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Supplementary Figure 1. FACS gating strategy for sorting the TG display library. Yeast cells were
gated based on morphology (FSC-A vs SSC-A), followed by selection of single cells to prevent sorting
of doublets (FSC-W vs FSC-H and SSC-W vs SSC-H). The gate P3 was generated in plot SSC-W vs
SSC-H, but the outline of the gate was based on all three plots: FSC-A vs SSC-A, FSC-W vs FSC-H,
and SSC-W vs SSC-H. Finally, P3 gated events with the highest fluorescence intensity were sorted from
the “High” gate (FITC-A vs FSC-A). Total events and the percentages of the gated populations are
shown in the table at the bottom of the figure.



bp
3000-

1000- A AT

1152 bp

Supplementary Figure 2. Colony PCR of S. cerevisiae yAK003 transformed with S. mobaraensis
TG. Lane M = GeneRuler DNA Ladder Mix, Thermo Scientific. Lanes 1-8 = PCR products of expected
size (1152 bp), indicated with white arrow.



Supplementary Figure 3. Photographs of stationary yeast cultivations. The engineered yeast was
suspended in MM for a final cell density (ODsoo) of 1.0 and cultivated under stationary cultivation
conditions for five days. Galactose was supplied daily for a final concentration of 2 wt.%. The
photographs visualize the cell sedimentation. The white arrows indicate the sedimented cell mass.
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Supplementary Figure 4. Cell density in the stationary yeast cultivations. The engineered yeast was
suspended in MM for a final cell density (ODsoo) of 1.0 and cultivated under stationary cultivation
conditions for five days. Galactose (2 wt.%) was supplied daily to the cells. The cell density (ODsoo)
values represent the average of three biological replicates.



Supplementary Figure 5. SDS-PAGE of the casein-containing control yeast cultivations. SDS-
PAGE analysis of the yeast culture broth containing a) 2 wt.% casein, and b) 2 wt.% casein and 0.3
wt.% CNFs. In both images, lane M = Thermo Scientific PageRuler Pre-stained protein ladder (10 pL),
and the other lanes contain the yeast culture supernatant, 2.5 pL (a), and 5 uL (b) from 1 to 5 days of
cultivation, as indicated.



Supplementary Figure 6. Photographs of the casein-containing control yeast cultivations. The
control yeast yAK003 was suspended in MM for a final cell density (ODgoo) of 1.0 and cultivated under
stationary cultivation conditions for five days. The cultivations contained either a) 2 wt.% casein, or b)
2 wt.% casein and 0.3 wt.% CNFs. The cells in both cultivations were supplied with galactose for a
final concentration of 2 wt.%.



Supplementary Figure 7. Light microscopy images of the control yeast cultivations. The control
yeast yAK003 was suspended in MM for a final cell density (ODsoo) of 1.0 and cultivated under
stationary cultivation conditions for five days. The cultivations contained either a) 2 wt.% casein, or b)
2 wt.% casein and 0.3 wt.% CNFs. Samples were collected daily from the top and bottom layers of the
cultivation broth for imaging. The white arrows mark the presence of the yeast cells.
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Supplementary Figure 8. Photographs of the prepared cellulose nanofibrils (CNFs). The CNFs
were prepared from wood pulp fibres by mechanical disintegration and dispersed in water. At solid
content of a) 2 wt.% the CNFs showed gel-like, self-standing behaviour, while b) a more diluted
dispersion with solid content of 0.3 wt.% behaved as a water-like liquid.
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Supplementary Figure 9. Sedimentation test of the CNF dispersions. The CNFs were dispersed in
water for final solid contents of 0.1, 0.3 and 0.5 wt.% after which the vials containing the dispersions
were left to stand undisturbed for five days. The photographs show the dispersions a) immediately after
preparation, and b) after five days. The white arrow indicates CNF sedimentation in the unstable

dispersion.

11



Supplementary Figure 10. Photographs of stationary CNF-containing yeast cultivations. The
engineered yeast was suspended in MM for a final cell density (ODeoo) of 1.0 and cultivated under
stationary cultivation conditions for five days. The cultivations contained 0.3 wt.% CNFs as dispersing
agents for the cells. Galactose was supplied daily for a final concentration of 2 wt.%. The photographs
visualize the lack of cell sedimentation. The white arrows indicate the bottom of the flask where no
sedimented cell mass can be seen.
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Supplementary Table 1. Dry weight and water content of the living hydrogels.

Cultivation time (days)

Dry weight (wt.%)"

Water content (wt.%)

1

2

3

4

5

4.19+0.01

4.25+0.01

4.51+0.02

5.16 £0.02

6.05+0.01

95.81

95.75

95.49

94.84

93.95

TThe dry weights were obtained after oven drying at 105°C. The average values and their standard
deviations represent three biological replicates.
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Supplementary Figure 11. Frequency sweeps of the yeast cultures containing casein and CNFs
showing all the collected data points up to 628 rad s™'. The frequency sweeps were performed daily
for both the a) control yeast, and b) engineered yeast. The storage modulus (G’) and the loss modulus
(G”) were plotted as a function of frequency (rad s). The measurements were conducted with a

constant strain rate of 0.1% at 23°C.
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Supplementary Table 2. Compressive properties of the living hydrogel.

Cultivation time (days) Compressive strength (Pa) Elastic modulus (Pa)
1 nd.} nd.
2 nd. nd.
3 456 353
4 818 553
5 914 577
TReported at strain rate of 50%.
fNot determined.
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Supplementary Table 3. Data used to generate the Ashby plot in Figure 4e.

Crosslinker Storage modulus (Pa) Water content (%) Reference

Engineered yeast 2840 94.0 This work*
TG 1099 94.0 !
TG 40 85.0 :
TG 1000 84.2 3
TG 60 86.0 4
TG 500 87.0 >
TG 80 96.0 6
Glutaraldehyde 1000 99.8 7
Glutaraldehyde 35 99.5 §
Glutaraldehyde 30 90.0 ’
Glutaraldehyde 40 99.5 10
Glutaraldehyde 400 91.5 !
Genipin 80 95.0 12
Genipin 1635 90.0 B
Genipin 200 92.0 1
Genipin 250 85.0 "
Genipin 140 85.0 "
EDC NHS 2000 89.0 16
EDC NHS 1750 99.7 7
EDC NHS 2200 99.0 1
Click chemistry 200 95.0 "
Click chemistry 600 88.0 0
Click chemistry 1000 88.0 !
Click chemistry 1000 95.0 !
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Supplementary Figure 12. Ashby plot. Storage modulus plotted against water content of the living
hydrogel, as compared with other hydrogel materials. The values used to generate the Ashby plot are
presented in Supporting Table 11.
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Supplementary Table 4. Amino acid sequences of the surface displayed TGs.

Name and annotation

Amino acid sequence’

BaTG display

SP w/ Kex2-BaTG-CBM3a-
Linker-AGA2-Linker-HA-tag

BsTG display

SP w/ Kex2-BsTG-CBM3a-
Linker-AGA2-Linker-HA-tag

PaTG display

SP w/ Kex2-PaTG-CBM3a-
Linker-AGA2-Linker-HA-tag

SmTG display

SP w/o Kex2—Pro-Kex2-SmTG—
CBM3a-Linker-AGA2-Linker—
HA-tag

MREFPSIFTAVLFAASSALAAPVNTTTEDETAQIPAEAVIGYLDLEGDFDVAVLPFSNSTNNGLLFI
NTTIASIAAKEEGVSLDKREAEASMIIISGQVLRPQDIANWQTEESLVPYLNELINSPVQFDY GSI
TELMFEARLRRHIVEAARELHGSGAKFATFAKTYGNTAY WRVTPEGALELKYRIPASKAIRDIIE
NGAFYAFECATAIVVIYYLAVLKTIGEERFDRRFRDITLYDWHYEHLPIY TETGRHFLRGDCLYF
KNPEFNPAKAQWRGENVIVMGNDQYFAHGLGILTAEQIIQRLNSLRRKNAVQSAYLLSQATRL
DAPALY QIMHGSANTPVSGNLKVEFYNSNPSDTTNSINPQFKVTNTGSSAIDLSKLTLRYYYTV
DGQKDQTFWCDHAAIIGSNGSYNGITSNVKGTFVKMSSSTNNADTYLEISFTGGTLEPGAHVQ
IQGRFAKNDWSNYTQSNDYSFKSASQFVEWDQVTAYLNGVLVWGKEPGGSGSGSGSGSGSGS
GSQELTTICEQIPSPTLESTPYSLSTTTILANGKAMQGVFEYYKSVTFVSNCGSHPSTTSKGSPIN
TQYVFGSGSGSYPYDVPDYA*

MRFPSIFTAVLFAASSALAAPVNTTTEDETAQIPAEAVIGYLDLEGDFDVAVLPFSNSTNNGLLFI
NTTIASIAAKEEGVSLDKREAEASMIIVSGQLLRPQDIENWQIDQDLNPLLKEMIETPVQFDYHS
TAELMFELKLRMNIVAAAKTLHKSGAKFATFLKTYGNTTYWRVSPEGALELKYRMPPSKAIRDI
AENGPFYAFECATAIVIIY YLALIDTIGEDKFNASFDRIILYDWHYEKLPIY TETGHHFFLGDCLYF
KNPEFDPQKAQWRGENVILLGEDKYFAHGLGILNGKQIIDKLNSFRKKGALQSAYLLSQATRL
DVPSLERIVRGSANTPVSGNLKVEFYNSNPSDTTNSINPQFKVTNTGSSAIDLSKLTLRYYYTVD
GQKDQTFWCDHAAIIGSNGSYNGITSNVKGTFVKMSSSTNNADTYLEISFTGGTLEPGAHVQI
QGRFAKNDWSNYTQSNDYSFKSASQFVEWDQVTAYLNGVLVWGKEPGGSGSGSGSGSGSGS
GSQELTTICEQIPSPTLESTPYSLSTTTILANGKAMQGVFEYYKSVTFVSNCGSHPSTTSKGSPIN
TQYVFGSGSGSYPYDVPDYA*

MRFPSIFTAVLFAASSALAAPVNTTTEDETAQIPAEAVIGYLDLEGDFDVAVLPFSNSTNNGLLFI
NTTIASIAAKEEGVSLDKREAEASRLGPLWSLPMPGNKGVTGLSESMAPGDIAELGRSAELAFR
VRFEGALPPREQLY WRALTMERFDGRRWAQAPQWSGEDALHWQKRGPELRYDVIMQPSSQP
WLFALDVAQTDQTDTRLMSDFHLQRRQPVEQRLFYRVSSWPQALRESSIDPRTRWRNLQLPM
HGNPRARALADELRQAHAQPQALVAALLQRFNHEPFAYTLKPPATGADGVDDFLFDTRSGFCA
HYAGAMAFVLRAAGIPARVVAGYQGGELNPAGNYLLVHQFDAHAWVEYWQPEQGWLSVDP
TYQVAPERIEQGLEQALAGDSEYLADAPLSPLRYRGLPWLNDMRLAWDSLNYGWQRWVLAY
QGEQQGAFLQRWFGGLDPGSANTPVSGNLKVEFYNSNPSDTTNSINPQFKVTNTGSSAIDLSK
LTLRYYYTVDGQKDQTFWCDHAAIIGSNGSYNGITSNVKGTFVKMSSSTNNADTYLEISFTGG
TLEPGAHVQIQGRFAKNDWSNYTQSNDYSFKSASQFVEWDQVTAYLNGVLVWGKEPGGSGS
GSGSGSGSGSGSQELTTICEQIPSPTLESTPYSLSTTTILANGKAMQGVFEYYKSVTEFVSNCGSH
PSTTSKGSPINTQY VFGSGSGSYPYDVPDYA *

MRFPSIFTAVLFAASSALAAPVNTTTEDETAQIPAEAVIGYLDLEGDFDVAVLPFSNSTNNGLLFI
NTTIASIAAKEEGVGSDNGAGEETKSYAETYRLTADDVANINALQESAPAASSAGPSFRAPSLD
KREAEADSDDRVTPPAEPLDRMPDPYRPSYGRAETVVNNYIRKWQQVYSHRDGRKQQMTEE
QREWLSYGCVGVTWVNSGQYPTNRLAFASFDEDRFKNELKNGRPRSGETRAEFEGRVAKESF
DEEKGFQRAREVASVMNRALENAHDESAYLDNLKKELANGNDALRNEDARSPFYSALRNTPS
FKERNGGNHDPSRMKAVIYSKHFWSGQDRSSSADKRKYGDPDAFRPAPGTGLVDMSRDRNIP
RSPTSPGEGFVNFDYGWFGAQTEADADKTVWTHGNHYHAPNGSLGAMHVYESKFRQWSEG
YSDFDRGAY VITFIPKSWNTAPDKVKQGWPGSANTPVSGNLKVEFYNSNPSDTTNSINPQFKV
TNTGSSAIDLSKLTLRYYYTVDGQKDQTFWCDHAAIIGSNGSYNGITSNVKGTFVKMSSSTNN
ADTYLEISFTGGTLEPGAHVQIQGRFAKNDWSNYTQSNDYSFKSASQFVEWDQVTAYLNGVL
VWGKEPGGSGSGSGSGSGSGSGSQELTTICEQIPSPTLESTPYSLSTTTILANGKAMQGVFEY YK
SVTFVSNCGSHPSTTSKGSPINTQYVFGSGSGSYPYDVPDYA*

"Minimal, flexible AS and GS linkers are indicated with light grey. The asterisk symbol (*)

signifies the stop codon.
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Supplementary Table 5. Nucleotide sequences of the synthetic genes and their flanking
regions.

Gene Codon-optimised nucleotide sequence!

. . GCATCGTCTCATCGGTCTCATATGAGATTCCCATCTATTTTTACAGCTGTTTTGTTTGCTGCATCTTCAGCATTAGCTG
Slgnal peptlde CACCAGTTAATACTACAACTGAAGATGAAACTGCTCAAATTCCAGCTGAAGCAGTTATTGGTTATTTGGATTTGGAG
w/ Kex2 GGTGACTTTGATGTTGCAGTTTTGCCATTTTCTAACTCAACAAACAACGGTTTGTTGTTTATTAATACAACTATTGCT
TCTATTGCTGCAAAGGAAGAAGGTGTTTCATTGGATAAGAGAGAAGCAGAAGCTTCTTGAGACCTGAGACGGCAT

. . GCATCGTCTCATCGGTCTCATATGAGATTCCCATCTATTTTTACAGCTGTTTTGTTTGCTGCATCTTCAGCATTAGCTG

Slgnal peptlde CACCAGTTAATACTACAACTGAAGATGAAACTGCTCAAATTCCAGCTGAAGCAGTTATTGGTTATTTGGATTTGGAG

w/o Kex2 GGTGACTTTGATGTTGCAGTTTTGCCATTTTCTAACTCAACAAACAACGGTTTGTTGTTTATTAATACAACTATTGCT
TCAATTGCTGCAAAAGAAGAAGGTGTTGGTTCTTGAGACCTGAGACGGCAT

GCATCGTCTCATCGGTCTCATTCTATGATCATCATCTCTGGTCAAGTTTTAAGACCACAAGATATCGCAAACTGGCAA
ACAGAAGAATCATTGGTTCCATATTTGAACGAATTGATTAATTCTCCAGTTCAATTCGATTACGGTTCAATCACTGAA
TTGATGTTCGAAGCTAGATTAAGAAGACATATCGTTGAAGCTGCAAGAGAATTGCATGGTTCTGGTGCTAAGTTCGC
AACTTTCGCTAAGACATACGGTAACACTGCATACTGGAGAGTTACACCAGAAGGTGCTTTGGAATTGAAGTACAGA
ATCCCAGCATCAAAGGCTATCAGAGATATCATCGAAAACGGTGCATTCTACGCTTTTGAATGTGCTACAGCAATCGT

BaTG TGTTATATATTACTTGGCTGTTTTGAAGACTATCGGTGAAGAAAGATTCGATAGAAGATTCAGAGATATCACTTTGTA
TGATTGGCATTACGAACATTTGCCAATCTATACTGAAACAGGTAGACATTTCTTGAGAGGTGACTGTTTGTACTTCA
AGAACCCAGAATTCAATCCAGCTAAGGCACAATGGAGAGGTGAAAACGTTATCGTTATGGGTAACGATCAATACTT
CGCACATGGTTTGGGTATCTTGACAGCTGAACAAATCATCCAAAGATTGAACTCTTTGAGAAGAAAGAATGCAGTT
CAATCTGCTTATTTGTTATCACAAGCTACTAGATTGGATGCTCCAGCATTATACCAAATTATGCATGGATCCTGAGACC
TGAGACGGCAT

GCATCGTCTCATCGGTCTCATTCTATGATCATTGTTTCTGGTCAATTGTTAAGACCACAAGATATCGAAAACTGGCAA
ATCGATCAAGATTTGAACCCATTGTTGAAGGAAATGATCGAAACTCCAGTTCAATTCGATTACCATTCTATTGCAGA
ATTGATGTTCGAATTGAAGTTGAGAATGAATATTGTTGCTGCAGCTAAGACATTGCATAAGTCAGGTGCAAAGTTCG
CTACATTTTTGAAGACATACGGTAACACTACATACTGGAGAGTTTCTCCAGAAGGTGCATTGGAATTGAAGTACAGA
ATGCCACCATCAAAGGCAATCAGAGATATCGCTGAAAATGGTCCATTTTACGCTTTCGAATGTGCAACTGCTATCGT

BsTG TATCATCTATTACTTGGCATTGATCGATACAATCGGTGAGGATAAGTTTAATGCTTCATTCGATAGAATCATTTTGTATG
ATTGGCATTACGAAAAGTTGCCAATCTATACTGAAACAGGTCATCATTTCTTTTTGGGTGACTGTTTGTACTTCAAGA
ACCCAGAATTCGATCCACAAAAAGCACAATGGAGAGGTGAAAACGTTATCTTGTTGGGTGAGGATAAGTACTTCGC
TCATGGTTTGGGTATCTTGAACGGTAAACAAATCATCGATAAATTGAACTCTTTTAGAAAGAAAGGTGCATTGCAAT
CTGCTTACTTGTTATCACAAGCTACTAGATTGGATGTTCCATCTTTGTTTAGAATTGTTAGAGGATCCTGAGACCTGA
GACGGCAT

GCATCGTCTCATCGGTCTCATTCTAGATTGGGTCCATTATGGTCTTTGCCAATGCCAGGTAATAAGGGTGTTACTGGT
TTATCTGAATCAATGGCTCCAGGTGACATTGCAGAATTAGGTAGATCAGCTGAATTGGCTTTTAGAGTTAGATTTGA
AGGTGCTTTGCCACCAAGAGAACAATTATATTGGAGAGCATTGACAATGGAAAGATTTGATGGTAGAAGATGGGCT
CAAGCACCACAATGGTCTGGTGAAGATGCTTTACATTGGCAAAAGAGAGGTCCAGAATTGAGATACGATGTTATTAT
GCAACCATCTTCACAACCATGGTTATTTGCTTTGGATGTTGCACAAACTGATCAAACTGATACAAGATTAATGTCAG
ATTTCCATTTGCAAAGAAGACAACCAGTTGAACAAAGATTATTTTATAGAGTTTCTTCATGGCCACAAGCTTTGAGA
GAATCTTCAATTGATCCAAGAACAAGATGGAGAAATTTGCAATTACCAATGCATGGTAATCCAAGAGCTAGAGCATT
PaTG AGCTGATGAATTGAGACAAGCACATGCTCAACCACAAGCTTTAGTTGCTGCATTGTTGCAAAGATTCAATCATGAA
CCATTCGCATACACTTTGAAGCCACCAGCTACAGGTGCAGATGGTGTTGATGATTTCTTGTTCGATACTAGATCTGGT
TTCTGTGCTCATTACGCAGGTGCTATGGCATTTGTTTTAAGAGCTGCAGGTATTCCAGCTAGAGTTGTTGCAGGTTAT
CAAGGTGGTGAATTGAATCCAGCTGGTAACTACTTGTTGGTTCATCAATTCGATGCTCATGCATGGGTTGAATATTGG
CAACCAGAACAAGGTTGGTTATCTGTTGATCCAACATACCAAGTTGCTCCAGAAAGAATTGAACAAGGTTTAGAAC
AAGCTTTGGCTGGTGACTCTGAATATTTGGCTGATGCACCATTATCACCATTGAGATACAGAGGTTTACCATGGTTG
AATGATATGAGATTAGCTTGGGATTCATTGAATTATGGTTGGCAAAGATGGGTTTTGGCTTACCAAGGTGAACAACA
AGGTGCATTTTTACAAAGATGGTTTGGTGGTTTGGATCCAGGATCCTGAGACCTGAGACGGCAT

