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(57) Настоящее изобретение охватывает новые по-
следовательности искусственных олигонуклеоти-
дов, которые могут инициировать транскрипцию
генов в различных условиях на высоком уровне.
Кроме того, изобретение касается рекомбинантных
фрагментов ДНК, включающих последовательно-
сти искусственных олигонуклеотидов, экспресси-
рующих плазмид, содержащих фрагменты реком-
бинантной ДНК, и клеток-хозяев, трансформиро-
ванных фрагментами рекомбинантной ДНК.











































                         СПИСОК ПОСЛЕДОВАТЕЛЬНОСТЕЙ 
 
<110>  Clariant International Ltd 
  
<120>  Oligonucleotide sequence for use in pathway engineering 
 
<130>  2014DE617-WO-PCT 
 
<160>  54     
 
<170>  PatentIn version 3.5 
 
<210>  1 
<211>  800 
<212>  DNA 
<213>  Saccharomyces cerevisiae 
 
<400>  1 
ccattctctg ctgctttgtt gcatcgtatc atcgcccgtt tcagccagtc ccgcataccc       60 
 
cctttgcaac gttaacgtta ccgctagcgt ttaccatctc cacgctaaaa ggaaaacgaa      120 
 
gattaagata aagttgggta aaatccgggg taagaggcaa gggggtagag aaaaaaaaac      180 
 
cggagtcatt atatacgata ccgtccaggg taagacagtg atttctagct tccacttttt      240 
 
tcaatttctt tttttcgttc caaatggcgt ccacccgtac atccggaatc tgacggcaca      300 
 
agagccgatt agtggaagcc acggttacgt gattgcggtt tttttttcct acgtataacg      360 
 
ctatgacggt agttgaatgt taaaaacgaa aacagagata ttgaattgac tcgtaggaac      420 
 
aatttcgggc ccctgcgtgt tcttctgagg ttcatctttt acatttgctt ctgctggata      480 
 
attttcagag gcaacaagga aaaattagat ggcaaaaagt cgtctttcaa ggaaaaatcc      540 
 
ccaccatctt tcgagatccc ctgtaactta ttggcaactg aaagaatgaa aaggaggaaa      600 
 
atacaaaata tactagaact gaaaaaaaaa aagtataaat agagacgata tatgccaata      660 
 
cttcacaatg ttcgaatcta ttcttcattt gcagctattg taaaataata aaacatcaag      720 
 
aacaaacaag ctcaacttgt cttttctaag aacaaagaat aaacacaaaa acaaaaagtt      780 
 
tttttaattt taatcaaaaa                                                  800 
 
 
<210>  2 
<211>  799 
<212>  DNA 
<213>  Saccharomyces cerevisiae 
 
<400>  2 
ccattctctg ctgctttgtt gcatcgtatc atcgcccgtt tcagccagtc ccgcataccc       60 
 
cctttgcaac gttaacgtta ccgctagcgt ttaccatctc cacgctaaaa ggaaaacgaa      120 
 
gattaagata aagttgggta aaatccgggg taagaggcaa gggggtagag aaaaaaaaac      180 
 
cggagtcatt atatacgata ccgtccaggg taagacagtg atttctagct tccacttttt      240 
 
tcaatttctt tttttcgttc caaatggcgt ccacccgtac atccggaatc tgacggcaca      300 
 
agagccgatt agtgaaagcc agggttacgt gattgcggtt tttttttcct acgtataacg      360 



 
ctatgacggt agttgaatgt taaaaacgaa aacagagata ttgaattgac tcgtaggaac      420 
 
aatttcgggc ccctgcgtgt tcttctgagg ttcatctttt acatttgctt ctgctggata      480 
 
attttcagag gcaacaagga aaaattagat ggcaaaaagt cgtctttcaa ggaaaaatcc      540 
 
ccaccatctt tcgagatccc ctgtaactta ttggcaactg aaagaatgaa aaggaggaaa      600 
 
atacaaaata tactagaact gaaaaaaaaa agtataaata gagacgatat atgccaatac      660 
 
ttcacaatgt tcgaatccat tcttcatttg cagctattgt aaaataataa aacatcaaga      720 
 
acaaacaagc tcaacttgtc ttttctaaga acaaagaata aacacaaaaa caaaaagttt      780 
 
ttttaatttt aatcaaaaa                                                   799 
 
 
<210>  3 
<211>  798 
<212>  DNA 
<213>  Saccharomyces cerevisiae 
 
<400>  3 
ccattctctg ctgctttgtt gcatcgtatc atcgcccgtt tcagccagtc ccgcataccc       60 
 
cctttgcaac gttaacgtta ccgctagcgt ttaccatctc cacgctaaaa ggaaaacgaa      120 
 
gattaagata aagttgggta aaatccgggg taagaggcaa gggggtagag aaaaaaaaac      180 
 
cggagtcatt atatacgata ccgtccaggg taagacagtg atttctagct tccacttttt      240 
 
tcaatttctt tttttcgttc caaatggcgt ccacccgtac atccggaatc tgacggcaca      300 
 
agagccgatt agtggaagcc acggttacgt gattgcggtt tttttttcct acgtataacg      360 
 
ctatgacggt agttgaatgt taaaaacgaa aacagagata ttgaattgac tcgtaggaac      420 
 
aatttcgggc ccctgcgtgt tcttctgagg ttcatctttt acatttgctt ctgctggata      480 
 
attttcagag gcaacaagga aaaattagat ggcaaaaagt cgtctttcaa ggaaaaatcc      540 
 
ccaccatcct tcgagatccc ctgtaactta ttggcaactg aaagaatgaa aaggaggaaa      600 
 
atacaaaata tactagaact gaaaaaaaaa gtataaatag agacgatata tgccaataat      660 
 
tcacaatgtt cgaatccatt cttcatttgc agctattgta aaataataaa acatcaagaa      720 
 
caaacaagct caacttgtct tttctaagaa caaagaataa acacaaaaac aaaaagtttt      780 
 
tttaatttta atcaaaaa                                                    798 
 
 
<210>  4 
<211>  800 
<212>  DNA 
<213>  Saccharomyces cerevisiae 
 
<400>  4 
ccattctctg ctgctttgtt gcatcgtatc atcgcccgtt tcagccagtc ccgcataccc       60 
 
cctttgcaac gttaacgtta ccgctagcgt ttaccatctc cacgctaaaa ggaaaacgaa      120 
 
gattaagata aagttgggta aaatccgggg taagaggcaa gggggtagag aaaaaaaaac      180 



 
cggagtcatt atatacgata ccgtccaggg taagacagtg atttctagct tccacttttt      240 
 
tcaatttctt tttttcgttc caaatggcgt ccacccgtac atccggaatc tgacggcaca      300 
 
agagccgatt agtggaagcc acggttacgt gattgcggtt tttttttcct acgtataacg      360 
 
ctatgacggt agttgaatgt taaaaacgaa aacagagata ttgaattgac tcgtaggaac      420 
 
aatttcgggc ccctgcgtgt tcttctgagg ttcatctttt acatttgctt ctgctggata      480 
 
attttcagag gcaaaaagga aaaattagat ggcaaaaagt cgtctttcaa ggaaaaatcc      540 
 
ccaccatctt tcgagatccc ctgtaactta ttggcaactg aaagaatgaa aaggaggaaa      600 
 
atacaaaata tactagaact gaaaaaaaaa aagtataaat agagacgata tatgccaata      660 
 
cttcacaatg ttcaaatcca ttcttcgttt gcagctattg taaaataata aaacatcaag      720 
 
aacaaacaag ctcaacttgt cttttctaag aacaaagaat aaacacaaaa acaaaaagtt      780 
 
tttttaattt taatcaaaaa                                                  800 
 
 
<210>  5 
<211>  799 
<212>  DNA 
<213>  Saccharomyces cerevisiae 
 
<400>  5 
ccattctctg ctgctttgtt gcatcgtatc atcgcccgtt tcagccagtc ccgcataccc       60 
 
cctttgcaac gttaacgtta ccgctagcgt ttaccatctc cacgctaaaa ggaaaacgaa      120 
 
gattaagata aagttgggta aaatccgggg taagaggcaa gggggtagag aaaaaaaacc      180 
 
ggagtcatta tatacgatac cgtccagggt aagacagtga tttctagctt ccactttttt      240 
 
caatttcttt ttttcgttcc aaatggcgtc cacccgtaca tccggaatct gacggcacaa      300 
 
gagccgatta gtggaagcca gggttacgtg attgcggttt ttttttccta cgtataacgc      360 
 
tatgacggta gttgaatgtt aaaaacgaaa acagagatat tgaattgact cgtaggaaca      420 
 
atttcgggtt cctgcgtgtt cttctgaggt tcatctttta catttgcttc tgctggataa      480 
 
ttttcagagg caaaaaggaa aaattagatg gcaaaaagtc gtctttcaag gaaaaatccc      540 
 
caccatcttt cgagatcccc tgtaacttat tggcaactga aagaatgaaa aggaggaaaa      600 
 
tacaaaatat actagaactg aaaaaaaaaa agtataaata gagacgatat atgccaatac      660 
 
ttcacaatgt tcgaatctat tcttcatttg cagctattgt aaaataataa aacatcaaga      720 
 
acaaacaagc tcaacttgtc ttttctaaga acaaagaata aacacaaaaa caaaaagttt      780 
 
ttttaatttt aatcaaaaa                                                   799 
 
 
<210>  6 
<211>  799 
<212>  DNA 
<213>  Saccharomyces cerevisiae 
 



<400>  6 
ccattctctg ctgctttgtt gcatcgtatc atcgcccgtt tcagccagtc ccgcataccc       60 
 
cctttgcaac gttaacgtta ccgctagcgt ttaccatctc cacgctaaaa ggaaaacgaa      120 
 
gattaagata aagttgggta aaatccgggg taagaggcaa gggggtagag aaaaaaaaac      180 
 
aggagtcatt atatacgata ccgttcaggg taagacagtg atttctagct tccacttttt      240 
 
tcaatttctt tttttcgttc caaatggcgt ccacccgtac atccggaatc tgacggcaca      300 
 
agagccgatt agtggaagcc agggttacgt gattgcggtt tttttttcct acgtataacg      360 
 
ctatgacggt agttgaatgt taaaaacgaa aacagagata ttgaattgac tcgtaggaac      420 
 
aatttcgggc ccctgcgtgt tcttctgagg ttcatctttt acatttgctt ctgctggata      480 
 
attttcagag gcaacaagga aaaattagat ggcaaaaagt cgtctttcaa ggaaaaatcc      540 
 
ccaccatcct tcgagatccc ctgtaactta ttggcaactg aaagaatgaa aaggaggaaa      600 
 
atacaaaata tactagaact gaaaaaaaaa agtataaata gagacgatat atgccaatac      660 
 
ttcacaatgt tcgaatccat tcttcatttg cagctattgt aaaataataa aacatcaaga      720 
 
acaaacaagc tcaacttgtc ttttctaaga acaaagaata aacacaaaaa caaaaagttt      780 
 
ttttaatttt aatcaaaaa                                                   799 
 
 
<210>  7 
<211>  799 
<212>  DNA 
<213>  Saccharomyces cerevisiae 
 
<400>  7 
ccattctctg ctgctttgtt gcatcgtatc atcgcccgtt tcagccagtc ccgcataccc       60 
 
cctttgcaac gttaacgtta ccgctagcgt ttaccatctc cacgctaaaa ggaaaacgaa      120 
 
gattaagata aagttgggta aaatccgggg taagaggcaa gggggtagag aaaaaaaaac      180 
 
cggagacatt atatacgata ccgtccaggg taagacagtg atttctagct tccacttttt      240 
 
tcaatttctt tttttcgttc caaatggcgt ccacccgtac atccggaatc tgacggcaca      300 
 
agagccgatt agtggaagcc agggttacgt gattgcggtt tttttttcct acgtataacg      360 
 
ctatgacggt agttgaatgt taaaaacgaa aacagagata ttgaattgac tcgtaggaac      420 
 
aatttcgggt tcctgcgtgt tcttctgagg ttcatctttt acatttgctt ctgctggata      480 
 
attttcagag gcaacaagga aaaattagat ggcaaaaagt cgtctttcaa ggaaaaatcc      540 
 
ccaccatctt tcgagatccc ctgtaactta ttggcaactg aaagaatgaa aaggaggaaa      600 
 
atacaaaata tactagaact gaaaaaaaaa agtataaata gagacgatat atgccaatac      660 
 
ttcacaatgt tcgaatccat tcttcatttg cagctattgt aaaataataa aacatcaaga      720 
 
acaaacaagc tcaacttgtc ttttctaaga acaaagaata aacacaaaaa caaaaagttt      780 
 
ttttaatttt aatcaaaaa                                                   799 
 



 
<210>  8 
<211>  409 
<212>  DNA 
<213>  Saccharomyces cerevisiae 
 
<400>  8 
ccattctctg ctgctttgtt gcatcgtatc atcgcccgtt tcagccagtc ccgcataccc       60 
 
cctttgcaac gttaacgtta ccgctagcgt ttaccatctc cacgctaaaa ggaaaacgaa      120 
 
gattaagata aagttgggta aaatccgggg taagaggcaa gggggtagag aaaaaaaaac      180 
 
cggagtcatt atatacgata ccgtccaggg taagacagtg atttctagct tccacttttt      240 
 
tcaatttctt tttttcgttc caaatggcgt ccacccgtac atccggaatc tgacggcaca      300 
 
agagccgatt agtggaagcc acggttacgt gattgcggtt tttttttcct acgtataacg      360 
 
ctatgacggt agttgaatgt taaaaacgaa aacagagata ttgaattga                  409 
 
 
<210>  9 
<211>  391 
<212>  DNA 
<213>  Saccharomyces cerevisiae 
 
<400>  9 
ctcgtaggaa caatttcggg cccctgcgtg ttcttctgag gttcatcttt tacatttgct       60 
 
tctgctggat aattttcaga ggcaacaagg aaaaattaga tggcaaaaag tcgtctttca      120 
 
aggaaaaatc cccaccatct ttcgagatcc cctgtaactt attggcaact gaaagaatga      180 
 
aaaggaggaa aatacaaaat atactagaac tgaaaaaaaa aaagtataaa tagagacgat      240 
 
atatgccaat acttcacaat gttcgaatct attcttcatt tgcagctatt gtaaaataat      300 
 
aaaacatcaa gaacaaacaa gctcaacttg tcttttctaa gaacaaagaa taaacacaaa      360 
 
aacaaaaagt ttttttaatt ttaatcaaaa a                                     391 
 
 
<210>  10 
<211>  500 
<212>  DNA 
<213>  Saccharomyces cerevisiae 
 
<400>  10 
tgtttgcaaa aagaacaaaa ctgaaaaaac ccagacacgc tcgacttcct gtcttcctat       60 
 
tgattgcagc ttccaatttc gtcacacaac aaggtcctag cgacggctca caggttttgt      120 
 
aacaagcaat cgaaggttct ggaatggcgg gaaagggttt agtaccacat gctatgatgc      180 
 
ccactgtgat ctccagagca aagttcgttc gatcgtactg ttactctctc tctttcaaac      240 
 
agaattgtcc gaatcgtgtg acaacaacag cctgttctca cacactcttt tcttctaacc      300 
 
aagggggtgg tttagtttag tagaacctcg tgaaacttac atttacatat atataaactt      360 
 
gcataaattg gtcaatgcaa gaaatacata tttggtcttt tctaattcgt agtttttcaa      420 
 
gttcttagat gctttctttt tctctttttt acagatcatc aaggaagtaa ttatctactt      480 



 
tttacaacaa agacaagaaa                                                  500 
 
 
<210>  11 
<211>  342 
<212>  PRT 
<213>  Saccharomyces cerevisiae 
 
<400>  11 
 
Met Lys Asp Asn Gln Glu Asn His Asp Gln Lys Pro Phe Ile Ile Leu  
1               5                   10                  15       
 
 
Gly Asp Lys Asn Lys Phe Glu Ala Thr Ile Ala Lys Val Gly Ala Thr  
            20                  25                  30           
 
 
Leu Val Asp Leu Lys Val Asn Gly Gln Ser Val Val Leu Gly Tyr Pro  
        35                  40                  45               
 
 
Asp Val Lys Gly Tyr Leu Asn Asp Pro Gly Asn Leu Val Gly Ala Asn  
    50                  55                  60                   
 
 
Val Gly Arg Tyr Ala Asn Arg Ile Tyr Lys Gly Val Phe Asn Thr Pro  
65                  70                  75                  80   
 
 
Asp Gly Ala His Gln Leu Thr Val Asn Asn Cys Gly Asn Ala Asn His  
                85                  90                  95       
 
 
Ser Ser Ile Ser Cys Phe Asn Arg Lys Thr Phe Val Ala Ser Pro Val  
            100                 105                 110          
 
 
Glu Asn Ser Ser Arg Asp Val Tyr Ile Ala Lys Leu Thr Leu Leu Asp  
        115                 120                 125              
 
 
Asp His Thr Val Pro Asn Glu Phe Pro Gly Asp Leu Glu Val Thr Val  
    130                 135                 140                  
 
 
Thr Tyr Thr Leu Asn Val Ala Glu Met Thr Leu Asp Leu Asp Tyr Arg  
145                 150                 155                 160  
 
 
Ala His Leu Val Lys Gly Asp Ala Thr Pro Ile Asn Met Thr Asn His  
                165                 170                 175      
 
 
Thr Tyr Phe Asn Leu Asn Lys Thr Arg Asn Glu Glu Ser Ile Ile Gly  
            180                 185                 190          
 
 
Thr Glu Ile Asn Ile Cys Ser Asp Lys Ser Leu Glu Val Thr Glu Gly  
        195                 200                 205              
 
 
Ala Leu Ile Pro Thr Gly Lys Ile Ile Lys Arg Asp Ile Ala Thr Phe  



    210                 215                 220                  
 
 
Gln Ser Ala His Pro Thr Thr Leu Gly Ser Lys Ala Pro Val Tyr Asp  
225                 230                 235                 240  
 
 
Phe Cys Phe Ile Val Asp Ala Asn Lys Asp Leu Arg Ser Thr Asp Ser  
                245                 250                 255      
 
 
Thr Ser Val Asn Lys Leu Val Pro Val Phe Lys Ala Tyr His Pro Glu  
            260                 265                 270          
 
 
Ser Asn Ile Arg Leu Gln Val Ser Thr Thr Glu Pro Thr Val His Phe  
        275                 280                 285              
 
 
Tyr Thr Gly Asp Ser Leu Gly Gly Lys Phe Val Pro Arg Ser Gly Phe  
    290                 295                 300                  
 
 
Ala Val Glu Gln Gly Arg Tyr Ile Asp Ala Ile Asn Arg Ser Glu Trp  
305                 310                 315                 320  
 
 
Arg Asn Cys Val Leu Leu Lys Arg Gly Glu Val Tyr Thr Ser Lys Thr  
                325                 330                 335      
 
 
Gln Tyr Cys Phe Lys Asn  
            340          
 
 
<210>  12 
<211>  359 
<212>  PRT 
<213>  Saccharomyces cerevisiae 
 
<400>  12 
 
Met Gly Ser Lys Asn Thr Leu Leu Val Phe His Leu Lys Gly Val Lys  
1               5                   10                  15       
 
 
Thr Asp Leu Ala Gly Ala Val Asn Asp Tyr Glu Asn Arg Phe Ile Thr  
            20                  25                  30           
 
 
Ile Gly Ala Gly Ser Lys Phe Glu Ala Thr Ile Ala Asn Leu Gly Ala  
        35                  40                  45               
 
 
Thr Leu Val Asp Leu Lys Val Asn Gly Gln Ser Val Val Leu Gly Tyr  
    50                  55                  60                   
 
 
Ser Arg Ala Glu Asp Tyr Asn Ser Asp Gly Gly Asn Tyr Ile Gly Ala  
65                  70                  75                  80   
 
 
Thr Val Gly Arg Phe Ala Asn Arg Ile Lys Glu Gly Leu Phe Thr Leu  
                85                  90                  95       



 
 
Gln Asp Gly Thr His Lys Leu Thr Val Asp Asn Cys Asp Asn Thr Asn  
            100                 105                 110          
 
 
His Ser Ser Ile Ser Ser Phe His Val Lys Lys Phe Leu Gly Pro Leu  
        115                 120                 125              
 
 
Ile Glu Asn Pro Ser Asp Glu Ile Tyr Thr Ala Glu Phe Leu Leu Leu  
    130                 135                 140                  
 
 
Asp Asp His Ser Ile Pro Asn Glu Phe Pro Gly Asp Leu Glu Val Ile  
145                 150                 155                 160  
 
 
Val Lys Phe Thr Leu Asn Ile Ala Glu Met Ser Leu Lys Phe Ser Tyr  
                165                 170                 175      
 
 
Gln Ala Gln Leu Ile Asn Gly Glu Ala Thr Pro Ile Asn Met Thr Ser  
            180                 185                 190          
 
 
His Thr Tyr Phe Asn Leu Asn Lys Phe His Asn Glu Gln Ser Ile Ser  
        195                 200                 205              
 
 
Gly Thr Glu Val Arg Val Cys Ser Thr Lys Ser Leu Glu Val Ser Glu  
    210                 215                 220                  
 
 
Gly Ala Leu Ile Pro Thr Gly Lys Val Ile Asp Arg Asp Val Ala Thr  
225                 230                 235                 240  
 
 
Phe Asp Ser Ala Gly Pro Thr Thr Leu Gly Gly Asp Gly Pro Thr Tyr  
                245                 250                 255      
 
 
Asp Tyr Cys Phe Ile Ser Asp Glu Asn Lys Gly Leu Lys Ser Pro Asp  
            260                 265                 270          
 
 
Ser Arg Ser Gln Asn Glu Leu Arg Pro Val Leu Lys Ala Tyr His Pro  
        275                 280                 285              
 
 
Glu Ser Lys Ile Thr Leu Glu Val Ser Thr Thr Glu Pro Ser Phe Val  
    290                 295                 300                  
 
 
Leu Tyr Ser Gly Asp Asn Leu Phe Gly Lys Phe Ile Pro Arg Gln Gly  
305                 310                 315                 320  
 
 
Phe Cys Val Glu Gln Gly Arg Tyr Ile Asp Ala Ile Asn Arg Asp Asp  
                325                 330                 335      
 
 
Trp Lys Asp Cys Val Leu Leu Lys Arg Gly Asp Val Tyr Thr Ser Glu  
            340                 345                 350          



 
 
Thr Gln Tyr Arg Phe Glu Asn  
        355                  
 
 
<210>  13 
<211>  341 
<212>  PRT 
<213>  Saccharomyces cerevisiae 
 
<400>  13 
 
Met Ser Asn Asn Lys Ala Gly Gly Glu Tyr Glu Val Ile Thr Ile Gly  
1               5                   10                  15       
 
 
Asp Ala Lys Lys Leu Gln Ala Thr Ile Ser Glu Leu Gly Ala Thr Leu  
            20                  25                  30           
 
 
Leu Asp Leu Lys Val Asn Asn Glu Ser Ile Val Leu Gly Tyr Pro Asp  
        35                  40                  45               
 
 
Ile His Gly Tyr Ile Ser Asp Gly Tyr Asn Tyr Ile Gly Ala Thr Val  
    50                  55                  60                   
 
 
Gly Arg Tyr Ala Asn Arg Ile Tyr Lys Gly Met Phe Ser Met Glu Asp  
65                  70                  75                  80   
 
 
Gly Pro His Gln Leu Thr Val Asn Asn Cys Gly Asn Thr Asn His Ser  
                85                  90                  95       
 
 
Ser Ile Ser Ser Phe His Leu Lys Lys Tyr Lys Ala Ser Lys Val Gln  
            100                 105                 110          
 
 
Asn Pro Leu Asp Asp Leu Tyr Ile Val Glu Phe Thr Leu Leu Asp Asp  
        115                 120                 125              
 
 
Arg Thr Leu Pro Asn Glu Phe Pro Gly Asp Leu Ala Val Asn Leu Lys  
    130                 135                 140                  
 
 
Tyr Thr Leu Asn Val Ala Asp Met Thr Leu Asp Leu Glu Tyr Glu Ala  
145                 150                 155                 160  
 
 
Lys Leu Val Ser Gly Glu Ala Thr Pro Ile Asn Met Thr Asn His Thr  
                165                 170                 175      
 
 
Tyr Phe Asn Leu Asn Lys Thr Met Asp Lys Lys Ser Ile Ser Gly Thr  
            180                 185                 190          
 
 
Glu Val Arg Leu Cys Ser Asp Lys Ser Leu Glu Val Ser Glu Gly Ala  
        195                 200                 205              
 



 
Leu Ile Pro Thr Gly Lys Ile Val Gln Arg Lys Ile Ala Thr Phe Asp  
    210                 215                 220                  
 
 
Ser Ser Lys Pro Thr Ile Leu Gln Asp Asp Gly Pro Ile Tyr Asp Tyr  
225                 230                 235                 240  
 
 
Ala Phe Ile Val Asp Glu Asn Lys Asn Leu Lys Thr Thr Asp Ser Val  
                245                 250                 255      
 
 
Ser Val Asn Lys Leu Val Pro Ala Phe Lys Ala Tyr His Pro Ala Ser  
            260                 265                 270          
 
 
Arg Leu Ser Leu Glu Val Ser Thr Thr Glu Pro Thr Val Leu Phe Tyr  
        275                 280                 285              
 
 
Thr Gly Asp Asn Leu Cys Asp Gly Phe Thr Pro Arg Ser Gly Phe Ala  
    290                 295                 300                  
 
 
Val Glu Gln Gly Arg Tyr Val Asp Ala Ile Asn Arg Asp Gly Trp Arg  
305                 310                 315                 320  
 
 
Asp Cys Val Leu Leu Arg Arg Gly Glu Val Tyr Thr Ser Lys Thr Arg  
                325                 330                 335      
 
