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Table S1. Primers used in this study

Primer Sequences

TDH3p-BDC263Crtw-F GAATAAACACACATAAACAAACAAAATGTCCGCTGTTACTCCAATG
CTAAATCATTAAAGTAACTTAAGGAGTTAAATTTATGAAAATAAAG

TDH2t-BDC263Crtw-R

ACCACCAAGG
ATAGCAATCTAATCTAAGTTTTAATTACAAAATGACACAATTTTTGA

TEF1p-AspCrtz-F TAGTIGTCG

ADHI1t-AspCrtz-R GGCGAAGAAGTCCAAAGCTTTATGAAGGTCTTTCGTCTTGTG

actl-F CGTTCCAATTTACGCTGGTT

actl-A GGCCAAATCGATTCTCAAAA

crtW-F AGCGTGATGAGCGTGATGG

crtW-A ACTTGGTTGTCCGTAGGTTTATTC

crtZ-F CTGTCTTGTGGTGGATTGC

crtZ-A CTTCTAGGTATGTATCTGAATGGC




Table S2. The Codon-optimized sequences of CrtZ and CrtW involved in this study

Protein

Encoding sequences

CrtZ from
Agrobacterium

aurantiacum
(AaCrtZ)

CrtZ from Alcaligenes
sp.strain PC-1
(AspCrtZ)

CrtZ from
Brevundimonas sp.
SD212
(BSD212CrtZ7)

CrtZ from
Brevundimonas sp.
DC263
(BDC263CrtZ)

CrtZ from Pantoea
agglomerans
(PaCrtZ)

atgactaacttcttgatcgttgttgctactgttttggttatggaattgactgcttactctgttcacagatggatc
atgcacggtccattgggttggggttggcacaagtctcaccacgaagaacacgaccacgetttggaaaa
gaacgacttgtacggtttggttttcgetgttatcgctactgttttgttcactgttggttggatctgggctccag
ttttgtggtggategctttgggtatgactgtttacggtttgatctacttegttttgcacgacggtttggttcace
aaagatggccattcagatacatcccaagaaagggttacgctagaagattgtaccaagctcacagattge
accacgctgttgaaggtagagaccactgtgtttctttcggtttcatctacgetccaccagttgacaagttga
agcaagacttgaagatgtctggtgttttgagagetgaagctcaagaaagaacttaa

atgacacaatttttgatagttgtcgcaaccgtcttggtaatggaattaactgectattccgttcatagatgga
tcatgcacggtccattaggttggggttggcataaaagtcatcacgaagaacatgatcacgecttggaaa
agaatgacttgtacggtgtagttttcgcetgttttggcaactatcttattcacagttggtgcttactggtggect
gtettgtggtggattgcattgggtatgaccgtttacggtttgatttacttcatcttgeatgatggtttagtcca

ccaaagatggccattcagatacatacctagaagaggttacttcagaagattgtaccaagcccatagatta
catcacgctgtagaaggtagagatcattgtgtttcttttggtttcatctacgcaccacctgtcgataaattga
agcaagacttaaagagatcaggtgtattaagaccacaagacgaaagaccttcataa

atggcttggttgacttggattgecttgttcttaacagcatttttgggtatggaagecttcgettggataatge
atagatatgtcatgcacggtttcttgtggtectggcatagaagtcatcacgaaccacatgatcacccattg
gaaaagaatgacttattcgcagttgtctttgctgcaccageaatcgtaatggttgccgteggtttgeatttat
ggcecttgggcecttgectgttggtttaggtattacagettatggtatggtatactttttetttcatgatggtttagt
tcacagaagattccctaccggtttttctggtagatcaggtttctggactagaagaatacaagetcatagatt
gcatcacgcagtaagaaccagagaaggttgtgtttctttcggtttcttgtgggtcagatcagcaagagec
ttgaaagctgaattagcacaaaagagaggttcttcatccagtggtgcttaa

atgtcatggccaactatgatcttgttattcttagctacatttttgggtatggaagtctttgectgggctatgea
tagatatgtaatgcacggtttgttatggacttggcatagatcccatcacgaaccacacgatgacgttttag

aaagaaatgatttgttcgcegttgtctttgctgcacctgecattatattagtcgetttgggtttacatttgtgg

ccttggatgttacctattggtttggototaacagcettatggtttggtttactttttctttcatgacggtttggttc

acagaagattccctaccggtatcgctggtagatcagceattttggactagaagaatacaagcacatagatt
acatcacgccgtcagaaccagagaaggttgtgtaagtttcggtttcttgtggottagatcagcaagagec
ttaaaagctgaattgtctcaaaagagaggttcttcatccaacggtgcataa

