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Figure 1: mutA nucleotide sequence (SEQ.ID NO: 1)

ATGGCAAGCACGGACCAGGGTACCAACCCGGCAGACACCCGACGACCTGACGCCAACCACT
CTGAGTCTGGCGGGCGATTTTCCGAAAGCAACCGAAGAACAGTGGGAGCGCGAAGTGGAG
AAAGTTCTGAACCGTGGCCGTCCGCCGGAGARACAGCTGACGTTTGCGGAATGTCTGAAR
CGCCTGACGGTCCACACAGTAGACGGCATTGACATTGTGCCAATGTATCGCCCGARAAGAT
GCGCCGAAGAAACTGGGTTACCCAGGCGTTGCCCCATTTACACGTGGGACCACGGTTCGT
AATGGCGATATGGACGCATGGGATGTCCEGTGCACTGCATGAAGATCCGGATGAGAAATTT
ACGCGCAAAGCGATTCTGGAAGGGCTGGAACGCGGGGTTACATCTCTGCTIGCTGCGTGTG
GACCCGGACGCTATTGCTCCAGAACACCTGGATGAAGTGCTGCTCTGACGTGCTGCTGGAG
ATGACCAAAGTAGAAGTCTTTAGTCGTTACGATCAAGGCGCCGCTGCCGAGGCGLCTGGTA
TCTGTGTACGAGCGCAGCGATAAACCGGCTAAGGACCTGGCTCTGAATCTGGGTCTGGAL
CCGATCGCCTTCGCGGCACTGCAGGGGACGGAACCTGATCTGACTGTCCTGGGTGATTGE
GTGCGTCGCCTGGCAAAATTTAGCCCAGATTCTCCTGCAGTGACCATCGATGCGAACATT
TATCATAATGCGGGETGCGGGCEATGTAGCAGAGCTGGCTTGGGCCCTGGCTACCGGTGECG
GAATATGTTCGTGCACTGGTAGAACAAGGTTTTACGGCGACCGAGGCGTTCGATACGATT
AACTTTCGTGTGACCGCAACCCATGATCAGTTTCTGACAATCGCGCGTCTGCGCGCACTG
CCTGAGGCGTGGGCGCGCATTGCGGEAGGTATTTGGGGTTGATGAGGATAARACGTGGCGCE
CGTCAAAATGCGATCACGAGTTGGCGCGATGTGACACGCGAGGACCCGTATGTGAATATC
CTGCGCGGGAGCATCGCTACATTTTCTGCAAGCGTGGGTGGGGCCGAAAGTATTACAACT
CTGCCTTTTACCCAGGCACTGGGTCTGCCAGAAGACGATTTTCCGCTGCGTATCGCTCGT
AATACCGGTATCGTTCTGGCCGAAGAAGTGAACATCGGTCGTGTTAATGATCCGGCCGGC
GGTAGCTATTACGTGGAAAGTCTGACTCGTAGTCTGGCCGATGCAGCGTGGARAGAGTTC
CAAGAAGTGGAGAARACTGGGCGGCATCAGCAAGGCGGTGATGACGGAACATGTAACGAAA
GTGCTGGATGCCTGCAATGCAGAACGCGCGAAACGCCTGGCCAATCGCAAACAGCCGATT
ACCGCAGTAAGCGAATTTCCTATGATTGGGGCGCGCTCTATCGAAACGAAACCTTTTCCT
GCCGCACCGGCCCGTAAAGGTCTGGCATGGCATCGCGACAGTGAAGTATTCGAACAACTG
ATGGATCGCAGCACCAGTGTGAGTGAACGTCCAAAGGTTTTCCTGGCGTGCCTGGGCACA
CCGTCGTGACTTCGGTGGTCGTGAGGGTTTTAGCAGCCCAGTGTGGCATATCGCAGGCATT
GACACCCCACAGGTTGAGGGTGGCACAACCGCAGAAATCGTAGAAGCATTCAAGAAATCT
GGGGCACAAGTTGCGGATCTGTGCTCTAGCGCCAARAGTGTACGCTCAGCAGGGTCTGGAG
GTGGCCAAAGCTCTGAAAGCAGCTGGCGCCAAAGCCCTGTATCTGAGCGGTGCCTTTAAG
GAGTTCGGCGATGATGCGGCTGAGGCGGAGAAACTGATCGATGGTCGCCTGTTTATGGGT
ATGGATGTGGTTGACACTCTGTCTAGTACGCTGGACATTCTGGGTGTAGCAARAGTAA
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Figure 2: mutB nucleotide sequence (SEQ.ID NO: 2)

ATGCAGT
ACACTGCCTCGTTTTGACTCTGTITGACCTGGGGAACGCGCCTGTTCCGGCGGATGCGGCC
CGTCGCTTCGAGGAACTGGCGGCAARAGCGGGCACGGETGAGGCGTGGGAGACCGCGGAG
CAGATTCCGGTTGGTACACTGTTCAATGAAGACGTTTACAAAGATATGGACTGGCTGGAC
ACGTACGCCGGGATTCCGCCATTCGTTCACGGCCCGTACGCGACGATGTACGCTTTCCGT
CCGTGGACAATTCGTCAATACGCCGGGTTTAGCACGGCGAAAGAAAGTAATGCTTTCTAC
CGCCGTAACCTGGLGGUGGEGECAAAAGGGTCTIGTCTGTIGGCATTCGACCTGCCGACCCAC
CGCGCTTACCATAGCGATAATCCCCGCGTGGCAGEGGACGTGGCTATGGCCEGGGTGGCC
ATCGACAGTATTTACGACATGCGTGAACTGTTTGCAGGCATTCCGCTGGACCAGATGAGC
GTGAGTATGACGATGAATGGTGCCGTCCTGCCGATTCTGGCACTGTATGTGGTTACAGCC
GAAGAACAAGGTGTGAAGCCGGAACAGCTGGCTGGCACCATCCAGAACGATATTCTGAAG
GAGTTCATGGTGCGTAACACCTATATCTATCCGCCGCAACCGTCTATGCGCATCATCAGT
GAGATCTTTGCGTATACTAGTGCAAATATGCCGAAGTGGARCTCTATCAGTATTAGTSGGC
TATCACATGCAGGAGGCGGGCGCCACTGCCGATATCGAARTGGCCTATACGCTGGCCGAT
GGCGTIGATTATATTCGTGCAGGCGAAAGCGTCGGETICTGAACGTGGACCAGTTCGCCCCG
CGTCTGAGCTTCTTTTGGGGTATTGCCATGAATTTICTTTATGGAAGTCGCAAAACTGCGT
GCCGCCCGCATGCTGTGGGCCARACTGGTGCACCAATTCGGCCCGAAGAACCCGAAGAGC
ATGAGCCTGCGCACGCACAGTCAAACCAGCGGCTGGAGCCTGACCGCGCAGGACGTATAT
AACAACGTAGTTCGCACCTGTATTGAGGCGATEGCAGCCACCCAGGGTCACACCCAGAGC
CTGCATACAAACTCTCTIGGACGAGGCCATCGCACTGCCGACAGACTTCAGCGCCCGCATC
GCGCGTAATACTCAACTGTTTCTGCAACAGGRAAAGCGGTACTACCCGTGTGATCGATCCG
TGGTCTGGCAGTGCATATGTCGAGGAACTGACCTGGGATCTGGCCCGTAAAGCGTGGEGET
CATATCCAGGAAGTCGAGAAAGTGGGTGCTATGGCTAAAGCAATTGAGANAGGCATCCCG
ARRAATGCGCATTGAAGAAGCGGCAGCGCGCACCCAAGCACGCATCGACAGCGGTCGCCAG
CCGCTGATTGGCGTGAACAAATATCGCCTGGAACATGAACCGCCACTGGATGTTCTGAAA
GTAGATAACTCTACCGTCCTGGCGGAGCAGARAGUGAAACTGGTTAAGCTGCGTGCGGAA
CGCGATCCTGAGAAAGTTARAGCGGCGCTGGATARAATCACTTGGGCCGCGGGCAACCCG
GATGATAAAGACCCAGACCGTAATCTGCTGAAGCTGTGTATTGACGCGGGTCGTGCTATG
GCGACTGTCGGCGAAATGAGCGATGCGCTGGAGARAGTATTTGGTCGTTATACCGCGCAA
ATTCGTACTATTTCTGGTGTCTATAGCAAGGAAGTTAAGAATACTCCAGAAGTAGAAGAA
GCGCCTGAACTGGTAGAAGAATTTCGAGCAGGCTCAAGCTCGCCGTCCACGCATTCTGCTG
GCCAAAATGGGCCAGGATGGCCATGATCCCGGTCAGARAGTTATTGCTACTGCTTATGCT
GATCTGGGCTTCGATGTTGATGTCGGCCCTCTGTTCCAGACTCCAGAGGAAACTGCCLGL
CAGGCTGTTGAAGCTGACGTCCATGTCGTTGGCGTTAGCTCTCTGGCTGGCGGCCATCTG
ACCCTGGTCCCTGCTCTGCGCARGGAACTGGATAAGCTGGGCCGCCCTGATATTCTGATT
ACTGTCGGCGGCGTCATTCCTGAACAGGATTTCGATGAACTGCGCAAGGATGGCGCTGTC
GAAATTTATACCCCTGGCACCGTCATTCCTGARATCTGCTATTTCTCTGGTCAAGAAGCTG
CGCCCTACCCTCGCATCCCTAACTCGAG

Figure 3: MutA protein sequence (SEQ.ID NO: 3)

MARTYAGHSSAARASNALYRRNLAKGQTGLSVAFDLPTQTGYDPCHVLARGEVGKVGVPISHIGDMRALEDQ
TPTL.GOMNTSMT TNATAMWT.T.AMYQVAAFRDQATAANFEDPASVVKAT.GGTTONDT TRKEYT.SRGTYVFAPAPS

LRLITDMVSYTVSDIPKWNPINICSYHLOQEAGATPVQEIAYAMSTATIAVLDAVRDAGQVPQERFGEVVAR

ISFFVNAGVREVEEMCKMRAFVELWDELTRERYGVTDAKQRRERYGVQVNSLGLTEAQPENNVORIVLEM

LAVTLSKGARARAVOLPAWNEALGLFPRPWDOOWS LRMOQVLAYESDLLEYEDLFEGSAVVEAKVAELVAG

AKAEIARVAELGGAVANVESGYMKSALVASHALRRORIEAGEDIVVGVNKEFETTEPNPLTADLDTALQSY

DAGVEAAAAKAVREWRETRDADPVKRERAVAALARLKAAAQTDENLMEASIECARAEVTTGEWAQALREV

FGEFRAPTGVIGTVGLTGGAAGAELSAVRERVAGLRDELGETLRVLVGKPGLDGHSNGAEQTIAVRARDAG

FEVIYQGIRLTPEQIVAAAVSEDVHLVGISILSGSHMELIPEVLDRLREAGAGDIPVIVGGIIPESDAAK

LKAIGVAEVFTPKDFGLNDIMGRFVDVIRDSRLTTAAFTV
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Figure 4: MutB protein sequence (SEQ.ID NO: 4)

MTVAPKRPAAMTLAAHFPERTQEQWRDLVACVVNKURPEDQELSCDDAVATMRSHELEGCLDIEPLYMKSSDPVPLOVP
GAMPFTRGRALRDADVPWDVRCVHDDPDAAATROQLVLADLENGVT SVWLAVGADGLAPNDVAEALAEVRLELAPVVVS
SW2DCTAAADALYAVLSCSRASSCNLGHDPLGAAARTCSAPDLAPLADAVRRLADHGEIRATITVDTRVHGDAGVTVTD
E‘AFALATG”“V‘RHLEQECMLVAEAFRRI FRVSATADQFLTAAALRALRRAWARIGESVGVPETSRGAFTHAVTSG
RIFTRDDAWINILRSTLATEGASLGGADAITVLPEDTVSGLPTPFSRRIARNTQILLAEESNVARVTIDPAGGSWYVET
LTJDVAKAAWETFQEIESAhaMVAAuANbLVALRILAAVAERDAALATRSTPITGVSTFPLAGEKPLER\\RAELPVQ
PNALAPHRDSAZTEALRDRSAAYATEIGIAPRVSVPTLDVPRAADRRIDAVNLLTVAGIDAVDGDTESAAALTGTDKG
YHRGVAKDMDVVARLSDLLDTTGAPA

Figure 5: Methylmalonyl-CoA epimerase nucleotide sequence (SEQ.ID NO: §)

GARATTCAGGAGSTCCTTCCATTATGCTGACCCGCATCCGATCACATTGGCATCGCATGCTTTGAT
CTCGATAAAACCGTACAGITCTATCGCGCCACCTACGGC I I CGAGCTC I TCATAGCGAA
GTAAACGAAGAACAGGGCGTGCGTGAAGCCATGCTGAAAATCAACGAAACTAGTGATGGT
CGGGCCAGCTATCTGCAACTSCTGGAACCCGACACCCCCGEACTCTACAGTTCCTAAGTGG
CTGGACAAGAATGGCGAAGGCGTTCATCACATTGCGTTCGGTACGGCTGATGTGGATCAA
GACGCGGCAGATATTAAAGATAAGGGTGTGCGTGTTCTGTACGAGGAGCCACGCIGTGGT
AGCATGGGTAGCCGTATTACGTTCCTGCACCCTAAAGACTGTCATGGTGTGCTGACTGAG
CTGCGTCACCTCTGCCCCGGTCCARAGTCCGCAACATTAARAGCTT

Figure 6: Methylmalonyl-CoA epimerase protein sequence (SEQ.ID NO: 6)
MLTRIDHIGTACFDLDKTVEFYRATYGFEVFHSEVNEEQGVREAMLK TNETSDGGASY LOLLEPTREDS TVAKWLDRN

GEGVHHIAFGTADVDODAADIKDKGVRVLYEEPRRGSMGSRITFLHPKDCHGVLTELVTSAPVESPEH

Figure 7: DNA sequence for accA1 (AF113603.1) (SEQ.ID NO: 7)

GTCCGCAAGGTSCTCATCGCTAATCGTGGLGAAATCGCTGTCCGCGTEGCCIGGGCITGCIGGGALIGCCE
GGBTCGCGAGCJTGGCLGTC“KCGCGGAT CGGA‘CCG”KCGCbTTG"KCGT‘CGTJFCGVTGATGAGG”

CéyTGCCﬁGGCCGACPCCCAVGGCA CGTGGTCGTCGTC TCCA“CCG CTGCTCCCTCCAGCG

ACITAAARCCTCOTCGADCAGTCC SCTTTCTCTCCCAGGT CGRCCGACTAGCTCTACTCATC
CTCCAAGSCCATCCTCAAGGAGGCTGGCTACGGLGGCGICGGCACCGTGE
GGLACGALCY CCLGGAGGICAACACCCGCCLICCAGEICEAGLCATCT
GCATCGACTTGSTCCCCGAGATGTTCCGCATCGCCGACGGCGAGGARCTCGETTACGACGACZCCCGCCCT
GCCCGCC”ACT”“TTCVQCTﬁFCCTATCﬂAFFCCCACCAFCCCFCFC TTCCTGCCCGCC
ACCTGTCAZCCTC TTCCACbFJCLLA
TCALCGECCCCECCEEGEACY
CC? CGCQCGGC:CGCJCCC,GGACGAGT ACCGTCGAGGGCATGGICACTGCCA
ACTGTijCCCTFﬁCC"FCC"TTC”"FCC FnAFTFhC CCCTPFHCJFhCMCCTTCACC?TCC CACCC

CCATCTGZGAGATCRAGGACTGA
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Figure 8: DNA sequence for pccB (AF113605.1) (SEQ.ID NO: 8)

ATGTCCGAGCCGCAAGAGCAGCAGCCCCACATCCACACGACCCCEGGGCAAGCTCGCGCATCTCAGGCGCT
GTATCGAGGAAGCGACGCACGCCGGTTCCGCACGCGCCGTCGAGAAGCAGCACGCCAAGGGCAAGCTGAC
GGCTCGTGAACGCATCGACCTCCTCCTCGACGAGGGTTCCTTCGTCGAGCTGGACGAGTTCGCCCGGCAL
CGCTCCACCAACTTCGGCCTCGACGCCAACCGCCCCTACGGUGACGGUGTCGTCACCGGCTACGGCACCG
TCGACGGCCGCCCCETGGCCGTCTTCTCCCAGGACTTCACCGTCTTCGGCGGCGCGCTGGGCGAGGTCTA
CGGCCAGAAGATCGTCAAGGTGATGGACTTCGCCCTCAAGACCGGCTGCCCGGTCGTCGGCATCAACGAC
TCCGGCGGCGCCCGCATCCAGGAGGGCGTGGCCTCCCTCGGCGCCTACGGCGAGATCTTCCGCCGCAACA
CCCACGCCTCCGGCGTGATCCCGCAGATCAGCCTGGTCGTCGGCCCGTGTGCGGGCGGCGCGGTETACTC
CCCCGCGATCACCGACTTCACGGTGATGGTGGACCAGACCAGCCACATGTTCATCACCGGETCCCGACGTC
ATCAAGACGGTCACCGGCGAGGACGTCGGCTTCGAGGAGCTGGGCGGCECCCGCACCCACAACTCCACCT
CGGGCGTGCGCCCACCACATGGCCGGCGACCAGAAGGACGCGGTCGAGTACCTCAAGCAGCTCCTGTCGTA
CCTGCCGTCCAACAACCTCTCCGAGCCCCCCGCCTTCCCGGAGGAGGLGGACCTCGUGGTCACGGACGAG
GACGCCGAGCTGGACACGATCGTCCCGGACTCGGCGAACCAGCCCTACGACATGCACTCCGTCATCGAGE
ACGTCCTGGACGACGCCGAGTTCTTCGAGACGCAACCCCTCTTCGCGCCGAACATCCTCACCGGCTTCGG
CCGCGTGGAGGGCCGCCCGETCGGCATCGTCGCCAACCAGCCCATGCAGTTCGCCGGCTGCCTGGACATC
ACGGCCTCCGAGAAGGCGGCCCGCTTCGTGCGCACCTGCGACGCCTTCAACGTCCCCGTCCTCACCTTICG
TGGACGTCCCCGGCTTCCTGCCCGGCEGTCGACCAGGAGCACGACGGCATCATCCGCCGCGGCGCCAAGCT
GATCTTCGCCTACGCCGAGGCCACGGTGCCGCTCATCACGGTCATCACCCGCAAGGCCTTCGGCGGCGLC
TACGACGTCATGGGCTCCAAGCACCTGGLCGCCHACCTCAACCTGGCCTGGCCCACCGCCCAGATCGCCG
TCATGGGCGCCCAAGGCGCGGTCAACATCCTGCACCGCCGCACCATCGCCGACGCCGGTGACGACGCCGA
GGCCACCCOGGGCCCECCTGATCCAGGAGTACGAGGACGCCCTCCTCAACCCCTACACGGCGGCCGAACGL
GGCTACGTCGACGCCGTGATCATGCCCTCCGACACTCGCCGCCACATCGTCCGCGGCCTGCGCCAGCTGE
GCACCAAGCGCGAGTICCCTGCCCCCGAAGARGCACGGCAACATCCCCCTEGTAA

Figure 9: Protein sequence for AccAl (SEQ.ID NO: 9)

MRKVLIANRGETAVRVARACRDAGIASVAVYADPDRDALHVRAADEAFALGGDTPATSYL
DIAKVLKAARESGADATHPGYGFLSENAEFAQAVLDAGLIWIGPPPHAIRDRGEKVAARH
IAQRAGAPLVAGTPDPVSGADEVVAFAREHGLPIAIKAAFGGGGRGLKVARTLEEVPELY
DSAVREAVAAFGRGECEFVERYLDKPRHVETQCLADTHGNVVVVSTRDCSLORRHQKLVEE
APAPFLSEAQTEQLYSSSKAILKEAGYGGAGTVEFLVGMDGTIFFLEVNTRLOVEHPVTE
EVAGIDLVREMFRIADGEELGYDDPALRGHSFEFRINGEDPGRGFLPAPGTVTLFDAPTG
PGVRLDAGVESGSVIGPAWDSLLAKLIVTGRTRAEALOQRAARALDEFTVEGMATATPFHR
TVVRDPAFAPELTGSTDPFTIVHTRWIETEEVNEIKPFTTPADTETDEESGRETVVVEVGG
KRLEVSLPSSLGMSLARTGLAAGARPKRRARKKSGPAASGDTLASPMQGTIVKIAVEEGQ
EVQEGDLIVVLEAMKMEQPLNAHRSGTIKGLTAEVGASLTSGAAICEIKD*

Figure 10: Protein sequence for PccB (SEQ.ID NO: 10)

MSEPEEQQPDIHTTAGKLADLRRRIEEATHAGSARAVEKQHAKGKLTARERIDLLLDEGS
FVELDEFARHRSTNEFGLDANRPYGDGVVTGYGTVDGRPVAVESQDETVEGGALGEVYGQOK
IVRKVMDFALKTGCPVVGINDSGGARIQEGVASLGAYGEIFRRNTHASGVIPQISLVVGPC
AGGAVYSPAITDFTVMVDQTSHMFITGPDVIKTVIGEDVGFEELGGARTHNSTSGVAHHM
AGDEKDAVEYVKOQLLSYLPSNNLSEPPAFPEEADLAVTDEDAELDTIVPDSANQPYDMHS
VIEHVLDDAEFFETOQPLFAPNILTGFGRVEGRPVGIVANQPMOFAGCLDITASEKAAREVY
RTCDAFNVPVLTEFVDVPGEFLPGVDOEHDGIIRRGAKLIFAYAEATVPLITVITRKAFGGA
YDVMGSKHLGADLNLAWPTAQIAVMGAQGAVNILHRRTIADAGDDAEATRARLIQEYEDA
LLNPYTAAERGYVDAVIMPSDTRREIVRGLROLRTKRESLPPRKHGNIPL*
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Figure 11: Element 1: PlacO! sequence + phage T7 genel0 ribosome binding site (SEQ.ID NO:
11)
aattgtgagcggataacaattgacattgtgageggataacaagatactgagecacatcagcaggacgcactgaccgaattcaataat
tttgtttaactttaagaaggagatatacat

Figure 12: Element 2: Optimized acc4l gene sequence (SEQ.ID NO: 12)

atgcgcaaagtgctgattgegaaccgtggtgaaatcgecgttegtgtggecacgegegtgtegtgatgecacgtattgecaagtgttgegggtatgecy
atccggategegatgegetgeatgttegtoecggecgatgaagectttgeactgggeggtgataceceggeaacgagetacctggatat-gezaaagt
gotgaaageagogeycgaaagagytgoggatgeratocatecoggyctacggttttetgtotgassatygecagaat tigescagyoggttetgyatygea
ggtetgatttggateggtccgeegecgeatgeaattegtgatetgggogataaagtggeegecacgecacategeccagegtgcaggegegeecgetgg
ttgcgggcaccoecggaccegotttctggtccagatgaagTtggttgegtttgccaaagaacatggectgecgattgecgatcaaagecagcattcggegg
Lggcgglogeggielgaaaglggeccglaccelggaagaagllioeggaaclgialgalagegeagl legegaagegglegeagegllibggeeglggl
gaztgcttegtggaacgctacctggataaaccgegtcatgttsaaacoecagtgtetggeggatacgecacosgecaacgtgeTttgtggttageaccegey
attgctctctgcaacgtegecaccagaaac-ggtggaagaagecaccggegecgtttetgagegaageccagaccgaacagetgtatagetctagtaa
agegattoetgasagaageegottacgtgyeccgeegatacggttgaatbtetggtyggocatygatggeaceat tagetttctggaagtbtaaczoecygt
ctgcaagttgascatccggtgacecgaagaagttgegggecattsatetggtgegegaaatgtttegtategcagatggesaagaactgggtizcgatyg
atccggcecgctgcgeggtcacagetttgaatTttegtattaatggcgaagateccgggecgtggrtttectgecggegecggecaccgtgacgetgttega
tgraccgaccyggtecyggygeygttegtetggatgeeggtgtggaszagtggtagegttattggecegygcatgggatagectoctyggegaaactygategtt
accggtcgtacgcgegocegaagegetgcaacgtgcageacgtocectggatgaatttacegtggaaggeatggegacgeecatteegtTteategea
cegtggttegtgateccggecattegegeegcaactgaccggetectaccgateccgttcaccgtgecacacgecctggatecgaaaccgaatttgttaacga
aatcaaaccgttcaccacgcoggeggataccgaaacggatzgasgaaagtggtegegaaacggtggttigtogaagtgggeggtaaacgtctgsaagtt
tctetgecgagcagectgagtatagagtetegegegtacecggtetggeggecggegecegtecgacacgtegegeagegaaaaaatctggtecggees
cazgeggtgatzcocctggecagtacgatgoagggcacgattgtgaaantcgoagtggaagraggtcaggaagtgcaggasaggogatoctgatightgt
gctggaagcgatgaaaatggaacagccgetgaatgeocategtageggeaccatcaaaggectgacggecgaagtgggtgecatotetgaceagtgge
geggecatttgcgaaatcaaagattaa

Figure 13: Element3: Spacer sequence (Restriction sites and phage T7 genel0 ribosome binding
site) (SEQ.ID NO. 13)

agatctgcggecgeatctagaaataattttgtttaactttaagaaggagatatatte

Figure 14: Element4: Optimized pceB8 (SEQ.ID NO: 14)

atgagtgaaccggaagaacagecagecggatattcataccacgocaggeaaaciggeggatecogegtegecgtatcgaacaagcecaacccatgeaggta
gcgcacgtgcagtggaaaaacagecacgcgaaaggtaaactgacggeccgegaacgtategatetgctgetggatgaagecagttttgttgazctgga
tgzatttgeacgecaccgtageaccaacttTggtctggatgegaategeecygtatygegatggtgtggttaceggttacyggtacggtggatogtegt
ccggtggcagttTttagecaggattttacegtgtteggeggtocactgggcgaagtitacggteagaaaatecgtgaaacttatggattTegegetga
aazcgggotgeooggtggttggtattaaceatageoggeggtgoccgeatcoaggaaggtgtitgectaotetgggecgaogtatggaogaaataetttageag
taztacccatgcgagtggegtgattcegecagatcagectggtogttggtecgtgtgegggoggtgecgtttactecteccgecattaccgattttacy
gtgatggttgatcagaccagtcacatgttcattacgggeccggatgtgateoaaaccygttacgggecgaacatgtgggttttgnagaactggsocggte
cacgtacccaczacagcacgtotggogttcogestcacatggoccggtgatgzasaagatgocgtggaatatgttaaacagetgotgagrttacctgea
gagcaacaatctgtetgaaccgeeggegtteceggaagaageagacctggeggtgacegatgaagatgecgaactggatacgategttecggattet
gczaatcagecgtacgatatgcacaegtgtecattgaacacgttictggatgatgcggaatttttecgeaacccageegetgtTttgeccegaacattetga
cgggtttoggtogtgtggaaggtegteegozgggtategTttgraaatcagecgatgeagtt cgegggttgcctggatat—acegect c-gazaaage
ggceocegetttgtgegtacetogtgatgegttecaacgtgeoggttotgacgtttgtggatgttcegggetteoctgecgggtgttgatcaggaacatgat
ggcattatcegoogtggtgegaaactgatttttgcgtatgecgaageaaccgtigecgetgattaccgttatcacgegeaaageatteggegstgegt
acgatygtygatgyggeageaaacatetgggteceogatotgaacctggeatggoeegacegeaczgategeagtygatgggegegeagggtygeegttaatat
toctgecaccgcecgtaccategecagatgeagetgatgatgcagazgegacgegegeacgtectgattecaggaatatgaagatgegetgetgaaccogtat
accgcagcggazcgtggttacgtggatgecgttattatgecgagegatacecegecgtcatategtgegtecgtetagegtecagetgegtacgazacgty
aatctctgecgocgaaaaaacacggtaatatteocgetgtaa
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Figure 15: Entire synthetic sequence for propionyl-CoA carboxylase gene expression. (SEQ.ID
NO: 15)

aattgtgagcggataacaattgacatightecagoggataacaagatactgagoacatcagaeaggacgaactgaccgaattcaataattiTgtttaact
ttzagaaggagatatacatatgcgecaaagtgetgattgogaacogtggtgacategeegttegtgtggeacgegegtgtegtgatgeaggtattgea
agtgttgcggtgratgoccgatecggategegatgegetgeatsttegtgeggecegatgaagectttgecactgggeggteatacceceggcaacgaget
alcbggatalige [f s GAAEYC tLgeggatgecatecatezgggelacgollbteclgboigaaaalgoagazblige
acaggcggttetggatgcaggtetgatttcgateggteocgecseegeatgeczattegtgatetgygegataaagtggeecgecacgeeacategececag
cgtgecaggegegeegetggttgegggecacceceggacceggtttectyggtgecagatgaagtggttgegttteccaaagaacatggectgececgattgega
tezaageageattegyguggtyguegygtoegecgtoctyaaagigygeeegtacectggaagaagbtoccggaactgtatgatacegeagt tegegazgeggt
ggcagcegtttggecgtggtgaatgeticgtggaacgctacctogataaaccyegtecatgttgaaaccecagtgtetggergatacgecacggesacgta
gttgtggttagcacccgecgattgetotecteocaacgtcgecaccagaaactggiggaagaagcaccggegecgtttctgagegaageccagaccgaac
agctgtatagetetagtaaagegattetgaaagaagecyggttacgtgggogeeggtacggttcqgastttetgytgggeatgyatggcaccattagett
tctggaagttaacaccogtetgecaagttgaacatccggtgaccgaagaagttgeggocatgatectggtoegegaaatetttegtategecazatgge
gazgaactgggttacgatgatccggcgcecteocogeggtecacagetttgaatttecgtattaatggegaagatececgggecgtegttttetgeecggegeecge
gceccgtgacgoigttcgatgcaccgaccecogtecgggeg-tegstetggatgeoeggtotggzaagtggtagegttattgocecggecatgggatagect
gctggcgaaactgategttaccggtocgtacgegegecgaagecctgecaacgtgeageacgtgecctggatgaatttacecgtggaaggcatgoogaco
gccattccocgtttecatecgecaccgtyggttegtgatecggeattegecgecggaactgaccyggetctaccgatecegttecacegtgeacacgogetogateg
aaaccgaatttgitaacgaaatcasaccgtIcaccacgoeggeggataccgaaacggatgzagazagtgotegegaaacggtggttgtggasgtyggg
cggtaaacgtcectggaagtttctetgecgaccagectgggtatsagtetggegegtaceggtectggeggecggegeecegteocgaaacgtegegcageg
aazaaatchtyggtacggocgeaageggtgatacectggaocagtocagatgeagggeacgattgngasaataccagtggaacaaggtcaggaagtgecago
aaggecgatctgattgttgtgotggaagegatgaaaatggaacagcegotgaatgececategtageggeaccatcaaagecctyacggoecgasgtyggg
tgcatctctgaccagtggegeggecatttocgasatcaaagattaaagatetgeggeegeatetagaaataattttgtttaactttaagaaggagat

cocalyg

caggtagcgcacgtygcagtggaaasacagcacgegaaaggtazactgacggecegegaacgtategatetgetgetggatgaaggecagttttgttga
actggatgaatttgcacgeccaccgtagecaccaactttggrctggatgecgaatecgeccgtatggegatggtgtggttacecggttacggtacggtggat
cgctgaaaacgggcetgccegotggttggtattaacgatagegycggtgeecgecatecaggaaggtgtitgectetetggecgegtatggegazatett
tecgeegtaataccecatgegagtggegtgat-ecegeagatcagectggtggttggtecgtgtgegggeggtgecgtttacmectecggecattaccgat
tttacggtygatygttygatcagaccegteacatyticattacygggeceyggatytgatcaaazcegttacgugeygaagatetgggttttygaagzactyy
gcggtgcacgtzcccacaacageacgtetogegttgegeatescatggecgytgatgaaasagatgecgtggaatatgt—aaacagetgetsagtta
cctgecgagecazcaatochgt

gattctgcaaatcagecgtacgatatgeacagtygtgattgaacacgttetyggatygatgegy aacccageegcetgtttge
ttctgacgggttteggtegtotggeaggtecgtecggtgggtategttgecaaatcagecgatgecagtttgegggttgectggatattacegectetga
aazagaggaaagatttgrngagtacetgtgangagttcaacgtgaaggttatgacgttitgtggatgttecacggaettactoaacgggtgttgataaggaa
catgatggecattatcecgeegtggtgcgaaactgattittgegtatgecgaagcaacogtgocgetgattacegttatcacgegcaaagecattoggey
gtgcgtacgatgtgatgggcageacacatecigggtgecgatctgaacctggecatggecgacegeacagatecgeagtgatgggegegecagggtgeegt
taztattohtgerocgengtacocatageagatgoaggtigatgatgeagaagagacgagageaagtatgattcaggaatatgaagatgogetgetgaan
ccgtatacegeasgeggaacgtggttacgtogatgeggttattatgecgagegataccegecgteatategtgegtggtetgegtecagezgegtacga
aacgtgaatctctgccecgecegaaaacacaccgtaatattcegetgtaa

Figure 16: Forward primer for PrpE (SEQ.ID NO: 16)
AAACTGCAGAGGAGGACAGCTATGTCTTTTAGCGAATTTTATCAG
Figure 17: Reverse primer for PrpE (SEQ.ID NO 17)

AAAGGATCCCTATTCTTCGATCGCCTGGCGAATTTG

Figure 18: MMAT domain sequence [rom Mycobacterium bovis BCG (SEQ.ID NO: 18)

LVECLREVADGDALYDAAVGHGDRGPVWV FSGQGEQWARAMG I QL LASKPVEAAT LALLEP
VIAAESGESVTEAITACQTVTGIDEVQPAVFAVOVALAATMEQTYGVRPGAVVGHSMGES
AARVVAGALSLEDAARVICRRSKLMTRIAGAGAMCGSVELPAKQVNSELMARSIDDVVVSY
VASFOSTVIGGTSDTVRDLIARWEDRDVMAREVAVDVASHS POVDPILUDLAAALADIAP
MTPXVPYYSATLZDPRZQPVICGAYRVDNLRNTVQFAAAVQAAMEDGYRVEAELSPHEPLL
THAVEQTGRSLDMSVAALAGMRREDPLPHG. RGLLTELHRAGAALDY SALYPAGRLVDAP
LPAWTHARLFIDDDGOZORADGA
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Figure 19: Protein sequence for the Mycobacterium bovis BCG MAS (YP 979046) (SEQ.ID
NO: 19)

MESRVTPVAVIGMGCRLZGGINSPDKLWESLLRGDDLVTEIPPDRWDADDYYDPEPGVPGRSVSRWGGFL
ODVAGFDARFFPGISEREATSIDPQORLLLETSWEATRHAGLDPASLAGSSTAVETGLTHEDYLVLTTTAG
GLASPYVVTGLNNSVASCRIAHTLGLAGPAMTFDTACSSGLMAVEZLACRSLHDGEADLALACGCAVLLEP
HACVAASAQGMLSSTGRCHSFDADADGEVRSECCAMVLLKRLPDALREGNRIFAVVRGTATNCCGRTETL
TMPSEDAQVAVYRAALAAAGYVQPETVGVVIAHGTGTPIGDPIEYRELARVYGAGTPCALGSARKSNMGHST
ASAGTVGLIKAILSLRHGVVPPLLHEFNRLPDELSDVETGLEVPOQAVIFWPNGNDHTPKRVAVSSEFGMSGT
NVHAIVEEAPAEASAPESSPGDAEVGPRLFMLSSTSSDALRQTARQLATWVEEHQDCVAASDLAYTLARG
RAHRPVRTAVVAANLPELVEGLREVADGDALY DAAVGHGDRGPVWVESGQGSQWAAMGTQLLASEPVIAA
TIAKLEPVIAAESGESVIEALITAQQTVIGIDKVCPAVEFAVOQVALAATMEQTYGCVRPGAVVGHSMGESAAL
VVAGALSLEDAARVICRRSKLMTRIAGAGAMGSVELPAKQVNSELMARGIDDVVVSVVASPOSTVIGGTS
DTVRCLIARWEQRDVMAREVAVDVASIISPQVDPILDDLAAALADIAPMTPKVPYYSATLIDPREQPVCDG
AYWVENLRNTVOFAAAVOAAMEDGYRVFAZLSPHPLLTHAVEQTGRS_DMSVAALAGMRREQFPLPHGLRG
LLTELHRAGAALDYSALYPAGRLVDAPLPAWTHARLFIDDDGOEQRACGACT ZTVHPLLGSHVRLTEEPE
RHVWQGDVGTSVLSWLEDHQVHNVAALPGAAYCEMALAAAAEVFGEAAEVRDITFEQMLLLDEQTPIDAV
ASIDAPGVVNETVETNRDGETTRHATAALRAARDDCPPPGYDITALLCAHPHAVNGTAMRESFAERGVTL
GAAFGGLTTAHTAEAGAATVLAEVALPASIRFQOGAYRIHPALLDACFQSVGAGVQAGTATCGLLLPLGY
RELRAYGPTRNARYCYTRLTKAFNDGTRGGEADLDY LDEHGTVLLAVRGLRMGTGTSERDERDRLVSERL
LTLCWOQRALPEVGDGEAGSWLLIDTSNAVDTPDMLASTLTDALKEHGPQGTECASLSWSVEDTPPNDQA
GLEKLGSQLRGRDGVVIVYGPRVGDPDEHSLLAGREQVRHLVRITREZAEFEGELPRLFVVTRQAQIVKP
ADSCERANLEQAGLRGLLRVISSEHPMLRTTLIDVDEHTDVERVAQQ_LSCSEEDETAWRNGDWYVARLT
PSPLGHEERRTAVLDPDHDGMRVQVRRPGDLQTLEFVASDRVPPGPCCIEVAVSMSSINFADVLIAFGRE
PITDDREPQLGMDEVGVVTAVGEGVTGHOVGDRVGGFSEGGCHWRTFLTCDANLAVTLPPGLTDEQATTAA
PAHATAWYGLNDLAD LKAGDKYLLHSATGCOVOQAALS LARAKCAL LFATACGNPAKRAMLADMCVEHVYDS
RSVEFAEQIRRDTDGYGVLIVLNSLTGAAQRAGLELLAFGGREFVEICKADVYGNTRLGLEPTFRRGLTFYY
LDLALMSVTQPDRVRELLATVFRKLTADGVLTAPQCTHY PLARAADATRAMSNAEHTGKLVLDVPRSGRRS
VAVIPEQAPLYRRDGSY I ITGGLGGLGLEFFASKLAAAGCGRIVLTARSQPNPKARQTIEGLRAAGADIVV
ECGNIAEPDTADRLVSAATATGLPLRGVLIEISAAVVEDATLTNITDELIDRDWSPKVEFGSWNLHRATLGQP
LDWFCLFSSGAALLGSPGCGAYAAANSWVDVFAHWRRAQGLPVSATAWGAWGEVGRATFLAEGGETIMITP
EEGAYAFETLVRHDRAYSGYIPILGAPWLADLVRRSPWGEMEASTGORSRGPSKEFRMELLSLECDEWAGR
LRRLLVEQASVILRRTIDADRSFIEYGLDSLGMLEMRTHVETETGIR.TPKV_ATNNTARALAQYLADTL
AEEQAAAPAAS

Figure 20: Codon-optimized MMAT domain DNA scquence from Mycobacterium bovis BCG
(SEQ.ID NO: 20)

CTGETGEAAGGCCTGCETGAACTTGCCOCATGETGATGCCACTGTATGATGCAGCAGTGGETCATSGCGAT

CGTGGETCCGGTTTGEGTSTTTAGCGGCCAGGGTTCTCAGTGGECAGCGATGGGCACCCAGCTGCTGGCAAGCGAR
CCGETTTTTGCCGCAACGATTCCAAAACTGGAACCHEGTGATCGCGGCCGARAGTGGOTTCAGCETTACCGARGCA
ATTACGGCGCAGCAGACIGTGACGGGTATCGATARAGTGCAGCCGGCCGTITTTCGCAGTTCAGGTGGUGCTGGCA
GCGACGATGGAACAGACGTACGGCGTTCGTCCGGETGCAGTGGTTGCTCACAGTATGGETCAARGCGUCGTAGCE
GTGGTTGCAGGCGCCCTGAGTCTGGAAGATGCCGCACGTGTGATTTCCCSTCGCAGCAAACTGATGACCCETATC

GATGATGIGGTTGTGTCTIGTTCTGGCGTCTCCGCAGAGTACCGTGATTGGCGGCACCAGTCATACGGTTCGTGAT
CTCGATCGLGCE I GEGAACAGCGCEATGIGATGGLCECECGAAG T IGCCCETIGCGATGITGCAAGCCAT T PCCGCAG
GTTGATCCGATTCTGGATGATCTGGCGGCGGCACTGGCAGATATTGCACCGATCACCCCGAAASTGCCGTATTAL
AGCGCGACGCTGITTGATCCGCGTGAACAGCTGETHTCTGATGECGCCTATTGERGTTGATAACCTGCGCAATACT
GTGCAGTITGCGGCGGCAGTTCAGGCGGCGATGGARGATGGTTACCETGTGTTCGCGGAACTGICTCCGCATCCG
GAACAGCCGCTGCCGCATGGCCTGCGTGETCTGCTGACCGAACTGCACCGTGCAGGTGCACCACTGGATTATAGC
GCACTGTACCCGGCAGGTCGTCTGETGGATGCACCGCTGCCGGCATCGACGCACGCACGTCTGITCATCGATGAT
GATGGCCAGGARACAGCGIGCACAGGETGIG
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Figure 21: Alignment of a codon-optimized MMAT domain from Mycobacterium bovis BCG
with the original sequence:

Optimized 1 CTGGTGGAAGGCCTGCGTGAAGTITGCCGATGGTGATGCACTGTATGATGCAGCAGTGGGT
L e e e e NN
Original 1 CTCGTCGAGCGTTTGUGCGAGGTGGCCCACEETGACGCCCTCTATGACGCEGLGGETGGGA

Optimized 61 CATGGCCGATCGTGGTCCGGITTEGGTGTTTAGCGGCCAGGGTTCTCAGTGEGCAGCGATG
A A R A N R
Original 61 CACGETGATCGAGGACCGGTCTGGGTCTTCTCCGGECARGGETCGCACTGEGCAGCGATG

Optimized 121 GGCACCCAGCTGCTGGCAAGCGAACCGGTITTIGCCGCAACGATTGCAAAACTGGAACCG

[ e e N A A
Original 121 GGCACGCAATTGCTCGCCAGCGAARCCAGTGTTCGCGGCCACCATCGCCARCCTGGAGCCG

Optimized 181 GTGATCGCGGCCGAAAGTGCUTTCAGCGTTACCGAAGCAATTACGGCGCACCAGACCGTG
PERLTEEE T [N R RNy
Original 181 GTGATCGCCGCAGRATCGGCATTICTCGGTGACCGAGGCGATAACGGCECACCAGACCGTG

Optimized 241 ACGGGTATCGATAAAGTGCAGCCGGCCGTTTTCECAGTTCAGGTGGCEUTEGCAGCGALG
e e .
Original 241 ACCGCGARTCGACARAGTGCAGCCGGCAGTGTTCGCCGTTCAGGTCGCETTEGCCGCTACC

Optimized 201 ATGGAACAGACGTACGGCGTTCGTCOGGGTGCAGTGETTGGTCACAGTATEGGTGARAGE

R e FPEEETTE
Original 301 ATGGAGCARACCTACGGAGIGCGGCTGGGCGCGGTCGTCGGACACTCGATCGGTGAGTCG

Optimized 361 GCCGCAGCGGTGGTTGCAGGCGCCCTGAGTCTGGAAGATGCCGCACGTGTCATTTGCCST
AR R A [ R
Original 361 GCCGCGGTCGTCCTCGCEGEGGCACTGICGCTCGAGGALCGCGGCGCGCGTCATTTGCCEC

Optimized 421 CGCAGCRAACTGATGACCCGTATCGCAGGTGCAGGTGCGATGGGCAGCGTCGRACTGCCG
b [ e AR PEEEED Tl
Original 421 CGCTCGAAGCTGATGACCCGUATAGUCGGIGCTGGTGCTATGGGCICEETCGAATTGCCC

Optimized 481 GCAARACAGGTTAACTCTGAACTGATGGCGTUGCGGTATTGATGATGTGETTGTSTCTGTT

L R R e ey
Original 481 GCCAAGCAAGTGAATTCCGAGCTGATGGCACGCGGAATCGACCATGTTGTCGTCTCCGTG

Optimized £41 GIGGCGICTCCGCAGAGTACCGIGATTGGCGGCACCACGTGATACGGTTCGTGATCTGATC
PELEERET IR (R R A R A
Original 541 GTGGCGTCCCCGCAATCCACGGTGATCGGCGGTACCACCGACACCGTTCGTGACCICATC

Optimized €01 GCGCGTTGGCGAACAGCGCGATGTIGATGGCGCGCGAAGTTGCCCTGGATGTTGCAAGCCAT
T T T T T O T TR O O B I

Original €01 GCCCGTTGGGAGCAGCGGGACGLGATGECGUGLGAGGIGGCCGEICGEACGICECEICGCAC
Optimized €61 TCTCCGCAGGTTGATCCGATTCTGGATGATCTEGCSGCGGCACTGGCAGATATIGCACTG

e e e e e N
Original €61 TCECCTCAAGTCGATCCGATACTCGACGATTTGGCOGCEGCGCTGECEGACATTGCTCCG

Optimized 721 ATCACCCCCAAAGTCCCCTATTACACCCCCACCCTOTITCGATCCOGCCTCAACAGCCOGTG

AR R R PECE bbb bttt e b ern
Original 721 ATGACGCCCAAGGTGCCGTACTACTCGGCGACCCTSTTCGACCCGCGCGACCAGCCGETG

Oplimized 781 TGTGATGGCGCCTATTGGGTTGATAACCTGCGCAATACCGTGCAGTTTGCCGCGGCAGTT
L A e e e e R A R
Original 781 TGCGATGGCGCTTACTGGGTGGACAATCTGCGCARCACGGTGCAGTTCGCCGCEGCEGTG
Optimized 841 CAGGCGGCGATGGRAGATGGTTACCGTIGTGTTCGCEGAACTGTUTCCGTAT
L R O N R
Original 841 CAGGCTGCGATGGAGGACGGCTACCGGGTCTTCGCIGAGCTGTCGCCOCA

Optimized ¢01 ACCCACGCACGTGGAACAGACGGOTCOGCTCTCTCOGATATCAGTGTTCGCAGCACTOGCCGOT

PECEEEET LD srbe e 1l [N N R RN
Original 901 RCCCACGCCGTCGRACAGACGGGCCGAAGCCTCGACATGTCGGTCGCCGCCCTGGCCGEE
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Optimized 961 ATGCGTCGCGAACAGCCGCTGCCGCATGGCCTGCGTGGTCTGCTGACCGAACTGCACCGT

I e e R
Original 961 ATGCGGCGAGAGCAGCCTCTGCCGCATGGTCTGCGCGGCTTGCTGACGGAGCTGCACCGT

Optimized 1021 GCAGGTGCAGCACTGGATTATAGCGCACTGTACCCGGCAGGTCGTCTIGGTGGATGCACCG

N R R
Original 1021 GCGGGCGCCGCTTTGGACTATTCGGCGCTGTATCCCGCTGGGCGGCTGGTGGATGCGCCG

Optimized 1081 CTGCCGGCATGGACGCACGCACGTCTGITCATCGATGATGATGGCCAGGAACAGCGCGCA

R e R R AN
Original 1081 CTGCCGGCGTGGACCCACGCCCGCCTATTCATCGACGATGATGGGCAAGAACAGCGGGCA

Optimized 1141 CAGGGTGCG

e
Original 1141 CAAGGTGCC
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Figure 22: Protein sequence of Salmonella enterica propionyl CoA synthase PrpE (AAC44817)
(SEQ.ID NO. 21)

MSFSEFYQRSINEPEAFWAEQARRIDWRCPFTQTLDHERPPFARWECGCTTNLCHNAVDRNRDKQPEALA
LIAVSSETDEERTEITESCLADEVNIVAAMLLSLGVORGDRVLVYMPMIARAQITLLACARIGATIIISVVEG
GFASHSVAARIDDARPALIVSADAGARGGKILPYKKLLDDAIAQAQHOPKHVLLVDRGLAKMAWVDGRDL
DEFATLRQOHLGASVPVAWLESNETSCL LY TSGTTGKPRGVORDVGGYAVALATSMDT TFGGKAGGVEECA
SPLGWVVGHSY IVYAPLLAGMAT TVYEGLPIYPDCGVAWKIVEKYQVNRMESAPTALRVLKKEPTAQLRN
HDLSSLEALYLACEPLDEPTASWVTETLCVPVIDNYWQTESCWPIMALARALDDRPSRLCSPCVPMYCYN
VQLLNEVTGEPCGINEKGMLVIEGPLPPGCIQTIWGDDARFVEKTYWSLENRQVYATFDWGIRDAEGYYET
LGRTDDVINIAGHRLGTREIEESISSYPNVAEVAVVGIKDALKGOVAVAFVIPKOSDTLADREAARDEEN
AIMALVDNQIGHEGRPAHVWEVSQLPKTREGKMLRRTIQAICEGRDPGDLTTIDDPASLOOIRQAIEE

Figure 23: DNA sequence of Salmonella enterica propionyl CoA synthase PrpE (SEQ.ID NO.
22)

ATGTCTTTTAGCCAATTTTATCAGCCTTCCATTAACGAACCGGAGGCGTTCTEGGCCGAG
CAGGCCCGGCGTATCGACTGGCGACAGCCGTTTACGCAGACGCTGGATCATAGCCGTCCA
CCOGTTIGCCCECTCETTITGCEGCGECACCACTAACTIATGTCATAACGCCGTCGACCGL
TGGCGGGATAAACAGCCGGAGGLGCTGGCGCTGATTGCCGTCTCATCAGAGACCGATGAA
GAGCGCACATTITACCTTCAGCCAGTTGCATGATGAAGTCAACATTGTGGCCGCCATGTTG
CTGTCGCTGCOCCTGCAGCCTCSCCATCCCCTATTGCTCTATATGCCGATGATTGCCGAA
GCGCAGATAACCCTGCTGGCCTGCGCGCGCATTGGCGCGATCCATTCGCTGGTCTTTGGC
GGITTIGCCTCGCACAGLSTGEUGGLGCGCATTGACGATGCCAGACCGGLGCTGATTIGTG
TCGGCGGATGCCGGAGCGCGGGEGCGGTAAAATCCTGCCGTATAAARAGCTGCTCGATGAC
GCTATTGCGCAGGCGCAGTATCAGCUGAAACACGTTCIGCTGGTGEACAGAGGGCTEECG
AAAATGCECATGGETIGGAL GGGCECCATCTGCAT I IGCCACG I TGCGCCAGCAGCALCTC
GGCGCGAGCGTGCCEGETGECETEGCTGEGAATCCANCGAAACCTCETGCATTCTTTACACC
TCCGGCACTACCGCCAAACCCGAAAGGCCTCCACCGCCGACGTCGGLCCGTTATGCGGTEECG
CTGGCAACCTCGATGGACACCATTTTTGCCGGCAAGGCGGGCGGCETATTICTTTTGCGCA
TCGGATATCGGCTCGGGTCGTCEGCCACTCCTATATCGTTTACGCGCCGTTGCTGGCAGGC
ATGGCGACTATTGTTTACGAAGGACTGCCCACGTACCCGGACTGCGGGETCTCGEGTGGARA
ATTGTCGAGAAATACCAGGTTAACCGGATGTTTTCCGCCCCGACCGCGATTCGLGTGLTG
AARAAATTCCCGACGGCGCAAATCCGCAATCACGATCTCTCCTCGETGGAGGCGCTTTAT
CTGGCCEETCAGCCGCTGUACCAGCCGACGGCCAGTTGGGTAACGGAGACGCTGGGCGTA
CCGGTCATCGACAATTATTGGCAGACGGAGTCCGGCTGGCCGATCATGCCGCTGGCLCGC
GCGCTGGACCGACAGGCCGTCGCETCTGGGAAGTCCCGGCGTECCGATGTACGGTTATAAC
GTCCAGCTACTCAATGAAGTCACCGGCGAACCTTGCGGCATAAATGAAALAGGCGGATGCTG
GTGATCGAAGGGCCGCTGCCGCCGGECTGTATTCAGACTATTTGGGGCCGACGATGCGEGT
TIIGTCGAAGACTTACTGCICGCIG I TAACCGICAGG LT ALTGCCACT T ICCACTGEGEGA
ATCCGCGACGCCEAGGGGETATTACTTTATTCTGGGCCETACCGATGATGTGATTAATATT
GCGGGTICATCEGCTCGCCACCGCGAGAAATACAACAAACTATCTCCAGCTACCCGAACGTA
GCGGARAGTGCGIGGTAGTGOGGATARRAGACGCCTCTGARAGGGCAGCTACCGGTGGCETTT
GTCATTCCGAAGCAGAGCGATACGCTIGGCGGATCGCGAGGCGGCGCGCCACGAGGAAAAC
GCGATTATGGCGCTGGTGGACAACCAGATCGGTCACTTITGGTCGTCCGCECGCATGTCTGG
TTTGTTTCGCAGCTCCCCAAAATGCETTCCGGARAGATGCTTICGCCGCACGATCCAGGCG
ATCTGCGAAGGCCGCGATCCGEGCGATCTGACAACCATTGACGATCCCGLGTCGTTGCAG
CAAATTCGCCAGCCGATCCAACAA



Patent Application Publication

Jul. 7,2011 Sheet 11 of 14

Figure 24

US 2011/0166370 A1

Methylmalonyl-CoA, ng/mi

100

80

60

40

20

Control

MUtAB Epi

Sbm

Sbm/Mmat

Figure 25

—_ -
o [9)]

Methylmalonyl-CoA, ng/ml
&)

Control

Pcc




Patent Application Publication Jul. 7,2011 Sheet 12 of 14 US 2011/0166370 A1

Figure 26

Peak 55 ,
Peak 54 ~:i "1




Patent Application Publication Jul. 7,2011 Sheet 13 of 14 US 2011/0166370 A1

Figure 27

C8 cio C11 C12 C13 C14 C15 C16 C17 C18 C19




Patent Application Publication Jul. 7,2011 Sheet 14 of 14 US 2011/0166370 A1

Figure 28

Pk Tise - sample "B oy 1210 4 resarrpls”, prak 54, a4 3302, 7.020 ser | sen

400 2
3
3
3

[t
£y
B el
<

S04 163
i i
o i
i i
Lk Lt

i

f)g‘ -4
By
o
fis

Peak Tiue -~ sanple TR

140

i

o2
:
o i
ey i o
1 18y
154 H ?
1 W S ‘ 4
. N i N L £ 2L
e e & ety ftogb byt e ot gt R s a st
T I T i T T

14 165 1
Pegh Yrus - sampls T8 oxo 1210

320 PG

RN

5
35

h

VRV STV
P
a0
153

i 13
FAPE R b b

343 150 $%



US 2011/0166370 Al

SCATTERED BRANCHED-CHAIN FATTY
ACIDS AND BIOLOGICAL PRODUCTION
THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS AND INCORPORATION BY
REFERENCE

[0001] This application claims priority to U.S. Provisional
Patent Application No. 61/294,274, filed Jan. 12, 2010, which
is hereby incorporated by reference in its entirety.

