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Figure S1. Expression of eGFP driven by TPI1p and TDH3p. The eGFP
was expressed in Lab001 by centromeric plasmid driven by TPI1p and
TDH3p. All strains were cultivated in the YPD medium at 30 °C for 24
h. Data are mean + SD from three independent experiments. RFU:
relative fluorescence units, fluorescence intensity per unit of ODsoo.
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Figure S2. Cell growth of surface-displaying (A) and secreting (B)
strains with the genomic expression of BUD1 or BUD10. All strains were
cultivated in the YPD medium at 30 °C for 24 h. Data are mean + SD from
three independent experiments.
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Figure S3. The effect of combinatorial modifications on the production
of a—amylase and cell growth. (A) Combinatorial modifications
increased the surface display of a-amylase. (B) Combinatorial
modifications increased the secretion of a—amylase. The cell growth of
combinatorial modifications in surface-displaying (C) and secreting (D)
strains. All strains were cultivated in the YPD medium at 30 °C for 24 h.
Data are mean + SD from three independent experiments. The statistical
significance of enzymatic assays was determined by a two-tailed
homoscedastic (equal variance) t-test and three asterisks represents P <
0.005.
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Figure S4. The growth curve (A) and the maximum specific growth rate
of engineered strains. All strains were cultivated in the YPD medium at
30 °C for 72 h. Data are mean + SD from three independent experiments.

Table S1. Strains used in this study

Strains Relevant characteristics/ genotype Reference

Lab001 MATa ura3-52 canlA::cas9-natNT2 TRP1 LEU2 HIS3 [1]
Y01 Lab001 Atpi; pCPOT1 This study
Y02 Lab001 Atpi; pCPOT2 This study
Y03 Lab001 Atpi; pCPOT3 This study
Y04 Lab001 Atpi; pCPOT4 This study
Y05 Lab001 Atpi; X1-1::pTDH3-BUD1-tCYC1; pCPOT3 This study
Y06 Lab001 Atpi; X1-1:pTDH3-BUD1-tCYC1; pCPOT4 This study
Y07 Lab001 Atpi; XI1-5::pTDH3-BUD10-tCYC1; pCPOT3 This study
Y08 Lab001 Atpi; XI1-5::pTDH3-BUD10-tCYC1; pCPOT4 This study

Lab001 Atpi; X1-1::pTDH3-BUD1-tCYC1; XII- .

Y09 This study

2:pTDH3-BUD7-tCYC1 pCPOT3

Lab001 Atpi; X1-1:pTDH3-BUD1-tCYC1; XII- _
Y10 This study
2::pTDH3-CDC42-tCYC1 pCPOT3

Lab001 Atpi; X1-1:pTDH3-BUD1-tCYC1; XII- _
Y11 This study
2::pTDH3-BUD1-tCYC1 pCPOT4

Lab001 Atpi; X1-1:pTDH3-BUD1-tCYC1; XII- _
Y12 This study
2::pTDH3-CDC42-tCYC1 pCPOT4

Lab001 Atpi; X1-1:pTDH3-BUD1-tCYC1; XII-

Y13 This study
2::pTDH3-BUD10-tCYC1 pCPOT4

BUD1S Y03;pBUD1 This study
BUD2S Y03;pBUD2 This study
BUDS5S Y03;pBUDS This study
BUD7S Y03;pBUD?7 This study
BUDSS Y03;pBUDS This study
BUD9S YO03;pBUD9 This study