atgttggttaattctttgatagtaatcttgtcagttatagctatggaaggtatcgetgceatttacccatagatat
attatgcacggttggggttggagatggcatgaatctcatcacactcctagaaaaggtgtcttcgaattga

acgatttatttgccgttgtcttcgetggtgttgctatcgeattaattgcagtecggtactgeecggtgtatggec
attgcaatggatcggttgtggotatgacagtttacggtttgttatactttttagttcatgacggtttggtccacc

aaagatggccattccattggatacctagaagaggttatttgaagagattgtacgttgcacacagattacat
cacgctgtaagaggtagagaaggttgcgtttcctttggtttcatttacgctagaaagccagetgatttgeca
agccatattgagagaaagacatggtagaccacctaaaagagacgccgctaaggatagaccagacge

agcctcaccttcttcatccagtccagaataa



CrtZ from Pstewartii
(PsCrtZ)

CrtZ from Erwinia
uredovora

(EuCrtZz)

CrtZ from S.
solfataricus P2
(SsP2CtrZ7)

Chyb from
Haematococcus
pluvialis

(HpChyb)

atgttgtggatttggaatgccttaatagttttcgtcactgttgtcggtatggaagtagttgctgcattggeac
ataaatatataatgcatggttgggogttogogttggcatttatcacatcacgaaccaagaaagggtgctttt
gaagttaacgacttgtatgctgtcgtattcgcaattgttagtatagetttgatctactttggttctactggtate
tggcctttacaatggattggtgccggtatgacagettatggtttgttatacttcatggtacatgatggtttagt
tcaccaaagatggccattcagatacatacctagaaagggttatttgaagagattgtacatggcacataga
atgcatcacgccgtccgtggtaaagaaggttgtgtttcatttggtttcttgtacgetccacctttgtccaagt
tacaagcaaccttaagagaaagacacgccgctagatcaggtgcagccagagatgaacaagacggtg
ttgatacttcttcatccggtaaataa

atgttgtggatctggaacgctttgatcgtattcgttaccgtcatcggtatggaagttatcgetgeattggea
cataaatatattatgcatggttggggottggggttggcatttatctcatcacgaaccaagaaagggtgctttt
gaagttaacgatttgtatgcagttgtcttcgecgctttgtctatattgttgatctacttgggttcaactggceat

gtggcectttacaatggattggtgccggtatgacagcttatggtttgttatacttcatggtacatgacggtttg
gttcaccaaagatggccattcagatacatccctagaaagggttatttgaagagattgtacatggcacata
gaatgcatcacgccgtcecgtggtaaagaaggttgtgtttectttggtttcttgtacgecccacctttgagta
agttacaagctactttaagagaaagacacggtgctagagcaggtgcagccagagatgcacaaggtgg
tgaagacgaaccagcctccggtaaataa

atgatgttaatttattacgttggtatggccgttttgacttttgtcggtatggaatttgtcgctagattgatgeat

aagtacgtaatgcacggtttgttatggttcatccatgaagatcatcacaaggaaaagcaagcagaattgg
aaaagaatgatttgttcggtttagttttcgccteccgttagtgtctatttgtttttcttaggtattcaaggttcttac
gtcgcetttgtcaatagcaatcggcatgtcttcttatggtatcgettactttttcatacatgatatggttatccac
gacagacatttgcacttaagatcatggggtttgaaacatagaccattcaaggatttgatcttggttcatgac
attcatcacaaagaaggcaagggtaactggggtttcttgttcgtaatcaagggtttagataaggttcctat

cttgaaagacgaataa

atgttgtccaagttgcaatccatctccgttaaggctagaagagttgaattggctagagacatcaccagac
caaaagtttgcttacacgctcagagatgctctttggtcagattgagagttgcagetccacaaacagaaga
agcagttggaactcaacaagcagcaggagcaggagacgaacattcagcagacgttgctttgcaacaa
ttggatagagctatcgcagaaagaagagctagaaggaagagagaacaattgtcttaccaagecgetg
ctattgcagcttctattggagtttcaggtattgctatcttcgctacctacttgagatttgctatgecatatgaca
gttggaggagcagttccttggggagaagttgcaggtccattattattggtggttggaggatcaattgggtat
ggaaatgtacgctagatacgctcataaggctatttggcacgaatctccattaggttggcetattgcacaagt
ctcatcatactccaagaaccggtccatttgaagctaacgatttgttcgetatcatcaagggtctaccagcet
atgttgttgtgtactttcggcttttggttgccaaacgttttaggtacagcettgttitcggagcaggattaggcat
tactttatacggcatggcttacatgttcgttcacgacggtttagtttccagaagatttccaacaggtccaatt
gcaggtttaccatacatgaagaggttgacagttgctcaccaattgcatcattcaggaaaatacggtgga
gcaccttggggaatgttittaggtccacaagaattgcaacatattccaggagcagcagaagaagttgaa

agattggtgttggagttggattggtctaagaggtaa



CrtW from
Gloeobacter
violaceus PCC 7421
(GVCrtW)

