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28.04%-33.82%, M0 N kBT &2 E I 15.28%18.19%; /= Fa48 % 3 B (fluG. sfgA. flbA.
flbB. flbD. laeA. brlA. abaA. vosA. StuA #= velB)#) 4% K /K-F A4 T % £ B 44 T A 8.53%-90.87%;
= Hy B A8 X A FH (amyC. amyD . amyE. amyF . amyG F= amyH) & 4% 3k B T (amyR) T 8 8.87%—87.50%
R Ik BAR % A B (agIB. lacA. pexB. pecA. pecC. pecB. endA. endC #= poly) T 23.23%84.01%,
4 4 & B3 A8 % 3L B (XINR. chbA. chbB #= eglB) T i 3.75%—81.02%, &% 48 % 35 E (enal. ena2.
shol. nikl. ypdl. pkA #= hAD) T 5.27%-94.36%. [4£] sakA A H EG 4z 2 ¥ EF RAF106
HERES, RFRIBRTHNEEZAR, LA BwESsARTO AL, EA55EEMA
A B AT IR B, RIRBE G AR B SRE SA TR,

K EWE; sakAKR; 2 RFENEZ G HUEBEMAPK)E T@%, 3, HiE/E; KR

Gene knockout reveals the roles of sakA in Aspergillus niger
RAF106
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Abstract: [Objective] The protein SakA encoded by sakA is a member of the mitogen-activated
protein kinase (MAPK) family in Aspergillus niger. However, little is known about the roles of
SakA in A. niger. In this study, we constructed the A. niger strains with knockout of sakA to
investigate the roles of this gene. [Methods] The Agrobacterium-mediated method was utilized
to construct AsakA strains from A. niger RAF106 (the wild type, WT). The growth and spore
production of AsakA and WT were observed on three different media. The sensitivity of AsakA
and WT to different stress conditions was studied. The intracellular and extracellular levels of
amylase, pectinase, and cellulase were compared between AsakA and WT. Real-time quantitative
polymerase chain reaction (QRT-PCR) was employed to determine the relative transcript levels of
the genes associated with spore production, amylase, pectinase, cellulase, and hyperosmotic
regulation. [Results] Three AsakA strains were successfully obtained and verified by PCR and
qRT-PCR. The AsakA strains had slow growth, delayed spore production, and delayed
conidiophore differentiation compared with WT. The AsakA strains showcased slower colony
growth than WT under the stress conditions of 0.6 mol/L KCI, 0.8 mol/L NaCl, and 1.2 mol/L
NaCl. Compared with WT, the knockout of sakA increased the extracellular amylase production
by 20.68%21.43% and decreased the intracellular amylase production by 19.18%—20.26%,
decreased the extracellular pectinase production by 36.71%-38.30% and increased the
intracellular pectinase production by 35.68%-36.53%, decreased the extracellular cellulase
production by 28.04%-33.82% and increased the intracellular cellulase production by
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15.28%—18.19%. Compared with WT, the knockout of sakA down-regulated the transcript levels
of spore production-related genes (fluG, sfgA, flbA, flbB, flbD, laeA, brlA, abaA, vosA, stuA, and
velB) by 8.53%—-90.87%. Furthermore, it down-regulated the transcript levels of amylase-related
genes (amyC, amyD, amyE, amyF, amyG, and amyH) and the transcription factor (amyR) by
8.87%—87.50%, the pectinase-related genes (aglB, lacA, pexB, pecA, pecC, pecB, endA, endC,
and poly) by 23.23%-84.01%, the cellulase-related genes (XINR, chbA, chbB, and eglB) by
3.75%-81.02%, and the hyperosmotic regulation-related genes (enal, ena2, shol, nikl, ypdl,
pkA, and hAD) by 5.27%-94.36%. [Conclusion] The sakA gene of A. niger positively regulates
spore production and is essential for spore production. The knockout of sakA affects the spore
production of A. niger. Furthermore, SakA plays a crucial role in the synthesis and secretion of
amylase, pectinase, and cellulase as well as osmotic stress response.

