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BD - 74 

MIDERDKILEILEKDARTPFTEIAKKLGISETAVRKRVKALEEKGIIEGYTIKINPKKLGYSLVTITGVDTKPEKLFEVAEKLKE ( SEQ ID NO : 63 ) 

BD - 75 

MEIDDLDRKILSLLIEDSRLSYREIAKKLNVAVGTIYNRIKKLEDMGVIQGFTVKLNYEKLGYELTAIIGIKAQGKK ( SEQ ID NO : 64 ) 

BD - 81 

EMLWMYILKLLKDRPMYAYEIRNELKKRFGFEPATVSSYWLYRLEEGGYVSSEWHESEAGRPSRKYYRLTEKGEKLLEKGIETIEDVLNMLKS ( SEQ ID NO : 65 ) 

BD - 82 

MKVSKATASKVLRSLENKGIVERERRGKTYLVRLTNKGLELLEEISKAGKELDEKIFAEMSVDERIVL ( SEQ ID NO : 66 ) 

BD - 85 

SEDYMLQNRRKVLAKVLELLNYNPKALNISELARMFGVSRDTIYNDIQQIIKNVEV ( SEQ ID NO : 67 ) 

BD - 86 

SKEISRFLKVISNPIRYGILKMLNDRWMCVCLISEALEIDQTLVSHHIRILKELDLLEERKEGKLRFYRTNKEKLREYLEKVLEDFNHGTSKGS ( SEQ ID NO : 68 ) 

BD - 88 

MCRKDVMISDPKQIKALSDPTRVKILELLRYHPMTVSEISRVIGKDKSTIYRHIKALEEAGLVEEVEKIGNETVYGR ( SEQ ID NO : 69 ) 

BD - 89 MEPVEFKLNQKGIKSILPTMEAEIMEYMWEIKEATAGEVYEYMKTKYPEIRRSTVSILMNRLCERGLLKRRMEKGKGGIRYVYSITTTREEFERKWEKIJESLMM NFREATFAYLSKINKK ( SEQ ID NO : 70 ) 

BD - 91 

MKKSNLDLLILLAKAGGIEKEILTTSRELSKMLNVSPQTIVRWLEDLEKDGLIKKSESRKGTLVTITEEGVKFLEKLHEELSDALYR ( SEQ ID NO : 71 ) 
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DNA binding domains from Archaea Pyrococcus Furiosus 

U . S . Patent May 8 , 2018 

BBD - 92 MEIPPEISHALSEIGFTKYEILTYWTLLVYGPSTAKEISTKSGIPYNRVYDTISSLKLRGFVTEIEGTPKVYAAYSPRIAFFREKKELEDIMKKLEIEL NNVKK ( SEQ ID NO : 72 ) 

BD - 93 

IINPQARLTPLELEILEIIKQKKSITITEIKEILSERRKSEYPLSLVSEYISRLERKGYVKKIAKGRKKFVEALI ( SEQ ID NO : 73 ) 

BD - 94 GIDWIPEIKHDPIARDIVKILFDLRRANVSQIARELKGRRGKASRNTVRKKLKELEKLGVVKEVPGERGSVYTLSREWKKWLDLIGIPINLL ( SEQ ID NO : 74 ) 

BD - 97 

MTKRVKVITDPEVIKVMLEDTRRKILQLLRNREMTISQLSEILGKMPQTIYHHIEKLKEAGLVEVKR ( SEQ ID NO : 75 ) 

BD - 98 MEEIKEIMKSHTLGNPVRLGIMIYLFPRRRAPFSHIQKALDLTPGNLDSHIKVLEKHGFVRTYKVIADRPRTMVEITDYGMEETRKFLSHLK TVIDAIHF ( SEQ ID NO : 76 ) 

BD - 100 MGEELNRLLDVLGNETRRRILFLLTKRPYFVSELSRELGVGQKAVLEHLRILEEAGLIESRVEKIPRGRPRKYYMIKKGLRLEILLTPTLFGSEM YEAK ( SEQ ID NO : 77 ) 

BD - 102 

MRRMDKVDLQLIKILSQNSRLTYRELAEMLGTTRQRVARKVDKLKKLGIIRKETIIPNLEK ( SEQ ID NO : 78 ) 

BD - 105 MGRDKKNTALLDIARDIGGDEAVEVKALEKKGEATDEELAELTGVRVNTVRKILYALYDAKLATERRVRDDETGWYYYYWRIDTKRLPEVI RTRKLQELEKLK ( SEQ ID NO : 108 ) 

BD - 109 

GRKVRTQQNEILNLLNEKEKAVLRAILEHGGEIKQEDLPELVGYSRPTISKVIQELENKGLIKREKSGKTFVVKIERKIKLD ( SEQ ID NO : 79 ) 
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Phylogenetic Tree of DNA Binding Domains from Pyrococcus Furiosus ( Archaea ) 
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DNA binding domains from Bacteria Thermotoga Maritima 
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BD - 02 

KSLQRFLRRNTTSIKHLSEITGVARNRLSDILNGKTQKIRGETLRKIAKAFEKSNILSF ( SEQ ID NO : 80 ) 

BD - 03 DVIQRIKEKYDEFTNAEKKIADTILSDPKGIIESSISDLSEKAGVKSEASWKFYKKLGLNSFQQFKVLLAQSISRAPLEIVYEDVSSEDDTKTITEKIFKATVRAI ( SEQ ID NO : 81 ) 

BD - 04 

KIRDKILNVYTQFSPAERKVADYVLERPDDVIHYSITEFAKIVGVSETTIHRMIKKLDFEGYQAFKIALARELSGLEETIERRDFIDEEIDILRRLKDTLD ( SEQ ID 

NO : 82 ) BD - 06 

MRGTVKWFDSKKGYGFITMENGEDIFVHWSAIQMDGEKTLRENETVEFEVQKGTKGPQAVNVRPVR ( SEQ ID NO : 109 ) 

BD - 07 

KRRPTINDVAKLAGVSISTVSRYLKDPSQVSEKLGERIREAIKKLGYKPNKIAQGLRTGD ( SEQ ID NO : 83 ) 

Bd - 08 

MASIKDVAKLAGVSIATVSRVINGYNNVSEETRKKVIDAIRKLNYHPVYAVKGAVLKR ( SEQ ID NO : 84 ) 

BD - 09 

MKKKYVTIRDIAEKAGVSINTVSRALNNKPDISEETRRKILKIAQELGYVKNATASSLRSK ( SEQ ID NO : 85 ) 

BD - 11 

MPTIEDVAKLAGVSIATVSRVINGSGYVSEKTRYKVWKAIEELGYKPEISAKLLASKG ( SEQ ID NO : 86 ) 

BD - 12 

MRIGEKLRKLRLSRGLTQEELAERTDLSRSFISQLESDKTSPSIDTLERILEALGTDLKHF ( SEQ ID NO : 87 ) 

Bd - 14 

MHMKTVRQERLKSIVRILERSKEPVSGAQLAEELSVSRQVIVQDIAYLRSLGYNIVATPRGYVLAGG ( SEQ ID NO : 88 ) 

BD - 16 

MNTLKKAFEILDFIVKNPGDVSVSEIAEKFNMSVSNAYKYMWLEEKGFVLRKKDKRYVPGYKLIEYGSFVLRRF ( SEQ ID NO : 89 ) 

Bd - 17 

MRRLNRKNNEALKKLNDRQRKVLYCIVREYIENKKPVSSQRVLEVSNIEFSSATIRNDMKKLEYLGYIYQPHTSAGRIPTDKGLRFYYEEMLKISKE ( SEQ ID 

NO : 110 ) 

FIG . 13A 
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DNA binding domains from Bacteria Thermotoga Maritima 
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BD - 18 

MKISKKRRQELIRKIIHEKKISNQFQIVEELKKYGIKAVQPTVARDLKEIGAVKIMDESGNYVYKLLDETPVIDPWKELKR ( SEQ ID NO : 90 ) 

BD - 22 

MPKSVRAENISRILKRIMKSPVSRVELAEELGLTKTTVGEIAKIFLEKGIWEEKDSPKGVGRPTKSL ( SEQ ID NO : 111 ) 

BD - 23 

MHKKLNPKSMKRENKKMVLRYLIESGPHSRVEIARKTGLAQSAIWRIIEELVNEGLVEEKGTATGRRRKAVTYGPTRSFITS ( SEQ ID NO : 91 ) 

BD - 24 

MPSPLLRRENKIKILRYILKNGKTTRNQLASNLNLAHSTLSYIIDELLDEGFLVFEEIKKKRGRPYQILSVNPEKETAI ( SEQ ID NO : 92 ) 

BD - 30 

MKEERLKEILDIVDRNGFISMKDLQEQLGVSMITVRRDVAELVKRNLVKKVHGGIRKVNYFEKETDFMKRLSINREAKE ( SEQ ID NO : 93 ) 

BD - 32 MFTMRSEYALRLMIVMAKEYGNYLSMTEILEKAKQSVPREFAEKILYTLKKAGLVKTRRGKSGGYMLSRPPKEIKVSEIVFLLDRKSKVFFDMPGC PDELDCVIRALWKRVENEIEKILSGVTLEDLVREQEEKMKQ ( SEQ ID NO : 94 ) 

BD - 37 

MRDTKGHLKFLVLHIISQQPSHGYYIMKKISQIIGAEPPSPGALYPILSSLRKQKYIETYNEGKRKVYRLTDKGRKYLEEHKEEIKKALDFAERF ( SEQ 
ID NO : 95 ) 

BD - 43 MRHRGGRGFRGWWLASTILLLVAEKPSHGYELAERLAEFGIEIPGIGHMGNIYRVLADLEESGFLSTEWDTTVSPPRKIYRITPQGKLYLREILRSLE DMKRRIETLEERIKRVLQEE ( SEQ ID NO : 96 ) 

BD - 44 ITALNYLKEHENESVNMKRLAEMVGMSVSTFYQNFKILTGMTPLQYQKKLRLCEARKLLMAGSDVTTAAYQVGYESLSQFSREYKRFFGVSPSQD AKKLKEEPYTRILY ( SEQ ID NO : 112 ) 

BD - 45 

MLSKRDAILKAAVEVFGKKGYDRATTDEIAEKAGVAKGLIFHYFKNKEELYYQAYMSVTEKLQKEFENFL ( SEQ ID NO : 97 ) 
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Phylogenetic Tree of DNA Binding Domains from Thermotoga Maritima ( Bacteria ) 
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Sequences for fusions of DNA polymerase SP - 17 ( DNA polymerase family B ) with binding domains SP - 07 , 08 and 98 

U . S . Patent 

SP - 17 - BDO7 MIKAWLLDVDYVTENDRAVIRLWCKDDKGVFVAYDRNFLPYFYVIGCKAEDVMKVKVRTNEGIITPLKVEEIEAKSLGKPIKALKVYTRHPQHVPKLREEIKKFAEVREADIPFAYRYLIDKDLACM DGIEIEPIAVKEGVLRAYEVRSVRRVEKKGFPDLKILAFDCEMLAQEMPDPEKDPIIAIAVKCGDFEEVLHGDERDILBRFVSIIKEQDPDIIVGYNODNEDWPYVKKRAEKFGIRLDIGRDRSEIS ERGGRPKIAGRLNVDLYDIALKIPDVKIKTLKKVAEFLGAKVEEEDIEGRDIYKCWMRGEKEKVFKHVLNDVLTTYRLALELLPMHYELSRMIRLPLDDVARLGRGKQVDYFLLSEAKKINEIAPNP PEIEESYEGAFVLEPARGLHENVACLDFASMYPSIMINENISPDTLVKGECEDCYVAPEVGHKFRKSPDGFFKRILKMLIEKRREMKRQMKELDPDSEDYKLLDIKQQTLKVLTNSFYGYTGWNLAR WYCRECAEATTAWGRYFIKRAVKIAESMGFEVLYGDTDSLFIKKNKLNLKDLEKECLKLIDVISKELPIQLEIDEFYKAIFFVEKKRYAGLTDDDRIVVKGLEVRRGDWCELAKRVOREVIEIILRE RNPDKALKFVKNVIEEIKEGKFKLEDYVIYKGLTKKPDKYESKQAHVKAALRAMEMGIYYPIGTKVGFVIVKGGGSISDRAYPIELIEEFDGENLKIRTPSGIMVKKIDKDYYIDHQIIPAVMRILE RFGYTEASLKTTIQKTLFDFTGTGGGGKRRPTINDVAKLAGVSISTVSRYLKDPSQVSEKLGERIREAIKKLGYKPNKIAQGLRTGD ( SEQ ID NO : 113 ) 

May 8 , 2018 

SP - 17 - BD08 

MI KAWLLDVDYVTENDRAVIRLWCKDDKGVFVAYDRNFLPYFYVI GCKAEDVMKVKVRTNEGIITPLKVEEIEAKSLGKPIKALKVYTRHPQHVPKLREEIKKFAEVREADIPFAYRYLIDKDLAC MDGIETEPIAVKEGVLRAYEVRSVRRVEKKGFPDLKILAFDCEMLAOFMPDPEKDPITAIAVKCGDFEEVLHGDERDILRRFVSIIKEODPDIIVGYNODNFDWPYVKKRAEKFGIRLDIGRDRSE ISFRGGRPKIAGRLNVDLYDIALKIPDVKIKTLKKVAEFLGAKVEEEDIEGRDIYKCWMRGEKEKVFKHVLNDVLTTYRLALELLPMHYELSRMIRLPLDDVARLGRGKOVDYFLLSEAKKINEIA PNPPEIEESYEGAFVLEPARGLHENVACLDFASMYPSIMINENISPDTLVKGECEDCYVAPEVGHKFRKSPDGFFKRILKMLIEKRREMKROMKELDPDSEDYKLLDIKQQTLKVLTNSFYGYTGW NLARWYCRECAEATTAWGRYFIKRAVKIAESMGFEVLYGDTDSLFIKKNKINLKDLEKECLKLIDVISKELPIQLEIDEFYKAIFFVEKKRYAGLTDDDRIVVKGLEVRRGDWCELAKRVOREVIE IILRERNPDKALKFVKNVIEEI KEGKFKLEDYVIYKGLTKKPDKYESKOAHVKAALRAMEMGIYYPIGTKVGFVIVKGGGSISDRAYPIELIEEFDGENLKIRTPSGIMVKKIDKDYYIDHOTIPA 
VMRILERFGYTEASLKTTIQKTLFDFTGTGGGGASIKDVAKLAGVSIATVSRVINGYNNVSEETRKKVIDAIRKLNYHPVYAVKGAVLKR ( SEQ ID NO : 114 ) 
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NO : 115 ) 
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Sequences for fusions of DNA polymerase SP - 04 ( DNA polymerase family A ) with binding domains SP - 07 , 02 and 98 

U . S . Patent 

SP - 04 - BDO7 MARLFLFDGTALAYRAYYALDRSLSTSTGIPTNATYGVARMLVRFIKDHIIVGKDYVAVAFDKKAATERHKLLETYKAQRPKTPDLLIQQLPYIKKLVEALGMKVLEVEGYEADDUATLAVKGLPLFDEIFIVTGDKDMLQLVNEKIK VWRIVKGISOLELYDAOKVKEKYGVEPOQIPDLLALTGDEIDNIPGVTGIGEKTAVOLLEKYKDLEDILNHVRELPOKRKALLRDRENAILSKKLAILETNVPIEINWEELRYOGYDREKLLPLLKELEFASIMKELOLYEESEPVGYRI VKDLVEFEKLIEKLRESPSFAIDLETSSLDPFDCDIVGISVSFKPKEAYYIPLHHRNAQNLDEKEVLKKLKEILEDPGAKIVGQNLKFDYKVLMVKGVEPVPPHFDTMIAAYLLEPNEKKFNLDDLALKFLGYKMTSYQELMSFSSPLFG FSFADVPVEKAANYSCEDADITYRLYKILSLKLHEADLENVFYKIEMPLVSVLARMELNGVYVDTEFLKKLSEEYGKKLEELAE EIYRIAGEPENINSPKQVSRILFEKLGIKPRGKTTKTGDYSTRIEVLEELAGEHELPLILEYRKIQKLKS TYIDALPKMVNPKTGRIHASFNQTGTATGRLSSSDPNLQNLPTKSEEGKEIRKAIVPQDPNWWIVSADYSQIELRILAHLSGDENLLKAFEEGIDVHTLTASRIENVKPEEVTEEMRRAGKMVNFSUYGVTPYGLSVRLGVPVKEA EKMIVNYFVLYPKVRDYIQRWSEAKEKGYVRTLFGRKRDIPOLMARDRNTQAEGERIAINTPIQGTAADIIKLAMIEIDRELKERKMRSKMIIQVHDELVFEVPDEEKDALVELVKDRMTNVVKLSVPLEVDVTIGKTWSGTGGG GKRRPTINDVAKLAGVSISTVSRYLKDPSQVSEKLGERIREAIKKLGYKPNKIAQGLRTGD ( SEQ ID NO : 116 ) 

May 8 , 2018 

SP - 04 - BDO2 MIKAWLLDVDYVTENDRAVIRLWCKDDKGVFVAYDRNFLPYFYVIGCKAEDVMKVKVRTNEGIITPLKVEEIEAKSLGKPIKALKVYTRHPQHVPKLREEIKKFAEVREADIPFAYRYLIDKDLACMDG IEIEPIAVKEGVLRAYEVRSVRRVEKKGFPDLKILAFDCEMLAQFMPDPEKDPIIAIAVKCGDFEEVLHGDERDILRRFVSIIKEQDPDIIVGYNQDNFDWPYVKKRAEKFGIRLDIGRDRSEISFRGG RPKIAGRLNVDLYDIALKIPDVKIKTLKKVAEFLGAKVEEEDIEGRDIYKCWMRGEKEKVFKHVLNDVLTTYRLALELLPMHYELSRMIRLPLDDVARLGRGKOVDYFLLSEAKKINEIAPNPPEIEES YEGAFVLEPARGLHENVACLDFASMYPSIMINENISPDTLVKGECEDCYVAPEVGHKFRKSPDGFFKRILKMLIEKRREMKROMKELDPDSEDYKLLDIKOOTLKVLINSFYGYTGWNLARWYCRECAE ATTAWGRYFIKRAVKIAESMGFEVLYGDTDSLFIKKNKLNLKDLEKECLKLIDVI SKELPIQLEIDEFYKAIFFVEKKRYAGLTDDDRIVVKGLEVRRGDWCELAKRVQREVIEIILRERNPDKALKFV KNVIEEIKEGKFKLEDYVIYKGLTKKPDKYESKQAHVKAALRAMEMGIYYPIGTKVGFVIVKGGGSISDRAYPIELIEEFDGENLKIRTPSGIMVKKIDKDYYIDHQIIPAVMRILERFGYTEASLKTT IQKTLFDFTGTGGGGKSLQRFLRRNTTSIKHLSEITGVARNRLSDILNGKTQKIRGETLRKIAKAFEKSNILSE ( SEQ ID NO : 117 ) 
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Sequences for fusions of DNA polymerase SP - 61 ( DNA polymerase family B ) with binding domains BD - 07 , 09 , 23 , 62 , 93 and 109 

U . S . Patent 

SP - 61 - BD07 MEGWLLDAD YITAEDGRAVURLWCKDFDGNTEVVYDRNFQPYFYAFKNGLSKEDIEKIVVKSREGVIKPFKVEEVRRKVEGKEVEVFKIYAYHPQHVPKLREELKKITEVREADIPFAYRYLIDKDLACMDGIRVE GKVREERGLKVIDAEHVERFEIPLPEPKVLAFDCEMLTELGMPDPEKDKILIGVKCGDFEEIITGNEREILLRFVEJKEQDPDVIVGYNQDNFDWPYIRKRAEKLSVKLNIGRDGSEISFRGGRPKIAGRLNVDLYDIA MKLDVKVKTLENVAEFLGRKVELADIEAKDIYKRWTSGDKESVLKYSKQDVLNTYFIAEELLPMHYELSRMIRIPTDDVARIGRGKQVDWELLSEAYKIGEIAPNPAEVEESYEGAFVLEPSRGLHKNWCLDFAS MYPSIMIAYNISPDTYVFGKCDDCYVAPEVGHKFRKHPDGFFKRILKMLIEKRREIKNOMKSLDRNSREYLLLNIKOQTLKILINSFYGYTGWSGARWYCROCAEATTAWGRHLIKSAVEIAKKLGFEVLYGDTD SIFVKKGNLSLEKIRGEVEKLIEEISEKFPVQIEVDEYYKTIFFVEKKRYAGLTEDGILVVKGLEVRRGDWCELAKEVQKKVIEIILKEENPEKAAEYVRKVINDIKSGKVKLEDWIYKGLTKRPDKYESKQAHVKAALRA MELGIVYNVGSKVGFWVEGAGNVGDRAYPIDUEEFDGENLVIRTRSGSIVKKLDKDYYINHQIIPSVLRILERFGYNEASLKGATQKTLDAFW GTGGGGKRRPTINDVAKLAGVSISTVSRYLKDPSQVSEKLGERIREAIKKLGYKPNKIAQGLRTGD ( SEQ ID NO : 119 ) 

May 8 , 2018 
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Sequences for fusions of DNA polymerase 49 ( DNA polymerase family B ) with binding domains BD - 07 , 09 , 23 , 62 , 93 and 109 
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DNA polymerase SP - 17 ( family B ) has enhanced PCR activity after fused to DNA binding domains ( Fusions can amplify longer DNA fragments ) 
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A Family DNA polymerase SP - 04 ( family A ) has enhanced PCR activity after fused to DNA binding domains ( Fusions can amplify longer DNA fragments ) 
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DNA polymerase SP - 61 ( family B ) has enhanced PCR activity after fused to DNA binding domains 
( Fusions have better tolerance in different buffers during PCR ) 
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DNA polymerase SP - 49 ( family B ) has enhanced PCR activity after fused to DNA binding domains 
( Fusions have better tolerance in different buffers during PCR ) 
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FUSION POLYMERASE AND METHOD FOR may a helix - loop - helix , ribbon - helix - helix , helix - turn - helix , 
USING THE SAME winged helix , or homeodomain structure . In some embodi 

ments , the sequence - specific DNA binding domain may be 
CROSS - REFERENCE from a transcriptional activator . In some embodiments , the 

5 sequence - specific DNA binding domain may be at least 90 % 
This application is a continuation - in - part of U . S . Ser . No . identical to a DNA binding domain of a naturally occurring 

14 / 837 , 820 , filed on Aug . 27 , 2015 , which application transcription factor . 
claims the benefit of U . S . provisional application Ser . No . In some embodiments , the polymerase may have proof 
62 / 042 , 527 , filed Aug . 27 , 2014 , 62 / 189 , 599 , filed Jul . 7 , reading activity . In some embodiments , the polymerase may 
2015 and 62 / 193 , 168 , filed on Jul . 16 , 2015 , which appli - 10 at least 90 % identical to a wild type polymerase , e . g . , a 
cations are incorporated by reference herein . bacterial or archaebacterial polymerase such as a wild type 

Pyrococcus or Thermococcus polymerase . In some embodi 
BACKGROUND ments , the polymerase may thermostable . In some embodi 

ments , the sequence - specific DNA binding domain may be 
DNA polymerases are widely used in in vitro applica - 15 thermostable . 

tions . In particular , use of thermostable polymerases has Also provided herein , among other things , is a kit com 
revolutionized modern molecular biology . The processivity prising : ( a ) a composition comprising a fusion protein , as 
of a DNA polymerase , i . e . , the length of product generated summarized above ; and ( b ) a reaction buffer . In some 
by the enzyme per binding event , is an important factor in embodiments , the composition may comprise glycerol . In 
many in vitro reactions . For example , in a PCR reaction or 20 some embodiments , the buffer may be in concentrated form . 
an in vitro sequence assembly reaction , the length of a Also described herein , among other things , is a method 
product is largely determined by the proofreading activity comprising : combining a DNA template with nucleotides 
and the processivity of the DNA polymerase used . Increas - and a composition comprising a fusion protein , as summa 
ing the processivity of a DNA polymerase can , in theory , rized above , to produce a reaction mix ; and copying the 
allow one to copy and / or amplify a template ( particularly a 25 DNA template . In some embodiments , the DNA template 
longer template ) more efficiently altering the fidelity of the may be a plurality of overlapping primers . In some embodi 
polymerase . However , in practice , increasing the processiv ments , the reaction mix may comprise a plurality of primers 
ity of a DNA polymerase does not always have the desired and genomic DNA . The copying step may done using 
effect because the proofreading activity of the polymerase isothermal conditions or thermocycling , for example . 
may counteract any positive effects conferred by the 30 This disclosure also provides , among other things , a 
increase in processivity . composition comprising : i . a 5 ' exonuclease ; ii . a strand 

One way to increase the processivity of a DNA poly - displacing polymerase ; iii . a single strand ( ss ) DNA binding 
merase involves adding Sso7d , a non - specific DNA binding protein ; and , iv . a non - naturally occurring buffering agent , 
protein , onto the polymerase ( Wang et al , Nuc . Acids Res . wherein the composition does not comprise a crowding 
2004 32 : 1197 - 1207 ) . Because Sso7d binds DNA non - 35 agent and / or a non - strand - displacing polymerase . The com 
specifically , it is thought that the addition of the domain position can be employed to assemble polynucleotides into 
helps anchor the polymerase to its template , thereby stabi - a synthon . Embodiments of the composition optionally 
lizing the interaction between the polymerase and the tem contain a ligase depending on whether assembly is per 
plate . formed for purposes of cloning in a bacterial cell that would 

40 contain its own ligase or whether assembly is performed for 
SUMMARY purposes which do not include a cloning step in bacteria . 

Previously described assembly methods required a non 
As will be described in greater detail below , the perfor - strand displacing polymerases and evolved to additionally 

mance of many DNA polymerases can be unexpectedly require a crowding agent ( see for example U . S . Pat . No . 
increased by the addition of a sequence - specific DNA bind - 45 8 , 968 , 999 ) . Contrary to the prior teachings , present embodi 
ing domain ( e . g . , the DNA binding domain of a transcription ments demonstrate that a strand displacing polymerase has 
factor ) to the N - or C - terminus of the polymerase . This advantages over a non - strand displacing polymerase when 
increase in performance is believed to be unexpected used with a 5 ' - 3 ' exonuclease . This combination has a 
because where a sequence - specific DNA binding domain preference for including a ss binding protein over a crowd 
preferentially binds to a specific sequence , it would not be 50 ing agent which is the reverse over prior art teachings which 
expected to help the DNA polymerase to remain bound to its assert that use of crowding agents are four fold more 
template . Indeed , an effect opposite to the desired one would effective than alternatives including the use of a single stand 
be expected to occur , namely that the sequence - specific binding protein . Present embodiments provide composi 
DNA binding domain would anchor the polymerase only to tions , methods and kits that provide increased efficiency of 
target sequences and prevent it from moving . 55 assembly and cloning of functional genes and synthons from 

This disclosure provides , among other things , a compo - oligonucleotides and polynucleotides including ds and / or ss 
sition comprising a fusion protein comprising : ( a ) a DNA nucleic acid molecules in a single step method and / or in a 
polymerase ; and ( b ) the DNA binding domain of a heter - single reaction vessel . These embodiments do not rely on 
ologous sequence - specific DNA binding domain . In some crowding agents nor do they require non - strand displacing 
embodiments , the fusion protein may exhibit increased 60 polymerases for filling in gaps that are present after two 
processivity relative to the polymerase of ( a ) in the absence molecules anneal . For example , when a 5 ' - 3 ' exonuclease 
of the DNA binding domain of ( b ) . The sequence - specific that acts upon ds DNA generates a 3 ' ss DNA overhang that 
DNA binding domain is C - terminal or N - terminal of the can anneal effectively with a 3 ' ss DNA overhang from 
polymerase . In some embodiments , the DNA polymerase is another molecule , the strand - displacing polymerase can 
a type A polymerase whereas on other embodiments , the 65 fill - in gaps left after the molecules anneal . A combination of 
DNA polymerase may be a type B polymerase . In some activities of the strand - displacing DNA polymerase and the 
embodiments , the sequence - specific DNA binding domain 5 ' - 3 ' exonuclease results in a duplex synthon containing a 
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nick at or near the site of joining . This nick can be sealed in polymerase is thermostable , i . e . , active at a temperature of at 
vitro by a ligase or in vivo by an endogenous cellular ligase . least 40° C . or at least 50° C . degrees . In contrast to 
Additionally , the inclusion of a ss DNA binding protein in strand - displacing polymerases , some polymerases such as 
the reaction mixture enables efficient assembly of relatively Taq DNA polymerase , degrade an encountered downstream 
low concentrations of nucleic acid fragments , thereby pro - 5 strand via a 5 ' 3 ' exonuclease activity . This activity is 
viding a cost saving without loss of efficiency or loss of utilized for nick translation protocols . Hence Taq DNA 
accuracy of joining . polymerase is not included in the definition of strand dis 

In some embodiments of the compositions , the strand - placing polymerases . 
displacing polymerase is a Family B polymerase . A strand An assay to determine efficiency and accuracy of synthon 
displacing polymerase should preferably have strand - dis - 10 formation is described in the examples and shown in FIG . 
placing activity that is greater than that observed with 3A - 3B . The designed assembled fragments encode the laci 
Phusion® polymerase ( Thermo Fisher , Waltham , Mass . ) and lacZ proteins , which yield a blue colony if DNA 
( which is generally described as non - strand displacing ) fragments are assembled correctly . Thus , the number of 
under the same reaction conditions ( for example , using an “ blue ” colonies from an overnight plate denotes both effi 
assay such as described in FIG . 1A - 1E . In the present 15 ciency and accuracy of assembly . In the absence of a blue 
compositions , methods and kits the strand displacing poly - color , efficient assembly may occur but errors at the joining 
merase is utilized primarily for its strand displacing activity . extension region prevents expression . When synthons are 
In some embodiments , the strand - displacing polymerase assembled and then cloned into a host cell , efficiency and 
may be non - naturally occurring , for example , the strand accuracy of synthon formation translates into a confidence 
displacing polymerase may be a mutant . Examples of 20 that each clone will contain the accurately assembled syn 
mutants include polymerases having one or more amino acid thon . With this confidence , only one or a few duplicate 
substitutions , non - naturally occurring polymerases may clones need to be sequenced to confirm the presence of a 
alternatively or in addition be fusion proteins with a moiety synthon . This reduces the cost and inconvenience of 
having an unrelated amino acid sequence where the fusion sequencing clones that might contain errors . In one embodi 
polymerase is not encountered in nature . Preferably the 25 ment , at least 80 % or alternatively at least 90 % of clones will 
strand displacing polymerase is stable at 50° C . or above and contain accurately assembled synthons . 
may thus be referred to as a thermostable strand displacing In some embodiments , methods utilizing the composi 
polymerase . In some cases , the strand - displacing poly - tions described herein are capable of yields that are sub 
merase is a fusion polymerase having an unrelated or stantially in excess of minimum requirements . For example , 
heterologous DNA binding domain . In some embodiments , 30 as many as 5 , 000 or 10 , 000 colonies can be produced in a 
the polymerase moiety may have an amino acid sequence single transformation event . If the purpose of assembly is to 
that is at least 90 % or 95 % , or 98 % or 99 % identical to SEQ create a single example of a synthon rather than a library of 
ID NO : 102 . In another embodiment , the polymerase may synthons , then lower starting amounts of nucleic acid frag 
have an amino acid sequence that is at least 90 % or 95 % or ments and reagents can be used even below the ranges 
98 % or 99 % or 100 % identical to SEQ ID NO : 1 preferably 35 provided herein . Examples of concentration ranges suitable 
at least 90 % . In another embodiment , the polymerase may for use in an assembly mixture include the following : 0 . 02 
have an amino acid sequence that is at least 90 % or 95 % or n M - 100 nM for DNA fragment or for example 0 . 2 nM - 10 
98 % or 99 % or 100 % identical to any of SEQ ID NO : 33 - 55 nM DNA may be added to the reagent mixture in a reaction 
preferably at least 90 % . In some embodiments , the DNA vessel . In one embodiment , vector DNA is included at a ratio 
binding domain moiety may have an amino acid sequence 40 of 1 : 1 with the DNA fragments although higher or lower 
that is at least 90 % or 95 % , or 98 % or 99 % identical to SEQ ratios can be used . A higher concentration of ss DNA may 
ID NO : 2 . In another embodiment , the polymerase may have be preferred when compared with the concentration selected 
an amino acid sequence that is at least 90 % or 95 % or 98 % for ds DNA . The reagent mixture in the reaction vessel may 
or 99 % or 100 % identical to any of SEQ ID NOs : 1 , 3 , 56 - 96 further include 0 . 0004 U / ul - 0 . 064 U / ul of the 5 ' - 3 ' exonu 
or 102 , preferably at least 90 % . In other embodiments , any 45 clease ( for example 0 . 0004 U / ul - 0 . 01 U / ul ) ; 0 . 5 U / ul - 32 
of the polymerase domain moieties described herein may be U / ul of an optional ligase ( for example 1 U / ul - 10 U / ul ) ; 
combined with any of the DNA binding domains described 0 . 0025 U / ul - 0 . 25 U / ul of the strand displacing polymerase 
herein provided that that the Polymerase moiety and the ( for example 0 . 005 U / ul - 0 . 1 U / ul ) ; and 0 . 001 ug / ul - 0 . 1 ug / ul 
DNA binding domain are heterologous . For example , in for the ss binding protein ( for example 0 . 01 ug / ul - 0 . 5 ug / ul ) 
other embodiments , the fusion protein may have an amino 50 ( units correspond with those specified by the manufacturer 
acid sequence that has at least 90 % or 95 % or 99 % or 100 % ( New England Biolabs , Ipswich , Mass . ) ) . 
identity with SEQ ID NO : 1 and SEQ ID NO : 2 , preferably at The amount of 5 ' - 3 ' exonuclease can be further optimized 
least 90 % . In other embodiments , the fusion protein may according to the length of overlap of nucleic acid fragments 
have at least 90 % or 95 % or 98 % or 99 % or 100 % sequence and size of each fragment . For example , amounts of 5 ' - 3 ' 
identity to SEQ ID NO : 3 preferably at least 90 % . The 55 exonuclease may be increased within the range for nucleic 
strand - displacing polymerase may or may not have a 3 ' - 5 ' acid fragments greater than 80 nucleotides in length . The 
exonuclease activity . Where strand displacing polymerases absolute concentration of the strand displacing polymerase 
have 3 - 5 ' exonuclease activity , polynucleotide joining may within the specified range is not critical . 
be optimized by balancing 3 - 5 ' exonuclease activity , 5 ' - 3 ' Ass DNA binding protein for use in the composition may 
polymerization activity and strand displacement activity 60 be E . coli recA , T7 gene 2 . 5 product , RedB ( from phage 
using the conditions that include those exemplified herein . lambda ) or RecT ( from Rac prophage ) , ET SSB ( extreme 
The efficacy and accuracy of the assembly can be confirmed thermostable single - stranded DNA binding protein ) or a ss 
using the assay described herein ( see for example , FIGS . 3A binding protein with 90 % sequence identity to SEQ ID 
and 3B ) . In some embodiments , the polymerase is not NO : 100 although many other ss DNA binding proteins are 
Phusion , 9° N , Pfu or Vent , or a polymerase that has an 65 known and could be used in the composition . The inclusion 
amino acid sequence that is at least 90 % identical to Phusion of a ss binding protein improves the efficiency of assembly 
or wild type 9° N , Pfu or Vent . In some embodiments , the particularly for nucleic acid fragments with longer overlap 
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sequences ( e . g . at least 20 nucleotides ) than would be sub - population of polynucleotides that are identical to one 
otherwise occur in the absence of ss binding protein as another except for a sub - sequence that varies between the 
measured by colony number . members of the sub - population . 

The optional ligase may be an NAD + dependent ligase Embodiments of the method may be used to produce a 
such as Taq ligase or an ATP dependent ligase such as T4 5 variety of synthons , including coding sequences , vectors , 
ligase . However , for PCR , it is convenient to use an NAD + guide molecules for gene engineering and expression cas 
dependent ligase since ATP can inhibit Taq polymerase used settes . 
in subsequent amplification of the synthon . Examples of a Prior to assembly , the initial ds polynucleotides may be in 
suitable ligase include a protein with at least 90 % sequence the range of 100 bases - 30 kb in length , although polynucle 
identity to SEQ ID NO : 101 . 10 otides outside of this range may be used in certain cases . For 

The 5 ' - 3 ' exonuclease used here may be an enzyme that example , in some embodiments , individual fragment sizes 
has a 5 ' - 3 ' exonuclease activity as well as a ss endonuclease can be as much as 20 kb - 30 kb or longer or as short as 30 
activity ( see , for example , Garforth , et al . , PNAS , 96 , 38 - 43 bases - 500 bases . Moreover , in some embodiments , frag 
( 1999 ) ) . Examples of a 5 ' - 3 ' exonuclease with exonuclease ments of different sizes can be joined in the assembly 
and ss endonuclease activity include T5 exonuclease , as well 15 reaction . In one example , long polynucleotides ( e . g . , frag 
as homologs and variants thereof . In one example , the 5 ' - 3 ' ments of 5 kb - 20 kb in length ) are joined to short poly 
exonuclease has at least 90 % amino acid sequence identity nucleotides ( e . g . , fragments of 100 bases - 500 bases in 
SEQ ID NO : 98 . There is no requirement to denature the 5 ' - 3 ' length ) . Newly assembled synthons may be sequenced , 
exonuclease prior to joining the polynucleotides with the either directly using single molecule sequencing methods or 
strand displacing polymerase . Hence the use of a thermo - 20 after cloning or amplification . 
stable 5 ' - 3 ' exonuclease is described in the examples . In one embodiment , the members of the set may contain 

In some embodiments , the composition may further com - overlapping sequences having a length less than 2 kb for 
prise dNTPs ( i . e . , a mixture of dGTP , DATP , HGTP and example , in the range of 15 - 200 nucleotides for example , 
dTTP ) and , in some embodiments , where T5 5 ' - 3 ' exonu 20 - 100 nucleotides . 
clease is used , the composition may further comprise potas - 25 In one embodiment , a composition is provided where the 
sium salt such as KCl ( e . g . , at a concentration in the range composition has a 5 ' - 3 ' exonuclease ; a strand - displacing 
of 7 mM - 150 mM ) . polymerase ; and a buffer containing a potassium salt such as 

In general , a method for producing a synthon is provided . KC1 in a concentration range of 7 mM - 150 mM , for 
In some embodiments , the method may include incubating example , 20 mM - 50 mM . A sodium salt ( e . g . , sodium 
an embodiment of the composition described herein that 30 chloride ) in the range of 10 mM - 100 mM such as 20 mM 
comprises a strand displacing polymerase as described may also be used in addition to potassium salt . A ss binding 
herein and a 5 ' - 3 ' exonuclease and optionally a ligase ( if the protein may be included in the composition . In some 
reaction is in vitro or in vivo in a cell or organism that does embodiments , the composition does not contain a crowding 
not contain a ligase ) and may also contain a ss binding agent such as polyethylene glycol ( PEG ) , Ficoll , or dextran . 
protein , with a set of polynucleotides and / or oligonucle - 35 In some embodiments , the composition does not contain a 
otides in which at least one or some of the members of the non - strand displacing polymerase . In another embodiment , 
set have a sequence that overlaps with one or some other polynucleotide and / or oligonucleotide fragments are 
members of the set , under suitable reaction conditions . In included in the composition for forming a synthon . 
some embodiments , the polynucleotides or oligonucleotides In another embodiment of the method , a set of oligonucle 
may be ds DNA , e . g . , overlapping PCR products or over - 40 otides may be joined using a composition that comprises a 
lapping restriction fragments . In other embodiments , the crowding agent such as polyethylene glycol ( PEG ) , Ficoll , 
polynucleotides may be ss DNA or RNA . In some embodi - or dextran in addition to or instead of the ss binding protein 
ments , the set of polynucleotides may comprise ss DNA or and at least 7 mM potassium salt such as KCl together with 
RNA . In some embodiments , the set of polynucleotides may a strand displacing polymerase and a 5 ' - 3 ' exonuclease in the 
comprise ds polynucleotides . In some embodiments , the set 45 absence of a non - strand displacing polymerase . In one 
of polynucleotides may comprise at least one ds polynucle - embodiment the potassium salt is at a concentration of less 
otide and at least one ss polynucleotide . In some embodi than 150 mM for example , 20 mM - 50 mM . 
ments , the set of polynucleotides may comprise a sub - Also provided is a kit for polynucleotide assembly , com 
population of polynucleotides that have identical sequences prising : i . a 5 ' - 3 ' exonuclease ; ii . an optional ligase ; iii a 
apart from a sub - sequence that varies between members of 50 strand - displacing polymerase ; and iv . a ss DNA binding 
the sub - population . In other embodiments , the set of poly - protein . In certain embodiments , the kit may further com 
nucleotides may comprise ss or ds polynucleotides or poly - prise dNTPs and / or a buffering agent , for example . The 
nucleotides that have overlapping regions at their ends for components of the kit may be in separate containers ( e . g . one 
purposes of joining but different internal sequences that or more different reaction tubes ) , or , the components of the 
form the synthon . Thus , in one embodiment of the method 55 kit may be in a single container . The components may be 
of the invention , the polynucleotides in the set of polynucle lyophilized or in solution or in part lyophilized and in part 
otides are ds ; such as wherein the ds polynucleotides are in solution . The components may be immobilized in part or 
overlapping PCR products or overlapping restriction frag - in whole on a solid surface such as a bead or surface of a 
ments or assembled from ss polynucleotides In an alterna - reaction chamber or may be in solution . The components 
tive embodiment of the method of the invention , the synthon 60 may be added to target polynucleotides that may be in part 
is assembled from polynucleotides in the set of polynucle or in whole , immobilized or in solution . In some embodi 
otides that are ss . In a further alternative embodiment of the ments , the kit may contain one or more mixtures of the 
method of the invention , the synthon is assembled from a set components of the kit . In some embodiments , the kit does 
of polynucleotides that comprises a mixture of at least one not contain a non - strand - displacing polymerase , or a crowd 
ds polynucleotide and at least one ss oligonucleotide . In 65 ing agent 
embodiments of the method of the invention , the synthon is In one embodiment , a polymerase having at least 80 % , 
assembled from a set of polynucleotides that comprise a 85 % , 90 % or 95 % sequence identity with SEQ ID NO : 1 is 
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provided for the assembly mixture . In another embodiment , together in a reaction vessel and incubated at a temperature 
a polymerase having a binding domain having at least 80 % , of between 40° C . to 60° C . for a period of time , e . g . , 5 
85 % , 90 % , or 95 % sequence identity with SEQ ID NO : 2 is minutes to 12 hours , thereby producing the synthon . 
provided for the assembly mixture . In another embodiment , In one aspect , the method includes a step of strand 
a polymerase having at least 80 % , 85 % , 90 % or 95 % 5 displacement in the polynucleotides to be joined by a 
sequence identity with SEO ID NO : 3 is provided for the polymerase having at least 90 % amino acid sequence iden 
assembly mixture . These compositions may be used in tity with SEQ ID NO : 1 or SEO ID NO : 102 and / or SEO ID 
reaction conditions in which the polymerase is strand dis - NO : 2 or SEQ ID NO : 3 . In embodiments of the method , no 
placing . The compositions may be used in reaction condi - additional steps of 3 ' - 5 ' exonuclease chew back are required . 
tions in which any 3 ' exonuclease activity associated with 10 Another aspect further comprises enhancing the efficiency of 
the polymerase activity is active . the assembly reaction by including a potassium salt at a 

