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Sequence ID “1” B. licheniformis AmyL
1 TNLNGTLMQY FEWYTPNDGQ HWKRLONDSA YLAEHGITAV WIPPAYKGTS
51 QADVGYGAYD LYDLGEFHQK GTVRTKYGTK GELQSAIKSL HSRDINVYGD
101 VVINHKGGAD ATEDVTAVEV DPADRNRVIS GEYLIKAWTH FHFPGRGSTY
151 SDFKWHWYHF DGTDWDESRK LNRIYKFQGK AWDWEVSSEN GNYDYLMYAD
201 IDYDHPDVVA EIKRWGTWYA NELQLDGFRL DAVKHIKFSF LRDWVNHVRE
251 KTGKEMFTVA EYWQONDLGAL ENYLNKTNFN HSVFDVPLHY QFHAASTOGG
301 GYDMRKLLNG TVVSKHPLKS VTFVDNHDTQ PGQSLESTVQ TWFKPLAYAF
351 ILTRESGYPQ VFYGDMYGTK GDSQREIPAIL KHKIEPILKA RKQYAYGAQH
401 DYFDHHDIVG WTREGDSSVA NSGLAALITD GPGGAKRMYV GRONAGETWH
451 DITGNRSEPV VINSEGWGEF HVNGGSVSIY VOR
Sequence ID “2” B. stearothermophilus AmyS
1 AAPFNGTMMQ YFEWYLPDDG TLWTKVANEA NNLSSLGITA LWLPPAYKGT
51 SRSDVGYGVY DLYDLGEFNQ KGTVRTKYGT KAQYLQAIQA AHAAGMQVYA
101 DVVFDHKGGA DGTEWVDAVE VNPSDRNQEI SGTYQIQAWT KFDFPGRGNT
151 YSSFKWRWYH FDGVDWDESR KLSRIYKFRG IGKAWDWEVD TENGNYDYLM
201 YADLDMDHPE VVTELKNWGK WYVNTTNIDG FRLDAVKHIK FSFFPDWLSY
251 VRSQTGKPLF TVGEYWSYDI NKLHNYITKT NGTMSLFDAP LHNKFYTASK
301 SGGAFDMRTL MTNTLMKDQP TLAVTFVDNH DTEPGQALQS WVDPWFKPLA
351 YAFILTRQEG YPCVFYGDYY GIPQYNIPSL KSKIDPLLIA RRDYAYGTQH
401 DYLDHSDIIG WTREGVTEKP GSGLAALITD GPGGSKWMYV GKQHAGKVFY
451 DLTGNRSDTV TINSDGWGEF KVNGGSVSVW VPRKTT
Sequence ID “3” “AmyS control.” Note that this protein is the
mature form of a translation product that has been naturally
processed to trim off the last 29 aa for the C-terminus. The
precursor is encoded by SEQ ID NO: 20.
1 AAPFNGTMMQ YFEWYLPDDG TLWTKVANEA NNLSSLGITA LWLPPAYKGT
51 SRSDVGYGVY DLYDLGEFNQ KGTVRTKYGT KAQYLQAIQA AHAAGMQVYA
101 DVVFDHKGGA DGTEWVDAVE VNPSDRNQEI SGTYQIQAWT KFDFPGRGNT
151 YSSFKWRWYE FDGVDWDESR KLSRIYKFIG KAWDWEVDTE NGNYDYLMYA
201 DLDMDHPEVV TELKNWGKWY VNTTNIDGFR LDAVKHIKFS FFPDWLSYVR
251 SQTGKPLFTV GEYWSYDINK LHNYITKTNG TMSLFDAPLH NKFYTASKSG
301 GAFDMRTLMT NTLMKDQPTL AVTFVDNHDT EPGQALQSWY DPWFKPLAYA
351 FILTRQEGYP CVFYGDYYGI PQYNIPSLKS KIDPLLIARR DYAYGTQHDY
401 LDHSDIIGWT REGVTEKPGS GLAALITDGP GGSKWMYVGK QHAGKVFYDIL
451 TGNRSDTVTI NSDGWGEFKV NGGSVSVWVP RKTT

FIG. 7A
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Sequence ID “4” 186
1 TNLNGTLMQY FEWYTPNDGQ
51 QADVGYGAYD LYDLGEFHQK
101 VVINHKGGAD ATEDVTAVEV
151 SDFKWHWYHF DGTDWDESRK
201 LDMDHPEVVT ELKNWGKWYV
251 QTGKPLFTVG EYWSYDINKIL
301 AFDMRTLMTN TLMKDQPTLA
351 ILTRQEGYPC VFYGDYYGIP
401 DHSDIIGWTR EGVTEKPGSG
451 GNRSDTVTIN SDGWGEFKVN

Sequence ID “5” 187
1 TNLNGTLMQY FEWYTPNDGQ
51 OQADVGYGAYD LYDLGEFHQK
101 VVINHKGGAD ATEDVTAVEV
151 SDFKWHWYHF DGTDWDESRK
201 LDMDHPEVVT ELKNWGKWYV
251 QTGKPLFTVG EYWSYDINKL
301 AFDMRTLMTN TLMKDQPTLA
351 ILTRQEGYPC VFYGDYYGIP
401 DHSDIIGWTR EGVTEKPGSG
451 GNRSDTVTIN SDGWGEFKVN

Sequence ID “6” 200
1 TNLNGTLMQY FEWYTPNDGQ
51 QADVGYGAYD LYDLGEFHQK
101 VVINHKGGAD ATEDVTAVEV
151 SDFKWHWYHF DGTDWDESRK
201 LDMDHPEVVT ELKNWGKWYV
251 QTGKPLFTVG EYWSYDINKL
301 AFDMRTLMTN TLMKDQPTLA
351 ILTRQEGYPC VFYGDYYGIP
401 DHSDIIGWTR EGVTEKPGSG
451 GNRSDTVTIN SDGWGEFKVN

Sequence ID “7” 200SB

1 TNLNGTLMQY FEWYTPNDGQ
51 OQADVGYGAYD LYDLGEFHQK
101 VVINHKGGAD ATEDVTAVEV
151 SDFKWHWYHF DGTDWDESRK
201 LDMDHPEVVT ELKNWGKWYV
251 QTGKPLFTVG EYWSYDINKL
301 AFDMRTLMTN TLMKDQPTLA
351 ILTRQEGYPC VFYGDYYGIP
401 DHSDIIGWTR EGVTEKPGSG
451 GNRSDTVTIN SDGWGEFKVN

HWKRLONDSA
GTVRTKYGTK
DPADRNRVIS
LNRIYKFQGK
NTTNIDGFRL
HNYITKTNGT
VTFVDNHDTE
QYNIPSLKSK
LAALITDGPG
GGSVSVWVPR

HWKRLQNDSA
GTVRTKYGTK
DPADRNRVIS
LNRIYKFQGK
NTTNIDGFRL
HNYITKTNGT
VTFVDNHDTE
QYNIPSLKSK
LAALITDGPG
GGSVSVWVPR

HWKRLQNDSA
GTVRTKYGTK
DPADRNRVIS
LNRIYKFQGK
NTTNIDGFRL
HNYITKTNGT
VTFVDNHDTE
QYNIPSLKSK
LAALITDGPG
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HWKRLQNDSA
GTVRTKYGTK
DPADRNRVIS
LNRIYKFQGK
NTTNIDGFRL
HNYITKTNGT
VTFVDNHDTE
QYNIPSLKSK
LAALITDGPG
GGSVSVWVPR
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FHFPGRGSTY
GNYDYLMYAD
FPDWLSYVRS
KFYTASKSGG
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WIPPAYKGTS
HSRDINVYGD
FHFPGRGSTY
GNYDYLMYAD
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Sequence ID “8” 202

1 TNLNGTLMQY FEWYTPNDGQ
51 QADVGYGAYD LYDLGEFHQK
101 VVINHKGGAD ATEDVTAVEV
151 SDFKWHWYHF DGTDWDESRK
201 IDMDHPEVVT ELKNWGKWYV
251 QTGKPLFTVG EYWSYDINKL
301 AFDMRTLMTN TLMKDQPTLA
351 ILTRQEGYPC VFYGDYYGIP
401 DHSDIIGWTR EGVTEKPGSG
451 GNRSDTVTIN SDGWGEFKVN

Sequence ID “9” 202SB
1 TNLNGTLMQY FEWYTPNDGQ
51 QADVGYGAYD LYDLGEFHQK
101 VVINHKGGAD ATEDVTAVEV
151 SDFKWHWYHF DGTDWDESRK
201 IDMDHPEVVT ELKNWGKWYV
251 QTGKPLFTVG EYWSYDINKL
301 AFDMRTLMTN TLMKDQPTLA
351 ILTRQEGYPC VFYGDYYGIP
401 DHSDIIGWTR EGVTEKPGSG
451 GNRSDTVTIN SDGWGEFKVN

Sequence ID “10” 228

1 TNLNGTLMQY FEWYTPNDGQ
51 QADVGYGAYD LYDLGEFHQK
101 VVINHKGGAD ATEDVTAVEV
151 SDFKWHWYHF DGTDWDESRK
201 IDYDHPDVVA EIKRWGTWYA
251 QTGKPLFTVG EYWSYDINKL
301 AFDMRTLMTN TLMKDQPTLA
351 ILTRQEGYPC VFYGDYYGIP
401 DHSDIIGWTR EGVTEKPGSG
451 GNRSDTVTIN SDGWGEFKVN

Sequence ID “11” 228SB
1 TNLNGTLMQY FEWYTPNDGQ
51 QADVGYGAYD LYDLGEFHQK
101 VVINHKGGAD ATEDVTAVEV
151 SDFKWHWYHF DGTDWDESRK
201 IDYDHPDVVA EIKRWGTWYA
251 QTGKPLFTVG EYWSYDINKL
301 AFDMRTLMTN TLMKDQPTLA
351 ILTRQEGYPC VFYGDYYGIP
401 DHSDIIGWTR EGVTEKPGSG
451 GNRSDTVTIN SDGWGEFKVN

HWKRLQONDSA
GTVRTKYGTK
DPADRNRVIS
LNRIYKFQGK
NTTNIDGFRL
HNYITKTNGT
VTFVDNHDTE
QYNIPSLKSK
LAALITDGPG
GGSVSVWVPR

HWKRLONDSA
GTVRTKYGTK
DPADRNRVIS
LNRIYKFQGK
NTTNIDGFRL
HNYITKTNGT
VTFVDNHDTE
QYNIPSLKSK
LAALITDGPG
GGSVSVWVPR

HWKRLQNDSA
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DPADRNRVIS
LNRIYKFQGK
NELQLDGFRL
HNYITKTNGT
VTFVDNHDTE
QYNIPSLKSK
LAALITDGPG
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HWKRLQNDSA
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LNRIYKFQGK
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HNYITKTNGT
VTFVDNHDTE
QYNIPSLKSK
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HSRDINVYGD
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Sequence ID “12” 249

1 TNLNGTLMQY FEWYTPNDGQ
51 QADVGYGAYD LYDLGEFHQK
101 VVINHKGGAD ATEDVTAVEV
151 SDFKWHWYHF DGTDWDESRK
201 IDYDHPDVVA EIKRWGTWYA
251 QTGKPLFTVG EYWSYDINKL
301 AFDMRTLMTN TLMKDQPTLA
351 ILTRQEGYPC VFYGDYYGIP
401 DHSDIIGWTR EGVTEKPGSG
451 GNRSDTVTIN SDGWGEFKVN

Sequence ID “13” 249SB
1 TNLNGTLMQY FEWYTPNDGQ
51 QADVGYGAYD LYDLGEFHQK
101 VVINHKGGAD ATEDVTAVEV
151 SDFKWHWYHF DGTDWDESRK
201 IDYDHPDVVA EIKRWGTWYA
251 QTGKPLFTVG EYWSYDINKL
301 AFDMRTLMTN TLMKDQPTLA
351 ILTRQEGYPC VFYGDYYGIP
401 DHSDIIGWTR EGVTEKPGSG
451 GNRSDTVTIN SDGWGEFKVN

Sequence ID “14” 254

1 TNLNGTLMQY FEWYTPNDGQ
51 QADVGYGAYD LYDLGEFHQK
101 VVINHKGGAD ATEDVTAVEV
151 SDFKWHWYHF DGTDWDESRK
201 IDYDHPDVVA EIKRWGTWYA
251 KTGKPLFTVG EYWSYDINKL
301 AFDMRTLMTN TLMKDQPTLA
351 ILTRQEGYPC VFYGDYYGIP
401 DHSDIIGWTR EGVTEKPGSG
451 GNRSDTVTIN SDGWGEFKVN

Sequence ID “15” 2548SB
1 TNLNGTLMQY FEWYTPNDGQ
51 QADVGYGAYD LYDLGEFHQK
101 VVINHKGGAD ATEDVTAVEV
151 SDFKWHWYHF DGTDWDESRK
201 IDYDHPDVVA EIKRWGTWYA
251 KTGKPLFTVG EYWSYDINKL
301 AFDMRTLMTN TLMKDQPTLA
351 ILTRQEGYPC VFYGDYYGIP
401 DHSDIIGWTR EGVTEKPGSG
451 GNRSDTVTIN SDGWGEFKVN

HWKRLQNDSA
GTVRTKYGTK
DPADRNRVIS
LNRIYKFQGK
NELQLDGFRL
HNYITKTNGT
VIFVDNHDTE
QYNIPSLKSK
LAALITDGPG
GGSVSVWVPR

HWKRLONDSA
GTVRTKYGTK
DPADRNRVIS
LNRIYKFQGK
NELQLDGFRL
HNYITKTNGT
VTFVDNHDTE
QYNIPSLKSK
LAALITDGPG
GGSVSVWVPR

HWKRLQONDSA
GTVRTKYGTK
DPADRNRVIS
LNRIYKFQGK
NELQLDGFRL
HNYITKTNGT
VTFVDNHDTE
QYNIPSLKSK
LAALITDGPG
GGSVSVWVPR

HWKRLQNDSA
GTVRTKYGTK
DPADRNRVIS
LNRIYKFQGK
NELQLDGFRL
HNYITKTNGT
VTFVDNHDTE
QYNIPSLKSK
LAALITDGPG
GGSVSVWVPR

FIG. 7D
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IDPLLIARRD
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KTT

YLAEHGITAV
GELQSAIKSL
GEYLIKAWTH
AWDWEVDTEN
DAVKHIKFSF
MSLFDAPLHN
PGQALQSWVD
IDPLLIARRD
GSKWMYVGKQ
KTT

YLAEHGITAV
GELQSAIKSL
GEYLIKAWTH
AWDWEVSSEN
DAVKHIKFSF
MSLFDAPLHN
PGQALQSWVD
IDPLLIARRD
GSKWMYVGKQ
KTT

YLAEHGITAV
GELQSAIKSL
GEYLIKAWTH
AWDWEVDTEN
DAVKHIKFSF
MSLFDAPLHN
PGQALQSWVD
IDPLLIARRD
GSKWMYVGKQ
KTT
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WIPPAYKGTS
HSRDINVYGD
FHFPGRGSTY
GNYDYLMYAD
LRDWVNHVRS
KFYTASKSGG
PWFKPLAYAF
YAYGTQHDYL
HAGKVFYDLT

WIPPAYKGTS
HSRDINVYGD
FHFPGRGSTY
GNYDYLMYAD
LRDWVNHVRS
KFYTASKSGG
PWFKPLAYAF
YAYGTQHDYL
HAGKVFYDLT

WIPPAYKGTS
HSRDINVYGD
FHFPGRGSTY
GNYDYLMYAD
LRDWVNHVRE
KFYTASKSGG
PWFKPLAYAF
YAYGTQHDYL
HAGKVFYDLT

WIPPAYKGTS
HSRDINVYGD
FHFPGRGSTY
GNYDYLMYAD
LRDWVNHVRE
KFYTASKSGG
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YAYGTQHDYL
HAGRVFYDLT
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Sequence ID “16” 259

1 TNLNGTLMQY FEWYTPNDGQ
51 QADVGYGAYD LYDLGEFHQK
101 VVINHKGGAD ATEDVTAVEV
151 SDFKWHWYHF DGTDWDESRK
201 IDYDHPDVVA EIKRWGTWYA
251 KTGKEMEFTVG EYWSYDINKL
301 AFDMRTLMTN TLMKDQPTLA
351 ILTRQEGYPC VFYGDYYGIP
401 DHESDIIGWTR EGVTEKPGSG
451 GNRSDTVTIN SDGWGEFKVN

Sequence ID “17” 259SB

1 TNLNGTLMQY FEWYTPNDGQ
51 QADVGYGAYD LYDLGEFHQK
101 VVINHKGGAD ATEDVTAVEV
151 SDFKWHWYHF DGTDWDESRK
201 IDYDHPDVVA EIKRWGTWYA
251 KTGKEMFTVG EYWSYDINKL
301 AFDMRTLMTN TLMKDQPTLA
351 ILTRQEGYPC VFYGDYYGIP
401 DHSDIIGWTR EGVTEKPGSG
451 GNRSDTVTIN SDGWGEFKVN

HWKRLONDSA
GTVRTKYGTK
CPADRNRVIS
LNRIYKFQGK
NELQLDGFRL
HNYITKTNGT
VTFVDNEDTE
QYNIPSLKSK
LAALITDGPG
GGSVSVWVPR

HWKRLONDSA
GTVRTKYGTK
DPADRNRVIS
LNRIYKFQGK
NELQLDGFRL
ENYITKTNGT
VTFVDNHDTE
QYNIPSLKSK
LAALITDGPG
GGSVSVWVPR
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YLAEHGITAV
GELQSAIKSL
GEYLIKAWTH
AWDWEVSSEN
DAVKHIKFSF
MSLFDAPLHEN
PGQALQSWVD
IDPLLIARRD
GSKWMYVGKQ
KTT

YLAEHGITAV
GELQSAIKSL
GEYLIKAWTH
AWDWEVDTEN
DAVKHIKFSFE
MSLFDAPLEN
PGQALQSWVD
IDPLLIARRD
GSKWMYVGKQ
KTT
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WIPPAYKGTS
HSRDINVYGD
FHFPGRGSTY
GNYDYLMYAD
LRDWVNHVRE
KFYTASKSGG
PWFKPLAYAF
YAYGTQHDYL
HAGKVFYDLT

WIPPAYKGTS
HSRDINVYGD
FHEPGRGSTY
GNYDYLMYAD
LRDWVNHVRE
KFYTASKSGG
PWFRKPLAYAF
YAYGTQHDYL
HAGKVFYDLT
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Seguence ID No.l8 Nuclecotide seguence of gene coding for B,
licheniformis Awmyl protein (SEQ ID NHO: 1)
ACARRAATCTTAATGGGACGCTGATGCAGTATTTTGAATYGGTACACGCCCAATCACGECCAMCATTG
GAAGCGTCTGCAAAACGACTCGGCATATTTGGCTGAACACGGTATTACTGCCGTCTGGATTCCCC
CGGCATATAAGGGAACGAGCCAAGCGGATGTGEECTACGGTGCTTACGACCTTTATGATTTAGHG

GAGTTTCATCAAAAAGGGACGGTTCGGACARAGTACGGCACAARAGGAGAGCTGCAATCTGCGAT
CAABAGTCTTCATTCCCGUGACATTAACGTTTACGCGGATGTGETCATCAACCACAAAGGCEGLG
CTGATGCGACCGAAGATGTAACCGCGGTTGAAGTCCATCCCGCTGACCGCAACCGLGTAATTTCC
GGAGAATACCTAATTAAAGCCTGCGACACATTTTCATTTTCCGGGGIGCGGCAGCACATACAGCGA
TTTTAAATGGCATTGCTACCATTTTGACGGAACCEATTGGGACGAGTCCCGAAAGCTGAACCGECA
TCTATAAGTTITCAAGGAAAGGCTTGGGATTGCGAAGTT TCCAGTGAARACGGCARCTATGATTAT
TTGATGTATGCCGACATCGATTATGACCATCCTGATGTCGTAGCAGAAATTAAGAGATGGGGEAL
TTGOTATGCCAATGAGCTCCAATTGGACGGTTTCCGTCTTGATGCTGTCAAACACATTAAATTTY
CTTTTTTGCGGGATTGGGTTAATCATGTCAGGGAAARAACGGGLAAGGAAATGTTTACGGTAGLT
GAATATTGGCAGAATGACTTGOGCGCGCTCGGAAAACTATTTGAACARAAATCARAATTTTAATCATTC
AGTGTTTGACGTGCCGCTTCATTATCAGTTCCATGCTGCATCGACACAGGGAGGCGGITATGATA
TGAGGAAATTGCTCAACGETACGETCGTTTCCAAGCATCCGTTGARATCGETTACATTTGTCGAT
AACCATGATACACAGUCGGGGCAGTCGCTTGAGTCGACTGTCCAAACATGGT TTAAGCCGCTTGE
TTACGCTTTTATTCTCACARGGGAAT CTGGATACCCTCAGGTTTTCTACGGGCGATATGTACGGSGA
CCAAAGGAGACTCCCAGCGCGARATTCCTGCCTTGAAACACAAAATTGAACCGATCTTARAAGCG
AGAAAACAGTATGCGTACGGAGCACAGCATGATTATTTCCACCACCATGACATTGTCGGITGGAC
AAGGGAAGCCGACAGCTCGGTTGCARAATTCAGGTTTCECGGCATTAATARCAGACGGACCCGETG
GGCAAAGCGAATGTATCTCGGCCGGCARRACGCCGETGAGACATGGCATGACATTACCEGARAL
CGTTCGGAGCCGETTETCATCAATTCGCAAGGCTGGGGAGAGTTTCACGTARACGGCGGGTCGET

TTCAATTTATGTTCAAAGA

Segquance ID No. 1% Nucleotide seguance of gene coding for 8.
stesrothermophilus dnvE prokein (SEQ ID MHo: 23},
GCCGCACCGTTTAACGGTACCATGATGCAGTATTT TGAATGETACTTGCCSGATGATGGECACETY
ATGCACCAAAGTGGCCAATGAAGCCAACAACTTATCCAGCCTTGGCATCACCECTCTTTGGCTEC
CGUCCGCTTACARAGGAACAAGUCGCAGCGACGTAGGGETACGGAGTATACGACTTGTATGALCCTC
GGCGAATTCAATCAARAAAGGGACCETCCGCACAAAATATGGAACAARAGC TCAATATCTTCAAGT
CATTCAAGCCGCCCACGCCGCTGGARATGCAAGTGTACGCCGATGTCGTGTTCCACCATAMAGGLG
GCGCTGACGGECACGGAATGGETGGACGCCGTCGAAGTCAATCCGTCCGACCGTAACCAAGARATC
TCGGGCACCTATCAAATCCAAGCATGGACGAMATTTGATTTTCCCGEGCGGEGCAACACCTACTC
CAGCTTTAAGTGCCGCTGETACCATTTTGACGGLGTTGATTGCGACGAAAGCCGARMATTAAGT
GCATTTACARATTCAGGGGCATCOGCAAAGCGTGGGATTCGGAAGTAGACACAGAARAACGGAAAL
TATGACTACTTAATGTATGCCCACCTTCGATATGEGATCATCCCGRAAGTCGTGACCGAGC TGARAAA
CTGGGGCARATGGTATGTCARACACAACGAACATTGATGEGTTCCGECTTGATCCCGTCAAGCATA
TTAAGTTCAGTTTTTTTCCTGATTGGTTGTCGTATGTGCGTTCTCAGACTGGCAAGCCGC TATTT
ACCGTCGGCGAATATTGGAGCTATGACATCAACAAGTTGCACAATTACATTACGARAACAAACGS
AACGATGTCTTICTTTCATCCCCCOTTACACAACAAATTTTATACCOCTTCCAAATCAGGGGGECG
CATTTGATATGCGCACGTTAATGACCAATACTCTCATGAAAGAT CAACCGACAT TGGLCGTCACC
TTCCTTGATAATCATCACACCGAACCCGGCCAAGCGUTTCAGTCATGGGTCGACCCATSGTTCAA
ACCGTTGGCTTACGCCTTTATTCTAACTCGGCAGGAAGSATACCCGTGCGTCTTTTATGGTGACT
ATTATGGCATTCCACAATATAACATTCCTTCGCTGARAAGCAARATCGCATCCGCTCCTCATCGEG
CGCAGGGATTATGCTTACGGAACGCAACATGATTATCTTGATCACTCCGACATCATCGGGIGGAC
AAGGGRAGGGGETCACTGAAAAACCAGGATCCGGEU TCGCCGCACTGATCACCGATGGGLCGGRAL
GAAGCRAATGGATGTALETTGGCAAACAACACGCTGGAAAAGTGTTCTATGACCTTACLGGCAAC
CGGAGTGACACCOTCACCATCAACAGTGATGGATGGEGEGAATTCAAAGTCAATGELGGTTCGGT

Loty LAl

TTCGGTTTGGGTTCCTAGARARAACGACC

F
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Sequence ID no. 20 HNucleotide sequence of gene coding for precursor
of AmyS contrel protein {precursor)
CCGCACCGTTTAACGGTACCATGATGCAGTATTTTGAATGGTACTTGCCGGATGATGGCACGTT
ATGGACCAAAGTGGCCAATGAAGCCAACAACTTATCCAGCCTTGGCATCACCGCTCTTTGGCTGC
CGCCCGCTTACAAAGGAACAAGCCGCAGCGACGTAGGGTACGGAGTATACGAC TTGTATGACLCTC
GGCGAATTCAATCAAAAAGGGACCGTCCGCACAAAATATGGAACAARAGC TCAATATCTTCAAGC
CATTCAAGCCGCCCACGCCGCTGGAATGCAAGTGETACGCCGATGTCGTGTTCGACCATAAAGGCG
GCGCTGACGGCACGGAATGGGTGGACGCCGTCGAAGTCAATCCGTCCGACCGCAACCAAGAAATC
TCGGGCACCTATCAAATCCAAGCATGGACGAAATTTGATTTTCCCGGGCGGGGCAACACCTACTC
CAGCTTTAAGTGGCGCTGGTACCATTTTGACGGCGTTGACTGGEGACGARAAGCCGAMAATTAAGCC
GCATTTACAARATTCATCGGCAAAGCGTGGGATTGGGAAGTAGACACAGAARARCGGARACTATGALC
TACTTAATGTATGCCGACCT TCGATATGGATCATCCCGAAGTCGTGACCCGAGCTGARAAACTGGGE
GAAATGGTATGTCAACACAACGAACATTGATGGGTTCCGGCTTGATGCCGTCAAGCATATTAAGT
TCAGTTTTTTTCCTGATTGGTTGTCGTATGTGLCGTTCTCAGACTGGCAAGCCGC TATTTACCGETY
GGGGAATATTGGAGCTATGACATCAACAAGTTGCACAATTACATTACGAAARACAAACGGAACGAT
GTCTTTGTTTGATGCCCCGTTACACAACAAATTTTATACCGCTTCCAAATCAGGGGGCGLCATTTG
ATATCGCGCACGTTAATGACCAATACTCTCATGAAAGATCAACCGACATTGGCCGTCACCTTCGTT
GATAATCATGACACCGAACCCGGCCAAGCGCTTCAGTCATGGGTCGACCCATGGTTCARACCGTT
GGCTTACGCCTTTATTCTAACTCGGCAGGAAGGATACCCGTGCGTCTTTTATGSTGACTATTATG
GCATTCCACAATATAACATTCCTTCGCTGAAAAGCAAAATCGATCCGCTCCTCATCGCGCGCAGE
GATTATGCTTACGGAACGCAACATGATTATCTTCATCACTCCCACATCATCEGETGGACAAGCGOA
AGGGGTCACTGARAAACCAGGATCCGGGCTGGUCGCACTGATCACCGATGGGCCEGGGAGGAAGCA
AATGGATGTACGTTGGCAAACAACACGCTGGAARAAGTGTTCTATGACCTTACCGGCAACCGGAGT
GACACCGTCACCATCAACAGTGATGCGATGGCGCGAATTCAAACTCAATGGCGGTTCGGTTTCGET
TTGGGTTCCTAGRAAAAACGACCGTTTCTACCATCGCTCGGCCGATCACAACLCCGACLCGTGGACTG
GTGAATTCGTCCGTTGGACCGAACCACGGTTGETGGCATGGLCT

Sequence ID no. Z1. Nuclecotide sequence of gene coding hvbrid 186
protein

ACAAATCTTAATGGGACGCTGATGCAGTATTTTGAATGGTACACGCCCAATGACGGCCAACATTG
GAAGCGTCTGCAAAACCGACTCGGECATATTTGGC TGAACACGGTATTACTGCCGTCTGGATTCCCC
CGGCATATAAGGGAACGAGCCAAGCGGATGTGGGCTACGGTGCTTACGACCTTTATGATTTAGGG
GAGTTTCATCAAAAAGGGACGGTTCGGACAAAGTACGGCACAAAAGGAGAGCTGCAATCTGCGAT
CAAAAGTCTTCATTCCCGCGACATTAACGTTTACGGCGATGTGGTCATCAACCACARMAGGCGGCG
CTCGATGCGACCGAAGATGTAACCGCGGTTGAAGCTCGATCCCGCTCGACCGCAACCGCESTAATTTCC
GGAGAATACCTAATTARAGCUTGGACACATTTTCATTTTCCGGGECGCGGCAGCACATACAGCGA
TTTTAAATGGCATTGGTACCATTTTGACGGAACCGATTGGGACGAGTCCCGAAAGCTGAACCGCA
TCTATAAGTTTCAAGGAAAGGCTTGGGATTCGGGAAGTTGACACAGAAAACGGARAACTATGACTAL
TTAATGTATGCCGACCTTGATATGCATCATCCCGAAGTCGTGACCGAGCTGARRAAACTGGGGGAA
ATCGTATCTCAACACAACGAACATTGATGGGTTCCGCCTTGATCCCGTCAAGCATATTAAGTTCA
GTTTTTTTCCTCATTGGTTGTCGTATGTGCEGTTCTCAGACTGGCAAGCCGCTATTTACCGTCGGES
GAATATTGGAGCTATGACATCAACAAGTTGCACAATTACATTACGAAAACARACGGARACGATGTC
TTTGTTTGATGCCCCGTTACACARCARAATTTTATACCGCTTCCABATCAGGGGGCGCATTIGATA
TGCGCACGTTAATGACCAATACTCTCATGAAAGATCAACCGACATTGGCCGTCACCTTCGTTGAT
AATCATCGACACCGAGCCCGGCCARGCGCTTCACTCATCEGTCGACCCATGECTTCAAACCGTTEGC
TTACGCCTTTATYCTAACTCGGCAGGRAGCGATACCCGTECGTCTTTTATGGTGACTATTATGGCA
TTCCACAATATAACATTCCTTCGCTGRAAAAGCAAAATCGATCCGCTCCTCATCGCGUGCAGGGAT
T APGCTTACGGRAACGCAACATGATTATCTTGATCACTCCGACATCATCGGETGGACAAGGGAAGS
GGTCACTGARARACCAGGATCCGEGCTGGCCGCACTGATCACCGATEGECCGGGAGGAAGCAAAT
GGATGTACGTTGGCAAACAACACGCTGGARAAGTGTTCTATGACCTTACCGGCRACCGGAGTGAC
ACCGTCACCATCARCAGTGATGGATGGGGGEGAATTCRARAAGTCAATGGCGEGTTCGGTTTCGGTTTG

GETTCCTAGRAARACGACC _
FIG. 8B
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Sequence ID No. 22. Nucleotide sequence of gene coding hybrid

187 protein
ACAAATCTTAATGGGACGCTGATGCAGTATTTTGAATGGTACACGCCCAATGACGGCCAACATTG
GAAGCGTCTGCAAAACGACTCGGCATATTTGGCTGAACACGGTATTACTGCCGTCTGGATTCCCC
CGGCATATAAGGGAACGAGCCAAGCGGATGTGGGCTACGGTGCTTACGACCTTTATGATTTAGGG
GAGTTTCATCAAAAAGGGACGGTTCGGACAAAGTACGGCACAAAAGGAGAGCTGCAATCTGCGAT
CARAAGTCTTCATTCCCGCGACATTAACGTTTACGGGGATGTGGTCATCAACCACAAAGGCGGCG
CTGATGCGACCGAAGATGTAACCGCGGTTGAAGTCGATCCCGCTGACCGCAACCGCGTAATTTCC
GGAGAATACCTAATTAAAGCCTGGACACATTTTCATTTTCCGGGGCGCGGCAGCACATACAGCGA
TTTTARATGGCATTGGTACCATTTTGACGGAACCGATTGGGACGAGTCCCGAAAGCTGAACCG A
TCTATAAGTTTCAAGGAAAGGCTTGGGATTGGGAAGTTTCCACAGAAAACGGAAACTATGACTAC
TTAATGTATGCCGACCTTGATATGGATCATCCCGAAGTCGTGACCGAGCTGAAAAACTGGGGGAA
ATGGTATGTCAACACAACGAACATTGATGGGTTCCGGCTTGATGCCGTCAAGCATATTAAGTTCA
GTTTTTTTCCTGATTGGTTGTCGTATGTGCGTTCTCAGACTGGCAAGCCGCTATTTACCGTCGGG
GAATATTGGAGCTATGACATCAACAAGTTGCACAATTACATTACGAAARACAAACGGAACGATGTC
TTTGTTTGATGCCCCGTTACACAACAAATTTTATACCGCTTCCAAATCAGGGGGCGCATTTGATA
TGCGCACGTTAATGACCAATACTCTCATGAAAGATCAACCGACATTGGCCGTCACCTTCGTTGAT
AATCATGACACCGAGCCCGGCCAAGCGCTTCAGTCATGGGTCGACCCATGGTTCAAACCGTTGGC
TTACGCCTTTATTCTAACTCGGCAGGAAGGATACCCGTGCGTCTTTTATGGTGACTATTATGGCA
TTCCACAATATAACATTCCTTCGCTGAAAAGCAAAATCGATCCGCTCCTCATCGCGCGCAGGGAT
TATGCTTACGGAACGCAACATGATTATCTTGATCACTCCGACATCATCGGGTGGACAAGGGAAGG
GGTCACTGAAAAACCAGGATCCGGGCTGGCCGCACTGATCACCGATGGGCCGGGAGGAAGCAAAT
GGATGTACGTTGGCAAACAACACGCTGGAAAAGTGTTCTATGACCTTACCGGCAACCGGAGTGAC
ACCGTCACCATCAACAGTGATGGATGGGGGGAATTCAAAGTCAATGGCGGTTCGGTTTCGGTTTG
GGTTCCTAGAAAAACGACC

Sequence ID No. 23. Nucleotide sequence of gene coding hybrid

200 protein
ACAAATCTTAATGGGACGCTGATGCAGTATTTTGAATGGTACACGCCCAATGACGGCCAACATTG
GAAGCGTCTGCAAAACGACTCGGCATATTTGGCTGAACACGGTATTACTGCCGTCTGGATTCCCC
CGGCATATAAGGGAACGAGCCAAGCGGATGTGGGCTACGGTGCTTACGACCTTTATGATTTAGGG
GAGTTTCATCAAAAAGGGACGGTTCGGACAAAGTACGGCACAAAAGGAGAGCTGCAATCTGCGAT
CAAAAGTCTTCATTCCCGCGACATTAACGTTTACGGGGATGTGGTCATCAACCACAAAGGCGGCG
CTGATGCGACCGAAGATGTAACCGCGGTTGAAGTCGATCCCGCTGACCGCAACCGCGTAATTTCC
GGAGAATACCTAATTAAAGCCTGGACACATTTTCATTTTCCGGGGCGCGGCAGCACATACAGCGA
TTTTAAATGGCATTGGTACCATTTTGACGGAACCGATTGGGACGAGTCCCGAAAGCTGAACCGCA
TCTATAAGTTTCAAGGAAAGGCTTGGGATTGGGAAGTTTCCAGTGAAAACGGCAACTATGATTAT
TTGATGTATGCCGACCTTGATATGGATCATCCCGAAGTCGTGACCGAGCTGAAAAACTGGGGGAA
ATGGTATGTCAACACAACGAACATTGATGGGTTCCGGCTTGATGCCGTCAAGCATATTAAGTTCA
GTTTTTTTCCTGATTGGTTGTCGTATGTGCGTTCTCAGACTGGCAAGCCGCTATTTACCGTCGGG
GAATATTGGAGCTATGACATCAACAAGTTGCACAATTACATTACGAAAACAAACGGAACGATGTC
TTTGTTTGATGCCCCGTTACACAACAAATTTTATACCGCTTCCAAATCAGGGGGCGCATTTGATA
TGCGCACGTTAATGACCAATACTCTCATGAAAGATCAACCGACATTGGCCGTCACCTTCGTTGAT
AATCATGACACCGAGCCCGGCCAAGCGCTTCAGTCATGGGTCGACCCATGGTTCAAACCGTTGGC
TTACGCCITTATTCTAACTCGGCAGGAAGGATACCCGTGCGTCTTTTATGGTGACTATTATGGCA
TTCCACAATATAACATTCCTTCGCTGAAAAGCAAAATCGATCCGCTCCTCATCGCGCGCAGGGAT
TATGCTTACGGAACGCAACATGATTATCTTGATCACTCCGACATCATCGGGTGGACAAGGGAAGG
GGTCACTGAAARACCAGGATCCGGGCTGGCCGCACTGATCACCGATGGGCCGGGAGGAAGCAAAT
GGATGTACGTTGGCAAACAACACGCTGGAAAAGTGTTCTATGACCTTACCGGCAACCGGAGTGAC
ACCGTCACCATCAACAGTGATGGATGGGGGGAATTCAAAGTCAATGGCGGTTCGGTTTCGGTTTG

GGTTCCTAGAAAAACGACC
FIG. 8C
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Sequence ID No. 24. Nucleotide sequence of gene coding hybrid
200SB protein
ACAAATCTTAATGGGACGCTGATGCAGTATTTTGAATGGTACACGCCCAATGACGGCCAACATTG
GAAGCGTCTGCAAAACGACTCGGCATATTTGGCTGAACACGGTATTACTGCCGTCTGGATTCCCC
CGGCATATAAGGGAACGAGCCAAGCGGATGTGGGCTACGGTGCTTACGACCTTTATGATTTAGGG
GAGTTTCATCAAAAAGGGACGGTTCGGACAAAGTACGGCACAAAAGGAGAGCTGCAATCTGCGAT
CAAAAGTCTTCATTCCCGCGACATTAACGTTTACGGGGATGTGGTCATCAACCACAAAGGCGGCG
CTGATGCGACCGAAGATGTAACCGCGGTTGAAGTCGATCCCGCTGACCGCAACCGCGTAATTTCC
GGAGAATACCTAATTAAAGCCTGGACACATTTTCATTTTCCGGGGCGCGGCAGCACATACAGCGA
TTTTAAATGGCATTGGTACCATTTTGACGGAACCGATTGGGACGAGTCCCGAAAGCTGAACCGCA
TCTATAAGTTTCAAGGAAAGGCTTGGGATTGGGAAGTTGACACAGAAAACGGCAACTATGATTAT
TTGATGTATGCCGACCTTGATATGGATCATCCCGAAGTCGTGACCGAGCTGAAARAACTGGGGGAA
ATGGTATGTCAACACAACGAACATTGATGGGTTCCGGCTTGATGCCGTCAAGCATATTAAGTTCA
GTTTTTTTCCTGATTGGTTGTCGTATGTGCGTTCTCAGACTGGCAAGCCGCTATTTACCGTCGGG
GAATATTGGAGCTATGACATCAACAAGTTGCACAATTACATTACGAAAACAAACGGAACGATGTC
TTTGTTTGATGCCCCGTTACACAACAAATTTTATACCGCTTCCAAATCAGGGGGCGCATTTGATA
TGCGCACGTTAATGACCAATACTCTCATGAAAGATCAACCGACATTGGCCGTCACCTTCGTTGAT
AATCATGACACCGAGCCCGGCCAAGCGCTTCAGTCATGGGTCGACCCATGGTTCAAACCGTTGGC
TTACGCCTTTATTCTAACTCGGCAGGAAGGATACCCGTGCGTCTTTTATGGTGACTATTATGGCA
TTCCACAATATAACATTCCTTCGCTGAAAAGCAAAATCGATCCGCTCCTCATCGCGCGCAGGGAT
TATGCTTACGGAACGCAACATGATTATCTTGATCACTCCGACATCATCGGGTGGACAAGGGAAGG
GGTCACTGAAAAACCAGGATCCGGGCTGGCCGCACTGATCACCGATGGGCCGGGAGGAAGCAAAT
GGATGTACGTTGGCAAACAACACGCTGGAAAAGTGTTCTATGACCTTACCGGCAACCGGAGTGAC
ACCGTCACCATCAACAGTGATGGATGGGGGGAATTCAAAGTCAATGGCGGTTCGGTTTCGGTTTG
GGTTCCTAGAAAAACGACC

