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Linh vue k§ thuit dwoc dé cap

Séng ché dé cap dén phuong phap san xuit chét phu gia dé phan huy cac
fumonisin bing enzym va chét phu gia dé phan huy cac fumonisin bang enzym, trong
cac nguyén li€u thuc vat thd va cac hdn hop chira cac nguyén lidu thuc vat tho, cling

nhu viéc st dung céc gen.
Tinh trang ky thuit ciia sang ché

Céc mycotoxin thudng ¢ trong cc san phdm rau ndng nghiép, va tiy thudce
vao loai mycotoxin, ma ching gy ra cac thiét hai kinh té nghiém trong, cu thé 1a trong
céc thue phdm duoc tao ra tir cdc san phim nong nghiép ndy va ngay ca khi dong vt
va ngudi dn cac thue pham nay, thiét hai da néu ting cao. Nhiéu phuong phép da duoc
phat trién dé nd luc khir doc hodc phan hity, hodc lam v hai cac mycotoxin nay dé han
ché bt ¢t thiét hai ndo do cic mycotoxin giy ra trong linh vuc dinh dudng cho ngudi

va dong vat, gdy gibng dong vat, ché bién thuc phdm va thic &n gia stc va tuong tu.

Céac mycotoxin da biét bao gébm nhidu mycotoxin c6 quan hé véi nhau vé chu
trtie, vi du nhu cdc fumonisin, trong sé d6 fumonisin B1 13 doc t6 phd bién nhét trong
nhém. Tuy nhién, ¢6 nhidu din xuét va céc phan tir lién quan ciing duoc biét dén 13 co
cac tac dung ddc hai cho nguoi va dong vat. Do do, da biét ring cac fumonisin 1am suy
yéu su chuyén héa sphingolipit boi tuong téc v6i enzym ceramit synthaza. Céc
sphingolipit khong chi 1a cac thanh phan clia mang té bao, ma con déng vai trd quan
trong trong viée 1am cac phan tir truyén tin va tin higu trong nhidu qua trinh t& bao co
ban nhu sinh truéng t& bao, di cu té bao va lién két té bao, trong cac qué trinh viém va
c4c qué trinh vAn chuyén ndi bao. Do su suy yéu chuyén héa sphingolipit nay, céc
fumonisin dd dugc cho 1a chiu trach nhiém vé cic tic dung doc tinh lén nhiéu loai
dong véat khac nhau cling nhu con nguoi. Do do, co thé ching to duoc ring céc
fumonisin c6 tac dung gay ung thu ¢ loai gam nhim, va dua trén di liéu dich t& hoc,
ching lién quan dén bénh ung thu thuc quan va khuyét tat éng than kinh & nguoi.
Chung chiu trach nhiém cho chtng nhiém doc dién hinh do chimg phi phdi gay ra, vi

du, & céc loai ddng vat khéac nhau, nhu vi du lon. Theo sang ché, cadc fumonisin tao nén
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nguon 6 nhiém hau hét trén cc cdy trong ngli coc khac nhau, cu thé 1a ngd cling nhu
qua hach va rau, va tac dung tiéu cuc lién quan dén stc khoe cuia con ngudi va dong

vat nay 12 khong thé bo qua.

Viéc phan hiy cac fumonisin bang vi khuan da duge mo ta trong Don yéu cau
clp patent chau Au s6 EP-A 1860954, theo d6 céc vi sinh vat duge st dung dé khur
doc cac fumonisin va céc dan xuét ctia fumonisin bang cach b sung vao thire dn céc
vi khudn va ndm men khtr doc duogc chon tir cac ching di duogc x4c dinh can than dé

khtr ddc cac fumonisin.

Céc con dudng chuyén héa di héa dé phan hiy sinh hoc cac fumonisin va céc
gen va enzym chiu trdch nhiém trong cac con dudng chuyén hoa di hoa cling duge mo
ta, vi du Pon yéu ciu cép patent chau Au sé EP 0988383, md ta cac phuong phép va
cac ché phdm khir ddc fumonisin, trong d6 céc enzym phén huy fumonisin dac biét
duoc tao ra & thuc vat chuyén gen, trong d6 su khir doc cac fumonisin dugce thyc hién

nho st dung amin oxidaza ma nd yéu cau oxy phan tir cho hoat tinh enzym cta no.

Hon nita, Cong bd don qudc té s6 WO 2004/085624 mb ta cic transaminaza,
deaminsaza va aminomutaza ciing nhu cic ché phdm va phuong phap khtr doc bang
enzym dé kht doc, cu thé 1a cac doc t§ duoc amin hoéa, vi du cac fumonisin. Theo sang

ché, cac polypeptit c6 hoat tinh deaminaza dugc str dung dé khir doc.

Tu Coéng bd don quéc té s6 WO 00/04158, viéc stir dung cdc oxidaza amin phan
hay fumonisin trong viéc san xuét thuc phém hodc thirc an cho stc vat va xu ly cac

nguyén li¢u thuc vat tho da duoc biét dén.

Tuy nhién, cac phuong phép da biét cho dén nay thuong dé khu doc céac
mycotoxin, cdc phuong phap nay y€u cdu oxy phan tir cho cic con dudng chuyén hoa
di hoa da duoc mo ta, con cac amin oxidaza ddc biét can thiét khong thé hoat dong
trong cac diéu kién khong phu thude oxy. Viéc st dung cac gen va enzym nay dé khir
doc thue phdm, vi du trong céc dng tiéu hoa cua dong vat, 1 khong kha thi vi méi
trudng trong cac dng tiéu héa ctia dong vat vé cin ban khong cé oxy, cic gen va cc

enzym d3 biét do d6 khong thé hién hoat tinh.
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Ban chit ky thuit ciia sang ché

Sang ché dé xuit cac phuong phdp san xudt chit phu gia dé& phan huy céc
mycotoxin bang enzym, phuong phap 12 kha thi dé phan hiy an toan va chéc chén

thanh cac chat khong doc hai, hodc khir doc cac fumonisin.
Mo ta van tat cac hinh vé

Dudi day, sang ché s& duoc giai thich chi tiét hon bing cac phuong an thyc hién

mau va cac hinh v¢, trong do:
Fig.1 md ta cum gen di hoa fumonisin;

Fig.2 1a biéu dd thé hién dudng cong Michaelis-Menten ddi v6i fumonisin

carboxylesteraza FumD;
Fig.3 12 biéu dd thé hién dudng cong phan hity fumonisin By d4 duoc thiiy phén;

Fig.4 1a biéu dd thé hién su chuyén hoa fumonisin FB1 thanh fumonisin HFB1 da
thtry phan sau khi bd sung carboxylesteraza SEQ ID NO:9; va

Fig.5 13 biéu dd thé hién sy phan hiiy HFB1 da thiy phan bang cich bd sung
aminotransferaza SEQ ID NO:19.
MO ta chi tiét sang ché
Dé giai quyét cac muc dich ndy, phwong phap theo sang ché duogc thuc hién
theo cach 14 it nhat mot trinh tu axit nucleic cua cac gen twong tng véi cac SEQ ID
NO:1, 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22 va 24 duoc tao ra, it nhdt mot trinh tu axit
nucleic dugc bidu hién trong cac t& bao chi nhan chuin hodc nhan so, va it nhit mot
enzym theo do6 duogc diéu ché tuong Ung voi cac SEQ ID NO:3, 5,7, 9, 11, 13, 15, 17,
19, 21, 23 va 25, tiy ¥ cing v6i dong co chét, duge sir dung trong nguyén lidu thuc vat
thd. Bang cach cung cdp it nhdt mot trinh tu axit nucleic cia céc gen tuong Gng véi
cac SEQ ID NO:1, 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22 va 24, n6 c6 kha nang tach
dong va biéu hién cac gen phan htuy fumonisin hodc mycotoxin dédc hiéu, sy biéu hién,
vi dy, dugc thuc hién trong E. coli va Pichia pastoris st dung céc quy trinh chudn, cac
enzym biéu hién tuong ung véi cac SEQ ID NO:3,5,7,9, 11, 13, 15, 17, 19, 21, 23 va
25 s& thu duoc bdi no, trong d6 it nhat mot enzym duge sir dung tly ¥ cling v6i dong

co chat trén nguyén liéu thé duge xir Iy. Chét phu gia duoc tao ra theo phuong phap
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nay, mit khac, cho phép phan hiy hoan toan va chic chén, vi du, cdc mytocoxin ngay
trén céc nguyén liéu thod, bang cac enzym dic hiéu da duoc tao ra boi phuong phép nay
xtc tac sy phan hily cac fumonisin va cac chét trung gian ctia con dudng phan huy, va
mit khac, cho phép phan hiy cdc mycotoxin, ngay trong ltc san xut etanol sinh hoc
trong nudc U rugu dé san xuit ruou, hojc dé phén huy va lam vo6 hai cdc mycotoxin

ngay ca trong luc san xudt thuc phdm ngay trong quy trinh san xuét,

Céc nguyén li¢u thyc vat thd trong sdng che bao gdm cac cdy ngli coc hodc cac
san pham ngil coc, cay than cd, qua hodc cac rau va cac san pham trung gian chtra cac
chat nay dé san xuat thuc pham va thic an cho suc vét, vi dy, nhu thic én gia stuc u

xilo, dich ngdm hoa qua hodc tuong tu.

Céc chat phu gia theo sang ché 14 cac chit phu gia thirc 3n dic biét, céc chat

phu gia thuc phdm cling nhu céc chit phu gia cho san xudt etanol sinh hoc.

Phuong phap loai nay con ¢6 kha ning duy tri sy chuyén héa sphingolipit bi
yéu di boi sy twong tac clia cac fumonisin véi enzym ceramit synthaze trong khi, ddng
thoi, phan huy sinh hoc cac fumonisin thanh cac chit khong ddc. Cubi cung, cac Gng
dung cong nghé khir doc s& dat duoc khi phuong phép nay con c6 thé ing dung trén
mot pham vi k¥ thuédt 16n hon, do do co thé san xudt an toan va chic chin cac san

phém khong c¢6 mycotoxin boi phuong phép theo sang ché.

Céc trinh tu axit nucleic dugc st dung trong phuong phép theo séng ché, va cac
enzym dugc biéu hién trong céc té bao cht nhan chuin va nhin so boi cac trinh ty axit
nucleic da néu va hoat tinh xtc tac trong moi truong khéng phu thudc vao oxy, dugc
liét ké bén dudi.

Cac axit nucleic:

Cac trinh tu:

>SEQ ID NO:1 (cum gen fum (di héa fumonisin), 15420bp)

TGTCGGCGATCRGTAAACTTCTACCGTGGTCCTCGTTCGCCCACAKCATACATCACAGACRTCGGGATTTCCAACTGAAC
GGGTCCCGGCCTGCCGGCCCACATTTCCCGGAACGCCATATGGGTGATTTCGACAATCCGGTTCCAGGCGAAGATGGGTG
CGCCCCATTTAACCGCGGGTCGAAAGAGGTCGATCTGGTCTTGTCCCTGAAAGGTTTTTGGCGTGCAGGGATAAACGACA
CCAAGTTGATGCTGGGACGTTATTGCGACGAAGGGAACCCCTTCGTGGCGTGCCGTCACGACTCCAGGCAGAAGGTTTGC
CGTACCGGGACCCGGATTCGTGACAATCGCGGCGACCTGTCCGGTGGTCTTGTAAATGCCCTCGGCCATATAGGCTGCGG
CGGCCTCGTGCCGCACCGGGACGAACAATATCCCATTGTCTTCGAGCGCAGCCAGGAGCGGATCCACCTCCGGCGACATG
AGGCCGAAGACATACCGGACGCCTTCGACGGCCAAACATCGTGCCAATAATTCTCCGCCCGTGAGGCGCATGACGATCTC
CAGTACGAAAGGTGAGTGCCCAGGTTCCGGCACATTCGCTGTGGTTAGTTGATGCGCTGATCGGCCAACCGACTGAGTGG
AGTTGGATGGCCGCACCTTACCCTGTCGCGCATAACTCTCAGATCCGGAAACGGACCCCGACATTAAAATAGCGGCCGAC
CGGATCATAGGCAGAGCTGGTCGGGCTGGAAAAACTGCTGGGGTCGTTCGTCGCTATTGGCGGATCTCGGTCGAACAAAT
TATTGACCGATAGAAACAGCTGCTGCTTCTGGCCAAAAGCCGCGATGTCGAAGGTCAATGTCGCGTCGGTGTACCAAACC
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GCCGGAGCGTGGTTCAAATTCGTATCGACGCCCTCCACATTGTCGGCATTGAACACCGATGCTGCGATGAAGCGCTGCTG
CACGAGAAGCGCCCAATCGTCGGTCGAATATCGCGCCTGGAAGTTGGCCGACCATTTTGGCGTGTCCGGTTGTCCGAGCG
AACGGATGGGCGCCGAGCCGGTCGCGATGCGATAGGCAGAGGTATGGTGCGTTGCCAGCGCACGAAGACTGAACGTGCCG
CCGCCGACGGGGCGTGAGTAATAGGCCTCGAAGTCAATTCCCGCCGCTTTCTGGACAGCCAGGTTGAGATTGGGACCCGT
CACTGTGATGGTGCCGTCCGGATTCTCCGTTATGAGGTCGCAGAAGAAGGTGTTTCCTGCATCGCACGCGTCGATTTCCT
GCTGGGGAAGGAGGAAATCGATCGCGCCCTTCACCTTCACCACATAGCGATCGACCGAAAACTGAAACCCCGGCACGAAG
GCGGGGCGTAGCACCGCGCCGAATGTAAGGACGTCCGCCTTTTCAGGGCGCAAATCCGCGTTGCCGGCGGTAAAGAACCG
CGTCTGCACAGCCTGTCCGCCATAAATTGAATTGAGCGTCGCCTGACGGCCGGGGTCGAATAGCTCGACAAGGCTTGGCC
CGCGGATATCTCGCGAACGGGTCGCGCGGAACCTGAGGCCGTCGATCGGCTCATATTCTCCGCCCAGCTTCCAGGTTGTT
ACTCCACCGGACTGGCTGTAATCGGCATATCGGACGGCGCCGTTTAAGTTCAGCGAACGTCCCAGCGCGCTGTCCTTCAG
AATCGGGACGCCGATTTCGACAAAACCTTCCTTGATGTCATAGCTTCCCGAGAAGGGAAGTGGGTTGTAGAGATTGAAGC
CTCCAGGCCGACCTGCCTGCGCCGCCGGAGCCCCCCTGATTCCCGTGATCGAGGTCGTCGCCTGCGATATCGCGTCGGTT
TCCTGCCGGGCCTTCTCCTTGCGATATTCGATACCAGCGGCGACCGAGACCGGGCCCGCGCCGAACGACAGGCTATCGCC
GAGGTCGCCGGAAATCGTGAGTCCCGCCACATATTGCTCAAGCCTCAGCTGAGCGACGCCATCAGCGGTGACATAGTCGA
TGGCCGACGCGCTCGGCGAGCCTGTGCCGAAGAGATTGAGCGGCACGCAATCTTGGTCGAGGCCGGCCAGTGTTGAACGG
CAGACGATATTGCCCGCGGGATCGCGGACCGCATCGACGGCGGCGTAGAGATTGCGGTTGATGGTGAGATTGTTTTCACG
AAGCTCGAGGTCCGTAAGGCCAAAGGAGGCCGAGCCATCGAGTTTCCAGCCATTGCCAATGTCTGCCCGGAAGCCGGCAG
CGCCGCGGTAGACCTTTGCGAAATTCTCGATTTCGACCAAGGGAAAGTCGCTTGAGAAGCGACCGACAACGATCGAAGCC
TGGGCATTTCTGTCCATGAGCGTCGCGAGTGGAGCCGGAAGGAAGGCGTTATCACGGAAGATCCGGAAATTATTCGAGCC
ACCGACATGCGATATTACGAATGCACCCAGGTTGGTGTGGGAATAAGCATAGGTGCCCTCCGCATACACCTGCACAGTGT
CGGACACATCATATGCGGCGCGTAGGAACGCGTTGTAGCGAAGCTGATCCGGGGCGAAGCCGATATTCACGCGCGGTCCA
TCGCCGCCGCTCTGGAACGACGAGCTCGTAAAATTCCCGTAGTCGAAGGTCCCTAGGACTCCTCCGGGCAAAAACGCGAT
GCCTTTCAGAGGGCCGGACGTGACAAGTCCGCCGTAGGATCCGCGAGAACTGCGAATATCGGGCACGACCGTGACGCCTG
TCGTAGCGCCGGGCACGGGATATTGGCCGGCGGCGATGTCGAACCAGCGGCGACCCGTTGCTTCATCGGCCCGGATTCCG
TCCTGTCGAAAATATTCGAAGCTGCCGAGCAAGTGCAACCGGTCGTCGGCAAACGAAGTGCCGAAGGCGATCGAACCGCC
GTAGGACGGGAGGTCGCCGCGGGTTGAAACACCCGACTGGAGCTCGGCCCTGATGCCTTCCAGATCTTCGTCGAGCACGA
AGTTGATGACGCCCGAAACGGCATCGGAACCGTAGGCGGCCGAGGCGCCGCCCGTCACGACATCGACGCGCTTGACCAAC
GCCTGCGGCAGCACGTTGATATCGACCGAGCCTGTGAAATTGGTCGCGACGAAACGGTTGCCGTTCAGCAGGACGAGGTT
CCGGTTTGACCCGAGGCCGCGCATGTTGAGCAGGTTCTGACCGCTGTTCCCCGTTCCGGGTGTCGTGCCAGGGTTGGAGG
TCTTCAAGCTGTCGTTGAACACGGGCAGCTGGTTGAGTGCGTCGGCAAGGTTGGTCGGAGATGCCTCCTTCAACTGCTCG
CTGGATACGGCTGTAACCGGCGTCGGCGAATTGAAGCCGTTCTGGAGGCGGCTGCCGGTCACGACGATTTCGCTCGTTCC
CCGGTCCGTGTCCGCTTCGTCCGGCTGACCTATCGATGCGGGATCGCTATCCTGAGCACTGGCAGAGACAGGAAATGCGA
GGGTGCCGAGCGCTACTGCGCCGAGCAAACTATTTGCCTTGCCGGGCTTTTCGATTCTGAACTTCCGATACATCTGCAGT
CCCTCCCGAATTGATAGGGACTCCGTTTGAGTCCCCTTGTTTCTTGACGCCGCCGTCGCTCACCACGGTCCGGTCGGAGG
CTAAGCGTCGGGCCTAAGGACCCGCAATTTGAACATCAAATGCAATGATCGGAGGCTTCATTGCACTTCGCGCATAGACC
GGCGCGGTAGCTGAAAGTGCCAATAATCAGGGATTTTGCTGAACAGTTGCGGCATGACGTCCGGCATCGGCCACGCGGTT
GGCGGCATCGACGTGGCTTTCGCGTCGCCGCCCCTCAAGCACCGGCGAGTTGCATTAAAATGGGATGAGGCTGGAGAGAC
GCAARATCTCTGAGGACCGCGCTGAACGCGCGATCCGTCGCCTCGAGGGTCTCCGTTACATCGTCAACTGTATGGGCCGC
AGAGAGAAACATATTGTGATAGGGATGAACATAGACGCCGCCCTTCAGGCACGCCGCGGCCCACGCATAGCCGATCCGAA
AATCGGGATCGTCCGCAAAGAATATTTGCGGCATCTGCGCCGGGCCCGTCTGCTTCAACTCAAGACCATGGCGCTGAGAC
TGTGCCTCCAGGCCTGCCCGCAGGGCGGCGCCGCTGGCGATCAGCGTTTCGAGATAAGGCGTCTCTCGAATGATCCTGAG
GGTTTCGATCGCGGCCGCCATCGGTACCGCAGAGAACCAGAAGGAGCCGGTCACAAATATATCCCGCGCCGCATCGCGCG
CCTTGTTCGAGCCCAGCAGGGCGGAGATCGGATAGCCATTCGCAAAGCATTTTCCCCAGCAACTGAGATCGGGTTCGATA
CCCAAATGCGTCCAGCTGCAATCGCGCGCCACCCGGAAACCTGCGCGCACATCGTCAACGACCAGAAGCGCACCGGTCTC
GTCACAACATTTTCGAGCGGTGCGCGCGAACTCAAGCTGGGCGAGGGCCTGGTCCTCAAATACTTCGTGTCGGAAAGGTG
TGGCAAAGACAGCCGCAATATCGCCATCGTGCGCCTTGAACGCGTCCGATAAGCTTTGGGCGTCGTTATAGGTATAATAT
GCGACATGCACGCGATCGGAAGCGAGAATCCCGGCAGTATGCGGAGTGTTCCACGGGGAAGCGCCATGATAGGCGCCTTT
GGCGCATAATATGGTTTTGCGCCCCGTATGGGCACGCGCGAGAACCATCGCCGTTGAGGTGGCATCGCTGCCATTTTTGC
AGAACATCGCCCAATCCGCATGACGGACCATGCCCACAAAGGCTTCGGCGAGGTTGACCATGATCTCCGAAGGACCGGTC
ATGGTGTCGCCGAGAAGTCGCTGCGCATCAGCCGCGGCTTCGATTTCGGATTGCCGGTAACCGAGCAAATTTGGCCCATA
CGCGCACATATAGTCGATATAGGGCTGCTCGTCGGCGTCCCARATTCGTGCCCCCAGCGCGCGCCTGAAGAACTGGGGGA
ATTCTGGCGGCAGCAACCGTGTCGACTCGTGGCCGTACATCCCGCCCGGAATGACCCGTTCGGCGCGTTCTCTGAGATCT
TTCTGCCTTGTTCCGTTCGCCATAATGCACCTCTCGCGATAAATAATGGGTAAAAATCCACGAAATTCAACGATTCGTGA
TCTGAAAGAGATATATCTTGTAATATACTGTATAATTATACACAATGCGCAATCGGACGACGGGATAGCGGGGCAGGGAG
GACGGGGAAATCTATGCGGAACGTCAGCGACAAGGCGCCGCCCCACGAGACGCTCACCGTAGTCGTCGCGGCAATGATCG
TTGGCACGGCCGCCTTGATGGTGCTTGGAATACAGCCCATCCTTCTCGGCGCCCTTGTAGAGGAGGGGCGTATTCCCGCC
GAGGGGTTGGGATCGGCGGCAACGGTGGAAATACTGGCGATCGCGGCGGGAACATGCATCGGACCCGTTCTTATGAAGAC
GGGATATCTGCGGGCGAAATGCGCGGCACTCTGCTTAATGCTCGCCGCAATCAACTTCGGATTGACGTTGCCGGGTTTCG
ATTTGCCCATCGTGGCTTGCCGAGCGGCAGCGGGAGCCCTGGAAGGTCTTTCGCTCAGCGCGGCGATCCTGATCATGACT
CATAATCGGCGGCCGGACCGGCTGAGCGGAATATTTCTGGGCGCGCAGACGATACCGCAGGTAATATCTGCTTATTTGCT
CCCGACGGAGATTATTCCGCGCTGGGGGAGCGCAGGCGGCTTCACGATCCTGGGCATTCTCGCGGCGATCGCCGCGATCG
CGGCTCTGTGCCTCGTCGATCGCGTTGAGCTCGATCCGACGACCGTTAACGACGACTTGCAGTGGTCACCCGCGGCGATC
GTCATTTCGATGGCGGCATTCGTTCAATTCTCGGGGGTCGGTGCCGCATGGAGCTATCTGGAGCGACTGGCTGCGCAGCA
CGGATTTTCGGGAGAAACGATCGGTATCGCCATTTCCGGGAGTTTGCTTTGCCAGGTAGGCGGGGCTTGGCTGGCCGCTT
GGATCGGTGGGCGGGTCGGATATCGCTTCGCCTTAATCGCTGGGAGCCTGCTTCAGGCGGGCAACGTGATCGCATTGGCG
GTGGCCGATCAGCCAAGCTGGTTTATTTCCGCTTCCTGTGCTTTCGGCCTGTTCTGGTTGGCGATGCAGCCCTTCCAAAT
CCGCTTCGCGATCGCGATAGATAACAGCCGGCAGCTTGCTGTACTGCTGACGCCGATCGCCCTCGTCGGGTTGAGCGCGG
GGCCCTTGTTGCTCTCTCGCTTTGCCGGGGCGACCGACTTGCGCTGGATCTTTGTGGGGAGTTCGACCTTGTTGCTGGCC
AGCGCGCTTCTGTATCTTTGCGCTTCTCTGTTTCAACCGCGCGGAAAGGTGATCGCTGAAACGGTGGACGTATGAAAAAG
ACGGATCGGGGTTCGCGATGACATCGCAGGTCAAGCTTCGTAGCGCGGCAAAGCGGCCGCGCAGTCCTAAAAGCGAGCGA
GGTCTTGCTCGTTACGAGTCCTTGCTTGATGCGACCGACAGGCTGTTGGTCGATCTAGACCCCGATCAGGTCGGTCTCTA
TCAGATTGCAGAGGAAGCGGGTGCCTCACCGTCGTCCGTCTATCATTTCTTTCCGACCAAGGAAGTGGCTCATCTCGCTC
TGATGCGCCGCTATCTGGAGGGGCTCCGGAATCTCGACGCGATGGAAGTCGACATCGGCCAGCTCGAAAGCTGGCAGGALC
CTGATGAAGTTGGATCAGATCAGGGCGCGAGACTATTATAATAGCCACCCGCCCGCCCTCAAGCTTCTGTTCGGCGGATA
TGGCGGGGTCGAGGCCAGAAAGCTTGACGAGCGATACTCCGAGGAAATCGTGAGCTCCATGTATGGCAGATACAACGGCA
TTTTCCATATGCCGCAAATGGAGAATGAGGCTCTCATGTTCACGATCTGCTTCGCAATTCTCGACGCGGTATGGGCCGTC
TCCTTTCGCCGGTTCGGTGAARATTACGTCGGATTTTCTTCGGGAGGGGCAAGCGGCTTGCATTGCCTATTGCCGACACTA
TCTGCCCGAGCGAACGCCATCAGCGTGAATCCGTTCAACGATATGCAGGAATGTCCGTTGCGTTGAGTTCGGTTCTGAGT
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TCGGTCGGTTAGGAGGCCCCGCGATAAACCAACGCTCTTCTGTCGAAGGGATGTCGCCTGGTTCGACCAGGCCCTGCGAA
GTCAGCCGCAATCAACGAGGCAGATGTCAACGTGGCCAGCAAGTTCAACTGTGAGTTACTCGATCTGCGATCATTTGTTG
CGGTGTATGAAACGCGAAGTTTTAGCCACGCCGCGCGGCTTCTGAATCAATCGCAGCCCGCGCTCAGCCGGAGAATCCAG
CGCCTCGAGAGTCTCGTGGGCGGTCCGTTGTTCGAGCGGACCAGTCGGTCGCTTGCCGAAACGGCGCTCGGCAAAGAGTT
GCTCCCGGTCGCCCACCGAGCGTTGGAACTTGTCGATACGTCGCTGTTTGCGTCGCCCAATGTCCGGGAGTTCCGCTGGA
CAGACATCACGATTGCCTGTGTACAGACCGCCGCCTTCCATGTTCTCCCGCGAGCTGCGCGCTTGTACATGGATCAAAAT
CCGAGGGTCCGACTCCGCATCCTTGACGTGCCGGCGGTCGAGGCTGCGGACCTGGTTGCGAGCGGCGAGGCGGAGTTCGG
CATCAGCATTGAGAGCCTGTTGCCATCAAGCCTGCGGTTCGATGCGCTCCACGAGGACCCGTTCGGCCTGGCATGCCACC
GAAGCCATCCGCTGGCGTCGCTCGAGATCCTTGAATGGACGCAATTGAAAGGTGAAAGCCTGATCGCCGTTCACCGTGCG
AGCCGGAACCGCACGTTGCTCGATGCCGAACTCGCGCGCAACAATATCGCGCTGGAATGGCGGTATGAGGTCGCGCATCT
GACGACGGCGCTGGGATTGATCGATGCGCAATTGGGTGTCGCTGTTATGCCCCGCATGGTTATGCCCCGCTCGGGTCGGT
CGGAGGTCGTCTGGCGCCCCGTCGTCGCGCCGGTCGTCCAACGCACGATCGGCATCGTTCAGCGCCGCACCGGCTCGATG
CACCCTGCCGCACAGCAATTGCTTGCGCGGCTCCGCGCGGCCTGGTCGTCCGCCAATCTGGGCGACATCGCGTCTCGCGA
AGATGGGGCATCGTGACACGCGTTCTATGCGCCTGCAGCATCGATGCTCACGATCATTGCATTTGCTGAGAGACGAACGC
GAAGATACCGCTGGGTCACAGGATATCAGTCCATCGAGGCGGGAGAGAAATGTGTGAAAGAGCACCAATGCCGTGGCGGC
CGGGCGTCCCCCGCTGCGCCCGCCACGTGGCTTGCGCGGATCAGCGTTTCCCGGGGGGCCTCCGCCATCGCCTGGACCTT
CATGCTTGGCGCAACTGCCATTCCCGTGGCTGCGCAARACTGACGATCCGAAGCTCGTTCGTCATACCCAGTCGGGCGCCG
TCGAGGGCGTCGAGGGCGACGTCGAGACTTTTTTGGGAATACCCTTCGCGGCTCCGCCGGTCGGCGACCTGCGATGGCGG
CCGCCGGCTCCGCCGAGGGCGTGGGCGGGCACCAGGGACGGCCGCCGCTTTGCGCCCGATTGCATCGGGAACGAGCGGCT
TAGAGAGGGGAGCCGGGCTGCCGGGACGAGCGAAGACTGCCTCTATCTGAATATCTGGTCTCCCAAACAGGTCGGTAAGG
GGGGGCTCCCCGTCATGATCTGGGTTTACGGCGGTGGGTTTAGCGGCGGTTCTGGCGCGGTGCCATATTATGACGGCTCT
GCGCTCGCGCAGAAGGGCGTGGTGGTCGTCACGTTCAACTATCGCGCCGGGATTCTGGGCTTTCTTGCCCATCCGGCGCT
TTCAARAGGAAAGTCCGAATGGCGTGTCGGGCAACTATGGTCTTCTCGACATGCTCGCGGCGTTCAAATGGGTTCAGAACA
ACATAAGGGAGTTCGGCGGAGACCCGAACCGTGTCACGGTCTTTGGCGAGTCCGCCGGCGCGAGCGCGCTCGGACTGCTC
CTGACCTCGCCGCTCAGTGAGAGCGCCTTCAATCAGGCGATACTGCAAAGTCCGGGTCTGGCCAGGCCGCTCGCCACGCT
TTCTGAAAGCGAAGCGAATGGGCTGGAGCTGGGAGCCGATATTTCTGCTCTACGGCGTGCCGATGCGGGCGAATTGACGA
AGATCGCGCAATCGCGAATACCCATGTCGCGCCAGTTCACCAAGCCGCGGCCGATGGGTCCGATTCTGGACGGCTATGTT
TTGCGCACCCTTGACGTCGATGCCTTCGCCAAGGGGGCCTTCCGCAAGATACCCGTTCTGGTCGGCGGAARACGCCGACGA
AGGGCGCGCTTTTACGGATCGCCTGCCGGTCAAARACGGTCCTTGAATATCGAGCCTATCTCACAGAACAATTTGGTGACG
AGGCGGACGCATGGGAGCGTTGTTATCCCGCGAACTCCGACGCCGACGTCCCCGCCGCCGTTGCCCGTCTTTTTGGGGAT
AGTCAGTTCAACAACGGGATCGAGCTGCTCTCGGCAGCCTTCGCGAAATGGCGAACGCCGCTTTGGAGATATCGCTTTAC
GGGCATTCCAGGAGCCGGCCGTCGCCCCGCCACGCATGGAGACGAAATTCCCTATGTCTTCGCAAATCTGGGGCCGTCGT
CCGTATCTATGTTTGGGTCGCTCGAAGGCGGCGCCGGGGCGTCGGACATCAAACTTGCGACCGAAATGTCCGCGGCCTGG
GTGAGCTTCGCGGTGCACGGGGTCCCCGATCAGGGCACGAAATCGCACTGGCCGCGCTTCGAGCGGCGAGGGGAGATCAT
GACTTTTGGTTCGCAGGTTGGCTCTGGGGAAGGTCTTGGAGTTTCGCCGAGCAAAGCCTGCCAACCCTCAAAATAGCGCC
CGGCCTGTGCGTGCTTCAGCACGCCGTCCCGCTTTGCGGGCGACGGGCTGTGCCCTCTGCCTAGAAGGAAGTAAGTTGCG
CTACGACGTCGCGATAATTGGAGGTGGCAACGCTGCATTGACGGCAGCCGTGACGGCGCGTGAAGCGGGGGCCTCGGTTC
TTGTGATCGAGCATGCGCCGCGCGCCATGCGCGGCGGCAACAGTCGTCACACACGCAATATGCGTACGATGCACGAACGT
CCCCTGTCGCCGTTGACCGGTGAATATTCGGCGGACGAATATTGGAATGATCTTGTCCGCGTCACGGGGGGGCGCACCGA
CGAAGAACTCGCGCGGCTCGTTATCCGCAACACCACCGACGCTATTCCCTTCATGACGCGCTGCGGTGTGCGTTTCCAGC
CCTCGCTGTCGGGCACGCTGAGTTTATCGCGAACCAACGCATTCTTCCTTGGCGGCGGGAAGGCGCTTGTAAACGCATAT
TACGCCACGGCCGAACGGCTAGGCGTCGATATTCTCTATGATTCTGAGGTGACCGAGATCAACCTTCAGCAAGGCGTCGT
GCAGCGTCTGCAATTGCGCAGCCGGGGATTCCCTGTCGAAGTGGAAGCCAAGGCTGCCATCGCCTCGTCCGGAGGATTCC
AGGCAAATCTTGACTGGCTCTCAAGCGCATGGGGGCCTGCTGCGGCGAACTTCATCGTACGGGGCACGCCATATGCGACT
GGCACGGTGCTCAAGAACCTGTTGGAGCAAGGCGTCGCCTCGGTGGGAGATCCAACCCAATGCCATGCTGTCGCGATCGA
TGGGCGAGCGCCCAAATACGACGGCGGCATCGTCACACGACTGGACTGCGTTCCCTTCTCGATCGTCGTCAACAAGGACG
CCTTGCGCTTCTACGATGAAGGCGAAGATGTGTGGCCGAAGCGTTACGCCATATGGGGTCGCTTGGTGGCACAGCAGCCT
GATCAGATCGCTTTCAGCATAATCGATCGGCAGGCCGAAGACCTCTTCATGCCGTCAGTGTTCCCCCCCGTGCAAGCGGA
CACGATCGCGGGTCTGGCCGAGAAACTCGGTCTGAATCCCGTAACCCTGGAACGCACGGTGGCCGAATTCAACGCCGCAT
GCGTGCCCGGCGAATTCGGCGGCCAAGATCTCGACGACCTCCACACCGAGGGAATCGAACCAAAGAAATCCAACTGGGCC
CGACCGATTATTGTGCCCCCGTTCAGCGCCTATCCTCTCCGGCCCGGGATCACCTTCACCTATCTCGGCGTCAAGGTAGA
CAGCCGTGCGCGGGTCATCATGGAGACAGGTGAGCCGACAARAAACCTGTTTGCTTCGGGGGAAATAATGGCGGGCAGCA
TTCTCGGCCAAGGTTATCTCGCTGGATTTGGAATGGCGATTGGTACCGTATTCGGCCGCATCGCGGGTTGGGAGGCCGCA
CGTCATGCAGGATTTTGATCTCGTAAAAATGCTGTCTGACTTGCCGTCGGCGCCGGAGCTGGAAGCCAGGCGCGTTATGG
AGGTGTGCAACGCGTGCCGCTATTGCGAAGGGTTCTGCGCGGTATTTCCTGCAATGACCTTGCAGCGTCATTTCGCCAGC
GGCGATCTCAGCCACCTCGCCAATCTCTGCCACTCGTGCCAAGGTTGCTATTACGCCTGCCAATACGCCCCTCCGCATGA
GTTCGGAATAAACGTTCCAAAGGCGCTGTCGGAGTTGCGGCTCGAGAGCTACGAGCAGCATGCTTGGCCCCGGCCGGTCG
CCGCTCTCTATCGCAAGAATGCGCTCATCATTTCCATCTTGTCGGCGGCATGCATAACCGGCGTCCTTCTGCTTGCCGCC
ATCTTCAACGGGGATGCACTTTTCGCGAAACACGCATCGGTGCCCGGCGGCGGGTTTTACAACGTTATTCCTTATCAGGC
GATGATTGCCGTCGCGGCGACCACATTTCTTTATTCCGCGCTGGCGCTGGCGATCAGTCTCGTTCGCTTTTCGCGGACGA
TCGGTCTGGGAATTAAGGTTCTTTATCAGCACGTGCCGGTTCTTCGGGCGCTACGCGATGCGGCGACTCTGCGATATCTC
GGCGGCAGCGACGGCGAGGGGTGTAACGACGCGGACGAGACATTTTCGACGACCCGGCGAAAATTTCATCACGCCCTTGC
CTATGGCTTCGGACTTTGTTTCGCGGCCACAGCCACGGGCACGATCTACGATCATATGTTCGGCTGGCCGGCGCCCTATG
CGCTTTTCAGCTTGCCGGTCGTCCTAGGGACCGTTGGGGGGATCGGAATGGTCGTGGGCGCGATCGGCCTACTCTGGCTC
AAGCTGGCCGGCGAAGACGCTCCTCGATCACCGGCACTGCTTGGGCCGGATGTTGCCCTGTTGGTGCTTCTGCTTGCCAT
AGCGGCAACGGGCCTCCTCCTTTTAGCGGTCCGCAGCACCGAAGTCATGGGCGTCGCGCTCGCCGTCCATCTCGGCGTCG
TCTTGGCCTTCTTTTTGGTGATGCCATACAGCAAATTTGTCCACGGTATCTTCAGGCTCACGGCTCTCGTGCGCCATCAT
GCTGACCGCGAGGCAAGTAATGGCTTCGCCTCCAGCCCTCCCACGAAAAAGGGTTAAACAATGGAACATATGAAGTCCGT
TCGCGATCGCAGTAGCGTCATGCAGATCGTGAGAGTGGCGAGTGGCAACTGTCTCGAGCAATATGATTTCTTCGTTTACG
GCTTCTATGCGGCATATATTGCGAGAAGCTTTTTTCCGACCGGCGATAACGCGACATCGCTCATGCTTTCATTGGCCACT
TTTGGCGCTGGTTTCCTCATGAGGCCCTTGGGGGCGATTTTTCTCGGGTCCTACATCGATCGCGTCGGGCGTCGGAAAGG
CCTGATCGTGACACTCGCGATCATGGCCGTCGGAACCCTCACCATTGCGATGACTCCAAGCTATGAGGCAATTGGATTAC
TCGCACCGGTTATCGTGCTCGTCGGGCGACTTTTGCAGGGTTTTTCCGCTGGAGCAGAGTCGGGTGGCGTCTCAGTGTAC
TTGGCGGAAATTGCGTCGCCCAAATCGAGAGGCTTCTTCACCTCGTGGCAGTCTGCCAGCCAGCAGGTGGCCGTCATGAT
CGCCGCCGCGATCGGTCTTGCGCTGCAATCAACGCTTTCACCGGAGCAAATGAACGACTGGGGATGGCGGGTGCCCTTGT
TGATCGGATGCTTGATTATCCCCGTGATACTCTGGCTGCGCCGGTCTCTCCCGGAAACGAAAGCCTATCTCCACATGGAG
CACAAGGCGCATTCGATCGGCGAATCCCTCCGCGAATTGCAACAGAGCTGGGGGCTGATCTTGACGGGCATGGCGATGTC
GATCCTCACGACGACCACCTTTTACATGATTACCGCCTATACGCCGACATTTGGCGAGAAAGCACTCGGACTGAGCCCGC
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AAGATGTCCTGCTGGTTACCATCATGGTCGGCGTGTCGAACTTCCTGTGGCTTCCGATCGGGGGTGCTCTCTCGGATCGT
ATCGGTAGAACCCCGATCCTACTGGTCGTGCCGGTCACCGTTCTCGCCATCGCCTTTCCCCTGATGAGCTGGCTCGTCGL
GGCACCGACATTCGGAGCGCTTGCAGCTGTTCTGCTGACTTTCTCCGCATGCTTTGGACTCTATAATGGGGCGCTCATCG
CGAGACTCACCGAGATTATGCCTCCCGCCATTAGAACCCTTGGCTTCTCGCTGGCGTTCAGTCTCGCGACCTCGCTGTTC
GGCGGCTTCACCCCATTGGTAAGTACGGCGCTAATCCACGCGACGGGCAGCAATTCCGCGCCTGCAATCTGGCTCTGTTT
TGCGGCTTTCATCAGCTTCGTCGGTGTGGCCGCATCGACCCGGCTGAGCCGGCCAATCGCCGAAGGCGCCAGATAGGACA
ATCAGAGAATGCCCGTGCGGCAATGAAGCGAGATTCGGGCGGTAGGTGCGCTGGCGGCACTTCGCGAAGAGCCGTTGCGG
ACGGCTGAAACGATGATGGTATGAATGGGCTAAGACATGAGAGCAGTAGTTTACCGAAATGGCGAACTTGTCCTGGGGGC
CTATGCTGATCCGATACCCGCCGCCGGGCAGGTGCTCGTCAAGACCAGAGCATGCGGCATCTGCGGATCTGACCTTCATT
TTTGCGATCATGCGCAGGCGTTTACGAACCTTGCATCGCGGGCGGGTATCGCCTCTATGGAAGTTGATTTGTGTCGAGAC
ATCGTTCTGGGGCATGAATTCTGTGGCGAGATTATGGAGTTCGGGCCCTCTGCGGATCGTCGCTTCAAACCCGGACAGCT
TGTGTGCTCGCTGCCGCTGGCGATCGGTCCGACCGGAGCGCGGACGATTGGCTACTCGGATGAGTATCCCGGCGGGCTCG
GCGAATATATGGTCCTCACGGAAGCGCTCTTGCTGCCTGTTCCGAACGGCCTTCCGGCGACCTGCGCGGCGTTGACGGAG
CCGATGGCGGTGGGATGGCATGCCGTCGAGATCGCGCAGGTTCAACCACATCACATCCCTGTGGTGATCGGGTGCGGACC
GGTCGGGTTGGCAGTCGTCGCTGCCCTGAAACATAAGCAAGTTGCTCCGATTATTGCGTCGGATCCATCGCCCGATCGGC
GTGCTCTTGCTCTGCGGATGGGCGCCGACGCCGTTGTCGATCCGCGCGAAGAATCACCCTTTCGCCAGGCCGAGAAGATC
GCACGCCCGGTCGGACAAGGTGGGGCCCTGTCCAGCTCATTGCTGTCAAAGTCTCAAATGATATTCGAATGCGTAGGGGT
GCCGGGCATGCTTCGGCATGCGATGGACGGCGCGTCCGACGGGTCCGAGATCATGGTCGTTGGCGCATGCATGCAGCCGG
ACGCGATCGAGCCCATGATCGGGATGTTTAAAGCGCTCACGATCAAATTCTCGCGAACTTACACGGGTGAGGAATTCGCC
GCGGTGCTTCACATGATAGGTGAGGGCGCACTCGACGTATCTCCGCTCGTTACCGATGTGATTGGCCTGTCCGATGTCCC
GTCCGCGTTTGAGGCTCTACGGAGTCCAGGCGCCCAAGCAAAAGTGATTGTGGACCCTTGGCGCTGAGCCTGAGGATGCC
AAGGGTGCGACGTTGGGCATCGTCAAAGAAGGCGACGTTGACCCGGTATGTGAACATCCCCATATTCTTCCGCAGCTGAA
GCAGTTGGTAAACATGCCAAAATATGAACTGTAGTATTGCGTCGGGGTTCTCATTGTGGGGTTTGCCATTGTCATCGCTC
GCACCCGGCGACAAAGATTAGATGTACTTCCGATAATCCGTGCTCTCGACCTGGCCTTCCTTCATATATTTCAGGACCTC
TCCGACCATGCGTGCGGCGCGGATCGGGATCGGCAGGCGTTGGTTCATCTGGGTCGAGTTCCAGTTGATCTTCGTAAGAG
AGAACACCTCCTCGGCTAACTGCGCCGCGGTACTATCGCAGGATCGTCTCGAGCGTYCGC