Keywords: Aspergillus niger; sakA; mitogen-activated protein kinase (MAPK) signaling

pathway; spore production; osmotic stress; metabolism
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T4 i A R A A B L0 R i L
BT S Tk & BN W 1. Rk, AR5
PISE T E: RAF106 4 i &bk, HIH [A] )5 8 240
PR sakA LR, i 1 oA X B AR iR A
sakA ZASKE Z [A] () Z2 R AR | AP & 2
TRUAH OGS R (1 7 S 2R 00, DA 4T 46 7 22
M d SakA WYIGE, ik — LR R B
MAPK 15 51 12 3 R 114 ) E 24 22 SE il

1 HBE5F=E

1.1 E#HRF0RER

{75 (Aspergillus niger) RAF106 %74 4
M(wide type, WT)HH AR H N EH AP BT
ST ES, IR ORET r A AR ) TR R R A 2
by, RS CGMCC NO. 9608; KT
P (Escherichia coli) DHSa T Bk G 3 5 4R
J54 4 ¥ T4 (Agrobacterium tumefaciens) AGL-1
T M7 RAF106 AL 54k

p0380-hygR A ELIA it B Bk I (- A T A 5K
Brw, BRSSO 16].
1.2 EHFE

A 5 7 AR B 3R A Oy B S T 2 0 B
(potato dextrose agar, PDA) ARG FE R (g/L): F2 %
TLAABE 200.0, HIZTHE 20.0, BilE 15.05 22K (Czapek
agar, CZA)E AR F7 3 (g/L): TEHE 30.0, NaNO;
30.0, K,HPO,10.0, KC15.0, MgS0,45.0, FeSO,
0.1, BifE 15.0; B=[(Sabouraud dextrose agar,
SDAY #5572 (g/L): #iZbE 40.0, &M 10.0,
BERERY 10.0, B 15.00 KREREIRIL N 22 5k
FHWBS)H A B F- Bk (g/L): FEFTHY 25.0, F#k
30.0, FEMAM 30.0, (NH,),S0,41.6, MgS0,0.2,
KH,PO, 2.0, CaCl, 0.01, ZnCl, 0.002, JKZ 0.02,
pH 5.0,
1.3 FERFIFLEE

F= 2R -

TRIzol® Reagent, Invitrogen 2%

H); RNase #lliil| 7] #1 Taq /i, Promega 2\ ; #%
FRNDIME, Biolabs 22w]; mhild 80, Kt A&
2GR W& R HYG FIBEE R, bR
HKERHARAT; HRERSGH PrimeSTAR
Max DNA Polymerase fll DNA Ligation Kit i 4%
fiff , TaKaRa /A 7 ; ChamQ Universal SYBR qPCR
Master Mix, Vazyme 2\ F,

A HEAERA DNA $RBGLH &,
BioFlux 2~ ] ;5 J5i ks [ 4 A0 e (|0 i i 590 &
E.ZN.A" Gel Extraction Kit, Omega /¥ ;
HiScript® II st Strand cDNA Synthesis Kit,
Vazyme /2 #] ; SanPrep H: =X FUki DNA /)N f 2
Bl a, A TAEY TR RGABRA .

& : PCR " HURIZEEE R PCR (X,
Bio-Rad A ; bR, FEIRKHIRBHL A ]
AR FRAR, RS R R s A IR A w5 A
Y eEE 22 v B SOV AR AT FR S+
1.4 EHESEFARIREN

B EETE PDA | 30 °CHigf 5d, 7Pk I
AL 80, ®ITNA T, A Ml AR AL gk T
T A R K VAR B 10° /mL ) 2 i 5
RAF106 ff1 £ 100 pL ¥ A B0 T4 B3
4KH) PDA FAR b, 30 °CEFERIFE 24 h e, &
B ARIRSE 22, TEWFR R I AR A WHE 28
K, % H8 BioFlux E 74 5 PH 2H $2 Bl ) & 52
& LR 41 5 DNA,

1.5 sakA EFEHYEER S

i/ NCBI ¥udfa R A7 A i, 7E Rl 2 Ak
4L %8 T —41 MAP 7§ SakA. X5
Y) sakA-F/R (2 1)\ WT ¥R P51, FEi%k
£ Invitrogen $EATINFRIUE . @I AEZE BLAST
XS B 3 5T 51 BEA T 45 K 20 AT (http://blast.
ncbi.nlm.nih.gov/blast.cgi), # &K F# 5 SakA
IR B A FS, BEE ] MEGA 7.0
AT T RERE .
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Fz 1 p0380-AsakA It E FnIEIEET A 5149
Table 1