The assembly reaction may occur using ss or ds nucleic minimum concentration of 7 mM in the reaction mixture 
acids . Any number of fragments e . g . , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , where the potassium salt is exemplified by KC1 . 
11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 or 20 or more fragments In one aspect , a method is provided , wherein the poly 
can be assembled . Chemically synthesized ss polynucle - 15 nucleotides contain a random sequence between defined 
otides can be assembled into ds overlapping fragments and sequence ends . In another aspect , the method further com 
hybridized and ligated to the ends of linearized vectors to prises screening the random sequences for hybridizing activ 
form synthons suitable for cloning . Alternatively , duplex ity with a genomic DNA and identifying the random 
fragments can be assembled into synthons and inserted into sequence with the hybridizing activity . In another aspect , the 
vectors for cloning or PCR or isothermal amplification ( see 20 method comprises performing gene editing by transcribing 
for example , FIG . 2A - 2C ) . ss nucleic acid fragments can the random sequences with hybridizing activity to form 
also be directly inserted into vectors ( see for example , FIG . RNA and using the RNA for gene editing in the presence of 
7 ) by hybridizing the nucleic acid fragment to the 3 ' ss end a Cas endonuclease . 
of a linearized ds vector . The ss nucleic acids may be In one embodiment of the composition , kit , or method of 
assembled through overlapping complementary ends at the 25 the invention , the strand - displacing polymerase used in the 
same time , before , or after the a ss nucleic acid fragment has composition , kit , or method of the invention may be non 
hybridized to the 3 ' ss end of the linearized vector . naturally occurring , such as a mutant or fusion protein . In the 
Assembled fragments may be amplified by PCR or isother composition , kit , or method of the invention , the non - natural 
mal methods before insertion into vectors for cloning . The strand - displacing fusion polymerase may be characterized 
nucleic acid fragments may contain randomized nucleotide 30 by an amino acid composition of the polymerase moiety that 
sequences or degenerate code enabling libraries to be is at least 90 % or 95 % or 99 % or 100 % identical to any of 
formed that contain representative variants at each nucleo SEQ ID NOs : 33 - 55 or SEQ ID NO : 1 or of the DNA binding 
tide position of the variable region . The random sequence moiety that is at least 90 % or 95 % or 99 % or 100 % identical 
may be positioned between a defined sequence at each end . to any of SEQ ID NOs : 56 - 98 or SEQ ID NO : 2 . In one 
In one embodiment , the random sequence positioned 35 embodiment , the polymerase moiety may have an amino 
between defined sequences may be for hybridizing to a acid sequence that has 90 % or 95 % or 98 % or 99 % amino 
second nucleic acid fragment ( such as a second ss genomic acid sequence identity with SEQ ID NO : 102 fused to a 
polynucleotide ) or to a linearized vector end . In one heterologous DNA binding moiety selected from a polypep 
example , the random sequence hybridizes to a target tide that has at least 90 % or 95 % or 99 % or 100 % amino acid 
genomic sequence for guiding a Cas9 protein to a target 40 sequence identity to any of SEQ ID NOs : 56 - 98 . 
nucleic acid for gene editing ( see for example , FIG . 9A - 9C ) . In general in one aspect , a preparation is provided that 
Thus , in accordance with this aspect of the invention , the includes a composition having an amino acid sequence that 
method may be used to hybridize at least one member of a has at least 90 % sequence identity to SEQ ID NO : 3 . The 
set of polynucleotides to a second nucleic acid fragment preparation may further comprise a 5 ' - 3 ' exonuclease , for 
( such as a second ss genomic polynucleotide ) or to a 45 example a T5 exonuclease . The preparation may further 
linearized vector end . For example , the method may be for comprise a ss DNA binding protein , for example , an ET 
hybridization of the at least one member of the set of SSB , E . coli recA , T7 gene 2 . 5 product , phage lambda RedB 
polynucleotides to a target genomic sequence in order to or Rac prophage RecT , more particularly a thermostable ss 
guide a Cas endonuclease such as Cas9 to a target genomic binding protein such as ET SSB . The preparation may 
nucleic acid in a method of gene editing . 50 further comprise a ligase . In one aspect , a preparation 

In some embodiments , a method is provided for assem - including the composition may further comprise a ss binding 
bling a plurality of polynucleotides into a synthon , that domain and a 5 - 3 ' exonuclease , wherein the preparation does 
includes : combining the plurality of polynucleotides with a not comprise a crowding agent and / or a non - strand - displac 
composition comprising a 5 ' - 3 ' exonuclease , a strand dis - ing polymerase . The preparation may further include a 
placing polymerase , optionally a ligase , a ss binding protein 55 potassium salt . 
and a buffer wherein each polynucleotide has a 3 ' ss terminal In one aspect , the preparation including the composition 
polynucleotide sequence on one strand that can be hybrid - may further comprise a plurality of polynucleotides in a set 
ized to a complementary ss complementary sequence on a wherein at least a polynucleotide in the set has a sequence 
second polynucleotide and can be joined to form a continu that overlaps with another polynucleotide in the set ; and 
ous duplex polynucleotide optionally under isothermal con - 60 wherein the polynucleotides are selected from : ( i ) ds poly 
ditions in a single container . The synthon can further be nucleotides ; ( ii ) ss oligonucleotides ; ( iii ) at least one ds 
joined at its ends to the ends of a linearized plasmid for polynucleotide and at least one ss oligonucleotide ; and ( iv ) 
amplification and / or cloning a subpopulation of polynucleotides that are otherwise iden 

In some embodiments , the entire assembly method may tical to one another except for a sequence that varies 
be carried out as a “ one - step ” reaction ( in a single tube , 65 between the members of the sub - population . In one aspect 
which does not have to be opened during after the reaction the set of polynucleotides has at least 3 members or at least 
is started ) . In one example , the components are mixed 4 members or at least 5 members . 
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In general , a method for producing a synthon , that the sub - population . In one aspect , at least one member of the 
includes : incubating a composition of claim 1 further com - set of polynucleotides contains a random sequence posi 
prising a 5 ' - 3 ' exonuclease and , optionally , a ligase and a ss tioned between a defined sequence at each end for hybrid 
DNA binding protein , with a plurality of polynucleotides izing to a second ss genomic polynucleotide where for 
that form a set , wherein members of the set have sequences 5 example , the random sequence is ss and is capable of 
that overlap under suitable reaction conditions ; and joining hybridizing to a target genomic sequence for guiding a Cas 
at least two the polynucleotides to produce a synthon . In one protein to a target genomic nucleic acid for gene editing . 
aspect , the set of polynucleotides contains at least 3 mem In general , a method for forming a synthon , is provided 
bers or at least 4 members or at least 5 members . In one that includes incubating any of the compositions described 
aspect , the preparation further includes a ligase . In one 10 above that contain a set of polynucleotides having sequences 
aspect , the preparation , further includes a ss DNA binding that overlap under suitable reaction conditions ; and joining 
protein . In one aspect , the polynucleotides are ds and the ds at least some of the polynucleotides to other polynucleotides 
polynucleotides are overlapping PCR products , overlapping to produce a synthon . In one aspect of the method , all or a 
restriction fragments or assembled from ss oligonucleotides . portion of the polynucleotides in the set are ds . In another 
In one aspect , the polynucleotides are ss oligonucleotides . In 15 aspect , the ds polynucleotides are overlapping PCR prod 
one aspect , the set of polynucleotides comprises at least one ucts ; overlapping restriction fragments , or synthetic ds mol 
ds polynucleotide and at least one ss oligonucleotide . ecules assembled from complementary ss oligonucleotides 

In general , a kit is provided that includes a preparation where these oligonucleotides may have been made in a 
according to claim 1 and a 5 ' - 3 ' exonuclease such as for synthesizer . In one aspect , all or a portion of the polynucle 
example T5 exonuclease . In one aspect , the kit may further 20 otides in the set are ss oligonucleotides . In one aspect , the set 
include a ss binding protein . In another aspect , the kit may of polynucleotides comprises at least one ds polynucleotide 
include a ligase . In another aspect , the kit may include a and at least one ss oligonucleotide . In one aspect , the set of 
buffering agent . In one aspect , the kit does not include a polynucleotides comprises a subpopulation of polynucle 
crowding agent . In one aspect , the composition and the 5 - 3 otides that are otherwise identical to one another except for 
exonuclease are in the same vessel . In another aspect , the 25 a sequence that varies between the members of the sub 
composition and the 5 ' - 3 ' exonuclease are in different vessels population . In one aspect , the overlapping sequences of the 
optionally in buffers suitable for combining into a single polynucleotides are less than 2 kilobases in length . In one 
vessel . aspect of the method , the strand - displacing polymerase 

In general , a composition is provided for assembling a comprises an amino acid sequence that is at least 90 % 
synthon , that includes : a 5 ' - 3 ' exonuclease , which in one 30 identical to any of SEQ ID NOs : 1 , 2 , 3 , 33 - 96 , or 102 . In one 
aspect has ss endonuclease activity , for example having 90 % aspect of the method , at least one member of the set of 
sequence identity with SEQ ID NO : 98 ; a strand - displacing polynucleotides contains a random sequence between 
polymerase , including a Family B strand displacing poly - defined sequence ends . Another aspect of the method 
merase that is preferably non - naturally occurring such as a includes screening the random sequences for hybridizing 
mutant or a fusion protein derived from a naturally occurring 35 activity with a genomic DNA and identifying the random 
polymerase that may additionally be thermostable ; option - sequence with the hybridizing activity . Another aspect of the 
ally a ss DNA binding protein , such as for example the ss method includes performing gene editing by transcribing the 
DNA binding protein is ET SSB , E . coli recA , T7 gene 2 . 5 random sequences with hybridizing activity to form RNA 
product , phage lambda RedB or Rac prophage RecT ; and a and using the RNA for gene editing in the presence of a Cas 
non - naturally occurring buffering agent , wherein the com - 40 protein . 
position does not comprise a crowding agent and / or a non In general , a kit for polynucleotide assembly is provided 
strand - displacing polymerase . In one aspect , the composi - that includes : a 5 ' - 3 ' exonuclease ; a strand - displacing poly 
tion further includes a ligase and / or a ss binding domain . In merase ; and optionally a ss DNA binding protein wherein 
one aspect , the composition includes a set of at least two the kit optionally does not comprise a crowding agent and / or 
polynucleotides ( a plurality of polynucleotides ) . In one 45 a non - strand - displacing polymerase . In one aspect , the kit 
aspect , the composition does not include a non - strand dis - includes a ligase . In another aspect , the kit includes dNTPs . 
placing polymerase . In another aspect , the composition does In another aspect , the kit includes a buffering agent . In 
not include 9° N , Phusion , Vent or Pfu DNA polymerases . another aspect , the individual components of the kit may be 

In one aspect , the strand - displacing polymerase in the in the same or separate containers such as one or more 
composition is a fusion protein wherein the polymerase 50 different storage or reaction containers . 
moiety has an amino acid sequence that is at least 90 % In general , a composition is provided that includes a 
identical to SEQ ID NO : 1 or SEQ ID NO : 102 , or any of polymerase fusion protein , wherein the polymerase fusion 
SEQ ID NOs : 33 - 55 . For example , the fusion protein may protein includes an amino acid sequence that is at least 90 % 
have an amino acid sequence that is at least 90 % identical to identical to any of SEQ ID NOs : 2 , 56 - 96 and a heterologous 
SEQ ID NO : 1 or 102 and SEQ ID NO : 2 . For example , the 55 polymerase domain . In one aspect , the polymerase fusion 
strand - displacing polymerase may have at least 90 % protein includes an amino acid sequence that is at least 90 % 
sequence identity to SEQ ID NO : 3 . In one aspect , the identical to any of SEQ ID NO : 2 ; and a heterologous 
composition may include a potassium salt having a concen - polymerase domain . 
tration of at least 7 mM . In one aspect , the composition may In general , a composition is provided that includes a 
include a set of polynucleotides in which at least one 60 polymerase fusion protein is provided wherein the poly 
polynucleotide in the set has a sequence that overlaps with merase fusion protein includes a polymerase domain that has 
another polynucleotide in the set ; and wherein the poly - an amino acid sequence that is at least 90 % identical to any 
nucleotides are selected from : ( i ) ds polynucleotides ; ( ii ) ss of SEQ ID NOs : 1 , 33 - 55 , or 102 ; and a heterologous DNA 
oligonucleotides ; ( iii ) at least one ds polynucleotide and at binding domain . In one aspect , the polymerase fusion pro 
least one ss oligonucleotide ; and ( iv ) a subpopulation of 65 tein , the polymerase domain that has an amino acid sequence 
polynucleotides that are otherwise identical to one another that is at least 90 % identical to SEQ ID NO : 1 ; and a 
except for a sequence that varies between the members of heterologous DNA binding domain . In one aspect , the 
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polymerase fusion protein has a polymerase domain that has are strand displacing and can continue DNA synthesis of a 
an amino acid sequence that is at least 90 % identical to SEQ FAM primer ( 1 ) by displacing the blocking oligonucleotide 
ID NO : 102 ; and a heterologous DNA binding domain . In ( 27 nucleotides in length ) . 
one aspect , the polymerase fusion protein has an amino acid FIG . 1A shows the sequence and position of the primer ( 1 ) 
sequence that is at least 90 % identical to SEQ ID NO : 3 . 5 and a blocking oligonucleotide ( 2 ) on a DNA template used 

In one aspect , the compositions above further include a in the assay for the enzymes below . 
5 ' - 3 ' exonuclease such as T5 exonuclease . In one aspect , the FIG . 1B shows fluorescence observed in samples obtained 
composition further includes a single - strand DNA binding after capillary electrophoresis where no enzyme was added 
protein for example a single - strand binding protein selected and the starting material formed a peak at a position corre 

10 sponding to 24 nucleotides of the FAM primer . from an ET SSB , E . coli recA , T7 gene 2 . 5 product , phage 1 FIG . 1C shows the result of adding T4 DNA polymerase . lambda RedB or Rac prophage Rect . In one aspect , the The primer was extended to a final length of 44 nucleotides composition may include a ligase . In one aspect , the ligase ( 24 nucleotides plus 20 nucleotides ) but was terminated by is thermostable . In one aspect , the composition does not the blocking oligonucleotide . 
include a crowding agent and / or a non - strand - displacing 15 FIG . 1D shows that Bst DNA polymerase ( large fragment ) 
polymerase . In another aspect , the composition further strand - displaces the blocking oligonucleotide and copies 
includes dNTPs . In another aspect , the composition further template by extending the primer to a total length of 72 
includes a potassium salt having a concentration of at least nucleotides ( 24 + 20 + 27 + dA ) . 
7 mM . One aspect of the composition includes a set of FIG . 1E shows a family B strand displacing DNA poly 
polynucleotides wherein at least a polynucleotide in the set 20 merase which is a proof reading polymerase that strand 
has a sequence that overlaps with another polynucleotide in displaces blocking oligonucleotides and copies template by 
the set ; and wherein the polynucleotides are selected from : extending the primer by 71 nucleotides ( 24 + 20 + 27 ) . 
( i ) ds polynucleotides ; ( ii ) ss oligonucleotides ; ( iii ) at least FIG . 2A - 2C show the steps in a DNA assembly method . 
one ds polynucleotide and at least one ss oligonucleotide ; FIG . 2A shows the incorporation of the amplicons of each 
and ( iv ) a subpopulation of polynucleotides that are other - 25 of 5 fragments into 5 plasmids with ampicillin resistance 
wise identical to one another except for a sequence that markers . The 5 fragments were initially amplified with 
varies between the members of the sub - population . primers that generated amplicons which had overlapping 

In general , a method is provided for producing a synthon , regions as well as flanked by Noti restriction sites . The Noti 
that includes incubating a set of polynucleotides where cleavage produces sticky ends . Not restriction ( 3 ) permitted 
individual polynucleotides contain sequences that overlap 30 release of each amplicon from the vectors . The restriction 
with sequences in other polynucleotides , where the overlap - enzyme cleaved fragments have an 80 base pair overlap 
ping sequences of different polynucleotides are capable of region ( 4 ) with the adjacent fragment . In FIG . 2C , the 
cross - hybridizing under suitable reaction conditions , and overlap between the first fragment and an adjacent reagent 
where for example the overlapping region is less than 2 vector end and a last fragment and adjacent reagent vector 
kilobases , with a composition comprising a polymerase 35 end is 15 - 25 nucleotides , for example , 20 nucleotides , for 
characterized above , wherein the composition further convenience and cost reduction but this is not intended to be 
includes a 5 ' - 3 ' exonuclease and , optionally , a ligase and a ss limiting . 
DNA binding protein ; and joining the polynucleotides to FIG . 2B shows Noth cleaved optionally sequenced frag 
produce a synthon . ments ( 5 ) where the amplicon is retrieved from a vector and 

In different aspects , the composition includes a ligase ; 40 the 5 ' ends of Frag . 1 are SEQ ID NO : 103 and 104 and of 
and / or a ss DNA binding protein . In another aspect , one or Frag . 2 top strand is SEQ ID NO : 105 . These fragments were 
more polynucleotides in the set are ds , where the ds poly then treated with an enzyme mixture that included T5 / 5 ' - 3 ' 
nucleotides are PCR products , overlapping restriction frag - exonuclease , DNA polymerase with 3 - 5 ' exonuclease activ 
ments or assembled from ss oligonucleotides and / or one or ity , a ss binding protein ET SSB ( New England Biolabs , 
more polynucleotides are ss oligonucleotides ; and / or the set 45 Ipswich , Mass . ) and DNA ligase in a single reaction vessel 
of polynucleotides includes at least one ds polynucleotide ( 6 ) - ( 8 ) . Although Not ) is used here , other restriction endo 
and at least one ss oligonucleotide . nucleases may be used for cleavage depending on conve 

In general , a kit for polynucleotide assembly is provided nience . Double digestion with two or more restriction endo 
that includes a polymerase fusion protein , as described nucleases may be used . For example , double digestion of 
above and a 5 - 3 ' exonuclease ; and a ss DNA binding 50 vector DNA with two restriction endonucleases has been 
protein . In one aspect , the kit may include any or all of a found to reduce background from uncut vector . The over 
ligase , dNTPs , and buffering agent where the components of lapping ss DNA sequences hybridized to adjacent fragments . 
the kit may be in the same vessel or in different vessels . The T5 exonuclease chewed back a DNA strand from 5 ' to 

3 ' on each fragment to expose a 3 ' ss region ( 6 ) which 
BRIEF DESCRIPTION OF THE FIGURES 55 allowed the fragments to anneal together in the presence of 

ss binding protein ( 7 ) . Removal of the 2 base flap was 
The skilled artisan will understand that the drawings , achieved by means of the 3 ' - 5 ' exonuclease activity associ 

described below , are for illustration purposes only . The ated with a strand displacing polymerase followed by exten 
drawings are not intended to limit the scope of the present s ion by the strand displacing polymerase to fill the gap in the 
teachings in any way . 60 assembled product ( 8 ) . Any residual nick or 5 ' flap may be 

FIG . 1A - 1E shows how the assay described in Example 1 repaired by a ligase and / or T5 exonuclease . 
differentiates between a strand displacing and non - strand FIG . 2C shows the 5 fragments ( Frag . 1 - Frag . 5 ) now 
displacing polymerase . This assay confirms that T4 DNA joined in sequence and inserted into a second plasmid 
polymerase is non - strand displacing and terminates synthe - carrying chloramphenicol resistance gene ( Cam ) for trans 
sis of a template DNA at 44 nucleotides in length at a 65 formation into a bacterial host . 
blocking oligonucleotide ( 2 ) ( FIG . 1C ) whereas Bst poly - FIGS . 3A and 3B show chloramphenicol plates were used 
merase ( FIG . 1D ) and a non - natural polymerase ( FIG . 1E ) to select colonies for growth on plates and those colonies 
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that contained the lac . Z gene generated blue colonies in the FIG . 8B shows the workflow starting with a ss oligo 
presence of IPTG and X - Gal . The assay provides a quanti nucleotide and a ds CRISPR Nuclease Vector ( 9424 bp ) 
tative assessment of clones in which genes are assembled treated with 5 ' - 3 ' exonuclease , strand displacing polymerase , 
efficiently and in a functional form . a ligase and a ss binding protein ( 13 ) to produce a complete 

FIG . 3A shows chloramphenicol only . 5 ds circular DNA . This DNA was transformed into competent 
FIG . 3B shows chloramphenicol + IPTG + Xgal . cells ( 14 ) . After an overnight incubation , the colonies were 
FIG . 4 shows that the plasmids did in fact contain the analyzed by a mini - prep and then the plasmids sequenced 

entire gene . Amplification by PCR of assembly product ( 15 ) . 
shown in FIG . 2B was performed to confirm all fragments FIG . 8C shows the insert and adjacent sequences ( SEQ ID 
were joined and ligated prior transformation . Lane 1 and 2 10 NO : 106 ) of U6 promoter sequence ( vector ) including the 
are duplicate PCR results . Lane M is 2 - log DNA ladder from designed ss oligonucleotide ( 71mer ) , and scaffold template 
New England Biolabs , Ipswich , Mass . specific sequence ( vector ) . The ss oligonucleotide ( 71mer ) 

FIG . 5 shows the effect of KCl in the assembly mix as including an overlap region of 25 nucleotides at each end ( 21 
determined by the number of colonies . The increase in nucleotides of the target DNA in bold ) ) was properly inte 
accuracy / efficiency of assembly using a strand displacing 15 grated into the vector in host cells . 
polymerase in an assembly mix is demonstrated using an FIG . 9A - 9C show that a similar workflow to that in FIG . 
increased concentration of KCl in the buffer . The histogram 8B can be used for an ss oligonucleotide having degenerate 
on the left ( T26 ) does not contain KC1 whereas the histo - bases between the overlapping ends . Again the starting 
gram on the right ( T26K ) contains 25 mM KC1 showing a sequence in FIG . 9A is shown above the workflow ( FIG . 9B ) 
1 . 5 fold enhancement of efficiency . This improvement 20 and the Sanger - sequencing results from colonies from 
occurs regardless of the assembly condition . A similar assembly pool is shown below ( FIG . 9C ) with the solid line 
relative enhancement of efficiency is expected if PEG or referring to a pool of sgRNA targeting sequences . The 
other crowding agent were used in the absence of ss binding sgRNA targeting sequence contained 21 variable nucleotide 
protein . positions providing 42 variants . The pool contained every 

FIG . 6 shows a comparison between the mixture 25 possible variant and each variant was amenable to cloning 
described in Example 2 ( Strand displacing polymerase / ss reflecting the degeneracy of the sequence between the 
binding protein / 5 ' - 3 ' exonuclease / ligase ) ( Mix ) and the overlapping ends and the vector . FIG . 9A shows the 
commercial Gibson Assembly® Mix ( GAMM ) ( non - strand sequence of a ss oligonucleotide containing degenerate 
displacing polymerase and polyethylene glycol ) ( Synthetic bases ( SEQ ID NO : 29 ) . The sgRNA targeting sequence of 
Genomics , La Jolla , Calif . / New England Biolabs , Ipswich , 30 FIG . 9A was inserted between a U6 promoter sequence and 
Mass . ) following the protocol provided by the manufacturer . a scaffold template specific sequence of the vector ( 16 ) , 
Mix 1 results in significantly higher efficiencies of DNA transformed into host cells ( 17 ) and analyzed for synthons 
assembly and transformation . by miniprep and sequencing ( 18 ) as described above and 

FIG . 7 shows a general diagram of DNA assembly herein . Sanger sequencing was performed on clones from 
between ss DNA oligonucleotides and ds DNA fragments . ss 35 the assembly pool . An example of a sequence is provided in 
target DNA oligonucleotide is inserted into a DNA vector . FIG . 9C . 
The ss target DNA oligonucleotide has been synthesized so FIG . 10 presents the results of 187 colonies selected from 
as to have an overlapping region of 20 - 30 nucleotides on a plate after the assembly reaction products were trans 
each end with the 3 ' vector ends . However , the size of the formed into E . coli . Each colony was PCR amplified and 
oligonucleotide may have an overlapping region of less than 40 sequenced to confirm the insertion of the ss DNA and the 
20 nucleotides for example less than 15 nucleotides or less distribution of degenerate bases were analyzed . The results 
than 10 nucleotides or alternatively more than 30 nucleo - shown here confirmed that indeed different colonies con 
tides , for example , at least 40 or 50 or 60 nucleotides or tained different degenerate sequences . No bias was detected . 
more . Beyond the overlapping regions , the oligonucleotide Analysis was carried out by first converting the sequences 
preferably has 1 or more nucleotides that are not overlapping 45 into a fastq file and then using the fastx _ quality _ stats tool 
positioned between the ends . The assembly master mix from the fastx toolkit on github . The sequence logo was 
which contains a 5 ' - 3 ' exonuclease , strand displacing poly created using weblogo from Berkeley . 
merase , ligase and ss binding protein is added to the mixture FIGS . 11A and 11B show the amino acid sequences from 
of ss oligonucleotide and the vectors so as to permit the a variety of DNA binding domains from Pyrococcus furio 
5 ' end of the ds DNA vector to be chewed back so as to 50 sus , an Archaebacterium . 
produce ss overhangs ( 9 ) . The 3 ' end of the ss DNA is then FIG . 12 shows a phylogenetic tree of the DNA binding 
able to anneal to a 5 ' end of the vector and the DNA domains shown in FIGS . 11A and 11B . 
polymerase then replicates the ss template to fill the gap and FIGS . 13A and 13B show the amino acid sequences from 
produce a blunt ended ds DNA . The nick is sealed by ligase a variety of DNA binding domains from Thermotoga mar 
( 10 ) . Again , the exonuclease ( here T5 exonuclease ) chews 55 itima , a thermophilic bacterium . 
back the 5 ' end this time on the blunt end of the target DNA FIG . 14 shows a phylogenetic tree of the DNA binding 
producing 3 ' ss regions so as to permit annealing of the domains shown in FIGS . 13A and 13B . 
complementary sequences and completion of the ds integra FIG . 15 shows a phylogenetic tree of various DNA 
tion of target DNA into the DNA vector ( 11 ) . Fragments can polymerases used herein . As shown , the polymerases are 
anneal with DNA polymerase filling the gap and ligase 60 derived from a variety of different bacterial and archaeal 
sealing the nick . ( 12 ) to produce a synthon . species . 

FIG . 8A - 8C shows the workflow for bridging ds DNA by FIG . 16 shows the amino acid sequences of fusions of 
a short ss oligonucleotide . ( The protocol is described in FIG . DNA polymerase SP - 17 ( DNA polymerase family B ) with 

binding domains BD - 07 , 08 and 98 . 
FIG . 8A provides an example of a sequence of a short ss 65 FIG . 17 shows the amino acid sequences for fusions of 

oligonucleotide for integration into a ds DNA vector shown DNA polymerase SP - 04 ( DNA polymerase family A ) with 
here as a CRISPR Nuclease Vector with OFP Reporter . binding domains BD - 07 , 02 and 98 . 

7 ) . 
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FIGS . 18A and 18B shows the amino acid sequences of relying on overlapping sequences at the ends to enable 

fusions of DNA polymerase SP - 61 ( DNA polymerase family constructs of any desirable length to be made accurately and 
B ) with binding domains BD - 07 , 09 , 23 , 62 , 93 and 109 . efficiently . Preferably a synthon is a continuous longer 
FIGS . 19A and 19B shows the amino acid sequences for polynucleotide that does not contain gaps or nicks that are 

fusions of DNA polymerase SP - 49 ( DNA polymerase family 5 formed from the assembly of shorter polynucleotides . The 
B ) with binding domains BD - 07 , 09 , 23 , 62 , 93 and 109 . length of synthons resulting from assembly of nucleic acid 

FIG . 20 shows data showing that DNA polymerase SP - 17 fragments is not limited to any particular size however . 
( family B ) has enhanced PCR activity after it is fused to As used herein , the term “ 5 ' - 3 ' exonuclease ” , refers to an 
various DNA binding domains . In this assay , enhanced PCR exonuclease that degrades DNA from the 5 ' end , i . e . , in the 
activity is the ability of the fusions to amplify longer DNA 10 5 ' to 3 ' direction . 5 ' - 3 ' exonucleases of interest can remove 
fragments . The data shown in lanes 1 - 8 on the left was nucleotides from the 5 ' end of a strand of ds DNA at a blunt 
produced using the SP - 17 polymerase without a DNA end and , in certain embodiments , at a 3 ' and or 5 ' overhang . 
binding domain . This polymerase was able to amplify longer T5 exonuclease , lambda exonuclease and T7 exonuclease 
fragments when it was fused to the BD - 07 , BD - 08 and are examples of 5 ' - 3 ' exonucleases . In certain embodiments , 
BD - 98 DNA binding domains . 15 T5 exonuclease is preferred . T5 exonuclease additionally 

FIG . 21 shows data showing that DNA polymerase SP - 04 has a ss endonuclease activity . 
( family A ) has enhanced PCR activity after it is fused to As used herein , the term “ ligase ” , refers to an enzyme that 
various DNA binding domains . In this assay , enhanced PCR can covalently join a 3 ' end of a DNA molecule to a 5 ' end 
activity is the ability of the fusions to amplify longer DNA of another DNA molecule , particularly at a nick . Examples 
fragments . The data shown in lanes 1 - 8 on the left was 20 of ligases include T7 ligase , T4 DNA ligase , E . coli DNA 
produced using the SP - 04 polymerase without a DNA ligase and Taq ligase , although many others are known and 
binding domain . This polymerase was able to amplify longer may be used herein . 
fragments when it was fused to the BD - 02 , BD - 07 and As used herein , the term “ strand - displacing polymerase ” , 
BD - 98 DNA binding domains . refers to a polymerase that is able to displace one or more 

FIG . 22 shows data showing that DNA polymerase SP - 61 25 nucleotides , such as at least 10 or 100 or more nucleotides 
( family B ) has enhanced PCR activity after fused to DNA that are downstream from the enzyme . Strand displacing 
binding domains . In this assay , enhanced PCR activity is a polymerases can be differentiated from Phusion where the 
higher tolerance to different buffers . The data shown in lanes art recognized definition of Phusion is a non - strand displac 
1 - 3 on the left was produced using the SP - 61 polymerase ing polymerase . In some embodiments , the strand displacing 
without a DNA binding domain . This polymerase was able 30 polymerase is stable and active at a temperature of at least 
to amplify fragments in a wide variety of buffers when it was 50° C . or at least 55° C . ( including the strand displacing 
fused to the BD - 07 , BD - 23 , BD - 09 , BD - 62 , BD - 93 and activity ) . Taq polymerase is a nick translating polymerase 
BD - 109 DNA binding domains . and , as such , is not a strand displacing polymerase . 

FIG . 23 shows data showing that DNA polymerase SP - 49 As used herein , the term “ single strand ( ss ) DNA binding 
( family B ) has enhanced PCR activity after fused to DNA 35 protein ” , refers to proteins that bind to ss DNA and prevent 
binding domains . In this assay , enhanced PCR activity is a premature annealing , protect the ss DNA from being 
higher tolerance to different buffers . The data shown in lanes digested by nucleases , and polymerases and / or remove sec 
1 - 3 on the left was produced using the SP - 49 polymerase ondary structure from the DNA to allow other enzymes to 
without a DNA binding domain . This polymerase was able function effectively upon it . Inclusion of a ss binding protein 
to amplify fragments in a wide variety of buffers when it was 40 in the compositions described herein is preferable to opti 
fused to the BD - 07 , BD - 23 , BD - 09 , BD - 62 , BD - 93 and mize the efficiency of synthon formation . Examples of ss 
BD - 109 DNA binding domains . DNA binding proteins are T4 gene 32 protein , E . coli SSB , 

T7 gp2 . 5 SSB , and phage phi29 SSB , and ET SSB although 
DESCRIPTION OF TERMS many others , e . g . , RedB of lambda phage , RecT of Rac 

45 prophage and the sequences listed below , are known and 
Unless defined otherwise , all technical and scientific may be used herein . A thermostable ss DNA binding protein 

terms used herein have the same meaning as commonly that is stable at 50° C . may be used in some cases . Thus , in 
understood by one of ordinary skill in the art to which this one embodiment of the composition , kit , or method of the 
invention belongs . Singleton , et al . , DICTIONARY OF invention , the ss DNA binding protein is T4 gene 32 protein , 
MICROBIOLOGY AND MOLECULAR BIOLOGY , 2D 50 E . coli SSB , T7 gp2 . 5 SSB , phage phi29 SSB , ET SSB , 
ED . , John Wiley and Sons , New York ( 1994 ) , and Hale & RedB of lambda phage , or RecT of Rac prophage . In one 
Markham , THE HARPER COLLINS DICTIONARY OF embodiment , the ss DNA binding protein is ET SSB . In one 
BIOLOGY , Harper Perennial , N . Y . ( 1991 ) provide one of embodiment of the composition , kit , or method of the 
skill with the general meaning of many of the terms used invention , the ss DNA binding protein is thermostable ( i . e . 
herein . Still , certain terms are defined below for the sake of 55 stable at 40° C . - 60° C . ) . 
clarity and ease of reference . As used herein , the term “ buffering agent ” , refers to an 

As used herein , the term " synthon ” as used in the field of agent that allows a solution to resist changes in pH when 
gene synthesis refers to a polynucleotide assembly . Poly - acid or alkali is added to the solution . Examples of suitable 
nucleotide assembly may include assembling overlapping non - naturally occurring buffering agents that may be used in 
fragments of a size that can be prepared on an oligonucle - 60 the compositions , kits , and methods of the invention include , 
otide synthesizer which at the present time is generally for example , Tris , HEPES , TAPS , MOPS , tricine , or MES . 
2000 - 3000 bases for each synthetic polynucleic acid . Alter - The term “ non - naturally occurring ” refers to a composi 
natively , overlapping fragments may be obtained by PCR tion that does not exist in nature . 
from naturally occurring nucleic acid to which adaptors have Any protein described herein may be non - naturally occur 
been attached to provide the overlapping sequences . For 65 ring , where the term “ non - naturally occurring ” refers to a 
assembly purposes there is no limitation on the size of each protein that has an amino acid sequence and / or a post 
fragment . Many fragments can be assembled end to end translational modification pattern that is different to the 
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protein in its natural state . For example , a non - naturally used that creates a blunt end on the excised fragment , 
occurring protein may have one or more amino acid substi - 3 ' exonuclease activity may not be required . 
tutions , deletions or insertions at the N - terminus , the C - ter - The 3 ' exonuclease activity can be routinely determined 
minus and / or between the N - and C - termini of the protein . by using a standard DNA template and primers where the 
A “ non - naturally occurring " protein may have an amino acid 5 primers either have or do not have non - hybridized 3 ' nucleo 
sequence that is different to a naturally occurring amino acid tides . If the polymerase has 3 ' exonuclease activity , an 
sequence ( i . e . , having less than 100 % sequence identity to amplicon will be detected using either primer pair . If the 
the amino acid sequence of a naturally occurring protein ) but polymerase lacks the 3 ' exonuclease activity , no amplicon 
that that is at least 80 % , at least 85 % , at least 90 % , at least will be detected using those primers having a non - hybrid 
95 % , at least 97 % , at least 98 % or at least 99 % identical to 10 ized 3 ' nucleotide . 
the naturally occurring amino acid sequence . In certain As used herein , the term “ potassium salt ” , refers to a salt 
cases , a non - naturally occurring protein may contain an of potassium including , but not limited to , KC1 . The term 
N - terminal methionine or may lack one or more post - " sodium salt ” , refers to a salt of sodium including , but not 
translational modifications ( e . g . , glycosylation , phosphory - limited to , NaCl . 
lation , etc . ) if it is produced by a different ( e . g . , bacterial ) 15 As used herein , the term " polynucleotide ” encompasses 
cell . A " mutant ” protein may have one or more amino acid oligonucleotides and refers to a nucleic acid of any length . 
substitutions relative to a wild - type protein and may include Polynucleotides may be DNA or RNA . Polynucleotides may 
a “ fusion ” protein . The term “ fusion protein ” refers to a be ss or ds unless specified . Polynucleotides may be syn 
protein composed of a plurality of polypeptide components thetic , for example , synthesized in a DNA synthesizer , or 
that are unjoined in their native state . Fusion proteins may 20 naturally occurring , for example , extracted from a natural 
be a combination of two , three or even four or more different source , or derived from cloned or amplified material . Poly 
proteins . The term polypeptide includes fusion proteins , nucleotides referred to herein may contain modified bases . 
including , but not limited to , a fusion of two or more As used herein , the term " set of polynucleotides ” , refers 
heterologous amino acid sequences , a fusion of a polypep - to a collection of at least 2 polynucleotides . In some embodi 
tide with : a heterologous targeting sequence , a linker , an 25 ments , a set of polynucleotides may comprise at least 5 , at 
immunologically tag , a detectable fusion partner , such as a least 10 , at least 12 or at least 15 or more polynucleotides . 
fluorescent protein , B - galactosidase , luciferase , etc . , and the As used herein , the term " overlapping sequence ” , refers to 
like . A fusion protein may have one or more heterologous a sequence that is complementary in two polynucleotides 
domains added to the N - terminus , C - terminus , and or the and where the overlapping sequence is ss , on one polynucle 
middle portion of the protein . If two parts of a fusion protein 30 otide it can be hybridized to another overlapping comple 
are “ heterologous ” , they are not part of the same protein in mentary ss region on another polynucleotide . By way of 
its natural state . example , the overlapping sequence may be complementary 

In the context of a nucleic acid , the term “ non - naturally in at least 5 , 10 , 15 , or more polynucleotides in a set of 
occurring ” refers to a nucleic acid that contains : a ) a polynucleotides . An overlapping sequence may be at or 
sequence of nucleotides that is different to a nucleic acid in 35 close to ( e . g . , within about 5 , 10 , 20 nucleotides of ) the 3 ' 
its natural state ( i . e . having less than 100 % sequence identity ends of two distinct molecules ( e . g . , the 3 ' ends of two ss 
to a naturally occurring nucleic acid sequence ) , b ) one or oligonucleotides , or the 3 ' end of the top strand of first ds 
more non - naturally occurring nucleotide monomers ( which polynucleotide and the 3 ' end of the bottom strand of a 
may result in a non - natural backbone or sugar that is not G , second ds molecule ) , where , if the non - overlapping 
A , T or C ) and / or c ) may contain one or more other 40 sequence is at the 3 ' ends then the non - overlapping sequence 
modifications ( e . g . , an added label or other moiety ) to the may be removed using a 3 - 5 ' exonuclease activity of a 
5 ' - end , the 3 ' end , and / or between the 5 ' - and 3 ' - ends of the polymerase . An overlapping sequence may vary in length 
nucleic acid . and , in some cases , may be at least 12 nucleotides in length 

In the context of a preparation , the term “ non - naturally ( e . g . at least 15 , 20 or more nucleotides in length ) and / or 
occurring ” refers to : a ) a combination of components that 45 may be up 100 nucleotides in length ( e . g . , up to 50 , up to 30 , 
are not combined by nature , e . g . , because they are at up to 20 or up to 15 nucleotides in length ) . Alternatively , 
different locations , in different cells or different cell com - overlapping sequences in the set of polynucleotides may be 
partments ; b ) a combination of components that have rela - 2 kb or less , or 1 kb or less or less than 900 bases , 800 bases , 
tive concentrations that are not found in nature ; c ) a com - 700 bases , 600 bases , 500 bases , 400 bases , 300 bases , 200 
bination that lacks something that is usually associated with 50 bases or 100 bases . Preferably the overlapping sequence 
one of the components in nature ; d ) a combination that is in length is in the range of 15 nucleotides - 80 nucleotides for 
a form that is not found in nature , e . g . , dried , freeze dried , example up to 20 , up to 25 , up to 30 , up to 35 , up to 40 , up 
crystalline , aqueous ; and / or e ) a combination that contains a to 45 , up to 50 , up to 55 , up to 60 , up to 65 , up to 70 , up to 
component that is not found in nature . For example , a 75 , or up to 80 nucleotides . The minimum length of the 
preparation may contain a " non - naturally occurring ” buff - 55 overlap may be defined by a Tm that is preferably equal to 
ering agent ( e . g . , Tris , HEPES , TAPS , MOPS , tricine or or greater than 48° C . 
MES ) , a detergent , a dye , a reaction enhancer or inhibitor , an As used herein , the term “ polynucleotide assembly ” , 
oxidizing agent , a reducing agent , a solvent or a preservative refers to a reaction in which two or more , four or more , six 
that is not found in nature . or more , eight or more , ten or more , 12 or more 15 or more 

It may be desirable to use a strand displacing polymerase 60 polynucleotides , e . g . , four or more polynucleotides are 
that has 3 ' exonuclease activity . While not wishing to be joined to another to make a longer polynucleotide . The 
limited by theory , the 3 ' exonuclease activity is desirable to product of a polynucleotide assembly reaction , i . e . , the 
remove a flap sequence on the 3 ' end of a duplex where the " assembled polynucleotide ” or “ synthon ” in many embodi 
flap sequence may be the result of enzyme cleavage to ments should contain one copy of each of the overlapping 
extract the target polynucleotide from the plasmid in which 65 sequences . 
it is placed . This is the case when NotI is used as described As used herein , the term “ incubating under suitable reac 
in the examples . However , if a restriction endonuclease is tion conditions ” , refers to maintaining a reaction a suitable 
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temperature and time to achieve the desired results , i . e . thereby allowing the longer protein to affect another process 
polynucleotide assembly . Reaction conditions suitable for that is local to the binding site , e . g . , activate transcription , 
the enzymes and reagents used in the present method are inhibit transcription , effect recombination or transposition , 
known ( e . g . as described in the Examples herein ) and , as etc . A sequence - specific DNA binding domain may have an 
such , suitable reaction conditions for the present method can 5 amino acid sequence that is at least 80 % , at least 90 % , at 
be readily determined . These reactions conditions may least 95 % , or at least 98 % , identical to a naturally occurring change depending on the enzymes used ( e . g . , depending on sequence that based on its predicted tertiary structure and / or 
their optimum temperatures , etc . ) . sequence identity to other proteins , is predicted to bind As used herein , the term “ isothermal ” refers to tempera double stranded DNA in a sequence - specific manner . ture conditions that do not require active modulation of 10 The term " heterologous ” , when used in the context of a temperature for assembly to occur . Insignificant variations in fusion protein that contains a first domain and a second the temperature of a water bath or heating block are within " heterologous ” second domain , refers to a combination of the scope of the meaning of the term isothermal . By way of 
example , the term “ isothermal ” , may refer to reaction con elements that are not usually found together naturally . In the 
ditions that do not require a heat denaturation step after the 15 con context of a fusion protein , the two domains may be from 
reaction has started . More specifically , isothermal methods different distinct proteins , which proteins may be from the 
do not involve thermocycling , i . e . , cycling between a dena same species ( in which case the proteins may be expressed 
turation temperature of above 90° C . and an annealing in the same cell ) or different species . 
extension temperature . Isothermal conditions usually 
involve incubation at a temperature that is below 90° C . for 20 ure that is below 90° C for 20 DETAILED DESCRIPTION OF EMBODIMENTS 
a period of time ( e . g . , 5 minutes to 12 hours or more ) . In one 
embodiment , isothermal amplification reactions were per Before various embodiments are described in greater 
formed at a temperature in the range of 30° C . - 75° C . , for detail , it is to be understood that the teachings of this 
example , 40° C . - 60° C . disclosure are not limited to the particular embodiments 
As used herein , the term " joining ” , refers to the produc - 25 described , and as such can , of course , vary . It is also to be 

tion of covalent linkage between two sequences . understood that the terminology used herein is for the 
As used herein , the term " composition ” refers to a com purpose of describing particular embodiments only , and is 

bination of reagents that may contain other reagents , e . g . , not intended to be limiting , since the scope of the present 
glycerol , salt , dNTPs , etc . , in addition to those listed . A teachings will be limited only by the appended claims . 
composition may be in any form , e . g . , aqueous or 30 While the present teachings are described in conjunction 
Tyophilized , and may be at any state ( e . g . , Irozen or in liquid with various embodiments , it is not intended that the present 
form ) . teachings be limited to such embodiments . On the contrary , 
As used herein a “ vector ” is a suitable DNA into which a the present teachings encompass various alternatives , modi fragment or a synthon may be integrated such that the fications , and equivalents , as will be appreciated by those of engineered vector can be replicated in a host cell . A linear - 35 skill in the art . ized vector may be created restriction endonuclease diges 

tion of a circular vector or by PCR . The concentration of Where a range of values is provided , it is understood that 
fragments and / or linearized vectors can be determined by each intervening value , to the tenth of the unit of the lower 
gel electrophoresis or other means . limit unless the context clearly dictates otherwise , between 

