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Supplementary Tables

Table S1. the extracellular protein concentration of recombinant strains.

Strains the extracellular protein concentration (g/L) Annotation

Polf 0.129 £ 0.003 -

Polf/tll 0.307 = 0.018 -

Polf/2tll 0.380 = 0.012 -

Polf/3tll 0.438 = 0.025 Before fermentation conditions

were optimized

Polf/4tll 0.422 = 0.010 -
Polf/3tll 0.530 = 0.024 After optimization of
fermentation conditions
Polf/3tll-hp4eioo 0.523 = 0.016 -
Polf/3tll-hacl 0.620 = 0.038 -
Polf/3tll-kar2 0.560 = 0.020 -
Polf/3tll-pdi 0.572 £ 0.024 -
Polf/3tll-hac1-kar2 0.720 £ 0.027 -
Polf/3tll-hac1-pdi 0.724 = 0.016 -

Polf/3tll-hac1-pdi-kar2 0.779 + 0.024 -




Table S2. Strains and plasmids used in this study.

Plasmids/strains Description Reference or source

Plasmids

hp4d-rml pINA 1296 derivative, harboring rm/ gene under the control of hp4d promoter [18]

Cre-Y3 harboring cre expression cassette under the control of pPOX2 promoter [42]

Cre-axpl harboring rol gene expression cassette [42]

T-egfp harboring egfp gene expression cassette Our laboratory

Mlu-vgb harboring vgb gene expression cassette Our laboratory

pMD19-actl harboring act! gene expression cassette Our laboratory

hp4d-egfp hp4d-rml derivative, harboring egfp gene under the control of hp4d promoter This study

hp4d-tll hp4d-rml derivative, harboring #// gene under the control of hp4d promoter This study

pENOn-egfp (n = 75, 100, 125, hp4d-egfp derivative, harboring egfp gene under the control of different length  This study

150, 175, 200, 300, 400, 700, of enolase promoter

1000, and 1300 bp)

pENOn-tll (n = 100, 125, 200, pENOn-egfp derivative, harboring #// gene under the control of different length ~ This study

400, 700, 1000, and 1300 bp) of enolase promoter

hpden-tll (n = 100, 125, 200, hp4d-tll derivative, harboring #// gene under the control of different length of This study

400, 700, 1000, and 1300 bp) enolase hybrid promoter

hpxeioo-tll (x =8, 12, 16, 20, 24, hp4eioo-tll derivative, harboring #// gene under the control of enolase hybrid This study

28, and 32) promoter containing different copies of UAS1B

pUAxp7166-hp16€i100-tll Cre-Y3 and hpl6eioo-tll derivative, harboring upAxp homologous fragment, a  This study
self-excising vector for #// gene markerless integration

pUXpr7166-hp4eioo pUAxp7166-hpl6e10o-tll derivative, harboring upXpr homologous fragment This study

pUXpr7166-hacl pUXpr7166-hp4deioo derivative, a self-excising vector for sacl gene markerless  This study
integration

pUXpr7166-kar2 pUXpr7166-hp4eioo derivative, a self-excising vector for kar2 gene markerless  This study
integration

pUXpr7166-pdi pUXpr7166-hp4eioo derivative, a self-excising vector for pdi gene markerless This study

integration



Strains

Polf

Polf/pENOu-egfp (n =75, 100,
125, 150, 175, 200, 300, 400,
700, 1000, and 1300 bp)

Polf/hp4d-egfp

Polf/pENOx-tll (n = 100, 125,
200, 400, 700, 1000, and 1300

bp)
Polf/hpad-tll

Polf/hp4en-tll (n = 100, 125,
200, 400, 700, 1000, and 1300

bp)

Polf/hpxeioo-tll (x =8, 12, 16,

20, 24, 28, and 32)

Polf/1tll

Polf/2tll

Pol1/3tll

Polf/4tll

Pol1f/3tll-hp4eioo

Polf/3tll-hacl

Polf/3tll-kar2

Polf/3tll-pdi

Pol1f/3tll-hac1-pdi

Polf/3tll-hac1-kar2

Pol{/3tll-hac1-pdi-kar2

MatA, leu2-270, ura3-302, xpr2-322, axpl-2, Leu” , Ura” , AAEP, AAXP

eGFP expressed in Polf using pENOn-egfp

eGFP expressed in Polf using hp4d-egfp

TLL expressed in Polf using pENOx-tll

TLL expressed in Polf using hp4d-til

TLL expressed in Polf using hp4en-tll

TLL expressed in Polf using hpxeioo-tll

Polf derivative, harboring 1 copy of #// expression cassette

Pol1f/1tll derivative, harboring 2 copies of #// expression cassettes

Po11/2tll derivative, harboring 3 copies of #// expression cassettes

Po11/3tll derivative, harboring 4 copies of ¢/l expression cassettes

Po11/3tll derivative, harboring an empty expression cassette

Po11/3tll harboring hacl gene cassette

Po11/3tll harboring kar2 gene cassette

Po11/3tll harboring pdi gene cassette

Po11/3tll harboring hacl gene cassette and pdi gene cassette

Po1{/3tll harboring hacl gene cassette and kar2 gene cassette

Po1{/3tll harboring hacl gene cassette, pdi gene cassette, and kar2 gene cassette

[41]

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study




Table S3. Primers used in this study.

