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(57) ABSTRACT 

The present invention relates to an isolated DNA molecule 
from a thermophilic bacterium which encodes a DNA poly 
merase III-type enzyme Subunit. Also encompassed by the 
present invention are host cells and expression System 
including the heterologous DNA molecule of the present 
invention, as well as isolated replication enzyme Subunits 
encoded by such DNA molecules. Also disclosed is a 
method of producing a recombinant thermostable DNA 
polymerase III-type enzyme, or Subunit thereof, from a 
thermophilic bacterium, which is carried out by transform 
ing a host cell with at least one heterologous DNA molecule 
of the present invention under conditions Suitable for expres 
sion of the DNA polymerase III-type enzyme, or subunit 
thereof, and then isolating the DNA polymerase III-type 
enzyme, or Subunit thereof. 
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ATGGGCCGGGAGCTCCGCTTCGCCCACCTCCACCAGCACA 
cCCAGTTCTCCCTCCTGGACGGGGCGGCGAAGCTTTCCGA " . . . . 

CCTCCTCAAGTGGGTCAAGGAGACGACCCCCGAGGACCCC 120 
GCCTTGGCCATGACCGACCACGGCAACCTCTTCGGGGCCG 
TGGAGTTCTACAAGAAGGCCACCGAAATGGGCATCAAGCC 
CATCCTGGGCTACGAGGCCTACGTGGCGGCGGAAAGCCGC 240 
TTTGACCGCAAGCGGGGAAAGGGCCTAGACGGGGGCTACT 
TTCACCTCACCCTCCTCGCCAAGGACTTCACGGGGTACCA 
GAACCTGGTGCGCCTGGCGAGCCGGGCTTACCTGGAGGGG 360 
TTTTACGAAAAGCCCCGGATTGACCGGGAGATCCTGCGCG 
AGCACGCCGAGGGCCTCATCGCCCTCTCGGGGTGCCTCGG ' 
GGCGGAGATCCCCCAGTTCATCCTCCAGGACCGTCTGGAC 480 
CTGGCCGAGGCCCGGCTCAACGAGTACCTCTCCATCTTCA 
AGGACCGCTTCTTCATCGAGATCCAGAACCACGGCCTCCC ... . 

CGAGCAGAAAAAGGTCAACGAGGTCCTCAAGGAGTTCGCC 600 
CGAAAGTACGGCCTGGGGATGGTGGCCACCAACGACGGCC 
ATTACGTGAGGAAGGAGGACGCCCGCGCCCACGAGGTCCT 
CCTCGCCATCCAGTCCAAGAGCACCCTGGACGACCCCGGG 720. 
cGCTGGCGCTTCCCCTGCGACGAGTTCTACGTGAAGACCC ... " 
CCGAGGAGATGCGGGCCATGTTCCCCGAGGAGGAGTGGGG 
GGACGAGCCCTTTGACAACACCGTGGAGATCGCCCGCATG 840 
TGCAACGTGGAGCTGCCCATCGGGGACAAGATGGTCTACC 
GAATCCCCCGCTTCCCCCTCCCCGAGGGGCGGACCGAGGC 
cCAGTACCTCATGGAGCTCACCTTCAAGGGGCTCCTCCGC 96.O. 
CGCTACCCGGACCGGATCACCGAGGGCTTCTACCGGGAGG 
TCTTCCGCCTTTTGGGGAAGCTTCCCCCCCACGGGGACGG 
GGAGGCCTTGGCCGAGGCCTTGGCCCAGGTGGAGCGGGAG LO 8 O 
GCTTGGGAGAGGCTCATGAAGAGCCTCCCCCCTTTGGCCG 
GGGTCAAGGAGTGGACGGCGGAGGCCATTTTCCACCGGGC 
ccTTTACGAGCTTTCCGTGATAGAGCGCATGGGGTTTCCC . 2OO 
GGCTACTTCCTCATCGTCCAGGACTACATCAACTGGGCCC 
GGAGAAACGGCGTCTCCGTGGGGCCCGGCAGGGGGAGCGC 
cGccGGGAGCCTGGTGGCCTACGCCGTGGGGATCACCAAC 320 
ATTGACCCCCTCCGCTTCGGCCTCCTCTTTGAGCGCTTCC 
TGAACCCGGAGAGGGTCTCCATGCCCGACATTGACACGGA 
CTTCTCCGACCGGGAGCGGGACCGGGTGATCCAGTACGTG 1440 
CGGGAGCGCTACGGCGAGGACAAGGTGGCCCAGATCGGCA 
CCCTGGGAAGCCTCGCCTCCAAGGCCGCCCTCAAGGACGT 
GGCCCGGGTCTACGGCATCCCCCACAAGAAGGCGGAGGAA 560 
TTGGCCAAGCTCATCCCGGTGCAGTTCGGGAAGCCCAAGC 
CCCTGCAGGAGGCCATCCAGGTGGTGCCGGAGCTTAGGGC 
GGAGATGGAGAAGGACCCCAAGGTGCGGGAGGTCCTCGAG l680 
GTGGCCATGCGCCTGGAGGGCCTGAACCGCCACGCCTCCG 

, TCCACGCCGCCGGGGTGGTGATCGCCGCCGAGCCCCTCAC 
GGACCTCGTCCCCCTCATGCGCGACCAGGAAGGGCGGCCC 1800 
GTCACCCAGTACGACATGGGGGCGGTGGAGGCCTTGGGGC 
TTTTGAAGATGGACTTTTTGGGCCTCCGCACCCTCACCTT 

F.G. 16A 
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cCTGGACGAGGTCAAGCGCATCGTCAAGGCGTCCCAGGGG 1920 
GTGGAGCTGGACTACGATGCCCTCCCCCTGGACGACCCCA . . . . . . . . . 
AGACCTTCGCCCTCCTCTCCCGGGGGGAGACCAAGGGGGT . . . . . . . 
CTTCCAGCTGGAGTCGGGGGGGATGACCGCCACGCTCCGC 2040 
GGCCTCAAGCCGCGGCGCTTTGAGGACCTGATCGCCATCC ... " 
TCTCCCTCTACCGCCCCGGGCCCATGGAGCACATCCCCAC. . 
CTACATCCGCCGCCACCACGGGCTGGAGCCCGTGAGCTAC 260 
AGCGAGTTTCCCCACGCCGAGAAGTACCTAAAGCCCATCC 
TGGACGAGACCTACGGCATCCCCGTCTACCAGGAGCAGAT 
CATGCAGATCGCCTCGGCCGTGGCGGGGTACTCCCTGGGC 2280 
GAGGCGGACCTCCTGCGGCGGTCCATGGGCAAGAAGAAGG 
TGGAGGAGATGAAGTCCCACCGGGAGCGCTTCGTCCAGGG - 
GGCCAAGGAAAGGGGCGTGCCCGAGGAGGAGGCCAACCGC 2400 
CTCTTTGACATGCTGGAGGCCTTCGCCAACTACGGCTTCA is: 
ACAAATCCCACGCTGCCGCCTACAGCCTCCTCTCCTACCA . 
GAccGCCTACGTGAAGGCCCACTACCCCGTGGAGTTCATG 2S2O 
GCCGCCCTCCTCTCCGTGGAGCGGCACGACTCCGACAAGG 
TGGCCGAGTACATCCGCGACGCCCGGGCCATGGGCATAGA . . . 
GGTCCTTCCCCCGGACGTCAAccGCTCCGGGTTTGACTTC . . 2640 
cTGGTCCAGGGCCGGCAGATCCTTTTCGGCCTCTCCGCGG 
TGAAGAACGTGGGCGAGGCGGCGGCGGAGGCCATTCTCCG 
GGAGCGGGAGCGGGGCGGCCCCTACCGGAGCCTCGGCGAC 276 O 

... TTCCTCAAGCGGCTGGACGAGAAGGTGCTCAACAAGCGGA 
ccCTGGAGTCCCTCATCAAGGCGGGCGCCCTGGACGGCTT 
CGGGGAAAGGGCGCGGCTCCTCGCCTCCCTGGAAGGGCTC 2880 
CTCAAGTGGGCGGCCGAGAACCGGGAGAAGGCCCGCTCGG 
GCATGATGGGCCTCTTCAGCGAAGTGGAGGAGCCGCCTTT 
GGCCGAGGCCGCCCCCCTGGACGAGATCACCCGGCTCCGC 3 OOO 
TACGAGAAGGAGGCCCTGGGGATCTACGTCTCCGGCCACC . . 
CCATCTTGCGGTACCCCGGGCTCCGGGAGACGGCCACCTG . 
CACCCTGGAGGAGCTTCCCCACCTGGCCCGGGACCTGCCG 320 
cCCCGGTCTAGGGTCCTCCTTGCCGGGATGGTGGAGGAGG 
TGGTGCGCAAGCCCACAAAGAGCGGCGGGATGATGGCCCG 
CTTCGTCCTCTCCGACGAGACGGGGGCGCTTGAGGCGGTG. 3240 
GCATTCGGCCGGGCCTACGACCAGGTCTCCCCGAGGCTCA 
AGGAGGACACCCCCGTGCTCGTCCTCGCCGAGGTGGAGCG 
GGAGGAGGGGGGCGTGCGGGTGCTGGCCCAGGCCGTTTGG 3360 
ACCTACGAGGAGCTGGAGCAGGTCCCCCGGGCCCTCGAGG - 

TGGAGGTGGAGGCCTCCCTCCTGGACGACCGGGGGGTGGC 
cCACCTGAAAAGCCTCCTGGACGAGCACGCGGGGACCCTC. 3480 
cCCCTGTACGTCCGGGTCCAGGGCGCCTTCGGCGAGGCCC 
TCCTCGCCCTGAGGGAGGTGCGGGTGGGGGAGGAGGCTGT 
AGGCGGCCGCGTGGTTCCGGGCCTACCTCCTGCCCGACCG 3600 
GGAGGTCCTTCTCCAGGGCGGCCAGGCGGGGGAGGCCCAG 
GAGGCGGTGCCCTTCTAGGGGGTGGGCCGTGAGACCTAGC 
GCCATCGTTCTCGCCGGGGGCAAGGAGGCCTGGGCCCGAC 3720, . 
CCCTTTTGG 

F.G. 16B 
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MGRELRFAHLHQHTQFSLLDGAPKLSDLLKWVEETTPEDP 
ALAMTDHGNLFGAVEFYKKATEMGIKPILGYEAYVAAESR 
FDRKRGKGLDGGYFHLTLLAKDFTGYONLVRLASRAYLEG 20 
FYEKPRIDREILREHAEGLIALSGCLGAEIPQFILQDRLD . . 

LAEARLNEYLSIFKDRFFIEIQNHGLPEQKKVNEVLKEFA 
RKYGLGMVATNDGHYVRKEDARAHEVLLAIQSKSTLDDPG 24 O 
ALALPCEEFYvKTPEEMRAMFPEEEVGGRSPLTTPWRSPH 
VORGAAIGTRWSTRIPRFPLPEGRTEAQYLMELTFKGLLR 
RYPDRITEGFYREVFRLSGKLPPHGDGEALAEALAQVERE 360 
AWERLMKSLPPLAGVKEWTAEAIFHRALYELSAIERMGFP 
GLLPHRPGLHOLGPEKGVSVGPGRGGAAGSLVAYAVGITN . 
IDPLRFGLLFERFLNPERVSMPDIDTDFSDRERDRVIQYv 480 
RERYGEDKVAQIGTLGSLASKAALKEVARVYGIPRKKAEE . . . 
LAKLIPVQFGKPKPLQEAIQVVPELRAEMEKDPKVREVLE 
VAMRLEGLNRHASVHAGRGGVFSEPLTDLVPLCATRKGGP 6 OO 
YTQYDMGAVEALGLLKMDFLGLRTLTFLDEVKRIVKASQG . 
vELDYDALPLDDPKTFALLSRGETKGVFQLESGGMTATLR 
GLKPRRFEDLIAILSLYRPGPMEHIPTYIRRHHGLEPVSY 720 
SEFPHAEKYLKPILDETYGIPVYQEQIMQIASAVAGYSLG 
EADLLRRSMGKKKVEEMKSHRERFVQGAKERGVPEEEANR 
LFDMLEAFANYGFNKSHAAAYSLLSYQTAYVKAHYPVEFM 840 
AALLSVERHDSDKVAEYIRDARAMGIEVLPPDVNRSGFDF 
LVOGRQILFGLSAVKNVGEAAAEAILRERERGGPYRSLGD 
FLKRLDEKVLNKRTLESLIKAGALDGFGERARLLASLEGL . 96.O 
LKWAAENREKARSGMMGLFSEVEEPPLAEAAPLDEITRLR 
YEKEALGIYVSGHPILRYPGLRETATCTLEELPHLARDLP 
PRSRVLLAGMVEEVVRKPTKSGGMMARFVLSDETGALEAV O8O 
AFGRAYDQVSPRLKEDTPVLVLAEVEREEGGVRVLAQAVW 
TYQELEQVPRALEVEVEASLPDDRGVAHLKSLLDEHAGTL . 
PLYVRVQGAFGEALLALREVRVGEEAL.GAL.EAAGFPAYLL 1200 
PNREVSPRLTGSGGPRGRALSTGLALKTYPIALPGGNEAL 
ARPLL 

FIG.16C 
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FIG. 18A 
ATGGTGGAGCGGGTGGTGCGGACCCTTCTGGACGGGAGGT 40 
TccTCCTGGAGGAGGGGGTGGGGCTTTGGGAGTGGCGCTA 
cCCCTTTCCCCTGGAGGGGGAGGCGGTGGTGGTCCTGGAC. 120 
CTGGAGACCACGGGGCTTGCCGGCCTGGACGAGGTGATTG. 
AGGTGGGCCTCCTCCGCCTGGAGGGGGGGAGGCGCCTCCC, 200. . . 
CTTCCAGAGCCTCGTCCGGCCCCTCCCGCCCGCCGAAGcc 
cGTTCGTGGAACCTCACCGGCATCCCCCGGGAGGCCCTGG 280 
AGGAGGCCCCCTCCCTGGAGGAGGTTCTGGAGAAGGCCTA 
ccCCCTCCGCGGCGACGCCACCTTGGTGATCCACAACGCC 360 
GCCTTTGACCTGGGCTTCCTCCGCCCGGCCTTGGAGGGCC 
TGGGCTACCGCCTGGAAAACCCCGTGGTGGACTCCCTGCG 440 
CTTGGCCAGACGGGGCTTACCAGGCCTTAGGCGCTACGGC 
CTGGACGCCCTCTCCGAGGTCCTGGAGCTTCCCCGAAGGA 520 
CCTGCCACCGGGCCCTCGAGGACGTGGAGCGCACCCTCGC 
cGTGGTGCACGAGGTATACTATATGCTTACGTCCGGCCGT 600 
cCCCGCACGCTTTGGGAACTCGGGAGGTAG 

MVERVVRTLLDGRFLLEEGVGLWEWRYPFPLEGEAVVVLD 40 
LETTGLAGLDEVIEVGLLRLEGGRRLPFQSLVRPLPPAEA 
RSWNLTGIPREALEEAPSLEEVLEKAYPLRGDATLVIHNA 120 
AFDLGFLRPALEGLGYRLENPVVDSLRLARRGLPGLRRYG 
LDALSEVLELPRRTCHRALEDVERTLAVVHEVYYMLTSGR 200. 
PRTLWELGRZ, 

FIG. 18B 
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GTGTCGCACGAGGCCGTCTGGCAACACGTTCTGGAGCAeA. 
TCCGCCGCAGCATCACCGAGGTGGAGTTCCACACCTGGTT 
TGAAAGGATCCGCCCCTTGGGGATCCGGGACGGGGTGCTG 120 
GAGCTCGCCGTGCCCACCTCCTTTGCCCTGGACTGGATCC . . . . 
GGCGCCACTACGCCGGCCTCATCCAGGAGGGCCCTCGGCT 
ccTCGGGGCCCAGGCGCCCCGGTTTGAGCTCCGGGTGGTG 240, cccGGGGTCGTAGTCCAGGAGGACATCTTCCAGCCCCCGC 
CGAGCCCCCCGGCCCAAGCTCAACCCGAAGATACCTTTAA . . . 
AACTTCGTGGTGGGGCCCAACAACTCCATGGCCCCACGGC 360 
GGCGCCGTGGCCGTGGCCGAGTCCCCCGGCCGGGCCTACA 
ACCCCCTCTTCATCTACGGGGGCCGTGGCCTGGGAAAGAC . 
CTACCTGATGCACGCCGTGGGCCCACTCCGTGCGAAGCGC 480 TTCCCCCACATGAGATTAGAGTACGTTTCCACGGAAACTT 
TCACCAACGAGCTCATCAACCGGCCATCCGCGAGGGAccG 
GATGACGGAGTTCCGGGAGCGGTACCGCTCCGTGGACCTC 600 
CTGCTGGTGGACGACGTCCAGTTCATCGCCGGAAAGGAGC 
GCACCCAGGAGGAGTTTTTCCACACCTTCAACGCCCTTTA. 
CGAGGCCCACAAGCAGATCATCCTCTCCTCCGACCGGCCG 720 
CCCAAGGACATCCTCACCCTGGAGGCGCGCCTGCGGAGCC 
GCTTTGAGTGGGGCCTGATCACCGACAATCCAGCCCCCGA 
CCTGGAAACCCGGATCGCCATCCTGAAGATGAACGCCAGC 840 
AGCGGGCCTGAGGATCCCGAGGACGCCCTGGAGTACATCG . 
CCCGGCAGGTCACCTCCAACATCCGGGAGTGGGAAGGGGC 
ccTCATGCGGGCATCGCCTTTCGCCTCCCTCAACGGCGTT 960 
GAGCTGACCCGCGCCGTGGCGGCCAAGGCTCTCCGACATC 
TTCGCCCCAGGGAGCTGGAGGCGGACCCCTTGGAGATCAT. 
CCGCAAAGCGGCGGGACCAGTTCGGCCTGAAACCCCGGGA 1080 
GGAGCTCACGGGGAGCGCCGCAAGAAGGAGGTGGTCCTCC 
CCCGGCAGCTCGCCATGTACCTGGTGCGGGAGCTCACCCC 
GGCCTCCCTGCCCGAGATCGACCAGCTCAACGACGACCGG 1200 
GACCACACCACGGTCCTCTACGCCATCCAGAAGGTCCAGG 
AGCTCGCGGAAAGCGACCGGGAGGTGCAGGGCCTCCTCCG 
CACCCTCCGGGAGGCGTGCACATGA 

FIG.2OA 
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vSHEAVWQHVLEHIRRSITEVEFHTWFERIRPLGIRDGVL 
ELAVPTSFALDWIRRHYAGLIQEGPRLLGAQAPRFELRVV 
PGvvvoEDIFQPPPSPPAQAQPEDTFKTSWWGPTTPWPHG 120 
GAVAVAESPGRAYNPLFIYGGRGLGKTYLMHAVGPLRAKR 
FPHMRLEYVSTETFTNELINRPSARDRMTEFRERYRSVDL 
LLVDDVQFIAGKERTQEEFFHTFNALYEAHKQIILSSDRP 240 
PKDILTLEARLRSRFEWGLITDNPAPDLETRIAILKMNAs 
SGPEDPEDALEYIARQVTSNIREWEGALMRASPFASLNGV 
ELTRAVAAKALRHLRPRELEADPLEIIRKAAGPVRPETPG 360 
GAHGERRKKEVVLPRQLAMYLVRELTPASLPEIDQLNDDR - 
DHTTVLYAIQKVOELAESDREVQGLLRTLREACT 

FIG.2OB 
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ATGAACATAACGGTTCCCAAAAAACTCCTCTCGGACCAGC 40 TTTCCCTCCTGGAGCGCATCGTCCCCTCTAGAAGCGCCAA 
CCCCCTCTACACCTACCTGGGGCTTTACGCCGAGGAAGGG 120 GCCTTGATCCTCTTCGGGACCAACGGGGAGGTGGACCTCG 
AGGTCCGCCTCCCCGCCGAGGCCCAAAGCCTTCCCCGGGT 200. GCTCGTCCCCGCCCAGCCCTTCTTCCAGCTGGTGCGGAGC 
CTTCCTGGGGACCTCGTGGCCCTCGGCCTCGCCTCGGAGC 280 ccGGCCAGGGGGGGCAGCTGGAGCTCTCCTCCGGGCGTTT ccGCAccCGGCTCAGCCTGGCCCCTGCCGAGGGCTACCCC. 360 GAGCTTCTGGTGCCCGAGGGGGAGGACAAGGGGGCCTTCC ceCTCCGGACGCGGATGCCCTCCGGGGAGCTCGTCAAGGC 440 CTTGACCCACGTGCGCTACGCCGCGAGCAACGAGGAGTAC 
cGGGCCATCTTCCGCGGGGTGCAGCTGGAGTTCTCCCCCC 520 AGGGCTTCCGGGCGGTGGCCTCCGACGGGTACCGCCTCGG CCTCTACGACCTGCCCCTGCCCCAAGGGTTCCAGGCCAAG 600 GCCGTGGTCCCCGCCCGGAGCGTGGACGAGATGGTGCGGG 
TCCTGAAGGGGGCGGACGGGGCCGAGGCCGTCCTCGCCCT 680 GGGCGAGGGGGTGTTGGCCCTGGCCCTCGAGGGCGGAAGC 
GGGGTCCGGATGGCCCTCCGCCTCATGGAAGGGGAGTTCC 760 CCGACTACCAGAGGGTCATCCCCCAGGAGTTCGCCCTCAA 
GGTCCAGGTGGAGGGGGAGGCCCTCAGGGAGGCGGTGCGC 840 
CGGGTGAGCGTCCTCTCCGACCGGCAGAACCACCGGGTGG - 
ACCTCCTTTTGGAGGAAGGCCGGATCCTCCTCTCCGCCGA 920 GGGGGACTACGGCAAGGGGCAGGAGGAGGTGCCCGCCCAG 
GTGGAGGGGCCGGACATGGCCGTGGCCTACAACGCCCGCT 1 OOO ACCTCCTCGAGGCCCTCGCCCCCGTGGGGGACCGGGCCCA 
CCTGGGCATCTCCGGGCCCACGAGCCCGAGCCTCATCTGG 1080 GGGGACGGGGAGGGGTACCGGGCGGTGGTGGTGCCCCTCA 
GGGTCTAG 1128 

FIG.21A 
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MNITVPKKLLSDQLSLLERIVPSRSANPLYTYLGLYAEEG. 40 ALILFGTNGEVDLEVRLPAEAQSLPRVLVPAQPFFQLVRS. 
LPGDLVALGLASEPGQGGQLELSSGRFRTRLSLAPAEGYP 120 ELLVPEGEDKGAFPLRTRMPSGELVKALTHVRYAASNEEY 
RAIFRGVQLEFSPQGFRAVASDGYRLALYDLPLPQGFOAK 200 
AvvPARSVDEMVRVLKGADGAEAVLALGEGVLALALEGGs. . . 
GVRMALRLMEGEFPDYQRVIPQEFALKVQVEGEALREAVR 280 RVSVLSDRQNHRVDLLLEEGRILLSAEGDYGKGQEEVPAQ 
VEGPDMAVAYNARYLLEALAPVGDRAHLGISGPTSPSLIW 360 
GDGEGYRAVVVPLRVZ . . . . 

FIG.21B 
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. . . . . . if is, ATGAGTAAGGATTTCGTCCACCTTCACCTGCACACCCAGTTCTCACTCCF 
GGACGGGGCTATAAAGATAGACGAGCTCGTGAAAAAGGCAAAGGAGTATG, ...100 
GATACAAAGCTGTCGGAATGTCAGACCACGGAAACCTCTTCGGTTCGTAT. 
AAATTCTACAAAGCCCTGAAGGCGGAAGGAATTAAGCCCATAATCGGCAT 200 
GGAAGCCTACTTTACCACGGGTTCGAGGTTTGACAGAAAGACTAAAACGA 
GCGAGGACAACATAACCGACAAGTACAACCACCACCTCATACTTATAGCA 300 
AAGGACGAAAAGGTCTAAAGAACTTAATGAAGCTCTCAACCCTCGCCTAC 
AAAGAAGGTTTTTACTACAAACCCAGAATTGATTACGAACTCCTTGAAAA 4oo. 
GTACGGGGAGGGCCTAATAGCCCTTACCGCATGCCTGAAAGGTGTTCCCA 
CCTACTACGCTTCTATAAACGAAGTGAAAAAGGCGGAGGAATGGGTAAAG soo 
AAGTTCAAGGATATATTCGGAGATGACCTTTATTTAGAACTTCAAGCGAA 
CAACATTCCAGAACAGGAAGTGGCAAACAGGAACTTAATAGAGATAGCCA 600 
AAAAGTACGATGTGAAACTCATAGCGACGCAGGACGCCCACTACCTCAAT. 
CCCGAAGACAGGTACGCCCACACGGTTCTTATGGCACTTCAAATGAAAAA 700 
GACCATTCACGAACTGAGTTCGGGAAACTTCAAGTGTTCAAACGAAGACC 
TTCACTTTGCTCCACCCGAGTACATGTGGAAAAAGTTTGAAGGTAAGTTC 8oo 
GAAGGCTGGGAAAAGGCACTCCTGAACACTCTCGAGGTAATGGAAAAGAC 
AGCGGACAGCTTTGAGATATTTGAAAACTCCACCTACCTCCTTCCCAAGT 900 
ACGACGTTCCGCCCGACAAAACCCTTGAGGAATACCTCAGAGAACTCGCG 
TACAAAGGTTTAAGACAGAGGATAGAAAGGGGACAAGCTAAGGATACTAA 1000 
AGAGTACTGGGAGAGGCTCGAGTACGAACTGGAAGTTATAAACAAAATGG. . . 
GCTTTGCGGGATACTTCTTGATAGTTCAGGACTTCATAAACTGGGCTAAG 1100 
AAAAACGACATACCTGTTGGACCCGGAAGGGGAAGTGCTGGAGGTTCCCT 
CGTCGCATACGCCATCGGAATAACGGACGTTGACCCTATAAAGCACGGAT 1200 
TCCTTTTTGAGAGGTTCTTAAACCCCGAAAGGGTTTCCATGCCGGATATA 
GACGTGGATTTCTGTCAGGACAACAGGGAAAAGGTCATAGAGTACGTAAG 1300 
GAACAAGTACGGACACGACAACGTAGCTCAGATAATCACCTACAACGTAA 
TGAAGGCGAAGCAAACACTGAGAGACGTCGCAAGGGCCATGGGACTCCCC 1400 
TACTCCACCGCGGACAAACTCGCAAAACTCATTCCTCAGGGGGACGTTCA - 
GGGAACGTGGCTCAGTCTGGAAGAGATGTACAAAACGCCTGTGGAGGAAc. 1500 
TCCTTCAGAAGTACGGAGAACACAGAACGGACATAGAGGACAACGTAAAG 
AAGTTCAGACAGATATGCGAAGAAAGTCCGGAGATAAAACAGCTCGTTGA 1600 
GACGGCCCTGAAGCTTGAAGGTCTCACGAGACACACCTCCCTCCACGCCG 
CGGGAGTGGTTATAGCACCAAAGCCCTTGAGCGAGCTCGTTCCCCTCTAC 1700 
TACGATAAAGAGGGCGAAGTCGCAACCCAGTACGACATGGTTCAGCTCGA 
AGAACTCGGTCTCCTGAAGATGGACTTCCTCGGACTCAAAACCCTCACAG leoO 
AACTGAAACTCATGAAAGAACTCATAAAGGAAAGACACGGAGTGGATATA 
AACTTCCTTGAACTTCCCCTTGACGACCCGAAAGTTTACAAACTCCTTCA 1900 
GGAAGGAAAAACCACGGGAGTGTTCCAGCTCGAAAGCAGGGGAATGAAAG 
AACTCCTGAAGAAACTAAAGCCCGACAGCTTTGACGACATCGTTGCGGTC 2000 
CTCGCACTCTACAGACCCGGACCTCTAAAGAGCGGACTCGTTGACACATA 
CATTAAGAGAAAGCACGGAAAAGAACCCGTTGAGTACCCCTTCCCGGAGC 2100 
TTGAACCCGTCCTTAAGGAAACCTACGGAGTAATCGTTTATCAGGAACAG 
GTGATGAAGATGTCTCAGATACTTTCCGGCTTTACTCCCGGAGAGGCGGA 2200 
TACCCTCAGAAAGGCGATAGGTAAGAAGAAAGCGGATTTAATGGCTCAGA 
TGAAAGACAAGTTCATACAGGGAGCGGTGGAAAGGGGATACCCTGAAGAA 2300 
AAGATAAGGAAGCTCTGGGAAGACATAGAGAAGTTCGCTTCCTACTCCTT 
CAACAAGTCTCACTCGGTAGCTTACGGGTACATCTCCTACTGGACCGCCT 2400 

FIG. 34A 
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ACGTTAAAGCCCACTATCCCGCGGAGTTCTTCGCGGTAAAACTCACAACT 
GAAAAGAACGACAACAAGTTCCTCAACCTCATAAAAGACGCTAAACTCTT 2500 cGGATTTGAGATACTTCCCCCCGACATAAACAAGAGTGATGTAGGATTTA 
CGATAGAAGGTGAAAACAGGATAAGGTTCGGGCTTGCGAGGATAAAGGGA, 2600 GTGGGAGAGGAAACTGCTAAGATAATCGTTGAAGCTAGAAAGAAGTATAA GCAGTTCAAAGGGCTTGCGGACTTCATAAACAAAACCAAGAACAGGAAGA, 2700 TAAACAAGAAAGTCGTGGAAGCACTCGTAAAGGCAGGGGCTTTTGACTTT 
ACTAAGAAAAAGAGGAAAGAACTACTCGCTAAAGTGGCAAACTCTGAAAA, 2800 

... AGCATTAATGGCTACACAAAACTCCCTTTTCGGTGCACCGAAAGAAGAAG 
TGGAAGAACTCGACCCCTTAAAGCTTGAAAAGGAAGTTCTCGGTTTTTAC 2900 ATTTCAGGGCACCCCCTTGACAACTACGAAAAGCTCCTCAAGAACCGCTA. 
CACACCCATTGAAGATTTAGAAGAGTGGGACAAGGAAAGCGAAGCGGTGC 3000 
TTACAGGAGTTATCACGGAACTCAAAGTAAAAAAGACGAAAAACGGAGAT . . 
TACATGGCGGTCTTGAACCTCGTTGACAAGACGGGACTAATAGAGTGTGT 3100 CGTCTTCCCGGGAGTTTACGAAGAGGCAAAGGAACTGATAGAAGAGGACA 
GAGTAGTGGTAGTCAAAGGTTTTCTGGACGAGGACCTTGAAACGGAAAAT 3200 GTCAAGTTCGTGGTGAAAGAGGTTTTCTCCCCTGAGGAGTTCGCAAAGGA GATGAGGAATACCCTTTATATATTCTTAAAAAGAGAGCAAGCCCTAAACG 33oo GCGTTGCCGAAAAACTAAAGGGAATTATTGAAAACAACAGGACGGAGGAC 
GGATACAACTTGGTTCTCACGGTTGATCTGGGAGACTACTTCGTTGATTT 34oo AGCACTCCCACAAGATATGAAACTAAAGGCTGACAGAAAGGTTGTAGAGG 

... AGATAGAAAAACTGGGAGTGAAGGTCATAATTTAGTAAATAACCCTTACT 35oo 
TCCGAGTAGTCCCC. 

