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Clostridium cellulolyticum

(Optimized Sequence Length:897, GC3:51.061l) (SEQ ID NO: 7/)

CATATG
AAGCACGGCATCTATTACGCCTATTGGGAACAAGAATGGGAAGCAGACTACAAGTATTACATCGAAAAGGTTGCG
AAGCTGGGTTTTGATATTCTGGAAATCGCGGCCTCACCGCTGCCGETTTTATTCGGACATTCAGATCAATGAACTG
AAAGCGTGCGCGCATGGCAACGGTATTACCCTGACGGTGGGCCACGGTCCGAGCGCGGAACAAAAT CTGAGCAGC
CCGGACCCGGACATCCGTAAAAACGCAAAGGCTTTCTATACCGATCTGCTGAAACGCCTGTACAAGCTGGACGTT
CATCTGATTGGCGGTGCCCTGTATTCTTACTGGCCGATCGATTACACCAAGACGATCGATAAGAAGGGCGACTGG
GAACGTAGTGTTGAATCCGTCCGCGAAGTGGCCAAGGTTGCGGAAGCCTGCGGETGTCGATTTTTGTCTGGAAGTG
CTGAACCGTTTCGAAAATTACCTGATTAACACCGCACAGGAAGGCGTCGATTTTGTGAAACAAGTTGACCATAAC
AATGTCAAGGTGATGCTGGATACGTTCCACATGAATATCGAAGAAGACAGTATTGGCGGTGCGATCCGTACCGCC
GGCTCCTATCTGGGTCATCTGCACACGGGCGAATGCAATCGCAAAGTTCCGGGCCGETGGETCGCATTCCGETGGGETC
GAAATCGGTGAAGCACTGGCTGATATTGGCTACAACGGTTCAGTGGTTATGGAACCGTTTGTTCGTATGGGCGGEC
ACCGTCGGCAGCAATATTAAAGTGTGGCGCGATATCTCTAACGGTGCAGATGAAAAGATGCTGGACCGTGAAGCT

CAGGCAGCTCTGGACTTCTCACGCTACGTGCTGGAATGTCATAAACACTCGTAA

AGATCTGGATCC

DNA Alignment
Optimized 7/
Original 7
Optimized 67
Original 67/
Optimized 127
Origlnal 127
Optimized 187
Orliginal 187
Optimized 247
Original 247
Optimized 307
Origilnal 307
Optimized 367/
Origlnal 367
Optimized 427
Original 427
Optimized 407
Original 487
Optimized o547
Origlnal 547
Optimized 607
Origlnal ©07
Optimized 667
Original 667
Optimized 727
Original 727
Optimized /87
Original 787
Optimlized ©47
Origlnal 847

Figure 7

(Optimized Region) (Upper: SEQ ID NO: /; Lower: SEQ ID NO: 12)
AAGCACGGCATCTATTACGCCTATTGGGAACAAGAATGGGAAGCAGACTACAAGTATTAC
AAACATGGTATATACTACGCATATTGGGAACAAGAATGGGAAGCTGATTACAAATACTAT
ATCGAAAAGGTTGCGAAGCTGGGTTTTGATATTCTGGAAATCGCGGCCTCACCGCTGCCG
ATTGAGAAGGTTGCAAAGCTTGGTTTTGATATTCTAGAGATTGCAGCTTCACCGCTACCT
TTTTATTCGGACATTCAGATCAATGAACTGAAAGCGTGCGCGCATGGCAACGGTATTACC
TTTTACAGTGACATTCAGATTAATGAGCTCAAGGCATGTGCCCATGGCAATGGAATTACA
CTGACGGTGGGCCACGGTCCGAGCGCGGAACAAAATCTGAGCAGCCCGGACCCGGACATC
CTTACGGTAGGCCATGGGCCTAGTGCAGAACAAAACCTGTCTTCTCCCGACCCCGATATT
CGTAAAAACGCAAAGGCTTTCTATACCGATCTGCTGAAACGCCTGTACAAGCTGGACGTT
CGCAAAAATGCTAAAGCTTTTTATACCGATTTACTCAAACGACTTTACAAGCTGGATGTA
CATCTGATTGGCGGTGCCCTGTATTCTTACTGGCCGATCGATTACACCAAGACGATCGAT
CATTTGATAGGTGGGGCTTTATATTCTTATTGGCCGATAGATTACACAAAGACAATTGAT
AAGAAGGGCGACTGGGAACGTAGTGTTGAATCCGEGTCCGCGAAGTGGCCAAGGTTGCGGAA
AAAAAAGGCGATTGGGAACGCAGCGTTGAAAGTGTTCGAGAAGTTGCTAAGGTGGCCGAA
GCCTGCGGTGTCGATTTTTGTCTGGAAGTGCTGAACCGTTTCGAAAATTACCTGATTAAC
GCCTGTGGAGTGGATTTCTGCCTAGAGGTTCTTAATAGATTTGAGAATTATTTAATTAAC

ACCGCACAGGAAGGCGTCGATTTTGTGAAACAAGTTGACCATAACAATGTCAAGGTGATG

ACAGCACAAGAGGGTGTAGATTTTGTAAAACAGGTTGACCATAACAATGTAAAGGTAATG
CTGGATACGTTCCACATGAATATCGAAGAAGACAGTATTGGCGGETGCGATCCGTACCGCC
CTTGATACCTTCCATATGAATATTGAGGAAGATAGTATCGGAGGTGCAATCAGGACTGCG
GGCTCCTATCTGGGTCATCTGCACACGGGCGAATGCAATCGCAAAGTTCCGGGCCGETGGET
GGCTCTTACTTGGGACATTTACACACTGGCGAATGTAATCGTAAAGTTCCCGGCAGAGGA
CGCATTCCGTGGGETCGAAATCGGETGAAGCACTGGCTGATATTGGCTACAACGGTTCAGTG
AGAATTCCATGGGTAGAAATTGGTGAGGCTCTTGCTGACATAGGTTATAACGGTAGTGTT
GTTATGGAACCGTTTGTTCGTATGGGCGGCACCGTCGGCAGCAATATTAAAGTGTGGCGC
GTTATGGAACCTTTTGTTAGAATGGGCGGAACTGTCGGATCTAATATTAAGGTTTGGCGT
GATATCTCTAACGGTGCAGATGAAAAGATGCTGGACCGTGAAGCTCAGGCAGCTCTGGAC
GACATTAGTAACGGTGCAGATGAGAAAATGCTGGATAGAGAAGCACAGGCCGCACTTGAT
TTCTCACGCTACGTGCTGGAATGTCATAAACACTCGTAA

