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Abstract

Despite the significance of external environmental factors in differentiation, putative factors
involved in differentiation of Aspergillus nidulans have not yet been fully understood. A
sporulation-specific proteome analysis of A. nidulans in the present study revealed that the
expression levels of more than 2,400 proteins were affected under conditions inducing
sporulation (0.6 M KCI) compared with normal conditions. Among the proteins with predicted
functions, two targets, AN1342 and AN9419, were functionally analyzed using targeted deletion
strains and phenotypic observations. For AN1342, because the deletion of the corresponding
open reading frame caused a reduction in stalk length during asexual development and in
pigment production in liquid culture, the gene was designated as sspA (short stalk & pigment).
Deletion of the AN9419 gene, which is predicted to encode alanyl-tRNA synthetase, led to
severe growth defects due to alanine auxotrophy and abolishment of asexual reproduction and
thus, the gene was designated as alaA.
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Aspergillus nidulans= 2170l &5l= "9/ AVIO 2, Pontecorvo 5{1]¢] <]
Sff ZIHA| ZAY = 22t A8 = ARRE 7] AR B -RREe] 1. 5ulof Dol
AR5 281 9l om, AlFRIstetA S-S B H Fatol A ThAAE o] Ao Hlsf A7
5 RAPRA o 7k S 2 ek BT L ZA] foot cello] F5]
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A. nidulans 323} T Y 7HR} 24

31 0] 7AES] foot celloll A stalk, metulae, phialide <=© 2 7|3 TFEA AH L EE-S A
A phialide £l EAZE 2} conidia) S A/ eIt F/JESH-2 central regulatory pathway
of| oJa] G E| 1 ALV, brid, abad 18T wetd S FA 0 2 FAE HARIZ O] HA
AR 2F85 5ol A= AL lth2]. °o& Al F7AR= StuA T= MedA LT -2 mediator
S Ag s, pERE RS ARHA 3 S 2 Rho 2 R EelaAg o
TS vFITH3]. HEAR] A&EAVS w73 A. nidulans'= TA|0NA] o[HiAE AA 2t
Tgol ofof TrA| o] ZARE Aok 78841 Q] A Z1R| AL et R334 71
2 cleistothecium 0.2 &2 112 FEefQId], 1 Stofl 87H2] AP ascospore) S E3Io}
+ A3 (ascus)o| ' Th. FFA AN ofe] 712 2 22010} {4491 2do] =
2F-g-5to] B RS B A we S 2ok El=t, o] o £2lE A ck= 3l Q1A
= dejxl gaido] VeAo|t}. VeAw ot 5ol thild = Hlo] gls off So]4 o2 o)
O 2 oot RIS A eRt4]. A0l ved I FHAE e = H9wE
L7} 345k, ved AT cleistothecia S A3ATSHR] ERCH5]. 11 9] 23tof] Gk
A=Al W 8 A2+ COP complex s A2 & &= Q=T ol=F 7702 COPs (a-, -
", y-, 8-, -, 12|31 ¢ -COP), ras-like GTPase, ADP ribosylation factor= 7-/3°] &
TA |2} ZAEGA Ato] o] Tl o] ook B EA |0l £ -COPO] AEH
d2e} 7138e] P8-S Aol AAaAZITH6). W o]l etAYa} AAYo] FFet ik,
Ho| TR sk 5ol wolE Aok 8 a= A =T, E5] ol M7 240
A Fdwst Hohks T3 Eet £o 2 et SXIEHT 7).
A. nidulans®] 312} FHsto] ThilA] BA4S ALl 4188

= ZAPIoK(germination) TAOA 2] THRAIE H| W FARE A7 QL
T} hypoxia®l th-aot= QRS 2H7] 9151 osmostress2F A}4tA 0|4 Z¥2E ThiliA| 5 &
Aek H17} QITH9, 10]. & Aol TlA] B4 Foll FAEAL @470l Boldle=
2Lgohe AR 2L 75 = gkl ShGint o5 fIste] HA| viR] oA 7] A
E FAZA FA3-S SH6H= QIxtZ AR KCl10] 0.6 M 52 371 1A vl =] o]l %A 9
ATt 18 A7 H Rt & &7t Tl A| o] FRE A sto] A= F/dEet 5ol /1A &
312} oot S| o] 22 5732 9131 2-DE (dimensional electrophoresis) +-4-S 5ol &
2,40091712] A spot-= ER1F1A, 71 5 WAgo] ol oA B2k Tl spot 10099
7HE Adstint. A 248 A& 5 AT AR spot ] U ¥ ool whet & 571
O IFo = WA, 11 F AR Tl FHAE A A xS o5 AlRtelal 39
P2 WO 2H, offd 77212 75 oA starat st Tl A dwko] 3A ¥isk=
spot SOl = @A7ER] 11 7150l & defA] QJA] o2 TS 75549

