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R B K ETF ACE1 WIIRE D th R EXT p-B54E
N = Y d: A

AL, LR, wfEL BEMRL BERME W, AR

1 =leRe: Y SHZiEse, Mt BE 443002
2 SRR KA SIS, WL BB 443002

EM, EUF, B, BEM, SRME, 2AE BEEFE T ACEL WIHAREHT M HEX B- A 0E T B3 5 & LA s [1].
WA W2E R, 2026, 53(1): 238-253.
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M ZE:[HFTVACEI#RXA T 2HET A LML KARA T, Ko £ 2w F(Aspergillus
niger)F 49 AEse A FA A, [B 8] £ A niger ?3iRAid R k4K B -F ACEL, K% £t B-%)
) A& ¥ B4 (B-glucosidase, BGL)&A. AL L F A& EomeAEER. [Fi%] vA A niger An-1
AR BEM, FIF CRISPR-Cas9 A& B 4 H AR, KAFHAR HrAacel. LR ZEH K Oacel. T RF)
FFHRET, BMEA T BGLBE T/, Ak, PREAREZEEZLRET. [4£X] 4
GE BRI AL, A niger 52 K AKZE(Trichoderma reesei). #i4& ki3 H (Neurospora crassa)¥
ACEl #® R R MK, 2R AR FHERER AR R BRI HFN, RIFREARTEHK®K
Aacel. A tEk . 2EREWAFTWH, g A HENERM T, B HAacel 49 BGL 5% 4 7|
THT 86.1%. 54.9%; VA p-AH A KBy -o-D-vkoh #] 242 5 A MUEA BT, H PhAacel 49 BGL B
SR THET 23.7%. 63.98%. #H% 1T & AAE Pgg-acel-Tga, FE KUSA 1% 5 BATH BN, R IHKF
R KE AR Oacel. AL EiHF0, [ TRKEH Oacel 49 BGL BiE 28 A H Ak An-1 éﬁ
1.37-2.16 1&. AV REF M I EEARRGIZRA L, SRk BHrAacel 498 L& PR

AAEFFARSIER , Wit F A F AR Oacel 54k An-1 WA LB AR E . /F_U\%’El’ﬂj_*}g‘—a-ﬁ@:ﬁa
VATE . RN, SR A MRAacel Ao RETEF AL FE Mk, [44#4] % KEF ACEl
EEEIE A niger 49 BGL Ridfe F a6t l, REEFEFNES R, $i% ACEl REKT %A X
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#&IT A niger ~ BGL %t 71, KFFR AL A niger 9 = Bt 48 R AERT S 3
XA ZwE; ACEI4#XRAT; B-H A, Tok, &%

Functions of the transcription factor ACE1 in Aspergillus niger and
its effect on the expression and synthesis of -glucosidase

WANG Shuo!, WANG Xin', YE Wei', LU Yucai', MA Dongxu'?", GONG Dachun'*

1 College of Biological and Pharmaceutical Sciences, China Three Gorges University, Yichang 443002,
Hubei, China

2 College of Hydraulic and Environmental Engineering, China Three Gorges University, Yichang 443002,
Hubei, China

Abstract: [Background] The transcription factor ACEl is widely present in cellulase-
producing filamentous fungi, while its regulatory function in Aspergillus niger remains unclear.
[Objective] To investigate the regulatory effects of ACEI on B-glucosidase (BGL) expression,
mycelial development, and pigment biosynthesis by deleting and overexpressing ACEl in
A. niger. [Methods] The knockout strain Aacel and overexpression strain Oacel were
constructed with the parent strain An-1 through CRISPR-Cas9 gene editing. The BGL activity,
mycelial growth, sporulation, and yellow pigment were determined under various induction
conditions. [Results] The phylogenetic analysis revealed low homology of acel between
A. niger and Trichoderma reesei or Neurospora crassa. The mutant Aacel was successfully
constructed after introduction of the CRISPR-Cas9 plasmid and the donor fragment. When
microcrystalline cellulose (MCC) and corncob powder were used as inducers, the BGL activity
of Aacel with cellobiose as the substrate decreased by 86.1% and 54.9%, and that of Aacel with
p-nitrophenyl-a-D-glucopyranoside (pNPG) as the substrate decreased by 23.7% and 63.98%,
respectively. The overexpression cassette Pgpa-acel-Tgia was precisely integrated into the kUSA locus
to construct Oacel. The BGL activity of Oacel was 1.37-2.16 times that of the wild strain An-1
with MCC as the inducer. On the medium with stevioside or MCC as the carbon source, Aacel
showed delayed hyphal extension and conidiophore differentiation, while Oacel retained
normal morphology. The yellow pigment biosynthesis ability of Aacel was significantly
enhanced in the solid and liquid media containing stevioside. [Conclusion] The transcription
factor ACE1 positively regulates BGL expression and sporulation, while it negatively regulates
yellow pigment synthesis in A. niger. Strengthening the expression of ACEl effectively
improves BGL production. This study provides a new strategy for optimizing the enzyme
production performance of A. niger.