>SEQ ID NO:2 (fumA)

ATGCGGAACGTCAGCGACAAGGCGCCGCCCCACGAGACGCTCACCGTAGTCGTCGCGGCAATGATCGTTGGCACGGCCGL
CTTGATGGTGCTTGGAATACAGCCCATCCTTCTCGGCGCCCTTGTAGAGGAGGGGCGTATTCCCGCCGAGGGGTTGGGAT
CGGCGGCAACGGTGGARATACTGGCGATCGCGGCGGGAACATGCATCGGACCCGTTCTTATGAAGACGGGATATCTGCGG
GCGAAATGCGCGGCACTCTGCTTAATGCTCGCCGCAATCAACTTCGGATTGACGTTGCCGGGTTTCGATTTGCCCATCGT
GGCTTGCCGAGCGGCAGCGGGAGCCCTGGAAGGTCTTTCGCTCAGCGCGGCGATCCTGATCATGACTCATAATCGGCGGC
CGGACCGGCTGAGCGGAATATTTCTGGGCGCGCAGACGATACCGCAGGTAATATCTGCTTATTTGCTCCCGACGGAGATT
ATTCCGCGCTGGGGGAGCGCAGGCGGCTTCACGATCCTGGGCATTCTCGCGGCGATCGCCGCGATCGCGGCTCTGTGCCT
CGTCGATCGCGTTGAGCTCGATCCGACGACCGTTAACGACGACTTGCAGTGGTCACCCGCGGCGATCGTCATTTCGATGG
CGGCATTCGTTCAATTCTCGGGGGTCGGTGCCGCATGGAGCTATCTGGAGCGACTGGCTGCGCAGCACGGATTTTCGGGA
GAAACGATCGGTATCGCCATTTCCGGGAGTTTGCTTTGCCAGGTAGGCGGGGCTTGGCTGGCCGCTTGGATCGGTGGGCG
GGTCGGATATCGCTTCGCCTTAATCGCTGGGAGCCTGCTTCAGGCGGGCAACGTGATCGCATTGGCGGTGGCCGATCAGC
CAAGCTGGTTTATTTCCGCTTCCTGTGCTTTCGGCCTGTTCTGGTTGGCGATGCAGCCCTTCCAAATCCGCTTCGCGATC
GCGATAGATAACAGCCGGCAGCTTGCTGTACTGCTGACGCCGATCGCCCTCGTCGGGTTGAGCGCGGGGCCCTTGTTGCT
CTCTCGCTTTGCCGGGGCGACCGACTTGCGCTGGATCTTTGTGGGGAGTTCGACCTTGTTGCTGGCCAGCGCGCTTCTGT
ATCTTTGCGCTTCTCTGTTTCAACCGCGCGGAAAGGTGATCGCTGAAACGGTGGACGTA

>SEQ ID NO:4 (fumB)

ATGACATCGCAGGTCAAGCTTCGTAGCGCGGCAAAGCGGCCGCGCAGTCCTAAAAGCGAGCGAGGTCTTGCTCGTTACGA
GTCCTTGCTTGATGCGACCGACAGGCTGTTGGTCGATCTAGACCCCGATCAGGTCGGTCTCTATCAGATTGCAGAGGAAG
CGGGTGCCTCACCGTCGTCCGTCTATCATTTCTTTCCGACCAAGGAAGTGGCTCATCTCGCTCTGATGCGCCGCTATCTG
GAGGGGCTCCGGAATCTCGACGCGATGGAAGTCGACATCGGCCAGCTCGARAGCTGGCAGGACCTGATGAAGTTGGATCA
GATCAGGGCGCGAGACTATTATAATAGCCACCCGCCCGCCCTCAAGCTTCTGTTCGGCGGATATGGCGGGGTCGAGGCCA
GAAAGCTTGACGAGCGATACTCCGAGGAAATCGTGAGCTCCATGTATGGCAGATACAACGGCATTTTCCATATGCCGCAA
ATGGAGAATGAGGCTCTCATGTTCACGATCTGCTTCGCAATTCTCGACGCGGTATGGGCCGTCTCCTTTCGCCGGTTCGG
TGAAATTACGTCGGATTTTCTTCGGGAGGGGCAAGCGGCTTGCATTGCCTATTGCCGACACTATCTGCCCGAGCGAACGC
CATCAGCGTGA

>SEQ ID NO:6 (fumC)

GTGGCCAGCAAGTTCAACTGTGAGTTACTCGATCTGCGATCATTTGTTGCGGTGTATGAAACGCGAAGTTTTAGCCACGC
CGCGCGGCTTCTGAATCAATCGCAGCCCGCGCTCAGCCGGAGAATCCAGCGCCTCGAGAGTCTCGTGGGCGGTCCGTTGT
TCGAGCGGACCAGTCGGTCGCTTGCCGAAACGGCGCTCGGCARAGAGTTGCTCCCGGTCGCCCACCGAGCGTTGGAACTT
GTCGATACGTCGCTGTTTGCGTCGCCCAATGTCCGGGAGTTCCGCTGGACAGACATCACGATTGCCTGTGTACAGACCGC
CGCCTTCCATGTTCTCCCGCGAGCTGCGCGCTTGTACATGGATCAARATCCGAGGGTCCGACTCCGCATCCTTGACGTGC
CGGCGGTCGAGGCTGCGGACCTGGTTGCGAGCGGCGAGGCGGAGTTCGGCATCAGCATTGAGAGCCTGTTGCCATCAAGC
CTGCGGTTCGATGCGCTCCACGAGGACCCGTTCGGCCTGGCATGCCACCGAAGCCATCCGCTGGCGTCGCTCGAGATCCT
TGAATGGACGCAATTGAAAGGTGAAAGCCTGATCGCCGTTCACCGTGCGAGCCGGAACCGCACGTTGCTCGATGCCGAAC
TCGCGCGCAACAATATCGCGCTGGAATGGCGGTATGAGGTCGCGCATCTGACGACGGCGCTGGGATTGATCGATGCGCAA
TTGGGTGTCGCTGTTATGCCCCGCATGGTTATGCCCCGCTCGGGTCGGTCGGAGGTCGTCTGGCGCCCCGTCGTCGCGLL
GGTCGTCCAACGCACGATCGGCATCGTTCAGCGCCGCACCGGCTCGATGCACCCTGCCGCACAGCAATTGCTTGCGCGGE
TCCGCGCGGCCTGGTCGTCCGCCAATCTGGGCGACATCGCGTCTCGCGAAGATGGGGCATCGTGA

>SEQ ID NO:8 (fumD)
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GTGAAAGAGCACCAATGCCGTGGCGGCCGGGCGTCCCCCGCTGCGCCCGCCACGTGGCTTGCGCGGATCAGCGTTTCCCG
GGGGGCCTCCGCCATCGCCTGGACCTTCATGCTTGGCGCAACTGCCATTCCCGTGGCTGCGCAAACTGACGATCCGAAGC
TCGTTCGTCATACCCAGTCGGGCGCCGTCGAGGGCGTCGAGGGCGACGTCGAGACTTTTTTGGGAATACCCTTCGCGGCT
CCGCCGGTCGGCGACCTGCGATGGCGGCCGCCGGCTCCGCCGAGGGCGTGGGCGGGCACCAGGGACGGCCGCCGCTTTGL
GCCCGATTGCATCGGGAACGAGCGGCTTAGAGAGGGGAGCCGGGCTGCCGGGACGAGCGAAGACTGCCTCTATCTGAATA
TCTGGTCTCCCARACAGGTCGGTAAGGGGGGGCTCCCCGTCATGATCTGGGTTTACGGCGGTGGGTTTAGCGGCGGTTCT
GGCGCGGTGCCATATTATGACGGCTCTGCGCTCGCGCAGAAGGGCGTGGTGGTCGTCACGTTCAACTATCGCGCCGGGAT
TCTGGGCTTTCTTGCCCATCCGGCGCTTTCAARAGGAAAGTCCGAATGGCGTGTCGGGCAACTATGGTCTTCTCGACATGC
TCGCGGCGTTCAAATGGGTTCAGAACAACATAAGGGAGTTCGGCGGAGACCCGAACCGTGTCACGGTCTTTGGCGAGTCC
GCCGGCGCGAGCGCGCTCGGACTGCTCCTGACCTCGCCGCTCAGTGAGAGCGCCTTCAATCAGGCGATACTGCAAAGTCC
GGGTCTGGCCAGGCCGCTCGCCACGCTTTCTGARAGCGAAGCGAATGGGCTGGAGCTGGGAGCCGATATTTCTGCTCTAC
GGCGTGCCGATGCGGGCGAATTGACGAAGATCGCGCAATCGCGAATACCCATGTCGCGCCAGTTCACCAAGCCGCGGLCCG
ATGGGTCCGATTCTGGACGGCTATGTTTTGCGCACCCTTGACGTCGATGCCTTCGCCAAGGGGGCCTTCCGCAAGATACC
CGTTCTGGTCGGCGGAAACGCCGACGAAGGGCGCGCTTTTACGGATCGCCTGCCGGTCAAAACGGTCCTTGAATATCGAG
CCTATCTCACAGAACAATTTGGTGACGAGGCGGACGCATGGGAGCGTTGTTATCCCGCGAACTCCGACGCCGACGTCCCC
GCCGCCGTTGCCCGTCTTTTTGGGGATAGTCAGTTCAACAACGGGATCGAGCTGCTCTCGGCAGCCTTCGCGAAATGGCG
AACGCCGCTTTGGAGATATCGCTTTACGGGCATTCCAGGAGCCGGCCGTCGCCCCGCCACGCATGGAGACGAAATTCCCT
ATGTCTTCGCAAATCTGGGGCCGTCGTCCGTATCTATGTTTGGGTCGCTCGAAGGCGGCGCCGGGGCGTCGGACATCAAA
CTTGCGACCGAAATGTCCGCGGCCTGGGTGAGCTTCGCGGTGCACGGGGTCCCCGATCAGGGCACGAAATCGCACTGGCC
GCGCTTCGAGCGGCGAGGGGAGATCATGACTTTTGGTTCGCAGGTTGGCTCTGGGGAAGGTCTTGGAGTTTCGCCGAGCA
AAGCCTGCCAACCCTCAAAATAG

>SEQ ID NO:10 (fumE)

TTGGAGTTTCGCCGAGCAAAGCCTGCCAACCCTCAAAATAGCGCCCGGCCTGTGCGTGCTTCAGCACGCCGTCCCGCTTT
GCGGGCGACGGGCTGTGCCCTCTGCCTAGAAGGAAGTAAGTTGCGCTACGACGTCGCGATAATTGGAGGTGGCAACGCTG
CATTGACGGCAGCCGTGACGGCGCGTGAAGCGGGGGCCTCGGTTCTTGTGATCGAGCATGCGCCGCGCGCCATGCGCGGL
GGCAACAGTCGTCACACACGCAATATGCGTACGATGCACGAACGTCCCCTGTCGCCGTTGACCGGTGAATATTCGGCGGA
CGAATATTGGAATGATCTTGTCCGCGTCACGGGGGGGCGCACCGACGAAGAACTCGCGCGGCTCGTTATCCGCAACACCA
CCGACGCTATTCCCTTCATGACGCGCTGCGGTGTGCGTTTCCAGCCCTCGCTGTCGGGCACGCTGAGTTTATCGCGAACC
AACGCATTCTTCCTTGGCGGCGGGAAGGCGCTTGTAAACGCATATTACGCCACGGCCGAACGGCTAGGCGTCGATATTCT
CTATGATTCTGAGGTGACCGAGATCAACCTTCAGCAAGGCGTCGTGCAGCGTCTGCAATTGCGCAGCCGGGGATTCCCTG
TCGAAGTGGAAGCCAAGGCTGCCATCGCCTCGTCCGGAGGATTCCAGGCAAATCTTGACTGGCTCTCAAGCGCATGGGGG
CCTGCTGCGGCGAACTTCATCGTACGGGGCACGCCATATGCGACTGGCACGGTGCTCAAGAACCTGTTGGAGCAAGGCGT
CGCCTCGGTGGGAGATCCAACCCAATGCCATGCTGTCGCGATCGATGGGCGAGCGCCCAAATACGACGGCGGCATCGTCA
CACGACTGGACTGCGTTCCCTTCTCGATCGTCGTCAACAAGGACGCCTTGCGCTTCTACGATGAAGGCGAAGATGTGTGG
CCGAAGCGTTACGCCATATGGGGTCGCTTGGTGGCACAGCAGCCTGATCAGATCGCTTTCAGCATAATCGATCGGCAGGC
CGAAGACCTCTTCATGCCGTCAGTGTTCCCCCCCGTGCAAGCGGACACGATCGCGGGTCTGGCCGAGAAACTCGGTCTGA
ATCCCGTAACCCTGGAACGCACGGTGGCCGAATTCAACGCCGCATGCGTGCCCGGCGAATTCGGCGGCCAAGATCTCGAC
GACCTCCACACCGAGGGAATCGAACCAAAGAAATCCAACTGGGCCCGACCGATTATTGTGCCCCCGTTCAGCGCCTATCC
TCTCCGGCCCGGGATCACCTTCACCTATCTCGGCGTCAAGGTAGACAGCCGTGCGCGGGTCATCATGGAGACAGGTGAGC
CGACAAAAAACCTGTTTGCTTCGGGGGAAATAATGGCGGGCAGCATTCTCGGCCAAGGTTATCTCGCTGGATTTGGAATG
GCGATTGGTACCGTATTCGGCCGCATCGCGGGTTGGGAGGCCGCACGTCATGCAGGATTTTGA

>SEQ ID NO:12 (fumF)

ATGCAGGATTTTGATCTCGTAAAAATGCTGTCTGACTTGCCGTCGGCGCCGGAGCTGGAAGCCAGGCGCGTTATGGAGGT
GTGCAACGCGTGCCGCTATTGCGAAGGGTTCTGCGCGGTATTTCCTGCAATGACCTTGCAGCGTCATTTCGCCAGCGGCG
ATCTCAGCCACCTCGCCAATCTCTGCCACTCGTGCCAAGGTTGCTATTACGCCTGCCAATACGCCCCTCCGCATGAGTTC
GGAATAAACGTTCCAAAGGCGCTGTCGGAGTTGCGGCTCGAGAGCTACGAGCAGCATGCTTGGCCCCGGCCGGTCGCCGL
TCTCTATCGCAAGAATGCGCTCATCATTTCCATCTTGTCGGCGGCATGCATAACCGGCGTCCTTCTGCTTGCCGCCATCT
TCAACGGGGATGCACTTTTCGCGAAACACGCATCGGTGCCCGGCGGCGGGTTTTACAACGTTATTCCTTATCAGGCGATG
ATTGCCGTCGCGGCGACCACATTTCTTTATTCCGCGCTGGCGCTGGCGATCAGTCTCGTTCGCTTTTCGCGGACGATCGG
TCTGGGAATTAAGGTTCTTTATCAGCACGTGCCGGTTCTTCGGGCGCTACGCGATGCGGCGACTCTGCGATATCTCGGCG
GCAGCGACGGCGAGGGGTGTAACGACGCGGACGAGACATTTTCGACGACCCGGCGAARAATTTCATCACGCCCTTGCCTAT
GGCTTCGGACTTTGTTTCGCGGCCACAGCCACGGGCACGATCTACGATCATATGTTCGGCTGGCCGGCGCCCTATGCGCT
TTTCAGCTTGCCGGTCGTCCTAGGGACCGTTGGGGGGATCGGAATGGTCGTGGGCGCGATCGGCCTACTCTGGCTCAAGC
TGGCCGGCGAAGACGCTCCTCGATCACCGGCACTGCTTGGGCCGGATGTTGCCCTGTTGGTGCTTCTGCTTGCCATAGCG
GCAACGGGCCTCCTCCTTTTAGCGGTCCGCAGCACCGAAGTCATGGGCGTCGCGCTCGCCGTCCATCTCGGCGTCGTCTT
GGCCTTCTTTTTGGTGATGCCATACAGCAAATTTGTCCACGGTATCTTCAGGCTCACGGCTCTCGTGCGCCATCATGCTG
ACCGCGAGGCAAGTAATGGCTTCGCCTCCAGCCCTCCCACGAAAAAGGGTTAA

>SEQ ID NO:14 (fumG)

ATGGAACATATGAAGTCCGTTCGCGATCGCAGTAGCGTCATGCAGATCGTGAGAGTGGCGAGTGGCAACTGTCTCGAGCA
ATATGATTTCTTCGTTTACGGCTTCTATGCGGCATATATTGCGAGAAGCTTTTTTCCGACCGGCGATAACGCGACATCGC
TCATGCTTTCATTGGCCACTTTTGGCGCTGGTTTCCTCATGAGGCCCTTGGGGGCGATTTTTCTCGGGTCCTACATCGAT
CGCGTCGGGCGTCGGAAAGGCCTGATCGTGACACTCGCGATCATGGCCGTCGGAACCCTCACCATTGCGATGACTCCAAG
CTATGAGGCAATTGGATTACTCGCACCGGTTATCGTGCTCGTCGGGCGACTTTTGCAGGGTTTTTCCGCTGGAGCAGAGT
CGGGTGGCGTCTCAGTGTACTTGGCGGARATTGCGTCGCCCAAATCGAGAGGCTTCTTCACCTCGTGGCAGTCTGCCAGC
CAGCAGGTGGCCGTCATGATCGCCGCCGCGATCGGTCTTGCGCTGCAATCAACGCTTTCACCGGAGCARATGAACGACTG
GGGATGGCGGGTGCCCTTGTTGATCGGATGCTTGATTATCCCCGTGATACTCTGGCTGCGCCGGTCTCTCCCGGAAACGA
AAGCCTATCTCCACATGGAGCACAAGGCGCATTCGATCGGCGAATCCCTCCGCGAATTGCAACAGAGCTGGGGGCTGATC
TTGACGGGCATGGCGATGTCGATCCTCACGACGACCACCTTTTACATGATTACCGCCTATACGCCGACATTTGGCGAGAA
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AGCACTCGGACTGAGCCCGCAAGATGTCCTGCTGGTTACCATCATGGTCGGCGTGTCGAACTTCCTGTGGCTTCCGATCG
GGGGTGCTCTCTCGGATCGTATCGGTAGAACCCCGATCCTACTGGTCGTGCCGGTCACCGTTCTCGCCATCGCCTTTCCC
CTGATGAGCTGGCTCGTCGCGGCACCGACATTCGGAGCGCTTGCAGCTGTTCTGCTGACTTTCTCCGCATGCTTTGGACT
CTATAATGGGGCGCTCATCGCGAGACTCACCGAGATTATGCCTCCCGCCATTAGAACCCTTGGCTTCTCGCTGGCGTTCA
GTCTCGCGACCTCGCTGTTCGGCGGCTTCACCCCATTGGTAAGTACGGCGCTAATCCACGCGACGGGCAGCAATTCCGCG
CCTGCAATCTGGCTCTGTTTTGCGGCTTTCATCAGCTTCGTCGGTGTGGCCGCATCGACCCGGCTGAGCCGGCCAATCGL
CGAAGGCGCCAGATAG

