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1 Overview

available at

Name Original host GI number NCBI accession number sequences ITB? ITB number
AaciSHC Alicyclobacillus acidoterrestris 927384 CAA61950.1 see 2.1 yes ITB286
AacSHC Alicyclobacillus acidocaldarius 2851526 P33247.4 see 2.2 yes ITB285
AceSHC Acidothermus cellolyticus 117928904 YP_873455.1 see 2.3 yes ITB287
ApaSHC1 Acetobacter pasteurianus 258541105 YP_003187836.1 see 2.4 yes ITB312
ApaSHC2 Acetobacter pasteurianus 258541296 YP_003186729.1 see 2.5 no -
CacSHC Catenulispora acidiphila 256395787 YP_003117351.1 see 2.6 yes ITB288
GthSHC Geobacillus thermodentrificans 138895534 YP_001125987.1 see 2.7 yes ITB162
McaSHC Methylococcus capsulatus 53804820 YP_113312.1 see 2.8 yes ITB164
PcaSHC1 Pelobacter carbinolicus 77544139 ABA87701.1 see 2.9 no -
PcaSHC2 Pelobacter carbinolicus 77544053 ABA87615.1 see 2.10 yes ITB313
RpaSHC1 Rhodopseudomonas palustris 115526460 YP_783371.1 see 2.11 yes ITB314
RpaSHC2 Rhodopseudomonas palustris 90421528 YP_531598.1 see 2.12 no -
ScoSHC Streptomyces coelicolor SHC 21225057 NP_630836.1 see 2.13 yes ITB315
SfuSHC1 Syntrophobacter fumaroxidans 116698484 ABK17672.1 see 2.14 yes ITB316
SfuSHC2 Syntrophobacter fumaroxidans 116699226 ABK18414.1 see 2.15 no -
SscSHC Streptomyces scabiei 260645368 CBG68454.1 see 2.16 yes ITB289
SsySHC Streptomyces sviceus 197784692 YP_002207454.1 see 2.17 yes ITB290



SthSHC

SviSHC

TelSHC

TtuSHC
ZmoSHC1
ZmoSHC2
ZmoSHC1_F486Y
AacSHC_Y420C

ZmoSHC1_Loop

Spherobacter thermophilus
Saccharomonospora viridis
Thermesynechococcus elongatus
Teredinibacter turnerae
Zymomonas mobilis
Zymomonas mobilis
Zymomonas mobilis_F486Y
Zymomonas mobilis_Y420C

Zymomonas mobilis_Loop
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56552444

6466213

YP_003320259.1
YP_003134143.1
P_683099.1
YP_003074600.1
YP_163283.1

AAF12829.1

see 2.18
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2 Wild type SHCs

2.1 AaciSHC

2.1.1 Amino acid sequence

MTKOQLLDTPMVOATLEAGVAHLLRROAPDGYWWAPLLSNVCMEAEYVLLCHCLGKKNPEREA
QIRKYITSQRREDGTWSIYPGGPSDLNATVEAYVALKYLGEPASDPOMVQAKEFIQNEGGIE
STRVFTRLWLAMVGQYPWDKLPVIPPEIMHLPKSVPLNIYDFASWARATIVTILSYRHESPTC
DATSGLCKGSGIVRGEGPPKRRSAKGGDSGFEFVALDKFLKAYNKWPIQPGRKSGEQKALEWT
LAHQEADGCWGGIQPPWEFYALLALKCLNMTDHPAFVKGFEGLEAYGVHTSDGGWMEFQASTSP
IWDTGLTVLALRSAGLPPDHPALIKAGEWLVSKQOILKDGDWKVRRRKAKPGGWAFEFHCENY
PDVDDTAMVVLALNGIQLPDEGKRRDALTRGFRWLREMQSSNGGWGAYDVDNTRQLTKSDST
FATSGEVIDPPSEDVTAHVLECFGSFGYDEAWKVIRKAVEYLKAQQRPDGSWEGRWGVNYVY
GIGAVVPGLKAVGVDMREPWVQKSLDWLVEHQNEDGGWGEDCRSYDDPRLAGQGVSTPSQTA
WALMALIAGGRVESDAVLRGVTYLHDTQRADGGWDEEVYTGTGFPGDFYLAYTMYRDILPVW
ALGRYQEAMQRIRG

2.1.2 DNA sequence (E. coli codon optimized)

ATGACGAAACAACTGCTGGACACCCCGATGGTACAAGCGACCCTGGAAGCTGGCGTGGCTCA
TCTGCTGCGTCGCCAAGCACCGGATGGCTACTGGTGGGCACCGCTGCTGTCGAATGTCTGCA
TGGAGGCAGAATACGTGCTGCTGTGCCACTGCTTGGGCAAGAAAAACCCGGAACGTGAGGCG
CAAATCCGTAAATACATCATTTCCCAGCGTCGCGAGGATGGTACTTGGAGCATTTATCCGGG
TGGTCCTTCCGACCTGAATGCCACCGTGGAGGCATACGTGGCGCTGAAATATCTGGGCGAGC
CGGCATCTGATCCGCAAATGGTTCAGGCAAAGGAGTTTATTCAGAACGAAGGTGGTATCGAA
AGCACCCGCGTTTTCACCCGTCTGTGGCTGGCTATGGTTGGCCAGTACCCGTGGGACAAGCT
GCCGGTTATCCCGCCAGAGATTATGCACCTGCCGAAAAGCGTCCCGTTGAACATCTATGACT
TCGCGAGCTGGGCGCGTGCCACCATTGTGACGCTGTCTTATCGTCACGAGTCCCCGACCTGC
GACGCCACCAGCGGCTTGTGTAAAGGTAGCGGTATCGTTCGTGGTGAGGGTCCGCCGAAACG
TCGTAGCGCAAAGGGTGGCGACAGCGGCTTTTTCGTTGCTCTGGACAAGTTCTTGAAGGCAT
ACAACAAATGGCCAATCCAGCCGGGTCGCAAGAGCGGCGAGCAAAAGGCCCTGGAATGGATC
TTGGCGCACCAGGAAGCTGACGGCTGTTGGGGTGGTATCCAGCCACCATGGTTTTACGCGCT
GCTGGCGTTGAAATGCTTGAACATGACCGATCATCCGGCGTTTGTGAAAGGCTTCGAAGGTC
TGGAGGCTTATGGTGTCCACACGAGCGACGGCGGTTGGATGTTCCAAGCGAGCATCTCCCCG
ATTTGGGACACCGGCCTGACGGTCCTGGCGCTGCGTAGCGCGGGTTTGCCGCCTGACCATCC
GGCCCTGATTAAAGCAGGCGAGTGGCTGGTATCTAAACAGATCTTGAAGGATGGTGACTGGA
AAGTGCGTCGCCGTAAAGCCAAGCCGGGTGGCTGGGCGTTTGAGTTTCACTGTGAGAATTAC
CCGGACGTTGATGACACCGCCATGGTCGTTCTGGCTCTGAATGGTATTCAGCTGCCGGATGA
GGGCAAGCGCCGTGATGCGCTGACCCGTGGTTTCCGTTGGCTGCGCGAAATGCAAAGCAGCA
ACGGTGGTTGGGGCGCATACGACGTGGATAATACGCGTCAACTGACTAAGAGCGATAGCATT
TTTGCGACCTCTGGTGAAGTGATTGACCCGCCGTCCGAAGATGTGACCGCCCATGTTCTGGA
GTGTTTTGGTAGCTTCGGCTATGACGAGGCGTGGAAGGTGATTCGCAAGGCGGTCGAGTATC
TGAAGGCGCAGCAGCGTCCGGATGGTAGCTGGTTCGGCCGCTGGGGCGTCAACTATGTTTAC
GGCATCGGTGCCGTCGTTCCAGGTCTGAAAGCAGTGGGTGTTGATATGCGTGAGCCGTGGGT
TCAGAAGAGCCTGGACTGGCTGGTTGAGCATCAGAATGAGGACGGCGGCTGGGGTGAAGATT
GCCGTTCTTACGACGATCCGCGCCTGGCAGGCCAGGGTGTGAGCACTCCGAGCCAGACCGLCG
TGGGCACTGATGGCGCTGATTGCGGGTGGTCGTGTCGAAAGCGACGCCGTGCTGCGCGGTGT
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GACGTATTTGCACGATACGCAACGTGCGGATGGCGGTTGGGACGAAGAGGTCTATACGGGCA
CGGGTTTTCCGGGTGATTTCTATCTGGCGTACACCATGTACCGCGATATTCTGCCGGTCTGG
GCGCTGGGTCGTTACCAAGAAGCGATGCAACGTATCCGCGGT

2.2 AacSHC

2.2.1 Amino acid sequence

MAEQLVEAPAYARTLDRAVEYLLSCQKDEGYWWGPLLSNVTMEAEYVLLCHILDRVDRDRME
KIRRYLLHEQREDGTWALYPGGPPDLDTTIEAYVALKYIGMSRDEEPMOKALRFIQSQGGIE
SSRVFTRMWLALVGEYPWEKVPMVPPEIMFLGKRMPLNIYEFGSWARATVVALSIVMSRQOPV
FPLPERARVPELYETDVPPRRRGAKGGGGWIFDALDRALHGYQKLSVHPFRRAAETRALDWL
LERQAGDGSWGGIQPPWEFYALIALKILDMTQHPAFIKGWEGLELYGVELDYGGWMEFQASISP
VWDTGLAVLALRAAGLPADHDRLVKAGEWLLDRQITVPGDWAVKRPNLKPGGFAFQFDNVYY
PDVDDTAVVVWALNTLRLPDERRRRDAMTKGFRWIVGMQSSNGGWGAYDVDNTSDLPNHIPFE
CDFGEVTDPPSEDVTAHVLECFGSFGYDDAWKVIRRAVEYLKREQKPDGSWEGRWGVNYLYG
TGAVVSALKAVGIDTREPYIQKALDWVEQHONPDGGWGEDCRSYEDPAYAGKGASTPSQTAW
ALMALTAGGRAESEAARRGVQYLVETQRPDGGWDEPYYTGTGFPGDFYLGYTMYRHVEFPTLA
LGRYKQAIERR

2.2.2 DNA sequence (E. coli codon optimized)

ATGGCGGAACAGCTGGTGGAAGCGCCGGCGTATGCGCGCACCCTGGATCGCGCGGTGGAATA
TCTGCTGAGCTGCCAGAAAGATGAAGGCTATTGGTGGGGCCCGCTGCTGAGCAACGTGACCA
TGGAAGCGGAATATGTGCTGCTGTGCCATATTCTGGATCGCGTGGATCGCGATCGCATGGAA
AAAATTCGCCGCTATCTGCTGCATGAACAGCGCGAAGATGGCACCTGGGCGCTGTATCCGGG
CGGCCCGCCGGATCTGGATACCACCATTGAAGCGTATGTGGCGCTGAAATATATTGGCATGA
GCCGCGATGAAGAACCGATGCAGAAAGCGCTGCGCTTTATTCAGAGCCAGGGCGGCATTGAA
AGCAGCCGCGTGTTTACCCGCATGTGGCTGGCGCTGGTGGGCGAATATCCGTGGGAAAAAGT
GCCGATGGTGCCGCCGGAAATTATGTTTCTGGGCAAACGCATGCCGCTGAACATTTATGAAT
TTGGCAGCTGGGCGCGCGCGACCGTGGTGGCGCTGAGCATTGTGATGAGCCGCCAGCCGGTG
TTTCCGCTGCCGGAACGCGCGCGCGTGCCGGAACTGTATGAAACCGATGTGCCGCCGCGLCCG
CCGCGGCGCGAAAGGCGGCGGCGGCTGGATTTTTGATGCGCTGGATCGCGCGCTGCATGGLT
ATCAGAAACTGAGCGTGCATCCGTTTCGCCGCGCGGCGGAAATTCGCGCGCTGGATTGGCTG
CTGGAACGCCAGGCGGGCGATGGCAGCTGGGGCGEGCATTCAGCCGCCGTGGTTTTATGCGCT
GATTGCGCTGAAAATTCTGGATATGACCCAGCATCCGGCGTTTATTAAAGGCTGGGAAGGCC
TGGAACTGTATGGCGTGGAACTGGATTATGGCGGCTGGATGTTTCAGGCGAGCATTAGCCCG
GTGTGGGATACCGGCCTgGCGGTGCTGGCGCTGCGCGCGGCGEEGCCTGCCGGCGGATCATGA
TCGCCTGGTGAAAGCGGGCGAATGGCTGCTGGATCGCCAGATTACCGTGCCGGGCGATTGGG
CGGTGAAACGCCCGAACCTGAAACCGGGCGGCTTTGCGTTTCAGTTTGATAACGTGTATTAT
CCGGATGTGGATGATACCGCGGTggtGGTGEtGGGCGCTGAACACCCTGCGCCTGCCGGATGA
ACGCCGCCGCCGCGATGCGATGACCAAAGGCTTTCGCTGGATTGTGGGCATGCAGAGCAGCA
ACGGCGGCTGGGGCGCGTATGATGTGGATAACACCAGCGATCTGCCGAACCATATTCCGTTT
TGCGATTTTGGCGAAGTGACCGATCCGCCGAGCGAAGATGTGACCGCGCATGTGCTGGAATG
CTTTGGCAGCTTTGGCTATGATGATGCGTGGAAAGTGATTCGCCGCGCGGTGGAATATCTGA
AACGCGAACAGAAACCGGATGGCAGCTGGTTTGGCCGCTGGGGCGTGAACTATCTGTATGGC
ACCGGCGCGGTGGTGAGCGCGCTGAAAGCGGTGGGCATTGATACCCGCGAACCGTATATTCA
GAAAGCGCTGGATTGGGTGGAACAGCATCAGAACCCGGATGGCGGCTGGGGCGAAGATTGCC
GCAGCTATGAAGATCCGGCGTATGCGGGCAAAGGCGCGAGCACCCCGAGCCAGACCGCGTGG
GCGCTGATGGCGCTGATTGCGGGCGGCCGCGCGGAAAGCGAAGCGGLCGLCGLCCGCGGLGTGCA
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GTATCTGGTGGAAACCCAGCGCCCGGATGGCGGCTGGGATGAACCGTATTATACCGGCACCG
GGTTCCCGGGCGATTTTTATCTGGGCTATACCATGTATCGCCATGTGTTTCCGACCCTGGCG
CTGGGCCGCTATAAACAGGCGATTGAACGCCGCTAA

2.3 AceSHC

2.3.1 Amino acid sequence

MTQASVREDAKAALDRAVDYLLSLODEKGEFWKGELETNVTIEAEDLLLREFLGIRTPDITAE
TARWIRAKQRSDGTWATEFYDGPPDLSTSVEAYVALKLAGDDPAAPHMEKAAAYTRGAGGVER
TRVFTRLWLALFGLWPWDDLPTLPPEMIFLPSWEPLNIYDWGCWARQTVVPLTIVSALRPVR
PIPLSIDEIRTGAPPPPRDPAWTIRGFFQRLDDLLRGYRRVADHGPARLFRRLAMRRAAEWT
TARQEADGSWGGIQPPWVYSLTIALHLLGYPLDHPVLRRGLDGLNGFTIREETADGAVRRLEA
CQSPVWDTALAVTALRDAGLPADHPRVQAAARWLVGEEVRVAGDWAVRRPGLPPGGWAFEFA
NDNYPDTDDTAEVVLALRRVRLEDADQQALEAAVRRATTWVIGMOSTDGGWGAFDADNTREL
VLRLPFCDFGAVIDPPSADVTAHIVEMLAALGMRDHPATVAGVRWLLAHQEPDGSWEGRWGA
NHIYGTGAVVPALIAAGVSPDTPPIRRAIRWLEEHONPDGGWGEDLRSYTDPALWVGRGVST
ASQTAWALLALLAAGEEASPAVDRGVRWLVTTQQPDGGWDEPHYTGTGEFPGDEFYINYHLYRL
VFPISALGRYVNR

2.3.2 DNA sequence (E. coli codon optimized)

ATGACCCAAGCAAGCGTACGCGAGGATGCAAAAGCGGCCCTGGACCGTGCGGTTGATTACCT
GCTGAGCCTGCAAGATGAGAAAGGTTTCTGGAAGGGTGAGTTGGAAACCAATGTGACGATTG
AAGCGGAGGACCTGCTGCTGCGTGAGTTCTTGGGTATCCGTACCCCGGATATCACCGCCGAA
ACCGCACGCTGGATTCGTGCGAAACAGCGTTCTGATGGCACGTGGGCGACCTTCTACGACGG
TCCGCCAGACCTGAGCACCTCGGTGGAAGCGTACGTTGCGTTGAAGTTGGCGGGTGATGACC
CGGCAGCTCCGCACATGGAAAAGGCGGCTGCCTATATCCGCGGTGCGGGTGGCGTCGAGCGT
ACCCGCGTCTTTACCCGCCTGTGGCTGGCTCTGTTCGGCCTGTGGCCTTGGGATGACCTGCC
GACTCTGCCTCCGGAGATGATTTTCCTGCCGAGCTGGTTTCCACTGAATATCTACGACTGGG
GCTGTTGGGCGCGTCAGACGGTGGTCCCGCTGACCATCGTCAGCGCACTGCGTCCGGTGCGT
CCGATTCCGTTGAGCATCGACGAGATCCGTACGGGCGCTCCGCCACCACCGCGTGATCCGGC
ATGGACCATCCGTGGCTTTTTCCAGCGTCTGGACGATCTGCTGCGCGGCTATCGTCGTGTGG
CCGATCATGGTCCGGCACGTCTGTTTCGCCGTCTGGCTATGCGTCGTGCAGCAGAATGGATT
ATTGCGCGCCAAGAGGCGGACGGCTCCTGGGGETGGTATTCAGCCGCCGTGGGTGTACAGCCT
GATCGCGCTGCACCTGCTGGGCTACCCGTTGGATCACCCGGTGCTGCGCCGTGGTCTGGACG
GTCTGAATGGTTTTACCATTCGCGAGGAAACGGCCGACGGTGCGGTCCGTCGTCTGGAGGCA
TGCCAAAGCCCGGTTTGGGATACGGCGCTGGCCGTGACGGCCCTGCGTGATGCGGGCTTGCC
TGCCGACCACCCGCGTGTTCAGGCCGCAGCCCGCTGGCTGGTCGGCGAGGAAGTCCGCGTGG
CTGGCGATTGGGCGGTGCGTCGTCCGGGTTTGCCGCCTGGTGGCTGGGCGTTTGAATTTGCT
AACGATAACTATCCGGACACCGATGATACCGCGGAGGTCGTTCTGGCATTGCGCCGTGTCCG
CTTGGAGGACGCAGACCAACAGGCACTGGAGGCAGCTGTGCGTCGCGCCACGACCTGGGTTA
TCGGTATGCAAAGCACTGATGGTGGTTGGGGCGCATTTGACGCGGACAACACTCGCGAACTG
GTTCTGCGTCTGCCGTTCTGCGATTTCGGTGCCGTCATTGACCCGCCGAGCGCCGACGTTAC
GGCGCACATTGTTGAAATGCTGGCAGCGCTGGGCATGCGTGACCATCCGGCTACGGTTGCGG
GTGTTCGCTGGCTGTTGGCGCATCAGGAGCCGGACGGCAGCTGGTTCGGTCGCTGGGGTGLT
AATCATATCTACGGTACCGGCGCAGTTGTCCCGGCTCTGATTGCAGCCGGTGTTAGCCCGGA
CACGCCACCGATTCGCCGTGCGATTCGTTGGTTGGAGGAGCATCAGAACCCTGATGGCGGCLT
GGGGTGAAGATCTGCGTAGCTACACCGACCCGGCGTTGTGGGTCGGTCGTGGTGTGTCCACC
GCGAGCCAAACGGCGTGGGCGCTGCTGGCGCTGTTGGCAGCCGGCGAAGAAGCATCCCCGGC
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AGTCGACCGTGGCGTGCGTTGGCTGGTGACCACCCAGCAACCGGACGGCGGTTGGGATGAGC
CGCACTACACCGGTACGGGTTTCCCGGGTGACTTCTATATCAACTACCACCTGTATCGCCTG
GTTTTTCCGATCTCTGCACTGGGTCGCTATGTGAATCGTTAA

2.4 ApaSHC1

2.4.1 Amino acid sequence

MNMASRESLKKILRSGSDTQGTNVNTLIQSGTSDIVROKPAPQEPADLSALKAMGNSLTHTL
SSACEWLMKQOKPDGHWVGSVGSNASMEAEWCLALWEFLGLEDHPLRPRLGKALLEMQRPDGS
WGTYYGAGSGDINATVESYAALRSLGYAEDDPAVSKAAAWITISKGGLKNVRVEFTRYWLALIG
EWPWEKTPNLPPETIWFPDNEFVESIYNFAQWARATMMPLATLSARRPSRPLRPOQDRLDALFP
GGRANFDYELPTKEGRDVIADFFRLADKGLHWLOSSFLKRAPSREAATKYVLEWIIWHQDAD
GGWGGIQPPWVYGLMALHGEGYQFHHPVMAKALDALNDPGWRHDKGDASWIQATNSPVWDTM
LSLMALHDANAEERFTPEMDKALDWLLSROQVRVKGDWSVKLPNTEPGGWAFEYANDRYPDTD
DTAVALTIAIASCRNRPEWQAKGVEEAIGRGVRWLVAMQSSCGGWGAFDKDNNKSILAKIPEC
DFGEALDPPSVDVTAHVLEAFGLLGLPRDLPCIQRGLAYIRKEQDPTGPWEGRWGVNYLYGT
GAVLPALAALGEDMTQPYISKACDWLINCQQOENGGWGESCASYMEVSSIGHGATTPSQTAWA
LMGLIAANRPOQDYEATAKGCRYLIDLOEEDGSWNEEEFTGTGFPGYGVGQTIKLDDPATISKR
LMOGAELSRAFMLRYDLYRQLFPITALSRASRLIKLGN