Primers

Sequence (5°-37)

Annotation

egfp-F

egfp-R

TLL-F

TLL-R

pENO7s-F1

pPENO100-F1

pENO125-F1

pENOiso-F1

pENO175-F1

PENO200-F1

pENO300-F1

PENO400-F1

pENO700-F1

PENO1000-F1

pENO1300-F1

CCCAAGCTTATGGTGAGCAAGGGCGAGGAG

GGGGTACCTTACTTGTACAGCTCGTCC

ACCGCCTTTACTATTCTCACGGCCGTTCTGGCCAT

GGAGGTCTCCCAGGACCTGTTC

CGGCAACGTGGGGACAGGCCATGGAGGTACCTTA
CAGGCAGGTGCCGATCAGGCCG

GAGCACCGCCGCCGCAAGGAATGGTGGATCCTAA
AAGGAGCAATCCCCCACTAG

GAGCACCGCCGCCGCAAGGAATGGTGGATCCAGC
GCAATTGGGTTTGCATCATGTA

GAGCACCGCCGCCGCAAGGAATGGTGGATCCGAT
GACTATTTGGGACCAATCCAA

GAGCACCGCCGCCGCAAGGAATGGTGGATCCTGA
CGAAAGCACCCCCCTTTGTACA

GAGCACCGCCGCCGCAAGGAATGGTGGATCCCCC
CCAATGGCTTTTAACTTTCGAA

GAGCACCGCCGCCGCAAGGAATGGTGGATCCAGT
CCTTCAACAATCCATCTCACC

GAGCACCGCCGCCGCAAGGAATGGTGGATCCGTA
TTTGAGAGCAAGTTTGGGATT

GAGCACCGCCGCCGCAAGGAATGGTGGATCCTTT
CACTTGCCAGAACTCTAAGCG

GAGCACCGCCGCCGCAAGGAATGGTGGATCCGTC
CAGTGCAACCCAGACAGCTGAG

GAGCACCGCCGCCGCAAGGAATGGTGGATCCCCA
TGGTGCGTGGAGGCTTTGGCA

GAGCACCGCCGCCGCAAGGAATGGTGGATCCATC
TACCTCGGCCCTTGTTTCTTGA

Hindlll site (underlined)

Kpnl site (underlined)

Sfil site (underlined)

Kpnl site (underlined)

BamHI site (underlined)

BamHI site (underlined)

BamHI site (underlined)

BamHI site (underlined)

BamHI site (underlined)

BamHI site (underlined)

BamHI site (underlined)

BamHI site (underlined)

BamHI site (underlined)

BamHI site (underlined)

BamHI site (underlined)



pENO-R1

pENO100-F2

pENO125-F2

PENO200-F2

PENOa4o0-F2

pENO700-F2

PENO1000-F2

PENO1300-F2

dwCre-F

lipTT66-R1

66upAxp-F

upAxp-R

hp4d-F

Xpr2pre-R

ROL-F

kpnROL-R

XprTT-F

Xprlox71-R

Yvgb-F

Yvgb-R

mLeu-F

TCCTCGCCCTTGCTCACCATAAGCTTGGTGATAAA
TGTGTGGTTAGACGGG

GGAAGATCTAGCGCAATTGGGTTTGCATCATGTA

GGAAGATCTGATGACTATTTGGGACCAATCCAA

GGAAGATCTAGTCCTTCAACAATCCATCTCACC

GGAAGATCTTTTCACTTGCCAGAACTCTAAGCG

GGAAGATCTGTCCAGTGCAACCCAGACAGCTGAG

GGAAGATCTCCATGGTGCGTGGAGGCTTTGGCA

GGAAGATCTATCTACCTCGGCCCTTGTTTCTTGA

GCCTGCTGGAAGATGGCGATTAG

GTGTGAGATACCGTTCGTATAATGTATGCTATACG
AAGTTATCTCCACCTGTGTCAATC

CATTATACGAACGGTATCTCACACCCACCTCCAAG

GGGAGAGCTCTAGAGTCGACACGCGTCGACTAGT
CTTTAGAATTGGAAGCTGATC

CTAGTCGACGCGTGTCGACTCTAGAGCTC

GGCCAGAACGGCCGTGAGAATAGTAAAG

CTATTCTCACGGCCGTTCTGGCCGTGCCTGTGTCT
GGCAAGTC

GAGGTACCCTACAGACAGGAGCCCTCGTTG

CAACGAGGGCTCCTGTCTGTAGGGTACCTCCATGG
CCTGTCCCCACGTTG

CACGAGGCCCTTTCGTCTTCAAGAATTCGAGACCT
CATGTTTGACAGCTTATCATAAC

CCACAAAGCTTGCCACCATGTTGGATCAACAGAC
CATTAAC

CAACGTGGGGACAGGCCATGGAGCGGCCGCTTAT
TCAACAGCTTGAGCG

GAAGATCTACTGATCACGGGCAAAAG

Hindlll site (underlined)

