Supplementary material

Bacterial biosynthesis of abietane-type diterpene ferruginol from glucose

Hyun Jeong Lee?, Chaeyeon Kim'?, Yu Been Heo'?, Seoung-Eun Kim%2, Han Min Woo!23*

!BioFoundry Research Center, Institute of Biotechnology and Bioengineering,
Sungkyunkwan University (SKKU), 2066 Seobu-ro, Jangan-gu, Suwon 16419, Republic of
Korea

?Department of Food Science and Biotechnology, Sungkyunkwan University (SKKU), 2066
Seobu-ro, Jangan-gu, Suwon 16419, Republic of Korea

3Department of MetaBioHealth, Sungkyunkwan University (SKKU), 2066 Seobu-ro, Jangan-
gu, Suwon 16419, Republic of Korea

*Corresponding author: Han Min Woo

Tel: +82 31 290 7808; Fax: +82 31 290 7882; E-mail address: hmwoo@skku.edu

ORCID: 0000-0002-8797-0477



Table S1. DNA sequences used in this study.

Gene

DNA coding sequences

GGPPS

ATGTTCGATTTCAACGAATACATGAAGTCCAAGGCAGTGGCAGTGGATGCAGCACTGGATAAGGCAATCCCACTG
GAATACCCAGAAAAGATCCACGAATCCATGCGCTACTCCCTGCTGGCAGGCGGCAAGCGCGTGCGCCCAGCACTG
TGCATCGCAGCATGCGAACTGGTGGGCGGCTCCCAGGATCTGGCAATGCCAACCGCATGCGCAATGGAAATGATC
CACACCATGTCCCTGATCCACGATGATCTGCCATGCATGGATAACGATGATTTCCGCCGCGGCAAGCCAACCAAC
CACAAGGTGTTCGGCGAAGATACCGCAGTGCTGGCAGGCGATGCACTGCTGTCCTTCGCATTCGAACACATCGCA
GTGGCAACCTCCAAGACCGTGCCATCCGATCGCACCCTGCGCGTGATCTCCGAACTGGGCAAGACCATCGGCTCC
CAGGGCCTGGTGGGCGGCCAGGTGGTGGATATCACCTCCGAAGGCGATGCAAACGTGGATCTGAAGACCCTGGAA
TGGATTCACATCCACAAGACCGCAGTGCTGCTGGAATGCTCCGTGGTGTCCGGCGGCATCCTGGGCGGCGCAACC
GAAGATGAAATCGCACGCATCCGCCGCTACGCACGCTGCGTGGGCCTGCTGTTCCAGGTGGTGGATGATATCCTG
GATGTGACCAAGTCCTCCGAAGAACTGGGCAAGACCGCAGGCAAGGATCTGCTGACCGATAAGGCAACCTACCCA
AAGCTGATGGGCCTGGAAAAGGCAAAGGAGTTCGCAGCAGAACTGGCAACCCGCGCAAAGGAAGAACTGTCCTCC
TTCGATCAGATCAAGGCAGCACCACTGCTGGGCCTGGCAGATTACATCGCATTCCGCCAGAACTAA

