= Araae] Bdo]l I A3l o=
A A Ut Adams ef al., 1998).

Bt o}, A nidulansoM+ 2 forkhead A
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SPRL fhpA(= fkhA) 27 f7dEstell #edstal glo
gzt 89 A7t BAEATHLee ef al., 2005). Forkhead
(=winged-helix)®d HARIAFES G4 Aol o] 271744
RE WA Z AzollA] ml-g- ohdsh Al Zehg-at Eskabg ol
FoJshs 2AAAZ LA b=, Foxp32] 7-%- regulatory
T AlE2] &3}6} 750l wi-¢- 2784 95 3P Foxp3
TR AAA] XHZAQD A7PASREER] FZA| 52 AgE
(Ilymphoproliferative disease)°] == Zlo] Hilxe] gt
(Ziegler, 2006). Foxm1(forkhead box m1)2 A|EZZ2]
=] o™ DNA EA|9 FrAREEoll A<l Al
F7] A FAEe] HAE 2dstar, opekst 17 Al
ZoA o] Frtske Aol dEFTHKim er al., 2006).
TS FoxO Alge] Tl A =2 growth arrest®} apoptosiss
Z23PH, Phosphoinositide 3 kinase(PI3K)oll 2l Al =32
FoxO7} 7165 3o Al EA7% 28 o] dojubx] st
LS o dESo g WSt (Reagan-Shaw and Ahmad,
2006). S. cerevisiae®] 73-$-= forkhead AR} =] AlX &
doluk g4 F w3l vl 2 Fo] SlFol LA
a1, B8 ARl Schizosaccharomycete pombedl| X =
°]52] homologs°] 79 22 7]5& FRsth= o]
AHF . S pombe2] fihl, fih2-FAA = AE F7) 24 4
83}l T3} (Szilagyi ef al., 2005), S. cerevisiae
Sfkhl, fih2 SRS oxidative stress responsedl] Q81|
Holdh= Zlo] YA Uth(Shapira ef al., 2004).

AP KoM e Ll A nidulanso| A RE G5

forkhead F-AA} fkha7} §/d83tel] Zlo] #Foslar 9o
™ positive regulatorZ ZHg3 7hsAdo] Aths AR
HIEAHLee et al., 2005). ©] FHA= over-expression
librarys AHS-3te] FAopdd-s 53 A48 4 74
AHE8] A A = A=, fkhd F+3A= ORF
£ E3st AA 547} inducible promoter?! niid(p)ell
AnERo 2 AFElo] Ao, FAXSA ] over-expression
H 33 o] FAEsHE Hd sk Kshe o= BreA
t}. ol guigko g Eo7F fkhA9] ORFOA antisense
transcript’ | THE1AA] 4F fkhA mRNAS] 7152 repression
3t Axg FHs Utk(Lee et al, 2005). I, A
nidulans| ATt S0l o2 AR fhFe FAE3H7) of
RS A #AT 7FsAdo] =2 AR dEA
THPark ef al., 2009).

2 AT = A nidulansolX] F3ES)el| BT ZloR
FAE = fhF 73R} vl$- =& 24532 Hol= forkhead
FAAR] fKhE(AN2025.3)5 o= st 2 33 2 7
2o 7155 ERlstarat et ol& fIste hE 37k
cDNAE gHale] dERIER] 25 B30, MhE
FAAE AAR QWA E Az, FAwelA <
FAE AFg A3 o] A= hF} viS- AR T
AJEslol] AAS 3l ASS HAF

e L

o3, X, o= W FHEXE

A. nidulans®] ©F¥¥ 52 Fungal Genetics Stock Center
(FGSCYIIX] FGSC A4S ol ARgallon #2317 A
& AYE JAHE FF2E A nidulans A1145(pyrG8Y;
pyroA4; nkud; argB; riboB2YE ARt A Z% plasmid
DNA A3} DNA 532 913t WlE= pJET1.2(Fermentas,
Canada)Z AF&-3F9T}. Escherichia colic: DHSaS AR
B