Bglll site (underlined)
Bglll site (underlined)
Bglll site (underlined)
Bglll site (underlined)
Bglll site (underlined)
Bglll site (underlined)

Bglll site (underlined)

Spel site (underlined)

Kpnl site (underlined)

EcoRlI site (underlined)

Hindlll site (underlined)

Notl site (underlined)

Bglll site (underlined)



mLeu-R

XprTT-F2

Ampup-R

lipTT66-R2

66upXpr-F

upXpr-R

pENO100-F3

pENO1¢0-F4

pENO-R2

pENO-R3

Kar2-F

Kar2-R

Pdi-F

Pdi-R

Hacl-F

Hacl-R

Axpout-R

qactl-F

qactl-R

CATGGTGGCAAGCTTTGTGG

TCCATGGCCTGTCCCCACGTTG

GAAGCATTTATCAGGGTTATTG

CTGTCTACCGTTCGTATAATGTATGCTATACGAAG
TTATCTCCACCTGTGTCAATC

CATTATACGAACGGTAGACAGTTAGAGCAGCAAC
GCG

CTCTAGAGTCGACACGCGTCGACTAGTGGGCCCGT
CGATGGGGTTTATATC

GGAAGATCTAGCGCAATTGGGTTTGCATCATGTA

CGCGGATCCAGCGCAATTGGGTTTGCATCATGTA

CATGGTGGCAAGCTTGGTGATAAATGTGTGGTTAG
ACG

ATTTGCGGCCGCGGTGATAAATGTGTGGTTAGACG

ATCACCAAGCTTGCCACCATGAAGTTCTCTATGCC
TTCGTGGG

AAGGAAAAAAGCGGCCGCTTAAAGCTCATCGTGG
AAAGGAGCC

ATCACCAAGCTTGCCACCATGAAGTTCACTGCCCT
CACAATTG

AAGGAAAAAAGCGGCCGCTTAAAGCTCATCATCA
ATCTTGCCT

ATCACCAAGCTTGCCACCATGTCTATCAAGCGAGA
AGAGTCCT

AAGGAAAAAAGCGGCCGCTCACTCCAATCCCCCA
AACAGGTTG

CGACCTGGAGAAGATCTGTG

CTGGCCGAGATCTTACCGAC

CATCGGGAAGCTCGTAGGAC

Hindlll site (underlined)

Spel site (underlined)

Bglll site (underlined)

BamHI site (underlined)

Hindlll site (underlined)

Notl site (underlined)

HindIll site (underlined)

Notl site (underlined)

HindIll site (underlined)

Notl site (underlined)

HindIll site (underlined)

Notl site (underlined)

RT-PCR for actl gene

RT-PCR for actl gene



qtll-F CTGGACAACACCAACAAGCTG RT-PCR for #/l gene

qtll-R GTCCTCAACCTTCTGTCGGAG RT-PCR for #/l gene




Supplementary Figures

Figure captions

Figure S1. PCR identification of several Polf/tll strains. (A) PCR using primers
XprTT-F2 and Axpout-R, CK: Polf (control); (B) PCR using primers
TLL-F and TLL-R, CK: pUAxp7166-hpl6eioo-tll (control); H2O: water

(control).

Figure S2. (A) Effect of glycosylation on TLL expressed by Y. lipolytica; lane M,
molecular weight marker; lane 1, Polf/tll fermentation supernatant; lane 2,
deglycosylation of TLL expressed by Polf/tll; lane 3, Endo H; (B) Mass

spectrometry results for TLL, partially matched peptides are shown in red.

Figure S3. Optimization of TLL fermentation in 500-mL shake flasks. (A) Effects of
different D-sorbitol concentrations on TLL production; (B) Relationship
between TLL activity and inoculation density; (C) Influences of different
initial pH on TLL production; (D) Effects of culture medium volume on

TLL expression. (E) Time course of TLL expression.

Figure S4. Schematic diagram of recombinant plasmids. (A) hp4d-egfp; (B)
pENOn-egfp (n = 75, 100, 125, 150, 175, 200, 300, 400, 700, 1000, and
1300 bp); (C) hp4d-tll; (D) pENOn-tll (n = 100, 125, 200, 400, 700, 1000,

and 1300 bp); (E) hpden-tll (n = 100, 125, 200, 400, 700, 1000, and 1300

bp).



Figure SS. Flow diagram of the steps used for construction of expression vectors
hpxeioo-tll (x = 8, 12, 16, 20, 24, 28, and 32) harboring different copies of

UASIB.

Figure S6. Schematic diagram of recombinant plasmids. (A) pUAxp7166-hp16e100-tll;
(B) pUXpr7166-type plasmids, helper gene means hp4eioo (control), hacl,

kar2, and pdi, respectively.



Figure S1

A
Xprtt-F/Axpout-R

bp M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 CK

B TLL-F/TLL-R

bp M 1 2 3 4 5 6 7 8 9 10 CK HO




Figure S2
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Figure S3
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Figure S4
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Figure S6
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