GCATCGTCTCATCGGTCTCATTCTGATAATGGTGCTGGTGAAGAAACTAAGTCATACGCAGAAACTTACAGATTGAC
AGCTGATGATGTTGCAAACATCAACGCTTTGCAAGAATCTGCACCAGCTGCATCTTCAGCTGGTCCATCTTTTAGAG
CACCATCTTTGGATAAAAGAGAAGCTGAAGCAGATTCAGATGATAGAGTTACTCCACCAGCTGAACCATTAGATAG
AATGCCAGATCCATATAGACCATCATACGGTAGAGCAGAAACAGTTGTTAACAACTACATCAGAAAGTGGCAACAA
GTTTACTCTCATAGAGATGGTAGAAAACAACAAATGACTGAAGAACAAAGAGAATGGTTGTCATATGGTTGTGTTG
GTGTTACTTGGGTTAATTCTGGTCAATACCCAACAAATAGATTGGCTTTTGCATCTTTCGATGAAGATAGATTCAAAA
ACGAATTGAAAAATGGTAGACCAAGATCAGGTGAAACAAGAGCTGAATTTGAAGGTAGAGTTGCAAAGGAATCTT
SmTG TCGATGAAGAAAAGGGTTTTCAAAGAGCAAGAGAAGTTGCTTCAGTTATGAATAGAGCATTGGAAAATGCTCATGA
m TGAATCTGCTTATTTGGATAATTTGAAGAAAGAATTGGCAAACGGTAACGATGCTTTGAGAAACGAAGATGCTAGAT
CACCATTTTACTCTGCATTGAGAAACACTCCATCTTTTAAAGAAAGAAACGGTGGTAACCATGATCCATCTAGAATG
AAGGCTGTTATATATTCAAAGCATTTTTGGTCTGGTCAAGATAGATCTTCATCTGCTGATAAGAGAAAGTACGGTGA
CCCAGATGCTTTTAGACCAGCTCCAGGTACTGGTTTGGTTGATATGTCTAGAGATAGAAACATCCCAAGATCACCAA
CATCTCCAGGTGAAGGTTTCGTTAACTTCGATTACGGTTGGTTTGGTGCTCAAACAGAAGCTGATGCAGATAAAAC
TGTTTGGACACATGGTAATCATTATCATGCTCCAAATGGTTCATTAGGTGCAATGCATGTTTACGAATCTAAGTTTAG
ACAATGGTCAGAAGGTTATTCTGATTTTGATAGAGGTGCTTACGTTATCACTTTTATTCCAAAGTCTTGGAACACAGC
ACCAGATAAAGTTAAACAAGGTTGGCCAGGATCCTGAGACCTGAGACGGCAT

(His)6tag CGTAGATCGTCTCATCGGTCTCAATCCCATCATCATCATCATCACTAATGGCTGAGACCTGAGACGGCATCACG

"The flanking regions are marked with the following colours: Red = Bsal binding site, Turquoise =
BsmBI binding site, Yellow = part-type specific overhang, Green = nucleotides added for integration
into the YTK entry vector, Grey = variable nucleotides, Orange = nucleotides added to retain the native
reading frame. Once the construct is assembled, they will encode part of a flexible GS or AS linker.
The nucleotide sequences were codon-optimised for S. cerevisiae.
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-

GGTCTCATAT GAGATTCCCA TCTATTTTTA CAGCTGTTTT GTTTGCTGCA TCTTCAGCAT TAGCTGCACC AGTTAATACT ACAACTGAAG ATGAAACTGC
101 TCAAATTCCA GCTGAAGCAG TTATTGGTTA TTTGGATTTG GAGGGTGACT TTGATGTTGC AGTTTTGCCA TTTTCTAACT CAACAAACAA CGGTTTGTTG
201 TTTATTAATA CAACTATTGC TTCTATTGCT GCAAAGGAAG AAGGTGTTTC ATTGGATAAG AGAGAAGCAG AAGCTTCTTG AGACCAGACC AATAAARRAAC
301 GCCCGGCGGC AACCGAGCGT TCTGAACAAR TCCAGATGGA GTTCTGAGGT CATTACTGGA TCTATCAACA GGAGTCCAAG CGAGCTCGAT ATCAAATTAC
401 GCCCCGCCCT GCCACTCATC GCAGTACTGT TGTAATTCAT TAAGCATTCT GCCGACATGG AAGCCATCAC AAACGGCATG ATGAACCTGA ATCGCCAGCG
501 GCATCAGCAC CTTGTCGCCT TGCGTATAAT ATTTGCCCAT GGTGARAACG GGGGCGAARGR AGTTGTCCAT ATTGGCCACG TTTAAATCAR AACTGGTGAR
601 ACTCACCCAG GGATTGGCTG AAACGAAAAR CATATTCTCA ATAAACCCTT TAGGGAARATA GGCCAGGTTT TCACCGTAAC ACGCCACATC TTGCGAATAT
701 ATGTGTAGAR ACTGCCGGAAR ATCGTCGTGG TATTCACTCC AGAGCGATGA ARACGTTTCA GTTTGCTCAT GGRAAACGGT GTAACARAGGG TGAARCACTAT
801 CCCATATCAC CAGCTCACCG TCTTTCATTG CCATACGAAA TTCCGGATGA GCATTCATCA GGCGGGCAAG AATGTGAATA AAGGCCGGAT AARACTTGTG
901 CTTATTTTTC TTTACGGTCT TTAAAAAGGC CGTAATATCC AGCTGAACGG TCTGGTTATA GGTACATTGA GCAACTGACT GAAATGCCTC AAAATGTTCT

1001 TTACGATGCC ATTGGGATAT ATCAACGGTG GTATATCCAG TGATTTTTTT CTCCATTTTA GCTTCCTTAG CTCCTGAAAA TCTCGATAAC TCAAAAAATA

1101 CGCCCGGTAG TGATCTTATT TCATTATGGT GRARGTTGGA ACCTCTTACG TGCCCGATCAR ATCATGACCA ARATCCCTTA ACGTGAGTTT TCGTTCCACT

1201 GAGCGTCAGA CCCCGTAGAA AAGATCAARAG GATCTTCTTG AGATCCTTTT TTTCTGCGCG TAATCTGCTG CTTGCAAACA AAAAAACCAC CGCTACCAGC

1301 GGTGGTTTGT TTGCCGGATC AAGAGCTACC AACTCITTTT CCGAAGGTAA CTGGCTTCAG CAGAGCGCAG ATACCAAATA CTGTTCTTCT AGTGTAGCCG

1401 TRAGTTAGGCC ACCACTTCAA GRACTCTGTA GCACCGCCTA CATACCTCGC TCTGCTAATC CTGTTACCAG TGGCTGCTGC CAGTGGCGAT AARGTCGTGTC

1501 TTACCGGGTT GGACTCAAGA CGATAGTTAC CGGATAAGGC GCAGCGGTCG GGCTGAACGG GGGGTTCGTG CACACAGCCC AGCTTGGAGC GAACGACCTA

1601 CACCGAACTG AGATACCTAC AGCGTGAGCT ATGAGAAAGC GCCACGCTTC CCGAAGGGAG AAAGGCGGAC AGGTATCCGG TAAGCGGCAG GGTCGGAACA

1701 GGAGAGCGCA CGAGGGAGCT TCCAGGGGGA AACGCCTGGT ATCTTTATAG TCCTGTCGGG TTTCGCCACC TCTGACTTGA GCGTCGATTT TTGTGATGCT

1801 CGTCAGGGGG GCGGAGCCTA TGGAAAAACG CCAGCAACGC GGCCTTTTTA CGGTTCCTGG CCTTTTGCTG GCCTTTTGCT CACATGTTCT TTCCTGCGTT

1901 ATCCCCTGAT TCTGTGGATA ACCGTAGTC

Supplementary Figure 13. The nucleotide sequence for the part plasmid pATK002. The part
plasmid was generated by cloning the synthetised yeast a-mating factor secretion signal with the Kex2
site into the YTK entry vector pYTKOO1. The insert is highlighted with orange colour.
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GGTCTCATAT GAGATTCCCA TCTATTTTTA CAGCTGTTTT GTTTGCTGCA TCTTCAGCAT TAGCTGCACC AGTTAATACT ACAACTGAAG ATGARACTGC
101 TCAAATTCCA GCTGAAGCAG TTATTGGTTA TTTGGATTTG GAGGGTGACT TTGATGTTGC AGTTTTGCCA TTTTCTAACT CAACAAACAA CGGTTTGTTG
201 TTTATTAATA CAACTATTGC TTCAATTGCT GCAAAAGAAG AAGGTGTTGG TTCTTGAGAC CAGACCAATA AAAAACGCCC GGCGGCAACC GAGCGTTCTG
301 AACARATCCA GATGGAGTTC TGAGGTCATT ACTGGATCTA TCRACAGGAG TCCARGCGAG CTCGATATCA AATTACGCCC CGCCCTGCCAR CTCATCGCAG
401 TACTGTTGTA ATTCATTAAG CATTCTGCCG ACATGGAAGC CATCACAAAC GGCATGATGA ACCTGAATCG CCAGCGGCAT CAGCACCTTG TCGCCTTGCG
501 TATAATATTT GCCCATGGTG AAAACGGGGG CGAAGAAGTT GTCCATATTG GCCACGTTTA AATCAARACT GGTGAAACTC ACCCAGGGAT TGGCTGAAAC
601 GAAAAACATA TTCTCRATAA ACCCTTTAGG GAAATAGGCC AGGTTTTCAC CGTAACACGC CACATCTTGC GAATATATGT GTAGAARACTG CCGGAAATCG
701 TCGTGGTATT CACTCCAGAG CGATGRAAAC GTTTCAGTTT GCTCATGGAR AACGGTGTAA CAAGGGTGAA CACTATCCCA TATCACCAGC TCACCGTCTT
801 TCATTGCCAT ACGAAATTCC GGATGAGCAT TCATCAGGCG GGCAAGAATG TGAATAAAGG CCGGATAAAA CTTGTGCTTA TTTTTCTTTA CGGTCTTTAA
901 ARAGGCCGTA ATATCCAGCT GAACGGTCTG GITATAGGTA CATTGAGCAA CTGACTGAAA TGCCTCAAAA TGTTCTTTAC GATGCCATTG GGATATATCA

1001 ACGGTGGTAT ATCCAGTGAT TTTTTTCTCC ATTTTAGCTT CCTTAGCTCC TGAAAATCTC GATAACTCAA AAAATACGCC CGGTAGTGAT CTTATTTCAT

1101 TATGGTGAAA GTTGGAACCT CTTACGTGCC CGATCAATCA TGACCAAAAT CCCTTAACGT GAGTTTTCGT TCCACTGAGC GTCAGACCCC GTAGAAAAGA

1201 TCAAAGGATC TTCTTGAGAT CCTTTTTTTC TGCGCGTAAT CTGCTGCTTG CAAACAAAAA AACCACCGCT ACCAGCGGTG GTTTGTTTGC CGGATCAAGA

1301 GCTACCAACT CTTTTTCCGA AGGTAACTGG CTTCAGCAGA GCGCAGATAC CARATACTGT TCTTCTAGTG TAGCCGTAGT TAGGCCACCA CTTCAAGAAC

1401 TCTGTAGCAC CGCCTACATA CCTCGCTCTG CTAATCCTGT TACCAGTGGC TGCTGCCAGT GGCGATAAGT CGTGTCTTAC CGGGTTGGAC TCAAGACGAT

1501 AGTTACCGGA TAAGGCGCAG CGGTCGGGCT GAACGGGGGG TTCGTGCACA CAGCCCAGCT TGGAGCGAAC GACCTACACC GAACTGAGAT ACCTACAGCG

1601 TGAGCTATGA GAARARGCGCCA CGCTTCCCGA AGGGAGARAG GCGGACAGGT ATCCGGTAAG CGGCAGGGTC GGAACAGGAG AGCGCACGAG GGAGCTTCCR

1701 GGGGGARACG CCTGGTATCT TTATAGTCCT GTCGGGTTTC GCCACCTCTG ACTTGAGCGT CGATTTTTGT GATGCTCGTC AGGGGGGCGG AGCCTATGGA

1801 AAAACGCCAG CAACGCGGCC TTTTTACGGT TCCTGGCCTT TTGCTGGCCT TTTGCTCACA TGTTCTTTCC TGCGTTATCC CCTGATTCTG TGGATAACCG

1901 TAGTC

Supplementary Figure 14. The nucleotide sequence for the part plasmid pATK003. The part
plasmid was generated by cloning the synthetised yeast a-mating factor secretion signal without the
Kex2 site encoding gene into the YTK entry vector pYTKO0O01. The insert is highlighted with purple
colour.
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GGTCTCATTC TATGATCATC ATCICTGGTC AAGTTTTAAG ACCACAAGAT ATCGCAAACT GGCAAACAGA AGAATCATTG GTTCCATATT TGAACGAATT
101 GATTAATTCT CCAGTTCAAT TCGATTACGG TTCAATCACT GAATTGATGT TCGAAGCTAG ATTAAGAAGA CATATCGTTG AAGCTGCAAG AGAATTGCAT
201 GGTTCTGGTG CTAAGTTCGC AACTTTCGCT AAGACATACG GTAACACTGC ATACTGGAGA GTTACACCAG AAGGTGCTTT GGAATTGAAG TACAGAATCC
301 CAGCATCAAA GGCTATCAGA GATATCATCG AAAACGGTGC ATTCTACGCT TTTGAATGTG CTACAGCAAT CGTTGTTATA TATTACTTGG CTGTTTTGAA
401 GACTATCGGT GAAGAAAGAT TCGATAGAAG ATTCAGAGAT ATCACTTTGT ATGATTGGCA TTACGAACAT TTGCCAATCT ATACTGAAAC AGGTAGACAT
501 TTCTTGAGAG GTGACTGTTT GTACTTCAAG AACCCAGAAT TCAATCCAGC TAAGGCACAA TGGAGAGGTG AAAACGTTAT CGTTATGGGT AACGATCAAT
601 ACTTCGCACA TGGTTTGGGT ATCTTGACAG CTGAACAAAT CATCCAAAGA TTGAACTCTT TGAGAAGAAA GAATGCAGTT CAATCTGCTT ATTTGTTATC
701 ACAAGCTACT AGATTGGATG CTCCAGCATT ATACCAAATT ATGCATGGAT CCTGAGACCA GACCAATAAA AAACGCCCGG CGGCAACCGA GCGTTCTGAA
801 CRARATCCAGA TGGAGTTCTG AGGTCATTAC TGGATCTATC AARCAGGAGTC CARGCGAGCT CGATATCARA TTACGCCCCG CCCTGCCACT CATCGCAGTA
901 CTGTTGTAAT TCATTAAGCA TTCTGCCGAC ATGGAAGCCA TCACAAACGG CATGATGAAC CTGAATCGCC AGCGGCATCA GCACCTTGTC GCCTTGCGTA

1001 TAATATTTGC CCATGGTGAA AACGGGGGCG AAGAAGTTGT CCATATTGGC CACGTTTAAA TCAARAACTGG TGAAACTCAC CCAGGGATTG GCTGAAACGA

1101 AAAACATATT CTCAATAAAC CCTTTAGGGA AATAGGCCAG GTTTTCACCG TAACACGCCA CATCTTGCGA ATATATGTGT AGAAACTGCC GGAAATCGTC

1201 GTGGTATTCA CTCCRGAGCG ATGAARACGT TTCAGTTTGC TCATGGAAAR CGGTGTAACR AGGGTGAACA CTATCCCATA TCACCAGCTC ACCGTCTTTC

1301 ATTGCCATAC GAAATTCCGG ATGAGCATTC ATCAGGCGGG CAAGAATGTG AATAAAGGCC GGATAARACT TGTGCTTATT TTTCTTTACG GTCTTTAAAA

1401 AGGCCGTAAT ATCCAGCTGA ACGGTCTGGT TATAGGTACA TTGAGCAACT GACTGAAATG CCTCAAAATG TTCTTTACGA TGCCATTGGG ATATATCAAC

1501 GGTGGTATAT CCAGTGATTT TTTTCTCCAT TTTAGCTTCC TTAGCTCCTG AAAATCTCGA TAACTCAAAA AATACGCCCG GTAGTGATCT TATTTCATTA

1601 TGGTGAAAGT TGGARCCTCT TACGTGCCCG ATCARATCATG ACCAARATCC CTTAARCGTGA GTTTTCGTTC CACTGAGCGT CAGACCCCGT AGRARAGATC

1701 AAAGGATCTT CTTGAGATCC TTTTTTTCTG CGCGTAATCT GCTGCTTGCA AACAAAARAMAR CCACCGCTAC CAGCGGTGGT TTGTTTGCCG GATCAAGAGC

1801 TACCAACTCT TTTTCCGAAG GTAACTGGCT TCAGCAGAGC GCAGATACCA AATACTGTTC TTCTAGTGTA GCCGTAGTITA GGCCACCACT TCAAGAACTC

1901 TGTAGCACCG CCTACATACC TCGCTCTGCT AATCCTGTTA CCAGTGGCTG CTGCCAGTGG CGATAAGTCG TGTCTTACCG GGTTGGACTC AAGACGATAG

2001 TTACCGGATA AGGCGCAGCG GTCGGGCTGA ACGGGGGGTT CGTGCACACA GCCCAGCTTG GAGCGRACGA CCTACACCGA ACTGAGATAC CTACAGCGTG

2101 AGCTATGAGA AAGCGCCACG CTTCCCGAAG GGAGAAAGGC GGACAGGTAT CCGGTAAGCG GCAGGGTCGG AACAGGAGAG CGCACGAGGG AGCTTCCAGG

2201 GGGARACGCC TGGTATCTTT ATAGTCCTGT CGGGTTTCGC CACCTCTGAC TTGAGCGTCG ATTTTTGTGA TGCTCGTCAG GGGGGCGGAG CCTATGGAAA

2301 RACGCCAGCA ACGCGGCCTT TTTACGGTTC CTGGCCTTTT GCTGGCCTTT TGCTCACATG TTCTTTCCTG CGTTATCCCC TGATTCTGTG GATAACCGTA

2401 GTC

Supplementary Figure 15. The nucleotide sequence for part the plasmid pATKO004. The part
plasmid was generated by cloning the synthetised BaTG encoding gene into the YTK entry vector
pYTKOO1. The insert is highlighted with green colour.
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101
201
301
401
501
601
701 GACCAATARA ARACGCCCGG CGGCAACCGR GCGTTCTGAR
801 CARATCCAGA TGGAGTTCTG AGGTCATTAC TGGATCTATC AACAGGAGTC CAAGCGAGCT CGATATCAAL TTACGCCCCG CCCTGCCACT CATCGCAGTA
901 CTGTTGTAAT TCATTAAGCA TTCTGCCGAC ATGGAAGCCA TCACAAACGG CATGATGAAC CTGAATCGCC AGCGGCATCA GCACCTTGTC GCCTTGCGTA
1001 TAATATTTGC CCATGGTGAA AACGGGGGCG AAGAAGTTGT CCATATTGGC CACGTTTAAA TCARARACTGG TGAAACTCAC CCAGGGATTG GCTGAAACGA
1101 ARRACATATT CTCAARTAARAC CCTTTAGGGA AATAGGCCAG GTTTTCACCG TAARCACGCCA CATCTTGCGA ATATATGTGT AGAAACTGCC GGRAATCGTC
1201 GTGGTATTCA CTCCAGAGCG ATGAARACGT TTCAGTTTGC TCATGGAAAR CGGTGTAACA AGGGTGAACA CTATCCCATA TCACCAGCTC ACCGTCTTTC
1301 ATTGCCATAC GRAATTCCGG ATGAGCATTC ATCAGGCGGG CAAGAATGTG AATAAAGGCC GGATAAAACT TGTGCTTATT TTTCTTTACG GTCTTTAAAA
1401 AGGCCGTAAT ATCCAGCTGA ACGGTCTGGT TATAGGTACA TTGAGCAACT GACTGAAATG CCTCAAAATG TTCTTTACGA TGCCATTGGG ATATATCAAC
1501 GGTGGTATAT CCAGTGATTT TTTTCTCCAT TTTAGCTTCC TTAGCTCCTG AAARATCTCGA TAACTCAAAA AATACGCCCG GTAGTGATCT TATTTCATTA
1601 TGGTGAAAGT TGGAACCTCT TACGTGCCCG ATCAATCATG ACCAARATCC CTTAACGTGA GTTTTCGTTC CACTGAGCGT CAGACCCCGT AGAAAAGATC
1701 AARAGGATCTT CTTGAGATCC TTTTTTTCTG CGCGTAATCT GCTGCTTGCA ARCAAAAARAR CCACCGCTAC CAGCGGTGGT TTGTTTGCCG GATCAAGAGC
1801 TACCAACTCT TTTTCCGAAG GTAACTGGCT TCAGCAGAGC GCAGATACCA AATACTGTTC TTCTAGTGTA GCCGTAGTTA GGCCACCACT TCAAGAACTC
1901 TGTAGCACCG CCTACATACC TCGCTCTGCT AATCCTGTTA CCAGTGGCTG CTGCCAGTGG CGATAAGTCG TGTCTTACCG GGTTGGACTC AAGACGATAG
2001 TTACCGGATA AGGCGCAGCG GTCGGGCTGA ACGGGGGGTT CGTGCACACA GCCCAGCTTG GAGCGRACGA CCTACACCGA ACTGAGATAC CTACAGCGTG
2101 AGCTATGAGA AAGCGCCACG CTTCCCGAAG GGAGAAAGGC GGACAGGTAT CCGGTAAGCG GCAGGGTCGG AACAGGAGAG CGCACGAGGG AGCTTCCAGG
2201 GGGAAACGCC TGGTATCTTT ATAGTCCTGT CGGGTTTCGC CACCTCTGAC TTGAGCGTCG ATTTTTGTGA TGCTCGTCAG GGGGGCGGAG CCTATGGAAA
2301 RACGCCAGCA ACGCGGCCTT TTTACGGTTC CTGGCCTTTT GCTGGCCTTT TGCTCACATG TTCTTTCCTG CGTTATCCCC TGATTCTGTG GATAACCGTA
2401 GTC

