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Supplementary Figure S1. Growth characterisation of different auxotrophic strains of .
boulardii. (A) Bar plot of the mean doubling time (h™') in pH 3, 4, 5 and 6 at aerobic cultivation.
(B) Bar plot of the mean doubling time (h'') under anaerobic (0 %) and microaerobic (0.1 %
and 1 %) at pH 6. Data presented as mean + SEM (n = 3). One-way ANOVA, Dunnett's post
hoc test with Sb URA 353X as reference.
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Figure S2. Growth characterisation of double and triple gene disruptions S. boulardii. Bar
plot of mean ODgoo after 120 hours with and without the required nutrition supplemented. Limit
of detection (LOD). Data presented as mean + SEM (n = 3). * p <0.05, ** p <0.01 and *** p
< 0.001. One-way ANOVA, Dunnett’s post hoc test for each strain with fully supplemented
media as reference.
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Supplementary Figure S3. Escape rate assay of the thi6A S. boulardii strain. (A) Graphical
illustration of the experimental design. The S. boulardii strains were cultivated for 120 hours
in SC with (400 pg/mL) and without thiamine at 37°C. The cultures we spun down and
resuspended in 500 pL and spotted on SC plates with and without thiamine. All plates were
incubated for 72 hours at 37°C. (B) The serial dilution and re-streak of SbU™ and SbU" + thi6A
cultivated in SC with 400 pg/mL thiamine. (C) The serial dilution and re-streak of SbU™ and
SbU" + thi6A cultivated in SC without thiamine. Grown biomass from the undiluted samples
were spread out on fresh selection plates to verify potential escapers. (D) The logio CFU/mL
from the serial dilution spotting. Data presented as mean + SEM (n = 3). Two-way ANOVA,
Tukey post hoc test. The different letters (a, b, and c) above the bars indicate statistically
different groups (significance level at p < 0.05)
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Supplementary Figure S4. Growth performance of the cold-sensitive strains at different

temperature. The mean ODgoo over time at different temperature (15 °C, 20 °C and 37 °C).
Data presented as mean = SEM (n =3). Each point represents a biological replicate.
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Supplementary Figure S5. Growth characterisation of the cold-sensitive strains at
different oxygen concentration. (A) Bar plot of the mean doubling time (h™!) under anaerobic
(0 %) and microaerobic (0.1 % and 1 %) at pH 6. Data presented as mean + SEM (n = 3). Two-
way ANOVA, Tukey post hoc test. The different letters (a, b, and c) above the bars indicate
statistically different groups (significance level at p < 0.05)
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Supplementary Figure S6. Characterisation of the combined biocontainment strain. Bar
plot of the mean ODeo after 48 hours with (+) and without (-) thiamine supplemented at 37°C.
Data presented as mean + SEM (n = 3). * p <0.05, ** p <0.01 and *** p <0.001. One-way
ANOVA, Dunnett’s post hoc test with SbU" as reference.
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Supplementary Figure S7. Growth characterisation of the combined biocontainment
strain in mono-culture and co-culture at different condition. (A) Graphical illustration of
the experimental design. SbU™ and SbU" + bts/A + thi6A were inoculated 1:1 in a culture. (B)
Logio cells/mL of SbU™ and SbU"+ btsIA + thi6A in a mono-culture and co-culture with each
other in media with and without thiamine. The culture was diluted 1:100 every 48™ hour for a
total period of 96 hours (n = 3). (C) Logio cells/mL of SbU™ and SbU" + btsIA + thi6A in a
mono-culture and co-culture with each other at 15°C, 20°C, and 37°C. The culture was diluted
1:100 every 24™ hour for a total period of 120 hours for cultures at 20°C and 37°C, and 48
hour for a total period of 144 hours for cultures at 15°C (n = 5). Data presented as mean +
SEM.
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Supplementary Figure S8. Survival assay of the combined biocontainment strain. Logo
CFU/mL of SbU" and SbU" + btsIA + thi6A from a 120 hour co-culture at 37°C that was plated
and incubated at 15°C, 20°C, and 37°C for 144, 96 and 48 hours, respectively. Data presented

