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A

ATGATCTATTTTGTTGAGAAATACCACACCTCAGAAGACAAATCCACAAGCAATACCTC
CTCAACCCCCCCTCAAACGACACTTAGCACAACAAAGGTTCTCAAAATTCGGTATCCTG
ACGACGQCGAATGGCCTGGCGCTCCCATACGACAAAGACGGCGACGGAAATCCTGAGTTC
TATATCGAAATCAACCTCTGGAACATACTCAACGCGACTGGATTCGCACAGATGACCTA
TAACTTGACATCTGGCGTTCTCCATTACGTTCAACAACTCGATAATATCGTTCTCCGCG
ATCGCTCAAACTGGGTACATGGCTATCCTGARATTTTTTACGGCAATARAACCCTGGAAC
GCCGAATTATGCCACCGACGBLCCGATCCCTCTCCCCAGTAAAGTTTCCAATCTCACAGA
CTTTTACTTGACTATCTCCTACAAGCTTGAACCAAAGAACGGACTCCCTATARATTITG
CRATCGAATCTTGGCTTACTAGACAAGCATGGCGCACTACTGGAATCAACTCCGATGAR
CAGGAAGTAATGATCTGGATTTACTATGACGGACTCCAACCAGCCGGTTCCAAGGETGAA
AGAAATCGTTGTACCTATAATCGTTAATGGCACCCCAGTTAATGCTACCTTCGAAGTGT
GCAAAGCTAATATCGGATGGCAATACGTTGCCTTTAGAATCAAGACACCAATTAAAGAA
GGAACCGTGACAATCCCCTACGCETGCATTCATTACGCCTAGCTGCTAACATTTCTTCCCT
CCCAAATTACACAGAACTTTACCTCGGAAGACGTTGAGATAGGCACAGAGTTTGCAACAL
CTTCAACTACTAGCGCACATCTCGAATGGTGGATTACTAACATTACCCTCACCCCACTT
GATCGTCCCCTGATCTCC

B.

MIYFVEKYHTSEDKSTSNTSSTPPQTTLSTTKVLKIRYPDDGEWPGAPIDKDGDGNPEF
YIEINLWNILNATGFAEMTYNLTSGVLHYVQQLDNIVLRDRSNWVHGYPETFYGNKEWN
ANYATDGPIPLPSKVSNLTDFYLTISYKLEPKNGLPINFAIESWLTREAWRTTGINSDE
QEVMIWIYYDGLQPAGSKVKEIVVPIIVNGTPVNATFEVWKANIGWEYVAFRIKTPIKE
GIVITIPYGAFISVAANISSLPNYTELYLEDVEIGTEFGTPSTTSAHLENWITNITLTPL
DRPLIS

Figure 1A-B
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A.

ATGAGGTGGGTAGTTCTTCTGATGGTGGCGTTTTCTGCTCTGCTCTTTTCCTCCGAGET
GGTTCTCACGAGCGTTGGCGCAGCGGATATCTCCTTCAACGGATT TCCCGTCACCATGE
ACCTCAACTTCTGGAACATAAAGTCGTATCAGGGAGAAACGTGECTCAAATTCGATGGA
CAAANGCTTGAGTTCTACGCCGGATTTCGTACAACATCGTTCTTCAGAATCCAGACAGCTG
GGTGCATGGATATCCGGAGATCTACTACGGTTACAAGCCCTGGGCGAGTCACARCAGLG
GTGTTGAATTTCTTCCTGTGAAGGTGARAGATCTTCCGGATT TCTACGTGACTCTTGAT
TACTCGATCTGGTACGAAAACAATCTGCCTATCAACCTTGCAATGGARNCATGGATCAL
GAAAAGCCCCGACCAGACTTCTGTTTCTTCGGGTGATGLGGAGATCATGGTTTGETTTT
ACAACAACCTTCTGATCCCCCUCGGTCAGARACTGGATCGACTTCACCACARCAGTTGAG
ATAAACGGAGTGAAGCAGGAAGCAARAATGGGATGTTTACTTCGCACCGTGGAGCTGGGA
TTACCTTGCCTTCAGACTGACAACACCGATGARAGAAGGAAAGBTGAAGTTCAACGTGA
AGGACTTCGTTCAGAAAGCCCGCGGAAGTTGTCAAAAAGCACTCAACGAGAATAGACAAT
TTCGAAGAGCTGTATTTCTGCGTCTGGGAGATCGGGACGGAATTTGGAGATCCAAACAL
AACAACCGGCAARATTCGGCTCGACCTTCAAAGACTTCTTCGTCGAAGTTGTAAAATAA

B.

MRWVVLLMVAFSALLFSSEVVLTSVGAADI SFNGFPVIMELNFWNIKSYEGETWLKEFDG
EKVEFYADLYNIVLONPDSWVHCGYPEIYYGYKPWASHNSGVEFLPVKVKDLPDFYVTLD
YSIWYENNLPINLAMETWITKSPDQTSVSSGDAEIMVWFYNNVLMPGGOKVDEFITTVE
INGVKQEAKWDVYFAPWSWDYLAFRLTTPMKEGKVKENVKDFVOKAAEVVKKHSTRIDN
FEELYFCVWEIGTEFGDPNTTTAKFGWTFKDFFVEVVK

Figure 2A-B
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A,

ATGCAGGGGAATACTATTCTTAARATCCTACTAATTTGCACTATTTTAGCAGGCCTATT
CGGGCAAGTCGTGCCAGTATATGCAGAAAATACAACATATCAAACACCGACTGGAATTT
ACTACGAAGTCGAGAGGAGATACCGATATACATGATTAATGTCACCAGTGGAGAGGAAACT
CCCATTCATCTCTTTGGTCTAAACTGCOTTTGGCTTTCAAACACCTAATCATGTAGTGCA
CGGACTTTGGAAGAGAAACTGGGAAGACATGCTTCTTCACGATCAAAAGCTTAGGCTTCA
ATGCAATAAGACTTCCTTTCTGTACTGAGTCTGTAARACCAGCGAACACAACCAATTGGA
ATAGATTACAGTAAARATCCAGATCTTCGTCGGACTAGATAGCCTACAGATTATGGARAA
GATCATAAAGAAGGCCGCGAGATCTTGGTATCTTTGTICTTACTCCGACTATCATAGGATAG
GATGCACTCACATAGAACCCCTCTGETACACGGAACGACTTCTCAGAGGAAGACTTTATT
AACACATGGATAGAGGTTGCCAAAAGGTTCGGTAAGTACTGGAACGTAATAGGGGCTGA
TCTAAAGAATGAGCCTCATAGTGTTACCTCACCCCCAGCTGCTTATACAGATGGTACCG
GGGCTACATGGGGTATGGGARAACCCTGCAACCGATTIGGAACTTGGCGGCTGAGAGGATA
GGAAAAGCGATTCTGARAGGTTGCCCCTCATTGGTTGATATTCGTGGAGGGGACACAATT
TACTAATCCCGAAGACTGACAGTAGTTACAAATGOGGGCTACAACGCTTGGTGGGGAGGAA
ATCTAATGGCCGTAAAGCGATTATCCAGTTAACTTACCTAGGAATAAGCTAGTATACAGC
CCTCACGTATATGGGCCAGATGTCTATAATCAACCCGTACTTTGGTCCCGCTAAGGGTTT
TCCGCATAATCTTCCAGATATCTGGTATCACCACTTTGGATACGTARAATTAGAACTAG
GATATTCAGTTGCTAATAGGAGACTTTGCAGCAAARATATGCCCATCGAGGCGATCCAAGG
GATGTTATATGGCAAAATAAGCTAGTTCATTGCATGATAGAGAATAAATTTTGTGATTT
CTTTTACTGGAGCTGGAATCCAGATAGTCGAGATACCGGAGGCGATTCTACAGGATGATT
GGACAACAATATGGGAAGATAAGTATAATAACCTGAAGAGATTGATGCGATAGTTGTTCC
AAAAGTTCTTCAAGTACTCAATCCGTTATTCGCGAGTACCACCCCTACAAAGTCAAATAC
AAGTAAGAAGATTTGTGCGACCAGCAATTCTTATCATCCTAGCAGTATTCTCTCTTCTCT
TAAGAAGGGCTCCCAGGTAG

B.

MEGNTILKIVLICTILAGLFGQVVPVYAENTTYQTPTGIYYEVRGDTIYMINVISGEET
PIHLFGVNWFGFETPNHVVHGLWKRNWEDMLLQIKSLGFNAIRLPFCTESVKPGTQFPIG
IDYSKNPDLRGLDSLQIMEKITKKAGDLGIFVLLDYHRIGCTHIEPLWYTEDFSEEDFI
NTWIEVAKRFGKYWNVIGADLKNEPHSVTSPPARYTDGTGATWGMGNPATDWNLAAERT
GKAILKVAPHWLIFVEGTQFTNPKTDSSYKWGYNAWWGGNLMAVKDY PVNLPRNKLVYS
PHVYGPDVYNQPYFGPAKGFPDNLPDIWYHHFGYVKLELGYSVVIGEFGGKYGHGGDPR
DVIWONKLVDWMIENKFCDFFYWSWNPDSGDTGGILODDWITTIWEDKYNNLKRLMDSCS
KSSSSTQOSVIRSTTPTKSNTSKKICGPAILIILAVFSLLLRRAPR

Figure 3A-B
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A.

ATGGAAATCAAGCTCTTCTGCGTCTTTATCGTCTTCATCATCCTCTTCTCCCCTTTCGT
GATTGCACTCTCGTATCCAGATCGTTAACTATACTGCCCGAGAATGGTATTATCTTCGTGC
AGAACGTCACTACGGGTGAGAAGAAGCCACTTTATCTTCACGGAGTGTCATGETTTGGA
TTCGAGCTGAAGCACCACGTCGTCTATCCCTTGCATAAACGCAACTGGAAAGATATACT
CAAGGATGTTAAGCGCTTGGGTTTTAATGCTATCAGGCTTCCCTTCTGCTCTGAAAGCA
TCCGCCCTGATACGCGCCCTTCGCCTGAGCGGATAAACTACGAGTTGAACCCCGACTTG
AAGAATCTGACTTCCCTCGAAATAATGCAGAAGATTATTGAATACGCCAACTCAATCGEG
GCTCTACATACTCTTGCATTATCACCGCATCGCGTTCTGAGGAGATCGAACCTCTTTGGT
ATACCGAGAATTACTCAGAGGAGCAGTATATAAACGCGATTGCGATCTTCCTCGCARAGCGS
TTCGGCGAAGTACCCTAACGTGATAGGAGCTCGATATCAAGAACGAGCCGCATGETGAAGC
CGGGTGGGGTACGGGAGATCAGCGGGATTTCCGCCTCTTTGCCGAGAAGGTCGGGCGLG
AGATACTCAAGGTGGCCCCACACTGGTTGATATTCGTCGAGGGARCGCAATATACCCAT
GTCCCGAATATTGATGAGATCATCGAGAAGAAGGGCTGGTGGACATTTTGGGGAGAGAR,
TCTTATGGGAGTTAAGGACTATCCAGTCAGGCTTCCGCGCGGCAAGGTCGTGTACTCAC
CGCATGTCTATGCACCATCTGTCTACATGATGCGACTACTTCAAGTCGCCAGACTTTCCG
AACAATATGCCGATAATCTGGGAAACACACTTCGGATACTTGACCGACCTGAATTATAC
CTTGGTCATAGGCCACTCGGGTGCCAACTATGAGGGCCTTGACAAGGTGTGGCAAGACG
CTTTCGTGAAGTGGCTGATTAAGAAGAAGATCTATAACTTCTTCTACTGGTGCCTGAAC
CCGGAGTCGGGTGACACCGGTGGCATCTTTCTCGACGACTGGAAAACCGTTAACTGGGA
ABAGATGAGGGTTATTTACAGGCTCATCAAGGCGGCGAACCCCGAGTTTGAGGAACCCC
TTTACATCATTTTGAAAACTAACGCGACGACATCTATCCTGGGCGTGGGTGAGAGGATC
CGGATTTACTGGTACACAAATGGCAAAGTTATTCACTCTAACTTCGCGCATTCCAGCGA
AGGCGAAATGAACATTACAGTCACGAAGTCCATCGACTCTGTACATCATCGTGAAGAAGS
GCAATCAGACACTGAGGAAGGAACTCARACTGTACGTTATCGGCGGCAATTACGGCTCC
AATATCTCCACTACCCAGCTGGTTACTCCCAAGAAAGGCGGCGAAAGGATTAGCACCAG
CCTGAAGCTGGCAATTAGCCTGCTCTTCATTCTCCTCTTCGTTTGGTATCTCCTCCGGG
AGAAGCAT

B.

MEIKLFCVFIVFIILFSPFVIALSYPDVNYTAENGIIFVONVITGEKKPLYLHGVSWFG
FELKDHVVYGLDKRNWKDILKDVKRLGFNAIRLPFCSESIRPDTRPSPERINYELNPDL
KNLTSLEIMEKIIEYANSIGLYILLDYHRIGCEEIEPLWYTENYSEEQYIKDWIFLAKR
FGKYPNVIGADIKNEPHGEAGWGTGDERDFRLFAEKVGREILKVAPHWLIFVEGTQYTH
VPNIDEIIEKKGWWTFWGENLMGVKDYPVRLPRGKVVYSPHVYGPSVYMMDYFKSPDFP
NNMPIIWETHFGYLTDLNYTLVIGEWGGNYEGLDKVWODAFVEKWLIKKKIYNFFYWCLN
PESGDTGGIFLDDWKTVNWEKMRVIYRLIKAANPEFEEPLYITLKTNATTSILGVGERT
RIYWYTNGKVIDSNFAHSSEGEMNITVITKSMTLY I IVKKGNQTLRKELKLYVIGGNYGS
NISTTQLVITPKKGGERISTSLKLAISLLFILLFVWYLLREKH

Figure 4A-B
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A.

ATGGAAACGCTCCTCCCTGTAGTCGTGGTCCACGATATTGAGCCAGTTTCAATGCGTCT
TCAGAGGTACAAGAACAAAAATTCGATAARAAGAGAAAAGCAGGGATTAATACCCCTGT
TTTTTTATTTTTGGGTGTATTTAGTTCTATTTGCGAATTTTCAGATTTTGAATGTABRAC
ATTTTCATAATAAGATGTTTTCTGCGAGCGTGATAATGGTGGTACTGATGACAAAACCGGG
AACATCGGATTTTCTATGGAATCGCATTCCCCTTTCCATGGAGCTGAATCTGTGGAACA
TAAAGGAATACTCCGGTTCTGTAGCTATGAAATTCGACGGTGAAAAGGTAACTTTCGAC
GCGGACATTCAGAATCTTTCTCCAAAAGAACCAGAAAGGTACGTTCTCGGTTATCCCGA
GTTCTATTACGGTTATAAACCCTGGGAAAAGCACACGGCAGAAGGTTCGAAACTTCCAG
TACCTGTTTCCTCTATGAAATCATTTTCCGTCGAAGTTTCTTTCCGATATTCACCACGAA
CCGTCTCTGCCTTTGAACTTTGCCATGGAAACATGGCTCACAAGAGAAAAGTACCAGAC
GGAAGCGTCGATCGGCGATGTTCGAAATCATGGTCTGEGTTCTATTTCAACAATCTCACAC
CAGGGGGCAAAAAGATAGAGGAGTTTACGATTCCGTTCGETGCTGAACGGAGAGAGTGTC
GAAGGCACCTGGGAACTGTGGECACGCGGAGTGGGGATGGGACTACCTCECTTTCCGCTT
GAAGGATCCCCTCGAAGAAGGGCAAGGCTGAAGTTCGACCTGAGGCATTTTCTTCATGCCG
CCGGGAAAGCTCTTTCGAATTCCACTCGTCTGAAAGATTTTCGAAAATCTTTACTTCACC
GTCTGGCAAATTGGAACCGAGTTTGGAAGCCCGGARAACAAAGAGCGCGCAATTCGGGTG
GAAGTTTGAAAACTTCTCTATTGATCTGCGAGGTGAGAGAATGA

B.

METLLPVVVVHDIEPVSMRLORYKNKNSIKREKQGLIPLFFYFWVYLVLFANFQILNVN
IFIIRCFLEVIMVVLMTKPGTSDFVWNGIPLSMELNLWNIKEYSGSVAMKFDGEKVTFD
ADIQNLSPKEPERYVLGYPEFYYGYKPWEKHTAEGSKLPVPVSSMKSFSVEVSFDIHHE
PSLPLNFAMETWLTREKYQTEASIGDVEIMVWEFYFNNLTPGGKKIEEFTIPFVLNGESV
EGTWELWHAEWGWDYLAFRLKDPVKKGRVKFDVRHFLDAAGKALSNSTRVKDFENLYFT
VWEIGTEFGSPETKSAQFGWKFENFSIDLEVRE

Figure 5A-B
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A,

ATGTTGAAACTTATTCCACTTGTTAATGCCAATTATAAGTTGATTCAATGGGAGCCACT
CGGCGGCGTGCACGGAGCAGATATCGAGTGCATACATGTTACCCCAARCGTATGGAACA
TAGATAAATCATCAGTTGGCACTCTACAGATCGAATATGAGCCCCAAGTTGGCTGTCTT
CGTTTTTCAATTGATTTCCCGAGGATAAGTATAAGACATAATCGTAGGCGTAGCGGCATA
TTCAGAAGTTATTTACGGACACAAGCCGTGGGGCCCCACCACTTGCATGGACCCTCACT
TCAAGTTCCCTATCAAAGTCAATGAGTCAAAAGGACTGTACTCGTATGTAAATTATAAC
GTTAAATCTAGGTCACCAGATGACTCAATCTTTAATATTGCTTACGATCTCTGGCTTAC
AACGTCCCCAAACCTTACAAACGGACCCCAGCCAGCGAGACGTAGAAGTTATGATCTGGT
TGTACTACCACGGACAGCGCCCTGCAGGCAGACTCATCGGGCAACTCCGCATGCCGATT
ACATTGGGCCGATAGTGAGGCGGCACGTGACTTTCGAAGTATGGGTGGCTGACRCAGGAAT
AGGAATCGGTGAATGGGCGETAGTGACCTTCAGAATCAAGGACCCAATARAGGGCGGTT
TGATAGGAGTTAACCTCATAAACTACATCGAAAGTGCTTTTAAAACGCTCGARGRACTC
AACCCGGTCAAGTGGCGCTACGGCGACCTCCTCAACAAATATCTTAATGGAATTGAATT
CGGCAGTGAGTTTGGTAATGTCTCCTCAGGAATGATAAAACTTAATTGGGAACTCTGCG
GCCTGAGCCTTGTGAAAGACTCTTCT

B,

MLKLIPLVNGNYKLIQWEPLGGVHGADIECIHVTPNVWNIDKSSVGTVQIEYEPQVGCL
RFSIDFPRISIRHNVGVAAYSEVIYGHKPWGPTTCMDPQFKFPIKVNESKGLYSYVNYN
VKSRSPDDSIFNIAYDLWLTTSPNLTNGPQPGDVEVMIWLYYHGQRPAGRLIGELRMPI
TLGDSEAARDFEVWVADTGIGIGEWAVVTFRIKDPIKGGLIGVNLINYIESAFKTLEEL
NPVKWRYGDLLNKYLNGIEFGSEFGNVSSGMIKLNWELCGLSLVKDSS

Figure 6A-B
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A.

ATGATGGGAAAGATCGATGAAATCCTTTCACAGCTGACTATTGAAGAAAAAGTGAAACT
TCGTAGTGGGGGTTGGTCTTCCAGGACTTTTTGGAAATCCACATTCCAGAGTGGCAGGTG
CAGCTGGAGAAACGCATCCTGTTCCGAGGCTTGGAATTCCTTCTTTCGTTCTGGCCGAC
GGTCCCGCGGGCCTCAGAATAAATCCCACAAGAGAGAACGACGAAAACACCTATTACAC
AACAGCGTTTCCTGTTGAAATCATGCTCGCTTCCACCTGGAACAAAGATCTTCTGGAAG
AAGTAGGAAAAGCTATGGGAGAAGAAGTCAGGGAATACGGTGTCGATGTGCTTCTTGCA
CCTGCGATGAACATTCACAGGAACCCTCTTTGTGGAAGGAATTTCGAGTATTATTCAGA
AGATCCTGTCCTTTCCGGTGAAATGGCTTCAGCCTTTGTCAAGGGAGTTCAATCTCAAG
GGGTGGGAGCCTGCATAAARACACTTTCTCGCCGAACAACCAGGAAACGAACAGGATGGTA
GTGGACACGATCGTGTCCGAGCGAGCCCTCAGAGAAATATATCTGAAAGGTTTTGAAAT
TGCCGTCAAGAAAGCAAGACCCTGGACCGTGATGAGCGCTTACAACAAACTGRAATGGAA
AATACTGTTCACAGAACGAATGGCTTTTGAAGAAGGTTCTCAGGGAAGAATGGGGATTT
GACGGTTTCGTGATGAGCCGACTGGTACGCGGGAGACAACCCTGTAGAACAGCTCAAGGC
CGGARAACGATATGATCATGCCTGGAAAAGCGTATCAGGTGAACACGGAAAGAAGAGATG
ARAATAGAAGAAATCATGGAGGCGTTGAAGGAGGGAAGACTCAGTGAGGAAGTCCTGAAC
GAATGTGTGAGAAACATCCTCAAAGTTCTTGTGAACGCGCCTTCCTTTAAAGGGTACAG
GTACTCGAACAAACCGGACCTCGAATCTCACGCGAAAGTTGCCTACGAAGCAGGTGTGG
AGGGTGTTGTCCTTCTTGAGAACAACGGTGTTCTTCCATTCCGATCGAAAGTATCCATGTC
GCCGTCTTTGGCACCGGTCAAATCGAAACAATAAAGGGAGGAACGGGAAGTGGAGACAC
CCATCCGAGATACACGATCTCTATCCTTGAAGGCATAAAAGAAAGAAACATGAAGTTCG
ACGAAGAACTCACCTCCATCTATGAGGATTACATCAAAANGATGAGAGAAACAGAGGAA
TATAAACCCAGAACTGACTCCTGGGGAACGGTTATAAAACCGAAACTTCCAGAGAACTT
TCTCTCAGAAAAAGAGATAAAGAAGGCTGCGAAGAAAAACGATGCTGCAGTTGTTGTAA
TCAGTAGGATCTCCGGTGAGGGATACGACAGAAAGCCGGTGAAAGGTGACTTCACCTCT
CCGATGACGAGCTGGAGCTCATAAAAACAGTCTCAAGGGAATTCCACGAACAGGGTAAG
AAGGTTGTGGTTCTTCTCAACATCGGAAGTCCCATTGAAGTTGCAAGCTGGAGAGATCT
TGTGGATGGAATCCTTCTCGTCTGGCAAGCAGGACAGGAGATGGGAAGAATAGTGGCCG
ATGTTCTTGTGGGAAGGGTAAACCCCTCCGGAAAACTTCCAACGACCTTCCCGAAGGAT
TACTCGGACGTTCCATCCTGGACGTTCCCAGGAGAGCCAAAGGACAATCCGCAAAGAGT
GGTGTACGAGGAAGACATCTACGTGGGATACAGGTACTACGACACCTTTGGTGTGGAAC
CTGCCTACGAGTTCGGCTACGGCCTCTCTTACACAAAGTTTGAATACAAAGATTTAAAG
ATCGCTATCGACGGAGATATACTCAGAGTGTCGTACACCGATCACAAACACCGGGGACAG
AGCTGGAAAGGAAGTCTCACAGGTTTATGTCAAAGCTCCARAAGGGAAAATAGACARAC
CCTTCCAGGAGCTGAAAGCGTTCCACAAAACAAANACTTTTGAACCCGGGTGAATCCGAA
AAGATCTTTCTGGAAATTCCTCTTAGAGATCTTGCGAGTTTCGATGGGARAAGAATGG
TTGTCGAGTCAGGAGAATACGAGGTCAGGGTCGGTGCATCTTCGAGGGATATAGGTTGA
GAGATATTTTTCTGGTTGAGGGAGAGAAGAGATTCAAACCATGA

Figure 7A
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B.

MMGKIDEILSQLTIEEKVKLVVGVGLPGLFGNPHSRVAGAAGETHPVPRLGIPSFVLAD
GPAGLRINPTRENDENTYYTTAFPVEIMLASTWNKDLLEEVGKAMGEEVREYGVDVLLA
PAMNIHRNPLCGRNFEYYSEDPVLSGEMASAFVKGVQOSQGVGACIKHFVANNQETNRMV
VDTIVSERALREIYLKGFEIAVKKARPWTVMSAYNKLNGKYCSONEWLLKKVLREEWGE
DGFVMSDWYAGDNPVEQLKAGNDMIMPGKAYQVNTERRDEIEEIMEALKEGRLSEEVLN
ECVRNILKVLVNAPSFKGYRYSNKPDLESHAKVAYEAGVEGVVLLENNGVLPFDESIHEV
AVFGTGQIETIKGGTGSGDTHPRYTISILEGIKERNMKFDEELTSIYEDYIKKMRETEE
YKPRTDSWGTVIKPKLPENFLSEKEIKKAAKKNDAAVVVISRISGEGYDRKPVKGDEYL
SDDELELIKTVSREFHEQGKKVVVLLNIGSPIEVASWRDLVDGILLVWQAGQEMGRIVA
DVLVGRVNPSGKLPTTFPKDYSDVPSWTFPGEPKDNPQRVVYEEDIYVGYRYYDTFGVE
PAYEFGYGLSYTKFEYKDLKIAIDGDILRVSYTITNTGDRAGKEVSQVYVKAPKGKIDK
PFQELKAFHKTKLLNPGESEKIFLEIPLRDLASFDGKEWVVESGEYEVRVGASSRDIRL
RDIFLVEGEKRFKP

Figure 7B
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A.