2.4.2 DNA sequence (E. coli codon optimized)

ATGAATATGGCCAGCCGCTTTAGCCTGAAAAAAATTCTGCGTAGCGGTAGCGATACCCAGGG
CACCAATGTTAATACCCTGATTCAGAGCGGCACCAGCGATATTGTTCGTCAGAAACCGGCAC
CGCAGGAACCGGCAGATCTGAGCGCACTGAAAGCAATGGGTAATAGCCTGACCCATACCCTG
AGCAGCGCATGTGAATGGCTGATGAAACAGCAGAAACCGGATGGTCATTGGGTTGGTAGCGT
GGGTAGCAATGCAAGCATGGAAGCAGAATGGTGTCTGGCACTGTGGTTTCTGGGTCTGGAAG
ATCATCCGCTGCGTCCTCGTCTGGGTAAAGCACTGCTGGAAATGCAGCGTCCGGATGGTAGC
TGGGGCACCTATTATGGTGCAGGTAGCGGTGATATTAATGCAACCGTTGAAAGCTATGCAGC
ACTGCGTAGCCTGGGTTATGCAGAAGATGATCCGGCAGTTAGCAAAGCAGCAGCATGGATTA
TTAGCAAAGGTGGTCTGAAAAATGTGCGTGTTTITTACCCGTTATTGGCTGGCACTGATTGGT
GAATGGCCGTGGGAAAAAACCCCGAATCTGCCTCCGGAAATTATTTGGTTTCCGGATAATTT
TGTGTTTAGCATTTATAATTTTGCCCAGTGGGCACGTGCAACCATGATGCCGCTGGCAATTC
TGAGCGCACGTCGTCCGAGCCGTCCGCTGCGTCCGCAGGATCGTCTGGATGCACTGTTTCCG
GGTGGTCGTGCAAATTTTGATTATGAACTGCCGACCAAAGAAGGTCGCGACGTTATTGCAGA
TTTTTTTCGTCTGGCCGATAAAGGTCTGCATTGGCTGCAGAGCAGCTTTCTGAAACGTGCAC
CGAGCCGTGAAGCAGCAATTAAATATGTTCTGGAATGGATTATTTGGCATCAGGATGCAGAT
GGTGGTTGGGGTGGTATTCAGCCTCCGTGGGTTTATGGTCTGATGGCACTGCATGGTGAAGG
TTATCAGTTTCATCATCCGGTTATGGCAAAAGCACTGGATGCCCTGAATGATCCGGGTTGGC
GTCATGATAAAGGTGATGCAAGCTGGATTCAGGCAACCAATAGTCCGGTTTGGGATACCATG
CTGAGCCTGATGGCCCTGCATGATGCAAATGCAGAAGAACGTTTTACACCGGAAATGGATAA
AGCCCTGGATTGGCTGCTGAGCCGTCAGGTTCGTGTTAAAGGTGATTGGAGCGTTAAACTGC
CGAATACCGAACCGGGTGGTTGGGCATTTGAATATGCAAATGATCGTTATCCTGATACCGAT
GATACCGCAGTTGCACTGATTGCAATTGCAAGCTGTCGTAATCGTCCGGAATGGCAGGCAAA
AGGTGTTGAAGAAGCAATTGGTCGCGGAGTTCGTTGGCTGGTTGCAATGCAGAGCAGTTGTG
GTGGCTGGGGTGCATTTGATAAAGATAATAATAAAAGCATTCTGGCCAAAATTCCGTTTTGC
GATTTTGGTGAAGCACTGGACCCTCCGAGCGTTGATGTTACCGCACATGTTCTGGAAGCATT
TGGTCTGCTGGGTCTGCCTCGTGATCTGCCGTGTATTCAGCGTGGTCTGGCATATATTCGTA
AAGAACAGGACCCGACCGGTCCGTGGTTTGGTCGTTGGGGTGTTAATTATCTGTATGGCACC
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GGTGCAGTTCTGCCTGCACTGGCAGCACTGGGTGAAGATATGACCCAGCCGTATATTAGCAA
AGCATGCGATTGGCTGATTAATTGTCAGCAGGAAAATGGCGGTTGGGGAGAAAGCTGTGCAA
GCTATATGGAAGTTAGCAGCATTGGTCATGGTGCAACCACCCCGAGCCAGACCGCATGGGCA
CTGATGGGTCTGATTGCAGCAAATCGTCCGCAGGATTATGAAGCAATTGCAAAAGGTTGCCG
CTATCTGATTGATCTGCAGGAAGAGGACGGCAGCTGGAACGAAGAAGAATTCACCGGCACCG
GTTTTCCGGGTTATGGTGTTGGTCAGACCATTAAACTGGATGATCCGGCTATTAGTAAACGT
CTGATGCAGGGTGCAGAACTGAGCCGTGCATTTATGCTGCGTTATGATCTGTATCGTCAGCT
GTTTCCGATTATTGCCCTGAGCCGTGCCAGCCGTCTGATTAAACTGGGTAATTAATAA

2.5 ApaSHC2

2.5.1 Amino acid sequence

MAADGSALSESRLSSEALDRAVLSAHTALSQAQQODDGHWVYELEADATIPAEYILLEHFMDR
IDDALEQKIATYLRRIQSEEHGGWPLYHNGKEFDLSATVKAYFALKAVGDDINAPHMORAREA
ILDHGGAERSNVFTRSQLALFGEVPWRATPVMPVELMLLPAKAFFSVWNMSYWSRTVIAPLL
VLAALRPVAANPROQVHVRELFVTPPEKVODWIRGPYRSAWGYVFKGLDSVLRPVVPFIPEKT
HKKATQAALDFIEPRLNGKDGLGATIYPAMANVVMMYRAMGVPDEDPRAKTAWEAVQALIVEK
DDEAYCQPCVSPIWDTGLSGHAMIEAASGPNGIAPEKTVAELKKASAWLRSKOILNVKGDWA
VRNPNLAPGGWAFQYGNDYYPDVDDTAVVGMLLHREGDPTNAEATERARTWIVGMQSTDGGW
GAFDIDNNKDVLNHIPFADHGALLDPPTADVTARCISFLAQLRNPEDEPVIQRGLEYLRKEQ
EKDGSWEFGRWGTNYIYGTWSALCALNAAGVSHDDPAVVKAVEWLRSVQRADGGWGEGCESYE
GGPHGTYGESLPSQTAWAVLGLMAAGRRDDPAVTRGIAWLADQODANGEWHEDPYNAVGEPK
VEYLRYHGYKQFFPLMALARYRNLESSNTRRVSEFGF

2.5.2 DNA sequence

ATGGCCGCCGATGGGAGTGCTCTTTCCGAATCACGCCTTTCTTCAGAGGCTCTGGATCGTGC
GGTCCTTAGTGCGCATACGGCGCTCAGTCAGGCCCAGCAAGATGATGGACATTGGGTTTATG
AACTGGAAGCCGATGCCACCATTCCTGCTGAATATATCCTGCTCGAACATTTTATGGACAGG
ATTGATGATGCGCTGGAGCAGAAAATTGCCATCTACCTGCGCCGCATCCAAAGCGAAGAACA
CGGCGGCTGGCCCCTTTACCACAATGGCAAGTTTGACCTTTCAGCCACTGTAAAAGCCTATT
TCGCACTGAAAGCTGTGGGGGATGATATTAACGCCCCCCATATGCAACGTGCACGAGAAGCC
ATTCTGGATCATGGCGGCGCAGAACGCTCAAATGTATTCACACGCTCCCAGCTTGCTCTGTT
TGGGGAAGTGCCATGGCGTGCAACCCCGGTTATGCCGGTAGAGTTGATGCTTCTGCCTGCCA
AGGCATTCTTTTCCGTATGGAATATGTCTTACTGGTCTCGCACCGTTATTGCACCGCTTCTG
GTGCTGGCAGCCCTGCGCCCTGTGGCGGCAAACCCGCGGCAAGTTCATGTCCGCGAGCTGTT
TGTAACGCCACCAGAAAAAGTGCAGGACTGGATCCGCGGTCCTTATCGCTCTGCATGGGGGT
ATGTTTTTAAAGGGCTGGATAGCGTTTTACGGCCGGTCGTGCCGTTTATTCCCGAAAAAACA
CATAAAAAGGCTATTCAAGCCGCCCTTGATTTTATCGAGCCTCGCCTGAACGGCAAAGATGG
ATTGGGGGCTATTTACCCCGCCATGGCCAATGTGGTGATGATGTATCGGGCCATGGGCGTGC
CGGATGAAGACCCACGTGCAAAAACGGCATGGGAAGCCGTGCAGGCCCTCATCGTTGAAAAA
GACGACGAAGCTTACTGTCAGCCCTGCGTTTCCCCCATTTGGGACACCGGACTTTCTGGCCA
TGCCATGATTGAGGCAGCCTCCGGTCCCAATGGAATCGCACCAGAAAAAACTGTTGCTGAGC
TGAAAAAAGCCTCTGCATGGCTCCGCAGCAAGCAGATCCTGAACGTGAAGGGAGATTGGGCT
GTTCGTAACCCCAATCTGGCTCCCGGTGGGTGGGCTTTCCAATACGGAAACGACTATTACCC
GGATGTGGATGATACAGCCGTAGTAGGCATGTTGCTGCACCGTGAAGGCGACCCCACAAATG
CTGAAGCCATTGAGCGCGCACGCACATGGATTGTGGGCATGCAAAGCACAGATGGTGGCTGG
GGTGCTTTTGATATCGACAACAACAAGGATGTGCTCAACCACATTCCCTTTGCCGATCACGG
CGCCTTACTAGACCCGCCTACTGCCGATGTTACCGCCCGCTGCATCTCCTTTCTGGCCCAAT
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TGCGGAACCCGGAAGATGAACCCGTTATTCAACGCGGGCTGGAATATCTACGCAAAGAGCAG
GAAAAAGATGGCTCCTGGTTTGGGCGCTGGGGCACAAACTACATTTACGGCACATGGTCTGC
CCTGTGCGCCCTGAATGCTGCTGGCGTTTCCCACGATGACCCTGCCGTGGTGAAAGCTGTGG
AATGGCTACGCTCCGTTCAGCGCGCAGATGGTGGCTGGGGTGAAGGTTGCGAATCTTATGAA
GGTGGCCCGCACGGCACATATGGCGAAAGCCTGCCCTCGCAAACTGCATGGGCTGTGCTAGG
GCTGATGGCCGCAGGGCGGCGGGATGATCCAGCCGTAACACGCGGTATTGCATGGTTGGCAG
ACCAGCAGGATGCGAACGGGGAATGGCATGAAGACCCCTATAATGCTGTTGGCTTCCCCAAA
GTGTTTTACCTGCGTTACCACGGCTATAAGCAGTTCTTCCCGCTTATGGCATTAGCACGCTA
CCGCAACCTTGAAAGCAGCAATACGCGCCGCGTTTCCTTTGGGTTCTAA

2.6 CacSHC

2.6.1 Amino acid sequence

MTDVIDKAVAATGPADPSQGAAATLOQAAADHLLGLODDAGWWKGELETNVTMDAEDLLLRQF
LGIRTEEVTREAGDWIRSQQRADGTWANFFDGPADLSTTIEAYTALRMAGDAKDAEHMRAAR
TYILDSGGIEASRVETRIWLALEFGEWQWSDLPVMPPELIYLPKWEPLNVYDWACWARQTVVP
LTIVNALRPVRPLGFDLKELRTGRRAPAQRGLEFSTLDRALHVYERKPLRSVRDAALRRSADW
ITARQEADGSWGGIQPPWVYSLMALNLLGYGVDHPVMRKGIEGLDRFTIRDERGRRLEACQS
PVWDTVLAMTALRDAELPENHPALVKAADWVLGEEITNPGDWSVRRPRVAPGGWAFEFDNDG
YPDVDDTAEVVLALNRVAHPDAPAATRRGVDWLEGMACKDGGYGAFDADNTRTLALKLPFCD
FGAVIDPPTADVTAHTLEAYAALGLANSRASQRALEWLVKAQERDGSWEGRWGANHVYGTGA
VVPAMVAVGVDPEDEMIRRAVRWLEEHONDDGGWGEDLRSYRDKSWIGRGVSTASQTAWALL
ALLAAGEERGTAVEQGVRFLIRTOQRADGTWDEDHYTGTGFPGDFYLNYHLYRLVFPISALGR
YVRAVGAAGDGGDAGHAGHAGTVS

2.6.2 DNA sequence (E. coli codon optimized)

ATGACGGACGTAATCGATAAAGCAGTAGCAGCGACCGGCCCAGCGGACCCGAGCCAAGGTGC
GGCAGCGACCCTGCAAGCGGCTGCGGACCACCTGCTGGGCTTGCAGGACGACGCAGGTTGGT
GGAAAGGCGAACTGGAAACTAACGTGACGATGGACGCAGAAGATCTGCTGCTGCGCCAGTTC
CTGGGTATTCGTACCGAAGAGGTCACGCGCGAGGCTGGTGATTGGATTCGCAGCCAACAGCG
TGCTGATGGCACCTGGGCGAACTTCTTTGATGGTCCAGCGGATCTGAGCACCACCATCGAGG
CCTATACTGCACTGCGCATGGCGGGTGACGCGAAAGACGCCGAACACATGCGTGCTGCACGT
ACTTACATCCTGGACAGCGGCGGTATCGAGGCAAGCCGCGTCTTTACCCGTATTTGGCTGGC
TCTGTTTGGCGAGTGGCAGTGGAGCGATCTGCCGGTTATGCCACCGGAACTGATCTACTTGC
CGAAATGGTTTCCGCTGAACGTTTATGACTGGGCGTGTTGGGCCCGTCAAACCGTTGTTCCG
CTGACTATTGTCAATGCGCTGCGTCCGGTGCGTCCGTTGGGTTTCGATCTGAAGGAACTGCG
CACCGGTCGTCGTGCTCCAGCTCAGCGCGGTTTGTTTAGCACGTTGGACCGTGCATTGCACG
TCTATGAACGTAAGCCGCTGCGCTCGGTCCGTGATGCGGCACTGCGTCGCAGCGCGGATTGG
ATCATTGCGCGCCAGGAAGCGGACGGTTCCTGGGGCGGTATCCAACCGCCGTGGGTATACAG
CTTGATGGCGCTGAACTTGCTGGGCTATGGTGTGGATCATCCGGTCATGCGCAAGGGTATCG
AAGGCCTGGACCGTTTTACCATCCGCGACGAGCGTGGTCGTCGCCTGGAGGCGTGCCAGAGC
CCGGTTTGGGATACGGTGCTGGCGATGACCGCATTGCGCGACGCGGAACTGCCGGAGAACCA
TCCGGCACTGGTTAAGGCAGCCGATTGGGTGCTGGGTGAGGAGATTACGAATCCGGGCGACT
GGAGCGTCCGCCGTCCGCGCGTGGCACCGGETGGTTGGGCCTTCGAGTTCGACAACGACGGT
TATCCGGATGTGGATGACACGGCAGAGGTTGTTTTGGCTCTGAACCGTGTTGCGCATCCGGA
CGCGCCTGCGGCAATCCGTCGTGGCGTGGATTGGTTGGAAGGTATGGCCTGCAAAGACGGCG
GCTACGGTGCGTTTGATGCTGACAATACCCGTACCCTGGCCCTGAAACTGCCGTTCTGTGAT
TTCGGTGCCGTCATTGACCCGCCGACCGCGGACGTGACGGCCCACACCCTGGAAGCATACGC
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TGCACTGGGTCTGGCGAATTCTCGTGCGTCGCAACGCGCACTGGAGTGGCTGGTAAAGGCGC
AAGAGCGTGATGGTTCCTGGTTCGGTCGTTGGGGTGCGAATCACGTGTACGGCACGGGTGCG
GTCGTGCCGGCGATGGTTGCAGTCGGTGTTGACCCTGAGGATGAGATGATTCGTCGCGCAGT
CCGCTGGCTGGAAGAGCATCAGAATGACGATGGTGGCTGGGGCGAGGACCTGCGCTCTTACC
GTGATAAGAGCTGGATCGGCCGTGGCGTTAGCACCGCGTCCCAGACCGCCTGGGCGTTGCTG
GCACTGCTGGCTGCGGGCGAGGAGCGCGGCACGGCTGTGGAACAGGGTGTCCGTTTTCTGAT
TCGTACGCAACGTGCGGACGGTACCTGGGATGAAGATCACTATACTGGTACCGGTTTTCCGG
GTGATTTCTATCTGAATTACCACCTGTACCGTCTGGTGTTCCCGATTAGCGCCCTGGGTCGT
TACGTGCGTGCCGTTGGTGCCGCAGGTGACGGTGGCGATGCTGGTCATGCGGGCCACGCGGG
CACCGTGAGCTAA

2.7 GthSHC

2.7.1 Amino acid sequence

MAGERSALITALKRSQAADGSWRFPFETGISTDAYMITLLRTLDINDEPLIQALVERIESRQ
EANGAWKLFADEGDGNVTATVEAYYALLYSGYRQPTDRHMOKAKRRILDMGGLDRVHLETKV
MLALTGQYPWPGRFPLPLEFFLLPPSFPLNMYDLSVYGRANMIPLLTAADSRYSRKTDKSPD
LSDLFASRGDWGMPESRSLLTYVKRSLIGLPAQLHQAAKQRAVRYLFEHIEPDGTLYSYFSS
TFLFIFALLALGYRNDDPRIRQAVRGLRSLRTTIDGHVHLOQYTTASVWNTALASYTLQEAGV
PMTDRATEKANRYLLSRONVRYGDWAVHNPYSTPGGWGEFSDVNTMNPDVDDTTAALRATRQA
AAKETAFRHAWDRANQWLFSMONDDGGFAAFEKNVSSRFWRYLPIEGAEFLLMDPSTADLTG
RTLEYFGTFAGLTKDQRAVSRAVDWLLSHQERNGSWYGRWGICYIYGTWAATTGLTAVGVPA
HHPATLQKAVRWLLSIQNDDGGWGESCKSDGAKTYVPLGDSTPVHTAWALDALVAAAERPTLE
MKAGFRALFRLLHHPDWTASYPVGQGMAGAFYIHYHSYRYIFPLLALAHYEQKFGPLDD

2.7.2 DNA sequence (E. coli codon optimized)

ATGGCAGGCGAACGTAGCGCACTGATTACCGCACTGAAACGTAGCCAGGCAGCAGATGGTAG
CTGGCGTTTTCCGTTTGAAACCGGTATTAGCACCGATGCCTATATGATTATTCTGCTGCGTA
CCCTGGATATTAATGATGAACCGCTGATTCAGGCACTGGTTGAACGTATTGAAAGCCGTCAA
GAGGCAAATGGTGCATGGAAACTGTTTGCAGATGAAGGTGATGGTAATGTTACCGCAACCGT
TGAAGCATATTACGCACTGCTGTATAGCGGCTATCGTCAGCCGACCGATCGTCACATGCAGA
AAGCAAAACGTCGTATTCTGGATATGGGTGGTCTGGATCGTGTTCACCTGTTTACCAAAGTT
ATGCTGGCACTGACAGGTCAGTATCCGTGGCCTGGTCGTTTTCCGCTGCCGCTGGAATTTTT
TCTGCTGCCTCCGAGCTTTCCGCTGAATATGTATGATCTGAGCGTTTATGGTCGTGCAAATA
TGATTCCGCTGCTGATTGCAGCAGATAGCCGTTATAGCCGTAAAACCGATAAAAGTCCGGAT
CTGAGCGACCTGTTTGCAAGCCGTGGTGATTGGGGTATGCCGGAAAGCCGTAGCCTGCTGAC
CTATGTTAAACGTAGCCTGATTGGTCTGCCTGCACAGCTGCATCAGGCAGCAAAACAGCGTG
CAGTTCGTTACCTGTTTGAACATATTGAACCGGATGGCACCCTGTATAGCTATTTTAGCAGC
ACCTTTCTGTTTATTTTTGCACTGCTGGCACTGGGTTATCGTAATGATGATCCGCGTATTCG
TCAGGCAGTTCGTGGTCTGCGTAGCCTGCGTACCACCATTGATGGTCATGTTCATCTGCAGT
ATACCACCGCAAGCGTTTGGAATACCGCACTGGCAAGCTATACCCTGCAAGAGGCAGGCGTT
CCGATGACCGATCGTGCAATTGAAAAAGCAAATCGTTATCTGCTGAGCCGTCAGAATGTTCG
TTATGGTGATTGGGCAGTTCATAATCCGTATAGCACACCGGGTGGTTGGGGTTTTAGTGATG
TTAATACCATGAATCCGGATGTTGATGATACCACCGCAGCACTGCGTGCAATTCGCCAGGCA
GCCGCAAAAGAAACCGCATTTCGTCATGCATGGGATCGTGCAAATCAGTGGCTGTTTAGCAT
GCAGAATGATGATGGTGGTTTTGCAGCCTTTGAAAAAAATGTTAGCAGCCGTTTTTGGCGTT
ATCTGCCGATTGAAGGTGCAGAATTTCTGCTGATGGACCCGAGCACCGCAGATCTGACCGGT
CGTACCCTGGAATACTTTGGCACCTTTGCAGGTCTGACCAAAGATCAGCGTGCCGTTAGCCG
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TGCAGTTGATTGGCTGCTGAGCCATCAAGAACGTAATGGTAGCTGGTATGGTCGTTGGGGTA
TTTGTTATATTTATGGCACCTGGGCAGCAATTACCGGTCTGACCGCAGTTGGTGTTCCGGCA
CATCATCCGGCACTGCAGAAAGCAGTTCGTTGGCTGCTGTCAATTCAGAACGATGATGGCGG
TTGGGGTGAAAGCTGTAAAAGTGATGGTGCAAAAACCTATGTTCCGCTGGGTGATAGTACAC
CGGTTCATACCGCATGGGCACTGGATGCACTGGTTGCAGCAGCAGAACGTCCGACCCTGGAA
ATGAAAGCAGGTTTTCGTGCACTGTTTCGTCTGCTGCATCATCCGGATTGGACCGCAAGCTA
TCCGGTTGGTCAGGGTATGGCAGGCGCATTTTATATTCATTATCACAGCTACCGCTACATTT
TTCCGCTGCTGGCCCTGGCACATTATGAACAGAAATTTGGTCCGCTGGATGATTAA

2.8 McaSHC

2.8.1 Amino acid sequence

MLREATATISNLEPPLTASYVESPLDAATROQAKDRLLSLOHLEGYWVFELEADCTIPAEYILM
MHFMDE IDAALQAKIANYLRSHQSADGSYPLFRGGAGDISCTVKVYYALKLAGDSIDAPHMK
KAREWILAQGGAARSNVETRIMLAMFEQIPWRGIPFIPVEIMLLPKWEPFHLDKVSYWSRTV
MVPLFILCSHKVTARNPSRIHVRELFTVDPOQKERHYFDHVKTPLGKAILALERFGRMLEPLT
PKAVRKKATQKAFDWFTARLNGVDGLGATIFPAMVNAYEALDFLGVPPDDERRRLARESTDRL
LVFQGDSVYCQPCVSPIWDTALTSLTLQEVARHTADLRLDAALSKGLKWLASKQIDKDAPGD
WRVNRAGLEGGGWAFQFGNDYYPDVDDSAVVAHALLGSEDPSFDDNLRRAANWIAGMQSRNG
GFGAFDADNTYYYLNSIPFADHGALLDPPTADVSARCAMFLARWVNRQPELRPVLERTIDYL
RREQEADGSWEGRWGTNYIYGTWSVLLAYEAAGVPNDDPSVRRAVAWLKSIQREDGGWGEDN
FSYHDPSYRGRFHTSTAFQTGFALTIALMAAGEAGSPEVOAGVDYLLRQORPDGEFWNDECETA
PGFPRVEFYLKYHGYDKFFPLWALARYRNERYALA