 
Tyr Arg Phe Ala Val  
            340      
 
 
<210>  14 
<211>  360 
<212>  PRT 
<213>  Saccharomyces cerevisiae 
 
<400>  14 
 
Met Ser Asn Asp Gly Gln Gln Lys Lys Leu Ala Thr Ile Asp Asn Lys  
1               5                   10                  15       
 
 
Leu Glu Met Thr Asn Ser Asn Thr Glu Asn Lys Tyr Lys Val Ile Thr  
            20                  25                  30           
 
 
Ile Gly Asp Glu Lys Arg Phe Gln Ala Thr Ile Ala Pro Leu Gly Ala  
        35                  40                  45               
 
 
Thr Leu Val Asp Leu Lys Val Asn Asn Gln Ser Val Val Gln Gly Tyr  
    50                  55                  60                   
 
 
Ser Asn Val Gln Asp Tyr Leu Thr Asp Gly Asn Met Met Gly Ala Thr  
65                  70                  75                  80   
 
 



Val Gly Arg Tyr Ala Asn Arg Ile Ala Lys Gly Val Phe Ser Leu Glu  
                85                  90                  95       
 
 
Asp Gly Pro His Lys Leu Thr Val Asn Asn Cys Gly Asn Thr Asn His  
            100                 105                 110          
 
 
Ser Ser Ile Ser Ser Leu Asn Leu Lys Gln Tyr Arg Ala Ser Pro Val  
        115                 120                 125              
 
 
Glu Asn Pro Ser Lys Asp Val Phe Val Val Glu Phe Lys Leu Leu Asp  
    130                 135                 140                  
 
 
Asp His Thr Gln Pro Asn Pro Asn Glu Phe Pro Gly Asp Leu Glu Val  
145                 150                 155                 160  
 
 
Thr Val Lys Tyr Thr Leu Asn Val Ala Glu Met Thr Leu Gly Met Lys  
                165                 170                 175      
 
 
Tyr Gln Ala Gln Leu Val Arg Gly Asp Ala Thr Pro Ile Asn Met Thr  
            180                 185                 190          
 
 
Asn His Ser Tyr Phe Asn Leu Asn Lys Thr Lys Asn Glu Lys Ser Ile  
        195                 200                 205              
 
 
Ser Gly Thr Glu Val Lys Val Cys Ser Asn Lys Ser Leu Glu Val Thr  
    210                 215                 220                  
 
 
Glu Gly Ala Leu Leu Pro Thr Glu Lys Ile Ile Glu Arg Lys Ile Ala  
225                 230                 235                 240  
 
 
Thr Phe Asp Ser Ala Lys Pro Thr Val Leu His Asp Asp Ala Pro Val  
                245                 250                 255      
 
 
Phe Asp Cys Thr Phe Ile Ile Asp Ala Asn Lys Asp Leu His Thr Thr  
            260                 265                 270          
 
 
Asp Ser Val Ser Val Asn Lys Leu Val Pro Val Phe Lys Ala Tyr His  
        275                 280                 285              
 
 
Pro Glu Ser Arg Ile Thr Phe Glu Val Ser Thr Thr Glu Pro Thr Val  
    290                 295                 300                  
 
 
His Leu Tyr Thr Gly Asp Asn Leu Cys Gly Lys Phe Thr Pro Arg Ser  
305                 310                 315                 320  
 
 
Gly Phe Ala Val Gln Gln Gly Arg Tyr Val Asp Ala Ile Asn His Asp  
                325                 330                 335      
 
 



Lys Trp Arg Asp Cys Val Leu Leu Lys Arg Gly Glu Val Tyr Thr Ser  
            340                 345                 350          
 
 
Glu Thr Gln Tyr Arg Phe Gly Ile  
        355                 360  
 
 
<210>  15 
<211>  342 
<212>  PRT 
<213>  Saccharomyces cerevisiae 
 
<400>  15 
 
Met Ser Asn Ser Asn Gly Asp Asn Lys Tyr Gly Val Ile Thr Ile Gly  
1               5                   10                  15       
 
 
Asp Glu Lys Lys Phe Gln Ala Thr Ile Ala Pro Leu Gly Ala Thr Leu  
            20                  25                  30           
 
 
Val Asp Leu Lys Val Asn Gly Gln Ser Val Val Gln Gly Tyr Ser Asn  
        35                  40                  45               
 
 
Val Gln Asp Tyr Leu Thr Asp Gly Asn Met Met Gly Ala Thr Val Gly  
    50                  55                  60                   
 
 
Arg Tyr Ala Asn Arg Ile Ala Lys Gly Val Phe Ser Leu Asp Asp Gly  
65                  70                  75                  80   
 
 
Pro His Lys Leu Thr Val Asn Asn Cys Gly Asn Thr Asn His Ser Ser  
                85                  90                  95       
 
 
Ile Ser Ser Leu Asn Leu Lys Gln Tyr Lys Ala Ser Pro Val Glu Asn  
            100                 105                 110          
 
 
Pro Ser Lys Gly Val Tyr Val Val Glu Phe Lys Leu Leu Asp Asp His  
        115                 120                 125              
 
 
Thr Gln Pro Asn Pro Asn Glu Phe Pro Gly Asp Leu Glu Val Thr Val  
    130                 135                 140                  
 
 
Lys Tyr Thr Leu Asn Val Ala Glu Met Thr Leu Asp Met Glu Tyr Gln  
145                 150                 155                 160  
 
 
Ala Gln Leu Val Arg Gly Asp Ala Thr Pro Ile Asn Met Thr Asn His  
                165                 170                 175      
 
 
Ser Tyr Phe Asn Leu Asn Lys Val Lys Ser Glu Lys Ser Ile Arg Gly  
            180                 185                 190          
 
 
Thr Glu Val Lys Val Cys Ser Asn Lys Ser Leu Glu Val Thr Glu Gly  



        195                 200                 205              
 
 
Ala Leu Leu Pro Thr Gly Lys Ile Ile Glu Arg Asn Ile Ala Thr Phe  
    210                 215                 220                  
 
 
Asp Ser Thr Lys Pro Thr Val Leu His Glu Asp Thr Pro Val Phe Asp  
225                 230                 235                 240  
 
 
Cys Thr Phe Ile Ile Asp Ala Asn Lys Asp Leu Lys Thr Thr Asp Ser  
                245                 250                 255      
 
 
Val Ser Val Asn Lys Leu Val Pro Val Phe Lys Ala Tyr His Pro Glu  
            260                 265                 270          
 
 
Ser His Ile Lys Phe Glu Val Ser Thr Thr Glu Pro Thr Val His Leu  
        275                 280                 285              
 
 
Tyr Thr Gly Asp Asn Leu Cys Gly Lys Phe Val Pro Arg Ser Gly Phe  
    290                 295                 300                  
 
 
Ala Val Gln Gln Gly Arg Tyr Val Asp Ala Ile Asn Arg Asp Glu Trp  
305                 310                 315                 320  
 
 
Arg Gly Cys Val Leu Leu Lys Arg Gly Glu Val Tyr Thr Ser Lys Thr  
                325                 330                 335      
 
 
Gln Tyr Lys Phe Asp Ile  
            340          
 
 
<210>  16 
<211>  334 
<212>  PRT 
<213>  Lactococcus lactis 
 
<400>  16 
 
Met Thr Phe Thr Ile Ser Lys Glu Ser Leu Pro Phe Arg Ala Asp Lys  
1               5                   10                  15       
 
 
Ser Ile Ser Gln Ile Thr Leu Ser Asn Glu Arg Leu Thr Ile Val Val  
            20                  25                  30           
 
 
His Asp Tyr Gly Ala Arg Ala His Gln Leu Leu Thr Pro Asp Lys Asn  
        35                  40                  45               
 
 
Gly Thr Phe Glu Asn Ile Leu Leu Ser Lys Asn Asp Ser Glu Thr Tyr  
    50                  55                  60                   
 
 
Ala Asn Asp Gly Gly Tyr Tyr Gly Val Ile Cys Gly Pro Val Ala Gly  
65                  70                  75                  80   



 
 
Arg Ile Ser Gly Ala Thr Tyr Asp Ser Val Ser Leu Glu Ala Asn Glu  
                85                  90                  95       
 
 
Gly Lys Asn Asn Leu His Ser Gly Ser His Gly Trp Glu Arg Gln Phe  
            100                 105                 110          
 
 
Trp Ser Tyr Glu Thr Phe Glu Thr Ala Ser Ser Leu Gly Ile Lys Leu  
        115                 120                 125              
 
 
Ser Leu Arg Asp Glu Glu Ser Gly Phe Pro Gly Gln Ile Gln Ala Glu  
    130                 135                 140                  
 
 
Val Thr Tyr Lys Leu Thr Asp Asn Lys Leu Glu Val Thr Ile Ser Gly  
145                 150                 155                 160  
 
 
Leu Ser Val Thr Asp Thr Val Phe Asn Pro Ala Trp His Pro Tyr Phe  
                165                 170                 175      
 
 
Asn Leu Ser Ala Glu Leu Ser Thr Thr His Glu His Phe Ile Gln Ala  
            180                 185                 190          
 
 
Asn Val Asp Phe Leu Val Glu Thr Asn Gln Glu Asn Ile Pro Thr Gly  
        195                 200                 205              
 
 
Arg Leu Leu Thr Val Asp Asp Ser Ser Tyr Ser Ile Lys Glu Ser Val  
    210                 215                 220                  
 
 
Ser Ile Lys Lys Leu Leu Lys Asp Asn Pro Glu Gly Leu Asp Asp Cys  
225                 230                 235                 240  
 
 
Phe Val Phe Asn Pro Lys Gly Asp Lys Ser Leu Met Leu Tyr Asp Pro  
                245                 250                 255      
 
 
Leu Ser Gly Arg Lys Leu Val Ala Gln Thr Asp Arg Gln Ala Val Val  
            260                 265                 270          
 
 
Ile Tyr Thr Ala Thr Asn Pro Glu Ile Glu Ser Met Ile Asn Gly Arg  
        275                 280                 285              
 
 
Pro Met Ser Lys Asn Arg Gly Ile Ala Ile Glu Phe Gln Glu Ile Pro  
    290                 295                 300                  
 
 
Asp Leu Val His His Pro Glu Trp Gly Thr Ile Glu Leu Lys Ala Gly  
305                 310                 315                 320  
 
 
Gln Lys Lys Thr Phe Ile Thr Glu Tyr Leu Phe Thr Thr Asn  
                325                 330                  



 
 
<210>  17 
<211>  442 
<212>  PRT 
<213>  Eubacterium saburreum 
 
<400>  17 
 
Met Lys Glu Phe Phe Pro Gly Ile Ser Pro Val Lys Phe Glu Gly Arg  
1               5                   10                  15       
 
 
Asp Ser Lys Asn Pro Leu Ser Phe Lys Tyr Tyr Asp Ala Lys Arg Val  
            20                  25                  30           
 
 
Ile Met Gly Lys Thr Met Glu Glu His Leu Ser Phe Ala Met Ala Trp  
        35                  40                  45               
 
 
Trp His Asn Leu Cys Ala Cys Gly Val Asp Met Phe Gly Gln Gly Thr  
    50                  55                  60                   
 
 
Val Asp Lys Ser Phe Gly Glu Ser Ser Gly Thr Met Glu His Ala Arg  
65                  70                  75                  80   
 
 
Ala Lys Val Asp Ala Gly Ile Glu Phe Met Lys Lys Leu Gly Ile Lys  
                85                  90                  95       
 
 
Tyr Tyr Cys Phe His Asp Thr Asp Ile Val Pro Glu Asp Gln Glu Asp  
            100                 105                 110          
 
 
Ile Asn Val Thr Asn Ala Arg Leu Asp Glu Ile Thr Asp Tyr Ile Leu  
        115                 120                 125              
 
 
Glu Lys Thr Lys Asp Thr Asp Ile Lys Cys Leu Trp Thr Thr Cys Asn  
    130                 135                 140                  
 
 
Met Phe Ser Asn Pro Arg Phe Met Asn Gly Ala Gly Ser Ser Asn Ser  
145                 150                 155                 160  
 
 
Ala Asp Val Phe Cys Phe Ala Ala Ala Gln Ala Lys Lys Gly Leu Glu  
                165                 170                 175      
 
 
Asn Ala Val Lys Leu Gly Ala Lys Gly Phe Val Phe Trp Gly Gly Arg  
            180                 185                 190          
 
 
Glu Gly Tyr Glu Thr Leu Leu Asn Thr Asp Met Lys Leu Glu Glu Glu  
        195                 200                 205              
 
 
Asn Ile Ala Thr Leu Phe Thr Met Cys Arg Asp Tyr Gly Arg Ser Ile  
    210                 215                 220                  
 



 
Gly Phe Met Gly Asp Phe Tyr Ile Glu Pro Lys Pro Lys Glu Pro Met  
225                 230                 235                 240  
 
 
Lys His Gln Tyr Asp Phe Asp Ala Ala Thr Ala Ile Gly Phe Leu Arg  
                245                 250                 255      
 
 
Lys Tyr Gly Leu Asp Lys Asp Phe Lys Leu Asn Ile Glu Ala Asn His  
            260                 265                 270          
 
 
Ala Thr Leu Ala Gly His Thr Phe Gln His Glu Leu Arg Val Cys Ala  
        275                 280                 285              
 
 
Val Asn Gly Met Met Gly Ser Val Asp Ala Asn Gln Gly Asp Thr Leu  
    290                 295                 300                  
 
 
Leu Gly Trp Asp Thr Asp Gln Phe Pro Thr Asn Val Tyr Asp Thr Thr  
305                 310                 315                 320  
 
 
Leu Ala Met Tyr Glu Ile Leu Lys Ala Gly Gly Leu Arg Gly Gly Leu  
                325                 330                 335      
 
 
Asn Phe Asp Ser Lys Asn Arg Arg Pro Ser Asn Thr Ala Asp Asp Met  
            340                 345                 350          
 
 
Phe Tyr Gly Phe Ile Ala Gly Met Asp Thr Phe Ala Leu Gly Leu Ile  
        355                 360                 365              
 
 
Lys Ala Ala Glu Ile Ile Glu Asp Gly Arg Ile Asp Asp Phe Val Lys  
    370                 375                 380                  
 
 
Glu Arg Tyr Ala Ser Tyr Asn Ser Gly Ile Gly Lys Lys Ile Arg Asn  
385                 390                 395                 400  
 
 
Arg Lys Val Thr Leu Ile Glu Cys Ala Glu Tyr Ala Ala Lys Leu Lys  
                405                 410                 415      
 
 
Lys Pro Glu Leu Pro Glu Ser Gly Arg Gln Glu Tyr Leu Glu Ser Val  
            420                 425                 430          
 
 
Val Asn Asn Ile Leu Phe Gly Gly Ser Gly  
        435                 440          
 
 
<210>  18 
<211>  437 
<212>  PRT 
<213>  Piromyces sp. E2 
 
<400>  18 
 



Met Ala Lys Glu Tyr Phe Pro Gln Ile Gln Lys Ile Lys Phe Glu Gly  
1               5                   10                  15       
 
 
Lys Asp Ser Lys Asn Pro Leu Ala Phe His Tyr Tyr Asp Ala Glu Lys  
            20                  25                  30           
 
 
Glu Val Met Gly Lys Lys Met Lys Asp Trp Leu Arg Phe Ala Met Ala  
        35                  40                  45               
 
 
Trp Trp His Thr Leu Cys Ala Glu Gly Ala Asp Gln Phe Gly Gly Gly  
    50                  55                  60                   
 
 
Thr Lys Ser Phe Pro Trp Asn Glu Gly Thr Asp Ala Ile Glu Ile Ala  
65                  70                  75                  80   
 
 
Lys Gln Lys Val Asp Ala Gly Phe Glu Ile Met Gln Lys Leu Gly Ile  
                85                  90                  95       
 
 
Pro Tyr Tyr Cys Phe His Asp Val Asp Leu Val Ser Glu Gly Asn Ser  
            100                 105                 110          
 
 
Ile Glu Glu Tyr Glu Ser Asn Leu Lys Ala Val Val Ala Tyr Leu Lys  
        115                 120                 125              
 
 
Glu Lys Gln Lys Glu Thr Gly Ile Lys Leu Leu Trp Ser Thr Ala Asn  
    130                 135                 140                  
 
 
Val Phe Gly His Lys Arg Tyr Met Asn Gly Ala Ser Thr Asn Pro Asp  
145                 150                 155                 160  
 
 
Phe Asp Val Val Ala Arg Ala Ile Val Gln Ile Lys Asn Ala Ile Asp  
                165                 170                 175      
 
 
Ala Gly Ile Glu Leu Gly Ala Glu Asn Tyr Val Phe Trp Gly Gly Arg  
            180                 185                 190          
 
 
Glu Gly Tyr Met Ser Leu Leu Asn Thr Asp Gln Lys Arg Glu Lys Glu  
        195                 200                 205              
 
 
His Met Ala Thr Met Leu Thr Met Ala Arg Asp Tyr Ala Arg Ser Lys  
    210                 215                 220                  
 
 
Gly Phe Lys Gly Thr Phe Leu Ile Glu Pro Lys Pro Met Glu Pro Thr  
225                 230                 235                 240  
 
 
Lys His Gln Tyr Asp Val Asp Thr Glu Thr Ala Ile Gly Phe Leu Lys  
                245                 250                 255      
 
 



Ala His Asn Leu Asp Lys Asp Phe Lys Val Asn Ile Glu Val Asn His  
            260                 265                 270          
 
 
Ala Thr Leu Ala Gly His Thr Phe Glu His Glu Leu Ala Cys Ala Val  
        275                 280                 285              
 
 
Asp Ala Gly Met Leu Gly Ser Ile Asp Ala Asn Arg Gly Asp Tyr Gln  
    290                 295                 300                  
 
 
Asn Gly Trp Asp Thr Asp Gln Phe Pro Ile Asp Gln Tyr Glu Leu Val  
305                 310                 315                 320  
 
 
Gln Ala Trp Met Glu Ile Ile Arg Gly Gly Gly Phe Val Thr Gly Gly  
                325                 330                 335      
 
 
Thr Asn Phe Asp Ala Lys Thr Arg Arg Asn Ser Thr Asp Leu Glu Asp  
            340                 345                 350          
 
 
Ile Ile Ile Ala His Val Ser Gly Met Asp Ala Met Ala Arg Ala Leu  
        355                 360                 365              
 
 
Glu Asn Ala Ala Lys Leu Leu Gln Glu Ser Pro Tyr Thr Lys Met Lys  
    370                 375                 380                  
 
 
Lys Glu Arg Tyr Ala Ser Phe Asp Ser Gly Ile Gly Lys Asp Phe Glu  
385                 390                 395                 400  
 
 
Asp Gly Lys Leu Thr Leu Glu Gln Val Tyr Glu Tyr Gly Lys Lys Asn  
                405                 410                 415      
 
 
Gly Glu Pro Lys Gln Thr Ser Gly Lys Gln Glu Leu Tyr Glu Ala Ile  
            420                 425                 430          
 
 
Val Ala Met Tyr Gln  
        435          
 
 
<210>  19 
<211>  437 
<212>  PRT 
<213>  Orpinomyces sp. PC-2 
 
<400>  19 
 
Met Thr Lys Glu Tyr Phe Pro Thr Ile Gly Lys Ile Arg Phe Glu Gly  
1               5                   10                  15       
 
 
Lys Asp Ser Lys Asn Pro Met Ala Phe His Tyr Tyr Asp Ala Glu Lys  
            20                  25                  30           
 
 
Glu Val Met Gly Lys Lys Met Lys Asp Trp Leu Arg Phe Ala Met Ala  



        35                  40                  45               
 
 
Trp Trp His Thr Leu Cys Ala Asp Gly Ala Asp Gln Phe Gly Val Gly  
    50                  55                  60                   
 
 
Thr Lys Ser Phe Pro Trp Asn Glu Gly Thr Asp Pro Ile Ala Ile Ala  
65                  70                  75                  80   
 
 
Lys Gln Lys Val Asp Ala Gly Phe Glu Ile Met Thr Lys Leu Gly Ile  
                85                  90                  95       
 
 
Glu His Tyr Cys Phe His Asp Val Asp Leu Val Ser Glu Gly Asn Ser  
            100                 105                 110          
 
 
Ile Glu Glu Tyr Glu Ser Asn Leu Lys Gln Val Val Ala Tyr Leu Lys  
        115                 120                 125              
 
 
Gln Lys Gln Gln Glu Thr Gly Ile Lys Leu Leu Trp Ser Thr Ala Asn  
    130                 135                 140                  
 
 
Val Phe Gly Asn Pro Arg Tyr Met Asn Gly Ala Ser Thr Asn Pro Asp  
145                 150                 155                 160  
 
 
Phe Asp Val Val Ala Arg Ala Ile Val Gln Ile Lys Asn Ala Met Asp  
                165                 170                 175      
 
 
Ala Gly Ile Glu Leu Gly Ala Glu Asn Tyr Val Phe Trp Gly Gly Arg  
            180                 185                 190          
 
 
Glu Gly Tyr Met Ser Leu Leu Asn Thr Asp Gln Lys Arg Glu Lys Glu  
        195                 200                 205              
 
 
His Met Ala Thr Met Leu Thr Met Ala Arg Asp Tyr Ala Arg Ser Lys  
    210                 215                 220                  
 
 
Gly Phe Lys Gly Thr Phe Leu Ile Glu Pro Lys Pro Met Glu Pro Thr  
225                 230                 235                 240  
 
 
Lys His Gln Tyr Asp Val Asp Thr Glu Thr Val Ile Gly Phe Leu Arg  
                245                 250                 255      
 
 
Ala His Asn Leu Asp Lys Asp Phe Lys Val Asn Ile Glu Val Asn His  
            260                 265                 270          
 
 
Ala Thr Leu Ala Gly His Thr Phe Glu His Glu Leu Ala Cys Ala Val  
        275                 280                 285              
 
 
Asp Ala Gly Met Leu Gly Ser Ile Asp Ala Asn Arg Gly Asp Tyr Gln  



    290                 295                 300                  
 
 
Asn Gly Trp Asp Thr Asp Gln Phe Pro Ile Asp Gln Tyr Glu Leu Val  
305                 310                 315                 320  
 
 
Gln Ala Trp Met Glu Ile Ile Arg Gly Gly Gly Phe Val Thr Gly Gly  
                325                 330                 335      
 
 
Thr Asn Phe Asp Ala Lys Thr Arg Arg Asn Ser Thr Asp Leu Glu Asp  
            340                 345                 350          
 
 
Ile Ile Ile Ala His Ile Ser Gly Met Asp Ala Met Ala Arg Ala Leu  
        355                 360                 365              
 
 
Glu Asn Ala Ala Lys Leu Leu Gln Glu Ser Pro Tyr Cys Asn Met Lys  
    370                 375                 380                  
 
 
Lys Glu Arg Tyr Ala Ser Phe Asp Ser Gly Ile Gly Lys Asp Phe Glu  
385                 390                 395                 400  
 
 
Asp Gly Lys Leu Thr Leu Glu Gln Val Tyr Glu Tyr Gly Lys Lys Asn  
                405                 410                 415      
 
 
Gly Glu Pro Lys Val Thr Ser Gly Lys Gln Glu Leu Tyr Glu Ala Ile  
            420                 425                 430          
 
 
Val Ala Met Tyr Gln  
        435          
 
 
<210>  20 
<211>  438 
<212>  PRT 
<213>  Clostrium phytofermentans 
 
<400>  20 
 
Met Lys Asn Tyr Phe Pro Asn Val Pro Glu Val Lys Tyr Glu Gly Pro  
1               5                   10                  15       
 
 
Asn Ser Thr Asn Pro Phe Ala Phe Lys Tyr Tyr Asp Ala Glu Arg Ile  
            20                  25                  30           
 
 
Val Ala Gly Lys Thr Met Lys Glu His Cys Arg Phe Ala Leu Ser Trp  
        35                  40                  45               
 
 
Trp His Thr Leu Cys Ala Gly Gly Ala Asp Pro Phe Gly Val Thr Thr  
    50                  55                  60                   
 
 
Met Asp Arg Ser Tyr Gly Asn Ile Thr Asp Pro Met Glu Phe Ala Lys  
65                  70                  75                  80   



 
 
Ala Lys Val Asp Ala Gly Phe Glu Leu Met Thr Lys Leu Gly Ile Glu  
                85                  90                  95       
 
 
Tyr Phe Cys Phe His Asp Ala Asp Ile Ala Pro Glu Gly Glu Asn Phe  
            100                 105                 110          
 
 
Glu Glu Ser Lys Lys Asn Leu Phe Val Ile Val Asp Tyr Ile Lys Glu  
        115                 120                 125              
 
 
Lys Met Asp Gln Thr Gly Ile Lys Leu Leu Trp Gly Thr Ala Asn Asn  
    130                 135                 140                  
 
 
Phe Gly His Pro Arg Phe Met His Gly Ala Ser Thr Ser Cys Asn Ala  
145                 150                 155                 160  
 
 
Asp Val Phe Ala Tyr Ala Ala Ala Lys Ile Lys Asn Ala Leu Asp Ala  
                165                 170                 175      
 
 
Thr Ile Lys Leu Gly Gly Lys Gly Tyr Val Phe Trp Gly Gly Arg Glu  
            180                 185                 190          
 
 
Gly Tyr Glu Thr Leu Leu Asn Thr Asp Leu Gly Leu Glu Leu Asp Asn  
        195                 200                 205              
 
 
Met Ala Arg Leu Met Lys Met Ala Val Glu Tyr Gly Arg Ala Asn Gly  
    210                 215                 220                  
 
 
Phe Asp Gly Asp Phe Tyr Ile Glu Pro Lys Pro Lys Glu Pro Thr Lys  
225                 230                 235                 240  
 