TTCTCCAGATATGTATTAGAATGTCATAAACACTCCTGA
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Desmospora sp. (SEQ ID NO: O)

CATATG
AAATACGGTGTCTACTTTGCTTACTGGGAAGATTCGTGGGATGTTGACTTTGAAAAATACGTTCGCAAGGTGAAA
AAACTGGGCTTTGATATTCTGGAAGTTGCAGCACTGGGTCTGGTCAACCTGCCGGAAGAAAAACTGGAACGTCTG
AAGCAGCTGGCGGAACAACATGACATTATCCTGACCGCCGGCATTGGTCTGCCGAAAGAATATGATGTCAGCTCT
ACGGACAAAAAAGTGCGTCGCAATGGCATCTCCTTTATGAAAAAGGTTATGGATGCAATGCATCAGGCTGGTATT
CACCGTATTGGCGGCACCGTGTATAGCTACTGGCCGGTTGATTACAGTTGCTCCTTCGACAAACCGGCGGETTCGC
AAGCACTCAATTGAATCGGTCCGTGAACTGGCGGAATATGCCCGCCAGTACAACATTACCCTGCTGATCGAAACG
CTGAACCGCTTTGAACAATTCCTGCTGAATGATGCCGAAGAAGCGGTTGCCTATGTCAAAGAAGTGGATGAACCG
AACGTCAAGGTGATGCTGGACACCTTCCACATGAACATCGAAGAAGATCACATCGCAGACGCTATCCGTTACACG
GGCGATCATCTGGGTCAGCTGCACATCGGCGAAGCCAACCGCAAAGTGCCGGGCAAGGGTAGTATGCCGETGGACC
GAAATTGGCCAAGCACTGAAAGATATCCGTTATGACGGTTACGTGGTTATGGAACCGTTCATTAAAACCGGCGGET
CAGGTTGGCCGTGATATCAAACTGTGGCGCGACCTGAGCGGTAATGCAACGGAAGAACAACTGGATCGCGAACTG

GCTGAATCTCTGGAATTTGTGAAAGCAGCTTTCGGTGAATAA

AGATCTGGATCC

DNA Alignment
Optimized 7/
Original 7
Optimized 67
Original 67/
Optimized 127
Original 127
Optimized 187
Origlnal 187
Optimized 247
Original 247
Optimized 307
Original 307
Optimized 367/
Origlnal 367
Optimized 427
Origlnal 427
Optimized 407
Original 487
Optimized 547/
Original 547
Optimized 607
Origlnal ©07
Optimized 667
Origlnal ©67
Optimized 727
Original 727
Optimized /87
Origlnal /87
Optimized 847/
Origlnal 847

Figure 8

(Optimized Region) (Upper: SEQ ID NO: 5; Lower: SEQ ID NO: 11)
AAATACGGTGTCTACTTTGCTTACTGGGAAGATTCGTGGGATGTTGACTTTGAAAAATAC
AAATACGGTGTCTATTTCGCTTACTGGGAAGACTCGTGGGATGTGGATTTCGAGAAGTAC
GTTCGCAAGGTGAAAAAACTGGGCTTTGATATTCTGGAAGTTGCAGCACTGGGTCTGGETC
GTGCGGAAAGTGAAAAAGTTGGGCTTCGACATCCTCGAAGTGGCGGCATTGGGTCTCGETC
AACCTGCCGGAAGAAAAACTGGAACGT CTGAAGCAGCTGGCGGAACAACATGACATTATC
AACCTTCCGGAGGAGAAACTGGAGCGGCTGAAACAACTCGCCGAACAGCACGATATCATC
CTGACCGCCGGCATTGGTCTGCCGAAAGAATATGATGTCAGCTCTACGGACAAAAAAGTG
CTGACGGCCGGGATCGGCCTGCCAAAGGAATACGATGTCTCGTCAACTGACAAAAAGGTG
CGTCGCAATGGCATCTCCTTTATGAAAAAGGTTATGGATGCAATGCATCAGGCTGGTATT
CGCCGGAACGGCATCTCCTTCATGAAGAAAGTGATGGACGCGATGCATCAGGCCGGCATC
CACCGTATTGGCGGCACCGTGTATAGCTACTGGCCGGTTGATTACAGTTGCTCCTTCGAC
CACCGGATCGGCGGCACGGTCTACTCGTATTGGCCGGTTGACTACAGTTGCTCCTTCGAC
AAACCGGCGGTTCGCAAGCACTCAATTGAATCGGETCCGEGTGAACTGGCGGAATATGCCCGC
AAGCCGGCCGTAAGGAAGCACAGCATCGAAAGCGEGTCAGAGAGCTGGCGGAGTACGCACGG
CAGTACAACATTACCCTGCTGATCGAAACGCTGAACCGCTTTGAACAATTCCTGCTGAAT
CAGTACAACATCACACTCCTCATCGAAACGCTCAACCGGETTTGAGCAGTTTCTCCTGAAC
GATGCCGAAGAAGCGGTTGCCTATGTCAAAGAAGTGGATGAACCGAACGTCAAGGTGATG
GACGCGGAGGAAGCAGTCGCCTATGTGAAGGAAGTGGACGAGCCGAATGTGAAAGTCATG
CTGGACACCTTCCACATGAACATCGAAGAAGATCACATCGCAGACGCTATCCGTTACACG
CTCGACACATTCCACATGAACATCGAGGAAGACCACATTGCCGATGCCATCCGCTACACC
GGCGATCATCTGGGETCAGCTGCACATCGGCGAAGCCAACCGCAAAGTGCCGEGGGCAAGGGET
GGTGACCACCTCGGCCAACTGCACATCGGCGAAGCGAATCGGAAAGTCCCGGGCAAGGGET
AGTATGCCGTGGACCGAAATTGGCCAAGCACTGAAAGATATCCGTTATGACGGTTACGTG
TCGATGCCTTGGACAGAAATCGGACAGGCGCTGAAAGACATTCGCTACGATGGCTACGTT
GTTATGGAACCGTTCATTAAAACCGGCGGTCAGGTTGGCCGEGTGATATCAAACTGTGGCGC
GTCATGGAACCCTTCATCAAAACCGGCGGACAGGTCGGCCGGGACATCAAGCTCTGGCGC
GACCTGAGCGGTAATGCAACGGAAGAACAACTGGATCGCGAACTGGCTGAATCTCTGGAA
GATCTGTCGGGAAATGCGACGGAGGAACAGTTGGACCGGGAGCTGGCAGAGTCGCTGGAA

