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F.G. 1 

Column profile of Ni'-NTA purification of T. thermophilus o-Subunit 
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FIG. 2 
Optimization of expression of pTAC-CCA-TE. Determination of best 
induction time for expressing T thermophilus o-subunit expressed as a 

translationally coupled protein. 
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FIG. 3 
Protein profile of ammonium sulfate precipitation optimization of T. 

thermophilus O. 
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SDS-PAGE Analysis- Tth TE (native) 
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FIG. 4 
SDS-PAGE analysis of ammonium sulfate precipitation optimization of T. 

thermophilus ol. 
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FIG.S 
Activity assay analysis of ammonium sulfate precipitation optimization of T. 

thermophilus O. using the gap-filling assay. 
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F.G. 6 
SDS-polyacrylamide summary gel of the different purification steps of native 

T. thermophilus expressed as a translationally coupled protein. 
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Biotin Blot Analysis- Expression Optimization of Tth dnaX 
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US 2004/0185530 A1 

Biotin blot analysis of the growth optimization for expression of N-terminal 
tagged T. thermophilus Dnax subunits from pA1-NB-TX/AP1.L1. 
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Ni-NTA Column-Protein Concentration Profile of Tth dnaX 
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FG. 8 
Protein concentration profile of the fractions from the Ni-NTA column 

purification of N-terminal tagged T. thermophilus Dnax. 
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8 
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FG. 9A-B 
SDS-PAGE analysis of the fraction from the Ni"-NTA column purification of N 

terminal tagged T. thermophilus DnaX. 
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F.G. 10A-B 
SDS-PAGE analysis of the fraction from the avidin column purification of N 

terminal tagged T. thermophilus Dnax. 
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FIG. 11 
Western analysis of various antiserum dilutions for determination of dilutions to 

use in T. thermophilus Dnax detection. 
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Determination of Limits of Tth Dnax Detection 
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FIG. 12 
Western analysis of various T. thermophilus Dnax dilutions for determination of 

the limit of Dinax detection at antiserum dilution of 1:6400. 
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SEQ ID NO:9 

atggtoatc.gc.cttcaccggggatccCttcctgg.cgcgggaggcc.ctcittagaggaggca 
aggCttagggg.cCttt CCC gCttCaccgagCCCaCCCCggaggCCCtggCCC aggCCCtC 
gCCCC ggggcttitt C9gggg.cggggggg.cgatgCtggaCCtgagggaggtgggggaggCg 
gagtggaagg.ccctaaag.cccCtcCtggaaag.cgtgCCC gagggcgtoCCCgtcCtcCtc 
Ctgg accCtaagcCaag CCCCtcc.cggg.cggCCttctaccggalaccgggaaagg.cgggiac 
ttCCCCaCCCCCaagggaaagg acctggtgcggCacctggaaaaccgggcCaag.cgcCtg 
gggct CaggctCCC gg gCdgggtggCCC agtacCtggCCtCCCtggaggggga CCtC gag 
gCCCtggaacgggagctggagaag CttgCCCtCctCtc.ccctCCCCtcaccCtggagaag 
gtggagaaggtggtggCCCtgaggcCCCCCCtcacgggctttgacctggtgcgct.ccgt.c 
Ctggagaagg accCCaaggaggccCtCctgcgcCtcaggCgCCtcaaggaggagggggag 
gagcCCCtcaggctcCtcgggg.ccctcitcctggcagttc.gc.cctCctc.gc.ccgggcCttc 
titcCtcCt.ccgggaaaacccCagg.cccaaggaggaggacCtc.gc.ccgcctC gagg.cccac 
cCctacgcc.gc.caaaaagg.ccctggaggcgg.cgaggcgccttacggaagaag.ccct Caag 
gaggccCtggacgc.cct catggagg.cggaaaagagggcCaagggggggaaag accCatgg 
CttgccCtggaggCgg.cggtcCtcc.gc.ctc.gc.ccgttga 

F.G. 13 
The DNA coding sequence of the T. thermophilus holA gene (SEQ ID NO:9). 

The start codon (atg) and the stop codon (tga) are in bold print. 
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SEQ ID NO:10 

MVIAFTGDPFLAREALLEEARLRGLSRFTEPTPEALAQALAPGLFGGGGAMLDLREVGEA 
EWKALKPLLESVPEGVPWLLLDPKPSPSRAAFYRNRERRDFPTPKGKDLVRHLENRAKRL 
GLRLPGGVAQYLASLEGDLEALERELEKLALLSPPLTLEKVEKVVALRPPLTGFDLVRSV 
LEKDPKEALLRLRRLKEEGEEPLRLLGALSWQFALLARAFFLLRENPRPKEEDLARLEAH 
PYAAKKALEAARRLTEEALKEALDALMEAEKRAKGGKDPWLALEAAVLRLAR 

FIG. 14 

The amino acid sequence of T. thermophilus 8-subunit. 
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FIG. 15 
Alignment of the amino acid sequence of 6 from T. thermophilus and E. coli. 
The black background indicates conserved residues, and the gray background 

indicates similar residues. 
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---MyFDVWKSLKKGE-VH 
-MIREYPEQLRAQLNEGERA -MNRFPELNHHLAQGEARvyo 

IF Q L WYLL G DPYLL ET 
51 1 OO 

YTALSET----sigGSKEKAVVIYNFGDFLKKLGRKKK 
P----- GLFGGGG- - - - - - -AMLDLREVG---EA 
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IDE Dw ALA LFGG L. L. 
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F.G. 16 
Alignment of the amino acid sequence of 6-subunit from A. aerolicus, T. 

thermophilus, B. subtilis, E. coli and H. influenzae. 

US 2004/0185530 A1 
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Biotin Blot-Expression Optimization of pal-NB-TD/AP1.L1 
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FIG. 17 
Biotin blot analysis of growth/induction time optimization of expression of T. thermophilus 

8 by pa1-NB-TD/AP1.L1. 
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SDS-PAGE Analysis-AS Optimization of Tith 8 
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FIG. 18 

Optimization of precipitation of T. thermophilus 6 by ammonium sulfate. 
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SDS-PAGE Analysis of Ni-NTA Column Profile-Tth 8 
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FIG. 19A-B 
SDS-PAGE analysis of fractions from the Ni"-NTA column purification of 

T. thermophilus 8. 
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FIG. 20 
Protein concentration profile of fractions from the avidin column 

purification of T. thermophilus 6. 