Supplementary Figure 16. The nucleotide sequence for the part plasmid pATKO005. The part
plasmid was generated by cloning the synthetised BsTG encoding gene into the YTK entry vector
pYTKOO1. The insert is highlighted with blue colour.
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GGTCTCATTC TAGATTGGGT CCATTATGGT CTTTGCCAAT GCCAGGTAAT AAGGGTGTTA CTGGTTTATC TGAATCAATG GCTCCAGGTG ACATTGCAGA
101 ATTAGGTAGA TCAGCTGAAT TGGCTTTTAG AGTTAGATTT GAAGGTGCTT TGCCACCAAG AGAACAATTA TATTGGAGAG CATTGACAAT GGAAAGATTT
201 GATGGTAGAA GATGGGCTCA AGCACCACAA TGGTCTGGTG AAGATGCTTT ACATTGGCAA AAGAGAGGTC CAGAATTGAG ATACGATGTT ATTATGCAAC
201 CATCTTCACA ACCATGGTTA TTTGCTTTGG ATGTTGCACA AACTGATCAR ACTGATACAR GATTAATGTC AGATTTCCAT TTGCARAGAR GACAACCAGT
401 TGAACAAAGA TTATTTTATA GAGTTTCTTC ATGGCCACAA GCTTTGAGAG AATCTTCAAT TGATCCAAGA ACAAGATGGA GAARATTTGCA ATTACCAATG
501 CATGGTAATC CAAGAGCTAG AGCATTAGCT GATGAATTGA GACAAGCACA TGCTCAACCA CAAGCTTTAG TTGCTGCATT GTTGCAAAGA TTCAATCATG
601 AACCATTCGC ATACACTTTG AAGCCACCAG CTACAGGTGC AGATGGTGTT GATGATTTCT TGTTCGATAC TAGATCTGGT TTCTGTGCTC ATTACGCAGG
701 TGCTATGGCA TTTGTTTTAA GAGCTGCAGG TATTCCAGCT AGAGTTGTTG CAGGTTATCA AGGTGGTGAA TTGAATCCAG CTGGTAACTA CTTGTTGGTT
801 CATCRATTCG ATGCTCATGC ATGGGTTGAA TATTGGCAAC CAGAACAAGG TTGGTTATCT GTTGATCCAA CATACCAAGT TGCTCCAGAA AGAATTGAAC
901 AAGGTTTAGA ACAAGCTTTG GCTGGTGACT CTGAATATTT GGCTGATGCA CCATTATCAC CATTGAGATA CAGAGGTTTA CCATGGTTGA ATGATATGAG

1001 ATTAGCTTGG GATTCATTGA ATTATGGTTG GCAAAGATGG GTTTTGGCTT ACCAAGGTGA ACAACAAGGT GCATTTTTAC AAAGATGGTT TGGTGGTTTG

1101 GATCCAGGAT CCTGAGACCA GACCAATAAR ARACGCCCGG CGGCAACCGA GCGTTCTGAA CARATCCAGA TGGAGTTCTG AGGTCATTAC TGGATCTATC

1201 AACAGGAGTC CAAGCGAGCT CGATATCAAA TTACGCCCCG CCCTGCCACT CATCGCAGTA CTGTTGTAAT TCATTAAGCA TTCTGCCGAC ATGGAAGCCA

1301 TCACARAACGG CATGATGAAC CTGAATCGCC AGCGGCATCA GCACCTTGTC GCCTTGCGTA TAATATTTGC CCATGGTGAA AACGGGGGCG AAGAAGTTGT

1401 CCATATTGGC CACGTTTARA TCARAARCTGG TGARACTCAC CCAGGGATTG GCTGAARACGA ARARARCATATT CTCRATARAC CCTTTAGGGR AATAGGCCAG

1501 GTTTTCACCG TAACACGCCA CATCTTGCGA ATATATGTGT AGAAACTGCC GGAAATCGTC GTGGTATTCA CTCCAGAGCG ATGAARRACGT TTCAGTTTGC

1601 TCATGGAARA CGGTGTAACA AGGGTGAACA CTATCCCATA TCACCAGCTC ACCGTCTTTC ATTGCCATAC GAAATTCCGG ATGAGCATTC ATCAGGCGGG

1701 CAAGAATGTG AATAAAGGCC GGATAAAACT TGTGCTITATT TTTCTTTACG GTCTTTAAAAR AGGCCGTAAT ATCCAGCTGA ACGGTCTGGT TATAGGTACA

1801 TTGAGCARCT GACTGARRATG CCTCARRAATG TTCTTTACGA TGCCATTGGG ATATATCARAC GGTGGTATAT CCAGTGATTT TTTTCTCCAT TTTAGCTTCC

1901 TTAGCTCCTG ARAATCTCGA TAACTCAAARA AATACGCCCG GTAGTGATCT TATTTCATTA TGGTGAAAGT TGGAACCTCT TACGTGCCCG ATCAATCATG

2001 ACCAAAATCC CTTAACGTGA GTTTTCGTTC CACTGAGCGT CAGACCCCGT AGAARAGATC AAAGGATCTT CTTGAGATCC TTTTTTTCTG CGCGTAATCT

2101 GCTGCTTGCA AACARAAAAA CCACCGCTAC CAGCGGTGGT TTGTTTGCCG GATCAAGAGC TACCAACTCT TTTTCCGAAG GTAACTGGCT TCAGCAGAGC

2201 GCAGATACCA AATACTGTTC TTCTAGTGTA GCCGTAGTTA GGCCACCACT TCAAGAACTC TGTAGCACCG CCTACATACC TCGCTCTGCT AATCCTGTTA

2301 CCAGTGGCTG CTGCCAGTGG CGATAAGTCG TGTCTTACCG GGTTGGACTC AAGACGATAG TTACCGGATA AGGCGCAGCG GTCGGGCTGA ACGGGGGGTT

2401 CGTGCACACA GCCCAGCTTG GAGCGRACGR CCTACRCCGA ACTGAGATAC CTACAGCGTG AGCTATGAGAR AARGCGCCACG CTTCCCGRAG GGAGRRAGGC

2501 GGACAGGTAT CCGGTAAGCG GCAGGGTCGG AACAGGAGAG CGCACGAGGG AGCTTCCAGG GGGAAACGCC TGGTATCTTT ATAGTCCTGT CGGGTTTCGC

2601 CACCTCTGAC TTGAGCGTCG ATTTTTGTGA TGCTCGTCAG GGGGGCGGAG CCTATGGAAA AACGCCAGCA ACGCGGCCTT TTTACGGTTC CTGGCCTTTT

2701 GCTGGCCTTT TGCTCACATG TTCTTTCCTG CGTTATCCCC TGATTCTGTG GATAACCGTA GTC

Supplementary Figure 17. The nucleotide sequence for the part plasmid pATK006. The part
plasmid was generated by cloning the synthetised PaTG encoding gene into the YTK entry vector
pYTKOO1. The insert is highlighted with light blue colour.
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GGTCTCATTC TGATARATGGT GCTGGTGAAG ARACTAAGTC ATACGCAGAR ACTTACAGAT TGACAGCTGA TGATGTTGCA AACATCAACG CTTTGCAAGA
101 ATCTGCACCA GCTGCATCTT CAGCTGGTCC ATCTTTTAGA GCACCATCTT TGGATAAAAG AGAAGCTGAA GCAGATTCAG ATGATAGAGT TACTCCACCA
201 GCTGAACCAT TAGATAGAAT GCCAGATCCA TATAGACCAT CATACGGTAG AGCAGAAACA GTTGTTAACA ACTACATCAG AAAGTGGCAA CAAGTTTACT
301 CTCATAGAGA TGGTRGAAAA CRACARATGA CTGAAGARCA AAGAGRATGG TTGTCATATG GTTGTGTTGG TGTTACTTGG GTTAATTCTG GTCAATACCC
401 AACARATAGA TTGGCTTTTG CATCTTTCGA TGAAGATAGA TTCAARAACG AATTGARAAA TGGTAGACCA AGATCAGGTG AAACAAGAGC TGAATTTGAA
501 GGTAGAGTTG CAAAGGAATC TTTCGATGAA GAAAAGGGTT TTCAAAGAGC AAGAGAAGTT GCTTCAGTTA TGAATAGAGC ATTGGAAAAT GCTCATGATG
601 AATCTGCTTA TTTGGATAAT TTGAAGAAAG AATTGGCAAA CGGTAACGAT GCTTTGAGAA ACGAAGATGC TAGATCACCA TTTTACTCTG CATTGAGARA
701 CACTCCATCT TTTAARAGAAA GARAACGGTGG TAACCATGAT CCATCTAGAA TGAAGGCTGT TATATATTCA AAGCATTTTT GGTCTGGTCA AGATAGATCT
801 TCATCTGCTG ATAAGAGAAA GTACGGTGAC CCAGATGCTT TTAGACCAGC TCCAGGTACT GGTTTGGTTG ATATGTCTAG AGATAGAAAC ATCCCAAGAT
901 CACCAACATC TCCAGGTGAA GGTTTCGTTA ACTTCGATTA CGGTTGGTTT GGTGCTCAAA CAGAAGCTGA TGCAGATAAA ACTGTTTGGA CACATGGTAA

1001 TCATTATCAT GCTCCAAATG GTTCATTAGG TGCAATGCAT GTTTACGAAT CTAAGTTTAG ACAATGGTCA GAAGGTTATT CTGATTTTGA TAGAGGTGCT

1101 TACGTTATCA CTTTTATTCC AAAGTCTTGG AACACAGCAC CAGATAAAGT TAAACAAGGT TGGCCAGGAT CCTGAGACCA GACCAATAAA AAACGCCCGG

1201 CGGCAACCGA GCGTTCTGAA CARAATCCAGA TGGAGTTCTG AGGTCATTAC TGGATCTATC AACAGGAGTC CAAGCGAGCT CGATATCAAR TTACGCCCCG

1301 CCCTGCCACT CATCGCAGTA CTGTTGTAAT TCATTAAGCA TTCTGCCGAC ATGGRAGCCA TCACARACGG CATGATGAAC CTGAATCGCC AGCGGCATCA

1401 GCACCTTGTC GCCTTGCGTA TAATATTTGC CCATGGTGAA AACGGGGGCG AAGAAGTTGT CCATATTGGC CACGTTTAAA TCAAAACTGG TGARACTCAC

1501 CCAGGGATTG GCTGAAACGA AAAACATATT CTCAATAAAC CCTTTAGGGA AATAGGCCAG GTTTTCACCG TAACACGCCA CATCTTGCGA ATATATGTGT

1601 AGRRACTGCC GGARATCGTC GTGGTATTCA CTCCAGAGCG ATGRARACGT TTCAGTTTGC TCATGGARARA CGGTGTARCE AGGGTGAACR CTATCCCATA

1701 TCACCAGCTC ACCGTCTTTC ATTGCCATAC GAARATTCCGG ATGAGCATTC ATCAGGCGGG CAAGAATGTG AATAAAGGCC GGATARAACT TGTGCTTATT

1801 TTTCTTTACG GTCTTTAAAA AGGCCGTAAT ATCCAGCTGA ACGGTCTGGT TATAGGTACA TTGAGCAACT GACTGAAATG CCTCAAAATG TTCTTTACGA

1901 TGCCATTGGG ATATATCAAC GGTGGTATAT CCAGTGATTT TTTTCTCCAT TTTAGCTTCC TTAGCTCCTG AAAATCTCGA TAACTCAAAA AATACGCCCG

2001 GTAGTGATCT TATTTCATTA TGGTGARAAGT TGGAACCTCT TACGTGCCCG ATCAATCATG ACCAARATCC CTTAACGTGA GTTTTCGTTC CACTGAGCGT

2101 CAGACCCCGT AGAAAAGATC AARAGGATCTT CTTGAGATCC TTTTTTTCTG CGCGTAATCT GCTGCTTGCA AACAARAAAA CCACCGCTAC CAGCGGTGGT

2201 TTGTTTGCCG GATCAAGAGC TACCAARCTCT TTTTCCGAAG GTRACTGGCT TCAGCAGAGC GCAGATACCA AATACTGTTC TTCTAGTGTA GCCGTAGTTA

2301 GGCCACCACT TCAAGAACTC TGTAGCACCG CCTACATACC TCGCTCTGCT AATCCTGTTA CCAGTGGCTG CTGCCAGTGG CGATAAGTCG TGTCTTACCG

2401 GGTTGGACTC AAGACGATAG TTACCGGATA AGGCGCAGCG GTCGGGCTGA ACGGGGGGTT CGTGCACACA GCCCAGCTTG GAGCGAACGA CCTACACCGA

2501 ACTGAGATAC CTACAGCGTG AGCTATGAGR ARGCGCCACG CTTCCCGRAG GGAGRRAGGC GGACAGGTAT CCGGTRAGCG GCAGGGTCGG ARCAGGAGAG

2601 CGCACGAGGG AGCTTCCAGG GGGAAACGCC TGGTATCTTT ATAGTCCTGT CGGGTTTCGC CACCTCTGAC TTGAGCGTCG ATTTTTGTGA TGCTCGTCAG

2701 GGGGGCGGAG CCTATGGAAA AACGCCAGCA ACGCGGCCTT TTTACGGTTC CTGGCCTTTT GCTGGCCTTT TGCTCACATG TTCTTTCCTG CGTTATCCCC

2801 TGATTCTGTG GATAACCGTA GTC

Supplementary Figure 18. The nucleotide sequence for the part plasmid pATKO007. The part
plasmid was generated by cloning the synthetised SmTG encoding gene into the YTK entry vector
pYTKOO1. The insert is highlighted with turquoise colour.
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pPYTKO093 - LEU2 5'

Supplementary Figure 19. Vector map for the surface-display vector pAK009. The identifiers of
the YTK parts used to assemble the vector are also indicated. The parts without the YTK identifiers
were synthetised and inserted into the vector backbone by Gibson assembly. In pAK009, the inverted
Bsal sites flanking the GFP dropout cassette enable cloning of the insert as a fusion to the Aga2 and a
HA-tag. Notl digestion yields homology arms for integration into the yeast genome to the LEU?2 locus.
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GGTCTCAGGE AGTGGTAGTG GETCCGGTTC TGGTTCAGGE TCAGGTTCAG GTTCTCAGGA ACTGACAACT ATATGCGAGC AAATCCCCTC ACCAACTTTA

101 GAATCGACGC CGTACTCTTT GTCAACGACT ACTATTTTGG CCAACGGGAA GGCAATGCAA GGAGTTTTTG AATATTACAA ATCAGTAACG TTTGTCAGTA

201 ATTGCGGTTC TCACCCCTCA ACAACTAGCA AAGGCAGCCC CATAAACACA CAGTATGTTT
301
401

501 CGTCTCAAGC AGTTACAGAG ATGTTACGAA CCACTAGTGC ACTGCAGTAC ATCGAGGAGA
601 ACTTCTAGTA TATCTACATA CCTAATATTA TTGCCTTATT TCCCAACAAT TACATCAAAA TCCACATTCT CTTCAAAATC AATTGTCCTG
701 TACTTCCTTG TTCATGTGTG TTCAARAACG TTATATTTAT AGGATAATTA TACTCTATTT CTCAACAAGT AATTGGTTGT TTGGCCGAGC GGTCTAAGGC
801 GCCTGATTCA AGAAATATCT TGACCGCAGT TAACTGTGGG AATACTCAGG TATCGTAAGA TGCAAGAGTT CGAATCTCTT AGCAACCATT ATTTTTTTCC
901 TCAACATAAC GAGAACACAC AGGGGCGCTA TCGCACAGAA TCAAATTCGA TGACTGGAAA TTTTTTGTTA ATTTCAGAGG TCGCCTGACG CATATACCTT
1001 TTTCAACTGA AAAATTGGGA GAAAAAGGAA AGGTGAGAGC GCCGGAACCG GCTTTTCATA TAGAATAGAG AAGCGTTCAT GACTAARATGC TTGCATCACA
1101 ATACTTGAAG TTGACAATAT TATTTAAGGA CCTATTGTTT TTTCCAATAG GTGGTTAGCA ATCGTCTTAC TTTCTAACTT TTCTTACCTT TTACATTTCA
1201 GCAATATATA TATATATATT TCAAGGATAT ACCATTCTAA TGTCTGCCCC TAAGRAGATC GTCGTTTTGC CAGGTGACCA CGTTGGTCAA GAAATCACAG
1301 CCGAAGCCAT TAAGGTTCTT AAAGCTATTT CTGATGTTCG TTCCAATGTC AAGTTCGATT TCGAAAATCA TTTAATTGGT GGTGCTGCTA TCGATGCTAC
1401 AGGTGTTCCA CTTCCAGATG AGGCGCTGGA AGCCTCCAAG AAGGCTGATG CCGTTTTGTT AGGTGCTGTG GGTGGTCCTA AATGGGGAAC CGGTAGTGTT
1501 AGACCTGAAC AAGGTTTACT AARAAATCCGT AARAGAACTTC AATTGTACGC CAACTTAAGA CCATGTAACT TTGCATCCGA CTCTCTTTTA GACTTATCTC
1601 CAATCAAGCC ACAATTTGCT AAAGGTACTG ACTTCGTTGT TGTCAGAGAA TTAGTGGGAG GTATTTACTT TGGTAAGAGA AAGGAGGACG ATGGTGATGG
1701 TGTCGCTTGG GATAGTGAAC AATACACCGT TCCAGAAGTG CAAAGAATCA CAAGAATGGC CGCTTTCATG GCCCTACAAC ATGAGCCACC ATTGCCTATT
1801 TGGTCCTTGG ATAAAGCTAA TGTTTTGGCC TCTTCAAGAT TATGGAGAAA AACTGTGGAG GAAACCATCA AGAACGAATT TCCTACATTG AAGGTTCAAC
1901 ATCAATTGAT TGATTCTGCC GCCATGATCC TAGTTAAGAA CCCAACCCAC CTAAATGGTA TTATAATCAC CAGCAACATG TTTGGTGATA TCATCTCCGA
2001 TGAAGCCTCC GTTATCCCAG GTTCCTTGGG TTTGTTGCCA TCTGCGTCCT TGGCCTCTTT GCCAGACAAG AACACCGCAT TTGGTTTGTA CGAACCATGC
2101 CACGGTTCTG CTCCAGATTT GCCAAAGAAT AAGGTCAACC CTATCGCCAC TATCTTGTCT GCTGCAATGA TGTTGAAATT GTCATTGAAC TTGCCTGAAG
2201 AAGGTAAGGC CATTGAAGAT GCAGTTAAAA AGGTTTTGGA TGCAGGTATC AGAACTGGTG ATTTAGGTGG TTCCAACAGT ACCACCGAAG TCGGTGATGC
2301 TGTCGCCGAA GAAGTTAAGA AAATCCTTGC TTAACCTGGA GGACCCTTCT CTTTAGACTA TTCTACTCTT ATGCACGTAA AARATTCTAG GAAATATGTA

2401 TTAACTAGGA GTAAAATAAC CGGCTAGTGG CATTCATATA GCCGTCTGTT TACATCTACA TCACACATTT CGAGTGTATA TCTCGCAACG TTGGCGTTAA

2501
2601
2701
2801
2901

ATAGGCAGGA

GTACTCGTAT CGCATGTCGG

3001 CCGCGTGTTA CAACCAATTA ACCAATTCTG ATTAGAAAAAR CTCATCGAGC ATCAAATGAA ACTGCAATTT

3101 ATTCATATCA GGATTATCAA TACCATATTT TTGRAARARGC CGTTTCTGTA ATGARGGAGAR AAACTCACCG AGGCAGTTCC ATAGGATGGC
3201 TATCGGTCTG CGATTCCGAC TCGTCCAACA TCAATACAAC CTATTAATTT CCCCTCGTCA AAAATAAGGT TATCAAGTGA GAAATCACCA
3301 CTGAATCCGG TGAGAATGGC AAAAGCTTAT GCATTTCTTT CCAGACTTGT TCAACAGGCC AGCCATTACG CTCGTCATCA AAATCACTCG
3401 ACCGTTATTC ATTCGTGATT GCGCCTGAGC GAGGCGARAT ACGCGATCGC TGTTAARAARGG ACRATTACAA ACAGGRATCG AATGCRACCG

RAGATCCTGG
TGAGTGACGA
CATCAACCAA
GCGCARGGRAC

3501 ACTGCCAGCG CATCRACAAT ATTTTCACCT GARATCAGGAT ATTCTTCTAR TACCTGGAAT GCTGTTTTCC CGGGGATCGC AGTGGTGAGT AACCATGCAT

3601 CATCAGGAGT ACGGATAARA TGCTTGATGG TCGGARGAGG CATAAATTCC GTCAGCCAGT TTAGTCTGAC CATCTCATCT GTAARCATCAT

TGGCAACGCT

3701 ACCTTTGCCA TGTTTCAGAA ACAACTCTGG CGCATCGGGC TTCCCATACA ATCGATAGAT TGTCGCACCT GATTGCCCGA CATTATCGCG AGCCCATTTA

3801 TACCCATATA AATCAGCATC CATGTTGGAR TTTAATCGCG GCCTGGAGCA AGACGTTTCC CGTTGAATAT GGCTCATAAC ACCCCTTGTA
3901 TGTAAGCAGA CAGTTTTATT GTTCATGATG ATATATTTTT ATCTTGTGCA ATGTAACATC AGAGATTTTG AGACACAACG TGGCTTTGTT