T TTGTGAAAGCAGCTTTCGGTGAATAA
TTTGTGAAAGCGGCGTTCGGGGAGTAA
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Clostridium scindens

(Optimized Sequence Length:903, GC3%:4¢.13) (SEQ ID NO: 1)

CATATG
AATCGTATTGGCATTTTTATGAATTTTTGGGTGAAGAACTGGGACGCTGACCACGTTAAGTACATCAAGAAGGTG
TCGGGCCTGGGCTTTGATATTCTGGAATTTCAGGCACAAGCTCTGCTGGAAATGGATAAATCTCGTATGGACGAA
GTGCGCCAGGCGGCCAAGGATAACGGCATTGAACTGACCTATTCTCTGGGETCTGAATCCGAAATACGATGTGGCA
AGTCCGGACGCTAAGGTTCGTGAAGGCGGTATCGAATATCTGAAACGTATTGTGGAACGCATCGGCTACATGGAA
GGCAAGCTGCTGTCAGGCGTTAACTATGCGGGCTGGGEGETTCGCCGGATTACATTGTCGATGACAAAAGCGAAATT
GTGGAACATAGCATCGAAAGCGTGCGTCAGGTCATCAAAACCGCCGAAGATTATGACGTGACGTACTGCGTTGAA
GTGGTTAACCGCTTTGAAGGCATTGTTATGAATACCGCGAAAGAAGCCATTGAATATGTCAAACAAATCGATAGC
GACAAGATTGGTATCCTGCTGGATACGTACCACATGAACATCGAAGAAGGCAGTATTGGETGATGCGATCCGTTCC
GTTGGCGGTTATCTGAAAAATTTCCACACGGGCGAAAACAATCGCGTCGTGCCGGEGCAAGGGTCATCTGGATTGG
GACGAAATTTTTGGCGCACTGCACGATATTGACTACCAGGGTCGCATCGTCTCCGAACCGTTCGTGCAAATGGGC
GGTGAAGTGGCTCGTGATATCAAAGTTTGGCGCGATCTGGETCGAAGACCCGAGCGAAGAAGTTCTGGATGAAGAA
GCGCGTTTTCTGCTGAATTTCGAAAAAGACATGATTCGCAAGCACTATGGTATCGCCTAA

AGATCTGGATCC

DNA Alignment (Optimized Region) (Upper: SEQ ID NO: 1; Lower: SEQ ID NO: 9)

Optimized 7/

Original 7

Optimized 67
Origlnal 67

Optimized 127
Origlnal 127
Optimized 187
Original 187
Optimized 247
Original 247
Optimized 307
Origilnal 307
Optimized 367/
Origlnal 367
Optimized 427
Original 427
Optimized 4G7
Original 487/
Optimized o547
Origlnal 547
Optimized 607
Origlnal ©07
Optimized 667
Original 667
Optimized 727
Original 727
Optimized /87
Original 787
Optimized 847
Origlnal 847

Figure 9

AATCGTATTGGCATTTTTATGAATTTTTGGCGGETGAAGAACTGGGACGCTGACCACGTTAAG
AACAGAATAGGAATATTTATGAATTTCTGGGTTAAGAACTGGGATGCAGATCATGTCAAG
TACATCAAGAAGGTGTCGGGCCTGGGCTTTGATATTCTGGAATTTCAGGCACAAGCTCTG
TATATTAAAAAGGTATCCGGCCTTGGATTTGATATTCTGGAATTCCAGGCCCAGGCGCTT
CTGGAAATGGATAAATCTCGTATGGACGAAGTGCGCCAGGCGGCCAAGGATAACGGCATT
CTGGAGATGGATAAGAGCAGGATGGATGAGGTCAGGCAGGCGGCAAAGGACAATGGAATC
GAACTGACCTATTCTCTGGGTCTGAATCCGAAATACGATGTGGCAAGTCCGGACGCTAAG
GAACTGACCTACAGCCTTGGGCTGAATCCTAAGTACGATGTCGCAAGCCCGGATGCAAAA
GTTCGTGAAGGCGGTATCGAATATCTGAAACGTATTGTGGAACGCATCGGCTACATGGAA
GTCAGGGAAGGCGGAATCGAATATCTGAAGCGGATCGTGGAGCGGATTGGATACATGGAA
GGCAAGCTGCTGTCAGGCGTTAACTATGCGGGCTGGGGTTCGCCGGATTACATTGTCGAT
GGAAAACTGCTTTCCGGAGTCAACTATGCCGGLCTGEGEGAAGCCCGGACTATATCGETGGAT
GACAAAAGCGAAATTGTGGAACATAGCATCGAAAGCGTGCGEGTCAGGTCATCAAAACCGCC
GACAAAAGCGAGATCGTGGAGCACAGCATCGAAAGCGTCCGCCAGGTCATTAAGACGGCA
GAAGATTATGACGTGACGTACTGCGTTGAAGTGGTTAACCGCTTTGAAGGCATTGTTATG
GAAGATTATGACGTGACTTACTGCGTGGAGGTCGTGAACCGGETTTGAGGGCATCGETGATG
AATACCGCGAAAGAAGCCATTGAATATGTCAAACAAATCGATAGCGACAAGATTGGTATC
AATACGGCAAAGGAAGCCATCGAGTACGTGAAGCAGATTGACAGTGATAAGATCGGAATC
CTGCTGGATACGTACCACATGAACATCGAAGAAGGCAGTATTGGTGATGCGATCCGTTCC
CTGCTGGATACCTATCATATGAACATCGAGGAAGGCTCTATAGGAGACGCCATCCGATCT
GTTGGCGGTTATCTGAAAAATTTCCACACGGGCGAAAACAATCGCGEGTCGTGCCGGGCAAG
GTAGGCGGATATCTGAAGAACTTCCACACTGGAGAGAACAACCGGGETCGTTCCGGGGAAG
GGTCATCTGGATTGGGACGAAATTTTTGGCGCACTGCACGATATTGACTACCAGGGTCGC
GGGCACCTCGACTGGGATGAAATATTTGGAGCGCTCCATGATATCGATTATCAGGGAAGG
ATCGTCTCCGAACCGTTCGETGCAAATGGGCGETGAAGTGGCTCGTGATATCAAAGTTTGG
ATCGTGTCAGAGCCGETTCGETCCAGATGGGCGEEEEAAGTCGCAAGAGACATCAAGGTAT GGG
CGCGATCTGGETCGAAGACCCGAGCGAAGAAGTTCTGGATGAAGAAGCGCGETTTTCTGCTG
AGAGATCTGGTGGAAGATCCTTCAGAAGAAGTGCTGGATGAGGAGGCGCGCTTCCTTCTG

