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SEQUENCE LISTING

SEQ ID NO:1 (UGT40087 version 1)

MDASDSSPLHIVIFPWLAFGHMLASLELAERLAARGHRVSEVSTPRNISRLRPVPPALAPLIDEVALPLP
RVDGLPDGAEATSDIPPGKTELHLKALDGLAAPFAAFLDAACADGSTNKVDWLELDNEFQYWAAAAAADHK
IPCALNLTFAASTSAEYGVPRVEPPVDGSTASILOQREVLTLEKCQFVIQRACFELEPEPLPLLSDIFGKP
VIPYGLVPPCPPAEGHKREHGNAALSWLDKQQOPESVLEFIALGSEPPVIVEQLHEIALGLELAGTTFLWAL
KKPNGLLLEADGDILPPGFEERTRDRGLVAMGWVPQPITLAHSSVGAFLTHGGWASTIEGVMSGHPMLEL
TEFLDEQRINAQLIERKKAGLRVPRREKDGSYDRQGIAGAIRAVMCEEESKSVEAANAKKMOEIVSDRNCQ
EKYIDELIQRLGSFEK

SEQ ID NO: 2 (sr.UGT _g252778)
MATNDDDRKQLHVAMFPWLAFGHILPFLELSKLIAQNGHKVSFLSTTRNIQRLPSHLTPLINLVKLTL
PRVQELPEDAEATTDIKHDDQDHLLNASDGLOPEVTRFLEEESPDWIIFDYSYYWLPPVAAELGISRA
FFMTFPTWTMALTRLPSDQLTAEDLMTLSKISFKKHEIVNLMYGTSTQGDLYRLTMACNGSDCILIRC
CYEFEPQWLTLLEKLLPVPVVPVGLLPPEIHGDEKDDDTWVSVKEWLDGQHKGHVVYVALGSEAMVSK
DELGELALGLELSGLPFFWALRKPPGSTESDSVELPDGFMERTRNRGVVWTSWAPQLRILSHESVCGE
LTHCGVSSIVEGLMFGHPLIMLPIFGDQIMNAQVLADKQVGIEIPRNEEDGWFTKESVAKSLRSVVVD
DEGEIYKANARELSKIFSDTDLGKKYISHFIDFLMMEIVKT*

SEQ ID NO: 3 (Bd UGT10840)
MDNGSSSSSSSPLHVVICPWLAFGHQLPCLDLAERLALRGHRVSEFVSTPRITARLPPVRPVAASLVDL
VALPLPRVDGLPEGAESTNDVPYEKFELHRKAFDGLAVPFSEFLRAACAEEGKKPDWIIVDTFHHWAA
AAATEHKVPCAMLMLGAAGLIVAWATQPSKHVTSEQQEQSAAEPPRFETERRKLATTQRASGMSIAER
CSVTLERCNLVAMRSCLEWEPESIPLATTIGGKQLVPLGLLPPSPEGGRGVSKEDATVRWLDAQPTKS
VVYVALGSEVPLGAKEVHELALGLELAGTRFLWSLRKPSGVSDADILPSGFEERTRGRGLVTMGWVPQ
ISVLAHGAVGAFLTHCGWNSIIEGLQFGHPLVMLPIFGDQGPNARMMEGRKVGVQVPRDESNGSEFDRE
GVATTVRAVAVEEEGNRIFTANAKKMQEIVADKGCHDKYVDKFIQKLRSYME*

SEQ ID NO: 4 (Hv UGT V1)
MDGDGNSSSSSSPLHVVICPWLALGHLLPCLDIAERLASRGHRVSFVSTPRNIARLPPLRPAVAPLVE
FVALPLPHVDGLPEGAESTNDVPYDKFELHRKAFDGLAAPFSEFLRAACAEGAGSRPDWLIVDTFHHW
AAAAAVENKVPCVMLLLGAATVIAGFARGVSEHAAAAVGKERPAAEAPSFETERRKLMTTQNASGMTV
AERYFLTLMRSDLVAIRSCAEWEPESVAALTTLAGKPVVPLGLLPPSPEGGRGVSKEDAAVRWLDAQP
AKSVVYVALGSEVPLRAEQVHELALGLELSGARFLWALRKPTDAPDAAVLPPGFEERTRGRGLVVTGW
VPQIGVLAHGAVAAFLTHCGWNSTIEGLLFGHPLIMLPISSDQGPNARLMEGRKVGMQVPRDESDGSF
RREDVAATVRAVAVEEDGRRVFTANAKKMQEIVADGACHERC IDGFIQQLRSYKA*