2.8.2 DNA sequence (E. coli codon optimized)

ATGCTGCGTGAAGCAACCGCAATTAGCAATCTGGAACCGCCTCTGACCGCAAGCTATGTTGA
AAGTCCGCTGGATGCAGCAATTCGTCAGGCAAAAGATCGTCTGCTGAGCCTGCAGCATCTGG
AAGGTTATTGGGTTTTTGAACTGGAAGCCGATTGTACCATTCCGGCAGAATATATCCTGATG
ATGCACTTTATGGACGAAATTGATGCAGCACTGCAGGCAAAAATTGCAAATTATCTGCGTAG
CCATCAGAGCGCAGATGGTAGCTATCCGCTGTTTCGTGGTGGTGCCGGTGATATTAGCTGTA
CCGTTAAAGTTTACTACGCACTGAAACTGGCAGGCGATAGCATTGATGCACCGCACATGAAA
AAAGCACGTGAATGGATTCTGGCACAGGGTGGTGCAGCACGTAGCAATGTTTTTACCCGTAT
TATGCTGGCAATGTTTGAGCAGATTCCGTGGCGTGGTATTCCGTTTATTCCGGTTGAAATTA
TGCTGCTGCCGAAATGGTTTCCGTTTCATCTGGATAAAGTGAGCTATTGGAGCCGTACCGTT
ATGGTTCCGCTGTTTATTCTGTGTAGCCATAAAGTTACCGCACGTAATCCGAGCCGTATTCA
TGTTCGTGAACTGTTTACCGTTGATCCGCAGAAAGAACGCCATTATTTTGATCATGTGAAAA
CACCGCTGGGTAAAGCAATTCTGGCACTGGAACGTTTTGGTCGTATGCTGGAACCGCTGATT
CCGAAAGCAGTTCGTAAAAAAGCAACCCAGAAAGCCTTTGATTGGTTTACCGCACGTCTGAA
TGGTGTTGATGGTCTGGGTGCAATTTTTCCGGCAATGGTTAATGCCTATGAAGCACTGGATT
TTCTGGGTGTTCCGCCTGATGATGAACGTCGTCGTCTGGCACGTGAAAGCATTGATCGCCTG
CTGGTTTTTCAGGGTGATAGCGTTTATTGTCAGCCGTGTGTTAGCCCGATTTGGGATACCGC
ACTGACCAGCCTGACCCTGCAAGAAGTTGCACGTCATACCGCAGATCTGCGTCTGGATGCAG
CCCTGAGCAAAGGTCTGAAATGGCTGGCAAGCAAACAAATTGATAAAGATGCACCGGGTGAT
TGGCGTGTTAATCGTGCAGGTCTGGAAGGTGGTGGTTGGGCATTTCAGTTTGGCAATGATTA
TTATCCGGATGTTGATGATAGCGCAGTTGTTGCACATGCACTGCTGGGTAGCGAAGATCCGA
GCTTTGATGATAATCTGCGTCGTGCAGCAAATTGGATTGCAGGTATGCAGAGCCGTAATGGT
GGTTTTGGTGCATTTGATGCCGATAACACCTATTATTACCTGAACAGCATTCCGTTTGCAGA
TCATGGTGCACTGCTGGACCCTCCGACCGCAGATGTTAGCGCACGTTGTGCAATGTTTCTGG
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CACGTTGGGTTAATCGTCAGCCGGAACTGCGTCCGGTTCTGGAACGTACCATTGATTATCTG
CGTCGCGAACAAGAAGCAGACGGTAGCTGGTTTGGTCGTTGGGGCACCAATTATATTTATGG
CACCTGGTCAGTTCTGCTGGCGTATGAAGCAGCCGGTGTTCCGAATGATGATCCGAGCGTTC
GTCGTGCAGTTGCATGGCTGAAAAGCATTCAGCGTGAAGATGGTGGCTGGGGTGAAGATAAT
TTTAGCTATCATGATCCGAGCTATCGTGGTCGTTTTCATACCAGCACCGCATTTCAGACCGG
TTTTGCACTGATTGCCCTGATGGCAGCCGGTGAAGCAGGTAGTCCGGAAGTTCAGGCAGGCG
TGGATTATCTGCTGCGTCAGCAGCGTCCGGATGGTTTTTGGAATGATGAATGTTTTACCGCA
CCGGGTTTTCCGCGTGTTTTTTATCTGAAATATCATGGCTATGATAAATTTTTCCCGCTGTG
GGCACTGGCACGTTATCGTAATGAACGTTATGCACTGGCCTAA

2.9 PcaSHC1

2.9.1 Amino acid sequence

MDKIKMKNINQPKFRVFRGGOKAATPCPGTTNERRGALDRGRLSASLKHSREWLLSTLQADAG
NWVFALEADTTIASEYVMLORFLGRPLAPELQQRLANYLLSRQLPDGGWPLYAEDGFANIST
TVKAYLALKLLGYPTHCDPLVRARQIVLALGGAEKCNVFTRIALALFGOIPWRTTPAMPVET
MLLPRWEFYFHLSKISYWARTVVVPLLILYAKRPVCRLEPWEGIPELFVTPPDKLGYLDVCKP
GOWRKNVFIWVDRLTRKMVRCVPRRLENLALRAAETWTREHMOGAGGIGAIFPAMANAVMAL
RTLGCSPDDADYQRGLKALDDLLIDRCDVPPREDTPVSPCWCTGTSAAPMLDPSPAGSHAQG
GDQGICQPCASPIWDTGLALTALLEGGLDARHPAVDRAVRWLLDQQVDVKGDWAQRVPNLEA
GGWAFQFENALYPDLDDTSKVLMSLIRAGAMDNPGYRQELSRAINWVIGMONSDGGWGAFDV
DNNYLYLNDIPFADHGALLDPSTADVTGRCIEMLAMAGFGRDFLPIARGVDFLRREQEDFGG
WYGRWGVNYIYGTWSALSGLIHAGEDLQAPYTRQAVGWLESVONPDGGWGETCYSYDDPALA
GRGVSTASQTAWALLGLMAAGEVDNLAVRRGIQYLVEEQNRAGGWDERHFTGTGFPRVEYLR
YHGYSQYFPLWALGLYERLSSGNPSROQOMVRRAGPAGLHLPVLDRRKKLRRKRKA

2.9.2 DNA sequence

ATGGATAAAATCAAAATGAAAAACATAAACCAGCCCAAATTTAGAGTTTTTCGTGGTGGACA
AAAAGCCGCTACGCCTTGTCCGGGGACGACTAACGAGAGACGCGGTGCCCTGGATCGLCGGTC
GTCTGTCGGCTTCCCTCAAGCATTCTCGCGAATGGCTGCTTTCGCTGCAGGCCGACGCCGGT
AATTGGGTTTTTGCGTTGGAAGCGGATACCACCATCGCTTCCGAATATGTGATGCTGCAACG
TTTTCTCGGTCGCCCTCTTGCGCCTGAATTGCAACAACGTCTGGCCAATTATTTACTCAGTC
GTCAATTGCCCGACGGTGGCTGGCCGTTATATGCGGAAGACGGGTTTGCCAATATCAGCACC
ACCGTCAAGGCTTACCTGGCGCTTAAGCTGTTGGGTTACCCGACCCACTGCGACCCCCTGGT
GCGGGCGCGGCAAATCGTTTTGGCCCTCGGCGGTGCCGAAAAATGCAATGTGTTCACGCGCA
TCGCGCTGGCGCTGTTCGGGCAGATTCCCTGGCGCACGACTCCGGCCATGCCGGTTGAAATC
ATGCTTTTGCCGCGCTGGTTCTATTTTCATTTAAGTAAGATTTCCTATTGGGCTCGTACCGT
GGTGGTGCCGTTGCTGATTCTGTACGCCAAACGCCCGGTCTGCCGTCTGGAGCCCTGGGAAG
GGATCCCTGAGCTGTTTGTCACGCCGCCGGATAAACTCGGTTACCTCGATGTCTGTAAACCC
GGTCAGTGGCGTAAAAATGTCTTTATCTGGGTGGATCGCCTGACCCGCAAAATGGTGCGCTG
TGTCCCCCGGCGTCTGCACAACCTGGCGCTGAGGGCTGCAGAGACATGGACACGGGAGCATA
TGCAGGGCGCCGGAGGTATCGGGGCTATTTTCCCGGCCATGGCCAATGCCGTCATGGCGCTG
CGGACTCTGGGCTGCTCGCCGGATGATGCCGATTATCAGCGCGGCCTCAAGGCTCTCGACGA
TCTGCTGATTGACCGTTGTGACGTTCCTCCCCGGGAGGATACGCCGGTTTCGCCGTGCTGGT
GCACAGGCACCTCAGCCGCTCCGATGCTCGATCCCAGCCCTGCCGGCAGCCATGCGCAGGGT
GGCGATCAGGGTATCTGTCAACCTTGTGCGTCGCCGATCTGGGATACGGGACTTGCCCTTAC
GGCGCTGCTTGAAGGGGGGCTTGATGCCAGGCATCCGGCGGTCGATCGTGCGGTTCGCTGGC
TGCTGGATCAGCAGGTCGATGTCAAGGGCGACTGGGCGCAGCGGGTGCCGAACCTCGAAGCG
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GGCGGTTGGGCATTTCAGTTCGAAAACGCTCTGTATCCCGATCTGGACGATACCAGCAAGGT
GCTGATGTCCCTGATACGCGCCGGTGCGATGGATAACCCGGGCTATCGACAGGAGCTGTCGC
GGGCTATCAATTGGGTTATCGGCATGCAGAACAGCGATGGAGGATGGGGTGCCTTCGACGTT
GACAATAATTACCTTTATTTAAATGATATCCCTTTCGCCGATCATGGGGCGTTGCTCGATCC
CAGTACTGCGGATGTGACGGGGCGGTGCATCGAAATGCTCGCTATGGCAGGTTTCGGCCGGG
ATTTTTTGCCCATTGCCAGGGGGGTGGATTTCCTGCGTCGTGAGCAGGAGGACTTCGGCGGT
TGGTATGGTCGCTGGGGCGTGAACTATATTTATGGGACCTGGTCGGCCCTGTCCGGGTTGAT
CCACGCCGGCGAGGATTTGCAGGCTCCTTATATCCGGCAGGCGGTGGGCTGGCTTGAATCGG
TACAGAACCCGGATGGTGGATGGGGCGAAACCTGTTATTCCTATGACGATCCCGCCCTGGCC
GGACGTGGCGTCAGCACCGCCTCGCAGACAGCCTGGGCGCTCCTGGGGETTGATGGCCGLCGG
CGAGGTGGACAACCTGGCAGTGCGGCGCGGGATTCAGTATTTGGTGGAGGAACAAAACCGAG
CCGGGGGCTGGGATGAACGCCATTTCACCGGAACCGGTTTCCCTCGGGTCTTTTATTTGCGT
TACCACGGGTACAGTCAGTACTTTCCCCTCTGGGCCCTCGGTCTGTACGAACGGCTCAGCTC
CGGGAACCCGAGCAGGCAGCAGATGGTACGGCGGGCGGGGCCTGCCGGTTTGCATCTGCCGG
TTCTCGACCGGCGCAAAAAACTACGTCGCAAGCGCAAAGCGTAA

2.10PcaSHC2

2.10.1Amino acid sequence

MNVIRQLNSGVNAAKSLDDGIESAIEWLAENQDKEGFWVGMLESNSCIEAEWILAMHLLGVK
DDPKYDKVVQAILNEQREDGSWAVYYDAPAGDINATVEAYAALRTAGFGAGDERLIKARNWI
FSHGGLKNVRVFTRYWLALIGEWPWDETPALAPEITYLPAWCPLNIYDFACWARATLVPLSV
LSVRRPVKPLPAESRLDELFPEGRENADYSLPESEKGLAERFFLVVDWEFLKKYNRLPMQFGR
EKATIRLCLEWIVRHQDYDGGWGGIQPPLIYSLIALNTEGYGINHPVISKGLDAFNPPWAYEK
NGGVYLQCSESPVWDTLEFTMLALFESGCSEDDTPMMRPALDWILSKQITSWGDWQVKVRGVR
PGGWAFERANTAYPDVDDTALALVVLAEARRHVKDSAAVDAALERAEEWILGLQCRNGGWAA
FDRDNNSAIVTKIPFCDFGEVLDPPSVDVTAHVVEALAALGRDRHDPVVARALKYIRSEQEP
GGSWEFGRWGVNHIYGTCAVLPALAAIGEDMRAPYVLRAADWLVRHONDDGGWGESCASYMDD
SQCGOGSSTASQTGWALMALVAMSSHDYDEATRRGLDYLLSHQKSGTWDEPQYTGTGEPGYG
VGERTNLKEAGATLDQGCELARGEFMINYNMYRHYFPLTAMARARRHLGLAANPRHODSRSSV
EVAPEALRGRACG

2.10.2DNA sequence (E. coli codon optimized)

ATGAATGTGATTCGCCAGCTGAATAGCGGTGTTAATGCAGCAAAAAGCCTGGATGATGGTAT
TGAAAGCGCAATTGAATGGCTGGCAGAAAATCAGGATAAAGAAGGTTTTTGGGTTGGTATGC
TGGAAAGCAATAGCTGTATTGAAGCAGAGTGGATTCTGGCAATGCATCTGCTGGGTGTTAAA
GATGATCCGAAATATGATAAAGTGGTGCAGGCCATTCTGAATGAACAGCGTGAAGATGGTAG
CTGGGCAGTTTATTATGATGCACCGGCAGGAGATATTAACGCAACCGTTGAAGCCTATGCAG
CACTGCGTACCGCAGGTTTTGGTGCCGGTGATGAACGTCTGATTAAAGCACGTAATTGGATT
TTTAGCCATGGTGGTCTGAAAAATGTGCGTGTTTTTACCCGTTATTGGCTGGCACTGATTGG
TGAATGGCCGTGGGATGAAACACCGGCACTGGCACCGGAAATTATTTATCTGCCTGCATGGT
GTCCGCTGAATATTTATGATTTTGCATGTTGGGCACGTGCAACCCTGGTTCCGCTGAGCGTT
CTGAGCGTGCGTCGTCCGGTTAAACCGCTGCCTGCAGAAAGCCGTCTGGATGAACTGTTTCC
GGAAGGTCGTGAAAATGCAGATTATAGCCTGCCGGAAAGCGAAAAAGGTCTGGCAGAACGTT
TTTTTCTGGTTGTTGATTGGTTTCTGAAAAAATATAATCGCCTGCCGATGCAGTTTGGTCGT
GAAAAAGCAATTCGTCTGTGTCTGGAATGGATTGTTCGTCACCAGGATTACGATGGTGGTTG
GGGTGGTATTCAGCCTCCGCTGATTTATAGCCTGATTGCACTGAATACCGAAGGCTATGGTA
TTAATCATCCGGTTATTAGCAAAGGTCTGGATGCATTTAATCCTCCGTGGGCCTATGAAAAA
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AATGGTGGTGTTTATCTGCAGTGTAGCGAAAGTCCGGTTTGGGATACCCTGTTTACCATGCT
GGCACTGTTTGAAAGCGGTTGTAGCTTTGATGATACCCCGATGATGCGTCCGGCACTGGATT
GGATTCTGAGCAAACAAATCACCAGCTGGGGTGATTGGCAGGTTAAAGTTCGTGGTGTTCGT
CCGGGTGGTTGGGCATTTGAACGTGCAAATACCGCATATCCGGATGTTGATGATACCGCACT
GGCACTGGTTGTTCTGGCCGAAGCACGTCGTCATGTTAAAGATAGCGCAGCAGTTGATGCAG
CACTGGAACGTGCAGAAGAATGGATTCTGGGTCTGCAGTGTCGTAATGGTGGCTGGGCAGCA
TTTGATCGTGATAATAATAGCGCCATTGTGACCAAAATTCCGTTTTGTGATTTTGGTGAAGT
TCTGGACCCTCCGAGCGTTGATGTGACCGCACATGTTGTTGAAGCACTGGCAGCACTGGGTC
GTGATCGTCATGATCCGGTTGTTGCACGTGCACTGAAATATATTCGTAGCGAACAGGAACCG
GGAGGTAGCTGGTTTGGTCGTTGGGGTGTTAATCATATTTATGGCACCTGTGCAGTTCTGCC
TGCACTGGCTGCAATTGGTGAAGATATGCGTGCACCGTATGTTCTGCGTGCAGCAGATTGGC
TGGTGCGTCATCAGAATGATGATGGTGGATGGGGTGAAAGCTGTGCAAGCTATATGGATGAT
AGCCAGTGTGGTCAGGGTAGCAGCACCGCAAGCCAGACCGGTTGGGCACTGATGGCCCTGGT
TGCAATGAGCAGCCATGATTATGATGAAGCCATTCGTCGTGGTCTGGATTATCTGCTGAGCC
ATCAGAAAAGCGGCACCTGGGATGAACCGCAGTATACCGGCACCGGTTTTCCGGGTTATGGT
GTTGGTGAACGTACCAATCTGAAAGAAGCAGGCGCAACACTGGATCAGGGTTGTGAACTGGC
ACGTGGTTTTATGATTAATTATAATATGTATCGCCATTATTTTCCGCTGATTGCAATGGCAC
GTGCCCGTCGTCATCTGGGTCTGGCAGCAAATCCGCGTCATCAGGATAGCCGTAGCAGCGTT
GAAGTTGCACCGGAAGCACTGCGTGGTCGTGCATGTGGTTAATAAGGA

2.11RpaSHC1

2.11.1Amino acid sequence

MDSTILAPRADAPRNIDGALRESVQOQAADWLVANQKPDGHWVGRAETNATMEAQWCLALWELG
LEDHPLRVRLGRALLDTQRPDGAWHVEFYGAPNGDINATVEAYAALRSLGHRDDEEPLRKARD
WILSKGGLANIRVFTRYWLALIGEWPWEKTPNILPEVIWLPTWEFPESIYNFAQWARATLMPIT
AVLSAHRPSRPLAPODRLDALFPOGRDSENYDLPARLGAGVWDVIFRKIDTILHRLODWGAR
RGPHGIMRRGAIDHVLOWITRHODYDGSWGGIQPPWIYGLMALHTEGYAMTHPVMAKALDAL
NEPGWRIDIGDATFIQATNSPVWDTMLSLLAFDDAGLGERYPEQVERAVRWVLKRQVLVPGD
WSVKLPDVKPGGWAFEYANNEYPDTDDTSVALMALAPFRHDPKWOQAEGIEDATIQRGIDWLVA
MOCKEGGWGAFDKDNDKKILAKIPFCDFGEALDPPSADVTAHITEAFAKVGLDRNHPSTIVRA
LDYLKREQEPEGPWEFGRWGVNYVYGTGAVLPALAATIGEDMROPYTARACDWLIARQQANGGW
GESCVSYMDAKQAGEGTATASQTAWALMALTIAADRPODRDATIERGCLYLTETQRDGTWQEVH
YTGTGFPGYGVGQTIKLNDPLLSKRLMQGPELSRSFMLRYDLYRHYFPMMATGRVLRQRGDR
SGH

2.11.2DNA sequence

ATGGATTCTATTCTGGCACCGCGGGCCGACGCGCCGCGCAATATCGACGGGGCGTTGCGGGA
GAGCGTGCAGCAGGCGGCCGACTGGCTGGTCGCCAACCAGAAGCCGGACGGCCACTGGGTCG
GGCGCGCCGAGACCAACGCCACCATGGAGGCGCAATGGTGCCTGGCGCTGTGGTTCCTCGGC
CTCGAGGATCATCCGCTGCGGGTTCGGCTCGGCCGCGCGCTGCTCGATACCCAGCGCCCCGA
CGGCGCCTGGCACGTGTTTTACGGCGCGCCGAACGGCGACATCAACGCCACGGTCGAGGCCT
ATGCGGCGCTGCGTTCGCTCGGCCATCGCGACGATGAAGAGCCGCTGCGCAAGGCGCGCGAC
TGGATTCTGTCGAAGGGCGGCCTCGCCAACATCCGCGTCTTCACCCGCTACTGGTTGGCGCT
GATCGGCGAGTGGCCGTGGGAGAAGACGCCGAACATTCTGCCCGAAGTGATCTGGCTGCCGA
CCTGGTTTCCGTTCTCGATCTATAATTTCGCGCAATGGGCCCGCGCCACGCTGATGCCGATC
GCGGTGCTGTCGGCGCATCGGCCGAGCCGGCCGTTGGCGCCGCAAGACCGGCTCGACGCGLT
GTTTCCGCAAGGCCGCGACAGCTTCAACTACGATCTGCCGGCGCGGTTAGGCGCCGGGGETGT
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GGGATGTCATCTTCCGCAAGATCGACACCATTCTGCATCGCCTGCAGGACTGGGGCGCCAGA
CGCGGCCCGCACGGCATCATGCGCCGCGGCGCGATCGATCACGTGCTGCAATGGATCATCCG
TCATCAGGACTATGACGGCAGCTGGGGCGGCATCCAGCCGCCCTGGATCTACGGGTTGATGG
CGCTGCATACCGAGGGCTACGCCATGACCCATCCGGTGATGGCGAAAGCGCTCGACGCGCTG
AACGAACCCGGCTGGCGCATTGACATCGGCGACGCCACCTTCATCCAGGCCACCAATTCGCC
GGTGTGGGACACCATGCTGTCGCTGCTGGCGTTCGACGACGCCGGCCTCGGCGAACGCTACC
CTGAGCAGGTCGAGCGCGCGGTGCGCTGGGTGCTGAAGCGCCAGGTGCTCGTGCCCGGCGAT
TGGTCGGTGAAGCTGCCCGACGTCAAGCCGGGCGGCTGGGCGTTCGAATACGCCAACAATTT
CTATCCCGACACCGACGATACCTCGGTGGCGCTGATGGCGCTGGCGCCGTTCCGGCACGATC
CGAAATGGCAGGCCGAAGGCATCGAGGATGCGATCCAGCGCGGCATCGACTGGCTGGTGGLG
ATGCAGTGCAAGGAAGGCGGCTGGGGCGCCTTCGACAAGGACAACGACAAGAAGATTCTGGC
CAAGATTCCGTTCTGCGATTTCGGCGAGGCGCTCGACCCGCCGTCGGCCGACGTCACCGCGL
ATATCATCGAGGCCTTCGCCAAGGTCGGGCTCGACCGCAACCATCCCTCGATCGTTCGCGCG
CTGGATTATCTGAAGCGCGAGCAGGAGCCGGAGGGCCCGTGGTTCGGCCGCTGGGGCGTCAA
CTACGTCTACGGCACCGGCGCGGTGCTGCCGGCCTTGGCCGCGATCGGCGAGGACATGCGLC
AGCCCTATATCGCGCGCGCCTGCGACTGGCTGATCGCGCGGCAGCAGGCCAATGGCGGCTGG
GGCGAAAGCTGCGTCTCCTACATGGACGCCAAGCAGGCCGGCGAAGGCACCGCCACCGLCTC
GCAGACCGCGTGGGCGCTGATGGCGCTGATCGCCGCCGACCGGCCGCAGGACCGCGACGCGA
TCGAGCGCGGCTGCCTGTATCTGACCGAGACCCAGCGCGACGGCACCTGGCAGGAAGTGCAC
TACACCGGCACCGGCTTTCCCGGCTACGGCGTCGGCCAGACCATCAAGCTGAACGATCCGTT
GTTGTCGAAGCGGCTGATGCAGGGACCAGAACTGTCGCGCTCCTTCATGCTGCGCTACGACC
TCTACCGCCACTATTTTCCGATGATGGCGATCGGGCGGGTGCTGCGGCAGCGCGGTGATCGG
TCAGGGCATTGA

2.12RpaSHC2

2.12.1Amino acid sequence

MESGNNKQPAAATIGALDASTIESATNALLGYRQPDGHWVFELEADCTIPAEYVLLRHYLGEPV
DAALEAKIANYLRRVOGAHGGWPLVHDGGEFDMSASVKGYFALKMIGDDIDAPHMAKAREATIR
SRGGATHSNVEFTRFLLSMFGITTWRSVPVLPVEIMLLPMWSPFHLNKISYWARTTIVPLMVL
AALKPRAVNRLDIGLDELFLODPKSIKMPAKAPHQSWALFKLFAGIDAVLRTIEPLFPKRLR
DHATKLAVDEVEERLNGEDGLGATIYPPMANTVMMYKVLGFPEDHPPRAITRRGIDKLLVIGE
DEAYCQPCVSPVWDTALTCHALLEVGGEAAVPPAKRGMDWLLPKOVLDLKGDWAVKRPNLRP
GGWAFQYNNAHYPDLDDTAVVVMAMDRSRRATGSREYDEATARAREWIEGMQSDDGGWAAFED
VNNLEYYLNNIPFSDHGAMLDPPTEDVTARCVSMLSQLGETAASSKAVADGVEYLRRTQLPD
GSWYGRWGLNYIYGTWSVLCALNAAGVDHQODPVIRKAVTWLASVONPDGGWGEGAESYRLNY
TRYEQAPTTASQTSWALLGLMAAGEVDSPVVARGVEYLKSTQTGKGLWDEQRYTATGEFPRVE
YLRYHGYAKFFPLWALARYRNLRSTNSKVVGVGM