T} 2 Aol A= AN13429F AN9419 5= -3-71219] ORFE 22t B A7 &
Zolo] Eehy T 2P| HelE sl ool ZAste] & {ARE 22 sspA

o

(short stalk & pigment)2} alad (alanyl-tRNA synthetase) = ot}

do B = & o

r

R
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oI 53 Aspergillus nidulans FGSC A4S $FAH|Z] o)l A] 14A17F BAufeFet 5 8
TS 5HAT-8A 0 2 ATt A2} P4dS FXI5k= 0.6 MKClIE H7IRE 1
AR e}t 7 FskA] 932 TAMRA = &A ZH2F 9AIREL 18AIRE vk HAAIE Bofuio]
Miracloth S o]-§5to] 27|15 APl & Al A= e ohga -2 271 0 & uhafisto] whil
HE 25159 S, WA TR9Tlol 7 M urea, 2 M thiourea, 4% (w/v) 3-[(3-cholamidopropy)
dimethyammonio]-1-propanesulfonate (CHAPS), 1% (w/v) dithiothreitol (DTT) and 2%
(v/v) pharmalyte and 1 mM benzamidineZ g% T2 F&-8 5-gHS Hrloto
motor-driven homogenizers: ©|-8-5l &3}ttt A-2)4] vortexing ¥, 15,000xg = 1
AIZE ERE 15°ColA PR skl 584 24 AAT od 2ENS FHlskL

Bradford assay 2 THlA 2 40T 11].

2D PAGE ¥ 0[0|7]| 24

IPG dry strips= 12~16A17F 5t 7 M urea, 2 M thiourea, 2% 3-[(3-cholamidopropy)
dimethyammonio]-1-propanesulfonate (CHAPS), 1% dithiothreitol (DTT), 1% pharmalyte
ofl A1 F200 ug 2] Al =25 o]t Isoelectric focusing (IEF)-20°Cll 4] Multiphor 11
electrophoresis unit¥} EPS 3500 XL power supply (Amersham Biosciences, Little Chalfont,
UK)= AR8-otod 218853t Strip=- equilibration buffer (50 mM Tris-Cl, pH6.8 containing
6 M urea, 2% SDS, 30% glycerol) A4 #}-2l1= 1% DTT2}, T A= 2.5% iodoacetamide
S} 1024 ¥ 9, SDS-PAGE gels $lofl 2|31 20°CollA] 1,700 VhZ 7|95 sHTh
Gel-2 2@ o7 AZtslsto] PDQuest software (version 7.0; BioRad, Hercules, CA,
USA)E ol88l0] Eualoick thild] 248 AR Bt ule} 2707} 22 2700] uje}
=HA 02 3 FHloto], Z+ZF 2-DES B THElA A7l Ae-S HHEotirt

2/l o] £

—_ ="

Hr

THBAIS 2-DER 7] A1 § A2 A spot-> modified porcine trypsine #]2]5}o] &
Halstrt 12]. SDS, 7184, M Ao 5] E<eaS AASE | 18l 50%9] acetonitrile
= AJASH, trypsin (8~10 ng/uL)= A2|5te] 37°CollA] 8~10A17F RESA|IZTE. Tl &
SfH2-20.5% trifluoroacetic acidS 5 pL A7sto] SAA7| 11 Thilid ThHE-S 8o AF
B2 5]4=5}0d, C18ZipTips (Millipore)2 ©]-85}10] 1~5 uL Fuj2 g U 5=35}19ct. o]
=52 552] 50% aqueous acetonitrile®l] L3HH @ -cyano-4- hydroxycinnamic acid2}t
Sototat, AsFRAlS flot target plate 1ol Ao} ottt A&F=47]+= Ettan MALDI-
TOF (Amersham Biosciences)E A6}, Target plate Abof| Q= Tl ThEE-2 337
nm&| N2 laserg AP 713HAZ] T2, 20 Kv injection pulseZ 7F5A1Z T} 300 laser
shots 2] %+ peaks®]| 2J5l] Z¥z}+2] THBA spoto]] gt mass spectrum= 15} t}. ProFound
HA oz 6 2 HE] Hofzl thld AR E fspergillus nidulans Database (http://www.broad.
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Aol sfgdshes HF FES Fe 4 A 71e0] BelA A e T o] o]
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2 Ao AR Aspergillus nidulans = Table 1°]] A2]H H}e} Zth Minimal
medium (MM)¥} complete medium (CM)©l|4] 37°C 2 vlFslsd o™, 2} viz] Q] 2A]-2 7]
Fof| B uiet Tl 1, 13]. Escherichia colivt= DHS a & AF&6193), LB (Luria-
Bertani; 1% Bacto-tryptone, 0.5% yeast extract, 0.5% NaCl)of|4] 8iFsITt. Ampicillin
S 50 pginL 2 A1