CrtW from
Agrobacterium

aurantiacum
(AaCrtW)

CrtW from
Alcaligenes sp.strain
PC-1

(AspCrtW)

CrtW from
Brevundimonas sp.
DC263
(BDC263CrtW)

atgatgagaggttctgctgttaaagaaagaacatcaaagagattagcagaaggtgtcattacccataaa
aatgattcttcaggtttgtggtegocattggttataatcggtttgtggatattttccttcgetgetgctttgaga
ttaccaatcggtgaattgagtttacaagccgttatcggtgttgtcattttgagaacatttttgcatacaggttt
gttcattaccgceccatgatgcetatgcacagaactgtatttccageccaatcacagaataaacgactggtta
ggtactgetgctgttggtttgtatgctttcatgecttacagagaattgttgatcaageatcaattacatcaca
gattcccagcaaccggtaaagatccagactatcatgatggtgaacactetggtttetttcaatggtatttaa
agttcatgaaggactacatggaatcaagaaacactccatttttgatcgctggtatggccgtagttttcggt
gtttgtacatggttaatgggtgtcccattggtaaacttggcattattetggttgttacctttggtettatccagt
ttgcaattgttttatttcggtacttacttaccacatagacaacctgatggtggttatagaaatagacacagag
ctacttccaacagattgtcttcattttggtccttcgtcagttgctatcattttggttaccactgggaacatcac
gaatacccattagtaccttggcatagattgcctgaagctagaagataa

atgtccgcacatgccttgccaaaagcagacttaactgccacatecttgattgtcagtggtggtattatage
tgcatggttagctttgcatgtacacgcattgtggtttttagatgccgetgcacatcctatattagetatcgea
aatttcttgggtttgacatggttgtctgttggtttattcatcattgeccatgacgcetatgcacggttcagttgte
ccaggtagacctagagcaaacgccgctatgggtcaattggttttgtggttgtacgetggtttctecttggag
aaaaatgatagtcaagcacatggcccatcacagacacgcetggtactgatgacgatccagacttcgatc
atggtggtcctgtcagatggtatgctagatttattggtacatacttcggttggagagaaggtttgttattgee
agtcatcgtaaccgtttatgcattgattttaggtgatagatggatgtacgtagttttctggccattgecttcta
tcttggcttcaatccaaatgttcgttttcggtacttggttgccacatagacctggtcacgacgceattcecag
atagacataatgccagatcatcaagaatttccgatcctgtaagtttattgacttgtttccatttcggtggttac
catcacgaacatcacttacacccaactgttccttggtggagattgccatctaccagaactaagggtgata
cagcttaa

Atgtctggtagaaaaccaggtactacaggtgacactattgtcaatttaggtttgacagctgcaatattgtt

atgttggttggttttgcatgcatttactttgtggttgttagatgeccgetgeacatectttgttageegtattatg

cttggctggtttgacatggttgtctgttggtttatttattatcgcacatgatgecatgeacggttcagttgtee

caggtagacctagagctaatgccgetatcggtcaattageattgtggttatatgecggtttttcctggeca

aaattgattgctaagcacatgacccatcacagacacgcaggtactgataacgacccagatttcggtcat

ggtggtcctgttagatggtatggttettttgtctcaacctacttcggttggagagaaggtttgttattgcctgt
aatagttaccacttatgcattgatcttaggtgatagatggatgtacgttatattttggccagtecctgetgtat
tggcatcaatccaaatttttgttttcggtacatggttaccacatagacctggtcacgatgacttcccagaca
gacataacgccagatccacaggtattggtgatcctttaagtttattgacctgtttccatttcggtggttacca
tcacgaacatcacttgcatccacacgttcettggtggagattaccaagaacaagaaagaccggtggtag
agcttaa

atgtccgetgttactccaatgagtagagttgtccctaatcaageattgattggtttgactttagcaggtttga
ttgctgetgcttggttgacattgcatatatacggtgtetacttccacagatggacaatctggtetgttttgac
cgtcccattaattgtagetggtcaaacttggttgtcegtaggtttattcatagttgetcatgatgecaatgeac
ggtagtttggcaccagecagacctagattaaacacagcaatcggttetttggetttageattgtatgeegg
ttttagattcaccccattgaaaactgcccatcacgctcatcacgetgecaccaggtacagcagatgacect
gattttcatgccgacgctccaagagcatttttgecttggttctatggtttetttagaacctacttcggttggag
agaattagcagttttgactgtattagttgcagtcgecgtattaatattgggtgctagaatgecaaatttgtta
gtettttgggecgctectgceattgttgtcetgecttacaattgttcactttcggtacatggttgecacatagac