SEQ ID NO: 5 (Bd UGT10850)
MDAAGSSSPMHIVIFPWLASGHLLPCLELAERLAARGHLVSFVSTPRNLARLPPVSPALAPLVDLVAL
PLPRVAGLPDGAESTADVPADKFDLHRQAFDGLAAPFAAFLDADVGKKKKPDWIVADFVHHWVAAAAQ
EREVPCAMLVPCAAAVAVLAGPPPESISNADERQVIVKVMDAAPRFEAEQAMEEFAAEDASGSSSGLS
VLSRFYMTLKRCKVVALRSCPELEPDAFPLLTRLYGKPAVPLGLLPPPPNGTRSRGMDDEATIRWLNA
QPASSVVYVALGSEAPLRAELLRELAHGLELAGTRFLWALRKPVGVQDGDSVLPDGEVERTSRRGLVV
ARWVSQVSILAHGAVGAFLTHCGWGSVVEGLQFGRPLIMLPIAGDQGPNARLMEERKVGVSVPRDEKD
GSFTRGGVAGAIRAVVVEEDGRLFAANAEKLREIVASRECHERCIDGEFIQHLRCCK

SEQ ID NO: 6 (Ob UGT91Bl like)
MENGSSPLHVVIFPWLAFGHLLPFLDLAERLAARGHRVSFVSTPRNLARLRPVRPALRGLVDLVALPL
PRVHGLPDGAEATSDVPFEKFELHRKAFDGLAAPFSAFLDAACAGDKRPDWVIPDFMHYWVAAAAQKR
GVPCAVLIPCSADVMALYGQPTETSTEQPEAIARSMAAEAPSFEAERNTEEYGTAGASGVSIMTRFSL
TLKWSKLVALRSCPELEPGVFTTLTRVYSKPVVPFGLLPPRRDGAHGVRKNGEDDGAI IRWLDEQPAK
SVVYVALGSEAPVSADLLRELAHGLELAGTRFLWALRRPAGVNDGDSILPNGFLERTGERGLVTTGWV
PQVSILAHAAVCAFLTHCGWGSVVEGLQFGHPLIMLPIIGDQGPNARFLEGRKVGVAVPRNHADGSFD
RSGVAGAVRAVAVEEEGKAFAANARKLQEIVADRERDERCTDGF IHHLT SWNELEA
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SEQ ID NO: 7 (UGT91D like3)
MYNVTYHONSKAMATSDSIVDDRKQLHVATFPWLAFGHILPYLQLSKLIAEKGHKVSFLSTTRNIQRL
SSHISPLINVVQLTLPRVQELPEDAEATTDVHPEDIPYLKKASDGLQPEVTRFLEQHSPDWIIYDYTH
YWLPSIAASLGISRAHFSVTTPWATAYMGPSADAMINGSDGRTTVEDLTTPPKWEFPFPTKVCWRKHDL
ARLVPYKAPGISDGYRMGLVLKGSDCLLSKCYHEFGTQWLPLLETLHQVPVVPVGLLPPEIPGDEKDE
TWVSIKKWLDGKQKGSVVYVALGSEVLVSQTEVVELALGLELSGLPFVWAYRKPKGPAKSDSVELPDG
FVERTRDRGLVWTSWAPQLRILSHESVCGFLTHCGSGSIVEGLMFGHPLIMLPIFGDQPLNARLLEDK
QVGIEIPRNEEDGCLTKESVARSLRSVVVEKEGEIYKANARELSKIYNDTKVEKEYVSQFVDYLEKNA
RAVAIDHES*