Table 1. Aspergillus nidulans strains used in this study

Strains Genotype Source
FGSC A4 ved" FGSC

TJ1+argB VA2; argB2; pyroA4; argB; veAl Prof. Shun-Kee Chae
SK880 YA2; argB2; pyroA4; veA+; pILJ16 (argB’) Kang et al.[14]
Al153+argB VAI; pabaAl;pyroA4,nkuA.::bar This study

AsspA VA2, pyroA4; argB2; veAl; sspA::argB This study

AalaA VAI; pabaAl; pyroA4; argB2; nkuA::bar; alaA::argB This study

TJ1+argB, isogenic wild type strain;
sspA, sspA-deletion strain; JalaA, alad-deletion strain;
sspA, short stalk & pigment; alaA, alanyl-tRNA synthetase.

DNA ZTH A2} 3 Fast

A A7)0} SR= -G HZHAN1342, AN9419) Z12}9] flanking region2 AspGDE 55

2}2l 5131, ORF 5422 argB marker2 A[SHE = 22161 T-vectoro]l A 5FLE 4.
nidulanss A BiYSH & FAAE VinoTaste Pro (Novozymes) 0.3 g©| 371 osmotic
buffer (0.6 M KCI, 10 mM NaCl, pH7.5) 15 mLol| Z0{5=11 30°CoflA] 1~2A17F HES51o]
protoplast= TF=%IT}. Miracloth S ©|-8-5]| protoplast ©]2]2] AHE-S A2 Ual H-2 -§-Hof|
A QHE=]E 55 protoplast THE 55T} STC -898[1.2 M sorbitol, 10 mM Tris-Hcl
(pH 7.5), 10 mM CaCL]= 15 mL 7Fetal eplie] & 8M& AATH 2, 4:19] HlEE
STC 847} PEG -89H[25% polyethylene glycol 6000, 10 mM Tris-HCI (pH 7.5), 10 mM
CaCl]2 gal 4°Cof|A] 20 FESAIZTE 18 th- 500 puL PEG 8-S 712 Y1 A2
A1 202 HHSAIZH: 1 mLE] KC 89(0.6 M KCI, 50 mM CaCl,) 37}, A=ujz|of 25
3131, 0.8% TOP agarS Fo] 2131 &, 37°ColA] HljoFsle] FAASAE AE51Lt.

2k

313 2

—

H

o2k
re

AR A 287 HieFste] A/ ZARE 0.08% Tween 80 8-of] HyHsISIrt 2 x
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107/uL o] R8-S T AulR]of] ZdE5t0] 37°Cof|A] BiFSH & whALe] e 2 AS T
Stk 10° 70 2] AR HAEfR|of] Z3Eoto] Zhz} 48 A7t 96 A7 HlFste] -2 v A
£ freloly petri disholl &A X dAKA E2] 2719 Al-S THasIGlnh TR 1Ta &
n]74 . 2 s 2154, CM agar block o]l ZEAL-EH-S- 453 S cover glass S =2 244
7t afFaict, FARAIZF A4 B2 cover glassE slide glassoll =2A4] DIC @u|F o2 Yz
51311, 2071 ©1d9] conidiophore ] stalk ZolE Sl 5AA 0= EA5HITE F/822
= B R]of] 7] HAFAIE Casamino acid7}0.15% Z47He MM Izl &=500,
719} Hl-& 2peksto] 3~4 A A HlieFoto] R stRlnt. 57 A2 24 4171 Zof] siAlskATh
[14]. F/8E2b7 o] 94 off 2 o) ¥isk= sifdn|d o= wasiaint.