 
His Gln Tyr Asp Phe Asp Thr Ala Thr Val Leu Gly Phe Leu Arg Lys  
                245                 250                 255      
 
 
Tyr Gly Leu Glu Lys Asp Phe Lys Met Asn Ile Glu Ala Asn His Ala  
            260                 265                 270          
 
 
Thr Leu Ala Gly His Thr Phe Glu His Glu Leu Ala Leu Ala Arg Val  
        275                 280                 285              
 
 
Asn Gly Val Phe Gly Ser Val Asp Ala Asn Gln Gly Asp Pro Asn Leu  
    290                 295                 300                  
 
 
Gly Trp Asp Thr Asp Gln Phe Pro Thr Asp Val His Ser Ala Thr Leu  
305                 310                 315                 320  
 
 
Ala Met Leu Glu Val Leu Lys Ala Gly Gly Phe Thr Asn Gly Gly Leu  
                325                 330                 335      



 
 
Asn Phe Asp Ala Lys Val Arg Arg Gly Ser Phe Glu Phe Asp Asp Ile  
            340                 345                 350          
 
 
Ala Tyr Gly Tyr Ile Ala Gly Met Asp Thr Phe Ala Leu Gly Leu Ile  
        355                 360                 365              
 
 
Lys Ala Ala Glu Ile Ile Glu Asp Gly Arg Ile Ala Lys Phe Val Glu  
    370                 375                 380                  
 
 
Asp Arg Tyr Ala Ser Tyr Lys Thr Gly Ile Gly Lys Ala Ile Val Asp  
385                 390                 395                 400  
 
 
Gly Thr Thr Ser Leu Glu Glu Leu Glu Gln Tyr Val Leu Thr His Asn  
                405                 410                 415      
 
 
Glu Pro Val Met Gln Ser Gly Arg Gln Glu Val Leu Glu Ser Ile Val  
            420                 425                 430          
 
 
Asn Asn Ile Leu Phe Arg  
        435              
 
 
<210>  21 
<211>  438 
<212>  PRT 
<213>  Ruminococcus flavefaciens 
 
<400>  21 
 
Met Glu Phe Phe Ser Asn Ile Gly Lys Ile Gln Tyr Gln Gly Pro Lys  
1               5                   10                  15       
 
 
Ser Thr Asp Pro Leu Ser Phe Lys Tyr Tyr Asn Pro Glu Glu Val Ile  
            20                  25                  30           
 
 
Asn Gly Lys Thr Met Arg Glu His Leu Lys Phe Ala Leu Ser Trp Trp  
        35                  40                  45               
 
 
His Thr Met Gly Gly Asp Gly Thr Asp Met Phe Gly Cys Gly Thr Thr  
    50                  55                  60                   
 
 
Asp Lys Thr Trp Gly Gln Ser Asp Pro Ala Ala Arg Ala Lys Ala Lys  
65                  70                  75                  80   
 
 
Val Asp Ala Ala Phe Glu Ile Met Asp Lys Leu Ser Ile Asp Tyr Tyr  
                85                  90                  95       
 
 
Cys Phe His Asp Arg Asp Leu Ser Pro Glu Tyr Gly Ser Leu Lys Ala  
            100                 105                 110          
 



 
Thr Asn Asp Gln Leu Asp Ile Val Thr Asp Tyr Ile Lys Glu Lys Gln  
        115                 120                 125              
 
 
Gly Asp Lys Phe Lys Cys Leu Trp Gly Thr Ala Lys Cys Phe Asp His  
    130                 135                 140                  
 
 
Pro Arg Phe Met His Gly Ala Gly Thr Ser Pro Ser Ala Asp Val Phe  
145                 150                 155                 160  
 
 
Ala Phe Ser Ala Ala Gln Ile Lys Lys Ala Leu Glu Ser Thr Val Lys  
                165                 170                 175      
 
 
Leu Gly Gly Asn Gly Tyr Val Phe Trp Gly Gly Arg Glu Gly Tyr Glu  
            180                 185                 190          
 
 
Thr Leu Leu Asn Thr Asn Met Gly Leu Glu Leu Asp Asn Met Ala Arg  
        195                 200                 205              
 
 
Leu Met Lys Met Ala Val Glu Tyr Gly Arg Ser Ile Gly Phe Lys Gly  
    210                 215                 220                  
 
 
Asp Phe Tyr Ile Glu Pro Lys Pro Lys Glu Pro Thr Lys His Gln Tyr  
225                 230                 235                 240  
 
 
Asp Phe Asp Thr Ala Thr Val Leu Gly Phe Leu Arg Lys Tyr Gly Leu  
                245                 250                 255      
 
 
Asp Lys Asp Phe Lys Met Asn Ile Glu Ala Asn His Ala Thr Leu Ala  
            260                 265                 270          
 
 
Gln His Thr Phe Gln His Glu Leu Arg Val Ala Arg Asp Asn Gly Val  
        275                 280                 285              
 
 
Phe Gly Ser Ile Asp Ala Asn Gln Gly Asp Val Leu Leu Gly Trp Asp  
    290                 295                 300                  
 
 
Thr Asp Gln Phe Pro Thr Asn Ile Tyr Asp Thr Thr Met Cys Met Tyr  
305                 310                 315                 320  
 
 
Glu Val Ile Lys Ala Gly Gly Phe Thr Asn Gly Gly Leu Asn Phe Asp  
                325                 330                 335      
 
 
Ala Lys Ala Arg Arg Gly Ser Phe Thr Pro Glu Asp Ile Phe Tyr Ser  
            340                 345                 350          
 
 
Tyr Ile Ala Gly Met Asp Ala Phe Ala Leu Gly Phe Arg Ala Ala Leu  
        355                 360                 365              
 



 
Lys Leu Ile Glu Asp Gly Arg Ile Asp Lys Phe Val Ala Asp Arg Tyr  
    370                 375                 380                  
 
 
Ala Ser Trp Asn Thr Gly Ile Gly Ala Asp Ile Ile Ala Gly Lys Ala  
385                 390                 395                 400  
 
 
Asp Phe Ala Ser Leu Glu Lys Tyr Ala Leu Glu Lys Gly Glu Val Thr  
                405                 410                 415      
 
 
Ala Ser Leu Ser Ser Gly Arg Gln Glu Met Leu Glu Ser Ile Val Asn  
            420                 425                 430          
 
 
Asn Val Leu Phe Ser Leu  
        435              
 
 
<210>  22 
<211>  438 
<212>  PRT 
<213>  Bacteroides uniformis 
 
<400>  22 
 
Met Ala Thr Lys Glu Tyr Phe Pro Gly Ile Gly Lys Ile Lys Phe Glu  
1               5                   10                  15       
 
 
Gly Lys Glu Ser Lys Asn Pro Met Ala Phe Arg Tyr Tyr Asp Ala Asp  
            20                  25                  30           
 
 
Lys Val Ile Met Gly Lys Lys Met Ser Glu Trp Leu Lys Phe Ala Met  
        35                  40                  45               
 
 
Ala Trp Trp His Thr Leu Cys Ala Glu Gly Gly Asp Gln Phe Gly Gly  
    50                  55                  60                   
 
 
Gly Thr Lys Lys Phe Pro Trp Asn Gly Glu Ala Asp Lys Val Gln Ala  
65                  70                  75                  80   
 
 
Ala Lys Asn Lys Met Asp Ala Gly Phe Glu Phe Met Gln Lys Met Gly  
                85                  90                  95       
 
 
Ile Glu Tyr Tyr Cys Phe His Asp Val Asp Leu Cys Glu Glu Ala Glu  
            100                 105                 110          
 
 
Thr Ile Glu Glu Tyr Glu Ala Asn Leu Lys Glu Ile Val Ala Tyr Ala  
        115                 120                 125              
 
 
Lys Gln Lys Gln Ala Glu Thr Gly Ile Lys Leu Leu Trp Gly Thr Ala  
    130                 135                 140                  
 
 



Asn Val Phe Gly His Ala Arg Tyr Met Asn Gly Ala Ala Thr Asn Pro  
145                 150                 155                 160  
 
 
Asp Phe Asp Val Val Ala Arg Ala Ala Ile Gln Ile Lys Asn Ala Ile  
                165                 170                 175      
 
 
Asp Ala Thr Ile Glu Leu Gly Gly Ser Asn Tyr Val Phe Trp Gly Gly  
            180                 185                 190          
 
 
Arg Glu Gly Tyr Met Ser Leu Leu Asn Thr Asp Gln Lys Arg Glu Lys  
        195                 200                 205              
 
 
Glu His Leu Ala Gln Met Leu Thr Ile Ala Arg Asp Tyr Ala Arg Ala  
    210                 215                 220                  
 
 
Arg Gly Phe Lys Gly Thr Phe Leu Ile Glu Pro Lys Pro Met Glu Pro  
225                 230                 235                 240  
 
 
Thr Lys His Gln Tyr Asp Val Asp Thr Glu Thr Val Ile Gly Phe Leu  
                245                 250                 255      
 
 
Lys Ala His Asn Leu Asp Lys Asp Phe Lys Val Asn Ile Glu Val Asn  
            260                 265                 270          
 
 
His Ala Thr Leu Ala Gly His Thr Phe Glu His Glu Leu Ala Val Ala  
        275                 280                 285              
 
 
Val Asp Asn Gly Met Leu Gly Ser Ile Asp Ala Asn Arg Gly Asp Tyr  
    290                 295                 300                  
 
 
Gln Asn Gly Trp Asp Thr Asp Gln Phe Pro Ile Asp Asn Phe Glu Leu  
305                 310                 315                 320  
 
 
Thr Gln Ala Met Met Gln Ile Ile Arg Asn Gly Gly Phe Gly Asn Gly  
                325                 330                 335      
 
 
Gly Thr Asn Phe Asp Ala Lys Thr Arg Arg Asn Ser Thr Asp Leu Glu  
            340                 345                 350          
 
 
Asp Ile Phe Ile Ala His Ile Ala Gly Met Asp Val Met Ala Arg Ala  
        355                 360                 365              
 
 
Leu Glu Ser Ala Ala Lys Leu Leu Glu Glu Ser Pro Tyr Lys Lys Met  
    370                 375                 380                  
 
 
Leu Ala Asp Arg Tyr Ala Ser Phe Asp Ser Gly Lys Gly Lys Glu Phe  
385                 390                 395                 400  
 
 



Glu Asp Gly Lys Leu Thr Leu Glu Asp Leu Val Ala Tyr Ala Lys Ala  
                405                 410                 415      
 
 
Asn Gly Glu Pro Lys Gln Thr Ser Gly Lys Gln Glu Leu Tyr Glu Ala  
            420                 425                 430          
 
 
Ile Val Asn Met Tyr Cys  
        435              
 
 
<210>  23 
<211>  439 
<212>  PRT 
<213>  Clostridium cellulolyticum 
 
<400>  23 
 
Met Ser Glu Val Phe Ser Gly Ile Ser Asn Ile Lys Phe Glu Gly Ser  
1               5                   10                  15       
 
 
Gly Ser Asp Asn Pro Leu Ala Phe Lys Tyr Tyr Asp Pro Lys Ala Val  
            20                  25                  30           
 
 
Ile Gly Gly Lys Thr Met Glu Glu His Leu Arg Phe Ala Val Ala Tyr  
        35                  40                  45               
 
 
Trp His Thr Phe Ala Ala Pro Gly Ala Asp Met Phe Gly Ala Gly Ser  
    50                  55                  60                   
 
 
Tyr Val Arg Pro Trp Asn Thr Met Ser Asp Pro Leu Glu Ile Ala Lys  
65                  70                  75                  80   
 
 
Tyr Lys Val Glu Ala Asn Phe Glu Phe Ile Glu Lys Leu Gly Ala Pro  
                85                  90                  95       
 
 
Phe Phe Ala Phe His Asp Arg Asp Ile Ala Pro Glu Gly Asp Thr Leu  
            100                 105                 110          
 
 
Ala Glu Thr Asn Lys Asn Leu Asp Thr Ile Val Ser Val Ile Lys Asp  
        115                 120                 125              
 
 
Arg Met Lys Ser Ser Pro Val Lys Leu Leu Trp Gly Thr Thr Asn Ala  
    130                 135                 140                  
 
 
Phe Gly Asn Pro Arg Phe Met His Gly Ala Ser Thr Ser Pro Asn Ala  
145                 150                 155                 160  
 
 
Asp Ile Phe Ala Tyr Ala Ala Ala Gln Val Lys Lys Ala Met Glu Ile  
                165                 170                 175      
 
 
Thr Lys Glu Leu Gly Gly Glu Asn Tyr Val Phe Trp Gly Gly Arg Glu  



            180                 185                 190          
 
 
Gly Tyr Glu Thr Leu Leu Asn Thr Asp Met Lys Leu Glu Leu Asp Asn  
        195                 200                 205              
 
 
Leu Ala Arg Phe Leu Lys Met Ala Val Asp Tyr Ala Lys Glu Ile Gly  
    210                 215                 220                  
 
 
Phe Asp Gly Gln Phe Leu Ile Glu Pro Lys Pro Lys Glu Pro Thr Lys  
225                 230                 235                 240  
 
 
His Gln Tyr Asp Phe Asp Thr Ala Thr Val Ile Gly Phe Leu Lys Thr  
                245                 250                 255      
 
 
Tyr Gly Leu Asp Pro Tyr Phe Lys Met Asn Ile Glu Ala Asn His Ala  
            260                 265                 270          
 
 
Thr Leu Ala Gly His Thr Phe Gln His Glu Leu Ala Met Cys Arg Ile  
        275                 280                 285              
 
 
Asn Asp Met Leu Gly Ser Ile Asp Ala Asn Gln Gly Asp Val Met Leu  
    290                 295                 300                  
 
 
Gly Trp Asp Thr Asp Gln Phe Pro Thr Asn Leu Tyr Asp Ala Thr Leu  
305                 310                 315                 320  
 
 
Ala Met Val Glu Val Leu Lys Ala Gly Gly Leu Lys Lys Gly Gly Leu  
                325                 330                 335      
 
 
Asn Phe Asp Ser Lys Val Arg Arg Gly Ser Phe Glu Pro Ser Asp Leu  
            340                 345                 350          
 
 
Phe Tyr Gly His Ile Ala Gly Met Asp Thr Phe Ala Lys Gly Leu Ile  
        355                 360                 365              
 
 
Ile Ala Asn Lys Ile Val Glu Asp Gly Lys Phe Asp Ala Phe Val Ala  
    370                 375                 380                  
 
 
Asp Arg Tyr Ser Ser Tyr Thr Asn Gly Ile Gly Lys Asp Ile Val Glu  
385                 390                 395                 400  
 
 
Gly Lys Val Gly Phe Lys Glu Leu Glu Gln Tyr Ala Leu Thr Ala Lys  
                405                 410                 415      
 
 
Ile Gln Asn Lys Ser Gly Arg Gln Glu Met Leu Glu Ala Leu Leu Asn  
            420                 425                 430          
 
 
Gln Tyr Ile Leu Glu Thr Lys  



        435                  
 
 
<210>  24 
<211>  444 
<212>  PRT 
<213>  Thermotoga maritima 
 
<400>  24 
 
Met Ala Glu Phe Phe Pro Glu Ile Pro Lys Ile Gln Phe Glu Gly Lys  
1               5                   10                  15       
 
 
Glu Ser Thr Asn Pro Leu Ala Phe Arg Phe Tyr Asp Pro Asn Glu Val  
            20                  25                  30           
 
 
Ile Asp Gly Lys Pro Leu Lys Asp His Leu Lys Phe Ser Val Ala Phe  
        35                  40                  45               
 
 
Trp His Thr Phe Val Asn Glu Gly Arg Asp Pro Phe Gly Asp Pro Thr  
    50                  55                  60                   
 
 
Ala Glu Arg Pro Trp Asn Arg Phe Ser Asp Pro Met Asp Lys Ala Phe  
65                  70                  75                  80   
 
 
Ala Arg Val Asp Ala Leu Phe Glu Phe Cys Glu Lys Leu Asn Ile Glu  
                85                  90                  95       
 
 
Tyr Phe Cys Phe His Asp Arg Asp Ile Ala Pro Glu Gly Lys Thr Leu  
            100                 105                 110          
 
 
Arg Glu Thr Asn Lys Ile Leu Asp Lys Val Val Glu Arg Ile Lys Glu  
        115                 120                 125              
 
 
Arg Met Lys Asp Ser Asn Val Lys Leu Leu Trp Gly Thr Ala Asn Leu  
    130                 135                 140                  
 
 
Phe Ser His Pro Arg Tyr Met His Gly Ala Ala Thr Thr Cys Ser Ala  
145                 150                 155                 160  
 
 
Asp Val Phe Ala Tyr Ala Ala Ala Gln Val Lys Lys Ala Leu Glu Ile  
                165                 170                 175      
 
 
Thr Lys Glu Leu Gly Gly Glu Gly Tyr Val Phe Trp Gly Gly Arg Glu  
            180                 185                 190          
 
 
Gly Tyr Glu Thr Leu Leu Asn Thr Asp Leu Gly Leu Glu Leu Glu Asn  
        195                 200                 205              
 
 
Leu Ala Arg Phe Leu Arg Met Ala Val Glu Tyr Ala Lys Lys Ile Gly  
    210                 215                 220                  



 
 
Phe Thr Gly Gln Phe Leu Ile Glu Pro Lys Pro Lys Glu Pro Thr Lys  
225                 230                 235                 240  
 
 
His Gln Tyr Asp Phe Asp Val Ala Thr Ala Tyr Ala Phe Leu Lys Asn  
                245                 250                 255      
 
 
His Gly Leu Asp Glu Tyr Phe Lys Phe Asn Ile Glu Ala Asn His Ala  
            260                 265                 270          
 
 
Thr Leu Ala Gly His Thr Phe Gln His Glu Leu Arg Met Ala Arg Ile  
        275                 280                 285              
 
 
Leu Gly Lys Leu Gly Ser Ile Asp Ala Asn Gln Gly Asp Leu Leu Leu  
    290                 295                 300                  
 
 
Gly Trp Asp Thr Asp Gln Phe Pro Thr Asn Ile Tyr Asp Thr Thr Leu  
305                 310                 315                 320  
 
 
Ala Met Tyr Glu Val Ile Lys Ala Gly Gly Phe Thr Lys Gly Gly Leu  
                325                 330                 335      
 
 
Asn Phe Asp Ala Lys Val Arg Arg Ala Ser Tyr Lys Val Glu Asp Leu  
            340                 345                 350          
 
 
Phe Ile Gly His Ile Ala Gly Met Asp Thr Phe Ala Leu Gly Phe Lys  
        355                 360                 365              
 
 
Ile Ala Tyr Lys Leu Ala Lys Asp Gly Val Phe Asp Lys Phe Ile Glu  
    370                 375                 380                  
 
 
Glu Lys Tyr Arg Ser Phe Lys Glu Gly Ile Gly Lys Glu Ile Val Glu  
385                 390                 395                 400  
 
 
Gly Lys Thr Asp Phe Glu Lys Leu Glu Glu Tyr Ile Ile Asp Lys Glu  
                405                 410                 415      
 
 
Asp Ile Glu Leu Pro Ser Gly Lys Gln Glu Tyr Leu Glu Ser Leu Leu  
            420                 425                 430          
 
 
Asn Ser Tyr Ile Val Lys Thr Ile Ala Glu Leu Arg  
        435                 440                  
 
 
<210>  25 
<211>  441 
<212>  PRT 
<213>  Bacillus stearothermophilus 
 
<400>  25 



 
Met Pro Tyr Phe Asp Asn Ile Ser Thr Ile Ala Tyr Glu Gly Pro Ala  
1               5                   10                  15       
 
 
Ser Lys Asn Pro Leu Ala Phe Lys Phe Tyr Asn Pro Glu Glu Lys Val  
            20                  25                  30           
 
 
Gly Asp Lys Thr Met Glu Glu His Leu Arg Phe Ser Val Ala Tyr Trp  
        35                  40                  45               
 
 
His Thr Phe Thr Gly Asp Gly Ser Asp Pro Phe Gly Ala Gly Asn Met  
    50                  55                  60                   
 
 
Ile Arg Pro Trp Asn Lys Tyr Ser Gly Met Asp Leu Ala Lys Ala Arg  
65                  70                  75                  80   
 
 
Val Glu Ala Ala Phe Glu Phe Phe Glu Lys Leu Asn Ile Pro Phe Phe  
                85                  90                  95       
 
 
Cys Phe His Asp Val Asp Ile Ala Pro Glu Gly Glu Thr Leu Lys Glu  
            100                 105                 110          
 
 
Thr Tyr Lys Asn Leu Asp Ile Ile Val Asp Met Ile Glu Glu Tyr Met  
        115                 120                 125              
 
 
Lys Thr Ser Lys Thr Lys Leu Leu Trp Asn Thr Ala Asn Leu Phe Thr  
    130                 135                 140                  
 
 
His Pro Arg Phe Val His Gly Ala Ala Thr Ser Cys Asn Ala Asp Val  
145                 150                 155                 160  
 
 
Phe Ala Tyr Ala Ala Ala Lys Val Lys Lys Gly Leu Glu Ile Ala Lys  
                165                 170                 175      
 
 
Arg Leu Gly Ala Glu Asn Tyr Val Phe Trp Gly Gly Arg Glu Gly Tyr  
            180                 185                 190          
 
 
Glu Thr Leu Leu Asn Thr Asp Met Lys Leu Glu Leu Asp Asn Leu Ala  
        195                 200                 205              
 
 
Arg Phe Leu His Met Ala Val Asp Tyr Ala Lys Glu Ile Gly Phe Asp  
    210                 215                 220                  
 
 
Gly Gln Phe Leu Ile Glu Pro Lys Pro Lys Glu Pro Thr Lys His Gln  
225                 230                 235                 240  
 
 
Tyr Asp Phe Asp Val Ala Thr Ala Leu Ala Phe Leu Gln Thr Tyr Gly  
                245                 250                 255      
 



 
Leu Lys Asp Tyr Phe Lys Phe Asn Ile Glu Ala Asn His Ala Thr Leu  
            260                 265                 270          
 
 
Ala Gly His Thr Phe Glu His Glu Leu Arg Val Ala Arg Ile His Gly  
        275                 280                 285              
 
 
Met Leu Gly Ser Val Asp Ala Asn Gln Gly Asp Met Leu Leu Gly Trp  
    290                 295                 300                  
 
 
Asp Thr Asp Glu Phe Pro Thr Asp Leu Tyr Ser Thr Thr Leu Ala Met  
305                 310                 315                 320  
 
 
Tyr Glu Ile Leu Lys Asn Gly Gly Leu Gly Arg Gly Gly Leu Asn Phe  
                325                 330                 335      
 
 
Asp Ala Lys Val Arg Arg Gly Ser Phe Glu Pro Glu Asp Leu Phe Tyr  
            340                 345                 350          
 
 
Ala His Ile Ala Gly Met Asp Ser Phe Ala Val Gly Leu Lys Val Ala  
        355                 360                 365              
 
 
His Arg Leu Ile Glu Asp Arg Val Phe Asp Glu Phe Ile Glu Glu Arg  
    370                 375                 380                  
 
 
Tyr Lys Ser Tyr Thr Glu Gly Ile Gly Arg Glu Ile Val Glu Gly Thr  
385                 390                 395                 400  
 
 
Ala Asp Phe His Lys Leu Glu Ala His Ala Leu Gln Leu Gly Glu Ile  
                405                 410                 415      
 
 
Gln Asn Gln Ser Gly Arg Gln Glu Arg Leu Lys Thr Leu Leu Asn Gln  
            420                 425                 430          
 
 
Tyr Leu Leu Glu Val Cys Ala Ala Arg  
        435                 440      
 
 
<210>  26 
<211>  438 
<212>  PRT 
<213>  Bacteroides stercoris 
 
<400>  26 
 
Met Ala Thr Lys Glu Tyr Phe Pro Gly Ile Gly Lys Ile Lys Phe Glu  
1               5                   10                  15       
 
 
Gly Lys Glu Ser Lys Asn Pro Met Ala Phe Arg Tyr Tyr Asp Ala Glu  
            20                  25                  30           
 
 



Lys Val Ile Met Gly Lys Lys Met Lys Asp Trp Leu Lys Phe Ser Met  
        35                  40                  45               
 
 
Ala Trp Trp His Thr Leu Cys Ala Glu Gly Gly Asp Gln Phe Gly Gly  
    50                  55                  60                   
 
 
Gly Thr Lys His Phe Pro Trp Asn Gly Asp Ala Asp Lys Leu Gln Ala  
65                  70                  75                  80   
 
 
Ala Lys Asn Lys Met Asp Ala Gly Phe Glu Phe Met Gln Lys Met Gly  
                85                  90                  95       
 
 
Ile Glu Tyr Tyr Cys Phe His Asp Val Asp Leu Cys Asp Glu Ala Asp  
            100                 105                 110          
 
 
Thr Ile Glu Glu Tyr Glu Ala Asn Leu Lys Ala Ile Val Ala Tyr Ala  
        115                 120                 125              
 
 
Lys Gln Lys Gln Glu Glu Thr Gly Ile Lys Leu Leu Trp Gly Thr Ala  
    130                 135                 140                  
 
 
Asn Val Phe Gly His Ala Arg Tyr Met Asn Gly Ala Ala Thr Asn Pro  
145                 150                 155                 160  
 
 
Asp Phe Asp Val Val Ala Arg Ala Ala Val Gln Ile Lys Asn Ala Ile  
                165                 170                 175      
 
 
Asp Ala Thr Ile Glu Leu Gly Gly Ser Asn Tyr Val Phe Trp Gly Gly  
            180                 185                 190          
 
 
Arg Glu Gly Tyr Met Ser Leu Leu Asn Thr Asp Gln Lys Arg Glu Lys  
        195                 200                 205              
 
