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[bookmark: _Hlk163577672]Fig. S1 Fingerprinting of the protein with a molecular weight of approximately 95 kDa.
(A) Mascot score histogram; (B) Protein search results.










[bookmark: _Hlk182514495] [image: ]
[bookmark: _Hlk163577690]Fig. S2 Detection of A. niger mediated by different signal peptides on ABTS plates.
[bookmark: _Hlk182510620]AnGgcL taking only 2-3 d to produce the green halo, while the other strains required 8-10 d. The plus sign numbering system (+, ++, +++) was used to indicate the combined performance of the transformants in terms of shake flask fermentation enzyme activity, rate of plate green halo emergence, and the ratio of the green halo to the strain concerning size and density. The more plus signs, the better the combined performance of the strain.






[image: ]
[bookmark: _Hlk163577549]Fig. S3 Native-PAGE results of AnGgcL (A) and A. niger MA70.15 (B) fermentation supernatant.
(A) Native-PAGE results of AnGgcL fermentation supernatant. Lanes 1-5: supernatant samples of AnGgcL at 2, 3, 4, 5, and 6 d, respectively. (B) Native-PAGE results of A. niger MA70.15 fermentation supernatant. Lanes 1-5: supernatant samples of A. niger MA70.15 at 2, 3, 4, 5, and 6 d, respectively.
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[bookmark: _Hlk163577708]Fig. S4 Detection of A. niger mediated by different promoters on ABTS plates.
[bookmark: _Hlk182512418]AnGscL, AnGmcL, and AnGcgL taking only 2-3 d, while the other strains required 8-10 d. The plus sign numbering system (+, ++, +++, ++++) was used to indicate the combined performance of the transformants in terms of shake flask fermentation enzyme activity, rate of plate green halo emergence, and the ratio of the green halo to the strain concerning size and density. The more plus signs, the better the combined performance of the strain.
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[bookmark: _Hlk163577725][bookmark: _Hlk164841809][bookmark: _Hlk164841829]Fig. S5 Schematic structure of the plasmid pCCcg-lcc9 (A) and pCRcg-lcc9 (B).
















[bookmark: _Hlk182514539] [image: ]
[bookmark: _Hlk163577741]Fig. S6 Detection of A. niger obtained by different integration modes on ABTS plates.
AnRcgL1 taking only 2-3 d, while AnCcgL required more than 8 d. The plus sign numbering system (+, ++, +++, ++++, +++++) was used to indicate the combined performance of the transformants in terms of shake flask fermentation enzyme activity, rate of plate green halo emergence, and the ratio of the green halo to the strain concerning size and density. The more plus signs, the better the combined performance of the strain.











Table S1 Primers used in this study.
	[bookmark: _Hlk163158329]Primer
	Sequence (5'-3')