ATGAACGTGAAAAAGTTCCCTGAAGGATTCCTCTGGGGTGTTGCAACAGCTTCCTACCA
GATCGAGGGTTCTCCCCTCGCAGACGGAGCTEGTATGTCTATCTGGCACACCTTCTCCC
ATACTCCTGGAAATGTAAAGAACGGTGACACGGGAGATGTGGCCTGCGACCACTACAAC
AGATGGAAAGAGGACATTGAAATCATAGAGAAACTCGGAGTAAAGGCTTACAGATTTTC
BAATCAGCTGGCCAAGAATACTTCCGCAAGGAACAGCAAGGGTGAATCAGAAAGGACTGG
ATTTTTACAACAGGATCATAGACACCCTGCTCGAAAAAGGTATCACACCCTTTGTGACT
ATCTATCACTGGGATCTTCCCTTCGCTCTTCAGTTGAAAGGAGGATGGGUGAACAGAGA
AATAGCGGATTGGTTCGCAGAATACTCAAGGGTTCTCTTTCAAAATTTCGGCGACCGTG
TGAAGAACTGGATCACCTTGAACGAACCGTGGCTTGTTGCCATAGTGGGGCATCTGTAC
GGAGTCCACGCTCCTGGAATGAGAGATATTTACCTGGCTTTCCGAGCTGTTCACAATCT
CTTGAGGGCACACGCCAAAGCGGTGAAAGTGTTCAGGGAAACTGTGAAAGATGGAAAGA
TCCGAATAGTTTTCAACAATGGATATTTCCGAACCTGCGAGTGARARACAGGAGGACATC
AGAGCGGCCAGATTCATGCATCAGTTCAACAACTATCCTCTCTTTCTCAATCCGATCTA
CAGAGGACATTATCCGGAGCTCGTTCTGCGAATTTGCCAGAGAGTATCTACCGGAGAATT
ACAAAGATGACATGTCCGAGATACAGGAAAAGATCGACTTTGTTGCGATTCGAACTATTAC
TCCGGTCATTTGGTGAAGTTCGATCCAGATGCACCAGCTAAGGTCTCTTTCGTTGAAAG
GGATCTTCCAAAAACAGCCATGGCATGGGAGATCGTTCCAGAAGGAATCTACTGCGATCC
TGAAGAAGGTGAAAGAAGAATACAACCCACCAGAGGTTTACATCACAGAGAATGGGGLT
GCTTTTGACGACGTAGTTAGTGAAGATGGAAGAGTTCACGATCAARACAGAATCGATTA
TTTGAAGGCCCACATTGGTCAGGCATGGAAGGCCATACAGGAGEGAGTGCCGCTTARAG
GTTACTTCGTCTGGTCGCTCCTCGACAATTTCCAATGGCCAGAGGCGATATTCCAAGAGA
TTTGGTATTGTGTACCTGCACTACAGTACTCAAAAACGCATCATAAAAGACAGTGGTTA
CTGGTACTCGAACGTGGTCAAAAGCAACAGTCTGCAAGATTGA

B.

MNVKKFPEGFLWGVATASYQIEGSPLADGAGMS IWHTFSHTPGNVKNGDTGDVACDHYN
RWKEDIEIIEKLGVKAYRFSISWPRILPEGTGRVNQKGLDFYNRIIDTLLEKGITPEVT
IYHWDLPFALQLKGGWANRE I ADWFARYSRVLFENFGDRVKNWI TLNEPWVVAIVGHLY
GVHAPGMRDIYVAFRAVHNLLRAHAKAVKVFRETVKDGKIGIVFNNGYFEPASEKEEDI
RAARFMHQFNNYPLFLNPIYRCGDYPELVLEFAREYLPENYKDDMSEIQEKIDFVGLNYY
SGHLVKFDPDAPAKVSFVERDLPKTAMGWEIVPEGIYWILKKVKEEYNPPEVYITENGA
AFDDVVSEDGRVHDQNRIDYLKAHIGQAWKAIQEGVPLKGYFVWSLLDNFEWAEGYSKR
FGIVYVDYSTQKRIIKDSGYWYSNVVKSNSLED

Figure 8A-B



High-temperature operating and thermo-stable cellulases

Source Physical Properties Functional Properties
PROTEIN Codon Mw Charge ° H Mode of Specific Activit

Locus Usage Cazy d i pH?'g Ic r:i)nge Operation swAvicel avCel'lDulose Pape): pNPG

Tcell o-eglA cornoptimized GH12 34,005 480 -13.10 102 7-8  exocellulase 63.4 13.6 10.5 -

Tcel2 petroB bacteria GH12 31,816 477 -1330 98 6-7  exocellulase 8.1 2.2 2.9 -

Tcel3 ph1171 archea GH5 51,930 647 -3.60 94 6 exocellulase 485 8.4 8.6 -

Tceld o-E1 rice optimized GH5 59,980 7.05 0.30 95 5-6 endocellulase 6.8 2.2 41 -

Tcel5 petroA bacteria GH12 38,226 558 660 96 5-6 endocellulase 341 6.8 8.0 -

Tcel6 zp#4  corn optimized GH12 31,818 5.66 -500 85 5-6 endocellulase 206 5.1 5.1 -
Tcel7 Tpet0898 bacteria GH3 81,243 538 -16.90 98 5  beta-glucosidase 0.8 0.8 - 69.4
Tcel8 Tpet0952 bacteria GH1 51509 584 -910 92 6-7 beta-glucosidase 17 1.5 - 60.9

Tceld  g12#3 cornoptimized GH12 45059 6.16 -220 85 5-6 endocellulase 5.2 1.4 7.5 -

Tcell0 ph0746 archea GHE5 85,598 7.80 430 94 6 endocellulase 4.9 15 3.9 -

\]

AVICEL Phosphoric acid swollen Avicel, ,,Cellulose, Avicel (Sigmacell): Cellulase specific activity, mM reducing sugar/mg protein/day at 85 °C, pH6
Beta-glucosidase specific acitvity, nM pN/ug protein/min

Figure 9
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High-temperature catalytic operating cellulases

T opt % Specific activity at
PROTEIN U
°c 60 °C 45 °c 20 °c
AVICEL,,
Tcell 63.4 102 56.0 40.0 20.0
Tcel2 8.1 88.0 42.2 25.3 141
Tcel3 48.5 94.0 447 211 10.5
Tceld 6.8 85.0 26.0 11.6 4.3
Tceld 34.1 96.0 53.6 34.1 14.6
Teelb 20.8 85.0 71.4 46.4 14.3
pNPG
Teel7 69.4 98.0 4.4 11 1.0
Tcel8 60.9 92.0 25.0 12.5 2.5

«AVICEL Phosphoric acid swollen Avicel, ,,Cellulose, Avicel (Sigmacell):

Cellulase specific activity, uM reducing sugar/mg protein/day at 85 °C, pH
8, Beta-glucosidase specific activity, nM pN/ug protein/min

Figure 12
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PRETREAT
BIOMASS TO FORM
SOURCE OF
CELLULOSE

HYDROLYZE
CELLULOSE TO
PRODUCE GLUCOSE

FERMENT GLUCOSE
TO PRODUCE
ETHANOL

Figure 14



Biomass substrate specificity of Termocels

Specific activity (reducing-end pmole/mg protein/h)

Substrate
Tcelt Tcel2 Tcel3 Tcel4 Tcel5 Tcel6 Tcel7 Tcel8
avicel 1.62 - - - 5.35 - 0.75 1.73
swollen avicel 29.82 57.48 11.28 21.73 36.67 29.77 0.79 1.57
carboxymetnyl cellulose 69.01 23477 68.66 53.75 13122 167.28 0.79 1.35
alpha-cellulose 6.12 21.42 1.16 12.52 7.34 5.06 0.71 0.74
barley beta-glucan 67.51 158.26 45.07 3226 160.36  117.91 2.99 31.34
faminarin 4.22 21.55 3.94 17.45 6.47 10.65 21.08 28.68
fichenan  110.12  269.03 82.17 5129 238.06 19205 8.34 44 51
starch 0.45 18.77 3.34 13.94 4.26 6.23 0.48 1.53
birch wood xylan 31.26 18.73 4.68 19.18 nd nd 0.30 1.23
beechwood xylan 27.55 18.98 3.69 24.31 27.30 136.76 0.89 1.12
oat-spelt xylan 19.07 22.23 3.44 17.51 34.29 70.27 0.70 1.32
Wheat arabinoxylan 23.52 21.85 3.49 15.83 3624 181.46 0.70 1.18
Figure 15
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A.

ATGGACTACTCTATCAACTGCTCTATCAACCCTATAACCCTCATGGTCGCGCACTCTTC
TCCCCTGAACCCATCTAACACACTCGAACTTACACTTATTCTCGAAAATGGCATCACCA
CCACAGTAACTGTCACCGCGACACCACGCAACACTTACCCTATGATCTCCCTTGGCTAC
ATTAATATTACCCCTAACCTCTGGAACCTTAACACAGCTTCGTCATCAGGATACGCCTC
TATCGGTCTACGATGCATCACAGGGTGCTCTTTATATTCATGTTAATTTCACAARAGGTTT
ACCTCAATCAGCAAGTTGGTGTTGCCGCCTACTCTGAATTCATCTATGGCTACARACCC
TGGGGCACGCTCACCTCCGAGGCAGGCGGGTTCAATTTTCCTGTTAAGCTTACCGAACT
CGGTTCTCTTCTTTCGTTCATCAATTACTCACTCATTTCATATTCTCCACAAGTCGCTA
TCTTCGATTGGGCATACGACCTTTGGCTCACAACATCCCCAAATCTCACCAACGGCCCT
CAACCCGGCGACGTCGAGGTCATGATCTGGCTCTATTATCACCTGCAACAACCTGCGGG
TTTTCCCGTCGCTAACGTTACAGTGCCAATATGGGTCAATGGCTCCCTCGTTAACGAAL
CATTTGAGGTTTGGATTGGTTCTCCACAGATCGAACCCGGCACCCACGCTATAGTCTCC
TTCAGGCCAACGAATCCAATCCCTAGAGGCCTCGTCGGCGTAAATGTCACGAAGTTCCT
TCAACTTGCCGTTAACTATCTCGTGACACTCTACCCCTCATACTGGAACTACACATATC
TGGAGAGCAAGTACTTGAATGGCATCGAATTCGGATCAGAATGGGGCAATCCGTCTACA
TACAATATTACACTCAATTGGGTCATTTATAAAGCTTATCTTATCAAGGTGCCTCTGGA
GTCACAGGGCACCGTTACCGTCACATATACTACAACTGTTACATCCACCATGACTGTTA
CCTCAATCCTTGCTACCACATCCACCGTCACCACTACATCTACACTTACATCTACCGTT
ACCGCCACTTCAGTTTCTACTTCCACCGTCACGCAGACTCTCACTACCTCCATCGTCAA
AACCGTCATCCCTGTCTACTATACTGCCACCATAATCGTCCTTCTTATAATCATCGCAG
TCGTCATTGCACTTGCGTTCGCCCGCCGCGGCATCCGGGTTCGTCTCTGT

B.

MDYSINCSINPITLMVAHSSPLNPSNTLELTLILENGITTTVIVTATPRNTYPMISLGY
INITPNLWNLNTASSSGYASMVYDASQGALY IHVNFTKVYLNQOVGVAAYSEFIYGYKP
WGTLTSEAGGFNFPVKLTELGSLLSFINYSLISYSPOVAIFDWAYDLWLTTSPNLTNGP
QPGDVEVMIWLYYHLOQOPAGFPVANVIVPIWVNGSLVNETFEVWIGSPQIEPGTHAIVS
FRPTNPIPRGLVGVNVTKFLQLAVNYLVTLYPSYWNYTYLESKYLNGIEFGSEWGNPST
YNITLNWVIYKAYLIKVPLESQGTVIVTYTTTVITSTMIVISILATTSTVITTTSTLTSTV
TATSVSTSTVTQTLTTSIVKTVIPVYYTATIIVLLIITAVVIALAFARRGIRVRLC

Figure 16A-B
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A.

ATGAGATTTCAATTCGGATTCTCCAAAGAAGATGAACAGGTGCTGGGCACAATACTALC
ACTCGGAAATGGACAATTAGGAGTTAGGGGAGAATTTCGAACTCGAGAGATCTCCTTATG
GAACGATCGTTAGCGGGGTCTATGATTACACTCCCTACTTCTACAGGGAATTGGTAAAT
GGTCCCAGGACTATAGGGATGATAATAATTATAGATGGAGAACTAATARATCCAAGCTC
TCAAAAAGTCAAGGAATTCCAGAGAGAGCTCGATATAGAAAAAGGCTTATTAAGAACTC
ACTTAGAGATTGAAACAAAAAATGGAAATAAAATTTTATATAAAAGTACAAGGATAGTC
CACATGAAAAGAAAAANCCTAATCCTTCTAGATTTTGAGCTAAAAGCTAGCAAGGGAGG
AATCGCAGTTGTAGTTAATCCCATAGAATTCAATACTGCAAATCCAGGGTTTATAGACG
AGATAATGATCAAGCATTATAGAGTGGACTCGATAAAAGAGACTGAGGAGGGAGTATAC
GCTAGGGTGAAAACTTTAGACAATAAGTACACGTTGGAAATTGCAAGTAGCTTGGTTCC
ATCAGAATATACATCGAGGAGCACCTTTAGAACCCGATAATGAARATTGGAGAAATTTACA
TTGTTAAACTTAAACCAGGAAAAACGTACAAATTTACAAAGTACGTTACAGTATCTAAA
GGAGCAGCTTTAGAGGAGTTAAAAGATGTTAAGAGATTAGGATTTGAAAAGCTATATGA
AGAGCATATARAACAGCTGGAAGAGAATATGGCGAGAAAGTGCGAAAGTGGARATCGAAGGAG
ATAAAGACCTTGAAAATGCCCTAAACTTTAACATTTTTCACTTGATCCAATCCCTTCCA
CCAACAGATAAAGTCTCGCTACCAGCAAGGGGAATACATGGGCTTTGGGTATAGGGGACA
TATATTCTGGGATACAGAGATATATGCATTACCTTTCTTCATATTCACGATGCCAAAAG
AGGCCAGGAGATTGCTCCTCTATAGATGCAACAACTTAGATGCCGCTAAAGAAAATGCA
AAGATGAATGGATATCAAGGGGTCCAATTTCCCTGGGAGTCGGCAGATGATGGACGCGA
GGCTACCCCCTCTGAGATACCATTGGATATCTTGGCGAAGGAAARATCGTTAGAATTTACA
CCGGAGAGGAGGAACATCACATAACTGCGGATATAGCATATATAGTTCGATTTTTATTAC
CAAGTCTCTGGAGATCTCGAATTTATGAACAGGTGTGGCCTTGAGATAATCTTTGAGAC
GGCCCCGATTTTGGCGCTAGTAGGCTTGAGTTCGAGGAAGGAAAAGGGTACGTCATTARAAA
AAGTAATAGGACCTGATGAATACCATGAGCACGTTAACAACAACTTCTTTACAAACTTA
ATGGCCAAGCATAATCTCGAACTTGCAATAAGATACTTTAGAGAGTCAAAGAATAGGGA
ACCGTGGAAAAAGATTGTCGAAAAATTAAACATAAGAGAGGAGGAGGTTGAARAAATGGG
AAGAGATAGCTAAAAACATGTACATTCCCAGGAAGATAGACGGAGTTTTTGAAGAGTTT
GATGGTTACTTTGAATTGATGGATTTTGAAGTTGATCCCTTCAATATTGGAGAARAANC
ACTCCCCGAGGAAATCAGGAATAACATAGGGAAAACGAAACTCGTTAAGCAGGCCGATG
TCATCATGGCCCAATATCTCCTTAAGGACTACTTCTCTCCAGAGGAAATAAAGAGTAAC
TTTAACTATTATATAAGGAGAACTACCCATGCTTCATCACTCTCCATGCCCCCATACGC
GATCATTGCAACCTGGATAGGGCGAGGTAAAGATAGCATATGAGTACTTCAAGAGATGTG
CAAATATAGATCTCAAAAACGTGTACGGAAACACTGCAGAGGGATTTCACTTAGCAACG
GCGGGAGGAACCTGGCAAGTACTCGTCAGAGGATTTTGTGGCCTCAATGTAAAAGGAAA
CAAAATAGAGCTTAATCCTAATCTTCCTGAAARATGGAAGTACGTTAAGTTCAGGATAT
TCTTCAAAGGTTCATGGATAGAATTTAAAATTTCTAGGAAGAAAGTTAGGGCTAGAATG
CTTGAAGGATCGAGAAAAGTCAAARATATCTAGCTTTGCGAAAGGAAGTAGATCTATATCC
TGGAAAAGAGGTTGTAATAGTAGCTAATTAA

Figure 17A
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B.

MRFQFGFSKEDEQVLGTILTLGNGOLGVRGEFELERSPYGTIVSGVYDYTPYFYRELVN
GPRTIGMIIIIDGELINPSSQKRKVKEFQRELDIEKGLLRTHLEIETKNGNKILYKSTRIV
HMKRKNLILLDFELKASKGGIAVVVNPIEFNTANPGFIDEIMIKHYRVDSIKETEEGVY
ARVKTLDNKYTLEIASSLVPSEYTSRSTFRTDNEIGEIYIVKLKPGKTYKFTKYVTVSK
GAALEELKDVKRLGFEKLYEEHINSWKRIWEKVKVEIEGDKDLENALNFNIFHLIQSLP
PTDKVSLPARGIHGFGYRGHIFWDTEIYALPFFIFTMPKEARRLLLYRCNNLDAAKENA
KMNGYQGVQFPWESADDGREATPSEIPLDMLGRKIVRIYTGEEEHHITADIAYIVDFEFYY
QVSGDLEFMNRCGLEI IFETARFWASRVEFEEGKGYVIKKVIGPDEYHEHVNNNFFTNL
MAKHNLELAIRYFRESKNREPWKKIVEKLNIREEEVEKWEEIAKNMYIPRKIDGVFEEF
DGYFELMDFEVDPFNIGEKTLPEEIRNNIGKTKLVKQADVIMAQYLLKDYFSPEETIKSN
FNYYIRRTTHASSLSMPPYATIATWIGEVKIAYEYFKRCANIDLKNVYGNTAEGFHLAT
AGGTWQVLVRGFCGLNVKGNKIELNPNLPEKWKYVKFRIFFKGSWIEFKISRKKVRARM
LEGSRKVKISSFGKEVDLYPGKEVVIVAN

Figure 17B
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stermoceli_nt {Teceli, o-eglAl 903 bp
ATGATCTATTT TG TTEGAGAMATACCACACTTCAGARAGACAAATCCACAAGURAATACCTC
TCRACCCOCOCCTOARACGACACTTACGCACAACAMAGGTTCTCARAATTCAGGTATCCTG
ACGACCGCEAATGEECCTOROGCTCCCATAGACAAAGACCOCGACEGAMATCCTRAGTTC
TATATCGAANTCHACCTCTGEAACATACTCAACGCGACTSGATTCGCAGAGATGACCTR
TAACTTEACATCTGGCETTCTCCATTACG T TCAACAACTCGATAATATCGTTCTCLBCG
LTCOCTCAMACTOGETANATGGUTATCCTGARATTT T TACGECAATARACCCIGEAAC
GUGBATTATGOCACCGACCELCCEATCCCTCTOCCCAGTAMOGTTTCCAATCTCACAGA
CTTTTACTTGACTATCTCCTACARGCTTCARC CARAGAACGGACTCCCTATARATTTTG
CRATCOART CTTGGUTTRCTAGAGRAGCATGGUGCAUTACTGCAATCAAC TCOGATGAR
CAGGAARGTABRTGNTCTOGAT TTACTATGACGGACT CCAACCAGLCGOTTCOAAGOTGAA
AGRALRTCGTTETACCTATAAICGTTAATGECACCCCAGTTAATGCTACCTTCGARGTGT
GOARAGCTAATATCGGATGOGALTACGTTGCCTTTAGANTCAAGACACCART TAAAGAN
GOARCCETGACAATOCCCTACGETEGCATTCATTAGCGTAGCIGUTRACAT I TCTTCCCT
CCCARANTTACACAGRACTTTACCTGEGAMGACGTTGAGATAGECACAGAGSTTTGGAACAC
CTTCARCTACTAGCCCACAICTCGARTGETGCAT TACTARCAT TACCCTCACCCCACTT
GATCHTCCCCTGATCTCC é: EQ 1DAD: 1)
stermocel2 nt (Tcel2, petroB) 825 bp
ATGAGGTGGGTAG I TCTTCTIGATGETGGLETTTTCTGCTCTGU RO T TTTCCTUCGAGET
GETTOTCACGAGUGTTGCCCCAGCECATATCTCCTTCARCGRATTTCCCETCATCATGS
AGCTCAACTTCTOGAACATARAGTCCTATGAGGGRAGAMACCTGGCTCAARTTCSATGOA
CAAAAGGTTGAGTTCTACGIGESATTTGTACAACATCETTCTTCAGARTCCACACAGCTG
GOTGCATCGATATCOGGAGATCTALTACGGTTACAACCCCTOSGUCACTCACAACAGCG
GTETTERATTTCTTCCTOTCAAGG TCAMAGATCT TCCCGATTTCIACGTGACTCTTGAT
TAECTCGATUTSGTACCAABACRATCTSCCTATCRACCTTGCAAT S AMACATGSATCAC
GAAAAGCCCCGACCAGACTTCTG T T CTTCGAGTOATGCOBAGATCATGOTTTGETTIT
ACAACARCSTTCTBATOCCCGEUGHTCAGAMGTOGATGAGTTCACCACAMCAGTTGAG
ATAARCGGAGTGRAGUAGCGAAGCARAATGGUATGTTTACTTCGCALC UG TCGARAOCTHHGR
TTACCTIGUCTTCAGACTCACAACKRCCENTCARAGAAGGARAGG TEAAGTTCAACGTGA
AGGACTTCETTCAGARAAGCCGCOGGANSTTC TCAAALAAGCATTCAACGAGAATAGACAAT
TTCSARGRGCTETATTTCTICCGTOTGEGAGATCOCEACGGAATTTCRAGATCCARACAC
MACARLCGGUAAANTTCEGOTGGACCT ICRARCAC T I CTTLCTCOINGT TG TAANL T AR

(SEQ 10 NO:3)

stermocell nt {Tceld, phil7iy 1377 bp

ATGLACCLOAATACTATTCTTAAMTOCTACTIATTTGCACTAT TTTAGCAGGCCTATT
CGGGCARGTCETGCCAGTATATGCACAAAATACAACATAT CAAACACCGACTGGAATTT
ACTRCGRAGTGAGRGGAGATACGATATACATEA T TAATCTCACCAGTGGAGAGGARACT
CCCARTTCRTCTOTTTOGTOTRAACTGGTTTGGUITTGAAACACCTAATCATG TAGTSECA
COGACTTTGORAGAGAAACTEGUARGRCATGUTTCTTCACGATCAARKGCTTAGGUTTCA
ATCCANTARGRUTTCOTTTCTGTACTGAGTCTGTAAARCCRGGALCACAACCARTTGRA
ATAGAT TACAGTAARAATCCAGATCT TG TCGACTAGATASCCT ACAGATTATGOAMAL
GRTCATAMLGAACGUCGCASATCTTGE TATCTT TS IO T TACTCOACTATCATAGGATAL
CATGCACTCACATAGAACCCOTOTGETACACGGAAGACTTCTCAGAGGRAGACT T'TATT
ARCACARTGGATAGAGGTTGCCAMRAAGGTTCOATRAGTALTCEARCETAATAGGGGCTSA
TCTAARGANTGAGUCTCATAGTEITACCTCACCCUCAGCTGOITATACASATGSTALCSE