 
Glu His Leu Ala Gln Met Leu Thr Ile Ala Arg Asp Tyr Ala Arg Ala  
    210                 215                 220                  
 
 
Arg Gly Phe Lys Gly Thr Phe Leu Ile Glu Pro Lys Pro Met Glu Pro  
225                 230                 235                 240  
 
 
Thr Lys His Gln Tyr Asp Ala Asp Thr Glu Thr Val Val Gly Phe Leu  
                245                 250                 255      
 
 
Lys Ala His Gly Leu Asp Lys Asp Phe Lys Val Asn Ile Glu Val Asn  
            260                 265                 270          
 
 
His Ala Thr Leu Ala Gly His Thr Phe Glu His Glu Leu Ala Val Ala  
        275                 280                 285              
 
 



Val Asp Asn Gly Met Leu Gly Ser Ile Asp Ala Asn Arg Gly Asp Tyr  
    290                 295                 300                  
 
 
Gln Asn Gly Trp Asp Thr Asp Gln Phe Pro Ile Asp Asn Tyr Glu Leu  
305                 310                 315                 320  
 
 
Thr Gln Ala Met Met Gln Ile Ile Arg Asn Gly Gly Phe Gly Asp Gly  
                325                 330                 335      
 
 
Gly Thr Asn Phe Asp Ala Lys Thr Arg Arg Asn Ser Thr Asp Leu Glu  
            340                 345                 350          
 
 
Asp Ile Phe Ile Ala His Ile Ala Gly Met Asp Val Met Ala Arg Ala  
        355                 360                 365              
 
 
Leu Glu Ser Ala Ala Lys Leu Leu Glu Glu Ser Pro Tyr Lys Lys Met  
    370                 375                 380                  
 
 
Leu Ala Asp Arg Tyr Ala Ser Phe Asp Ser Gly Lys Gly Lys Glu Phe  
385                 390                 395                 400  
 
 
Glu Glu Gly Lys Leu Thr Leu Glu Asp Val Val Ala Tyr Ala Lys Ala  
                405                 410                 415      
 
 
Asn Gly Glu Pro Lys Gln Thr Ser Gly Lys Gln Glu Leu Tyr Glu Ala  
            420                 425                 430          
 
 
Ile Val Asn Met Tyr Cys  
        435              
 
 
<210>  27 
<211>  442 
<212>  PRT 
<213>  Parabacteroides distasonis 
 
<400>  27 
 
Met Ser Tyr Phe Lys Gly Glu Lys Glu Phe Phe Pro Gly Ile Gly Gln  
1               5                   10                  15       
 
 
Ile Gln Phe Glu Gly Arg Glu Ser Lys Asn Pro Leu Ala Phe His Tyr  
            20                  25                  30           
 
 
Tyr Asp Ala Asp Lys Val Val Met Gly Lys Thr Leu Lys Asp His Leu  
        35                  40                  45               
 
 
Arg Phe Ala Met Ala Tyr Trp His Thr Leu Cys Ala Glu Gly Gly Asp  
    50                  55                  60                   
 
 
Gln Phe Gly Gly Gly Thr Lys Thr Phe Pro Trp Asn Asp Ser Thr Asp  



65                  70                  75                  80   
 
 
Ala Ile Thr Arg Ala Lys Tyr Lys Met Asp Ala Ala Phe Glu Phe Met  
                85                  90                  95       
 
 
Thr Lys Cys Asn Ile Pro Tyr Tyr Cys Phe His Asp Val Asp Val Val  
            100                 105                 110          
 
 
Asp Glu Ala Pro Thr Leu Gly Glu Phe Glu Lys Arg Leu Gln Thr Met  
        115                 120                 125              
 
 
Val Glu His Ala Lys Glu His Gln Ala Ala Thr Gly Lys Lys Leu Leu  
    130                 135                 140                  
 
 
Trp Ser Thr Ala Asn Val Phe Gly His Lys Arg Tyr Met Asn Gly Ala  
145                 150                 155                 160  
 
 
Ala Thr Asn Pro Tyr Phe Pro Thr Val Ala Cys Ala Gly Thr Gln Ile  
                165                 170                 175      
 
 
Lys Asn Ala Ile Asp Ala Cys Ile Ala Leu Gly Gly Glu Asn Tyr Val  
            180                 185                 190          
 
 
Phe Trp Gly Gly Arg Glu Gly Tyr Met Ser Leu Leu Asn Thr Asn Met  
        195                 200                 205              
 
 
Lys Arg Glu Lys Asp His Leu Ala Met Met Leu Thr Met Ala Arg Asp  
    210                 215                 220                  
 
 
Tyr Gly Arg Lys Asn Gly Phe Lys Gly Thr Phe Leu Ile Glu Pro Lys  
225                 230                 235                 240  
 
 
Pro Met Glu Pro Thr Lys His Gln Tyr Asp Val Asp Ser Glu Thr Val  
                245                 250                 255      
 
 
Ile Gly Phe Leu Arg His Tyr Gly Leu Asp Lys Asp Phe Ala Leu Asn  
            260                 265                 270          
 
 
Ile Glu Val Asn His Ala Thr Leu Ala Gly His Thr Phe Glu His Glu  
        275                 280                 285              
 
 
Leu Gln Ala Ala Ala Asp Ala Gly Met Leu Cys Ser Ile Asp Ala Asn  
    290                 295                 300                  
 
 
Arg Gly Asp Tyr Gln Asn Gly Trp Asp Thr Asp Gln Phe Pro Met Asp  
305                 310                 315                 320  
 
 
Ile Tyr Glu Leu Ala Gln Ala Trp Leu Val Ile Leu Glu Gly Gly Gly  



                325                 330                 335      
 
 
Leu Thr Thr Gly Gly Thr Asn Phe Asp Ala Lys Thr Arg Arg Asn Ser  
            340                 345                 350          
 
 
Thr Asp Leu Glu Asp Ile Phe Ile Ala His Ile Gly Gly Met Asp Ala  
        355                 360                 365              
 
 
Phe Ala Arg Ala Leu Met Ile Ala Ala Asp Ile Leu Glu Asn Ser Asp  
    370                 375                 380                  
 
 
Tyr Arg Lys Met Arg Ala Glu Arg Tyr Ala Ser Phe Asp Ala Gly Glu  
385                 390                 395                 400  
 
 
Gly Lys Ala Phe Glu Asp Gly Lys Leu Thr Leu Glu Asp Leu Arg Thr  
                405                 410                 415      
 
 
Ile Ala Leu Arg Asp Gly Glu Pro Lys Gln Ile Ser Gly Lys Gln Glu  
            420                 425                 430          
 
 
Leu Tyr Glu Met Ile Val Asn Leu His Ile  
        435                 440          
 
 
<210>  28 
<211>  439 
<212>  PRT 
<213>  Prevotella ruminicola 
 
<400>  28 
 
Met Ala Lys Glu Tyr Phe Pro Phe Thr Gly Lys Ile Pro Phe Glu Gly  
1               5                   10                  15       
 
 
Lys Asp Ser Lys Asn Val Met Ala Phe His Tyr Tyr Glu Pro Glu Lys  
            20                  25                  30           
 
 
Val Val Met Gly Lys Lys Met Lys Asp Trp Leu Lys Phe Ala Met Ala  
        35                  40                  45               
 
 
Trp Trp His Thr Leu Gly Gly Ala Ser Ala Asp Gln Phe Gly Gly Gln  
    50                  55                  60                   
 
 
Thr Arg Ser Tyr Glu Trp Asp Lys Ala Ala Asp Ala Val Gln Arg Ala  
65                  70                  75                  80   
 
 
Lys Asp Lys Met Asp Ala Gly Phe Glu Ile Met Asp Lys Leu Gly Ile  
                85                  90                  95       
 
 
Glu Tyr Phe Cys Phe His Asp Val Asp Leu Val Glu Glu Gly Glu Thr  
            100                 105                 110          



 
 
Ile Ala Glu Tyr Glu Arg Arg Met Lys Glu Ile Thr Asp Tyr Ala Leu  
        115                 120                 125              
 
 
Val Lys Met Lys Glu Tyr Pro Asn Ile Lys Leu Leu Trp Gly Thr Ala  
    130                 135                 140                  
 
 
Asn Val Phe Gly Asn Lys Arg Tyr Ala Asn Gly Ala Ser Thr Asn Pro  
145                 150                 155                 160  
 
 
Asp Phe Asp Val Val Ala Arg Ala Ile Val Gln Ile Lys Asn Ala Ile  
                165                 170                 175      
 
 
Asp Ala Thr Ile Lys Leu Gly Gly Thr Asn Tyr Val Phe Trp Gly Gly  
            180                 185                 190          
 
 
Arg Glu Gly Tyr Met Ser Leu Leu Asn Thr Asp Gln Lys Arg Glu Lys  
        195                 200                 205              
 
 
Glu His Met Ala Thr Met Leu Thr Met Ala Arg Asp Tyr Ala Arg Ala  
    210                 215                 220                  
 
 
Lys Gly Phe Lys Gly Thr Phe Leu Ile Glu Pro Lys Pro Met Glu Pro  
225                 230                 235                 240  
 
 
Ser Lys His Gln Tyr Asp Val Asp Thr Glu Thr Val Cys Gly Phe Leu  
                245                 250                 255      
 
 
Arg Ala His Gly Leu Asp Lys Asp Phe Lys Val Asn Ile Glu Val Asn  
            260                 265                 270          
 
 
His Ala Thr Leu Ala Gly His Thr Phe Glu His Glu Leu Ala Cys Ala  
        275                 280                 285              
 
 
Val Asp Asn Gly Met Leu Gly Ser Ile Asp Ala Asn Arg Gly Asp Ala  
    290                 295                 300                  
 
 
Gln Asn Gly Trp Asp Thr Asp Gln Phe Pro Ile Asp Asn Phe Glu Leu  
305                 310                 315                 320  
 
 
Thr Gln Ala Met Leu Glu Ile Ile Arg Asn Gly Gly Leu Gly Asn Gly  
                325                 330                 335      
 
 
Gly Thr Asn Phe Asp Ala Lys Ile Arg Arg Asn Ser Thr Asp Leu Glu  
            340                 345                 350          
 
 
Asp Leu Phe Ile Ala His Ile Ser Gly Met Asp Ala Met Ala Arg Ala  
        355                 360                 365              



 
 
Leu Met Asn Ala Ala Ala Ile Leu Glu Glu Ser Glu Leu Pro Lys Met  
    370                 375                 380                  
 
 
Lys Lys Glu Arg Tyr Ala Ser Phe Asp Asn Gly Ile Gly Lys Asp Phe  
385                 390                 395                 400  
 
 
Glu Asp Gly Lys Leu Thr Leu Glu Gln Ala Tyr Glu Tyr Gly Lys Lys  
                405                 410                 415      
 
 
Val Glu Glu Pro Lys Gln Thr Ser Gly Lys Gln Glu Lys Tyr Glu Thr  
            420                 425                 430          
 
 
Thr Val Ala Leu Tyr Cys Lys  
        435                  
 
 
<210>  29 
<211>  436 
<212>  PRT 
<213>  Agrobacterium tumefaciens 
 
<400>  29 
 
Met Ser Thr Gly Phe Phe Gly Asp Ile Thr Lys Ile Lys Tyr Glu Gly  
1               5                   10                  15       
 
 
Pro Asp Ser Thr Asn Pro Leu Ala Phe Arg His Tyr Asn Pro Asp Glu  
            20                  25                  30           
 
 
Ile Val Ala Gly Lys Arg Met Glu Asp His Leu Arg Phe Ala Val Ala  
        35                  40                  45               
 
 
Tyr Trp His Thr Phe Thr Trp Pro Gly Gly Asp Pro Phe Gly Gly Gln  
    50                  55                  60                   
 
 
Thr Phe Gln Arg Pro Trp Phe Glu Asp Thr Met Gln Ala Ala Lys Leu  
65                  70                  75                  80   
 
 
Lys Ala Asp Val Ala Phe Glu Phe Phe Ser Leu Leu Gly Ser Pro Phe  
                85                  90                  95       
 
 
Tyr Cys Phe His Asp Ala Asp Val Arg Pro Glu Gly Lys Asn Phe Ala  
            100                 105                 110          
 
 
Glu Asn Thr Lys Asn Leu Asn Glu Ile Val Asp Tyr Phe Ala Glu Lys  
        115                 120                 125              
 
 
Gln Ala Gln Thr Gly Val Lys Leu Leu Trp Gly Thr Ala Asn Leu Phe  
    130                 135                 140                  
 



 
Ser Asn Arg Arg Phe Met Ser Gly Ala Ala Thr Asn Pro Asp Pro Asp  
145                 150                 155                 160  
 
 
Val Phe Ala Phe Ser Ala Ala Thr Val Lys Thr Cys Leu Asp Ala Thr  
                165                 170                 175      
 
 
Lys Lys Leu Gly Gly Ala Asn Tyr Val Leu Trp Gly Gly Arg Glu Gly  
            180                 185                 190          
 
 
Tyr Glu Thr Leu Leu Asn Thr Asp Leu Ser Arg Glu Leu Asp Gln Met  
        195                 200                 205              
 
 
Gly Arg Phe Leu Asn Leu Val Val Glu Tyr Lys Tyr Lys Ile Gly Phe  
    210                 215                 220                  
 
 
Glu Gly Thr Ile Leu Ile Glu Pro Lys Pro Gln Glu Pro Thr Lys His  
225                 230                 235                 240  
 
 
Gln Tyr Asp Tyr Asp Val Ala Thr Val Tyr Ala Phe Leu Gln Lys Asn  
                245                 250                 255      
 
 
Gly Leu Glu Lys Glu Val Lys Val Asn Ile Glu Gln Gly His Ala Ile  
            260                 265                 270          
 
 
Leu Ala Gly His Ser Phe Glu His Glu Leu Ala Leu Ala Asn Ala Phe  
        275                 280                 285              
 
 
Gly Ile Phe Gly Ser Ile Asp Met Asn Arg Asn Asp Tyr Gln Ser Gly  
    290                 295                 300                  
 
 
Trp Asp Thr Asp Gln Phe Pro Asn Asn Val Pro Glu Met Ala Leu Ala  
305                 310                 315                 320  
 
 
Tyr Tyr His Val Leu Ala Gly Gly Gly Phe Lys Asn Gly Gly Thr Asn  
                325                 330                 335      
 
 
Phe Asp Ala Lys Leu Arg Arg Gln Ser Leu Asp Pro Gln Asp Leu Leu  
            340                 345                 350          
 
 
Ile Gly His Ile Gly Gly Met Asp Cys Cys Ala Arg Gly Leu Lys Ala  
        355                 360                 365              
 
 
Ala Ala Lys Met Ile Glu Asp Gly Ala Leu Ser Lys Pro Leu Ser Glu  
    370                 375                 380                  
 
 
Arg Tyr Ala Lys Trp Asp Ser Ala Glu Ala Gln Lys Met Leu Arg Gly  
385                 390                 395                 400  
 



 
Glu Leu Lys Leu Asp Asp Ile Ala Ala Leu Val Glu Arg Glu Asp Ile  
                405                 410                 415      
 
 
Asn Pro Glu Pro Lys Ser Gly Arg Gln Glu Tyr Leu Glu Asn Val Val  
            420                 425                 430          
 
 
Asn Arg Tyr Val  
        435      
 
 
<210>  30 
<211>  439 
<212>  PRT 
<213>  Clostridium cellulovorans 
 
<400>  30 
 
Met Arg Glu Tyr Phe Ala Asn Val Pro Lys Ile Lys Tyr Glu Gly Lys  
1               5                   10                  15       
 
 
Asp Ser Lys Asn Pro Leu Ala Phe Lys Tyr Tyr Asn Pro Asp Glu Val  
            20                  25                  30           
 
 
Val Gly Gly Lys Thr Met Lys Glu His Leu Arg Phe Thr Leu Ser Tyr  
        35                  40                  45               
 
 
Trp His Thr Leu Thr Gly Ala Gly Ser Asp Pro Phe Gly Val Gly Thr  
    50                  55                  60                   
 
 
Met Leu Arg Pro Trp Asp Cys Ala Glu Asp Glu Met Glu Leu Ala Lys  
65                  70                  75                  80   
 
 
Met Arg Met Glu Ala Asn Phe Glu Leu Met Asp Lys Leu Gly Ile Glu  
                85                  90                  95       
 
 
Tyr Phe Ala Phe His Asp Arg Asp Ile Ala Pro Glu Gly Lys Thr Leu  
            100                 105                 110          
 
 
Ala Asp Thr Asn Glu Lys Leu Asp Glu Ile Val Ala Tyr Cys Lys Glu  
        115                 120                 125              
 
 
Leu Met Gln Lys His Gly Lys Lys Leu Leu Trp Gly Thr Ala Asn Met  
    130                 135                 140                  
 
 
Phe Gly Asn Pro Arg Phe Val His Gly Ala Ala Thr Thr Cys Asn Ala  
145                 150                 155                 160  
 
 
Asp Val Phe Ala Tyr Ala Ala Ala Gln Thr Lys Lys Ala Met Asp Val  
                165                 170                 175      
 
 



Thr Lys Glu Leu Gly Gly Glu Asn Tyr Val Phe Trp Gly Gly Arg Glu  
            180                 185                 190          
 
 
Gly Tyr Glu Thr Leu Leu Asn Thr Asp Leu Gly Leu Glu Gln Asp Asn  
        195                 200                 205              
 
 
Leu Ala Arg Phe Phe Gln Met Ala Val Asp Tyr Ala Lys Lys Ile Gly  
    210                 215                 220                  
 
 
Phe Thr Gly Gln Phe Leu Ile Glu Pro Lys Pro Lys Glu Pro Thr Lys  
225                 230                 235                 240  
 
 
His Gln Tyr Asp Phe Asp Val Ala Thr Val Leu Gly Phe Leu Arg Lys  
                245                 250                 255      
 
 
Tyr Asn Leu Glu Lys Tyr Phe Lys Met Asn Ile Glu Ala Asn His Ala  
            260                 265                 270          
 
 
Thr Leu Ala Gln His Thr Phe Gln His Glu Val Ala Val Ala Arg Val  
        275                 280                 285              
 
 
Asn Gly Val Leu Gly Ser Leu Asp Val Asn Gln Gly Asp Pro Asn Leu  
    290                 295                 300                  
 
 
Gly Trp Asp Thr Asp Gln Phe Pro Thr Asn Ile Tyr Asp Ala Thr Met  
305                 310                 315                 320  
 
 
Val Met Tyr Glu Val Leu Lys Asn Gly Gly Ile Ala Pro Gly Gly Leu  
                325                 330                 335      
 
 
Asn Phe Asp Ala Lys Thr Arg Arg Ala Ser Phe Glu Pro Glu Asp Leu  
            340                 345                 350          
 
 
Phe Leu Ser Tyr Ile Ala Gly Met Asp Thr Met Ala Lys Gly Leu Arg  
        355                 360                 365              
 
 
Val Ala Tyr Ser Leu Leu Asp Asp Ala Val Leu Glu Asn Asn Thr Ser  
    370                 375                 380                  
 
 
Glu Arg Tyr Lys Thr Phe Ser Glu Gly Ile Gly Lys Asp Ile Val Glu  
385                 390                 395                 400  
 
 
Gly Lys Val Asp Phe Glu Ser Leu Glu Lys Tyr Ala Leu Glu Asn Ser  
                405                 410                 415      
 
 
Val Ile Ser Asn Lys Ser Gly Arg Gln Glu Tyr Leu Glu Ser Val Val  
            420                 425                 430          
 
 



Asn Gln Tyr Ile Phe Asn Asp  
        435                  
 
 
<210>  31 
<211>  440 
<212>  PRT 
<213>  Burkholderia cenocepacia 
 
<400>  31 
 
Met Ser Tyr Phe Glu His Ile Pro Ala Ile Arg Tyr Glu Gly Pro Gln  
1               5                   10                  15       
 
 
Ser Asp Asn Pro Leu Ala Tyr His His Tyr Asp Pro Asp Lys Arg Val  
            20                  25                  30           
 
 
Leu Gly Lys Thr Leu Ala Glu His Leu Arg Ile Ala Val Cys Tyr Trp  
        35                  40                  45               
 
 
His Thr Phe Val Trp Pro Gly His Asp Ile Phe Gly Gln Gly Ala Phe  
    50                  55                  60                   
 
 
Gln Arg Pro Trp Gln Gln Pro Gly Asp Ala Leu Glu Arg Ala Arg Gln  
65                  70                  75                  80   
 
 
Lys Ala Asp Ala Ala Phe Glu Phe Phe Thr Lys Leu Gly Thr Pro Phe  
                85                  90                  95       
 
 
Tyr Thr Phe His Asp Thr Asp Val Ala Pro Glu Gly Asp Ser Leu Arg  
            100                 105                 110          
 
 
Asp Tyr Ala Ala Asn Phe Ala Arg Met Val Asp Tyr Leu Gly Glu Arg  
        115                 120                 125              
 
 
Gln Gln Ala Ser Gly Val Arg Leu Leu Trp Gly Thr Ala Asn Leu Phe  
    130                 135                 140                  
 
 
Ser His Pro Arg Phe Ala Ala Gly Ala Ala Thr Asn Pro Asn Pro Asp  
145                 150                 155                 160  
 
 
Val Phe Ala Trp Ala Ala Thr Gln Val Cys His Ala Leu Asp Ala Thr  
                165                 170                 175      
 
 
His Arg Leu Gly Gly Glu Asn Tyr Val Leu Trp Gly Gly Arg Glu Gly  
            180                 185                 190          
 
 
Tyr Glu Thr Leu Leu Asn Thr Asp Leu Lys Arg Glu Arg Asp Gln Phe  
        195                 200                 205              
 
 
Ala Arg Phe Leu Ser Met Val Val Glu His Lys His Arg Ile Gly Phe  



    210                 215                 220                  
 
 
Lys Gly Ala Leu Leu Ile Glu Pro Lys Pro Gln Glu Pro Thr Lys His  
225                 230                 235                 240  
 
 
Gln Tyr Asp Tyr Asp Val Ala Thr Val His Gly Phe Leu Val Gln Tyr  
                245                 250                 255      
 
 
Gly Leu Gln Asn Glu Ile Arg Val Asn Ile Glu Ala Asn His Ala Thr  
            260                 265                 270          
 
 
Leu Ala Gly His Ser Phe His His Glu Ile Ala Asn Ala Phe Ala Leu  
        275                 280                 285              
 
 
Gly Val Phe Gly Ser Val Asp Ala Asn Arg Gly Asp Pro Gln Asn Gly  
    290                 295                 300                  
 
 
Trp Asp Thr Asp Gln Phe Pro Asn Ser Val Glu Glu Leu Thr Leu Ala  
305                 310                 315                 320  
 
 
Phe Tyr Glu Ile Leu Arg His Gly Gly Phe Thr Thr Gly Gly Met Asn  
                325                 330                 335      
 
 
Phe Asp Ala Lys Val Arg Arg Gln Ser Ile Asp Pro Glu Asp Leu Phe  
            340                 345                 350          
 
 
Tyr Gly His Val Gly Ala Ile Asp Val Leu Ala Leu Ala Leu Glu Arg  
        355                 360                 365              
 
 
Ala Ala Val Leu Val Glu Asn Asp Arg Leu Asp Ala Leu Arg Arg Gln  
    370                 375                 380                  
 
 
Arg Tyr Ala Gln Trp Asp Asp Ala Phe Gly Arg Lys Ile Leu Ser Gly  
385                 390                 395                 400  
 
 
Gly Tyr Thr Leu Glu Ser Leu Ala Ala Asp Ala Leu Ala Arg Gly Val  
                405                 410                 415      
 
 
Asn Pro Arg His Ala Ser Gly Ala Gln Glu Arg Leu Glu Asn Ile Val  
            420                 425                 430          
 
 
Asn Gln Ala Ile Tyr Gly Leu Arg  
        435                 440  
 
 
<210>  32 
<211>  439 
<212>  PRT 
<213>  Lactococcus lactis 
 



<400>  32 
 
Met Ala Tyr Phe Asn Asp Ile Ala Pro Ile Lys Tyr Glu Gly Thr Lys  
1               5                   10                  15       
 
 
Thr Lys Asn Met Phe Ala Phe Arg His Tyr Asn Pro Glu Glu Val Val  
            20                  25                  30           
 
 
Ala Gly Lys Thr Met Glu Glu Gln Leu His Phe Ala Leu Ala Phe Trp  
        35                  40                  45               
 
 
His Thr Ile Thr Met Asp Gly Ser Asp Pro Phe Gly Gly Ala Thr Met  
    50                  55                  60                   
 
 
Glu Arg Pro Trp Asp Leu Glu Gly Gly Ser Glu Leu Asp Arg Ala His  
65                  70                  75                  80   
 
 
Arg Arg Val Asp Ala Phe Phe Glu Ile Ala Glu Lys Leu Gly Val Lys  
                85                  90                  95       
 
 
Tyr Tyr Cys Phe His Asp Ile Asp Ile Ala Pro Thr Gly Asn Ser Leu  
            100                 105                 110          
 
 
Lys Glu Phe Tyr Ala Asn Leu Asp Glu Ile Thr Asp His Leu Leu Glu  
        115                 120                 125              
 
 
Lys Gln Lys Ala Thr Gly Ile Lys Leu Leu Trp Asn Thr Ala Asn Met  
    130                 135                 140                  
 
 
Phe Ser Asn Pro Arg Tyr Met Asn Gly Val Ser Thr Ser Asn Arg Ala  
145                 150                 155                 160  
 
 
Glu Val Phe Ala Tyr Gly Ala Ala Gln Val Lys Lys Gly Leu Glu Leu  
                165                 170                 175      
 
 
Ser Lys Lys Leu Gly Gly Glu Asn Tyr Val Phe Trp Gly Gly Arg Glu  
            180                 185                 190          
 