Any one or more of the proteins ( e . g . , the ligase , SSBP , 40 the upper and lower limit of that range and any other stated 
5 ' - 3 ' exonuclease or polymerase , etc . ) used herein may be 51 - 31 exonuclease or polymerase etc used herein may be or intervening value in that stated range is encompassed 
temperature sensitive or thermostable where , as used herein , within the present disclosure . 
the term “ temperature sensitive ” refers to an enzyme that Although any methods and materials similar or equivalent 
loses at least 95 % of its activity after 10 minutes at a to those described herein can also be used in the practice or 
temperature of 65° C . , and the term “ thermostable ” refers to 45 testing of the present teachings , the some exemplary meth 
an enzyme that retains at least 95 % of its activity after 10 ods and materials are now described . 
minutes at a temperature of 65° C . The citation of any publication is for its disclosure prior 

The term “ domain ” refers to a structurally conserved part to the filing date and should not be construed as an admis 
of a larger protein , the sequence and tertiary structure of sion that the present claims are not entitled to antedate such 
which that can evolve , function , and exist independently of 50 publication by virtue of prior invention . Further , the dates of 
the rest of the protein . A " domain ” can be transferred to publication provided can be different from the actual pub 
another protein with the expectation that it will still function . lication dates which can need to be independently con 

The term “ sequence - specific DNA binding domain ” refers firmed . 
to a domain that , based on its predicted tertiary structure It must be noted that as used herein and in the appended 
and / or sequence identity to other proteins , is predicted to 55 claims , the singular forms “ a ” , “ an ” , and “ the ” include plural 
bind double stranded DNA in a sequence - specific manner . referents unless the context clearly dictates otherwise . It is 
Sequence - specific DNA binding domains are commonly further noted that the claims can be drafted to exclude any 
found in transcription factors , e . g . , transcriptional activators optional element . As such , this statement is intended to serve 
or repressors . Sequence - specific DNA binding domains have as antecedent basis for use of such exclusive terminology as 
much higher affinity ( e . g . , at least 1000x more affinity ) for 60 " solely , " " only ” and the like in connection with the recita 
specific DNA sequences ( which may be composed of a tion of claim elements , or use of a “ negative " limitation . 
sequence of 4 , 5 , 6 , 7 or 8 or more continuous or discon - As will be apparent to those of skill in the art upon reading 
tinuous nucleotides ) and do not bind to all sequences with this disclosure , each of the individual embodiments 
the same affinity . The sequence - specific DNA binding described and illustrated herein has discrete components and 
domain , when it is present in a longer protein , e . g . , a 65 features which can be readily separated from or combined 
transcription factor , is sufficient to anchor the protein at a with the features of any of the other several embodiments 
particular nucleotide sequence in double stranded DNA , without departing from the scope or spirit of the present 
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teachings . Any recited method can be carried out in the order polymerase , Sac polymerase , Sso polymerase , Poc poly 
of events recited or in any other order which is logically merase , Pab polymerase , Mth polymerase , Pho polymerase , 
possible . ES4 polymerase , VENT polymerase , DEEPVENT poly 

Fusion Proteins merase , Therminator polymerase , phage Phi29 polymerase , 
In some embodiments , the fusion protein may be a fusion 5 and phage B103 polymerase . In some embodiments , the 

between a DNA polymerase and a sequence - specific DNA polymerase is KOD polymerase . In some embodiments , the 
binding domain , where the sequence - specific DNA binding polymerase is Therminator polymerase . In some embodi 
domain may be N - terminal or C - terminal to the DNA ments , the polymerase is phage Phi29 DNA polymerase . In 
polymerase . In other words , the fusion protein has a poly - some embodiments the polymerase is phage B103 poly 
merase domain and a heterologous sequence - specific DNA 10 merase , including , for example , the variants disclosed in 
binding domain . The fusion protein has a polymerase activ U . S . Patent Publication No . 2011 / 0014612 which is incor 
ity and , as would be apparent , such a fusion protein does not porated by reference herein . 
exist in nature , i . e . , is non - naturally occurring . In some embodiments , the amino acid sequence of the 
As noted above , the polymerase may be a family A polymerase may be at least 90 % identical to ( e . g . , at least 

polymerase or a family B polymerase . Family A poly - 15 95 % identical to , at least 98 % identical to or at least 99 % 
merases , which includes bacterial , archaeal and bacterio - identical to ) the amino acid sequence of a naturally occur 
phage polymerases , share significant similarity to Escheri ring bacterial or archaebacterial polymerase such as a poly 
chia coli polymerase I and have an exonuclease activity , merase from Pyrococcus or Thermococcus . Exemplary 
which is usually provided by the N - terminal portion of the archaeal DNA polymerases include without limitation the 
protein . Family A polymerases are classed as being replica - 20 thermostable and / or thermophilic DNA polymerases such 
tive polymerases or repair polymerases . The repair poly - as , for example , DNA polymerases isolated from Thermus 
merases " proofread ” the new strands created and rectify any aquaticus ( Taq ) DNA polymerase , Thermus filiformis ( Tfi ) 
mistakes in the base pairing . The replicative members of DNA polymerase , Thermococcus zilligi ( Tzi ) DNA poly 
family A include the T7 DNA polymerase as well as the merase , Thermus thermophilus ( Tth ) DNA polymerase , 
eukaryotic mitochondrial DNA polymerase y . The repair 25 Thermus flavus ( Tfl ) DNA polymerase , Pyrococcus woesei 
polymerases include DNA pol I from E . coli , pol I from ( Pwo ) DNA polymerase , Pyrococcus furiosus ( Pfu ) DNA 
Thermus aquaticus and pol I from Bacillus stearothermo polymerase as well as Turbo Pfu DNA polymerase , Ther 
philus . Family B polymerases have six regions of similarity mococcus litoralis ( Tli ) DNA polymerase or Vent DNA 
( numbered from I to VI ) . The most conserved region ( 1 ) polymerase , Pyrococcus sp . GB - D polymerase , “ Deep Vent ” 
includes a conserved tetrapeptide with two aspartate resi - 30 DNA polymerase ( New England Biolabs ) , Thermotoga mar 
dues . Its function is not yet known , but it has been suggested itima ( Tma ) DNA polymerase , Bacillus stearothermophilus 
that it may be involved in binding a magnesium ion . All ( Bst ) DNA polymerase , Pyrococcus Kodakaraensis ( KOD ) 
sequences in the B family contain a characteristic DTDS DNA polymerase , Pfx DNA polymerase , Thermococcus sp . 
motif , and possess many functional domains , including a JDF - 3 ( JDF - 3 ) DNA polymerase , Thermococcus gorgo 
5 ' - 3 ' elongation domain , a 3 - 5 ' exonuclease domain , a DNA 35 narius ( Tgo ) DNA polymerase , Thermococcus acidophilium 
binding domain , and binding domains for both dNTP ' s and DNA polymerase ; Sulfolobus acidocaldarius DNA poly 
pyrophosphate . If the polymerase is a family A polymerase , merase ; Thermococcus sp . 9° N - 7 DNA polymerase ; Ther 
then the DNA binding domain of a sequence - specific DNA mococcus sp . NA1 ; Pyrodictium occultum DNA poly 
binding protein can be N - terminal or C - terminal to the merase ; Methanococcus voltae DNA polymerase ; 
polymerase in the fusion protein . If the polymerase is a 40 Methanococcus thermoautotrophicum DNA polymerase ; 
family B polymerase , then the DNA binding domain of a Methanococcus jannaschii DNA polymerase ; Desulfurococ 
sequence - specific DNA binding protein can be N - or C - ter - cus strain TOK DNA polymerase ( D . Tok Pol ) ; Pyrococcus 
minal to the polymerase in the fusion protein . In certain abyssi DNA polymerase ; Pyrococcus horikoshii DNA poly 
embodiments , the fusion protein may further comprise a merase ; Pyrococcus islandicum DNA polymerase ; Thermo 
flexible linker between the polymerase domain and the DNA 45 coccus fumicolans DNA polymerase ; Aeropyrum pernix 
binding domain . Several examples of fusion proteins that DNA polymerase ; the heterodimeric DNA polymerase DP1 / 
work are shown in FIGS . 16 , 17 , 18A , 18B , 19A and 19B . DP2 , etc . 
Further fusion proteins can be readily designed using these As would be apparent , the polymerase may be a thermo 
examples . stable polymerase , where the term “ thermostable ” refers to 

In some embodiments , the DNA polymerase is an A 50 a polymerase that has an optimal activity at a temperature 
family DNA polymerase selected from the group consisting above 45° C . , e . g . , above 60° C . The polymerase may be 
of a Pol 1 - type DNA polymerase such as E . coli DNA strand - displacing , not strand displacing and , in certain 
polymerase , the Klenow fragment of E . coli DNA poly - embodiments it may or may not have a proofreading activity . 
merase , Bst DNA polymerase , Taq DNA polymerase , Plati - Fusions of strand - displacing polymerases are of particular 
num Taq DNA polymerase series , Omni Klen Taq DNA 55 interest . 
polymerase series , Klen Taq DNA polymerase series , T7 The sequence - specific DNA binding domain of the fusion 
DNA polymerase , and Tth DNA polymerase . In some protein should be capable of autonomously binding its target 
embodiments , the DNA polymerase is Bst DNA polymerase . sequence as a discrete unit and may be obtained from any 
In other embodiments , the DNA polymerase is E . coli DNA type of sequence - specific DNA binding protein , e . g . , a 
polymerase I . In some embodiments , the DNA polymerase 60 transcription factor such as a transcriptional activator or 
is the Klenow fragment of E . coli DNA polymerase . In some transcriptional repressor or the like . As would be apparent , 
embodiments , the polymerase is Taq DNA polymerase . In if the sequence - specific DNA binding domain is from a 
some embodiments , the polymerase is T7 DNA polymerase . transcription factor , then other domains of the transcription 

In other embodiments , the DNA polymerase is a B family factor ( e . g . , the transcriptional activation or repression 
DNA polymerase selected from the group consisting of Bst 65 domain ) may not be in the fusion protein . In particular 
polymerase , Tli polymerase , Pfu polymerase , Pfu turbo embodiments , the DNA binding domain may have a helix 
polymerase , Pyrobest polymerase , Pwo polymerase , KOD loop - helix structure , a ribbon - helix - helix structure , helix 
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turn - helix structure ( e . g . , from the lambda or repressor and improvement in PCR efficiency relative to the polymerase 
lacl ) , a winged helix structure or a homeodomain structure portion of the fusion protein on its own , i . e . , in the absence 
or the like . As for the polymerase , the amino acid sequence of the DNA binding domain . Polymerase efficiency may be 
of the sequence - specific DNA binding domain may be at measured by measuring the amount of amplicon produced 
least 90 % identical to ( e . g . , at least 95 % identical to , at least 5 under a given set of thermocycling conditions , where the 
98 % identical to or at least 99 % identical to ) the amino acid product may be at least 1 kb , at least 2 kb , at least 3 kb , at 
sequence of the DNA binding domain of a naturally occur least 5 kb , at least 10 kb or at least 15 kb in length . In certain 
ring bacterial or archaebacterial transcription factor , e . g . , cases , the fusion protein may allow products to be amplified 
from Pyrocyoccus or Thermococcus or any of the other using a shorter extension time ( e . g . , a 10 % shorter , a 20 % 
species listed above or below . The sequence - specific DNA 10 shorter , a 50 % shorter or an 80 % shorter extension time ) , 
binding domain used should not be the DNA binding domain relative to the polymerase portion of the fusion protein on its 
of a non - specific DNA binding protein , e . g . , a topoi own , i . e . , in the absence of the sequence - specific DNA 
somerase , HMG protein , histone , gyrase , transposase or the binding domain . 
DNA binding domain of Sso7D or an ortholog thereof Methods 
( including Sac7d ) or a variant thereof , as described in Choli 15 Also provided herein are a variety of methods that gen 
( Biochim . Biophys . Acta 1988 950 : 193 - 203 ) , McAfee erally comprise combining a DNA template with nucleotides 
( Biochemistry 1995 34 : 10063 - 10077 ) and Pavlov ( Proc . and a composition comprising a fusion protein , as described 
Natl Acad . Sci . 2002 99 13510 - 13515 ) . These proteins have above , to produce a reaction mix , and incubating the reac 
no known sequence preference and are not transcription tion mix in order to copy the DNA template . As would be 
factors . Likewise , the DNA binding domain does not form a 20 apparent , the reaction mix may contain , in some embodi 
DNA sliding clamp structure , as described in thioredoxin ments , one or more primers ( e . g . , a single primer , a random 
and UL42 ( see Bedford Proc . Natl Acad . 1997 Sci . USA , 94 : primer , a single or several pairs of PCR primers , or a set of 
479 - 484 ; Zuccola , Mol . Cell 2000 5 : 267 - 278 ; and Shamoo overlapping oligonucleotides as described elsewhere 
Cell 1999 99 : 155 - 166 ) . herein ) . In some cases , the DNA template itself may be a 

In certain embodiments , the sequence - specific DNA bind - 25 plurality of overlapping primers . In other embodiments , the 
ing domain of the fusion protein has a winged helix motif , reaction mix may comprise a plurality of primers and 
which has a compact alß structure that consists of two wings genomic DNA ( e . g . , mammalian genomic DNA ) . 
( W1 and W2 ) , three a helices ( H1 , H2 and H3 ) and three B Depending on the desired result , the copying step may be 
strands ( S1 , S2 and S3 ) , arranged in order H1 - S1 - H2 - H3 - done using isothermal conditions , ( e . g . , by incubating the 
S2 - W1 - S3 - W2 . This domain is approximately 90 - 120 amino 30 reaction at one or more temperatures that are above 50° C . , 
acids in length . The N - terminal half of the motif is believed such as a temperature in the range of 60° C . to 75º C . In 
to be helical , whereas the C - terminal half is believed to be other embodiments , the copying may be done using ther 
composed of two of the three strands forming the twisted mocycling conditions , e . g . , 8 to 50 cycles of an annealing 
antiparallel ß sheet and the two large loops or wings , W1 and temperature , an extension temperature , and a denaturation 
W2 . Wing W1 connects strands S2 and S3 , and wing W2 35 temperature . In some cases , the annealing temperature and 
extends from strand S3 to the C terminus of the DBD . HFH the extension temperature may be the same . In some cases , 
proteins are members of the helix - turn - helix ( HTH ) super - the reaction mix may comprise a plurality of overlapping 
family , but differ from canonical HTH proteins in the length primers as well as other reagents ( as described elsewhere 
of the ' turn ' connecting helices H2 and H3 . The DNA - herein ) , and the copying step may result in the assembly of 
recognition helix makes sequence - specific DNA contacts 40 a synthon . Synthon assembly is usually done using thermo 
with the major groove of DNA , while the wings make cycling conditions . In some cases , the copying may be done 
different DNA contacts , often with the minor groove or the by PCR , in which case , the reaction mix may contain one or 
backbone of DNA . Several winged - helix proteins display an more pairs of PCR primers . Depending on the desired 
exposed patch of hydrophobic residues thought to mediate application , the length of the amplicon or synthon produced 
protein - protein interactions . Many proteins contain a winged 45 by this method may vary greatly and , in some cases , may be 
helix DNA - binding domain , including transcriptional 50 bp to 40 kb in length , e . g . , 50 bp to 10 kb . In certain 
repressors ( e . g . , the biotin repressor , LexA repressor and the embodiments , the template may be genomic DNA . 
arginine repressor ) , transcription factors ( e . g . , the hepato - Further compositions and methods are described below . 
cyte nuclear factor - 3 protein , heat - shock transcription factor The sequences that overlap in the set of polynucleotides 
and the general transcription factors TFIIE and TFIIF ) and 50 may be of any suitable length such as 2 kb or less , or 1 kb 
endonucleases ( e . g . , Foki and TnsA ) . Winged helix proteins or less or less than 900 bases , 800 bases , 700 bases , 600 
are reviewed in Gajivala ( Current Opinion in Structural bases , 500 bases , 400 bases , 300 bases , 200 bases or 100 
Biology 2000 10 : 110 - 116 ) . bases . The overlapping region may be as few as 8 nucleo 

In some embodiments , the polymerase activity of the tides . Preferably the overlapping sequence length is in the 
fusion protein has an improvement in one or more biochemi - 55 range of 15 nucleotides - 80 nucleotides for example up to 20 , 
cal characteristics relative to the polymerase portion of the up to 25 , up to 30 , up to 35 , up to 40 , up to 45 , up to 50 , up 
fusion protein on its own , i . e . , in the absence of the DNA to 55 , up to 60 , up to 65 , up to 70 , up to 75 , or up to 80 
binding domain . The improved biochemical characteristic nucleotides . For example , the minimum length of the over 
may be an increase in processivity , an increase in thermal lap may be defined by a Tm that is preferably equal to or 
stability , an increase in salt tolerance , an increase in toler - 60 greater than 48° C . 
ance to impurities or an increase in speed , an increase to Synthetic oligonucleotides and polynucleotides may con 
amplify GC rich template , an increase in PCR DNA product tain errors created during their synthesis prior to their use in 
specificity ( e . g . , an increase of at least 10 % , an increase of synthon assembly . To correct these errors prior to assembly , 
at least 20 % , an increase of at least 50 % , an increase of at it is desirable to perform a mismatch repair step . To this end , 
least 100 % or an increase of at least 200 % ) , without effect - 65 various methods have been described to achieve mismatch 
ing the fidelity of the polymerase . In particular embodi - repair of the synthetic nucleic acids prior to assembly . A 
ments , the polymerase activity of the fusion protein has an population of synthetic nucleic acids may have random 
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errors so that denaturation and renaturation of the prepara - 1 ) may also be used . Sequences of the polymerases found 
tion may reveal mismatches . Proteins that have been isolated from these sources are readily accessible through Gen Bank . 
from nature such as mutHLS , cel - 1 nuclease , 17 endo 1 , Because of the high degree of conservation of strand dis 
uvrD , T4 Endo VII , E . coli EndoV , ( see U . S . Pat . No . placing sequences , any variant having 80 % , 85 % , 90 % , or 
7 , 851 , 192 and U . S . Pat . No . 8 , 048 , 664 ) that can bind 5 95 % amino acid sequence identity with such wild type 
selectively to DNA duplexes containing mismatches ; cleave polymerases might be expected to have strand displacing 
nucleic acids at the mismatched bases and optionally replace properties that can be quickly and easily verified in the assay 
with correct bases based on the nucleotide sequences of the provided in Example 1 in a preselected buffer without undue 
templates . experimentation . 

Despite teaching in the art that a non - strand displacing 10 In one embodiment , the reaction mixture , composition , 
polymerase must be utilized with a ss binding protein , kit , or method of the invention comprises or uses a strand 
5 ' - 3 ' - exonuclease and ligase to assemble fragments of DNA , displacing polymerase having at least 80 % , 85 % , 90 % , 95 % , 
it has been surprisingly shown herein that a strand displacing 98 % , 99 % or 100 % sequence identity with SEQ ID NO : 1 or 
polymerase may be used under conditions where strand SEQ ID NO : 102 ( e . g . 100 % sequence identity with SEQ ID 
displacement occurs and that this is efficient at surprising NO : 1 or SEQ ID NO : 102 ) . In another embodiment , the 
low concentrations of starting polynucleotide fragments to reaction mixture , composition , kit , or method of the inven 
effectively generate a single nucleic acid from a plurality of tion comprises or uses a polymerase having a binding 
fragments . domain having at least 80 % , 85 % , 90 % , 95 % , 98 % , 99 % or 

Examples of strand displacing polymerases that may be 20 100 % sequence identity with SEQ ID NO : 2 ( e . g . 100 % 
used in embodiments of an assembly mixture , composition , sequence identity with SEQ ID NO : 2 ) . In another embodi 
kit , or method of the invention include members of family ment , the reaction mixture , composition , kit , or method of 
B polymerases , such as ( but not limited to ) any of those the invention comprises or uses a polymerase having at least 
identified in Table 1 ( SEQ ID NOs : 33 - 55 ) . In addition , 80 % , 85 % , 90 % , 95 % , 98 % , 99 % or 100 % sequence identity 
fusions of such polymerases may be used , for example 25 with SEQ ID NO : 1 , or SEQ ID NO : 102 and SEQ ID NO : 2 , 
fusions between a plurality of polymerases and / or ss binding or SEQ ID NO : 3 or any of SEQ ID NOs : 33 - 97 ( e . g . 100 % 
domains ( such as shown in Table 2 ) ( SEQ ID NOs : 56 - 97 ) . sequence identity with SEQ ID NO : 1 or SEQ ID NO : 102 , 
In embodiments any of the polymerase moieties in Table 1 and SEQ ID NO : 2 or SEQ ID NO : 3 or any of SEQ ID 
or proteins having at least 80 % , 85 % , 90 % , 95 % 98 % , 99 % NOs : 33 - 97 ) . These compositions may be used in reaction 
or 100 % amino acid sequence identity to any of these protein 30 conditions in which the polymerase is strand displacing . The 
moieties in Table 1 may be fused at the N - terminal end or the compositions may be used in reaction conditions in which 
C - terminal end to any of the DNA binding domains any 3 - 5 ' exonuclease activity associated with the poly 
described in Table 2 or a protein moiety have at least 80 % , merase activity is active . This may be helpful when a 
85 % , 90 % , 95 % 98 % , 99 % or 100 % amino acid sequence restriction enzyme is used in the reaction such as Notl . In 
identity to any of the DNA binding moieties in Table 2 to 5 this case , the 3 ' - 5 ' exonuclease may remove a flap sequence 
form a strand displacing fusion polymerase for use herein . on the 3 ' end of the duplex . However , if a restriction 
The DNA binding domain may optionally be fused to the endonuclease is used that creates a blunt end on the excised 
N - terminal end or the C - terminal end of the polymerase . fragment , 3 ' - 5 ' exonuclease activity may not be required . 

Variants of other polymerases or novel isolates that are 0 The assembly reaction may be performed under isothermal 
revealed to be strand displacing as determined by the assay conditions . In one embodiment the isothermal conditions are 
provided herein ( see for example , FIG . 1A - 1E and Example 50° C . 

TABLE 1 
Table of polymerases 

Methanocaldococcus vulcanius M7 
Archaeoglobus fulgidus DSM 4304 
Archaeoglobus profundus DSM 5631 
Caldicellulosiruptor hydrothermalis 108 
Desulfurococcus mucosus DSM 2162 
Pyrolobus fumarii 
Pyrobaculum oguniense CH 
Staphylothermus marinus F1 
Pyrococcus yayaosii CH1 
Thermococcus sp . AM4 - del 
Thermococcus hydrothermalis 
Thermococcus thioreducens 
Thermococcus waiotapuensis 
Thermococcus sibiricus MM 739 
Pyrococcus glycovorans 
Pyrococcus sp . NA2 
Ferroglobus placidus DSM 10642 
Palaeococcus ferrophilus DSM 13482 
Thermococcus gammatolerans EJ3 
Thermococcus celericrescens 
Vulcanisaeta distributa DSM 14429 
Methanopyrus kandleri AV19 
Thermoproteus neutrophilus V24Sta 

SP - 13 
SP - 16 
SP - 17 
SP - 19 
SP - 27 
SP - 29 
SP - 30 
SP - 33 
SP - 42 
SP - 43 
SP - 44 
SP - 45 
SP - 46 
SP - 47 
SP - 48 
SP - 49 
SP - 61 
SP - 5 
SP - 50 
SP - 51 
SP - 60 
SP - 7 
SP - 9 

gi | 502573182 
gi | 499180464 
gi1502704426 
gi | 503168530 
gi1503328138 
gi1503791850 
gi | 379003208 
gi | 500164563 
gi | 503672202 
gi | 503888003 
gi | 17375628 
gi | 117958105 
gi | 378813034 
gi | 506329477 
gi17288074 
gi | 503513858 
gi | 502730992 
gi | 851288004 
gi / 506339349 
gi | 332308985 
gi1503101260 
gi / 20094475 
gi | 171185774 

SEQ ID NO : 33 
SEQ ID NO : 34 
SEQ ID NO : 35 
SEQ ID NO : 36 
SEQ ID NO : 37 
SEQ ID NO : 38 
SEQ ID NO : 39 
SEQ ID NO : 40 
SEQ ID NO : 41 
SEQ ID NO : 42 
SEQ ID NO : 43 
SEQ ID NO : 44 
SEO ID NO : 45 
SEQ ID NO : 46 
SEQ ID NO : 47 
SEQ ID NO : 48 
SEQ ID NO : 49 
SEQ ID NO : 50 
SEQ ID NO : 51 
SEO ID NO : 52 
SEQ ID NO : 53 
SEQ ID NO : 54 
SEQ ID NO : 55 
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TABLE 2 
DNA binding proteins 

DNA - binding protein Tfx BD - 51 gi | 499321160 
AbrB / MazE / MraZ - like BD - 52 gi | 499321199 
" Winged helix ” DNA - binding domain BD - 54 gi | 499322061 
Ribbon - helix - helix protein , copG family BD - 62 gi | 499321149 
lambda repressor - like DNA - binding domains BD - 63 gi | 499322443 
Resolvase - like BD - 67 gi1499322676 
“ Winged helix ” DNA - binding domain BD - 71 gi | 499322676 
“ Winged helix ” DNA - binding domain BD - 74 gi | 499322255 
“ Winged helix ” DNA - binding domain BD - 75 gi | 499322388 
“ Winged helix ” DNA - binding domain BD - 81 gi | 499322131 
“ Winged helix ” DNA - binding domain BD - 82 gi | 499321342 
“ Winged helix ” DNA - binding domain BD - 85 gi | 499321130 
“ Winged helix ” DNA - binding domain BD - 86 gi | 499322705 
“ Winged helix ” DNA - binding domain BD - 88 gi | 499320855 
“ Winged helix ” DNA - binding domain BD - 89 gi | 499322250 
“ Winged helix ” DNA - binding domain BD - 91 gi | 499321633 
“ Winged helix ” DNA - binding domain BD - 92 gi1490170077 
“ Winged helix ” DNA - binding domain BD - 93 gi | 499321272 
“ Winged helix ” DNA - binding domain BD - 94 gi | 499320919 
“ Winged helix ” DNA - binding domain BD - 97 gi | 499320853 
“ Winged helix ” DNA - binding domain BD - 98 gi | 499321734 
“ Winged helix ” DNA - binding domain BD - 100 gi | 499322439 
“ Winged helix ” DNA - binding domain BD - 102 gi | 499322707 
“ Winged helix ” DNA - binding domain BD - 109 gi | 499321112 
HCP - like BD - 02 gi | 351675391 
Helix - turn - helix domain , rpiR family BD - 03 gi1500479591 
Helix - turn - helix domain , rpiR family BD - 04 gi | 15643984 
Bacterial regulatory proteins , lacl family BD - 07 gi | 15643711 
Bacterial regulatory proteins , lacl family BD - 08 gi | 15643974 
Bacterial regulatory proteins , lacl family BD - 09 gi | 15643956 
Bacterial regulatory proteins , lacl family BD - 11 gi | 500480095 
lambda repressor - like DNA - binding domains BD - 12 gi | 15643421 
“ Winged helix ” DNA - binding domain BD - 14 gi | 15644350 
“ Winged helix ” DNA - binding domain BD - 16 gi | 24159093 
“ Winged helix ” DNA - binding domain BD - 18 gi | 15643139 
“ Winged helix ” DNA - binding domain BD - 23 gi | 15642807 
“ Winged helix ” DNA - binding domain BD - 24 gi | 15643159 
“ Winged helix ” DNA - binding domain BD - 30 gi | 15643333 
“ Winged helix ” DNA - binding domain BD - 32 gi | 15643055 
“ Winged helix ” DNA - binding domain BD - 37 gi | 15643827 
“ Winged helix ” DNA - binding domain BD - 43 gi | 15643699 
Homeodomain - like BD - 45 gi | 15643788 
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In an embodiment of the invention , the reaction mixture , 40 into a site in the plasmid adjacent to restriction enzyme sites 
composition , kit or method may include or use a 5 ' - 3 ' suitable for excision of the inserted polynucleotide . 
exonuclease such as T5 / 51 - 3 ' - exonuclease that is temperature Any plasmid may be used . The present examples utilize 
sensitive and can be inactivated by raising the temperature the commercially available PACYC184 that contains the 
above 30° C . In one embodiment , the 3 - 3 exonuclease has 45 marker may be used in place of chloramphenicol resistance chloramphenicol gene as a selectable marker . Any selectable 
exonuclease activity and ss endonuclease activity . In some gene . Similarly a specific recognition site for any cleavage 
embodiments , a reaction mixture may further include a enzyme capable of specifically cleaving at the ends of the ligase for example , an NAD + requiring ligase and / or a oligonucleotide to generate either staggered ends or blunt 
thermostable ligase , for example Taq ligase . In preferred ends may be selected where the specific cleavage site does 
embodiments , the reaction mixture may include a ss binding 50 not occur in the fragments of interest in addition to the 
protein . The ss binding protein may be thermostable for engineered position adjacent to the ends of the fragment of 
example , ET SSB . The assembly reaction may be performed interest . In the present examples , the recognition site for the 
under isothermal conditions . eight base cutter NotI ( CGCCGGCG ) that produces stag 

In certain embodiments , the use of a ligase is optional . For gered ends has been introduced adjacent to the polynucle 
example , where an assembled fragment is introduced 55 otide of interest by means of DNA synthesis . However , this 
directly into a vector for transformation of a host cell , a site may be present in a plasmid of choice or added to the 
ligase is not required as the host cell such as E . coli may be synthetic oligonucleotide of interest by a primer for ampli 
capable of repairing nicks in vivo . However , if the fication . Examples of specific cleavage enzymes include 
assembled fragment is amplified for purposes of confirming restriction endonucleases and homing endonucleases . 
correct assembly prior to transformation , it is desirable to 60 Once the oligonucleotide or DNA fragment of interest has 
use a ligase to close nicks and enable a polymerase to been chemically synthesized cloned or amplified from an 
amplify the entire target DNA . existing DNA and cloned into a vector with a selectable 

Cloning of individual fragments may use chemically marker , it is excised preferably by enzyme cleavage . The 
synthesized polynucleotide fragments with sequences fragments or oligonucleotides that have been synthesized or 
obtained from any database or publication where the poly - 65 amplified so as to incorporate overlapping sequence with an 
nucleotide fragments have overlapping sequences . These adjacent fragment or oligonucleotide to which it is intended 
can be cloned in a plasmid by inserting the polynucleotide to be joined are then assembled in an assembly reaction . 
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Under the hybridization conditions selected , the 5 ' - 3 ' merase ; and iv . a ss DNA binding protein . The components 

exonuclease in the reaction mixture ( for example , at a of the kit may be combined in one container , or each 
concentration in the range of 0 . 004 - 0 . 016 U / ul ) chews back component may be in its own container . For example , the 
any ss region at the 5 ' end of the fragment or oligonucleotide components of the kit may be combined in a single reaction 
and continues to chew back through the region of overlap - 5 tube or in one or more different reaction tubes . Further 
ping sequences and may continue further continues for a details of the components of this kit are described above . 
limited distance ( for example , at least 100 bases ) to provide The kit may also contain other reagents described above and 
a 3 ' ss region ( see for example , FIGS . 2A - 2C and 7 ) . At the below that may be employed in the method , e . g . , a mismatch 
same time , the strand - displacing polymerase as defined by repair enzyme such as mutHLS , cel - 1 nuclease , T7 endo 1 , 

uvrD , T4 Endo VII , E . coli Endo V , a buffer , dNTPs , plasmids the assay in FIG . 1A - 1E and Example 1 ( for example , at a 10 into which to insert the synthon and / or competent cells to concentration in the range of 0 . 005 U / ul - 0 . 5 U / ul ) repairs the receive the plasmids , controls etc . , depending on how the gap remaining between the hybridized ds region and any method is going to be implemented . In some embodiments , residual ss region . Since the polymerase is strand - displacing , the kit does not contain a non - strand displacing polymerase it may displace additional downstream sequences to form an and / or a crowding agent . 
ss flap . However , T5 exonuclease ss endonuclease activity 15 In certain embodiments , the kit may comprise a compo 
will remove this flap and any associated nick may be sition comprising a fusion protein , as described above , and 
repaired by a ligase ( for example , at a concentration in the a reaction buffer . The fusion protein itself may be in a 
range of 0 . 001 U / ul - 20 U / ul ) . storage buffer that contains a stabilizing agent , e . g . , glycerol . 

Once fragments are assembled into a larger piece of DNA The reaction buffer may be formulated to provide optimal 
which are cloned in colonies of host cells under selective 20 conditions for the polymerase activity of the fusion protein , 
pressure , the DNA from these colonies can be rescued from or a concentrated form thereof ( e . g . , at a 5x or 10x concen 
the vectors and again assembled with other fragments and trate ) . In certain embodiments , the buffer may contain a 
transformed into host cells thus expanding the size of the buffering agent ( e . g . , Tris or the like ) , salt ( e . g . , NaCl , or the 
DNA many times . The host cell may be a competent like ) , the salt of a divalent cation ( MgCl or the like ) and 
bacterial cell or may be a yeast cell or other eukaryotic cell . 25 other necessary components . 

The assembly process as described herein has been found In addition to above - mentioned components , the subject 
to be very efficient . For example , 0 . 02 nM - 100 nM of kit further includes instructions for using the components of 
oligonucleotide ( ss ) or DNA fragment ( ds ) may be utilized the kit to practice the subject method . The instructions for 

practicing the subject method are generally recorded on a to assemble a larger fragment where the concentration of ss suitable recording medium . For example , the instructions oligonucleotides used in a reaction can be up to approxi - 30 may be printed on a substrate , such as paper or plastic , etc . mately 50 times more than the amount of ds DNA fragments As such , the instructions may be present in the kits as a used in a similar assembly reaction . Similarly , equal molar package insert , in the labeling of the container of the kit or ity of plasmid containing a single fragment and a selectable components thereof ( i . e . , associated with the packaging or 
marker and a similar amount of the vector containing the subpackaging ) etc . In other embodiments , the instructions 
assembled fragments with a different selectable marker may 35 are present as an electronic storage data file present on a 
be used . These amounts are intended as guides but can be suitable computer readable storage medium . eg . CD - ROM . 
reduced whether the efficiency of the assembly is enhanced . diskette , etc . In yet other embodiments , the actual instruc 
For example , addition of the potassium salt , KCl can tions are not present in the kit , but means for obtaining the 
increase efficiency of productive assembly by 1 . 5 fold as instructions from a remote source , e . g . via the internet , are 
determined by the number of colonies using the assembly of 40 provided . An example of this embodiment is a kit that 
lac1Z as an indicator ( see for example FIG . 5 ) . includes a web address where the instructions can be viewed 

The assembly process for ss target oligonucleotides and / or from which the instructions can be downloaded . As 
between two ds DNA molecules or into a linearized vector with the instructions , this means for obtaining the instruc 
is also very efficient . An example is provided herein which tions is recorded on a suitable substrate . 
is not intended to be limiting that uses specific / random 45 Compositions , kits and methods for assembling fragments 
sequences to identify guide RNAs for CRISPR - Cas gene and forming synthons as described herein result in a product 
editing protocols that can be introduced into cells to deter that is a ds fully sealed DNA that can serve as a template for 

PCR , RCA or a variety of other molecular biology applica mine an altered phenotype . At the outset , it may not be tions including direct transformation or transfection of a known what sequence might be suitable for achieving this competent bacterial or eukaryotic host cell . goal . The generation of a library containing degenerate 50 In order to further illustrate the present invention , the sequences makes this type of analysis possible . CRISPR following specific examples are given with the understand Cas9 - based gene editing is quickly growing in popularity in ing that they are being offered to illustrate the present 
the field of genome editing . Due to the size of most invention and should not be construed in any way as limiting 
commonly used Cas9 - containing plasmids , construction of a its scope . 
SORNA or sgRNA library into a Cas9 / sgRNA expression 55 All references cited herein including U . S . Ser . No . 
vector can be cumbersome . This approach solves this prob - 14 / 837 , 820 , filed on Aug . 27 , 2015 , US Provisional Serial 
lem , using ss DNA oligonucleotides . Nos . : 62 / 042 , 527 , filed Aug . 27 , 2014 , 62 / 189 , 599 , filed Jul . 

In a separate embodiment , any DNA binding domain from 7 , 2015 plus 62 / 193 , 168 , filed on Jul . 16 , 2015 , are incor 
Table 2 may be fused to a Bst polymerase , Bst large porated by reference . 
fragment or mutant thereof ( see for example , U . S . Pat . No . 60 
8 , 993 , 298 and US 2015 / 0152396 including all the Bst EXAMPLES 
variants described and claimed therein ) . 

Kits Example 1 : Assay to Establish Strand Displacement ment 

Also provided by the present disclosure are kits for Properties of a Polymerase 
practicing the subject method as described above . In certain 65 
embodiments , a subject kit may contain : i . a 5 ' - 3 ' exonu The data shown in FIGS . 3A , 3B , 4 , 5 , 6 , 8C , 9C and 10 ) , 
clease , ii . an optional a ligase , iii . a strand - displacing poly was produced using the polymerase of SEQ ID NO : 3 . 
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An assay was developed to differentiate between strand - continued 

displacing and non - strand displacing polymerases - A 10 ul 
reaction containing 10 nM FAM - primer / Template / blocking Not - IZ F5 GCGGCCGCgaatacctgttccgtcatag 
oligonucleotide , 1x THERMOPOL® buffer ( New England cgat ( SEQ ID NO : 14 ) 

Biolabs , Ipswich , Mass . ) ( FIG . 1A ) and 0 . 1 mM dNTP was 5 Not - IZ R5 GCGGCCGCtcatttttgacaccagacca 
prepared . FIG . 1B is the control which is the FAM labeled actgg ( SEQ ID NO : 15 ) 
primer absent any polymerase . When a strand displacing 
DNA polymerase was added to the reaction , and incubated The amplified fragments were cloned and sequenced to 
at 50° C . for 30 minutes with 1 ul of sample diluted 10 fold confirm that no errors during amplification had been intro 
and analyzed by capillary electrophoresis , the FAM primer 10 duced 
was extended through the blocking oligonucleotide which 
was displaced . The results are shown in FIG . 1D - 1E . The 
position of the peak in FIG . 2D for Bst polymerase , an Sequence of PCR amplified fragment i 
established strand displacing polymerase corresponds to the ( SEQ ID NO : 16 ) : 
peak observed for a non - natural polymerase , SPB49F . The 15 GCGGCCGCgtcctcgccgaaaatgacccagagcgctgccggcacctg 
small size shift results from a blunt end generated by tcctacgagttgcatgataaagaagacagtcataagtgcggcgacga 
SPB49F resulting from 3 - 5 ' exonuclease activity which is 
absent in Bst polymerase such that the product of Bst tagtcatgccccgcgcccaccggaaggagctgactgggttgaaggct 
polymerase replication has a 3 ' dA . FIG . 1C shows the 
product of a non - strand displacing polymerase - T4DNA 20 DNA 20 ctcaagggcatcggtcgagatcccggtgcctaatgagtgagctaact € 
polymerase where synthesis is terminated at the blocking tacattaattgcgttgcgctcactgcccgctttccagtcgggaaacc 
primer . 

tgtcgtgccagctgcattaatgaatcggccaacgcgcggggagaggo 
Example 2 : Synthesis of a Large DNA Molecule ggtttgcgtattgggcgccagggtggtttttcttttcaccagtgaga from 6 Fragments Using a Strand Displacing 
Polymerase and Confirmation that Assembly was cgggcaacagctgattgcccttcaccgcctggccctgagagagttgc 
Efficient Using Strand Displacing Polymerases agcaagcggtccacgctggtttgccccagcaggcgaaaatcctgttt 

Plasmid A , B , C , D and E were constructed separately gatggtggttaacggcgggatataaccaacgcgcagcccggactcgg 
from PCR products ( fragments ( Frags ) 1 , 2 , 3 , 4 , 5 that 30 
together cover the region of Lacl - and LacZ gene ) using taatatcccactaccgagatatccgcaccaacgcgcagcccggactc 
NEB® PCR Cloning Kit ( New England Biolabs , Ipswich , ggtaatggcgcgcattgcgcccagcgccatctgatcgttggcaacca 
Mass . ) . 

