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i Nile red

Fig. S1 Visualizing the location of peroxisomes.

(A) GFP-ePTS1 is used to indicate the location of peroxisomes in Y. /ipolytica. Nile red is used to

stain intracellular lipids, including those in peroxisomes.

(B) LSCM visualization of peroxisomes using Nile red and GFP-ePTS1. A single focal plane is

shown for all micrographs. The scale bar is 5 um.
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Fig. S2 A representative GC-MS profile of solvent overlay-extracted a-bisabolene from a culture

of engineered Y. lipolytica strains.



A 2500 mm Control
= 0.5 mg/L cerulenin

a-Bisabolene (mg/L)

Polg P7 Polg P8 Polg P9 Polg P10

B 25001 mm Control
= 2 mg/L cerulenin

a-Bisabolene (mg/L)

Polg P7 Polg P8 Polg P9 Polg P10

Fig. S3 Effects of addition of cerulenin on titers of a-bisabolene.

(A) Effect of 0.5 mg/L cerulenin on a-bisabolene production carried out for Polg P7. Polg P8.
Polg P9 and Polg P10 strains compared to the same strains without supplementation of cerulenin
(control).

(B) Effect of 2 mg/L cerulenin on o-bisabolene production carried out for Polg P7. Polg P8.
Polg P9 and Polg P10 strains compared to the same strains without supplementation of cerulenin
(control).



YIPex23p
Yi324p
Yer004p
Ybr168p
Consensus

YIPex23p
Yir324p
Year004p
Ybr168p
Consensus

YlPex23p
YIr324p

Ybrl68p
Consensus

YlPex23p
YIr324p

Ybr168p
Consensus

YPex23p
Yh324p
Yer004p
Ybr168p
Consensus

YPex23p
Yir324p
Yer004p
Ybr168p
Consensus

YIPex23p
Yi324p

Ybr168p
Consensus

YlPex23p
YIr324p

Ybrl68p
Consensus

YlPex23p
YIr324p

Ybr168p
Consensus

Fig. S4 Sequence alignment of Y. lipolytica YIPex23p with the proteins Y1r324p, Ygr004p, and
Ybr168p encoded by the S. cerevisiae genome. Amino acid sequences were aligned with the use of
the DNAMAN program. Identical residues in four proteins are shaded black, whereas identical
residues in at least three of the proteins are shaded pink, whereas identical residues in two proteins
are shaded blue. Similarity rules: G=A=S; A=V;V=I=L=M;I=L=M=F=Y W;K=R
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Table S1 Strains used in this study.

Strains Genotype Reference
Polg KU70A MATA, xpr2-332, leu2-270, ku70-, ura3-302::URA3, Axp- 30
2
Polg-GFP-ePTS1 Polg KU70A, GFP-ePTSI This study
Polg KaBS Polg KU70A, o-Bis 4
Polg P1 Polg KU70A, Ergl0-ePTS1, Ergl3-ePTSI, HMGR-
ePTS1, Ergl2-ePTS1, IDI-ePTS1, Erg8-ePTS1, Ergl9- This study

ePTS1, Erg20-ePTS1,0-Bis-ePTS1

Polg P2 Polg P1, ABC-GI This study
Polg P3 Polg P1, ABC-G1-ePTS1 This study
Polg P4 Polg P1, ABC-G1, HMGR-ePTS1,0-Bis-ePTS1 This study
Polg P5 Polg P1, ABC-GI-ePTS1, HMGR-ePTS1, o-Bis-ePTSI This study
Polg P6 MATA, xpr2-332, leu2-270, ku70-, ura3-302::URA3, Axp-

2, Ergl0-ePTS1, Ergl3-ePTS1, HMGR-ePTS1, Ergl2-

ePTS1, IDI-ePTS1, Erg8-ePTS1, Ergl9-ePTS1, Erg20- This study

ePTS1,a-Bis-ePTS1, ABC-G1-ePTS1, HMGR-ePTS1,0-
Bis-ePTS1, POX2

Polg P7 MATA, xpr2-332, leu2-270, ku70-, ura3-302::URA3, Axp-
2, Ergl0-ePTS1, Ergl3-ePTS1, HMGR-ePTS1, Ergl2-
ePTS1, IDI-ePTS1, Erg8-ePTS1, Ergl9-ePTS1, Erg20- This study
ePTS1,a-Bis-ePTS1, ABC-G1-ePTS1, HMGR-ePTS1,a-
Bis-ePTS1, MFE1