Sequence ID No. 25. Nucleotide sequence of gene coding hybrid

202 protein.
ACAAATCTTAATGGGACGCTGATGCAGTATTTTGAATGGTACACGCCCAATGACGGCCAACATTG
GAAGCGTCTGCAAAACGACTCGGCATATTTGGCTGAACACGGTATTACTGCCGTCTGGATTCCCC
CGGCATATAAGGGAACGAGCCAAGCGGATGTGGGCTACGGTGCTTACGACCTTTATGATTTAGGG
GAGTTTCATCAAAAAGGGACGGTTCGGACAARAGTACGGCACAARAAGGAGAGCTGCAATCTGCGAT
CAAAAGTCTTCATTCCCGCGACATTAACGTTTACGGGGATGTGGTCATCAACCACAAAGGCGGCG
CTGATGCGACCGAAGATGTAACCGCGGTTGAAGTCGATCCCGCTGACCGCAACCGCGTAATTTCC
GGAGAATACCTAATTAAAGCCTGGACACATTTTCATTTTCCGGGGCGCGGCAGCACATACAGCGA
TTTTAAATGGCATTGGTACCATTTTGACGGAACCGATTGGGACGAGTCCCGAAAGCTGAACCGCA
TCTATAAGTTTCAAGGAAAGGCTTGGGATTGGGAAGTTTCCAGTGAAAACGGCAACTATGATTAT
TTGATGTATGCCGACATCGATATGGATCATCCCGAAGTCGTGACCGAGCTGAAAAACTGGGGGAA
ATGGTATGTCAACACAACGAACATTGATGGGTTCCGGCTTGATGCCGTCAAGCATATTAAGTTCA
GTTTTTTTCCTGATTGGTTGTCGTATGTGCGTTCTCAGACTGGCAAGCCGCTATTTACCGTCGGG
GAATATTGGAGCTATGACATCAACAAGTTGCACAATTACATTACGAAAACAAACGGAACGATGTC
TTTGTTTGATGCCCCGTTACACAACAAATTTTATACCGCTTCCARATCAGGGGGCGCATTTGATA
TGCGCACGTTAATGACCAATACTCTCATGARAGATCAACCGACATTGGCCGTCACCTTCGTTGAT
AATCATGACACCGAGCCCGGCCAAGCGCTTCAGTCATGGGTCGACCCATGGTTCAAACCGTTGGC
TTACGCCTTTATTCTAACTCGGCAGGAAGGATACCCGTGCGTCTTTTATGGTGACTATTATGGCA
TTCCACAATATAACATTCCTTCGCTGAAAAGCAAAATCGATCCGCTCCTCATCGCGCGCAGGGAT
TATGCTTACGGAACGCAACATGATTATCTTGATCACTCCGACATCATCGGGTGGACAAGGGAAGG
GGTCACTGAAAAACCAGGATCCGGGCTGGCCGCACTGATCACCGATGGGCCGGGAGGAAGCAAAT
GGATGTACGTTGGCAAACAACACGCTGGAAAAGTGTTCTATGACCTTACCGGCAACCGGAGTGAC
ACCGTCACCATCAACAGTGATGGATGGGGGGAATTCAAAGTCAATGGCGGTTCGGTTTCGGTTTG

GGTTCCTAGAAAAACGACC
FIG. 8D
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Sequence ID No. 26. Nucleotide sequence of gene coding hybrid
202SB protein.
ACAAATCTTAATGGGACGCTGATGCAGTATTTTGAATGGTACACGCCCAATGACGGCCAACATTG
GAAGCGTCTGCAAAACGACTCGGCATATTTGGCTGAACACGGTATTACTGCCGTCTGGATTCCCC
CGGCATATAAGGGAACGAGCCAAGCGGATGTGGGCTACGGTGCTTACGACCTTTATGATTTAGGG
GAGTTTCATCAAAAAGGGACGGTTCGGACAAAGTACGGCACAAAAGGAGAGCTGCAATCTGCGAT
CAAAAGTCTTCATTCCCGCGACATTAACGTTTACGGGGATGTGGTCATCAACCACAAAGGCGGCG
CTGATGCGACCGAAGATGTAACCGCGGTTGAAGTCGATCCCGCTGACCGCAACCGCGTAATTTCC
GGAGAATACCTAATTAAAGCCTGGACACATTTTCATTTTCCGGGGCGCGGCAGCACATACAGCGA
TTTTAAAT GGCATTGGTACCATTTTGACGGAACCGATTGGGACGAGTCCCGAAAGCTGAACCGCA
TCTATAAGTTTCAAGGAAAGGCTTGGCATTGGGAAGTTGACACAGAAAACGGCAACTATGATTAT
TTGATGTATGCCGACATCGATATGGATCATCCCGAAGTCGTGACCGAGCTGARARACTGGGGGAA
ATGGTATGTCAACACAACGAACATTGATGGGTTCCGGCTTGATGCCGTCAAGCATATTAAGTTCA
GTTTTTTTCCTGATTGGTTGTCGTATGTGCGTTCTCAGACTGGCAAGCCGCTATTTACCGTCGGG
GAATATTGGAGCTATGACATCAACAAGTTGCACAATTACATTACGARAACAAACGGAACGATGTC
TTTGTTTGCATGCCCCGTTACACAACAAATTTTATACCGCTTCCAAATCAGGGGGCGCATTTGATA
TGCGCACGTTAATGACCAATACTCTCATGAAAGATCAACCGACATTGGCCGTCACCTTCGTTGAT
AATCATGACACCGAGCCCGGCCAAGCGCTTCAGTCATGGGTCGACCCATGGTTCAAACCGTTGGC
TTACGCCTTTATTCTAACTCGGCAGGAAGGATACCCGTGCGTCTTTTATGGTGACTATTATGGCA
TTCCACAATATAACATTCCTTCGCTGAAAAGCAAAATCGATCCGCTCCTCATCGCGCGCAGGGAT
TATGCTTACGGAACGCAACATGATTATCTTGATCACTCCGACATCATCGGGTGGACAAGGGAAGG
GGTCACTGAAAAACCAGGATCCGGGCTGGCCGCACTGATCACCGATGGGCCGGGAGGAAGCAAAT
GGATGTACGTTGGCAAACAACACGCTGGAARAGTGTTCTATGACCTTACCGGCAACCGGAGTGAC
ACCGTCACCATCAACAGTGATGGATGGGGGGAATTCAAAGTCAATGGCGGTTCGGTTTCGGTTTG
GGTTCCTAGAAAAACGACC

Sequence ID No. 27. Nucleotide sequence of gene coding hybrid

228 protein,

ACAAATCT TAATGGGACGCTGATGCAGTATTTTGAATGGTACACGCCCAATGACGGCCAACATTG
GAAGCGTCTGCAAAACGACTCGGCATATTTGGCTGAACACGGTATTACTGCCGTCTGGATTCCCC
CGGCATATAAGGGAACGAGCCAAGCGGATGTGGGCTACGGTGCTTACGACCTTTATGATTTAGGG
GAGTTTCATCAAAAAGGGACGGTTCGGACAAAGTACGGCACAAAAGGAGAGCTGCAATCTGCGAT
CAAAAGTCTTCATTCCCGCGACATTAACGTTTACGGGGATGTGGTCATCAACCACAAAGGCGGCG
CTGATGCGACCGAAGATGTAACCGCGGTTGAAGTCCGATCCCGCTGACCGCAACCGCGTAATTTCC
GGAGAATACCTAATTAAAGCCTGGACACATTTTCATTTTCCGGGGCGCGGCAGCACATACAGCGA
TTTTAAATGGCATTGGTACCATTTTGACGGAACCGATTGGGACGAGTCCCGARAGCTGAACCGCA
TCTATAAGTTTCAAGGAAAGGCTTGGGATTGGGAAGTTTCCAGTGAAAACGGCAACTATGATTAT
TTGATGTATGCCGACATCGATTATGACCATCCTGATGTCGTAGCAGAAATTAAGAGATGGGGCAC
TTGGTATGCCAATGAGCTCCAATTGGACGGTTTCCGGCTTGATGCCGTCAAGCATATTAAGTTCA
GTTTTTTTCCTGATTGGTTGTCGTATGTGCGTTCTCAGACTGGCAAGCCGCTATTTACCGTCGGG
GAATATTGGAGCTATGACATCAACAAGTTGCACAATTACATTACGARAACAAACGGAACGATGTC
TTTGTTTGATGCCCCGTTACACAACAAATTTTATACCGCTTCCARATCAGGGGGCGCATTTGATA
TGCGCACGTTAATGACCAATACTCTCATGAAAGATCAACCGACATTGGCCGTCACCTTCGTTGAT
AATCATGACACCGAGCCCGGCCAAGCGCTTCAGTCATGGGTCGACCCATGGTTCAAACCGTTGGC
TTACGCCTTTATTCTAACTCGGCAGGAAGGATACCCGTGCGTCTTTTATGGTGACTATTATGGCA
TTCCACAATATAACATTCCTTCGCTGAAAAGCAAAATCGATCCGCTCCTCATCGCGCGCAGGGAT
TATGCTTACGGAACGCAACATGATTATCTTGATCACTCCGACATCATCGGGTGGACAAGGGAAGG
GGTCACTGAAAAACCAGGATCCGGGCTGGCCGCACTGATCACCGATGGGCCGGGAGGAAGCARAT
GGATGTACGTTGGCAAACAACACGCTGGAARAGTGTTCTATGACCTTACCGGCAACCGGAGTGAC
ACCGTCACCATCAACAGTGATGGATGGGGGGAATTCAAAGTCAATGGCGGTTCGGTTTCGGTTTG

FIG. 8E
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Sequence ID No. 28. Nucleotide sequence of gene coding hybrid
228SB protein.
GCGAATCTTAATGGGACGCTGATGCAGTATTTTGAATGGTACACGCCCAATGACGGCCAACATTG
GAAGCGTCTGCAAAACGACTCGGCATATTTGGCTGAACACGGTATTACTGCCGTCTGGATTCCCC
CGGCATATAAGGGAACGAGCCAAGCGGATGTGGGCTACGGTGCTTACGACCTTTATGATTTAGGG
GAGTTTCATCAAAAAGGGACGGTTCGGACAAAGTACGGCACAAAAGGAGAGCTGCAATCTGCGAT
CAAAAGTCTTCATTCCCGCGACATTAACGTTTACGGGGATGTGGTCATCAACCACAAAGGCGGCG
CTGATGCGACCGAAGATGTAACCGCGGTTGAAGTCGATCCCGCTGACCGCAACCGCGTAATTTCC
GGAGAATACCTAATTAAAGCCTGGACACATTTTCATTTTCCGGGGCGCGGCAGCACATACAGCGA
TTTTAAATGGCATTGGTACCATTTTGACGGAACCGATTGGGACGAGTCCCGAAAGCTGAACCGCA
TCTATAAGTTTCAAGGAAAGGCTTGGGATTGGGAAGTTGACACAGAAAACGGCAACTATGATTAT
TTGATGTATGCCGACATCGATTATGACCATCCTGATGTCGTAGCAGAAATTAAGAGATGGGGCAC
TTGGTATGCCAATGAGCTCCAATTGGACGGTTTCCGGCTTGATGCCGTCAAGCATATTAAGTTCA
GTTTTTTTCCTGATTGGTTGTCGTATGTGCGTTCTCAGACTGGCAAGCCGCTATTTACCGTCGGG
GAATATTGGAGCTATGACATCAACAAGTTGCACAATTACATTACGAAAACAAACGGAACGATGTC
TTTGTTTGATGCCCCGTTACACAACAAATTTTATACCGCTTCCARATCAGGGGGCGCATTTGATA
TGCGCACGTTAATGACCAATACTCTCATGAAAGATCAACCGACATTGGCCGTCACCTTCGTTGAT
AATCATGACACCGAGCCCGGCCAAGCGCTTCAGTCATGGGTCGACCCATGGTTCAAACCGTTGGC
TTACGCCTTTATTCTAACTCGGCAGGAAGGATACCCGTGCGTCTTTTATGGTGACTATTATGGCA
TTCCACAATATAACATTCCTTCGCTGAAAAGCAAAATCGATCCGCTCCTCATCGCGCGCAGGGAT
TATGCTTACGGAACGCAACATGATTATCTTGATCACTCCGACATCATCGGGTGGACAAGGGAAGG
GGTCACTGAAAAACCAGGATCCGGGCTGGCCGCACTGATCACCGATGGGCCGGGAGGAAGCAAAT
GGATGTACGTTGGCAAACAACACGCTGGAAAAGTGTTCTATGACCTTACCGGCAACCGGAGTGAC
ACCGTCACCATCAACAGTGATGGATGGGGGGAATTCAAAGTCAATGGCGGTTCGGTTTCGGTTTG
GGTTCCTAGAAAAACGACC

Sequence ID No. 29. Nucleotide sequence of gene coding hybrid

249 protein.
ACAAATCTTAATGGGACGCTGATGCAGTATTTTGAATGGTACACGCCCAATGACGGCCAACATTG
GAAGCGTCTGCAAAACGACTCGGCATATTTGGCTGAACACGGTATTACTGCCGTCTGGATTCCCC
CGGCATATAAGGGAACGAGCCAAGCGGATGTGGGCTACGGTGCTTACGACCTTTATGATTTAGGG
GAGTTTCATCAAAAAGGGACGGTTCGGACARAGTACGGCACAAAAGGAGAGCTGCAATCTGCGAT
CAAAAGTCTTCATTCCCGCGACATTAACGTTTACGGGGATGTGGTCATCAACCACAAAGGCGGCG
CTGATGCGACCGAAGATGTAACCGCGGTTGAAGTCGATCCCGCTGACCGCAACCGCGTAATTTCC
GGAGAATACCTAATTAAAGCCTGGACACATTTTCATTTTCCGGGGCGCGGCAGCACATACAGCGA
TTTTAAATGGCATTGGTACCATTTTGACGGAACCGATTGGGACGAGTCCCGAAAGCTGAACCGCA
TCTATAAGTTTCAAGGAAAGGCTTGGGATTGGGAAGTTTCCAGTGAAAACGGCAACTATGATTAT
TTGATGTATGCCGACATCGATTATGACCATCCTGATGTCGTAGCAGAAATTAAGAGATGGGGCAC
TTGGTATGCCAATGAGCTCCAATTGGACGGTTTCCGTCTTGATGCTGTCAAACACATTAAATTTT
CTTTTTTGCGGGATTGGGT TAATCATGTCAGGTCTCAGACTGGCAAGCCGCTATTTACCGTCGGG
GAATATTGGAGCTATGACATCAACAAGTTGCACAATTACATTACGAAAACAAACGGAACGATGTC
TTTGTTTGATGCCCCGTTACACAACAAATTTTATACCGCTTCCAAATCAGGGGGCGCATTTGATA
TGCGCACGTTAATGACCAATACTCTCATGAAAGATCAACCGACATTGGCCGTCACCTTCGTTGAT
AATCATGACACCGAGCCCGGCCAAGCGCTTCAGTCATGGGTCGACCCATGGTTCAAACCGTTGGC
TTACGCCTTTATTCTAACTCGGCAGGAAGGATACCCGTGCGTCTTTTATGGTGACTATTATGGCA
TTCCACAATATAACATTCCTTCGCTGAAAAGCAAAATCGATCCGCTCCTCATCGCGCGCAGGGAT
TATGCTTACGGAACGCAACATGATTATCTTGATCACTCCGACATCATCGGGTGGACAAGGGAAGG
GGTCACTGAAAAACCAGGATCCGGGCTGGCCGCACTGATCACCGATGGGCCGGGAGGAAGCAAAT
GGATGTACGTTGGCAAACAACACGCTGGAAAAGTGTTCTATGACCTTACCGGCAACCGGAGTGAC
ACCGTCACCATCAACAGTGATGGATGGGGGGAATTCAAAGTCAATGGCGGTTCGGTTTCGGTTTG

GGTTCCTAGAAAAACGACC
FIG. 8F
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Sequence ID no. 30. Nucleotide sequence of gene coding hybrid
249SB protein.
ACAAATCTTAATGGGACGCTGATGCAGTATTTTGAATGGTACACGCCCAATGACGGCCAACATTG
GAAGCGTCTGCAAAACGACTCGGCATATTTGGCTGAACACGGTATTACTGCCGTCTGGATTCCCC
CGGCATATAAGGGAACGAGCCAAGCGGATGTGGGCTACGGTGCTTACGACCTTTATGATTTAGGG
GAGTTTCATCAAAAAGGGACGGTTCGGACAAAGTACGGCACAAAAGGAGAGCTGCAATCTGCGAT
CAAAAGTCTTCATTCCCGCGACATTAACGTTTACGGGGATGTGGTCATCAACCACAAAGGCGGCG
CTGATGCGACCGAAGATGTAACCGCGGTTGAAGTCGATCCCGCTGACCGCAACCGCGTAATTTCC
GGAGAATACCTAATTAAAGCCTGGACACATTTTCATTTTCCGGGGCGCGGCAGCACATACAGCGA
TTTTAAATGGCATTGGTACCATTTTGACGGAACCGATTGGGACGAGTCCCGAAAGCTGAACCGCA
TCTATAAGTTTCAAGGAAAGGCTTGGGATTGGGAAGTTGACACAGAAAACGGCAACTATGATTAT
TTGATGTATGCCGACATCGATTATGACCATCCTGATGTCGTAGCAGAAATTAAGAGATGGGGCAC
TTGGTATGCCAATGAGCTCCAATTGGACGGTTTCCGTCTTGATGCTGTCAAACACATTAAATTTT
CTTTTTTGCGGGATTGGGTTAATCATGTCAGGTCTCAGACTGGCAAGCCGCTATTTACCGTCGGG
GAATATTGGAGCTATGACATCAACAAGTTGCACAATTACATTACGAAAACAAACGGAACGATGTC
TTTGTTTGATGCCCCGTTACACAACAAATTTTATACCGCTTCCAAATCAGGGGGCGCATTTGATA
TGCGCACGTTAATGACCAATACTCTCATGAAAGATCAACCGACATTGGCCGTCACCTTCGTTGAT
AATCATGACACCGAGCCCGGCCAAGCGCTTCAGTCATGGGTCGACCCATGGTTCAAACCGTTGGC
TTACGCCTTTATTCTAACTCGGCAGGAAGGATACCCGTGCGTCTTTTATGGTGACTATTATGGCA
TTCCACAATATAACATTCCTTCGCTGAAAAGCAAAATCGATCCGCTCCTCATCGCGCGCAGGGAT
TATGCTTACGGAACGCAACATGATTATCTTGATCACTCCGACATCATCGGGTGGACAAGGGAAGG
GGTCACTGAAAAACCAGGATCCGGGCTGGCCGCACTGATCACCGATGGGCCGGGAGGAAGCAAAT
GGATGTACGTTGGCAAACAACACGCTGGAAAAGTGTTCTATGACCTTACCGGCAACCGGAGTGAC
ACCGTCACCATCAACAGTGATGGATGGGGGGAATTCARAGTCAATGGCGGTTCGGTTTCGGTTTG

GGTTCCTAGAAAAACGACC

Sequence ID No. 31. Nucleotide sequence of gene coding hybrid

254 protein.
ACAAATCTTAATGGGACGCTGATGCAGTATTTTGAATGGTACACGCCCAATGACGGCCAACATTG
GAAGCGTCTGCAAAACGACTCGGCATATTTGGCTGAACACGGTATTACTGCCGTCTGGATTCCCC
CGGCATATAAGGGAACGAGCCAAGCGGATGTGGGCTACGGTGCTTACGACCTTTATGATTTAGGG
GAGTTTCATCAAAAAGGGACGGTTCGGACAAAGTACGGCACAAAAGGAGAGCTGCAATCTGCGAT
CAAAAGTCTTCATTCCCGCGACATTAACGTTTACGGGGATGTGGTCATCAACCACAAAGGCGGCG
CTGATGCGACCGAAGATGTAACCGCGGTTGAAGTCGATCCCGCTGACCGCAACCGCGTAATTTCC
GGAGAATACCTAATTAAAGCCTGGACACATTTTCATTTTCCGGGGCGCGGCAGCACATACAGCGA
TTTTAAATGGCATTGGTACCATTTTGACGGAACCGATTGGGACGAGTCCCGAAAGCTGAACCGCA
TCTATAAGTTTCAAGGAAAGGCTTGGGATTGGGAAGTTTCCAGTGAAAACGGCAACTATGATTAT
TTGATGTATGCCGACATCGATTATGACCATCCTGATGTCGTAGCAGAAATTAAGAGATGGGGCAC
TTGGTATGCCAATGAGCTCCAATTGGACGGTTTCCGTCTTGATGCTGTCAAACACATTAAATTTT
CTTTTTTGCGGGATTGGGTTAATCATGTCAGGGAAAAAACGGGGAAGCCGCTATTTACCGTCGGG
GAATATTGGAGCTATGACATCAACAAGTTGCACAATTACATTACGAAAACAAACGGAACGATGTC
TTTGTTTGATGCCCCGTTACACAACAAATTTTATACCGCTTCCAAATCAGGGGGCGCATTTGATA
TGCGCACGTTAATGACCAATACTCTCATGAAAGATCAACCGACATTGGCCGTCACCTTCGTTGAT
AATCATGACACCGAGCCCGGCCAAGCGCTTCAGTCATGGGTCGACCCATGGTTCAAACCGTTGGC
TTACGCCTTTATTCTAACTCGGCAGGAAGGATACCCGTGCGTCTTTTATGGTGACTATTATGGCA
TTCCACAATATAACATTCCTTCGCTGAAAAGCAAAATCGATCCGCTCCTCATCGCGCGCAGGGAT
TATGCTTACGGAACGCAACATGATTATCTTGATCACTCCGACATCATCGGGTGGACAAGGGAAGG
GGTCACTGAAAAACCAGGATCCGGGCTGGCCGCACTGATCACCGATGGGCCGGGAGGAAGCAAAT
GGATGTACGTTGGCAAACAACACGCTGGAAAAGTGTTCTATGACCTTACCGGCAACCGGAGTGAC
ACCGTCACCATCAACAGTGATGGATGGGGGGAATTCAAAGTCAATGGCGGTTCGGTTTCGGTTTG

FIG. 8G
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Sequence ID No. 32. Nucleotide sequence of gene coding hybrid
254SB  protein.
ACAAATCTTAATGGGACGCTGATGCAGTATTTTGAATGGTACACGCCCAATGACGGCCAACATTG
GAAGCGTCTGCAAAACGACTCGGCATATTTGGCTGAACACGGTATTACTGCCGTCTGGATTCCCC
CGGCATATAAGGGAACGAGCCAAGCGGATGTGGGCTACGGTGCTTACGACCTTTATGATTTAGGGS
GAGTTTCATCAAAAAGGGACGGTTCGGACAAAGTACGGCACAAAAGGAGAGCTGCAATCTGCGAT
CAAAAGTCTTCATTCCCGCGACATTAACGTTTACGGGGATGTGGTCATCAACCACAAAGGCGGCG
CTGATGCGACCGAAGATGTAACCGCGGTTGAAGTCGATCCCGCTGACCGCAACCGCGTAATTTCC
GGAGAATACCTAATTAAAGCCTGGACACATTTTCATTTTCCGGGGCGCGGCAGCACATACAGCGA
TTTTAAATGGCATTGGTACCATTTTGACGGAACCGATTGGGACGAGTCCCGAAAGCTGAACCGCA
TCTATAAGTTTCAAGGAAAGGCTTGGGATTGGGAAGTTGACACAGAAAACGGCAACTATGATTAT
TTGATGTATGCCGACATCGATTATGACCATCCTGATGTCGTAGCAGAAATTAAGAGATGGGGCAC
TTGGTATGCCAATGAGCTCCAATTGGACGGTTTCCGTCTTGATGCTGTCAAACACATTAAATTTT
CTTTTTTGCGGGATTGGGTTAATCATGTCAGGGAAAAAACGGGGAAGCCGCTATTTACCGTCGGG
GAATATTGGAGCTATGACATCAACAAGTTGCACAATTACATTACGAAAACAAACGGAACGATGTC
TTPTGTTTGATGCCCCGTTACACAACAAATTTTATACCGCTTCCAAATCAGGGGGCGCATTTGATA
PGCGCACGTTAATGACCAATACTCTCATGAAAGATCAACCGACATTGGCCGTCACCTTCGTTGAT
AATCATGACACCGAGCCCGGCCAAGCGCTTCAGTCATGGGTCGACCCATGGTTCAAACCGTTGGC
TTACGCCTTTATTCTAACTCGGCAGGAAGGATACCCGTGCGTCTTTTATGGTGACTATTATGGCA
TTCCACAATATAACATTCCTTCGCTGAAAAGCAAAATCGATCCGCTCCTCATCGCGCGCAGGGAT
TATGCTTACGGAACGCAACATGATTATCTTGATCACTCCGACATCATCGGGTGGACAAGGGAAGG
GGTCACTGAAAAACCAGGATCCGGGCTGGCCGCACTGATCACCGATGGGCCGGGAGGAAGCAAAT
GGATGTACGTTGGCAAACAACACGCTGGAAAAGTGTTCTATGACCTTACCGGCAACCGGAGTGAC
ACCGTCACCATCAACAGTGATGGATGGGGGGAATTCAAAGTCAATGGCGGTTCGGTTTCGGTTTG

GGTTCCTAGAAAAACGACC

Sequence ID No. 33. Nucleotide sequence of gene coding hybrid

259 protein.
ACAAATCTTAATGGGACGCTGATGCAGTATTTTGAATGGTACACGCCCAATGACGGCCAACATTG
GAAGCGTCTGCAAAACGACTCGGCATATTTGGCTGAACACGGTATTACTGCCGTCTGGATTCCCC
CGGCATATAAGGGAACGAGCCAAGCGGATGTGGGCTACGGTGCTTACGACCTTTATGATTTAGGG
GAGTTTCATCAAAAAGGGACGGTTCGGACAAAGTACGGCACAAAAGGAGAGCTGCAATCTGCGAT
CAAAAGTCTTCATTCCCGCGACATTAACGTTTACGGGGATGTGGTCATCAACCACAAAGGCGGCG
CTGATGCGACCGAAGATGTAACCGCGGTTGAAGTCGATCCCGCTGACCGCAACCGCGTAATTTCC
GGAGAATACCTAATTAAAGCCTGGACACATTTTCATTTTCCGGGGCGCGGCAGCACATACAGCGA
TTTTAAATGGCATTGGTACCATTTTGACGGAACCGATTGGGACGAGTCCCGAAAGCTGAACCGCA
TCTATAAGTTTCAAGGAAAGGCTTGGGATTGGGAAGTTTCCAGTGAARACGGCAACTATGATTAT
TTGATGCTATGCCGACATCGATTATGACCATCCTGATGTCGTAGCAGAAATTAAGAGATGGGGCAC
TTGGTATGCCAATGAGCTCCAATTGGACGGTTTCCGTCTTGATGCTGTCAAACACATTAAATTTT
CTTTTTTGCGGGATTGGGTTAATCATGTCAGGGAAAAAACGGGGAAGGAAATGTTTACGGTAGGG
GAATATTGGAGCTATGACATCAACAAGTTGCACAATTACATTACGAAAACAAACGGAACGATGTC
TTTGTTTGATGCCCCGTTACACAACAAATTTTATACCGCTTCCAAATCAGGGGGCGCATTTGATA
PGCGCACGTTAATGACCAATACTCTCATGAAAGATCAACCGACATTGGCCGTCACCTTCGTTGAT
AATCATGACACCGAGCCCGGCCAAGCGCTTCAGTCATGGGTCGACCCATGGTTCAAACCGTTGGC
TTACGCCTTTATTCTAACTCGGCAGGAAGGATACCCGTGCGTCTTTTATGGTGACTATTATGGCA
TTCCACAATATAACATTCCTTCGCTGAAAAGCAAAATCGATCCGCTCCTCATCGCGCGCAGGGAT
PATGCTTACGGAACGCAACATGATTATCTTGATCACTCCGACATCATCGGGTGGACAAGGGAAGG
GGTCACTGAAAAACCAGGATCCGGGCTGGCCGCACTGATCACCGATGGGCCGGGAGGAAGCAAAT
GGATGTACGTTGGCAAACAACACGCTGGAAAAGTGTTCTATGACCTTACCGGCAACCGGAGTGAC
ACCGTCACCATCAACAGTGATGGATGGGGGGAATTCAAAGTCAATGGCGGTTCGGTTTCGGTTTG

GGTTCCTAGAAAAACGACC
FIG. 8H
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Sequence ID no. 34. Nucleotide sequence of gene coding hybrid
2598B protein.
ACAAATCTTAATGGGACGCTGATGCAGTATTTTGAATGGTACACGCCCAATGACGGCCAACATTG
GAAGCGTCTGCAAAACGACTCGGCATATTTGGCTGAACACGGTATTACTGCCGTCTGGATTCCCC
CGGCATATAAGGGAACGAGCCAAGCGGATGTGGGCTACGGTGCTTACGACCTTTATGATTTAGGG
GAGTTTCATCAAAAAGGGACGGTTCGGACAAAGTACGGCACAARAAGGAGAGCTGCAATCTGCGAT
CAAAAGTCTTCATTCCCGCGACATTAACGTTTACGGGGATGTGGTCATCAACCACAAAGGCGGCG
CTGATGCGACCGAAGATGTAACCGCGGTTGAAGTCGATCCCGCTGACCGCAACCGCGTAATTTCC
GGAGAATACCTAATTAAAGCCTGGACACATTITTCATTTTCCGGGGCGCGGCAGCACATACAGCGA
TTTTAAATGGCATTGGTACCATTTTGACGGAACCGATTGGGACGAGTCCCGAAAGCTGAACCGCA
TCTATAAGTTTCAAGGAAAGGCTTGGGATTGGGAAGTTGACACAGAAAACGGCAACTATGATTAT
TTGATGTATGCCGACATCGATTATGACCATCCTGATGTCGTAGCAGAAATTAAGAGATGGGGCAC
TTGGTATGCCAATGAGCTCCAATTGGACGGTTTCCGTCTTGATGCTGTCAAACACATTAAATTTT
CTTTTTTGCGGGATTGGGTTAATCATGTCAGGGAAAAAACGGGGAAGGAAATGTTTACGGTAGGG
GAATATTGGAGCTATGACATCAACAAGTTGCACAATTACATTACGAAAACAAACGGAACGATGTC
TTTGTTTGATGCCCCGTTACACAACAAATTTTATACCGCTTCCAAATCAGGGGGCGCATTTGATA
TGCGCACGTTAATGACCAATACTCTCATGAAAGATCAACCGACATTGGCCGTCACCTTCGTTGAT
AATCATGACACCGAGCCCGGCCAAGCGCTTCAGTCATGGGTCGACCCATGGTTCAAACCGTTGGC
TTACGCCTTTATTCTAACTCGGCAGGAAGGATACCCGTGCGTCTTTTATGGTGACTATTATGGCA
TTCCACAATATAACATTCCTTCGCTGAAAAGCAAAATCGATCCGCTCCTCATCGCGCGCAGGGAT
TATGCTTACGGAACGCAACATGATTATCTTGATCACTCCGACATCATCGGGTGGACAAGGGAAGG
GGTCACTGAAAAACCAGGATCCGGGCTGGCCGCACTGATCACCGATGGGCCGGGAGGAAGCAAAT
GGATGTACGTTGGCAAACAACACGCTGGAAAAGTGTTCTATGACCTTACCGGCAACCGGAGTGAC
ACCGTCACCATCAACAGTGATGGATGGGGGGAATTCAAAGTCAATGGCGGTTCGGTTTCGGTTTG
GGTTCCTAGAAAAACGACC

FIG. 81
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CHIMERIC ALPHA-AMYLASE VARIANTS

CROSS-REFERENCE

[0001] This application claims priority to U.S. Patent
Application Ser. No. 61/126,066, filed on Apr. 30, 2008 the
contents of which are fully incorporated herein by reference.

FIELD OF THE INVENTION

[0002] This pertains generally to c-amylase enzymes for
use in industrial processes, such as liquefaction, baking and
cleaning applications. More specifically, it pertains to chi-
meric a-amylases with improved activity in high temperature
applications, and/or that provide improved performance for
starch degradation.

BACKGROUND

[0003] For many industrial processes that use starches, it is
desirable to have amylolytic enzymes that can function under
high temperature to rapidly breakdown starch to reduce vis-
cosity. Examples of such enzymes are known in the art. For
example, the a-amylases from Bacillus licheniformis or
Bacillus stearothermophilus, Amyl and AmyS respectively,
facilitate liquefaction of starches at high temperature. In the
absence of added calcium, Amyl. and variants of AmylL. have
higher thermostability than AmyS amylase, and thus are pre-
ferred for production of glucose and fructose (e.g., HFCS).
AmyS and variants of AmyS are preferred in ethanol produc-
ing processes because they have higher specific activity on
cornstarch at high temperature than does AmyL or its vari-
ants. Thus, AmyS has a faster initial rate of substrate viscosity
reduction, which is a highly desirable attribute in starch lig-
uefaction processes. However, AmyS has an undesirable
characteristic in that its catalytic activity results in a higher
final viscosity at the end of the process than that obtained with
AmyL or its variants. The higher final viscosity is likely the
result of the lower thermostability, i.e. AmyS is simply inac-
tivated more quickly by the high temperature of the liquefac-
tion process.

[0004] Methods of increasing the thermostability of
enzymes have been studied. The thermostability of Amy Q
(B. amyloliquefaciens amylase) was enhanced by the deletion
of two amino acids, R176-Gly177, (numbering relative to
amino acid sequence of AmyQ) as shown by Suzuki et al.
(1989) (/. Biol. Chem. 264:18933), which are absent from the
AmyL sequence. The thermostability of AmyS-type amy-
lases can be increased by the deletion of two amino acid
residues, R179-G180, (AmyS numbering) from a loop (F178
to A184) as shown by Igarashi et al. 1998 (Biochem. Biophys.
Res. Comm. 248:772). However, a mutated AmyS enzyme
with this deletion has a lower specific activity for corn starch
hydrolysis at high-temperature than the parent enzyme,
negating one of the principal advantages of AmyS amylases,
as shown by Shiau et al. (2003) (4Appl. Environ. Micro.
69:2383).

[0005] As discussed above, it is known in the art that, in the
absence of added calcium, wild-type AmyL amylase is more
thermostable than AmyS amylase. It is further known in the
art that the AmyQ), an a-amylase from Bacillus amylolique-
faciens that is highly homologous to both AmyS and AmyL,
is less thermostable than either AmyS or AmyL.. Suzuki et al.
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(1989) demonstrated that for AmyL-AmyQ-derived hybrids,
the N-terminal portion of the Amyl, enzymes was required to
obtain high stability.

SUMMARY

[0006] Provided herein are chimeric polypeptides made
preferably from Amyl. and AmyS a-amylases. The novel
chimeric amylases are useful in that a single enzyme provides
the relatively higher thermostability seen in AmyL-type amy-
lases, and the relatively higher specific activity seen in AmyS-
type amylases.

[0007] Accordingly, provided herein are improved amylase
enzymes that provide altered performance properties, for
example in terms of their ability to reduce viscosity under
high temperature conditions of liquefaction. The chimeric
amylases display improved specific activity or the ability to
provide a rapid reduction of the peak viscosity in starch
liquefaction, as generally observed with AmyS-type amy-
lases. In addition, the chimeric a-amylases have good ther-
mostability, and thus, can provide a low final viscosity as
typically seen with AmyL-type enzymes. Polypeptides with
improved thermostability, thermostable amylases with
increased specific activity, and compositions comprising the
polypeptides and enzymes, as well as methods of using the
novel enzymes or compositions are provided herein. Nucleic
acids encoding the chimeric enzymes, including expression
vectors, and host cells that express the chimeric amylases also
are provided.

[0008] The chimeric ci-amylases provide a benefit in that a
single chimeric enzyme can provide many of the advantages
provided in two separate enzymes. Production benefits for the
manufacturer and economic benefits for both the end-user
and the manufacturer may flow from the availability of the
chimeric amylases described herein.

[0009] The chimeric a-amylases are particularly useful in
ethanol production processes and other starch degradation
processes at high temperature, such as liquefaction processes
for syrup production or for fermentation, cleaning applica-
tions (e.g. washing, dishwashing), baking, or desizing of
woven materials. The enzymes are relatively thermostable,
and have good activity across a range of pH conditions, cal-
cium ion concentrations, and redox conditions.

[0010] In one aspect, provided are chimeric polypeptides
comprising an amino-terminal domain and a carboxy-termi-
nal domain. The amino-terminal domain comprises about 180
ormore contiguous amino acid residues ofan AmyL amylase.
Preferably, the amino-terminal portion comprises an N-ter-
minal portion of the Amyl, amylase. The carboxy-terminal
domain of the chimeric polypeptides comprises a carboxy-
terminal portion of an AmyS amylase. The chimeric polypep-
tides have an overall length of about 480-515 amino acid
residues. The chimeric polypeptides provided herein do not
have the primary amino acid sequence of either the AmyL
amylase or the AmyS amylase, nor of any other known
polypeptide. The chimeric polypeptides have enhanced ther-
mostability relative at least to the AmyS amylase. Thermo-
stability that is equivalent to, or even better than, that of the
AmyL is observed in some embodiments.

[0011] In another aspect, provided are thermostable chi-
meric a-amylases. The chimeric amylases comprise an N-ter-
minal portion and a C-terminal portion; the N-terminal por-
tion comprises a contiguous amino acid sequence from an
N-terminal portion of an Amyl, amylase. The C-terminal
portion of the chimeric amylases comprises a contiguous
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amino acid sequence from a C-terminal portion of an AmyS
amylase. The chimeric a-amylases generally have a specific
activity greater than that of Amyl, amylase. The chimeric
amylases also have greater thermostability at 95° C. than
AmyS amylase. The primary amino acid sequence of the
chimeric amylases is about 475-520 amino acid residues
long.

[0012] Provided herein are compositions comprising one or
more chimeric polypeptides or thermostable chimeric
a-amylases as described above, or acombination thereof. The
compositions can further comprise one or more additional
polypeptides or enzymes. Also provided are food-grade lyo-
philized compositions comprising the compositions.

[0013] Inanother aspect, provided are polynucleotides that
encode a chimeric polypeptide or thermostable a-amylase as
provided above, vectors comprising the polynucleotides, and
host cells comprising the vectors or polynucleotides. In one
embodiment, the polynucleotide encodes a polypeptide hav-
ing at least about 95% sequence identity to any of SEQ ID
NOS: 1-17, but not having the precise sequence of SEQ ID
NO:1or2.

[0014] Provided as well are methods of making and using
the chimeric polypeptides, thermostable ci-amylases and the
compositions disclosed herein. The methods of using pro-
vided herein contemplate the possibility of using one or more
additional enzymes, including one or more additional amy-
lases therewith. In one aspect, methods of producing a com-
position comprising a chimeric polypeptide or a thermostable
a-amylase are provided. The methods comprise utilizing a
host cell selected from the group consisting of Bacillus
licheniformis, B. subtilis, and B. stearothermophilus, for a
fermentation process wherein a protein is expressed, said
protein comprising: (a) a chimeric polypeptide having a
length of about 480-515 amino acid residues, and comprising
an amino-terminal domain comprising about 180 or more
contiguous amino acid residues of an N-terminal portion of
an AmyL amylase, and a carboxy-terminal domain comprises
a carboxy-terminal portion of an AmyS amylase; said chi-
meric polypeptide having enhanced thermostability relative
at least to the AmyS amylase, or (b) a thermostable chimeric
a-amylase about 475-520 amino acid residues long, and com-
prising an N-terminal portion comprising a contiguous amino
acid sequence from an N-terminal portion of an AmyL. amy-
lase, and a C-terminal portion comprising a contiguous amino
acid sequence from a C-terminal portion of an AmyS amy-
lase, said chimeric a-amylase having a specific activity
greater than the Amyl. amylase and greater thermostability at
95° C. than the AmyS amylase. The methods entail at least
partially purifying the expressed protein, to produce the com-
position.

[0015] A method is provided for liquefying a starch slurry
comprising: making a slurry comprising a starch, heating the
slurry to an acceptable temperature for liquefaction, adding to
the slurry a composition comprising one or more of a chi-
meric polypeptide or thermostable chimeric a-amylase as
provided herein, or a combination thereof. Incubating the
slurry with the composition for a time and at a temperature
sufficient to liquefy the starch slurry completes the method.
The method can be used as part of process for producing fuel
alcohol.

[0016] Also provided is a method of cleaning a surface to
remove an unwanted or undesirable starch residue. The
method comprises the steps of providing a surface that has
starch residue to be removed, contacting the surface with a
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composition comprising a chimeric polypeptide, thermo-
stable chimeric a-amylase as disclosed herein, or a combina-
tion thereof, for a time and at a temperature sufficient to result
in removal of the starch residue.

[0017] Provided also is a method of treating a woven mate-
rial that has been previously subjected to contact with a coat-
ing comprising starch or a starch-derivative. The method
comprises contacting the woven material with a liquid com-
prising a chimeric a-amylase as provided hereinabove, for a
time and under conditions sufficient to substantially remove
the coating from the woven material.

[0018] Kits for facilitating liquefaction of starch slurry, said
kit comprising at least one of: (a) a chimeric polypeptide
having a length of about 480-515 amino acid residues, and
comprising an amino-terminal domain comprising about 180
or more contiguous amino acid residues of an N-terminal
portion of an AmyL. amylase, and a carboxy-terminal domain
comprises a carboxy-terminal portion of an AmyS amylase;
said chimeric polypeptide having enhanced thermostability
relative at least to the AmyS control, or (b) a thermostable
chimeric a-amylase about 475-520 amino acid residues long,
and comprising an N-terminal portion comprising a contigu-
ous amino acid sequence from an N-terminal portion of an
AmyL amylase, and a C-terminal portion comprising a con-
tiguous amino acid sequence from a C-terminal portion of an
AmyS amylase, said chimeric a-amylase having a specific
activity greater than the Amyl. amylase and greater thermo-
stability at 95° C. than the AmyS amylase. The kit also com-
prises instructions for use of the kit in the liquefaction of a
starch slurry.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1 is a diagram of the plasmid used for the
expression of the various hybrids and amylases. The plasmid
elements are as follows: Bla, the beta lactamase gene which
codes for ampicillin/carbenicillin resistance marker; AprE
promoter region, promoter from B. subtilis AprE (alkaline
protease) having a region of homology to the Bacillus hosts’
chromosome that allows it to integrate into the host genome;
AprE peptide, the B. subtilis AprE signal sequence; Hybrid
186, the coding region for the gene of interest, such as hybrid
186; LAT Term, the native amylase LAT (licheniformis amy-
lase thermostable) terminator from B. licheniformis; CAT, the
chloramphenicol acetyl transferase gene for chloramphenicol
antibiotic resistance; ORI, the origin of replication for E. coli.
Note that this plasmid lacks an origin of replication for Bacil-
lus.