Keywords: Aspergillus niger; transcription factor ACEIl; B-glucosidase; sporulation; yellow
pigment
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o 4 KB E B AR N YR OM
(endo-p-1,4-glucanase, EG) . #b ) # & b
(exo-B-1,4-glucanase, CGH) Fll B- #ij 4 b 1 i
(B-glucosidase, BGL)!", HAE Ky B g HIF], )
TR, T, &40, ol SR
WP, FEAERR Y R L T, £ Y R R AT
e Z KRN, AT ABE . T
f . ZOUlR . KEEIRNIMR & Z M ma b, 78
B — AR YA AW Y A= o 3 > M b B A
3 LB Bk A T & (Neurospora) . AR5 1 &
(Trichoderma) F1 il 25 J& (Aspergillus) it 22 Ik
PR 12 T AR 2 Rl A Tolk A= =100 (H FR 3
fitt BGL fhimiin &/ WS A R, Sl
%5 (Aspergillus niger)ff: 24 73 # BGL A {L#i#
RO, HAE Y14 i BGL i3 # TR BRI A 75 T
i — 2P BRI o

AR A niger HAASEEEAA MW R
el (H LA 4 R L )R8 2 1 T ™
B SRR 2 U3 AR SR | e R K A TR
(Neurospora crassa) . H [X K % (Trichoderma
reesei). H iR % (Penicillium oxalicum)H, #iff
HEMNCEED 40 2 RERFS5 T4
REIE A FRIRUO, SR, 7E A niger THUH
CREA. XLNR, CLRA., CLRB. AMYR #%:%
FEEFHIEA 25 T BGL WAEMAK, Wi
A S B R 4 R A B i — A i A S s AT
sk ACEl Wi AT T. reesei tf, J&
FHHEEAA, HA 3 4 Cys(2)-His(2)Z5#)
BATT, FEAMII A RBERE LN cbhl 15 3l F X 5
fF7E 8 I~ ACE1 %5 A1 5. (5'-AGGCAAA-3'
1 5-AGGCA-3")"8! T. reesei ALKO2221 %%
AT ACEL H T 4F4E R BRI A R, acel
FEDR B i F e R BB TS B2 5 TR 2451,
1E P. oxalicum 114-2 1, ff4e acel Kt A iy 4t
fitg & 32T T 1.8 £, FIF RNAi £ AR
I B 22 75 (Myceliophthora thermophila) acel
LRI, VIR R A98 LT 4 R G IA
Fr &I, Horh BGL B & 57 A bk 2.3 4521

SEFHE LN T ACEL 1E£F 4 R # Kk L (1)
EEAER, %5 SRR Rk R o o ) B
B, Zhu 25228 T, reesel Rut-C30 #7185 1
ACE!1 H AN 5 R383 R7AZ A & BElE , M
KAk ACE1 5 DNA i B9 455, B0 28 A8 i bk
HITEACEEIE 2 TH T 85%, Sun 252V T. reesel
cbhl J& 3 7 X i i ACE1 45803 5 43 9l 8
K IEJEEE T Ace2 Fil XYRI M4E 47 5, 15 %)
TR T cbhlpA F1 cbhlpX, H &R b
HOBEG 113N T 3.6-5.0 % . Xia ZEP47E T. reesel
ZU-02 H¥s byl 5 [H] 11 & B HE 38 5 78 5L R AT
TEREER acel JEIN Y [FIM i #2ik bgl FEN, fif
BGL %27+ & 25.13 U/mL, & T & Hkk
167 % . Fonseca %5>17£ T. reesei Br_TrRO1 f
acel JER A 5 FHE A T IE R 1 XYRI %
ISHE , 7w bR acel JE A (¥ Al B i 38 X YR,
Fri TR # #k Br TrR02 A9 BGL G M
0.74 U/mg &£ F+ %= 4.6 U/mg. #H4b, acel 3
DR B ik 2 23 3% A T. reesei 5 P. oxalicum 7 [ {4
iR B & B M 224 K ) IR 18200 4%
M, %5575 A niger WA G TR 54
FHAE A WL TE

