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Figure S1. SDS-PAGE of total cell lysates and purified enzymes. Dxs from D1 and D2 strains (A). IspA 
from V1 and V2 strains (B). The marked bands indicate the purified enzymes. DxsEC, 68.4 kDa; 
DxsVDHG, 68.4 kDa; IspAEC, 33.0 kDa; IspAVDHG, 33.3 kDa (the expected protein size based on amino 
acid sequence). 

Table S1. Synthetic 5′-UTR sequences for gene expression. 

Gene 5′-UTR sequence (5′-3′) 
Predicted  

expression level a  
(a.u.) 

crtE gcggataacaattaaggaggtaaac 2,630,169.02 
crtB gcggataacaattaaggaggtgatc 2,941,466.04 
crtI gcggataacaattaaggaggccctc 3,110,669.92 

dxsEC gcggataacaattaaggaggttgat 10,353,587.83 
dxsVDHG gcggataacaattaaggagggagaa 3,110,669.02 
ispAEC gcggataacaattaaggaggaaaat 1,236,139.37 

ispAVDHG gcggataacaattaaggagaaatat 3,110,669.92 
RAM1 gataacaatttaaggaggaaatact 733,702.64 

aArbitrary unit of the expression [1]. 
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Table S2. Oligonucleotides used in this study. 

Name Sequence (5′−3′) 
pACYC_F ccatgaattggatatcggccccaccgctgagcaataacta 
pACYC_R cattatacgagccgatgattaattgtcaaggccgcaagcttgtcgacctgc 

Tac_crtE_F 
gcaggtcgacaagcttgcggccttgacaattaatcatcggctcgtataatgtgtggaattgtgagcggataacaatta

aggaggtaaacatggtatctggctcaaaggctg 
crtE_R cggatggaggagccacacccttacgcaattttcatcaccgg 
crtB_F gggtgtggctcctccatccgatgtcccaaccccccttg 

Tac_crtB_F 
gggtgtggctcctccatccgttgacaattaatcatcggctcgtataatgtgtggaattgtgagcggataacaattaagg

aggtgatcatgtcccaaccccccttg 
crtB_R gggctacgacgacggcaccgttacaccgggcgctgccaca 
crtI_F cggtgccgtcgtcgtagcccatgaaaaaaacggttgtgatcg 

Tac_crtI_F 
cggtgccgtcgtcgtagcccttgacaattaatcatcggctcgtataatgtgtggaattgtgagcggataacaattaagg

aggccctcatgaaaaaaacggttgtgatcg 

crtI_R 
ggccgatatccaattcatgggcggcgaaaccccgccgaagcggggtttgcggcgttactgcaggtcttcgatcatc 

ttgacaattaatcatcggctcgtataatg  
crtEBI_F gcaggtcgacaagcttgcggcc 
crtEBI_R ggccgatatccaattcatgggc 

dxsE_F 
ctgcgaaatcgcgtggctacttgacaattaatcatcggctcgtataatgtgtggaattgtgagcggataacaattaag

gaggttgatatgagttttgatattgccaaataccc 
dxsE_R ggccgcaagcttgtcgacctgcttatgccagccaggccttgat 

dxsV_F 
ctgcgaaatcgcgtggctacttgacaattaatcatcggctcgtataatgtgtggaattgtgagcggataacaattaag

gagggagaaatgactcttgatatttcaaagtacccaacac 
dxsV_R ggccgcaagcttgtcgacctgcttacttcgccagataatcgtt 

ispAE_F 
gcccatgaattggatatcggccttgacaattaatcatcggctcgtataatgtgtggaattgtgagcggataacaattaa

ggaggaaaatatggactttccgcagcaactcg 
ispAE_R gtagccacgcgatttcgcagactagtttatttattacgctggatgatgtagtccg 

ispAV_F 
gcccatgaattggatatcggccttgacaattaatcatcggctcgtataatgtgtggaattgtgagcggataacaattaa

ggagaaatatatgcaacagacattgacttctttcc 
ispAV_R gtagccacgcgatttcgcagttaatttttgcgctcgatgacatatc 