FIELD OF THE INVENTION

[0002] The invention relates to cells and methods for pro-
ducing fatty acids, and more particularly relates to cells and
methods for producing scattered branched-chain fatty acids.

BACKGROUND OF THE INVENTION

[0003] Branched-chain fatty acids are carboxylic acids
with a methyl or ethyl branch on one or more carbons that can
be either chemically synthesized or isolated from certain
animals and bacteria. While certain bacteria, such as Escheri-
chia coli, do not naturally produce branched-chain fatty acids,
some bacteria, such as members of the genera Bacillus and
Streptomyces, can naturally produce these fatty acids. For
example, Streptomyces avermitilis and Bacillus subtilis both
produce branched-chain fatty acids with from 14 to 17 total
carbons, with the branches in the iso and anteiso positions
(Cropp et al., Can. J. Microbiology 46: 506-14 (2000); De
Mendoza et al., Biosynthesis and Function of Membrane
Lipids, in Bacillus subtilis and Other Gram-Positive Bacteria,
Sonenshein and Losick, eds., American Society for Microbi-
ology (1993)). However, these organisms do not produce
branched-chain fatty acids in amounts that are commercially
useful. Another limitation of these natural organisms is that
they apparently do not produce medium-chain branched-
chain fatty acids, such as those with 11 or 13 carbons. In
addition, if fatty acids having particular chain lengths,
branches on particular carbons, or branches at positions other
than the iso and anteiso positions are desired, these fatty acids
may not be available or easily isolated from a natural organ-
ism in meaningful quantities.

[0004] As such, there remains a need for commercially
useful, bacterially-produced, branched-chain fatty acids. In
addition, there remains a need for a method of producing such
branched-chain fatty acids.

SUMMARY OF THE INVENTION

[0005] Methods and cells for producing scattered
branched-chain fatty acids are provided. In certain embodi-
ments, the method for producing branched-chain fatty acids
in a cell includes expressing in the cell one or more recom-
binant polypeptides that catalyze the conversion of methyl-
malonyl-CoA to methylmalonyl-ACP; and culturing the cell
under conditions suitable for producing the polypeptide, such
that branched-chain fatty acids are produced.

[0006] Also provided is a method for producing branched-
chain fatty acids in a cell, the method including expressing in
the cell one or more recombinant polypeptides that increase
the production of methylmalonyl-CoA in the cell; and cultur-
ing the cell under conditions suitable for producing the
recombinant polypeptide, such that branched-chain fatty
acids are produced.
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[0007] In certain embodiments, a method for producing
branched-chain fatty acids in a cell is provided, the method
including expressing in the cell a polypeptide that has pro-
pionyl-CoA synthetase activity; inhibiting propionylation of
the propionyl-CoA synthetase; and culturing the cell under
conditions suitable for producing the polypeptide, such that
branched-chain fatty acids are produced.

[0008] Further provided is a method for producing
branched-chain fatty acids in a cell, the method including
expressing in the cell a polypeptide that has methylmalonyl-
CoA mutase activity; expressing in a cell a polypeptide that
has methylmalonyl-CoA epimerase activity; and culturing
the cell under conditions suitable for producing the polypep-
tides, such that branched-chain fatty acids are produced.
[0009] A composition comprising a mixture of biologi-
cally-produced branched-chain fatty acids is also provided.
The composition can include branched-chain fatty acids hav-
ing a chain length of C12 to C16 and from about 1 to about 3
methyl branches positioned on one or more even-numbered
carbons.

[0010] In certain embodiments, a method for producing
branched-chain fatty acids in a cell is provided, the method
including expressing in the cell one or more recombinant
polypeptides that increase the production of methylmalonyl-
CoA in the cell; expressing in the cell a recombinant polypep-
tide that catalyzes the conversion of methylmalonyl-CoA to
methylmalonyl-ACP; and culturing the cell under conditions
suitable for producing the recombinant polypeptide, such that
branched-chain fatty acids are produced.

[0011] In addition, in certain embodiments, a method for
producing branched-chain fatty acids in a cell is provided, the
method including expressing in the cell one or more recom-
binant polypeptides that increase the production of methyl-
malonyl-CoA in the cell; expressing in the cell a recombinant
polypeptide that catalyzes the conversion of methylmalonyl-
CoA to methylmalonyl-ACP; expressing in the cell a recom-
binant thioesterase; and culturing the cell under conditions
suitable for producing the recombinant polypeptide, such that
branched-chain fatty acids are produced.

[0012] Also provided is a method for producing branched-
chain fatty acids in a cell, the branched-chain fatty acids
having a chain length from about 10 to 18 carbons and
branching at the second carbon. The method includes modi-
fying the cell to increase carbon flow to methylmalonyl-CoA;
and culturing the cell under conditions suitable for carbon
flow to methylmalonyl-CoA to be increased, such that
branched-chain fatty acids having a chain length from about
10to about 18 carbons and branching at the second carbon are
produced. In certain embodiments, the branching can be on
the fourth, sixth, eighth, tenth, or twelfth carbon.

[0013] In certain embodiments, a method for producing
branched-chain fatty acids in a cell is provided, the branched-
chain fatty acids having a chain length from about 10 to 18
carbons and branching at the second carbon. The method
includes modifying the cell to generate methylmalonyl-ACP
from methylmalonyl-CoA; and culturing the cell under con-
ditions suitable for generation of methylmalonyl-ACP from
methylmalonyl-CoA, such that branched-chain fatty acids
having a chain length from about 10 to about 18 carbons and
branching at the second carbon are produced. In certain
embodiments, the branching can be on the fourth, sixth,
eighth, tenth, or twelfth carbon.

[0014] A method for producing modified fatty acids in a
cell is also provided, the method including providing a cell
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having type II fatty acid synthase activity; expressing in the
cell one or more recombinant polypeptides that catalyze for-
mation of at least one intermediate metabolite, wherein the at
least one intermediate metabolite is incorporated by the type
11 fatty acid synthase; and culturing the cell under conditions
suitable for producing the recombinant polypeptide, such that
modified fatty acids are produced.

[0015] Further provided is an Escherichia cell that pro-
duces branched-chain fatty acids having a chain length from
about 10 to about 18 carbons and comprising one or more
methyl branches on one or more even-numbered carbons.
[0016] The invention further provides a method for produc-
ing branched-chain fatty acid comprising a methyl on one or
more even number carbons. The method comprises culturing
a cell comprising (aa) an exogenous or overexpressed poly-
nucleotide comprising a nucleic acid sequence encoding a
polypeptide that catalyzes the conversion of propionyl-CoA
to methylmalonyl-CoA and/or (bb) an exogenous or overex-
pressed polynucleotide comprising a nucleic acid sequence
encoding a polypeptide that catalyzes the conversion of suc-
cinyl-CoA to methylmalonyl-CoA. The cell is cultured under
conditions allowing expression of the polynucleotide(s) and
production of branched-chain fatty acid. Optionally, the
method further comprises extracting from the culture the
branched-chain fatty acid or a product of the branched-chain
fatty acid. Also provided is a cell comprising (i) an exogenous
or overexpressed polynucleotide comprising a nucleic acid
sequence encoding an acyl transferase lacking polyketide
synthesis activity, and (ii) an exogenous or overexpressed
polynucleotide comprising a nucleic acid sequence encoding
a propionyl-CoA carboxylase and/or an exogenous or over-
expressed polynucleotide comprising a nucleic acid sequence
encoding a methylmalonyl-Co A mutase, which are expressed
in the cell. The cell produces more branched-chain fatty acid
comprising a methyl on one or more even number carbons
than an otherwise similar cell that does not comprise the
polynucleotide(s).

[0017] The following numbered paragraphs each suc-
cinctly define one or more exemplary variations of the inven-
tion:

[0018] 1. A method for producing branched-chain fatty
acid comprising a methyl on one or more even number car-
bons, the method comprising culturing a cell comprising
[0019] (aa) an exogenous or overexpressed polynucleotide
comprising a nucleic acid sequence encoding a polypeptide
that catalyzes the conversion of propionyl-CoA to methylma-
lonyl-CoA and/or (bb) an exogenous or overexpressed poly-
nucleotide comprising a nucleic acid sequence encoding a
polypeptide that catalyzes the conversion of succinyl-CoA to
methylmalonyl-CoA, under conditions allowing expression
of the polynucleotide(s) and production of branched-chain
fatty acid, wherein the cell produces more fatty acid compris-
ing a methyl on one or more even number carbons than an
otherwise similar cell that does not comprise the polynucle-
otide(s).

[0020] 2. The method of paragraph 1 further comprising
extracting from culture the branched-chain fatty acid or a
product of the branched-chain fatty acid.

[0021] 3. The method of paragraph 1 or paragraph 2,
wherein the polypeptide that catalyzes the conversion of pro-
pionyl-CoA to methylmalonyl-CoA is a propionyl-CoA car-
boxylase and/or the polypeptide that catalyzes the conversion
of'succinyl-CoA to methylmalonyl-CoA is a methylmalonyl-
CoA mutase.
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[0022] 4. The method of paragraph 3, wherein (i) the pro-
pionyl-CoA carboxylase is Streptomyces coelicolor PccB
and AccAl or PccB and AccA2 and/or (ii) the methylmalo-
nyl-CoA mutase is Janibacter sp. HTCC2649 methylmalo-
nyl-CoA mutase, S. cinnamonensis MutA and MutB, or E.
coli Sbm.

[0023] 5. The method of paragraph 3, wherein (i) the meth-
ylmalonyl-CoA mutase comprises an amino acid sequence
having at least about 80% sequence identity to the amino acid
sequence set forth in SEQ ID NOs: 3, 4, or 28 and/or (ii) the
propionyl-CoA carboxylase comprises an amino acid
sequence having at least about 80% sequence identity to the
amino acid sequence set forth in SEQ ID NOs: 9 and 10.
[0024] 6. The method of any one of paragraphs 3-5,
wherein the cell comprises an exogenous or overexpressed
polynucleotide comprising a nucleic acid sequence encoding
a methylmalonyl-CoA mutase and further comprises an
exogenous or overexpressed polynucleotide comprising a
nucleic acid sequence encoding a methylmalonyl-CoA epi-
merase.

[0025] 7. The method of any one of paragraphs 1-6,
wherein the cell further comprises an exogenous or overex-
pressed polynucleotide encoding an acyl transferase lacking
polyketide synthesis activity and/or an exogenous or overex-
pressed polynucleotide comprising a nucleic acid sequence
encoding a thioesterase.

[0026] 8. The method of paragraph 7, wherein the acyl
transferase is FabD, an acyl transferase domain of a
polyketide synthase, or an acyl transferase domain of Myco-
bacterium mycocerosic acid synthase.

[0027] 9. The method of any one of paragraphs 1-8,
wherein the cell has been modified to attenuate endogenous
methylmalonyl-CoA mutase activity, endogenous methylma-
lonyl-CoA decarboxylase activity, and/or endogenous acyl
transferase activity.

[0028] 10. The method of any one of paragraphs 1-9,
wherein the cell produces a Type I fatty acid synthase.
[0029] 11. The method of any one of paragraphs 1-10,
wherein the cell is Escherichia coli.

[0030] 12. A branched-chain fatty acid produced by the
method of any one of paragraphs 1-11.

[0031] 13. A cell comprising: (i) an exogenous or overex-
pressed polynucleotide comprising a nucleic acid sequence
encoding an acyl transferase lacking polyketide synthesis
activity, and (ii) an exogenous or overexpressed polynucle-
otide comprising a nucleic acid sequence encoding a propio-
nyl-CoA carboxylase and/or an exogenous or overexpressed
polynucleotide comprising a nucleic acid sequence encoding
amethylmalonyl-CoA mutase, wherein the polynucleotide(s)
are expressed and the cell produces more branched-chain
fatty acid comprising a methyl on one or more even number
carbons than an otherwise similar cell that does not comprise
the polynucleotide(s).

[0032] 14.The cell of paragraph 13, wherein (i) the propio-
nyl-CoA carboxylase is Streptomyces coelicolor PccB and
AccAl or PccB and AccA2 and/or (ii) the methylmalonyl-
CoA mutase is Janibacter sp. HTCC2649 methylmalonyl-
CoA mutase, S. cinnamonensis MutA and MutB, or E. coli
Sbm.

[0033] 15. The cell of paragraph 13, wherein (i) the meth-
ylmalonyl-CoA mutase comprises an amino acid sequence
having at least about 80% sequence identity to the amino acid
sequence set forth in SEQ ID NOs: 3, 4, or 28 and/or (ii) the
propionyl-CoA carboxylase comprises an amino acid
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sequence having at least about 80% sequence identity to the
amino acid sequence set forth in SEQ ID NOs: 9 and 10.
[0034] 16.Thecell of any one of paragraphs 13-15, wherein
the cell comprises an exogenous or overexpressed polynucle-
otide comprising a nucleic acid sequence encoding a meth-
ylmalonyl-CoA mutase and further comprises an exogenous
or overexpressed polynucleotide comprising a nucleic acid
sequence encoding a methylmalonyl-CoA epimerase.
[0035] 17.Thecell of any one of paragraphs 13-16, wherein
the acyl transferase is FabD, an acyl transferase domain of a
polyketide synthase, or an acyl transferase domain of Myco-
bacterium mycocerosic acid synthase.

[0036] 18.Thecell of any one of paragraphs 13-17, wherein
the cell further comprises an exogenous or overexpressed
polynucleotide comprises a nucleic acid sequence encoding a
thioesterase.

[0037] 19.Thecell of any one of paragraphs 13-18, wherein
the cell has been modified to attenuate endogenous methyl-
malonyl-CoA mutase activity, endogenous methylmalonyl-
CoA decarboxylase activity, and/or endogenous acyl trans-
ferase activity.

[0038] 20.Thecell of any one of paragraphs 13-19, wherein
the cell is Escherichia coli.

[0039] 21. A method for producing branched-chain fatty
acids in a cell comprising: a. expressing in the cell one or
more recombinant polypeptides that catalyze the conversion
of methylmalonyl-CoA to methylmalonyl-ACP; and b. cul-
turing the cell under conditions suitable for producing the
polypeptide, such that branched-chain fatty acids are pro-
duced.

[0040] 22. The method of paragraph 21, wherein the
polypeptide is an acyl transferase.

[0041] 23. The method of paragraph 21, wherein the
polypeptide is encoded by fabD.

[0042] 24. The method of paragraph 22, wherein the
polypeptide is a polyketide synthase or a portion thereof.
[0043] 25. The method of paragraph 21, wherein the
polypeptide is a Mycobacterium mycocerosic acid synthase
or a portion thereof

[0044] 26. The method of paragraph 21, wherein the
polypeptide has at least about 60% sequence identity to a
sequence set forth in SEQ ID NO: 19.

[0045] 27. The method of paragraph 21, wherein the
method further includes expressing in the cell a polypeptide
that encodes an exogenous thioesterase.

[0046] 28. The method of paragraph 21, wherein the cell is
an Escherichia cell.

[0047] 29. The method of paragraph 21, wherein the cell
produces higher levels of branched-chain fatty acids after
expression of the polypeptide than it did prior to expression of
the polypeptide.

[0048] 30. The method of paragraph 21, wherein the
branched-chain fatty acids comprise one or more methyl
branches.

[0049] 31.The method of paragraph 30, wherein the one or
more methyl branches are on even numbered carbons.
[0050] 32. The method of paragraph 21, wherein the
branched-chain fatty acids are not naturally produced in the
cell.

[0051] 33. Branched-chain fatty acids produced by the
method of paragraph 21.

[0052] 34. A cell comprising at least one recombinant
polypeptide that catalyzes the conversion of methylmalonyl-
CoA to methylmalonyl-ACP, wherein the cell comprising the
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recombinant polypeptide produces more branched-chain
fatty acids than an otherwise similar cell that does not com-
prise the recombinant polypeptide.

[0053] 35. A method for producing branched-chain fatty
acids in a cell comprising: a. expressing in the cell one or
more recombinant polypeptides that increase the production
of methylmalonyl-CoA in the cell; and b. culturing the cell
under conditions suitable for producing the recombinant
polypeptide, such that branched-chain fatty acids are pro-
duced.

[0054] 36. The method of paragraph 35, wherein expres-
sion of the polypeptide results in increased propionyl-CoA
synthetase activity in the cell.

[0055] 37. The method of paragraph 35, wherein the
polypeptide has propionyl-CoA carboxylase activity.

[0056] 38. The method of paragraph 35, wherein the
polypeptide has at least about 60% sequence identity to a
sequence set forth in SEQ ID NO: 9 or SEQ ID NO: 10.
[0057] 39. The method of paragraph 35, wherein the
method further includes expressing in the cell a polypeptide
that encodes an exogenous thioesterase.

[0058] 40. The method of paragraph 35, wherein the cell is
an Escherichia cell.

[0059] 41. The method of paragraph 35, wherein the cell
produces higher levels of branched-chain fatty acids after
expression of the polypeptide than it did prior to expression of
the polypeptide.

[0060] 42. The method of paragraph 35, wherein the
branched-chain fatty acids comprise one or more methyl
branches.

[0061] 43.The method of paragraph 42, wherein the one or
more methyl branches are on even numbered carbons.
[0062] 44. The method of paragraph 35, wherein the
branched-chain fatty acids are not naturally produced in the
cell.

[0063] 45. Branched-chain fatty acids produced by the
method of paragraph 35.

[0064] 46. A cell comprising at least one recombinant
polypeptide that increases the production of methylmalonyl-
CoA in the cell, wherein the cell comprising the recombinant
polypeptide produces more branched-chain fatty acids than
an otherwise similar cell that does not comprise the recom-
binant polypeptide.

[0065] 47. A method for producing branched-chain fatty
acids in a cell comprising: a. expressing in the cell a polypep-
tide that has propionyl-CoA synthetase activity; b. inhibiting
propionylation of the propionyl-CoA synthetase; and c. cul-
turing the cell under conditions suitable for producing the
polypeptide, such that branched-chain fatty acids are pro-
duced.

[0066] 48. The method of paragraph 47, wherein the
polypeptide does not include a lysine that is subject to pro-
pionylation.

[0067] 49. The method of paragraph 47, wherein step ¢)
includes providing a source of resveratrol into a culture
medium used to culture the cell.

[0068] 50. The method of paragraph 47, wherein the cell
does not include an N-acetyltransferase enzyme responsible
for propionylation of the propionyl-CoA synthetase.

[0069] 51. The method of paragraph 47, wherein the
polypeptide has at least about 60% sequence identity to the
protein encoded by SEQ ID NO: 22.
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[0070] 52. The method of paragraph 47, wherein the cell
contains increased enzymatic activity for removal of propio-
nyl groups from one or more lysine residues of propionyl-
CoA synthetase.

[0071] 53. The method of paragraph 47, wherein the
method further includes expressing in the cell a polypeptide
that encodes an exogenous thioesterase.

[0072] 54.The method of paragraph 47, wherein the cell is
an Escherichia cell.

[0073] 55. The method of paragraph 47, wherein the cell
produces higher levels of branched-chain fatty acids after
expression of the polypeptide than it did prior to expression of
the polypeptide.

[0074] 56. The method of paragraph 47, wherein the
branched-chain fatty acids comprise one or more methyl
branches.

[0075] 57.The method of paragraph 56, wherein the one or
more methyl branches are on even numbered carbons.
[0076] 58. The method of paragraph 47, wherein the
branched-chain fatty acids are not naturally produced in the
cell.

[0077] 59. Branched-chain fatty acids produced by the
method of paragraph 47.

[0078] 60. A method for producing branched-chain fatty
acids in a cell comprising: a. expressing in the cell a polypep-
tide that has methylmalonyl-Co A mutase activity; b. express-
ing in a cell a polypeptide that has methylmalonyl-CoA epi-
merase activity; and c. culturing the cell under conditions
suitable for producing the polypeptides, such that branched-
chain fatty acids are produced.

[0079] 61. The method of paragraph 60, wherein the meth-
ylmalonyl-CoA mutase polypeptide has at least about 60%
sequence identity to a sequence set forth in SEQ ID NO: 3 or
SEQ ID NO: 4.

[0080] 62. The method of paragraph 60, wherein the meth-
ylmalonyl-CoA epimerase polypeptide has at least about
60% sequence identity to a sequence set forth in SEQ ID NO:
6.

[0081] 63. The method of paragraph 60, wherein the
method further includes expressing in the cell a polypeptide
that encodes an exogenous thioesterase.

[0082] 64. The method of paragraph 60, wherein the cell is
an Escherichia cell.

[0083] 65. The method of paragraph 60, wherein the cell
produces higher levels of branched-chain fatty acids after
expression of the polypeptide than it did prior to expression of
the polypeptide.

[0084] 66. The method of paragraph 60, wherein the
branched-chain fatty acids comprise one or more methyl
branches.

[0085] 67. The method of paragraph 66, wherein the one or
more methyl branches are on even numbered carbons.
[0086] 68. The method of paragraph 60, wherein the
branched-chain fatty acids are not naturally produced in the
cell.

[0087] 69. Branched-chain fatty acids produced by the
method of paragraph 60.

[0088] 70. A cell comprising recombinant polypeptides
having methylmalonyl-CoA mutase activity and methylma-
lonyl-CoA epimerase activity, wherein the cell comprising
the recombinant polypeptides produces more branched-chain
fatty acids than an otherwise similar cell that does not com-
prise the recombinant polypeptide.
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[0089] 71.A composition comprising a mixture of biologi-
cally-produced branched-chain fatty acids, the branched-
chain fatty acids having a chain length of C12to C16 and from
about 1 to about 3 methyl branches positioned on one or more
even-numbered carbons.

[0090] 72. A method for producing branched-chain fatty
acids in a cell comprising: a. expressing in the cell one or
more recombinant polypeptides that increase the production
of methylmalonyl-CoA in the cell; b. expressing in the cell a
recombinant polypeptide that catalyzes the conversion of
methylmalonyl-CoA to methylmalonyl-ACP; and c. cultur-
ing the cell under conditions suitable for producing the
recombinant polypeptide, such that branched-chain fatty
acids are produced.

[0091] 73. The method of paragraph 72, wherein the cell
has a deletion in a gene for a methylmalonyl-CoA decarboxy-
lase.

[0092] 74. The method of paragraph 72, wherein the cell
additionally produces a recombinant polypeptide with a 3-ke-
toacyl-ACP synthase activity that recognizes methylmalonyl-
ACP as a substrate.

[0093] 75. A method for producing branched-chain fatty
acids in a cell comprising: a. expressing in the cell one or
more recombinant polypeptides that increase the production
of methylmalonyl-CoA in the cell; b. expressing in the cell a
recombinant polypeptide that catalyzes the conversion of
methylmalonyl-CoA to methylmalonyl-ACP; c. expressing
in the cell a recombinant thioesterase; and d. culturing the cell
under conditions suitable for producing the recombinant
polypeptide, such that branched-chain fatty acids are pro-
duced.

[0094] 76. The method of paragraph 75, wherein the cell
has a deletion in a gene for a methylmalonyl-CoA decarboxy-
lase.

[0095] 77. The method of paragraph 75, wherein the cell
additionally produces a recombinant polypeptide with a 3-ke-
toacyl-ACP synthase activity that recognizes methylmalonyl-
ACP as a substrate.

[0096] 78. A method for producing branched-chain fatty
acids in a cell, the branched-chain fatty acids having a chain
length from about 10 to 18 carbons and branching at the
second carbon, the method comprising: a. modifying the cell
to increase carbon flow to methylmalonyl-CoA; and b. cul-
turing the cell under conditions suitable for carbon flow to
methylmalonyl-CoA to be increased, such that branched-
chain fatty acids having a chain length from about 10 to about
18 carbons and branching at the second carbon are produced.
[0097] 79. The method of paragraph 78, wherein the
branching at the second carbon is a methyl branch.

[0098] 80. A method for producing branched-chain fatty
acids in a cell, the branched-chain fatty acids having a chain
length from about 10 to 18 carbons and branching at the
fourth carbon, the method comprising: a. modifying the cell
to increase carbon flow to methylmalonyl-CoA; and b. cul-
turing the cell under conditions suitable for carbon flow to
methylmalonyl-CoA to be increased, such that branched-
chain fatty acids having a chain length from about 10 to about
18 carbons and branching at the fourth carbon are produced.
[0099] 81. The method of paragraph 80, wherein the
branching at the fourth carbon is a methyl branch.

[0100] 82. A method for producing branched-chain fatty
acids in a cell, the branched-chain fatty acids having a chain
length from about 10 to 18 carbons and branching at the sixth
carbon, the method comprising: a. modifying the cell to
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increase carbon flow to methylmalonyl-CoA; and b. culturing
the cell under conditions suitable for carbon flow to methyl-
malonyl-CoA to be increased, such that branched-chain fatty
acids having a chain length from about 10 to about 18 carbons
and branching at the sixth carbon are produced.

[0101] 83. The method of paragraph 82, wherein the
branching at the sixth carbon is a methyl branch.

[0102] 84. A method for producing branched-chain fatty
acids in a cell, the branched-chain fatty acids having a chain
length from about 12 to 18 carbons and branching at the
eighth carbon, the method comprising: a. modifying the cell
to increase carbon flow to methylmalonyl-CoA; and b. cul-
turing the cell under conditions suitable for carbon flow to
methylmalonyl-CoA to be increased, such that branched-
chain fatty acids having a chain length from about 12 to about
18 carbons and branching at the eighth carbon are produced.
[0103] 85. The method of paragraph 84, wherein the
branching at the eighth carbon is a methyl branch.

[0104] 86. A method for producing branched-chain fatty
acids in a cell, the branched-chain fatty acids having a chain
length from about 14 to 18 carbons and branching at the tenth
carbon, the method comprising: a. modifying the cell to
increase carbon flow to methylmalonyl-CoA; and b. culturing
the cell under conditions suitable for carbon flow to methyl-
malonyl-CoA to be increased, such that branched-chain fatty
acids having a chain length from about 14 to about 18 carbons
and branching at the tenth carbon are produced.

[0105] 87. The method of paragraph 86, wherein the
branching at the tenth carbon is a methyl branch.

[0106] 88. A method for producing branched-chain fatty
acids in a cell, the branched-chain fatty acids having a chain
length from about 16 to 18 carbons and branching at the
twelfth carbon, the method comprising: a. modifying the cell
to increase carbon flow to methylmalonyl-CoA; and b. cul-
turing the cell under conditions suitable for carbon flow to
methylmalonyl-CoA to be increased, such that branched-
chain fatty acids having a chain length from about 16 to about
18 carbons and branching at the twelfth carbon are produced.
[0107] 89. The method of paragraph 88, wherein the
branching at the twelfth carbon is a methyl branch.

[0108] 90. A method for producing branched-chain fatty
acids in a cell, the branched-chain fatty acids having a chain
length from about 10 to 18 carbons and branching at the
second carbon, the method comprising: a. modifying the cell
to generate methylmalonyl-ACP from methylmalonyl-CoA;
and b. culturing the cell under conditions suitable for genera-
tion of methylmalonyl-ACP from methylmalonyl-CoA, such
that branched-chain fatty acids having a chain length from
about 10 to about 18 carbons and branching at the second
carbon are produced.

[0109] 91. The method of paragraph 90, wherein the
branching at the second carbon is a methyl branch.

[0110] 92. A method for producing branched-chain fatty
acids in a cell, the branched-chain fatty acids having a chain
length from about 10 to 18 carbons and branching at the
fourth carbon, the method comprising: a. modifying the cell
to generate methylmalonyl-ACP from methylmalonyl-CoA;
and b. culturing the cell under conditions suitable for genera-
tion of methylmalonyl-ACP from methylmalonyl-CoA, such
that branched-chain fatty acids having a chain length from
about 10 to about 18 carbons and branching at the fourth
carbon are produced.

[0111] 93. The method of paragraph 92, wherein the
branching at the fourth carbon is a methyl branch.
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[0112] 94. A method for producing branched-chain fatty
acids in a cell, the branched-chain fatty acids having a chain
length from about 10 to 18 carbons and branching at the sixth
carbon, the method comprising: a. modifying the cell to gen-
erate methylmalonyl-ACP from methylmalonyl-CoA; and b.
culturing the cell under conditions suitable for generation of
methylmalonyl-ACP from methylmalonyl-CoA, such that
branched-chain fatty acids having a chain length from about
10 to about 18 carbons and branching at the sixth carbon are
produced.

[0113] 95. The method of paragraph 94, wherein the
branching at the sixth carbon is a methyl branch.

[0114] 96. A method for producing branched-chain fatty
acids in a cell, the branched-chain fatty acids having a chain
length from about 12 to 18 carbons and branching at the
eighth carbon, the method comprising: a. modifying the cell
to generate methylmalonyl-ACP from methylmalonyl-CoA;
and b. culturing the cell under conditions suitable for genera-
tion of methylmalonyl-ACP from methylmalonyl-CoA, such
that branched-chain fatty acids having a chain length from
about 12 to about 18 carbons and branching at the eighth
carbon are produced.

[0115] 97. The method of paragraph 96, wherein the
branching at the eighth carbon is a methyl branch.

[0116] 98. A method for producing branched-chain fatty
acids in a cell, the branched-chain fatty acids having a chain
length from about 14 to 18 carbons and branching at the tenth
carbon, the method comprising: a. modifying the cell to gen-
erate methylmalonyl-ACP from methylmalonyl-CoA; and b.
culturing the cell under conditions suitable for generation of
methylmalonyl-ACP from methylmalonyl-CoA, such that
branched-chain fatty acids having a chain length from about
14 to about 18 carbons and branching at the tenth carbon are
produced.

[0117] 99. The method of paragraph 98, wherein the
branching at the tenth carbon is a methyl branch.

[0118] 100. A method for producing branched-chain fatty
acids in a cell, the branched-chain fatty acids having a chain
length from about 16 to 18 carbons and branching at the
twelfth carbon, the method comprising: a. modifying the cell
to generate methylmalonyl-ACP from methylmalonyl-CoA;
and b. culturing the cell under conditions suitable for genera-
tion of methylmalonyl-ACP from methylmalonyl-CoA, such
that branched-chain fatty acids having a chain length from
about 16 to about 18 carbons and branching at the twelfth
carbon are produced.

[0119] 101. The method of paragraph 100, wherein the
branching at the twelfth carbon is a methyl branch.

[0120] 102. A method for producing modified fatty acids in
a cell comprising: a. providing a cell having type II fatty acid
synthase activity; b. expressing in the cell one or more recom-
binant polypeptides that catalyze formation of at least one
intermediate metabolite, wherein the at least one intermediate
metabolite is incorporated by the type II fatty acid synthase;
and c. culturing the cell under conditions suitable for produc-
ing the recombinant polypeptide, such that modified fatty
acids are produced.

[0121] 103. The method of paragraph 102, wherein the cell
is an Escherichia cell.

[0122] 104. The method of paragraph 102, wherein the
intermediate metabolite is methylmalonyl-ACP.

[0123] 105. The method of paragraph 102, wherein the
polypeptide(s) catalyze the conversion of methylmalonyl-
CoA to methylmalonyl-ACP.
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[0124] 106. The method of paragraph 102, wherein the cell
produces higher levels of modified fatty acids after expres-
sion of the polypeptide than it did prior to expression of the
polypeptide.

[0125] 107. The method of paragraph 102, wherein the
modified fatty acids comprise one or more methyl branches
on even-numbered carbons.

[0126] 108. The method of paragraph 102, wherein the
polypeptide is an acyl transferase.

[0127] 109. The method of paragraph 102, wherein the
polypeptide is encoded by fabD.

[0128] 110. The method of paragraph 102, wherein the
polypeptide is a polyketide synthase or a portion thereof.
[0129] 111. The method of paragraph 102, wherein the
polypeptide is a Mycobacterium mycocerosic acid synthase
or a portion thereof.

[0130] 112. An Escherichia cell that produces branched-
chain fatty acids having a chain length from about 10 to about
18 carbons and comprising one or more methyl branches on
one or more even-numbered carbons.

BRIEF DESCRIPTION OF THE DRAWINGS

[0131] FIG.1 is a mutA nucleotide sequence (SEQ ID NO:
D).

[0132] FIG.2 is a mutB nucleotide sequence (SEQ ID NO:
2).

[0133] FIG. 3 is a MutA protein sequence (SEQ ID NO: 3).
[0134] FIG. 4 is a MutB protein sequence (SEQ ID NO: 4).
[0135] FIG. 5 is a methylmalonyl-CoA epimerase nucle-

otide sequence (SEQ ID NO: 5).

[0136] FIG. 6 is a methylmalonyl-CoA epimerase protein
sequence (SEQ ID NO: 6).

[0137] FIG. 7 is a DNA sequence for accAl (GenBank
Accession No. AF113603.1) (SEQ ID NO: 7).

[0138] FIG. 8 is a DNA sequence for pccB (GenBank
Accession No. AF113605.1) (SEQ ID NO: 8).

[0139] FIG. 9 is a protein sequence for AccAl (SEQ ID
NO: 9).

[0140] FIG.101is a protein sequence for PccB (SEQID NO:
10).

[0141] FIG. 11 shows element 1 including the P;,, .,

sequence and the phage T7 genelO ribosome binding site
(SEQ ID NO: 11).

[0142] FIG. 12 shows element 2 including the optimized
accAl gene sequence (SEQ ID NO: 12).

[0143] FIG. 13 shows element 3 including the spacer
sequence (SEQ ID NO: 13).

[0144] FIG. 14 shows element 4 including the optimized
pceB sequence (SEQ ID NO: 14).

[0145] FIG. 15 is a synthetic sequence for propionyl-CoA
carboxylase gene expression (SEQ ID NO: 15).

[0146] FIG. 16 is the forward primer sequence for PrpE
(SEQ ID NO: 16).

[0147] FIG. 17 is the reverse primer sequence for PrpE
(SEQ ID NO: 17).

[0148] FIG. 18 is the MMAT domain sequence from Myco-
bacterium bovis BCG (SEQ ID NO: 18).

[0149] FIG.19is aproteinsequence for the Mycobacterium
bovis BCG MAS (GenBank Accession No. YP_979046)
(SEQ ID NO: 19).

[0150] FIG. 20 is a codon-optimized MMAT domain DNA
sequence from Mycobacterium bovis BCG (SEQ ID NO: 20).
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[0151] FIG. 21 is an alignment of a codon-optimized
MMAT domain from Mycobacterium bovis BCG with the
original sequence (SEQ ID NOs: 20 and 21).

[0152] FIG. 22 is the protein sequence of Salmonella
enterica propionyl CoA synthase PrpE (GenBank Accession
No. AAC44817) (SEQ ID NO: 22).

[0153] FIG. 23 is the DNA sequence of Salmonella
enterica propionyl CoA synthase PrpE (SEQ ID NO. 23).
[0154] FIG. 24 is a bar graph illustrating methylmalonyl-
CoA production (ng/ml) in E. coli strain K27-7Z1 harboring
pTrcHisA pZA31 (control), pZA31 mutAB Ss epi (MutAB
Epi), pTrcHisA Ec sbm (Sbm), or pTrcHisA Ec sbm pZA31
Mb mmat (Sbm/Mmat). No methylmalonyl-CoA was identi-
fied in the control sample; the figure indicates the background
level of detection.

[0155] FIG. 25 is a bar graph illustrating methylmalonyl-
CoA production (ng/ml) in E. coli BW25113 (control) and
BW25113 harboring pZA31-accAl-pceB (Pec). No methyl-
malonyl-CoA was identified in the control sample; the figure
indicates the background level of detection. Two biological
replicates are represented.

[0156] FIG. 26 is a two-dimensional (2D) representation of
the 2D Total Ion Chromatogram resulting from a sample of
fatty acid produced by BL.21 Star (DE3) E. coli harboring
pTrcHisA Ec sbm So ce epi pZA31 mmat. Light areas on the
figure indicate the presence of sample material. Peak names
and arrows indicate samples that were further characterized
by mass spectrometry.

[0157] FIG. 27 is a two-dimensional (2D) representation of
the 2D Total Ion Chromatogram resulting from a sample
produced by a control strain, BL21 Star (DE3) E. co/i harbor-
ing pTrcHisA pZA31. No branched-chain fatty acid was
detected. Arrows indicate the presence of straight-chain fatty
acid derivatives of the indicated chain length.

[0158] FIG. 28 is a representation of the mass spectra of
peaks 54, 55, and 57 identified in FIG. 26. Eight- and ten-
carbon branched-chain fatty acids are depicted in the top two
profiles and were identified by the almost complete absence
of the circled fragment. A twelve-branched fatty acid was
tentatively identified and is depicted in the third profile.

DETAILED DESCRIPTION OF THE INVENTION

[0159] The invention relates to improved biological pro-
duction of scattered branched-chain fatty acids. In addition,
in certain embodiments, the invention provides improved
compositions of biologically produced scattered branched-
chain fatty acids having defined chain lengths with methyl
branches at one or more even-numbered carbons within the
fatty acid. In addition, in certain embodiments, the fatty acid
length can be tailored to a predetermined length, such as, for
example, to produce fatty acids with a backbone of C12 to
C16. In certain embodiments, the methods and/or cells can
produce a mixture of fatty acids having varied numbers of
methyl branches, varied positions of the methyl branches, and
varied length of the fatty acids, such as, for example, a mix-
ture of fatty acids having a chain length of C12 to C16 and
from about 0 to about 3 methyl branches positioned on one or
more even-numbered carbons.

[0160] As used herein, “amplify,” “amplified,” or “ampli-
fication” refers to any process or protocol for copying a poly-
nucleotide sequence into a larger number of polynucleotide
molecules, e.g., by reverse transcription, polymerase chain
reaction, and ligase chain reaction.

29 <
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[0161] As used herein, an “antisense sequence” refers to a
sequence that specifically hybridizes with a second poly-
nucleotide sequence. For instance, an antisense sequence is a
DNA sequence that is inverted relative to its normal orienta-
tion for transcription. Antisense sequences can express an
RNA transcript that is complementary to a target mRNA
molecule expressed within the host cell (e.g., it can hybridize
to target mRNA molecule through Watson-Crick base pair-
ing).

[0162] As used herein, “cDNA” refers to a DNA that is
complementary or identical to an mRNA, in either single
stranded or double stranded form.

[0163] As used herein, the carbons in fatty acids are num-
bered with the first carbon as part of the carboxylic acid
group, and the second carbon (C2) adjacent to the first. The
numbers continue so that the highest number carbon is far-
thest from the carboxylic acid group. “Even number” carbons
include C2, C4, C6, C8, C10, C12, C14, and so on.

[0164] As used herein, “complementary” refers to a poly-
nucleotide that can base pair with a second polynucleotide.
Put another way, “complementary” describes the relationship
between two single-stranded nucleic acid sequences that
anneal by base-pairing. For example, a polynucleotide having
the sequence 5'-GTCCGA-3' is complementary to a poly-
nucleotide with the sequence 5'-TCGGAC-3'.

[0165] As used herein, a “conservative substitution” refers
to the substitution in a polypeptide of an amino acid with a
functionally similar amino acid. Put another way, a conser-
vative substitution involves replacement of an amino acid
residue with an amino acid residue having a similar side
chain. Families of amino acid residues having similar side
chains have been defined within the art, and include amino
acids with basic side chains (e.g., lysine, arginine, and histi-
dine), acidic side chains (e.g., aspartic acid and glutamic
acid), uncharged polar side chains (e.g., glycine, asparagine,
glutamine, serine, threonine, tyrosine, and cysteine), nonpo-
lar side chains (e.g., alanine, valine, leucine, isoleucine, pro-
line, phenylalanine, methionine, and tryptophan), beta-
branched side chains (e.g., threonine, valine, and isoleucine)
and aromatic side chains (e.g., tyrosine, phenylalanine, tryp-
tophan, and histidine).

[0166] As used herein, “encoding” refers to the inherent
property of nucleotides to serve as templates for synthesis of
other polymers and macromolecules. Unless otherwise speci-
fied, a “nucleotide sequence encoding an amino acid
sequence” includes all nucleotide sequences that are degen-
erate versions of each other and that encode the same amino
acid sequence.

[0167] As used herein, “endogenous” refers to polynucle-
otides, polypeptides, or other compounds that are expressed
naturally or originate within an organism or cell. That is,
endogenous polynucleotides, polypeptides, or other com-
pounds are not exogenous. For instance, an “endogenous”
polynucleotide or peptide is present in the cell when the cell
was originally isolated from nature.

[0168] As used herein, “expression vector” refers to a vec-
tor comprising a recombinant polynucleotide comprising
expression control sequences operatively linked to a nucle-
otide sequence to be expressed. For example, suitable expres-
sion vectors include, without limitation, autonomously repli-
cating vectors or vectors integrated into the chromosome. In
some instances, an expression vector is a viral-based vector.
[0169] As used herein, “exogenous” refers to any poly-
nucleotide or polypeptide that is not naturally expressed or
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produced in the particular cell or organism where expression
is desired. Exogenous polynucleotides, polypeptides, or other
compounds are not endogenous.

[0170] As used herein, “hybridization” includes any pro-
cess by which a strand of a nucleic acid joins with a comple-
mentary nucleic acid strand through base-pairing. Thus, the
term refers to the ability of the complement of the target
sequence to bind to a test (i.e., target) sequence, or vice-versa.
[0171] As used herein, “hybridization conditions” are typi-
cally classified by degree of “stringency” of the conditions
under which hybridization is measured. The degree of strin-
gency can be based, for example, on the melting temperature
(T,,) of the nucleic acid binding complex or probe. For
example, “maximum stringency” typically occurs at about
T,,-5° C. (5° below the T,, of the probe); “high stringency” at
about 5-10° C. below the T,,; “intermediate stringency” at
about 10-20° below the T,, of the probe; and “low stringency”
at about 20-25° C. below the T. Alternatively, or in addition,
hybridization conditions can be based upon the salt or ionic
strength conditions of hybridization and/or one or more strin-
gency washes. For example, 6xSSC=very low stringency;
3xSSC=low to medium stringency; 1xSSC=medium strin-
gency; and 0.5xSSC=high stringency. Functionally, maxi-
mum stringency conditions may be used to identify nucleic
acid sequences having strict (i.e., about 100%) identity or
near-strict identity with the hybridization probe; while high
stringency conditions are used to identify nucleic acid
sequences having about 80% or more sequence identity with
the probe.

[0172] As used herein, “identical” or percent “identity” in
the context of two or more polynucleotide or polypeptide
sequences refers to two or more sequences that are the same
or have a specified percentage of nucleotides or amino acid
residues that are the same, when compared and aligned for
maximum correspondence, as measured using sequence
comparison algorithms or by visual inspection.

[0173] As used herein, “long-chain fatty acids” refers to
fatty acids with aliphatic tails longer than 14 carbons. In some
embodiments of the invention, long-chain fatty acids are pro-
vided that comprise 15, 16, 17, 18, 19, 20, 21, or 22 carbons
in the carbon backbone.

[0174] Asusedherein, “medium-chain fatty acids” refers to
fatty acids with aliphatic tails between 6 and 14 carbons. In
certain embodiments, the medium-chain fatty acids can have
from 11 to 13 carbons.

[0175] As used herein, “naturally-occurring” refers to an
object that can be found in nature. For example, a polypeptide
or polynucleotide sequence that is present in an organism
(including viruses) that can be isolated from a source in nature
and which has not been intentionally modified by man in the
laboratory is naturally-occurring.

[0176] As used herein, “operably linked,” when describing
the relationship between two DNA regions or two polypep-
tide regions, means that the regions are functionally related to
each other. For example, a promoter is operably linked to a
coding sequence if it controls the transcription of the
sequence; a ribosome binding site is operably linked to a
coding sequence if it is positioned so as to permit translation;
and a signal sequence is operably linked to a peptide if it
functions as a signal sequence, such as by participating in the
secretion of the mature form of the protein.

[0177] As used herein, “overexpression” refers to expres-
sion ofa polynucleotide to produce a product (e.g., a polypep-
tide or RNA) at a higher level than the polynucleotide is
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normally expressed in the host cell. An overexpressed poly-
nucleotide is generally a polynucleotide native to the host
cell, the product of which is generated in a greater amount
than that normally found in the host cell. Overexpression is
achieved by, for instance and without limitation, operably
linking the polynucleotide to a different promoter than the
polynucleotide’s native promoter or introducing additional
copies of the polynucleotide into the host cell.

[0178] As used herein, “polynucleotide” refers to a poly-
mer composed of nucleotides. The polynucleotide may be in
the form of a separate fragment or as a component of a larger
nucleotide sequence construct, which has been derived from
a nucleotide sequence isolated at least once in a quantity or
concentration enabling identification, manipulation, and
recovery of the sequence and its component nucleotide
sequences by standard molecular biology methods, for
example, using a cloning vector. When a nucleotide sequence
is represented by a DNA sequence (i.e., A, T, G, C), this also
includes an RNA sequence (i.e., A, U, G, C) in which “U”
replaces “T.” Put another way, “polynucleotide” refers to a
polymer of nucleotides removed from other nucleotides (a
separate fragment or entity) or can be a component or element
of'a larger nucleotide construct, such as an expression vector
or a polycistronic sequence. Polynucleotides include DNA,
RNA and cDNA sequences.

[0179] As used herein, “polypeptide” refers to a polymer
composed of amino acid residues which may or may not
contain modifications such as phosphates and formyl groups.

[0180] As used herein, “recombinant expression vector”
refers to a DNA construct used to express a polynucleotide
that encodes a desired polypeptide. A recombinant expression
vector can include, for example, a transcriptional subunit
comprising (i) an assembly of genetic elements having a
regulatory role in gene expression, for example, promoters
and enhancers, (ii) a structural or coding sequence which is
transcribed into mRNA and translated into protein, and (iii)
appropriate transcription and translation initiation and termi-
nation sequences. Recombinant expression vectors are con-
structed in any suitable manner. The nature of the vector is not
critical, and any vector may be used, including plasmid, virus,
bacteriophage, and transposon. Possible vectors for use in the
invention include, but are not limited to, chromosomal, non-
chromosomal and synthetic DNA sequences, e.g., bacterial
plasmids; phage DNA; yeast plasmids; and vectors derived
from combinations of plasmids and phage DNA, DNA from
viruses such as vaccinia, adenovirus, fowl pox, baculovirus,
SV40, and pseudorabies.

[0181] As used herein, “primer” refers to a polynucleotide
that is capable of specifically hybridizing to a designated
polynucleotide template and providing a point of initiation
for synthesis of a complementary polynucleotide when the
polynucleotide primer is placed under conditions in which
synthesis is induced.

[0182] As used herein, “recombinant polynucleotide”
refers to a polynucleotide having sequences that are not natu-
rally joined together. A recombinant polynucleotide may be
included in a suitable vector, and the vector can be used to
transform a suitable host cell. A host cell that comprises the
recombinant polynucleotide is referred to as a “recombinant
host cell.” The polynucleotide is then expressed in the recom-
binant host cell to produce, e.g., a “recombinant polypeptide.”
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[0183] Asusedherein, “specific hybridization” refers to the
binding, duplexing, or hybridizing of a polynucleotide pref-
erentially to a particular nucleotide sequence under stringent
conditions.

[0184] Asused herein, “stringent conditions” refers to con-
ditions under which a probe will hybridize preferentially to its
target subsequence, and to a lesser extent to, or not at all to,
other sequences.

[0185] As used herein, “short-chain fatty acids” refers to
fatty acids having aliphatic tails with fewer than 6 carbons.
[0186] As used herein, “substantially homologous™ or
“substantially identical” in the context of two nucleic acids or
polypeptides, generally refers to two or more sequences or
subsequences that have at least 40%, 60%, 80%, 90%, 95%,
96%, 97%, 98% or 99% nucleotide or amino acid residue
identity, when compared and aligned for maximum corre-
spondence, as measured using sequence comparison algo-
rithms or by visual inspection. The substantial identity can
exist over any suitable region of the sequences, such as, for
example, a region that is at least about 50 residues in length,
a region that is at least about 100 residues, or a region that is
at least about 150 residues. In certain embodiments, the
sequences are substantially identical over the entire length of
either or both comparison biopolymers.

[0187] In one embodiment, the invention relates to a novel
method of producing scattered branched-chain fatty acids (or
products derived from scattered branched-chain fatty acid)
using bacteria. In general, the method includes increasing the
supply of methylmalonyl-CoA and/or the conversion of
methylmalonyl-CoA to methylmalonyl-ACP within the cell,
incorporating the branch from the methylmalonyl-CoA into
the fatty acid, and, optionally, using a thioesterase to specify
the range of size of the fatty acids. In certain embodiments,
the method provides branched-chain fatty acids having a
chain length of C12 to C16. In addition, in certain embodi-
ments, the branched-chain fatty acids have from about 0 to
about 3 methyl branches, such as from about 1 to about 3
methyl branches, such as, for example, from about 1 to about
2 methyl branches, or 1, 2, or 3 methyl branches positioned on
one or more carbons. In certain embodiments, the methyl
branches are positioned on even-numbered carbons.

[0188] In one embodiment, scattered branched-chain fatty
acid production is increased by increasing the production of
methylmalonyl-CoA within the cell via, e.g., propionyl-CoA
and/or succinyl-CoA intermediates. Thus, in one aspect, the
invention provides a method for producing branched-chain
fatty acid comprising a methyl on one or more even number
carbons. The method comprises culturing a cell comprising
an exogenous or overexpressed polynucleotide comprising a
nucleic acid sequence encoding a polypeptide that catalyzes
the conversion of propionyl-CoA to methylmalonyl-CoA
and/or an exogenous or overexpressed polynucleotide com-
prising a nucleic acid sequence encoding a polypeptide that
catalyzes the conversion of succinyl-CoA to methylmalonyl-
CoA. The cell is cultured under conditions allowing expres-
sion of the polynucleotide(s) and production of the branched-
chain fatty acid. The cell produces more branched-chain fatty
acid comprising a methyl branch on one or more even number
carbons than an otherwise similar cell that does not comprise
the polynucleotide(s) (e.g., a cell of the same cell type or
derived from the same organism that does not comprise the
polynucleotide(s)). Propionyl-CoA is converted to methyl-
malonyl-CoA by, e.g., the action of a propionyl-CoA car-
boxylase. Any propionyl-CoA carboxylase that catalyzes the
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conversion of propionyl-CoA to methylmalonyl-CoA is suit-
able for use in the inventive method. An exemplary propionyl-
CoA carboxylase is a carboxylase from Streptomyces coeli-
color, which comprises two heterologous subunits encoded
by pceB and by either accAl or accA2. In certain embodi-
ments, the cell of the inventive method is engineered to pro-
duce PceB and AccAl or PecB and AccA2. In one aspect, the
cell comprises one or more polynucleotides encoding
polypeptide(s) comprising an amino acid sequence at least
about 80% identical (e.g., 85%, 90%, 95%, or 100% identi-
cal) to the amino acid sequences set forth in SEQ ID NO: 9
and/or 10. Additional, non-limiting examples of polypeptides
that catalyze the conversion of propionyl-CoA to methylma-
lonyl-CoA are propionyl-CoA carboxylases from Mycobac-
terium smegmatis, Homo sapiens, Acinetobacter baumannii,
Brucella suis, Saccharopolyspora erythraea, Burkholderia
glumae, and Aedes aegypti, as well as the propionyl-CoA
carboxylases set forth in Table A.
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nucleotide encoding lactate dehydrogenase, lactate CoA
transferase, lactyl-CoA dehydratase, and/or acrylyl-CoA
reductase.

[0191] In addition, in any aspect of the invention, carbon
flow to branch pathways not contributing to formation of the
desired branched-chain fatty acid is minimized by attenuation
of'endogenous enzyme activity responsible for the diversion
of carbon. Complete abolishment of endogenous activity is
not required; any reduction in activity is suitable in the con-
text of the invention. Enzyme activity is attenuated (i.e.,
reduced or abolished) by, for example, mutating the coding
sequence for the enzyme to create a non-functional or
reduced-function polypeptide, by removing all or part of the
coding sequence for the enzyme from the cellular genome, by
interfering with translation of an RNA transcript encoding the
enzyme (e.g., using antisense oligonucleotides), or by
manipulating the expression control sequences influencing
expression of the enzyme. For example, in one aspect, the cell

TABLE A
GenBank

Organism Accession Description SEQ ID NO:

Ehrlichia chaffeensis ~ YP_507303 Propionyl-CoA carboxylase alpha subunit 51
(PCCA)

Ehrlichia chaffeensis ~ YP_507410 Propionyl-CoA carboxylase beta subunit 52
(PCCB)

Agrobacterium vitis YP_002547482 Propionyl-CoA carboxylase alpha subunit 53
(PCCA)

Agrobacterium vitis YP_002547479 Propionyl-CoA carboxylase beta subunit 54
(PCCB)

Methylobacterium YP_003069256 Propionyl-CoA carboxylase alpha subunit 55

extorquens (PCCA)

Methylobacterium YP_003065890 Propionyl-CoA carboxylase beta subunit 56

extorquens (PCCB)

Sinorhizobium meliloti NP_437988 Propionyl-CoA carboxylase alpha subunit 57
(PCCA)

Sinorhizobium meliloti NP_437987 Propionyl-CoA carboxylase beta subunit 58
(PCCB)

Ruegeria pomeroyi YP_166352 Propionyl-CoA carboxylase alpha subunit 59
(PCCA)

Ruegeria pomeroyi YP_166345 Propionyl-CoA carboxylase beta subunit 60
(PCCB)

[0189] Optionally, the cell is modified to increase carbon
flow to propionyl-CoA (and then onward to methylmalonyl-
CoA) by, for example, increasing expression of (i.e., overex-
pressing) prpE or other propionyl-CoA synthetase genes.
Alternatively or in addition, an exogenous polynucleotide
comprising a nucleic acid sequence encoding a propionyl-
CoA synthetase is introduced into the host cell to upregulate
propionyl-CoA production. Additionally, feeding host cells
(e.g., microbes) large amounts of methionine, isoleucine,
valine, threonine, propionic acid, and/or odd-chain length
fatty acids (such as valeric acid) increases production of the
propionyl-CoA precursor of methylmalonyl-CoA.