In this experiment , the 5 different fragments integrated gcatcgcagtgggaacgatgccctcattcagcatttgcatggtttgt 
into separate plasmids were used in the following concen - 35 
trations - 50 ng of each PCR ( source of “ fragments ) and 25 ng tgaaaaccggacatggcactccagtcgccttcccgttccgctatcgg 
of pMiniTTM vector ( NEB # E1202 ) was the ampicillin ctqaatttgatt ctgaatttgattgcgagtgagatatttatgccagccagccagacgca 
containing plasmid . The 5 fragments for assembly were first 
amplified using PCR . Primers used in the preparation of gacgcgccgagacagaacttaatgggcccgctaacagcgcgatttgo 
Lacl - lacZ DNA fragments assembly system as follows : 40 tggtgacccaatgcgaccagatgctccacgcccagtcgcgtaccgtc 

25 

ttcatgggagaaaataatactgttgatgggtgtctggtcagagacat 
5PLacIZ - PACYC1841F1 ttggtctggtgtcaaaaatgaATCGTCA 

CGGCGATTTATG ( SEQ ID NO : 4 ) caagaaataacgccggaacattagtgcaggcagcttccacagcaatg 

5PLacIZ - PACYC184VR1 gggtcattttcggcgaggacTGCATCAA 
CGCATATAGCG ( SEQ ID NO : 5 ) 

45 gcatcctggtcatccagcggatagttaatgatcagcccactgacgcg 

ttgcgcgagaagattgtgcaccgccgctttacaggcttcgacgccgc 
Not - IZ F1 GCGGCCGCgtcctcgccgaaaatgaccc 

agag ( SEQ ID NO : 6 ) ttcgttctaccatcgacaccaGCGGCCGC 
Not - IZ R1 GCGGCCGCtggtgtcgatggtagaacga 

agcg ( SEQ ID NO : 7 ) 
50 Sequence of PCR amplified fragment 2 

( SEQ ID NO : 17 ) : 
GCGGCCGCcccactgacgcgttgcgcgagaagattgtgcaccgccgc 

Not - IZ F2 GCGGCCGCcccactgacgcgttgcgcga 
gaag ( SEQ ID NO : 8 ) tttacaggcttcgacgccgcttcgttctaccatcgacaccaccacgc 

Not - IZ R2 GCGGCCGCggctgcgcaactgttgggaa 
gggc ( SEQ ID NO : 9 ) 

55 tggcacccagttgatcggcgcgagatttaatcgccgcgacaatttgc 

gacggcgcgtgcagggccagactggaggtggcaacgccaatcagcaa 
Not - IZ F3 GCGGCCGCtgcagcacatccccctttcg 

ccag ( SEQ ID NO : 10 ) cgactgtttgcccgccagttgttgtgccacgcggttgggaatgtaat 
Not - IZ R3 GCGGCCGCatgatgctcgtgacggttaa 

cgcc ( SEQ ID NO : 11 ) 
otcagctccgccatcgccgcttccactttttcccgcgttttcgcagaa 60 

acgtggctggcctggttcaccacgcgggaaacggtctgataagagac 
Not - IZ F4 GCGGCCGCaggtgcggattgaaaatggt 

ctgc ( SEQ ID NO : 12 ) accggcatactctgcgacatcgtataacgttactggtttcacattca 

Not - IZ R4 GCGGCCGCtcaccgcttgccagcggett 
acca ( SEQ ID NO : 13 ) 

ccaccctgaattgactctcttccgggcgctatcatgccataccgcga 
65 

aaggttttgcgccattcgatggtgtccgggatctcgacgctctccct 
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- continued - continued gtggatgaagccaatattgaaacccacggcatggtgccaatgaatcg 
tatgcgactcctgcattaggaagcagcccagtagtaggttgaggccg 

tctgaccgatgatccgcgctggctaccggcgatgagcgaacgcgtaa 
ttgagcaccgccgccgcaaggaatggtgcatgcaaggagatggcgcc 

5 cgcgaatggtgcagcgcgatcgtaatcacccgagtgtgatcatctgg 
caacagtcccccggccacggggcctgccaccatacccacgccgaaac 

tcgctggggaatgaatcaggccacggcgctaatcacgacgcgctgta 
aagcgctcatgagcccgaagtggcgagcccgatcttccccatcggtg 

tcgctggatcaaatctgtcgatccttcccgcccggtgcagtatgaag 
atgtcggcgatataggcgccagcaaccgcacctgtggcgccggtgat 

10 goggcggagccgacaccacggccaccgatattatttgcccgatgtac 
gccggccacgatgcgtccggcgtagaggatcgagatctcgatcccgc 

gcgcgcgtggatgaagaccagcccttcccggctgtgccgaaatggtc 
gaaattaatacgactcactataggggaattgtgagoggataacaatt 

catcaaaaaatggctttcgctacctggagagacgcgcccgctgatcc 
cccctctagaaataattttgtttaactttaagaaggagatatacata 

15 tttgcgaatacgcccacgcgatgggtaacagtcttggcggtttcgct 
tgaccatgattacggattcactggccgtcgttttacaacgtcgtgac 

aaatactggcaggcgtttcgtcagtatccccgtttacagggcggett 
tgggaaaaccctggcgttacccaacttaatcgccttgcagcacatcc 

cgtctgggactgggtggatcagtcgctgattaaatatgatgaaaacg 
ccctttcgccagctggcgtaatagcgaagaggcccgcaccgatcgcc 

gcaacccgtggtcggcttacggcggtgattttggcgatacgccgaac cttcccaacagttgcgcagccGCGGCCGC 
gatcgccagttctgtatgaacggtctggtctttgccgaccgcacgcc 

Sequence of PCR fragment 3 ( SEQ ID NO : 18 ) : 
GCGGCCGCtgcagcacatccccctttcgccagctggcgtaatagcga gcatccagcgctgacggaagcaaaacaccagcagcagtttttccagt 
agaggcccgcaccgatcgcccttcccaacagttgcgcagcctgaatg tccgtttatccgggcaaaccatcgaagtgaccagcgaatacctgttc 

25 
gcgaatggcgctttgcctggtttccggcaccagaagcggtgccggaa cgtcatagcgataacgagctcctgcactggatggtggcgctggatgg 

agctggctggagtgcgatcttcctgaggccgatactgtcgtcgtccc taagccgctggcaagcggtgaGCGGCCGC 

ctcaaactggcagatgcacggttacgatgcgcccatctacaccaacg Sequence of PCR fragment 5 ( SEQ ID NO : 20 ) : 
30 GCGGCCGCgaatacctgttccgtcatagcgataacgagctcctgcac 

tgacctatcccattacggtcaatccgccgtttgttcccacggagaat 
tggatggtggcgctggatggtaagccgctggcaagcggtgaagtgcc 

ccgacgggttgttactcgctcacatttaatgttgatgaaagctggct 
tctggatgtcgctccacaaggtaaacagttgattgaactgcctgaac 

acaggaaggccagacgcgaattatttttgatggcgttaactcggcgt 
35 taccgcagccggagagcgccgggcaactctggctcacagtacgcgta 

ttcatctgtggtgcaacgggcgctgggtcggttacggccaggacagt 
gtgcaaccgaacgcgaccgcatggtcagaagccgggcacatcagcgc 

cgtttgccgtctgaatttgacctgagcgcatttttacgcgccggaga 
ctggcagcagtggcgtctggcggaaaacctcagtgtgacgctccccg 

aaaccgcctcgcggtgatggtgctgcgctggagtgacggcagttato 
ccgcgtcccacgccatcccgcatctgaccaccagcgaaatggatttt 40 tggaagatcaggatatgtggcggatgagcggcattttccgtgacgtc 
tgcatcgagctgggtaataagcgttggcaatttaaccgccagtcagg 

togttgctgcataaaccgactacacaaatcagcgatttccatgttgc 
ctttctttcacagatgtggattggcgataaaaaacaactgctgacgo 

cactcgctttaatgatgatttcagccgcgctgtactggaggctgaag 
cgctgcgcgatcagttcacccgtgcaccgctggataacgacattggc 

ttcagatgtgcggcgagttgcgtgactacctacgggtaacagtttct 45 45 
gtaagtgaagcgacccgcattgaccctaacgcctgggtcgaacgctg 

ttatggcagggtgaaacgcaggtcgccagcggcaccgcgcctttcgg 
gaaggcggcgggccattaccaggccgaagcagcgttgttgcagtgca 

cggtgaaattatcgatgagcgtggtggttatgccgatcgcgtcacac 
cggcagatacacttgctgatgcggtgctgattacgaccgctcacgcg 

tacgtctgaacgtcgaaaacccgaaactgtggagcgccgaaatcccg 50 
tggcagcatcaggggaaaaccttatttatcagccggaaaacctaccg 

aatctctatcgtgcggtggttgaactgcacaccgccgacggcacgct 
gattgatggtagtggtcaaatggcgattaccgttgatgttgaagtgg 

gattgaagcagaagcctgcgatgtcggtttccgcgaggtgcggattg 
cgagcgatacaccgcatccggcgcggattggcctgaactgccagctg 

aaaatggtctgctgctgctgaacggcaagccgttgctgattcgaggc 55 gcgcaggtagcagagcgggtaaactggctcggattagggccgcaaga 
gttaaccgtcacgagcatcat GCGGCCGC 

aaactatcccgaccgccttactgccgcctgttttgaccgctgggato 
Sequence of PCR fragment 4 ( SEQ ID NO : 19 ) : 
GCGGCCGCaggtgcggattgaaaatggtctgctgctgctgaacggca tgccattgtcagacatgtataccccgtacgtcttcccgagcgaaaac 

agccgttgctgattcgaggcgttaaccgtcacgagcatcatcctctg ggtctgcgctgcgggacgcgcgaattgaattatggcccacaccagtg 

catggtcaggtcatggatgagcagacgatggtgcaggatatcctgct gcgcggcgacttccagttcaacatcagccgctacagtcaacagcaac 
gatgaagcagaacaactttaacgccgtgcgctgttcgcattatccga tgatggaaaccagccatcgccatctgctgcacgcggaagaaggcaca 
accatccgctgtggtacacgctgtgcgaccgctacggcctgtatgtg tggctgaatatcgacggtttccatatggggattggtggcgacgacto 



gattagggccgcaagaaaactatc 

( SEO ID NO : 27 ) 
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- continued - continued ctggagcccgtcagtatcggcggaattccagctgagcgccggtcgct 
Seq Not - IZ - M4 

accattaccagttggtctggtgtcaaaaatgaGCGGCCGC ( SEO ID NO : 25 ) 
cggccaccgatattatttgcccga 

The 5 fragments each had an overlapping region of 80 bp 5 
with an adjacent fragment in order of the final assembly by Seq Not - IZ - M5 
design ( between fragment 1 and 2 , 2 and 3 , 3 and 4 , 4 and ( SEQ ID NO : 26 ) 
5 ) . Fragment 1 and 5 also shared 20 bp overlap with the ends 
of vector . Any available vector may be used such as for 
example PACYC184 ( New England Biolabs , Ipswich , Example 3 : Assembly of Single Strand 
Mass . ) . PACYC184 vector was prepared by the method of Oligonucleotides into a Linearized Vector or Two 
inverse PCR , which permitted assembly of fragments 1 - 5 in Distinct Ds DNAS 
the presence of the assembly mix described above after 
treatment with Noti - HF® ( New England Biolabs , Ipswich , 16 An oligonucleotide corresponding to sgRNA for targeting 
Mass . ) and heat - inactivation ( see FIG . 2A - 2C ) . 15 a gene from H . sapiens was designed as follows : 

During assembly , the nucleotides extending from the 1 . A PAM sequence was scanned for the desired target 
shaded region were degraded by T5 exonuclease while sequence . For example NGG in 
nucleotides in grey were removed by the polymerase . After 
the fragments are assembled and transformed into E . coli , 20 
productive assembly determined by blue / white selection 5 ' GCGAAGAACCTCTTCCCAAGANGG3 ' 
were recorded on a plate with IPTG and X - Gal . 

T5 exonuclease , Taq ligase , a strand displacing DNA A 2 . A 71 - base , ss DNA oligonucleotide , containing a 21 
polymerase , and a ss binding domain ( ET SSB ) were com nucleotide target sequence flanked by a partial U6 pro 
bined in a reaction mixture in a buffer to form Mix 1 . These 25 moter sequence and scaffold RNA sequence was 
enzymes were all obtained from New England Biolabs , designed 
Ipswich , Mass . Five of 150 ng of Noti - HF - digested plasmids See for example FIG . 8A - 8C in which the ss oligonucle 
( plasmid A , B , C , D and E ) were mixed with 105 ng of otide is defined as 
vector and either with Mix 1 or GAMM in a total volume of 
20 ul . The reactions were incubated at 50° C . for 60 minutes . 30 ( SEQ ID NO : 28 ) 
2 ul of the assembled products were used to transform into 5 ' ATCTTGTGGAAAGGACGAAACACCGGCGAAGAACCTCTTCCC 
NEB 5 - alpha ( New England Biolabs , Ipswich , Mass . ) com AAGAGTTTTAGAGCTAGAAATAGCAAGTT3 ' 
petent cells . Cells were then spread on plates containing or FIG . 9A - 9C where the ss oligonucleotide is designed to chloramphenicol . Positive assembly can be identified as a 1 35 create a random library : blue colony on a plate with chloramphenicol + IPTG + X - Gal 
and incubated at 37° C . overnight . 
PCR of assembly product to confirm all fragments are ( SEQ ID NO : 29 ) 

joined and ligated prior transformation involved the follow 5 ' ATCTTGTGGAAAGGACGAAACACCGN2 GTTTTAGAGCTAGAA 
ATAGCAAGTT3 ' ing steps : 1 ul of assembled products were used in a PCR to 40 

ensured 5 fragments and vector are ligated together . Pairs of 3 . The ss DNA oligonucleotide was prepared in 1x NEBuffer 
PCR primers that anneal on the vector were used to amplify 2 ( New England Biolabs , Ipswich , Mass . ) to a final 
the whole assembled LacIZ gene ( 5 . 3 kb ) . Lane 1 and 2 are concentration of 0 . 2 uM . 
duplicate PCR results . Lane M is 2 - log DNA ladder from 4 . A 10 ul reaction mix containing 5 ul of ss DNA oligo 
New England Biolabs , Ipswich , Mass . ( see FIG . 4 ) . 45 nucleotide ( 0 . 2 UM ) , 30 ng of restriction enzyme - linear 

Sequencing results were obtained from 8 colonies that ized vector and ddH , O was formed . 
were picked and the plasmid DNA purified for the purpose 5 . A suitable vector for use in the above method is a ds vector 
of Sanger sequencing . 6 primers were used to sequence the from Life Technology ( GeneArt® CRISPR Nuclease Vec 
4 . 8 kb . The junction sequence between fragments as well as tor with OFP Reporter Kit Catalog number : A21174 ) . 
extension regions from the overlap region showed less than 50 Other vectors are provided by Addgene plasmid # 42230 , 
2 % sequence errors . pX330 - U6 - Chimeric _ BB - CBh - hSpCas9 . Alternatively , 
Primers used for sequencing the assembled DNA : any plasmid containing an sgRNA scaffold under the 

control of a U6 promoter can be used . 
6 . 10 ul of a master mix containing an ss binding protein , a 

Seq Not - IZ - MO 55 ligase , an exonuclease and a polymerase was added to the 
( SEO ID NO : 21 ) reaction mix , and the assembly reaction was incubated for aaaaccaccctggcgcccaatacg 

1 hour at 50° C . 
Seq Not - IZ - M1 7 . NEB 10 - beta Competent E . coli were transformed with 2 

( SEQ ID NO : 22 ) ul of the assembled product and the manufacturer ' s pro 
60 tocol followed ( New England Biolabs ) . 

Seq Not - IZ - M2 8 . 100 ul of transformed cells were spread on a plate with 
( SEQ ID NO : 23 ) ampicillin antibiotic , and incubate overnight at 37° C . 

ggaagcagcccagtagtaggttga 9 . 10 colonies were picked to grow , and the plasmid DNA 
was purified for sequencing . Seq Not - IZ - M3 ( SEQ ID NO : 24 ) 65 Unlike traditional cloning methods , in which two oligo 

ggtgctgcgctggagtgacggcag nucleotides must be synthesized and re - annealed , this 
example offers a simple way to design an oligonucleotide 

cccggactcggtaatggcgcgcat 
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and assemble it with the desired vector and represents a without the DNA binding domain ) . Collectively , more than 
substantial improvement over traditional methods , specifi 30 % of the fusion proteins that either contained DNA 
cally in time savings , ease - of - use and cost . polymerase SP - 04 or the SP - 17 DNA binding domain exhib 

ited an enhanced performance relative to the polymerase 
5 domain of the fusion protein on its own , in at least one of the 

Example 4 : Production and Screening of Fusion conditions tested . The data shown in FIGS . 20 - 23 shows 
Proteins data from the 18 fusion proteins shown in FIGS . 16 , 17 , 

18A , 18B , 19A and 19B . 
FIG . 20 show that BD - 07 ( a lambda repressor - like DNA The sequences of several hundred DNA binding domains , 10 h 10 binding domain from T . maritima ) , BD - 08 ( a lambda repres most of which are expected to be sequence - specific based on sor - like DNA binding domain from T . maritima ) , and BD - 98 their predicted structure ( e . g . , whether they have an HLH , ( a winged helix domain from P . furiosus ) enhance the ability LTH or WH structure , etc . ) or similarity to known DNA of the SP - 17 polymerase ( an Archael family B polymerase binding proteins that are known to specifically bind DNA 

were identified by screening public and other databases 15 from Archaeoglobus profundus ) to amplify longer frag 
using word searches and by sequence comparisons . Most , if ments . 
not all , of the identified DNA binding domains were already FIG . 21 show that BD - 02 ( an HCP - like Crol - C1 - type 
annotated as being DNA binding domains and , on further HTL - type DNA binding domain from T . maritima ) , BD - 07 
analysis , could be identified as transcription factors . Further ( a lambda repressor - like DNA binding domain from T . 
sequences were selected based on their annotation . Approxi - 20 20 maritima ) , and BD - 98 ( a winged helix domain from P . 

furiosus ) enhance the ability of the SP - 04 polymerase to mately a hundred DNA binding domains were selected for 
further analysis . The amino acid sequences of representative amplify longer fragments . 
DNA binding domains from Pyrococcus furiosus and Ther FIG . 22 show that BD - 07 ( a lambda repressor - like DNA 
motoga maritima are shown in FIGS . 11A , 11B , 13A and binding domain from T . maritima ) , BD - 23 ( a winged helix 
13B , respectively . FIGS . 12 and 14 show that the selected 25 90 ad domain from T . maritima ) , BD - 09 ( a lambda repressor - like 
DNA binding domains are diverse both in terms of sequence DNA binding domain from T . maritima ) , BD - 62 ( a ribbon 

helix helix DNA - binding domain from P . furiosus ) and but also in their structure . BD - 93 ( a winged helix DNA - binding domain from P . furio In addition , several DNA polymerases from a diverse 
range of bacterial and archaeal species were identified by sus ) and BD - 109 ( another winged helix DNA - binding 
performing sequence comparisons on public and other data - 30 domain from P . furiosus ) enhance the ability of the SP - 61 
bases . Most , if not all , of the identified polymerases were polymerase ( an Archael family B polymerase from Archaeo 
already annotated as being a polymerase . A phylogenetic globus profundus ) to tolerate different buffers . 

FIG . 23 show that BD - 07 ( a lambda repressor - like DNA tree of a representative number of polymerases is shown in binding domain from T . maritima ) , BD - 23 ( a winged helix FIG . 15 . As shown , the polymerases are from family A as 
well as family B . domain from T . maritima ) , BD - 09 ( a lambda repressor - like 

Approximately 300 fusion proteins were made and tested DNA binding domain from T . maritima ) , BD - 62 ( a ribbon 
helix helix DNA - binding domain from P . furiosus ) and for an enhanced performance in a variety of PCR conditions . 

The selected polymerases were from family A and family B , BD - 93 ( a winged helix DNA - binding domain from P . furio 
and the DNA binding domains were diverse in sequence . sus ) and BD - 109 ( another winged helix DNA - binding 

domain from P . furiosus ) enhance the ability of the SP - 04 The amino acid sequences of 18 exemplary polymerases are 40 
shown in FIGS . 16 , 17 , 18A , 18B , 19A and 19B . These polymerase to tolerate different buffers . 

The data shown in FIGS . 20 - 23 is representative only . sequences can be used to guide the construction of other 
fusion proteins . 

The fusion proteins were compared to the polymerase SEQ ID NO : 1 
portion of the fusion protein in a battery of PCR - related tests 45 
that included , but were not limited to , assays to determine 
the length of the fragments that can be amplified using a AIDDVRKITSERHGKVVRVIDVEKVKKKFLGRPIEVWKLYFEHPQD 
short extension cycle ( e . g . , 5 seconds to 30 seconds ) , the VPAMRD KIREHPAVIDIFEYDIPFAKRYLIDKGLIPMEGNEELTFL ability of the polymerase to tolerate different buffers ( e . g . , 
NEB Thermopol buffer , Phusion HF buffer , OneTag Stan - 50 AVDIETLYHEGEEFGKGPIIMISYADEEGAKVITWKKIDLPYVEVV 
dard Reaction buffer ) , as well as the ability to amplify DNA 

ANEREMIKRLIKVIREKDPDVIITYNGDNFDFPYLLKRAEKLGMKL template with higher GC content ( > 60 % GC ) , ability to 
generated DNA template with better purity , ability to PLGRDNSEPKMQRLGDSLAVEIKGRIHFDLFPVIRRTINLPTYTLE 
increase polymerase strand displacement activity . In gen 
eral , these tests involved setting up a PCR reaction with 55 AVYEAIFGKOKEKVYPHEIAEAWETGKGLERVAKYSMEDAKVTYEL 
genomic DNA as a template ( e . g . , human or bacterial GKEFFPMEAQLARLVGQPLWDVSRSSTGNLVEWYLLRKAYERNELA genomic DNA , plasmid DNA ) , and then subjecting the 
reaction to the following thermocycling conditions : an initial PNKPDEREYERRLRESYEGGYVKEPERGLWEGIVSLDFRSLYPSII 
denaturation step of 95° C . , followed by 25 - 35 cycles of 15 

ITHNVSPDTLNKEGCGEYDEAPEVGHRFCKDFPGFIPSLLGSLLEE seconds at 95° C . , 20 seconds at 55° C . and 10 seconds - 1 60 
minute at 72° C . ROKIKKRMKESKDPVERKLLDYRQRAIKILANSFYGYYGYAKARWY 

Some polymerase fusions were inactive in the PCR assay . 
In these cases , many of the polymerases on their own ( i . e . , CKECAESVTAWGRQYIELVRRELEERGFKVLYIDTDGLYATIPGEK 
without the DNA binding domain ) were also inactive . How NWEEIKRRALEFVNYINSKLPGILELEYEGFYTRGFFVTKKKYALI ever , a significant portion of the polymerase fusions retained 65 
activity , some having increased activity and some having DEEGKIVTRGLEIVRRDWSEIAKETQAKVLEAILKHGNVEEAVKIV 
reduced activity , relative to the polymerase on its own ( i . e . , 

MILDADYI TEDGKPIIRLFKKENGRFKVEYDRNFRPYIYALLKDDS 
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- continued 
KEVTEKLSNYEIPVEKLVIYEQI TRPLNEYKAIGPHVAVAKRLAAK ILGHWFCKKREGLIPKTLRGLIERRINIKNKMKKMESEKEINEEYN 

GIKIKPGMVIGYVVLRGDGPISKRAIAIEEFDGKKHKYDAEYYI EN LLDYEQRSLKILANSVYGYLAFPRARFYSRECAEVITYLGRKYILE 
5 5 

QVLPAVERILKAFGYKREDLRWOKTKQVGLGAWLKVKKS TIEEAEKFGFKVIYADSVVKDAKVIIKEDGKIKEIKIEDLFKKVDY 

TIGDKEYCILNNVETLTIEDTKLVWRKVPYIMRHRTNKKIYRVKVK SEO ID NO : 2 
IINPQARLTPLELEILEIIKOKKSITITEIKEILSERRKSEYPLSL 

DRYVDITEDHSIIGVKNNKLVELKPTEIKDDETKLIILNKDLKSYN 
VSEYISRLERKGYVKKIAKGRKKFVEALI 10 

FASVEEINCI KYSDYVYDI EVENTHRFFANGILVHNTDGFYAVWKE 
SEQ ID NO : 3 

MILDADYITEDGKPIIRLFKKENGRFKVEYDRNFRPYIYALLKDDS KISKDDLIKKALEFVKYINSKLPGTMELEFEGYFKRGIFITKKRYA 

AIDDVRKITSERHGKVVRVIDVEKVKKKFLGRPIEVWKLYFEHPOD LIDENGRVIVKGLEFVRRDWSNLARITORRVLEALLLEGDINKAKK 
15 VPAMRDKIREHPAVIDIFEYDIPFAKRYLIDKGLIPMEGNEELTFL AIQDVIKDLREKKIKKEDLIIYTQLTKNPNEYKTTAPHVEIAKKMM 

AVDIETLYHEGEEFGKGPIIMISYADEEGAKVITWKKIDLPYVEW REGKKI KIGDVIGYIIVKGSKSISERAKLPEEVSIEEIDVNYYIDN 

ANEREMIKRLIKVIREKDPDVIITYNGDNFDFPYLLKRAEKLGMKL QILPPVLRIMEAVGVSKNELKKEGTQLTLDRFLK 

PLGRDNSEPKMQRLGDSLAVEIKGRIHFDLFPVIRRTINLPTYTLE 20 SEQ ID NO : 34 
MERVEGWLIDADYETIGGKAVVRLWCKDDQGIFVAYDYNFDPYFYV 

AVYEAIFGKQKEKVYPHEIAEAWETGKGLERVAKYSMEDAKVTYEL 
IGVDEDILKNAATSTRREVIKLKSFEKAQLKTLGREVEGYIVYAHH 

GKEFFPMEAQLARLVGQPLWDVSRSSTGNLVEWYLLRKAYERNELA 
PQHVPKLRDYLSQFGDVREADIPFAYRYLIDKDLACMDGIAIEGEK 

PNKPDEREYERRLRESYEGGYVKEPERGLWEGIVSLDFRSLYPSII 25 
QGGVIRSYKIEKVERIPRMEFPELKMLVFDCEMLSSFGMPEPEKDP 

I THNVSPDTLNKEGCGEYDEAPEVGHRFCKDFPGFIPSLLGSLLEE 
IIVISVKTNDDDEIILTGDERKIISDFVKLIKSYDPDIIVGYNODA 

ROKIKKRMKESKDPVERKLLDYRQRAIKILANSFYGYYGYAKARWY 
FDWPYLRKRAERWNIPLDVGRDGSNVVFRGGRPKITGRLNVDLYDI 

CKECAESVTAWGRQYIELVRRELEERGFKVLYIDTDGLYATIPGEK 30 
AMRISDIKIKKLENVAEFLGTKIEIADIEAKDIYRYWSRGEKEKVL 

NWEEI KRRALEFVNYINSKLPGILELEYEGFYTRGFFVTKKKYALI 
NYARQDAINTYLIAKELLPMHYELSKMIRLPVDDVTRMGRGKOVDW 

DEEGKIVTRGLEIVRRDWSEIAKETQAKVLEAILKHGNVEEAVKIV 
LLLSEAKKIGEIAPNPPEHAESYEGAFVLEPERGLHENVACLDFAS 

KEVTEKLSNYEIPVEKLVIYEQI TRPLNEYKAIGPHVAVAKRLAAK 35 
MYPSIMIAFNISPDTYGCRDDCYEAPEVGHKFRKSPDGFFKRILRM 

GIKIKPGMVIGYVVLRGDGPISKRAIAIEEFDGKKHKYDAEYYIEN 
LIEKRRELKVELKNLSPESSEYKLLDIKOQTLKVLTNSFYGYMGWN 

QVLPAVERILKAFGYKREDLRWOKTKOVGLGAWLKVKKSGTGGGGI 
LARWYCHPCAEATTAWGRHFIRTSAKIAESMGFKVLYGDTDSIFVT 

INPOARLTPLELEILEIIKOKKSITITEIKEILSERRKSEYPLSLV 
40 KAGMTKEDVDRLIDKLHEELPIQIEVDEYYSAIFFVEKKRYAGLTE 

SEYISRLERKGYVKKIAKGRKKFVEALI 
DGRLVVKGLEVRRGDWCELAKKVQREVIEVILKEKNPEKALSLVKD 

SEQ ID NO : 33 
MKEKAPKIDALIDCTYKTEDNRAVIYLYLLENILKDREFSPYFYVE VILRIKEGKVSLEEVIYKGLTKKPSKYESMQAHVKAALKAREMGI 

MLKDRIEKEDIDKIKEFLLKEDLLKFVENLEWUNKTILKKEKEIVK 45 IYPVSSKIGYVIVKGSGNIGDRAYPIDLIEDFDGENLRIKTKSGIE 

IIATHPORVPKLRKIKECDIVKEIYEHDIPFAKRYLIDSDIVPMTY IKKLDKDYYIDNQIIPSVLRILERFGYTEASLKGSSOMSLDSFFS 
WDFENRKOVSIEIPKLKTVSFDMEVYNRDTEPDPEKDPILMASFWD SEQ ID NO : 35 

MIKAWLLDVDYVTENDRAVIRLWCKDDKGVFVAYDRNFLPYFYVIG 
DNGGKVI TYKHFDHSNIEVVNSEKDLIKKIVEMLRQYDVIFTYNGD 50 

CKAEDVMKVKVRTNEGIITPLKVEEIEAKSLGKPIKALKVYTRHPQ 
NFDFPYLKARAKIYGIDIKLGRDGEELKI KRGGMEFRSYIPGRVHI 

HVPKLREEIKKFAEVREADIPFAYRYLIDKDLACMDGIEIEPIAVK 
DLYPISRRLLKLTKYTLEDVVYNLFGIEKLKIPHTKIVDYWANNDK 

EGVLRAYEVRSVRRVEKKGFPDLKILAFDCEMLAQFMPDPEKDPII 
ILIEYSLODAKYTHKIGKYFFPLEVMFSRIVNQTPFEITRMSSGOM 55 AIAVKCGDFEEVLHGDERDILRRFVSIIKEODPDIIVGYNODNFDW 
VEYLLMKNAFKENMIVPNKPDEKEYRKRLLTSYEGGYVKEPEKGMF 

PYVKKRAEKFGIRLDIGRDRSEISFRGGRPKIAGRLNVDLYDIALK 
EDIISMDFRCHPRGTKVIVKNNGLTDIENVKVGDYVLGIDGWOKVK 

IPDVKIKTLKKVAEFLGAKVEEEDI EGRDIYKCWMRGEKEKVFKHV 
RVWKYPYNGFLVNVNGLKSTPNHKIPVIKKENGKDRVIDVSSIYLL 60 LNDVLTTYRLALELLPMHYELSRMIRLPLDDVARLGRGKQVDYFLL 
NLKGCKILKIKNFESIGMFGKIFKKDTKIKKVKGLLEKIAYIDPRE 

SEAKKINEIAPNPPEIEESYEGAFVLEPARGLHENVACLDFASMYP 
GLVIKVKNEKEDIFKTVIPILKELNILYKOVDEKTIIIDSIDGLLK 

SIMINFNISPDTLVKGECEDCYVAPEVGHKFRKSPDGFFKRILKML 
YIVTIGFNDKNEEKIKEIIKEKSFLEFKELEDIKISIEEYEGYVYD 

65 IEKRREMKROMKELDPDSEDYKLLDIKOQTLKVLTNSFYGYTGWNL 
LTLEGRPYYFANGILTHNSLYPSIIIAYNISPETLDCECCKDISEK 
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ARWYCRECAEATTAWGRYFIKRAVKIAESMGFEVLYGDTDSLFIKK 

LRESVDEAVKYVKSVIDDLRNYRFTIDDVIIWKTLDKDINEYKAIQ 
NKLNLKDLEKECLKLIDVISKELPIQLEIDEFYKAIFFVEKKRYAG 

PHVVAARRLMEKGYVVNKGDTVGFVIVKDSGDKL TORAYPYVFIND 
LTDDDRIVKGLEVRRGDWCELAKRVQREVIEIILRERNPDKALKF 5 

VKEIDVDYYVEKOVIPAALRILEVFGVNEAALLGKTGKSILDYFH 
VKNVIEEIKEGKFKLEDYVIYKGLTKKPDKYES KQAHVKAALRAME 

MGIYYPIGTKVGFVIVKGGGSISDRAYPIELIEEFDGENLKIRTPS 
SEQ ID NO : 38 

MTEVVFTVLDSSYEWVGKEPQVIIWGIAENGERVVLIDRSFRPYFY 

GIMVKKIDKDYYIDHOIIPAVMRILERFGYTEASLKTTIOKTLFDF 10 ALLAPGADPKOVAQRIRALSRPKSPIIGVEDDKRKYFGRPRRVLRI 

RTVLPEAVREYRELVKNVDGVEDVLEADIRFAMRYLIDHDLFPFTW 

YRVEAEPLENKMGFRVDKVYLVKSRPEPLYGEALAPTKLPDLRILA SEO ID NO : 36 
MKLVIFDGNSILYRAFFALPELTTSSNIPTNAIYGFINVILKYLEO 

FDIEVYSKOGSPRPERDPVIVIAVKTDDGDEVLFIAEGKDDRKPIR 15 15 EKPDYIAVAFDKRGREARKS EYQEYKANRKPMPDNLQVQIPYVREI LQVQIPYVRET EFVEYVKRYDPDIIVGYNNNHFDWPYLLRRARILGIKLDVTRRVGA 
LYALNIPIVEFEGYEADDVIGSLVNKFKNTGLDIVIITGDRDTLQL 

EPTTSVHGHVSVPGRLNVDLYDYAEEMPEIKIKSLEEVAEYLGVMK 
LDKNVVVKIVSTKFDRTMEDLYTIENI KEKYGVWANOVPDYKALVG 

KSERVIINWWEIPDYWDDPKKRPLLLQYARDDVRATYGLAEKILPF 
DQSDNIPGVKGIGEKSAQKLLEEYSSLEEIYONLDKIKGSIREKLE 20 

AIQLSYVTGLPLDQVGAMSVGFRLEWYLIRAAFKMKELVPNRVERP 
AGKDMAFLSKRLATIVCDLPLNVNLEDLRTKEWNKERLYEILVOLE 

EETYRGAIVLEPLRGVHENIAVLDFSSMYPNIMI KYNVGPDTLVRP 
FKSIIKRLGLSENIOFEFVOORTDI PDVEORELESISRIRSKEIPL 

GEECGECGCWEAPEVKHRFRRCPPGFFKTVLERLLELRKRVRAEMK 
MFVQDEKCFYLYDQESNTVFVTRDRHLVEEILKSDTVKIVYDLKNI 25 

KYPPDSPEYRLLDERQKALKVLANASYGYMGWSGARWYCRECAEAV 
FHQLNLEDTDNIKNCEDVMIASYVLDSTRSSYELETLFVSYLNTDI 

TAWGRHLIRTAINIARKLGLKVIYGDTDSLFVTYDPEKVEKFIKII 
EAVKKDKKMVSVVLLKRLWDDLLRLIDLNSCQFLYENIERPLIPVL 

EEELGFEI KLEKVYKRVFFTEAKKRYAGLLEDGRIDIVGFEAVRGD 
YEMEKTGFKVDRDALLQYTKEIENKILKLETQIYQIAGEWFNINSP 30 

WCELAKEVQTKVVEIVLKTSDVNKAVEYVRKIVKELEEGKVPIEKL 
KOLSYILFEKLKLPVIKKTKTGYSTDAEVLEEFDKHEIVPLILDYR 

VIWKTLSKRLEEYTTEAPHVVAAKRMLSAGYRVSPGDKIGYVIVKG 
MYTKILTTYCOGLLQAINPSSGRVHTTFIQTGTATGRLASSDPNLO 

GGRISQRAWPYFMVKDPSQIDVTYYVDHQIIPAALRILGYFGITEK 
NIPVKYDEGKLIRKVFVPEEGHVLIDADYSOIELRILAHISEDERL 35 

KLKASATGQKTLFDFLAKKSK 
INAFKNNIDIHSQTAAEVFGVDIADVTPEMRSQAKAVNFGIVYGIS 

SEQ ID NO : 39 
MEIRVWPLDVTYIVVGGVPEVRVFGIAEGGERVVLADRSFRPYFYV DYGLARDIKISRKEAAEFINKYFERYPKVKEYLDNIVRFARENGYV 

LTLFNRKRYV KDIKSANRNARSYAERIAMNSPIOGSAADIMKLAMI DCAGCDPHAVKTHLGRTAPVEGVELVERRFLGRPROFLKVVAKIPE 40 

KVYQKLKENNLKSKIILQVHDELLIEAPYEEKDIVKRIVKREMENA DVRRLREAASTIPGVRGVYEADIRFYMRYVIDMGWPCSWNVAEVE 

VALKVPLYVEVKEGLNWYETK VADEKLGSLPVYRVVKWGGAVEGFPPPLRVLAFDIEVYNERGTPDP 

SEQ ID NO : 37 
MEKRVYLVDITYGLVGNSPEIRMFGVDENGEKVVILDRGFRPYFYV 

ARDPIVMIAVOSSDGRLEVFEASGRDDRGVLRSFVEYVRSFDPDV 
45 

VGYNSNNFDWPYLAERAKAVGVPLRVDRLGGAPOQSVYGHWSVLGR 
IPEEGFEDQVARVIGKMQNVIKADVTERRLFGKPIKWVKVTVTVPD 

ANVDLYNIVDEFPEIKLKTLDRVAEYFGVMRRDERVLIPGHKIYEY 
KVRELRDRVKSIQHVKEVLEADIRFYIRYMIDNDIRPGWLMFSNLK 

WRDPSKRPLLROYVIDDVRSTYGLAERLLPFLIQLSSVSGLPLDOV 
PVDNKIGGVSNVYLTETPPTSLDLGIMPRLNYMALDIEVYNPRGTP 50 

AAASVGNRVEWMLLRYAYGLGEVAPNREEREYEPYKGAIVLEPKPG 
DPKRDPIIIIALANSNGDVKLLTLDNYKHEREMLNDMMSVIKEWDP 

LYSDVLVLDFSSMYPNVMMRYNLSPDTYLEPGEPDPPEGVYVAPEV 
DVLFGYNSNKFDMPYLVNRADALNVKLQLSKYGTPPEQSVYGHWSI 

GHRFRKEPPGFIPOVLRRLVALRRAVREEMKKYQPDTPEYRVLDER 
IGRAHIDLYNFIEDMTDVKRKSLDYVAEYFGVMKRSERVNIPGHRI 55 

QKALKIMANAMYGYTGWVGARWYKKEVAESVTAFARAILKDVIDYA 
YQYWDDEGKRSQLIKYARDDVLSTLGLGKILLPYAMQLASVSGLPL 

RRLGIVVIYGDTDSLFVKKGGDLEKLARYVDEKYGIEIKVDKDYEK 
DQVGPASVGSRVEMMIMHEAYKMGELAPNRVERPYETYKGAIVLEP 

VLFTEAKKRYAGLLRDGRIDIVGFEVVRGDWSELAKEVOLKVIELI 
KPGIHYNIAVLDFSSMYPNIMLKYNISPDTLVLDSSEGDYYTAPEV 60 LKARDLSEARQRVIKYVKDVIERLKSGKFDLDDLIIWKTLDKDLGE 
GYRFRKSPRGLYASLLQKLIEARREARDEMRNYPEGSFEWVLLNER 

YKAYPPHVRAALILKKKGYKVGRGTTIGYVVVKGGEKVSERSLPYI 
ORALKIMANAMYGYCGWLGARWYIREVAESVTAWGRYLLKTAMSMA 

LVDDLAKIDVDYYIEKQVIPAALRIAEVIGVKEGDLRAGRSEKSLL 
KERGLTVIYGDTDSLFVTYDKDKVADIISRINEMGFEVKIDKVYSK 

65 DFFE 

LIFTESKKRYIGLTADGEVDIVGFEAVRGDWSELARNVQERVAELV 
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SEQ ID NO : 40 

MSEKINLEFYFLDNSYEVIGNEPHIIIWGITRDGRRVLLRDRRFRP 

- continued 
STEKEMIKRFLRIVKEKDPDVLITYNGDNFDFAYLKKRCEKLGIKF 

TLGRDGSEPKIQRMGDRFAVEVKGRIHFDLYPVIRRTINLPTYTLE 
YFYAILKDKVNIEDLARKIRTYSDPKSPIIGVEPVEKKYFGRKVSA 

AVYEAVFGKPKEKVYAEEIAQAWESGEGLERVARYSMEDAKVTYEL 
LKIITMI PEYVRKYREKIKSLPEVLEVVEADIRFSIRYIIDHDLRP 

GREFFPMEAQLSRLIGQSLWDVSRSSTGNLVEWFLLRKAYERNELA 
CGWHVAEVVEVPKKPIYRVDAEYEIIGDIKPLEQTLQPDLRIIAFD 

PNKPDEKELARRRGGYAGGYVKEPERGLWDNIVYLDFRSLYPSIII 
IEVYNKSGTPRPQTDPIIIIGIMNNNGDIKOFLANKYDDKISVEEF 

10 THNVSPDTLNREGCKEYDVAPEVGHKFCKDFPGFIPSLLGDLLEER 
VNYVKTFDPDIIVGYNTDGFDWPYLIERSKYIGVKLDVTRRVGATP 

QKI KRKMKATVDPLEKKLLDYRQRAIKILANSYYGYYGYAKARWYC 
RTSTYGHISVPGRLNTDLYHFAEEIPEVKVKSLENVAEYLGVMKKS 

RECAESVTAWGREYIETTIREIEEKFGFKVLYADTDGFFATIPGAD 
ERVIIEYIDIPKYWDDEKLRPKLLQYNIDDVKSTYGLAEKFLPFAM 

AETVKKKAKEFLKYINAKLPGLLELEYEGFYVRGFFVTKKKYAVID 15 15 QLSNITGLPLDOVGAASVGFRLEWYLMREAFRYGELVPNRVERAAE 
EEGKITTRGLEIVRRDWSEIAKETQARVLEAILKHGDVEEAVRIVK 

SYRGAVULKPVKGVHENIAVLDFSSMYPNIMIKYNVGPDTIVRNEK 
EVTEKLSKYEVPPEKLVIHEQITRDLRDYKATGPHVAVAKRLAARG 

CNPDKHNIAPEVGHCFRKEPPGFFKRVLETLLRLRKQIKSEMKKYP 
VKIRPGTVISYIVLKGSGRIGDRAIPFDEFDPTKHRYDAEYYIENO 

PTSYEYRLLDERQKAVKVLANATYGYMGWIHARWYCRECAEAVTAW 20 
VLPAVERILKAFGYRKEDLRYQKTKQVGLGAWLKVKK 

GROTIKSAIELARKLGLKVIYGDTDSLFVTYDKDKVEKLIELIQTK 
SEQ ID NO : 43 

MILDTDYITEDGKPVIRIFKKENGEFKIEYDREFEPYIYALLKDDS LGFEIKIDKIYKRVFFTEAKKRYAGLLEDGRIDIVGFEAVRGDWAE 

IAKEVQEKVTEILLKENSIDKAI EYVROVIADLKAGKIPLDKLIIW 25 AIEEVKKI TAGRHGRVVKVKRAEKVKKKFLGRPIEVWKLYFTHPQD 
KTLSKRIEEYSVDAPHVVAAKKLIKAGIKVSTNDKIGYVILKGGGK VPAIRDEIRRHSAVVDIYEYDIPFAKRYLIDKGLIPMEGDEELKMM 

ISSRAEPYIFVKDPKLIDTEYYVDHOIVPAALRILNYFGVTETOLK SFDIETLYHEGEEFGTGPILMISYADEGEARVITWKKIDLPYVEVV 

RAAASAGOKSLFDFFGGKK 30 STEKEMIKRFLKVVKEKDPDVLITYNGDNFDFAYLKKRCEKIGIKF 
SEQ ID NO : 41 

MILDADYITENGKPVVRIFKKENGEPKVEYDRSFRPYIYALLRDDS 
TLRRDGSEPKIQRMGDRFAVEVKGRIHFDLYPVIRRTINLPTYTLE 
AVYEAVFGTPKEKVYPEEITTAWETGEGLERVARYSMEDAKVTYEL 