TTACTGTTTA
GRATARATCG

4001 AACTTTTGCT GAGTTGAAGG ATCAGTCATG ACCAAAATCC CTTAACGTGA GTTTTCGTTC CACTGAGCGT CAGACCCCGT AGAAAAGATC AAAGGATCTT

4101 CTTGAGATCC TTTTTTTCTG CGCGTAATCT GCTGCTTGCA AACAARAAAR CCACCGCTAC CAGCGGTGGT TTGTTTGCCG GATCAAGAGC
4201 TTTTCCGAAG GTAACTGGCT TCAGCAGAGC GCAGATACCA AATACTGTTC TTCTAGTGTA GCCGTAGTTA GGCCACCACT TCAAGAACTC
4301 CCTACATACC TCGCTCTGCT AATCCTGTTA CCAGTGGCTG CTGCCAGTGG CGATAAGTCG TGTCTTACCG GGTTGGACTC AAGACGATAG

TACCAACTCT
TGTAGCACCG
TTACCGGATA

4401 AGGCGCAGCG GTCGGGCTGA ACGGGGGGTT CGTGCACACA GCCCAGCTTG GAGCGAACGA CCTACACCGA ACTGAGATAC CTACAGCGTG AGCTATGAGA

4501 AAGCGCCACG CTTCCCGAAG GGAGAAAGGC GGACAGGTAT CCGGTAAGCG GCAGGGTCGG AACAGGAGAG CGCACGAGGG AGCTTCCAGG

GGGAAACGCC

4601 TGGTATCTTT ATAGTCCTGT CGGGTTTCGC CACCTCTGAC TTGAGCGTCG ATTTTTGTGA TGCTCGTCAG GGGGGCGGAG CCTATGGAAA AACGCCAGCA

4701 ACGCGGCCTT TTTACGGTTC CTGGCCTTTT GCTGGCCTTT TGCTCACATG TTCTTTCCTG CGTTATCCCC TGATTCTGTG GATAACCGTG

CGGCCGCCAA

4801 TACCCAGAAG AACAGTAAAR TAAAGCAAGG TACGTGAAAT TAATATTTTT AAATGGTTCT AACCGATGCC GAAGAACTGC GCAGTCCGGT TATAACGTCT
4901 GACATGTCCT TTTTTGATTT GGAATCCAAC CACTCAAGTG ACTCTGTTCA TTTACTTTGC GAAARAATATA CCCACAAATT GCCCATCGAA AGTGAATCGC
5001 AAACCACCTT CAGACTGGCA CCGACAAAGC AAAGATTATA CAGACAGAGT ACTTTATACG TACCGTTAAG TCTCAAGCAA AGGGTTTTCT TATTTACTGA
5101 ACGGGTAAAG AGTATCTGGG CCGGCTTGCC AAGATGCAAA CCGAATAAGT ATTTCAAAGT TGCATTTGCC TTAGCCGTCC TGACACCATT GGCTATTTGG
5201 ATATTTTATA TTGACTTTCG TGTACATTGA TCACATCGAC TGTTCTATTG GCAARATGAAC CACGGGCATT GACTATTTTT CAGGTTACTA CTATATATTA

5301 TCATCACGGG CAAGGATTGT ACCCTGAATT CGCATCTAGA
5401
5501
5601
5701
5801
5901
6001
6101
6201
6301
6401
6501

Supplementary Figure 20. The nucleotide sequence for pAK009. The vector parts are marked with

the following colours: Turquoise = Linker, Blue = Aga2, Light blue = Ha-tag, Purple
terminator, Light grey = ConRE (partial), Lilac = LEU2, Pink = LEU2 3’ homology, Yellow
ColEl, Orange = LEU2 5’ homology, Dark grey = ConLS, Green = GFP dropout cassette.

27

= TDHI1
= KanR-



Supplementary Table 6. Parts used to assemble the yeast display constructs and their access
information.

Plasmid YTK part no. Encodes E. coli marker Accessible

pYTKO009 2 TDH3 promoter CamR YTK toolkit"

Backbone with

pAKO009 — AGA2, HA-tag, KanR Ellis group collection,

tTDH1 AK Toolkit*

pATK002 3a SP w/ Kex?2 CamR Linde; 1%{21;% (()Jloklilgction,
pATK003 3a SP w/o Kex?2 CamR Lindeg %rlgu]g)oz(l)liliiction,
pATK004 3b BaTG CamR LinderA %ﬁuﬁoz?iaiction,
AT * peTo CamR R Tl
TR * PTG CamR R Tl
pATK007 3b Prgﬁéz' CamR LinderA %ﬁuﬁoz?iaiction,
pAKO003 3¢ CBM3a CamR Ellis group collection

AK Toolkit

TThe original YTK toolkit is available at Addgene. fAK Toolkit that extends the YTK toolkit
with yeast display and secretion parts is also available at Addgene. §ATK Toolkit that extends
the YTK toolkit with enzyme and protein parts is currently only available upon request from
Linder group, Aalto University.
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101
201
301
401
501
601 T ATGAGATTCC
701 CATCTATTTT TACAGCTGTT TTGTTTGCTG CATCTTCAGC ATTAGCTGCA CCAGTTAATA CTACAACTGA AGATGARACT GCTCARATTC CAGCTGRAGC
801 AGTTATTGGT TATTTGGATT TGGAGGGTGA CTTTGATGTT GCAGTTTTGC CATTTTCTAA CTCAACAAAC AACGGTTTGT TGTTTATTAA TACAACTATT
901 GCTTCTATTG CTGCAAAGGA AGAAGGTGTT TCATTGGATA AGAGAGAAGC AGAAGCTTCT ATGATCATCA TCTCTGGTCA AGTTTTAAGA CCACAAGATA
1001 TCGCRARACTG GCAAACAGAR GRATCATTGG TTCCATATTT GAACGAATTG ATTAATTCTC CAGTTCAATT CGATTACGGT TCRATCACTG AATTGATGTT
1101 CGAAGCTAGA TTAAGARAGAC ATATCGTTGA AGCTGCAAGA GAATTGCATG GTTCTGGTGC TAAGTTCGCA ACTTTCGCTA AGACATACGG TARCACTGCA
1201 TACTGGAGAG TTACACCAGA AGGTGCTTTG GAATTGAAGT ACAGAATCCC AGCATCARAG GCTATCAGAG ATATCATCGA AAACGGTGCA TTCTACGCTT
1301 TTGAATGTGC TACAGCAATC GITGTTATAT ATTACTTGGC TGTTTTGAAG ACTATCGGTG AAGAAAGATT CGATAGAAGR TTCAGAGATA TCACTTTGTA
1401 TGATTGGCAT TACGAARCATT TGCCAATCTA TACTGAAACA GGTAGACATT TCTTGAGAGG TGACTGTTTG TACTTCAAGR ACCCAGRATT CAATCCAGCT
1501 RAGGCACAAT GGAGAGGTGA ARACGTTATC GTTATGGGTA ACGATCAATA CTTCGCACAT GGTTTGGGTA TCTTGACAGC TGRACARATC ATCCARAGAT
1601 TGAACTCTTT GAGAAGAAAG AATGCAGTTC AATCTGCTTA TTTGTTATCA CAAGCTACTA GATTGGATGC TCCAGCATTA TACCAAATTA TGCATGGATC
1701 CGCARATACA CCGGTATCAG GCAATTTGAA GGTTGAATTC TACAACAGCA ATCCTTCAGA TACTACTAAC TCAATCAATC CTCAGTTCAA GGTTACTAAT
1801 ACCGGAAGCA GTGCAATTGR TTTGTCCAAR CTCACATTGA GATATTATTA TACAGTAGAC GGACAGARAG ATCAGACCTT CTGGTGTGAC CATGCTGCAA
1201 TAATCGGCAG TARACGGCAGC TACAACGGAA TTACTTCAAR TGTAARAGGA ACATTTGTAA ARATGAGTTC CTCAACARAT AACGCAGACA CCTACCTTGA
2001 AATAAGCTTT ACAGGCGGAA CTCTTGAACC GGGTGCACAT GTTCAGATAC AAGGTAGATT TGCAAAGAAT GACTGGAGTA ACTATACACA GTCAAATGAC
2101 TACTCATTCA AGTCTGCTTC ACAGTTTGIT GAATGGGATC AGGTAACAGC ATACTTGAAC GGTGTTCTTG TATGGGGTAA AGAACCCGGT
2201 |GIGGETCCGE TTCTGGTTCA GGCTCAGGTT CAGGTTCTCA GGAACTGACA ACTATATGCG AGCAARTCCC CTCACCAACT TTAGAATCGA CGCCGTACTC
2301 TTTGTCAACG ACTACTATTT TGGCCAACGG GARGGCAATG CAAGGAGTTT TTGAATATTA CABATCAGTA ACGTTTGTCA GTAATTGCGG TTCTCACCCC

2401 TCAACAACTA GCAARGGCAG CCCCATAARAC ACACAGTATG ACGACGTTCC AGACTACGCT

2501

2601

2701 AGCAGTTACA GAGATGTTAC GAACCACTAG TGCACTGCAG TACATCGAGG AGAACTTCTA GTATATCTAC
2801 ATACCTAATA TTATTGCCTT GAATCCCAAC AATTACATCA AAATCCACAT TCTCTTCAAA ATCAATTGTC CTGTACTTCC TTGTTCATGT

2901 GTGTTCAAAA ACGTTATATT TATAGGATAA TTATACTCTA TTTCTCAACA AGTAATTGGT TGTTTGGCCG AGCGGTCTAA GGCGCCTGAT TCAAGAAATA
3001 TCTTGACCGC AGTTAACTGT GGGAATACTC AGGTATCGTA AGATGCAAGA GTTCGAATCT CTTAGCAACC ATTATTITTTT TCCTCAACAT AACGAGAACA
3101 CACAGGGGCG CTATCGCACA GRATCAAATT CGATGACTGG AARATTTTTTG TTAATTTCAG AGGTCGCCTG ACGCATATAC CTTTTTCAAC TGARAARATTG
3201 GGAGRAARAAG GAAAGGTGAG AGCGCCGGAA CCGGCTTTTC ATATAGAATA GAGAARGCGTT CATGACTAAA TGCTTGCATC ACAATACTTG AAGTTGACAA
3301 TATTATTTAA GGACCTATTG TTTTTTCCAA TAGGTGGTTA GCAATCGTCT TACTTTCTAA CTTTTCTTAC CTTTTACATT TCAGCAATAT ATATATATAT
3401 ATTTCAAGGA TATACCATTC TAATGTCTGC CCCTAAGAAG ATCGTCGTTT TGCCAGGTGA CCACGTTGGT CAAGAAATCA CAGCCGAAGC CATTAAGGTT
3501 CTTAAAGCTA TTTCTGATGT TCGTTCCAAT GTCAAGTTCG ATTTCGAAAR TCATTTAATT GGTGGTGCTG CTATCGATGC TACAGGTGTT CCACTTCCAG
3601 ATGAGGCGCT GGAAGCCTCC AAGAAGGCTG ATGCCGTTTT GTTAGGTGCT GTGGGTGGTC CTAAATGGGG AACCGGTAGT GTTAGACCTG AACAAGGTTT
3701 ACTAARARATC CGTAAAGAAC TTCAATTGTA CGCCAACTTA AGACCATGTA ACTTTGCATC CGACTCTCTT TTAGACTTAT CTCCAATCAA GCCACAATTT
3801 GCTAAAGGTA CTGACTTCGT TGTTGTCAGA GAATTAGTGG GAGGTATTTA CTTTGGTAAG AGAAAGGAGG ACGATGGTGA TGGTGTCGCT TGGGATAGTG
3901 AACAATACAC CGTTCCAGAA GTGCARAGAA TCACAAGAAT GGCCGCTTTC ATGGCCCTAC AACATGAGCC ACCATTGCCT ATTTGGTCCT TGGATAARAGC
4001 TAATGTTTTG GCCTCTTCAA GATTATGGAG AAAAACTGTG GAGGAAACCA TCAAGAACGA ATTTCCTACA TTGAAGGTTC AACATCAATT GATTGATTCT
4101 GCCGCCATGA TCCTAGTTAA GAACCCAACC CACCTAAATG GTATTATAAT CACCAGCAAC ATGTTTGGTG ATATCATCTC CGATGAAGCC TCCGTTATCC
4201 CAGGTTCCTT GGGTTTGTTG CCATCTGCGT CCTTGGCCTC TTTGCCAGAC AAGAACACCG CATTTGGTTT GTACGAACCA TGCCACGGTT CTGCTCCAGA
4301 TTTGCCARAG RATARGGTCA ACCCTATCGC CACTATCTTG TCTGCTGCAR TGATGTTGAR ATTGTCATTG AARCTTGCCTG ARGRAGGTAR GGCCATTGAR
4401 GATGCAGTTA AAAAGGTTTT GGATGCAGGT ATCAGAACTG GTGATTTAGG TGGTTCCAAC AGTACCACCG AAGTCGGTGA TGCTGTCGCC GAAGAAGTTA
4501 AGAAAATCCT TGCTTAACCT GGAGGACCCT TCTCTTTAGA CTATTCTACT CTTATGCACG TAARAAATTC TAGGAAATAT GTATTAACTA GGAGTAAAAT
4601 AACCGGCTAG TGGCATTCAT ATAGCCGTCT GTTTACATCT ACATCACACA TTTCGAGTGT ATATCTCGCA ACGTTGGCGT TAAATAGGCA GGAGTACTCG
4701 TATCGCATGT CGGTGCGACA CGARATTACA ARATGGAATA TGTTCATAGG GTAGRCGARAR CTATATACGC AARTCTACATA CATTTATCAR GARGGAGRAR
4801 AAGGAGGATG TAAAGGAATA CAGGTAAGCA AATTGATACT AATGGCTCAA CGTGATAAGG AAARAGAATT GCACTTTAAC ATTAATATTG ACAAGGAGGA
4901 GGGCACCACA CAAAAAGTTA GGTGTAACAG AAARATCATGA AACTATGATT CCTAATTTAT ATATTGGAGG ATTTTCTCTA AAAAAAARAA AATACAACAA
5001 ATAAAAAACA CTCAATGACC TGACCATTTG ATGGAGTTTA AGTCAATACC TTCTTGAACC ATTTCCCATA ATGGTGAAAG TTCCCTCAAG AATTTTACTC
5101 TGTCAGARAC GGCCTTARACG ACGTAGTCGA CCTCCTCTTC AGTACTAAAT CTACCRATAC CARATCTGAT GGARGRATGG GCTAATGCAT CATCCTTACC
5201 CAGCGCCGAG CGGCCGCGTG TTACARCCAA TTAACCAATT CTGATTAGAR RAARCTCATCG AGCATCAAAT GAAACTGCAA TTTATTCATA TCAGGATTAT
5301 CAATACCATA TTTTTGAAAA AGCCGTTTCT GTAATGAAGG AGAAAACTCA CCGAGGCAGT TCCATAGGAT GGCAAGATCC TGGTATCGGT CTGCGATTCC
5401 GACTCGTCCA ACATCAATAC AACCTATTAA TTTCCCCTCG TCAAAAATAA GGTTATCAAG TGAGAAATCA CCATGAGTGA CGACTGAATC CGGTGAGAAT
5501 GGCRARAGCT TATGCATTTC TTTCCAGACT TGTTCRACAG GCCAGCCATT ACGCTCGTCR TCRRAATCAC TCGCATCAAC CARBACCGTTA TTCATTCGTG
5601 ATTGCGCCTG AGCGRGGCGA AATACGCGAT CGCTGTTAAR AGGACRATTA CARACAGGAR TCGAATGCAR CCGGCGCAGG AACACTGCCA GCGCATCAAC
5701 AATATTTTCA CCTGAATCAG GATATTCTTC TAATACCTGG AATGCTGTTT TCCCGGGGAT CGCAGTGGTG AGTAACCATG CATCATCAGG AGTACGGATA
5801 AAATGCTTGA TGGTCGGAAG AGGCATAAAT TCCGTCAGCC AGTTTAGTCT GACCATCTCA TCTGTAACAT CATTGGCAAC GCTACCTTTG CCATGTTTCA
5901 GRRACRACTC TGGCGCATCG GGCTTCCCAT ACARTCGATA GATTGTCGCA CCTGATTGCC CGACATTATC GCGAGCCCAT TTATACCCAT ATARATCAGC
6001 ATCCATGTTG GAATTTAATC GCGGCCTGGA GCAAGACGTT TCCCGTTGAR TATGGCTCAT AACACCCCTT GTATTACTGT TTATGTAAGC AGACAGTTTT
6101 ATTGTTCATG ATGATATATT TTTATCTTGT GCAATGTAAC ATCAGAGATT TTGAGACACA ACGTGGCTTT GTTGAATAAA TCGAACTTTT GCTGAGTTGA
6201 AGGATCAGTC ATGACCAAAA TCCCTTAACG TGAGTITTICG TTCCACTGAG CGTCAGACCC CGTAGAAAAG ATCAAAGGAT CTTCTTGAGA TCCTTTTTTT
6301 CTGCGCGTAAR TCTGCTGCTT GCARACAARARR ARACCACCGC TACCAGCGGT GGTTTGTTTG CCGGATCAAG AGCTACCRAC TCTTTTTCCG AAGGTAACTG
6401 GCTTCAGCAG AGCGCAGATA CCARATACTG TTCTTCTAGT GTAGCCGTAG TTAGGCCACC ACTTCRAGAR CTCTGTAGCA CCGCCTACAT ACCTCGCTCT
6501 GCTAATCCTG TTACCAGTGG CTGCTGCCAG TGGCGATAAG TCGTGTCTTA CCGGGTTGGA CTCAAGACGA TAGTTACCGG ATAAGGCGCA GCGGTCGGGC
6601 TGAACGGGGG GTTCGTGCAC ACAGCCCAGC TTGGAGCGAA CGACCTACAC CGAACTGAGA TACCTACAGC GTGAGCTATG AGAAAGCGCC ACGCTTCCCG
6701 AAGGGAGRAR GGCGGACAGG TATCCGGTARA GCGGCAGGGT CGGAACAGGR GAGCGCACGR GGGAGCTTCC AGGGGGARAC GCCTGGTATC TTTATAGTCC
6801 TGTCGGGTTT CGCCARCCTCT GACTTGAGCG TCGATTTTTG TGATGCTCGT CAGGGGGGCG GAGCCTATGG ARARACGCCA GCAACGCGGC CTTTTTACGG
6901 TTCCTGGCCT TTTGCTGGCC TTTTGCTCAC ATGTTCTTTC CTGCGTTATC CCCTGATTCT GTGGATAACC GTGCGGCCGC CAATACCCAG AAGAACAGTA
7001 AAATAAAGCA AGGTACGTGA AATTAATATT TTTAAATGGT TCTAACCGAT GCCGAAGAAC TGCGCAGTCC GGTTATAACG TCTGACATGT CCTTTTTTGA
7101 TTTGGAATCC AACCARCTCAA GTGACTCTGT TCATTTACTT TGCGARAAAT ATACCCACAR ATTGCCCATC GRAAGTGRAT CGCAARCCAC CTTCAGACTG
7201 GCACCGACAA AGCARAGATT ATACAGACAG AGTACTTTAT ACGTACCGTT AAGTCTCAAG CARAGGGTTT TCTTATTTAC TGAACGGGTA AAGAGTATCT
7301 GGGCCGGCTT GCCAAGATGC AAACCGAATA AGTATTTCAA AGTTGCATTT GCCTTAGCCG TCCTGACACC ATTGGCTATT TGGATATTTT ATATTGACTT
7401 TCGTGTACAT TGATCACATC GACTGTTCTA TTGGCAAATG AACCACGGGC ATTGACTATT TTTCAGGTTA CTACTATATA TTATCATCAC GGGCAAGGAT
7501 TGTACCCTGA ATTCGCATCT AGACTGATGA GACGTGGTAG AGCCACAAAC AGCCGGTACA AGCAACGATC TCCAGGACCA TCTGAATCAT GCGCGGATGA
7601 CACGRACTCA CGACGGCGAT CACAGACATT AACCCACAGT ACAGACACTG CGACARACGTG GCAATTCGTC GCAATAC

Supplementary Figure 21. The nucleotide sequence of BaTG surface display construct. The
surface display parts are marked with the following colours: Blue = TDH3 promoter, Orange = SP w/
Kex2, Turquoise = BaTG, Green = CBM3a, Grey = Linkers, Yellow = AGA2, Pink = HA-tag, Red =
tTDHI1.
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1
101
201
301
401
501
601 ATGAGATTCC
701 CATCTATTTT TACAGCTGTT TTGTTTGCTG CATCTTCAGC ATTAGCTGCA CCAGTTAATA CTACAACTGA AGATGAAACT GCTCARATTC CAGCTGAAGC
801 AGTTATTGGT TATTTGGATT TGGAGGGTGA CTTTGATGTT GCAGTTTTGC CATTTTCTAA CTCAACAARAC AACGGTTTGT TGTTTATTAA TACAACTATT
901