2.12.2DNA sequence

ATGGAGTCCGGGAACAACAAGCAGCCCGCGGCGGCAATCGGCGCTCTCGATGCGAGCATCGA
GAGCGCGACCAACGCCTTGCTGGGCTATCGGCAGCCCGACGGGCACTGGGTGTTCGAACTTG
AGGCCGACTGCACCATTCCTGCGGAATACGTGCTGCTGCGGCATTACCTCGGCGAGCCGGTC
GACGCCGCGTTGGAGGCCAAGATCGCCAACTATCTGCGCCGCGTGCAGGGCGCCCATGGCGG
CTGGCCGCTGGTGCACGACGGCGGCTTCGACATGAGCGCCAGCGTCAAGGGCTACTTCGCGC
TGAAGATGATCGGTGACGACATCGACGCGCCGCACATGGCGAAGGCGCGCGAGGCGATCCGL
TCGCGCGGCGGCGCGATCCACAGCAACGTGTTCACCCGCTTCCTGCTGTCGATGTTCGGCAT
CACCACCTGGCGCAGCGTGCCGGTGCTGCCGGTCGAGATCATGCTGCTGCCGATGTGGTCGC
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CGTTCCATCTCAACAAGATCTCCTATTGGGCGCGCACCACCATCGTGCCGCTGATGGTGCTG
GCGGCCTTGAAGCCGCGCGCGGTCAACCGGCTCGACATCGGACTCGACGAACTGTTCTTGCA
GGATCCGAAGTCGATCAAGATGCCGGCCAAGGCGCCGCATCAGAGCTGGGCGCTGTTCAAGC
TGTTCGCCGGCATCGATGCGGTGTTGCGCACGATCGAGCCGTTGTTCCCGAAGCGGCTGCGC
GATCATGCGATCAAGCTCGCGGTGGATTTCGTCGAGGAGCGGCTGAACGGCGAGGACGGGLT
CGGCGCGATCTATCCGCCGATGGCCAACACCGTGATGATGTACAAGGTGCTGGGCTTTCCCG
AGGATCATCCGCCGCGCGCGATCACCCGGCGCGGCATCGACAAGCTGTTGGTGATCGGCGAG
GACGAAGCCTATTGCCAGCCTTGCGTGTCGCCGGTGTGGGACACCGCGCTGACCTGCCACGC
GCTGCTCGAAGTCGGCGGCGAGGCGGCGGTGCCGCCGGCCAAGCGCGGTATGGACTGGCTGC
TGCCCAAGCAGGTGCTCGACCTCAAGGGCGACTGGGCGGTGAAGCGGCCGAACCTGLCGGLCC
GGCGGCTGGGCGTTCCAGTACAACAACGCGCACTATCCAGACCTCGACGACACCGCGGTGGT
GGTGATGGCGATGGACCGCTCGCGCCGCGCCACCGGCAGCCGCGAATATGACGAGGCGATCG
CCCGGGCCCGGGAGTGGATCGAGGGCATGCAGTCCGACGACGGCGGLCTGGGCEGCGTTCGAC
GTCAACAATCTGGAATATTACCTCAACAACATCCCGTTCTCCGACCACGGCGCGATGCTCGA
CCCGCCGACCGAGGACGTCACCGCGCGCTGTGTTTCGATGCTGTCACAGCTCGGCGAGALCCG
CGGCGAGCAGCAAGGCGGTCGCCGACGGCGTCGAATATCTGCGCAGGACTCAGCTGCCGGAC
GGCTCCTGGTACGGCCGCTGGGGGCTGAATTACATCTACGGCACCTGGTCGGTGCTGTGCGC
GCTGAACGCCGCCGGGGTCGATCATCAGGATCCGGTGATTCGCAAGGCGGTGACCTGGLCTGG
CTTCGGTCCAGAACCCCGACGGCGGTTGGGGCGAGGGTGCCGAGAGCTACCGGCTGAATTAC
ACGCGATACGAGCAGGCGCCGACCACCGCCTCGCAGACCTCATGGGCTTTGCTCGGCCTGAT
GGCGGCCGGTGAGGTGGATTCCCCCGTAGTTGCCCGCGGCGTGGAGTACCTAAAAAGCACAC
AGACCGGAAAAGGGCTCTGGGACGAGCAGCGATACACCGCGACGGGCTTTCCGCGGGTGTTT
TATTTGCGTTATCATGGCTATGCGAAGTTCTTTCCGCTGTGGGCGCTGGCGCGGTATCGAAA
CCTGAGGAGCACCAACAGTAAGGTGGTAGGGGTCGGGATGTGA

2.135coSHC

2.13.1Amino acid sequence

MTATTDGSTGASLRPLAASASDTDITIPAAAAGVPEAAARATRRATDEFLLAKQDAEGWWKGD
LETNVTMDAEDLLLRQFLGIQDEETTRAAALFIRGEQREDGTWATEFYGGPGELSTTIEAYVA
LRLAGDSPEAPHMARAAEWIRSRGGIASARVFTRIWLALFGWWKWDDLPELPPELIYEFPTWV
PLNIYDFGCWARQTIVPLTIVSAKRPVRPAPFPLDELHTDPARPNPPRPLAPVASWDGAFQR
IDKALHAYRKVAPRRLRRAAMNSAARWI IERQENDGCWGGIQPPAVYSVIALYLLGYDLEHP
VMRAGLESLDRFAVWREDGARMIEACQSPVWDTCLATIALADAGVPEDHPQLVKASDWMLGE
QIVRPGDWSVKRPGLPPGGWAFEFHNDNYPDIDDTAEVVLALRRVRHHDPERVEKATIGRGVR
WNLGMQSKNGAWGAFDVDNTSAFPNRLPFCDFGEVIDPPSADVTAHVVEMLAVEGLAHDPRT
RRGIQWLLDAQETDGSWEFGRWGVNYVYGTGSVIPALTAAGLPTSHPAIRRAVRWLESVQONED
GGWGEDLRSYRYVREWSGRGASTASQTGWALMALLAAGERDSKAVERGVAWLAATQREDGSW
DEPYFTGTGFPWDFSINYNLYRQVFPLTALGRYVHGEPFAKKPRAADAPAEAAPAEVKGS

2.13.2DNA sequence

ATGACAGCGACGACCGACGGAAGCACCGGAGCCTCCCTGCGGCCCCTGGCAGCCTCGGCCAG
CGACACCGACATCACGATCCCCGCCGLCGGCGGLCCGGGGTACCCGAAGLCLCGLLCGLLLCGLGLCA
CCCGGCGTGCCACCGACTTCCTGCTCGCCAAGCAGGACGCCGAGGGCTGGTGGAAGGGCGAC
CTCGAGACGAACGTCACGATGGACGCCGAGGACCTGCTCCTGCGTCAGTTCCTGGGCATCCA
GGACGAGGAGACCACCCGCGCCGCCGCGCTGTTCATCCGCGGCGAGCAGCGCGAGGACGGCA
CCTGGGCCACCTTCTACGGCGGCCCCGGCGAACTGTCCACGACCATCGAGGCCTACGTCGCC
CTCCGCCTGGCCGGCGACTCACCCGAGGCGCCCCACATGGCGCGGGLCCGCGGAGTGGATCAG
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GTCCCGCGGCGGCATCGCCTCCGCCCGGGETCTTCACCCGGATCTGGCTGGCCCTGTTCGGLT
GGTGGAAGTGGGACGACCTGCCCGAACTCCCGCCGGAGCTGATCTACTTCCCCACCTGGGTC
CCGCTCAACATCTACGACTTCGGCTGCTGGGCCCGGCAGACCATCGTGCCGCTCACCATCGT
CTCCGCGAAGCGGCCGGTGCGTCCCGCGCCGTTCCCGCTGGACGAACTGCACACCGALCCLGG
CCCGCCCCAACCCGCCACGCCCCCTGGCACCCGTGGCCAGCTGGGACGGCGCCTTCCAGCGC
ATCGACAAGGCCCTGCACGCCTACCGCAAGGTCGCCCCGCGCCGGCTGCGCCGGGCCGCGAT
GAACAGCGCCGCCCGCTGGATCATCGAGCGGCAGGAGAACGACGGCTGCTGGGGCGGCATCC
AGCCGCCTGCGGTCTACTCGGTCATCGCCCTCTACCTGCTCGGCTACGACCTCGAACACCCC
GTGATGCGCGCGGGACTGGAGTCGCTGGACCGTTTCGCCGTCTGGCGCGAGGACGGCGCCCG
GATGATCGAGGCCTGCCAGTCCCCGGTGTGGGACACCTGCCTGGCCACCATCGCGCTGGCCG
ACGCGGGCGTGCCCGAGGACCACCCGCAGCTGGTGAAGGCCTCGGACTGGATGCTCGGCGAA
CAGATCGTGCGCCCCGGCGACTGGTCGGTGAAGCGCCCCGGACTCCCGCCLCGGCGGLCTGGGL
GTTCGAGTTCCACAACGACAACTACCCCGACATCGACGACACCGCCGAGGTGGTCCTCGCCC
TGCGCCGGGTCAGGCACCACGACCCGGAACGGGTGGAGAAGGCGATCGGGCGCGGGGETGLGC
TGGAACCTCGGCATGCAGTCGAAGAACGGCGCCTGGGGCGCCTTCGACGTCGACAACACCAG
CGCCTTCCCCAACCGGCTGCCGTTCTGCGACTTCGGCGAGGTCATCGACCCGCCGTCCGLGG
ACGTCACCGCGCACGTCGTCGAGATGCTCGCCGTCGAGGGCCTCGCCCACGACCCGCGCACC
CGCCGCGGCATCCAGTGGCTGCTCGACGCCCAGGAGACGGACGGTTCGTGGTTCGGCCGCTG
GGGCGTCAACTACGTCTACGGCACCGGTTCCGTGATCCCCGCGCTGACCGCGGCCGGACTGC
CCACCTCGCACCCGGCCATCCGCCGGGCGGTGCGCTGGCTGGAGTCCGTCCAGAACGAGGAC
GGCGGCTGGGGCGAGGACCTGCGCTCCTACCGCTACGTCCGGGAGTGGAGCGGCCGGGGLGL
CTCGACCGCCTCGCAGACCGGCTGGGCGCTGATGGCCCTGCTGGCGGCAGGGGAGCGGGACT
CCAAAGCCGTGGAGCGCGGCGTCGCATGGCTCGCGGCCACCCAGCGGGAGGACGGCTCCTGEG
GACGAGCCCTACTTCACGGGCACCGGCTTCCCGTGGGACTTCTCCATCAACTACAACCTCTA
CCGCCAGGTCTTCCCGCTCACCGCTCTCGGCCGGTACGTCCACGGGGAGCCCTTCGCCAAGA
AGCCCCGCGCGGCCGACGCCCCCGCCGAAGCCGLCCCCGGCCGAGGTGAAGGGCAGCTGA

2.14SfuSHC1

2.14.1Amino acid sequence

MRRLDTFPPEIPTGSRDKPPSGEEHSCSTPAEPLRSRLDEGILRAVDWLVCDQHPDGFWAGM
LOSNSCMEAEWVLAMHFLGIDDDPKYDGVIRAILGEQRADGSWGVEFHKAPNGDINTTVECYA
ALRASGLAPESAPLSSAREWILAGGGLANIRNFTKYWLALTIGEWPWEGTPTIPPELIFFPPR
MPLNIYHFASWARSTIVPLSILSARRPVRPLPEDRRLDELFPQGRSAFDFRLPRKDGWLSWE
GFFHVCDRILRLYARTRRAPFRETAIRVCLEWITIRROETDGAWSGIQPPWIYALLALHAEGY
GLDHPILRAGLRAFDSHWSYERDGGIYLQASESPVWDTVLSLRALADCGEERKASVSIASAL
EWLLNRQISVPGDWAVRVPSVPCGGWAFQRANSFYPDVDDTAVAIEVLARLRPFTANQSAVD
RATRSARDWVLAMQOCSNGGWAAFDRDNDEFKLVTKIPFCDFGELLDPPSVDVTAHVIEALAAL
GWDMTSREIEAAVSFIRREQEAEGSWEFGRWGVNHIYGTATVLPALRATIGEDMSSAYVLRAAD
WLASRONADGGWGETPASYMDDSLRGVGESTASQTAWAIMGLVAVGSGAHDDTVRRGIDFLL
FAQHGGTWEEPQYTGTGFPGYSVGERIRLRDMGASLKOQGTELQRAFMINYNLYRHYFPLMAL
GRARYHLQLRRSAREGGNGETTPNGSAL

2.14.2DNA sequence (E. coli codon optimized)

ATGCGTCGCCTGGATACCTTTCCTCCGGAAATTCCGACCGGTAGCCGTGATAAACCTCCGAG
CGGTGAAGAACATAGCTGTAGCACACCGGCAGAACCGCTGCGTAGCCGTCTGGATGAAGGTA
TTCTGCGTGCAGTTGATTGGCTGGTTTGTGATCAGCATCCGGATGGTTTTTGGGCAGGTATG
CTGCAGAGCAATAGCTGTATGGAAGCAGAATGGGTTCTGGCAATGCATTTTCTGGGTATTGA
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TGATGATCCGAAATATGATGGTGTGATTCGTGCAATTCTGGGTGAACAGCGTGCAGATGGTA
GCTGGGGTGTTTTTCATAAAGCACCGAATGGCGATATTAATACCACCGTTGAATGCTATGCA
GCACTGCGTGCAAGCGGTCTGGCACCGGAAAGCGCACCGCTGAGCAGCGCACGTGAATGGAT
TCTGGCAGGCGGTGGTCTGGCAAATATTCGTAATTTTACCAAATATTGGCTGGCCCTGATTG
GTGAATGGCCGTGGGAAGGCACCCCGACCATTCCTCCGGAACTGATTTTTTTTCCTCCGCGT
ATGCCGCTGAATATTTATCATTTTGCAAGCTGGGCACGTAGCACCATTGTTCCGCTGAGCAT
TCTGAGCGCACGTCGTCCGGTTCGTCCGCTGCCGGAAGATCGTCGTCTGGATGAACTGTTTC
CGCAGGGTCGTAGCGCATTTGATTTTCGTCTGCCTCGTAAAGATGGTTGGCTGAGCTGGGAA
GGTTTTTTTCATGTTTGTGATCGTATTCTGCGTCTGTATGCACGTACCCGTCGTGCACCGTT
TCGTGAAACCGCAATTCGTGTTTGTCTGGAATGGATTATTCGTCGTCAGGAAACCGACGGAG
CCTGGTCAGGTATTCAGCCTCCGTGGATTTATGCACTGCTGGCACTGCATGCCGAAGGTTAT
GGTCTGGATCATCCGATTCTGCGTGCCGGTCTGCGTGCCTTTGATAGCCATTGGAGCTATGA
ACGTGATGGTGGTATTTATCTGCAGGCAAGCGAAAGTCCGGTTTGGGATACCGTTCTGAGCC
TGCGTGCACTGGCAGATTGTGGTGAAGAACGTAAAGCAAGCGTTAGCATTGCAAGCGCACTG
GAATGGCTGCTGAATCGTCAGATTAGCGTTCCGGGTGATTGGGCAGTTCGTGTTCCGAGCGT
TCCGTGTGGTGGTTGGGCATTTCAGCGTGCAAATAGCTTTTATCCGGATGTTGATGATACCG
CAGTTGCAATTGAAGTTCTGGCACGTCTGCGTCCGTTTACCGCAAATCAGAGCGCAGTTGAT
CGTGCAATTCGTAGCGCACGTGATTGGGTGCTGGCCATGCAGTGTAGCAATGGTGGCTGGGC
AGCATTTGATCGTGATAATGATTTTAAACTGGTGACCAAAATTCCGTTTTGCGATTTTGGTG
AACTGCTGGACCCTCCGAGCGTTGATGTTACCGCACATGTTATTGAAGCACTGGCAGCACTG
GGTTGGGATATGACCAGCCGTGAAATTGAAGCAGCAGTTAGCTTTATTCGTCGTGAACAGGA
AGCAGAAGGTAGCTGGTTTGGTCGTTGGGGTGTTAATCATATTTATGGCACCGCAACCGTTC
TGCCTGCACTGCGTGCCATTGGTGAAGATATGAGCAGCGCCTATGTTCTGCGTGCGGCAGAT
TGGCTGGCAAGCCGTCAGAATGCAGATGGCGGTTGGGGTGAAACACCGGCAAGCTATATGGA
TGATAGCCTGCGTGGTGTTGGTGAAAGCACCGCAAGCCAGACCGCATGGGCAATTATGGGTC
TGGTTGCAGTTGGTAGCGGTGCACATGATGATACCGTTCGTCGTGGTATTGATTTTCTGCTG
TTTGCACAGCATGGTGGCACCTGGGAAGAACCGCAGTATACCGGCACCGGTTTTCCGGGTTA
TAGCGTTGGTGAACGTATTCGTCTGCGTGATATGGGTGCAAGCCTGAAACAGGGCACCGAAC
TGCAGCGTGCATTTATGATTAATTATAATCTGTATCGCCATTATTTTCCGCTGATGGCACTG
GGTCGTGCACGTTATCATCTGCAGCTGCGTCGTAGTGCACGTGAAGGTGGTAATGGTGAAAC
CACCCCGAATGGTAGCGCACTG

2.15SfuSHC2

2.15.1Amino acid sequence

MNPIRGKRGSAADFLEEEYQWENLADHGESGRTPGGGHPAALKEYEAGSATEHTGHHCVHHL
GVRNSWLRKIEKATIDNACGQLFKTQYEDGYWWSELESNVTITSEYIMLLYLLEVSRPEQQKS
MVKYLLNQORPDGSWGLYYGDGGNLSTTIEAYFALKLAGEHCESEPMRRAREFILSKGGIES
ARVFTKIWLALEFSQYDWDKVPSMPVELVLLPSSLYFNIYEFSSWARGTVVPLSIVMSIRPRC
PLPAKCSIKELYVPGSKHKNFASCTHKLFFLEFDRIAKAFERRPVPSLRNKAVOAAETWVLDH
QEDSGDWGGIQPPMVYSVLALYYLGYPLDHEVIVKGIKALDAFCMEDEEGTRMQSCVSPVWD
TALTVLSMLDAGVAAEHPGLEKAGRWLLENQVLTGGDWQIKNDSLPGGWAFEFYNTRYPDVD
DSAVVLSTLNREFNAERVEGLEFAKCRGMEWCLSMQSSNGGWAAFDKDNTLEILNRIPFADQE
AMVDYPTADVTGRVLEAMGYLGYDGSHPRARKAIQFLKKROQERDGCWWGRWGVNYIYGTWSV
LKGLISTGEDPRAAYTIRAAVRWVKDHONSDGGWGETCESYENPELRGQGPSTPSQTAWALMS
LIACGEMKSQEASRGIQYLLRTOQKRDGTWEELHFTGTGFPKHEFYTIRYHNYRNCEFPLMALGQY
LRALER
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2.15.2DNA sequence

ATGAATCCAATCAGGGGCAAGAGAGGAAGCGCGGCGGATTTCCTCGAAGAAGAGTATCAGTG
GGAGAATCTTGCTGACCATGGCGAATCGGGGCGCACTCCCGGAGGCGGTCATCCGGCCGCGT
TGAAGGAGTACGAGGCCGGGAGCGCAACGGAGCACACCGGTCATCACTGCGTTCATCATCTG
GGGGTGCGGAATTCATGGTTGCGAAAGATCGAGAAGGCCATCGACAATGCGTGCGGTCAGCT
TTTCAAGACTCAATATGAAGACGGGTACTGGTGGTCGGAACTGGAATCGAACGTCACGATCA
CCAGCGAGTACATCATGCTGCTCTACCTTCTGGAGGTGAGCAGGCCCGAGCAGCAGAAAAGC
ATGGTGAAATACCTGCTCAATCAACAGCGGCCCGACGGTTCGTGGGGATTGTACTACGGAGA
CGGCGGGAATTTGAGCACCACGATCGAGGCCTATTTCGCGCTCAAGCTTGCGGGTGAGCACT
GCGAGTCGGAGCCGATGAGGAGGGCCCGCGAATTTATTCTGTCCAAGGGCGGCATCGAGTCG
GCGCGGGTATTCACGAAGATCTGGCTGGCGCTTTTTTCTCAGTACGACTGGGACAAGGTGCC
GTCCATGCCCGTCGAGCTGGTGTTGCTCCCAAGCAGTCTGTATTTCAATATTTATGAGTTTT
CGAGCTGGGCCAGAGGCACGGTGGTTCCGTTGTCCATTGTGATGTCCATCCGGCCGCGTTGT
CCGTTGCCCGCAAAGTGTTCGATCAAGGAGCTCTACGTCCCGGGCAGCAAGCACAAGAATTT
CGCATCGTGCACGCACAAGCTGTTTTTTCTTTTCGACCGTATTGCGAAGGCGTTTGAGCGGC
GCCCGGTTCCTTCCTTGCGGAACAAGGCGGTGCAGGCGGCGGAGACCTGGGTTTTGGATCAC
CAGGAGGACAGCGGAGATTGGGGCGGGATACAGCCGCCGATGGTCTACTCTGTCCTGGCGCT
GTACTACCTGGGGTACCCGCTGGATCACGAGGTCATCGTCAAGGGAATAAAGGCGCTTGACG
CCTTCTGCATGGAAGACGAGGAGGGAACGCGGATGCAGTCCTGTGTTTCTCCCGTCTGGGAC
ACGGCCCTCACCGTTCTGTCCATGCTCGACGCAGGCGTCGCTGCGGAACACCCCGGCCTGGA
AAAAGCGGGAAGGTGGCTTTTGGAGAACCAGGTTCTGACGGGTGGAGACTGGCAGATCAAGA
ACGATAGTCTTCCGGGCGGATGGGCGTTCGAATTCTACAACACCCGCTATCCCGACGTGGAT
GATTCCGCGGTTGTGCTGAGCACTCTGAACCGCTTCAATGCGGAGCGGGTCGAAGGGCTGGA
ATTCGCCAAGTGCAGGGGCATGGAATGGTGCCTCAGCATGCAGAGCTCCAATGGAGGATGGG
CCGCCTTCGACAAGGACAATACTCTCGAGATCCTCAATCGCATTCCTTTTGCCGACCAGGAA
GCGATGGTTGATTACCCCACCGCCGATGTTACAGGCCGGGTGCTCGAAGCCATGGGATATCT
CGGATACGACGGTTCACACCCGCGGGCGCGAAAGGCAATCCAATTCCTGAAGAAGCGCCAGG
AACGCGACGGTTGCTGGTGGGGACGCTGGGGCGTCAACTACATCTACGGCACTTGGTCCGTC
CTCAAGGGGCTGATATCCATCGGCGAGGACCCCAGGGCGGCTTACATCAGGGCGGCTGTGCG
CTGGGTGAAGGATCACCAGAATTCGGACGGCGGGTGGGGAGAGACCTGTGAGAGTTACGAGA
ACCCTGAACTGCGCGGTCAGGGGCCGAGCACTCCCTCCCAGACCGCCTGGGCCCTGATGTCG
CTGATCGCCTGCGGGGAAATGAAATCTCAGGAAGCCAGCCGCGGGATTCAGTATCTGCTCAG
AACGCAGAAACGGGACGGCACTTGGGAGGAACTCCATTTTACGGGAACGGGCTTTCCCAAGC
ACTTCTACATCCGCTACCACAATTATCGGAATTGTTTCCCCCTGATGGCTCTGGGGCAGTAT
CTGCGGGCTCTTGAGCGGTAA