FIG. 34B 
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ATGAACTACGTTCCCTTCGCGAGAAAGTACAGACCGAAATTCTTCAGGGA. . . 
AGTAATAGGACAGGAAGCTCCCGTAAGGATACTCAAAAACGCTATAAAAA, 100 
ACGACAGAGTGGCTCACGCCTACCTCTTTGCCGGACCGAGGGGGGTTGGG 
AAGACGACTATTGCAAGAATTCTCGCAAAAGCTTTGAACTGTAAAAATCC 200 
CTCCAAAGGTGAGCCCTGCGGTGAGTGCGAAAACTGCAGGGAGATAGACA 
GGGGTGTGTTCCCTGACTTAATTGAAATGGATGCCGCCTCAAACAGGGGT 300 
ATAGACGACGTAAGGGCATTAAAAGAAGCGGTCAATTACAAACCTATAAA 
AGGAAAGTACAAGGTTTACATAATAGACGAAGCTCACATGCTCACGAAAG 400 
AAGCTTTCAACGCTCTCTTAAAAACCCTCGAAGAGCCCCCTCCCAGAACT 
GTTTTCGTCCTTTGTACCACGGAGTACGACAAAATTCTTCCCACGATACT ... soo 
cTCAAGGTGTCAGAGGATAATCTTCTCAAAGGTAAGAAAGGAAAAAGTAA ... 
TAGAGTATCTAAAAAAGATATGTGAAAAGGAAGGGATTGAGTGCGAAGAG 600 
GGAGCCCTTGAGGTTCTGGCTCATGCCTCTGAAGGGTGCATGAGGGATGc. . ; 
AGCCTCTCTCCTGGACCAGGCGAGCGTTTACGGGGAAGGCAGGGTAACAA 700 
AAGAAGTAGTGGAGAACTTCCTCGGAATTCTCAGTCAGGAAAGCGTTAGG 
AGTTTTCTGAAATTGGTTCTGAACTCAGAAGTGGACGAAGCTATAAAGTT 800 
coTCAGAGAACTCTCAGAAAAGGGCTACAACCTGACCAAGTTTTGGGAGA 
TGTTAGAAGAGGAAGTGAGAAACGCAATTTTAGTAAAGAGCCTGAAAAAT 900. 
CCCGAAAGCGTGGTTCAGAACTGGCAGGATTACGAAGACTTCAAAGACTA 
ccCTCTGGAAGCCCTCCTCTACGTTGAGAACCTGATAAACAGGGGTAAAG looo 
TTGAAGCGAGAACGAGAGAACCCTTAAGAGCCTTTGAACTCGCGGTAATA 
AAGAGCCTTATAGTCAAAGACATAATTCCCGTATCCCAGCTCGGAAGTGT 1100 
GGTAAAGGAAACCAAAAAGGAAGAAAAGAAAGTTGAAGTAAAAGAAGAGC 
CAAAAGTAAAAGAAGAAAAACCAAAGGAGCAGGAAGAGGACAGGTTCCAG lzoo 
AAAGTTTTAAACGCTGTGGACGGCAAAATCCTTAAAAGAATACTTGAAGG 
GGCAAAAAGGGAAGAAAGAGACGGAAAAATCGTCCTAAAGATAGAAGCCT 13 OO 
CTTATCTGAGAACCATGAAAAAGGAATTTGACTCACTAAAGGAGACTTTT . . 
CCTTTTTTAGAGTTTGAACCCGTGGAGGATAAAAAAAAACCTCAGAAGTC 1400 
cAGCGGGACGAGGCTGTTTTAAAGGTAAAGGAGCTCTTCAATGCAAAAAT 
ACTCAAAGTACGAAGTAAAAGCTAAGGTCATAAAGGTGAGAATGCCCGTG 1500 
GAAGAGATAGGGCTGTTTAACGCACTAATAGACGGCTTGCCCAGGTACGC 
ACTCACGAGGACGAAGGAAAAGGGAAAGGGAGAAGTTTTCGTTTTAGCGA 600 
CTCCTTATAAAGTCAAGGAATTGATGGAAGCTATGGAGGGTATGAAAAAA 
CACATAAAGGATTTAGAAATCCTCGGAGAGACGGATGAGGATTTAACTTT 1700 
TTAAAGTATGGGTGTATCTGAGCAAAGGTTTAAGCTAAAAACAAACCTGA 
AACCCGCAGGGGACCAGCCGAAAGCCATAAAAAAACTCCTTGAAAACCTA 1800 
AGGAAAGGCGTAAAAGAACAAACACTTCTCGGAGTCACGGGAAGCGGAAA 
GACTTTTACTCTAGCAAACGTAATAGCGAAGTACAACAAACCAACTCTTG 9 OO 
TGGTAGTTCACAACAAAATTCTCGCGGCACAGCTATACAGGGAGTTTAAA 
GAACTATTCCCTGAAAACGCTGTAGAGTACTTTGTCTCTTACTACGACTA 2000 
TTACCAACCTGAAGCCTACATTCCCGAAAAAGATTTATACATAGAAAAGG 
ACGCGAGTATAAACGAAAGCTGGAACGTTTCAGACACTCCGCCACGATAT 2100 
CCGTTCTAGAAAGGAGGGACGTTATAGTAGTTGCTTCAGTTTCTTGCATA 
TACGGACTCGGGAAACCTGAGCACTACGAAAACCTGAGGATAAAACTCCA 22 OO 
AAGGGGAATAAGACTGAACTTGAGTAAGCTCCTGAGGAAACTCGTTGAGC 
TAGGATATCAGAGAAATGACTTTGCCATAAAGAGGGCTACCTTCTCGGTT 2300 
AGGGGAGACGTGGTTGAGATAGTCCCTTCTCACACGGAAGATTACCTCGT 
GAGGGTAGAGTTCTGGGACGACGAAGTTGAAAGAATAGTCCTCATGGACG 2400 
CTCTGAAC 

FIG. 36 
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MNYVPFARKYRPKFFREVIGOEAPVRILKNAIKNDRVAHAYLFAGPRGVG 
KTTIARILAKALNCKNPSKGEPCGECENCREIDRGVFPDLIEMDAASNRG loo 
IDDVRALKEAVNYKPIKGKYKVYIIDEAHMLTKEAFNALLKTLEEPPPRT 
VFVLCTTEYDKILPTILSRCQRIIFSKVRKEKVIEYLKKICEKEGIECEE 200 
GALEVLAHASEGCMRDAASLLDQASVYGEGRVTKEVVENFLGILSQESVR 
SFLKLLLNSEVDEAIKFLRELSEKGYNLTKFWEMLEEEVRNAILVKSLKN 300 
PESvvoNWQDYEDFKDYPLEALLY VENLINRGKVEARTREPLRAFELAVI. . . . 
KSLIVKDIIPvSQLGSvvKETKKEEKKVEVKEEPKVKEEKPKEQEEDRFQ 400 
KVLNAVDGKILKRILEGAKREERDGKIVLKIEASYLRTMKKEFDSLKETF 
PFLEFEPVEDKKKPQKSSGTRLF 473 

FIG. 37 
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ATGCGCGTTAAGGTGGACAGGGAGGAGUI"AusAAGArsi lu (TAAAAAAGC 
AAGAGAAAGCACGGAAAAAAAAGCCGCACTCCCGATACTCGCGAACTTCT 100 TACTCTCCGCAAAAGAGGAAAACTTAATCGTAAGGGCAACGGACTTGGAA 
AACTACCTTGTAGTCTCCGTAAAGGGGGAGGTTGAAGAGGAAGGAGAGGT 200 TTGCGTCCACTCTCAAAAACTCTACGATATAGTCAAGAACTTAAATTCCG 
CTTACGTTTACCTTCATACGGAAGGTGAAAAACTCGTCATAACGGGAGGA. 300 
AAGAGTACGTACAAACTTCCGACAGCTCCCGCGGAGGACTTTCCCGAATT 
TCCAGAAATCGTAGAAGGAGGAGAAACACTTTCGGGAAACCTTCTCGTTA 400 
ACGGAATAGAAAAGGTAGAGTACGCCATAGCGAAGGAAGAAGCGAACATA . 
GCCCTTCAGGGAATGTATCTGAGAGGATACGAGGACAGAATTCACTTTGT 500 gTCGGAGGGTCACAGGCTTGCACTTTATGAACCTCTACGTAAACATTGA 
AA AAGACGAGTCTTTTGCTTACTTCTCCACTCCCGAGTGGAAAC. 600 
TCGCCGTTAGCTCCTGGAAGGAGAATTCCCGGACTACATGAGTGTCATcc . . . CTGAGGAGTTTTCGGCGGAAGTCTTGTTTGAGACAGAGGAAGTCTTAAAG.'s 700 
GTTTTAAAGAGGTTGAAGGCTTTAAGCGAAGGAAAAGTTTTTCCCGTGAA. GATTACCTTAAGCGAAAACCTTGCCATCTTTGAGTTCGCGGATCCGGAGf 800 TCGGAGAAGCGAGAGAGGAAATTGAAGTGGAGTACACGGGAGAGCCCTTT 
GAGATAGGATTCAACGGAAATACCTTATGGAGGCGCTTGACGCCTACGAC 900 AGCGAAAGAGTGTGGTTCAAGTTCACAACCCCCGACACGGCCACTTTATT GGAGGCTGAAGATTACGAAAAGGAACCTTACAAGTGCATAATAATGCCGA. looo 
TGAGGGTGTAGCCATGAAAAAAGCTTTAATCTTTTTATTGAGCTTGAGCC 
TTTTAATTCCTGcGTTTAGCGAAGCCAAACCCAAGTCTTC O90 

FIG. 38 

MRVKVDREELEEVLKKARESTEKKAALPILANFLLSAKEENLIVRATDLE 
NYLVVSVKGEVEEEGEVCVHSQKLYDIVKNLNSAYVYLHTEGEKLVITGG 100 
KSTYKLPTAPAEDFPEFPEIVEGGETLSGNLLVNGIEKVEYAIAKEEANI 
ALQGMYLRGYEDRIHFVGSDGHRLALYEPLGEFSKELLIPRKSLKVLKKL 200 ITGIEDVNIEKSEDESFAYFSTPEWKLAVRLLEGEFPDYMSVIPEEFSAE. 
VLFETEEVLKVLKRLKALSEGKVFPVKITLSENLAIFEFADPEFGEAREE 3oo IEVEYTGEPFEIGFNGKYLMEALDAYDSERVWFKFTTPDTATLLEAEDYE 
KEPYKCIIMPMRv 363. 

FIG. 39 
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GTGGAAACCACAATATTCCAGTTCCAGAAAACTTTTTTCACAAAACCTCC, 
GAAGGAGAGGGTCTTCGTCCTTCATGGAGAAGAGCAGTATCTCATAAGAA 100 
CCTTTTTGTCTAAGCTGAAGGAAAAGTACGGGGAGAATTACACGGTTCTG 
TGGGGGGATGAGATAAGCGAGGAGGAATTCTACACTGCCCTTTCCGAGAC 200 
CAGTATATTCGGCGGTTCAAAGGAAAAAGCGGTGGTCATTTACAACTTCG . 
GGGATTTCCTGAAGAAGCTCGGAAGGAAGAAAAAGGAAAAAGAAAGGCTT 300 
ATAAAAGTCCTCAGAAACGTAAAGAGTAACTACGTATTTATAGTGTACGA - 

TGCGAAACTCCAGAAACAGGAACTTTCTTCGGAACCTCTGAAATCCGTAG 400 
CGTCTTTCGGCGGTATAGTGGTAGCAAACAGGCTGAGCAAGGAGAGGATA . - 
AAACAGCTCGTCCTTAAGAAGTTCAAAGAAAAAGGGATAAACGTAGAAAA soo 
CGATGCCCTTGAATACCTTCTCCAGCTCACGGGTTACAACTTGATGGAGC 
TCAAACTTGAGGTTGAAAAACTGATAGATTACGCAAGTGAAAAGAAAATT 600 
TTAACACTCGATGAGGTAAAGAGAGTAGCCTTCTCAGTCTCAGAAAACGT 
AAACGTATTTGAGTTCGTTGATTTACTCCTCTTAAAAGATTACGAAAAGG 700 
CTCTTAAAGTTTTGGACTCCCTCATTTCCTTCGGAATACACCCCCTCCAG 
ATTATGAAAATCCTGTCCTCCTATGCTCTAAAACTTTACACCCTCAAGAG 800 
GCTTGAAGAGAAGGGAGAGGACCTGAATAAGGCGATGGAAAGCGTGGGAA 
TAAAGAACAACTTTCTCAAGATGAAGTTCAAATCTTACTTAAAGGCAAAC 9oo 
TCTAAAGAGGACTTGAAGAACCTAATCCTCTCCCTCCAGAGGATAGACGC 
TTTTTCTAAACTTTACTTTCAGGACACAGTGCAGTTGCTGGGGATTTCTT looo 
GACCTCAAGACTGGAGAGGGAAGTTGTGAAAAATACTTCTCATGGTGGAT 
AATCTTTTTTATGAAGTTTGcGGTTTGcGTTTTTCCCGGTTCT log3 

FIG. 40. 

VETTIFQFOKTFFTKPPKERVFVLHGEEQYLIRTFLSKLKEKYGENYTVL 
WGDEISEEEFYTALSETSIFGGSKEKAVVIYNFGDFLKKLGRKKKEKERL OO 
IKVLRNVKSNYVFIVYDAKLQKQELSSEPLKSVASFGGIVVANRLSKERI 
KQLVLKKFKEKGINVENDALEYLLQLTGYNLMELKLEVEKLIDYASEKKI 200 
LTLDEVKRVAFSVSENVNVFEFVDLLLLKDYEKALKVLDSLISFGIHPLQ 
IMKILSSYALKLYTLKRLEEKGEDLNKAMESVGIKNNFLKMKFKSYLKAN 300 
SKEDLKNLILSLQRIDAFSKLYFQDTVQLLRDFLTSRLEREVVKNTSHGG 

FIG.41 
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ATGGAAAAAGTTTTTTTGGAAAAACTCCAGAAAACCTTGCACATACCCGG, 
AGGACTCCTTTTTTACGGCAAAGAAGGAAGCGGAAAGACGAAAACAGCTT lioo : 
TTGAATTTGCAAAAGGTATTTTATGTAAGGAAAACGTACCTGGGGATGCG . . . . 
GAAGTTGTCCCTCCTGCAAACACGTAAACGAGCTGGAGGAAGCCTTCTTT 200 
AAAGGAGAAATAGAAGACTTTAAAGTTTATAAGACAAGGACGGTAAAAAG 
cACTTCGTTTACCTTATGGGCGAACATCCCGACTTTGTGGTAATAATCCC 300 
GAGCGGACATTACATAAAGATAGAACAGATAAGGGAAGTTAAGAACTTTG 
CCTATGTGAAGCCCGCACTAAGCAGGAGAAAAGTAATTATAATAGACGAC 4oo 
GCCCACGCGATGACCTCTCAGGCGGCAAACGCTCTTTTAAAGGTATTGGA . . . 
AGAGCCACCTGCGGACACCACCTTTATCTTGACCACGAACAGGCGTTCTG 500 
CAATCCTGCCGACTATCCTCTCCAGAACTTTTCAAGTGGAGTTCAAGGGC 
TTTTCAGTAAAAGAGGTTATGGAAATAGCGAAAGTAGACGAGGAAATAGC 600 
GAAACTCTCTGGAGGCAGTCTAAAAAGGGCTATCTTACTAAAGGAAAACA 
AAGATATCCTAAACAAAGTAAAGGAATTCTTGGAAAACGAGCCGTTAAAA 700 
GTTTACAAGCTTGCAAGTGAATTCGAAAAGTGGGAACCTGAAAAGCAAAA 
ACTCTTCCTTGAAATTATGGAAGAATTGGTATCTCAAAAATTGACCGAAG soo 
AGAAAAAAGACAATTACACCTACCTTCTTGATACGATCAGACTCTTTAAA . 
GACGGACTCGCAAGGGGTGTAAACGAACCTCTGTGGCTGTTTACGTTAGC 9oo 
cGTTCAGGCGGATTAATAAACCGTTATTGATTCCGTAACATTTAAACCTT 
AATCTAAATTATGAGAGCCTTTGAAGGAGGTCTGGTATGGAAAATTTGAA looo 
GATTAGATATATAGATACGAGGAAGATAGGAACCGTGAGCGGTGTAAAAG - 
T OS 

FIG. 42. 

MEKVFLEKLQKTLHIPGGLLFYGKEGSGKTKTAFEFAKGILCKENVPWGC '. 
GSCPSCKHVNELEEAFFKGEIEDFKVYKDKDGKKHFVYLMGEHPDFV VII loo 
PSGHYIKIEQIREVKNFAYVKPALSRRKVIIIDDAHAMTSQAANALLKVL. 
EEPPADTTFILTTNRRSAILPTILSRTFOVEFKGFSVKEVMEIAKVDEEI 200 
AKLSGGSLKRAILLKENKDILNKVKEFLENEPLKVYKLASEFEKWEPEKQ 
KLFLEIMEELVSQKLTEEKKDNYTYLLDTIRLFKDGLARGVNEPLWLFTL 300 
AVQAD . . . . . 

FIG. 43 
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ATGAACTTCCTGAAAAAGTTCCTTTTACTGAGAAAAGCTCAAAAGTCTCC 
TTACTTCGAAGAGTTCTACGAAGAAATCGATTTGAACCAGAAGGTGAAAG :100 ATGCAAGGTTTGTAGTTTTTGACTGCGAAGCCACAGAACTCGACGTAAAG 
AAGGCAAAACTCCTTTCAATAGGTGCGGTTGAGGTTAAAAACCTGGAAAT 200 
AGACCTCTCTAAATCTTTTTACGAGATACTCAAAAGTGACGAGATAAAGG . 
CGGCGGAGATACATGGAATAACCAGGGAAGACGTTGAAAAGTACGGAAAG 300 GAACCAAAGGAAGTAATATACGACTTTCTGAAGTACATAAAGGGAAGCGT 
TCTCGTTGGCTACTACGTGAAGTTTGACGTCTCACTCGTTGAGAAGTACT 400 CCATAAAGTACTTCCAGTATCCAATCATCAACTACAAGTTAGACCTGTTT 
AGTTTCGTGAAGAGAGAGTACCAGAGTGGCAGGAGTCTTGACGACCTTAT soo. GAAGGAACTCGGTGTAGAAATAAGGGCAAGGCACAACGCCCTTGAAGATG 
CCTACATAACCGCTCTTCTTTTCCTAAAGTACGTTTACCCGAACAGGGAG 600 
TACAGACTAAAGGATCTCCCGATTTTCCTT 

FIG. 44 

MNFLKKFLLLRKAQKSPYFEEFYEEIDLNQKVKDARFVVFDCEATELDVK 
KAKLLSIGAVEVKNLEIDLSKSFYEILKSDEIKAAEIHGITREDVEKYGK loo EPKEVIYDFLKYIKGSVLVGYYvKFDVSLVEKYSIKYFQYPIINYKLDLF 
SFVKREYQSGRSLDDLMKELGVEIRARHNALEDAYITALLFLKYVYPNRE 200 
YRLKDLPIFL . . . . 

FIG. 45 
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ATGCTCAATAAGGTTTTTATAATAGGAAGACTTACGGGTGACCCCGTTAT - 
AACTTATCTACCGAGCGGAACGCCCGTAGTAGAGTTTACTCTGGCTTACA loo 
ACAGAAGGTATAAAAACCAGAACGGTGAATTTCAGGAGGAAAGTCACTTC 
TTTGACGTAAAGGCGTACGGAAAAATGGCTGAAGACTGGGCTACACGCTT 200 
CTCGAAAGGATACCTCGTACTCGTAGAGGGAAGACTCTCCCAGGAAAAGT 
GGGAGAAAGAAGGAAAGAAGTTCTCAAAGGTCAGGATAATAGCGGAAAAC 300 
GTAAGATTAATAAACAGGCCGAAAGGTGCTGAACTTCAAGCAGAAGAAGA 
GGAGGAAGTTCCTCCCATTGAGGAGGAAATTGAAAAACTCGGTAAAGAGG 400 
AAGAGAAGCCTTTTACCGATGAAGAGGACGAAATACCTTTTTAATTTTGA 
GGAGGTTAAAGTATGGTAGTGAGAGCTCCTAAGAAGAAAGTTTGTATGTA 500 
CTGTGAACAAAAGAGAGAGCCAGATT 

FIG. 46 

MLNKVFIIGRLTGDPVITYLPSGTPvVEFTLAYNRRYKNONGEFQEESHF 
FDVKAYGKMAEDWATRFSKGYLVLVEGRLSQEKWEKEGKKFSKVRIIAEN loo 
vRLINRPKGAELQAEEEEEVPPIEEEIEKLGKEEEKPFTDEEDEIPF 

FIG.47 
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ATGCAATTTGTGGATAAACTTCCCTGTGACGAATCCGCCGAGAGGGCGGT 
TCTTGGCAGTATGCTTGAAGACCCCGAAAACATACCTCTGGTACTTGAAT loo 
AccTTAAAGAAGAAGACTTCTGCATAGACGAGCACAAGCTACTTTTCAGG 
GTTCTTACAAACCTCTGGTCCGAGTACGGCAATAAGCTCGATTTCGTATT 200 
AATAAAGGATCACCTTGAAAAGAAAAACTTACTCCAGAAAATACCTATAG 
ACTGGCTCGAAGAACTCTACGAGGAGGCGGTATCCCCTGACACGCTTGAG 300 
GAAGTCTGCAAAATAGTAAAACAACGTTCCGCACAGAGGGCGATAATTCA 
ACTCGGTATAGAACTCATTCACAAAGGAAAGGAAAACAAAGACTTTCACA 400 
CATTAATCGAGGAAGCCCAGAGCAGGATATTTTCCATAGCGGAAAGTGCT 
ACATCTACGCAGTTTTACCATGTGAAAGACGTTGCGGAAGAAGTTATAGA 500 
ACTCATTTATAAATTCAAAAGCTCTGACAGGCTAGTCACGGGACTCCCAA . . 
GCGGTTTCACGGAACTCGATCTAAAGACGACGGGATTCCACCCTGGAGAC 600 
TTAATAATACTCGCCGCAAGACCCGGTATGGGGAAAACCGCCTTTATGCT 
CTCCATAATCTACAATCTCGCAAAAGACGAGGGAAAACCCTCAGCTGTAT 700 
TTTCCTTGGAAATGAGCAAGGAACAGCTCGTTATGAGACTCCTCTCTATG 
ATGTCGGAGGTCCCACTTTTCAAGATAAGGTCTGGAAGTATATCGAATGA 800 
AGATTTAAAGAAGCTTGAAGCAAGCGCAATAGAACTCGCAAAGTACGACA 
TATACCTCGACGACACACCCGCTCTCACTACAACGGATTTAAGGATAAGG 9oo 
GCAAGAAAGCTCAGAAAGGAAAAGGAAGTTGAGTTCGTGGCGGTGGACTA 
CTTGCAACTTCTGAGACCGCCAGTCCGAAAGAGTTCAAGACAGGAGGAAG looo 
TGGCAGAGGTTTCAAGAAACTTAAAAGCCCTTGCAAAGGAACTTCACATT 
CCCGTTATGGCACTTGCGCAGCTCTCCCGTGAGGTGGAAAAGAGGAGTGA lloo 
TAAAAGACCCCAGCTTGCGGACCTCAGAGAATCCGGACAGATAGAACAGG 
ACGCAGACCTAATCCTTTTCCTCCACAGACCCGAGTACTACAAGAAAAAG 1200 
cCAAATCCCGAAGAGCAGGGTATAGCGGAAGTGATAATAGCCAAGCAAAG 
GCAAGGACCCACGGACATTGTGAAGCTCGCATTTATTAAGGAGTACACTA 1300 
AGTTTGCAAACCTAGAAGCCCTTCCTGAACAACCTCCTGAAGAAGAGGAA 
CTTTCCGAAATTATTGAAACACAGGAGGATGAAGGATTCGAAGATATTGA 1400 
CTTCTGAAAATTAAGGTTTTATAATTTTATCTTGGCTATCCGGGGTAGCT 
CAATCGGCAGAGCGGGTGGCTG 1472 

FIG. 48 

MOFVDKLPCDESAERAVLGSMLEDPENIPLVLEYLKEEDFCIDEHKLLFR 
WLTNLWSEYGNKLDFVLIKDHLEKKNLLQKIPIDWLEELYEEAVSPDTLE 100 
EvCKIVKQRSAORAIIQLGITSTQFYHVKDVAEEVIELIYKFKSSDRLVT 
GLPSGFTELDLKTTGFHPGDLIILAARPGMGKTAFMLSIIYNLAKDEGKP 200 
SAVFSLEMSKEQLVMRLLSMMSEVPLFKIRSGSISNEDLKKLEASAIELA 
KYDIYLDDTPALTTTDLRIRARKLRKEKEVEFVAVDYLQLLRPPVRKSSR 300 
QEEVAEVSRNLKALAKELHIPVMALAQLSREVEKRSDKRPQLADLRESGQ 
IEQDADLILFLHRPEYYKKKPNPEEQGIAEVIIAKQRQGPTDIVKLAFIK 400 
EYTKFANLEALPEOPPEEEELSEIIETOEDEGFEDIDF 

FG. 49 
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ATGTCCTCGGACATAGACGAACTTAGACGGGAAATAGATATAGTAGACGT 
CATTTCCGAATACTTAAACTTAGAGAAGGTAGGTTCCAATTACAGAACGA loo 
ACTGTCCCTTTCACCCTGACGATACACCCTCCTTTTACGTGTCTCCAAGT 
AAACAAATATTCAAGTGTTTCGGTTGCGGGGTAGGGGGAGACGCGATAAA 200 
GTTCGTTTCCCTTTACGAGGACATCTCCTATTTTGAAGCCGCCCTTGAAC 
TCGCAAAACGCTACGGAAAGAAATTAGACCTTGAAAAGATATCAAAAGAC 300 
GAAAAGGTATACGTGGCTCTTGACAGGGTTTGTGATTTCTACAGGGAAAG 
CCTTCTCAAAAACAGAGAGGCAAGTGAGTACGTAAAGAGTAGGGGAATAG 400 
ACCCTAAAGTAGCGAGGAAGTTTGATCTTGGGTACGCACCTTCCAGTGAA 
GCACTCGTAAAAGTCTTAAAAGAGAACGATCTTTTAGAGGCTTACCTTGA 500 
AACTAAAAACCTCCTTTCTCCTACGAAGGGTGTTTACAGGGATCTCTTTC 
TTCGGCGTGTCGTGATCCCGATAAAGGATCCGAGGGGAAGAGTTATAGGT 600 
TTCGGTGGAAGGAGGATAGTAGAGGACAAATCTCCCAAGTACATAAACTC 
TccAGACAGCAGGGTATTTAAAAAGGGGGAGAACTTATTCGGTCTTTACG. 7oo 
AGGCAAAGGAGTATATAAAGGAAGAAGGATTTGCGATACTTGTGGAAGGG 
TACTTTGACCTTTTGAGACTTTTTTCCGAGGGAATAAGGAACGTTGTTGC 800 
ACCCCTCGGTACAGCCCTGACCCAAAATCAGGCAAACCTCCTTTCCAAGT 
TCACAAAAAAGGTCTACATCCTTTACGACGGAGATGATGCGGGAAGAAAG 900 
GCTATGAAAAGTGCCATTCCCCTACTCCTCAGTGCAGGAGTGGAAGTTTA 
TCCCGTTTACCTCCCCGAAGGATACGATCCCGACGAGTTTATAAAGGAAT 1000 
TCGGGAAAGAGGAATTAAGAAGACTGATAAACAGCTCAGGGGAGCTCTTT 
GAAACGCTCATAAAAACCGCAAGGGAAAACTTAGAGGAGAAAACGCGTGA 1100 
GTTCAGGTATTATCTGGGCTTTATTTCCGATGGAGTAAGGCGCTTTGCTC 
TGGCTTCGGAGTTTCACACCAAGTACAAAGTTCCTATGGAAATTTTATTA 1200 
ATGAAAATTGAAAAAAATTCTCAAGAAAAAGAAATTAAACTCTCCTTTAA 
GGAAAAAATCTTCCTGAAAGGACTGATAGAATTAAAACCAAAAATAGACC 1300 
TTGAAGTCCTGAACTTAAGTCCTGAGTTAAAGGAACTCGCAGTTAACGCC. 
TTAAACGGAGAGGAGCATTTACTTCCAAAAGAAGTTCTCGAGTACCAGGT 1400 
GGATAACTTGGAGAAACTTTTTAACAACATCCTTAGGGATTTACAAAAAT 
CTGGGAAAAAGAGGAAGAAAAGAGGGTTGAAAAATGTAAATACTTAATTA 1500 
ACTTTAATAAATTTTTAGAGTTAGGA . 

