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R1. FHRMERREGEERK

Table 1. Fungal strains used and constructed in this
study

Strains Genotypes Sources

A. flavus Aku70, ApyrG [20]

Wild-type (WT)

A. flavus CA14 Aku70, ApyrG::AfpyrG [21]

PTS

A. flavus Aste50  Aku70, ApyrG, This study

Aste50::AfpyrG
A. flavus Aste50  Aku70, ApyrG, This study

Aste50::AfpyrG; ste50(p)::
ste50::ptrd
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1 g/L MgSO,- TH,O) HIfE & M 8 5 2 A s 5 L,
[ AR SR L LN 15 g/L Big e .
1.2 Y5 RS

1E NCBI (http://www.ncbi.nlm.nih.gov/) i 53
JEHRiE i BLAST (basic local alignment search tool)
T H., H S. cerevisiae ) Ste50 (NP_009898.1)2d %k
12 51 L) H B2 Ste50 (XP_002382435.1)4 ik
M)y 5. KI5 A H IR SteS0 ZIEMR T 51T
BLAST , Lt Xt >k #h % (4. Ste50
(XP_001822344.1) . A ith & (4. fumigatus) Ste50
(XP_756047.1) . #J & i B (4. nidulans) Ste50
(XP_680521.1) 3 2 HE R ¥ 4. {1 MEGA7.0
A Clustal W ZHREJCHATHE AT Z E I
X}, #RJE i Maximum likelihood WAy B ALY .

oryzae)

K HEZ M2 SMART (http://smart.emblheidelberg.

de) ST Ste50 & [ L AESS F ek
1.3 B HIE ste50 RIS EAMRBIRE MR R
A [R) s 2 B AR g 5 A, DLl 5
DRI 2H Rt , (5 F 514 P1 AN P3 § 3 stes50 FEH
Ji¥ 5 UTR [R5, (5149 P6 1 P8 414 T it
3" UTR [/ . pryG-F Fl pryG-R 511194
TS AfpyrG BEBREATREIR S, #8519
P2 1 P7, %] Double-Joint PCR F4 7 [a]Ji # 41 A
B SR IS I PEG S Ak AL R BEFE A A. flavus
CA14 PTS JAiiA . BE b TP ABTHY PDA K
FEE, IFHRECE R 413E1T PCR 521, ORF (open
reading frame) i Bt ik P9 Fl P10 5|4 iE1 79 31,
AP Bl P1FI POOTR 51941914, BP A Bt
i PO19R Fl P8 5| kA T4 1 o AR AW A ik
BENE, REULE RNA, K54 cDNA, ffif]
qPCR-P9 Fll qPCR-P10 5|94 3 cDNA FEt, Ff
Hi@st qPCR-F Fll qPCR-R FI Y7 F K WAIE

ste50 FERPIAHXT F A, & JFiE 1L Southern
blotting Jo ik ¥F A5 I 5 PR 2S AR IR AfpyrG FE A
NI A R 95 i 2 B AR A T R PR R A 2
DLve e SR 2 o0 ik, IS4 P11 F0 P13 4
B AL 5" UTR RV IS5 3E ste50 JEH Bt o
i ptrd-F F pord-R 51909 ¥4 1 pord R R Bt
i F51%9 P16 Al P18 ¥ 3 HifFEh 3" UTR [AliEAF
pyrG B R B, ARG P12 A1 P17 KL E
34 Fr Bt A IR 4 B AR5 R PEG
FEAL P EE A B A AsteS0 TRRR G JRUAE TIAR,
fE 10 mL F 2K GREFRAEPSN 1 pg MEBERZ .
BTGB PDA B3 56r, IR RBUE R 4
#47 PCR Boilt, ORF jBtidid P9 1 P10 514
fry 3, AP i Beoiiad P1 A1 S1116R 51 Ef 741
BP F B P2053F Al P17 51¥kfrd 48, =48
WP IR NG, $REUOL A RNA, fE sl
cDNA, f#ifi] qPCR-P9 #i1 qPCR-P10 5|¥y4" i
cDNA F B, 3f Hifiid qPCR-F il gPCR-R 5|¥1E
FESEKOF-BGTIE ste50 KL A AT Fe ik it o AHIFSE i
AP HI L 2,
1.4 EHHEAstesS0 HHRAERKEZE TN E