 
Gly Tyr Glu Ser Leu Leu Asn Thr Asp Met Gly Leu Glu Met Asp His  
        195                 200                 205              
 
 
Met Ala Lys Phe Phe His Leu Ala Ile Asp Tyr Ala Lys Ser Ile Asn  
    210                 215                 220                  
 
 
His Leu Pro Ile Phe Leu Ile Glu Pro Lys Pro Lys Glu Pro Met Thr  
225                 230                 235                 240  
 
 
His Gln Tyr Asp Phe Asp Ser Ala Thr Ala Leu Ala Phe Leu Gln Lys  
                245                 250                 255      



 
 
Tyr Asp Leu Asp Lys Tyr Phe Lys Leu Asn Leu Glu Thr Asn His Ala  
            260                 265                 270          
 
 
Trp Leu Ala Gly His Thr Phe Glu His Glu Leu Asn Thr Ala Arg Thr  
        275                 280                 285              
 
 
Phe Asn Ala Leu Gly Ser Ile Asp Ala Asn Gln Gly Asn Tyr Leu Leu  
    290                 295                 300                  
 
 
Gly Trp Asp Thr Asp Glu Phe Pro Thr Leu Val Ile Asp Ile Thr Leu  
305                 310                 315                 320  
 
 
Ala Met His Gln Ile Leu Leu Asn Gly Gly Leu Gly Lys Gly Gly Ile  
                325                 330                 335      
 
 
Asn Phe Asp Ala Lys Val Arg Arg Thr Ser Phe Lys Ala Glu Asp Leu  
            340                 345                 350          
 
 
Ile Leu Ala His Ile Ala Gly Met Asp Thr Tyr Ala Arg Ala Leu Lys  
        355                 360                 365              
 
 
Gly Ala Ala Ala Ile Ile Glu Asp Lys Phe Leu Ser Asp Ile Val Asp  
    370                 375                 380                  
 
 
Glu Arg Tyr Ser Ser Tyr Arg Asn Thr Glu Val Gly Gln Ser Ile Glu  
385                 390                 395                 400  
 
 
Asn Gly Thr Ala Thr Phe Glu Ser Leu Ala Ala Phe Ala Leu Glu Tyr  
                405                 410                 415      
 
 
Gly Asp Asp Ile Glu Leu Asp Ser Asn His Leu Glu Tyr Ile Lys Ser  
            420                 425                 430          
 
 
Val Leu Asn Asp Tyr Leu Val  
        435                  
 
 
<210>  33 
<211>  438 
<212>  PRT 
<213>  Thermoanaerobacter thermohydrosulfuricus 
 
<400>  33 
 
Met Glu Tyr Phe Lys Asn Val Pro Gln Ile Lys Tyr Glu Gly Pro Lys  
1               5                   10                  15       
 
 
Ser Asn Asn Pro Tyr Ala Phe Lys Phe Tyr Asn Pro Asp Glu Ile Ile  
            20                  25                  30           
 



 
Asp Gly Lys Pro Leu Lys Glu His Leu Arg Phe Ser Val Ala Tyr Trp  
        35                  40                  45               
 
 
His Thr Phe Thr Ala Asn Gly Thr Asp Pro Phe Gly Ala Pro Thr Met  
    50                  55                  60                   
 
 
Gln Arg Pro Trp Asp His Phe Thr Asp Pro Met Asp Ile Ala Lys Ala  
65                  70                  75                  80   
 
 
Arg Val Glu Ala Ala Phe Glu Leu Phe Glu Lys Leu Asp Val Pro Phe  
                85                  90                  95       
 
 
Phe Cys Phe His Asp Arg Asp Ile Ala Pro Glu Gly Glu Thr Leu Arg  
            100                 105                 110          
 
 
Glu Thr Asn Lys Asn Leu Asp Thr Ile Val Ala Met Ile Lys Asp Tyr  
        115                 120                 125              
 
 
Leu Lys Thr Ser Lys Thr Lys Val Leu Trp Gly Thr Ala Asn Leu Phe  
    130                 135                 140                  
 
 
Ser Asn Pro Arg Phe Val His Gly Ala Ala Thr Ser Cys Asn Ala Asp  
145                 150                 155                 160  
 
 
Val Phe Ala Tyr Ala Ala Ala Gln Val Lys Lys Ala Leu Glu Ile Thr  
                165                 170                 175      
 
 
Lys Glu Leu Gly Gly Gln Asn Tyr Val Phe Trp Gly Gly Arg Glu Gly  
            180                 185                 190          
 
 
Tyr Glu Thr Leu Leu Asn Thr Asp Met Glu Leu Glu Leu Asp Asn Leu  
        195                 200                 205              
 
 
Ala Arg Phe Leu His Met Ala Val Glu Tyr Ala Gln Glu Ile Gly Phe  
    210                 215                 220                  
 
 
Glu Gly Gln Phe Leu Ile Glu Pro Lys Pro Lys Glu Pro Thr Lys His  
225                 230                 235                 240  
 
 
Gln Tyr Asp Phe Asp Ala Ala Ser Val His Ala Phe Leu Lys Lys Tyr  
                245                 250                 255      
 
 
Asp Leu Asp Lys Tyr Phe Lys Leu Asn Ile Glu Ala Asn His Ala Thr  
            260                 265                 270          
 
 
Leu Ala Gly His Asp Phe Gln His Glu Leu Arg Tyr Ala Arg Ile Asn  
        275                 280                 285              
 



 
Asn Met Leu Gly Ser Ile Asp Ala Asn Met Gly Asp Met Leu Leu Gly  
    290                 295                 300                  
 
 
Trp Asp Thr Asp Gln Tyr Pro Thr Asp Ile Arg Met Thr Thr Leu Ala  
305                 310                 315                 320  
 
 
Met Tyr Glu Val Ile Lys Met Gly Gly Phe Asn Lys Gly Gly Leu Asn  
                325                 330                 335      
 
 
Phe Asp Ala Lys Val Arg Arg Ala Ser Phe Glu Pro Glu Asp Leu Phe  
            340                 345                 350          
 
 
Leu Gly His Ile Ala Gly Met Asp Ala Phe Ala Lys Gly Phe Lys Val  
        355                 360                 365              
 
 
Ala Tyr Lys Leu Val Lys Asp Gly Val Phe Asp Arg Phe Ile Glu Glu  
    370                 375                 380                  
 
 
Arg Tyr Lys Ser Tyr Arg Glu Gly Ile Gly Ala Glu Ile Val Ser Gly  
385                 390                 395                 400  
 
 
Lys Ala Asn Phe Lys Thr Leu Glu Glu Tyr Ala Leu Asn Asn Pro Lys  
                405                 410                 415      
 
 
Ile Glu Asn Lys Ser Gly Lys Gln Glu Leu Leu Glu Ser Ile Leu Asn  
            420                 425                 430          
 
 
Gln Tyr Leu Phe Ser Glu  
        435              
 
 
<210>  34 
<211>  439 
<212>  PRT 
<213>  Reticulitermes speratus 
 
<400>  34 
 
Met Ser Gln Ile Phe Lys Asp Ile Pro Val Ile Lys Tyr Glu Gly Pro  
1               5                   10                  15       
 
 
Ala Ser Lys Asn Pro Leu Ser Phe Lys Tyr Tyr Asp Ala Asn Lys Val  
            20                  25                  30           
 
 
Ile Asp Gly Lys Pro Met Lys Glu His Leu Arg Tyr Ala Met Ala Trp  
        35                  40                  45               
 
 
Trp His Asn Leu Cys Ala Thr Gly Gln Asp Met Phe Gly Pro Gly Thr  
    50                  55                  60                   
 
 



Ala Asp Lys Ser Phe Gly Ser Lys Thr Val Gly Thr Met Glu His Ala  
65                  70                  75                  80   
 
 
His Ala Lys Val Asp Ala Gly Phe Glu Phe Met Ser Lys Leu Gly Val  
                85                  90                  95       
 
 
Glu Tyr Phe Cys Phe His Asp Ala Asp Leu Val Pro Glu Ala Asp Thr  
            100                 105                 110          
 
 
Leu Ser Glu Thr Asn Lys Arg Leu Asp Glu Ile Ala Glu His Ile Val  
        115                 120                 125              
 
 
Ala Lys Gln Lys Ala Thr Gly Ile Lys Cys Leu Trp Gly Thr Ala Asn  
    130                 135                 140                  
 
 
Leu Phe Ser Asn Pro Arg Phe Leu Asn Gly Ser Gly Ser Ser Asn Ser  
145                 150                 155                 160  
 
 
Ala Asp Val Tyr Ala Tyr Ala Ala Ala Gln Ile Lys Lys Ala Leu Asp  
                165                 170                 175      
 
 
Leu Thr Val Lys Phe Gly Gly Val Gly Tyr Val Phe Trp Gly Gly Arg  
            180                 185                 190          
 
 
Glu Gly Tyr Glu Thr Leu Leu Asn Thr Asp Val Lys Phe Glu Gln Glu  
        195                 200                 205              
 
 
Asn Ile Ala Asn Leu Met His Leu Ala Val Thr Tyr Gly Arg Ser Ile  
    210                 215                 220                  
 
 
Gly Phe Lys Gly Asp Phe Tyr Ile Glu Pro Lys Pro Lys Glu Pro Thr  
225                 230                 235                 240  
 
 
Lys His Gln Tyr Asp Phe Asp Ala Ala Thr Thr Ile Gly Phe Ile Arg  
                245                 250                 255      
 
 
Gln Tyr Gly Leu Glu Lys Asp Phe Lys Leu Asn Ile Glu Ala Asn His  
            260                 265                 270          
 
 
Ala Thr Leu Ala Gly His Thr Phe Gln His Asp Leu Arg Ile Ser Ala  
        275                 280                 285              
 
 
Ile Asn Gly Met Leu Gly Ser Val Asp Ala Asn Thr Gly Asp Pro Leu  
    290                 295                 300                  
 
 
Leu Gly Trp Asp Thr Asp Glu Phe Pro Tyr Ser Val Tyr Asp Thr Thr  
305                 310                 315                 320  
 
 



Leu Ala Met Tyr Glu Ile Ile Lys Ala Gly Gly Leu Thr Gly Gly Leu  
                325                 330                 335      
 
 
Asn Phe Asp Ser Lys Val Arg Arg Pro Ser Tyr Thr His Glu Asp Leu  
            340                 345                 350          
 
 
Phe Tyr Gly Phe Ile Leu Gly Met Asp Ser Phe Ala Leu Gly Leu Ile  
        355                 360                 365              
 
 
Lys Ala Lys Ala Leu Ile Ala Asp Gly Arg Leu Asp Ser Phe Val Lys  
    370                 375                 380                  
 
 
Asp Arg Tyr Ala Ser Tyr Gly Ser Gly Ile Gly Ala Lys Ile Arg Asp  
385                 390                 395                 400  
 
 
His Ser Ala Thr Leu Glu Glu Leu Ala Ala Tyr Ala Leu Ala Lys Asp  
                405                 410                 415      
 
 
Thr Val Ala Leu Pro Gly Ser Gly Arg Gln Glu Tyr Leu Glu Ser Ile  
            420                 425                 430          
 
 
Ile Asn Gln Ile Leu Phe Gln  
        435                  
 
 
<210>  35 
<211>  438 
<212>  PRT 
<213>  uncultured bacteria from cow rumen 
 
<400>  35 
 
Met Ser Glu Ile Phe Ala Asn Ile Pro Val Ile Pro Tyr Glu Gly Pro  
1               5                   10                  15       
 
 
Gln Ser Lys Asn Pro Leu Ala Phe Lys Phe Tyr Asp Ala Asp Lys Val  
            20                  25                  30           
 
 
Ile Leu Gly Lys Lys Met Ser Glu His Leu Pro Phe Ala Met Ala Trp  
        35                  40                  45               
 
 
Trp His Asn Leu Cys Ala Gly Gly Thr Asp Met Phe Gly Arg Asp Thr  
    50                  55                  60                   
 
 
Ala Asp Lys Ser Phe Gly Ala Glu Lys Gly Thr Met Ala His Ala Arg  
65                  70                  75                  80   
 
 
Ala Lys Val Asp Ala Gly Phe Glu Phe Met Lys Lys Val Gly Val Lys  
                85                  90                  95       
 
 
Tyr Phe Cys Phe His Asp Val Asp Leu Val Pro Glu Ala Asp Asp Ile  



            100                 105                 110          
 
 
Lys Glu Thr Asn Arg Arg Leu Asp Glu Ile Ser Asp Tyr Ile Leu Glu  
        115                 120                 125              
 
 
Lys Met Lys Gly Thr Asp Ile Lys Cys Leu Trp Gly Thr Ala Asn Met  
    130                 135                 140                  
 
 
Phe Gly Asn Pro Arg Tyr Met Asn Gly Ala Gly Ser Thr Asn Ser Ala  
145                 150                 155                 160  
 
 
Asp Val Phe Cys Phe Ala Ala Ala Gln Ile Lys Lys Ala Leu Asp Leu  
                165                 170                 175      
 
 
Thr Val Lys Leu Gly Gly Arg Gly Tyr Val Phe Trp Gly Gly Arg Glu  
            180                 185                 190          
 
 
Gly Tyr Glu Thr Leu Leu Asn Thr Asp Met Lys Phe Glu Gln Glu Asn  
        195                 200                 205              
 
 
Ile Ala Arg Leu Met His Leu Ala Val Asp Tyr Gly Arg Ser Ile Gly  
    210                 215                 220                  
 
 
Phe Thr Gly Asp Phe Tyr Ile Glu Pro Lys Pro Lys Glu Pro Met Lys  
225                 230                 235                 240  
 
 
His Gln Tyr Asp Phe Asp Ala Ala Thr Ala Ile Gly Phe Leu Arg Gln  
                245                 250                 255      
 
 
Tyr Gly Leu Asp Lys Asp Phe Lys Met Asn Ile Glu Ala Asn His Ala  
            260                 265                 270          
 
 
Thr Leu Ala Gly His Thr Phe Gln His Asp Leu Arg Ile Ser Ala Ile  
        275                 280                 285              
 
 
Asn Gly Met Leu Gly Ser Ile Asp Ala Asn Gln Gly Asp Leu Leu Leu  
    290                 295                 300                  
 
 
Gly Trp Asp Thr Asp Glu Phe Pro Phe Asn Val Tyr Glu Ala Thr Leu  
305                 310                 315                 320  
 
 
Cys Met Tyr Glu Val Leu Lys Ala Gly Gly Leu Thr Gly Gly Phe Asn  
                325                 330                 335      
 
 
Phe Asp Ser Lys Thr Arg Arg Pro Ser Tyr Thr Leu Glu Asp Met Phe  
            340                 345                 350          
 
 
His Ala Tyr Ile Leu Gly Met Asp Thr Phe Ala Leu Gly Leu Ile Lys  



        355                 360                 365              
 
 
Ala Ala Ala Leu Ile Glu Asp Gly Arg Leu Asp Gln Phe Val Ala Asp  
    370                 375                 380                  
 
 
Arg Tyr Ala Ser Tyr Lys Thr Gly Ile Gly Ala Lys Ile Arg Ser Gly  
385                 390                 395                 400  
 
 
Glu Thr Thr Leu Ala Glu Leu Ala Ala Tyr Ala Asp Lys Leu Gly Ala  
                405                 410                 415      
 
 
Pro Ala Leu Pro Ser Ser Gly Arg Gln Glu Tyr Leu Glu Ser Ile Val  
            420                 425                 430          
 
 
Asn Ser Ile Leu Phe Gly  
        435              
 
 
<210>  36 
<211>  438 
<212>  PRT 
<213>  uncultured bacteria from cow rumen 
 
<400>  36 
 
Met Ala Glu Ile Phe Lys Gly Ile Pro Glu Ile Arg Tyr Glu Gly Pro  
1               5                   10                  15       
 
 
Asn Ser Thr Asn Pro Leu Ser Phe Lys Tyr Tyr Asp Pro Asp Lys Val  
            20                  25                  30           
 
 
Ile Leu Gly Lys Pro Met Lys Glu His Leu Pro Phe Ala Met Ala Trp  
        35                  40                  45               
 
 
Trp His Asn Leu Gly Ala Ala Gly Thr Asp Met Phe Gly Arg Asp Thr  
    50                  55                  60                   
 
 
Ala Asp Lys Ser Phe Gly Ala Glu Lys Gly Thr Met Glu His Ala Lys  
65                  70                  75                  80   
 
 
Ala Lys Val Asp Ala Gly Phe Glu Phe Met Lys Lys Leu Gly Ile Arg  
                85                  90                  95       
 
 
Tyr Phe Cys Phe His Asp Val Asp Leu Val Pro Glu Ala Asp Asp Ile  
            100                 105                 110          
 
 
Lys Val Thr Asn Ala Arg Leu Asp Glu Ile Ser Asp Tyr Ile Leu Glu  
        115                 120                 125              
 
 
Lys Met Lys Gly Thr Asp Ile Lys Cys Leu Trp Gly Thr Ala Asn Met  
    130                 135                 140                  



 
 
Phe Ser Asn Pro Arg Phe Met Asn Gly Ala Gly Ser Thr Asn Ser Ala  
145                 150                 155                 160  
 
 
Asp Val Phe Cys Phe Ala Ala Ala Gln Val Lys Lys Ala Leu Asp Ile  
                165                 170                 175      
 
 
Thr Val Lys Leu Gly Gly Lys Gly Tyr Val Phe Trp Gly Gly Arg Glu  
            180                 185                 190          
 
 
Gly Tyr Glu Thr Leu Leu Asn Thr Asp Val Lys Phe Glu Gln Glu Asn  
        195                 200                 205              
 
 
Ile Ala Lys Leu Met His Leu Ala Val Asp Tyr Gly Arg Ser Ile Gly  
    210                 215                 220                  
 
 
Phe Lys Gly Asp Phe Phe Ile Glu Pro Lys Pro Lys Glu Pro Met Lys  
225                 230                 235                 240  
 
 
His Gln Tyr Asp Phe Asp Ala Ala Thr Ala Ile Gly Phe Val Arg Gln  
                245                 250                 255      
 
 
Tyr Gly Leu Asp Lys Asp Phe Lys Met Asn Ile Glu Ala Asn His Ala  
            260                 265                 270          
 
 
Thr Leu Ala Gly His Thr Phe Gln His Glu Leu Arg Ile Ser Ala Ile  
        275                 280                 285              
 
 
Asn Gly Met Leu Gly Ser Ile Asp Ala Asn Gln Gly Asp Met Leu Leu  
    290                 295                 300                  
 
 
Gly Trp Asp Thr Asp Glu Phe Pro Phe Asn Val Tyr Asp Thr Thr Leu  
305                 310                 315                 320  
 
 
Cys Met Tyr Glu Val Leu Lys Asn Gly Gly Ile Pro Gly Gly Phe Asn  
                325                 330                 335      
 
 
Phe Asp Ala Lys Asn Arg Arg Pro Ser Tyr Thr Ala Glu Asp Met Phe  
            340                 345                 350          
 
 
Tyr Gly Phe Ile Leu Gly Met Asp Ser Phe Ala Leu Gly Leu Ile Lys  
        355                 360                 365              
 
 
Ala Ala Lys Leu Ile Glu Asp Gly Arg Ile Asp Lys Phe Val Glu Glu  
    370                 375                 380                  
 
 
Arg Tyr Ala Ser Tyr Lys Asp Gly Ile Gly Lys Lys Ile Arg Asp Gly  
385                 390                 395                 400  



 
 
Glu Thr Thr Leu Ala Glu Leu Ala Ala Tyr Ala Asp Gln Leu Gly Ala  
                405                 410                 415      
 
 
Pro Lys Leu Pro Gly Ser Gly Arg Gln Glu Asp Leu Glu Ser Val Phe  
            420                 425                 430          
 
 
Asn Gln Val Leu Phe Gly  
        435              
 
 
<210>  37 
<211>  442 
<212>  PRT 
<213>  Lachnospiraceae bacterium 
 
<400>  37 
 
Met Lys Glu Phe Phe Pro Ser Ile Ser Pro Ile Lys Phe Glu Gly Ser  
1               5                   10                  15       
 
 
Glu Ser Lys Asn Pro Leu Ser Phe Lys Tyr Tyr Asp Ala Lys Arg Val  
            20                  25                  30           
 
 
Ile Met Gly Lys Thr Met Glu Glu His Leu Ser Phe Ala Met Ala Trp  
        35                  40                  45               
 
 
Trp His Asn Leu Cys Ala Ser Gly Val Asp Met Phe Gly Gln Gly Thr  
    50                  55                  60                   
 
 
Ala Asp Lys Gly Phe Gly Glu Asn Leu Gly Thr Met Glu His Ala Lys  
65                  70                  75                  80   
 
 
Ala Lys Val Asp Ala Gly Ile Glu Phe Met Gln Lys Leu Gly Ile Lys  
                85                  90                  95       
 
 
Tyr Tyr Cys Phe His Asp Thr Asp Ile Val Pro Glu Asp Gln Glu Asp  
            100                 105                 110          
 
 
Ile Asn Val Thr Asn Ala Arg Leu Asp Glu Ile Thr Asp Tyr Ile Leu  
        115                 120                 125              
 
 
Glu Lys Thr Lys Gly Thr Asp Ile Lys Cys Leu Trp Ala Thr Cys Asn  
    130                 135                 140                  
 
 
Met Phe Ser Asn Pro Arg Phe Met Asn Gly Ala Gly Ser Ser Asn Ser  
145                 150                 155                 160  
 
 
Ala Asp Val Phe Cys Phe Ala Ala Ala Gln Ala Lys Lys Gly Leu Glu  
                165                 170                 175      
 



 
Asn Ala Val Lys Leu Gly Ala Lys Gly Phe Val Phe Trp Gly Gly Arg  
            180                 185                 190          
 
 
Glu Gly Tyr Glu Thr Leu Leu Asn Thr Asp Met Lys Leu Glu Glu Glu  
        195                 200                 205              
 
 
Asn Ile Ala Thr Leu Phe Thr Met Cys Arg Asp Tyr Gly Arg Ser Ile  
    210                 215                 220                  
 
 
Gly Phe Lys Gly Asp Phe Tyr Ile Glu Pro Lys Pro Lys Glu Pro Met  
225                 230                 235                 240  
 
 
Lys His Gln Tyr Asp Phe Asp Ala Ala Thr Ala Ile Gly Phe Leu Arg  
                245                 250                 255      
 
 
Lys Tyr Gly Leu Asp Lys Asp Phe Lys Met Asn Ile Glu Ala Asn His  
            260                 265                 270          
 
 
Ala Thr Leu Ala Gly His Thr Phe Gln His Glu Leu Arg Val Ser Ala  
        275                 280                 285              
 
 
Ile Asn Gly Met Leu Gly Ser Val Asp Ala Asn Gln Gly Asp Thr Leu  
    290                 295                 300                  
 
 
Leu Gly Trp Asp Thr Asp Gln Phe Pro Thr Asn Val Tyr Asp Thr Thr  
305                 310                 315                 320  
 
 
Leu Ala Met Tyr Glu Ile Leu Lys Ala Gly Gly Leu Ser Gly Gly Leu  
                325                 330                 335      
 
 
Asn Phe Asp Ser Lys Asn Arg Arg Pro Ser Asn Thr Ala Glu Asp Met  
            340                 345                 350          
 
 
Phe Tyr Gly Phe Ile Ala Gly Met Asp Thr Phe Ala Leu Gly Leu Ile  
        355                 360                 365              
 
 
Lys Ala Ala Gln Ile Ile Glu Asp Gly Arg Ile Asp Glu Phe Val Lys  
    370                 375                 380                  
 
 
Glu Arg Tyr Ser Ser Tyr Asn Ser Gly Ile Gly Glu Lys Ile Arg Asn  
385                 390                 395                 400  
 
 
Arg Ser Val Thr Leu Val Glu Cys Ala Glu Tyr Ala Leu Lys Met Lys  
                405                 410                 415      
 
 
Lys Pro Glu Leu Pro Glu Ser Gly Arg Gln Glu Tyr Leu Glu Thr Val  
            420                 425                 430          
 



 
Val Asn Asn Ile Phe Phe Asn Ser Lys Leu  
        435                 440          
 
 
<210>  38 
<211>  442 
<212>  PRT 
<213>  Lachnospiraceae bacterium 
 
<400>  38 
 
Met Lys Glu Phe Phe Pro Gly Ile Ser Pro Val Lys Phe Glu Gly Ser  
1               5                   10                  15       
 
 
Glu Ser Lys Asn Pro Leu Ser Phe Lys Tyr Tyr Asp Ala Lys Arg Val  
            20                  25                  30           
 
 
Ile Met Gly Lys Thr Met Glu Glu His Leu Ser Phe Ala Met Ala Trp  
        35                  40                  45               
 
 
Trp His Asn Leu Cys Ala Ser Gly Val Asp Met Phe Gly Gln Gly Thr  
    50                  55                  60                   
 
 
Ala Asp Lys Gly Phe Gly Glu Ser Ser Gly Thr Met Gly His Ala Lys  
65                  70                  75                  80   
 
 
Ala Lys Val Asp Ala Gly Ile Glu Phe Met Lys Lys Leu Gly Ile Lys  
                85                  90                  95       
 
 
Tyr Tyr Cys Phe His Asp Thr Asp Ile Val Pro Glu Asp Gln Glu Asp  
            100                 105                 110          
 
 
Ile Asn Val Thr Asn Ala Arg Leu Asp Glu Ile Thr Asp Tyr Ile Leu  
        115                 120                 125              
 
 
Glu Lys Thr Lys Gly Ser Asp Ile Lys Cys Leu Trp Thr Thr Cys Asn  
    130                 135                 140                  
 
 
Met Phe Gly Asn Pro Arg Phe Met Asn Gly Ala Gly Ser Ser Asn Ser  
145                 150                 155                 160  
 