CDC4S Y03;pCDC42 This study




RAX1S Y03;pRAX1 This study
RAX2S Y03;pRAX2 This study
AXL1S Y03;pAXL1 This study
BUD3S YO03;pBUD3 This study
BUD4S Y03;pBUD4 This study
BUD10S Y03;pBUD10 This study
BUD1 Y04;pBUD1 This study
BUD2 Y04;pBUD2 This study
BUD5 Y04;pBUD5 This study
BUD7?7 Y04;pBUD?7 This study
BUDS Y04;pBUDS This study
BUD9 Y04;pBUD9 This study
CDC42 Y04;pCDC42 This study
RAX1 Y04,pRAX1 This study
RAX2 Y04;pRAX2 This study
AXL1 Y04;pAXL1 This study
BUD3 Y04;pBUD3 This study
BUD4 Y04;pBUD4 This study
BUD10 Y04;pBUD10 This study
BUD1SC Y05;pBUD1 This study
BUD2SC Y05;pBUD2 This study
BUDS5SC Y05;,pBUDS5 This study
BUD75C Y05;pBUD?7 This study
BUDSSC Y05;pBUDS This study
BUD9SC Y05,pBUD9 This study
CDC42SC Y05,pCDC42 This study
RAX1SC Y05,pRAX1 This study
RAX2SC Y05;pRAX2 This study
AXL1SC Y05;pAXL1 This study
BUD3SC YO05;,pBUD3 This study
BUDA4SC Y05;pBUD4 This study
BUD10SC Y05;pBUD10 This study
BUDI1C Y06;pBUD1 This study
BUD2C Y06;pBUD2 This study
BUD5C Y06,pBUDS This study
BUD7C Y06;pBUD?7 This study
BUDSC Y06,pBUDS This study
BUD9C Y06,pBUD9 This study
CDC42C Y06,pCDC42 This study
RAX1C Y06,pRAX1 This study
RAX2C Y06;pRAX2 This study
AXL1C Y06;pAXL1 This study
BUD3C Y06;pBUD3 This study




BUD4C Y06;pBUD4 This study
BUD10C Y06;pBUD10 This study
BGL1 Y11; pJBGL1 This study
BGL1-SED1p Y10; pJBGL-L-SED1 This study
BGL1-AGAlp Y10; pJBGL-L-AGA1 This study
BGL1-DAN4p Y10; pJBGL-L-DAN4 This study
Table S2. Plasmids used in this study
Strains Relevant characteristics/ genotype Reference
Yeast 2 plasmid with POT1 gene from S. pombe as a
pCPOT _ [2]
selection marker
pCPOT with TPI1 promoter, TPI1 terminator and )
pCPOT1 } This study
INU1-a-amylase-V5-linker-SED1
pCPOT with TPI1 promoter, TPI1 terminator and )
pCPOT2 This study
INU1-a-amylase-V5
pCPOT with TDH3 promoter, TPI1 terminator and )
pCPOT3 ) This study
INU1-a-amylase-V5-linker-SED1
pCPOT with TDH3 promoter, TPI1 terminator and .
pCPOT4 This study
INU1-a-amylase-V5
pPOT2 Yeast centromeric plasmid with URA3 marker Laboratory
pPOT2 with TDH3 promoter, ADH1 terminator and
pTDH3 [3]
eGFP
pPOT2 with TPI1 promoter, ADH1 terminator and
pTPI1 [3]
eGFP
pPOT2 with TDH3 promoter, CYC1 terminator and )
pBUD1 This study
BUDI1 gene
pPOT2 with TDH3 promoter, CYC1 terminator and )
pBUD2 This study
BUD2 gene
pPOT2 with TDH3 promoter, CYC1 terminator and i
pBUDS5 This study
BUDS gene
pPOT2 with TDH3 promoter, CYC1 terminator and _
pBUD7 This study
BUD?7 gene
pPOT2 with TDH3 promoter, CYC1 terminator and _
pBUDS This study
BUDS gene
pPOT2 with TDH3 promoter, CYC1 terminator and )
pBUD9 This study
BUD?9 gene
pPOT2 with TDH3 promoter, CYC1 terminator and )
pCDC42 This study
CDC42 gene
pPOT2 with TDH3 promoter, CYC1 terminator and )
pRAX1 This study
RAXI1 gene
pPOT2 with TDH3 promoter, CYC1 terminator and .
pRAX2 This study