B 1 pL MRS 107 M0 F/mL (1 WT . Aste50
FAste50° MR T EIFM S TE PDA BigR 3Ly
e, 37°C WEIESE 4 d EMIREEAKER, I8
TR BEUE PDA B3Rk ER3R 3 d R
(I, & LSRR 22, VTHBOR IR A 37
MRESRIE, RS ERIAIRAU BRI A . 37 °C 1
H:5% 10 h J5 B (Leica, Germany)WZSHAN>4=
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£ CM B3k |, 37 °C mEE5% 7 d Ja FITEAS sk
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R2. AARFBAAEMREIRISI

Table 2. PCR primers used in this study

Primers Sequences (5'—3") Characteristics
Aste50-pl GAGATTGATCCGCAAGAGG For 5'UTR of Aste50
Aste50-p3 GGGTGAAGAGCATTGTTTGAGGC GACACGACACAACGAAGG

pyrG-F GCCTCAAACAATGCTCTTCACCC For A. fumigatus pyrG
pyrG-R GTCTGAGAGGAGGCACTGATGC

Aste50-p6 GCATCAGTGCCTCCTCTCAGAC CATTACTACCTGTTGCTTGAG For 3'UTR of Aste50
Aste50-p8 CGGATAGCGAGGATAATACG

Aste50-p2 CTGGACAAGTAGGAATAGACA For fusion PCR
Aste50-p7 AGACAAGAGACAGAAGCAAT

pyrG-907-R ATGACGGCGATGTAGGGA For Aste50 mutant screen
pyrG-919-F CGACATCCTCACCGATTTCA

ste50%-pl1 TCGCTTCCTTACTCTATTGA For 5'UTR of ste50°
ste50°-p13 TAGGAAGTGTGGAGAGACAT TTATAGCACTCCGCCGGGTAGA

ptrA-F TTAGTGCTTTACGGCACCTCG For ptrd

ptrdA-R ACTTTATCCGCCTCCATCCAG

ste50°-pl6 CTGGATGGAGGCGGATAAAGT GCCTCAAACAATGCTCTTCACCC For 3'UTR of ste50°
ste50°-pl8 GTCTGAGAGGAGGCACTGATGC

ste50°-p12 CCTATCTCAAGTCTCACTATCT For fusion PCR
ste50°-pl7 TCCTCCACAACACTCGTA

ste50-1116-R TGGGGGCTGCGGCTAGTGTT For Aste50° mutant screen
ptrd4-2053-F AAGGAGGGGTTGAGTTAAAT

qRT-abaA-F TCTTCGGTTGATGGATGATTTC qRT-PCR for conidial
qRT-abaAd-R CCGTTGGGAGGCTGGGT biosynthesis
qRT-briA-F GCCTCCAGCGTCAACCTTC

qRT-bri4-R TCTCTTCAAATGCTCTTGCCTC

qRT-nsdC-F GCCAGACTTGCCAATCAC qRT-PCR for sclerotial
qRT-nsdC-R CATCCACCTTGCCCTTTA formation
qRT-nsdD-F GGACTTGCGGGTCGTGCTA

qRT-nsdD-R AGAACGCTGGGTCTGGTGC

qRT-afIR-F AAAGCACCCTGTCTTCCCTAAC qRT-PCR for AFB,
qRT-afIR-R GAAGAGGTGGGTCAGTGTTTGTAG biosynthesis
qRT-qfIS-F CCAGACTCGGCCTTAGCTTC