[0190] Methylmalonyl-CoA production via propionyl-
CoA also is increased utilizing the metabolic pathway that
converts pyruvate to propionyl-CoA, with lactate, lactoyl-
CoA, and acrylyl-CoA as intermediates. Carbon flow to pro-
pionyl-CoA is upregulated by overproducing the enzymes of
the pathway, producing exogenous enzymes catalyzing one
or more conversions of the pathway, and/or by providing
pyruvate or lactate in larger amounts than normally found in
the host cell. For example, in any embodiment of the inven-
tion, the cell comprises an exogenous or overexpressed poly-

is modified to prevent methylmalonyl-CoA degradation,
thereby increasing the amount of methylmalonyl-CoA avail-
able for conversion to methylmalonyl-ACP. Methylmalonyl-
CoA degradation is reduced by, for example, deleting or
inactivating methylmalonyl-CoA decarboxylase from the
host. Put another way, the cell is modified to attenuate endog-
enous methylmalonyl-CoA decarboxylase activity. In E. coli,
for example, methylmalonyl-CoA decarboxylase activity is
attenuated by, for example, deleting or mutating ygfG.
Optionally, endogenous acyl transferase activity is attenu-
ated. Alternatively or in addition, methylmalonyl-CoA pro-
duction within the cell is increased by preventing alternative
metabolism of propionyl-CoA to succinyl-CoA, such as, for
example, by deleting or otherwise reducing (attenuating) the
activity of an endogenous methylmalonyl-CoA mutase gene.
Optionally, methylmalonyl-CoA levels are increased by
increasing the degradation of valine directly to methylmalo-
nyl-CoA. Valine degradation comprises the following inter-
mediates: a-ketoisovalerate, isobutyryl-CoA, methacrylyl-
CoA, f-hydroxyisobutyryl-CoA, p-hydroxyisobutyrate, and
methylmalonate semialdehyde. Optionally, methylmalonate
semialdehyde is converted directly to methylmalonyl-CoA or



US 2011/0166370 Al

indirectly through a propionyl-CoA intermediate. In an
exemplary embodiment, the cell of the invention comprises
an overexpressed or exogenous polynucleotide comprising a
nucleic acid sequence encoding one or more of the following
enzymes: [.-valine:2-oxoglutarate aminotransferase, 2-ox-
oisovalerate dehydrogenase, isobutyryl-CoA:FAD oxi-
doreductase, 3-hydroxy-isobutyryl-CoA hydro-lyase, 3-hy-
droxyisobutyryl-CoA  hydrolase, 3-hydroxyisobutyrate
dehydrogenase, and/or methylmalonate-semialdehyde dehy-
drogenase. Methylmalonate-semialdehyde dehydrogenase
catalyzes the production of propanoyl-CoA, which can be
converted to methylmalonyl-CoA by propanoyl-CoA car-
boxylase.

[0192] In one aspect, the cell comprises an exogenous or
overexpressed polynucleotide comprising a nucleic acid
sequence encoding a polypeptide that catalyzes the conver-
sion of succinyl-CoA to methylmalonyl-CoA. An exemplary
polypeptide that catalyzes the reaction is methylmalonyl-
CoA mutase. In any embodiment of the invention, the cell is
engineered to overexpress a methylmalonyl-CoA mutase
gene, such as, for example, sbm (encoding Sleeping Beauty
mutase) in . coli. Alternatively or in addition, an exogenous
polynucleotide comprising a nucleic acid sequence encoding
a methylmalonyl-CoA mutase is expressed in the cell. Exem-
plary methylmalonyl-CoA mutases include, but are not lim-
ited to, Sbm from E. coli, MutA and/or MutB from Strepto-
myces cinnamonensis, and methylmalonyl-CoA mutases
from Janibacter sp. HTCC2649, Corynebacterium
glutamicum, Euglena gracilis, Homo sapiens, Propionibac-
terium shermanii, Bacillus megaterium, and Mycobacterium
smegmatis. Additional, non-limiting examples of polypep-
tides that catalyze the conversion of succinyl-CoA to meth-
ylmalonyl-CoA are provided in Table B.
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[0194] Depending on the substrate specificity of the fatty
acid synthase produced by the cell, a methylmalonyl-CoA
epimerase also may be desired to facilitate use of methylma-
lonyl-CoA as a precursor in fatty acid synthesis. Thus, in one
aspect, the cell further comprises an exogenous or overex-
pressed polynucleotide comprising a nucleic acid sequence
encoding a methylmalonyl-CoA epimerase. Methylmalonyl-
CoA epimerases suitable for use in the invention include, but
are not limited to, Sorangium cellulosum So ce 56 methylma-
lonyl-CoA epimerase, Streptomyces sviceus ATCC 29083
methylmalonyl-CoA epimerase, Kribbella flavida DSM
17836 methylmalonyl-CoA epimerase, and methylmalonyl-
CoA epimerases from Homo sapiens, Bacillus megaterium,
and Mycobacterium smegmatis.

[0195] Production of branched-chain fatty acid comprising
a methyl branch on one or more even number carbons also is
enhanced by upregulating conversion of methylmalonyl-CoA
to methylmalonyl-ACP. In one or more embodiments, con-
version of methylmalonyl-CoA to methylmalonyl-ACP is
increased in the cell by engineering the cell to produce an acyl
transferase (such as the acyl transferase encoded by fabDin £.
coli) to catalyze the formation of methylmalonyl-ACP from
methylmalonyl-CoA. Put another way, in one aspect, the cell
further comprises an exogenous or overexpressed polynucle-
otide comprising a nucleic acid sequence encoding an acyl
transferase. Any suitable acyl transferase can be used, such as,
for example and without limitation, an acyl transferase
domain from a polyketide synthase, such as those involved in
the synthesis of monensin, epothilone, amphotericin, candi-
cidin, nystatin, pimaricin, ascomycin, rapamycin, avermiec-
tin, spinosad, mycinamicin, niddamycin, oleandomycin,
megalomicin, nanchangmycin, picromycin, rifamycin, oligo-
mycin erythromycin, polyenes, and macrolides, and an acyl

TABLE B
GenBank

Organism Accession Description SEQ ID NO.
Bacillus megaterium YP_003564880  methylmalonyl-CoA mutase small subunit 61

(mutA)
Bacillus megaterium YP_003564879  methylmalonyl-CoA mutase large subunit 62

(mutB)
Mycobacterium YP_001282809  methylmalonyl-CoA mutase small subunit 63
tuberculosis (mutA)
Mycobacterium YP_001282810  methylmalonyl-CoA mutase large subunit 64
tuberculosis (mutB)
Corynebacterium YP_225814 methylmalonyl-COA mutase small subunit 65
glutamicum (mutA)
Corynebacterium YP_225813 methylmalonyl-CoA mutase large subunit 66
glutamicum (mutB)
Rhodococcus YP_002766535 methylmalonyl-CoA mutase small subunit 67
erythropolis (mutA)
Rhodococcus YP_002766536  methylmalonyl-CoA mutase large subunit 68
erythropolis (mutB)
Porphyromonas NP_905776 methylmalonyl-CoA mutase small subunit 69
gingivalis (mutA)
Porphyromonas NP_905777 methylmalonyl-CoA mutase large subunit 70
gingivalis (mutB)
[0193] Inone aspect, the cell comprises one or more poly- transferase domain from Mycobacterium mycocerosic acid

nucleotides encoding polypeptide(s) comprising an amino
acid sequence at least about 80% identical (e.g., 85%, 90%,
95%, or 100% identical) to the amino acid sequences set forth
in SEQ ID NO: 3, 4, and/or 28. The cell can comprise poly-
nucleotides encoding a methylmalonyl-CoA mutase, a pro-
pionyl-CoA carboxylase, or both.

synthase. Acyl transferase domains from larger fatty acid
synthase enzymes, such as Mycobacterium mycocerosic acid
synthase, act upon methylmalonyl-CoA in the absence of
other enzymatic domains of the larger synthase. Optionally,
the acyl transferase lacks polyketide synthesis activity. By
“polyketide synthesis activity” is meant enzymatic activity,
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other than acyl transferase activity, that catalyzes the produc-
tion of polyketides in a host cell, such as, for example and
without limitation, acyltranstferase activity, ketoacyl synthase
activity, ketoacyl reductase activity, dehydratase activity,
enoyl reductase activity, acyl carrier protein activity, and
thioesterase activity.

[0196] Alternatively, or in addition, in certain embodi-
ments, a 3-ketoacyl-ACP synthase domain, such as, for
example, a domain from a polyketide synthase or a mycoc-
erosic acid synthase, is added to the fatty acid synthase of the
host cell. In certain embodiments, the host cell (e.g., microbe)
is engineered to include both acyl transferase and 3-ketoacyl-
ACP synthase domains that can recognize methylmalonyl-
CoA. In addition, in certain embodiments, genes for the
endogenous acyl transferase and/or 3-ketoacyl-ACP synthase
activities can be attenuated (e.g., deleted) to minimize the
amount of malonyl-CoA incorporation in fatty acid synthesis.

[0197] In certain embodiments, the invention includes use
of a thioesterase to specify the chain length of the fatty acid,
such as, for example, to produce medium-chain fatty acids. In
certain embodiments, the host cell further comprises an exog-
enous or overexpressed polynucleotide comprising a nucleic
acid sequence encoding a thioesterase. In one aspect, the host
cell (e.g., bacteria) is engineered to produce a thioesterase
that assists in the production of medium-chain branched-
chain fatty acids. Alternatively, the host cell is engineered to
produce (or overproduce) a thioesterase that assists in the
production of long-chain branched-chain fatty acids. Exem-
plary thioesterases include, for example, the mallard uropy-
gial gland thioesterase, the California bay thioesterase, the rat
mammary gland thioesterase 11, £. coli TesA, the Cuphea
wrightii thioesterase, and other thioesterases suitable for pro-
duction of the desired chain-length fatty acids.

[0198] Optionally, the cell is modified to produce (or
increase the production of) branched acyl-CoA, which is a
substrate for elongase in the production of long chain fatty
acid. In this regard, in an exemplary embodiment of the inven-
tion, the cell comprises an exogenous or overexpressed poly-
nucleotide comprising a nucleic acid encoding a coenzyme-A
synthetase, which converts branched-chain fatty acid to
branched acyl-CoA. Examples of coenzyme-A synthetases
include, but are not limited to, the coenzyme-A synthetase
from Leishmania braziliensis (GenBank Accession No.
XP_001561614), and the coenzyme-A synthetase from
Escherichia coli (GenBank Accession No. YP_ 541006).
Optionally, the cell comprises exogenous or overexpressed
polynucleotide(s) comprising a nucleic acid sequence encod-
ing an elongase to increase the length of the carbon backbone.
Elongases are enzyme complexes that exhibit 3-ketoacyl-
CoA synthase, 3-ketoacyl-CoA reductase, 3-hydroxyacyl-
CoA dehydratase, and enoyl-CoA reductase activities, and
generally utilize malonyl-CoA as an extension unit for
extending the carbon chain. When a methyl-malonyl CoA is
used as an extension unit by the enzyme complex, additional
methyl branches are introduced at even carbon positions.
Exemplary elongases include, but are not limited to, elon-
gases comprising the one or more of the following subunits:
Saccharomyces cerevisiae 3-ketoacyl-CoA synthase (Gen-
Bank Accession No. NP__013476), 3-ketoacyl-CoA reduc-
tase (GenBank Accession No. NP 009717), 3-hydroxyacyl-
CoA dehydratase (GenBank Accession No. NP__012438)
and enoyl-CoA reductase (GenBank Accession No.
NP__010269); and Arabidopsis thaliana col 3-ketoacyl-CoA
synthase (GenBank Accession No. NP__849861), 3-ketoacyl-
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CoA reductase (GenBank Accession No. NP__564905), 3-hy-
droxyacyl-CoA dehydratase (GenBank Accession No.
NP__193180), and enoyl-CoA reductase (GenBank Acces-
sion No. NP_ 191096).

[0199] Any suitable cell or organism, such as, for example,
bacterial cells and other prokaryotic cells, and yeast cells, can
be used in the context of the invention. In one aspect, the
invention relates to cells, such as Escherichia cells (e.g., E.
coli), which naturally produce Type 1I fatty acid synthase
and/or do not naturally produce scattered branched-chain
fatty acid (i.e., branched-chain fatty acid comprising a methyl
branch on one or more even numbered carbons). These cells
are engineered to produce the branched-chain fatty acids as
described herein. Alternatively, the cell naturally produces
branched-chain fatty acid and is modified as described herein
to produce higher levels of branched-chain fatty acid (or
different proportions of different types of branched-chain
fatty acid) compared to an unmodified cell. In certain embodi-
ments, fatty acid is manufactured using bacteria known to
make the methylmalonyl-CoA precursor, such as Streptomy-
ces, Mycobacterium or Corynebacterium. These bacteria are,
in one aspect, engineered to produce (i) an acyl transferase to
increase carbon flux to methylmalonyl-ACP that is incorpo-
rated in the fatty acid synthesis pathway and/or (ii) a
thioesterase to control the chain length.

[0200] Exemplary bacteria that are suitable for use in the
invention include, but are not limited to, Spirochaeta auran-
tia, Spirochaeta littoralis, Pseudomonas maltophilia,
Pseudomonas  putrefaciens, Xanthomonas campestris,
Legionella anisa, Moraxella catarrhalis, Thermus aquaticus,
Flavobacterium aquatile, Bacteroides asaccharolyticus,
Bacteroides  fragilis, Succinimonas amylolytica, Des-
ulfovibrio africanus, Micrococcus agilis, Stomatococcus
mucilaginosus, Planococcus citreus, Marinococcus albusb,
Staphylococcus aureus, Peptostreptococcus anaerobius,
Ruminococcus albus, Sarcina lutea, Sporolactobacillus inuli-
nus, Clostridium thermocellum, Sporosarcina ureae, Des-
ulfotomaculum nigrificans, Listeria monocytogenes, Brocho-
thrix thermosphacta, Renibacterium salmoninarum, Kurthia
zopfii, Corynebacterium aquaticum, Avthrobacter radiotoler-
ans, Brevibacterium fermentans, Propionibacterium acid-
ipropionici, Eubacterium lentum, Cytophaga aquatilis, Sph-
ingobacteriuma multivorumb, Capnocytophaga gingivalis,
Sporocytophaga myxococcoides, Flexibacter elegans, Myxo-
coccus coralloides, Archangium gephyra, Stigmatella auran-
tiaca, Oerskovia turbata, Escherichia coli, Bacillus subtilis,
Salmonella typhimurium, Corynebacterium glutamicum,
Streptomyces coelicolor, Streptomyces lividans, Clostridium
thermocellum and Saccharomonospora viridis.

[0201] Inone aspect, the fatty acid produced by the inven-
tive cell comprises about 80% to about 100% (wt.) (e.g.,
about 85%, about 90%, or about 95%) linear and branched-
chain fatty acid. Of the linear and branched-chain fatty acids
produced by the cell, approximately 1% to approximately
95% or more (e.g., 5%, 10%, 15%, 20%, 30%, 50%, 60%,
75%, 85%, or 100%) is branched-chain fatty acid comprising
a methyl group on one or more even carbons. In some
embodiments, the cell does not produce, or produces only
trace amounts of, fatty acid comprising methyl branching on
odd numbered carbons. By “trace amount” is meant less than
1% of the total fatty acid content produced by the cell. Alter-
natively or in addition, in one aspect, the mixture of fatty acids
produced by the cell comprises no more than 50% end-termi-
nal-branched fatty acid (i.e., fatty acids that contain branch-
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ing on a carbon atom that is within 40% of the non-function-
alized terminus of the longest carbon chain). Optionally, the
inventive cell is modified to preferentially produce branched-
chain fatty acid with desired chain lengths, e.g., about six to
about 18 carbons or more in the carbon backbone (not includ-
ing the methyl branch(es)). In some embodiments, the host
cell preferentially generates long chain fatty acid, medium-
length chain fatty acid, short chain fatty acid, or a desired
combination fatty acids (e.g., 60%, 70%, 80%, 85%, 90%,
95% or more of the branched-chain fatty acid produced by the
cell comprises the desired number of carbons). In addition, in
certain embodiments, the engineered cells tolerate large
amounts of branched-chain fatty acid in the growth medium,
plasma membrane, or lipid droplets, and/or produce
branched-chain fatty acid more economically than an
unmodified cell by, e.g., using a less expensive feedstock,
requiring less fermentation time, and the like.

[0202] The polynucleotide(s) encoding one or more
polypeptides that catalyze the reaction(s) for producing
branched-chain fatty acid may be derived from any source.
Depending on the embodiment of the invention, the poly-
nucleotide is isolated from a natural source such as bacteria,
algae, fungi, plants, or animals; produced via a semi-synthetic
route (e.g., the nucleic acid sequence of a polynucleotide is
codon-optimized for expression in a particular host cell, such
as E. coli); or synthesized de novo. In certain embodiments, it
is advantageous to select an enzyme from a particular source
based on, e.g., the substrate specificity of the enzyme, the type
of branched-chain fatty acid produced by the source, or the
level of enzyme activity in a given host cell. In one aspect of
the invention, the enzyme and corresponding polynucleotide
are naturally found in the host cell and overexpression of the
polynucleotide is desired. In this regard, in some instances,
additional copies of the polynucleotide are introduced in the
host cell to increase the amount of enzyme available for fatty
acid production. Overexpression of a native polynucleotide
also is achieved by upregulating endogenous promoter activ-
ity, or operably linking the polynucleotide to a more robust
promoter. Exogenous enzymes and their corresponding poly-
nucleotides also are suitable for use in the context of the
invention, and the features of the biosynthesis pathway or end
product can be tailored depending on the particular enzyme
used. If desired, the polynucleotide(s) is isolated or derived
from the branched-chain fatty acid-producing organisms
described herein.

[0203] Incertain embodiments, the cell produces an analog
or variant of a polypeptide described herein. Amino acid
sequence variants of the polypeptide include substitution,
insertion, or deletion variants, and variants may be substan-
tially homologous or substantially identical to the unmodified
polypeptides as set out above. In certain embodiments, the
variants retain at least some of the biological activity, e.g.,
catalytic activity, of the polypeptide. Other variants include
variants of the polypeptide that retain at least about 50%,
preferably at least about 75%, more preferably at least about
90%, of the biological activity.

[0204] Substitution variants typically exchange one amino
acid for another at one or more sites within the protein.
Substitutions of this kind can be conservative, that is, one
amino acid is replaced with one of similar shape and charge.
Conservative substitutions include, for example, the changes
of: alanine to serine; arginine to lysine; asparagine to
glutamine; aspartate to glutamate; cysteine to serine;
glutamine to asparagine; glutamate to aspartate; isoleucine to
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leucine or valine; leucine to valine or isoleucine; lysine to
arginine; methionine to leucine or isoleucine; phenylalanine
to tyrosine, leucine or methionine; serine to threonine; threo-
nine to serine; tryptophan to tyrosine; tyrosine to tryptophan
or phenylalanine; and valine to isoleucine or leucine.

[0205] In some instances, the recombinant cell comprises
an analog or variant of the exogenous or overexpressed poly-
nucleotide(s) described herein. Nucleic acid sequence vari-
ants include one or more substitutions, insertions, or dele-
tions, and variants may be substantially homologous or
substantially identical to the unmodified polynucleotide.
Polynucleotide variants or analogs encode mutant enzymes
having at least partial activity of the unmodified enzyme.
Alternatively, polynucleotide variants or analogs encode the
same amino acid sequence as the unmodified polynucleotide.
Codon-optimized sequences, for example, generally encode
the same amino acid sequence as the parent/native sequence
but contain codons that are preferentially expressed in a par-
ticular host organism.

[0206] A polypeptide or polynucleotide “derived from” an
organism contains one or more modifications to the native
amino acid sequence or nucleotide sequence and exhibits
similar, if not better, activity compared to the native enzyme
(e.g., at least 70%, at least 80%, at least 90%, at least 95%, at
least 100%, or at least 110% the level of activity of the native
enzyme). For example, enzyme activity is improved in some
contexts by directed evolution of a parent/native sequence.
Additionally or alternatively, an enzyme coding sequence is
mutated to achieve feedback resistance. Thus, in one or more
embodiments of the invention, the polypeptide encoded by
the exogenous polynucleotide is feedback resistant and/or is
modified to alter the activity of the native enzyme. A poly-
nucleotide “derived from” a reference polynucleotide encom-
passes, but is not limited to, a polynucleotide comprising a
nucleic acid sequence that has been codon-optimized for
expression in a desired host cell.

[0207] The cell of the invention may comprise any combi-
nation of polynucleotides described herein to produce
branched-chain fatty acid comprising a methyl branch on one
or more even number carbons. For example, the invention
provides a cell comprising (i) an exogenous or overexpressed
polynucleotide comprising a nucleic acid sequence encoding
an acyl transferase lacking polyketide synthesis activity, and
(ii) an exogenous or overexpressed polynucleotide compris-
ing a nucleic acid sequence encoding a propionyl-CoA car-
boxylase and/or an exogenous or overexpressed polynucle-
otide comprising a nucleic acid sequence encoding a
methylmalonyl-CoA mutase, wherein the polynucleotide(s)
are expressed and the cell produces more branched-chain
fatty acid comprising a methyl on one or more even number
carbons than an otherwise similar cell that does not comprise
the polynucleotide(s). Recombinant cells can be produced in
any suitable manner to establish an expression vector within
the cell. The expression vector can include the exogenous
polynucleotide operably linked to expression elements, such
as, for example, promoters, enhancers, ribosome binding
sites, operators and activating sequences. Such expression
elements may be regulatable, for example, inducible (via the
addition of an inducer). Alternatively or in addition, the
expression vector can include additional copies of a poly-
nucleotide encoding a native gene product operably linked to
expression elements. Representative examples of useful pro-
moters include, but are not limited to: the LTR (long terminal
35 repeat from a retrovirus) or SV40 promoter, the E. coli lac,



US 2011/0166370 Al

tet, or trp promoter, the phage Lambda P, promoter, and other
promoters known to control expression of genes in prokary-
otic or eukaryotic cells or their viruses. In one aspect, the
expression vector also includes appropriate sequences for
amplifying expression. The expression vector can comprise
elements to facilitate incorporation of polynucleotides into
the cellular genome. Introduction of the expression vector or
other polynucleotides into cells can be performed using any
suitable method, such as, for example, transformation, elec-
troporation, microinjection, microprojectile bombardment,
calcium phosphate precipitation, modified calcium phos-
phate precipitation, cationic lipid treatment, photoporation,
fusion methodologies, receptor mediated transfer, or poly-
brene precipitation. Alternatively, the expression vector or
other polynucleotides can be introduced by infection with a
viral vector, by conjugation, by transduction, or by other any
other suitable method.

[0208] Cells, such as bacterial cells, containing the poly-
nucleotides encoding the proteins described herein can be
cultured under conditions appropriate for growth of the cells
and expression of the polynucleotides. Cells expressing the
protein can be identified by any suitable methods, such as, for
example, by PCR screening, screening by Southern blot
analysis, or screening for the expression of the protein. In
certain embodiments, cells that contain the polynucleotide(s)
can be selected by including a selectable marker in the DNA
construct, with subsequent culturing of cells containing a
selectable marker gene, under conditions appropriate for sur-
vival of only those cells that express the selectable marker
gene. The introduced DNA construct can be further amplified
by culturing genetically modified cells under appropriate
conditions (e.g., culturing genetically modified cells contain-
ing an amplifiable marker gene in the presence of a concen-
tration of a drug at which only cells containing multiple
copies of the amplifiable marker gene can survive). Cells that
contain and express polynucleotides encoding the exogenous
proteins can be referred to herein as genetically modified
cells. Bacterial cells that contain and express polynucleotides
encoding the exogenous protein can be referred to as geneti-
cally modified bacterial cells.

[0209] Exemplary cells of the invention include E. cofi
BW25113 comprising pTrcHisA mmat and pZA31-accAl-
pceB, which was deposited with American Type Culture Col-
lection (ATCC), 10801 University Blvd., Manassas, Va., on
Dec. 14, 2010, under the provisions of the Budapest Treaty
for the International Recognition of the Deposit of Microor-
ganisms for the Purpose of Patent Procedure (“Budapest
Treaty”), and assigned Deposit Accession No. [XXX] on
[DATE], and E. coli BL21 Star (DE3) comprising pTrcHisA
Ec sbm So ce epi and pZA31 mmat which was deposited with
American Type Culture Collection (ATCC), 10801 Univer-
sity Blvd., Manassas, Va., on Dec. 14, 2010, under the provi-
sions of the Budapest Treaty for the International Recognition
of the Deposit of Microorganisms for the Purpose of Patent
Procedure (“Budapest Treaty”), and assigned Deposit Acces-
sion No. [XXX] on [DATE]. The invention also includes
variants or progeny of the cells described herein that retain the
phenotypic characteristics of the recombinant microbe. A
substantially pure monoculture of the cell described herein
(i.e., a culture comprising at least 80% or at least 90% of a
desired cell) also is provided.

[0210] Any cell culture conditions appropriate for growing
a host cell and synthesizing branched-chain fatty acid is suit-
able for use in the inventive method. Addition of fatty acid
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synthesis intermediates, precursors, and/or co-factors for the
enzymes associated with branched-chain fatty acid synthesis
to the culture is contemplated herein. In certain embodiments,
the genetically modified cells (such as genetically modified
bacterial cells) have an optimal temperature for growth, such
as, for example, a lower temperature than normally encoun-
tered for growth and/or fermentation. For example, in certain
embodiments, incorporation of branched-chain fatty acids
into the membrane may increase membrane fluidity, a prop-
erty normally associated with low growth temperatures. In
addition, in certain embodiments, cells of the invention may
exhibit a decline in growth at higher temperatures as com-
pared to normal growth and/or fermentation temperatures as
typically found in cells of the type.

[0211] The inventive method optionally comprises extract-
ing branched-chain fatty acid from the culture. Fatty acids can
be extracted from the culture medium and measured using
any suitable manner. Suitable extraction methods include, for
example, methods as described in: Bligh et al., A rapid
method for total lipid extraction and purification, Can. J.
Biochem. Physiol. 37:911-917 (1959). In certain embodi-
ments, production of fatty acids in the culture supernatant or
in the membrane fraction of recombinant cells can be mea-
sured. In this embodiment, cultures are prepared in the stan-
dard manner, although nutrients (e.g., 2-methylbutyrate, iso-
leucine) that may provide a boost in substrate supply can be
added to the culture. Cells are harvested by centrifugation,
acidified with hydrochloric or perchloric acid, and extracted
with chloroform and methanol, with the fatty acids entering
the organic layer. The fatty acids are converted to methyl
esters, using methanol at 100° C. The methyl esters are sepa-
rated by gas chromatography (GC) and compared with known
standards of fatty acids (purchased from Larodan or Sigma).
Confirmation of chemical identity is carried out by combined
GC/mass spec, with further mass spec analysis of fragmented
material carried out if necessary.

[0212] In one embodiment, the cell utilizes the branched-
chain fatty acid as a precursor to make one or more other
products. Products biosynthesized (i.e., derived) from
branched-chain fatty acid include, but are not limited to,
phospholipids, triglycerides, alkanes, olefins, wax esters,
fatty alcohols, and fatty aldehydes. Some host cells naturally
generate one or more products derived from branched-chain
fatty acid; other host cells are genetically engineered to con-
vert branched-chain fatty acid to, e.g., an alkane, olefin, wax
ester, fatty alcohol, phospholipid, triglyceride, and/or fatty
aldehyde. Organisms and genetic modifications thereof to
synthesize products derived from branched-chain fatty acids
are further described in, e.g., International Patent Publication
Nos. WO 2007/136762, WO 2008/151149, and WO 2010/
062480, and U.S. Patent Application Publication US 2010/
0298612, all of which are hereby incorporated by reference in
their entirety. In one aspect, the inventive method comprises
extracting a product derived from branched-chain fatty acid
(phospholipid, triglyceride, alkane, olefin, wax ester, fatty
alcohol, and/or fatty aldehyde synthesized in the cell from
branched-chain fatty acid) from the culture. Any extraction
method is appropriate, including the extraction methods
described in International Patent Publication Nos. WO 2007/
136762, WO 2008/151149, and WO 2010/062480, and U.S.
Patent Application Publication Nos. US 2010/0251601, US
20100242345, US 20100105963, and US 2010/0298612.

[0213] The inventive cell preferably produces more
branched-chain fatty acid comprising a methyl branch on one
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or more even number carbons than an otherwise similar cell
that does not comprise the polynucleotide(s). Methods of
measuring fatty acid released into the fermentation broth or
culture media or liberated from cellular fractions are
described herein. Branched-chain fatty acid production is not
limited to fatty acid accumulated in the culture, however, but
also includes fatty acid used as a precursor for downstream
reactions yielding products derived from branched-chain
fatty acid. Thus, products derived from branched-chain fatty
acid (e.g., phospholipids, triglycerides, fatty alcohols, ole-
fins, wax esters, fatty aldehydes, and alkanes) are, in some
embodiments, surrogates for measuring branched-chain fatty
acid production in a host cell. Methods of measuring fatty
acid content in phospholipid in the cell membrane are
described herein. Similarly, measurement of degradation
products of branched-chain fatty acids also is instructive as to
the amount of branched-chain fatty acid is produced in a host
cell. Depending on the particular embodiment of the inven-
tion, the inventive cell produces at least 3%, at least 5%, at
least 10%, at least 20%, at least 25%, or at least 50% more
branched-chain fatty acid than an otherwise similar cell that
does not comprise the polynucleotide(s).

[0214] The invention further provides a composition com-
prising the branched-chain fatty acids described herein. For
example, the invention provides a composition comprising a
branched-chain fatty acid comprising between 10-18 carbons
in the carbon backbone, such as fatty acids comprising
between 10 and 16 carbons (e.g., fatty acids comprising 10,
11,12, 13, 14, 15, or 16 carbons), with branching on one or
more even numbered carbons (e.g., C2, C4, C6, C8, C10,
C12, C14, and/or C16). A composition comprising longer-
chain fatty acid also is provided, such as a composition com-
prising between 19 and 22 carbons in the longest carbon
chain. A composition comprising a combination of any of the
fatty acids described herein also is provided (e.g., a compo-
sition comprising fatty acids of varying lengths and/or branch
locations along the carbon backbone).

[0215] The following examples further describe and dem-
onstrate embodiments within the scope of the invention. The
examples are given solely for the purpose of illustration and
are not to be construed as limitations of the invention, as many
variations thereof are possible without departing from the
spirit and scope of the invention.

Example 1

Construction of Methylmalonyl-CoA Mutase
Expression Vector

[0216] There are numerous genes annotated to encode the
two subunits of methylmalonyl-CoA mutase. Janibacter sp.
HTCC2649 encodes two such genes. Synthetic versions of
these genes were prepared, with the codon usage altered to
match that used by many E. coli genes (i.e., the coding
sequence was codon-optimized for expression in E. coli). By
analogy to other methylmalonyl-CoA mutase genes, these
synthetic genes were named mutA (SEQ ID NO: 1) and mutB
(SEQ ID NO: 2), corresponding to the MutA (SEQ ID NO: 3)
and MutB (SEQ ID NO: 4) protein subunits. In the synthetic
DNA, an extra three base pairs were added (encoding an
alanine residue immediately after the initiation methionine)
in mutA to facilitate introduction of an Ncol site. An Xhol
restriction site was also placed after the coding sequence of
mutB for insertion into the pBAD vector (Invitrogen). The
Ncol/Xhol fragment was cloned into pBAD.
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Example 2

Construction of Methylmalonyl-CoA Epimerase
Expression Vector

[0217] There are numerous genes annotated to encode
methylmalonyl-CoA mutase. One such gene is from Strepro-
myces sviceus. A synthetic gene can be constructed (SEQ ID
NO: 5) using codon usage similar to E. coli genes and with
EcoRI and Hind 1T sites flanking the coding region. An E. coli
Shine-Dalgarno sequence can be added between the EcoRI
site and the initiation codon for the epimerase gene. The
predicted protein product is the same as the predicted protein
product from the S. sviceus gene (SEQ ID NO: 6). The epi-
merase gene can be cloned into the pPBAD-mutAB construct
using the EcoRI and Hind III restriction sites (downstream of
mutB) to form the pPBAD-mutAB-epimerase gene plasmid. £.
coli cultures can be grown at 27° C. after induction with
arabinose and supplemented with hydroxycobalamin to
achieve expression of functional methylmalonyl-CoA mutase
and branched-chain fatty acid production.

Example 3

Construction of Propionyl-CoA Carboxylase Expres-
sion Vector

[0218] Nucleotide sequences (SEQ ID NO: 7 and SEQ ID
NO: 8) encoding the two propionyl-CoA carboxylase sub-
units AccAl (GenBank Accession NO. AF113603.1; SEQ ID
NO: 9) and PccB (GenBank Accession No. AF113605.1;
SEQ ID NO: 10)), respectively, from the Streptomyces coeli-
color A3(2) propionyl-CoA carboxylase (Rodriguez E., Gra-
majo H., Microbiology. 1999 November; 145:3109-19), were
codon-optimized for E. coli expression. A gene construct for
expressing propionyl-CoA carboxylase was constructed with
the following elements sequentially 1) P, ; promoter and
operator plus T7 genel0 ribosomal binding site (SEQ ID NO:
11); 2) optimized accAl (SEQ ID NO: 12); 3) three restriction
site sequences including Bglll, Notl and Xbal and a T7
genelO ribosome binding site (SEQ ID NO: 13); and 4)
codon-optimized pccB (SEQ ID NO: 14). The synthesized
DNA fragments were cloned into the Xhol and PstI sites of
expression vector pZA31-MCS (Expressys, Ruelzheim, Ger-
many), resulting in plasmid pZA31-accAl-pccB (SEQ ID
NO: 15).

Example 4

Construction of Propionyl-CoA Synthetase Expres-
sion Vector

[0219] The Salmonella enterica propionyl-CoA synthetase
gene, prpE, was amplified using PCR and the primers set forth
in SEQ ID NO: 16 and SEQ ID NO: 17, and placed behind a
Shine-Dalgarno sequence in the plasmid pZA31-accAl-
peeB (SEQ ID NO: 15) using the restriction enzymes Pstl and
BamHI. Enhanced propionyl-CoA synthetase production is
expected to increase synthetic flux to propionyl-CoA.

Example 5

Reduction of Propionylation of Propionyl-CoA Syn-
thetase

[0220] InS. enterica, propionyl-CoA synthetase is subject
to inhibition by propionylation at lysine 592 when propionyl-
CoA levels accumulate. (Garrity et al, J. Biol. Chem., Vol.
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282, Issue 41, 30239-30245, Oct. 12, 2007). Similar enzyme
modulation may occur in other species, although the position
of the modified lysine may be different. Several strategies to
overcome this inhibition will be tested and compared. First,
the propionyl-CoA synthetase gene will be mutated to change
the coding capacity from lysine (at the site of propionylation)
to arginine or other amino acids to prevent propionylation.
Second, a source of resveratrol or other sirtuin activators will
be introduced into the culture medium to activate sirtuin to
depropionylate PrpE. Third, the endogenous N-acetyltrans-
ferase enzyme responsible for the propionylation reaction
will be knocked out. For example, if working with S. enterica,
pat could be deleted. As another example, if working with B.
subtilis, acuA could be deleted. Fourth, the flux of propionyl-
CoA into fatty acid synthesis will be increased by increasing
propionyl-CoA carboxylase activity to keep free propionyl-
CoA levels down. Fifth, the sirtuin activity will be increased,
thus increasing deacetylation of propionyl-CoA carboxylase.
For example, the S. enterica cobB expression could be
increased.

Example 6

Creation of an Expression Vector Comprising the

Coding Sequence of the MMAT (Methylmalonyl-

CoA Acyl Transferase) Domain from Mycobacte-
rium Mycocerosic Acid Synthase (MAS).

[0221] Mycobacterium MAS is a multifunctional protein
that catalyzes the synthesis of mycocerosic acid and that
contains a domain with MMAT activity. The MMAT domain
(amino acids 508-890) (SEQ ID NO: 18) of MAS from Myco-
bacterium bovis BCG (YP__979046) (SEQ ID NO: 19) was
codon optimized for E. coli expression (SEQID NO: 20). The
optimized sequence was synthesized and cloned into vector
pTrcHisA (Invitrogen) between the BamHI and HindIII sites.
The resulting construct fused the MMAT domain with the His
tag leader peptide encoded by the vector. The expression
vector was introduced into a recombinant . coli host that
produces methylmalonyl-CoA. MMAT activity catalyzes the
formation of methylmalonyl-ACP, which subsequently can
be incorporated into the type I1 fatty acid synthesis pathway to
form methyl branches at even positions of the fatty acid chain.

Example 7
Method for Detecting Acyl-CoA

[0222] This example describes an exemplary method for
detecting and quantifying an acyl-CoA (e.g., methylmalonyl-
CoA) in a sample, such as a sample of recombinant host cells
producing branched-chain fatty acid.

[0223] A stable, labeled (deuterium) internal standard-con-
taining master mix was prepared comprising d,-3-hydroxym-
ethylglutaryl-CoA (200 pl of 50 pg/ml stock in 10 ml of 15%
trichloroacetic acid). An aliquot (500 ul) of the master mix
was added to a 2 ml tube. Silicone oil (AR200; Sigma catalog
number 85419; 800 pl) was layered onto the master mix. An
E. coli culture (800 nl) was layered gently on top of the
silicone oil, and the resulting sample was subjected to cen-
trifugation at 20,000xg for five minutes at 4° C. in an Eppen-
dorf 5417 C centrifuge. A portion (300 pl) of the master
mix-containing layer was transferred to an empty tube and
frozen on dry ice for 30 minutes.

[0224] The acyl-CoA content of samples was determined
using HPLC/MS/MS. Individual coenzyme-A standards
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(propionyl-CoA, methylmalonyl-CoA, succinyl-CoA, malo-
nyl-CoA, isobutyryl-CoA, isovaleryl-CoA, and acetyl-CoA)
were purchased from Sigma Chemical Company (St. Louis,
Mo.) and prepared as 500 pg/ml stocks in methanol. The
analytes were pooled, and standards with all of the analytes
were prepared by dilution with 15% trichloroacetic acid.
Standards for regression were prepared by transferring 500 pl
of'the working standards to an autosampler vial containing 10
uL of the 50 ng/ml internal standard. Sample peak areas (or
heights) were normalized to the stable-labeled internal stan-
dard (d;-3-hydroxymethylglutaryl-CoA, Cayman Chemical
Co.). Samples were assayed by HPLC/MS/MS on a Sciex
API5000 mass spectrometer in positive ion Turbo Ion Spray.
Separation was carried out by reversed-phase high perfor-
mance liquid chromatography using a Phenomenex Onyx
Monolithic C18 column (2x50 mm) and mobile phases of (1)
5 mM ammonium acetate, 5 mM dimethylbutylamine, 6.5
mM acetic acid and (2) acetonitrile with 0.1% formic acid,
with the gradient set forth in Table C.

TABLE C
Mobile Mobile
Phase A Phase B
Time (%) (%)
0 min 97.5 2.5
1.0 min 97.5 2.5
2.5 min 91.0 9.0
5.5 min 45 55
6.0 min 45 55
6.1 min 97.5 2.5
7.5 min — —
9.5 min End Run

[0225] The conditions on the mass spectrometer were: DP
160, CUR 30, GS1 65, GS2 65, 1S 4500, CAD 7, TEMP 650
C. The transitions set forth in Table D were used for the
multiple reaction monitoring (MRM).

TABLE D

Precursor Product Collision

Compound Ton* Ton* Energy CXP
n-Propionyl-CoA 824.3 317.2 41 32

Methylmalonyl-CoA 868.1 317.1 42 31

Succinyl-CoA 868.2 361.1 49 38

Malonyl-CoA 854.2 347.2 41 36

Isobutyryl-CoA 838.3 345.2 45 34

Isovaleryl-CoA 852.2 345.2 45 34

Acetyl-CoA 810.3 303.2 43 30

d3-3-Hydroxymethylglutaryl- 915.2 408.2 49 13

CoA

*Energy (Volts) for MS/MS analysis

Example 8
Analysis of Fatty Acids Produced by Host Cells

[0226] This example illustrates a method of analyzing
branched-chain fatty acids produced by cells (e.g., recombi-
nant microbes).

[0227] Cell cultures (approximately 1.5 ml) were frozen in
2.0 ml glass vials and stored at —20° C. until ready for pro-
cessing. Samples were chilled on dry ice for 30 minutes and
lyophilized overnight (—16 hours) until dry. A 10 ul aliquot of
internal standard (glyceryl trinonadecanoate (Sigma catalog
number T4632-1G)) was added to each vial, followed by 400
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uL of 0.5 N NaOH (in methanol). The vial was capped and
vortexed for 10 seconds. Samples were incubated at 65°C. for
30-50 minutes. Samples were then removed from the incuba-
tor, and 500 pl of boron trifluoride reagent (Aldrich catalog
number B1252) was added. The samples were vortexed again
for 10 seconds, incubated at 65° C. for 10-15 minutes, and
cooled to room temperature (approximately 20 minutes).
Hexane (350 pl) was added, and the samples were again
vortexed for 10 seconds. Ifthe phases did not separate, 50-100
ul of saturated salt solution (5 g NaCl to 5 ml water) was
added, and the sample was vortexed for 10 seconds. At least
100 pl of the top hexane layer was placed into the gas chro-
matography vial. The vial was capped and stored at4° C. until
analyzed by gas chromatography.

[0228] Gas chromatography was performed as described in
Table E below. A bacterial acid methyl ester standard (Sigma
catalog number 47080-U) and a fatty acid methyl ester stan-
dard (Sigma catalog number 47885-U) were used to identify
peaks in samples. A sample check standard using glyceryl
tripalmitate (Sigma catalog number T5888-1G) was used to
confirm esterification of samples. A blank standard (internal
standard only) was used to assess background noise.

TABLE E

HP 5890 GC Series II

Gas Chromatograph

Detector FID 360° C. 40 ml/min Hydrogen,
400 ml/min Air

Carrier Gas Helium

Quantitative GC Chemstation A.09.03. (Agilent)

Program

Column VF-5ms 15M x 0.150 mm x 0.15 ym

Varian catalog number CP9035

Injection Liner Gooseneck (with glass wool packing)

Injector HP 7673

Injection Syringe 10 uL

Injection Mode Split 25:1

Injection volume 4 plL (Plunger Speed = fast; 5 sample pumps)
Pre Injection Solvent 2 samples

Washes
Post Injection
Solvent Washes

3 for both acetone and hexane

Injector Temperature ~ 325° C.

Total Program Time 16 minutes
Initial  Initial Final Final
Temp. Time Rate Temp Time
(°C) (min) (° C./min) °C) (min)

Thermal Program 20 0.75 20.0 325 1.0

25.0 350 2.5
Example 9

Construction of Expression Vectors Comprising S.
Cinnamonensis mutA and mutB and S. sviceus epi.

[0229] A synthetic DNA construct was generated compris-
ing Streptomyces cinnamonensis mutA (SEQ 1D NO: 24)
(GenBank Accession No. AAA03040.1), S. cinnamonensis
mutB (SEQ ID NO: 25) (GenBank Accession No.
AAA03041.1), and a Strepromyces sviceus ATCC 29083
methylmalonyl-CoA epimerase gene (SEQ ID NO: 26) (Gen-
Bank Accession No. ZP_06919825.1). The genes were
codon-optimized for expression in E. coli. An EcoRI restric-
tion site was placed on the 5' end, and a BamHI site was
placed on the 3' end of the synthesized gene construct. These
sites were subsequently used for cloning into a pZA31 vector
(Expressys, Ruelzheim, Germany). A ribosome binding
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sequence and spacer was placed before the mutA and epime-
rase gene start codons (SEQ ID NO: 27). The plasmid was
designated pZA31 mutAB Ss epi.

Example 10

Construction of Expression Vectors Comprising Shm
and malE/sbm Polynucleotides

[0230] Sleeping beauty mutase (Sbm) (also known as
methylmalonyl-CoA mutase (MCM)) is an enzyme that cata-
lyzes the rearrangement of succinyl-CoA to L-methylmalo-
nyl-CoA. The enzyme is vitamin B12 (cobalamin) depen-
dent. Methylmalonyl-CoA is a building block for scattered
branch-chain fatty acids (sBCFA) (i.e., branched-chain fatty
acid comprising a methyl branch on one or more even number
carbons of the fatty acid backbone). Plasmids comprising a
polynucleotide encoding Sbm were generated to introduce
multiple copies of the Sbm coding sequence, downstream of
a regulatable promoter, into E. coli host cells.

[0231] A polynucleotide was synthesized based on the
sequence of E. coli sbm (SEQ ID NO: 28) (GenBank Acces-
sion No. NP_ 417392.1) from E. coli strain MG1655. The
nucleic acid sequence was codon-optimized to match the
pattern of highly expressed E. coli genes while maintaining
the native amino acid sequence of the enzyme. The generated
nucleic acid sequence is set forth in SEQ ID NO: 29. A
BamHI and an Xbal site were added at the 5' end of the
synthetic Sbm coding sequence with the sequence GGATC-
CATGTCTAGA (SEQ ID NO: 49) adjacent to the ATG trans-
lation initiation sequence. A Sacl restriction site sequence
was added to the 3' end of the synthetic Sbm coding sequence.
The gene was synthesized, cloned into a pUCS7 vector, and
sequenced (GenScript, Piscataway, N.J.). The synthetic sbm
was then released from pUCS7 by restriction enzymes
BamHI and Sad, and sub-cloned into plasmid pTrcHisA (In-
vitrogen, Carlsbad, Calif.) in frame with the poly-histidine
sequence (GenScript, Piscataway, N.J.). The plasmid was
designated pTrcHisA Ec sbm. The sequence was confirmed
by sequencing (GenScript, Piscataway, N.J.). The recombi-
nant protein encoded by the sequence contained a poly-histi-
dine sequence (Met-Gly-Gly-Ser-His-His-His-His-His-His-
Gly-Met-Ala-Ser-Met-Thr-Gly-Gly-Gln-Gln-Met-Gly-Arg-
Thr-Asp-Asp-Asp-Asp-Lys-Asp-Arg-Trp-Gly-Ser (SEQ ID
NO: 50)) and a full-length native Shm amino acid sequence.
[0232] A recombinant methylmalonyl-CoA mutase has
beenreported to be insolublein £. coli (Korotkova, N., and M.
E. Lidstrom. J. Biological Chemistry 279: 13652-8 (2004)).
Translation fusion with maltose-binding protein (MBP,
encoded by malE) prevents aggregation of recombinant pro-
teins (Kapust, R. B., and D. S. Waugh. Protein Science 8:
1668-74 (1999)). A recombinant construct was generated by
inserting malE upstream of sbm. The malE polynucleotide
was synthesized based on the sequence of maltose binding
protein (. coli MG1655 GenBank NC_000913.2 (Gen-
Script, Piscataway, N.J.)). A BamHI site was placed adjacent
to the translation initiation codon of malE, and an Xbal site
was placed immediately 5' to the stop codon of the malE
sequence (SEQ ID NO: 30). Also, one nucleotide was
changed (T438 to C438) to remove a restriction site recogni-
tion sequence for Bglll.

[0233] The MalE coding sequence (SEQ ID NO: 30) was
first synthesized and cloned into a pUCS57 plasmid. After
confirming its sequence, the malE polynucleotide was
released using restriction enzymes BamHI and Xbal. The
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released malE was then re-cloned into plasmid pTrcHisA Ec
sbm at BamHI and Xbal sites (GenScript, Piscataway, N.I.).
The resulting plasmid was designated pTrcHisA Ec malE Ec
sbm. The recombinant protein encoded by pTrcHisA Ec malE
Ec sbm contains three peptides: the poly-histidine tag, full-
length MBP, and full-length Sbm.

Example 11

Construction of a Recombinant Expression Vector
Comprising a Polynucleotide Encoding the Methyl-
malonyl-CoA Acyl Transferase (MMAT) Domain
from Mycobacterium Mycocerosic Acid Synthase
(MAS).

[0234] Mycobacterium MAS is a multifunctional protein
containing MMAT activity that catalyzes the synthesis of
mycocerosic acid. The nucleic acid sequence encoding the
MMAT domain (amino acids 508-890) (SEQ ID NO: 18) of
MAS from Mycobacterium bovis BCG (GenBank Accession
No.YP_979046) (SEQ ID NO: 19) was codon-optimized for
E. coli expression (SEQ ID NO: 20). The optimized
sequence, designated “mmat,” was synthesized and cloned
into vector pTrcHisA (Invitrogen) between the BamHI and
HindIII sites. The resulting construct fused the MMAT
domain with the poly-histidine tag encoded by the vector. The
expression vector (pTrcHisA mmat) was introduced into a
recombinant E. coli host that produces methylmalonyl-CoA.
MMAT activity catalyzes the formation of methylmalonyl-
ACP, which is incorporated by Type II fatty acid synthase into
fatty acid, forming methyl branches at even positions of the
fatty acid chain.

[0235] An expression vector encoding Mycobacterium
bovis BCG fused to a poly-histidine tag also was generated.
The pTrcHisA mmat plasmid DNA described above was
amplified by PCR using oligonucleotides synthesized to
include 5'-Kpnl (SEQ ID NO: 31) and 3'-HindIII restriction
sites (SEQ 1D NO: 32) (Integrated DNA Technologies, Inc.,
Coralville, Iowa). PCR was run on samples having 1 pl (2 ng)
pTrcHisA mmat DNA, 1.5 pl of a 10 uM stock of each primer,
5 pl of 10x Pfx reaction mix (Invitrogen Carlsbad, Calif.), 0.5
ul of Pfx DNA polymerase (1.25 units), and 41 ul of water.
PCR conditions were as follows: the samples were initially
incubated at 95° C. for three minutes, followed by 30 cycles
at 95° C. for 30 seconds (strand separation), 58° C. for 30
seconds (primer annealing), and 68° C. primer extension for
1.5 minutes. Following the cycles, the samples were incu-
bated for 10 minutes at 68° C., and the samples were then held
at4°C.

[0236] The PCR products were purified using a
QIAquick® PCR Purification Kit (Qiagen), digested with
restriction enzymes Kpnl and HindIII and ligated (Fast-Link
Epicentre Biotechnologies, Madison, Wis.) with Kpnl/Hin-
dlll-digested pZA31MCS (Expressys, Ruelzheim, Ger-
many). The ligation mix was used to transform FE. coli
DHSo™ (Invitrogen Carlsbad, Calif.). Isolated colonies
were screened by PCR using a sterile pipette tip stab as an
inoculum into a reaction tube containing only water, followed
by addition of the remaining PCR reaction cocktail (Ac-
cuPrime™ SuperMixIl, Invitrogen Carlsbad, Calif.) and
primers as described above.

[0237] Recombinant plasmids were isolated and purified
using the QIAPrep® Spin Miniprep Kit (Qiagen) and char-
acterized by restriction enzyme digestion (Dral, Kpnl and
HindIII from New England Biolabs, Beverly, Mass.). The
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plasmids were subsequently used to transform BW25113 (E.
coli Genetics Stock Center, New Haven, Conn.) made com-
petent using the calcium chloride method. Transformants
were selected on Luria agar plates containing 34 pg/ml
chloramphenicol. Plasmid DNA was isolated and purified
using the QIAfilter™ Plasmid Midi Kit (Qiagen). DNA
sequencing confirmed that the insert was mmat (SEQ ID NO:
34). The resulting plasmid incorporating a poly-histidine tag
was designated pZA31 mmat.

Example 12

Method of Generating a Recombinant Host Cell
Comprising an Exogenous Polynucleotide Encoding
a Propionyl-CoA Carboxylase and an Exogenous
Polynucleotide Encoding a Methylmalonyl-CoA
Acyl Transterase (MMAT) Domain from Mycobac-
terium Mycocerosic Acid Synthase (MAS).

[0238] This example describes an exemplary method for
making a cell comprising an exogenous polynucleotide com-
prising a nucleic acid sequence encoding a polypeptide that
catalyzes the conversion of propionyl-CoA to methylmalo-
nyl-CoA and an exogenous polynucleotide comprising a
nucleic acid sequence encoding a polypeptide that catalyzes
the conversion of methylmalonyl-CoA to methylmalonyl-
ACP. The method entails co-transduction of . coli with plas-
mids containing a propionyl-CoA carboxylase gene from
Streptomyces coelicolor and a gene encoding a MMAT
domain from Mycobacterium MAS.

[0239] E. coli BW25113 cells (E. coli Genetic Stock Cen-
ter, New Haven, Conn.) were made chemically competent for
plasmid DNA transformation by a calcium chloride method.
Actively growing 50 ml E. coli cultures were grown to an
optical density (at 600 nm) of ~0.4. Cultures were quickly
chilled on ice, and the bacteria were recovered by centrifuga-
tion at 2700xg for 10 minutes. The supernatant was discarded
and pellets were gently suspended in 30 ml of an ice-cold 80
mM MgCl,, 20 mM Cac(l, solution. Cells were again recov-
ered by centrifugation at 2700xg for 10 minutes. The super-
natant was discarded and pellets were gently resuspended in
2 ml of an ice-cold 0.1 M CaCl, solution.

[0240] Cells were transformed on ice in pre-chilled 14 ml
round-bottom centrifuge tubes. Approximately 25 ng of each
of pTrcHisA mmat and pZA31l-accAl-pccB (described
above) was incubated on ice with 100 ul of competent cells for
30 minutes. The cells were heat shocked at 42° C. for 90
seconds and immediately placed on ice for two minutes.
Pre-warmed SOC medium (500 pl; Invitrogen, Carlsbad,
Calif.) was added and the cells allowed to recover at 37° C.
with 225 rpm shaking. A portion (50 pl) of the transformed
cell mix was spread onto selective LB agar 100 mg/ml ampi-
cillin and 34 mg/ml chloramphenicol plates to select for cells
carrying the pTrcHisA mmat and pZA31/32-accAl-pccB
plasmids. Individual colonies were picked from each plate
and streaked onto LB agar (with ampicillin and chloram-
phenicol) to confirm the antibiotic resistance phenotype.
Restriction endonuclease digestion analysis of isolated plas-
mid DNA with Haell verified the plasmid DNA pool for each
strain. A sample of E. coli BW25113 comprising pTrcHisA
mmat and pZA31-accAl-pccB was deposited with American
Type Culture Collection (ATCC), 10801 University Blvd.,
Manassas, Va., on Dec. 14, 2010, under the provisions of the
Budapest Treaty for the International Recognition of the
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Deposit of Microorganisms for the Purpose of Patent Proce-
dure (“Budapest Treaty”), and assigned Deposit Accession
No. [XXX] on [DATE].

Example 13

Construction of an Expression Vector Encoding Sor-
angium Cellulosum So ce 56 Methylmalonyl-CoA
Epimerase

[0241] A S. cellulosum methylmalonyl-CoA epimerase
synthetic gene (So ce epi) was designed and synthesized
(SEQ ID NO: 37). The coding sequence was codon-optimi-
zation for expression in E. coli and modified to remove
restriction sites (GenScript, Piscataway, N.J.). The nucleic
acid sequence was flanked with a Sacl site and a synthetic
ribosome binding site from the pBAD vector (Invitrogen,
Carlsbad, Calif)) adjacent to the translation initiation
sequence (SEQ ID NO: 39). The synthetic gene was cloned as
a Sacl/Pstl fragment into pTrcHisA Ec sbm and pTrcHisA Ec
malE Ec sbm, with the resulting plasmids designated as
pTrcHisA Ec sbm So ce epi and pTrcHisA Ec malE Ec sbm So
ce epi, respectively.