	5′glaA-F
	TCCCTTACTCGGTACCCGGGCCTCTCGTATGCAGAGGAAATCTC

	5′glaA-R
	GTCAACGAATTGCTGAGGTGTAATGATGCTGG

	PgpdA-F
	CACCTCAGCAATTCGTTGACCTAGCTGATTCTGG

	TtrpC-R
	GAGATCCATAGGATCCTAGAAAGAAGGATTACCTCTAAACAAGTG

	pyrG-F
	TCTAGGATCCTATGGATCTCAGAACAATATACC

	pyrG-R
	AACAATGTCCGTGGGGTGGTGGGAAATCTTGT

	3′glaA-F
	ACCACCCCACGGACATTGTTTGGCCCC

	3′glaA-R
	ATTGTGCCGTGTTAGAGTAGACGCTGCTGGCAGAGGTCT

	pC3-F
	CTACTCTAACACGGCACAATTATCCA

	pC3-R
	CCCGGGTACCGAGTAAGGG

	F1
	GCCAACAAGGGCGATAACTTC

	R1
	GGTTTATACCTACGATGAATG

	F2
	TCGAAGCTGCCTGTGCTGGT

	R2
	CGTGCTGGGACTAGCAACGA

	F3
	GGCCCCAAGTACCTCAACTC

	R3
	ATGGGAGTTTCCTTGCCCTG

	SP-F1
	CTATCTAACACTGCCTCCAGATGTACCGCAAGCTCGCCG

	SP-R1
	GTGGGATCGTTCAGATCATTGACGACGTTGATGCGGAAGT

	SP-F2
	CTATCTAACACTGCCTCCAGATGCAGTCCATCAAGCGCA

	SP-R2
	GTGGGATCGTTCAGATCATTGACGACGTTGATGCGGAAGT

	SP-F3
	CTATCTAACACTGCCTCCAGATGCACAGCATTAGTGCGCTT

	SP-R3
	GTGGGATCGTTCAGATCATTGACGACGTTGATGCGGAAGT

	SP-F4
	CTATCTAACACTGCCTCCAGATGGCGCACTCAATGTCTCG

	SP-R4
	GTGGGATCGTTCAGATCATTGACGACGTTGATGCGGAAGT

	SP-F5
	CTATCTAACACTGCCTCCAGATGGTTCAGATCAAGGTAGCTGC

	SP-R5
	GTGGGATCGTTCAGATCATTGACGACGTTGATGCGGAAGT

	SP-F6
	CTATCTAACACTGCCTCCAGATGAACAAGTCCGTCGCCC

	SP-R6
	GTGGGATCGTTCAGATCATTGACGACGTTGATGCGGAAGT

	SP-F7
	CTATCTAACACTGCCTCCAGATGGTCCACCTCAAGACCCTG

	SP-R7
	GTGGGATCGTTCAGATCATTGACGACGTTGATGCGGAAGT

	SP-F8
	CTATCTAACACTGCCTCCAGATGCGTCCCATCGGTCTCG

	SP-R8
	GTGGGATCGTTCAGATCATTGACGACGTTGATGCGGAAGT

	pCGgg-lcc9-F
	AATGATCTGAACGATCCCACCA

	pCGgg-lcc9-R
	CTGGAGGCAGTGTTAGATAGGAGAT

	Pro-F1
	AGCATCATTACACCTCAGCAAACAATGAAAAAAAAATTCACTTGACC

	Pro-R1
	ACGAGACCGATGGGACGCATGGCGAATGTGAACAACTTGCA

	Pro-F2
	AGCATCATTACACCTCAGCAAGTAGTGATATGTCGGCTTTAGTTCC

	Pro-R2
	ACGAGACCGATGGGACGCATGGCGAGGAATAGCAGAGGAGG

	Pro-F3
	AGCATCATTACACCTCAGCAGCAGTACAGTGGCCATGAAATCC

	Pro-R3
	ACGAGACCGATGGGACGCATTTTGAAGATGGATGAGAAGTCGG

	Pro-F4
	AGCATCATTACACCTCAGCAGACGCGTCGGTGTGATGG

	Pro-R4
	ACGAGACCGATGGGACGCATGGTCGCGTGGAAGGGAAG

	Pro-F5
	ATGCGTCCCATCGGTCTCG

	Pro-R5
	TGCTGAGGTGTAATGATGCTGG

	Pro-F6
	AGCATCATTACACCTCAGCAAACAATGAAAAAAAAATTCACTTGACC

	Pro-R6
	AGCAGGGAGCGGAAGGACATGGCGAATGTGAACAACTTGCA

	Pro-F7
	AGCATCATTACACCTCAGCAAGTAGTGATATGTCGGCTTTAGTTCC

	Pro-R7
	AGCAGGGAGCGGAAGGACATGGCGAGGAATAGCAGAGGAGG

	Pro-F8
	AGCATCATTACACCTCAGCAGCAGTACAGTGGCCATGAAATCC

	Pro-R8
	AGCAGGGAGCGGAAGGACATTTTGAAGATGGATGAGAAGTCGG

	Vector-F1
	AGCATCATTACACCTCAGCAGACGCGTCGGTGTGATGG


Table S1 (continued).
	Primer
	Sequence (5'-3')