2.165scSHC

2.16.1Amino acid sequence

MTATTDGSTGALPPRAPSASDTDHGTPVAAGVOQEAALHAVGRATDFLLSRODAQGWWKGDLE
TNVTMDAEDLLLRQFLGIRDDATTRAAALFIRGEQRPDGTWATFYGGPPDLSATVEAYVALR
LAGDDPAAPHMAKASAWIRARGGIAAARVFTRIWLALFGWWKWDDLPEMPPEIVYFPTWMPL
NIYDFGCWARQTIVPLTVVSAKRPVRPAPFPLDELHTDPGRPNPPRPLDRLGSWEGAFQRLD
RALHGYHKVALKRLRRAAMNRAARWIVERQENDGCWGGIQPPAVYSVIALHLLGYDLGHPVM
RAGLESLDRFAVWREDGARMIEACQSPVWDTCLATIALADAGLPPDHPOLVKAADWMLGEE T
VRPGDWSVKRPOLPPGGWAFEFHNDNYPDIDDTAEVVLALRRVRHPDPERVERAVRRGVRWT
LGMQSGNGAWAAFDADNTSPFPNRLPFCDFGEVIDPPSADVTAHVVEMLAAEGLSHDPRTRR
GIEWLLAEQEPGGAWEFGRWGVNYVYGTGSVVPALVTAGLPAAHPATRRAVAWLETVQONDDGG
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WGEDLRSYPDPAEWGGKGASTASQTAWALLALLAAGERDGKATERGVAWLARTQREDGSWDE
PYFTGTGFPWDEFSINYHLYRQVFPLTALGRYVHGEPAVLKPGTR

2.16.2DNA sequence (E. coli codon optimized)

ATGACCGCAACTACCGACGGCTCGACCGGCGCACTGCCACCACGTGCCCCGAGCGCGAGLCGA
TACCGACCACGGTACGCCGGTTGCAGCAGGTGTGCAGGAAGCAGCATTGCACGCGGTTGGTC
GTGCAACCGACTTCCTGCTGAGCCGCCAAGACGCCCAAGGCTGGTGGAAAGGTGACCTGGAA
ACCAACGTTACTATGGACGCAGAGGACCTGCTGCTGCGCCAGTTCCTGGGCATCCGTGATGA
CGCTACGACCCGTGCGGCTGCATTGTTTATCCGTGGTGAACAGCGTCCGGATGGCACGTGGG
CAACCTTTTATGGCGGTCCGCCGGATCTGAGCGCAACCGTGGAGGCCTATGTCGCGCTGCGT
TTGGCGGGTGACGATCCGGCTGCTCCTCACATGGCGAAAGCTAGCGCTTGGATTCGCGCACG
CGGTGGTATCGCTGCCGCTCGCGTGTTTACCCGTATCTGGTTGGCGCTGTTCGGTTGGTGGA
AATGGGACGACCTGCCGGAGATGCCTCCGGAAATTGTTTACTTTCCGACTTGGATGCCGCTG
AATATCTATGACTTTGGCTGTTGGGCACGCCAGACTATTGTCCCGCTGACGGTTGTGTCTGC
GAAACGCCCGGTCCGTCCTGCCCCGTTCCCGCTGGACGAACTGCACACCGATCCGGGTCGTC
CGAACCCACCGCGTCCGCTGGATCGTTTGGGTTCGTGGGAAGGTGCGTTCCAACGTCTGGAT
CGCGCACTGCATGGTTACCATAAGGTCGCTCTGAAACGTCTGCGTCGTGCGGCCATGAATCG
TGCGGCACGTTGGATTGTTGAGCGCCAGGAGAACGACGGCTGCTGGGGTGGCATCCAGCCGC
CAGCGGTTTACAGCGTGATTGCACTGCACCTGCTGGGTTATGATCTGGGCCACCCGGTTATG
CGTGCGGGTTTGGAGTCCCTGGACCGCTTCGCCGTGTGGCGTGAAGATGGTGCGCGTATGAT
TGAGGCGTGCCAGAGCCCGGTGTGGGACACCTGTCTGGCCACGATCGCTCTGGCGGACGCCG
GTTTGCCGCCAGACCACCCGCAACTGGTGAAGGCTGCGGATTGGATGCTGGGTGAAGAGATC
GTCCGTCCGGGCGATTGGAGCGTGAAACGTCCGCAGCTGCCACCGGGTGGTTGGGCCTTCGA
ATTCCACAACGATAACTACCCGGATATTGATGATACCGCGGAAGTCGTGCTGGCCTTGCGCC
GTGTTCGTCATCCAGACCCGGAACGTGTCGAGCGTGCGGTGCGTCGTGGTGTGCGCTGGACC
CTGGGTATGCAAAGCGGCAACGGTGCTTGGGCAGCGTTCGACGCTGACAATACCTCTCCGTT
TCCGAACCGTCTGCCGTTCTGCGATTTTGGCGAGGTCATTGATCCGCCATCCGCAGATGTCA
CCGCCCATGTCGTTGAGATGTTGGCGGCAGAAGGCCTGAGCCACGATCCGCGTACTCGTCGC
GGCATTGAGTGGCTGCTGGCGGAGCAAGAACCTGGTGGTGCGTGGTTCGGCCGCTGGGGETGT
GAATTATGTGTACGGTACCGGTTCCGTTGTTCCGGCACTGGTGACCGCTGGCCTGCCAGCAG
CGCATCCGGCCATTCGTCGCGCCGTGGCTTGGTTGGAAACGGTCCAAAATGACGACGGCGGT
TGGGGCGAGGATCTGCGCAGCTACCCTGACCCGGCAGAATGGGGTGGTAAGGGTGCCAGCACL
CGCGAGCCAGACGGCTTGGGCACTGCTGGCCCTGCTGGCCGCAGGCGAGCGCGATGGCAAGG
CAACGGAGCGCGGTGTCGCGTGGCTGGCGCGTACGCAACGCGAGGACGGCAGCTGGGACGAG
CCGTACTTTACCGGTACGGGTTTTCCTTGGGATTTCAGCATCAATTATCACCTGTACCGCCA
GGTCTTTCCGCTGACCGCGCTGGGCCGTTACGTTCATGGTGAGCCGGCAGTTTTGAAGCCGG
GCACGCGTTAA

2.175svSHC

2.17.1Amino acid sequence

MHEGEAMTATTDGSTGALPPRAAAASETHLDTPVAAGIQEAAVRAVQRATEHLLARQDAEGW
WKGDLETNVTMDAEDLLLRQFLGIRDESTTRAAAKFIRGEQREDGTWAGEFYGGPGELSTTVE
AYVALRLDGDAPDAPHMAKASAWIRAQGGIAAARVFTRIWLALFGWWKWEDLPELPPELIYF
PKWAPLNIYDFGCWARQTIVPLTIVSAKRPVRPAPFPLDELHADPADPNPAKPLAPVASWDG
AFOQRLDKAMHQLRKVAPRRLRRAAMNSAARWI IERQENDGCWGGIQPPAVYSVIALHLLGYD
LOHPVMRAGLESLDRFAIWREDGSRMIEACQSPVWDTCLATIALVDAGVPADHPOLVKAADW
MLGEEIVRPGDWSVKRPQLPPGGWAFEFHNDNYPDIDDTAEVVLALRRVRHHDPDRVENATIG
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RGVRWNLGMOSKNGAWGAFDVDNTSPEFPNRLPFCDEGEVIDPPSADVTAHVVEMLAVEGLSH
DPRTRRGIEWLLAEQEPDGSWEGRWGVNYIYGTGSVVPALTAAGLPASHPATIRRAVAWLEKV
ONDDGGWGEDLRSYKYVKEWSGRGASTASQTAWALMALLAAGERDSKAVERGVEWLASTQRA
DGSWDEPYFTGTGFPWDESINYHLYRQVEFPLTALGRYVHGEPEFSRTEAL

2.17.2DNA sequence (E. coli codon optimized)

ATGCACGAGGGCGAAGCGATGACGGCAACCACGGACGGCAGCACCGGCGCTTTGCCGLCCTCG
CGCAGCAGCGGCGAGCGAAACCCACCTGGACACCCCGGTCGCAGCAGGTATTCAGGAAGCAG
CGGTTCGTGCGGTTCAGCGCGCGACCGAACACTTGCTGGCACGTCAGGACGCGGAAGGTTGG
TGGAAGGGCGACCTGGAAACGAATGTGACGATGGATGCGGAAGATCTGCTGCTGCGTCAGTT
CCTGGGTATTCGCGACGAGTCCACCACGCGTGCGGCAGCGAAGTTCATCCGTGGTGAACAGC
GTGAAGATGGTACGTGGGCTGGCTTCTACGGCGGTCCGGGTGAACTGTCCACCACTGTGGAG
GCGTACGTTGCCCTGCGCCTGGACGGTGATGCCCCGGACGCACCGCACATGGCCAAGGCAAG
CGCGTGGATTCGCGCTCAAGGTGGCATCGCGGCAGCACGCGTCTTTACCCGCATTTGGCTGG
CGCTGTTTGGCTGGTGGAAATGGGAGGATCTGCCGGAACTGCCACCGGAGCTGATCTACTTC
CCAAAATGGGCACCGTTGAACATCTATGATTTCGGTTGTTGGGCTCGCCAAACGATCGTGCC
GCTGACCATCGTCAGCGCAAAACGCCCGGTTCGCCCAGCGCCGTTTCCGTTGGACGAGCTGC
ACGCGGACCCAGCAGACCCGAATCCGGCAAAACCGCTGGCACCGGTGGCAAGCTGGGACGGT
GCCTTCCAGCGTCTGGACAAGGCAATGCACCAACTGCGCAAAGTAGCTCCGCGTCGTCTGCG
TCGTGCCGCCATGAATTCCGCTGCGCGTTGGATTATCGAACGCCAAGAGAATGACGGCTGCT
GGGGCGGTATCCAGCCTCCGGCCGTTTACTCCGTTATTGCGCTGCATCTGCTGGGCTATGAC
TTGCAACATCCGGTGATGCGTGCGGGCTTGGAGAGCCTGGATCGTTTCGCGATTTGGCGCGA
AGATGGCAGCCGTATGATTGAGGCGTGTCAGTCTCCGGTCTGGGATACGTGCCTGGCCACGA
TCGCGTTGGTTGACGCGGGTGTGCCGGCAGACCATCCGCAGCTGGTCAAAGCGGCAGACTGG
ATGCTGGGCGAGGAGATCGTCCGTCCGGGCGATTGGTCTGTCAAACGTCCGCAACTGCCGCC
TGGTGGCTGGGCGTTTGAGTTTCATAATGATAACTACCCGGATATCGATGACACCGCTGAGG
TTGTTTTGGCCCTGCGTCGCGTCCGCCACCATGATCCGGACCGTGTCGAGAATGCAATTGGT
CGCGGCGTTCGCTGGAACCTGGGCATGCAATCGAAGAATGGTGCATGGGGTGCGTTCGACGT
AGACAACACGAGCCCGTTCCCGAACCGTCTGCCGTTTTGCGATTTCGGTGAGGTGATTGATC
CGCCGAGCGCGGACGTCACCGCACACGTCGTCGAGATGCTGGCGGTGGAAGGTCTGAGCCAT
GACCCACGCACCCGTCGCGGCATTGAGTGGCTGCTGGCGGAGCAAGAGCCGGACGGTAGCTG
GTTTGGTCGTTGGGGTGTTAACTATATCTATGGTACGGGTTCCGTGGTGCCGGCTCTGACTG
CCGCTGGCCTGCCGGCGAGCCACCCAGCCATCCGCCGTGCAGTGGCATGGCTGGAGAAGGTT
CAGAACGATGACGGTGGTTGGGGTGAGGACCTGCGTAGCTACAAATACGTTAAGGAGTGGAG
CGGCCGTGGCGCTAGCACCGCCTCTCAAACCGCTTGGGCGCTGATGGCGCTGCTGGCAGCGG
GCGAGCGTGATAGCAAGGCGGTCGAGCGTGGTGTGGAATGGCTGGCGAGCACCCAACGLCGLC
GATGGCAGCTGGGATGAGCCATACTTTACCGGCACCGGTTTTCCGTGGGATTTCAGCATTAA
CTACCACTTGTATCGTCAGGTGTTCCCGCTGACGGCGTTGGGCCGTTATGTTCACGGTGAAC
CGTTTAGCCGTACTGAAGCACTGTAA

2.18SthSHC

2.18.1Amino acid sequence

MDPALSRAVDWLLEHQDPAGWWCGEFETNVTITAEHILLLRFLGLDPSPLRDAVTRYLLGQQ
REDGSWALYYEGPADLSTSTIEAYAALKVLGLDPTSEPMRRALQVIHDLGGVAQARVETRIWL
AMFGQYPWDGVPSMPPELIWLPPSAPENLYDFACWARATITPLLITILARRPVRPLGCDLGEL
VLPGSEHLLTRVPGSGPFWWGDKVLKRYDHLVRHPGRDRACQRIVEWITARQEADGSWGGIQ
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SAWVMSLIALHLEGLPLDHPVMRAGLAGFDRVALEDERGWRLQASTSPVWDTAWAVLALRRA
GLPREHPRLALAVDWLLOEQIPGGGDWQVRTGTIPGGGWAFEFDNDHYPDIDDTAVVVLALL
EAGHEDRVRNAVERAARWILAMRSTDGGWGAFDRDNAREVIHRLPIADFGTLIDPPSEDVTA
HVLEMLARLSFPSTDPVVARGLEFLOQTORPDGAWEFGRWGVNY IYGTWCAVSALTAFADTDA
TARAMVPRAVAWLLDRONADGGWGETCGSYEDPNLAGVGRSTPSQTAWAVLALQAAGLGQHP
ACRRGLDFLRERQVGGTWEEREHTGTGFPGDFFINYHLYRHVFPTMALAGAATGMDSPR

2.18.2DNA sequence (E. coli codon optimized)

ATGGACCCTGCACTCTCACGCGCCGTCGATTGGCTGCTGGAACACCAGGACCCAGCGGGTTG
GTGGTGCGGTGAATTTGAAACGAACGTGACCATTACCGCAGAACATATTCTGCTGCTGCGTT
TTCTGGGCCTGGACCCAAGCCCGCTGCGTGATGCGGTGACCCGCTACCTGCTGGGCCAGCAG
CGCGAGGATGGTAGCTGGGCACTGTACTACGAGGGTCCGGCTGACCTGTCTACTAGCATCGA
AGCGTACGCCGCGTTGAAAGTGCTGGGTCTGGACCCGACCAGCGAGCCGATGCGTCGTGCGT
TGCAAGTTATTCATGACCTGGGTGGTGTTGCCCAGGCCCGTGTGTTCACCCGCATTTGGCTG
GCAATGTTTGGCCAATATCCGTGGGACGGTGTACCGAGCATGCCGCCTGAACTGATCTGGTT
GCCGCCGAGCGCACCGTTCAACCTGTACGACTTCGCGTGTTGGGCACGTGCGACCATTACTC
CGCTGCTGATTATCCTGGCGCGTCGTCCAGTCCGTCCGCTGGGCTGTGACTTGGGTGAGCTG
GTTCTGCCGGGTAGCGAGCACCTGTTGACCCGTGTGCCGGGTTCCGGTCCTTTCTGGTGGGG
CGATAAGGTTCTGAAACGTTATGATCATCTGGTCCGTCACCCGGGTCGTGACCGTGCATGTC
AGCGCATTGTGGAGTGGATCATCGCGCGTCAAGAAGCCGACGGTTCTTGGGGTGGCATCCAA
AGCGCTTGGGTTATGAGCCTGATTGCCCTGCACCTGGAAGGTCTGCCGTTGGATCACCCGGT
CATGCGTGCCGGCCTGGCCGGTTTCGACCGTGTCGCGCTGGAGGACGAGCGCGGLCTGGLCGLC
TGCAAGCTAGCACGAGCCCTGTGTGGGATACCGCGTGGGCAGTCCTGGCGCTGCGCCGTGCG
GGTCTGCCGCGTGAGCACCCGCGCTTGGCCCTGGCGGTCGACTGGCTGTTGCAAGAACAGAT
CCCGGGTGGTGGCGACTGGCAGGTCCGTACGGGTACCATTCCTGGTGGCGGCTGGGCATTCG
AGTTCGATAATGACCATTATCCGGACATCGACGATACCGCGGTTGTTGTTCTGGCGTTGCTG
GAGGCGGGTCATGAGGATCGCGTCCGCAACGCGGTTGAGCGTGCAGCTCGCTGGATTCTGGC
AATGCGCTCGACCGATGGCGGTTGGGGTGCCTTCGACCGCGATAATGCCCGCGAGGTCATCC
ACCGCCTGCCGATCGCCGATTTTGGTACGCTGATCGATCCGCCGTCCGAGGATGTGACCGCG
CACGTCCTGGAGATGCTGGCTCGTCTGTCTTTCCCGAGCACGGACCCGGTTGTGGCGCGTGG
TCTGGAATTCTTGCAGCAAACGCAGCGTCCGGATGGTGCCTGGTTCGGCCGTTGGGGCGTGA
ACTACATTTATGGCACCTGGTGCGCGGTGTCCGCGCTGACGGCATTTGCCGATACGGACGCT
ACGGCTCGCGCGATGGTGCCGCGTGCGGTTGCGTGGCTGTTGGACCGTCAGAATGCAGATGG
TGGCTGGGGTGAAACCTGCGGCAGCTACGAGGACCCGAACCTGGCGGGETGTTGGCCGCAGCA
CCCCGAGCCAAACTGCATGGGCGGTTCTGGCTCTGCAAGCCGCAGGCCTGGGTCAGCACCCG
GCGTGCCGTCGTGGCCTGGATTTTCTGCGCGAGCGTCAAGTGGGCGGTACGTGGGAAGAACG
TGAACATACCGGCACCGGTTTTCCGGGCGATTTCTTTATCAATTATCATTTGTATCGTCACG
TGTTTCCGACCATGGCGTTGGCAGGTGCGGCAACGGGCATGGACAGCCCGCGTTAA

2.195viSHC

2.19.1Amino acid sequence

MTDVLTRELSPNSTRDRVRSCVSSARQYLLSLOHEEGWWKGELDTNVTMEAEDLLLRQFLGT
SDEQVTQETARWIRSCOREDGTWATFHGGPPDLSTTVEAYVALRLAGDAMDAAHLRKAREY T
LDSGGIESTRVFTRIWLALFGEWPWSRLPVLPPEMMLLPDWEFPLNIYDWASWARQTVVPLTI
VGSLRPTRDLGEFSVRELRTGIQRRDLESPLSWAGVFHGLDSVLHRLEKLPLKPLRKVALARA
EQWILDROESDGGWGGIQPPWVYSILALHLRGYPLDHPVLRKALDGLDGFTIRHRTENGWIR
KLEACQSPVWDTALAMTALLDSGTPPNDPALVRAADWILRQETRVSGDWRVRRPALEPSGWA
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FEFANDHYPDTDDTAEVVLGLORVRHPEPHRVNAAVERATAWLVGMQSSDGGWGAFDADNTR
TLCEKLPFCDEFGAVIDPPSADVTAHIVEMLAARGMADSESARRGVRWLLEHQEVDGSWEGRW
GANHVYGTGAVVPALVACGISPQHEAVRAAVOWLVAHONADGGWGEDLRSYVDRTWVGRGTS
TPSQTAWALLALLAAGERGEVVRRGVEWLMAAQRPDGGWDEPQYTGTGEFPGDEFYISYHMYRI
VEFPLTALGRYLGRGGDVGTG

2.19.2DNA sequence (E. coli codon optimized)

ATGACTGACGTACTGACCCGCGAACTGAGCCCGAACAGCACCCGTGACCGCGTTCGTAGCTG
TGTGAGCTCCGCGCGTCAGTACCTGCTGTCTCTGCAACATGAAGAGGGTTGGTGGAAAGGTG
AGCTGGATACCAATGTGACCATGGAGGCGGAGGATCTGCTGCTGCGTCAGTTCCTGGGCATC
AGCGACGAGCAGGTTACCCAGGAAACGGCTCGTTGGATTCGTTCGTGCCAACGTGAGGATGG
CACCTGGGCAACGTTTCACGGTGGTCCGCCGGACCTGAGCACGACCGTCGAAGCCTATGTTG
CGTTGCGTCTGGCCGGTGATGCAATGGACGCGGCACATCTGCGTAAAGCGCGTGAATACATT
CTGGACAGCGGTGGTATCGAAAGCACGCGTGTTTTCACCCGCATTTGGCTGGCGTTGTTCGG
TGAATGGCCGTGGAGCCGTCTGCCGGTCCTGCCACCGGAGATGATGCTGTTGCCGGATTGGT
TTCCGTTGAACATCTACGACTGGGCGTCCTGGGCGCGTCAAACGGTCGTTCCTCTGACGATT
GTAGGCAGCCTGCGTCCGACCCGTGATCTGGGCTTCTCCGTGCGTGAGCTGCGTACGGGTAT
TCAGCGCCGTGACCTGGAAAGCCCTCTGAGCTGGGCCGGTGTCTTTCACGGTCTGGACTCCG
TGCTGCATCGTCTGGAGAAACTGCCGCTGAAGCCGCTGCGTAAGGTTGCCCTGGCCCGTGCA
GAGCAATGGATTCTGGACCGCCAGGAGTCTGACGGTGGTTGGGGTGGTATCCAACCGCCGTG
GGTTTACTCTATCTTGGCACTGCACCTGCGTGGTTATCCGTTGGACCATCCGGTTCTGCGCA
AAGCGCTGGATGGCCTGGACGGTTTCACCATCCGTCATCGTACTGAAAACGGCTGGATTCGC
AAGCTGGAAGCGTGCCAGAGCCCGGTGTGGGACACCGCGCTGGCGATGACCGCACTGTTGGA
TAGCGGTACCCCGCCAAACGACCCGGCGTTGGTGCGCGCTGCGGATTGGATCTTGCGTCAAG
AAATCCGTGTCAGCGGCGATTGGCGCGTCCGTCGCCCTGCGCTGGAACCGAGCGGTTGGGCC
TTCGAGTTTGCCAATGACCACTACCCGGATACCGATGACACGGCAGAAGTTGTGCTGGGTCT
GCAACGCGTTCGTCACCCGGAGCCGCACCGTGTGAACGCTGCCGTCGAACGTGCAACGGCGT
GGCTGGTCGGCATGCAGTCGAGCGATGGTGGCTGGGGCGCTTTTGATGCAGACAATACCCGC
ACCCTGTGTGAAAAGCTGCCGTTCTGTGACTTCGGCGCAGTTATTGACCCGCCGAGCGCGGA
TGTCACCGCGCACATTGTTGAGATGCTGGCAGCCCGTGGCATGGCGGACTCTGAGAGCGCGC
GTCGCGGCGTCCGTTGGCTGCTGGAGCACCAAGAGGTCGATGGTAGCTGGTTTGGCCGTTGG
GGTGCGAATCACGTCTACGGTACTGGTGCGGTTGTGCCAGCGTTGGTCGCGTGCGGTATTTC
GCCGCAGCATGAGGCTGTGCGTGCAGCTGTGCAGTGGCTGGTGGCACACCAAAATGCGGACG
GCGGCTGGGGTGAGGACCTGCGCAGCTACGTTGATCGCACCTGGGTGGGTCGCGGTACGAGC
ACGCCGAGCCAGACCGCATGGGCCCTGCTGGCGCTGCTGGCGGLCTGGCGAACGCGGCGAGGT
GGTTCGTCGCGGTGTGGAGTGGCTGATGGCCGCACAGCGCCCAGATGGCGGTTGGGACGAGC
CGCAATATACGGGTACCGGCTTTCCGGGCGATTTCTATATCAGCTACCACATGTATCGCATC
GTTTTTCCGCTGACGGCACTGGGTCGTTATCTGGGCCGTGGTGGTGATGTGGGTACCGGTTA
A

