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Fig. S1. Western Blot analysis of HID and 2-HIS Genes.
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Fig. S2. HPLC-MS results of DEIN standard and strain DEO1.
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Fig. S3. LIQ of strains LIQ07 and DEO1 at 120 h.
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Fig. S5. LIQ of strains DE03, DE04, DE0OS5, DE0O6 DE07, DE08,DE09,DE10 and DE11.
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Fig. S6. Quantitative PCR analysis of the 2-HIS and CPR genes in DE12 and DE19

strains.
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Fig. S7. DEIN and LIQ production of strains DE19 and DE20.
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Fig. S8. HPLC-MS results of PIN standard and strain PNO1.
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Fig. S9. (A) ISOLIQ titer of strain PNO1 in 5-L bioreactor. (B) HPLC-MS results of
ISOLIQ standard and strain PNO1 in 5-L bioreactor.
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Table S1. Primers used in this study.

Plasmids

Primers DNA sequence (5'to3" )

p1312-HIS-HID

p1269-CPR

p1269-HID

p 131 2-Php4d-HIS

FIR cacaccacatcacacatacaaccacacacatccacgtgATGCTGGTTGAGCTGG
CCATC

FIR aagaccggcaacgtggggacaggccatggaggtaccCTAAGAAGAGAACAG
CTTAGGC

F2F caaagcactttgctagatagagtcgacaaaggaataaatttagtctgcagcccaaget

F2R getctgtacaccgagaaacaggggagtgtgggagattaagagaattatcaccggea

F3F ccacatcacacatacaaccacacacatccacgtgatggactcgtcgagcgagaagctce

F3R gaccggeaacgtggggacaggecatggaggtaccttaccacacgtctctcaggtageg

F4F accacatcacacatacaaccacacacatccacgtgATGGCCAAAGAGATCGTC
AAAGA

F4R ggcaagaccggcaacgtggggacaggccatggaggtacCTAGACCAGAAACG
AAGCCAG

F1F cacaccacatcacacatacaaccacacacatccacgtgATGCTGGTTGAGCTGG
CCATC

FIR aagaccggcaacgtggggacaggccatggaggtaccCTAAGAAGAGAACAG
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p] 31 Z-Php4d-HIS-

Pypis-CPR

p1312-Pyp4g-HIS-

Peyp1-CPR

p] 31 2-Php4d-HIS-

Pﬂaain'CPR

p] 31 Z-Php4d-CPR

F5F

F2R

F6F

F6R

F7F

F2R

F8F

F8R

FOF

F2R

F3F

F3R

CTTAGGC

cacaaagcactttgctagatagagtcgacaaaggcetgactgggttgaaggctctcaag

getctgtacaccgagaaacaggggagtgtgggaggttaagagaattatcaccggea

caaagcactttgctagatagagtcgacaaaggGGAGTTTGGCGCCCGTTTTT

TCGAGC

gggggagagcttctcgetcgacgagtccat TGCTGTAGATATGTCTTGTGT

GTAAGGG

CCAACCCCCTTACACACAAGACATATCTACAGCAatggactcgt

cgagcgagaagctc

getetgtacaccgagaaacaggggagtgtgggaggttaagagaattatcaccggea

aaagcactttgctagatagagtcgacaaaggCAGTGTACGCAGTACTATAG

AGGAACA

gggggagagcttctcgetcgacgagtccatCTGGGTTAGTTTGTGTAGAGA

GTGTGTG

atggactcgtcgagcgagaagetctcee

getetgtacaccgagaaacaggggagtgtgggaggttaagagaattatcaccggea

ccacatcacacatacaaccacacacatccacgtgatggactcgtcgagecgagaagctce

gaccggceaacgtggggacaggecatggaggtaccttaccacacgtetctcaggtageg
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p1312-Pyp4g-CPR-