Y FHE SR F ACEL fE HAh 2R B P Y E
BRPEER, AT LA A B ERSA A niger
An-1 MAFFEXTSE, RRIZESEFFXT A niger 7=
MEMERE . WK B MER SR REEER, U
Wi E 7" BGL T2 A. niger fR4a v 4 it A
S A R B SR

1 #HB5FZE

1.1 #m

A. niger An-1, S ERAF . KRG HE
(Escherichia coli) DHSa, g5t ifiMERE AL PRl
By E R H] . pFC332 5 pUC19 Jiki,
FIEEYFHE AR F, pFC332-Cas9-sgRNA
JiokL, ARSZIGERAF . pUC-sgRNA, g 54 ME
BAEYBHHARA A 51 HAE T A TR(E
R ARAF G, FHILER 1,
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Table 1  Primers used in this study

Name Primer sequence (5'—3")

Ace 5S-F GAACATATACTGGGCCCGGGAAGATCTGGTTGGAGATTCCAGACTCAG
Ace 5S-R CTAGGGGGTCCTCATCATCGACATACAACAGAAGGGATTC

Ace sg-F CGATGATGAGGACCCCCTAGGTTTTAGAGCTAGAAATAGC

Ace sg-R CGGAAACAGCTATGACCATGAAAAAAGCACCGACTCGG

pFC332-F ACCCTGTGAGTCTTGATAGAC

pFC332-R CCGTTCGAGAGCATGATC

KUS5S-R CAGGGTTTTATCATCACCATACATACAACAGAAGGGATTCG
KUSsgRNA-F ATGGTGATGATAAAACCCTGGTTTTAGAGCTAGAAATAGCAAG
quAce-F GGGACGCCACGTCG

quAce-R GTAGTTTTAATAGCTCACCTTGGCG

qdAce-F GCCAAGGTGAGCTATTAAAACTACGACTCCGGACCAGGTTAGTT
qdAce-R AGTTGTTGTTGTTGCCGGT

bglAce-F AGGTGAGCTATTAAAACTACCGATGAACTGCTAGACTGGTG
bglAce-R GATTGCTCGTCTGTTGGGG

bgldAce-F GCCCCAACAGACGAGCAATCGACTCCGGACCAGGTTAGT

ouAce-F CTCTAGAGGATCCCCGGGTACCAATAAGATCAGAGCTACAAACCAG
ouAce-R ATTCTGAAGTCTGGGCCAAGTTC

ogpd-F CTTGGCCCAGACTTCAGAATCAAGTCACGTTGTCCATAATTG
ogpd-R CGGGGGTTTTGAGACTTCATTGTTTAGATGTGTCTATGTGGC

oAce-F CACATAGACACATCTAAACAATGAAGTCTCAAAACCCCCG

oAce-R CTAGAACGGTGGCATCTGCG

oter-F CGCAGATGCCACCGTTCTAGACAATCAATCCATTTCGCTATAGTTAAAG
oter-R TAGCGATTGCGCAGCAAC

odAce-F CGCAGATGCCACCGTTCTAGACAATCAATCCATTTCGCTATAGTTAAAG
odAce-R CGGCCAGTGAATTCGAGCTCGGCCTTCTTACCGGCATTTGAG
kusAyz-F GTACGCAAATTTACCCATGAACTTG

kusAyz-R CTGATCACGGGCTGTCAAC

bglyz-R GCTCAGCCTTGAGCAGCTTGTTCAGAGTGTAGCTG

Aceyz-F ATGAATACCATTCGCAATCCAGACG

Aceyz-R TACCTAGAACGGTGGCATCTGCG

1.2 EERFIRINEE

R, RIEEAEY R RATE;