2.20TelSHC

2.20.1Amino acid sequence

MPTSLATATIDPKQLOQATRASQDEFLESQOYAEGYWWAELESNVTMTAEVILLHKIWGTEQRL
PLAKAEQYLRNHQRDHGGWELFYGDGGDLSTSVEAYMGLRLLGVPETDPALVKARQFILARG
GISKTRIFTKLHLALTIGCYDWRGIPSLPPWIMLLPEGSPFTIYEMSSWARSSTVPLLIVMDR
KPVYGMDPPITLDELYSEGRANVVWELPRQGDWRDVEFIGLDRVFKLFETLNTHPLREQGLKA
AEEWVLERQEASGDWGGI IPAMLNSLLALRALDYAVDDPIVQRGMAAVDRFATETETEYRVQ
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PCVSPVWDTALVMRAMVDSGVAPDHPALVKAGEWLLSKQILDYGDWHIKNKKGRPGGWAFEF
ENRFYPDVDDTAVVVMALHAVTLPNENLKRRATERAVAWIASMOCRPGGWAAFDVDNDQDWL
NGIPYGDLKAMIDPNTADVTARVLEMVGRCQLAFDRVALDRALAYLRNEQEPEGCWEFGRWGV
NYLYGTSGVLTALSLVAPRYDRWRIRRAAEWLMQCONADGGWGETCWSYHDPSLKGKGDSTA
SQTAWAITIGLLAAGDATGDYATEAIERGIAYLLETQRPDGTWHEDYFTGTGFPCHFYLKYHY
YOOHFPLTALGRYARWRNLLAT

2.20.2DNA sequence (E. coli codon optimized)

ATGCCGACCAGCCTGGCAACCGCAATTGATCCGAAACAGCTGCAGCAGGCAATTCGTGCAAG
CCAGGATTTTCTGTTTAGCCAGCAGTATGCCGAAGGTTATTGGTGGGCAGAACTGGAAAGCA
ATGTTACCATGACCGCAGAAGTTATTCTGCTGCATAAAATTTGGGGCACCGAACAGCGTCTG
CCGCTGGCAAAAGCAGAACAGTATCTGCGTAATCATCAGCGTGATCATGGTGGTTGGGAACT
GTTTTATGGTGATGGTGGTGATCTGAGCACCAGCGTTGAAGCATATATGGGTCTGCGTCTGC
TGGGTGTTCCGGAAACCGATCCGGCACTGGTTAAAGCACGTCAGTTTATTCTGGCACGTGGT
GGTATTAGCAAAACCCGTATTTTTACCAAACTGCATCTGGCACTGATTGGTTGTTATGATTG
GCGTGGTATTCCGAGCCTGCCTCCGTGGATTATGCTGCTGCCGGAAGGTAGCCCGTTTACCA
TTTATGAAATGAGCAGCTGGGCACGTAGCAGCACCGTTCCGCTGCTGATTGTTATGGATCGT
AAACCGGTTTATGGTATGGACCCTCCGATTACCCTGGATGAACTGTATAGCGAAGGTCGTGC
AAATGTTGTTTGGGAACTGCCTCGTCAGGGTGATTGGCGTGATGTTTTTATTGGTCTGGATC
GTGTGTTTAAACTGTTTGAAACCCTGAATATTCATCCGCTGCGTGAACAGGGTCTGAAAGCA
GCAGAAGAATGGGTTCTGGAACGTCAAGAAGCATCAGGCGATTGGGGTGGTATTATTCCGGC
AATGCTGAATAGCCTGCTGGCACTGCGTGCACTGGATTATGCAGTTGATGATCCGATTGTTC
AGCGTGGTATGGCAGCAGTTGATCGTTTTGCAATTGAAACCGAAACCGAATATCGTGTTCAG
CCGTGTGTTAGTCCGGTTTGGGATACCGCACTGGTTATGCGTGCAATGGTTGATAGCGGTGT
TGCACCGGATCATCCGGCTCTGGTGAAAGCCGGTGAATGGCTGCTGAGCAAACAAATTCTGG
ATTATGGCGATTGGCATATTAAAAATAAAAAAGGTCGTCCGGGTGGTTGGGCATTTGAATTT
GAAAATCGCTTTTATCCGGATGTGGATGATACCGCAGTTGTTGTTATGGCCCTGCATGCAGT
TACCCTGCCGAATGAAAATCTGAAACGTCGTGCAATTGAACGTGCAGTTGCATGGATTGCAA
GCATGCAGTGCCGTCCTGGTGGCTGGGCAGCATTTGATGTTGATAATGATCAGGATTGGCTG
AATGGTATTCCGTATGGTGATCTGAAAGCAATGATTGATCCGAATACCGCAGATGTTACCGC
ACGTGTTCTGGAAATGGTTGGTCGTTGTCAGCTGGCATTTGATCGTGTTGCACTGGATCGTG
CACTGGCATATCTGCGCAATGAACAAGAACCGGAAGGTTGTTGGTTTGGTCGTTGGGGTGTT
AATTATCTGTATGGCACCAGCGGTGTTCTGACCGCACTGAGCCTGGTTGCACCGCGTTATGA
TCGTTGGCGTATTCGTCGTGCAGCAGAATGGCTGATGCAGTGTCAGAATGCAGACGGTGGCT
GGGGTGAAACCTGTTGGAGCTATCATGATCCGAGCCTGAAAGGTAAAGGTGATAGCACCGCA
AGCCAGACCGCATGGGCAATTATTGGTCTGCTGGCAGCCGGTGATGCAACCGGTGATTATGC
AACCGAAGCCATTGAACGTGGTATTGCATATCTGCTGGAAACCCAGCGTCCGGATGGCACCT
GGCATGAAGATTATTTTACCGGCACCGGTTTTCCGTGCCATTTTTATCTGAAATACCACTAT
TATCAGCAGCATTTTCCGCTGACCGCTCTGGGTCGTTATGCCCGTTGGCGTAATCTGCTGGC
AACCTAA

2.21TtuSHC

2.21.1Amino acid sequence

METQDEVDLLEPQESLTASADSAVDRALFWLLDAQYEDGYWAGILESNACMEAEWLLCEFHVL
GIANHPMSRGLVOQGLLORORADGSWDVYYGARAGDINTTVEVYAALRCOGYAADHPDIKRAR
DWIQLOGGVKQVRVEFTRFWLALIGEWPWEETPNLPPEILFFPRWEFPEFNIYHFAAWARATLVP
LCILSARRMVVPLNKKSCLQELFPEDRSAVVALGKKAGAWSTFFYHADRALKKYQRTFKRPP
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GROOAIKMCLEWILRRODADGAWGGIQPPWIYSIMALKAEGYPVTHPVMAKGLAALDAHWSY
ERPGGAREVQACESPVWDTLLSSEFALLDCGESCTSSSELRKAVDWILDOQOVLLPGDWQQOKLP
TVSPGGWAFERANVHYPDVDDTAVALIVLAKVRPDYPDTARVNLAIERGLNWLEFAMQOCRNGG
WGAFDKDNDKDLLTKIPEFSDFGETIDPASVDVTAHEVLEALGLLGYRTTHPAVAKALEFIRSE
QENDGCWFGRWGVNYIYGTAAVLPALASLNMNMNQEFIRRAANWILGKONNDGGWGESCASY
MDDTQRGRGPSTASQTAWAMMSLLAVDGGTYAESLLRAEAYLKTTQTPEGTWDEPYYTGTGE
PGYGIGRREIKROQRSLOQHAELSRGFMINYNLYRHYFPLMALGRLAALRGA

2.21.2DNA sequence (E. coli codon optimized)

ATGGAAATTCAGGATGAAGTGGATCTGCTGGAACCGCAGGAAAGCCTGACCGCAAGCGCAGA
TAGCGCAGTTGATCGTGCACTGTTTTGGCTGCTGGATGCACAGTATGAAGATGGTTATTGGG
CAGGTATTCTGGAAAGCAATGCATGTATGGAAGCAGAATGGCTGCTGTGTTTTCATGTTCTG
GGTATTGCAAATCATCCGATGAGCCGTGGTCTGGTTCAGGGTCTGCTGCAGCGTCAGCGTGC
AGATGGTAGCTGGGATGTTTATTATGGTGCACGTGCCGGTGATATTAACACCACCGTTGAAG
TTTATGCAGCACTGCGTTGTCAGGGTTATGCAGCAGATCATCCGGATATTAAACGTGCACGT
GATTGGATTCAGCTGCAGGGTGGTGTTAAACAGGTTCGTGTTTTTACCCGTTTTTGGCTGGC
ACTGATTGGTGAATGGCCGTGGGAAGAAACCCCGAATCTGCCTCCGGAAATTCTGTTTTTTC
CGCGTTGGTTTCCGTTTAATATTTATCATTTTGCAGCATGGGCACGTGCAACCCTGGTTCCG
CTGTGTATTCTGAGCGCACGTCGTATGGTTGTTCCGCTGAATAAAAAAAGCTGTCTGCAGGA
ACTGTTTCCGGAAGATCGTTCTGCAGTTGTTGCACTGGGTAAAAAAGCCGGTGCATGGTCAA
CCTTTTTTTATCATGCAGATCGTGCCCTGAAAAAATATCAGCGTACCTTTAAACGTCCGCCT
GGTCGTCAGCAGGCAATTAAAATGTGTCTGGAATGGATTCTGCGTCGTCAGGATGCAGATGG
TGCATGGGGTGGTATTCAGCCTCCGTGGATTTATAGCCTGATGGCACTGAAAGCAGAAGGTT
ATCCGGTTACCCATCCGGTTATGGCAAAAGGTCTGGCAGCACTGGATGCACATTGGAGCTAT
GAACGTCCGGGTGGTGCACGTTTTGTTCAGGCATGTGAAAGTCCGGTTTGGGATACCCTGCT
GAGCAGCTTTGCACTGCTGGATTGTGGTTTTAGCTGTACCAGCAGCAGCGAACTGCGTAAAG
CAGTTGATTGGATTCTGGATCAGCAAGTTCTGCTGCCTGGTGATTGGCAGCAGAAACTGCCG
ACCGTTAGTCCGGGTGGTTGGGCATTTGAACGTGCAAATGTTCATTATCCGGATGTTGATGA
TACCGCAGTTGCACTGATTGTTCTGGCAAAAGTTCGTCCGGATTATCCTGATACCGCACGTG
TTAATCTGGCAATTGAACGTGGTCTGAATTGGCTGTTTGCAATGCAGTGTCGTAATGGTGGT
TGGGGTGCATTTGATAAAGATAATGATAAAGATCTGCTGACCAAAATTCCGTTTAGCGATTT
TGGCGAAACCATTGATCCGGCAAGCGTTGATGTTACCGCACATGTTCTGGAAGCACTGGGTC
TGCTGGGTTATCGTACCACCCATCCGGCAGTTGCAAAAGCACTGGAATTTATTCGTAGCGAA
CAGGAAAATGACGGTTGTTGGTTTGGTCGTTGGGGTGTGAATTATATTTATGGCACCGCAGC
AGTTCTGCCTGCACTGGCAAGCCTGAATATGAATATGAATCAGGAATTCATTCGTCGCGCAG
CAAATTGGATTCTGGGTAAACAGAATAATGATGGTGGCTGGGGTGAAAGCTGTGCAAGCTAT
ATGGATGATACCCAGCGTGGTCGTGGTCCGAGCACCGCAAGCCAGACCGCATGGGCAATGAT
GAGCCTGCTGGCAGTTGATGGTGGCACCTATGCAGAAAGCCTGCTGCGTGCAGAAGCATATC
TGAAAACCACCCAGACACCGGAAGGCACCTGGGATGAACCGTATTACACCGGCACCGGTTTT
CCGGGTTATGGTATTGGTCGTCGTGAAATTAAACGTCAGCGTAGCCTGCAGCAGCATGCAGA
ACTGAGCCGTGGTTTTATGATTAATTATAATCTGTATCGCCATTATTTTCCGCTGATGGCCC
TGGGTCGTCTGGCAGCTCTGCGTGGTGCA

2.22ZmoSHC1

2.22.1Amino acid sequence

MGIDRMNSLSRLLMKKIFGAEKTSYKPASDTIIGTDTLKRPNRRPEPTAKVDKTIFKTMGNS
LNNTLVSACDWLIGQQKPDGHWVGAVESNASMEAEWCLALWFLGLEDHPLRPRLGNALLEMOQ
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REDGSWGVYEFGAGNGDINATVEAYAALRSLGYSADNPVLKKAAAWIAEKGGLKNIRVETRYW
LALTGEWPWEKTPNLPPETIWFPDNEFVESIYNFAQWARATMVPIATLSARRPSRPLRPQDRL
DELFPEGRARFDYELPKKEGIDLWSQFFRTTDRGLHWVOSNLLKRNSLREAATIRHVLEWIIR
HODADGGWGGIQPPWVYGLMALHGEGYQLYHPVMAKALSALDDPGWRHDRGESSWIQATNSP
VWDTMLALMALKDAKAEDRFTPEMDKAADWLLARQVKVKGDWSIKLPDVEPGGWAFEYANDR
YPDTDDTAVALIALSSYRDKEEWQKKGVEDAITRGVNWLIAMQSECGGWGAFDKDNNRSILS
KIPFCDFGESIDPPSVDVTAHVLEAFGTLGLSRDMPVIQKAIDYVRSEQEAEGAWEGRWGVN
YIYGTGAVLPALAATIGEDMTQPYITKACDWLVAHQQOEDGGWGESCSSYMEIDSIGKGPTTPS
QTAWALMGLIAANRPEDYEATAKGCHYLIDRQEQDGSWKEEEFTGTGFPGYGVGQTIKLDDP
ALSKRLLOQGAELSRAFMLRYDFYRQFFPIMALSRAERLIDLNN

2.22.2DNA sequence

ATGGGTATTGACAGAATGAATAGCTTAAGTCGCTTGTTAATGAAGAAGATTTTCGGGGCTGA
AAAAACCTCGTATAAACCGGCTTCCGATACCATAATCGGAACGGATACCCTGAAAAGACCGA
ACCGGCGGCCTGAACCGACGGCAAAAGTCGACAAAACGATATTCAAGACTATGGGGAATAGT
CTGAATAATACCCTTGTTTCAGCCTGTGACTGGTTGATCGGACAACAAAAGCCCGATGGTCA
TTGGGTCGGTGCCGTGGAATCCAATGCTTCGATGGAAGCAGAATGGTGTCTGGCCTTGTGGT
TTTTGGGTCTGGAAGATCATCCGCTTCGTCCAAGATTGGGCAATGCTCTTTTGGAAATGCAG
CGGGAAGATGGCTCTTGGGGAGTCTATTTCGGCGCTGGAAATGGCGATATCAATGCCACGGT
TGAAGCCTATGCGGCCTTGCGGTCTTTGGGGTATTCTGCCGATAATCCTGTTTTGAAAAAAG
CGGCAGCATGGATTGCTGAAAAAGGCGGATTAAAAAATATCCGTGTCTTTACCCGTTATTGG
CTGGCGTTGATCGGGGAATGGCCTTGGGAAAAGACCCCTAACCTTCCCCCTGAAATTATCTG
GTTCCCTGATAATTTTGTCTTTTCGATTTATAATTTTGCCCAATGGGCGCGGGCAACCATGG
TGCCGATTGCTATTCTGTCCGCGAGACGACCAAGCCGCCCGCTGCGCCCTCAAGACCGATTG
GATGAACTGTTTCCAGAAGGCCGCGCTCGCTTTGATTATGAATTGCCGAAAAAAGAAGGCAT
CGATCTTTGGTCGCAATTTTTCCGAACCACTGACCGTGGATTACATTGGGTTCAGTCCAATC
TGTTAAAGCGCAATAGCTTGCGTGAAGCCGCTATCCGTCATGTTTTGGAATGGATTATCCGG
CATCAGGATGCCGATGGCGGTTGGGGTGGAATTCAGCCACCTTGGGTCTATGGTTTGATGGC
GTTACATGGTGAAGGCTATCAGCTTTATCATCCGGTGATGGCCAAGGCTTTGTCGGCTTTGG
ATGATCCCGGTTGGCGACATGACAGAGGCGAGTCTTCTTGGATACAGGCCACCAATAGTCCG
GTATGGGATACAATGTTGGCCTTGATGGCGTTAAAAGACGCCAAGGCCGAGGATCGTTTTAC
GCCGGAAATGGATAAGGCCGCCGATTGGCTTTTGGCTCGACAGGTCAAAGTCAAAGGCGATT
GGTCAATCAAACTGCCCGATGTTGAACCCGGTGGATGGGCATTTGAATATGCCAATGATCGC
TATCCCGATACCGATGATACCGCCGTCGCTTTGATCGCCCTTTCCTCTTATCGTGATAAGGA
GGAGTGGCAAAAGAAAGGCGTTGAGGACGCCATTACCCGTGGGGTTAATTGGTTGATCGCCA
TGCAAAGCGAATGTGGCGGTTGGGGAGCCTTTGATAAGGATAATAACAGAAGTATCCTTTCC
AAAATTCCTTTTTGTGATTTCGGAGAATCTATTGATCCGCCTTCAGTCGATGTAACGGCGCA
TGTTTTAGAGGCCTTTGGCACCTTGGGACTGTCCCGCGATATGCCGGTCATCCAAAAAGCGA
TCGACTATGTCCGTTCCGAACAGGAAGCCGAAGGCGCGTGGTTTGGTCGTTGGGGCGTTAAT
TATATCTATGGCACCGGTGCGGTTCTGCCTGCTTTGGCGGCGATCGGTGAAGATATGACCCA
GCCTTACATCACCAAGGCTTGCGATTGGCTGGTCGCACATCAGCAGGAAGACGGCGGTTGGG
GCGAAAGCTGCTCTTCCTATATGGAGATTGATTCCATTGGGAAGGGCCCAACCACGCCGTCC
CAGACTGCTTGGGCTTTGATGGGGTTGATCGCGGCCAATCGTCCCGAAGATTATGAAGCCAT
TGCCAAGGGATGCCATTATCTGATTGATCGCCAAGAGCAGGATGGTAGCTGGAAAGAAGAAG
AATTCACCGGCACCGGATTCCCCGGTTATGGCGTGGGTCAGACGATCAAGTTGGATGATCCG
GCTTTATCGAAACGATTGCTTCAAGGCGCTGAACTGTCACGGGCGTTTATGCTGCGTTATGA
TTTTTATCGGCAATTCTTCCCGATTATGGCGTTAAGTCGGGCAGAGAGACTGATTGATTTGA
ATAATTGA
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2.23ZmoSHC2

2.23.1Amino acid sequence

MTVSTSSAFHHSPLSDDVEPITQKATRALLEKQOQDGHWVFELEADATIPAEYILLKHYLGE
PEDLETEAKIGRYLRRIQGEHGGWSLEFYGGDLDLSATVKAYFALKMIGDSPDAPHMLRARNE
ILARGGAMRANVFTRIQLALFGAMSWEHVPOMPVELMLMPEWEFPVHINKMAYWARTVLVPLL
VLOALKPVARNRRGILVDELEFVPDVLPTLOESGDPIWRRFEFSALDKVLHKVEPYWPKNMRAK
ATHSCVHFVTERLNGEDGLGAIYPATANSVMMYDALGYPENHPERATARRAVEKLMVLDGTE
DOGDKEVYCQPCLSPIWDTALVAHAMLEVGGDEAEKSAISALSWLKPQOILDVKGDWAWRRP
DLRPGGWAFQYRNDYYPDVDDTAVVTMAMDRAAKLSDLHDDFEESKARAMEWT IGMQOSDNGG
WGAFDANNSYTYLNNIPFADHGALLDPPTVDVSARCVSMMAQAGISITDPKMKAAVDYLLKE
QEEDGSWEFGRWGVNYIYGTWSALCALNVAALPHDHLAVOKAVAWLKTIQONEDGGWGENCDSY
ALDYSGYEPMDSTASQTAWALLGLMAVGEANSEAVTKGINWLAQONQDEEGLWKEDYYSGGGE
PRVFYLRYHGYSKYFPLWALARYRNLKKANQPIVHYGM

2.23.2DNA sequence

ATGACTGTATCGACTTCCTCGGCTTTTCATCATAGCCCGTTGTCTGATGATGTTGAGCCGAT
TATCCAAAAGGCCACCCGTGCCTTGCTTGAGAAGCAGCAGCAGGATGGCCATTGGGTTTTTG
AATTGGAAGCCGATGCAACCATTCCCGCTGAATACATCCTGTTAAAGCATTATTTGGGTGAA
CCCGAAGATTTAGAAATAGAGGCCAAGATAGGTCGCTATTTGCGTCGTATTCAGGGCGAGCA
TGGCGGATGGTCTTTGTTTTATGGTGGTGATCTTGATTTGAGCGCCACGGTCAAAGCCTATT
TTGCCTTGAAAATGATCGGAGATTCTCCTGATGCGCCTCATATGCTTCGAGCCAGAAATGAA
ATTTTGGCACGGGGTGGGGCGATGCGTGCCAATGTCTTTACACGTATTCAATTAGCTCTGTT
CGGGGCAATGTCATGGGAGCATGTCCCTCAAATGCCCGTAGAGTTGATGTTGATGCCGGAAT
GGTTTCCGGTTCACATCAATAAAATGGCCTATTGGGCAAGAACCGTTTTAGTCCCGTTATTG
GTTTTACAGGCGTTAAAGCCTGTCGCCCGTAATCGGCGCGGTATCTTGGTTGATGAATTATT
TGTGCCGGATGTTTTACCGACCCTTCAGGAAAGCGGTGACCCTATATGGCGTCGTTTTTTTT
CGGCACTTGATAAGGTATTGCATAAAGTAGAACCTTATTGGCCGAAAAATATGCGCGCGAAG
GCTATTCATAGCTGTGTCCATTTTGTGACCGAGCGTTTGAATGGTGAAGACGGGTTGGGTGC
TATTTATCCGGCGATTGCCAATAGCGTCATGATGTATGATGCCTTGGGATATCCCGAAAACC
ATCCAGAAAGAGCCATTGCCCGTCGGGCTGTCGAAAAATTGATGGTGTTAGATGGCACGGAA
GATCAGGGTGATAAAGAAGTCTACTGTCAGCCTTGTTTATCCCCGATTTGGGATACCGCTTT
GGTTGCCCATGCCATGTTGGAAGTCGGAGGCGATGAGGCTGAAAAATCGGCTATTTCTGCCT
TGAGCTGGTTAAAGCCGCAACAAATTTTGGATGTAAAGGGCGATTGGGCATGGCGGCGGCCT
GATCTCAGACCCGGGGGATGGGCCTTTCAATATAGAAATGACTATTATCCCGATGTCGATGA
TACGGCTGTTGTGACTATGGCGATGGATCGAGCCGCAAAATTGTCGGATCTTCACGATGATT
TTGAGGAATCTAAAGCGCGTGCCATGGAATGGACCATTGGGATGCAAAGCGATAATGGCGGT
TGGGGCGCTTTCGATGCCAATAACAGCTATACTTATCTGAATAATATTCCCTTTGCTGATCA
TGGCGCGTTACTTGATCCGCCAACGGTCGATGTCTCGGCACGCTGCGTTTCAATGATGGCGC
AAGCCGGTATCTCGATTACAGATCCCAAAATGAAAGCGGCAGTTGATTATCTTCTGAAAGAG
CAAGAAGAGGATGGTAGCTGGTTCGGGCGTTGGGGTGTCAATTACATATATGGCACATGGTC
GGCCTTATGTGCATTGAATGTGGCCGCTTTACCCCATGATCATTTAGCTGTTCAGAAAGCTG
TGGCTTGGCTGAAAACTATTCAAAATGAAGATGGTGGTTGGGGTGAAAATTGCGATAGCTAT
GCCCTTGATTATAGCGGATACGAGCCGATGGATTCGACGGCTTCCCAAACAGCATGGGCTTT
ATTGGGCTTGATGGCTGTTGGGGAAGCTAATTCCGAGGCCGTGACAAAGGGTATAAACTGGT
TGGCACAAAATCAGGATGAAGAAGGATTGTGGAAAGAAGATTATTATAGTGGCGGTGGTTTT
CCCCGTGTTTTTTATCTTCGGTATCACGGTTATTCCAAATATTTTCCTCTTTGGGCTTTAGC
GCGCTATCGCAATTTGAAAAAAGCCAATCAGCCGATTGTTCATTATGGGATGTAA
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3 Mutant SHCs