Polg P8 MATA, xpr2-332, leu2-270, ku70-, ura3-302::URA3, Axp-
2, Ergl0-ePTS1, Ergl3-ePTS1, HMGR-ePTS1, Ergl2-
ePTS1, IDI-ePTS1, Erg8-ePTS1, Ergl9-ePTS1, Erg20- This study
ePTS1,a-Bis-ePTS1, ABC-G1-ePTS1, HMGR-ePTS1,a-
Bis-ePTS1, POTI

Polg P9 MATA, xpr2-332, leu2-270, ku70-, ura3-302::URA3, Axp-
2, Ergl0-ePTS1, Ergl3-ePTS1, HMGR-ePTS1, Ergl2-
ePTS1, IDI-ePTS1, Erg8-ePTS1, Ergl9-ePTS1, Erg20- This study
ePTS1,a-Bis-ePTS1, ABC-G1-ePTS1, HMGR-ePTS1,0-
Bis-ePTSI1, MFE1,POTI



Polg P10 MATA, xpr2-332, leu2-270, ku70-, ura3-302::URA3, Axp-
2, Ergl0-ePTS1, Ergl3-ePTSI, HMGR-ePTS1, Ergl2-
ePTS1, IDI-ePTS1, Erg8-ePTS1, Ergl9-ePTS1, Erg20- This study
ePTS1,0-Bis-ePTS1, ABC-G1-ePTS1, HMUGR-ePTS1,0-
Bis-ePTS1, MFE1,POTI1,POX2

Polg P11 MATA, xpr2-332, leu2-270, ku70-, ura3-302::URA3, Axp-
2, Ergl0-ePTS1, Ergl3-ePTSI, HMGR-ePTS1, Ergl2-
ePTS1, IDI-ePTS1, ErgS8-ePTS1, Ergl9-ePTS1, Erg20- This study
ePTS1,0-Bis-ePTS1, ABC-G1-ePTS1, HMUGR-ePTS1,0-
Bis-ePTS1, MFE1,POTI,ANTI

Polg P12 MATA, xpr2-332, leu2-270, ku70-, ura3-302::URA3, Axp-
2, Ergl0-ePTS1, Ergl3-ePTS1, HMGR-ePTS1, Ergl2-
ePTS1, IDI-ePTS1, ErgS8-ePTS1, Ergl9-ePTS1, Erg20-
ePTS1,a-Bis-ePTS1, ABC-G1-ePTS1, HMUGR-ePTS1,0-

Bis-ePTS1, MFEI, POTI, ANTI, AY1Pex23p, GFP-
ePTS1

This study




Table S2 Plasmids used in this study.