Peyp1-HIS

p1312-Pyp44-CPR-

ptbain'HIS

CasURA-A1-
Pipag-CPR- Peyyi-

HIS

F6F

FI0R

F11F

F2R

F8F

FI2R

F11F

F2R

F13F

FI3R

F14F

F14R

caaagcactttgctagatagagtcgacaaaggGGAGTTTGGCGCCCGTTTTT

TCGAGC

CAGAAGAGTGATGGCCAGCTCAACCAGCATTGCTGTAGAT

ATGTCTTGTGTGTAAGGG

ATGCTGGTTGAGCTGGCCATCACT

getetgtacaccgagaaacaggggagtgtgggaggttaagagaattatcaccggea

aaagcactttgctagatagagtcgacaaageCAGTGTACGCAGTACTATAG

AGGAACA

AGAAGAGTGATGGCCAGCTCAACCAGCATCTGGGTTAGTT

TGTGTAGAGAGTGTGTGT

ATGCTGGTTGAGCTGGCCATCACT

getetgtacaccgagaaacaggggagtgtgggaggttaagagaattatcaccggea

tetgtggatcatagggaactcttcgacactagtGGAGTTTGGCGCCCGTTTTTT

CGAG

tcagTTTGAAAAAATTTATTTCTAGACAGTTATATACTAAGA

AGAGAACAGCTTAGGC

TAGTATATAACTGTCTAGAAATAAATTTTTTCAAActgactggg

ttgaaggctctcaa

taacagtcttcttggcttttctgtctctggagtgtgggaggttaagagaattatcace
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pNeW 131 2'Php4d'

CPR-P,,-HIS

pNeW 131 Z'Php4d'
CPR-Py-HIS-
Php4d'CPR'Pexpl -

HIS

p 131 2-Php4d-CPR-

Pppa-CPR

p1312-Pyp4g-CPR-
Php4d'CPR‘Pexpl -

HIS

pNEW1312-

Peypi-HIS

F15F

FI5R

F16F

F16R

F6F

F2R

F5F

F2R

F6F

F2R

F15F

ggtacctccatggectgtceccacgtt

acgcgtatcgataagctagettgggct

tagtctgcageccaagetagettatcgatacgcgtGGAGTTTGGCGCCCGTTTT

TTCG

gaccggceaacgtggggacaggccatggaggtaccttaccacacgtctctcaggtageg

caaagcactttgctagatagagtcgacaaaggGGAGTTTGGCGCCCGTTTTT

TCGAGC

getetgtacaccgagaaacaggggagtgtgggaggttaagagaattatcaccggea

cacaaagcactttgctagatagagtcgacaaaggcetgactgggttgaaggctctcaag

getctgtacaccgagaaacaggggagtgtgggaggttaagagaattatcaccggea

caaagcactttgctagatagagtcgacaaaggGGAGTTTGGCGCCCGTTTTT

TCGAGC

gctetgtacaccgagaaacaggggagtgtgggaggttaagagaattatcaccggea

ggtacctccatggectgtceccacgtt

14/23



pNEW1312-
pexpl'HIS'Pexpl -

HIS

pNEW1312-
Pexpl'HIS' Php4d'

CPR-P,-HIS

p1269-yIGND-

yIZWF1

FI5R

F17F

FIR

F6F

F2R

F6F

F2R

F18F

F18R

F19F

acgcgtatcgataagctagcettgggct

tagtctgcagecccaagetagettatcgatacgcgtGGAGTTTGGCGCCCGTTTT

TTCG

aagaccggcaacgtggggacaggccatggaggtaccCTAAGAAGAGAACAG

CTTAGGC

caaagcactttgctagatagagtcgacaaaggGGAGTTTGGCGCCCGTTTTT

TCGAGC

getctgtacaccgagaaacaggggagtgtgggagattaagagaattatcaccggea

caaagcactttgctagatagagtcgacaaaggGGAGTTTGGCGCCCGTTTTT

TCGAGC

getctgtacaccgagaaacaggggagtgtgggaggttaagagaattatcaccggea

ccacatcacacatacaaccacacacatccacgtgATGactgacacttcaaacatcaag

AAAAAATTTATTTCTAGACAGTTATATAttaagcatcgtaagtggaag

aagaaacctc

TATATAACTGTCTAGAAATAAATTTTTTCAAAAGAGACCG

GGTTGGCGGCGCATTTGTG
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p1269-UGT43