as mean + SEM (n = 5). * p < 0.05, ** p < 0.01 *** p < 0.001. Data was analysed with
dependent sample t-test with Bonferroni adjustment for multiple comparisons.
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Supplementary Figure S9. Growth characterisation of the multi-layered biocontainment
strain. (A) Bar plot of the mean doubling time (h'!) in pH 3, 4, 5 and 6 at aerobic cultivation.
(B) Bar plot of the mean doubling time (h'') under anaerobic (0 %) and microaerobic (0.1 %
and 1 %) at pH 6. Data presented as mean + SEM (n = 3). * p < 0.05, ** p < 0.01 *** p <
0.001. All samples analysed with dependent sample t-test.
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Supplementary Figure S10. Growth characterisation of the multi-layered biocontainment
strain at different thiamine concentration. (A) Bar plot of mean ODsgo after 48 hours under
different concentrations of thiamine. Limit of detection (LOD). Data presented as mean + SEM
(n=3). *p<0.05, ** p<0.01 *** p<0.001. All samples are analysed by One-way ANOVA,
Dunnett’s post hoc test with SbU" as reference.



Supplementary Tables
Supplementary Table S1. Primers used in this study

Primer Sequence Reference
pCfB2312-gRNA fw | atacgaagttatattaagggttg This study
pCfB2312-gRNA rv | taggcgtatcacgagat This study
pCfB2312 fw aagcttcagctgacgcegat This study
pCfB2312-rv tgcaggtcgacaacccttaa This study

. tccatgga cacagttaagccgctaaaggcattataagccaagt | (Zhang et al.,
URA3repair_fi oo e SRR ;014)g

accaatgtcagcaaattttctgtcttcgaagagtaaaaaattgtactt

URA3repair_rv gcttataitgcg gleticgaagag gacttg (thr(l)g1 :)t al,

. gtaaagcgtattacaaatgaaaccaagattcagattgcgatctcttta (Zhang et al.,
HIS3repair_fw aaggattaacce 2014)

. ttctgggaagatcgagtgctctatcgetaggggttaacectttaaaga | (Zhang et al.,
HIS3repair rv gatcgcaatotg 2014)
TRPlrepair_fw tccgatgctgacttgctgggtattatatgtgtgtaaaatagaaagaga (Zhang et al.,

acaattgacccg 2014)
TRPlrepair_rv tacaagacttgaaattttccttgcaataaccgggtcaattgttctctttct (Zhang et al.,
attttacac 2014)
URA3dg-fw cttgcatgacaattctgcta This study
URA3dg-rv ttcttaacccaactgcacag This study
HIS3dg-fw aaagatctaccaccgctctg This study
HIS3dg-rv gcgattggcattatcacata This study
TRP1dg-fw gccgattaagaattcggteg This study
TRP1dg-rv gcactgagtagtatgttgcag This study
BTS1dg_fw aaatcgcgaatttaccggceg This study
BTS1dg rv gcegccatctctactcactce This study
tcattttcaaagaagctactaatagaaagagaacaaagcgtttacga
BTSIrepair_fw gtctggaaaatcaaataaattgatcaatcaaattagtggaggaagat This study
agtcagaaataaagccttctctccte
gaggagagaaggctttatttctgactatcttcctccactaatttgattga
BTSIrepair_rv tcaatttatttgattttccagactcgtaaacgctttgttctetttctattagt This study
agcttctttgaaaatga
REIldg fw ttgattcgetgectgtteg This study
REIldg rv cccgatattcccegtgacte This study
tacaggttatgagatgcttctcattagaagtcaagaagagagcatatc
REIlrepair_fw agtaacaatacgttctttttgcactactttttttagtattttgtcgcatatat This study
actgcttcaccatttgtac




gtacaaatggtgaagcagtatatatgcgacaaaatactaaaaaaagt

REIIrepair_rv agtgcaaaaagaacgtattgttactgatatgctetettcttgacttctaa This study
tgagaagcatctcataacctgta

SNZ1dg_fw agctttaccctggaageace This study

SNZ1dg rv ggacgctgagagetatggac This study
agaaacctttaggaacgactagcaaatatacacagtactaatattca

SNZlrepair_fw gttaattatcacgtttctttgaacaggtattttgagcattataacacttttt This study
cccecctcaactttgtattac
gtaatacaaagttgagggeegaaaaagtgttataatgctcaaaatac

SNZIrepair_rv ctgttcaaagaaacgtgataattaactgaatattagtactgtgtatattt This study
gctagtcgttcctaaaggtttct