Example 14

Construction of an Expression Vector Encoding
Kribbella Flavida DSM 17836 Methylmalonyl-CoA
Epimerase

[0242] A K. flavida methylmalonyl-CoA epimerase gene
(Kfepi) was designed and synthesized (SEQ ID NO: 35). The
coding sequence was optimized for expression in E. coli and
restriction sites were removed (GenScript, Piscataway, N.J.).
The gene was flanked with a Sad site and a synthetic ribosome
binding site from the pBAD vector adjacent to the translation
initiation sequence (SEQ ID NO: 39). The synthetic gene was
cloned as a Sacl/Pstl fragment into pTrcHisA Ec sbm and
pTrcHisA Ec malE Ec sbm. The resulting plasmids were
designated pTrcHisA Ec sbm Kf'epi and pTrcHisA Ec malE
Ec sbm Kf epi, respectively.

Example 15

Production of Host Cells Producing Branched-Chain
Fatty Acid

[0243] This example describes the production of branched-
chain fatty acid using a recombinant host cell (e.g., E. coli)
expressing polynucleotides encoding a propionyl-CoA car-
boxylase or a methylmalonyl-CoA mutase and a methylma-
lonyl-CoA epimerase, in some instances in conjunction with
a polynucleotide encoding an acyl transferase and/or
thioesterase.

[0244] Itis useful to have the capacity to tailor the fatty acid
chain length. Branched fatty acids of different lengths have
different physical properties suitable for different commer-
cial applications. To demonstrate the capacity to tailor the
chain length of branched fatty acids, £. coli *TesA (Cho, H.,
and J. E. Cronan, Jr. J. Biological Chemistry 270: 4216-9
(1995)) was incorporated into expression vectors described
above and inserted into host cells. To create a pTrc Ec *tesA
expression vector, a truncated E. coli tesA ("tesA) cDNA
(SEQ ID NO: 40) was created by PCR amplification of the £.
colites A gene (GenBank Accession No.[L06182). A 5' primer
(SEQID NO: 41) was designed to anneal after the 26th codon
of tesA, modifying the 27th codon from an alanine to a
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methionine and creating a Ncol restriction site. A 3' primer
(SEQ ID NO: 43) incorporating a BamHI restriction site was
designed. PCR was performed with 50 ul of Pfu Ultra II
Hotstart 2x master mix (Agilent Technologies, Santa Clara,
Calif.), 1 pl of a mix of the two primers (10 pmoles of each),
1 ul of E. coli BW25113 genomic DNA, and 48 pl of water.
PCR began with a two minute incubation at 95° C., followed
by 30 cycles of 20 seconds at 95° C. for denaturation, 20
seconds for annealing at 58° C., and 15 seconds at 72° C. for
extension. The sample was incubated at 72° C. for three
minutes and then held at 4° C. The PCR product (Ec *tesA)
was purified using a QIAquick® PCR Purification Kit
(Qiagen, Valencia, Calif.). The bacterial expression vector
pTrcHisA and the ’tesA PCR product were digested with
Ncol and BamHI. The digested vector and insert were ligated
using Fast-Link (Epicentre Biotechnologies, Madison, Wis.).
The ligation mix was then used to transform E. coli TOP 10
cells (Invitrogen, Carlsbad, Calif.). Recombinant plasmids
were isolated using a QLAPrep0 Spin Miniprep Kit (Qiagen)
and characterized by gel electrophoresis of restriction digests
with Haell. DNA sequencing confirmed that the *tesA insert
had been cloned and that the insert encoded the expected
amino acid sequence (SEQ ID NO: 45). The resulting plasmid
was designated pTrc Ec ’tesA.

[0245] To limit gene expression, the truncated E. coli *tesA
gene was subcloned into the low-copy bacterial expression
vector pZS21-MCS (Expressys, Ruelzheim, Germany). The
expression vector pTrc Ec ’tesA was a template in a PCR
reaction using a 5' primer designed to create a flanking Xhol
restriction site and include the pTrcHisA lac promoter (to
replace the pZS21-MCS vector tet promoter) (SEQ ID NO:
46) and a 3' primer incorporating a HindIII restriction site
(SEQIDNO: 47). PCR was performed with 50 pl of Pfu Ultra
1T Hotstart 2x master mix (Agilent Technologies, Santa Clara,
Calif.), 1 pl of a mix of the two primers (10 pmoles of each),
1 Wl of pTre Ec *tesA plasmid DNA (6 ng), and 48 ul of water.
PCR began with a two minute incubation at 95° C., followed
by 30 cycles of 20 seconds at 95° C. for denaturation, 20
seconds for annealing at 57° C., and 20 seconds at 72° C. for
extension. The sample was incubated at 72° C. for three
minutes and then held at 4° C. The PCR product was purified
using a QIAquick® PCR Purification Kit (Qiagen, Valencia,
Calif.). The bacterial expression vector pZS21-MCS and the
Ec *tesA PCR product were digested with Xhol and HindIII.
The digested vector and insert were ligated using Fast-Link
(Epicentre Biotechnologies, Madison, Wis.). The ligation
mix was then used to transform £. coli TOP10 cells (Invitro-
gen, Carlsbad, Calif.). Recombinant plasmids were isolated
using a QIAPrep® Spin Miniprep Kit (Qiagen) and charac-
terized by gel electrophoresis of restriction digests with
Haell. DNA sequencing confirmed that the *tesA insert had
been cloned and that the insert encoded the expected amino
acid sequence (SEQ ID NO: 45). The resulting plasmid was
designated pZS22 Ec "tesA.

[0246] An E. coli strain deficient in fatty acid degradation
(Voelker, T. A., and H. M. Davies. J. Bacteriology 176:
7320-7 (1994)) and able to regulate transcription of recom-
binant genes was generated as follows. An E. coli K-12 strain
(K27) defective in fadD lacks the fatty acyl-CoA synthetase
responsible for an initial step in fatty acid degradation. The
strain K27 (F—, tyrT58(AS), fadD88, mel-1; CGSC Strain
#5478) was obtained from the E. coli Genetic Stock Center
(New Haven, Conn.). A genomic regulation cassette from
strain DH5aZ1 [lacl?, PN25-tetR, Sp®, deoR, supE44, A(lac-
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ZYA-argFV169), ¢80 lacZAM15 (Expressys, Ruelzheim,
Germany)] was introduced into the host strain. The transduc-
ing phage P1vir was charged with DH50Z1 DNA as follows.
A logarithmically growing culture (5 ml LB broth containing
0.2% glucose and 5 mM CaCl,) of donor strain, DH5aZ1,
was infected with a 100 pl of a lysate stock of P1lvir phage.
The culture was further incubated three hours for the infected
cells to lyse. The debris was pelleted, and the supernatant was
further cleared through a 0.45 pum syringe filter unit. The fresh
lysate was titered by spotting 10 ul of serial 1:10 dilutions of
lysate in TM buffer (10 mM MgSO,/10 mM Tris.Cl, pH 7.4)
onto a 100 mm LB (with 2.5 mM CaCl,) plate overlayed with
a cultured lawn of £. coli in LB top agar (with 2.5 mM CaCl,).
The process was repeated using the newly created phage
stock until the phage titer surpassed 10° pfu/ml.

[0247] The higher titer phage stock was used to transduce
fragments of the DH5aZ1 genome into a recipient K27 strain.
An overnight culture (1.5 ml) of K27 was pelleted and resus-
pended in 750 ul of a P1 salts solution (10 mM CaCl,/5 mM
MgSO,). 100 pl of the suspended cells was inoculated with
varying amounts of DH5aZ1 donor Plvir lysate (1, 10, and
100 pl) in sterile test tubes. The phage was allowed to adsorb
to the cells for 30 minutes at 37° C. Absorption was termi-
nated by addition of 1 ml LB broth plus 200 pl of 1 M sodium
citrate, and the cultures were further incubated for 1 hour at
37° C. with aeration. The cultures were pelleted, and the cells
suspended in 100 pl of LB broth (plus 0.2 M sodium citrate)
and spread onto LB agar plates with 50 pg/ml spectinomy-
cin. Spectinomycin-resistant strains were isolated, and
genomic DNAs were screened by PCR for the presence of
tetR, lacl? and fadD88. One such transductant was named
K27-7Z1 and used in further studies.

[0248] To transform K27-Z1, competent cells were placed
on ice in pre-chilled 14 ml round bottom centrifuge tubes.
Each plasmid was incubated with 50 pl of chemically com-
petent K27-71 cells (Cohen, S. N., Change, A. C.Y., and L.
Hsu. Proceedings National Academy Sciences U.S.A. 69:
2110-4 (1972)) for 30 minutes. The cells were heat shocked at
42° C. for 90 seconds and immediately placed on ice for two
minutes. Pre-warmed SOC medium (250 pl) (Invitrogen,
Carlsbad, Calif.) was added, and the cells were allowed to
recover at 37° C. with 125 rpm shaking for one hour. Trans-
formed cell mix (20 pl) was spread onto selective LB agar
with 100 pg/ml ampicillin to select for cells carrying the
pTrcHisA-based plasmids. Transformed cell mix (50 pl) was
spread onto LB agar with 34 ng/ml chloramphenicol to select
for cells carrying the pZA31-based plasmids. Transformed
cell mix (150 pl) was spread onto LB agar with 100 pg/ml
ampicillin and 34 pg/ml chloramphenicol to select for cells
carrying both the pTrcHisA-based and pZA31-based plas-
mids. In some cases, the creation of triple transformants
required two transformations: a double transformant was
originally created, made competent, and transformed by a
third plasmid.

[0249] Using the methods described above, E. coli strain
K27-71 was transduced with pTrcHisA pZA31 (control),
pZA31 mutAB Ss epi, pTrcHisA Ec sbm, and pTrcHisA Ec
sbm/pZA31 Mb mmat. The bacteria were cultured in M9 with
glycerol (0.2%) at 22° C. in flasks that were coated with black
Scotch duct tape. After the bacteria reached an optical density
(600 nm) of 0.4, a mix of IPTG, anhydrotetracycline, arabi-
nose and hydroxocobalamin hydrochloride was added to the
culture, giving final concentrations of 1 mM, 100 ng/ml,
0.2%, and 20 uM, respectively. Twenty-four hours later, the
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bacteria were harvested for coenzyme A analysis. Methylma-
lonyl-CoA production is illustrated in FIG. 24. Host cells
producing exogenous methylmalonyl-CoA mutase and meth-
ylmalonyl-CoA epimerase (encoded by pZA31 mutAB Ss
epi) produced over 25 ng methylmalonyl-CoA per ml culture.
Host cells comprising additional copies of the Sbm (methyl-
malonyl-CoA mutase) coding sequence produced over three
times the amount of methylmalonyl-CoA per ml of culture,
and co-expression of an methylmalonyl-CoA acyl transferase
reduced the amount of methylmalonyl-CoA present in the
culture medium.

[0250] Production of methylmalonyl-CoA in host cells
expressing exogenous propionyl-CoA carboxylase also was
studied and is illustrated in FIG. 25. BW25113 (control) and
BW25113 containing pZA31-accAl-pccB (labeled as Pcc in
the figure) were cultured in LB, and the coenzyme-A
thioesters were isolated and characterized as described above.
Host cells comprising a polynucleotide encoding an exog-
enous propionyl-CoA carboxylase produced over about 15 ng
methylmalonyl-CoA per ml of culture.

[0251] When Ec ’tesA was present, less longer-chain (fif-
teen and seventeen carbons) and more mid-chain (thirteen
carbons) branched fatty acids were produced by the host cell,
indicating that production of thioesterase increases the pro-
portion of medium chain-length branched fatty acids pro-
duced by the inventive method.

Example 16

Analysis of Scattered Branched Fatty Acid by Two-
Dimensional (2D) Gas Chromatography

[0252] To identify branched fatty acids produced by recom-
binant £. coli produced as described herein, fatty acids were
isolated from bacterial cultures and derivatives were gener-
ated to facilitate identification. The fatty acid derivatives were
separated by 2D gas chromatography and mass spectrometry
was used to characterize fragmented samples. Derivatization
of fatty acids to their 4,4' dimethyloxazoline derivatives prior
to analysis via mass spectrometry has been described (Zhang,
J.Y., QT. Yu, B. N. Liu and Z. H. Huang, Biomed Env. Mass
Spectrom. 15:33 (1988)). By careful examination of minor
spectral differences, it possible to determine the location of
branch points on the backbones of fatty acid derivatives.
[0253] One liter of bacterial samples in LB (modified to
contain only 0.5 mg/ml sodium chloride, unless otherwise
indicated) with cyanocobalamin (20 uM) were cultured at 22°
C. for 25 hours following induction with IPTG, anhydrotet-
racycline, and arabinose. A cell pellet was collected by cen-
trifugation at 3500 rpm, and the supernatant was discarded.
The cell pellet was suspended in the remaining liquid, and the
slurry was transferred into Pyrex tubes (#9826, Corning Inc.,
Lowell, Mass.). An equal volume of chloroform was added,
and the sample was dried at room temperature overnight.
[0254] To produce samples for analysis, cell pellets (0.5
grams) were placed in a round bottom flask, and 0.5 grams of
KOH pellets and 25 ml of water were added. The E. coli
pellets and KOH solution were refluxed for three hours, and
the sample was allowed to cool. Concentrated HCI was added
drop-wise, using a methyl orange endpoint to ensure fatty
carboxylic acids were in the acid form. The acidified aqueous
solution was then extracted three times with 25 ml aliquots of
hexane to extract the fatty acids into the organic layer.
[0255] To convert fatty acid to oxazoline derivatives, the
hexane extract was evaporated to dryness and reconstituted
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into 5 ml of hexane to which sodium sulfate was added as a
drying agent. After evaporating the sample to a 1 ml volume,
a portion (0.6 ml) was decanted into a Reactitherm™ vial.
The hexane in the Reactitherm™ vial was again evaporated to
dryness, and 2 ml of 2-methyl-2-aminopropanol was added.
The vial was capped and heated for 4 hours at 200° C. The
cooled 2-methyl-2-aminopropanol solution was transferred
to a scintillation vial, to which 5 ml of methylene chloride was
added. The sample was washed with three 5 ml volumes of
water. Sodium sulfate was added to the methylene chloride to
remove any residual water, and an aliquot was transferred to
a GC vial for analysis.

[0256] The derivatized samples were analyzed on a Leco
Pegasus 4D Comprehensive 2D gas chromatograph time-of-
flight mass spectrometer equipped with a 30M Supelco Gam-
maDex 120 (Supelco 24307) column in the first dimension
and a 2M Varian VF5-MS (Varian CP9034) column in the
second dimension. Retention times of key chain-length fatty
acids (in both first and second dimensions) in test samples
were confirmed by identical preparation and analysis of a
Supleco (47080-U) BAME (bacterial acid methyl ester) stan-
dard mixture. Using these columns, 4,4' dimethyloxazoline-
derivatized branched-chain fatty acids were expected to elute
prior to their linear chain-length homologs in the first dimen-
sion, and this was confirmed by the iso and anteiso structural
isomers of C15 methyl esters (derivatized to their 4,4'-dim-
ethyloxazoline derivatives) in the BAME standard reference
above.

[0257] The profile of fatty acids produced by two strains
was compared. The first strain was engineered to produce
branched fatty acids [BL.21 Star (DE3) (pTrcHisA Ec sbm So
ce epi pZA31 mmat)| and the second was a control strain
[BL21 Star (DE3) (pTrcHisA pZA31)]. A sample of E. coli
BL21 Star (DE3) comprising pTrcHisA Ec sbm So ce epi and
pZA31 mmat was deposited with American Type Culture
Collection (ATCC), 10801 University Blvd., Manassas, Va.,
on Dec. 14,2010, under the provisions of the Budapest Treaty
for the International Recognition of the Deposit of Microor-
ganisms for the Purpose of Patent Procedure (“Budapest
Treaty”), and assigned Deposit Accession No. [XXX] on
[DATE]. The sample from the first strain revealed several
peaks in the region where branched fatty acids were expected
(FIG. 26), whereas the sample from the control strain
revealed no such peaks (FIG. 27). For example, several peaks
(labeled 54, 55, and 57) were in a position consistent with
branched C15 acids, and peaks 137 and 139 were in a position
expected for branched C17 acids. Mass spectrometry estab-
lished that these peaks comprise branched fatty acids.

[0258] The mass spectral fragmentation pattern of oxazo-
line derivatives was used to confirm that the fatty acids iden-
tified using 2D GC contained branches. Oxazoline derivatives
fragment along the length of the carbon chain starting from
the functional end of the molecule. If a branch point occurs
along the backbone, there is a gap in the mass spectrum
pattern; which peak is missing (or reduced) depends on the
location of the branch. FIG. 28 depicts the mass spectra of the
peaks labeled 54, 55, and 57 in FIG. 26 as oxazoline deriva-
tives of methyl-branched tetradecanoic fatty acids. The ions
circled exhibit reduced or no intensity relative to the reference
spectrum of linear pentadecanoic fatty acid (bottom spec-
trum), and were assigned as 8-methyl, 10-methyl, and 12-me-
thyl (anteiso) tetradecanoic fatty acid (all as oxazoline deriva-
tives). Peak 57 was tentatively identified as the anteiso C15
oxazoline derivative despite the similarity to the mass spec
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data for the linear sample because 1) peak 61 migrated at the
position of an anteiso C15 standard on 2D gas chromatogra-
phy, 2) the 252 molecular weight ion is present in slightly
lower amounts relative to the nearby 238 and 266 molecular
weight ions, and 3) anteiso compounds can be difficult to
identify by this technique. The 8- and 10-branched fatty acids
are shown in the top two profiles of FIG. 28, readily identified
by the almost complete absence of the fragment circled.
Peaks 137 and 139 in FIG. 26 were assigned as 8-methyl-
hexadecanoic acid and 12-methylhexadecanoic acids (as
oxazoline derivatives). Thus, B132 Star (DE3) (pTrcHisA Ec
sbm So ce epi pZA31 mmat) (i.e., a recombinant microbe
comprising overexpressed or recombinant polynucleotides
encoding a methylmalonyl-CoA mutase, a methylmalonyl-
CoA epimerase, and an acyl transferase) generated branched-
chain C15 and C17 fatty acids comprising methyl branches on
even-number carbons.

[0259] Branched fatty acid production also was observed in
host cells producing exogenous propionyl-CoA carboxylase
and Streptomyces coelicolor methylmalonyl-CoA mutase.
The propionyl-CoA carboxylase gene-containing strain pro-
duced the branched fatty acids shown in Table F.

TABLE F

Molecular Weight

as fatty

Peak# Proposed Compound ID Formula DMOX  acid

38 6-methyl, dodecanoic acid C3Has 267 214
(DMOX) (C,HgNO)

40 8-methyl, dodecanoic acid C3Has 267 214
(DMOX) (C,HgNO)

61 6-methyl, tridecanoic acid C4H;s 281 228
(DMOX) (C,HgNO)

62 8-methyl, tridecanoic acid C4H;s 281 228
(DMOX) (C,HgNO)

101 6-methyl, tetradecanoic acid ~ C;sHj7 295 242
(DMOX) (C,HgNO)

103 10-methyl, tetradecanoic acid  C,5Hz7 295 242
(DMOX) (C,HgNO)

140 10-methyl, pentadecanoic acid C;¢Hzg 309 256
(DMOX) (C,HgNO)

182 8-methyl, hexadecanoic acid ~ C;;Hy, 323 270
(DMOX) (C,HgNO)

189 12-methyl, hexadecanoic acid C;/H,, 323 270
(DMOX) (C,HgNO)

[0260] The S. coelicolor methylmalonyl-CoA mutase
gene-containing microbe (BL21 Star (DE3) harboring
pZA31 mutAB Ss epi pTrcHisA mmat) produced four
branched fatty acids: 6-methyltetradecanoic acid, 10-meth-
yltetradecanoic acid, 6-methylhexadecanoic acid, and
12-methylhexadecanoic acid.

[0261] Using 2D gas chromatography and mass spectrom-
etry, fatty acid profiles were compared for two recombinant
strains comprising Ec sbm, So ce epi, Mb mmat and contain-
ing or lacking a thioesterase coding sequence ("tesA). The
amount of branched C15 fatty acids relative to branched C17
fatty acids was greater in the "tes A-containing strain. The area
percent ratio of branched C15 fatty acid to branched C17 fatty
acids in K27-71 (pTrcHisA Ec sbm So ce epi pZA31 mmat)
was 1.4, while the ratio produced by K27-Z1 (pTrcHisA Ec
sbm So ceepi pZA31 mmat pZS22 Ec *tesA) was 7.0. Expres-
sion of a thioesterase shortened the chain length of branched
fatty acids.

[0262] Theseresults demonstrate that a cell of the invention
producing propionyl-CoA carboxylase or producing methyl-
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malonyl-CoA mutase, methylmalonyl-CoA epimerase, and
acyl transferase generates branched-chain fatty acids com-
prising methyl branches on even-number carbons. Recombi-
nant host cells further comprising a polynucleotide encoding
a thioesterase preferentially produce fatty acid comprising
shorter chain length.

[0263] The dimensions and values disclosed herein are not
to be understood as being strictly limited to the exact numeri-
cal values recited. Instead, unless otherwise specified, each
such dimension is intended to mean both the recited value and
a functionally equivalent range surrounding that value. For
example, a dimension disclosed as “40 mm” is intended to
mean “about 40 mm.”

[0264] Every document cited herein, including any cross
referenced or related patent or application, is hereby incor-
porated herein by reference in its entirety unless expressly
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excluded or otherwise limited. The citation of any document
is not an admission that it is prior art with respect to any
invention disclosed or claimed herein or that it alone, or in any
combination with any other reference or references, teaches,
suggests or discloses any such invention. Further, to the extent
that any meaning or definition of a term in this document
conflicts with any meaning or definition of the same term in a
document incorporated by reference, the meaning or defini-
tion assigned to that term in this document shall govern.
[0265] While particular embodiments of the invention have
been illustrated and described, it would be obvious to those
skilled in the art that various other changes and modifications
can be made without departing from the spirit and scope of the
invention. It is therefore intended to cover in the appended
claims all such changes and modifications that are within the
scope of this invention.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 70

<210> SEQ ID NO 1

<211> LENGTH: 1917

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 1

atggcaagca cggaccaggg taccaacccg gcagacacceg acgacctgac gccaaccact 60
ctgagtetgyg cgggegattt tecgaaagca accgaagaac agtgggageg cgaagtggag 120
aaagttctga accgtggeceg tecgeeggag aaacagcetga cgtttgegga atgtctgaaa 180
cgectgacgyg tecacacagt agacggcatt gacattgtge caatgtatceg cccgaaagat 240
gcgecgaaga aactgggtta cccaggegtt gecccattta cacgtgggac cacggttegt 300
aatggcgata tggacgcatg ggatgtcegt gcactgcatg aagatccgga tgagaaattt 360
acgcgcaaag cgattctgga agggetggaa cgeggggtta catctetget getgegtgtyg 420
gacccggacg ctattgetee agaacacctyg gatgaagtge tgtetgacgt getgetggag 480
atgaccaaag tagaagtctt tagtcgttac gatcaaggeg cegetgecga ggcegcetggta 540
tctgtgtacyg agcgcagega taaaccgget aaggacctgg ctcetgaatct gggtcetggac 600
ccgategect tegeggeact geaggggacg gaacctgatce tgactgtect gggtgattgg 660
gtgcgtegee tggcaaaatt tageccagat tctegtgeag tgaccatega tgegaacatt 720
tatcataatg cgggtgeggg cgatgtagca gagetggett gggecctgge taccggtgeg 780
gaatatgttc gtgcactggt agaacaaggt tttacggcga ccgaggegtt cgatacgatt 840
aactttegtyg tgaccgcaac ccatgatcag tttctgacaa tcegegegtet gegegeactyg 900

cgtgaggegt gggegegeat tggggaggta tttggggttg atgaggataa acgtggegece 960

cgtcaaaatg cgatcacgag ttggcgcgat gtgacacgcg aggacccgta tgtgaatatce 1020

ctgcgeggga gcatcgcetac attttcectgca agegtgggtg gggccgaaag tattacaact 1080

ctgcctttta cccaggcact gggtctgcca gaagacgatt ttcecgctgeg tatcgectegt 1140

aataccggta tcgttctgge cgaagaagtg aacatcggtc gtgttaatga tcecggccgge 1200

ggtagctatt acgtggaaag tctgactcgt agtctggecg atgcagegtg gaaagagttce 1260

caagaagtgyg agaaactggg cggcatgage aaggeggtga tgacggaaca tgtaacgaaa 1320
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-continued

gtgctggatyg cctgcaatge agaacgcgceg aaacgcctgg ccaatcgcaa acagccgatt 1380
accgcagtaa gcgaatttcece tatgattggg gcgcgctceta tcgaaacgaa accttttect 1440
gccgecacegyg cccgtaaagg tctggcatgg catcgcgaca gtgaagtatt cgaacaactg 1500
atggatcgca gcaccagtgt gagtgaacgt ccaaaggttt tcctggcgtg cctgggcaca 1560
cgtcgtgact teggtggteg tgagggtttt agcagcccag tgtggcatat cgcaggcatt 1620
gacaccccac aggttgaggg tggcacaacc gcagaaatcg tagaagcatt caagaaatct 1680
ggggcacaag ttgcggatct gtgctctage gccaaagtgt acgctcagca gggtctggag 1740
gtggccaaag ctctgaaagc agctggcegcece aaagccctgt atctgagegg tgcctttaag 1800
gagttcggeg atgatgcgge tgaggcggag aaactgatcg atggtcegect gtttatgggt 1860
atggatgtgg ttgacactct gtctagtacg ctggacattc tgggtgtagce aaagtaa 1917
<210> SEQ ID NO 2

<211> LENGTH: 2193

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 2

atgagtacac tgcctegttt tgactetgtt gacctgggga acgegectgt tceggeggat 60

geggecegte gettegagga actggeggca aaagcegggca cgggtgagge gtgggagacce 120

gecggagcaga ttceggttgg tacactgtte aatgaagacg tttacaaaga tatggactgg 180
ctggacacgt acgccgggat tecgecatte gttcacggece cgtacgegac gatgtacget 240
ttcegteegt ggacaatteg tcaatacgece gggtttagea cggegaaaga aagtaatgcet 300
ttctaccgee gtaacctgge ggcggggeaa aagggtetgt ctgtggeatt cgacctgecg 360
acccaccgeg gttacgatag cgataateceg cgegtggeag gggacgtggg tatggecggg 420
gtggccatcg acagtattta cgacatgegt gaactgtttg caggcattcce getggaccag 480
atgagcgtga gtatgacgat gaatggtgee gtectgecga ttetggcact gtatgtggtt 540
acagccgaag aacaaggtgt gaagccggaa cagctggetg gecaccatcca gaacgatatt 600
ctgaaggagt tcatggtgeg taacacctat atctatcege cgcaaccgte tatgegcate 660
atcagtgaga tctttgegta tactagtgca aatatgecga agtggaactce tatcagtatt 720
agtggctate acatgcagga ggcgggegee actgecgata tegaaatgge ctatacgetg 780
gecgatggeg ttgattatat tegtgcagge gaaagegteg gtetgaacgt ggaccagttce 840
geccegegte tgagettett ttggggtatt ggcatgaatt tetttatgga agtegcaaaa 900
ctgegtgeceg ccegeatget gtgggecaaa ctggtgeace aattceggece gaagaaccceg 960

aagagcatga gcctgegcac gcacagtcaa accagcegget ggagectgac cgcgcaggac 1020
gtatataaca acgtagttcg cacctgtatt gaggcgatgg cagccaccca gggtcacacc 1080
cagagcctge atacaaactc tctggacgag gecatcgcac tgccgacaga cttcagegece 1140
cgcatcgege gtaatactca actgtttctg caacaggaaa gcggtactac ccgtgtgatce 1200
gatcecgtggt ctggcagtgce atatgtcgag gaactgacct gggatctggce ccgtaaagceg 1260
tggggtcata tccaggaagt cgagaaagtg ggtggtatgg ctaaagcaat tgagaaaggc 1320
atcccgaaaa tgcgcattga agaagcggca gegegcaccece aagcacgcat cgacageggt 1380

cgccagecgce tgattggegt gaacaaatat cgectggaac atgaaccgcece actggatgtt 1440
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-continued

ctgaaagtag ataactctac cgtcctggcg gagcagaaag cgaaactggt taagctgegt 1500
gcggaacgeyg atcctgagaa agttaaagceg gegctggata aaatcacttg ggecgceggge 1560
aacccggatg ataaagaccc agaccgtaat ctgctgaage tgtgtattga cgcgggtegt 1620
gctatggega ctgtcecggcga aatgagcgat gecgctggaga aagtatttgg tcgttatacce 1680
gcgcaaatte gtactattte tggtgtctat agcaaggaag ttaagaatac tccagaagta 1740
gaagaagcgce gtgaactggt agaagaattt gagcaggctg aaggtcgceccg tccacgcatt 1800
ctgctggcca aaatgggcca ggatggccat gatcgcggtce agaaagttat tgctactget 1860
tatgctgatc tgggcttcga tgttgatgte ggccctetgt tccagactcee agaggaaact 1920
gccegecagg ctgttgaage tgacgtcecat gtcecgttggeg ttagetcectcet ggetggegge 1980
catctgaccce tggtccctge tetgcgcaag gaactggata agctgggcceg ccctgatatt 2040
ctgattactg tcggcggegt cattcctgaa caggatttcg atgaactgcg caaggatggce 2100
gctgtcgaaa tttataccce tggcaccgtce attcctgaat ctgctatttce tctggtcaag 2160
aagctgegeg ctagectgga tgcctaactce gag 2193
<210> SEQ ID NO 3

<211> LENGTH: 671

<212> TYPE: PRT

<213> ORGANISM: Janibacter sp. HTCC2649

<400> SEQUENCE: 3

Met Ala Arg Thr Tyr Ala Gly His Ser Ser Ala Ala Ala Ser Asn Ala
1 5 10 15

Leu Tyr Arg Arg Asn Leu Ala Lys Gly Gln Thr Gly Leu Ser Val Ala
20 25 30

Phe Asp Leu Pro Thr Gln Thr Gly Tyr Asp Pro Asp His Val Leu Ala
35 40 45

Arg Gly Glu Val Gly Lys Val Gly Val Pro Ile Ser His Ile Gly Asp
50 55 60

Met Arg Ala Leu Phe Asp Gln Ile Pro Leu Gly Gln Met Asn Thr Ser
65 70 75 80

Met Thr Ile Asn Ala Thr Ala Met Trp Leu Leu Ala Met Tyr Gln Val
85 90 95

Ala Ala Glu Asp Gln Ala Thr Ala Ala Asp Glu Asp Pro Ala Ser Val
100 105 110

Val Lys Ala Leu Gly Gly Thr Thr Gln Asn Asp Ile Ile Lys Glu Tyr
115 120 125

Leu Ser Arg Gly Thr Tyr Val Phe Ala Pro Ala Pro Ser Leu Arg Leu
130 135 140

Ile Thr Asp Met Val Ser Tyr Thr Val Ser Asp Ile Pro Lys Trp Asn
145 150 155 160

Pro Ile Asn Ile Cys Ser Tyr His Leu Gln Glu Ala Gly Ala Thr Pro
165 170 175

Val Gln Glu Ile Ala Tyr Ala Met Ser Thr Ala Ile Ala Val Leu Asp
180 185 190

Ala Val Arg Asp Ala Gly Gln Val Pro Gln Glu Arg Phe Gly Glu Val
195 200 205

Val Ala Arg Ile Ser Phe Phe Val Asn Ala Gly Val Arg Phe Val Glu
210 215 220



US 2011/0166370 Al Jul. 7, 2011
24

-continued

Glu Met Cys Lys Met Arg Ala Phe Val Glu Leu Trp Asp Glu Leu Thr
225 230 235 240

Arg Glu Arg Tyr Gly Val Thr Asp Ala Lys Gln Arg Arg Phe Arg Tyr
245 250 255

Gly Val Gln Val Asn Ser Leu Gly Leu Thr Glu Ala Gln Pro Glu Asn
260 265 270

Asn Val Gln Arg Ile Val Leu Glu Met Leu Ala Val Thr Leu Ser Lys
275 280 285

Gly Ala Arg Ala Arg Ala Val Gln Leu Pro Ala Trp Asn Glu Ala Leu
290 295 300

Gly Leu Pro Arg Pro Trp Asp Gln Gln Trp Ser Leu Arg Met Gln Gln
305 310 315 320

Val Leu Ala Tyr Glu Ser Asp Leu Leu Glu Tyr Glu Asp Leu Phe Glu
325 330 335

Gly Ser Ala Val Val Glu Ala Lys Val Ala Glu Leu Val Ala Gly Ala
340 345 350

Lys Ala Glu Ile Ala Arg Val Ala Glu Leu Gly Gly Ala Val Ala Ala
355 360 365

Val Glu Ser Gly Tyr Met Lys Ser Ala Leu Val Ala Ser His Ala Leu
370 375 380

Arg Arg Gln Arg Ile Glu Ala Gly Glu Asp Ile Val Val Gly Val Asn
385 390 395 400

Lys Phe Glu Thr Thr Glu Pro Asn Pro Leu Thr Ala Asp Leu Asp Thr
405 410 415

Ala Ile Gln Ser Val Asp Ala Gly Val Glu Ala Ala Ala Ala Lys Ala
420 425 430

Val Arg Glu Trp Arg Glu Thr Arg Asp Ala Asp Pro Val Lys Arg Glu
435 440 445

Arg Ala Val Ala Ala Leu Ala Arg Leu Lys Ala Ala Ala Gln Thr Asp
450 455 460

Glu Asn Leu Met Glu Ala Ser Ile Glu Cys Ala Arg Ala Glu Val Thr
465 470 475 480

Thr Gly Glu Trp Ala Gln Ala Leu Arg Glu Val Phe Gly Glu Phe Arg
485 490 495

Ala Pro Thr Gly Val Thr Gly Thr Val Gly Leu Thr Gly Gly Ala Ala
500 505 510

Gly Ala Glu Leu Ser Ala Val Arg Glu Arg Val Ala Gly Leu Arg Asp
515 520 525

Glu Leu Gly Glu Thr Leu Arg Val Leu Val Gly Lys Pro Gly Leu Asp
530 535 540

Gly His Ser Asn Gly Ala Glu Gln Ile Ala Val Arg Ala Arg Asp Ala
545 550 555 560

Gly Phe Glu Val Ile Tyr Gln Gly Ile Arg Leu Thr Pro Glu Gln Ile
565 570 575

Val Ala Ala Ala Val Ser Glu Asp Val His Leu Val Gly Ile Ser Ile
580 585 590

Leu Ser Gly Ser His Met Glu Leu Ile Pro Glu Val Leu Asp Arg Leu
595 600 605

Arg Glu Ala Gly Ala Gly Asp Ile Pro Val Ile Val Gly Gly Ile Ile
610 615 620
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Pro Glu Ser Asp Ala Ala Lys Leu Lys Ala Ile Gly Val Ala Glu Val
625 630 635 640

Phe Thr Pro Lys Asp Phe Gly Leu Asn Asp Ile Met Gly Arg Phe Val
645 650 655

Asp Val Ile Arg Asp Ser Arg Leu Thr Thr Ala Ala Pro Thr Val
660 665 670

<210> SEQ ID NO 4

<211> LENGTH: 571

<212> TYPE: PRT

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 4

Met Thr Val Ala Pro Lys Arg Pro Ala Ala Met Thr Leu Ala Ala His
1 5 10 15

Phe Pro Glu Arg Thr Gln Glu Gln Trp Arg Asp Leu Val Ala Gly Val
20 25 30

Val Asn Lys Gly Arg Pro Glu Asp Gln His Leu Ser Gly Asp Asp Ala
35 40 45

Val Ala Thr Met Arg Ser His Leu Glu Gly Gly Leu Asp Ile Glu Pro
50 55 60

Leu Tyr Met Lys Ser Ser Asp Pro Val Pro Leu Gly Val Pro Gly Ala
65 70 75 80

Met Pro Phe Thr Arg Gly Arg Ala Leu Arg Asp Ala Asp Val Pro Trp
85 90 95

Asp Val Arg Gln Val His Asp Asp Pro Asp Ala Ala Ala Thr Arg Gln
100 105 110

Leu Val Leu Ala Asp Leu Glu Asn Gly Val Thr Ser Val Trp Leu His
115 120 125

Val Gly Ala Asp Gly Leu Ala Pro Asn Asp Val Ala Glu Ala Leu Ala
130 135 140

Glu Val Arg Leu Glu Leu Ala Pro Val Val Val Ser Ser Trp Asp Asp
145 150 155 160

Gln Thr Ala Ala Ala Asp Ala Leu Tyr Ala Val Leu Ser Gly Ser Arg
165 170 175

Ala Ser Ser Gly Asn Leu Gly His Asp Pro Leu Gly Ala Ala Ala Arg
180 185 190

Thr Gly Ser Ala Pro Asp Leu Ala Pro Leu Ala Asp Ala Val Arg Arg
195 200 205

Leu Ala Asp His Gly Glu Ile Arg Ala Ile Thr Val Asp Thr Arg Val
210 215 220

His Gly Asp Ala Gly Val Thr Val Thr Asp Glu Val Ala Phe Ala Leu
225 230 235 240

Ala Thr Gly Val Ala Tyr Leu Arg His Leu Glu Ser Glu Gly Val Asp
245 250 255

Val Ala Glu Ala Phe Arg Asn Ile Glu Phe Arg Val Ser Ala Thr Ala
260 265 270

Asp Gln Phe Leu Thr Ala Ala Ala Leu Arg Ala Leu Arg Arg Ala Trp
275 280 285

Ala Arg Ile Gly Glu Ser Val Gly Val Pro Glu Thr Ser Arg Gly Ala
290 295 300

Phe Thr His Ala Val Thr Ser Gly Arg Ile Phe Thr Arg Asp Asp Ala
305 310 315 320
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Trp Thr Asn Ile Leu Arg Ser Thr Leu Ala Thr Phe Gly Ala Ser Leu
325 330 335

Gly Gly Ala Asp Ala Ile Thr Val Leu Pro Phe Asp Thr Val Ser Gly
340 345 350

Leu Pro Thr Pro Phe Ser Arg Arg Ile Ala Arg Asn Thr Gln Ile Leu
355 360 365

Leu Ala Glu Glu Ser Asn Val Ala Arg Val Thr Asp Pro Ala Gly Gly
370 375 380

Ser Trp Tyr Val Glu Thr Leu Thr Asp Asp Val Ala Lys Ala Ala Trp
385 390 395 400

Glu Thr Phe Gln Glu Ile Glu Ser Ala Gly Gly Met Val Ala Ala Leu
405 410 415

Ala Asn Gly Leu Val Ala Gln Arg Ile Leu Ala Ala Val Ala Glu Arg
420 425 430

Asp Ala Ala Leu Ala Thr Arg Ser Thr Pro Ile Thr Gly Val Ser Thr
435 440 445

Phe Pro Leu Ala Gly Glu Lys Pro Leu Glu Arg Val Val Arg Ala Glu
450 455 460

Leu Pro Val Gln Pro Asn Ala Leu Ala Pro His Arg Asp Ser Ala Ile
465 470 475 480

Phe Glu Ala Leu Arg Asp Arg Ser Ala Ala Tyr Ala Thr Glu His Gly
485 490 495

His Ala Pro Arg Val Ser Val Pro Thr Leu Asp Val Pro Arg Ala Ala
500 505 510

Asp Arg Arg Ile Asp Ala Val Asn Leu Leu Thr Val Ala Gly Ile Asp
515 520 525

Ala Val Asp Gly Asp Thr Glu Ser Ala Ala Ala Leu Thr Gly Thr Asp
530 535 540

Lys Gly Tyr Glu Gly Val Ala Lys Asp Met Asp Val Val Ala Phe Leu
545 550 555 560

Ser Asp Leu Leu Asp Thr Thr Gly Ala Pro Ala
565 570

<210> SEQ ID NO 5

<211> LENGTH: 146

<212> TYPE: PRT

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 5

Met Leu Thr Arg Ile Asp His Ile Gly Ile Ala Cys Phe Asp Leu Asp
1 5 10 15

Lys Thr Val Glu Phe Tyr Arg Ala Thr Tyr Gly Phe Glu Val Phe His
20 25 30

Ser Glu Val Asn Glu Glu Gln Gly Val Arg Glu Ala Met Leu Lys Ile
35 40 45

Asn Glu Thr Ser Asp Gly Gly Ala Ser Tyr Leu Gln Leu Leu Glu Pro
50 55 60

Thr Arg Pro Asp Ser Thr Val Ala Lys Trp Leu Asp Lys Asn Gly Glu
65 70 75 80

Gly Val His His Ile Ala Phe Gly Thr Ala Asp Val Asp Gln Asp Ala
85 90 95

Ala Asp Ile Lys Asp Lys Gly Val Arg Val Leu Tyr Glu Glu Pro Arg
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100 105 110

Arg Gly Ser Met Gly Ser Arg Ile Thr Phe Leu His Pro Lys Asp Cys
115 120 125

His Gly Val Leu Thr Glu Leu Val Thr Ser Ala Pro Val Glu Ser Pro
130 135 140

Glu His
145

<210> SEQ ID NO 6

<211> LENGTH: 146

<212> TYPE: PRT

<213> ORGANISM: Streptomyces sviceus

<400> SEQUENCE: 6

Met Leu Thr Arg Ile Asp His Ile Gly Ile Ala Cys Phe Asp Leu Asp
1 5 10 15

Lys Thr Val Glu Phe Tyr Arg Ala Thr Tyr Gly Phe Glu Val Phe His
20 25 30

Ser Glu Val Asn Glu Glu Gln Gly Val Arg Glu Ala Met Leu Lys Ile

Asn Glu Thr Ser Asp Gly Gly Ala Ser Tyr Leu Gln Leu Leu Glu Pro
50 55 60

Thr Arg Pro Asp Ser Thr Val Ala Lys Trp Leu Asp Lys Asn Gly Glu
65 70 75 80

Gly Val His His Ile Ala Phe Gly Thr Ala Asp Val Asp Gln Asp Ala
85 90 95

Ala Asp Ile Lys Asp Lys Gly Val Arg Val Leu Tyr Glu Glu Pro Arg
100 105 110

Arg Gly Ser Met Gly Ser Arg Ile Thr Phe Leu His Pro Lys Asp Cys
115 120 125

His Gly Val Leu Thr Glu Leu Val Thr Ser Ala Pro Val Glu Ser Pro
130 135 140

Glu His
145

<210> SEQ ID NO 7

<211> LENGTH: 1773

<212> TYPE: DNA

<213> ORGANISM: Streptomyces coelicolor

<300> PUBLICATION INFORMATION:

<308> DATABASE ACCESSION NUMBER: GenBank / AF113603.1
<309> DATABASE ENTRY DATE: 1999-12-08

<313> RELEVANT RESIDUES IN SEQ ID NO: (1)..{(1773)

<400> SEQUENCE: 7
gtgcgcaagg tgctcatcge caatcgtgge gaaatcgetg tcegegtgge cegggectge 60

cgggacgecg ggatcegegag cgtggecgte tacgeggate cggaceggga cgegttgeac 120

gtcegtgeeyg ctgatgagge gttegecctyg ggtggtgaca cccccgegac cagcetatcetg 180
gacatcgceca aggtectcaa agcegegege gagtcegggeg cggacgecat ccacccegge 240
tacggattce tcteggagaa cgeccgagtte gegecaggegg tectggacge cggectgate 300
tggatcggee cgeccccgea cgccateege gaccgtggeg aaaaggtege cgeccgecac 360
atcgececage gggeeggege cecectggte geeggeacee cegacccegt cteeggegeg 420

gacgaggtcg tcgecttege caaggagcac ggectgecca tegecatcaa ggecgectte 480
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ggeggeggeyg ggegeggect caaggtegece cgcacccteg aagaggtgec ggagetgtac 540

gactcegecyg tcegegagge cgtggecgeco tteggecegeg gggagtgett cgtegagege 600
tacctcgaca agccccgeca cgtggagace cagtgectgg cegacaccca cggcaacgtg 660
gtegtegtet ccacccgega ctgeteccte cagegecgee accaaaaget cgtegaggag 720
gecceegege cctttetete cgaggeccag acggagcage tgtactcatce ctecaaggec 780
atcctgaagg aggccggeta cggeggegee ggcaccgtgg agtteetegt cggcatggac 840
ggcacgatct tcttectgga ggtcaacacce cgectccagg tegagcacce ggtcaccgag 900
gaagtcgecg gcatcgactt ggtcecgegag atgttcegea tegecgacgyg cgaggaactce 960

ggttacgacyg accccgccct gcegeggecac tecttegagt tcecgcatcaa cggcgaggac 1020
ceceggecgeg gettectgee cgeccceegge accgtcacee tettegacge geccaccgge 1080
cceggegtee gectggacge cggcgtegag teeggceteeg tcateggece cgectgggac 1140
tcectecteg ccaaactgat cgtcaccgge cgcacccegeg ccegaggcact ccagegegeg 1200
geeegegeee tggacgagtt caccgtcgag ggcatggeca cegccatccce cttecacege 1260
acggtegtee gcgaccegge cttcegeccee gaactcaceyg gcetecacgga cccecttcace 1320
gtecacacce ggtggatcga gacggagttc gtcaacgaga tcaagccctt caccacgecce 1380
geegacaceyg agacggacga ggagtcggge cgggagacgg tegtcegtega ggteggegge 1440
aagcgcectgg aagtctcect ceccctcecage ctgggcatgt cectggcecceg caccggectg 1500
geegecggygy cecgecccaa gcogecgegeg gecaagaagt ceggeccege cgecteggge 1560
gacacccteg cctecccgat gcagggcacg atcgtcaaga tcegccgtega ggaaggccag 1620
gaagtccagyg aaggcgacct catcgtcgta ctcgaggcega tgaagatgga acagccccte 1680
aacgcccaca ggtccggcac catcaaggge ctcaccgeceyg aggteggege ctcectcace 1740
tceggegecg ccatctgcga gatcaaggac tga 1773
<210> SEQ ID NO 8

<211> LENGTH: 1593

<212> TYPE: DNA

<213> ORGANISM: Streptomyces coelicolor

<300> PUBLICATION INFORMATION:

<308> DATABASE ACCESSION NUMBER: GenBank / AF113605.1

<309> DATABASE ENTRY DATE: 1999-12-08

<313> RELEVANT RESIDUES IN SEQ ID NO: (1)..{(1593)

<400> SEQUENCE: 8

atgtccgage cggaagagca gcagcccgac atccacacga cegegggcaa gcetcegeggat 60
ctcaggegece gtatcgagga agcgacgeac geeggtteeg cacgegeegt cgagaagcag 120
cacgccaagg gcaagctgac ggctegtgaa cgeatcgace tectcectega cgagggttece 180
ttcegtegage tggacgagtt cgeccggeac cgetcecacca actteggect cgacgccaac 240
cgeccectacyg gegacggegt cgtcaccegge tacggcaceg tegacggecg ccccegtggece 300
gtcttetece aggacttcac cgtettegge ggegegetgg gegaggtcta cggecagaag 360
atcgtcaagg tgatggactt cgccctcaag accggetgece cggtegtegg catcaacgac 420
tceggeggeg cccgeatceca ggagggegtyg gecteccteg gegectacgg cgagatctte 480
cgcegcaaca cccacgecte cggegtgate ccgecagatca gectggtegt cggecegtgt 540

gegggeggeyg cggtgtacte cecegegate accgacttcea cggtgatggt ggaccagacce 600
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agccacatgt tcatcaccgg tcccgacgtce atcaagacgg tcaccggcga ggacgtcggce 660
ttcgaggage tgggeggcge ccgcacccac aactccacct cgggegtgge ccaccacatg 720
gccggcegacyg agaaggacgce ggtcgagtac gtcaagcage tcectgtegta cctgcegtec 780
aacaacctct ccgagcccce cgectteceg gaggaggegg acctcegeggt cacggacgag 840
gacgccgage tggacacgat cgtcccggac tcggcgaacce agccctacga catgcactcec 900
gtcatcgage acgtcctgga cgacgccgag ttcttcgaga cgcaaccect cttegegecg 960

aacatcctca ccggettegg ccgcegtggag ggccgcecegyg teggcategt cgccaaccag 1020
cccatgcagt tecgcecggetg cctggacatce acggcectecg agaaggcggce ccgcecttegtg 1080
cgcacctgeg acgccttcaa cgtcccegte ctcacctteg tggacgtcece cggcettectg 1140
cceggegteg accaggagca cgacggeatce atccgecgeyg gegecaaget gatcttegece 1200
tacgccgagg ccacggtgcce getcatcacg gtcatcacce gcaaggcectt cggeggegece 1260
tacgacgtca tgggctccaa gcacctggge gecgacctea acctggectyg gcccaccgece 1320
cagatcgeeg tcatgggege ccaaggegeg gtcaacatcee tgcaccgecyg caccatcgece 1380
gacgcceggtyg acgacgccga ggccaccegg geccgectga tcecaggagta cgaggacgec 1440
ctectcaace cctacacgge ggccgaacge ggctacgteg acgecgtgat catgecctee 1500
gacactcgee gccacatcegt ccgeggectg cgccagetge geaccaageg cgagtccctg 1560
ccecccgaaga agcacggcaa catcccectg taa 1593
<210> SEQ ID NO 9

<211> LENGTH: 590

<212> TYPE: PRT

<213> ORGANISM: Streptomyces coelicolor

<300> PUBLICATION INFORMATION:

<308> DATABASE ACCESSION NUMBER: GenBank / AF113603.1

<309> DATABASE ENTRY DATE: 1999-12-08

<313> RELEVANT RESIDUES IN SEQ ID NO: (1)..(590)

<400> SEQUENCE: 9

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

Ala Arg Ala Cys Arg Asp Ala Gly Ile Ala Ser Val Ala Val Tyr Ala
20 25 30

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

Ala Leu Gly Gly Asp Thr Pro Ala Thr Ser Tyr Leu Asp Ile Ala Lys
50 55 60

Val Leu Lys Ala Ala Arg Glu Ser Gly Ala Asp Ala Ile His Pro Gly
65 70 75 80

Tyr Gly Phe Leu Ser Glu Asn Ala Glu Phe Ala Gln Ala Val Leu Asp
85 90 95

Ala Gly Leu Ile Trp Ile Gly Pro Pro Pro His Ala Ile Arg Asp Arg
100 105 110

Gly Glu Lys Val Ala Ala Arg His Ile Ala Gln Arg Ala Gly Ala Pro
115 120 125

Leu Val Ala Gly Thr Pro Asp Pro Val Ser Gly Ala Asp Glu Val Val
130 135 140

Ala Phe Ala Lys Glu His Gly Leu Pro Ile Ala Ile Lys Ala Ala Phe
145 150 155 160
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Gly Gly Gly Gly Arg Gly Leu Lys Val Ala Arg Thr Leu Glu Glu Val
165 170 175

Pro Glu Leu Tyr Asp Ser Ala Val Arg Glu Ala Val Ala Ala Phe Gly
180 185 190

Arg Gly Glu Cys Phe Val Glu Arg Tyr Leu Asp Lys Pro Arg His Val
195 200 205

Glu Thr Gln Cys Leu Ala Asp Thr His Gly Asn Val Val Val Val Ser
210 215 220

Thr Arg Asp Cys Ser Leu Gln Arg Arg His Gln Lys Leu Val Glu Glu
225 230 235 240

Ala Pro Ala Pro Phe Leu Ser Glu Ala Gln Thr Glu Gln Leu Tyr Ser
245 250 255

Ser Ser Lys Ala Ile Leu Lys Glu Ala Gly Tyr Gly Gly Ala Gly Thr
260 265 270

Val Glu Phe Leu Val Gly Met Asp Gly Thr Ile Phe Phe Leu Glu Val
275 280 285

Asn Thr Arg Leu Gln Val Glu His Pro Val Thr Glu Glu Val Ala Gly
290 295 300

Ile Asp Leu Val Arg Glu Met Phe Arg Ile Ala Asp Gly Glu Glu Leu
305 310 315 320

Gly Tyr Asp Asp Pro Ala Leu Arg Gly His Ser Phe Glu Phe Arg Ile
325 330 335

Asn Gly Glu Asp Pro Gly Arg Gly Phe Leu Pro Ala Pro Gly Thr Val
340 345 350

Thr Leu Phe Asp Ala Pro Thr Gly Pro Gly Val Arg Leu Asp Ala Gly
355 360 365

Val Glu Ser Gly Ser Val Ile Gly Pro Ala Trp Asp Ser Leu Leu Ala
370 375 380

Lys Leu Ile Val Thr Gly Arg Thr Arg Ala Glu Ala Leu Gln Arg Ala
385 390 395 400

Ala Arg Ala Leu Asp Glu Phe Thr Val Glu Gly Met Ala Thr Ala Ile
405 410 415

Pro Phe His Arg Thr Val Val Arg Asp Pro Ala Phe Ala Pro Glu Leu
420 425 430

Thr Gly Ser Thr Asp Pro Phe Thr Val His Thr Arg Trp Ile Glu Thr
435 440 445

Glu Phe Val Asn Glu Ile Lys Pro Phe Thr Thr Pro Ala Asp Thr Glu
450 455 460

Thr Asp Glu Glu Ser Gly Arg Glu Thr Val Val Val Glu Val Gly Gly
465 470 475 480

Lys Arg Leu Glu Val Ser Leu Pro Ser Ser Leu Gly Met Ser Leu Ala
485 490 495

Arg Thr Gly Leu Ala Ala Gly Ala Arg Pro Lys Arg Arg Ala Ala Lys
500 505 510

Lys Ser Gly Pro Ala Ala Ser Gly Asp Thr Leu Ala Ser Pro Met Gln
515 520 525

Gly Thr Ile Val Lys Ile Ala Val Glu Glu Gly Gln Glu Val Gln Glu
530 535 540

Gly Asp Leu Ile Val Val Leu Glu Ala Met Lys Met Glu Gln Pro Leu
545 550 555 560
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Asn Ala His Arg Ser Gly Thr Ile Lys Gly Leu Thr Ala Glu Val Gly
565 570 575

Ala Ser Leu Thr Ser Gly Ala Ala Ile Cys Glu Ile Lys Asp
580 585 590

<210> SEQ ID NO 10

<211> LENGTH: 530

<212> TYPE: PRT

<213> ORGANISM: Streptomyces coelicolor

<300> PUBLICATION INFORMATION:

<308> DATABASE ACCESSION NUMBER: GenBank / AF113605.1
<309> DATABASE ENTRY DATE: 1999-12-08

<313> RELEVANT RESIDUES IN SEQ ID NO: (1)..(530)

<400> SEQUENCE: 10

Met Ser Glu Pro Glu Glu Gln Gln Pro Asp Ile His Thr Thr Ala Gly
1 5 10 15

Lys Leu Ala Asp Leu Arg Arg Arg Ile Glu Glu Ala Thr His Ala Gly
20 25 30

Ser Ala Arg Ala Val Glu Lys Gln His Ala Lys Gly Lys Leu Thr Ala
Arg Glu Arg Ile Asp Leu Leu Leu Asp Glu Gly Ser Phe Val Glu Leu
50 55 60