>SEQ ID NO:16 (fumH)

ATGAGAGCAGTAGTTTACCGAAATGGCGAACTTGTCCTGGGGGCCTATGCTGATCCGATACCCGCCGCCGGGCAGGTGCT
CGTCAAGACCAGAGCATGCGGCATCTGCGGATCTGACCTTCATTTTTGCGATCATGCGCAGGCGTTTACGAACCTTGCAT
CGCGGGCGGGTATCGCCTCTATGGAAGTTGATTTGTGTCGAGACATCGTTCTGGGGCATGAATTCTGTGGCGAGATTATG
GAGTTCGGGCCCTCTGCGGATCGTCGCTTCAAACCCGGACAGCTTGTGTGCTCGCTGCCGCTGGCGATCGGTCCGACCGG
AGCGCGGACGATTGGCTACTCGGATGAGTATCCCGGCGGGCTCGGCGAATATATGGTCCTCACGGAAGCGCTCTTGCTGC
CTGTTCCGAACGGCCTTCCGGCGACCTGCGCGGCGTTGACGGAGCCGATGGCGGTGGGATGGCATGCCGTCGAGATCGCG
CAGGTTCAACCACATCACATCCCTGTGGTGATCGGGTGCGGACCGGTCGGGTTGGCAGTCGTCGCTGCCCTGAAACATAA
GCAAGTTGCTCCGATTATTGCGTCGGATCCATCGCCCGATCGGCGTGCTCTTGCTCTGCGGATGGGCGCCGACGCCGTTG
TCGATCCGCGCGAAGAATCACCCTTTCGCCAGGCCGAGAAGATCGCACGCCCGGTCGGACAAGGTGGGGCCCTGTCCAGC
TCATTGCTGTCAARAGTCTCAARATGATATTCGAATGCGTAGGGGTGCCGGGCATGCTTCGGCATGCGATGGACGGCGCGTC
CGACGGGTCCGAGATCATGGTCGTTGGCGCATGCATGCAGCCGGACGCGATCGAGCCCATGATCGGGATGTTTARAGCGC
TCACGATCAAATTCTCGCGAACTTACACGGGTGAGGAATTCGCCGCGGTGCTTCACATGATAGGTGAGGGCGCACTCGAC
GTATCTCCGCTCGTTACCGATGTGATTGGCCTGTCCGATGTCCCGTCCGCGTTTGAGGCTCTACGGAGTCCAGGCGCCCA
AGCAAAAGTGATTGTGGACCCTTGGCGCTGA

>SEQ ID NO:18 (fuml)

ATGGCGAACGGAACAAGGCAGAARAGATCTCAGAGAACGCGCCGAACGGGTCATTCCGGGCGGGATGTACGGCCACGAGTCGACACGGT
TGCTGCCGCCAGAATTCCCCCAGTTCTTCAGGCGCGCGCTGGGGGCACGAATTTGGGACGCCGACGAGCAGCCCTATATCGACTATATGTGCGC
GTATGGGCCAAATTTGCTCGGTTACCGGCAATCCGAAATCGAAGCCGCGGCTGATGCGCAGCGACTTCTCGGCGACACCATGACCGGTCCTTCG
GAGATCATGGTCAACCTCGCCGAAGCCTTTGTGGGCATGGTCCGTCATGCGGATTGGGCGATGTTCTGCAAAAATGGCAGCGATGCCACCTCAA
CGGCGATGGTTCTCGCGCGTGCCCATACGGGGCGCAAAACCATATTATGCGCCAAAGGCGCCTATCATGGCGCTTCCCCGTGGAACACTCCGCA
TACTGCCGGGATTCTCGCTTCCGATCGCGTGCATGTCGCATATTATACCTATAACGACGCCCAAAGCTTATCGGACGCGTTCAAGGCGCACGAT
GGCGATATTGCGGCTGTCTTTGCCACACCTTTCCGACACGAAGTATTTGAGGACCAGGCCCTCGCCCAGCTTGAGTTCGCGCGCACCGCTCGAA
AATGTTGTGACGAGACCGGTGCGCTTCTGGTCGTTGACGATGTGCGCGCAGGTTTCCGGGTGGCGCGCGATTGCAGCTGGACGCATTTGGGTAT
CGAACCCGATCTCAGTTGCTGGGGAAAATGCTTTGCGAATGGCTATCCGATCTCCGCCCTGCTGGGCTCGAACAAGGCGCGCGATGCGGCGCGG
GATATATTTGTGACCGGCTCCTTCTGGTTCTCTGCGGTACCGATGGCGGCCGCGATCGARACCCTCAGGATCATTCGAGAGACGCCTTATCTCG
AAACGCTGATCGCCAGCGGCGCCGCCCTGCGGGCAGGCCTGGAGGCACAGTCTCAGCGCCATGGTCTTGAGTTGAAGCAGACGGGCCCGGCGCA
GATGCCGCAAATATTCTTTGCGGACGATCCCGATTTTCGGATCGGCTATGCGTGGGCCGCGGCGTGCCTGAAGGGCGGCGTCTATGTTCATCCC
TATCACAATATGTTTCTCTCTGCGGCCCATACAGTTGACGATGTAACGGAGACCCTCGAGGCGACGGATCGCGCGTTCAGCGCGGTCCTCAGAG
ATTTTGCGTCTCTCCAGCCTCATCCCATTTTAATGCAACTCGCCGGTGCTTGA

>SEQ ID NO:20 (fum.J)

ATGTATCGGAAGTTCAGAATCGAAAAGCCCGGCAAGGCAAATAGTTTGCTCGGCGCAGTAGCGCTCGGCACCCTCGCATTTCCTGTCT
CTGCCAGTGCTCAGGATAGCGATCCCGCATCGATAGGTCAGCCGGACGAAGCGGACACGGACCGGGGAACGAGCGAAATCGTCGTGACCGGCAG
CCGCCTCCAGAACGGCTTCAATTCGCCGACGCCGGTTACAGCCGTATCCAGCGAGCAGTTGAAGGAGGCATCTCCGACCAACCTTGCCGACGCA
CTCAACCAGCTGCCCGTGTTCAACGACAGCTTGAAGACCTCCAACCCTGGCACGACACCCGGAACGGGGAACAGCGGTCAGAACCTGCTCAACA
TGCGCGGCCTCGGGTCAAACCGGAACCTCGTCCTGCTGAACGGCAACCGTTTCGTCGCGACCAATTTCACAGGCTCGGTCGATATCAACGTGCT
GCCGCAGGCGTTGGTCAAGCGCGTCGATGTCGTGACGGGCGGCGCCTCGGCCGCCTACGGTTCCGATGCCGTTTCGGGCGTCATCAACTTCGTG
CTCGACGAAGATCTGGAAGGCATCAGGGCCGAGCTCCAGTCGGGTGTTTCAACCCGCGGCGACCTCCCGTCCTACGGCGGTTCGATCGCCTTCG
GCACTTCGTTTGCCGACGACCGGTTGCACTTGCTCGGCAGCTTCGAATATTTTCGACAGGACGGAATCCGGGCCGATGAAGCAACGGGTCGCCG
CTGGTTCGACATCGCCGCCGGCCAATATCCCGTGCCCGGCGCTACGACAGGCGTCACGGTCGTGCCCGATATTCGCAGTTCTCGCGGATCCTAC
GGCGGACTTGTCACGTCCGGCCCTCTGAAAGGCATCGCGTTTTTGCCCGGAGGAGTCCTAGGGACCTTCGACTACGGGAATTTTACGAGCTCGT
CGTTCCAGAGCGGCGGCGATGGACCGCGCGTGAATATCGGCTTCGCCCCGGATCAGCTTCGCTACAACGCGTTCCTACGCGCCGCATATGATGT
GTCCGACACTGTGCAGGTGTATGCGGAGGGCACCTATGCTTATTCCCACACCAACCTGGGTGCATTCGTAATATCGCATGTCGGTGGCTCGAAT
AATTTCCGGATCTTCCGTGATAACGCCTTCCTTCCGGCTCCACTCGCGACGCTCATGGACAGARATGCCCAGGCTTCGATCGTTGTCGGTCGCT
TCTCAAGCGACTTTCCCTTGGTCGAAATCGAGAATTTCGCAAAGGTCTACCGCGGCGCTGCCGGCTTCCGGGCAGACATTGGCAATGGCTGGAA
ACTCGATGGCTCGGCCTCCTTTGGCCTTACGGACCTCGAGCTTCGTGARAACAATCTCACCATCAACCGCAATCTCTACGCCGCCGTCGATGCG
GTCCGCGATCCCGCGGGCAATATCGTCTGCCGTTCAACACTGGCCGGCCTCGACCAAGATTGCGTGCCGCTCAATCTCTTCGGCACAGGCTCGC
CGAGCGCGTCGGCCATCGACTATGTCACCGCTGATGGCGTCGCTCAGCTGAGGCTTGAGCAATATGTGGCGGGACTCACGATTTCCGGCGACCT
CGGCGATAGCCTGTCGTTCGGCGCGGGCCCGGTCTCGGTCGCCGCTGGTATCGAATATCGCAAGGAGAAGGCCCGGCAGGAAACCGACGCGATA
TCGCAGGCGACGACCTCGATCACGGGAATCAGGGGGGCTCCGGCGGCGCAGGCAGGTCGGCCTGGAGGCTTCAATCTCTACAACCCACTTCCCT
TCTCGGGAAGCTATGACATCAAGGAAGGTTTTGTCGAAATCGGCGTCCCGATTCTGAAGGACAGCGCGCTGGGACGTTCGCTGAACTTAAACGG
CGCCGTCCGATATGCCGATTACAGCCAGTCCGGTGGAGTAACAACCTGGAAGCTGGGCGGAGAATATGAGCCGATCGACGGCCTCAGGTTCCGC
GCGACCCGTTCGCGAGATATCCGCGGGCCAAGCCTTGTCGAGCTATTCGACCCCGGCCGTCAGGCGACGCTCAATTCAATTTATGGCGGACAGG
CTGTGCAGACGCGGTTCTTTACCGCCGGCAACGCGGATTTGCGCCCTGAARAGGCGGACGTCCTTACATTCGGCGCGGTGCTACGCCCCGCCTT
CGTGCCGGGGTTTCAGTTTTCGGTCGATCGCTATGTGGTGAAGGTGAAGGGCGCGATCGATTTCCTCCTTCCCCAGCAGGAAATCGACGCGTGC
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GATGCAGGAAACACCTTCTTCTGCGACCTCATAACGGAGAATCCGGACGGCACCATCACAGTGACGGGTCCCAATCTCAACCTGGCTGTCCAGA
AAGCGGCGGGAATTGACTTCGAGGCCTATTACTCACGCCCCGTCGGCGGCGGCACGTTCAGTCTTCGTGCGCTGGCAACGCACCATACCTCTGC
CTATCGCATCGCGACCGGCTCGGCGCCCATCCGTTCGCTCGGACAACCGGACACGCCARAATGGTCGGCCAACTTCCAGGCGCGATATTCGALCC
GACGATTGGGCGCTTCTCGTGCAGCAGCGCTTCATCGCAGCATCGGTGTTCAATGCCGACAATGTGGAGGGCGTCGATACGAATTTGAACCACG
CTCCGGCGGTTTGGTACACCGACGCGACATTGACCTTCGACATCGCGGCTTTTGGCCAGAAGCAGCAGCTGTTTCTATCGGTCAATAATTTGTT
CGACCGAGATCCGCCAATAGCGACGAACGACCCCAGCAGTTTTTCCAGCCCGACCAGCTCTGCCTATGATCCGGTCGGCCGCTATTTTAATGTC
GGGGTCCGTTTCCGGATCTGA

>SEQ ID NO:22 (fumK) khong hoan thién

ATGCGCCTCACGGGCGGAGAATTATTGGCACGATGTTTGGCCGTCGAAGGCGTCCGGTATGTCTTCGGCCTCATGTCGCCGGAGGT GG
ATCCGCTCCTGGCTGCGCTCGAAGACAATGGGATATTGTTCGTCCCGGTGCGGCACGAGGCCGCCGCAGCCTATATGGCCGAGGGCATTTACAA
GACCACCGGACAGGTCGCCGCGATTGTCACGAATCCGGGTCCCGGTACGGCAAACCTTCTGCCTGGAGTCGTGACGGCACGCCACGAAGGGGTT
CCCTTCGTCGCAATAACGTCCCAGCATCAACTTGGTGTCGTTTATCCCTGCACGCCAARAACCTTTCAGGGACAAGACCAGATCGACCTICTTTC
GACCCGCGGTTAAATGGGGCGCACCCATCTTCGCCTGGAACCGGATTGTCGARATCACCCATATGGCGTTCCGGGARATGTGGGCCGGCAGGCC
GGGACCCGTTCAGTTGGAAATCCCGARGTCTGTGATGTATGKTGTGGGCGAACGAGGACCACGGTAGAAGTTTACRGATCGCCGACA. . .

>SEQ ID NO:24

ATGGAATTGAGCCGCCAACGAGACCAGGCCTTGAGGGAGCGCGCCCAAGCGGTGATCCCGGGCGGGATGTACGGTCACGAGTCGACCT
ATCTGATGCCCGAGGGCACGCCACAGTTCTTCAGTCGCGGCAAAGGCGCCCGACTTTGGGACGCCGACGGCAACGAGTATGTCGATTACATGTG
CGCCTATGGCCCCAACCTGCTGGGTTACGGCTTCGAACCCGTCGAAGCGGCCGCCGCAGCCCAGCAAGCCCGGGGCGATACCCTGACCGGGLCLG
TCGGAGGTGATGGTGCAGTTGGCGGAAGACTTCGTCGCGCAAATCAGCCACGCGGACTGGGCCATGTTCTGCAAGAACGGCACAGACGCCACCT
CAATGGCGATGGTCATCGCGCGCGCACACACCGGCCGGAAGACGATCCTCTGCGCGAAAGGCGCCTATCATGGGGCCGCGCCTTGGTGCACGCL
GATCCTGGCCGGAACGCTACCGGAGGATCGCGCCTTTGTAGTCTACTACGACTACAATGACGCCCARAGCCTCGTCGACGCCTTCGAGGCCCAT
CAGGACGACGTCGCGGCGATCTTCGCCACCCCTCACCGTCACGAGGTGTTCAGCGACCAGATCGATCCTGATCCGGAATATGCGGCCAGCGTGE
GGGCGCTCTGCGACAAGAGCGGCGCCCTGCTCGTCGTCGACGAAGTTCGAGCCGGGTTCAGGATCGCGCGCGACTGCAGCTGGGCCAAGATCGG
CGTCGCTCCGGATCTGAGCACCTGGGGCAAGTGCTTCGCCAACGGCTATCCGATCTCGGCGGTCCTAGGGGGCGAAAAGGTGCGCAGCGCGGCA
AAGGCCGTCTACGTCACCGGCTCGTTCTGGTTCTCGGCCACGCCCATGGCCGCAGCCGTCGARACCCTGAAGCARATCCGCGAGACCGACTATC
TCGAGCGGATCAACGCGGCCGGGACCCGCCTGCGCGAGGGCCTGCAGCAGCAGGCTGCTCACAACGGCTTTACGTTGCGCCAAACGGGGCCCGT
CTCCATGCCCCAAGTCCTCTTCGAGGAAGATCCCGATTTTCGGGTCGGCTACGGCTGGGTTCGCGAATGCCTGAAGCGAGGGGTGTACTTCAGC
CCCTACCATAACATGTTCCTGTCGGCGECCCATAGCGAGGCGGACCTGGCCAAGACCCTTGCGGCTACCGGCGACGCCTTCGTCGAGCTACGCG
CCAAGCTTCCGAGCCTAGAAATCCACCAACCCCTCCTCGCCCTGAGAGCGGCCTAA

Céc enzym
Céac trinh tu:

>SEQ ID NO:3 (FumA)

MRNVSDKAPPHETLTVVVAAMIVGTAALMVLGIQPILLGALVEEGRIPAEGLGSAATVEI
LAIAAGTCIGPVLMKTGYLRAKCAALCLMLAAINFGLTLPGFDLPIVACRAAAGALEGLS
LSAAILIMTHNRRPDRLSGIFLGAQTIPQVISAYLLPTEIIPRWGSAGGFTILGILAAIA
AIAALCLVDRVELDPTTVNDDLQWSPAAIVISMAAFVQFSGVGAAWSYLERLAAQHGESG
ETIGIAISGSLLCQVGGAWLAAWIGGRVGYRFALIAGSLLQAGNVIALAVADQPSWEISA
SCAFGLFWLAMQPFQIRFAIAIDNSRQLAVLLTPIALVGLSAGPLLLSRFAGATDLRWIF
VGSSTLLLASALLYLCASLFQPRGKVIAETVDV

>SEQ ID NO:5 (FumB)

MTSQVKLRSAAKRPRSPKSERGLARYESLLDATDRLLVDLDPDQVGLYQIAEEAGASPSS
VYHFFPTKEVAHLALMRRYLEGLRNLDAMEVDIGQLESWQDLMKLDQIRARDYYNSHPPA
LKLLFGGYGGVEARKLDERYSEEIVSSMYGRYNGIFHMPQMENEALMFTICFATILDAVWA
VSFRRFGEITSDFLREGQAACIAYCRHYLPERTPSA

>SEQ ID NO:7 (FumC)

VASKFNCELLDLRSFVAVYETRSFSHAARLLNQSQPALSRRIQRLESLVGGPLFERTSRS
LAETALGKELLPVAHRALELVDTSLFASPNVREFRWTDITIACVQTAAFHVLPRAARLYM
DONPRVRLRILDVPAVEAADLVASGEAEFGISIESLLPSSLRFDALHEDPFGLACHRSHP
LASLEILEWTQLKGESLIAVHRASRNRTLLDAELARNNIALEWRYEVAHLTTALGLIDAQ
LGVAVMPRMVMPRSGRSEVVWRPVVAPVVQRTIGIVQRRTGSMHPAAQQLLARLRAAWSS
ANLGDIASREDGAS

>SEQ ID NO:9 (FumD)

VKEHQCRGGRASPAAPATWLARISVSRGASATIAWTFMLGATAIPVAAQTDDPKLVRHTQS
GAVEGVEGDVETFLGIPFAAPPVGDLRWRPPAPPRAWAGTRDGRRFAPDCIGNERLREGS
RAAGTSEDCLYLNIWSPKQVGKGGLPVMIWVYGGGFSGGSGAVPYYDGSALAQKGVVVVT
FNYRAGILGFLAHPALSKESPNGVSGNYGLLDMLAAFKWVQNNIREFGGDPNRVTVFGES
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AGASALGLLLTSPLSESAFNQAILQSPGLARPLATLSESEANGLELGADISALRRADAGE
LTKIAQSRIPMSRQFTKPRPMGPILDGYVLRTLDVDAFAKGAFRKIPVLVGGNADEGRAF
TDRLPVKTVLEYRAYLTEQFGDEADAWERCYPANSDADVPAAVARLFGDSQFNNGIELLS
AAFAKWRTPLWRYRFTGIPGAGRRPATHGDEIPYVFANLGPSSVSMFGSLEGGAGASDIK
LATEMSAAWVSFAVHGVPDQGTKSHWPRFERRGEIMTFGSQVGSGEGLGVSPSKACQPSK

>SEQ ID NO:11 (FumE)

LEFRRAKPANPONSARPVRASARRPALRATGCALCLEGSKLRYDVAIIGGGNAALTAAVT
AREAGASVLVIEHAPRAMRGGNSRHTRNMRTMHERPLSPLTGEYSADEYWNDLVRVTGGR
TDEELARLVIRNTTDATIPFMTRCGVRFQPSLSGTLSLSRTNAFFLGGGKALVNAYYATAE
RLGVDILYDSEVTEINLQQGVVQRLOQLRSRGFPVEVEAKAATIASSGGFQANLDWLSSAWG
PAAANFIVRGTPYATGTVLKNLLEQGVASVGDPTQCHAVAIDGRAPKYDGGIVTRLDCVP
FSIVVNKDALRFYDEGEDVWPKRYAIWGRLVAQQPDQIAFSIIDRQAEDLFMPSVFPPVQ
ADTIAGLAEKLGLNPVTLERTVAEFNAACVPGEFGGQDLDDLHTEGIEPKKSNWARPIIV
PPFSAYPLRPGITFTYLGVKVDSRARVIMETGEPTKNLFASGEIMAGSILGQGYLAGFGM
AIGTVFGRIAGWEAARHAGF

>SEQ ID NO:13 (FumkF)

MQDFDLVKMLSDLPSAPELEARRVMEVCNACRYCEGFCAVFPAMTLQRHFASGDLSHLAN
LCHSCQGCYYACQYAPPHEFGINVPKALSELRLESYEQHAWPRPVAALYRKNALIISILS
AACITGVLLLAAIFNGDALFAKHASVPGGGFYNVIPYQAMIAVAATTFLYSALALAISLV
RFSRTIGLGIKVLYQHVPVLRALRDAATLRYLGGSDGEGCNDADETFSTTRRKFHHALAY
GFGLCFAATATGTIYDHMFGWPAPYALFSLPVVLGTVGGIGMVVGAIGLLWLKLAGEDAP
RSPALLGPDVALLVLLLAIAATGLLLLAVRSTEVMGVALAVHLGVVLAFFLVMPYSKFEFVH
GIFRLTALVRHHADREASNGFASSPPTKKG

>SEQ ID NO:15 (FumG)

MEHMKSVRDRSSVMQIVRVASGNCLEQYDFFVYGFYAAYIARSFFPTGDNATSLMLSLAT
FGAGFLMRPLGAIFLGSYIDRVGRRKGLIVTLAIMAVGTLTIAMTPSYEAIGLLAPVIVL
VGRLLQGFSAGAESGGVSVYLAETASPKSRGFFTSWQSASQQVAVMIAAAIGLALQSTLS
PEQMNDWGWRVPLLIGCLIIPVILWLRRSLPETKAYLHMEHKAHSIGESLRELQQSWGLI
LTGMAMSILTTTTFYMITAYTPTFGEKALGLSPQDVLLVTIMVGVSNFLWLPIGGALSDR
IGRTPILLVVPVTVLAIAFPLMSWLVAAPTFGALAAVLLTFSACFGLYNGALIARLTEIM
PPAIRTLGFSLAFSLATSLFGGFTPLVSTALIHATGSNSAPAIWLCFAAFISFVGVAAST
RLSRPIAEGAR

>SEQ ID NO:17 (FumH)

MRAVVYRNGELVLGAYADPIPAAGQVLVKTRACGICGSDLHFCDHAQAFTNLASRAGIAS
MEVDLCRDIVLGHEFCGEIMEFGPSADRRFKPGQLVCSLPLAIGPTGARTIGYSDEYPGG
LGEYMVLTEALLLPVPNGLPATCAALTEPMAVGWHAVEIAQVQPHHIPVVIGCGPVGLAV
VAALKHKQVAPITASDPSPDRRALALRMGADAVVDPREESPFRQAEKIARPVGQGGALSS
SLLSKSQMIFECVGVPGMLRHAMDGASDGSEIMVVGACMQPDAIEPMIGMFKALTIKFEFSR
TYTGEEFAAVLHMIGEGALDVSPLVTDVIGLSDVPSAFEALRSPGAQAKVIVDPWR

>SEQ ID NO:19 (FumlI)

MANGTRQKDLRERAERVIPGGMYGHESTRLLPPEFPQFFRRALGARIWDADEQPYIDYMC
AYGPNLLGYRQSEIEAAADAQRLLGDTMTGPSEIMVNLAEAFVGMVRHADWAMFCKNGSD
ATSTAMVLARAHTGRKTILCAKGAYHGASPWNTPHTAGILASDRVHVAYYTYNDAQSLSD
AFKAHDGDIAAVFATPFRHEVFEDQALAQLEFARTARKCCDETGALLVVDDVRAGFRVAR
DCSWTHLGIEPDLSCWGKCFANGYPISALLGSNKARDAARDIFVTGSFWFSAVPMAAATE
TLRIIRETPYLETLIASGAALRAGLEAQSQRHGLELKQTGPAQMPQIFFADDPDFRIGYA
WAAACLKGGVYVHPYHNMFLSAAHTVDDVTETLEATDRAFSAVLRDFASLQPHPILMQLA
GA

>SEQ ID NO:21 (Fuml)

MYRKFRIEKPGKANSLLGAVALGTLAFPVSASAQDSDPASIGQPDEADTDRGTSEIVVTG
SRLONGFNSPTPVTAVSSEQLKEASPTNLADALNQLPVENDSLKTSNPGTTPGTGNSGQN
LLNMRGLGSNRNLVLLNGNRFVATNFTGSVDINVLPQALVKRVDVVTGGASAAYGSDAVS
GVINFVLDEDLEGIRAELQSGVSTRGDLPSYGGSIAFGTSFADDRLHLLGSFEYFRQDGI
RADEATGRRWFDIAAGQYPVPGATTGVTVVPDIRSSRGSYGGLVTSGPLKGIAFLPGGVL
GTFDYGNFTSSSFQSGGDGPRVNIGFAPDQLRYNAFLRAAYDVSDTVQVYAEGTYAYSHT
NLGAFVISHVGGSNNFRIFRDNAFLPAPLATLMDRNAQASIVVGRFSSDFPLVEIENFAK
VYRGAAGFRADIGNGWKLDGSASFGLTDLELRENNLTINRNLYAAVDAVRDPAGNIVCRS
TLAGLDQDCVPLNLFGTGSPSASAIDYVTADGVAQLRLEQYVAGLTISGDLGDSLSFGAG
PVSVAAGIEYRKEKARQETDAISQATTSITGIRGAPAAQAGRPGGEFNLYNPLPFSGSYDI
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KEGFVEIGVPILKDSALGRSLNLNGAVRYADYSQSGGVTTWKLGGEYEPIDGLRFRATRS
RDIRGPSLVELFDPGRQATLNSIYGGQAVQTRFFTAGNADLRPEKADVLTFGAVLRPAFV
PGFQFSVDRYVVKVKGAIDFLLPQQEIDACDAGNTFFCDLITENPDGTITVTGPNLNLAV
QKAAGIDFEAYYSRPVGGGTFSLRALATHHTSAYRIATGSAPIRSLGQPDTPKWSANFQA
RYSTDDWALLVQQRFIAASVEFNADNVEGVDTNLNHAPAVWYTDATLTFDIAAFGQKQQLF
LSVNNLFDRDPPIATNDPSSFSSPTSSAYDPVGRYFNVGVRFRI

>SEQ ID NO:23 (FumK) khéng hoan thién

MRLTGGELLARCLAVEGVRYVFGLMSPEVDPLLAALEDNGILFVPVRHEAAAAYMAEGIY
KTTGQVAAIVTNPGPGTANLLPGVVTARHEGVPFVAITSQHQLGVVYPCTPKTFQGQDQT
DLFRPAVKWGAPIFAWNRIVEITHMAFREMWAGRPGPVQLEIPXSVMYVVGERGPR-KFX
DRR....

>SEQ ID NO:25

MELSRQRDQALRERAQAVIPGGMYGHESTYLMPEGTPQFFSRGKGARLWDADGNEYVDYM
CAYGPNLLGYGFEPVEAAAAAQQARGDTLTGPSEVMVQLAEDFVAQISHADWAMFCKNGT
DATSMAMVIARAHTGRKTILCAKGAYHGAAPWCTPILAGTLPEDRAFVVYYDYNDAQSLV
DAFEAHQDDVAAIFATPHRHEVFSDQIDPDPEYAASVRALCDKSGALLVVDEVRAGFRIA
RDCSWAKIGVAPDLSTWGKCFANGYPISAVLGGEKVRSAAKAVYVTGSFWEFSATPMAAAV
ETLKQIRETDYLERINAAGTRLREGLQQQAAHNGFTLRQTGPVSMPQVLFEEDPDFRVGY
GWVRECLKRGVYFSPYHNMFLSAAHSEADLAKTLAATGDAFVELRAKLPSLEIHQPLLAL
RAA-

Theo hudng phat trién duoc wu tién hon nita, phuong phap theo sang ché duoc
thuc hién theo cach ring cac fumonisin duge phan huy theo cach ky khi hodc khong
phu thudc vao oxy. Bing cach phan hiy cdc fumonisin theo cach khong phu thude
oxy, ¢6 thé phat trién hon nita phuong phép theo sang ché v6i hiéu qua 14 cAc trinh tu
axit nucleic cta cac gen hodc cac enzym sé& thuc hién cac phan (mg phéan huy an toan
va chéc chén ma khéng can bt ctr sy bd sung oxy phén tir ndo dé tao ra chét phu gia
dugc tao ra theo d6 co thé str dung trong mdi truong ky khi hodc khong phu thude vao
oxy 0 d6 cac mycotoxin sé& co thé dugc phan huy, vi du, nhu trong céc thuc pham cho
con nguoi va dong vat, trong viéc san xuét etanol sinh hoc, ciing nhu san xudt cac cay

ndng nghiép bién doi gen.

Theo hudng phat trién khéc, phuong phép theo sang ché duoc thuc hién theo
cach 13, trudce khi st dung cdc enzym trong nguyén li¢u thuc vat ban dau, cac enzym
duge bién déi bing cac phuong phap gen phén ti, dot bién hodc tién héa phén tir.
Bing cach thuc hién phuong phép theo cach cac enzym, trudce khi str dung chung trong
nguyén liéu thuc vét ban ddu, cic enzym dugc bién d6i bang cic phuong phdp gen
phan tir, dot bién hodc tién hoa phan tir, c6 kha ning san xuit cac enzym trong dang 6n
dinh hon thich hgp véi muc dich st dung tiép theo dé nang cao hon hoic hoan thién su

phén hty khong phu thudc vao oxy ctia cac fumonisin.
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Theo hudng phat trién dugc uu tién hon nita, phuong phéap duoc thuc hién theo
cach la cac enzym dugc phan lap. Bing céch thuc hién phuong phap theo céch ndy,

céc fumonisin, cu thé, s& duge phan hily hoan toan theo kiéu khong phu thudc vao oxy.

Theo hudng phat trién duoc wu tién hon nita clia sang ché, phuong phép dugc
thuc hién theo c4ch ring céc enzym dugc bao nang trong 16p phu bao vé. Bing cach
bao cac enzym trong 16p phi bao vé, ¢6 thé van chuyén cic enzym t6i noi st dung, vi
du, cu thé 12 vao bng tiéu hdéa ma khong bi bién dbi, va cu thé, khong bi phan huy hodc
bi phé hity, dé céc enzym s& khong bt dau hoat dong trudc khi tan 16p pht bao vé, vi
du trong céc éng da day-rudt ctia ngudi hodc dong vat, do d6 dam béo su phén huy céc
mycotoxin hoan toan va nhanh chéng, chon loc hon trong mdi trudng khong phu thude
vao oxy cua Ong da day-rudt trong khi d6 dong thoi ngin cac fumonisin khoi tao ra
thém cac tac dung ddc hai trén céc sinh vat séng ma ching di theo cung véi thuc

phém.