1001
1101
1201
1301
1401
1501
1601 e
1701 CGCABRATACA CCGGTATCAG GCAATTTGAAR GGTTGAATTC TACAACAGCA ATCCTTCAGA TACTACTAAC TCAATCAATC CTCAGTTCAA GGTTACTAAT
1801 ACCGGAAGCA GTGCAATTGA TTTGTCCAAA CTCACATTGA GATATTATTA TACAGTAGAC GGACAGAAAG ATCAGACCTT CTGGTGTGAC CATGCTGCAA
1901 TAATCGGCAG TAACGGCAGC TACAACGGAA TTACTTCAAA TGTARAAGGA ACATTTGTAA AAATGAGTTC CTCAACAAAT AACGCAGACA CCTACCTTGA
2001 AATAAGCTTT ACAGGCGGAA CTCTTGAACC GGGTGCACAT GTTCAGATAC AAGGTAGATT TGCAAAGAAT GACTGGAGTA ACTATACACA GTCAARATGAC
2101 TACTCATTCA AGTCTGCTTC ACAGTTTGTT GAATGGGATC AGGTAACAGC ATACTTGAAC GGTGTTCTTG TATGGGGTAA AGAACCCGGT

2201 |GTGEETCCEEN TTCTECTICAGECTCAGGTTICAGGTTCICA GGAACTGACA ACTATATGCG AGCAAATCCC CTCACCAACT TTAGAATCGA CGCCGTACTC
2301 TTTGTCAACG ACTACTATTT TGGCCAACGG GAAGGCAATG CAAGGAGTTT TTGAATATTA CAAATCAGTA ACGTTTGICA GTAATTGCGG TTCTCACCCC
2401 TCAACAACTA GCAAAGGCAG CCCCATAAAC ACACAGTATG

2501
2601
2701 AGCAGTTACA GAGATGTTAC GAACCACTAG TGCACTGCAG TACATCGAGG AGRACTTCTA GTATATCTAC
2801 ATACCTAATA TTATTGCCTT ATTAAAAATG GAATCCCAAC AATTACATCA ARATCCACAT TCTCTTCAAR ATCAATTGTC CTGTACTTCC TTGTTCATGT
2901 GTGTTCAARR ACGTTATATT TATAGGATAAR TTATACTCTA TTTCTCAACA AGTAARTTGGT TGTTTGGCCG AGCGGTCTAR GGCGCCTGAT TCAAGARATA
3001 TCTTGACCGC AGTTAARCTGT GGGRATACTC AGGTATCGTA AGATGCAAGA GTTCGAATCT CTTAGCAACC ATTATTTTTT TCCTCAACAT AACGAGAACA
3101 CACAGGGGCG CTATCGCACA GAATCAAATT CGATGACTGG AAATTTTTTG TTAATTTCAG AGGTCGCCTG ACGCATATAC CTTTTTCAAC TGAAAAATTG
3201 GGAGAAAAAG GAAAGGTGAG AGCGCCGGAA CCGGCTTTTC ATATAGAATA GAGAAGCGTT CATGACTAAA TGCTTGCATC ACAATACTTG AAGTTGACAA
3301 TATTATTTAA GGACCTATTG TTTTTTCCAA TAGGTGGTTA GCAATCGTCT TACTTTCTAA CTTTTCTTAC CTTTTACATT TCAGCAATAT ATATATATAT
3401 ATTTCAAGGA TATACCATTC TAATGTCTGC CCCTAAGAAG ATCGTCGTTT TGCCAGGTGA CCACGTTGGT CAAGARATCA CAGCCGAAGC CATTAAGGTT
3501 CTTARAGCTA TTTCTGATGT TCGTTCCAAT GTCAAGTTCG ATTTCGAAAA TCATTTAATT GGTGGTGCTG CTATCGATGC TACAGGTGTT CCACTTCCAG
3601 ATGAGGCGCT GGAAGCCTCC AAGAAGGCTG ATGCCGTTTT GTTAGGTGCT GTGGGTGGTC CTAAATGGGG AACCGGTAGT GTTAGACCTG AACAAGGTTT
3701 ACTARARATC CGTARAGAAC TTCAATTGTA CGCCAACTTA AGACCATGTA ACTTTGCATC CGACTCTCTT TTAGACTTAT CTCCAATCAA GCCACAATTT
3801 GCTABAGGTA CTGACTTCGT TGTTGTCAGA GAATTAGTGG GAGGTATTTA CTTTGGTAAG AGAAAGGAGG ACGATGGTGA TGGTGTCGCT TGGGATAGTG
3901 AACAATACAC CGTTCCAGAR GTGCAAAGAA TCACAAGAAT GGCCGCTTTC ATGGCCCTAC AACATGAGCC ACCATTGCCT ATTTGGTCCT TGGATARAGC
4001 TAATGTTTTG GCCTCTTCAR GATTATGGAG AABAACTGTG GAGGAAACCA TCAAGAACGA ATTTCCTACA TTGAAGGTTC AACATCAATT GATTGATTCT
4101 GCCGCCATGA TCCTAGTTAR GAACCCAACC CACCTARATG GTATTATAAT CACCAGCAAC ATGTTTGGTG ATATCATCTC CGATGAAGCC TCCGTTATCC
4201 CAGGTTCCTT GGGTTTGTTG CCATCTGCGT CCTTGGCCTC TTTGCCAGAC AAGARCACCG CATTTGGTTT GTACGAACCA TGCCACGGTT CTGCTCCAGA
4301 TTTGCCAAAG AATAAGGTCA ACCCTATCGC CACTATCTTG TCTGCTGCAA TGATGTTGAA ATTGTCATTG AACTTGCCTG AAGAAGGTAA GGCCATTGAA
4401 GATGCAGTTA ARAAGGTTTT GGATGCAGGT ATCAGAACTG GTGATTTAGG TGGTTCCAAC AGTACCACCG AAGTCGGTGA TGCTGTCGCC GAAGAAGTTA
4501 AGAARATCCT TGCTTAACCT GGAGGACCCT TCTCTTTAGA CTATTCTACT CTTATGCACG TAAARAATTC TAGGARATAT GTATTAACTA GGAGTARAAT
4601 BACCGGCTAG TGGCATTCAT ATAGCCGTCT GTTTACATCT ACATCACACA TTTCGAGTGT ATATCTCGCA ACGTTGGCGT TABATAGGCA GGAGTACTCG
4701 TATCGCATGT CGGTGCGACA CGARATTACA AAATGGAATA TGTTCATAGG GTAGACGAAA CTATATACGC AATCTACATA CATTTATCAA GAAGGAGAAA
4801 ARGGAGGATG TAAAGGAATA CAGGTAAGCA AATTGATACT AATGGCTCAA CGTGATAAGG AAAAAGAATT GCACTTTAAC ATTAATATTG ACAAGGAGGA
4901 GGGCACCACA CAAAAAGTTA GGTGTAACAG AARATCATGA AACTATGATT CCTAATTTAT ATATTGGAGG ATTTTCTCTA AAAAARAAAA AATACAACAA
5001 ATAARAAACA CTCAATGACC TGACCATTTG ATGGAGTTTA AGTCAATACC TTCTTGAACC ATTTCCCATA ATGGTGABRAG TTCCCTCAAG AATTTTACTC
5101 TGTCAGAAAC GGCCTTAACG ACGTAGTCGA CCTCCTCTTC AGTACTAAAT CTACCAATAC CAAATCTGAT GGAAGAATGG GCTAATGCAT CATCCTTACC
5201 CAGCGCCGAG CGGCCGCGTG TTACAARCCAR TTAACCAATT CTGATTAGAA AAACTCATCG AGCATCAAAT GAAACTGCAA TTTATTCATA TCAGGATTAT
5301 CAATACCATA TTTTTGAAAR AGCCGTTTCT GTAATGAAGG AGAARACTCA CCGAGGCAGT TCCATAGGAT GGCAAGATCC TGGTATCGGT CTGCGATTCC
5401 GACTCGTCCA ACATCAATAC AARCCTATTAR TTTCCCCTCG TCAAAAATAR GGTTATCARG TGAGARATCA CCATGAGTGA CGACTGAATC CGGTGAGAAT
5501 GGCABAAGCT TATGCATTTC TTTCCAGACT TGTTCAACAG GCCAGCCATT ACGCTCGTCA TCABRAATCAC TCGCATCRAC CAAACCGTTA TTCATTCGTG
5601 ATTGCGCCTG AGCGAGGCGA AATACGCGAT CGCTGTTAAR AGGACAATTA CAAACAGGAA TCGAATGCAA CCGGCGCAGG AACACTGCCA GCGCATCAAC
5701 AATATTTTCA CCTGAATCAG GATATTCTTC TAATACCTGG AATGCTGTTT TCCCGGGGAT CGCAGTGGTG AGTAACCATG CATCATCAGG AGTACGGATA
5801 AAATGCTTGA TGGTCGGARAG AGGCATAAAT TCCGTCAGCC AGTTTAGTCT GACCATCTCA TCTGTAACAT CATTGGCAAC GCTACCTTTG CCATGTTTCA
5901 GAAACAACTC TGGCGCATCG GGCTTCCCAT ACRATCGATA GATTGTCGCA CCTGATTGCC CGACATTATC GCGAGCCCAT TTATACCCAT ATAAATCAGC
6001 ATCCATGTTG GAATTTAATC GCGGCCTGGA GCRAGACGTT TCCCGTTGAA TATGGCTCAT AACACCCCTT GTATTACTGT TTATGTAAGC AGACAGTTTT
6101 ATTGTTCATG ATGATATATT TTTATCTTGT GCAATGTAAC ATCAGAGATT TTGAGACACA ACGTGGCTTT GTTGAATAAA TCGAACTTTT GCTGAGTTGA
6201 AGGATCAGTC ATGACCAAAA TCCCTTAACG TGAGTTTTCG TTCCACTGAG CGTCAGACCC CGTAGAAAAG ATCAAAGGAT CTTCTTGAGA TCCTTTTTTT
6301 CTGCGCGTAA TCTGCTGCTT GCARACARAR AARCCACCGC TACCAGCGGT GGTTTGTTTG CCGGATCAAG AGCTACCARAC TCTTTTTCCG AAGGTARCTG
6401 GCTTCAGCAG AGCGCAGATA CCAAATACTG TTCTTCTAGT GTAGCCGTAG TTAGGCCACC ACTTCAAGAA CTCTGTAGCA CCGCCTACAT ACCTCGCTCT
6501 GCTAATCCTG TTACCAGTGG CTGCTGCCAG TGGCGATAAG TCGTGTCTTA CCGGGTTGGA CTCAAGACGA TAGTTACCGG ATAAGGCGCA GCGGTCGGGC
6601 TGAACGGGGG GTTCGTGCAC ACAGCCCAGC TTGGAGCGAR CGACCTACAC CGRACTGAGA TACCTACAGC GTGAGCTATG AGARAGCGCC ACGCTTCCCG
6701 AAGGGAGARA GGCGGACAGG TATCCGGTAR GCGGCAGGGT CGGAACAGGA GAGCGCACGA GGGAGCTTCC AGGGGGARAC GCCTGGTATC TTTATAGTCC
6801 TGTCGGGTTT CGCCACCTCT GACTTGAGCG TCGATTTTTG TGATGCTCGT CAGGGGGGCG GAGCCTATGG ARAAACGCCA GCAACGCGGC CTTTTTACGG
6901 TTCCTGGCCT TTTGCTGGCC TTTTGCTCAC ATGTTCTTTC CTGCGTTATC CCCTGATTCT GTGGATAACC GTGCGGCCGC CAATACCCAG AAGRACAGTA
7001 AAATAAAGCA AGGTACGTGA AATTAATATT TTTAAATGGT TCTAACCGAT GCCGAAGAAC TGCGCAGTCC GGTTATAACG TCTGACATGT CCTTTTTTGA
7101 TTTGGAATCC ARCCACTCAA GTIGACTCTGT TCATTTACTT TGCGAARAAT ATACCCACAA ATTGCCCATC GAAAGTGAAT CGCAAACCAC CTTCAGACTG
7201 GCACCGACAA AGCARAGATT ATACAGACAG AGTACTTTAT ACGTACCGTT AAGTCTCARG CAAAGGGTTT TCTTATTTAC TGAACGGGTA AAGAGTATCT
7301 GGGCCGGCTT GCCAARGATGC ARACCGAATA AGTATTTCAR AGTTGCATTT GCCTTAGCCG TCCTGACACC ATTGGCTATT TGGATATTTT ATATTGACTT
7401 TCGTGTACAT TGATCACATC GACTGTTCTA TTGGCAAATG AACCACGGGC ATTGACTATT TTTCAGGTTA CTACTATATA TTATCATCAC GGGCAAGGAT
7501 TGTACCCTGA ATTCGCATCT AGACTGATGA GACGTGGTAG AGCCACAAAC AGCCGGTACA AGCAACGATC TCCAGGACCA TCTGAATCAT GCGCGGATGA
7601 CACGRACTCA CGACGGCGAT CACAGACATT AACCCACAGT ACAGACACTG CGACRACGTG GCRATTCGTC GCAATAC

Supplementary Figure 22. The nucleotide sequence of BsTG surface display construct. The
surface display parts are marked with the following colours: Blue = TDH3 promoter, Orange = SP w/
Kex2, Purple = BsTG, Green = CBM3a, Grey = Linkers, Yellow = AGA2, Pink = HA-tag, Red =
tTDHI.
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401
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601 T ATGAGATTCC
701 CATCTATTTT TACAGCTGTT TTGTTTGCTG CATCTTCAGC ATTAGCTGCA CCAGTTAATA CTACAACTGA AGATGAAACT GCTCAAATTC CAGCTGAAGC
801 AGTTATTGGT TATTTGGATT TGGAGGGTGA CTTTGATGTT GCAGTTTTGC CATTTTCTAA CTCAACARAC AACGGTTTGT TGTTTATTAA TACAACTATT
901 GCTTCTATTG CTGCARAGGA AGAAGGTGTT TCATTGGATA AGAGAGRAGC AGAAGCTTCT AGATTGGGIC CATTATGGIC TTTGCCAATG CCAGGTAATA