FR M NI Bgl 1. Kpn1, New England
Biolabs /AWl ; BrkifE UG & . PCR ™ #4lifl
5% & . 2xRapid Taq Master Mix , 2xPhanta Max
Master Mix (Dye Plus), DL5000 DNA marker .
DL15000 DNA marker ., Ultra Gel Red (10 000x%),
A U R A W R BB A RS W) 5 BRR W BE
W, AR T A AR (i) By A7 PR 2 ]
50xTAE, B3 mRAEYFARARAF; Josk

PR 2 DNA $2HGR0 & L W E R | W2k i1
WM, O 2R ERH A R A E; A 4E R,
i MR AE AR BB Ry A PR A F] . JEaE B
B, TSR ARA
1.3 EFHE

I A M BN 15 9% S (potato  dextrose
agar, PDA) (g/L): 45 200.0. % #H 20.0.
Bl 20.0, 765 2k ) 2B TG ARAS B 5 Ak F- 0
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HEFPESIN 300 ng/mL %5 % B (hygromycin B, hyg
BitE&R

Fh PR R (g/L): R SLLF4E RN 15.0,
MgS0O4:7H>0 0.5, (NH4)2S04 1.6, KH>PO4 1.0,
MBI 1.0

TR AR TR (/L) : FKEBAR (50 H)
40.0, FEHEHS 10.0, KH,PO4 4.0, (NH4)2S04 4.0,
MgS0O4-7H,0 0.8, CaCl, 0.5, Aif-80 0.3 mL,
I IC R (MnSO4 0.32%, ZnSO4 0.28%, CoCl,
0.4%, FeSO4-7H,0 1%) 0.5 mL.,

B AGPETT A W RE 7 3 (/L) - A M 15.0,
(NH4)2SO04 10.0, JR & 2.5, KHPO4 2.5,
MgSO4-7H,0 1.0, Hi#-80 3 mL, fi{fC £ 0.1 mL,
[ R 55 7 3 A BIR 20.0

AR Y R R BERE SR A (g/L): AR AF e R
20.0, CaCl, 1.0, MgS0O4:7H,0 0.6, KH,PO,4 5.0,
(NH4),S04 2.5, [EARE:FER I AR 20.0,

TC Z i (g/L): CaCl, 5.5, Tris 1.2,pH 5.8,

STC ZZ P : D-1LZLEE 242.3 g, TC S
WAERZE 1L,

50% PEG ZZ A : PEG-6000 5.0 g, TC
G P EZE ) 10 mL.

CD mBHEHEFRI(g/L): T 342.0,
NaNO; 3.0, KCI 2.0, MgSO47H,0 0.5,
K,HPO,-3H,0 1.0, FeSO4-7H,0 0.01, EI§ 20.0,
1.4 ZEHE An-1 F ACE1 WRERRF
H) 5T AR

M NCBI ®35 F4 A niger (XP_001397517.3).,
T. reesei (XP_006962963.1) . K fH %5 (Aspergillus
oryzae) (XP_023089397.1). ¥4 &i il & (Aspergillus
nidulans) (XP_660523.1) . 4 iHf] % (Aspergillus
fumigatus) (XP_754813.1) . J#1 ] 2% (Aspergil lus
aculeatus) (XP_020055641.1) , HIEEBKAIEE(N. crassa)
(XP_963927.3) . HJR ¥ % (Penicillium oxalicum)
(XP_049965567.1) 2 SR I7 5, f#if] MEGA
11 B RGEKER, 50 & acel KK 2
RETE R BAE LR

1.5 EFERBEEASIEIT

i F] sgRNA $E 47 5 % 3% 3 CHOPCHOP
(http://chopchop.cbu.uib.no/), EHL A. niger L4
B 15 8, TE% A acel #E3E PR A% TE R 6 571
JEAF AL ST ISR, LA AR AL E
G+C &it . 4. WML R RESOR, &
RS E L
1.6 BTEIBE acel EFEIAYEE G FRRIFN
ik R Eg Ao fa 32