idsA

TTGAGCAGTTTCGATGCCCATGACCTTGACCTCGACAAATTTCCGGAGGTCGTGCGAGATCGTTTGACGCAGTTC
CTCGATGCTCAAGAGCTAACAATTGCTGATATCGGCGCTCCTGTCACAGATGCTGTGGCCCATCTTCGCAGTTTC
GTGCTCAATGGAGGAAAGCGAATCCGTCCTCTTTATGCGTGGGCTGGTTTCCTGGCGGCGCAAGGCCATAAAAAT
TCTTCTGAAAAACTTGAGTCCGTCCTTGACGCCGCAGCGAGTCTCGAATTTATCCAGGCTTGTGCCTTGATTCAT
GACGATATTATCGATTCTTCTGATACCCGGCGCGGAGCCCCCACAGTTCACCGGGCTGTGGAAGCTGATCACCGC
GCCAATAATTTCGAAGGCGATCCCGAGCACTTTGGCGTTTCAGTCTCGATTTTGGCTGGCGATATGGCATTGGTG
TGGGCAGAAGACATGCTGCAGGATTCCGGTTTGAGTGCAGAGGCATTGGCCCGCACGAGGGATGCTTGGCGTGGC
ATGCGTACTGAGGTTATTGGCGGCCAGCTGCTTGATATTTATCTAGAGTCGCACGCCAACGAGTCGGTGGAGCTT
GCGGATTCTGTCAACCGCTTCAAAACGGCCGCTTACACGATTGCGCGCCCATTGCACCTGGGCGCCTCCATTGCT
GGCGGTTCGCCGCAGCTTATCGACGCGCTCCTCCACTACGGCCACGACATCGGCATTGCATTCCAGTTGAGGGAT
GATCTGCTTGGTGTGTTTGGTGATCCCGCTATCACCGGCAAACCAGCTGGAGACGATATCCGTGAAGGCAAGCGC
ACTGTTCTTCTTGCGCTCGCTCTACAACGCGCTGATAAGCAATCTCCTGAAGCTGCAACGGCCATTCGCGCAGGT
GTTGGAAAGGTGACTTCACCAGAAGATATTGCTGTCATTACAGAGCATATTCGAGCTACTGGTGCTGAAGAAGAA
GTTGAGCAGCGAATTTCCCAGCTGACTGAATCCGGTTTGGCTCACCTCGATGATGTAGACATCCCCGATGAGGTG
CGCGCACAGTTGCGGGCACTGGCTATCCGCTCAACCGAACGTCGGATGTAG

Btsl

ATGGAAGCAAAGATCGATGAACTGATCAACAACGATCCAGTGTGGTCCTCCCAGAACGAATCCCTGATCTCCAAG
CCATACAACCACATCCTGCTGAAGCCAGGCAAGAACTTCCGCCTGAACCTGATCGTGCAGATCAACCGCGTGATG
AACCTGCCAAAGGATCAGCTGGCAATCGTGTCCCAGATCGTGGAACTGCTGCACAACTCCTCCCTGCTGATCGAT
GATATCGAAGATAACGCACCACTGCGCCGCGGCCAGACCACCTCCCACCTGATCTTCGGCGTGCCATCCACCATC
AACACCGCAAACTACATGTACTTCCGCGCAATGCAGCTGGTGTCCCAGCTGACCACCAAGGAACCACTGTACCAC
AACCTGATCACCATCTTCAACGAAGAACTGATCAACCTGCACCGCGGCCAGGGCCTGGATATCTACTGGCGCGAT
TTCCTGCCAGAAATCATCCCAACCCAGGAAATGTACCTGAACATGGTGATGAACAAGACCGGCGGCCTGTTCCGC
CTGACCCTGCGCCTGATGGAAGCACTGTCCCCATCCTCCCACCACGGCCACTCCCTGGTGCCATTCATCAACCTG
CTGGGCATCATCTACCAGATCCGCGATGATTACCTGAACCTGAAGGATTTCCAGATGTCCTCCGAAAAGGGCTTC
GCAGAAGATATCACCGAAGGCAAGCTGTCCTTCCCAATCGTGCACGCACTGAACTTCACCAAGACCAAGGGCCAG
ACCGAACAGCACAACGAAATCCTGCGCATCCTGCTGCTGCGCACCTCCGATAAGGATATCAAGCTGAAGCTGATC
CAGATCCTGGAGTTCGATACCAACTCCCTGGCATACACCAAGAACTTCATCAACCAGCTGGTGAACATGATCAAG
AACGATAACGAAAACAAGTACCTGCCTGATCTGGCATCCCACTCCGATACCGCAACCAACCTGCACGATGAACTG
CTGTACATCATCGATCACCTGTCCGAACTG

ERG20
(F96C)