  



Patent Application Publication Sep. 23, 2004 Sheet 21 of 63 US 2004/0185530 A1 

SDS-PAGE Analysis of Avidin Column Profile-Tth 8 
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FIGS. 21 
SDS-PAGE analysis of fractions from the avidin column purification of T. 

thermophilus 6. 
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SEQ ID NO:17 
MALHPAHPGAIIGHEAVLALLPRLTAOTLLFSGPEGVGRRTVARWYAWGLNRGFPPPSLG 
EHPDVLEVGPKARDLRGRAEVRLEEVAPLLEWCSSHPRERVKVAILDSAHLLEAAANA 
LKLLEEPPSYARIVLIAPSRATLLPTLASRATEVAFAPVPEEALRALTODPGLLRYAAGA 
PGRLLRALODPEGYRARMARAQRVLKAPPLERLALLRELLAEEEGVHALHAVLKRPEHLL 
ALERAREALEGYVSPELVLARLALDLET 

FG, 23 
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l 50 

E. coli delta prime (1) MRWYPWLRPDFEKLVAs EEE Tth delta prime (l) ----------- MALHPAHPGAIIGHEAVIALLPRiTAQTLFSGPEGyGR 
Consensus (l) L AH AA H II LP L. LIFA L 

5. save l00 

E. coli delta prime (5 l) SEE HPDYYTA DLSE E. Tth delta prime (40) RTVARWYA FPPPSLGEPDVLEVG DLRGRAEWRLEEWAP 
Consensus (51) A G RG G HPD LAP GK L. L.D. W. L. 

101 

E. coli delta prime (97) E. 
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Consensus ( lol) E H R KV L. A. LLTDAAANALLK LEEPPA I. 
51 200 

E. coli delta prime ( l47) EPE RLHY AET'SEYSEE Tth delta prime (139). SRA TEWAFAPVPEEALR- - - - - - - AQDP--G - 
Consensus ( 15 l) LL TL, SR AP PE LSOD A LR AAG 

20 250 

E. coli delta prime (197) SPGAALALFO-GE TLC AYS soon states: Tth delta prime (180) APGRLLRALQDPEGY VLKAPP---------------- I. 
Consensus (20 l) APG L Q D WAR Q L. A P RL 

25 300 
E. coli delta prime (246) HWLATLLMBALKRHHGAAoviTNVDVPGLVAELANHLSPSRLQAILGDvich 

Tth delta prime (214) ALLRELLASEEGVHALHAvK--------------- RPE----HLLAEER 
Consensus (251) I, LL D H A L P L. L. 

301 339 
E. coli delta prime (296) I SWTGIN I HYLOPGVVLPVPHL 

Tth delta prime (245) GYVSP--ELSE .. 
Consensus ( 30 l) RE L. ELLI L L IE 

FIG. 24 
Alignment of the amino acid sequence comparing E. coli and T. thermophilus 

6'. Black background indicates conserved residues and gray background 
indicates similar residues. 
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l 
A. aeolicus delta' (l) - - - - - - - - - - - - - EKVEE 

B. subtill us delta' (1) AISWK---EMNELopRvi - 
E. coli delta' (1) :R------- WYPWLRPDEEKLWA-SYQAGRGEHA. 

H. influenzae delta' (1) MEIKRKMTALYPWLMPYHQAQ-FDEGLGHAN n 
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E. coli delta' (43) ALSRYCQQPGHKSCGHCRGCQL------------------------ 
H. influenzae delta' (50) A CVA-GDKPcGoCHSCHL------------------------ 
R. prowazekii delta' (38) FFNSNIPLENNPDYYF------------------------ 

Tth delta' (32) SGPEGWGRRTVARWYAWGLNRGFPPP------------------------ 
Consensus (51) ALAK ILCK NG PCG CRC M 

Ol TT 50 

A. aeolicus delta' (84) s& sis E. 
B. subtill us delta' (73) LESHK 

E. coli delta' (69) SRi 
H. influenzae delta' (75) A. SEE AQQ 
R. prowazekii delta' (64) -------- ARKDSYTSNA------- NKTSA's GY 
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Consensus ( 10 l) AG HPDYH L P GK IKIEQIRELQEFLS HA LSG 

51 200 
A. aeolicus delta' ( 128) s - RRSAiLPTSR 

B. subtill us delta' ( ll2) 
E. coli delta' ( 1 1 0 ) 

H. influenzae delta' (l15) 
R. prowazekii delta (98) lute 

Tth delta' (lo2) i TEAANALLKLEEPPSYARISLAPSRA iF 
Consensus (151) KVVII ADLLTEAAANALLKILEEPPADTYFVLIT ASLLATI SRC 

201 250 

A. aeolicus delta" (l77) -------- TFOVEKGFSVKEEEAKVDEEEAKLSG-GSLKRAELLKE 
MTNNVEVELSRN-BR 

S. 
B. subtillus delta" (162) QTLPFQPLQPKAIEDRLIEQD PHMAR 

E. coli delta" (160) RLHYLAPPPEQYAVTWLSREVTSQD 
H. influenzae delta' (165) OVWNLSVPNEEia FEWLKSKSAVENOE 
R. prowazekii delta' (lA8) E; Tth delta" (l.51) ------- AT-EAFAPPEEARATQDPG AG 

Consensus (201) WAF L. WM. I. VI, AL LNA 
25 300 

A. aeolicus delta' (217) NKDILNKVKEELENEPLK---------- vKLASEFEKWE-PEKQKEFLE 
B. subtillus delta' (211) AESRAK YEVLHQRKGHAFFFIQDQWEPFFKEKTHQ--EMGEDELEL 

E. coli delta' (210) WQARETLCQALAYSVPSG--------- DwysLLAAINHEQAPARHWLAT 
H. influenzae delta' (215) IE ERQEWWFYRRR--------- SPLELLPLFDKERYVOQWDWILA 
R. prowazekii delta' (180) INRFTTKDRELWEGFIEN---------- LFLNRELKK--SVNFNEDLL 

Tth delta' (193) GYRARMARAQRVKAPPL--------- ERLALRELAE--EEGVHALHA 
Consensus (251) R IK F. L. P K Y LL EL KE L. L. 