SEQ ID NO: 8 (Os UGT 91Cl)
MDSGYSSSYAAAAGMHVVICPWLAFGHLLPCLDLAQRLASRGHRVSFVSTPRNISRLPPVRPALAPLY
AFVALPLPRVEGLPDGAESTNDVPHDRPDMVELHRRAFDGLAAPFSEFLGTACADWVIVDVFHHWAAA
AALEHKVPCAMMLLGSAHMIASIADRRLERAETESPAAAGQGRPAAAPTFEVARMKLIRTKGSSGMSL
AERFSLTLSRSSLVVGRSCVEFEPETVPLLSTLRGKPITFLGLMPPLHEGRREDGEDATVRWLDAQPA
KSVVYVALGSEVPLGVEKVHELALGLELAGTRFLWALRKPTGVSDADLLPAGFEERTRGRGVVATRWV
PQMSILAHAAVGAFLTHCGWNSTIEGLMFGHPLIMLPIFGDQGPNARLIEAKNAGLOVARNDGDGSFD
REGVAAATRAVAVEEESSKVFQAKAKKLQETIVADMACHERY IDGFIQQLRSYKD*

SEQ ID NO: 9 (S1 UGT 101249881)
MATNLRVIMEPWLAYGHISPFLNIAKQLADRGFLIYLCSTRINLESITKKIPEKYADSIHLI
ELQLPELPELPPHYHTTNGLPPHLNPTLHKALKMSKPNEFSRILONLKPDLLIYDVLQPWAEH
VANEQNIPAGKLLTSCAAVESYFFSFRKNPGVEFPFPATHLPEVEKVKIREILAKEPEEGGR
LDEGNKQMMLMCTSRTIEAKYIDYCTELCNWKVVPVGPPFQDLITNDADNKELIDWLGTKHE
NSTVEVSEGSEYFLSKEDMEEVAFALELSNVNEIWVARFPKGEERNLEDALPKGEFLERIGER
GRVLDKFAPQPRILNHPSTGGFISHCGWNSAMESIDEFGVPIIAMPIHNDQPINAKLMVELGV
AVEIVRDDDGKIHRGEIAETLKSVVTGETGEILRAKVREISKNLKSIRDEEMDAVAEELTIQL
CRNSNKSK

SEQ ID NO: 10 (Sr.KAH)
MEASYLYISILLLLASYLFTTQLRRKSANLPPTVFPSIPIIGHLYLLKKPLYRTLAKIAA
KYGPILOLOLGYRRVLVISSPSAAEECEFTNNDVIFANRPKTLEGKIVGGTSLGSLSYGDQ
WRNLRRVASIEILSVHRLNEFHDIRVDENRLLIRKLRSSSSPVTLITVEYALTLNVIMRM
ISGKRYFDSGDRELEEEGKRFREILDETLLLAGASNVGDYLPILNWLGVKSLEKKLIALQ
KKRDDFFQGLIEQVRKSRGAKVGKGRKTMIELLLSLOQESEPEYYTDAMIRSEVLGLLAAG
SDTSAGTMEWAMSLLVNHPHVLKKAQAETIDRVIGNNRLIDESDIGNIPYIGCIINETLRL
YPAGPLLEFPHESSADCVISGYNIPRGTMLIVNOQWAIHHDPKVWDDPETFKPERFQGLEGT
RDGFKLMPFGSGRRGCPGEGLAIRLLGMTLGSVIQCFDWERVGDEMVDMTEGLGVTLPKA
VPLVAKCKPRSEMTNLLSEL*

SEQ ID NO: 11 (UGT40087 wversion 2)