ATGGCATCCGAAAAGGAAATCCGCCGCGAACGCTTCCTGAACGTGTTCCCAAAGCTGGTGGAAGAACTGAACGCA
TCCCTGCTGGCATACGGCATGCCAAAGGAAGCATGCGATTGGTACGCACACTCCCTGAACTACAACACCCCAGGC
GGCAAGCTGAACCGCGGCCTGTCCGTGGTGGATACCTACGCAATCCTGTCCAACAAGACCGTGGAACAGCTGGGC
CAGGAAGAATACGAAAAGGTGGCAATCCTGGGCTGGTGCATCGAACTGCTGCAGGCATACTGCCTGGTGGCAGAT
GATATGATGGATAAGTCCATCACCCGCCGCGGCCAGCCATGCTGGTACAAGGTGCCAGAAGTGGGCGAAATCGCA
ATCAACGATGCATTCATGCTGGAAGCAGCAATCTACAAGCTGCTGAAGTCCCACTTCCGCAACGAAAAGTACTAC
ATCGATATCACCGAACTGTTCCACGAAGTGACCTTCCAGACCGAACTGGGCCAGCTGATGGATCTGATCACCGCA
CCAGAAGATAAGGTGGATCTGTCCAAGTTCTCCCTGAAGAAGCACTCCTTCATCGTGACCTTCAAGACCGCATAC
TACTCCTTCTACCTGCCAGTGGCACTGGCAATGTACGTGGCAGGCATCACCGATGAAAAGGATCTGAAGCAGGCA
CGCGATGTGCTGATCCCACTGGGCGAATACTTCCAGATCCAGGATGATTACCTGGATTGCTTCGGCACCCCAGAA
CAGATCGGCAAGATCGGCACCGATATCCAGGATAACAAGTGCTCCTGGGTGATCAACAAGGCACTGGAACTGGCA
TCCGCAGAACAGCGCAAGACCCTGGATGAAAACTACGGCAAGAAGGATTCCGTGGCAGAAGCAAAGTGCAAGAAG
ATTTTCAACGATCTGAAGATCGAACAGCTGTACCACGAATACGAAGAATCCATCGCAAAGGATCTGAAGGCAAAG
ATTTCCCAGGTGGATGAATCCCGCGGCTTCAAGGCAGATGTGCTGACCGCATTCCTGAACAAGGTGTACAAGCGC
TCCAAGTAA

dxs

ATGGGCATTCTGAACAGTATTTCAACACCTGCTGACTTAAAGGCCCTTAATGATGAGGATTTGGACGCTCTTGCC
AAAGAAATCCGAACTTTCCTGGTCGATAAAGTCGCAGCAACTGGTGGCCACTTAGGTCCAAATTTGGGCGTAGTG
GAATTAACCATCGGTCTTCATCGAGTTTTCGATTCGCCTCAAGACCCGATCATCTTTGATACTTCTCACCAGTCC
TATGTGCATAAGATCCTGACGGGTCGCGCTAAAGATTTTGATTCTTTGCGTCAAAAAGATGGCCTTTCTGGTTAC
ACCTGCCGTGCTGAAAGTGAGCACGATTGGACTGAGTCTTCGCATGCTTCGGCGGCCTTGTCTTATGCGGATGGT
TTGTCTAAAGCCAAGCAGTTGGATGGCGATACCACGCATAGTGTGGTTGCTGTCGTTGGTGATGGCGCTCTAACT
GGCGGCATGTGTTGGGAAGCACTGAACAATATTGCTGCTGGTAAAGACCGCAAAGTTGTTGT CGTAGTCAATGAC
AATGGCCGGAGTTATTCTCCAACCATTGGCGGATTTGCGGAAAACCTTGCGGGCCTTCGCATGCAGCCTTTCTAT
GATCGCTTCATGGAAAAGGGCAAGACGTCCCTGAAATCCATGGGGTGGGTAGGGGAGCGTACTTTTGAAGCGCTC