=

A

RNA 321} qRT-PCR

KCI (0.6 M)°] H7H=7] o2 24 HHHlX|(A9, A18)2F 71 2|4 FoHZ|(AIK,
A18K)°lIA 9AITHA9, AIK) T 18AITHA18, A18K) F/3E2tE R X HiAIE 242t 4
532, A 71 g Eioll A phflstAT. RNAE thiocyanate/CsClo] W= 2} ©]
gF A B S olgsto] &1t 15]. 2]t RNAS %9 22 10 mM dNTPs,
10 pmole/uL Oligo dT, 5X reverse transcriptase buffer, 100 mM DTT, 20 U/uL. M-MLV
reverse transcriptase (Elpis Biotech, Daejeon, Korea)S ©|-83l] cDNAZ 3HI5HSIC
AN1342-344For (TGGCCCCCGGTTTCGTAAA)2t AN1342-1367Rev (TCCTTGAGGG
CTGCAATGGC), AN9419-591For (CGGTAACTGGAGCTTTGGGG)2F AN9419-1593Rev
(ACGCTCTTCAGCCATGATGC)2] primer set¥} /3% cDNAE F371eH0 2 ALg5}o]

PCRE 4311 1% agarose gel 9 17| BEAHA|Z o 8510 SE5 4122 Selstaict.

2-DES 0125+ Ea} 4-50] Chxlo| 22| 24

o
OIS 5 YU TATA] 712 %, Aspergillus nidulans 2] F9EA S =

o gl
She BeIA2 L2 0.6 MKCIo] /b 2joh A7hsl] e w2 7 et
Ok 22t 9AIRY, 18AIZE B4 RS R oS Thfele] de 285k T

(]

Asto] B4R 59 EeS AFE ¥, 2-DE WHos oS A7hstod, mass
spectrometer= &4k 7|Eo] LeiR] At vl W EASEA} sEITh. Al 2ol A4 Ay
g A 9] 2-DE 7N Ak fARE FdS BloH, F 2,40001 719 spoto] F78 =%
CHAERAA] A=h). 1 5 KCl A -7t 7378t e A7l wet I ef/do] Hstks
BRI oA HWE- gspergillus database (http://www.broad.mit.edu/ annotation/ genome/
aspergillus_nidulans/Home.html)@} B]w gt 2w} <F 200709] thiido] FAEAT, 4.
nidulans©] A2 FE] 2] o= 7ol e AEA o] {4 2 TR 24 HlolH
H|o]Aof| ZA|5H= orthologs AAMSH] AEH Tl 7152 551t 2t spot2]
intensity Hgfo] F/dEet e At whet Hatsh= S Hlwste] & 5700 1o ®
ot Table 2). UU 1552 0.6 M KCIE A7t Hiz| ol 4] 9A 1T} 18 A7 A3 23HE
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Table 2. List of identified proteins with different expression pattern under conditions for asexual development

AN no. Name pl MW  A9K/A9 AI8K/AI8 Functions
UU group: Increase at 9 hr and 18 hr with KCI supplement

1 AN0240 PPPA 49 14.42 2.16 1.68  Transaldolase

2 ANO0252 6.7 28.29 3.79 1.62  FOF1-type ATP synthase, gamma subunit

3 ANO0285 4.5 16.12 4.13 2.10  Glucosamine-6-phosphate isomerase

4 AN0688 54 4421 5.92 1.50  Transketolase

5 ANI1222 sasA 52 34.77 4.00 435  S-adenosylmethionine synthetase

6 AN1263 53 34.80 6.42 2.92  S-adenosylhomocysteine hydrolase

7 ANI1918 acuF 5.4 39.17 2.75 1.76  Phosphoenolpyruvate carboxykinase (ATP)

8 AN1950 6.3 11.73 3.39 2.39  Transient recepter potential (TRP) ion channel

9 AN2295 6.0 24.74 2.32 290  Succinyl-CoA synthetase, alpha subunit

10 AN2315 44 41.02 1.45 220  FOF1-type ATP synthase, beta subunit

11 4.8 33.71 2.29 3.37

12 5.3 21.66 2.72 1.22

13 AN2435 aclA 52 24.84 2.58 140  ATP-citrate lyase

14 AN2875 fbaA 5.7 22.19 2.57 1.58  Fructose 1,6-bisphosphate aldolase

15 AN2932 43 9.34 3.51 2.52  Translation initiation factor 4F, helicase subunit (e[F-4A) and
related helicases

16  AN2968 ippA 5.1 30.75 3.36 1.59  Inorganic pyrophosphatase / Nucleosome remodeling factor,
subunit NURF38

17 AN3059 pgmA 52 16.24 2.01 1.39  Phosphoglycerate mutase

18  AN4015 4.8 14.53 3.14 1.07  Translation initiation factor SA (elF-5A)

19 AN4443 metH 5.4 18.28 5.07 2.99  Methionine synthase II (cobalamin-independent) / Methionine
req., methionine synthase; THPTG methyl transferase