Theo huéng phét trién dugc wu tién hon nita, phuong phép theo séng ché duoc
thuc hién theo céach ring cdc enzym dugc chon tir permeaza SEQ ID NO:3,
carboxylesteraza SEQ ID NO:9, tricarbalylat dehydrogenaza SEQ ID NO:11, protein
st dung xitrat SEQ ID NO:13, rugu dehydrogenaza SEQ ID NO:17, aminotransferaza
SEQ ID NO:19 va/hodc axetolactat synthaza SEQ ID NO:23. Bing céach thuc hién
phuong phép theo cach nay, cadc fumonisin co thé dugc phan hily hoan toan va troi
chay trong moi trudomg khong phu thude vao oxy. Trong trudng hop nay, phién ma cac
khung doc m¢ trong cac cum gen FUM duge phan ldp tir cum gen cua trinh tu axit
nucleic SEQ ID NO:1, trinh ty nay nhén dugc tir ching nhén so ¢6 s6 luu trir DSM
16254, duoc diéu khién boi gen khai dong hai huéng dugc dat gitta FumA va Fuml,
nhu trinh bay tir bang 1 bén dudi. Cac cum ma hoa céc protein lién quan dén viée dicu
hoa su biéu hién gen, nhu, vi dy, FumB va FumC, trong viéc léy mau co chit va van
chuyén né, nhu, vi du FumA, FumJ, FumG, va trong su di héa co chét, nhu, vi du,
FumD, FumE, FumF, FumH, Fuml, FumK. Tt cé4c trinh ty axit nucleic nay ma ching
ma héa cdc gen va enzym dic biét, nhiing gen d6 dugc chon theo hudng phat trién
duoc uu tién hon nita ciia phuong phép theo sang ché, chiing chiu trach nhiém vé sy di
héa co chét, do d6 c6 thé lam cho cac enzym di duoc tao ra riéng biét di hoa hoan toan

co chat, cu thé 1a cac fumonisin.
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Trong trudng hop nay, cdc khung doc mé duoc chon, vi du, tir cum gen cta
trinh tu axit nucleic ¢c6 SEQ ID NO:1 duogc biéu hién trong cac té bao chu nhan chuin
hodc nhan so. Phién mi cac khung doc m¢ da chtra trong cum gen ¢6 SEQ ID NO:1,
chting vi khuén v6i s6 luu trit 16254, didn ra theo cach dugce diéu khién boi gen khoi
dong hai huéng dugc dat gitta FumA va Fuml, nhu thé hién r& tir Fig.1 dinh kém. Cac
gen ma hda cac protein ma ching li€n quan dén viéc didu hoa su bidu hién gen, giéng
nhu, vi du FumB va FumC, trong viéc nhan ra co chét va su van chuyén cua nd, giéng
nhu vi du FumA, FumJ, FumG, va trong su di hoa co chét, gidng nhu vi du FumD,
FumE, FumF, FumH, FumlI va FumK.

Trong bang 1 bén dudi, c4c tén cua cac gen cuia cym gen di héa fumonisin dugc

liét k&, trong d6 O thé hién sy dinh hudng, cu thé 13 hudng tién f va huéng lvi r

Bang 1
Gen 8113\%1. O | Bt ddu | Dung | Chiéu dai Tén
fumA 2 f | 5214 6395 1182 |permeaza
Téc nhén diéu hoa phién ma
JfumB 4 f | 6418 7068 651 logi-tetR
fumC 6 £ 7232 | 8176 945 | L4c nhén dicu hoa phien ma
loai-lysR
JfumD 8 f | 8294 9916 1623 | carboxylesteraza
JumE 10 f | 9876 11378 1503  |tricarbalylat dehydrogenaza
Juml 12 f | 11494 | 12537 1044 | Protein st sdung xitrat B

Van chuyén dong hudng véi

JumG 14 f | 12541 13836 1296 proton cua tricarbalylat

JumH 16 f | 13957 | 15027 1071  |Ruou dehydrogenaza

uml 18 r 5063 3795 1269 | aminotransferaza
i
SumJ 20 r | 3513 679 2835 | Thu thé phu thudc-TonB
axetolactat synthaza (mot
? ? X :
JumK 22 r 551 : : phan)

Bing cach thuc hién uu tién phuong phép theo séng ché theo cach str dung
enzym, enzym nay cé do tuong dong v trinh tu it nhit 90% vdi it nhét mot trong s6
cac enzym c6 SEQ ID NO:3, 5,7, 9, 11, 13, 15, 17, 19, 21, 23 hodc 25, hogc tham chi
phén hily céc fumonisin hoan toan hon s& dugc diam bdo, do d6 khong chi cac

fumonisin ma con cac mycotoxin tuong ty vé mat cau tric hodc lién quan s€, dong
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thoi, duoc khir doc hoan toan, cu thé trong cdc mdi trudng ky khi hoic khong phu

thudc oxy, nhu, vi du AAL-doc.

Bing c4ch wu tién thuc hién phuong phdp theo cach thuc, khi st dung
aminotransferaza SEQ ID NO:19, axit a-keto dugc st dung lam dong co chét, ¢ thé,
cu thé véi sy phan hity nhém amino ctia fumonisin va ddng thoi st dung axit o-keto
nhu, vi dy, axit pyruvic, dé thé nhom keto cho nhém amino trén phan tr fumonisin véi
alanin tao ra nhu mot san phdm phu ctia phan tmg nady, n6 hoan toan khong doc hai, do

d6 dam bao phan hity hoan toan céc fumonisin thanh céc co chat khong doc hai.

Theo hudng phat trién duge uu tién hon nita, phuong phép theo séng ché ciing
¢6 thé duge thue hién theo cach rang, khi stir dung carboxylesteraza SEQ ID NO:9, it
nhat mot chét hép phu dugce chon, cu thé, tir cac khoang dat sét duoc st dung thém.
Biang cach st dung thém it nhét mot chat hdp phu dugc chon, cu thé tir cac khoang dat
sét khi sir dung carboxylesteraza SEQ ID NO:9, cé thé 1am cho cac fumonisin hoan
toan khong doc hai tham chi khong cin bd sung bét ¢t enzym nao khéc, bang cach ct
hai mach bén cua axit tricarbalylic bdi carboxylesteraza tir phan tr fumonisin trong
bude thir nhit va tao thanh fumonisin bi thity phan. Fumonisin bi thiy phan, n6 co ban
la mot phan tu kiéu chudi, c6 thé sau dé dugc hép phy, vi dy, trén cac khoang dat sét
dé c6 thé 1am cho cac fumonisin duoc 1am vd hai hoan toan thdm chi trong quy trinh

phan hiy mot budc bang enzym.

Theo hudéng phat trién duoc wu tién hon nita, phuwong phap theo sang ché duoc
thuc hién theo cach ma chét phu gia duogc tao ra theo d6 dugc sur dung trong nguyén
lidu thuc vét ban dau duoc 1én men hodc trong nudce u rugu dé san xuét etanol sinh
hoc. Béng cach sit dung chit phu gia dugc tao ra bai phuong phép theo séng ché trong
nguyén lidu thyc vat ban ddu dugc 1én men hoic trong nude G rugu dé san xuét etanol
sinh hoc, ¢6 thé xuét hién cac san phdm phu tu do trong sur sdn xuét etanol, cu thé 1a ba
tic 1a cac phén ba dang hat kho va cac thanh phan khong tan, hogc ba ruou dugc 1am
kho (san pham 1am kho c6 thé hoa tan tir thiét bi chung cit — DDGS) tir cdc fumonisin

hodic mycotoxin, cu thé trong mdi trudng khdng phu thudc vao oxy.

Séng ché con nhim cung chp chét phu gia d& phan hiy cac fumonisin bing
enzym, chat phu gia c6 kha ning phan hily hodc khir doc cdc mycotoxin nay, theo cich

an toan va chac chan trong moi truong khong phu thudc oxy.
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Dé giai quyét cac vAn d& nay, chét phu gia loai ndy khic biét & chd né chira it
nhit mot enzym co cac trinh ty SEQ ID NO:3, 5, 7,9, 11, 13, 15, 17, 19, 21, 23 va 25
cling nhu tuy y, ngoai ra, it nhat mot déng co chit cho it nhat mot hodc mot vai enzym

dugc str dung, va chat mang tro.

Chét phu gia nay chira it nhdt mot enzym hodc mdt sinh vat chu téi td hop hoan
thién dé biéu hién enzym di néu cling nhu tity ¥, bd sung it nhat mot ddng co chét cho
it nhat mo6t hodc mdt vai enzym duoge st dung, va chét mang tro, trdi boi phan huy
chon lua, va do d6 khir doc cac fumonisin. Su su dung chét phu gia theo sang ché, co
ban bao gdm céc enzym di duge phan 14p cling nhu, tly ¥, cac ddng co chit va chét
mang cta ching, dua ra thuén loi 12 enzym sé& gitt cac hoat tinh xtc tdc cua ching
trong mdi trudong va dudi cac diéu kién ma trong d6, vi du, cac vi sinh vat hoan thién
khong hodc khé c6 hoat tinh, trong khi, ddng thoi, cho phép c6 cac hoat tinh dic hiéu
cao hon va xuc tdc cho cac phan Umg dd dugc xac dinh véi sy tranh di cdc phan Gng

phu khong mong mudn.

Ngoai ra, theo tinh trang k¥ thuat thi cac vAn dé& da gay ra cho céc san phim
ndng nghiép thod boi sy sir dung céc vi tring s& duoc ngédn ngira hoan toan, va cac chét
phu gia chi chita cac enzym d& duoc phéan lap s€, ngoai ra, cung cp mot ché pham
tang cuong c6 kha nang hoat tinh duoc kiém soét va chon loc, cu thé, vi du trong vi tri
dac biét cua dudng 6ng tiéu héa, cling nhu tranh dugc sy ti€u thu co chét tang lén
khong mong mudn. Dé ting cudng thém tinh dic hiéu nay, chit phu gia theo sang ché
duoc phat trién uu tién hon nita dé 6 tac dung ring chét phu gia nay st dung duoc céc

enzym duoc bién dbi bdi cac phuong phap gen phan tir, dot bién hodc tién héa phan tu.

Theo hudng phét trién duge wu tién hon nita, chét phu gia duoc thiét ké sao cho
¢d st dung enzym, enzym nay c6 do tuong ddng veé trinh tur it nhét 90% véi enzym cé
SEQ ID NO:3, 5, 7,9, 11, 13, 15, 17, 19, 21, 23 hodc 25. Khi sit dung enzym c¢6 do
twong ddng v& trinh ty it nhit 90% véi enzym c6 SEQ ID NO:3, 5,7, 9, 11, 13, 15, 17,
19, 21, 23 hodc 25, nd ¢6 kha nang phan hty an toan va chic chin theo cach khong
phu thudc vao oxy cdc mycotoxin bén canh do la cac fumonisin uu tién dugc phén
huy, do d6 co thé khtr doc rong céc fumonisin c6 mit, vi du trén cac san phém thure vat

tho.
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Bing céch tao ra chit phu gia theo cach trong d6 céc enzym, cac enzym dugc
bién d6i va/hodc céc enzym c6 do tuong déng v& trinh tu it nhat 90% duogc st dung
duoc bao vé boi mot 16p phu bao vé, nhu theo hudng phét trién dugce uu tién tiép theo
cua sang ché, cin dam bao rang cac enzym, enzym c6 do tuong ddng vé trinh tu it nhét
90% hoac cac enzym dugc bién ddi s& duoc dam bao chdng lai bt ¢t sy mét mat hoat
tinh sém nao dé thue hién mot cach an todn va chéc chén hoat dong ctia chung tai vi tri

da dinh, vi du duong da day-rudt.

Bing céch phat trién wu tién hon chét phu gia theo cach cic enzym dugc chon
tr carboxylesteraza SEQ ID NO:9, tricarbalylat dehydrogenaza SEQ ID NO:11,
protein st dung xitrat SEQ ID NO:13, rugu dehydrogenaza SEQ ID NO:17, amino-
transferaza SEQ ID NO:19 va/hodc SEQ ID NO:25, va/hodc axetolactat synthaza SEQ
ID NO:23, cac enzym da han ché su di hoa co chét s& duoc 4p dung co ban dé dam
bao, ngoai luong cac enzym st dung dugc giam di, khong cé phan tng phu mong

muon nao sé& xay ra khi st dung cac enzym da néu.

Theo huéng phét trién duoc wu tién hon nita, chét phu gia duge tao ra sao cho
no6 chira carboxylesteraza SEQ ID NO:9, aminotransferaza SEQ ID NO:19 hodc SEQ
ID NO:25, axit a-keto 1a ddng co chit va chat mang tro. Béi chét phu gia chira car-
boxylesteraza, aminotransferaza, axit a-keto lam ddng co chét bén canh chat mang tro,
nd, cu thé, c6 kha ning budc diu thily phan céc fumonisin da chtra trong céc thyc
pham bing cach cit cac gbc axit tricarbalylic tr cdc fumonisin st dung car-
boxylesteraza, va sau dé dé phan tmg lai thém céc fumonisin da thuy phén theo dé
duéi hoat tinh ctia aminotransferaza va axit a-keto dong vai tro 1a dbng co chit, uu
tién axit pyruvic trong trudong hop nay, bang cach thé nhém keto cho nhém amino clia
phan tir fumonisin da thity phan dé tao ra fumonisin da thily phan-2-keto, n6 hoan toan
khong doc hai, vi du, cho dong vat c6 v va c6 thé duoc bai tiét khong bi thay doi, va
alanin déng vai trd 13 san phdm phu, né khong dua thém hogc c6 bét cr tic dung tiéu
cuc nao, vi du, 1&€n céc sinh vat.

Theo huéng phat trién duge wu tién hon nita, chét phu gia dugc phat trién hon
nita sao cho né chira carboxylesteraza SEQ ID NO:9, it nhat mot chét hap phu nhu
khoang déat sét ciing nhu, tuy ¥, chdt mang tro. Khi st dung nhung mot
carboxylesteraza SEQ ID NO:9, va it nhit mot chét hép phuy, sy khir doc céc fumonisin
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cling c6 thé duogc thuc hién theo cach ma chi céc géc axit tricarbalylic duogc cit va cac
fumonisin d& thiy phan duoc tao ra theo do bi hép phu 1én chit hdp phu da néu. Bing
cach cét cac gde axit tricarbalylic bing carboxylesteraza, phan ti mach dai dugc tao
thanh, né ¢6 thé duge hap phu d& dang va chic chin dé ddm bao khir doc hoan toan chi
boi sir dung mot enzym da chon, cu thé, boi sy phan hily fumonisin khong phu thude

vao oxy va sy hép phu tiép theo.

Trong d6, phit hop véi su phat trién clia sang ché, chit phu gia duoc sir dung
trong moi trudong khong phu thudc vao oxy trong khi san xudt etanol sinh hoc, cu thé
cung véi nude U rugu hodce nguyén ligu thuce vat ban dau, bang cach chon chét phu gia
sao cho cdc enzym dugc chtra trong d6 nhan dugce hoan toan tr vi khudn xtc tac cho
su di héa cac fumonisin thong qua con duong phan huy dac hiéu cao, hoat tinh va hi¢u
qué cao dé c6 thé 1am cho chét phu gia cling duge st dung k§ thuét trong moi truong

khong phu thude vao oxy.

Cubi cung, sang ché dé cap dén viéc st dung céc gen nhu dugc md ta trong cc
trinh tu, hodc céac sinh vat chu tai td hop hoan thién dé biéu hién cac trinh tu gen c6
SEQ ID NO:1, 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22 va 24 cling nhu, tuy y, cac ddng co
chét d& san xuét chit phu gia cho su phan hily c4c fumonisin, trong x{r 1y hodc sir dung
c4c nguyeén lidu thuc vat thd. Chét phu gia dugc tao ra theo cach nay cho phép phan
huy hoan toan va chic chén céc fumonisin, ddc biét trong mdi truong khong phu thude

OXY.

Theo cach duogc uvu ti€n hon nita, ddng co chét duoc chon tir nhém bao gém ca-
rboxylesteraza SEQ ID NO:9, aminotransferaza SEQ ID NO:19 hodc SEQ ID NO:25,
axit o-keto, va chét mang tro dugc su dung theo sang ché, su st dung chiing cho phép
phan huy an toan va chic chén toan b cac fumonisin thanh cac thanh phin vo hai,

trong vi du, cdc nguyén liéu thuc vat thd hodc cac nguyén li¢u ban dau.

Su st dung dugc uu tién hon nita dugce déc trung & chd carboxylesteraza, it nhét
mot chét hép phu, cu thé khoéng dat sét, cling nhu, tuy ¥, chét mang tro dugc st dung.
Khi st dung carboxylesteraza va it nhét mot chét hip phu, cé thé khir doc an toan va
chéic chin cac fumonisin boi chi st dung mdt enzym trong do cac gbc phu axit

tricarbalylic dugc cat khoi céc fumonisin boi, hodc bang enzym da néu va fumonisin
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da thuy phan mach dai dugc tao ra theo d6 sau d6 duoc hap phu 1én chét hap phu dé

lam cho khong c¢6 ddc tinh theo cach an toan va chdc chan.

Theo su st dung dugc uu tién, chét phu gia theo sang ché duogc st dung dé xir
ly cac nguyén li¢u thyc vét ban dau trong diéu kién ky khi hozc khong phu thudc vao
oxy hodc nudc U rugu trong su san xuét etanol sinh hoc. Trong trudng hop nay, c6 thé
lam cho c4c mycotoxin dd chtra trong nguyén liéu thyc vét ban diu hodc nguyén liéu
thd v hai theo céch an toan va chic chin trong khi san xudt etanol sinh hoc trong moi
trudng khong phu thudc vao oxy dé sau d6 cho phép st dung ba ruou tlr su san XUt
etanol, cu thé 14 ba hogic bi rugu da duoc 1am khd, hoic truc tiép hodc sau khi 1am kho
va ép vién ma khong cin xtr Iy thém, va, cu thé, khir doc thirc &n cho suc vat khong c6

cac fumonisin.
Vi du thyc hién sang che

Fig.1 mo ta cum gen di héa fumonisin la mét trinh ty khéng hoan chinh bao
gdm 15420 cip bazo cta ching vi khudn ¢6 s luu trit DSM 16254. Trong cum gen
fum cta chung nhin so DSM 16254, su phién ma khung doc mé dugc diéu khién boi
gen khoi dong hai hudng dugc dat gitta fumA va fuml. Cuym gen ma hoa protein lién
quan dén viéc diéu hoa sy biéu hién gen, nhu, vi du FumB va FumC, trong viéc nhén
biét co chit va van chuyén né, nhu, vi du FumA, FumJ, FumG, va trong su di hda co

chét, nhu, vi du FumD, FumE, FumF, FumH, Fuml va FumK.
Vi du 1: Bong hoc enzym cta fumonisin carboxylesteraza

Gen fumD (SEQ ID NO:8), ma hoa fumonisin carboxylesteraza, dugc tach dong
va duoc biéu hién trong Pichia pastoris st dung cic phuong thirc chuén. Enzym dudi
his-tag duoc thu hdi va dugc tinh ché tir dich cdy ndi trén bé mat béi sdc ky ai luc.
Noéng dd enzym duoc xé4c dinh va cic thong sb6 dong hoc enzym duge xéac dinh véi bay
ndng d6 co chat khac nhau trong khoang tir 50ug t6i 25mg FB; trén mdi lit va ndng do
enzym 13 0,33ng/ml. Céc phan tng dugc tao dém trong dém Tris-Cl 20mM (do
pH=8,0) véi 0,1mg/ml albumin huyét thanh bo va duoc 0 & nhiét d6 30°C. Cdc mau
duoc 14y tai cac thoi gian 0, 30, 60, 120 va 240 phut sau khi 0 va dugc phan tich béng
HPLC-MS/MS. Fumonisin By (FB1) va fumonisin B d@ thuy phdn dugc dinh luong,
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dua trén su dinh c& béng co chét tham chiéu da duoc tinh sach va chét noi chuén FB,

dugc dédnh déu hoan toan bang 1C.

Fig. 2 minh hoa dudng cong Michaelis-Menten d61 vé6i sy thuy phan fumonisin
B (FB1) bang fumonisin carboxylesteraza FumD, né dugc xac dinh & ndng d6 enzym
0,33ng/ml trong dém Tris-Cl (d6 pH=8,0), v&i téc dd enzym ban dau duoc v& dd thi
dbi v6i cac ndng do co chat. Pudng cong Michaelis-Menten gidm & céc ndng do co
chét cao hon, vi téc do enzym duoc tinh toan dya trén san pham, cu thé su tao thanh
FB; di thily phan. Vi FB; da thuy phan dugc tao thanh tir FB1 trong phan tmg hai budc
thong qua FB1 da thuy phan khong hoan toan véi mot mach bén axit tricarbalylic ma
nd duoc gitt va mach bén dugce cit, su tao thanh san phém cudi bi can tré & cac ndng
do co chit cao. Hing s Michaelis-Menten Ky duge tinh toan 1a 0,90pmol/l, tuong
duong vadi 650ppb, va tbc @6 chuyén hoa 13 900 mdi giay.

Tir Fig.2 thé hién cac fumonisin c6 thé duoc thuy phan nhanh va hoan toan

bang carboxylesteraza trong c4c khoang ndng d6 thich dang.
Vi du 2: Hoat tinh xtic tdc cia HFB1 (fumonisin B1 da thily phin) aminotransferaza

Céc trinh tuy SEQ ID NO:18 va 24 dugc tach dong nho st dung cdc phuong thic
chuén va dugc biéu hién trong E. coli dudi diéu kién didu khién gen khoi dong T7 thé
thue khuan. Céc té bao duoc thu thap, duoc tao lai huyén phu trong dém natri
phosphat 50mM va dugc phan hiy dudi tdc dung siéu 4m. Fumonisin d& thuy phéan
duoc bd sung vao, va cdc miu duge G & nhiét do 25°C. Céc mau duoc 1éy gifta cac
khoang thoi gian va duoc phan tich bing HPLC-MS/MS. Quan sét thdy khong co su
giam néng do FB; da thuy phan. Khi déng co chit nhu, vi du, axit a-keto nhu, vi du,
axit pyruvic, hodc oxalaxetat duge bd sung vao phan Gmg, ¢6 thé quan sat thiy su phan
hily hoan toan fumonisin d& thily phén thanh 2-keto-HFB1 nhu dugc minh hoa trong

Fig.3. Co chét nay hoan toan vo hai dbi voi cac dong vat.
Vi du 3: Hoat tinh enzym trong mdi trudng rudt

Pé kiém tra hoat tinh enzym ctia FUM-carboxylesteraza trong dudng Ong ti€u
hoda, cac rudt lon mdi mod duoc st dung va dugc dua vao phong thi nghiém dudi di€u
kién loai trr oxy va duoc kiém tra trén ban thi nghiém vo trang va ky khi. Cac doan ta

trang va hong trang dai khoang 10cm duge kep chit va dugc cét ra. Fumonisin BI,
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duoc pha loang t6i ndng d6 cudi khoang 10ppm trong dung dich c6 nude dugce cb dic,
duoc tiém bang cac kim tiém va duge tron voi céc phén trong rudt. Sau dé, Sug
fumonisin carboxylesteraza trong dung dich nudc, hodc cung thé tich nudc trong céc
dbi ching am, 1an luot, duoc tiém va duge dua vao. Cac doan rudt duge U ¢ nhiét do
39°C. C4c mAu duoc hit ra bang cac kim tiém va duge phan tich bing HPLC-MS/MS.
Puoc thiy ring, tai thoi gian 14y mau thi nhét sau khoang thoi gian hai gio, fumonisin

B1 da dugc thiy phan hoan toan trong t4 trang va hdng trang.
Vi du 4: X4c dinh khoang nhiét d6 ¢ hoat tinh cia fumonisin carboxylesteraza

Dé xac dinh khoang nhiét do trong d6 fumonisin carboxylesteraza c6 hoat tinh,
1,6ng/ml FUM-carboxylesteraza trong dém Tris-Cl 20mM, do pH=7,0, dugc u voi
0,1mg/ml BSA va 10ppm fumonisin B1 & céc nhiét do khac nhau. Bugc thdy ring
nhiét do t81 uu cho enzym 1a 30°C. Hoat tinh enzym van duogc x4c dinh 10 rang & nhiét
d6 40°C va tham chi & nhiét do 50°C. FUM-carboxylesteraza, do do, thich hop cho ap
dung dudi cac didu kién nhiét do thudng thdy trong duong 6ng tiéu héa, hodc trong
tién trinh céc budc quy trinh san xuat thuc phdm va céc thirc 4n cho stc vat, diénra &

céac nhiét do cao.
Vi du 5: xé4c dinh khoang d6 pH c6 hoat tinh ctia fumonisin carboxylesteraza

Pé x4c dinh khoang d6 pH ma trong d6 fumonisin carboxylesteraza c6 hoat
tinh, dém Teorell-Stenhagen dugc st dung. Dém nay co thé duoc diéu chinh trén mot
khoang 10 don vi d6 pH véi cing luong dém boi su két hop cla xitrat, phosphat va
borat. FUM-carboxylesteraza dugc 0 trong dém nay véi 10ppm fumonisin B1 ¢ cac
gi4 tri d0 pH khac nhau va & nhiét d§ 25°C, ¢ ndng do 3,3ng/ml. Hoat tinh cao nhét
duoc thé hién & d6 pH=8,0, hoat tinh lic nay co6 thé dugc xac dinh trong toan bo
khoang do pH tir 5 t6i 10. Hoat tinh nay trong khoang do pH rong ndy c6 kha nang
ung dung cong ngh¢ enzym lam chét phu gia thirc n hodc trong qua trinh xur ly thuc

pham va thire dn cho suc vat.
Vi du 6: Thir nghiém nudi 16n céc con lon con

Thir nghiém dugc thyc hién trong chudng thir nghiém véi 12 chudng cho 10
con vét trong moi chudng. Chudng duoc trang bi cic san c6 giat cdc thanh gd moéng,

mang an va hé théng nap thirc an dugc didu khién bang may tinh. C4c thic &n ty dong
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duoc sép xép doc theo céc thanh chudng. Mdi ngay, khong khi trong chudng duoc tur
dong ghi lai, va nhiét do dugc thiét 1ap theo nhitng khuyén céo tiéu chuan dé chin nudi

lon.

Déi véi thir nghiém nay, 120 con lgn da cai stta ca duc 1an cai (tudi: khoang 4
tudn tudi, trong luong duoc thiét 14p trung binh 1a 8,21kg) dugc su dung. M&bi lon con
duoc danh ddu ¢ tai va dugc can riéng biét. 120 lon con dugc phan bd ngiu nhién
trong 12 chudng. Tét ci cic lon con xuét xtt tr chuong trinh nhan gidng Austrian
OHYB (= (giéng lon tring to cia Anh (large white) x gibng lon & mién Bic chau Au

(landrace)) x giéng lon Pietrain).

Ngay sau khi cai sita, cac lon con dugc cho an bang thic an khai dAu trong hai
ngdy, sau do6 bd tri trong khoang thoi gian nay thuc hién thay d6i thirc an thir nghiém.
Cho an dugc thuc hién trong hai giai doan: Giai doan cai sita tir 1 téi 14 ngay, giai
doan chin nudi tr 15 téi 42 ngay. Thic an thtr nghiém duge tron ri€ng mdi chudng
thong qua sy lap dat hé théng cho &n nhiéu giai doan va dugc phan phéi dudi dang kho
hai 14n mot ngay 1a ham s6 cua s luogng lon, su ting can va su tiéu thy thirc an. Nudc
cho udng thoai mai. 12 chudng dugc chia thanh bdn nhém tng dung khac nhau, mdi

nhém duoc 1dp lai ba 1An va da nhan cac chat phu gia dudi day trong thirc &n dd mo ta

O trén:
Nhom

Déi chimg 4m Khong doc, khong bd sung enzym

Déi ching duong fumonisin B1 v6i luong tir 4 dén 5,5ppm

Nhom thtr nghiém 1 fumonisin B1 v&i luong tir 4 dén 5,5ppm + hén hop
enzym 1 (carboxylesteraza, aminotransferaza,
pyruvat) 0,5kg/t thuc dn

Nhom thtr nghiém 2 fumonisin B1 v6i luong tir 4 d&én 5,5ppm + hdn hop
enzym 1 (cqrboxylesteraza, aminotransferaza,
pyruvat, chat mang tro) 1kg/t thirc an

Céc vAn dé& ho hdp duoc quan sat trong dbi chimg duong véi gan nhu mot nira
s6 dong vat, tham chi da xudt hién mot con chét. Tt ca cac nhom khic duoc thiy 1a

khoe manh.
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Dt liéu thuc hién

% Tron Z. P
Nhom s6tuamg | "8 g | Trone luome cubi | 86 con
con vat trung binh, kg) (muc trung binh, kg) | chet
Péi ching 4m 30 8,34 26,82
Péi chung duong 30 8,17 24,77 1
Nhom thtr nghiém 1 30 8,08 26,69
Nhom thir nghiém 2 30 8,25 27,03

Vi du 7: Phan huy cac fumonisin bang enzym trong nudc U ruou etanol sinh hoc

Céc méu bdt ngfl cbe dé san xudt etanol sinh hoc duoc 14y va duge u & nhiét do
trong khoang tur 30 t6i 65°C dudi didu kién khudy, su phan hiy fumonisin B1 duoc
nghién cuu sau khi bd sung 770 don vi carboxylesteraza SEQ ID NO:9 trén mdi mét
khéi nude o ruou dudi didu kién khudy (thoi gian khudy tinh bing phut). Cac mau bi
mét hoat tinh bdi dun soi 1én sau d6 dugc Iéy ra rdi duoc ly tAm dé phan tich, va phén
chit nbi bé mit dugc lam bay hoi. Phén con lai duoc hép thu trong 200ul dém méu
chita chudn fumonisin dugc danh du bén trong bing C'?, dugc ldc trong khoang thoi
gian 1,5 phut, nging ly tdm, va sau d6 dugc dua vao phén tich LC-MS. Tu két qua
nay, nhu dugc minh hoa trong Fig.4, fumonisin FB1 dugc bién d6i hoan toan thanh
fumonisin HFB1 di thiy phan. Sau khi thém aminotransferaza SEQ ID NO:19,
fumonisin HFB1 da thiy phan dugc phéin huy hoan toan thanh céc thanh phan v6 hai
nhu dugc minh hoa trong Fig.5S.

Vi du 8: Su phan huy céc fumonisin va cac din xuét ctia chiing trong bot banh ngd va

bot ngd

Hoat tinh cia cdc enzym phan huy fumonisin dugc kiém tra trong cdc mau bot
ngd (bdt ngd min) d8 san xuét banh ngd va cdm ngd. Ngb dd nhiém Fumonisin
(khoang 1ppm) dugc nghién thanh bt ngd, duge trdn voi nude va dugc dun lén. Dé
san xuAt banh ngd, bot ngd dugc 1am ngudi xudng nhiét do khoang tir 50 t6i 60°C
duoc thém hén hop proteinaza trong dung dich kiém. Sau khoang thoi gian tr 30 t&i
180 phut, khi d¢ pH da gidam xubng dudi 9, wu tién dudi 8, hdn hop carboxylesteraza
va aminotransferaza (mdi loai véi lugng tir 500 t6i 1000U/m?) dugc bd sung va duoc 4

thém trong khoang thdi gian tir 30 t6i 60 phut. Lién quan dén viéc san xuat com ngo,
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bot ngd bao gdbm ngd da nghidn va lua mach duoge dun lén trong binh ap suét trong

khoang thoi gian mot gio; sau khi lam ngudi dén duéi nhiét 4o 60°C (uu tién 50°C),

hdn hop enzym bao gdm carboxylesteraza va aminotransferaza (moi loai véi lugng tir

500 t6i 1000U/m’) dugc bd sung va duoc u thém trong khoang thoi gian tir 30 t6i 60

phut. Cac mau sau d6 duoc 14y ra khoi hdn hop va dugc kiém tra cac ba FB1 va HFB1

nhu trong vi du 7. Cac mirc HFB1 1a duéi 80ppb trong tit ca cic mau, HFB1 duoc tao

ra tt FB1 duong nhu di dugce phan Gng thém lién tuc. Cac gia tri 3 do cho FB1 dugc

chi ra trong bang dudi day.