[0020] FIG. 2 shows the results of the performance of chi-
meric a-amylases in a thermostability screen at 95° C. in
comparison to a control, AmyS control. The chimeric a-amy-
lases comprised an amino terminal portion from AmyL and a
carboxy-terminal portion from AmyS. The chimeras tested
included 186, 187, 200, 202, 228, 249, 254, and 259. The
three-digit number, where used in the name of a chimeric
a-amylase herein, indicates the position of the lastamino acid
residue of the Amyl. sequence, with the remainder of the
chimera derived from the AmyS sequence. The control
enzyme (“AmyS control”) (SEQ ID NO: 3) used is a variant
AmyS with a deletion 0of R179-G180 [described in WO2005/
111203]. The enzymes were held at desired temperature (95°
C.) and samples were removed at the time points indicated for
assay. The assay conditions included pH 5.6 50 mM malate
buffer, 2.6 mM CaCl,, and 50 mM NaCl. The graph shows the
relative catalytic activity remaining (as a percentage) on the
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y-axis, over time (min) on the x-axis, using the MEGAZYME
CERALPHA synthetic oligosaccharide substrate, as
described herein. Detailed description of the incubation con-
ditions and assays are provided in the methods section.
[0021] FIG. 3 shows the thermostability of additional chi-
meric a-amylases at 95° C. The graph, as in FIG. 2, shows the
amylase activity remaining (as a percentage) on the y-axis,
over time (min) on the x-axis. The reaction conditions were
the same as in FIG. 1. The chimeras tested include 200SB,
202SB, and 228SB. “SB” as used herein, indicates that a
stabilizing salt-bridge was created by introduction of S187D
and S188T mutations. The control was the AmyS control
(SEQ ID NO: 3).

[0022] FIG. 4 shows the thermostability of additional chi-
meric a-amylases at 95° C. The graph is as in FIGS. 2 and 3.
The reaction conditions were the same as in FIGS. 2 and 3.
The samples tested include the AmyS control, and chimeras
249SB, 254SB, and 259SB.

[0023] FIG. 5 shows the specific activity of several chi-
meric a-amylases at 75° C. The DNS reducing sugar detec-
tion assay, described below (see methods section for details),
was used to determine the rate of reactions for chimeras 186,
228 and 228SB in comparison to the AmyL and the AmyS
control enzyme. The specific activity is reported as mg glu-
cose produced per second per mg enzyme in the reaction. All
three chimeric enzymes tested showed greater specific activ-
ity thanthe AmyL enzyme at the elevated temperature, 75° C.,
tested.

[0024] FIG. 6 shows the changes in viscosity of corn flour
substrate upon incubation with various hybrid amylases.
Hybrids 186, 202SB, 228SB, and 228 were compared to the
AmyS control for their ability to reduce viscosity as measured
by EUROSTAR/IKA Labortechnik control-visc P7 elec-
tronic overhead stirrer with torque read output.

[0025] FIG.7,panels A-E, shows the amino acid sequences
of SEQ IDs 1 to 17. Amino sequence labels: For all hybrid
amino acid sequences, Amy L. sequence is shown in plain text,
Amy S sequence region is shown in bold type, and Salt bridge
sequence is shown underlined.

[0026] FIG. 8, panels A-1, shows the nucleotide sequences
of SEQ IDs 18 to 34. Nucleotide sequence labels: For all
hybrid nucleotide sequences, Amy L. sequence is shown in
plain text, Amy S sequence region is shown in bold type, and
Salt bridge sequence is shown underlined.

DETAILED DESCRIPTION

[0027] Chimeric a-amylases are provided having benefi-
cial advantages over currently available ci-amylases. The chi-
meric a-amylases comprise an N-terminal portion from an
AmyL amylase and a C-terminal portion from an AmyS amy-
lase. The chimeric a-amylases exhibit improved thermosta-
bility relative to the AmyS enzymes, and improved specific
activity or ability to reduce peak viscosity relative to the
AmyL enzymes. Thus, these properties allow the chimeric
polypeptides and thermostable amylases to be used in high-
temperature starch liquefaction, for example for production
of fermentation products such as alcohol, and especially etha-
nol. They result in reduced peak viscosity relative to AmyL
amylases used alone, and low final viscosities relative to
AmyS amylases used alone. The chimeric enzymes provided
herein also useful in the breakdown or removal of starch,
amylase, amylopectin, or other substrates of a-amylase in
other high-temperature processes such as baking, as well as in
the treatment of woven materials to remove starch-based
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sizing agents, or cleaning/washing processes. The chimeric
enzymes provided herein can also be used in conjunction with
each and or in conjunction with one or more other enzymes,
for example in a blend. Preferably, other enzymes used are
active under the same or similar reaction conditions as those
used for the chimeric a-amylases. This provides more flex-
ibility to the end user, as well as certain economic and pro-
cessing advantages. Processing conditions, such as pH, tem-
perature, ionic strength, as well as the presence of required
cofactors, can be established to permit activity of the a-amy-
lases and any other enzymes present. Such processing condi-
tions can facilitate the use of continuous or semi-continuous
processes, rather than costly and time-consuming batch pro-
cesses. Other features provided in certain embodiments of the
chimeric a-amylases are increased specific activity, and the
ability to reduce the peak viscosity or the final viscosity of a
starch slurry, as well as or better than either of the Amyl. and
AmyS enzymes.

A. Definitions & Abbreviations

[0028] Inaccordance with this detailed description, the fol-
lowing abbreviations and definitions apply. It should be noted
that as used herein, the singular forms “a,” “an,” and “the”
include plural referents unless the context clearly dictates
otherwise. Thus, for example, reference to “an enzyme”
includes a plurality of such enzymes, and reference to “the
formulation” includes reference to one or more formulations
and equivalents thereof known to those skilled in the art, and
so forth.

[0029] The term “about” with respect to a numerical value
orrange indicates that the numerical value can be 10% greater
or less than the stated value. In other embodiments, “about”
indicates that a numerical value can be 5% greater or less than
the stated value. The skilled artisan will appreciate that term
“about,” when used in conjunction with a number or range of
amino acid residues or base pairs, or the length of a polypep-
tide in amino acid residues, or the length of a polynucleotide
in base pairs, encompasses only integer values.

[0030] Unless defined otherwise, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art. The following
terms are provided below.

1.1. Definitions

[0031] “Amylase” means an enzyme that is, among other
things, capable of catalyzing the degradation of starch, amy-
lose, amylopectin, and the like. Generally, a.-amylases (EC
3.2.1.1; a-D-(1—4)-glucan glucanohydrolase) are defined as
endo-acting enzymes cleaving a-D-(1—4) O-glycosidic
linkages in a polysaccharide containing three or more a.-D-
(1—=4)linked glucose units. The a-amylases release reducing
groups in the a-configuration. They act on starch, glycogen
and related poly- and oligosaccharides in a random manner.
In contrast, the exo-acting amylolytic enzymes sequentially
cleave the substrate molecule from the non-reducing end. The
glucan 1,4-a-maltohydrolases (maltogenic a-amylases; EC
3.2.1.133) produce c-maltose as the end product, while
p-amylases (EC 3.2.1.2) produce f-maltose. f-Amylases,
a-glucosidases (EC 3.2.1.20; a-D-glucoside glucohydro-
lase), glucoamylase (EC 3.2.1.3; a-D-(1—=4)-glucan gluco-
hydrolase), and product-specific amylases can produce
malto-oligosaccharides of a specific length from their respec-
tive substrates. Glucoamylases release glucosyl residues



US 2011/0097778 Al

from the non-reducing ends of amylose and amylopectin
molecules. Glucoamylases also catalyze the hydrolysis of
a-1,6 and a-1,3 linkages, although at much slower rate than
a-1,4 linkages.

[0032] A “chimeric polypeptide,” or “chimera” means a
protein containing sequences from more than one polypep-
tide. An chimeric polypeptide or a-amylase can be chimeric
in the sense that it contains a portion, region, or domain from
one molecule fused to one or more portions, regions, or
domains from one or more other molecules. By way of
example, a chimeric polypeptide or a chimeric a-amylase
might comprise a sequence for a mature c.-amylase protein
linked to the sequence for the signal peptide of another
a-amylase. The skilled artisan will appreciate that chimeric
polypeptides and c-amylases need not consist of actual
fusions of the protein sequences, but rather, polynucleotides
with the corresponding encoding sequences can also be used
to express chimeric polypeptides or a-amylases that com-
prise the same amino acid sequence as an actual or hypotheti-
cal fusion protein made from or (“derived from”) other amy-
lases. Thus, for example, a chimeric ci-amylase or a chimeric
polypeptide herein can comprise an amino-terminal portion
of'a first amylase and a carboxy-terminal portion of a second
amylase, or the chimeric polypeptide or a-amylase could be
expressed from a polynucleotide encoding a protein of the
same sequence. In the case of a chimeric a-amylase, the
catalytic activity of an a-amylase must be present in the
resultant molecule. “Chimeric molecules” as used herein, can
be either polynucleotides or polypeptides, and are not natu-
rally occurring. A wild-type a-amylase occurs naturally. Chi-
meric amylases differ from a wild-type a-amylase in the
amino acid residues of the mature protein, i.e., in the primary
amino acid sequence of the active molecule without a signal
sequence.

[0033] “Activity” with respect to enzymes means “catalytic
activity” and encompasses any acceptable measure of
enzyme activity, such as the rate of activity, the amount of
activity, or the specific activity. Catalytic activity refers to the
ability to catalyze a specific chemical reaction, such as the
hydrolysis of a specific chemical bond. As the skilled artisan
will appreciate, the catalytic activity of an enzyme only accel-
erates the rate of an otherwise slow chemical reaction.
Because the enzyme only acts as a catalyst, it is neither
produced nor consumed by the reaction itself. The skilled
artisan will also appreciate that not all polypeptides have a
catalytic activity. “Specific activity” is a measure of activity
of an enzyme per unit of total protein or enzyme. Thus,
specific activity may be expressed by unit weight (e.g. per
gram, or per milligram) or unit volume (e.g. per ml) of
enzyme. Further, specific activity may include a measure of
purity of the enzyme, or can provide an indication of purity,
for example, where a standard of activity is known, or avail-
able for comparison.

[0034] “Variants” refer to polypeptides and nucleic acids.
The term “variant” may sometimes be used synonymously
with the term “mutant.” Variants include insertions, substitu-
tions, deletions, transversions, truncations, and/or inversions
at one or more locations in an amino acid or nucleotide
sequence. Variant nucleic acids can include sequences that are
complementary to sequences that are capable of hybridizing
to the nucleotide sequences presented herein. For example, a
variant sequence is complementary to sequences capable of
hybridizing under stringent conditions, e.g., 50° C. and 0.2x
SSC (1x SSC=0.15 M Na(l, 0.015 M sodium citrate, pH 7.0),
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to the nucleotide sequences presented herein. More particu-
larly, the term variant encompasses sequences that are
complementary to sequences that are capable of hybridizing
under highly stringent conditions, e.g., 65° C. and 0.1x SSC,
to the nucleotide sequences presented herein. In various
embodiments, a variant is at least 60, 65, 70, 75, 80, 85, 90,
91, 92, 93, 94, 95, 96, 97, 98, or even 99% identical to a
sequence expressly provided herein.

[0035] As used herein, the term “expression” refers to the
process by which a polypeptide is produced based on the
nucleic acid sequence of a gene or artificial sequence. The
process includes both transcription and translation. “Expres-
sion product” refers generally to a protein made by transla-
tion, whether in vivo or in vitro. Similarly, if a gene is
expressed, the gene product (usually protein, but sometimes
RNA) is produced in a cell, such as a host cell comprising the
gene.

[0036] “Microorganism” as used herein includes any bac-
terium, yeast, or fungus species.

[0037] “Isolated” with respect to protein, or nucleic acid
sequences means that the sequence is at least substantially
free from at least one other component that the sequence is
naturally associated and found in nature. In the example of
nucleic acid sequence, by isolated is meant isolated from
genomic sequences.

[0038] “Purified” means that the material is in a relatively
pure state, e.g., at least about 90% pure, at least about 95%
pure, or at least about 98% pure. “Partially purified” encom-
passes lesser degrees of purity, provided that the protein or
nucleic acid is “isolated” as used herein.

[0039] “Thermostable” means the enzyme retains measur-
able activity after exposure to elevated temperatures. One
measure of the thermostability of an enzyme, such as an
a-amylase, is its half-life (t,,), where half of the enzyme
activity is lost by the half-life. The half-life value is calculated
under defined conditions by measuring the residual amylase
activity. In some embodiments, other measures of thermosta-
bility may be more useful or more practical, and may be
measured and expressed, for example, as percent activity
remaining after a specified exposure time at a temperature of
interest. In another definition, thermostability is expressed as
the melting temperature, or Tm, i.e. the midpoint of the tran-
sition from F<=>U in which F is folded protein and U is
unfolded. Any mutation that causes an increase in Tm is said
to be a stabilizing mutation. “Greater thermostability” or
“enhanced thermostability” are used interchangeably herein.
Any mutation that increases Tm or t,,, enhances thermosta-
bility of the associated polypeptide or enzyme. In some cases,
rather than determine a Tm or t, ,, other measures of stability
are used. Tm cannot always be correctly determined because
the transition from folded to unfolded may be irreversible. In
such cases, stability can be defined as Tx, the temperature at
which x percent protein remains functional after a specified
time. If in a particular application it is known that an enzyme
must remain active for about an hour, a useful comparison
between enzymes may be a Tx for 60 minutes to ensure that an
acceptable amount of activity remains after 60 minutes at a
temperature at least that required in practice. Where irrevers-
ible denaturation is an issue, it is useful to assay under con-
ditions similar to those in which the enzyme will be applied
later, e.g. conditions of temperature, pH, or the presence of
oxidants, detergents, or chelators must be considered.
[0040] Generally, after exposure of an enzyme to a tem-
perature of interest for a desired time, the enzyme will be
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assayed under standard assay conditions, including tempera-
ture. Thermostable enzymes may also be thermoactive
enzymes, i.e. they can exhibit activity when assayed at high
temperatures. As used herein, thermostable enzymes can be
both resistant to heat denaturation and active at high tempera-
tures.

[0041] “Thermostable chimeric c-amylases” are chimeric
a-amylases as defined herein with enhanced thermostability
relative to at least one amylase from which the chimera is
derived. The thermostable chimeric amylases preferably have
a thermostability that is greater than that of the less thermo-
stable amylase from which the chimera is derived, and about
that of the more thermostable amylase from which the chi-
mera is derived.

[0042] “pH range” means the ability of the enzyme to
exhibit catalytic activity from acidic to basic conditions.
Common processes in which a-amylases are used may
include pH conditions spanning 5 or more pH units. As used
herein, “pH stable” relates to the ability of the enzyme to
retain measurable activity over a wide range of pHs, for
example, 1,2,3,4, 5, oreven more pH units. In addition to pH
stability, the chimeric a-amylases described herein may also
provide a pH optimum, wherein activity is maximal at a
certain pH or pH range, under conditions of temperature,
time, substrate concentration, and calcium ion concentration
that are otherwise held constant.

[0043] As used herein, “amino acid sequence” is some-
times used synonymously with the term “polypeptide” and/or
the term “protein.” In some instances, the term “amino acid
sequence” is synonymous with the term “peptide”; in some
instances, the term “amino acid sequence” is synonymous
with the term “enzyme.” In other cases, which will be clear
from the context, the “amino acid sequence” will refer to the
actual sequence (“primary sequence”) of amino acid side
chains or “residues” in the backbone of a polypeptide. For
example, the Sequence Listing provided herewith provides
the amino acid sequences for several polypeptides or domains
of polypeptides.

[0044] As used herein, “nucleotide sequence” or “nucleic
acid sequence” refers to an oligonucleotide sequence or poly-
nucleotide sequence (“polynucleotide”) and variants, homo-
logues, fragments and derivatives thereof. The nucleotide
sequence may be of genomic, synthetic or recombinant origin
and may be double-stranded or single-stranded, whether rep-
resenting the sense or anti-sense strand. As used herein, the
term “nucleotide sequence” includes genomic DNA, cDNA,
synthetic DNA, and RNA. As with polypeptides, the term
“nucleotide sequence” is also used at times in discussion of
the actual sequence of nucleotides or bases along a polynucle-
otide backbone, i.e. the primary sequence.

[0045] “Homologue” means an entity having a certain
degree of identity or “homology” with the subject amino acid
sequences and the subject nucleotide sequences. Typically,
homologues will comprise the same active site residues as the
subject amino acid sequence. Homologues also retain a.-amy-
lase activity, although the homologue may have different
enzymatic properties than the subject protein. A “homolo-
gous sequence” includes a polynucleotide or a polypeptide
having a certain percent identity, e.g., at least about 80%,
85%, 90%, 95%, or 99%, with another sequence.

[0046] “Percent identity” or “percent sequence identity”
means that a given percentage of bases or amino acid residues
in a subject sequence or protein are exactly the same base or
residue as present in a reference sequence or protein, for
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example when comparing the two polypeptide sequences in
an alignment. Amino acid sequences may be similar, but are
not “identical” where an amino acid is substituted, deleted, or
inserted in the subject sequence relative to the reference
sequence. For proteins, the percent sequence identity is pref-
erably measured between sequences that are in a similar state
with respect to posttranslational modification. Typically, the
“mature sequence” of the subject protein, i.e., that sequence
which remains after processing to remove a signal sequence,
is compared to a mature sequence of the reference protein. In
other instances, a precursor sequence of a subject polypeptide
sequence may be compared to the precursor of the reference
sequence.

[0047] As used herein, “hybridization” includes the pro-
cess by which a strand of nucleic acid joins with a comple-
mentary strand through base pairing, as well as the process of
amplification as carried out in polymerase chain reaction
(PCR) technologies. A nucleic acid encoding a chimeric
a-amylase may exist as single- or double-stranded DNA or
RNA, an RNA/DNA heteroduplex, or an RNA/DNA copoly-
mer. As used herein, “copolymer” refers to a single nucleic
acid strand that comprises both ribonucleotides and deoxyri-
bonucleotides. The a-amylase encoding nucleic acid may be
“optimized” to increase expression a specific organism by
tailoring the nucleic acid to contain those codons which are
preferentially utilized in translating native proteins in that
organism.

[0048] Asusedherein, a “synthetic” compound is produced
by chemical or enzymatic synthesis. Synthetic compounds
include, but are not limited to, nucleic acids encoding chi-
meric o-amylases, preferably made with optimal codon
usage for host organisms of choice for expression. A synthetic
polypeptide or nucleic acid can also be prepared using in vitro
techniques, such as in vitro transcription or translation, or
PCR and the like.

[0049] As used herein, “transformed cell” includes cells,
including both bacterial and fungal cells, that have been trans-
formed by use of recombinant DNA techniques. Transforma-
tion typically occurs by insertion of one or more nucleotide
sequences into a cell. The inserted nucleotide sequence may
be aheterologous nucleotide sequence, i.e., is a sequence that
is not naturally present in the cell that is to be transformed,
such as a nucleic acid encoding a fusion protein or a chimeric
polypeptide.

[0050] As used herein, “operably-linked” means that the
described components are in a relationship permitting them to
function in their intended manner. For example, a regulatory
sequence can be “operably-linked” to a coding sequence in
such a way that expression of the coding sequence is achieved
under conditions compatible with the regulatory sequence.
[0051] As used herein, “biologically active” refers to a
sequence having a similar structural, regulatory or biochemi-
cal function as the naturally occurring sequence, although not
necessarily to the same degree. For example, a biologically
active a-amylase is a polypeptide with measurable a-amy-
lase activity.

[0052] “Genotoxic potential” as used herein refers to the
potential for compounds, e.g. polypeptides, amylases or com-
positions comprising them, to be “genotoxic” in in vitro or in
vivo studies. “Genotoxic” is a broad term that refers to any
deleterious change in the genetic material regardless of the
mechanism by which the change is induced. Genotoxic com-
pounds, in the absence of other data, are generally presumed
by regulatory bodies and researchers to be trans-species car-
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cinogens, implying a hazard to humans. Accordingly, such
compounds need not be subjected to long-term carcinogenic-
ity studies. However, if such a compound is intended to be
administered chronically to humans, a chronic toxicity study
(up to 1 year) may be necessary to detect early tumorigenic
effects. A test battery approach of in vitro and in vivo tests can
be used to test for genotoxicity. The battery is preferably
designed to reduce the risk of false negative results for com-
pounds with genotoxic potential. Assessment of the geno-
toxic potential of a compound is preferably conducted as an
independent, objective inquiry. Such an assessment prefer-
ably takes into account the totality of the findings and the
intrinsic value and limitations of both the in vitro and in vivo
tests. A single positive result in any assay for genotoxicity
does not necessarily mean that the test compound poses a
genotoxic hazard to humans. Genotoxic potential is prefer-
ably assessed in accordance with official guidelines, such as
the “ICH Guideline on Specific Aspects of Regulatory Geno-
toxicity Tests”. The guidance on genetic toxicity testing pro-
vided by FDA’s Center for Food Safety and Applied Nutrition
(58 FR 16536, Mar. 29, 1993) is also considered to be appli-
cable for determination of genotoxic potential herein.

[0053] As used herein the term “starch” refers to any mate-
rial comprised of the complex polysaccharide carbohydrates
of plants. Starches generally comprise amylose and amy-
lopectin with the formula (C;H, ,O5),, wherein X can be any
integer. The term “granular starch” refers to raw, i.e.,
uncooked starch, e.g., starch that has not been gelatinized.
“Starch derivative” as used herein refers to any modified or
derivatized starch, e.g. any starch altered by physical or
chemical treatment to give altered properties for food pro-
cessing or other use. Such changes can include altered gelling
properties, flow properties of the dry starch or a slurry pre-
pared therefrom, color, clarity, stability of a slurry or paste,
and the like. For example, as used in confectionery products,
acid-modified starch results from acid treatment that reduces
the viscosity of a slurry or paste made therefrom. Chemical
derivatives of starch, such as ethers and esters, show proper-
ties such as reduced gelatinization in hot water and greater
stability to acids and alkalis (‘inhibited’ starch). Examples of
starch derivatives include dextrin roasted starches, acid-
treated starches, alkaline treated starches, bleached starch,
oxidized starch, enzyme-treated starch, monostarch phos-
phate, distarch phosphate, phosphated distarch phosphate,
acetylated distarch phosphate, starch acetate, acetylated dis-
tarch adipate, hydroxypropyl starch, hydroxypropyl distarch
phosphate, and starch sodium octenylsuccinate, as well as
various salts or esters, particularly fatty acid esters of the
foregoing.

[0054] As used herein the term “saccharification” refers to
enzymatic conversion of starch to glucose.

[0055] The term “liquefaction” refers to the stage in starch
conversion in which gelatinized starch is hydrolyzed to give
low molecular weight soluble dextrins. The term “degree of
polymerization” (DP) refers to the number (n) of anhydro-
glucopyranose units in a given saccharide. Examples of DP1
are the monosaccharides glucose and fructose. Examples of
DP2 are the disaccharides maltose and sucrose. A “compa-
rable liquefaction process™ as used herein refers to a control
processed for liquefaction. The liquefaction processes are
conducted under controlled conditions, e.g. the liquefaction
process comprises specified conditions of temperature, pH,
calcium ion concentration, and substrate concentration. Com-
parable liquefaction processes provide a means to compare
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different enzymes or enzyme blends in their ability to liquefy
a starch by controlling for as much as possible except the
differences in enzymes. As used herein “facilitating liquefac-
tion” or “facilitating a liquefaction process” encompasses any
degree of improvement in liquefaction of a starch slurry, such
as making a liquefaction process more efficient, more effec-
tive, more economical, or easier (facile). The term includes
reducing the number or amount of enzymes required, reduc-
ing the peak or final viscosity of the starch slurry, increasing
the rate or extent of starch degradation, or the production of
fragments of any particular DP, or of limit dextrins. Facilitat-
ing liquefaction also includes reducing the net energy require-
ments, improving the utilization of substrate, or improving
other conditions such as the calcium ion concentration or
tolerance of changes in calcium ion, ability to use different
starch (i.e., substrate) sources, types, or concentrations, abil-
ity to operate at preferred pH levels or ranges, quantity and
quality of the resultant product, and the like.

[0056] As used herein the term “dry solids content” (ds)
refers to the total amount of solids in a slurry, on a dry weight
basis. Dry solids content and dry weight basis are usually
expressed as the weight of the subject material as a percentage
of'the weight of the total dry material. The term “slurry” refers
to a mixture containing insoluble solids in a liquid, typically
water or a similar solvent. Starch or flour is frequently sus-
pended in a water-based solution to form a slurry for testing
amylases, or for liquefaction processes.

[0057] The term “DE,” or “dextrose equivalent,” is defined
as the percentage of reducing sugar as a fraction of total
carbohydrate.

[0058] As used herein, the terms “fermentation” or “fer-
mentation process” refer to the breakdown of organic sub-
stances and re-assembly into other substances, and as used
here can encompass any process of “industrial fermentation,”
“biochemical fermentation,” or “food fermentation.” “Indus-
trial fermentation” generally refers to highly oxygenated and
aerobic growth conditions, whereas “biochemical fermenta-
tion” generally refers to a strictly anaerobic process. Carbo-
hydrate substrates are required as a source of energy for the
vast majority of industrial fermentation process to produce a
variety of pharmaceuticals and precursors, as well as food
ingredients. Where a fermentation is specified herein for use
in the production of alcohol, e.g. ethanol, such as for fuel
production, it is generally an oxygen-limited, oxygen-de-
prived, or even completely anaerobic process. Bio-fuels are
fuels from renewable resources, for example ethanol derived
from fermentation of a carbohydrate substrate. “Food fer-
mentations” include fermentation processes to make alco-
holic beverages (e.g. beer, wine), bread, and other fermented
food products. Preferred food fermentations are those that
result in the production of alcohol or food acids from carbo-
hydrate substrates.

[0059] “Food processing aids™ as used herein refers to sub-
stances used as manufacturing aids to enhance the appeal or
utility of a food or food component, including clarifying
agents, clouding agents, catalysts, flocculents, filter aids, and
crystallization inhibitors, etc. Food processing aids are gen-
erally defined by regulatory bodies such as the Food and Drug
Administration in the United States, Food Standards Austra-
lia New Zealand, or the Commission Regulation of the Euro-
pean Economic Community (EEC). See for example 21 C.F.
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R. §§170.3(0) “Definitions” describing the physical or tech-
nical functional effects for which direct human food ingredi-
ents may be added to foods in the United States. The defini-
tion provided therein, including those for “processing aids”
are adopted from the National Academy of Sciences/National
Research Council National Survey of Food Industries,
reported to the Food and Drug Administration under the con-
tract entitled “A Comprehensive Survey of Industry on the
Use of Food Chemicals Generally Recognized as Safe” (Sep-
tember 1972), which is incorporated by reference in its
entirety. Copies of that report are available from the National
Technical Information Service (NTIS), 5285 Port Royal Rd.,
Springfield, Va. 22161, or at the National Archives and
Records Administration (NARA).

[0060] As used herein, “stabilizing structures” refer to pri-
mary, secondary, tertiary, or quaternary structures that make a
protein more stable, particularly more thermostable as
defined hereinabove. Proteins are “stable” if under a given set
of conditions they remain properly or adequately folded. Sta-
bilizing structures in accordance herewith are formed by one
or more stabilizing mutations. Some means of stabilizing
proteins are not deemed “stabilizing structures” for purposes
herein. Thus, basic ways of achieving improved stability are
as diverse as using increased or decreased ion concentrations,
inorganic solvents, using higher or lower protein concentra-
tions, adding helper proteins, optimizing storage tempera-
tures, or removing proteases from the medium. For example,
calcium binding proteins and many enzymes that use calcium
as a co-factor are normally more stable at higher calcium
concentrations. For purposes herein, however, “stabilizing
structures” do not encompass environmental factors and the
like, but rather are chemical structures that lie within or result
from the primary or higher order sequence, and alter the
stability of the protein.

[0061] “Helix capping” is a stabilizing strategy that is
known in the art and useful herein. “Helix-capping motifs”
are stabilizing structures that comprise specific patterns of
hydrogen bonding and hydrophobic interactions found at, or
near, the ends of helices in proteins and peptides. The con-
sensus sequence patterns of such motifs, together with results
from simple molecular modeling, have been used to formu-
late useful rules of thumb for helix termination. See, e.g.,
Aurora and Rose, “Helix capping” Protein Science, 7(1):21-
38 (1998, Cold Spring Harbor Laboratory Press). See also
Presta and Rose, “Helix signals in proteins.” Science, 240:
1632-1641 (1988).

[0062] “Salt bridge,” as used herein, refers to hydrogen
bonds between oppositely-charged amino acid residues (e.g.
Asp-Arg) in the primary sequence of a polypeptide. Salt
bridges contribute to the stability of a protein when the
charges are 6-8 Angstroms or less away from each other.
Thus, the charged residues may be widely separated in the
primary amino acid sequence provided that, when folded, the
charged residues come within the required proximity for
interaction of the charges. Salt bridges typically work better
when combined with other salt bridges. Thus, an array of
charge residues, e.g. +, —, +, —, works better than one or two
pairs of charged residues that are remote from each other in
the structure. For example, extremophilic proteins, i.e. pro-
teins from extremophiles, such as thermostable proteins,
often have many salt bridges. An introduced salt bridge works
better if the residues involved have only limited freedom in
the folded protein.
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B. Abbreviations

[0063] The following abbreviations apply unless indicated
otherwise:
[0064] AmyL Bacillus licheniformis a-amylase
[0065] Amy Q Bacillus amyloliquefaciens o-amylase
[0066] AmyS Bacillus stearothermophilus o-amylase
[0067] AAU alpha amylase units
[0068] ATCC American Type Culture Collection
[0069] cDNA complementary DNA
[0070] C.F.R. Code of Federal Regulations
[0071] CFU colony forming units
[0072] DE Dextrose Equivalent
[0073] DEAE diethylaminoethanol
[0074] DNA deoxyribonucleic acid
[0075] DNS 3,5-dinitrosalicylic acid
[0076] DPn degree of polymerization with n subunits
[0077] ds dry solids
[0078] EC Enzyme Commission for Enzyme Classifica-
tion
[0079] EEC European Economic Community
[0080] EDTA ethylenediaminetetraacetic acid
[0081] EGTA ethyleneglycoltetraacetic acid
[0082] FDA Food & Drug Administration
[0083] FAO Food and Agriculture Organization of the

United Nations

[0084] GLP Good Laboratory Practices

[0085] GMP Good Manufacturing Practices

[0086] GRAS Generally Recognized As Safe

[0087] HFCS high fructose corn syrup

[0088] HPLC High Performance Liquid Chromatogra-
phy

[0089] HS higher sugars (DPn, where n>3)

[0090] JECFA Joint FAO/WHO Expert Committee on
Food Additives

[0091] kb kilobase

[0092] kI kiloJoule

[0093] LAT B. licheniformis a-amylase

[0094] LU liquefaction units

[0095] mRNA messenger ribonucleic acid

[0096] mg milligram

[0097] mL milliliter

[0098] mt metric ton (1000 kg)

[0099] N Normal

[0100] NTIS National Technical Information Service

[0101] PCR polymerase chain reaction

[0102] PEG polyethyleneglycol

[0103] ppm parts per million

[0104] RO Reverse osmosis

[0105] RT-PCR reverse transcriptase polymerase chain
reaction

[0106] SB salt bridge

[0107] SDS-PAGE sodium dodecyl sulfate-polyacryla-

mide gel electrophoresis

[0108] SGA Superior Grain Amylase

[0109] SKBU/gds a-Amylase Unit per gram of dry sol-
ids. One a.-Amylase Unit dextrinizes 1.0 g of limit dex-
trin substrate per hour under the conditions of the assay.

[0110] 1xSSCO0.15MNaCl,0.015 M sodium citrate, pH
7.0

[0111] WHO World Health Organization

[0112] w/v weight/volume

[0113] w/w weight/weight
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[0114] pg microgram
[0115] pL microliter
C. Chimeric a.-Amylases
[0116] In a first of several aspects, chimeric polypeptides

having a length of about 480-515 amino acid residues are
provided. The chimeric polypeptides have an amino-terminal
domain that comprises about 180 or more contiguous amino
acid residues of an N-terminal portion of an AmyL. amylase,
and a carboxy-terminal domain comprises a carboxy-termi-
nal portion of an AmyS amylase. The chimeric polypeptides
do not have the primary amino acid sequence of either the
AmyL amylase or the AmyS amylase, however, the chimeric
polypeptides have enhanced thermostability relative at least
to the AmyS amylase.

[0117] Known amylase sequences are not encompassed by
the chimeric polypeptides or thermostable chimeric amylases
described herein. For example the sequences disclosed in J.
Biochem. Mol. Biol. 40: 315-324 (2006) by Sajedi et al. are
specifically excluded. The ai-amylase sequences provided in
the public databases of the European Molecular Biology
Laboratories (EMBL) or the National Center for Biotechnol-
ogy Information (NCBI) more than one year prior to the filing
date of this disclosure are also expressly excluded as
sequences for the chimeric polypeptides and thermostable
amylases provided herein. In one embodiment, the chimeric
polypeptide or thermostable amylase does not have the
sequence of any other known a-amylase, such as those dis-
closed in U.S. Pat. Nos. 6,939,703 by Van Der Laan and
Achle, 6,143,708 by Svendsen et al., or 5,830,837 by Bis-
gard-Frantzen et al.

[0118] The chimeric polypeptides generally comprise the
catalytic activity of an ci-amylase. In common usage, alpha-
amylase attacks the random alpha-1,4 linkages of a substrate
such as amylose and/or amylopectin of starch, converting
them to dextrins. In the process of doing so, the a-amylase
reduces the viscosity and increases the dextrose equivalence
(DE). The alpha-amylase enzyme is thus frequently used to
liquety and dextrinize starch, typically in slurries for the
production of syrups or prior to fermentation of complex
carbohydrates. They are also used for starch removal, e.g.
cleaning processes, as well as in baking and other applica-
tions.

[0119] The chimeric polypeptides demonstrate altered per-
formance characteristics relative to other a-amylases such as
AmyL. or AmyS. Such characteristics may include altered
stability, pH range, oxidation stability, and thermostability. In
particular, in various embodiments, the chimeric polypep-
tides provide better stability at high temperatures (i.e.,
70-120° C.). They may also have advantageous properties in
their requirement for calcium, resistance to changes in cal-
cium ion concentration, and/or increased tolerance to pH
extremes (i.e., pH 4.0 to 6.0, or pH 8.0 to 11.0) for activity.
[0120] Many known thermostable amylases can degrade
starch at temperatures of about 55° C. to about 80° C. or more.
A chimeric polypeptide as provided herein may retain
a-amylase activity after exposure to temperatures of up to
about 95° C. or more. Thus, the chimeric polypeptides and
thermostable chimeric amylases as provided herein are
advantageous for use high temperature liquefaction, as well
as in other processes that employ or require elevated tempera-
tures, such as cooking, baking or the like.

[0121] Inoneembodiment,the chimeric polypeptides com-
prise at least one substituted amino acid residue in the N-ter-
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minal domain, relative to the AmyL. amylase, i.e. the portion
of'the chimera that corresponds to the contiguous amino acids
of'the chimera’s N-terminal portion has a substitution relative
to the sequence found in the Amyl. amylase’s N-terminal
portion. Such a substitution preferably serves to provide a
stabilizing structure, or at least a part of a stabilizing structure
that enhances thermostability of the polypeptide. Various sta-
bilizing structures may be known to those of skill in the art
generally with respect to thermostability of proteins. Any
such structures will suffice in various embodiments of the
chimeric polypeptide. As defined above, “stabilizing struc-
tures” are primary, secondary, tertiary, or quaternary struc-
tures that make a protein more stable, particularly more ther-
mostable as defined hereinabove.

[0122] Stabilizing structures in accordance herewith are
formed by one or more stabilizing mutations that form chemi-
cal structures that lie within, or result from, the primary or
higher order sequence, and alter the stability of the protein.
[0123] Proteins transition between folded and unfolded
states. Stabilizing structures shift the equilibrium between
folded and unfolded proteins towards the folded state (i.e.,
towards the left in the equilibrium: folded protein <->
unfolded protein). It is known in the art how to shift this
equilibrium further to the left, i.e. to make a protein more
stable. Modifications that destabilize the unfolded form and/
or stabilize the folded form are equally desirable as stabiliz-
ing structures. Methods for determining what structures will
be stabilizing in a particular protein are known in the art. One
approach to adding stabilizing structure include the use of
amino acid residues that more stable members of the same
protein family already use at that position. Thus, study of
multiple sequence alignments of proteins from different ori-
gins is useful.

[0124] Helix capping, as defined above is one strategy for
generating stabilizing structures that is known in the art and
useful herein. Helix-capping motifs are stabilizing structures
that comprise specific patterns of hydrogen bonding and
hydrophobic interactions found at, or near, the ends of helices
in proteins and peptides. Helix capping has been considered a
bridge linking the conformation of secondary structure to
super-secondary structure. In an a-helix, the first four >N—H
groups and last four >C—O groups necessarily lack intrahe-
lical hydrogen bonds. Instead, such groups are often capped
by alternative hydrogen bond partners. Distinct capping
motifs have been identified, some at the helix N-terminus and
others at the C-terminus. The consensus sequence patterns of
such motifs, together with results from simple molecular
modeling, have been used to formulate useful rules of thumb
for helix termination. See, e.g., Aurora and Rose, “Helix
capping” Protein Science, 7(1):21-38 (1998, Cold Spring
Harbor Laboratory Press). See also Presta and Rose, “Helix
signals in proteins.” Science, 240:1632-1641 (1988).

[0125] Increasing entropic stabilization (e.g. by substitut-
ing Gly -> X, or X -> Pro, where X is any amino acid residue)
is another strategy for generating stabilizing structures. Other
strategies include adding one or more disulphide bridges,
filling cavities within the three-dimensional structure, espe-
cially when combined with entropic stabilization, e.g. Gly ->
Ala, adding one or more salt bridges, particularly surface salt
bridges, eliminating buried water molecules (e.g. substituting
Ala -> Ser), improving hydrogen bonding, improving helix
structure (e.g. “helix propensity”) in helical portions or
domains, improving strand structure (e.g. “strand propen-
sity”) in domains that form strands. Preferably, stabilizing
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structures are introduced through substitution or mutation of
one or more surface amino acid residues, however, substitu-
tion or mutation of amino acid residues buried within a higher
level protein structure, or in the interior of'a folded protein can
also be useful for stabilizing. Stabilizing structures such as
those described above and others known in the art can be
incorporated rationally into known protein sequences using
one or more stabilizing point mutations (“stabilizing muta-
tions™).

[0126] Stabilizing structures in general provide a decrease
in the Gibbs free energy (AG) of the folded protein relative to
the unfolded protein (thereby shifting the thermodynamic
equilibrium between folded and unfolded protein towards the
folded form). Stabilizing structures herein also provide
energy to the structure, or require a certain amount of energy
to break. For example, entropic stabilization requires about
2-5 kJ/M to disrupt, while helix capping requires a range of
about 1-8 kJ/M (average of about 4 kJ/M). Hydrogen bonds
provide 1-6 kJ/M, hydrophobic interaction provide a gain of
about 100 J/M for each square Angstrom of such interaction.
A salt bridge can provide up to 5 kJ/M, and a cysteine bridge
(i.e. disulfide bridge) provides —10 to 10 kJ/M.

[0127] Inoneembodiment, the stabilizing structure is a salt
bridge formed, at least in part, by the substituted amino acid
residue. As defined herein, salt bridges comprise hydrogen
bonds between oppositely-charged amino acid residues in the
primary sequence of a polypeptide. Salt bridges with residue
charges that are 6-8 Angstroms, or less, away from each other
in a folded polypeptide, are preferred herein. Thus, the
charged residues may be widely separated in the primary
amino acid sequence provided that, when folded, the charged
residues come within the required proximity for interaction of
the charges. Salt bridges work better in combination with
other salt bridges. Arrays of charged residue, e.g. +, —, +, —,
work better than only one or two pairs of charged that are
remote from each other in the structure. Preferably therefore,
more than one salt bridge is introduced. Some polypeptides
and amylases provided in accordance herewith have many
salt bridges. In one embodiment the amino acid residues
involved introduced salt bridge have only limited freedom in
the folded protein.

[0128] The substituted amino acid residue corresponds to
position 187 in the AmyL. amylase, in one embodiment. In
certain embodiments, an Asp and a Thr residue are substituted
in the chimeric polypeptide for consecutive Ser residues (i.e.,
Ser Ser) in the AmyL amylase (Asp190 and Thr191 are the
cognate positions in AmyS). Surprisingly, it was found that
such substitutions, e.g. S187D-S188T, substantially increase
the thermostability of the chimeric polypeptides in the con-
text of the AmylL.-AmyS hybrids or chimeras as provided
herein. As discussed more fully in the working examples
provided herewith, other researchers have previously
reported that any S187D substitution in other contexts (e.g. in
an AmyL-type sequence) results in a loss of, or decrease in,
thermostability. Other substitutions, such as other acidic resi-
dues may be substituted in the chimera for other residues
naturally present in a particular Amyl. amylase. In one
embodiment, the Amyl. amylase on which the N-terminal
contiguous amino acids are based has the amino acid
sequence of SEQ ID NO: 1. The AmyS amylase has the amino
acid sequence of SEQ ID NO: 2 in other embodiments. In
presently preferred embodiments, the AmyL. and AmyS have
the sequences provided as SEQ ID NOs: 1 and 2, respectively.
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[0129] The chimeric polypeptides provided herein have, in
various embodiments, at least about 95% sequence identity to
any of SEQ ID NOS: 1-17. Notwithstanding the sequence
identity, the skilled artisan will appreciate that the chimeric
polypeptides provided in accordance herewith may not have
the precise or exact amino acid sequence of SEQ ID NO: 1 or
2. In one embodiment, the chimeric polypeptide has at least
about 95% sequence identity to one of SEQ ID NOs: 1-17,
and specifically has an Asp residue substituted in the chimeric
polypeptide for a Ser reside at position 187 in the AmyL
amylase (numbering corresponding to amino acid sequence
in AmyL).