BT U AR A SINAE Ace 5S-F F1 Ace
sg-R 511 D, FERFEFEKFZ DNA #50A
FIEHEC A niger 41, LA niger FEH4N
Fit, LA Ace 5S-F Fll Ace 5S-R 5|44t ftEas
ALY 5S rRNA JE 8RB, Ll pUC-sgRNA
R B, L Ace sg-F/R 5|1 w4 4
f7 A H sgRNA, Hif PCR WA Z (50 pL):
2xPhanta Max Master Mix (Dye Plus) 25 uL, F. F
W5 191(10 pmol/L)4$ 2 pL, DNA FiHz(100 ng/pL)
1 uL, ddH,0 20 pL.PCR )i 514 : 95 °C 5 min;
95°C30s, 60°C30s, 72 °C 1 min, 30 MEH;
72 °C 5 min, X} PCR j=¥jiftAr2lifb i, Zmé
RCR, i FH5 14 Ace 5S-F 1 Ace sg-R, ¥ 5S rRNA
1 sgRNA FBi4l%%k 58 rRNA-acel-sgRNA-T6
FIRHE, Horp @i PCR WA & (50 pL): 2xPhanta
Max Master Mix (Dye Plus) 25 uL, I, Ti#5]
H1(10 pmol/L)4% 2 pL, DNA #47 100 ng (4 H Bt
R H A 1:1), ddH20 20 pL,

i il Bgl IIA VI AL B pFC332 Jiikr, 4o
T, ¥ 5S rRNA-acel-sgRNA-T6 HKikHERE 4
% pFC332 Z&Mfbilifk, PRI 447, ff
FH pFC332-F/R #47EW PCR Bk, ik FR
(10 uL): 2xRapid Tag Master Mix 5 uL, . T
WES1¥(10 pumol/L)£$ 1 L, B 1 pL, ddHO
2 uL. PCR JZ W 24F: 95 °C 10 min; 95°C 30 s,
60 °C 30 s, 72 °C 1 min, 30 ¥ ; 72 °C 5 min,
ZEB R BE RS LK, B R Br K/NIER Y Cas9 5
sgRNA 355 [fiki pFC332-Cas9-sgRNA, % &
AT A TR () et A BRA B 1T .
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REBRIA QAcel FBIMIEE: LL A niger 3
K20 AR, A quAce-F/R Fll qdAce-F/R J5]
Wy, PG S T Y acel JE b R B
24 PCR, LA quAce-F Fll qdAce-R 51 97¥s I |
R B A A A R B AR EA QAcel-BGL
FERIR . DL A niger BN MEEH, DA
bglAce-F/R Fl bgldAce-F/qdAce-R 5|4y, ¥
bgl 5 A1 i R U, 8@l & PCR, LA quAce-F
1 qdAce-R 5190 i Bt | bgl FEEEFIT i
A BER A MR R B, LA PCR =43 ol i 2
- T DTIE I 2l [l
1.7 BFEFRIA acel EFERVER S FRHAL
AR BRI Aa 32

BTt kusA LR AGEEAL s N7E KUSSS-R
1 KUSsgRNA-F |, LA A niger 3[R 40 WA,
Pl KUS5S-F/Ace 5S-R A5 44 e 87 #0407 5
) 5S rRNA JE 8+ H B, DL pUC-sgRNA Fikr
A, Ll KUSsgRNA-F/Ace sg-R h 5| ¥4 1
PEAT AN S Y sgRNA, 2 N EE& Rl 4 PCR 3
14, #7158 5S rRNA-kus-sgRNA-T6 FikHE, #%
H pFC332-Cas9-sgRNA MM HE 5 ik, RAGHE )
Gk pFC332-kusA-sgRNA, % F A4 T A4 T 7
() A BRZS w1 .

PL A niger JERAUARN, LA ouAce-F/R .
odAce-F/R, ogpd-F/R. oAce-F/R #l oter-F/R J
5191, 5 B9 9 AL kusA (9 E R B,
Pgpa S 8 F H B Lacel R BY S Tga & 1EF A
Bto A Kpn 1 E§UIAEE pUCTO kL, DL ERA
BT w RS2 i Bl e, 198 %
iKHE Pgpa-acel-Tyiao
1.8 EE4mIERE A FIEFIIEIE