FIG. 50 

MSSDIDELRREIDIVDVISEYLNLEKVGSNYRTNCPFHPDDTPSFYvsPs 
KQIFKCFGCGVGGDAIKFVSLYEDISYFEAALELAKRYGKKLDLEKISKD loo 
EKVyvaLDRVCDFYRESLLKNREASEYVKSRGIDPKVARKFDLGYAPSSE 
ALWKVLKENDLLEAYLETKNLLSPTKGVYRDLFLRRVVIPIKDPRGRVIG 200 
FGGRRIVEDKSPKYINSPDSRVFKKGENLFGLYEAKEYIKEEGFAILVEG 
YFDLLRLFSEGIRNVVAPLGTALTQNQANLLSKFTKKVYILYDGDDAGRK 300 
AMKSAIPLLLSAGVEVYPVYLPEGYDPDEFIKEFGKEELRRLINSSGELF 
ETLIKTARENLEEKTREFRYYLGFISDGVRRFALASEFHTKYKVPMEILL 400 
MKIEKNSQEKEIKLSFKEKIFLKGLIELKPKIDLEVLNLSPELKELAVNA 
LNGEEHLLPKEVLEYQVDNLEKLFNNILRDLQKSGKKRKKRGLKNVNT 498 
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ATGCAAGATACCGCTACCTGCAGTATTTGTCAGGGGACGGGATTCGTAAA 
GACCGAAGACAACAAGGTAAGGCTCTGCGAATGCAGGTTCAAGAAAAGGG. 100 
ATGTAAACAGGGAACTAAACATCCCAAAGAGGTACTGGAACGCCAACTTA . 
GACACTTACCACCCCAAGAACGTATCCCAGAACAGGGCACTTTTGACGAT 200 
AAGGGTCTTCGTCCACAACTTCAATCCCGAGGAAGGGAAAGGGCTTACCT ... 
TTGTAGGATCTCCTGGAGTCGGCAAAACTCACCTTGCGGTTGCAACATTA 300 
AAAGCGATTTATGAGAAGAAGGGAATCAGAGGATACTTCTTCGATACGAA 
GGATCTAATATTCAGGTTAAAACACTTAATGGACGAGGGAAAGGATACAA. .. 400 
AGTTTTTAAAAACTGTCTTAAACTCACCGGTTTTGGTTCTCGACGACCTC 
GGTTCTGAGAGGCTCAGTGACTGGCAGAGGGAACTCATCTCTTACATAAT soo 
CACTTACAGGTATAACAACCTTAAGAGCACGATAATAACCACGAATTACT 
CACTCCAGAGGGAAGAAGAGAGTAGCGTGAGGATAAGTGCGGATCTTGCA , 600 
AGCAGACTCGGAGAAAACGTAGTTTCAAAAATTTACGAGATGAACGAGTT 
GCTCGTTATAAAGGGTTCCGACCTCAGGAAGTCTAAAAAGCTATCAACCC 7oo 

FIG. 52 

MQDTATCSICOGTGFVKTEDNKVRLCECRFKKRDVNRELNIPKRYWNANL 
DTYHPKNVSONRAILLTIRVFVHNFNPEEGKGLTFWGSPGVGKTHLAVATL 100 
KAIYEKKGIRGYFFDTKDLIFRLKHLMDEGKDTKFLKTVLNSPVLVLDDL 
GSERLSDWQRELISYIITYRYNNLKSTIITTNYSLQREEESSVRISADLA 200 
SRLGENVVSKIYEMNELLVIKGSDLRKSKKLSTPS 

FIG. 53 
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ATGAAAAAGATTGAAAATTTGAAGTGGAAAAATGTCTCGTTTAAAAGCCT 
GGAAATAGATCCCGATGCAGGTGTGGTTCTCGTTTCCGTGGAAAAATTCT. loo 
CCGAAGAGATAGAAGACCTTGTGCGTTTACTGGAGAAGAAGACGCGGTTT 
CGAGTCATCGTGAACGGTGTTCAAAAAAGTAACGGGGATCTAAGGGGAAA - 200 
GATACTTTCCCTTCTCAACGGTAATGTGCCTTACATAAAAGATGTTGTTT 
TCGAAGGAAACAGGCTGATTCTGAAAGTGCTTGGAGATTTCGCGCGGGAC 300 
AGGATCGCCTCCAAACTCAGAAGCACGAAAAAACAGCTCGATGAACTGCT 
GCCTCCCGGAACAGAGATCATGCTGGAGGTTGTGGAGCCTCCGGAAGATC 400 
TTTTGAAAAAGGAAGTACCACAACCAGAAAAGAGAGAAGAACCAAAGGGT. m 

GAAGAATTGAAGATCGAGGATGAAAACCACATCTTTGGACAGAAACCCAG 500 
AAAGATCGTCTTCACCCCCTCAAAAATCTTTGAGTACAACAAAAAGACAT. . . . 
CGGTGAAGGGCAAGATCTTCAAAATAGAGAAGATCGAGGGGAAAAGAACG 600 
GTCCTTCTGATTTACCTGACAGACGGAGAAGATTCTCTGATCTGCAAAGT 
CTTCAACGACGTTGAAAAGGTCGAAGGGAAAGTATCGGTGGGAGACGTGA -700 
TCGTTGCCACAGGAGACCTCCTTCTCGAAAACGGGGAGCCCACCCTTTAC 
GTGAAGGGAATCACAAAACTTCCCGAAGCGAAAAGGATGGACAAATCTCC 800 
GGTTAAGAGGGTGGAGCTCCACGCCCATACCAAGTTCAGCGATCAGGACG . . 
CAATAACAGATGTGAACGAATATGTGAAACGAGCCAAGGAATGGGGCTTT 900 
cccGcGATAGCCCTCACGGATCATGGGAACGTTCAGGCCATACCTTACTT 
CTACGACGCGGCGAAAGAAGCTGGAATAAAGCCCATTTTCGGTATCGAAG looo. 
CGTATCTGGTGAGTGACGTGGAGCCCGTCATAAGGAATCTCTCCGACGAT - 
TCGACGTTTGGAGATGCCACGTTCGTCGTCCTCGACTTCGAGACGACGGG 1100 
TCTCGACCCGCAGGTGGATGAGATCATCGAGATAGGAGCGGTGAAGATAC 
AGGGTGGCCAGATAGTGGACGAGTACCACACTCTCATAAAGCCTTCCAGG 1200 
GAGATCTCAAGAAAAAGTTCGGAGATCACCGGAATCACTCAAGAGATGCT 
GGAAAACAAGAGAAGCATCGAGGAAGTTCTGCCGGAGTTCCTCGGTTTTC 1300 
TGGAAGATTCCATCATCGTAGCACACAACGCCAACTTCGACTACAGATTT 
CTGAGGGTGTGGATCAAAAAAGTGATGGGATTGGACTGGGAAAGACCCTA 1400 
CATAGATACGCTCGCCCTCGCAAAGTCCCTTCTCAAACTGAGAAGCTACT. 
cTCTGGATTCCGTTGTGGAAAAGCTCGGATTGGGTCCCTTCCGGCACCAC 1soo 
AGGGCCCTGGATGACGCGAGGGTCACCGCTCAGGTTTTCCTCAGGTTCGT 
TGAGATGATGAAGAAGATCGGTATCACGAAGCTTTCAGAAATGGAGAAGT leoo 
TGAAGGATACGATAGACTACACCGCGTTGAAACCCTTCCACTGCACGATC 
CTCGTTCAGAACAAAAAGGGATTGAAAAACCTATACAAACTGGTTTCTGA 17oo 
TTCCTATATAAAGTACTTCTACGGTGTTCCGAGGATCCTCAAAAGTGAGC 
TCATCGAGAACAGAGAAGGACTGCTCGTGGGTAGCGCGTGTATCTCCGGT 1soo 
GAGCTCGGACGTGCCGCCCTCGAAGGAGCGAGTGATTCAGAACTCGAAGA 
GATCGCGAAGTTCTACGACTACATAGAAGTCATGCCGCTCGACGTTATAG leoO 
CCGAAGATGAAGAAGACCTAGACAGAGAAAGACTGAAAGAAGTGTACCGA 
AAACTCTACAGAATAGCGAAAAAATTGAACAAGTTCGTCGTCATGACCGG 2 ooo 
TGATGTTCATTTCCTCGATCCCGAAGATGCCAGGGGCAGAGCTGCACTTC 
TGGCACCTCAGGGAAACAGAAACTTCGAGAATCAGCCCGCACTCTACCTC 2100 
AGAACGACCGAAGAAATGCTCGAGAAGGCGATAGAGATATTCGAAGATGA 
AGAGATCGCGAGGGAAGTCGTGATAGAGAATCCCAACAGAATAGCCGATA. 2200 
TGATCGAGGAAGTGCAGCCGCTCGAGAAAAAACTTCACCCGCCGATCATA 
GAGAACGCCGATGAAATAGTGAGAAACCTCACCATGAAGCGGGCGTACGA 2300 
GATCTACGGTGATCCGCTTCCCGAAATCGTCCAGAAGCGTGTGGAAAAGG 
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AACTGAACGCCATCATAAATCATGGATACGCCGTTCTCTATCTCATCGCT's 2400 
CAGGAGCTCGTTCAGAAATCTATGAGCGATGGTTACGTGGTTGGATCCAG . 
AGGATCCGTCGGGTCTTCACTCGTGGCCAATCTCCTCGGAATAACAGAGG 2500 
TGAATCCCCTACCACCACATTACAGGTGTCCAGAGTGCAAATACTTTGAA 
GTTGTCGAAGACGACAGATACGGAGCGGGTTACGACCTTCCCAACAAGAA 2600 
CTGTCCAAGATGTGGGGCTCCTCTCAGAAAAGACGGCCACGGCATACCGT 
TTGAAACGTTCATGGGGTTCGAGGGTGACAAGGTCCCCGACATAGATCTC 2700 
AACTTCTCAGGAGAGTATCAGGAACGTGCTCATCGTTTTGTGGAAGAACT 
CTTCGGTAAAGACCACGTCTATAGGGCGGGAACCATAAACACCATCGCGG 2800 
AAAGAAGTGCGGTGGGTTACGTGAGAAGCTACGAAGAGAAAACCGGAAAG 
AAGCTCAGAAAGGCGGAAATGGAAAGACTCGTTTCCATGATCACGGGAGT 2900 
GAAGAGAACGACGGGTCAGCACCCAGGGGGGCTCATGATCATACCGAAAG 
ACAAAGAAGTCTACGATTTCACTCCCATACAGTATCCAGCCAACGATAGA 3000 
AACGCAGGTGTGTTCACCACGCACTTCGCATACGAGACGATCCATGATGA 
CCTGGTGAAGATAGATGCGCTCGGCCACGATGATCCCACTTTCATCAAGA 3100 
TGCTCAAGGACCTCACCGGAATCGATCCCATGACGATTCCCATGGATGAC 
cCCGATACGCTCGCCATATTCAGTTCTGTGAAGCCTCTTGGTGTGGATCC 3200 
CGTTGAGCTGGAAAGCGATGTGGGAACGTACGGAATTCCGGAGTTCGGAA 
cCGAGTTTGTGAGGGGAATGCTCGTTGAAACGAGACCAAAGAGTTTCGCC 3300 
GAGCTTGTGAGAATCTCAGGACTGTCACACGGTACGGACGTCTGGTTGAA 
CAACGCACGTGATTGGATAAACCTCGGCTACGCCAAGCTCTCCGAGGTTA 3400 
TCTCGTGTAGGGACGACATCATGAACTTCCTCATACACAAAGGAATGGAA 
cCGTCACTTGCCTTCAAGATCATGGAAAACGTCAGGAAGGGAAAGGGTAT 3500 
CACAGAAGAGATGGAGAGCGAGATGAGAAGGCTGAAGGTTCCAGAATGGT 
TCATCGAATCCTGTAAAAGGATCAAATATCTCTTCCCGAAAGCTCACGCT 3600 
GTGGCTTACGTGAGTATGGCCTTCAGAATTGCTTACTTCAAGGTTCACTA 
TCCTCTTCAGTTTTACGCGGCGTACTTCACGATAAAAGGTGATCAGTTCG 3700 

. . . ATCCGGTTCTCGTACTCAGGGGAAAAGAAGCCATAAAGAGGCGCTTGAGA 
GAACTCAAAGCGATGCCTGCCAAAGACGCCCAGAAGAAAAACGAAGTGAG 38oo 
TGTTCTGGAGGTTGCCCTGGAAATGATACTGAGAGGTTTTTCCTTCCTAC 
CGCCCGACATCTTCAAATCCGACGCGAAGAAATTTCTGATAGAAGGAAAC 3900 
TCGCTGAGAATTCCGTTCAACAAACTTCCAGGACTGGGTGACAGCGTTGC 
CGAGTCGATAATCAGAGCCAGGGAAGAAAAGCCGTTCACTTCGGTGGAAG 4 ooo 
ATCTCATGAAGAGGACCAAGGTCAACAAAAATCACATAGAGCTGATGAAA 
AGCCTGGGTGTTCTCGGGGACCTTCCAGAGACGGAACAGTTCACGCTTTT 4100 
c . 
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GTGCTCGCCATGATATGGAACGACACCGTTTTTTGCGTCGTAGACACAGA 
AACCACGGGAACCGATCCCTTTGCCGGAGACCGGATAGTTGAAATAGCCG 100 
CTGTTCCTGTCTTCAAGGGGAAGATCTACAGAAACAAAGCGTTTCACTCT ... . 
CTCGTGAATCCCAGAATAAGAATCCCTGCGCTGATTCAGAAAGTTCACGG 200 
TATCAGCAACATGGACATCGTGGAAGCGCCAGACATGGACACAGTTTACG . . . 
ATCTTTTCAGGGATTACGTGAAGGGAACGGTGCTCGTGTTTCACAACGCC 300 
AACTTCGACCTCACTTTTCTGGATATGATGGCAAAGGAAACGGGAAACTT 
TCCAATAACGAATCCCTACATCGACACACTCGATCTTTCAGAAGAGATCT 400 
TTGGAAGGCCTCATTCTCTCAAATGGCTCTCCGAAAGACTTGGAATAAAA 
AccACGATACGGCACCGTGCTCTTCCAGATGCCCTGGTGACCGCAAGAGT 500 
TTTTGTGAAGCTTGTTGAATTTCTTGGTGAAAACAGGGTCAACGAATTCA ". . . 
TACGTGGAAAACGGGGG . . . . 567. 

FIG. 56 

MLAMIWNDTVFCVVDTETTGTDPFAGDRIVEIAAVPVFKGKIYRNKAFHS 
LVNPRIRIPALIQKVHGISNMDIVEAPDMDTVYDLFRDYVKGTVLVFHNA 100 
NFDLTFLDMMAKETGNFPITNPYIDTLDLSEEIFGRPHSLKWLSERLGIK 
TTIRHRALPDALVTARVFVKLVEFLGENRVNEFIRGKRG 189 

F.G. 57 
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GTGGAAGTTCTTTACAGGAAGTACAGGCCAAAGACTTTTTCTGAGGTTGT 
CAATCAGGATCATGTGAAGAAGGCAATAATCGGTGCTATTCAGAAGAACA 100 
GCGTGGCCCACGGATACATATTCGCCGGTCCGAGGGGAACGGGGAAGACT . 
ACTCTTGCCAGAATTCTCGCAAAATCCCTGAACTGTGAGAACAGAAAGGG 200 
AGTTGAACCCTGCAATTCCTGCAGAGCCTGCAGAGAGATAGACGAGGGAA 
ccTTCATGGACGTGATAGAGCTCGACGCGGCCTCCAACAGAGGAATAGAC 300 
GAGATCAGAAGAATCAGAGACGCCGTTGGATACAGGCCGATGGAAGGTAA 
ATACAAAGTCTACATAATAGACGAAGTTCACATGCTCACGAAAGAAGCCT 400 
TCAAcGCGCTCCTCAAAACACTCGAAGAACCTCCTTCCCACGTCGTGTTC 
GTGCTGGCAACGACAAACCTTGAGAAGGTTCCTCCCACGATTATCTCGAG soo 
ATGTCAGGTTTTCGAGTTCAGAAACATTCCCGACGAGCTCATCGAAAAGA 
GGCTCCAGGAAGTTGCGGAGGCTGAAGGAATAGAGATAGACAGGGAAGCT 600 
CTGAGCTTCATCGCAAAAAGAGCCTCTGGAGGCTTGAGAGACGCGCTCAC 
cATGCTCGAGCAGGTGTGGAAGTTCTCGGAAGGAAAGATAGATCTCGAGA 700 
cGGTACACAGGGCGCTCGGGTTGATACCGATACAGGTTGTTCGCGATTAC 
GTGAACGCTATCTTTTCTGGTGATGTGAAAAGGGTCTTCACCGTTCTCGA 800 
cGACGTCTATTACAGCGGGAAGGACTACGAGGTGCTCATTCAGGAAGCAG 
TCGAGGATCTGGTCGAAGACCTGGAAAGGGAGAGAGGGGTTTACCAGGTT 900 
TCAGCGAACGATATAGTTCAGGTTTCGAGACAACTTCTGAATCTTCTGAG. 
AGAGATAAAGTTCGCCGAAGAAAAACGACTCGTCTGTAAAGTGGGTTCGG, looo 
CTTACATAGCGACGAGGTTCTCCACCACAAACGTTCAGGAAAACGATGTC - 
AGAGAAAAAAACGATAATTCAAATGTACAGCAGAAAGAAGAGAAGAAAGA 1100 
AACGGTGAAGGCAAAAGAAGAAAAACAGGAAGACAGCGAGTTCGAGAAAC 
GCTTCAAAGAACTCATGGAAGAACTGAAAGAAAAGGGCGATCTCFCTATC 1200 
TTTGTCGCTCTCAGCCTCTCAGAGGTGCAGTTTGACGGAGAAAAGGTGAT 
TATTTCTTTTGATTCATCGAAAGCTATGCATTACGAGTTGATGAAGAAAA 13oo 
AACTGCCTGAGCTGGAAAACATTTTTTCTAGAAAACTCGGGAAAAAAGTA 
GAAGTTGAACTTCGACTGATGGGAAAAGAAGAAACAATCGAGAAGGTTTC 1400 
TCAGAAGATCCTGAGATTGTTTGAACAGGAGGGA - 

FIG. 58 

MEVLYRKYRPKTFSEVVNQDHVKKAIIGAIQKNSVAHGYIFAGPRGTGKT 
TLARILAKSLNCENRKGVEPCNSCRACREIDEGTFMDVIELDAASNRGID OO 
EIRRIRDAVGYRPMEGKYKVYIIDEVHMLTKEAFNALLKTLEEPPSHVVF 
VLATTNLEKVPPTIISRCOVFEFRNIPDELIEKRLQEWAEAEGIEIDREA 200 
LSFIAKRASGGLRDALTMLEQVWKFSEGKIDLETVHRALGLIPIQVVRDY 
WNAIFSGDWKRVFTVLDDVYYSGKDYEVLIQEAVEDLVEDLERERGVYOV 300 
SANDIVOVSRQLLNLLREIKFAEEKRLVCKVGSAYIATRFSTTNVQENDV 
REKNDNSNVOOKEEKKETVKAKEEKOEDSEFEKRFKELMEELKEKGDLSI 400 
FVALSLSEVOFDGEKVIISFDSSKAMHYELMKKKLPELENIFSRKLGKKV 
EVELRLMGKEETIEKVSQKILRLFEQEG 478 

FIG. 59 
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ATGAAAGTAACCGTCACGACTCTTGAATTGAAAGACAAAATAACCATCGC 
CTCAAAAGCGCTCGCAAAGAAATCCGTGAAACCCATTCTTGCTGGATTTC 100 
TTTTCGAAGTGAAAGATGGAAATTTCTACATCTGCGCGACCGATCTCGAG 
ACCGGAGTCAAAGCAACCGTGAATGCCGCTGAAATCTCCGGTGAGGCACG 200 
TTTTGTGGTACCAGGAGATGTCATTCAGAAGATGGTCAAGGTTCTCCCAG 
ATGAGATAACGGAACTTTCTTTAGAGGGGGATGCTCTTGTTATAAGTTCT 300 
GGAAGCACCGTTTTCAGGATCACCACCATGCCCGCGGACGAATTTCCAGA 
GATAACGCCTGCCGAGTCTGGAATAACCTTCGAAGTTGACACTTCGCTCC 400 
TCGAGGAAATGGTTGAAAAGGTCATCTTCGCCGCTGCCAAAGACGAGTTC 
ATGCGAAATCTGAATGGAGTTTTCTGGGAACTCCACAAGAATCTTCTCAG 500 

. GCTGGTTGCAAGTGATGGTTTCAGACTTGCACTTGCTGAAGAGCAGATAG 
AAAACGAGGAAGAGGCGAGTTTCTTGCTCTCTTTGAAGAGCATGAAAGAA 600 
GTTCAAAACGTGCTGGACAACACAACGGAGCCGACTATAACGGTGAGGTA 
cGATGGAAGAAGGGTTTCTCTGTCGACAAATGATGTAGAAACGGTGATGA 700 
GAGTGGTCGACGCTGAATTTCCCGATTACAAAAGGGTGATCCCCGAAACT 
TTCAAAACGAAAGTGGTGGTTTCCAGAAAAGAACTCAGGGAATCTTTGAA 800 
GAGGGTGATGGTGATTGCCAGCAAGGGAAGCGAGTCCGTGAAGTTCGAAA 
TAGAAGAAAACGTTATGAGACTTGTGAGCAAGAGCCCGGATTATGGAGAA soo 
GTGGTCGATGAAGTTGAAGTTCAAAAAGAAGGGGAAGATCTCGTGATCGC 
TTTCAACCCGAAGTTCATCGAGGACGTTTTGAAGCACATTGAGACTGAAG looo 
AAATCGAAATGAACTTCGTTGATTCTACCAGTCCATGTCAGATAAATCCA 
cTCGATATTTCTGGATACCTTTACATAGTGATGCCCATCAGACTGGCA 1098 

FIG. 60 

MKVTVTTLELKDKITIASKALAKKSVKPILAGFLFEVKDGNFYICATDLE 
TGVKATVNAAEISGEARFVVPGDVIQKMVKVLPDEITELSLEGDALVISS 100 
GSTVFRITTMPADEFPEITPAESGITFEVDTSLLEEMVEKVIFAAAKDEF 
MRNLNGVFWELHKNLLRLVASDGFRLALAEEQIENEEEASFLLSLKSMKE 200 
voNVLDNTTEPTITVRYDGRRVSLSTNDVETVMRVVDAEFPDYKRVIPET 
FKTKvvvSRKELRESLKRVMVIASKGSESVKFEIEENVMRLVSKSPDYGE 300 
VVDEVEVOKEGEDLVIAFNPKFIEDVLKHIETEEIEMNFVDSTSPCOINP 
LDISGYLYIVMPIRLA 366 

FIG.61 
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ATGCCAGTCACGTTTCTCACAGGTACTGCAGAAACTCAGAAGGAAGAATT 
GATAAAGAAACTCCTGAAGGATGGTAACGTGGAGTACATAAGGATCCATc 100 
CGGAGGATCCCGACAAGATCGATTTCATAAGGTCTTTACTCAGGACAAAG 
ACGATCTTTTCCAACAAGACGATCATTGACATCGTCAATTTCGATGAGTG 200 GAAAGCACAGGAGCAGAAGCGTCTCGTTGAACTTTTGAAAAACGTACCGG 
AAGACGTTCATATCTTCATCCGTTCTCAAAAAACAGGTGGAAAGGGAGTA 300 
GCGCTGGAGCTTCCGAAGCCATGGGAAACGGACAAGTGGCTTGAGTGGAT 
AGAAAAGCGCTTCAGGGAGAATGGTTTGCTCATCGATAAAGATGCCCTTC 400 
AGCTGTTTTTCTCCAAGGTTGGAACGAACGACCTGATCATAGAAAGGGAG. 
ATTGAAAAACTGAAAGCTTATTCCGAGGACAGAAAGATAACGGTAGAAGA 500 
ccTGGAAGAGGTCGTTTTTACCTATCAGACTCCGGGATACGATGATTTTT 
GCTTTGCTGTTTCCGAAGGAAAAAGGAAGCTCGCTCACTCTCTTCTGTCG ... 600 
CAGCTGTGGAAAACCACAGAGTCCGTGGTGATTGCCACTGTCCTTGCGAA 
TCACTTCTTGGATCTCTTCAAAATCCTCGTTCTTGTGACAAAGAAAAGAT 700 
ACTACACCTGGCCTGATGTGTCCAGGGTGTCCAAAGAGCTGGGAATTCCC 
GTTCCTCGTGTGGCTCGTTTCCTCGGTTTCTCCTTTAAGACCTGGAAATT soo 
CAAGGTGATGAACCACCTCCTCTACTACGATGTGAAGAAGGTTAGAAAGA . 
TACTGAGGGATCTCTACGATCTGGACAGAGCCGTGAAAAGCGAAGAAGAT 90o CCAAAACCGTTCTTCCACGAGTTCATAGAAGAGGTGGCACTGGATGTATA 
TTCTCTTCAGAGAGATGAAGAA 972 

FIG. 62 

MPVTFLTGTAETOKEELIKKLLKDGNVEYIRIHPEDPDKIDFIRSLLRTK 
TIFSNKTIIDIVNFDEWKAQEQKRLVELLKNVPEDVHIFIRSQKTGGKGw loo 
ALELPKPWETDKWLEWIEKRFRENGLLIDKDALQLFFSKVGTNDLIIERE 
IEKLKAYSEDRKITVEDVEEVVFTYQTPGYDDFCFAVSEGKRKLAHSLLS 200 
QLWKTTESVVIATVLANHFLDLFKILVLVTKKRYYTWPDVSRVSKELGIP 
vPRVARFLGFSFKTWKFKVMNHLLYYDVKKVRKILRDLYDLDRAVKSEED 300 
PKPFFHEFIEEVALDVYSLQRDEE 

FIG. 63 
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ATGAACGATTTGATCAGAAAGTACGCTAAAGATCAACTGGAAACTTTGAA. 
AAGGATCATAGAAAAGTCTGAAGGAATATCCATCCTCATAAATGGAGAAG 100 
ATCTCTCGTATCCGAGAGAAGTATCCCTTGAACTTCCCGAGTACGTGGAG . 
AAATTTCCCCCGAAGGCCTCGGATGTTCTGGAGATAGATCCCGAGGGGGA 200 
GAACATAGGCATAGACGACATCAGAACGATAAAGGACTTCCTGAACTACA . 
GCCCCGAGCTCTACACGAGAAAGTACGTGATAGTCCACGACTGTGAAAGA 300 
ATGACCCAGCAGGCGGCGAACGCGTTTCTGAAGGCCCTTGAAGAACCACC - 

: AGAATACGCTGTGATCGTTCTGAACACTCGCCGCTGGCATTATCTACTGC 400 
CGACGATAAAGAGCCGAGTGTTCAGAGTGGTTGTGAACGTTCCAAAGGAG 
TTCAGAGATCTCGTGAAAGAGAAAATAGGAGATCTCTGGGAGGAACTTCC 500 

. ACTTCTTGAGAGAGACTTCAAAACGGCTCTCGAAGCCTACAAACTTGGTG 
CGGAAAAACTTTCTGGATTGATGGAAAGTCTCAAAGTTTTGGAGACGGAA 600 
AAACTCTTGAAAAAGGTCCTTTCAAAAGGCCTCGAAGGTTATCTCGCATG 
TAGGGAGCTCCTGGAGAGATTTTCAAAGGTGGAATCGAAGGAATTCTTTG 700 
CGCTTTTTGATCAGGTGACTAACACGATAACAGGAAAAGACGCGTTTCTT 
TTGATCCAGAGACTGACAAGAATCATTCTCCACGAAAACACATGGGAAAG 800. 
CGTTGAAGATCAAAAAAGCGTGTCTTTCCTCGATTCAATTCTCAGGGTGA 
AGATAGCGAATCTGAACAACAAACTCACTCTGATGAACATCCTCGCGATA 900 
CACAGAGAGAGAAAGAGAGGTGTCAACGCTTGGAGC 

FIG. 64 

MNDLIRKYAKDQLETLKRIIEKSEGISILINGEDLSYPREVSLELPEY VE 
KFPPKASDVLEIDPEGENIGIDDIRTIKDFLNYSPELYTRKYVIVHDCER loo 
MTOOAANAFLKALEEPPEYAVIVLNTRRWHYLLPTIKSRVFRVVVNVPKE 
FRDLVKEKIGDLWEELPLLERDFKTALEAYKLGAEKLSGLMESLKVLETE 200 
KLLKKVLSKGLEGYLACRELLERFSKVESKEFFALFDQVTNTITGKDAFL 
LIQRLTRIILHENTWESVEDKSVSFLDSILRVKIANLNNKLTLMNILAIH 300. 
RERKRGVNAWS 

F.G. 65 
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ATGTCTTTCTTCAACAAGATCATACTCATAGGAAGACTCGTGAGAGATCC 
CGAAGAGAGATACACGCTCAGCGGAACTCCAGTCACCACCTTCACCATAG 100 

- CGGTGGACAGGGTTCCCAGAAAGAACGCGCCGGACGACGCTCAAACGACT 
GATTTCTTCAGGATCGTCACCTTTGGAAGACTGGCAGAGTTCGCTAGAAC 2OO 
CTATCTCACCAAAGGAAGGCTCGTTCTCGTCGAAGGTGAAATGAGAATGA 
GAAGATGGGAAACACCCACTGGAGAAAAGAGGGTATCTCCGGAGGTTGTC 3OO . 
GCAAACGTTGTTAGATTCATGGACAGAAAACCTGCTGAAACAGTTAGCGA 
GACTGAAGAGGAGCTGGAAATACCGGAAGAAGACTTTTCCAGCGATACCT 4 OO 
TCAGTGAAGATGAACCACCATTT 

F.G. 66 

MSFFNKIILIGRLVRDPEERYTLSGTPVTTFTIAVDRVPRKNAPDDAQTT 
DFFRIVTFGRLAEFARTYLTKGRLVLVEGEMRMRRWETPTGEKRVSPEVV OO 
ANVVRFMDRKPAETVSETEEELEIPEEDFSSDTFSEDEPPF 