CrtW from
Brevundimonas sp.
SD212
(BSD212CrtW)

BKT from
Chlamydomonas
reinhardtii

(CtBKT)

CrtW from

Nostoc punctiforme
PCC 73102
(NpCrtW)

acaccgatgacgcctttcctgataatcataacgctagaacatctccattcggtectgttttatcattgttgac
ctgtttccatttcggtagacatcacgaacatcacttgacaccttggaagecttggtggtctttattttcataa

atgactgctgctgttgctgaaccaagaatcgttcctagacaaacctggattggtttgactttagetggtatg
atagttgcaggttgggattctttacatgtctatggtgtatactttcatagatggggtacatcttcattggttatt
gtcccagctatagtagcagttcaaacctggttatctgttggtttgttcattgtcgeccatgatgetatgecacg
gttcattagctccaggtagacctagattgaatgecgetgttggtagattgacattaggtttgtatgcaggttt
cagattcgatagattgaagacagcacatcacgcccatcacgcagecccaggtactgctgatgaccctg
acttttatgccccagctcctagagcatttttaccttggttcttgaatttctttagaacttacttcggttggagag
aaatggccgtattgacagctttggttttgatcgcetttgticggtitgggtoctagaccagcaaacttgttaac
tttctgggctgcacctgeattgttgtcagecttacaattgttcactttcggtacatggttaccacatagacac
acagatcaaccttttgcagacgcccatcacgctagatccagtggttacggtectgttttgtecttgttaace
tgttttcatttcggtagacatcacgaacatcacttaactccttggaggecttggtggagattgtggagagg
tgaaagttaa

atgggtccaggaattcaaccaacttcagctagaccatgttctagaaccaagcattccagattcgctttatt
ggcagcagctttaacagctagaagggttaagcagttcaccaagcaattcagatccagaagaatggeag
aagacatcttgaagctttggcaaagacaataccacttgccaagagaagattccgataagagaaccttga
gggaaagagttcacttgtacagaccaccaagatcagatttgggtggtattgcagttgcagttacagttatt
gecctttgggctactttgttcgtttacggtctttggttcgttaagttgecttgggctttgaaagttggagaaac
agctacttcttgggctactattgcagcagttttcttetetttggagttettgtacaccggattgttcattactact
cacgacgctatgcacggtactattgccttgagaaacaggagattgaacgacttcttgggtcaattggeta
tetecttgtacgettggttegattatteegttttgecataggaageattgggaacatcataatcataccggeg
aaccaagagttgatccagatttccataggggtaatcctaatttggeagtttggttcgetcaattcatggttte
ctacatgaccttgtcccaatttttgaagatcgecgtttggtccaacttattgttgttagcaggagetccattg
gctaatcaattgttgttcatgaccgcagcetccaattttgtcegecttcagattgttctactacggtacttacgt
cccacatcatccagaaaaaggtcatacaggagctatgecttggcaagtttcaagaacttcttcegcettece
agattgcaatctttcttgacttgctaccacttcgatttgcattgggaacaccataggtggecatacgcetectt
ggtgggoaattacctaagtgtagacagattgcaagaggageagctttagetccaggtccattaccagttc
cagcagcagcagcagctacagecagcetacageageageageageageagetacaggttctccagete
cagcttctagagcaggttcagcttcttcagettcagcageagettcaggttttggttcaggtcattcaggtt
cagttgcagctcaaccattgtcttctttgccattgttgtcagaaggagttaagggtttggttgaaggageta

tggaattagttgcaggaggttcttcttcaggaggtggtggtgaaggaggtaaaccaggageaggagaa
cacggtttattgcaaagacaaaggcaattggctccagttggagttatggettaa

atgattcaattggaacaaccattatcccatcaagccaaattgacacctgtcttgagatcaaagtcacaatt
caagggtttgttcatagctatcgtaattgtttcagcatgggtaatttccttaagtttgttgttgtctitggatate
tcaaaattgaagttttggatgttattgccagttatcttgtggcaaacctttttgtacactggtttattcattactt
ctcacgacgcaatgcatggtgttgtcttcccacaaaacacaaagatcaaccacttgatcggtactttgac
attgtcattatacggtttattgccttaccaaaagttattgaaaaagcattggttgcatcaccataatccagca
tcttcaattgatcctgactttcacaacggtaaacatcaatcctttttcgectggtattttcatttcatgaagggt
tactggagttggggtcaaataatcgecttgaccatcatctacaacttcgetaagtacatcttgeatatceca
tctgataacttgacttacttctgggttttaccttcattattgtccagtttgcaattgttttatttcggtacatttttg
ccacactctgaacctataggtggttacgtccaaccacattgtgctcaaacaatctccagacctatttggtg
gagttttattacctgctatcacttcggttaccatgaagaacaccatgaatatccacatatatcttggtggca