Figure 18A
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GGGCTACATGGGGTATGGEARACCCTGCAACCGATTGEAACTTGGCGGCTGAGAGGATA
GGAAAAGCGATTCTGAAGETTGCCCCTCATTGG T TGATAT TCGTGGAGGGGACACAATT
TACTAATCCGAAGACTGACAGTAGTTACAAATGGEGCTACARCGUTTGGTGGGGAGEAA
ATCTARTGGCCGTARAGGAT TATCCAGTTAAC T TACCTAGGAATAAGC TAGTATACAGT
CCTCACGTATATGGGCCAGA TGTCTATAATCAACCGTACT T TGGTCCCGCTARGGGTTT
TCCGGATARTCTTCCAGATATCTGGTATCACCACTTTGGATACGTAAAAT TAGAACTAG
GATATTCAGTTGTAATAGGAGAGTTIGGAGGAARATATGGGCATGOAGGCEATCCARGG
GATGTTATATGGCAARATAAGCTAGTTGATTGGATGATAGAGAATAAATTTTGTGATTT
CTTTTACTGGAGCTGGAATCCAGATAGTGGAGATACCEGAGGGATT CTACAGGATGATT
GOACAACAATATGGGAAGATAAGTATAATAACCTGARGAGAT IGATGGATAGTTGTTCC
AARAGTTCTTCARGTACTCARTCCGTTATTCGGAGTACCACCCCTACAAAGTCAARTAC
AAGTAAGARGATTTGTGGACCAGCARTTCTTATCATCCTAGCAGTATTCTCTCTTCTCT
TAAGBAGGECTCCCASGTAG (BEQ 1D NO! 5

stermocel4 nt (Teels, o-El} 1542 bp
ATGGARATCAAGCTCTTCTSCETGTTTATCGTGTTCATCATCOTCTTCTOCCOTTTCRT
GATTGCACTCTCGTATCCAGATG T TAACTATACTGCCGAGAATGGTATTATCTTCGTGT
AGAACGTCACTACGGGTGAGAAGAAGCCACTTTATCTTCACGGAGTGTCATGGTTTGGA
TTCGAGCTGARGGACCACGTCGTCTATGGCTTGGATARACGORAACTGGARAGATATACT
CAAGGATGTTAAGCGCTTGGGTTTTARTGC TATCAGGCTTCCCTTCTGCTCTCARAGCA
TECGCCOTGATACGURCCCTTCGOOTGAGCGGATARAC TACGAGT TGARCCCCGATTTG
ARGAATCTGACTTCCCTCOARATAATCEACARGATTATTGANTACGCCARCT CARTCGE
SCTOTACATACTCTTGGATTATCACCGCAT CGGTTGTGAGGAGATCGAACCTCTTTGGT
ATACCGAGAATTACTCAGAGGAGCAGTATATARAGGATTGGATCTTCCTCGCARAGTEG
PTCGGGARG TACCCTAACGTGATAGGAGCTGATATCARGAACGAGCCOCATEGTGAAGE
CGGETOGCATACGGCAGATGAGCGEGATTTCOGCCTCTTTGCCGAGAAGGTCGGEUGEG
AGATACTCAAGGTGGCCCCACACTGGTTGATATTCGTCCAGGGARCGEARTATACCCAT
GTCOCGAATATTGATGAGATCATCEAGRAGAAGGGCTOGTGEACATTTTGGGGAGAGAR
T ATGGGAGT TARGGACTATCCAGTCAGGUT TCCGCGCOGCARGGTCOTG TACTCAC
CGCATGTCTATGGACCATCTGTC TACA TGATGGACTACT TCAAGTCGCCAGACTTTCCG
AACRAATATGCCGATAATCTGGGAAACACACTTCGGATACTTGACCGACCTGARTTATAC
CTTGGTCATAGGCOAGTGEGGTGGCAACTATGAGGGCCTTGACAAGGTGTGGCAAGACG
CTTTCOTGAAGTGGCTGATTAAGRAGRAGATCTATAACTTCTTCTACTGGTGCCTGAAC
CCGGARTCGGGTEACACCOGTGGCATC I T ICTCEACGACTEGAAAACCGTTARCTGGGA
ARAGATGACGGTTATTTACAGGCTCATCAAGECEGCGARCCCCGAGTTTGAGGARCCCT
PTTACATCATTTTGAARAC TARCGCGACGACATCTATCOTGGECETGEETCAGAGGATC
CGGATTTACTGGTACACANATGGCARAGTTATTGACTCTAACTTCGCGOATTCCAGCEA
AGGCGARATEAACATTACAG TGACGARGTCCATGACTCTGTACATCATCGTGARGAAGG
GOAATCAGACACTGAGGAAGGAACTCARACTGTACGTTATCOGCGGCAATTACGECTCC
AATATCTCCACTACCCAGCTGE P TACTCCCARGARAGGCGECGARAGGATTAGCACTAG
CCTGAAGCTGGCAATTAGCC TGO CTTCATTCTCOTC T OGS T T TGGTATCTCOTCCGRE
acanccar(SEG 10 NOT )

stermocels_nt (Teceld, petroA} 987 bp
ATGGRAACGCTCCTCCCTGTAGTCGTGGTCCACGATATTGAGCCAGTTTCARTGCGTCT
TCAGAGG TACARGAACARRARTTUGRTARAAAGAGARAAGCAGGGATTARTACCCCTAT
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TR T T I TTOGOTCTAT T TAGTTC TAT TTGCOAAT T T TCAGAT T TTGRATGTARAC
ATTTTCATRATAAGATGTT T TCTGGAGGTCGATARTGG TGO TACTGATCACAARACCOGG
BACATCGOAT T TG TATGGAATCGCATTCCCUTTYCCATGGAGC TGAMTCTC TGGARCE,
TARAGGANIACTCOCGTTCIG TACCTATCAANTTCGACCOTGARRAAGG TARCTTTCOGAL
GUGGACATICAGANTCTTTCTCCAMAGAACCAGRAAGETACGTICTCOG T TATOCC G
GTTOTATTACGETTATAALCCOTGGGARBACCACACGGCAGAASCTTCSAMACTYCUAD
TACCTGTTTCCTCTATS CATTITCCGTCGAAGTTTCTTICGATATTCACCACGAR
COGTOTOTGCUTITSANC TTTCCON TGRAMANCATGGC TCACAAGAOAARMAGTACTAGAL
GGARAGCGTCCATCOCUCATSITGAAATCATEGTCTCGTTCTAT I TCAACAATOTCACAL
CAGOGGCLAALAAGATAGRGGAGTT TACGATTUCETTCGTECTGANCGGAGAGAGTGTC
GARAGGCRACCTGGCAALTOTECCACGCEGAGTGGGEATCGOACTACCTCSCT T TCCGCTT
GAMIGATCCCOTGAAGAAGECAAGGETGARG I TCCACGTGAGSL ATTTTCTTSOATGCCS
CCOGGAMAGCTCTTTOGAAT TCCACTCOTGTCARAGAT T T TG AN T CETTACTTCALC
GTCTOOCAAATTEGAACCOACTTTGRARGOCCOGGARRACARAGAGCGCUGOARTTOGECTS
GAAGTTTGAARACTTCTCTATTSATC TGEAGGTCAGAGRATGA (SEW 1O A 1»77
>termocels nt {(Teelé) artificial gene with Yice codon
optimization based on Caldivirgs maguilingensis GH12 gene
852 bp
ATCTTORAACTTATICCACTTCTTAATCCCAATTATAAGTTCA T TCAATGGGAGLCALT
CHGCGECETOOACGEAGCAGATATUGAGTCLATACATOTTACCCCARACGTATGGARCA
TAGATARATCATCAGTTGECACTETACAGATCEAATATGRGCCCC ARG TTGSCIGTCNT
COTTTTTCARTTOATTTCCUGAGGALAAG TATAACACATANTG TAGGUGTAGCGEIATA
TTCAGARAGTTATITACGGACACAAGCCGTGEGGCCCCACCACTTGUATGGACCUTCAGT
TCANGTTCCOCTATCRMAGTCAATGAGTCARAAGGRAI TG TACTOG TR TATAANTTATANC
GTTAARATCTAGGTCACCASA TCGACTCAATC TYTAA TATTCGOTTACGATCTCTGGCTTAL
AACGTCOCCAAMCCTTACAMACGGACCOTAGCCAGGAGACC TAGAAGTTATGATC TGET
T TACTACCACGGACAGCGCCUTGCAGGCAGACTCATCCGEERNC TCCECATCCCGATT
AUATTCGGCCATRGTGAGGCGECACCTRACT T TGAAGTATEGETEECTGACACAGGANT
AGGAATCCGTGAATGGECOETAGTGACCT TCAGRATCEAGEACIC AR T A AMCGGELGETT
TGATAGGAGTTAACCTCATARACTACATCRARAGTGCTTTTARMACGC TCGANGAACTC
MACCOGETUAACTGGUGHTACCEOGACCTGUTCAACARATATC D TAATGOARTTGANTT
COGCACTOAGTTTGGTARTGTCTCCTAGEA ?GATRAAAC:ﬁﬁATTGGGAACTCTGCG

GOCTGAGCOTTGTGAMGACTCTTCT (SEQ 10 MNO7 (]

stermaceld nt {(Teeld) arvificial gene with corn codon
pptimization based on Caldivirga maguilingensis GHIZ 1230
b

TOCCCTGRACCCATOTAACACACTCGAACT IACACTTIATTCTCGARARNTGRUNTOACCA
CCACAGTAACTS TORCOGCGACKCCRCGRRACACTTACCCTATGATCTUCOCTTGGOTAL
ATTARIATEACCCOTAACC IO TGCAACC T TAACRCAGO TTCGTCATCAGRATACGOCTC
TATGGTCTACGATGCATCACAGEETACTCTTTATATTCATGTTAATTTCACAAAGETTT
ACCTCAATCAGUAAGTTIGRTOTTOOCGOC TACTCTGRATTCATO TATGCCTACARACCE
TGOCGUACGUTCRACOTCOGAGSCAGSCGLOCTTCAATITTCCTG TTAAGC T TALCGAACT
COCTTCTCT T T T TG T TCAT CAAT TAC T ACTCATTTCATATTCTCCACARGTCOOTA
TCTTEGA T TGEGUATACGACCTTTGGUTCACAACEATCCCCRAATCTCADDARCGICCOT
CAACCCGOCGACTTCGAGETCATEATCTIGECTU TN T TATCACC TG CAACAACTTGIGGS
TTTTCCOOTCGOTAACGTTAAGTGUCAATATGOOTCAATGRC TCOCTCOS T TARCGRRA
CATTTGAGOTTTGGAT TOGT TOTCCACRGATCGRACCCGOUATCCACGO AT MG TOTCD
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TrCAGGUCAACGARATCUARTCCOTAGAGGCCTCGTOGCCGTAAA TG ICACGARGTICOCT
TCAACTTGCCETTARCTATCTCETGACACTCTACCOCTCATACTGGAACTACACATATC
TCOAGAGCIAGTACTTGAATCOCATCCAATTCGGAT CAGAATOGEGCAATCCETCTACA
TRCAATATTACACTCRATTGGGTCAT I TATARAGCT TATCTTATCAMEGTGCOTOTEGA
CLTCACAGGGCACCGTTACCGTCACATATACTACARCTCTTACATCORCCATCGALTGTTA
COTCRATCCTTGCTACTACATCORCOGTCACCACTACATCTACARCT TACATCEACCSTT
ACCGOOACTTCAGTTTCTACTTCCACCETCACGCAGACTOTCACTACTTCCATCGTIRA
ABRCCGTCATCOUTGTUTACTATACTECCACCATANTCGTCC I TC TTATAATCATCGOAG
TCGTCATTGCACTTGUGTTCGCCCGOCCCEGCATCUGGETTCGTCICIG TG ER 1D VDY 3‘?
stermonelio_nt {Teellds) Rased on Pyrococcus horikoshili 073
RKU GHES gene 2214 bp
ATGAGATTTCAATICGOATTCTCOARAGAAGATEARCAGETGCTCEGUACAATACTARC
ACTCGGRAATGCGACAATTACGAGT TAGGGGAGARTT TGRACTCGAGAGATCTCOTTATG
GAACGATCGTTAGCCGEGTUTATGATTACACTOOCTACT TUTACAGEGAATTGGTAANT
GOTOCCAGGACTATAGCOATCATANTAATTATRGATCGEAZAACTARTAAATCCAAGCTC
TCARRAAGTCANGGANTTUCACGAGACAGUTCGATATAGRARAAGCCUTTATIAAGARCTC
ACTTAGAGATTGARACAAARAATGEAAATARAAT T I TATATANMAGTACRAGGATAGTC
CACKTGAMBAGRARARACCTAATCCTTCTAGA TT TTEAGCTARRRAGC TAGCAAGCGAGS
AATCOCAGTTGTACTTAATCCCATAGRATTCAN TACTGUAAATCCAGGL T TIATAGALG
AGATAATCATCAAGCATTATAGAG TOGACTCCATAAMGAGATTGRGBAGGOAGTATAC
CUTAGGCTGAMAACTTTIAGATAATAACTACACETIGOAARTTGORAGTAGCTTGETTOC
ATCAGAARTATACATCGAGGAGCACCTTTAGAACCCGATANTGAAATTCGAGAAATTTACA
TTGTTARARCTPAAACCAGGAAAPACCTACAAATT IACAAAGTACG T TACAG TATI FAAR
GGAGCAGCT O TAGAGGAG TTAAAAGATO T TAAGACATTAGGATTTCGARAAGCTATATGA
AGAGCATATARACAGUTGGRAGAGAATATGCCAGARAGTCARAGTCOAANTCGAAGGRG
NIAAAGACCTTGARARTGCOCTAARATTTAACAT TTTTCACT TGATCCAATCCLTICCA
CORACAGATAARGTCTCGUTACCAGUAAGEGEAATACATGGOTTTGGE TATAGGEGACA
TATAPTCTGGEATACAGAGATATATGCATTACCTTITUTTCATATTCACGATECCAAAAL
AGCGUCAGGAGATICCTCCTCTATAGATGCAACAACTTAGATGCCGCTARAAGAALATGCA
ARCGATCARTGGATATCAAGERGTCORN T T TOCUTCEGAGTCGUCAGATOATGEACGIGA
GOUTACCCCOTCTICAGATACCATTGOATATGT TGGCAAGCARAATCGTTAGARTTTACA
COGGAGAGGAGCAACATCACATAACTGCGGATATAGUA TATATAGTTGATTTTTATIAL
CARGTCTCTGCAGRTCTCOMTTTATGAACAGCTGTEGCCTTGAGATAATCTITTGAGAL
GoCCCGATTTTGOGUTAGTAGEGTTGAG T TCOAGGAACGGAMAACGETACCTOAT TARA
ARGTARNTACCACCTGATGAATADCATGAGCALG T TARCRAT AR T TO T TTACARACTTA
ATCBCCARGTATRAATCTCGAACTTGCAATAAGATACTTTAGACGAG TCARAGAATAGGGA
ACCOTGOARAAAGAT TG TCCAAAMAT TAAACATAAGAGAGOAGGAGG T TCAARAATEOS
ARGAGATAGOTARAARACKTG TACATTCOCAGGARCE TAGALGEAGTTTT TGAAGAGTTT
GATGGTTACTTTCARTTGATGGATTTTCAAGTTGATCCUTTCARTAT TGOAGAAAAART
ACTCCCOGAGGRARTCAGEAATRACATAGGGAANACGARACTC O T TARGCAGSCCGATS
TCATCATGCCCCAATATCTCCT TAAGSACTACTTCTCTCOAGAGGAANTANAGAGTAAC
TTTRACTATTATATAAGGAGRACTALCCATGUTTCATCACTC TCCATSCCOCCATACGS
CGATCATTGCARACCTGGATAGGGGAGCTAAAGATAGCATATGASTACTTCRAGAGATGTC
CARATATAGATCTCAARAACGTGTACGSAMACACTCCAGACCGATT TCAL TTAGUANCG
GUGGBCACSGAACCTGGUARGTACTCGTCAGAGCAT T TTGTCGECCTCARTE TAAMAGGAAA
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CAAARTAGAGCTTAATCCTARTCTTCCTGAAARATGGAAGTACSTTAAGT TCAGGATAT
TOTTCAAAGGTTCATECGATAGAATT TAAAATTTCTAGCAAGARAGTTAGOGCTAGALTG
CTTGAAGGATCRAGARARAG TCARMATATCTAGC T I TCCARAGEAAGTAGA IO TATATCS
TGCRARAGAGGTTGTAATAGTAGTTAATTAA (BSEG 1D NO&J 3
stermocel? nt (Tcel?) Based on Thermotoga petrdphila RXU
GH3 gene 216% bp
ATGATCOGAAAGATCGATSAARTCOTTTCACAGCTCACTAT TGAAGAIABAGTGARAL
TOTAGTGEGOETTGETCTTCCAGGACTT T I GEARATCCACA T TOCABRG TRECAGE TG
CAGCTGGAGARACGORATCCTETTCOGAGRO T IGEAATTCO I TCT T TCOTTCTEECUGAC
GETCCCROGECCTCAGAATARATCCCACANGAGAGAACGACGAARACACCTATTACAS
AACAGOG TP TOCTOTTGCARATCATGCTCSO TTCCACC TEGAACAMAGATCTTCTOCARG
AAGTAGGAARAGCTATGCOAGARGRAGTCAGCCAATARGR TG TOGR TG TR TTCT LG
COTGUGATGAACATTCACAGGAACCCTO T T TG TGCAASGART TTCOAGTATTATTCAGA
AGATCCTETICCTTTOCGRTORAR TGGCTTCAGCCT T TG TCARGEGAGT TURAATCTCAMG
GGG TGEGAGCCTGCATARAACACT I TG TCEUGRACAAC CAGGARACGRACAGGATGGTA
GTGGACACGATCGTGTCCGAGCGAGCCOTCACGAGAMTTA TR TCTEAMAGG TTTTGRART
TCCCGTCAAGARAGTAAGACCUTGEACCETCATGAGCRUTTACAACARACTGAATGGAN
ANTARCTCTTCACAGBALGARTCSCTTTTGRAGAACG T TCTCAGGGAAGAN T EGGGATTT
GACGGTTTCRTGATGAGCEACTEETACCCAGOAGACAACCCTGTAGRACAGUTUAAGES
COGARMCGATRTGATCATGCUTCOAARLGCETATCAGGTGARCAUGCGAAAGAAGRGATS
AMATAGAAGEAATCATGOACCCCTTGAAGCAGOGRACALTCAGTCAGGAAGTCCTGRRC
GEATGUCTOACARRCRTCO T ARG T TOTTOTOARCOCOCC T ICCTTT ARAGGITACKG
GTACTCOAACAAACCOCACCTCSAATC TCACGUBARMGTTSCUTACGRAGUAGGTETGG
AGOGTGTTOTCOTTCTTCAGAACAACCGTETTCTTCCATTCORT GRARG TATCTATGTC
GUCGTCTTTGGUACCEETCAAATCOAARC AR TAAAGOGAGGAACCGORAGTGGAGACAC
CCATCCGAGATACACGATCTCTATCCTTGAAGBCATARRAGAMGARACATOAAGTTCG
HCGARAGBRACTCACCTCCATCTATCAGCAT TACATCALMAAGATGAGAGAAACAGRGEAR
TATAAACCCAGAACTEACTCCTGGEGAACCE T TATAABACCGARAC T T CCAGAGARLTT
TOTCTCAGAAARAGAGATAMAGARGGCTGUGANGAARARCCGATECIGUAGTTOT TG TAA
TCAGTAGGATCTCCGGTGACGGATACCACAGAMGCCCCTGARMAGG TGACTTCTACCTC
TCCEATGRCGASCIGEAGC TCATARARACAGTCTCAAGGCAATICCAUGIPACAGGETAEA
GARGOTTGTGGT TCTTCTCARCATCGGAAGTCCCATTCARSTTGCARAGUTGGAGAGATC
TTETGEATGGAATCCTTCTCGTC TGGUAABCAGGACACGAGATSGEAAGAATAGTGRCC
GATGTTCT TG TEGGAAGGGTARACCCCTCUGGARAACTTCCAACGACC TTCCCCAAGEA
TTARCTCGGACSTTCCATCCTGCACGTTCCCAGGAGRECCARAGGACRATCCGUARAGAG
TGCTGTACGAGGARGACATC TACCTGGGATACAGGTACTACGACACCTTTGGTGTCGAR
COTGCCTACGAGTTCOGCTACGGCCTCTCT TACACAMAGTTTCGAA TACAAAGATTTAAR
GATCGUTATCGACGGAGATATACTCAGAGTCTCGTACACGATCACALACACCGGGRGACA
GRGCTGGARAGGAAGTC TCACAGG T T TATG TCARAGCTCCAARACGEAAARNTACGNCARL
CCOCTTCCAGGAGCTGAMAGOGTTCCACAAMACARARACTTTTGAACCCGGOTERATCCGA
ARRGATCUTTCTGGAATTCCTCTTAGAGATCT TECCAS T TTCBATGGERRAGAATGGS
TTGTCGAGTCAGGAGAATACGACSTCAGEEICGOTOCATO TTCCASGGATATARGETTG |
- AGAGATATTTTTICTGCTTGACGGAGAGAAGAGATTCAAACCATGA saﬁa>§i}ﬁ¢3:139
stermocels8_nt (Tcel8) Based on Thermotoga petrophila RKU
GH1 gene 1341 bp
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ATGAACGTGAARAAGTTCCCTOARGEAT TECTOTGOGGTC I TGCAACAGCTTCCTACCA
GATCGAGGGTTCTCCCOTCCCAGACGEAGC TG TATCTCTATCTGGCACACCTTCTCCS
ATACTCCTGGAATGTARAGAACGGTGACACGGGAGATGTGECCTECEACCACTACAAC
AGRTGGRAAGACGACATTGAAATC ATAGAGAAACTCGBAGTARAGGC T TACAGATTTTC
BATCAGCTOGCCAAGAATACTTCCGGAACGAACAGGAAGGGTGAATCAGARAGGACTAS
ATTTTTACAACAGGATCATAGACACCCTIGUTEGAAAMAGG TATCACACCCTTTETSACC
ATCTATCALTGOGATCITCCCTTCGCTOTTCACTIGAAAGGAGGATEGOCOARCAGAGE
ARTAGCGGATTGET TCOCAGAATACTCAAGEGTTCTCTTTGAARA T TTCGOCEACCATG
TGAAGAACTEGATCACCTTGRAACEAACCHTGOGTTOTTGCCATAGTEEGGCATCTGTAC
GGAGTCCACGOTCCTGGAATCAGAGATATT TACGTGECTTTCCEAGCTGTTCACAATCT
CTTGAGGECACACGCCARAGCOGTOAARGTGT TCAGGEAANCTOTSAAAGA TGGANAGE
POGURNY AT T T TCARCA R TGN T R T T COAR DO TGUCAG TGAAAMAGAGHAGGACATC
AGAGCCGCEAGAT TCATIUATCAGTTCARCBACTATCCTCTCTTTCTCARATCCGATCTA
CAGAGGAGATTATCCGEAGCTCG T TCTGEAATT TGCCAGAGAGTATCTACCOGAGRATT
ACAIAGATGACATGTCCGAGATACAGCAAAAGATCOACTT TG TTECATTGAACTATTAC
TECGETCAT PG TGARGT TCGATCCAGATGCACCAGCTAAGG TCTCT T TCH T TGARAG
GGATCTTCCAMMAACAGCCATGGGATCGEAGATCETTCCAGAAGGAATCTACTGGATCC
TEARGAAGG TG AMAGRAGAATACAACCCACCAGAGE TTTACATCACAGAGAATGGCGOT
GOTT T TGACGACGTAG T TAGTCAACATGGRAGAGTTCACCATCARARC AGARTCGATTA
TR AGGCLCAC AT TGO TCRGAC A TEOAAGOOCATACASCASOCAG THCUOCTTARRG
GTTACTTCGTCTGETCGCTCCTCOACART T TCOAATGEGCAGAGGGATAT I CCARGAGA
PITGETATTO TG TACGTGGAC TACAG TACTCARARACGCATCATAALAGACAGTGGTTA
C’TGG'E‘AC‘Z’{L‘GM&CQTGGTCAAAAGCM&CAGTC?G@ANEA‘I"FGA(\/‘75 EQ 10 NJO! ggj
spHAD MYC-HIS TAG 66 bp