A. nidulans®] WFS 15 LHAMA(CM)L} ZH AH)RA]
(MM)= Han et al. (2001)] o2 ZH|SIATE 4. nidulans
e uRloll FEsted 37°CollA] 397 wsislom,
A A flsliMe Bash dEaTEe] FHHE F
2R E AMEEIATE. E. coli= ampicillin(100 pg/ml)©]
27t E LB iR vl ST}, A, nidulanse] BE7ZR
Tilburn ef al. (1983) B Han er al. (2001)2] WS A}
&3t

ol

DNA F& ¥ =¥

A. nidulans 3AXAFAZHE FFEL AHTH-S(PCR)
°Jt} Southern 45 F3s7] 918 744 DNA F52
T FAR 7HF 20~60 mgS FIFRE gl 400 ple]
lysis buffer[SO mM Tris-Cl(pH8.0), 50 mM EDTA(pHS.0),
3% SDS, 1% 2-mercaptoethanol |5 751 2 &35}z, o]
FEE 65°CollA 1A17F &<t vHAIZ &, 572 phenol/
chloroforms- o] &3} o eh22 HHAA AT

77} A A (knock-out deletion)E 913l Double-Joint PCR
(Yu et al., 2004yS T4 3F3AT}. |4 AN2025.3S A|738H7]
13l tkhE1, fkhE2 primers(Table 1)2 5’-flanking region
<, tkhE3, fkhE4 primers(Table 1)2 3’-flanking regions %
3 AEF PCRS THSAL 4. fumigatus pryG 71
A+l A pyrG Forward, pyrG Reverse primers(Table 1)Z
PCRE F33te] A WAl PCR AHES dojWit}. F WA
PCR2 3l HAo|A Hojzl 3 TR dHS o83l §&
sk= PCRe 33k, viA9 @A|E annealingdt PCR
E3ES FYO =7 3l nested primer(Table 1)2 PCR3}]
fkhE 5AA AAE 913F PCR HEAES A 23 ok,
o] 5 o]8-3] host #7%1 Al11455 FAASITE.

Southern M35}

A. nidulans ©PY 83} hE A E<0R 01| §-34 DNAS
FZ319 BamHI A2] ¥ 0.7% TAE op/}22= oA DNAS
71953t 04N NaOHE ©]€3+ downward capillary
ol W'HS F3l QIABRANE-N'(Qiagen, Germany)> 2
o]'5AIZth. DNAZ ©|5AIZl F, cross linkingS ¢35l UV
£ X2 Th €3 labelling, Hybridization, Washing 2]
2L Signal detection2 DIG High Prime DNA Labeling and
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Detection Starter Kit II(Roche, Germany) ®'Hol we} 4=
gYatct. o]€A AZE membrane2 KODAK BioMax
MS film(Kodak, USA)l 24|17 Aol :=2A1 & 37
=

ol
ol

o HE
22> WAl A nidulans PR3 fhE A YA

4
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] ZZ(point inoculation)s}xL T4 E= 743
B2 27, 2417 B EEste] wietar
A st frexd SolA 497 37°CollA mijgs

FasIATE B3 A nidulans O8I fRhE A
FAXEA o] FHEAE 0.01% Tween 800.F 5}
glucose 1%2] A4 HauiA]o 1.0 x 10°cells/mlo] =7
HEIAL 2407F 37°Coll A ZIEha et Bl st

=
~
FJE
: d
O
bB oo

il
)

Z1 o nE
A. nidulans®| fKhE forkhead {EXAIe] 7= I 7|
MAEEN
dutz o 7 AAMAWENA forkhead F-AA7} £3F 2 A
ZxA Fa3% TS Fshs AR A AL 'R
SolME A7 7150l dEA ot AP 2t (filamentous
fingi)ell A= 2kl gk R 7)1=ko] o} Wol def=]
AA] et} F2e] Bl o, A nidulansIH= 67112
forkhead f+312}71 WA= A 0 o5 7HH¢A] AN2025.3
I ANR949.32 ThE &R Y AP Zlatollr= A=A
e SolAl FrAEde]l ERIFHAIL, °o]5S AN2025.3
£ fhEZ, 233 AN89493= fhF= 2zt vdmg3h vt Qlok
(Park et al., 2009). 2 ATANE A nidulansl] 5012 0=
AR hE Tl A5 F3s7] 8l o] fdAfell