Primers for plasmid construction and verification of p0380-AsakA

Primers Paired sequences (5'—3") Purpose

sakA-F/R ATGGCTGAGTTCTTGCGATC/CTAAATCTGGAGGTACTGCA Cloning ORF of sakA

5'sakA-F/R 22aaaCCCGGGGCCAACAACAAACCACCACG/ Cloning sakA 5’ (1 892 bp)
22aaaGGATCCTCTGACTGAAGGGGGAATCG

3'sakA-F/R 222aaCTCGAGCTATCTGATTACGGATGCTCTG/ Cloning sakA 3’ (1 969 bp)
22aaa AGATCTTGGGGAGTATTGGAAGTCTG

sakA-ID-F/R GCTTTGCCACCTACAGTTGC/AAACAAAGTCGCCCAAGGAG PCR detecting sakA

qsakA-F/R GAGAATTGTGACTTGAAG/ATCTAGTTGAGACATATCC qPCR detecting sakA gene

gp-tubulin-F/R TCAAGATGTCCTCTACCT/GGAACATAGCAGTGAACT qPCR detecting S-tubulin gene

Underlined regions denote the sites of restriction enzyme for disruption of sakA (endonuclease Xma I/BamH I and Xho I/Bgl II)
through homogenous recombination of 5’ and 3’ fragments separated by hygR marker and for the expression cassette including

the promoter and open reading frame of hygR (BamH I/Xho I).

1.6 sakA EREHRERTRAIME
P2 02 i % RAF106 4 DNA , fii

5'sakA-F/R Fl1 3'sakA-F/R (& DL SR EER S
fif PrimeSTAR Max DNA Polymerase 43 7l 4 44
sakA 1y . T[T sakA-F (1 892 bp)Fil
sakA-R (1 969 bp)# B, X414 =y 47 i 1=
e, 4394 Xmal/BamH 1. Xho 1/Bgl 11 #fi 1)
Ji Fi DNA Ligation Kit % 4% F 4K X #i A
p0380-hygR [Fiki hygR Pisiii, %4 DH50 %1k .
PCR i B3RS IE 8 1 5546 7, LB MR K 75
t KBS R, %M SanPrep #E Uk DNA /i
il a7 G d B B AR OTTRL o 3l A U 5 E
sakA iR AR BRI IR M . SR AR FF IR A 21
EEN R R I N L3 3 U i A NG oY
RAF106 ', 7EE A WEMIEEZE (300 pg/mL)FNEE
(50 pg/mL)AY M-100 HitEARBEF ik, 43
HE 519 sakA-ID (£ 1)#£47 PCR & qRT-PCR
YEE, A4S sakA GRS ARRR . M BRI S |
VIR 1,
1.7 sakA REMEWMBEK SR
¥ 10°A4~/mL il F B SFE | uL 7£ PDA
SDAY #l CZA B4l |, 7E 30 °C&AF TR
48 h, T EN &R IE HA, THEARX

<l actamicro@im.ac.cn, & 010-64807516

He KA 2R (relative growth inhibition, RGI), fE
FVEAG AR 88 0 T IPAE AsakA BPE
FERRE ST, K 10° N/mL BT BRI ST
PDA. SDAY Fl CZA “F-#e, BT 30 °CF 5
7d, M 3 KEMFTLES NS A EUTHCE %
S5mm WE AT 1.5 mL B0, B8 A 1 mL
0.02%nt 35 80, #AA 10 min YE N ¥, FHMLER
THEONR I e &4 T AR, A S R o
57 THI FR B 77 0 1 (spores/em?) o i FH 7T - 1) B
PDA V-t F3%55% 3 d iR % RAF106 BF A bk
5 AsakA TR 2238, e i T e
SHERFEIEA
1.8 sakA FRK X i T ¥ 1% A8 I Bz BY
A