FIG. 67 
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ATGCGTGTTCCCCCGCACAACTTAGAGGCCGAAGTTGCTGTGCTCGGAAG 
CATATTGATAGATCCGTCGGTAATAAACGACGTTCTTGAAATTTTGAGCC 100 
ACGAAGATTTCTATCTGAAAAAACACCAACACATCTTCAGAGCGATGGAA 
GAGCTTTACGACGAAGGAAAACCGGTGGACGTGGTTTCCGTCTGTGACAA 200 
GCTTCAAAGCATGGGAAAACTCGAGGAAGTAGGTGGAGATCTGGAAGTGG 
CCCAGCTCGCTGAGGCTGTGCCCAGTTCTGCACACGCACTTCACTACGCG 3oo 
GAGATCGTCAAGGAAAAATCCATTCTGAGGAAACTCATTGAGATCTCCAG 
AAAAATCTCAGAAAGTGCCTACATGGAAGAAGATGTGGAGATCCTGCTCG 400 
ACAACGCAGAAAAGATGATCTTCGAGATCTCAGAGATGAAAACGACAAAA 
TCCTACGATCATCTGAGAGGCATCATGCACCGGGTGTTTGAAAACCTGGA 500 
GAACTTCAGGGAAAGAGCCAACCTTATAGAACCCGGTGTGCTCATAACGG r . 
GACTACCAACGGGATTCAAAAGTCTGGACAAACAGACCACAGGGTTCCAC 600 
AGCTCCGATCTGGTGATAATAGCAGCGAGACCCTCCATGGGAAAAACCTC 
CTTCGCACTCTCAATAGCGAGGAACATGGCTGTCAATTTCGAAATCCCCG 700 
TCGGAATATTCAGTCTCGAGATGTCCAAGGAACAGCTCGCTCAAAGACTA 
CTCAGCATGGAGTCCGGTGTGGATCTTTACAGCATCAGAACAGGATACCT 800 
GGATCAGGAGAAGTGGGAAAGACTCACAATAGCGGCTTCTAAACTCTACA 
AAGCACCCATAGTTGTGGACGATGAGTCACTCCTCGATCCGCGATCGTTG 900 
AGGGCAAAAGCGAGAAGGATGAAAAAAGAATACGATGTAAAAGCCATTTT. 
TGTCGACTATCTCCAGCTCATGCACCTGAAAGGAAGAAAAGAAAGCAGAC 1000 
AGCAGGAGATATCCGAGATCTCGAGATCTCTGAAGCTCCTTGCGAGGGAA. 
CTCGACATAGTGGTGATAGCGCTTTCACAGCTTTCGAGGGCCGTAGAACA 1100 
GAGAGAAGACAAAAGACCGAGGCTGAGTGACCTCAGGGAATCCGGTGCGA 
TAGAACAGGACGCAGACACAGTCATCTTCATCTACAGGGAGGAATATTAC 1200 
AGGAGCAAAAAATCCAAAGAGGAAAGCAAGCTTCACGAACCTCACGAAGC 
TGAAATCATAATAGGTAAACAGAGAAACGGTCCCGTTGGAACGATCACTC 1300 
TGATCTTCGACCCCAGAACGGTTACGTTCCATGAAGTCGATGTGGTGCAT 
TCA - 1353 

FIG. 68 

MRVPPHNLEAEVAVLGSILIDPSVINDVLEILSHEDFYLKKHOHIFRAME 
ELYDEGKPVDVVSVCDKLOSMGKLEEWGGDLEVAQL.AEAVPSSAHALHYA OO 
EIVKEKSILRKLIEISRKISESAYMEEDVEILLDNAEKMIFEISEMKTTK 
SYDHLRGIMHRVFENLENFRERANLIEPGVLITGLPTGFKSLDKQTTGFH 2 OO 
SSDLVIIAARPSMGKTSFALSIARNMAVNFEIPVGIFSLEMSKEQLAQRL 
LSMESGWDLYSIRTGYLDOEKWERLTIAASKLYKAPIVVDDESLLDPRSL 300 
RAKARRMKKEYDVKAIFVDYLQLMHLKGRKESROQEISEISRSLKLLARE 
LDIVVIALSQLSRAVEQREDKRPRLSDLRESGAIEQDADTVIFIYREEYY 400 
RSKKSKEESKLHEPHEAEIIIGKQRNGPVGTITLIFDPRTVTFHEVDVVH 
S 45 

F.G. 69 
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GTGATTCCTCGAGAGGTCATCGAGGAAATAAAAGAAAAGGTTGACATCGT 
AGAGGTCATTTCCGAGTACGTGAATCTTACCCGGGTAGGTTCCTCCTACA "loo 
GGGCTCTCTGTCCCTTTCATTCAGAAACCAATCCTTCTTTCTACGTTCAT - 
cCGGGTTTGAAGATATACCATTGTTTCGGCTGCGGTGCGAGTGGAGACGT 200 
CATCAAATTTCTTCAAGAAATGGAAGGGATCAGTTTCCAGGAAGCGCTGG 
AAAGACTTGCCAAAAGAGCTGGGATTGATCTTTCTCTCTACAGAACAGAA 300 GGGACTTCTGAATACGGAAAATACATTCGTTTGTACGAAGAAACGTGGAA 
AAGGTACGTCAAAGAGCTGGAGAAATCGAAAGAGGCAAAAGACTATTTAA 400 AAAGCAGAGGCTTCTCTGAAGAAGATATAGCAAAGTTCGGCTTTGGGTAC 
GTCCCCAAGAGATCCAGCATCTCTATAGAAGTTGCAGAAGGCATGAACAT. 500 AACACTGGAAGAACTTGTCAGATACGGTATCGCGCTGAAAAAGGGTGATC 
GATTCGTTGATAGATTCGAAGGAAGAATCGTTGTTCCAATAAAGAACGAC 600 AGTGGTCATATTGTGGCTTTTGGTGGGCGTGCTCTCGGCAACGAAGAAcc. 
GAAGTATTTGAACTCTCCAGAGACCAGGTATTTTTCGAAGAAGAAGACCC 700 TTTTTCTCTTCGATGAGGCGAAAAAAGTGGCAAAAGAGGTTGGTTTTTTC 
GTCATCACCGAAGGCTACTTCGACGCGCTCGCATTCAGAAAGGATGGAAT 8oo AccAACGGCGGTCGCTGTTCTTGGGGCGAGTCTTTCAAGAGAGGCGATTC 
TAAAACTTTCGGCGTATTCGAAAAACGTCATACTGTGTTTCGATAATGAC 900 
AAAGCAGGCTTCAGAGCCACTCTCAAATCCCTCGAGGATCTCCTAGACTA 
CGAATTCAACGTGCTTGTGGCAACCCCCTCTCCTTACAAAGACCCAGATG 1000 
AACTCTTTCAGAAAGAAGGAGAAGGTTCATTGAAAAAGATGCTGAAAAAC. 
TCGCGTTCGTTCGAATATTTTCTGGTGACGGCTGGTGAGGTCTTCTTTGA 1100 CAGGAACAGCCCCGCGGGTGTGAGATCCTACCTTTCTTTCCTCAAAGGTT GGGTCCAAAAGATGAGAAGGAAAGGATATTTGAAACACATAGAAAATCTC 1200 GTGAATGAGGTTTCATCTTCTCTCCAGATACCAGAAAACCAGATTTTGAA 
CTTTTTTGAAAGCGACAGGTCTAACACTATGCCTGTTCATGAGACCAAGT 1300 
CGTCAAAGGTTTACGATGAGGGGAGAGGACTGGCTTATTTGTTTTTGAAC 
TACGAGGATTTGAGGGAAAAGATTCTGGAACTGGACTTAGAGGTACTGGA 1400 
AGATAAAAACGCGAGGGAGTTTTTCAAGAGAGTCTCACTGGGAGAAGATT 
TGAACAAAGTCATAGAAAACTTCCCAAAAGAGCTGAAAGACTGGATTTTT 1500 
GAGACAATAGAAAGCATTCCTCCTCCAAAGGATCCCGAGAAATTCCTCGG 
TGACCTCTCCGAAAAGTTGAAAATCCGACGGATAGAGAGACGTATCGCAG le. OO 
AAATAGATGATATGATAAAGAAAGCTTCAAACGATGAAGAAAGGCGTCTT 
CTTCTCTCTATGAAAGTGGATCTCCTCAGAAAAATAAAGAGGAGG 1695 

FIG. 70 
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MIPREVIEEIKEKVDIVEVISEYVNLTRVGSSYRALCPFHSETNPSFYVH 
PGLKIYHCFGCGASGDVIKFLQEMEGISFQEALERLAKRAGIDLSLYRTE 100 
GTSEYGKYIRLYEETWKRYVKELEKSKEAKDYLKSRGFSEEDIAKFGFGY . . . 
VPKRSSISIEVAEGMNITLEELVRYGIALKKGDRFVDRFEGRIVVPIKND -200 
SGHIVAFGGRALGNEEPKYLNSPETRYFSKKKTLFLFDEAKKVAKEVGFF 
vITEGYFDALAFRKDGIPTAVAVLGASLSREAILKLSAYSKNVILCFDND 300 
KAGFRATLKSLEDLLDYEFNVLVATPSPYKDPDELFQKEGEGSLKKMLKN 
SRSFEYFLVTAGEVFFDRNSPAGVRSYLSFLKGWVQKMRRKGYLKHIENL 400 
vNEvssSLQIPENOILNFFESDRSNTMPVHETKSSKVYDEGRGLAYLFLN 
YEDLREKILELDLEVLEDKNAREFFKRVSLGEDLNKVIENFPKELKDWIF 500 
ETIESIPPPKDPEKFLGDLSEKLKIRRIERRIAEIDDMIKKASNDEERRL 
LLSMKVDLLRKIKRR . 565 

FIG.71 

ATGGCTCTACACCCGGCTCACCCTGGGGCAATAATCGGGCACGAGGCCGT 
TCTCGCCCTCCTTCCCCGCCTCACCGCCCAGACCCTGCTCTTCTCCGGCC 100 
CCGAGGGGGTGGGGCGGCGCACCGTGGCCCGCTGGTACGCCTGGGGGCTC 
AACCGCGGCTTCCCCCCGCCCTCCCTGGGGGAGCACCCGGACGTCCTCGA 200 
GGTGGGGCCCAAGGCCCGGGACCTCCGGGGCCGGGCCGAGGTGCGGCTGG 
AGGAGGTGGCGCCCCTCTTGGAGTGGTGCTCCAGCCACCCCCGGGAGCGG 300 
GTGAAGGTGGCCATCCTGGACTCGGCCCACCTCCTCACCGAGGCCGCCGC 
CAACGCCCTCCTCAAGCTCCTGGAGGAGCCCCCTTCCTACGCCCGCATCG 4oo 
TCCTCATCGCCCCAAGCCGCGCCACCCTCCTCCCCACCCTGGCCTCCCGG 
GCCACGGAGGTGGCATTCGCCCCCGTGCCCGAGGAGGCCCTGCGCGCCCT 500 
CACCCAGGACCCGGAGCTCCTCCGCTACGCCGCCGGGGCCCCGGGCCGCC 
TCCTTAGGGCCCTCCAGGACCCGGAGGGGTACCGGGCCCGCATGGCCAGG 600 
GCGCAAAGGGTCCTGAAAGCCCCGCCCCTGGAGCGCCTCGCTTTGCTTCG 
GGAGCTTTTGGCCGAGGAGGAGGGGGTCCACGCCCTCCACGCCGTCCTAA 700 
AGCGCCCGGAGCACCTCCTTGCCCTGGAGCGGGCGCGGGAGGCCCTGGAG 
GGGTACGTGAGCCCCGAGCTGGTCCTCGCCGGGCTGGCCTTAGACTTAGA 8 OO 
GACA . 

FIG. 72 

MALHPAHPGAIIGHEAVLALLPRLTAQTLLFSGPEGVGRRTVARWYAWGL 
NRGFPPPSLGEHPDVLEVGPKARDLRGRAEVRLEEVAPLLEWCSSHPRER 1OO 
vKVAILDSAHLLTEAAANALLKLLEEPPSYARIVLIAPSRATLLPTLASR. 
ATEVAFAPVPEEALRALTQDPELLRYAAGAPGRLLRALQDPEGYRARMAR 2OO 
AQRVLKAPPLERLALLRELLAEEEGVHALHAVLKRPEHLLALERAREALE 
GYvSPELVLARLALDLET - 268 

FIG.73 
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ATGCTGGACCTGAGGGAGGTGGGGGAGGCGGAGTGGAAGGCCCTAAAGCC 
cCTTTTGGAAAGCGTGCCCGAGGGCGTCCCCGTCCTCCTCCTGGACCCTA 100 AGCCAAGCCCCTCCCGGGCGGCCTTCTACCGGAACCGGGAAAGGCGGGAC 
TTCCCCACCCCCAAGGGGAAGGACCTGGTGCGGCACCTGGAAAACCGGGC 200 
CAAGCGCCTGGGGCTCAGGCTCCCGGGCGGGGTGGCCCAGTACCTGGCCT 
cCCTGGAGGGGGACCTCGAGGCCCTGGAGCGGGAGCTGGAGAAGCTTGCC 300 
CTCCTCTCCCCACCCCTCACCCTGGAGAAGGTGGAGAAGGTGGTGGCCCT - 
GAGGCCCCCCCTCACGGGCTTTGACCTGGTGCGCTCCGTCCTGGAGAAGG 400 
ACCCCAAGGAGGCCCTCCTGCGCCTAGGCGGCCTCAAGGAGGAGGGGGAG 
GAGCCCCTCAGGCTCCTCGGGGCCCTCTCCTGGCAGTTCGCCCTCCTCGC 500 cCGGGCCTTCTTCCTCCTCCGGGAAAACCCCAGGCCCAAGGAGGAGGACC 
TCGCCCGCCTCGAGGCCCACCCCTACGCCGCCCGCCGCGCCCTGGAGGCG 600 
GCGAAGCGCCTCACGGAAGAGGCCCTCAAGGAGGCCCTGGACGCCCTCAT 
GGAGGCGGAAAAGAGGGCCAAGGGGGGGAAAGACCCGTGGCTCGCCCTGG 700 
AGGCGGCGGTCCTCCGCCTCGCCCGTTGA 

FIG. 74 

MVIAFTGDPFLAREALLEEARLRGLSRFTEPTPEALAQALAPGLFGGGGA 
MLDLREVGEAEWKALKPLLESVPEGVPVLLLDPKPSPSRAAFYRNRERRD 100 
FPTPKGKDLVRHLENRAKRLGLRLPGGVAQYLASLEGDLEALERELEKLA 
LLSPPLTLEKVEKVVALRPPLTGFDLVRSVLEKDPKEALLRLGGLKEEGE 200 EPLRLLGALSWQFALLARAFFLILRENPRPKEEDLARLEAHPYAARRALEA 
AKRLTEEALKEALDALMEAEKRAKGGKDPWLALEAAVLRLAR 292 

FIG. 75 
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ATGGCTCGAGGCCTGAACCGCGTTTTCCTCATCGGCGCCCTCGCCACCCG 
GCCGGACATGCGCTACACCCCGGCGGGGCTCGCCATTTTGGACCTGACCC. 100 
TCGCCGGTCAGGACCTGCTTCTTTCCGATAACGGGGGGGAACCGGAGGTG : 
TCCTGGTACCACCGGGTGAGGCTCTTAGGCCGCCAGGCGGAGATGTGGGG 200 CGACCTCTTGGACCAAGGGCAGCTCGTCTTCGTGGAGGGCCGCCTGGAGT 
ACCGCCAGTGGGAAAGGGAGGGGGAGAAGCGGAGCGAGCTCCAGATCCGG 300 GCCGACTTCCGGACCCCCTGGACGACCGGGGGAAGAAGCGGGCGGAGGAC 
AGCCGGGGCCAGCCCAGGCTCCGCGCCGCCCTGAACCAGGTCTTCCTCAT 400 
GGGCAACCTGACCCGGGACCCGGAACTCCGCTACACCCCCCAGGGCACCG . 

: CGGTGGCCCGGCTGGGCCTGGCGGTGAACGAGCGCCGCCAGGGGGCGGAG 500 GAGCGCACCCACTTCGTGGAGGTTCAGGCCTGGCGCGACCTGGCGGAGTG GGCCGCCGAGCTGAGGAAGGGCGACGGCCTTTTCGTGATCGGCAGGTTGG 600 TGAACGACTCCTGGACCAGCTCCAGCGGCGAGCGGCGCTTCCAGACCCGT GTGGAGGCCCTCAGGCTGGAGCGCCCCACCCGTGGACCTGCCCAGGCCTG 700 
CCCAGGCCGGCGGAACAGGTCCCGCGAAGTCCAGACGGGTGGGGTGGACA TTGACGAAGGCTTGGAAGACTTTCCGCCGGAGGAGGATTTGCCGTTTTGA 800 

FIG. 76 

MARGLNRVFLIGALATRPDMRYTPAGLAILDLTLAGQDLLLSDNGGEPEv 
SWYHRVRLLGRQAEMWGDLLDQGQLVFVEGRLEYRQWEREGEKRSELQIR loo ADFLDPLDDRGKKRAEDSRGQPRLRAALNQVFLMGNLTRDPELRYTPQGT 
AVARLGLAVNERROGAEERTHFVEVOAWRDLAEWAAELRKGDGLFVIGRL 200 VNDSWTSSSGERRFOTRVEALRLERPTRGPAQACPGRRNRSREVOTGGVD 
IDEGLEDFPPEEDLPF 266 

FIG. 77 
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AATTCCGACATTTCAATTGAATCGTTTATTCCGCTTGAAAAAGAAGGCAA 
GTTGCTCGTTGATGTGAAAAGACCGGGGAGCATCGTACTGCAGGCGCGCT 100 
TTTTCTCTGAAATCGTGAAAAAACTGCCGCAACAAACGGTGGAAATCGAA 
ACGGAAGACAACTTTTTGACGATCATCCGCTCGGGGCACTCAGAATTCCG 200 
CCTCAATGGGCTAAACGCCGACGAATATCCGCGCCTGCCGCAAATTGAAG 
AAGAAAACGTGTTTCAAATCCCGGCTGATTTATTGAAAACCGTGATTCGG 300 
CAAACGGTGTTCGCCGTTTCTACATCGGAAACGCGCCCAATCTTGACAGG 
TGTCAACTGGAAAGTTGAACATGGCGAGCTTGTCTGCACAGCGACCGACA 400 
GTCATCGCTTAGCCATGCGCAAAGTGAAAATTGAGTCGGAAAATGAAGTA 
TCATACAACGTCGTCATCCCTGGAAAAAGTCTTAATGAGCTCAGCAAAAT. 500 
TTTGGATGACGGCAACCACCCGGTGGACATCGTCATGACAGCCAATCAAG. . . . 
TGCTATTTAAGGCCGAGCACCTTCTCTTCTTTTCCCGGCTGCTTGACGGC 600 
AACTATCCGGAGACGGCCCGCTTGATTCCAACAGAAAGCAAAACGACCAT 
GATCGTCAATGcAAAAGAGTTTCTGCAGGCAATCGACCGAGCGTCCTTGC 700 
TTGCTCGAGAAGGAAGGAACAACGTTGTGAAACTGACGACGCTTCCTGGA 
GGAATGCTCGAAATTTCTTCGATTTCTCCGAGATCGGGAAAGTGACGGAG 800 
CAGCTGCAAACGGAGTCTCTTGAAGGGGAAGAGTTGAACATTTCGTTCAG 
CGCGAAATATATGATGGACGCGTTGCGGGCGCTTGATGGAACAGACATTT 9oo. 
CAAATCAGCTTCACTGGGGCCATGCGGCCGTTCCTGTTGCGCCCGCTTCA 
AccGATTCGATGCTTCAGCTCATTTTGCCGGTGAGAACATAT 992 

FIG.78 

NSDIsIIESFIPLEKEGKLLVDVKRPGSIVLQARFFSEIVKKLPQOTVEI 
ETEDNFLTIIRSGHSEFRLNGLNADEYPRLPQIEEENVFQIPADLLKTVI loo 
ROTVFAVSTSETRPILTGVNWKVEHGELVCTATDSHRLAMRKVKIIESEN 
EVSYNVVIPGKSLNELSKIILDDGNHPVDIVMTANQVLFKAEHLLFFSRL 200 
LDGNYPETARLIPTESKTTMIVNAKEFLQAIDRASLLAREGRNNVVKLTT 
LPGGMLEISSISPEIGKVTEQLQTESLEGEELNISFSAKYMMDALRALDG 300 
TDIQISFTGAMRPFLLRPLHTDSMLQLILPVRTY 

FIG. 79 
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ATGATTAACCGCGTCATTTTGGTCGGCAGGTTAACGAGAGATCGGGAGTT GCGTTACACTCCAAGCGGAGTGGCTGTTGCCACGTTTACGCTCGCGGTCA 160 ACCGTCCGTTTACAAATCAGCAGGGCGAGCGGGAAACGGATTTTATTCAA TGTGTCGTTTGGCGCCGCCAGGCGGAAAACGTCGCCAACTTTTTGAAAAA 200 
GGGGAGCTTGGCTGGTGTCGATGGCCGACTGCAAACCCGCAGCTATGAAA r" ATCAAGAAGGTCGGCGTGTGTACGTGACGGAAGTGGTGGCTGATAGCGTC 300 CAATTTCTTGAGCCGAAAGGAACGAGCGAGCAGCGAGGGGCGACAGCAGG 
CGGCTACTATGGGGATCCATTCCCATTCGGGCAAGATCAGAACCACCAAT 400 
ATCCGAACGAAAAAGGGTTTGGCCGCATCGATGACGATCCTTTCGCCAAT : 
GACGGCCAGCCGATCGATATTTCTGATGATGATTTGCCGTTT 492 

FIG. 8O 

MINRVILVGRITRDPELRYTPSGVAVATFTLAVNRPFTNQSYENQEGRRv 
- YVTEVVADSVQFLEPKGTSEQRGATAGGYYQGERETDFIQCVVWRROAEN loo VANFLKKGSLAGVDGRLOTRGDPFPFGQDQNHQYPNEKGFGRIDDDPFAN DGQPIDISDDDLPF 164 

FIG. 81 
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ATGCTGGAACGCGTATGGGGAAACATTGAAAAACGGCGTTTTTCTCCCCT 
TTATTTATTATACGGCAATGAGCCGTTTTTATTAACGGAAACGTATGAGC 100 
GATTGGTGAACGCAGCGCTTGGCCCCGAGGAGCGGGAGTGGAACTTGGCT 
GTGTACGACTGCGAGGAAACGCCGATCGAGGCGGCGCTTGAGGAGGCCGA 200 
GACGGTGCCGTTTTTCGGCGAGCGGCGTGTCATTCTCATCAAGCATCCAT 
ATTTTTTTACGTCTGAAAAAGAGAAGGAGATCGAACATGATTTGGCGAAG 300 
CTGGAGGCGTACTTGAAGGCGCCGTCGCCGTTTTCGATCGTCGTCTTTTT 
CGCGCCGTACGAGAAGCTTGATGAGCGAAAAAAAATTACGAAGCTCGCCA 400 
AAGAGCAAAGCGAAGTCGTCATCGCCGCCCCGCTCGCCGAAGCGGAGCTG 
CGTGCCTGGGTGCGGCGCCGCATCGAGAGCCAAGGGGCGCAAGCAAGCGA 500 
CGAGGCGATTGATGTCCTGTTGCGGCGGGCCGGGACGCAGCTTTCCGCCT 
TGGCGAATGAAATCGATAAATTGGCCCTGTTTGCCGGATCGGGCGGAAcc. 600 
ATCGAGGCGGCGGCGGTTGAGCGGCTTGTCGCCCGCACGCCGGAAGAAAA 
cGTATTTGTGCTTGTCGAGCAAGTGGCGAAGCGCGACATTCCAGCAGCGT 700 
TGCAGACGTTTTATGATCTGCTTGAAAACAATGAAGAGCCGATCAAAATT 
TTGGCGTTGCTCGCCGCCCATTTCCGCTTGCTTTCGCAAGTGAAATGGCT 800 
TGCCTCCTTAGGCTACGGACAGGCGCAAATTGCTGCGGCGCTCAAGGTGC 
AccoGTTCCGCGTCAAGCTCGCTCTTGCTCAAGCGGCCCGCTTCGCTGAC 900 GGAGAGCTTGCTGAGGCGATCAACGAGCTCGCTGACGCCGATTACGAAGT 
GAAAAGCGGGGCGGTCGATCGCCGGTTGGCCGTTGAGCTGCTTCTGATGC looo 
GCTGGGGCGCCCGCCCGGCGCAAGCGGGGCGCCACGGCCGGCGG 

FIG. 82 

MLERVWGNIEKRRFSPLYLLYGNEPFL.LTETYERLVNAALGPEEREWNLA 
vYDCEETPIEAALEEAETVPFFGERRVILIKHPYFFTSEKEKEIEHDLAK 100 
LEAYLKAPSPFSIVVFFAPYEKLDERKKITKLAKEQSEVVIAAPLAEAEL 
RAWVRRRIESQGAQASDEAIDVLLRRAGTQLSALANEIDKLALFAGSGGT 200 
IEAAAVERLVARTPEENVFWLVEQVAKRDIPAALQTFYDLLENNEEPIKI 
LALLAAHFRLLSQVKWLASLGYGQAQIAAALKVHPFRVKLALAQAARFAD 300 
GELAEAINELADADYEVKSGAVDRRLAVELLLMRWGARPAQAGRHGRR 

FIG. 83 
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ATGcGATGGGAACAGCTAGCGAAACGCCAGCCGGTGGTGGCGAAAAIGCT 
GCAAAGCGGCTTGGAAAAAGGGCGGATTTCTCATGCGTACTTGTTTGAGG 100 GGCAGCGGGGGACGGGCAAAAAAGCGGCCAGTTTGTTGTTGGCGAAACGT 
TTGTTTTGTCTGTCCCCAATCGGAGTTTCCCCGTGTCTAGAGTGCCGCAA 200. CTGCCGGCGCATCGACTCCGGCAACCACCCTGACGTCCGGGTGATCGGCC 
CAGATGGAGGATCAATCAAAAAGGAACAAATCGAATGGCTGCAGCAAGAG 300 TTCTCGAAAACAGCGGTCGAGTCGGATAAAAAAATGTACATCGTTGAGCA CGCCGATCAAATGACGACAAGCGCTGCCAACAGCCTTCTGAAATTTTTGG 400 AAGAGCCGCATCCGGGGACGGTGGCGGTATTGCTGACTGAGCAATACCAC 
cGCCTGCTAGGGACGATCGTTTCCCGCTGTCAAGTGCTTTCGTTCCGGCC 500 GTTGccGCCGGCAGAGCTCGCCCAGGGACTTGTCGAGGAGCACGTGCCGT TGCCGTTGGCGCTGTTGGCTGCCCATTTGACAAACAGCTTCGAGGAAGCA 600 CTGGCGCTTGCCAAAGATAGTTGGTTTGCCGAGGCGCGAACATTAGTGCT ACAATGGTATGAGATGCTGGGCAAGCCGGAGCTGCAGCTTTTGTTTTTCA 700 TCCACGACCGCTTGTTTCCGCATTTTTTGGAAAGCCATCAGCTTGACCTT 
GGACTTG . . " 757 

FIG. 84 

MRWEQLAKRQPVVAKMLQSGLEKGRISHAYLFEGQRGTGKKAASLLLAKR LFCLSPIGVSPCLECRNCRRIDSGNHPDVRVIGPDGGSIKKEQIEWLOOE 100 FSKTAVESDKKMYIVEHADOMTTSAANSLLKFLEEPHPGTVAVLLTEQYH 
RLLGTIVSRCOVLSFRPLPPAELAQGLVEEHVPLPLALLAAHLTNSFEEA 200 LALAKDSWFAEARTLVLQWYEMLGKPELQLLFFIHDRLFPHFLESHOLDL 
GL - 252 

FIG. 85 
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(STGGCATACCAAGCGTTATATCGCGTGTTTCGGCCGCAGCGCTTTGCGGA 
(CATGGTCGGCCAAGAACACGTGACCAAGACGTTGCAAAGCGCCCTGCTTC 100 AACATAAAATATCGCACGCTTACTTATTTTCCGGCCCGCGCGGTACAGGA AAAACGAGCGCAGCGAAAATTTTCGCCAAGGCGGTCAACTGTGAACAGGC 200 
GCCAGCGGCGGAGCCATGCAATGAGTGTCCAGCTTGCCTCGGCATTACGA . . 
ATGGAACGGTTCCCGATGTGCTGGAAATTGACGCTGCTTCCAACAACCGC 300 GTCGATGAAATTCGTGATATCCGTGAGAAGGTGAAATTTGCGCCAACGTC GGCCCGCTACAAAGTGTATATCATCGACGAGGTGCATATGCTGTCGATCG 400 GTGcGTTTAACGCGCTGTTGAAAACGTTGGAGGAGCCGCCGAAACACGTC 
ATTTTCATTTTGGCCACGACCGAGCCGCACAAAATTCCGGCGACGATCAT ... .500 
TTccCGCTGCCAACGGTTCGATTTTCGCCGCATCCCGCTTCAGGCGATCG . . . . . TTTCACGGCTAAAGTACGTCGCAAGCGCCCAAGGTGTCGAGGCGTCAGAT 600 GAGGCATTGTCCGCCATCGCCCGTGCTGCAGACGGGGGGATGCGCGATGc 
GCTCAGCTTGCTTGATCAAGCCATTTCGTTCAGCGACGGGAAACTTCGGC 700 TCGACGACGTGCTGGCGATGACCGGGGCTGCATCATTTGCCGCCTTATCG 
AGCTTCATCGAAGCCATCCACCGCAAAGATACAGCGGCGGTTCTTCAGCA 800 CTTGGAAACGATGATGGCGCAAGGGAAAGATCCGCATCGTTTGGTTGAAG ACTTGATTTTGTACTATCGCGATTTATTGCTGTACAAAACCGCTCCCTAT 900 GTGGAGGGAGCGATTCAAATTGCTGTCGTTGACGAAGCGTTCACTTCACT GTCGGAAATGATTCCGGTTTCCAATTTATACGAGGCCATCGAGTTGCTGA looo AcAAAAGCCAGCAAGAGATGAAGTGGACAAACCACCCGCGCCTTCTGTTG 
GAAGTGGCGCTTGTGAAACTTTGCCATCCATCAGCCGCCGCCCCGTCGCT illoo GTCGGCTTCCGAGTTGGAACCGTTGATAAAGCGGATTGAAACGCTGGAGG 
CGGAATTGCGGCGCCTGAAGGAACAACCGCCTGCCCCTCCGTCGACCGCC 1200 GCGCCGGTGAAAAAACTGTCCAAACCGATGAAAACGGGGGGATATAAAGC ccCGGTTGGCCGCATTTACGAGCTGTTGAAACAGGCGACGCATGAAGATT 1300 TAGCTTTGGTGAAAGGATGCTGGGCGGATGTGCTCGACACGTTGAAACGG 
CAGCATAAAGTGTCGCACGCTGCCTTGCTGCAAGAGAGCGAGCCGGTTGC 1400 AGCGAGCGCCTCAGCGTTTGTATTAAAATTCAAATACGAAATCCACTGCA AAATGGCGACCGATCCCACAAGTTCGGTCAAAGAAAACGTCGAAGCGATT 1500 TTGTTTGAGCTGACAAACCGCCGCTTTGAAATGGTAGCCATTCCGGAGGG 
AGAATGGGGAAAAATAAGAGAAGAGTTCATCCGCAATAAGGACGCCATGG leoo TGGAAAAAAGCGAAGAAGATCCGTTAATCGCCGAAGCGAAGCGGCTGTTT 
GGCGAAGAGCTGATCGAAATTAAAGAA 677 