CATGCATTTAAAGAAGGTGTGAAGAGCACCGTCATTCCCACCGAAATGTTCCCTGAACTGGGCATGAAATACGTG
GGTCCGGTTGATGGACATAACCAAAAAGCTGTCGACAATGCGCTGAAATACGCTCATGATTATGATGGCCCCATC
ATCGTGCACATGGTCACCGAAAAGGGTCGTGGTTACGCGCCTGCTGAGCAGGATTTGGACGAATTGATGCACTCC
ACGGGCGTCATCGATCCGCTCACAGGAGCTCCTAAATCTGCATCAAAGCCCGGTTGGACCTCTGTGTTCAGCGAT
GAGCTGGTCAAGATTGGTGCGCAGAATGAAAACGTTGTTGCCATCACCGCCGCGATGGCAGGTCCTACCGGTCTG
TCCAAGTTCGAAGCCAATTTCCCCAACCGATTCTTTGATGTCGGCATTGCTGAGCAGCACGCGGTAACTTCTGCC
GCAGGCCTCGCATTGGGTGGAAAACACCCTGTGGTGGCTATTTACTCCACGTTCTTGAACCGCGCTTTTGATCAG
CTGCTCATGGATGTGGGCATGCTCAACCAGCCTGTTACTTTGGTGCTTGATCGCTCAGGTGTCACGGGTTCGGAT
GGAGCGAGCCACAATGGCGTCTGGGATATGGCGCTGACCTCGATCGTTCCAGGCGTGCAGGTGGCGGCACCACGT
GATGAGGATTCCTTGCGTGAGCTGCTCAATGAGGCTATTTCCATCGATGATGGCCCCACAGTTGTGCGTTTCCCC
AAGGGCGACTTGCCAACTCCAATTGTTGCTATCGACACCTTGGAAGACGGCGTGGATGTCCTCGCATATGAAGAC
GCCACTGACGTTGAATCAACCGACGATGCGCCATCAGTTCTCATCATTGCGGTAGGCGAGCGCGCAACTGTTGCA
CTTGACGTTGCTTCCAGGATTAAACAGCACGGCGTGAACGTCACGGTTGTTGACCCCCGCTGGATTGTCCCCATC
CCGCAGTCCTTGGTCGCGCTGTCTGATGATCATGACCTCGTGATCACCATCGAAGACGGCGTCATCCACGGCGGL
GTGGGCTCCTTGCTCTCTGATGCGCTTAACGCCTCTGAGGTGGATACCCCTCGCCGACAAATCGCCGTGCCCCAG
AAGTACCTGGATCACGCGTCCCGCAATGAAGTGCTCGCCGATTATGGCCTCGACGCCGACGGCATTGAAACCACT
GTTGTTGGATGGCTGGATTCCCTGTTCGGGGAATAA

idi

GTGTCTAAGCTTAGGGGCATGACTACTGAGGTTGAACTGGTTGTTTTAGCTGATTCCGAGGGCAATCCTATTGGT
ACTGCGCCGAAAGCTACGGTGCACACTAAGGACACGCCTCTGCATTTCGCGTTTTCCACCTATATTTTGAACCCG
CGTGGGGAGCTGTTGGTGACGCGTCGTGCATTGTCGAAGAAGACATGGCCTGGTGTGTGGACGAACTCTATGTGT
GGGCACCCTGGTCCGGATGAGACAAACGCGGATGCGATTCGTCGCAGGGGTGTCGATGAGTTGGGGCTGGAGGTA
GATTCTTTCTTGGATATTCAAGAGATTCTGCCTGATTACCAGTACCGTGCTGTCGACGCGTCCGGCATTGTGGAG
TGGGAGTTGTGCCCGGTCCACCTCGTGCGTTTAGCGGTGGGGGAATTTGTGGAGCCACTGGATGATGAGGTGGAG
GAGTTCGAGTGGGCGGAACCGCAGAAGCTTTTCGACGCTGTTGATGCCACACCATTTGTGTTTTCTCCATGGCTA
GTGGATCAGCTTAGCGCCCCTGAGCTGCGCCAAGCCATCCTGGAAGCGTTTGACGCAGAGTAA