W 1004~ /mL #) AsakA B R4 1T
BRIRSRE 1 pL FE BRI PDA (O BE) sl i W1 SR
Z[(CR: 2 mg/mL, 3 mg/mL). |+ " ke3EmirREN
(SDS: 0.02%. 0.03%)H-FHR I, A4 96 F
Xof 24 R Pl A0 1 SRR B[] s R TR PR AE AN [
R85 T R AR 22 5, TP EAXT AR KA R,
A s S AARE(KCL: 0.6 mol/L) .,
Ak 4 (NaCl: 0.8 mol/L. 1.2 mol/L). %Ak
7l H,0, (H;05: 6 mmol/L, 9 mmol/L), [L1FEE



KR E | MR, 2024, 64(8)

2689

(sorbitol: 0.6, 0.8, 1.2 mol/L), H ZEfE(MND
0.5 pmol/L, 2.0 pmol/L),
1.9 MWINEMEE. RIXEEFST % ZiEhE
&N E

K] DNS JE0E TER I . R . SF4ER
AEEPENY S e, ¥ 105 S/mL RO T B
FhF WBS, BT 30°C. 180 r/min F};3% 3 d,
B35 WO T AN TS E s Sk RIEE, B
WBS Bi## 3 ih i 22 F Hid itk o, AT
WEREZEELE, A 1 mL pH 5.0 1
0.05 molV/L #715 R 2% vl , ¥i%7% 5 min 5T 4 °C.
10 000 r/min #.0> 10 min B[ A il PN BERL 3 06
JH T B P9 T 0

X VE K Bl TS I 2, 7E 0.05 mol/L 745
FRENZE MR TP A 0.45 mL 1% AJ 5P e R VA TR
T2 E T, W 0.05 mL &8 FIRIES
57, 50 °C/KYA 30 mino X T S Tl e 1 00 2
£ 0.05 mol/L AR S il H A 0.45 mL
0.5% R I HHA W T 218, W 0.05 mL &
B S WOIR A5, 50 °C/KI 30 min, X F4F
Y ZFEBEIE I E , 7E 0.05 mol/L FrisFRANZE nh
TRIA 0.95 mL 1% H 347 4 2 4 (sodium
carboxymethylcellulose, CMC-Na)i& i T %I & &
W, IRHL 0.05 mL &k EIEWIR G395, 50 °C
K 30 mine B3R SIS AIA 0.75 mL DNS
WA, R EERAER KN 10 min, KW
ik, 2 A4 IA 0.05 mL Wk KEECKTE)
() A T E 38 W o — 1R 1 R (U)E SR TE—
1) pH 25T, B3 hoK i)™ 4 1 mmol %
B, 1 mmol FFUHERERR A1 1 mmol £F4E — W5
T B
1.10 RNA ZEUKR &R

¥ 10° ~/mL BAEFBIRIEFT PDA A
WSA (JIA 2%H) B iE R 2] WBS H) Pt £ 1H
PP AR b, F 30 °CREEFE 1 d Gk w22 .

SBUIE B TR 22 TR VS B R T B R R, 2
HESCHR[ 18] 5 I B2 L RNA o i i 7 Siaal ol 6
Ul B AR, R SRR R (20 pL) -
5xPrimeScript® Buffer 4 pL, PrimeScript®RT
Enzyme Mix I 1 pL, Oligo Dt Primer (50 pmol/L)
1 uL, Random 6 mers (100 umol/L) 1 uL, RNA
AR 2 uL, RNase-free ddH,0O 11 pL. 2 b 4644
37 °C 15 min, 85 °C 5 s, BU 34T 4= BR ¥ cDNA,
111 EEFRAEE PCR

PA p-tubulin N2, iliid qRT-PCR FIHL X
SRR 15 AR L 1T A TER A DG Ak
ORI OC LR | 6 2T 4R R EAH O Bk
P K 9 A 8 59 AH Ok R R 5 sk F, SR
Livak B{EAE R (24 Jy ik 0 A 5 543 #T
FIFH SPSS Statistics 23 43 B A [A] 4[] (1 22 5% .
S E i PCR BTG L3 2.