RAX2 gene




pPOT2 with TDH3 promoter, CYC1 terminator and

pAXL1 This study
AXL1 gene
pPOT2 with TDH3 promoter, CYC1 terminator and .
pBUD3 This study
BUD3 gene
pPOT2 with TDH3 promoter, CYC1 terminator and .
pBUD4 This study
BUD4 gene
pPOT2 with TDH3 promoter, CYC1 terminator and .
pBUD10 This study
BUD10 gene
pJFE3 Yeast 2p plasmid with URA3 marker [2]
pJFE3 with TEF1 promoter, PGK1 terminator and
pJBGL1 . Laboratory
BGL1-linker-V5 tag
pJBGL-L- pJFE3 with TEF1 promoter, PGK1 terminator and (4]
AGA1 BGL1-linker-V5-AGA1
pJBGL-L- pJFE3 with TEF1 promoter, PGK1 terminator and (4]
DAN4 BGL1-linker-V5-DAN4
pJFE3 with TEF1 promoter, PGK1 terminator and
pJBGL-L-SED1 _ [4]
BGL1-linker-V5-SED1
pQCO030 PMEL10 with gRNA of XI-1 Laboratory
pQC007 PMEL10 with gRNA of XII-2 Laboratory
Yeast centromeric plasmid with HIS marker, PGK1
pTH-amys promoter, CYC1 terminator and a-amylase gene [5]
from A. oryzae with SUC2 signal peptide
pQCTPI1 PMEL10 with gRNA of TPI1 This study
Table S3. Primers used in this study
Primer Sequence 5’3’
TTTGGGACGCTCGAAGGCTTTAATTTGCGGCCGGTACCCCCT
backbone-pPOT2-f
CAGGCAGAGACCCAAGA
GTATTCTTTGAAATGGCAGTATTGATAATGATAAACTCGAA
backbone-pPOT2-r
GCCAGGTAGAGACCGAGT
TDH3p-£ TCGAGTTTATCATTATCAATACTGCCATTTC
TDH3p-r CATTTTGTTTGTTITATGTGTGTTTATTCGAAACTAA
CYC1t-f GATACCGTCGACCTCGAGTC
CYClt-r GGGTACCGGCCGCAAATTAAAG
Budl TCGAATAAACACACATAAACAAACAAAATGAGAGACTATA
B AATTAGTAGTATTGGGTGC
Budl ATAACTAATTACATGACTCGAGGTCGACGGTATCCTATAGA
e ATAGTGCAAGTGGAAGCG
BUD-f GAACTTAGTTTCGAATAAACACACATAAACAAACAAAATG
AGCTCCAACAATGAACCGG