KSL

ATGAGCCTTGCGTTTAACCCTGCTGCAACCGCATTCAGCGGCAACGGCGCGCGATCCCGCAGAGAGAACTTCCCC
GTCAAGCATGTCACCGTCCGCGGATTCCCAATGATCACCAACAAGAGTTCATTTGCTGTAAAGTGCAACTTGACT
ACCACCGACCTCATGGGGAAGATTGCGGAGAAGTTCAAGGGTGAGGATTCCAATTTCCCCGCCGCCGCAGCTGTG
CAGCCAGCAGCTGACATGCCATCTAACCTTTGTATCATTGACACCTTGCAGAGGCTCGGCGTCGACCGCTACTTC
CGCTCAGAAATAGACACAATTCTTGAAGACACCTACCGTCTGTGGCAGCGAAAAGAACGCGCAATTTTCTCCGAC
ACGGCCATCCACGCGATGGCTTTTCGACTGCTTCGGGTGAAGGGCTACGAAGTTAGCAGTGAAGAGCTTGCTCCC
TATGCTGATCAGGAGCACGTGGATCTTCAGACCATTGAAGTAGCCACCGTGATTGAACTATATCGCGCAGCCCAA
GAACGTACGGGAGAGGATGAGAGCTCGCTGAAGAAGCTGCACGCGTGGACCACCACATTCTTGAAGCAGAAGCTC
CTGACGAACTCAATCCCAGACAAGAAACTCCACAAGCTGGTTGAATATTACCTCAAAAACTATCACGGCATTTTG
GATCGCATGGGTGTGCGCCAAAACCTGGATCTCTACGACATCTCCTACTACCGCACCAGCAAGGCGGCTAACCGT
TTTTCTAATTTGTGTTCCGAAGATTTCCTTGCATTTGCCCGACAAGATTTCAACATCTGCCAAGCTCAGCATCAA
AAAGAACTGCAGCAACTGCAACGCTGGTACGCCGACTGCAAATTGGATACTCTGAAATATGGTCGTGATGTCGTG
CGGGTAGCAAATTTTCTCACTTCTGCTATCATCGGTGATCCTGAGTTGTCGGATGTTCGCATTGTTTTCGCCCAA
CACATCGTGCTGGTCACAAGAATCGACGACTTCTTTGATCACCGCGGCAGTCGTGAAGAAAGCTACAAGATCCTG
GAGCTGATTAAAGAGTGGAAGGAAAAGCCAGCCGCCGAATACGGTTCAGAGGAAGTCGAGATCCTGTTTACGGCC
GTGTACAACACCGTTAATGAGCTAGCAGAACGCGCCCATGTGGAGCAGGGGCGCTCGGTGAAAGATTTTCTGATC
AAGTTATGGGTGCAAATCTTGTCTATCTTTAAGCGCGAACTTGATACCTGGAGCGATGATACAGCACTTACCCTC
GACGATTACCTGTCGGCGTCTTGGGTCTCCATCGGCTGCCGCATTTGCATTCTGATGTCCATGCAGTTCATCGGC
ATTAAACTCTCTGACGAAATGCTGCTCTCCGAAGAATGTATCGATCTGTGTAGGCACGTTTCAATGGTTGACCGT
CTACTGAACGATGTTCAAACCTTCGAGAAAGAGCGTAAGGAAAACACCGGAAACTCCGTGACTCTGTTGCTTGCT
GCAAACAAAGACGACTCCTCCTTCACTGAGGAGGAAGCAATCCGCATCGCGAAGGAGATGGCGGAGTGCAATCGG
CGACAGCTCATGCAGATCGTCTACAAAACCGGTACGATCTTCCCGCGGCAGTGCAAGGACATGTTCTTGAAGGTG
TGTCGTATAGGATGCTACCTCTATGCATCGGGCGATGAGTTCACCTCCCCGCAGCAGATGATGGAAGATATGAAA
TCTCTTGTCTATGAACCTTTAACTATTCATCCGCTTGTTGCCAACAATGTTCGTGGTAAATAA