Bang: Su phan hity FB1 va HFB1 bing enzym trong bot ngii cde; nong do

fumonisin tinh biang ppb (ng/kg)

Xuly bang | Botbanhngd | Bot banh ngd Bot cbmnes | BO cbm ngd
hon hop (40°C, 500 | (50°C, 1000 don o £9 (40°C, 1000 don
, ! . (35°C, don vi) :
enzym (phut) don vi) Vi) vi)
0 852 866 912 1053
10 116 134 51 97
30 32 71 17 37
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YEU CAUBAO HO

1. Phuong phéap san xuat chit phu gia dé phan huy cac fumonisin biang enzym, khac
biét & chd, trinh tur axit nucleic cia gen tuong tng véi SEQ ID NO:8, va tiy ¥ trinh tu
axit nucleic ctia gen tuong tng véi SEQ ID NO:18 va/hodc SEQ ID NO:24 duogc tao
ra, trinh tu axit nucleic nay duoc biéu hién trong céc té bao chi nhan chuin hodc nhan
so va enzym duoc tao ra theo d6 twong ung v4i SEQ ID NO:9, va tuy y enzym tuong
tmg v6i SEQ ID NO:19 va/hoic SEQ ID NO:25, tiiy y cling v6i dong co chét, duge st

dung trong nguyén li€u thyuc vt tho.

2. Phuong phap theo diém 1, khac biét & chd, cac fumonisin duge phan hity theo cach

khong phu thudc vao oxy.

3. Phuong phap theo diém 1 hoic 2, khic biét & chd, cac enzym dugc phan 1ap.

4. Phuong phép theo diém 1 hodc 2, khéac biét & chd, cac enzym dugc bao nang trong
16p pht béao ve.

5. Phuong phéap theo diém 1 hodc 2, khac biét & chd, cac enzym la carboxylesteraza

SEQ ID NO:9 va aminotransferaza SEQ ID NO:19 va/hodc SEQ ID NO:25.

6. Phuong phap theo diém 1 hodc 2, khac biét & chd, khi st dung it nhit mot
aminotransferaza SEQ ID NO:19 hoac SEQ ID NO:25, axit a-keto duoc st dung lam

ddng co chét.

7. Phuong phép theo diém 1 hodc 2, khac biét & chd, it nhat mot chét hép phu duogc

chon tir cac khoéng d4t sét duoc sir dung thém.

8. Phuong phép theo diém 1 hodc 2, khac biét & chd, chét phu gia dugc st dung trong
nguyén liéu thuc vat thd dugc 1én men hodc trong nudc U rugu dé san xuét etanol sinh
hoc.

9. Chét phu gia dé phan hiy cac fumonisin bang enzym trong cac nguyén liéu thuc vt
thd va hén hop chira cac nguyén li€u thuc vat tho, khac biét ¢ chd, chat phu gia nay
chira enzym c¢6 SEQ ID NO:9, va tuy y enzym c6 SEQ ID NO:19 va/hodc SEQ ID
NO:25, ciing nhu tiy y bd sung it nhat mot ddng co chét cho it nhdt mot enzym duoc

st dung, va chat mang tro.
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10. Chét phu gia theo diém 9, khac biét & chd, cac enzym duge st dung duge bao béng
16p phu bao vé.
11. Chét phu gia theo diém 9 hodc 10, khac biét & chd, cac enzym 1a carboxylesteraza

SEQ ID NO:9, aminotransferaza SEQ ID NO:19 va/hoac SEQ ID NO:25.

12. Chét phu gia theo diém 9 hoac 10, khac biét & chd, chét phu gia nay chua car-
boxylesteraza SEQ ID NO:9, it nhat mot aminotransferaza SEQ ID NO:19 hodc SEQ

ID NO:25, axit a-keto 1am dong co chat va chit mang tro.

13. Chét phu gia theo diém 9 hoidc 10, khac biét & chd, chét phu gia nay chtra car-
boxylesteraza SEQ ID NO:9, it nhat mot chat hip phuy, cling nhu, tuy , chit mang tro.

14. Chit phu gia theo didm 13, khac biét & chd chit hdp phu la khoang dét sét.

15. Chét phu gia theo didm 9 hodc 10, khac biét & chd, chét phu gia nay dugc st dung
trong moi truong khong phu thudc oxy trong khi san xuét etanol sinh hoc cung v6i

nudce U regu hodce nguyén liéu thuc vat tho.
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Nong do FB1 va HFB1 pg/

Nong do HFBI ygn

22951
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DANH MUC TRINH TU

<110> ERBER AKTIENGESELLSCHAFT
<120>

SAN XUAT CHAT PHU GIA NAY
<130> P04569
<140> PCT/AT 2009/000364
<141> 2009-09-18
<150> AT GM501/2008
<151> 2008-09-18
<160> 25
<170> PatentIn version 3.3
<210> 1
<211> 15420
<212> ADN
<213> Sphingopyxis sp.
<220>
<221> Seqg ID 1 (fum)
<222> (1)..(15420)
<400> 1
tgtcggcgat crgtaaactt ctaccgtggt
60
rtcgggattt ccaactgaac gggtcccgge
120
tgggtgattt cgacaatccg gttccaggcg
180
cgaaagaggt cgatctggtc ttgtccctga
240
ccaagttgat gctgggacgt tattgcgacg
300
actccaggca gaaggtttgce cgtaccggga
360
ccggtggtct tgtaaatgcc ctcggccata
420
acgaacaata tcccattgtc ttcgagcgca
480
aggccgaaga cataccggac gccttcgacg
540
gtgaggcgca tgacgatctc cagtacgaaa
600

cctegttcge

ctgccggcecce

aagatgggtg

aaggtttttg

aagggaaccc

cccggattecg

taggctgcgg

gccaggagcg

gccaaacatc

ggtgagtgcc
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ccacakcata

acatttcccg

cgccceccecattt

gcgtgcaggg

cttcgtggceg

tgacaatcgc

cggcctcgtg

gatccacctc

gtgccaataa

caggttccgg

CHAT PHU GIA PE PHAN HUY CAC FUMONISIN BANG ENZYM VA PHUONG PHAP

catcacagac

gaacgccata

aaccgcgggt

ataaacgaca

tgccgtcacg

ggcgacctgt

ccgcaccggg

cggcgacatg

ttctcecgecece

cacattcgcet



gtggttagtt
660

ccctgtcgceg
720

cggatcatag
780

cggatctcgg
840

cgcgatgtcg
900

cgtatcgacg
960

cacgagaagc
1020

cgtgtccggt
1080

ggtatggtgce
1140

ataggcctcg
1200

cactgtgatg
1260

atcgcacgcg
1320

cacatagcga
1380

gaatgtaagg
1440

cgtctgcaca
1500

tagctcgaca
1560

gtcgatcggc
1620

atcggcatat
1680

aatcgggacg
1740

tgggttgtag
1800

gatgcgctga

cataactctc

gcagagctygg

tcgaacaaat

aaggtcaatg

ccctccacat

gcccaatcgt

tgtccgagceg

gttgccagcg

aagtcaattc

gtgccgtccg

tcgatttcct

tcgaccgaaa

acgtccgcecct

gcctgtccge

aggcttggcce

tcatattctc

cggacggcgc

ccgatttcga

agattgaagc

22951

tcggccaacc

agatccggaa

tcgggctgga

tattgaccga

tcgecgtcecggt

tgtcggecatt

cggtcgaata

aacggatggg

cacgaagact

ccgccgettt

gattctccgt

gctggggaag

actgaaaccc

tttcagggcg

cataaattga

cgcggatatc

cgcccagcett

cgtttaagtt

caaaaccttc

ctccaggccg

gactgagtgg

acggaccccg

aaaactgctg

tagaaacagc

gtaccaaacc

gaacaccgat

tcgcgectgg

cgccgagecg

gaacgtgccg

ctggacagcc

tatgaggtcg

gaggaaatcg

cggcacgaag

caaatccgcg

attgagcgtc

tcgcgaacgg

ccaggttgtt

cagcgaacgt

cttgatgtca

acctgcctgce
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agttggatgg

acattaaaat

gggtcgttcg

tgctgcttct

gccggagegt

gctgcgatga

aagttggccg

gtcgcgatgce

ccgeccgacgg

aggttgagat

cagaagaagg

atcgcgccect

gcggggcgta

ttgccggcgg

gcctgacggce

gtcgcgegga

actccaccgg

cccagcgcge

tagcttcccg

gccgccggag

ccgcacctta

agcggccgac

tcgctattgg

ggccaaaagc

ggttcaaatt

agcgctgctg

accattttgg

gataggcaga

ggcgtgagta

tgggacccgt

tgtttcctgce

tcaccttcac

gcaccgcgcec

taaagaaccg

cggggtcgaa

acctgaggcc

actggctgta

tgtccttcag

agaagggaag

cccccectgat



tccecgtgatce
1860

gcgatattcg
1920

gaggtcgccg
1980

atcagcggtg
2040

cggcacgcaa
2100

atcgcggacc
2160

aagctcgagg
2220

gtctgcccgg
2280

gggaaagtcg
2340

cgtcgcgagt
2400

accgacatgc
2460

cgcatacacc
2520

aagctgatcc
2580

cgagctcgta
2640

gcctttcaga
2700

gggcacgacc
2760

gaaccagcgg
2820

gctgccgage
2880

gtaggacggg
2940

cagatcttcg
3000

gaggtcgteg

ataccagcgg

gaaatcgtga

acatagtcga

tcttggtcga

gcatcgacgg

tccgtaaggce

aagccggcag

cttgagaagc

ggagccggaa

gatattacga

tgcacagtgt

ggggcgaagce

aaattcccgt

gggccggacg

gtgacgcctg

cgacccgttg

aagtgcaacc

aggtcgccgce

tcgagcacga
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cctgcgatat

cgaccgagac

gtcccgceccac

tggccgacgce

ggccggccag

cggcgtagag

caaaggaggc

cgccgcecggta

gaccgacaac

ggaaggcgtt

atgcacccag

cggacacatc

cgatattcac

agtcgaaggt

tgacaagtcc

tcgtagecgcece

cttcatcggce

ggtcgtcgge

gggttgaaac

agttgatgac

cgcgtcggtt

cgggcccgceg

atattgctca

gctcggcgag

tgttgaacgg

attgcggttg

cgagccatcg

gacctttgcg

gatcgaagcc

atcacggaag

gttggtgtygg

atatgcggceg

gcgcggtcca

ccctaggact

gccgtaggat

gggcacggga

ccggattccg

aaacgaagtg

acccgactgg

gcccgaaacg
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tcctgeecggg

ccgaacgaca

agcctcagct

cctgtgccga

cagacgatat

atggtgagat

agtttccagce

aaattctcga

tgggcatttc

atccggaaat

gaataagcat

cgtaggaacg

tcgeccgcecege

cctcecgggcea

ccgcgagaac

tattggccgg

tcctgtcgaa

ccgaaggcga

agctcggccc

gcatcggaac

ccttctceccectt

ggctatcgcc

gagcgacgcc

agagattgag

tgcccgecggg

tgttttcacg

cattgccaat

tttcgaccaa

tgtccatgag

tattcgagcc

aggtgccctc

cgttgtagcecg

tctggaacga

aaaacgcgat

tgcgaatatc

cggcgatgte

aatattcgaa

tcgaaccgcece

tgatgccttc

cgtaggcggc



cgaggcgccg
3060

atcgaccgag
3120

ccggtttgac
3180

tgtcgtgcca
3240

gtcggcaagg
3300

cgtcggcgaa
3360

ccggtccgtg
3420

ggcagagaca
3480

gccgggcettt
3540

ctccgtttga
3600

ctaagcgtcg
3660

ttgcacttcg
3720

gaacagttgc
3780

cgcgtcgecg
3840

gcaaaatctc
3900

tcgtcaactg
3960

cccttcaggce
4020

aatatttgcg
4080

tgtgcctcca
4140

gtctctcgaa
4200

cccgtcacga

cctgtgaaat

ccgaggccgce

gggttggagg

ttggtcggag

ttgaagccgt

tcecgettegt

ggaaatgcga

tcgattctga

gtccccttgt

ggcctaagga

cgcatagacc

ggcatgacgt

cccctcaagce

tgaggaccgc

tatgggccgce

acgccgcggce

gcatctgcgce

ggcctgecceg

tgatcctgag
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catcgacgcg

tggtcgcgac

gcatgttgag

tcttcaagct

atgcctcctt

tctggaggcg

ccggctgacc

gggtgccgag

acttccgata

ttcttgacgce

cccgcaattt

ggcgcggtag

ccggcatcgg

accggcgagt

gctgaacgcg

agagagaaac

ccacgcatag

cgggcccgtce

c¢agggcggcg

ggtttcgatc

cttgaccaac

gaaacggttg

caggttctga

gtcgttgaac

caactgctcg

gctgccggte

tatcgatgcg

cgctactgcg

catctgcagt

cgccgtecgcet

gaacatcaaa

ctgaaagtgc

ccacgcggtt

tgcattaaaa

cgatccgtcg

atattgtgat

ccgatccgaa

tgcttcaact

ccgctggecga

gcggccgceca
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gcctgcggceca

ccgttcagceca

ccgctgttcce

acgggcagct

ctggatacgg

acgacgattt

ggatcgctat

ccgagcaaac

ccctcececcgaa

caccacggtc

tgcaatgatc

caataatcag

ggcggcatcg

tgggatgagg

cctcgagggt

agggatgaac

aatcgggatc

caagaccatg

tcagcgtttc

tcggtaccgce

gcacgttgat

ggacgaggtt

ccgttccggg

ggttgagtgce

ctgtaaccgg

cgctcgttece

cctgagcact

tatttgcctt

ttgataggga

cggtcggagg

ggaggcttca

ggattttgct

acgtggcttt

ctggagagac

ctccgttaca

atagacgccg

gtccgcaaag

gcgctgagac

gagataaggc

agagaaccag



aaggagccgg
4260

gcggagatcg
4320

cccaaatgcg
4380

accagaagcg
4440

gcgagggcct
4500

tcgccatcgt
4560

gcgacatgca
4620

gcgccatgat
4680

agaaccatcg
4740

tgacggacca
4800

atggtgtcgc
4860

ccgagcaaat
4920

caaattcgtg
4980

gtcgactcgt
5040

ttctgccttg
5100

cgaaattcaa
5160

cacaatgcgc
5220

acgtcagcga
5280

ttggcacggc
5340

aggaggggcg
5400

tcacaaatat

gatagccatt

tccagctgca

caccggtctc

ggtcctcaaa

gcgccttgaa

cgcgatcgga

aggcgccttt

ccgttgaggt

tgcccacaaa

cgagaagtcg

ttggcccata

cccccagegce

ggccgtacat

ttccgttcege

cgattcgtga

aatcggacga

caaggcgccg

cgccttgatg

tattcccgcece
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atccecgegec

cgcaaagcat

atcgcgcgcec

gtcacaacat

tacttcgtgt

cgcgtccgat

agcgagaatc

ggcgcataat

ggcatcgctg

ggcttcggcg

ctgcgcatca

cgcgcacata

gcgcctgaag

cccgeccgga

cataatgcac

tctgaaagag

cgggatagcg

ccccacgaga

gtgcttggaa

gaggggttgg

gcatcgcgcg

tttccccage

acccggaaac

tttcgagcgg

cggaaaggtg

aagctttggg

ccggcagtat

atggttttgc

ccatttttgc

aggttgacca

gccgeggett

tagtcgatat

aactggggga

atgacccgtt

ctctcgcgat

atatatcttg

gggcagggag

cgctcaccgt

tacagcccat

gatcggcggc
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ccttgttcga

aactgagatc

ctgcgcgcac

tgcgcgcgaa

tggcaaagac

cgtcgttata

gcggagtgtt

gccccgtatg

agaacatcgc

tgatctccga

cgatttcgga

agggctgctc

attctggcgg

cggcgcgtte

aaataatggg

taatatactg

gacggggaaa

agtcgtcgceg

ccttctcgge

aacggtggaa

gcccagcagg

gggttcgata

atcgtcaacg

ctcaagctgg

agccgcaata

ggtataatat

ccacggggaa

ggcacgcgceg

ccaatccgca

aggaccggtce

ttgccggtaa

gtcggcgtcc

cagcaaccgt

tctgagatct

taaaaatcca

tataattata

tctatgcgga

gcaatgatcg

gcccttgtag

atactggcga



tcgcggeggg
5460

gcgcggcact
5520

atttgcccat
5580

cggcgatcct
5640

gcgcgcagac
5700

gctgggggag
5760

cggctctgtg
5820

agtggtcacc
5880

gtgccgcatg
5940

tcggtatcgce
6000

ggatcggtgg
6060

gcaacgtgat
6120

ctttcggcect
6180

ataacagccg
6240

ggcccttgtt
6300

gttcgacctt
6360

gcggaaaggt
6420

acatcgcagg
6480

ggtcttgctc
6540

cccgatcagg
6600

aacatgcatc

ctgcttaatg

cgtggcttge

gatcatgact

gataccgcag

cgcaggcggc

cctcgtcgat

cgcggcgatce

gagctatctg

catttccggg

gcgggtcgga

cgcattggcg

gttctggttg

gcagcttgct

gctctctcge

gttgctggcce

gatcgctgaa

tcaagcttcg

gttacgagtc

tcggtctcta

22951

ggacccgttc

ctcgccgcaa

cgagcggcaqg

cataatcggc

gtaatatctg

ttcacgatcc

cgcgttgagce

gtcatttcga

gagcgactgg

agtttgcttt

tatcgcttcg

gtggccgatc

gcgatgcagc

gtactgctga

tttgccgggg

agcgcgcttc

acggtggacg

tagcgcggca

cttgcttgat

tcagattgca

ttatgaagac

tcaacttcgg

cgggagccct

ggccggaccg

cttatttgct

tgggcattct

tcgatccgac

tggcggcatt

ctgcgcagca

gccaggtagg

ccttaatcgce

agccaagctg

ccttccaaat

cgccgatcgce

cgaccgactt

tgtatctttg

tatgaaaaag

aagcggccgc

gcgaccgaca

gaggaagcgg
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gggatatctg

attgacgttg

ggaaggtctt

gctgagcgga

cccgacggag

cgcggcgatce

gaccgttaac

cgttcaattc

cggattttcg

cggggcttgg

tgggagcctg

gtttatttcc

ccgcttcgeg

cctcgtcggg

gcgctggatc

cgcttctctg

acggatcggg

gcagtcctaa

ggctgttggt

gtgcctcacc

cgggcgaaat

ccgggtttceg

tcgctcageg

atatttctgg

attattccgce

gccgcgatcg

gacgacttgc

tcgggggteg

ggagaaacga

ctggccgcett

cttcaggcgg

gcttcctgtg

atcgcgatag

ttgagcgcgg

tttgtgggga

tttcaaccgc

gttcgcgatg

aagcgagcga

cgatctagac

gtcgtccgtc



tatcatttct
6660

gggctccgga
6720

ctgatgaagt
6780

aagcttctgt
6840

gaggaaatcg
6900

gagaatgagg
6960

tcctttegcec
7020

attgcctatt
7080

atatgcagga
7140

gcgataaacc
7200

gtcagccgca
7260

cgatctgcga
7320

tctgaatcaa
7380

cggtccgttg
7440

gctccecggtce
7500

tgtccgggag
7560

tgttctcecceg
7620

ccttgacgtg
7680

catcagcatt
7740

gttcggcctg
7800

ttccgaccaa

atctcgacgc

tggatcagat

tcggcggata

tgagctccat

ctctcatgtt

ggttcggtga

gccgacacta

atgtccgttg

aacgctcttc

atcaacgagg

tcatttgttg

tcgcagececcg

ttcgagcgga

gcccaccgag

ttccgcectgga

cgagctgcgce

ccggcggtcg

gagagcctgt

gcatgccacc

22951

ggaagtggct

gatggaagtc

cagggcgcga

tggcggggtce

gtatggcaga

cacgatctgc

aattacgtcg

tctgcccgag

cgttgagttc

tgtcgaaggg

cagatgtcaa

cggtgtatga

cgctcagccg

ccagtcggtc

cgttggaact

cagacatcac

gcttgtacat

aggctgcgga

tgccatcaag

gaagccatcc

catctcgctc

gacatcggcc

gactattata

gaggccagaa

tacaacggca

ttcgcaattc

gattttctte

cgaacgccat

ggttctgagt

atgtcgecctg

cgtggccage

aacgcgaagt

gagaatccag

gcttgccgaa

tgtcgatacg

gattgcctgt

ggatcaaaat

cctggttgceg

cctgcggttce

gctggcgtcg
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tgatgcgccg

agctcgaaag

atagccaccc

agcttgacga

ttttccatat

tcgacgecggt

gggaggggca

cagcgtgaat

tcggtcggtt

gttégaccag

aagttcaact

tttagccacg

cgcctcgaga

acggcgctcg

tcgctgtttg

gtacagaccg

ccgagggtcc

agcggcgagyg

gatgcgctcc

ctcgagatcc

ctatctggag
ctggcaggac
gcccgcececte
gcgatactcc
gccgcaaatg
atgggccgtce
agcggcttge
ccgttcaacg
aggaggccce
gccctgcéaa
gtgagttact
ccgcgcggcet
gtctcgtggg
gcaaagagtt
cgtcgcccaa
ccgccttcca
gactccgcat
cggagttcgg
acgaggaccc