Table 1. Oligonucleotide primers used in this study

=
o

&k F34 5 cDNA G714 2413 AAlsih

HA fkhE A= NCBIS] A. nidulans genome database
(http://www.ncbi.nlm.nih.gov/genome/guide/aspergillus/) <t
Broad Institute®] ®|o|EH]o]2 (http://www.broadinstitute.org/
annotation/genome/aspergillus_group/MultiHome.html) &
o]-g-3lo] FAste], GAIA] T fIXSRL Y= AN2025.3
FXAAFZ annotation =] = AL RIS o] Ho]
Efuo] 2ol mEw fkhE 7k 2719 JIEER 37]¢]
Ao g FAEo] QI AEE-L 239 bps} 135bpe] A7|E
7HAAL 1o, ORFE 627719 ofr|iks: dastslal =
Ao 2HET. T, 0|2 SR1el7] $I8l] REPCRS:
&3l cDNAE StHslo] §32 +25 48] 2 4%
fhE= S12dRT 2 w19 JIEES 7RI 910 1455 bp
o FAA A7IMBEA M= WA= H7] TV F71
o] 2= AL LASIITHFIg. 1). Fig. 1914 ®Enjel 73o]
SfkhES] ORF= 1233 bpellA] 1281 bpZkA] 49 bpe] A WA
AEZRIEE DF 1467 bpoll Al 1515 bpZ7kA] 49 bpe] +
A QEERQIER Moz A= glon 718719 of
etz Y Bde sty e Ros w
Kt o] ol’d€ FkhE ©dFo] forkhead =#%1& N
Ieke] 130-205% ob|iAtel] EA)stAL e O R pfam
92 smart (http:/smart.embl-heidelberg.de) 734 A3} =%
o} B3 o]t forkhead T2 A ALS Ax(transcription
facton) 24 71%5S skElgt oldE=dl, FkhE Tz 9
359-375 opw]i=Atel] whldo] 3 & o5 w dagh
bipartite nuclear localization signal(NLS)e] &&= Zlo] ¥t
& A thFig. 1).

fkhE 7Tl mRNA &4
fehE f737ke] 725 2A87] f15te] cDNA Stes

Name

Sequences(5'-3")

fkhE 5°For
fkhE 5'Rev (pyrGtail)
fkhE 3’For (pyrGtail)

GCGAGGCCTGATATGGATGAG
GGTGAAGAGCATTGITTGAGGCAGGGTACTCTGCGCAACGAAG
AGTGCCTCCTCTCAGACAGAATTTGACGAGATCGCAGTAGGCA

fkhE 3'Rev AAGCCCTCGCCTCAAACTTCT
fkhE 5'nest CACGGCCGAAATCCCTTGTAT
fkhE 3’nest CCGGTGAGTGAAGTAGCCGAC

pyrG Forward
pyrG Reverse

GCCTCAAACAATGCTCTTCACC
ATTCTGTCTGAGAGGAGGCACT

fkhE RT For-2 CCTTTCCCAAACTGCCACAAC
fkhE RT Rev-2 CGCATAAACAAGTGCCAGATCC
fkhE RT GAP CCGCGTCTGTATTATCAT

fkhE RT GAP Rev ATCCTCCCTCGGTATCGT

fkhE ENTR For CACCATGAGCGCTACCAGCCCC
fkhE ENTR Rev GCAACTACTGAAGACGAA
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%3l mRNA 725 ZAbse A4 95 mRNAE
BFH R JNEES AASHA HaAY splicing Wl A=
t=rhs Zlo] WAtk JIERS] 725 Al A
th2F5 9l 5°-UTR(untranslated region)yS olx7] $]5}o]
ORF2| 5'-flanking -912] <t oA EE}O]‘HE 1113}3}04
RT-PCRS Fagt A3t RIA/WAIZER] ATGE 71

—115 bpollA A|&ele Zeto]m & Al~9~6}tﬂ cDNA7} =%
94 o) wksle] 58 bpel A A2 ZetolmE Abgt
PCROIME cDNAZ} SFE]= AHE 4S  AUATHFig. 2).