Asp Glu Phe Ala Arg His Arg Ser Thr Asn Phe Gly Leu Asp Ala Asn
65 70 75 80

Arg Pro Tyr Gly Asp Gly Val Val Thr Gly Tyr Gly Thr Val Asp Gly
85 90 95

Arg Pro Val Ala Val Phe Ser Gln Asp Phe Thr Val Phe Gly Gly Ala
100 105 110

Leu Gly Glu Val Tyr Gly Gln Lys Ile Val Lys Val Met Asp Phe Ala
115 120 125

Leu Lys Thr Gly Cys Pro Val Val Gly Ile Asn Asp Ser Gly Gly Ala
130 135 140

Arg Ile Gln Glu Gly Val Ala Ser Leu Gly Ala Tyr Gly Glu Ile Phe
145 150 155 160

Arg Arg Asn Thr His Ala Ser Gly Val Ile Pro Gln Ile Ser Leu Val
165 170 175

Val Gly Pro Cys Ala Gly Gly Ala Val Tyr Ser Pro Ala Ile Thr Asp
180 185 190

Phe Thr Val Met Val Asp Gln Thr Ser His Met Phe Ile Thr Gly Pro
195 200 205

Asp Val Ile Lys Thr Val Thr Gly Glu Asp Val Gly Phe Glu Glu Leu
210 215 220

Gly Gly Ala Arg Thr His Asn Ser Thr Ser Gly Val Ala His His Met
225 230 235 240

Ala Gly Asp Glu Lys Asp Ala Val Glu Tyr Val Lys Gln Leu Leu Ser
245 250 255

Tyr Leu Pro Ser Asn Asn Leu Ser Glu Pro Pro Ala Phe Pro Glu Glu
260 265 270

Ala Asp Leu Ala Val Thr Asp Glu Asp Ala Glu Leu Asp Thr Ile Val
275 280 285

Pro Asp Ser Ala Asn Gln Pro Tyr Asp Met His Ser Val Ile Glu His
290 295 300

Val Leu Asp Asp Ala Glu Phe Phe Glu Thr Gln Pro Leu Phe Ala Pro
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305 310 315 320

Asn Ile Leu Thr Gly Phe Gly Arg Val Glu Gly Arg Pro Val Gly Ile
325 330 335

Val Ala Asn Gln Pro Met Gln Phe Ala Gly Cys Leu Asp Ile Thr Ala
340 345 350

Ser Glu Lys Ala Ala Arg Phe Val Arg Thr Cys Asp Ala Phe Asn Val
355 360 365

Pro Val Leu Thr Phe Val Asp Val Pro Gly Phe Leu Pro Gly Val Asp
370 375 380

Gln Glu His Asp Gly Ile Ile Arg Arg Gly Ala Lys Leu Ile Phe Ala
385 390 395 400

Tyr Ala Glu Ala Thr Val Pro Leu Ile Thr Val Ile Thr Arg Lys Ala
405 410 415

Phe Gly Gly Ala Tyr Asp Val Met Gly Ser Lys His Leu Gly Ala Asp
420 425 430

Leu Asn Leu Ala Trp Pro Thr Ala Gln Ile Ala Val Met Gly Ala Gln
435 440 445

Gly Ala Val Asn Ile Leu His Arg Arg Thr Ile Ala Asp Ala Gly Asp
450 455 460

Asp Ala Glu Ala Thr Arg Ala Arg Leu Ile Gln Glu Tyr Glu Asp Ala
465 470 475 480

Leu Leu Asn Pro Tyr Thr Ala Ala Glu Arg Gly Tyr Val Asp Ala Val
485 490 495

Ile Met Pro Ser Asp Thr Arg Arg His Ile Val Arg Gly Leu Arg Gln
500 505 510

Leu Arg Thr Lys Arg Glu Ser Leu Pro Pro Lys Lys His Gly Asn Ile
515 520 525

Pro Leu

530

<210> SEQ ID NO 11

<211> LENGTH: 116

<212> TYPE: DNA

<213> ORGANISM: Streptomyces coelicolor

<400> SEQUENCE: 11

aattgtgagc ggataacaat tgacattgtg ageggataac aagatactga gcacatcagce 60
aggacgcact gaccgaattc aataattttg tttaacttta agaaggagat atacat 116
<210> SEQ ID NO 12

<211> LENGTH: 1773

<212> TYPE: DNA

<213> ORGANISM: Streptomyces coelicolor

<400> SEQUENCE: 12

atgcgcaaag tgctgattge gaaccgtggt gaaatcgeeg ttegtgtgge acgegegtgt 60
cgtgatgcag gtattgcaag tgttgeggtyg tatgecgate cggategega tgegetgeat 120
gttegtgegyg ccgatgaage ctttgcactyg ggceggtgata ccccggcaac gagcetatctg 180
gatattgcaa aagtgctgaa agcagcgcge gaaagceggtg cggatgecat ccatceggge 240
tacggtttte tgtctgaaaa tgcagaattt gcacaggegg ttetggatge aggtctgatt 300

tggatcggte cgccgecgea tgcaattegt gatctgggeg ataaagtgge cgcacgccac 360



US 2011/0166370 Al Jul. 7, 2011
33

-continued
atcgecccage gtgcaggcege gccgctggtt gegggcacce cggacceggt ttetggtgea 420
gatgaagtgg ttgcgtttgce caaagaacat ggcctgccga ttgcgatcaa agcagcattc 480
ggcggtggeg gtcegeggtcet gaaagtggec cgtaccctgg aagaagttcc ggaactgtat 540
gatagcgcag ttcgegaage ggtggcageg tttggccgtg gtgaatgett cgtggaacge 600
tacctggata aaccgcgtca tgttgaaacc cagtgtctgg cggatacgca cggcaacgtg 660
gttgtggtta gcacccgega ttgctctectg caacgtcgecce accagaaact ggtggaagaa 720
gcaccggege cgtttcetgag cgaagcccag accgaacagce tgtatagectc tagtaaageg 780
attctgaaag aagccggtta cgtgggcgec ggtacggttg aatttctggt gggcatggat 840
ggcaccatta gctttctgga agttaacacc cgtctgcaag ttgaacatcc ggtgaccgaa 900
gaagttgcgg gcattgatct ggtgcgcgaa atgtttcgta tcgcagatgg cgaagaactg 960

ggttacgatg atccggecgct gcgeggtcac agctttgaat ttecgtattaa tggcgaagat 1020
ccgggeegtg gttttectgee ggcgecggge accgtgacge tgttcgatge accgaccggt 1080
ccgggegtte gtctggatge cggtgtggaa agtggtageg ttattggcce ggcatgggat 1140
agcctgetgg cgaaactgat cgttaccggt cgtacgcegeg ccgaagcgcet gcaacgtgca 1200
gcacgtgecece tggatgaatt taccgtggaa ggcatggcga cggccattcce gtttcatcege 1260
accgtggttce gtgatccgge attcgcegceccg gaactgaccg gcectctaccga tcecgttcace 1320
gtgcacacgc gctggatcga aaccgaattt gttaacgaaa tcaaaccgtt caccacgcecg 1380
gcggataccg aaacggatga agaaagtggt cgcgaaacgg tggttgtgga agtgggceggt 1440
aaacgtctgg aagtttctcet gecgagcage ctgggtatga gtctggcgeg taccggtcetg 1500
geggecggeyg cecgtecgaa acgtegegca gcegaaaaaat ctggtcecgge cgcaageggt 1560
gataccctgg ccagtccgat gcagggcacg attgtgaaaa tcgcagtgga agaaggtcag 1620
gaagtgcagg aaggcgatct gattgttgtg ctggaagcga tgaaaatgga acagccgcetg 1680
aatgcccatc gtagcggcac catcaaaggc ctgacggcecg aagtgggtgce atctctgacce 1740
agtggcgegg ccatttgcga aatcaaagat taa 1773
<210> SEQ ID NO 13

<211> LENGTH: 57

<212> TYPE: DNA

<213> ORGANISM: Streptomyces coelicolor

<400> SEQUENCE: 13

agatctgcegg ccgcatctag aaataatttt gtttaacttt aagaaggaga tatattce 57
<210> SEQ ID NO 14

<211> LENGTH: 1593

<212> TYPE: DNA

<213> ORGANISM: Streptomyces coelicolor

<400> SEQUENCE: 14

atgagtgaac cggaagaaca gcagccggat attcatacca cggcaggcaa actggeggat 60
ctgegtegee gtatcgaaga agcaacccat gcaggtageg cacgtgcagt ggaaaaacag 120
cacgcgaaag dgtaaactgac ggcccgegaa cgtatcgatce tgetgetgga tgaaggcagt 180
tttgttgaac tggatgaatt tgcacgccac cgtagcacca actttggtcet ggatgcgaat 240

cgeccegtatyg gegatggtgt ggttaccggt tacggtacgg tggatggteg tceeggtggea 300
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gtttttagece aggattttac cgtgttecgge ggtgcactgg gcgaagttta cggtcagaaa 360
atcgtgaaag ttatggattt cgcgctgaaa acgggctgec cggtggttgg tattaacgat 420
agcggeggtg ccegcatcca ggaaggtgtt gectctetgg gegegtatgg cgaaatcttt 480
cgccegtaata cccatgcgag tggegtgatt ccgcagatca gectggtggt tggtcegtgt 540
gcgggeggtyg cegtttacte tccggccatt accgatttta cggtgatggt tgatcagacc 600
agtcacatgt tcattacggg cccggatgtg atcaaaaccg ttacgggcga agatgtgggt 660
tttgaagaac tgggcggtgc acgtacccac aacagcacgt ctggcgttgce gcatcacatg 720
gccggtgatyg aaaaagatgc cgtggaatat gttaaacagce tgctgagtta cctgccgage 780
aacaatctgt ctgaaccgcc ggegttcceg gaagaagcag acctggeggt gaccgatgaa 840
gatgccgaac tggatacgat cgttccggat tctgcaaatc agccgtacga tatgcacagt 900
gtgattgaac acgttctgga tgatgcggaa tttttcgaaa cccagccget gtttgecceg 960

aacattctga cgggtttcegg tegtgtggaa ggtegtecegg tgggtatcgt tgcaaatcag 1020
ccgatgcagt ttgcgggttg cctggatatt accgectetg aaaaagcggce ccgcetttgtg 1080
cgtacctgtg atgcgttcaa cgtgcceggtt ctgacgtttg tggatgttcce gggcttectg 1140
ccgggtgttg atcaggaaca tgatggcatt atccgcegtg gtgcgaaact gatttttgeg 1200
tatgccgaag caaccgtgcec getgattacce gttatcacge gcaaagcatt cggcggtgeg 1260
tacgatgtga tgggcagcaa acatctgggt gccgatctga acctggcatg gecgaccgca 1320
cagatcgcag tgatgggcgce gcagggtgcce gttaatattc tgcaccgccg taccatcgca 1380
gatgcaggtyg atgatgcaga agcgacgcgc gcacgtctga ttcaggaata tgaagatgcg 1440
ctgctgaacc cgtataccgce agcggaacgt ggttacgtgg atgcggttat tatgccgagce 1500
gatacccgec gtcatatcgt gcgtggtetg cgtcagcectge gtacgaaacg tgaatctcetg 1560
ccgccgaaaa aacacggtaa tattccgetg taa 1593
<210> SEQ ID NO 15

<211> LENGTH: 3539

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic nucleotide

<400> SEQUENCE: 15

aattgtgagc ggataacaat tgacattgtg ageggataac aagatactga gcacatcagce 60
aggacgcact gaccgaattc aataattttg tttaacttta agaaggagat atacatatgce 120
gcaaagtgct gattgcgaac cgtggtgaaa tcgcegtteg tgtggcacge gegtgtegtg 180
atgcaggtat tgcaagtgtt geggtgtatg ccgatcegga tegegatgeg ctgcatgtte 240
gtgcggecga tgaagecttt gecactgggeyg gtgataccee ggcaacgage tatctggata 300
ttgcaaaagt gctgaaagca gegegegaaa geggtgegga tgccatccat ccegggctacg 360
gttttetgte tgaaaatgca gaatttgcac aggcggttet ggatgcaggt ctgatttgga 420
tcggtecgee gecgeatgea attegtgate tgggegataa agtggecgca cgcecacatceg 480
cccagegtge aggegegecog ctggttgegg geacccegga cecggtttet ggtgcagatg 540
aagtggttge gtttgccaaa gaacatggee tgecgattge gatcaaagca gcatteggeg 600

gtggcggteg cggtctgaaa gtggcccegta ccctggaaga agttccggaa ctgtatgata 660
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gcgcagtteg cgaagcggtg gcagegtttg gecegtggtga atgcettegtg gaacgctacc 720
tggataaacc gcgtcatgtt gaaacccagt gtctggegga tacgcacggce aacgtggttg 780
tggttagcac ccgcgattge tctctgcaac gtcgccacca gaaactggtg gaagaagcac 840
cggcegecgtt tctgagcgaa gcccagaccg aacagctgta tagctctagt aaagcgattce 900
tgaaagaagc cggttacgtg ggcgccggta cggttgaatt tctggtgggce atggatggca 960

ccattagctt tctggaagtt aacacccgtce tgcaagttga acatccggtg accgaagaag 1020
ttgcgggcat tgatctggtyg cgcgaaatgt ttegtatcege agatggcgaa gaactgggtt 1080
acgatgatcc ggcgctgege ggtcacagct ttgaattteg tattaatgge gaagatccgg 1140
gcegtggttt tetgecggeg ccgggcaccg tgacgetgtt cgatgcaccg accggtecgg 1200
gcgttegtet ggatgceggt gtggaaagtg gtagcgttat tggcccggca tgggatagece 1260
tgctggcgaa actgatcgtt accggtcgta cgcgcgecga agcgctgcaa cgtgcagcac 1320
gtgcecctgga tgaatttace gtggaaggca tggcgacggce cattccegttt catcgcaccyg 1380
tggttcecgtga tccggcatte gegceccggaac tgaccggcetce taccgatcceg ttcaccgtgce 1440
acacgcgctg gatcgaaacc gaatttgtta acgaaatcaa accgttcacc acgccggegg 1500
ataccgaaac ggatgaagaa agtggtcgcg aaacggtggt tgtggaagtg ggcggtaaac 1560
gtctggaagt ttctctgccecg agcagcectgg gtatgagtet ggcgcegtacce ggtetggegyg 1620
ceggegeceg tcecgaaacgt cgcgcagega aaaaatctgg tecggcecgea ageggtgata 1680
ceetggecag tcecgatgcag ggcacgattg tgaaaatcge agtggaagaa ggtcaggaag 1740
tgcaggaagg cgatctgatt gttgtgctgg aagcgatgaa aatggaacag ccgctgaatg 1800
cccatecgtag cggcaccatc aaaggcctga cggccgaagt gggtgcatct ctgaccagtg 1860
gcgeggcecat ttgcgaaatc aaagattaaa gatctgcggce cgcatctaga aataattttg 1920
tttaacttta agaaggagat atattcatga gtgaaccgga agaacagcag ccggatattce 1980
ataccacggce aggcaaactg gcggatctge gtegecgtat cgaagaagca acccatgcag 2040
gtagcgcacyg tgcagtggaa aaacagcacg cgaaaggtaa actgacggcc cgcgaacgta 2100
tcgatctget getggatgaa ggcagttttg ttgaactgga tgaatttgca cgccaccgta 2160
gcaccaactt tggtctggat gcgaatcgcce cgtatggcga tggtgtggtt accggttacyg 2220
gtacggtgga tggtcgtccg gtggcagttt ttagccagga ttttaccgtg ttceggcggtyg 2280
cactgggcga agtttacggt cagaaaatcg tgaaagttat ggatttcgcg ctgaaaacgg 2340
gctgeceggt ggttggtatt aacgatageg gecggtgcceg catccaggaa ggtgttgect 2400
ctectgggege gtatggcgaa atctttegce gtaataccca tgcgagtggce gtgattceccecgce 2460
agatcagcct ggtggttggt cegtgtgcegg gcggtgecegt ttactctceceg gecattaccg 2520
attttacggt gatggttgat cagaccagtc acatgttcat tacgggcccg gatgtgatca 2580
aaaccgttac gggcgaagat gtgggttttg aagaactggg cggtgcacgt acccacaaca 2640
gcacgtctgg cgttgcgcat cacatggccg gtgatgaaaa agatgccgtg gaatatgtta 2700
aacagctgcet gagttacctg ccgagcaaca atctgtcetga accgcecggeg ttcecccggaag 2760
aagcagacct ggcggtgacc gatgaagatg ccgaactgga tacgatcgtt ccggattctg 2820
caaatcagcc gtacgatatg cacagtgtga ttgaacacgt tctggatgat gcggaatttt 2880

tcgaaaccca gecgetgttt gecccgaaca ttetgacggg ttteggtcegt gtggaaggtce 2940
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gtcecggtggyg tatcgttgca aatcagecga tgcagtttge gggttgcctg gatattaccy 3000
cctctgaaaa agcggcccege tttgtgegta cctgtgatge gttcaacgtg ceggttetga 3060
cgtttgtgga tgttccggge ttectgecgg gtgttgatca ggaacatgat ggcattatcce 3120
gcegtggtge gaaactgatt tttgcgtatg ccgaagcaac cgtgccgetg attaccgtta 3180
tcacgcgcaa agcattcggce ggtgcgtacg atgtgatggg cagcaaacat ctgggtgecg 3240
atctgaacct ggcatggccg accgcacaga tcgcagtgat gggcgcgcag ggtgcecgtta 3300
atattctgca ccgccgtacce atcgcagatg caggtgatga tgcagaagcg acgcgcgcac 3360
gtctgattca ggaatatgaa gatgcgctge tgaacccgta taccgcagcg gaacgtggtt 3420
acgtggatgc ggttattatg ccgagcgata cccgccgtca tatcgtgegt ggtcectgegte 3480
agctgcgtac gaaacgtgaa tcectctgeccge cgaaaaaaca cggtaatatt ccgctgtaa 3539
<210> SEQ ID NO 16

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 16

aaactgcaga ggaggacagc tatgtctttt agcgaatttt atcag 45
<210> SEQ ID NO 17

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 17

aaaggatccce tattcttecga tcegectggceg aatttg 36
<210> SEQ ID NO 18

<211> LENGTH: 383

<212> TYPE: PRT

<213> ORGANISM: Mycobacterium bovis

<400> SEQUENCE: 18

Leu Val Glu Gly Leu Arg Glu Val Ala Asp Gly Asp Ala Leu Tyr Asp
1 5 10 15

Ala Ala Val Gly His Gly Asp Arg Gly Pro Val Trp Val Phe Ser Gly
20 25 30

Gln Gly Ser Gln Trp Ala Ala Met Gly Thr Gln Leu Leu Ala Ser Glu
35 40 45

Pro Val Phe Ala Ala Thr Ile Ala Lys Leu Glu Pro Val Ile Ala Ala
50 55 60

Glu Ser Gly Phe Ser Val Thr Glu Ala Ile Thr Ala Gln Gln Thr Val
65 70 75 80

Thr Gly Ile Asp Lys Val Gln Pro Ala Val Phe Ala Val Gln Val Ala
85 90 95

Leu Ala Ala Thr Met Glu Gln Thr Tyr Gly Val Arg Pro Gly Ala Val
100 105 110

Val Gly His Ser Met Gly Glu Ser Ala Ala Ala Val Val Ala Gly Ala
115 120 125
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Leu Ser Leu Glu Asp Ala Ala Arg Val Ile Cys Arg Arg Ser Lys Leu
130 135 140

Met Thr Arg Ile Ala Gly Ala Gly Ala Met Gly Ser Val Glu Leu Pro
145 150 155 160

Ala Lys Gln Val Asn Ser Glu Leu Met Ala Arg Gly Ile Asp Asp Val
165 170 175

Val Val Ser Val Val Ala Ser Pro Gln Ser Thr Val Ile Gly Gly Thr
180 185 190

Ser Asp Thr Val Arg Asp Leu Ile Ala Arg Trp Glu Gln Arg Asp Val
195 200 205

Met Ala Arg Glu Val Ala Val Asp Val Ala Ser His Ser Pro Gln Val
210 215 220

Asp Pro Ile Leu Asp Asp Leu Ala Ala Ala Leu Ala Asp Ile Ala Pro
225 230 235 240

Met Thr Pro Lys Val Pro Tyr Tyr Ser Ala Thr Leu Phe Asp Pro Arg
245 250 255

Glu Gln Pro Val Cys Asp Gly Ala Tyr Trp Val Asp Asn Leu Arg Asn
260 265 270

Thr Val Gln Phe Ala Ala Ala Val Gln Ala Ala Met Glu Asp Gly Tyr
275 280 285

Arg Val Phe Ala Glu Leu Ser Pro His Pro Leu Leu Thr His Ala Val
290 295 300

Glu Gln Thr Gly Arg Ser Leu Asp Met Ser Val Ala Ala Leu Ala Gly
305 310 315 320

Met Arg Arg Glu Gln Pro Leu Pro His Gly Leu Arg Gly Leu Leu Thr
325 330 335

Glu Leu His Arg Ala Gly Ala Ala Leu Asp Tyr Ser Ala Leu Tyr Pro
340 345 350

Ala Gly Arg Leu Val Asp Ala Pro Leu Pro Ala Trp Thr His Ala Arg
355 360 365

Leu Phe Ile Asp Asp Asp Gly Gln Glu Gln Arg Ala Gln Gly Ala
370 375 380

<210> SEQ ID NO 19

<211> LENGTH: 2111

<212> TYPE: PRT

<213> ORGANISM: Mycobacterium bovis

<300> PUBLICATION INFORMATION:

<308> DATABASE ACCESSION NUMBER: GenBank / YP_97046
<309> DATABASE ENTRY DATE: 2010-12-14

<313> RELEVANT RESIDUES IN SEQ ID NO: (1)..{(2111)

<400> SEQUENCE: 19

Met Glu Ser Arg Val Thr Pro Val Ala Val Ile Gly Met Gly Cys Arg
1 5 10 15

Leu Pro Gly Gly Ile Asn Ser Pro Asp Lys Leu Trp Glu Ser Leu Leu
20 25 30

Arg Gly Asp Asp Leu Val Thr Glu Ile Pro Pro Asp Arg Trp Asp Ala
35 40 45

Asp Asp Tyr Tyr Asp Pro Glu Pro Gly Val Pro Gly Arg Ser Val Ser

Arg Trp Gly Gly Phe Leu Asp Asp Val Ala Gly Phe Asp Ala Glu Phe
65 70 75 80

Phe Gly Ile Ser Glu Arg Glu Ala Thr Ser Ile Asp Pro Gln Gln Arg
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85 90 95

Leu Leu Leu Glu Thr Ser Trp Glu Ala Ile Glu His Ala Gly Leu Asp
100 105 110

Pro Ala Ser Leu Ala Gly Ser Ser Thr Ala Val Phe Thr Gly Leu Thr
115 120 125

His Glu Asp Tyr Leu Val Leu Thr Thr Thr Ala Gly Gly Leu Ala Ser
130 135 140

Pro Tyr Val Val Thr Gly Leu Asn Asn Ser Val Ala Ser Gly Arg Ile
145 150 155 160

Ala His Thr Leu Gly Leu His Gly Pro Ala Met Thr Phe Asp Thr Ala
165 170 175

Cys Ser Ser Gly Leu Met Ala Val His Leu Ala Cys Arg Ser Leu His
180 185 190

Asp Gly Glu Ala Asp Leu Ala Leu Ala Gly Gly Cys Ala Val Leu Leu
195 200 205

Glu Pro His Ala Cys Val Ala Ala Ser Ala Gln Gly Met Leu Ser Ser
210 215 220

Thr Gly Arg Cys His Ser Phe Asp Ala Asp Ala Asp Gly Phe Val Arg
225 230 235 240

Ser Glu Gly Cys Ala Met Val Leu Leu Lys Arg Leu Pro Asp Ala Leu
245 250 255

Arg Asp Gly Asn Arg Ile Phe Ala Val Val Arg Gly Thr Ala Thr Asn
260 265 270

Gln Asp Gly Arg Thr Glu Thr Leu Thr Met Pro Ser Glu Asp Ala Gln
275 280 285

Val Ala Val Tyr Arg Ala Ala Leu Ala Ala Ala Gly Val Gln Pro Glu
290 295 300

Thr Val Gly Val Val Glu Ala His Gly Thr Gly Thr Pro Ile Gly Asp
305 310 315 320

Pro Ile Glu Tyr Arg Ser Leu Ala Arg Val Tyr Gly Ala Gly Thr Pro
325 330 335

Cys Ala Leu Gly Ser Ala Lys Ser Asn Met Gly His Ser Thr Ala Ser
340 345 350

Ala Gly Thr Val Gly Leu Ile Lys Ala Ile Leu Ser Leu Arg His Gly
355 360 365

Val Val Pro Pro Leu Leu His Phe Asn Arg Leu Pro Asp Glu Leu Ser
370 375 380

Asp Val Glu Thr Gly Leu Phe Val Pro Gln Ala Val Thr Pro Trp Pro
385 390 395 400

Asn Gly Asn Asp His Thr Pro Lys Arg Val Ala Val Ser Ser Phe Gly
405 410 415

Met Ser Gly Thr Asn Val His Ala Ile Val Glu Glu Ala Pro Ala Glu
420 425 430

Ala Ser Ala Pro Glu Ser Ser Pro Gly Asp Ala Glu Val Gly Pro Arg
435 440 445

Leu Phe Met Leu Ser Ser Thr Ser Ser Asp Ala Leu Arg Gln Thr Ala
450 455 460

Arg Gln Leu Ala Thr Trp Val Glu Glu His Gln Asp Cys Val Ala Ala
465 470 475 480

Ser Asp Leu Ala Tyr Thr Leu Ala Arg Gly Arg Ala His Arg Pro Val
485 490 495
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Arg Thr Ala Val Val Ala Ala Asn Leu Pro Glu Leu Val Glu Gly Leu
500 505 510

Arg Glu Val Ala Asp Gly Asp Ala Leu Tyr Asp Ala Ala Val Gly His
515 520 525

Gly Asp Arg Gly Pro Val Trp Val Phe Ser Gly Gln Gly Ser Gln Trp
530 535 540

Ala Ala Met Gly Thr Gln Leu Leu Ala Ser Glu Pro Val Phe Ala Ala
545 550 555 560

Thr Ile Ala Lys Leu Glu Pro Val Ile Ala Ala Glu Ser Gly Phe Ser
565 570 575

Val Thr Glu Ala Ile Thr Ala Gln Gln Thr Val Thr Gly Ile Asp Lys
580 585 590

Val Gln Pro Ala Val Phe Ala Val Gln Val Ala Leu Ala Ala Thr Met
595 600 605

Glu Gln Thr Tyr Gly Val Arg Pro Gly Ala Val Val Gly His Ser Met
610 615 620

Gly Glu Ser Ala Ala Ala Val Val Ala Gly Ala Leu Ser Leu Glu Asp
625 630 635 640

Ala Ala Arg Val Ile Cys Arg Arg Ser Lys Leu Met Thr Arg Ile Ala
645 650 655

Gly Ala Gly Ala Met Gly Ser Val Glu Leu Pro Ala Lys Gln Val Asn
660 665 670

Ser Glu Leu Met Ala Arg Gly Ile Asp Asp Val Val Val Ser Val Val
675 680 685

Ala Ser Pro Gln Ser Thr Val Ile Gly Gly Thr Ser Asp Thr Val Arg
690 695 700

Asp Leu Ile Ala Arg Trp Glu Gln Arg Asp Val Met Ala Arg Glu Val
705 710 715 720

Ala Val Asp Val Ala Ser His Ser Pro Gln Val Asp Pro Ile Leu Asp
725 730 735

Asp Leu Ala Ala Ala Leu Ala Asp Ile Ala Pro Met Thr Pro Lys Val
740 745 750

Pro Tyr Tyr Ser Ala Thr Leu Phe Asp Pro Arg Glu Gln Pro Val Cys
755 760 765

Asp Gly Ala Tyr Trp Val Asp Asn Leu Arg Asn Thr Val Gln Phe Ala
770 775 780

Ala Ala Val Gln Ala Ala Met Glu Asp Gly Tyr Arg Val Phe Ala Glu
785 790 795 800

Leu Ser Pro His Pro Leu Leu Thr His Ala Val Glu Gln Thr Gly Arg
805 810 815

Ser Leu Asp Met Ser Val Ala Ala Leu Ala Gly Met Arg Arg Glu Gln
820 825 830

Pro Leu Pro His Gly Leu Arg Gly Leu Leu Thr Glu Leu His Arg Ala
835 840 845

Gly Ala Ala Leu Asp Tyr Ser Ala Leu Tyr Pro Ala Gly Arg Leu Val
850 855 860

Asp Ala Pro Leu Pro Ala Trp Thr His Ala Arg Leu Phe Ile Asp Asp
865 870 875 880

Asp Gly Gln Glu Gln Arg Ala Gln Gly Ala Cys Thr Ile Thr Val His
885 890 895
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Pro Leu Leu Gly Ser His Val Arg Leu Thr Glu Glu Pro Glu Arg His
900 905 910

Val Trp Gln Gly Asp Val Gly Thr Ser Val Leu Ser Trp Leu Ser Asp
915 920 925

His Gln Val His Asn Val Ala Ala Leu Pro Gly Ala Ala Tyr Cys Glu
930 935 940

Met Ala Leu Ala Ala Ala Ala Glu Val Phe Gly Glu Ala Ala Glu Val
945 950 955 960

Arg Asp Ile Thr Phe Glu Gln Met Leu Leu Leu Asp Glu Gln Thr Pro
965 970 975

Ile Asp Ala Val Ala Ser Ile Asp Ala Pro Gly Val Val Asn Phe Thr
980 985 990

Val Glu Thr Asn Arg Asp Gly Glu Thr Thr Arg His Ala Thr Ala Ala
995 1000 1005

Leu Arg Ala Ala Glu Asp Asp Cys Pro Pro Pro Gly Tyr Asp Ile
1010 1015 1020

Thr Ala Leu Leu Gln Ala His Pro His Ala Val Asn Gly Thr Ala
1025 1030 1035

Met Arg Glu Ser Phe Ala Glu Arg Gly Val Thr Leu Gly Ala Ala
1040 1045 1050

Phe Gly Gly Leu Thr Thr Ala His Thr Ala Glu Ala Gly Ala Ala
1055 1060 1065

Thr Val Leu Ala Glu Val Ala Leu Pro Ala Ser Ile Arg Phe Gln
1070 1075 1080

Gln Gly Ala Tyr Arg Ile His Pro Ala Leu Leu Asp Ala Cys Phe
1085 1090 1095

Gln Ser Val Gly Ala Gly Val Gln Ala Gly Thr Ala Thr Gly Gly
1100 1105 1110

Leu Leu Leu Pro Leu Gly Val Arg Ser Leu Arg Ala Tyr Gly Pro
1115 1120 1125

Thr Arg Asn Ala Arg Tyr Cys Tyr Thr Arg Leu Thr Lys Ala Phe
1130 1135 1140

Asn Asp Gly Thr Arg Gly Gly Glu Ala Asp Leu Asp Val Leu Asp
1145 1150 1155

Glu His Gly Thr Val Leu Leu Ala Val Arg Gly Leu Arg Met Gly
1160 1165 1170

Thr Gly Thr Ser Glu Arg Asp Glu Arg Asp Arg Leu Val Ser Glu
1175 1180 1185

Arg Leu Leu Thr Leu Gly Trp Gln Gln Arg Ala Leu Pro Glu Val
1190 1195 1200

Gly Asp Gly Glu Ala Gly Ser Trp Leu Leu Ile Asp Thr Ser Asn
1205 1210 1215

Ala Val Asp Thr Pro Asp Met Leu Ala Ser Thr Leu Thr Asp Ala
1220 1225 1230

Leu Lys Ser His Gly Pro Gln Gly Thr Glu Cys Ala Ser Leu Ser
1235 1240 1245

Trp Ser Val Gln Asp Thr Pro Pro Asn Asp Gln Ala Gly Leu Glu
1250 1255 1260

Lys Leu Gly Ser Gln Leu Arg Gly Arg Asp Gly Val Val Ile Val
1265 1270 1275

Tyr Gly Pro Arg Val Gly Asp Pro Asp Glu His Ser Leu Leu Ala
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1280 1285 1290

Gly Arg Glu Gln Val Arg His Leu Val Arg Ile Thr Arg Glu Leu
1295 1300 1305

Ala Glu Phe Glu Gly Glu Leu Pro Arg Leu Phe Val Val Thr Arg
1310 1315 1320

Gln Ala Gln Ile Val Lys Pro His Asp Ser Gly Glu Arg Ala Asn
1325 1330 1335

Leu Glu Gln Ala Gly Leu Arg Gly Leu Leu Arg Val 1Ile Ser Ser
1340 1345 1350

Glu His Pro Met Leu Arg Thr Thr Leu Ile Asp Val Asp Glu His
1355 1360 1365

Thr Asp Val Glu Arg Val Ala Gln Gln Leu Leu Ser Gly Ser Glu
1370 1375 1380

Glu Asp Glu Thr Ala Trp Arg 2Asn Gly Asp Trp Tyr Val Ala Arg
1385 1390 1395

Leu Thr Pro Ser Pro Leu Gly His Glu Glu Arg Arg Thr Ala Val
1400 1405 1410

Leu Asp Pro Asp His Asp Gly Met Arg Val Gln Val Arg Arg Pro
1415 1420 1425

Gly Asp Leu Gln Thr Leu Glu Phe Val Ala Ser Asp Arg Val Pro
1430 1435 1440

Pro Gly Pro Gly Gln Ile Glu Val Ala Val Ser Met Ser Ser Ile
1445 1450 1455

Asn Phe Ala Asp Val Leu Ile Ala Phe Gly Arg Phe Pro Ile Ile
1460 1465 1470

Asp Asp Arg Glu Pro Gln Leu Gly Met Asp Phe Val Gly Val Val
1475 1480 1485

Thr Ala Val Gly Glu Gly Val Thr Gly His Gln Val Gly Asp Arg
1490 1495 1500

Val Gly Gly Phe Ser Glu Gly Gly Cys Trp Arg Thr Phe Leu Thr
1505 1510 1515

Cys Asp Ala Asn Leu Ala Val Thr Leu Pro Pro Gly Leu Thr Asp
1520 1525 1530

Glu Gln Ala Ile Thr Ala Ala Thr Ala His Ala Thr Ala Trp Tyr
1535 1540 1545

Gly Leu Asn Asp Leu Ala Gln Ile Lys Ala Gly Asp Lys Val Leu
1550 1555 1560

Ile His Ser Ala Thr Gly Gly Val Gly Gln Ala Ala Ile Ser Ile
1565 1570 1575

Ala Arg Ala Lys Gly Ala Glu Ile Phe Ala Thr Ala Gly Asn Pro
1580 1585 1590

Ala Lys Arg Ala Met Leu Arg Asp Met Gly Val Glu His Val Tyr
1595 1600 1605

Asp Ser Arg Ser Val Glu Phe Ala Glu Gln Ile Arg Arg Asp Thr
1610 1615 1620

Asp Gly Tyr Gly Val Asp Ile Val Leu Asn Ser Leu Thr Gly Ala
1625 1630 1635

Ala Gln Arg Ala Gly Leu Glu Leu Leu Ala Phe Gly Gly Arg Phe
1640 1645 1650

Val Glu Ile Gly Lys Ala Asp Val Tyr Gly Asn Thr Arg Leu Gly
1655 1660 1665



US 2011/0166370 Al Jul. 7, 2011
42

-continued

Leu Phe Pro Phe Arg Arg Gly Leu Thr Phe Tyr Tyr Leu Asp Leu
1670 1675 1680

Ala Leu Met Ser Val Thr Gln Pro Asp Arg Val Arg Glu Leu Leu
1685 1690 1695

Ala Thr Val Phe Lys Leu Thr Ala Asp Gly Val Leu Thr Ala Pro
1700 1705 1710

Gln Cys Thr His Tyr Pro Leu Ala Glu Ala Ala Asp Ala Ile Arg
1715 1720 1725

Ala Met Ser Asn Ala Glu His Thr Gly Lys Leu Val Leu Asp Val
1730 1735 1740

Pro Arg Ser Gly Arg Arg Ser Val Ala Val Thr Pro Glu Gln Ala
1745 1750 1755

Pro Leu Tyr Arg Arg Asp Gly Ser Tyr Ile Ile Thr Gly Gly Leu
1760 1765 1770

Gly Gly Leu Gly Leu Phe Phe Ala Ser Lys Leu Ala Ala Ala Gly
1775 1780 1785

Cys Gly Arg Ile Val Leu Thr Ala Arg Ser Gln Pro Asn Pro Lys
1790 1795 1800

Ala Arg Gln Thr Ile Glu Gly Leu Arg Ala Ala Gly Ala Asp Ile
1805 1810 1815

Val Val Glu Cys Gly Asn Ile Ala Glu Pro Asp Thr Ala Asp Arg
1820 1825 1830

Leu Val Ser Ala Ala Thr Ala Thr Gly Leu Pro Leu Arg Gly Val
1835 1840 1845

Leu His Ser Ala Ala Val Val Glu Asp Ala Thr Leu Thr Asn Ile
1850 1855 1860

Thr Asp Glu Leu Ile Asp Arg Asp Trp Ser Pro Lys Val Phe Gly
1865 1870 1875

Ser Trp Asn Leu His Arg Ala Thr Leu Gly Gln Pro Leu Asp Trp
1880 1885 1890

Phe Cys Leu Phe Ser Ser Gly Ala Ala Leu Leu Gly Ser Pro Gly
1895 1900 1905

Gln Gly Ala Tyr Ala Ala Ala 2Asn Ser Trp Val Asp Val Phe Ala
1910 1915 1920

His Trp Arg Arg Ala Gln Gly Leu Pro Val Ser Ala Ile Ala Trp
1925 1930 1935

Gly Ala Trp Gly Glu Val Gly Arg Ala Thr Phe Leu Ala Glu Gly
1940 1945 1950

Gly Glu 1Ile Met Ile Thr Pro Glu Glu Gly Ala Tyr Ala Phe Glu
1955 1960 1965

Thr Leu Val Arg His Asp Arg Ala Tyr Ser Gly Tyr Ile Pro Ile
1970 1975 1980

Leu Gly Ala Pro Trp Leu Ala Asp Leu Val Arg Arg Ser Pro Trp
1985 1990 1995

Gly Glu Met Phe Ala Ser Thr Gly Gln Arg Ser Arg Gly Pro Ser
2000 2005 2010

Lys Phe Arg Met Glu Leu Leu Ser Leu Pro Gln Asp Glu Trp Ala
2015 2020 2025

Gly Arg Leu Arg Arg Leu Leu Val Glu Gln Ala Ser Val Ile Leu
2030 2035 2040
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Arg Arg Thr Ile Asp Ala Asp Arg Ser Phe Ile Glu Tyr Gly Leu
2045 2050 2055

Asp Ser Leu Gly Met Leu Glu Met Arg Thr His Val Glu Thr Glu
2060 2065 2070

Thr Gly 1Ile Arg Leu Thr Pro Lys Val Ile Ala Thr Asn Asn Thr
2075 2080 2085

Ala Arg Ala Leu Ala Gln Tyr Leu Ala Asp Thr Leu Ala Glu Glu
2090 2095 2100

Gln Ala Ala Ala Pro Ala Ala Ser
2105 2110

<210> SEQ ID NO 20

<211> LENGTH: 1149

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium bovis

<400> SEQUENCE: 20

ctggtggaag gectgegtga agttgecgat ggtgatgcac tgtatgatge agcagtgggt 60
catggcgate gtggteceggt ttgggtgttt ageggecagg gttetcagtyg ggcagegatg 120
ggcacccage tgctggcaag cgaaccggtt tttgccgcaa cgattgcaaa actggaaccyg 180
gtgatcgegg ccgaaagtgg cttcagegtt accgaagcaa ttacggegca gcagacegtg 240
acgggtatcg ataaagtgca geecggecgtt ttegeagtte aggtggeget ggcagegacg 300
atggaacaga cgtacggegt tegtcegggt gecagtggttg gtcacagtat gggtgaaage 360
gecgecagegyg tggttgcagg cgcectgagt ctggaagatg cegcacgtgt gatttgecgt 420
cgcagcaaac tgatgacceg tatcgcaggt gcaggtgega tgggcagegt ggaactgecg 480
gcaaaacagg ttaactctga actgatggeg cgcggtattg atgatgtggt tgtgtetgtt 540
gtggegtete cgcagagtac cgtgattgge ggcaccagtg atacggtteg tgatctgatc 600
gegegttggyg aacagcegcega tgtgatggeyg cgcgaagttg cegtggatgt tgcaagecat 660
tctecgecagyg ttgatccgat tetggatgat ctggeggegg cactggcaga tattgcacceg 720
atgaccccga aagtgecgta ttacagegeg acgetgtttg atcegegtga acagecggtg 780
tgtgatggceg cctattgggt tgataacctyg cgcaataceg tgcagtttge ggeggcagtt 840
caggcggega tggaagatgg ttaccgtgtg ttegeggaac tgtetecgea tcegetgetg 900
acccacgcag tggaacagac gggtcgetcet ctggatatga gtgttgcage actggecggt 960

atgcgtegeg aacagccgcet gecgcatgge ctgegtggte tgctgaccga actgcaccgt 1020
gcaggtgcag cactggatta tagcgcactg tacccggcag gtcgtetggt ggatgcaccyg 1080
ctgccggcat ggacgcacgce acgtctgttce atcgatgatg atggccagga acagcgcgca 1140
cagggtgcyg 1149
<210> SEQ ID NO 21

<211> LENGTH: 1149

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium bovis

<400> SEQUENCE: 21

ctegtegagg gtttgegega ggtggecgac ggtgacgece tcetatgacge ggcggtggga 60
cacggtgatce gaggaccggt ctgggtette teecgggcaag ggtegcagtyg ggcggegatg 120

ggcacgcaat tgctecgecag cgaaccagtyg ttegeggeca ccatcgecaa getggageceg 180
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gtgatcgeceg cagaatcggg attctceggtg accgaggcga taacggcgca gcagaccgtg 240
accggaatcg acaaagtgca gccggcagtg ttcecgcegtte aggtcegegtt ggccgecacce 300

atggagcaaa cctacggagt geggccggge geggtegteg gacactcgat gggtgagteg 360

geegeggeeyg tegtegeggg ggcactgteg ctegaggacg cggegegegt catttgecge 420

cgctegaage tgatgacceg catagecggt getggtgeca tgggeteggt ggaattgecce 480
gccaagcaag tgaattcgga getgatggca cgceggaatceg acgatgttgt ggteteggtg 540
gtggegtece cgcaatccac ggtgatcgge ggtacgageg acaccgtteg tgacctecatc 600

gecegttggyg agcageggga cgtgatggeyg cgcegaggtgg cegtegacgt ggegtegeac 660

tcgectcaag tcgatccgat actcgacgat ttggecgegg cgetggegga cattgetceeg 720
atgacgccca aggtgecgta ctacteggeg accctgtteg accegegega gcagecggtg 780
tgcgatggeg cttactgggt ggacaatcetyg cgcaacacgg tgcagttege cgeggeggtg 840
caggctgcega tggaggacgg ctaccgggte ttegeggage tgtegeccca ccegetgett 900
acccacgeceg tcgaacagac gggecgaage ctegacatgt cggtegeege cctggecgge 960

atgcggcgag agcagcctcet gecgcatggt ctgcgeggcet tgctgacgga getgcaccgce 1020
gcgggcgeceg ctttggacta tteggcgetg tatccegetg ggceggetggt ggatgcgecy 1080
ctgceggegt ggacccacge ccgcectatte atcgacgatg atgggcaaga acagcgggca 1140

caaggtgcce 1149

<210> SEQ ID NO 22

<211> LENGTH: 628

<212> TYPE: PRT

<213> ORGANISM: Salmonella enterica

<300> PUBLICATION INFORMATION:

<308> DATABASE ACCESSION NUMBER: GenBank / AAC44817
<309> DATABASE ENTRY DATE: 1999-08-05

<313> RELEVANT RESIDUES IN SEQ ID NO: (1)..(628)

<400> SEQUENCE: 22

Met Ser Phe Ser Glu Phe Tyr Gln Arg Ser Ile Asn Glu Pro Glu Ala
1 5 10 15

Phe Trp Ala Glu Gln Ala Arg Arg Ile Asp Trp Arg Gln Pro Phe Thr
20 25 30

Gln Thr Leu Asp His Ser Arg Pro Pro Phe Ala Arg Trp Phe Cys Gly
35 40 45

Gly Thr Thr Asn Leu Cys His Asn Ala Val Asp Arg Trp Arg Asp Lys
50 55 60

Gln Pro Glu Ala Leu Ala Leu Ile Ala Val Ser Ser Glu Thr Asp Glu
65 70 75 80

Glu Arg Thr Phe Thr Phe Ser Gln Leu His Asp Glu Val Asn Ile Val
85 90 95

Ala Ala Met Leu Leu Ser Leu Gly Val Gln Arg Gly Asp Arg Val Leu
100 105 110

Val Tyr Met Pro Met Ile Ala Glu Ala Gln Ile Thr Leu Leu Ala Cys
115 120 125

Ala Arg Ile Gly Ala Ile His Ser Val Val Phe Gly Gly Phe Ala Ser
130 135 140

His Ser Val Ala Ala Arg Ile Asp Asp Ala Arg Pro Ala Leu Ile Val
145 150 155 160
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Ser Ala Asp Ala Gly Ala Arg Gly Gly Lys Ile Leu Pro Tyr Lys Lys
165 170 175

Leu Leu Asp Asp Ala Ile Ala Gln Ala Gln His Gln Pro Lys His Val
180 185 190

Leu Leu Val Asp Arg Gly Leu Ala Lys Met Ala Trp Val Asp Gly Arg
195 200 205

Asp Leu Asp Phe Ala Thr Leu Arg Gln Gln His Leu Gly Ala Ser Val
210 215 220

Pro Val Ala Trp Leu Glu Ser Asn Glu Thr Ser Cys Ile Leu Tyr Thr
225 230 235 240

Ser Gly Thr Thr Gly Lys Pro Lys Gly Val Gln Arg Asp Val Gly Gly
245 250 255

Tyr Ala Val Ala Leu Ala Thr Ser Met Asp Thr Ile Phe Gly Gly Lys
260 265 270

Ala Gly Gly Val Phe Phe Cys Ala Ser Asp Ile Gly Trp Val Val Gly
275 280 285

His Ser Tyr Ile Val Tyr Ala Pro Leu Leu Ala Gly Met Ala Thr Ile
290 295 300

Val Tyr Glu Gly Leu Pro Thr Tyr Pro Asp Cys Gly Val Trp Trp Lys
305 310 315 320

Ile Val Glu Lys Tyr Gln Val Asn Arg Met Phe Ser Ala Pro Thr Ala
325 330 335

Ile Arg Val Leu Lys Lys Phe Pro Thr Ala Gln Ile Arg Asn His Asp
340 345 350

Leu Ser Ser Leu Glu Ala Leu Tyr Leu Ala Gly Glu Pro Leu Asp Glu
355 360 365

Pro Thr Ala Ser Trp Val Thr Glu Thr Leu Gly Val Pro Val Ile Asp
370 375 380

Asn Tyr Trp Gln Thr Glu Ser Gly Trp Pro Ile Met Ala Leu Ala Arg
385 390 395 400

Ala Leu Asp Asp Arg Pro Ser Arg Leu Gly Ser Pro Gly Val Pro Met
405 410 415

Tyr Gly Tyr Asn Val Gln Leu Leu Asn Glu Val Thr Gly Glu Pro Cys
420 425 430

Gly Ile Asn Glu Lys Gly Met Leu Val Ile Glu Gly Pro Leu Pro Pro
435 440 445

Gly Cys Ile Gln Thr Ile Trp Gly Asp Asp Ala Arg Phe Val Lys Thr
450 455 460

Tyr Trp Ser Leu Phe Asn Arg Gln Val Tyr Ala Thr Phe Asp Trp Gly
465 470 475 480

Ile Arg Asp Ala Glu Gly Tyr Tyr Phe Ile Leu Gly Arg Thr Asp Asp
485 490 495

Val Ile Asn Ile Ala Gly His Arg Leu Gly Thr Arg Glu Ile Glu Glu
500 505 510

Ser Ile Ser Ser Tyr Pro Asn Val Ala Glu Val Ala Val Val Gly Ile
515 520 525

Lys Asp Ala Leu Lys Gly Gln Val Ala Val Ala Phe Val Ile Pro Lys
530 535 540

Gln Ser Asp Thr Leu Ala Asp Arg Glu Ala Ala Arg Asp Glu Glu Asn
545 550 555 560
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Ala Ile Met

Ala His Val

Met Leu Arg
595

Asp Leu Thr
610

Ala Leu Val Asp Asn

565

Trp Phe Val Ser Gln

580

Arg Thr Ile Gln Ala

600

Thr Ile Asp Asp Pro

Ala Ile Glu Glu

625

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

D NO 23
H: 1884
DNA

615

Gln Ile Gly

570

Leu Pro Lys
585

Ile Cys Glu

Ala Ser Leu

<213> ORGANISM: Salmonella enterica

<400> SEQUENCE: 23

atgtctttta

caggceegge

cegtttgece

tggcgggata

gagcgcacat

ctgtegetygyg

gegcagataa

ggttttgect

tcggcggatg

gcetattgege

aaaatggcat

dgcgcegagceyg

tceggeacta

ctggcaacct

tcggatateg

atggcgacta

attgtcgaga

aaaaaattcc

ctggccggtg

ceggteateg

gegetggacyg

gtccagctac

gtgatcgaag

tttgtgaaga

atccgegacyg

gegggtceate

gcggaagtgg

gcgaatttta

gtatcgactyg

getggttttyg

aacagccgga

ttaccttecag

gegtgecageg

cectgetgge

cgcacagegt

ccggagcgceyg

aggcgcagcea

gggtggatgg

thngtggC

ccggcaaace

cgatggacac

gCtgggtht

ttgtttacga

aataccaggt

cgacggegea

agcecgetgga

acaattattg

acaggcegte

tcaatgaagt

ggcegetgee

cttactggte

ccgaggggta

ggctggggac

cggtagtggg

tcagcgttee

gegacagecyg

cggeggeace

ggegetggeg

ccagttgeat

tggcgatege

ctgegegege

dgcggegege

gggcggtaaa

tcagccgaaa

gegegatetyg

gtggctggaa

gaaaggcgte

catttttgge

cggecactee

aggactgeeg

taaccggatg

aatccgcaat

cgagccgacyg

gcagacggag

gcgtctggga

caccggcgaa

gCnggCtgt

getgtttaac

ttactttatt

gcgagaaata

gataaaagac

attaacgaac

tttacgcaga

actaacttat

ctgattgeeg

gatgaagtca

gtattggtet

attggcgega

attgacgatg

atcctgeegt

cacgttetge

gattttgcca

tccaacgaaa

cagcgegacyg

dgcaaggcgy

tatatcgttt

acgtaccegyg

ttttcegece

cacgatctcet

gccagttggg

tceggetgge

agtcceggeyg

ccttgeggea

attcagacta

cgtcaggttt

ctgggecgta

gaagaaagta

gctetgaaag

His Phe Gly Arg Pro

Thr Arg Ser
590

Gly Arg Asp

605

Gln Gln Ile

620

cggaggegtt
cgctggatca
gtcataacgce
tctcatcaga
acattgtgge
atatgccgat
tccatteggt
ccagaccgge
ataaaaagct
tggtggacag
cgttgegeca
cctegtgeat
tcggeggtta
geggegtatt
acgcgeegtt
actgeggggt
cgaccgcgat
cctegetgga
taacggagac
cgatcatgge
tgccgatgta
taaatgaaaa
tttggggcga
atgccacttt
ccgatgatgt
tctecageta

ggcaggtagc

575

Gly Lys

Pro Gly

Arg Gln

ctgggccgag
tagccgteca
cgtegaccge
gaccgatgaa
cgccatgtty
gattgccgaa
ggtetttgge
getgattgtyg
getegatgac
agggetggcg
gcagcatcete
tctttacace
tgcggtggeyg
cttttgcgea
getggeagge
ctggtggaaa
tcgegtgetyg
ggcgetttat
getgggegta
getggecege
cggttataac
ggggatgetg
cgatgegegt
cgactgggga
gattaatatt
cccgaacgta

ggtggcgttt

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620
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gtecattcecga agcagagcga tacgetggeg gatcgegagg cggcgcegega cgaggaaaac 1680
gcgattatgg cgctggtgga caaccagatc ggtcactttg gtecgtceccgge gcatgtetgg 1740
tttgtttege agctceccccaa aacgcgttcee ggaaagatge ttcgccgcac gatccaggceg 1800
atctgcgaag gccgcgatcee gggcgatctg acaaccattg acgatcccge gtegttgecag 1860
caaattcgcce aggcgatcga agaa 1884
<210> SEQ ID NO 24

<211> LENGTH: 616

<212> TYPE: PRT

<213> ORGANISM: Streptomyces cinnamonensis

<400> SEQUENCE: 24

Met Thr Val Leu Pro Asp Asp Gly Leu Ser Leu Ala Ala Glu Phe Pro
1 5 10 15

Asp Ala Thr His Glu Gln Trp His Arg Leu Val Glu Gly Val Val Arg
20 25 30

Lys Ser Gly Lys Asp Val Ser Gly Thr Ala Ala Glu Glu Ala Leu Ser
Thr Thr Leu Glu Asp Gly Leu Thr Thr Arg Pro Leu Tyr Thr Ala Arg
50 55 60

Asp Ala Ala Pro Asp Ala Gly Phe Pro Gly Phe Ala Pro Phe Val Arg
65 70 75 80

Gly Ser Val Pro Glu Gly Asn Thr Pro Gly Gly Trp Asp Val Arg Gln
85 90 95

Arg Tyr Ala Ser Ala Asp Pro Ala Arg Thr Asn Glu Ala Val Leu Thr
100 105 110

Asp Leu Glu Asn Gly Val Thr Ser Leu Trp Leu Thr Leu Gly Ser Ala
115 120 125

Gly Leu Pro Val Thr Gly Leu Glu Arg Ala Leu Asp Gly Val Tyr Leu
130 135 140

Asp Leu Val Pro Val Ala Leu Asp Ala Gly Ser Glu Ala Ala Thr Ala
145 150 155 160

Ala Arg Glu Leu Leu Arg Leu Tyr Glu Ala Ala Gly Val Ala Asp Asp
165 170 175

Ala Val Arg Gly Thr Leu Gly Ala Asp Pro Leu Gly His Glu Ala Arg
180 185 190

Thr Gly Glu Lys Ser Thr Ser Phe Ala Ala Val Ala Glu Leu Ala Arg
195 200 205

Leu Cys Gly Glu Arg Tyr Pro Gly Leu Arg Ala Leu Thr Val Asp Ala
210 215 220

Leu Pro Tyr His Glu Ala Gly Ala Ser Ala Ala Gln Glu Leu Gly Ala
225 230 235 240

Ser Leu Ala Thr Gly Val Glu Tyr Leu Arg Ala Leu His Asp Lys Gly
245 250 255

Leu Gly Val Glu Lys Ala Phe Ala Gln Leu Glu Phe Arg Phe Ala Ala
260 265 270

Thr Ala Asp Gln Phe Leu Thr Ile Ala Lys Leu Arg Ala Ala Arg Arg
275 280 285

Leu Trp Ala Arg Val Ala Glu Val Ser Gly Val Pro Ala Ala Gly Ala
290 295 300
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Gln Arg Gln His Ala Val Thr Ser Pro Val Met Met Thr Arg Arg Asp
305 310 315 320