20  AN4667 aspA 44 34.15 2.70 1.92  Septin family protein (P-loop GTPase) / Septin

21 AN4736 5.5 21.87 1.82 2.33  Apurinic/apyrimidinic endonuclease and related enzymes

22 AN4871 chiB 4.8 43.53 2.65 3.99  Chitinase

23 4.8 48.13 70.69 3.20

24 ANS5206 lysB 44 19.38 3.11 242  Isocitrate dehydrogenase, alpha subunit / Lysine req.,
homoisocitrate dehydrogenase

25  ANS5210 pkiA 6.7 33.83 3.66 2.29  Pyruvate kinase / Pyruvate kinase

26 AN5563 ¢ldB 5.7 23.03 2.94 242 Aldo/keto reductase family proteins / glycerol deH,
osmotolerance

27  ANS5895 gdiA 4.7 23.35 2.70 236  RAB proteins geranylgeranyltransferase component A (RAB
escort protein)

28  AN6010 sgdE 5.0 49.99 1.73 2.60  Molecular chaperones mortalin/PBP74/GRP75, HSP70

29 superfamily / Spore germination deficient, homology to

3.7 24.82 171 2.02 Saccharomyces cerevisiae Scel

30 AN6330 53 35.71 3.17 2.00  Elongation factor 2

31  AN6341 5.4 85.27 1.35 2.79  Actin-binding protein Coronin, contains WD40 repeats

32 AN6542 actA 52 1041 40.36 4.52  Actin and related proteins

33 AN6631 5.4 11.87 4.56 1.90  Mitochondrial F1FO-ATP synthase, subunit d/ATP7

pl: isoelectric point; MW: molecular weight.
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Table 2. List of identified proteins with different expression pattern under conditions for asexual development (Continued)

AN no. Name pl MW  A9K/A9 AI8K/AI8 Functions
34  AN7387 pcrA 5.4 23.29 2.66 1.44  Pyrroline-5-carboxylate reductase / Proline synthesis:
pyrroline-5-carboxylase reductase
35 AN7570 tubB 54 41.02 2.72 1.54  Alpha tubulin / Alpha-tubulin 2
36 5.4 43.82 2.64 1.23
37 AN7710 55 14.81 3.04 1.78  Predicted phosphatase/phosphohexomutase
38  AN7725 pyroA 6.1 36.33 2.20 1.75  Stationary phase-induced protein, SOR/SNZ family / Pyridoxine req.
39 ANR275 CitA 6.0 17.28 3.49 226  Citrate synthase
40 AN9I124 5.4 58.54 1.12 1.20  Molecular co-chaperone STI1
UD group: Increase at 9 hr but decrease at 18 hr with KCI supplement
1 AN0232 ureD 5.18 16.61 1.65 0.43 Ni2+-binding GTPase involved in regulation of expression and
maturation of urease and hydrogenase
2 AN0860 5.14 55.60 1.79 0.46 Hypothetical protein
3 AN11037 5.04 44.96 74.20 0.01 Hypothetical protein
4 AN2829 gmdC 6.70 58.63 1.21 0.07 Amidases / Benzamide ut., General amidase
5 AN2999 idpA 7.97 50.10 1.54 032  NADP-dependent isocitrate dehydrogenase / NADP-isocitrate
dehydrogenase
6 AN3019 4.18 26.07 1.08 0.00 26S proteasome regulatory complex, subunit RPN12/PSMDS§
7 AN4376 gdhA 4.66 19.94 1.14 0.26 Glutamate/leucine/phenylalanine/valine dehydrogenases /
g 5.4 16.52 2.11 0.70  Ammonium sensitive NADP-glutamate deH
9 5.93 13.01 5.83 0.54
10 AN4443 metH 5.49 16.91 2.94 0.68 Methionine synthase II (cobalamin-independent) / Methionine
req., methionine synthase; THPTG methyl transferase
11 ANS5129 hsp70 4.78 80.19 1.03 0.85 Molecular chaperones HSP70/HSC70, HSP70 superfamily
12 ANS5746 acuN 4.19 19.25 3.24 0.00 Enolase / Acetate ut., enolase
13 AN6182 galD 6.64 49.58 1.68 0.26 Galactose- 1-phosphate uridylyltransferase
14 AN6314 5.49 21.11 1.87 0.46 Hypothetical protein
15  AN6708 pdhA 5.04 40.83 1.05 0.00 Dihydrolipoamide acetyltransferase
16  AN7331 6.10 11.37 1.04 0.23 Cyanate lyase
17 AN7812 steN 4.72 86.68 341 0.28 GMC oxidoredutase
18 4.73 88.56 2.65 0.14
19 AN7999 5.31 9.96 8.18 0.48 Hypothetical protein
20  ANB979 alcA 6.60 11.59 1.14 0.32 Alcohol dehydrogenase, class V / Ethanol non-ut., alcohol deH I
DU group: Decrease at 9 hr but increase at 18 hr with KCI supplement
1 ANO0410 bimG 4.5 35.45 0.26 2.17 Serine/threonine specific protein phosphatase PP1, catalytic
subunit / Blocked in mitosis, phosphoprotein
2 AN0472 engA 6.4 48.85 0.59 3.24 Predicted endo-1,3-beta-glucanase
AN0688 7.4 54.74 0.48 1.33 Transketolase
4 AN1047 4.8 93.14 0.81 2.67 Molecular chaperones HSP105/HSP110/SSE1, HSP70
superfamily
5 AN1342 7.8 42.65 043 525.07 Alanine-glyoxylate aminotransferase AGT1
6 AN1502 nagA 4.1 89.50 0.01 1.44 Beta-N-acetylhexosaminidase / N-acetylglucosaminidase