AATTTCGAAAAAGACATGATTCGCAAGCACTATGGTATCGCCTAA
AATTTTGAAAAGGATATGATCCGGAAGCACTATGGCATAGCGTAA
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718

Clostridium hylemonae

(Optimized Sequence Length:885, GC3%:52.20) (SEQ ID NO: 3)

CATATG
AAACACGGTATCTATTACGCCTATTGGGAACAAGAATGGGCAGCAGACTACAAACGCTATGTGGAAAAAGTGGCA
AAACTGGGCTTCGATATTCTGGAAATCGGCGCCGGTCCGCTGCCGGAATATGCAGAACAGGACGTTAAAGAACTG
AAAAAGTGCGCTCAAGATAACGGCATTACCCTGACGGCGGGCTACGGTCCGACCTTTAACCATAATATCGGCAGC
TCTGATGCTGGTGTGCGTGAAGAAGCGCTGGAATGGTATAAACGCCTGTTCGAAGTTCTGGCCGAACTGGACATT
CACCTGATCGGCGGTGCACTGTATAGTTACTGGCCGGETCGATTTTGCTAACGCGGACAAAACGGAAGATTGGAAG
TGGTCCGTGGAGGGTATGCAGCGTCTGGCCCCGEGCGEGCEGCAAAATACGATATTAACCTGGGTATGGAAGTTCTG
AATCGCTTTGAATCACATATCCTGAATACCGCCGAAGAAGGCGTCAAATTCGTGGAAGAAGTTGGTATGGACAAC
GTGAAGGTTATGCTGGATACGTTCCACATGAATATTGAAGAACAATCGATTGGCGGTGCCATCCGTCGCGCAGGC
AAACTGCTGGGTCATTTTCACACCGGCGAATGTAATCGTATGGTGCCGGGCAAGGGTCGTATTCCGTGGCGCGAA
ATCGGTGACGCTCTGCGTGATATCGGCTACGACGGTACGGCAGTCATGGAACCGTTCGTGCGTATGGGTGGETCAG
GTTGGTGCAGATATTAAAGTCTGGCGTGACATCTCTCGCGGTGCCGATGAAGCACAGCTGGATGACGATGCTCGT

CGCGCGCTGGAATTTCAACGCTATATGCTGGAATGGAAGTAA

AGATCTGGATCC

DNA Alignment
Optimized 7/
Original 7
Optimized 67
Original 67/
Optimized 127
Original 127
Optimized 187
Original 187/
Optimized 247
Origlnal 247
Optimized 307
Origilnal 307
Optimlized 367
Original 367
Optimized 427
Origlnal 427
Optimized 487
Original 487
Optimized o547
Original 547
Optimized 607
Original 607
Optimized 667
Origlnal ©67
Optimized 727
Origlnal 727
Optimized /87
Original 787
Optimized 847
Original 847

Figure 10

(Optimized Region) (Upper: SEQ ID NO: 3; Lower: SEQ ID NO: 10)
AAACACGGTATCTATTACGCCTATTGGGAACAAGAATGGGCAGCAGACTACAAACGCTAT
AAACATGGTATCTATTATGCATACTGGGAACAAGAATGGGCGGCCGACTACAAGCGCTAT
GTGGAAAAAGTGGCAAAACTGGGCTTCGATATTCTGGAAATCGGCGCCGGETCCGCTGCCG
GTTGAAAAGGTGGCAAAGCTTGGGTTTGACATTCTGGAGATCGGCGCTGGGCCGCTGCCG
GAATATGCAGAACAGGACGTTAAAGAACTGAAAAAGTGCGCTCAAGATAACGGCATTACC
GAATACGCAGAGCAGGATGTGAAGGAACTGAAGAAATGTGCGCAGGACAATGGGATCACG
CTGACGGCGGGCTACGGTCCGACCTTTAACCATAATATCGGCAGCTCTGATGCTGGETGTG
CTGACGGCCGGATATGGTCCGACGTTCAACCACAATATCGGETTCTTCAGACGCCGGGGETA
CGTGAAGAAGCGCTGGAATGGTATAAACGCCTGTTCGAAGTTCTGGCCGAACTGGACATT
AGGGAAGAGGCGCTGGAATGGTATAAGAGGTTATTTGAAGTGCTGGCAGAGCTTGATATC
CACCTGATCGGCGGTGCACTGTATAGTTACTGGCCGGTCGATTTTGCTAACGCGGACAAA
CACCTGATCGGAGGGGCGCTCTATTCTTACTGGCCTGTCGATTTTGCAAACGCCGATAAA
ACGGAAGATTGGAAGTGGETCCGTGGAGGGTATGCAGCGEGTCTGGCCCCGGECGGCGGCAAAA
ACGGAAGACTGGAAGTGGAGTGTAGAGGGCATGCAGAGGCTGGCGCCGGECCGCGGCCAAA
TACGATATTAACCTGGGTATGGAAGTTCTGAATCGCTTTGAATCACATATCCTGAATACC
TATGACATCAACCTGGGCATGGAAGTTCTGAACCGGTTTGAGAGCCATATCCTGAATACA
GCCGAAGAAGGCGTCAAATTCGTGGAAGAAGTTGGTATGGACAACGTGAAGGTTATGCTG
GCCGAGGAAGGTGTGAAGTTTGTAGAGGAAGTCGGCATGGACAACGTAAAGGTCATGCTG
GATACGTTCCACATGAATATTGAAGAACAATCGATTGGCGGETGCCATCCGTCGCGCAGGC
GATACATTCCATATGAATATAGAAGAGCAAAGCATAGGCGGCGCGATCCGCCGGGCAGGA
AAACTGCTGGGTCATTTTCACACCGGCGAATGTAATCGTATGGTGCCGGGCAAGGGTCGT
AAACTGCTCGGGCATTTCCACACCGGAGAATGCAACCGCATGGETGCCCGGGAAGGGACGT
ATTCCGTGGCGCGAAATCGGTGACGCTCTGCGTGATATCGGCTACGACGGTACGGCAGTC
ATTCCATGGCGTGAGATAGGGGATGCTCTCCGTGATATCGGATATGACGGAACTGCTGTA
ATGGAACCGTTCGTGCGTATGGGTGGTCAGGTTGGTGCAGATATTAAAGTCTGGCGTGAC
ATGGAGCCGTTCGTTCGCATGGGAGGACAGGTCGGCGCTGATATCAAGGTGTGGAGAGAC
ATCTCTCGCGGTGCCGATGAAGCACAGCTGGATGACGATGCTCGTCGCGCGCTGGAATTT
ATAAGCCGTGGAGCAGACGAGGCACAGCTTGACGATGACGCGCGCCGETGCGCTGGAGTTC
CAACGCTATATGCTGGAATGGAAGTAA