3.1 ZmoSHC1_F486Y

3.1.1 Amino acid sequence

MGIDRMNSLSRLLMKKIFGAEKTSYKPASDTIIGTDTLKRPNRRPEPTAKVDKTIFKTMGNS
ILNNTLVSACDWLIGQQKPDGHWVGAVESNASMEAEWCLALWFLGLEDHPLRPRLGNALLEMQ
REDGSWGVYFGAGNGDINATVEAYAALRSLGYSADNPVLKKAAAWIAEKGGLKNIRVETRYW
LALIGEWPWEKTPNLPPEIIWFPDNEVEFSIYNFAQWARATMVPIAILSARRPSRPLRPQDRL
DELFPEGRARFDYELPKKEGIDLWSQFFRTTDRGLHWVQSNLLKRNSLREAATRHVLEWIIR
HODADGGWGGIQPPWVYGLMALHGEGYQLYHPVMAKALSALDDPGWRHDRGESSWIQATNSP
VWDTMLALMALKDAKAEDRFTPEMDKAADWLLARQVKVKGDWSIKLPDVEPGGWAFEYANDR
YPDTDDTAVALIALSSYRDKEEWQKKGVEDAITRGVNWLIAMOSECGGWGAYDKDNNRSTILS
KIPFCDFGESIDPPSVDVTAHVLEAFGTLGLSRDMPVIQKAIDYVRSEQEAEGAWEGRWGVN
YIYGTGAVLPALAATIGEDMTQPYITKACDWLVAHQQEDGGWGESCSSYMEIDSIGKGPTTPS
QTAWALMGLTAANRPEDYEATAKGCHYLIDRQEQDGSWKEEEFTGTGFPGYGVGQTIKLDDP
ALSKRLLOGAELSRAFMLRYDEFYRQFFPIMALSRAERLIDLNN

3.1.2 DNA sequence

ATGGGTATTGACAGAATGAATAGCTTAAGTCGCTTGTTAATGAAGAAGATTTTCGGGGCTGA
AAAAACCTCGTATAAACCGGCTTCCGATACCATAATCGGAACGGATACCCTGAAAAGACCGA
ACCGGCGGCCTGAACCGACGGCAAAAGTCGACAAAACGATATTCAAGACTATGGGGAATAGT
CTGAATAATACCCTTGTTTCAGCCTGTGACTGGTTGATCGGACAACAAAAGCCCGATGGTCA
TTGGGTCGGTGCCGTGGAATCCAATGCTTCGATGGAAGCAGAATGGTGTCTGGCCTTGTGGT
TTTTGGGTCTGGAAGATCATCCGCTTCGTCCAAGATTGGGCAATGCTCTTTTGGAAATGCAG
CGGGAAGATGGCTCTTGGGGAGTCTATTTCGGCGCTGGAAATGGCGATATCAATGCCACGGT
TGAAGCCTATGCGGCCTTGCGGTCTTTGGGGTATTCTGCCGATAATCCTGTTTTGAAAAAAG
CGGCAGCATGGATTGCTGAAAAAGGCGGATTAAAAAATATCCGTGTCTTTACCCGTTATTGG
CTGGCGTTGATCGGGGAATGGCCTTGGGAAAAGACCCCTAACCTTCCCCCTGAAATTATCTG
GTTCCCTGATAATTTTGTCTTTTCGATTTATAATTTTGCCCAATGGGCGCGGGCAACCATGG
TGCCGATTGCTATTCTGTCCGCGAGACGACCAAGCCGCCCGCTGCGCCCTCAAGACCGATTG
GATGAACTGTTTCCAGAAGGCCGCGCTCGCTTTGATTATGAATTGCCGAAAAAAGAAGGCAT
CGATCTTTGGTCGCAATTTTTCCGAACCACTGACCGTGGATTACATTGGGTTCAGTCCAATC
TGTTAAAGCGCAATAGCTTGCGTGAAGCCGCTATCCGTCATGTTTTGGAATGGATTATCCGG
CATCAGGATGCCGATGGCGGTTGGGGTGGAATTCAGCCACCTTGGGTCTATGGTTTGATGGC
GTTACATGGTGAAGGCTATCAGCTTTATCATCCGGTGATGGCCAAGGCTTTGTCGGCTTTGG
ATGATCCCGGTTGGCGACATGACAGAGGCGAGTCTTCTTGGATACAGGCCACCAATAGTCCG
GTATGGGATACAATGTTGGCCTTGATGGCGTTAAAAGACGCCAAGGCCGAGGATCGTTTTAC
GCCGGAAATGGATAAGGCCGCCGATTGGCTTTTGGCTCGACAGGTCAAAGTCAAAGGCGATT
GGTCAATCAAACTGCCCGATGTTGAACCCGGTGGATGGGCATTTGAATATGCCAATGATCGC
TATCCCGATACCGATGATACCGCCGTCGCTTTGATCGCCCTTTCCTCTTATCGTGATAAGGA
GGAGTGGCAAAAGAAAGGCGTTGAGGACGCCATTACCCGTGGGGTTAATTGGTTGATCGCCA
TGCAAAGCGAATGTGGCGGTTGGGGAGCCTATGATAAGGATAATAACAGAAGTATCCTTTCC
AAAATTCCTTTTTGTGATTTCGGAGAATCTATTGATCCGCCTTCAGTCGATGTAACGGCGCA
TGTTTTAGAGGCCTTTGGCACCTTGGGACTGTCCCGCGATATGCCGGTCATCCAAAAAGCGA
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TCGACTATGTCCGTTCCGAACAGGAAGCCGAAGGCGCGTGGTTTGGTCGTTGGGGCGTTAAT
TATATCTATGGCACCGGTGCGGTTCTGCCTGCTTTGGCGGCGATCGGTGAAGATATGACCCA
GCCTTACATCACCAAGGCTTGCGATTGGCTGGTCGCACATCAGCAGGAAGACGGCGGTTGGG
GCGAAAGCTGCTCTTCCTATATGGAGATTGATTCCATTGGGAAGGGCCCAACCACGCCGTCC
CAGACTGCTTGGGCTTTGATGGGGTTGATCGCGGCCAATCGTCCCGAAGATTATGAAGCCAT
TGCCAAGGGATGCCATTATCTGATTGATCGCCAAGAGCAGGATGGTAGCTGGAAAGAAGAAG
AATTCACCGGCACCGGATTCCCCGGTTATGGCGTGGGTCAGACGATCAAGTTGGATGATCCG
GCTTTATCGAAACGATTGCTTCAAGGCGCTGAACTGTCACGGGCGTTTATGCTGCGTTATGA
TTTTTATCGGCAATTCTTCCCGATTATGGCGTTAAGTCGGGCAGAGAGACTGATTGATTTGA
ATAATTGA

3.2 AacSHC_Y420C

3.2.1 Amino acid sequence

MAEQLVEAPAYARTLDRAVEYLLSCQKDEGYWWGPLLSNVTMEAEYVLLCHILDRVDRDRME
KIRRYLLHEQREDGTWALYPGGPPDLDTTIEAYVALKYIGMSRDEEPMOKALRFIQSQOGGIE
SSRVFTRMWLALVGEYPWEKVPMVPPEIMFLGKRMPLNIYEFGSWARATVVALSIVMSRQPV
FPLPERARVPELYETDVPPRRRGAKGGGGWIFDALDRALHGYQKLSVHPFRRAAEIRALDWL
LERQAGDGSWGGIQPPWFYALIALKILDMTQHPAFIKGWEGLELYGVELDYGGWMFQASISP
VWDTGLAVLALRAAGLPADHDRLVKAGEWLLDRQITVPGDWAVKRPNLKPGGFAFQFDNVYY
PDVDDTAVVVWALNTLRLPDERRRRDAMTKGEFRWIVGMQOSSNGGWGACDVDNTSDLPNHIPF
CDFGEVTDPPSEDVTAHVLECEFGSFGYDDAWKVIRRAVEYLKREQKPDGSWEGRWGVNYLYG
TGAVVSALKAVGIDTREPYIQKALDWVEQHONPDGGWGEDCRSYEDPAYAGKGASTPSQTAW
ALMALTAGGRAESEAARRGVQYLVETQRPDGGWDEPYYTGTGFPGDFYLGYTMYRHVEFPTLA
LGRYKQATERR

3.2.2 DNA sequence

ATGGCGGAACAGCTGGTGGAAGCGCCGGCGTATGCGCGCACCCTGGATCGCGCGGTGGAATA
TCTGCTGAGCTGCCAGAAAGATGAAGGCTATTGGTGGGGCCCGCTGCTGAGCAACGTGACCA
TGGAAGCGGAATATGTGCTGCTGTGCCATATTCTGGATCGCGTGGATCGCGATCGCATGGAA
AAAATTCGCCGCTATCTGCTGCATGAACAGCGCGAAGATGGCACCTGGGCGCTGTATCCGGG
CGGCCCGCCGGATCTGGATACCACCATTGAAGCGTATGTGGCGCTGAAATATATTGGCATGA
GCCGCGATGAAGAACCGATGCAGAAAGCGCTGCGCTTTATTCAGAGCCAGGGCGGCATTGAA
AGCAGCCGCGTGTTTACCCGCATGTGGCTGGCGCTGGTGGGCGAATATCCGTGGGAAAAAGT
GCCGATGGTGCCGCCGGAAATTATGTTTCTGGGCAAACGCATGCCGCTGAACATTTATGAAT
TTGGCAGCTGGGCGCGCGCGACCGTGGTGGCGCTGAGCATTGTGATGAGCCGCCAGCCGGTG
TTTCCGCTGCCGGAACGCGCGCGCGTGCCGGAACTGTATGAAACCGATGTGCCGCCGCGLLG
CCGCGGCGCGAAAGGCGGCGGEGGCTGGATTTTTGATGCGCTGGATCGCGCGCTGCATGGLT
ATCAGAAACTGAGCGTGCATCCGTTTCGCCGCGCGGCGGAAATTCGCGCGCTGGATTGGCTG
CTGGAACGCCAGGCGGGCGATGGCAGCTGGGGCGGCATTCAGCCGCCGTGGTTTTATGCGCT
GATTGCGCTGAAAATTCTGGATATGACCCAGCATCCGGCGTTTATTAAAGGCTGGGAAGGCC
TGGAACTGTATGGCGTGGAACTGGATTATGGCGGCTGGATGTTTCAGGCGAGCATTAGCCCG
GTGTGGGATACCGGCCTgGCGGTGCTGGCGCTGCGCGCGGCGGGCCTGCCGGCGGATCATGA
TCGCCTGGTGAAAGCGGGCGAATGGCTGCTGGATCGCCAGATTACCGTGCCGGGCGATTGGG
CGGTGAAACGCCCGAACCTGAAACCGGGCGGCTTTGCGTTTCAGTTTGATAACGTGTATTAT
CCGGATGTGGATGATACCGCGGTggtGGTGEtGGGCGCTGAACACCCTGCGCCTGCCGGATGA
ACGCCGCCGCCGCGATGCGATGACCAAAGGCTTTCGCTGGATTGTGGGCATGCAGAGCAGCA
ACGGCGGCTGGGGCGCCTGTGATGTGGATAACACCAGCGATCTGCCGAACCATATTCCGTTT
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TGCGATTTTGGCGAAGTGACCGATCCGCCGAGCGAAGATGTGACCGCGCATGTGCTGGAATG
CTTTGGCAGCTTTGGCTATGATGATGCGTGGAAAGTGATTCGCCGCGCGGTGGAATATCTGA
AACGCGAACAGAAACCGGATGGCAGCTGGTTTGGCCGCTGGGGCGTGAACTATCTGTATGGC
ACCGGCGCGGTGGTGAGCGCGCTGAAAGCGGTGGGCATTGATACCCGCGAACCGTATATTCA
GAAAGCGCTGGATTGGGTGGAACAGCATCAGAACCCGGATGGCGGCTGGGGCGAAGATTGCC
GCAGCTATGAAGATCCGGCGTATGCGGGCAAAGGCGCGAGCACCCCGAGCCAGACCGCGTGEG
GCGCTGATGGCGCTGATTGCGGGCGGCCGCGCGGAAAGCGAAGCGGLGLCGLCCGCGGLGTGCA
GTATCTGGTGGAAACCCAGCGCCCGGATGGCGGCTGGGATGAACCGTATTATACCGGCACCG
GGTTCCCGGGCGATTTTTATCTGGGCTATACCATGTATCGCCATGTGTTTCCGACCCTGGCG
CTGGGCCGCTATAAACAGGCGATTGAACGCCGCTAA

3.3 ZmoSHC1_Loop

3.3.1 Amino acid sequence

MGIDRMNSLSRLLMKKIFGAEKTSYKPASDTIIGTDTLKRPNRRPEPTAKVDKTIFKTMGNS
LNNTLVSACDWLIGQQKPDGHWVGAVESNASMEAEWCLALWFLGLEDHPLRPRLGNALLEMQ
REDGSWGVYFGAGNGDINATVEAYAALRSLGYSADNPVLKKAAAWIAEKGGLKNIRVETRYW
LALIGEWPWEKTPNLPPETIIWFPDNEVEFSIYNFAQWARATMVPIAILSARRPSRPLRPQDRL
DELFPEGRARFDYELPKKEGIDLWSQFFRTTDRGLHWVOSNLLKRNSLREAATRHVLEWIIR
HODADGGWGGIQPPWVYGLMALHGEGYQLYHPVMAKALSALDDPGWRHDRGESSWIQATNSP
VWDTMLALMALKDAKAEDRFTPEMDKAADWLLARQVKVKGDWSIKLPDVEPGGWAFEYANDR
YPDTDDTAVALIALSSYRDKEEWQKKGVEDAITRGVNWLIAMOSECGGWGAFDKDNNRSTILS
KIPFCDFGESIDPPSVDVTAHVLEAFGTLGLSRDMPVIQKAIDYVRSEQEAEGAWEFGRWGVN
YIYGTGAVLPALAATGEDMTQPYITKACDWLVAHQQOEDGGWGESCSSYMEIDSIGKGPTTPS
QTAWALMGLTAANRPEDYEATAKGCHYLIDRQEQDGSWKEEEFTGTGFPRAFMLRYDFYRQF
FPIMALSRAERLIDLNN

3.3.2 DNA sequence

ATGGGTATTGACAGAATGAATAGCTTAAGTCGCTTGTTAATGAAGAAGATTTTCGGGGCTGA
AAAAACCTCGTATAAACCGGCTTCCGATACCATAATCGGAACGGATACCCTGAAAAGACCGA
ACCGGCGGCCTGAACCGACGGCAAAAGTCGACAAAACGATATTCAAGACTATGGGGAATAGT
CTGAATAATACCCTTGTTTCAGCCTGTGACTGGTTGATCGGACAACAAAAGCCCGATGGTCA
TTGGGTCGGTGCCGTGGAATCCAATGCTTCGATGGAAGCAGAATGGTGTCTGGCCTTGTGGT
TTTTGGGTCTGGAAGATCATCCGCTTCGTCCAAGATTGGGCAATGCTCTTTTGGAAATGCAG
CGGGAAGATGGCTCTTGGGGAGTCTATTTCGGCGCTGGAAATGGCGATATCAATGCCACGGT
TGAAGCCTATGCGGCCTTGCGGTCTTTGGGGTATTCTGCCGATAATCCTGTTTTGAAAAAAG
CGGCAGCATGGATTGCTGAAAAAGGCGGATTAAAAAATATCCGTGTCTTTACCCGTTATTGG
CTGGCGTTGATCGGGGAATGGCCTTGGGAAAAGACCCCTAACCTTCCCCCTGAAATTATCTG
GTTCCCTGATAATTTTGTCTTTTCGATTTATAATTTTGCCCAATGGGCGCGGGCAACCATGG
TGCCGATTGCTATTCTGTCCGCGAGACGACCAAGCCGCCCGCTGCGCCCTCAAGACCGATTG
GATGAACTGTTTCCAGAAGGCCGCGCTCGCTTTGATTATGAATTGCCGAAAAAAGAAGGCAT
CGATCTTTGGTCGCAATTTTTCCGAACCACTGACCGTGGATTACATTGGGTTCAGTCCAATC
TGTTAAAGCGCAATAGCTTGCGTGAAGCCGCTATCCGTCATGTTTTGGAATGGATTATCCGG
CATCAGGATGCCGATGGCGGTTGGGGTGGAATTCAGCCACCTTGGGTCTATGGTTTGATGGC
GTTACATGGTGAAGGCTATCAGCTTTATCATCCGGTGATGGCCAAGGCTTTGTCGGCTTTGG
ATGATCCCGGTTGGCGACATGACAGAGGCGAGTCTTCTTGGATACAGGCCACCAATAGTCCG
GTATGGGATACAATGTTGGCCTTGATGGCGTTAAAAGACGCCAAGGCCGAGGATCGTTTTAC
GCCGGAAATGGATAAGGCCGCCGATTGGCTTTTGGCTCGACAGGTCAAAGTCAAAGGCGATT
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GGTCAATCAAACTGCCCGATGTTGAACCCGGTGGATGGGCATTTGAATATGCCAATGATCGC
TATCCCGATACCGATGATACCGCCGTCGCTTTGATCGCCCTTTCCTCTTATCGTGATAAGGA
GGAGTGGCAAAAGAAAGGCGTTGAGGACGCCATTACCCGTGGGGTTAATTGGTTGATCGCCA
TGCAAAGCGAATGTGGCGGTTGGGGAGCCTTTGATAAGGATAATAACAGAAGTATCCTTTCC
AAAATTCCTTTTTGTGATTTCGGAGAATCTATTGATCCGCCTTCAGTCGATGTAACGGCGCA
TGTTTTAGAGGCCTTTGGCACCTTGGGACTGTCCCGCGATATGCCGGTCATCCAAAAAGCGA
TCGACTATGTCCGTTCCGAACAGGAAGCCGAAGGCGCGTGGTTTGGTCGTTGGGGCGTTAAT
TATATCTATGGCACCGGTGCGGTTCTGCCTGCTTTGGCGGCGATCGGTGAAGATATGACCCA
GCCTTACATCACCAAGGCTTGCGATTGGCTGGTCGCACATCAGCAGGAAGACGGCGGTTGGG
GCGAAAGCTGCTCTTCCTATATGGAGATTGATTCCATTGGGAAGGGCCCAACCACGCCGTCC
CAGACTGCTTGGGCTTTGATGGGGTTGATCGCGGCCAATCGTCCCGAAGATTATGAAGCCAT
TGCCAAGGGATGCCATTATCTGATTGATCGCCAAGAGCAGGATGGTAGCTGGAAAGAAGAAG
AATTCACCGGCACCGGATTCCCCCGGGCGTTTATGCTGCGTTATGATTTTTATCGGCAATTC
TTCCCGATTATGGCGTTAAGTCGGGCAGAGAGACTGATTGATTTGAATAATTGA
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Il GC chromatograms and NMR, IR and MS spectra
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4 CG-FID and GC-MS chromatograms and spectra

4.1 Squalene, hopene, hopanol

4.1.1 GC-FID squalene conversion
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Fig. 4.1: GC-FID chromatograms of the conversion of squalene with AacSHC (black) and negative
control (pink), (1): internal standard 1 (ISTD1 1-decanol); (2): internal standard 2 (ISTD2 1-
dodecanol); (3): substrate squalene; (4): product hopene; (5): product hopanol
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4.1.2 GC-MS squalene conversion
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Fig. 4.2: GC-MS chromatograms of the conversion of squalene with AacSHC (black) and negative
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control (pink), (1): substrate squalene; (2): product hopene; (3): product hopanol.

4.2 Homofarnesol, ambroxan

4.2.1 GC-FID homofarnesol conversion

IV (x100.000)

Fig. 4.3: GC-FID chromatograms of the conversion of homofarnesol with ZmoSHC1 (black) and
negative control (pink), (1): internal standard 1 (ISTD1 1-decanol); (2): internal standard 2 (ISTD2
1-dodecanol); (3): product ambroxan; (4): (E,Z)-homofarnesol; (5): substrate (E,E)-homofarnesol.
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4.2.2 GC-MS homofarnesol conversion
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Fig. 4.4: GC-MS chromatograms and spectra of the conversion of homofarnesol with ZmoSHC1
(black) and negative control (pink), (1): (E,Z)-homofarnesol; (2): substrate (E,E)-homofarnesol,

(3): product ambroxan.

4.3 Citronellal, isopulegol

4.3.1 GC-FID citronellal conversion

Substrate and product could not be separated under the given conditions.
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4.3.2 GC-MS citronellal conversion
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Fig. 4.5: GC-MS chromatograms and spectra of the conversion of (S)-citronellal with ZmoSHC1

(black) and negative control (pink), (1): citronellal; (2): isopulegol, (3): neo-isopulegol, (4): iso-

isopulegol.
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4.4 Homofarnesoic acid, sclareolide

4.4.1 GC-FID homofarnesoic acid conversion

UV (x100,000)

025 a
DDDJ;A_ﬂw;_MLﬂM‘_A‘

50 60 70 80 B 100 10 m

1V(x10000) l
3
4
0 c 85 o0 95 100

8. 5 5

L 0o © 0o 0o &b o © o o O & =

10.5 11.0 min

Fig. 4.6: GC-FID chromatograms of the conversion of homofarnesoic acid with ZmoSHC1 (black) and
negative control (pink), (1): internal standard 1 (ISTD1 1-decanol); (2): internal standard 2 (ISTD2
1-dodecanol); (3): substrate homofarnesoic acid; (6): product sclareolide. The extract was

derivatized with TMSH prior to GC analysis.
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4.4.2 GC-MS homofarnesoic acid conversion
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Fig. 4.7: GC-MS chromatograms and spectra of the conversion of homofarnesoic acid with ZmoSHC1
(black) and negative control (pink), (1): internal standard 1 (ISTD1 1-decanol); (2): internal
standard 2 (ISTD2 1-dodecanol); (3): substrate homofarnesoic acid; (6): product sclareolide. The

extract was derivatized with TMSH prior to GC analysis.
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4.5 Farnesylacetone, sclareoloxide

4.5.1 GC-FID farnesylacetone conversion

IV (x100.000)
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Fig. 4.8: GC-FID chromatograms of the conversion of farnesylacetone with ZmoSHC1 (black) and
negative control (pink), (1): internal standard 1 (ISTD1 1-decanol); (2): internal standard 2 (ISTD2

1-dodecanol); (3), (4), (5): substrate farnesylacetone; (6): sclareoloxide.