GAACAAAAACTCAT CTCAGAARAGOATCTEAATAGCGCCETCGACCATCAT CATCATCA
reatear SED IO NOL

25128
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stermocell _aa (Teell, o-eglA) endoglucanase 301 aa {WITHOUT
W-TERMINAL SIGMNAL PEPTIDE, CODONS OPTIMIZED FOR CORN), GH1Z,
MW 34,008, pI 4.80, charge -13.10
MIYPVEKYHTSEDESTESNTSSTPPOTTLS T TRVLE LRY PODGEWPGAR IDEDCDGNPER
YIEINLWNILNATGFAEMTYNLTSGVLHYVOQLONIVLRORSNWVHGY PEI FYGNKPWN
ANV ATDGRPIPLPSKVENLTDFYLTISYKLEPKNGLPINFATESWLTREAWRTTGINGDE
QEVMIKIYYDGLOPAGSKVEREIVVPIIVHOTPVRATFEVHKANIGWEYVAFRIKTPIKE
GIVTIPYGAFISVAANISSLPNYTELYLEDVEIGTEFGTPS TTSAHLEWW ITNITLTRL
DRPLIS (SBDQ 1O NOLA)

stermocel?2 _aa {(Tcell, petroB), endeglucanage, 274 aa, GHLZ,
MW 38,226, pI 5.58, charge -6.60
MRWVVLIMVAFSALLFSSEVVLTSVEAAD I SFNGFPVIMELNFUNIKSYEGETWLKEDG
ERVERYADLYRIVLONPDSRVHGY PELIYYGYKPWASHNSGVEFLPVEVKDLFDFYVILD
YETIWYENNLP INLAMETWITKS POQTSVSSGDARIMVWFYNNVILMPGGOXVIREFTTTIVE
INGVEQEAKWDVYPAPWSWDYLAFRLTTPMKEGKVEFNVKDFVOKAREVVIARSTRIDN
FEELYFCVWEIGTEFGDPNTTTAKFGWTFKDFFVEVVK (SE® 10 NOLY
>termecell_aa (Tcelld, phll7l} exocellulase 458 aa, GHS, MW
51,930, pX 6.47, charge -3.60
MEGNTILXIVLICTILAGLFGOVVEVYAERTTYQTPTCIYYEVRGDT I YMINVTSGERT
PIHLPGVNWFGFETPNEVVHCGLWERRWEDMLLO I KSLEFNATIRLPFCTESVRPGTQPIC
IDYSKNPDLRGLOSLQIMEKIIKKAGDLGIFVLLDYKRIGCTHIEPLWY TEDFSEEDFY
NTWIEVAKRFGEYWNVIGADLKNEPHSVTSPRPAAY TDGTGATWGHMGN PATDWRLAKERT
GKAILEVAPHWLIFVEGTOFTHPKTDESYKNGYNAWWGONLMAVEDYPVNLPRINKLVYS
PRVYGERLVYNQPYFPGPAKGFPDNLPDIWYHHFGYVKLELGYSVVIGEFGGKYGHGGDER
DVINONKLVDWMIENKFCDFFYWEHNPDSGDTGEILODDWTTIWEDK YNNLERIMDSECS
KSSSSTRSVIRSTTPTKSNTSKKICGPAILIILAVFSLLLRRAPR { SERQ 1D MC:!’,@
>termocel4_aa {(Tceld, o-El] exocellulase 514 aa (CODONS
QPTIMIZED FPOR RICE, WITHOUT 5TOP CODOKH), GHS, MW 58,980, pI
7.05%, charge .30

MEIKLFCYFIVFIILFEPFVIALSY PDVIYTAENGIIFVQRV T TCEKK PLY LHGVSWEG
FELEPHVVYGLDKRNWEDILEDVKRLGFNATRLPFCSES IRPDTRPSPERINYELNFDL
KRLTSLEIMERITEYANSIGLYILLDYHRIGCEEIEPLWYTENYSEEQY I KDWIFLAKR
FOKYPNVIGADIKNEPHGERGWGTGDERDFRLFAEXVGREILKVAPHWLIFPVEGTRYTH
VENIDEI IEKKGWHWITFHGENLMGVEDYFVRLPRGRVVY S PHVYGPESVYMMDYFKSFDEP
NEMPIIWETHFGYLITDLNYTLVIGERGGNY EGLDEKVWQDAFVERLIX KK TYNFFYWCLN
PESCDTGGIFPLDDWRTVHREKMRVIYRLIKAANPEFPEEPLY ITLKTNATTS ILGVGERT
RIYWYTHNGKVIDSHNFAHSSEGEMNITVTKSMTLY IIVKKGND TLRKELKLYVIGGNYGS
NISTTQLVTPKKGGERISTSLKLALSLLFILLFVWYLLREKH SEQ (O MO'E
>termoelb aa (Toceld, petroh} endoglucanase 328 aa, GHLIZ, MW
38,226, pl 5.58, charge -6.60

METLLPVVVVHDIEPVSMRLORYKNKNS TKREKQGLIPLFFYFWVYLVLFANFQILNVN
IFITRCFPLEVIMVVLMTEPGTSDFVWNGIPLEMELNLWHNIKEYSGSVAMKFDGERVTFD
B IONLSPREPERYVLGY PEF Y CY K PWEFATARGERLPVPVESMESFEVEVEFDIRHE
POLPLNFPAMETWLIREKYQTEAS IGDVEIMVWPYPNRLTPEGKKIEEFTIPFVLNGESY
EGTWELWHAEWCGWDYLAFRLKDPVKEGRVEFPDVRAFLDAAGKALSNESTRVKDFENLYFT
VWEIGTEFGSPETKSAQFGWKFENFSIDLEVRE(SEQ (0 NO' 10
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[GHiz ] 31818 |:r5i68'0 15,00

stermeels_sa (Toeld) endoglucanase 284 aa (CODONS OPTIMIZED
FOR CORM), GH12, MW 31,818, pl 5.46, charge -5.00
MLKLIPLVNGRYRLIQWEPLGGVHGADI ECTHVTENVHWNIDK S SVGTVQIEYERPOVECL
RFSIDFPRISIRHNVGVAAYSEVIYCGHKPHGPTTOMDPQFKFRIKVNESKGLYSYVNYN
VHSRSPDDSIFNIAYDLWLTTS PNLTNGPQPGDVEVMIWLYYHGORPAGRLIGELRMP I
TLGDEEARRDFEVRVADTGIGIGEWAVVTFRIKDPIKGGLIGVNLINY I ESAPKTLEEL
NPVEWRYGDLLNKYLNGIEFGSEFGNVSSGMI KLNWELCGLSLVKDSS @ EQ 1o NO ﬁ)
stermoceld _aa (Tceld) endoglucanase 410 aa (CODONS
CPTIMIZED FOR CORMN}, GHiZ, MW 45,059, ol 6,16, charge -2.20
MDYSINCSINPITLMVAHSSPLNPSNTLELTLILENGI TTTVIVTATPENTY PMISLGY
INITPNLWNLNTASSEGYASMVYDASQGALY THVNFTKVYLNQQVGVARYSEF IYGYRP
WETLTSEAGGENF VKL TELGELLEFINYSLISYSPGVATFDWAY DLWLTTS PHLTHGD
QPGLVEVMIWLY YHLOOPAGFPVANVIVP INVNGSLVNETFEVWIGSPQIEPGTHAIVS
FRETNPIPRGLVGVNVTRKFLOLAVNYLVILY PSYWHYTY LESKYLNGIEFGSERGNPSET
YNITLNWVIYKAYLIKVELESQGTVIVTY TTTVISTMTVTS ILATTSTVITTSTLTETV
TATSVSTSTVTIQTLI TS IVKIVIPVYYTATI IVLLI ITAVVIALAFARRGT RV&LC(_@ Q1D NO- 3{3)
>termocel 10 _aa (Teelid) endoglucanase 737 aa, GHES, MW
85,568, pl 7.80, charge 4.30 )
MRFOQFGFSKEDEQVLOGTILTLGNGOLGVRGEFELERSPYGTIVSGVYLYTPYFYRELVN
GPRTIGHMIIIIDGREL INDPSEQKVHEFQRELDIEKGLLRTHLE ETENGNEILYXSTRIV
HMERKNLILLOFPELKASKGGIAVVVNPIEFNTANPGRIDEIMI KHYRVDS TKETEEGVY
ARVKTLONEY TLEIASSLVPSEY TSRS TFRTONEIGELY IVKLKPOKTYHKFTHIVTVSK
CARLEERLKEDVRRLOGFEKLYEEHINSWERITWERVKVEIEGDKDLENALNFNIFHLIQSLP
PTDEVELPARCTHGFGYRGHIFUDTEIYALPFFI FTMPKEARRLLLYRUNNLDARKEND
FMRGYQGVQFPHESADDGREATPSEI PLDMLGEKIVRIYTGEEEHHITADIAY IVDFYY
QVEGDLEFMNRCGLEI IFETARFWASRVEFEEGKGY VIKKVIGPDEYHEHVHNNFFTNL
MAKHNLELATRYFRESKNREPWKKIVEKLN I REEEVEXNEETAKNMY IPRKIDGVEERF
DQYPELMDFEVD PFNIGEKTLPEEIRNNIGKTKLVEQADVIMAQY LLKDY FEFEEIKEN
FNYYIRRTTHASSLEMPPYAL IATWIGEVKIAYEYFKRCANIDLENVYGNTAEGFHLAT
AGGTUWOVLVRGFCOLNVKGNKI ELMPRLPEKWKYVKFRI FFEGEWIEFKI SRKKVRARM
LEGSRKVKI SSFGKEVDLY POKEVVIVAN{SER 1D VO 3a)

stermocel? _aa (Teoel7?) beta-glucosidase 722 aa, GH3, MW
81,243, pl 5.38, charge -146.9

MMGKIDEILSQLT IEEKVELVVGVGLPGLFGN PHERVAGRACGETHPVPRLGI PEFVLAD
GPAGLRINPTRENDENTYYTTAFPVEIMLASTWNKDLLEEVGKAMGEEVREYGVDVLLA
PAMNIHRNPLCOGRNFPEYY SEDPVLSGEMASAFVEGVOSQCVGACT KHFVANRGETNRMY
VOTIVEERALREIYLKGFE IAVIKARFWTVMEAYNULNGK Y CEQNERLLKHVLREEWGF
DGFYMEDWYAGDNPVEQLKAGNDMIMPGKAYQVNTERRDE IEEIMEALKEGRLSEEVLN
ECVENILKVLVNAPSFKGYRYSNKPDLESHAKVAY EAGVEGVVLLENNGVLPFDESTIHY
AVFGTGRIETI KGGTGEGDTHPRYTISILEGI KERNMKFDEEL TS IY EDY T KKMRETEE
YKPRTDSWGTVIKPKLPENFLSEKEIKKARKKNDAAVVVIBRISGEGYDRKPVKGDFYL
SORELELIKTIVSREFHEQEKKVVVLLNIGSPIEVASWRDLVDGI LLVHWOAGQEMGRI VA
DVLVGRVNPEGKLPTTFPKDY SIVPSHTE PGEPKDNPQRVVYEED T YVGYRY YD TFGVE
PAYEFGYGLSY TKFEYKDLKIAIDGDILRVSYTITNTODRAGKEVEQVY VEKAPKGKI DK
FPFQELIAFHKTKLLNPGESEKIFLEI PLRDLASFDGKEWVVESGEYEVRVGASSRD IRL
RDI mmsammpx{_‘m 10 AJOY. gq)

Figure 198
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»termocels aa (Tcelb) beta-glucosidase 446 aa, GH1, MW
51509, pl 5.84, charge -9.1
MNVKXFPEGFLWGVATASYQIEGS PLADGAGMS IWHTFSETPGNVENGDTGRVACTHYN
RUKEDIDL IBKLGYEKAYRFSISWPRILPEGTGRVNQKGLOFYNR I I DTLLEKGITPFVY
IYHUDLPFALOQLKGGWANRE IADWFAEY SRVLFERFGDRVIKNWI TLNERPWVVA I VGHLY
GVEAPGMRDIYVAFRAVHENLLEAHAKAVKVFRETVKDGKIGIVFNNGY FEPASEKZEDT
RAARFMHOFNNY PLFLNPTYRGDYPELVLEFAREYLPENYKDOMSETQEKIDFVGLNYY
SGHLVKFDPDAPAKVSFVERDLPETAMGWE IVPEG T YWI LKKVKEEYNPPEVY I TENGA
AFDDVVSEDRGRVEDONRIDYLKARIGOAVKAIQEGVPLKGYFVWSLLDNFEWAEGYSKR
FGIVYVDYSTOHRIIKDSGYWYSNVVKSNSLED( SEG w2 M 1¢)

>pBEAD MYC-HIS TAG 21 aa, MW 2,513, pl 6.20 charge ~2.60
EQXLISEEDLNSAVDHHEHEH §;EC§ e AK):tSQ)

Figure 13C



US 8,847,031 B2

1

THERMOCELLULASES FOR
LIGNOCELLULOSIC DEGRADATION

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention generally relates to thermostable enzymes
capable of degrading (hydrolyzing) cellulose at high tem-
peratures, and the incorporation of nucleic acids coding for
one or more of such enzymes into a host, and, more particu-
larly, a host that produces or is composed of cellulosic mate-
rial.

2. Background of the Invention

Cellulose is a polysaccharide consisting of a linear chain of
several hundred to over nine thousand f§ (1—4) linked D-glu-
cose units [formula (C;H, ,O5)n]. Cellulose is the most abun-
dant organic compound on earth, making up about 33 percent
of all plant matter, about 50 percent of wood, and about 90
percent of products such as cotton. In nature, cellulose is
present as part of the lignocellulosic biomass of plants, which
is composed of cellulose, hemicellulose, and lignin. The car-
bohydrate polymers (cellulose and hemicelluloses) are
tightly bound to the lignin, by hydrogen and covalent bonds.

Many highly desirable products are derived from lignocel-
Iulosic biomass. In particular, much interest has recently been
focused on recapturing the saccharide building blocks locked
in plant biomass for biofuel production. For example, fermen-
tation of plant biomass to ethanol is an attractive carbon
neutral energy option since the combustion of ethanol from
biomass produces no net carbon dioxide in the earth’s atmo-
sphere. Further, biomass is readily available, and its fermen-
tation provides an attractive way to dispose of many industrial
and agricultural waste products. Finally, plant biomass is a
highly renewable resource. Many dedicated energy crops can
provide high energy biomass, which may be harvested mul-
tiple times each year.

One barrier to the production of products from biomass is
that the cellulosic polymer has evolved to resist degradation
and to confer hydrolytic stability and structural robustness to
the cell walls of plants. This robustness or “recalcitrance” is
due largely to extensive intermolecular hydrogen bonding
between cellulose polymer chains. Some organisms, notably
fungi, bacteria, and protozoans, but also some plants and
animals, have evolved the ability to digest cellulose. In vivo
cellulose breakdown typically entails the cooperative inter-
action of several cellulases, enzymes that catalyze the cellu-
lolysis (hydrolysis) of cellulose. Several different kinds of
cellulases, which differ structurally and mechanistically, are
known, and some of these have been isolated, characterized
and used to break down cellulose in vitro. General categories
of cellulases include: endo-cellulases (endoglucanases),
which randomly hydrolyze internal bonds to disrupt the crys-
talline structure of cellulose, thereby exposing individual cel-
Iulose polysaccharide chains; and exo-cellulases (exo-pro-
cessive-endoglucanases), which cleave 2-4 units from the
ends of the exposed chains produced by endocellulases to
produce tetrasaccharides or disaccharides such as cellobiose.
Two major types of exo-cellulases are known, one of which
works processively from the reducing end, and one of which
works processively from the non-reducing end of cellulose. A
third major type of cellulase is cellobiase or beta-glucosidase,
which hydrolyses exo-cellulase products such as cellobiose
into individual glucose monosaccharides.

Typically, the digestion of cellulose is carried out at tem-
peratures approaching 100° C. because, at high temperatures,
intermolecular hydrogen bonds are disrupted and recalcitrant
cellulose polymers become accessible to the cellulase
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enzymes. Therefore, cellulases used commercially in such
processes must be able to withstand very high temperatures,
preferably for extended periods of time.

There is an ongoing need to identify, isolate and character-
ize cellulases, especially thermally stable cellulases, for use
in the enzymatic hydrolysis of cellulose. Of particular interest
is the development of groups or systems of cellulases that
include enzymes with endo-cellulase, exo-cellulase and beta-
glucosidase activity, the enzymes in the system acting in
concert to carry out the complete hydrolysis of cellulose to
glucose at high temperatures.

SUMMARY OF THE INVENTION

Protein sequences which heretofore were not recognized as
having enzymatic activity have been isolated and character-
ized as thermostable enzymes capable of degrading (hydro-
lyzing) cellulose at high temperatures. The activity is referred
to herein as cellulase or cellulase-like. The enzymes, origi-
nating from Archaea and various thermophilic bacteria,
include: endoglucanases that randomly hydrolyze internal
glycosidic bonds; exo-processive-endoglucanases that split
off cellobiose dimers; and f-glucosidases that reduce cello-
biose into monomeric glucose molecules. While the p-glu-
cosidase enzymes are technically not “cellulases” because
cellobiose (not cellulose) is the substrate they cleave, the
three groups of enzymes may be sometimes collectively
referred to as “cellulases” herein. The enzymes are optimally
catalytically active at temperatures at or above about 85° C.
and retain >85% of their enzymatic activity even after a 5 day
incubation at elevated temperature, e.g. 90° C. In some
embodiments, the enzymes, or enzyme systems or groupings
comprising multiple thermostable catalytic activities may
advantageously be used to degrade cellulose. Preferably, in
the case of systems which have multiple thermostable cata-
Iytic activities, such a system comprises at least one endoglu-
canase, at least one exo processive-endoglucanase, and at
least one beta-glucosidase enzyme, and thus can carry out the
complete hydrolysis of cellulose to glucose at high tempera-
tures in a sequential, cooperative manner. Catalytic consoli-
dation at high-temperatures using the enzyme systems
described herein is not additive but synergistic, accessing
recalcitrant cellulose and hydrolyzing beta linkages at tem-
peratures above 85° C. Thus, one aspect of the invention is to
employ the enzymes, alone or in a group, in processes to
break down cellulosic material by contacting the cellulosic
material with the enzymes and elevating the temperature to
activate the enzymes to break down the cellulosic material.
These processes might be performed, for example, in tanks
where the cellulosic material is distributed in a liquid carrier;
however, the enzymatic breakdown may be achieved simply
through elevating the temperature of the cellulosic material
with the enzymes being in contact with the cellulosic mate-
rial.

The invention also contemplates the incorporation of
nucleic acids coding for one or more of the enzymes into a
host (e.g., a plant, fungi, bacterium or animal). In the case
where the host produces or is composed of cellulosic material
(e.g., plants such as corn, switch grass, sugar cane, sorghum,
pinus and eucalyptus), the host can be subjected to break-
down of the cellulosic material, for example, after harvest.
That is, in a particular example, corn or switchgass trans-
formed to include nucleic acids coding for the enzymes will
express the enzymes internally, and after collection or harvest
of the corn or switchgrass, the enzymes can be activated to
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begin and preferably ultimately to completely degrade the
cellulose simply by elevating the temperature of the corn or
switchgrass.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A-B. Pyrococcus furiosus Termocel 1 endogluca-
nase. A, nucleotide sequence (903 bp, SEQ ID NO: 1); and B,
amino acid sequence (301 aa, SEQ ID NO: 2). Nucleotide
sequence is optimized for expression in corn and shown with-
out N-terminal signal peptide encoding sequence.

FIG. 2A-B. Thermotoga petrophila Termocel 2 endoglu-
canase. A, nucleotide sequence (825 bp, SEQ ID NO: 3); and
B, amino acid sequence (274 aa, SEQ ID NO: 4).

FIG. 3A-B. Pyrococcus horikoshii Termocel 3 exocellu-
lase. A, nucleotide sequence (1377 bp, SEQ ID NO: 5); and B,
amino acid sequence (458 aa, SEQ ID NO: 6).

FIG. 4A-B. Pyrococcus abyssi Termocel 4 exocellulase. A,
nucleotide sequence (1542 bp, SEQ ID NO: 7); and B, amino
acid sequence (514 aa, SEQ ID NO: 8). Nucleotide sequence
is optimized for expression in rice and shown without stop
codon.

FIG. 5A-B. Thermotoga petrophila Termocel 5 endoglu-
canase. A, nucleotide sequence (987 bp, SEQ ID NO: 9); and
B, amino acid sequence (328 aa, SEQ ID NO: 10).

FIG. 6A-B. Caldivirga maquilingenesis Termocel 6 endo-
glucanase. A, nucleotide sequence (852 bp, SEQ ID NO: 11);
and B, amino acid sequence (284 aa, SEQ ID NO: 12). Nucle-
otide sequence is optimized for expression in corn.

FIG. 7A-B. Thermotoga petrophila Termocel 7 beta-glu-
cosidase. A, nucleotide sequence (2169 bp, SEQ ID NO: 13);
and B, amino acid sequence (722 aa, SEQ ID NO: 14).

FIG. 8A-B. Thermotoga petrophila Termocel 8 beta-glu-
cosidase. A, nucleotide sequence (1341 bp, SEQ ID NO: 15);
and B, amino acid sequence (446 aa, SEQ ID NO: 16).

FIG. 9. Characteristics of high-temperature operating
thermo-stable cellulases. swAvicel=phosphoric acid swollen
Avicel; ,, Cellulose=Avicel; cellulase specific activity is
expressed as of reducing sugar/mg protein/day at 85° C., pH
6; beta-glucosidase specific activity is expressed as nM p-ni-
trophenol (pN)/ug protein/minute.

FIG.10A-E, Processive exocellulases (cellobiohydrolase).
Capillary zone electrophoresis (CZE) of 8-aminonaphtha-
lene-1,3,6 trisulfonic acid (ANTS)-labeled cellopentose
breakdown products incubated with Termocel 1 (A), Ter-
mocel 2 (B) and Termocel 3 (C). CZE retention times (D) of
purified monomer, (DPI) dimer (DP2), trimer (DP3) and the
substrate cellopentose (DP5). Sequential predicted cleavage
pattern (E) between DP5 and DP4, DP4 and DP3, DP3 and
DP2. Assay conditions, Substrate, ANTS-cellopentose (FIG.
9C), buffer sodium phosphate/citrate 50 mM, incubated at
95°C.,pH6.

FIG. 11A-E. Processive endocellulases (endoglucanase).
Capillary zone electrophoresis (CZE) of ANTS-labeled cel-
lopentose breakdown products incubated with Termocel 4
(A), Termocel 5 (B) and Termocel 6 (C). CZE retention times
(D) of purified monomer, (DPI) dimer (DP2), trimer (DP3)
and the substrate cellopentose (DPS5). Predicted cleavage pat-
tern (E) between DP2 ad DP3 and DP3 and DP4. Assay
conditions, Substrate, ANTS-cellopentose (FIG. 9C), buffer
sodium phosphate 50 mM, incubated at 95° C., pH 6.

FIG. 12. Temperature optima for high-temperature cata-
Iytic cellulases, and activities at 60, 45 and 20°
C. swAvicel=phosphoric acid swollen
Avicel; ,, Cellulose=Avicel; cellulase specific activity is
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pH 6; beta-glucosidase specific activity is expressed as nM
p-nitrophenol (pN)/ug protein/minute.

FIG. 13A-D. Termocel thermostability. Termocels were
incubated at 90° C. in phosphate/citrate buffer for the indi-
cated number of hours and CMC or PNPG activity deter-
mined. The amount of residual activity is shown. A, Ter-
mocels 1 and 2; B, Termocels 3 and 4; C, Termocels 5 and 6;
D, Termocels 7 and 8 With the exception of Termocel 3, all
cellulases retained >80% of activity after 120 hrs at 90° C.
Thus, these enzymes are stable at high temperatures.

FIG. 14. Flow chart illustrating cellulose treatment steps.

FIG. 15. Table depicting biomass substrate specificity of
particular Termocels.

FIG. 16A-B. Caldivirga maquilingensis Termocel 9 endo-
glucanase. A, nucleotide sequence (1230 bp, SEQ ID NO:
29); and B, amino acid sequence (410 aa, SEQ ID NO: 30).
Nucleotide sequence is optimized for expression in corn.

FIG.17A-B. Pyrococcus horikoshii Termocel 10 endoglu-
canase. A, nucleotide sequence (2214 bp, SEQ ID NO: 31);
and B, amino acid sequence (737 aa, SEQ ID NO: 32).

FIG. 18A-F. Nucleotide sequences as set forth in SEQ ID
NO: 1 (from Pyrococcus furiosus), SEQ ID NO: 3 (from
Thermotoga petrophila), SEQ 1D NO: 5 (from Pyrococcus
horikoshii), SEQ ID NO: 7 (from Pyrococcus abyssi), SEQ
ID NO: 9 (from Thermotoga petrophila), SEQ ID NO: 11
(from Caldivirga maquilingenesis), SEQ ID NO: 29 (from
Caldivirga maquilingensis), SEQ ID NO: 31 (from Pyrococ-
cus horikoshii), SEQ ID NO: 13 (from Thermotoga petro-
phila), and SEQ ID NO: 15 (from Thermotoga petrophila).

FIG. 19A-C. Amino acid sequences as set forth in SEQ ID
NO: 2 (from Pyrococcus furiosus), SEQ ID NO: 4 (from
Thermotoga petrophila), SEQ 1D NO: 6 (from Pyrococcus
horikoshii), SEQ ID NO: 8 (from Pyrococcus abyssi), SEQ
ID NO: 10 (from Thermotoga petrophila), SEQ ID NO: 12
(from Caldivirga maquilingenesis), SEQ ID NO: 30 (from
Caldivirga maquilingensis), SEQ ID NO: 32 (from Pyrococ-
cus horikoshii), SEQ ID NO: 14 (from Thermotoga petro-
phila), and SEQ ID NO: 16 (from Thermotoga petrophila).