CPS

ATGGCCTCACTGAGCTCCACCATCTTGTCGCGCTCACCAGCAGCCCGCCGCCGAATCACCCCTGCGAGTGCTAAG
CTGCACAGGCCAGAGTGCTTTGCCACCAGCGCCTGGATGGGATCATCATCCAAAAATCTTTCCCTATCATATCAA
CTCAACCACAAGAAGATCAGTGTCGCTACCGTCGACGCGCCACAGGTCCACGATCACGACGGCACCACTGTTCAC
CAAGGGCATGACGCGGTGAAGAACATTGAAGATCCAATTGAATACATTCGGACACTGTTGCGCACCACCGGTGAT
GGCCGTATCAGCGTATCTCCTTATGACACCGCGTGGGTTGCGATGATCAAGGATGTCGAAGGACGCGATGGGCCG
CAGTTCCCATCTTCCTTGGAATGGATCGTGCAAAATCAGCTGGAAGACGGCTCCTGGGGCGACCAGAAGTTGTTC
TGCGTCTATGATCGTCTGGTGAACACCATTGCGTGTGTGGTTGCTCTGCGAAGCTGGAACGTGCACGCACATAAA
GTCAAGCGGGGTGTAACGTACATCAAGGAAAATGTGGACAAACTCATGGAAGGAAATGAGGAACACATGACCTGT
GGCTTCGAGGTAGTGTTCCCGGCGTTGCTTCAGAAGGCTAAATCACTGGGTATTGAGGACCTCCCCTACGACTCC
CCTGCAGTTCAAGAAGTCTACCACGTCAGAGAACAGAAATTGAAGCGTATCCCACTGGAGATCATGCATAAGATT
CCGACGTCGCTCCTGTTTTCACTTGAAGGCCTGGAAAATTTGGATTGGGATAAATTGCTGAAGCTTCAGAGTGCA
GACGGATCTTTCCTCACTTCTCCCAGTTCGACCGCCTTCGCATTCATGCAGACAAAAGATGAAAAGTGCTACCAA
TTCATTAAGAACACTATCGATACCTTCAACGGCGGAGCACCACACACCTACCCAGTTGATGTATTCGGCCGGCTG
TGGGCTATCGACCGTTTGCAGCGCCTTGGAATTTCCCGATTCTTTGAGCCCGAAATTGCGGATTGCCTCTCTCAC
ATCCACAAATTCTGGACGGATAAGGGCGTTTTTTCCGGCCGCGAATCTGAATTTTGCGACATTGATGACACCTCC
ATGGGCATGCGCCTGATGCGTATGCACGGCTACGACGTTGATCCCAACGTCCTACGTAACTTCAAGCAGAAAGAT
GGCAAGTTTTCGTGCTATGGTGGTCAAATGATCGAGTCCCCATCCCCCATATACAACCTTTATCGTGCCTCGCAG
CTACGCTTTCCGGGCGAGGAGATTTTGGAAGACGCCAAGCGTTTCGCCTACGATTTCCTGAAAGAGAAACTAGCT
AACAACCAGATCCTGGACAAGTGGGTCATTTCCAAGCATCTTCCTGATGAGATTAAGTTGGGTCTGGAGATGCCG




TGGTTGGCGACACTGCCTCGTGTTGAAGCGAAATACTACATTCAGTACTATGCAGGTTCTGGCGATGTGTGGATT
GGCAAAACTCTGTACCGCATGCCTGAAATCTCTAATGATACTTATCATGATCTTGCCAAAACCGACTTTAAACGC
TGCCAAGCGAAGCACCAGTTTGAGTGGTTATACATGCAAGAATGGTACGAGTCCTGTGGAATCGAAGAGTTCGGG
ATCAGCAGGAAAGACTTACTCCTCTCCTACTTCCTCGCCACAGCTTCAATCTTCGAACTTGAGCGCACGAATGAA
CGTATTGCATGGGCAAAATCCCAAATCATCGCTAAGATGATTACTTCCTTCTTCAATAAAGAAACCACGTCTGAA
GAAGATAAGCGCGCTTTATTGAACGAATTGGGCAACATCAACGGTCTGAACGACACCAATGGAGCAGGTCGTGAG
GGTGGCGCAGGTTCTATTGCACTTGCTACTCTCACCCAGTTCCTTGAAGGTTTTGATCGATACACCCGCCACCAG
CTTAAGAACGCTTGGAGCGTGTGGCTGACCCAACTGCAGCACGGTGAAGCCGATGATGCTGAGCTTCTCACCAAT
ACTCTCAACATCTGTGCAGGTCATATCGCATTCCGCGAGGAAATTCTGGCACACAACGAGTACAAGGCTCTGAGC
AACCTCACTTCCAAAATCTGCCGCCAGTTGAGCTTTATCCAATCCGAAAAGGAAATGGGTGTGGAGGGCGAAATT
GCGGCAAAAAGCTCCATCAAGAACAAGGAGTTGGAAGAGGACATGCAGATGCTGGTTAAGCTCGTGCTGGAGAAG
TACGGCGGCATCGACCGCAACATCAAAAAGGCATTTTTGGCTGTGGCCAAGACCTATTATTACCGCGCGTATCAC
GCTGCCGACACGATCGATACCCATATGTTCAAAGTGCTATTTGAGCCAGTGGCATAA