attacctgaaatctacaaagcaaagtaa

CrtW from atgactgttgatcatgacgctagaatatctttgttattggctgctgctatcggtgetgeatggttagecatee
Sphingomonas sp. atgtcggtgctattgtatggtggagatggtcaccagetactgetgttttagetattcetgttgtettggtaca
DC18 (SDC18CrtW) agcatggttatccacaggtttgtttattgttgctcatgattgtatgcacggtagtttcgtcccaggtagacca

gctgttaatagaactgtcggtacattatgettgggtgcctatgetggtttatcctacggtcaattgeatccaa
aacatcacgctcatcacgacgcaccaggtacagecgetgatcetgactttcatgecaggtgecccaaga
tcagcattaccttggttcgccagatttttcacctcatactacactcatggtcaaattttaagaataaccgeag
ccgctgtattgtacatgttgttgggtotttetttattgaacatcgtagttttctgggcattaccagecttgatag
ctttagcacaattgtttgttttcggtacatttttgccacatagacacggtgataccectttcgecgacgctca
taatgctagatccaacggttggectagattagcaagtttggttacctgttttcacttcggtgcttaccatcac
gaacatcacttatctccttggactecttggtggcaattgecaagagttggtcaaccagetgetggtagaa

gatcattgtctaaggatagataa

Table S3. Plasmids used in this study

Plasmids Description Source
pLD2 Blunt Cloning vector, resistant to ampicillin This Lab
pUCS57-Simple Blunt Cloning vector, resistant to ampicillin GenScript
pRS425K Multiple copy plasmid in S.cerevisiae with LEU2 and KanMX marker This Lab
. Gene crtZ from Agrobacterium aurantiacum (AacrtZ) was codon optimized, .
pUCS57-Simple-01 . . ) This study
synthesized and cloned into pUC57-Simple
. Gene crtZ from Alcaligenes sp. strain PC-1 (AspcrtZ) was codon optimized, .
pUCS57-Simple-02 . . . This study
synthesized and cloned into pUC57-Simple
. Gene crtZ from Brevundimonas sp. SD212 (BSD212crtZ) was codon .
pUCS57-Simple-03 o . ) . This study
optimized, synthesized and cloned into pUCS57-Simple
. Gene crtZ from Brevundimonas sp. DC263 (BDC263crtZ) was codon .
pUCS57-Simple-04 o . ) ) This study
optimized, synthesized and cloned into pUCS57-Simple
. Gene crtZ from Pantoea agglomerans (PacrtZ) was codon optimized, .
pUCS57-Simple-05 . . ) This study
synthesized and cloned into pUC57-Simple
. Gene crtZ from Erwinia uredovora (EucrtZ) was codon optimized, .
pUCS57-Simple-06 . ) ) This study
synthesized and cloned into pUC57-Simple
. Gene crtZ from Sulfolobus solfataricus P2 (SsP2crtZ) was codon optimized, .
pUCS57-Simple-07 . ) . This study
synthesized and cloned into pUC57-Simple
. Gene chyb from Haematococcus pluvialis (Hpchyb) was codon optimized, .
pUCS57-Simple-08 . . . This study
synthesized and cloned into pUC57-Simple
. Gene crtZ from Pantoea stewartii (PscrtZ) was codon optimized, .
pUCS57-Simple-09 . ) ) This study
synthesized and cloned into pUC57-Simple
. Gene crtW from Gloeobacter violaceus PCC 7421 (GvertW) was codon .
pUCS57-Simple-10 o . ) ) This study
optimized, synthesized and cloned into pUCS57-Simple
. Gene crtW from Agrobacterium aurantiacum (AacrtW) was codon .
pUCS57-Simple-11 o ) ) ) This study
optimized, synthesized and cloned into pUCS57-Simple
. Gene crtW from Alcaligenes sp. strain PC-1 (AspcrtW) was codon .
pUCS57-Simple-12 This study

optimized, synthesized and cloned into pUCS57-Simple



pUCS57-Simple-13

pUCS57-Simple-14

pUCS57-Simple-15

pUCS57-Simple-16

pUCS57-Simple-17

pLD2-01

pLD2-02

pLD2-03

pLD2-04

pLD2-05

pLD2-06

pLD2-07

pLD2-08

pLD2-09

pLD2-10

pLD2-11

pLD2-12

pLD2-13

pLD2-14

pLD2-15

pLD2-16

pLD2-17

Gene crtW from Brevundimonas sp. SD212 (BSD212crtW) was codon
optimized, synthesized and cloned into pUCS57-Simple