Plasmids Features Reference
pYLEXI1(leu2) Y. lipolytica-integrative plasmid, Pjp4q-Txprs, leu2, Ap”  This study
pYLEXI1-hyg pYLEXI variant with the hyg marker This study
pYLEX1-nat pYLEXI variant with the nat marker This study
pYLEX1-GFP-ePTS1 Pipsa-GFP-ePTS1-Txpgy, leu2, Ap” This study
pYLEX1-0-Bis Pipga-0-Bis-Txpgs, leu2, Ap” This study
pYLEXI-0-Bis- ePTS1 Pyp4a-0-Bis-ePTS1-Txpgrs, leu2, Ap” This study
pYLEX1-Ergl0-ePTS1 Pip4a-Ergl0-ePTS1-Txpps, leu2, Ap” This study
pYLEXI1-Ergl3-ePTS1 Pyp4a-Ergl3-ePTS1-Txpps, leu2, Ap” This study
pYLEX1-HMGR-ePTS1 Pipsa-HMGR-ePTS1-Txpgo, leu2, Ap” This study
pYLEXI1-Ergl2-ePTS1 Pyp4a-Ergl12-ePTS1-Txpps, leu2, Ap” This study
pYLEX1-Erg8-ePTS1 Pipsa-Erg8-ePTS1-Txpps, leu2, leu2, Ap” This study
pYLEXI1-Ergl9-ePTS1 Py4a-Erg19-ePTS1-Txpp,, leu2, Ap” This study
pYLEX1-IDI-ePTS1 Pipsg-IDI-ePTS1-Txpg, leu2, Ap” This study
pYLEX1-Erg20-ePTS1 Pipsa-Erg20-ePTS1-Txpps, leu2, Ap” This study
pYLEX1-POX2 Pipsa-POX2-Txpgo, leu2, Ap” This study
pYLEX1-MFE1 Pipsa-MFE1-Txpgs, leu2, Ap” This study
pYLEX1-POT1 Pipsa-POTI-Txpps, leu2, Ap” This study
pYLEX1-ANT1 Pipsa-ANT1-Txpgy, leu2, Ap” This study
pYLEX1-Ergl10-Ergl3- Pipsa-Ergl0-ePTS1-Txpo, Phpsa-Ergl3-ePTS1-Txpro, This study
ePTS1 leu2, Ap"
pYLEX1-Ergl0-Ergl3- Pppa-Ergl0-ePTS1-Txpry, Prpga-Ergl3-ePTS1-Txpps, This study
HMGR-ePTS1 Pjpsa-HMGR-ePTS1-Txpp,, leu2, Ap”
Ppsa-Ergl0-ePTS1-T. Prpsa-Ergl3-ePTSI-T,
PYLEXI-Ergl0-Ergl5- P,ZjHAijeinl-Tizi, ;:;jd-EngZ-eePTSSJ-Xz 2 This study
HMGR-Ergl12-ePTS1 leu2, Ay’
Pipsi-Ergl0-ePTS1-Txprs, Pipsa-Erg13-ePTSI-Txpr2,  This stu dy

pYLEXI-Ergl0-Ergl3-

Php4d-HMGR-€PTS]—TXPR2, Php4d—El"g]2—ePTS]—TXPR2,
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HMGR-Ergl2-Erg8-ePTS1

pYLEXI1-Ergl0-Ergl3-
HMGR-Ergl2-Erg8-Ergl19-
a-Bis-ePTS1
pYLEXI1-hyg-IDI-ePTS1

pYLEX1-hyg-IDI-Erg20-
ePTS1

pYLEXI1-hyg-IDI-Erg20-
ePTS1-ABC-Gl

pYLEX1-hyg-IDI-Erg20-
ePTS1-ABC-G1-ePTS1

pYLEX1-hyg-IDI-Erg20-
HMGR-0-Bis-ePTS1-ABC-
Gl

pYLEX1-hyg-IDI-Erg20-
HMGR-a-Bis-ABC-G1-
ePTS1

pYLEXI-nat-POX2

pYLEXI-nat-MFE1

pYLEXI1-nat-POT1
pYLEXI-nat-MFE1-POT1

pYLEX1-nat-MFE1-POT1-
POX2

pYLEXI-nat-MFE1-POT1-
ANTI

Php4d-E}”g8-€PTS]-T)(pR2, leuZ, Apr

Pipsa-Ergl0-ePTS1-Txpo, Phpsa-Ergl3-ePTS1-Txpgo,
Ppsa-HMGR-ePTS1-Txprs, Pipsa-Ergl2-ePTS1-Txpps,
Pipsg-Erg8-ePTSI-Txpro, Phpsa-Erg19-ePTSI-Txpps,
Pypsq-0-Bis-ePTS1-Txpgrs, leu2, Ap”

Php4d-ID]—ePTS]-TXPR2, hyg, Ap’
Php4d-1D1-€PTS]-TXPR2, Php4d-Erg20—ePTS]—TXpR2, hyg,

Ap”

Php4d-IDl-€PTS]-TXPR2, Php4d-EVg20—€PTS]—TXpR2,
Py, 4d-ABC-GI-TXPR2, hyg, Ap"

Php4d—IDI-€PTS]—TXPR2, Php4d—EI"g20—ePTS]—TXPR2,
Pipsa-ABC-G 1-ePTSI-Typps, hyg, Ap"

Php4d-IDI-€PTS]-TXPR2, Php4d-E}"g20-€PTS]-TXPRQ,
Php4d-HMGR-€PTS]—TXpR2, Php4d—0C-Bl.S—€PTS]-TXPR2’
Py,4d-ABC-G1-TXPR2, hyg, Ap’