Pro Trp Val Asn Met Leu Arg Thr Thr Val Ala Cys Leu Gly Ala Gly
325 330 335

Val Gly Gly Ala Asp Ala Val Thr Val Leu Pro Phe Asp His Glu Leu
340 345 350

Gly Leu Pro Asp Ala Phe Ala Arg Arg Ile Ala Arg Asn Thr Ser Thr
355 360 365

Ile Leu Leu Glu Glu Ser His Leu Ala Arg Val Ile Asp Pro Ala Gly
370 375 380

Gly Ser Trp Tyr Val Glu Arg Leu Thr Asp Glu Leu Ala His Ala Ala
385 390 395 400

Trp Asp Phe Phe Lys Glu Ile Glu Arg Ala Asp Gly Gln Val Ala Ala
405 410 415

Leu Arg Ser Gly Leu Val Gly Asp Arg Ile Ala Ala Thr Trp Ala Glu
420 425 430

Arg Arg Lys Lys Leu Ala Arg Arg Arg Glu Pro Ile Thr Gly Val Ser
435 440 445

Glu Phe Pro Leu Leu Thr Glu Arg Pro Val Glu Arg Glu Pro Ala Pro
450 455 460

Ala Ala Pro Pro Gly Gly Leu Pro Arg Val Arg Arg Asp Glu Ala Tyr
465 470 475 480

Glu Glu Leu Arg Gly Arg Ser Asp Ala His Leu Glu Ala Thr Gly Ala
485 490 495

Arg Pro Lys Val Phe Ile Ala Ala Leu Gly Pro Ala Ala Ala His Thr
500 505 510

Ala Arg Ala Thr Phe Ala Ala Asn Leu Phe Met Ala Gly Gly Val Glu
515 520 525

Pro Val His Asp Pro Val Ser Val Asp Ala Glu Thr Ala Ala Glu Ala
530 535 540

Phe Ala Ala Ser Gly Ala Thr Val Ala Cys Leu Cys Ser Ser Asp Val
545 550 555 560

Leu Tyr Ala Glu Gln Ala Glu Ala Val Ala Arg Ala Leu Lys Ser Ala
565 570 575

Gly Ala Leu Arg Val Phe Leu Ala Gly Arg Gly Glu Phe Ala Asp Ile
580 585 590

Asp Glu Tyr Val Phe Ala Gly Cys Asp Ala Val Ala Val Leu Thr Ser
595 600 605

Thr Leu Asp Arg Met Gly Val Ala
610 615

<210> SEQ ID NO 25

<211> LENGTH: 733

<212> TYPE: PRT

<213> ORGANISM: Streptomyces cinnamonensis

<400> SEQUENCE: 25

Met Arg Ile Pro Glu Phe Asp Asp Ile Glu Leu Gly Ala Gly Gly Gly
1 5 10 15

Pro Ser Gly Ser Ala Glu Gln Trp Arg Ala Ala Val Lys Glu Ser Val
20 25 30

Gly Lys Ser Glu Ser Asp Leu Leu Trp Glu Thr Pro Glu Gly Ile Ala
35 40 45
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Val Lys Pro Leu Tyr Thr Gly Ala Asp Val Glu Gly Leu Asp Phe Leu
50 55 60

Glu Thr Tyr Pro Gly Val Ala Pro Tyr Leu Arg Gly Pro Tyr Pro Thr
65 70 75 80

Met Tyr Val Asn Gln Pro Trp Thr Ile Arg Gln Tyr Ala Gly Phe Ser
85 90 95

Thr Ala Glu Glu Ser Asn Ala Phe Tyr Arg Arg Asn Leu Ala Ala Gly
100 105 110

Gln Lys Gly Leu Ser Val Ala Phe Asp Leu Pro Thr His Arg Gly Tyr
115 120 125

Asp Ser Asp His Pro Arg Val Thr Gly Asp Val Gly Met Ala Gly Val
130 135 140

Ala Ile Asp Ser Ile Tyr Asp Met Arg Gln Leu Phe Asp Gly Ile Pro
145 150 155 160

Leu Asp Lys Met Thr Val Ser Met Thr Met Asn Gly Ala Val Leu Pro
165 170 175

Val Leu Ala Leu Tyr Ile Val Ala Ala Glu Glu Gln Gly Val Pro Pro
180 185 190

Glu Lys Leu Ala Gly Thr Ile Gln Asn Asp Ile Leu Lys Glu Phe Met
195 200 205

Val Arg Asn Thr Tyr Ile Tyr Pro Pro Lys Pro Ser Met Arg Ile Ile
210 215 220

Ser Asp Ile Phe Ala Tyr Thr Ser Gln Lys Met Pro Arg Tyr Asn Ser
225 230 235 240

Ile Ser Ile Ser Gly Tyr His Ile Gln Glu Ala Gly Ala Thr Ala Asp
245 250 255

Leu Glu Leu Ala Tyr Thr Leu Ala Asp Gly Val Glu Tyr Leu Arg Ala
260 265 270

Gly Gln Glu Ala Gly Leu Asp Val Asp Ala Phe Ala Pro Arg Leu Ser
275 280 285

Phe Phe Trp Ala Ile Gly Met Asn Phe Phe Met Glu Val Ala Lys Leu
290 295 300

Arg Ala Ala Arg Leu Leu Trp Ala Lys Leu Val Lys Gln Phe Asp Pro
305 310 315 320

Lys Asn Ala Lys Ser Leu Ser Leu Arg Thr His Ser Gln Thr Ser Gly
325 330 335

Trp Ser Leu Thr Ala Gln Asp Val Phe Asn Asn Val Thr Arg Thr Cys
340 345 350

Val Glu Ala Met Ala Ala Thr Gln Gly His Thr Gln Ser Leu His Thr
355 360 365

Asn Ala Leu Asp Glu Ala Leu Ala Leu Pro Thr Asp Phe Ser Ala Arg
370 375 380

Ile Ala Arg Asn Thr Gln Leu Leu Ile Gln Gln Glu Ser Gly Thr Thr
385 390 395 400

Arg Thr Ile Asp Pro Trp Gly Gly Ser Ala Tyr Val Glu Lys Leu Thr
405 410 415

Tyr Asp Leu Ala Arg Arg Ala Trp Gln His Ile Glu Glu Val Glu Ala
420 425 430

Ala Gly Gly Met Ala Gln Ala Ile Asp Ala Gly Ile Pro Lys Leu Arg
435 440 445
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Val Glu Glu Ala Ala Ala Arg Thr Gln Ala Arg Ile Asp Ser Gly Arg
450 455 460

Gln Pro Val Ile Gly Val Asn Lys Tyr Arg Val Asp Thr Asp Glu Gln
465 470 475 480

Ile Asp Val Leu Lys Val Asp Asn Ser Ser Val Arg Ala Gln Gln Ile
485 490 495

Glu Lys Leu Arg Arg Leu Arg Glu Glu Arg Asp Asp Ala Ala Cys Gln
500 505 510

Asp Ala Leu Arg Ala Leu Thr Ala Ala Ala Glu Arg Gly Pro Gly Gln
515 520 525

Gly Leu Glu Gly Asn Leu Leu Ala Leu Ala Val Asp Ala Ala Arg Ala
530 535 540

Lys Ala Thr Val Gly Glu Ile Ser Asp Ala Leu Glu Ser Val Tyr Gly
545 550 555 560

Arg His Ala Gly Gln Ile Arg Thr Ile Ser Gly Val Tyr Arg Thr Glu
565 570 575

Ala Gly Gln Ser Pro Ser Val Glu Arg Thr Arg Ala Leu Val Asp Ala
580 585 590

Phe Asp Glu Ala Glu Gly Arg Arg Pro Arg Ile Leu Val Ala Lys Met
595 600 605

Gly Gln Asp Gly His Asp Arg Gly Gln Lys Val Ile Ala Ser Ala Phe
610 615 620

Ala Asp Leu Gly Phe Asp Val Asp Val Gly Pro Leu Phe Gln Thr Pro
625 630 635 640

Ala Glu Val Ala Arg Gln Ala Val Glu Ala Asp Val His Ile Val Gly
645 650 655

Val Ser Ser Leu Ala Ala Gly His Leu Thr Leu Val Pro Ala Leu Arg
660 665 670

Glu Glu Leu Ala Ala Glu Gly Arg Asp Asp Ile Met Ile Val Val Gly
675 680 685

Gly Val Ile Pro Pro Gln Asp Val Glu Ala Leu His Glu Ala Gly Ala
690 695 700

Thr Ala Val Phe Pro Pro Gly Thr Val Ile Pro Asp Ala Ala His Asp
705 710 715 720

Leu Val Lys Arg Leu Ala Ala Asp Leu Gly His Glu Leu
725 730

<210> SEQ ID NO 26

<211> LENGTH: 146

<212> TYPE: PRT

<213> ORGANISM: Streptomyces sviceus

<400> SEQUENCE: 26

Met Leu Thr Arg Ile Asp His Ile Gly Ile Ala Cys Phe Asp Leu Asp
1 5 10 15

Lys Thr Val Glu Phe Tyr Arg Ala Thr Tyr Gly Phe Glu Val Phe His
20 25 30

Ser Glu Val Asn Glu Glu Gln Gly Val Arg Glu Ala Met Leu Lys Ile
35 40 45

Asn Glu Thr Ser Asp Gly Gly Ala Ser Tyr Leu Gln Leu Leu Glu Pro
50 55 60

Thr Arg Pro Asp Ser Thr Val Ala Lys Trp Leu Asp Lys Asn Gly Glu
65 70 75 80
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Gly Val His His Ile Ala Phe Gly Thr Ala Asp Val Asp Gln Asp Ala
85 90 95

Ala Asp Ile Lys Asp Lys Gly Val Arg Val Leu Tyr Glu Glu Pro Arg
100 105 110

Arg Gly Ser Met Gly Ser Arg Ile Thr Phe Leu His Pro Lys Asp Cys
115 120 125

His Gly Val Leu Thr Glu Leu Val Thr Ser Ala Pro Val Glu Ser Pro
130 135 140

Glu His
145

<210> SEQ ID NO 27

<211> LENGTH: 4553

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic nucleotide

<400> SEQUENCE: 27

gaattcaaaa ttaagaggta tatattaatyg accgtgctge cggatgacgyg tctgagtcetg 60
gcagccgaat ttccggatge gacgcatgaa cagtggcacce gtetggttga aggegtggtt 120
cgcaaatcag gcaaagatgt ctegggcace gcagetgaag aagecctgag caccacgetg 180
gaagacggtc tgaccacgeg tccgetgtat acggcacgtg atgcagcacce ggacgetggt 240
tttcegggtt tegegeegtt tgtgegtgge tcagtteegg agggtaacac ccegggeggt 300
tgggatgtge gtcaacgtta cgcatcggca gacceggcac gtaccaacga agcagtgetg 360
acggatctgg aaaatggtgt taccagectg tggctgacge tgggttcetge aggtcetgecg 420
gtgaccggte tggaacgtge actggatggt gtttatctgg acctggtecce ggtggeactg 480
gatgcaggta gcgaagcagc taccgcagca cgtgaactge tgegtctgta cgaagcaget 540
ggtgttgetyg atgacgcagt cegtggcacyg ctgggtgcag atccgetggyg ccatgaagea 600
cgcaccggty aaaaaagtac gtectttgea gecagtggcag aactggcacg tcetgtgeggt 660
gaacgttatc cgggtctgeg cgctctgace gttgatgege tgeccgtacca tgaagetgge 720
gegtcageag ctcaggaact gggegetteg ctggcegaceg gtgtggaata tetgegtgeg 780
ctgcacgata aaggcctggg tgttgaaaaa gecttegeac agetggaatt tegettegeg 840
gecaccgegg accaatttet gacgattgec aaactgegtg cagcectegteg cctgtgggea 900
cgtgttgcag aagtcagtgg cgtgceggea gcaggtgcac agegtcaaca tgcagtcace 960

tceceggtga tgatgacgeg tegcgatccecg tgggtgaaca tgctgcgtac cacggttget 1020
tgtctgggtyg caggtgtegg cggtgctgat gcagttaccg tectgecgtt cgatcacgaa 1080
ctgggtetge cggacgcctt tgcacgtcge attgcgegta ataccagtac gatcctgetg 1140
gaagaatccce atctggcecccg tgtcattgat ccggcaggeg gtagcetggta tgtggaacge 1200
ctgaccgatg aactggccca cgcagcttgg gactttttca aagaaatcga acgtgcagat 1260
ggtcaggtcg cagcactgcg tagcggectg gtgggtgacce gcattgcagce tacctgggca 1320
gaacgtcgca aaaaactggc gcgtcgecgt gaaccgatca ccggtgtgtce tgaatttecg 1380
ctgctgacgg aacgccceggt tgaacgtgaa ceggcacegg cagcaccgece gggeggtcetg 1440

ccgcgegtge gecgtgatga agectacgaa gaactgegtg gtcecgttctga cgcacacctg 1500
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gaagctaccg gtgcacgtce gaaagtgttc attgcagctce tgggtccggce agcagcacat 1560
accgctegtg cgacgttege tgcgaacctg tttatggegg geggtgttga accggtcecac 1620
gatcctgtga gegttgacge ggaaaccgcce gcagaagcect ttgctgegtce tggcgccacy 1680
gttgcatgecc tgtgtagcte tgatgtcectg tatgcggaac aagccgaagc agtcgctegt 1740
gcgetgaaaa gtgeccggtge actgegtgtt ttcecctggcag gecgceggtga atttgcggat 1800
atcgacgaat acgtgtttgce aggttgcgat gctgtcgcag tgctgaccte cacgctggac 1860
cgtatgggtg ttgcgtaatg cgtattccgg aatttgatga catcgaactg ggtgccggeg 1920
gtggccegte aggttcggca gaacagtgge gtgcagcagt gaaagaaagc gttggtaaaa 1980
gcgaatctga tetgetgtgg gaaacccecgg aaggcattge tgttaaaccg ctgtacacgg 2040
gtgccgatgt cgaaggcctg gacttcecctgg aaacctatcec gggtgtcgca ccgtacctge 2100
gtggtccgta tccgaccatg tacgtgaacc agccgtggac gatccgccaa tacgcgggtt 2160
ttagcaccgce cgaagaatct aacgcattct atcgtcgcaa tcectggcaget ggccagaaag 2220
gtctgagtgt ggcgtttgat ctgccgaccce atcgtggcta cgattccgac cacccgegtyg 2280
tcacgggtga cgtgggtatg gccggcegtgg caattgatag catctatgac atgcgtcagce 2340
tgttcgatgg tattccgetyg gacaaaatga ccgtttcetat gacgatgaac ggcgctgtgce 2400
tgccggttet ggcecgetgtat atcgtggcgg ccgaagaaca gggtgttceg ccggaaaaac 2460
tggcgggcac catccaaaac gatatcctga aagaatttat ggttcgtaac acgtacatct 2520
acccgecgaa accgagtatg cgcattatct ccgatatcectt cgcectatacce tcacagaaaa 2580
tgccgegeta caacagtatce tceccatctcag gttatcatat ccaagaagca ggcgctaccg 2640
cggatctgga actggcctac acgctggcag acggtgttga atatctgcegt getggtcagg 2700
aagcgggcect ggatgtcgac gectttgcac cgcgcectgag ctttttcectgg gecattggcea 2760
tgaacttttt catggaagtg gcaaaactgc gtgcagctecg cctgctgtgg gcegaaactgg 2820
ttaaacagtt tgatccgaaa aatgcgaaat cgctgagect gecgtacccac tcccagacgt 2880
caggttggtc gctgaccgec caagatgttt tcaacaatgt cacccgcacg tgcgtggaag 2940
caatggcagce aacccagggt catacgcaat cactgcacac caacgcgctyg gatgaagcte 3000
tggcgcetgee gaccgacttt teggctegta ttgcgcgcaa tacgcagctg ctgatccagce 3060
aagaaagcgg caccacgcedgt accattgatce cgtggggtgg ctctgcgtat gtggaaaaac 3120
tgacgtacga cctggcacgt cgcgcatggce agcatatcga agaagttgaa gcagcgggtg 3180
gcatggcceca agcaattgat gcgggcatce cgaaactgceg tgtggaagaa geggcagcac 3240
gtacccaggce acgcattgat tctggtcegtce aaccggtcat cggcgtgaac aaatatcgeg 3300
tggatacgga cgaacagatt gatgttctga aagtcgacaa tagctctgtt cgcgcgcagce 3360
aaatcgaaaa actgcgtecge ctgcgtgaag aacgcgatga cgctgegtgt caggatgcetce 3420
tgcgtgcact gaccgcagca gctgaacgtg gtecgggtca gggtctggaa ggtaatctgce 3480
tggctetgge agtggatgca gcacgtgcca aagcaaccgt tggcgaaatt tcagacgcac 3540
tggaatcggt ctacggtegt catgcgggcce agattcgcac catcagtggt gtgtatcgca 3600
cggaagcggg ccaatcteceg agtgtcgaac gtacccgege cctggtggat gcatttgacg 3660
aagctgaagg tcgtcgcecceg cgtattcectgg ttgccaaaat gggtcaggat ggccacgacce 3720

gcggccaaaa agtcatcgcet tcegegtttg ccgatcectggg tttecgatgtce gacgtgggtce 3780
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cgctgtteca gacceccggece gaagtggcac gtcaagetgt ggaagcggat gttcatattg 3840
ttggtgtcag ttccctggca getggtcace tgacgctggt teccggcactg cgtgaagaac 3900
tggcggcecga aggtcgcgat gacattatga tcecgtggttgg tggcegtcatt ccgeccgcagg 3960
atgtggaagc cctgcatgaa gcaggtgcta ccgeggtttt teccgececggge acggtcatcce 4020
cggatgcagce tcatgacctg gtgaaacgtc tggcagcaga tctgggtcac gaactgtaaa 4080
agcttaaaat taagaggtat atattaatgc tgacccgcat cgatcacatt ggcatcgcat 4140
gctttgatet ggataaaacce gtagagttct atcgcgccac ctacggcttt gaggtgttte 4200
atagcgaagt aaacgaagaa cagggcgtgce gtgaagccat gctgaaaatc aacgaaacta 4260
gtgatggtgg ggcgagctat ctgcaactgc tggaaccgac acgcccggac tctacagttg 4320
ctaagtggct ggacaagaat ggcgaaggcg ttcatcacat tgcgttcggt acggctgatg 4380
tggatcaaga cgcggcagat attaaagata agggtgtgcg tgttctgtac gaggagccac 4440
gccgtggtag catgggtage cgtattacgt tcecctgcaccece taaagactgt catggtgtge 4500
tgactgagct ggtcacctcect geccecggtceg aaagtccecgga acattaaggt acc 4553
<210> SEQ ID NO 28

<211> LENGTH: 717

<212> TYPE: PRT

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 28

Met Ser Arg Met Ser Asn Val Gln Glu Trp Gln Gln Leu Ala Asn Lys
1 5 10 15

Glu Leu Ser Arg Arg Glu Lys Thr Val Asp Ser Leu Val His Gln Thr
20 25 30

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

Asn Leu Glu Val Thr Gly Thr Leu Pro Gly Leu Pro Pro Tyr Val Arg
50 55 60

Gly Pro Arg Ala Thr Met Tyr Thr Ala Gln Pro Trp Thr Ile Arg Gln
Tyr Ala Gly Phe Ser Thr Ala Lys Glu Ser Asn Ala Phe Tyr Arg Arg
85 90 95

Asn Leu Ala Ala Gly Gln Lys Gly Leu Ser Val Ala Phe Asp Leu Ala
100 105 110

Thr His Arg Gly Tyr Asp Ser Asp Asn Pro Arg Val Ala Gly Asp Val
115 120 125

Gly Lys Ala Gly Val Ala Ile Asp Thr Val Glu Asp Met Lys Val Leu
130 135 140

Phe Asp Gln Ile Pro Leu Asp Lys Met Ser Val Ser Met Thr Met Asn
145 150 155 160

Gly Ala Val Leu Pro Val Leu Ala Phe Tyr Ile Val Ala Ala Glu Glu
165 170 175

Gln Gly Val Thr Pro Asp Lys Leu Thr Gly Thr Ile Gln Asn Asp Ile
180 185 190

Leu Lys Glu Tyr Leu Cys Arg Asn Thr Tyr Ile Tyr Pro Pro Lys Pro
195 200 205

Ser Met Arg Ile Ile Ala Asp Ile Ile Ala Trp Cys Ser Gly Asn Met
210 215 220
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Pro Arg Phe Asn Thr Ile Ser Ile Ser Gly Tyr His Met Gly Glu Ala
225 230 235 240

Gly Ala Asn Cys Val Gln Gln Val Ala Phe Thr Leu Ala Asp Gly Ile
245 250 255

Glu Tyr Ile Lys Ala Ala Ile Ser Ala Gly Leu Lys Ile Asp Asp Phe
260 265 270

Ala Pro Arg Leu Ser Phe Phe Phe Gly Ile Gly Met Asp Leu Phe Met
275 280 285

Asn Val Ala Met Leu Arg Ala Ala Arg Tyr Leu Trp Ser Glu Ala Val
290 295 300

Ser Gly Phe Gly Ala Gln Asp Pro Lys Ser Leu Ala Leu Arg Thr His
305 310 315 320

Cys Gln Thr Ser Gly Trp Ser Leu Thr Glu Gln Asp Pro Tyr Asn Asn
325 330 335

Val Ile Arg Thr Thr Ile Glu Ala Leu Ala Ala Thr Leu Gly Gly Thr
340 345 350

Gln Ser Leu His Thr Asn Ala Phe Asp Glu Ala Leu Gly Leu Pro Thr
355 360 365

Asp Phe Ser Ala Arg Ile Ala Arg Asn Thr Gln Ile Ile Ile Gln Glu
370 375 380

Glu Ser Glu Leu Cys Arg Thr Val Asp Pro Leu Ala Gly Ser Tyr Tyr
385 390 395 400

Ile Glu Ser Leu Thr Asp Gln Ile Val Lys Gln Ala Arg Ala Ile Ile
405 410 415

Gln Gln Ile Asp Glu Ala Gly Gly Met Ala Lys Ala Ile Glu Ala Gly
420 425 430

Leu Pro Lys Arg Met Ile Glu Glu Ala Ser Ala Arg Glu Gln Ser Leu
435 440 445

Ile Asp Gln Gly Lys Arg Val Ile Val Gly Val Asn Lys Tyr Lys Leu
450 455 460

Asp His Glu Asp Glu Thr Asp Val Leu Glu Ile Asp Asn Val Met Val
465 470 475 480

Arg Asn Glu Gln Ile Ala Ser Leu Glu Arg Ile Arg Ala Thr Arg Asp
485 490 495

Asp Ala Ala Val Thr Ala Ala Leu Asn Ala Leu Thr His Ala Ala Gln
500 505 510

His Asn Glu Asn Leu Leu Ala Ala Ala Val Asn Ala Ala Arg Val Arg
515 520 525

Ala Thr Leu Gly Glu Ile Ser Asp Ala Leu Glu Val Ala Phe Asp Arg
530 535 540

Tyr Leu Val Pro Ser Gln Cys Val Thr Gly Val Ile Ala Gln Ser Tyr
545 550 555 560

His Gln Ser Glu Lys Ser Ala Ser Glu Phe Asp Ala Ile Val Ala Gln
565 570 575

Thr Glu Gln Phe Leu Ala Asp Asn Gly Arg Arg Pro Arg Ile Leu Ile
580 585 590

Ala Lys Met Gly Gln Asp Gly His Asp Arg Gly Ala Lys Val Ile Ala
595 600 605

Ser Ala Tyr Ser Asp Leu Gly Phe Asp Val Asp Leu Ser Pro Met Phe
610 615 620

Ser Thr Pro Glu Glu Ile Ala Arg Leu Ala Val Glu Asn Asp Val His
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625 630 635 640
Val Val Gly Ala Ser Ser Leu Ala Ala Gly His Lys Thr Leu Ile Pro
645 650 655
Glu Leu Val Glu Ala Leu Lys Lys Trp Gly Arg Glu Asp Ile Cys Val
660 665 670
Val Ala Gly Gly Val Ile Pro Pro Gln Asp Tyr Ala Phe Leu Gln Glu
675 680 685
Arg Gly Val Ala Ala Ile Tyr Gly Pro Gly Thr Pro Met Leu Asp Ser
690 695 700
Val Arg Asp Val Leu Asn Leu Ile Ser Gln His His Asp
705 710 715
<210> SEQ ID NO 29
<211> LENGTH: 2166
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic nucleotide
<400> SEQUENCE: 29
ggatccatgt ctagaatgag caacgtgcag gaatggcagce agctggcgaa taaagaactg 60
agccgtegeg aaaaaacggt tgattctetg gtgcatcaga ccegecgaagyg tatcgcaatt 120
aaaccgctgt ataccgaagce ggatctggat aacctggaag tgaccggtac gctgecgggt 180
ctgcegeegt atgttegtgg tccgegtgeg accatgtaca cggcacagece gtggacgatt 240
cgtcagtatg cgggcttcag caccgccaaa gaatctaacyg cattttaccyg tcgcaatctg 300
geggegggte agaaaggtct gagegtggeg tttgatetgg ccacccaccg tggttacgat 360
tctgataace cgcgegttge gggcgatgtg ggtaaagcag gegttgcgat cgatacggtg 420
gaagatatga aagttctgtt cgatcagatt ccgctggata aaatgagtgt tagcatgacc 480
atgaatggeg cggttetgcece ggtgctggece ttttatateg tggcagegga agaacagggt 540
gttacgcegyg ataaactgac cggcacgatc cagaacgata ttctgaaaga atacctgtge 600
cgtaatacct atatttaccc gccgaaaccg tctatgegea ttatcgcaga tattatcgeg 660
tggtgtagtyg gtaacatgcc gecgtttcaat acgatctcta ttagtggeta tcatatgggt 720
gaagccggeyg caaactgcegt tcagcaggtg gectttacce tggcagatgg tatcgaatac 780
attaaagccg caatcagtgce gggcctgaaa attgatgatt tegecccegeg cctgagettt 840
ttetttggea ttggtatgga tctgtttatg aatgtggeca tgctgegtge ggcccgetat 900
ctgtggageg aagcagtttce tggcetttgge gegcaggace cgaaaagcect ggcactgegt 960
acccattgecce agacgagtgg ttggagectg accgaacagg acccgtacaa caatgtgatce 1020
cgcaccacga ttgaagcgct ggcagcaacce ctgggtggta cgcagagect gcacaccaac 1080
gcgttecgatg aagccctggg tcectgccgacg gattttageg cccgtatcge acgcaatacce 1140
cagattatca ttcaggaaga atctgaactg tgtcgtacgg ttgatccget ggcgggcagt 1200
tattacatcg aaagcctgac cgatcagatt gttaaacagg cgcgtgcgat cattcagcag 1260
attgatgaag caggcggtat ggcaaaagcg atcgaagcegg gcctgccgaa acgtatgatt 1320
gaagaagcct ctgcacgcga acagagtctg atcgatcagg gtaaacgtgt gattgttgge 1380
gtgaacaaat acaaactgga tcatgaagat gaaaccgatg tgctggaaat cgataacgtt 1440
atggtgcgta atgaacagat cgccagcctg gaacgtattc gcgcaacccg cgatgatgcece 1500
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gcagttacgyg cggccctgaa cgcactgacce catgcagcege agcacaacga aaatctgcetg 1560
gccgecagegyg tgaatgeccge acgtgttege gecgacgctgg gtgaaatttce tgatgcactg 1620
gaagtggcegt tcgatcgcta tctggtteccg agtcagtgeg ttaccggegt gatcgcccag 1680
agttaccatc agagcgaaaa aagcgcatct gaatttgatg cgattgtggce ccagaccgaa 1740
cagtttctgg cagataacgg ccgtcgeccg cgtatcctga ttgccaaaat gggtcaggat 1800
ggccacgatc gcggtgcgaa agtgatcgeg tcectgcctata gtgatctggg cttegatgtt 1860
gatctgtete cgatgtttag tacgccggaa gaaattgcac gtctggceggt tgaaaatgat 1920
gtgcatgtgg ttggtgccag ctcectcectggeg gegggtcaca aaaccctgat tccggaactg 1980
gtggaagcgce tgaaaaaatg gggtcgcgaa gatatctgtg tggttgcggg cggtgtgatt 2040
ccgccgecagg attatgegtt tcetgcaagaa cgtggtgttg cagcaatcta cggtceccgggce 2100
accccgatge tggatagtgt tegcgatgtg ctgaatctga ttagccagca tcacgattaa 2160
gagcte 2166
<210> SEQ ID NO 30

<211> LENGTH: 1206

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic nucleotide

<400> SEQUENCE: 30

ggatccatga aaataaaaac aggtgcacgce atcctcgcat tatccgeatt aacgacgatg 60
atgttttceg ccteggetet cgccaaaate gaagaaggta aactggtaat ctggattaac 120
ggcgataaag gctataacgg tctegetgaa gtceggtaaga aattcgagaa agataccgga 180
attaaagtca ccgttgagca tccggataaa ctggaagaga aattcccaca ggttgeggca 240
actggcgatyg gccctgacat tatcttetgg geacacgace getttggtgg ctacgctcaa 300
tctggectgt tggctgaaat caccccggac aaagegttec aggacaaget gtatcegttt 360
acctgggatyg ccgtacgtta caacggcaag ctgattgett accegatege tgttgaageg 420
ttatcgctga tttataacaa agacctgetg ccgaacccege caaaaacctyg ggaagagatce 480
ceggegetgyg ataaagaact gaaagcgaaa ggtaagageg cgctgatgtt caacctgcaa 540
gaaccgtact tcacctggec getgattget getgacgggg gttatgegtt caagtatgaa 600
aacggcaagt acgacattaa agacgtggge gtggataacg ctggcgegaa agegggtetg 660
accttectgg ttgacctgat taaaaacaaa cacatgaatg cagacaccga ttactccatce 720
gcagaagctyg cctttaataa aggcgaaaca gcgatgacca tcaacggecce gtgggeatgg 780
tccaacatcg acaccagcaa agtgaattat ggtgtaacgg tactgecgac cttcaagggt 840
caaccatcca aaccgttegt tggegtgetg agegeaggta ttaacgeege cagtccgaac 900
aaagagctgg cgaaagagtt cctcgaaaac tatctgetga ctgatgaagg tctggaageg 960

gttaataaag acaaaccgct gggtgccgta gcgctgaagt cttacgagga agagttggceg 1020
aaagatccac gtattgccge caccatggaa aacgcccaga aaggtgaaat catgccgaac 1080
atccecgcaga tgtcecgcettt ctggtatgce gtgegtactg cggtgatcaa cgccgccagce 1140
ggtcgtcaga ctgtcgatga agccctgaaa gacgcgcaga ctcgtatcac caagtctaga 1200

gagcte 1206
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<210> SEQ ID NO 31

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 31

gagaggtacc atggggggtt ctcatcatca tcatcatce

<210> SEQ ID NO 32

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 32

cagccaaget tttattacge accctgtgeg cgetgtte

<210> SEQ ID NO 33

<211> LENGTH: 1263

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic nucleotide

<400> SEQUENCE: 33

atggggggtt ctcatcatca tcatcatcat ggtatggcta gcatgactgg
atgggtcggg atctgtacga cgatgacgat aaggatcgat ggggatccct
ctgcegtgaag ttgccgatgg tgatgcactg tatgatgcag cagtgggtca
ggtceggttt gggtgtttag cggccagggt tctcagtggg cagegatggg
ctggcaageg aaccggtttt tgecgeaacg attgcaaaac tggaaccggt
gaaagtggct tcagegttac cgaagcaatt acggcgcage agaccgtgac
aaagtgcage cggcegtttt cgecagttcag gtggegetgg cagegacgat
tacggegtte gtccegggtge agtggttggt cacagtatgg gtgaaagege
gttgcaggceg ccctgagtet ggaagatgee gcacgtgtga tttgecgteg
atgaccegta tcgcaggtge aggtgegatg ggcagegtgg aactgecgge
aactctgaac tgatggegeg cggtattgat gatgtggttg tgtetgttgt
cagagtaccg tgattggegg caccagtgat acggttegtg atctgatcge
cagcgegatyg tgatggegeg cgaagttgece gtggatgttg caagccatte
gatccgatte tggatgatct ggcggeggca ctggcagata ttgcaccgat
gtgcegtatt acagegcgac getgtttgat cegegtgaac agecggtgtyg
tattgggttg ataacctgeg caatacegtg cagtttgegg cggcagttca
gaagatggtt accgtgtgtt cgcggaactyg tctccgeate cgetgetgac
gaacagacgg gtcgetetet ggatatgagt gttgcagcac tggecggtat
cagcegetge cgcatggect gegtggtetg ctgaccgaac tgcaccegtge
ctggattata gcgcactgta cceggeaggt cgtetggtgg atgcaccget

acgcacgcac gtetgttecat cgatgatgat ggccaggaac agcegcegcaca

tggacagcaa

ggtggaaggce

tggcgategt

cacccagetyg

gatcgeggece

gggtatcgat

ggaacagacg

cgcagcggtyg

cagcaaactyg

aaaacaggtt

ggcegteteceg

gcgttgggaa

tccegcaggtt

gaccccgaaa

tgatggcgee

ggcggegatg

ccacgcagty

gegtegegaa

aggtgcagca

gccggcatgg

gggtgcgtaa

38

38

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260
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taa

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

<400>

Met Gly Gly

1

Gly

Arg

Ala

Val

65

Leu

Val

Gln

Val

Pro

145

Val

Arg

Val

Ile

Ile

225

Gln

Ser

Asp

Phe

Asn

305

Glu

Thr

Gly

Trp

Leu

50

Phe

Ala

Ile

Gln

Gln

130

Gly

Ala

Ser

Glu

Asp

210

Gly

Arg

Pro

Ile

Asp

290

Leu

Asp

His

Gln

Gly

35

Tyr

Ser

Ser

Ala

Thr

115

Val

Ala

Gly

Lys

Leu

195

Asp

Gly

Asp

Gln

Ala

275

Pro

Arg

Gly

Ala

PRT

SEQUENCE :

Ser

Gln

20

Ser

Asp

Gly

Glu

Ala

100

Val

Ala

Val

Ala

Leu

180

Pro

Val

Thr

Val

Val

260

Pro

Arg

Asn

Tyr

Val
340

SEQ ID NO 34
LENGTH:
TYPE :
ORGANISM: Mycobacterium bovis

419

34
His

Met

Leu

Ala

Gln

Pro

85

Glu

Thr

Leu

Val

Leu

165

Met

Ala

Val

Ser

Met

245

Asp

Met

Glu

Thr

Arg

325

Glu

His

Gly

Val

Ala

Gly

Val

Ser

Gly

Ala

Gly

150

Ser

Thr

Lys

Val

Asp

230

Ala

Pro

Thr

Gln

Val

310

Val

Gln

His

Arg

Glu

Val

55

Ser

Phe

Gly

Ile

Ala

135

His

Leu

Arg

Gln

Ser

215

Thr

Arg

Ile

Pro

Pro

295

Gln

Phe

Thr

His

Asp

Gly

40

Gly

Gln

Ala

Phe

Asp

120

Thr

Ser

Glu

Ile

Val

200

Val

Val

Glu

Leu

Lys

280

Val

Phe

Ala

Gly

His

Leu

25

Leu

His

Trp

Ala

Ser

105

Lys

Met

Met

Asp

Ala

185

Asn

Val

Arg

Val

Asp

265

Val

Cys

Ala

Glu

Arg
345

His

Tyr

Arg

Gly

Ala

Thr

90

Val

Val

Glu

Gly

Ala

170

Gly

Ser

Ala

Asp

Ala

250

Asp

Pro

Asp

Ala

Leu

330

Ser

Gly

Asp

Glu

Asp

Ala

75

Ile

Thr

Gln

Gln

Glu

155

Ala

Ala

Glu

Ser

Leu

235

Val

Leu

Tyr

Gly

Ala

315

Ser

Leu

Met

Asp

Val

Arg

60

Met

Ala

Glu

Pro

Thr

140

Ser

Arg

Gly

Leu

Pro

220

Ile

Asp

Ala

Tyr

Ala

300

Val

Pro

Asp

Ala

Asp

Ala

45

Gly

Gly

Lys

Ala

Ala

125

Tyr

Ala

Val

Ala

Met

205

Gln

Ala

Val

Ala

Ser

285

Tyr

Gln

His

Met

Ser

Asp

30

Asp

Pro

Thr

Leu

Ile

110

Val

Gly

Ala

Ile

Met

190

Ala

Ser

Arg

Ala

Ala

270

Ala

Trp

Ala

Pro

Ser
350

Met

15

Lys

Gly

Val

Gln

Glu

95

Thr

Phe

Val

Ala

Cys

175

Gly

Arg

Thr

Trp

Ser

255

Leu

Thr

Val

Ala

Leu

335

Val

Thr

Asp

Asp

Trp

Leu

80

Pro

Ala

Ala

Arg

Val

160

Arg

Ser

Gly

Val

Glu

240

His

Ala

Leu

Asp

Met

320

Leu

Ala

1263
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Ala Leu Ala Gly Met Arg Arg Glu Gln Pro Leu Pro His Gly Leu Arg
355 360 365

Gly Leu Leu Thr Glu Leu His Arg Ala Gly Ala Ala Leu Asp Tyr Ser
370 375 380

Ala Leu Tyr Pro Ala Gly Arg Leu Val Asp Ala Pro Leu Pro Ala Trp
385 390 395 400

Thr His Ala Arg Leu Phe Ile Asp Asp Asp Gly Gln Glu Gln Arg Ala
405 410 415

Gln Gly Ala

<210> SEQ ID NO 35
<211> LENGTH: 464
<212> TYPE: DNA

<213> ORGANISM: Kribbella flavida DSM

<400> SEQUENCE: 35

gagctcagga ggaattaacc atggaacacc tgacggcgac ccagaccctg tttgaagega 60
ttgaccacgt tggegttgca gttgcggatt ttgatgaage agtgegtttt tatgcagaaa 120
cctteggeat gacggtgget catgaagaag ttaacgaaga acagggtgtt cgtgaagcaa 180
tgctgtcaat tggcgattcg ggtagetcta tecaactget ggegecgetyg tcecgatagtt 240
ccecgattge caaatttetg gaccgcaatg geccgggtat ccagcaactyg gectategtg 300
tcegegatet ggacgcagtg agcgcaaccce tgegtgaacyg tggcgcgcaa ctgctgtacyg 360
acgaaccgeg tcgeggcacg getggttete gtattaactt cattcatceg aaatcggcegg 420
gcggegtect ggtggaactg gtggaaccgg ctcgctaact gcag 464

<210> SEQ ID NO 36

<211> LENGTH: 145

<212> TYPE: PRT

<213> ORGANISM: Kribbella flavida DSM

<400> SEQUENCE: 36

Met Glu His Leu Thr Ala Thr Gln Thr Leu Phe Glu Ala Ile Asp His
1 5 10 15

Val Gly Val Ala Val Ala Asp Phe Asp Glu Ala Val Arg Phe Tyr Ala
20 25 30

Glu Thr Phe Gly Met Thr Val Ala His Glu Glu Val Asn Glu Glu Gln
35 40 45

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

Gln Leu Leu Ala Pro Leu Ser Asp Ser Ser Pro Ile Ala Lys Phe Leu
65 70 75 80

Asp Arg Asn Gly Pro Gly Ile Gln Gln Leu Ala Tyr Arg Val Arg Asp
85 90 95

Leu Asp Ala Val Ser Ala Thr Leu Arg Glu Arg Gly Ala Gln Leu Leu
100 105 110

Tyr Asp Glu Pro Arg Arg Gly Thr Ala Gly Ser Arg Ile Asn Phe Ile
115 120 125

His Pro Lys Ser Ala Gly Gly Val Leu Val Glu Leu Val Glu Pro Ala
130 135 140

Arg
145
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<210>
<211>
<212>
<213>

<400>

SEQ ID NO 37
LENGTH: 545
TYPE: DNA
ORGANISM: Sorangium cellulosum

SEQUENCE: 37

gagctcagga ggaattaacc

cgggectgee gacccaacgt

atcatatcge gatggeegtg

tgctgggett tecgtgaagtt

ttatgctgeg tattggtgat

aatctceggt tcaaaaactg

cttaccegtgt cagtgatgtg

ttatcgatge agctccgegt

getcacgega cgatgecccyg

tgcag

<210> SEQ ID NO 38
<211> LENGTH: 172
<212> TYPE: PRT

<213> ORGANISM:

<400> SEQUENCE: 38

atggcteege

gaaccgatga

ceggcaggec

catcgcgaag

agcgacaacc

atcgagaaaa

caagcggect

cegggeagec

ttcggtcace

Met Ala Pro Pro Ala Thr Arg Pro

1

Pro

Ile

Val

Val

65

Ser

Val

Val

Ala

Gly

145

Phe

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

Thr

Asp

Lys

50

Arg

Asp

Gln

Ala

Arg

130

Thr

Gly

Gln Arg Glu Pro Met Lys

20

His Ile Ala Met Ala Val

35

40

Ala Tyr Glu Met Leu Gly

55

Gly Ala Asp Gln Val Arg

70

Asn His Val Gln Leu Leu

85

Lys Leu Ile Glu Lys Asn

100

Tyr Arg Val Ser Asp Val

115

120

Gly Phe Arg Ile Ile Asp

135

Thr Ile Phe Phe Val His
150

His Leu Ile Glu Val Val

165

SEQ ID NO 39
LENGTH: 26
TYPE: DNA
ORGANISM: Artificial Sequence
FEATURE:

cggcaacgeg
aagaccagat
aactggacgc
aagtcegtygg
acgtccaact
acggeggteg
ttgacgaact
gtggcaccac

tgattgaagt

Sorangium cellulosum

Ala Pro Ala
10

Asp Gln Ile
25

Pro Ala Gly

Phe Arg Glu

Glu Val Met

75

Glu Pro Leu
90

Gly Gly Arg
105

Gln Ala Ala

Ala Ala Pro

Pro Arg Ser
155

Gln Ser His
170

tceggeteceyg getgcaccga

tccgggettt ctgttceattg

acaagttaaa gcctatgaaa

tgcggatcag gtgcgcgaag

getggaaceg ctgagecegg

cggeggttte gecacatgtgyg

gaaagegegt ggcettceegea

gattttcettt gttcacccge

tgtccagtca catggctaac

Ala

Pro

Gln

Val

60

Leu

Ser

Gly

Phe

Arg

140

Arg

Gly

Pro

Gly

Leu

45

His

Arg

Pro

Gly

Asp

125

Pro

Asp

Thr Gly Leu
15

Phe Leu Phe
30

Asp Ala Gln

Arg Glu Glu

Ile Gly Asp
80

Glu Ser Pro
95

Phe Ala His
110

Glu Leu Lys

Gly Ser Arg

Asp Ala Pro
160

60

120

180

240

300

360

420

480

540

545
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<223> OTHER INFORMATION: Synthetic primer
<400> SEQUENCE: 39

taagagctca ggaggaatta accatg

<210> SEQ ID NO 40

<211> LENGTH: 566

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 40

catgccatgg cggacacgtt attgattetg ggtgatagece tgagegeegg gtatcgaatg

tctgecageg cggectggee tgecttgttyg aatgataagt ggcagagtaa aacgtceggta

gttaatgcca gcatcagegg cgacaccteg caacaaggac tggegegect teeggetcetg

ctgaaacagce atcagecgeg ttgggtgetyg gttgaactgg geggcaatga cggtttgegt

ggttttcage cacagcaaac cgagcaaacyg ctgcgccaga ttttgcagga tgtcaaagec

gccaacgetyg aaccattgtt aatgcaaata cgtctgectg caaactatgg tcgeegttat

aatgaagcct ttagegecat ttaccccaaa ctegecaaag agtttgatgt tcegetgetg

cectttttta tggaagaggt ctacctcaag ccacaatgga tgcaggatga cggtattcat

cccaaccgeg acgcccagece gtttattgee gactggatgg cgaagcagtt gcagecttta

gtaaatcatg actcataagg atccge

<210> SEQ ID NO 41

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 41

catgccatgg cggacacgtt attgattetg gg

<210> SEQ ID NO 42

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 42

Met Ala Asp Thr Leu Leu Ile Leu Gly
1 5

<210> SEQ ID NO 43

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 43

geggatccett atgagtcatg atttactaaa ggctge
<210> SEQ ID NO 44

<211> LENGTH: 9

<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence

26

60

120

180

240

300

360

420

480

540

566

32

36
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<220> FEATURE:
<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 44

Ser Asp His Asn Val Leu Pro Gln Leu
1 5

<210> SEQ ID NO 45

<211> LENGTH: 183

<212> TYPE: PRT

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 45

Met Ala Asp Thr Leu Leu Ile Leu Gly Asp Ser Leu Ser Ala Gly Tyr
1 5 10 15

Arg Met Ser Ala Ser Ala Ala Trp Pro Ala Leu Leu Asn Asp Lys Trp
20 25 30

Gln Ser Lys Thr Ser Val Val Asn Ala Ser Ile Ser Gly Asp Thr Ser
35 40 45

Gln Gln Gly Leu Ala Arg Leu Pro Ala Leu Leu Lys Gln His Gln Pro
50 55 60

Arg Trp Val Leu Val Glu Leu Gly Gly Asn Asp Gly Leu Arg Gly Phe
65 70 75 80

Gln Pro Gln Gln Thr Glu Gln Thr Leu Arg Gln Ile Leu Gln Asp Val
85 90 95

Lys Ala Ala Asn Ala Glu Pro Leu Leu Met Gln Ile Arg Leu Pro Ala
100 105 110

Asn Tyr Gly Arg Arg Tyr Asn Glu Ala Phe Ser Ala Ile Tyr Pro Lys
115 120 125

Leu Ala Lys Glu Phe Asp Val Pro Leu Leu Pro Phe Phe Met Glu Glu
130 135 140

Val Tyr Leu Lys Pro Gln Trp Met Gln Asp Asp Gly Ile His Pro Asn
145 150 155 160

Arg Asp Ala Gln Pro Phe Ile Ala Asp Trp Met Ala Lys Gln Leu Gln
165 170 175

Pro Leu Val Asn His Asp Ser
180

<210> SEQ ID NO 46

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 46

cattactcga gcgcactcecce gttctggata atg 33
<210> SEQ ID NO 47

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 47

gggaagctta tgagtcatga tttactaaag gctgce 35
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<210> SEQ ID NO 48

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 48

Ser Asp His Asn Val Leu Pro Gln Leu
1 5

<210> SEQ ID NO 49

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic nucleotide

<400> SEQUENCE: 49

ggatccatgt ctaga 15

<210> SEQ ID NO 50

<211> LENGTH: 34

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 50

Met Gly Gly Ser His His His His His His Gly Met Ala Ser Met Thr
1 5 10 15

Gly Gly Gln Gln Met Gly Arg Thr Asp Asp Asp Asp Lys Asp Arg Trp
20 25 30

Gly Ser

<210> SEQ ID NO 51

<211> LENGTH: 655

<212> TYPE: PRT

<213> ORGANISM: Ehrlichia chaffeensis

<300> PUBLICATION INFORMATION:

<308> DATABASE ACCESSION NUMBER: NCBI / YP_507303
<309> DATABASE ENTRY DATE: 2010-05-14

<313> RELEVANT RESIDUES IN SEQ ID NO: (1)..(655)

<400> SEQUENCE: 51

Met Ile Lys Lys Ile Leu Ile Ala Asn Arg Gly Glu Ile Ala Cys Arg
1 5 10 15

Val Met Arg Thr Ala Arg Lys Met Gly Ile Ser Cys Val Ala Val Tyr
20 25 30

Ser Asn Ala Asp Val Tyr Ser Leu His Val Leu Ser Ala Glu Glu Ala
35 40 45

Val Asn Ile Gly Pro Ala Pro Val Asn Gln Ser Tyr Leu Asn Met Glu
50 55 60

Lys Ile Cys Glu Val Ala Cys Asn Thr Gly Val Asp Ala Val His Pro
65 70 75 80

Gly Tyr Gly Phe Leu Ser Glu Asn Ala Asp Phe Pro Glu Lys Leu Glu
85 90 95

Gln Tyr Asn Ile Lys Phe Ile Gly Pro Ser Ser Thr Ser Ile Arg Met
100 105 110
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Met Ala Asp Lys Ile Thr Ser Lys Lys Ile Ala Glu Ser Ala Lys Val
115 120 125

Asn Ile Ile Pro Gly Tyr Met Gly Ile Val Asp Ser Val His Glu Ala
130 135 140

Lys Glu Ile Ala Lys Ser Ile Gly Phe Pro Val Met Ile Lys Ala Thr
145 150 155 160

Ala Gly Gly Gly Gly Lys Gly Met Arg Ile Val Lys Ser Ser Glu Glu
165 170 175

Ile Glu Gln Ala Phe Thr Ser Ala Thr Asn Glu Ala Ala Lys Asn Phe
180 185 190

Arg Asp Gly Arg Ile Phe Ile Glu Lys Tyr Val Glu Leu Pro Arg His
195 200 205

Ile Glu Ile Gln Ile Ile Ala Asp Lys His Gly Asn Ile Val Cys Leu
210 215 220

Gly Glu Arg Glu Cys Ser Ile Gln Arg His Asn Gln Lys Val Ile Glu
225 230 235 240

Glu Thr Pro Ser Pro Phe Leu Asp Glu Glu Thr Arg Gln Lys Met Tyr
245 250 255

Gln Gln Cys Val Asn Leu Ala Lys Lys Val Gly Tyr Tyr Ser Ala Gly
260 265 270

Thr Ile Glu Phe Ile Val Asp Gln Asp Lys Gln Phe Tyr Phe Leu Glu
275 280 285

Met Asn Thr Arg Leu Gln Val Glu His Pro Val Thr Glu Leu Val Thr
290 295 300

Gly Ile Asp Ile Val Glu Glu Met Ile Arg Ile Ala Asp Gly Glu Glu
305 310 315 320

Leu Arg Phe Thr Gln Gln Asp Val Lys Phe Thr Gly Ser Ala Ile Glu
325 330 335

Ala Arg Val Tyr Ala Glu Asn Pro Thr Lys Asn Phe Leu Pro Ser Ser
340 345 350

Gly Arg Ile Ala Tyr Tyr Ser Ala Pro Met Pro Asn Asp Asn Leu Arg
355 360 365

Ile Asp Ser Gly Val Phe Glu Gly Ala Glu Val Ser Met Phe Tyr Asp
370 375 380

Pro Met Ile Ala Lys Val Cys Thr Tyr Gly Lys Asn Arg Asp Glu Ala
385 390 395 400

Val Ser Phe Met Gln Arg Tyr Leu Asn Glu Phe Tyr Ile Gly Gly Ile
405 410 415

Ala Asn Asn Ile Asp Phe Leu Leu Ser Val Phe His His Pro Val Phe
420 425 430

Ile Ser Gly Asn Ile Asn Thr Lys Phe Ile Glu Gln Phe Tyr Phe Asp
435 440 445

Gly Phe Gln Gly Asn Pro Leu Thr Lys Ala Cys Ile Lys Leu Phe Ile
450 455 460

Leu Thr Ser Leu Cys Ile Phe Phe Gln Asp Glu Tyr Gly Ile His Gly
465 470 475 480

Val Glu Leu Cys Glu Asn Arg Glu Leu Ala Val Tyr Val Asp Gly Gln
485 490 495

Lys Tyr Leu Ile Ser Ala Lys Tyr Glu Asn Gly Arg Val Leu Ala Ile
500 505 510

Tyr Asp Gln Cys Glu Tyr Leu Val Val Ser Thr Trp Asn Val Asn Phe
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515 520 525

Lys Ile Leu Gln Ile Gln Val Asn Asn Asp Glu Val Phe His Val Lys
530 535 540

Val Asp Ser Arg Leu Asn Lys Tyr Gln Leu Lys Tyr Ser Ala Met Ser
545 550 555 560

Ala Leu Cys Ala Val Tyr Lys Pro Cys Val Ser Asp Leu Leu Pro Ile
565 570 575

Met Pro Gln Ile Ser Gly Glu Glu Leu Tyr Ser Ser Asn Val Cys Ser
580 585 590

Pro Ile Ser Gly Met Ile Val Lys Ile Tyr Val Lys Gln Gly Glu Glu
595 600 605

Val Gln Pro Gly Gln Pro Leu Leu Val Ile Glu Ala Met Lys Met Glu
610 615 620

Asn Val Ile Tyr Ser Asp Val Lys Ser Ile Val Lys Ser Val Leu Phe
625 630 635 640

Ser Glu Gly Asn Ser Val Ala Thr Gly Asp Val Ile Ile Glu Phe
645 650 655

<210> SEQ ID NO 52

<211> LENGTH: 510

<212> TYPE: PRT

<213> ORGANISM: Ehrlichia chaffeensis

<300> PUBLICATION INFORMATION:

<308> DATABASE ACCESSION NUMBER: NCBI / YP_507410
<309> DATABASE ENTRY DATE: 2010-05-14

<313> RELEVANT RESIDUES IN SEQ ID NO: (1)..(510)

<400> SEQUENCE: 52

Met Asn Phe Ala Gly Leu Gln Asp Leu Asn Asn Arg Gln Ser Lys Ser
1 5 10 15

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

Lys Leu Thr Ala Arg Glu Arg Leu Thr Val Leu Leu Asp Asp Asn Ser
35 40 45

Phe Glu Glu Tyr Gly Ala Phe Val Glu His Arg Cys Val Asn Phe Ser
50 55 60

Met Asp Lys Ser Lys Ile Pro Gly Asp Gly Val Val Val Gly Tyr Gly
65 70 75 80

Thr Ile Asn Gly Arg Lys Val Cys Ile Tyr Ser Gln Asp Phe Thr Val
85 90 95

Phe Gly Gly Ser Leu Ser Glu Ser Asn Ala Lys Lys Ile Cys Asn Ile
100 105 110

Met Asp Lys Ala Ala Ser Leu Gly Ile Pro Ile Ile Gly Ile Asn Asp
115 120 125

Ser Gly Gly Ala Arg Ile Gln Glu Gly Val Asp Ser Leu Ser Gly Tyr
130 135 140

Gly Glu Ile Phe Gln Arg Asn Val Asn Leu Ser Gly Val Val Pro Gln
145 150 155 160

Ile Ser Leu Ile Met Gly Pro Cys Ala Gly Gly Ala Val Tyr Ser Pro
165 170 175

Ala Leu Thr Asp Phe Ile Phe Met Val Arg Asn Thr Ser Tyr Met Phe
180 185 190

Val Thr Gly Pro Asp Val Ile Lys Lys Val Thr Tyr Glu Glu Val Thr
195 200 205
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Gln Glu Asp Leu Gly Gly Ala Lys Val His Ala Ser Lys Thr Gly Ile
210 215 220

