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1. Supplementary Figures  

 

Figure S1: Product panel of different hydratases following the Markovnikov-rule: Carotenoid 

hydratases (CrtC/CruF), kievitone hydratase (KHS) and phaseollidine hydratase (PHS), linalool 

dehydratase isomerase (LinD) and fatty acid hydratases (FAH). 
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Figure S2: Formation of reduction product citronellol during the biotransformations of geraniol 

using E. coli whole cells with different fumarases (FumA, FumB, FumC) overexpressed. The 

values were measured on GC-FID and are mean values from triplicates, the error bars show the 

standard deviation. Reaction conditions: 10 mM substrate, 1 %(V/V) DMSO, 30 °C, 24 h, 

300 rpm, extraction with 500 µL cyclohexane/ethylacetate 1:1. 

 

 

Figure S3: SDS-PAGE of different fumarases (FumA, left, 60.3 kDa; FumB, middle, 60.1 kDa, 

FumC, right, 50.5 kDa) overexpressed in E. coli. M=Marker EV=empty vector expression.  
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Figure S4: A) 1H-NMR of terminal hydration product of geraniol in CDCl3. B) 13C-NMR of 

terminal hydration product of geraniol in CDCl3. 

 

 

Figure S5: A) 1H-NMR of internal hydration product of geraniol in CDCl3. B) 13C-NMR of internal 

hydration product of geraniol in CDCl3. 
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2. DNA and protein sequences 