MDASSSPLHIVIFPWLAFGHMLASLELAERLAARGHRVSFVSTPRNISRLRPVPPALAPLIDEVALPLP
RVDGLPDGAEATSDIPPGKTELHLKALDGLAAPFAAFLDAACADGSTNKVDWLELDNEQYWAAAAAADHK
IPCALNLTFAASTSAEYGVPRVEPPVDGSTASILOREVLTLEKCQFVIQRACFELEPEPLPLLSDIFGKP
VIPYGLVPPCPPAEGHKREHGNAALSWLDKQQOPESVLFIALGSEPPVIVEQLHEIALGLELAGTTFLWAL
KKPNGLLLEADGDILPPGFEERTRDRGLVAMGWVPQPITLAHSSVGAFLTHGGWASTIEGVMSGHPMLEL
TEFLDEQRINAQLIERKKAGLRVPRREKDGSYDRQGIAGAIRAVMCEEESKSVEFAANAKKMOEIVSDRNCQ
EKYIDELIQRLGSFEK
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SEQ ID NO: 12 (5i91Dlike)

MDSSQSPPLHIAVFPWLAFGHLLPNLELAERLAARGHRVSEFVSTPRIISRLRPVPLALAPLIDEVALPLP
RVDGLPDGAEATSDIPPGKTDLHLKALDGLAAPFAAFLDAACADGSTNKVDWLEVDSEFQYWAAAAAADRK
IPCALILPFASSTLAEFGVPRLEPPVEGSTASILOREVLTFEKCQLVIHRACSELEPEHTPLLPGIFGKP
VIQYGLVPPCPPAQGHIEHDNAALSWLDKQQPESVLFIALGSEPPVIVEQLHEIALGLELAGTTFLWALK
KPNGLLLEADGDILPPGFEERTRDRGLVAMGWVPQLSILAHSSVGAFLTHGGWS STIEGAMSGHPMVELT
FLDEQRINAQLIERKKAGLRVPRCEKDGSYDROGIAGAIRAVMCEEESKSVEAANAKKMOEIINDRKCQE
RYIDELIQRLRSFEK

SEQ ID NO: 13 (UGT40087-1 codon optimized nucleic acid sequence)

ATGGATGCTTCCAGTAGTCCTTTACACATCGTTATCTTTCCATGGTTAGCTTTCGGTCATATGTTGGCTTCCTTG
GAATTGGCTGAGAGATTGGCTGCTCGTGGTCACAGAGTCTCCTTCGTTTCCACCCCTAGAAACATCTCTAGATTA
CGTCCAGTTCCACCAGCTTTAGCTCCATTGATTGATTTTGTCGCTTTGCCATTGCCTAGAGTCGATGGTTTACCA
GATGGTGCCGAAGCTACCTCTGACATTCCACCAGGTAAGACCGAATTACACTTGAAGGCTTTGGACGGTTTGGCT
GCTCCATTCGCCGCTTTTTTGGACGCTGCCTGTGCTGATGGTTCCACCAACAAGGTTGATTGGTTGTTTTTGGAC
AACTTCCAATACTGGGCTGCCGCTGCCGCTGCTGATCACAAAATTCCTTGCGCCTTAAACTTGACTTTTGCCGCT
TCCACCTCCGCTGAATACGGTGTTCCACGTGTTGAACCACCAGTTGACGGTTCCACTGCCTCCATCTTACAAAGA
TTTGTCTTAACCTTAGAAAAATGTCAATTCGTTATCCAAAGAGCTTGTTTCGAATTGGAACCTGAACCATTGCCA
TTGTTGTCCGACATTTTCGGTAAGCCAGTCATCCCATACGGTTTAGTTCCTCCATGTCCACCAGCTGAAGGTCAC
AANAGAGAACACGGTAACGCTGCTTTGTCCTGGTTGGATAAGCAACAACCAGAATCTGTTTTGTTCATCGCTTTG
GGTTCTGAACCACCTGTTACCGTCGAACAATTGCACGAAATCGCTTTGGGTTTAGAATTGGCCGGTACCACCTTC
TTGTGGGCCTTGAAAAAGCCAAACGGTTTGTTGTTAGAAGCCGATGGTGATATTTTGCCACCAGGTTTCGAAGAA
AGAACTAGAGATAGAGGTTTAGTCGCTATGGGTTGGGTTCCACAACCAATTATCTTGGCCCATTCCTCTGTTGGT
GCCTTTTTGACTCACGGTGGTTGGGCCTCCACTATTGAAGGTGTCATGTCCGGTCACCCTATGTTGTTCTTAACC
TTCTTGGACGAACAACGTATCAACGCCCAATTGAT CGAAAGAAAARAGGCTGGTTTAAGAGT CCCAAGAAGAGAA
AAGGATGGTTCCTACGACAGACAAGGTATTGCTGGTGCTATTAGAGCCGTCATGTGTGAAGAAGAATCTAAGTCT
GTCTTCGCTGCTAACGCTAAGAAAATGCAAGAGATCGTTTCTGACAGAAACTGT CAAGAAAAGTACATCGACGAA
TTGATTCAAAGATTGGGTTCTTTCGAAAAGTAA