Gene crtW from Brevundimonas sp. DC263 (BDC263crtW) was codon
optimized, synthesized and cloned into pUCS57-Simple

Gene bkt from Chlamydomonas reinhardtii (Crbkt) was codon optimized,
synthesized and cloned into pUC57-Simple

Gene crtW from Nostoc punctiforme PCC 73102 (NpcrtW) was codon
optimized, synthesized and cloned into pUCS57-Simple

Gene crtW from Sphingomonas sp. DCI18 (SDCI8crtW) was codon
optimized, synthesized and cloned into pUCS57-Simple

The cassette ADHI1t-FBA1p-TDH3p-TDH2t was synthesized and inserted
into the Pstl/BamHI site of pLD2

Gene GvertW was digested from pUCS57-Simple-10 by Bsal and inserted
into the same site of pLD2-01

Gene AacrtW was digested from pUC57-Simple-11 by Bsal and inserted
into the same site of pLD2-01

Gene AspcrtW was digested from pUC57-Simple-12 by Bsal and inserted
into the same site of pLD2-01

Gene BSD212crtW was digested from pUCS57-Simple-13 by Bsal and
inserted into the same site of pLD2-01

Gene BDC263crtW was digested from pUCS57-Simple-14 by Bsal and
inserted into the same site of pLD2-01

Gene Crbkt was digested from pUCS57-Simple-15 by Bsal and inserted into
the same site of pLD2-01

Gene NpcrtW was digested from pUCS57-Simple-16 by Bsal and inserted
into the same site of pLD2-01

Gene SDCI8crtW was digested from pUCS57-Simple-17 by Bsal and
inserted into the same site of pLD2-01

Gene AacrtZ was cut from pUC57-Simple-01 by Bsal and inserted into
BsmBI site of pLD2-03

Gene AspcrtZ was cut from pUCS57-Simple-02 by Bsal and inserted into
BsmBI site of pLD2-11

Gene BDC263crtZ was cut from pUC57-Simple-04 by Bsal and inserted
into BsmBI site of pLD2-11

Gene BSD212crtZ was cut from pUC57-Simple-03 by Bsal and inserted
into BsmBI site of pLD2-11

Gene FEucrtZ was cut from pUC57-Simple-06 by Bsal and inserted into
BsmBI site of pLD2-11

Gene PacrtZ was cut from pUC57-Simple-05 by Bsal and inserted into
BsmBI site of pLD2-11

Gene SsP2crtZ was cut from pUCS57-Simple-07 by Bsal and inserted into
BsmBI site of pLD2-11

Gene Hpchyb was cut from pUC57-Simple-08 by Bsal and inserted into
BsmBI site of pLD2-04
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pLD2-18

pLD2-19

pLD2-20

pLD2-21

pLD2-22

pLD2-23

pLD2-24

pLD2-25

pLD2-26

pLD2-27

pLD2-28

pLD2-29

pLD2-30

pLD2-31

pLD2-32

pLD2-33

pLD2-34

pLD2-35

pLD2-36

pLD2-37

pLD2-38

pLD2-39

Gene AspcrtZ was cut from pUCS57-Simple-02 by Bsal and inserted into
BsmBI site of pLD2-04

Gene Hpchyb was cut from pUCS57-Simple-08 by Bsal and inserted into
BsmBI site of pLD2-05

Gene AspcrtZ was cut from pUCS57-Simple-02 by Bsal and inserted into
BsmBI site of pLD2-06

Gene SsP2crtZ was cut from pUCS57-Simple-07 by Bsal and inserted into
BsmBI site of pLD2-06

Gene PscrtZ was cut from pUC57-Simple-09 by Bsal and inserted into
BsmBI site of pLD2-06

Gene Hpchyb was cut from pUCS57-Simple-08 by Bsal and inserted into
BsmBI site of pLD2-02

Gene EucrtZ was cut from pUC57-Simple-06 by Bsal and inserted into
BsmBI site of pLD2-02

Gene PacrtZ was cut from pUC57-Simple-05 by Bsal and inserted into
BsmBI site of pLD2-02

Gene BDC263crtZ was cut from pUC57-Simple-04 by Bsal and inserted
into BsmBI site of pLD2-02

Gene Hpchyb was cut from pUCS57-Simple-08 by Bsal and inserted into
BsmBI site of pLD2-07