PFT_his_F 
ttgacaattaatcatcggctcgtataatgtgtggaattgtgagcggataacaatttaaggaggaaatactatgcgcca

gcgtgttggtcgtagc 

PFT_his_R 
tgactagtctatgaaaaaaaaaccccgccgaagcggggtttttttttgagctcttaatggtggtggtgatgatgactcg

gcgacgacaggttgc 

dxsE_his_F 
ttgacaattaatcatcggctcgtataatgtgtggaattgtgagcggataacaatttggacgttcgtaatgcatcatcacc

atcaccacagttttgatattgccaaatacccgac 
dxsE_his_R tgactagtctatgaaaaaaaaaccccgccgaagcggggtttttttttgagctcttatgccagccaggccttgat 

ispAE_his_F 
ttgacaattaatcatcggctcgtataatgtgtggaattgtgagcggataacaattcgaggtatgaaacaaaatggactt

tccgcagcaac 
ispAE_his_R tgactagtctatgaaaaaaaaaccccgccgaagcggggtttttttttgagctcttaatggtggtggtgatg 

dxsV_his_F 
ttgacaattaatcatcggctcgtataatgtgtggaattgtgagcggataacaattggtggcccaaacatgcatcatcac

catcaccacactcttgatatttcaaagtaccca 
dxsV_his_R tgactagtctatgaaaaaaaaaccccgccgaagcggggtttttttttctctagttacttcgccagataatcgtt 

ispAV_his_F 
ttgacaattaatcatcggctcgtataatgtgtggaattgtgagcggataacaattgagaacccacagatgcaacagac

attgacttctttc 
ispAV_his_R tgactagtctatgaaaaaaaaaccccgccgaagcggggtttttttttgagctcttaatggtggtggtgatgatg 

pCDF_HF gggtttttttttcatagactagtcaaacctcaggcatttgagaagc 
pCDF_HR cattatacgagccgatgattaattgtcaacataagggagagcgtcgagatc 
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Table S3. The coding sequence of dxsVDHG, ispAVDHG, and RAM1. 

Gene Sequence 

dxs from Vibrio sp. dhg 

atgactcttgatatttcaaagtacccaacactggcgttagcaaatacaccggaagagttgcgtcttct
tcctaaagaaacattacctgctctgtgtgatgagcttcgaacgtatctgctaaattcagtgagccaat
caagcggacacttagcgtctggcttaggcacagtagagctcacagttgccctgcattatgtatataa
cacaccagtagaccagttaatctgggatgttggtcatcaggcttacccacataaaatcctgaccgga
cgtcgtgacaaaatgccgaccatccgtcagaaaggtgggcttcacccattcccttggcgctcagag
agcgaatacgacacgctgtcggttggtcactcttccacttcaatcagtgctggacttggcatggccat
cagtgcacagaaagaaggtaaagggcgtaaggtcgtgagtgttattggtgacggcgccattacc
gcgggtatggcattcgaagcaatgaaccacgctggcgatgttcatccagatatgctggtgattctg
aacgataacgaaatgtcgatttcagaaaacgttggtgcgctaaacaaccacttagcgaaattactgt
ctggtagcctgtatacgtcgattcgcgaaggcggtaaaaaagtgctttctggcgttccgccgatcaa
agagctggttcgtcgtacagaagaacacctcaaaggcatggtcgtccctggcacactattcgaaga
gttcggatttaactacatcggcccaattgatgggcatgatgtcaatgaactggttcagactctgaag
aacatgcgtgagttgaaaggccctcaattcctgcacatcatgaccaaaaaaggcaaaggttatgag
ccagcagagaaagaccctatcggttaccatgctgtaccaaagttcgcaccatcaaataacagcttgc
caaagagcagcggtggtaaaccaacgttctcaaagatctttggtgacttcctatgcgatatggccgc
gcaagatcctaagctgatggcgattacgccagcaatgcgtgaaggttctggcatggtgcgtttctc
gaaagagttcccagaacaatatttcgatgttgctatcgctgagcagcatgcagtgacgctcgctacc
ggtatggcgattgctggcaataacccaatcgttgccatttactcgaccttcttacaacgcggttatgat
cagctcatccacgacatcgcaattatggatttgccagtcatgttcgctatcgaccgagcaggtttggt
tggtgctgatggtcagactcaccaaggtgcgtttgacttgagctttatgcgctgcattccaaacatgg
tgatcatggcaccaagcgacgagaatgaatgtcgtcaaatgctatacactggtcacaagcacacg
ggtccgagcgcagttcgttaccctcgtggaaacggtatgggaaccgacatcgaaagtgaatttacc
gcacttgagatcggtaaaggccgaattgtacgtcaaggcgaaaaagtcgcgatcctgagctttggt
accttcctggggaatgcgttagaagccgctgaaaaccttaatgcaacggttgctgacatgcgctttg
ttaagccactagatgaaacgttgattcgtcagctagcgagcgaacacgatgtactcgtgacactgg
aagagaatgcgattgctggcggtgccggtgcaggtgttcttgaattcatgatgaaagaaaaaatc
atcaagccagtactcaaccttggcttacctgataagtttgttcatcaaggcactcaggatgagctgca
tgaagagcttggtctggatgcgaaaggaattgaacaatccatcaacgattatctggcgaagtaa 