	Vector-R1
	AGCAGGGAGCGGAAGGACATGGTCGCGTGGAAGGGAAG

	Vector-F2
	ATGTCCTTCCGCTCCCTGC

	Vector-R2
	TGCTGAGGTGTAATGATGCTGG

	5′cat-F
	TCCCTTACTCGGTACCCGGGGACGCGTCGGTGTGATGG

	5′cat-R
	TTTCATTGTTGGTCGCGTGGAAGGGAAG

	loci-F1
	CCACGCGACCAACAATGAAAAAAAAATTCACTTGACC

	loci-R1
	AATAGAGTATGCAGAGCGCGGGGTGGTGGGAAATCTTGT

	3′cat-F
	CGCGCTCTGCATACTCTATTCTGG

	3′cat-R
	ATTGTGCCGTGTTAGAGTAGTGGGCACGAGCGAGTTGT

	loci-F2
	CTACTCTAACACGGCACAATTATCCA

	loci-R2
	CCCGGGTACCGAGTAAGGG

	loci-F3
	CCCCCGGGCTGCAGGAATTCAACAATGAAAAAAAAATTCACTTGACC

	loci-R3
	GTACCGGGCCCCCCCTCGAGCTAGAAAGAAGGATTACCTCTAAACAAGTG

	loci-F4
	CTCGAGGGGGGGCCCGGT

	loci-R4
	GAATTCCTGCAGCCCGGG

	q-actin-F
	AATGGTTCGGGTATGTGC

	q-actin-R
	ACGCTTGGACTGTGCCTC

	q-lcc9-F
	ATCCCCATCGCAACCTCTAC

	q-lcc9-R
	GATCGCAGGACATGGAAACG



















Table S2 Signal peptides used in this study.
	Signal peptide
	[bookmark: OLE_LINK11]Source fungus
	Source protein
	Sequence
	Reference

	SPGlaA
	A. niger
	Glucoamylase
	MSFRSLLALSGLVCTGLA
	[1]

	SPCBHI
	Trichoderma reesei
	Exoglucanase I
	MYRKLAVISAFLATARA
	[2]

	SPORZ 
	Aspergillus terreus
	proteinase
	MQSIKRTLLLLGAVLPAVLA
	[3]

	SPBxyA 
	A. niger
	β–Glucosidase
	MHSISALLSLLGGLALSSA
	[3]

	SPBGL 
	A. niger
	β-Xylosidase
	MAHSMSRPVAATAAALLALALPQALA
	[3]

	SPExyA 
	[bookmark: _Hlk152163685]A. niger
	Endoxylanase A
	MVQIKVAALAMLFASQVLS
	[3]

	SPEGII 
	T. reesei
	Endoglucanase II
	MNKSVAPLLLAASILYGGAVA
	[3]

	SPExy
	Aspergillus nidulans
	Endoxylanase
	MVHLKTLAGSAVFASLATA
	[3]

	SPCAT
	A. niger
	Catalase
	MRPIGLVGLIGLANA
	This study






















Table S3 Promoters used in this study.
	[bookmark: _Hlk157093380]Promoter
	Source fungus
	Source gene
	Reference

	PgpdA
	A. nidulans
	Glyceraldehyde-3-phosphate dehydrogenase
	[4]

	PcitA
	A. niger
	Citrate synthase 
	[5]

	PsucA
	A. niger
	Invertase (β-fructofuranosidase)
	[6]

	PmbfA
	A. niger
	Multiprotein-bridging factor 1
	[7]