FumA 

ATGTCAAATAAACCGTTTCACTATCAGGCGCCGTTTCCTCTTAAGAAAGACGATACTGAGTATTACCT

GCTGACGTCGGAACACGTGTCCGTCAGTGAGTTTGAAGGACAAGAAATTCTGAAAGTGGCGCCTGAAG

CACTGACTTTGCTGGCTCGCCAGGCGTTTCATGATGCATCTTTTATGCTGCGTCCGGCTCATCAGCAA

CAGGTCGCGGATATTCTGCGAGACCCAGAAGCGAGTGAAAATGATAAGTATGTAGCCCTCCAGTTTCT

GCGCAATTCTGATATTGCAGCAAAAGGTGTTCTGCCAACATGTCAAGATACGGGCACTGCAATCATTG

TGGGAAAAAAAGGTCAGCGTGTATGGACCGGAGGGGGAGATGAAGCCGCACTTGCACGTGGGGTTTAC

AATACCTACATCGAAGATAATCTGCGTTATTCCCAGAATGCTCCTCTGGATATGTATAAGGAAGTCAA

TACAGGTACAAATCTTCCAGCCCAAATAGACCTGTATGCCGTTGATGGCGATGAATACAAATTTCTGT

GTATAGCGAAAGGCGGAGGTAGCGCTAACAAAACATATCTTTATCAGGAAACTAAAGCCCTCCTGACA

CCAGGTAAACTGAAGAACTACCTGGTTGAGAAGATGCGCACACTGGGTACAGCAGCCTGTCCGCCGTA

TCATATTGCCTTCGTAATTGGAGGCACATCTGCAGAAACTAATTTAAAGACAGTTAAGTTAGCCTCCG

CAAAATACTATGACGAATTACCAACAGAGGGAAATGAACATGGTCAGGCGTTCCGCGATGTGGAATTA

GAAAAAGAGTTATTAATAGAAGCACAGAATCTTGGATTAGGAGCGCAGTTTGGCGGCAAATATTTTGC

ACATGACATTCGTGTCATTCGACTCCCTCGTCATGGCGCCTCTTGCCCGGTAGGTATGGGCGTTAGCT

GTAGCGCTGACCGCAACATTAAAGCCAAGATTAATCGGCAGGGAATTTGGATAGAAAAATTGGAGCAC

AATCCAGGTAAATACATCCCGGAGGAGCTGAGAAAGGCTGGAGAGGGCGAGGCAGTTCGCGTCGACTT

AAACCGTCCGATGAAGGAAATTCTGGCCCAGCTGAGCCAGTATCCAGTATCAACTCGATTGTCCTTGA

ATGGGACTATAATAGTAGGCCGGGACATTGCTCACGCGAAACTGAAAGAGCGCATGGATAATGGTGAA

GGACTGCCACAGTATATCAAAGATCACCCTATATACTATGCCGGTCCGGCTAAAACGCCGGAAGGTTA

CGCGAGTGGTTCTTTGGGTCCTACCACTGCGGGAAGAATGGATTCTTACGTCGATCAGTTGCAAGCTC

AGGGTGGTTCTATGATTATGTTAGCGAAAGGGAACCGCTCTCAACAGGTCACTGATGCTTGTAAGAAA

CATGGAGGTTTTTATCTTGGATCGATAGGGGGGCCTGCGGCGGTATTAGCACAAGGGTCGATCAAAAG

TTTAGAATGCGTAGAATATCCAGAATTGGGTATGGAGGCAATCTGGAAAATCGAAGTGGAGGATTTCC

CAGCCTTTATCTTGGTGGATGATAAAGGTAACGACTTCTTTCAGCAAATCCAACTTACGCAGTGCACA

CGTTGCGTCAAATGA 

 