[0130] As discussed above, the chimeric polypeptides pro-
vided herein preferably comprise the catalytic activity of an
a-amylase. The amylase preferably retains at least about 50%
of'its activity after incubation at 95° C. for about 20, 30, 40,
50, or 60 or more minutes. In one embodiment, the chimeric
polypeptide has an amylase activity that retains at least about
50%, 60%, 65%, 70%, 75%, 80%, 85% or more of its activity
after incubation at 95° C. for about 60 minutes, or even at least
about 80% of its activity after incubation at 95° C. for about
60, 65, or 70 minutes, or even about 75, 80, 85 or more
minutes. In one embodiment, a decrease in activity, if any, is
not greater than the corresponding decrease in an AmyL
amylase from which the chimeric sequence was obtained in
part, even after incubation for 90 or more minutes at 95° C.
Thus, in some embodiments, there is no significant or mea-
surable loss in activity for that time period.

[0131] Inone embodiment, the chimeric polypeptides pro-
vided comprises a catalytic activity of an a-amylase that has
greater specific activity than the Amyl. amylase from which
the amino-terminal portion was derived, at least in part.
[0132] In another aspect, provided herein are thermostable
chimeric o-amylases. The chimeric amylases have many
properties in common with the chimeric polypeptides pro-
vided above. The thermostable chimeric amylases have an
N-terminal portion comprising a contiguous amino acid
sequence from an N-terminal portion of an Amyl amylase,
and a C-terminal portion comprising a contiguous amino acid
sequence from a C-terminal portion of an AmyS amylase. The
thermostable chimeric amylases have a specific activity
greater than the AmyL amylase and greater thermostability at
95° C. than the AmyS amylase. The thermostable amylases
have a primary amino acid sequence that is about 475-520
residues long.

[0133] The thermostable chimeric amylases provide a
number of applied benefits, or performance benefits. For
example, in one embodiment, the thermostable amylases are
characterized in that when used in a liquefaction process for
a starch slurry, the chimeric amylases reduce peak viscosity
of the starch slurry as well as the AmyS amylase does in a
comparable liquefaction process. The thermostable chimeric
amylases also reduce final viscosity of the starch slurry as
well as the Amyl, amylase does in a comparable liquefaction
process. For purposes herein, a “comparable liquefaction pro-
cess” means that the processes are conducted under con-
trolled conditions, e.g., the liquefaction process comprises
specified conditions of temperature, pH, calcium ion concen-
tration, and substrate concentration.

[0134] The thermostability is frequently expressed herein
as the amount time that the amylase retains activity after
incubation at 95° C. In one embodiment, the chimeric amy-
lase retains at least 50% of its activity after incubation at 95°
C. for about 30, 40, 50 or even 60 or more minutes. In another,
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it retains at least about 60, 70 or even 80% of its activity after
incubation at 95° C. for about 60 or more minutes.

[0135] In one embodiment, the Amy L. amylase has the
sequence of SEQ ID NO: 1 and the AmyS amylase has the
sequence of SEQ ID NO: 2. The chimeric amylase has at least
about 95% sequence identity to any of SEQ ID NOS: 1-17,
but is not the amylase of SEQ ID NO: 1 or 2, as described
above for the chimeric polypeptides.

[0136] The chimeric amylases further comprise at least one
substituted amino acid residue in the N-terminal domain,
relative to the AmyL. amylase, so as to provide at least a part
of a stabilizing structure that enhances thermostability of the
polypeptide. Stabilizing structures are discussed for chimeric
polypeptides and that discussion applies equally to thermo-
stable chimeric amylases. The stabilizing structure is prefer-
ably a salt bridge formed, at least in part, by the substituted
amino acid residue, also as discussed above. As with the
chimeric polypeptides, the substituted amino acid residues
correspond to one or both of positions 187 and 188 in the
AmyL or AmyS amylase, and more particularly comprise one
Asp residue and/or one Thr residue substituted in the chimeric
polypeptide for one Ser residue, or if both an Asp and a Thr
residue, for two consecutive Ser residues in the AmyL amy-
lase.

D. Compositions Comprising Chimeric o. Amylases

[0137] Also provided are a variety of compositions com-
prises one or more chimeric polypeptides having the catalytic
activity of an a-amylase, or thermostable chimeric amylases.
The compositions include for example, enzyme concentrates,
enzyme blends, purified enzymes, partially purified enzyme
products, food additives, and cleaning products containing
the chimeric a-amylase.

[0138] Such compositions have a variety of uses. The com-
positions can also provide more than one chimeric polypep-
tide or amylase, or other amylases, or a combination thereof.
The compositions can be highly purified or only partially
purified. They are standardized in terms of units of activity in
certain embodiments. The compositions can be provided in a
variety of physical forms including liquids of various concen-
trations and purity, gels, cakes, semisolids, or solids. The
compositions are amenable to any physical form provided
that measurable activity remains in the final composition.
Thus, the compositions can be conveniently lyophilized, con-
centrated, frozen, spray-dried, or otherwise processed in a
variety of known or useful manners. The compositions can be
provided in standard sizes for certain commercial applica-
tions, or custom packaged.

[0139] Inoneembodiment, the composition includes a chi-
meric amylase as described or exemplified herein. Provided
are particular compositions comprising one or more of:
[0140] (a) a chimeric polypeptide, such as that described
above, having a length of about 480-515 amino acid residues,
and having an amino-terminal domain comprising about 180
or more contiguous amino acid residues of an N-terminal
portion of an Amyl. amylase, and a carboxy-terminal domain
comprising a carboxy-terminal portion of an AmyS amylase,
the chimeric polypeptide having enhanced thermostability
relative at least to the AmyS amylase,

[0141] (b) a thermostable chimeric ci-amylase about 475-
520 amino acid residues long, having an N-terminal portion
comprising a contiguous amino acid sequence from an N-ter-
minal portion of an Amyl. amylase, and a C-terminal portion
comprising a contiguous amino acid sequence from a C-ter-
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minal portion of an AmyS amylase, the chimeric a.-amylase
having a specific activity greater than the AmyL amylase and
also having greater thermostability at 95° C. than the AmyS
amylase; and

[0142] (c) any combination of (a) a chimeric polypeptide
and (b) a thermostable chimeric amylase.

[0143] The compositions may further comprise one or
more additional polypeptides. The skilled artisan will appre-
ciate the one or more additional polypeptides can comprise
any known enzyme activity. Thus, any of a variety of addi-
tional enzymes can be added to provide further utility or
convenience to the compositions. In various embodiments,
the additional enzyme can comprise one or more of bacterial
p-amylases, e.g., BBA, fungal a-amylases, e.g., Clarase® L,
or glucoamylase, isoamylases, isomerases, proteases, such as
fungal and bacterial proteases, cellulases, lignases, hemicel-
Iulases, lipases, phospholipases, and cutinases. Compositions
comprising one or more chimeric a-amylases as disclosed
herein, together with a combination of any one or more of the
foregoing, are contemplated for use herein. As disclosed
above, fungal proteases include, for example, any protein-
degrading enzyme activities obtained from Aspergillus spp.,
such as A. niger, A. awamori, A. oryzae; Mucor spp., e.g., M.
miehei; Rhizopus spp., and the like. f-amylases (EC 3.2.1.2)
are exo-acting maltogenic amylases, which catalyze the
hydrolysis of 1,4-a-glucosidic linkages into amylopectin and
related glucose polymers, thereby releasing maltose. $-amy-
lases have been isolated from various plants and microorgan-
isms. See Fogarty et al., in PROGRESS IN INDUSTRIAL MICRO-
BIOLOGY, Vol. 15, pp. 112-115 (1979). These p-amylases
have optimum temperatures in the range from 40° C. 10 65° C.
and optimum pH in the range from about 4.5 to about 7.0.
Contemplated p-amylases include, but are not limited to,
p-amylases from barley Spezyme® BBA 1500, Spezyme®
DBA, Optimalt™ ME, Optimalt™ BBA (Genencor Interna-
tional, Inc.); and Novozym™ WBA (Novozymes A/S).
[0144] The compositions in one embodiment are prepared
or formulated for use as a food additive or as a processing aid
suitable for use in food processes. A food-grade lyophilized
composition comprising a chimeric polypeptide or thermo-
stable chimeric amylase as disclosed herein is also provided.
Such compositions are useful for cooking and baking appli-
cations, as well as any high-temperature applications where
starch properties need to be altered, in terms of DP.

[0145] When prepared or formulated for use as a food addi-
tive or for use in food processes, the compositions must meet
or exceed certain regulatory requirements. These require-
ments serve as a guide to the skilled artisan in preparing the
compositions. Accordingly, the skilled artisan will appreciate
that although the regulatory requirements may differ in vari-
ous countries, generally the composition will be very low in
heavy metal content, as well as low in lead and arsenic.
Specifically, the total heavy metal content is preferably does
not exceed about 40 ppm, and more preferably is less than
about 30 ppm. The lead content of the compositions does not
exceed about 10 ppm, and more preferably is less than about
5 or 3 ppm. The arsenic content of the composition is less than
about 3 ppm. The compositions are also negative for myc-
otoxin and antibacterial content, when tested be standard
methods.

[0146] Thecompositions are also clean with respect to their
microbiological content, preferably being produced under
GMP or GLP standards at a minimum when intended for food
additive use or as food processing aids. In particular, the total
viable count will not exceed about 5x10* CFU per gram of
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composition. The compositions will preferably have a
coliform count that does not exceed about 40 CFU per gram
of composition. More preferably the count of coliforms will
notexceed about 30 CFU per gram. Further, the compositions
have no detectable Salmonella or Shigella, as measured by
standard microbiological methods. Where the chimeric amy-
lases are produced in host cell, the compositions will have less
than 1 CFU of the organism per gram.

[0147] Further, the compositions possess a satisfactory
standard of safety in terms of toxicity and the like. In one
embodiment, the compositions show no genotoxic potential
in suitable in vitro assays. The compositions also show no
toxic effects in acute and/or sub-chronic dosing studies in
animals.

[0148] For purposes of food additive or food processing
aids, the production is preferably standard, as for many com-
mercially used food enzymes. Thus, GMPs are used through-
out the production process, meeting the requirements and
specifications for food enzymes established for example, by
the FDA, or international authorities, e.g., Food Chemicals
Codex (4” Edition, 1996), the Joint FAO/WHO Expert Com-
mittee on Food Additives (JECFA) in the Compendium of
Food Additives Specifications, Vol. 1, Annex 1 Addendum 9
(2001) (and earlier relevant Addenda). For example, the com-
positions comprising the chimeric a-amylase are produced
using a process such as a fed-batch fermentation, e.g. a sub-
merged fed-batch fermentation in an organism that is gener-
ally recognized as safe, or which has a long history of use for
such purposes, for example for the production of food-grade
enzyme preparations.

[0149] For some purposes herein, suitable organisms
include Gram-positive bacteria from the genus Bacillus
including, for example, B. stearothermophilus, B. subtilis, B.
licheniformis, B. brevis, and B. amyloliquefaciens. Others
including B. coagulans, B. circulans, B. lautus, B. lentus, B.
thuringiensis, and B. alkalophilus may also be useful. Other
Gram-positive bacteria that may be useful for production of
some of the compositions described herein include Strepto-
myces lividans, and S. murinus. Gram-negative bacteria,
including Escherichia coli or a Pseudomonas species, may
also be used to produce certain of the compositions provided
herein.

[0150] Also provided herein are compositions comprising
chimeric polypeptides and thermostable chimeric a-amy-
lases that are useful to facilitate removal of a substrate for the
enzyme (e.g. starch) from a variety of nonstarch (thus, non-
substrate) materials, such as textiles, paper, glass, plastic,
metal, canvas, porcelain, and the like. Because such materials
are frequently removed during washing or cleaning pro-
cesses, the compositions in one embodiment includes one or
more soaps, detergents, cleaning agents, oxidants, or chela-
tors. In one embodiment, the composition is a used a laundry
detergent, in another it is a dishwashing detergent. The com-
positions, for these and other purposes described herein, may
be formulated as gels. A variety of such gels are known in the
art and provide certain advantages, for example, with respect
to contact time and conditions for the enzyme to work on the
substrate to be removed, in addition to an appealing and
convenient usage form for consumers or users. The inclusion
of standard cleaning agents, as well as detergents, soaps,
oxidants, and/or chelators requires that the ai-amylase activ-
ity be somewhat tolerant of the conditions found not only in
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the end-use, and preferably in the more concentrated or
extreme conditions found in the product itself.

E. Characterization of the Chimeric Amylases

[0151] Proteins and enzymes such as the chimeric polypep-
tides and thermostable ai-amylases provided herein can be
characterized by a variety of methods and techniques known
in the art. The nucleic acid and primary polypeptide
sequences are useful means of comparing and analyzing the
amylases provided herein. Three dimensional structural mod-
eling, and/or physical crystallization are also useful. Deter-
mination of specific activity is frequently used characterize
enzymes. Enzyme activity under a variety of conditions of
substrate, temperature, pH, calcium concentration, and other
factors can be assessed using standard assays known to the
artisan skilled in this field, or by designing new assays based
on known techniques of assaying amylases. Determining
kinetic properties of the enzyme, including kinetic constants,
suchasV,, . or K, under specified conditions, is also useful
for characterizing the chimeric amylases provided herein.
Methods for determining the optimal pH for stability or for
assay are known in the art, as are methods for determining the
optimal calcium ion concentration for maximum activity and
conditions for maximal stability during storage of the chi-
meric polypeptides and thermostable amylases.

[0152] Characterizing expression of the chimeric polypep-
tides and thermostable a-amylases in a host cell can be a
useful characteristic, for example in determining the com-
mercial potential of a process of making the chimeric proteins
and enzymes. To evaluate the expression of the chimeric
polypeptides and thermostable chimeric a-amylases in a host
cell, one can measure the amount of expressed protein, the
presence or amount of corresponding mRNA, or the enzyme
activity (e.g., by monitoring conversion of a substrate to a
product). Suitable assays include Northern and Southern
blotting, RT-PCR (reverse transcriptase polymerase chain
reaction), and in situ hybridization, using an appropriately
labeled hybridizing probe. Measurements of the amount of
expression of the chimeric polypeptides and thermostable
chimeric a-amylases produced in a particular host cell, the
rate of expression, or the maximal recovery are all examples
of'useful characteristics related to expression of the chimeric
polypeptides and thermostable chimeric a-amylases pro-
vided herein.

[0153] Because the chimeric polypeptides and thermo-
stable chimeric a-amylases have altered properties with
respect to thermostability and specific activity, in certain
embodiments they also have altered stability to oxidants,
detergents, or chelators, in comparison to an a-amylase, such
as an AmyL, or AmyS enzyme. Thus, it may be useful to test
the chimeric polypeptides and thermostable chimeric ci-amy-
lases that also provide such properties to find more useful
a-amylases. For example, increased stability to oxidants,
detergents, chelating agents, or even soaps, may be advanta-
geous in compositions for cleaning processes, such as wash-
ing, dishwashing, textile desizing, or stain removal. The
skilled artisan will appreciate that characterization of
enzymes with respect to their stability or tolerance of clean-
ing agent, e.g. detergents, oxidants, chelators, or soaps, can be
done by either exposing the polypeptide to the desired con-
dition, including the cleaning agent, then assaying the activity
under standard conditions, or by assaying the activity under
the desired condition, including the cleaning agent. The
former provides information about the stability of the
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polypeptide to the harsh conditions. The latter provides infor-
mation about the ability of the enzyme to have catalytic
activity under the harsh conditions.

[0154] The chimeric polypeptides and thermostable chi-
meric ai-amylases described herein can also exhibit extended
half-life at a given temperature, relative to the AmyS or AmyL
enzymes. In various embodiments, half-life can be increased
by about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%,
100%, 200%, or more, particularly at elevated temperatures
of'about 55° C. to about 95° C. or more, particularly at about
80° C. or above. As described hereinabove, chimeric
polypeptides and thermostable amylases with enhanced sta-
bility at 95° C. or above, relative to the a-amylases from
which the chimera is derived, particularly the AmyS, are
particularly useful.

[0155] In one embodiment, the chimeric polypeptides and
thermostable chimeric ai-amylases provided herein have the
same pH stability as an amylase from which the chimera is
derived, such as an AmyL-type or AmyS-type amylase. In
another aspect, the chimeric polypeptides and thermostable
amylases exhibit a greater range of stability to pH changes, or
pH optimum or stable ranges are shifted to a desired area for
the end commercial purpose of the enzyme. For example, in
one embodiment, the chimeric polypeptides and thermo-
stable amylases can degrade starch at about pH 4.5 to about
pH 10.5. The chimeric polypeptides and thermostable amy-
lases may have a longer half-life or higher activity (depending
on the assay) relative to AmyL. or AmyS under identical
conditions. The chimeric a-amylase polypeptide also may
have about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%,
90%, 100%, 200% or longer half-life under identical pH
conditions. In another embodiment, the chimeric a-amylase
may have higher specific activity, as compared to an AmyL or
AmyS, under identical pH conditions. The chimeric polypep-
tides and a-amylases provided may have any combination of
desirable characteristics listed herein.

F. Polynucleotides Encoding the Chimeric
a-Amylases

[0156] In another of it several aspects, provided are poly-
nucleotides that encode a chimeric polypeptide as described
herein. Because the encoded polypeptides are not found in
nature, the polypeptides must be made by the hand of man,
e.g. synthesized or perhaps created through a directed
mutagenesis and screening program. Specifically, the poly-
nucleotides encode either of:

[0157] (a) a chimeric polypeptide having a length of about
480-515 amino acid residues, and having an amino-terminal
domain comprising about 180 or more contiguous amino acid
residues of an N-terminal portion of an Amyl. amylase, and a
carboxy-terminal domain comprising a carboxy-terminal
portion of an AmyS amylase; the chimeric polypeptide hav-
ing enhanced thermostability relative at least to the AmyS
amylase, or

[0158] (b) a thermostable chimeric ai-amylase about 475-
520 amino acid residues long, and having an N-terminal
portion comprising a contiguous amino acid sequence from
an N-terminal portion of an AmylL. amylase, and a C-terminal
portion comprising a contiguous amino acid sequence from a
C-terminal portion of an AmyS amylase, said chimeric
a-amylase having a specific activity greater than the AmyL.
amylase, and greater thermostability at 95° C. than the AmyS
amylase.
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[0159] In one embodiment, the polynucleotide encodes a
polypeptide having at least about 95% sequence identity to
any of SEQ ID NOS: 1-17. In various embodiments, the
encoded polypeptide has at least about 90, 91, 92, 93, 94, 95,
96, 97, 98, or 99% sequence identity to any of SEQ ID NOS:
1-17; however, the polypeptide does not have the exact
sequence of SEQ ID NOS: 1 or 2.

[0160] Presently preferred polynucleotides are exemplified
in the sequence listing as SEQ ID NOS: 18-34, encoding,
respectively, the polypeptides having amino acid sequences
of SEQ ID NOS: 1-17. As the skilled artisan will appreciate,
considerable variation among polynucleotides is possible
without significant changes to an encoded amino acid
sequence. In particular, substantial codon variation is pos-
sible because of redundancy in the genetic code (e.g.
“wobble”), and because of codon usage preferences among
different organisms. Accordingly, in various embodiments,
the polynucleotides useful herein have sequences that are
60% or more identical to the polynucleotides of SEQ ID
NOS: 18-34. More preferred are polynucleotides having
sequences with 65, 70, 75, or 80% sequence identity to SEQ
1D NOS: 18-34. Polynucleotides with greater than 80% iden-
tity, for example, 85, or 90% identity are also preferred for use
herein. Similarly, polynucleotides with at least about 90, 91,
92,93, 94, 95, 96, 97, 98, or 99% sequence identity to any of
SEQ ID NOS: 18-34 are also useful herein. The foregoing
discussion for all of the polynucleotides is subject to the
proviso that in no case should an encoded polypeptide have
the exact sequence of SEQ ID NOS: 1 or 2, nor should the
polynucleotide have 100% sequence identity with either of
SEQID NO: 18 or 19. The skilled artisan will appreciate that
for use in the construction or making of the novel chimeric
amylases, polynucleotides having sequences 100% identical
to SEQ ID NO: 18 and 19 may be useful, as may polynucle-
otides encoding an amino acid sequence that is SEQ ID NO:
1 or 2, however, these polynucleotides do not encoded a novel
chimeric amylase for purposes herein.

[0161] Inoneembodiment,the polynucleotideis a genomic
DNA, while in another embodiment, the polynucleotide is a
c¢DNA. Due to the degeneracy of the genetic code, there are
multiple polynucleotides provided in accordance with this
disclosure that can encode the same polypeptide. Polynucle-
otides also include mRNAs that encode a chimeric polypep-
tide or thermostable a-amylase as provided herein.

[0162] In one presently preferred embodiment, the poly-
nucleotide encoding the chimeric polypeptide or ci-amylase
is optimized for expression of the chimeric polypeptide in a
host cell from a microorganism or a plant by adapting the
polynucleotide compositions to favor the those codons used
preferentially in the host cell. Techniques for optimizing
codon usage are known in the art. Codon usage tables for
various organisms are available in standard resources such as
texts or practice manuals for biotechnology.

[0163] Also provided are vectors comprising the poly-
nucleotides encoding the chimeric polypeptides and ci-amy-
lases. Any vector for maintaining a polynucleotide, produc-
ing quantities of a polynucleotide, manipulating a
polynucleotide sequence, or for expressing a polynucleotide
in vitro or in a host cell is contemplated for use herein.
Examples of suitable vectors are provided in standard bio-
technology manuals and texts, e.g., Sambrook et al.,
MOLECULAR CLONING: A LABORATORY MANUAL, 3’7 ed.,
Cold Spring Harbor Laboratory Press, Cold Spring Harbor,
N.Y. (2001).
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[0164] Inone embodiment, preferred vectors are useful for
expression of the encoded polypeptide in a host cell, espe-
cially in a microbial cell, such as a bacterial cell, or in a plant
cell. Expression vectors may be adapted for transient expres-
sion of the chimeric a-amylases, for example, to confirm
catalytic and other properties prior to scaling up. Expression
vectors for long-term use, and large-scale production are
preferably adapted for stable expression, for example by inte-
gration into the host cell chromosome, or by stable incorpo-
ration of a self-replicating polynucleotide sequence. In one
embodiment, the vector, a DNA construct is transferred to a
host cell by an expression vector that comprises regulatory
sequences operably-linked to a coding sequence for the chi-
meric polypeptide or chimeric a amylase.

[0165] Presently preferred vectors include pBR322, and
pUC vectors, such as pUC18, and particularly modifications
and derivatives thereof. Such vectors are generally well-
known vectors adapted for use in microbial systems. In one
embodiment, the vector is a pJH101t, a pPBR322 derivative
that is adapted for integrating into B. subtilis, and which
contains the multicloning site from pUC18, and several use-
ful Bacillus sequences. See e.g. Ferrari et al., J. Bacteriology,
154:1513-1515, incorporated herein by reference for all pur-
poses. Use of the pJH101t vector in construction of hybrids
expressing the chimeric amylases is exemplified herein (see
Methods, under Examples, below). Modification of the vector
backbone can be used to facilitate site-directed mutagenesis,
for example to produce chimeras featuring salt bridges or the
like.

[0166] Provided also are microbial cells, including yeast,
fungi, or bacterial cells, comprising the vector comprising the
polynucleotide that encodes the chimeric polypeptides or
a-amylases. In one embodiment, the vector is an expression
vector suitable for expression of the encoded polypeptide in
the host cell. In another embodiment, a plant cell is provided,
said cell comprising a plant expression vector. Vectors for
expression in various host cells are known in the art and such
vectors, it will be appreciated contain required regulatory
sequences, such as promoters and the like, to facilitate expres-
sion of the encoded polynucleotide. Exemplary promoters for
use in Bacillus include the promoters from the amylase genes
in AmyL, AmyQ, AmyM, or AmyS, as well as the promoters
from xylA and xyIB genes in B. subtilis. In one embodiment,
the expression vector contains one or more strong promoters,
either constitutive or inducible for expressing or over-ex-
pressing the encoded polypeptide. In another embodiment,
the polynucleotide includes sequences for post-translational
modification of the peptide, such as transporting the
expressed polypeptide out of the cell, or to a specific com-
partment within the host cell, to facilitate production, isola-
tion, or purification of the polypeptide from the host cell. For
example, the polynucleotides can include one or more
sequences such that the chimeric polypeptide or a-amylase is
initially produced with a heterologous polypeptide attached
to one end, such as a signal peptide from B. licheniformis to
promote secretion of the expressed protein from a bacterial
host cell. The polynucleotide may also include sequences
such that the chimeric amylase is initially produced with a
“purification sequence,” i.e., a sequence to facilitate purifica-
tion of the expressed protein, wherein the “purification
sequence” is cleaved or removed during purification.

[0167] Where the hostcell is a plant, it is contemplated that
in one embodiment the plant is a crop plant that is used for
starch production. The chimeric polypeptides or ci-amylases
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can be overproduced in the plant. The chimeric polypeptide or
amylase can be overproduced and compartmentalized with
that part of the plant used for starch storage, e.g., the seed.
Thus, the plant can be harvested, the starch can be isolated
and the chimeric a.-amylase activity will be co-purified with
the starch. This embodiment is particularly useful where the
plant is used for alcohol fermentation, especially for fuel
ethanol.

[0168] In one embodiment, the host cell is from an organ-
ism acceptable for the production of food processing aids or
food additives. Presently, host cells that are from Bacillus
licheniformis, Bacillus subtilis, or Bacillus stearothermophi-
lus are preferred. Suitable plasmids for use in bacterial cells
including vectors for self-replication in Bacillus are known in
the art. In one embodiment exemplified herein, the host cell is
a B. subtilis SC6.1 comprising a xylose-inducible promoter
controlling a competency gene. Accordingly, the cells, in the
presence of xylose, are competent to bind or take up DNA,
such as the polynucleotides, vectors, and other constructs
provided herein.

[0169] Methods of Making and Using the Chimeric
Polypeptides and a.-Amylases

[0170] All methods of making and/or using the chimeric
polypeptides and thermostable chimeric ci-amylases may be
in conjunction with one or more other enzymes of any clas-
sification, or type, or activity, as described above in the con-
text of chimeric polypeptides, thermostable amylases, and the
compositions provided herein. Provided in accordance with
another aspect of the disclosure herein are methods of pro-
ducing the chimeric amylase polypeptides. In one embodi-
ment, the method provided produces at least one chimeric
polypeptide or a thermostable a-amylase as described here-
inabove. The method utilizes a host cell selected from the
group consisting of Bacillus licheniformis, B. subtilis, and B.
stearothermophilus, for a fermentation process wherein a
protein is expressed. The protein comprises:

[0171] a chimeric polypeptide having a length of about
480-515 amino acid residues, and having an amino-terminal
domain comprising about 180 or more contiguous amino acid
residues of an N-terminal portion of an Amyl. amylase, and a
carboxy-terminal domain comprising a carboxy-terminal
portion of an AmyS amylase; said chimeric polypeptide hav-
ing enhanced thermostability relative at least to the AmyS
amylase, or

[0172] a thermostable chimeric ci-amylase about 475-520
amino acid residues long, having an N-terminal portion com-
prising a contiguous amino acid sequence from an N-terminal
portion of an AmyL, amylase, and a C-terminal portion com-
prising a contiguous amino acid sequence from a C-terminal
portion of an AmyS amylase, said chimeric a-amylase having
a specific activity greater than the Amyl. amylase, and greater
thermostability at 95° C. than the AmyS amylase. After the
protein is expressed, the method provides a step of at least
partially purifying the expressed polypeptide, thereby pro-
ducing the composition.

[0173] The fermentation process can be of any type,
although fed-batch fermentation processes, such as sub-
merged fed-batch fermentation, are useful herein. The meth-
ods provided further comprise the step of further purifying the
chimeric polypeptide in certain embodiments, to make a puri-
fied composition showing no evidence of genotoxic potential
ininvitro assays; and no evidence of toxic effects in acute and
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sub-chronic dosing studies in animals. Such compositions are
useful as food processing aids, or in some cases, as direct food
additives.

[0174] The method produces a purified or partially purified
composition that comprises not more than 40 ppm total heavy
metals, not more than 5 ppm arsenic, not more than 10 ppm
lead, not more than 5x10* total viable organisms (CFU/g), not
more than 30 coliforms (CFU/g), and no detectable Salmo-
nella, mycotoxins or antibacterial activity by standard tests.

[0175] Invarious embodiments, the methods are also useful
for making partially purified or purified compositions that
comprise more than one a-amylase activity, and in some
embodiments further comprise at least one other enzyme
activity.

[0176] Also provided are methods using the compositions
comprising the chimeric a-amylases. Methods of liquefying
a complex carbohydrate are specifically provided. A method
of liquefying a starch slurry comprising: making a slurry
comprising a starch, heating the slurry to an acceptable tem-
perature for liquefaction, adding to the slurry a composition
comprising one or more of: (a) a chimeric polypeptide having
a length of about 480-515 amino acid residues, having an
amino-terminal domain comprising about 180 or more con-
tiguous amino acid residues of an N-terminal portion of an
AmyL amylase, and a carboxy-terminal domain comprising a
carboxy-terminal portion of an AmyS amylase; said chimeric
polypeptide having enhanced thermostability relative at least
to the AmyS amylase, (b) a thermostable chimeric ci-amylase
about 475-520 amino acid residues long, having an N-termi-
nal portion comprising a contiguous amino acid sequence
from an N-terminal portion of an AmyL amylase, and a C-ter-
minal portion comprising a contiguous amino acid sequence
from a C-terminal portion of an AmyS amylase, said chimeric
a-amylase having a specific activity greater than the AmyL.
amylase, and greater thermostability at 95° C. than the AmyS
amylase, or (c) a combination thereof, and incubating the
slurry with the composition for a time and at a temperature
sufficient to liquefy the starch slurry.

[0177] As used herein “liquefy” does not mean that every
available substrate linkage is cleaved, rather it means that the
complex carbohydrate is at least partially hydrolyzed, as evi-
denced by a measurable reduction in final viscosity, an
increase in the DE of the slurry, or another measure of an
increase in reducing groups, dextrins, or a-maltose units.

[0178] In one embodiment of the method of claim, the
substrate is a starch, or a carbohydrate comprising amylose,
or amylopectin. The method preferably utilizes a slurry that
comprises about 15-40% starch on a dry-weight basis. The
slurry comprises about 20-40% starch on a dry-weight basis
in one embodiment, in another, the slurry comprises between
about 30 to about 36 or 37.5% starch. Lower amounts of
starch can be used, but may limiting in terms of economic
considerations. Maximum viscosity and related factors, such
as required power inputs for mixing may limit the maximum
amount of starch to be used in the slurry. The skilled artisan
will appreciate the practical considerations in making the
starch slurry.

[0179] Inoneembodiment, the addition of the composition
reduces the peak viscosity of the slurry as much as the addi-
tion of an AmyS amylase used in a comparable liquefaction,
and reduces the final viscosity of the slurry as much as the
addition of a AmyL. amylase used in a comparable liquefac-
tion.
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[0180] The temperature of the liquefaction method can
range from room temperature to over 100° C., but more pref-
erably is about 50° C. to about 95° C. In one embodiment, the
temperature is at least about 80° C. to about 100° C. The
liquefaction can entail a complex temperature curve over
time, for example, the reaction may start at a low temperature
and be increased by methods known in the art to the desired
end temperature. The temperature may also be reduced after
a specific amount of time, or after a desired end-point in
reached in terms of viscosity, DE value, or another measure of
liquefaction. The skilled artisan will thus appreciate that the
method need not entail a specific temperature for a particular
duration, provided that the amylase activity can function at
the temperature and under the conditions provided. Other
conditions that can impact the activity include the pH and the
calcium ion concentration, in addition to the presence or
absence of one or more of detergents, oxidants, or chelators.
[0181] In one embodiment, the liquefaction is part of fer-
mentation. Fermentation is used to produce a food product, a
food additive, a fuel, or a fuel additive in some embodiments.
In preferred embodiments, fermentation is for a fuel or fuel
additive that is an alcohol, preferably ethanol or another lower
alcohol (e.g. less than about C4-Cy).

[0182] Inanother embodiment, the maximal (or peak) vis-
cosity of the slurry is reduced to at least that produced by the
AmyS used alone. In various embodiments, the final viscosity
is at least that achieved by the AmyL used alone, and is 2-, 3-,
5-,10-, 15-, 18-, 20-, 21-, 22-, 24-, 25-, 26-, 27-, 28-, 29-, or
even 30-fold lower than the maximum viscosity during the
process. The skilled artisan will appreciate the more the vis-
cosity is reduced, the further the starch is liquefied, the greater
the production of dextrins (or the higher the DE of the result-
ant liquefied starch).

[0183] Another aspect contemplates the use of additional
enzymes with the chimeric polypeptides, amylases and com-
positions provided herein for liquefaction and subsequent
processing of the slurry. Thus, two or more a-amylases can be
used alone or in combination with other enzymes discussed
herein. For example, a third enzyme may be another ai-amy-
lase, e.g., a yeast ai-amylase, or another a-amylase, either
Bacillus a-amylases or non-Bacillus a-amylases. Improved
liquefaction via enhanced hydrolysis activity during the lig-
uefaction process increases the efficiency subsequent pro-
cessing steps (see e.g. WO 98/22613). For example, a result
may be decreased requirement for glucoamylase during the
saccharification step.

[0184] Additional enzymes, such as (-amylases, can be
used with or in the polypeptides, amylases or compositions.
[-amylases suitable for use herein include, but are not limited
to, P-amylases from barley Spezyme® BBA 1500,
Spezyme® DBA, Optimalt™ ME, Optimalt™ BBA (Genen-
cor International, Inc.), and Novozym™ WBA (Novozymes
A/S).

[0185] Another enzyme contemplated for use in the com-
position is a glucoamylase (EC 3.2.1.3). Glucoamylases are
derived from a microorganism or a plant. For example, glu-
coamylases can be of fungal or bacterial origin. Exemplary
bacterial glucoamylases are Aspergillus glucoamylases, in
particular A. niger G1 or G2 glucoamylase (Boel et al. (1984),
EMBO J. 3(5): 1097-1102), or variants thereof, such as dis-
closed in WO 92/00381 and WO 00/04136; A. awamori glu-
coamylase (WO 84/02921); A. oryzae glucoamylase (Agric.
Biol. Chem. (1991), 55(4): 941-949), or variants or fragments
thereof. The glucoamylase advantageously is present in an
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amount of no more than, or even less than, 0.5 glucoamylase
activity unit (AGU)/g DS (i.e., glucoamylase activity units
per gram of dry solids). The glucoamylase is derived from an
Aspergillus sp., Talaromyces sp., Pachykytospora sp., or
Trametes sp., with exemplary examples being Aspergillus
niger, Talaromyces emersonii, Trametes cingulata, or
Pachykytospora papyracea. In one embodiment, the process
also comprises the use of a carbohydrate-binding domain of
the type disclosed in, for example, WO 98/22613.

[0186] Other contemplated Aspergillus glucoamylase vari-
ants include variants to enhance the thermal stability: G137A
and G139A (Chen et al. (1996), Prot. Eng. 9: 499-505);
D257E and D293E/Q (Chen et al. (1995), Prot. Eng. 8: 575-
582); N182 (Chen et al. (1994), Biochem. J. 301: 275-281);
disulphide bonds, A246C (Fierobe et al. (1996), Biochemis-
try, 35: 8698-8704); and introduction of Pro residues in posi-
tions A435 and S436 (Liet al. (1997) Protein Eng. 10: 1199-
1204). Other contemplated glucoamylases include
Talaromyces glucoamylases, in particular derived from 7.
emersonii (WO 99/28448), T. leycettanus (U.S. Pat. No. RE
32,153), 1. duponti, or 1. thermophilus (U.S. Pat. No. 4,587,
215). Contemplated bacterial glucoamylases include glu-
coamylases from the genus Clostridium, in particular C. ther-
moamylolyticum (EP 135138) and C. thermohydrosulfuricum
(WO 86/01831). Suitable glucoamylases include the glu-
coamylases derived from Aspergillus oryzae, such as a glu-
coamylase having 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, or even 90% homology to the amino acid sequence
shown in SEQ ID NO: 2 in WO 00/04136. Also suitable are
commercial glucoamylases, such as AMG 200L; AMG 300
L; SAN™ SUPER and AMG™ E (Novozymes); OPTI-
DEX® 300 (Genencor International, Inc.); AMIGASE™ and
AMIGASE™ PLUS (from DSM); G-ZYME® G900 (En-
zyme Bio-Systems); and G-ZYME® G990 ZR (4. riger glu-
coamylase and low protease content). Glucoamylases may be
added in an amount 0f 0.02-2.0 AGU/g DS or 0.1-1.0 AGU/g
DS, e.g., 0.2 AGU/g DS.

[0187] Another enzyme that can optionally be added is a
debranching enzyme, such as an isoamylase (EC 3.2.1.68) or
a pullulanases (EC 3.2.1.41). Isoamylase hydrolyses a.-1,6-
D-glucosidic branch linkages in amylopectin and $-limit dex-
trins and can be distinguished from pullulanases by the inabil-
ity of isoamylase to attack pullulan and by the limited action
of isoamylase on a-limit dextrins. Debranching enzymes
may be added in effective amounts well known to the person
skilled in the art.

[0188] The polypeptides, amylases, and compositions pro-
vided herein can be used in baking processes, They can be
added alone or in a combination with other enzymes for any
of a variety of purposes. They can be added with other amy-
lases, e.g. an anti-staling amylase to prevent or retard staling,
i.e., crumb firming of baked products. The amount of anti-
staling amylase will typically be in the range 01 0.01-10 mg of
enzyme protein per kg of flour, e.g., 0.5 mg/kg ds. Additional
anti-staling amylases that can be used in combination with the
chimeric polypeptides, amylases, and compositions provided
herein include an endo-amylase, e.g., a bacterial endo-amy-
lase from Bacillus. The additional amylase is a maltogenic
a-amylase (EC 3.2.1.133), e.g., from Bacillus in one embodi-
ment. Novamyl® is an exemplary maltogenic c-amylase
from B. stearothermophilus strain NCIB 11837 and is
described in Christophersen et al., Starch 50: 39-45 (1997).
Other examples of anti-staling endo-amylases include bacte-
rial a-amylases derived from Bacillus, such as B. lichenifor-
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mis or B. amyloliquefaciens. The anti-staling amylase may be
an exo-amylase, such as f-amylase, e.g., from plant sources,
such as soybean, or from microbial sources, such as Bacillus.
[0189] Phospholipases are also be used together with the
chimeric polypeptides, amylases, and compositions dis-
closed herein in certain embodiments for baking applications.
The phospholipase may have A | or A, activity to remove fatty
acid from the phospholipids, forming a lysophospholipid. It
may or may not have lipase activity, i.e., activity on triglyc-
eride substrates. The phospholipase typically has a tempera-
ture optimum in the range of 30-90° C., e.g., 30-70° C. The
added phospholipases can be of animal origin, for example,
from pancreas, e.g., bovine or porcine pancreas, snake venom
or bee venom. Alternatively, the phospholipase may be of
microbial origin, e.g., from filamentous fungi, yeast or bac-
teria, such as the genus or species. Exemplary sources of
phospholipases include Aspergillus, A. niger; Dictyostelium,
D. discoideum; Mucor, M. javanicus, M. mucedo, M. subti-
lissimus; Neurospora, N. crassa; Rhizomucor, R. pusillus;
Rhizopus, R. arrhizus, R. japonicus, R. stolonifer; Sclero-
tinia, S. libertiana; Trichophyton, T. rubrum; Whetzelinia, W.
sclerotiorum; Bacillus, B. megaterium, B. subtilis; Citro-
bacter, C. freundii; Enterobacter, E. aerogenes, E. cloacae;
Edwardsiella, E. tarda; Etwinia, E. herbicola; Escherichia,
E. coli; Klebsiella, K. pneumoniae; Proteus, P. vulgaris;
Providencia, P. stuartii; Salmonella, S. typhimurium; Serra-
tia, S. liquefasciens, S. marcescens; Shigella, S. flexneri;
Streptomyces, S. violeceoruber; Yersinia, Y. enterocolitica;
Fusarium, E oxysporum, (strain DSM 2672 for example).
[0190] The phospholipase is added in an amount that
improves the softness of the bread during the initial period
after baking, particularly the first 24 hours. The amount of
phospholipase will typically be in the range of about 0.01-10
mg of enzyme protein per kg of flour, e.g., 0.1-5 mg/kg.
Phospholipase activity generally will be in the range of about
20-1000 Lipase Unit (LU)/kg of flour, where a Lipase Unit is
defined as the amount of enzyme required to release 1 umol
butyric acid per minute at 30° C., pH 7.0, with gum arabic as
emulsifier and tributyrin as substrate.