P},p4d-IDI-€PTS]-TXPR2, Php4d-E}‘g20—€PTS]-TXPR2,
Php4d-HMGR-€PTS]-TXPR2, Php4d-0t-Bl.S-€PTS1-TXPR2’
Php4d-ABC-G]-€PTS]-TXPRQ' hyg, Apr

Pip4a-POX2-Txpgs, nat, Ap”

Prp4a-MFEL-Txpg;, nat, Ap”

Ppsa-POTI1-Txpgs, nat, Ap”
Ppga-MFEL-Txpry, Pppga-POTI-Txpgs nat, Ap”

Pipsa-MFEI-Txpgo, Pppa-POTI1-Txpps, Phpsa-POX2-
TXPRZ, nat, Apr

Prpsa-MEEL-Txpry, Pipsa-POTI-Txpgs, Prpsa-ANTI-
Txpro, nat, Ap”

This study

This study

This study

This study

This study

This study

This study

This study
This study
This study

This study

This study

This study




Table S3 Primers used in PCR.

Applications

Primer

Sequence (5°-3°)

Amplify GFP-ePTS! gene from
plasmid pYLEX1-GFP-ePTS1,

forward primer

Amplify GFP-ePTS! gene from
plasmid pYLEX1-GFP-ePTS1, reverse

primer

Amplify Ergl0 gene form Y. lipolytica

genomic DNA, forward primer

Amplify Ergl0 gene form Y. lipolytica

genomic DNA, reverse primer

Amplify HMGR gene form Y.
lipolytica genomic DNA, forward

primer

Amplifty HMGR gene form Y.
lipolytica genomic DNA, reverse

primer

Amplify Ergl3 gene form Y. lipolytica

genomic DNA, forward primer

Amplify Ergl3 gene form Y. lipolytica

genomic DNA, reverse primer

Amplify Ergl?2 gene form Y. lipolytica

genomic DNA, forward primer

Amplify Ergl2 gene form Y. lipolytica

genomic DNA, reverse primer

Amplify IDI gene form Y. lipolytica

genomic DNA, forward primer

Amplify IDI gene form Y. lipolytica

genomic DNA, reverse primer

Amplify o-Bis gene from plasmid

Amplify GFP-
ePTS1 gene from
plasmid pYLEX1-

GFP-ePTS1, F

Amplify GFP-
ePTS1 gene from
plasmid pYLEX1-

GFP-ePTSI, R
Ergl0-ePTSI-F

Ergl0-ePTSI-R

HMGR-ePTSI1-F

HMGR-ePTSI1-R

Ergl3-ePTSI-F

Ergl3-ePTSI-R

Ergl2-ePTSI-F

Ergl2-ePTSI-R

IDI-ePTSI-F

IDI-ePTSI-R

a-bisabolene-F

CCACACACATCCACaGGTACCaATGCTTTCACTAC

GTCAATCTATAAGATTTTTCAAGCCAGCCACAAG

AACTTTGTGTAGCTCTAGATATCTGCTTCAGggtacc
atggtgtctaagcag

ttagtttcgggttcccacgtgTTAGTGGTGGTGGTGGTGGTG

actttggtctactccggtaccAATGGAGCCCGTCTACATTGTT

GGGACAGGCCATGGAGctacagcttggatcgtegtectcggecca

gacacttctcaacaatgatag

acaaccacacacatccacAATGCTACAAGCAGCTATTGGAA
A

TTAGTTTCGGGTTCCCACctacagcttggatcgtcgtectcggeee
agtgaccgtatgcaaatattcg

acaaccacacacatccacgtg AATGTCGCAACCCCAGAACG

TTAGTTTCGGGTTCCgtgctacagcttggatcgtecgtectcggeeca
getgcttgatctcgtactttc

ggaacccgaaactaaggatc AATGGACTACATCATTTCGGC
G

ACAAGTTCCGTAGTTGctacagcttggatcgtcgtectecggeccag
atgggtccagggaccgat

actttggtctactccgAATGCTACTTGATCCACCGCC