FIG. 86 
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VAYQALYRVFRPQRFADMVGQEHVTKTLQSALLQHKISHAYLFSGPRGTG. 
KTSAAKIFAKAVNCEQAPAAEPCNECPACLGITNGTVPDVLEIDAASNNR loo VDEIRDIREKVKFAPTSARYKVYIIDEVHMLSIGAFNALLKTLEEPPKHv 
IFILATTEPHKIPATIISRCQRFDFRRIPLQAIVSRLKYVASAQGVEASD 200 EALSAIARAADGGMRDALSLLDQAISFSDGKLRLDDVLAMTGAASFAALS 
SFIEAIHRKDTAAVLQHLETMMAQGKDPHRLVEDLILYYRDLLLYKTAPY 300 
VEGAIQIAVVDEAFTSLSEMIPVSNLYEAIELLNKSQQEMKWTNHPRLLL . EVALVKLCHPSAAAPSLSASELEPLIKRIETLEAELRRLKEQPPAPPSTA 4oo APVKKLSKPMKTGGYKAPVGRIYELLKQATHEDLALVKGCWADVLDTLKR QHKVSHAALLQESEPVAASASAFVLKFKYEIHCKMATDPTSSVKENVEAI 500 
LFELTNRRFEMVAIPEGEWGKIREEFIRNKDAMVEKSEEDPLIAEAKRLF 
GEELIEIKE 559 

FIG. 87 
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ATGGTGACAAAAGAGCAAAAAGAGCGGTTTCTCATCCTGCTTGAGCAGCT GAAGATGACGTCGGACGAATGGATGCCGCATTTTCGTGAGGCAGCCATTC 100 
GCAAAGTCGTGATCGATAAAGAGGAGAAAAGCTGGCATTTTTATTTTCAG TTCGACAACGTGCTGCCGGTTCATGTATACAAAACGTTTGCCGATCGGCT 200 GCAGACGGCGTTCCGCCATATCGCCGCCGTCCGCCATACGATGGAGGTCG 
AAGCGCCGCGCGTAACTGAGGCGGATGTGCAGGCGTATTGGCCGCTTTGC 300 CTTGCCGAGCTGCAAGAAGGCATGTCGCCGCTTGTCGATTGGCTCAGCCG GCAGACGCCTGAGCTGAAAGGAAACAAGCTGCTTGTCGTTGCCCGCCATG 400 AAGCGGAAGCGCTGGCGATCAAACGGCGGTTCGCCAAAAAAATCGCTGAT GTGTACGCTTCGTTTGGGTTTCCCCCCCTTCAGCTTGACGTCAGCGTCGA 500 GCCGTCCAAGCAAGAAATGGAACAGTTTTTGGCGCAAAAACAGCAAGAGG 
ACGAAGAGCGAGCGCTTGCTGTACTGACCGATTTAGCGAGGGAAGAAGAA 600 AAGGCCGCGTCTGCGCCGCCGTCCGGTCCGCTTGTCATCGGCTATCCGAT CCGCGACGAGGAGCCGGTGCGGCGGCTTGAAACGATCGTCGAAGAAGAGC 700 GGCGCGTCGTTGTGCAAGGCTATGTATTTGACGCCGAAGTGAGCGAATTA 
AAAAGCGGCCGCACGCTGTTGACCATGAAAATCACAGATTACACGAACTC 800 GATTTTAGTCAAAATGTTCTCGCGCGACAAAGAGGACGCCGAGCTTATGA GCGGCGTCAAAAAAGGCATGTGGGTGAAAGTGCGCGGCAGCGTGCAAAAC 900 
GATACGTTCGTCCGTGATTTGGTCATCATCGCCAACGATTTGAACGAAAT ... 
CGCCGCAAACGAACGGCAAGATACGGCGCCGGAAGGGGAAAAGAGGGTCG 1000 AGCTCCATTTGCATACCCCGATGAGCCAAATGGACGCGGTCACCTCGGTG ACAAAACTCATTGAGCAAGCGAAAAAATGGGGGCATCCGGCGATCGCCGT 1100 
CACCGACCATGCCGTTGTTCAGTCGTTTCCGGAGGCCTACAGCGCGGCGA 
AAAAACACGGCATGAAGGTCATTTACGGCCTTGAGGCGAACATCGTCGAC 1200 GATGGCGTGCCGATCGCCTACAATGAGACGCACCGCCGTCTTTCGGAGGA AACGTACGTCGTCTTTGACGTCGAGACGACGGGCCTGTCGGCTGTGTACA 1300 ATACGATCATTGAGCTGGCGGCGGTGAAAGTGAAAGACGGCGAGATCATc 
GACCGATTCATGTCGTTTGCCAACCCTGGACATCCGTTGTCGGTGACAAC 1400 GATGGAGCTGACTGGGATCACCGATGAGATGGTGAAAGACGCCCCGAAGC 
CGGACGAGGTGCTAGCCCGTTTTGTTGACTGGGCCGGCGATGCGACGCTT 1500 
GTTGCCCACAACGCCAGCTTTGACATCGGTTTTTTAAACGCGGGCCTCGC 
TCGCATGGGGCGCGGCAAAATCGCGAATCCAGTCATCGATACGCTCGAGC 1600 
TGGCCCGTTTTTTATACCCGGATTTGAAAAACCATCGGCTCAATACATTG TGCAAAAAATTTGACATTGAATTGACGCAGCATCACCGCGCCATCTACGA 1700 CGCGGAGGCGACCGGGCATTTGCTTATGCGGCTGTTGAAGGAAGCGGAAG 
AGCGCGGCATACTGTTTCATGACGAATTAAACAGCCGCACGCACAGCGAA 1800. 
GCGTCCTATCGGCTTGCGCGCCCGTTCCATGTGACGCTGTTGGCGCAAAA 
CGAGACTGGATTGAAAAATTTGTTCAAGCTTGTGTCATTGTCGCACATTC 1900 AATATTTTCACCGTGTGCCGCGCATCCCGCGCTCCGTGCTCGTCAAGCAC 
CGCGACGGCCTGCTTGTCGGCTCGGGCTGCGACAAAGGAGAGCTGTTTGA 2000 
CAACTTGATCCAAAAGGCGCCGGAAGAAGTCGAAGACATCGCCCGTTTTT 
ACGATTTTCTTGAAGTGCATCCGCCGGACGTGTACAAGCCGCTCATCGAG 2100 
ATGGATTATGTGAAAGACGAAGAGATGATCAAAAACATCATCCGCAGCAT 
CGTCGCCCTTGGTGAGAAGCTTGACATCCCGGTTGTCGCCACTGGCAACG 2200 
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TCCATTACTTGAACCCAGAAGATAAAATTTACCGGAAAATCTTAATCCAT 
TCGCAAGGCGGGGCGAATCCGCTCAACCGCCATGAACTGCCGGATGTATA 2300 
TTTCCGTACGACGAATGAAATGCTTGACTGCTTCTCGTTTTTAGGGCCGG 
AAAAAGCGAAGGAAATCGTCGTTGACAACACGCAAAAAATCGCTTCGTTA 2400 
ATCGGCGATGTCAAGCCGATCAAAGATGAGCTGTATACGCCGCGCATTGA 
AGGGGCGGACGAGGAAATCAGGGAAATGAGCTACCGGCGGGCGAAGGAAA 2500 
TTTACGGCGACCCGTTGCCGAAACTTGTTGAAGAGCGGCTTGAGAAGGAG 
CTAAAAAGCATCATCGGCCATGGCTTTGCCGTCATTTATTTGATCTCGCA 2600 
CAAGCTTGTGAAAAAATCGCTCGATGACGGCTACCTTGTCGGGTCGCGCG 
GATCGGTCGGCTCGTCGTTTGTCGCGACGATGACGGAAATCACCGAGGTC 2700 
AATCCGCTGCCGCCGCATTACGTTTGCCCGAACTGCAAGCATTCGGAGTT 
CTTTAACGACGGTTCAGTCGGCTCAGGGTTTGATTTGCCGGATAAAAACT 2800 
GCCCGCGATGTGGGACGAAATACAAGAAAGACGGGCACGACATCCCGTTT 
GAGACGTTTCTCGGCTTTAAAGGCGACAAAGTGCCGGATATCGACTTGAA 2900 
CTTTTCCGGCGAATACCAGCCGCGCGCCCACAACTATACGAAAGTGCTGT 
TTGGCGAAGACAACGTCTACCGCGCCGGGACGATTGGCACGGTCGCTGAC 3000 
AAAACGGCGTACGGATTTGTCAAAGCGTATGCGAGCGACCATAACTTAGA 
GCTGCGCGGCGCGGAAATCGACGGCTCGCGGCTGGCTGCACCGGGGTGAA 3100 
GCGGACGACCGGGCAGCATCCGGGCGGCATCATCGTCGTCCCGGATTATA 
TGGAAATTTACGATTTTACGCCGATTCAATATCCGGCCGATGACACGTCC 3200 
TCTGAATGGCGGACGACCCATTTCGACTTCCATTCGATCCACGACAATTT 
GTTGAAGCTCGATATTCTCGGGCACGACGATCCGACGGTCATTCGCATGC 3300 
TGCAAGATTTAAGCGGCATCGATCCGAAAACGATCCCGACCGACGACCCG 
GATGTGATGGGCATTTTCAGCAGCACCGAGCCGCTTGGCGTTACGCCGGA 3400 
GCAAATCATGTGCAATGTCGGCACGATCGGCATTCCGGAGTTTGGCACGC 
GCTTCGTTCGGCAAATGTTGGAAGAGACAAGGCCAAAAACGTTTTCCGAA 3500. 
CTCGTGCAAATTTCCGGCTTGTCGCACGGCACCGATGTGTGGCTCGGCAA 
CGCGCAAGAGCTCATTCAAAACGGCACGTGTACGTTATCGGAAGTCATCG 3600 
GCTGCCGCGACGACATTATGGTCTATTTGATTTACCGCGGGCTCGAGCCG 
TCGCTCGCTTTTAAAATCATGGAATCCGTGCGCAAAGGAAAAGGCTTAAC 3700 
GCCGGAGTTTGAAGCAGAAATGCGCAAACATGACGTGCCGGAGTGGTACA 
TCGATTCATGCAAAAAAATCAAGTACATGTTCCCGAAAGCGCACGCCGCC 3800 
GCCTACGTGTTAATGGCGGTGCGCATCGCCTACTTTAAGGTGCACCATCC 
GCTTTTGTATTACGCGTCGTACTTTACGGTGCGGGCGGAGGACTTTGACC 3900 
TTGACGCCATGATCAAAGGATCACCCGCCATTCGCAAGCGGATTGAGGAA 
ATCAACGCCAAAGGCATTCAGGCGACGGCGAAAGAAAAAAGCTTGCTCAC 4000 
GGTTCTTGAGGTGGCCTTAGAGATGTGCGAGCGCGGCTTTTCCTTTAAAA 
ATATCGATTTGTACCGCTCGCAGGCGACGGAATTCGTCATTGACGGCAAT 4100 
TCTCTCATTCCGCCGTTCAACGCCATTCCGGGGCTTGGGACGAACGTGGC 
GCAGGCGATCGTGCGCGCCCGCGAGGAAGGCGAGTTTTTGTCGAAGGAGG 4200 
ATTTGCAACAGCGCGGCAAATTGTCGAAAACGCTGCTCGAGTATCTAGAA 
AGCCGCGGCTGCCTTGACTCGCTTCCAGACCATAACCAGCTGTCGCTGTT 4300 
T 
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BACILLUS STEAROTHERMOPHILUS SSB 
PROTEIN AND USE THEREOF 

0001. The present application is a continuation of U.S. 
patent application Ser. No. 09/716,964, filed Nov. 21, 2000, 
which is a continuation-in-part of U.S. patent application 
Ser. No. 09/642,218, filed Aug. 18, 2000, as a continuation 
of U.S. patent application Ser. No. 09/057,416 filed Apr. 8, 
1998, which claims the benefit of U.S. Provisional Patent 
Application Serial No. 60/043,202 filed Apr. 8, 1997, all of 
which are hereby incorporated by reference in their entirety. 
0002 The present invention was made with funding from 
National Institutes of Health Grant No. GM38839. The 
United States Government may have certain rights in this 
invention. 

FIELD OF THE INVENTION 

0003) The present invention relates to thermostable DNA 
polymerases and, more particularly, to Such polymerases as 
can Serve as chromosomal replicases and are derived from 
thermophilic bacteria. More particularly, the invention 
extends to DNA polymerase III-type enzymes from thermo 
philic bacteria, including Aquifex aeolicus, Thermus ther 
mophilus, Thermotoga maritima, and Bacillus Stearother 
mophilus, as well as purified, recombinant or non 
recombinant Subunits thereof and their use, and to isolated 
DNA coding for such polymerases and their subunits. Such 
DNA is obtained from the respective genes (e.g., dnax, 
hola, holB, dnaA, dnaN, dnaQ, dna, SSb, etc.) of various 
thermophilic eubacteria, including but not limited to Ther 
muS thermophilus, Aquifex aeolicus, Thermotoga maritima, 
and Bacillus Stearothermophilus. 

BACKGROUND OF THE INVENTION 

0004. Thermostable DNA polymerases have been dis 
closed previously as set forth in U.S. Pat. No. 5,192,674 to 
Oshima et al., U.S. Pat. Nos. 5,322,785 and 5,352,778 to 
Comb et al., U.S. Pat. No. 5,545,552 to Mathur, and others. 
All of the noted references recite the use of polymerases as 
important catalytic tools in the practice of molecular cloning 
techniques Such as polymerase chain reaction (PCR). Each 
of the references States that a drawback of the extant 
polymerases are their limited thermostability, and conse 
quent useful life in the participation in PCR. Such limita 
tions also manifest themselves in the inability to obtain 
extended lengths of nucleotides, and in the instance of Taq 
polymerase, the lack of 3' to 5' exonuclease activity, and the 
drawback of the inability to excise misinserted nucleotides 
(Perino, 1990). 
0005 More generally, such polymerases, including those 
disclosed in the referenced patents, are of the Polymerase I 
variety as they are often 90-95 kDa in size and may have 5' 
to 3' exonuclease activity. They define a single Subunit with 
concomitant limits on their ability to hasten the amplifica 
tion process and to promote the rapid preparation of longer 
strands of DNA. 

0006 Chromosomal replicases are composed of several 
subunits in all organisms (Komberg and Baker, 1992). In 
keeping with the need to replicate long chromosomes, 
replicases are rapid and highly processive multiprotein 
machines. Cellular replicases are classically comprised of 
three components: a clamp, a clamp loader, and the DNA 
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polymerase (reviewed in Kelman and O’Donnell, 1995; 
McHenmy, 1991). For purposes of the present invention, the 
foregoing components also serve as a broad definition of a 
“Pol III-type enzyme”. 

0007) DNA polymerase III holoenzyme (Pol III holoen 
Zyme) is the multi-Subunit replicase of the E. coli chromo 
some. Pol III holoenzyme is distinguished from Pol I type 
DNA polymerases by its high processivity (>50 kbp) and 
rapid rate of synthesis (750 nts/s) (reviewed in Kornberg and 
Baker, 1992; Kelman and O’Donnell, 1995). The high 
processivity and Speed is rooted in a ring shaped Subunit, 
called B, that encircles DNA and slides along it while 
tethering the Pol III holoenzyme to the template (Stukenberg 
et al., 1991; Kong et al., 1992). The ring shaped, clamp is 
assembled around DNA by the multisubunit clamp loader, 
called Y complex. The Y complex couples the energy of ATP 
hydrolysis to the assembly of the B clamp onto DNA. This 
Y complex, which functions as a clamp loader, is an integral 
component of the Pol III holoenzyme particle. A brief 
overview of the organization of subunits within the holoen 
zyme and their function follows. 

0008 Pol III holoenzyme consists of 10 different sub 
units, Some of which are present in multiple copies for a total 
of 18 polypeptide chains (Onrust et al., 1995). The organi 
Zation of these Subunits in the holoenzyme particle is 
illustrated in FIG. 1. As depicted in the diagram, the 
Subunits of the holoenzyme can be grouped functionally into 
three components: 1) the DNA polymerase III core is the 
catalytic unit and consists of the a (DNA polymerase), e 
(3'-5' exonuclease), and 0 subunits (McHenry and Crow, 
1979), 2) the Ö"sliding clamp” is the ring shaped protein that 
Secures the core polymerase to DNA for processivity (Kong 
et al., 1992), and 3) the 5 protein Y complex (yöö'Xp) is the 
“clamp loader” that couples ATP hydrolysis to assembly of 
| clamps around DNA (O’Donnell, 1987; Maki et al., 1988). 
A dimer of the T Subunit acts as a "macromolecular orga 
nizer” holding together two molecules of core (Studwell 
Vaughan and O’Donnell, 1991; Low et al., 1976) and one 
molecule of Y complex forming the Pol III* Subassembly 
(Onrust et al., 1995). This organizing role of t to form Pol 
III* is indicated in the center of FIG. 1. Two B dimers 
associate with the two cores within Pol III to form the 
holoenzyme, which is capable of replicating both Strands of 
duplex DNA simultaneously (Maki et al., 1988). 
0009. The DNA polymerase III holoenzyme assembles 
onto a primed template in two distinct Steps. In the first Step, 
the Y complex assembles the B clamp onto the DNA. The Y 
complex and the core polymerase utilize the same Surface of 
the Bring and they cannot both utilize it at the same time 
(Naktinis et al., 1996). Hence, in the second step the Y 
complex moves away from B thus allowing access of the 
core polymerase to the B clamp for processive DNA Syn 
thesis. The Y complex and core remain attached to each other 
during this Switching process by the T Subunit organizer. 

0010. The Y complex consists of 5 different subunits 
(Yöö'Xu). An overview of the mechanism of the clamp 
loading proceSS follows. The Ö Subunit is the major touch 
point to the 3 clamp and leads to ring opening, but 8 is buried 
within Y complex Such that contact with B is prevented 
(Naktinis et al., 1995). The Y subunit is the ATP interactive 
protein but is not an ATPase by itself (Tsuchihashi and 
Kornberg, 1989). The 8' subunit bridges the 8 and Y subunits 
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resulting in a Yöö' complex that exhibits DNA dependent 
ATPase activity and is competent to assemble clamps on 
DNA (Onrust et al., 1991). Upon binding of ATP to Y, a 
change in the conformation of the complex exposes 6 for 
interaction with B (Naktinis et al., 1995). 
0.011 The function of the smaller subunits, X and , is to 
contact SSB (through X) thus promoting clamp assembly 
and high processivity during replication (Kelman and 
O'Donnell, 1995). 
0012. The three component Pol III-type enzyme in 
eukaryotes contains a clamp that has the same shape as E. 
coli B, but instead of a homodimer it is a heterotrimer. This 
heterotrimeric ring, called PCNA (proliferating cell nuclear 
antigen), has 6 domains like B, but instead of each PCNA 
monomer being composed of 3 domains and dimerizing to 
form a 6 domain ring (e.g., like B), the PCNA monomer has 
2 domains and it trimerizes to form a 6 domain ring (Krishna 
et al., 1994; Kuriyan and O’Donnell, 1993). The chain fold 
of the domains are the same in prokaryotes (B) and eukary 
otes (PCNA); thus, the rings have the same overall 6-domain 
ring shape. The clamp loader of the eukaryotic Pol III-type 
replicase is called RFC (Replication factor C) and it consists 
of subunits having homology to the Y and 8' subunits of the 
E. coli Y complex (Cullmann et al., 1995). The eukaryotic 
DNA polymerase III-type enzyme contains either of two 
DNA polymerases, DNA polymerase 8 and DNA poly 
merase e (Bambara and Jessee, 1991; Linn, 1991; Sugino, 
1995). It is entirely conceivable that yet other types of DNA 
polymerases can function with either a PCNA or B clamp to 
form a Pol III-type enzyme (for example, DNA polymerase 
II of E. coli functions with the B subunit placed onto DNA 
by the Y complex clamp loader) (Hughes et al., 1991; Bonner 
et al., 1992). The bacteriophage, T4 also utilizes a Pol 
III-type 3-component replicase. The clamp is a homotrimer 
like PCNA, called gene 45 protein (Young et al., 1992). The 
gene 45 protein forms the same 6-domain ring Structure as 
f3 and PCNA (Moarefi et al., 2000). The clamp loader is a 
complex of two Subunits called the gene 44/62 protein 
complex. The DNA polymerase is the gene 43 protein and it 
is Stimulated by the gene 45 sliding clamp when it is 
assembled onto DNA by the 44/62 protein clamp loader. The 
Pol III-type enzyme may be either bound together into one 
particle (e.g., E. coli Pol III holoenzyme), or its three 
components may function separately (like the eukaryotic Pol 
III-type replicases). 
0013 There is an early report on separation of three DNA 
polymerases from Tith. cells, however each polymerase 
form was reminiscent of the preexisting types of DNA 
polymerase isolated from thermophiles in that each poly 
merase was in the 110,000-0.120,000 range and lacked 3'-5' 
exonuclease activity (Ruttimann et al., 1985). These are well 
below the molecular weight of Pol III-type complexes that 
contain in addition to the DNA polymerase subunit, other 
Subunits Such as Y and T. Although the three polymerases 
displayed Some differences in activity (column elution 
behavior, and optimum divalent cation, template, and tem 
peratures) it seems likely that these three forms were either 
different repair type polymerases or derivatives of one repair 
enzyme (e.g., Pol I) that was modified by post translational 
modification(s) that altered their properties (e.g. phospho 
rylation, methylation, proteolytic clipping of residues that 
alter activity, or association with different ligands Such as a 
Small protein or contaminating DNA). Despite this previous 
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work, it remained to be demonstrated that thermophiles 
harbor a Pol III-type enzyme that contain multiple subunits 
Such as Y and/or T, functioned with a sliding clamp accessory 
protein, or could extend a primer rapidly and processively 
over a long stretch (>5 kb) of ssDNA (Ruttimann et al., 
1985). 
0014 Previously, it was not known what polymerase 
thermophilic bacteria used to replicate their chromosome 
since only Pol I type enzymes have been reported from 
thermophiles. By distinctions chromosomal replicases, Such 
as Polymerase III, identified in E. coli, if available in a 
thermostable bacterium, with all its accessory Subunits, 
could provide a great improvement over the Polymerase I 
type enzymes, in that they are generally much more effi 
cient-about 5 times faster-and much more highly proces 
Sive. Hence, one may expect faster and longer chain pro 
duction in PCR, and higher quality of DNA sequencing 
ladders. Clearly, the ability to practice Such synthetic tech 
niques as PCR would be enhanced by these methods dis 
closed for how to obtain genes and subunits of DNA 
polymerase III holoenzyme from thermophilic Sources. 
0015 The present invention is directed to achieving these 
objectives and overcoming the various deficiencies in the 
art. 

SUMMARY OF THE INVENTION 

0016. In accordance with the present invention, DNA 
Polymerase III-type enzymes as defined herein are disclosed 
that may be isolated and purified from a thermophilic 
bacterial source, that display rapid synthesis characteristic of 
a chromosomal replicase, and that possesses all of the 
Structural and processive advantages Sought and recited 
above. More particularly, the invention extends to thermo 
stable Polymerase III-type enzymes derived from thermo 
philic bacteria that exhibit the ability to extend a primer over 
a long stretch (>5 kb) of ssDNA at elevated temperature, the 
ability to be stimulated by a cognate sliding clamp (e.g., f) 
of the type that is assembled on DNA by a 'clamp loader. 
(e.g., Y complex), and have clamp loading Subunits that show 
DNA stimulated ATPase activity at elevated temperature 
and/or ionic strength. Representative thermophile poly 
merases include those isolated from the thermophilic eubac 
teria Aquifex aeolicus (A. ae. polymerase) and other mem 
bers of the Aquifex genus; Thermus thermophilus (Tith. 
polymerase), Thermus favus (Tfl/Tub polymerase), Thermus 
ruber (Tru polymerase), Thermus brockianus 
(DYNAZYMETM polymerase), and other members of the 
Thermus genus; Bacillus Stearothermophilus (B.St. poly 
merase) and other members of the Bacillus genus, Thermo 
plasma acidophilum (Tac polymerase) and other members of 
the Thermoplasma genus, and Thermotoga neapolitana (Tne 
polymerase; see WO96/10640 to Chattedjee et al.), Ther 
motoga maritima (Tima polymerase; see U.S. Pat. No. 5,374, 
553 to Gelfand et al.), and other species of the Thermotoga 
genus (Tsp polymerase). In a preferred embodiment, the 
thermophilic bacteria comprise Species of Aquifex, Ther 
mus, Bacillus, and Thermotoga, and particularly A.ae., Tith., 
B.St., and Tma. 
0017 Aparticular Polymerase III-type enzyme in accor 
dance with the invention may include at least one of the 
following Sub-units: 

0018 A. a Y subunit having an amino acid sequence 
corresponding to SEQ. ID. Nos. 4 or 5 (Tith.); 
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0019 B. at Subunit having an amino acid sequence 
corresponding to SEQ. ID. No. 2 (Tith.), SEQ. ID. 
No. 120 (A.ae.), SEQ. ID. No. 142 (Tima.) or SEQ. 
ID. No. 182 (B.St.); 

0020 C. a e subunit having an amino acid sequence 
corresponding to SEQ. ID. No. 95 (Tith.), SEQ. ID. 
No. 128 (A.lae.), or SEQ. ID. No. 140 (Tima.); 

0021 D. a C. subunit including an amino acid 
sequence corresponding to SEQ. ID. No. 87 (Tith.), 
SEQ. ID. No. 118 (A.ae.), SEQ. ID. No. 138 (Tima.), 
or SEQ. ID. Nos. 184 (POIC which has both C. and 
e activity, B.St.); 

0022 E. a? Subunit having an amino acid sequence 
corresponding to SEQ. ID. No. 107 (T.th.), SEQ. ID. 
No. 122 (A.lae.), SEQ. ID. No. 144 (Tima.), or SEQ. 
ID. No. 174 (B.St.); 

0023 F. a 6 subunit having an amino acid sequence 
corresponding to SEQ. ID. No. 158 (T.th.), SEQ. ID. 
No. 124 (A. ae), SEQ. ID. No. 146 (Tima) or SEQ. 
ID. No. 178 (B.St.); 

0024. G. a 6' subunit having an amino acid sequence 
corresponding to SEQ. ID. No. 156 (T.th.), SEQ. ID. 
No. 126 (A.ae.), SEQ. ID. No. 148 (Tima.) or SEQ. 
ID. No. 180 (B.St.); 

0025 variants, including allelic variants, muteins, 
analogs and fragments of any of Subparts (A) 
through (G), and compatible combinations thereof, 
capable of functioning in DNA amplification and 
Sequencing. 

0026. The invention also extends to the genes that cor 
respond to and can code on expression for the Subunits Set 
forth above, and accordingly includes the following: dnax, 
holA, holB, dnaQ, dnaB, dnaN, and SSb, as well as conserved 
variants and active fragments thereof. 
0.027 Accordingly, the Polymerase III-type enzyme of 
the present invention comprises at least one gene encoding 
a Subunit thereof, which gene is Selected from the group 
consisting of dnax, holA, holb, dnaQ, dnaB and dnaN, and 
combinations thereof. More particularly, the invention 
extends to the nucleic acid molecule encoding the Y and T 
Subunits, and includes the dnaX gene which has a nucleotide 
Sequence as Set forth herein, as well as conserved variants, 
active fragments and analogs thereof. Likewise, the nucle 
otide sequences encoding the C. Subunit (dnaE gene), the e 
Subunit (dnaQ gene), the f Subunit (dnaN gene), the Ö 
Subunit (holA gene), and the 8' Subunit (holb gene) each 
comprise the nucleotide Sequences as Set forth herein, as 
well as conserved variants, active fragments and analogs 
thereof. Those nucleotide sequences for Tith. are as follows: 
dnaX (SEQ. ID. No. 3), dnaE (SEQ. ID. No. 86), dnaC) 
(SEQ. ID. No. 94), dnaN. SEQ. ID. No. 106), hola (SEQ. ID. 
No. 157), and holB (SEQ. ID. No. 155). Those nucleotide 
sequences for A. ae. are as follows: dnax(SEQ. ID. No. 119), 
dnaE (SEQ. ID. No. 117), dnaO (SEQ. ID. No. 127), dnaN 
(SEQ. ID. No. 121), hola (SEQ. ID. No. 123), and holB 
(SEQ. ID. No. 125). Those nucleotide sequences for Tima. 
are as follows: dnax (SEQ. ID. No. 141), dnaE (SEQ. ID. 
No. 137) dnaO (SEQ. ID. No. 139), dnaN (SEQ. ID. No. 
143), holA (SEQ. ID. No. 145), and holb (SEQ. ID. No. 
147). Those nucleotide sequences for B.St. are as follows: 
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dnaX (SEQ. ID. No. 181), polC (SEQ. ID. Nos. 183), dnaN 
(SEQ. ID. No. 173), holA (SEQ. ID. No. 177), and holb 
(SEQ. ID. No. 179). 
0028. The invention also provides methods and products 
for identifying, isolating and cloning DNA molecules which 
encode Such accessory Subunits encoded by the recited 
genes of the DNA polymerase III-type enzyme hereof. 
0029. Yet further, the invention extends to Polymerase 
III-type enzymes prepared by the purification of an extract 
taken from, e.g., the particular thermophile under examina 
tion, treated with appropriate Solvents and then Subjected to 
chromatographic Separation on, e.g., an anion eXchange 
column, followed by analysis of long chain Synthetic ability 
or Western analysis of the respective peaks against antibody 
to at least one of the anticipated enzyme Subunits to confirm 
presence of Pol III, and thereafter, peptide Sequencing of 
Subunits that co purify and amplification to obtain the 
putative gene and its encoded enzyme. 
0030 The present invention also relates to recombinant Y, 

T, e, C. (as well as PO1C), 8, 8' and B subunits and SSB from 
thermophiles. In the instance of the Y and t subunits of Tith., 
the invention includes the characterization of a frame 
shifting Sequence that is internal to the gene and Specifies 
relative abundance of the Y and T. gene products of Tith. 
dnaX. From this characterization, expression of either one of 
the Subunits can be increased at the expense of the other (i.e. 
mutant frameshift could make all T, simple recloning at the 
end of the frameshift could make exclusively Y and not). 
0031. In a further aspect of the present invention, DNA 
probes can be constructed from the DNA sequences coding 
for, e.g., the Tith., A.ae., Tima., or B. St. dnax, dnaQ, dnaE, 
dnaA, dnaN, hola, holB, and SSb genes, conserved variants 
and active fragments thereof, all as defined herein, and may 
be used to identify and isolate the corresponding genes 
coding for the subunits of DNA polymerase III holoenzyme 
from other thermophiles, Such as those listed earlier herein. 
Accordingly, all chromosomal replicases (DNA Polymerase 
III-type) from thermophilic Sources are contemplated and 
included herein. 