[0191] Optionally, an additional enzyme may be used
together with the anti-staling amylase and the phospholipase.
The additional enzyme may be a second amylase, such as an
amyloglucosidase, a f-amylase, a cyclodextrin glucanotrans-
ferase, or the additional enzyme may be a peptidase, in par-
ticular an exopeptidase, a transglutaminase, a lipase, a cellu-
lase, a hemicellulase, in particular a pentosanase, such as
xylanase, a protease, a protein disulfide isomerase, e.g., a
protein disulfide isomerase as disclosed in WO 95/00636, for
example, a glycosyltransferase, a branching enzyme (1,4-a.-
glucan branching enzyme), a 4-a-glucanotransferase (dextrin
glycosyltransferase) or an oxidoreductase, e.g., a peroxidase,
a laccase, a glucose oxidase, a pyranose oxidase, a lipooxy-
genase, an [L.-amino acid oxidase, or a carbohydrate oxidase.
The additional enzyme(s) may be of any origin, including
mammalian and plant, and particularly of microbial (bacte-
rial, yeast or fungal) origin and may be obtained by tech-
niques conventionally used in the art.

[0192] The xylanase is typically of microbial origin, e.g.,
derived from a bacterium or fungus, such as a strain of
Aspergillus, in particular of A. aculeatus, A. niger (cf. WO
91/19782), A. awamori (e.g., WO 91/18977), or A. tubigensis
(e.g., WO 92/01793); from a strain of Trichoderma, e.g., T.
reesei, or from a strain of Humicola, e.g., H. insolens (e.g.,
WO 92/17573). Pentopan® and Novozym 384® are commer-
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cially available xylanase preparations produced from Tricho-
derma reesei. The amyloglucosidase may be an A. niger
amyloglucosidase (such as AMG®). Other useful amylase
products include Grindamyl® A 1000 or A 5000 (available
from Grindsted Products, Denmark) and Amylase® H or
Amylase® P (available from Gist-Brocades, The Nether-
lands). The glucose oxidase may be a fungal glucose oxidase,
in particular an Aspergillus niger glucose oxidase (such as
Gluzyme®). An exemplary protease is Neutrase®. An exem-
plary lipase can be derived from strains of Thermomyces
(Humicola), Rhizomucor, Candida, Aspergillus, Rhizopus, or
Pseudomonas, in particular from Thermomyces lanuginosus
(Humicola lanuginosa), Rhizomucor miehei, Candida ant-
arctica, Aspergillus niger, Rhizopus delemar or Rhizopus
arrhizus, or Pseudomonas cepacia. In specific embodiments,
the lipase may be Lipase A or Lipase B derived from Candida
antarctica as described in WO 88/02775, for example, or the
lipase may be derived from Rhizomucor miehei as described
in EP 238,023, for example, or Humicola lanuginosa,
described in EP 305,216, for example, or Pseudomonas cepa-
cia as described in EP 214,761 and WO 89/01032, for
example.

[0193] Provided herein are methods of cleaning a surface to
remove an unwanted or undesired starch residue. The meth-
ods comprise the steps of providing a surface that has a starch
residue to be removed, contacting the surface with a compo-
sition that comprises one or more chimeric polypeptides or
a-amylases, for a time and at a temperature sufficient, and
under conditions permissive to result in removal of the starch
residue. The surface can be on any material; for example, it
can be on a dish, plate, glass, etc, or it can be on clothing or
fabric. It can also be for example a counter-top or work
surface, or a commercial vessel of any type that must be
periodically or regularly cleaned.

[0194] In one embodiment, the composition comprises at
least one other enzyme, for example one or more of a pro-
tease, a lipase, an additional amylase, or a combination
thereof. In another embodiment, a step of rinsing or bulk
removal of residue is implemented prior to the contacting
step. Such a step removes bulk starch from the cleaning
process to enable the enzyme to work on the remaining, and
more difficult to remove, substrate. The method of cleaning
can be conducted at any temperature, but preferably the tem-
perature during the contacting step reaches at least 50-100° C.
In one embodiment, the method comprises a step of steriliz-
ing the surface, or steam treating the surface after the residue
is removed. The composition further comprises at least one
detergent, oxidant, chelator, or a combination thereof in sev-
eral embodiments.

[0195] In embodiments wherein the composition com-
prises one or more additional enzymes, while the composition
can comprise any useful enzyme activity, the following
embodiments may offer particular advantages.

[0196] The composition can comprise 2,6-f-D-fructan
hydrolase, one or more a-amylases, and one or more other
cleaning enzymes, such as a protease, a lipase, a cutinase, a
carbohydrase, a cellulase, a pectinase, a mannanase, an ara-
binase, a galactanase, a xylanase, an oxidase, a laccase, and/
or a peroxidase, and/or combinations thereof. In general the
properties of the chosen enzyme(s) preferably are compatible
with the selected detergent, (e.g., pH-optimum, compatibility
with other enzymatic and non-enzymatic ingredients, etc.),
and the enzyme(s) are preferably provided in effective
amounts.
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[0197] Proteases from any source are suited for use herein
including those of animal, vegetable or microbial origin.
Chemically-modified or engineered enzymes are also suit-
able. The protease can have any type of activity or active site
known, e.g. exo- or endo-proteolytic activities of the serine,
metallo- or alkaline- or acid-type protease, depending on the
conditions of use. Alkaline proteases are preferred in certain
embodiments, as are trypsin-like proteases. Examples of
alkaline proteases are subtilisins, especially those derived
from Bacillus spp., e.g., subtilisin Novo, subtilisin Carlsberg,
subtilisin 309 (see, e.g., U.S. Pat. No. 6,287,841), subtilisin
147, and subtilisin 168 (see, e.g., WO 89/06279). Examples
oftrypsin-like proteases are trypsin (e.g., of porcine or bovine
origin), and Fusarium proteases (see, e.g., WO 89/06270 and
WO 94/25583). Examples of useful proteases also include,
but are not limited to, the variants described in WO 92/19729
and WO 98/20115. Suitable commercially available protease
enzymes include Alcalase®, Savinase®, Primase™, Dur-
alase™, Esperase®, and Kannase™ (Novo Nordisk A/S);
Maxatase®, Maxacal™, Maxapem™, Properase™,
Purafect®, Purafect OxP™, FN2™, and FN3™ (Genencor
International, Inc.).

[0198] Lipases of any type may be used in conjunction with
the compositions provided herein. Exemplary lipases include
those of bacterial or fungal origin. Chemically-modified and
engineered enzymes are also useful herein. Examples of use-
ful lipases include, but are not limited to, lipases from Humi-
cola (synonym Thermomyces), e.g. H. lanuginosa (T lanugi-
nosus) (see, e.g., EP 258068 and EP 305216) and H. insolens
(see, e.g., WO 96/13580); a Pseudomonas lipase (e.g., from P.
alcaligenes or P. pseudoalcaligenes; see, e.g., EP 218 272), P.
cepacia (see, e.g., EP 331 376), P. stutzeri (see, e.g., GB
1,372,034), P. fluorescens, Pseudomonas sp. strain SD 705
(see, e.g., WO 95/06720 and WO 96/27002), P. wisconsinen-
sis (see, e.g., WO 96/12012); a Bacillus lipase (e.g., from B.
subtilis; see, e.g., Dartois et al. Biochemica Biophysica Acta,
1131: 253-360 (1993)), B. stearothermophilus (see, e.g., IP
64/744992), or B. pumilus (see, e.g., WO 91/16422). Addi-
tional lipase variants contemplated for use in the formulations
include those described, for example, in: WO 92/05249, WO
94/01541, WO 95/35381, WO 96/00292, WO 95/30744, WO
94/25578, WO 95/14783, WO 95/22615, WO 97/04079, WO
97/07202, EP 407225, and EP 260105. Some commercially-
available lipase enzymes include Lipolase® and Lipolase®
Ultra (Novo Nordisk A/S).

[0199] Polyesterases useful herein include, but are not lim-
ited to, those described in WO 01/34899 (Genencor Interna-
tional, Inc.) and WO 01/14629 (Genencor International, Inc.),
and can be included in any combination with other enzymes
discussed herein.

[0200] The compositions can also be combined with other
a-amylases including commercially available amylases, such
as, but not limited to Duramyl®, Termamyl™, Fungamyl®
and BAN™ (Novo Nordisk A/S), as well as Rapidase®, and
Purastar® (Genencor International, Inc.).

[0201] Cellulases of any type or origin, such as those of
bacterial or fungal origin can be added to, or used with, the
compositions, as can chemically-modified or engineered
enzymes. Suitable cellulases include cellulases from the gen-
era Bacillus, Pseudomonas, Humicola, Fusarium, Thielavia,
and Acremonium. For example, the fungal cellulases pro-
duced from Humicola insolens, Myceliophthora thermophila
and Fusarium oxysporum disclosed in U.S. Pat. Nos. 4,435,
307, 5,648,263; 5,691,178; 5,776,757, and WO 89/09259.
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Exemplary cellulases have benefit for the color care of tex-
tiles. Examples of such cellulases are described in EP
0495257; EP 531 372; WO 99/25846 (Genencor Interna-
tional, Inc.), WO 96/34108 (Genencor International, Inc.),
WO 96/11262; WO 96/29397; and WO 98/08940, for
example. Other examples are cellulase variants, such as those
described in WO 94/07998; WO 98/12307; WO 95/24471;
PCT/DK98/00299; EP 531 315; U.S. Pat. Nos. 5,457,046;
5,686,593; and 5,763,254. Commercially available cellulases
include Celluzyme® and Carezyme® (Novo Nordisk A/S);
Clazinase™ and Puradax® HA (Genencor International,
Inc.); and KAC-500(B)™ (Kao Corporation).

[0202] Peroxidases and oxidases are also suitable for use in
or with the compositions provided herein, include enzymes of
plant, bacterial or fungal origin. Chemically-modified and
engineered enzymes are also well-suited for use herein.
Examples of useful peroxidases include peroxidases from
Coprinus, e.g., from C. cinereus, and variants thereof as those
described in WO 93/24618, WO 95/10602, and WO
98/15257. Commercially available peroxidases include
Guardzyme™ (Novo Nordisk A/S), for example.

[0203] Also provided herein are methods of treating a
woven material using the chimeric a-amylases described
herein. Methods of treating woven materials, such as fabrics,
with amylases are known in the art. The methods provided
can improve the feel and/or appearance of a woven material,
such as a textile or a fabric. The methods comprise contacting
the woven material with a liquid comprising chimeric
polypeptides or thermostable a-amylases. In one embodi-
ment, the woven material is a fabric or textile. In another
embodiment, the woven material is treated with the liquid
under pressure. The liquid is generally an aqueous solution.

[0204] The methods are typically applied during or after a
weaving process, e.g., the weaving of a fabric or textile.
Alternatively, the method can be used during a desizing stage,
or during one or more additional steps further processing the
woven material. The methods are useful because during the
weaving process for many materials, such as fabrics and
textiles, the material (e.g. threads to be woven) is exposed to
considerable mechanical strain. Prior to the weaving process,
particularly on commercial looms, the materials to be woven
are often coated with a “sizing” comprising starch or starch
derivatives, to increase their tensile strength and to prevent
breaking. The chimeric polypeptides and thermostable amy-
lases provided herein can be applied during or after weaving
to remove such sizing starch or starch derivatives.

[0205] The chimeric polypeptides and chimeric a-amy-
lases provided herein can be used alone or with other desizing
chemical reagents, such as detergents and/or desizing
enzymes to desize woven materials such as fabrics, including
cotton and cotton-containing fabrics.

[0206] The chimeric polypeptides and c-amylases pro-
vided herein also have application for enzymatic finishing
methods have been developed for clothing, for example, in
the manufacture of denim jeans. The action of amylolytic
enzymes can provide softness to the fabric and make the
cotton more accessible to the subsequent enzymatic finishing
steps (e.g., to achieve a stone-washed appearance).

[0207] Kits for practicing the foregoing methods of lique-
fying a starch slurry, cleaning a starch residue from a surface,
and for treating a woven material to remove a coating com-
prising starch or a starch derivative are also provided herein.
Thekits include at least one chimeric polypeptide or chimeric
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a-amylase as provided herein, or one composition provided
herein, along with instructions for practicing the correspond-
ing methods.

[0208] All references cited herein are incorporated by ref-
erence in their entirety herein for all purposes. The working
examples provided below are provided to further describe and
illustrate certain aspects of the chimeric ci-amylases, and thus
should not be construed to be limiting.

EXAMPLES
Methods
Hybrid Strain Construction

[0209] All chimeric nucleotide sequences were ordered as
full-length synthetic genes from DNA 2.0 (Menlo Park,
Calif.). All plasmids were digested with EcoRI and BamHI
restriction endonucleases. The gene fragments were gel
extracted using the Qiagen Gel Extraction kit, according to
the manufacturer’s protocol. Similarly, the integrating B. sub-
tilis vector, pJH101t, was digested with EcoRI and BamHI
restriction endonucleases. Following agarose gel separation,
the ~5 kb plasmid backbone band was gel extracted and
cleaned up with the Qiagen Gel Extraction kit. The plasmid
pJH101t is a derivative of the plasmid pBR322, originally
isolated from FE. coli, with the EcoRI/HindIll fragment
replaced by the pUC18 multicloning site EcoRI/HindIII frag-
ment, and the HindIII/BamHI fragment replaced by the Bacil-
lus amyloliquefaciens alkaline protease (apr) gene terminator
sequence, and containing also the Hpall/Sau3a fragment of
the natural Bacillus plasmid pC 194 carrying the chloram-
phenicol acetyl transferase (CAT) gene (blunted) in the Pvull
site. (Ferrari, F A, Nguyen A, Lang D, and Hoch J A (1983)
Construction and Properties of an Integrable Plasmid for
Bacillus subtilis J. Bacteriology, 154:1513-1515).

[0210] All chimeric genes were ligated into pJH101t at the
EcoRI-HindIII sites using DNA Ligation Kit, Mighty Mix
from Takara (Madison, Wis.). 5 [JL of the ligation mixture
were transformed into Invitrogen Oneshot ToplO E. coli
chemical competent cells according to the manufacturer’s
protocol. LA+50 ppm carbenicillin plates were used for
selection of transformants.

[0211] Transformants were screened to determine if the
chimeric gene was present by extracting plasmid DNA from
the clones using the Qiagen Miniprep kit. The plasmid was
then digested with EcoRI-BamHI to see if a ~2.2 kb band is
present indicating that the vector contains the hybrid gene.
For final verification, the miniprep DNA was extracted and
sequenced by Sequetech (Mountain View, Calif.) using the
following sequencing primers:

Fred550-F
5' aaccgcggttgaagtcgatcce 3! (SEQ ID NO: 35)
Fred6l0-R

5' cccggaaaatgaaaatgtgtcc 3! (SEQ ID NO: 36)

Ethyl 1130-F

5' cgcacgttaatgaccaatactc 3! (SEQ ID NO: 37)

Ethyl 1190-R

5' gcttggcegggetcecggtgtcat 3! (SEQ ID NO: 38)

[0212] The constructs were named pJH101-AprFr186FEt,
pJH101-AprFr187Et, etc (see FIG. 1) to refer to the chimeric
amylase encoded therein. Plasmid DNA containing the chi-
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meric construct was transformed into frozen B. subtilis SC6.1
competent cells (also called BG3594comK, genotype:
DaprE, DnprE, degUHy32, oppA, DspollE3501, amyE::xy-
IRPxylAcomK-phleo)) by adding 5-10 pL of plasmid to 200
uL of competent cells followed by 37° C. incubation at 250
rpm for 1 hour. The SC6.1 B. subtilis cells have a competency
gene (comK) which is placed under a xylose inducible pro-
moter, so xylose was used to induce competency for DNA
binding and uptake. The transformation reaction was plated
on LA+5 ppm chloramphenicol+1% insoluble starch and
incubated at 37° C., overnight.

[0213] Transformants showing a clearing (or halo) in the
agar around the colony were selected and amplified by streak-
ing on LA+25 ppm chloramphenicol+1% insoluble starch.
The formation of a halo in the agar around the colony reflects
the ability of the transformed cells to produce an amylase
enzyme that degrades the insoluble starch in the agar
medium. The plates were incubated at 37° C., overnight.
Colonies with a larger halo were selected to grow in shake
flasks. For the purpose of protein expression, a fresh single
colony was inoculated into 5 mL. LB+25 ppm chlorampheni-
col and incubate at 37° C., 250 rpm, for 6 to 8 hours. 30 ul. of
this pre-culture was added into a 250 mL flask filled with 30
ml of cultivation media (described below) supplemented
with 25 ppm chloramphenicol and 5 mM CaCl,. The shake
flasks were incubated for 60-65 hours at 37° C., with mixing
at250 rpm. Cultures were harvested by centrifugation at 5000
rpm for 20 minutes in conical tubes. The culture supernatants,
enriched in recombinant amylase, were used for assays.

[0214] The cultivation media was an enriched semi-defined
media based on MOPs buffer, with urea as major nitrogen
source, glucose as the main carbon source, and supplemented
with 1% soytone for robust cell growth.

[0215] For construction of chimeras with a salt bridge
mutation, the original backbone vector, pJH101-AprFr200Et
(and 202,228,249, 254,259), was used as atemplate for a site
directed mutagenesis reaction using the Stratagene
QuikChange Site-Directed Mutagenesis kit. 50 ng of tem-
plate DNA was used for PCR along with the following prim-
ers:

SS187DT-200etc fwd

(SEQ ID NO: 39)
5'-gcttgggattgggaagttgacacagaaaacggcaactatg-3"'
SS187DT-200etc rev

(SEQ ID NO: 40)

5'-catagttgccgttttectgtgtcaactteccaatcecaage-3"!

[0216] Thermocycler conditions were 1x at 95° C. for 1
min, 18x at 95° C. for 50 sec, 60° C. for 50 sec, 68° C. for 8.5
min, followed by 1x at 68° C. for 7 min and hold at 4° C.
Following PCR, all reactions were incubated at 37° C., over-
night after addition of 1 ulL of Dpnl. 1.54 of the digested
reaction was transformed into Invitrogen Oneshot Top10 E.
coli chemical competent cells following the manufacturer’s
protocols. The reactions were plated on LA+50 ppm carbe-
nicillin. To extract plasmid DNA for sequencing, transfor-
mants were cultured in 5 mL. LA+50 ppm carbenicillin, 37°
C., 250 rpm, overnight. Plasmid DNA was extracted using the
Qiagen Miniprep Kit following the manufacturer’s protocol.
Plasmid DNA was sequenced by Sequetech (Mountain View,
Calif.) using the sequencing primers listed below:
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Fred550-F

5' aaccgcggttgaagtcgatcce 3! (SEQ ID NO: 35)
Fred6l0-R

5' cccggaaaatgaaaatgtgtcc 3! (SEQ ID NO: 36)
Ethyl 1130-F

5' cgcacgttaatgaccaatactc 3! (SEQ ID NO: 37)
Ethyl 1190-R

5' gcttggcegggetcecggtgtcat 3! (SEQ ID NO: 38)

[0217] After determining which isolates had the correct
sequence, 10 ul, of plasmid DNA was transformed into 100
uL of frozen B. subtilis SC6.1 competent cells. Transformants
were grown as described above.

[0218] Enzymatic Thermostability Assay

[0219] In this assay, the thermostability of the amylases
was determined using a PCR thermocycler. Residual activity
of the amylases was measured after incubation at a set tem-
perature such as 95° C. following sampling over a standard
time interval such as 60 minutes to obtain the inactivation
curve at that temperature. For each time point, 110 pl sample
were placed in a thin-walled PCR tube and held at 25° C. for
4 minutes in the thermocycler after the tubes were sealed. The
temperature was ramped to e.g. 95° C. Timing was initiated
when the target temperature was reached. Over appropriate
time intervals, tubes were removed and placed on ice. The
samples were assayed for residual endo alpha amylase activ-
ity using the Megazyme Ceralpha assay as described below.
[0220] Megazyme Ceralpha Assay: This assay is a modifi-
cation of the published protocols for Megazyme endo alpha-
amylase Kit K-CERA 08/05 (AOAC Method 2002.01)
(Megazyme International, Ireland). Reagent vials contain the
substrate, which is non-reducing end-blocked p-nitrophenyl
maltoheptaoside (BPNPG7, 54.5 mg) and thermostable alpha
glucosidase (125 U at pH 6.0). For each assay, the entire
contents of one vial was dissolved in 10.0 mL of distilled
water. 30 mL assay buffer (50 mM Na malate, 2.6 mM CaCl,,
50 mM NaCl, 0.002% Triton X-100, pH 6.7) was added to the
vial solution and 10 ml aliquots of this were frozen for
further use. 0.79 mL substrate solution in buffer was added to
a (preferably masked) cuvette. The cuvette was placed in the
holder and a blank reading was obtained. Ten pl. enzyme
samples were then added to the cuvette to start the assay.
Absorbance per minute was measured at 400 nm or 410 nm
and the values corrected for dilution and protein concentra-
tion. The % activity remaining is reported for each chimeric
enzyme after normalizing to 100% for the AmyS control.

[0221] Specific Activity Determination by DNS Reducing
Sugar Assay
[0222] In this assay, the relative specific activity of the

chimeric enzymes with respect to non-chimeric enzymes was
determined by measuring the release of glucose from potato
starch substrate using the DNS reducing sugar detection
method described below.

[0223] Reagents used:

[0224] Buffer: 200 mM sodium acetate+2.5 mM CaCl, and
0.002% Tween 20

[0225] DNS solution: 8 g NaOH were dissolved in 300 mL
water and 5 g 3-5 Dinitro Salicylic acid was added to this
solution and dissolved, with heating if necessary. 150 g
sodium potassium tartarate was then added to this solution
and the total volume made up to 500 mL.
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[0226] Substrate: 4% potato starch solution (5.33 g potato
starch dissolved to 100 mL of water). For a working substrate
solution, 1 part buffer was added to 3 parts starch solution.
Substrate solution was made fresh each day.

[0227] Procedure: An aliquot of 110 uL. of substrate was
added to 200 ul, PCR tubes. The tubes were placed in the PCR
thermocycler. The program was started by first keeping the
tubes at 4° C. for a few minutes. During this time, 10 pL of
enzyme, appropriately diluted with buffer containing 0.002%
Tween 20, was added to the tubes. The tubes were quickly
mixed and as soon as the thermocycler reached the desired
reaction temperature of 95° C., the O timepoint reaction was
stopped by the addition of 10 pul. 1% NaOH. At each time
point, one reaction tube was removed and quenched with 10
pL 1% NaOH. When all reactions were completed, 32.5 ulL of
each reaction mixture was placed in another 200 ul. PCR tube
containing 75 pL. of water. 100 uL. DNS solution was added to
each tube and the contents mixed thoroughly. The tubes were
incubated at 99° C. for 5 minutes in the PCR thermocycler.
Following incubation, the tubes were cooled, 150 uL. of each
reaction mixture was placed in a microtiter plate well, and the
absorbance measured at 543 nm. Glucose was used as a
standard. The specific activity values are expressed as mg
glucose/sec per mg enzyme.

[0228] 4) Viscosity Measurement Assay (Glass Cooker/
Viscometer Procedure)

[0229] Inthis assay, viscosity reduction of corn starch sub-
strate solution at pH 5.8. by amylases was measured in a glass
cooker/viscometer. The corn starch substrate slurry was made
up fresh in batch mode with 36% corn flour dry solids in
distilled water and adjusted to pH 5.8 using sulfuric acid. The
slurry was pre-incubated for 1 hour at 60° C. in a large plastic
beaker. For viscosity measuring, the reaction vessel was
heated to 110° C. with an oil bath with a thermal coat around
reaction vessel while it was heating to temperature. The slurry
was poured into the reaction vessel with stirring at a rotation
speed of 100 rpm. Diluted alpha amylase enzyme samples
were added directly into the reaction vessel to dose the slurry
with 1.33 U/g DS. The thermal coat was removed from the
reaction vessel and the vessel maintained at 85° C. for the
duration of the experiment. The internal temperature and
viscosity was measured using a EUROSTAR/IKA
Labortechnik control-visc P7 electronic overhead stirrer with
torque read output every 30 seconds for the first 10 minutes,
then every 4 minutes for a total of 62 minutes.

Example 1

Creation of Novel Chimeric Amylases from AmyL
and AmyS Sequences

[0230] An effort was undertaken to make chimeras of
AmyL. and AmyS to combine the preferred attributes of
AmyL-type enzymes (AmyL and variants thereof) with those
of AmyS-type enzymes (AmyS and variants thereof) into
individual enzymes. Ideally, resultant chimeric enzymes
would have the best properties of each enzyme—e.g., ther-
mostability similar to that of Amyl-type enzymes, combined
with the high specific activity of AmyS-type enzymes for
starch substrates at high temperature. Such enzymes would be
useful in starch liquefaction, such as for ethanol production,
as the catalytic activity obtained from them would ideally
lead to a fast initial rate of viscosity reduction and low final
viscosity.
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[0231] A series of chimeric molecules were constructed
from AmyL and AmyS (SEQ ID NOs: 4-17). The chimeras
comprised an N-terminal portion derived from AmyL (SEQ
ID NO: 1), and a C-terminal portion derived from AmyS
(SEQ ID NO: 2). The N-terminal portion of the chimeras
comprised a minimum of 186 amino acid residues from the
N-terminal end of the mature polypeptide sequence of AmyL
(SEQ ID NO: 1) and a maximum of about 260 such amino
acid residues. The remainder of the chimera (i.e. the C-termi-
nal portion) comprised amino acid residues from the C-ter-
minal portion of the mature polypeptide sequence of AmyS
(SEQID NO: 2). A maximum 0f297-326 amino acid residues
from the C-terminal region of AmyS (SEQ ID NO: 2), and a
minimum of 224-253 such amino acid residues. The C-ter-
minal portion of the chimeras all included the amino acid
residues K-T-T corresponding to positions 484-486 of the
mature AmyS sequence (SEQ ID NO: 2). The chimeras are
generally named for the last residue of the AmyL.-derived
sequence. See Hybrid Strain Construction, under “Methods”,
above, and FIG. 1, for description of cloning process.

[0232] The following chimeric c-amylases were con-
structed for use herein in the working examples:

[0233] First Generation Chimeras included: 186, 187, 200,
202, 228, 249, 254, and 259.

[0234] Second Generation Chimeras included: 200SB,
202SB, and 228SB.

[0235] Third Generation Chimeras included: 249SB,
2548B, and 259SB.

Example 2

Thermostability Screening of First Generation Chi-
meric o-Amylases Derived from AmyL and AmyS
Enzymes

[0236] The first generation chimeras consisted of single
cross-over mutants wherein the N-terminal portion of the
chimeric amylase derived from Amyl. and the C-terminal
portion derived from AmyS as described above. The chimeric
amylases screened for thermostability were 186, 187, 200,
202, 228, 249, 254, and 259. The chimeric amylases were
assayed at 95° C. throughout the time course. Samples were
removed at the indicated time points and activity was mea-
sured. For each chimera, the percent activity is plotted versus
the number of minutes the enzyme was held at 95° C., in 50
mM malate buffer, pH 5.6 with 2.6 mM CaCl, and 50 mM
NaCl. Assay conditions were as described in the Methods
section above. For each enzyme, the remaining activity was
calculated as a percentage of the activity of for the enzyme
that had not been incubated at 95° C. The control enzyme was
AmyS control (SEQ ID NO: 3).

[0237] Results and Discussion. Results are shown in FIG.
2. Based on what was previously known or believed about the
thermostability of Amy L and AmysS, in the single cross-over
chimeras expectations were that the greater the number of
amino acid residues from AmyL, the greater the thermosta-
bility of the chimera. However, as can be seen from FIG. 2, it
was unexpectedly discovered that the chimeric a-amylase
with the fewest number of Amyl.-derived amino acid residues
was the most thermostable. Interestingly, the chimeric amy-
lase containing the first 187 residues derived from AmyL was
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not highly thermostable, despite the difference of only a
single amino acid residue—that at position 187.

Example 3

Thermostability Screening of Second Generation
Chimeric a-Amylases Derived from AmyL and
AmyS Enzymes: Incorporation of Stabilizing Struc-
tures

[0238] The stability data from Example 2 showed that
among the chimeric a-amylases tested, the chimera contain-
ing only the first 186 amino acid residues of the AmyL
sequence had high thermostability, while the other chimeric
a-amylases, containing more of the Amyl. sequence, were
not thermostable, including the 187 chimera, which differed
from the 186 chimera at only position 187. The data sug-
gested that the replacement of the Asp residue with a Ser
residue at position 187 was directly related to the lack of
thermostability of the 187 chimera, and possibly related to the
lack of thermostability of each of the chimeric amylases
containing more than 186 amino acid residues from AmyL..

[0239] This is highly surprising given that other work has
reported that the mutation S187D in Amyl.-derived amylases
reduces thermostability of the amylase. For example, U.S.
Pat. No. 6,939,703 to Van Der Laan and Aehle discloses that,
although S187D mutants had a higher specific activity under
certain assay conditions, the S187D amylase had a substan-
tially shorter half-life at 93° C. than the B. licheniformis
wild-type amylase at all calcium ion concentrations tested.
U.S. Pat. No. 6,143,708 to Svendson et al. also discloses that
S187D mutants of B. licheniformis amylase had increased
specific activity, however they also report substantially
reduced thermostability at 70° C. at either pH 4.5 or 6.2 across
a range of calcium ion concentrations.

[0240] In the context of the chimeric amylases that are the
subject of this disclosure it was thus completely unexpected
that the alteration of Ser to Asp at position 187 would increase
thermostability. To test this hypothesis, the mutations S187D
and S188T were introduced into a number of the chimeric
a-amylases that were not highly thermostable in the screen of
the first generation chimeras. The chimeric ai-amylases tested
included 200SB, 202SB, and 228SB. As in Example 2, the
thermostability of each chimeric enzyme at 95° C. was com-
pared to that of the AmyS control. The assays and calculation
of activity remaining were as in Example 2.

[0241] Results and Discussion. The results of the thermo-
stability screen are shown in F1G. 3 for the first set of chimeric
molecules. Surprisingly, the alteration of two amino acid
residues was indeed found to improve the stability of the
chimeras. Without being limited a particular theory of opera-
tion, it was considered that the S187D and S188T mutations
may help form a salt bridge that stabilizes the active site, or
the overall tertiary structure of the enzyme, thereby enhanc-
ing thermostability. While the S187D mutation in the context
of an otherwise Amyl. amino acid sequence is destabilizing
with respect to thermal challenges, in the context of the chi-
meric amylases here, it is evident that the Asp residue present
in the S187D mutants interacts with one or more amino acid
residues from the AmyS portion of the molecule to result in
enhanced stability. Thus, e.g. the chimeric amylases with 200,
202, and even 228 residues from the AmyL sequence had
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good thermostability provided that a salt-bridge or other sta-
bilizing structure was included.

Example 4

Thermostability Screening of Third Generation Chi-
meric o-Amylases Derived from AmyL and AmyS
Enzymes. Incorporation of Salt Bridges Stabilizing

Chimeras with Longer AmyL. Sequences

[0242] Based on the observations from Examples 2 and 3
on the first and second generation chimeras, it was believed
that chimeras with longer portions of AmyL, and concomi-
tantly less AmyS sequence could be produced. Chimeras
were produced with up to 259 amino acid residues at the
N-terminal portion derived from an AmyL, to determine
whether chimeric amylases could be produced with both
enhanced thermostability and high specific activity.

[0243] The chimeric a-amylases tested included 249SB,
254SB, and 259SB. The thermostability of each chimeric
enzyme was tested at 95° C., and compared to that of the
AmyS control, as in the preceding Examples. The assays and
calculation of activity remaining were also performed as in
the preceding Examples.

[0244] Results and Discussion. The results of the thermo-
stability screen for the second set of chimeric amylases are
shown in FIG. 4. As can be seen, each of the chimeric amy-
lases show excellent thermostability under the conditions
tested. These third-generation chimeric enzymes had 30-40%
more Amyl, sequence than the first-generation enzymes,
which did not demonstrate good thermostability, showing
that the rational incorporation of strategically-placed stabi-
lizing structures, particularly salt bridges enabled chimeric
a-amylases with the beneficial properties of both Amyl. and
AmyS to be made. These enzymes will thus be useful for all
applications where thermostable amylases are currently used,
such as starch degradation, HFCS production, desizing, and
cleaning. Due to their increased specific activity and high
thermostability, they will be particularly useful in starch lig-
uefaction processes as they provide reduced peak viscosity, as
well as low final viscosity of the starch slurry.

Example 5

Specific Activity of Chimeric a.-Amylases Derived
From AmyL and AmyS Enzymes

[0245] The chimeric a-amylases tested for specific activity
were 186, 228 and 228SB. The evaluation included the AmyL
protein (SEQ ID NO: 1) as well as the AmyS control (SEQ ID
NO: 3). The specific activity of the five enzymes was deter-
mined at 75° C. using potato starch as the substrate and DNS
reducing sugar assay to measure the relative reaction rates.
[0246] Results and Discussion. The specific activity com-
parison results are shown in FIG. 5 as mg/mL glucose pro-
duced per second per mg/mL of enzyme. All three chimeric
amylases showed significantly higher specific activity
towards the substrate as compared to the Amyl, amylase at
this elevated temperature.

Example 6
Viscosity Changes with Hybrid Amylases

[0247] In this example, experiments were conducted to
measure viscosity reduction in a viscometer for several chi-
meric amylases: 186, 228, 202SB and 228 SB, and for the
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AmyS control (SEQ ID NO: 3), at pH 5.8 using viscosity
measurement assay as described, using a EUROSTAR/IKA
Labortechnik Control-Visc P7 electronic overhead stirrer
with torque read output.

[0248] Results and Discussion. FIG. 6 shows that viscosity
reduction for whole corn substrate is observed for several of
the amylase chimeras tested. Consistent with results observed
for protein stability (FIG. 2), hybrid 186 performed compa-
rably to the AmyS control in final viscosity. Chimera 228 had
no effect on viscosity reduction under these conditions, con-
sistent with its poor stability at high temperature (FIG. 2).
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Salt-bridged chimeras 202SB and 228 SB both showed
reduction of viscosity in this assay. In the case of salt-bridged
chimera 228SB, peak viscosity was the same as for the AmyS
control, and final viscosity was lower than that observed for
the AmyS control (FIG. 6), clearly showing a benefit in per-
formance.

[0249] It will be apparent to those skilled in the art that the
chimeric a-amylases and the methods of making and using
those chimeric amylases can be varied or modified without
departing from the scope or spirit or of this disclosure. Thus,
such variations and modifications are included within the
scope of the appended claims.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 40

<210> SEQ ID NO 1

<211> LENGTH: 483

<212> TYPE: PRT

<213> ORGANISM: Bacillus licheniformis

<400> SEQUENCE:

Thr

1

Asn

Ala

Thr

Gly

Gly

Glu

Ile

Gly

145

Asp

Phe

Tyr

Leu
225

Leu

Asn

Asp

Glu

Ser

50

Glu

Glu

Tyr

Asp

Ser

130

Arg

Gly

Gln

Asp

Ala
210

Asp

Arg

Leu

Gly

His

35

Gln

Phe

Leu

Gly

Val

115

Gly

Gly

Thr

Gly

Tyr

195

Glu

Gly

Asp

Asn

Gln

20

Gly

Ala

His

Gln

Asp

100

Thr

Glu

Ser

Asp

Lys

180

Leu

Ile

Phe

Trp

1

Gly

5

His

Ile

Asp

Gln

Ser

85

Val

Ala

Tyr

Thr

Trp

165

Ala

Met

Lys

Arg

Val
245

Thr

Trp

Thr

Val

Lys

70

Ala

Val

Val

Leu

Tyr

150

Asp

Trp

Tyr

Arg

Leu
230

Asn

Leu

Lys

Ala

Gly

55

Gly

Ile

Ile

Glu

Ile

135

Ser

Glu

Asp

Ala

Trp
215

Asp

His

Met

Arg

Val

40

Tyr

Thr

Lys

Asn

Val

120

Lys

Asp

Ser

Trp

Asp

200

Gly

Ala

Val

Gln

Leu

25

Trp

Gly

Val

Ser

His

105

Asp

Ala

Phe

Arg

Glu

185

Ile

Thr

Val

Arg

Tyr

10

Gln

Ile

Ala

Arg

Leu

90

Lys

Pro

Trp

Lys

Lys

170

Val

Asp

Trp

Lys

Glu
250

Phe

Asn

Pro

Tyr

Thr

75

His

Gly

Ala

Thr

Trp

155

Leu

Ser

Tyr

Tyr

His

235

Lys

Glu

Asp

Pro

Asp

60

Lys

Ser

Gly

Asp

His

140

His

Asn

Ser

Asp

Ala
220

Ile

Thr

Trp

Ser

Ala

45

Leu

Tyr

Arg

Ala

Arg

125

Phe

Trp

Arg

Glu

His

205

Asn

Lys

Gly

Tyr

Ala

30

Tyr

Tyr

Gly

Asp

Asp

110

Asn

His

Tyr

Ile

Asn

190

Pro

Glu

Phe

Lys

Thr

15

Tyr

Lys

Asp

Thr

Ile

95

Ala

Arg

Phe

His

Tyr

175

Gly

Asp

Leu

Ser

Glu
255

Pro

Leu

Gly

Leu

Lys

80

Asn

Thr

Val

Pro

Phe

160

Lys

Asn

Val

Gln

Phe
240

Met
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-continued

Phe Thr Val Ala Glu Tyr Trp Gln Asn Asp Leu Gly Ala Leu Glu Asn
260 265 270

Tyr Leu Asn Lys Thr Asn Phe Asn His Ser Val Phe Asp Val Pro Leu
275 280 285

His Tyr Gln Phe His Ala Ala Ser Thr Gln Gly Gly Gly Tyr Asp Met
290 295 300

Arg Lys Leu Leu Asn Gly Thr Val Val Ser Lys His Pro Leu Lys Ser
305 310 315 320

Val Thr Phe Val Asp Asn His Asp Thr Gln Pro Gly Gln Ser Leu Glu
325 330 335

Ser Thr Val Gln Thr Trp Phe Lys Pro Leu Ala Tyr Ala Phe Ile Leu
340 345 350

Thr Arg Glu Ser Gly Tyr Pro Gln Val Phe Tyr Gly Asp Met Tyr Gly
355 360 365

Thr Lys Gly Asp Ser Gln Arg Glu Ile Pro Ala Leu Lys His Lys Ile
370 375 380

Glu Pro Ile Leu Lys Ala Arg Lys Gln Tyr Ala Tyr Gly Ala Gln His
385 390 395 400

Asp Tyr Phe Asp His His Asp Ile Val Gly Trp Thr Arg Glu Gly Asp
405 410 415

Ser Ser Val Ala Asn Ser Gly Leu Ala Ala Leu Ile Thr Asp Gly Pro
420 425 430

Gly Gly Ala Lys Arg Met Tyr Val Gly Arg Gln Asn Ala Gly Glu Thr
435 440 445

Trp His Asp Ile Thr Gly Asn Arg Ser Glu Pro Val Val Ile Asn Ser
450 455 460

Glu Gly Trp Gly Glu Phe His Val Asn Gly Gly Ser Val Ser Ile Tyr
465 470 475 480

Val Gln Arg

<210> SEQ ID NO 2

<211> LENGTH: 486

<212> TYPE: PRT

<213> ORGANISM: Bacillus stearothermophilus

<400> SEQUENCE: 2

Ala Ala Pro Phe Asn Gly Thr Met Met Gln Tyr Phe Glu Trp Tyr Leu
1 5 10 15

Pro Asp Asp Gly Thr Leu Trp Thr Lys Val Ala Asn Glu Ala Asn Asn
20 25 30

Leu Ser Ser Leu Gly Ile Thr Ala Leu Trp Leu Pro Pro Ala Tyr Lys
35 40 45

Gly Thr Ser Arg Ser Asp Val Gly Tyr Gly Val Tyr Asp Leu Tyr Asp
50 55 60

Leu Gly Glu Phe Asn Gln Lys Gly Thr Val Arg Thr Lys Tyr Gly Thr
65 70 75 80

Lys Ala Gln Tyr Leu Gln Ala Ile Gln Ala Ala His Ala Ala Gly Met
85 90 95

Gln Val Tyr Ala Asp Val Val Phe Asp His Lys Gly Gly Ala Asp Gly
100 105 110

Thr Glu Trp Val Asp Ala Val Glu Val Asn Pro Ser Asp Arg Asn Gln
115 120 125
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-continued