1001 AGGGTGTTAC TGGTTTATCT GAATCAATGG CTCCAGGTGA CATTGCAGAA TTAGGTAGAT CAGCTGAATT GGCTTTTAGA GTTAGATTTG AAGGTGCTTT

1101 GCCACCAAGA GAACAATTAT ATTGGAGAGC ATTGACAATG GARAGATTTG ATGGTAGAAG ATGGGCTCAA GCACCACAAT GGTCTGGTGA AGATGCTTTA

1201 CATTGGCAAA AGAGAGGTCC AGAATTGAGR TACGATGTTA TTATGCAACC ATCTTCACAA CCATGGTTAT TTGCTTTGGA TGTTGCACAA ACTGATCAAA

1301 CTGATACAAG ATTAATGICA GATTTCCATT TGCAARGAAG ACAACCAGIT GAACAAAGAT TATTTTATAG AGTTTCTTCA TGGCCACAAG CTTTGAGAGA

1401 ATCTTCAATT GATCCRAGAR CAAGATGGAG ARATTTGCAR TTACCAATGC ATGGTAATCC AAGAGCTAGA GCATTAGCTG ATGRAATTGAG ACRAGCACAT

1501 GCTCAACCAC AAGCTTTAGT TGCTGCATTG TTGCAAAGAT TCAATCATGA ACCATTCGCA TACACTTTGA AGCCACCAGC TACAGGTGCA GATGGTGTTG

1601 ATGATTTCTT GTTCGATACT AGATCTGGTT TCTGTGCTCA TTACGCAGGT GCTATGGCAT TTGITTTAAG AGCTGCAGGT ATTCCAGCTA GAGTTGTTGC

1701 AGGITATCAA GGIGGTGAAT TGAATCCAGC TGGTAACTAC TTGTTGGITC ATCAATTCGA TGCTCATGCA TGGGTTGAAT ATTGGCAACC AGRACARGGT

1801 TGGTTATCTG TTGATCCAAC ATACCAAGTT GCTCCAGAAR GAATTGAACA AGGTTTAGRA CAAGCTTTGG CTGGTGACTC TGAATATTTG GCTGATGCAC

1901 CATTATCACC ATTGAGATAC AGAGGTTTAC CATGGTTGAA TGATATGAGA TTAGCTTGGG ATTCATTGAA TTATGCTTGG CAAAGATGGG TTTTGGCTTA

2001 CCAAGGTGAA CAACAAGGTG CATTTTTACA AAGATGGTTT GGTGGTTTGG ATCCAGGATC CGCAAATACA CCGGTATCAG GCAATTTGAA GGTTGAATTC

2101 TACAACAGCA ATCCTTCAGA TACTACTAAC TCAATCAATC CTCAGITCAA GGITACTAAT ACCGGRAGCA GTGCAATTGA TTTGTCCAAAR CTCACATTGA

2201 GATATTATTE TACAGTAGAC GGACAGRAAG ATCAGACCTT CTGGTGTGAC CATGCTGCAR TAATCGGCAG TAACGGCAGC TACAACGGAR TTACTTCAAR

2301 TGTAAAAGGA ACATTTGTAA AAATGAGTTC CTCAACAAAT AACGCAGACA CCTACCTTGA AATAAGCTTT ACAGGCGGAA CTCTTGAACC GGGTGCACAT

2401 GTTCAGATAC AAGGTAGATT TGCAAAGAAT GACTGGAGTA ACTATACACA GTCAAATGAC TACTCATTCA AGTCTGCTTC ACAGTITTGTT GAATGGGATC

2501 AGGTAACAGC ATACTTGAAC GGTGITCTTG TATGGGGTAA AGAACCCGGT GGCAGTGETA GIGGGTCCGE TTCTGGTICA GGCTCAGGTT CAGGITCICA

2601 GGAACTGACA ACTATATGCG AGCARATCCC CTCACCAACT TTAGAATCGA CGCCGTACTC TTTGTCAACG ACTACTATTT TGGCCRACGG GARAGGCAATG

2701 CAAGGAGTTT TTGAATATTA CARATCAGTA ACGTTTGTCA GTAATTGCGG TTCTCACCCC TCAACAACTA GCAAAGGCAG CCCCATARAC ACACAGTATG

2801 TTTTT ACCCAT ACGACGTTCC AGACTACGCT TAACTCGA

2901

3001 GTCTCA AGCAGTTACA

3101 GAGATGTTAC GAACCACTAG TGCACTGCAG TACATCGAGG AGAACTTCTA GTATATCTAC ATACCTAATA TTATTGCCTT ATTAAAAATG GAATCCCAAC

3201 AARTTACATCA AABATCCACAT TCTCTTCAAZ ATCAATTGTC CTGTACTTCC TTGTTCATGT GTGTTCAAAZ ACGTTATATT TATAGGATAA TTATACTCTA

3301 TTTCTCAACA AGTAATTGGT TGTTTGGCCG AGCGGTCTAR GGCGCCTGAT TCARGAAATA TCTTGACCGC AGTTAACTGT GGGAATACTC AGGTATCGTA

3401 AGATGCAAGA GTTCGAATCT CTTAGCAACC ATTATTTTTT TCCTCRACAT AACGAGARCA CACAGGGGCG CTATCGCACR GAATCAAATT CGATGACTGG

3501 ARATTTTTTG TTAATTTCAG AGGTCGCCTG ACGCATATAC CTTTTTCAAC TGAARAATTG GGAGAAAAAG GAAAGGTGAG AGCGCCGGAR CCGGCTTTTC

3601 ATATAGAATA GAGAAGCGTT CATGACTAAZ TGCTTGCATC ACARATACTTG AAGTTGACAAR TATTATTTAZ GGACCTATTG TTTTTTCCAA TAGGTGGTTA

3701 GCAATCGTCT TACTTTCTAA CTTTTCTTAC CTTTTACATT TCAGCAATAT ATATATATAT ATTTCAAGGA TATACCATTC TAATGTCTGC CCCTARGRAG

3801 ATCGTCGTTT TGCCAGGTGA CCACGTTGGT CARAGARATCA CAGCCGAAGC CATTAAGGTT CTTAARAGCTA TTTCTGATGT TCGTTCCAAT GTCAAGTTCG

3901 ATTTCGAAAA TCATTTAATT GGTGGTGCTG CTATCGATGC TACAGGTGTT CCACTTCCAG ATGAGGCGCT GGAAGCCTCC AAGAAGGCTG ATGCCGTTTT

4001 GTTAGGTGCT GTGGGTGGTC CTAAATGGGG AACCGGTAGT GTTAGACCTG AACAAGGTTT ACTAARARAATC CGTAAAGAAC TTCAATTGTA CGCCAACTTA

4101 AGACCATGTA ACTTTGCATC CGACTCTCTT TTAGACTTAT CTCCAATCAA GCCACAATTT GCTAAAGGTA CTGACTTCGT TGTTGTCAGAE GAATTAGTGG

4201 GAGGTATTTA CTTTGGTAARG AGARAGGAGG ACGATGGTGA TGGTGTCGCT TGGGATAGTG AACAATACAC CGTTCCAGAA GTGCAAAGAA TCACAAGAAT

4301 GGCCGCTTTC ATGGCCCTAC AACATGAGCC ACCATTGCCT ATTTGGTCCT TGGATAAAGC TAATGTTTTG GCCTCTTCAR GATTATGGAG AARAACTGTG

4401 GRAGGRARACCA TCAAGAACGA ATTTCCTACA TTGAAGGTTC AACATCAATT GATTGATTCT GCCGCCATGA TCCTAGTTAA GARACCCAACC CACCTARATG

4501 GTATTATAAT CACCAGCAAC ATGTTTGGTG ATATCATCTC CGATGAAGCC TCCGTTATCC CAGGTTCCTT GGGTTTGTTG CCATCTGCGT CCTTGGCCTC

4601 TTTGCCAGAC RAGAARCACCG CATTTGGTTT GTACGRACCA TGCCACGGTT CTGCTCCAGA TTTGCCAAAG AATAAGGTCA ACCCTATCGC CACTATCTTG

4701 TCTGCTGCAA TGATGTTGAR ATTGTCATTG AACTTGCCTG AAGAAGGTAA GGCCATTGAA GATGCAGTTA AAAAGGTTTT GGATGCAGGT ATCAGAACTG

4801 GTGATTTAGG TGGTTCCAAC AGTACCACCG AAGTCGGTGA TGCTGTCGCC GAAGAAGTTA AGAAARATCCT TGCTTAACCT GGAGGACCCT TCTCTTTAGA

4301 CTATTCTACT CTTATGCACG TAARARATTC TAGGAARTAT GTATTAACTA GGAGTAAARAT AACCGGCTAG TGGCATTCAT ATAGCCGTCT GTTTACATCT

5001 ACATCACACA TTTCGAGTGT ATATCTCGCA ACGTTGGCGT TAAATAGGCA GGAGTACTCG TATCGCATGT CGGTGCGACA CGRAATTACA AARTGGAATA

5101 TGTTCATAGG GTAGACGAAAR CTATATACGC AATCTACATA CATTTATCAA GAAGGAGAAR ARGGAGGATG TAAAGGRATA CAGGTAAGCA AATTGATACT

5201 AATGGCTCAA CGTGATAAGG ARRAAGAATT GCACTTTAAC ATTAATATTG ACAAGGAGGA GGGCACCACA CAARAAGTTA GGTGTAACAG AAAATCATGA

5301 ARCTATGATT CCTAATTTAT ATATTGGAGG ATTTTCTCTA AAAAARRAAA AATACAACAA ATAAAAAACA CTCAATGACC TGACCATTTG ATGGAGTTTA

5401 AGTCAATACC TTCTTGAACC ATTTCCCATA ATGGTGAAAG TTCCCTCAAG AATTTTACTC TGTCAGAAAC GGCCTTAACG ACGTAGTCGA CCTCCTCTTC

5501 AGTACTARAT CTACCAATAC CARAATCTGAT GGARGRATGG GCTAATGCAT CATCCTTACC CAGCGCCGAG CGGCCGCGTG TTACAACCAR TTAACCARAATT

5601 CTGATTAGAZA RAACTCATCG AGCATCAARAT GRAACTGCAR TTTATTCATA TCAGGATTAT CAATACCATA TTTTTGAAAR AGCCGTTTCT GTRATGRAGG

5701 AGAARACTCA CCGAGGCAGT TCCATAGGAT GGCAAGATCC TGGTATCGGT CTGCGATTCC GACTCGTCCA ACATCAATAC AACCTATTAA TTTCCCCTCG

5801 TCAARAATAA GGITATCARG TGAGARATCR CCATGAGIGR CGACTGRATC CGGTGAGAAT GGCARAAGCT TATGCATTTC TTTCCAGACT TGTTCAACAG

5901 GCCAGCCATT ACGCTCGTCA TCARAATCAC TCGCATCAAC CARAACCGTTA TTCATTCGTG ATTGCGCCTG AGCGAGGCGR AATACGCGAT CGCTGTTAAR

6001 AGGACAATTA CARACAGGARA TCGAATGCAA CCGGCGCAGG AACACTGCCA GCGCATCAAC AATATTTTCA CCTGAATCAG GATATTCTTC TARTACCTGG

6101 AATGCTGTTT TCCCGGGGAT CGCAGTGGTG AGTAACCATG CATCATCAGG AGTACGGATA AAATGCTTGA TGGTCGGAAG AGGCATARAT TCCGTCAGCC

6201 AGITTAGTCT GACCATCTCA TCTGTAACAT CATTGGCAAC GCTACCTTTG CCATGTTTCA GARACAACTC TGGCGCATCG GGCTTCCCAT ACAATCGATA

6301 GATTGTCGCA CCTGATTGCC CGACATTATC GCGAGCCCAT TTATACCCAT ATARATCAGC ATCCATGTTG GAATTTAATC GCGGCCTGGA GCRAGACGTT

6401 TCCCGTTGAA TATGGCTCAT AARCACCCCTT GTATTACTGT TTATGTAAGC AGACAGTTTT ATTGTTCATG ATGATATATT TTTATCTTGT GCARATGTAAC

6501 ATCAGAGATT TTGAGACACA ACGTGGCTTT GTTGAATAAA TCGAACTTTT GCTGAGTTGA AGGATCAGTC ATGACCARAAR TCCCTTAACG TGAGTTTTCG

6601 TTCCACTGAG CGICAGACCC CGTAGRAAAG ATCAAAGGAT CTTCTTGAGAR TCCTTTTTTT CTGCGCGTAA TCTGCTGCTT GCARACARAR ARRCCACCGC

6701 TACCAGCGGT GGTTTGTTTG CCGGATCAAG AGCTACCAAC TCTTTTTCCG ARGGTAACTG GCTTCAGCAG AGCGCAGATA CCARATACTG TTCTTCTAGT

6801 GTAGCCGTAG TTAGGCCACC ACTTCRAGAA CTCTGTAGCAR CCGCCTACAT ACCTCGCTCT GCTAATCCTG TTACCAGTGG CTGCTGCCAG TGGCGATAAG

6901 TCGTGTCTTA CCGGGTTGGA CTCAAGACGR TAGTTACCGG ATAAGGCGCA GCGGTCGGGC TGAACGGGGG GTTCGTGCAC ACAGCCCAGC TTGGAGCGAA

7001 CGACCTACAC CGAACTGAGR TACCTACAGC GTGAGCTATG AGRAAGCGCC ACGCTTCCCG ARGGGAGARA GGCGGACAGG TATCCGGTAR GCGGCAGGET

7101 CGGAACAGGA GAGCGCACGA GGGAGCTTCC AGGGGGARAC GCCTGGTATC TTTATAGTCC TGTCGGGTTT CGCCACCTCT GACTTGAGCG TCGATTTTTG

7201 TGATGCTCGT CAGGGGGGCG GAGCCTATGG AARAARACGCCA GCAACGCGGC CTTTTTACGG TTCCTGGCCT TTTGCTGGCC TTTTGCTCAC ATGTTCTTTC

7301 CTGCGTTATC CCCTGATTCT GTGGATAACC GTGCGGCCGC CAATACCCAG AAGAACAGTA ARATAAAGCA AGGTACGTGA AATTAATATT TTTARAATGGT

7401 TCTARCCGAT GCCGARGAAC TGCGCAGTCC GGTTATRACG TCTGACATGT CCTTTTTTGA TTTGGAATCC AACCACTCAA GTGACTCTGT TCATTTACTT

7501 TGCGRARRAT ATACCCACAR ATTGCCCATC GARAGTGAAT CGCAAACCAC CTTCAGACTG GCACCGACAR AGCARRGATT ATACAGACAG AGTACTTTAT

7601 ACGTACCGTT AAGTCTCAAG CARAGGGTTT TCTTATTTAC TGAACGGGTA AAGAGTATCT GGGCCGGCTT GCCAAGATGC AAACCGAATA AGTATTTCAA

7701 AGTTGCATTT GCCTTAGCCG TCCTGACACC ATTGGCTATT TGGATATTTT ATATTGACTT TCGTGTACAT TGATCACATC GACTGTTCTA TTGGCARATG

7801 ARCCACGGGC ATTGACTATT TTTCAGGTTA CTACTATATA TTATCATCAC GGGCAAGGAT TGTACCCTGA ATTCGCATCT AGACTGATGAE GACGTGGTAG

7901 AGCCACARAC AGCCGGTACR AGCAACGATC TCCAGGRCCA TCTGAATCAT GCGCGGATGA CACGAACTCA CGACGGCGAT CACAGACATT AACCCACAGT

8001 ACAGACACTG CGACAACGTG GCAATTCGTC GCRATAC

Supplementary Figure 23. The nucleotide sequence of PaTG surface display construct. The

surface display parts are marked with the following colours: Blue = TDH3 promoter, Orange = SP w/
Kex2, Pale blue = PaTG, Green = CBM3a, Grey = Linkers, Yellow = AGA2, Pink = HA-tag, Red =
tTDHI.
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601 ATGAGATTCC
701 CATCTATTTT TACAGCTGTT TTGTTTGCTG CATCTTCAGC ATTAGCTGCA CCAGTTAATA CTACAACTGA AGATGAAACT GCTCAAATTC CAGCTGAAGC
801 AGTTATTGGT TATTTGGATT TGGAGGGTGA CTTTGATGTT GCAGTTTTGC CATTTTCTAA CTCAACAAAC AACGGTTTGT TGTTTATTAA TACAACTATT
901 |GCTTCAATTG CTGCARAAGA AGAAGGTGTT GGTTCTGATA ATGGTGCTGG TGAAGAAACT AAGTCATACG CAGAAACTTA CAGATTGACA GCTGATGATG

1001 TTGCAAACAT CAACGCTTTG CAAGAATCTG CACCAGCTGC ATCTTCAGCT GGTCCATCTT TTAGAGCACC ATCTTTGGAT AAAAGAGAAG CTGAAGCAGA

1101 TTCAGATGAT AGAGTTACTC CACCAGCTGA ACCATTAGAT AGAATGCCAG ATCCATATAG ACCATCATAC GGTAGAGCAG AAACAGTTGT TAACAACTAC

1201 ATCAGAAAGT GGCAACAAGT TTACTCTCAT AGAGATGGTA GARAACAACA ARTGACTGAA GAACAAAGAG AATGGTTGTC ATATGGTTGT GITGGTGTTA

1301 CTTGGGTTAA TTCTGGTCAA TACCCAACAR ATAGATTGGC TTTTGCATCT TTCGATGAAG ATAGATTCAA AAACGRATTG AARAATGGTA GACCAAGATC

1401 AGGTGAAACA AGAGCTGAAT TTGAAGGTAG AGTTGCAAAG GAATCTTTCG ATGAAGAARA GGGTTTTCAA AGAGCAAGAG AAGTTGCTTC AGTTATGAAT

1501 AGAGCATTGG AAAATGCTCA TGATGAATCT GCTTATTTGG ATAATTTGAA GAAAGAATTG GCAAACGGTA ACGATGCTTT GAGARACGAA GATGCTAGAT

1601 CACCATTTTA CTCTGCATTG AGAAACACTC CATCTTTTAA AGRAAGRAAC GGTGGTAACC ATGATCCATC TAGAATGAAG GCTGTTATAT ATTCAAAGCA

1701 TTTTTGGTCT GGTCRAGATA GATCTTCATC TGCTGATAAG AGRAAGTACG GTGACCCAGA TGCTTTTAGA CCAGCTCCAG GTACTGGTTT GGTTGATATG

1801 TCTAGAGATA GAAACATCCC AAGATCACCA ACATCTCCAG GTGAAGGTTT CGTTAACTTC GATTACGGTT GGTTTGGTGC TCAAACAGAA GCTGATGCAG

1901 ATAAAACTGT TTGGACACAT GGTAATCATT ATCATGCTCC AAATGGTTCA TTAGGTGCAA TGCATGTTTA CGAATCTAAG TTTAGACAAT GGTCAGAAGG

2001 TTATTCTGAT TTTGATAGAG GTGCTTACGT TATCACTTTT ATTCCARAGT CTTGGAACAC AGCACCAGAT AAAGTTAAAC AAGGTTGGCC AGGATCCGCA

2101 AATACACCGG TATCAGGCAA TTTGAAGGTT GAATTCTACA ACAGCAATCC TTCAGATACT ACTAACTCAA TCAATCCTCA GTTCAAGGTT ACTAATACCG

2201 GAAGCAGTGC AATTGATTTG TCCAAACTCA CATTGAGATA TTATTATACA GTAGACGGAC AGRAAGATCA GACCTTCTGG TGTGACCATG CTGCAATAAT

2301 CGGCAGTAAC GGCAGCTACA ACGGAATTAC TTCAAATGTA AAAGGAACAT TTGTAAAAAT GAGTTCCTCA ACAAATAACG CAGACACCTA CCTTGAAATA

2401 AGCTTTACAG GCGGRACTCT TGAACCGGGT GCACATGTTC AGATACAAGG TAGATTTGCA AAGAATGACT GGAGTAACTA TACACAGTCA AATGACTACT

2501 CATTCAAGTC TGCTTCACAG TTTGTTGEAT GGGATCAGGT AACAGCATAC TTGAACGGTG TTCTTGTATG GGGTARAGAR CCCGG

2601 [GECCEETITCT GGITCAGGCT CAGGTTCAGE TICTCAGGAA CTGACAACTA TATGCGAGCA AATCCCCTCA CCAACTTTAG AATCGACGCC GTACTCTTTG

2701 TCAACGACTA CTATTTTGGC CAACGGGAAG GCAATGCAAG GAGITTTTGA ATATTACAAA TCAGTAACGT TTGTCAGTAR TTGCGGTTCT CACCCCTCAA

2801 CAACTAGCAA AGGCAGCCCC ATAAACACAC AGTATGTTTT ACCCATACGA CGTTCCAGAC TACGCTTAAC

2901

3001

3101 GTCTCAAGCA GTTACAGAGA TGTTACGAAC CACTAGTGCA CTGCAGTACA TCGAGGAGAA CTTCTAGTAT ATCTACATAC

3201 CTAATATTAT TGCCTTATTA AARAATGGAAT CCCAACAATT ACATCAAAAT CCACATTCTC TTCAARARATCA ATTGTCCTGT ACTTCCTTGT TCATGTGTGT
3301 TCAARAACGT TATATTTATA GGATAATTAT ACTCTATTTC TCAACAAGTA ATTGGTTGTT TGGCCGAGCG GTCTAAGGCG CCTGATTCAA GAAATATCTT
3401 GACCGCAGTT AACTGTGGGA ATACTCAGGT ATCGTAAGAT GCAAGAGTTC GAATCTCTTA GCAACCATTA TTTTTTTCCT CAACATAACG AGAACACACA
3501 GGGGCGCTAT CGCACAGAAT CAAATTCGAT GACTGGAAAT TTTTTGTTAA TTTCAGAGGT CGCCTGACGC ATATACCTTT TTCAACTGAA AAATTGGGAG
3601 AAAAAGGAAR GGTGAGAGCG CCGGAACCGG CTTTTCATAT AGRATAGAGA AGCGTTCATG ACTAAATGCT TGCATCACAA TACTTGAAGT TGACAATATT
3701 ATTTAAGGAC CTATTGTTTT TTCCAATAGG TGGTTAGCAA TCGTCTTACT TTCTAACTTT TCTTACCTTT TACATTTCAG CAATATATAT ATATATATTT
3801 CAAGGATATA CCATTCTAAT GTCTGCCCCT AAGAAGATCG TCGTTTTGCC AGGTGACCAC GTTGGTCAAG AAATCACAGC CGAAGCCATT AAGGTTCTTA
3901 AAGCTATTTC TGATGTTCGT TCCAATGTCA AGTTCGATTT CGAAAATCAT TTAATTGGTG GTGCTGCTAT CGATGCTACA GGTGTTCCAC TTCCAGATGA
4001 GGCGCTGGAA GCCTCCAAGA AGGCTGATGC CGTTTTGTTA GGTGCTGTGG GTGGTCCTAA ATGGGGAACC GGTAGTGTTA GACCTGAACA AGGTTTACTA
4101 AAAATCCGTA AAGAACTTCA ATTGTACGCC AACTTAAGAC CATGTAACTT TGCATCCGAC TCTCTTTTAG ACTTATCTCC AATCAAGCCA CAATTTGCTA
4201 AAGGTACTGA CTTCGTTGTT GTCAGAGAAT TAGTGGGAGG TATTTACTTT GGTARGAGAR AGGAGGACGA TGGTGATGGT GTCGCTTGGG ATAGTGAACA
4301 ATACACCGTT CCAGRAGTGC AARAGAATCAC AAGAATGGCC GCTTTCATGG CCCTACAACA TGAGCCACCA TTGCCTATTT GGTCCTTGGA TAARAGCTAAT
4401 GTTTTGGCCT CTTCAAGATT ATGGAGAAAA ACTGTGGAGG AAACCATCAA GARACGAATTT CCTACATTGA AGGTTCAACA TCAATTGATT GATTCTGCCG
4501 CCATGATCCT AGTTAAGAAC CCAACCCACC TAAATGGTAT TATAATCACC AGCAACATGT TTGGTGATAT CATCTCCGAT GAAGCCTCCG TTATCCCAGG
4601 TTCCTTGGGT TTGTTGCCAT CTGCGTCCTT GGCCTCTTTG CCAGACAAGR ACACCGCATT TGGTTTGTAC GRACCATGCC ACGGTTCTGC TCCAGATTTG
4701 CCAAAGAATA AGGTCAACCC TATCGCCACT ATCTTGTCTG CTGCAATGAT GTTGRAATTG TCATTGAACT TGCCTGAAGA AGGTAAGGCC ATTGAAGATG
4801 CAGTTAAAAA GGTTTTGGAT GCAGGTATCA GAACTGGTGA TTTAGGTGGT TCCAACAGTA CCACCGAAGT CGGTGATGCT GTCGCCGAAG AAGTTAAGAA
4901 AATCCTTGCT TAACCTGGAG GACCCTTCTC TTTAGACTAT TCTACTCTTA TGCACGTAAA AAATTCTAGG AAATATGTAT TAACTAGGAG TAAAATAACC
5001 GGCTAGTGGC ATTCATATAG CCGTCTGTTT ACATCTACAT CACACATTTC GAGTGTATAT CTCGCAACGT TGGCGTTAAAR TAGGCAGGAG TACTCGTATC
5101 GCATGTCGGT GCGACACGAA ATTACAAAAT GGAATATGTT CATAGGGTAG ACGARACTAT ATACGCAATC TACATACATT TATCAAGAAG GAGARARAGG
5201 AGGATGTAAA GGAATACAGG TAAGCAAATT GATACTAATG GCTCAACGTG ATAAGGAARAA AGAATTGCAC TTTAACATTA ATATTGACAA GGAGGAGGGC
5301 ACCACACAAA AAGTTAGGTG TAACAGAARA TCATGAAACT ATGATTCCTA ATTTATATAT TGGAGGATTT TCTCTAAAAA AAAAAAAATA CAACAAATAR
5401 AAAACACTCA ATGACCTGAC CATTTGATGG AGTTTAAGTC AATACCTTCT TGAACCATTT CCCATAATGG TGAARAGTTCC CTCAAGAATT TTACTCTGTC
5501 AGAAACGGCC TTAACGACGT AGTCGACCTC CTCTTCAGTA CTAAATCTAC CAATACCAAA TCTGATGGAR GAATGGGCTA ATGCATCATC CTTACCCAGC
5601 GCCGAGCGGC CGCGTGTTAC AACCAATTAA CCAATTCTGA TTAGAAARAC TCATCGAGCA TCAAATGAAA CTGCAATTTA TTCATATCAG GATTATCAAT
5701 ACCATATTTT TGAAAAAGCC GTTTCTGTAA TGAAGGAGAA AACTCACCGA GGCAGTTCCA TAGGATGGCA AGATCCTGGT ATCGGTCTGC GATTCCGACT
5801 CGTCCRACAT CAATACRACC TATTAATTTC CCCTCGTCAR ARATARGGTT ATCAARGTGAG ARAATCACCAT GAGTGACGAC TGRATCCGGT GAGRATGGCAR
5901 AAAGCTTATG CATTTCTTTC CAGACTTGTT CAACAGGCCA GCCATTACGC TCGTCATCAA AATCACTCGC ATCAACCAAA CCGTTATTCA TTCGTGATTG
6001 CGCCTGAGCG AGGCGAAATA CGCGATCGCT GTTAAAAGGA CAATTACAAA CAGGAATCGA ATGCAACCGG CGCAGGAACA CTGCCAGCGC ATCAACAATA
6101 TTTTCACCTG AATCAGGATA TTCTTCTAAT ACCTGGAATG CTGTTTTCCC GGGGATCGCA GTGGTGAGTA ACCATGCATC ATCAGGAGTA CGGATAAAAT
6201 GCTTGATGGT CGGARGAGGC ATARATTCCG TCAGCCAGTT TAGTCTGACC ATCTCATCTG TAACATCATT GGCRACGCTA CCTTTGCCAT GTTTCAGRAR
6301 CAACTCTGGC GCATCGGGCT TCCCATACAA TCGATAGATT GTCGCACCTG ATTGCCCGAC ATTATCGCGA GCCCATTTAT ACCCATATAA ATCAGCATCC
6401 ATGTTGGAAT TTAATCGCGG CCTGGAGCAA GACGTTITCCC GTTGAATATG GCTCATAACA CCCCTTGTAT TACTGITTAT GTAAGCAGAC AGTITTTATTG
6501 TTCATGATGA TATATTTTTA TCTTGTGCAA TGTAACATCA GAGATTTTGA GACACAACGT GGCTTTGTTG AATAAATCGA ACTTTTGCTG AGTTGAAGGA
6601 TCAGTCATGA CCAARBATCCC TTAARCGTGAG TTTTCGTTCC ACTGAGCGTC AGACCCCGTA GARRAGATCA AARGGATCTTC TTGAGATCCT TTTTTTCTGC
6701 GCGTAATCTG CTGCTTGCAA ACAAAAARAC CACCGCTACC AGCGGTGGTT TGTTTGCCGG ATCAAGAGCT ACCAACTCTT TTTCCGAAGG TAACTGGCTT
6801 CAGCAGAGCG CAGATACCAA ATACTGTTCT TCTAGTIGTAG CCGTAGTTAG GCCACCACTT CAAGAACTCT GTAGCACCGC CTACATACCT CGCTCTGCTA
6901 ATCCTGTTAC CAGTGGCTGC TGCCAGTGGC GATAAGTCGT GTCTTACCGG GTTGGACTCA AGACGATAGT TACCGGATAR GGCGCAGCGG TCGGGCTGAA
7001 CGGGGGGTTC GTGCRCACAG CCCAGCTTGG AGCGAACGAC CTACACCGAR CTGAGATACC TACAGCGTGA GCTATGAGAR AGCGCCACGC TTCCCGRAGG
7101 GAGAAAGGCG GACAGGTATC CGGTAAGCGG CAGGGTCGGA ACAGGAGAGC GCACGAGGGA GCTTCCAGGG GGAAACGCCT GGTATCTTTA TAGTCCTGTC
7201 GGGTTTCGCC ACCTCTGACT TGAGCGTCGA TTTTTGTGAT GCTCGTCAGG GGGGCGGAGC CTATGGAAAA ACGCCAGCAA CGCGGCCTTT TTACGGTTCC
7301 TGGCCTTTTG CTGGCCTTTT GCTCACATGT TCTTTCCTGC GTTATCCCCT GATTCTGTGG ATAACCGTGC GGCCGCCRAT ACCCAGAAGR ACAGTAARAT
7401 ARAGCRAGGT ACGTGARATT AARTATTTTTA AATGGTTCTA ACCGATGCCG RAGARCTGCG CAGTCCGGTT ATARCGTCTG ACATGTCCTT TTTTGATTTG
7501 GAATCCAACC ACTCAAGTGA CTCTGTTCAT TTACTTTGCG AARAATATAC CCACAAATTG CCCATCGAAAR GTGAATCGCA AACCACCTTC AGACTGGCAC
7601 CGACAAAGCA AAGATTATAC AGACAGAGTA CTTTATACGT ACCGTTAAGT CTCAAGCAAA GGGTTTTCTT ATTTACTGAA CGGGTAAAGA GTATCTGGGC
7701 CGGCTTGCCA AGATGCRAAC CGAATRAGTA TTTCARAGTT GCATTTGCCT TAGCCGTCCT GACACCATTG GCTATTTGGA TATTTTATAT TGACTTTCGT
7801 GTACATTGAT CACATCGACT GTTCTATTGG CRAATGARCC ACGGGCATTG ACTATTTTTC AGGTTACTAC TATATATTAT CATCACGGGC AAGGATTGTA
7901 CCCTGAATTC GCATCTAGAC TGATGAGACG TGGTAGAGCC ACAAACAGCC GGTACAAGCA ACGATCTCCA GGACCATCTG AATCATGCGC GGATGACACG
8001 AACTCACGAC GGCGATCACA GACATTAACC CACAGTACAG ACACTGCGAC AACGTGGCAA TTCGTCGCAA TAC