SNO1dg_fw ccttacccttgtcggetgag This study

SNO1dg_rv aagggcctgeggaagatcac This study
aggtttttttttcttattatttcatttcgttaaatagaaagaaaaaccatat

SNOlrepair_fw cttaaagtaataccgccggttttccacatttttatattaccaaaacctga This study
gagattttttcacatcga
tcgatgtgaaaaaatctctcaggttttggtaatataaaaatgtggaaa

SNOlrepair_rv accggcggtattactttaagatatggtttttctttctatttaacgaaatga This study
aataataagaaaaaaaaacct
ttttcatttcatttcaccacgtatatatatagcctatatatatatccgeact

THI2repair_fw agaaccaagcttattgagccttcecttcactcatttcaagaaaaaaaa This study
agccaaaagctttgcttgga
tccaagcaaagcttttggctttttttttcttgaaatgagtgaagggaag

THI2repair_ rv gctcaataagcttggttctagtgeggatatatatataggctatatatata This study
cgtggtgaaatgaaatgaaaa

THI2 dgfw tacaatggcagccctcttgg This study

THI2 dgrv ccctggeagataggaaacce This study
aaccatggttctcaagaccaaatcactctgaagctaaattatttaaatc

THI6repair_fw aaacagcggaaactatttacaacgtaatgattttataaactgattaaat This study
aaggaagaaagcccaaaaaatt
aattttttgggctttcttccttatttaatcagtttataaaatcattacgttgt

THI6repair_rv aaatagtttccgctgtttgatttaaataatttagcttcagagtgatttggt This study
cttgagaaccatggtt

THI6_dg fw tccgtttctagetgeaggte This study

THI6 dgrv agtttgttcctectggggtg This study

pCfB3050 fw cttcgctattacgccagetg This study

pCfB3050 rv ccgattcattaatgcagetg This study




Supplementary Table S2. Plasmids used in this study

Plasmid Genotype Marker Reference
name P (E. coli/ 8. boulardii)
CEN6_ARS4 Amp Przri- (Jessop-Fabre
fB2312 - A KanMX
pCiB23 Cas9-teyer kanMX mp / Kan et al., 2016)
pCfB2312- pCtB2312; Psnrs2- .
Amp / KanMX This stud
URA3 gRNA(URA3)-tsups P han 18 SHEY
pCfB2312- pCiB2312; Psnrs2- .
A KanMX This st
HIS3 gRNA(HIS3)-tsups mp / Kan is study
pCfB2312- pCtB2312; Psnrs2- .
A KanMX This st
TRPI gRNA(TRPI)-tsups mp / Kan is study
CfB2909- Hedin et al.
P - pCB2909: Prpss-Exed-tpir «+ Amp ( ezgg) o
CfB2909- :
P rp pCB2909: Prpys-GFP- tapss Amp This study
pC{B2909- pC{B2909: Prpus-mKate- Am This stud
mKate tabHI P Y
pC{B3050 pESC; Psyrs2-gRNA(XII-5)- :
A RA This st
(URA3) tsoms mp / URA3 is study
pCfB3050- pESC; Psnrs2-gRNA(THI2)- :
THD s Amp / URA3 This study
pCfB3050- pESC; Psnrs2-gRNA(THI6)- :
THI6 s Amp / URA3 This study
pCfB3050- | pESC; Psyrs2-gRNA(SNOI)- :
SNOI s Amp / URA3 This study
pCfB3050- pESC; Psnrs2-gRNA(SNZI)- .
SNZ1 s Amp / URA3 This study
pCfB3050- pESC; Psnrs2-gRNA(BTSI)- :
BTSI s Amp / URA3 This study
pCfB3050- pESC; Psnrs2-gRNA(REIT)- Amp / URA3 This stud
REI1 tsups P Y




Supplementary Table S3. Construct sequences used in this study

Name

Sequence

Reference(s)