2 EXR54

2.1 sakA EREBEYFHFE

flfi /] NCBI #ds et fr &), ERME
RAF106 J& K 21 5 o7 1) 54~ sakA (Fik R ) 255
5. 01755), {RFEEMENE 1A FroR, ik
[NZH DNA #1 cDNA 41, 2R3 7 8 NN 1,
53 H1 55, 84, 54, 69, 50, 51, 69 il 50 I~k
FRA, SakA BB EEAEHT 1 191 ASfakEL
B, XSS YRS 396 PMEIER, Hor RNl
25.52 kDa, FFHLER 5.00, ZER)T A LM
ARG kE MR, 5 Aspergillus piperis KJ
MAP Pl SakA MHRIME R (99.64%), 5
Aspergillus sclerotiicarbonarius fit) 22 245 1% 1k
%M Mpke FHAPERAK(72.13%, Kl 1B). ¥
SakA & H #7854 3859 BT (https://www.ncbi.
nlm.nih.gov/Structure/cdd/wrpsb.cgi) X FH, SakA
A 22 24 )57 3% A0 2R 11 0N Y DR ST i FH B AR
ATP Z55 00 ATP 2545 7 15 78 PR 57 45 1 3k
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R 2 qRT-PCR T3
Table 2 Primers used for qRT-PCR

Tag code Gene Annotation Sequences of paired primers (5'—3")
Gene08183  fluG Upstream development activator AAGATTGCTGCTGCTGATA/GTCGTAGGTAATCGTCTCATT
Gene03944  flbA Upstream development activator AGCAGCATCTCTACTTCAG/CTCCTTCGCCATCTTCAC
Gene04120 flbC Upstream development activator CTACTATTCCGCCTCTGT/GCCATTCTCGTAAGATTCC
Gene06270 flbB Upstream development activator CTCTTCCTTCCATCTCTA/TCATTCTAGTACGCTTTG
Gene04684 flbD Upstream development activator TGGACATGAGACAGCAATAC/AGAGATCGTGGTAGGCATA
Gene02514 flbE Upstream development activator TGGTGGATTGTGTATAAC/CTCATCATACCCATCATC
Gene00348 laeA Developmental repressor GGACTTGGAGAGAATCAG/AGATGTTGTAAGCGTGTAT
Gene02682 veA Developmental activator GTTCCTCTTACACTTCTCAT/GAGTTCCAGGTAGTTGTG
Gene00832  sfgA Developmental repressor CGAACAACCTGCTTATAGTC/GCTGCTTGAATCTCCATC
Gene04565 velB Developmental repressor; CCTCAGATGAACAATTAC/TAGTAAGGCTGATAATAGG
Regulation for conidial
maturation
Gene04761 abaA Regulation for sterigmata AACATCCTTTCCTTACCT/GTCATCCATCAACTTCAG
formation
Gene04357 wetA Regulation for conidial CAGTGTGGATGGCAACAA/CGCTGGACAATGACTCAAG
maturation
Genel0505 VvOsA Regulation for conidial ATGTGGATAATACTGATG/ATCTATCTGTGATGATTG
maturation
Gene00550 brlA Initiator for conidiogenesis AGAACCTTCCGTCTATTATCA/ATGCTCTTGCCTCTTGAA
Gene05820 stuA Modulator for conidiophore ATATGATTAACGGCACAA/CTCACTCTTCAGAATACC
formation
Gene00245 creA Carbon catabolite repressor TTCTTCTGATGAGGAGAG/CGGACTAACAACAACTTT
Gene08487 srgA Secretion related GTPase TACTGCTGATTGGTGACT/TAATGAACGACGGAGTGA
Gene08788 amyA Alpha-amylase GCGAAGAATATCCTCACAT/CATCCAAATGCTGTTCCT
Gene06696 amyC Alpha-amylase TCTAATGGTTCGGCTTAT/GTATAGTTGACGCAGTTC
Gene00277 amyD Alpha-amylase AACATCTTCTCTGATACATTAGT/GATTGTCCTGGTTGAGTG
Genell416 amyE Alpha-amylase GCTTGTCTCTAACTACTC/TTCTTGACTGTGTCTATAC
Gene08787 amyF Alpha-amylase GAAGTGGATTATGTCTGT/ATAAACTCCCTCTGAAAC
Gene07580 amyG Glucan 1,4-alpha-glucosidase =~ TCAATCCATCTACTTCCT/ATAATTCCTTGCCAACTT
Genel10420 amyH Alpha-amylase GCTTGTCTCTAACTACTC/TTCTTGACTGTGTCTATAC
Gene05110 amyM Alpha-amylase TCCATTGTACTACATTCTCA/GCTGATAGACTCGGTAAT
Genel0422 amyR Transcription regulator of CAGTAGATGGAATGAATATAGAA/GCTTGACAGAGGTAGAAC
maltose utilization
Gene00933 aglB Alpha-galactosidase GAGTTGAAGAGTAAGAATT/CACCTCATACTTATCCTT
Gene00399 lacA Beta-galactosidase ATTGCCATTATGAACTTGTA/TAGTCGTAGGAGGTGTAT
Gene03324 pexB Pectinase ACTCTTCAGCGACTTCCT/GCCTCTAATTGTATTCCATAACG
Gene04089 pecA Pectinase GAGACTCTTGACTTGACT/CTTCCATTCCTTGTAACC
Gene08774 pecB Pectinase CGTCAAGATCGAGAACAT/CGCAGAGGATGTAGTAATC
Gene06504 pecC Pectinase TTGACCTCACTGACCTTA/CTGTCCATTCCTCATAACC
Gene09643  endA NADH dehydrogenase AAGACCGTTTATGATGCTA/CGATGACAATACCGTAGT
Gene06504 endC NADH dehydrogenase TTGACCTCACTGACCTTA/CTGTCCATTCCTCATAACC
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Tag code Gene Annotation