CAGAGATATATGCTGGAGTGGAAGTAA
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A Protein

Field of the Invention

The present invention relates to a protein having psicose 3-epimerase activity and a
nucleic acid molecule encoding said protein. The invention also relates to a vector and
a host cell comprising the nucleic acid molecule. Also disclosed herein is a method of

synthesising allulose using the protein and allulose produced in such a manner.

Background of the Invention

Allulose is a “zero-calorie” sweetener and has sweetness suggested to be similar to
dextrose. It also has bulking and browning properties similar to those of other sugars.
The primary target market for allulose is food and beverage manufacturers that currently
use dextrose, fructose or HFCS in their products and that are looking to significantly
reduce calories without significantly altering other properties imparted by the sugar

component, for example, bulking, browning, texture and sweetness.

Allulose is not Generally Regarded As Safe (GRAS) in the United States but there is
currently a GRAS notice pending (GRN400). Allulose is present in processed cane and
beet molasses, steam treated coffee, wheat plant products and high fructose corn syrup.
The typical total daily intake of allulose has been estimated to be greater than 0.2 grams
per day. D-allulose is the C-3 epimer of D-fructose, and the structural difference between
allulose and fructose results in allulose not being metabolized by the human body and
thus having zero calories. Therefore, allulose is thought to be a promising candidate as
a sweet bulking agent as it has no calories and Is reported to be sweet while maintaining

similar properties to typical monosaccharides.

Ketose-3-epimerases can interconvert fructose and allulose. US patent no. 8,030,035

and PCT publication no. WO2011/040708 disclose that D-psicose (an alternative name
for allulose) can be produced by reacting a protein derived from Agrobacterium

tumefaciens, and having psicose 3-epimerase activity, with D-fructose.

US patent publication no. 2011/0275138 discloses a ketose 3-epimerase derived from a

microorganism of the Rhizobium genus. This protein shows a high specificity to D- or L-

ketopentose and D- or L-ketohexose, and especially to D-fructose and D-psicose. This

document also discloses a process for producing ketoses by using the protein.



Korean patent no. 100832339 discloses a Sinorhizobium YB-58 strain which is capable
of converting fructose into psicose (i.e. allulose), and a method of producing psicose

using a fungus body of the Sinorhizobium YB-58 strain.

Korean patent application no. 1020090098938 discloses a method of producing psicose

using E. coli wherein the E. coli expresses a polynucleotide encoding a psicose 3-

epimerase.

The present invention seeks to provide an improvement in the production of allulose over
existing technology. The present invention seeks to provide a ketose-3-epimerase with
higher rates of conversion and volumetric productivity in a whole cell system than

previously reported.

Summary of the Invention

The present invention arises from the identification and characterisation of a psicose 3-
epimerase enzyme, the amino acid sequence of which is shown in SEQ ID NO: 6. Also
disclosed herein are three ketose-3-epimerase enzymes which have been identified and
characterised, the exemplary amino acid sequences of which are shown in SEQ. ID
NOS. 2, 4 and 6. These enzymes may be used to convert fructose to allulose. These
proteins had previously been identified as hypothetical proteins or as having tagatose
epimerase activity. However, the present inventors have now surprisingly found that

these enzymes have psicose-3-epimerase activity.

According to a first aspect of the present invention there is provided a protein comprising
a polypeptide sequence having at least 90% sequence identity to SEQ ID NO: 6, wherein
the protein has psicose 3-epimerase activity and the polypeptide sequence is not
identical to SEQ ID NO: 6.

Advantageously, the polypeptide sequence has 90% to 99% sequence identity to SEQ
ID NO: 6.

Conveniently, the polypeptide sequence has at least 95% or 99% sequence identity to
SEQ ID NO: 6.
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Preferably, the protein is immobilized on a solid substrate.

As disclosed herein, the protein can be used for synthesizing allulose.

According to a second aspect of the present invention there is provided a nucleic acid
molecule comprising a polynucleotide sequence encoding a protein according to the first

aspect of the invention.

Advantageously, the nucleic acid molecule comprises a polynucleotide sequence which:
1) has at least 90%, 95% or 99% sequence identity to SEQ ID NO: 5; or
i) hybridizes under highly stringent conditions to a polynucleotide having a

sequence complementary to the sequence set forth in SEQ ID NO: 5.

According to a third aspect of the present invention there is provided a vector comprising

a nucleic acid molecule according to the second aspect of the invention.

According to a fourth aspect of the present invention there is provided a host cell
comprising a recombinant nucleic acid molecule according to the second aspect of the

invention.

As disclosed herein, the host cell may be a yeast, bacterium or other microorganism, or

may be a mammalian, plant or other cell culture.

Preferably, the host cell is E. coll.

Also disclosed herein is allulose produced by a protein disclosed herein.

Also disclosed herein is a method of producing allulose comprising:

1) providing a protein as disclosed herein; and

1) contacting the protein with a fructose substrate under conditions such that the
fructose substrate is converted into allulose. Also disclosed herein is a method of
producing allulose, the method comprising contacting a protein as disclosed herein with
a fructose substrate under conditions such that the fructose substrate is converted to

allulose.



The protein may be present in a host cell.

Alternatively, the protein may be in isolated form.

The conditions may comprise maintaining the protein and the fructose substrate at a
temperature between 25°C and 75°C, preferably between 50°C and 60°C, more
preferably between 52°C and 55°C, more preferably 55°C.

The conditions may comprise maintaining the protein and the fructose substrate between
pH 4 and pH10.

The conditions may comprise maintaining the fructose substrate concentration between
/5% and 95% (W/V).

Also disclosed herein Is a nucleic acid molecule comprising a polynucleotide sequence
which:

1) has at least 70% sequence identity to SEQ ID NO: 5, SEQ ID NO: 1 or SEQ ID
NO: 3; or

i) hybridizes under highly stringent conditions to a polynucleotide having a
sequence complementary to the sequence set forth in SEQ ID NO: 5, SEQ ID NO: 1 or
SEQ ID NO: 3.