4.6 GC-MS farnesylacetone conversion

Substrate and product could not be separated under the given conditions.
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4.7 Geranylacetone, hexahydrochromene

4.7.1 GC-FID geranylacetone conversion
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Fig. 4.9: GC-FID chromatograms of the conversion of geranylacetone with ZmoSHC1 (black) and
negative control (pink), (1): internal standard 1 (ISTD1 1-decanol); (2): substrate geranylacetone;

(3): internal standard 2 (ISTD2 1-dodecanol); (4): product hexahydrochromene.

4.7.2 GC-MS geranylacetone conversion
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Fig. 4.10: GC-MS chromatograms and spectra of the conversion of geranylacetone with ZmoSHC1
(black) and negative control (pink), (1): product hexahydrochromene, (2) substrate

geranylacetone.
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4.8 Nerolidol, caparrapioxide

4.8.1 GC-FID nerolidol conversion
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Fig. 4.11: GC-FID chromatograms of the conversion of nerolidol with ZmoSHC1 (black) and negative
control (pink), (1): internal standard 1 (ISTD1 1-decanol); (2): substrate cis-nerolidol; (3):

substrate trans-nerolidol; (4): product (-)-caparrapioxide; (5): product (-)-8-epi-caparrapioxide.
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4.8.2 GC-MS nerolidol conversion
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Fig. 4.12: GC-MS chromatograms and spectra of the conversion of nerolidol with ZmoSHC1 (black)
and negative control (pink), (1): substrate cis-nerolidol; (2): substrate trans-nerolidol; (3):

product (-)-caparrapioxide; (4): product (-)-8-epi-caparrapioxide.
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4.9 Other substrates tested

49.1 GC-FID bishomofarnesol conversion
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Fig. 4.13: GC-FID chromatograms of the conversion of bishomofarnesol with ZmoSHC1 (black) and
negative control (pink). The substrate bishomofarnesol (1) was converted into two products (2
and 3).
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4.9.2
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Fig. 4.14: GC-MS chromatogram and spectra of the conversion of bishomofarnesol with ZmoSHC1

(black) and negative control (pink), the GC-MS spectra of the substrate (1), the major product (2)

GC-MS bishomofarnesol conversion

and the minor product (3) are shown on the right side.
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4.9.3 GC-FID geraniol conversion

V(100,000

L1000

Fig. 4.15: GC-FID chromatograms of the conversion of geraniol with ZmoSHC1 (black) and negative
control (pink), (1): internal standard 1 (ISTD1 1-decanol); (2): substrate geraniol; (3): internal
standard 2 (ISTD2 1-dodecanol). No product peak was detected.
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4.9.4 GC-FID linalool conversion
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Fig. 4.16: GC-FID chromatograms of the conversion of linalool with ZmoSHC1 (black) and negative
control (pink), (1): substrate linalool; (2): internal standard 1 (ISTD1 1-decanol); (3): internal
standard 2 (ISTD2 1-dodecanol). No product peak was detected.
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4.9.5 GC-FID pseudoionone conversion
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Fig. 4.17: GC-FID chromatograms of the conversion of pseudoionone with ZmoSHC1 (black) and
negative control (pink), (1): internal standard 1 (ISTD1 1-decanol); (2): internal standard 2 (ISTD2
1-dodecanol); (3), (4), (5): substrate pseudoionone. No product peak was detected.
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4.9.6 GC-FID geranic acid conversion
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Fig. 4.18: GC-FID chromatograms of the conversion of geranic acid with ZmoSHC1 (black) and
negative control (pink), (1), (2), (4): substrate geranic acid; (3): internal standard 1 (ISTD1 1-
decanol); (5): internal standard 2 (ISTD2 1-dodecanol). No product peak was detected. The extract

was derivatized with TMSH prior to GC analysis.
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4.9.7 GC-FID bishomofarnesoic acid conversion

IV (x10.000)

250 cheomatogram
225 1
200
1.75]
1.50)
1.25]
1.00)
0.75)
0.50)
0.25)
0.00)
-025)
% or 1000 1025 1050 1078 1100 1125 1150 1175 1200 1225 1250mi
4.000) l
e0
hromatogram
1
20
70
4
60
0 2
40
20
20
3
10
00
10
o7 1000 102 1080 107 o0 112 18 117 200 122 1250 mi

Fig. 4.19: GC-FID chromatogram of the conversion of bishomofarnesoic acid with ZmoSHC1 (black)

and negative control (pink), (1): substrate bishomofarnesoic acid; (2), (3), (4): products.
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4.9.8 GC-MS bishomofarnesoic acid conversion
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Fig. 4.20: GC-MS chromatogram and spectra of the conversion of bishomofarnesoic acid with
ZmoSHC1 (black) and negative control (pink), the GC-MS spectra of the substrate (1), and the
products (2), (3) and (4) are shown on the right side.

-47 -



49,9 GC-MS bishomofarnesal conversion
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Fig. 4.21: GC-MS chromatograms of the conversion of bishomofarnesal with ZmoSHC1 (black) and
negative control (pink), the GC-MS spectra of the substrate (1), the major product (2) and the

minor product (3) are shown on the right side.
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5 NMR spectra

5.1 NMR spectra hopene

5.1.1 'H NMR Spectrum hopene
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5.1.2 'H NMR spectrum hopene zoomed
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5.1.3 *C NMR spectrum hopene
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5.1.4 COSY NMR spectrum hopene
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5.1.5 HSQC NMR spectrum hopene
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5.1.6 HSQC NMR spectrum hopene zoomed
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5.1.7 HMBC NMR spectrum hopene

1 N ppm
- 0
! % 9
o] ““.ﬁ%wﬂwﬁjﬂgﬁ - 20
i L ¥ Lo * e,
— 23 1Y
o] " Mo g8 _ 40
— -] ° ‘&:'Q %e"m@@ L b
JES——— : LU R o
— . [ o oy yah & ®
- 60
- 80
~100
—3 L3 ] * -]
-120
- 140
— L = ﬂ [
T T T T T T T T T T
5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 ppm

-55-



5.1.8 HMBC NMR spectrum hopene zoomed
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5.1.9 NOESY NMR spectrum hopene
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5.1.10NOESY NMR spectrum hopene zoomed
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5.2 NMR spectra hopanol

5.2.1 *H NMR spectrum hopanol
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5.2.2 *C NMR spectrum hopanol
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5.2.3 COSY NMR spectrum hopanol
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5.2.4 HSQC NMR spectrum hopanol
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5.2.5 HMBC NMR spectrum hopanol
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5.2.6 HMBC NMR spectrum hopanol zoomed
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5.2.7 NOESY NMR spectrum hopanol
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5.3 NMR spectra homofarnesoic acid

5.3.1 'H NMR spectrum homofarnesoic acid
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5.3.2 'H NMR spectrum homofarnesoic acid zoomed
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5.3.3 *C NMR spectrum homofarnesoic acid
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5.4 NMR spectra sclareolide

5.4.1 'H NMR spectrum sclareolide
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5.4.2 'H NMR spectrum sclareolide zoomed
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5.4.3 *C NMR spectrum sclareolide
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5.4.4 COSY NMR spectrum sclareolide

ppm

it os
0.8
1.0
1.2
1.4
1.6
1.8
2.0

- 2.2

£
=

gl ’ g -2.4

. ‘
: I L26
9

T T ¥ ¥ T T T T ¥ T ¥ T T T ¥ ¥ T & ¥ ¥ T
27 26 25 24 23 22 21 20 1% 18 1.7 16 15 14 13 12 11 10 09 08 07 06 ppm

-72-



5.4.5 HSQC NMR spectrum sclareolide
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5.4.6 HSQC NMR spectrum sclareolide zoomed
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5.4.7 HMBC NMR spectrum sclareolide
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5.4.8 HMBC NMR spectrum sclareolide zoomed
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5.4.9 NOESY NMR spectrum sclareolide
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5.5 NMR spectra sclareoloxide

5.5.1 'H NMR spectrum sclareoloxide
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5.5.2 'H NMR spectrum sclareoloxide zoomed
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5.5.3 *C NMR spectrum sclareoloxide
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5.5.4 COSY NMR spectrum sclareoloxide
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5.5.5 COSY NMR spectrum sclareoloxide zoomed
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5.5.6 HSQC NMR spectrum sclareoloxide
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5.5.7 HSQC NMR spectrum sclareoloxide zoomed
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5.5.8 HMBC NMR spectrum sclareoloxide
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5.5.9 HMBC NMR spectrum sclareoloxide zoomed
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5.5.10NOESY NMR spectrum sclareoloxide
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5.5.11NOESY NMR spectrum sclareoloxide zoomed

T T
.2 21 20 19 t8 17 16 1.5 14 13 12 11 10 08 08 07 ppm

-88-



5.6 NMR spectra hexahydrochromene

5.6.1 'H NMR spectrum hexahydrochromene
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5.6.2 'H NMR spectrum hexahydrochromene zoomed
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5.6.3 *C NMR spectrum hexahydrochromene
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5.6.4 COSY NMR spectrum hexahydrochromene
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5.6.5 COSY NMR spectrum hexahydrochromene zoomed
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5.6.6 HSQC NMR spectrum hexahydrochromene
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5.6.7 HSQC NMR spectrum hexahydrochromene zoomed
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5.6.8 HMBC NMR spectrum hexahydrochromene
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5.6.9 HMBC NMR spectrum hexahydrochromene zoomed
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5.6.10NOESY NMR spectrum hexahydrochromene
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5.6.11NOESY NMR spectrum hexahydrochromene zoomed
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5.7 NMR spectra (-)-caparrapioxide

5.7.1 'H NMR spectrum (-)-caparrapioxide
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ide zoomed
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5.7.2 'H NMR spectrum (-)
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5.7.3 *C NMR spectrum (-)-caparrapioxide
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5.7.4 COSY NMR spectrum (-)-caparrapioxide
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5.7.5 HSQC NMR spectrum (-)-caparrapioxide
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5.7.6 HSQC NMR spectrum (-)-caparrapioxide zoomed
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5.7.7

HMBC NMR spectrum (-)-caparrapioxide
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5.7.8 HMBC NMR spectrum (-)-caparrapioxide zoomed
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5.7.9 NOESY NMR spectrum (-)-caparrapioxide
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5.7.10NOESY NMR spectrum (-)-caparrapioxide zoomed
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5.8 NMR spectra (-)-8-epi-caparrapioxide

5.8.1 'H NMR spectrum (-)—8-epi-caparrapioxide
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5.8.2 'H NMR spectrum (-)—8-epi-caparrapioxide zoomed
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5.8.3 *C NMR spectrum (-)—8-epi-caparrapioxide
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5.8.4 COSY NMR spectrum (-)—8
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5.8.5 COSY NMR spectrum (-)—8-epi-caparrapioxide zoomed
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5.8.6 HSQC NMR spectrum (-)—8-epi-caparrapioxide
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5.8.7 HSQC NMR spectrum (-)—8-epi-caparrapioxide zoomed
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5.8.8 HMBC NMR spectrum (-)—8-epi-caparrapioxide
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5.8.9 HMBC NMR spectrum (-)—8-epi-caparrapioxide zoomed
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5.8.10NOESY NMR spectrum (-)—8-epi-caparrapioxide
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5.8.11NOESY NMR spectrum (-)—8-epi-caparrapioxide zoomed
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6 HREIMS spectra

6.1 HREIMS spectra hopene

6.1.1 Full HREIMS spectrum hopene

ho pewe

D:\Xcalibur\data\seitz-hopen
El positiv-lon, 70eV
seitz-hopen #35-38 RT: 4.01-4.35 AV: 4 NL: 5.25E6
T: + ¢ El Full ms [ 34.50-750.50]

Relative Abundance

100

95+
90
85
80—

75
70
65
60
55
50
45
40
35
30
25
20
15
10

5

0

55.0
41.0

50

69.0

95.0

109.1

100

1211

Tquelle=420K
Tprobe=410K

191.2

218.2
161.1

1771
231.2

150 200

miz
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2/14/2012 3:17:5: PM
C30H50

299.3

2572 2843
250 300

Hopen
Miriam Seitz
410.4
395.4
3423
3983 367.4
382.4
350 400



6.1.2 Molecule HREIMS spectrum hopene

nopena
Dixcaliburdata\seilz-hopen-hr-c1 201412012 3:31:33 PM
~n,  Elpositivion, 708V R=8400 _ Hopen ___Mirlam Seitz
N 410.3916 NL:
= 100, - 9.22E4
| seitz-hopen-hr-c1#11-52
90 RT: 1.97-3.49 AV: 42 SB:
| 7 0.11-0.33 T: + c El Full
| ms [ 402.50-419.50]
80—
70
&
£ 60
=
g
= .
< 50
v
2z -
5 40~
o 1
| 411.3953
30—
20—
10— '
| 412.3993
1 408.3764 |
103_ - I - I 4:1_013_91_3 1l 1 I - NL.
] 7.20E5
1 Cs0 Hsa:
90~ Cao Hso
| c (gss, s /p:40)(Val) Chrg 0
1 R: 0.1 Da @FWHM
80
70|
60—
50|
40—
| 411.3947
30
20|
10| '
g 412.3981
L | arza0s
406 408 410 412 414
miz
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6.2 HREIMS spectra hopanol

6.2.1 Full HREIMS spectrum hopanol

hoparol
D:\Xcalibur\data‘seitz-hopanol Tqule=440K 2{15/2012 10:01:2d AM Hopanol
El positiv-lon, 70eV Tprobe=455K C30H520 Miriam Seitz

seitz-hopanol #54-64 RT: 3.71-4.39 AV: 11 SB: 6 0.83-1.17 NL: 1.11E7
T: + ¢ El Full ms [ 34.50-700.50]

100
95
90
85—
80
75
70
65—
60| 149.1
565

50|

45|

40 95.1 207.2
35| |5
30|

191.2.

Relative Abundance

428.5

25 81.1
20| 109.1

15

| 43.0 2| 3954
10~ | | l 177.2 2312 355.4 3
5 ]

2453 2733 2993 3284

1371 | 1g3.2 :': 370.4 41034

50 100 150 200 250 300 350 400
miz
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6.2.2 Molecule HREIMS spectrum hopanol

) {
.ﬂ_ DXcaliburidala\seitz2-hopanal-hr-c1
o El positiv-lon, 70eV, R=10000

Relative Abundance

opana

Hopanol

100~ 428.;4015

80
70
60

50

i | 429.4050
1 | 430.4087
1 _ 426.3860

o 4284018

| 428.4062

430.4085

430 432

-124-

211512012 10:25:48 AM

L4si4ns

Miriam Seitz

434

ML:

1.38E5
seitz2-hopanol-hr-c1#12-
42 RT: 3.34-4.41 AV: 31
SB:6 0.08-0.26 T: +c EIl
Full ms [ 414.50-434.50]

Mg rroin o
4

NL:

7.18E5

CanHs201:

CanHs2 O

¢ (gss, s /p:40)(Val) Chrg 0
R: 0.1 Da @FWHM

kool



6.3 HREIMS spectra sclareolide

6.3.1 Full HREIMS spectrum sclareolide

I~SEorm :

e ~,
ov no

D:Mcalibur\data\seitz-lis-saeule2
El positiv-lon, 70eV
seitz-lis-saeule2 #114-128 RT: 5.25-5.90 AV: 15 NL: 3.16E6
T: + ¢ El Full ms [ 24.50-475.50]

Relative Abundance

100

95-
90|
85~
80—

75
70
65
60
55
50
45
40

35-
30~
25
20
15
10

o

€

43.0

40

56.0

69.1

60

Tquele=465K 6/27/2012 8:40:32 AM Lis Saeule 2
Tprobe=355K C16H2602 Miriam Seitz

1231

95.1
821

109.1
206.2

1371

150.1

191.2
177.2

163.1

2171

80 100 120 140 160 180 200 220
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6.3.2 Molecule spectrum HREIMS sclareolide

norambteinoliclg

Dixcaliburtd atalsaitz-lis-saeuled-hr-c1 Gl27/2012 9:00:32 AM
El positiv-lan, 70a\V, R=10000 ) _ Miriam Seitz

Relative Abundance

100,

]
90—

80|
70|

60§

50
40
a0 |
20

10-

100

90—

80—

70—

60-

50

40

30

20

I

250.1930

251.1994

249.1854

252.2036
248.1778

250.1933

251.1967

I EN——— SRR K S
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LisSaeule2

ML:

3.57E4
seitz-lis-saeule2-hr-c1#25-
61 RT: 4.10-5.56 AV: 37
SB:7 0.24-049T: +cEl
Full ms [ 240.50-257.50]

ML:
8.35E5

CqpHog Ozt

CqHas O2

¢ (gss, s /p:40)(Val) Chrg 0
R: 0.1 Da @FWHM



6.4 HREIMS spectra sclareoloxide

6.4.1 Full HREIMS spectrum sclareoloxide

~

Seloteol  oxak
D:\Xcalibur\data\seitz-fa-saeule-6k Tquelle=415K 3/16/2012 10:15:29 AM FA Saeule 6k
El positiv-lon, 70eV Tprobe=300K C18H300 Miriam Seitz

seitz-fa-saeule-6k #20-30 RT: 1.40-2.10 AV: 11 NL: 1.12E7
T: + ¢ El Full ms [ 34.50-750.50]

100 57.0

95-

a0

85

80—

75

70 71.0
65

60

55 85.0

so- 430

45

40

35

30

25-

20—

157 113.1

| | 127.1 155.2 169.2
10 I 1412 183.2

55 | | | 197.2 212.3
U. ., il |1 P T |11 PR L1} ML P 1 T 1 - ‘ 247.2 6.2

40 60 80 100 120 140 160 180 200 220 240 260

Relative Abundance
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6.4.2 Molecule HREIMS spectrum sclareoloxide

f | .
Lol B s WY
SCATEol QXIC

Daxcalibur., \seiiz-fa-saeule-Bk-hr-c1 FM62012 10:38:587 AM
El positiv-lon, 70V, R=6500 o ) _ FAS#uleBk Miriam Seitz
262.2297 ML:
100 4.77E4
] seitz-fa-saeule-Bk-hr-c1#25-
a0 50 RT: 2.04-3.00 AV: 26
| SB:5 0.28-044T: +cEl
] Full ms [ 252.50-271.50]
80—
70|
el |
£ 60
=} -
=
=
£ 50
E:
< 40—
o
30—
. 263.2338
20|
10+
264.2382
103-: .  262.2297 o h NL:
] 8.19E5
| CigHao O:
90 C1aHap Oy
c (gss, s /p:40)(\Val) Chrg O
R: 0.1 Da @FWHM
80
60
50—
40~
30
20 263.2331
; 264.2362
{] S | — 1  ———————
261 262 263 264 265
miz
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6.5 HREIMS spectra hexahydrochromene

6.5.1 Full HREIMS spectrum hexahydrochromene

D:\Xcaliburidata\seitz-saeule3-fr3 Tquelle=455K T130/2012 2:28:4. PM Saeule3 Fr. 3
El positiv-lon, 70eV Tprobe=300K C13H220 Seitz

seitz-saeule3-fr3 #6-9 RT: 0.52-0.74 AV: 4 NL: 1.88E7
T: + ¢ El Full ms [ 34.50-900.50]

100
95
90
85
80
75
70
65
60
55
50
45

109.0

194.1

Relative Abundance

40 43.0
35 123.1

30
25 710 819 g5

20 550 136.1 161.1 1794
15

10
5
0

151.1

40 60 80 100 120 140 160 180
m/z
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6.5.2 Molecule HREIMS spectrum hexahydrochromene

Relative Abundance
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20

100

90
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70

60

50

40

30

20

SB:7 0.22-0.52 T: +c El
Full ms [ 190.50-207.50]

193.1230 195.1704
192.1510 196.1735
194.1671 NL:
8.65E5
CiaHzO:
CiaHz2209
G (gss, s /p:40)(Val) Chrg 0
R: 0.1 Da @FWHM
185.1705
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6.6 HREIMS spectra (-)-caparrapioxide

6.6.1 Full HREIMS spectrum (-)-caparrapioxide

(.

“Capalflfap

| I
D:Xcalibur\data\seitz-mse-saeule9-hplc1
El positiv-lon, 70eV

weialg

Tquelle=345K 6/2712012 10:01:00 AM
Tprobe=295K C15H260

seitz-mse-saeule9-hplcl #39-45 RT: 1.84-211 AV: 7 SB:7 0.32-0.59 NL: 1.96E7
T: + ¢ El Full ms [ 24.50-475.50]

100
95
90

8567

80
75
70
65
60
55
50
45
40
35
30
25
20
15
10

Relative Abundance

5 {

0

29.0

43.0

40

109.1

81.1 124.1

69.1
55.0

951 137.1

152.2

161.1

60 80 100 120 140 160
m/z
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180

mse-saeule9-HPLC1

Miriam Seitz
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207.2

200
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6.6.2 Molecule spectrum HREIMS (-)-caparrapioxide

(=) -Capoarrap 1 oxoly

seilz-mse-saaulal-hplci-hr-cl BI2TI2012 10:41:33 AM
o El posiliv-lan, T0eV, R=8300 o Miriam Seitz mse-Siuled-HPLCA
~—
K 222.1981 NL:
& 1007 4.98E4
' : seitz-mse-saeuled-hplel-hr-
90| c1#37-56 RT: 4.29-5.04 AV:
] | 20SB: 8 0.15-043T:+cEl
| Full ms [ 216.50-233.50]
80—
70-|
1] |
£ 60—
=
c
=] -
2 50-
o
=
T 40
v
30—
20
2232017
10—
. 221 ilQ'DT | | 224.2049
100 2221984 NL:
: 8.46E5
] CisHog O
90 | C15Has Oy
| c (gss, s /p:40)(Val) Chrg O
| R: 0.1 Da @FWHM
80
70-|
60 |
50
40—
30
20 223.2018
10
' 224.2048
220 221 222 223 224 225
miz
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6.7 HREIMS spectra (-)-8-epi-caparrapioxide

6.7.1 Full HREIMS spectrum (-)—8-epi-caparrapioxide

D:\Xcalibur\data\seitz-mse-saeule9-hpic2 Tquelle=445K 6/27/2012 11:04:01 AM

El positiv-lon, 70eV Probe=295K C15H260
seitz-mse-saeule8-hplc2 #30-33 RT: 1.39-1.53 AV: 4 SB: 7 0. 204’3 47 NL: 3.58E6

T: + ¢ El Full ms [ 24.50-475.50]

100
95
90
85
80
75
70
65
60
55
50
45
40
35
30
25
20
15
10

5
0

Relative Abundance

() -8-ep r(vf“:,, 10

109.1

81.1 124.1

43.0

55.0
95.1
1371

1652.2
291 161.1

40 60 80 100 120 140 160

m/z
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177.2

180

mse-saeuled-HPLCZ
Miriam Seitz

207.2

189.2

196.2

200

2222

220



6.7.2 Molecule HREIMS spectrum (-)—8-epi-caparrapioxide

W

(-}- B ~epicapalfa oy iolg

saitz-mse-saeuled-hplc2-hr-cl B27/2012 11:26:37 AM

El positiv-lon, 70eV, R=8000 Miriam Seitz

Relative Abundance
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70—

B0

50

40-
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20—

10

100

90

80

70~

B0

50

40—
30
20

10—

2221982

223.2019

221.1907

223.2018

224.2048

221 222 223 224 225

m/z

-134-

_mee-Saulsd HPLG2

NL:

3.14E4
seitz-mse-saeule9-hplc2-hr-
cl#12-22 RT: 1.87-2.27 AV:
11 8SB: 7 0.18-041 T: + c El
Full ms [ 216.50-233.50]

ML:
8.46E5

Cqs5 Has O

CisHas O

c (gss, s /p:40)(Val) Chrg 0
R: 0.1 Da @FWHM



7 IR spectra

7.1 IR spectrum hexahydrochromene
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7.2

IR spectrum (-)-caparrapioxide
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IR spectrum (-)-8-epi-caparrapioxide
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