qRT-afIS-R CGTGGAGGATACGCTCACTC

qRT-afIK-F GAGCGACAGGAGTAACCGTAAG

qRT-afIK-R CCGATTCCAGACACCATTAGCA

Aste50-qPCR-p9
Aste50-qPCR-p10
ste50-qPCR-F
ste50-qPCR-R
Aste50-probe-p9
Aste50-probe-p10
actin-F

actin-R

TTGCGAGATGAGCGAATT

AGGATTGACTGGCGGATA
GCACTGTATATCGTGTATGG
GGATTGACTGGCGGATAG
GGACAGCAATACCAGACTC

CGATTACCACGCTCAAGT
ACGGTGTCGTCACAAACTGG
GCGTATCGTCGTTACCTCATC

OREF validates primers
qRT-PCR for ste50

expression level
For Southern blotting probe

For actin

actamicro@im.ac.cn



REL | MUEYZ, 2021, 61(8)

2485

1.5 HFHHEAste50 Bk AFB1 5 B2

20 pL WREEH 107 MEF/mL () WT. Aste50
FlAsteS0° BARAL TR F 10 mL YES W14
Fige bk, 29 °C RIE&AF TR SR 7 do IR 1.5 mL
TAHWRPAC T SRR ISR &
e TihdR . BT RWEX TS, A 50 pL
M AW B % . Al )2 3 1 (thin-layer
chromatography , TLC)A&: i £k AFB, A4 i i),
SHBE 3 AT, B 3 IR
1.6 B Aste50 BEARBORMENE

B UA R STR AR IEAE . ERFIF, H
T5%IE 45 (0.02% 7 38 /K BT i )IZ W% 5 min, ¥
VR T R P K e 3 k. AEF ML AR
SKUEAC, BAHEUEAE S KR, 3 L WREEH
10" M F/mL () WT. Aste50. Aste50° il T2 7%
WAEF TR0, 29 °C &F F4AE 12 h S/
SEIREEEE SR . ARG 24 h [ ILGE AR RN 500 pL
MK, R, 7dEWEIHE, g0t T
e, JFRBUZREM eyl E R
AFB,. SCRBEE 3 NP4, BHE 3K,
1.7 BB Aste50 EHRXTH3E A 1R N

1 uL ¥R 107 M EF/mL B WT. Aste50.
AsteS0° TR PR F B VR BRI T & G B 15 K A
1.2 mol/L NaCl By [FlA YES #5355, 37 °C M4
PFRREFR 4 d, MR E BRI, TEA0HBE b
B, T BPRBEER TS 100 pg/mL K
¢ 3 157 (calcofluor white, CFW). 50 pg/mL )
SDS (sodium dodecyl sulfate)[# & PDA 555k |-,
37 °C G SRR SR 4 d, M BVE BAAFAIE,
in 2 A0 ) 28 =[O REAHL T T AR 3 4 TR R L

Fo)/X IR B VK HAR]x100%., SEIRBEE 3 1T,
HE 3R,
1.8 RNA 5 real-time PCR

20 puL ¥REEH 107 M F/mL () WT. Aste50
1 Aste50C TR R 6 -k V7 Y B2 Fh Bl A7 B 38 4K 1Y
PDA. YES Fll CM ¥5373E, 37 °C WS &4 F T 8557
24 h, FIBPEIEACRIA N 22 , WA S R 22 H 2k
Ko #F RNA &5 £(Tian mo, China)ffi# total-
RNA, #1255 £ (Trans, China)$¥ RNA
J2 %550 cDNA. i1 PikoReal 96 #¢)G5E 7 PCR
{(Thermo scientifics, USA)Kl#H53E KA X}