DETAILED DESCRIPTION

The present invention is based on the identification and
characterization of a comprehensive set of thermostable cel-
Iulases that work in concert to catalyze the hydrolysis of
cellulose to glucose at very high temperatures. The cellulases,
originally identified in archeal and bacterial genomes,
include endoglucanases that randomly cleave internal glyco-
sidic bonds; exo-processive-endoglucanases that further
hydrolyze cellulose fragments into cellobiose dimers; and
p-glucosidases that further hydrolyze cellobiose dimers to
glucose monomers. While the enzymes may be used individu-
ally, in some embodiments of the invention they are grouped
to form a cooperative enzyme system. By combining into a
group at least one endoglucanase, at least one exo-processive-
endoglucanase and at least one f-glucosidase, an enzyme
system is formed that is capable of the complete breakdown
of cellulose to glucose. Importantly, the enzyme system’s
various catalytic activities are optimal at temperatures that are
high enough to destabilize the hydrogen bonds between crys-
talline cellulose strands (e.g. at temperatures greater than 80°
C.). Destabilization of hydrogen bonds at high temperatures
causes disruption of the crystalline structure of cellulose,
thereby facilitating access by the first enzyme in the series
(endoglucanase) to internal glycosidic bonds of individual
cellulose polymer strands, and allowing the step-wise process
of cellulose breakdown to begin.
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Exemplary amino acid sequences of the recombinant
enzymes of the invention and exemplary nucleotide
sequences that encode them are depicted in FIGS. 1-8. How-
ever, those of skill in the art will recognize that the invention
also encompasses variant proteins comprising amino acid
sequences that are based on or derived from the sequences
disclosed herein. By an amino acid sequence that is “derived
from” or “based on” the sequence disclosed herein, we mean
that a derived sequence (or variant sequence) displays at least
about 50 to 100% identity to an amino acid sequence dis-
closed herein, or about 60 to 100% identify, or about 70 to
100% identity, or even from about 80 to 100% identify. In
preferred embodiments, a variant sequence displays from
about 90 to 100% or about 95 to 100% amino acid identity. In
further preferred embodiments, a variant sequence is 95, 96,
97, 98 or 99% identical to at least one sequence disclosed
herein. Variations in the sequences may be due to a number of
factors and may include, for example: conservative or non-
conservative amino acid substitutions; natural variations
among different populations as isolated from natural sources;
various deletions or insertions (which may be amino terminal,
carboxyl terminal, or internal); addition of leader sequences
to promote secretion from the cell; addition of targeting
sequences to direct the intracellular destination of a polypep-
tide; etc. Such alterations may be naturally occurring or may
be intentionally introduced (e.g. via genetic engineering) for
any of a wide variety of reasons, e.g. in order to eliminate or
introduce protease cleavage sites, to eliminate or introduce
glycosylation sites, in order to improve solubility of the
polypeptide, to facilitate polypeptide isolation (e.g. introduc-
tion of a histidine or other tag), as a result of a purposeful
change in the nucleic acid sequence (see discussion of the
nucleic acid sequence below) which results in a non-silent
change in one or more codons and thus the translated amino
acid, in order to improve thermal stability of the protein, etc.
All such variant sequences are encompassed by the present
invention, so long as the resulting polypeptide is capable of
catalyzing the enzyme activity of the original protein as dis-
closed herein. For example, the invention includes shorter
portions of the sequences that also retain the catalytic activity
of the enzyme. The full-length protein sequences and/or
active portions thereof are both referred to as polypeptides
herein. In addition, the invention also includes chimeric or
fusion proteins that include, for example: more than one of
the enzymes disclosed herein (or active portions thereof); or
one or more of the enzymes disclosed herein (or portions
thereof) plus some other useful protein or peptide
sequence(s), e.g. signal sequences, spacer or linker
sequences, etc.

The invention also comprehends nucleic acid sequences
that encode the proteins and polypeptides of the invention.
Several exemplary nucleic acid sequences are provided
herein. However, as is well known, due to the degeneracy of
the nucleic acid triplet code, many other nucleic acid
sequences that would encode an identical polypeptide could
also be designed, and the invention also encompasses such
nucleic acid sequences. Further, as described above, many
useful variant forms of the proteins and peptides of the inven-
tion also exist, and nucleic acid sequences encoding such
variants are intended to be encompassed by the present inven-
tion. In addition, such nucleic acid sequences may be varied
for any of a variety of reasons, for example, to facilitate
cloning, to facilitate transfer of a clone from one construct to
another, to increase transcription or translation in a particular
host cell (e.g. the sequences may be optimized for expression
in, for example, corn, rice, yeast or other hosts), to add or
replace promoter sequences, to add or eliminate a restriction
cleavage site, etc. In addition, all genera of nucleic acids (e.g.
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DNA, RNA, various composite and hybrid nucleic acids, etc.)
encoding proteins of the invention (or active portions thereof)
are intended to be encompassed by the invention.

The invention further comprehends vectors, which contain
nucleic acid sequences encoding the polypeptides of the
invention. Those of skill in the art are familiar with the many
types of vectors, which can be useful for such a purpose, for
example: plasmids, cosmids, various expression vectors,
viral vectors, etc.

Production of the nucleic acids and proteins of the inven-
tion can be accomplished in any of many ways that are known
to those of skill in the art. The sequences may be synthesized
chemically using methods that are well-known to those of
skill in the art. Alternatively, nucleotide sequences may be
cloned using, for example, polymerase chain reaction (PCR)
and/or other known molecular biology and genetic engineer-
ing techniques Recombinant proteins may be made from a
plasmid contained within a bacterial host such as Escherichia
coli, in insect expression systems, yeast expression systems,
plant cell expression systems, etc. Further, the nucleic acid
sequences may be optimized for expression in a particular
organism or system. To that end, the present invention also
encompasses a host cell that has been transformed or other-
wise manipulated to contain nucleic acids encoding the pro-
teins and polypeptides of the invention, either as extra-chro-
mosomal elements, or incorporated into the chromosome of
the host. In particular, in the practice of the present invention,
nucleic acid sequences encoding one or more of the cellulases
(e.g. an entire “system” as described herein) may be intro-
duced into plant cells, seeds, etc., to generate recombinant
plants that contain the nucleic acids.

Plant transformation to incorporate one or more nucleic
acids coding for one or more cellulase enzymes described
herein can be accomplished by a variety of techniques known
to those of skill in the art. Plant transformation is the intro-
duction of a foreign piece of DNA, conferring a specific trait,
into host plant tissue. Plant transformation can be carried out
in a number of different ways; Agrobacterium mediated
transformation, particle bombardment, electroporation and
viral transformation.

Suitable examples of plants that may be transformed to
include one or more cellulase enzymes or sets of enzymes
include but are not limited to rice, corn, various grasses such
as switchgrass, sugar cane, sorghum, pinus and eucalyptus,
etc. Advantages of genetically engineering plants to contain
and express the cellulase genes include but are not limited to
the availability of the enzymes within the cell wall tissues
(cellulosic fibers) and ready to be activated by high tempera-
tures (e.g., heating to 70 or 80 C or more). Deposition of these
enzymes produced by the plant cells and targeted to the apo-
plast, should largely overcome the recalcitrant nature of bio-
mass.

The cellulases and/or cellulase enzyme systems of the
invention may be used for the breakdown (catalysis) of cel-
Iulose in biomass from a wide variety of sources. Biomass
comes in many different types, which may be grouped into
four main categories: (1) wood residues (including sawmill
and paper mill discards); (2) municipal paper waste; (3) agri-
cultural residues (including corn stover and sugarcane
bagasse); and (4) dedicated energy crops, which are mostly
composed of fast growing tall, woody grasses. Cellulose-
containing biomass from any of these or other sources may be
acted upon by the enzymes and consolidated enzyme systems
of the invention.

Generally, the breakdown of cellulose will be complete, i.e.
the endproduct is glucose. This is especially true when a
consolidated enzyme system that includes at least three dif-
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ferent types of enzymes (for example, an endoglucanase, an
exo-processive-endoglucanases, and a f-glucosidase) are
employed. However, this need not always be the case.
Depending on the goal of the reaction, only one enzyme may
be utilized (e.g. an endoglucanase to generate randomly
cleaved cellulose polymers); or only two enzymes may be
utilized (e.g. an endoglucanase and an exo-processive-endo-
glucanases to generate dimeric disaccharides such as cello-
biose), etc. Any desired grouping of the enzymes of the inven-
tion may be utilized to generate any desired endproduct that
the enzymes are capable of producing from a suitable sub-
strate. Further, one or more of the enzymes of the invention
may be used in combination with other cellulases, or with
enzymes having other types of activities. In one embodiment
of the invention, a “system” could further include a yeast or
other organism capable of fermenting glucose to e.g. ethanol.

The cellulases of the invention have very high temperature
optima, an optimal temperature being the temperature at
which an enzyme is maximally active (e.g. as an endogluca-
nase, an exo-processive-endoglucanases, or a f-glucosidase),
as determined by a standard assay recognized by those of skill
in the art. As described in the Examples section below, the
lowest temperature optimum for an enzyme of the invention is
about 85° C., and the highest temperature optimum is about
102° C. Further, the enzymes of the invention are thermally
stable, i.e. they are capable of retaining catalytic activity at
high temperatures (e.g. at their temperature maximum, or at
temperatures that deviate somewhat from the maximum) for
extended periods of time, for example, for at least for several
hours (e.g. 1-24 hours), and in many cases, for several days
(e.g. from 1-7 days or even longer). By “retain catalytic
activity” we mean that the enzyme retains at least about 10,
20, 30, 40 or 50% or more of the activity displayed at the
beginning of the extended time period, when measured under
standard conditions; and preferably the enzyme retains 60,
65, 70, 75, 80, 85, 90, 95, or even 100% of the activity
displayed at the beginning of the extended time period.

The enzymes of the invention are generally employed in
reactions that are carried out at temperatures at or near those
which are optimal for their activity. Some enzymes may be
used over a wide temperature range (e.g. at a temperature that
is about 50, 40, 30, 20, 10, 5 or fewer degrees lower than
(below) the temperature optimum, and up to about 5, 10, 15,
or more degrees greater than (above) the temperature opti-
mum. For other enzymes, the range may be more restricted,
i.e. they may display catalytic activity within a narrow tem-
perature range of only less than about 10, or less than about 5,
or fewer degrees of their optimal catalytic temperature. When
carrying out a cellulose digestion reaction, the enzymes may
be used one at a time sequentially (i.e. one enzyme is added,
reaction occurs, and then another enzyme is added, with or
without removal of the previous enzyme, and so on), or the
reaction mixture may contain two or even all three of the
enzymes (an enzyme system) may be added at the same time.
When designing groups of enzymes to be included in an
enzyme system, those of skill in the art will recognize that a
suitable temperature at which all enzymes in the group are
active will be selected as the temperature for reaction. Or,
conversely, if it is desired to carry out a reaction at a particular
temperature, enzymes with optimal activity at or near that
temperature would be selected for inclusion in the set. For
example, for a reaction to be carried out at 97° C., one might
choose a set of enzymes that includes Termocel 5 (endocel-
Iulase, optimum=96° C.), plus Termocel 2 (exocellulase,
optimum=98° C.), plus Termocel 7 (p-glucosidase, opti-
mum=98° C.); whereas for a reaction that is to be carried out
at 90° C., one might choose Termocel 6 (endocellulase, opti-
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mum=85° C.), plus Termocel 3 (exocellulase, optimum=94°
C.), plus Terntocel 7 (B-glucosidase, optimum=92° C.). If an
enzyme is used individually, the reaction may be carried out
at a temperature near its optimum, or at which the enzyme
retains sufficient activity to be useful. In addition, the selec-
tion of a reaction temperature may be based on other consid-
erations, e.g. safety or other practical considerations of high
temperature operations, or concerns about the cost of keeping
areaction mixture at a high temperature, the temperature used
for preparing biomass for the reaction, the temperature of
procedures that follow the reaction, etc. Generally, the deg-
radation of cellulose will be carried out at a temperature in the
range of from about 70 to about 95° C.

The invention also provides methods of use of the enzymes
disclosed herein. The methods generally involve the used of at
least three enzymes of the invention, at least one from each of
the three classes endoglucanase, exo-processive-endogluca-
nases, and §-glucosidase. The three classes of enzymes act in
concert to sequentially breakdown cellulose to glucose. The
methods of the invention may be carried out for any purpose
for which it is desirable to prepare glucose (or other products
produced by the enzymes), and further metabolize into other
chemicals, such as ethanol, xylitol, butanol, amino acids,
glycol etc.

Generally, such methods are carried out by first pretreating
a cellulose-rich feedstock by removing the lignin (usually
through ball milling). The production of sugars (saccharifi-
cation) of the pretreated cellulose is carried out by suspending
the pretreated cellulose in a cellulase broth that contains
suitable cellulase enzymes such as those disclosed herein.
Generally, the reaction will be carried out at a temperature in
the range of from about 70 to about 95 C, and the length of
time for a reaction will be in the range of from about one hour
to about six days. Reactions are carried out in media such as
aqueous buffered to a suitable pH, e.g. in the range of from
about pH 4 to about pH 9.

Thereafter, the desired products (e.g. glucose and cello-
biose) may be harvested from the broth, or the reaction prod-
ucts may be further processed. For example, for the produc-
tion of ethanol, fermentation of the glucose in the broth may
be carried out by known conventional batch or continuous
fermentation processes, usually using yeast. Ethanol may be
recovered by known stripping or extractive distillation pro-
cesses. This process is illustrated schematically in FIG. 14,
which shows the steps of pretreating biomass to provide a
source of cellulose; contacting the cellulose with one or more
cellulase enzymes of the invention to hydrolyze cellulose to
glucose, and fermenting the glucose to produce ethanol.

EXAMPLES
Example 1

Isolation and Characterization of Cellulases that
Catalyze High-Temperature Thermo-Stable
Bio-Consolidated Cellulose Breakdown

Abstract

Cellulose breakdown entails cooperative interaction of
various cellulases by accessing
and cleaving the recalcitrant cellulosic polymer. At high tem-
peratures, most of the recalcitrant biomass polymers become
enzymatically accessible because of intermolecular hydro-
gen bond disruption. Here, we describe a high-temperature
operating thermo-stable cellulose enzyme system, consisting
of' endoglucanases, exoprocessive-endoglucanases and beta-
glucosidases. Two catalytic types of cellulose cleaving
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enzymes was found: endoglucanases that randomly hydro-
lyze internal glycosidic bonds and exo-processive-endoglu-
canase, which split off cellobiose dimers. Finally, a third
activity, p-glucosidase, reduces cellobiose into glucose mol-
ecules. The consolidated enzyme system operates optimally
at temperatures above 85° C. and retains >85% of its enzy-
matic activity after a 5 day incubation at 90° C. Catalytic
consolidation with high-temperatures is not additive but syn-
ergistic, accessing recalcitrant cellulose and hydrolyzing beta
linkages above 85° C.
Introduction

Cellulose is an abundant biopolymer component of plant
cell walls. Cellulose is a linear biopolymer of D-glucose,
linked by p-1,4-glucosyl linkages. Cellulosic enzyme sys-
tems
completely hydrolyze cellulose rendering glucose molecules.
A cellulosic enzymatic system consists of multiple cellulases,
endo-p-glucanase, cellobiohydrolase and (-glucosidase,
which interact synergistically in producing glucose. Endo-
glucanases randomly hydrolyze the internal glycosidic bonds
to decrease the length of the cellulose
chain. Cellobiohydrolases are exo- or endo-processive
enzymes that split off cellobiose
of'the shortened cellulose chains. Cellobiose is hydrolyzed by
p-glucosidase to glucose.
Native cellulose molecules appear predominantly as crystal-
line cellulose, which shows a
high degree of intermolecular hydrogen bonding explaining
its remarkable stability and
recalcitrance to enzymes. Thus disrupting crystal intermo-
lecular hydrogen bonds through cellulose swelling and dis-
solution with high-temperature operating cellulases over-
comes recalcitrance and result in enzymatic digestion of
native cellulose.
Results
Isolation and Characterization of High-Temperature Operat-
ing and Thermostable Cellulases

A series of ten high-temperature operating and thermo-
stable cellulases were identified through bioinformatics
driven searches of archeal and bacterial genomes. The corre-
sponding genes were genetically manipulated to adapt
expression to a laboratory tractable system (Escherichia coli)
by codon optimization and usage controlled promoters. Indi-
vidual proteins were expressed and isolated (purified) from .
coli crude extracts and analyzed for activity and other physi-
cal and chemical properties. Data presented in tabular form in
FIG. 9 describes the eight enzymes isolated in this study.

Termocel 1 and 2, group into a class with similar physical
and catalytic properties, they exhibit a molecular weight of
34,005 and 31,930 D, a pl of 4.8 and 4.77
and a net charge at pH 7 of =13.10 and -13.30, respectively.
They appear to function through an exo-processive-endoglu-
canase cleaving pattern with a specific activity on Avicel of
63.4 and 8.1 U and on swollen cellulose of 13.6 and 2.2. U,
respectively.

Termocel 3 and 4 differ slightly with a molecular weight of
51,930 and 59,980 D, a
plof6.47 and 7.05 and a net charge at pH 7 of =3.60 and 0.30,
respectively. These enzymes also seem not to overlap with
their predicted mode of operation, one exoprocessive
type and the other as a endoglucanase with specific activity on
Avicel 0f 48.5 and 6.8 and on swollen cellulose of 8.4 and 2.2
U, respectively.

Termocel 5 and 6 fall in a third class with similar physical
and catalytic properties.
They exhibit a molecular weight 038,226 and 31,818 D, apl
of 5.58 and 5.66 and a net
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charge at pH 7 of -6.60 and -5.00, respectively. They appear
to function through an internal cleaving pattern (endogluca-
nase) with a specific activity on Avicel of 34.1 and

20.6 U and on swollen cellulose 0f 6.8 and 5.1 U respectively.

Termocel 7 and 8 are -glucosidases with distinct physical
properties but similar
catalytic activity. They exhibit a molecular weight of 81,243
and 51,509 D, a pl of 5.38 and
5.84 and a net charge at pH7 of -16.90 and -9.10, respec-
tively. They cleave cellobiose with a specific activity on
pNPG of 69.4 and 60.9 U, respectively.

Termocel 9 and 10 are endocellulases that exhibit a
molecular weight of 45,059 and 85,598 D, a pl of 6.16 and
7.80 and a net charge at pH 7 of -2.20 and 4.30, respectively.
They have a specific activity on Avicel of 5.2 and 4.9 U and on
swollen cellulose of 1.4 and 1.5 U respectively.

Mode of Operation

FIGS. 10 and 11 describe the mode of operations of all six
cellulases. Termocel 1, 2 and 3 are cellulases that function by
sequentially cleaving glucose residues of the non-reducing
end of a polymeric substrate. FIG. 10 shows the sequential
depolymerization breakdown products through capillary
zone electrophoresis.

Termocel 4, 5 and 6 are cellulases that function by inter-
nally cleaving a multimeric substrate. FIG. 11 shows trimeric
and dimeric breakdown products, indicating internal cleav-
age of the pentameric substrate.

High-Temperature Catalytic Operation

FIG. 12 shows the optimum temperature of operation of
eight Termocels in tabular form. The highest optimum was
found for Termocel 1 with and optimum of 102° C. and the
lowest optimum was found to be Termocel 6 with 85° C. At
60° C., all Termocels lost at least 40% of their activity (except
Termocel 4) and at 20° C. the Termocels operated with less
than 20% of their optimum activity.

Among the beta-glucosidases, no significant differences
between activity and temperature optimum were apparent.
However, catalytic inactivation at lower temperatures (45 and
20° C.) to levels below 1% residual activity for Termocel 7 is
remarkable.

Thermal Stability

Thermostability of the Termocels was evaluated to deter-
mine the working time frame with useful enzymatic activity
at high-temperatures. Enzymes were incubated at 90° C. for
up to 5 days and than assayed for CMC (endo-glucanase and
exo-cellulase) or PNPG (beta-glucosidase) activity and
results are reported as % of residual activity in FIG. 13. With
the exception of Termocel 3, all enzymes retained over 80%
of their initial enzymatic activity after a 5-day incubation
period at 90° C.

Modes of Use

These high-temperature operating cellulases can be used in
all processes in which cellulose degradation at high tempera-
tures is desired. These applications include but are not
restricted to food processing, feedstuff preparation, textile
finishing and paper pulping. The consolidated enzyme system
is useful to hydrolyze fibrous crystalline cellulosic biomass
materials, at high temperatures with Termocel 1, 2, 3, 4, 5, 6,
7 and 8 to produce high-sugar containing fermentation broths.
In addition the genes of the high-temperature operating
enzyme system can be used in producing transgenic organ-
isms capable of expressing one or more high-temperature
operating and thermostable plant cell wall degrading
enzymes.
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Methods
Cloning

Genomic DNA of Pyrococcus horikoshii OT3 served as the
PCR template for the amplification of the PHI 171 gene.
Likewise, genomic DNA of Thermotoga petrophila
RKU-1 served as PCR template for the cloning of the PetroA,
PetroB, Tpet_ 0898 and Tpet__0952 genes. Primer sequences
are shown in Table 1. Restriction sites were introduced (bold
letters). The O-eglA, ZP and E1 genes were synthesized with-
outusing a DNA template; the codons of the three genes were
also optimized according to the sequences of corn and rice
genomes (FIGS. 1A, 4A and 6A). All gene segments gener-
ated were cloned into the N col and Xbal sites of the pBAD/
Myc-His vector (Invitrogen), which carries a fusion sequence
(GAACAAAAACTCA TCTCAGAAG AGGATCTGAAT-
AGCGCCGTCGACCATCATCATCATCATCATCAT, SEQ
ID NO: 17) encoding six histidine residues at the C-terminus
of any protein expressed from the vetor (EQKLISEEDLN-
SAVDHHHHHH, SEQ ID NO: 18) The expression plasmids
were used to transform Escherichia coli TOP 10F' (Invitro-
gen). All constructs were verified by DNA sequencing.

TABLE 1

Oligonucleotide sequences uged in thisg study.

SEQ
1D

Primer Sequence (5' — 3')¢ NO:

Termocel 3 ATATCCATGGAGGGGAATACTATTCTTAAAATC 19
GTACTAAT
(Forward)
ATGCTCTAGAAACCTGGGAGCCCTTCTTAAG 20
(Reverse)

Termocel 5 GAAACGCTCCTCCCTGTAGT 21
(Forward)
ATGCTCTAGAAATTCTCTCACCTCCAGATCAAT 22
AGAGA
(Reverse)

Termocel 2 AGGTGGGTAGTTCTTCTGATGG 23
(Forward)
ATGCTCTAGAAATTTTACAACTTCGACGAAGAA 24
GTCTTTGA
(Reverse)

Termocel 7 ATATCCATGGGAAAGATCGATGAAATCCTTTCA 25
(Forward)
ATGCTCTAGAAATGGTTTGAATCTCTTCTCTC 26
cc
(Reverse)

Termocel 8 AACGTGAAAAAGTTCCCTGAAG 27
(Forward)
ATGCTCTAGAAAATCTTCCAGACTGTTGCTTT 28
TG
(Reverse)

“Boldface indicates sequences complementary to the primers used
to amplify the selectable markers.
Expression and Purification

An overnight growth of transformed E. coli strain contain-
ing the fusion protein vector was inoculated into fresh Luria-
Bertani medium containing ampicillin. When the QD%
reached 0.5-0.6, L-arabinose was added to a final concentra-
tion 0f0.2%. The culture was allowed to grow for another 4-5
h at 37° C. and the cells were collected by centrifugation. The
pellet was stored at —80° C. prior to further processes. Cells
were disrupted by sonication and the cell debris was removed
by centrifugation at 10,000xg for 20 min. The protein pool
was then heat treated at 95° C. for 5 min, and denatured
proteins were removed by centrifugation at 12,000xg for 20

10

15

20

25

30

35

40

45

50

55

60

65

12

min. The recombinant protein carrying a His6 tag was then
purified by immobilized metal-chelate affinity chromatogra-
phy (Qiagen). Hydrolysis of cellulose, hemicellulose and
starch Hydrolysis of Avicel PH101, carboxymethyl cellulose
(CMC), xylan from birch wood, a.-cellulose, f-glucan barley,
laminarin, lichenan, starch, swollen Avicel PH101, wheat
arabinoxylan, xylan from beechwood and xylan from oat-
spelt was measured spectrophotometrically by the increase of
reducing ends at various temperatures and pH. The amount of
reducing sugar ends was determined by the dinitrosalicyclic
acid (DNS) method. The assay mix contained 10 pl of diluted
enzymes, 30 ul of 100 mm sodium phosphate buffer, pH 6.0,
and 20 pl of 0.5% (wt/vol) soluble substrates or 1% slurries
(wt/vol) of insoluble substrates for 30 min or 1 hour. The
reaction was terminated by adding 60 ul of DNS Solution.
The absorbance of assay mix was read at 575 nm after the
incubation at 100° C. for 5 min. The activity of enzymes as a
function of temperature and pH was measured with CMC.
Temperature gradient was achieved using PCR cycler (MJ
Research). Phosphate/citrate buffers were used to generate
pH gradient (ie., 2, 3,4, 5, 6,7, 8,9.1).