301 350 
A. aeolicus delta' (256) iseELVisokLTEEKKDNYTYLLDTIRLFKD-GLARGENEPEWLFTLAvoA B. subtillus delta' (259) iyRDVLSIQGNEDKLIYQDLFQskoHALQSTOQsyTNoL-ALEAKK 

E. coli delta' (251) i. E. SPSRLAILGDWCHIRE H. influenzae delta' (256) H . RGEQFSDEQTALGLOAIK-IQKVRS 
R. prowazekii delta' (218) KNPAy-okFTDIkkaryn TidyDDKrs-Yvvine 

Tth delta' (232) vik-RPEHLALBRAREA-LEGYvsPEvLARALDET----------- 
Consensus (301) I. D. L. KLG E NW DL IK LA LA L. Q I WL, WR 

351 387 
A. aeolicus delta' ( 305) 

B. subtillus delta' ( 308) 
E. coli delta' ( 299) DLLR-IEHYLQPGVVLPvPHL 

H. influenzae delta" (305) DGITRLVTEVFETQ-------- 
R. prowazekii delta' (266) FFTV--------------------------------- 

Tth delta' (269) ------------------------------------- 
Consensus (351) L. S WN LI L 
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FIG. 26 
Biotin blot analysis of growth/induction time optimization of expression of T. 

thermophilus 6' by pA1-NB-TD'/AP1.L1. 
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SDS-PAGE Analysis of Ni-NTA Column Profile-Tth 6' 
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Protein Profile of Gel Filtration Column-Tth delta' 
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FIG. 28 
Protein concentration profile of fractions eluting from the Sephacryl S-300 

gel filtration column purification of T. thermophilus 8'. 
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SS 
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FG. 29 

SDS-PAGE analysis of fractions from the Sephycryl S-300 column 
purification of T. thermophilus 8'. 
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FG. 30 
SDS-PAGE summary of the purification of T. thermophilus 8' as a 

translationally coupled protein. 
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Biotin Blot Analysis-Expression Optimization of Tth B 
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FG. 31 
Biotin blot analysis of growth/induction time optimization at different 

temperatures of expression of T. thermophilus B by pA1-NB-TN/AP1.L1. 
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FIG. 32 
Protein concentration profile of fractions eluting from the Ni'-NTA column 

purification of T. thermophilus 6. 
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F.G. 33 
Primer extension assay to determine stimulation of T. thermophilus ol. by T. 

thermophilus B. 
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FIG. 34 
Protein concentration profile of fractions eluting from a Sephacryl S-300 gel 

filtration column purification of T. thermophilus B. 
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SDS-PAGE Analysis-Sephacryl S-300 Column of Tth B 
S. 

Tth B> 

Fractions 

Fractions 

FIG. 35A-B 

SDS-PAGE analysis of fractions eluting from a Sephacryl S-300 gel filtration 
column purification of T. thermophilus B. 
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F.G. 36 
The pooled fractions of T, thermophilus B from the Sepharcry S-300 gel 

filtration column that was used in production of antibodies directed against 
B. 
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Optimization of Tth Antiserum Concentration 

100 200 400 800 1600 3200 6400 12800 Neg. Pos. 
Dilutions cont. cont 

FG. 37 
Western analysis of various antiserum dilutions for determination of 

dilutions to use in T. thermophilus B detection. 
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Determination of the Limits of Tth B. Detection 

Tth B 

0.02 0.04 0.08 0.16 0.32 0.64 1.25 2.5 5.0 
Tth 8, Eg 

F.G. 38 
Western analysis of various T. thermophilus B dilutions for determination of 

the limit of B detection at antiserum dilution of 1:6400. 
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M13 Gori Assay-Tth enzymes 
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FG. 39 

M13gori reconstitution of T. thermophilus Pol III subunits. 
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M13 Gori Assay- Optimum Temperature 
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FIG. 40 
Temperature dependence for a functional T. thrmophilus holoenzyme in the 

reconstitution assay. 
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M13 Gori Assay-Alpha-subunit Background 
- Activity - 
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FIG. 42 
Reconstitution assay in the absence of all subunits except a to determine the 

background activity present due to spurious binding of ol, alone to the 
template and extending the primer a short distance at each binding event. 
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M13 Gori Assay-Titrate Alpha-subunit minus Beta 
Subunit 
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FG. 43 
Reconstitution assay in the absence of B, but in the presence of the other 
subunits, to determine the effect of the other subunits on background 

activity present due to spurious binding of ot. 
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Figure 44A 
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Figure 45A 
Fr: 10 12 14 16 1820 22 24 26 28 30 32 
O. 

Figure 45B 
Fr: 10 12 14 16 1820 22 24 26 28 30 32 

Figure 45C 
Fr: 10 12 1416, 1820 22 24 26, 28.30 32 -a- -wr a r 
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Fr: 10 12 14 16 18 20 22 24 26 28 30 32 

kda: 440 232 158 67 25 

FIG. 46 
Sephacryl S-200 gel filtration of T. thermophilus B. The box at the bottom of 
the gel indicates fractions that have activity in the reconstitution assay. The 
elution position of molecular mass standards are indicated at the bottom of 

the figure. Subunits present are shown at the left of gels. 
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SEQ ID NO:32 

MARGLNRVFLIGALATRPDMRYTPAGLAILDLTLAGODLLLSDNGGEREWSWYHRVRLLG 
RQAEMWGDLLDQGQLVFVEGRLEYRQWEREGEKRSELQIRADFLDPLDDRGKERAEDSRG 
OPRLRAALNOVFLMGNLTRDPELRYTPOGTAVARLGLAVNERROGAEERTHFVEVOAWRD 
LAEWAAELRKGDGLFVIGRLVNDSWTSSSGERRFOTRVEALRLERPTRGPAOAGGSRSRE 
VOTGGVDIDEGLEDFPPEEDLPF 

FG. 48 
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Aquifex SSB 
B. subtilus SSB 

E. coli SSB 
H. influenzae SSB 

TthSSB 
Consensus 

Aquifex SSB 
B. subtius SSB 

E. coli SSB 
H. influenzae SSB 

TthSSB 
Consensus 

Aquifex SSB 
B. subtilus SSB 

E. coli SSB 
H. influenzae SSB 

TthSSB 
Consensus 

Aquifex SSB 
B. subtilus SSB 

E. coli SSB 
H. influenzae SSB 

TthSSB 
Consensus 

Aquifex SSB 
B. subtilius SSB 

E. coli SSB 
H. influenzae SSB 

TthSSB 
Consensus 

Aquifex SSB 
B. subtilius SSB 

E. coli SSB 
H. influenzae SSB 

TthSSB 
Consensus 

Sequence alignment of T. thermophilus SSB compared with SSB amino acid sequences fr m 