R,

2 ERFAHN

2.1 EHME ste50 HIEYIE BT

TE A. flavus NRRL3357 SR A 586 H, 8
i S. cerevisiae S288C Ay Ste50 (NP_009898.1)% Jik
R4 U XTHERT Y AfISte50 (XP_002382435.1)%K
FIF 41 o 8% o 8 4.0 B Hh 2% SteS0 24 L2 77 51 BLAST
i VB M SR 2 06 R AR K T (4. oryzae RIB40,
XP_001822344.1) . M #h %5 (4. fumigatus AF293,
XP_756047.1), 4§ {1 % (4. nidulans FGSC A4,
XP_680521.1)5F 22 4R FLIA 1 S SE R T 41 o s ¥ it
B Ste50 £ BSR4 5 HORT HS Y oAt FL TR
) Ste50 R EILRR I AT RS R B ik
Mr(E 1-A). [FIBHE R FELR 3 SMART T ik
Yl Ste50 2 IR LIREL A (K 1-B), 4R IR
Ste50 & FI7EH W h HA S EORSEYE, H AL flavus
R SteS0 5 A. oryzae Fl A. fumigatus AT 100%
AEARLE:
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(A) 100(® XP 002382435.1 Aspergillus flavus NRRL3357
100 | 'XP 001822344.1 Aspergillus oryzae RIB40
66 -XP 015402615.1 Aspergillus nomiae NRRL 13137
XP 756047.1 Aspergillus fumigatus At293
84/ 1001p 001261180.1 Aspergillus fischeri NRRL 181
XP 025461929.1 Aspergillus sclerotioniger CBS 115572
99100 RDK46748.1 Aspergillus phoenicis ATCC 13157
100 XP 0.25448593.1 Aspergillus niger CBS 101883
XP 680521.1 Aspergillus nidulans FGSC A4
EPS32898.1 Penicittium oxalicum 114-2
NP 009898.1 Saccharomyces cerevisiae S288C
0.10
(B) 1 71128 349 450485
; o 1 I ] | —
Aspergillus flavus NRRL3357 |l Yl 1128 3149 41504185
Aspergillus oryzae RIB40 | 1 I ] e
I 71128 549 41504[85
Aspergillus fumigatus Af293 | 1 I ] ]
1 71 128 354 453487
Aspergillus nomiae NRRL 13137 | ! I 1  —
1 71 128 354 453487
Aspergillus fischeri NRRL 181 | I I | —— ]
l1 Yl 128 356 455490
Aspergillus sclerotioniger CBS 115572 | I |
l1 76 1133 359 4158 4]93
Aspergillus phoenicis ATCC 13157 | ' I | e
ll 76 1133 3159 4158 4]93
Aspergillus niger CBS 101883 | i L ] | e
] 70 127 359 457494
Aspergillus nidulans FGSC A4 | 1 [ ]  —)
1 70 127 358 458 494
icilli j - ( | I 1 —
Penicillium oxalicum 114-2 |1 ?O 1104 2135 3215 3146
Saccharomyces cerevisiae S288C L I | Lead

[T SAM. Ste50-like fungal ) STES0_RA

1. Ste50 EEMEMIERF NI
Bioinformatic analysis of Ste50 proteins from different fungi. A: phylogenetic analysis of Ste50
homologous proteins in different species; B: homologue domain analysis of Ste50 proteins in different species.

Figure 1.

2.2 FHHE ste50 FE GRS H AME R

R TSR R B T ste50 B IIRE, F&
N8 R E A AR, X ste50 K- B I e 52 4E

PRIEEN ste50, PRIUAER ST ANA R AVERAL T,
SEBOLIEIN A, i 2 %85 | )4 T PCR W1 RIE,
S A TR H AR B PR AR A7 AR ORF AE RCBR T R R

ORF MEAT T R [H mib 5 HoAh, A4t s B4 51 an
K 2-A. D, FIFHMIE pyrG JLH ot fh 5 H
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RIS RNA, Ff /5% 5% cDNA, 7E cDNA
K EEAT PCR BG0E, LA Actin WS, AsteS50
PR cDNA HoRBERIINNE] ORF (& 2-C). AT
it Southern blotting K UE#F A= H 5 ste50 iR
BRI AfupyrG R A XIS, FBR AR H BENS 2458
HR/INR 3574 bp M HFRF, BFAETRNBEA 4%
i, 2B AfupyrG AR T EN B (K 2-E).
qQRT-PCR Jl5E ste50 JLFAE WT. Aste50 FlAste50¢
H AN FRIA R, TERR R Th R BER I B ste50
RARFSE, HHAE WT MlAste50° HbkH BA M
Pl RIR SR, R RS FAKF FIE] T
ste50 FE DK P LI A8 5 BRI B R ) TE B A 2
23 steSOEMEMEBENERAT