0032. The invention also extends to methods for identi 
fying Polymerase III-type enzymes by use of the techniques 
of long-chain extension and elucidation of Subunits with 
antibodies, as described herein and with reference to the 
examples. 
0033. The invention further extends to the isolated and 
purified DNA Polymerase III from Tith., A.ae., Tma., and 
B.St., the amino acid sequences of the Y, T, e, C. (as well as 
PolC), 8, 8", and B subunits and SSB, as set forth herein, and 
the nucleotide Sequences of the corresponding genes from 
Tith., A. ae., Tima., or B.St. Set forth herein, as well as to 
active fragments thereof, oligonucleotides and probes pre 
pared or derived therefrom and the transformed cells that 
may be likewise prepared. Accordingly, the invention com 
prises the individual Subunits enumerated above and here 
inafter, corresponding isolated polynucleotides and respec 
tive amino acid sequences for each of the Y, T, e, C. (as well 
as POIC), 8, 8", and B subunits and SSB, and to conserved 
variants, fragments, and the like, as well as to methods of 
their preparation and use in DNA amplification and Sequenc 
ing. In a particular embodiment, the invention extends to 
vectors for the expression of the subunit genes 110 of the 
present invention. 
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0034. The invention also includes methods for the prepa 
ration of the DNA Polymerase III-type enzymes and the 
corresponding Subunit genes of the present invention, and to 
the use of the enzymes and constructs having active frag 
ments thereof, in the preparation, reconstitution or modifi 
cation of like enzymes, as well as in amplification and 
sequencing of DNA by methods such as PCR, and like 
protocols, and to the DNA molecules amplified and 
Sequenced by Such methods. In this regard, a Pol III-type 
enzyme that is reconstituted in the absence of e, or using a 
mutated c with less 3'-5' exonuclease activity, may be a 
Superior enzyme in either PCR or DNA sequencing appli 
cations, (e.g. Tabor et, al., 1995). 
0035. The invention is directed to methods for amplifying 
and Sequencing a DNA molecule, particularly via the poly 
merase chain reaction (PCR), using the present DNA poly 
merase III-type enzymes or complexes. In particular, the 
invention extends to methods of amplifying and Sequencing 
of DNA using thermostable pol III-type enzyme complexes 
isolated from thermophilic bacteria Such as Thermotoga and 
Thermus Species, or recombinant thermostable enzymes. 
The invention also provides amplified DNA molecules made 
by the methods of the invention, and kits for amplifying or 
sequencing a DNA molecule by the methods of the inven 
tion. 

0036). In this connection, the invention extends to meth 
ods for amplification of DNA that can achieve long chain 
extension of primed DNA, as by the application and use of 
Polymerase III-type enzymes of the present invention. An 
illustration of Such methods is presented in Examples 15 and 
16, infra. 
0037. Likewise, kits for amplification and sequencing of 
Such DNA molecules are included, which kits contain the 
enzymes of the present invention, including Subunits 
thereof, together with other necessary or desirable reagents 
and materials, and directions for use. The details of the 
practice of the invention as Set forth above and later on 
herein, and with reference to the patents and literature cited 
herein, are all expressly incorporated herein by reference 
and made a part hereof. AS Stated, and in accordance with a 
principal object of the present invention, Polymerase III 
type enzymes and their Sub-units are provided that are 
derived from thermophiles and that are adapted to partici 
pate in improved DNA amplification and Sequencing tech 
niques, and the consequent ability to prepare larger DNA 
Strands more rapidly and accurately. 
0.038. It is a further object of the present invention to 
provide DNA molecules that are amplified and Sequenced 
using the Polymerase III-type enzymes hereof. 
0039. It is a still further object of the present invention to 
provide enzymes and corresponding methods for amplifica 
tion and Sequencing of DNA that can be practiced without 
the participation of the clamp-loading component of the 
enzyme. 

0040. It is a still further object of the present invention to 
provide kits and other assemblies of materials for the 
practice of the methods of amplification and Sequencing as 
aforesaid, that include and use the DNA polymerase III-type 
enzymes herein as part thereof. 
0041 One goal of this invention is to fully reconstitute 
the rapid and processive replicase from an extreme thermo 
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philic eubacterium from fully recombinant protein Subunits. 
One might think that the extreme heat in which these 
bacteria grow may have resulted in a completely different 
solution to the problem of chromosome replication. Prior to 
filing of the previously-identified priority applications, it is 
believed that Pol III had not been identified in any thermo 
phile until the present inventors found that Thermus ther 
mophilus, which grows at a rather high temperature of 
70-80 C., would appear to contain a Pol III. Subsequent to 
this invention, the genome Sequence of A. aeolicus was 
published which shows dna, dnaN, and dnax genes. How 
ever, previous work did not fully reconstitute the working 
replication machinery from fully recombinant Subunits. A 
holA gene and holB has not been identified previously in T. 
thermophilus or A. aeolicus, and Studies in the E. coli System 
show that delta and delta prime, encoded by holA and holB, 
respectively, are essential to loading the beta clamp onto 
DNA and, thus, is essential for rapid and processive holoen 
zyme function (U.S. Pat. Nos. 5,583,026 and 5,668,004 to 
O'Donnell, which are hereby incorporated by reference). 
0042. This invention fully reconstitutes a functional DNA 
polymerase III holoenzyme from the extreme thermophiles 
Thermus thermophilus and Aquifex aeolicus. Aquifex aeoli 
cus grows at an even higher temperature than ThermuS 
thermophilus, up to 85 C. In this invention, the genes of 
Thermus thermophilus, Aquifex aeolicus, Thermotoga mar 
itima, and Bacillus StearOthermophilus that are necessary to 
reconstitute the complete DNA polymerase III machinery, 
which acts as a rapid and processive polymerase, are iden 
tified. Indeed, a deltaprime (holB) and delta (holA) subunits 
are needed. 

0043. The dna, dnaN, dnax, dnaQ, holA, and holB 
genes are used to express and purify the protein “gears', and 
the proteins are used to reassemble the replication machine. 
The Tith. Pol III is similar to E. coli. The A. ae. Pol III is 
Slightly dissimilar from the machinery of previously Studied 
replicases. The A.ae. dnaX gene encoded only one protein, 
tau, and in this fashion is similar to the dnaX of the gram 
positive organism, StaphylococcuS aureus. In contrast, the 
dnaX of the gram negative cell, E. coli, produces two 
proteins. The Aquifex aeolicus polymerase Subunit, alpha 
(encoded by dnaE) does not contain the 3'-5' proofreading 
exonuclease. In this regard, A. aeolicus is similar to E. coli, 
but dissimilar to the replicase of the gram positive organ 
isms. In Gram positive organisms, the PolC polymerase 
Subunit of the replicase contains the exonuclease activity in 
the same polypeptide chain as the polymerase (Low et al., 
1976, Bames et al., 1994; Pacitti et al., 1995). Further, the 
polymerase III of thermophilic bacteria retains activity at 
high temperature. 

0044) Thermostable rapid and processive three compo 
nent DNA polymerases can be applied to Several important 
uses. DNA polymerases currently in use for DNA sequenc 
ing and DNA amplification use enzymes that are much 
slower and thus could be improved upon. This is especially 
true of amplification as the three component polymerase is 
capable of Speed and high processivity making possible 
amplification of very long (tens of Kb to Mb) lengths of 
DNA in a time-efficient, manner. These three component 
polymerases also function in conjunction with a replicative 
helicase (DnaB), and thus are capable of amplification at a 
Single temperature, using the helicase to melt the DNA 
duplex. This property could be useful in some methods of 
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amplification, and in polymerase chain reaction (PCR) 
methodology. For example, the Citó6/B form of the E. coli 
DNA polymerase III holoenzyme has been shown to func 
tion in both DNA sequencing and PCR (U.S. Pat. Nos. 
5,583,026 and 5,668,004 to O'Donnell). 
0.045. Other objects and advantages will become apparent 
from a review of the ensuing description which proceeds 
with reference to the following illustrative drawings. 

DESCRIPTION OF THE DRAWINGS 

0.046 FIG. 1 is a schematic depiction of the structure and 
components of enzymes of the general family to which the 
enzymes of the present invention belong. 

0047 FIG. 2 is an alignment of the N-terminal regions of 
E. coli (SEQ. ID. No. 19) and B. Subtilis (SEQ. ID. No. 20) 
dnaX gene product. Asterisks indicate identities. The ATP 
binding consensus Sequence is indicated. The two regions 
used for PCR primer design are shown in bold. 
0.048 FIG. 3 is an image showing the Southern analysis 
of T thermophilus genomic DNA. Genomic DNA was 
analyzed for presence of the dnaZ gene using the PCR 
radiolabeled probe. Enzymes used for digestion are shown 
above each lane. The numbering to the right corresponds to 
the length of DNA fragments (kb). 
0049 FIGS. 4A and 4B depict the full sequence of the 
dnaX gene of T thermophilus. DNA sequence (upper case, 
and corresponding to SEQ ID No. 1) and predicted amino 
acid sequence (lower case, and corresponding to SEQ ID 
No. 2) yields a 529 amino acid protein (r) of 58.0 kDa. A 
putative frameshifting Sequence containing Several A resi 
dues 1478-1486 (underlined) may produce a smaller protein 
(t) of 49.8 kDa. The potential Shine-Dalgarno (S.D.) signal 
is bold and underlined. The start codon is in bold, and the 
Stop codon for T is marked by an asterisk. The potential Stop 
codon for Y is shown in bold after the frameshift site, and two 
potential Shine-Dalgarno Sequences upstream of the frame 
shift site are indicated. Sequences of the primers used for 
PCR are shown in italics above the nucleotide sequence of 
dnax. The ATP binding site is indicated, and the asterisks 
above the four Cys residues near the ATP site indicate the 
putative Zn" finger. The proline rich area is indicated above 
the Sequence. Numbering of the nucleotide Sequence is 
presented to the right. Numbering of the amino acid 
Sequence of T is shown in parenthesis to the right. 

0050 FIG.4C depicts the isolated DNA coding sequence 
for the dnax gene (also present in FIGS. 3A and 3B) in 
accordance with the invention, which corresponds to SEQ. 
ID No. 3. 

0051 FIG. 4D depicts the polypeptide sequence of the Y 
subunit of the Polymerase III of the present invention, which 
corresponds to SEQ. ID. No. 4. 
0.052 FIG. 4E depicts the polypeptide sequence of the Y 
subunit of the Polymerase III of the present invention 
defined by a -1 frameshift, which corresponds to SEQ. ID. 
No. 4. 

0.053 FIG. 4F depicts the polypeptide sequence of the Y 
subunit of the Polymerase III of the present invention 
defined by a -2 frameshift, which corresponds to SEQ. ID. 
No. 5. 
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0054 FIGS. 5A-B are alignments of the Y?t ATP binding 
domains for different bacteria. Dots indicate those residues 
that are identical to the E. coli dnax sequence. The ATP 
consensus Site is underlined, and the conserved cysteine 
residues that form the Zinc finger are indicated with aster 
isks. E. coli, Escherichia coli (SEQ. ID. No. 21); H. inf, 
Haemophilus influenzae (SEQ. ID. No. 22); B. Sub., Bacillus 
Subtilis (SEQ. ID. No. 23); C. cres., Caulobacter crescentus 
(SEQ. ID. No. 24), M gen, Mycoplasma genitalium (SEQ. 
ID. No. 25); Tith., Thermus thermophilus (SEQ. ID. No. 26). 
Alignments were produced using Clustal. 

0055 FIG. 6 is a diagram indicating a signal for riboso 
mal franeshifting in Tith. dnaX. The diagram shows part of 
the sequence of the RNA (SEQ. ID. No. 27) around the 
frameshifting site (SEQ. ID. No. 28), including the sus 
pected slippery sequence A9 (bold italic). The stop codon in 
the -2 reading frame is indicated. Also indicated are poten 
tial Step loop Structures and the nearest Stop codons in the -1 
reading frame. 

0056 FIG. 7 is an image showing a Western analysis of 
Y and T in Tith. cells. Whole cells were lysed in SDS and 
electrophoresed on a 10% SDS polyacrylamide gel then 
transferred to a membrane and probed with polyclonal 
antibody against E. coli Y?t as described in Experimental 
Procedures. Positions of molecular weight size markers are 
shown to the left. Putative Tith. Y and t are indicated to the 
right. 

0057 FIGS. 8A-B are images of E. coli colonies express 
ing Tith. dnaX-1 and -2 frameshifts. The region of the dnaX 
gene Slippery Sequence was cloned into the lacz gene of 
pUC19 in three reading frames, then transformed into E. coli 
cells and plated on LB plates containing X-gal. The Slippery 
Sequence was also mutated by inserting two G residues into 
the A9 sequence and then cloned into puC19 in all three 
reading frames. Color of colonies observed are indicated by 
the plus Signs. The picture shows the colonies, the type of 
frameshift required for readthrough (blue color) is indicted 
next to the Sector. 

0.058 FIG. 9 shows the construction of the Tith. Y?t 
expression vector. A genomic fragment containing a partial 
sequence of dnaX was cloned into paLTER-1. This frag 
ment was subcloned into puC19 (pUC19 dnaX). Then the 
N-terminal section of dnaX was amplified such that the 
fragment was flanked by Nde (at the initiating codon) and 
the internal BamHI site. This fragment was inserted to form 
the entire coding Sequence of the dnaX gene in pUC19 
(pUC19dnaX). The dnax gene was then cloned behind the 
polyhistidine leader in the T7 based expression vector 
pET16 to give peT16dnaX. Details are in “Experimental 
Procedures’. 

0059 FIGS. 10A-C illustrate the purification of recom 
binant Tith. Y and T subunits. Tith. Y and T subunits were 
expressed in E. coli harboring pT 16dnaX. Molecular size 
markers are shown to the left of the gels, and the two 
induced proteins are labeled as g and t to the right of the gel. 
Panel A) 10% SDS gel of E. coli whole cell lysates before 
and after induction with IPTG. Panel B) 8% SDS gel of the 
purification two steps after cell lysis. First lane: the lysate 
was applied to a HiTrap Nickel chromatography column. 
Second lane: the Tith. Y?t subunits were further purified on 
a Superose 12 gel filtration column. Third lane, the E. coli 
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Y and T subunits. Panel C) Western analysis of the pure Tith. 
Y and T subunits (first lane) and E. coli Y and t subunits 
(Second lane). 
0060 FIGS. 11A-B show the gel filtration of Tith. Y and 

Y. Tith. Y and t were gel filtered on a Superose 12 column. 
Column fractions were analyzed for ATPase activity and in 
a Coomassie Blue stained 10% SDS polyacrylamide gel. 
Positions of molecular weight markers are shown to the left 
of the gel. The elution position of size Standards analyzed in 
a parallel Superose 12 column under identical conditions are 
indicated above the gel. Thyroglobin (670 kDa), bovine 
gamma globin (150 kDa), chicken ovalbumin (44 kDa), 
equine myoglobin (17 kDa). 
0061 FIGS. 12A-C illustrate the characterization of the 
Tith. Y and T ATPase activity. The Tith. Y?t and E. coli T. 
Subunits are compared in their ATPase activity characteris 
tics. Due to the greater activity of E. coli T, the values are 
plotted as percent for ease of comparison. Actual Specific 
activities for 100% values are given below as pmol ATP 
hydrolyzed/30 min./umol Tith. Y?t (or pmol E. colit). Panel 
A) Tith. Y and t ATPase is stimulated by the presence of 
SSDNA. Tith. Y?t was incubated at 65 C. Specific activity 
was: 11.5 (+DNA); 2.5 (-DNA); E. colit was assayed at 37 
C. Specific activity values were: 112.5 (+DNA); (7.3– 
DNA). Panel B) Temperature stability of DNA stimulated 
ATPase activity. Tith. y?t, 11.3 (65° C); E. coli T, 97.5(37° 
C.). Panel C) Stability of Tith. Y?t ATPase to NaCl. Tith. Y?t, 
8.1(100 mM added NaCl and 65° C); E. coli t, 52.7(0 M 
added NaCl and 37° C). 
0.062 FIGS. 13 A-13C are graphs that summarize the 
purification of the DNA polymerase III from Tith. extracts. 
Panel A) shows the activity and total protein in column 
fractions from the Heparin Agarose column. Peak 1 fractions 
were chromatographed on ATPagarose. Panel B) depicts the 
ATP-agarose column step, and Panel C) shows the total 
protein and DNA polymerase activity eluted from the 
MonoO column. 

0063 FIGS. 14A-B are SDS polyacrylamide gels of Tith. 
subunits. FIG. 14A is a 12% SDS polyacrylamide gel 
stained with Coomassie Blue of the MonoO column. Load 
Stands for the material loaded onto the column (ATPagarose 
bound fractions). FT stands for protein that flowed through 
the MonoO column. Fractions are indicated above the gel. 
Tith. Subunits in fractions 17-19 are indicated by the labels 
placed between fractions 18 and 19. Additional small Sub 
units may be present but difficult to Visualize, or may have 
run off the gel. E. coli Y,ö shows a mixture of the O, Y, and 
8 subunits of DNA polymerase III holoenzyme (they are 
labeled to the right in the figure). FIG. 14B shows the 
Western results of an SDS gel of the MonoO fractions 
probed with rabbit antiserum raised against the E. coli C. 
Subunit. Load and FT are as described in Panel A. Fraction 
numbers are shown above the gel. The band that comigrates 
with E. coli C, and the band in the Coomassie Blue stained 
gel in Panel A, is marked with an arrow. This band was 
analyzed for microSequence and the results are shown in 
FIG. 15. 

0.064 FIGS. 15A-B show the alignments of the peptides 
obtained from Tith. C. subunit, TTH1 (shown in A) and TTH2 
(shown in B) with the amino acid sequences of the C. 
Subunits of other organisms. The amino acid number of 
these regions within each respective protein Sequence are 
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shown to the right. The abbreviations of the organisms are 
as follows. E. coli-Escherichia coli (SEQ ID NOS: 72 and 
79 in 15A-B, respectively), V. chol-Vibrio cholerae (SEQ ID 
NOS: 73 and 80 in 15A-B, respectively), H.inf Haemophilus 
influenzae (SEQ ID NOS: 74 and 81 in 15A-B, respec 
tively), R prow.-Rickettsia prowazekii (SEQ ID NOS: 75 
and 82 in 15A-B, respectively), H. pyl-Helicobacter pylori 
(SEQ ID NOS: 76 and 83 in 15A-B, respectively), S.Sp. 
-Synechocystis sp. (SEQ ID NOS: 77 and 84 in 15A-B, 
respectively), M. tub. -Mycobacterium tuberculosis (SEQ ID 
NOS: 78 and 85 in 15A-B, respectively), Tith. Thermus 
thermophilus (SEQ ID NOS: 61 and 60 in 15A-B, respec 
tively). 
0065 FIGS. 16A-C show a nucleotide (Panels A-B, SEQ. 
ID. No. 86) and amino acid (Panel C, SEQ. ID. No. 87) 
Sequence of the dnaB gene encoding the C. Subunit of DNA 
polymerase III replication enzyme. 
0066 FIG. 17 shows an alignment of the amino acid 
Sequence of e Subunits encoded by dnaQ of Several organ 
isms. The amino acid Sequence of the Thermus thermophilus 
e subunit of dnaO is also shown. Tith., Thermus thermophi 
lus (SEQ. ID. No. 88); D.rad, Deinococcus radiodurans 
(SEQ. ID. No. 89); Bac. Sub., Bacillus subtilis (SEQ. ID. No. 
90); H.inf, Haemophilus influenzae (SEQ. ID. No. 91); E.C., 
Escherichia coli (SEQ. ID. No. 92); H. pyl., Helicobacter 
pylori (SEQ. ID. No. 93). The regions used to obtain the 
inner part of the dnaQ gene are shown in bold. The Starts 
used for expression of the Tith. e. Subunit are marked. 
0067 FIGS. 18A-B show the nucleotide (Panel A, SEQ. 
ID. No. 94) and amino acid (Panel B, SEQ. ID. No. 95) 
Sequence of the dnaQ gene encoding the e Subunit of DNA 
polymerase III replication enzyme. 
0068 FIGS. 19A-B show an alignment of the DnaA 
protein of Several organisms. The amino acid Sequence of 
the Thermus thermophilus DnaA protein is also shown. 
Pmar, Pseudomonas marcesans (SEQ. ID. No.96); Syn.sp., 
Synechocystis sp. (SEQ. ID. No. 97); Bac. Sub., Bacillus 
subtilis (SEQ. ID. No. 98); M. tub, Mycobacterium tuber 
culosis (SEQ. ID. No. 99); Tth., Thermus thermophilus 
(SEQ. ID. No. 100); E. coli, Escherichia coli (SEQ. ID. No. 
101); T. mar, Thermatoga maritima (SEQ. ID. No. 102); and 
H. pyl, Helicobacter pylori (SEQ. ID. No. 103). 
0069 FIGS. 20A-B show the nucleotide (Panel A, SEQ. 
ID. No. 104) and amino acid (Panel B, SEQ. ID. No. 105) 
Sequence of the dnaA gene of Thermus thermophilus. 
0070 FIGS. 21A-B show the nucleotide (Panel A, SEQ. 
ID. No. 106) and amino acid (Panel B, SEQ. ID. No. 107) 
Sequence of the dnaN gene encoding the p Subunit of DNA 
polymerase III replication enzyme. 
0071 FIGS. 22A-B show an alignment of the B subunit 
of Tith. to the B3 subunits of other organisms. Tith. Thermus 
thermophilus (SEQ. ID. No. 108); E. coli, Escherichia coli 
(SEQ. ID. No. 109); P mirab, Proteus mirabilis (SEQ. ID. 
No. 110); H. infl, Haemophilus influenzae (SEQ. ID. No. 
111); P put., Pseudomonas putida (SEQ. ID. No. 112); and 
B. cap, Buchnera aphidicola (SEQ. ID. No. 113). 
0072 FIG. 23 is a map of the pET24:dnaN plasmid. The 
functional regions of the plasmid are indicated by arrows 
and italic, restriction Sites are marked with bars and Sym 
bols. The hatched parts in the plasmid correspond to Tith. 
dnaN. 
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0073 FIGS. 24A-B show the induction of Tith. B in E. 
coli cells harboring the Tith. B expression vector. Panel A is 
the cell induction. The first lane shows molecular weight 
markers (MW). The second lane shows uninduced E. coli 
cells, and the third lane shows induced E. coli. The induced 
Tith. B is, indicated by the arrow shown to the left. Induced 
cells were lysed then treated with heat and the soluble 
portion was chromatographed on MonoO. Panel B shows the 
results of MonoO purification of Tith. B. 

0074 FIG. 25A is a schematic depiction of the use of the 
use of the enzymes of the present invention in accordance 
with an alternate embodiment hereof. In this scheme the 
clamp (B or PCNA) slides over the end of linear DNA to 
enhance the polymerase (Pol III-type such as Pol III, Pol?3 or 
Polö.) In this fashion the clamp loader activity is not needed. 
0075 FIG. 25B graphically demonstrates the results of 
the practice of the alternate embodiment of the invention 
described and set forth in Example 15, infra. Lane 1, E. coli 
Pol III without B; Lane 2, E. coli with 3; Lane 3, human Polo 
without PCNA, Lane 4, human Polö with PCNA, Lane 5, 
Tith. Pol III without Tith. B; Lane 6, Tith. Pol III with T.th. 
B. The respective pmol Synthesis in lanes 1-6 are: 6, 35, 2, 
24, 0.6 and 1.9. 

0076 FIGS. 26A-B show the use of Tith. Pol III in 
extending singly primed M13 mp 18 to an RFII form. The 
scheme in FIG. 26A shows the primed template in which a 
DNA 57mer was annealled to the M13.mp 18 ssDNA circle. 
Then Tith. B subunit (produced recombinantly) and Tith. Pol 
III were added to the DNA in the presence of radioactive 
nucleoside triphosphates. In FIG. 26B, the products of the 
reaction were analyzed in a 0.8% native agarose gel. The 
position of ssDNA starting material, the RFII product, and of 
intermediate Species, are shown to the Sides of the gel. Lane 
1, use of Pol III. Lane 2, use of the non-Pol III DNA 
polymerase. 

0077 FIG. 27 is an SDS polyacrylamide gel of the 
proteins of the A. aeolicus replication machinery. 

0078 FIG. 28 is an SDS polyacrylamide gel analysis of 
the MonoO fractions of the method used to reconstitute and 
purify the A. aeolicus to8' complex. 
007.9 FIG. 29 is an SDS polyacrylamide gel analysis of 
the gel filtration column fractions used in the preparation of 
the A. aeolicus Citoö' complex. The bottom gel analysis 
shows the profile obtained using the A. aeolicus C. Subunit 
(polymerase) in the absence of the other Subunits. 
0080 FIG. 30 is an alkaline agarose gel analysis of 
reaction products for extension of a single primer around a 
7.2 kb M13 mp 18 circular ssDNA genome that has been 
coated with A. aeolicus SSB. The time course on the left are 
produced by CTöö'/B, and the time course on the right is 
produced by CTöö' in the absence of B. 
0.081 FIG. 31 is, a graph illustrating the optimal tem 
perature for activity of the alpha subunit of Thermus repli 
case using a calf thymus DNA replication assay. Reactions 
were shifted to the indicated temperature for 5 minutes 
before detecting the level of DNA synthesis activity. 

0082 FIG. 32 is a graph illustrating the optimal tem 
perature for activity of the alpha Subunit of the Aquifex 
replicase using a calf thymus DNA replication assay. Reac 
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tions were shifted to the indicated temperature for 5 minutes 
before detecting the level of DNA synthesis activity. 

0.083 FIGS. 33A-E illustrate the heat stability of Aquifex 
components. Assays of either a (FIG. 33A), B (FIG. 33B), 
töö' complex (FIG. 33C), SSB (FIG. 33D) and otöö' 
complex (FIG.33E) were performed after heating samples 
at the indicated temperatures. Components were heated in 
buffer containing the following: 0.1% Triton X-100 (filled 
diamonds); 0.05% Tween-20 and 0.01% NP-40 (filled 
circles); 4 mM CaCl (filled triangles); 40% Glycerol 
(inverted filled triangles); 0.01% Triton X-100, 0.05% 
Tween-20, 0.01% NP-40, 4 mM CaCl (half-filled square); 
40% Glycerol, 0.1% Triton X-100 (open diamonds); 40% 
Glycerol, 0.05% Tween-20, 0.01% NP-40 (open circles); 
40% Glycerol, 4 mM CaCl (open triangles); 40% Glycerol, 
0.01% Triton X-100, 0.05% Tween-20, 0.01% NP-40, 4 mM 
CaCl (half-filled diamonds). 
0084 FIGS. 34A-B show the nucleotide sequence (SEQ. 
ID. No. 117) of the dnaE gene of A. aeolicus. 
0085 FIG. 35 shows the amino acid sequence (SEQ. ID. 
No. 118) of the C. subunit of A. aeolicus. 
0.086 FIG. 36 shows the nucleotide sequence (SEQ. ID. 
No. 119) of the dnaX gene of A. aeolicus. 
0.087 FIG.37 shows the amino acid sequence (SEQ. ID. 
No. 120) of the tau subunit of A. aeolicus. 
0088 FIG.38 shows the nucleotide sequence (SEQ. ID. 
No. 121) of the dnaN gene of A. aeolicus. 
0089 FIG. 39 shows the amino acid sequence (SEQ. ID. 
No. 122) of the B subunit of A. aeolicus. 
0090 FIG. 40 shows the partial nucleotide sequence 
(SEQ. ID. No. 123) of the holA gene of A. aeolicus. 
0091 FIG. 41 shows the partial amino acide sequence 
(SEQ. ID. No. 124) of the 8 subunit of A. aeolicus. 
0092 FIG. 42 shows the nucleotide sequence (SEQ. ID. 
No. 125) of the holB gene of A. aeolhcus. 
0.093 FIG. 43 shows the amino acid sequence (SEQ. ID. 
No. 126) of the 8' subunit of A. aeolicus. 
0094 FIG. 44 shows the nucleotide sequence (SEQ. ID. 
No. 127) of the dnaO of A. aeolicus. 
0.095 FIG. 45 shows the amino acid sequence (SEQ. ID. 
No. 128) of the e subunit of A. aeolicus. 
0.096 FIG. 46 shows the nucleotide sequence (SEQ. ID. 
No. 129) of the Ssb gene of A. aeolicus. 
0097 FIG. 47 shows the amino acid sequence (SEQ. ID. 
No. 130) of the single-strand binding protein of A. aeolicus. 