 

ispA from Vibrio sp. dhg 

atgcaacagacattgacttctttccaacaaagaaacaatcaacaattaaacttgtggctagaacagc
ttccttatcaagaacttccattgattgatgcaatgaaatatggccttttgctaggcgggaaacgcgttc
gcccttttcttgtttacatcacaggccaaatgttcggttgtaaacctgaagatctggacacaccagcc
gcagcgattgaatgcattcacgcttactcacttattcatgatgacctgccagcgatggatgacgatg
agttacgccgtggtcaaccgacttgccatattaagttcgatgaagcgaccgcaatactgactggtga
cgctctacaaacgctcgcctttactattttggcagatggttctttaaatccagaagctgaaagccagc
gtatcaatatgataaaagctctggctcattcgtctggctctaacggcatgtgtgtcggacaagcactg
gatttaagtgcagagaatcgtcaaatttctctcgaagaaatggaagaaatccatcgtaaaaagacc
ggagccctaattgactgtgcggttaaattaggcgctttggccgctggtgataagggtatcgcagttt
tacctcatttagagcgctattcgaaagcaattggtttggcgtttcaggttcaagacgatattcttgata
tcattagtgacacagaaacattgggtaagcctcagggttctgatcaagaactcaataagagcactta
cccttccctgctgggtttagagggagcgatagagaaagctcactctctgttacaggaagcacttcaa
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gcattggaagctatcccatacaatactcagttacttgaagagttcgcccgatatgtcatcgagcgca
aaaattaa 

 

Codon-optimized 
RAM1 

from S. cerevisiae 

atgcgccagcgtgttggtcgtagcattgcgcgcgcgaaatttattaacaccgccttgctgggccgca
aacgtccggtgatggaacgcgtggtggatatcgcccatgttgattccagcaaagcgattcagccgc
tgatgaaagaactggaaaccgataccaccgaggcgcgttataaagtgttgcagagcgtactggaa
atttatgacgatgaaaaaaatattgagccggcgctgacgaaagaatttcataaaatgtatctggac
gtggcgtttgaaatcagcttgccgccgcagatgaccgcactggatgccagccagccgtggatgct
gtactggattgccaacagcctgaaggtaatggaccgcgactggttaagtgatgataccaaacgca
agattgttgacaaactgtttaccatttctccgagcggcggtccgttcggtggcgggccggggcaac
tgagccatctggcatccacctatgcggcgatcaacgccctgtcactgtgcgataacatcgatggctg
ctgggatcgcattgatcgtaaaggcatctatcagtggctgatcagtctgaaagagccaaacggcg
gcttcaaaacctgcctggaagttggcgaagtggacacccgcggcatttactgcgcgctttccatcgc
gacgctgctcaatatcctcactgaagagctgaccgaaggcgtgctgaattacctgaaaaactgcca
gaactacgaaggtggttttggttcctgcccgcacgtcgacgaagcgcacggcggttataccttctgc
gccaccgcgtcgctggctattctgcgcagcatggatcagattaatgttgaaaagctgctggagtgg
tcgagcgcccgtcagctgcaagaagaacgtggtttctgtggtcgcagtaacaaactggtggatgg
ttgctacagcttctgggtgggcggcagtgccgccattctcgaagcctttggctacggtcagtgcttta
ataaacatgcgctgcgtgattatatcctgtattgctgtcaggaaaaagagcaaccgggcttacgcg
ataaaccgggtgcccacagcgatttttatcacaccaactattgtctgctgggtctggcggtggcaga
aagcagctatagctgcaccccgaacgacagcccgcataacattaaatgcacgccggaccgtctga
ttggcagcagtaaattaaccgacgttaacccggtttatggcctgccgattgaaaacgtgcgtaaaat
tattcattattttaaaagcaacctgtcgtcgccgagttaa 
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