AIEDIKKITAERHGKVVRVVEAEKVRKKFLGRPIEVWKLYFEHPQD 
35 GREFFPMEAQLSRLIGOSLWDVSRSSTGNLVEWFLLRKAYERNEIA 

VPAIREKIREHPAVIDIFEYDIPFAKRYLIDKGLIPMEGNEELKLL 
PNKPDERELARRRGGYAGGYVKEPERGLWDNIVYLDFMSLYPSIII 

AFDIETLYHEGDEFGSGPIIMISYADEKGAKVITWKGVDLPYVEVV 
THNVSPDTENREGCKEYDTAPQVGHKFCKDVQGFIPSLLGALLDER 

SSEREMI KRFLRVIREKDPDVIITYNGDNFDFPYLLKRAEKLGMKL 
OKI KKRMKASIDPLEKKLLDYROKAIKILANSYYGYYGYARARWYC 

PIGRDGS EPKMQRMGDGFAVEVKGRIHFDIYPVIRRTINLPTYTLE 40 
KECAESVTAWGRDYIETTIHEIEERFGFKVLYADTDGFFATIPGAD 

AVYEAVFGRPKEKVYPNEIARAWENCKGLERVAKYSMEDAKVTYEL 
AETVKKKAKEFLKYINAKLPGLLELEYEGFYVRGFFVTKKKYAVID 

GREFFPMEAQLARLVGQPVWDVSRSSTGNLVEWFLLRKAYERNELA 
EEGKITTRGLEIVRRDWSEIAKETQARVLEAILRHGDVEEAVRIVK 

PNRPDEREYERRLRESYEGGYVKEPEKGLWEGIIYLDFRSLYPSII 45 
DVTEKLSKYEVPPEKLVIHEQITRELKDYKATGPHVAIAKRLAARG 

I THNISPDTLNKEGCNSYDVAPKVGHRFCKDFPGFIPSLLGQLLDE 
IKIRPGTVISYIVLKGSGRIGDRAIPFDEFDPTKHRYDAEYYIENQ 

ROKIKRKMKATIDPIERKLLDYRQRAIKILANSYYGYYGYAKARWY 
VLPAVERILKAFGYKKEELRYQKTROVGLGAWLKLKGKK 

CKECAESVTAWGREYIELVSRELEKRGFKVLYIDTDGLYATIPGSR 50 
SEQ ID NO : 44 

MILDADYITEDGKPWVRIFKKENGEFKIEYDREFEPYIYALLRDDS EWDKI KERALEFVKYINARLPGLLELEYEGFYKRGFFVTKKKYALI 

DEEGKIITRGLEIVRRDWSEIAKETQARVLEAILKEGNLEKAVKIV AIEEIKKI TADRHGKVVKVKRAEKVOKKFLGRPIEVWKLYFTHPOD 

KEVTEKLSKYEVPPEKLVIYEQITRDLKDYKAVGPHVAVAKRLAAR 55 VPAIRDEIRKHPAVVDIYEYDIPFAKRYLIDKGLIPMEGDEELKML 55 
GIKVRPGMVIGYLVLRGDGPISRRAIPAEEFDPSRHKYDAEYYI EN AFDIETLYHEGEEFGTGPILMISYADEDGARVITWKKIDLPYVDVV 

QVLPAVLRILEAFGYRKEDLRYQKTRQAGLDAWLKRKASL STEKEMIKRFLKVVKEKDPDVLITYNGDNFDFAYLKKRCEKLGIKF 

TLGRDGSEPKIQRMGDRFAVEVKGRIHFDLYPLIRRTINLPTYTLE SEO ID NO : 42 
MILDTDYITENGKPVIRVFKKENGEFKIEYDRTFEPYFYALLKDDS 60 

AVYEAVFGKPKEKVYAEEIALAWESGEGLERVARYSMEDAKVTFEL 
AIEDVKKVTAKRHGTVVRVKRAEKVORKFLGRPIEVWKLYFTHPOD 

GREFFPMEAQLSRLIGOSLWDVSRSSTGNLVEWFLLRKAYERNELA 
VPAIRDKIRAHPAVIDIYEYDIPFAKRYLIDKGLIPMEGDEELTML 

PNKPNERELARRRGGYAGGYVKEPERGLWDNIVYLDFRSLYPSIII 
AFDIETLYHEGEEFGTGPILMISYADGSEARVITWKKIDLPYVDVV 65 

THNVSPDTLNREGCKEYDRAPQVGHKFCKDVPGFIPSLLGSLLDER 
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AKGIKIKPGTIISYIVLRGSGKISDRVVLLTEYDPRKHKYDPDYYI 

QKI KRKMKATIDPIEKKLLDYRQRAIKILANSYYGYYGYARARWYC 
ENQVLPAVLRILEAFGYRKEDLKYQSSKQTGLESWLKK 

RECAESVTAWGREYIEMAIRELEEKFGFKVLYADTDGLHATIPGAD 

AETVKKKAMEFLKYINPKLPGLLELEYEGFYARGFFVTKKKYAVID 
SEQ ID NO : 47 

MILDADYITEDGKPIIRIFKKENGEFKVEYDRNFRPYIYALLKDDS 

EEGKITTRGLEIVRRDWSEIAKETQARVLEAILRHGDVEEAVRIVK QIDEVKKI TAERHGKIVRIVDVEKVKKKFLGRPIEVWKLYFEHPOD 

EVTEKLSKYEVPPEKLVIHEQITRELKDYRATGPHVAIAKRLAKRG VPAIRDKIREHPAVVDIFEYDIPFAKRYLIDKGLIPMEGDEELKLL 
10 

IKIRPGTVISYIVLKGSGRIGDRAIPFDEFDPTKHKYDAEYYIENO AFDIETLYHEGEEFAKGPIIMISYADEEGAKVITWKKVDLPYVEVV 

VLPAVERVLKAFGYRKDDLRYQKTROVGLGAWLKVKKR SSEREMIKRFLKVIREKDPDVIITYNGDSFDLPYLVKRAEKLGIKL 

PLGRDGSEPKMQRLGDMTAVEIKGRIHFDLYHVIRRTINLPTYTLE SEO ID NO : 45 
MILDADYITEDGKPVIRVFKKEKGEFKINYDRDFEPYIYALLKDDS 15 

AVYEAIFGKPKEKVYAHEIAEAWETGKGLERVAKYSMEDAKVTYEL 
AIEDIKKITAERHGTTVRVTRAERVKKKFLGRPVEVWKLYFTHPOD 

GREFFPMEAQLSRLVGQPLWDVSRSSTGNLVEWYLLRKAYERNELA 
VPAIRDKIREHPAVVDIYEYDIPFAKRYLIDKGLIPMEGNEELRML 

PNKPDEREYERRLRESYAGGYVKEPEKGLWEGLVSLDFRSLYPSII 
AFDIETLYHEGEEFGEGPILMISYADEEGARVITWKNIDLPYVESV 

20 ITHNVSPDTLNREGCMEYDVAPEVKHKFCKDFPGFIPSLLKRLLDE 
STEKEMI KRFLKVICEKDPDVLITYNGDNFDFAYLKKRSETLGVKF 

RQEIKRRMKASKDPIEKKMLDYRQRAIKILANSYYGYYGYAKARWY 
ILGRDGSEPKIQRMGDRFAVEVKGRIHFDLYPVIRRTINLPTYTLE 

CKECAESVTAWGREYIEFVRKELEEKFGFKVLYIDTDGLYATIPGA 
TVYEAIFGQPKEKVYAEEIAQAWESGEGLERVARYSMEDAKATYEL 

25 KPEEIKRKALEFVEYINAKLPGLLELEYEGFYVRGFFVTKKKYALI 
GKEFFPMEAQLSRLVGQSLWDVSRSSTGNLVEWFLLRKAYERNELA 

DEEGKIITRGLEIVRRDWSEIAKETQAKVLEAILKHGNVEEAVKIV 
PNKPDERELARRAESYAGGYVKEPEKGLWENIVYLDYKSLYPSIII 

KEVTEKLSKYEIPPEKLVIYEQITRPLHEYKAIGPHVAVAKRLAAR 
THNVSPDTLNREGCREYDVAPQVGHRFCKDFPGFIPSLLGDLLEER 

30 GVKVRPGMVIGYIVLRGDGPISKRAILAEEFDPRKHKYDAEYYIEN 
QKVKKKMKATVDPIERKLLDYRQRAIKILANSYYGYYGYANARWYC 

OVLPAVLRILEAFGYRKEDLRWOKTKQTGLTAWLNVKKK 
RECAESVTAWGRQYIETTMREIEEKFGFKVLYADTDGFFATIPGAD 

SEQ ID NO : 48 
MILDADYITEDGKPIIRLFKKENGRFKVEYDRNFRPYIYALLKDDS AETVKKKTKEFLNYINPRLPGLLELEYEGFYRRGFFVTKKKYAVID 

35 EEDKI TTRGLEIVRRDWSEIAKETQARVLEAILKHGDVEEAVRIVK AIDDVRKITSERHGKVVRVIDVEKVKKKFLGRPIEVWKLYFEHPQD 
EVTEKLSRYEVPPEKLVIYEQITRNLRDYRATGPHVAVAKRLAARG VPAMRDKIREHPAVIDIFEYDIPFAKRYLIDKGLIPMEGNEELTFL 

IKIRPGTVISYIVLKGPGRVGDRAIPFDEFDPAKHRYDAEYYIENO AVDIETLYHEGEEFGKGPIIMISYADEEGAKVITWKKIDLPYVEVV 
40 VLPAVERILRAFGYRKEDLRYQKTKQAGLGAWLKPKT ANEREMIKRLIKVIREKDPDVIITYNGDNFDFPYLLKRAEKLGMKL 

PLGRDNSEPKMQRLGDSLAVEIKGRIHFDLFPVIRRTINLPTYTLE SEO ID NO : 46 
MILGADYITKDGKPIVRIFKKENGEFKIELDPHFQPYIYALLSEDS 

AVYEAI FGKOKEKVYPHEIAEAWETGKGLERVAKYSMEDAKVTYEL 
AIDEIKQIKGERHGKTVRIVDAVKVEKKFLKKPVKVWKLILEHPOD 

45 GKEFFPMEAQLARLVGQPLWDVSRSSTGNLVEWYLLRKAYERNELA 
VPAIRNKIREHPAVQDIYEYDIPFAKRYLIDNGLIPMEGDEELKML 

PNKPDEREYERRLRESYEGGYVKEPERGLWEGIVSLDFRSLYPSII 
AFDIETFYHEGDEFGKGEIIMISYADEEGARVITWKNIDLPYVDWV 

ITHNVSPDTLNKEGCGEYDEAPEVGHRFCKDFPGFIPSLLGSLLEE 
SNEREMI KRFIQIIKEKDPDVIITYNGDNFDLPYLI KRAEKLGLRL 

50 ROKIKKRMKESKDPVERKLLDYRQRAIKILANSFYGYYGYAKARWY 
ILSRDNENPVPKIQRMGNSFAVEIKGRIHFDLFPVVKRAVNLPTYT 

CKECAESVTAWGRQYIELVRRELEERGFKVLYIDTDGLYATIPGEK 
LEAVYETVLGKHKSKLGAEEIAAIWETEEGLKKLAQYSMEDAKATY 

NWEEIKRRALEFVNYINSKLPGILELEYEGFYTRGFFVTKKKYALI 
ELGREFFPMEVELAKLIGQSVWDVSRSSTGNLVEWYMLRVAYERNE 

DEEGKIVTRGLEIVRRDWSEIAKETQAKVLEAILKHGNVEEAVKIV 55 
LAPNRPSDEEYKRRLRTTYLGGYVKEPERGLWENIIYLDFRSLYPS 

KEVTEKLSNYEIPVEKLVIYEQITRPLNEYKAIGPHVAVAKRLAAK 
IIVTHNVSPDTLERKGCONYDVAPIVGYKFCKDFSGFIPSILEDLI 

GIKIKPGMVIGYVLRGDGPISKRAIAIEEFDGKKHKYDAEYYIEN 
ETROKIKKEMKSTIDPIKKKMLDYRORAVKLLANSYYGYMGYPKAR 

OVLPAVERILKAFGYKREDLRWOKTKOVGLGAWLKVKKS 60 WYSKECAESVTAWGRHYI EMTIREIEEKFGFKVLYADTDGFYATIP 

GADPETIKKKAKEFLNYINSKLPGLLELEYEGFYLRGFFVTKKRYA 
SEQ ID NO : 49 

MEGWLLDADYITAEDGRAVVRLWCKDFDGNTFVVYDRNFQPYFYAF 
VIDEEEKITTRGLEVVRRDWSEIAKETQARVLEAILREGSVEKAVE KNGLSKEDIEKIWKSREGVIKPFKVEEVRRKVFGKEVEVFKIYAY 
IVKEVVEAITKYKVPLEKLIIHEOI TRELRDYKAVGPHVAIAKRLA 65 HPQHVPKLREELKKITEVREADIPFAYRYLIDKDLACMDGIRVEGK 
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VREERGLKVIDAEHVERFEIPLPEPKVLAFDCEMLTELGMPDPEKD 

GREFFPMEAOLSRLIGOSLWDVSRSSTGNLVEWFLLRKAYERNELA 
KIIIIGVKCGDFEEIITGNEREILLRFVEII KEQDPDVIVGYNQDN 

PNKPDERELARRRESYAGGYVKEPERGLWDNIVYLDFRSLYPSIII 

FDWPYIRKRAEKLSVKLNIGRDGSEISFRGGRPKIAGRLNVDLYDI 5 
THNVSPDTLNREGCKEYDVAPEVGHKFCKDFPGFIPSLLGDLLEER 

AMKLDVKVKTLENVAEFLGRKVELADIEAKDIYKRWTSGDKESVLK 
OKI KRKMKATIDPLEKKLLDYRORAIKILANSFYGYYGYAKARWYC 

YSKODVLNTYFIAEELLPMHYELSRMIRIPTDDVARIGRGKOVDWF 
KECAESVTAWGREYIETTIREIEEKFGFKVLYADTDGFFATIPGAD 

LLSEAYKIGEIAPNPAEVEESYEGAFVLEPSRGLHKNVVCLDFASM 10 
AETVKKKAKEFLKYINAKLPGLLELEYEGFYVRGFFVTKKKYAVID 

YPSIMIAYNISPDTYVFGKCDDCYVAPEVGHKFRKHPDGFFKRILK 
EEGKITTRGLEIVRRDWSEIAKETQARVLEAILKHGDVEEAVRIVK 

MLIEKRREIKNQMKSLDRNSREYLLLNIKOQTLKILTNSFYGYTGW 
EVTEKLSKYEVPPEKLVIHEQITRDLRDYKATGPHVAVAKRLAAKG 

SGARWYCROCARATTAWGRHLIKSAVEIAKKLGFEVLYGDTDSIFV 15 
VKIRPGTVISYIVLKGSGRIGDRAIPADEFDPTKHRYDAEYYIENO 

KKGNLSLEKIRGEVEKLIEEISEKFPVOIEVDEYYKTIFFVEKKRY 
VLPAVERILKAFGYRKEDLRYQKTKQVGLGAWLKVKGKK 

AGL TEDGILVVKGLEVRRGDWCELAKEVOKKVIEIILKEENPEKAA 
SEQ ID NO : 52 

MILDTDYITEDGKPVIRIFKKDNGEFKIEYDRNFEPYIYALLRDDS EYVRKVINDIKSGKVKLEDVVIYKGLTKRPDKYESKQAHVKAALRA 
20 

MELGIVYNVGSKVGFVVVEGAGNVGDRAYPIDLIEEFDGENLVIRT AIEDVKKI TAERHGRVVKVKRAEKVKKKFLGRPVEVWKLYFTRPQD 

RSGSIVKKLDKDYYINHQIIPSVLRILERFGYNEASLKGATOKTLD VPAIRDRIRAHPAVVDIYEYDIPFAKRYLIDKGIIPMEGDEELKML 

AFW AFDIETLYHEGEEFAEGPILMISYADENEARVITWKKIDLPFVDVV 
25 

SEO ID NO : 50 
MILDADYITENGKPVVRIFKKENGEFKVEYDRNFEPYIYALLKDDS 

STEKEMIKRFLKVIKEKDPDVLITYNGDNFDFAYLKKRCEKFGIKF 

TLGRDGSDPKIQRMGDRFAVEVKGRIHFDLYPVILRTVNLPTYTLE AIEEIKKITAERHGTVVRITKAEKVERKFLGRPVEVWKLYFTHPOD 
AVYEAIFGTPKEKVYPEEITTAWETGEGLERVARYSMEDAKVTFEL VPAIRDKIRSHPAVVDIYEYDIPFAKRYLIDKGLVPMEGDEELKML 30 

AFDIETLYHEGEEFAEGPILMISYADESEARVITWKKVDLPYVDAV GREFFPMEAQLSRLVGQSFWDVSRSSTGNLVEWFLLRKAYERNELA 

STEKDMI KAFLRVVKEKDPDVLITYNGDNFDFAYLKKRCEKLGVKF PNKPDERELVRRRNSYTGGYVKEPERGLWDNIVYLDFRSLYPSIII 

ILGRDGS EPKIQRMGDRFAVDVKGRIHFDLYPVIRRTINLPTYTLE 35 THNVSPDTLNREGCKEYDEAPQVGHKFCKDFPGFIPSLLGNLLDER 

AVYEAIFGRPKEKVYAEEIAQAWETNEGLERVARYSMEDAKVTYEL QKIKKRMKATIDPLEKKLLDYRQRAIKILANSYYGYYAYARARWYC 

GKEFFPMEAQLSRLIGQPLWDVSRSSTGNLVEWFLLRKAYERNELA KECAESVTAWGREYIEMSIREIEEKYGFKVLYADTDGFHATIPGAD 
PNKPSGREYDERRGGYAGGYVKEPEKGLWENIVYLDYKSLYPSIII AETVKKKAMEFLKYINAKLPGALELEYEGFYKRGFFVTKKKYAVID 40 

THNVSPDTLNREGCKEYDVAPQVGHRFCKDFPGFIPSLLGDLLEER EEGKITTRGLEIVRRDWSEIAKETOARVLEALLKDGNVEEAVSIVK 

QKI KRKMKATIDPIERRLLDYRQRAIKILANSYYGYYGYARARWYC EVTEKLGKYEVPPEKLVIHEQITRELKDYKATGPHVAIAKRLAARG 
KECAESVTAWGREYIEMSIREIEEKYGFKVLYADTDGFHATIPGED 45 VKIRPGTVISYIVLKGSGRIGDRAIPFDEFDPTKHRYDAEYYIENO 

AETIKKKAMEFLKYINSKLPGALELEYEGFYRRGFFVTKKKYAVID VLPAVERILKAFGYRAEDLRYQKTROVGLGVWLQPKGKK 
EEGKITTRGLEIVRRDWSEIAKETOARVLEALLKDGNVEEAVSIVK SEQ ID NO : 53 

MELAFWLLDITYGVIGNTPELRLFGITDDGKRVLVLDRSFRPYFYV 
EVTEKLSKYEVPPEKLVIHEOITRELKDYKATGPHVAIAKRLAARG 50 50 

IPSGDVNAVFNNVKRKLEGKVLNVEVIKRKMFGNEVDAIRVTATIP 
VKIRPGTVISYIVLKGSGRIGDRAIPFDEFDPAKHRYDAEYYIENO 

EKVRELRELAAEVPGVEDVLEADIRFSQRYLLDMGVKPSNWIVVDO 
VLPAVERILKAFGYRKEDLRYOKTROVGLGAWLKPKGKK 

CEEVKGNYOVDLVCLAKSRPRMI EEHKLPSFRVLAFDIEVYNPRGM 
SEO ID NO : 51 55 

MILDTDYITENGKPVIRVFKKENGEFKIEYDRTFEPYFYALLKDDS PNPDRDPVIIISTMTKEDGVKMFVVDDNKNDAKIIREFLDYFRKYD 

AIEDVKKVTAKRHGAVVKVKRAEKVORKFLGRPIEVWKLYFTHPOD PDIVGYNNNGFDWPYLVNRSSRVGVRLALSRMGNPPEPSVYGHWS 

VPAIRDKIRAHPAVVDIYEYDIPFAKRYLIDKGLIPMEGDEELRML IIGRANVDLYNFIEEISEIKVKSLDRAAEFFGIMKRSERVLIPGHR 
60 

AFDIETLYHEGEEFGTGPILMISYADENEARVITWKKIDLPYVDW IHEYWDDKNKRDLLLKYARDDVVSTYGLAEKLLPFAIQLSSISGLP 
STEKEMI KRFLRVVKEKDPDVLITYNGDNFDFAYLKKRCEKLGIKF LDQVGAASVGARVEWMIFYEAVKRGELAPNREERPYETYKGAVLE 
TLGRDGSEPKIQRMGDRFAVEVKGRIHFDLYPVIRRTINLPTYTLE PRPGLHENIAVIDFSSMYPSIMMKYNVSPDTLVLGDCGDCYVAPEV 

05 
AVYEAVFGKPKEKVYAEEITEAWESGEGLERVARYSMEDAKVTYEL NYKFRRSPEGLYPGLLRILVESRRRVRDLMKKYPENSPEWVLLNER 
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QRALKVMANAMYGYCGWLGARWYRREVAEAVTAWGRNLLRTVIEKA LFTEAKKRYAGLLRDGRIDIVGFEVVRGDWSELAKEVOLKVEIIL 
RSLGLPIIYGDTDSLFVRNISDKVDALINYVNNELGFEVKVDKVYR NSRDVAEARRRVTQYVREIIERLREYKFNVDDLIIWKTLDKELGEY 5 
RVLFTEAKKRYVGLTVEGEVDIVGFEAVRGDWAEIAKDVQENVAEI KAYPPHVHAALILKRHGYKVGKGNMVGYVVVKGGGKISEKALPYIL 

VLTTGDVGKAISYVKSVIDKVKAYQFDIDDVIIWKTLDKSLNEYKV LDDVKKIDVEYYIEROIIPAALRIAEVIGVKEADLKTGKSERSLLD 

LTPHVAAAKQLVEAGYKVGKGDMIGYVVVKGGGAKLAYKVKPYILI FF 10 
KDIREVDVDYYVEKQIVPAAMRILEVLGVKESQLMEGKAGKSILDY 

SEQ ID NO : 56 
MKTFLTEQQIKVLMLRAKGYKOSEIAKILGTSRANVSILEKRAMEK FS 

IEKARNTLLLWEQINSKVIVEIKAGEDIFSIPEKFFKKADKVGVKV SEO ID NO : 54 
MLRTVWVDYARKGEPDVILVGRREDGNPAALVV KGFRPYFYAEVED 15 

PYSTAEIITFLVEHAPVEDRLAKRDFVLFLDSKNKLRIGDCLVIEE 
GFDPSEVERLSGVVEVEEVLLEHPYGGDRVELLRIVATYPKVVPKL 

IKED 
REOVKKLDGVKEVYEADIPFVRRAAVDLNLPPASEVDVSDLDTGSW 

SGLPAYFADVEDARELDHRPYPIEDLVVASFDLEVLAEPGTTIKGA 
SEQ ID NO : 57 

MPITKVTRNYQITIPAEIRKALGIKEGELLEVRLENGKILIERLKK KEGELLEVELENCERI IDE PILKIKS ? 20 

SGPIIAISFAYSTPDGERRNYVITWKGEDESFEVDGVETEVIVCRS ERKTLKLGKKLTLEEIEKAIEEGMKQCMQ 
EAAALRRFFDEFRRVDPDVVFTYNGDEFDLPYLOHRAGKLGIDVSP SEQ ID NO : 58 

TKIEILRLLKEREMYAYEIWSLLGKPLKYQAVHQHI KELLELGLVE LARPAGKRGIILKHGGGRYASDIFGRAHVDLYHTARKNLKLERFTL 
25 

EEAVKDVLGVEKEEMELADINEAWKRGNLDELMRYSAEDAHYTLEL QAYRKGKRVYYKITEKGLRILQNFEDLENI 

GLELAOVELELSYLTRLPLPDATRFSFGOLAEWRAIYKAROEDILV SEQ ID NO : 59 
MNTGAQGVSEMSRMKIISVOLPQSLIHGLDALVKRGIYPNRSEAIR 

PNKPTRDEYKRRRRKAYKGAIVFEPEIGLHENVVCVDFASLYPNVM 
30 VAIRELLKKELYKEEIQEEIPEYVK 

VAHNISPDTFDCDCCPRVTVEEVDDPTDATVAPDVGHKFCKRRKGF 

FPRLVEGLIERRRELKRRLRKLDTESHPHEAKILDVRQQAYKVLAN 
SEQ ID NO : 60 

VIIPRPIDPRDIRRIRKELGI TOEELARKAGVTOAYIAKLEAGKVD 

SYYGYMGWANARWFCRECAESVTAWGRYYISEVRRIAEEKYGLKW PRLSTFNKILRALIECQKAKI 
35 YGDTDSLFVKLPDADLEETIERVKEFLKEVNGRLPVELELEDAYKR SEQ ID NO : 61 

NNCECMVVKEKLYTVKQASEILGVHPKTICKWDREGKIKTVRTPGG ILFVTKKKYAGYTEDGKIVTKGLEVVRRDWAPIARETORRVLKRIL 

ADNDPEAALKEIHEVLERLKSGDVDIDELAVTSQLTKKPSEYVQKG RRRIPESEIKRLLGISEEK 

PHVRAALRLARHLGVEPEPTIVRYVIVRGPGSVSDKAYPVELVRE 40 SEQ ID NO : 62 
MLKDSAPKRKILEELRKGETVSGDYLASKLGVSRVAIWKHIRELKE 

EGKEPDVDYYIEHQILPAVERIMRAIGYSRGQIVGETASQKTLDQF 
LGYGIIADKKGYKLVYEPKKPYPWE 

FG 

SEQ ID NO : 55 45 
MELKIWPLDVTYAVVGGYPEVRVFGLTEGGGRVVLVDRSFKPYFYV 

SEQ ID NO : 63 
MIDERDKIILEILEKDARTPFTEIAKKLGISETAVRKRVKALEEKG 

IIEGYTIKINPKKLGYSLVTITGVDTKPEKLFEVAEKLKE 
DCPTCEVGVVKSSLSRVAPVDEVSAAERRFLGRPRRFLMVVARVPE 

DVRRLREAAAQIPGVAGVYEADIRFYMRYMIDVGLLPCSWNRAEVE SEO ID NO : 64 
MEIDDLDRKILSLLIEDSRLSYREIAKKLNVAVGTIYNRIKKLEDM 50 

GGGKVGGLPQYTVVOWLGPAGGFPPPLRVLAFDIEVYNERGTPDPA 
GVIQGFTVKLNYEKLGYELTAIIGI KAQGKK 

RDPVVMIAVKTDDGREEVFEAEGRDDRGVLRSFVEFVKSYDPDVVV SEQ ID NO : 65 
EMLWMYILKLLKDRPMYAYEIRNELKKRFGFEPATVSSYVVLYRLE GYNSNGFDWPYLAGRARAIGVPLRVDRLGGLPOOSVYGHWSIVGRA 

55 EGGYVSSEWHESEAGRPSRKYYRLTEKGEKLLEKGIETIEDVLNML NVDLYGIVEEFPEIKLKTLDRVAEYFGVMRREERVLIPGHKIYEYW 
KS RDPGKRPLLRQYVLDDVRSTLGLADKLLPFLIQLSSVSGLPLDOVA 

AASVGNRVEWMLLRYAYRLGEVAPNREEREYEPYKGAIVLEPKPGM SEQ ID NO : 66 
MKVSKATASKVLRSLENKGIVERERRGKTYLVRL TNKGLELLEEIS 60 

YEDVLVLDFSSMYPNIMMKYNLSPDTYLEPGEPDPPEGVNAAPEVG KAGKELDEKIFAEMSVDERIVL 
HRFRRSPLGFVPQVLKSLVELRKAVREEAKRYPPDSPEFRILDERQ 

SEO ID NO : 67 
SEDYMLQNRRKVLAKVLELLNYNPKALNI SELARMFGVSRDTIYND RALKVMANAMYGYLGWVGARWYKREVAESVTAFARAILKDVIEQAR 

65 
RLGIVVVYGDTDSLFVKKHVNVDKLIQYVEEKYGIEIKVDKDYAKV IQOTIKNVEV 
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SEQ ID NO : 68 

SKEISRFLKVISNPIRYGILKMLNDRWMCVCLISEALEIDOTLVSH 
SEQ ID NO : 81 

DVIORIKEKYDEFTNAEKKIADTILSDPKGIIESSISDLSEKAGVK 

HIRILKELDLLEERKEGKLRFYRTNKEKLREYLEKVLEDFNHGTSK SEASVKFYKKLGLNSFOQFKVLLAQSISRAPLEIVYEDVSSEDDT 
GS KTITEKIFKATVRAI 

SEQ ID NO : 69 
MCRKDVMIISDP KOIKALSDPTRVKILELLRYHPMTVSEISRVIGK SEQ ID NO : 82 

KIRDKILNVYTOFSPAERKVADYVLERPDDVIHYSITEFAKIVGVS 
10 PAERKVADYVLERPDDVIHYSI TEFAKIVGVS * * 

DKSTIYRHIKALEEAGLVEEVEKIGNETVYGR 
ETTIHRMI KKLDFEGYQAFKIALARELSGLEETIERRDFIDEEIDI 

SEQ ID NO : 70 
MEPVEFKLNOKGIKSILPTMEAE IMEYMWEIKEATAGEVYEYMKTK LRRLKDTLD 

YPEIRRSTVSILMNRLCERGLLKRRMEKGKGGIRYVYSITTTREEF 15 SEQ ID NO : 83 
KRRPTINDVAKLAGVSISTVSRYLKDPSOVSEKLGERIREAI KKLG 

ERKWVEKIIESLMMNFREATFAYLSKINKK 
YKPNKIAQGLRTGD 

SEQ ID NO : 71 
MKKSNLDLLILLAKAGGIEKEILTTSRELSKMLNVSPOTIVRWLED SEQ ID NO : 84 

MASIKDVAKLAGVSIATVSRVINGYNNVSEETRKKVIDAIRKLNYH 20 

LEKDGLIKKSESRKGTLVTITEEGVKFLEKLHEELSDALYR 
PVYAVKGAVLKR 

SEQ ID NO : 72 
MEIPPEISHALSEIGFTKYEILTYWTLLVYGPSTAKEISTKSGIPY SEQ ID NO : 85 

MKKKYVTIRDIAEKAGVSINTVSRALNNKPDISEETRRKILKIAQE ALNNKPDISE SPROKILKINGE 85 
NRVYDTISSLKLRGFVTEIEGTPKVYAAYSPRIAFFRFKKELEDIM 25 

LGYVKNATASSLRSK 
KKLEIELNNVKK 

SEQ ID NO : 86 
MPTIEDVAKLAGVSIATVSRVINGSGYVSEKTRYKVWKAIEELGYK SEQ ID NO : 73 

IINPQARLTPLELEILEIIKOKKSITITEIKEILSERRKSEYPLSL 30 PEISAKLLAS KG 
VSEYISRLERKGYVKKIAKGRKKFVEALI SEQ ID NO : 87 

MRIGEKLRKLRLSRGLTQEELAERTDLSRSFISOLESDKTSPSIDT SEQ ID NO : 74 
GIDWIPEIKHDPIARDIVKILFDLRRANVSQIARELKGRRGKASR 

LERILEALGTDLKHF 
35 NTVRKKLKELEKLGVVKEVPGERGSVYTLSREVVKKWLDLIGIPIN 

SEQ ID NO : 88 
MHMKTVRQERLKSIVRILERSKEPVSGAQLAEELSVSRQVIVQDIA LL 

YLRSLGYNIVATPRGYVLAGG SEQ ID NO : 75 
MTKRVKVITDPEVI KVMLEDTRRKILQLLRNREMTISQLSEILGKM A 40 SEQ ID NO : 89 

MNTLKKAFEILDFIVKNPGDVSVSEIAEKFNMSVSNAYKYMVVLEE POTIYHHIEKLKEAGLVEVKR 

KGFVLRKKDKRYVPGYKLIEYGSFVLRRF SEQ ID NO : 76 
MEEIKEIMKSHTLGNPVRLGIMIYLFPRRRAPFSHIQKALDLTPGN 

45 
SEQ ID NO : 90 

MKISKKRRQELIRKIIHEKKI SNQFQIVEELKKYGI KAVQPTVARD LDSHIKVLEKHGFVRTYKVIADRPRTMVEITDYGMEETRKFLSHLK 
LKEIGAVKIMDESGNYVYKLLDETPVIDPWKELKR TVIDAIHF 

SEO ID NO : 77 
MGEELNRLLDVLGNETRRRILFLLTKRPYFVSELSRELGVGQKAVL 50 

SEQ ID NO : 91 
MHKKLNPKSMKRENKKMVLRYLIESGPHSRVEIARKTGLAQSAIWR 

EHLRILEEAGLIESRVEKIPRGRPRKYYMIKKGLRLEILLTPTLFG IIEELVNEGLVEEKGTATGRRRKAVTYGPTRSFITS 
SEMYEAK SEQ ID NO : 92 

MPSPLLRRENKI KILRYILKNGKTTRNOLASNLNLAHSTLSYIIDE 

SEQ ID NO : 78 55 
MRRMDKVDLOLIKILSONSRLTYRELAEMLGTTRORVARKVDKLKK LLDEGFLVFEEIKKKRGRPYQILSVNPEKFTAI 

LGIIRKFTIIPNLEK SEQ ID NO : 93 
MKEERLKEILDIVDRNGFISMKDLQEQLGVSMITVRRDVAELVKRN 

SEO ID NO : 79 
GRKVRTOONEILNLLNEKEKAVLRAILEHGGEIKQEDLPELVGYSR 60 LVKKVHGGIRKVNYFEKETDFMKRLSINREAKE 

PTISKVIQELENKGLIKREKSGKTFVVKI ERKIKLD SEQ ID NO : 94 
MFTMRSEYALRLMIVMAKEYGNYLSMTEILEKAKQSVPREFAEKIL 

SEQ ID NO : 80 
KSLQRFLRRNTTSIKHLSEITGVARNRLSDILNGKTOKIRGETLRK YTLKKAGLVKTRRGKSGGYMLSRPPKEIKVSEIVFLLDRKSKVFFD 

65 
IAKAFEKSNILSF MPGCPDELDCVIRALWKRVENEIEKILSGVTLEDLVREQEEKMKQ 
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KRRALPFEADGVVVKLDELALWRELGYTARAPRFAIAYKFPAEEKE SEO ID NO : 95 

MRDTKGHLKFLVLHIISOOPSHGYYIMKKISOIIGAEPPSPGALYP 
TRLLDVVFQVGRTGRVTPVGILEPVFLEGSEVSRVTLHNESYIEEL 

ILSSLRKOKYIETYNEGKRKVYRLTDKGRKYLEEHKEEIKKALDFA 5 
DIRIGDWVLVHKAGGVIPEVLRVLKERRTGEERPIRWPETCPECGH 

ERF 

RLLKEGKVHRCPNPLCPAKRFEAIRHFASRKAMDIQGLGEKLIERL 
SEQ ID NO : 96 

MRHRGGRGFRGWWLASTILLLVAEKPSHGYELAERLAEFGIEIPGI LEKGLVKDVADLYRLRKEDLVGLERMGEKSAQNLLRQIEESKKRGL 
10 

GHMGNIYRVLADLEESGFLSTEWDTTVSPPRKIYRITPQGKLYLRE ERLLYALGLPGVGEVLARNLAARFGNMDRLLEASLEELLEVEEVGE 

ILRSLEDMKRRIETLEERIKRVLQEE LTARAILETLKDPAFRDLVRRLKEAGVEMEAKEKGGEALKGLTFVI 

TGELSRPREEVKALLRR SEQ ID NO : 97 
MLSKRDAILKAAVEVFGKKGYDRATTDEIAEKAGVAKGLIFHYFKN 15 

SEQ ID NO : 102 
MILDADYI TEDGKPIIRIFKKENGEFKVEYDRNFRPYIYALLKDDS KEELYYQAYMSVTEKLQKEFENFL 

AIDDVKKI TAERHGKVVRVVDVEKVKKKFLGRPIEVWKLYFEHPOD SEQ ID NO : 98 
MSKSWGKFIEEEEAEMASRRNLMIVDGTNLGFRFKHNNSKKPFASS 

VPAIRDKIREHPAVIDIFEYDIPFAKRYLIDKGLIPMEGNEELKLL 
20 YVSTIQSLAKSYSARTTIVLGDKGKSVFRLEHLPEYKGNRDEKYAQ 

AFDIETLYHEGEEFGKGPIIMISYADEEGAKVITWKKVDLPYVEVV 
RTEEEKALDEOFFEYLKDAFELCKTTFPTFTIRGVEADDMAAYIVK 

SSEREMIKRFLKVIREKDPDVIITYNGDNFDFPYLLKRAEKLGMKL 
LIGHLYDHVWLISTDGDWDTLLTDKVSRFSFTTRREYHLRDMYEHH 

PLGRDGSEPKMQRLGDSLAVEIKGRIHFDLYPVIRRTINLPTYTLE 
NVDDVEQFISLKAIMGDLGDNIRGVEGIGAKRGYNIIREFGNVLDI 25 

AVYEAIFGKPKEKVYPHEIAEAWETGKGLERVAKYSMEDAKVTYEL 
IDOLPLPGKOKYIQNLNASEELLFRNLILVDLPTYCVDAIAAVGQD 

GREFFPMEAOLARLVGOPLWDVSRSSTGNLVEWYLLRKAYERNELA 
VLDKFTKDILEIAEQ 

PNKPDEREYERRLRESYEGGYVKEPEKGLWEGIVSLDFRSLYPSII 

SEQ ID NO : 100 30 
MEEKVGNLKPNMESVNVTVRVLEASEARQIQTKNGVRTISEAIVGD ITHNVSPDTLNKEGCGEYDVAPEVGHRFCKDFPGFIPSLLGSLLDE 

ETGRVKL TLWGKHAGSIKEGQVVKIENAWTTAFKGQVQLNAGSKTK ROKIKRRMKASKDPIERKLLDYRQRAIKILANSYYGYYGYAKARWY 

IAEASEDGFPESSQIPENTPTAPQQMRGGGRGFRGGGRRYGRRGGR CKECAESVTAWGREYIELVRRELEERGFKVLYIDTDGLYATIPGEK 
35 

ROENEEGEEE NWEEIKRRALEFVNYINAKLPGLLELEYEGFYTRGFFVTKKKYALI 

SEQ ID NO : 101 
MTLEEARKRVNELRDLIRYHNYRYYVLADPISDAEYDRLLRELKEL DEEGKIITRGLEIVRRDWSEIAKETQAKVLEAILKHGNVEEAVKIV 

KEVTEKLSKYEIPPEKLVIYEQITRPLNEYKAIGPHVAVAKRLAAR EERFPELKSPDSPTLOVGARPLEATFRPVRHPTRMYSLDNAFNLDE 
40 

LKAFEERIERALGRKGPFAYTVEHKVDGLSVNLYYEEGVLVYGATR GIKVRPGMVIGYVVLRGDGPISKRAIAAEEFDPKKHKYDAEYYIEN 

GDGEVGEEVTONLLTIPTIPRRLKGVPERLEVRGEMPIEAFLRLNE QVLPAVLRILEAFGYRKEDLRWOKTKOVGLGAWLKVKKSLGAKVTD 

ELEERGERIFKNPRNAAAGSLROKDPRITAKRGLRATFYALGLGLE SVSRKTSYLVVGENPGSKLEKARALGVPTLTEEELYRLLEARTGKK 
45 45 

EVEREGVATOFALLHWLKEKGFPVEHGYARAVGAEGVEAVYQDWLK AEELV 

SEQUENCE LISTING 

< 160 > NUMBER OF SEO ID NOS : 130 

< 210 > SEQ ID NO 1 
< 211 > LENGTH : 775 
< 212 > TYPE : PRT 

3 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic construct 

? 

< 400 > SEQUENCE : 1 

Met Ile Leu Asp Ala Asp Tyr Ile Thr Glu Asp Gly Lys Pro Ile Ile 
1 10 15 5 

Arg Leu Phe Lys Lys Glu Asn Gly Arg Phe Lys Val Glu Tyr Asp Arg 
25 20 30 

Asn Phe Ara Pro Tyr Ile Tyr Ala Leu Leu Lys Asp Asp Ser Ala Ile Leu Leu Lys Asp Asp Ser Ala Ile 
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35 40 

Asp Asp Val Arg Lys Ile Thr Ser Glu Arg His Gly Lys Val Val Arg 
| 

Val Ile Asp Val Glu Lys Val Lys Lys Lys Phe Leu Gly Arg Pro Ile 
80 

& R 

Glu Val Trp Lys Leu Tyr Phe Glu His Pro Gln Asp Val Pro Ala Met 
90 

Arg Asp Lys Ile Arg Glu His Pro Ala Val Ile Asp Ile Phe Glu Tyr 
105 110 

Asp Ile Pro Phe Ala Lys Arg Tyr Leu Ile Asp Lys Gly Leu Ile Pro 
115 120 125 

Met Glu Gly Asn Glu Glu Leu Thr Phe Leu Ala Val Asp Ile Glu Thr 
135 

Leu Tyr His Glu Gly Glu Glu Phe Gly Lys Gly Pro Ile Ile Met Ile 
160 

Ser Tyr Ala Asp Glu Glu Gly Ala Lys Val Ile Thr Trp Lys Lys Ile 
165 170 

Asp Leu Pro Tyr Val Glu Val Val Ala Asn Glu Arg Glu Met Ile Lys 
185 190 

& ? 