Prous

cagttcgagtttatcattatcaatactgccatttcaaagaatacgtaaataattaa
tagtagtgattttcctaactttatttagtcaaaaaattggccttttaattctgctgta
acccgtacatgcccaaaatagggggcgggttacacagaatatataacatcat
aggtgtctgggtgaacagtttattcctggeatccactaaatataatggagecc
gcetttttaagctggeatccagaaaaaaaaagaatcccagcaccaaaatattgt
tttcttcaccaaccatcagttcataggtccattctcttagegcaactacacagaa
caggggcacaaacaggcaaaaaacgggcacaacctcaatggagtgatge
aacctgcttggagtaaatgatgacacaaggcaattgacctacgcatgtatcta
tcteattttcttacaccttctattaccttctgetetetetgatttggaaaaagetgaa
aaaaaaggttgaaaccagttccctgaaattattccectatttgactaataagtat
ataaagacggtaggtattgattgtaattctgtaaatctatttcttaaacttcttaaa
ttctacttttatagttagtcttttttttagttttaaaacactaagaacttagtttcgaat
aaacacacataaacaaacaaa

This study

taDHI

gtagatacgttgttgacacttctaaataagcgaatttcttatgatttatgatttttat
tattaaataagttataaaaaaaataagtgtatacaaattttaaagtgactcttagg
ttttaaaacgaaaattcttattcttgagtaactctttcctgtaggtcaggttgctttc
tcaggtatagcatgaggtcgctc

This study

mKate

atggtttctgaactcatcaaggaaaacatgcacatgaaactttacatggaagg
tactgtgaacaatcatcattttaagtgtacatccgagggtgaaggcaaacctta
cgaaggaactcaaactatgagaattaaagctgtagaaggtggaccattacct
tttgcatttgatatcttggcaacatcattcatgtatgggagcaagacattcataa
accatactcaaggtataccagactttttcaaacagagttttccagagggttttac
atgggaaagagtaacaacgtacgaggatggaggtgtattgacagcecactca
agacacatcacttcaagatgggtgtttaatctacaatgtcaagattagaggcg
tcaatttcccttctaatggtccagttatgcagaaaaagacattaggctgggaa
gegtcaaccgaaacccetgtaccetgetgatggtggectagaaggeagaget
gacatggcccttaaactggttggtggagggcatctaatctgeaatttgaaaac
cacttatcgttctaaaaagccagccaaaaacctaaagatgccaggtgtttact
acgtcgaccgaagattagaaaggattaaagaggctgataaagagacttatgt
tgaacaacacgaagtggcagtggctagatactgtgatttgccatctaagttgg
gacacagataa

This study

yEGFP

atgtctaaaggtgaagaattattcactggtgttgtcccaattttggttgaattaga
tggtgatgttaatggtcacaaattttctgtctccggtgaaggtgaaggtgatec
tacttacggtaaattgaccttaaaatttatttgtactactggtaaattgccagttce
atggccaaccttagtcactactttcggttatggtgttcaatgttttgcgagatac

ccagatcatatgaaacaacatgactttttcaagtctgccatgccagaaggttat
gttcaagaaagaactatttttttcaaagatgacggtaactacaagaccagagc
tgaagtcaagtttgaaggtgataccttagttaatagaatcgaattaaaaggtatt
gattttaaagaagatggtaacattttaggtcacaaattggaatacaactataact
ctcacaatgtttacatcatggctgacaaacaaaagaatggtatcaaagttaact
tcaaaattagacacaacattgaagatggttctgttcaattagctgaccattatca

This study




acaaaatactccaattggtgatggtccagtcttgttaccagacaaccattactt
atccactcaatctgccttatccaaagatccaaacgaaaagagagaccacatg
gtcttgttagaatttgttactgctgetggtattacccatggtatggatgaattgta
caaatga

tctaccaacggaatgcgtgcgatcgegtgcattccgagtttatcattatcaata
ctgccatttcaaagaatacgtaaataattaatagtagtgattttcctaactttattt
agtcaaaaaattagccttttaattctgctgtaacccgtacatgcccaaaatagg
gggcgggttacacagaatatataacatcgtaggtgtctgggtgaacagtttat
tcctggceatccactaaatataatggageccgcetttttaagetggcatccagaa
aaaaaaagaatcccagcaccaaaatattgttttcttcaccaaccatcagttcat
aggtccattctcttagcgcaactacagagaacaggggcacaaacaggcaa
aaaacgggcacaacctcaatggagtgatgcaacctgectggagtaaatgat
gacacaaggcaattgacccacgcatgtatctatctcattttcttacaccttctatt
accttctgctctctctgatitggaaaaagctgaaaaaaaaggttgaaaccagtt
ccctgaaattattcccctacttgactaataagtatataaagacggtaggtattga
ttgtaattctgtaaatctatttcttaaacttcttaaattctacttttatagttagtcttttt