SEQ ID NO: 14 (loop2 from Os UGT 91Cl1)

EGLPDGAESTNDVPHDRPDMV

SEQ ID NO: 15 (loop3 1 from Os UGT 91Cl)

SEFLGTACAD

SEQ ID NO: 16 (loop3 2 from Os UGT 91Cl)

SEFLGTACADWVIVDVFHH

SEQ ID NO: 17 (loop4 1 from Os UGT 91Cl)

ADRRLERAETESPAAAGQGRPAAAPTFEVARMKLIRTKGSSGM

SEQ ID NO: 18 (loop4 2 from Os UGT 91Cl)
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MMLLGSAHMIASIADRRLERAETESPAAAGQGRPAAAPTFEVARMKLIRTKGSSGM

SEQ ID NO: 19 (loopZ from UGT40087)

DGLPDGAEATSDIPPGKT

SEQ ID NO: 20 (loop3 1 from UGT40087)

AAFLDAACADGSTNKVD

SEQ ID NO: 21 (loop3 2 from UGT40087)

AAFLDAACADGSTNKVDWLELDNFQY

SEQ ID NO: 22 (loop4 1 from UGT40087)

GVPRVEPPVDGSTA

SEQ ID NO: 23 (loop4 2 from UGT40087)

LNLTFAASTSAEYGVPRVEPPVDGSTA

SEQ ID NO: 24 (UGT40087/S1i91Dlike chimera)

MDASSSPLHIVIFPWLAFGHMLASLELAERLAARGHRVSFVSTPRNISRLRPVPPALAPLIDEFVALPLPRVDGLP
DGAEATSDIPPGKTELHLKALDGLAAPFAAFLDAACADGSTNKVDWLELDNEQYWAAAAAADHKI PCALNLTFAA
STSAEYGVPRVEPPVDGSTASILOREVLTLEKCQFVIQRACFELEPEPLPLLSDIFGKPVIPYGLVPPCPPAQGH
IEHDNAALSWLDKQQPESVLFIALGSEPPVIVEQLHEIALGLELAGTTFLWALKKPNGLLLEADGDILPPGFEER
TRDRGLVAMGWVPQLSILAHSSVGAFLTHGGWS STIEGAMSGHPMVEFLTFLDEQRINAQLIERKKAGLRVPRCEK
DGSYDROGIAGAIRAVMCEEESKSVEFAANAKKMOEIINDRKCOQERYIDELIQRLRSFEK

SEQ ID NO: 25 (Os UGT 91Cl loop4 1)

MDSGYSSSYAAAAGMHVVICPWLAFGHLLPCLDLAQRLASRGHRVSEVSTPRNISRLPPVRPALAPLVAFVALPL
PRVEGLPDGAESTNDVPHDRPDMVELHRRAFDGLAAPFSEFLGTACADWVIVDVFHHWAAAAALEHKVPCAMMLL
GSAHMIASIGVPRVEPPVDGSTASLAERFSLTLSRSSLVVGRSCVEFEPETVPLLSTLRGKPITFLGLMPPLHEG
RREDGEDATVRWLDAQPAKSVVYVALGSEVPLGVEKVHELALGLELAGTREFLWALRKPTGVSDADLLPAGEFEERT
RGRGVVATRWVPOMSI LAHAAVGAFLTHCGWNSTIEGLMFGHPLIMLPIFGDQGPNARLI EAKNAGLOVARNDGD
GSEFDREGVAAAIRAVAVEEESSKVFQAKAKKLOEIVADMACHERYIDGEIQQLRSYKD