ttgaatggac



gcaattgaaa
7860

cgatgccgaa
7920

gacgacggcg
7980

tatgcccecgce
8040

acgcacgatc
8100

gcttgcgegg
8160

agatggggca
8220

atttgctgag
8280

gggagagaaa
8340

cgccacgtgg
8400

catgcttggc
8460

tcatacccag
8520

acccttcgcg
8580

gtgggcgggce
8640

tagagagggg
8700

tcccaaacag
8760

tagcggcggt
8820

ggtggtcgtc
8880

ttcaaaggaa
8940

gttcaaatgg
9000

ggtgaaagcc

ctcgcgcegea

ctgggattga

tcgggtcggt

ggcatcgttc

ctccgcecgegg

tcgtgacacg

agacgaacgc

tgtgtgaaag

cttgcgcgga

gcaactgcca

tcgggcgecg

gctccgeccgg

accagggacg

agccgggcectg

gtcggtaagg

tctggcgegg

acgttcaact

agtccgaatg

gttcagaaca

22951

tgatcgecegt

acaatatcgc

tcgatgcgca

cggaggtcgt

agcgccgcac

cctggtcgtce

cgttctatgc

gaagataccg

agcaccaatg

tcagcgttte

ttccecgtgge

tcgagggegt

tcggcgacct

gccgecgett

ccgggacgag

gggggctccc

tgccatatta

atcgcgccgg

gcgtgtcggg

acataaggga

tcaccgtgceg

gctggaatgg

attgggtgtc

ctggcgcccce

cggctcgatg

cgccaatctg

gcctgcagca

ctgggtcaca

ccgtggecggce

¢cggggggcece

tgcgcaaact

cgagggcgac

gcgatggcgg

tgcgccecgat

cgaagactgc

cgtcatgatc

tgacggctct

gattctgggce

caactatggt

gttcggcgga

-38-

agccggaacc

cggtatgagg

gctgttatgc

gtcgtcgcge

caccctgccg

ggcgacatcg

tcgatgctca

ggatatcagt

cgggcgtccce

tccgceccatcecg

gacgatccga

gtcgagactt

ccgccggcetce

tgcatcggga

ctctatctga

tgggtttacg

gcgctcgegce

tttcttgcee

cttctcgaca

gacccgaacc

gcacgttgct

tcgcgceatct

cccgcatggt

cggtcgtcca

cacagcaatt

cgtctcgecga

cgatcattgc

ccatcgaggc

ccgctgcgcece

cctggacctt

agctcgttcg

ttttgggaat

cgccgagggce

acgagcggcet

atatctggtc

gcggtgggtt

agaagggcgt

atccggcgcet

tgctcgcggce

gtgtcacggt



ctttggcgag
9060

gagcgccttc
9120

ttctgaaagc
9180

cgatgcgggce
9240

caagccgcgg
9300

tgccttecgece
9360

agggcgcgct
9420

cacagaacaa
9480

cgccgacgtc
9540

cgagctgcte
9600

gggcattcca
9660

cgcaaatctg
9720

gtcggacatc
9780

ggtccccgat
9840

gacttttggt
9900

ccaaccctca
9960

cgacgggctg
10020

gaggtggcaa
10080

ttgtgatcga
10140

tgcgtacgat
10200

tccgcececggeg

aatcaggcga

gaagcgaatg

gaattgacga

ccgatgggtc

aagggggect

tttacggatc

tttggtgacg

cccgecgecg

tcggcagcecct

ggagccggcecce

gggccgtcegt

aaacttgcga

cagggcacga

tcgcaggttyg

aaatagcgcc

tgccctcectge

cgctgcattg

gcatgcgccg

gcacgaacgt

22951

cgagcgcgcet

tactgcaaag

ggctggagct

agatcgcgca

cgattctgga

tccgcaagat

gcctgcecggt

aggcggacgce

ttgcccgtcet

tcgcgaaatg

gtcgcceegce

ccgtatctat

ccgaaatgtc

aatcgcactg

gctctgggga

cggcctgtgce

ctagaaggaa

acggcagccg

cgcgccatgce

cccctgtege

cggactgctc

tccgggtctg

gggagccgat

atcgcgaata

cggctatgtt

acccgttctg

caaaacggtc

atgggagcgt

ttttggggat

gcgaacgccg

cacgcatgga

gtttgggtcg

cgcggcctgg

gccgcgcettce

aggtcttgga

gtgcttcagc

gtaagttgcg

tgacggcgceg

gcggcggcaa

cgttgaccgg
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ctgacctcgce

gccaggccgce

atttctgcte

cccatgtcge

ttgcgcaccc

gtcggcggaa

cttgaatatc

tgttatcccg

agtcagttca

ctttggagat

gacgaaattc

ctcgaaggcg

gtgagcttcg

gagcggcgag

gtttcgccga

acgccgtccce

ctacgacgtc

tgaagcgggg

cagtcgtcac

tgaatattcg

cgctcagtga

tcgccacgcet

tacggcgtgce

gccagttcac

ttgacgtcga

acgccgacga

gagcctatct

cgaactccga

acaacgggat

atcgctttac

cctatgtctt

gcgcecggggce

cggtgcacgg

gggagatcat

gcaaagcctg

gctttgcggg

gcgataattg

gcctecggttce

acacgcaata

gcggacgaat



attggaatga
10260

ttatccgcaa
10320

cctcgcectagte
10380

aggcgcttgt
10440

attctgaggt
10500

gccggggatt
10560

aggcaaatct
10620

ggggcacgcc
10680

cggtgggaga
10740

acggcggcecat
10800

ccttgcgett
10860

gcttggtgge
10920

acctcttcat
10980

agaaactcgg
11040

gcgtgeeegg
11100

caaagaaatc
11160

ggcccgggat
11220

tggagacagg
11280

ttctcggeca
11340

tcgcgggttg
11400

tcttgtccge

caccaccgac

gggcacgctg

aaacgcatat

gaccgagatc

ccctgtcgaa

tgactggctc

atatgcgact

tccaacccaa

cgtcacacga

ctacgatgaa

acagcagcct

gccgtcagtg

tctgaatccce

cgaattcggc

caactgggcc

caccttcacc

tgagccgaca

aggttatctc

ggaggccgea

22951

gtcacggggg

gctattccct

agtttatcgc

tacgccacgg

aaccttcagc

gtggaagcca

tcaagcgcat

ggcacggtgce

tgccatgctg

ctggactgcg

ggcgaagatg

gatcagatcg

ttccceeccceg

gtaaccctgg

ggccaagatc

cgaccgatta

tatctcggcg

aaaaacctgt

gctggatttg

cgtcatgcag

ggcgcaccga

tcatgacgcg

gaaccaacgc

ccgaacggcect

aaggcgtcgt

aggctgccat

gggggcctgce

tcaagaacct

tcgcgatcga

ttccecttcectce

tgtggccgaa

ctttcagcat

tgcaagcgga

aacgcacggt

tcgacgacct

ttgtgccccce

tcaaggtaga

ttgcttcggg

gaatggcgat

gattttgatc
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cgaagaactc

ctgcggtgtyg

attcttcctt

aggcgtcgat

gcagcgtctg

cgcctegtcec

tgcggcgaac

gttggagcaa

tgggcgageg

gatcgtcgtce

gcgttacgcecce

aatcgatcgg

cacgatcgcg

ggccgaattc

ccacaccgag

gttcagcgcc

cagccgtgceg

ggaaataatg

tggtaccgta

tcgtaaaaat

gcgcggcteg

cgtttccagc

ggcggcggga

attctctatg

caattgcgca

ggaggattcc

ttcatcgtac

ggcgtcgect

cccaaatacg

aacaaggacg

atatggggtc

caggccgaag

ggtctggecg

aacgccgcat

ggaatcgaac

tatcctctcc

cgggtcatca

gcgggcagca

ttcggccgcea

gctgtctgac



ttgccgtcegg
11460

tattgcgaag
11520

ggcgatctca
11580

caatacgccc
11640

ctcgagagct
11700

gcgctcatca
11760

atcttcaacg
11820

aacgttattc
11880

ctggcgctgg
11940

ctttatcagc
12000

ggcggcagcg
12060

aaatttcatc
12120

acgatctacg
12180

gtcctaggga
12240

aagctggccg
12300

ttggtgcttc
12360

gaagtcatgg
12420

atgccataca
12480

gctgaccgcg
12540

atggaacata
12600

cgccggagcet

ggttctgcgce

gccacctcgce

ctccgcatga

acgagcagca

tttccatctt

gggatgcact

cttatcaggc

cgatcagtct

acgtgccggt

acggcgaggg

acgcccttge

atcatatgtt

ccgttggggg

gcgaagacgc

tgcttgccat

gcgtcgegcet

gcaaatttgt

aggcaagtaa

tgaagtccgt

22951

ggaagccagg

ggtatttcct

caatctctgc

gttcggaata

tgcttggccce

gtcggcggca

tttcgcgaaa

gatgattgcc

cgttcgcecttt

tcttcgggceg

gtgtaacgac

ctatggcttc

cggctggccg

gatcggaatg

tcctcecgatca

agcggcaacg

cgccgtccat

ccacggtatc

tggcttcgcce

tcgcgatcge

cgcgttatgg

gcaatgacct

cactcgtgcc

aacgttccaa

cggccggtcg

tgcataaccg

cacgcatcgg

gtcgcggcga

tcgcggacga

ctacgcgatg

gcggacgaga

ggactttgtt

gcgccctatg

gtcgtgggceg

ccggcactgce

ggcctectece

ctcggegtceg

ttcaggctca

tccagccecctce

agtagcgtca
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aggtgtgcaa

tgcagcgtca

aaggttgcta

aggcgctgtce

ccgctctcta

gcgtcecttct

tgcccggegg

ccacatttct

tcggtctggg

cggcgactct

cattttcgac

tcgcggceccac

cgcttttcag

cgatcggcct

ttgggccgga

ttttagcggt

tcttggceccectt

cggctctecgt

CCacCgaaaaa

tgcagatcgt

cgcgtgceccgce

tttcgccagce

ttacgcctgce

ggagttgcgg

tcgcaagaat

gcttgccgcee

cgggttttac

ttattccgeg

aattaaggtt

gcgatatctc

gacccggcga

agccacgggc

cttgccggtce

actctggctc

tgttgccctg

ccgcagcacc

ctttttggtg

gcgccatcat

gggttaaaca

gagagtggcg



agtggcaact
12660

gcgagaagct
12720

tttggcgctg
12780

cgcgtcgggce
12840

accattgcga
12900

gtcgggcgac
12960

ttggcggaaa
13020

cagcaggtgg
13080

ccggagcaaa
13140

cccgtgatac
13200

cacaaggcgc
13260

ttgacgggca
13320

acgccgacat
13380

atcatggtcg
13440

atcggtagaa
13500

ctgatgagct
13560

ttctcecgeat
13620

cctceccgeca
13680

ggcggcttca
13740

cctgcaatct
13800

gtctcgagca

tttttccgac

gtttcctcat

gtcggaaagg

tgactccaag

ttttgcaggg

ttgcgtcgcece

ccgtcatgat

tgaacgactg

tctggctgeg

attcgatcgg

tggcgatgtc

ttggcgagaa

gcgtgtcgaa

ccccgatcect

ggctcgtcege

gctttggact

ttagaaccct

ccccattggt

ggctctgttt

22951

atatgatttc

cggcgataac

gaggcccttg

cctgatcgtg

ctatgaggca

tttttceget

caaatcgaga

cgccgcecgceg

gggatggcgg

ccggtctctce

cgaatccctc

gatcctcacg

agcactcgga

cttcctgtgg

actggtcgtg

ggcaccgaca

ctataatggg

tggcttctcg

aagtacggcg

tgcggetttce

ttcgtttacg

gcgacatcgce

ggggcgattt

acactcgcga

attggattac

ggagcagagt

ggcttcttca

atcggtcttg

gtgcccttgt

ccggaaacga

cgcgaattgc

acgaccacct

ctgagcccgce

cttccgatceg

ccggtcaccg

ttcggagcege

gcgctcatcg

ctggcgttca

ctaatccacg

atcagcttcg
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gcttctatgce

tcatgctttc

ttctcgggtc

tcatggccgt

tcgcaccggt

cgggtggegt

cctcgtggcea

cgctgcaatc

tgatcggatg

aagcctatct

aacagagctg

tttacatgat

aagatgtcct

ggggtgctct

ttctcgccat

ttgcagctgt

cgagactcac

gtctcgcgac

cgacgggcag

tcggtgtggce

ggcatatatt

attggccact

ctacatcgat

cggaaccctc

tatcgtgctc

ctcagtgtac

gtctgccagce

aacgctttca

cttgattatc

ccacatggag

ggggctgatc

taccgcctat

gctggttacc

ctcggatcgt

cgcctttecce

tctgctgact

cgagattatg

ctcgctgttc

caattccgceg

cgcatcgacc



cggctgagcc
13860

caatgaagcg
13920

acggctgaaa
13980

ggcgaacttg
14040

aagaccagag
14100

tttacgaacc
14160

atcgttctgg
14220

cgcttcaaac
14280

cggacgattg
14340

gaagcgctct
14400

ccgatggcgg
14460

gtggtgatcg
14520

gttgctccga
14580

ggcgccgacg
14640

gcacgcccgg
14700

atattcgaat
14760

gggtccgaga
14820

gggatgttta
14880

gcggtgcectte
14940

attggcctgt
15000

ggccaatcgce

agattcgggc

cgatgatggt

tcctgggggce

catgcggcat

ttgcatcgcg

ggcatgaatt

ccggacagct

gctactcgga

tgctgcctgt

tgggatggca

ggtgcggacc

ttattgcgtc

ccgttgtcga

tcggacaagg

gcgtaggggt

tcatggtcgt

aagcgctcac

acatgatagg

ccgatgtccc

22951

cgaaggcgcc

ggtaggtgcg

atgaatgggc

ctatgctgat

ctgcggatct

ggcgggtatc

ctgtggcgag

tgtgtgctcg

tgagtatccc

tccgaacggce

tgccgtcgag

ggtcgggttg

ggatccatcg

tccgcgcgaa

tggggccctg

gccgggcatg

tggcgcatgce

gatcaaattc

tgagggcgca

gtccgegttt

agataggaca

ctggcggcac

taagacatga

ccgatacccg

gaccttcatt

gcctctatgg

attatggagt

ctgccgctgg

ggcgggctceg

cttccggcga

atcgcgcagg

gcagtcgtcg

cccgatcggce

gaatcaccct

tccagctcat

cttcggcatg

atgcagccgg

tcgcgaactt

ctcgacgtat

gaggctctac
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atcagagaat

ttcgcgaaga

gagcagtagt

ccgccgggcea

tttgcgatca

aagttgattt

tcgggccctce

cgatcggtcc

gcgaatatat

cctgecgeggce

ttcaaccaca

ctgccctgaa

gtgctcttgce

ttcgccagge

tgctgtcaaa

cgatggacgg

acgcgatcga

acacgggtga

ctccgectegt

ggagtccagg

gcccgtgegg

gccgttgegg

ttaccgaaat

ggtgctcgtce

tgcgcaggcg

gtgtcgagac

tgcggatcgt

gaccggagcg

ggtcctcacg

gttgacggag

tcacatccct

acataagcaa

tctgcggatg

cgagaagatc

gtctcaaatg

cgcgtccgac

gcccatgatc

ggaattcgcc

taccgatgtg

cgcccaagca



aaagtgattg
15060
cgtcaaagaa
15120
gcagttggta
15180
gtttgccatt
15240
tgctctcgac
15300
ggatcgggat
15360
agaacacctc
15420
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<212> ADN
<213>

<220>

<221> Seq ID 2 (fumA)
<222>  (1)..(1182)
<300>

<308> FJ426269

<309> 2009-06-11
<313> (1)..(1182)
<400> 2

atgcggaacg tcagcgacaa
60

atgatcgttg gcacggccgc
120

cttgtagagg aggggcgtat
180

ctggcgatcg cggcgggaac
240

gcgaaatgcg cggcactctg
300

ggtttcgatt tgcccatcgt
360

ctcagcgcgg cgatcctgat
420

tttctgggcg cgcagacgat
480

tggacccttg

ggcgacgttg

aacatgccaa

gtcatcgctc

ctggccttcc

cggcaggcgt

ctcggctaac

22951

gcgctgagcecc

acccggtatg

aatatgaact

gcacccggceg

ttcatatatt

tggttcatct

tgcgcegegg

Sphingopyxis sp.

ggcgccgecce

cttgatggtg

tccecgecgag

atgcatcgga

cttaatgctc

ggcttgccga

catgactcat

accgcaggta

tgaggatgcc

tgaacatccc

gtagtattgc

acaaagatta

tcaggacctc

gggtcgagtt

tactatcgca

cacgagacgc

cttggaatac

gggttgggat

cccgttctta

gccgcaatca

gcggcagcegg

aatcggcggce

atatctgctt

-44-

aagggtgcga

catattcttc

gtcggggttc

gatgtacttc

tccgaccatg

ccagttgatc

ggatcgtctc

tcaccgtagt

agcccatcct

cggcggcaac

tgaagacggg

acttcggatt

gagccctgga

cggaccggct

atttgctccc

cgttgggcat

cgcagctgaa

tcattgtggg

cgataatccg

cgtgcggcgc

ttcgtaagag

gagcgtycgce

cgtcgcggceca

tctcggegcece

ggtggaaata

atatctgcgg

gacgttgccg

aggtctttcg

gagcggaata

gacggagatt



attccgecgcet
540
gcgatcgcgg
600
gacttgcagt
660
ggggtcggtg
720
gaaacgatcg
780
gccgcttgga
840
caggcgggca
900
tcctgtgett
960
gcgatagata
1020
agcgcgggge
1080
gtggggagtt
1140
caaccgcgcg
1182

<210> 3
<211> 393
<212> PRT
<213>

<220>

<221> Seqg ID 3 (Fumd)
<222> (1) ..(393)
<300>

<308> FJ426269

<309> 2009-06-11
<313> (1)..(393)
<400> 3

gggggagcgce

ctctgtgcecct

ggtcacccgc

ccgcatggag

gtatcgccat

tcggtgggceg

acgtgatcgc

tcggcctgtt

acagccggca

ccttgttgcet

cgaccttgtt

gaaaggtgat

22951

aggcggcttc

cgtcgatcgce

ggcgatcgtc

ctatctggag

ttccgggagt

ggtcggatat

attggcggtyg

ctggttggcg

gcttgctgta

ctctcgcettt

gctggccagc

cgctgaaacg

Sphingopyxis sp.

acgatcctgg

gttgagctcg

atttcgatgg

cgactggctg

ttgctttgcc

cgcttcgceccect

gccgatcagc

atgcagccct

ctgctgacgc

gcecggggcega

gcgcttctgt

gtggacgtat

gcattctcgce

atccgacgac

cggcattcgt

cgcagcacgg

aggtaggcgg

taatcgctgg

caagctggtt

tccaaatccg

cgatcgccct

ccgacttgceg

atctttgcgce

ggcgatcgcce

cgttaacgac

tcaattctcg

attttcggga

ggcttggctg

gagcctgcectt

tatttccgcet

cttcgcgatc

cgtcgggttg

ctggatcttt

ttctctgttt

Met Arg Asn Val Ser Asp Lys Ala Pro Pro His Glu Thr Leu Thr Val

1

5

10

15

Val Val Ala Ala Met Ile Val Gly Thr Ala Ala Leu Met Val Leu Gly

20

25

-45-

30



Ile

Ala

Ala

65

Ala

Leu

Ala

Thr

Gln

145

Ile

Ala

Leu

Ile

Ala

225

Glu

Gly

Gln

Glu

50

Gly

Lys

Thr

Gly

His

130

Thr

Pro

Ala

Asp

Val

210

Trp

Thr

Ala

Pro

35

Gly

Thr

Cys

Leu

Ala

115

Asn

Ile

Arg

Ile

Pro

195

Ile

Ser

Ile

Trp

Ile

Leu

Cys

Ala

Pro

100

Leu

Arg

Pro

Trp

Ala

180

Thr

Ser

Tyr

Gly

Leu
260

Leu

Gly

Ile

Ala

85

Gly

Glu

Arg

Gln

Gly

165

Ala

Thr

Met

Leu

Ile

245

Ala

Leu

Ser

Gly

70

Leu

Phe

Gly

Pro

Val

150

Ser

Ile

Val

Ala

Glu

230

Ala

Ala

Gly

Ala

55

Pro

Cys

Asp

Leu

Asp

135

Ile

Ala

Ala

Asn

Ala

215

Arg

Ile

Trp

22951

Ala

40

Ala

Val

Leu

Leu

Ser

120

Arg

Ser

Gly

Ala

Asp

200

Phe

Leu

Ser

Ile

Leu

Thr

Leu

Met

Pro

105

Leu

Leu

Ala

Gly

Leu

185

Asp

Val

Ala

Gly

Gly
265

-46-

Val

Val

Met

Leu

80

Ile

Ser

Ser

Tyr

Phe

170

Cys

Leu

Gln

Ala

Ser

250

Gly

Glu

Glu

Lys

75

Ala

Val

Ala

Gly

Leu

155

Thr

Leu

Gln

Phe

Gln

235

Leu

Arg

Glu

Ile

60

Thr

Ala

Ala

Ala

Ile

140

Leu

Ile

Val

Trp

Ser

220

His

Leu

Val

Gly

45

Leu

Gly

Ile

Cys

Ile

125

Phe

Pro

Leu

Asp

Ser

205

Gly

Gly

Cys

Gly

Arg

Ala

Tyr

Asn

Arg

110

Leu

Leu

Thr

Gly

Arg

190

Pro

Val

Phe

Gln

Tyr
270

Ile

Ile

Leu

Phe

95

Ala

Ile

Gly

Glu

Ile

175

Val

Ala

Gly

Ser

Val

255

Arg

Pro

Ala

Arg

80

Gly

Ala

Met

Ala

Ile

160

Leu

Glu

Ala

Ala

Gly

240

Gly

Phe



Ala Leu

Ala Val

290

Gly Leu

305

Ala Ile

Leu Val

Ala Thr

Ala Ser

370

Lys Val

385

<210>
<211>
<212>
<213>

<220>
<221>
<222>

<300>
<308>
<309>
<313>

<400>
atgacat
60

cgaggtc
120

gaccccg
180

gtctatc
240

22951

Ile Ala Gly Ser Leu Leu Gln Ala Gly
275 280
Ala Asp Gln Pro Ser Trp Phe Ile Ser
295
Phe Trp Leu Ala Met Gln Pro Phe Gln
310 315
Asp Asn Ser Arg Gln Leu Ala Val Leu
325 330
Gly Leu Ser Ala Gly Pro Leu Leu Leu
340 345
Asp Leu Arg Trp Ile Phe Val Gly Ser
355 360
Ala Leu Leu Tyr Leu Cys Ala Ser Leu
375
Ile Ala Glu Thr Val Asp Val
390
4
651
ADN
Sphingopyxis sp.
Seq ID 4 (fumB)
(1)..(651)
FJ426269
2009-06-11
(1)..(651)
4
cgc aggtcaagct tcgtagcgcg gcaaagcggce
ttg ctcgttacga gtccttgectt gatgcgaccg
atc aggtcggtct ctatcagatt gcagaggaag
att tctttccgac caaggaagtg gctcatctcg

-47-

Val
285

Asn Ile

Ala
300

Ser Cys

Ile Arg Phe

Leu Thr Pro

Phe
350

Ser Arg

Thr
365

Ser Leu

Phe
380

Gln Pro

cgcgcagtcc

acaggctgtt

cgggtgcctc

ctctgatgcg

Ala Leu

Ala Phe

Ala Ile

320

Ile
335

Ala

Ala Gly

Leu Leu

Arg Gly

taaaagcgag

ggtcgatcta

accgtcgtcce

ccgctatctg



gaggggctcc
300
gacctgatga
360
ctcaagcttc
420
tccgaggaaa
480
atggagaatg
540
gtctcctttc
600
tgcattgcct
651

<210> 5
<211> 216
<212> PRT
<213>

<220>

<221> Seqg
<222>  (1).
<300>

<308> FJ42
<309> 2009
<313> (1).
<400> 5

Met Thr Ser
1

Pro Lys Ser

Thr Asp Arg

Ile
50

Gln Ala

Phe Thr

65

Pro

Glu Gly Leu

ggaatctcga

agttggatca

tgttcggcgg

tcgtgagetce

aggctctcat

gccggttcgg

attgccgaca

ID 5
. (216)

6269
-06-11
. (216)

Gln

Val

Glu
20

Arg
Leu Leu
Glu Glu
Glu

Lys

Asn
85

Arg

(FumB)

Lys

Gly

Val

Ala

Val

70

Leu

22

cgcgatggaa
gatcagggcg
atatggcggg
catgtatggc
gttcacgatc
tgaaattacg

ctatctgccc

Sphingopyxis sp.

Leu Arg

Ala

Leu

Leu
40

Asp

Gly Ala

55

Ala His

Asp Ala

951

gtcgacatcg
cgagactatt
gtcgaggcca
agatacaacg
tgcttcgcaa
tcggattttc

gagcgaacgc

Ala Ala

10

Ser

Arg Glu

25

Tyr

Asp Pro Asp

Ser Pro Ser

Ala Leu

75

Leu

Met Glu Val

50

-48-

gccagctcga

ataatagcca

gaaagcttga

gcattttcca

ttctcgacge

ttcgggaggg

catcagcgtg

Lys Arg Pro

Leu
30

Ser Leu

Gln Val

45

Gly

Ser Val

60

Tyr

Met Arg Arg

Asp Ile Gly

aagctggcag

cccgcececcecgcece

cgagcgatac

tatgccgcaa

ggtatgggcc

gcaagcggct

a

Arg Ser

Asp Ala
Leu Tyr
His

Phe

Leu
80

Tyr

Gln
95

Leu



Glu Ser Trp Gln Asp Leu Met Lys
100

Tyr Tyr Asn Ser His Pro Pro Ala
115 120

Gly Gly Val Glu Ala Arg Lys Leu

130 135

Val Ser Ser Met Tyr Gly Arg Tyr

145 150

Met Glu Asn Glu Ala Leu Met Phe

165
Ala Val Trp Ala Val Ser Phe Arg
180

Phe Leu Arg Glu Gly Gln Ala Ala
195 200

Leu Pro Glu Arg Thr Pro Ser Ala

210 215

<210> 6

<211> 945

<212> ADN

<213> Sphingopyxis sp.

<220>

<221> Seq ID 6 (fumC)

<222>  (1)..(945)

<300>

<308> FJ426269

<309> 2009-06-11

<313> (1)..(945)

<400> 6

gtggccagca agttcaactg tgagttactc

60

acgcgaagtt ttagccacgc cgcgcggcectt

120

agaatccagc gcctcgagag tctcgtgggce

180

cttgccgaaa cggcgctcgg caaagagttg

240

22951

Leu

105

Leu

Asp

Asn

Thr

Arg

185

Cys

Asp

Lys

Glu

Gly

Ile

170

Phe

Ile

Gln

Leu

Arg

Ile

155

Cys

Gly

Ala

gatctgcgat

ctgaatcaat

ggtccgttgt

ctcccggtceg

-49-

Ile

Leu

Tyr

140

Phe

Phe

Glu

Tyr

Arg

Phe

125

Ser

His

Ala

Ile

Cys
205

Ala

110

Gly

Glu

Met

Ile

Thr

190

Arg

catttgttgc

cgcagcccge

tcgagcggac

cccaccgagce

Arg Asp

Gly Tyr

Glu Ile

Pro Gln
160

Leu Asp
175

Ser Asp

His Tyzr

ggtgtatgaa

gctcagccgg

cagtcggtcg

gttggaactt



gtcgatacgt
300
attgcctgtg
360
gatcaaaatc
420
ctggttgcga
480
ctgcggttcg
540
ctggcgtcgce
600
caccgtgcga
660
ctggaatggc
720
ttgggtgtcg
780
tggcgcccecceg
840
ggctcgatgc
900
gccaatctgg
945

<210> 7
<211> 314
<212> PRT
<213>

<220>

<221> Seq ID 7 (FumC)
<222>  (1)..(314)
<300>

<308> FJ426269

<309> 2009-06-11
<313> (1)..(314)
<400> 7

cgctgtttgce

tacagaccgc

cgagggtccg

gcggcgagge

atgcgctcca

tcgagatcct

gccggaaccg

ggtatgaggt

ctgttatgcc

tcgtcgegece

accctgccgce

gcgacatcgce

22951

gtcgcccaat

cgccttccat

actccgcatc

ggagttcggce

cgaggacccg

tgaatggacg

cacgttgctc

cgcgcatctg

ccgcatggtt

ggtcgtccaa

acagcaattg

gtctcgcgaa

Sphingopyxis sp.

gtccgggagt

gttctccecge

cttgacgtgc

atcagcattg

ttcggecctgg

caattgaaag

gatgccgaac

acgacggcgc

atgccccgcet

cgcacgatcg

cttgcgcggce

gatggggcat

tccgcectggac

gagctgcgeg

cggcggtcga

agagcctgtt

catgccaccg

gtgaaagcct

tcgcgcgcaa

tgggattgat

cgggtcggtc

gcatcgttca

tccgegegge

cgtga

agacatcacg

cttgtacatg

ggctgcggac

gccatcaagce

aagccatccg

gatcgcecgtt

caatatcgcg

cgatgcgcaa

ggaggtcgtc

gcgccgcacce

ctggtcgtcc

Val Ala Ser Lys Phe Asn Cys Glu Leu Leu Asp Leu Arg Ser Phe Val

1

5

10

15

Ala Val Tyr Glu Thr Arg Ser Phe Ser His Ala Ala Arg Leu Leu Asn

20

25

-50-

30



Gln

Val

Ala

65

Val

Thr

Pro

Arg

Gly

145

Leu

Arg

Lys

Leu

Tyr

225

Leu

Ser

Ser

Gly

50

Leu

Asp

Asp

Arg

Ile

130

Glu

Arg

Ser

Gly

Leu

210

Glu

Gly

Glu

Gln

35

Gly

Gly

Thr

Ile

Ala

115

Leu

Ala

Phe

His

Glu

195

Asp

Val

Val

Val

Pro

Pro

Lys

Ser

Thr

100

Ala

Asp

Glu

Asp

Pro

180

Ser

Ala

Ala

Ala

Val
260

Ala

Leu

Glu

Leu

85

Ile

Arg

Val

Phe

Ala

165

Leu

Leu

Glu

His

Val

245

Trp

Leu

Phe

Leu

70

Phe

Ala

Leu

Pro

Gly

150

Leu

Ala

Ile

Leu

Leu

230

Met

Arg

Ser

Glu

55

Leu

Ala

Cys

Tyr

Ala

135

Ile

His

Ser

Ala

Ala

215

Thr

Pro

Pro

22951

Arg

40

Arg

Pro

Ser

Val

Met

120

Val

Ser

Glu

Leu

Val

200

Arg

Thr

Arg

Val

Arg

Thr

Val

Pro

Gln

105

Asp

Glu

Ile

Asp

Glu

185

His

Asn

Ala

Met

Val
265

-51-

Ile

Ser

Ala

Asn

90

Thr

Gln

Ala

Glu

Pro

170

Ile

Arg

Asn

Leu

Val

250

Ala

Gln

Arg

His

75

Val

Ala

Asn

Ala

Ser

155

Phe

Leu

Ala

Ile

Gly

235

Met

Pro

Arg

Ser

60

Arg

Arg

Ala

Pro

Asp

140

Leu

Gly

Glu

Ser

Ala

220

Leu

Pro

Val

Leu

45

Leu

Ala

Glu

Phe

Arg

125

Leu

Leu

Leu

Trp

Arg

205

Leu

Ile

Arg

Val

Glu

Ala

Leu

Phe

His

110

Val

Val

Pro

Ala

Thr

190

Asn

Glu

Asp

Ser

Gln
270

Ser

Glu

Glu

Arg

95

Val

Arg

Ala

Ser

Cys

175

Gln

Arg

Trp

Ala

Gly

255

Arg

Leu

Thr

Leu

80

Trp

Leu

Leu

Ser

Ser

160

His

Leu

Thr

Arg

Gln

240

Arg

Thr



22951

Ile Gly Ile Val Gln Arg Arg Thr
275 280

Gln Leu Leu Ala Arg Leu Arg Ala

290 295

Asp Ile Ala Ser Arg Glu Asp Gly

305 310

<210> 8

<211> 1623

<212> ADN

<213> Sphingopyxis sp.

<220>

<221> Seq ID 8 (fumD)

<222> (1)..(1623)

<300>

<308> FJ426269

<309> 2009-06-11

<313> (1)..(1623)

<400> 8

gtgaaagagc accaatgccg tggcggccgg

60

gcgcggatca gcgtttcccg gggggcectcce

120

actgccattc ccgtggctgc gcaaactgac

180

ggcgccgtcg agggcgtcga gggcgacgtce

240

ccgeecggtceg gcecgacctgcecg atggcggecg

300

agggacggcc gccgctttge gecccgattge

360

cgggctgccg ggacgagcga agactgcctc

420

ggtaaggggg ggctccccgt catgatctgg

480

ggcgcggtge catattatga cggctctgeg

540

ttcaactatc gcgccgggat tctgggcettt

600

ccgaatggcg tgtcgggcaa ctatggtctt

660

Gly Ser Met His Pro Ala Ala Gln

285

Ala Trp Ser Ser Ala Asn Leu Gly

Ala Ser

gcgtccccecg

gccatcgcect

gatccgaagce

gagacttttt

ccggctceccecge

atcgggaacg

tatctgaata

gtttacggcg

ctcgcgcaga

cttgcccatc

ctcgacatgc

-52-

300

ctgcgcccge

ggaccttcat

tcgttcgtceca

tgggaatacc

cgagggcgtg

agcggcttag

tctggtctcce

gtgggtttag

agggcgtggt

cggcgctttce

tcgcggegtt

cacgtggcectt
gcttggcgca
tacccagtcg
cttcgcggcet
ggcgggcacc
agaggggagce
caaacaggtc
cggcggttct
ggtégtcacg
aaaggaaagt

caaatgggtt



cagaacaaca
720
gccggcgcga
780
caggcgatac
840
gcgaatgggc
900
ttgacgaaga
960
atgggtccga
1020
ggggccttcc
1080
acggatcgcc
1140
ggtgacgagg
1200
gccgcegttg
1260
gcagccttcg
1320
gccggcecegte
1380
ccgtcgtceccg
1440
cttgcgaccg
1500
ggcacgaaat
1560
caggttggct
1620

tag

1623

<210> 9
<211> 540
<212> PRT
<213>

<220>

<221> Seq

taagggagtt

gcgcgetcegg

tgcaaagtcc

tggagctggg

tcgcgcaatce

ttctggacgg

gcaagatacc

tgccggtcaa

cggacgcatg

cceagtetttt

cgaaatggcg

gccccgceccac

tatctatgtt

aaatgtccgce

cgcactggcc

ctggggaagg

ID 9

(FumD)

22951

cggcggagac

actgctcctg

gggtctggcc

agccgatatt

gcgaataccc

ctatgttttg

cgttctggtc

aacggtcctt

ggagcgttgt

tggggatagt

aacgccgctt

gcatggagac

tgggtcgcete

ggcctgggtyg

gcgcttcgag

tcttggagtt

Sphingopyxis sp.

ccgaaccgtg

acctcgccgce

aggccgctceg

tctgctctac

atgtcgcgcece

cgcacccttg

ggcggaaacg

gaatatcgag

tatcccgcga

cagttcaaca

tggagatatc

gaaattccct

gaaggcggcg

agcttcgcecgg

cggcgagggg

tcgccgagcea

-53-

tcacggtctt

tcagtgagag

ccacgctttc

ggcgtgccga

agttcaccaa

acgtcgatge

ccgacgaagqg

cctatctcac

actccgacgce

acgggatcga

gctttacggg

atgtcttcge

ccggggcegtce

tgcacggggt

agatcatgac

aagcctgcecca

tggcgagtcc

cgccttcaat

tgaaagcgaa

tgcgggcgaa

gccgcggcceg

cttcgccaag

gcgcgctttt

agaacaattt

cgacgtcccc

gctgctctcg

cattccagga

aaatctgggg

ggacatcaaa

ccccgatcag

ttttggttcg

accctcaaaa



<222>

<300>
<308>
<309>
<313>

<400>

(1)..(540)

FJ426269
2009-06-11
(1)..(540)

9

Val Lys Glu

1

Ala

Ala

Thr

Gly

65

Pro

Trp

Asn

Cys

Leu

145

Gly

Val

His

Thr

Trp

Asp

50

Val

Pro

Ala

Glu

Leu

130

Pro

Ala

Val

Pro

Trp

Thr

35

Asp

Glu

Val

Gly

Arg

115

Tyr

Val

Val

Val

Ala
195

His

Leu

20

Phe

Pro

Gly

Gly

Thr

100

Leu

Leu

Met

Pro

Thr

180

Leu

Gln

Ala

Met

Lys

Asp

Asp

85

Arg

Arg

Asn

Ile

Tyr

165

Phe

Ser

Cys

Arg

Leu

Leu

Val

70

Leu

Asp

Glu

Ile

Trp

150

Tyr

Asn

Lys

Arg

Ile

Gly

Val

55

Glu

Arg

Gly

Gly

Trp

135

Val

Asp

Tyr

Glu

22951

Gly

Ser

Ala

40

Arg

Thr

Trp

Arg

Ser

120

Ser

Tyr

Gly

Arg

Ser
200

Gly

Val

25

Thr

His

Phe

Arg

Arg

105

Arg

Pro

Gly

Ser

Ala

185

Pro

-54-

Arg

10

Ser

Ala

Thr

Leu

Pro

90

Phe

Ala

Lys

Gly

Ala

170

Gly

Asn

Ala

Arg

Ile

Gln

Gly

75

Pro

Ala

Ala

Gln

Gly

155

Leu

Ile

Gly

Ser

Gly

Pro

Ser

60

Ile

Ala

Pro

Gly

Val

140

Phe

Ala

Leu

Val

Pro

Ala

Val

45

Gly

Pro

Pro

Asp

Thr

125

Ser

Gln

Gly

Ser
205

Ala

Ser

30

Ala

Ala

Phe

Pro

Cys

110

Ser

Lys

Gly

Lys

Phe

190

Gly

Ala

15

Ala

Ala

Val

Ala

Arg

95

Ile

Glu

Gly

Gly

Gly

175

Leu

Asn

Pro

Ile

Gln

Glu

Ala

80

Ala

Gly

Asp

Gly

Ser

160

Val

Ala

Tyr



Gly

Arg

225

Ala

Ser

Leu

Asp

Ala

305

Met

Ala

Asn

Val

Asp

385

Ala

Glu

Tyr

Gly

Leu

210

Glu

Gly

Ala

Ala

Ile

290

Gln

Gly

Phe

Ala

Leu

370

Ala

Ala

Leu

Arg

Asp

Leu

Phe

Ala

Phe

Thr

275

Ser

Ser

Pro

Ala

Asp

355

Glu

Trp

Val

Leu

Phe

435

Glu

Asp

Gly

Ser

Asn

260

Leu

Ala

Arg

Ile

Lys

340

Glu

Tyr

Glu

Ala

Ser

420

Thr

Ile

Met

Gly

Ala

245

Gln

Ser

Leu

Ile

Leu

325

Gly

Gly

Arg

Arg

Arg

405

Ala

Gly

Pro

Leu

Asp

230

Leu

Ala

Glu

Arg

Pro

310

Asp

Ala

Arg

Ala

Cys

390

Leu

Ala

Ile

Tyr

Ala

215

Pro

Gly

Ile

Ser

Arg

295

Met

Gly

Phe

Ala

Tyr

375

Tyr

Phe

Phe

Pro

Val

22951

Ala

Asn

Leu

Leu

Glu

280

Ala

Ser

Tyr

Arg

Phe

360

Leu

Pro

Gly

Ala

Gly

440

Phe

Phe

Arg

Leu

Gln

265

Ala

Asp

Arg

Val

Lys

345

Thr

Thr

Ala

Asp

Lys

425

Ala

Ala

-55-

Lys

Val

Leu

250

Ser

Asn

Ala

Gln

Leu

330

Ile

Asp

Glu

Asn

Ser

410

Trp

Gly

Asn

Trp

Thr

235

Thr

Pro

Gly

Gly

Phe

315

Arg

Pro

Arg

Gln

Ser

395

Gln

Arg

Arg

Leu

Val

220

Val

Ser

Gly

Leu

Glu

300

Thr

Thr

Val

Leu

Phe

380

Asp

Phe

Thr

Arg

Gly

Gln

Phe

Pro

Leu

Glu

285

Leu

Lys

Leu

Leu

Pro

365

Gly

Ala

Asn

Pro

Pro

445

Pro

Asn

Gly

Leu

Ala

270

Leu

Thr

Pro

Asp

Val

350

Val

Asp

Asp

Asn

Leu

430

Ala

Ser

Asn

Glu

Ser

255

Arg

Gly

Lys

Arg

Val

335

Gly

Lys

Glu

Val

Gly

415

Trp

Thr

Ser

Ile

Ser

240

Glu

Pro

Ala

Ile

Pro

320

Asp

Gly

Thr

Ala

Pro

400

Ile

Arg

His

Val



22951

460

Ala Ser Asp Ile Lys
480

Phe Ala Val His Gly
495

Arg Phe Glu Arg Arg
510

Ser Gly Glu Gly Leu
525

Lys
540

450 455
Ser Met Phe Gly Ser Leu Glu Gly Gly Ala Gly
465 470 475
Leu Ala Thr Glu Met Ser Ala Ala Trp Val Ser
485 490
Val Pro Asp Gln Gly Thr Lys Ser His Trp Pro
500 505
Gly Glu Ile Met Thr Phe Gly Ser Gln Val Gly
515 520
Gly Val Ser Pro Ser Lys Ala Cys Gln Pro Ser
530 535
<210> 10
<211> 1503
<212> ADN
<213> Sphingopyxis sp.
<220>
<221> Seq ID 10 (fumE)
<222>  (1)..(1503)
<300>
<308> FJ426269
<309> 2009-06-11
<313> (1)..(1503)
<400> 10
ttggagtttc gccgagcaaa gcctgccaac cctcaaaata
60
tcagcacgcc gtccegettt gegggcgacg ggctgtgecce
120
ttgcgctacg acgtcgecgat aattggaggt ggcaacgctg
180
gcgcgtgaag cgggggcctc ggttcttgtg atcgagceatg
240
ggcaacagtc gtcacacacg caatatgcgt acgatgcacg
300
accggtgaat attcggcgga cgaatattgg aatgatcttg
360
accgacgaag aactcgcgcg gctcegttatc cgcaacacca
420

-56-

gcgcccggcec

tctgcctaga

cattgacggc

cgccgcgege

aacgtcccecct

tccgegtceac

ccgacgctat

tgtgcgtgcet

aggaagtaag

agccgtgacg

catgcgcggce

gtcgcecgttg

ggg9ggggcge

tccetteatg



acgcgctgcg
480
aacgcattct
540
cggctaggcg
600
gtcgtgcagce
660
gccatcgcct
720
cctgctgcgg
780
aacctgttgg
840
atcgatgggc
900
ttctcgatcg
960
ccgaagcgtt
1020
agcataatcg
1080
gcggacacga
1140
acggtggccg
1200
gacctccaca
1260
ccccegttea
1320
gtagacagcc
1380
tcgggggaaa
1440
gcgattggta
1500

tga

1503

<210> 11
<211> 500
<212> PRT

gtgtgcgttt

tccttggecgg

tcgatattct

gtctgcaatt

cgtccggagg

cgaacttcat

agcaaggcgt

gagcgcccaa

tcgtcaacaa

acgccatatg

atcggcaggce

tcgcgggtct

aattcaacgc

ccgagggaat

gcgcctatcce

gtgcgcgggt

taatggcggg

ccgtattcgg

22951

ccagcccteg

cgggaaggcg

ctatgattct

gcgcagccgg

attccaggca

cgtacgggge

cgcctcggtg

atacgacggc

ggacgccttg

gggtcgcttg

cgaagacctc

ggccgagaaa

cgcatgcgtg

Cgaaccaaag

tctccggecece

catcatggag

cagcattctc

ccgcatcgceg

ctgtcgggca

cttgtaaacg

gaggtgaccg

ggattccctg

aatcttgact

acgccatatg

ggagatccaa

ggcatcgtca

cgcttctacg

gtggcacagc

ttcatgcegt

ctcggtctga

cccggcgaat

aaatccaact

gggatcacct

acaggtgagc

ggccaaggtt

ggttgggagg

-57-

cgctgagttt

catattacgc

agatcaacct

tcgaagtgga

ggctctcaag

cgactggcac

cccaatgcca

cacgactgga

atgaaggcga

agcctgatca

cagtgttccc

atcccgtaac

tcggcggceca

gggcccgacc

tcacctatct

Cgacaaaaaa

atctcgctgg

ccgcacgtca

atcgcgaacc

cacggccgaa

tcagcaaggc

agccaaggct

cgcatggggg

ggtgctcaag

tgctgtcgeg

ctgcgttccc

agatgtgtgg

gatcgctttc

ccccgtgceaa

cctggaacgc

agatctcgac

gattattgtg

cggcgtcaag

cctgtttgcet

atttggaatg

tgcaggattt



<213>

<220>
<221>
<222>

<300>
<308>
<309>
<313>

<400>

Sphingopyxis sp.