AATTACATGACTCGAGGTCGACGGTATCTTAAGATCCCCCT
GTTTCTTTTTTCITTITTG

BUD2-r




GAATAAACACACATAAACAAACAAAATGAGCCCGAAAAA

BUDS5-f
CAAATATGTATATATCTGTG
UDsc CATAACTAATTACATGACTCGAGGTCGACGGTATCTTAGGT
AAGCCTTGGAACCTTAGC
Ut AGTTTCGAATAAACACACATAAACAAACAAAATGATTACG
CAGAATTCTATACCAGAGG
SUD7e CATAACTAATTACATGACTCGAGGTCGACGGTATCTTATGC
ATCGTAGCATCCAATGGT
UDsL TCGAATAAACACACATAAACAAACAAAATGATACAATCAG
ACGAAGATAATTTGGACTC
UDSs CTAATTACATGACTCGAGGTCGACGGTATCTTATTCACGTGT
TATACCCACACCAAATC
UDot TCGAATAAACACACATAAACAAACAAAATGACGAAAATAA
CCAGAGATGTTTCGATAAC
TAATTACATGACTCGAGGTCGACGGTATCTTACTCTCTTATT
BUDSr ATTCCCACACCAAATCC
CAAGAACTTAGTTTCGAATAAACACACATAAACAAACAAA
ChCaf ATGCAAACGCTAAAGTGTG
ACTAATTACATGACTCGAGGTCGACGGTATCCTACAAAATT
CDCA2r GCACATTTTTTACTTTTC
TTAGTTTCGAATAAACACACATAAACAAACAAAATGAAGG
RAXI AAGAGCTCAGCAAAGTGAG
GTGACATAACTAATTACATGACTCGAGGTCGACGGTATCTC
RAXLT ATACACGACGGCCGGGAA
CTTAGTTTCGAATAAACACACATAAACAAACAAAATGTTTG
RAXZA TTCATCGTCTCTGGACAC
Ao TAATTACATGACTCGAGGTCGACGGTATCTTAGACAAACTT
CATAAGTTTTTCGGGTGG
L TTCGAATAAACACACATAAACAAACAAAATGTCCTTGAGA
GAAGTAACTAATTATGAAG
L GCGTGACATAACTAATTACATGACTCGAGGTCGACGGTATC
TCAAAATGCGGCCTTGCG
Ut GAACTTAGTTTCGAATAAACACACATAAACAAACAAAATG
GAGAAAGACCTGTCGTCTC
UDAs CTAATTACATGACTCGAGGTCGACGGTATCTCAATAAAATTT
CAGTTTCTCTGGGCCAC
Dt AAGAACTTAGTTTCGAATAAACACACATAAACAAACAAAA
TGCACGACGCAGAGAGTAC
ATTACATGACTCGAGGTCGACGGTATCCTAATTAAAATCTTG
BUDA CTTCAAATTATGACCGG
AGTTTCGAATAAACACACATAAACAAACAAAATGACACAG
BUDI10-f CTTCAGATTTCATTATTGC
UDI0s TGACATAACTAATTACATGACTCGAGGTCGACGGTATCTCA

CAGCATTTCTGGGATGCG




CTTAGTITTCGAATAAACACACATAAACAAACAAAATGTCIT

MYO2-f
TTGAAGTGGGTACACGAT
N TGACATAACTAATTACATGACTCGAGGTCGACGGTATCTTA
GTGGCCGTCTTGAACGAC
XI-1 up fw ATTTGTGTGAAGGAATAGTGACG
XL up v GTATTCTTTGAAATGGCAGTATTGATAATGATAAACTCGAC
AATGGGCTTGGTATTCCG
1 dower fu TTTGGGACGCTCGAAGGCTTTAATTTGCGGCCGGTACCCTTT
CTTGGCATTGGCAAATC
XI-1 down rv AAGAGCCGAGTCCCCATCAG
XIL-2 up fw CGGCATGCAAACATCTACAC
TATTCTTTGAAATGGCAGTATTGATAATGATAAACTCGACAT
X2 up rv AACGCGTTACACGGAAG
‘(12 down fuy TTOGGACGCTCGAAGGCTTTAATTTGCGGCCGGTACCCCTAC
TATCGGCGACTCTCTCG

XII-2 down rv

GAGCGAACGTAAGAGAGGTTAATG

XI-1 det fw CTTAATGGGTAGTGCTTGACACG
XI-1 det rv GAAGACCCATGGTTCCAAGGA
XII-2 det fw CGAAGAAGGCCTGCAATTC
XII-2 det rv GGCCCTGATAAGGTTGTTG

CPOT-backobone-r

GGTACCTITITAGTTITATGTATGTG

CPOT-backobone-f

TAACTCGAGTCTAGAAACTAAG

CACATACATAAACTAAAAGGTACCATGAAGTTCGCATACTC

amy-f CCTC
CTTAGTTTCTAGACTCGAGTTATAAGAATAACATAGCAACA
amy-sed-r cc
CTTAGTTTCTAGACTCGAGTTAAGTAGAATCTAAACCCAAC
amy AAAGG
CPOT-r2 GGCCGGCCGGATCCATGCCAACGGTTG
CPOT-12 GGTACCATGAAGTTCGCATACTCCC
amy-pTDH3-f TGGCATGGATCCGGCCGGCCTCATTATCAATACTGCCATTTC
TATGCGAACTTCATGGTACCTTTGTTTGTTTATGTGTGTTTAT
amy-pTDH3-r
TCG
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