CYP764
HI

ATGGATTCCTTTCCGTTACTTGCTGCGCTGTTCTTCATAGCAGCAACGATCACCTTCTTGTCCTTCCGCAGACGA
CGCAACCTTCCGCCGGGTCCCTTCCCATATCCCATTGTTGGCAACATGCTGCAACTGGGTGCTAATCCACACCAG
GTTTTCGCCAAGCTCTCTAAGCGCTACGGCCCATTGATGAGCATTCATCTCGGATCACTCTACACCGTCATCGTA
TCAAGCCCGGAAATGGCAAAAGAAATTCTTCACCGCCACGGCCAGGTGTTTAGCGGACGCACCATTGCGCAAGCG
GTGCATGCCTGCGACCACGATAAGATCAGCATGGGTTTTTTGCCTGTGGCCAGTGAATGGCGCGACATGCGTAAA
ATCTGCAAGGAGCAGATGTTTTCCAACCAGTCCATGGAAGCATCACAAGGCTTGAGGCGCCAAAAACTGCAGCAG
CTGCTCGATCATGTGCAGAAGTGTTCTGACTCTGGGCGTGCAGTGGATATCCGCGAAGCCGCGTTTATTACGACA
CTCAACCTCATGTCTGCCACCCTCTTTTCTAGCCAAGCAACTGAGTTTGATTCAAAGGCTACCATGGAGTTCAAG
GAAATCATCGAAGGTGTCGCAACCATCGTTGGTGTCCCAAATTTTGCTGACTACTTCCCCATTTTGCGACCTTTC
GATCCGCAGGGTGTGAAGCGTCGAGCAGATGTGTTCTTTGGCAAGTTGCTTGCCAAAATTGAAGGCTACCTGAAT
GAGCGTCTGGAATCCAAACGGGCCAATCCCAATGCGCCAAAGAAAGACGACTTCCTGGAGATCGTAGTCGACATC
ATCCAAGCCAACGAGTTCAAATTGAAAACACACCACTTCACTCACCTGATGCTGGACTTATTTGTTGGAGGTTCC
GACACCAACACCACCTCCATCGAGTGGGCGATGTCGGAGCTGGTGATGAACCCAGACAAGATGGCTCGTCTCAAG
GCCGAGTTGAAGTCCGTTGCTGGCGATGAAAAGATCGTTGATGAGTCTGCAATGCCAAAACTTCCTTATCTACAG
GCAGTTATCAAGGAGGTCATGCGCATCCACCCACCAGGACCCCTACTTCTACCTCGCAAAGCTGAGTCCGATCAG
GAAGTCAACGGATACCTCATTCCCAAAGGCACCCAGATCCTCATCAACGCTTACGCAATCGGCCGCGATCCGTCG
ATTTGGACCGATCCTGAAACCTTTGACCCTGAGCGCTTCCTCGACAACAAGATTGATTTCAAGGGCCAAGATTAT
GAGCTGCTGCCATTCGGAAGTGGCCGACGCGTATGCCCAGGGATGCCCCTTGCAACACGTATTCTGCACATGGCG
ACTGCGACGTTGGTCCACAATTTCGACTGGAAGCTTGAAGATGATTCCACTGCCGCCGCTGATCATGCTGGTGAA
TTATTCGGCGTTGCCGTGCGTAGGGCGGTTCCTTTGCGGATCATCCCGATTGTGAAATCGTAA