The nucleic acid molecule encodes a polypeptide having ketose 3-epimerase activity.

The nucleic acid molecule may be in isolated form.

Also disclosed herein is a host cell comprising a recombinant nucleic acid molecule
comprising a polynucleotide sequence encoding a polypeptide having ketose 3-
epimerase activity, wherein the polynucleotide sequence:

1) has at least 70% sequence identity to SEQ ID NO: 5, SEQ ID NO: 1 or SEQ ID
NO: 3: or

i) hybridizes under highly stringent conditions to a polynucleotide having a
sequence complementary to the sequence set forth in SEQ ID NO: 5, SEQ ID NO: 1 or
SEQ ID NO: 3.
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Also disclosed herein i1s a vector comprising a nucleic acid molecule comprising a
polynucleotide encoding a polypeptide having ketose 3-epimerase activity, wherein the
polynucleotide sequence:

1) has at least 70% sequence identity to SEQ ID NO: 5, SEQ ID NO: 1 or SEQ ID

NO: 3; or
i) hybridizes under highly stringent conditions to a polynucleotide having a

sequence complementary to the sequence set forth in SEQ ID NO: 5, SEQ ID NO: 1 or
SEQ ID NO: 3.

Also disclosed herein is a method of producing allulose comprising the steps of:

1) providing a vector comprising a nucleic acid molecule having a polynucleotide
sequence encoding a protein having ketose 3-epimerase activity wherein the
polynucleotide sequence: a) has at least 70% sequence identity to SEQ ID NO: 5, SEQ
ID NO: 1 or SEQ ID NO: 3; or b) hybridizes under highly stringent conditions to a
polynucleotide having a sequence complementary to the sequence set forth in SEQ D
NO: 5, SEQ ID NO: 1 or SEQ ID NO: 3;

i) synthesising the protein having ketose 3-epimerase activity encoded by the
polynucleotide sequence;

lii) contacting fructose with the protein having ketose 3-epimerase activity and
maintaining the fructose and protein under conditions to permit the conversion of fructose
to allulose; and

Iv) at least partially purifying the allulose produced in step iii).

N 1

The terms “polypeptide”, “peptide” and “protein” are used interchangeably herein to refer

to a polymer of amino acid residues. The terms also apply to amino acid polymers in
which one or more amino acid residues is a modified residue, or a non-naturally occurring
residue, such as an artificial chemical mimetic of a corresponding naturally occurring
amino acid, as well as to naturally occurring amino acid polymers. The polypeptide may
or may not be “isolated”, that is to say removed from the components which exist around

it when naturally occurring.

The term "amino acid” as used herein refers to naturally occurring and synthetic amino
acids, as well as amino acid analogues and amino acid mimetics that have a function
that i1s similar to naturally occurring amino acids. Naturally occurring amino acids are

those encoded by the genetic code, as well as those modified after translation in cells
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(e.g. hydroxyproline, gamma-carboxyglutamate, and O-phosphoserine). The phrase
“amino acid analogue” refers to compounds that have the same basic chemical structure
(an alpha carbon bound to a hydrogen, a carboxy group, an amino group, and an R

group) as a naturally occurring amino acid but have a modified R group or modified

backbones (e.g. homoserine, norleucine, methionine sulfoxide, methionine methyil
sulphonium). The phrase "amino acid mimetic” refers to chemical compounds that have
different structures from, but similar functions to, naturally occurring amino acids. ltis to
be appreciated that, owing to the degeneracy of the genetic code, nucleic acid molecules
encoding a particular polypeptide may have a range of polynucleotide sequences. For

example, the codons GCA, GCC, GCG and GCT all encode the amino acid alanine.

The percentage “identity” between two sequences may be determined using the BLASTP
algorithm version 2.2.2 (Altschul, Stephen F., Thomas L. Madden, Alejandro A. Schaffer,
Jinghui Zhang, Zheng Zhang, Webb Miller, and David J. Lipman (1997), "Gapped BLAST
and PSI-BLAST: a new generation of protein database search programs”, Nucleic Acids
Res. 25:3389-3402) using default parameters. In particular, the BLAST algorithm can be

accessed on the internet using the URL http://www.ncbi.nim.nih.gov/blast/.

The term “ketose-3-epimerase activity” as used herein means that an enzyme is capable
of catalyzing the inversion of stereochemistry of ketoses, in particular the conversion of
fructose to allulose. For example, in one embodiment, “ketose-3-epimerase activity” is
defined as being the capacity of an enzyme to increase the rate of interconversion of
fructose to allulose by at least 10 micromol/min per mg of added enzyme (0.1 U/mg) over
a reaction mixture under the same conditions in the absence of the enzyme.
Alternatively, an increase in rate of interconversion of fructose to allulose of at least 0.05
U/mg or 0.2 U/mg is considered to be “ketose-3-epimerase activity”. A suitable assay for
determining the activity of an enzyme in converting D-fructose into allulose is as follows.
A reaction mixture comprising 1ml D-fructose (50g/L), Tris-HCL buffer (50mM, pH 8.0),
and 0.5uM enzyme is incubated at 55°C for 2 minutes. The reaction is stopped after 10
minutes by boiling. The amount of D-allulose produced is determined by the HPLC
method. One unit of enzyme activity is defined as the amount of enzyme catalysing the
formation of 1umol of D-allulose/min at pH 8.0 and 35°C (J. Agric. Food Chem. 2011,
59, 7785-7792).
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The terms “gene’, “polynucleotides”, and “"nucleic acid molecules”™ are used
iInterchangeably herein to refer to a polymer of multiple nucleotides. The nucleic acid
molecules may comprise naturally occurring nucleic acids (i.e. DNA or RNA) or may

comprise artificial nucleic acids such as peptide nucleic acids, morpholin and locked

nucleic acids as well as glycol nucleic acids and threose nucleic acids.

The term “nucleotide” as used herein refers to naturally occurring nucleotides and

synthetic nucleotide analogues that are recognised by cellular enzymes.

The term “vector” as used herein refers to any natural or artificial construct containing a
nucleic acid molecule in which the nucleic acid molecule can be subject to cellular
transcription and/or translation enzymes. Exemplary vectors include: a plasmid, a virus

(including bacteriophage), a cosmid, an artificial chromosome or a transposable element.