For the thermostability assay, each enzyme was incubated at
90° C. An aliquot of enzymes was taken each day. Residual
activity was measured with CMC.
Hydrolysis of p-nitrophetiol-p-D-glucoside

Activity of p-glucosidase was determined spectrophoto-
metrically by monitoring the release of p-nitrophenol from
the substrate p-nitrophenol-f-D-glucoside (Sigma) at various
temperatures and pH. The assay mix contained 10 pl of
diluted enzymes, 30 ul of 100 mm pH buffer, and 20 ul of 50
mM p-nitrophenol-3-D-glucoside for 10 min. The reaction
was terminated by adding 120 pl of 1M Na,CO;. The absor-
bance of assay mix was read at 412 nm. Temperature and pH
dependent activities and thermostability were measured as
described above except that p-nitrophenol-f-D-glucoside
was used as substrate.

Capillary Electrophoresis of Oligosaccharides

Capillary electrophoresis of oligosaccharides was per-
formed on a BioFocus 2000 (Bio-Rad Laboratories,) with
laser-induced fluorescence detection. A fused-silica capillary
(TSPO50375, Polymicro Technologies) of internal diameter
50 um and length 31 cm was used as the separation column for
oligosaccharides. The samples were injected by application
ot'4.5 Ibin-2 of helium pressure for 0.22 sec. Electrophoresis
conditions were 15 kV/70-100 pA with the cathode at the
inlet, 0.1 M sodium phosphate, pH 2.5, as running buffer, and
a controlled temperature of 20° C. The capillary was rinsed
with 1 M NaOH followed by running buffer with adip-cycle
to prevent carryover after injection. Oligomers labeled with
APTS were excited at 488 nm and emission was collected
through a 520-nm band pass filter.

Biomass Substrate Specificity of Termocels

A table depicting the biomass substrate specificity of Ter-
mocels 1-8 is provided as FIG. 15.

While the invention has been described in terms of its
preferred embodiments, those skilled in the art will recognize
that the invention can be practiced with modification within
the spirit and scope of the appended claims. Accordingly, the
present invention should not be limited to the embodiments as
described above, but should further include all modifications
and equivalents thereof within the spirit and scope of the
description provided herein.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 32

<210> SEQ ID NO 1

<211> LENGTH: 903

<212> TYPE: DNA

<213> ORGANISM: Pyrococcus furiosus

<400> SEQUENCE: 1

atgatctatt ttgttgagaa ataccacacc tcagaagaca aatccacaag caatacctcce

tcaaccccce ctcaaacgac acttagcaca acaaaggttce tcaaaattceg gtatcctgac

gacggcgaat ggcectggege teccatagac aaagacggceg acggaaatcce tgagttctat

atcgaaatca acctctggaa catactcaac gcgactggat tegcagagat gacctataac

ttgacatctg gegtteteca ttacgttcaa caactcgata atatcgttet ccgegatcege

tcaaactggg tacatggcta tcctgaaatt ttttacggea ataaaccetyg gaacgcgaat

tatgccaccg acggcccgat cectctecce agtaaagttt ccaatctcac agacttttac

ttgactatct cctacaagcet tgaaccaaag aacggactece ctataaattt tgcaatcgaa

tcttggetta ctagagaage atggcgcact actggaatca actccgatga acaggaagta

atgatctgga tttactatga cggactccaa ccagecggtt ccaaggtgaa agaaatcgtt

gtacctataa tcgttaatgg caccccagtt aatgctacct tcgaagtgtg gaaagctaat

atcggatggg aatacgttge ctttagaatc aagacaccaa ttaaagaagg aaccgtgaca

atcccctacyg gtgcattcat tagegtaget gctaacattt cttecctece aaattacaca

gaactttacce tggaagacgt tgagataggc acagagtttg gaacaccttc aactactagce

gcacatctcg aatggtggat tactaacatt accctcacce cacttgateg tceccctgatce

tce

<210> SEQ ID NO 2

<211> LENGTH: 301

<212> TYPE: PRT

<213> ORGANISM: Pyrococcus furiosus

<400> SEQUENCE: 2

Met
1

Ser

Ile

Leu

65

Leu

Leu

Gly

Leu

Tyr
145

Ile Tyr Phe Val Glu Lys Tyr His Thr Ser Glu Asp Lys Ser Thr
5 10 15

Asn Thr Ser Ser Thr Pro Pro Gln Thr Thr Leu Ser Thr Thr Lys
20 25 30

Leu Lys Ile Arg Tyr Pro Asp Asp Gly Glu Trp Pro Gly Ala Pro
35 40 45

Asp Lys Asp Gly Asp Gly Asn Pro Glu Phe Tyr Ile Glu Ile Asn
50 55 60

Trp Asn Ile Leu Asn Ala Thr Gly Phe Ala Glu Met Thr Tyr Asn
70 75 80

Thr Ser Gly Val Leu His Tyr Val Gln Gln Leu Asp Asn Ile Val
85 90 95

Arg Asp Arg Ser Asn Trp Val His Gly Tyr Pro Glu Ile Phe Tyr
100 105 110

Asn Lys Pro Trp Asn Ala Asn Tyr Ala Thr Asp Gly Pro Ile Pro
115 120 125

Pro Ser Lys Val Ser Asn Leu Thr Asp Phe Tyr Leu Thr Ile Ser
130 135 140

Lys Leu Glu Pro Lys Asn Gly Leu Pro Ile Asn Phe Ala Ile Glu
150 155 160

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

903
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-continued

16

Ser Trp Leu

Glu Gln Glu

Gly Ser Lys

195

Pro Val Asn
210

Tyr Val Ala
225

Ile Pro Tyr
Pro Asn Tyr
Phe Gly Thr

275
Asn Ile Thr

290

<210> SEQ I
<211> LENGT.
<212> TYPE:

Thr Arg Glu Ala Trp

165

Val Met Ile Trp Ile

180

Val Lys Glu Ile Val

200

Ala Thr Phe Glu Val

215

Phe Arg Ile Lys Thr
230

Gly Ala Phe Ile Ser

245

Thr Glu Leu Tyr Leu

260

Pro Ser Thr Thr Ser

280

Leu Thr Pro Leu Asp

D NO 3
H: 825
DNA

295

Arg

Tyr

185

Val

Trp

Pro

Val

Glu

265

Ala

Arg

Thr

170

Tyr

Pro

Lys

Ile

Ala

250

Asp

His

Pro

<213> ORGANISM: Thermotoga petrophila

<400> SEQUENCE: 3

atgaggtggg
gttctcacga
ctcaacttet
aaggttgagt
catggatatc
gaatttette
atctggtacyg
ccecgaccaga
gttctgatge
gtgaagcagg
ttcagactga
cagaaagccg
tatttctgceyg
ttceggetgga
<210> SEQ I

<211> LENGT.
<212> TYPE:

tagttcttet

gegttggege

ggaacataaa

tctacgegga

cggagatcta

ctgtgaaggt

aaaacaatct

cttetgttte

ceggeggtea

aagcaaaatg

caacaccgat

cggaagttgt

tctgggagat

ccttcaaaga

D NO 4

H: 274
PRT

gatggtggeg

agcggatatce

gtcgtatgag

tttgtacaac

ctacggttac

gaaagatctt

gectatcaac

ttcgggtgat

gaaagtggat

ggatgtttac

gaaagaagga

caaaaagcac

cgggacggaa

cttettegte

Thr

Asp

Ile

Ala

Lys

235

Ala

Val

Leu

Leu

ttttetgete

tcctteaacy

ggagaaacgt

atcgttette

aagccctggyg

ccggatttet

cttgcaatgg

geggagatca

gagttcacca

ttcgcacegt

aaggtgaagt

tcaacgagaa

tttggagatc

gaagttgtaa

<213> ORGANISM: Thermotoga petrophila

<400> SEQUENCE: 4

Gly Ile Asn
Gly Leu Gln
190

Ile Val Asn
205

Asn Ile Gly
220

Glu Gly Thr

Asn Ile Ser

Glu Ile Gly

270

Glu Trp Trp
285

Ile Ser
300

tgctetttte
gatttccegt
ggctcaaatt
agaatccaga
cgagtcacaa
acgtgactct
aaacatggat
tggtttggtt
caacagttga
ggagctggga
tcaacgtgaa
tagacaattt
caaacacaac

aataa

Ser Asp
175

Pro Ala

Gly Thr

Trp Glu

Val Thr

240

Ser Leu
255

Thr Glu

Ile Thr

ctcegaggty
caccatggag
cgatggagaa
cagctgggtyg
cagcggtgtt
tgattactcyg
cacgaaaagce
ttacaacaac
gataaacgga
ttaccttgee
ggacttegtt
cgaagagcetyg

aacggcaaaa

Met Arg Trp Val Val Leu Leu Met Val Ala Phe Ser Ala Leu Leu Phe

1

5

10

15

Ser Ser Glu Val Val Leu Thr Ser Val Gly Ala Ala Asp Ile Ser Phe

20

25

30

Asn Gly Phe Pro Val Thr Met Glu Leu Asn Phe Trp Asn Ile Lys Ser

60

120

180

240

300

360

420

480

540

600

660

720

780

825
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-continued

18

35

Tyr Glu Gly
50

Tyr Ala Asp
65

His Gly Tyr

Asn Ser Gly

Phe Tyr Val

115

Ile Asn Leu
130

Ser Val Ser
145

Val Leu Met

Glu Ile Asn

Pro Trp Ser

195

Glu Gly Lys
210

Glu Val Val
225

Tyr Phe Cys

Thr Thr Ala

Val Lys

<210> SEQ I
<211> LENGT.
<212> TYPE:

40

Glu Thr Trp Leu Lys

55

Leu Tyr Asn Ile Val

70

Pro Glu Ile Tyr Tyr

85

Val Glu Phe Leu Pro

100

Thr Leu Asp Tyr Ser

120

Ala Met Glu Thr Trp

135

Ser Gly Asp Ala Glu
150

Pro Gly Gly Gln Lys

165

Gly Val Lys Gln Glu

180

Trp Asp Tyr Leu Ala

200

Val Lys Phe Asn Val

215

Lys Lys His Ser Thr
230

Val Trp Glu Ile Gly

245

Lys Phe Gly Trp Thr

260

D NO 5
H: 1377
DNA

Phe

Leu

Gly

Val

105

Ile

Ile

Ile

Val

Ala

185

Phe

Lys

Arg

Thr

Phe
265

Asp

Gln

Tyr

90

Lys

Trp

Thr

Met

Asp

170

Lys

Arg

Asp

Ile

Glu

250

Lys

<213> ORGANISM: Pyrococcus horikoshii

<400> SEQUENCE: 5

atggagggga

gggcaagtcg

tacgaagtga

attcatctct

ctttggaaga

ataagacttc

tacagtaaaa

aagaaggccg

cacatagaac

atagaggttg

gagcctcata

ggtatgggaa

ctgaaggttyg

atactattct

tgccagtata

gaggagatac

ttggtgtaaa

gaaactggga

ctttetgtac

atccagatct

gagatcttgg

ccctetggta

ccaaaaggtt

gtgttaccte

accctgeaac

ccecteattyg

taaaatcgta

tgcagaaaat

gatatacatg

ctggtttgge

agacatgett

tgagtctgta

tcgtggacta

tatctttgte

cacggaagac

cggtaagtac

acccccaget

cgattggaac

gttgatattc

Gly

Asn

75

Lys

Val

Tyr

Lys

Val

155

Glu

Trp

Leu

Phe

Asp

235

Phe

Asp

ctaatttgca

acaacatatc

attaatgtca

tttgaaacac

cttcagatca

aaaccaggaa

gatagcctac

ttactcgact

ttctcagagyg

tggaacgtaa

gcttatacag

ttggcggctg

gtggagggga

Glu

60

Pro

Pro

Lys

Glu

Ser

140

Trp

Phe

Asp

Thr

Val

220

Asn

Gly

Phe

45

Lys

Asp

Trp

Asp

Asn

125

Pro

Phe

Thr

Val

Thr

205

Gln

Phe

Asp

Phe

Val

Ser

Ala

Leu

110

Asn

Asp

Tyr

Thr

Tyr

190

Pro

Lys

Glu

Pro

Val
270

ctattttagce

aaacaccgac

ccagtggaga

ctaatcatgt

aaagcttagg

cacaaccaat

agattatgga

atcataggat

aagactttat

taggggctga

atggtaccgg

agaggatagg

cacaatttac

Glu Phe

Trp Val
80

Ser His
95

Pro Asp

Leu Pro

Gln Thr

Asn Asn
160

Thr Val
175

Phe Ala

Met Lys

Ala Ala

Glu Leu
240

Asn Thr
255

Glu Val

aggcctatte
tggaatttac
ggaaactcce
agtgcacgga
cttcaatgca
tggaatagat
aaagatcata
aggatgcact
taacacatgg
tctaaagaat
ggctacatgg
aaaagcgatt

taatccgaag

60

120

180

240

300

360

420

480

540

600

660

720

780
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actgacagta gttacaaatg gggctacaac gecttggtggg gaggaaatct aatggcecgta 840
aaggattatc cagttaactt acctaggaat aagctagtat acagccctca cgtatatggg 900
ccagatgtcet ataatcaacc gtactttggt cececgctaagg gttttcecgga taatcttcca 960
gatatctggt atcaccactt tggatacgta aaattagaac taggatattc agttgtaata 1020
ggagagtttyg gaggaaaata tgggcatgga ggcgatccaa gggatgttat atggcaaaat 1080
aagctagttg attggatgat agagaataaa ttttgtgatt tcttttactg gagctggaat 1140
ccagatagtg gagataccgg agggattcta caggatgatt ggacaacaat atgggaagat 1200
aagtataata acctgaagag attgatggat agttgttcca aaagttcttc aagtactcaa 1260
tcegttatte ggagtaccac ccctacaaag tcaaatacaa gtaagaagat ttgtggacca 1320
gcaattctta tcatcctage agtattcectcet cttcectcecttaa gaagggctcece caggtag 1377

<210> SEQ ID NO 6
<211> LENGTH: 458

<212> TYPE:

PRT

<213> ORGANISM: Pyrococcus horikoshii

<400> SEQUENCE: 6

Met Glu Gly Asn Thr Ile Leu Lys

1

5

Ala Gly Leu Phe Gly Gln Val Val

Tyr Gln Thr

35

Tyr Met Ile

50

20

Pro Thr Gly Ile Tyr

40

Asn Val Thr Ser Gly

55

Gly Val Asn Trp Phe Gly Phe Glu

65

Leu Trp Lys

70

Arg Asn Trp Glu Asp

85

Gly Phe Asn Ala Ile Arg Leu Pro

100

Gly Thr Gln Pro Ile Gly Ile Asp

115

Gly Leu Asp

130

120

Ser Leu Gln Ile Met

135

Asp Leu Gly Ile Phe Val Leu Leu
150

145

His Ile Glu Pro Leu Trp Tyr Thr

Ile Asn Thr

165

Trp Ile Glu Val Ala

180

Val Ile Gly Ala Asp Leu Lys Asn

195

Pro Ala Ala

210

Pro Ala Thr

225

Leu Lys Val

Thr Asn Pro

200

Tyr Thr Asp Gly Thr

215

Asp Trp Asn Leu Ala
230

Ala Pro His Trp Leu

245

Lys Thr Asp Ser Ser

260

Ile

Pro

25

Tyr

Glu

Thr

Met

Phe

105

Tyr

Glu

Asp

Glu

Lys

185

Glu

Gly

Ala

Ile

Tyr
265

Val

10

Val

Glu

Glu

Pro

Leu

90

Cys

Ser

Lys

Tyr

Asp

170

Arg

Pro

Ala

Glu

Phe
250

Lys

Leu

Tyr

Val

Thr

Asn

75

Leu

Thr

Lys

Ile

His

155

Phe

Phe

His

Thr

Arg
235

Val

Trp

Ile Cys Thr

Ala Glu Asn
30

Arg Gly Asp
Pro Ile His
60

His Val Val

Gln Ile Lys

Glu Ser Val
110

Asn Pro Asp
125

Ile Lys Lys
140

Arg Ile Gly

Ser Glu Glu

Gly Lys Tyr
190

Ser Val Thr
205

Trp Gly Met
220

Ile Gly Lys

Glu Gly Thr

Gly Tyr Asn
270

Ile Leu
15

Thr Thr

Thr Ile

Leu Phe

His Gly
80

Ser Leu
95

Lys Pro

Leu Arg

Ala Gly

Cys Thr
160

Asp Phe
175

Trp Asn

Ser Pro

Gly Asn

Ala Ile
240

Gln Phe
255

Ala Trp
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Trp Gly Gly Asn Leu Met Ala Val Lys Asp Tyr Pro Val Asn Leu Pro
275 280 285
Arg Asn Lys Leu Val Tyr Ser Pro His Val Tyr Gly Pro Asp Val Tyr
290 295 300
Asn Gln Pro Tyr Phe Gly Pro Ala Lys Gly Phe Pro Asp Asn Leu Pro
305 310 315 320
Asp Ile Trp Tyr His His Phe Gly Tyr Val Lys Leu Glu Leu Gly Tyr
325 330 335
Ser Val Val Ile Gly Glu Phe Gly Gly Lys Tyr Gly His Gly Gly Asp
340 345 350
Pro Arg Asp Val Ile Trp Gln Asn Lys Leu Val Asp Trp Met Ile Glu
355 360 365
Asn Lys Phe Cys Asp Phe Phe Tyr Trp Ser Trp Asn Pro Asp Ser Gly
370 375 380
Asp Thr Gly Gly Ile Leu Gln Asp Asp Trp Thr Thr Ile Trp Glu Asp
385 390 395 400
Lys Tyr Asn Asn Leu Lys Arg Leu Met Asp Ser Cys Ser Lys Ser Ser
405 410 415
Ser Ser Thr Gln Ser Val Ile Arg Ser Thr Thr Pro Thr Lys Ser Asn
420 425 430
Thr Ser Lys Lys Ile Cys Gly Pro Ala Ile Leu Ile Ile Leu Ala Val
435 440 445
Phe Ser Leu Leu Leu Arg Arg Ala Pro Arg
450 455
<210> SEQ ID NO 7
<211> LENGTH: 1542
<212> TYPE: DNA
<213> ORGANISM: Pyrococcus abyssi
<400> SEQUENCE: 7
atggaaatca agctcttectg cgtgtttatce gtgttcatca tectettete ccctttegtyg 60
attgcactct cgtatccaga tgttaactat actgccgaga atggtattat cttegtgcag 120
aacgtcacta cgggtgagaa gaagccactt tatcttcacyg gagtgtcatg gtttggatte 180
gagctgaagyg accacgtcegt ctatggettg gataaacgga actggaaaga tatactcaag 240
gatgttaage gettgggttt taatgctatc aggcttecct tetgctetga aagcatcege 300
cctgatacge geccttegece tgagcggata aactacgagt tgaaccccga cttgaagaat 360
ctgacttccee tcgaaataat ggagaagatt attgaatacyg ccaactcaat cgggctctac 420
atactcttgg attatcaccg catcggttgt gaggagatcg aacctctttyg gtataccgag 480
aattactcag aggagcagta tataaaggat tggatcttece tcegcaaageyg gttcgggaag 540
taccctaacg tgataggagce tgatatcaag aacgagccge atggtgaage cgggtggggt 600
acgggagatg agcgggattt ccgcctettt gecgagaagyg tegggcgega gatactcaag 660
gtggccccac actggttgat attcgtcgag ggaacgcaat atacccatgt cccgaatatt 720
gatgagatca tcgagaagaa gggctggtgg acattttggg gagagaatct tatgggagtt 780
aaggactatc cagtcaggct tccgegegge aaggtcegtgt actcaccgea tgtctatgga 840
ccatctgtet acatgatgga ctacttcaag tcgccagact ttcecgaacaa tatgecgata 900
atctgggaaa cacacttcgg atacttgacc gacctgaatt ataccttggt cataggcgag 960
tggggtggca actatgaggg ccttgacaag gtgtggcaag acgctttcgt gaagtggcetg 1020
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attaagaaga agatctataa cttcttctac tggtgcctga acccggagte gggtgacacc 1080
ggtggcatct ttctcgacga ctggaaaacc gttaactggg aaaagatgag ggttatttac 1140
aggctcatca aggcggcgaa ccccgagttt gaggaacccce tttacatcat tttgaaaact 1200
aacgcgacga catctatcct gggcgtgggt gagaggatcc ggatttactg gtacacaaat 1260
ggcaaagtta ttgactctaa cttcgcgcat tccagcgaag gcgaaatgaa cattacagtg 1320
acgaagtcca tgactctgta catcatcgtg aagaagggca atcagacact gaggaaggaa 1380
ctcaaactgt acgttatcgg cggcaattac ggctccaata tctccactac ccagetggtt 1440
actcccaaga aaggcggcga aaggattage accagcectga agetggcaat tagectgcete 1500
ttcattctece tettegtttyg gtatctecte cgggagaage at 1542

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 8
H: 514
PRT

<213> ORGANISM: Pyrococcus abyssi

<400> SEQUENCE: 8

Met Glu Ile
1

Ser Pro Phe
Glu Asn Gly
35

Pro Leu Tyr
50

His Val Val
65

Asp Val Lys

Glu Ser Ile

Glu Leu Asn
115

Lys Ile Ile
130

Tyr His Arg
145

Asn Tyr Ser

Arg Phe Gly

Pro His Gly
195

Leu Phe Ala
210

Trp Leu Ile
225

Asp Glu Ile

Leu Met Gly

Val Tyr Ser
275

Lys Leu Phe Cys Val

5

Val Ile Ala Leu Ser

20

Ile Ile Phe Val Gln

40

Leu His Gly Val Ser

55

Tyr Gly Leu Asp Lys

70

Arg Leu Gly Phe Asn

85

Arg Pro Asp Thr Arg

100

Pro Asp Leu Lys Asn

120

Glu Tyr Ala Asn Ser

135

Ile Gly Cys Glu Glu
150

Glu Glu Gln Tyr Ile

165

Lys Tyr Pro Asn Val

180

Glu Ala Gly Trp Gly

200

Glu Lys Val Gly Arg

215

Phe Val Glu Gly Thr
230

Ile Glu Lys Lys Gly

245

Val Lys Asp Tyr Pro

260

Pro His Val Tyr Gly

280

Phe

Tyr

25

Asn

Trp

Arg

Ala

Pro

105

Leu

Ile

Ile

Lys

Ile

185

Thr

Glu

Gln

Trp

Val
265

Pro

Ile

10

Pro

Val

Phe

Asn

Ile

90

Ser

Thr

Gly

Glu

Asp

170

Gly

Gly

Ile

Tyr

Trp

250

Arg

Ser

Val

Asp

Thr

Gly

Trp

75

Arg

Pro

Ser

Leu

Pro

155

Trp

Ala

Asp

Leu

Thr
235
Thr

Leu

Val

Phe Ile Ile
Val Asn Tyr
30

Thr Gly Glu
45

Phe Glu Leu
60

Lys Asp Ile

Leu Pro Phe

Glu Arg Ile
110

Leu Glu Ile
125

Tyr Ile Leu
140

Leu Trp Tyr

Ile Phe Leu

Asp Ile Lys
190

Glu Arg Asp
205

Lys Val Ala
220

His Val Pro

Phe Trp Gly

Pro Arg Gly
270

Tyr Met Met
285

Leu Phe
15

Thr Ala

Lys Lys

Lys Asp

Leu Lys
80

Cys Ser
95

Asn Tyr

Met Glu

Leu Asp

Thr Glu
160

Ala Lys
175

Asn Glu

Phe Arg

Pro His

Asn Ile

240

Glu Asn
255

Lys Val

Asp Tyr
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Phe Lys Ser
290

His Phe Gly
305

Trp Gly Gly

Val Lys Trp

Leu Asn Pro

355

Lys Thr Val
370

Ala Ala Asn
385

Asn Ala Thr

Trp Tyr Thr

Glu Gly Glu

435

Ile Val Lys
450

Val Ile Gly
465

Thr Pro Lys

Ile Ser Leu

Lys His

<210> SEQ I
<211> LENGT.
<212> TYPE:

Pro Asp Phe Pro Asn

295

Tyr Leu Thr Asp Leu
310

Asn Tyr Glu Gly Leu

325

Leu Ile Lys Lys Lys

340

Glu Ser Gly Asp Thr

360

Asn Trp Glu Lys Met

375

Pro Glu Phe Glu Glu
390

Thr Ser Ile Leu Gly

405

Asn Gly Lys Val Ile

420

Met Asn Ile Thr Val

440

Lys Gly Asn Gln Thr

455

Gly Asn Tyr Gly Ser
470

Lys Gly Gly Glu Arg

485

Leu Phe Ile Leu Leu

500

D NO 9
H: 987
DNA

Asn

Asn

Asp

Ile

345

Gly

Arg

Pro

Val

Asp

425

Thr

Leu

Asn

Ile

Phe
505

Met

Tyr

Lys

330

Tyr

Gly

Val

Leu

Gly

410

Ser

Lys

Arg

Ile

Ser

490

Val

<213> ORGANISM: Thermotoga petrophila

<400> SEQUENCE: 9

atggaaacgc

cagaggtaca

ttttattttt

ttcataataa

tcggatttty

gaatactccyg

attcagaatc

tacggttata

tcctetatga

cctttgaact

atcggegatg

aagatagagg

gaactgtgge

tccteectgt

agaacaaaaa

gggtgtattt

gatgttttet

tatggaatgg

gttetgtage

tttctccaaa

aaccctggga

aatcattttce

ttgccatgga

ttgaaatcat

agtttacgat

acgcggagtg

agtcgtggte

ttcgataaaa

agttctattt

ggaggtgata

cattccectt

tatgaaattc

agaaccagaa

aaagcacacg

cgtcgaagtt

aacatggctce

ggtetggtte

tcegttegty

gggatgggac

Pro

Thr

315

Val

Asn

Ile

Ile

Tyr

395

Glu

Asn

Ser

Lys

Ser

475

Thr

Trp

cacgatattg

agagaaaagc

gcgaatttte

atggtggtac

tccatggage

gacggtgaaa

aggtacgttce

gcagaaggtt

tctttegata

acaagagaaa

tatttcaaca

ctgaacggag

tacctegett

Ile Ile Trp
300

Leu Val Ile

Trp Gln Asp

Phe Phe Tyr

350

Phe Leu Asp
365

Tyr Arg Leu
380

Ile Ile Leu

Arg Ile Arg

Phe Ala His

430

Met Thr Leu
445

Glu Leu Lys
460

Thr Thr Gln

Ser Leu Lys

Tyr Leu Leu
510

agccagttte
agggattaat
agattttgaa
tgatgacaaa
tgaatctgty
aggtaacttt
tcggttatce
cgaaacttce
ttcaccacga
agtaccagac
atctcacacc
agagtgtcga

tccgettgaa

Glu Thr

Gly Glu
320

Ala Phe
335

Trp Cys

Asp Trp

Ile Lys

Lys Thr
400

Ile Tyr
415

Ser Ser

Tyr Ile

Leu Tyr

Leu Val
480

Leu Ala
495

Arg Glu

aatgcgtett
accecctgttt
tgtaaacatt
accgggaaca
gaacataaag
cgacgeggac
cgagttctat
agtacctgtt
accgtetetyg
ggaagegteg
agggggcaaa
aggcacctgg

ggatccegtyg

60

120

180

240

300

360

420

480

540

600

660

720

780
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-continued
aagaagggaa gggtgaagtt cgacgtgagg cattttcttyg atgccgcegyg gaaagetcett 840
tcgaattcca ctcegtgtgaa agattttgaa aatctttact tcaccgtctyg ggaaattgga 900
accgagtttyg gaagcccgga aacaaagagce gegcaatteg ggtggaagtt tgaaaactte 960
tctattgatc tggaggtgag agaatga 987

<210> SEQ ID NO 10

<211> LENGTH: 328

<212> TYPE: PRT

<213> ORGANISM: Thermotoga petrophila

<400> SEQUENCE: 10

Met Glu Thr Leu Leu Pro Val Val Val Val His Asp Ile Glu Pro Val
1 5 10 15

Ser Met Arg Leu Gln Arg Tyr Lys Asn Lys Asn Ser Ile Lys Arg Glu
20 25 30

Lys Gln Gly Leu Ile Pro Leu Phe Phe Tyr Phe Trp Val Tyr Leu Val
35 40 45

Leu Phe Ala Asn Phe Gln Ile Leu Asn Val Asn Ile Phe Ile Ile Arg
50 55 60

Cys Phe Leu Glu Val Ile Met Val Val Leu Met Thr Lys Pro Gly Thr
65 70 75 80

Ser Asp Phe Val Trp Asn Gly Ile Pro Leu Ser Met Glu Leu Asn Leu
85 90 95

Trp Asn Ile Lys Glu Tyr Ser Gly Ser Val Ala Met Lys Phe Asp Gly
100 105 110

Glu Lys Val Thr Phe Asp Ala Asp Ile Gln Asn Leu Ser Pro Lys Glu
115 120 125

Pro Glu Arg Tyr Val Leu Gly Tyr Pro Glu Phe Tyr Tyr Gly Tyr Lys
130 135 140

Pro Trp Glu Lys His Thr Ala Glu Gly Ser Lys Leu Pro Val Pro Val
145 150 155 160

Ser Ser Met Lys Ser Phe Ser Val Glu Val Ser Phe Asp Ile His His
165 170 175

Glu Pro Ser Leu Pro Leu Asn Phe Ala Met Glu Thr Trp Leu Thr Arg
180 185 190

Glu Lys Tyr Gln Thr Glu Ala Ser Ile Gly Asp Val Glu Ile Met Val
195 200 205

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

Phe Thr Ile Pro Phe Val Leu Asn Gly Glu Ser Val Glu Gly Thr Trp
225 230 235 240

Glu Leu Trp His Ala Glu Trp Gly Trp Asp Tyr Leu Ala Phe Arg Leu
245 250 255

Lys Asp Pro Val Lys Lys Gly Arg Val Lys Phe Asp Val Arg His Phe
260 265 270

Leu Asp Ala Ala Gly Lys Ala Leu Ser Asn Ser Thr Arg Val Lys Asp
275 280 285

Phe Glu Asn Leu Tyr Phe Thr Val Trp Glu Ile Gly Thr Glu Phe Gly
290 295 300

Ser Pro Glu Thr Lys Ser Ala Gln Phe Gly Trp Lys Phe Glu Asn Phe
305 310 315 320

Ser Ile Asp Leu Glu Val Arg Glu
325
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<210> SEQ ID NO 11
<211> LENGTH: 852
<212> TYPE: DNA
<213> ORGANISM: Caldivirga maquilingenesis
<400> SEQUENCE: 11
atgttgaaac ttattccact tgttaatgge aattataagt tgattcaatg ggagccacte 60
ggcggegtge acggagcaga tatcgagtge atacatgtta ccccaaacgt atggaacata 120
gataaatcat cagttggcac tgtacagatc gaatatgage cccaagttgg ctgtettegt 180
ttttcaattg atttcccgag gataagtata agacataatg taggcgtage ggcatattca 240
gaagttattt acggacacaa gccgtgggge cccaccactt gecatggacce tcagttcaag 300
ttcectatca aagtcaatga gtcaaaagga ctgtactegt atgtaaatta taacgttaaa 360
tctaggtcac cagatgactce aatctttaat attgettacg atctctgget tacaacgtcece 420
ccaaacctta caaacggacc ccagccagga gacgtagaag ttatgatcetg gttgtactac 480
cacggacagce gccctgeagg cagactcate ggggaactece geatgecgat tacattggge 540
gatagtgagg cggcacgtga ctttgaagta tgggtggctg acacaggaat aggaatcggt 600
gaatgggcegg tagtgacctt cagaatcaag gacccaataa agggcggttt gataggagtt 660
aacctcataa actacatcga aagtgetttt aaaacgeteg aagaactcaa ccceggtcaag 720
tggceggtacyg gcgacctget caacaaatat cttaatggaa ttgaattegg cagtgagttt 780
ggtaatgtct cctcaggaat gataaaactt aattgggaac tctgeggect gagecttgtg 840
aaagactctt ct 852

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 12
H: 284
PRT

<213> ORGANISM: Caldivirga maquilingenesis

<400> SEQUENCE: 12

Met Leu Lys
1

Trp Glu Pro
Val Thr Pro
35

Gln Ile Glu
50

Phe Pro Arg
65

Glu Val Ile

Pro Gln Phe
Ser Tyr Val
115

Phe Asn Ile
130

Asn Gly Pro
145

His Gly Gln

Leu Ile Pro Leu Val

Leu Gly Gly Val His

20

Asn Val Trp Asn Ile

40

Tyr Glu Pro Gln Val

55

Ile Ser Ile Arg His

Tyr Gly His Lys Pro

85

Lys Phe Pro Ile Lys

100

Asn Tyr Asn Val Lys

120

Ala Tyr Asp Leu Trp

135

Gln Pro Gly Asp Val
150

Arg Pro Ala Gly Arg

165

Asn

Gly

25

Asp

Gly

Asn

Trp

Val

105

Ser

Leu

Glu

Leu

Gly

Ala

Lys

Cys

Val

Gly

90

Asn

Arg

Thr

Val

Ile
170

Asn

Asp

Ser

Leu

Gly

Pro

Glu

Ser

Thr

Met
155

Gly

Tyr Lys Leu
Ile Glu Cys
30

Ser Val Gly
45

Arg Phe Ser
60

Val Ala Ala

Thr Thr Cys

Ser Lys Gly
110

Pro Asp Asp
125

Ser Pro Asn
140

Ile Trp Leu

Glu Leu Arg

Ile Gln

Ile His

Thr Val

Ile Asp

Tyr Ser

80

Met Asp
95

Leu Tyr

Ser Ile

Leu Thr

Tyr Tyr

160

Met Pro
175
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Ile Thr Leu
Ala Asp Thr
195

Ile Lys Asp
210

Tyr Ile Glu
225

Trp Arg Tyr

Gly Ser Glu

Glu Leu Cys
275

<210> SEQ I
<211> LENGT.
<212> TYPE:

Gly Asp Ser Glu Ala

180

Gly Ile Gly Ile Gly

200

Pro Ile Lys Gly Gly

215

Ser Ala Phe Lys Thr
230

Gly Asp Leu Leu Asn

245

Phe Gly Asn Val Ser

260

Gly Leu Ser Leu Val

D NO 13
H: 2166
DNA

280

Ala

185

Glu

Leu

Leu

Lys

Ser

265

Lys

Arg

Trp

Ile

Glu

Tyr

250

Gly

Asp

<213> ORGANISM: Thermotoga petrophila

<400> SEQUENCE: 13

atgatgggaa

gtagtggggy

getggagaaa

cecegegggec

gegtttecty

ggaaaagcta

atgaacattc

gtcetttecy

gectgeataa

atcgtgteeg

aaagcaagac

cagaacgaat

atgagcgact

atcatgeetg

atggaggcgt

atcctcaaag

gacctcgaat

gagaacaacg

caaatcgaaa

tctatcctty

tatgaggatt

tggggaacgg

aaggctgega

tacgacagaa

aaacagtctce

agatcgatga

ttggtettee

cgcatectgt

tcagaataaa

ttgaaatcat

tgggagaaga

acaggaaccc

gtgaaatggce

aacactttgt

agcgageect

cctggacegt

ggcttttgaa

ggtacgcggg

gaaaagcgta

tgaaggaggg

ttettgtgaa

ctcacgcgaa

gtgttettec

caataaaggg

aaggcataaa

acatcaaaaa

ttataaaacc

agaaaaacga

agccggtgaa

aagggaattc

aatcctttca

aggacttttt

tccgaggett

tcccacaaga

getegettee

agtcagggaa

tctttgtgga

ttecageettt

cgcgaacaac

cagagaaata

gatgagcgcet

gaaggttcte

agacaaccct

tcaggtgaac

aagactcagt

cgegecttee

agttgectac

attcgatgaa

aggaacggga

agaaagaaac

gatgagagaa

gaaacttcca

tgctgcagtt

aggtgactte

cacgaacagg

Asp

Ala

Gly

Glu

235

Leu

Met

Ser

cagctgacta

ggaaatccac

ggaattcett

gagaacgacg

acctggaaca

tacggtgteg

aggaatttcg

gtcaagggag

caggaaacga

tatctgaaag

tacaacaaac

agggaagaat

gtagaacagce

acggaaagaa

gaggaagtce

tttaaagggt

gaagcaggtg

agtatccatg

agtggagaca

atgaagttcg

acagaggaat

gagaacttte

gttgtaatca

acctctecga

gtaagaaggt

Phe Glu Val
190

Val Val Thr
205

Val Asn Leu
220

Leu Asn Pro

Asn Gly Ile

Ile Lys Leu

270

Ser

ttgaagaaaa
attccagagt
ctttegttet
aaaacaccta
aagatcttct
atgtgettet
agtattattc
ttcaatctca
acaggatggt
gttttgaaat
tgaatggaaa
ggggatttga
tcaaggcegyg
gagatgaaat
tgaacgaatg
acaggtactce
tggagggtgt
tcgecgtett
cccatccgag
acgaagaact
ataaacccag
tctcagaaaa
gtaggatcte
tgacgagcetyg

tgtggttett

Trp Val

Phe Arg

Ile Asn

Val Lys

240

Glu Phe
255

Asn Trp

agtgaaactt
ggcaggtgcea
ggccgacggt
ttacacaaca
ggaagaagta
tgcacctgeyg
agaagatcct
aggggtggga
agtggacacyg
tgccgtcaag
atactgttca
cggtttegty
aaacgatatg
agaagaaatc
tgtgagaaac
gaacaaaccg
tgtecttett
tggcaccggt
atacacgatc
cacctecate
aactgactcc
agagataaag
cggtgaggga
gagctcataa

ctcaacatcg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500
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34

-continued
gaagtcccat tgaagttgca agctggagag atcttgtgga tggaatcctt ctegtcectgge 1560
aagcaggaca ggagatggga agaatagtgg ccgatgttct tgtgggaagg gtaaacccct 1620
ccggaaaact tccaacgacc ttcccgaagg attactcegga cgttceccatce tggacgttcece 1680
caggagagcce aaaggacaat ccgcaaagag tggtgtacga ggaagacatc tacgtgggat 1740
acaggtacta cgacaccttt ggtgtggaac ctgcctacga gttcggctac ggcctcectett 1800
acacaaagtt tgaatacaaa gatttaaaga tcgctatcga cggagatata ctcagagtgt 1860
cgtacacgat cacaaacacc ggggacagag ctggaaagga agtctcacag gtttatgtca 1920
aagctccaaa agggaaaata gacaaaccct tcecaggaget gaaagcegttce cacaaaacaa 1980
aacttttgaa cccgggtgaa tccgaaaaga tctttctgga aattcecctctt agagatcttg 2040
cgagtttcga tgggaaagaa tggttgtcga gtcaggagaa tacgaggtca gggtcggtgce 2100
atcttcgagg gatataggtt gagagatatt tttcectggttg agggagagaa gagattcaaa 2160
ccatga 2166

<210> SEQ ID NO 14
<211> LENGTH: 722

<212> TYPE:

PRT

<213> ORGANISM: Thermotoga petrophila

<400> SEQUENCE: 14

Met Met Gly Lys Ile Asp Glu Ile

1

Lys

Pro

Arg

Arg

65

Ala

Leu

Cys
Glu
145

Ala

Lys

Ser

Leu

225

Met

Val

His

Leu

50

Ile

Phe

Glu

Asp

Gly

130

Met

Cys

Val

Gly

Ala
210

Leu

Ser

Lys

Ser

35

Gly

Asn

Pro

Glu

Val

115

Arg

Ala

Ile

Asp

Phe
195
Tyr

Lys

Asp

Leu

20

Arg

Ile

Pro

Val

Val

100

Leu

Asn

Ser

Lys

Thr

180

Glu

Asn

Lys

Trp

Val

Val

Pro

Thr

Glu

85

Gly

Leu

Phe

Ala

His

165

Ile

Ile

Lys

Val

Tyr
245

Val

Ala

Ser

Arg

70

Ile

Lys

Ala

Glu

Phe

150

Phe

Val

Ala

Leu

Leu
230

Ala

Gly

Gly

Phe

55

Glu

Met

Ala

Pro

Tyr

135

Val

Val

Ser

Val

Asn
215

Arg

Gly

Val

Ala

40

Val

Asn

Leu

Met

Ala

120

Tyr

Lys

Ala

Glu

Lys
200
Gly

Glu

Asp

Leu

Gly

Ala

Leu

Asp

Ala

Gly

105

Met

Ser

Gly

Asn

Arg

185

Lys

Lys

Glu

Asn

Ser

10

Leu

Gly

Ala

Glu

Ser

90

Glu

Asn

Glu

Val

Asn

170

Ala

Ala

Tyr

Trp

Pro
250

Gln

Pro

Glu

Asp

Asn

75

Thr

Glu

Ile

Asp

Gln

155

Gln

Leu

Arg

Cys

Gly

235

Val

Leu Thr Ile

Glu Glu
15

Gly

Thr

Gly

60

Thr

Trp

Val

His

Pro

140

Ser

Glu

Arg

Pro

Ser
220

Phe

Glu

Leu

His

45

Pro

Tyr

Asn

Arg

Arg

125

Val

Gln

Thr

Glu

Trp

205

Gln

Asp

Gln

Phe

30

Pro

Ala

Tyr

Lys

Glu

110

Asn

Leu

Gly

Asn

Ile

190

Thr

Asn

Gly

Leu

Gly

Val

Gly

Thr

Asp

Tyr

Pro

Ser

Val

Arg

175

Tyr

Val

Glu

Phe

Lys
255

Asn

Pro

Leu

Thr

80

Leu

Gly

Leu

Gly

Gly

160

Met

Leu

Met

Trp

Val
240

Ala
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36

Gly

Arg

Leu

Leu

305

Asp

Thr

Gly

385

Tyr

Arg

Phe

Ala

Pro

465

Lys

Leu

Ile

Pro

545

Pro

Ile

Tyr

Leu

Thr
625

Lys

Phe

Asn

Arg

Ser

290

Val

Leu

Val

Val

Gly

370

Ile

Glu

Thr

Leu

Val

450

Val

Thr

Leu

Asp

Val

530

Thr

Gly

Tyr

Glu

Lys
610
Asn

Ala

His

Asp

Asp

275

Glu

Asn

Glu

Leu

Ala

355

Ser

Lys

Asp

Asp

Ser

435

Val

Lys

Val

Asn

Gly

515

Ala

Thr

Glu

Val

Phe

595

Ile

Thr

Pro

Lys

Met

260

Glu

Glu

Ala

Ser

Leu

340

Val

Gly

Glu

Tyr

Ser

420

Glu

Val

Gly

Ser

Ile

500

Ile

Asp

Phe

Pro

Gly

580

Gly

Ala

Gly

Lys

Thr
660

Ile

Ile

Val

Pro

His

325

Glu

Phe

Asp

Arg

Ile

405

Trp

Lys

Ile

Asp

Arg

485

Gly

Leu

Val

Pro

Lys

565

Tyr

Tyr

Ile

Asp

Gly

645

Lys

Met

Glu

Leu

Ser

310

Ala

Asn

Gly

Thr

Asn

390

Lys

Gly

Glu

Ser

Phe

470

Glu

Ser

Leu

Leu

Lys

550

Asp

Arg

Gly

Asp

Arg

630

Lys

Leu

Pro

Glu

Asn

295

Phe

Lys

Asn

Thr

His

375

Met

Lys

Thr

Ile

Arg

455

Tyr

Phe

Pro

Val

Val

535

Asp

Asn

Tyr

Leu

Gly
615
Ala

Ile

Leu

Gly

Ile

280

Glu

Lys

Val

Gly

Gly

360

Pro

Lys

Met

Val

Lys

440

Ile

Leu

His

Ile

Trp

520

Gly

Tyr

Pro

Tyr

Ser

600

Asp

Gly

Asp

Asn

Lys

265

Met

Cys

Gly

Ala

Val

345

Gln

Arg

Phe

Arg

Ile

425

Lys

Ser

Ser

Glu

Glu

505

Gln

Arg

Ser

Gln

Asp

585

Tyr

Ile

Lys

Lys

Pro
665

Ala

Glu

Val

Tyr

Tyr

330

Leu

Ile

Tyr

Asp

Glu

410

Lys

Ala

Gly

Asp

Gln

490

Val

Ala

Val

Asp

Arg

570

Thr

Thr

Leu

Glu

Pro

650

Gly

Tyr

Ala

Arg

Arg

315

Glu

Pro

Glu

Thr

Glu

395

Thr

Pro

Ala

Glu

Asp

475

Gly

Ala

Gly

Asn

Val

555

Val

Phe

Lys

Arg

Val
635

Phe

Glu

Gln

Leu

Asn

300

Tyr

Ala

Phe

Thr

Ile

380

Glu

Glu

Lys

Lys

Gly

460

Glu

Lys

Ser

Gln

Pro

540

Pro

Val

Gly

Phe

Val
620
Ser

Gln

Ser

Val

Lys

285

Ile

Ser

Gly

Asp

Ile

365

Ser

Leu

Glu

Leu

Lys

445

Tyr

Leu

Lys

Trp

Glu

525

Ser

Ser

Tyr

Val

Glu

605

Ser

Gln

Glu

Glu

Asn

270

Glu

Leu

Asn

Val

Glu

350

Lys

Ile

Thr

Tyr

Pro

430

Asn

Asp

Glu

Val

Arg

510

Met

Gly

Trp

Glu

Glu

590

Tyr

Tyr

Val

Leu

Lys
670

Thr

Gly

Lys

Lys

Glu

335

Ser

Gly

Leu

Ser

Lys

415

Glu

Asp

Arg

Leu

Val

495

Asp

Gly

Lys

Thr

Glu

575

Pro

Lys

Thr

Tyr

Lys

655

Ile

Glu

Arg

Val

Pro

320

Gly

Ile

Gly

Glu

Ile

400

Pro

Asn

Ala

Lys

Ile

480

Val

Leu

Arg

Leu

Phe

560

Asp

Ala

Asp

Ile

Val
640

Ala

Phe
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38

Leu Glu Ile Pro Leu Arg Asp

675

Val Val Glu Ser Gly Glu Tyr

690

680

695

Asp Ile Arg Leu Arg Asp Ile Phe
705 710

Lys Pro

<210> SEQ ID NO 15
<211> LENGTH: 1341
<212> TYPE: DNA

Leu Ala Ser Phe Asp Gly

Glu Val Arg Val Gly Ala

685

700

Lys Glu Trp

Ser Ser Arg

Leu Val Glu Gly Glu Lys Arg Phe

715

<213> ORGANISM: Thermotoga petrophila

<400> SEQUENCE: 15
atgaacgtga aaaagttccc
atcgagggtt ctccectege
actcctggaa atgtaaagaa
tggaaagagyg acattgaaat
agctggccaa gaatacttee
tacaacagga tcatagacac
cactgggatce ttcecttege
gattggttcg cagaatactce
tggatcacct tgaacgaacc
getectggaa tgagagatat
cacgccaaag cggtgaaagt
ttcaacaatg gatatttcga
ttcatgcatc agttcaacaa
ccggageteg ttetggaatt
tccgagatac aggaaaagat
aagttcgatce cagatgcacc
gecatgggat gggagatcgt
gaatacaacc caccagaggt
agtgaagatyg gaagagttca
caggcatgga aggccataca
ctcgacaatt tcgaatggge
tacagtactc aaaaacgcat
agcaacagtc tggaagattg
<210> SEQ ID NO 16
<211> LENGTH: 446
<212> TYPE: PRT

<213> ORGANISM:

<400> SEQUENCE: 16

tgaaggattc

agacggagct

cggtgacacyg

catagagaaa

ggaaggaaca

cctgetggaa

tctteagtty

aagggttcte

gtgggttgtt

ttacgtgget

gttcagggaa

acctgecgagt

ctatcctcte

tgccagagag

cgactttgtt

agctaaggtce

tccagaagga

ttacatcaca

cgatcaaaac

ggagggagtg

agagggatat

cataaaagac

a

ctctggggty ttgcaacage

ggtatgtcta tctggcacac

ggagatgtgg cctgcgacca

ctcggagtaa aggcttacag

ggaagggtga atcagaaagg

aaaggtatca caccctttgt

aaaggaggat gggcgaacag

tttgaaaatt tcggcgaccyg

gccatagtgg ggcatctgta

ttcecgagetyg ttcacaatct

actgtgaaag atggaaagat

gaaaaagagg aggacatcag

tttctcaate cgatctacag

tatctaccgyg agaattacaa

ggattgaact attactccgg

tctttegtty aaagggatct

atctactgga tcctgaagaa

gagaatgggg ctgcttttga

agaatcgatt atttgaaggce

ccgettaaag gttacttegt

tccaagagat ttggtattgt

agtggttact ggtactcgaa

Thermotoga petrophila

720

ttcctaccag

cttcteccat

ctacaacaga

attttcaatc

actggatttt

gaccatctat

agaaatagcg

tgtgaagaac

cggagtccac

cttgagggca

cggaatagtt

agceggcgaga

aggagattat

agatgacatg

tcatttggtyg

tccaaaaaca

ggtgaaagaa

cgacgtagtt

ccacattggt

ctggtegete

gtacgtggac

cgtggtcaaa

Met Asn Val Lys Lys Phe Pro Glu Gly Phe Leu Trp Gly Val Ala Thr

1 5

10

15

Ala Ser Tyr Gln Ile Glu Gly Ser Pro Leu Ala Asp Gly Ala Gly Met

20

25 30

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1341
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40