Ala Asp Leu Val Phe His Asn Glu Ile Glu Ala Leu Leu Gln Val Arg
225 230 235 240

Arg Phe Met Asn Phe Ile Pro Ser Asn Asn Met Glu Ser Ile Gly Ser
245 250 255

Gln Ser Ala Ser Asn Phe Ile Asn Met Glu Asp Leu Ser Leu Asn Thr
260 265 270

Leu Val Pro Lys Asn Ser Thr Thr Pro Tyr Asn Met Tyr Glu Leu Leu
275 280 285

Glu Lys Val Cys Asp Glu Arg Leu Phe Tyr Glu Ile Lys Pro Asp Phe
290 295 300

Ala Arg Asn Ile Ile Ile Gly Phe Gly Lys Ile Gly Gly Tyr Asn Val
305 310 315 320

Gly Leu Val Ala Asn Gln Pro Leu His Leu Ala Gly Cys Leu Asp Ile
325 330 335

Asp Ala Ser Arg Lys Gly Ala Arg Phe Ile Arg Phe Cys Asp Ala Phe
340 345 350

Asn Ile Pro Val Ile Thr Phe Ile Asp Val Pro Gly Phe Met Pro Gly
355 360 365

Val Asn Gln Glu His Ser Gly Ile Ile Ala His Gly Ala Lys Leu Leu
370 375 380

Tyr Ala Tyr Ala Glu Ala Thr Val Pro Lys Ile Ser Val Ile Val Arg
385 390 395 400

Lys Ala Tyr Gly Gly Ala Tyr Ile Val Met Asn Ser Lys His Leu Cys
405 410 415

Gly Asp Val Asn Tyr Ala Trp Gln Asp Ala Glu Ile Ala Val Met Gly
420 425 430

Ala Glu Gly Ala Val Glu Ile Ile Phe Arg Asn Glu Lys Asp Lys Asp
435 440 445

Lys Ile Gln His Ile Ile Asp Glu Tyr Arg Thr Thr Ile Val Asn Pro
450 455 460

Tyr Val Ala Ala Ser Arg Gly Tyr Ile Asp Asp Ile Ile Val Pro Ser
465 470 475 480

Arg Thr Arg Glu His Leu Phe Lys Ser Leu Gln Phe Leu Glu Lys Lys
485 490 495

Lys Val His Lys Ile Met Arg Lys His Asp Asn Leu Pro Leu
500 505 510

<210> SEQ ID NO 53

<211> LENGTH: 666

<212> TYPE: PRT

<213> ORGANISM: Agrobacterium vitis

<300> PUBLICATION INFORMATION:

<308> DATABASE ACCESSION NUMBER: NCBI / YP_002547482
<309> DATABASE ENTRY DATE: 2010-04-01

<313> RELEVANT RESIDUES IN SEQ ID NO: (1)..(666)

<400> SEQUENCE: 53

Met Ala Ile Ser Lys Ile Leu Ile Ala Asn Arg Gly Glu Ile Ala Cys
1 5 10 15

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

Ala Val His Ile Gly Pro Ser Pro Ser Asn Gln Ser Tyr Ile Val Ile
50 55 60

Asp Lys Ile Leu Glu Ala Ile Arg Gln Thr Gly Ala Asp Ala Val His
65 70 75 80

Pro Gly Tyr Gly Phe Leu Ser Glu Asn Ala Ala Phe Ala Glu Ala Leu
85 90 95

Asp Lys Ala Gly Val Ala Phe Ile Gly Pro Pro Val Gly Ala Ile Lys
100 105 110

Ala Met Gly Asp Lys Ile Thr Ser Lys Lys Leu Ala Ala Glu Ala Gly
115 120 125

Val Ser Thr Val Pro Gly His Met Gly Leu Ile Ala Asp Ala Asp Glu
130 135 140

Ala Val Lys Ile Ala Ala Gln Ile Gly Tyr Pro Val Met Ile Lys Ala
145 150 155 160

Ser Ala Gly Gly Gly Gly Lys Gly Met Arg Ile Ala Trp Asn Asp Ala
165 170 175

Glu Ala Arg Glu Gly Phe Gln Ser Ser Lys Asn Glu Ala Met Asn Ser
180 185 190

Phe Gly Asp Asp Arg Ile Phe Ile Glu Lys Phe Val Asp Gln Pro Arg
195 200 205

His Ile Glu Ile Gln Val Leu Gly Asp Lys His Gly Asn Val Leu Tyr
210 215 220

Leu Gly Glu Arg Glu Cys Ser Ile Gln Arg Arg Asn Gln Lys Val Ile
225 230 235 240

Glu Glu Ala Pro Ser Pro Phe Leu Asp Ala Asp Thr Arg Lys Ala Met
245 250 255

Gly Glu Gln Ala Val Ala Leu Ala Lys Ala Val Gly Tyr Tyr Ser Ala
260 265 270

Gly Thr Val Glu Phe Ile Val Asp Gly Asn Arg Asn Phe Tyr Phe Leu
275 280 285

Glu Met Asn Thr Arg Leu Gln Val Glu His Pro Val Thr Glu Leu Ile
290 295 300

Thr Gly Leu Asp Leu Val Glu Gln Met Ile Arg Val Ala Ser Gly Glu
305 310 315 320

Thr Leu Ala Leu Ala Gln Gly Asp Val Thr Leu Thr Gly Trp Ala Val
325 330 335

Glu Ser Arg Leu Tyr Ala Glu Asp Pro Tyr Arg Asn Phe Leu Pro Ser
340 345 350

Ile Gly Arg Leu Ser Arg Tyr Arg Pro Pro Ser Glu Gly Gln Gln Ala
355 360 365

Asp Gly Thr Val Val Arg Asn Asp Thr Gly Val Phe Glu Gly Gly Glu
370 375 380

Ile Ser Met Tyr Tyr Asp Pro Met Val Ala Lys Leu Cys Thr Trp Gly
385 390 395 400

Pro Asp Arg Ile Thr Ala Ile Asp Ala Met Ser Ala Ala Leu Asp Arg
405 410 415

Phe Glu Val Glu Gly Ile Gly His Asn Leu Pro Phe Leu Ser Ala Val
420 425 430

Met Gln His Pro Arg Phe Arg Ser Gly Lys Ile Thr Thr Ala Phe Ile
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435 440 445

Ala Glu Glu Phe Pro Glu Gly Phe Ser Gly Val Glu Pro Asp Glu Met
450 455 460

Ala Gly Lys Thr Leu Ala Ala Ile Ala Ala Leu Val His Gln Arg Arg
465 470 475 480

Glu Ala Arg Ala Ala Gln Val Ser Gly Thr Met Gly Asn His Ala Arg
485 490 495

Thr Ile Gly Arg Asp Trp Val Val Gly Leu Ala Glu Gln Asn Tyr Pro
500 505 510

Leu Thr Leu Ser Thr Asp Pro Gly Ser Met Met Phe Ala Asp Gly Asn
515 520 525

Val Leu Ser Val Asp Gly Val Trp Gln Pro Gly Gln Thr Leu Ala Ile
530 535 540

Phe Thr Val Asn Gly Gln Ser Ile Gly Leu Lys Ile Asp Leu Lys Gly
545 550 555 560

Pro Ala Ile Arg Leu Arg Trp Arg Gly Met Asp Val Val Ala His Val
565 570 575

Arg Asn Pro Arg Val Ala Glu Leu Ala Arg Leu Met Pro Arg Lys Leu
580 585 590

Pro Pro Asp Thr Ser Lys Met Leu Leu Cys Pro Met Pro Gly Val Val
595 600 605

Thr Gly Ile Ala Val Ala Glu Gly Asp Ala Val Glu Ala Gly Gln Ala
610 615 620

Leu Ala Thr Val Glu Ala Met Lys Met Glu Asn Ile Leu Lys Ala Glu
625 630 635 640

Arg Arg Gly Val Val Lys Arg Leu Val Ala Lys Ala Gly Gln Ser Leu
645 650 655

Ala Val Asp Glu Leu Ile Met Glu Phe Glu
660 665

<210> SEQ ID NO 54

<211> LENGTH: 510

<212> TYPE: PRT

<213> ORGANISM: Agrobacterium vitis

<300> PUBLICATION INFORMATION:

<308> DATABASE ACCESSION NUMBER: NCBI / YP_002547479
<309> DATABASE ENTRY DATE: 2010-04-01

<313> RELEVANT RESIDUES IN SEQ ID NO: (1)..(510)

<400> SEQUENCE: 54

Met Pro Thr Ile Leu Asp Gln Leu Glu Ser Arg Arg Ala Glu Ala Arg
1 5 10 15

Leu Gly Gly Gly Glu Lys Arg Ile Asp Ala Gln His Ala Lys Gly Lys
20 25 30

Leu Thr Ala Arg Glu Arg Ile Glu Ile Leu Leu Asp Glu Gly Ser Phe
35 40 45

Glu Glu Tyr Asp Met Tyr Val Thr His Arg Cys Ala Asp Phe Gly Met
50 55 60

Asp Gly Gln Lys Val Ala Gly Asp Gly Val Val Thr Gly Trp Gly Thr
65 70 75 80

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

Gly Gly Ser Leu Ser Glu Thr His Ala Gln Lys Ile Cys Lys Ile Met
100 105 110
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Asp Met Ala Val Arg Val Gly Ala Pro Val Ile Gly Ile Asn Asp Ser
115 120 125

Gly Gly Ala Arg Ile Gln Glu Gly Val Ala Ser Leu Ala Gly Tyr Ala
130 135 140

Glu Val Phe Arg Arg Asn Ala Glu Val Ser Gly Val Ile Pro Gln Ile
145 150 155 160

Ser Val Ile Met Gly Pro Cys Ala Gly Gly Ala Val Tyr Ser Pro Ala
165 170 175

Met Thr Asp Phe Ile Phe Met Val Arg Asp Thr Ser Tyr Met Phe Val
180 185 190

Thr Gly Pro Asp Val Val Lys Thr Val Thr Asn Glu Ile Val Thr Ala
195 200 205

Glu Glu Leu Gly Gly Ala Gly Thr His Thr Lys Lys Ser Ser Val Ala
210 215 220

Asp Gly Ala Phe Glu Asn Asp Val Glu Ala Leu Glu Gln Val Arg Leu
225 230 235 240

Leu Phe Asp Phe Leu Pro Leu Asn Asn Arg Glu Lys Pro Pro Lys Arg
245 250 255

Pro Phe Tyr Asp Asp Pro Ala Arg Leu Glu Met Arg Leu Asp Thr Leu
260 265 270

Ile Pro Asp Ser Ser Thr Lys Pro Tyr Asp Met Lys Glu Leu Ile His
275 280 285

Ala Leu Ala Asp Glu Gly Asp Phe Phe Glu Leu Gln Glu Ala Phe Ala
290 295 300

Lys Asn Ile Ile Thr Gly Phe Ile Arg Leu Glu Gly Gln Thr Val Gly
305 310 315 320

Val Val Ala Asn Gln Pro Met Val Leu Ala Gly Cys Leu Asp Ile Asp
325 330 335

Ser Ser Arg Lys Ala Ala Arg Phe Val Arg Phe Cys Asp Ala Phe Ser
340 345 350

Ile Pro Ile Leu Thr Leu Val Asp Val Pro Gly Phe Leu Pro Gly Val
355 360 365

Ala Gln Glu Tyr Gly Gly Val Ile Lys His Gly Ala Lys Leu Leu Phe
370 375 380

Ala Tyr Ser Glu Ala Thr Val Pro Met Val Thr Leu Ile Thr Arg Lys
385 390 395 400

Ala Tyr Gly Gly Ala Tyr Asp Val Met Ala Ser Lys His Ile Gly Ala
405 410 415

Asp Val Asn Tyr Ala Trp Pro Thr Ala Glu Ile Ala Val Met Gly Ala
420 425 430

Lys Gly Ala Thr Glu Ile Leu Tyr Arg Ser Glu Leu Ala Asp Pro Glu
435 440 445

Lys Ile Ala Ala Arg Thr Arg Glu Tyr Glu Glu Arg Phe Ala Asn Pro
450 455 460

Phe Val Ala Ala Glu Arg Gly Phe Ile Asp Glu Val Ile Met Pro His
465 470 475 480

Ser Ser Arg Lys Arg Ile Ala Arg Ala Phe Ala Ser Leu Arg Gly Lys
485 490 495

Gln Val Ala Thr His Trp Lys Lys His Asp Thr Ile Pro Leu
500 505 510
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<210> SEQ ID NO 55

<211> LENGTH: 667

<212> TYPE: PRT

<213> ORGANISM: Methylobacterium extorquens

<300> PUBLICATION INFORMATION:

<308> DATABASE ACCESSION NUMBER: NCBI / YP_003069256
<309> DATABASE ENTRY DATE: 2010-04-16

<313> RELEVANT RESIDUES IN SEQ ID NO: (1)..(667)

<400> SEQUENCE: 55

Met

1

Ile

Ser

Val

Lys

65

Gly

Glu

Met

Ser

Val

145

Ala

Val

Gly

Ile

Gly

225

Glu

Glu

Thr

Met

Gly

305

Leu

Ser

Phe Asp Lys Ile Leu Ile Ala Asn Arg Gly Glu Ile Ala Cys
Ile Lys Thr Ala Gln Lys Met Gly Ile Lys Thr Val Ala Val
20 25 30

Asp Ala Asp Arg Asp Ala Val His Val Ala Met Ala Asp Glu
35 40 45

Asn Ile Gly Pro Ala Pro Ala Ala Gln Ser Tyr Leu Leu Ile
50 55 60

Ile Ile Asp Ala Cys Lys Gln Thr Gly Ala Gln Ala Val His
70 75

Tyr Gly Phe Leu Ser Glu Arg Glu Ser Phe Pro Lys Ala Leu
85 90 95

Ala Gly Ile Val Phe Ile Gly Pro Asn Pro Gly Ala Ile Ala
100 105 110

Gly Asp Lys Ile Glu Ser Lys Lys Ala Ala Ala Ala Ala Glu
115 120 125

Thr Val Pro Gly Phe Leu Gly Val Ile Glu Ser Pro Glu His
130 135 140

Thr Ile Ala Asp Glu Ile Gly Tyr Pro Val Met Ile Lys Ala
150 155

Gly Gly Gly Gly Lys Gly Met Arg Ile Ala Glu Ser Ala Asp
165 170 175

Ala Glu Gly Phe Ala Arg Ala Lys Ser Glu Ala Ser Ser Ser
180 185 190

Asp Asp Arg Val Phe Val Glu Lys Phe Ile Thr Asp Pro Arg
195 200 205

Glu Ile Gln Val Ile Gly Asp Lys His Gly Asn Val Ile Tyr
210 215 220

Glu Arg Glu Cys Ser Ile Gln Arg Arg Asn Gln Lys Val Ile
230 235

Ala Pro Ser Pro Leu Leu Asp Glu Glu Thr Arg Arg Lys Met
245 250 255

Gln Ala Val Ala Leu Ala Lys Ala Val Asn Tyr Asp Ser Ala
260 265 270

Val Glu Phe Val Ala Gly Gln Asp Lys Ser Phe Tyr Phe Leu
275 280 285

Asn Thr Arg Leu Gln Val Glu His Pro Val Thr Glu Met Ile
290 295 300

Leu Asp Leu Val Glu Leu Met Ile Arg Val Ala Ala Gly Glu
310 315

Pro Leu Thr Gln Asp Gln Val Lys Leu Asp Gly Trp Ala Val
325 330 335

Arg Val Tyr Ala Glu Asp Pro Thr Arg Asn Phe Leu Pro Ser

Arg

Tyr

Ala

Glu

Pro

80

Ala

Ala

Val

Ala

Ser

160

Glu

Phe

His

Leu

Glu

240

Gly

Gly

Glu

Thr

Thr

320

Glu

Ile
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340 345 350

Gly Arg Leu Thr Thr Tyr Gln Pro Pro Glu Glu Gly Pro Leu Gly Gly
355 360 365

Ala Ile Val Arg Asn Asp Thr Gly Val Glu Glu Gly Gly Glu Ile Ala
370 375 380

Ile His Tyr Asp Pro Met Ile Ala Lys Leu Val Thr Trp Ala Pro Thr
385 390 395 400

Arg Leu Glu Ala Ile Asp Ala Gln Ala Thr Ala Leu Asp Ala Phe Ala
405 410 415

Ile Glu Gly Ile Arg His Asn Ile Pro Phe Leu Ala Thr Leu Met Ala
420 425 430

His Pro Arg Trp Arg Asp Gly Arg Leu Ser Thr Gly Phe Ile Lys Glu
435 440 445

Glu Phe Pro Glu Gly Phe Ile Ala Pro Glu Pro Glu Gly Pro Val Ala
450 455 460

His Arg Leu Ala Ala Val Ala Ala Ala Ile Asp His Lys Leu Asn Ile
465 470 475 480

Arg Lys Arg Gly Ile Ser Gly Gln Met Arg Asp Pro Ser Leu Leu Thr
485 490 495

Phe Gln Arg Glu Arg Val Val Val Leu Ser Gly Gln Arg Phe Asn Val
500 505 510

Thr Val Asp Pro Asp Gly Asp Asp Leu Leu Val Thr Phe Asp Asp Gly
515 520 525

Thr Thr Ala Pro Val Arg Ser Ala Trp Arg Pro Gly Ala Pro Val Trp
530 535 540

Ser Gly Thr Val Gly Asp Gln Ser Ile Ala Ile Gln Val Arg Pro Leu
545 550 555 560

Leu Asn Gly Val Phe Leu Gln His Ala Gly Ala Ala Ala Glu Ala Arg
565 570 575

Val Phe Thr Arg Arg Glu Ala Glu Leu Ala Asp Leu Met Pro Val Lys
580 585 590

Glu Asn Ala Gly Ser Gly Lys Gln Leu Leu Cys Pro Met Pro Gly Leu
595 600 605

Val Lys Gln Ile Met Val Ser Glu Gly Gln Glu Val Lys Asn Gly Glu
610 615 620

Pro Leu Ala Ile Val Glu Ala Met Lys Met Glu Asn Val Leu Arg Ala
625 630 635 640

Glu Arg Asp Gly Thr Ile Ser Lys Ile Ala Ala Lys Glu Gly Asp Ser
645 650 655

Leu Ala Val Asp Ala Val Ile Leu Glu Phe Ala
660 665

<210> SEQ ID NO 56

<211> LENGTH: 510

<212> TYPE: PRT

<213> ORGANISM: Methylobacterium extorquens

<300> PUBLICATION INFORMATION:

<308> DATABASE ACCESSION NUMBER: NCBI / YP_003065890
<309> DATABASE ENTRY DATE: 2010-04-16

<313> RELEVANT RESIDUES IN SEQ ID NO: (1)..(510)

<400> SEQUENCE: 56

Met Lys Asp Ile Leu Glu Lys Leu Glu Glu Arg Arg Ala Gln Ala Arg
1 5 10 15
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Leu Gly Gly Gly Glu Lys Arg Leu Glu Ala Gln His Thr Arg Gly Lys
20 25 30

Leu Thr Ala Arg Glu Arg Ile Glu Leu Leu Leu Asp His Gly Ser Phe
35 40 45

Glu Glu Phe Asp Met Phe Val Gln His Arg Ser Thr Asp Phe Gly Met
50 55 60

Glu Lys Gln Lys Ile Pro Gly Asp Gly Val Val Thr Gly Trp Gly Thr
65 70 75 80

Val Asn Gly Arg Thr Val Phe Leu Phe Ser Lys Asp Phe Thr Val Phe
85 90 95

Gly Gly Ser Leu Ser Glu Ala His Ala Ala Lys Ile Val Lys Val Gln
100 105 110

Asp Met Ala Leu Lys Met Arg Ala Pro Ile Ile Gly Ile Phe Asp Ala
115 120 125

Gly Gly Ala Arg Ile Gln Glu Gly Val Ala Ala Leu Gly Gly Tyr Gly
130 135 140

Glu Val Phe Arg Arg Asn Val Ala Ala Ser Gly Val Ile Pro Gln Ile
145 150 155 160

Ser Val Ile Met Gly Pro Cys Ala Gly Gly Asp Val Tyr Ser Pro Ala
165 170 175

Met Thr Asp Phe Ile Phe Met Val Arg Asp Thr Ser Tyr Met Phe Val
180 185 190

Thr Gly Pro Asp Val Val Lys Thr Val Thr Asn Glu Val Val Thr Ala
195 200 205

Glu Glu Leu Gly Gly Ala Lys Val His Thr Ser Lys Ser Ser Ile Ala
210 215 220

Asp Gly Ser Phe Glu Asn Asp Val Glu Ala Ile Leu Gln Ile Arg Arg
225 230 235 240

Leu Leu Asp Phe Leu Pro Ala Asn Asn Ile Glu Gly Val Pro Glu Ile
245 250 255

Glu Ser Phe Asp Asp Val Asn Arg Leu Asp Lys Ser Leu Asp Thr Leu
260 265 270

Ile Pro Asp Asn Pro Asn Lys Pro Tyr Asp Met Gly Glu Leu Ile Arg
275 280 285

Arg Val Val Asp Glu Gly Asp Phe Phe Glu Ile Gln Ala Ala Tyr Ala
290 295 300

Arg Asn Ile Ile Thr Gly Phe Gly Arg Val Glu Gly Arg Thr Val Gly
305 310 315 320

Phe Val Ala Asn Gln Pro Leu Val Leu Ala Gly Val Leu Asp Ser Asp
325 330 335

Ala Ser Arg Lys Ala Ala Arg Phe Val Arg Phe Cys Asn Ala Phe Ser
340 345 350

Ile Pro Ile Val Thr Phe Val Asp Val Pro Gly Phe Leu Pro Gly Thr
355 360 365

Ala Gln Glu Tyr Gly Gly Leu Ile Lys His Gly Ala Lys Leu Leu Phe
370 375 380

Ala Tyr Ser Gln Ala Thr Val Pro Leu Val Thr Ile Ile Thr Arg Lys
385 390 395 400

Ala Phe Gly Gly Ala Tyr Asp Val Met Ala Ser Lys His Val Gly Ala
405 410 415
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Asp Leu Asn Tyr Ala Trp Pro Thr Ala Gln Ile Ala Val Met Gly Ala
420 425 430

Lys Gly Ala Val Glu Ile Ile Phe Arg Ala Glu Ile Gly Asp Ala Asp
435 440 445

Lys Ile Ala Glu Arg Thr Lys Glu Tyr Glu Asp Arg Phe Leu Ser Pro
450 455 460

Phe Val Ala Ala Glu Arg Gly Tyr Ile Asp Glu Val Ile Met Pro His
465 470 475 480

Ser Thr Arg Lys Arg Ile Ala Arg Ala Leu Gly Met Leu Arg Thr Lys
485 490 495

Glu Met Glu Gln Pro Trp Lys Lys His Asp Asn Ile Pro Leu
500 505 510

<210> SEQ ID NO 57

<211> LENGTH: 670

<212> TYPE: PRT

<213> ORGANISM: Sinorhizobium meliloti

<300> PUBLICATION INFORMATION:

<308> DATABASE ACCESSION NUMBER: NCBI / NP_437988
<309> DATABASE ENTRY DATE: 2010-04-01

<313> RELEVANT RESIDUES IN SEQ ID NO: (1)..(670)

<400> SEQUENCE: 57

Met Gly His Met Phe Lys Lys Ile Leu Ile Ala Asn Arg Gly Glu Ile
1 5 10 15

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

Ala Val Tyr Ser Asp Ala Asp Arg Asp Ala Met His Val Arg Met Ala
35 40 45

Asp Glu Ala Val His Ile Gly Pro Ser Pro Ser Ser Gln Ser Tyr Ile
50 55 60

Val Ile Glu 2Asn Ile Leu Ala Ala Ile Arg Arg Thr Gly Ala Asp Ala
65 70 75 80

Val His Pro Gly Tyr Gly Phe Leu Ser Glu Asn Ala Ala Phe Ala Glu
85 90 95

Ala Leu Glu Lys Asp Gly Val Thr Phe Ile Gly Pro Pro Val Arg Ala
100 105 110

Ile Glu Ala Met Gly Asp Lys Ile Thr Ser Lys Lys Leu Ala Ala Glu
115 120 125

Ala Gly Val Phe Thr Val Pro Gly His Met Gly Leu Ile Glu Asp Ala
130 135 140

Asp Glu Ala Ala Arg Ile Ala Ala Glu Ile Gly Phe Pro Val Met Ile
145 150 155 160

Lys Ala Ser Ala Gly Gly Gly Gly Lys Gly Met Arg Ile Ala Trp Asn
165 170 175

Glu Arg Glu Ala Arg Glu Gly Phe Gln Ser Ser Arg Asn Glu Ala Lys
180 185 190

Ser Ser Phe Gly Asp Asp Arg Ile Phe Ile Glu Lys Phe Val Thr Glu
195 200 205

Pro Arg His Ile Glu Ile Gln Val Leu Gly Asp Lys His Gly Asn Ile
210 215 220

Leu Tyr Leu Gly Glu Arg Glu Cys Ser Ile Gln Arg Arg Asn Gln Lys
225 230 235 240

Val Ile Glu Glu Ala Pro Ser Pro Phe Leu Asp Glu Lys Thr Arg Arg
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245 250 255

Ala Met Gly Glu Gln Ala Val Ala Leu Ala Lys Ala Val Gly Tyr His
260 265 270

Ser Ala Gly Thr Val Glu Phe Ile Val Asp Ala Gly Arg Asn Phe Tyr
275 280 285

Phe Leu Glu Met Asn Thr Arg Leu Gln Val Glu His Pro Val Thr Glu
290 295 300

Leu Val Thr Gly Leu Asp Leu Val Glu Gln Met Ile Arg Val Ala Ala
305 310 315 320

Gly Ala Lys Leu Ala Phe Ala Gln Lys Asp Val Lys Leu Asp Gly Trp
325 330 335

Ala Ile Glu Ser Arg Leu Tyr Ala Glu Asp Pro Tyr Arg Thr Phe Leu
340 345 350

Pro Ser Ile Gly Arg Leu Thr Arg Tyr Arg Pro Pro Glu Glu Gly Thr
355 360 365

Gln Ala Asp Gly Thr Val Ile Arg Asn Asp Thr Gly Val Phe Glu Gly
370 375 380

Gly Glu Ile Ser Met Tyr Tyr Asp Pro Met Ile Ala Lys Leu Cys Thr
385 390 395 400

Trp Gly Pro Asp Arg Leu Thr Ala Val Arg Ala Met Ala Asp Ala Leu
405 410 415

Asp Ala Phe Glu Val Glu Gly Ile Gly His Asn Leu Pro Phe Leu Ala
420 425 430

Ala Val Met Gln Gln Glu Arg Phe His Glu Gly Arg Leu Thr Thr Ala
435 440 445

Tyr Ile Ala Glu Glu Phe Ala Gly Gly Phe His Gly Val Ala Leu Asp
450 455 460

Asp Ala Ser Ala Arg Lys Leu Ala Ala Val Ala Ala Thr Val Asn Gln
465 470 475 480

Thr Leu Gln Glu Arg Ala Ser Arg Ile Ser Gly Thr Ile Gly Asn His
485 490 495

Arg Arg Val Val Gly His Glu Trp Val Thr Ser Leu Asp Gly His Glu
500 505 510

Ile Gln Val Thr Cys Glu Val Ser Ala Asp Gly Thr Tyr Val Arg Phe
515 520 525

Ala Asp Gly Thr Ser Val Ser Val Ala Thr Asp Trp Ala Pro Gly Arg
530 535 540

Thr Arg Ala Ala Phe Asn Ile Asp Asn Gln Pro Met Ser Val Lys Val
545 550 555 560

Glu Leu Ala Gly Pro Gly Ile Arg Leu Arg Trp Arg Gly Ile Asp Val
565 570 575

Val Ala Arg Val Arg Ser Pro Arg Ile Ala Glu Leu Ala Arg Leu Met
580 585 590

Pro Lys Lys Leu Pro Pro Asp Thr Ser Lys Met Leu Leu Cys Pro Met
595 600 605

Pro Gly Val Val Thr Ser Ile Thr Val Lys Ala Gly Glu Thr Val Glu
610 615 620

Ala Gly Gln Ala Ile Ala Val Val Glu Ala Met Lys Met Glu Asn Ile
625 630 635 640

Leu Arg Ala Glu Lys Arg Ala Ile Val Lys Arg Val Ala Ile Glu Ala
645 650 655
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Gly

Ala Ser Leu Ala Val Asp Glu Leu Ile Met Glu Phe Glu
660 665 670

<210> SEQ ID NO 58

<211> LENGTH: 510

<212> TYPE: PRT

<213> ORGANISM: Sinorhizobium meliloti

<300> PUBLICATION INFORMATION:

<308> DATABASE ACCESSION NUMBER: NCBI / NP_437987
<309> DATABASE ENTRY DATE: 2010-04-01

<313> RELEVANT RESIDUES IN SEQ ID NO: (1)..(510)

<400> SEQUENCE: 58

Met

1

Ala

Leu

Glu

Ala

65

Ile

Gly

Asp

Gly

Glu

145

Ser

Met

Thr

Glu

Asp

225

Leu

Pro

Ile

Ala

Arg
305

Arg Ala Val Leu Glu Gln Val Glu Ala Arg Arg Ala Glu Ala
Gly Gly Gly Glu Arg Arg Ile Ala Ala Gln His Gly Lys Gly
20 25 30

Thr Ala Arg Glu Arg Ile Asp Val Leu Leu Asp Glu Gly Ser
35 40 45

Glu Tyr Asp Met Tyr Val Thr His Arg Ser Val Asp Phe Gly
50 55 60

Gly Gln Lys Ile Pro Gly Asp Gly Val Val Thr Gly Trp Gly
70 75

Asn Gly Arg Gln Val Tyr Val Phe Ser Gln Asp Phe Thr Val
85 90 95

Gly Ser Leu Ser Glu Thr His Ala Gln Lys Ile Cys Lys Ile
100 105 110

Met Ala Ala Arg Asn Gly Ala Pro Val Ile Gly Leu Asn Asp
115 120 125

Gly Ala Arg Ile Gln Glu Gly Val Ala Ser Leu Ala Gly Tyr
130 135 140

Val Phe Arg Arg Asn Ala Glu Val Ser Gly Val Ile Pro Gln
150 155

Val Ile Met Gly Pro Cys Ala Gly Gly Ala Val Tyr Ser Pro
165 170 175

Thr Asp Phe Ile Phe Met Val Arg Asp Ser Ser Tyr Met Phe
180 185 190

Gly Pro Asp Val Val Lys Thr Val Thr Asn Glu Ile Val Thr
195 200 205

Glu Leu Gly Gly Ala Arg Thr His Thr Thr Lys Ser Ser Val
210 215 220

Gly Ala Tyr Glu Asn Asp Ile Glu Ala Leu Glu His Val Arg
230 235

Phe Asp Phe Leu Pro Leu Asn Asn Arg Glu Lys Pro Pro Val
245 250 255

Phe His Asp Asp Pro Gly Arg Leu Glu Met Arg Leu Asp Ser
260 265 270

Pro Asp Ser Ala Ala Lys Pro Tyr Asp Met Lys Glu Leu Ile
275 280 285

Ile Ala Asp Glu Ala Asp Phe Phe Glu Leu Gln Ala Ser Phe
290 295 300

Asn Ile Ile Thr Gly Phe Ile Arg Ile Glu Gly Gln Thr Val
310 315

Arg

Lys

Phe

Met

Thr

80

Leu

Met

Ser

Ala

Ile

160

Ala

Val

Ala

Ala

Leu

240

Arg

Leu

Leu

Ala

Gly
320
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Val Ile Ala Asn Gln Pro Met Val Leu Ala Gly Cys Leu Asp Ile Asp
325 330 335

Ser Ser Arg Lys Ala Ala Arg Phe Val Arg Phe Cys Asp Ala Phe Ser
340 345 350

Ile Pro Ile Leu Thr Leu Val Asp Val Pro Gly Phe Leu Pro Gly Thr
355 360 365

Ala Gln Glu Tyr Gly Gly Val Ile Lys His Gly Ala Lys Leu Leu Phe
370 375 380

Ala Tyr Ser Gln Ala Thr Val Pro Met Val Thr Leu Ile Thr Arg Lys
385 390 395 400

Ala Tyr Gly Gly Ala Tyr Asp Val Met Ala Ser Lys His Ile Gly Ala
405 410 415

Asp Val Asn Tyr Ala Trp Pro Thr Ala Glu Ile Ala Val Met Gly Ala
420 425 430

Lys Gly Ala Thr Glu Ile Leu Tyr Arg Ser Glu Leu Gly Asp Pro Ala
435 440 445

Lys Ile Ala Ala Arg Thr Lys Glu Tyr Glu Glu Arg Phe Ala Asn Pro
450 455 460

Phe Val Ala Ala Glu Arg Gly Phe Ile Asp Glu Val Ile Met Pro His
465 470 475 480

Ser Ser Arg Arg Arg Ile Ala Arg Ala Phe Ala Ser Leu Arg Asn Lys
485 490 495

Gln Val Glu Thr Arg Trp Arg Lys His Asp Thr Ile Pro Leu
500 505 510

<210> SEQ ID NO 59

<211> LENGTH: 681

<212> TYPE: PRT

<213> ORGANISM: Ruegeria pomeroyi

<300> PUBLICATION INFORMATION:

<308> DATABASE ACCESSION NUMBER: NCBI / YP_166352
<309> DATABASE ENTRY DATE: 2010-06-29

<313> RELEVANT RESIDUES IN SEQ ID NO: (1)..(681)

<400> SEQUENCE: 59

Met Phe Asn Lys Ile Leu Ile Ala Asn Arg Gly Glu Ile Ala Cys Arg
1 5 10 15

Val Ile Lys Thr Ala Arg Lys Met Gly Ile Ser Thr Val Ala Ile Tyr
20 25 30

Ser Asp Ala Asp Lys Gln Ala Leu His Val Gln Met Ala Asp Glu Ala
35 40 45

Val His Ile Gly Pro Pro Pro Ala Asn Gln Ser Tyr Ile Val Ile Asp
50 55 60

Lys Val Met Ala Ala Ile Arg Ala Thr Gly Ala Gln Ala Val His Pro
65 70 75 80

Gly Tyr Gly Phe Leu Ser Glu Asn Ser Lys Phe Ala Glu Ala Leu Glu
85 90 95

Ala Glu Gly Val Ile Phe Val Gly Pro Pro Lys Gly Ala Ile Glu Ala
100 105 110

Met Gly Asp Lys Ile Thr Ser Lys Lys Ile Ala Gln Glu Ala Asn Val
115 120 125

Ser Thr Val Pro Gly Tyr Met Gly Leu Ile Glu Asp Ala Asp Glu Ala
130 135 140

Val Lys Ile Ser Asn Gln Ile Gly Tyr Pro Val Met Ile Lys Ala Ser
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145 150 155 160

Ala Gly Gly Gly Gly Lys Gly Met Arg Ile Ala Trp Asn Asp Gln Glu
165 170 175

Ala Arg Glu Gly Phe Gln Ser Ser Lys Asn Glu Ala Ala Asn Ser Phe
180 185 190

Gly Asp Asp Arg Ile Phe Ile Glu Lys Phe Val Thr Gln Pro Arg His
195 200 205

Ile Glu Ile Gln Val Leu Cys Asp Ser His Gly Asn Gly Ile Tyr Leu
210 215 220

Gly Glu Arg Glu Cys Ser Ile Gln Arg Arg Asn Gln Lys Val Val Glu
225 230 235 240

Glu Ala Pro Ser Pro Phe Leu Asp Glu Ala Thr Arg Arg Ala Met Gly
245 250 255

Glu Gln Ala Val Ala Leu Ala Lys Ala Val Gly Tyr Ala Ser Ala Gly
260 265 270

Thr Val Glu Phe Ile Val Asp Gly Gln Lys Asn Phe Tyr Phe Leu Glu
275 280 285

Met Asn Thr Arg Leu Gln Val Glu His Pro Val Thr Glu Leu Ile Thr
290 295 300

Gly Val Asp Leu Val Glu Gln Met Ile Arg Val Ala Ala Gly Glu Pro
305 310 315 320

Leu Ser Ile Thr Gln Gly Asp Val Lys Leu Thr Gly Trp Ala Ile Glu
325 330 335

Asn Arg Leu Tyr Ala Glu Asp Pro Tyr Arg Gly Phe Leu Pro Ser Ile
340 345 350

Gly Arg Leu Thr Arg Tyr Arg Pro Pro Ala Glu Thr Ala Ala Gly Pro
355 360 365

Leu Leu Val Asn Gly Lys Trp Gln Gly Asp Ala Pro Ser Gly Glu Ala
370 375 380

Ala Val Arg Asn Asp Thr Gly Val Tyr Glu Gly Gly Glu Ile Ser Met
385 390 395 400

Tyr Tyr Asp Pro Met Ile Ala Lys Leu Cys Thr Trp Ala Pro Thr Arg
405 410 415

Ala Ala Ala Ile Glu Ala Met Arg Ile Ala Leu Asp Ser Phe Glu Val
420 425 430

Glu Gly Ile Gly His Asn Leu Pro Phe Leu Ser Ala Val Met Asp His
435 440 445

Pro Lys Phe Ile Ser Gly Asp Met Thr Thr Ala Phe Ile Ala Glu Glu
450 455 460

Tyr Pro Glu Gly Phe Glu Gly Val Asn Leu Pro Glu Thr Asp Leu Arg
465 470 475 480

Arg Val Ala Ala Ala Ala Ala Ala Met His Arg Val Ala Glu Ile Arg
485 490 495

Arg Thr Arg Val Ser Gly Arg Met Asp Asn His Glu Arg Arg Val Gly
500 505 510

Thr Glu Trp Val Val Thr Leu Gln Gly Ala Asp Phe Pro Val Thr Ile
515 520 525

Ala Ala Asp His Asp Gly Ser Thr Val Ser Phe Asp Asp Gly Ser Ser
530 535 540

Met Arg Val Thr Ser Asp Trp Thr Pro Gly Asp Gln Leu Ala Asn Leu
545 550 555 560
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Met Val Asp Gly Ala Pro Leu Val Leu Lys Val Gly Lys Ile Ser Gly
565 570 575

Gly Phe Arg Ile Arg Thr Arg Gly Ala Asp Leu Lys Val His Val Arg
580 585 590

Thr Pro Arg Gln Ala Glu Leu Ala Arg Leu Met Pro Glu Lys Leu Pro
595 600 605

Pro Asp Thr Ser Lys Met Leu Leu Cys Pro Met Pro Gly Leu Ile Val
610 615 620

Lys Val Asp Val Glu Val Gly Gln Glu Val Gln Glu Gly Gln Ala Leu
625 630 635 640

Cys Thr Ile Glu Ala Met Lys Met Glu Asn Ile Leu Arg Ala Glu Lys
645 650 655

Lys Gly Val Val Ala Lys Ile Asn Ala Ser Ala Gly Asn Ser Leu Ala
660 665 670

Val Asp Asp Val Ile Met Glu Phe Glu
675 680

<210> SEQ ID NO 60

<211> LENGTH: 510

<212> TYPE: PRT

<213> ORGANISM: Ruegeria pomeroyi

<300> PUBLICATION INFORMATION:

<308> DATABASE ACCESSION NUMBER: NCBI / YP_166345
<309> DATABASE ENTRY DATE: 2010-06-29

<313> RELEVANT RESIDUES IN SEQ ID NO: (1)..(510)

<400> SEQUENCE: 60

Met Lys Asp Ile Leu Ser Glu Leu Glu Thr Arg Arg Glu Ala Ala Arg
1 5 10 15

Leu Gly Gly Gly Gln Lys Arg Ile Asp Ala Gln His Ala Arg Gly Lys
20 25 30

Leu Thr Ala Arg Glu Arg Ile Glu Leu Leu Leu Asp Glu Asp Ser Phe
35 40 45

Glu Glu Phe Asp Met Phe Val Ser His Arg Cys Thr Asp Phe Gly Met
50 55 60

Glu Lys Gln Arg Pro Ala Gly Asp Gly Val Val Thr Gly Trp Gly Thr
65 70 75 80

Ile Asn Gly Arg Met Val Tyr Val Phe Ser Gln Asp Phe Thr Val Phe
85 90 95

Gly Gly Ser Leu Ser Glu Thr His Ala Gln Lys Ile Cys Lys Ile Met
100 105 110

Asp Met Ala Val Gln Asn Gly Ala Pro Val Ile Gly Ile Asn Asp Ser
115 120 125

Gly Gly Ala Arg Ile Gln Glu Gly Val Ala Ser Leu Ala Gly Tyr Ala
130 135 140

Glu Val Phe Gln Arg Asn Ile Met Ala Ser Gly Val Val Pro Gln Ile
145 150 155 160

Ser Val Ile Met Gly Pro Cys Ala Gly Gly Ala Val Tyr Ser Pro Ala
165 170 175

Met Thr Asp Phe Ile Phe Met Val Lys Asp Thr Ser Tyr Met Phe Val
180 185 190

Thr Gly Pro Asp Val Val Lys Thr Val Thr Asn Glu Val Val Thr Ala
195 200 205
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Glu Glu Leu Gly Gly Ala Ser Thr His Thr Arg Lys Ser Ser Val Ala
210 215 220

Asp Gly Ala Phe Glu Asn Asp Val Glu Ala Leu Ala Glu Val Arg Arg
225 230 235 240

Leu Val Asp Phe Leu Pro Leu Asn Asn Arg Glu Lys Pro Pro Val Arg
245 250 255

Pro Phe Phe Asp Glu Pro Gly Arg Ile Glu Ala Ser Leu Asp Thr Leu
260 265 270

Val Pro Glu Asn Ala Asn Thr Pro Tyr Asp Met Lys Glu Leu Ile Asn
275 280 285

Lys Ile Ala Asp Glu Gly Asp Phe Tyr Glu Ile Gln Glu Asp Phe Ala
290 295 300

Lys Asn Ile Ile Thr Gly Phe Ile Arg Leu Glu Gly Gln Thr Val Gly
305 310 315 320

Val Val Ala Asn Gln Pro Met Ile Leu Ala Gly Cys Leu Asp Ile Asp
325 330 335

Ser Ser Arg Lys Ala Ala Arg Phe Val Arg Phe Cys Asp Cys Phe Glu
340 345 350

Ile Pro Ile Leu Thr Leu Val Asp Val Pro Gly Phe Leu Pro Gly Thr
355 360 365

Ser Gln Glu Tyr Gly Gly Val Ile Lys His Gly Ala Lys Leu Leu Phe
370 375 380

Ala Tyr Gly Glu Ala Thr Val Pro Lys Val Thr Val Ile Thr Arg Lys
385 390 395 400

Ala Tyr Gly Gly Ala Tyr Asp Val Met Ala Ser Lys His Leu Arg Gly
405 410 415

Asp Phe Asn Tyr Ala Trp Pro Thr Ala Glu Ile Ala Val Met Gly Ala
420 425 430

Lys Gly Ala Thr Glu Ile Ile His Arg Ala Asp Leu Gly Asp Ala Asp
435 440 445

Lys Ile Ala Ala His Thr Lys Asp Tyr Glu Gly Arg Phe Ala Asn Pro
450 455 460

Phe Val Ala Ala Glu Arg Gly Phe Ile Asp Glu Val Ile Gln Pro Arg
465 470 475 480

Ser Thr Arg Lys Arg Val Ser Arg Ala Phe Ala Ser Leu Arg Gly Lys
485 490 495

Ser Leu Lys Asn Pro Trp Lys Lys His Asp Asn Ile Pro Leu
500 505 510

<210> SEQ ID NO 61

<211> LENGTH: 678

<212> TYPE: PRT

<213> ORGANISM: Bacillus megaterium

<300> PUBLICATION INFORMATION:

<308> DATABASE ACCESSION NUMBER: NCBI / YP_003564880
<309> DATABASE ENTRY DATE: 2010-12-17

<313> RELEVANT RESIDUES IN SEQ ID NO: (1)..(678)

<400> SEQUENCE: 61

Met Lys Thr Asn Thr Leu Ser Phe His Glu Phe Thr Arg Thr Pro Lys
1 5 10 15

Glu Asp Trp Ala Gln Glu Val Ser Lys Asn Thr Ala Ile Ser Ser Lys
20 25 30

Glu Thr Leu Glu Asn Ile Phe Leu Lys Pro Leu Tyr Phe Glu Ser Asp
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35 40 45
Thr Ala His Leu Asp Tyr Leu Gln Gln Ser Pro Ala Gly Ile Asp Tyr
Leu Arg Gly Ala Gly Lys Glu Ser Tyr Ile Leu Gly Glu Trp Glu Ile
65 70 75 80

Thr Gln Lys Ile Asp Leu Pro Ser Ile Lys Glu Ser Asn Lys Leu Leu
85 90 95

Leu His Ser Leu Arg Asn Gly Gln Asn Thr Ala Ala Phe Thr Cys Ser
100 105 110

Glu Ala Met Arg Gln Gly Lys Asp Ile Asp Glu Ala Thr Glu Ala Glu
115 120 125

Val Ala Ser Gly Ala Thr Ile Ser Thr Leu Glu Asp Val Ala His Leu
130 135 140

Phe Gln His Val Ala Leu Glu Ala Val Pro Leu Phe Leu Asn Thr Gly
145 150 155 160

Cys Thr Ser Val Pro Leu Leu Ser Phe Leu Lys Ala Tyr Cys Val Asp
165 170 175

His Asn Phe Asn Met Arg Gln Leu Lys Gly Thr Val Gly Met Asp Pro
180 185 190

Leu Gly Thr Leu Ala Glu Tyr Gly Arg Val Pro Leu Ser Thr Arg Asp
195 200 205

Leu Tyr Asp His Leu Ala Tyr Ala Thr Arg Leu Ala His Ser Asn Val
210 215 220

Pro Glu Leu Lys Thr Ile Ile Val Ser Ser Ile Pro Tyr His Asn Ser
225 230 235 240

Gly Ala Asn Ala Val Gln Glu Leu Ala Tyr Met Leu Ala Thr Gly Val
245 250 255

Gln Tyr Ile Asp Glu Cys Ile Lys Arg Gly Leu Ser Leu His Gln Val
260 265 270

Leu Pro His Met Thr Phe Ser Phe Ser Val Ser Ser His Leu Phe Met
275 280 285

Glu Ile Ser Lys Leu Arg Ala Phe Arg Met Leu Trp Ala Asn Val Val
290 295 300

Arg Ala Phe Asp Asp Thr Ala Val Ser Val Pro Phe Ile His Thr Glu
305 310 315 320

Thr Ser His Leu Thr Gln Ser Lys Glu Asp Met Tyr Thr Asn Ala Leu
325 330 335

Arg Ser Thr Val Gln Ala Phe Ala Ser Ile Val Gly Gly Ala Asp Ser
340 345 350

Leu His Ile Glu Pro Tyr Asp Ser Val Thr Ser Ser Ser Ser Gln Phe
355 360 365

Ala His Arg Leu Ala Arg Asn Thr His Leu Ile Leu Gln His Glu Thr
370 375 380

His Ile Ser Lys Val Met Asp Pro Ala Gly Gly Ser Trp Tyr Val Glu
385 390 395 400

Ala Tyr Thr His Glu Leu Met Thr Lys Ala Trp Glu Leu Phe Gly Asn
405 410 415

Ile Glu Asp His Gly Gly Met Glu Glu Ala Leu Lys Gln Gly Arg Ile
420 425 430

Gln Asp Glu Val Glu Gln Met Lys Val Lys Arg Gln Glu Asp Ile Glu
435 440 445
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Cys Arg Ile Glu Arg Leu Ile Gly Val Thr His Tyr Ala Pro Lys Gln
450 455 460

Gln Asp Ala Ser Gln Glu Ile Lys Ser Thr Pro Phe Lys Lys Glu Glu
465 470 475 480

Ile Lys Met Asp Lys Tyr Ser Asp Gln Asn Ala Ser Glu Phe Ser Ser
485 490 495

Asn Leu Ser Leu Glu Asp Tyr Thr Lys Leu Ala Ser Lys Gly Val Thr
500 505 510

Ala Gly Trp Met Leu Lys Gln Met Ala Lys Gln Thr Gln Pro Asp Ser
515 520 525

Val Val Pro Leu Thr Lys Trp Arg Ala Ala Glu Lys Phe Glu Lys Ile
530 535 540

Arg Val Tyr Thr Lys Gly Met Ser Ile Gly Ile Met Glu Leu Thr Asp
545 550 555 560

Pro Ser Ser Arg Lys Lys Ala Glu Ile Ala Arg Ser Leu Phe Glu Ser
565 570 575

Ala Gly Phe Ala Cys Glu Thr Ile Lys Asn Ile Asp Ser Tyr Val Glu
580 585 590

Ile Ala Asp Trp Met Asn Glu Gln Lys His Glu Ala Tyr Val Ile Cys
595 600 605

Gly Ser Asp Glu Leu Val Glu Lys Leu Leu Thr Lys Ala Met Thr Tyr
610 615 620

Phe Glu Glu Asp Ser Val Tyr Val Tyr Val Val Gly Glu Glu His Val
625 630 635 640

Ser Arg Lys Thr Gln Trp Gln Gln Lys Gly Val Met Ser Val Ile His
645 650 655

Pro Lys Thr Asn Val Ile Gln Cys Val Lys Lys Leu Leu Cys Ala Leu
660 665 670

Glu Val Glu Val His Val
675

<210> SEQ ID NO 62

<211> LENGTH: 716

<212> TYPE: PRT

<213> ORGANISM: Bacillus megaterium

<300> PUBLICATION INFORMATION:

<308> DATABASE ACCESSION NUMBER: NCBI - YP_003564879
<309> DATABASE ENTRY DATE: 2010-12-17

<313> RELEVANT RESIDUES IN SEQ ID NO: (1)..(716)

<400> SEQUENCE: 62

Met Tyr Lys Lys Pro Ser Phe Ser Asn Ile Pro Leu Ser Phe Ser Lys
1 5 10 15

Gln Gln Arg Glu Asp Asp Val Thr Gln Ser Ser Tyr Thr Ala Phe Gln
20 25 30

Thr Asn Glu Gln Ile Glu Leu Lys Ser Val Tyr Thr Lys Lys Asp Arg
35 40 45

Asp Asn Leu Asp Phe Ile His Phe Ala Pro Gly Val Pro Pro Phe Val
50 55 60

Arg Gly Pro Tyr Ala Thr Met Tyr Val Asn Arg Pro Trp Thr Ile Arg

Gln Tyr Ala Gly Tyr Ser Thr Ala Glu Glu Ser Asn Ala Phe Tyr Arg
85 90 95
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Arg Asn Leu Ala Ala Gly Gln Lys Gly Leu Ser Val Ala Phe Asp Leu
100 105 110

Ala Thr His Arg Gly Tyr Asp Ser Asp His Pro Arg Val Val Gly Asp
115 120 125

Val Gly Lys Ala Gly Val Ala Ile Asp Ser Met Met Asp Met Lys Gln
130 135 140

Leu Phe Glu Gly Ile Pro Leu Asp Gln Met Ser Val Ser Met Thr Met
145 150 155 160

Asn Gly Ala Val Leu Pro Ile Leu Ala Phe Tyr Ile Val Thr Ala Glu
165 170 175

Glu Gln Gly Val Lys Lys Glu Lys Leu Ala Gly Thr Ile Gln Asn Asp
180 185 190

Ile Leu Lys Glu Tyr Met Val Arg Asn Thr Tyr Ile Tyr Pro Pro Glu
195 200 205

Met Ser Met Arg Ile Ile Ala Asp Ile Phe Lys Tyr Thr Ala Glu Tyr
210 215 220

Met Pro Lys Phe Asn Ser Ile Ser Ile Ser Gly Tyr His Met Gln Glu
225 230 235 240

Ala Gly Ala Pro Ala Asp Leu Glu Leu Ala Tyr Thr Leu Ala Asp Gly
245 250 255

Leu Glu Tyr Val Arg Thr Gly Leu Lys Ala Gly Ile Thr Ile Asp Ala
260 265 270

Phe Ala Pro Arg Leu Ser Phe Phe Trp Ala Ile Gly Met Asn Tyr Phe
275 280 285

Met Glu Val Ala Lys Met Arg Ala Gly Arg Leu Leu Trp Ala Lys Leu
290 295 300

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

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

Asn Val Ile Arg Thr Cys Val Glu Ala Leu Ala Ala Val Ser Gly His
340 345 350

Thr Gln Ser Leu His Thr Asn Ala Leu Asp Glu Ala Ile Ala Leu Pro
355 360 365

Thr Asp Phe Ser Ala Arg Ile Ala Arg Asn Thr Gln Leu Tyr Leu Gln
370 375 380

Asn Glu Thr Glu Ile Cys Ser Val Ile Asp Pro Trp Gly Gly Ser Tyr
385 390 395 400

Tyr Val Glu Ser Leu Thr Asn Glu Leu Met Ile Lys Ala Trp Lys His
405 410 415

Leu Glu Glu Ile Glu Gln Leu Gly Gly Met Thr Lys Ala Ile Glu Ala
420 425 430

Gly Val Pro Lys Met Lys Ile Glu Glu Ala Ala Ala Arg Arg Gln Ala
435 440 445

Arg Ile Asp Ser Gln Ala Glu Ile Ile Val Gly Val Asn Gln Phe Gln
450 455 460

Pro Glu Gln Glu Glu Pro Leu Asp Ile Leu Asp Ile Asp Asn Thr Ala
465 470 475 480

Val Arg Met Lys Gln Leu Glu Lys Leu Lys Lys Ile Arg Ser Glu Arg
485 490 495

Asn Glu Gln Ala Val Ile Glu Ala Leu Asn Arg Leu Thr Asn Cys Ala
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500 505 510