Seq ID 11

(FumE)

(1)..(500)

FJ426269
2009-06-11
(1)..(500)

11

Leu Glu Phe

1

Pro

Ala

Gly

Gly

Gly

Leu

Leu

Val

Val

145

Asn

Ala

Val

Leu

Gly

50

Ala

Asn

Ser

Val

Ile

130

Arg

Ala

Thr

Arg

Cys

35

Gly

Ser

Ser

Pro

Arg

115

Arg

Phe

Phe

Ala

Arg

Ala

20

Leu

Asn

Val

Arg

Leu

100

Val

Asn

Gln

Phe

Glu
180

Arg

Ser

Glu

Ala

Leu

His

85

Thr

Thr

Thr

Pro

Leu

165

Arg

Ala

Ala

Gly

Ala

Val

70

Thr

Gly

Gly

Thr

Ser

150

Gly

Leu

Lys

Arg

Ser

Leu

55

Ile

Arg

Glu

Gly

Asp

135

Leu

Gly

Gly

22951

Pro

Arg

Lys

40

Thr

Glu

Asn

Tyr

Arg

120

Ala

Ser

Gly

Val

Ala

Pro

25

Leu

Ala

His

Met

Ser

105

Thr

Ile

Gly

Lys

Asp
185

-58-

Asn

10

Ala

Arg

Ala

Ala

Arg

90

Ala

Asp

Pro

Thr

Ala

170

Ile

Pro

Leu

Tyr

Val

Pro

75

Thr

Asp

Glu

Phe

Leu

155

Leu

Leu

Gln

Arg

Asp

Thr

60

Arg

Met

Glu

Glu

Met

140

Ser

Val

Tyr

Asn

Ala

Val

45

Ala

Ala

His

Tyr

Leu

125

Thr

Leu

Asn

Asp

Ser

Thr

30

Ala

Arg

Met

Glu

Trp

110

Ala

Arg

Ser

Ala

Ser
190

Ala

15

Gly

Ile

Glu

Arg

Arg

Asn

Arg

Cys

Arg

Tyr

175

Glu

Arg

Cys

Ile

Ala

Gly

80

Pro

Asp

Leu

Gly

Thr

160

Tyr

Val



Thr

Ser

Ser

225

Pro

Thr

Pro

Asp

Val

305

Pro

Gln

Pro

Glu

Phe

385

Asp

Pro

Glu

Arg

210

Gly

Ala

Val

Thr

Gly

290

Asn

Lys

Ile

Ser

Lys

370

Asn

Leu

Ile

Ile

195

Gly

Gly

Ala

Leu

Gln

275

Gly

Lys

Arg

Ala

Val

355

Leu

Ala

His

Ile

Asn

Phe

Phe

Ala

Lys

260

Cys

Ile

Asp

Tyr

Phe

340

Phe

Gly

Ala

Thr

Val
420

Leu

Pro

Gln

Asn

245

Asn

His

Val

Ala

Ala

325

Ser

Pro

Leu

Cys

Glu

405

Pro

Gln

Val

Ala

230

Phe

Leu

Ala

Thr

Leu

310

Ile

Ile

Pro

Asn

Val

390

Gly

Pro

Gln

Glu

215

Asn

Ile

Leu

Val

Arg

295

Arg

Trp

Ile

Val

Pro

375

Pro

Ile

Phe

22951

Gly

200

Val

Leu

Val

Glu

Ala

280

Leu

Phe

Gly

Asp

Gln

360

Val

Gly

Glu

Ser

Val

Glu

Asp

Arg

Gln

265

Ile

Asp

Tyr

Arg

Arg

345

Ala

Thr

Glu

Pro

Ala
425

-59-

Val

Ala

Trp

Gly

250

Gly

Asp

Cys

Asp

Leu

330

Gln

Asp

Leu

Phe

Lys

410

Tyr

Gln

Lys

Leu

235

Thr

Val

Gly

Val

Glu

315

Val

Ala

Thr

Glu

Gly

395

Lys

Pro

Arg

Ala

220

Ser

Pro

Ala

Arg

Pro

300

Gly

Ala

Glu

Ile

Arg

380

Gly

Ser

Leu

Leu

205

Ala

Ser

Tyr

Ser

Ala

285

Phe

Glu

Gln

Asp

Ala

365

Thr

Gln

Asn

Arg

Gln

Ile

Ala

Ala

Val

270

Pro

Ser

Asp

Gln

Leu

350

Gly

Val

Asp

Trp

Pro
430

Leu

Ala

Trp

Thr

255

Gly

Lys

Ile

Val

Pro

335

Phe

Leu

Ala

Leu

Ala

415

Gly

Arg

Ser

Gly

240

Gly

Asp

Tyr

Val

Trp

320

Asp

Met

Ala

Glu

Asp

400

Arg

Ile



Thr Phe

Met Glu

450

Met
465

Ala

Ala Ile

His Ala

<210>
<211>
<212>
<213>

<220>
<221>
<222>

<300>
<308>
<309>
<313>

<400>

atgcagg
60

gccaggc
120

tttcctg
180

ctctgcce
240

ggaataa
300

tggcccc
360

gcggcat
420

gcgaaac
480

22951

Thr Tyr Leu Gly Val Lys Val Asp Ser
435 440
Thr Gly Glu Pro Thr Lys Asn Leu Phe
455
Gly Ser Ile Leu Gly Gln Gly Tyr Leu
470 475
Gly Thr Val Phe Gly Arg Ile Ala Gly
485 490
Gly Phe
500
12
1173
ADN
Sphingopyxis sp.
Seq ID 12 (fumF)
(1)..(1173)
FJ426269
2009-06-11
(1)..(1173)
12
att ttgatctcgt aaaaatgctg tctgacttgce
gcg ttatggaggt gtgcaacgcg tgccgctatt
caa tgaccttgca gcgtcatttc gccagcggceg
act cgtgccaagg ttgctattac gcctgccaat
acg ttccaaaggc gctgtcggag ttgcggctcg
ggc cggtcgccge tctctatcge aagaatgcgce
gca taaccggcgt ccttctgctt gccgccatct
acg catcggtgcc cggcggcggg ttttacaacg

-60-

Arg

Ala

460

Ala

Trp

cgtcggcgcece

gcgaagggtt

atctcagcca

acgcccctcece

agagctacga

tcatcatttc

tcaacgggga

ttattcctta

Ala

445

Ser

Gly

Glu

Arg Val

Gly Glu

Phe Gly

Ala Ala

Ile

Ile

Met
480

Arg
495

ggagctggaa

ctgcgcggta

cctcgccaat

gcatgagttc

gcagcatgct

catcttgtcg

tgcacttttc

tcaggcgatg



22951

atttctttat

tctgggaatt

gactctgcga

ttcgacgacc

ggccacagcc

tttcagcttg

cggcctactc

gccggatgtt

agcggtccgce

ggccttcttt

tctcgtgcge

gaaaaagggt

attgccgtcg cggcgaccac
540

cgcttttcge ggacgatcgg
600

cgggcgctac gcgatgcggce
660

aacgacgcgg acgagacatt
720

ggcttcggac tttgtttcgce
780

tggccggcge cctatgegcet
840

ggaatggtcg tgggcgcgat
900

cgatcaccgg cactgcttgg
960

gcaacgggcc tcctectttt
1020

gtccatctcg gcgtcegtett
1080

ggtatcttca ggctcacggce
1140

ttcgcctcca gccctceccac
1173

<210> 13

<211> 390

<212> PRT

<213> Sphingopyxis sp.

<220>

<221> Seq ID 13 (FumF)
<222>  (1)..(390)

<300>

<308> FJ426269

<309> 2009-06-11
<313> (1)..(390)

<400> 13

tccgegetygg

aaggttcttt

tatctcggceg

cggcgaaaat

acgggcacga

ccggtcgtcec

tggctcaagce

gccctgttgg

agcaccgaag

ttggtgatgc

catcatgctg

taa

cgctggcgat

atcagcacgt

gcagcgacgg

ttcatcacgc

tctacgatca

tagggaccgt

tggccggcga

tgcttctgct

tcatgggcgt

catacagcaa

accgcgaggc

cagtctcgtt

gccggttett

cgaggggtgt

ccttgectat

tatgttcggc

tggggggatc

agacgctcct

tgccatagceg

cgcgctcgec

atttgtccac

aagtaatggc

Met Gln Asp Phe Asp Leu Val Lys Met Leu Ser Asp Leu Pro Ser Ala

1

5

10

15

Pro Glu Leu Glu Ala Arg Arg Val Met Glu Val Cys Asn Ala Cys Arg

20

25

-61-

30



Tyr

His

Cys

65

Gly

Glu

Ala

Leu

Ser

145

Ile

Ile

Leu

Leu

Glu

225

Gly

His

Cys

Phe

50

Gln

Ile

Gln

Leu

Leu

130

Val

Ala

Ser

Tyr

Arg

210

Thr

Phe

Met

Glu

35

Ala

Gly

Asn

His

Ile

115

Ala

Pro

Val

Leu

Gln

195

Tyr

Phe

Gly

Phe

Gly

Ser

Cys

Val

Ala

100

Ile

Ala

Gly

Ala

Val

180

His

Leu

Ser

Leu

Gly
260

Phe

Gly

Tyr

Pro

85

Trp

Ser

Ile

Gly

Ala

165

Arg

Val

Gly

Thr

Cys

245

Trp

Cys

Asp

Tyr

70

Lys

Pro

Ile

Phe

Gly

150

Thr

Phe

Pro

Gly

Thr

230

Phe

Pro

Ala

Leu

55

Ala

Ala

Arg

Leu

Asn

135

Phe

Thr

Ser

Val

Ser

215

Arg

Ala

Ala

22951

Val

40

Ser

Cys

Leu

Pro

Ser

120

Gly

Tyr

Phe

Arg

Leu

200

Asp

Arg

Ala

Pro

Phe

His

Gln

Ser

Val

105

Ala

AsSp

Asn

Leu

Thr

185

Arg

Gly

Lys

Thr

Tyr
265

-62-

Pro

Leu

Tyr

Glu

90

Ala

Ala

Ala

Val

Tyr

170

Ile

Ala

Glu

Phe

Ala

250

Ala

Ala

Ala

Ala

75

Leu

Ala

Cys

Leu

Ile

155

Ser

Gly

Leu

Gly

His

235

Thr

Leu

Met

Asn

60

Pro

Arg

Leu

Ile

Phe

140

Pro

Ala

Leu

Arg

Cys

220

His

Gly

Phe

Thr

45

Leu

Pro

Leu

Tyr

Thr

125

Ala

Tyr

Leu

Gly

Asp

205

Asn

Ala

Thr

Ser

Leu

Cys

His

Glu

Arg

110

Gly

Lys

Gln

Ala

Ile

190

Ala

Asp

Leu

Ile

Leu
270

Gln

His

Glu

Ser

95

Lys

Val

His

Ala

Leu

175

Lys

Ala

Ala

Ala

Tyr

255

Pro

Arg

Ser

Phe

80

Tyr

Asn

Leu

Ala

Met

160

Ala

Val

Thr

Asp

Tyr

240

Asp

Val



Val Leu Gly

275

Leu
290

Leu Trp

Leu Leu

305

Gly

Ala Thr Gly

Val Ala Leu

Met Pro Tyr

355

Val Arg His

370

Pro Pro Thr

385

<210>
<211>
<212>
<213>

14
1296
ADN
Sphi

<220>
<221>
<222>

Seq
(1).

<300>
<308>
<309>
<313>

FJ42
2009
(1).

<400> 14
atggaacata
60

agtggcaact
120

gcgagaagct
180

tttggcgctg
240

22951

Thr Val Gly Gly Ile Gly Met Val Val Gly Ala
280 285
Leu Lys Leu Ala Gly Glu Asp Ala Pro Arg Ser
295 300
Pro Asp Val Ala Leu Leu Val Leu Leu Leu Ala
310 315
Leu Leu Leu Leu Ala Val Arg Ser Thr Glu Val
325 330
Ala Val His Leu Gly Val Val Leu Ala Phe Phe
340 345 350
Ser Lys Phe Val His Gly Ile Phe Arg Leu Thr
360 365
His Ala Asp Arg Glu Ala Ser Asn Gly Phe Ala
375 380
Lys Lys Gly
390

ngopyxis sp.

ID 14 (fumG)

. (1296)

6269

-06-11

. (1296)

tgaagtccgt tcgcgatcge agtagcgtca tgcagatcgt
gtctcgagca atatgatttc ttcgtttacg gcttctatge
tttttccgac cggcgataac gcgacatcgcec tcatgcttte
gtttcctcat gaggcccttg ggggcgattt ttctcgggtce

-63-

Ile Gly

Pro Ala

Ile Ala

320

Met
335

Gly

Leu Val

Ala Leu

Ser Ser

gagagtggcg

ggcatatatt

attggccact

ctacatcgat



cgcgtcgggce
300

accattgcga
360

gtcgggcgac
420

ttggcggaaa
480

cagcaggtgg
540

ccggagcaaa
600

cccgtgatac
660

cacaaggcgc
720

ttgacgggca
780

acgccgacat
840

atcatggtcg
900

atcggtagaa
960

ctgatgagct
1020

ttctccgeat
1080

cctccecgceca
1140

ggcggcttca
1200

cctgcaatct
1260

cggctgagcc
1296

<210>
<211>
<212>
<213>

15
431
PRT

gtcggaaagg

tgactccaag

ttttgcaggg

ttgcgtcgcece

ccgtcatgat

tgaacgactg

tctggctgcg

attcgatcgg

tggcgatgtc

ttggcgagaa

gcgtgtcgaa

cccecgatcect

ggctcgtcgce

gctttggact

ttagaaccct

ccccattggt

ggctctgttt

ggccaatcgc

22951

cctgatcgtg

ctatgaggca

tttttcecget

caaatcgaga

cgccgecgeg

gggatggcgg

ccggtctctce

cgaatccctc

gatcctcacg

agcactcgga

cttcctgtgg

actggtcgtg

ggcaccgaca

ctataatggg

tggcttctcg

aagtacggcg

tgcggcectttce

cgaaggcgcc

Sphingopyxis sp.

acactcgcga

attggattac

ggagcagagt

ggcttcttca

atcggtcttg

gtgcccttgt

ccggaaacga

cgcgaattgce

acgaccacct

ctgagcccgce

cttccgatcg

ccggtcaccg

ttcggagcgce

gcgctcatcg

ctggcgttca

ctaatccacg

atcagcttcg

agatag

-64-

tcatggccgt

tcgcaccggt

cgggtggcegt

cctcgtggceca

cgctgcaatc

tgatcggatg

aagcctatct

aacagagctg

tttacatgat

aagatgtcct

ggggtgctct

ttctcgceccecat

ttgcagctgt

cgagactcac

gtctcgcgac

cgacgggcag

tcggtgtggce

cggaaccctc

tatcgtgctc

ctcagtgtac

gtctgccagce

aacgctttca

cttgattatc

ccacatggag

ggggctgatc

taccgcctat

gctggttacc

ctcggatcgt

cgccttteccece

tctgctgact

cgagattatg

ctcgctgttc

caattccgceg

cgcatcgacc



<220>
<221>
<222>

<300>
<308>
<309>
<313>

<400>
Met Glu

1

Val Arg

Tyr Gly

Asp Asn
50

Phe Leu
65

Arg Val

Val Gly

Leu Leu

Ser Ala

130

Ala Ser

145

Gln Gln

Ser Thr

Leu Leu

Seq ID 15

(FumG)

(1)..(431)

FJ426269
2009-06-11
(1)..(431)

15

His

Val

Phe

35

Ala

Met

Gly

Thr

Ala

115

Gly

Pro

vVal

Leu

Ile
195

Met

Ala

20

Tyr

Thr

Arg

Arg

Leu

100

Pro

Ala

Lys

Ala

Ser

180

Gly

Lys

Ser

Ala

Ser

Pro

Arg

85

Thr

Val

Glu

Ser

Val

165

Pro

Cys

Ser

Gly

Ala

Leu

Leu

70

Lys

Ile

Ile

Ser

Arg

150

Met

Glu

Leu

Val

Asn

Tyr

Met

55

Gly

Gly

Ala

Val

Gly

135

Gly

Ile

Gln

Ile

22951

Arg

Cys

Ile

40

Leu

Ala

Leu

Met

Leu

120

Gly

Phe

Ala

Met

Ile
200

Asp

Leu

25

Ala

Ser

Ile

Ile

Thr

105

Val

Val

Phe

Ala

Asn

185

Pro

-65-

Arg

10

Glu

Arg

Leu

Phe

Val

90

Pro

Gly

Ser

Thr

Ala

170

Asp

Val

Ser

Gln

Ser

Ala

Leu

75

Thr

Ser

Arg

Val

Ser

155

Ile

Trp

Ile

Ser

Tyr

Phe

Thr

60

Gly

Leu

Tyr

Leu

Tyr

140

Trp

Gly

Gly

Leu

Val

Asp

Phe

45

Phe

Ser

Ala

Glu

Leu

125

Leu

Gln

Leu

Trp

Trp
205

Met

Phe

30

Pro

Gly

Tyr

Ile

Ala

110

Gln

Ala

Ser

Ala

Arg

190

Leu

Gln

15

Phe

Thr

Ala

Ile

Met

95

Ile

Gly

Glu

Ala

Leu

175

Val

Arg

Ile

Val

Gly

Gly

Asp

80

Ala

Gly

Phe

Ile

Ser

160

Gln

Pro

Arg



Ser

Ser

225

Leu

Ile

Pro

Leu

Pro

305

Leu

Val

Ile

Phe

Pro

385

Pro

Ala

Leu

210

Ile

Thr

Thr

Gln

Trp

290

Ile

Met

Leu

Ala

Ser

370

Leu

Ala

Ala

<210>
<211>
<212>

Pro

Gly

Gly

Ala

Asp

275

Leu

Leu

Ser

Leu

Arg

355

Leu

Val

Ile

Ser

16
1071
ADN

Glu

Glu

Met

Tyr

260

Val

Pro

Leu

Trp

Thr

340

Leu

Ala

Ser

Trp

Thr
420

Thr

Ser

Ala

245

Thr

Leu

Ile

Val

Leu

325

Phe

Thr

Phe

Thr

Leu

405

Arg

Lys

Leu

230

Met

Pro

Leu

Gly

Val

310

Val

Ser

Glu

Ser

Ala

390

Cys

Leu

Ala

215

Arg

Ser

Thr

Val

Gly

295

Pro

Ala

Ala

Ile

Leu

375

Leu

Phe

Ser

22951

Tyr

Glu

Ile

Phe

Thr

280

Ala

Val

Ala

Cys

Met

360

Ala

Ile

Ala

Arg

Leu

Leu

Leu

Gly

265

Ile

Leu

Thr

Pro

Phe

345

Pro

Thr

His

Ala

Pro
425

-66-

His

Gln

Thr

250

Glu

Met

Ser

Val

Thr

330

Gly

Pro

Ser

Ala

Phe

410

Ile

Met

Gln

235

Thr

Lys

Val

Asp

Leu

315

Phe

Leu

Ala

Leu

Thr

395

Ile

Ala

Glu

220

Ser

Thr

Ala

Gly

Arg

300

Ala

Gly

Tyr

Ile

Phe

380

Gly

Ser

Glu

His

Trp

Thr

Leu

Val

285

Ile

Ile

Ala

Asn

Arg

365

Gly

Ser

Phe

Gly

Lys

Gly

Phe

Gly

270

Ser

Gly

Ala

Leu

Gly

350

Thr

Gly

Asn

Val

Ala
430

Ala

Leu

Tyr

255

Leu

Asn

Arg

Phe

Ala

335

Ala

Leu

Phe

Ser

Gly

415

Arg

His

Ile

240

Met

Ser

Phe

Thr

Pro

320

Ala

Leu

Gly

Thr

Ala

400

Val



22951

aaatggcgaa

cgtcaagacc

ggcgtttacg

agacatcgtt

tcgtcgcette

agcgcggacy

cacggaagcg

ggagccgatg

ccctgtggtg

gcaagttgct

gatgggcgcc

gatcgcacgc

aatgatattc

cgacgggtcc

gatcgggatg

cgccgeggtg

<213> Sphingopyxis sp.
<220>

<221> Seqg ID 16 (fumH)
<222>  (1)..(1071)
<300>

<308> FJ426269

<309> 2009-06-11
<313> (1)..(1071)
<400> 16

atgagagcag tagtttaccg
60

cccgccgecg ggcaggtget
120

catttttgcg atcatgcgca
180

atggaagttg atttgtgtcg
240

gagttcgggc cctctgcgga
300

ctggcgatcg gtccgaccgg
360

ctcggcgaat atatggtcct
420

gcgacctgcg cggcgttgac
480

caggttcaac cacatcacat
540

gtcgctgccec tgaaacataa
600

cggcgtgctce ttgctctgeg
660

ccctttcgeec aggccgagaa
720

tcattgctgt caaagtctca
780

catgcgatgg acggcgcgtc
840

ccggacgcga tcgagcccat
900

acttacacgg gtgaggaatt
960

cttgtcctgg

agagcatgcg

aaccttgcat

ctggggcatg

aaacccggac

attggctact

ctcttgctgce

gcggtgggat

atcgggtgcg

ccgattattg

gacgccgttg

ccggtcggac

gaatgcgtag

gagatcatgg

tttaaagcgce

cttcacatga

-67-

gggcctatgc

gcatctgcgg

¢gcgggcggg

aattctgtgg

agcttgtgtg

cggatgagta

ctgttccgaa

ggcatgccgt

gaccggtcgg

cgtcggatcc

tcgatcecgeg

aaggtggggce

gggtgccggg

tcgttggcgce

tcacgatcaa

taggtgaggg

tgatccgata

atctgacctt

tatcgcctcet

cgagattatg

ctcgctgceeg

tcccggeggg

cggccttceccg

cgagatcgcg

gttggcagtc

atcgcccgat

cgaagaatca

cctgtccage

catgcttcgg

atgcatgcag

attctcgcga

cgcactcgac



22951

gtatctcecge tcgttaccga tgtgattggce ctgtccgatg tcccgtccge gtttgagget
1020

ctacggagtc caggcgccca agcaaaagtg attgtggacc cttggcgctg a
1071

<210> 17
<211> 356
<212> PRT

<213> Sphingopyxis sp.

<220>
<221> Seq ID 17 (FumH)
<222> (1)..(356)

<300>

<308> FJ426269

<309> 2009-06-11

<313> (1)..(356)

<400> 17

Met Arg Ala Val Val Tyr Arg Asn Gly Glu Leu Val Leu Gly Ala Tyr
1 5 10 15

Ala Asp Pro Ile Pro Ala Ala Gly Gln Val Leu Val Lys Thr Arg Ala
20 25 30

Cys Gly Ile Cys Gly Ser Asp Leu His Phe Cys Asp His Ala Gln Ala
35 40 45

Phe Thr Asn Leu Ala Ser Arg Ala Gly Ile Ala Ser Met Glu Val Asp
50 55 60

Leu Cys Arg Asp Ile Val Leu Gly His Glu Phe Cys Gly Glu Ile Met
65 70 75 80

Glu Phe Gly Pro Ser Ala Asp Arg Arg Phe Lys Pro Gly Gln Leu Val
85 90 95

Cys Ser Leu Pro Leu Ala Ile Gly Pro Thr Gly Ala Arg Thr Ile Gly
100 105 110

Tyr Ser Asp Glu Tyr Pro Gly Gly Leu Gly Glu Tyr Met Val Leu Thr
115 120 125

Glu Ala Leu Leu Leu Pro Val Pro Asn Gly Leu Pro Ala Thr Cys Ala
130 135 140

Ala Leu Thr Glu Pro Met Ala Val Gly Trp His Ala Val Glu Ile Ala

-68-



145

Gln

Gly

Ile

Gly

Ala

225

Ser

Gly

Met

Gly

Glu

305

Val

Ala

Asp

Val

Leu

Ala

Ala

210

Glu

Leu

Met

Val

Met

290

Glu

Ser

Phe

Pro

<210>
<211>
<212>
<213>

Gln

Ala

Ser

195

Asp

Lys

Leu

Leu

Val

275

Phe

Phe

Pro

Glu

Trp

355

18
1269
ADN

Pro

Val

180

Asp

Ala

Ile

Ser

Arg

260

Gly

Lys

Ala

Leu

Ala

340

Arg

His

165

Val

Pro

Val

Ala

Lys

245

His

Ala

Ala

Ala

Val

325

Leu

150

His

Ala

Ser

Val

Arg

230

Ser

Ala

Cys

Leu

Val

310

Thr

Arg

Sphingopyxis sp.

Ile

Ala

Pro

Asp

215

Pro

Gln

Met

Met

Thr

295

Leu

Asp

Ser

22951

Pro

Leu

Asp

200

Pro

Val

Met

Asp

Gln

280

Ile

His

Val

Pro

Val

Lys

185

Arg

Arg

Gly

Ile

Gly

265

Pro

Lys

Met

Ile

Gly
345

-69-

Val

170

His

Arg

Glu

Gln

Phe

250

Ala

Asp

Phe

Ile

Gly

330

Ala

155

Ile

Lys

Ala

Glu

Gly

235

Glu

Ser

Ala

Ser

Gly

315

Leu

Gln

Gly

Gln

Leu

Ser

220

Gly

Cys

Asp

Ile

Arg

300

Glu

Ser

Ala

Cys

Val

Ala

205

Pro

Ala

Val

Gly

Glu

285

Thr

Gly

Asp

Lys

Gly

Ala

190

Leu

Phe

Leu

Gly

Ser

270

Pro

Tyr

Ala

vVal

Val
350

Pro

175

Pro

Arg

Arg

Ser

Val

255

Glu

Met

Thr

Leu

Pro

335

Ile

160

Val

Ile

Met

Gln

Ser

240

Pro

Ile

Ile

Gly

Asp

320

Ser

Val



22951

gaaagatctc

gacacggttg

ttgggacgcc

cggttaccgg

catgaccggt

tcatgcggat

tctcgecgegt

cgcttcceccg

cgcatattat

cgatattgcg

cgcccagcectt

ggtcgttgac

gggtatcgaa

cgccctgcectg

cttctggtte

gacgccttat

acagtctcag

<220>

<221> Seq ID 18 (fumI)
<222>  (1)..(1269)
<300>

<308> FJ426269

<309> 2009-06-11
<313> (1)..(1269)
<400> 18

atggcgaacg gaacaaggca
60

gggatgtacg gccacgagtc
120

cgcgcgctgg gggcacgaat
180

gcgtatgggc caaatttgcect
240

cagcgacttc tcggcgacac
300

gcctttgtgg gcatggtccg
360

gccacctcaa cggcgatggt
420

gccaaaggcg cctatcatgg
480

gcttccgatc gcgtgcatgt
540

gcgttcaagg cgcacgatgg
600

gtatttgagg accaggccct
660

gacgagaccg gtgcgcttct
720

gattgcagct ggacgcattt
780

gcgaatggct atccgatctc
840

gatatatttg tgaccggctc
900

accctcagga tcattcgaga
960

ctgcgggcag gcctggaggce
1020

agagaacgcg

ctgccgccag

gacgagcagc

caatccgaaa

ccttcggaga

tgggcgatgt

gcccatacgg

tggaacactc

acctataacg

gctgtctttg

gagttcgcgce

gatgtgcgcg

cccgatctca

ggctcgaaca

tctgcggtac

ctcgaaacgc

cgccatggtc

-70-

ccgaacgggt

aattccccca

cctatatcga

tcgaagccgce

tcatggtcaa

tctgcaaaaa

ggcgcaaaac

cgcatactgce

acgcccaaag

ccacaccttt

gcaccgctcg

caggtttccg

gttgctgggg

aggcgcgega

cgatggcggce

tgatcgccag

ttgagttgaa

cattccgggce

gttcttcagg

ctatatgtgc

ggctgatgcg

cctcgceccgaa

tggcagcgat

catattatgc

cgggattctc

cttatcggac

ccgacacgaa

aaaatgttgt

ggtggcgegce

aaaatgcttt

tgcggegegg

cgcgatcgaa

cggcgcecgec

gcagacgggc



22951

attctttgcg

gggcggcegte

cgatgtaacg

tgcgtctctc

ccggcgcaga tgccgcaaat
1080

tgggccgecgg cgtgcecctgaa
1140

tctgcggecce atacagttga
1200

agcgcggtcc tcagagattt
1260

ggtgcttga

1269

<210> 19

<211> 422

<212> PRT

<213> Sphingopyxis sp.