p1269-UGT43-
yIPGM2-

ylUDPG1

pNEW1312-

Pexpl 'HIS'Pexpl -

FI9R

F20F

F20R

F21F1

F21F2

F21R

F22F

F22R

F23F

F23R

F6F

gaccggceaacgtggggacaggecatggaggtacctcacgaggageccttggtgacagge

cacatcacacatacaaccacacacatccacgtgATGACACGATACGAGGTCG

TCTTCAT

aacgtggggacaggccatggaggtaccttaCTAAGAGGTCAGCTCTTGGAT

CAGAGAC

caccgaaacgcgcgaggcagcagatccactagt [ TTGAAAAAATTTATTTCT

AGACAG

TTTGAAAAAATTTATTTCTAGACAGTTATATAttaatgctccagaat

actgagagatc

CCGACCAGCACTTTTTGCAGTACTAACCGCAGatgtccaagcacc

atctgaagaccc

geactctgggtcttcagatggtgcttggacat CTGCGGTTAGTACTGCAAAAA

GTGCT

acgcgtatcgataagctagcttggsAAAAGTCTCTACAAGTAGTCTTGTA

A

GAATGTTTTTACAAGACTACTTGTAGAGACTTTTccaagctagct

tatcgatacgcegt

tttaccgcagcagatccgeggecgeataggecggagtgtegggaggttaagagaattat

caaagcactttgctagatagagtcgacaaageGGAGTTTGGCGCCCGTTTTT

TCGAGC
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CPR

pNEW1312-
chpl'HIS'Pﬂ)ain'

CPR

pNEW1312-

beain'HIS'

pNEW1312-
Pfhain'HIS'beain'

CPR

pNEW1312-
beain'HIS'Pexpl -

CPR

F2R

F8F

F2R

F15F

FI5R

F24F

F24R

F8F

F2R

F6F

F2R

gctetgtacaccgagaaacaggggagtgtgggaggttaagagaattatcaccggea

aaagcactttgctagatagagtcgacaaaggCAGTGTACGCAGTACTATAG

AGGAACA

gctetgtacaccgagaaacaggggagtgtgggaggttaagagaattatcaccggea

ggtacctccatggectgtecccacgtt

acgcgtatcgataagctagettgggct

ctgcageccaagctagcttatcgatacgcgt CAGTGTACGCAGTACTATAGA

GGAACA

cggcaacgtggggacaggccatggaggtaccCTAAGAAGAGAACAGCTTA

GGCACGG

aaagcactttgctagatagagtcgacaaaggCAGTGTACGCAGTACTATAG

AGGAACA

getctgtacaccgagaaacaggggagtgtgggaggttaagagaattatcaceggea

caaagcactttgctagatagagtcgacaaaggGGAGTTTGGCGCCCGTTTTT

TCGAGC

getetgtacaccgagaaacaggggagtgtggoaggttaagagaattatcaccggea
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p1312-Pypg-HIS-

Php4d-Flag CPR

p] 31 2-Php4d-CPR-

Php4d—Flag HIS

F25

F25R

F26F

F2R

F25

F25R

F27F

F2R

Q-actin-R

Q-actin-F

Q-HIS-F

Q-HIS-R

Q-CPR-F

caaagcactttgctagatagagtcgacaaaggaataaatttagtctgcagcccaaget

CTTGTCGTCGTCGTCCTTGTAGTCCATcacgtggatgtgtgtggttgtat

gtgtgatgt

GACTACAAGGACGACGACGACAAGGGCTCTGGCTCTATG

GCCAAAGAGATCGTCAAAG

getetgtacaccgagaaacaggggagtgtgggaggttaagagaattatcaccggea

caaagcactttgctagatagagtcgacaaaggaataaatttagtctgcagcccaaget

CTTGTCGTCGTCGTCCTTGTAGTCCATcacgtggatgtgtgtggttgtat

gtgtgatgt

CTACAAGGACGACGACGACAAGGGCTCTGGCTCTATGCTG

GTTGAGCTGGCCATCACT

getctgtacaccgagaaacaggggagtgtgggaggttaagagaattatcaccggea

ggggagagagaaaccagag

agtccaaccgagagaagatg

AGTGTGAGGTGGACGGTTACG

CAGGTCGGAACTCGGTAGGTC

CCTCGCATGGCTCCGTCTC
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Q-CPR-R  CGTTCTTCATCCAGGTGCTACATAC

Table S2. The DNA sequence of Ge2-HIS, crCPR, GmHID and PIUGT43.