AHFGER A PFG A5 10 i A iR S 4k i
S PR i SOk AR A Ak . LR BOBT
fE 50 AL niger T B, Y SITRAT AR R Bt
BEACAY PDA K552k |, T 28 °CHiFE 16-18 he
W 5 R RO AT T 22 IR B B4R B T35 47 10 mL
02 A (1 %2T 4k R Fi+0.5% 38 4 Filf+0.25 %74 1
it ) (%) I T 15 7 L P il A AL 3 2 b 6 000 r/min

10 °C#.0> 10 min, WCAE AR, (/] STC 2%
MR VET 2 e TR0, BEIH TR R
A TR

100 pL JFA BRI 3 pg 0 m Fk
3 ng ik B, IRAIE, VKA 20 min, %
KT 50% PEG Z& vhis il , IRA¥5)E, 25°C
S E 20 min, MIA 2 mL STC ZZnhifk, IRE5),
BT 28 °CEHEIFE 4h, 6000 r/min, 10 °CE.L»
10 min, WERFEAATTRE , ¥578 A4 T 300 pg/mL
WA RN CD K%k b, 28 °CHi: 3-5 d. fF
AL PR B)E, HETE 300 ng/mL #EERN
PDA [HAF-HR |, 28 °CHE3E 2-3 d, 4030
e PUTERAL T .

KB 22 PCR %t A, niger 4k FE1 T 1
FIE . PREGE S F 22 T %A 45 pL 2 mmol/L
NaOH %R 1B IR A5 95 °CI#k 10 min,
B M 5 uL 2 mmol/L Tris-HCl iE ¥ , %4
AR 12 000 r/min 5.0 10 min 5B ERAE AR
M. LA Aceyz-F/R b5 ¥K: 5 7 bk Aacel, LA
Acelyz-F/bglyz-R 5| ¥k 5 4 #k Aacel-bgl ,
P kusAyz-F/R 5| ¥k 6 itk Oacel. e 22
PCR B3 iiE1E 6 A R bR iE— 203k 2 AR T AR T
(i) A A BR 28 /1T .

1.9 ZEE An-1 REEFEBBEEKN
BRI

W& TR 107 A2k, W1 uL
7B, B S AETE PDA [BAEAR  Ei 58 b
T [ A I 2R R 2R Al b, BT 28 °C
REFRAt, T 24, 48, 72 h MEHEMIE A IF .
il B PR T W B f R 22 PR A BT IS R
WA b NS RO AR R R A
WS g h B T B RY S L, A
10 £ HEREL A 20 £ 58 CE R AR £ 200%) i1 7
WO, RG0SR EZIESEHE
1.10 EHE An-1 R EEFHRBEBERIKD
ABERNEGE, BBERERENST

B 107 AN F R S eph TR 5 R 5L
30 °C. 200 r/min JR% 15 5F 24 h, DL 10% A48
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HA M R RO L BT . AR R
REEREFREE, 30 °C, 200 r/min IR % G, 16D
BB s R R R B R, TES 2 K
JA CaCl:2H20 1.5 g T4 3-7 REGE =L AT
W, 12000 r/min &.0> 10 min J5 B F3E VR T BENG
W, IR B (72 A A) 25 ) Wi i DR 20 4 v ok
SN AEM An-1 TEG B ARG EER
111 E7EAE N 4

LA p- i B& &% By -p-D- Wik e H 49 BE T
(p-nitrophenyl-B-D-glucopyranoside, pNPG) M Ji%
Yy 5E BGL FEE « B 15 pL HLEER A 150 uL
5 mmol/L pNPG IR, 70 °C/ ¥ 10 min
Je S BE 60 pL A 100 uL 1 mol/L FRERHNIA
W, T 405 nm WEWOGME . DL R
SRR 1 pmol B X i 2 2K 1) (p-nitrophenyl,
pNP) T 5 £ A i it SR — Nl G 7 B (U)

DLEF 4 — W50 IS BGL B : B 100 pL

73%

79%

71%

FLEEW M A 100 puL 10 mmol/L £F4E — s
WHHIRG, fEii)E 70 °CRY 10 min 5, ¥K
IKEHNLL N o B 2.5 uL S BN 2.5 ul A%
WESR B 250 uL A5 AT 2 ik T, 7E
505 nm AN GIE . DAEE 2 TR TR A 4Bk
A= 1 umol A BE T TR LA L SR 1 ARG
HHAL(U),