SEQ ID NO:26 (unoptimized nucleic acid sequence of UGT40087 having SEQ ID
NO:1)

tcgtgacgeca acagagcaac tctcgeccgge accggtcgcc ccttcegcag gcaggcagca
ggctcgegeg catggacgcc tceccgactcct ccccgetgca catcgtcatce ttcecccecgtgge
tcgegttegg ccacatgete geccagectgg agectegeccga gegecctggecec gecgcgaggce
accgegtgte cttegtctce acccegegca acatcagccg cctccgeccg gtcccgeccg
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cgctggecgece
acggcgcgga
tagacggccect
ccaacaaggt
ccgaccataa
acggtgtgcece
ttgtgctaac
cggagcccct
tccegeegtyg
ggctcgacaa
tgaccgtcga
tctgggetcet
caggtttcga
ccatcatact
ccattgaagg
ggataaacgc
aggacggctc
aagaaadtaa
ggaattgcca
gaaataaggt
tggccatteg
tgacttactg

tcgegecgge
t

SEQ ID NO:

gctcatcgac
ggccaccagc
cgccgegece
ggactggctc
gataccctgce
acgcgttgag
cttggagaaa
gcctecteectg
tccecececegea
gcagcagecc
acagctgcac
gaagaagcct
ggagcggacg
ggctcacagce
ggttatgtcc
gcaactgatc
gtacgatcgce
gagcgtcttce
ggagaagtac
gaaatatcct
cgcctctgat
aatttcctaa
attagcgata

27

TPRNISRLPPVPPALAP

SEQ ID NO:

28

TPRNISRLRPVRPALAP

SEQ ID NO:

29

TPRNISRLPPVRPALAP

SEQ ID NO:

30

TPRNISRLRPVPPALAP

010-8515-9243/1/AMERICAS

ttcgtggcecge
gacatcccge
ttcgcagett
ttcectegaca
gcgctgaace
ccgeeggtgg
tgccagtttyg
tcagacatct
gaaggtcaca
gagtctgtece
gagatcgcge
aacggcctcece
cgtgaccgtg
tcegtgggeg
gggcatccca
gagaggaaga
caaggcatcg
gcggcectaatg
atcgacgagce
acaataaccg
ctccatgtte
tatgtatgcc
atgtcaccge

tgccgetgee
ccggceaagac
tcctecgacge
acttccaata
tgacattcge
atggctcaac
tcatccaacg
tcggcaagee
aaagagagca
tgttcattge
ttgggctgga
tcectecgagge
ggctcgtgge
cgttecctgac
tgctcttect
aggccgggtt
ccggagcgat
ccaagaagat
ttatccagcg
cctgttgatg
cggcaataaa
caaacacatg
agtcgccage
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gcgcgtcgac
cgagctccac
cgcctgegece
ctgggecgece
agcgtcgacg
agcctcaata
cgectgette
ggtgatcccg
cggcaacgca
tctgggaagce
gctcgeeggg
ggacggcgac
catgggcetgg
gcacggcgga
gacgttctta
gcgagtgcca
ccgggcectgte
gcaggagatt
tctgggatcce
gcttgatgceca
tccaccatat
cataggttgce
acaggtgtag

(modified loopl from Os UGT 91Cl present

(modified loopl from UGT40087 present in

(loopl from Os UGT_91Cl having SEQ ID NO:

(Loopl from UGT40087 having SEQ ID NO:11)

ggcctcceceg
ctcaaggccc
gacgggagca
gccgccgcetg
tcagcggagt
ctccagcgat
gagctggagce
tacggcctag
gctctgtcat
gagcctcegg
acgacattcc
atcctgeccecce
gttcectcage
tgggcctcceca
gatgaacaga
aggcgtgaga
atgtgcgagg
gtgagcgaca
ttcgagaagt
acgatgtagg
gttatggctc
tagttgccce
caatttgaca

in UGT40087 loopl)

Os UGT 91Cl1l loopl)