. (Hedin et al.,
Exendin-4 tttagttttaaaacaccaagaacttagtttcgaataaacacacataaacaaaca 2022)
aaaacaaaatgagatttccatctatttttactgctgttttgtttgctgcttcttctge
tttggetgctccagttaatactactactgaagatgaaactgctcaaattccaget
gaagctgttattggttattctgatttggagggtgactttgatgttgetgttttgeca
ttttctaactctactaacaacggtttgctattcatcaacactactatcgcettctatc
getgctaaagaagaaggtgttictitggataaaagagaagaaggtgaaccaa
aacatggtgaaggcacattcacatctgatctgtccaaacaaatggaggagg
aagcggtacgtttatttattgaatggttaaaaaacgggggacctagetccgge
gegececccccgagetaataaagtaagagegcetacattggtetacctttttett
ttacttaaacattagttagttcgttttctttttctttttttatgtttccccceccaaagttce
tgattttataatattttatttcacacaattccatttaacagagggggaatagattct
ttagcttagaaaattagtgatcaatatatatttgcctttcttttcatcttttcagtgat
attaatggtttcgagacactgcaatggccctactagtgctgaggcattaat
Supplementary Table S4. gRNA used in this study
gRNA Sequence Reference
(Zhang et al.,
URA3 gagtaaaaaattgtacttgg 2014)
(Zhang et al.,
HIS3 ccctttaaagagatcgcaat 2014)
(Zhang et al.,
TRP1 gtcaattgttctctttctat 2014)
THI2 actacaattatctccatgtt This study
THI6 ttaaataaccataaaatgaa This study
SNO1 gacgccttaattattccegg This study
SNZ1 acccaactgcattaacaatg This study




BTSI ttgctgaggacattacagag This study
REI1 gaagatgactgggaagacgt This study
Table SS. Strains used in this study
| tal
Strain Genotype Marker areI} A Reference
strain
SB-ATCC- .
Sb N/A 796 This study
SbU Sb URA 358X N/A Sb This study
SbH- Sb HIS3626X N/A Sb This study
SbT- Sb TRP 712X N/A Sb This study
Sb URA3%%1X + .
SbU" + HIS3%26X HIS3626% N/A SbU- This study
Sb HIS3026X + .
SbH-+ TRP 112X TRPIPIX N/A SbH- This study
SbU"+ HIS3920% + Sb URA3%1X + SbU"+ :

TRP JP12X HIS3G26X N/A HIS3626X This study
SbU" + thi6bA Sb URA3%X + thi6 A N/A SbU" This study
SbU" + thi2A Sb URA3%X + thi2A N/A SbU" This study
SbU" + snolA Sb URA3%X + snolA N/A SbU" This study
SbU" + snzIA Sb URA3S8X + snzI A N/A SbU" This study

Sb URA 358X + IA
SbU" + snolA + snzIA o N/A SbU+ snolA | This study
+snzIA
SbU" + reil A Sb URA3%X + reil A N/A SbU- This study
SbU + btsIA Sb URA3X + btsIA N/A SbU" This study
RA3SIX + btsIA
SbU + brsIA + thicn | D0 URAS +bis N/A | SbU+ bisIA | This study
+ thioA
SbU" + XII-5 Prppus- (Hedin et
)-Exc4 N/A -
(SbU7)-Exe Exed-tprrs / SbU al., 2022)
SbU™ + thi6A + XII-5 .
(SbU" + thi6A)-Exed : N/A | SbU + thi6A | This study
Prprs-Exe4-tprr+«
SbU + btsIA + XII-5 .
(SbU" + btsIA)-Exed s N/A | SbU+ btsIA | This study
Prpms-Exe4-tprr++
SbU"+ btsIA + thi6A
(SOU™+ bisIA + thi6A)y- | ¢ If . ! . A | SoUEBIIA |
Exed -5 Prpu3-Exed- - hi6A s study
tDIT1**
SbU" + XII-5 Prpus- .
)-GFP N/A - This st
(SbU")-G YEGFP-tsoi; / SbU is study
SbU"+ btsIA + thi6A
(SOU™+ bisIA + thi6A)- | 3 PS mKla | s | SOUHBISIA |
mKate ToH3 + thi6A Y

taDHI
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