Ser

Asp

Ile

65

Ser

Gly

Ile

Gln

Glu

145

Trp

Tyr

Ala

Arg

Tyr

225

Phe

Arg

Pro

Phe

Asp

305

Ala

Lys

Gly

Gln

Ala
385

Leu

Tyr

Ile

Thr

50

Glu

Trp

Leu

Thr

Leu

130

Tyr

Ile

Gly

Val

Glu

210

Phe

Met

Gly

Glu

Val

290

Ala

Met

Val

Ala

Asn

370

Ile

Asp

Tyr

Trp

Trp

Gly

Ile

Pro

Asp

Pro

115

Lys

Ser

Thr

Val

His

195

Thr

Glu

His

Asp

Asn

275

Gly

Pro

Gly

Lys

Ala

355

Arg

Gln

Asn

Val

Tyr
435

His

Asp

Ile

Arg

Phe

100

Phe

Gly

Arg

Leu

His

180

Asn

Val

Pro

Gln

Tyr

260

Tyr

Leu

Ala

Trp

Glu

340

Phe

Ile

Glu

Phe

Asp
420

Ser

Thr

Val

Glu

Ile

85

Tyr

Val

Gly

Val

Asn

165

Ala

Leu

Lys

Ala

Phe

245

Pro

Lys

Asn

Lys

Glu

325

Glu

Asp

Asp

Gly

Glu
405

Tyr

Asn

Phe

Ala

Lys

70

Leu

Asn

Thr

Trp

Leu

150

Glu

Pro

Leu

Asp

Ser

230

Asn

Glu

Asp

Tyr

Val

310

Ile

Tyr

Asp

Tyr

Val

390

Trp

Ser

Val

Ser

Cys

55

Leu

Pro

Arg

Ile

Ala

135

Phe

Pro

Gly

Arg

Gly

215

Glu

Asn

Leu

Asp

Tyr

295

Ser

Val

Asn

Val

Leu

375

Pro

Ala

Thr

Val

His

Asp

Gly

Glu

Ile

Tyr

120

Asn

Glu

Trp

Met

Ala

200

Lys

Lys

Tyr

Val

Met

280

Ser

Phe

Pro

Pro

Val

360

Lys

Leu

Glu

Gln

Lys
440

Thr

His

Val

Gly

Ile

105

His

Arg

Asn

Val

Arg

185

His

Ile

Glu

Pro

Leu

265

Ser

Gly

Val

Glu

Pro

345

Ser

Ala

Lys

Gly

Lys

425

Ser

Pro

Tyr

Lys

Thr

90

Asp

Trp

Glu

Phe

Val

170

Asp

Ala

Gly

Glu

Leu

250

Glu

Glu

His

Glu

Gly

330

Glu

Glu

His

Gly

Tyr

410

Arg

Asn

Gly

Asn

Ala

75

Gly

Thr

Asp

Ile

Gly

155

Ala

Ile

Lys

Ile

Asp

235

Phe

Phe

Ile

Leu

Arg

315

Ile

Val

Asp

Ile

Tyr

395

Ser

Ile

Ser

Asn

Arg

60

Tyr

Arg

Leu

Leu

Ala

140

Asp

Ile

Tyr

Ala

Val

220

Ile

Leu

Ala

Gln

Val

300

Asp

Tyr

Tyr

Gly

Gly

380

Phe

Lys

Ile

Leu

Val

45

Trp

Arg

Val

Leu

Pro

125

Asp

Arg

Val

Val

Val

205

Phe

Arg

Asn

Arg

Glu

285

Lys

Leu

Trp

Ile

Arg

365

Gln

Val

Arg

Lys

Glu
445

Lys

Lys

Phe

Asn

Glu

110

Phe

Trp

Val

Gly

Ala

190

Lys

Asn

Ala

Pro

Glu

270

Lys

Phe

Pro

Ile

Thr

350

Val

Ala

Trp

Phe

Asp
430

Asp

Asn

Glu

Ser

Gln

95

Lys

Ala

Phe

Lys

His

175

Phe

Val

Asn

Ala

Ile

255

Tyr

Ile

Asp

Lys

Leu

335

Glu

His

Trp

Ser

Gly
415

Ser

Gly

Asp

Ile

80

Lys

Gly

Leu

Ala

Asn

160

Leu

Arg

Phe

Gly

Arg

240

Tyr

Leu

Asp

Pro

Thr

320

Lys

Asn

Asp

Lys

Leu
400

Ile

Gly
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<210> SEQ ID NO 17

<211> LENGTH: 66

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic sequence encoding fusion sequence
with six histidines

<400> SEQUENCE: 17
gaacaaaaac tcatctcaga agaggatctyg aatagcgceg tcgaccatca tcatcatcat 60

catcat 66

<210> SEQ ID NO 18

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic fusion sequence with six histidines

<400> SEQUENCE: 18

Glu Gln Lys Leu Ile Ser Glu Glu Asp Leu Asn Ser Ala Val Asp His
1 5 10 15

His His His His His
20

<210> SEQ ID NO 19

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide primer

<400> SEQUENCE: 19

atatccatgg aggggaatac tattcttaaa atcgtactaa t 41

<210> SEQ ID NO 20

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide primer

<400> SEQUENCE: 20

atgctctaga aacctgggag cccttcettaa g 31

<210> SEQ ID NO 21

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide primer

<400> SEQUENCE: 21

gaaacgctecce tcecctgtagt 20

<210> SEQ ID NO 22

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide primer

<400> SEQUENCE: 22

atgctctaga aattctcetca cctecagate aatagaga 38
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<210> SEQ ID NO 23

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide primer

<400> SEQUENCE: 23

aggtgggtag ttcttetgat gg

<210> SEQ ID NO 24

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide primer

<400> SEQUENCE: 24

atgctctaga aattttacaa cttcgacgaa gaagtctttg a

<210> SEQ ID NO 25

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide primer

<400> SEQUENCE: 25

atatccatgg gaaagatcga tgaaatcctt tca

<210> SEQ ID NO 26

<211> LENGTH: 34

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide primer

<400> SEQUENCE: 26

atgctctaga aatggtttga atctettete teec

<210> SEQ ID NO 27

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide primer

<400> SEQUENCE: 27

aacgtgaaaa agttcectga ag

<210> SEQ ID NO 28

<211> LENGTH: 34

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide primer

<400> SEQUENCE: 28

atgctctaga aaatctteca gactgttget tttg
<210> SEQ ID NO 29

<211> LENGTH: 1230

<212> TYPE: DNA

<213> ORGANISM: Caldivirga maquilingensis

<400> SEQUENCE: 29
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atggactact ctatcaactg ctctatcaac cctataacce tcatggtege gcactcttet 60
ccectgaace catctaacac actcgaactt acacttatte tcgaaaatgg catcaccace 120
acagtaactg tcaccgcgac accacgcaac acttacccta tgatctcect tggctacatt 180
aatattacce ctaacctctg gaaccttaac acagettegt catcaggata cgcctctatg 240
gtctacgatyg catcacaggg tgctctttat attcatgtta atttcacaaa ggtttacctce 300
aatcagcaag ttggtgttgc cgcctactct gaattcatcet atggctacaa accctgggge 360
acgctcacct ccgaggcagg cgggttcaat tttectgtta agettaccga actceggttet 420
cttctttegt tcatcaatta ctcactcatt tcatattcectc cacaagtcge tatcttcecgat 480
tgggcatacg acctttggct cacaacatcce ccaaatctca ccaacggcecce tcaacccgge 540
gacgtcgagyg tcatgatctg gctctattat cacctgcaac aacctgeggg ttttecegte 600
gctaacgtta cagtgccaat atgggtcaat ggctcecteg ttaacgaaac atttgaggtt 660
tggattggtt ctccacagat cgaacccgge acccacgcta tagtctcctt caggecaacyg 720
aatccaatce ctagaggect cgtcggegta aatgtcacga agttcecttca acttgecgtt 780
aactatcteg tgacactcta cccctcatac tggaactaca catatctgga gagcaagtac 840
ttgaatggca tcgaattcgg atcagaatgg ggcaatcegt ctacatacaa tattacacte 900
aattgggtca tttataaagc ttatcttatc aaggtgccte tggagtcaca gggcaccgtt 960
accgtcacat atactacaac tgttacatcc accatgactg ttacctcaat ccttgctacc 1020
acatccaccg tcaccactac atctacactt acatctaccg ttaccgccac ttcagtttcet 1080
acttccaccg tcacgcagac tctcactacce tccatcgtca aaaccgtcat ccecctgtcetac 1140
tatactgcca ccataatcgt ccttcttata atcatcgcag tcgtcattge acttgcegtte 1200
gccegecgeg gcatcecgggt tegtetetgt 1230

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

D NO 30
H: 410
PRT

ISM: Caldivirga maquilingensis

<400> SEQUENCE: 30

Met Asp Tyr
1

Ala His Ser
Ile Leu Glu
35

Arg Asn Thr
50

Asn Leu Trp
65

Val Tyr Asp

Lys Val Tyr

Ile Tyr Gly

115

Phe Asn Phe
130

Ile Asn Tyr
145

Ser Ile Asn Cys Ser

Ser Pro Leu Asn Pro

20

Asn Gly Ile Thr Thr

40

Tyr Pro Met Ile Ser

Asn Leu Asn Thr Ala

70

Ala Ser Gln Gly Ala

85

Leu Asn Gln Gln Val

100

Tyr Lys Pro Trp Gly

120

Pro Val Lys Leu Thr

135

Ser Leu Ile Ser Tyr
150

Ile Asn Pro
10

Ser Asn Thr
25

Thr Val Thr

Leu Gly Tyr

Ser Ser Ser
75

Leu Tyr Ile
90

Gly Val Ala
105

Thr Leu Thr

Glu Leu Gly

Ser Pro Gln
155

Ile Thr Leu

Leu Glu Leu
30

Val Thr Ala
45

Ile Asn Ile

Gly Tyr Ala

His Val Asn

Ala Tyr Ser

110

Ser Glu Ala
125

Ser Leu Leu
140

Val Ala Ile

Met Val
15

Thr Leu

Thr Pro

Thr Pro

Ser Met

80

Phe Thr

95

Glu Phe

Gly Gly

Ser Phe

Phe Asp
160
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Trp Ala Tyr

Pro Gln Pro

Gln Gln Pro

195

Val Asn Gly
210

Pro Gln Ile
225

Asn Pro Ile

Gln Leu Ala

Tyr Thr Tyr

275

Glu Trp Gly
290

Tyr Lys Ala
305

Thr Val Thr

Ile Leu Ala

Thr Val Thr

355

Thr Thr Ser
370

Ile Ile Val
385

Ala Arg Arg

<210> SEQ I
<211> LENGT.
<212> TYPE:

Asp Leu Trp Leu Thr

165

Gly Asp Val Glu Val

180

Ala Gly Phe Pro Val

200

Ser Leu Val Asn Glu

215

Glu Pro Gly Thr His
230

Pro Arg Gly Leu Val

245

Val Asn Tyr Leu Val

260

Leu Glu Ser Lys Tyr

280

Asn Pro Ser Thr Tyr

295

Tyr Leu Ile Lys Val
310

Tyr Thr Thr Thr Val

325

Thr Thr Ser Thr Val

340

Ala Thr Ser Val Ser

360

Ile Val Lys Thr Val

375

Leu Leu Ile Ile Ile
390

Gly Ile Arg Val Arg

405
D NO 31
H: 2214

DNA

Thr

Met

185

Ala

Thr

Ala

Gly

Thr

265

Leu

Asn

Pro

Thr

Thr

345

Thr

Ile

Ala

Leu

Ser

170

Ile

Asn

Phe

Ile

Val

250

Leu

Asn

Ile

Leu

Ser

330

Thr

Ser

Pro

Val

Cys
410

<213> ORGANISM: Pyrococcus horikoshii

<400> SEQUENCE: 31

atgagatttc

ctcggaaatg

acgatcgtta

cccaggacta

aaagtcaagg

gagattgaaa

aaaagaaaaa

gttgtagtta

atcaagcatt

aaaactttag

acatcgagga

aattcggatt

gacaattagg

gcggggtcta

tagggatgat

aattccagag

caaaaaatgg

acctaatcct

atcccataga

atagagtgga

acaataagta

gcacctttag

ctccaaagaa

agttagggga

tgattacact

aataattata

agagctcgat

aaataaaatt

tctagatttt

attcaatact

ctcgataaaa

cacgttggaa

aaccgataat

Pro

Trp

Val

Glu

Val

235

Asn

Tyr

Gly

Thr

Glu

315

Thr

Thr

Thr

Val

Val
395

gatgaacagg

gaatttgaac

ccctacttet

gatggagaac

atagaaaaag

ttatataaaa

gagctaaaag

gcaaatccag

gagactgagg

attgcaagta

gaaattggag

Asn Leu Thr
Leu Tyr Tyr
190

Thr Val Pro
205

Val Trp Ile
220

Ser Phe Arg

Val Thr Lys

Pro Ser Tyr

270

Ile Glu Phe
285

Leu Asn Trp
300

Ser Gln Gly

Met Thr Val

Ser Thr Leu
350

Val Thr Gln
365

Tyr Tyr Thr
380

Ile Ala Leu

tgctgggcac
tcgagagatce
acagggaatt
taataaatcc
gcettattaag
gtacaaggat
ctagcaaggyg
ggtttataga
agggagtata
gettggttece

aaatttacat

Asn Gly
175

His Leu

Ile Trp

Gly Ser

Pro Thr
240

Phe Leu
255

Trp Asn

Gly Ser

Val Ile

Thr Val
320

Thr Ser
335

Thr Ser

Thr Leu

Ala Thr

Ala Phe
400

aatactaaca
tccttatgga
ggtaaatggt
aagctctcaa
aactcactta
agtccacatg
aggaatcgca
cgagataatg
cgctagggtyg
atcagaatat

tgttaaactt

60

120

180

240

300

360

420

480

540

600

660
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50

-continued
aaaccaggaa aaacgtacaa atttacaaag tacgttacag tatctaaagg agcagcttta 720
gaggagttaa aagatgttaa gagattagga tttgaaaagc tatatgaaga gcatataaac 780
agctggaaga gaatatggga gaaagtgaaa gtggaaatcg aaggagataa agaccttgaa 840
aatgccctaa actttaacat ttttcacttg atccaatccee ttceccaccaac agataaagte 900
tcgctaccag caaggggaat acatgggttt gggtataggg gacatatatt ctgggataca 960
gagatatatg cattaccttt cttcatattc acgatgccaa aagaggccag gagattgctce 1020
ctctatagat gcaacaactt agatgccgct aaagaaaatg caaagatgaa tggatatcaa 1080
ggggtccaat ttccctggga gtcecggcagat gatggacgeg aggctacccce ctctgagata 1140
ccattggata tgttgggaag gaaaatcgtt agaatttaca ccggagagga ggaacatcac 1200
ataactgcgg atatagcata tatagttgat ttttattacc aagtctctgg agatctcgaa 1260
tttatgaaca ggtgtggcct tgagataatc tttgagacgg cccgattttg ggctagtagg 1320
gttgagttcg aggaaggaaa agggtacgtc attaaaaaag taataggacc tgatgaatac 1380
catgagcacg ttaacaacaa cttctttaca aacttaatgg ccaagcataa tctcgaactt 1440
gcaataagat actttagaga gtcaaagaat agggaaccgt ggaaaaagat tgtcgaaaaa 1500
ttaaacataa gagaggagga ggttgaaaaa tgggaagaga tagctaaaaa catgtacatt 1560
cccaggaaga tagacggagt ttttgaagag tttgatggtt actttgaatt gatggatttt 1620
gaagttgatc ccttcaatat tggagaaaaa acactccceg aggaaatcag gaataacata 1680
gggaaaacga aactcgttaa gcaggccgat gtcatcatgg cccaatatct ccttaaggac 1740
tacttctecte cagaggaaat aaagagtaac tttaactatt atataaggag aactacccat 1800
gcttecatcac tcectceccatgce cccatacgeg atcattgcaa cctggatagg ggaggtaaag 1860
atagcatatg agtacttcaa gagatgtgca aatatagatc tcaaaaacgt gtacggaaac 1920
actgcagagg gatttcactt agcaacggcg ggaggaacct ggcaagtact cgtcagagga 1980
ttttgtggce tcaatgtaaa aggaaacaaa atagagctta atcctaatct tecctgaaaaa 2040
tggaagtacg ttaagttcag gatattcttc aaaggttcat ggatagaatt taaaatttct 2100
aggaagaaag ttagggctag aatgcttgaa ggatcgagaa aagtcaaaat atctagcttt 2160
ggaaaggaag tagatctata tcctggaaaa gaggttgtaa tagtagctaa ttaa 2214

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 32
H: 737
PRT

<213> ORGANISM: Pyrococcus horikoshii

<400> SEQUENCE: 32

Met Arg Phe
1

Thr Ile Leu

Glu Leu Glu
35

Tyr Thr Pro
50

Gly Met Ile
65

Lys Val Lys

Arg Thr His

Gln Phe Gly Phe Ser

Thr Leu Gly Asn Gly

20

Arg Ser Pro Tyr Gly

40

Tyr Phe Tyr Arg Glu

55

Ile Ile Ile Asp Gly

70

Glu Phe Gln Arg Glu

85

Leu Glu Ile Glu Thr

Lys

Gln

25

Thr

Leu

Glu

Leu

Lys

Glu

10

Leu

Ile

Val

Leu

Asp

90

Asn

Asp

Gly

Val

Asn

Ile

75

Ile

Gly

Glu Gln Val

Val Arg Gly
30

Ser Gly Val
45

Gly Pro Arg
60
Asn Pro Ser

Glu Lys Gly

Asn Lys Ile

Leu Gly
15

Glu Phe

Tyr Asp

Thr Ile

Ser Gln
80

Leu Leu
95

Leu Tyr
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Lys

Asp

Pro

145

Ile

Tyr

Ser

Asp

Thr

225

Glu

Glu

Ile

Arg

305

Glu

Arg

Asn

Ala

Leu

385

Ile

Gly

Thr

Tyr

Asn
465
Ala

Ile

Glu

Ser

Phe

130

Ile

Lys

Ala

Ser

Asn

210

Tyr

Glu

His

Glu

Leu

290

Gly

Ile

Arg

Ala

Asp

370

Gly

Thr

Asp

Ala

Val

450

Asn

Ile

Val

Ile

Thr

115

Glu

Glu

His

Arg

Leu

195

Glu

Lys

Leu

Ile

Gly

275

Ile

Ile

Tyr

Leu

Lys

355

Asp

Arg

Ala

Leu

Arg

435

Ile

Asn

Arg

Glu

Ala
515

100

Arg

Leu

Phe

Tyr

Val

180

Val

Ile

Phe

Lys

Asn

260

Asp

Gln

His

Ala

Leu

340

Met

Gly

Lys

Asp

Glu

420

Phe

Lys

Phe

Tyr

Lys

500

Lys

Ile

Lys

Asn

Arg

165

Lys

Pro

Gly

Thr

Asp

245

Ser

Lys

Ser

Gly

Leu

325

Leu

Asn

Arg

Ile

Ile

405

Phe

Trp

Lys

Phe

Phe
485

Leu

Asn

Val

Ala

Thr

150

Val

Thr

Ser

Glu

Lys

230

Val

Trp

Asp

Leu

Phe

310

Pro

Tyr

Gly

Glu

Val

390

Ala

Met

Ala

Val

Thr
470
Arg

Asn

Met

His

Ser

135

Ala

Asp

Leu

Glu

Ile

215

Tyr

Lys

Lys

Leu

Pro

295

Gly

Phe

Arg

Tyr

Ala

375

Arg

Tyr

Asn

Ser

Ile

455

Asn

Glu

Ile

Tyr

Met

120

Lys

Asn

Ser

Asp

Tyr

200

Tyr

Val

Arg

Arg

Glu

280

Pro

Tyr

Phe

Cys

Gln

360

Thr

Ile

Ile

Arg

Arg

440

Gly

Leu

Ser

Arg

Ile
520

105

Lys

Gly

Pro

Ile

Asn

185

Thr

Ile

Thr

Leu

Ile

265

Asn

Thr

Arg

Ile

Asn

345

Gly

Pro

Tyr

Val

Cys

425

Val

Pro

Met

Lys

Glu
505

Pro

Arg

Gly

Gly

Lys

170

Lys

Ser

Val

Val

Gly

250

Trp

Ala

Asp

Gly

Phe

330

Asn

Val

Ser

Thr

Asp

410

Gly

Glu

Asp

Ala

Asn
490

Glu

Arg

Lys

Ile

Phe

155

Glu

Tyr

Arg

Lys

Ser

235

Phe

Glu

Leu

Lys

His

315

Thr

Leu

Gln

Glu

Gly

395

Phe

Leu

Phe

Glu

Lys
475
Arg

Glu

Lys

Asn

Ala

140

Ile

Thr

Thr

Ser

Leu

220

Lys

Glu

Lys

Asn

Val

300

Ile

Met

Asp

Phe

Ile

380

Glu

Tyr

Glu

Glu

Tyr

460

His

Glu

Val

Ile

Leu

125

Val

Asp

Glu

Leu

Thr

205

Lys

Gly

Lys

Val

Phe

285

Ser

Phe

Pro

Ala

Pro

365

Pro

Glu

Tyr

Ile

Glu

445

His

Asn

Pro

Glu

Asp
525

110

Ile

Val

Glu

Glu

Glu

190

Phe

Pro

Ala

Leu

Lys

270

Asn

Leu

Trp

Lys

Ala

350

Trp

Leu

Glu

Gln

Ile

430

Gly

Glu

Leu

Trp

Lys

510

Gly

Leu

Val

Ile

Gly

175

Ile

Arg

Gly

Ala

Tyr

255

Val

Ile

Pro

Asp

Glu

335

Lys

Glu

Asp

His

Val

415

Phe

Lys

His

Glu

Lys
495

Trp

Val

Leu

Asn

Met

160

Val

Ala

Thr

Lys

Leu

240

Glu

Glu

Phe

Ala

Thr

320

Ala

Glu

Ser

Met

His

400

Ser

Glu

Gly

Val

Leu
480
Lys

Glu

Phe



53

US 8,847,031 B2

54

-continued

Glu

Phe

545

Gly

Leu

Tyr

Tyr

Tyr

625

Thr

Leu

Leu

Phe

Arg

705

Gly

Glu

530

Asn

Lys

Leu

Tyr

Ala

610

Phe

Ala

Val

Asn

Phe

690

Ala

Lys

Phe

Ile

Thr

Lys

Ile

595

Ile

Lys

Glu

Arg

Pro

675

Lys

Arg

Glu

Asp

Gly

Lys

Asp

580

Arg

Ile

Arg

Gly

Gly

660

Asn

Gly

Met

Val

Gly

Glu

Leu

565

Tyr

Arg

Ala

Cys

Phe

645

Phe

Leu

Ser

Leu

Asp
725

Tyr

Lys

550

Val

Phe

Thr

Thr

Ala

630

His

Cys

Pro

Trp

Glu

710

Leu

Phe

535

Thr

Lys

Ser

Thr

Trp

615

Asn

Leu

Gly

Glu

Ile

695

Gly

Tyr

Glu

Leu

Gln

Pro

His

600

Ile

Ile

Ala

Leu

Lys

680

Glu

Ser

Pro

Leu

Pro

Ala

Glu

585

Ala

Gly

Asp

Thr

Asn

665

Trp

Phe

Arg

Gly

Met

Glu

Asp

570

Glu

Ser

Glu

Leu

Ala

650

Val

Lys

Lys

Lys

Lys
730

Asp

Glu

555

Val

Ile

Ser

Val

Lys

635

Gly

Lys

Tyr

Ile

Val

715

Glu

Phe

540

Ile

Ile

Lys

Leu

Lys

620

Asn

Gly

Gly

Val

Ser

700

Lys

Val

Glu Val Asp Pro

Arg

Met

Ser

Ser

605

Ile

Val

Thr

Asn

Lys

685

Arg

Ile

Val

Asn

Ala

Asn

590

Met

Ala

Tyr

Trp

Lys

670

Phe

Lys

Ser

Ile

Asn Ile
560

Gln Tyr
575

Phe Asn

Pro Pro

Tyr Glu

Gly Asn
640

Gln Val
655

Ile Glu

Arg Ile

Lys Val

Ser Phe

720

Val Ala
735

We claim:

1. A transformed host containing one or more recombinant

cellulase enzymes comprising the amino acid sequence of 40

SEQ ID NO: 2, wherein said host is corn.

2. A transformed host comprising one or more nucleic acid
sequences encoding one or more recombinant cellulase
enzymes comprising the amino acid sequence of SEQ ID NO:

2, wherein at least one of said nucleic acid sequences encod- 45

ing the amino acid sequence of SEQ ID NO:2 is the nucleic
acid sequence of SEQ ID NO:1.

3. A transformed host comprising one or more nucleic acid
sequences encoding one or more recombinant cellulase
enzymes comprising the amino acid sequence of SEQ ID NO:
2, wherein at least one of said nucleic acid sequences encod-
ing the amino acid sequence of SEQ ID NO: 2 is the nucleic
acid sequence of SEQ ID NO: 1, wherein said host is corn.
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