SNDPE 
GNDPE WATSESW RwfligALATRPERYTPAGLALDITLAGOELLLSDNGGE-R 

GLNKVILVGRLG DPERYIPNG AWA LTLA NESW. N. GE R 
100 

EGKKFSky 
NocGoRVE 
-NGITRY 

10 50 

Ra-ENSR-INRPKGAELQAEE-------------------EEEVP 
w PKNGGSGSGGYNEG------N- - - - - - - - - - SGGGOYF 

GSAPQQNAQAQP-----------------KPQQNGo 
.. BVMQ-MEGGR-NQNAGGYG-----------------N-EMGGA 

DFLEPID-DRGKERAEDSRGQPRLRAALNQVFLMGNLTRDPELRYT 
E A D L, MLG G A A E 
15 200 

PIEEEIERL-------- EEE - - - - - - - - - GGGQNDNPFGGNONN--QRRNQGNSFNE-DPFANDGKP-IDISDDDP 
ESS R SEE POSSYQAR---QTNN---GNSYQSSRP AEPPMGFDDDIPF 
POGTAVARIGLAVNERROGAEERTHFVEVOAWRDLAEWAAELRKGDGIFv 
PO K. G. N. GRE SF D Q. P AE D DDIPF 
201 250 

251 267 

DIDEGLEDFPPEEDLPF 

F.G. 49 

Aquifex, B. subtilus, E. coli and H. influenzae. 

US 2004/0185530 A1 
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FIG.S0 

US 2004/0185530 A1 

Sequence alignment of the N-terminal region of T. thermophilus SSB with the C-terminal 
region of T. thermophilus SSB. 
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Biotin Blot Analysis of Ni-NTA Column Profile-Tth SSB 

33.7 kDA std 

Std Fr flow wash 24 28 32 42 48 64 E.coli 
Fractions 8 

FIG.S1 
Biotin blot analysis of relevant fractions from the Ni'-NTA column purification of T. 

thermophilus SSB. 
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SEQ ID NO:37 
VPAGLEDVTLDOLLYTAFDLETTGLDPEODAVVALAGVHILGRRVLRQEVFEALVNPGRP 
ISPAATAVHGLTAEMLRDKPPLEAVLPAFRAFVODTVLVAHNGAFDLAFLRRAGLDOPPL 
LDTLLLAQLLFPDLKDYRLEALAHRFGVPATGRHTALGDALMTAEVFVRMOPLL FERGLR 
RLWDVVEACRRLPLARLRY 

FIG.S3 





Patent Application Publication Sep. 23, 2004 Sheet 55 of 63 US 2004/0185530 A1 

SEQ ID NO:68 

VHSDALLAPLNEAQRQAVLHFEGPALVVAGAGSGKTRTVVHRVAYLVARRGVF 
PSEILAVTFTNKAAEEMRERLRGLVPGAGEVWVSTFHAAALRILRVYGERVGLR 
PGFVVYDEDDQTALLKEVLKELALSARPGPIKALLDRAKNRGVGLKALLGELPE 
YYAGLSRGRLGDVLVRYQEALKAQGALDFGDILLYALRLLEEDEEVLRLVRKRA 
RFIHVDEYQDTSPVQYRFTRLLAGEEANLMAVGDPDQGIYSFRAADIKNILDFTR 
DYPEARVYRLEENYRSTEAILRFANAVIVKNALRLEKALRPVKRGGEPVRLYRA 
EDAREEARFVAEEIARLGPPWDRYAVLYRTNAQSRLLEQALAGRGIPARVVGGV 
GFFERAEVKDLLAYARLALNPLDAVSLKRVLNTPPRGIGPATWARVQLLAQEKG 
LPPWEALKEAARTFPRAEPLRHFVALVEELQDLVFGPAEAFFRHLLEATDYPAYL 
REAYPEDAEDRLENVEELLRAAKEAEDLQDFLDRVALTAKAEEPAEAEGRVAL 
MTLHNAKGLEFPVVFLVGVEEGLLPHRNSVSTLEGLEEERRLFYVGITRAQERLY 
LSHAEEREVYGRREPARPSRFLEEVEEGLYEVYDPYRRPPSPPPHRPRPGAFRGGE 
RVVHPRFGPGTVVAAQGDEVTVHFEGFGLKRLSLKYAELKPA 

Fig. 55 
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SEQ ID NO:72 

MDAGOAVELIKSRLSLREVVSRYVALKPAGRGRWKGLCPFHQEKTPSFYVDEEKGLFYCF 
GCKAGGDLFAFVQRAEGLDFPEALERLAEEAGVELPRRKAPERRRELLEVLALAQTYFLE 
HILHAHPEALAYLRKRGLTEESVARFGLGYAPPKGDGLVAFLARHGVAPEEGVRAGVLAER 
QGRFVDRLRHRITFPIKDAFGRVVAFTGRALGEDGPKYLNTPETPLFRKOEVLFAYPEAR 
PALREGRAIVVEGLFDAIALHQLGFPETVAVLGSGLSEGQALLLKKAGVLEVYLAFDADE 
AGOKATLOSLNLELAPRFLFYAVRLPAKDPGELLLHPEGRALFOKALEEALPEVAFRFEE 
ASRGILDLSRPEHKRKVLEALTPRMLTPEPFDPVAERLKALVVERLGLSPKSLEDYLASLR 
TRGRPAPPPPPPPLTPGNKTLLLELDAIALLLSAPEERFLELVDYVETOVWPPEGSFLGE 
FLALARKEPRRDHLRRTLSQREEGGRLFERLLLAPRGEDPRLQEKLDHTLARLREAYLOE 
RLAKVKAALAQNPDPPTLERLLKEYQEIRVAIEAERRLYKRRPPPSGWST 

Fig. 57 
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SEQ ID NO: 81 (DNA sequence of Tth dnaO-2) 

gtggagcgggtggtgcggc.cccttctggacgggaggttcctCctggaggaggggg 
CtttgggagtggcgctacccCtttc.ccctggagggggagtgtggtc.ctgg acct 

galgaccacggggcttgcc.ccgggcctggacgaggtgattgaggtgg gcctCctC 

gagggggggaggCgCctCCCCttccagagcctcgtcc.gc.cctt.ccc.gc.ccgc.cg 

titcgtggagcgccticaccggCatCCCCCgggaggCCCtggaggagg CCCCCtcC 

gaggttctggagaaggcct accCCCtcCtc.gc.cgacgccaccittggtgatcCaC 

gCCtttgacctgggctitcCtcc.gc.ccggccCtggagggCCtgggctacCgCCtg 

CCC.gtggtgg actCCCtgc gCttggCC aga.cggggcttacCaggCCttagg.cgc 

ctggacgc.cctcitc.cgaggtoctggagCttcCCCgaaggacCtgccaccgggCC 

gacgtggagcgcaccCtc.gc.cgtggtgcacgaggtgtactatatgcttacgt.cC 

cc.ccgcacgctttgggaactcgg gagg tag 

Fig. 60 
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SEQ ID NO: 82 (amino acid sequence of Tth TQ-2) 