? 3? epen & & Arg Leu Ile Lys Val Ile Arg Glu Lys Asp Pro Asp Val Ile Ile Thr 
195 200 205 

Tyr Asn Gly Asp Asn Phe Asp Phe Pro Tyr Leu Leu Lys Arg Ala Glu 

Lys Leu Gly Met Lys Leu Pro Leu Gly Arg Asp Asn Ser Glu Pro Lys 
240 

Met Gin Arg Leu Gly Asp Ser Leu Ala Val Glu Ile Lys Gly Arg Ile 
245 250 

His Phe Asp Leu Phe Pro Val Ile Arg Arg Thr Ile Asn Leu Pro Thr 
265 270 

Tyr Thr Leu Glu Ala Val Tyr Glu Ala Ile Phe Gly Lys Gin Lys Glu 
275 280 285 

Lys Val Tyr Pro His Glu Ile Ala Glu Ala Trp Glu Thr Gly Lys Gly 

Leu Glu Arg Val Ala Lys Tyr Ser Met Glu Asp Ala Lys Val Thr Tyr 
320 

Glu Leu Gly Lys Glu Phe Phe Pro Met Glu Ala Gln Leu Ala Arg Leu 
325 330 

Val Gly Gin Pro Leu Trp Asp Val Ser Arg Ser Ser Thr Gly Asn Leu 
345 350 

Val Glu Trp Tyr Leu Leu Arg Lys Ala Tyr Glu Arg Asn Glu Leu Ala 
355 360 365 

Pro Asn Lys Pro Asp Glu Arg Glu Tyr Glu Arg Arg Leu Arg Glu Ser 

Tyr Glu Gly Gly Tyr Val Lys Glu Pro Glu Arg Gly Leu Trp Glu Gly 
400 

Ile Val Ser Leu Asp Phe Arg Ser Leu Tyr Pro Ser Ile Ile Ile Thr 
405 410 

His Asn Val Ser Pro Asp Thr Leu Asn Lys Glu Gly cys Gly Glu Tyr 
425 430 

Asp Glu Ala Pro Glu Val Gly His Arg Phe Cys Lys Asp Phe Pro Gly 
435 440 445 

Phe Ile Pro Ser Leu Leu Gly Ser Leu Leu Glu Glu Arg Gin Lys Ile 
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Lys Lys Arg Met Lys Glu Ser Lys Asp Pro Val Glu Arg Lys Leu Leu 
475 

Asp Tyr Arg Gin Arg Ala Ile Lys Ile Leu Ala Asn Ser Phe Tyr Gly 

Tyr Tyr Gly Tyr Ala Lys Ala Arg Trp Tyr Cys Lys Glu Cys Ala Glu 
505 510 

E EJ 
E 

Ser Val Thr Ala Trp Gly Arg Gin Tyr Ile Glu Leu Val Arg Arg Glu 
515 520 

Leu Glu Glu Arg Gly Phe Lys Val Leu Tyr Ile Asp Thr Asp Gly Leu 

Tyr Ala Thr Ile Pro Gly Glu Lys Asn Trp Glu Glu Ile Lys Arg Arg 
555 

Ala Leu Glu Phe Val Asn Tyr Ile Asn Ser Lys Leu Pro Gly Ile Leu 

Glu Leu Glu Tyr Glu Gly Phe Tyr Thr Arg Gly Phe Phe Val Thr Lys 
585 590 

Lys Lys Tyr Ala Leu Ile Asp Glu Glu Gly Lys Ile Val Thr Arg Gly 
595 600 

Leu Glu Ile Val Ara Ara Asp Trp Ser Glu Ile Ala Lys Glu Thr Gln 

m 
m 

mmm 8 mmmmmm mm mmmm mmmmm mmmmmm mmmm mmm mmmmm mmmm mmmmm mmm mmm mmm 
Ala Lys Val Leu Glu Ala Ile Leu Lys His Gly Asn Val Glu Glu Ala 

635 640 

Val Lys Ile Val Lys Glu Val Thr Glu Lys Leu Ser Asn Tyr Glu Ile 

Pro Val Glu Lys Leu Val Ile Tyr Glu Gin Ile Thr Arg Pro Leu Asn 
665 670 

Glu Tyr Lys Ala Ile Gly Pro His Val Ala Val Ala Lys Arg Leu Ala 
675 680 

Ala Lys Gly Ile Lys Ile Lys Pro Gly Met Val Ile Gly Tyr Val Val 

Leu Arg Gly Asp Gly Pro Ile Ser Lys Arg Ala Ile Ala Ile Glu Glu 
715 720 

Phe Asp Gly Lys Lys His Lys Tyr Asp Ala Glu Tyr Tyr Ile Glu Asn 

Gln Val Leu Pro Ala Val Glu Arg Ile Leu Lys Ala Phe Gly Tyr Lys 
745 750 

Arg Glu Asp Leu Arg Trp Gin Lys Thr Lys Gin Val Gly Leu Gly Ala 
755 760 

Trp Leu Lys Val Lys Lys Ser 

< 210 > SEQ ID No 2 
< 211 > LENGTH : 75 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Pyrococcus furiosus 

< 400 > SEQUENCE : 2 

° Ile Ile Asn Pro Gln Ala Arg Leu Thr Pro Leu Glu Leu Glu Ile Leu 

Glu Ile Ile Lys Gin Lys Lys Ser Ile Thr Ile Thr Glu Ile Lys Glu 
25 30 

3 

83 R 
? 

a gp 
3 

° g Ile Leu Ser Glu Arg Arg Lys Ser Glu Tyr Pro Leu Ser Leu Val Ser 
40 

Glu Tyr Ile Ser Arg Leu Glu Arg Lys Gly Tyr Val Lys Lys Ile Ala 
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Lys Gly Arg Lys Lys Phe Val Glu Ala Leu Ile 
65 75 70 

1 1 

1 2 

< 210 > SEO ID NO 3 
< 211 > LENGTH : 856 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 

20 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic construct 

1 3 

2 0 

2 3 

< 400 > SEQUENCE : 3 
Met Ile Leu Asp Ala Asp Tyr Ile Thr Glu Asp Gly Lys Pro Ile Ile 

15 

Arg Leu Phe Lys Lys Glu Asn Gly Arg Phe Lys Val Glu Tyr Asp Arg 
20 25 30 

Asn Phe Ara Pro Tyr Ile Tyr Ala Leu Leu Lys Asp Asp Ser Ala Ile 
40 35 

Asp Asp Val Arg Lys Ile Thr Ser Glu Arg His Gly Lys Val Val Arg 
55 

Val Ile Asp Val Glu Lys Val Lys Lys Lys Phe Leu Gly Arg Pro Ile 
75 70 

g & Glu Val Trp Lys Leu Tyr Phe Glu His Pro Gln Asp Val Pro Ala Met 
85 95 

Arg Asp Lys Ile Arg Glu His Pro Ala Val Ile Asp Ile Phe Glu Tyr 
100 105 110 

Asp Ile Pro Phe Ala Lys Arg Tyr Leu Ile Asp Lys Gly Leu Ile Pro 
120 

? 
115 

Met Glu Gly Asn Glu Glu Leu Thr Phe Leu Ala Val Asp Ile Glu Thr 

Leu Tyr His Glu Gly Glu Glu Phe Gly Lys Gly Pro Ile Ile Met Ile 
150 155 gg Ser Tyr Ala Asp Glu Glu Gly Ala Lys Val Ile Thr Trp Lys Lys Ile 

165 1 175 
? 

Asp Leu Pro Tyr Val Glu Val Val Ala Asn Glu Arg Glu Met Ile Lys 
180 185 1901 

Arg Leu Ile Lys Val Ile Arg Glu Lys Asp Pro Asp Val Ile Ile Thr 
195 200 g 

Tyr Asn Gly Asp Asn Phe Asp Phe Pro Tyr Leu Leu Lys Arg Ala Glu 

Lys Leu Gly Met Lys Leu Pro Leu Gly Arg Asp Asn Ser Glu Pro Lys 
230 235 

Met Gin Arg Leu Gly Asp Ser Leu Ala Val Glu Ile Lys Gly Arg Ile 
245 255 

His Phe Asp Leu Phe Pro Val Ile Art Art Thr Ile Asn Leu Pro Thr 
260 265 270 

Tyr Thr Leu Glu Ala Val Tyr Glu Ala Ile Phe Gly Lys Gin Lys Glu 
275 280 

Lys Val Tyr Pro His Glu Ile Ala Glu Ala Trp Glu Thr Gly Lys Gly 

Leu Glu Arg Val Ala Lys Tyr Ser Met Glu Asp Ala Lys Val Thr Tyr 
310 315 320 

| gg Glu Leu Gly Lys Glu Phe Phe Pro Met Glu Ala Gln Leu Ala Arg Leu 
325 335 

Val Gly Gin Pro Leu Trp Asp Val Ser Arg Ser Ser Thr Gly Asn Leu 
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340 345 | 350 

Val Glu Trp Tyr Leu Leu Arq Lys Ala Tyr Glu Ara Asn Glu Leu Ala 
355 365 360 

Pro Asn Lys Pro Asp Glu Arg Glu Tyr Glu Arg Arg Leu Arg Glu Ser 

Tyr Glu Gly Gly Tyr Val Lys Glu Pro Glu Arg Gly Leu Trp Glu Gly 
385 390 400 

Ile Val Ser Leu Asp Phe Arg Ser Leu Tyr Pro Ser Ile Ile Ile Thr 
415 

His Asn Val Ser Pro Asp Thr Leu Asn Lys Glu Gly cys Gly Glu Tyr 
425 430 

Asp Glu Ala Pro Glu Val Gly His Arg Phe Cys Lys Asp Phe Pro Gly 
435 440 445 

Phe Ile Pro Ser Leu Leu Gly Ser Leu Leu Glu Glu Arg Gin Lys Ile 

Lys Lys Arg Met Lys Glu Ser Lys Asp Pro Val Glu Arg Lys Leu Leu 
465 470 480 

Asp Tyr Arg Gin Arg Ala Ile Lys Ile Leu Ala Asn Ser Phe Tyr Gly 
495 

Tyr Tyr Gly Tyr Ala Lys Ala Arg Trp Tyr Cys Lys Glu Cys Ala Glu 
505 510 

m 

mmmmm mmmm mmmmmm mmmmmm mmmmmm mmmmmmmm mmmmmm mmmmmm mmmmm mmmmm mmmmmm mmmmmm mmmmm mmmm mmmm 
Ser Val Thr Ala Trp Gly Arg Gin Tyr Ile Glu Leu Val Arg Arg Glu 

515 520 525 

Leu Glu Glu Arg Gly Phe Lys Val Leu Tyr Ile Asp Thr Asp Gly Leu 

Tyr Ala Thr Ile Pro Gly Glu Lys Asn Trp Glu Glu Ile Lys Arg Arg 
545 560 550 

Ala Leu Glu Phe Val Asn Tyr Ile Asn Ser Lys Leu Pro Gly Ile Leu 
575 

Glu Leu Glu Tyr Glu Gly Phe Tyr Thr Arg Gly Phe Phe Val Thr Lys 
585 590 

Lys Lys Tyr Ala Leu Ile Asp Glu Glu Gly Lys Ile Val Thr Arg Gly 
595 600 605 

Leu Glu Ile Val Arg Arg Asp Trp Ser Glu Ile Ala Lys Glu Thr Gin 

Ala Lys Val Leu Glu Ala Ile Leu Lys His Gly Asn Val Glu Glu Ala 
625 630 640 

Val Lys Ile Val Lys Glu Val Thr Glu Lys Leu Ser Asn Tyr Glu Ile 
655 

Pro Val Glu Lys Leu Val Ile Tyr Glu Gin Ile Thr Arg Pro Leu Asn 
665 670 

Glu Tyr Lys Ala Ile Gly Pro His Val Ala Val Ala Lys Arg Leu Ala 
675 685 680 

Ala Lys Gly Ile Lys Ile Lys Pro Gly Met Val Ile Gly Tyr Val Val 

Leu Arg Gly Asp Gly Pro Ile Ser Lys Arg Ala Ile Ala Ile Glu Glu 
705 710 720 

Phe Asp Gly Lys Lys His Lys Tyr Asp Ala Glu Tyr Tyr Ile Glu Asn 
735 

Gin Val Leu Pro Ala Val Glu Arg Ile Leu Lys Ala Phe Gly Tyr Lys 
745 750 

Arg Glu Asp Leu Arg Trp Gin Lys Thr Lys Gin Val Gly Leu Gly Ala 
755 760 765 
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Trp Leu Lys Val Lys Lys Ser Gly Thr Gly Gly Gly Gly Ile Ile Asn 
770 775 

Pro Gin Ala Arg Leu Thr Pro Leu Glu Leu Glu Ile Leu Glu Ile Ile 
790 795 800 

? Lys Gin Lys Lys Ser Ile Thr Ile Thr Glu Ile Lys Glu Ile Leu Ser 
805 810 815 

Glu Arg Arg Lys Ser Glu Tyr Pro Leu Ser Leu Val Ser Glu Tyr Ile 
820 825 830 

Ser Arg Leu Glu Arg Lys Gly Tyr Val Lys Lys Ile Ala Lys Gly Arg 
| 840 845 

? Lys Lys Phe Val Glu Ala Leu Ile 
850 855 

< 210 > SEQ ID NO 4 
< 211 > LENGTH : 40 | 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic construct 

< 400 > SEQUENCE : 4 
ttggtctggt gtcaaaaatg aatcgtcacg gcgatttatg 40 . 

< 210 > SEQ ID No 5 
< 211 > LENGTH : 39 | 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic construct 

< 400 > SEQUENCE : 5 
gggtcatttt cggcgaggac tgcatcaacg catatagcg 39 

< 210 > SEQ ID No 6 
< 211 > LENGTH : 32 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic construct 

< 400 > SEQUENCE : 6 

gcggccgcgt cctcgccgaa aatgacccag ag 32 . 

2 

< 210 > SEQ ID No 7 
< 211 > LENGTH : 32 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic construct 

3 

0 

3 

< 400 > SEQUENCE : 7 
gcggccgctg gtgtcgatgg tagaacgaag cg 32 . 

1 1 

1 2 

< 210 > SEQ ID NO 8 
< 211 > LENGTH : 32 
< 212 > TYPE : DNA 
< 213 > ORGANI SM : Artificial Sequence 

20 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic construct 

1 3 

2 0 

2 3 

< 400 > SEQUENCE : 8 

gcggccgccc cactgacgcg ttgcgcgaga ag 32 . 
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? . 

< 210 > SEQ ID NO 9 
< 211 > LENGTH : 32 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic construct 

< 400 > SEQUENCE : 9 

goggccgcgg ctgcgcaact gttgggaagg gc 32 

< 210 > SEQ ID NO 10 
< 211 > LENGTH : 32 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
223 > OTHER INFORMATION : Synthetic construct 

< 400 > SEQUENCE : 10 
gcggccgctg cagcacatcc ccctttcgcc ag 32 

< 210 > SEQ ID NO 11 
< 211 > LENGTH : 32 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic construct 

< 400 > SEQUENCE : 11 

gcggccgcat gatgctcgtg acggttaacg cc 32 

< 210 > SEO ID NO 12 
< 211 > LENGTH : 32 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
223 > OTHER INFORMATION : Synthetic construct HN N MOM 

< 400 > SEQUENCE : 12 

gcggccgcag gtgcggattg aaaatggtct gc 32 

< 210 > SEQ ID NO 13 
< 211 > LENGTH : 32 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic construct 

< 400 > SEQUENCE : 13 

goggccgctc accgcttgcc agcggcttac ca 32 

< 210 > SEQ ID NO 14 
< 211 > LENGTH : 32 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic construct 

< 400 > SEQUENCE : 14 
gcggccgcga atacctgttc cgtcatagcg at 32 

< 210 > SEQ ID NO 15 
< 211 > LENGTH : 33 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 

3 > OTHER INFORMATION : Synthetic construct A 
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< 400 > SEQUENCE : 15 
gcggccgctc atttttgaca ccagaccaac tgg 33 

< 210 > SEO ID NO 16 
< 211 > LENGTH : 1016 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 

20 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic construct VVV 
< 400 > SEQUENCE : 16 
goggccgcgt cctcgccgaa aatgacccag agcgctgccg gcacctgtcc tacgagttgc 60 60 

atgataaaga agacagtcat aagtgcggcg acgatagtca tgccccgcgc Ccaccggaag 120 
gagctgactg ggttgaaggc tctcaagggc atcggtcgag atcccggtgc ctaatgagtg 180 

agctaactta cattaattgc gttgcgctca ctgcccgctt tccagtcggg aaacctgtcg 240 

toccagctgc attaatgaat cggccaacgc gcggggagag goggtttgcg tattgggcgc 300 
cagggtggtt tttcttttca ccagtgagac gggcaacagc tgattgccct tcaccgcctg 360 
gccctgagag agttgcagca agcggtccac gctggtttgc cccagcaggc gaaaatcctg 420 

tttgatggtg gttaacggcg ggatataacc aacgcgcagc ccggactcgg taatatccca 480 

ctaccgagat atccgcacca acgcgcagcc cggactcggt aatggcgcgc attgcgccca 540 

gcgccatctg atcgttggca accagcatcg cagtgggaac gatgccctca ttcagcattt 600 

gcatggtttg ttgaaaaccg gacatggcac tccagtcgcc ttcccgttcc gctatcggct 660 

gaatttgatt gcgagtgaga tatttatgcc agccagccag acgcagacgc gccgagacag 720 

aacttaatgg gcccgctaac agcgcgattt gctggtgacc caatgcgacc agatgctcca 780 

cgcccagtcg cgtaccgtct tcatgggaga aaataatact gttgatgggt gtctggtcag 840 

agacatcaag aaataacgcc ggaacattag tgcaggcagc ttccacagca atggcatcct 900 

960 ggtcatccag cggatagtta atgatcagcc cactgacgcg ttgcgcgaga agattgtgca 
ccgccgcttt acaggcttcg acgccgcttc gttctaccat cgacaccagc ggccgc 1016 

< 210 > SEO ID NO 17 
< 211 > LENGTH : 1016 
< 212 > TYPE : DNA 

ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic construct 

M ?? 
V 

< 400 > SEQUENCE : 17 

gcggccgccc cactgacgcg ttgcgcgaga agattgtgca ccgccgcttt acaggcttcg 60 60 
acgccgcttc gttctaccat cgacaccacc acgctggcac ccagttgatc ggcgcgagat 120 

ttaatcgccg cgacaatttg cgacggcgcg tgcagggcca gactggaggt ggcaacgcca 180 

atcagcaacg actgtttgcc cgccagttgt tgtgccacgc ggttgggaat gtaattcago 240 

tccgccatcg ccgcttccac tttttcccgc gttttcgcag aaacgtggct ggcctggttc 300 

accacgcggg aaacggtctg ataagagaca ccggcatact ctgcgacatc gtataacgtt 360 
actggtttca cattcaccac cctgaattga ctctcttccg ggcgctatca tgccataccg 420 

cgaaaggttt tgcgccattc gatggtgtcc gggatctcga cgctctccct tatgcgacto 480 

ctgcattagg aagcagccca gtagtaggtt gaggccgttg agcaccgccg ccgcaaggaa 540 
tggtgcatge aaggagatgg cgcccaacag tcccccggcc acggggcctg ccaccatacc 600 
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cacgccgaaa caagcgctca tgagcccgaa gtggcgagcc cgatcttccc catcggtgat 660 

gtcggcgata taggcgccag caaccgcacc tgtggcgccg gtgatgccgg ccacgatgcg 720 
tccggcgtag aggatcgaga tctcgatccc gcgaaattaa tacgactcac tataggggaa 780 

ttgtgagcgg ataacaattc ccctctagaa ataattttgt ttaactttaa gaaggagata 840 

tacatatgac catgattacg gattcactgg ccgtcgtttt acaacgtcgt gactgggaaa 900 
accctggcgt tacccaactt aatcgccttg cagcacatcc ccctttcgcc agctggcgta 960 

atagcgaaga ggcccgcacc gatcgccctt cccaacagtt gcgcagccgc ggccgc 1016 

< 210 > SEQ ID NO 18 
< 211 > LENGTH : 1016 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic construct 

MO 
< 400 > SEQUENCE : 18 

goggccgctg cagcacatcc ccctttcgcc agctggcgta atagcgaaga ggcccgcacc 60 

gatcgccctt cccaacagtt gcgcagcctg aatggcgaat ggcgctttgc ctggtttccg 120 
gcaccagaag cggtgccgga aagctggctg gagtgcgatc ttcctgaggc cgatactgtc 180 

gtcgtcccct caaactggca gatgcacggt tacgatgcgc ccatctacac caacgtgacc 240 

tatcccatta cggtcaatcc gccgtttgtt cccacggaga atccgacggg ttgttactcg 300 
ctcacattta atgttgatga aagctggcta caggaaggcc agacgcgaat tatttttgat 360 

ggcgttaact cggcgtttca tctgtggtgc aacgggcgct gggtcggtta cggccaggac 420 

agtcgtttgc cgtctgaatt tgacctgagc gcatttttac gcgccggaga aaaccgcctc 480 

gcggtgatgg tgctgcgctg gagtgacggc agttatctgg aagatcagga tatgtggcgg 540 

atgagcggca ttttccgtga cgtctcgttg ctgcataaac cgactacaca aatcagcgat 600 
ttccatgttg ccactcgctt taatgatgat ttcagccgcg ctgtactgga ggctgaagtt 660 

cagatgtgcg gcgagttgcg tgactaccta cgggtaacag tttctttatg gcagggtgaa 720 
acgcaggtcg ccagcggcac cgcgcctttc ggcggtgaaa ttatcgatga gcgtggtggt 780 
tatgccgatc gcgtcacact acgtctgaac gtcgaaaacc cgaaactgtg gagcgccgaa 840 

atcccgaatc tctatcgtgc ggtggttgaa ctgcacaccg ccgacggcac gctgattgaa 900 
gcagaagcct gcgatgtcgg tttccgcgag gtgcggattg aaaatggtct gctgctgctg 960 

aacggcaagc cgttgctgat tcgaggcgtt aaccgtcacg agcatcatgc ggccgc 1016 

< 210 > SEQ ID NO 19 
< 211 > LENGTH : 1016 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic construct 

< 400 > SEQUENCE : 19 

gcggccgcag gtgcggattg aaaatggtct gctgctgctg aacggcaagc cgttgctgat 60 
tcgaggcgtt aaccgtcacg agcatcatcc tctgcatggt caggtcatgg atgagcagac 120 

gatggtgcag gatatcctgc tgatgaagca gaacaacttt aacgccgtgc gctgttcgca 180 

ttatccgaac catccgctgt ggtacacgct gtgcgaccgc tacggcctgt atgtggtgga 240 
tgaagccaat attgaaaccc acggcatggt gccaatgaat cgtctgaccg atgatccgcg 300 

ctggctaccg gcgatgagcg aacgcgtaac gcgaatggtg cagcgcgatc gtaatcaccc 360 
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gagtgtgatc atctggtcgc tggggaatga atcaggccac ggcgctaatc acgacgcgct 420 

gtatcgctgg atcaaatctg togatccttc ccgcccggtg cagtatgaag goggcggagc 480 
cgacaccacg gccaccgata ttatttgccc gatgtacgcg cgcgtggatg aagaccagcc 540 
cttcccggct gtgccgaaat ggtccatcaa aaaatggctt tcgctacctg gagagacgcg 600 
cccgctgatc ctttgcgaat acgcccacgc gatgggtaac agtcttggcg gtttcgctaa 660 
atactggcag gcgtttcgtc agtatccccg tttacagggc ggcttcgtct gggactgggt 720 
ggatcagtcg ctgattaaat atgatgaaaa cggcaacccg tggtcggctt acggcggtga 780 

ttttggcgat acgccgaacg atcgccagtt ctgtatgaac ggtctggtct ttgccgaccg 840 

cacgccgcat ccagcgctga cggaagcaaa acaccagcag cagtttttcc agttccgttt 900 

atccgggcaa accatcgaag tgaccagcga atacctgttc cgtcatagcg ataacgagct 960 

cctgcactgg atggtggcgc tggatggtaa gccgctggca agcggtgagc ggccgc 1016 

< 210 > SEQ ID NO 20 
< 211 > LENGTH : 1168 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic construct 

< 400 > SEQUENCE : 20 

gcggccgcga atacctgttc cgtcatagcg ataacgagct cctgcactgg atggtggcgc 60 

tggatggtaa gccgctggca agcggtgaag tgcctctgga tgtcgctcca caaggtaaac 120 

agttgattga actgcctgaa ctaccgcagc cggagagcgc cgggcaactc tggctcacag 180 

tacgcgtagt gcaaccgaac gcgaccgcat ggt cagaagc cgggcacatc agcgcctggc 240 

agcagtggcg tctggcggaa aacctcagtg tgacgctccc cgccgcgtcc cacgccatcc 300 

cgcatctgac caccagcgaa atggattttt gcatcgagct gggtaataag cgttggcaat 360 

ttaaccgcca gtcaggcttt ctttcacaga tgtggattgg cgataaaaaa caactgctga 420 
cgccgctgcg cgatcagttc acccgtgcac cgctggataa cgacattggc gtaagtgaag 480 

cgacccgcat tgaccctaac gcctgggtcg aacgctggaa ggcggcgggc cattaccagg 540 

ccgaagcagc gttgttgcag tgcacggcag atacacttgc tgatgcggtg ctgattacga 600 
ccgctcacgc gtggcagcat caggggaaaa ccttatttat cagccggaaa acctaccgga 660 

ttgatggtag tggtcaaatg gcgattaccg ttgatgttga agtggcgagc gatacaccgc 720 
atccggcgcg gattggcctg aactgccagc tggcgcaggt agcagagcgg gtaaactggc 780 

toggattagg gccgcaagaa aactatcccg accgccttac tgccgcctgt tttgaccgct 840 

gggatctgcc attgtcagac atgtataccc cgtacgtctt cccgagcgaa aacggtctgo 900 
gctgcgggac gcgcgaattg aattatggcc cacaccagtg gcgcggcgac ttccagttca 960 
acatcagccg ctacagtcaa cagcaactga tggaaaccag ccatcgccat ctgctgcacg 1020 

cggaagaagg cacatggctg aatatcgac gtttccatat ggggattggt ggcgacgact 1080 
cctggagccc gtcagtatcg gcggaattcc agctgagcgc cggtcgctac cattaccagt 1140 

tggtctggtg tcaaaaatga gcggccgc 1168 

? 

< 210 > SEQ ID NO 21 
< 211 > LENGTH : 24 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 

? 
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- continued 
< 223 > OTHER INFORMATION : Synthetic construct 

< 400 > SEQUENCE : 21 
aaaaccaccc tggcgcccaa tacg 24 

< 210 > SEQ ID NO 22 
< 211 > LENGTH : 24 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic construct 

< 400 > SEQUENCE : 22 
cccggactcg gtaatggcgc gcat 24 

< 210 > SEQ ID NO 23 
< 211 > LENGTH : 24 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic construct 

< 400 > SEQUENCE : 23 

ggaagcagcc cagtagtagg ttga 24 

< 210 > SEQ ID NO 24 
< 211 > LENGTH : 24 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic construct 

< 400 > SEQUENCE : 24 

ggtgctgcgc tggagtgacg gcag 24 

< 210 > SEQ ID NO 25 
< 211 > LENGTH : 24 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 

20 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic construct 

2 

< 400 > SEQUENCE : 25 
cggccaccga tattatttqc coga 24 

< 210 > SEQ ID NO 26 
< 211 > LENGTH : 24 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 

20 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic construct 

M ?? ? ?? 
? 

< 400 > SEQUENCE : 26 

gattagggcc gcaagaaaac tatc 24 

V 

V 

< 210 > SEQ ID NO 27 
< 211 > LENGTH : 24 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 

FEATURE : 
< 223 > OTHER INFORMATION : Synthetic construct 
< 220 > FEATURE : 
< 221 > NAME / KEY : misc _ feature 
< 222 > LOCATION : ( 22 ) . . ( 22 ) 
< 223 > OTHER INFORMATION : n is a , c , g , or t 

< 400 > SEQUENCE : 27 
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gcgaagaacc tcttcccaag angg 24 

V V NNNN HNN V V V V 

< 210 > SEQ ID NO 28 
< 211 > LENGTH : 71 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic construct WOW 
< 400 > SEQUENCE : 28 
atcttgtgga aaggacgaaa caccggcgaa gaacctcttc ccaagagttt tagagctaga 8 

aatagcaagt t 

< 210 > SEQ ID NO 29 
< 211 > LENGTH : 71 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic construct 
< 220 > FEATURE : 
< 221 > NAME / KEY : misc feature 
< 222 > LOCATION : ( 26 ) . . ( 46 ) 
< 223 > OTHER INFORMATION : n is a , c , g , or t 

< 400 > SEQUENCE : 29 

atcttgtgga aaggacgaaa caccgnnnnn nnnnnnnnnn nnnnnngttt tagagctaga 
aatagcaagt t À 

< 210 > SEO ID NO 30 
< 211 > LENGTH : 24 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic construct N NAP 

< 400 > SEQUENCE : 30 
cgccagggtt ttcccagtca cgac 24 

< 210 > SEQ ID NO 31 
< 211 > LENGTH : 27 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic construct 

< 400 > SEQUENCE : 31 

gocaagcttg catgcctgca ggtcgac 27 

< 210 > SEQ ID NO 32 
< 211 > LENGTH : 71 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic construct 

M 

< 400 > SEQUENCE : 32 

gtcgacctgc aggcatgcaa gottggcact ggccgtcgtt ttacaacgtc gtgactggga 8 

aaaccctggc g 

V 

V 

< 210 > SEQ ID NO 33 
< 211 > LENGTH : 1184 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Methanocaldococcus vulcanius 
V 
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< 400 > SEQUENCE : 33 
Met Lys Glu Lys Ala Pro Lys Ile Asp Ala Leu Ile Asp Cys Thr Tyr 

15 

Lys Thr Glu Asp Asn Arg Ala Val Ile Tyr Leu Tyr Leu Leu Glu Asn 
3 0 

Ile Leu Lys Asp Arg Glu Phe Ser Pro Tyr Phe Tyr Val Glu Met Leu 
40 35 ? 3? 

Lys Asp Arg Ile Glu Lys Glu Asp Ile Asp Lys Ile Lys Glu Phe Leu 

Leu Lys Glu Asp Leu Leu Lys Phe Val Glu Asn Leu Glu Val Val Asn 
75 80 70 

Lys Thr Ile Leu Lys Lys Glu Lys Glu Ile Val Lys Ile Ile Ala Thr 
95 

His Pro Gin Arg Val Pro Lys Leu Arg Lys Ile Lys Glu Cys Asp Ile 
110 

Val Lys Glu Ile Tyr Glu His Asp Ile Pro Phe Ala Lys Arg Tyr Leu 
115 120 

Ile Asp Ser Asp Ile Val Pro Met Thr Tyr Trp Asp Phe Glu Asn Arg 

Lys Gin Val Ser Ile Glu Ile Pro Lys Leu Lys Thr Val Ser Phe Asp 
150 155 160 

Met Glu Val Tyr Asn Arg Asp Thr Glu Pro Asp Pro Glu Lys Asp Pro 

m 

mmmmm mm 175 

Ile Leu Met Ala Ser Phe Trp Asp Asp Asn Gly Gly Lys Val Ile Thr 
190 

Tyr Lys His Phe Asp His Ser Asn Ile Glu Val Val Asn Ser Glu Lys 
195 200 

mmm ssmmmmm Asp Leu Ile Lys Lys Ile Val Glu Met Leu Arg Gin Tyr Asp Val Ile mmmmm mmmmmmmm Phe Thr Tyr Asn Gly Asp Asn Phe Asp Phe Pro Tyr Leu Lys Ala Arg 
230 235 240 

Ala Lys Ile Tyr Gly Ile Asp Ile Lys Leu Gly Arg Asp Gly Glu Glu 
255 

Leu Lys Ile Lys Arg Gly Gly Met Glu Phe Arg Ser Tyr Ile Pro Gly 
270 

Arg Val His Ile Asp Leu Tyr Pro Ile Ser Arg Arg Leu Leu Lys Leu 
275 280 

Thr Lys Tyr Thr Leu Glu Asp Val Val Tyr Asn Leu Phe Gly Ile Glu 

Lys Leu Lys Ile Pro His Thr Lys Ile Val Asp Tyr Trp Ala Asn Asn 
310 315 320 

Asp Lys Ile Leu Ile Glu Tyr Ser Leu Gin Asp Ala Lys Tyr Thr His 
335 

Lys Ile Gly Lys Tyr Phe Phe Pro Leu Glu Val Met Phe Ser Arg Ile 
350 

Val Asn Gin Thr Pro Phe Glu Ile Thr Arg Met Ser Ser Gly Gin Met 
355 360 

Val Glu Tyr Leu Leu Met Lys Asn Ala Phe Lys Glu Asn Met Ile Val 

& Pro Asn Lys Pro Asp Glu Lys Glu Tyr Arg Lys Arg Leu Leu Thr Ser 
385 390 395 400 

| 

Tyr Glu Gly Gly Tyr Val Lys Glu Pro Glu Lys Gly Met Phe Glu Asp 
415 
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Ile Ile Ser Met Asp Phe Arg Cys His Pro Arg Gly Thr Lys Val Ile 
425 430 

? 

E D 

? ? Val Lys Asn Asn Gly Leu Thr Asp Ile Glu Asn Val Lys Val Gly Asp 
440 

Tyr Val Leu Gly Ile Asp Gly Trp Gin Lys Val Lys Arg Val Trp Lys 

Tyr Pro Tyr Asn Gly Phe Leu Val Asn Val Asn Gly Leu Lys Ser Thr 
475 480 

Pro Asn His Lys Ile Pro Val Ile Lys Lys Glu Asn Gly Lys Asp Arg 
490 495 

Val Ile Asp Val Ser Ser Ile Tyr Leu Leu Asn Leu Lys Gly Cys Lys 
505 510 

Ile Leu Lys Ile Lys Asn Phe Glu Ser Ile Gly Met Phe Gly Lys Ile 
520 

3 

Phe Lys Lys Asp Thr Lys Ile Lys Lys Val Lys Gly Leu Leu Glu Lys 

Ile Ala Tyr Ile Asp Pro Arg Glu Gly Leu Val Ile Lys Val Lys Asn 
560 555 

Glu Lys Glu Asp Ile Phe Lys Thr Val Ile Pro Ile Leu Lys Glu Leu 
570 

Asn Ile Leu Tyr Lys Gin Val Asp Glu Lys Thr Ile Ile Ile Asp Ser 
585 590 

Ile Asp Gly Leu Leu Lys Tyr Ile Val Thr Ile Gly Phe Asn Asp Lys 
600 

Asn Glu Glu Lys Ile Lys Glu Ile Ile Lys Glu Lys Ser Phe Leu lu 
mmmmm am mmmmm am mm 
mm 

Phe Lys Glu Leu Glu Asp Ile Lys Ile Ser Ile Glu Glu Tyr Glu Gly 
635 geg ED? IR 640 Tyr Val Tyr Asp Leu Thr Leu Glu Gly Arg Pro Tyr Tyr Phe Ala Asn 

650 

Gly Ile Leu Thr His Asn Ser Leu Tyr Pro Ser Ile Ile Ile Ala Tyr 
670 665 

Asn Ile Ser Pro Glu Thr Leu Asp Cys Glu Cys Cys Lys Asp Ile Ser 
680 

Glu Lys Ile Leu Gly His Trp Phe Cys Lys Lys Arg Glu Gly Leu Ile 

Pro Lys Thr Leu Arg Gly Leu Ile Glu Ara Ara Ile Asn Ile Lys Asn 
715 720 

Lys Met Lys Lys Met Glu Ser Glu Lys Glu Ile Asn Glu Glu Tyr Asn 
730 

Leu Leu Asp Tyr Glu Gin Arg Ser Leu Lys Ile Leu Ala Asn Ser Val 
745 750 

Tyr Gly Tyr Leu Ala Phe Pro Arg Ala Arg Phe Tyr Ser Arg Glu Cys 
760 3? Ala Glu Val Ile Thr Tyr Leu Gly Arg Lys Tyr Ile Leu Glu Thr Ile ? 

Glu Glu Ala Glu Lys Phe Gly Phe Lys Val Ile Tyr Ala Asp Ser Val 
795 800 

Val Lys Asp Ala Lys Val Ile Ile Lys Glu Asp Gly Lys Ile Lys Glu 
805 810 815 

Ile Lys Ile Glu Asp Leu Phe Lys Lys Val Asp Tyr Thr Ile Gly Asp 
825 830 
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Lys Glu Tyr Cys Ile Leu Asn Asn Val Glu Thr Leu Thr Ile Glu Asp 
835 840 845 

? Thr Lys Leu Val Trp Arg Lys Val Pro Tyr Ile Met Arg His Arg Thr 
860 

? 

NAS Asn Lys Lys Ile Tyr Arg Val Lys Val Lys Asp Arg Tyr Val Asp Ile 
865 870 875 8 8 

Thr Glu Asp His Ser Ile Ile Gly Val Lys Asn Asn Lys Leu Val Glu 
895 

Leu Lys Pro Thr Glu Ile Lys Asp Asp Glu Thr Lys Leu Ile Ile Leu ? 
910 mmmmm mm mmm 

Asn Lys Asp Leu Lys Ser Tyr Asn Phe Ala Ser Val Glu Glu Ile Asn 
915 920 mmm mm 

Cys Ile Lys Tyr Ser Asp Tyr Val Tyr Asp Ile Glu Val Glu Asn Thr 
940 

His Arg Phe Phe Ala Asn Gly Ile Leu Val His Asn Thr Asp Gly Phe 
945 950 955 960 

. 
Tyr Ala Val Trp Lys Glu Lys Ile Ser Lys Asp Asp Leu Ile Lys Lys 

975 

Ala Leu Glu Phe Val Lys Tyr Ile Asn Ser Lys Leu Pro Gly Thr Met 
990 

| | 

Glu Leu Glu Phe Glu Gly Tyr Phe Lys Arg Gly Ile Phe Ile Thr Lys 
995 1000 1005 

Lys Arg Tyr Ala Leu Ile Asp Glu Asn Gly Arg Val Ile Val Lys 
1010 1015 1020 

Gly Leu Glu Phe Val Arg Arg Asp Trp Ser Asn Leu Ala Arg Ile 
1025 1030 1035 

3 Thr Gln Ara Ara Val Leu Glu Ala Leu Leu Leu Glu Gly Asp Ile 
1040 1045 1050 

2 Asn Lys Ala Lys Lys Ala Ile Gln Asp Val Ile Lys Asp Leu Arq 
1055 1060 1065 mm Glu Lys Lys Ile Lys Lys Glu Asp Leu Ile Ile Tyr Thr Gin Leu 
1070 1075 1080 

Thr Lys Asn Pro Asn Glu Tyr Lys Thr Thr Ala Pro His Val Glu 
1085 1090 1095 

Ile Ala Lys Lys Met Met Arg Glu Gly Lys Lys Ile Lys Ile Gly 
| 1100 1105 1110 mmm mmm mmmm 2? 3 39 S mmmm Asp Val Ile Gly Tyr Ile Ile Val Lys Gly Ser Lys Ser Ile Ser 
1115 1120 1125 

Glu Ara Ala Lys Leu Pro Glu Glu Val Ser Ile Glu Glu Ile Asp 
| 1130 1135 1140 

Val Asn Tyr Tyr Ile Asp Asn Gin Ile Leu Pro Pro Val Leu Arg 
1145 1150 1155 1155 

Ile Met Glu Ala Val Gly Val Ser Lys Asn Glu Leu Lys Lys Glu 
1160 1165 1170 

Gly Thr Gin Leu Thr Leu Asp Arg Phe Leu Lys 
1175 1180 

< 210 > SEQ ID NO 34 
< 211 > LENGTH : 781 
< 212 > TYPE : PRT 
4213 > ORGANISM : Archaeoglobus fulgidus 

< 400 > SEQUENCE : 34 

Met Glu Arg Val Glu Gly Trp Leu Ile Asp Ala Asp Tyr Glu Thr Ile 
10 15 
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Gly Gly Lys Ala Val Val Arg Leu Trp Cys Lys Asp Asp Gin Gly Ile 
20 30 

Phe Val Ala Tyr Asp Tyr Asn Phe Asp Pro Tyr Phe Tyr Val Ile Gly 
35 40 45 

Val Asp Glu Asp Ile Leu Lys Asn Ala Ala Thr Ser Thr Arg Arg Glu 

Val Ile Lys Leu Lys Ser Phe Glu Lys Ala Gin Leu Lys Thr Leu Gly 
70 80 

Arg Glu Val Glu Gly Tyr Ile Val Tyr Ala His His Pro Gin His Val 
90 

Pro Lys Leu Arg Asp Tyr Leu Ser Gin Phe Gly Asp Val Arg Glu Ala 
100 110 

Asp Ile Pro Phe Ala Tyr Arg Tyr Leu Ile Asp Lys Asp Leu Ala Cys 
115 120 125 

Met Asp Gly Ile Ala Ile Glu Gly Glu Lys Gin Gly Gly Val Ile Arg 3 

Ser Tyr Lys Ile Glu Lys Val Glu Arq Ile Pro Arq Met Glu Phe Pro 
150 160 

Glu Leu Lys Met Leu Val Phe Asp Cys Glu Met Leu Ser Ser Phe Gly 
170 

Met Pro Glu Pro Glu Lys Asp Pro Ile Ile Val Ile Ser Val Lys Thr 
180 190 

& mmmmm mmmmmm 
m 

8mm gammmm mmmmm mmmmmmmm mmmmmmm mmmmm mmmm mmmm 
Asn Asp Asp Asp Glu Ile Ile Leu Thr Gly Asp Glu Arg Lys Ile Ile 

| 195 200 205 

Ser Asp Phe Val Lys Leu Ile Lys Ser Tyr Asp Pro Asp Ile Ile Val 

mmm mmmmm mmmmmmmm | 

Gly Tyr Asn Gin Asp Ala Phe Asp Trp Pro Tyr Leu Arg Lys Arg Ala 
230 240 

Glu Arg Trp Asn Ile Pro Leu Asp Val Gly Arg Asp Gly Ser Asn Val 
250 

Val Phe Arg Gly Gly Ara Pro Lys Ile Thr Gly Ara Leu Asn Val Asp 
260 270 

Leu Tyr Asp Ile Ala Met Arg Ile Ser Asp Ile Lys Ile Lys Lys Leu 
275 280 285 

Glu Asn Val Ala Glu Phe Leu Gly Thr Lys Ile Glu Ile Ala Asp Ile 
300 

Glu Ala Lys Asp Ile Tyr Arg Tyr Trp Ser Arg Gly Glu Lys Glu Lys 
310 320 

Val Leu Asn Tyr Ala Ara Gln Asp Ala Ile Asn Thr Tyr Leu Ile Ala 
330 

Lys Glu Leu Leu Pro Met His Tyr Glu Leu Ser Lys Met Ile Arg Leu 
340 3501 

Pro Val Asp Asp Val Thr Arg Met Gly Arg Gly Lys Gin Val Asp Trp 
355 360 365 

Leu Leu Leu Ser Glu Ala Lys Lys Ile Gly Glu Ile Ala Pro Asn Pro 
380 

Pro Glu His Ala Glu Ser Tyr Glu Gly Ala Phe Val Leu Glu Pro Glu 
390 400 

Arg Gly Leu His Glu Asn Val Ala Cys Leu Asp Phe Ala Ser Met Tyr 
410 415 

Pro Ser Ile Met Ile Ala Phe Asn Ile Ser Pro Asp Thr Tyr Gly Cys 
420 430 
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Arg Asp Asp Cys Tyr Glu Ala Pro Glu Val Gly His Lys Phe Arg Lys 

435 440 | 445 445 | I 

Ser Pro Asp Gly Phe Phe Lys Arg Ile Leu Arg Met Leu Ile Glu Lys 
455 460 

Arg Arg Glu Leu Lys Val Glu Leu Lys Asn Leu Ser Pro Glu Ser Ser 
465 475 

Glu Tyr Lys Leu Leu Asp Ile Lys Gin Gin Thr Leu Lys Val Leu Thr 
495 

? Asn Ser Phe Tyr Gly Tyr Met Gly Trp Asn Leu Ala Arg Trp Tyr Cys 
500 505 510 | 

His Pro Cys Ala Glu Ala Thr Thr Ala Trp Gly Arg His Phe Ile Arg 
515 520 525 

Thr Ser Ala Lys Ile Ala Glu Ser Met Gly Phe Lys Val Leu Tyr Gly 
535 540 

Asp Thr Asp Ser Ile Phe Val Thr Lys Ala Gly Met Thr Lys Glu Asp 
545 555 

Val Asp Arg Leu Ile Asp Lys Leu His Glu Glu Leu Pro Ile Gin Ile 
575 

Glu Val Asp Glu Tyr Tyr Ser Ala Ile Phe Phe Val Glu Lys Lys Arg 
580 585 590 

Tyr Ala Gly Leu Thr Glu Asp Gly Arg Leu Val Val Lys Gly Leu Glu 
595 600 605 

Val Arg Arg Gly Asp Trp Cys Glu Leu Ala Lys Lys Val Gin Arg Glu 
615 620 

Val Ile Glu Val Ile Leu Lys Glu Lys Asn Pro Glu Lys Ala Leu Ser 
625 | 635 

Leu Val Lys Asp Val Ile Leu Arg Ile Lys Glu Gly Lys Val Ser Leu 
655 

Glu Glu Val Val Ile Tyr Lys Gly Leu Thr Lys Lys Pro Ser Lys Tyr 
660 665 670 

Glu Ser Met Gin Ala His Val Lys Ala Ala Leu Lys Ala Arg Glu Met 
675 680 685 

Gly Ile Ile Tyr Pro Val Ser Ser Lys Ile Gly Tyr Val Ile Val Lys 
695 700 

Gly Ser Gly Asn Ile Gly Asp Arg Ala Tyr Pro Ile Asp Leu Ile Glu 
705 715 

Asp Phe Asp Gly Glu Asn Leu Arg Ile Lys Thr Lys Ser Gly Ile Glu 
735 

Ile Lys Lys Leu Asp Lys Asp Tyr Tyr Ile Asp Asn Gin Ile Ile Pro 
740 745 750 

Ser Val Leu Arg Ile Leu Glu Arg Phe Gly Tyr Thr Glu Ala Ser Leu 
755 760 765 

Lys Gly Ser Ser Gin Met Ser Leu Asp Ser Phe Phe Ser 
775 | 770 780 

< 210 > SEQ ID NO 35 
< 211 > LENGTH : 783 
< 212 > TYPE : PRT 
213 > ORGANISM : Archaeoglobus profundus 

< 400 > SEQUENCE : 35 

Met Ile Lys Ala Trp Leu Leu Asp Val Asp Tyr Val Thr Glu Asn Asp 
10 15 

Arg Ala Val Ile Arg Leu Trp Cys Lys Asp Asp Lys Gly Val Phe Val 
20 30 25 



m 
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87 88 

- continued 
| 

? Ala Tyr Asp Arg Asn Phe Leu Pro Tyr Phe Tyr Val Ile Gly Cys Lys 
40 

Ala Glu Asp Val Met Lys Val Lys Val Arg Thr Asn Glu Gly Ile Ile 
55 

Thr Pro Leu Lys Val Glu Glu Ile Glu Ala Lys Ser Leu Gly Lys Pro 
65 Leu saly tva ggo 
Ile Lys Ala Leu Lys Val Tyr Thr Arg His Pro Gin His Val Pro Lys 

95 

Leu Arg Glu Glu Ile Lys Lys Phe Ala Glu Val Arg Glu Ala Asp Ile 
110 gk & D Pro Phe Ala Tyr Arg Tyr Leu Ile Asp Lys Asp Leu Ala Cys Met Asp 

120 

Gly Ile Glu Ile Glu Pro Ile Ala Val Lys Glu Gly Val Leu Arg Ala 
135 

Tyr Glu Val Arg Ser Val Arg Arg Val Glu Lys Lys Gly Phe Pro Asp 
145 

Leu Lys Ile Leu Ala Phe Asp Cys Glu Met Leu Ala Gln Phe Met Pro 
175 

Asp Pro Glu Lys Asp Pro Ile Ile Ala Ile Ala Val Lys Cys Gly Asp & ET RE 
Phe Glu Glu Val Leu His Gly Asp Glu Arg Asp Ile Leu Arg Arg Phe 

200 

Val Ser Ile Ile Lys Glu Gin Asp Pro Asp Ile Ile Val Gly Tyr Asn 
215 

Gin Asp Asn Phe Asp Trp Pro Tyr Val Lys Lys Arg Ala Glu Lys Phe 
225 

Gly Ile Arg Leu Asp Ile Gly Arg Asp Arg Ser Glu Ile Ser Phe Arg 
255 

Gly Gly Arg Pro Lys Ile Ala Gly Arg Leu Asn Val Asp Leu Tyr Asp 
270 

Ile Ala Leu Lys Ile Pro Asp Val Lys Ile Lys Thr Leu Lys Lys Val 
280 T 

Ala Glu Phe Leu Gly Ala Lys Val Glu Glu Glu Asp Ile Glu Gly Arg 
295 mmmmm mmmmmmmm mmmm emm mmm smg mmmmmm mmmmmmmmmm mmmmmm mammm Asp Ile Tyr Lys Cys Trp Met Arg Gly Glu Lys Glu Lys Val Phe Lys 

305 

His Val Leu Asn Asp Val Leu Thr Thr Tyr Arg Leu Ala Leu Glu Leu 
335 

Leu Pro Met His Tyr Glu Leu Ser Arg Met Ile Arg Leu Pro Leu Asp 
350 

Asp Val Ala Arg Leu Gly Arg Gly Lys Gin Val Asp Tyr Phe Leu Leu 
36 0 

Ser Glu Ala Lys Lys Ile Asn Glu Ile Ala Pro Asn Pro Pro Glu Ile 
375 

Glu Glu Ser Tyr Glu Gly Ala Phe Val Leu Glu Pro Ala Ara Gly Leu 
385 

His Glu Asn Val Ala Cys Leu Asp Phe Ala Ser Met Tyr Pro Ser Ile 
415 

Met Ile Asn Phe Asn Ile Ser Pro Asp Thr Leu Val Lys Gly Glu Cys 
430 

Glu Asp Cys Tyr Val Ala Pro Glu Val Gly His Lys Phe Arg Lys Ser 
440 
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80 

- continued 11 Pro Asp Gly Phe Phe Lys Arg Ile Leu Lys Met Leu Ile Glu Lys Arg 
? 