Glu Ile Ser Gly Thr Tyr Gln Ile Gln Ala Trp Thr Lys Phe Asp Phe
130 135 140

Pro Gly Arg Gly Asn Thr Tyr Ser Ser Phe Lys Trp Arg Trp Tyr His
145 150 155 160

Phe Asp Gly Val Asp Trp Asp Glu Ser Arg Lys Leu Ser Arg Ile Tyr
165 170 175

Lys Phe Arg Gly Ile Gly Lys Ala Trp Asp Trp Glu Val Asp Thr Glu
180 185 190

Asn Gly Asn Tyr Asp Tyr Leu Met Tyr Ala Asp Leu Asp Met Asp His
195 200 205

Pro Glu Val Val Thr Glu Leu Lys Asn Trp Gly Lys Trp Tyr Val Asn
210 215 220

Thr Thr Asn Ile Asp Gly Phe Arg Leu Asp Ala Val Lys His Ile Lys
225 230 235 240

Phe Ser Phe Phe Pro Asp Trp Leu Ser Tyr Val Arg Ser Gln Thr Gly
245 250 255

Lys Pro Leu Phe Thr Val Gly Glu Tyr Trp Ser Tyr Asp Ile Asn Lys
260 265 270

Leu His Asn Tyr Ile Thr Lys Thr Asn Gly Thr Met Ser Leu Phe Asp
275 280 285

Ala Pro Leu His Asn Lys Phe Tyr Thr Ala Ser Lys Ser Gly Gly Ala
290 295 300

Phe Asp Met Arg Thr Leu Met Thr Asn Thr Leu Met Lys Asp Gln Pro
305 310 315 320

Thr Leu Ala Val Thr Phe Val Asp Asn His Asp Thr Glu Pro Gly Gln
325 330 335

Ala Leu Gln Ser Trp Val Asp Pro Trp Phe Lys Pro Leu Ala Tyr Ala
340 345 350

Phe Ile Leu Thr Arg Gln Glu Gly Tyr Pro Cys Val Phe Tyr Gly Asp
355 360 365

Tyr Tyr Gly Ile Pro Gln Tyr Asn Ile Pro Ser Leu Lys Ser Lys Ile
370 375 380

Asp Pro Leu Leu Ile Ala Arg Arg Asp Tyr Ala Tyr Gly Thr Gln His
385 390 395 400

Asp Tyr Leu Asp His Ser Asp Ile Ile Gly Trp Thr Arg Glu Gly Val
405 410 415

Thr Glu Lys Pro Gly Ser Gly Leu Ala Ala Leu Ile Thr Asp Gly Pro
420 425 430

Gly Gly Ser Lys Trp Met Tyr Val Gly Lys Gln His Ala Gly Lys Val
435 440 445

Phe Tyr Asp Leu Thr Gly Asn Arg Ser Asp Thr Val Thr Ile Asn Ser
450 455 460

Asp Gly Trp Gly Glu Phe Lys Val Asn Gly Gly Ser Val Ser Val Trp
465 470 475 480

Val Pro Arg Lys Thr Thr
485

<210> SEQ ID NO 3

<211> LENGTH: 484

<212> TYPE: PRT

<213> ORGANISM: Bacillus stearothermophilus

<400> SEQUENCE: 3
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24

-continued

Ala Ala Pro Phe Asn Gly Thr Met Met Gln Tyr Phe Glu Trp Tyr Leu
1 5 10 15

Pro Asp Asp Gly Thr Leu Trp Thr Lys Val Ala Asn Glu Ala Asn Asn
20 25 30

Leu Ser Ser Leu Gly Ile Thr Ala Leu Trp Leu Pro Pro Ala Tyr Lys
35 40 45

Gly Thr Ser Arg Ser Asp Val Gly Tyr Gly Val Tyr Asp Leu Tyr Asp
50 55 60

Leu Gly Glu Phe Asn Gln Lys Gly Thr Val Arg Thr Lys Tyr Gly Thr
65 70 75 80

Lys Ala Gln Tyr Leu Gln Ala Ile Gln Ala Ala His Ala Ala Gly Met
85 90 95

Gln Val Tyr Ala Asp Val Val Phe Asp His Lys Gly Gly Ala Asp Gly
100 105 110

Thr Glu Trp Val Asp Ala Val Glu Val Asn Pro Ser Asp Arg Asn Gln
115 120 125

Glu Ile Ser Gly Thr Tyr Gln Ile Gln Ala Trp Thr Lys Phe Asp Phe
130 135 140

Pro Gly Arg Gly Asn Thr Tyr Ser Ser Phe Lys Trp Arg Trp Tyr His
145 150 155 160

Phe Asp Gly Val Asp Trp Asp Glu Ser Arg Lys Leu Ser Arg Ile Tyr
165 170 175

Lys Phe Ile Gly Lys Ala Trp Asp Trp Glu Val Asp Thr Glu Asn Gly
180 185 190

Asn Tyr Asp Tyr Leu Met Tyr Ala Asp Leu Asp Met Asp His Pro Glu
195 200 205

Val Val Thr Glu Leu Lys Asn Trp Gly Lys Trp Tyr Val Asn Thr Thr
210 215 220

Asn Ile Asp Gly Phe Arg Leu Asp Ala Val Lys His Ile Lys Phe Ser
225 230 235 240

Phe Phe Pro Asp Trp Leu Ser Tyr Val Arg Ser Gln Thr Gly Lys Pro
245 250 255

Leu Phe Thr Val Gly Glu Tyr Trp Ser Tyr Asp Ile Asn Lys Leu His
260 265 270

Asn Tyr Ile Thr Lys Thr Asn Gly Thr Met Ser Leu Phe Asp Ala Pro
275 280 285

Leu His Asn Lys Phe Tyr Thr Ala Ser Lys Ser Gly Gly Ala Phe Asp
290 295 300

Met Arg Thr Leu Met Thr Asn Thr Leu Met Lys Asp Gln Pro Thr Leu
305 310 315 320

Ala Val Thr Phe Val Asp Asn His Asp Thr Glu Pro Gly Gln Ala Leu
325 330 335

Gln Ser Trp Val Asp Pro Trp Phe Lys Pro Leu Ala Tyr Ala Phe Ile
340 345 350

Leu Thr Arg Gln Glu Gly Tyr Pro Cys Val Phe Tyr Gly Asp Tyr Tyr
355 360 365

Gly Ile Pro Gln Tyr Asn Ile Pro Ser Leu Lys Ser Lys Ile Asp Pro
370 375 380

Leu Leu Ile Ala Arg Arg Asp Tyr Ala Tyr Gly Thr Gln His Asp Tyr
385 390 395 400
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-continued

Leu Asp His Ser Asp Ile Ile Gly Trp Thr Arg Glu Gly Val Thr Glu
405 410 415

Lys Pro Gly Ser Gly Leu Ala Ala Leu Ile Thr Asp Gly Pro Gly Gly
420 425 430

Ser Lys Trp Met Tyr Val Gly Lys Gln His Ala Gly Lys Val Phe Tyr
435 440 445

Asp Leu Thr Gly Asn Arg Ser Asp Thr Val Thr Ile Asn Ser Asp Gly
450 455 460

Trp Gly Glu Phe Lys Val Asn Gly Gly Ser Val Ser Val Trp Val Pro
465 470 475 480

Arg Lys Thr Thr

<210> SEQ ID NO 4

<211> LENGTH: 483

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Hybrid comprisng N-terminal portion of AmyL
through position 186, and C-terminal portion from AmyS

<400> SEQUENCE: 4

Thr Asn Leu Asn Gly Thr Leu Met Gln Tyr Phe Glu Trp Tyr Thr Pro
1 5 10 15

Asn Asp Gly Gln His Trp Lys Arg Leu Gln Asn Asp Ser Ala Tyr Leu
20 25 30

Ala Glu His Gly Ile Thr Ala Val Trp Ile Pro Pro Ala Tyr Lys Gly
35 40 45

Thr Ser Gln Ala Asp Val Gly Tyr Gly Ala Tyr Asp Leu Tyr Asp Leu
50 55 60

Gly Glu Phe His Gln Lys Gly Thr Val Arg Thr Lys Tyr Gly Thr Lys
65 70 75 80

Gly Glu Leu Gln Ser Ala Ile Lys Ser Leu His Ser Arg Asp Ile Asn
85 90 95

Val Tyr Gly Asp Val Val Ile Asn His Lys Gly Gly Ala Asp Ala Thr
100 105 110

Glu Asp Val Thr Ala Val Glu Val Asp Pro Ala Asp Arg Asn Arg Val
115 120 125

Ile Ser Gly Glu Tyr Leu Ile Lys Ala Trp Thr His Phe His Phe Pro
130 135 140

Gly Arg Gly Ser Thr Tyr Ser Asp Phe Lys Trp His Trp Tyr His Phe
145 150 155 160

Asp Gly Thr Asp Trp Asp Glu Ser Arg Lys Leu Asn Arg Ile Tyr Lys
165 170 175

Phe Gln Gly Lys Ala Trp Asp Trp Glu Val Asp Thr Glu Asn Gly Asn
180 185 190

Tyr Asp Tyr Leu Met Tyr Ala Asp Leu Asp Met Asp His Pro Glu Val
195 200 205

Val Thr Glu Leu Lys Asn Trp Gly Lys Trp Tyr Val Asn Thr Thr Asn
210 215 220

Ile Asp Gly Phe Arg Leu Asp Ala Val Lys His Ile Lys Phe Ser Phe
225 230 235 240

Phe Pro Asp Trp Leu Ser Tyr Val Arg Ser Gln Thr Gly Lys Pro Leu
245 250 255
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-continued

Phe Thr Val Gly Glu Tyr Trp Ser Tyr Asp Ile Asn Lys Leu His Asn
260 265 270

Tyr Ile Thr Lys Thr Asn Gly Thr Met Ser Leu Phe Asp Ala Pro Leu
275 280 285

His Asn Lys Phe Tyr Thr Ala Ser Lys Ser Gly Gly Ala Phe Asp Met
290 295 300

Arg Thr Leu Met Thr Asn Thr Leu Met Lys Asp Gln Pro Thr Leu Ala
305 310 315 320

Val Thr Phe Val Asp Asn His Asp Thr Glu Pro Gly Gln Ala Leu Gln
325 330 335

Ser Trp Val Asp Pro Trp Phe Lys Pro Leu Ala Tyr Ala Phe Ile Leu
340 345 350

Thr Arg Gln Glu Gly Tyr Pro Cys Val Phe Tyr Gly Asp Tyr Tyr Gly
355 360 365

Ile Pro Gln Tyr Asn Ile Pro Ser Leu Lys Ser Lys Ile Asp Pro Leu
370 375 380

Leu Ile Ala Arg Arg Asp Tyr Ala Tyr Gly Thr Gln His Asp Tyr Leu
385 390 395 400

Asp His Ser Asp Ile Ile Gly Trp Thr Arg Glu Gly Val Thr Glu Lys
405 410 415

Pro Gly Ser Gly Leu Ala Ala Leu Ile Thr Asp Gly Pro Gly Gly Ser
420 425 430

Lys Trp Met Tyr Val Gly Lys Gln His Ala Gly Lys Val Phe Tyr Asp
435 440 445

Leu Thr Gly Asn Arg Ser Asp Thr Val Thr Ile Asn Ser Asp Gly Trp
450 455 460

Gly Glu Phe Lys Val Asn Gly Gly Ser Val Ser Val Trp Val Pro Arg
465 470 475 480

Lys Thr Thr

<210> SEQ ID NO 5

<211> LENGTH: 483

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Hybrid comprisng N-terminal portion of AmyL
through position 187, and C-terminal portion from AmyS

<400> SEQUENCE: 5

Thr Asn Leu Asn Gly Thr Leu Met Gln Tyr Phe Glu Trp Tyr Thr Pro
1 5 10 15

Asn Asp Gly Gln His Trp Lys Arg Leu Gln Asn Asp Ser Ala Tyr Leu
20 25 30

Ala Glu His Gly Ile Thr Ala Val Trp Ile Pro Pro Ala Tyr Lys Gly
35 40 45

Thr Ser Gln Ala Asp Val Gly Tyr Gly Ala Tyr Asp Leu Tyr Asp Leu
50 55 60

Gly Glu Phe His Gln Lys Gly Thr Val Arg Thr Lys Tyr Gly Thr Lys
65 70 75 80

Gly Glu Leu Gln Ser Ala Ile Lys Ser Leu His Ser Arg Asp Ile Asn

Val Tyr Gly Asp Val Val Ile Asn His Lys Gly Gly Ala Asp Ala Thr
100 105 110



US 2011/0097778 Al Apr. 28,2011
27

-continued

Glu Asp Val Thr Ala Val Glu Val Asp Pro Ala Asp Arg Asn Arg Val
115 120 125

Ile Ser Gly Glu Tyr Leu Ile Lys Ala Trp Thr His Phe His Phe Pro
130 135 140

Gly Arg Gly Ser Thr Tyr Ser Asp Phe Lys Trp His Trp Tyr His Phe
145 150 155 160

Asp Gly Thr Asp Trp Asp Glu Ser Arg Lys Leu Asn Arg Ile Tyr Lys
165 170 175

Phe Gln Gly Lys Ala Trp Asp Trp Glu Val Ser Thr Glu Asn Gly Asn
180 185 190

Tyr Asp Tyr Leu Met Tyr Ala Asp Leu Asp Met Asp His Pro Glu Val
195 200 205

Val Thr Glu Leu Lys Asn Trp Gly Lys Trp Tyr Val Asn Thr Thr Asn
210 215 220

Ile Asp Gly Phe Arg Leu Asp Ala Val Lys His Ile Lys Phe Ser Phe
225 230 235 240

Phe Pro Asp Trp Leu Ser Tyr Val Arg Ser Gln Thr Gly Lys Pro Leu
245 250 255

Phe Thr Val Gly Glu Tyr Trp Ser Tyr Asp Ile Asn Lys Leu His Asn
260 265 270

Tyr Ile Thr Lys Thr Asn Gly Thr Met Ser Leu Phe Asp Ala Pro Leu
275 280 285

His Asn Lys Phe Tyr Thr Ala Ser Lys Ser Gly Gly Ala Phe Asp Met
290 295 300

Arg Thr Leu Met Thr Asn Thr Leu Met Lys Asp Gln Pro Thr Leu Ala
305 310 315 320

Val Thr Phe Val Asp Asn His Asp Thr Glu Pro Gly Gln Ala Leu Gln
325 330 335

Ser Trp Val Asp Pro Trp Phe Lys Pro Leu Ala Tyr Ala Phe Ile Leu
340 345 350

Thr Arg Gln Glu Gly Tyr Pro Cys Val Phe Tyr Gly Asp Tyr Tyr Gly
355 360 365

Ile Pro Gln Tyr Asn Ile Pro Ser Leu Lys Ser Lys Ile Asp Pro Leu
370 375 380

Leu Ile Ala Arg Arg Asp Tyr Ala Tyr Gly Thr Gln His Asp Tyr Leu
385 390 395 400

Asp His Ser Asp Ile Ile Gly Trp Thr Arg Glu Gly Val Thr Glu Lys
405 410 415

Pro Gly Ser Gly Leu Ala Ala Leu Ile Thr Asp Gly Pro Gly Gly Ser
420 425 430

Lys Trp Met Tyr Val Gly Lys Gln His Ala Gly Lys Val Phe Tyr Asp
435 440 445

Leu Thr Gly Asn Arg Ser Asp Thr Val Thr Ile Asn Ser Asp Gly Trp
450 455 460

Gly Glu Phe Lys Val Asn Gly Gly Ser Val Ser Val Trp Val Pro Arg
465 470 475 480

Lys Thr Thr

<210> SEQ ID NO 6

<211> LENGTH: 483

<212> TYPE: PRT

<213> ORGANISM: Artificial
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-continued

<220> FEATURE:
<223> OTHER INFORMATION: Hybrid comprisng N-terminal portion of AmyL
through position 200, and C-terminal portion from AmyS

<400> SEQUENCE: 6

Thr Asn Leu Asn Gly Thr Leu Met Gln Tyr Phe Glu Trp Tyr Thr Pro
1 5 10 15

Asn Asp Gly Gln His Trp Lys Arg Leu Gln Asn Asp Ser Ala Tyr Leu
20 25 30

Ala Glu His Gly Ile Thr Ala Val Trp Ile Pro Pro Ala Tyr Lys Gly
35 40 45

Thr Ser Gln Ala Asp Val Gly Tyr Gly Ala Tyr Asp Leu Tyr Asp Leu
50 55 60

Gly Glu Phe His Gln Lys Gly Thr Val Arg Thr Lys Tyr Gly Thr Lys
65 70 75 80

Gly Glu Leu Gln Ser Ala Ile Lys Ser Leu His Ser Arg Asp Ile Asn
85 90 95

Val Tyr Gly Asp Val Val Ile Asn His Lys Gly Gly Ala Asp Ala Thr
100 105 110

Glu Asp Val Thr Ala Val Glu Val Asp Pro Ala Asp Arg Asn Arg Val
115 120 125

Ile Ser Gly Glu Tyr Leu Ile Lys Ala Trp Thr His Phe His Phe Pro
130 135 140

Gly Arg Gly Ser Thr Tyr Ser Asp Phe Lys Trp His Trp Tyr His Phe
145 150 155 160

Asp Gly Thr Asp Trp Asp Glu Ser Arg Lys Leu Asn Arg Ile Tyr Lys
165 170 175

Phe Gln Gly Lys Ala Trp Asp Trp Glu Val Ser Ser Glu Asn Gly Asn
180 185 190

Tyr Asp Tyr Leu Met Tyr Ala Asp Leu Asp Met Asp His Pro Glu Val
195 200 205

Val Thr Glu Leu Lys Asn Trp Gly Lys Trp Tyr Val Asn Thr Thr Asn
210 215 220

Ile Asp Gly Phe Arg Leu Asp Ala Val Lys His Ile Lys Phe Ser Phe
225 230 235 240

Phe Pro Asp Trp Leu Ser Tyr Val Arg Ser Gln Thr Gly Lys Pro Leu
245 250 255

Phe Thr Val Gly Glu Tyr Trp Ser Tyr Asp Ile Asn Lys Leu His Asn
260 265 270

Tyr Ile Thr Lys Thr Asn Gly Thr Met Ser Leu Phe Asp Ala Pro Leu
275 280 285

His Asn Lys Phe Tyr Thr Ala Ser Lys Ser Gly Gly Ala Phe Asp Met
290 295 300

Arg Thr Leu Met Thr Asn Thr Leu Met Lys Asp Gln Pro Thr Leu Ala
305 310 315 320

Val Thr Phe Val Asp Asn His Asp Thr Glu Pro Gly Gln Ala Leu Gln
325 330 335

Ser Trp Val Asp Pro Trp Phe Lys Pro Leu Ala Tyr Ala Phe Ile Leu
340 345 350

Thr Arg Gln Glu Gly Tyr Pro Cys Val Phe Tyr Gly Asp Tyr Tyr Gly
355 360 365

Ile Pro Gln Tyr Asn Ile Pro Ser Leu Lys Ser Lys Ile Asp Pro Leu
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-continued

370 375 380

Leu Ile Ala Arg Arg Asp Tyr Ala Tyr Gly Thr Gln His Asp Tyr Leu
385 390 395 400

Asp His Ser Asp Ile Ile Gly Trp Thr Arg Glu Gly Val Thr Glu Lys
405 410 415

Pro Gly Ser Gly Leu Ala Ala Leu Ile Thr Asp Gly Pro Gly Gly Ser
420 425 430

Lys Trp Met Tyr Val Gly Lys Gln His Ala Gly Lys Val Phe Tyr Asp
435 440 445

Leu Thr Gly Asn Arg Ser Asp Thr Val Thr Ile Asn Ser Asp Gly Trp
450 455 460

Gly Glu Phe Lys Val Asn Gly Gly Ser Val Ser Val Trp Val Pro Arg
465 470 475 480

Lys Thr Thr

<210> SEQ ID NO 7

<211> LENGTH: 483

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Hybrid comprisng N-terminal portion of AmyL
through position 200, and C-terminal portion from AmyS

<400> SEQUENCE: 7

Thr Asn Leu Asn Gly Thr Leu Met Gln Tyr Phe Glu Trp Tyr Thr Pro
1 5 10 15

Asn Asp Gly Gln His Trp Lys Arg Leu Gln Asn Asp Ser Ala Tyr Leu
20 25 30

Ala Glu His Gly Ile Thr Ala Val Trp Ile Pro Pro Ala Tyr Lys Gly
35 40 45

Thr Ser Gln Ala Asp Val Gly Tyr Gly Ala Tyr Asp Leu Tyr Asp Leu
50 55 60

Gly Glu Phe His Gln Lys Gly Thr Val Arg Thr Lys Tyr Gly Thr Lys
65 70 75 80

Gly Glu Leu Gln Ser Ala Ile Lys Ser Leu His Ser Arg Asp Ile Asn
Val Tyr Gly Asp Val Val Ile Asn His Lys Gly Gly Ala Asp Ala Thr
100 105 110

Glu Asp Val Thr Ala Val Glu Val Asp Pro Ala Asp Arg Asn Arg Val
115 120 125

Ile Ser Gly Glu Tyr Leu Ile Lys Ala Trp Thr His Phe His Phe Pro
130 135 140

Gly Arg Gly Ser Thr Tyr Ser Asp Phe Lys Trp His Trp Tyr His Phe
145 150 155 160

Asp Gly Thr Asp Trp Asp Glu Ser Arg Lys Leu Asn Arg Ile Tyr Lys
165 170 175

Phe Gln Gly Lys Ala Trp Asp Trp Glu Val Asp Thr Glu Asn Gly Asn
180 185 190

Tyr Asp Tyr Leu Met Tyr Ala Asp Leu Asp Met Asp His Pro Glu Val
195 200 205

Val Thr Glu Leu Lys Asn Trp Gly Lys Trp Tyr Val Asn Thr Thr Asn
210 215 220

Ile Asp Gly Phe Arg Leu Asp Ala Val Lys His Ile Lys Phe Ser Phe
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225 230 235 240

Phe Pro Asp Trp Leu Ser Tyr Val Arg Ser Gln Thr Gly Lys Pro Leu
245 250 255

Phe Thr Val Gly Glu Tyr Trp Ser Tyr Asp Ile Asn Lys Leu His Asn
260 265 270

Tyr Ile Thr Lys Thr Asn Gly Thr Met Ser Leu Phe Asp Ala Pro Leu
275 280 285

His Asn Lys Phe Tyr Thr Ala Ser Lys Ser Gly Gly Ala Phe Asp Met
290 295 300

Arg Thr Leu Met Thr Asn Thr Leu Met Lys Asp Gln Pro Thr Leu Ala
305 310 315 320

Val Thr Phe Val Asp Asn His Asp Thr Glu Pro Gly Gln Ala Leu Gln
325 330 335

Ser Trp Val Asp Pro Trp Phe Lys Pro Leu Ala Tyr Ala Phe Ile Leu
340 345 350

Thr Arg Gln Glu Gly Tyr Pro Cys Val Phe Tyr Gly Asp Tyr Tyr Gly
355 360 365

Ile Pro Gln Tyr Asn Ile Pro Ser Leu Lys Ser Lys Ile Asp Pro Leu
370 375 380

Leu Ile Ala Arg Arg Asp Tyr Ala Tyr Gly Thr Gln His Asp Tyr Leu
385 390 395 400

Asp His Ser Asp Ile Ile Gly Trp Thr Arg Glu Gly Val Thr Glu Lys
405 410 415

Pro Gly Ser Gly Leu Ala Ala Leu Ile Thr Asp Gly Pro Gly Gly Ser
420 425 430

Lys Trp Met Tyr Val Gly Lys Gln His Ala Gly Lys Val Phe Tyr Asp
435 440 445

Leu Thr Gly Asn Arg Ser Asp Thr Val Thr Ile Asn Ser Asp Gly Trp
450 455 460

Gly Glu Phe Lys Val Asn Gly Gly Ser Val Ser Val Trp Val Pro Arg
465 470 475 480

Lys Thr Thr

<210> SEQ ID NO 8

<211> LENGTH: 483

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Hybrid comprisng N-terminal portion of AmyL
through position 202, and C-terminal portion from AmyS

<400> SEQUENCE: 8

Thr Asn Leu Asn Gly Thr Leu Met Gln Tyr Phe Glu Trp Tyr Thr Pro
1 5 10 15

Asn Asp Gly Gln His Trp Lys Arg Leu Gln Asn Asp Ser Ala Tyr Leu
20 25 30

Ala Glu His Gly Ile Thr Ala Val Trp Ile Pro Pro Ala Tyr Lys Gly
35 40 45

Thr Ser Gln Ala Asp Val Gly Tyr Gly Ala Tyr Asp Leu Tyr Asp Leu
50 55 60

Gly Glu Phe His Gln Lys Gly Thr Val Arg Thr Lys Tyr Gly Thr Lys
65 70 75 80

Gly Glu Leu Gln Ser Ala Ile Lys Ser Leu His Ser Arg Asp Ile Asn
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85 90 95

Val Tyr Gly Asp Val Val Ile Asn His Lys Gly Gly Ala Asp Ala Thr
100 105 110

Glu Asp Val Thr Ala Val Glu Val Asp Pro Ala Asp Arg Asn Arg Val
115 120 125

Ile Ser Gly Glu Tyr Leu Ile Lys Ala Trp Thr His Phe His Phe Pro
130 135 140

Gly Arg Gly Ser Thr Tyr Ser Asp Phe Lys Trp His Trp Tyr His Phe
145 150 155 160

Asp Gly Thr Asp Trp Asp Glu Ser Arg Lys Leu Asn Arg Ile Tyr Lys
165 170 175

Phe Gln Gly Lys Ala Trp Asp Trp Glu Val Ser Ser Glu Asn Gly Asn
180 185 190

Tyr Asp Tyr Leu Met Tyr Ala Asp Ile Asp Met Asp His Pro Glu Val
195 200 205

Val Thr Glu Leu Lys Asn Trp Gly Lys Trp Tyr Val Asn Thr Thr Asn
210 215 220

Ile Asp Gly Phe Arg Leu Asp Ala Val Lys His Ile Lys Phe Ser Phe
225 230 235 240

Phe Pro Asp Trp Leu Ser Tyr Val Arg Ser Gln Thr Gly Lys Pro Leu
245 250 255

Phe Thr Val Gly Glu Tyr Trp Ser Tyr Asp Ile Asn Lys Leu His Asn
260 265 270

Tyr Ile Thr Lys Thr Asn Gly Thr Met Ser Leu Phe Asp Ala Pro Leu
275 280 285

His Asn Lys Phe Tyr Thr Ala Ser Lys Ser Gly Gly Ala Phe Asp Met
290 295 300

Arg Thr Leu Met Thr Asn Thr Leu Met Lys Asp Gln Pro Thr Leu Ala
305 310 315 320

Val Thr Phe Val Asp Asn His Asp Thr Glu Pro Gly Gln Ala Leu Gln
325 330 335

Ser Trp Val Asp Pro Trp Phe Lys Pro Leu Ala Tyr Ala Phe Ile Leu
340 345 350

Thr Arg Gln Glu Gly Tyr Pro Cys Val Phe Tyr Gly Asp Tyr Tyr Gly
355 360 365

Ile Pro Gln Tyr Asn Ile Pro Ser Leu Lys Ser Lys Ile Asp Pro Leu
370 375 380

Leu Ile Ala Arg Arg Asp Tyr Ala Tyr Gly Thr Gln His Asp Tyr Leu
385 390 395 400

Asp His Ser Asp Ile Ile Gly Trp Thr Arg Glu Gly Val Thr Glu Lys
405 410 415

Pro Gly Ser Gly Leu Ala Ala Leu Ile Thr Asp Gly Pro Gly Gly Ser
420 425 430

Lys Trp Met Tyr Val Gly Lys Gln His Ala Gly Lys Val Phe Tyr Asp
435 440 445

Leu Thr Gly Asn Arg Ser Asp Thr Val Thr Ile Asn Ser Asp Gly Trp
450 455 460

Gly Glu Phe Lys Val Asn Gly Gly Ser Val Ser Val Trp Val Pro Arg
465 470 475 480

Lys Thr Thr
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<210> SEQ ID NO 9

<211> LENGTH: 483

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Hybrid comprisng N-terminal portion of AmyL
through position 202, and C-terminal portion from AmyS

<400> SEQUENCE: 9

Thr Asn Leu Asn Gly Thr Leu Met Gln Tyr Phe Glu Trp Tyr Thr Pro
1 5 10 15

Asn Asp Gly Gln His Trp Lys Arg Leu Gln Asn Asp Ser Ala Tyr Leu
20 25 30

Ala Glu His Gly Ile Thr Ala Val Trp Ile Pro Pro Ala Tyr Lys Gly
35 40 45

Thr Ser Gln Ala Asp Val Gly Tyr Gly Ala Tyr Asp Leu Tyr Asp Leu
50 55 60

Gly Glu Phe His Gln Lys Gly Thr Val Arg Thr Lys Tyr Gly Thr Lys
Gly Glu Leu Gln Ser Ala Ile Lys Ser Leu His Ser Arg Asp Ile Asn
85 90 95

Val Tyr Gly Asp Val Val Ile Asn His Lys Gly Gly Ala Asp Ala Thr
100 105 110

Glu Asp Val Thr Ala Val Glu Val Asp Pro Ala Asp Arg Asn Arg Val
115 120 125

Ile Ser Gly Glu Tyr Leu Ile Lys Ala Trp Thr His Phe His Phe Pro
130 135 140

Gly Arg Gly Ser Thr Tyr Ser Asp Phe Lys Trp His Trp Tyr His Phe
145 150 155 160

Asp Gly Thr Asp Trp Asp Glu Ser Arg Lys Leu Asn Arg Ile Tyr Lys
165 170 175

Phe Gln Gly Lys Ala Trp Asp Trp Glu Val Asp Thr Glu Asn Gly Asn
180 185 190

Tyr Asp Tyr Leu Met Tyr Ala Asp Ile Asp Met Asp His Pro Glu Val
195 200 205

Val Thr Glu Leu Lys Asn Trp Gly Lys Trp Tyr Val Asn Thr Thr Asn
210 215 220

Ile Asp Gly Phe Arg Leu Asp Ala Val Lys His Ile Lys Phe Ser Phe
225 230 235 240

Phe Pro Asp Trp Leu Ser Tyr Val Arg Ser Gln Thr Gly Lys Pro Leu
245 250 255

Phe Thr Val Gly Glu Tyr Trp Ser Tyr Asp Ile Asn Lys Leu His Asn
260 265 270

Tyr Ile Thr Lys Thr Asn Gly Thr Met Ser Leu Phe Asp Ala Pro Leu
275 280 285

His Asn Lys Phe Tyr Thr Ala Ser Lys Ser Gly Gly Ala Phe Asp Met
290 295 300

Arg Thr Leu Met Thr Asn Thr Leu Met Lys Asp Gln Pro Thr Leu Ala
305 310 315 320

Val Thr Phe Val Asp Asn His Asp Thr Glu Pro Gly Gln Ala Leu Gln
325 330 335

Ser Trp Val Asp Pro Trp Phe Lys Pro Leu Ala Tyr Ala Phe Ile Leu
340 345 350
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Thr Arg Gln Glu Gly Tyr Pro Cys Val Phe Tyr Gly Asp Tyr Tyr Gly
355 360 365

Ile Pro Gln Tyr Asn Ile Pro Ser Leu Lys Ser Lys Ile Asp Pro Leu
370 375 380

Leu Ile Ala Arg Arg Asp Tyr Ala Tyr Gly Thr Gln His Asp Tyr Leu
385 390 395 400

Asp His Ser Asp Ile Ile Gly Trp Thr Arg Glu Gly Val Thr Glu Lys
405 410 415

Pro Gly Ser Gly Leu Ala Ala Leu Ile Thr Asp Gly Pro Gly Gly Ser
420 425 430

Lys Trp Met Tyr Val Gly Lys Gln His Ala Gly Lys Val Phe Tyr Asp
435 440 445

Leu Thr Gly Asn Arg Ser Asp Thr Val Thr Ile Asn Ser Asp Gly Trp
450 455 460

Gly Glu Phe Lys Val Asn Gly Gly Ser Val Ser Val Trp Val Pro Arg
465 470 475 480

Lys Thr Thr

<210> SEQ ID NO 10

<211> LENGTH: 483

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Hybrid comprisng N-terminal portion of AmyL
through position 228, and C-terminal portion from AmyS

<400> SEQUENCE: 10

Thr Asn Leu Asn Gly Thr Leu Met Gln Tyr Phe Glu Trp Tyr Thr Pro
1 5 10 15

Asn Asp Gly Gln His Trp Lys Arg Leu Gln Asn Asp Ser Ala Tyr Leu
20 25 30

Ala Glu His Gly Ile Thr Ala Val Trp Ile Pro Pro Ala Tyr Lys Gly
35 40 45

Thr Ser Gln Ala Asp Val Gly Tyr Gly Ala Tyr Asp Leu Tyr Asp Leu
50 55 60

Gly Glu Phe His Gln Lys Gly Thr Val Arg Thr Lys Tyr Gly Thr Lys
65 70 75 80

Gly Glu Leu Gln Ser Ala Ile Lys Ser Leu His Ser Arg Asp Ile Asn
85 90 95

Val Tyr Gly Asp Val Val Ile Asn His Lys Gly Gly Ala Asp Ala Thr
100 105 110

Glu Asp Val Thr Ala Val Glu Val Asp Pro Ala Asp Arg Asn Arg Val
115 120 125

Ile Ser Gly Glu Tyr Leu Ile Lys Ala Trp Thr His Phe His Phe Pro
130 135 140

Gly Arg Gly Ser Thr Tyr Ser Asp Phe Lys Trp His Trp Tyr His Phe
145 150 155 160

Asp Gly Thr Asp Trp Asp Glu Ser Arg Lys Leu Asn Arg Ile Tyr Lys
165 170 175

Phe Gln Gly Lys Ala Trp Asp Trp Glu Val Ser Ser Glu Asn Gly Asn
180 185 190

Tyr Asp Tyr Leu Met Tyr Ala Asp Ile Asp Tyr Asp His Pro Asp Val
195 200 205
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Val Ala Glu Ile Lys Arg Trp Gly Thr Trp Tyr Ala Asn Glu Leu Gln
210 215 220

Leu Asp Gly Phe Arg Leu Asp Ala Val Lys His Ile Lys Phe Ser Phe
225 230 235 240

Phe Pro Asp Trp Leu Ser Tyr Val Arg Ser Gln Thr Gly Lys Pro Leu
245 250 255

Phe Thr Val Gly Glu Tyr Trp Ser Tyr Asp Ile Asn Lys Leu His Asn
260 265 270

Tyr Ile Thr Lys Thr Asn Gly Thr Met Ser Leu Phe Asp Ala Pro Leu
275 280 285

His Asn Lys Phe Tyr Thr Ala Ser Lys Ser Gly Gly Ala Phe Asp Met
290 295 300

Arg Thr Leu Met Thr Asn Thr Leu Met Lys Asp Gln Pro Thr Leu Ala
305 310 315 320

Val Thr Phe Val Asp Asn His Asp Thr Glu Pro Gly Gln Ala Leu Gln
325 330 335

Ser Trp Val Asp Pro Trp Phe Lys Pro Leu Ala Tyr Ala Phe Ile Leu
340 345 350

Thr Arg Gln Glu Gly Tyr Pro Cys Val Phe Tyr Gly Asp Tyr Tyr Gly
355 360 365

Ile Pro Gln Tyr Asn Ile Pro Ser Leu Lys Ser Lys Ile Asp Pro Leu
370 375 380

Leu Ile Ala Arg Arg Asp Tyr Ala Tyr Gly Thr Gln His Asp Tyr Leu
385 390 395 400

Asp His Ser Asp Ile Ile Gly Trp Thr Arg Glu Gly Val Thr Glu Lys
405 410 415

Pro Gly Ser Gly Leu Ala Ala Leu Ile Thr Asp Gly Pro Gly Gly Ser
420 425 430

Lys Trp Met Tyr Val Gly Lys Gln His Ala Gly Lys Val Phe Tyr Asp
435 440 445

Leu Thr Gly Asn Arg Ser Asp Thr Val Thr Ile Asn Ser Asp Gly Trp
450 455 460

Gly Glu Phe Lys Val Asn Gly Gly Ser Val Ser Val Trp Val Pro Arg
465 470 475 480

Lys Thr Thr

<210> SEQ ID NO 11

<211> LENGTH: 483

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Hybrid comprisng N-terminal portion of AmyL
through position 228, and C-terminal portion from AmyS

<400> SEQUENCE: 11

Thr Asn Leu Asn Gly Thr Leu Met Gln Tyr Phe Glu Trp Tyr Thr Pro
1 5 10 15

Asn Asp Gly Gln His Trp Lys Arg Leu Gln Asn Asp Ser Ala Tyr Leu
20 25 30

Ala Glu His Gly Ile Thr Ala Val Trp Ile Pro Pro Ala Tyr Lys Gly
35 40 45

Thr Ser Gln Ala Asp Val Gly Tyr Gly Ala Tyr Asp Leu Tyr Asp Leu
50 55 60
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Gly Glu Phe His Gln Lys Gly Thr Val Arg Thr Lys Tyr Gly Thr Lys
Gly Glu Leu Gln Ser Ala Ile Lys Ser Leu His Ser Arg Asp Ile Asn
85 90 95

Val Tyr Gly Asp Val Val Ile Asn His Lys Gly Gly Ala Asp Ala Thr
100 105 110

Glu Asp Val Thr Ala Val Glu Val Asp Pro Ala Asp Arg Asn Arg Val
115 120 125

Ile Ser Gly Glu Tyr Leu Ile Lys Ala Trp Thr His Phe His Phe Pro
130 135 140

Gly Arg Gly Ser Thr Tyr Ser Asp Phe Lys Trp His Trp Tyr His Phe
145 150 155 160

Asp Gly Thr Asp Trp Asp Glu Ser Arg Lys Leu Asn Arg Ile Tyr Lys
165 170 175

Phe Gln Gly Lys Ala Trp Asp Trp Glu Val Asp Thr Glu Asn Gly Asn
180 185 190

Tyr Asp Tyr Leu Met Tyr Ala Asp Ile Asp Tyr Asp His Pro Asp Val
195 200 205

Val Ala Glu Ile Lys Arg Trp Gly Thr Trp Tyr Ala Asn Glu Leu Gln
210 215 220

Leu Asp Gly Phe Arg Leu Asp Ala Val Lys His Ile Lys Phe Ser Phe
225 230 235 240

Phe Pro Asp Trp Leu Ser Tyr Val Arg Ser Gln Thr Gly Lys Pro Leu
245 250 255

Phe Thr Val Gly Glu Tyr Trp Ser Tyr Asp Ile Asn Lys Leu His Asn
260 265 270

Tyr Ile Thr Lys Thr Asn Gly Thr Met Ser Leu Phe Asp Ala Pro Leu
275 280 285

His Asn Lys Phe Tyr Thr Ala Ser Lys Ser Gly Gly Ala Phe Asp Met
290 295 300

Arg Thr Leu Met Thr Asn Thr Leu Met Lys Asp Gln Pro Thr Leu Ala
305 310 315 320

Val Thr Phe Val Asp Asn His Asp Thr Glu Pro Gly Gln Ala Leu Gln
325 330 335

Ser Trp Val Asp Pro Trp Phe Lys Pro Leu Ala Tyr Ala Phe Ile Leu
340 345 350

Thr Arg Gln Glu Gly Tyr Pro Cys Val Phe Tyr Gly Asp Tyr Tyr Gly
355 360 365

Ile Pro Gln Tyr Asn Ile Pro Ser Leu Lys Ser Lys Ile Asp Pro Leu
370 375 380

Leu Ile Ala Arg Arg Asp Tyr Ala Tyr Gly Thr Gln His Asp Tyr Leu
385 390 395 400

Asp His Ser Asp Ile Ile Gly Trp Thr Arg Glu Gly Val Thr Glu Lys
405 410 415

Pro Gly Ser Gly Leu Ala Ala Leu Ile Thr Asp Gly Pro Gly Gly Ser
420 425 430

Lys Trp Met Tyr Val Gly Lys Gln His Ala Gly Lys Val Phe Tyr Asp
435 440 445

Leu Thr Gly Asn Arg Ser Asp Thr Val Thr Ile Asn Ser Asp Gly Trp
450 455 460
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Gly Glu Phe Lys Val Asn Gly Gly Ser Val Ser Val Trp Val Pro Arg
465 470 475 480

Lys Thr Thr

<210> SEQ ID NO 12

<211> LENGTH: 483

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Hybrid comprisng N-terminal portion of AmyL
through position 249, and C-terminal portion from AmyS

<400> SEQUENCE: 12

Thr Asn Leu Asn Gly Thr Leu Met Gln Tyr Phe Glu Trp Tyr Thr Pro
1 5 10 15

Asn Asp Gly Gln His Trp Lys Arg Leu Gln Asn Asp Ser Ala Tyr Leu
20 25 30

Ala Glu His Gly Ile Thr Ala Val Trp Ile Pro Pro Ala Tyr Lys Gly
35 40 45

Thr Ser Gln Ala Asp Val Gly Tyr Gly Ala Tyr Asp Leu Tyr Asp Leu
50 55 60

Gly Glu Phe His Gln Lys Gly Thr Val Arg Thr Lys Tyr Gly Thr Lys
65 70 75 80

Gly Glu Leu Gln Ser Ala Ile Lys Ser Leu His Ser Arg Asp Ile Asn
85 90 95

Val Tyr Gly Asp Val Val Ile Asn His Lys Gly Gly Ala Asp Ala Thr
100 105 110

Glu Asp Val Thr Ala Val Glu Val Asp Pro Ala Asp Arg Asn Arg Val
115 120 125

Ile Ser Gly Glu Tyr Leu Ile Lys Ala Trp Thr His Phe His Phe Pro
130 135 140

Gly Arg Gly Ser Thr Tyr Ser Asp Phe Lys Trp His Trp Tyr His Phe
145 150 155 160

Asp Gly Thr Asp Trp Asp Glu Ser Arg Lys Leu Asn Arg Ile Tyr Lys
165 170 175

Phe Gln Gly Lys Ala Trp Asp Trp Glu Val Ser Ser Glu Asn Gly Asn
180 185 190

Tyr Asp Tyr Leu Met Tyr Ala Asp Ile Asp Tyr Asp His Pro Asp Val
195 200 205

Val Ala Glu Ile Lys Arg Trp Gly Thr Trp Tyr Ala Asn Glu Leu Gln
210 215 220

Leu Asp Gly Phe Arg Leu Asp Ala Val Lys His Ile Lys Phe Ser Phe
225 230 235 240

Leu Arg Asp Trp Val Asn His Val Arg Ser Gln Thr Gly Lys Pro Leu
245 250 255

Phe Thr Val Gly Glu Tyr Trp Ser Tyr Asp Ile Asn Lys Leu His Asn
260 265 270

Tyr Ile Thr Lys Thr Asn Gly Thr Met Ser Leu Phe Asp Ala Pro Leu
275 280 285

His Asn Lys Phe Tyr Thr Ala Ser Lys Ser Gly Gly Ala Phe Asp Met
290 295 300

Arg Thr Leu Met Thr Asn Thr Leu Met Lys Asp Gln Pro Thr Leu Ala
305 310 315 320
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Val Thr Phe Val Asp Asn His Asp Thr Glu Pro Gly Gln Ala Leu Gln
325 330 335