 
Ala Asp Val Phe Cys Phe Ala Ala Ala Gln Ala Lys Lys Gly Leu Glu  
                165                 170                 175      
 
 
Asn Ala Val Lys Leu Gly Ala Lys Gly Phe Val Phe Trp Gly Gly Arg  
            180                 185                 190          
 
 
Glu Gly Tyr Glu Thr Leu Leu Asn Thr Asp Met Lys Leu Glu Glu Glu  
        195                 200                 205              
 
 



Asn Ile Ala Thr Leu Phe Thr Met Cys Arg Asp Tyr Gly Arg Ser Ile  
    210                 215                 220                  
 
 
Gly Phe Lys Gly Asp Phe Tyr Ile Glu Pro Lys Pro Lys Glu Pro Met  
225                 230                 235                 240  
 
 
Lys His Gln Tyr Asp Phe Asp Ala Ala Thr Ala Ile Gly Phe Leu Arg  
                245                 250                 255      
 
 
Lys Tyr Gly Leu Asp Lys Asp Phe Lys Leu Asn Ile Glu Ala Asn His  
            260                 265                 270          
 
 
Ala Thr Leu Ala Gly His Thr Phe Gln His Glu Leu Arg Val Ser Ala  
        275                 280                 285              
 
 
Ile Asn Gly Met Leu Gly Ser Val Asp Ala Asn Gln Gly Asp Thr Leu  
    290                 295                 300                  
 
 
Leu Gly Trp Asp Thr Asp Gln Phe Pro Thr Asn Ile Tyr Asp Thr Thr  
305                 310                 315                 320  
 
 
Phe Ala Met Tyr Glu Ile Leu Lys Ala Gly Gly Leu Ser Gly Gly Leu  
                325                 330                 335      
 
 
Asn Phe Asp Ser Lys Asn Arg Arg Pro Ser Asn Thr Ala Glu Asp Met  
            340                 345                 350          
 
 
Phe Tyr Gly Phe Ile Ala Gly Met Asp Thr Phe Ala Leu Gly Leu Ile  
        355                 360                 365              
 
 
Lys Ala Ala Gln Ile Ile Glu Asp Gly Arg Ile Asp Glu Phe Ile Lys  
    370                 375                 380                  
 
 
Glu Arg Tyr Ser Ser Tyr Ser Thr Gly Ile Gly Glu Lys Ile Arg Asn  
385                 390                 395                 400  
 
 
Lys Ser Val Thr Leu Glu Glu Cys Ala Glu Tyr Ala Ala Lys Leu Lys  
                405                 410                 415      
 
 
Lys Pro Glu Leu Pro Glu Ser Gly Arg Gln Glu Tyr Leu Glu Thr Val  
            420                 425                 430          
 
 
Val Asn Asn Ile Leu Phe Asn Ser Lys Leu  
        435                 440          
 
 
<210>  39 
<211>  439 
<212>  PRT 
<213>  Lachnospiraceae bacterium 



 
<400>  39 
 
Met Lys Glu Phe Phe Pro Gly Ile Ser Pro Val Lys Phe Glu Gly Lys  
1               5                   10                  15       
 
 
Asp Ser Lys Asn Pro Leu Ser Phe Lys Tyr Tyr Asp Ala Lys Arg Val  
            20                  25                  30           
 
 
Ile Met Gly Lys Thr Met Glu Glu His Leu Ser Phe Ala Met Ala Trp  
        35                  40                  45               
 
 
Trp His Asn Leu Cys Ala Cys Gly Val Asp Met Phe Gly Gln Gly Thr  
    50                  55                  60                   
 
 
Ile Asp Lys Ser Phe Gly Ala Leu Pro Gly Thr Met Glu His Ala Lys  
65                  70                  75                  80   
 
 
Ala Lys Val Asp Ala Gly Ile Glu Phe Met Gln Lys Leu Gly Ile Lys  
                85                  90                  95       
 
 
Tyr Tyr Cys Phe His Asp Thr Asp Ile Val Pro Glu Asp Gln Glu Asp  
            100                 105                 110          
 
 
Ile Asn Val Thr Asn Ala Arg Leu Asp Glu Ile Thr Asp Tyr Ile Leu  
        115                 120                 125              
 
 
Glu Lys Thr Lys Gly Thr Asp Ile Lys Cys Leu Trp Thr Thr Cys Asn  
    130                 135                 140                  
 
 
Met Phe Ser Asn Pro Arg Phe Met Asn Gly Ala Gly Ser Ser Asn Ser  
145                 150                 155                 160  
 
 
Ala Asp Val Phe Cys Phe Ala Ala Ala Gln Ala Lys Lys Gly Leu Glu  
                165                 170                 175      
 
 
Asn Ala Val Lys Leu Gly Ala Lys Gly Phe Val Phe Trp Gly Gly Arg  
            180                 185                 190          
 
 
Glu Gly Tyr Glu Thr Leu Leu Asn Thr Asp Met Lys Leu Glu Glu Glu  
        195                 200                 205              
 
 
Asn Ile Ala Thr Leu Phe Thr Met Cys Arg Asp Tyr Gly Arg Ser Ile  
    210                 215                 220                  
 
 
Gly Phe Met Gly Asp Phe Tyr Ile Glu Pro Lys Pro Lys Glu Pro Met  
225                 230                 235                 240  
 
 
Lys His Gln Tyr Asp Phe Asp Ala Ala Thr Ala Ile Gly Phe Leu Arg  



                245                 250                 255      
 
 
Lys Tyr Gly Leu Glu Lys Asp Phe Lys Met Asn Ile Glu Ala Asn His  
            260                 265                 270          
 
 
Ala Thr Leu Ala Gly His Thr Phe Gln His Glu Leu Arg Val Cys Ala  
        275                 280                 285              
 
 
Val Asn Gly Met Ile Gly Ser Val Asp Ala Asn Gln Gly Asp Thr Leu  
    290                 295                 300                  
 
 
Leu Gly Trp Asp Thr Asp Gln Phe Pro Thr Asn Val Tyr Asp Thr Thr  
305                 310                 315                 320  
 
 
Leu Ala Met Tyr Glu Ile Leu Lys Ala Gly Gly Leu Arg Gly Gly Leu  
                325                 330                 335      
 
 
Asn Phe Asp Ser Lys Asn Arg Arg Pro Ser Asn Thr Ala Asp Asp Met  
            340                 345                 350          
 
 
Phe Tyr Gly Phe Ile Ala Gly Met Asp Ala Phe Ala Leu Gly Leu Ile  
        355                 360                 365              
 
 
Lys Ala Ala Glu Ile Ile Glu Asp Gly Arg Ile Asp Glu Phe Val Lys  
    370                 375                 380                  
 
 
Glu Arg Tyr Ser Ser Tyr Asn Ser Gly Ile Gly Glu Lys Ile Arg Asn  
385                 390                 395                 400  
 
 
Arg Ala Val Thr Leu Val Glu Cys Ala Glu Tyr Ala Ala Lys Leu Lys  
                405                 410                 415      
 
 
Lys Pro Glu Leu Pro Asp Ser Gly Lys Gln Glu Tyr Leu Glu Ser Val  
            420                 425                 430          
 
 
Val Asn Asn Ile Leu Phe Gly  
        435                  
 
 
<210>  40 
<211>  443 
<212>  PRT 
<213>  uncultured bacterium 
 
<400>  40 
 
Met Ser Val Val Leu Gly Asp Lys Glu Tyr Phe Pro Gly Val Gly Lys  
1               5                   10                  15       
 
 
Ile Ala Tyr Glu Gly Pro Glu Ser Asp Asn Pro Leu Ser Phe Lys Trp  
            20                  25                  30           



 
 
Tyr Asp Glu Asn Arg Val Val Ala Gly Lys Thr Leu Lys Asp His Phe  
        35                  40                  45               
 
 
Lys Phe Ala Val Cys Tyr Trp His Thr Phe Cys Gly Ala Gly His Asp  
    50                  55                  60                   
 
 
Ser Phe Gly Pro Gly Pro Phe Val Phe Pro Trp Gly Ala Gly Ser Asp  
65                  70                  75                  80   
 
 
Ala Leu Ser Arg Ala Lys Met Lys Ala Asp Ala Ala Phe Glu Phe Ile  
                85                  90                  95       
 
 
Thr Lys Leu Gly Val Pro Tyr Tyr Cys Phe His Asp Ile Asp Leu Ile  
            100                 105                 110          
 
 
Glu Glu Gly Ser Ser Arg Ala Glu Thr Ala Lys Arg Val Met Asp Ile  
        115                 120                 125              
 
 
Val Glu Tyr Ala Lys Gln Lys Gln Ala Ala Ser Gly Val Lys Leu Leu  
    130                 135                 140                  
 
 
Trp Gly Thr Ala Asn Leu Phe Ser Asn Pro Arg Tyr Ile Asn Gly Ala  
145                 150                 155                 160  
 
 
Ser Thr Asn Pro Asp Phe Ala Val Val Ala His Ala Gly Ala Gln Leu  
                165                 170                 175      
 
 
Lys Asp Ala Leu Asp Ala Thr Ile Ala Leu Gly Gly Glu Asn Tyr Val  
            180                 185                 190          
 
 
Phe Trp Gly Gly Arg Glu Gly Tyr Met Ser Pro Leu Asn Thr Asp Met  
        195                 200                 205              
 
 
Lys Arg Glu Val Glu Arg Phe Ala Arg Phe Leu Thr Met Ala Arg Asp  
    210                 215                 220                  
 
 
Tyr Ala Arg Gly Gln Gly Phe Lys Gly Val Phe Phe Ile Glu Pro Lys  
225                 230                 235                 240  
 
 
Pro Met Glu Pro Ser Lys His Gln Tyr Asp Phe Asp Cys Ala Thr Val  
                245                 250                 255      
 
 
Ile Gly Phe Leu Arg Gln Tyr Gly Leu Asp Lys Asp Phe Lys Leu Asn  
            260                 265                 270          
 
 
Ile Glu Thr Asn His Ala Thr Leu Ala Gly His Thr Met Glu His Glu  
        275                 280                 285              



 
 
Met Gln Val Ala Ala Asp Ala Gly Met Leu Gly Ser Ile Asp Ala Asn  
    290                 295                 300                  
 
 
Arg Gly Asp Tyr Gln Asn Ala Trp Asp Thr Asp Gln Phe Pro Asn Asn  
305                 310                 315                 320  
 
 
Ile Asn Glu Thr Thr Glu Met Met Leu Val Leu Leu Arg Ser Gly Gly  
                325                 330                 335      
 
 
Phe Gln Gly Gly Gly Val Asn Phe Asp Ala Lys Arg Arg Arg Asn Ser  
            340                 345                 350          
 
 
Thr Asp Pro Asn Asp Thr Phe His Gly His Ile Gly Gly Met Asp Thr  
        355                 360                 365              
 
 
Phe Ala Arg Ser Leu Ile Ile Ala Gly Asp Ile Leu Glu Lys Ser Pro  
    370                 375                 380                  
 
 
Ile Glu Lys Met Arg Lys Glu Arg Tyr Ala Ser Phe Asp Ala Gly Lys  
385                 390                 395                 400  
 
 
Gly Ala Glu Phe Glu Ala Gly Lys Leu Ser Leu Val Gln Leu Ala Glu  
                405                 410                 415      
 
 
Leu Gly Asn Lys Gly Gly Glu Pro Thr Gln Lys Ser Gly Arg Gln Glu  
            420                 425                 430          
 
 
Leu Tyr Glu Asn Ile Met Asn Arg Trp Ile Arg  
        435                 440              
 
 
<210>  41 
<211>  442 
<212>  PRT 
<213>  uncultured bacterium 
 
<400>  41 
 
Met Lys Leu Thr Val Gly Asp Lys Glu Tyr Phe Lys Gly Ile Lys Pro  
1               5                   10                  15       
 
 
Ile Lys Phe Glu Gly Lys Asp Ser Asp Asn Pro Leu Ala Phe Lys Tyr  
            20                  25                  30           
 
 
Tyr Asn Pro Ser Gln Lys Val Gly Lys Lys Thr Met Glu Glu His Phe  
        35                  40                  45               
 
 
Arg Phe Ala Ile Ala Tyr Trp His Thr Phe Cys Gly Thr Gly Gly Asp  
    50                  55                  60                   
 



 
Pro Phe Gly Pro Gly Thr Lys Thr Phe Pro Trp Leu Gln Asn Ser Asp  
65                  70                  75                  80   
 
 
Ala Val Gln Arg Ala Tyr Asp Lys Met Asp Ala Ala Phe Glu Phe Ile  
                85                  90                  95       
 
 
Thr Lys Ile Gly Ala Pro Phe Tyr Cys Phe His Asp Tyr Asp Leu Val  
            100                 105                 110          
 
 
Asp Glu Gly Pro Thr Leu Lys Glu Ser Glu Ser Arg Leu Gln Lys Val  
        115                 120                 125              
 
 
Val Asp Tyr Ala Lys Lys Lys Gln Lys Ala Ser Gly Val Lys Leu Leu  
    130                 135                 140                  
 
 
Trp Gly Thr Ala Asn Leu Phe Ser His Pro Arg Tyr Met Asn Gly Ala  
145                 150                 155                 160  
 
 
Ala Thr Asn Pro Asp Phe Asp Val Val Cys Tyr Ala Ala Ser Gln Val  
                165                 170                 175      
 
 
Lys Asn Ala Leu Asp Ala Thr Ile Ala Leu Gly Gly Ala Asn Tyr Val  
            180                 185                 190          
 
 
Phe Trp Gly Gly Arg Glu Gly Tyr Met Ser Leu Leu Asn Thr Asn Met  
        195                 200                 205              
 
 
Lys Arg Glu Gln Glu His Met Ala Lys Phe Leu His Met Ala Lys Asp  
    210                 215                 220                  
 
 
Tyr Ala Arg Ala Asn Gly Phe Lys Gly Thr Phe Phe Ile Glu Pro Lys  
225                 230                 235                 240  
 
 
Pro Met Glu Pro Ser Lys His Gln Tyr Asp Phe Asp Ser Ala Thr Val  
                245                 250                 255      
 
 
Ile Gly Phe Leu Arg Gln Phe Asp Leu Leu Gly Asp Phe Lys Leu Asn  
            260                 265                 270          
 
 
Ile Glu Val Asn His Ala Thr Leu Ala His His Thr Phe Gln His Glu  
        275                 280                 285              
 
 
Leu Gln Val Ala Ala Asp Ala Gly Ala Leu Gly Ser Ile Asp Ala Asn  
    290                 295                 300                  
 
 
Arg Gly Asp Tyr Gln Asn Gly Trp Asp Thr Asp Gln Phe Pro Asn Asn  
305                 310                 315                 320  
 



 
Leu Tyr Glu Leu Ala Glu Ser Met Leu Val Ile Leu Glu Ala Gly Gly  
                325                 330                 335      
 
 
Phe Lys Ser Gly Gly Val Asn Phe Asp Ala Lys Thr Arg Arg Asn Ser  
            340                 345                 350          
 
 
Thr Asp Leu Val Asp Ile Phe His Ala His Ile Gly Gly Met Asp Thr  
        355                 360                 365              
 
 
Phe Ala Arg Ser Leu Leu Ile Ala Gln Ala Val Leu Asp Asn Gly Glu  
    370                 375                 380                  
 
 
Tyr Thr Lys Ile Arg Lys Asp Arg Tyr Ser Ser Phe Asp Ser Gly Lys  
385                 390                 395                 400  
 
 
Gly Lys Gln Phe Asp Gln Gly Lys Leu Ser Leu Glu Asp Leu Arg Asn  
                405                 410                 415      
 
 
Leu Ala His Lys Ala Gly Glu Pro Lys Gln Leu Ser Gly Lys Gln Glu  
            420                 425                 430          
 
 
Tyr Ile Glu Asn Leu Ile Ser Arg Phe Ile  
        435                 440          
 
 
<210>  42 
<211>  387 
<212>  PRT 
<213>  Thermus thermophilus 
 
<400>  42 
 
Met Tyr Glu Pro Lys Pro Glu His Arg Phe Thr Phe Gly Leu Trp Thr  
1               5                   10                  15       
 
 
Val Gly Asn Val Gly Arg Asp Pro Phe Gly Asp Ala Val Arg Glu Arg  
            20                  25                  30           
 
 
Leu Asp Pro Val Tyr Val Val His Lys Leu Ala Glu Leu Gly Ala Tyr  
        35                  40                  45               
 
 
Gly Val Asn Leu His Asp Glu Asp Leu Ile Pro Arg Gly Thr Pro Pro  
    50                  55                  60                   
 
 
Gln Glu Arg Asp Gln Ile Val Arg Arg Phe Lys Lys Ala Leu Asp Glu  
65                  70                  75                  80   
 
 
Thr Gly Leu Lys Val Pro Met Val Thr Ala Asn Leu Phe Ser Asp Pro  
                85                  90                  95       
 
 



Ala Phe Lys Asp Gly Ala Phe Thr Ser Pro Asp Pro Trp Val Arg Ala  
            100                 105                 110          
 
 
Tyr Ala Leu Arg Lys Ser Leu Glu Thr Met Asp Leu Gly Ala Glu Leu  
        115                 120                 125              
 
 
Gly Ala Glu Ile Tyr Val Val Trp Pro Gly Arg Glu Gly Ala Glu Val  
    130                 135                 140                  
 
 
Glu Ala Thr Gly Lys Ala Arg Lys Val Trp Asp Trp Val Arg Glu Ala  
145                 150                 155                 160  
 
 
Leu Asn Phe Met Ala Ala Tyr Ala Glu Asp Gln Gly Tyr Gly Tyr Arg  
                165                 170                 175      
 
 
Phe Ala Leu Glu Pro Lys Pro Asn Glu Pro Arg Gly Asp Ile Tyr Phe  
            180                 185                 190          
 
 
Ala Thr Val Gly Ser Met Leu Ala Phe Ile His Thr Leu Asp Arg Pro  
        195                 200                 205              
 
 
Glu Arg Phe Gly Leu Asn Pro Glu Phe Ala His Glu Thr Met Ala Gly  
    210                 215                 220                  
 
 
Leu Asn Phe Val His Ala Val Ala Gln Ala Leu Asp Ala Gly Lys Leu  
225                 230                 235                 240  
 
 
Phe His Ile Asp Leu Asn Asp Gln Arg Met Ser Arg Phe Asp Gln Asp  
                245                 250                 255      
 
 
Leu Arg Phe Gly Ser Glu Asn Leu Lys Ala Ala Phe Phe Leu Val Asp  
            260                 265                 270          
 
 
Leu Leu Glu Ser Ser Gly Tyr Gln Gly Pro Arg His Phe Asp Ala His  
        275                 280                 285              
 
 
Ala Leu Arg Thr Glu Asp Glu Glu Gly Val Trp Ala Phe Ala Arg Gly  
    290                 295                 300                  
 
 
Cys Met Arg Thr Tyr Leu Ile Leu Lys Glu Arg Ala Glu Ala Phe Arg  
305                 310                 315                 320  
 
 
Glu Asp Pro Glu Val Lys Glu Leu Leu Ala Ala Tyr Tyr Gln Glu Asp  
                325                 330                 335      
 
 
Pro Ala Ala Leu Ala Leu Leu Gly Pro Tyr Ser Arg Glu Lys Ala Glu  
            340                 345                 350          
 
 



Ala Leu Lys Arg Ala Glu Leu Pro Leu Glu Ala Lys Arg Arg Arg Gly  
        355                 360                 365              
 
 
Tyr Ala Leu Glu Arg Leu Asp Gln Leu Ala Val Glu Tyr Leu Leu Gly  
    370                 375                 380                  
 
 
Val Arg Gly  
385          
 
 
<210>  43 
<211>  440 
<212>  PRT 
<213>  Escherichia coli 
 
<400>  43 
 
Met Gln Ala Tyr Phe Asp Gln Leu Asp Arg Val Arg Tyr Glu Gly Ser  
1               5                   10                  15       
 
 
Lys Ser Ser Asn Pro Leu Ala Phe Arg His Tyr Asn Pro Asp Glu Leu  
            20                  25                  30           
 
 
Val Leu Gly Lys Arg Met Glu Glu His Leu Arg Phe Ala Ala Cys Tyr  
        35                  40                  45               
 
 
Trp His Thr Phe Cys Trp Asn Gly Ala Asp Met Phe Gly Val Gly Ala  
    50                  55                  60                   
 
 
Phe Asn Arg Pro Trp Gln Gln Pro Gly Glu Ala Leu Ala Leu Ala Lys  
65                  70                  75                  80   
 
 
Arg Lys Ala Asp Val Ala Phe Glu Phe Phe His Lys Leu His Val Pro  
                85                  90                  95       
 
 
Phe Tyr Cys Phe His Asp Val Asp Val Ser Pro Glu Gly Ala Ser Leu  
            100                 105                 110          
 
 
Lys Glu Tyr Ile Asn Asn Phe Ala Gln Met Val Asp Val Leu Ala Gly  
        115                 120                 125              
 
 
Lys Gln Glu Glu Ser Gly Val Lys Leu Leu Trp Gly Thr Ala Asn Cys  
    130                 135                 140                  
 
 
Phe Thr Asn Pro Arg Tyr Gly Ala Gly Ala Ala Thr Asn Pro Asp Pro  
145                 150                 155                 160  
 
 
Glu Val Phe Ser Trp Ala Ala Thr Gln Val Val Thr Ala Met Glu Ala  
                165                 170                 175      
 
 
Thr His Lys Leu Gly Gly Glu Asn Tyr Val Leu Trp Gly Gly Arg Glu  



            180                 185                 190          
 
 
Gly Tyr Glu Thr Leu Leu Asn Thr Asp Leu Arg Gln Glu Arg Glu Gln  
        195                 200                 205              
 
 
Leu Gly Arg Phe Met Gln Met Val Val Glu His Lys His Lys Ile Gly  
    210                 215                 220                  
 
 
Phe Gln Gly Thr Leu Leu Ile Glu Pro Lys Pro Gln Glu Pro Thr Lys  
225                 230                 235                 240  
 
 
His Gln Tyr Asp Tyr Asp Ala Ala Thr Val Tyr Gly Phe Leu Lys Gln  
                245                 250                 255      
 
 
Phe Gly Leu Glu Lys Glu Ile Lys Leu Asn Ile Glu Ala Asn His Ala  
            260                 265                 270          
 
 
Thr Leu Ala Gly His Ser Phe His His Glu Ile Ala Thr Ala Ile Ala  
        275                 280                 285              
 
 
Leu Gly Leu Phe Gly Ser Val Asp Ala Asn Arg Gly Asp Ala Gln Leu  
    290                 295                 300                  
 
 
Gly Trp Asp Thr Asp Gln Phe Pro Asn Ser Val Glu Glu Asn Ala Leu  
305                 310                 315                 320  
 
 
Val Met Tyr Glu Ile Leu Lys Ala Gly Gly Phe Thr Thr Gly Gly Leu  
                325                 330                 335      
 
 
Asn Phe Asp Ala Lys Val Arg Arg Gln Ser Thr Asp Lys Tyr Asp Leu  
            340                 345                 350          
 
 
Phe Tyr Gly His Ile Gly Ala Met Asp Thr Met Ala Leu Ala Leu Lys  
        355                 360                 365              
 
 
Ile Ala Ala Arg Met Ile Glu Asp Gly Glu Leu Asp Lys Arg Ile Ala  
    370                 375                 380                  
 
 
Gln Arg Tyr Ser Gly Trp Asn Ser Glu Leu Gly Gln Gln Ile Leu Lys  
385                 390                 395                 400  
 
 
Gly Gln Met Ser Leu Ala Asp Leu Ala Lys Tyr Ala Gln Glu His His  
                405                 410                 415      
 
 
Leu Ser Pro Val His Gln Ser Gly Arg Gln Glu Gln Leu Glu Asn Leu  
            420                 425                 430          
 
 
Val Asn His Tyr Leu Phe Asp Lys  



        435                 440  
 
 
<210>  44 
<211>  600 
<212>  PRT 
<213>  Saccharomyces cerevisiae 
 
<400>  44 
 
Met Leu Cys Ser Val Ile Gln Arg Gln Thr Arg Glu Val Ser Asn Thr  
1               5                   10                  15       
 
 
Met Ser Leu Asp Ser Tyr Tyr Leu Gly Phe Asp Leu Ser Thr Gln Gln  
            20                  25                  30           
 
 
Leu Lys Cys Leu Ala Ile Asn Gln Asp Leu Lys Ile Val His Ser Glu  
        35                  40                  45               
 
 
Thr Val Glu Phe Glu Lys Asp Leu Pro His Tyr His Thr Lys Lys Gly  
    50                  55                  60                   
 
 
Val Tyr Ile His Gly Asp Thr Ile Glu Cys Pro Val Ala Met Trp Leu  
65                  70                  75                  80   
 
 
Glu Ala Leu Asp Leu Val Leu Ser Lys Tyr Arg Glu Ala Lys Phe Pro  
                85                  90                  95       
 
 
Leu Asn Lys Val Met Ala Val Ser Gly Ser Cys Gln Gln His Gly Ser  
            100                 105                 110          
 
 
Val Tyr Trp Ser Ser Gln Ala Glu Ser Leu Leu Glu Gln Leu Asn Lys  
        115                 120                 125              
 
 
Lys Pro Glu Lys Asp Leu Leu His Tyr Val Ser Ser Val Ala Phe Ala  
    130                 135                 140                  
 
 
Arg Gln Thr Ala Pro Asn Trp Gln Asp His Ser Thr Ala Lys Gln Cys  
145                 150                 155                 160  
 
 
Gln Glu Phe Glu Glu Cys Ile Gly Gly Pro Glu Lys Met Ala Gln Leu  
                165                 170                 175      
 
 
Thr Gly Ser Arg Ala His Phe Arg Phe Thr Gly Pro Gln Ile Leu Lys  
            180                 185                 190          
 