Sequences of paired primers (5'—3")

Gene08115  poly
Gene05290 xInR

Polymerase

Xylanolytic transcriptional
activator

Gene01326 cbhA 1,4-beta-D-glucan
cellobiohydrolase
Gene00450 cbhB 1,4-beta-D-glucan
cellobiohydrolase
Gene08250 eglA
Gene01363 eglB
Genell315 eglC
Gene09061 enal
Gene05606 ena2
Gene03146 enad

Genell257 shol

Endoglucanase

Endoglucanase

Endoglucanase

Sodium P-type ATPase

Sodium P-type ATPase

Sodium P-type ATPase

High osmolarity signaling

protein

Gene01120 fhlA
regulator

Gene03514 nikl Two-component response

regulator

Genel0443 ypd

Gene09867 pkA

Phosphotransmitter protein
CAMP-dependent protein
kinase subunit

Gene02843 p-tubulin Internal standard

GGCTCTGATACCAATGTTAG/CTACCTCCGTTGCTCTTA
CAACTTTCCTTCTTTCAG/ATAATGGAGGCAATATGT

AATAATGACAACACAGGTA/GAGATACTATTGGCTTCC

ATGTCTTCCTTTCAGATC/GTCTCAGTAGTGTAGGTT

GAGCAGAAGACATATAGC/GTGAGATAGTTGAAGAAGT
TATCTCCTTCTATTGCTTCC/ATCGTTCTATCGTCACTAC
TCTCTACACCATGATTCAAG/GAAGTATCCTGGGCAATG
ATCTGTGCTGTCATTGTC/GTGAAGCGATTCCATAGT
CTAGTGGAGACGATGAAC/GGAAGGTAGTAGTAGATGATT
AGGCTATTGCTGCTCTTC/CTTGACACGCTTGGTAAC
TTACAACAATCTCCATCA/CCGAAGTAGAATATCCAA

Sensor histidine kinase/response CACACCAACATCAACATC/CCTTCTCCATATCATCCAA

TGAACGGTAATACGATAG/TTGCTTCCATACTAACAT

ACGATAGCGACAGAGATT/AAGCATCCTCCATCTTGA
CAGCAACTTCCTCTTCTC/GATAGGCTTCTCCACCAG

TCAAGATGTCCTCTACCT/GGAACATAGCAGTGAACT

STKc_Styl_Hogl b, 4B IR~FRER 22 4
FRILHE 22 Sl E A (R 1A, FdEE
RLERXMAEYRFZHEBE DL, w5 Hh
NMDCX0000265). i x5 8 130 19 O~ 24 Lt
X AT (I 1B, il O 558 B R A vkl 2
BRI, 95 . NMDCX0000265), & Pl SakA
HHHA PKC & G 5 (NCBL & 55
cl21453) . & VK8 K% 322 th 22 Z IR/ 8 &
R 0 S P T i 2 PR e S P 2 L ) AL 45
WA, EAALAR RIO BEE, ROE SR 22 5 R
B O | ST R R TR AE e
LR UL v IR S A A ATP 5685 3|
JIE ) CUNER 11 T3 119 22 B4 TR 3 4 I 8 Tk 2 I ok 3k )
MR R 22 2T Ak R O A o R bR
T3 A L A 330 5 Ml A ) R 2 T A Y,