Ser Trp Val Asp Pro Trp Phe Lys Pro Leu Ala Tyr Ala Phe Ile Leu
340 345 350

Thr Arg Gln Glu Gly Tyr Pro Cys Val Phe Tyr Gly Asp Tyr Tyr Gly
355 360 365

Ile Pro Gln Tyr Asn Ile Pro Ser Leu Lys Ser Lys Ile Asp Pro Leu
370 375 380

Leu Ile Ala Arg Arg Asp Tyr Ala Tyr Gly Thr Gln His Asp Tyr Leu
385 390 395 400

Asp His Ser Asp Ile Ile Gly Trp Thr Arg Glu Gly Val Thr Glu Lys
405 410 415

Pro Gly Ser Gly Leu Ala Ala Leu Ile Thr Asp Gly Pro Gly Gly Ser
420 425 430

Lys Trp Met Tyr Val Gly Lys Gln His Ala Gly Lys Val Phe Tyr Asp
435 440 445

Leu Thr Gly Asn Arg Ser Asp Thr Val Thr Ile Asn Ser Asp Gly Trp
450 455 460

Gly Glu Phe Lys Val Asn Gly Gly Ser Val Ser Val Trp Val Pro Arg
465 470 475 480

Lys Thr Thr

<210> SEQ ID NO 13

<211> LENGTH: 483

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Hybrid comprisng N-terminal portion of AmyL
through position 249, and C-terminal portion from AmyS

<400> SEQUENCE: 13

Thr Asn Leu Asn Gly Thr Leu Met Gln Tyr Phe Glu Trp Tyr Thr Pro
1 5 10 15

Asn Asp Gly Gln His Trp Lys Arg Leu Gln Asn Asp Ser Ala Tyr Leu
20 25 30

Ala Glu His Gly Ile Thr Ala Val Trp Ile Pro Pro Ala Tyr Lys Gly
35 40 45

Thr Ser Gln Ala Asp Val Gly Tyr Gly Ala Tyr Asp Leu Tyr Asp Leu
50 55 60

Gly Glu Phe His Gln Lys Gly Thr Val Arg Thr Lys Tyr Gly Thr Lys
65 70 75 80

Gly Glu Leu Gln Ser Ala Ile Lys Ser Leu His Ser Arg Asp Ile Asn
Val Tyr Gly Asp Val Val Ile Asn His Lys Gly Gly Ala Asp Ala Thr
100 105 110

Glu Asp Val Thr Ala Val Glu Val Asp Pro Ala Asp Arg Asn Arg Val
115 120 125

Ile Ser Gly Glu Tyr Leu Ile Lys Ala Trp Thr His Phe His Phe Pro
130 135 140

Gly Arg Gly Ser Thr Tyr Ser Asp Phe Lys Trp His Trp Tyr His Phe
145 150 155 160

Asp Gly Thr Asp Trp Asp Glu Ser Arg Lys Leu Asn Arg Ile Tyr Lys
165 170 175



US 2011/0097778 Al Apr. 28,2011
38

-continued

Phe Gln Gly Lys Ala Trp Asp Trp Glu Val Asp Thr Glu Asn Gly Asn
180 185 190

Tyr Asp Tyr Leu Met Tyr Ala Asp Ile Asp Tyr Asp His Pro Asp Val
195 200 205

Val Ala Glu Ile Lys Arg Trp Gly Thr Trp Tyr Ala Asn Glu Leu Gln
210 215 220

Leu Asp Gly Phe Arg Leu Asp Ala Val Lys His Ile Lys Phe Ser Phe
225 230 235 240

Leu Arg Asp Trp Val Asn His Val Arg Ser Gln Thr Gly Lys Pro Leu
245 250 255

Phe Thr Val Gly Glu Tyr Trp Ser Tyr Asp Ile Asn Lys Leu His Asn
260 265 270

Tyr Ile Thr Lys Thr Asn Gly Thr Met Ser Leu Phe Asp Ala Pro Leu
275 280 285

His Asn Lys Phe Tyr Thr Ala Ser Lys Ser Gly Gly Ala Phe Asp Met
290 295 300

Arg Thr Leu Met Thr Asn Thr Leu Met Lys Asp Gln Pro Thr Leu Ala
305 310 315 320

Val Thr Phe Val Asp Asn His Asp Thr Glu Pro Gly Gln Ala Leu Gln
325 330 335

Ser Trp Val Asp Pro Trp Phe Lys Pro Leu Ala Tyr Ala Phe Ile Leu
340 345 350

Thr Arg Gln Glu Gly Tyr Pro Cys Val Phe Tyr Gly Asp Tyr Tyr Gly
355 360 365

Ile Pro Gln Tyr Asn Ile Pro Ser Leu Lys Ser Lys Ile Asp Pro Leu
370 375 380

Leu Ile Ala Arg Arg Asp Tyr Ala Tyr Gly Thr Gln His Asp Tyr Leu
385 390 395 400

Asp His Ser Asp Ile Ile Gly Trp Thr Arg Glu Gly Val Thr Glu Lys
405 410 415

Pro Gly Ser Gly Leu Ala Ala Leu Ile Thr Asp Gly Pro Gly Gly Ser
420 425 430

Lys Trp Met Tyr Val Gly Lys Gln His Ala Gly Lys Val Phe Tyr Asp
435 440 445

Leu Thr Gly Asn Arg Ser Asp Thr Val Thr Ile Asn Ser Asp Gly Trp
450 455 460

Gly Glu Phe Lys Val Asn Gly Gly Ser Val Ser Val Trp Val Pro Arg
465 470 475 480

Lys Thr Thr

<210> SEQ ID NO 14

<211> LENGTH: 483

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Hybrid comprisng N-terminal portion of AmyL
through position 254, and C-terminal portion from AmyS

<400> SEQUENCE: 14

Thr Asn Leu Asn Gly Thr Leu Met Gln Tyr Phe Glu Trp Tyr Thr Pro
1 5 10 15

Asn Asp Gly Gln His Trp Lys Arg Leu Gln Asn Asp Ser Ala Tyr Leu
20 25 30
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Ala Glu His Gly Ile Thr Ala Val Trp Ile Pro Pro Ala Tyr Lys Gly
35 40 45

Thr Ser Gln Ala Asp Val Gly Tyr Gly Ala Tyr Asp Leu Tyr Asp Leu
50 55 60

Gly Glu Phe His Gln Lys Gly Thr Val Arg Thr Lys Tyr Gly Thr Lys
65 70 75 80

Gly Glu Leu Gln Ser Ala Ile Lys Ser Leu His Ser Arg Asp Ile Asn
85 90 95

Val Tyr Gly Asp Val Val Ile Asn His Lys Gly Gly Ala Asp Ala Thr
100 105 110

Glu Asp Val Thr Ala Val Glu Val Asp Pro Ala Asp Arg Asn Arg Val
115 120 125

Ile Ser Gly Glu Tyr Leu Ile Lys Ala Trp Thr His Phe His Phe Pro
130 135 140

Gly Arg Gly Ser Thr Tyr Ser Asp Phe Lys Trp His Trp Tyr His Phe
145 150 155 160

Asp Gly Thr Asp Trp Asp Glu Ser Arg Lys Leu Asn Arg Ile Tyr Lys
165 170 175

Phe Gln Gly Lys Ala Trp Asp Trp Glu Val Ser Ser Glu Asn Gly Asn
180 185 190

Tyr Asp Tyr Leu Met Tyr Ala Asp Ile Asp Tyr Asp His Pro Asp Val
195 200 205

Val Ala Glu Ile Lys Arg Trp Gly Thr Trp Tyr Ala Asn Glu Leu Gln
210 215 220

Leu Asp Gly Phe Arg Leu Asp Ala Val Lys His Ile Lys Phe Ser Phe
225 230 235 240

Leu Arg Asp Trp Val Asn His Val Arg Glu Lys Thr Gly Lys Pro Leu
245 250 255

Phe Thr Val Gly Glu Tyr Trp Ser Tyr Asp Ile Asn Lys Leu His Asn
260 265 270

Tyr Ile Thr Lys Thr Asn Gly Thr Met Ser Leu Phe Asp Ala Pro Leu
275 280 285

His Asn Lys Phe Tyr Thr Ala Ser Lys Ser Gly Gly Ala Phe Asp Met
290 295 300

Arg Thr Leu Met Thr Asn Thr Leu Met Lys Asp Gln Pro Thr Leu Ala
305 310 315 320

Val Thr Phe Val Asp Asn His Asp Thr Glu Pro Gly Gln Ala Leu Gln
325 330 335

Ser Trp Val Asp Pro Trp Phe Lys Pro Leu Ala Tyr Ala Phe Ile Leu
340 345 350

Thr Arg Gln Glu Gly Tyr Pro Cys Val Phe Tyr Gly Asp Tyr Tyr Gly
355 360 365

Ile Pro Gln Tyr Asn Ile Pro Ser Leu Lys Ser Lys Ile Asp Pro Leu
370 375 380

Leu Ile Ala Arg Arg Asp Tyr Ala Tyr Gly Thr Gln His Asp Tyr Leu
385 390 395 400

Asp His Ser Asp Ile Ile Gly Trp Thr Arg Glu Gly Val Thr Glu Lys
405 410 415

Pro Gly Ser Gly Leu Ala Ala Leu Ile Thr Asp Gly Pro Gly Gly Ser
420 425 430

Lys Trp Met Tyr Val Gly Lys Gln His Ala Gly Lys Val Phe Tyr Asp
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435 440 445

Leu Thr Gly Asn Arg Ser Asp Thr Val Thr Ile Asn Ser Asp Gly Trp
450 455 460

Gly Glu Phe Lys Val Asn Gly Gly Ser Val Ser Val Trp Val Pro Arg
465 470 475 480

Lys Thr Thr

<210> SEQ ID NO 15

<211> LENGTH: 483

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Hybrid comprisng N-terminal portion of AmyL
through position 254, and C-terminal portion from AmyS

<400> SEQUENCE: 15

Thr Asn Leu Asn Gly Thr Leu Met Gln Tyr Phe Glu Trp Tyr Thr Pro
1 5 10 15

Asn Asp Gly Gln His Trp Lys Arg Leu Gln Asn Asp Ser Ala Tyr Leu
20 25 30

Ala Glu His Gly Ile Thr Ala Val Trp Ile Pro Pro Ala Tyr Lys Gly
35 40 45

Thr Ser Gln Ala Asp Val Gly Tyr Gly Ala Tyr Asp Leu Tyr Asp Leu
50 55 60

Gly Glu Phe His Gln Lys Gly Thr Val Arg Thr Lys Tyr Gly Thr Lys
65 70 75 80

Gly Glu Leu Gln Ser Ala Ile Lys Ser Leu His Ser Arg Asp Ile Asn
Val Tyr Gly Asp Val Val Ile Asn His Lys Gly Gly Ala Asp Ala Thr
100 105 110

Glu Asp Val Thr Ala Val Glu Val Asp Pro Ala Asp Arg Asn Arg Val
115 120 125

Ile Ser Gly Glu Tyr Leu Ile Lys Ala Trp Thr His Phe His Phe Pro
130 135 140

Gly Arg Gly Ser Thr Tyr Ser Asp Phe Lys Trp His Trp Tyr His Phe
145 150 155 160

Asp Gly Thr Asp Trp Asp Glu Ser Arg Lys Leu Asn Arg Ile Tyr Lys
165 170 175

Phe Gln Gly Lys Ala Trp Asp Trp Glu Val Asp Thr Glu Asn Gly Asn
180 185 190

Tyr Asp Tyr Leu Met Tyr Ala Asp Ile Asp Tyr Asp His Pro Asp Val
195 200 205

Val Ala Glu Ile Lys Arg Trp Gly Thr Trp Tyr Ala Asn Glu Leu Gln
210 215 220

Leu Asp Gly Phe Arg Leu Asp Ala Val Lys His Ile Lys Phe Ser Phe
225 230 235 240

Leu Arg Asp Trp Val Asn His Val Arg Glu Lys Thr Gly Lys Pro Leu
245 250 255

Phe Thr Val Gly Glu Tyr Trp Ser Tyr Asp Ile Asn Lys Leu His Asn
260 265 270

Tyr Ile Thr Lys Thr Asn Gly Thr Met Ser Leu Phe Asp Ala Pro Leu
275 280 285

His Asn Lys Phe Tyr Thr Ala Ser Lys Ser Gly Gly Ala Phe Asp Met
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290 295 300

Arg Thr Leu Met Thr Asn Thr Leu Met Lys Asp Gln Pro Thr Leu Ala
305 310 315 320

Val Thr Phe Val Asp Asn His Asp Thr Glu Pro Gly Gln Ala Leu Gln
325 330 335

Ser Trp Val Asp Pro Trp Phe Lys Pro Leu Ala Tyr Ala Phe Ile Leu
340 345 350

Thr Arg Gln Glu Gly Tyr Pro Cys Val Phe Tyr Gly Asp Tyr Tyr Gly
355 360 365

Ile Pro Gln Tyr Asn Ile Pro Ser Leu Lys Ser Lys Ile Asp Pro Leu
370 375 380

Leu Ile Ala Arg Arg Asp Tyr Ala Tyr Gly Thr Gln His Asp Tyr Leu
385 390 395 400

Asp His Ser Asp Ile Ile Gly Trp Thr Arg Glu Gly Val Thr Glu Lys
405 410 415

Pro Gly Ser Gly Leu Ala Ala Leu Ile Thr Asp Gly Pro Gly Gly Ser
420 425 430

Lys Trp Met Tyr Val Gly Lys Gln His Ala Gly Lys Val Phe Tyr Asp
435 440 445

Leu Thr Gly Asn Arg Ser Asp Thr Val Thr Ile Asn Ser Asp Gly Trp
450 455 460

Gly Glu Phe Lys Val Asn Gly Gly Ser Val Ser Val Trp Val Pro Arg
465 470 475 480

Lys Thr Thr

<210> SEQ ID NO 16

<211> LENGTH: 483

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Hybrid comprisng N-terminal portion of AmyL
through position 259, and C-terminal portion from AmyS

<400> SEQUENCE: 16

Thr Asn Leu Asn Gly Thr Leu Met Gln Tyr Phe Glu Trp Tyr Thr Pro
1 5 10 15

Asn Asp Gly Gln His Trp Lys Arg Leu Gln Asn Asp Ser Ala Tyr Leu
20 25 30

Ala Glu His Gly Ile Thr Ala Val Trp Ile Pro Pro Ala Tyr Lys Gly
35 40 45

Thr Ser Gln Ala Asp Val Gly Tyr Gly Ala Tyr Asp Leu Tyr Asp Leu
50 55 60

Gly Glu Phe His Gln Lys Gly Thr Val Arg Thr Lys Tyr Gly Thr Lys
Gly Glu Leu Gln Ser Ala Ile Lys Ser Leu His Ser Arg Asp Ile Asn
85 90 95

Val Tyr Gly Asp Val Val Ile Asn His Lys Gly Gly Ala Asp Ala Thr
100 105 110

Glu Asp Val Thr Ala Val Glu Val Asp Pro Ala Asp Arg Asn Arg Val
115 120 125

Ile Ser Gly Glu Tyr Leu Ile Lys Ala Trp Thr His Phe His Phe Pro
130 135 140

Gly Arg Gly Ser Thr Tyr Ser Asp Phe Lys Trp His Trp Tyr His Phe
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145 150 155 160

Asp Gly Thr Asp Trp Asp Glu Ser Arg Lys Leu Asn Arg Ile Tyr Lys
165 170 175

Phe Gln Gly Lys Ala Trp Asp Trp Glu Val Ser Ser Glu Asn Gly Asn
180 185 190

Tyr Asp Tyr Leu Met Tyr Ala Asp Ile Asp Tyr Asp His Pro Asp Val
195 200 205

Val Ala Glu Ile Lys Arg Trp Gly Thr Trp Tyr Ala Asn Glu Leu Gln
210 215 220

Leu Asp Gly Phe Arg Leu Asp Ala Val Lys His Ile Lys Phe Ser Phe
225 230 235 240

Leu Arg Asp Trp Val Asn His Val Arg Glu Lys Thr Gly Lys Glu Met
245 250 255

Phe Thr Val Gly Glu Tyr Trp Ser Tyr Asp Ile Asn Lys Leu His Asn
260 265 270

Tyr Ile Thr Lys Thr Asn Gly Thr Met Ser Leu Phe Asp Ala Pro Leu
275 280 285

His Asn Lys Phe Tyr Thr Ala Ser Lys Ser Gly Gly Ala Phe Asp Met
290 295 300

Arg Thr Leu Met Thr Asn Thr Leu Met Lys Asp Gln Pro Thr Leu Ala
305 310 315 320

Val Thr Phe Val Asp Asn His Asp Thr Glu Pro Gly Gln Ala Leu Gln
325 330 335

Ser Trp Val Asp Pro Trp Phe Lys Pro Leu Ala Tyr Ala Phe Ile Leu
340 345 350

Thr Arg Gln Glu Gly Tyr Pro Cys Val Phe Tyr Gly Asp Tyr Tyr Gly
355 360 365

Ile Pro Gln Tyr Asn Ile Pro Ser Leu Lys Ser Lys Ile Asp Pro Leu
370 375 380

Leu Ile Ala Arg Arg Asp Tyr Ala Tyr Gly Thr Gln His Asp Tyr Leu
385 390 395 400

Asp His Ser Asp Ile Ile Gly Trp Thr Arg Glu Gly Val Thr Glu Lys
405 410 415

Pro Gly Ser Gly Leu Ala Ala Leu Ile Thr Asp Gly Pro Gly Gly Ser
420 425 430

Lys Trp Met Tyr Val Gly Lys Gln His Ala Gly Lys Val Phe Tyr Asp
435 440 445

Leu Thr Gly Asn Arg Ser Asp Thr Val Thr Ile Asn Ser Asp Gly Trp
450 455 460

Gly Glu Phe Lys Val Asn Gly Gly Ser Val Ser Val Trp Val Pro Arg
465 470 475 480

Lys Thr Thr

<210> SEQ ID NO 17

<211> LENGTH: 483

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Hybrid comprisng N-terminal portion of AmyL
through position 259, and C-terminal portion from AmyS

<400> SEQUENCE: 17

Thr Asn Leu Asn Gly Thr Leu Met Gln Tyr Phe Glu Trp Tyr Thr Pro
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1 5 10 15

Asn Asp Gly Gln His Trp Lys Arg Leu Gln Asn Asp Ser Ala Tyr Leu
20 25 30

Ala Glu His Gly Ile Thr Ala Val Trp Ile Pro Pro Ala Tyr Lys Gly
35 40 45

Thr Ser Gln Ala Asp Val Gly Tyr Gly Ala Tyr Asp Leu Tyr Asp Leu
50 55 60

Gly Glu Phe His Gln Lys Gly Thr Val Arg Thr Lys Tyr Gly Thr Lys
Gly Glu Leu Gln Ser Ala Ile Lys Ser Leu His Ser Arg Asp Ile Asn
85 90 95

Val Tyr Gly Asp Val Val Ile Asn His Lys Gly Gly Ala Asp Ala Thr
100 105 110

Glu Asp Val Thr Ala Val Glu Val Asp Pro Ala Asp Arg Asn Arg Val
115 120 125

Ile Ser Gly Glu Tyr Leu Ile Lys Ala Trp Thr His Phe His Phe Pro
130 135 140

Gly Arg Gly Ser Thr Tyr Ser Asp Phe Lys Trp His Trp Tyr His Phe
145 150 155 160

Asp Gly Thr Asp Trp Asp Glu Ser Arg Lys Leu Asn Arg Ile Tyr Lys
165 170 175

Phe Gln Gly Lys Ala Trp Asp Trp Glu Val Asp Thr Glu Asn Gly Asn
180 185 190

Tyr Asp Tyr Leu Met Tyr Ala Asp Ile Asp Tyr Asp His Pro Asp Val
195 200 205

Val Ala Glu Ile Lys Arg Trp Gly Thr Trp Tyr Ala Asn Glu Leu Gln
210 215 220

Leu Asp Gly Phe Arg Leu Asp Ala Val Lys His Ile Lys Phe Ser Phe
225 230 235 240

Leu Arg Asp Trp Val Asn His Val Arg Glu Lys Thr Gly Lys Glu Met
245 250 255

Phe Thr Val Gly Glu Tyr Trp Ser Tyr Asp Ile Asn Lys Leu His Asn
260 265 270

Tyr Ile Thr Lys Thr Asn Gly Thr Met Ser Leu Phe Asp Ala Pro Leu
275 280 285

His Asn Lys Phe Tyr Thr Ala Ser Lys Ser Gly Gly Ala Phe Asp Met
290 295 300

Arg Thr Leu Met Thr Asn Thr Leu Met Lys Asp Gln Pro Thr Leu Ala
305 310 315 320

Val Thr Phe Val Asp Asn His Asp Thr Glu Pro Gly Gln Ala Leu Gln
325 330 335

Ser Trp Val Asp Pro Trp Phe Lys Pro Leu Ala Tyr Ala Phe Ile Leu
340 345 350

Thr Arg Gln Glu Gly Tyr Pro Cys Val Phe Tyr Gly Asp Tyr Tyr Gly
355 360 365

Ile Pro Gln Tyr Asn Ile Pro Ser Leu Lys Ser Lys Ile Asp Pro Leu
370 375 380

Leu Ile Ala Arg Arg Asp Tyr Ala Tyr Gly Thr Gln His Asp Tyr Leu
385 390 395 400

Asp His Ser Asp Ile Ile Gly Trp Thr Arg Glu Gly Val Thr Glu Lys
405 410 415
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Pro Gly Ser Gly Leu Ala Ala Leu Ile Thr Asp Gly Pro Gly Gly Ser
420 425 430

Lys Trp Met Tyr Val Gly Lys Gln His Ala Gly Lys Val Phe Tyr Asp
435 440 445

Leu Thr Gly Asn Arg Ser Asp Thr Val Thr Ile Asn Ser Asp Gly Trp
450 455 460

Gly Glu Phe Lys Val Asn Gly Gly Ser Val Ser Val Trp Val Pro Arg
465 470 475 480

Lys Thr Thr

<210> SEQ ID NO 18
<211> LENGTH: 1449
<212> TYPE: DNA

<213> ORGANISM: Bacillus licheniformis

<400> SEQUENCE: 18

acaaatctta atgggacgct gatgcagtat tttgaatggt acacgcccaa tgacggccaa 60
cattggaagc gtctgcaaaa cgactcggea tatttggetyg aacacggtat tactgecgte 120
tggattccee cggcatataa gggaacgage caagcggatyg tgggctacgyg tgcttacgac 180
ctttatgatt taggggagtt tcatcaaaaa gggacggttce ggacaaagta cggcacaaaa 240
ggagagctge aatctgcgat caaaagtcett cattcccgeg acattaacgt ttacggggat 300
gtggtcatca accacaaagg cggcgctgat gecgaccgaag atgtaaccgce ggttgaagtce 360
gatcccegetyg accgcaaccyg cgtaatttcee ggagaatacce taattaaagce ctggacacat 420
tttcatttte cggggegegg cagcacatac agecgatttta aatggcattg gtaccatttt 480
gacggaaccyg attgggacga gtcccgaaag ctgaaccgca tctataagtt tcaaggaaag 540
gettgggatt gggaagttte cagtgaaaac ggcaactatg attatttgat gtatgccgac 600
atcgattatg accatcctga tgtcgtagca gaaattaaga gatggggcac ttggtatgece 660
aatgagctcc aattggacgg tttccecgtctt gatgctgtca aacacattaa attttetttt 720
ttgcgggatt gggttaatca tgtcagggaa aaaacgggga aggaaatgtt tacggtaget 780
gaatattggce agaatgactt gggcgegetg gaaaactatt tgaacaaaac aaattttaat 840
cattcagtgt ttgacgtgcc gettcattat cagttccatg ctgcatcgac acagggaggce 900
ggctatgata tgaggaaatt gctgaacggt acggtegttt ccaagcatcc gttgaaatcg 960

gttacatttg tcgataacca tgatacacag ccggggcagt cgcttgagtc gactgtccaa 1020

acatggttta agccgcttge ttacgctttt attctcacaa gggaatctgg ataccctcag 1080

gttttctacg gggatatgta cgggacgaaa ggagactccc agcgcgaaat tcctgecttg 1140

aaacacaaaa ttgaaccgat cttaaaagcg agaaaacagt atgegtacgg agcacagcat 1200

gattatttcg accaccatga cattgtcggce tggacaaggg aaggcgacag ctcggttgca 1260

aattcaggtt tggcggcatt aataacagac ggacccggtg gggcaaagcg aatgtatgtce 1320

ggccggcaaa acgccggtga gacatggcat gacattacceg gaaaccgttce ggagecggtt 1380

gtcatcaatt cggaaggctg gggagagttt cacgtaaacg gcgggtcggt ttcaatttat 1440

gttcaaaga 1449

<210> SEQ ID NO 19
<211> LENGTH: 1458
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<212> TYPE: DNA
<213> ORGANISM: Bacillus stearothermophilus
<400> SEQUENCE: 19
geegecacegt ttaacggtac catgatgcag tattttgaat ggtacttgec ggatgatgge 60
acgttatgga ccaaagtggc caatgaagcc aacaacttat ccagecttgg catcaccget 120
ctttggetge cgccegetta caaaggaaca agecgcageg acgtagggta cggagtatac 180
gacttgtatyg acctcggcga attcaatcaa aaagggaccg tccgcacaaa atatggaaca 240
aaagctcaat atcttcaagc cattcaagcec geccacgecyg ctggaatgca agtgtacgece 300
gatgtcegtgt tcgaccataa aggcggcgcet gacggcacgg aatgggtgga cgecgtcgaa 360
gtcaatcegt ccgaccgcaa ccaagaaatc tcgggcacct atcaaatcca agcatggacy 420
aaatttgatt ttcecegggceg gggcaacacce tactccaget ttaagtggeyg ctggtaccat 480
tttgacggeg ttgattggga cgaaagccga aaattaagec gcatttacaa attcagggge 540
atcggcaaag cgtgggattg ggaagtagac acagaaaacg gaaactatga ctacttaatg 600
tatgccgace ttgatatgga tcatcccgaa gtegtgaceyg agctgaaaaa ctgggggaaa 660
tggtatgtca acacaacgaa cattgatggg ttccggettyg atgccgtcaa gcatattaag 720
ttcagttttt ttcctgattg gttgtcecgtat gtgegttetce agactggcaa gccgctattt 780
accgtegggg aatattggag ctatgacatc aacaagttge acaattacat tacgaaaaca 840
aacggaacga tgtctttgtt tgatgcccceg ttacacaaca aattttatac cgcttccaaa 900
tcagggggeg catttgatat gcgcacgtta atgaccaata ctctcatgaa agatcaaccyg 960

acattggccg tcaccttegt tgataatcat gacaccgaac ccggccaagce gcttcagtca 1020
tgggtcgacce catggttcaa accgttggct tacgccttta ttctaactcg gcaggaagga 1080
tacccgtgeg tettttatgg tgactattat ggcattccac aatataacat tecttegetg 1140
aaaagcaaaa tcgatccgcet cctcatcgcg cgcagggatt atgcttacgg aacgcaacat 1200
gattatcttg atcactccga catcatcggg tggacaaggg aaggggtcac tgaaaaacca 1260
ggatccggge tggccgcact gatcaccgat gggccgggag gaagcaaatg gatgtacgtt 1320
ggcaaacaac acgctggaaa agtgttctat gaccttaccg gcaaccggag tgacaccgtce 1380
accatcaaca gtgatggatg gggggaattc aaagtcaatg gcggttcggt ttecggtttgg 1440
gttcctagaa aaacgacc 1458
<210> SEQ ID NO 20

<211> LENGTH: 1539

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: EBS2 Encoding precursor form of AmyS control

<400> SEQUENCE: 20

gecgcacegt ttaacggtac catgatgcag tattttgaat ggtacttgec ggatgatgge 60
acgttatgga ccaaagtggce caatgaagcce aacaacttat ccagecttgg catcaccgcet 120
ctttggetge cgecegetta caaaggaaca agecgcageg acgtagggta cggagtatac 180
gacttgtatg acctcggcga attcaatcaa aaagggaccg tccgcacaaa atatggaaca 240
aaagctcaat atcttcaage cattcaagece geccacgeeg ctggaatgca agtgtacgece 300

gatgtcegtgt tcgaccataa aggeggeget gacggcacgg aatgggtgga cgecgtegaa 360
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gtcaatcegt ccgaccgcaa ccaagaaatc tcgggcacct atcaaatcca agcatggacy 420
aaatttgatt ttcecegggceg gggcaacacce tactccaget ttaagtggeyg ctggtaccat 480
tttgacggeg ttgactggga cgaaagccga aaattaagec gcatttacaa attcatcgge 540
aaagcgtggg attgggaagt agacacagaa aacggaaact atgactactt aatgtatgcce 600
gaccttgata tggatcatcce cgaagtcegtg accgagetga aaaactgggg gaaatggtat 660
gtcaacacaa cgaacattga tgggttccegg cttgatgcceg tcaagcatat taagttcagt 720
ttttttectg attggttgte gtatgtgcegt tctcagactg gcaageccget atttaccgte 780
ggggaatatt ggagctatga catcaacaag ttgcacaatt acattacgaa aacaaacgga 840
acgatgtctt tgtttgatgc cccgttacac aacaaatttt ataccgcttce caaatcaggg 900
ggcgcatttyg atatgcgcac gttaatgacc aatactctca tgaaagatca accgacattg 960

gccgtcacct tegttgataa tcatgacacc gaacccggec aagcgcttca gtcatgggte 1020
gacccatggt tcaaaccgtt ggcttacgcece tttattctaa ctcggcagga aggatacccyg 1080
tgcgtetttt atggtgacta ttatggcatt ccacaatata acattcctte gctgaaaagc 1140
aaaatcgatc cgctcecctcecat cgcgcgcagg gattatgett acggaacgca acatgattat 1200
cttgatcact ccgacatcat cgggtggaca agggaagggg tcactgaaaa accaggatcc 1260
gggetggeeyg cactgatcac cgatgggccg ggaggaagca aatggatgta cgttggcaaa 1320
caacacgctg gaaaagtgtt ctatgacctt accggcaacc ggagtgacac cgtcaccatc 1380
aacagtgatg gatgggggga attcaaagtc aatggcggtt cggtttcggt ttgggttect 1440
agaaaaacga ccgtttctac catcgctcgg ccgatcacaa cccgaccgtg gactggtgaa 1500
ttegteegtt ggaccgaacce acggttggtg gcatggect 1539
<210> SEQ ID NO 21

<211> LENGTH: 1449

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: sequence encoding 186 chimera

<400> SEQUENCE: 21

acaaatctta atgggacgct gatgcagtat tttgaatggt acacgcccaa tgacggccaa 60
cattggaagce gtctgcaaaa cgactcggea tatttggetg aacacggtat tactgecgte 120
tggattccce cggcatataa gggaacgage caageggatg tgggctacgg tgcttacgac 180
ctttatgatt taggggagtt tcatcaaaaa gggacggttc ggacaaagta cggcacaaaa 240
ggagagctge aatctgcgat caaaagtctt cattcccegeg acattaacgt ttacggggat 300
gtggtcatca accacaaagg cggcgctgat gcgaccgaag atgtaaccge ggttgaagtce 360
gatccegetyg accgcaacceg cgtaatttce ggagaatacce taattaaage ctggacacat 420
tttcatttte cggggegegg cagcacatac agegatttta aatggecattg gtaccatttt 480
gacggaaccg attgggacga gtcccgaaag ctgaaccgca tctataagtt tcaaggaaag 540
gettgggatt gggaagttga cacagaaaac ggaaactatg actacttaat gtatgecgac 600
cttgatatgg atcatcccga agtegtgace gagctgaaaa actgggggaa atggtatgte 660
aacacaacga acattgatgg gttccggett gatgecgtea agcatattaa gttcagtttt 720

tttcectgatt ggttgtegta tgtgegttet cagactggea ageegetatt taccgteggg 780
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gaatattgga gctatgacat caacaagttg cacaattaca ttacgaaaac aaacggaacg 840
atgtctttgt ttgatgcccce gttacacaac aaattttata ccgcttccaa atcagggggce 900
gcatttgata tgcgcacgtt aatgaccaat actctcatga aagatcaacc gacattggec 960

gtcacctteg ttgataatca tgacaccgag cccggccaag cgcttcagtce atgggtcgac 1020
ccatggttca aaccgttggce ttacgccttt attctaactc ggcaggaagg atacccgtgce 1080
gtcttttatg gtgactatta tggcattcca caatataaca ttccttecget gaaaagcaaa 1140
atcgatcecge tectcatcege gegcagggat tatgcttacg gaacgcaaca tgattatctt 1200
gatcactceyg acatcatcgg gtggacaagg gaaggggtca ctgaaaaacc aggatccggg 1260
ctggecgcac tgatcaccga tgggccggga ggaagcaaat ggatgtacgt tggcaaacaa 1320
cacgctggaa aagtgttcta tgaccttacc ggcaaccgga gtgacaccgt caccatcaac 1380
agtgatggat ggggggaatt caaagtcaat ggcggttcegg tttcecggtttg ggttectaga 1440
aaaacgacc 1449
<210> SEQ ID NO 22

<211> LENGTH: 1449

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: sequence encoding 187 chimera

<400> SEQUENCE: 22

acaaatctta atgggacgct gatgcagtat tttgaatggt acacgcccaa tgacggccaa 60
cattggaagce gtctgcaaaa cgactcggea tatttggetg aacacggtat tactgecgte 120
tggattccce cggcatataa gggaacgage caageggatg tgggctacgg tgcttacgac 180
ctttatgatt taggggagtt tcatcaaaaa gggacggttc ggacaaagta cggcacaaaa 240
ggagagctge aatctgcgat caaaagtctt cattcccegeg acattaacgt ttacggggat 300
gtggtcatca accacaaagg cggcgctgat gcgaccgaag atgtaaccge ggttgaagtce 360
gatccegetyg accgcaacceg cgtaatttce ggagaatacce taattaaage ctggacacat 420
tttcatttte cggggegegg cagcacatac agegatttta aatggecattg gtaccatttt 480
gacggaaccg attgggacga gtcccgaaag ctgaaccgca tctataagtt tcaaggaaag 540
gettgggatt gggaagtttc cacagaaaac ggaaactatg actacttaat gtatgecgac 600
cttgatatgg atcatcccga agtegtgace gagctgaaaa actgggggaa atggtatgte 660
aacacaacga acattgatgg gttccggett gatgecgtea agcatattaa gttcagtttt 720
tttcectgatt ggttgtegta tgtgegttet cagactggea ageegetatt taccgteggg 780
gaatattgga gctatgacat caacaagttyg cacaattaca ttacgaaaac aaacggaacg 840
atgtctttgt ttgatgeccce gttacacaac aaattttata cegettccaa atcaggggge 900
gecatttgata tgcgcacgtt aatgaccaat actctcatga aagatcaacc gacattggec 960

gtcacctteg ttgataatca tgacaccgag cccggccaag cgcttcagtce atgggtcgac 1020
ccatggttca aaccgttggce ttacgccttt attctaactc ggcaggaagg atacccgtgce 1080
gtcttttatg gtgactatta tggcattcca caatataaca ttccttecget gaaaagcaaa 1140
atcgatcecge tectcatcege gegcagggat tatgcttacg gaacgcaaca tgattatctt 1200

gatcactceg acatcatcgg gtggacaagyg gaaggggtca ctgaaaaacc aggatccggg 1260
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ctggecgcac tgatcaccga tgggccggga ggaagcaaat ggatgtacgt tggcaaacaa 1320
cacgctggaa aagtgttcta tgaccttacc ggcaaccgga gtgacaccgt caccatcaac 1380
agtgatggat ggggggaatt caaagtcaat ggcggttcegg tttcecggtttg ggttectaga 1440
aaaacgacc 1449
<210> SEQ ID NO 23

<211> LENGTH: 1449

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: sequence encoding 200 chimera

<400> SEQUENCE: 23

acaaatctta atgggacgct gatgcagtat tttgaatggt acacgcccaa tgacggccaa 60
cattggaagce gtctgcaaaa cgactcggea tatttggetg aacacggtat tactgecgte 120
tggattccce cggcatataa gggaacgage caageggatg tgggctacgg tgcttacgac 180
ctttatgatt taggggagtt tcatcaaaaa gggacggttc ggacaaagta cggcacaaaa 240
ggagagctge aatctgcgat caaaagtctt cattcccegeg acattaacgt ttacggggat 300
gtggtcatca accacaaagg cggcgctgat gcgaccgaag atgtaaccge ggttgaagtce 360
gatccegetyg accgcaacceg cgtaatttce ggagaatacce taattaaage ctggacacat 420
tttcatttte cggggegegg cagcacatac agegatttta aatggecattg gtaccatttt 480
gacggaaccg attgggacga gtcccgaaag ctgaaccgca tctataagtt tcaaggaaag 540
gettgggatt gggaagtttce cagtgaaaac ggcaactatg attatttgat gtatgecgac 600
cttgatatgg atcatcccga agtegtgace gagctgaaaa actgggggaa atggtatgte 660
aacacaacga acattgatgg gttccggett gatgecgtea agcatattaa gttcagtttt 720
tttcectgatt ggttgtegta tgtgegttet cagactggea ageegetatt taccgteggg 780
gaatattgga gctatgacat caacaagttyg cacaattaca ttacgaaaac aaacggaacg 840
atgtctttgt ttgatgeccce gttacacaac aaattttata cegettccaa atcaggggge 900
gecatttgata tgcgcacgtt aatgaccaat actctcatga aagatcaacc gacattggec 960

gtcacctteg ttgataatca tgacaccgag cccggccaag cgcttcagtce atgggtcgac 1020
ccatggttca aaccgttggce ttacgccttt attctaactc ggcaggaagg atacccgtgce 1080
gtcttttatg gtgactatta tggcattcca caatataaca ttccttecget gaaaagcaaa 1140
atcgatcecge tectcatcege gegcagggat tatgcttacg gaacgcaaca tgattatctt 1200
gatcactceyg acatcatcgg gtggacaagg gaaggggtca ctgaaaaacc aggatccggg 1260
ctggecgcac tgatcaccga tgggccggga ggaagcaaat ggatgtacgt tggcaaacaa 1320
cacgctggaa aagtgttcta tgaccttacc ggcaaccgga gtgacaccgt caccatcaac 1380
agtgatggat ggggggaatt caaagtcaat ggcggttcegg tttcecggtttg ggttectaga 1440
aaaacgacc 1449
<210> SEQ ID NO 24

<211> LENGTH: 1449

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:
<223> OTHER INFORMATION: sequence encoding 200SB chimera
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<400> SEQUENCE: 24

acaaatctta atgggacgct gatgcagtat tttgaatggt acacgcccaa tgacggccaa 60
cattggaagc gtctgcaaaa cgactcggca tatttggctg aacacggtat tactgccegtce 120
tggattccce cggcatataa gggaacgagce caagcggatg tgggctacgg tgcttacgac 180
ctttatgatt taggggagtt tcatcaaaaa gggacggttc ggacaaagta cggcacaaaa 240
ggagagctge aatctgcgat caaaagtctt cattcccgeg acattaacgt ttacggggat 300
gtggtcatca accacaaagg cggcgctgat gcgaccgaag atgtaaccgc ggttgaagtc 360
gatcccgetg accgcaaccg cgtaatttcec ggagaatacc taattaaagce ctggacacat 420
tttcattttc cggggcgegg cagcacatac agcgatttta aatggcattg gtaccatttt 480
gacggaaccg attgggacga gtcccgaaag ctgaaccgca tctataagtt tcaaggaaag 540
gcttgggatt gggaagttga cacagaaaac ggcaactatg attatttgat gtatgccgac 600
cttgatatgg atcatcccga agtcgtgacc gagctgaaaa actgggggaa atggtatgtce 660
aacacaacga acattgatgg gttccggctt gatgccgtca agcatattaa gttcagtttt 720
tttcctgatt ggttgtcgta tgtgcgttet cagactggeca agccgctatt taccgtceggg 780
gaatattgga gctatgacat caacaagttg cacaattaca ttacgaaaac aaacggaacg 840
atgtctttgt ttgatgcccce gttacacaac aaattttata ccgcttccaa atcagggggce 900
gcatttgata tgcgcacgtt aatgaccaat actctcatga aagatcaacc gacattggec 960

gtcacctteg ttgataatca tgacaccgag cccggccaag cgcttcagtce atgggtcgac 1020
ccatggttca aaccgttggce ttacgccttt attctaactc ggcaggaagg atacccgtgce 1080
gtcttttatg gtgactatta tggcattcca caatataaca ttccttecget gaaaagcaaa 1140
atcgatcecge tectcatcege gegcagggat tatgcttacg gaacgcaaca tgattatctt 1200
gatcactceyg acatcatcgg gtggacaagg gaaggggtca ctgaaaaacc aggatccggg 1260
ctggecgcac tgatcaccga tgggccggga ggaagcaaat ggatgtacgt tggcaaacaa 1320
cacgctggaa aagtgttcta tgaccttacc ggcaaccgga gtgacaccgt caccatcaac 1380
agtgatggat ggggggaatt caaagtcaat ggcggttcegg tttcecggtttg ggttectaga 1440
aaaacgacc 1449
<210> SEQ ID NO 25