o AR B SRR A T AR AR AT R

(A) P1 P3 pryG-f pryG-R P6
/ \
Fusion-PCR
construct
P9 P10 ™ 7
. 2 ORF < /," ‘\.\
Chromosome —= =
S SUTR < el S SUTR 4]
robe Xhol 7

P2 Xhlol

Aste50 genome

 —

AP |

Pl P907R P919F
(D)

Aste50 genome

P2053E PIOTR
203

P11 P12

E 2.

PII 58I
Aste50) < AP ——]
complement ste50 ptrd
genome

\
P13 ptrd-F ptr4-R p16 P17 P18

HEZMICHZEN 2, % WT. Aste50
FlAsteS0° T2 VF BRI T PDA R g3k, 76 B
T 37°CHiR 4d fa, ZiTHE EARSHMFE
PR, KRB Aste50 B BE AR K R /N F T AR A
(K 3-C). BAOWEAK 10 h BF 3 ERFRTEA,
RIS Aste50 TR ARRE ™ A o0 A4, (HZ
Y A YR AP R A AR LB & A A
F(& 3-D). i1k qRT-PCR #: 1 F0F4 Bl A 06 5t
I abad 1 brid (KK, 45 A0 BTN 5L
(R AF XS 2 3K 1 7E 45 TR R ) 8 AR (8T 3-E) 4%
I E AU AR S EP 45 IR IR, IRl 3-F i E
. Aste50 WMAB T SEFERII AR, 435
RGO FITREGE O, K TRRIERIE CM B3Rt |
37°C K547 7d )5, PR WIVET MR M & 2

B)
WT Aste50 Aste50¢

AP
BP
gDNA ORF

WT Aste50 Aste50¢

© cDNA ORF

Actin

(E)
WT Aste50

~
—
W

3574 bp

o
W

Relative expersion
level of Aflste50
=

<
=)

HHE ste50 EERMR S BHNERGE

Figure 2. Construction of ste50 deletion and complement mutants in A. flavus. A, D: schematic illustration for
ste50 disruption and complement; B: verification of Aste50 and ste50¢ mutants by diagnostic PCR; C: verification
of ste50 deletion and complement mutants with reverse transcription-PCR; E: verification of ste50 deletion strain
by Southern blotting; F: expression levels of ste50 in WT, Aste50 and Aste50° strains detected by gRT-PCR. ND:
not detectable.
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B TR A B0 [ B S SOOI LR 8 . S 45 2R
LB, SRR R B R A FR IS, ste50 6l
RFERA T AR 3-G, H). qRT-PCR &
EAZA PP A B A nsdC F scIR BOFAXT Rk &,
BRI R 3-). DL EERER
B, ste50 Jk R o il 2 i A K H S et 1
il F ORGSR, ste50 FEPR0 8 Hh 25
(TR AT G 6 A m] sl i VR F

ste50 S 5HE AFB1 &

AR BB Y EGR . ISAAhTT ST
NG B E 0 R st E R SR

24

(A)

WT Aste50

Aste50¢

PDA

(D)

PDA
amplification

(D 'I L‘Ili 'lh
(G)

After

wash
Amplification

view
& 3.
Figure 3.

Number of

(H)

AFB, AP H™ d 153 AR M A 52 6. o TR
FT ste50 SIS RER AFB, GRS, FeAl]
¥ WT. Aste50 FlAste50 F RV T YES
PREEFRIEH, BRI AR 29 °C $53% 7d. SR TLC
EA RO i R R, IR E A
AFB, i, SCIRZEREM, Aste50 ' AFB, 7R
FIRTE RS HANAPR(E 4-A, B). HAT, wih
B AFB, AU R O 2 ul i i 5 e ok, 38
il QRT-PCRINAE T iZ BRI v 32 6 L ol
FH ofIR. aflS FILEHIE afIK WIFIRT RN, 45
R 3 AR FRIEE i RN 4-C).