pl: isoelectric point; MW: molecular weight.
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Table 2. List of identified proteins with different expression pattern under conditions for asexual development (Continued)

AN no. Name pl MW  A9K/A9 AI8K/AI8 Functions

7 AN1638 5.1 101.67 0.17 3.39 Puromycin-sensitive aminopeptidase and related
aminopeptidases

8 AN2062 bipA 42 84.45 0.47 2.15 Molecular chaperones GRP78/BiP/KAR2, HSP70 superfamily /
Homology to ER-resident chaperone

9 AN4086 5.5 81.28 0.25 1.43 Phenylalanyl-tRNA synthetase beta subunit

10  AN4163 cpcB 7.8 36.38 0.45 1.84 CPC2 protein/ WD40 repeat

11 AN4727 ugeA 7.3 43.00 0.47 1.28 UDP-glucose 4-epimerase/UDP-sulfoquinovose synthase

12 ANS5577 sodB 8.0 16.48 0.91 3.31 Manganese superoxide dismutase / Mn-superoxide dismutase

13 AN5626 facA 6.8 85.73 0.13 1.49 Acyl-CoA synthetase / Fluoroacetate res., acetate ut. acetyl-coA

14 6.9 8565 020 123 synthetase

15 AN7388 cpeA 6.4 86.60 0.08 1.13 Catalase (peroxidase I) / Catalase-peroxidase ("laccase I1"),
cliestothecial

16  AN8269 hsp90 4.7 98.90 0.38 1.10 Molecular chaperone (HSP90 family)

17 49 84.10 0.54 2.44

18  AN11930 6.3 62.78 0.92 2.48 Meiotic recombination protein Dmcl

DD group: Decrease at 9 hr and 18 hr with KCI supplement

1 ANO0083 taf30 6.1 23.28 0.43 0.74 Transcription initiation factor IIF, auxiliary subunit

2 ANO0285 5.8 26.80 0.43 0.97 Glucosamine-6-phosphate isomerase

3 ANO0381 5.9 60.80 0.49 0.89 Chaperonin complex component, TCP-1 beta subunit (CCT2)

4 ANO0567 6.8 26.06 0.33 0.63 GMC oxidoredutase

5 ANI1163 5.9 87.81 0.74 0.43 Chaperone HSP104 and related ATP-dependent Clp proteases

6 AN1194 sD 7.8 23.18 0.33 0.76 Adenosine 5'-phosphosulfate kinase / Sulphate ut., APS kinase

7 AN1222 sasA 53 46.11 0.91 0.47 S-adenosylmethionine synthetase

8 AN1429 codA 6.6 65.53 0.25 0.78 Choline dehydrogenase and related flavoproteins

9 ANI1913 6.4 79.88 0.46 0.94 Lysyl-tRNA synthetase (class II)

10 AN2867 pgmB 5.6 62.40 0.40 0.62 Phosphoglucomutase / Phosphoglucomutase

11 AN2964 pdhX 7.3 34.91 0.45 0.38 Dihydrolipoamide acetyltransferase

12 AN3255 6.5 23.23 0.71 0.04 Gluthione S transferase

13 AN3720 6.6 105.43 0.29 0.89 Vesicle coat complex COPIL, subunit SEC24/subunit SFB2

14 AN3741 alcB 7.7 43.82 0.21 0.74 Alcohol dehydrogenase, class V / Alcohol deH 11

15 AN389%4 6.7 96.52 0.27 0.88 Aconitase/homoaconitase (aconitase superfamily)

16  AN4000 fabM 6.3 100.19 0.16 0.46  Forced activation of brlA, poly-A binding protein

17 AN4163 cpcB 6.9 2241 0.49 0.29 G protein beta subunit-like protein / Cross-pathway control,

18 83 2114 0.55 0.19  RACKI homologue

19 AN4430 5.7 35.38 0.49 0.95 Acetolactate synthase, small subunit

20  AN4457 72 18.24 0.31 0.63 20S proteasome, regulatory subunit beta type PSMB2/PRE1

21 AN4869 7.4 25.65 0.05 0.18 20S proteasome, regulatory subunit alpha type PSMA6/SCL1

22 7.4 25.13 0.33 0.65

23 AN5482 ran 8.1 22.58 0.38 0.47 GTPase Ran/TC4/GSP1 (nuclear protein transport pathway)/

Nuclear transport

pl: isoelectric point; MW: molecular weight.