	Pcat
	A. niger
	Catalase
	This study





References
1.	Xu Y, Wang Y-h, Liu T-q, Zhang H, Zhang H, Li J: The GlaA signal peptide substantially increases the expression and secretion of α-galactosidase in Aspergillus niger. Biotechnol Lett 2018, 40:949-955.
2.	Madhavan A, Pandey A, Sukumaran RK: Expression system for heterologous protein expression in the filamentous fungus Aspergillus unguis. Bioresource Technol 2017, 245:1334-1342.
3.	Madhavan A, Sukumaran RK: Signal peptides from filamentous fungi efficiently mediate the secretion of recombinant proteins in Kluyveromyces lactis. Biochem Eng J 2015, 102:31-37.
4.	Ali WB, Ayed AB, Turbé-Doan A, Bertrand E, Mathieu Y, Faulds CB, Lomascolo A, Sciara G, Record E, Mechichi T: Enzyme properties of a laccase obtained from the transcriptome of the marine-derived fungus Stemphylium lucomagnoense. Int J Mol Sci 2020, 21(21):8402.
5.	Sharma R, Katoch M, Govindappa N, Srivastava P, Sastry KN, Qazi GN: Evaluation of the catalase promoter for expressing the alkaline xylanase gene (alx) in Aspergillus niger. Fems Microbiol Lett 2012, 327(1):33-40.
6.	Wang L, Xie Y, Chang J, Wang J, Liu H, Shi M, Zhong Y: A novel sucrose-inducible expression system and its application for production of biomass-degrading enzymes in Aspergillus niger. Biotechnol Biof Biop 2023, 16(1):23.
7.	Blumhoff M, Steiger MG, Marx H, Mattanovich D, Sauer M: Six novel constitutive promoters for metabolic engineering of Aspergillus niger. Appl Microbiol Biot 2013, 97:259-267.

image4.tiff




image5.tiff
. S'cat )
ori ori

P citd P citd

amp® pCCeg-lecd SPaia amp* pCReg-lec9 SPaian

lec9 lec9

prG prG




image6.tiff




image1.tiff
Number of Hits
-3

o — T
0 1000

—T—
2000

Protein Score

Match to: tr|A2Q7Q4|A2Q7Q4_ASPNC Score: 2396
Catalase 0S=Aspergillus niger (strain ATCC MYA-4892 / CBS 513.88 / FGSC A1513) 0X=425011 GN=An01g01550 PE=3 SV=1
Found in search of D:\SG\SG_2023.7.21\4428-1. mgf

Nominal mass (M): 80224; Calculated pI value: 5.11
NCBI BLAST search of tr|A2070Q4 A2Q7Q4 ASPNC against nr

Unformatted sequence string for pasting into other applications

Fixed modifications: Carbamidomethyl (C)

Variable modifications: Acetyl (Protein N-term),Deamidated (NQ),Gln->pyro-Glu (N-term Q),Glu->pyro-Glu (N-term E),Oxidation ()
Cleavage by Trypsin: cuts C-term side of KR unless next residue is P

Sequence Coverage: 43%

Matched peptides shown in Bold Red

1 MRPIGLVGLI GLANAACPYM SRDLSARDSS DASESTEEFL SQYYLNDNNT
51 YLTSDVGGPI EDQNSLSAGE RGPTLLEDFI FRQKIQRFDH ERVPERAVHA
101 RGVGAHGVFV SYGDFSNLTA ASFLSEQGKE TPMFVRFSTV AGSRGSTDLA
151 RDVHGFATRF YTDEGNFDLV GNNIPVFFIQ DAIQFPDLIH AVKPRGDSEI
201 PQAATAHDSA WDFFSQQPSA LHTLFWAMAG HGIPRSFRHV DGFGVHTYRL
251 VIDSGASKLV KFHWKSLQGK ASMVWEEAQQ VSGKNSDFMR QDLWTSIEYG
301 RYPEWELGVQ IMDEEDQLRF GFDLFDPTKI VPEEYVPITK LGKMTLNRNP
351 LNYFAETEQV MFQPGHIVRG VDFTEDPLLQ GRLFSYLDTQ LNRHGGPNFE
401 QLPINQPRVP THNNNRDGAG QMYIPLNPNA YSPNTLNSAS PKQANQTTGN
451 GFFTSPGRTT SGHLLRSTSP TFQDVWSQPR LFYNSLVPTE QQFLIDAIRF
501 ETSNVKSTTV RQNVIIQLNR ISNDLARRVA RAIDVPAPDP DPTYYHDNKT
551 ADVGTFGTKL KKLSNLRVGF LASVQTPSST TAAQDLATEL KDDEVDVVVV
601 AERLTDGVDQ TYSASDAIQF DAVVVAPGAE GLFASGSVTA PQLNSTASAV
651 STLYPAGRPL QVLVDAFRFG KTVGAVGSGK GALQNAGIDD EREGVVVGQT
701 IGADFVDSVR EGLRTFRFLD RFALDEE
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