Gene PacrtZ was cut from pUCS57-Simple-05 by Bsal and inserted into
BsmBI site of pLD2-06

Gene EucrtZ was cut from pUC57-Simple-06 by Bsal and inserted into
BsmBI site of pLD2-07

Gene PscrtZ was cut from pUC57-Simple-09 by Bsal and inserted into
BsmBI site of pLD2-03

Gene Ssp2crtZ was cut from pUC57-Simple-07 by Bsal and inserted into
BsmBI site of pLD2-05

Gene BSD212crtZ was cut from pUCS57-Simple-03 by Bsal and inserted
into BsmBI site of pLD2-05

Gene EucrtZ was cut from pUCS57-Simple-06 by Bsal and inserted into
BsmBI site of pLD2-05

Gene HpChyb was cut from pUC57-Simple-08 by Bsal and inserted into
BsmBI site of pLD2-06

Gene EucrtZ was cut from pUC57-Simple-06 by Bsal and inserted into
BsmBI site of pLD2-06

Gene BSD212crtZ was cut from pUC57-Simple-03 by Bsal and inserted
into BsmBI site of pLD2-02

Gene BDC263crtZ was cut from pUC57-Simple-04 by Bsal and inserted
into BsmBI site of pLD2-09

Gene AspcrtZ was cut from pUC57-Simple-02 by Bsal and inserted into
BsmBI site of pLD2-08

Gene PscrtZ was cut from pUC57-Simple-09 by Bsal and inserted into
BsmBI site of pLD2-05
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pLD2-40

pLD2-41

pLD2-42

pWRZ01

pWRZ02

pWRZ03

pWRZ04

pWRZ05

pWRZ06

pWRZ07

pWRZ08

pWRZ09

pWRZ10

pWRZI11

pWRZ12

pWRZ13

pWRZ14

pWRZI15

The cassette ADHIt-TEF1p-TDH3p-TDH2t was synthesized and inserted
into Pstl/BamHI site of pRS425K

Gene BDC263crtW was digested from pUCS57-Simple-14 by Bsal and
inserted into the same site of pLD2-40

Gene AspcrtZ was cut from pUCS57-Simple-02 by Bsal and inserted into
BsmBI site of pLD2-41

The cassette ADHI1t-AacrtZ-FBA1p-TDH3p-AacrtW-TDH2t were digested
from pLD2-10 by Pstl/BamHI and inserted into the same site of pLD2-01
The cassette ADH1t-AspcrtZ-FBA1p-TDH3p-AacrtW-TDH2t were digested
from pLD2-11 by Pstl/BamHI and inserted into the same site of pLD2-01
The cassette ADHI1t-BDC263crtZ-FBAlp-TDH3p-AacrtW-TDH2t were
digested from pLD2-12 by Pstl/BamHI and inserted into the same site of
pLD2-01

The cassette ADHI1t-BSD212crtZ-FBA1p-TDH3p-AacrtW-TDH2t were
digested from pLD2-13 by Pstl/BamHI and inserted into the same site of
pLD2-01

The cassette ADHI1t-EucrtZ-FBA1p-TDH3p-AacrtW-TDH2t were digested
from pLD2-14 by Pstl/BamHI and inserted into the same site of pLD2-01
The cassette ADHI1t-PacrtZ-FBA1p-TDH3p-AacrtW-TDH2t were digested
from pLD2-15 by Pstl/BamHI and inserted into the same site of pLD2-01
The cassette ADHI1t-SsP2crtZ-FBAlp-TDH3p-AacrtW-TDH2t  were
digested from pLD2-16 by Pstl/BamHI and inserted into the same site of
pLD2-01

The cassette ADHIt-Hpchyb-FBAlp-TDH3p-AspcrtW-TDH2t  were
digested from pLD2-17 by Pstl/BamHI and inserted into the same site of
pLD2-01

The cassette ADHIt-AspcrtZ-FBAlp-TDH3p-AspcrtW-TDH2t  were
digested from pLD2-18 by Pstl/BamHI and inserted into the same site of
pLD2-01

The cassette ADHIt-Hpchyb-FBA1p-TDH3p-BSD212crtW-TDH2t were
digested from pLD2-19 by Pstl/BamHI and inserted into the same site of
pLD2-01

The cassette ADHIt-AspcrtZ-FBA1p-TDH3p-BDC263crtW-TDH2t were
digested from pLD2-20 by Pstl/BamHI and inserted into the same site of
pLD2-01

The cassette ADHI1t-SsP2crtZ-FBA1p-TDH3p-BDC263crtW-TDH2t were
digested from pLD2-21 by Pstl/BamHI and inserted into the same site of
pLD2-01