GGGACAGGCCATGGAGGTACCTAcagcttggatcgtcgtce
tcggcccagatgacgacgtcttacage

cgcatagttaagccagtaGGGAGCTGCATGTGTCAGAGG

10



pYLEX1-0-Bis, forward primer

Amplify o-Bis gene from plasmid
pYLEXI1-0-Bis, reverse primer

Amplify o-Bis gene from plasmid
pYLEXI-0-Bis, forward primer

Amplify a-Bis gene from plasmid
pYLEXI1-0-Bis, reverse primer

Amplity Ergl9 gene form Y. lipolytica

genomic DNA, forward primer

Amplify Ergl9 gene form Y. lipolytica

genomic DNA, reverse primer

Amplify Erg20 gene form Y. lipolytica

genomic DNA, forward primer

Amplity Erg20 gene form Y. lipolytica

genomic DNA, reverse primer

Amplify Erg8 gene form Y. lipolytica

genomic DNA, forward primer

Amplify Erg8 gene form Y. lipolytica

genomic DNA, reverse primer

Amplify POX2 gene form Y. lipolytica

genomic DNA, forward primer

Amplify POX2 gene form Y. lipolytica

genomic DNA, reverse primer

Amplify MFE! gene form Y. lipolytica

genomic DNA, forward primer

Amplify MFEI gene form Y. lipolytica

genomic DNA, reverse primer

Amplify POTI gene form Y. lipolytica

genomic DNA, forward primer

Amplify POTI gene form Y. lipolytica

genomic DNA, reverse primer

Amplify ANTI gene form Y. lipolytica

a-bisabolene-R

a-bisabolene-

ePTSI-F

a-bisabolene-

ePTSI-R

Ergl9-ePTSI1-F

Ergl9-ePTSI-R

Erg20-ePTSI-F

Erg20-ePTSI-R

Erg8-ePTSI-F

Erg8-ePTSI-R

POX2-F

POX2-R

MFEI-F

MFEI-R

POTI-F

POTI-R

ANTI-F

tagcgatagcggagtgtaCGCGGCCGCATAGGCCAG

acaaccacacacatccacgtgAATGGCCGGTGTCTCTGCC

TTAGTTTCGGGTTCCCACTTAcagcttggatcgtegtectcgge
ccagGTGGTGATGGTGGTGGTGGAG

acaaccacacacatccacgtgAATGATCCACCAGGCCTCCA

TTAGTTTCGGGTTCCgtgctacagcttggatcgtcgtectcggeeca
gettgetgttcttcagagaac

acaaccacacacatccacgtgAATGTCCAAGGCGAAATTCG

TTAGTTTCGGGTTCCgtgctacagcttggatcgtcgtectcggecca
gcettetgtegcettgtaaatcet

acaaccacacacatccacgtgAATGCTACTTGAACCCCTTCT
CG

TTAGTTTCGGGTTCCgtgCTAcagcttggatcgtcgtecteggecee

agatgaccacctattcggctce

acaaccacacacatccacAATGAACCCCAACAACACTGGC

ttagtttcgggttcccacgtgCTATTCCTCATCAAGCTCGCAA

actttggtctactccggtacAATGTCTGGAGAACTAAGATAC
GACGG

gggacaggccatggaggtacc T TAGAGCTTAGCATCCTTGGG
G

actttggtctactccggtac ATGGAGCCCGTCTACATTGTTT

gggacaggccatggaggtaccCTAACACTTCTCAACAATGAT
AGAGGAA

actttggtctactccgAATGGCAGCTATTTCCAAAGACTAT

11



genomic DNA, forward primer

Amplify ANTI gene form Y. lipolytica

genomic DNA, reverse primer
Amplify the gene expression cassette,
forward primer
Amplify the gene expression cassette,