<220>

<221> Seq

222> (1).

<300>

<308> FJ42

<309> 2009

<313> (1).

<400> 19

Met Ala Asn

1

Val Ile Pro

Pro Glu Phe

35

Asp Ala Asp
50

Asn Leu Leu

65

Gln Arg Leu

Asn Leu Ala

ID 19
. (422)

6269
-06-11
. (422)

Thr

Gly

Gly
20

Gly
Pro Gln
Glu Gln
Gly Tyr
Leu

Gly

Glu
100

Ala

Arg

Met

Phe

Pro

Arg

70

Asp

Phe

(FumI)

Gln Lys

Tyr Gly

Phe Arg

40

Tyr Ile

55

Gln Ser

Thr

Met

Val Gly

gacgatcccg

tatgttcatc

gagaccctcg

cagcctcatc

Leu
10

Asp Arg

His Glu Ser

25

Arg Ala Leu

Asp Tyr Met

Glu Ile Glu

75

Thr Gly Pro

90

Met
105

Val Arg

-71-

attttcggat

cctatcacaa

aggcgacgga

ccattttaat

Glu Arg Ala

Thr Leu

30

Arg

Ala
45

Gly Arg

Cys Ala

60

Tyr

Ala Ala Ala

Ser Glu Ile

His Ala Asp

110

cggctatgcg

tatgtttctc

tcgcgegttce

gcaactcgcce

Glu
15

Arg
Leu Pro
Ile Trp
Pro

Gly

Ala
80

Asp

Met
95

Val

Trp Ala



Met

Ala

Tyr

145

Ala

Ser

Phe

Gln

Ala

225

Asp

Gly

Asn

Trp

Ile

305

Leu

Lys

Pro

Phe

Arg

130

His

Ser

Leu

Ala

Leu

210

Leu

Cys

Lys

Lys

Phe

290

Arg

Arg

Gln

Asp

Cys

115

Ala

Gly

Asp

Ser

Thr

195

Glu

Leu

Ser

Cys

Ala

275

Ser

Glu

Ala

Thr

Phe

Lys

His

Ala

Arg

Asp

180

Pro

Phe

Val

Trp

Phe

260

Arg

Ala

Thr

Gly

Gly

340

Arg

Asn

Thr

Ser

Val

165

Ala

Phe

Ala

Val

Thr

245

Ala

Asp

Val

Pro

Leu

325

Pro

Ile

Gly

Gly

Pro

150

His

Phe

Arg

Arg

Asp

230

His

Asn

Ala

Pro

Tyr

310

Glu

Ala

Gly

Ser

Arg

135

Trp

Val

Lys

His

Thr

215

Asp

Leu

Gly

Ala

Met

295

Leu

Ala

Gln

Tyr

22951

Asp

120

Lys

Asn

Ala

Ala

Glu

200

Ala

Val

Gly

Tyr

Arg

280

Ala

Glu

Gln

Met

Ala

Ala

Thr

Thr

Tyr

His

185

Val

Arg

Arg

Ile

Pro

265

Asp

Ala

Thr

Ser

Pro

345

Trp

-72-

Thr

Ile

Pro

Tyr

170

Asp

Phe

Lys

Ala

Glu

250

Ile

Ile

Ala

Leu

Gln

330

Gln

Ala

Ser

Leu

His

155

Thr

Gly

Glu

Cys

Gly

235

Pro

Ser

Phe

Ile

Ile

315

Arg

Ile

Ala

Thr

Cys

140

Thr

Tyr

Asp

Asp

Cys

220

Phe

Asp

Ala

Val

Glu

300

Ala

His

Phe

Ala

Ala

125

Ala

Ala

Asn

Ile

Gln

205

Asp

Arg

Leu

Leu

Thr

285

Thr

Ser

Gly

Phe

Cys

Met

Lys

Gly

Asp

Ala

190

Ala

Glu

Val

Ser

Leu

270

Gly

Leu

Gly

Leu

Ala

350

Leu

Val

Gly

Ile

Ala

175

Ala

Leu

Thr

Ala

Cys

255

Gly

Ser

Arg

Ala

Glu

335

Asp

Lys

Leu

Ala

Leu

160

Gln

Val

Ala

Gly

Arg

240

Trp

Ser

Phe

Ile

Ala

320

Leu

Asp

Gly



355

Gly Val Tyr
370

Thr Val Asp
385
Ser Ala Val
Met Gln Leu
<210> 20
<211> 2835
<212> ADN
<213> Sphi
<220>
<221> Seq
<222>  (1).
<300>
<308> FJ42
<309> 2009
<313> (1).
<400> 20
atgtatcgga
60
gcgctcggca
120
ataggtcagc
180
agccgcectcce
240
ttgaaggagg
300
gacagcttga
360
ctgctcaaca
420
ttcgtcgcga
480
aagcgcgtcg
540

Val His

Asp Val

Pro

Thr

22951

360

Tyr
375

Glu

390

Leu Arg

405

Ala
420

Gly

ngopyxis

ID 20
. (2835)

6269
-06-11
. (2835)

agttcagaat

ccctcgeatt

cggacgaagc

agaacggctt

catctccgac

agacctccaa

tgcgcggect

ccaatttcac

atgtcgtgac

Asp

Phe

Ala

sSp.

(fumd)

cgaaaagccc

tcctgtctet

ggacacggac

caattcgccg

caaccttgcc

ccctggcacg

cgggtcaaac

aggctcggtc

gggcggcgcece

His Asn Met

Thr Leu Glu

Ala Ser Leu

Phe

Ala
395

Gln
410

ggcaaggcaa

gccagtgctc

cggggaacga

acgccggtta

gacgcactca

acacccggaa

cggaacctcg

gatatcaacg

tcggcecgect

-73-

365

Leu Ser Ala Ala

380

Thr Asp Arg Ala

Pro His Pro Ile

atagtttgct

aggatagcga

gcgaaatcgt

cagccgtatc

accagctgcc

cggggaacag

tcctgctgaa

tgctgccgceca

acggttccga

His

Phe
400

Leu
415

cggcgcagta

tcccecgeatceg

cgtgaccggc

cagcgagcag

cgtgttcaac

cggtcagaac

cggcaaccgt

ggcgttggtce

tgccgttteg



ggcgtcatca
600

ggtgtttcaa
660

tttgccgacg
720

cgggccgatg
780

cccggcgcta
840

ggcggacttg
900

gggaccttcg
960

cgcgtgaata
1020

tatgatgtgt
1080

aacctgggtg
1140

gataacgcct
1200

atcgttgtcg
1260

gtctaccgcg
1320

tcggcctect
1380

aatctctacg
1440

acactggccg
1500

agcgcgtcgg
1560

tatgtggcgg
1620

ccggtctcgg
1680

gcgatatcgc
1740

acttcgtgct

cccgcggega

accggttgca

aagcaacggg

cgacaggcgt

tcacgtccgg

actacgggaa

tcggcecttecge

ccgacactgt

cattcgtaat

tcctteccgge

gtcgcttctce

gcgctgccgg

ttggccttac

ccgccgtcga

gcctcgacca

ccatcgacta

gactcacgat

tcgccgetgg

aggcgacgac

22951

cgacgaagat

cctccegtcece

cttgctcggce

tcgcecgetgg

cacggtcgtg

ccctctgaaa

ttttacgagc

cccggatcag

gcaggtgtat

atcgcatgtc

tccactcgcecg

aagcgacttt

cttccgggceca

ggacctcgag

tgcggtccge

agattgcgtg

tgtcaccgct

ttccggcgac

tatcgaatat

ctcgatcacg

ctggaaggca

tacggcggtt

agcttcgaat

ttcgacatcg

cccgatattc

ggcatcgcgt

tcgtcgttce

cttcgctaca

gcggagggca

ggtggctcga

acgctcatgg

cccttggteg

gacattggca

cttcgtgaaa

gatcccgcgg

ccgctcaatc

gatggcgtcg

ctcggcgata

cgcaaggaga

ggaatcaggg

-74-

tcagggccga

cgatcgcctt

attttcgaca

ccgccggeca

gcagttctcg

ttttgcccgg

agagcggcgg

acgcgttcct

cctatgctta

ataatttccg

acagaaatgc

aaatcgagaa

atggctggaa

acaatctcac

gcaatatcgt

tcttcggcac

ctcagctgag

gcctgtcegtt

aggcccggcea

gggctccggce

gctccagtcg

cggcacttcg

ggacggaatc

atatcccgtg

cggatcctac

aggagtccta

cgatggaccg

acgcgccgcea

ttcccacacc

gatcttccgt

ccaggcttcg

tttcgcaaag

actcgatggce

catcaaccgc

ctgccgttca

aggctcgeceg

gcttgagcaa

cggcgcggge

ggaaaccgac

ggcgcaggca



ggtcggcectg
1800

aaggaaggtt
1860

ctgaacttaa
1920

tggaagctgg
1980

cgagatatcc
2040

aattcaattt
2100

ttgcgcecctg
2160

ccggggtttce
2220

ctccttcccecce
2280

ataacggaga
2340

cagaaagcgg
2400

ttcagtcttc
2460

gcgcccatcc
2520

cgatattcga
2580

ttcaatgccg
2640

tacaccgacg
2700

ctatcggtca
2760

ttttccagcecce
2820

cgtttccgga
2835

<210>
<211>
<212>

21
944
PRT

gaggcttcaa

ttgtcgaaat

acggcgccegt

gcggagaata

gcgggccaag

atggcggaca

aaaaggcgga

agttttcggt

agcaggaaat

atccggacgg

cgggaattga

gtgcgctggc

gttcgctcgg

ccgacgattg

acaatgtgga

cgacattgac

ataatttgtt

cgaccagctc

tctga

22951

tctctacaac

cggcgtccceg

ccgatatgcc

tgagccgatc

ccttgtecgag

ggctgtgcag

cgtccttaca

cgatcgctat

cgacgcgtgce

caccatcaca

cttcgaggcc

aacgcaccat

acaaccggac

ggcgcttctc

gggcgtegat

cttcgacatc

cgaccgagat

tgcctatgat

ccacttccct

attctgaagg

gattacagcc

gacggcctca

ctattcgacc

acgcggttct

ttcggcgecgg

gtggtgaagg

gatgcaggaa

gtgacgggtc

tattactcac

acctctgcct

acgccaaaat

gtgcagcagc

acgaatttga

gcggcttttg

ccgccaatag

ccggtcggcec

-75-

tctcgggaag

acagcgcgct

agtccggtgg

ggttcecgege

ccggccgtceca

ttaccgccgg

tgctacgceccc

tgaagggcgce

acaccttctt

ccaatctcaa

gcccecgtcegg

atcgcatcgce

ggtcggccaa

gcttcategce

accacgctcc

gccagaagca

cgacgaacga

gctattttaa

ctatgacatc

gggacgttcg

agtaacaacc

gacccgtteg

ggcgacgctc

caacgcggat

cgccttcegtg

gatcgatttc

ctgcgacctc

cctggctgte

cggcggcacy

gaccggctcg

cttccaggcg

agcatcggtg

ggcggtttygg

gcagctgttt

ccccagcagt

tgtcggggtce



<213>

<220>
<221>
<222>

<300>
<308>
<309>
<313>

<400>

Met

Leu

Ala

Thr

Asn

65

Leu

Pro

Gly

Ser

Asn

145

Lys

Asp

Tyr

Gly

Gln

Asp

50

Gly

Lys

Val

Thr

Asn

130

Phe

Arg

Ala

Sphingopyxis sp.

Seq ID 21

(FumdJ)

(1)..(944)

FJ426269
2009-06-11
(1)..(944)

21

Arg

Ala

Asp

35

Arg

Phe

Glu

Phe

Gly

115

Arg

Thr

Val

Val

Lys

Val

20

Ser

Gly

Asn

Ala

Asn

100

Asn

Asn

Gly

Asp

Ser
180

Phe

Ala

Asp

Thr

Ser

Ser

85

Asp

Ser

Leu

Ser

Val

165

Gly

Arg

Leu

Pro

Ser

Pro

70

Pro

Ser

Gly

Val

Val

150

Val

Val

Ile

Gly

Ala

Glu

55

Thr

Thr

Leu

Gln

Leu

135

Asp

Thr

Ile

22951

Glu

Thr

Ser

40

Ile

Pro

Asn

Lys

Asn

120

Leu

Ile

Gly

Asn

Lys

Leu

25

Ile

Val

Val

Leu

Thr

105

Leu

Asn

Asn

Phe
185

-76-

Pro

10

Ala

Gly

Val

Thr

Ala

90

Ser

Leu

Gly

Val

Ala

170

Val

Gly

Phe

Gln

Thr

Ala

75

Asp

Asn

Asn

Asn

Leu

155

Ser

Leu

Lys

Pro

Pro

Gly

60

Val

Ala

Pro

Met

Arg

140

Pro

Ala

Asp

Ala

Val

Asp

45

Ser

Ser

Leu

Gly

Arg

125

Phe

Gln

Ala

Glu

Asn

Ser

30

Glu

Arg

Ser

Asn

Thr

110

Gly

Val

Ala

Tyr

Asp
190

Ser

15

Ala

Ala

Leu

Glu

Gln

95

Thr

Leu

Ala

Leu

Gly

175

Leu

Leu

Ser

Asp

Gln

Gln

80

Leu

Pro

Gly

Thr

Val

160

Ser

Glu



Gly

Pro

Arg

225

Arg

Gln

Ile

Leu

Tyr

305

Arg

Leu

Gly

His

Leu

385

Ile

Asn

Ile

Ser

210

Leu

Ala

Tyr

Arg

Lys

290

Gly

Val

Arg

Thr

Val

370

Pro

Val

Phe

Arg

195

Tyr

His

Asp

Pro

Ser

275

Gly

Asn

Asn

Ala

Tyr

355

Gly

Ala

Val

Ala

Ala

Gly

Leu

Glu

Val

260

Ser

Ile

Phe

Ile

Ala

340

Ala

Gly

Pro

Gly

Lys
420

Glu

Gly

Leu

Ala

245

Pro

Arg

Ala

Thr

Gly

325

Tyr

Tyr

Ser

Leu

Arg

405

Val

Leu

Ser

Gly

230

Thr

Gly

Gly

Phe

Ser

310

Phe

Asp

Ser

Asn

Ala

390

Phe

Tyr

Gln

Ile

215

Ser

Gly

Ala

Ser

Leu

295

Ser

Ala

Val

His

Asn

375

Thr

Ser

Arg

22951

Ser

200

Ala

Phe

Arg

Thr

Tyr

280

Pro

Ser

Pro

Ser

Thr

360

Phe

Leu

Ser

Gly

Gly

Phe

Glu

Arg

Thr

265

Gly

Gly

Phe

Asp

Asp

345

Asn

Arg

Met

Asp

Ala
425

-77-

Val

Gly

Tyr

Trp

250

Gly

Gly

Gly

Gln

Gln

330

Thr

Leu

Ile

Asp

Phe

410

Ala

Ser

Thr

Phe

235

Phe

Val

Leu

Val

Ser

315

Leu

Val

Gly

Phe

Arg

395

Pro

Gly

Thr

Ser

220

Arg

Asp

Thr

Val

Leu

300

Gly

Arg

Gln

Ala

Arg

380

Asn

Leu

Phe

Arg

205

Phe

Gln

Ile

Val

Thr

285

Gly

Gly

Tyr

Val

Phe

365

Asp

Ala

Val

Arg

Gly

Ala

Asp

Ala

Val

270

Ser

Thr

Asp

Asn

Tyr

350

Val

Asn

Gln

Glu

Ala
430

Asp

Asp

Gly

Ala

255

Pro

Gly

Phe

Gly

Ala

335

Ala

Ile

Ala

Ala

Ile

415

Asp

Leu

Asp

Ile

240

Gly

Asp

Pro

Asp

Pro

320

Phe

Glu

Ser

Phe

Ser

400

Glu

Ile



Gly

Leu

Ala

465

Thr

Thr

Val

Gly

Ala

545

Ala

Ala

Pro

Val

Gly

625

Trp

Ala

Asp

Asn

Glu

450

Val

Leu

Gly

Ala

Asp

530

Ala

Ile

Ala

Phe

Pro

610

Ala

Lys

Thr

Pro

Gly

435

Leu

Asp

Ala

Ser

Gln

515

Leu

Gly

Ser

Gln

Ser

595

Ile

Val

Leu

Arg

Gly

Trp

Arg

Ala

Gly

Pro

500

Leu

Gly

Ile

Gln

Ala

580

Gly

Leu

Arg

Gly

Ser

660

Arg

Lys

Glu

Val

Leu

485

Ser

Arg

Asp

Glu

Ala

565

Gly

Ser

Lys

Tyr

Gly

645

Arg

Gln

Leu

Asn

Arg

470

Asp

Ala

Leu

Ser

Tyr

550

Thr

Arg

Tyr

Asp

Ala

630

Glu

Asp

Ala

Asp

Asn

455

Asp

Gln

Ser

Glu

Leu

535

Arg

Thr

Pro

Asp

Ser

615

Asp

Tyr

Ile

Thr

22951

Gly

440

Leu

Pro

Asp

Ala

Gln

520

Ser

Lys

Ser

Gly

Ile

600

Ala

Tyr

Glu

Arg

Leu

Ser

Thr

Ala

Cys

Ile

505

Tyr

Phe

Glu

Ile

Gly

585

Lys

Leu

Ser

Pro

Gly

665

Asn

-78-

Ala

Ile

Gly

Val

490

Asp

Val

Gly

Lys

Thr

570

Phe

Glu

Gly

Gln

Ile

650

Pro

Ser

Ser

Asn

Asn

475

Pro

Tyr

Ala

Ala

Ala

555

Gly

Asn

Gly

Arg

Ser

635

Asp

Ser

Ile

Phe

Arg

460

Ile

Leu

Val

Gly

Gly

540

Arg

Ile

Leu

Phe

Ser

620

Gly

Gly

Leu

Tyr

Gly

445

Asn

Val

Asn

Thr

Leu

525

Pro

Gln

Arg

Tyr

Val

605

Leu

Gly

Leu

Val

Gly

Leu

Leu

Cys

Leu

Ala

510

Val

Glu

Gly

Asn

590

Glu

Asn

Val

Arg

Glu

670

Gly

Thr

Tyr

Arg

Phe

495

Asp

Ile

Ser

Thr

Ala

575

Pro

Ile

Leu

Thr

Phe

655

Leu

Gln

Asp

Ala

Ser

480

Gly

Gly

Ser

Val

Asp

560

Pro

Leu

Gly

Asn

Thr

640

Arg

Phe

Ala



Val

Lys

705

Pro

Ala

Gly

Ile

Gly

785

Phe

Ala

Lys

Leu

Asn

865

Tyr

Gln

Ile

Gln

690

Ala

Gly

Ile

Asn

Thr

770

Ile

Ser

Thr

Trp

Leu

850

Val

Thr

Gln

Ala

675

Thr

Asp

Phe

Asp

Thr

755

Val

Asp

Leu

Gly

Ser

835

Val

Glu

Asp

Leu

Thr
915

Arg

Val

Gln

Phe

740

Phe

Thr

Phe

Arg

Ser

820

Ala

Gln

Gly

Ala

Phe

800

Asn

Phe

Leu

Phe

725

Leu

Phe

Gly

Glu

Ala

805

Ala

Asn

Gln

Val

Thr

885

Leu

Asp

Phe

Thr

710

Ser

Leu

Cys

Pro

Ala

790

Leu

Pro

Phe

Arg

Asp

870

Leu

Ser

Pro

Thr

695

Phe

Val

Pro

Asp

Asn

775

Tyr

Ala

Ile

Gln

Phe

855

Thr

Thr

Val

Ser

22951

680

Ala

Gly

Asp

Gln

Leu

760

Leu

Tyr

Thr

Arg

Ala

840

Ile

Asn

Phe

Asn

Ser
920

Gly

Ala

Arg

Gln

745

Ile

Asn

Ser

His

Ser

825

Arg

Ala

Leu

Asp

Asn

905

Phe

-79-

Asn

Val

Tyr

730

Glu

Thr

Leu

Arg

His

810

Leu

Tyr

Ala

Asn

Ile

890

Leu

Ser

Ala

Leu

715

Val

Ile

Glu

Ala

Pro

795

Thr

Gly

Ser

Ser

His

875

Ala

Phe

Ser

Asp

700

Arg

Val

Asp

Asn

Val

780

Val

Ser

Gln

Thr

Val

860

Ala

Ala

Asp

Pro

685

Leu

Pro

Lys

Ala

Pro

765

Gln

Gly

Ala

Pro

Asp

845

Phe

Pro

Phe

Arg

Thr
925

Arg

Ala

Val

Cys

750

Asp

Lys

Gly

Tyr

Asp

830

Asp

Asn

Ala

Gly

Asp

910

Ser

Pro

Phe

Lys

735

Asp

Gly

Ala

Gly

Arg

815

Thr

Trp

Ala

Val

Gln

895

Pro

Ser

Glu
Val
720
Gly
Ala
Thr
Ala
Thr
800
Ile
Pro
Ala
Asp
Trp
880
Lys

Pro

Ala



22951

Tyr Asp Pro Val Gly Arg Tyr Phe Asn Val Gly Val Arg Phe Arg Ile

930
<210> 22
<211> 417
<212> ADN
<213>

935

Sphingopyxis sp.

attattggca

ggaggtggat

gcacgaggcc

cgcgattgtc

acgccacgaa

tccctgcacg

taaatggggc

<220>

<221> Seq ID 22 (fumK)
<222> (1) ..(417)
<300>

<308> FJ426269

<309> 2009-06-11
<313>  (1)..(417)
<400> 22

atgcgcctca cgggcggaga
60

gtcttcggcc tcatgtcgcecce
120

atattgttcg tcccggtgcg
180

aagaccaccg gacaggtcgc
240

ctgcctggag tcgtgacgge
300

catcaacttg gtgtcgttta
360

gacctctttc gacccgcggt
417

<210> 23

<211> 139

<212> PRT

<213> Sphingopyxis sp.
<220>

<221> Seq ID 23 (FumK)
<222> (1) ..(139)
<300>

<308> FJ426269

<309> 2009-06-11
<313> (1)..(139)
<400> 23

cgatgtttgg

ccgctcectgg

gccgcagcect

acgaatccgg

ggggttccct

ccaaaaacct

gcacccatct

-80-

940

ccgtcgaagg

ctgcgctcga

atatggccga

gtcccggtac

tcgtcgcaat

ttcagggaca

tcgcctggaa

cgtccggtat

agacaatggg

gggcatttac

ggcaaacctt

aacgtcccag

agaccagatc

ccggatt



22951

Met Arg Leu Thr Gly Gly Glu Leu Leu Ala Arg Cys Leu Ala Val Glu

Gly Val Arg Tyr Val Phe Gly Leu Met Ser Pro Glu Val Asp Pro Leu
20 25 30

Leu Ala Ala Leu Glu Asp Asn Gly Ile Leu Phe Val Pro Val Arg His
35 40 45

Glu Ala Ala Ala Ala Tyr Met Ala Glu Gly Ile Tyr Lys Thr Thr Gly
50 55 60

Gln Val Ala Ala Ile Val Thr Asn Pro Gly Pro Gly Thr Ala Asn Leu
65 70 75 80

Leu Pro Gly Val Val Thr Ala Arg His Glu Gly Val Pro Phe Val Ala
85 90 95

Ile Thr Ser Gln His Gln Leu Gly Val Val Tyr Pro Cys Thr Pro Lys
100 105 110

Thr Phe Gln Gly Gln Asp Gln Ile Asp Leu Phe Arg Pro Ala Val Lys
115 120 125

Trp Gly Ala Pro Ile Phe Ala Trp Asn Arg Ile

130 135
<210> 24
<211> 1272
<212> ADN

<213> Caulobacter sp.

<220>

<221> Seq ID 24
<222> (1)..(1272)
<300>

<308> FJ426269
<309> 2009-06-11
<313> (1)..(1272)

<400> 24
atggaattga gccgccaacg agaccaggcc ttgagggagc gcgcccaagc ggtgatcccg
60

ggcgggatgt acggtcacga gtcgacctat ctgatgcccg agggcacgcc acagttcttce
120

agtcgcggca aaggcgcccg actttgggac gccgacggca acgagtatgt cgattacatg
180

-81-



tgcgcctatg
240

gcccagcaag
300

gaagacttcg
360

gacgccacct
420

tgcgcgaaag
480

ctaccggagg
540

gacgccttcg
600

gaggtgttca
660

tgcgacaaga
720

cgcgactgca
780

ttcgccaacg
840

aaggccgtct
900

gaaaccctga
960

cgcctgcgeg
1020

gggcccgtcet
1080

ggctgggttc
1140

ctgtcggegg
1200

ttcgtcgagce
1260

agagcggcct
1272

<210>
<211>
<212>

25
423
PRT

gccccaacct

cccggggega

tcgcgcaaat

caatggcgat

gcgcctatca

atcgcgcecectt

aggcccatca

gcgaccagat

gcggcgecct

gctgggccaa

gctatccgat

acgtcaccgg

agcaaatccg

agggcctgca

ccatgcccca

gcgaatgcct

cccatagcga

tacgcgccaa

aa

22951

gctgggttac

taccctgacc

cagccacgcg

ggtcatcgcg

tggggccgeg

tgtagtctac

ggacgacgtc

cgatcctgat

gctcgtecgte

gatcggcgtc

ctcggcggtce

ctcgttctgg

cgagaccgac

gcagcaggct

agtcctctte

gaagcgaggg

ggcggacctg

gcttccgagce

ggcttcgaac

gggccgtegg

gactgggcca

cgcgcacaca

ccttggtgca

tacgactaca

gcggcgatct

ccggaatatg

gacgaagttc

gctccggatc

ctagggggcg

ttctcggceca

tatctcgagc

gctcacaacg

gaggaagatc

gtgtacttca

gccaagaccc

ctagaaatcc

-82-

ccgtcgaagce

aggtgatggt

tgttctgcaa

ccggccggaa

cgccgatcct

atgacgccca

tcgccacccce

cggccagcgt

gagccgggtt

tgagcacctg

aaaaggtgcg

cgcccatggce

ggatcaacgc

gctttacgtt

ccgattttcg

gcccctacca

ttgcggctac

accaacccct

ggccgccgcea

gcagttggcg

gaacggcaca

gacgatcctc

ggccggaacg

aagcctcgtce

tcaccgtcac

gcgggcgctce

caggatcgcg

gggcaagtgc

cagcgcggca

cgcagccgtce

ggccgggacc

gcgccaaacg

ggtcggctac

taacatgttc

cggcgacgcce

cctcgecectg



<213>

<220>
<221>
<222>

<300>
<308>
<309>
<313>

<400>

Met

Ala

Pro

Trp

Pro

65

Ala

Val

Ala

Ile

Ala

145

Leu

Gln

Glu

Val

Glu

Asp

50

Asn

Gln

Gln

Met

Ala

130

Tyr

Pro

Ser

Caulobacter sp.

Seq

ID 25
(1)..(423)

FJ426269
2009-06-11
(1)..(423)

25

Leu

Ile

Gly

35

Ala

Leu

Gln

Leu

Phe

115

Arg

His

Glu

Leu

Ser

Pro

20

Thr

Asp

Leu

Ala

Ala

100

Cys

Ala

Gly

Val
180

Arg

Gly

Pro

Gly

Gly

Arg

85

Glu

Lys

His

Ala

Arg

165

Asp

Gln

Gly

Gln

Asn

Tyr

70

Gly

Asp

Asn

Thr

Ala

150

Ala

Ala

Arg

Met

Phe

Glu

55

Gly

Asp

Phe

Gly

Gly

135

Pro

Phe

Phe

22951

Asp

Tyr

Phe

40

Tyr

Phe

Thr

Val

Thr

120

Arg

Trp

Val

Glu

Gln

Gly

Ser

Val

Glu

Leu

Ala

105

Asp

Lys

Cys

Val

Ala
185

-83-

Ala

10

His

Arg

Asp

Pro

Thr

90

Gln

Ala

Thr

Thr

Tyr

170

His

Leu

Glu

Gly

Tyr

Val

75

Gly

Ile

Thr

Ile

Pro

155

Tyr

Gln

Arg

Ser

Lys

Met

60

Glu

Pro

Ser

Ser

Leu

140

Ile

Asp

Asp

Glu

Thr

Gly

45

Cys

Ala

Ser

His

Met

125

Cys

Leu

Tyr

Asp

Arg

Tyr

30

Ala

Ala

Ala

Glu

Ala

110

Ala

Ala

Ala

Asn

Val
190

Ala

15

Leu

Arg

Tyr

Ala

Val

95

Asp

Met

Lys

Gly

Asp

175

Ala

Gln

Met

Leu

Gly

Ala

80

Met

Trp

Val

Gly

Thr

160

Ala

Ala



Ile

Pro

Gly

225

Arg

Trp

Gly

Phe

Gln

305

Arg

Leu

Asp

Arg

His

385

Phe

Leu

Phe

Asp

210

Ala

Asp

Gly

Glu

Trp

290

Ile

Leu

Arg

Pro

Gly

370

Ser

Val

Leu

Ala

195

Pro

Leu

Cys

Lys

Lys

275

Phe

Arg

Arg

Gln

Asp

355

Val

Glu

Glu

Ala

Thr

Glu

Leu

Ser

Cys

260

Val

Ser

Glu

Glu

Thr

340

Phe

Tyr

Ala

Leu

Leu
420

Pro

Tyr

Val

Trp

245

Phe

Arg

Ala

Thr

Gly

325

Gly

Arg

Phe

Asp

Arg

405

Arg

His

Ala

Val

230

Ala

Ala

Ser

Thr

Asp

310

Leu

Pro

Val

Ser

Leu

390

Ala

Ala

Arg

Ala

215

Asp

Lys

Asn

Ala

Pro

295

Tyr

Gln

Val

Gly

Pro

375

Ala

Lys

Ala

22951

His

200

Ser

Glu

Ile

Gly

Ala

280

Met

Leu

Gln

Ser

Tyr

360

Tyr

Lys

Leu

Glu

Val

Val

Gly

Tyr

265

Lys

Ala

Glu

Gln

Met

345

Gly

His

Thr

Pro

-84-

Val

Arg

Arg

Val

250

Pro

Ala

Ala

Arg

Ala

330

Pro

Trp

Asn

Leu

Ser
410

Phe

Ala

Ala

235

Ala

Ile

Val

Ala

Ile

315

Ala

Gln

Val

Met

Ala

395

Leu

Ser

Leu

220

Gly

Pro

Ser

Tyr

Val

300

Asn

His

Val

Arg

Phe

380

Ala

Glu

Asp

205

Cys

Phe

Asp

Ala

Val

285

Glu

Ala

Asn

Leu

Glu

365

Leu

Thr

Ile

Gln

Asp

Arg

Leu

Val

270

Thr

Thr

Ala

Gly

Phe

350

Cys

Ser

Gly

His

Ile

Lys

Ile

Ser

255

Leu

Gly

Leu

Gly

Phe

335

Glu

Leu

Ala

Asp

Gln
415

Asp

Ser

Ala

240

Thr

Gly

Ser

Lys

Thr

320

Thr

Glu

Lys

Ala

Ala

400

Pro