ATGAGCGCTACCAGCCCCTCAAGACATCGACCGATATCGTTTGTGGGGAAGTGGCTGGAT 60
M SATSTPS RPISTF G K WLD 20

ACGATAGAAGAAACAGCGGCACCACAGTCCACTAGCTACCCCGGCCGCAGGTCTTTACCA 120
TIEETAAPQSTSYFP R RSLP 40

CGTTCGAGCAAATCAAACCTCACTGGGTCCACACTCGTTGGCCCACGCCGGCGACAATAT 180
RSSKSNLTGSTTLVGPRRR RO QY 60

ACCGGTATCTCTCTAGATACTCGTCCTCGTGTGGTCTACGTCGAGTCCGCGAGCCCTAGA 240
T GISLDTTRPR Y VES A S PR 80

AAGAGCAGAAAAGACGCCTTCCGCGCCGTCTTTCACAGCTGGAAAGCCACTCTTACCACG 300
K S RKDATF AV FHSW AT LTT 100

CGGACAACGAGCCATGAAGCCTTCCCAGCAGCCCTTCGCGATAACCCCGAGCTCGCCATT 360
RTTSHEAFPAALRDNPETLATI 12

GCAGAGCTCAGCTCGCATTTGTCCGCCAACTTTGCGGTCTTAATCGAGGCGGCTCTGCGG 420
AEL S HLSANFAUVLIEAALR 140

AACAGCCCGTCAAAGGCGCTGTCTGCTCGCCAGATATGCAAGGAGATCATGCGAGCGGAT 480
NSPSKALSARGQI CKETIMPBRAD 160

CATTGGTACCGCGCCCATAAGAAATTCGGCTGGCAGGAATGTGTCGCGCGCGAACTTTCC 540
HWYRAHKIKVFGUWQET CUVARETLS 18

TCGAACCCCGTGTTCCAACCGGTGATCGAATGCCGCCAGGGTAGGGTTAGGAATAAGGGG 600
S NPV FQPVIETCRQ QGRYUVRNIKSEG 200

GTGAAGTGGCAACTCACCGCAGTTGATCCTTCTCTTGCGATTACGACTGCTCCCTGGCGG 660
VK ¥ Q TAVDPSLATIT AP WR 220

GCGCCGCGGAATTCGGTTCCCTATCCGCTGGAGCTATCAACTGAAGCGGAATCTACTGAG 720
AP RNSUVP P L E S TEAES STE 240

AGGCAGATGGAGCAGTCCCGCCCTGAAGGTACAGACACGCCGCAAGCTCCTCGTCCGTCT 780
RQMEQSRPEGTDT®PQAPRTPS 260

TTAGCGGCGCTTGCCACCGCGTCTGTATTATCATCGACACTACCCCTACATCCTCAACCT 840
L AAL T AS VLS T L P H P QP 280

GCGGAAGATCCAATCGCAAAGAAAGAGGCTTTGGTATCCTTTACGGCACTTGGCCCTTCT 900
AAEDPTIAK E AL S FTALGTPS 300

CGTAGCCCCGCGATAATATCATACAACGATGCGCCTCCACCTTCGCACCAGTCTGGTGAG 960
RSPAIISYNDAPPPSHQ QSGE 320

AATGTATTCAGGCCTGACAAGGCCGACGATACCGAGGGAGGATCGGAGCTGCCTCGAGGT 1020
NVFRPDIKADDTESGGSETLTPRSGEG 340

CGCGGATCGAATGATGAGCAAAAGCACCCTGGACGCAGTGACGGCAATGAAAATAGGAAG 1080
R GSNDEU QKHPGRSTD E NRK 360

CGCCAGCGATTATCCTCGCCTGAACGGACAAGGTCCAGACGCAAATTTGCGTGCGTCTAT 1140
RQRLSSPERTRSRREKTFATCVY 380

CACAAATACGACCCTATCACCTACAGCAGCGTACACACTGTTAGATACCGGACCTGCATG 1200
HKYDPTITYSSVHTVRYZRTTCM 400

GGTCCGGGCTTCAAATATGTGTCTGAGCTCAGGCAGGTATCTGCCACCCTTCAGTCTTTC 1260
G PGFIKYVSETLS 411

ACATTGTCACTGACCATTTAGCCGCCACCTAGAGCGTAGCCACCAAGAATATGTCTGCGC 1320
RHLERSHQ QEYVCA 424

GAAGTGCCTGCGCCACTATGACAATGTCTCTGTTTACAACATCCACGCAGAGCATTGTAT 1380
K CLRHYDNVSVYNTIHAEHT CTI 444

Fig. 1. Nucleotide sequence and deduced amino acid sequence
of the fkhE gene. Underlined nucleotide sequences indicate
introns [ and II, and dashed sequence indicated alternative
splicing region found in intron I. Italicized amino acid
sequence and underlined sequence indicate conserved
forkhead domain and bipartite nuclear localization signal,
respectively.