& HE Arg Glu Met Lys Arg Gin Met Lys Glu Leu Asp Pro Asp Ser Glu Asp 
475 480 ? 

Tyr Lys Leu Leu Asp Ile Lys Gin Gin Thr Leu Lys Val Leu Thr Asn 
495 

Ser Phe Tyr Gly Tyr Thr Gly Trp Asn Leu Ala Arg Trp Tyr Cys Arg 
500 505 510 | 

Glu Cys Ala Glu Ala Thr Thr Ala Trp Gly Arg Tyr Phe Ile Lys Arg 
520 525 

? 

Ala Val Lys Ile Ala Glu Ser Met Gly Phe Glu Val Leu Tyr Gly Asp 

Thr Asp Ser Leu Phe Ile Lys Lys Asn Lys Leu Asn Leu Lys Asp Leu 
555 560 

Glu Lys Glu Cys Leu Lys Leu Ile Asp Val Ile Ser Lys Glu Leu Pro 
575 

Ile Gin Leu Glu Ile Asp Glu Phe Tyr Lys Ala Ile Phe Phe Val Glu 
580 585 590 

Lys Lys Arg Tyr Ala Gly Leu Thr Asp Asp Asp Arg Ile Val Val Lys 
600 605 mmmmm Gly Leu Glu Val Arg Arg Gly Asp Trp Cys Glu Leu Ala Lys Arg Val gmmmm mmmmmmm Gin Arg Glu Val Ile Glu Ile Ile Leu Arg Glu Arg Asn Pro Asp Lys 

635 640 

Ala Leu Lys Phe Val Lys Asn Val Ile Glu Glu Ile Lys Glu Gly Lys 
S 

Phe Lys Leu Glu Asp Tyr Val Ile Tyr Lys Gly Leu Thr Lys Lys Pro 
660 665 670 

Asp Lys Tyr Glu Ser Lys Gin Ala His Val Lys Ala Ala Leu Arq Ala 
680 685 

Met Glu Met Gly Ile Tyr Tyr Pro Ile Gly Thr Lys Val Gly Phe Val 

Ile Val Lys Gly Gly Gly Ser Ile Ser Asp Arg Ala Tyr Pro Ile Glu 
715 720 

Leu Ile Glu Glu Phe Asp Gly Glu Asn Leu Lys Ile Arg Thr Pro Ser 
735 

Gly Ile Met Val Lys Lys Ile Asp Lys Asp Tyr Tyr Ile Asp His Gin 
740 745 750 

& Ile Ile Pro Ala Val Met Arg Ile Leu Glu Arg Phe Gly Tyr Thr Glu 
760 765 

Ala Ser Leu Lys Thr Thr Ile Gin Lys Thr Leu Phe Asp Phe Thr 
770 775 

? 

< 210 > SEQ ID NO 36 
< 211 > LENGTH : 849 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Caldicellulosiruptor hydrothermalis 

< 400 > SEQUENCE : 36 

Met Lys Leu Val Ile Phe Asp Gly Asn Ser Ile Leu Tyr Ara Ala Phe 
15 Leu val ?le Phe Asp Gly Asn Ser Ile Leu Tyr Arg Ada Phe 

a Leu Thr Thr Ser Ser Asn Ile Pro Thr Asn Ala . 
Phe Ala Leu Pro Glu Leu Thr Thr Ser Ser Asn Ile Pro Thr Asn Ala 

20 30 8 

Ile Tyr Gly Phe Ile Asn Val Ile Leu Lys Tyr Leu Glu Gln Glu Lys 
35 40 45 

Val Ile Leu Lys Tyr Leu Glu Gin Glu Lys 



m 
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- continued 

? Pro ge Tyr Ile Ala val Aya Phe Amp tra arg gly arg Pro Asp Tyr Ile Ala Val Ala Phe Asp Lys Arg Gly Arg Glu Ala Arg 
50 

Lys Ser Glu Tyr Gin Glu Tyr Lys Ala Asn Arg Lys Pro Met Pro Asp 
65 75 

Asn Leu Gin Val Gin Ile Pro Tyr Val Arg Glu Ile Leu Tyr Ala Leu 
95 901 

Asn Ile Pro Ile Val Glu Phe Glu Gly Tyr Glu Ala Asp Asp Val Ile 
100 110 | & Regg 3 

Gly Ser Leu Val Asn Lys Phe Lys Asn Thr Gly Leu Asp Ile Val Ile 
120 m 

Ile Thr Gly Asp Arg Asp Thr Leu Gin Leu Leu Asp Lys Asn Val Val 
130 

Val Lys Ile Val Ser Thr Lys Phe Asp Arg Thr Met Glu Asp Leu Tyr 
145 155 

Thr Ile Glu Asn Ile Lys Glu Lys Tyr Gly Val Trp Ala Asn Gin Val 
170 175 

Pro Asp Tyr Lys Ala Leu Val Gly Asp Gin Ser Asp Asn Ile Pro Gly 
180 190 

3 Val Lys Gly Ile Gly Glu Lys Ser Ala Gin Lys Leu Leu Glu Glu Tyr 
200 

Ser Ser Leu Glu Glu Ile Tyr Gin Asn Leu Asp Lys Ile Lys Gly Ser 
210 

Ile Arg Glu Lys Leu Glu Ala Gly Lys Asp Met Ala Phe Leu Ser Lys 
225 235 

Arg Leu Ala Thr Ile Val Cys Asp Leu Pro Leu Asn Val Asn Leu Glu 
250 255 

8 

mmmm ? 8mm 

mmmmmm mmmm mmmmmmm mmmmmmmm mmmmm ? mmmm Asp Leu Arg Thr Lys Glu Trp Asn Lys Glu Arg Leu Tyr Glu Ile Leu 
260 270 

Val Gin Leu Glu Phe Lys Ser Ile Ile Lys Arg Leu Gly Leu Ser Glu 
280 

Asn Ile Gln Phe Glu Phe Val Gln Gln Arg Thr Asp Ile Pro Asp Val 
290 

Glu Gin Arg Glu Leu Glu Ser Ile Ser Arg Ile Arg Ser Lys Glu Ile 
305 315 

Pro Leu Met Phe Val Gin Asp Glu Lys Cys Phe Tyr Leu Tyr Asp Gin 
330 335 mmmmm mmm Glu Ser Asn Thr Val Phe Val Thr Arg Asp Arg His Leu Val Glu Glu 

340 350 

Ile Leu Lys Ser Asp Thr Val Lys Ile Val Tyr Asp Leu Lys Asn Ile 
360 

Phe His Gin Leu Asn Leu Glu Asp Thr Asp Asn Ile Lys Asn cys Glu 
370 

Asp Val Met Ile Ala Ser Tyr Val Leu As 
385 

Ser Thr Arg Ser Ser Tyr 
395 

Glu Leu Glu Thr Leu Phe Val Ser Tyr Leu Asn Thr Asp Ile Glu Ala 
410 415 

Val Lys Lys Asp Lys Lys Met Val Ser Val Val Leu Leu Lys Arg Leu 
420 430 

Trp Asp Asp Leu Leu Arg Leu Ile Asp Leu Asn Ser Cys Gin Phe Leu 
440 

Tyr Glu Asn Ile Glu Arq Pro Leu Ile Pro Val Leu Tyr Glu Met Glu 
450 460 
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- continued 
Lys Thr Gly Phe Lys Val Asp Arg Asp Ala Leu Leu Gin Tyr Thr Lys 
465 1475 480 

Glu Ile Glu Asn Lys Ile Leu Lys Leu Glu Thr Gin Ile Tyr Gin Ile 
495 

? 

Ala Gly Glu Trp Phe Asn Ile Asn Ser Pro Lys Gin Leu Ser Tyr Ile E 
505 

? . 

3 ? 3 EE 
R ? 

& E 

Leu Phe Glu Lys Leu Lys Leu Pro Val Ile Lys Lys Thr Lys Thr Gly 
515 520 525 

Tyr Ser Thr Asp Ala Glu Val Leu Glu Glu Phe Asp Lys His Glu Ile 
540 

Val Pro Leu Ile Leu Asp Tyr Arg Met Tyr Thr Lys Ile Leu Thr Thr 
545 555 560 

Tyr Cys Gln Gly Leu Leu Gln Ala Ile Asn Pro Ser Ser Gly Ara Val 
575 

His Thr Thr Phe Ile Gin Thr Gly Thr Ala Thr Gly Arq Leu Ala Ser 
585 590 T 

Ser Asp Pro Asn Leu Gin Asn Ile Pro Val Lys Tyr Asp Glu Gly Lys 
595 600 605 

Leu Ile Arq Lys Val Phe Val Pro Glu Glu Gly His Val Leu Ile Asp 
620 

Ala Asp Tyr Ser Gln Ile Glu Leu Arq Ile Leu Ala His Ile Ser Glu 
625 635 640 

Asp Glu Arg Leu Ile Asn Ala Phe Lys Asn Asn Ile Asp Ile His Ser 
655 

& D E REET 
Gin Thr Ala Ala Glu Val Phe Gly Val Asp Ile Ala Asp Val Thr Pro 

665 670 mmm mmmm mmmmmm mmmmmmm mmmmmm mmmmm 
Glu Met Ara Ser Gln Ala Lys Ala Val Asn Phe Gly Ile Val Tyr Gly 

675 680 685 

Ile Ser Asp Tyr Gly Leu Ala Arg Asp Ile Lys Ile Ser Arg Lys Glu 
700 

Ala Ala Glu Phe Ile Asn Lys Tyr Phe Glu Arg Tyr Pro Lys Val Lys 
705 715 720 

Glu Tyr Leu Asp Asn Ile Val Arg Phe Ala Arg Glu Asn Gly Tyr Val 
735 

Emm 
8mm mmm Leu Thr Leu Phe Asn Arg Lys Arg Tyr Val Lys Asp Ile Lys Ser Ala 

745 750 

Asn Arg Asn Ala Arq Ser Tyr Ala Glu Arq Ile Ala Met Asn Ser Pro 
755 760 765 

Ile Gin Gly Ser Ala Ala Asp Ile Met Lys Leu Ala Met Ile Lys Val 
780 

Tyr Gin Lys Leu Lys Glu Asn Asn Leu Lys Ser Lys Ile Ile Leu Gin 
785 795 800 

Val His Asp Glu Leu Leu Ile Glu Ala Pro Tyr Glu Glu Lys Asp Ile 
815 

Val Lys Arg Ile Val Lys Arg Glu Met Glu Asn Ala Val Ala Leu Lys 
825 830 

Val Pro Leu Val Val Glu Val Lys Glu Gly Leu Asn Trp Tyr Glu Thr 
840 845 835 

Lys 

< 210 > SEQ ID NO 37 
< 211 > LENGTH : 781 
< 212 > TYPE : PRT 

13 > ORGANISM : Desulfurococcus mucosus 2 . 
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- continued 

< 400 > SEQUENCE : 37 
E 3 Met Glu Lys Arg Val Tyr Leu Val Asp Ile Thr Tyr Gly Leu Val Gly 

15 

Asn Ser Pro Glu Ile Arg Met Phe Gly Val Asp Glu Asn Gly Glu Lys Ser Pro Glu Ile Arg met phe Giy 
Val Val Ile Leu Asp Arg Gly Phe Arg Pro Tyr Phe Tyr Val Ile Pro 

35 

Glu Glu Gly Phe Glu Asp Gin Val Ala Arg Val Ile Gly Lys Met Gin 
55 & 60 

Asn Val Ile Lys Ala Asp Val Thr Glu Arg Arg Leu Phe Gly Lys Pro 
75 70 

Ile Lys Val Val Lys Val Thr Val Thr Val Pro Asp Lys Val Arg Glu 
95 

Leu Arg Asp Arg Val Lys Ser Ile Gin His Val Lys Glu Val Leu Glu 

Ala Asp Ile Arg Phe Tyr Ile Arg Tyr Met Ile Asp Asn Asp Ile Arg 
115 

Pro Gly Trp Leu Met Phe Ser Asn Leu Lys Pro Val Asp Asn Lys Ile 
135 140 smmmmm Gly Gly Val Ser Asn Val Tyr Leu Thr Glu Thr Pro Pro Thr Ser Leu 

150 155 

Asp Leu Gly Ile Met Pro Arg Leu Asn Tyr Met Ala Leu Asp Ile Glu 
175 

Val Tyr Asn Pro Arg Gly Thr Pro Asp Pro Lys Arg Asp Pro Ile Ile 

Ile Ile Ala Leu Ala Asn Ser Asn Gl , Asp Val Lys Leu Leu Thr Leu 
195 

Asp Asn Tyr Lys His Glu Arg Glu Met Leu Asn Asp Met Met Ser Val 
215 220 

Ile Lys Glu Trp Asp Pro Asp Val Leu Phe Gly Tyr Asn Ser Asn Lys 
230 235 

Phe Asp Met Pro Tyr Leu Val Asn Arg Ala Asp Ala Leu Asn Val Lys 
255 

Leu Gin Leu Ser Lys Tyr Gly Thr Pro Pro Glu Gin Ser Val Tyr Gly 

His Trp Ser Ile Ile Gly Arg Ala His Ile Asp Leu Tyr Asn Phe Ile 

E Glu Asp Met Thr Asp Val Lys Arg Lys Ser Leu Asp Tyr Val Ala Glu 
295 300 

E Tyr Phe Gly Val Met Lys Arg Ser Glu Arg Val Asn Ile Pro Gly His 
315 310 

Arg Ile Tyr Gin Tyr Trp Asp Asp Glu Gly Lys Arg Ser Gin Leu Ile 
335 

Lys Tyr Ala Arg Asp Asp Val Leu Ser Thr Leu Gly Leu Gly Lys Ile 

Leu Leu Pro Tyr Ala Met Gin Leu Ala Ser Val Ser Gly Leu Pro Leu 
355 360 

Asp Gin Val Gly Pro Ala Ser Val Gly Ser Arg Val Glu Met Met Ile 
375 
16 8 

380 

& Met His Glu Ala Tyr Lys Met Gly Glu Leu Ala Pro Asn Arg Val Glu 
390 395 400 

Arg Pro Tyr Glu Thr Tyr Lys Gly Ala Ile Val Leu Glu Pro Lys Pro 



I 

US 9 , 963 , 687 B2 
98 

- continued 
415 

Gly Ile His Tyr Asn Ile Ala Val Leu Asp Phe Ser Ser Met Tyr Pro 
425 430 

Asn Ile Met Leu Lys Tyr Asn Ile Ser Pro Asp Thr Leu Val Leu Asp 
435 440 445 

Ser Ser Glu Gly Asp Tyr Tyr Thr Ala Pro Glu Val Gly Tyr Arg Phe 

Arg Lys Ser Pro Arg Gly Leu Tyr Ala Ser Leu Leu Gin Lys Leu Ile 
465 470 

Glu Ala Arg Arg Glu Ala Arg Asp Glu Met Arg Asn Tyr Pro Glu Gly 

Ser Phe Glu Trp Val Leu Leu Asn Glu Arg Gin Arg Ala Leu Lys Ile 
505 510 

Met Ala Asn Ala Met Tyr Gly Tyr cys Gly Trp Leu Gly Ala Arg Trp 
515 520 525 

Tyr Ile Arg Glu Val Ala Glu Ser Val Thr Ala Trp Gly Arg Tyr Leu 

Leu Lys Thr Ala Met Ser Met Ala Lys Glu Arg Gly Leu Thr Val Ile 
545 550 

Tyr Gly Asp Thr Asp Ser Leu Phe Val Thr Tyr Asp Lys Asp Lys Val 

Ala Asp Ile Ile Ser Arg Ile Asn Glu Met Gly Phe Glu Val Lys Ile 
585 590 

9 | 

| 

mmmm 
mmmmmm mmmmmmm mmmmm mmmmmmm mmmmmmmmm mmmmmmmm mmmmm mmmmmm mm mmmm mmmmmmm mmmmmmmm Asp Lys Val Tyr Ser Lys Leu Ile Phe Thr Glu Ser Lys Lys Arg Tyr 
595 600 605 

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

Val Arg Gly Asp Trp Ser Glu Leu Ala Arg Asn Val Gin Glu Arg Val 
625 630 

Ala Glu Leu Val Leu Arg Glu Ser Val Asp Glu Ala Val Lys Tyr Val 

Lys Ser Val Ile Asp Asp Leu Arg Asn Tyr Arg Phe Thr Ile Asp Asp 
665 670 maga Val Ile Ile Trp Lys Thr Leu Asp Lys Asp Ile Asn Glu Tyr Lys Ala 

675 680 685 

Ile Gln Pro His Val Val Ala Ala Ara Arq Leu Met Glu Lys 

Val Val Asn Lys Gly Asp Thr Val Gly Phe Val Ile Val Lys Asp Ser 
705 710 

Gly Asp Lys Leu Thr Gin Arg Ala Tyr Pro Tyr Val Phe Ile Asn Asp 

Val Lys Glu Ile Asp Val Asp Tyr Tyr Val Glu Lys Gin Val Ile Pro 
| 745 750 

Ala Ala Leu Arq Ile Leu Glu Val Phe Gly Val Asn Glu Ala Ala Leu 
755 760 765 

Leu Gly Lys Thr Gly Lys Ser Ile Leu Asp Tyr Phe His 
770 775 780 

< 210 > SEQ ID NO 38 
< 211 > LENGTH : 803 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Pyrolobus fumarii 

< 400 > SEQUENCE : 38 
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Met Thr Glu Val Val Phe Thr Val Leu Asp Ser Ser Tyr Glu Val Val 
10 15 

Gly Lys Glu Pro Gin Val Ile Ile Trp Gly Ile Ala Glu Asn Gly Glu 
20 25 

Arg Val Val Leu Ile Asp Arg Ser Phe Arg Pro Tyr Phe Tyr Ala Leu 
35 40 

Leu Ala Pro Gly Ala Asp Pro Lys Gin Val Ala Gin Arg Ile Arg Ala 

Leu Ser Arg Pro Lys Ser Pro Ile Ile Gly Val Glu Asp Asp Lys Arg 
65 10 

Lys Tyr Phe Gly Arg Pro Arg Arg Val Leu Arg Ile Arg Thr Val Leu 
90 

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

Val Glu Asp Val Leu Glu Ala Asp Ile Arg Phe Ala Met Arg Tyr Leu 
115 120 

Ile Asp His Asp Leu Phe Pro Phe Thr Trp Tyr Arg Val Glu Ala Glu 

Pro Leu Glu Asn Lys Met Gly Phe Arg Val Asp Lys Val Tyr Leu Val 
145 150 

Lys Ser Arg Pro Glu Pro Leu Tyr Gly Glu Ala Leu Ala Pro Thr Lys 
170 

Leu Pro Asp Leu Arg Ile Leu Ala Phe Asp Ile Glu Val Tyr Ser Lys 
180 185 

mmm 

mmmm am mmmmmmm mamam mmmmm mmmmm mmmmmmm mmmmmmmm mmmmm mmmmmmmmmmm mem mmmmmmmm mmmmm mmm mmmmm mmmmmmmmm Gin Gly Ser Pro Arg Pro Glu Arg Asp Pro Val Ile Val Ile Ala Val 
200 | 195 

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

Asp Arg Lys Pro Ile Ara Glu Phe Val Glu Tyr Val Lys Ara Tyr Asp 
225 230 

Pro Asp Ile Ile Val Gly Tyr Asn Asn Asn His Phe Asp Trp Pro Tyr 
250 

Leu Leu Arg Arg Ala Arg Ile Leu Gly Ile Lys Leu Asp Val Thr Arg 
260 265 

Arg Val Gly Ala Glu Pro Thr Thr Ser Val His Gly His Val Ser Val 
275 280 

Pro Gly Arg Leu Asn Val Asp Leu Tyr Asp Tyr Ala Glu Glu Met Pro 

Glu Ile Lys Ile Lys Ser Leu Glu Glu Val Ala Glu Tyr Leu Gly Val 
305 310 

Met Lys Lys Ser Glu Arg Val Ile Ile Asn Trp Trp Glu Ile Pro Asp 
330 

Tyr Trp Asp Asp Pro Lys Lys Arg Pro Leu Leu Leu Gin Tyr Ala Arg 
340 345 

Asp Asp Val Arg Ala Thr Tyr Gly Leu Ala Glu Lys Ile Leu Pro Phe 
355 360 

Ala Ile Gin Leu Ser Tyr Val Thr Gly Leu Pro Leu Asp Gin Val Gly 

Ala Met Ser Val G ] ? Phe Arg Leu Glu Trp Tyr Leu Ile Arg Ala Ala 
385 390 400 

Phe Lys Met Lys Glu Leu Val Pro Asn Arg Val Glu Arg Pro Glu Glu 
405 410 415 

Thr Tyr Arg Gly Ala Ile Val Leu Glu Pro Leu Arg Gly Val His Glu 
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- continued 
420 425 430 

Asn Ile Ala Val Leu Asp Phe Ser Ser Met Tyr Pro Asn Ile Met Ile 
435 440 445 

Lys Tyr Asn Val Gly Pro Asp Thr Leu Val Arg Pro Gly Glu Glu Cys 

Gly Glu Cys Gly Cys Trp Glu Ala Pro Glu Val Lys His Arg Phe Arg 
465 

Arg Cys Pro Pro Gly Phe Phe Lys Thr Val Leu Glu Arg Leu Leu Glu ? 

Leu Arg Lys Arg Val Arg Ala Glu Met Lys Lys Tyr Pro Pro Asp Ser 
505 510 

Pro Glu Tyr Arg Leu Leu Asp Glu Arg Gin Lys Ala Leu Lys Val Leu 
515 520 525 

Ala Asn Ala Ser Tyr Gly Tyr Met Gly Trp Ser Gly Ala Arg Trp Tyr 1? Cys Arg Glu Cys Ala Glu Ala Val Thr Ala Trp Gly Arg His Leu Ile 
545 

Arg Thr Ala Ile Asn Ile Ala Arg Lys Leu Gly Leu Lys Val Ile Tyr 

Gly Asp Thr Asp Ser Leu Phe Val Thr Tyr Asp Pro Glu Lys Val Glu 
585 590 

Lys Phe Ile Lys Ile Ile Glu Glu Glu Leu Gly Phe Glu Ile Lys Leu 
595 600 605 

Glu Lys Val Tyr Lys Arg Val Phe Phe Thr Glu Ala Lys Lys Arg Tyr 

mmmm mmmmmmmm mmmmm mmmm mmm mmmmmm Ala Gly Leu Leu Glu Asp Gly Arg Ile Asp Ile Val Gly Phe Glu Ala 
625 

Val Arg Gly Asp Trp Cys Glu Leu Ala Lys Glu Val Gin Thr Lys Val 

Val Glu Ile Val Leu Lys Thr Ser Asp Val Asn Lys Ala Val Glu Tyr 
670 665 

Val Arg Lys Ile Val Lys Glu Leu Glu Glu Gly Lys Val Pro Ile Glu 
675 680 685 

Lys Leu Val Ile Trp Lys Thr Leu Ser Lys Arg Leu Glu Glu Tyr Thr 

Thr Glu Ala Pro His Val Val Ala Ala Lys Arg Met Leu Ser Ala Gly 
705 

Tyr Arg Val Ser Pro Gly Asp Lys Ile Gly Tyr Val Ile Val Lys Gly 

Gly Gly Arg Ile Ser Gin Arg Ala Trp Pro Tyr Phe Met Val Lys Asp 
745 750 

Pro Ser Gin Ile Asp Val Thr Tyr Tyr Val Asp His Gin Ile Ile Pro 
755 760 765 

Ala Ala Leu Arg Ile Leu Gly Tyr Phe Gly Ile Thr Glu Lys Lys Leu 

Lys Ala Ser Ala Thr Gly Gin Lys Thr Leu Phe Asp Phe Leu Ala Lys 
785 

Lys Ser Lys 

VVV < 210 > SEQ ID NO 39 
< 211 > LENGTH : 786 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Pyrobaculum oguniense 



US 9 , 963 , 687 B2 
103 104 

- continued 
< 400 > SEQUENCE : 39 
Met Glu Ile Arq Val Trp Pro Leu Asp Val Thr Tyr Ile Val Val Gly 

15 10 

Gly Val Pro Glu Val Arg Val Phe Gly Ile Ala Glu Gly Gly Glu Arg 
25 30 

Val Val Leu Ala Asp Arg Ser Phe Arg Pro Tyr Phe Tyr Val Asp Cys 
35 45 

Ala Gly cys Asp Pro His Ala Val Lys Thr His Leu Gly Arg Thr Ala 
55 

Pro Val Glu Gly Val Glu Leu Val Glu Arg Arg Phe Leu Gly Arg Pro 
65 70 75 

Arg Gin Phe Leu Lys Val Val Ala Lys Ile Pro Glu Asp Val Arg Arg 
90 95 

Leu Arg Glu Ala Ala Ser Thr Ile Pro Gly Val Arg Gly Val Tyr Glu 
105 

Ala Asp Ile Arg Phe Tyr Met Arg Tyr Val Ile Asp Met Gly Val Val 
115 125 

Pro Cys Ser Trp Asn Val Ala Glu Val Glu Val Ala Asp Glu Lys Leu 
135 

Gly Ser Leu Pro Val Tyr Arg Val Val Lys Trp Gly Gly Ala Val Glu 
145 150 155 

Gly Phe Pro Pro Pro Leu Arg Val Leu Ala Phe Asp Ile Glu Val Tyr 
170 175 

Asn Glu Arg Gly Thr Pro Asp Pro Ala Arg Asp Pro Ile Val Met Ile 
185 | 190 

5 

mmmmm mmmmmmmmmm mmmmg mammmmmmmmmm mmmmmmmm mmmmmm mmmmmmmmm mmmmmmmmmmmm mmmmmmmm mmmmmm mmmmmmmm Ala Val Gin Ser Ser Asp Gly Arg Leu Glu Val Phe Glu Ala Ser Gly 
195 205 mmmmmmmmmmm mmmmmmmm Arg Asp Asp Arg Gly Val Leu Arg Ser Phe Val Glu Tyr Val Arg Ser 

215 

Phe Asp Pro Asp Val Val Val Gly Tyr Asn Ser Asn Asn Phe Asp Trp 
225 230 235 

Pro Tyr Leu Ala Glu Arg Ala Lys Ala Val Gly Val Pro Leu Arg Val 
250 255 

Asp Arg Leu Gly Gly Ala Pro Gin Gin Ser Val Tyr Gly His Trp Ser 
265 270 

Val Leu Gly Arg Ala Asn Val Asp Leu Tyr Asn Ile Val Asp Glu Phe 
285 275 

Pro Glu Ile Lys Leu Lys Thr Leu Asp Arg Val Ala Glu Tyr Phe Gly 
295 

Val Met Arg Arg Asp Glu Arg Val Leu Ile Pro Gly His Lys Ile Tyr 
305 310 315 

Glu Tyr Trp Arg Asp Pro Ser Lys Arg Pro Leu Leu Arg Gin Tyr Val 
330 335 

Ile Asp Asp Val Arg Ser Thr Tyr Gly Leu Ala Glu Arg Leu Leu Pro 
345 350 

Phe Leu Ile Gin Leu Ser Ser Val Ser Gly Leu Pro Leu Asp Gin Val 
355 365 

Ala Ala Ala Ser Val Gly Asn Arg Val Glu Trp Met Leu Leu Arg Tyr 
375 

Ala Tyr Gly Leu Gly Glu Val Ala Pro Asn Arg Glu Glu Arg Glu Tyr 
385 390 395 

Glu Pro Tyr Lys Gly Ala Ile Val Leu Glu Pro Lys Pro Gly Leu Tyr 
410 415 
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Ser Asp Val Leu Val Leu Asp Phe Ser Ser Met Tyr Pro Asn Val Met 
425 430 

A 

Met Arg Tyr Asn Leu Ser Pro Asp Thr Tyr Leu Glu Pro Gly Glu Pro 
435 440 

Asp Pro Pro Glu Gly Val Tyr Val Ala Pro Glu Val Gly His Arg Phe 

Arg Lys Glu Pro Pro Gly Phe Ile Pro Gin Val Leu Arg Arg Leu Val 
470 | 475 480 

| 

Ala Leu Arg Arg Ala Val Arg Glu Glu Met Lys Lys Tyr Gin Pro Asp 
495 

Thr Pro Glu Tyr Arg Val Leu Asp Glu Arg Gin Lys Ala Leu Lys Ile 
505 510 

Met Ala Asn Ala Met Tyr Gly Tyr Thr Gly Trp Val Gly Ala Arg Trp 
515 520 

Tyr Lys Lys Glu Val Ala Glu Ser Val Thr Ala Phe Ala Arg Ala Ile 

Leu Lys Asp Val Ile Asp Tyr Ala Arg Arg Leu Gly Ile Val Val Ile 
550 555 560 

Tyr Gly Asp Thr Asp Ser Leu Phe Val Lys Lys Gly Gly Asp Leu Glu 
1575 

mmmmmm 8mm mmmmm mmmmmmmmmmm m mmmmmm mmm mm 

Lys Leu Ala Arg Tyr Val Asp Glu Lys Tyr Gly Ile Glu Ile Lys Val 
585 590 mmmmm 
m mmm mmmmmmmmmmm mmmmmmmm mmmmmmmm mmmmmmm mmmm 

Asp Lys Asp Tyr Glu Lys Val Leu Phe Thr Glu Ala Lys Lys Arg Tyr 
595 600 

Ala Gly Leu Leu Arg Asp Gly Arg Ile Asp Ile Val Gly Phe Glu Val 

Val Arg Gly Asp Trp Ser Glu Leu Ala Lys Glu Val Gin Leu Lys Val 
630 635 640 

Ile Glu Leu Ile Leu Lys Ala Arg Asp Leu Ser Glu Ala Arg Gin Arg 
655 

Val Ile Lys Tyr Val Lys Asp Val Ile Glu Arg Leu Lys Ser Gly Lys 
665 670 

Phe Asp Leu Asp Asp Leu Ile Ile Trp Lys Thr Leu Asp Lys Asp Leu 
680 | 675 

Gly Glu Tyr Lys Ala Tyr Pro Pro His Val Ara Ala Ala Leu Ile Leu 

Lys Lys Lys Gly Tyr Lys Val Gly Arg Gly Thr Thr Ile Gly Tyr Val 
710 715 720 

Val Val Lys Gly Gly Glu Lys Val Ser Glu Arg Ser Leu Pro Tyr Ile 
735 1 

Leu Val Asp Asp Leu Ala Lys Ile Asp Val Asp Tyr Tyr Ile Glu Lys 
745 750 | 

Gin Val Ile Pro Ala Ala Leu Arg Ile Ala Glu Val Ile Gly Val Lys 
755 760 

Glu Gly Asp Leu Arg Ala Gly Arg Ser Glu Lys Ser Leu Leu Asp Phe 
775 

Phe Glu 
785 

VVV < 210 > SEQ ID NO 40 
< 211 > LENGTH : 801 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Staphylothermus marinus 
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- continued 
< 400 > SEQUENCE : 40 

Met Ser Glu Lys Ile Asn Leu Glu Phe Tyr Phe Leu Asp Asn Ser Tyr 

Glu Val Ile Gly Asn Glu Pro His Ile Ile Ile Trp Gly Ile Thr Arq 
30 

Asp Gly Arg Arg Val Leu Leu Arg Asp Arg Arg Phe Arg Pro Tyr Phe 
40 45 135 

Tyr Ala Ile Leu Lys Asp Lys Val Asn Ile Glu Asp Leu Ala Arg Lys 
50 

Ile Arg Thr Tyr Ser Asp Pro Lys Ser Pro Ile Ile Gly Val Glu Pro 
65 70 75 80 

Val Glu Lys Lys Tyr Phe Gly Arg Lys Val Ser Ala Leu Lys Ile Ile 

Thr Met Ile Pro Glu Tyr Val Arg Lys Tyr Arg Glu Lys Ile Lys Ser 
110 

Leu Pro Glu Val Leu Glu Val Val Glu Ala Asp Ile Arq Phe Ser Ile 
115 120 125 

Arg Tyr Ile Ile Asp His Asp Leu Arg Pro Cys Gly Trp His Val Ala 
130 

Glu Val Val Glu Val Pro Lys Lys Pro Ile Tyr Arg Val Asp Ala Glu 
145 150 155 160 

Tyr Glu Ile Ile Gly Asp Ile Lys Pro Leu Glu Gin Thr Leu Gin Pro 

Asp Leu Arg Ile Ile Ala Phe Asp Ile Glu Val Tyr Asn Lys Ser Gly 
| 190 

Thr Pro Arg Pro Gin Thr Asp Pro Ile Ile Ile Ile Gly Ile Met Asn 
195 200 205 

m 

msg 3 mm 

memmmmmm mmmm mmmm am mm mmmmmmmmm mmmmmmmmmm mmmmmm mammmmmmm mmmmmm mmmmmmmmm " 

Asn Asn Gly Asp Ile Lys Gin Phe Leu Ala Asn Lys Tyr Asp Asp Lys 
210 

Ile Ser Val Glu Glu Phe Val Asn Tyr Val Lys Thr Phe Asp Pro Asp 
225 230 235 240 

Ile Ile Val Gly Tyr Asn Thr Asp Gly Phe Asp Trp Pro Tyr Leu Ile mmmm mmmmmmm mmm Glu Arg Ser Lys Tyr Ile Gly Val Lys Leu Asp Val Thr Arg Arg Val 
270 

Gly Ala Thr Pro Arq Thr Ser Thr Ty 
275 280 

Gly His Ile Ser Val Pro Gly 
285 

Arg Leu Asn Thr Asp Leu Tyr His Phe Ala Glu Glu Ile Pro Glu Val 
290 

Lys Val Lys Ser Leu Glu Asn Val Ala Glu Tyr Leu Gly Val Met Lys 
305 310 | 315 320 

Lys Ser Glu Arg Val Ile Ile Glu Tyr Ile Asp Ile Pro Lys Tyr Trp 

Asp Asp Glu Lys Leu Arg Pro Lys Leu Leu Gin Tyr Asn Ile Asp Asp 
350 

Val Lys Ser Thr Tyr Gly Leu Ala Glu Lys Phe Leu Pro Phe Ala Met 
355 360 365 

Gln Leu Ser Asn Ile Thr Gly Leu Pro Leu Asp Gin Val Gly Ala Ala 
370 

Ser Val Gly Phe Arg Leu Glu Trp Tyr Leu Met Arg Glu Ala Phe Arg 
385 390 395 400 

Tyr Gly Glu Leu Val Pro Asn Arg Val Glu Arg Ala Ala Glu Ser Tyr 
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- continued 

Arg Gly Ala Val Val Leu Lys Pro Val Lys Gly Val His Glu Asn Ile 
425 430 

Ala Val Leu Asp Phe Ser Ser Met Tyr Pro Asn Ile Met Ile Lys Tyr 
440 445 

Asn Val Gly Pro Asp Thr Ile Val Arg Asn Glu Lys Cys Asn Pro Asp 

Lys His Asn Ile Ala Pro Glu Val Gly His Cys Phe Arg Lys Glu Pro 
465 470 475 

Pro Gly Phe Phe Lys Arg Val Leu Glu Thr Leu Leu Arg Leu Arg Lys 

Gin Ile Lys Ser Glu Met Lys Lys Tyr Pro Pro Thr Ser Tyr Glu Tyr 
505 510 

Arg Leu Leu Asp Glu Arg Gln Lys Ala Val Lys Val Leu Ala Asn Ala 
520 525 

Thr Tyr Gly Tyr Met Gly Trp Ile His Ala Arg Trp Tyr Cys Arg Glu 

Cys Ala Glu Ala Val Thr Ala Trp Gly Arg Gin Thr Ile Lys Ser Ala 
545 555 550 

Ile Glu Leu Ala Arg Lys Leu Gly Leu Lys Val Ile Tyr Gly Asp Thr 

Asp Ser Leu Phe Val Thr Tyr Asp Lys Asp Lys Val Glu Lys Leu Ile 
585 590 

m 

mam mmmmmmm mmmmmmm mmmm mmmmm mmmm mmmmm mmmmm mmmmmmm mmmmmm mmmmm mmmm mmmmmmm mmmmmm mmmm mmmmm Glu Leu Ile Gin Thr Lys Leu Gly Phe Glu Ile Lys Ile Asp Lys Ile 
600 605 