Ge2-HIS

ATGCTGGTTGAGCTGGCCATCACTCTTCTGGTCATCGCTCTG
TTCATCCACCTGCGACCTACTCTGTCCGCTAAGTCCAAGTCT
CTGCGACACCTGCCTAACCCTCCATCGCCTAAGCCTCGACTT
CCATTCGTCGGTCATCTGCACCTGCTGGACAAGCCTCTTCTG
CACTACTCTCTCATCGACCTGTCCAAGCGATACGGACCTCTC
TACTCTCTGTACTTCGGTTCCATGCCTACCGTCGTCGCTTCC
ACTCCAGAGCTGTTCAAGCTGTTTCTGCAGACACATGAGGCt
TCTTCTTTCAACACACGATTCCAGACCTCTGCTATCCGACGA
CTGACCTACGACAACTCCGTCGCTATGGTGCCTTTCGGACCT
TACTGGAAGTTCATCCGAAAGCTGATCATGAACGACCTGCT
GAACGCTACCACCGTCAACAAGCTGCGACCTCTGCGATCTC
AAGAGATCCGAAAGGTTCTGCGAGTCATGGCTCAGTCTGCT
GAGTCTCAGGTGCCTCTGAACGTGACCGAAGAACTGCTGAA
GTGGACCAACTCCACCATCTCTCGAATGATGCTGGGTGAAG
CTGAAGAGATTCGAGACATCGCACGAGATGTGCTCAAGATC
TTCGGCGAGTACTCTCTGACCGACTTCATCTGGCCTCTGAAG
AAGCTCAAGGTCGGTCAGTACGAGAAGCGAATCGACGACA
TCTTCAACCGATTCGACCCTGTCATCGAGCGAGTCATCAAG
AAGCGACAAGAAATCCGAAAGAAGCGAAAGGAGCGAAAC
GGTGAGATCGAAGAGGGTGAGCAGTCTGTCGTCTTTCTGGA
CACACTGCTGGACTTTGCCGAAGACGAGACAATGGAGATCA
AGATCACCAAAGAGCAGATCAAGGGTCTGGTCGTTGACTTC
TTCTCCGCTGGAACCGACTCCACTGCTGTCGCCACCGACTG
GGCACTTTCCGAGCTGATCAACAACCCTCGTGTCTTCCAGA
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AGGCCAGAGAAGAGATCGACGCCGTTGTCGGCAAAGACCG
ACTGGTTGACGAGGCTGACGTTCAGAACCTGCCTTACATCC
GATCCATCGTCAAAGAGACATTCCGAATGCACCCTCCACTT
CCAGTCGTCAAGCGAAAGTGCGTCCAAGAGTGTGAGGTGG
ACGGTTACGTCATTCCAGAGGGTGCTCTGATTCTGTTCAACG
TCTGGGCTGTTGGCCGAGATCCAAAGTACTGGGACCGACCT
ACCGAGTTCCGACCTGAGCGATTTCTGGAGAACGTCGGTGA
GGGAGATCAGGCTGTCGATCTGCGAGGTCAGCACTTCCAGC
TGCTGCCTTTCGGTTCTGGACGACGAATGTGCCCTGGTGTCA
ACCTGGCTACCGCTGGTATGGCTACACTGCTCGCTTCTGTCA
TCCAGTGCTTCGACCTCTCTGTCGTCGGACCTCAGGGTAAG
ATTCTGAAGGGTAACGACGCCAAGGTCAGCATGGAAGAAC
GAGCCGGTCTGACCGTTCCACGAGCACACAACCTGATCTGC
GTTCCAGTCGCACGATCTTCTGCCGTGCCTAAGCTGTTCTCT
TCTTAG

crCPR

atggactcgtcgagcgagaagctctcceccttcgagetcatgtctgegattctgaaaggagcetaage
ttgacggtagtaactcgtcggattcaggagtggcggtgtegecageggtecatggecatgetettgga
gaacaaggagctggtcatgattcttactacatcagtggcagttctcatcggatgtgtggttgttttgattt
ggagaagatcctctggcageggtaaaaaggtggtagaaccgeccaagetgattgtcccaaaateg