CGTGAGGCCGAGTTATAGTCAAGAACAAGGGTGGGAAATGCTGTGGAGATTCAGATTCCC 1440
VRPSYSQEQGWEMLUWRTFRTFP 464

GCATGACCCTGTTCCAGATGACATCTGTATTGGﬁ\CCTGCCTGCCCGTTGTTGATTCCTGA 1500
HDPV D DI 472

CTGATTTTGAGATAGATATTTCACCGGTGCCGCCGCCTCTACGGCCTCAACTACCTCGCC 1560
PVPPPLRPAQLPR 487

TAAACATCCCCGAGTCTCTGCCCGTCCAAGTGGACAATAGCGCACGCCCAAGTCCAGCTT 1620
LNIPESLPVQVDNSARPSZPA 507

CCTCAACTGCGGCCACGGCAGACCTGACCCCTGCCGACACCAGCTCGACCCAGGCCCCCA 1680
S STAATADLTPADTSSTA QAP 527

CACCCAGCAACAGCAGCGACCAGCAGTCGTCTAATTCTCGTATTCCTATTACTGAGGCAC 1740
TPSNSSDQQSSNSRTIPTITEA 547

TGAAAACTCTTGTATACCGCATTCAGCGCATTGAGGAACGGCTTTCTACGTGTGAAGAAA 1800
LKTULVYRTIOQRTIEETRLTSTTCEE 567

ATACGACCCGGTTGCTACAGAAGTGTGAAATGCCGTCAGGCCATGGTCCAAACATGATGA 1860
NTTRILILA QKT CEMPSG GHGPNMM 587

TCCCCACGCAAATGGCTGAAGCATCACTTCTTGGGGGCTCTATTTATTCTCAATGCATCG 1920
I PTQMAEASLLGGSTIYSAQCI 607

CTTCAGACGGCTCCATGCTTTCTCCAGGCAGTCATAATCCAAGCATCCGGTCTAACAGCT 1980
ASDGSMLSPOGSHNPSTIR RSNS 627

CTCTGTCAAACTGCCCCCCGCTCGGCTCGTCCACGGCTGTAACCACTGGGACACCTTCAG 2040
SLSNCPPLGSSTAVTTSGTPS 647

AAAACACACCTAGTGAGGAACTCTTTTCGCCGGACTTTGATGTGCACTTGCCTTTCGGAA 2100
ENTPSEELTFSPDFDVHLTPTFSG 667

ACCCAGAGAATCTAGGTGCCGGAGCAACCGACACCGATGCTGATGGCGGCCTGGTAGAAG 2160
NPENLGAGATDTUDADGGTLVE 687

ACAGTTTTATGCCCGACCTGGACTTCGAAGCCTGGAACGAGGAGCATATTGGAGCATTTG 2220
DSFMPDLDTFEAWNETEUHTIGATF 707

GGTCGGTGCCTAGTTTCGTCTTCAGTAGTTGCTGA 2255
GSVPSFVFSSTZ C - 718

Fig. 1. Continued.

o] Azz Ho} o] fA] AN E gk o s
—580ll4] 115 bp-glell EA)shH 71E0) F23a e W
AN = ATGOAFH whald do] JiA|EThal 3
= Aok

AEREE 725 ¢ Lé} | 213l Fig 20149} 7Fo] cDNA
£ 295t d7IMES EA4% 19719 A2 tHE cDNA

ez 1179 2 (61%) o] S 7H9] 49 bp SIEE]
Aeyrt= G449 splicinge] doju= AL & F 9,]\
At o] 9o, 16.7%l sFsl= 7He] S8 o] <l
B 12 AAEA B3 FEe] JIEE IR AlAEE JHE*

BAT VIIEB11%) F /9] JIERC] BF zﬂﬂﬂﬂ
BUTE T3 Vo] FEL Solsh 7 /9] JIERe] B
AAE7)E P AEE A 49712] S1EZ0] zﬂﬂﬂ—;—
Al 11 bp7t O B2 60 bp 9171 splicing == A4
¢l alternative splicing €12 HAT} Fgk F A QIEEo]
AAEA] 232 ol A A HiA) JIEZo] AAR A9 o}
1= Eg}oﬂﬂ el 7 HA IEEL 7EA 0= A
AE gl A A JAEEo] HHH S 2 splicing®] PO
AW B2 HA| QIEEo] splicing®] HojubA] 9= 2] 0=
AR Z2AY O] dojdtiar 353 & Qlr}. o]2igh
alternative splicing> st S=EA] @A dojup] FHZ
A. nidulans®] 7353l #HASH= nsdC FAAAA = ©]
o} GALEE &Ato] B ul ItKKim er al., 2009). °] 2%
alternative splicing 29t olUe}, hE F71712] QIEE 2
Aol Yehd= 382 splicing signaldl GT-AG2] A
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]3]

oft

(A)
RT For(-115~-96 ) fkhE (AN2025.3)
RT For2(-58~-38 )
| ATSG)

RT Rev2(2274~2296 )

14
1232 1282 1516 TGA(2255) |

Genomic DNA (bp)

[ }
\ [ | I}
\ Vi i
\ Vo i
\ Ny i
\ o I
\ \ i I
\ oo !