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Table 2. List of identified proteins with different expression pattern under conditions for asexual development (Continued)

AN no. Name pl MW  A9K/A9 AI18K/A18 Functions

24 ANS5525 acoA 6.1 81.81 0.42 0.70  Aconitase/lhomoaconitase (aconitase superfamily)

25 6.8 95.85 0.35 0.97

26  AN5778 7.4 43.76 0.46 0.85  Actin-related protein Arp2/3 complex, subunit
ARPCI1/p41-ARC

27  AN5907 7.4 9.62 0.17 0.42  Ribose/galactose isomerase

28  AN6048 7.5 45.24 0.16 0.64  Aspartate aminotransferase/Glutamic oxaloacetic transaminase
AAT2/GOT1

29  AN6541 5.6 98.34 0.33 0.51  Glycinamide ribonucleotide synthetase
(GARS)/Aminoimidazole ribonucleotide synthetase (AIRS)

30  AN6700 5.6 89.83 0.55 0.47  ATPase component of ABC transporters with duplicated
ATPase domains/Translation elongation factor EF-3b

31 AN6717 mdhA 7.9 16.66 0.43 0.72  NAD-dependent malate dehydrogenase / Homology to
mitochondrial malate dehydrogenase

32 AN6726 5.5 25.94 0.43 0.95  20S proteasome, regulatory subunit alpha type PSMA2/PRES

33 AN6985 4.6 67.68 0.22 0.70  Ribulose kinase

34 AN7074 6.7 32.13 0.36 0.40  Short chain DH

35 AN7388 cpeA 6.5 86.86 0.15 0.40  Catalase (peroxidase I) / Catalase-peroxidase ("laccase I1"),

36 6.7 87.19 0.10 0.27  cliestothecial

37 6.4 86.60 0.28 0.94

38 6.6 86.86 0.10 0.30

39 7.6 33.13 0.39 0.68

40  AN7687 5.7 85.13 0.36 0.53  Translocase of outer mitochondrial membrane complex, subunit
TOM70/TOM72

41  AN7806 stcU 5.5 26.39 0.12 0.23  Stergmatocystin biosynthesis

42 AN7812 stcN 4.8 98.89 0.11 0.29  GMC oxidoredutase

43 AN7895 cipB 5.5 39.07 0.48 0.36  NADPH:quinone reductase and related Zn-dependent
oxidoreductases / Concanamycin responsive protein

44  ANR277 cysD 7.0 50.54 0.48 0.69  Cystathionine beta-lyases/cystathionine gamma-synthases /
Sup. of meth, homocysteine synthase

45  ANB684 ngn24 7.0 23.26 0.32 0.35  Predicted N-acetyltransferase

46  ANB979 alcA 7.5 21.18 0.23 0.24  Alcohol dehydrogenase, class V / Ethanol non-ut., alcohol deH |

47  AN9304 53 19.06 0.49 0.62  Glutathione S-transferase

48  AN9408 fasB 6.5 96.64 0.47 0.63  Enoyl reductase domain of yeast-type FAS1 / Beta subunit,
fatty acid synthase

49  AN9%419 6.1 110.33 0.27 0.92  Alanyl-tRNA synthetase

NC group: No change at 9 hr but change at 18 hr with KCl supplement

1 AN0232 ureD 5.5 28.18 1.00 279.45  Ni2+-binding GTPase involved in regulation of expression and
maturation of urease and hydrogenase / Urea ut., urease,
nickel-binding protein

2 AN0942 ladA 5.7 46.81 1.00 0.33  Sorbitol dehydrogenase

3 AN3741 alcB 7.7 43.82 1.00 0.00  Alcohol dehydrogenase, class V / Alcohol deH 11

4 AN4577 fmdS 5.2 57.40 1.00 0.00  Predicted acetamidase/formamidase / Formamide ut., formamidase

5 AN7812 steN 5.2 73.42 1.00 0.13  GMC oxidoredutase

6 5.2 71.66 1.00 0.30

—

p

: isoelectric point; MW: molecular weight.
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Table 3. GO term distribution of proteins belonging to the different expression group