 
Ile Ala Gln Leu Glu Pro Glu Ala Tyr Glu Lys Thr Lys Thr Ile Ser  
        195                 200                 205              
 
 
Leu Val Ser Asn Phe Leu Thr Ser Ile Leu Val Gly His Leu Val Glu  
    210                 215                 220                  



 
 
Leu Glu Glu Ala Asp Ala Cys Gly Met Asn Leu Tyr Asp Ile Arg Glu  
225                 230                 235                 240  
 
 
Arg Lys Phe Ser Asp Glu Leu Leu His Leu Ile Asp Ser Ser Ser Lys  
                245                 250                 255      
 
 
Asp Lys Thr Ile Arg Gln Lys Leu Met Arg Ala Pro Met Lys Asn Leu  
            260                 265                 270          
 
 
Ile Ala Gly Thr Ile Cys Lys Tyr Phe Ile Glu Lys Tyr Gly Phe Asn  
        275                 280                 285              
 
 
Thr Asn Cys Lys Val Ser Pro Met Thr Gly Asp Asn Leu Ala Thr Ile  
    290                 295                 300                  
 
 
Cys Ser Leu Pro Leu Arg Lys Asn Asp Val Leu Val Ser Leu Gly Thr  
305                 310                 315                 320  
 
 
Ser Thr Thr Val Leu Leu Val Thr Asp Lys Tyr His Pro Ser Pro Asn  
                325                 330                 335      
 
 
Tyr His Leu Phe Ile His Pro Thr Leu Pro Asn His Tyr Met Gly Met  
            340                 345                 350          
 
 
Ile Cys Tyr Cys Asn Gly Ser Leu Ala Arg Glu Arg Ile Arg Asp Glu  
        355                 360                 365              
 
 
Leu Asn Lys Glu Arg Glu Asn Asn Tyr Glu Lys Thr Asn Asp Trp Thr  
    370                 375                 380                  
 
 
Leu Phe Asn Gln Ala Val Leu Asp Asp Ser Glu Ser Ser Glu Asn Glu  
385                 390                 395                 400  
 
 
Leu Gly Val Tyr Phe Pro Leu Gly Glu Ile Val Pro Ser Val Lys Ala  
                405                 410                 415      
 
 
Ile Asn Lys Arg Val Ile Phe Asn Pro Lys Thr Gly Met Ile Glu Arg  
            420                 425                 430          
 
 
Glu Val Ala Lys Phe Lys Asp Lys Arg His Asp Ala Lys Asn Ile Val  
        435                 440                 445              
 
 
Glu Ser Gln Ala Leu Ser Cys Arg Val Arg Ile Ser Pro Leu Leu Ser  
    450                 455                 460                  
 
 
Asp Ser Asn Ala Ser Ser Gln Gln Arg Leu Asn Glu Asp Thr Ile Val  
465                 470                 475                 480  



 
 
Lys Phe Asp Tyr Asp Glu Ser Pro Leu Arg Asp Tyr Leu Asn Lys Arg  
                485                 490                 495      
 
 
Pro Glu Arg Thr Phe Phe Val Gly Gly Ala Ser Lys Asn Asp Ala Ile  
            500                 505                 510          
 
 
Val Lys Lys Phe Ala Gln Val Ile Gly Ala Thr Lys Gly Asn Phe Arg  
        515                 520                 525              
 
 
Leu Glu Thr Pro Asn Ser Cys Ala Leu Gly Gly Cys Tyr Lys Ala Met  
    530                 535                 540                  
 
 
Trp Ser Leu Leu Tyr Asp Ser Asn Lys Ile Ala Val Pro Phe Asp Lys  
545                 550                 555                 560  
 
 
Phe Leu Asn Asp Asn Phe Pro Trp His Val Met Glu Ser Ile Ser Asp  
                565                 570                 575      
 
 
Val Asp Asn Glu Asn Trp Asp Arg Tyr Asn Ser Lys Ile Val Pro Leu  
            580                 585                 590          
 
 
Ser Glu Leu Glu Lys Thr Leu Ile  
        595                 600  
 
 
<210>  45 
<211>  623 
<212>  PRT 
<213>  Pichia stipitis 
 
<400>  45 
 
Met Thr Thr Thr Pro Phe Asp Ala Pro Asp Lys Leu Phe Leu Gly Phe  
1               5                   10                  15       
 
 
Asp Leu Ser Thr Gln Gln Leu Lys Ile Ile Val Thr Asp Glu Asn Leu  
            20                  25                  30           
 
 
Ala Ala Leu Lys Thr Tyr Asn Val Glu Phe Asp Ser Ile Asn Ser Ser  
        35                  40                  45               
 
 
Val Gln Lys Gly Val Ile Ala Ile Asn Asp Glu Ile Ser Lys Gly Ala  
    50                  55                  60                   
 
 
Ile Ile Ser Pro Val Tyr Met Trp Leu Asp Ala Leu Asp His Val Phe  
65                  70                  75                  80   
 
 
Glu Asp Met Lys Lys Asp Gly Phe Pro Phe Asn Lys Val Val Gly Ile  
                85                  90                  95       
 



 
Ser Gly Ser Cys Gln Gln His Gly Ser Val Tyr Trp Ser Arg Thr Ala  
            100                 105                 110          
 
 
Glu Lys Val Leu Ser Glu Leu Asp Ala Glu Ser Ser Leu Ser Ser Gln  
        115                 120                 125              
 
 
Met Arg Ser Ala Phe Thr Phe Lys His Ala Pro Asn Trp Gln Asp His  
    130                 135                 140                  
 
 
Ser Thr Gly Lys Glu Leu Glu Glu Phe Glu Arg Val Ile Gly Ala Asp  
145                 150                 155                 160  
 
 
Ala Leu Ala Asp Ile Ser Gly Ser Arg Ala His Tyr Arg Phe Thr Gly  
                165                 170                 175      
 
 
Leu Gln Ile Arg Lys Leu Ser Thr Arg Phe Lys Pro Glu Lys Tyr Asn  
            180                 185                 190          
 
 
Arg Thr Ala Arg Ile Ser Leu Val Ser Ser Phe Val Ala Ser Val Leu  
        195                 200                 205              
 
 
Leu Gly Arg Ile Thr Ser Ile Glu Glu Ala Asp Ala Cys Gly Met Asn  
    210                 215                 220                  
 
 
Leu Tyr Asp Ile Glu Lys Arg Glu Phe Asn Glu Glu Leu Leu Ala Ile  
225                 230                 235                 240  
 
 
Ala Ala Gly Val His Pro Glu Leu Asp Gly Val Glu Gln Asp Gly Glu  
                245                 250                 255      
 
 
Ile Tyr Arg Ala Gly Ile Asn Glu Leu Lys Arg Lys Leu Gly Pro Val  
            260                 265                 270          
 
 
Lys Pro Ile Thr Tyr Glu Ser Glu Gly Asp Ile Ala Ser Tyr Phe Val  
        275                 280                 285              
 
 
Thr Arg Tyr Gly Phe Asn Pro Asp Cys Lys Ile Tyr Ser Phe Thr Gly  
    290                 295                 300                  
 
 
Asp Asn Leu Ala Thr Ile Ile Ser Leu Pro Leu Ala Pro Asn Asp Ala  
305                 310                 315                 320  
 
 
Leu Ile Ser Leu Gly Thr Ser Thr Thr Val Leu Ile Ile Thr Lys Asn  
                325                 330                 335      
 
 
Tyr Ala Pro Ser Ser Gln Tyr His Leu Phe Lys His Pro Thr Met Pro  
            340                 345                 350          
 



 
Asp His Tyr Met Gly Met Ile Cys Tyr Cys Asn Gly Ser Leu Ala Arg  
        355                 360                 365              
 
 
Glu Lys Val Arg Asp Glu Val Asn Glu Lys Phe Asn Val Glu Asp Lys  
    370                 375                 380                  
 
 
Lys Ser Trp Asp Lys Phe Asn Glu Ile Leu Asp Lys Ser Thr Asp Phe  
385                 390                 395                 400  
 
 
Asn Asn Lys Leu Gly Ile Tyr Phe Pro Leu Gly Glu Ile Val Pro Asn  
                405                 410                 415      
 
 
Ala Ala Ala Gln Ile Lys Arg Ser Val Leu Asn Ser Lys Asn Glu Ile  
            420                 425                 430          
 
 
Val Asp Val Glu Leu Gly Asp Lys Asn Trp Gln Pro Glu Asp Asp Val  
        435                 440                 445              
 
 
Ser Ser Ile Val Glu Ser Gln Thr Leu Ser Cys Arg Leu Arg Thr Gly  
    450                 455                 460                  
 
 
Pro Met Leu Ser Lys Ser Gly Asp Ser Ser Ala Ser Ser Ser Ala Ser  
465                 470                 475                 480  
 
 
Pro Gln Pro Glu Gly Asp Gly Thr Asp Leu His Lys Val Tyr Gln Asp  
                485                 490                 495      
 
 
Leu Val Lys Lys Phe Gly Asp Leu Tyr Thr Asp Gly Lys Lys Gln Thr  
            500                 505                 510          
 
 
Phe Glu Ser Leu Thr Ala Arg Pro Asn Arg Cys Tyr Tyr Val Gly Gly  
        515                 520                 525              
 
 
Ala Ser Asn Asn Gly Ser Ile Ile Arg Lys Met Gly Ser Ile Leu Ala  
    530                 535                 540                  
 
 
Pro Val Asn Gly Asn Tyr Lys Val Asp Ile Pro Asn Ala Cys Ala Leu  
545                 550                 555                 560  
 
 
Gly Gly Ala Tyr Lys Ala Ser Trp Ser Tyr Glu Cys Glu Ala Lys Lys  
                565                 570                 575      
 
 
Glu Trp Ile Gly Tyr Asp Gln Tyr Ile Asn Arg Leu Phe Glu Val Ser  
            580                 585                 590          
 
 
Asp Glu Met Asn Ser Phe Glu Val Lys Asp Lys Trp Leu Glu Tyr Ala  
        595                 600                 605              
 



 
Asn Gly Val Gly Met Leu Ala Lys Met Glu Ser Glu Leu Lys His  
    610                 615                 620              
 
 
<210>  46 
<211>  575 
<212>  PRT 
<213>  Hypocrea jecorina 
 
<400>  46 
 
Met Ser Glu Glu Lys Gly Pro Leu Tyr Leu Gly Phe Asp Leu Ser Thr  
1               5                   10                  15       
 
 
Gln Gln Leu Lys Ala Ile Val Val Asn Ser Asn Leu Lys Ser Ile Ala  
            20                  25                  30           
 
 
Glu Ala Lys Val Asp Phe Asp Gln Asp Phe Gly Pro Gln Tyr Gly Ile  
        35                  40                  45               
 
 
Gln Lys Gly Val His Val Arg Glu Ser Thr Gly Glu Val Phe Ala Pro  
    50                  55                  60                   
 
 
Val Ala Leu Trp Leu Glu Ser Leu Asp Leu Val Leu Ser Arg Leu Ser  
65                  70                  75                  80   
 
 
Lys Ala Met His Pro Leu Pro Met Ser Arg Ile Arg Gly Val Ser Gly  
                85                  90                  95       
 
 
Ser Gly Gln Gln His Gly Ala Val Phe Trp Asn Ala Ser Ala Glu Glu  
            100                 105                 110          
 
 
Leu Leu Gly Gly Leu Asp Ala Ala Lys Gly Ser Leu Val Glu Gln Leu  
        115                 120                 125              
 
 
Arg Gly Ala Leu Ala His Glu Phe Ala Pro Asn Trp Gln Asp His Ser  
    130                 135                 140                  
 
 
Thr Gln Glu Glu Leu Val Ala Phe Asp Ala Glu Leu Gly Asp Arg Glu  
145                 150                 155                 160  
 
 
Lys Leu Ala Glu Val Thr Gly Ser Gly Ala His His Arg Phe Thr Gly  
                165                 170                 175      
 
 
Leu Gln Ile Met Arg Ile Arg Arg Val Leu Pro Gln Val Tyr Ala Asn  
            180                 185                 190          
 
 
Ala Lys Arg Ile Ser Leu Val Ser Ser Trp Leu Ala Ser Val Leu Met  
        195                 200                 205              
 
 



Gly Ser Ile Ala Pro Leu Asp Val Ser Asp Val Cys Gly Met Asn Leu  
    210                 215                 220                  
 
 
Trp Asp Ile Pro Asn Gln Ala Trp Ser Glu Lys Leu Leu Ala Leu Ser  
225                 230                 235                 240  
 
 
Gly Gly Gly Gly Leu Asp Gly Ala Ala Asn Leu Arg Arg Lys Leu Gly  
                245                 250                 255      
 
 
Glu Pro Arg Met Asp Gly Gly Gly Ser Met Gly Ser Ile Ser Arg Tyr  
            260                 265                 270          
 
 
Tyr Val Ser Lys Tyr Gly Phe Ser Pro Glu Cys Gln Ile Thr Pro Phe  
        275                 280                 285              
 
 
Thr Gly Asp Asn Pro Ala Thr Ile Leu Ala Leu Pro Leu Arg Pro Leu  
    290                 295                 300                  
 
 
Asp Ala Ile Val Ser Leu Gly Thr Ser Thr Thr Phe Leu Met Asn Thr  
305                 310                 315                 320  
 
 
Pro Ala Tyr Lys Pro Asp Gly Ser Tyr His Phe Phe Asn His Pro Thr  
                325                 330                 335      
 
 
Thr Pro Gly Asn Tyr Met Phe Met Leu Cys Tyr Lys Asn Gly Gly Leu  
            340                 345                 350          
 
 
Ala Arg Glu Lys Val Arg Asp Thr Leu Pro Lys Pro Glu Gly Gly Ala  
        355                 360                 365              
 
 
Thr Gly Trp Glu Thr Phe Asn Glu Ala Ile Met Ala Thr Lys Pro Leu  
    370                 375                 380                  
 
 
Gly Ile Glu Ser Asp Gly Asp Arg Ala Lys Leu Gly Leu Tyr Phe Tyr  
385                 390                 395                 400  
 
 
Leu Arg Glu Thr Val Pro Asn Ile Arg Ala Gly Thr Trp Arg Phe Thr  
                405                 410                 415      
 
 
Cys Arg Gln Asp Gly Ser Asp Leu Gln Glu Ala Arg Glu Ala Trp Pro  
            420                 425                 430          
 
 
Lys Glu Ala Asp Ala Arg Ala Ile Val Glu Ser Gln Ala Leu Ser Met  
        435                 440                 445              
 
 
Arg Leu Arg Ser Gln Lys Leu Val His Ser Pro Arg Asp Gly Leu Pro  
    450                 455                 460                  
 
 



Ala Gln Pro Arg Arg Ile Tyr Val Val Gly Gly Gly Ser Leu Asn Pro  
465                 470                 475                 480  
 
 
Ala Ile Thr Arg Val Leu Gly Glu Val Leu Gly Gly Ala Asp Gly Val  
                485                 490                 495      
 
 
Tyr Lys Leu Asp Val Gly Gly Asn Ala Cys Ala Leu Gly Gly Ala Tyr  
            500                 505                 510          
 
 
Lys Ala Leu Trp Ala Leu Glu Arg Lys Asp Gly Glu Thr Phe Asp Asp  
        515                 520                 525              
 
 
Leu Ile Gly Gly Arg Trp Thr Glu Glu Gly Ser Ile Asp Lys Val Asp  
    530                 535                 540                  
 
 
Val Gly Tyr Arg Glu Gly Thr Tyr Glu Arg Tyr Gly Lys Val Leu Gly  
545                 550                 555                 560  
 
 
Ala Phe Glu Glu Met Glu Arg Arg Leu Leu Ala Glu Glu Glu His  
                565                 570                 575  
 
 
<210>  47 
<211>  335 
<212>  PRT 
<213>  Saccharomyces cerevisiae 
 
<400>  47 
 
Met Ser Glu Pro Ala Gln Lys Lys Gln Lys Val Ala Asn Asn Ser Leu  
1               5                   10                  15       
 
 
Glu Gln Leu Lys Ala Ser Gly Thr Val Val Val Ala Asp Thr Gly Asp  
            20                  25                  30           
 
 
Phe Gly Ser Ile Ala Lys Phe Gln Pro Gln Asp Ser Thr Thr Asn Pro  
        35                  40                  45               
 
 
Ser Leu Ile Leu Ala Ala Ala Lys Gln Pro Thr Tyr Ala Lys Leu Ile  
    50                  55                  60                   
 
 
Asp Val Ala Val Glu Tyr Gly Lys Lys His Gly Lys Thr Thr Glu Glu  
65                  70                  75                  80   
 
 
Gln Val Glu Asn Ala Val Asp Arg Leu Leu Val Glu Phe Gly Lys Glu  
                85                  90                  95       
 
 
Ile Leu Lys Ile Val Pro Gly Arg Val Ser Thr Glu Val Asp Ala Arg  
            100                 105                 110          
 
 
Leu Ser Phe Asp Thr Gln Ala Thr Ile Glu Lys Ala Arg His Ile Ile  



        115                 120                 125              
 
 
Lys Leu Phe Glu Gln Glu Gly Val Ser Lys Glu Arg Val Leu Ile Lys  
    130                 135                 140                  
 
 
Ile Ala Ser Thr Trp Glu Gly Ile Gln Ala Ala Lys Glu Leu Glu Glu  
145                 150                 155                 160  
 
 
Lys Asp Gly Ile His Cys Asn Leu Thr Leu Leu Phe Ser Phe Val Gln  
                165                 170                 175      
 
 
Ala Val Ala Cys Ala Glu Ala Gln Val Thr Leu Ile Ser Pro Phe Val  
            180                 185                 190          
 
 
Gly Arg Ile Leu Asp Trp Tyr Lys Ser Ser Thr Gly Lys Asp Tyr Lys  
        195                 200                 205              
 
 
Gly Glu Ala Asp Pro Gly Val Ile Ser Val Lys Lys Ile Tyr Asn Tyr  
    210                 215                 220                  
 
 
Tyr Lys Lys Tyr Gly Tyr Lys Thr Ile Val Met Gly Ala Ser Phe Arg  
225                 230                 235                 240  
 
 
Ser Thr Asp Glu Ile Lys Asn Leu Ala Gly Val Asp Tyr Leu Thr Ile  
                245                 250                 255      
 
 
Ser Pro Ala Leu Leu Asp Lys Leu Met Asn Ser Thr Glu Pro Phe Pro  
            260                 265                 270          
 
 
Arg Val Leu Asp Pro Val Ser Ala Lys Lys Glu Ala Gly Asp Lys Ile  
        275                 280                 285              
 
 
Ser Tyr Ile Ser Asp Glu Ser Lys Phe Arg Phe Asp Leu Asn Glu Asp  
    290                 295                 300                  
 
 
Ala Met Ala Thr Glu Lys Leu Ser Glu Gly Ile Arg Lys Phe Ser Ala  
305                 310                 315                 320  
 
 
Asp Ile Val Thr Leu Phe Asp Leu Ile Glu Lys Lys Val Thr Ala  
                325                 330                 335  
 
 
<210>  48 
<211>  333 
<212>  PRT 
<213>  Saccharomyces cerevisiae 
 
<400>  48 
 
Met Ser Glu Pro Ser Glu Lys Lys Gln Lys Val Ala Thr Ser Ser Leu  
1               5                   10                  15       



 
 
Glu Gln Leu Lys Lys Ala Gly Thr His Val Val Ala Asp Ser Gly Asp  
            20                  25                  30           
 
 
Phe Glu Ala Ile Ser Lys Tyr Glu Pro Gln Asp Ser Thr Thr Asn Pro  
        35                  40                  45               
 
 
Ser Leu Ile Leu Ala Ala Ser Lys Leu Glu Lys Tyr Ala Arg Phe Ile  
    50                  55                  60                   
 
 
Asp Ala Ala Val Glu Tyr Gly Arg Lys His Gly Lys Thr Asp His Glu  
65                  70                  75                  80   
 
 
Lys Ile Glu Asn Ala Met Asp Lys Ile Leu Val Glu Phe Gly Thr Gln  
                85                  90                  95       
 
 
Ile Leu Lys Val Val Pro Gly Arg Val Ser Thr Glu Val Asp Ala Arg  
            100                 105                 110          
 
 
Leu Ser Phe Asp Lys Lys Ala Thr Val Lys Lys Ala Leu His Ile Ile  
        115                 120                 125              
 
 
Lys Leu Tyr Lys Asp Ala Gly Val Pro Lys Glu Arg Val Leu Ile Lys  
    130                 135                 140                  
 
 
Ile Ala Ser Thr Trp Glu Gly Ile Gln Ala Ala Arg Glu Leu Glu Val  
145                 150                 155                 160  
 
 
Lys His Gly Ile His Cys Asn Met Thr Leu Leu Phe Ser Phe Thr Gln  
                165                 170                 175      
 
 
Ala Val Ala Cys Ala Glu Ala Asn Val Thr Leu Ile Ser Pro Phe Val  
            180                 185                 190          
 
 
Gly Arg Ile Met Asp Phe Tyr Lys Ala Leu Ser Gly Lys Asp Tyr Thr  
        195                 200                 205              
 
 
Ala Glu Thr Asp Pro Gly Val Leu Ser Val Lys Lys Ile Tyr Ser Tyr  
    210                 215                 220                  
 
 
Tyr Lys Arg His Gly Tyr Ala Thr Glu Val Met Ala Ala Ser Phe Arg  
225                 230                 235                 240  
 
 
Asn Leu Asp Glu Leu Lys Ala Leu Ala Gly Ile Asp Asn Met Thr Leu  
                245                 250                 255      
 
 
Pro Leu Asn Leu Leu Glu Gln Leu Tyr Glu Ser Thr Asp Pro Ile Glu  
            260                 265                 270          



 
 
Asn Lys Leu Asn Ser Glu Ser Ala Lys Glu Glu Gly Val Glu Lys Val  
        275                 280                 285              
 
 
Ser Phe Ile Asn Asp Glu Pro His Phe Arg Tyr Val Leu Asn Glu Asp  
    290                 295                 300                  
 
 
Gln Met Ala Thr Glu Lys Leu Ser Asp Gly Ile Arg Lys Phe Ser Ala  
305                 310                 315                 320  
 
 
Asp Ile Glu Ala Leu Tyr Lys Leu Val Glu Glu Lys Met  
                325                 330              
 
 
<210>  49 
<211>  323 
<212>  PRT 
<213>  Scheffersomyces stipitis 
 
<400>  49 
 
Met Ser Ser Asn Ser Leu Glu Gln Leu Lys Ala Thr Gly Thr Val Ile  
1               5                   10                  15       
 
 
Val Thr Asp Thr Gly Glu Phe Asp Ser Ile Ala Lys Tyr Thr Pro Gln  
            20                  25                  30           
 
 
Asp Ala Thr Thr Asn Pro Ser Leu Ile Leu Ala Ala Ala Lys Lys Pro  
        35                  40                  45               
 
 
Glu Tyr Ala Lys Val Ile Asp Val Ala Ile Glu Tyr Ala Lys Asp Lys  
    50                  55                  60                   
 
 
Gly Ser Ser Lys Lys Glu Lys Ala Glu Ile Ala Leu Asp Arg Leu Leu  
65                  70                  75                  80   
 
 
Ile Glu Phe Gly Lys Asn Ile Leu Ala Ile Val Pro Gly Arg Val Ser  
                85                  90                  95       
 
 
Thr Glu Val Asp Ala Arg Leu Ser Phe Asp Lys Glu Ala Thr Ile Lys  
            100                 105                 110          
 
 
Lys Ala Leu Glu Leu Ile Ala Leu Tyr Glu Ser Gln Gly Ile Ser Lys  
        115                 120                 125              
 
 
Asp Arg Ile Leu Ile Lys Ile Ala Ser Thr Trp Glu Gly Ile Gln Ala  
    130                 135                 140                  
 
 
Ala Arg Glu Leu Glu Ala Lys His Gly Ile His Cys Asn Leu Thr Leu  
145                 150                 155                 160  
 



 
Leu Phe Ser Phe Val Gln Ala Val Ala Cys Ala Glu Ala Lys Val Thr  
                165                 170                 175      
 
 
Leu Ile Ser Pro Phe Val Gly Arg Ile Leu Asp Trp Tyr Lys Ala Ser  
            180                 185                 190          
 
 
Thr Gly Lys Thr Tyr Glu Gly Asp Glu Asp Pro Gly Val Ile Ser Val  
        195                 200                 205              
 
 
Arg Ala Ile Tyr Asn Tyr Tyr Lys Lys Tyr Gly Tyr Lys Thr Ile Val  
    210                 215                 220                  
 
 
Met Gly Ala Ser Phe Arg Asn Thr Gly Glu Ile Lys Ala Leu Ala Gly  
225                 230                 235                 240  
 
 
Cys Asp Tyr Leu Thr Val Ala Pro Lys Leu Leu Glu Glu Leu Leu Asn  
                245                 250                 255      
 
 
Ser Thr Glu Pro Val Pro Gln Val Leu Asp Ala Ala Ser Ala Ser Ala  
            260                 265                 270          
 
 
Thr Asp Val Glu Lys Val Ser Tyr Val Asp Asp Glu Ala Thr Phe Arg  
        275                 280                 285              
 
 
Tyr Leu Phe Asn Glu Asp Ala Met Ala Thr Glu Lys Leu Ala Gln Gly  
    290                 295                 300                  
 
 
Ile Arg Ala Phe Gly Lys Asp Ala Val Thr Leu Leu Glu Gln Leu Glu  
305                 310                 315                 320  
 
 
Ala Arg Phe  
             
 
 
<210>  50 
<211>  680 
<212>  PRT 
<213>  Saccharomyces cerevisiae 
 
<400>  50 
 
Met Thr Gln Phe Thr Asp Ile Asp Lys Leu Ala Val Ser Thr Ile Arg  
1               5                   10                  15       
 