VERVVRPLLDGRFLLEEGVGLWEWRYPFPLEGEAVVVLDLETTGLAPGLDEVIE 

VGLLRLEGGRRLPFQSLVRPSRPPSPFVERLTGIPREALEEAPSLEEVLEKAYPLLA 
DATLVIHNAAFDLGFLRPALEGLGYRLENPVVDSLRLARRGLPGLRRYGLDALS 

EVLELPRRTCHRALEDVERTLAVVHEVYYMLTSGRPRTLWELGR 

Fig. 61 
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SEQ ID NO: 23 

amino acid sequence 

MNITVPKKLLSDOLSLLERIVPSRSANPLYTYLGLYAEEGALILFGTNGEVDLEVRLPA 
EAQSLPRVLVPAQPFFOLVRSLPGDLVALGLASEPGQGGOLELSSGRFRTRLSLAPAEG 
YPELLVPEGEDKGAFPLRTRMPSGELVKALTHVRYAASNEEYRAIFRGVOLEFSPOGFR 
AVASDGYRLALYDLPLPOGFOAKAVVPARSVDEMVRVLKGADGAEADLALGEGVLALAL 
EGGSGVRMALRLMEGEFPDYORVIPOEFALRVQVEGEALREAVRRVSVLSDRONHRVDL 
LLEEGRILLSAEGDYGKGOEEVPAOVEGPGMAVAYNARYLLEALAPVGDRAHLGISGPT 
SPSLIWGDGEGYRAVVVPLRV 

Fig. 63 

A283-38-FIGS.doc 
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NOVEL THERMOPHILIC POLYMERASE III 
HOLOENZYME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application claims benefit to the filing 
date of U.S. Provisional Application No. 60/192,736, filed 
Mar. 28, 2000, herein incorporated by reference. 

STATEMENT REGARDING 
FEDERALLY SPONSORED RESEARCH AND 

DEVELOPMENT 

0002 Statement under MPEP310. The U.S. Government 
has a paid-up license in this invention and the right in limited 
circumstances to require the patent owner to license others 
on reasonable terms as provided for by the terms of R44 GM 
54482 awarded by The National Institutes of Health (NIH). 
0.003 Part of the work performed during development of 
this invention utilized U.S. Government funds. The U.S. 
Government has certain rights in this invention. 

BACKGROUND OF THE INVENTION 

0004) 1. Field of the Invention 
0005 The present invention relates to gene and amino 
acid Sequences encoding DNA polymerase III holoenzyme 
Subunits and structural genes from thermophilic organisms. 
In particular, the present invention provides DNA poly 
merase III holoenzyme Subunits and accessory proteins of T. 
thermophilus. The present invention also provides antibod 
ies and other reagents useful to identify DNA Polymerase III 
molecules. 

0006 2. Background Art 

0007 Bacterial cells contain three types of DNA poly 
merases termed polymerase I, II and III. DNA polymerase 
III (pol III) is responsible for the replication of the majority 
of the chromosome. Pol III is referred to as a replicative 
polymerase; replicative polymerases are rapid and highly 
processive enzymes. Pol I and II are referred to as non 
replicative polymerases although both enzymes appear to 
have roles in replication. DNA polymerase I is the most 
abundant polymerase and is responsible for Some types of 
DNA repair, including a repair-like reaction that permits the 
joining of Okazaki fragments during DNA replication. Pol I 
is essential for the repair of DNA damage induced by UV 
irradiation and radiomimetic drugs. Pol II is thought to play 
a role in repairing DNA damage which induces the SOS 
response and in mutants which lack both pol I and III, pol 
II repairs UV-induced lesions. Pol I and II are monomeric 
polymerases while pol III comprises a multisubunit com 
pleX. 

0008. In E. coli, pol III comprises the catalytic core of the 
E. coli replicase. In E. coli, there are approximately 400 
copies of DNA polymerase I per cell, but only 10-20 copies 
ofpol III (Kornberg and Baker, DNA Replication, 2d ed., W. 
H. Freeman & Company, 1992), pp. 167; and Wu et al. J. 
Biol. Chem., 259:12117-12122 1984). The low abundance 
of pol III and its relatively feeble activity on gapped DNA 
templates typically used as a general replication assays 
delayed its discovery until the availability of mutants defec 
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tive in DNA polymerase I (Kornberg and Gefter, J. Biol. 
Chem., 47:5369-5375 (1972). 
0009. The catalytic subunit of pol III is distinguished as 
a component of E. coli major replicative complex, appar 
ently not by its intrinsic catalytic activity, but by its ability 
to interact with other replication proteins at the fork. These 
interactions confer upon the enzyme enormous processivity. 
Once the DNA polymerase III holoenzyme associates with 
primed DNA, it does not dissociate for over 40 minutes-the 
time required for the synthesis of the entire 4 Mb E. coli 
chromosome (McHenry, Ann. Rev. Biochem, 57:519-550 
1988). Studies in coupled rolling circle models of the 
replication fork Suggest the enzyme can Synthesize DNA 
150 kb or longer without dissociation in vitro (Mok and 
Marians, J. Biol. Chem., 262:16644-16654 (1987; Wu et 
al., J. Biol. Chem., 267:4030-4044 (1992). The essential 
interaction required for this high processivity is an interac 
tion between the C. catalytic Subunit and a dimer of B, a 
Sliding clamp processivity factor that encircles the DNA 
template like a bracelet, permitting it to rapidly slide along 
with the associated polymerase, but preventing it from 
falling off (LaDuca et al., J. Biol. Chem., 261:7550-7557 
1986); Kong et al., Cell 69:425-437 (1992). The B-C. 
asSociation apparently retains the polymerase on the tem 
plate during transient thermal fluctuations when it might 
otherwise dissociate. 