reverse primer

Amplify the gene expression cassette,

forward primer

Amplify the gene expression cassette,

reverse primer

Amplify the gene expression cassette,

forward primer

Amplify the gene expression cassette,

reverse primer

Amplify the gene expression cassette,

forward primer

Amplify the gene expression cassette,

reverse primer

Amplify the gene expression cassette,

forward primer

Amplify the gene expression cassette,

reverse primer

Amplify the gene expression cassette,

forward primer

Amplify the gene expression cassette,

reverse primer

Amplify the gene expression cassette,

forward primer

Amplify the gene expression cassette,

reverse primer

ANTI-R

PshAI-F

PshA 1-R

FspA 1-F

FspA 1-R

BsaW 1-F

BsaW 1-R

Nru I-F

Nru I-R

Sal I-F

Sal I-R

EcoN 1I-F

EcoN I-R

BstZ17 1-F

BstZ17 I-R

G

gggacaggccatggaggtacT TATCCCTTGATCAAGGTGGG
G

agtcataagtgcggcgacgaGAGGCCGTTGAGCACCGC

gtgggcgeggggcatgactaGATAAGCTGTCAAACATGAGA
ATTCG

gacaggagcacgatcatgcgAGGCCGTTGAGCACCGC

gggtectggecacgggtgcgATAAGCTGTCAAACATGAGAA
TTCG

atcctgcgatgcagatccggaGAGGCCGTTGAGCACCGC

cctgcaccattatgttccggGATAAGCTGTCAAACATGAGAA
TTCG

ccatccagectegegtcgegaGAGGCCGTTGAGCACCGC

acgtcttgetggcgttcgGATAAGCTGTCAAACATGAGAAT
TCG

ctctcaagggcatcggtcgacGAGGCCGTTGAGCACCGC

cgcataagggagagcgtcgaGATAAGCTGTCAAACATGAGA
ATTCG

cteecttatgegactectgcaGAGGCCGTTGAGCACCGC

actactgggctgcttcctaaGATAAGCTGTCAAACATGAGAA
TTCG

cgcatagttaagccagtaGAGGCCGTTGAGCACCGC

tagcgatagcggagtgtaGATAAGCTGTCAAACATGAGAAT
TCG
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Amplify the gene expression cassette,

forward primer

Amplify the gene expression cassette,

reverse primer

Amplify the gene expression cassette,

forward primer

Amplify the gene expression cassette,

reverse primer

Amplify the gene expression cassette,

forward primer

Amplify the gene expression cassette,

reverse primer

Amplify the gene expression cassette,

forward primer

Amplify the gene expression cassette,

reverse primer

Amplify the gene expression cassette,

forward primer

Amplify the gene expression cassette,

reverse primer

Amplify the gene expression cassette,

forward primer

Amplify the gene expression cassette,

reverse primer

Amplify the gene expression cassette,

forward primer

Amplify the gene expression cassette,

reverse primer

Amplify the gene expression cassette,

forward primer

Spe I-F

Spe I-R

Not I-F

Not I-F

Aan I-F

Aan I-R

FspA I-IDI-F

FspA I-IDI-R

Nru I-Erg20-F

Nru I-Erg20-R

EcoN I-ABC-G1-

ePTSI-F

EcoN I-ABC-G1-
ePTSI-R

BstZ17 I-a-
bisabolene-ePTS1-
F

BstZ17 I-a-
bisabolene-ePTS1-
R

FspA I-MFEI-F

cgaggcagcagatccactagGAGGCCGTTGAGCACCGC

gcggccgeataggccaGATAAGCTGTCAAACATGAGAAT
TCG

cgcatagttaagccagtaGAGGCCGTTGAGCACCGC

tagcgatagcggagtgtaGATAAGCTGTCAAACATGAGAAT
TCG

taatgaaatgatgatttaGAGGCCGTTGAGCACCGC

gggacaggccatggaggtacl TATCCCTTGATCAAGGTGGG
G

gacaggagcacgatcatgcgAGGCCGTTGAGCACCGC

gggtectggecacgggteceATAAGCTGTCAAACATGAGAA
TTCG

ccatccagectegegtcgegaGAGGCCGTTGAGCACCGC

acgtcttgetggcgttcgGATAAGCTGTCAAACATGAGAAT
TCG

ctcecttatgegactectgcaGAGGCCGTTGAGCACCGC

actactgggctgcttcctaaGATAAGCTGTCAAACATGAGAA

TTCG

cgcatagttaagccagtaGAGGCCGTTGAGCACCGC

tagcgatagcggagtgtaGATAAGCTGTCAAACATGAGAAT
TCG

gacaggagcacgatcatgcg AGGCCGTTGAGCACCGC
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Amplify the gene expression cassette, FspA I-MFEI-R

reverse primer

Amplify the gene expression cassette, Sal I-POTI-F
forward primer
Amplify the gene expression cassette, Sal I-POTI-R

reverse primer

gggtectggecacgggteceATAAGCTGTCAAACATGAGAA
TTCG

ctctcaagggcatcggGAGGCCGTTGAGCACCGC

cgcataagggagagcgtcgaGATAAGCTGTCAAACATGAGA
ATTCG
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