TGN s ] S—
LY . —

Alternatively spliced

Type i (11%) [ ™RV
pe (124 [ A
1 130~205 359~375 718
[l | Protein (aa)
Forkhead NLS

(8)

Fig. 2. Schematic diagram of the gene structure (A) and cDNA analysis of the fkhE gene (B). Grey boxes indicated exons and arrows
indicate location and direction of the primers (A). M, DNA size marker; lane 1, PCR using RT For and RT Rev2 primer set
with genomic DNA; lane 2, PCR using RT For and RT Rev2 primer set with cDNA; lane 3, PCR using RT For2 and RT
Rev2 primer set with genomic DNA; lane 4, PCR using RT For2 and RT Rev2 primer set with cDNA.

L 7K E Aol ofgl GC-AGE A E ] ok 2=y
ARY7IA] ©]213F alternative splicingo] vt HEE QNEE A7
Aol Fx7te] 715 o TS sk=Ald tEit e &
H7 vp7E Qo gk A1 AR 7E obd alternative
splicing® 2 THEo]: mRNAE 429l ghgo] opd
truncated TS AT O R o FE o] g HIA
73AQ1 T o] Aol A] ot 7]5S el sh=A]

el A= obd AF-EA] skt

fkhF |EXel A S¢Hol|e 22|
HHE Y 24

A. nidulans®] 5°142] forkhead A1 fkhES] Al U]
7155 Lot 918l A nidulans ©PYR 52 fhE 32k
£ double crossing-overs &3¢+ ‘4574 A3 (homologous
recombination)el] &J3l 219]H o2 A AHA|F|= knock-out
WS o] &ste] A4 EdAHolE Az THFig. 3). khE
FRAE A A A8 A. nidulans®] genomic DNAS
o= sla, AlF 2 uPHol| 7143 E Double-Joint PCRS
TFedate] ozl PCR HEFAES ol&ste] FAHSHE
prG GELTTFA Al1455 FAHSSIS tHFig. 3). WA,
A7 pyrG" FEHZAE 5 PCR 2 Southern hybridzation
< Bt fhE FAAE AAESS SRIsHtHFig. 3).
Qo3I fkhE Ad=AHo)e] FHS dotr 7] 28l + 7He]
ME TE SAHOAIE HamAzAAA H FES 5t
#aslTh &2 A3 Fig 3904 Benle) hol, hE &

=2t2-"o|

o] #=2] F2UY A7) oRF el Hlsl ok A=A
3L ERUYE] Aol Ao opd uFAe] Fbe Bgs
BJo g A xRt GAdo] BgH oA BEE HolF
Atk olE dnFow AFF A3} F4d EAH(conidia)®] A
ol FAIZE AT, FAEALS] AL BE Zatoll v
Fast fAlfos L2 ague] Qo B Ak £
Ake] 7)so] FdaaAke] Arolut @A I = A
o7 AR Eoxint.

SRRt ofue} 3RSt o] At ofd FE
FEA dotrr] sl et RSt ezl op
I} hE EQH0)Fe| A B3k w1 A
HiFEAL 0] B, 5% olatsketa 24, mer]A 21 3
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Fig. 3. Construction and phenotype of fkhE deletion mutant. (A) Schematic diagram of construction of the fkhE deletion mutant.
The fkhE gene was replaced by the selective marker, pyrG, as the result of double homologous recombination. (B)
Confirmation of the fkhE gene deletion by Southern blot analysis. 5'-flanking region of the fkhE gene was used as a probe.
(C) Point innoculated WT and fk#E mutant in normal and sexually induced condition on solid CM were shown. (D)
Microscopic picture of wild type and fkhE deletion mutant showed that the fkhE mutant develop conidiophore (arrow) in

liquid submerged culture.
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