0010. The B. bracelet cannot spontaneously associate 
with high molecular weight DNA, it requires a multiprotein 
DnaX-complex to open and close it around DNA using the 
energy of ATP hydrolysis (Wickner, Proc. Natl. Acad. Sci. 
USA 73:35411-3515 1976; Naktinis et al., J. Biol. Chem., 
270:13358-13365 (1985; and Dallmann et al., J. Biol. 
Chem., 270:29555-29562 (1995). In E. coli, the dnaX gene 
encodes two proteins, t and Y. Y is generated by a pro 
grammed ribosomal frameshifting mechanism five-Sevenths 
of the way through dnaX mRNA, placing the ribosome in a 
-1 reading frame where it immediately encounters a stop 
codon (Flower and McHenry Proc. Natl. Acad. Sci. USA 
87:3713-3717 1990); Blinkowa and Walker, Nucl. Acids 
Res., 18:1725-1729 1990); and Tsuchihashi and Kornberg, 
Proc. Natl. Acad. Sci. USA87:2516-2520 1990). In E. coli, 
the Dnax-complex has the Stoichiometry Y-to8' xm 
(Dallmann and McHenry, J. Biol. Chem., 270:29563-29569 
1995). The T protein contains an additional carboxyl 
terminal domain that interacts tightly with the polymerase, 
holding two polymerases together in one complex that can 
coordinately replicate the leading and lagging Strand of the 
replication fork simultaneously (McHenry, J. Biol. Chem., 
257:2657-2663 1982); Studwell and O’Donnell, Biol. 
Chem., 266:19833-19841 1991; McHenry, Ann. Rev. Bio 
chem. 57:519-550 (1988). 
0011 Conservation of a frameshifting mechanism to gen 
erate related ATPases is significant in that, by analogy to E. 
coli, can both assemble a processivity factor onto primed 
DNA. In E. coli, ribosomes frameshift at the sequence A 
AAAAAG into a -1 frame where the lysine UUU anticodon 
tRNA can base pair with 6 AS before elongating (Flower and 
McHenry, Proc. Natl. Acad. Sci. USA87:3713-3717 1990); 
Blinkowa and Walker, Nucl. Acids Res., 18:1725-1729 
1990); and Tsuchihashi and Kornberg, Proc. Natl. Acad. 
Sci. USA 87:2516-2520 1990)). 
0012 Pol IIIs are apparently conserved throughout meso 
philic eubacteria. In addition to E. coli and related proteo 



US 2004/0185530 A1 

bacteria, the enzyme has been purified from the firmicute 
Bacillus Subtilis (Low et al., J. Biol. Chem., 251:1311-1325 
1976); Hammond and Brown 1992). With the prolifera 
tion of bacterial genomes Sequenced, by inference from 
DNA sequence, pol III exists in organisms as widely diver 
gent as Caulobacter, Mycobacteria, Mycoplasma, B. Subtilis 
and Synechocystis. The existence of dnaX and dnaN (struc 
tural gene for f3) is also apparent in these organisms. These 
general replication mechanisms are conserved even more 
broadly in biology. Although eukaryotes do not contain 
polymerases homologous to pol III, eukaryotes contain 
Special polymerases devoted to chromosomal replication 
and B-like processivity factors (PCNA) and Dnax-like 
ATPases (RFC, Activator I) that assemble these processivity 
factors on DNA (Yoder and Burgers, J. Biol. Chem., 
266:22689-22697 1991); Brush and Stillman, Meth. Enzy 
mol., 262:522-548.1995); Uhlmann et al., Proc. Natl. Acad. 
Sci. USA 93:6521-6526 (1996). 
0013 Helicases serve a variety of functions in DNA 
metabolism. Cellular (E. coli dnaB, priA, and rep proteins), 
phage (T4 gene 41 and dda proteins; T7 gene 4 protein), and 
viral (SV40 T antigen; HSV-1 UL5/UL52 complex and UL9 
protein) helicases are involved in the initiation of replica 
tion, by unwinding DNA so that other proteins of the 
replication complex can assemble on the SSDNA. These 
proteins also participate in the elongation phase of replica 
tion, by unwinding the duplex DNA ahead of this complex 
to provide the required template. Other helicases (e.g., the E. 
coli recBCD and recC) proteins) are implicated in recombi 
nation by genetic criteria. Another class of helicases 
includes the E. coli uvrAB and uvrD. These helicases act in 
nucleotide excision repair or methyl-directed mismatch 
repair during both pre-incision (recognition of DNA damage 
or alteration) and post-incision (displacement of damaged 
fragment) steps. See, for example, U.S. Pat. No. 5,747,247. 
0.014 DNA mispairing can occur in vivo and is recog 
nized and corrected by repair proteins. Mismatch repair has 
been studied most intensively in E. coli, Salmonella typh 
imurium, and S. pneumoniae. The MutS, Muth and MutL 
proteins of E. coli are involved in the repair of DNA 
mismatches, as is the product of the uvrD gene in E. coli, 
helicase II. See, for example, U.S. Pat. No. 5,750,335. 

0.015 The best defined mismatch repair pathway is the E. 
coli MuthLS pathway that promotes a long-patch (approxi 
mately 3. Kb) excision repair reaction which is dependent on 
the mutH, mutL, mutS and mutu (uvrD) gene products. The 
MuthLS pathway appears to be the most active mismatch 
repair pathway in E. coli and is known to both increase the 
fidelity of DNA replication and to act on recombination 
intermediates containing mispaired bases. The System has 
been reconstituted in Vitro, and requires the muth, mutL, 
mutS and uvrD (helicase II) proteins along with DNA 
polymerase III holoenzyme, DNA ligase, Single-Stranded 
DNA binding protein (SSB) and one of the single-stranded 
DNA exonucleases, Exo I, Exo VII or Rec.J. A similar 
pathway in yeast includes the yeast MSH2 gene and two 
mutL-like genes referred to as PMS1 and MLH1. See, for 
example, U.S. Pat. No. 6,191,268. 

0016. The E. coli bacterial Uvr proteins are capable of 
excising damaged DNA sites caused by a broad Spectrum of 
chemical agents that distort the backbone geometry of the 
DNA double helix. As a result, if the DNA were damaged by 
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chemicals in the environmental Sample, the UVr proteins 
will cleave and excise the damaged region. Subsequent 
resynthesis by DNA polymerase I will incorporate labeled or 
unlabeled nucleotides into the DNA. See, for example, U.S. 
Pat. No. 6,060,288. 