MSNKPFHYQAPFPLKKDDTEYYLLTSEHVSVSEFEGQEILKVAPEALTLLARQAFHDASFMLRPAHQQ

QVADILRDPEASENDKYVALQFLRNSDIAAKGVLPTCQDTGTAIIVGKKGQRVWTGGGDEAALARGVY

NTYIEDNLRYSQNAPLDMYKEVNTGTNLPAQIDLYAVDGDEYKFLCIAKGGGSANKTYLYQETKALLT

PGKLKNYLVEKMRTLGTAACPPYHIAFVIGGTSAETNLKTVKLASAKYYDELPTEGNEHGQAFRDVEL

EKELLIEAQNLGLGAQFGGKYFAHDIRVIRLPRHGASCPVGMGVSCSADRNIKAKINRQGIWIEKLEH

NPGKYIPEELRKAGEGEAVRVDLNRPMKEILAQLSQYPVSTRLSLNGTIIVGRDIAHAKLKERMDNGE

GLPQYIKDHPIYYAGPAKTPEGYASGSLGPTTAGRMDSYVDQLQAQGGSMIMLAKGNRSQQVTDACKK

HGGFYLGSIGGPAAVLAQGSIKSLECVEYPELGMEAIWKIEVEDFPAFILVDDKGNDFFQQIQLTQCT

RCVK 
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FumB 

ATGAGTAACAAACCTTTTATATATCAAGCTCCGTTTCCCATGGGTAAAGATAATACCGAATATTACCT

GCTTACGAGTGATTATGTATCGGTTGCAGATTTCGACGGCGAGACCATATTAAAAGTGGAACCGGAAG

CATTGACTCTGCTGGCACAGCAGGCATTTCACGATGCAAGCTTCATGCTGCGTCCAGCACACCAGAAA

CAGGTGGCAGCTATACTGCATGATCCAGAAGCATCCGAAAATGATAAGTACGTCGCCCTGCAATTTCT

GCGTAATAGTGAGATTGCAGCAAAAGGTGTCCTTCCTACCTGTCAAGACACAGGAACCGCTATCATAG

TTGGCAAAAAAGGGCAGCGGGTTTGGACGGGCGGTGGCGATGAGGAAACCCTGTCGAAAGGTGTGTAC

AATACGTACATTGAAGACAACTTACGTTATAGTCAGAATGCCGCCCTCGATATGTATAAAGAGGTGAA

TACTGGTACTAACCTGCCTGCACAGATCGATCTCTATGCGGTCGATGGGGATGAATACAAATTCTTAT

GCGTCGCAAAAGGAGGTGGTTCGGCCAATAAAACCTACCTTTACCAGGAAACTAAAGCGCTGTTAACT

CCGGGGAAACTGAAAAACTTTCTGGTAGAGAAAATGCGAACACTGGGTACTGCTGCGTGCCCTCCCTA

TCACATCGCCTTTGTTATTGGTGGCACTTCTGCTGAGACAAACTTGAAAACAGTTAAGCTTGCGTCGG

CCCACTATTATGACGAACTGCCTACCGAAGGCAACGAACACGGGCAGGCTTTCCGCGATGTACAATTG

GAGCAGGAGTTACTGGAAGAGGCTCAGAAGCTGGGGCTGGGGGCACAGTTTGGTGGTAAGTATTTTGC

GCATGATATCCGAGTCATTAGACTGCCTCGACATGGTGCCAGTTGTCCAGTTGGGATGGGTGTATCCT

GCTCCGCCGATCGCAATATCAAAGCCAAAATCAATCGTGAAGGCATTTGGATCGAGAAACTGGAACAT

AATCCGGGACAATATATACCGCAAGAGCTGCGGCAGGCAGGTGAAGGTGAAGCTGTGAAAGTCGATTT

AAACCGTCCGATGAAAGAGATCTTAGCACAGCTGAGCCAGTACCCAGTGTCGACCCGGCTCAGCCTGA

CTGGTACCATTATAGTGGGCAGAGACATTGCTCACGCAAAGTTGAAAGAGTTAATAGATGCGGGCAAA

GAACTTCCGCAGTATATTAAGGACCATCCGATTTATTACGCCGGTCCGGCCAAAACACCGGCGGGCTA

TCCTTCCGGCAGCCTGGGTCCCACGACAGCGGGACGCATGGATTCCTACGTCGATTTGCTGCAGTCGC

ACGGCGGGTCCATGATAATGCTGGCTAAAGGTAATCGTAGCCAGCAGGTGACCGATGCATGCCATAAG

CACGGGGGTTTCTATTTAGGAAGTATTGGTGGACCCGCAGCAGTCTTGGCGCAGCAGTCAATCAAACA

TTTGGAATGTGTAGCGTATCCGGAATTAGGAATGGAAGCGATATGGAAAATTGAAGTTGAAGACTTCC

CGGCGTTCATCTTGGTTGATGATAAAGGCAACGATTTTTTTCAGCAGATAGTGAACAAGCAGTGTGCA

AACTGTACGAAATAA 

 