The cassette ADHIt-PscrtZ-FBA1p-TDH3p-BDC263crtW-TDH2t were
digested from pLD2-22 by Pstl/BamHI and inserted into the same site of
pLD2-01

The cassette ADH1t-Hpchyb-FBA1p-TDH3p-GvertW-TDH2t were digested
from pLD2-23 by Pstl/BamHI and inserted into the same site of pLD2-01
The cassette ADH1t-EucrtZ-FBA1p-TDH3p-GvcrtW-TDH2t were digested
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pWRZ16

pWRZ17

pWRZ18

pWRZ19

pWRZ20

pWRZ21

pWRZ22

pWRZ23

pWRZ24

pWRZ25

pWRZ26

pWRZ27

pWRZ28

pWRZ29

pWRZ30

pWRZ31

from pLD2-24 by Pstl/BamHI and inserted into the same site of pLD2-01
The cassette ADH1t-PacrtZ-FBA1p-TDH3p-GvertW-TDH2t were digested
from pLD2-25 by Pstl/BamHI and inserted into the same site of pLD2-01
The cassette ADHIt-BDC263crtZ-FBAlp-TDH3p-GvertW-TDH2t were
digested from pLD2-26 by Pstl/BamHI and inserted into the same site of
pLD2-01

The cassette ADH1t-Hpchyb-FBA1p-TDH3p-CrBKT-TDH2t were digested
from pLD2-27 by Pstl/BamHI and inserted into the same site of pLD2-01
The cassette ADHIt-PacrtZ-FBAlp-TDH3p-BDC263crtW-TDH2t were
digested from pLD2-28 by Pstl/BamHI and inserted into the same site of
pLD2-01

The cassette ADHI1t-EucrtZ-FBAl1p-TDH3p-CrBKT-TDH2t were digested
from pLD2-29 by Pstl/BamHI and inserted into the same site of pLD2-01
The cassette ADHI1t-PscrtZ-FBA1p-TDH3p-AacrtW-TDH2t were digested
from pLD2-30 by Pstl/BamHI and inserted into the same site of pLD2-01
The cassette ADHI1t-Ssp2crtZ-FBAlp-TDH3p-BSD212crtW-TDH2t were
digested from pLD2-31 by Pstl/BamHI and inserted into the same site of
pLD2-01

The cassette ADHIt-BSD212crtZ-FBAlp-TDH3p-BSD212crtW-TDH2t
were digested by pLD2-32 with Pstl/BamHI and inserted into the same site
of pLD2-01

The cassette ADHIt-EucrtZ-FBAlp-TDH3p-BSD212crtW-TDH2t were
digested from pLD2-33 by Pstl/BamHI and inserted into the same site of
pLD2-01

The cassette ADHI1t-HpChyb-FBAlp-TDH3p-BDC263crtW-TDH2t were
digested from pLD2-34 by Pstl/BamHI and inserted into the same site of
pLD2-01

The cassette ADHIt-EucrtZ-FBAlp-TDH3p-BDC263crtW-TDH2t were
digested from pLD2-35 by Pstl/BamHI and inserted into the same site of
pLD2-01

The cassette ADHI1t-BSD212crtZ-FBAlp-TDH3p-GvertW-TDH2t were
digested from pLD2-36 by Pstl/BamHI and inserted into the same site of
pLD2-01

The cassette ADHIt-BDC263crtZ-FBAlp-TDH3p-SDCI8crtW-TDH2t
were digested from pLD2-37 by Pstl/BamHI and inserted into the same site
of pLD2-01

The cassette ADH1t-AspcrtZ-FBA1p-TDH3p-NpcrtW-TDH2t were digested
from pLD2-38 by Pstl/BamHI and inserted into the same site of pLD2-01
The cassette ADHIt-PscrtZ-FBAlp-TDH3p-BSD212crtW-TDH2t were
digested from pLD2-39 by Pstl/BamHI and inserted into the same site of
pLD2-01

The cassette ADHI1t-AspcrtZ-TEF1p-TDH3p-BDC263crtW-TDH2t were
digested from pLD2-42 by Pstl/BamHI and inserted into the same site of
pLD2-01
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Fig. S1 Construction of Crtw-CrtZ expression cassette plasmids.
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Fig. S2 HPLC analysis of astaxanthin producing strains. I, PB-carotene; II, lycopene; III,

canxanthathin; IV, zeaxanthin; V, astaxanthin.
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Fig. S3 HPLC analysis of engineered strains with/without alternation on promoter activity of cr¢Z. I,

B-carotene; 11, lycopene; 111, canxanthathin; IV, zeaxanthin; V, astaxanthin