Supplementary Figure 24. The nucleotide sequence of SmTG surface display construct. The
surface display parts are marked with the following colours: Blue = TDH3 promoter, Purple = SP w/o
Kex2, Turquoise = Pro-Kex2-SmTG, Green = CBM3a, Grey = Linkers, Yellow = AGA2, Pink = HA-
tag, Red = tTDHI.

32



Supplementary Table 7. The primers used in yeast colony PCR.

Primer Oligonucleotide sequence (5’a3’) Tm (C°)
BaTG Forward GATCATCATCTCTGGTCAAG 50
BaTG Reverse CCATGCATAATTTGGTATAATG 47
BsTG Forward GGTCAATTGTTAAGACCAC 47
BsTG Reverse CTCTAACAATTCTAAACAAAGATGG 51
PaTG Forward CATTATGGTCTTTGCCAATG 48
PaTG Reverse CCAAACCACCAAACCATC 48
SmTG Forward GATAATGGTGCTGGTGAAGAAAC 53
SmTG Reverse CCAACCTTGTTTAACTTTATCTG 50
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PYTKO004 -

ConlL2

PYTKO47 -

GFP dropout

PYTK072 -

ConRE

PYTKO75 -

LEU2

PYTKO87 -

LEU2 3'

PYTKO090 -

KanR ColE1

PYTKO093 -

LEU2 5'

Bsal

gEEOy

Notl

pATKO001

6131 bp

NS

Supplementary Figure 25. Vector map for the genome-integration vector pATKO001. The
identifiers of the YTK parts used to assemble the vector are also indicated. In pATKO001, the inverted
Bsal sites flanking the GFP dropout cassette enable cloning of the insert by Bsal reaction. NotI digestion

yields homology arms for integration into the yeast genome to the LEU2 locus.
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Supplementary Table 8. The YTK part plasmids’ used to assemble the genome-integration vector
pATKO001.

Plasmid YTK part no. Encodes E. coli marker
pYTKO004 1 ConL2 CamR
pYTKO047 234r GFP dropout CamR
pYTKO072 5 ConRE CamR
pYTKO75 6 LEU2 CamR
pYTKO87 7 LEU2 3’ homology CamR
pYTKO090 8a KanR-ColE1 KanR
pYTKO093 8b LEU2 5’ homology CamR

"The part plasmids originated from the MoClo-YTK Kkit.
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101
201
301
401
501
601
701
801
901
1001 GCTGAGCATG AGACGGAAAT CTGCTCGTCA GTGGTGCTCA CACTGACGAA TCATGTACAG ATCATACCGA
1101 TGACTGCCTG GCGACTCACA ACTAAGCAAG ACAGCCGGAR CCAGCGCCGG CGAACACCAC TGCATATATG GCATATCACA ACAGTCCAAC TAGTGCACTG
1201 CAGTACATCG AGGAGAACTT CTAGTATATC TACATACCTA ATATTATTGC CTTATTAAAA ATGGAATCCC AACAATTACA TCAAAATCCA CATTCTCTTC
1301 AAAATCAATT GTCCTGTACT TCCTTGTTCA TGTGTGTTCA AAAACGTTAT ATTTATAGGA TAATTATACT CTATTTCTCA ACAAGTAATT GGTTGTTTGG
1401 CCGAGCGGTC TAAGGCGCCT GATTCAAGAA ATATCTTGAC CGCAGTTAAC TGTGGGAATA CTCAGGTATC GTAAGATGCA AGAGTTCGAA TCTCTTAGCA
1501 ACCATTATTT TTTTCCTCAA CATAACGAGA ACACACAGGG GCGCTATCGC ACAGRATCAA ATTCGATGAC TGGAAATTTT TTGTTAATTT CAGAGGTCGC
1601 CTGACGCATA TACCTTTTTC AACTGAAAARA TTGGGAGAAA AAGGAAAGGT GAGAGCGCCG GAACCGGCTT TTCATATAGA ATAGAGAAGC GTTCATGACT
1701 AAATGCTTGC ATCACAATAC TTGAAGTTGA CAATATTATT TAAGGACCTA TTGTTTTTTC CAATAGGTGG TTAGCAATCG TCTTACTTTC TAACTTTTCT
1801 TACCTTTTAC ATTTCAGCAA TATATATATA TATATTTCAA GGATATACCA TTCTAATGTC TGCCCCTAAG AAGATCGTCG TTTTGCCAGG TGACCACGTT
1901 GGTCRAGAAA TCACARGCCGA AGCCATTAAG GTTCTTARAG CTATTTCTGAR TGTTCGTTCC AATGTCAAGT TCGATTTCGA AAATCATTTA ATTGGTGGTG
2001 CTGCTATCGA TGCTACAGGT GTTCCACTTC CAGATGAGGC GCTGGAAGCC TCCAAGAAGG CTGATGCCGT TTTGTTAGGT GCTGTGGGTG GTCCTAARATG
2101 GGGARACCGGT AGTGTTAGAC CTGAACAAGG TTTACTAAAA ATCCGTAAAG AACTTCAATT GTACGCCAAC TTAAGACCAT GTAACTTTGC ATCCGACTCT
2201 CTTTTAGACT TATCTCCAAT CAAGCCACAA TTTGCTAAAG GTACTGACTT CGTTGTTGTC AGAGAATTAG TGGGAGGTAT TTACTTTGGT AAGAGAAAGG
2301 AGGACGATGG TGATGGTGTC GCTTGGGATA GTGAACAATA CACCGTTCCA GAAGTGCARAA GAATCACAAG AATGGCCGCT TTCATGGCCC TACAACATGA
2401 GCCACCATTG CCTATTTGGT CCTTGGATAA AGCTAATGTT TTGGCCTCTT CAAGATTATG GAGAAAAACT GTGGAGGAAA CCATCAAGAA CGAATTTCCT
2501 ACATTGAAGG TTCAACATCA ATTGATTGAT TCTGCCGCCA TGATCCTAGT TAAGAACCCA ACCCACCTAA ATGGTATTAT AATCACCAGC AACATGTTTG
2601 GTGATATCAT CTCCGATGAA GCCTCCGTTA TCCCAGGTTC CTTGGGTTTG TTGCCATCTG CGTCCTTGGC CTCTTTGCCA GACAAGAACA CCGCATTTGG
2701 TTTGTACGAA CCATGCCACG GTTCTGCTCC AGATTTGCCA AAGAATAAGG TCAACCCTAT CGCCACTATC TTGTCTGCTG CAATGATGTT GARATTGTCA
2801 TTGAACTTGC CTGAAGAAGG TAAGGCCATT GAAGATGCAG TTAAAAAGGT TTTGGATGCA GGTATCAGAA CTGGTGATTT AGGTGGTTCC AACAGTACCA
2901 CCGAAGTCGG TGATGCTGTC GCCGAAGAAG TTAAGAAAAT CCTTGCTTAA CCTGGAGGAC CCTTCTCTTT AGACTATTCT ACTCTTATGC ACGTAAAAAA
3001 TTCTAGGAAA TATGTATTAA CTAGGAGTAA AATAACCGGC TAGTGGCATT CATATAGCCG TCTGTTTACA TCTACATCAC ACATTTCGAG TGTATATCTC
3101 GCAACGTTGG CGTTARAATAG
3201
3301
3401
3501
3601 GAGCGGCCGC GTGTTACAAC CAATTAACCA ATTCTGATTA GARAARACTCA TCGAGCATCA
3701 AATGAAACTG CAATTTATTC ATATCAGGAT TATCAATACC ATATTTTTGA AAAAGCCGTT TCTGTAATGA AGGAGAAAAC TCACCGAGGC AGTTCCATAG
3801 GATGGCAAGA TCCTGGTATC GGTCTGCGAT TCCGACTCGT CCAACATCAA TACAACCTAT TAATTTCCCC TCGTCAAARAA TAAGGTTATC AAGTGAGAAR
3901 TCACCATGAG TGACGACTGA ATCCGGTGAG AATGGCAAAA GCTTATGCAT TTCTTTCCAG ACTTGTTCAA CAGGCCAGCC ATTACGCTCG TCATCAAAAT
4001 CACTCGCATC AACCAAACCG TTATTCATTC GTGATTGCGC CTGAGCGAGG CGAAATACGC GATCGCTGTT AAAAGGACAA TTACAAACAG GAATCGAATG
4101 CAACCGGCGC AGGAACACTG CCAGCGCATC AACAATATTT TCACCTGAAT CAGGATATTC TTCTAATACC TGGAATGCTG TTTTCCCGGG GATCGCAGTG
4201 GTGAGTAACC ATGCATCATC AGGAGTACGG ATAAAATGCT TGATGGTCGG AAGAGGCATA AATTCCGTCA GCCAGTTTAG TCTGACCATC TCATCTGTAA
4301 CATCATTGGC AACGCTACCT TTGCCATGTT TCAGAAACAA CTCTGGCGCA TCGGGCTTCC CATACAATCG ATAGATTGTC GCACCTGATT GCCCGACATT
4401 ATCGCGAGCC CATTTATACC CATATAAATC AGCATCCATG TTGGAATTTA ATCGCGGCCT GGAGCAAGAC GTTTCCCGTT GAATATGGCT CATAACACCC
4501 CTTGTATTAC TGTTTATGTA AGCAGACAGT TTTATTGTTC ATGATGATAT ATTTTTATCT TGTGCAATGT AACATCAGAG ATTTTGAGAC ACAACGTGGC
4601 TTTGTTGAAT AAATCGAACT TTTGCTGAGT TGARAGGATCA GTCATGACCA AAATCCCTTA ACGTGAGTTT TCGTTCCACT GAGCGTCAGA CCCCGTAGAA
4701 AAGATCAAAG GATCTTCTTG AGATCCTTTT TTTCTGCGCG TAATCTGCTG CTTGCAARACA AAARAACCAC CGCTACCAGC GGTGGTTTGT TTGCCGGATC
4801 AAGAGCTACC AACTCTTTTT CCGAAGGTAA CTGGCTTCAG CAGAGCGCAG ATACCARATA CTGTTCTTCT AGTGTAGCCG TAGTTAGGCC ACCACTTCAA
4901 GAACTCTGTA GCACCGCCTA CATACCTCGC TCTGCTAATC CTGTTACCAG TGGCTGCTGC CAGTGGCGAT AAGTCGTGTC TTACCGGGTT GGACTCAAGA
5001 CGATAGTTAC CGGATAAGGC GCAGCGGTCG GGCTGAACGG GGGGTTCGTG CACACAGCCC AGCTTGGAGC GAACGACCTA CACCGAACTG AGATACCTAC
5101 AGCGTGAGCT ATGAGAAAGC GCCACGCTTC CCGAAGGGAG AAAGGCGGAC AGGTATCCGG TAAGCGGCAG GGTCGGAACA GGAGAGCGCA CGAGGGAGCT
5201 TCCAGGGGGA AACGCCTGGT ATCTTTATAG TCCTGTCGGG TTTCGCCACC TCTGACTTGA GCGTCGATTT TTGTGATGCT CGTCAGGGGG GCGGAGCCTA
5301 TGGAAAAACG CCAGCAACGC GGCCTTTTTA CGGTTCCTGG CCTTTTGCTG GCCTTTTGCT CACATGTTCT TTCCTGCGTT ATCCCCTGAT TCTGTGGATA
5401 ACCGTGCGGC CGCCAATACC CAGAAGAACA GTAAAATAAR GCAAGGTACG TGAAATTAAT ATTTTTAAAT GGTTCTAACC GATGCCGAAG AACTGCGCAG
5501 TCCGGTTATA ACGTCTGACA TGTCCTTTTT TGATTTGGAA TCCAACCACT CAAGTGACTC TGTTCATTTA CTTTGCGAAA AATATACCCA CAAATTGCCC
5601 ATCGAAAGTG AATCGCARAC CACCTTCAGA CTGGCACCGA CAAAGCAAAG ATTATACAGA CAGAGTACTT TATACGTACC GTTAAGTCTC AAGCAAAGGG
5701 TTTTCTTATT TACTGAACGG GTAAAGAGTA TCTGGGCCGG CTTGCCAAGA TGCAAACCGA ATAAGTATTT CAAAGTTGCA TTTGCCTTAG CCGTCCTGAC
5801 ACCATTGGCT ATTTGGATAT TTTATATTGA CTTTCGTGTA CATTGATCAC ATCGACTGTT CTATTGGCAA ATGAACCACG GGCATTGACT ATTTTTCAGG
5901 TTACTACTAT ATATTATCAT CACGGGCAAG
6001
6101

Supplementary Figure 26. Nucleotide sequence of the genome-integration vector pATK001. The
vector parts are marked with the following colours: Green = GFP dropout cassette, Light grey = ConRE,
Purple = LEU2, Pink = LEU2 3’ homology, Yellow = KanR-ColE1, Orange = LEU2 5’ homology, Dark
grey = ConL2.
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GGTCTCAATC CCATCATCAT CATCATCACT AATGGCTGAG ACCAGACCAA TAAARAAACGC CCGGCGGCAA CCGAGCGTTC TGAACAAATC CAGATGGAGT
101 TCTGAGGTCA TTACTGGATC TATCAACAGG AGTCCAAGCG AGCTCGATAT CAARATTACGC CCCGCCCTGC CACTCATCGC AGTACTGTTG TAATTCATTA
201 AGCATTCTGC CGACATGGAA GCCATCACAA ACGGCATGAT GAACCTGAAT CGCCAGCGGC ATCAGCACCT TGTCGCCTTG CGTATAATAT TTGCCCATGG
301 TGAAAACGGG GGCGAAGAAG TTGTCCATAT TGGCCACGTT TAAATCAAAA CTGGTGAAAC TCACCCAGGG ATTGGCTGAA ACGAAAAACA TATTCTCAAT
401 RRACCCTTTA GGGABATAGG CCAGGTTTTC ACCGTAACAC GCCACATCTT GCGARATATAT GTGTAGAARC TGCCGGARAT CGTCGTGGTA TTCRCTCCAG
501 AGCGATGAAA ACGTTTCAGT TTGCTCATGG AAAACGGTGT AACAAGGGTG AACACTATCC CATATCACCA GCTCACCGTC TTTCATTGCC ATACGAAATT
601 CCGGATGAGC ATTCATCAGG CGGGCAAGAA TGTGAATAAA GGCCGGATAA AACTTGTGCT TATTTTTCTT TACGGTCTTT AAARAGGCCG TAATATCCAG
701 CTGAACGGTC TGGTTATAGG TACATTGAGC AACTGACTGA AATGCCTCAA AATGTTCTTT ACGATGCCAT TGGGATATAT CAACGGTGGT ATATCCAGTG
801 ATTTTTTTCT CCATTTTAGC TTCCTTAGCT CCTGARAATC TCGATARACTC RARAARATACG CCCGGTAGTG ATCTTATTTC ATTATGGTGA AAGTTGGRAC
901 CTCTTACGTG CCCGATCAAT CATGACCAAA ATCCCTTAAC GTGAGTTTTC GTTCCACTGA GCGTCAGACC CCGTAGAAAA GATCAAAGGA TCTTCTTGAG

1001 ATCCTTTTTT TCTGCGCGTA ATCTGCTGCT TGCAAACAAA AAAACCACCG CTACCAGCGG TGGTTTGTTT GCCGGATCAA GAGCTACCAA CTCTTTTTCC

1101 GAAGGTAACT GGCTTCAGCA GAGCGCAGAT ACCAAATACT GTTCTTCTAG TGTAGCCGTA GTTAGGCCAC CACTTCAAGA ACTCTGTAGC ACCGCCTACA

1201 TACCTCGCTC TGCTRATCCT GTTACCAGTG GCTGCTGCCA GTGGCGATAR GTCGTGTCTT ACCGGGTTGG ACTCAAGACG ATAGTTACCG GATAAGGCGC

1301 AGCGGTCGGG CTGAACGGGG GGTTCGTGCA CACAGCCCAG CTTGGAGCGA ACGACCTACA CCGAACTGAG ATACCTACAG CGTGAGCTAT GAGAAAGCGC

1401 CACGCTTCCC GAAGGGAGAA AGGCGGACAG GTATCCGGTA AGCGGCAGGG TCGGAACAGG AGAGCGCACG AGGGAGCTTC CAGGGGGAAA CGCCTGGTAT

1501 CTTTATAGTC CTGTCGGGTT TCGCCACCTC TGACTTGAGC GTCGATTTTT GTGATGCTCG TCAGGGGGGC GGAGCCTATG GAAAAACGCC AGCAACGCGG

1601 CCTTTTTACG GTTCCTGGCC TTTTGCTGGC CTTTTGCTCA CATGTTCTTT CCTGCGTTAT CCCCTGATTC TGTGGATAAC CGTAGTC

Supplementary Figure 27. The nucleotide sequence for the part plasmid pATK008. The part
plasmid was generated by cloning the synthetised (His)s-tag encoding gene into the YTK entry vector
pYTKOO1. The insert is highlighted with pink colour.
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Supplementary Table 9. Parts used to assemble the SmTG secretion construct and their access

information.
Plasmid YTIlfOpart Encodes E. coli marker Source
. . Linder group
pATKO001 — Genome 1r;tegrat10n KanR collection, YTK
vector toolkit!
pYTKO030 2 pGALI CamR YTK toolkit
Linder group
pATK002 3a SP w/ Kex2 CamR collection, ATK
toolkit?
Linder group
pATKO003 3a SP w/o Kex2 CamR collection, ATK
toolkit
Linder group
pATKO007 3b Pro-Kex2-SmTG CamR collection, ATK
toolkit
Linder group
pATKO008 4a (His)e-tag CamR collection, ATK
toolkit
pYTKO066 4b tTDHI1 CamR YTK toolkit

TThe original YTK toolkit is available at Addgene. § ATK Toolkit that extends the YTK toolkit
with enzyme and protein parts is currently only available upon request from Linder group,

Aalto University.