MSNKPFIYQAPFPMGKDNTEYYLLTSDYVSVADFDGETILKVEPEALTLLAQQAFHDASFMLRPAHQK

QVAAILHDPEASENDKYVALQFLRNSEIAAKGVLPTCQDTGTAIIVGKKGQRVWTGGGDEETLSKGVY

NTYIEDNLRYSQNAALDMYKEVNTGTNLPAQIDLYAVDGDEYKFLCVAKGGGSANKTYLYQETKALLT

PGKLKNFLVEKMRTLGTAACPPYHIAFVIGGTSAETNLKTVKLASAHYYDELPTEGNEHGQAFRDVQL

EQELLEEAQKLGLGAQFGGKYFAHDIRVIRLPRHGASCPVGMGVSCSADRNIKAKINREGIWIEKLEH

NPGQYIPQELRQAGEGEAVKVDLNRPMKEILAQLSQYPVSTRLSLTGTIIVGRDIAHAKLKELIDAGK

ELPQYIKDHPIYYAGPAKTPAGYPSGSLGPTTAGRMDSYVDLLQSHGGSMIMLAKGNRSQQVTDACHK

HGGFYLGSIGGPAAVLAQQSIKHLECVAYPELGMEAIWKIEVEDFPAFILVDDKGNDFFQQIVNKQCA

NCTK 
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FumC 

ATGAACACAGTTCGTAGTGAGAAGGATAGTATGGGCGCCATTGATGTCCCCGCCGACAAATTATGGGG

CGCCCAAACTCAGAGATCGTTAGAGCATTTCCGCATTAGCACTGAAAAAATGCCTACTTCTCTTATTC

ATGCGCTTGCGCTCACGAAGCGAGCCGCCGCAAAAGTGAACGAAGATCTTGGTTTACTGAGTGAAGAA

AAAGCAAGTGCTATCCGGCAGGCGGCCGATGAAGTTCTGGCTGGTCAGCATGATGATGAGTTTCCGCT

GGCCATTTGGCAGACCGGGTCAGGCACTCAATCTAATATGAACATGAACGAAGTTCTGGCTAACCGTG

CCTCGGAGCTCCTGGGCGGAGTGCGCGGTATGGAGCGAAAAGTGCATCCGAACGATGACGTTAATAAA

AGCCAGAGTAGCAACGACGTGTTCCCTACCGCAATGCATGTTGCAGCTCTGCTGGCTCTCCGCAAACA

ACTTATCCCTCAGCTTAAAACATTAACTCAGACGTTAAATGAGAAGTCTCGGGCCTTTGCCGATATCG

TGAAAATTGGACGGACGCACCTCCAAGATGCTACCCCTCTCACGCTGGGACAGGAAATTTCTGGCTGG

GTGGCAATGCTTGAACATAATTTAAAACACATTGAGTATTCACTGCCTCACGTTGCTGAACTTGCACT

GGGTGGTACGGCAGTGGGGACTGGGCTGAACACACATCCTGAATATGCTCGCAGAGTAGCCGATGAGT

TAGCCGTAATCACCTGCGCGCCTTTCGTTACCGCACCAAATAAATTCGAAGCCCTTGCAACATGCGAC

GCTCTGGTTCAGGCCCATGGCGCCCTCAAGGGGTTAGCCGCAAGCCTTATGAAAATAGCTAACGATGT

ACGCTGGTTAGCGAGCGGGCCCCGATGCGGTATCGGAGAAATTTCCATCCCGGAGAATGAGCCCGGTA

GCAGCATCATGCCGGGAAAAGTGAATCCGACGCAGTGCGAGGCCCTGACCATGTTATGTTGCCAAGTT

ATGGGGAATGATGTCGCGATTAATATGGGTGGTGCAAGCGGAAATTTCGAACTGAACGTCTTTCGCCC

GATGGTGATCCATAATTTCCTGCAAAGTGTGCGCCTGTTAGCCGATGGAATGGAAAGTTTTAATAAAC

ATTGTGCAGTCGGGATAGAGCCAAATCGCGAACGTATAAATCAGCTGCTGAACGAAAGCCTTATGTTG

GTGACCGCTTTGAATACACATATCGGTTACGATAAAGCGGCTGAAATTGCAAAGAAAGCGCACAAGGA

GGGACTCACCCTTAAAGCGGCTGCACTCGCACTGGGATACCTTTCAGAAGCAGAATTTGATAGCTGGG

TACGTCCTGAACAGATGGTCGGCAGTATGAAAGCGGGCCGCTGA 

 

MNTVRSEKDSMGAIDVPADKLWGAQTQRSLEHFRISTEKMPTSLIHALALTKRAAAKVNEDLGLLSEE

KASAIRQAADEVLAGQHDDEFPLAIWQTGSGTQSNMNMNEVLANRASELLGGVRGMERKVHPNDDVNK

SQSSNDVFPTAMHVAALLALRKQLIPQLKTLTQTLNEKSRAFADIVKIGRTHLQDATPLTLGQEISGW

VAMLEHNLKHIEYSLPHVAELALGGTAVGTGLNTHPEYARRVADELAVITCAPFVTAPNKFEALATCD

ALVQAHGALKGLAASLMKIANDVRWLASGPRCGIGEISIPENEPGSSIMPGKVNPTQCEALTMLCCQV

MGNDVAINMGGASGNFELNVFRPMVIHNFLQSVRLLADGMESFNKHCAVGIEPNRERINQLLNESLML

VTALNTHIGYDKAAEIAKKAHKEGLTLKAAALALGYLSEAEFDSWVRPEQMVGSMKAGR 