 
Ile Leu Ala Val Asp Thr Val Ser Lys Ala Asn Ser Gly His Pro Gly  
            20                  25                  30           
 
 
Ala Pro Leu Gly Met Ala Pro Ala Ala His Val Leu Trp Ser Gln Met  
        35                  40                  45               
 
 



Arg Met Asn Pro Thr Asn Pro Asp Trp Ile Asn Arg Asp Arg Phe Val  
    50                  55                  60                   
 
 
Leu Ser Asn Gly His Ala Val Ala Leu Leu Tyr Ser Met Leu His Leu  
65                  70                  75                  80   
 
 
Thr Gly Tyr Asp Leu Ser Ile Glu Asp Leu Lys Gln Phe Arg Gln Leu  
                85                  90                  95       
 
 
Gly Ser Arg Thr Pro Gly His Pro Glu Phe Glu Leu Pro Gly Val Glu  
            100                 105                 110          
 
 
Val Thr Thr Gly Pro Leu Gly Gln Gly Ile Ser Asn Ala Val Gly Met  
        115                 120                 125              
 
 
Ala Met Ala Gln Ala Asn Leu Ala Ala Thr Tyr Asn Lys Pro Gly Phe  
    130                 135                 140                  
 
 
Thr Leu Ser Asp Asn Tyr Thr Tyr Val Phe Leu Gly Asp Gly Cys Leu  
145                 150                 155                 160  
 
 
Gln Glu Gly Ile Ser Ser Glu Ala Ser Ser Leu Ala Gly His Leu Lys  
                165                 170                 175      
 
 
Leu Gly Asn Leu Ile Ala Ile Tyr Asp Asp Asn Lys Ile Thr Ile Asp  
            180                 185                 190          
 
 
Gly Ala Thr Ser Ile Ser Phe Asp Glu Asp Val Ala Lys Arg Tyr Glu  
        195                 200                 205              
 
 
Ala Tyr Gly Trp Glu Val Leu Tyr Val Glu Asn Gly Asn Glu Asp Leu  
    210                 215                 220                  
 
 
Ala Gly Ile Ala Lys Ala Ile Ala Gln Ala Lys Leu Ser Lys Asp Lys  
225                 230                 235                 240  
 
 
Pro Thr Leu Ile Lys Met Thr Thr Thr Ile Gly Tyr Gly Ser Leu His  
                245                 250                 255      
 
 
Ala Gly Ser His Ser Val His Gly Ala Pro Leu Lys Ala Asp Asp Val  
            260                 265                 270          
 
 
Lys Gln Leu Lys Ser Lys Phe Gly Phe Asn Pro Asp Lys Ser Phe Val  
        275                 280                 285              
 
 
Val Pro Gln Glu Val Tyr Asp His Tyr Gln Lys Thr Ile Leu Lys Pro  
    290                 295                 300                  
 
 



Gly Val Glu Ala Asn Asn Lys Trp Asn Lys Leu Phe Ser Glu Tyr Gln  
305                 310                 315                 320  
 
 
Lys Lys Phe Pro Glu Leu Gly Ala Glu Leu Ala Arg Arg Leu Ser Gly  
                325                 330                 335      
 
 
Gln Leu Pro Ala Asn Trp Glu Ser Lys Leu Pro Thr Tyr Thr Ala Lys  
            340                 345                 350          
 
 
Asp Ser Ala Val Ala Thr Arg Lys Leu Ser Glu Thr Val Leu Glu Asp  
        355                 360                 365              
 
 
Val Tyr Asn Gln Leu Pro Glu Leu Ile Gly Gly Ser Ala Asp Leu Thr  
    370                 375                 380                  
 
 
Pro Ser Asn Leu Thr Arg Trp Lys Glu Ala Leu Asp Phe Gln Pro Pro  
385                 390                 395                 400  
 
 
Ser Ser Gly Ser Gly Asn Tyr Ser Gly Arg Tyr Ile Arg Tyr Gly Ile  
                405                 410                 415      
 
 
Arg Glu His Ala Met Gly Ala Ile Met Asn Gly Ile Ser Ala Phe Gly  
            420                 425                 430          
 
 
Ala Asn Tyr Lys Pro Tyr Gly Gly Thr Phe Leu Asn Phe Val Ser Tyr  
        435                 440                 445              
 
 
Ala Ala Gly Ala Val Arg Leu Ser Ala Leu Ser Gly His Pro Val Ile  
    450                 455                 460                  
 
 
Trp Val Ala Thr His Asp Ser Ile Gly Val Gly Glu Asp Gly Pro Thr  
465                 470                 475                 480  
 
 
His Gln Pro Ile Glu Thr Leu Ala His Phe Arg Ser Leu Pro Asn Ile  
                485                 490                 495      
 
 
Gln Val Trp Arg Pro Ala Asp Gly Asn Glu Val Ser Ala Ala Tyr Lys  
            500                 505                 510          
 
 
Asn Ser Leu Glu Ser Lys His Thr Pro Ser Ile Ile Ala Leu Ser Arg  
        515                 520                 525              
 
 
Gln Asn Leu Pro Gln Leu Glu Gly Ser Ser Ile Glu Ser Ala Ser Lys  
    530                 535                 540                  
 
 
Gly Gly Tyr Val Leu Gln Asp Val Ala Asn Pro Asp Ile Ile Leu Val  
545                 550                 555                 560  
 
 



Ala Thr Gly Ser Glu Val Ser Leu Ser Val Glu Ala Ala Lys Thr Leu  
                565                 570                 575      
 
 
Ala Ala Lys Asn Ile Lys Ala Arg Val Val Ser Leu Pro Asp Phe Phe  
            580                 585                 590          
 
 
Thr Phe Asp Lys Gln Pro Leu Glu Tyr Arg Leu Ser Val Leu Pro Asp  
        595                 600                 605              
 
 
Asn Val Pro Ile Met Ser Val Glu Val Leu Ala Thr Thr Cys Trp Gly  
    610                 615                 620                  
 
 
Lys Tyr Ala His Gln Ser Phe Gly Ile Asp Arg Phe Gly Ala Ser Gly  
625                 630                 635                 640  
 
 
Lys Ala Pro Glu Val Phe Lys Phe Phe Gly Phe Thr Pro Glu Gly Val  
                645                 650                 655      
 
 
Ala Glu Arg Ala Gln Lys Thr Ile Ala Phe Tyr Lys Gly Asp Lys Leu  
            660                 665                 670          
 
 
Ile Ser Pro Leu Lys Lys Ala Phe  
        675                 680  
 
 
<210>  51 
<211>  681 
<212>  PRT 
<213>  Saccharomyces cerevisiae 
 
<400>  51 
 
Met Ala Gln Phe Ser Asp Ile Asp Lys Leu Ala Val Ser Thr Leu Arg  
1               5                   10                  15       
 
 
Leu Leu Ser Val Asp Gln Val Glu Ser Ala Gln Ser Gly His Pro Gly  
            20                  25                  30           
 
 
Ala Pro Leu Gly Leu Ala Pro Val Ala His Val Ile Phe Lys Gln Leu  
        35                  40                  45               
 
 
Arg Cys Asn Pro Asn Asn Glu His Trp Ile Asn Arg Asp Arg Phe Val  
    50                  55                  60                   
 
 
Leu Ser Asn Gly His Ser Cys Ala Leu Leu Tyr Ser Met Leu His Leu  
65                  70                  75                  80   
 
 
Leu Gly Tyr Asp Tyr Ser Ile Glu Asp Leu Arg Gln Phe Arg Gln Val  
                85                  90                  95       
 
 
Asn Ser Arg Thr Pro Gly His Pro Glu Phe His Ser Ala Gly Val Glu  



            100                 105                 110          
 
 
Ile Thr Ser Gly Pro Leu Gly Gln Gly Ile Ser Asn Ala Val Gly Met  
        115                 120                 125              
 
 
Ala Ile Ala Gln Ala Asn Phe Ala Ala Thr Tyr Asn Glu Asp Gly Phe  
    130                 135                 140                  
 
 
Pro Ile Ser Asp Ser Tyr Thr Phe Ala Ile Val Gly Asp Gly Cys Leu  
145                 150                 155                 160  
 
 
Gln Glu Gly Val Ser Ser Glu Thr Ser Ser Leu Ala Gly His Leu Gln  
                165                 170                 175      
 
 
Leu Gly Asn Leu Ile Thr Phe Tyr Asp Ser Asn Ser Ile Ser Ile Asp  
            180                 185                 190          
 
 
Gly Lys Thr Ser Tyr Ser Phe Asp Glu Asp Val Leu Lys Arg Tyr Glu  
        195                 200                 205              
 
 
Ala Tyr Gly Trp Glu Val Met Glu Val Asp Lys Gly Asp Asp Asp Met  
    210                 215                 220                  
 
 
Glu Ser Ile Ser Ser Ala Leu Glu Lys Ala Lys Leu Ser Lys Asp Lys  
225                 230                 235                 240  
 
 
Pro Thr Ile Ile Lys Val Thr Thr Thr Ile Gly Phe Gly Ser Leu Gln  
                245                 250                 255      
 
 
Gln Gly Thr Ala Gly Val His Gly Ser Ala Leu Lys Ala Asp Asp Val  
            260                 265                 270          
 
 
Lys Gln Leu Lys Lys Arg Trp Gly Phe Asp Pro Asn Lys Ser Phe Val  
        275                 280                 285              
 
 
Val Pro Gln Glu Val Tyr Asp Tyr Tyr Lys Lys Thr Val Val Glu Pro  
    290                 295                 300                  
 
 
Gly Gln Lys Leu Asn Glu Glu Trp Asp Arg Met Phe Glu Glu Tyr Lys  
305                 310                 315                 320  
 
 
Thr Lys Phe Pro Glu Lys Gly Lys Glu Leu Gln Arg Arg Leu Asn Gly  
                325                 330                 335      
 
 
Glu Leu Pro Glu Gly Trp Glu Lys His Leu Pro Lys Phe Thr Pro Asp  
            340                 345                 350          
 
 
Asp Asp Ala Leu Ala Thr Arg Lys Thr Ser Gln Gln Val Leu Thr Asn  



        355                 360                 365              
 
 
Met Val Gln Val Leu Pro Glu Leu Ile Gly Gly Ser Ala Asp Leu Thr  
    370                 375                 380                  
 
 
Pro Ser Asn Leu Thr Arg Trp Glu Gly Ala Val Asp Phe Gln Pro Pro  
385                 390                 395                 400  
 
 
Ile Thr Gln Leu Gly Asn Tyr Ala Gly Arg Tyr Ile Arg Tyr Gly Val  
                405                 410                 415      
 
 
Arg Glu His Gly Met Gly Ala Ile Met Asn Gly Ile Ser Ala Phe Gly  
            420                 425                 430          
 
 
Ala Asn Tyr Lys Pro Tyr Gly Gly Thr Phe Leu Asn Phe Val Ser Tyr  
        435                 440                 445              
 
 
Ala Ala Gly Ala Val Arg Leu Ala Ala Leu Ser Gly Asn Pro Val Ile  
    450                 455                 460                  
 
 
Trp Val Ala Thr His Asp Ser Ile Gly Leu Gly Glu Asp Gly Pro Thr  
465                 470                 475                 480  
 
 
His Gln Pro Ile Glu Thr Leu Ala His Leu Arg Ala Ile Pro Asn Met  
                485                 490                 495      
 
 
His Val Trp Arg Pro Ala Asp Gly Asn Glu Thr Ser Ala Ala Tyr Tyr  
            500                 505                 510          
 
 
Ser Ala Ile Lys Ser Gly Arg Thr Pro Ser Val Val Ala Leu Ser Arg  
        515                 520                 525              
 
 
Gln Asn Leu Pro Gln Leu Glu His Ser Ser Phe Glu Lys Ala Leu Lys  
    530                 535                 540                  
 
 
Gly Gly Tyr Val Ile His Asp Val Glu Asn Pro Asp Ile Ile Leu Val  
545                 550                 555                 560  
 
 
Ser Thr Gly Ser Glu Val Ser Ile Ser Ile Asp Ala Ala Lys Lys Leu  
                565                 570                 575      
 
 
Tyr Asp Thr Lys Lys Ile Lys Ala Arg Val Val Ser Leu Pro Asp Phe  
            580                 585                 590          
 
 
Tyr Thr Phe Asp Arg Gln Ser Glu Glu Tyr Arg Phe Ser Val Leu Pro  
        595                 600                 605              
 
 
Asp Gly Val Pro Ile Met Ser Phe Glu Val Leu Ala Thr Ser Ser Trp  



    610                 615                 620                  
 
 
Gly Lys Tyr Ala His Gln Ser Phe Gly Leu Asp Glu Phe Gly Arg Ser  
625                 630                 635                 640  
 
 
Gly Lys Gly Pro Glu Ile Tyr Lys Leu Phe Asp Phe Thr Ala Asp Gly  
                645                 650                 655      
 
 
Val Ala Ser Arg Ala Glu Lys Thr Ile Asn Tyr Tyr Lys Gly Lys Gln  
            660                 665                 670          
 
 
Leu Leu Ser Pro Met Gly Arg Ala Phe  
        675                 680      
 
 
<210>  52 
<211>  677 
<212>  PRT 
<213>  Pichia stipitis 
 
<400>  52 
 
Met Ser Ser Val Asp Gln Lys Ala Ile Ser Thr Ile Arg Leu Leu Ala  
1               5                   10                  15       
 
 
Val Asp Ala Val Ala Ala Ala Asn Ser Gly His Pro Gly Ala Pro Leu  
            20                  25                  30           
 
 
Gly Leu Ala Pro Ala Ala His Ala Val Phe Lys Lys Met Arg Phe Asn  
        35                  40                  45               
 
 
Pro Lys Asp Thr Lys Trp Ile Asn Arg Asp Arg Phe Val Leu Ser Asn  
    50                  55                  60                   
 
 
Gly His Ala Cys Ala Leu Leu Tyr Ser Met Leu Val Leu Tyr Gly Tyr  
65                  70                  75                  80   
 
 
Asp Leu Thr Val Glu Asp Leu Lys Lys Phe Arg Gln Leu Gly Ser Lys  
                85                  90                  95       
 
 
Thr Pro Gly His Pro Glu Asn Thr Asp Val Pro Gly Ala Glu Val Thr  
            100                 105                 110          
 
 
Thr Gly Pro Leu Gly Gln Gly Ile Cys Asn Gly Val Gly Ile Ala Leu  
        115                 120                 125              
 
 
Ala Gln Ala Gln Phe Ala Ala Thr Tyr Asn Lys Pro Asp Phe Pro Ile  
    130                 135                 140                  
 
 
Ser Asp Ser Tyr Thr Tyr Val Phe Leu Gly Asp Gly Cys Leu Met Glu  
145                 150                 155                 160  



 
 
Gly Val Ser Ser Glu Ala Ser Ser Leu Ala Gly His Leu Gln Leu Gly  
                165                 170                 175      
 
 
Asn Leu Ile Ala Phe Trp Asp Asp Asn Lys Ile Ser Ile Asp Gly Ser  
            180                 185                 190          
 
 
Thr Glu Val Ala Phe Thr Glu Asp Val Ile Ala Arg Tyr Lys Ser Tyr  
        195                 200                 205              
 
 
Gly Trp His Ile Val Glu Val Ser Asp Ala Asp Thr Asp Ile Thr Ala  
    210                 215                 220                  
 
 
Ile Ala Ala Ala Ile Asp Glu Ala Lys Lys Val Thr Asn Lys Pro Thr  
225                 230                 235                 240  
 
 
Leu Val Arg Leu Thr Thr Thr Ile Gly Phe Gly Ser Leu Ala Gln Gly  
                245                 250                 255      
 
 
Thr His Gly Val His Gly Ala Pro Leu Lys Ala Asp Asp Ile Lys Gln  
            260                 265                 270          
 
 
Leu Lys Thr Lys Trp Gly Phe Asn Pro Glu Glu Ser Phe Ala Val Pro  
        275                 280                 285              
 
 
Ala Glu Val Thr Ala Ser Tyr Asn Glu His Val Ala Glu Asn Gln Lys  
    290                 295                 300                  
 
 
Ile Gln Gln Gln Trp Asn Glu Leu Phe Ala Ala Tyr Lys Gln Lys Tyr  
305                 310                 315                 320  
 
 
Pro Glu Leu Gly Ala Glu Leu Gln Arg Arg Leu Asp Gly Lys Leu Pro  
                325                 330                 335      
 
 
Glu Asn Trp Asp Lys Ala Leu Pro Val Tyr Thr Pro Ala Asp Ala Ala  
            340                 345                 350          
 
 
Val Ala Thr Arg Lys Leu Ser Glu Ile Val Leu Ser Lys Ile Ile Pro  
        355                 360                 365              
 
 
Glu Val Pro Glu Ile Ile Gly Gly Ser Ala Asp Leu Thr Pro Ser Asn  
    370                 375                 380                  
 
 
Leu Thr Lys Ala Lys Gly Thr Val Asp Phe Gln Pro Ala Ala Thr Gly  
385                 390                 395                 400  
 
 
Leu Gly Asp Tyr Ser Gly Arg Tyr Ile Arg Tyr Gly Val Arg Glu His  
                405                 410                 415      



 
 
Ala Met Gly Ala Ile Met Asn Gly Ile Ala Ala Phe Gly Ala Asn Tyr  
            420                 425                 430          
 
 
Lys Asn Tyr Gly Gly Thr Phe Leu Asn Phe Val Ser Tyr Ala Ala Gly  
        435                 440                 445              
 
 
Ala Val Arg Leu Ser Ala Leu Ser Glu Phe Pro Ile Thr Trp Val Ala  
    450                 455                 460                  
 
 
Thr His Asp Ser Ile Gly Leu Gly Glu Asp Gly Pro Thr His Gln Pro  
465                 470                 475                 480  
 
 
Ile Glu Thr Leu Ala His Phe Arg Ala Thr Pro Asn Ile Ser Val Trp  
                485                 490                 495      
 
 
Arg Pro Ala Asp Gly Asn Glu Thr Ser Ala Ala Tyr Lys Ser Ala Ile  
            500                 505                 510          
 
 
Glu Ser Thr His Thr Pro His Ile Leu Ala Leu Thr Arg Gln Asn Leu  
        515                 520                 525              
 
 
Pro Gln Leu Glu Gly Ser Ser Ile Glu Lys Ala Ser Lys Gly Gly Tyr  
    530                 535                 540                  
 
 
Thr Leu Val Gln Gln Asp Lys Ala Asp Ile Ile Ile Val Ala Thr Gly  
545                 550                 555                 560  
 
 
Ser Glu Val Ser Leu Ala Val Asp Ala Leu Lys Val Leu Glu Gly Gln  
                565                 570                 575      
 
 
Gly Ile Lys Ala Gly Val Val Ser Leu Pro Asp Gln Leu Thr Phe Asp  
            580                 585                 590          
 
 
Lys Gln Ser Glu Glu Tyr Lys Leu Ser Val Leu Pro Asp Gly Val Pro  
        595                 600                 605              
 
 
Ile Leu Ser Val Glu Val Met Ser Thr Phe Gly Trp Ser Lys Tyr Ser  
    610                 615                 620                  
 
 
His Gln Gln Phe Gly Leu Asn Arg Phe Gly Ala Ser Gly Lys Ala Pro  
625                 630                 635                 640  
 
 
Glu Ile Phe Lys Leu Phe Glu Phe Thr Pro Glu Gly Val Ala Glu Arg  
                645                 650                 655      
 
 
Ala Ala Lys Thr Val Ala Phe Tyr Lys Gly Lys Asp Val Val Ser Pro  
            660                 665                 670          



 
 
Leu Arg Ser Ala Phe  
        675          
 
 
<210>  53 
<211>  348 
<212>  PRT 
<213>  Saccharomyces cerevisiae 
 
<400>  53 
 
Met Ser Ile Pro Glu Thr Gln Lys Gly Val Ile Phe Tyr Glu Ser His  
1               5                   10                  15       
 
 
Gly Lys Leu Glu Tyr Lys Asp Ile Pro Val Pro Lys Pro Lys Ala Asn  
            20                  25                  30           
 
 
Glu Leu Leu Ile Asn Val Lys Tyr Ser Gly Val Cys His Thr Asp Leu  
        35                  40                  45               
 
 
His Ala Trp His Gly Asp Trp Pro Leu Pro Val Lys Leu Pro Leu Val  
    50                  55                  60                   
 
 
Gly Gly His Glu Gly Ala Gly Val Val Val Gly Met Gly Glu Asn Val  
65                  70                  75                  80   
 
 
Lys Gly Trp Lys Ile Gly Asp Tyr Ala Gly Ile Lys Trp Leu Asn Gly  
                85                  90                  95       
 
 
Ser Cys Met Ala Cys Glu Tyr Cys Glu Leu Gly Asn Glu Ser Asn Cys  
            100                 105                 110          
 
 
Pro His Ala Asp Leu Ser Gly Tyr Thr His Asp Gly Ser Phe Gln Gln  
        115                 120                 125              
 
 
Tyr Ala Thr Ala Asp Ala Val Gln Ala Ala His Ile Pro Gln Gly Thr  
    130                 135                 140                  
 
 
Asp Leu Ala Gln Val Ala Pro Ile Leu Cys Ala Gly Ile Thr Val Tyr  
145                 150                 155                 160  
 
 
Lys Ala Leu Lys Ser Ala Asn Leu Met Ala Gly His Trp Val Ala Ile  
                165                 170                 175      
 
 
Ser Gly Ala Ala Gly Gly Leu Gly Ser Leu Ala Val Gln Tyr Ala Lys  
            180                 185                 190          
 
 
Ala Met Gly Tyr Arg Val Leu Gly Ile Asp Gly Gly Glu Gly Lys Glu  
        195                 200                 205              
 



 
Glu Leu Phe Arg Ser Ile Gly Gly Glu Val Phe Ile Asp Phe Thr Lys  
    210                 215                 220                  
 
 
Glu Lys Asp Ile Val Gly Ala Val Leu Lys Ala Thr Asp Gly Gly Ala  
225                 230                 235                 240  
 
 
His Gly Val Ile Asn Val Ser Val Ser Glu Ala Ala Ile Glu Ala Ser  
                245                 250                 255      
 
 
Thr Arg Tyr Val Arg Ala Asn Gly Thr Thr Val Leu Val Gly Met Pro  
            260                 265                 270          
 
 
Ala Gly Ala Lys Cys Cys Ser Asp Val Phe Asn Gln Val Val Lys Ser  
        275                 280                 285              
 
 
Ile Ser Ile Val Gly Ser Tyr Val Gly Asn Arg Ala Asp Thr Arg Glu  
    290                 295                 300                  
 
 
Ala Leu Asp Phe Phe Ala Arg Gly Leu Val Lys Ser Pro Ile Lys Val  
305                 310                 315                 320  
 
 
Val Gly Leu Ser Thr Leu Pro Glu Ile Tyr Glu Lys Met Glu Lys Gly  
                325                 330                 335      
 
 
Gln Ile Val Gly Arg Tyr Val Val Asp Thr Ser Lys  
            340                 345              
 
 
<210>  54 
<211>  1329 
<212>  DNA 
<213>  Eubacterium saburreum 
 
<400>  54 
atgaaggaat tcttcccagg tatttctcca gttaagttcg aaggtagaga ctctaagaac       60 
 
ccattgtctt tcaagtacta cgacgctaag agagttatta tgggtaagac catggaagaa      120 
 
cacttgtctt tcgctatggc ttggtggcac aacttgtgtg cttgtggtgt tgacatgttc      180 
 
ggtcaaggta ccgttgacaa gtctttcggt gaatcttctg gtaccatgga acacgctaga      240 
 
gctaaggttg acgctggtat tgaattcatg aagaagttgg gtattaagta ctactgtttc      300 
 
cacgacaccg acattgttcc agaagaccaa gaagacatta acgttaccaa cgctagattg      360 
 
gacgaaatta ccgactacat tttggaaaag accaaggaca ccgacattaa gtgtttgtgg      420 
 
accacctgta acatgttctc taacccaaga ttcatgaacg gtgctggttc ttctaactct      480 
 
gctgacgttt tctgtttcgc tgctgctcaa gctaagaagg gtttggaaaa cgctgttaag      540 
 
ttgggtgcta agggtttcgt tttctggggt ggtagagaag gttacgaaac cttgttgaac      600 
 
accgacatga agttggaaga agaaaacatt gctaccttgt tcaccatgtg tagagactac      660 



 
ggtagatcta ttggtttcat gggtgacttc tacattgaac caaagccaaa ggaaccaatg      720 
 
aagcaccaat acgacttcga cgctgctacc gctattggtt tcttgagaaa gtacggtttg      780 
 
gacaaggact tcaagttgaa cattgaagct aaccacgcta ccttggctgg tcacaccttc      840 
 
caacacgaat tgagagtttg tgctgttaac ggtatgatgg gttctgttga cgctaaccaa      900 
 
ggtgacacct tgttgggttg ggacaccgac caattcccaa ccaacgttta cgacaccacc      960 
 
ttggctatgt acgaaatttt gaaggctggt ggtttgagag gtggtttgaa cttcgactct     1020 
 
aagaacagaa gaccatctaa caccgctgac gacatgttct acggtttcat tgctggtatg     1080 
 
gacaccttcg ctttgggttt gattaaggct gctgaaatta ttgaagacgg tagaattgac     1140 
 
gacttcgtta aggaaagata cgcttcttac aactctggta ttggtaagaa gattagaaac     1200 
 
agaaaggtta ccttgattga atgtgctgaa tacgctgcta agttgaagaa gccagaattg     1260 
 
ccagaatctg gtagacaaga atacttggaa tctgttgtca acaacatttt gttcggtggt     1320 
 
tctggttaa                                                             1329 
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