IHEN SakA AT REY & B o 72 bl 55 38 o 1
X,
2.2 sakA EBRRRI IR R FiF ik
AU FIEE AR i, DA R bt
hygR 35 014 i i sakA 3 R H Y3840 1 51
(K 2A). WE 2B fros, @id PCR %@, K%
3 Bk sakA Bkt R AE R (AsakA), qRT-PCR 45 M
(K 2C) R, 75 3 BRIEASBE AR AT 3 sakA 1)
Kk, PRI A sakA KK 1
R o
2.3 sakA REEMEMBNEKKE=H
7t PDA SDAY il CZA AR 1535 24 h )=,
JA AsakA TR IR B 5 84 BUAH L TCH]
BZRE 3A). SR, sakA BRJEAK RS
HEAE RAF106 /A MF - ERBEAL, BF
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ATP binding site
PKc_like superfamily

B 88[—Aspergillus sclerotiicarbonarius MpkC (PY106910.1)

B 1 ZHE SakA WEMBRERRELE SN

Figure 1 Structural features and phylogenetic analysis of SakA in Aspergillus niger. A: The conserved
domains of SakA. B: Phylogenetic tree constructed for SakA in A. niger and other fungal MAP kinases in the
NCBI database (accession codes given in parentheses) using a neighbor-joining method. Scale bar: Branch
length proportional to genetic distance.

BERBEBRSE., SEAWHRML, AsakA WHRTE  73.77%. 56.35%. 49.68%7% 31.64% (& 3C), 7E
55 3—7 RIS THAE PDA VA BBl CZA Sl B4 5180 90.38% . 84.38% ., 73.68% .
87.50%. 66.80%. 51.03%. 38.86%F1 40.68%  75.96%7i1 62.72% (1€ 3D). i i Y27 i 1 s WL 8%
(¥l 3B), 7E SDAY “F-H b4r5liisl 57.77%. PR Y AsakA AR AR . BihE
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Figure 2 Construction of sakA knockout and validation of positive transformants. A: Diagram for the
disruption of sakA. L1/L2 and R1/R2: Paired primers used for cloning the 5’ and 3’ regions of SakA,
respectively. D1/D2: Paired primers used for PCR detection of disrupted target gene. B: Identifying the
disruption of sakA by PCR. M: DNA marker; Lane 1, 2, 3, and 4: WT, disruption mutant 1, disruption mutant
2, and disruption mutant 3, respectively. C: Identifying the disruption of sakA by qRT-PCR. Asterisked bars
in each bar group differ significantly from those unmarked (Tukey’s HSD, P<0.05). Error bars: SDs from

three replicates.

RAF 106 WA=k 73 A 8 F 1 40 b 58 4, T i i
K, MTEELEREIE, i AsakA B kR4
FHEEIEIR , U RIESF A IE (K 3E).
5 M i 2 sakA S R AT BB AE e A= 4K
L5 R AR b A HEEAE T, R qRT-PCR S iz il
73 WT 5 AsakA TR Bk ™ #1512k K- 8
I SRR 15 A7 AR A SCHE R A L SRk

SEREL, BT AsakA THE AR AT AR E
PR IH(E 3F), AsakA BBk BL™ 5 7 1
W, FefIA SE 3L F (fluG ., sfgA. flbA. flbB, flbD .,
laeA. brlA. abaA. vosA. stuA Fil velB)ff§% i
KT 8.53%-90.87%, 4% fIbC 7= i 5k K 47 ff
R A 6 3 R SRR 1 R R R AR R
FEIN ) At ke i 1 A
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Figure 3 Roles of SakA in the asexual development of Aspergillus niger. A: Images of fungal colonies after
two-day growth on PDA, SDAY, and CZA plates at 30 °C. B—D: Conidial yields during the period of incubation
on PDA, SDAY, and CZA plates at 30 °C, respectively. E: Images of formed conidiophores during incubation
for 3 days on PDA at 30 °C. F: Relative transcript levels of conidiation-associated genes in AsakA strains versus
WT. All cDNA samples were derived from one-day old hyphal cells incubated on PDA plates and analyzed via
qRT-PCR. The dashed line represents the transcriptional levels of genes in the WT. Asterisked bars in each bar
group differ significantly from those unmarked (Tukey’s HSD, P<0.05). Error bars: SDs from three replicates.
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24 sakA EFEMEBHEBHIEMNMBRNBIEM 5T, AsakA FEARE & A KSR R A8