0.098 FIG. 48 shows the nucleotide sequence (SEQ. ID. 
No. 131) of the dnaB gene of A. aeolicus. 
0099 FIG. 49 shows the amino acid sequence (SEQ. ID. 
No. 132) of the DnaB helicase of A. aeolicus. 
0100 FIG. 50 shows the nucleotide sequence (SEQ. ID. 
No. 133) of the dnaG gene of A. aeolicus. 
0101 FIG. 51 shows the amino acid sequence (SEQ. ID. 
No. 134) of the DnaG primase of A. aeolicus. 
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0102 FIG. 52 shows the nucleotide sequence (SEQ. ID. 
No. 135) of the dnaC gene of A. aeolicus. 
0103 FIG. 53 shows the amino acid sequence (SEQ. ID. 
No. 136) of the DnaC protein of A. aeolicus. 
0104 FIGS. 54A-B shows the nucleotide sequence 
(SEQ. ID. No. 137) of the dnaE gene of T. maritima. 
0105 FIG.55 shows the amino acid sequence (SEQ. ID. 
No. 138) of the C. Subunit of T. maritima. 
0106 FIG. 56 shows the nucleotide sequence (SEQ. ID. 
No. 139) of the dnaO gene of T. maritima. 
0107 FIG. 57 shows the amino acid sequence (SEQ. ID. 
No. 140) of the e subunit of T. maritima. 
0108 FIG. 58 shows the nucleotide sequence (SEQ. ID. 
No. 141) of the dnax gene of T. maritima. 
0109 FIG. 59 shows the amino acid sequence (SEQ. ID. 
No. 142) of the tau subunit of T. maritima. 
0110 FIG. 60 shows the nucleotide sequence (SEQ. ID. 
No. 143) of the dnaN gene of T. maritima. 
0111 FIG. 61 shows the amino acid sequence (SEQ. ID. 
No. 144) of the B subunit of T. maritima. 
0112 FIG. 62 shows the nucleotide sequence (SEQ. ID. 
No. 145) of the holA gene of T. maritima. 
0113 FIG. 63 shows the amino acid sequence (SEQ. ID. 
No. 146) of the 8 subunit of T. maritima. 
0114 FIG. 64 shows the nucleotide sequence (SEQ. ID. 
No. 147) of the holB gene of T. maritima. 
0115 FIG. 65 shows the amino acid sequence (SEQ. ID. 
No. 148) of the 8' subunit of T. maritima. 
0116 FIG. 66 shows the nucleotide sequence (SEQ. ID. 
No. 149) of the Ssb gene of T. maritima. 
0117 FIG. 67 shows the amino acid sequence (SEQ. ID. 
No. 150) of the single-strand binding protein of T. maritima. 
0118 FIG. 68 shows the nucleotide sequence (SEQ. ID. 
No. 151) of the dnaB gene of T. maritima. 
0119 FIG. 69 shows the amino acid sequence (SEQ. ID. 
No. 152) of the DnaB helicase of T. maritima. 
0120 FIG. 70 shows the nucleotide sequence (SEQ. ID. 
No. 153) of the dnaG gene of T. maritima. 
0121 FIG.71 shows the amino acid sequence (SEQ. ID. 
No. 154) of the DnaG primase of T. maritima. 
0122 FIG. 72 shows the nucleotide sequence (SEQ. ID. 
No. 155) of the holB gene of T. thermophilus. 
0123 FIG.73 shows the amino acid sequence (SEQ. ID. 
No. 156) of the 8' subunit of T. thermophilus. 
012.4 FIG. 74 shows the nucleotide sequence (SEQ. ID. 
No. 157) of the holA gene of T. thermophilus. 
0125 FIG. 75 shows the amino acid sequence (SEQ. ID. 
No. 158) of the 8 subunit of T. thermophilus. 
0126 FIG. 76 shows the nucleotide sequence (SEQ. ID. 
No. 171) of the Ssb gene of T. thermophilus. 
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0127 FIG.77 shows the amino acid sequence (SEQ. ID. 
No. 172) of the single-strand binding protein of T. thermo 
philus. 
0128 FIG. 78 shows the partial nucleotide sequence 
(SEQ. ID. No. 173) of the dnaN gene of B. Stearothermo 
philus. 

0.129 FIG. 79 shows the partial amino acid sequence 
(SEQ. ID. No. 174) of the B subunit of B. Stearothermophi 
lus. 

0130 FIG. 80 shows the nucleotide sequence (SEQ. ID. 
No. 175) of the Ssb gene of B. Stearothermophilus. 
0131 FIG. 81 shows the amino acid sequence (SEQ. ID. 
No. 176) of the single-strand binding protein of B. Stearo 
thermophilus. 

0132) FIG. 82 shows the nucleotide sequence (SEQ. ID. 
No. 177) of the holA gene of B. Stearothermophilus. 
0.133 FIG. 83 shows the amino acid sequence (SEQ. ID. 
No. 178) of the 8 subunit of B. Stearothermophilus. 
0134 FIG. 84 shows the nucleotide sequence (SEQ. ID. 
No. 179) of the holB gene of B. Stearothermophilus. 
0135 FIG. 85 shows the amino acid sequence (SEQ. ID. 
No. 180) of the 8' subunit of B. Stearothermophilus. 
0.136 FIGS. 86A-B show the partial nucleotide sequence 
(SEQ. ID. No. 181) of the dnax gene of B. Stearothermo 
philus. 

0137 FIG. 87 shows the partial amino acid sequence 
(SEQ. ID. No. 182) of the tau subunit of B. Stearothermb 
philus. 

0138 FIGS. 88A-B show the nucleotide sequence (SEQ. 
ID. No. 183) of the polC gene of B. Stearothermophilus. 
0139 FIG. 89 shows the amino acid sequence (SEQ. ID. 
No. 184) of the PolC or C-large subunit of B. Stearother 
mophilus. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0140. In accordance with the present invention there may 
be employed conventional molecular biology, microbiology, 
and recombinant DNA techniques within the skill of the art. 
Such techniques are explained fully in the literature. See, 
e.g., Sambrook et al., “Molecular Cloning: A Laboratory 
Manual” (1989); “Current Protocols in Molecular Biology” 
Volumes I-III (Ausubel, R. M., ed.) (1994); “Cell Biology: 
A Laboratory Handbook” Volumes I-III (Celis, J. E., ed.) 
(1994); “Current Protocols in Immunology” Volumes I-III 
(Coligan, J. E., ed.) (1994); “Oligonucleotide Synthesis” (M. 
J. Gait, ed.) (1984); “Nucleic Acid Hybridization” (B. D. 
Hames & S. J. Higgins, eds.) (1985); “Transcription And 
Translation” (B. D. Hames & S. J. Higgins, eds.) (1984); 
“Animal Cell Culture' (R. I. Freshney, ed.) (1986); “Immo 
bilized Cells And Enzymes” (IRL Press) (1986); B. Perbal, 
“A Practical Guide To Molecular Cloning” (1984), each of 
which is hereby incorporated by reference. 
0.141. Therefore, if appearing herein, the following terms 
shall have the definitions set out below. 

0142. The terms “DNA Polymerase III,”“Polymerase III 
type enzyme(s)”, “Polymerase III enzyme complex(s)", 
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“T.th. DNA Polymerase III”, “A.ae. DNA Polymerase III”, 
“Tma. DNA Polymerase III”, and any variants not specifi 
cally listed, may be used herein interchangeably, as are B 
Subunit and Sliding clamp and clamp as are also Y complex, 
clamp loader, and RFC, as used throughout the present 
application and claims refer to proteinaceous material 
including Single or multiple proteins, and extends to those 
proteins having the amino acid Sequence data described 
herein and presented in the Figures and corresponding 
Sequence Listing entries, and the corresponding profile of 
activities Set forth herein and in the claims. Accordingly, 
proteins displaying Substantially equivalent or altered activ 
ity are likewise contemplated. These modifications may be 
deliberate, for example, Such as modifications obtained 
through site-directed mutagenesis, or may be accidental, 
Such as those obtained through mutations in hosts that are 
producers of the complex or its named Subunits. Also, the 
terms “DNA Polymerase III,”“Tith. DNA Polymerase III.” 
and “Y and t subunits”, “B subunit”, “C. Subunit”, “e Sub 
unit”, “ö subunit”, “ö' subunit”, “SSB protein”, “sliding 
clamp' and “clamp loader” are intended to include within 
their Scope proteins Specifically recited herein as well as all 
Substantially homologous analogs and allelic variations. AS 
used herein Y complex refers to a particular type of clamp 
loader that includes a y Subunit. 

0143 Also as used herein, the term “thermolabile 
enzyme” refers to a DNA polymerase which is not resistant 
to inactivation by heat. For example, T5 DNA polymerase, 
the activity of which is totally inactivated by exposing the 
enzyme to a temperature of 90° C. for 30 seconds, is 
considered to be a thermolabile DNA polymerase. As used 
herein, a thermolabile DNA polymerase is less resistant to 
heat inactivation than in a thermostable DNA polymerase. A 
thermolabile DNA polymerase typically will also have a 
lower optimum temperature than a thermostable DNA poly 
merase. Thermolabile DNA polymerases are typically iso 
lated from mesophilic organisms, for example mesophilic 
bacteria or eukaryotes, including certain animals. 

0144. As used herein, the term “thermostable enzyme” 
refers to an enzyme which is stable to heat and is heat 
resistant and catalyzes (facilitates) combination of the nucle 
otides in the proper manner to form the primer extension 
products that are complementary to each nucleic acid Strand. 
Generally, the synthesis will be initiated at the 3' end of each 
primer and will proceed in the 5' direction along the template 
Strand, until Synthesis terminates, producing molecules of 
different lengths. 

0145 The thermostable enzyme herein must satisfy a 
Single criterion to be effective for the amplification reaction, 
i.e., the enzyme must not become irreversibly denatured 
(inactivated) when Subjected to the elevated temperatures 
for the time necessary to effect denaturation of double 
Stranded nucleic acids. Irreversible denaturation for pur 
poses herein refers to permanent and complete loss of 
enzymatic activity. The heating conditions necessary for 
denaturation will depend, e.g., on the buffer Salt concentra 
tion and the length and nucleotide composition of the 
nucleic acids being denatured, but typically range from 
about 90C to about 96° C. for a time depending mainly on 
the temperature and the nucleic acid length, typically about 
0.5 to four minutes. Higher temperatures may be tolerated as 
the buffer salt concentration and/or GC composition of the 
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nucleic acid is increased. Preferably, the enzyme will not 
become irreversibly denatured at about 90°-100° C. 
0146 The thermostable enzymes herein preferably have 
an optimum temperature at which they function that is 
higher than about 40 C., which is the temperature below 
which hybridization of primer to template is promoted, 
although, depending on (1) magnesium and Salt concentra 
tions and (2) composition and length of primer, hybridiza 
tion can occur at higher temperature (e.g., 45'-70 C.). The 
higher the temperature optimum for the enzyme, the greater 
the Specificity and/or Selectivity of the primer-directed 
extension proceSS. However, enzymes that are active below 
40° C., e.g., at 37 C., are also within the scope of this 
invention provided they are heat-stable. Preferably, the 
optimum temperature ranges from about 50 to about 90° C., 
more preferably about 600 to about 80 C. In this connec 
tion, the term "elevated temperature' as used herein is 
intended to cover Sustained temperatures of operation of the 
enzyme that are equal to or higher than about 60° C. 
0147 The term “template” as used herein refers to a 
double-stranded or single-stranded DNA molecule which is 
to be amplified, Synthesized, or Sequenced. In the case of a 
double-stranded DNA molecule, denaturation of its strands 
to form a first and a Second Strand is performed before these 
molecules may be amplified, Synthesized or Sequenced. A 
primer, complementary to a portion of a DNA template is 
hybridized underappropriate conditions and the DNA poly 
merase of the invention may then synthesize a DNA mol 
ecule complementary to Said template or a portion thereof. 
The newly synthesized DNA molecule, according to the 
invention, may be equal or shorter in length than the original 
DNA template. Mismatch incorporation during the synthesis 
or extension of the newly synthesized DNA molecule may 
result in one or a number of mismatched base pairs. Thus, 
the synthesized DNA molecule need not be exactly comple 
mentary to the DNA template. 
0.148. The term “incorporating” as used herein means 
becoming a part of a DNA molecule or primer. 
0149. As used herein “amplification” refers to any in 
Vitro method for increasing the number of copies of a 
nucleotide Sequence, or its complimentary Sequence, with 
the use of a DNA polymerase. Nucleic acid amplification 
results in the incorporation of nucleotides into a DNA 
molecule or primer thereby forming a new DNA molecule 
complementary to a DNA template. The formed DNA mol 
ecule and its template can be used as templates to Synthesize 
additional DNA molecules. AS used herein, one amplifica 
tion reaction may consist of many rounds of DNA replica 
tion. DNA amplification reactions include, for example, 
polymerase chain reactions (PCR). One PCR reaction may 
consist of about 20 to 100 “cycles” of denaturation and 
synthesis of a DNA molecule. In this connection, the use of 
the term “long stretches of DNA” as it refers to the extension 
of primer along DNA is intended to cover Such extensions of 
an average length exceeding 7 kilobases. Naturally, Such 
length will vary, and all Such variations are considered to be 
included within the scope of the invention. 
0150. As used herein, the term “holoenzyme” refers to a 
multi-Subunit DNA polymerase activity comprising and 
resulting from various Subunits which each may have dis 
tinct activities but which when contained in an enzyme 
reaction operate to carry out the function of the polymerase 
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(typically DNA synthesis) and enhance its activity over use 
of the DNA polymerase subunit alone. For example, E. coli 
DNA polymerase III is a holoenzyme comprising three 
components of one or more Subunits each: (1) a core 
component consisting of a heterotrimer of C, e and 0 
Subunits; (2) a? component consisting of a f Subunit dimer; 
and (3) a Y complex component consisting of a heteropen 
tamer of Y, Ö, Ö', X and | Subunits (see Studwell and 
O'Donnell, 1990). These three components, and the various 
Subunits of which they consist, are linked non-covalently to 
form the DNA polymerase III holoenzyme complex. How 
ever, they also function when not linked in Solution. 

0151. As used herein, “enzyme complex” refers to a 
protein Structure consisting essentially of two or more 
Subunits of a replication enzyme, which may or may not be 
identical, noncovalently linked to each other to form a 
multi-Subunit Structure. An enzyme complex according to 
this definition ideally will have a particular enzymatic 
activity, up to and including the activity of the replication 
enzyme. For example, a “DNA pol III enzyme complex' as 
used herein means a multi-Subunit protein activity compris 
ing two or more of the subunits of the DNA pol III 
replication enzyme as defined above, and having DNA 
polymerizing or Synthesizing activity. Thus, this term 
encompasses the native replication enzyme, as well as an 
enzyme complex lacking one or more of the Subunits of the 
replication enzyme (e.g., DNA pol III exo-, which lacks the 
e Subunit). 
0152 The amino acid residues described herein are pre 
ferred to be in the "L' isomeric form. However, residues in 
the “D' isomeric form can be substituted for any L-amino 
acid residue, as long as the desired functional property of 
immunoglobulin 15 binding is retained by the polypeptide. 
NH, refers to the free amino group present at the amino 
terminus of a polypeptide. COOH refers to the free carboxy 
group present at the carboxy terminus of a polypeptide. In 
keeping with Standard polypeptide nomenclature, J. Biol. 
Chem., 243:3552-59 (1969), abbreviations for amino acid 
residues are shown in the following Table of Correspon 
dence: 

TABLE OF CORRESPONDENCE 

SYMBOLS 

1-Letter 3-Letter AMINO ACID 

Y Tyr yrosine 
G Gly glycine 
F Phe phenylalanine 
M Met methionine 
A. Ala alanine 
S Ser serine 
I Ile isoleucine 
L Leu eucine 
T Thr hreonine 
V Val valine 
P Pro proline 
K Lys ysine 
H His histidine 
O Glin glutamine 
E Glu glutamic acid 
W Trp ryptophan 
R Arg arginine 
D Asp aspartic acid 
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-continued 

TABLE OF CORRESPONDENCE 

SYMBOLS 

1-Letter 3-Letter AMINO ACID 

N Asn asparagine 
C Cys cysteine 

0153. It should be noted that all amino-acid residue 
Sequences are represented herein by formulae whose left and 
right orientation is in the conventional direction of amino 
terminus to carboxy-terminus. Furthermore, it should be 
noted that a dash at the beginning or end of an amino acid 
residue Sequence indicates a peptide bond to a further 
Sequence of one or more amino-acid residues. The above 
Table is presented to correlate the three-letter and one-letter 
notations which may appear alternately herein. 
0154). A “replicon' is any genetic element (e.g., plasmid, 
chromosome, virus) that functions as an autonomous unit of 
DNA replication in Vivo, i.e., capable of replication under its 
own control. 

O155 A“vector” is a replicon, such as plasmid, phage or 
coSmid, to which another DNA segment may be attached So 
as to bring about the replication of the attached Segment. 
0156 A“DNA molecule” refers to the polymeric form of 
deoxyribonucleotides (adenine, guanine, thymine, or 
cytosine) in its either single Stranded form, or a double 
stranded helix. This term refers only to the primary and 
Secondary Structure of the molecule, and does not limit it to 
any particular tertiary forms. Thus, this term includes 
double-stranded DNA found, inter alia, in linear DNA 
molecules (e.g., restriction fragments), Viruses, plasmids, 
and chromosomes. In discussing the Structure of particular 
double-Stranded DNA molecules, Sequences may be 
described herein according to the normal convention of 
giving only the Sequence in the 5' to 3' direction along the 
nontranscribed Strand of DNA (i.e., the Strand having a 
Sequence homologous to the mRNA). 
0157 An “origin of replication” refers to those DNA 
Sequences that participate in DNA, Synthesis. 
0158. A DNA “coding sequence” is a double-stranded 
DNA sequence which is transcribed and translated into a 
polypeptide in Vivo when placed under the control of 
appropriate regulatory Sequences. The boundaries of the 
coding Sequence are determined by a Start codon at the 5' 
(amino) terminus and a translation stop codon at the 3' 
(carboxyl) terminus. A coding sequence can include, but is 
not limited to, prokaryotic Sequences, cDNA from eukary 
otic mRNA, genomic DNA sequences from eukaryotic (e.g., 
mammalian) DNA, and even synthetic DNA sequences. A 
polyadenylation signal and transcription termination 
Sequence will usually be located 3' to the, coding Sequence. 
0159 Transcriptional and translational control sequences 
are DNA regulatory Sequences, Such as promoters, enhanc 
ers, polyadenylation Signals, terminators, and the like, that 
provide for the expression of a coding Sequence in a host 
cell. 

0160 A“promoter sequence” is a DNA regulatory region 
capable of binding RNA polymerase in a cell and initiating 
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transcription of a downstream (3' direction) coding 
Sequence. For purposes of defining the present invention, the 
promoter Sequence is bounded at its 3' terminus by the 
transcription initiation site and extends upstream (5' direc 
tion) to include the minimum number of bases or elements 
necessary to initiate transcription at levels detectable above 
background. Within the promoter sequence will be found a 
transcription initiation site (conveniently defined by map 
ping with nuclease SI), as well as protein binding domains 
(consensus Sequences) responsible for the binding of RNA 
polymerase. Eukaryotic promoters will often, but not 
always, contain “TATA boxes and “CAT boxes. Prokary 
otic promoters contain Shine-Dalgarno Sequences in addi 
tion to the -10 and -35 consensus Sequences. 
0.161 An “expression control sequence” is a DNA 
Sequence that controls and regulates the transcription and 
translation of another DNA sequence. A coding Sequence is 
“under the control” of transcriptional and translational con 
trol Sequences in a cell when RNA polymerase transcribes 
the coding Sequence into mRNA, which is then translated 
into the protein encoded by the coding Sequence. 

0162. A “signal sequence” can be included before the 
coding Sequence. This Sequence encodes a Signal peptide, 
N-terminal to the polypeptide, that communicates to the host 
cell to direct the polypeptide to the cell Surface or Secrete the 
polypeptide into the media, and this signal peptide is clipped 
off by the host cell before the protein leaves the cell. Signal 
Sequences can be found associated with a variety of proteins 
native to prokaryotes and eukaryotes. 
0163 The term “oligonucleotide,” as used generally 
herein, Such as in referring to probes prepared and used in 
the present invention, is defined as a molecule comprised of 
two or more (deoxy)ribonucleotides, preferably more than 
three. Its exact size will depend upon many factors which, in 
turn, depend upon the ultimate function and use of the 
oligonucleotide. 

0164. The term “primer' as used herein refers to an 
oligonucleotide, whether occurring naturally as in a purified 
restriction digest or produced Synthetically, which is capable 
of acting as a point of initiation of Synthesis when placed 
under conditions in which Synthesis of a primer extension 
product, which is complementary to a nucleic acid Strand, is 
induced, i.e., in the presence of nucleotides and an inducing 
agent Such as a DNA polymerase and at a Suitable tempera 
ture and pH. The primer may be either Single-Stranded or 
double-Stranded and must be Sufficiently long to prime the 
Synthesis of the desired extension product in the presence of 
the inducing agent. The exact length of the primer will 
depend upon many factors, including temperature, Source of 
primer and use of the method. For example, for diagnostic 
applications, depending on the complexity of the target 
Sequence, the oligonucleotide primer typically contains 
15-25 or more nucleotides, although it may contain fewer 
nucleotides. 

0.165. The primers herein are selected to be “substan 
tially complementary to different Strands of a particular 
target DNA sequence. This means that the primerS must be 
Sufficiently complementary to hybridize with their respec 
tive Strands. 

0166 Therefore, the primer sequence need not reflect the 
exact Sequence of the template. For example, a non-comple 
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mentary nucleotide fragment may be attached to the 5' end 
of the primer, with the remainder of the primer Sequence 
being complementary to the Strand. Alternatively, non 
complementary bases or longer Sequences can be inter 
spersed into the primer, provided that the primer Sequence 
has Sufficient complementarity with the Sequence of the 
strand to hybridize therewith and thereby form the template 
for the Synthesis of the extension product. 

0.167 As used herein, the terms “restriction endonu 
cleases” and “restriction enzymes' refer to bacterial 
enzymes, each of which cut double-stranded DNA at or near 
a specific nucleotide Sequence. 

0168 A cell has been “transformed” by exogenous or 
heterologous DNA 0.30 when such DNA has been intro 
duced inside the cell. The transforming DNA may or may 
not be integrated (covalently linked) into chromosomal 
DNA making up the genome of the cell. In prokaryotes, 
yeast, and mammalian cells for example, the transforming 
DNA may be maintained on an episomal element Such as a 
plasmid. 

0169. With respect to eukaryotic cells, a stably trans 
formed cell is one in which the transforming DNA has 
become integrated into a chromosome So that it is inherited 
by daughter cells through chromosome replication. This 
stability is demonstrated by the ability of the eukaryotic cell 
to establish cell lines or clones comprised of a population of 
daughter cells containing the transforming. DNA. A “clone” 
is a population of cells derived from a single cell or common 
ancestor by mitosis. A "cell line' is a clone of a primary cell 
that is capable of Stable growth in vitro for many genera 
tions. 

0170 Two DNA sequences are “substantially homolo 
gous” when at least about 75% (preferably at least about 
80%, and most preferably at least about 90 or 95%) of the 
nucleotides match over the defined length of the DNA 
Sequences. Sequences that are Substantially homologous can 
be identified by comparing the Sequences using Standard 
Software available in Sequence data banks, or in a Southern 
hybridization experiment under, for example, Stringent con 
ditions as defined for that particular System. Suitable con 
ditions include those characterized by a hybridization buffer 
comprising 0.9M sodium citrate (“SSC) buffer at a tem 
perature of about 37 C. and washing in SSC buffer at a 
temperature of about 37 C.; and preferably in a hybridiza 
tion buffer comprising 20% formamide in 0.9M SSC buffer 
at a temperature, of about 42 C. and washing with 0.2xSSC 
buffer at about 42 C. Stringency conditions can be further 
varied by modifying the temperature and/or Salt content of 
the buffer, or by modifying the length of the hybridization 
probe as is known to those of skill in the art. Defining 
appropriate hybridization conditions is within the skill of the 
art. See, e.g., Maniatis et al., 1982; Glover, 1985; Hames and 
Higgins, 1984. 

0171 It should be appreciated that also within the scope 
of the present invention are degenerate DNA sequences. By 
“degenerate' is meant that a different three-letter codon is 
used to specify a particular amino acid. It is well known in 
the art that the following codons can be used interchange 
ably to code for each specific amino acid: 
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Phenylalanine (Phe or F) UUU or UUC 

Leucine (Leu or L) UUA or UUG or 

CUU or CUC or 

CUA or CUG. 

Isoleucine ( Ile or I) AUU or AUC or AUA 

Methionine (Met or M) AUG 

Waline (Val or V) GUU or GUC or 

GUA or GUG 

Serine (Ser or S) UCU or UCC or 

UCA or UCG or 

AGU or AGC 

Proline (Pro or P) CCU or CCC or 

CCA or CCG 

Threonine (Thr or T). ACU or ACC or 

ACA or ACG 

Alanine (Ala or A) GCU or GCG or 

GCA or GCG 

Tyrosine (Tyr or Y) UAU or UAC 

Histidine (His or H) CAU or CAC 

Glutamine (Glin or Q). CAA or GAG 

Asparagine (Asin or N) AAU or AAC 

Lysine (Lys or K) AAA or AAG 

Aspartic Acid (Asp or D) GAU or GAG 

Glutamic Acid (Glu or E) GAA or GAG 

Cysteine (Cys or C) UGU or UGC 

Arginine (Arg or R) CGU or CGC or 

CGA or CGG or 

AGA or AGG 

Glycine (Gly or G) GGU or GGC or 

GGA or GGG 

Tryptophan (Trp or W) UGG 

Termination codon UAA (ochre) or 

UAG (amber) or 

UGA (opal) 

0172 It should be understood that the codons specified 
above are for RNA sequences. The corresponding codons for 
DNA have a T Substituted for U. 

0173 Mutations can be made, e.g., in SEQ. ID. No. 1, or 
any of the nucleic acids Set forth herein, Such that a 
particular codon is changed to a codon which codes for a 
different amino acid. Such a mutation is generally made by 
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making the fewest nucleotide changes possible. A Substitu 
tion mutation of this Sort can be made to change an amino 
acid in the resulting protein in a non-conservative manner 
(i.e., by changing the codon from an amino acid belonging 
to a grouping of amino acids having a particular size or 
characteristic to an amino acid belonging to another group 
ing) or in a conservative manner (i.e., by changing the codon 
from an amino acid belonging to a grouping of amino acids 
having a particular Size or characteristic to an amino acid 
belonging to the same grouping). Such a conservative 
change generally leads to less change in the Structure and 
function of the resulting protein. A non-conservative change 
is more likely to alter the Structure, activity or function of the 
resulting protein. The present invention should be consid 
ered to include Sequences containing conservative changes 
which do not significantly alter the activity or binding 
characteristics of the resulting protein. 
0.174. The following is one example of various groupings 
of amino acids: 

0.175 Amino Acids with Nonpolar R Groups 
0176 Alanine 
0177) Valine 
0.178 Leucine 
0179 Isoleucine 
0180 Proline 
0181 Phenylalanine 
0182 Tryptophan 

0183 Methionine 
0.184 Amino Acids with Uncharged Polar R Groups 

0185. Glycine 

0186 Serine 
0187. Threonine 
0188 Cysteine 
0189 Tyrosine 
0.190 Asparagine 

0191) Glutamine 
0192 Amino Acids with Charged Polar R Groups (Nega 
tively Charged at pH 6.0) 

0193 Aspartic acid 

0194 Glutamic acid 
0.195 Basic Amino Acids (Positively Charged at pH 6.0) 

0196) Lysine 
0197) Arginine 

0198 Histidine (at pH 6.0) 
0199 Amino Acids with Phenyl Groups: 

0200 Phenylalanine 
0201 Tryptophan 
0202 Tyrosine 
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0203) Another grouping may be according to molecular 
weight (i.e., Size of R groups): 

Glycine 75 
Alanine 89 
Serine 05 
Proline 15 
Valine 17 
Threonine 19 
Cysteine 21 
Leucine 31 
Isoleucine 31 
Asparagine 32 
Aspartic acid 33 
Glutamine 46 
Lysine 46 
Glutamic acid 47 
Methionine 49 
Histidine (at pH 6.0) 55 
Phenylalanine 65 
Arginine 74 
Tyrosine 81 
Tryptophan 2O)4 

0204 Particularly preferred substitutions are: 
0205 Lys for Arg and vice versa such that a positive 
charge may be maintained; 

0206 Glu for Asp and vice versa such that a nega 
tive charge may be maintained; 

0207 Ser for Thr such that a free –OH can be 
maintained; and 

0208 Gln for Asn such that a free NH can be 
maintained. 

0209 Amino acid substitutions may also be introduced to 
Substitute an amino acid with a particularly preferable 
property. For example, a CyS may be introduced into a 
potential site for disulfide bridges with another Cys. A His 
may be introduced as a particularly “catalytic Site (i.e., His 
can act as an acid or base and is the most common amino 
acid in biochemical catalysis). Pro may be introduced 
because of its particularly planar Structure, which induces 
P-turns in the protein's structure. 
0210. Two amino acid sequences are “substantially 
homologous' when at least about 70% of the amino acid 
residues (preferably at least about 80%, and most preferably 
at least about 90 or 95%) are identical, or represent conser 
vative Substitutions. 