The term “host cell” as used herein refers to any biological cell which can be cultured in
medium and used for the expression of a recombinant gene. Such host cells may be
eukaryotic or prokaryotic and may be a microorganism such as a bacterial cell, or may

be a cell from a cell line (such as an immortal mammalian cell line).

The term “highly stringent conditions™ as used herein when referring to hybridization
conditions means: at least about 6X SSC and 1% SDS at 65°C, with a first wash for 10
minutes at about 42°C with about 20% (v/v) formamide in 0.1X SSC, and with a
subsequent wash with 0.2 X SSC and 0.1% SDS at 65°C. It is known in the art that

hybridization techniques using a known nucleic acid as a probe under highly stringent

conditions, such as those set forth in the specification, will identify structurally similar

nucleic acids.

The term "allulose™ as used herein refers to a monosaccharide sugar of the structure

shown in Formula l. Itis also known as “D-Psicose’.

O OH
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.
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Formula (1)



The term “fructose” as used herein refers to a monosaccharide sugar having the
structure shown in Formula |l. Examples of fructose substrate include but are not limited
to crystalline fructose and crystalline fructose greens. As used herein, “crystalline

fructose greens’ refers to a process stream created during fructose crystallization from

the non-crystallizing portion of the crystallization mother liquor.

Formula (I

The term “recombinant” as used herein refers to a nucleic acid molecule or a polypeptide
which is located in a non-naturally occurring context and which has been produced by
artificial intervention. For example, a first polypeptide isolated from other polypeptides
or linked by a peptide bond to a second polypeptide sequence having a different amino
acid sequence from any polypeptide with which the first polypeptide is associated in

nature i1s a recombinant polypeptide.

Brief Description of the Figures

Figure 1 shows the amino acid sequence of the ketose-3-epimerase from Clostridium
scindens (SEQ ID NO: 2).

Figure 2 shows the amino acid sequence of the ketose-3-epimerase from Clostridium
hylemonae (SEQ ID NO: 4).

Figure 3 shows the amino acid sequence of the ketose-3-epimerase from Desmospora
sp. (SEQ ID NO: 6).

Figure 4 shows the amino acid sequence of a previously known xylose isomerase from
Clostridium cellulolyticum (SEQ ID NO: 8).



Figure 5 shows a sequence comparison between the three ketose-3-epimerases shown
In Figures 1 to 3 and three previously known ketose-3-epimerases. Completely

conserved residues are highlighted.

Figure 6 is a graph showing the rate of conversion of fructose to allulose by E. coli
transformed to express an enzyme in accordance with an embodiment of the present

invention and a control.

Figure 7 shows the optimised gene sequence (SEQ ID NO: 7) encoding the amino acid
sequence shown in Figure 4 and a comparison of the optimised sequence with the

original sequence.

Figure 8 shows the optimised gene sequence (SEQ ID NO: 5) encoding the amino acid
sequence shown in Figure 3, and a comparison of the optimised sequence with the

original sequence.

Figure 9 shows the optimised gene sequence (SEQ ID NO: 1) encoding the amino acid
sequence shown in Figure 1, and a comparison of the optimised sequence with the

original sequence.

Figure 10 shows the optimised gene sequence (SEQ ID NO: 3) encoding the amino acid
sequence shown in Figure 2, and a comparison of the optimised sequence with the

original sequence.

Figure 11 is a graph showing the preparation of conversion of fructose substrate to

allulose by E. coli transformed to express an enzyme as disclosed herein (the ketose-3-

epimerase from Desmospora sp) at 18L scale.

Figure 12 is a graph showing the rate of allulose conversion by enzymes disclosed herein
(CH P3E, CS P3E and DS P3E) and a known ketose-3-epimerase (CC P3E).
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Brief Description of the Sequence Listing

SEQ ID NO: 1 shows a gene sequence (optimised for expression in E. coli) encoding a

ketose-3-epimerase from Clostridium scindens.

SEQ ID NO: 2 shows the amino acid sequence of the ketose-3-epimerase encoded by

the gene sequence of SEQ ID NO. 1.

SEQ ID NO: 3 shows a gene sequence (optimised for expression in E. coli) encoding a

ketose-3-epimerase from Clostridium hylemonae.

SEQ ID NO: 4 shows the amino acid sequence of the ketose-3-epimerase encoded by
the gene sequence of SEQ ID NO. 3.

SEQ ID NO: 5 shows a gene sequence (optimised for expression in E. coli) encoding a

ketose-3-epimerase from Desmospora sp. 8437.

SEQ ID NO: 6 shows the amino acid sequence of the ketose-3-epimerase encoded by
the gene sequence of SEQ ID NO. 5.

SEQ ID NO: 7 shows a gene sequence (optimised for expression in E. coli) encoding a

ketose-3-epimerase from Clostridium cellulolyticum.

SEQ ID NO: 8 shows the amino acid sequence of the ketose-3-epimerase encoded by
the gene sequence of SEQ ID NO. 7.

SEQ ID NO: 9 shows the naturally occurring gene sequence encoding the ketose-3-

epimerase from Clostridium scindens.

SEQ ID NO: 10 shows the naturally occurring gene sequence encoding the ketose-3-

epimerase from Clostridium hylemonae.

SEQ ID NO: 11 shows the naturally occurring gene sequence encoding the ketose-3-

epimerase from Desmospora sp. 8437 .
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SEQ ID NO: 12 shows the naturally occurring gene sequence encoding the ketose-3-

epimerase from Clostridium cellulolyticum.

Detailed Description

The present invention relates, in general terms, to a protein comprising a polypeptide
sequence having at least 90% sequence identity to the amino acid sequence shown in
SEQ. ID NO. 6, wherein the polypeptide sequence is not identical to SEQ ID NO: 6. Also
disclosed herein are proteins comprising a polypeptide having an amino acid sequence
shown in one of SEQ ID NO: 2, 4 or 6. The source organisms of the polypeptides of
SEQ. ID NOS. 2, 4 and 6 are shown in Table 1.

Table 1
Source Organism SEQ. ID NO.
Clostridium scindens ATCC 35704 2
Clostridium hylemonae DSM 15053 4
Desmospora sp.8437 6

In some embodiments, the polypeptide sequence has at least 95% or 99% sequence
identity to SEQ. ID NO. 6.

Also disclosed herein, 1s a protein comprising a polypeptide sequence having at least
70% sequence identity to SEQ ID NO: 2 or 4. The polypeptide sequence may have at

least 80%, 90%, 95%, 99% or 100% sequence identity to SEQ ID NO: 2 or 4. The
polypeptide sequence may be not identical to that shown in SEQ ID NO: 2 or 4.