38



1 AACGCCCCAT TATCTTAGCC TAAAAAAACC TTCTCTTTGG AACTTTCAGT AATACGCTTA ACTGCTCATT GCTATATTGA AGTACGGATT AGAAGCCGCC
101 GAGCGGGCGA CAGCCCTCCG ACGGATGACT CTCCTCCGTG CGTCCTCGTC ATCACCGGTC GCGTTCCTGA AACGCAGATG TGCCTCGCGC CGCACTGCTC
201 CGARCAATARA AGATTCTACA ATACTAGCTT TTATGGTTAT GAAGAGGARA AATTGGCAGT AACCTGGCCC CACAAACCTT CARAATTAACG AATCARATTA
301 ACAACCATAG GATGATAATG CGATTAGTTT TTTAGCCTTA TTTCTGGGGT AATTAATCAG CGRAGCGATG ATTTTTGATC TATTAACAGA TATATAAATG
401 GAARAGCTGC ATAACCACTT TAACTAATAC TTTCAACATT TTCAGTTTGT ATTACTTCTT ATTCAAATGT CATAAAAGTA TCAACRAAAA ATTGTTAATA
501 TACCTCTATA CTTTAACGTC AAGGAGAAARA AACTATAAGA TCTATGAGAT TCCCATCTAT TTTTACAGCT GTTTTGTTIG CTGCATCTTC AGCATTAGCT
601 GCACCAGTTA ATACTACAAC TGAAGATGAA ACTGCTCAAA TTCCAGCTGA AGCAGTTATT GGTTATTTGG ATTTGGAGGG TGACTTTGAT GITGCAGITT
701 TGCCATTTTC TAACTCAACA AACARACGGTT TGTTGTTTAT TAATACAACT ATTGCTTCAA TTGCTGCAAA AGAAGAAGGT GTTGGTTCTG ATRATGGTGC
801 TGGTGAAGAR ACTAAGTCAT ACGCAGAAAC TTACAGATTG ACAGCTGATG ATGTTGCAAR CATCAACGCT TTGCAAGAAT CTGCACCAGC TGCATCTTCA
901 GCTGGTCCAT CTTTTAGAGC ACCATCTTTG GATARAAGAG AAGCTGAAGC AGATTCAGAT GATAGAGTTA CTCCACCAGC TGRACCATTA GATAGARATGC

1001 CAGATCCATA TAGACCATCA TACGGTAGAG CAGAAACAGT TGTTAACAAC TACATCAGAA AGTGGCAACA AGTTTACTCT CATAGAGATG GTAGAARACA
1101 ACARATGACT GAAGAACARA GAGRATGGTT GTCATATGGT TGTGTTGGTG TTACTTGGGT TAATTCTGGT CAATACCCAA CAAATRGATT GGCTTTTGCA
1201 TCTTTCGATG AAGATAGATT CAARRAACGAR TTGARRAATG GTAGACCAAG ATCAGGTGAAR ACRAGAGCTG AATTTGAAGG TAGAGTTGCA AAGGRATCTT
1301 TCGATGAAGA AAAGGGTTTT CARAGAGCAR GAGAAGTTGC TTCAGTTATG AATAGAGCAT TGGAAAATGC TCATGATGAA TCTGCTTATT TGGATAATTT
1401 GAAGAAAGAA TTGGCAAACG GTAACGATGC TTTGAGARAC GAAGATGCTA GATCACCATT TTACTCTGCA TTGAGAAACA CTCCATCTTT TAAAGAAAGA
1501 AACGGTGGTA ACCATGATCC ATCTAGAATG AAGGCTGTTA TATATTCAARA GCATTTTTGG TCTGGTCAAG ATAGATCTTC ATCTGCTGAT AAGAGAAAGT
1601 ACGGTGACCC AGATGCTTTT AGACCAGCTC CAGGTACTGG TTTGGTTGAT ATGTCTAGAG ATAGAAACAT CCCAAGATCA CCAACATCTC CAGGTGAAGG
1701 TTTCGTTAAC TTCGATTACG GTTGGTTTGG TGCTCAAARCA GAAGCTGATG CAGATAARAC TGTTTGGACA CATGGTAATC ATTATCATGC TCCARATGGT
1801 TCATTAGGTG CAATGCATGT TTACGRATCT AAGTTTAGAC AATGGTCARGA AGGTTATTCT GATTTTGATA GAGGTGCTTA CGTTATCACT TTTATTCCAA
1901 AGTCTTGGAA CACAGCACCA GATAAAGTTA AACAAGGTTG GCCAGGATCC CATCATCATC ATCATCACTA

2001
2101 G
2201 CTGAGCATGA GACGGAAATC TGCTCGTCAG TGGTGCTCAC ACTGACGAAT CATGTACAGA TCATACCGAT GACTGCCTGG CGACTCACAA CTAAGCAAGA
2301 CAGCCGGAAC CAGCGCCGGC GAACACCACT GCATATATGG CATATCACAA CAGTCCAACT AGTGCACTGC AGTACATCGA GGAGAACTTC TAGTATATCT
2401 ACATACCTAA TATTATTGCC TTATTAAARA TGGAATCCCA ACAATTACAT CARAATCCAC ATTCTCTTCA AAATCAATTG TCCTGTACTT CCTTGTTCAT
2501 GTGIGTTCAA AAACGTTATA TTTATAGGAT AATTATACTC TATTTCTCAA CAAGTAATTG GTTGTTTGGC CGAGCGGTCT AAGGCGCCTG ATTCRAGAAR
2601 TATCTTGACC GCAGTTAACT GTGGGAATAC TCAGGTATCG TAAGATGCAA GAGTTCGAAT CTCTTAGCAA CCATTATTTT TTTCCTCAAC ATAACGAGAR
2701 CACACAGGGG CGCTATCGCA CAGRATCARA TTCGATGACT GGARATTTTT TGTTAATTTC AGAGGTCGCC TGACGCATAT ACCTTTTTCA ACTGARARAAT
2801 TGGGAGAAAA AGGAAAGGTG AGAGCGLCGG AACCGGCTTT TCATATAGAA TAGAGAAGCG TTCATGACTA AATGCTTGCA TCACAATACT TGAAGTTGAC
2901 AATATTATTT AAGGACCTAT TGTTTTTTCC AATAGGTGGT TAGCAATCGT CTTACTTTCT AACTTTTCTT ACCTTTTACA TTTCAGCAAT ATATATATAT
3001 ATATTTCAAG GATATACCAT TCTARATGTCT GCCCCTARGA AGATCGTCGT TTTGCCAGGT GACCACGTTG GTCAAGARAT CACAGCCGRA GCCATTAAGG
3101 TTCTTARAGC TATTTCTGAT GTTCGTTCCA ATGTCAAGTT CGATTTCGAA AATCATTTAA TTGGTGGTGC TGCTATCGAT GCTACAGGTG TTCCARCTTCC
3201 AGATGAGGCG CTGGAAGCCT CCAAGAAGGC TGATGCCGTT TTGTTAGGTG CTGTGGGTGG TCCTAAATGG GGAACCGGTA GTGTTAGACC TGAACAAGGT
3301 TTACTRAARARR TCCGTAAAGA ACTTCAATTG TACGCCAACT TAAGACCATG TAACTTTGCA TCCGACTCTC TTTTAGACTT ATCTCCAATC AAGCCACAAT
3401 TTGCTAAAGG TACTGACTTC GTTGTTGTCA GAGAATTAGT GGGAGGTATT TACTTTGGTA AGAGAAAGGA GGACGATGGT GATGGTGTCG CTTGGGATAG
3501 TGAACAATAC ACCGTTCCAG AAGTGCARAG AATCACAAGA ATGGCCGCTT TCATGGCCCT ACAACATGAG CCACCATTGC CTATTTGGTC CTTGGATAARR
3601 GCTRATGTTT TGGCCTCTTC AAGATTATGG AGRAARACTG TGGAGGARAC CATCAAGAAC GAATTTCCTA CATTGAAGGT TCAACATCAA TTGATTGATT
3701 CTGCCGCCAT GATCCTAGTT AAGRACCCAA CCCACCTAAA TGGTATTATA ATCACCAGCA ACATGTTTGG TGATATCATC TCCGATGAAG CCTCCGTTAT
3801 CCCAGGTTCC TTGGGTTTGT TGCCATCTGC GTCCITGGCC TCTTTGCCAG ACAAGAACAC CGCATTTGGT TTGTACGAAC CATGCCACGG TTCTGCTCCA
3901 GATTTGCCRA AGRATARGGT CAACCCTATC GCCACTATCT TGTCTGCTGC AATGATGTTG ABRATTGTCAT TGRACTTGCC TGAAGARGGT ARAGGCCATTG
4001 AAGATGCAGT TARAARGGTT TTGGATGCAG GTATCAGARAC TGGIGATTTA GGTGGTTCCA ACAGTACCAC CGRAGTCGGT GATGCTGTCG CCGARAGAAGT
4101 TAAGAAAARTC CTTGCTTAAC CTGGAGGACC CTTCTICTTTA GACTATTCTA CTCTTATGCA CGTARAARAT TCTAGGAART ATGTATTAAC TAGGAGTARA
4201 ATAACCGGCT AGTGGCATTC ATATAGCCGT CTGTTTACAT CTACATCACA CATTTCGAGT GTATATCTCG CAACGTTGGC GTTARATAGG CAGGAGTACT
4301 CGTATCGCAT GTCGGTGCGA CACGAARATTA CARAATGGARA TATGTTCATA GGGTAGACGA AACTATATAC GCRATCTACA TACATTTATC AAGARGGAGH
4401 ARARGGAGGA TGTAAAGGAA TACAGGTAAG CARAATTGATA CTAATGGCTC AACGTGATAA GGAAAAAGAA TTGCACTTTA ACATTAATAT TGACAAGGAG
4501 GAGGGCACCA CACARRRRAGT TAGGTGTAAC AGRAAATCAT GAAACTATGA TTCCTAATTT ATATATTGGA GGATTTTCTC TAARAARRAR AARATACAAC
4601 RARATRAAARR CACTCRATGA CCTGACCATT TGATGGAGTT TARAGTCAATA CCTTCTTGARA CCATTTCCCA TAATGGTGAA AGTTCCCTCA AGRATTTTAC
4701 TCTGTCAGAA ACGGCCTTAA CGACGTAGTC GACCTCCTCT TCAGTACTAA ATCTACCAAT ACCAAATCTG ATGGAAGAAT GGGCTAATGC ATCATCCITA
4801 CCCAGCGCCG AGCGGCCGCG TGTTACAACC AATTAACCAA TTCTGATTAG AAAAACTCAT CGAGCATCAA ATGAAACTGC AATTTATTCA TATCAGGATT
4901 ATCRATACCA TATTTTTGAAR AARAGCCGTTT CTGTAATGAR GGAGAARRCT CACCGAGGCA GTTCCATAGG ATGGCAAGAT CCTGGTATCG GTCTGCGATT
5001 CCGACTCGTC CAACATCAAT ACAACCTATT AATTTCCCCT CGTCAARAARAT AAGGTTATCA AGTGAGAAAT CACCATGAGT GACGACTGAAR TCCGGTGAGA
5101 ATGGCAAAAG CTTATGCATT TCTTTCCAGA CTTGTTCAAC AGGCCAGCCA TTACGCTCGT CATCAAAATC ACTCGCATCA ACCARACCGT TATTCATTICG
5201 TGATTGCGCC TGAGCGAGGC GRAATACGCG ATCGCTGTTA ARAGGACAAT TACRRACAGG AATCGAATGC RACCGGCGCR GGAACACTGC CAGCGCATCR
5301 ACAATATTTT CACCTGAATC AGGATATTCT TCTAATACCT GGAATGCTGT TTTCCCGGGG ATCGCAGTGG TGAGTAACCA TGCATCATCA GGAGTACGGA
5401 TAARRATGCTT GATGGTCGGA AGAGGCATAA ATTCCGTCAG CCAGTTTAGT CTGACCATCT CATCTGTAAC ATCATTGGCA ACGCTACCTT TGCCATGITT
5501 CAGRRACAAC TCTGGCGCAT CGGGCTTCCC ATACRATCGA TAGATTGTCG CACCTGATTG CCCGACATTA TCGCGAGCCC ATTTATACCC ATATARATCA
5601 GCATCCATGT TGGAATTTAR TCGCGGCCTG GAGCRAGACG TTTCCCGTTG AARTATGGCTC ATARCACCCC TTGTATTACT GTTTATGTAR GCAGACAGTT
5701 TTATTGTTCA TGATGATATA TTTTTATCTT GTGCAATGTA ACATCAGAGA TTTTGAGACA CAACGTGGCT TTGTTGAATA AATCGAACTT TTGCTGAGTT
5801 GRAGGATCAG TCATGACCAR AATCCCTTAA CGTGAGTTTIT CGTTCCACTG AGCGTCAGAC CCCGTAGRAA AGATCARAGG ATCTTCTTGA GATCCTTTITT
5901 TTCTGCGCGT AARTCTGCTGC TTGCAAACAR ARARRACCACC GCTACCAGCG GTGGTTTGTT TGCCGGATCA AGAGCTACCA ACTCTTTTTIC CGARAGGTAAC
6001 TGGCTTCAGC AGAGCGCAGA TACCARATAC TGTTCTTCTA GTGTAGCCGT AGTTAGGCCA CCACTTCAAG AACTCTGTAG CACCGCCTAC ATACCTCGCT
6101 CTGCTAATCC TGTTACCAGT GGCTGCTGCC AGTGGCGATA AGTCGTGTCT TACCGGGTTG GACTCAAGAC GATAGTTACC GGATARAGGCG CAGCGGTCGG
6201 GCTGAACGGG GGGTTCGTGC ACACAGCCCA GCTTGGAGCG AACGACCTAC ACCGAACTGA GATACCTACA GCGTGAGCTA TGAGARAGCG CCACGCTTCC
6301 CGARGGGAGA AAGGCGGACA GGTATCCGGT AAGCGGCAGG GTCGGARACAG GAGAGCGCAC GAGGGAGCTT CCAGGGGGAA ACGCCTGGTA TCTTTATAGT
6401 CCTGTCGGGT TTCGCCACCT CTGACTTGAG CGTCGATTTT TGTGATGCTC GTCAGGGGGG CGGAGCUTAT GGAAARACGC CAGCAACGCG GCCTTTTTAC
6501 GGTTCCTGGC CTTTTGCTGG CCTTTTGCTC ACATGTTCTT TCCTGCGTITA TCCCCTGATT CTGTGGATAA CCGTGCGGCC GCCAATACCC AGAAGRACAG
6601 TAAAATAAAG CAAGGTACGT GAAATTAATA TTTTTAAATG GTTCTAACCG ATGCCGAAGA ACTGCGCAGT CCGGTTATAA CGTCTGACAT GTCCTTTTITIT
6701 GATTTGGAAT CCAACCACTC ARAGTGACTCT GTTCATTTAC TTTGCGAAAA ATATACCCAC ARATTGCCCA TCGARAGTGA ATCGCARARACC ACCTTCAGAC
6801 TGGCACCGAC AAAGCAAAGA TTATACAGAC AGAGTACTTT ATACGTACCG TTAAGTCTCA AGCRAAGGGT TTTCTTATTT ACTGAACGGG TAAAGAGTAT
6901 CTGGGCCGGC TTGCCAAGAT GCAARACCGAA TAAGTATTTC AAAGTTGCAT TTGCCTTAGC CGTCCTGACA CCATTGGCTA TTTGGATATT TTATATTGAC
7001 TTTCGTGTAC ATTGATCACA TCGACTGTTC TATTGGCARAR TGAACCACGG GCATTGACTA TTTTTCAGGT TACTACTATA TATTATCATC ACGGGCAAGG
7101 ATTGTACCCT GAATTCGCAT CTAGAATAAA TCGCAGCCAA GTGAGTGAAT AGATGACGCA CCACGGTCAG ACACGGCCAC ATCGTATCTC ACAGGAGCAA
7201 GCGCGATAGG AGCACTCACA CATAGTACGG TGATCCGCTG ACTCCTTTGC CCAAATAAGA CGTGAGCCCG TCTCAGATGC ACACACTGGC TTAAGATGAC

Supplementary Figure 28. Nucleotide sequence of the SmTG secretion construct. The parts for
SmTG secretion are marked with the following colours: Blue = pGall, Purple = SP w/o Kex2, Turquoise
= Pro-Kex2-SmTG, Pink = (His)s-tag, Red = tTDHI.

39



bp M Notl

5000- |8 i

5537 bp

3000-

2000-

1500- 1763 bp

Supplementary Figure 29. Notl linearized SmTG secretion construct. The two bands released
upon Notl cleavage corresponded to the genome-integration cassette encoding the SmTG (5537 bp),
and the kanamycin resistance and ColE1 parts (1763 bp).
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Supplementary Figure 30. Standard curve of ELISA. The standard curve presents the logit
transformation of absorbance values measured for a His-protein standard at 412 nm against their log
concentration. The logit transformation was used to linearise the absorbance values before performing
the linear regression fitting.
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Supplementary Figure 31. Amplitude sweeps of the yeast cultures containing casein and CNFs.
The amplitude sweeps were performed for both the a) control yeast, and b) TG secreting yeast
cultivations. The storage modulus (G’) and the loss modulus (G”’) were plotted as a function of shear
strain (%). The measurements were conducted with a constant frequency of 6.28 rad s at 23°C.
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Supplementary Table 10. Amino acid sequences of the enzymes secreted from yeast.

Name and annotation Amino acid sequence’

MRFPSIFTAVLFAASSALAAPVNTTTEDETAQIPAEAVIGYLDLEGDFDVAVLPFSNST
NNGLLFINTTIASIAAKEEGVGSDNGAGEETKSYAETYRLTADDVANINALQESAPA
ASSAGPSFRAPSLDKREAEADSDDRVTPPAEPLDRMPDPYRPSYGRAETVVNNYIR

SmTG KWQQVYSHRDGRKQQMTEEQREWLSYGCVGVTWVNSGQYPTNRLAFASFDEDR
FKNELKNGRPRSGETRAEFEGRVAKESFDEEKGFQRAREVASVMNRALENAHDES

SP w/o Kex2—Pro-Kex2-SmTG-6xHIS AYLDNLKKELANGNDALRNEDARSPFYSALRNTPSFKERNGGNHDPSRMKAVIYS
KHFWSGQDRSSSADKRKYGDPDAFRPAPGTGLVDMSRDRNIPRSPTSPGEGFVNFD
YGWFGAQTEADADKTVWTHGNHYHAPNGSLGAMHVYESKFRQWSEGYSDFDR
GAY VITFIPKSWNTAPDKVKQGWPGSHHHHHH*

MRFPSIFTAVLFAASSALAAPVNTTTEDETAQIPAEAVIGYLDLEGDFDVAVLPFSNST
NNGLLFINTTIASIAAKEEGVSLDKRGSHPETLVKVKDAEDQLGARVGYIELDLNSG
KILESFRPEERFPMMSTFKVLLCGAVLSRIDAGQEQLGRRIHYSQNDLVEYSPVTEK

B-lactamase HLTDGMTVRELCSAAITMSDNTAANLLLTTIGGPKELTAFLHNMGDHVTRLDRWEP
ELNEAIPNDERDTTMPVAMATTLRKLLTGELLTLASRQQLIDWMEADKVAGPLLRS
SP_B lactamase-CBDoex ALPAGWFIADKSGAGERGSRGIIAALGPDGKPSRIVVIYTTGSQATMDERNRQIAEI

GASLIKHWGSGGPAGCQVLWGVNQWNTGFTANVTVKNTSSAPVDGWTLTFSFPS
GQQVTQAWSSTVTQSGSAVTVRNAPWNGSIPAGGTAQFGFNGSHTGTNAAPTAES
LNGTPCTVGGSTG*

"Minimal, flexible AS and GS linkers are indicated with light grey. The asterisk symbol (*)
signifies the stop codon.
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Supplementary Table 11. The data used to generate the Ashby plot shown in Supporting
Figure 12.

Application Storage modulus - Water content Reference

Living hydrogel 2840 94.0 This work
Cheese 40 95.8 2
Cheese 267 94.8 23
Cheese 509 93.0 23
Cheese 766 92.7 23
Cheese 1803 91.0 23
Cheese 1777 90.2 23
Yoghurt 534 96.0 2
Yoghurt 425 95.7 23
Yoghurt 389 95.4 2
Yoghurt 314 95.2 23
Yoghurt 240 93.0 23
Seafood paste 200 52.0 24
Seafood paste 300 47.0 24
Seafood paste 400 41.0 24
Seafood paste 500 38.0 24
Seafood paste 600 33.0 24
Seafood paste 2000 72.0 2
Meat alternative 1200 88.0 26
Meat alternative 85 87.0 27
Meat alternative 500 86.0 27
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Supplementary Table 11. Continues.

Storage modulus Water content

Application (Pa) (WE.%) Reference
Meat alternative 300 95.0 28
Meat alternative 125 97.3 29
3D printing paste 600 88.0 20
3D printing paste 1500 49.0 30
3D printing paste 550 90.0 31
3D printing paste 1000 80.0 32

Biomedical gel 1500 97.5 33
Biomedical gel 400 96.0 34
Biomedical gel 700 95.0 3
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