gtggtcgagectgaggagatcgatgagggtaagaagaagttcaccatcttcttcggeacccagact

ggaacggcagagggtttcgcaaaggctttggcagaggaggctaaggeteggtacgagaaggetg
tgatcaaggtgattgatattgacgattacgcagecgacgacgaggagtacgaagaaaaattccgaa
aggaaactctggcttttttcattctggecacttacggagacggagageccaccgacaatgetgeacg
gttttacaagtggttcgtcgagggaaacgaccgtggegactggcetcaagaacctgecagtacggegt
ctttggactcggcaacagacaatatgagcacttcaacaagattgccaaggttgtggacgagaaggt

cgccgaacagggcggaaagegaattgttcetettgtactgggegatgacgaccagtgcattgagga
tgactttgcecgectggegtgaaaatgtetggeccgagetagataacctectgegagacgaagacga

cacgactgtctccaccacctacaccgecgecattccegagtaccgggttgtcttccccgacaagagt
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gattctttgatcagcgaggccaatggccacgecaacggctacgegaatggtaacaccgtttacgac
gcccageatecttgecgttccaacgtggetgtccggaaggagetgeacactecetgettctgacegat
catgcacacatctggacttcgacattgcaggtactggcctctectatggcaccggegaccatgtggg
tgtctattgcgacaacctatcagaaactgtggaggaagecgageggcttctcaacctacceecgga
gacatacttttccctgcatgetgacaaggaggatggaacaccgcettgetggcetettetettectectee
ctttccaccctgtacgcettcgaaccgetetgaccagatatgetgatetgetgaacacgeccaagaaaa
gtgcactgctggegetggeggeatacgettectgaccccaacgaggeagatcgactcaagtaccteg
cttcgectgecggeaaggatgagtatgeteagteactegttgecaaccagegatetettctcgaagtg
atggccgagttccectcggegaageccecactgggagttttctttgetgecatcgetececgettaca
gceccgattctactctatttccagetetectegeatggeteegtetcgaatecacgtcaccetgtgeect
ggtgtacgagaagacaccgggtggtcgaatccacaagggggtatgtagecacctggatgaagaac
gccatcectetggaggagtctcgagactgetettgggeteccatctttgttcgacagtcgaacttcaa
getgectgecgaccccaaagtgectgtgatcatgatcggtececeggeactggectggeccctttcag
aggctttctccaagagcgattggctctaaaagaggaaggagecgageteggtactgeggttttettet
ttggatgtcgtaaccgaaaaatggactatatctacgaagacgagcetgaaccactttcttgaaatcgge
geectgtecgagetettggtegecttttctcgagagggeccaaccaageagtacgtgcageacaaa
atggctgaaaaggcttctgacatctggcgaatgatctccgatggtgcctacgtgtacgtctgtggag
atgccaagggaatggcacgagatgttcataggaccttgcatacaatagecccaggaacaagggtee

atggattccacgcaagccgaaggctttgtcaagaatctgcagatgaccgggegcetacctgagagac

gtgtgg

GmHID

ATGGCCAAAGAGATCGTCAAAGAGCTTCTTCCACTGATTCG
AGTCTACAAAGACGGTTCTGTCGAACGACTGCTGTCTTCCG
AGAACGTTGCAGCTTCTCCAGAAGATCCACAGACAGGTGTC
TCTTCCAAAGACATCGTCATCGCTGATAACCCTTACGTCTCT
GCTCGAATCTTTCTGCCTAAGTCTCACCACACCAACAACAA
GCTGCCTATCTTTCTGTACTTCCACGGTGGTGCATTCTGTGT
CGAGTCTGCCTTCTCGTTCTTCGTCCATCGATACCTGAACAT
TCTGGCTTCTGAAGCCAACATCATCGCCATCTCTGTGGACTT
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TCGACTTCTGCCTCATCATCCAATCCCTGCTGCTTACGAAGA
CGGTTGGACTACGCTGAAGTGGATCGCTTCTCATGCCAACA
ACACCAACACCACTAACCCTGAACCTTGGCTTCTCAACCAT
GCTGACTTCACCAAGGTCTACGTTGGTGGTGAAACCTCTGG
TGCAAACATCGCTCACAACCTTCTGCTTCGAGCTGGTAACG
AGTCTCTGCCTGGTGATCTGAAGATTCTGGGTGGTCTTCTTT
GCTGCCCTTTCTTCTGGGGTTCTAAGCCTATCGGTTCTGAAG
CTGTTGAAGGTCACGAACAGTCTCTTGCCATGAAGGTCTGG
AACTTCGCTTGTCCAGATGCACCTGGTGGTATCGACAACCC
TTGGATCAACCCTTGTGTTCCAGGTGCACCATCTCTGGCAAC
TCTGGCTTGTTCCAAGCTGCTGGTCACCATCACCGGTAAAG
ACGAGTTCCGAGACAGAGACATTCTGTACCACCACACTGTT
GAGCAGTCTGGTTGGCAAGGTGAACTTCAGCTGTTCGATGC
TGGTGATGAAGAACACGCATTCCAGCTGTTCAAGCCTGAGA
CACACCTTGCTAAGGCCATGATCAAGCGACTGGCTTCGTTT
CTGGTCTAG