Lys Thr Gly Glu Gly Asn Leu Leu Ala Phe Ala Val Glu Ala Ala Arg
515 520 525

Ala Arg Ala Thr Leu Gly Glu Ile Ser Glu Ala Ile Glu Lys Val Ala
530 535 540

Gly Arg His Gln Ala Thr Ser Lys Ser Val Ser Gly Val Tyr Ser Ala
545 550 555 560

Glu Phe Val His Arg Asp Gln Ile Glu Glu Val Arg Lys Leu Thr Ala
565 570 575

Glu Phe Leu Glu Gly Glu Gly Arg Arg Pro Arg Ile Leu Val Ala Lys
580 585 590

Met Gly Gln Asp Gly His Asp Arg Gly Ser Lys Val Ile Ser Thr Ala
595 600 605

Phe Ala Asp Leu Gly Phe Asp Val Asp Ile Gly Pro Leu Phe Gln Thr
610 615 620

Pro Gln Glu Thr Ala Arg Gln Ala Val Glu Asn Asp Val His Val Ile
625 630 635 640

Gly Ile Ser Ser Leu Ala Ala Gly His Lys Thr Leu Leu Pro Gln Leu
645 650 655

Val Asp Glu Leu Lys Lys Leu Glu Arg Asp Asp Ile Val Val Ile Val
660 665 670

Gly Gly Val Ile Pro Lys Gln Asp Tyr Ser Phe Leu Leu Glu His Gly
675 680 685

Ala Ser Ala Ile Phe Gly Pro Gly Thr Val Ile Pro Lys Ala Ala Val
690 695 700

Ser Val Leu His Glu Ile Lys Lys Arg Leu Glu Glu
705 710 715

<210> SEQ ID NO 63

<211> LENGTH: 615

<212> TYPE: PRT

<213> ORGANISM: Mycobacterium tuberculosis

<300> PUBLICATION INFORMATION:

<308> DATABASE ACCESSION NUMBER: NCBI / YP_001282809
<309> DATABASE ENTRY DATE: 2010-05-13

<313> RELEVANT RESIDUES IN SEQ ID NO: (1)..(615)

<400> SEQUENCE: 63

Met Ser Ile Asp Val Pro Glu Arg Ala Asp Leu Glu Gln Val Arg Gly
1 5 10 15

Arg Trp Arg Asn Ala Val Ala Gly Val Leu Ser Lys Ser Asn Arg Thr
20 25 30

Asp Ser Ala Gln Leu Gly Asp His Pro Glu Arg Leu Leu Asp Thr Gln
Thr Ala Asp Gly Phe Ala Ile Arg Ala Leu Tyr Thr Ala Phe Asp Glu
50 55 60

Leu Pro Glu Pro Pro Leu Pro Gly Gln Trp Pro Phe Val Arg Gly Gly
65 70 75 80

Asp Pro Leu Arg Asp Val His Ser Gly Trp Lys Val Ala Glu Ala Phe
Pro Ala Asn Gly Ala Thr Ala Asp Thr Asn Ala Ala Val Leu Ala Ala
100 105 110

Leu Gly Glu Gly Val Ser Ala Leu Leu Ile Arg Val Gly Glu Ser Gly
115 120 125
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-continued

Val Ala Pro Asp Arg Leu Thr Ala Leu Leu Ser Gly Val Tyr Leu Asn
130 135 140

Leu Ala Pro Val Ile Leu Asp Ala Gly Ala Asp Tyr Arg Pro Ala Cys
145 150 155 160

Asp Val Met Leu Ala Leu Val Ala Gln Leu Asp Pro Gly Gln Arg Asp
165 170 175

Thr Leu Ser Ile Asp Leu Gly Ala Asp Pro Leu Thr Ala Ser Leu Arg
180 185 190

Asp Arg Pro Ala Pro Pro Ile Glu Glu Val Val Ala Val Ala Ser Arg
195 200 205

Ala Ala Gly Glu Arg Gly Leu Arg Ala Ile Thr Val Asp Gly Pro Ala
210 215 220

Phe His Asn Leu Gly Ala Thr Ala Ala Thr Glu Leu Ala Ala Thr Val
225 230 235 240

Ala Ala Ala Val Ala Tyr Leu Arg Val Leu Thr Glu Ser Gly Leu Val
245 250 255

Val Ser Asp Ala Leu Arg Gln Ile Ser Phe Arg Leu Ala Ala Asp Asp
260 265 270

Asp Gln Phe Met Thr Leu Ala Lys Met Arg Ala Leu Arg Gln Leu Trp
275 280 285

Ala Arg Val Ala Glu Val Val Gly Asp Pro Gly Gly Gly Ala Ala Val
290 295 300

Val His Ala Glu Thr Ser Leu Pro Met Met Thr Gln Arg Asp Pro Trp
305 310 315 320

Val Asn Met Leu Arg Cys Thr Leu Ala Ala Phe Gly Ala Gly Val Gly
325 330 335

Gly Ala Asp Thr Val Leu Val His Pro Phe Asp Val Ala Ile Pro Gly
340 345 350

Gly Phe Pro Gly Thr Ala Ala Gly Phe Ala Arg Arg Ile Ala Arg Asn
355 360 365

Thr Gln Leu Leu Leu Leu Glu Glu Ser His Val Gly Arg Val Leu Asp
370 375 380

Pro Ala Gly Gly Ser Trp Phe Val Glu Glu Leu Thr Asp Arg Leu Ala
385 390 395 400

Arg Arg Ala Trp Gln Arg Phe Gln Ala Ile Glu Ala Arg Gly Gly Phe
405 410 415

Val Glu Ala His Asp Phe Leu Ala Gly Gln Ile Ala Glu Cys Ala Ala
420 425 430

Arg Arg Ala Asp Asp Ile Ala His Arg Arg Leu Ala Ile Thr Gly Val
435 440 445

Asn Glu Tyr Pro Asn Leu Gly Glu Pro Ala Leu Pro Pro Gly Asp Pro
450 455 460

Thr Ser Pro Val Arg Arg Tyr Ala Ala Gly Phe Glu Ala Leu Arg Asp
465 470 475 480

Arg Ser Asp His His Leu Ala Arg Thr Gly Ala Arg Pro Arg Val Leu
485 490 495

Leu Leu Pro Leu Gly Pro Leu Ala Glu His Asn Ile Arg Thr Thr Phe
500 505 510

Ala Thr Asn Leu Leu Ala Ser Gly Gly Ile Glu Ala Ile Asp Pro Gly
515 520 525
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Thr Val Asp Ala Gly Thr Val Gly Asn Ala Val Ala Asp Ala Gly Ser
530 535 540

Pro Ser Val Ala Val Ile Cys Gly Thr Asp Ala Arg Tyr Arg Asp Glu
545 550 555 560

Val Ala Asp Ile Val Gln Ala Ala Arg Ala Ala Gly Val Ser Arg Val
565 570 575

Tyr Leu Ala Gly Pro Glu Lys Ala Leu Gly Asp Ala Ala His Arg Pro
580 585 590

Asp Glu Phe Leu Thr Ala Lys Ile Asn Val Val Gln Ala Leu Ser Asn
595 600 605

Leu Leu Thr Arg Leu Gly Ala
610 615

<210> SEQ ID NO 64

<211> LENGTH: 750

<212> TYPE: PRT

<213> ORGANISM: Mycobacterium tuberculosis

<300> PUBLICATION INFORMATION:

<308> DATABASE ACCESSION NUMBER: NCBI / YP_001282810
<309> DATABASE ENTRY DATE: 2010-05-13

<313> RELEVANT RESIDUES IN SEQ ID NO: (1)..(750)

<400> SEQUENCE: 64

Met Thr Thr Lys Thr Pro Val Ile Gly Ser Phe Ala Gly Val Pro Leu
1 5 10 15

His Ser Glu Arg Ala Ala Gln Ser Pro Thr Glu Ala Ala Val His Thr
20 25 30

His Val Ala Ala Ala Ala Ala Ala His Gly Tyr Thr Pro Glu Gln Leu
Val Trp His Thr Pro Glu Gly Ile Asp Val Thr Pro Val Tyr Ile Ala
50 55 60

Ala Asp Arg Ala Ala Ala Glu Ala Glu Gly Tyr Pro Leu His Ser Phe
65 70 75 80

Pro Gly Glu Pro Pro Phe Val Arg Gly Pro Tyr Pro Thr Met Tyr Val
85 90 95

Asn Gln Pro Trp Thr Ile Arg Gln Tyr Ala Gly Phe Ser Thr Ala Ala
100 105 110

Asp Ser Asn Ala Phe Tyr Arg Arg Asn Leu Ala Ala Gly Gln Lys Gly
115 120 125

Leu Ser Val Ala Phe Asp Leu Ala Thr His Arg Gly Tyr Asp Ser Asp
130 135 140

His Pro Arg Val Gln Gly Asp Val Gly Met Ala Gly Val Ala Ile Asp
145 150 155 160

Ser Ile Leu Asp Met Arg Gln Leu Phe Asp Gly Ile Asp Leu Ser Thr
165 170 175

Val Ser Val Ser Met Thr Met Asn Gly Ala Val Leu Pro Ile Leu Ala
180 185 190

Leu Tyr Val Val Ala Ala Glu Glu Gln Gly Val Ala Pro Glu Gln Leu
195 200 205

Ala Gly Thr Ile Gln Asn Asp Ile Leu Lys Glu Phe Met Val Arg Asn
210 215 220

Thr Tyr Ile Tyr Pro Pro Lys Pro Ser Met Arg Ile Ile Ser Asp Ile
225 230 235 240

Phe Ala Tyr Thr Ser Ala Lys Met Pro Lys Phe Asn Ser Ile Ser Ile
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245 250 255

Ser Gly Tyr His Ile Gln Glu Ala Gly Ala Thr Ala Asp Leu Glu Leu
260 265 270

Ala Tyr Thr Leu Ala Asp Gly Val Asp Tyr Ile Arg Ala Gly Leu Asn
275 280 285

Ala Gly Leu Asp Ile Asp Ser Phe Ala Pro Arg Leu Ser Phe Phe Trp
290 295 300

Gly Ile Gly Met Asn Phe Phe Met Glu Val Ala Lys Leu Arg Ala Gly
305 310 315 320

Arg Leu Leu Trp Ser Glu Leu Val Ala Gln Phe Ala Pro Lys Ser Ala
325 330 335

Lys Ser Leu Ser Leu Arg Thr His Ser Gln Thr Ser Gly Trp Ser Leu
340 345 350

Thr Ala Gln Asp Val Phe Asn Asn Val Ala Arg Thr Cys Ile Glu Ala
355 360 365

Met Ala Ala Thr Gln Gly His Thr Gln Ser Leu His Thr Asn Ala Leu
370 375 380

Asp Glu Ala Leu Ala Leu Pro Thr Asp Phe Ser Ala Arg Ile Ala Arg
385 390 395 400

Asn Thr Gln Leu Val Leu Gln Gln Glu Ser Gly Thr Thr Arg Pro Ile
405 410 415

Asp Pro Trp Gly Gly Ser Tyr Tyr Val Glu Trp Leu Thr His Arg Leu
420 425 430

Ala Arg Arg Ala Arg Ala His Ile Ala Glu Val Ala Glu His Gly Gly
435 440 445

Met Ala Gln Ala Ile Ser Asp Gly Ile Pro Lys Leu Arg Ile Glu Glu
450 455 460

Ala Ala Ala Arg Thr Gln Ala Arg Ile Asp Ser Gly Gln Gln Pro Val
465 470 475 480

Val Gly Val Asn Lys Tyr Gln Val Pro Glu Asp His Glu Ile Glu Val
485 490 495

Leu Lys Val Glu Asn Ser Arg Val Arg Ala Glu Gln Leu Ala Lys Leu
500 505 510

Gln Arg Leu Arg Ala Gly Arg Asp Glu Pro Ala Val Arg Ala Ala Leu
515 520 525

Ala Glu Leu Thr Arg Ala Ala Ala Glu Gln Gly Arg Ala Gly Ala Asp
530 535 540

Gly Leu Gly Asn Asn Leu Leu Ala Leu Ala Ile Asp Ala Ala Arg Ala
545 550 555 560

Gln Ala Thr Val Gly Glu Ile Ser Glu Ala Leu Glu Lys Val Tyr Gly
565 570 575

Arg His Arg Ala Glu Ile Arg Thr Ile Ser Gly Val Tyr Arg Asp Glu
580 585 590

Val Gly Lys Ala Pro Asn Ile Ala Ala Ala Thr Glu Leu Val Glu Lys
595 600 605

Phe Ala Glu Ala Asp Gly Arg Arg Pro Arg Ile Leu Ile Ala Lys Met
610 615 620

Gly Gln Asp Gly His Asp Arg Gly Gln Lys Val Ile Ala Thr Ala Phe
625 630 635 640

Ala Asp Ile Gly Phe Asp Val Asp Val Gly Ser Leu Phe Ser Thr Pro
645 650 655
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Glu Glu Val Ala Arg Gln Ala Ala Asp Asn Asp Val His Val Ile Gly
660 665 670

Val Ser Ser Leu Ala Ala Gly His Leu Thr Leu Val Pro Ala Leu Arg
675 680 685

Asp Ala Leu Ala Gln Val Gly Arg Pro Asp Ile Met Ile Val Val Gly
690 695 700

Gly Val Ile Pro Pro Gly Asp Phe Asp Glu Leu Tyr Ala Ala Gly Ala
705 710 715 720

Thr Ala Ile Phe Pro Pro Gly Thr Val Ile Ala Asp Ala Ala Ile Asp
725 730 735

Leu Leu His Arg Leu Ala Glu Arg Leu Gly Tyr Thr Leu Asp
740 745 750

<210> SEQ ID NO 65

<211> LENGTH: 616

<212> TYPE: PRT

<213> ORGANISM: Corynebacterium glutamicum

<300> PUBLICATION INFORMATION:

<308> DATABASE ACCESSION NUMBER: NCBI / YP_225814
<309> DATABASE ENTRY DATE: 2010-12-14

<313> RELEVANT RESIDUES IN SEQ ID NO: (1)..(616)

<400> SEQUENCE: 65

Met Thr Asp Leu Thr Lys Thr Ala Val Pro Glu Glu Leu Ser Glu Asn
1 5 10 15

Leu Glu Thr Trp Tyr Lys Ala Val Ala Gly Val Phe Ala Arg Thr Gln
20 25 30

Lys Lys Asp Ile Gly Asp Ile Ala Val Asp Val Trp Lys Lys Leu Ile
35 40 45

Val Thr Thr Pro Asp Gly Val Asp Ile Asn Pro Leu Tyr Thr Arg Ala
50 55 60

Asp Glu Ser Gln Arg Lys Phe Thr Glu Val Pro Gly Glu Phe Pro Phe
65 70 75 80

Thr Arg Gly Thr Thr Val Asp Gly Glu Arg Val Gly Trp Gly Val Thr
85 90 95

Glu Thr Phe Gly His Asp Ser Pro Lys Asn Ile Asn Ala Ala Val Leu
100 105 110

Asn Ala Leu Asn Ser Gly Thr Thr Thr Leu Gly Phe Glu Phe Ser Glu
115 120 125

Glu Phe Thr Ala Ala Asp Leu Lys Val Ala Leu Glu Gly Val Tyr Leu
130 135 140

Asn Met Ala Pro Leu Leu Ile His Ala Gly Gly Ser Thr Ser Glu Val
145 150 155 160

Ala Ala Ala Leu Tyr Thr Leu Ala Glu Glu Ala Gly Thr Phe Phe Ala
165 170 175

Ala Leu Thr Leu Gly Ser Arg Pro Leu Thr Ala Gln Val Asp Gly Ser
180 185 190

His Ser Asp Thr Ile Glu Glu Ala Val Gln Leu Ala Val Asn Ala Ser
195 200 205

Lys Arg Ala Asn Val Arg Ala Ile Leu Val Asp Gly Ser Ser Phe Ser
210 215 220

Asn Gln Gly Ala Ser Asp Ala Gln Glu Ile Gly Leu Ser Ile Ala Ala
225 230 235 240
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Gly Val Asp Tyr Val Arg Arg Leu Val Asp Ala Gly Leu Ser Thr Glu
245 250 255

Ala Ala Leu Lys Gln Val Ala Phe Arg Phe Ala Val Thr Asp Glu Gln
260 265 270

Phe Ala Gln Ile Ser Lys Leu Arg Val Ala Arg Arg Leu Trp Ala Arg
275 280 285

Val Cys Glu Val Leu Gly Phe Pro Glu Leu Ala Val Ala Pro Gln His
290 295 300

Ala Val Thr Ala Arg Ala Met Phe Ser Gln Arg Asp Pro Trp Val Asn
305 310 315 320

Met Leu Arg Ser Thr Val Ala Ala Phe Ala Ala Gly Val Gly Gly Ala
325 330 335

Thr Asp Val Glu Val Arg Thr Phe Asp Asp Ala Ile Pro Asp Gly Val
340 345 350

Pro Gly Val Ser Arg Asn Phe Ala His Arg Ile Ala Arg Asn Thr Asn
355 360 365

Leu Leu Leu Leu Glu Glu Ser His Leu Gly His Val Val Asp Pro Ala
370 375 380

Gly Gly Ser Tyr Phe Val Glu Ser Phe Thr Asp Asp Leu Ala Glu Lys
385 390 395 400

Ala Trp Ala Val Phe Ser Gly Ile Glu Ala Glu Gly Gly Tyr Ser Ala
405 410 415

Ala Cys Ala Ser Gly Thr Val Thr Ala Met Leu Asp Gln Thr Trp Glu
420 425 430

Gln Thr Arg Ala Asp Val Ala Ser Arg Lys Lys Lys Leu Thr Gly Ile
435 440 445

Asn Glu Phe Pro Asn Leu Ala Glu Ser Pro Leu Pro Ala Asp Arg Arg
450 455 460

Val Glu Pro Ala Gly Val Arg Arg Trp Ala Ala Asp Phe Glu Ala Leu
465 470 475 480

Arg Asn Arg Ser Asp Ala Phe Leu Glu Lys Asn Gly Ala Arg Pro Gln
485 490 495

Ile Thr Met Ile Pro Leu Gly Pro Leu Ser Lys His Asn Ile Arg Thr
500 505 510

Gly Phe Thr Ser Asn Leu Leu Ala Ser Gly Gly Ile Glu Ala Ile Asn
515 520 525

Pro Gly Gln Leu Val Pro Gly Thr Asp Ala Phe Ala Glu Ala Ala Gln
530 535 540

Ala Ala Gly Ile Val Val Val Cys Gly Thr Asp Gln Glu Tyr Ala Glu
545 550 555 560

Thr Gly Glu Gly Ala Val Glu Lys Leu Arg Glu Ala Gly Val Glu Arg
565 570 575

Ile Leu Leu Ala Gly Ala Pro Lys Ser Phe Glu Gly Ser Ala His Ala
580 585 590

Pro Asp Gly Tyr Leu Asn Met Thr Ile Asp Ala Ala Ala Thr Leu Ala
595 600 605

Asp Leu Leu Asp Ala Leu Gly Ala
610 615

<210> SEQ ID NO 66
<211> LENGTH: 737
<212> TYPE: PRT
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<213> ORGANISM: Corynebacterium glutamicum

<300> PUBLICATION INFORMATION:

<308> DATABASE ACCESSION NUMBER: NCBI / YP_225813
<309> DATABASE ENTRY DATE: 2010-12-14

<313> RELEVANT RESIDUES IN SEQ ID NO: (1)..(737)

<400> SEQUENCE: 66

Met Thr Ser Ile Pro Asn Phe Ser Asp Ile Pro Leu Thr Ala Glu Thr
1 5 10 15

Arg Ala Ser Glu Ser His Asn Val Asp Ala Gly Lys Val Trp Asn Thr
20 25 30

Pro Glu Gly Ile Asp Val Lys Arg Val Phe Thr Gln Ala Asp Arg Asp
35 40 45

Glu Ala Gln Ala Ala Gly His Pro Val Asp Ser Leu Pro Gly Gln Lys
50 55 60

Pro Phe Met Arg Gly Pro Tyr Pro Thr Met Tyr Thr Asn Gln Pro Trp
65 70 75 80

Thr Ile Arg Gln Tyr Ala Gly Phe Ser Thr Ala Ala Glu Ser Asn Ala
85 90 95

Phe Tyr Arg Arg Asn Leu Ala Ala Gly Gln Lys Gly Leu Ser Val Ala
100 105 110

Phe Asp Leu Ala Thr His Arg Gly Tyr Asp Ser Asp Asn Glu Arg Val
115 120 125

Val Gly Asp Val Gly Met Ala Gly Val Ala Ile Asp Ser Ile Leu Asp
130 135 140

Met Arg Gln Leu Phe Asp Gly Ile Asp Leu Ser Ser Val Ser Val Ser
145 150 155 160

Met Thr Met Asn Gly Ala Val Leu Pro Ile Leu Ala Phe Tyr Ile Val
165 170 175

Ala Ala Glu Glu Gln Gly Val Gly Pro Glu Gln Leu Ala Gly Thr Ile
180 185 190

Gln Asn Asp Ile Leu Lys Glu Phe Met Val Arg Asn Thr Tyr Ile Tyr
195 200 205

Pro Pro Lys Pro Ser Met Arg Ile Ile Ser Asn Ile Phe Glu Tyr Thr
210 215 220

Ser Leu Lys Met Pro Arg Phe Asn Ser Ile Ser Ile Ser Gly Tyr His
225 230 235 240

Ile Gln Glu Ala Gly Ala Thr Ala Asp Leu Glu Leu Ala Tyr Thr Leu
245 250 255

Ala Asp Gly Ile Glu Tyr Ile Arg Ala Gly Lys Glu Val Gly Leu Asp
260 265 270

Val Asp Lys Phe Ala Pro Arg Leu Ser Phe Phe Trp Gly Ile Ser Met
275 280 285

Tyr Thr Phe Met Glu Ile Ala Lys Leu Arg Ala Gly Arg Leu Leu Trp
290 295 300

Ser Glu Leu Val Ala Lys Phe Asp Pro Lys Asn Ala Lys Ser Gln Ser
305 310 315 320

Leu Arg Thr His Ser Gln Thr Ser Gly Trp Ser Leu Thr Ala Gln Asp
325 330 335

Val Tyr Asn Asn Val Ala Arg Thr Ala Ile Glu Ala Met Ala Ala Thr
340 345 350

Gln Gly His Thr Gln Ser Leu His Thr Asn Ala Leu Asp Glu Ala Leu
355 360 365
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Ala Leu Pro Thr Asp Phe Ser Ala Arg Ile Ala Arg Asn Thr Gln Leu
370 375 380

Leu Leu Gln Gln Glu Ser Gly Thr Val Arg Pro Val Asp Pro Trp Ala
385 390 395 400

Gly Ser Tyr Tyr Val Glu Trp Leu Thr Asn Glu Leu Ala Asn Arg Ala
405 410 415

Arg Lys His Ile Asp Glu Val Glu Glu Ala Gly Gly Met Ala Gln Ala
420 425 430

Thr Ala Gln Gly Ile Pro Lys Leu Arg Ile Glu Glu Ser Ala Ala Arg
435 440 445

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

Arg Tyr Val Ala Glu Glu Asp Glu Glu Ile Glu Val Leu Lys Val Asp
465 470 475 480

Asn Thr Lys Val Arg Ala Glu Gln Leu Ala Lys Leu Ala Gln Leu Lys
485 490 495

Ala Glu Arg Asn Asp Ala Glu Val Lys Ala Ala Leu Asp Ala Leu Thr
500 505 510

Ala Ala Ala Arg Asn Glu His Lys Glu Pro Gly Asp Leu Asp Gln Asn
515 520 525

Leu Leu Lys Leu Ala Val Asp Ala Ala Arg Ala Lys Ala Thr Ile Gly
530 535 540

Glu Ile Ser Asp Ala Leu Glu Val Val Phe Gly Arg His Glu Ala Glu
545 550 555 560

Ile Arg Thr Leu Ser Gly Val Tyr Lys Asp Glu Val Gly Lys Glu Gly
565 570 575

Thr Val Ser Asn Val Glu Arg Ala Ile Ala Leu Ala Asp Ala Phe Glu
580 585 590

Ala Glu Glu Gly Arg Arg Pro Arg Ile Phe Ile Ala Lys Met Gly Gln
595 600 605

Asp Gly His Asp Arg Gly Gln Lys Val Val Ala Ser Ala Tyr Ala Asp
610 615 620

Leu Gly Met Asp Val Asp Val Gly Pro Leu Phe Gln Thr Pro Ala Glu
625 630 635 640

Ala Ala Arg Ala Ala Val Asp Ala Asp Val His Val Val Gly Met Ser
645 650 655

Ser Leu Ala Ala Gly His Leu Thr Leu Leu Pro Glu Leu Lys Lys Glu
660 665 670

Leu Ala Ala Leu Gly Arg Asp Asp Ile Leu Val Thr Val Gly Gly Val
675 680 685

Ile Pro Pro Gly Asp Phe Gln Asp Leu Tyr Asp Met Gly Ala Ala Ala
690 695 700

Ile Tyr Pro Pro Gly Thr Val Ile Ala Glu Ser Ala Ile Asp Leu Ile
705 710 715 720

Thr Arg Leu Ala Ala His Leu Gly Phe Asp Leu Asp Val Asp Val Asn
725 730 735

Glu
<210> SEQ ID NO 67

<211> LENGTH: 631
<212> TYPE: PRT



US 2011/0166370 Al

91

-continued
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<213>
<300>
<308>
<309>
<313>

<400> SEQUENCE:

Met Ser Leu Ala

1

Trp

Ala

Tyr

Pro

65

Ala

Thr

Asn

Val

Pro

145

Leu

Asp

Ser

Ala

Asp

225

Gly

Glu

Tyr

Ala

Phe

305

Gln

Gly

Val

Gln

Ala

Asp

50

Glu

His

Ala

Gly

Thr

130

Leu

Phe

Arg

Phe

Ala

210

Gly

Ala

Ser

Ser

Arg

290

Gly

Arg

Ala

Ala

Arg

Glu

35

Gly

Gln

Arg

Ser

Val

115

Asp

Thr

Ser

Ser

Ser

195

Leu

Thr

Ala

Gly

Ala

275

Leu

Gly

Asp

Gly

Leu
355

Ser

20

Leu

Val

Ser

Asp

Ala

100

Ser

Leu

Leu

Leu

Ser

180

Gly

Ala

Ala

Ile

Leu

260

Thr

Val

Ala

Pro

Val

340

Ala

67

Ser

Val

Gly

Thr

Leu

Val

85

Ala

Ala

Ala

Asp

Leu

165

Ile

Ala

Ala

Phe

Ala

245

Thr

Asp

Trp

Pro

Trp

325

Gly

Asp

Glu

Ala

Pro

Val

Pro

70

Asn

Glu

Leu

Ala

Ala

150

Asp

Arg

Ala

Ala

His

230

Ala

Ile

Asp

Ala

Gln

310

Val

Gly

Gly

Ala

Gly

Glu

Ala

55

Gly

Ala

Thr

Trp

Ala

135

Gly

Ala

Val

Asp

Arg

215

Asn

Gly

Gly

Gln

Arg

295

His

Asn

Ala

Thr

Glu

Val

Pro

40

Pro

Thr

Gly

Asn

Leu

120

Leu

Ala

Arg

His

Val

200

Ala

Ala

Leu

Ala

Phe

280

Ile

Ala

Met

Asp

Leu
360

Ala

Leu

25

Gln

Leu

Phe

Trp

Arg

105

Lys

Glu

Glu

Gly

Leu

185

Glu

Glu

Gly

Glu

Ala

265

Gln

Ala

Val

Leu

Ala

345

Gly

ORGANISM: Rhodococcus erythropolis
PUBLICATION INFORMATION:
DATABASE ACCESSION NUMBER: NCBI / YP_002766535
DATABASE ENTRY DATE:
RELEVANT RESIDUES IN SEQ ID NO:

2010-05-12

Val

10

Ala

Lys

Tyr

Pro

Leu

90

Ala

Val

Gly

Val

Glu

170

Gly

Phe

Thr

Ala

Tyr

250

Leu

Thr

Gln

Thr

Arg

330

Val

Val

Glu

Lys

Leu

Ser

Tyr

75

Val

Ile

Gly

Val

Asn

155

Ala

Ala

Ala

Val

Gly

235

Leu

Ser

Ile

Val

Ser

315

Thr

Thr

Ser

(1) ..(631)

Gln

Ser

Leu

Pro

60

Val

Ser

Leu

Ala

Leu

140

Asp

Gly

Ala

Gly

His

220

Asp

Arg

Gln

Ala

Cys

300

Ala

Thr

Val

Lys

Ala

Arg

Glu

45

Arg

Arg

Ala

Asp

Asp

125

Leu

Ala

Asp

Pro

Ala

205

Ala

Ala

Ala

Leu

Lys

285

Gly

Ala

Leu

Leu

Ser
365

Tyr

Arg

Thr

Asp

Gly

Ala

Ala

110

Gly

Asp

Ala

Gly

Leu

190

Val

Ile

Glu

Leu

Ala

270

Phe

Ala

Met

Ala

Pro

350

Phe

Ala

15

Val

Val

Glu

Val

Phe

95

Leu

Val

Leu

Arg

Val

175

Thr

Glu

Thr

Glu

Thr

255

Phe

Arg

Ser

Met

Ala

335

Phe

Ser

Glu

Asp

Thr

Arg

Asp

80

Gly

Glu

Pro

Ala

Ala

160

Ser

Ser

Leu

Val

Leu

240

Ala

Arg

Ala

Asp

Ala

320

Phe

Asp

Ser
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Arg Ile Ala Arg Asn Thr Gln Leu Leu Leu Leu Glu Glu Ser His Leu
370 375 380

Gly Arg Val Leu Asp Pro Ser Ala Gly Ser Trp Tyr Val Glu Asp Leu
385 390 395 400

Thr Gln Gln Ile Ala Ala Thr Ala Trp Glu Phe Phe Gln Glu Ile Glu
405 410 415

Ala Ala Gly Gly Tyr Leu Ala Ala Leu Glu Ala Gly Ile Val Ser Gly
420 425 430

Arg Ile Ala Ala Thr Lys Ala Lys Arg Asp Ser Asp Ile Ala His Arg
435 440 445

Lys Thr Thr Val Thr Gly Val Asn Glu Phe Pro Asn Leu Gly Glu Thr
450 455 460

Pro Leu Ser Ala Glu Ala Val Glu Pro Gly Gln Ser Val Ala Arg Tyr
465 470 475 480

Ala Ala Ala Phe Glu Ala Leu Arg Asp Arg Ser Asp Ala Phe Leu Ala
485 490 495

Ala Gly Gly Ala Arg Pro Thr Ala Leu Leu Ala Pro Leu Gly Ser Val
500 505 510

Ala Glu His Asn Val Arg Thr Thr Phe Ala Ser Asn Leu Leu Ala Ser
515 520 525

Gly Gly Ile Asp Ala Val Asn Pro Gly Pro Leu Glu Val Gly Ala Glu
530 535 540

Ala Ile Ser Ala Ala Val Lys Ala Ser Gly Val Thr Val Ala Val Leu
545 550 555 560

Cys Gly Thr Asp Lys Arg Tyr Gly Glu Ser Ala Ala Ala Ala Val Ala
565 570 575

Glu Leu Arg Ala Ala Gly Ile Thr Lys Val Leu Leu Ala Gly Pro Glu
580 585 590

Lys Ala Val Ala Asp Ala Thr Gly Glu Ser Arg Pro Asp Gly Phe Leu
595 600 605

Thr Ala Arg Ile Asp Ala Val Ser Ala Leu Thr Glu Leu Leu Asp Phe
610 615 620

Ile Glu Thr Gly Ser Ser Lys
625 630

<210> SEQ ID NO 68

<211> LENGTH: 750

<212> TYPE: PRT

<213> ORGANISM: Rhodococcus erythropolis

<300> PUBLICATION INFORMATION:

<308> DATABASE ACCESSION NUMBER: NCBI / YP_002766536
<309> DATABASE ENTRY DATE: 2010-05-12

<313> RELEVANT RESIDUES IN SEQ ID NO: (1)..(750)

<400> SEQUENCE: 68

Met Thr Thr Arg Glu Val Lys His Val Ile Gly Ser Phe Ala Glu Val
1 5 10 15

Pro Leu Glu Asp Pro Gln Ser Pro Ala Pro Thr Pro Pro Ser Val Glu
20 25 30

Gln Ala Gln Ala Leu Ile Glu Glu Gly Ala Asn Ala Asn Asn Tyr Ala
35 40 45

Ala Glu Gln Val Val Trp Ser Thr Pro Glu Gly Ile Asp Val Lys Pro
50 55 60
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Val Tyr Thr Gly Ala Asp Arg Thr Ala Ala Ala Glu Ser Gly Tyr Pro
65 70 75 80

Leu Asp Ser Phe Pro Gly Ala Ala Pro Phe Leu Arg Gly Pro Tyr Pro
85 90 95

Thr Met Tyr Val Asn Gln Pro Trp Thr Ile Arg Gln Tyr Ala Gly Phe
100 105 110

Ser Thr Ala Ala Glu Ser Asn Ala Phe Tyr Arg Arg Asn Leu Ala Ala
115 120 125

Gly Gln Lys Gly Leu Ser Val Ala Phe Asp Leu Ala Thr His Arg Gly
130 135 140

Tyr Asp Ser Asp His Pro Arg Val Ala Gly Asp Val Gly Met Ala Gly
145 150 155 160

Val Ala Ile Asp Ser Ile Leu Asp Met Arg Gln Leu Phe Asp Gly Ile
165 170 175

Asp Leu Ser Gln Val Ser Val Ser Met Thr Met Asn Gly Ala Val Leu
180 185 190

Pro Ile Leu Ala Leu Tyr Val Ala Ala Ala Gly Glu Gln Gly Val Thr
195 200 205

Pro Asp Lys Leu Ala Gly Thr Ile Gln Asn Asp Ile Leu Lys Glu Phe
210 215 220

Met Val Arg Asn Thr Tyr Ile Tyr Pro Pro Lys Pro Ser Met Arg Ile
225 230 235 240

Ile Ser Asp Ile Phe Ala Tyr Ser Ser Ala Glu Met Pro Lys Tyr Asn
245 250 255

Ser Ile Ser Ile Ser Gly Tyr His Ile Gln Glu Ala Gly Ala Thr Ala
260 265 270

Asp Leu Glu Leu Ala Tyr Thr Leu Ala Asp Gly Val Glu Tyr Ile Arg
275 280 285

Ala Gly Leu Asp Ala Gly Met Asp Ile Asp Lys Phe Ala Pro Arg Leu
290 295 300

Ser Phe Phe Trp Ala Ile Gly Met Asn Phe Phe Met Glu Val Ala Lys
305 310 315 320

Leu Arg Ala Gly Arg Leu Leu Trp Ala Glu Leu Val Ala Lys Phe Asp
325 330 335

Pro Lys Ser Ala Lys Ser Leu Ser Leu Arg Thr His Ser Gln Thr Ser
340 345 350

Gly Trp Ser Leu Thr Ala Gln Asp Val Phe Asn Asn Val Pro Arg Thr
355 360 365

Cys Val Glu Ala Met Ala Ala Thr Gln Gly His Thr Gln Ser Leu His
370 375 380

Thr Asn Ala Leu Asp Glu Ala Ile Ala Leu Pro Thr Asp Phe Ser Ala
385 390 395 400

Arg Ile Ala Arg Asn Thr Gln Leu Leu Leu Gln Gln Glu Ser Gly Thr
405 410 415

Val Arg Pro Ile Asp Pro Trp Gly Gly Ser Tyr Tyr Val Glu Trp Leu
420 425 430

Thr Asn Glu Leu Ala Asn Arg Ala Arg Lys His Ile Glu Glu Val Glu
435 440 445

Glu Ala Gly Gly Met Ala Gln Ala Ile Asn Glu Gly Ile Pro Lys Leu
450 455 460

Arg Ile Glu Glu Ala Ala Ala Arg Thr Gln Ala Arg Ile Asp Ser Gly



US 2011/0166370 Al Jul. 7, 2011
94

-continued

465 470 475 480

Arg Gln Pro Leu Val Gly Val Asn Lys Tyr Val Pro Asp Glu Val Asp
485 490 495

Thr Ile Glu Val Leu Lys Val Glu Asn Ser Lys Val Arg Lys Glu Gln
500 505 510

Leu Glu Lys Leu Val Arg Leu Arg Ala Glu Arg Asp Pro Glu Ala Val
515 520 525

Glu Ala Ala Leu Ala Asn Leu Thr Arg Ala Ala Ala Ser Thr Glu Gly
530 535 540

Gly Met Glu Asn Asn Leu Leu Ala Leu Ala Val Val Ala Ala Arg Ala
545 550 555 560

Met Ala Thr Val Gly Glu Ile Ser Asp Ala Leu Glu Lys Val Tyr Gly
565 570 575

Arg His Gln Ala Glu Ile Arg Thr Ile Ser Gly Val Tyr Arg Asp Glu
580 585 590

Ala Gly Thr Val Ser Asn Ile Ser Lys Ala Met Glu Leu Val Glu Lys
595 600 605

Phe Ala Glu Asp Glu Gly Arg Arg Pro Arg Ile Leu Val Ala Lys Met
610 615 620

Gly Gln Asp Gly His Asp Arg Gly Gln Lys Val Ile Ser Thr Ala Phe
625 630 635 640

Ala Asp Ile Gly Phe Asp Val Asp Val Gly Pro Leu Phe Gln Thr Pro
645 650 655

Glu Glu Val Ala Asn Gln Ala Ala Asp Asn Asp Val His Val Val Gly
660 665 670

Val Ser Ser Leu Ala Ala Gly His Leu Thr Leu Val Pro Ala Leu Arg
675 680 685

Glu Ala Leu Ala Ala Ala Gly Arg Pro Asp Ile Met Ile Val Val Gly
690 695 700

Gly Val Ile Pro Pro Gly Asp Phe Asp Glu Leu Tyr Glu Ala Gly Ala
705 710 715 720

Ala Ala Ile Phe Pro Pro Gly Thr Val Ile Ala Asp Ala Ala Ser Gly
725 730 735

Leu Leu Glu Lys Leu Ser Ala Gln Leu Gly His Asp His Ser
740 745 750

<210> SEQ ID NO 69

<211> LENGTH: 618

<212> TYPE: PRT

<213> ORGANISM: Porphyromonas gingivalis

<300> PUBLICATION INFORMATION:

<308> DATABASE ACCESSION NUMBER: NCBI / NP_905776
<309> DATABASE ENTRY DATE: 2010-06-29

<313> RELEVANT RESIDUES IN SEQ ID NO: (1)..(618)

<400> SEQUENCE: 69

Met Ala Lys Glu Lys Glu Lys Leu Phe Ser Glu Phe Pro Pro Val Ser
1 5 10 15

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

Phe Glu Lys Lys Leu Val Trp Arg Thr Asn Glu Gly Phe Asn Val Asn
35 40 45

Pro Phe Tyr Arg Arg Glu Asp Ile Glu Asp Leu Lys Thr Thr Thr Ser
50 55 60
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Leu Pro Asp Glu Tyr Pro Tyr Val Arg Ser Thr Arg Met His Asn Glu
65 70 75 80

Trp Leu Val Arg Gln Asp Ile Val Val Gly Asp Asn Val Ala Glu Ala
85 90 95

Asn Glu Lys Ala Leu Asp Leu Leu Asn Lys Gly Val Asp Ser Leu Gly
100 105 110

Phe Tyr Leu Lys Lys Val His Ile Asn Val Asp Thr Leu Ala Ala Leu
115 120 125

Leu Lys Asp Ile Glu Leu Thr Ala Val Glu Leu Asn Phe Asn Cys Cys
130 135 140

Ile Thr Arg Ala Ala Asp Leu Leu Ser Ala Phe Ser Ala Tyr Val Lys
145 150 155 160

Lys Val Gly Ala Asp Pro Asn Lys Cys His Gly Ser Val Ser Tyr Asp
165 170 175

Pro Phe Lys Lys Gln Leu Val Arg Gly Val Ser Asn Pro Asp Trp Val
180 185 190

Lys Met Thr Leu Pro Val Met Asp Ala Ala Arg Glu Leu Pro Ala Phe
195 200 205

Arg Val Leu Asn Val Asn Ala Val Asn Leu Ser Asp Ala Gly Ala Phe
210 215 220

Ile Thr Gln Glu Leu Gly Tyr Ala Leu Ala Trp Gly Ala Glu Leu Leu
225 230 235 240

Asp Lys Leu Thr Asp Ala Gly Tyr Lys Pro Glu Glu Ile Ala Ser Arg
245 250 255

Ile Lys Phe Asn Phe Gly Ile Gly Ser Asn Tyr Phe Met Glu Ile Ala
260 265 270

Lys Phe Arg Ala Ala Arg Trp Leu Trp Ala Gln Ile Val Gly Ser Tyr
275 280 285

Gly Asp Gln Tyr Lys Asn Glu Thr Ala Lys Ile His Gln His Ala Thr
290 295 300

Thr Ser Met Trp Asn Lys Thr Val Phe Asp Ala His Val Asn Leu Leu
305 310 315 320

Arg Thr Gln Thr Glu Thr Met Ser Ala Ala Ile Ala Gly Val Asp Ser
325 330 335

Ile Thr Val Leu Pro Phe Asp Val Thr Tyr Gln Gln Ser Asp Asp Phe
340 345 350

Ser Glu Arg Ile Ala Arg Asn Gln Gln Leu Leu Leu Lys Glu Glu Cys
355 360 365

His Phe Asp Lys Val Ile Asp Pro Ser Ala Gly Ser Tyr Tyr Ile Glu
370 375 380

Thr Leu Thr Asn Ser Ile Gly Glu Glu Ala Trp Lys Leu Phe Leu Ser
385 390 395 400

Val Glu Asp Ala Gly Gly Phe Thr Gln Ala Ala Glu Thr Ala Ser Ile
405 410 415

Gln Lys Ala Val Asn Ala Ser Asn Ile Lys Arg His Gln Ser Val Ala
420 425 430

Thr Arg Arg Glu Ile Phe Leu Gly Thr Asn Gln Phe Pro Asn Phe Thr
435 440 445

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

Glu Phe Glu Ala Leu Arg Leu Ala Thr Glu Lys Ser Gly Lys Thr Pro
485 490 495

Val Val Phe Met Leu Thr Ile Gly Asn Leu Ala Met Arg Leu Ala Arg
500 505 510

Ser Gln Phe Ser Ser Asn Phe Phe Gly Cys Ala Gly Tyr Lys Leu Ile
515 520 525

Asp Asn Leu Gly Phe Lys Ser Val Glu Glu Gly Val Asp Ala Ala Leu
530 535 540

Ala Ala Lys Ala Asp Ile Val Val Leu Cys Ser Ser Asp Asp Glu Tyr
545 550 555 560

Ala Glu Tyr Ala Pro Ala Ala Phe Asp Tyr Leu Ala Gly Arg Ala Glu
565 570 575

Phe Val Val Ala Gly Ala Pro Ala Cys Met Ala Asp Leu Glu Ala Lys
580 585 590

Gly Ile Arg Asn Tyr Val His Val Lys Ser Asn Val Leu Glu Thr Leu
595 600 605

Arg Ala Phe Asn Asp Lys Phe Gly Ile Arg
610 615

<210> SEQ ID NO 70

<211> LENGTH: 715

<212> TYPE: PRT

<213> ORGANISM: Porphyromonas gingivalis

<300> PUBLICATION INFORMATION:

<308> DATABASE ACCESSION NUMBER: NCBI / NP_905777
<309> DATABASE ENTRY DATE: 2010-06-29

<313> RELEVANT RESIDUES IN SEQ ID NO: (1)..(715)

<400> SEQUENCE: 70

Met Lys Pro Asn Tyr Lys Asp Ile Asp Ile Lys Ser Ala Gly Phe Val
1 5 10 15

Ala Lys Asp Ala Thr Arg Trp Ala Glu Glu Lys Gly Ile Val Ala Asp
20 25 30

Trp Arg Thr Pro Glu Gln Ile Met Val Lys Pro Leu Tyr Thr Lys Asp
35 40 45

Asp Leu Glu Gly Met Glu His Leu Asp Tyr Val Ser Gly Leu Pro Pro
50 55 60

Phe Leu Arg Gly Pro Tyr Ser Gly Met Tyr Pro Met Arg Pro Trp Thr
65 70 75 80

Ile Arg Gln Tyr Ala Gly Phe Ser Thr Ala Glu Glu Ser Asn Ala Phe
85 90 95

Tyr Arg Arg Asn Leu Ala Ser Gly Gln Lys Gly Leu Ser Val Ala Phe
100 105 110

Asp Leu Ala Thr His Arg Gly Tyr Asp Ala Asp His Ser Arg Val Val
115 120 125

Gly Asp Val Gly Lys Ala Gly Val Ser Ile Cys Ser Leu Glu Asp Met
130 135 140

Lys Val Leu Phe Asp Gly Ile Pro Leu Ser Lys Met Ser Val Ser Met
145 150 155 160

Thr Met Asn Gly Ala Val Leu Pro Ile Leu Ala Phe Tyr Ile Asn Ala
165 170 175

Gly Leu Glu Gln Gly Ala Lys Leu Glu Glu Met Ala Gly Thr Ile Gln
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180 185 190

Asn Asp Ile Leu Lys Glu Phe Met Val Arg Asn Thr Tyr Ile Tyr Pro
195 200 205

Pro Glu Phe Ser Met Arg Ile Ile Ala Asp Ile Phe Glu Tyr Thr Ser
210 215 220

Gln Asn Met Pro Lys Phe Asn Ser Ile Ser Ile Ser Gly Tyr His Met
225 230 235 240

Gln Glu Ala Gly Ala Thr Ala Asp Ile Glu Met Ala Tyr Thr Leu Ala
245 250 255

Asp Gly Met Gln Tyr Leu Lys Ala Gly Ile Asp Ala Gly Ile Asp Val
260 265 270

Asp Ala Phe Ala Pro Arg Leu Ser Phe Phe Trp Ala Ile Gly Val Asn
275 280 285

His Phe Met Glu Ile Ala Lys Met Arg Ala Ala Arg Leu Leu Trp Ala
290 295 300

Lys Ile Val Lys Ser Phe Gly Ala Lys Asn Pro Lys Ser Leu Ala Leu
305 310 315 320

Arg Thr His Ser Gln Thr Ser Gly Trp Ser Leu Thr Glu Gln Asp Pro
325 330 335

Phe Asn Asn Val Gly Arg Thr Cys Ile Glu Ala Met Ala Ala Ala Leu
340 345 350

Gly His Thr Gln Ser Leu His Thr Asn Ala Leu Asp Glu Ala Ile Ala
355 360 365

Leu Pro Thr Asp Phe Ser Ala Arg Ile Ala Arg Asn Thr Gln Ile Tyr
370 375 380

Ile Gln Glu Glu Thr Leu Val Cys Lys Glu Ile Asp Pro Trp Gly Gly
385 390 395 400

Ser Tyr Tyr Val Glu Ser Leu Thr Asn Glu Leu Val His Lys Ala Trp
405 410 415

Thr Leu Ile Lys Glu Val Gln Glu Met Gly Gly Met Ala Lys Ala Ile
420 425 430

Glu Thr Gly Leu Pro Lys Leu Arg Ile Glu Glu Ala Ala Ala Arg Thr
435 440 445

Gln Ala Arg Ile Asp Ser His Gln Gln Val Ile Val Gly Val Asn Lys
450 455 460

Tyr Arg Leu Pro Lys Glu Asp Pro Ile Asp Ile Leu Glu Ile Asp Asn
465 470 475 480

Thr Ala Val Arg Lys Gln Gln Ile Glu Arg Leu Asn Asp Leu Arg Ser
485 490 495

His Arg Asp Glu Lys Ala Val Gln Glu Ala Leu Glu Ala Ile Thr Lys
500 505 510

Cys Val Glu Thr Lys Glu Gly Asn Leu Leu Asp Leu Ala Val Lys Ala
515 520 525

Ala Gly Leu Arg Ala Ser Leu Gly Glu Ile Ser Asp Ala Cys Glu Lys
530 535 540

Val Val Gly Arg Tyr Lys Ala Val Ile Arg Thr Ile Ser Gly Val Tyr
545 550 555 560

Ser Ser Glu Ser Gly Glu Asp Lys Asp Phe Ala His Ala Lys Glu Leu
565 570 575

Ala Glu Lys Phe Ala Lys Lys Glu Gly Arg Gln Pro Arg Ile Met Ile
580 585 590
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Ala Met

595

Gln His Ala

600

Lys Gly Asp Gly Asp Arg Gly

605
Thr Gly
610

Ala Phe Val Met

620

Tyr Asp Cys Gly

615

Asp Asp Gly

Gln
625

Thr Glu Glu Ala

630

Ala Gln Ala Val

635

Pro Arg Glu Asn

Val Met Gly Val Ser Ser Leu Ala Ala His Thr

645

Gly
650

Lys

Gln Val Ile Ala

660

Glu Glu Leu Pro

665

Leu Lys Gly Arg Asp

Thr Ala Gly

675

Val Ile Ala

680

Gln Phe

685

Gly Pro Asp Tyr Asp

Ala Gly

690

Val Ala Ala Ile Phe

695

Gly Thr Pro Val

700

Pro Gly

Ala
705

Ala Val Glu

710

Ile Glu Glu

715

Lys Leu Leu Leu

Lys Val Val

Pro Leu

Asp Val

Leu Ile

Ile
670

Leu Tyr

Ala

Ala

Phe

His

640

Pro
655

Leu Val
Gln

Tyr Ser

What is claimed is:
1. A method for producing branched-chain fatty acid com-
prising a methyl on one or more even number carbons, the
method comprising culturing a cell comprising
(aa) an exogenous or overexpressed polynucleotide com-
prising a nucleic acid sequence encoding a polypeptide
that catalyzes the conversion of propionyl-CoA to meth-
ylmalonyl-CoA and/or (bb) an exogenous or overex-
pressed polynucleotide comprising a nucleic acid
sequence encoding a polypeptide that catalyzes the con-
version of succinyl-CoA to methylmalonyl-CoA,

under conditions allowing expression of the polynucle-
otide(s) and production of branched-chain fatty acid,
wherein the cell produces more branched-chain fatty
acid comprising a methyl on one or more even number
carbons than an otherwise similar cell that does not
comprise the polynucleotide(s).

2. The method of claim 1 further comprising extracting
from culture the branched-chain fatty acid or a product of the
branched-chain fatty acid.

3. The method of claim 2, wherein the polypeptide that
catalyzes the conversion of propionyl-CoA to methylmalo-
nyl-CoA is a propionyl-CoA carboxylase and/or the polypep-
tide that catalyzes the conversion of succinyl-CoA to meth-
ylmalonyl-CoA is a methylmalonyl-CoA mutase.

4. The method of claim 3, wherein (i) the propionyl-CoA
carboxylase is Streptomyces coelicolor PccB and AccAl or
PcceB and AccA2 and/or (ii) the methylmalonyl-CoA mutase
is Janibacter sp. HTCC2649 methylmalonyl-CoA mutase, S.
cinnamonensis MutA and MutB, or E. coli Sbm.

5. The method of claim 3, wherein (i) the methylmalonyl-
CoA mutase comprises an amino acid sequence having at
least about 80% sequence identity to the amino acid sequence
set forth in SEQ ID NOs: 3, 4, or 28 and/or (ii) the propionyl-
CoA carboxylase comprises an amino acid sequence having
at least about 80% sequence identity to the amino acid
sequence set forth in SEQ ID NOs: 9 and 10.

6. The method of claim 3, wherein the cell comprises an
exogenous or overexpressed polynucleotide comprising a
nucleic acid sequence encoding a methylmalonyl-CoA

mutase and further comprises an exogenous or overexpressed
polynucleotide comprising a nucleic acid sequence encoding
a methylmalonyl-CoA epimerase.

7. The method of claim 2, wherein the cell further com-
prises an exogenous or overexpressed polynucleotide encod-
ing an acyl transferase lacking polyketide synthesis activity
and/or an exogenous or overexpressed polynucleotide com-
prising a nucleic acid sequence encoding a thioesterase.

8. The method of claim 7, wherein the acyl transferase is
FabD, an acyl transferase domain of a polyketide synthase, or
an acyl transterase domain of Mycobacterium mycocerosic
acid synthase.

9. The method of claim 2, wherein the cell has been modi-
fied to attenuate endogenous methylmalonyl-CoA mutase
activity, endogenous methylmalonyl-CoA decarboxylase
activity, and/or endogenous acyl transferase activity.

10. The method of claim 2, wherein the cell produces a
Type 11 fatty acid synthase.

11. The method of claim 10, wherein the cell is Escherichia
coli.

12. A branched-chain fatty acid produced by the method of
claim 1.

13. A cell comprising:

(1) an exogenous or overexpressed polynucleotide com-
prising a nucleic acid sequence encoding an acyl trans-
ferase lacking polyketide synthesis activity, and

(i1) an exogenous or overexpressed polynucleotide com-
prising a nucleic acid sequence encoding a propionyl-
CoA carboxylase and/or an exogenous or overexpressed
polynucleotide comprising a nucleic acid sequence
encoding a methylmalonyl-CoA mutase,

wherein the polynucleotide(s) are expressed and the cell
produces more branched-chain fatty acid comprising a
methyl on one or more even number carbons than an
otherwise similar cell that does not comprise the poly-
nucleotide(s).

14. The cell of claim 13, wherein (i) the propionyl-CoA

carboxylase is Streptomyces coelicolor PccB and AccAl or
PceB and AccA2 and/or (ii) the methylmalonyl-CoA mutase
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is Janibacter sp. HTCC2649 methylmalonyl-CoA mutase, S.
cinnamonensis MutA and MutB, or E. coli Sbm.

15. The cell of claim 13, wherein (i) the methylmalonyl-
CoA mutase comprises an amino acid sequence having at
least about 80% sequence identity to the amino acid sequence
set forth in SEQ ID NOs: 3, 4, or 28 and/or (ii) the propionyl-
CoA carboxylase comprises an amino acid sequence having
at least about 80% sequence identity to the amino acid
sequence set forth in SEQ ID NOs: 9 and 10.

16. The cell of claim 13, wherein the cell comprises an
exogenous or overexpressed polynucleotide comprising a
nucleic acid sequence encoding a methylmalonyl-CoA
mutase and further comprises an exogenous or overexpressed
polynucleotide comprising a nucleic acid sequence encoding
a methylmalonyl-CoA epimerase.
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17. The cell of claim 13, wherein the acyl transferase is
FabD, an acyl transferase domain of a polyketide synthase, or
an acyl transterase domain of Mycobacterium mycocerosic
acid synthase.

18. The cell of claim 13, wherein the cell further comprises
an exogenous or overexpressed polynucleotide comprises a
nucleic acid sequence encoding a thioesterase.

19. The cell of claim 13, wherein the cell has been modified
to attenuate endogenous methylmalonyl-CoA mutase activ-
ity, endogenous methylmalonyl-CoA decarboxylase activity,
and/or endogenous acyl transferase activity.

20. The cell of claim 13, wherein the cell is Escherichia
coli.