GO term (Biological process) UU* (%) UD" (%) DU (%) DD* (%) NC° (%)
Regulation of biological process (RBP) 314 235 25 16.7 20
Carbohydrate metabolic process (CMP) 28.6 17.6 37.5 214 40
Transport (TP) 28.6 11.8 6.3 11.9 -
Developmental process (DP) 20 - 25 11.9 -
Response to chemical (RC) 17.1 23.5 43.8 11.9 -
Response to stress (RS) 17.1 11.8 37.5 9.5 -
Cellular amino acid metabolic process (CAMP) 14.3 29.4 12.5 19 20
Filamentous growth (FG) 14.3 59 12.5 7.1 -
Organelle organization (OO) 14.3 59 313 11.9 -
Cell cycle (CC) 114 - 12.5 4.8 -
Cytoskeleton organization (CO) 8.6 - 6.3 - -
Cellular respiration (CR) 8.6 5.9 - 7.1 -
Protein folding (PF) 8.6 5.9 6.3 2.4 -
Sexual sporulation (SS) 8.6 - 6.3 2.4 -
Cytokinesis (CY) 5.7 - 6.3 2.4 -
Lipid metabolic process (LMP) 5.7 - 6.3 24 -
Translation (TL) 5.7 5.9 6.3 7.1 -
Cellular homeostasis (CH) 5.7 - - 4.8 -
DNA metabolic process (DMP) 5.7 - 18.8 - -
Asexual sporulation (AS) 2.9 - - 2.4 -
Vitain metabolic process (VMP) 2.9 - - - -
Signal transduction (ST) 2.9 5.9 6.3 4.8 20
Vesicle-mediated transport (VMT) 2.9 5.9 - 2.4 -
Protein catabolic process (PCP) - 11.8 6.3 7.1 -
Cellular protein modification process (CPMP) - 11.8 18.8 4.8 -
Secondary metabolic process (SMP) - 59 - 4.8 20
Conjugation (CJ) - - 18.8 2.4 -
Pathogenesis (P) - - 18.8 4.8 -
RNA metabolic process (RMP) - - 12.5 7.1 -
Ribosome biogenesis (RB) - - 6.3 - -
Transcription (TC) - - 6.3 2.4 -
Nucleus organization (NO) - - 6.3 2.4 -
Toxic metabolic process (TMP) - - - 2.4 -
Biological process unknown (BPU) 5.7 5.9 6.3 9.5 -
NI 294 6.3 7.1 20
Total proteins (number) 35 17 16 42 5

“UU: Increase at 9 hr and 18 hr with KCI supplement.

*UD: Increase at 9 hr but decrease at 18 hr with KCI supplement.

‘DU: Decrease at 9 hr but increase at 18 hr with KCI supplement.
DD: Decrease at 9 hr and 18 hr with KCI supplement.

°NC: No change at 9 hr but change at 18 hr with KCI supplement.
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Top Bottom
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MM + alanine

Fig. 1. Growth patterns of the deletion strains. A, colony development of strains grown on
minimal media with pyridoxine (0.5 pg /mL) at 37°C for 3 days; B, agar block (1 x 1 cm?) was
put on complete and minimal media with alanine, respectively. 7.J/+argB, isogenic wild type
strain; AsspA, sspA-deletion strain; AalaA,alaA-deletion strain; CM, complete medium; MM,
minimal medium; sspA, short stalk & pigment; alaA4, alanyl-tRNA synthetase.

48 hr 26 hr

Fig. 2. Mycelial production in minimal medium. After 48 hr and 96 hr incubation, the
morphology and pigmentation of mycelial balls were observed. 7J/ +argB, isogenic wild type
strain; AsspA, sspA-deletion strain; sspA, short stalk & pigment.
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Fig. 3. Development of asexual reproductive organs. A, Cover glasses on agar blocks inoculated
with spore suspension were incubated for 22 hr, removed, and put on a new slide glass,
respectively. Mature conidiophores were photographed under microscope; B, Mean values of
stalk length for wild type (WT, 7.JI+argB) and sspA deletion strain (AsspA) (p-value = 0.04);
C, Mean number of conidia produced for wild type and sspA deletion strain (p-value = 0.35);
TJ1+argB, isogenic wild type strain; WT, wild strain (7J] +argB); AsspA, sspA-deletion strain;
sspA, short stalk & pigment (scale bars =20 pm).
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