0017 Replication of the lagging strand of DNA is medi 
ated by a multiprotein complex composed of proteins priA, 
dnaT, dnaB, dnaC, and dnaG. This complex is referred to as 
a primosome. Purified priA has ATPase, helicase, translo 
case, and primoSome assembly activities. This gene may be 
essential in recombination and DNA repair since it binds to 
D-loops, interacts with recC and has helicase activity. The 
3'-5' DNA helicase activity of priA inhibits recombination. 
See, for example, U.S. Pat. No. 6,146,846. 

BRIEF SUMMARY OF THE INVENTION 

0018. The invention is directed to an isolated polypeptide 
wherein Said polypeptide comprises an amino acid Sequence 
having at least 95% sequence identity to the amino acid 
sequence of SEQ ID NO: (uvrD helicase) 68. 
0019. The invention is directed to an isolated polypeptide 
wherein Said polypeptide comprises an amino acid Sequence 
having at least 95% sequence identity to the amino acid 
sequence of SEQ ID NO: (DNA-G Primase) 72. 
0020. The invention is directed to an isolated polypeptide 
wherein Said polypeptide comprises an amino acid Sequence 
having at least 95% sequence identity to the amino acid 
sequence of SEQ ID NO: (priA helicase) 76. 
0021. The invention is directed to an isolated polypeptide 
wherein Said polypeptide comprises an amino acid Sequence 
having at least 95% sequence identity to the amino acid 
sequence of SEQ ID NO: (delta subunit) 10. 
0022. The invention is directed to an isolated polypeptide 
wherein Said polypeptide comprises an amino acid Sequence 
having at least 95% sequence identity to the amino acid 
sequence of SEQ ID NO: (delta prime subunit) 17. 
0023 The invention is directed to an isolated polypeptide 
wherein Said polypeptide comprises an amino acid Sequence 
having at least 95% sequence identity to the amino acid 
sequence of SEQ ID NO: (beta subunit) 23. 
0024. The invention is directed to an isolated polypeptide 
wherein Said polypeptide comprises an amino acid Sequence 
having at least 95% sequence identity to the amino acid 
sequence of SEQ ID NO: (ssb protein) 32. 
0025 The invention is directed to an isolated polypeptide 
wherein Said polypeptide comprises an amino acid Sequence 
having at least 95% sequence identity to the amino acid 
sequence of SEQ ID NO: (epsilon-1, dnaO-1) 37. 
0026. The invention is directed to an isolated polypeptide 
wherein Said polypeptide comprises an amino acid Sequence 
having at least 95% sequence identity to the amino acid 
sequence of SEQ ID NO: (epsilon-2, dnaO-2) 82. 
0027. The invention is directed to a method of producing 
a polypeptide encoded by a nucleotide Sequence, wherein 
Said polypeptide comprises an amino acid Sequence having 
at least 95% sequence identity to the amino acid Sequence of 
one of SEQ ID NOS: 68,72, 76, 10, 17, 23, 32, 37, and 82, 
comprising culturing a host cell comprising Said nucleotide 
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Sequence under conditions Such that Said polypeptide is 
expressed, and recovering Said polypeptide. 

0028. The invention is directed to a method of synthe 
sizing DNA which comprises utilizing one or more polypep 
tides, Said one or more polypeptides comprising an amino 
acid Sequence having at least 95% sequence identity to an 
amino acid Sequence Selected from the group consisting of 
SEQ ID NOS: 68, 72, 76, 10, 17, 23, 32, 37 and 82. 
0029 Further objects and advantages of the present 
invention will be clear from the description that follows. 

BRIEF DESCRIPTION OF THE FIGURES 

0.030. In all of the following Figures that show align 
ments (DNA or amino acids), the "+" indicates similar, but 
not identical residues. In the DNA sequences with under 
lined regions, unless otherwise indicated, the underlining 
indicates bases generated by the degenerate primers used to 
generate the DNA of interest. Also unless otherwise indi 
cated, the Sequences between the Sequences generated by the 
primers were used in the Searches to generate deduced 
amino acid Sequences (i.e., the primer-generated Sequences 
were excluded from the Searches). 
0031 FIG. 1. Protein concentration profile of Ni"-NTA 
column purification of N-terminal tagged T. thermophilus C. 
0032 FIG. 2. SDS-PAGE analysis of expression optimi 
zation of pTAC-CCA-TE. 

0033 FIG.3. Protein concentration profile of ammonium 
Sulfate precipitation optimization of native T. thermophilus 
O. 

0034 FIG. 4 SDS-PAGE analysis of ammonium sulfate 
precipitation optimization of T thermophilus C. 

0.035 FIG. 5. Activity assay analysis of ammonium 
Sulfate precipitation optimization of T thermophilus C. using 
the gap-filling assay. 

0036 FIG. 6. SDS-polyacrylamide summary gel of the 
different purification steps of native T. thermophilus 
expressed as a translationally coupled protein. 

0037 FIG. 7. Biotin blot analysis of the growth optimi 
Zation for expression of N-terminal tagged T. thermophilus 
DnaX subunits from pA1-NB-TX/AP1L1. 

0038 FIG. 8. Protein concentration profile of the frac 
tions from the Ni-----NTA column purification of N-terminal 
tagged T. thermophilus Dnax. 

0039 FIGS. 9A and B. SDS-PAGE analysis of the frac 
tion from the Ni"-NTA column purification of N-terminal 
tagged T. thermophilus Dnax. 

0040 FIGS. 10A and B. SDS-PAGE analysis of the 
fraction from the avidin column purification of N-terminal 
tagged T. thermophilus Dnax. 

0041 FIG. 11. Western analysis of various antiserum 
dilutions for determination of dilutions to use in T. thermo 
philus Dnax detection. 

0042 FIG. 12. Western analysis of various T. thermo 
philus Dnax dilutions for determination of the limit of 
DnaX detection at antiserum dilution of 1:6400. 
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0043 FIG. 13 The DNA sequence (SEQ ID NO:9) of the 
T. thermophilus holA gene (8 subunit). 
0044) FIG. 14. The amino acid sequence (SEQ ID NO: 
10) of T. thermophilus 8-subunit (holA gene). 
004.5 FIG. 15. Alignment of the amino acid sequence of 
8 from T. thermophilus and E. coli. 
0046 FIG. 16 Alignment of the amino acid sequence of 
Ö-Subunit from A. aerolicus, T. thermophilus, B. Subtilis, E. 
coli and H. influenzae. 
0047 FIG. 17 Biotin blot analysis of growth/induction 
time optimization of expression of T thermophilus 8 by 
pA1-NB-TD/AP1L1. 