0211 A“heterologous” region of the DNA construct is an 
identifiable segment of DNA within a larger DNA molecule 
that is not found in association with the larger molecule in 
nature. Thus, when the heterologous region encodes a mam 
malian gene, the gene will usually be flanked by DNA that 
does not flank the mammalian genomic DNA in the genome 
of the Source organism. Another example of a heterologous 
coding Sequence is a construct where the coding Sequence 
itself is not found in nature (e.g., a cDNA where the genomic 
coding Sequence contains introns, or Synthetic Sequences 
having codons different than the native gene). Allelic varia 
tions or naturally-occurring mutational events do not give 
rise to a heterologous region of DNA as defined herein. 
0212. An “antibody' is any inumunoglobulin, including 
antibodies and fragments thereof, that binds a specific 
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epitope. The term encompasses polyclonal, monoclonal, and 
chimeric antibodies, the last mentioned described in further 
detail in U.S. Pat. Nos. 4,816,397 to Boss et al. and 
4,816,567 to Cabilly et al. 
0213 An “antibody combining site' is that structural 
portion of an antibody molecule comprised of heavy and 
light chain variable and hyperVariable regions that Specifi 
cally binds antigen. 
0214. The phrase “antibody molecule” in its various 
grammatical forms as used herein contemplates both an 
intact immunoglobulin molecule and an immunologically 
active portion of an immunoglobulin molecule. Exemplary 
antibody molecules are intact immunoglobulin molecules, 
Substantially intact immunoglobulin molecules and those 
portions of an immunoglobulin molecule that contains the 
paratope, including those portions known in the art as Fab, 
Fab', F(ab') and F(v), which portions are preferred for use 
in the therapeutic methods described herein. Fab and F(ab') 
portions of antibody molecules are prepared by the pro 
teolytic reaction of papain and pepsin, respectively, on 
Substantially intact antibody molecules by methods that are 
well-known. See for example, U.S. Pat. No. 4,342,566 to 
Theofilopolous et al. Fab' antibody molecule portions are 
also well-known and are produced from F(ab') portions 
followed by reduction of the disulfide bonds linking the two 
heavy chain portions as with mercaptoethanol, and followed 
by alkylation of the resulting protein mercaptain with a 
reagent Such as iodoacetamide. An antibody containing 
intact antibody molecules is preferred herein. 
0215. The phrase “monoclonal antibody” in its various 
grammatical forms refers to an antibody having only one 
Species of antibody combining Site capable of immunore 
acting with a particular antigen. A monoclonal antibody thus 
typically displays a Single binding affinity for any antigen 
with which it immunoreacts. A monoclonal antibody may 
therefore contain an antibody molecule having a plurality of 
antibody combining Sites, each immnunospecific for a dif 
ferent antigen; e.g., a bispecific (chimeric) monoclonal anti 
body. 

0216 A DNA sequence is “operatively linked” to an 
expression control Sequence when the expression control 
Sequence controls and regulates the transcription and trans 
lation of that DNA sequence. The term “operatively linked” 
includes having an appropriate start signal (e.g., ATG) in 
front of the DNA sequence to be expressed and maintaining 
the correct reading frame to permit expression of the DNA 
Sequence under the control of the expression control 
Sequence and production of the desired product encoded by 
the DNA sequence. If a gene that one desires to insert: into 
a recombinant DNA molecule does not contain an appro 
priate Start Signal, Such a start Signal can be inserted in front 
of the gene. 
0217. The term “standard hybridization conditions” 
refers to Salt and temperature conditions Substantially 
equivalent to 5xSSC and 65 C. for, both hybridization and 
wash. However, one skilled in the art will appreciate that 
Such “Standard hybridization conditions' are dependent on 
particular conditions including the concentration of Sodium 
and magnesium in the buffer, nucleotide Sequence length 
and concentration, percent mismatch, percent formamide, 
and the like. Also important in the determination of “stan 
dard hybridization conditions” is whether the two sequences 
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hybridizing are RNA-RNA, DNA-DNA or RNA-DNA. 
Such standard hybridization conditions are easily deter 
mined by one skilled in the art according to well known 
formulae, wherein hybridization is typically 10-20 C. 
below the predicted or determined T with washes of higher 
Stringency, if desired. 

0218. In its primary aspect, the present invention con 
cerns the identification of a class of DNA Polymerase 
III-type enzymes or complexes found in thermophilic bac 
teria Such as Thermus thermophilus (Tith.), Aquifex aeolicus 
(A. ae.), Thermotoga maritima (Tima.), Bacillus Stearother 
mophilus (B. St.) and other eubacteria which exhibit the 
following characteristics, among their properties: the ability 
to extend a primer over a long stretch of ssDNA at elevated 
temperature, Stimulation by its cognate sliding clamp of the 
type that is assembled on DNA by a clamp loader, accessory 
subunits that exhibit DNA-stimulated ATPase activity at 
elevated temperature and/or ionic Strength, and an associ 
ated 3'-5' exonuclease activity. In a particular aspect, the 
invention extends to Polymerase III-type enzymes derived 
from a broad class of thermophilic eubacteria that include 
polymerases isolated from the thermophilic bacteria Aquifex 
aeolicus (A. ae. polymerase) and other members of the 
Aquifex genus, Thermus thermophilus (Tith. polymerase), 
Thermus favus (Tfl/Tub polymerase), Thermus ruber (Tru 
polymerase), Thermus brockianus (DYNAZYMETM poly 
merase) and other members of the Thermus genus; Bacillus 
Stearothermophilus (Bst polymerase) and other members of 
the Bacillus genus; Thermoplasma acidophilum (Tac poly 
merase) and other members of the Thermoplasma genus; 
and Thermotoga neapolitana (Tne polymerase; See WO 
96/10640 to Chattejee et al.), Thermotoga maritima (Tima 
polymerase; See U.S. Pat. No. 5,374,553 to Gelfand et al.), 
and other members of the Thermotoga genus. The particular 
polymerase discussed herein by way of illustration and not 
limitation, is the enzyme derived from Tith., A. ae., Tima., or 
B.St. 

0219 Polymerase III-type enzymes covered by the 
invention include those that may be prepared by purification 
from cellular material, as described in detail in the Examples 
infra, as well as enzyme assemblies or complexes that 
comprise the combination of individually prepared enzyme 
Subunits or components. Accordingly, the entire enzyme 
may be prepared by purification from cellular material, or 
may be constructed by the preparation of the individual 
components and their assembly into the functional enzyme. 
A representative and non-limitative protocol for the prepa 
ration of an enzyme by this latter route is set forth in U.S. 
Pat. No. 5,583,026 to O'Donnell, and the disclosure thereof 
is incorporated herein in its entirety for Such purpose. 

0220 Likewise, individual subunits may be modified, 
e.g. as by incorporation therein of Single residue Substitu 
tions to create active sites therein, for the purpose of 
imparting new or enhanced properties to enzymes contain 
ing the modified Subunits. (See, e.g., Tabor, 1995). Likewise, 
individual Subunits prepared in accordance with the inven 
tion, may be used individually and for example, may be 
Substituted for their counterparts in other enzymes, to 
improve or particularize the properties of the resultant 
modified enzyme. Such modifications are within the skill of 
the art and are considered to be included within the Scope of 
the present invention. 
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0221. Accordingly, the invention includes the various 
Subunits that may comprise the enzymes, and accordingly 
extends to the genes and corresponding proteins that may be 
encoded thereby, Such as the a (as well as PolC), f, Y, Y, T, 
8 and 8' subunits, respectively. More particularly, in Ther 
muS thermophilus the C. Subunit corresponds to dnaE, the B 
Subunit corresponds to dnaN, the e Subunit corresponds to 
dnaQ, and the Y and T. Subunits correspond to dnax, the Ö 
Subunit corresponds to holA, and the Ö' Subunit corresponds 
to holB. In Aquifex aeolicus and Thermotoga maritima, the 
C. Subunit corresponds to dnaE, the B Subunit corresponds to 
dnaN, the e subunit corresponds to dnaQ, the T Subunit 
corresponds to dnaX, the Ö Subunit corresponds to hola, and 
the 8' subunit corresponds to holB. In Bacillus Stearother 
mophilus, the PolC which has both C. and e activities 
corresponds to polC, the B Subunit corresponds to dnaN, the 
e Subunit corresponds to dnaQ, the T. Subunit corresponds to 
dnax, the 8 subunit corresponds to holA, and the 8' subunit 
corresponds to holB. 
0222. Accordingly, the Polymerase III-type enzyme of 
the present invention comprises at least one gene encoding 
a Subunit thereof, which gene is Selected from the group 
consisting of dnaX, dnaQ, dnaE, dnan, hola, holB, and 
combinations thereof. More particularly, the invention 
extends to the nucleic acid molecule encoding them and 
their encoded Subunits. 

0223) In the Tith. Pol III enzyme, this includes the fol 
lowing nucleotide sequences: dnaX(SEQ. ID. No. 3), dnaE 
(SEQ. ID. No. 86), dnaQ (SEQ. ID. No. 94), dnaN (SEQ. ID. 
No. 106), hola (SEQ. ID. No. 157), and holB (SEQ. ID. No. 
155). 
0224. In the A. ae. Pol III enzyme, this includes the 
following nucleotide sequences: dnax (SEQ. ID. No. 119), 
dnaE (SEQ. ID. No. 117), dnaO (SEQ. ID. No. 127), dnan 
(SEQ. ID. No. 121), hola (SEQ. ID. No. 123), and holB 
(SEQ. ID. No. 125). 
0225. In the Tima. Pol III enzyme, this includes the 
following nucleotide sequences: dnax (SEQ. ID. No. 141), 
dnaE (SEQ. ID. No. 137), dnaO (SEQ. ID. No. 139), 
dnaN(SEQ. ID. No. 143), holA (SEQ. ID. No. 145), and 
holB (SEQ. ID. No. 147). 
0226. In the B.St. Pol III enzyme, this includes the fol 
lowing nucleotide sequences: dnax (SEQ. ID. No. 181), 
dnaN (SEQ. ID. No. 173), holA (SEQ. ID. No. 177), holB 
(SEQ. ID. No. 179), and polC (SEQ. ID. Nos. 183). 
0227. In each of the Pol III type enzymes of the present 
invention, not only are each of the above-identified coding 
Sequences contemplated, but also conserved variants, active 
fragments and analogs thereof. 
0228) A particular Tith. Polymerase III-type enzyme in 
accordance with the invention may include at least one of the 
following Sub-units: a y Subunit having an amino acid 
sequence corresponding to SEQ. ID. Nos. 4 and 5; a t 
Subunit having an amino acid Sequence corresponding to 
SEQ. ID. No. 2; a e Subunit having an amino acid Sequence 
corresponding to SEQ. ID. No. 95; a C. Subunit including an 
amino acid Sequence corresponding SEQ. ID. No. 87, a 3 
Subunit having an amino acid Sequence corresponding to 
SEQ. ID. No. 107; a 6 subunit having an amino acid 
sequence corresponding to SEQ. ID. No. 158; a 6' subunit 
having an amino acid Sequence corresponding to SEQ. ID. 
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No. 156; as well as variants, including allelic variants, 
muteins, analogs and fragments of any of the Subunits, and 
compatible combinations thereof, capable of functioning in 
DNA amplification and Sequencing. 
0229. A particular A.ae. Polymerase III-type enzyme in 
accordance with the invention may include at least one of the 
following Sub-units: a T. Subunit having an amino acid 
sequence corresponding to SEQ. ID. No. 120; a e subunit 
having an amino acid Sequence corresponding to SEQ. ID. 
No. 128; a C. Subunit including an amino acid Sequence 
corresponding to SEQ. ID. No. 118; a B subunit having an 
amino acid Sequence corresponding to SEQ. ID. No. 122; a 
Ö Subunit having an amino acid Sequence corresponding to 
SEQ. ID. No. 124; a 6' subunit having an amino acid 
Sequence corresponding to SEQ. ID. No. 126; as well as 
variants, including allelic variants, muteins, analogs and 
fragments of any of the Subunits, and compatible combina 
tions thereof, capable of functioning in DNA amplification 
and Sequencing. 
0230. A particular Tima. Polymerase III-type enzyme in 
accordance with the invention may include at least one of the 
following Sub-units: a T. Subunit having an amino acid 
Sequence corresponding to SEQ. ID. No. 142; a e Subunit 
having an amino acid Sequence corresponding to SEQ. ID. 
No. 140; a C. Subunit including an amino acid Sequence 
corresponding to SEQ. ID. No. 138; a B subunit having an 
amino acid Sequence corresponding to SEQ. ID. No. 144, a 
Ö Subunit having an amino acid Sequence corresponding to 
SEQ. ID. No. 146; a 6' subunit having an amino acid 
Sequence corresponding to SEQ. ID. No. 148; as well as 
variants, including allelic variants, muteins, analogs and 
fragments of any of the Subunits, and compatible combina 
tions thereof, capable of functioning in DNA amplification 
and Sequencing. 
0231. A particular B.St. Polymerase III-type enzyme in 
accordance with the invention may include at least one of the 
following Subunits: a T Subunit having a partial amino acid 
sequence corresponding to SEQ. ID. No. 182; a 3 subunit 
having an amino acid Sequence corresponding to SEQ ID. 
No. 174, a 6 Subunit having an amino acid Sequence 
corresponding to SEQ. ID. No. 178; a 6' subunit having an 
amino acid Sequence corresponding to SEQ. ID. No. 180; a 
PolC Subunit having an amino acid Sequence corresponding 
to SEQ. ID. Nos. 184; as well as variants, including allelic 
variants, muteins, analogs and fragments of any of the 
Subunits, and compatible combinations thereof, capable of 
functioning in DNA amplification and Sequencing. 
0232 The invention also includes and extends to the use 
and application of the enzyme and/or one or more of its 
components for DNA molecule amplification and Sequenc 
ing by the methods Set forth hereinabove, and in greater 
detail later on herein. 

0233) One of the subunits of the invention is the Tith. Y?t 
Subunit encoded by a dnaX gene, which frameshifts as much 
as -2 with high efficiency, and that, upon frameshifting, 
leads to the addition of more than one extra amino acid 
residue to the C-terminus (to form the Y subunit). Further, the 
invention likewise extends to a dnax gene derived from a 
thermophile Such as Tith., that possesses the frameshift 
defined herein and that codes for expression of the Y and T 
subunits of DNA Polymerase III. 
0234. The present invention provides methods for ampli 
fying or Sequencing a nucleic acid molecule comprising 
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contacting the nucleic acid molecule with a composition 
comprising a DNA polymerase III enzyme (DNA pol III) 
complex (for Sequencing, preferably a DNA pol III complex 
that is substantially reduced in 3'-5' exonuclease activity). 
DNA pol III complexes used in the methods of the present 
invention are thermostable. 

0235. The invention also provides DNA molecules 
amplified by the present methods, methods of preparing a 
recombinant vector comprising inserting a DNA molecule 
amplified by the present methods into a vector, which is 
preferably an expression vector, and recombinant vectors 
prepared by these methods. 
0236. The invention also provides methods of preparing 
a recombinant host cell comprising inserting a DNA mol 
ecule amplified by the present methods into a host cell, 
which preferably a bacterial cell, most preferably an 
Escherichia coli cell; a yeast cell; or an animal cell, most 
preferably an insect cell, a nematode cell or a mammalian 
cell. The invention also provides and recombinant host cells 
prepared by these methods. 
0237. In additional preferred embodiments, the present 
invention provides kits for amplifying or Sequencing a 
nucleic acid molecule. DNA amplification kits according to 
the invention comprise a carrier means having in close 
confinement therein two or more container means, wherein 
a first container means contains a DNA polymerase III 
enzyme complex and a Second container means contains a 
deoxynucleoside triphosphate. DNA sequencing kits accord 
ing to the present invention comprise a multi-protein Pol 
III-type enzyme complex and a Second container means 
contains a dideoxynucleoside triphosphate. The DNA pol III 
contained in the container means of Such kits is preferably 
Substantially reduced in 5'-3' exonuclease activity, may be 
thermostable; and may be isolated from the thermophilic 
cellular Sources described above. 

0238 DNA pol III-type enzyme complexes for use in the 
present invention may be isolated from any organism that 
produced the DNA pol III-type enzyme complexes naturally 
or recombinantly. Such enzyme complexes may be thermo 
Stable, isolated from a variety of thermophilic organisms. 
0239). The thermostable DNA polymerase III-type 
enzymes or complexes that are an important aspect of this 
invention, may be isolated from a variety of thermophilic 
bacteria that are available commercially (for examples from 
American Type Culture Collection, Rockville, Md.). Suit 
able for use as Sources of thermostable enzymes are the 
thermophilic eubacteria Aquifex aeolicus and other Species 
of the Aquifex genus, Thermus aquaticus, Thermus thermo 
philus, Thermus flavus, Thermus ruber, Thermus brockianus, 
and other Species of the Thermus genus, Bacillus Stearo 
thermophilus, Bacillus Subtilis, and other species of the 
Bacillus genus, Thermoplasma acidophilum and other spe 
cies of the Thermoplasma genus, Thermotoga neapolitana, 
Thermotoga maritima and other Species of the Thermotoga 
genus, and mutants of each of these species. It will be 
understood by one of ordinary skill in the art, however, that 
any thermophilic microorganism might be used as a Source 
of thermostable DNA pol III-type enzymes and polypeptides 
for use in the methods of the present invention. Bacterial 
cells may be grown according to Standard microbiological 
techniques, using culture media and incubation conditions 
Suitable for growing active cultures of the particular ther 
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mophilic Species that are well-known to one of ordinary skill 
in the art (see, e.g., Brock et al., 1969; Oshima et al., 1974). 
Thermostable DNA pol III complexes may then be isolated 
from Such thermophilic cellular Sources as described for 
thermolabile complexes above. 

0240 Several methods are available for identifying 
homologous nucleic acids and protein Subunits in other 
thermophilic eubacteria, either those listed above or other 
wise. These methods include the following: 

0241 (1) The following procedure was used to obtain the 
genes encoding Tith. e. (dnaQ), T/Y (dnaX), DnaA (dnaA), 
and, (dnaN). Protein sequences encoded by genes of non 
thermophilic bacteria (i.e., mesophiles) are aligned to iden 
tify highly conserved amino acid Sequences. PCR primers at 
conserved positions are designed using the codon usage of 
the organism of interest to amplify an internal Section of the 
gene from genomic DNA extracted from the organism. The 
PCR product is Sequenced. New primers are designed near 
the ends of the Sequence to obtain new Sequence that flanks 
the ends using circular PCR (also called inversed PCR) on 
genomic DNA that has been cut with the appropriate restric 
tion enzyme and ligated into circles. These new PCR prod 
ucts are Sequenced. The procedure is repeated until the entire 
gene Sequence has been obtained. Also, dnaN (encoding f) 
is located next to dnaA in bacteria and, therefore, dnaN can 
be obtained by cloning DNA flanking the dnaA gene by the 
circular PCR procedure Starting within dnaA. Once the gene 
is obtained, it is cloned into an expression vector for protein 
production. 

0242 (2) The following procedure was used to obtain the 
genes encoding Tith C. polymerase (dnaE gene). The DNA 
polymerase III can be purified directly from the organism of 
interest and amino acid sequence of the Subunit(s) obtained 
directly. In the case of Tith., Tithcells were lysed and proteins 
were fractionated. An antibody against E. colia was used to 
probe column fractions by Western analysis, which reacted 
with Tith. C. The Tith. C. was transferred to a membrane, 
proteolyzed, and fragments were Sequenced. The Sequence 
was used to design PCR primers for amplification of an 
internal Section of the dnaB gene. Remaining flanking 
sequences are then obtained by circular PCR. 
0243 (3) The following procedure can be used to identify 
published nucleotide Sequences which have not yet been 
identified as to their function. This method was used to 
obtain Tith. 8 (holA) and 8' (holB), although they could 
presumably also have been obtained via Methods 1 and 2 
above. Discovery of Tith. dnaE (C), dnaN (B) and dnaX (t/y) 
indicates that thermophiles use a class III type of DNA 
polymerase (C) that utilize a clamp (B) and must also use a 
clamp loader Since they have T/Y. Also, the biochemical 
experiments in the Examples infra show that the Tith. 
polymerase functions with the Tith. 3 clamp. Having dem 
onstrated that a thermophile (e.g., Tith.) does indeed utilize 
a class III type of polymerase with a clamp and clamp 
loader, it can be assumed that they may have 6 and Ö' 
subunits needed to form a complex with T/y for functional 
clamp loading activity (i.e., as shown in E. coli, Öand 6' bind 
either t or Y to form toö'Or Yöö' complex, both of which are 
functional clamp loaders). The Ó Subunit is not very well 
conserved, but does give a match in the Sequence databases 
for A.ae., Tima, and Tith. The Tith. database provided limited 
information on the amino acid Sequence of Ö Subunit, 
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although one can easily obtain the complete Sequence of 
Tith. hola by PCR and circular PCR as outlined above in 
Method 1. The A.ae. and Tima. databases are complete and, 
therefore, the entire holA sequence from these genomes are 
identified. Neither database recognized these Sequences as. 
8 encoded by holA. The 8' subunit (holB) is fairly well 
conserved. Again the incomplete Tith. database provided 
limited 6' Sequence, but as with 6, it is a Straight forward 
process for anyone experienced in the area to obtain the rest 
of the holB sequence using PCR and circular PCR as 
described in Method 1. Neither the A.ae. nor Tima. databases 
recognized holB encoding 6'. Nevertheless, holb was iden 
tified as encoding 6' by Searching the databases with Ö' 
Sequence. In each case, the Thermatoga maritima and 
Aquifex aeolicus holB gene and Ö' Sequence were obtained 
in their entirety. Neither database had previously annotated 
holA or holb encoding 8 and Ö'. 

0244. As stated above and in accordance with the present 
invention, once nucleic acid molecules have been obtained, 
they may be amplified according to any of the literature 
described manual or automated amplification methods. Such 
methods includes, but are not limited to, PCR (U.S. Pat. No. 
4,683,195 to Mullis et al. and U.S. Pat. No. 4,683.202 to 
Mullis), Strand Displacement Amplification (SDA) (U.S. 
Pat. No. 5,455,166 to Walker), and Nucleic Acid Sequence 
Based. Amplification, (NASBA) (U.S. Pat. No. 5,409,818 to 
Davey et al.; EP 329,822 to Davey et al.). Most preferably, 
nucleic acid molecules are amplified by the methods of the 
present invention using PCR-based amplification tech 
niques. 

0245. In the initial steps of each of these amplification 
methods, the nucleic acid molecule to be, amplified is 
contacted with a composition comprising a DNA poly 
merase belonging to the evolutionary "family A' class (e.g., 
Taq DNApol I or E. colipol I) or the “family “B” class (e.g., 
Vent and Pful DNA polymerases--see Ito and Braithwaite, 
1991). All of these DNA polymerases are, present as single 
subunits and are primarily involved in DNA repair. In 
contrast, the DNA pol III-type enzymes are multisubunit 
complexes that mainly function in the replication of the 
chromosome, and the Subunit containing the DNA poly 
merase activity is in the “family C” class. 

0246 Thus, in amplifying a nucleic acid molecule 
according to the methods of the present invention, the 
nucleic acid molecule is contacted with a composition 
comprising a thermostable DNA pol III-type enzyme com 
plex. 

0247 Once the nucleic acid molecule to be amplified is 
contacted with the DNA pol III-type complex, the amplifi 
cation reaction may proceed according to Standard protocols 
for each of the above-described techniques. Since most of 
these techniques comprise a high-temperature denaturation 
step, if a thermolabile. DNA pol III-type enzyme complex is 
used in nucleic acid amplification by any of these techniques 
the enzyme would need to be added at the start of each 
amplification cycle, Since it would be heat-inactivated at the 
denaturation step. However, a thermostable DNA pol III 
type complex used in these methods need only be added 
once at the start of the amplification (as for Taq DNA 
polymerase in traditional PCR amplifications), as its activity 
will be unaffected by the high temperature of the denatur 
ation step. It should be noted, however, that because DNA 
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pol III-type enzymes may have a much more rapid rate of 
nucleotide incorporation than the polymerases commonly 
used in these amplification techniques, the cycle times may 
need to be adjusted to shorter intervals than would be 
Standard. 

0248. In an alternative preferred embodiment, the inven 
tion provides methods of extending primers for Several 
kilobases, a reaction that is central to amplifying large 
nucleic acid molecules, by a technique commonly referred to 
as “long chain PCR” (Barnes, 1994; Cheng, 1994). 
0249. In such a method the target primed DNA can 
contain a single strand stretch of DNA to be copied into the 
double strand form of several or tens of kilobases. The 
reaction is performed in a suitable buffer, preferably Tris, at 
a pH of between 5.5-9.5, preferably 7.5. The reaction also 
contains MgCl, in the range 1 mM to 10 mM, preferably 8 
mM, and may contain a suitable salt such as NaCl, KCl or 
Sodium or potassium acetate. The reaction also contains ATP 
in the range of 20 uM to 1 mM, preferably 0.5 mM, that is 
needed for the clamp loader to assemble the clamp onto the 
primed template, and a Sufficient concentration of deoxy 
nucleoside triphosphates in the range of 50 uM to 0.5 mM, 
preferably 60 uM for chain extension. The reaction contains 
a sliding clamp, Such as the B Subunit, in the range of 20 ng 
to 200 ng, preferably 100 ng, for action as a clamp to 
Stimulate the DNA polymerase. The chain extension reac 
tion contains a DNA polymerase and a clamp loader: that 
could be added either separately or as a single Pol III*-like 
particle, preferably as a Pol III* like particle that contains 
the DNA polymerase and clamp loading activities. The Pol 
III-type enzyme is added preferably at a concentrations of 
about 0.0002-200 units per milliliter, about 0.002-100 units 
per milliliter, about 0.2-50 units per milliliter, and most 
preferably about 2-50 units per milliliter. The reaction is 
incubated at elevated temperature, preferably 60° C. or 
more, and could include other proteins to enhance activity 
Such as a Single Strand DNA binding protein. 

0250 In another preferred embodiment, the invention 
provides methods of extending primers on linear templates 
in the absence of the clamp loader. In this reaction, the 
primers are annealled to the linear DNA, preferably at the 
ends Such as in Standard PCR applications. The reaction is 
performed in a suitable buffer, preferably Tris, at a pH of 
between 5.5-9.5, preferably 7.5. The reaction also contains 
MgCl, in the range of 1 mM to 10 mM, preferably 8 mM, 
and may contain a Suitable Salt Such as NaCl, KCl or Sodium 
or potassium acetate. The reaction also contains a Sufficient 
concentration of deoxynucleoside triphosphates in the range 
of 50 uM to 0.5 mM, preferably 60 uM for chain extension. 
The reaction contains a sliding clamp, Such as the B Subunit, 
in the range of 20 ng to 20 lug, preferably about 2 tug, for 
ability to slide on the end of the DNA and associate with the 
polymerase for action as a clamp to Stimulate the DNA 
polymerase. The chain extension reaction also contains a Pol 
III-type polymerase subunit such as a, core, or a Pol III*-like 
particle. The Pol III-type enzyme is added preferably at a 
concentrations of about 0.0002-200 units per milliliter, 
about 0.002-100 units per milliliter, about 0.2-50 units per 
milliliter, and most preferably about 2-50 units per milliliter. 
The reaction is incubated at elevated temperature, preferably 
60° C. or more, and could include other proteins to enhance 
activity Such as a Single Strand DNA binding protein. 
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0251 The methods of the present invention thus will 
provide high-fidelity amplified copies of a nucleic acid 
molecule in a more rapid fashion than traditional amplifi 
cation methods using the repair-type enzymes. 

0252) These amplified nucleic acid molecules may then 
be manipulated according to Standard recombinant DNA 
techniques. For example, a nucleic acid molecule amplified 
according to the present methods may be inserted into a 
vector, which is preferably an expression vector, to produce 
a recombinant vector comprising the amplified nucleic acid 
molecule. This vector may then be inserted into a host cell, 
where it may, for example, direct the host cell to produce a 
recombinant polypeptide encoded by the amplified nucleic 
acid molecule. Methods for inserting nucleic acid molecules 
into Vectors, and inserting these vectors into host cells, are 
well-known to one of ordinary skill in the art (see, e.g., 
Maniatis, 1992). 
0253 Alternatively, the amplified nucleic acid molecules 
may be directly inserted into a host cell, where it may be 
incorporated into the host cell genome or may exist as an 
extrachromosomal nucleic acid molecule, thereby producing 
a recombinant host cell. Methods for introduction of a 
nucleic acid molecule into a host cell, including calcium 
phosphate transfection, DEAE-dextran mediated transfec 
tion, cationic lipid-mediated transfection, electroporation, 
transduction, infection or other methods, are described in 
many standard laboratory manuals (see, e.g., Davis, 1986). 
0254 For each of the above techniques wherein an ampli 
fied nucleic acid molecule is introduced into a host cell via 
a vector or via direct introduction, preferred host cells 
include but are not limited to a bacterial cell, a yeast cell, or 
an animal cell. Bacterial host cells preferred in the present 
invention are E. coli, Bacillus spp., Streptomyces, spp., 
Erwinia spp., Klebsiella spp. and Salmonella typhimurium. 
Preferred as a host cell is E. coli, and particularly preferred 
are E. coli strains DH 10B and Stb12, which are available 
commercially (Life. Technologies, Inc. Gaithersburg, Md.). 
Preferred animal host cells are insect cells, nematode cells 
and mammalian cells. Insect host cells preferred in the 
present invention are Drosophila spp. cells, Spodoptera Sf9 
and Sf21 cells, and Trichoplusa High-Five cells, each of 
which is available commercially (e.g., from Invitrogen; San 
Diego, Calif.). Preferred nematode host cells are those 
derived from C. elegans, and preferred mammalian host 
cells are those derived from rodents, particularly rats, mice 
or hamsters, and primates, particularly monkeys and 
humans. Particularly preferred as mammalian host cells are 
CHO cells, COS cells and VERO cells. 

0255 By the present invention, nucleic acid molecules 
may be sequenced according to any of the literature-de 
Scribed manual or automated Sequencing methods. Such 
methods include, but are not limited to, dideoxy Sequencing 
methods Such as "Sanger Sequencing' (Sanger and Coulson, 
1975; Sanger et al., 1977; U.S. Pat. No. 4,962,022 to 
Fleming et al.; and U.S. Pat. No. 5,498,523 to Tabor et al.), 
as well as more complex PCR-based nucleic acid finger 
printing techniques Such as Random Amplified Polymorphic 
DNA (RAPD) analysis (Williams et al., 1990). Arbitrarily 
Primed PCR (AP-PCR) (Welsh and McClelland, 1990), 
DNA Amplification Fingerprinting (DAF) (Caetano 
Anolles, 1991), microsatellite PCR or Directed Amplifica 
tion of Minisatellite-region DNA (DAMD) (Heath et al., 




































































































































































































































































