Thus, one or more amino acids of the peptides may be omitted or are substituted for a
different amino acid, preferably a similar amino acid. A similar amino acid is one which
has a side chain moiety with related properties and the naturally occurring amino acids
may be categorized into the following groups. The group having basic side chains:
lysine, arginine, histidine. The group having acidic side chains: aspartic acid and
glutamic acid. The group having uncharged polar side chains. aspargine, glutamine,

serine, threonine and tyrosine. The group having non-polar side chains: glycine, alanine,

valine, leucine, isoleucine, proline, phenylalanine, methionine, tryptophan and cysteine.

Therefore it is preferred to substitute amino acids within these groups.
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It is generally preferred that the polypeptide conforms with the chemistry of naturally
occurring polypeptides (although it may be synthesized in vitro) but in some instances
the polypeptide is a peptidomimetic, that is to say a modification of a polypeptide in a
manner that will not naturally occur. Such peptidomimetics include the replacement of
naturally occurring amino acids with synthetic amino acids and/or a modification of the
polypeptide backbone. For example, the peptide bonds may be replaced with a reverse
peptide bond to generate a retro-inverso peptidomimetic (see Méziere et al J Immunol.
1997 Oct 1;159(7):3230-7, which is incorporated herein by reference.) Alternatively, the
amino acids are linked by a covalent bond other than a peptide bond but which maintains

the spacing and orientation of the amino acid residues forming the polymer chain.

All such modified and unmodified polypeptides have ketose-3-epimerase polymerase
activity. That is to say, the protein, when purified or expressed in a host cell, has the
capacity to catalyze the conversion of fructose to allulose. Suitable conditions for testing

the presence of ketose-3-epimerase activity are shown in Example 1.

The polypeptide of the invention and as disclosed herein may be contained within a
whole cell or may be an isolated protein, a partially purified protein or an immobilized
protein. Purification of the protein may be by standard methods such as cell disruption

and filtration. Other standard methods are known to those skilled in the art.

The present invention also relates to a nucleic acid molecule which comprises a
polynucleotide sequence encoding a protein having at least 90% sequence identity to
SEQ ID NO: 6, but which is not identical thereto, and which has psicose 3-epimerase

activity.

Also disclosed herein i1s a nucleic acid molecule which comprises a polynucleotide
sequence encoding a protein having an amino acid sequence with at least 70%
sequence identity to SEQ. ID NO. 2 or 4, where the protein has ketose-3-epimerase

activity.

In addition to the sequence specifically encoding the protein, the nucleic acid molecule
may contain other sequences such as primer sites, transcription factor binding sites,
vector insertion sites and sequences which resist nucleolytic degradation (e.g.

polyadenosine tails). The nucleic acid molecule may be DNA or RNA and may include
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synthetic nucleotides, provided that the polynucleotide is still capable of being translated

In order to synthesize a protein of the invention or as disclosed herein.

As described above, the amino acid sequence of the protein of the present invention
differs from the specific sequences disclosed herein, and the amino acid sequence of
the proteins disclosed herein may differ from the specific sequences disclosed herein.
The nucleic acid molecule may comprise a polynucleotide having the sequence of SEQ.
ID NO. 1, 3 or 5, which has been optimised by expression in E. coli host cells. The
polynucleotide sequence of the present invention may have at least 90%, 95% or 99%
sequence identity to SEQ ID NO: 5 and encode a protein which has psicose 3-epimerase
activity. Alternatively, the nucleic acid molecule may comprise a polynucleotide
sequence which hybridizes under highly stringent conditions to a polynucleotide having
a sequence complementary to the sequence set forth in SEQ ID NO: 5 and which

encodes a protein having psicose 3-epimerase activity.

Also disclosed herein is a nucleic acid molecule comprising a polynucleotide sequence
which may have at least 70% sequence identity to any one of SEQ. ID NO. 1 or 3 and
encode a protein which has ketose-3-epimerase activity. The polynucleotide sequence
may have at least 80%, 90%, 95% or 99% sequence identity, or 100% sequence identity,
to one of SEQ. ID NO. 1 or 3. Alternatively, the nucleic acid molecule may comprise a
polynucleotide sequence which hybridizes under highly stringent conditions to a
polynucleotide having a sequence complementary to the sequence set forth in SEQ D
NO: 1 or 3 and which encodes a protein which has ketose-3-epimerase activity. Also
disclosed herein is a nucleic acid molecule comprising a polynucleotide having the
sequence of SEQ. ID NO. 9, 10 or 11, which are the naturally occurring sequences of

the enzymes.

The nucleic acid molecule may form part of a vector such as a plasmid. In addition to
the nucleic acid sequence described above, the plasmid comprises other elements such
as a prokaryotic origin of replication (for example, the E. coli OR1 origin of replication)
an autonomous replication sequence, a centromere sequence; a promoter sequence,
upstream of the nucleic acid sequence, a terminator sequence located downstream of
the nucleic acid sequence, an antibiotic resistance gene and/or a secretion signal
sequence. A vector comprising an autonomous replication sequence is also a yeast

artificial chromosome.
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The vector may be a virus, such as a bacteriophage and comprises, in addition to the
nucleic acid sequence of the invention, nucleic acid sequences for replication of the

bacteriophage, such as structural proteins, promoters, transcription activators and the
like.

The nucleic acid molecule of the invention and as disclosed herein may be used to
transfect or transform host cells in order to synthesize the protein of the invention or a
protein as disclosed herein. Suitable host cells include prokaryotic cells such as E. coli
and eukaryotic cells such as yeast cells, or mammalian or plant cell lines. Host cells are
transfected or transformed using techniques known in the art such as electroporation;

calcium phosphate base methods; a biolistic technique or by use of a viral vector.

After transfection, the nucleic acid molecule is transcribed as necessary and translated.
The synthesized protein may be allowed to remain in the host cell and cultures of the
recombinant host cell are subsequently used. Alternatively, the synthesized protein may
be extracted from the host cell, either by virtue of its being secreted from the cell due to,
for example, the presence of secretion signal in the vector, or by lysis of the host cell and

purification of the protein therefrom.

The protein of the present invention and as disclosed herein is used to catalyze the
conversion of fructose to allulose. The protein may be present in host cells and may be
mixed, to form a conversion mixture, with a fructose substrate, such as borate buffered
fructose substrate, at a co<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>