(B) (g)
40 = 40
o T mWT 2~ =WT
= % = T m Aste50
5 E 30 -ﬁssigggc 3 530 Aste50¢
2220 3 g220
£ 210 EENTIY e
[a RNt R 0
0 5
(E) & z. &
&v%\é) X qfﬁ Q 9@ R ®c§
> >
1.5 =wT
) ™ Aste50
o 5 10 Aste50°
> -~
B =
= .2
&’ 20.5
%
0.0
briA abaA
D
100 —
o 5}
5 80 = .3
>
s o0 55
5 40 T &
5 20 =2
2 ND 5
qx& \Q?)Q ‘)6)
>

ste50 SRR EKE KR FRIF T
Influence of ste50 deletion on the development of 4. flavus. A: colony morphology of WT, Aste50 and

ste50° in PDA; B: colony diameters of A; C: the number of conidia produced; D: microscopic analysis of conidial
structures (magnification: x200); E: relative expression levels of brl4 and abaAd genes in indicated strains; F:
different colors of indicated strains’ conidial suspension; G: colony morphology of indicated strains after washed; H:
number of Sclerotial in G; I: relative expression levels of nsdC and sc/R genes in indicated strains. ND: not

detectable. **: P<0.01; ***: P<0.001.
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(A) AFB,  WT

Aste50°¢

Aste50

B) 3
£ 05
%" ’ = WT
s 04 T mm Aste50
E 03 ASt€50C
Q
3 02
e k3
a 0.1
2 0.0
< WT Aste50Aste50¢

S

Relative expersion level

E 4. ste50 W EME AFB, &M AIRNT
Figure 4. Roles of ste50 in AFB; biosynthesis in A. flavus. A: AFB; production of WT, Aste50 and ste50 strains detected
by TLC assay; B: data analysis of AFB; production in indicated strains; C: relative expression levels of aflatoxin

biosynthesis structural gene and regulatory genes in different strains. ND: not detectable. **: P<0.01; ***: P<0.001.
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Effects of adaptor protein SteS0 on growth, development and
pathogenicity of Aspergillus flavus

Jun Yuan®, Ling Qin”, Jiaru Zhao, Yinchun Wang, Shihua Wang’

Fujian Key Laboratory of Pathogenic Fungi and Mycotoxins, School of Life Sciences, Fujian Agriculture and Forestry
University, Fuzhou 350002, Fujian Province, China

Abstract: [Objective] Ste50 is an important adaptor protein in fungi, which plays important roles in signal
connection and transmission in multiple MAPK pathways. In this study, Aflste50 protein of Aspergillus flavus was
identified and its effects on growth, conidiation, pathogenicity and response to osmotic stress were found.
[Methods] Firstly, the ste50 gene was identified in 4. flavus NRRL 3357 by bioinformatics method. Then, the
effect of gene knockout on growth, secondary metabolite synthesis and stress response of 4. flavus were tested.
[Results] Compared with the wild type, the growth rate and AFB,; synthesis of AAflste50 strain were decreased.
And sclerotia formation of 4. flavus was blocked when ste50 was absent. At the same time, the pathogenicity to
peanut and maize seeds was impaired in AAflste50. Also, AflSte50 regulated the phosphorylation of MAP kinase
under osmotic stress, but did not respond to cell wall stress. [Conclusion] Ste50 (AFLA_ 002340) is an adaptor
protein of A. flavus, which affects the growth and development, as well as the synthesis of AFB; in this fungus. It
can respond to osmotic stress and play a role in the HOG pathway.

Keywords: Aspergillus flavus, adaptor protein, AFB,, pathogenicity
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