CPR

ATGGAGCCGTCGTCGAAGAAGCTTAGCCCCCTGGATTTTATCACTGCTATCCTCAAAGGTGACATCGAGGGCGTG
GCGCCGCGCGGTGTCGCCGCGATGCTGATGGAAAACCGGGATTTGGCAATGGTCCTTACCACTAGCGTTGCAGTG
CTGATCGGCTGCGTGGTAGTCCTCGCCTGGCGCAGAACGGCAGGTAGTGCGGGAAAAAAGCAGCTGCAGCCTCCC
AAACTCGTGGTGCCCAAGCCTGCCGCGGAGCCAGAGGAAGCTGAAGATGAAAAGACCAAGGTGTCTGTTTTTTTC
GGTACCCAAACCGGCACCGCAGAGGGCTTCGCAAAAGCATTTGCGGAAGAAGCAAAAGCGAGGTACCCGCAAGCC
AAGTTCAAGGTGATCGATCTCGACGATTACGCCGCTGATGACGACGAATATGAAGAGAAACTGAAGAAGGAGTCG
CTGGCATTTTTCTTCTTGGCCTCCTATGGCGACGGCGAACCGACTGACAATGCGGCTCGTTTCTACAAGTGGTTC
ACCGAGGGTAAGGATCGCGAGGACTGGCTAAAAAACCTTCAGTACGGCGTGTTTGGCCTCGGGAACCGTCAGTAC
GAGCACTTCAACAAGATAGCCATTGTGGTGGATGACTTGATCACAGAGCAGGGCGGTAAGAAACTTGTTCCAGTT
GGCCTGGGTGATGATGATCAGTGCATTGAAGATGACTTCTCTGCATGGCGTGAGCTGGTCTGGCCAGAGTTAGAC
AAGCTCCTGAGGAACGAGGATGATGCTACTGTAGCCACCCCTTACACCGCTGTGGTTCTGCAATACCGCGTTGTT
CTGCACGATCAGACAGATGGTCTGATCACCGAGAATGGGTCGCCTAACGGCCACGCCAATGGCAACACCATTTAT
GACGCTCAGCACCCCTGCCGTGCTAATGTGGCCGTCCGTCGAGAACTCCACACGCCCGCCTCCGACCGCTCTTGC
ACCCATCTGGAGTTCGACACCTCCGGCACTGGACTTGTCTACGAAACCGGCGATCACGTCGGCGTTTACTGCGAA
AACCTCCTAGAAAATGTCGAGGAAGCAGAAAAATTGCTTAACTTGAGTCCACAGACCTACTTCTCCGTCCATACC
GACAACGAAGATGGAACCCCCTTGTCTGGCAGCTCGTTGCCTCCGCCATTCCCGCCGTGTACTCTTCGTACGGCC
CTGACGAAGTACGCTGATCTGATTTCCATGCCAAAAAAATCAGTGCTGGTTGCGTTGGCAGAGTATGCATCTAAC
CAGTCTGAGGCGGACCGCCTGCGCTACCTCGCTAGCCCTGACGGTAAAGAGGAGTATGCCCAATACATCGTCGCT
TCCCAGCGTAGCTTGCTGGAAGTAATGGCAGAATTTCCAAGCGCAAAGCCACCACTGGGAGTCTTTTTTGCTGCT
ATTGCACCGCGGTTGCAGCCGCGCTTCTACTCCATTTCCTCCTCGCCGAAGATCGCGCCTACACGTGTTCATGTT
ACTTGTGCACTTGTTTATGATAAGACCCCAACAGGACGCATCCACAAGGGAATCTGCTCCACCTGGATCAAGAAC
GCGGTGCCACTTGAAGAATCCTCAGACTGCTCTTGGGCACCAATTTTCATCCGCAACTCCAACTTTAAATTGCCT
GCGGACCCCAAGGTGCCTATCATCATGGTGGGGCCAGGAACTGGCCTTGCACCCTTCCGTGGATTCTTGCAGGAG
CGCTTAGCTCTCAAAGAATCCGGTGCGGAGCTCGGACCAGCCATTTTGTTCTTTGGCTGTCGAAATCGCAAAATG
GATTTCATCTACGAAGACGAGCTCAACTCTTTTGTAAAGGTTGGAGCGATTTCAGAACTCATTGTGGCGTTTAGT
CGCGAAGGCCCTGCTAAGGAATACGTCCAACACAAAATGTCCCAGCGCGCATCCGATATTTGGAAGATGATCTCA
GACGGCGGTTACATGTATGTATGTGGCGATGCTAAGGGTATGGCCCGAGATGTGCATAGAACCTTGCACACCATC
GCGCAAGAACAAGGCTCACTCTCGTCAAGCGAAGCCGAAGGTATGGTTAAAAATTTACAAACGACAGGTCGCTAT
CTACGGGACGTGTGGTAA

Note: The start codon is indicated in bold, while the underlined regions represent the DNA segments
corresponding to the truncation. The gene sequences provided were codon-optimized for
Corynebacterium glutamicum, with the exception of the idi and idsA genes.




Figure S1. Transmembrane topology plot of CYP (A) and CPR (B) and their truncation
versions using a web service TMHMM 2.0. The amino acid (AA) sequence shown in
purple is predicted to form a transmembrane helix motif. The underline sequence was
truncated for soluble expression. A start codon (ATG) was introduced to ensure proper

translation of the truncated versions. (https://services.healthtech.dtu.dk/services/TMHMM -
2.0/).
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Figure S2. Statistical analysis of relative miltiradiene and abietatriene in engineered C.
glutamicum. A Student’s t-test was conducted to identify the optimal gene expression design
among three GGPPS modules for miltiradiene production. The varying arrangement of target
genes in DITPS (A and B) yielded the same conclusion.
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