PIUGT43

ATGACACGATACGAGGTCGTCTTCATCGCCATTCCAACTCT
GGGTAACCTGGTTCCACAGGTCGAGTTCGCTAACCTGCTGA
CCAAGCACGATCCACGATTCTCTGCCACCATTCTGACCGTCT
CCATGCCTCAGCGACCTCTGATGAACACCTACGTTCAGGCA
CGAGCCTCTTCTGCCGCTAACATCAAGCTTCTGCAGCTGCCT
ATCGTGGACCCTCCAGCTCCAGAGCAGTACCAGACTCTGGT
CGGCTTTCTGTCTCTGCACATGCAGAATCACAAGCACCACG
TCAAGCACGCTCTGCTGAACCTGATGAAGACCACCGAGTCC
AACTCTTCCAACTCCGTCCGACTGGCCGCTATCTTCGTGGAC
ATGTTCTCCACCACTCTGATCGACGTTGCTGCTGAGCTTGCT
GTGCCTTGCTACCTGTTCTTCGCCTCTCCAGCCTCTTGTCTG
GGCTTCACTCTGGATCTGCCACGATTCGACCTGGCTGAGTCC
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AAGTCCGAGTTCACCGTGCCTTGCTTCAAGAACCTGCTGCCT
CGATCTGTCTTCCCTAACCTGGTGCTGGACGCTAAAGACGG
AACCTTCTGGCTGTCTTACCATGCCAGACGATACAAAGAGA
CGAAGGGTATCGTCATCAACACTCTGCAAGAGCTGGAGACT
CATGCTCTGCAGTCTCTCCACAACGACTCTCAGCTGCAGCG
AGTCTACCCTATCGGACCTATTCTGGACCTTGTCGGTTCTGC
TCAGTGGGACCCTAATCCAGCTCAGTACAAGCGAATCATGG
AGTGGCTGGATCAGCAGCCTCTGTCTTCTGTCGTGCTGCTGT
GCTTCGGCTCTATGGGTTCTCTGGAGGCTAACCAGGTCGAA
GAGATCGCCATCGGACTGGAACGAGCCGGTGTCCGATTTCT
GTGGGCTCTGCGAGAGTCGCCTAAGGCTCAGCTGGAGTATC
CACGAGACTACGAGAACCACAAGGACGTGCTGCCTGATGG
CTTTCTGGAGCGAACCAACAACATCGGTCTGGTCTGTGGCT
GGGTGCCTCAAGCTGTCGTTCTGGCTCACAAGGCCGTTGGT
GGTTTCGTCTCTCACTGCGGTTGGAACTCCATTCTGGAGTCT
CTGTGGCATGGTGTGCCTGTCGCTACCTGGCCTCTGTACTCT
GAGCAGCAGATGAACGCCTTCCAGATGGTCCGAGATCTGGG
TCTGGCCGTCGAGATCTCCGTGGACTACCGAGTTGGTGCTG
ACCTTGTTCGAGCTGAAGAGGTCGAGAACGGTCTGCGATCT
CTCATGAAGGGTGGTGACGAGATCCGACGAAAGGTCAAAG
AGATGTCCGACACCTGTCGAGGTGCTCTGCTGGAGAACGGC
TCTTCTTACTCCAACCTGGTGTCTCTGATCCAAGAGCTGACC
TCTTAG
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