2 HEREG5M

2.1 ACE1 NEIE 271

Saloheimo 258 1ot i RF 24 A K R 7E T. reesel
HORT IR A3 R A A R R A A B SR
ACEl, W5, TEAF 2R R P ARGk 8l T
ACE1, FH#/R8 T HAL L 48 X4 b 19 22 1
¥R, @k MEGA 11 %4, ¥ A. niger
) ACE1 5 7 A R[ERIE Y [F] R Y47 He Xt 43
M, PR RGE AR ERWE 1 Fs. A niger Fl

Aspergillus aculeatus ATCC16872 (XP020055641.1)

Aspergillus niger An-1 (XP001397517.3)

80%

Aspergillus oryzae RIB40 (XP023089397.1)

Aspergillus nidulans FGSCA4 (XP660523.1)

74%

Aspergillus fumigatus Af293 (XP754813.1)

72%

0.050

1 ET ACE1 WEERFINENRGLEH

Penicillium oxalicum POX g08653 (XP049965567.1)
Trichoderma reesei QM6a (XP006962963.1)

Neurospora crassa ORT4A (XP963927.3)

B 355 WBUEL & 22K B acel JEIA Y

GenBank % 3% 5 ; 70 31 A YR T AU bootstrap {H, S W% AL R GUR B R B Al S I (H>70%

B Al sz B(E s U R AL e
Figure 1

Phylogenetic tree constructed based on ACE1 amino acid sequence. Numbers in parentheses are

GenBank accession numbers of acel genes of the strains. The numbers at the branch nodes represent the
bootstrap values, which reflect the reliability of the nodes in the evolutionary tree. The value >70% is
considered an acceptable threshold. The scale represents the genetic distance.
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Figure 2 Construction of targeted plasmid and donor fragments for deleting acel gene. A—B: Assembly and
verification of the 5S rRNA-acel-sgRNA expression cassette; C—D: Construction and verification of the
targeted plasmid for deleting acel gene; E—F: Assembly and verification of Qacel donor fragment for
deleting acel gene; G—H: Assembly and verification of Qacel-BGL donor fragment for deleting acel gene.

M: DL5000 DNA marker.
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Figure 3 Screening and verification of the acel knockout strains. A: Knockout of the acel gene; B:
Integration of the BGL expression cassette at the acel locus. M: DL5000 DNA marker.
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Figure 4 Overexpression of the acel gene at the kusA locus. M: DL5000 DNA marker.
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PDASEFRIE GIE L apae = R T i A A
Potato dextrose agar Stevioside MCC Microscopic image
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An-1

5 #REF ACE1 EREKRE TN EMBE KA BEIZER
Figure 5 Regulatory role of transcription factor ACE1 on the growth and development of Aspergillus niger
under different carbon sources.

AR H SR I

Stevioside medium

P

R
An-1 Aacel
TR A R R AR (UTHE Y dl e
Corncob fermentation MCC fermentation
medium medium
A ol
$ - et
[ s 4 R n&
Sptiik EL a2,

An-1 Aacel An-1 Aacel

6 ¥FRET ACEl MEHEBSHRERMAEIER
Figure 6 Regulatory role of transcription factor ACE1 in the biosynthesis of yellow pigment in Aspergillus niger.
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Figure 7 Impact of acel gene knockout on B-glucosidase (BGL) production in Aspergillus niger. A—B:
Using microcrystalline cellulose as the inducer; C—D: Using corncob as the inducer; E—F: Shake flask

fermentation using stevioside as carbon source. A, C and E represent BGL activity determined by cellobiose

as substrate; B, D, and F represent BGL enzyme activity assayed with pNPG as substrate. *: P<0.05; **:
P<0.01; ***: P<0.001; ****: P<0.000 1.
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Figure 8

Impact of overexpression of acel gene on f-glucosidase (BGL) production in Aspergillus niger.

A-B: Using microcrystalline cellulose as the inducer; C—D: Using corncob as the inducer. A and C represent
BGL activity determined by cellobiose as substrate; B and D represent BGL enzyme activity assayed with
pNPG as substrate. ns: Not significant; *: P<0.05; **: P<0.01; ***: P<0.001; ****: P<0.000 1.
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