Tyr Lys Arg Val Phe Phe Thr Glu Ala Lys Lys Arg Tyr Ala Gly Leu 

Leu Glu Asp Gly Arg Ile Asp Ile Val Gly Phe Glu Ala Val Arg Gly 
625 630 635 

Asp Trp Ala Glu Ile Ala Lys Glu Val Gin Glu Lys Val Thr Glu Ile 

Leu Leu Lys Glu Asn Ser Ile Asp Lys Ala Ile Glu Tyr Val Arq Gln 
665 670 

Val Ile Ala Asp Leu Lys Ala Gly Lys Ile Pro Leu Asp Lys Leu Ile 
680 685 

Ile Trp Lys Thr Leu Ser Lys Arg Ile Glu Glu Tyr Ser Val Asp Ala 

Pro His Val Val Ala Ala Lys Lys Leu Ile Lys Ala Gly Ile Lys Val 
705 710 715 

Ser Thr Asn Asp Lys Ile Gly Tyr Val Ile Leu Lys Gly Gly Gly Lys 

Ile Ser Ser Arg Ala Glu Pro Tyr Ile Phe Val Lys Asp Pro Lys Leu 
745 750 

Ile Asp Thr Glu Tyr Tyr Val Asp His Gin Ile Val Pro Ala Ala Leu 
760 765 

Arg Ile Leu Asn Tyr Phe Gly Val Thr Glu Thr Gin Leu Lys Arg Ala 

Ala Ala Ser Ala Gly Gin Lys Ser Leu Phe Asp Phe Phe Gly Gly Lys 
785 790 795 800 

Lys 

< 210 > SEQ ID NO 41 
< 211 > LENGTH : 776 
< 212 > TYPE : PRT 



US 9 , 963 , 687 B2 
111 

- continued 
< 213 > ORGANISM : Pyrococcus yayaosii 

| < 400 > SEQUENCE : 41 

Met Ile Leu Asp Ala Asp Tyr Ile Thr Glu Asn Gly Lys Pro Val Val 
10 15 

Arg Ile Phe Lys Lys Glu Asn Gly Glu Phe Lys Val Glu Tyr Asp Arg 
25 

Ser Phe Arg Pro Tyr Ile Tyr Ala Leu Leu Arg Asp Asp Ser Ala Ile 
35 45 

R 

Glu Asp Ile Lys Lys Ile Thr Ala Glu Arg His Gly Lys Val Val Arg 
55 

Val Val Glu Ala Glu Lys Val Arg Lys Lys Phe Leu Gly Arg Pro Ile 
65 75 

Glu Val Trp Lys Leu Tyr Phe Glu His Pro Gin Asp Val Pro Ala Ile 
90 95 

& Arg Glu Lys Ile Arg Glu His Pro Ala Val Ile Asp Ile Phe Glu Tyr 
105 

Asp Ile Pro Phe Ala Lys Arg Tyr Leu Ile Asp Lys Gly Leu Ile Pro 
115 195 

? Met Glu Gly Asn Glu Glu Leu Lys Leu Leu Ala Phe Asp Ile Glu Thr 
135 mmm mmmm mmmm Leu Tyr His Glu Gly Asp Glu Phe Gly Ser Gly Pro Ile Ile Met Ile 

145 155 160 

Ser Tyr Ala Asp Glu Lys Gly Ala Lys Val Ile Thr Trp Lys Gly Val 
170 175 

s 

mamma mmmmm am smmmmmmmmm Re Asp Leu Pro Tyr Val Glu Val Val Ser Ser Glu Arg Glu Met Ile Lys 
185 

Arg Phe Leu Arg Val Ile Arg Glu Lys Asp Pro Asp Val Ile Ile Thr 
195 205 ? mmm mmmmmmmmmmm mmmmmm Tyr Asn Gly Asp Asn Phe Asp Phe Pro Tyr Leu Leu Lys Arg Ala Glu 

215 

Lys Leu Gly Met Lys Leu Pro Ile Gly Arg Asp Gly Ser Glu Pro Lys 
225 235 240 

Met Gin Arg Met Gly Asp Gly Phe Ala Val Glu Val Lys Gly Arg Ile 
250 255 

His Phe Asp Ile Tyr Pro Val Ile Arg Arg Thr Ile Asn Leu Pro Thr 
265 

Tyr Thr Leu Glu Ala Val Tyr Glu Ala Val Phe Gly Arg Pro Lys Glu 
275 280 285 

Lys Val Tyr Pro Asn Glu Ile Ala Arg Ala Trp Glu Asn Cys Lys Gly 
295 

Leu Glu Arg Val Ala Lys Tyr Ser Met Glu Asp Ala Lys Val Thr Tyr 
305 315 320 

Glu Leu Gly Arg Glu Phe Phe Pro Met Glu Ala Gln Leu Ala Arg Leu 
330 335 

Val Gly Gin Pro Val Trp Asp Val Ser Arg Ser Ser Thr Gly Asn Leu 
345 RE mmmm Val Glu Trp Phe Leu Leu Arg Lys Ala Tyr Glu Arg Asn Glu Leu Ala 

360 365 355 

Pro Asn Arg Pro Asp Glu Arg Glu Tyr Glu Arg Arg Leu Arg Glu Ser 
375 380 

Tyr Glu Gly Gly Tyr Val Lys Glu Pro Glu Lys Gly Leu Trp Glu Gly 
385 390 400 395 
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- continued 
| 
Ile Ile Tyr Leu Asp Phe Arg Ser Leu Tyr Pro Ser Ile Ile Ile Thr 

415 

His Asn Ile Ser Pro Asp Thr Leu Asn Lys Glu Gly Cys Asn Ser Tyr 
420 425 430 

Asp Val Ala Pro Lys Val Gly His Arg Phe Cys Lys Asp Phe Pro Gly 
435 440 445 

Phe Ile Pro Ser Leu Leu Gly Gin Leu Leu Asp Glu Arg Gin Lys Ile 
455 

Lys Arg Lys Met Lys Ala Thr Ile Asp Pro Ile Glu Arg Lys Leu Leu 
480 

Asp Tyr Arg Gin Arg Ala Ile Lys Ile Leu Ala Asn Ser Tyr Tyr Gly 
495 

Tyr Tyr Gly Tyr Ala Lys Ala Arg Trp Tyr Cys Lys Glu Cys Ala Glu 
500 505 510 

EE 8 2 Ser Val Thr Ala Trp Gly Arg Glu Tyr Ile Glu Leu Val Ser Ara Glu 
515 520 525 

Leu Glu Lys Arg Gly Phe Lys Val Leu Tyr Ile Asp Thr Asp Gly Leu 
535 

Tyr Ala Thr Ile Pro Gly Ser Arg Glu Trp Asp Lys Ile Lys Glu Arg 
560 

Ala Leu Glu Phe Val Lys Tyr Ile Asn Ala Arq Leu Pro Gly Leu Leu 
575 

Glu Leu Glu Tyr Glu Gly Phe Tyr Lys Arg Gly Phe Phe Val Thr Lys 
580 585 590 

Lys Lys Tyr Ala Leu Ile Asp Glu Glu Gly Lys Ile Ile Thr Arg Gly 
595 600 605 mmmm mmmmmmmm m 

mmmmmmmm mmm mmmmmm mmmmm mmmm mmmmmm mmmmmm mmmmmmm mmm mmmm Leu Glu Ile Val Arg Arg Asp Trp Ser Glu Ile Ala Lys Glu Thr Gin 
615 

Ala Arq Val Leu Glu Ala Ile Leu Lys Glu Gly Asn Leu Glu Lys Ala 
640 

Val Lys Ile Val Lys Glu Val Thr Glu Lys Leu Ser Lys Tyr Glu Val 
655 

Pro Pro Glu Lys Leu Val Ile Tyr Glu Gin Ile Thr Arg Asp Leu Lys 
660 665 670 

Asp Tyr Lys Ala Val Gly Pro His Val Ala Val Ala Lys Arg Leu Ala 
675 680 685 

Ala Arg Gly Ile Lys Val Arg Pro Gly Met Val Ile Gly Tyr Leu Val 
695 

Leu Arg Gly Asp Gly Pro Ile Ser Arg Arg Ala Ile Pro Ala Glu Glu 
720 

Phe Asp Pro Ser Arg His Lys Tyr Asp Ala Glu Tyr Tyr Ile Glu Asn 
735 

Gin Val Leu Pro Ala Val Leu Arg Ile Leu Glu Ala Phe Gly Tyr Arg 
740 745 750 

Lys Glu Asp Leu Arg Tyr Gin Lys Thr Arg Gin Ala Gly Leu Asp Ala 
755 760 765 

Trp Leu Lys Arg Lys Ala Ser Leu 
770 775 

AAA 
< 210 > SEQ ID NO 42 
< 211 > LENGTH : 773 | 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Thermococcus sp . AM4 - del 

< 400 > SEQUENCE : 42 
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Met Ile Leu Asp Thr Asp Tyr Ile Thr Glu Asn Gly Lys Pro Val Ile 

Arg Val Phe Lys Lys Glu Asn Gly Glu Phe Lys Ile Glu Tyr Asp Arg 
25 

gg R S 
8 Thr Phe Glu Pro Tyr Phe Tyr Ala Leu Leu Lys Asp Asp Ser Ala Ile 

35 40 45 

Glu Asp Val Lys Lys Val Thr Ala Lys Arg His Gly Thr Val Val Arg 
55 

Val Lys Arg Ala Glu Lys Val Gin Arg Lys Phe Leu Gly Arg Pro Ile 
70 75 

Glu Val Trp Lys Leu Tyr Phe Thr His Pro Gin Asp Val Pro Ala Ile & 

Arg Asp Lys Ile Arg Ala His Pro Ala Val Ile Asp Ile Tyr Glu Tyr 
105 

Asp Ile Pro Phe Ala Lys Arg Tyr Leu Ile Asp Lys Gly Leu Ile Pro 
115 120 125 

Met Glu Gly Asp Glu Glu Leu Thr Met Leu Ala Phe Asp Ile Glu Thr 
135 

. 
Leu Tyr His Glu Gly Glu Glu Phe Gly Thr Gly Pro Ile Leu Met Ile 
145 150 155 160 

Ser Tyr Ala Asp Gly Ser Glu Ala Arg Val Ile Thr Trp Lys Lys Ile 
175 

Asp Leu Pro Tyr Val Asp Val Val Ser Thr Glu Lys Glu Met Ile Lys 
185 190 

Arg Phe Leu Arg Ile Val Lys Glu Lys Asp Pro Asp Val Leu Ile Thr 
195 200 205 

Tyr Asn Gly Asp Asn Phe Asp Phe Ala Tyr Leu Lys Lys Arg Cys Glu 
215 

m 

* am 

smmmm mmmmmm mmm mm mmmmmmm mmmmm mmmmm mmmmmmmmm mmmmmm mmmmmmmmmmmm mmmm mmmm mmmm 
3 

mm mmm Lys Leu Gly Ile Lys Phe Thr Leu Gly Arg Asp Gly Ser Glu Pro Lys 
225 230 235 240 

Ile Gin Arg Met Gly Asp Arg Phe Ala Val Glu Val Lys Gly Arg Ile 
255 

His Phe Asp Leu Tyr Pro Val Ile Arg Arg Thr Ile Asn Leu Pro Thr 
265 270 

Tyr Thr Leu Glu Ala Val Tyr Glu Ala Val Phe Gly Lys Pro Lys Glu 
275 280 285 

Lys Val Tyr Ala Glu Glu Ile Ala Gin Ala Trp Glu Ser Gly Glu Gly 
295 

Leu Glu Arg Val Ala Arg Tyr Ser Met Glu Asp Ala Lys Val Thr Tyr 
305 310 315 320 

Glu Leu Gly Arg Glu Phe Phe Pro Met Glu Ala Gln Leu Ser Arg Leu 
335 

Ile Gly Gin Ser Leu Trp Asp Val Ser Arg Ser Ser Thr Gly Asn Leu 
345 350 

Val Glu Trp Phe Leu Leu Arq Lys Ala Tyr Glu Ara Asn Glu Leu Ala 
355 360 365 

E Pro Asn Lys Pro Asp Glu Lys Glu Leu Ala Arg Arg Arg Gly Gly Tyr 
375 

& Ala Gly Gly Tyr Val Lys Glu Pro Glu Arg Gly Leu Trp Asp Asn Ile 
385 390 395 400 

Val Tyr Leu Asp Phe Arg Ser Leu Tyr Pro Ser Ile Ile Ile Thr His 
415 
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- continued 
Asn Val Ser Pro Asp Thr Leu Asn Arg Glu Gly Cys Lys Glu Tyr Asp 

420 425 430 

Val Ala Pro Glu Val Gly His Lys Phe Cys Lys Asp Phe Pro Gly Phe 
435 440 

Ile Pro Ser Leu Leu Gly Asp Leu Leu Glu Glu Arg Gin Lys Ile Lys 
460 

Arg Lys Met Lys Ala Thr Val Asp Pro Leu Glu Lys Lys Leu Leu Asp 
480 

Tyr Arg Gin Arg Ala Ile Lys Ile Leu Ala Asn Ser Tyr Tyr Gly Tyr 
495 

Tyr Gly Tyr Ala Lys Ala Arg Trp Tyr Cys Arg Glu Cys Ala Glu Ser 
500 505 510 

Val Thr Ala Trp Gly Arg Glu Tyr Ile Glu Thr Thr Ile Arg Glu Ile 
515 520 

Glu Glu Lys Phe Gly Phe Lys Val Leu Tyr Ala Asp Thr Asp Gly Phe 
540 

Phe Ala Thr Ile Pro Gly Ala Asp Ala Glu Thr Val Lys Lys Lys Ala 
560 

Lys Glu Phe Leu Lys Tyr Ile Asn Ala Lys Leu Pro Gly Leu Leu Glu 
575 

Leu Glu Tyr Glu Gly Phe Tyr Val Arg Gly Phe Phe Val Thr Lys Lys 
580 585 590 

Lys Tyr Ala Val Ile Asp Glu Glu Gly Lys Ile Thr Thr Arg Gly Leu 
595 600 mmmmmm mmmm mmmmmmm mmmmm mmmmmmmm mmmmm mmmmmmmm mmmmmm mmm mmmmmm mmm mmmmmmm - mm 

mmmm 
Glu Ile Val Arg Arg Asp Trp Ser Glu Ile Ala Lys Glu Thr Gin Ala 

620 

Arg Val Leu Glu Ala Ile Leu Lys His Gly Asp Val Glu Glu Ala Val 
640 

Arg Ile Val Lys Glu Val Thr Glu Lys Leu Ser Lys Tyr Glu Val Pro 
655 

Pro Glu Lys Leu Val Ile His Glu Gln Ile Thr Arg Asp Leu Arg Asp 
660 665 670 

Tyr Lys Ala Thr Gly Pro His Val Ala Val Ala Lys Arg Leu Ala Ala 
675 680 

Arg Gly Val Lys Ile Arg Pro Gly Thr Val Ile Ser Tyr Ile Val Leu mmmmm 700 

Lys Gly Ser Gly Arg Ile Gly Asp Arg Ala Ile Pro Phe Asp Glu Phe 
720 

Asp Pro Thr Lys His Arg Tyr Asp Ala Glu Tyr Tyr Ile Glu Asn Gin 
735 

Val Leu Pro Ala Val Glu Arg Ile Leu Lys Ala Phe Gly Tyr Arg Lys 
740 745 750 

Glu Asp Leu Arg Tyr Gin Lys Thr Lys Gin Val Gly Leu Gly Ala Trp 
755 760 

Leu Lys Val Lys Lys 

< 210 > SEQ ID NO 43 
< 211 > LENGTH : 775 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Thermococcus hydrothermalis 

< 400 > SEQUENCE : 43 

Met Ile Leu Asp Thr Asp Tyr Ile Thr Glu Asp Gly Lys Pro Val Ile 
15 10 
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- continued 

? Arg Ile Phe Lys Lys Glu Asn Gly Glu Phe Lys Ile Glu Tyr Asp Arg 
20 125 30 

Glu Phe Glu Pro Tyr Ile Tyr Ala Leu Leu Lys Asp Asp Ser Ala Ile 
35 45 40 

Glu Glu Val Lys Lys Ile Thr Ala Gly Arg His Gly Arg Val Val Lys 
55 

Val Lys Arg Ala Glu Lys Val Lys Lys Lys Phe Leu Gly Arg Pro Ile 
70 75 

Glu Val Trp Lys Leu Tyr Phe Thr His Pro Gin Asp Val Pro Ala Ile 

Arg Asp Glu Ile Arg Arg His Ser Ala Val Val Asp Ile Tyr Glu Tyr 
100 105 110 

Asp Ile Pro Phe Ala Lys Arg Tyr Leu Ile Asp Lys Gly Leu Ile Pro 
115 120 125 

Met Glu Gly Asp Glu Glu Leu Lys Met Met Ser Phe Asp Ile Glu Thr 
135 

Leu Tyr His Glu Gly Glu Glu Phe Gly Thr Gly Pro Ile Leu Met Ile 
150 155 o 

Ser Tyr Ala Asp Glu Gly Glu Ala Arg Val Ile Thr Trp Lys Lys Ile 

Asp Leu Pro Tyr Val Glu Val Val Ser Thr Glu Lys Glu Met Ile Lys 
180 185 190 mmmmmmm Arg Phe Leu Lys Val Val Lys Glu Lys Asp Pro Asp Val Leu Ile Thr 

195 200 205 

Tyr Asn Gly Asp Asn Phe Asp Phe Ala Tyr Leu Lys Lys Arg Cys Glu 
215 mmmmmmmmmm Lys Ile Gly Ile Lys Phe Thr Leu Arg Arg Asp Gly Ser Glu Pro Lys 

230 235 mmmmmmm mmmmmm Ile Gin Arg Met Gly Asp Arg Phe Ala Val Glu Val Lys Gly Arg Ile 
Ag & 

His Phe Asp Leu Tyr Pro Val Ile Arg Arg Thr Ile Asn Leu Pro Thr 
260 265 270 

Tyr Thr Leu Glu Ala Val Tyr Glu Ala Val Phe Gly Thr Pro Lys Glu 
275 280 285 

? Lys Val Tyr Pro Glu Glu Ile Thr Thr Ala T 
295 

Leu Glu Arg Val Ala Arg Tyr Ser Met Glu Asp Ala Lys Val Thr Tyr 
310 315 

Glu Leu Gly Art Glu Phe Phe Pro Met Glu Ala Gln Leu Ser Art Leu g 

Ile Gly Gin Ser Leu Trp Asp Val Ser Arg Ser Ser Thr Gly Asn Leu 
340 345 350 

Val Glu Trp Phe Leu Leu Arg Lys Ala Tyr Glu Arg Asn Glu Ile Ala 
355 360 365 

Pro Asn Lys Pro Asp Glu Arg Glu Leu Ala Arg Arg Arg Gly Gly Tyr 
375 

Ala Gly Gly Tyr Val Lys Glu Pro Glu Arg Gly Leu Trp Asp Asn Ile 
390 395 

Val Tyr Leu Asp Phe Met Ser Leu Tyr Pro Ser Ile Ile Ile Thr His 
415 Leu Asp phe Met ser Leu Tyr pro ser 

Asn Val Ser Pro Asp Thr Phe Asn Arg Glu Gly Cys Lys Glu Tyr Asp 
420 425 430 ? 
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Thr Ala Pro Gin Val Gly His Lys Phe Cys Lys Asp Val Gin Gly Phe 

435 440 445 | 

Ile Pro Ser Leu Leu Gly Ala Leu Leu Asp Glu Arg Gin Lys Ile Lys 3 

Lys Arg Met Lys Ala Ser Ile Asp Pro Leu Glu Lys Lys Leu Leu Asp 
480 

Tyr Arg Gin Lys Ala Ile Lys Ile Leu Ala Asn Ser Tyr Tyr Gly Tyr 
495 

E EB 3 F Tyr Gly Tyr Ala Arg Ala Arg Trp Tyr Cys Lys Glu Cys Ala Glu Ser 
505 510 500 

? Val Thr Ala Trp Gly Arg Asp Tyr Ile Glu Thr Thr Ile His Glu Ile 
515 520 525 

Glu Glu Arg Phe Gly Phe Lys Val Leu Tyr Ala Asp Thr Asp Gly Phe 

Phe Ala Thr Ile Pro Gly Ala Asp Ala Glu Thr Val Lys Lys Lys Ala 
560 

Lys Glu Phe Leu Lys Tyr Ile Asn Ala Lys Leu Pro Gly Leu Leu Glu 
575 

Leu Glu Tyr Glu Gly Phe Tyr Val Arg Gly Phe Phe Val Thr Lys Lys 
580 590 585 

Lys Tyr Ala Val Ile Asp Glu Glu Gly Lys Ile Thr Thr Arg Gly Leu 
595 600 605 mmmmmmmm Glu Ile Val Arg Arg Asp Trp Ser Glu Ile Ala Lys Glu Thr Gin Ala 

m 

mmmm mmmm mmmmmmm 3 mmmmmm 
| 

mm mmmmma me mmmmm mmm Arg Val Leu Glu Ala Ile Leu Arg His Gly Asp Val Glu Glu Ala Val 
640 

Arg Ile Val Lys Asp Val Thr Glu Lys Leu Ser Lys Tyr Glu Val Pro 
655 

Pro Glu Lys Leu Val Ile His Glu Gln Ile Thr Ara Glu Leu Lys Asp 
660 665 670 

Tyr Lys Ala Thr Gly Pro His Val Ala Ile Ala Lys Arg Leu Ala Ala 
675 680 685 

Arg Gly Ile Lys Ile Arg Pro Gly Thr Val Ile Ser Tyr Ile Val Leu 

Lys Gly Ser Gly Arg Ile Gly Asp Arg Ala Ile Pro Phe Asp Glu Phe & 
720 

Asp Pro Thr Lys His Arg Tyr Asp Ala Glu Tyr Tyr Ile Glu Asn Gin 
735 

E E 

Val Leu Pro Ala Val Glu Arq Ile Leu Lys Ala Phe Gly Tyr Lys Lys 
740 745 750 | EE 

Glu Glu Leu Arg Tyr Gin Lys Thr Arg Gin Val Gly Leu Gly Ala Trp 
755 760 765 3 

Leu Lys Leu Lys Gly Lys Lys 
770 775 

< 210 > SEQ ID NO 44 
< 211 > LENGTH : 774 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Thermococcus thioreducens 

< 400 > SEQUENCE : 44 

Met Ile Leu Asp Ala Asp Tyr Ile Thr Glu Asp Gly Lys Pro Val Val 
10 15 

Arg Ile Phe Lys Lys Glu Asn Gly Glu Phe Lys Ile Glu Tyr Asp Arg 
25 30 20 
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? Glu Phe Glu Pro Tyr Ile Tyr Ala Leu Leu Arg Asp Asp Ser Ala Ile 
40 45 

Glu Glu Ile Lys Lys Ile Thr Ala Asp Arg His Gly Lys Val Val Lys 
55 

Val Lys Arg Ala Glu Lys Val Gin Lys Lys Phe Leu Gly Arg Pro Ile 
65 75 80 

Glu Val Trp Lys Leu Tyr Phe Thr His Pro Gin Asp Val Pro Ala Ile 
90 g 

Arg Asp Glu Ile Arg Lys His Pro Ala Val Val Asp Ile Tyr Glu Tyr 
110 100 

Asp Ile Pro Phe Ala Lys Arg Tyr Leu Ile Asp Lys Gly Leu Ile Pro 
120 125 

Met Glu Gly Asp Glu Glu Leu Lys Met Leu Ala Phe Asp Ile Glu Thr 
135 

Leu Tyr His Glu Gly Glu Glu Phe Gly Thr Gly Pro Ile Leu Met Ile 
145 | 155 160 

Ser Tyr Ala Asp Glu Asp Gly Ala Arg Val Ile Thr Trp Lys Lys Ile 
170 

Asp Leu Pro Tyr Val Asp Val Val Ser Thr Glu Lys Glu Met Ile Lys 
180 190 

Arg Phe Leu Lys Val Val Lys Glu Lys Asp Pro Asp Val Leu Ile Thr 
200 205 

Tyr Asn Gly Asp Asn Phe Asp Phe Ala Tyr Leu Lys Lys Arg Cys Glu 
215 

Lys Leu Gly Ile Lys Phe Thr Leu Gly Arg Asp Gly Ser Glu Pro Lys 
225 235 240 

& mmmmm mmmmmmm mmmmmmmm emmm mmmmmm mmmmm mmmm mmmmm Ile Gin Arg Met Gly Asp Arg Phe Ala Val Glu Val Lys Gly Arg Ile 
250 mmmmmm mmmmmm 3 

mm 

g & 
His Phe Asp Leu Tyr Pro Leu Ile Ara Ara Thr Ile Asn Leu Pro Thr 

260 270 

Tyr Thr Leu Glu Ala Val Tyr Glu Ala Val Phe Gl 
280 285 

Lys Val Tyr Ala Glu Glu Ile Ala Leu Ala Trp Glu Ser Gly Glu Gly 
295 

Leu Glu Arq Val Ala Ara Tyr Ser Met Glu Asp Ala Lys Val Thr Phe 
305 315 320 

Glu Leu Gly Art Glu Phe Phe Pro Met Glu Ala Gln Leu Ser Arq Leu 
330 

Ile Gly Gin Ser Leu Trp Asp Val Ser Arg Ser Ser Thr Gly Asn Leu 
340 350 

Val Glu Trp Phe Leu Leu Arg Lys Ala Tyr Glu Arg Asn Glu Leu Ala 
360 365 

Pro Asn Lys Pro Asn Glu Arg Glu Leu Ala Arg Arg Arg Gly Gly Tyr 
375 

Ala Gly Gly Tyr Val Lys Glu Pro Glu Arg Gly Leu Trp Asp Asn Ile 
385 395 400 

Val Tyr Leu Asp Phe Arg Ser Leu Tyr Pro Ser Ile Ile Ile Thr His 
410 

Asn Val Ser Pro Asp Thr Leu Asn Arg Glu Gly Cys Lys Glu Tyr Asp 
420 430 

Arg Ala Pro Gin Val Gly His Lys Phe Cys Lys Asp Val Pro Gly Phe 
440 445 
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- continued 
Ile Pro Ser Leu Leu Ile Pro Ser Leu Leu Gly Ser Leu Leu Aøp Giu Are Gin Lye Ile Ly? Glu Arg Gin Lys Ile Lys 

Arg Lys Met Lys Ala Thr Ile Asp Pro Ile Glu Lys Lys Leu Leu Asp 
470 475 480 | 480 

Tyr Arg Gin Arg Ala Ile Lys Ile Leu Ala Asn Ser Tyr Tyr Gly Tyr 
495 

I E ? E EE Tyr Gly Tyr Ala Arg Ala Arg Trp Tyr cys Arg Glu Cys Ala Glu Ser 
500 505 510 

Val Thr Ala Trp Gly Arg Glu Tyr Ile Glu Met Ala Ile Arg Glu Leu 
515 520 

? 3 JET SD 1? 
n 

Glu Glu Lys Phe Gly Phe Lys Val Leu Tyr Ala Asp Thr Asp Gly Leu 

His Ala Thr Ile Pro Gly Ala Asp Ala Glu Thr Val Lys Lys Lys Ala 
550 555 560 

Met Glu Phe Leu Lys Tyr Ile Asn Pro Lys Leu Pro Gly Leu Leu Glu 
575 

Leu Glu Tyr Glu Gly Phe Tyr Ala Arg Gly Phe Phe Val Thr Lys Lys 
580 585 590 

Lys Tyr Ala Val Ile Asp Glu Glu Gly Lys Ile Thr Thr Arg Gly Leu 
595 600 

mmmm mmmmm mmmmm 
m mmmmmmmmmm mmm mmmmmmmmm $ mmmmmm 

Glu Ile Val Arg Arg Asp Trp Ser Glu Ile Ala Lys Glu Thr Gln Ala 

Arq Val Leu Glu Ala Ile Leu Arq His Gly Asp Val Glu Glu Ala Val 
630 635 640 

Arg Ile Val Lys Glu Val Thr Glu Lys Leu Ser Lys Tyr Glu Val Pro 
655 

Pro Glu Lys Leu Val Ile His Glu Gln Ile Thr Arg Glu Leu Lys Asp 
660 665 670 

? Tyr Arg Ala Thr Gly Pro His Val Ala Ile Ala Lys Arg Leu Ala Lys 
675 680 

Arg Gly Ile Lys Ile Arg Pro Gly Thr Val Ile Ser Tyr Ile Val Leu 

Lys Gly Ser Gly Arg Ile Gly Asp Arg Ala Ile Pro Phe Asp Glu Phe 
710 715 720 

Asp Pro Thr Lys His Lys Tyr Asp Ala Glu Tyr Tyr Ile Glu Asn Gin 
735 

Val Leu Pro Ala Val Glu Arg Val Leu Lys Ala Phe Gly Tyr Arg Lys 
740 745 750 

Asp Asp Leu Arg Tyr Gin Lys Thr Arg Gin Val Gly Leu Gly Ala Trp 
755 760 

Leu Lys Val Lys Lys Arg 

< 210 > SEQ ID NO 45 
< 211 > LENGTH : 773 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Thermococcus waiot apuensis 

< 400 > SEQUENCE : 45 
Met Ile Leu Asp Ala Asp Tyr Ile Thr Glu Asp Gly Lys Pro Val Ile 

10 15 Met Ile Leu asp gla Asp Tyr Tie The gy Asp Gly Eye Pro Vai ile 
Arg Val Phe Lys Lys Glu Lys Gly Glu Phe Lys Ile Asn Tyr Asp Arg 

20 25 

Asp Phe Glu Pro Tyr Ile Tyr Ala Leu Leu Lys Asp Asp Ser Ala Ile 
40 35 1 
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Glu Asp Ile Lys Lys Ile Thr Ala Glu Arg His Gly Thr Thr Val Arg 
55 60 

Val Thr Arg Ala Glu Arg Val Lys Lys Lys Phe Leu Gly Arg Pro Val 
65 80 

Glu Val Trp Lys Leu Tyr Phe Thr His Pro Gin Asp Val Pro Ala Ile 
901 95 

Arg Asp Lys Ile Arg Glu His Pro Ala Val Val Asp Ile Tyr Glu Tyr 
105 | 110 | 

Asp Ile Pro Phe Ala Lys Arg Tyr Leu Ile Asp Lys Gly Leu Ile Pro 
115 120 

Met Glu Gly Asn Glu Glu Leu Arg Met Leu Ala Phe Asp Ile Glu Thr 
135 140 

Leu Tyr His Glu Gly Glu Glu Phe Gly Glu Gly Pro Ile Leu Met Ile 
145 160 

Ser Tyr Ala Asp Glu Glu Gly Ala Arg Val Ile Thr Trp Lys Asn Ile 
170 175 

Asp Leu Pro Tyr Val Glu Ser Val Ser Thr Glu Lys Glu Met Ile Lys 
185 190 

Arg Phe Leu Lys Val Ile Gin Glu Lys Asp Pro Asp Val Leu Ile Thr 
195 200 

Tyr Asn Gly Asp Asn Phe Asp Phe Ala Tyr Leu Lys Lys Arg Ser Glu 
215 220 mmmmmmmmm mmmm mmmmmmm mmmmmmmm mmmmmm mmmmm mmmmm mmmmm smmmmmmmmmm mmmm mmm 

Thr Leu Gly Val Lys Phe Ile Leu Gly Arg Asp Gly Ser Glu Pro Lys 
225 240 

Ile Gin Arg Met Gly Asp Arg Phe Ala Val Glu Val Lys Gly Arg Ile 
250 255 

His Phe Asp Leu Tyr Pro Val Ile Ara Ara Thr Ile Asn Leu Pro Thr 
265 270 mmmmm Tyr Thr Leu Glu Thr Val Tyr Glu Ala Ile Phe Gly Gln Pro Lys Glu 

275 280 

Lys Val Tyr Ala Glu Glu Ile Ala Gin Ala Trp Glu Ser Gly Glu Gly 
295 300 

Leu Glu Arq Val Ala Ara Tyr Ser Met Glu Asp Ala Lys Ala Thr Tyr 
305 320 

Glu Leu Gly Lys Glu Phe Phe Pro Met Glu Ala Gln Leu Ser Art Leu 
335 330 

Val Gly Gin Ser Leu Trp Asp Val Ser Arg Ser Ser Thr Gly Asn Leu 
345 350 

Val Glu Trp Phe Leu Leu Arg Lys Ala Tyr Glu Arg Asn Glu Leu Ala 
355 360 

Pro Asn Lys Pro Asp Glu Arg Glu Leu Ala Arg Arg Ala Glu Ser Tyr 
375 380 

Ala Gly Gly Tyr Val Lys Glu Pro Glu Lys Gly Leu Trp Glu Asn Ile 
385 400 

Val Tyr Leu Asp Tyr Lys Ser Leu Tyr Pro Ser Ile Ile Ile Thr His 
410 415 

Asn Val Ser Pro Asp Thr Leu Asn Arg Glu Gly Cys Arg Glu Tyr Asp 
425 430 

Val Ala Pro Gin Val Gly His Arg Phe Cys Lys Asp Phe Pro Gly Phe 
435 440 445 

Ile Pro Ser Leu Leu Gly Asp Leu Leu Glu Glu Arg Gin Lys Val Lys 
455 460 
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- continued 
Lys Lys Met Lys Ala Thr Val Asp Pro Ile Glu Arg Lys Leu Leu Asp 

470 480 
| E 

Tyr Arg Gin Arg Ala Ile Lys Ile Leu Ala Asn Ser Tyr Tyr Gly Tyr 
495 490 

Tyr Gly Tyr Ala Asn Ala Arg Trp Tyr Cys Arg Glu Cys Ala Glu Ser 
500 0 510 

Val Thr Ala Trp Gly Arg Gin Tyr Ile Glu Thr Thr Met Arg Glu Ile 
515 520 525 RA Glu Glu Lys Phe Gly Phe Lys Val Leu Tyr Ala Asp Thr Asp Gly Phe 

? Phe Ala Thr Ile Pro Gly Ala Asp Ala Glu Thr Val Lys Lys Lys Thr 
550 560 

Lys Glu Phe Leu Asn Tyr Ile Asn Pro Arq Leu Pro Gly Leu Leu Glu 
570 575 

Leu Glu Tyr Glu Gly Phe Tyr Arg Arg Gly Phe Phe Val Thr Lys Lys 
580 590 

Lys Tyr Ala Val Ile Asp Glu Glu Asp Lys Ile Thr Thr Arg Gly Leu 
595 600 605 mmmmmmm Glu Ile Val Arg Arg Asp Trp Ser Glu Ile Ala Lys Glu Thr Gin Ala ? 

m? 

gmmmmm mmmmmmmm mmmmmm mmmmmm mmmm mmmmmmm 8m mmmmm 
3 Arg Val Leu Glu Ala Ile Leu Lys His Gly Asp Val Glu Glu Ala Val 

630 640 
| 

Arg Ile Val Lys Glu Val Thr Glu Lys Leu Ser Arg Tyr Glu Val Pro 
650 655 

Pro Glu Lys Leu Val Ile Tyr Glu Gin Ile Thr Arg Asn Leu Arg Asp 
670 

? 
660 

Tyr Arg Ala Thr Gly Pro His Val Ala Val Ala Lys Arq Leu Ala Ala 
675 680 685 

Arg Gly Ile Lys Ile Arg Pro Gly Thr Val Ile Ser Tyr Ile Val Leu mmmmmm Lys Gly Pro Gly Arg Val Gly Asp Arg Ala Ile Pro Phe Asp Glu Phe 
710 

& 

R Asp Pro Ala Lys His Arg Tyr Asp Ala Glu Tyr Tyr Ile Glu Asn Gin 
730 735 

& Val Leu Pro Ala Val Glu Arg Ile Leu Arg Ala Phe Gly Tyr Arg Lys 
750 740 

Glu Asp Leu Arg Tyr Gin Lys Thr Lys Gin Ala Gly Leu Gly Ala Trp 
755 760 765 ? 

Leu Lys Pro Lys Thr 

< 210 > SEO ID NO 46 
< 211 > LENGTH : 774 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Thermococcus sibiricus 

< 400 > SEQUENCE : 46 
? Met Ile Leu Gly Ala Asp Tyr Ile Thr Lys Asp Gly Lys Pro Ile Val 

15 

Arg Ile Phe Lys Lys Glu Asn Gly Glu Phe Lys Ile Glu Leu Asp Pro 
20 25 

g 8 

His Phe Gin Pro Tyr Ile Tyr Ala Leu Leu Ser Glu Asp Ser Ala Ile 
35 40 

Asp Glu Ile Lys Gin Ile Lys Gly Glu Arg His Gly Lys Thr Val Arg 
50 55 8 
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- continued 

Ile Val Asp Ala Val Lys Val Glu Lys Lys Phe Leu Lys Lys Pro Val 
65 70 75 

Lys Val Trp Lys Leu Ile Leu Glu His Pro Gin Asp Val Pro Ala Ile 
90 95 

Arg Asn Lys Ile Arg Glu His Pro Ala Val Gin Asp Ile Tyr Glu Tyr 
100 105 

Asp Ile Pro Phe Ala Lys Arg Tyr Leu Ile Asp Asn Gly Leu Ile Pro 
| 115 120 125 

Met Glu Gly Asp Glu Glu Leu Lys Met Leu Ala Phe Asp Ile Glu Thr 
135 & Ree 

Phe Tyr His Glu Gly Asp Glu Phe Gly Lys Gly Glu Ile Ile Met Ile 
145 150 155 

Ser Tyr Ala Asp Glu Glu Gly Ala Arg Val Ile Thr Trp Lys Asn Ile 
170 175 

Asp Leu Pro Tyr Val Asp Val Val Ser Asn Glu Ara Glu Met Ile Lys 
180 185 

Arg Phe Ile Gln Ile Ile Lys Glu Lys Asp Pro Asp Val Ile Ile Thr 
195 200 205 

Tyr Asn Gly Asp Asn Phe Asp Leu Pro Tyr Leu Ile Lys Arg Ala Glu 
215 

Lys Leu Gly Leu Arg Leu Ile Leu Ser Arg Asp Asn Glu Asn Pro Val 
225 230 235 240 

& 

Pro Lys Ile Gin Arg Met Gly Asn Ser Phe Ala Val Glu Ile Lys Gly 
250 

Arg Ile His Phe Asp Leu Phe Pro Val Val Lys Arg Ala Val Asn Leu 
260 265 mmma mmmmmm mmmmmm mmmmmmm mmmmma mmm mmmmmmmmmmmm mmmmmm mmmmmmmmm mmmm Pro Thr Tyr Thr Leu Glu Ala Val Tyr Glu Thr Val Leu Gly Lys His 

275 280 285 

Lys Ser Lys Leu Gly Ala Glu Glu Ile Ala Ala Ile Trp Glu Thr Glu 
295 

Glu Gly Leu Lys Lys Leu Ala Gln Tyr Ser Met Glu Asp Ala Lys Ala 
305 310 315 320 

Thr Tyr Glu Leu Gly Arg Glu Phe Phe Pro Met Glu Val Glu Leu Ala 
330 

Lys Leu Ile Gly Gin Ser Val Trp Asp Val Ser Arg Ser Ser Thr Gly 
340 345 

Asn Leu Val Glu Trp Tyr Met Leu Arg Val Ala Tyr Glu Arg Asn Glu 
355 36 0 365 

Leu Ala Pro Asn Arg Pro Ser Asp Glu Glu Tyr Lys Arg Arg Leu Arg 
375 

Thr Thr Tyr Leu Gly Gly Tyr Val Lys Glu Pro Glu Arg Gly Leu Trp 
| 390 395 400 385 m? Glu Asn Ile Ile Tyr Leu Asp Phe Arg Ser Leu Tyr Pro Ser Ile Ile 

410 

Val Thr His Asn Val Ser Pro Asp Thr Leu Glu Arg Lys Gly cys Gin 
420 425 

Asn Tyr Asp Val Ala Pro Ile Val Gly Tyr Lys Phe Cys Lys Asp Phe 
435 440 445 

Ser Gly Phe Ile Pro Ser Ile Leu Glu Asp Leu Ile Glu Thr Arg Gin 
455 460 

Lys Ile Lys Lys Glu Met Lys Ser Thr Ile Asp Pro Ile Lys Lys Lys 
465 470 475 480 
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- continued 
Met Leu Asp Tyr Arg Gin Arg Ala Val Lys Leu Leu Ala Asn Ser Tyr 

495 

Tyr Gly Tyr Met Gly Tyr Pro Lys Ala Arg Trp Tyr Ser Lys Glu Cys 
505 

Ala Glu Ser Val Thr Ala Trp Gly Arg His Tyr Ile Glu Met Thr Ile 
520 525 

Arg Glu Ile Glu Glu Lys Phe Gly Phe Lys Val Leu Tyr Ala Asp Thr 

Asp Gly Phe Tyr Ala Thr Ile Pro Gly Ala Asp Pro Glu Thr Ile Lys 
545 550 560 

| 

? ? 8? 3? RS Lys Lys Ala Lys Glu Phe Leu Asn Tyr Ile Asn Ser Lys Leu Pro Gly 

Leu Leu Glu Leu Glu Tyr Glu Gly Phe Tyr Leu Arg Gly Phe Phe Val 
585 

Thr Lys Lys Arg Tyr Ala Val Ile Asp Glu Glu Glu Lys Ile Thr Thr 
600 605 

Arg Gly Leu Glu Val Val Arg Arg Asp Trp Ser Glu Ile Ala Lys Glu mmmm 3 mmmm gmm mmmmm mmmm mmmmm mm mmmmm mmmmmm mmmmm 3 mmmm mama 3 mm 

Thr Gln Ala Arg Val Leu Glu Ala Ile Leu Arq G1 u Gly Ser Val Glu 
625 630 640 

Lys Ala Val Glu Ile Val Lys Glu Val Val Glu Ala Ile Thr Lys Tyr 

Lys Val Pro Leu Glu Lys Leu Ile Ile His Glu Gln Ile Thr Arq Glu 
665 

Leu Arg Asp Tyr Lys Ala Val Gly Pro His Val Ala Ile Ala Lys Arg 
680 685 

Leu Ala Ala Lys Gly Ile Lys Ile Lys Pro Gly Thr Ile Ile Ser Tyr 

Ile Val Leu Arg Gly Ser Gly Lys Ile Ser Asp Ara Val Val Leu Leu 
710 720 105 

Thr Glu Tyr Asp Pro Arg Lys His Lys Tyr Asp Pro Asp Tyr Tyr Ile 

Glu Asn Gin Val Leu Pro Ala Val Leu Arg Ile Leu Glu Ala Phe Gly 
745 

Tyr Arg Lys Glu Asp Leu Lys Tyr Gln Ser Ser Lys Gln Thr Gly Leu 
760 765 

Glu Ser Trp Leu Lys Lys 
770 

< 210 > SEQ ID NO 47 
< 211 > LENGTH : 775 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Pyrococcus glycovorans 
< 400 > SEQUENCE : 47 
Met Ile Leu Asp Ala Asp Tyr Ile Thr Glu Asp Gly Lys Pro Ile Ile 

15 
? 

? 
| 

Arg Ile Phe Lys Lys Glu Asn Gly Glu Phe Lys Val Glu Tyr Asp Arg 
30 8 

Aan Phe fig Pro Tyr Ile Tyr Ala Leu Leu Lys Asp Asn Phe Arq Pro Tyr Ile Tyr Ala Leu Leu Lys Asp Asp Ser Gin Ile 
35 40 mmm Asp Glu Val Lys Lys Ile Thr Ala Glu Arg His Gly Lys Ile Val Arg 

55 & 

Ile Val Asp Val Glu Lys Val Lys Lys Lys Phe Leu Gly Arg Pro Ile | 6 
75 800 
































































































































