<211> LENGTH: 1449

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: sequence encoding 202 chimera

<400> SEQUENCE: 25

acaaatctta atgggacgct gatgcagtat tttgaatggt acacgcccaa tgacggccaa 60
cattggaagce gtctgcaaaa cgactcggea tatttggetg aacacggtat tactgecgte 120
tggattccce cggcatataa gggaacgage caageggatg tgggctacgg tgcttacgac 180
ctttatgatt taggggagtt tcatcaaaaa gggacggttc ggacaaagta cggcacaaaa 240
ggagagctge aatctgcgat caaaagtctt cattcccegeg acattaacgt ttacggggat 300
gtggtcatca accacaaagg cggcgctgat gcgaccgaag atgtaaccge ggttgaagtce 360

gatccegetyg accgcaacceg cgtaatttce ggagaatacce taattaaage ctggacacat 420
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tttcattttc cggggcgegg cagcacatac agcgatttta aatggcattg gtaccatttt 480
gacggaaccg attgggacga gtcccgaaag ctgaaccgca tctataagtt tcaaggaaag 540
gcttgggatt gggaagtttc cagtgaaaac ggcaactatg attatttgat gtatgccgac 600
atcgatatgg atcatcccga agtcgtgacc gagctgaaaa actgggggaa atggtatgtce 660
aacacaacga acattgatgg gttccggctt gatgccgtca agcatattaa gttcagtttt 720
tttcctgatt ggttgtcgta tgtgcgttet cagactggeca agccgctatt taccgtceggg 780
gaatattgga gctatgacat caacaagttg cacaattaca ttacgaaaac aaacggaacg 840
atgtctttgt ttgatgcccce gttacacaac aaattttata ccgcttccaa atcagggggce 900
gcatttgata tgcgcacgtt aatgaccaat actctcatga aagatcaacc gacattggec 960

gtcacctteg ttgataatca tgacaccgag cccggccaag cgcttcagtce atgggtcgac 1020
ccatggttca aaccgttggce ttacgccttt attctaactc ggcaggaagg atacccgtgce 1080
gtcttttatg gtgactatta tggcattcca caatataaca ttccttecget gaaaagcaaa 1140
atcgatcecge tectcatcege gegcagggat tatgcttacg gaacgcaaca tgattatctt 1200
gatcactceyg acatcatcgg gtggacaagg gaaggggtca ctgaaaaacc aggatccggg 1260
ctggecgcac tgatcaccga tgggccggga ggaagcaaat ggatgtacgt tggcaaacaa 1320
cacgctggaa aagtgttcta tgaccttacc ggcaaccgga gtgacaccgt caccatcaac 1380
agtgatggat ggggggaatt caaagtcaat ggcggttcegg tttcecggtttg ggttectaga 1440
aaaacgacc 1449
<210> SEQ ID NO 26

<211> LENGTH: 1449

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: sequence encoding 202SB chimera

<400> SEQUENCE: 26

acaaatctta atgggacgct gatgcagtat tttgaatggt acacgcccaa tgacggccaa 60
cattggaagce gtctgcaaaa cgactcggea tatttggetg aacacggtat tactgecgte 120
tggattccce cggcatataa gggaacgage caageggatg tgggctacgg tgcttacgac 180
ctttatgatt taggggagtt tcatcaaaaa gggacggttc ggacaaagta cggcacaaaa 240
ggagagctge aatctgcgat caaaagtctt cattcccegeg acattaacgt ttacggggat 300
gtggtcatca accacaaagg cggcgctgat gcgaccgaag atgtaaccge ggttgaagtce 360
gatccegetyg accgcaacceg cgtaatttce ggagaatacce taattaaage ctggacacat 420
tttcatttte cggggegegg cagcacatac agegatttta aatggecattg gtaccatttt 480
gacggaaccg attgggacga gtcccgaaag ctgaaccgca tctataagtt tcaaggaaag 540
gettgggatt gggaagttga cacagaaaac ggcaactatg attatttgat gtatgecgac 600
atcgatatgg atcatcccga agtcegtgace gagctgaaaa actgggggaa atggtatgte 660
aacacaacga acattgatgg gttccggett gatgecgtea agcatattaa gttcagtttt 720
tttcectgatt ggttgtegta tgtgegttet cagactggea ageegetatt taccgteggg 780
gaatattgga gctatgacat caacaagttyg cacaattaca ttacgaaaac aaacggaacg 840

atgtctttgt ttgatgeccce gttacacaac aaattttata cegettccaa atcaggggge 900
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gcatttgata tgcgcacgtt aatgaccaat actctcatga aagatcaacc gacattggec 960
gtcacctteg ttgataatca tgacaccgag cccggccaag cgcttcagtce atgggtcgac 1020
ccatggttca aaccgttggce ttacgccttt attctaactc ggcaggaagg atacccgtgce 1080
gtcttttatg gtgactatta tggcattcca caatataaca ttccttecget gaaaagcaaa 1140
atcgatcecge tectcatcege gegcagggat tatgcttacg gaacgcaaca tgattatctt 1200
gatcactceyg acatcatcgg gtggacaagg gaaggggtca ctgaaaaacc aggatccggg 1260
ctggecgcac tgatcaccga tgggccggga ggaagcaaat ggatgtacgt tggcaaacaa 1320
cacgctggaa aagtgttcta tgaccttacc ggcaaccgga gtgacaccgt caccatcaac 1380
agtgatggat ggggggaatt caaagtcaat ggcggttcegg tttcecggtttg ggttectaga 1440
aaaacgacc 1449
<210> SEQ ID NO 27

<211> LENGTH: 1449

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: sequence encoding 228 chimera

<400> SEQUENCE: 27

acaaatctta atgggacgct gatgcagtat tttgaatggt acacgcccaa tgacggccaa 60
cattggaagce gtctgcaaaa cgactcggea tatttggetg aacacggtat tactgecgte 120
tggattccce cggcatataa gggaacgage caageggatg tgggctacgg tgcttacgac 180
ctttatgatt taggggagtt tcatcaaaaa gggacggttc ggacaaagta cggcacaaaa 240
ggagagctge aatctgcgat caaaagtctt cattcccegeg acattaacgt ttacggggat 300
gtggtcatca accacaaagg cggcgctgat gcgaccgaag atgtaaccge ggttgaagtce 360
gatccegetyg accgcaacceg cgtaatttce ggagaatacce taattaaage ctggacacat 420
tttcatttte cggggegegg cagcacatac agegatttta aatggecattg gtaccatttt 480
gacggaaccg attgggacga gtcccgaaag ctgaaccgca tctataagtt tcaaggaaag 540
gettgggatt gggaagtttce cagtgaaaac ggcaactatg attatttgat gtatgecgac 600
atcgattatg accatcctga tgtcegtagca gaaattaaga gatggggcac ttggtatgece 660
aatgagctcce aattggacgg tttecggett gatgecgtea agcatattaa gttcagtttt 720
tttcectgatt ggttgtegta tgtgegttet cagactggea ageegetatt taccgteggg 780
gaatattgga gctatgacat caacaagttyg cacaattaca ttacgaaaac aaacggaacg 840
atgtctttgt ttgatgeccce gttacacaac aaattttata cegettccaa atcaggggge 900
gecatttgata tgcgcacgtt aatgaccaat actctcatga aagatcaacc gacattggec 960

gtcacctteg ttgataatca tgacaccgag cccggccaag cgcttcagtce atgggtcgac 1020
ccatggttca aaccgttggce ttacgccttt attctaactc ggcaggaagg atacccgtgce 1080
gtcttttatg gtgactatta tggcattcca caatataaca ttccttecget gaaaagcaaa 1140
atcgatcecge tectcatcege gegcagggat tatgcttacg gaacgcaaca tgattatctt 1200
gatcactceyg acatcatcgg gtggacaagg gaaggggtca ctgaaaaacc aggatccggg 1260
ctggecgcac tgatcaccga tgggccggga ggaagcaaat ggatgtacgt tggcaaacaa 1320

cacgctggaa aagtgttcta tgaccttacc ggcaaccgga gtgacaccgt caccatcaac 1380
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agtgatggat ggggggaatt caaagtcaat ggcggttcegg tttcecggtttg ggttectaga 1440

aaaacgacc 1449

<210> SEQ ID NO 28

<211> LENGTH: 1449

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: sequence encoding 228SB chimera

<400> SEQUENCE: 28

gcgaatctta atgggacgcet gatgcagtat tttgaatggt acacgcccaa tgacggecaa 60
cattggaagce gtctgcaaaa cgactcggea tatttggetg aacacggtat tactgecgte 120
tggattccce cggcatataa gggaacgage caageggatg tgggctacgg tgcttacgac 180
ctttatgatt taggggagtt tcatcaaaaa gggacggttc ggacaaagta cggcacaaaa 240
ggagagctge aatctgcgat caaaagtctt cattcccegeg acattaacgt ttacggggat 300
gtggtcatca accacaaagg cggcgctgat gcgaccgaag atgtaaccge ggttgaagtce 360
gatccegetyg accgcaacceg cgtaatttce ggagaatacce taattaaage ctggacacat 420
tttcatttte cggggegegg cagcacatac agegatttta aatggecattg gtaccatttt 480
gacggaaccg attgggacga gtcccgaaag ctgaaccgca tctataagtt tcaaggaaag 540
gettgggatt gggaagttga cacagaaaac ggcaactatg attatttgat gtatgecgac 600
atcgattatg accatcctga tgtcegtagca gaaattaaga gatggggcac ttggtatgece 660
aatgagctcce aattggacgg tttecggett gatgecgtea agcatattaa gttcagtttt 720
tttcectgatt ggttgtegta tgtgegttet cagactggea ageegetatt taccgteggg 780
gaatattgga gctatgacat caacaagttyg cacaattaca ttacgaaaac aaacggaacg 840
atgtctttgt ttgatgeccce gttacacaac aaattttata cegettccaa atcaggggge 900
gecatttgata tgcgcacgtt aatgaccaat actctcatga aagatcaacc gacattggec 960

gtcacctteg ttgataatca tgacaccgag cccggccaag cgcttcagtce atgggtcgac 1020
ccatggttca aaccgttggce ttacgccttt attctaactc ggcaggaagg atacccgtgce 1080
gtcttttatg gtgactatta tggcattcca caatataaca ttccttecget gaaaagcaaa 1140
atcgatcecge tectcatcege gegcagggat tatgcttacg gaacgcaaca tgattatctt 1200
gatcactceyg acatcatcgg gtggacaagg gaaggggtca ctgaaaaacc aggatccggg 1260
ctggecgcac tgatcaccga tgggccggga ggaagcaaat ggatgtacgt tggcaaacaa 1320
cacgctggaa aagtgttcta tgaccttacc ggcaaccgga gtgacaccgt caccatcaac 1380
agtgatggat ggggggaatt caaagtcaat ggcggttcegg tttcecggtttg ggttectaga 1440
aaaacgacc 1449
<210> SEQ ID NO 29

<211> LENGTH: 1449

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: sequence encoding 249 chimera

<400> SEQUENCE: 29

acaaatctta atgggacgct gatgcagtat tttgaatggt acacgcccaa tgacggccaa 60
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cattggaagc gtctgcaaaa cgactcggea tatttggetyg aacacggtat tactgecgte 120
tggattccee cggcatataa gggaacgage caagcggatyg tgggctacgyg tgcttacgac 180
ctttatgatt taggggagtt tcatcaaaaa gggacggttce ggacaaagta cggcacaaaa 240
ggagagctge aatctgcgat caaaagtcett cattcccgeg acattaacgt ttacggggat 300
gtggtcatca accacaaagg cggcgctgat gecgaccgaag atgtaaccgce ggttgaagtce 360
gatcccegetyg accgcaaccyg cgtaatttcee ggagaatacce taattaaagce ctggacacat 420
tttcatttte cggggegegg cagcacatac agecgatttta aatggcattg gtaccatttt 480
gacggaaccyg attgggacga gtcccgaaag ctgaaccgca tctataagtt tcaaggaaag 540
gettgggatt gggaagttte cagtgaaaac ggcaactatg attatttgat gtatgccgac 600
atcgattatg accatcctga tgtcgtagca gaaattaaga gatggggcac ttggtatgece 660
aatgagctcc aattggacgg tttccecgtctt gatgctgtca aacacattaa attttetttt 720
ttgcgggatt gggttaatca tgtcaggtct cagactggea agccgctatt taccgteggg 780
gaatattgga gctatgacat caacaagttg cacaattaca ttacgaaaac aaacggaacyg 840
atgtctttgt ttgatgcccce gttacacaac aaattttata ccgcttccaa atcaggggge 900
gcatttgata tgcgcacgtt aatgaccaat actctcatga aagatcaacc gacattggec 960

gtcacctteg ttgataatca tgacaccgag cccggccaag cgcttcagtce atgggtcgac 1020
ccatggttca aaccgttggce ttacgccttt attctaactc ggcaggaagg atacccgtgce 1080
gtcttttatg gtgactatta tggcattcca caatataaca ttccttecget gaaaagcaaa 1140
atcgatcecge tectcatcege gegcagggat tatgcttacg gaacgcaaca tgattatctt 1200
gatcactceyg acatcatcgg gtggacaagg gaaggggtca ctgaaaaacc aggatccggg 1260
ctggecgcac tgatcaccga tgggccggga ggaagcaaat ggatgtacgt tggcaaacaa 1320
cacgctggaa aagtgttcta tgaccttacc ggcaaccgga gtgacaccgt caccatcaac 1380
agtgatggat ggggggaatt caaagtcaat ggcggttcegg tttcecggtttg ggttectaga 1440
aaaacgacc 1449
<210> SEQ ID NO 30

<211> LENGTH: 1449

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: sequence encoding 249SB chimera

<400> SEQUENCE: 30

acaaatctta atgggacgct gatgcagtat tttgaatggt acacgcccaa tgacggccaa 60
cattggaagce gtctgcaaaa cgactcggea tatttggetg aacacggtat tactgecgte 120
tggattccce cggcatataa gggaacgage caageggatg tgggctacgg tgcttacgac 180
ctttatgatt taggggagtt tcatcaaaaa gggacggttc ggacaaagta cggcacaaaa 240
ggagagctge aatctgcgat caaaagtctt cattcccegeg acattaacgt ttacggggat 300
gtggtcatca accacaaagg cggcgctgat gcgaccgaag atgtaaccge ggttgaagtce 360
gatccegetyg accgcaacceg cgtaatttce ggagaatacce taattaaage ctggacacat 420
tttcatttte cggggegegg cagcacatac agegatttta aatggecattg gtaccatttt 480

gacggaaccg attgggacga gtcccgaaag ctgaaccgca tctataagtt tcaaggaaag 540
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gettgggatt gggaagttga cacagaaaac ggcaactatg attatttgat gtatgccgac 600
atcgattatg accatcctga tgtcgtagca gaaattaaga gatggggcac ttggtatgece 660
aatgagctcc aattggacgg tttccecgtctt gatgctgtca aacacattaa attttetttt 720
ttgcgggatt gggttaatca tgtcaggtct cagactggea agccgctatt taccgteggg 780
gaatattgga gctatgacat caacaagttg cacaattaca ttacgaaaac aaacggaacyg 840
atgtctttgt ttgatgcccce gttacacaac aaattttata ccgcttccaa atcaggggge 900
gcatttgata tgcgcacgtt aatgaccaat actctcatga aagatcaacc gacattggec 960

gtcacctteg ttgataatca tgacaccgag cccggccaag cgcttcagtce atgggtcgac 1020
ccatggttca aaccgttggce ttacgccttt attctaactc ggcaggaagg atacccgtgce 1080
gtcttttatg gtgactatta tggcattcca caatataaca ttccttecget gaaaagcaaa 1140
atcgatcecge tectcatcege gegcagggat tatgcttacg gaacgcaaca tgattatctt 1200
gatcactceyg acatcatcgg gtggacaagg gaaggggtca ctgaaaaacc aggatccggg 1260
ctggecgcac tgatcaccga tgggccggga ggaagcaaat ggatgtacgt tggcaaacaa 1320
cacgctggaa aagtgttcta tgaccttacc ggcaaccgga gtgacaccgt caccatcaac 1380
agtgatggat ggggggaatt caaagtcaat ggcggttcegg tttcecggtttg ggttectaga 1440
aaaacgacc 1449
<210> SEQ ID NO 31

<211> LENGTH: 1449

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: sequence encoding 254 chimera

<400> SEQUENCE: 31

acaaatctta atgggacgct gatgcagtat tttgaatggt acacgcccaa tgacggccaa 60
cattggaagc gtctgcaaaa cgactcggea tatttggetyg aacacggtat tactgecgte 120
tggattccee cggcatataa gggaacgage caagcggatyg tgggctacgyg tgcttacgac 180
ctttatgatt taggggagtt tcatcaaaaa gggacggttce ggacaaagta cggcacaaaa 240
ggagagctge aatctgcgat caaaagtcett cattcccgeg acattaacgt ttacggggat 300
gtggtcatca accacaaagg cggcgctgat gecgaccgaag atgtaaccgce ggttgaagtce 360
gatcccegetyg accgcaaccyg cgtaatttcee ggagaatacce taattaaagce ctggacacat 420
tttcatttte cggggegegg cagcacatac agecgatttta aatggcattg gtaccatttt 480
gacggaaccyg attgggacga gtcccgaaag ctgaaccgca tctataagtt tcaaggaaag 540
gettgggatt gggaagttte cagtgaaaac ggcaactatg attatttgat gtatgccgac 600
atcgattatg accatcctga tgtcgtagca gaaattaaga gatggggcac ttggtatgece 660
aatgagctcc aattggacgg tttccecgtctt gatgctgtca aacacattaa attttetttt 720
ttgcgggatt gggttaatca tgtcagggaa aaaacgggga agccgctatt taccgteggg 780
gaatattgga gctatgacat caacaagttg cacaattaca ttacgaaaac aaacggaacyg 840
atgtctttgt ttgatgcccce gttacacaac aaattttata ccgcttccaa atcaggggge 900
gcatttgata tgcgcacgtt aatgaccaat actctcatga aagatcaacc gacattggec 960

gtcacctteg ttgataatca tgacaccgag cccggccaag cgcttcagtce atgggtcgac 1020
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ccatggttca aaccgttggce ttacgccttt attctaactc ggcaggaagg atacccgtgce 1080
gtcttttatg gtgactatta tggcattcca caatataaca ttccttecget gaaaagcaaa 1140
atcgatcecge tectcatcege gegcagggat tatgcttacg gaacgcaaca tgattatctt 1200
gatcactceyg acatcatcgg gtggacaagg gaaggggtca ctgaaaaacc aggatccggg 1260
ctggecgcac tgatcaccga tgggccggga ggaagcaaat ggatgtacgt tggcaaacaa 1320
cacgctggaa aagtgttcta tgaccttacc ggcaaccgga gtgacaccgt caccatcaac 1380
agtgatggat ggggggaatt caaagtcaat ggcggttcegg tttcecggtttg ggttectaga 1440
aaaacgacc 1449
<210> SEQ ID NO 32

<211> LENGTH: 1449

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: sequence encoding 254SB chimera

<400> SEQUENCE: 32

acaaatctta atgggacgct gatgcagtat tttgaatggt acacgcccaa tgacggccaa 60
cattggaagc gtctgcaaaa cgactcggea tatttggetyg aacacggtat tactgecgte 120
tggattccee cggcatataa gggaacgage caagcggatyg tgggctacgyg tgcttacgac 180
ctttatgatt taggggagtt tcatcaaaaa gggacggttce ggacaaagta cggcacaaaa 240
ggagagctge aatctgcgat caaaagtcett cattcccgeg acattaacgt ttacggggat 300
gtggtcatca accacaaagg cggcgctgat gecgaccgaag atgtaaccgce ggttgaagtce 360
gatcccegetyg accgcaaccyg cgtaatttcee ggagaatacce taattaaagce ctggacacat 420
tttcatttte cggggegegg cagcacatac agecgatttta aatggcattg gtaccatttt 480
gacggaaccyg attgggacga gtcccgaaag ctgaaccgca tctataagtt tcaaggaaag 540
gettgggatt gggaagttga cacagaaaac ggcaactatg attatttgat gtatgccgac 600
atcgattatg accatcctga tgtcgtagca gaaattaaga gatggggcac ttggtatgece 660
aatgagctcc aattggacgg tttccecgtctt gatgctgtca aacacattaa attttetttt 720
ttgcgggatt gggttaatca tgtcagggaa aaaacgggga agccgctatt taccgteggg 780
gaatattgga gctatgacat caacaagttg cacaattaca ttacgaaaac aaacggaacyg 840
atgtctttgt ttgatgcccce gttacacaac aaattttata ccgcttccaa atcaggggge 900
gcatttgata tgcgcacgtt aatgaccaat actctcatga aagatcaacc gacattggec 960

gtcacctteg ttgataatca tgacaccgag cccggccaag cgcttcagtce atgggtcgac 1020
ccatggttca aaccgttggce ttacgccttt attctaactc ggcaggaagg atacccgtgce 1080
gtcttttatg gtgactatta tggcattcca caatataaca ttccttecget gaaaagcaaa 1140
atcgatcecge tectcatcege gegcagggat tatgcttacg gaacgcaaca tgattatctt 1200
gatcactceyg acatcatcgg gtggacaagg gaaggggtca ctgaaaaacc aggatccggg 1260
ctggecgcac tgatcaccga tgggccggga ggaagcaaat ggatgtacgt tggcaaacaa 1320
cacgctggaa aagtgttcta tgaccttacc ggcaaccgga gtgacaccgt caccatcaac 1380
agtgatggat ggggggaatt caaagtcaat ggcggttcegg tttcecggtttg ggttectaga 1440

aaaacgacc 1449



US 2011/0097778 Al

56

-continued

Apr. 28,2011

<210> SEQ ID NO 33
<211> LENGTH: 1449

<212> TYPE

: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 33

acaaatctta

cattggaagc

tggattccece

ctttatgatt

ggagagctgc

gtggtcatca

gatccegety

tttcatttte

gacggaaccyg

gettgggatt

atcgattatg

aatgagctcc

ttgcgggatt

gaatattgga

atgtctttgt

gcatttgata

gtcacctteg

ccatggttca

gtcttttatg

atcgatcege

gatcactceyg

ctggeegeac

cacgctggaa

agtgatggat

aaaacgacc

atgggacgct

gtctgcaaaa

cggcatataa

taggggagtt

aatctgegat

accacaaagg

accgcaaccyg

¢ggggcgegy

attgggacga

gggaagttte

accatcctga

aattggacgg

gggttaatca

gctatgacat

ttgatgccce

tgcgcacgtt

ttgataatca

aaccgttgge

gtgactatta

tcctecatege

acatcatcgg

tgatcaccga

aagtgttcta

ggggggaatt

<210> SEQ ID NO 34
<211> LENGTH: 1449

<212> TYPE:

DNA

gatgcagtat

cgacteggea

gggaacgagc

tcatcaaaaa

caaaagtctt

cggegetgat

cgtaatttece

cagcacatac

gtcecgaaag

cagtgaaaac

tgtcgtagea

ttteegtett

tgtcagggaa

caacaagttg

gttacacaac

aatgaccaat

tgacaccgag

ttacgcettt

tggcattcca

gcgcagggat

gtggacaagg

tgggccggga

tgaccttace

caaagtcaat

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 34

tttgaatggt

tatttggety

caagcggatyg

gggacggttc

cattcecegeg

gegaccgaag

ggagaatacc

agcgatttta

ctgaaccgca

ggcaactatg

gaaattaaga

gatgctgtca

aaaacgggga

cacaattaca

aaattttata

actctcatga

cceggecaag

attctaactc

caatataaca

tatgcttacg

gaaggggtca

ggaagcaaat

ggcaaccgga

ggcggttegg

sequence encoding 259 chimera

acacgcccaa

aacacggtat

tgggctacgg

ggacaaagta

acattaacgt

atgtaaccge

taattaaagc

aatggcattg

tctataagtt

attatttgat

gatggggcac

aacacattaa

aggaaatgtt

ttacgaaaac

ccgettecaa

aagatcaacc

cgcttecagte

dgcaggaagg

ttectteget

gaacgcaaca

ctgaaaaacc

ggatgtacgt

gtgacaccgt

ttteggtttyg

tgacggccaa
tactgcegte
tgcttacgac
cggcacaaaa
ttacggggat
ggttgaagte
ctggacacat
gtaccatttt
tcaaggaaag
gtatgccgac
ttggtatgee
attttctttt
tacggtaggg
aaacggaacg
atcagggggce
gacattggce
atgggtcgac
ataccegtge
gaaaagcaaa
tgattatctt
aggatccggyg
tggcaaacaa
caccatcaac

ggttcctaga

sequence encoding 259SB chimera

acaaatctta atgggacgct gatgcagtat tttgaatggt acacgcccaa tgacggccaa

cattggaagce gtctgcaaaa cgactcggea tatttggetg aacacggtat tactgecgte

tggattccce cggcatataa gggaacgage caageggatg tgggctacgg tgcttacgac

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1449

60

120

180
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-continued
ctttatgatt taggggagtt tcatcaaaaa gggacggttce ggacaaagta cggcacaaaa 240
ggagagctge aatctgcgat caaaagtcett cattcccgeg acattaacgt ttacggggat 300
gtggtcatca accacaaagg cggcgctgat gecgaccgaag atgtaaccgce ggttgaagtce 360
gatcccegetyg accgcaaccyg cgtaatttcee ggagaatacce taattaaagce ctggacacat 420
tttcatttte cggggegegg cagcacatac agecgatttta aatggcattg gtaccatttt 480
gacggaaccyg attgggacga gtcccgaaag ctgaaccgca tctataagtt tcaaggaaag 540
gettgggatt gggaagttga cacagaaaac ggcaactatg attatttgat gtatgccgac 600
atcgattatg accatcctga tgtcgtagca gaaattaaga gatggggcac ttggtatgece 660
aatgagctcc aattggacgg tttccecgtctt gatgctgtca aacacattaa attttetttt 720
ttgcgggatt gggttaatca tgtcagggaa aaaacgggga aggaaatgtt tacggtaggg 780
gaatattgga gctatgacat caacaagttg cacaattaca ttacgaaaac aaacggaacyg 840
atgtctttgt ttgatgcccce gttacacaac aaattttata ccgcttccaa atcaggggge 900
gcatttgata tgcgcacgtt aatgaccaat actctcatga aagatcaacc gacattggec 960

gtcacctteg ttgataatca tgacaccgag cccggccaag cgcttcagtce atgggtcgac 1020
ccatggttca aaccgttggce ttacgccttt attctaactc ggcaggaagg atacccgtgce 1080
gtcttttatg gtgactatta tggcattcca caatataaca ttccttecget gaaaagcaaa 1140
atcgatcecge tectcatcege gegcagggat tatgcttacg gaacgcaaca tgattatctt 1200
gatcactceyg acatcatcgg gtggacaagg gaaggggtca ctgaaaaacc aggatccggg 1260
ctggecgcac tgatcaccga tgggccggga ggaagcaaat ggatgtacgt tggcaaacaa 1320
cacgctggaa aagtgttcta tgaccttacc ggcaaccgga gtgacaccgt caccatcaac 1380
agtgatggat ggggggaatt caaagtcaat ggcggttcegg tttcecggtttg ggttectaga 1440
aaaacgacc 1449
<210> SEQ ID NO 35

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: primer Fred550-F

<400> SEQUENCE: 35

aaccgceggtt gaagtcgatce cc 22
<210> SEQ ID NO 36

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: primer Fredél0-R

<400> SEQUENCE: 36

ccecggaaaat gaaaatgtgt cce 22
<210> SEQ ID NO 37

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:
<223> OTHER INFORMATION: primer Ethyl 1130-F
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-continued

<400> SEQUENCE: 37

cgcacgttaa tgaccaatac tc

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 38

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: primer Ethyl 1190-R

<400> SEQUENCE: 38

gettggeegg geteggtgte at

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 39

LENGTH: 40

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: primer SS187DT-200etc fwd
<400>

SEQUENCE: 39

gettgggatt gggaagttga cacagaaaac ggcaactatg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 40

LENGTH: 40

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: primer SS187DT-200etc rev
<400>

SEQUENCE: 40

catagttgce gttttetgtg tcaacttece aatcccaage

22

22

40

40

What is claimed is:

1. A chimeric polypeptide having a length of about 480-
515 amino acid residues, the chimeric polypeptide having (a)
an amino-terminal domain comprising 180 or more contigu-
ous amino acid residues of an N-terminal portion of an AmylL.
amylase, and (b) a carboxy-terminal domain comprising a
carboxy-terminal portion of an AmyS amylase; with the pro-
viso that the chimeric polypeptide is not a wild-type AmyL
amylase or AmyS amylase, and wherein said chimeric
polypeptide has enhanced thermostability relative at least to
the AmyS amylase.

2. The chimeric polypeptide of claim 1 comprising at least
one substituted amino acid residue in the amino-terminal
domain, relative to the AmyL amylase, so as to provide at
least a part of a stabilizing structure that enhances thermosta-
bility of the polypeptide.

3. The chimeric polypeptide of claim 2, wherein the stabi-
lizing structure is a salt bridge formed, at least in part, by the
substituted amino acid residue.

4. The chimeric polypeptide of claim 2, wherein the sub-
stituted amino acid residue corresponds to position 187 or
188, or both, in the AmyL. or AmyS amylase.

5. The chimeric polypeptide of claim 4, wherein an Asp
residue and a Thr residue are substituted in the chimeric
polypeptide for two consecutive Ser residues in the AmyL
amylase.

6. The chimeric polypeptide of claim 1, wherein the AmyL.
amylase has the amino acid sequence of SEQ ID NO: 1.

7. The chimeric polypeptide of claim 1, wherein the AmyS
amylase has the amino acid sequence of SEQ ID NO: 2.

8. The chimeric polypeptide of claim 1 having at least
about 95% sequence identity to any of SEQ ID NOS: 1-17,
with the proviso that the chimeric polypeptide is not SEQ ID
NOS: 1or2.

9. The chimeric polypeptide of claim 8 wherein an Asp
residue and a Thr residue are substituted in the chimeric
polypeptide for two consecutive Ser residues at position 187
in the AmyL, amylase.

10. The chimeric polypeptide of claim 1 comprising a
catalytic activity of an a.-amylase that retains at least 50% of
its activity after incubation at 95° C. for 30 minutes.

11. The chimeric polypeptide of claim 10 that retains at
least about 60% of its catalytic activity after incubation at 95°
C. for 60 minutes.

12. The chimeric polypeptide of claim 11 which retains at
least about 80% of its catalytic activity after incubation at 95°
C. for 60 minutes.

13. The chimeric polypeptide of claim 1 comprising a
catalytic activity of an a-amylase that has greater specific
activity than the Amyl. amylase.

14. A thermostable chimeric a-amylase comprising an
N-terminal portion and a C-terminal portion; the N-terminal
portion comprising a contiguous amino acid sequence from
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an N-terminal portion of an AmyL. amylase, and the C-termi-
nal portion comprising a contiguous amino acid sequence
from a C-terminal portion of an AmyS amylase; wherein the
chimeric a-amylase has a specific activity greater than the
AmyL amylase, and greater thermostability at 95° C. than the
AmyS amylase, and having a primary amino acid sequence
that is about 475-520 residues long.

15. The chimeric amylase of claim 14 which, when used in
aliquefaction process for a starch slurry, has about equivalent
peak viscosity reduction of the starch slurry as AmyS amylase
in a comparable liquefaction process, and reduces final vis-
cosity of the starch slurry as well as the AmyL amylase in a
comparable liquefaction process.

16. The chimeric amylase of claim 15 that retains at least
50% of its specific activity after incubation at 95° C. for 30
minutes.

17. The chimeric amylase of claim 16 that retains at least
80% of it specific activity after incubation at 95° C. for 60
minutes.

18. The chimeric amylase of claim 15, wherein the AmyL.
amylase has the sequence of SEQ ID NO: 1 and the AmyS
amylase has the sequence of SEQ ID NO: 2.

19. The chimeric amylase of claim 17 having at least about
95% sequence identity to any of SEQ ID NOS: 1-17, with the
proviso that the chimeric amylase is not SEQ ID NO: 1 or 2.

20. The chimeric amylase of claim 19 further comprising at
least one substituted amino acid residue in the N-terminal
domain, relative to the AmyL amylase, so as to provide at
least a part of a stabilizing structure that enhances thermosta-
bility of the polypeptide.

21. The chimeric polypeptide of claim 20, wherein the
stabilizing structure is a salt bridge formed, at least in part, by
the substituted amino acid residue.

22. The chimeric polypeptide of claim 21, wherein the
substituted amino acid residue corresponds to position 187 or
188 or both in the AmyL or AmyS amylase.

23. The chimeric polypeptide of claim 22, wherein an Asp
residue and a Thr residue are substituted in the chimeric
polypeptide for two consecutive Ser residues in the AmyL
amylase.

24. A composition comprising one or more of:

a chimeric polypeptide having a length of about 480-515
amino acid residues, having an amino-terminal domain
comprising about 180 or more contiguous amino acid
residues of an N-terminal portion of an AmyL. amylase,
and a carboxy-terminal domain comprising a carboxy-
terminal portion of an AmyS amylase; said chimeric
polypeptide having enhanced thermostability relative at
least to the AmyS amylase; or

a thermostable chimeric ai-amylase about 475-520 amino
acid residues long, having an N-terminal portion com-
prising a contiguous amino acid sequence from an N-ter-
minal portion of an AmyL. amylase, and a C-terminal
portion comprising a contiguous amino acid sequence
from a C-terminal portion of an AmyS amylase, said
chimeric a-amylase having a specific activity greater
than the Amyl. amylase and greater thermostability at
95° C. than the AmyS amylase; or

a combination thereof.

25. The composition of claim 24 further comprising one or
more additional polypeptides.

26. The composition of claim 25, wherein the one or more
additional polypeptides is an enzyme.
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27. The composition of claim 24 that includes one or more
detergents or cleaning agents.

28. The composition of claim 24 that is formulated for use
in food or food processes.

29. A food-grade lyophilized composition comprising the
composition of claim 24.

30. A polynucleotide encoding:

a chimeric polypeptide having a length of about 480-515
amino acid residues, and having an amino-terminal
domain comprising about 180 or more contiguous
amino acid residues of an N-terminal portion of an
AmyL. amylase, and a carboxy-terminal domain com-
prising a carboxy-terminal portion of an AmyS amylase;
said chimeric polypeptide having enhanced thermosta-
bility relative at least to the AmyS amylase; or

a thermostable chimeric a-amylase about 475-520 amino
acid residues long, and having an N-terminal portion
comprising a contiguous amino acid sequence from an
N-terminal portion of an AmyL. amylase, and a C-termi-
nal portion comprising a contiguous amino acid
sequence from a C-terminal portion of an AmyS amy-
lase, said chimeric a-amylase having a specific activity
greater than the AmyL. amylase, and greater thermosta-
bility at 95° C. than the AmyS amylase.

31. The polynucleotide of claim 30 that encodes a polypep-
tide having at least about 95% sequence identity to any of
SEQ ID NOS: 1-17, with the proviso that said polypeptide is
not SEQ ID NO: 1 or 2.

32. The polynucleotide of claim 31, wherein the codon
usage is optimized for expression of the chimeric polypeptide
in a microorganism or a plant.

33. A vector comprising the polynucleotide of claim 32.

34. A bacterial cell comprising the vector of claim 33,
wherein the vector is an expression vector.

35. A host cell that expresses the polynucleotide of claim
30.

36. The host cell of claim 35, wherein the host cell is a
bacteria or a plant.

37. The host cell of claim 36 that is from an organism
acceptable for the production of food processing aids.

38. Thehostcell of claim 35 thatis a Bacillus licheniformis,
Bacillus subtilis, or Bacillus stearothermophilus.

39. The host cell of claim 36, wherein the host cell is a plant
and the plant is used for ethanol production.

40. A method of producing a composition comprising a
chimeric polypeptide or a thermostable c-amylase the
method comprising:

utilizing a host cell selected from the group consisting of
Bacillus licheniformis, B. subtilis, and B. stearothermo-
philus, for a fermentation process wherein a protein is
expressed, said protein comprising:

(a) a chimeric polypeptide having a length of about
480-515 amino acid residues, having an amino-termi-
nal domain comprising about 180 or more contiguous
amino acid residues of an N-terminal portion of an
AmyL amylase, and a carboxy-terminal domain com-
prising a carboxy-terminal portion of an AmyS amy-
lase; said chimeric polypeptide having enhanced ther-
mostability relative at least to the AmyS amylase; or

(b) a thermostable chimeric a-amylase about 475-520
amino acid residues long, having an N-terminal por-
tion comprising a contiguous amino acid sequence
from an N-terminal portion of an AmyL. amylase, and
a C-terminal portion comprising a contiguous amino
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acid sequence from a C-terminal portion of an AmyS

amylase, said chimeric a-amylase having a specific

activity greater than the AmyL. amylase and greater

thermostability at 95° C. than the AmyS amylase, and

at least partially purifying the expressed polypeptide,
thereby producing the composition.

41. The method of claim 40, wherein the fermentation
process is a fed-batch fermentation process.

42. The method of claim 40 further comprising the step of
further purifying the polypeptide expressed to make a purified
composition having no genotoxic potential in in vitro assays;
and no toxic effects in acute and sub-chronic dosing studies in
animals.

43. The method of claim 42, wherein the purified compo-
sition comprises not more than 40 ppm total heavy metals, not
more than 5 ppm arsenic, not more than 10 ppm lead, not
more than 5x104 total viable organisms (CFU/g), not more
than 30 coliforms (CFU/g), and no detectable Sal/monella,
mycotoxins or antibacterial activity by standard tests.

44. The method of claim 40, wherein the composition
comprises more than one a-amylase activity.

45. A method of liquetying a starch slurry comprising:

making a slurry comprising a starch,

heating the slurry to an acceptable temperature for lique-

faction,

adding to the slurry, a composition comprising one or more

of:

a chimeric polypeptide having a length of about 480-515
amino acid residues, having an amino-terminal
domain comprising about 180 or more contiguous
amino acid residues of an N-terminal portion of an
AmyL amylase, and a carboxy-terminal domain com-
prising a carboxy-terminal portion of an AmyS amy-
lase; said chimeric polypeptide having enhanced ther-
mostability relative at least to the AmyS amylase; or
thermostable chimeric a-amylase about 475-520
amino acid residues long, having an N-terminal por-
tion comprising a contiguous amino acid sequence
from an N-terminal portion of an AmyL. amylase, and
a C-terminal portion comprising a contiguous amino
acid sequence from a C-terminal portion of an AmyS
amylase, said chimeric a-amylase having a specific
activity greater than the Amyl. amylase, and greater
thermostability at 95° C. than the AmyS amylase, or

a combination thereof, and

incubating the slurry with the composition for a time and at

a temperature sufficient to liquefy the starch slurry.

46. The method of claim 26, wherein the addition of the
composition

reduces the peak viscosity of the slurry as well as the

addition of an AmyS amylase used in a comparable

liquefaction, and

reduces the final viscosity of the slurry as well as the

addition of an AmyL amylase used in a comparable

liquefaction.

47. The method of claim 46, wherein the temperature is at
least about 80° C. to about 100° C.

60
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48. The method of claim 45, wherein the slurry comprises
about 15-40% starch on a dry-weight basis.

49. The method of claim 48, wherein the liquefaction is
part of a fermentation.

50. The method of claim 49, wherein the fermentation is
used to produce a food product, a food additive, a fuel, or a
fuel additive.

51. The method of claim 50, wherein the fuel or fuel addi-
tive is an alcohol.

52. The method of claim 51, wherein the alcohol is ethanol.

53. Amethod of cleaning a surface to remove starch residue
comprising the steps of providing a surface that has starch
residue to be removed, contacting the surface with a compo-
sition of claim 24, for a time and at a temperature sufficient to
result in removal of the starch residue.

54. The method of claim 53, wherein the composition
comprises one or more of a protease, a lipase, an additional
amylase, or a combination thereof.

55. The method of claim 54 further comprising a step of
rinsing or bulk removal of residue prior to the contacting step.

56. The method of claim 53, wherein the temperature dur-
ing the contacting step reaches at least 50-100° C.

57. A method of treating a woven material that has been
previously subjected to contact with a coating comprising
starch or a starch-derivative, the method comprising contact-
ing the woven material with a solution comprising a compo-
sition according to claim 24 for a time and under conditions
sufficient to substantially remove the coating from the woven
material.

58. The method of claim 57, wherein the woven material is
a fabric.

59. The method of claim 57, wherein the contacting step is
performed at a pressure that is greater then ambient atmo-
spheric pressure.

60. A kit for facilitating liquefaction of starch slurry, said
kit comprising at least one of:

a chimeric polypeptide having a length of about 480-515
amino acid residues, and comprising an amino-terminal
domain comprising about 180 or more contiguous
amino acid residues of an N-terminal portion of an
AmyL. amylase, and a carboxy-terminal domain com-
prising a carboxy-terminal portion of an AmyS amylase;
said chimeric polypeptide having enhanced thermosta-
bility relative at least to the AmyS amylase; or

a thermostable chimeric a-amylase about 475-520 amino
acid residues long, and comprising an N-terminal por-
tion comprising a contiguous amino acid sequence from
an N-terminal portion of an AmyL amylase, and a C-ter-
minal portion comprising a contiguous amino acid
sequence from a C-terminal portion of an AmyS amy-
lase, said chimeric a-amylase having a specific activity
greater than the AmyL. amylase and greater thermosta-
bility at 95° C. than the AmyS amylase, and

instructions for use of the kit in the liquefaction of a starch
slurry.