HTRGE SakA BEZS SR BMEXTINE 5 WT AHLL, AsakA BERRAE K-8 25 51 R
ISR RN, AT T AsakA BEARTEANTR]  12.46%. 16.09%F1 55.35%. #H L& % B 7,
B 2 T AR B (] 4A), 7E 0.6 mol/L  #£ 0.8 mol/L sorbitol, 0.02% SDS. 0.03% SDS,
KCl1. 0.8 mol/L NaCl #1 1.2 mol/L NaCl i 38 6 mmol/L H,O, A1 9 mmol/L H,O, JFif 5515 T,

A

6 mmol/L H,0, 3 mg/mL CR

i
/,

4

0.03% SDS
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Figure 4 Growth of WT and AsakA strains under different stress conditions. A: Images of fungal colonies
after two-day growth on PDA and PDA supplemented with H,O, (6 mmol/L and 9 mmol/L), KCI (0.6 mol/L),
NaCl (0.8 mol/L and 1.2 mol/L), sorbitol (0.6, 0.8 and 1.2 mol/L), Congo red (2 mg/mL and 3 mg/mL), SDS
(0.02% and 0.03%), MND (0.5 umol/L and 2 umol/L) at 30 °C. B: Relative transcript levels of
osmotic-associated genes in AsakA strains versus WT. All ¢cDNA samples were derived from one-day old
hyphal cells incubated on PDA plates and analyzed via qRT-PCR.
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WT 55 5748 Bk B9 AR XS A ] 000N, B2
AsakA FHR LB R AR DL R SRR,
R E b sakARYBIR BT B RRXE E TS N
fguk . HEPAMRAHLL, AsakA BFETE 0.6 mol/L
sorbitol, 1.2 mol/L sorbitol. 0.5 umol/L MND
2 umol/L MND, 2 mg/mL CR FI 3 mg/mL CR Jij}
AT ISR At SakA X RMiEHE
BEIARE SRR, K TR 9 g
P ARG 9 R I5 (K 4B). BR enad FI fhiA
#h, enal, ena2. shol, nikl, ypdl. pkA Fil hAD
PR F IR R TR AR

2.5 sakA BREKFNEMEE. RS54
RZEBHE K5 57

sakA JE R ER 2 T A RAF106 764
T S5 T VERD G . G S A 4 R B A LS
Iy, SEFAETEARAEL, AsakA TE AR MAMNE R
fiti P4 T 20.68%—21.43% (K1 5A), MHTER
il r7 i 2 R % 19.18%-20.26% (&l 5B), X3
HH sakA & R Sl 2k 5 T 2 i R A TR AR R T U
KB A A . AsakA TR AN R S - 2 i 2%
TF% 36.71%-38.30% (& 5C), L NIl = &
B3 FFF 35.68%-36.53% (& 5D), X B sakA

5 WT 1 AsakA BRI SMNEMEE . REQEE TN 4T 4 REGEGE N E

Figure 5

Intracellular and extracellular amylase, pectinase, and cellulase activity assays for WT and AsakA

strains. The deletion of sakA affects the extracellular and intracellular productuin of amylases, pectinases,
cellulases when the suspension of conidia from the WT and AsakA strains were incubated in WBS with shaking
at 30 °C for three days. A—B: Amylase. C—D: Pectinase. E—F: Cellulase. Asterisked bars in each bar group
differ significantly from those unmarked (Tukey’s HSD, P<0.05). Error bars: SDs from three replicates.
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Figure 6 Relative transcription levels of amylase, pectinase, and cellulase-related genes of AsakA strains.
Relative transcript levels of genes involved in the synthesis of amylase, pectinase, cellulase in AsakA strains
versus WT. A: Amylase. B: Pectinase. C: Cellulase. All cDNA samples were derived from 3-day-old hyphal
cells incubated on WBS media and analyzed via qRT-PCR.
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