0048 FIG. 18. Optimization of precipitation of T. ther 
mophilus 6 by ammonium Sulfate. 
0049 FIGS. 19A and B. SDS-PAGE analysis of fractions 
from the Ni"-NTA column purification of T thermophilus 
6. 

0050 FIG. 20. Protein concentration profile of fractions 
from the avidin column purification of T thermophilus 6. 

0051 FIG. 21 SDS-PAGE analysis of fractions from the 
avidin column purification of T thermophilus 8. 

0.052 FIG.22. The DNA sequence (SEQ ID NO: 16) of 
the T. thermophilus holB gene encoding the 6'-subunit of the 
T. thermophilus Pol III holoenzyme. 

0.053 FIG. 23. The amino acid sequence (SEQ ID 
NO:17) of the T. thermophilus 8'-subunit derived from the 
DNA sequence of the T. thermophilus holB gene. 

0054 FIG. 24. Alignment of the amino acid sequence 
comparing E. coli and T. thermophilus 6. 

0055 FIG. 25. Alignment of the amino acid sequence of 
6'-subunit from A. aerolicus, T. thermophilus, B. Subtilis, E. 
coli and H. influenzae and Rickettsia. 
0056 FIG. 26. Biotin blot analysis of growth/induction 
time optimization of expression of T thermophilus 8' by 
pA1-NB-TD'/AP1L1. 

0057 FIGS. 27A and B. SDS-PAGE Analysis Ni"-NTA 
column purification of N-terminal tagged T. thermophilus 6. 

0.058 FIG. 28. Protein concentration profile of fractions 
eluting from the Sephacryl S-300 gel filtration column 
purification of T thermophilus 6. 

0059 FIG. 29. SDS-PAGE analysis of fractions from the 
Sephycryl S-300 column purification of T thermophilus 6. 

0060 FIG. 30. SDS-PAGE summary of the purification 
of T thermophilus 6' as a translationally coupled protein. 

0061 FIG. 31. Biotin blot analysis of growth/induction 
time optimization at different temperatures of expression of 
T. thermophilus B by pA1-NB-TN/AP1.L1. 

0062 FIG. 32. Protein concentration profile of fractions 
eluting from the Ni"-NTA column purification of T ther 
mophilus B. 

0063 FIG. 33. Primer extension assay to determine 
stimulation of T thermophilus C. by T. thermophilus B. 
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0064 FIG. 34. Protein concentration profile of fractions 
eluting from a Sephacryl S-300 gel filtration column puri 
fication of T thermophilus B. 
0065 FIGS. 35A and B. SDS-PAGE analysis of fractions 
eluting from a Sephacryl S-300 gel filtration column puri 
fication of T thermophilus B. 
0.066 FIG. 36. The pooled fractions of T. thermophilus B 
D from the Sephacryl S-300 gel filtration column that was 
used in production of antibodies directed against B. 
0067 FIG. 37. Western analysis of various antiserum 
dilutions for determination of dilutions to use in T. thermo 
philus B detection. 
0068 FIG. 38. Western analysis of various T. thermo 
philus B dilutions for determination of the limit of 1 detec 
tion at antiserum dilution of 1:6400. 

0069 FIG. 39. M13gori reconstitution of T. thermophilus 
Pol III Subunits. 

0070 FIG. 40. Temperature dependence for a functional 
T. thermophilus holoenzyme in the reconstitution assay. 

0071 FIG. 41. The reconstitution assay in which T. 
thermophilus A. C., B. T/y, C. B., D. 8, and E. 6' is/are titrated 
while the other subunits are held constant. 

0.072 FIG. 42. Reconstitution assay in the absence of all 
Subunits except C. to determine the background activity 
present due to spurious binding of C. alone to the template 
and extending the primer a short distance at each binding 
eVent. 

0.073 FIG. 43. Reconstitution assay in the absence of B, 
but in the presence of the other Subunits, to determine the 
effect of the other Subunits on background activity present 
due to Spurious binding of C. 

0074 FIGS. 44A-E. Sephacryl S-200 gel filtration of 
Subunits of the clamp loading complex showing protein 
protein interactions. 
0075 FIGS. 45A-C. Sephacryl S-200 gel filtration of T. 
thermophilus C. with the subunits of the clamp loading 
complex Showing protein-protein interactions. 

0076 FIG. 46. Sephacryl S-200 gel filtration of T. ther 
mophilus B. 

0.077 FIG. 47. The DNA sequence (SEQ ID NO:31) of 
the gene encoding T thermophilus SSB. 

0078 FIG. 48. The amino acid sequence of (SEQ ID 
NO:32) the T. thermophilus SSB protein. 
007.9 FIG. 49. Sequence alignment of T. thermophilus 
SSB compared with SSB amino acid sequences from 
Aquifex, B. Subtilus, E. coli and H. influenzae. 
0080 FIG. 50. Sequence alignment of the N-terminal 
region of T thermophilus SSB with the C-terminal region of 
T. thermophilus SSB. 

0081 FIG. 51. Biotin blot analysis of relevant fractions 
from the Ni"-NTA column purification of T thermophilus 
SSB. 

0082 FIG. 52. The DNA sequence of the gene encoding 
T. thermophilus epsilon-1 (e-1, dnaO-1)(SEQ ID NO:36). 
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0.083 FIG. 53. The amino acid sequence (SEQ ID 
NO:37) of a T. thermophilus epsilon-1 subunit (e-1). 
0084 FIG. 54. The DNA sequence (SEQ ID NO:67) of 
the gene encoding T. thermophilus uvrD. 
0085 FIG. 55. The amino acid sequence (SEQ ID 
NO:68) of a T. thermophilus uvrD protein. 
0.086 FIG. 56. The DNA sequence (SEQ ID NO:71) of 
a T, thermophilus dnaG gene. 
0.087 FIG. 57. The amino acid sequence (SEQ ID 
NO:72) of a T. thermophilus dnaG protein. 
0088 FIG. 58. The DNA sequence (SEQ ID NO:75) of 
a T, thermophilus priA gene. 

0089 FIG. 59. The amino acid sequence (SEQ ID 
NO:76) of a T. thermophilus priA protein. 1 
0090 FIG. 60. The DNA sequence (SEQ ID NO: 81) of 
a T. thermophilus dnaQ-2 gene (B Subunit). 
0.091 FIG. 61. The amino acid sequence (SEQ ID NO: 
82) of a T. thermophilus B subunit. 
0092 FIG. 62. The DNA sequence (SEQ ID NO: 22) of 
a T. thermophilus dnaN gene (B subunit). 
0.093 FIG. 63. The amino acid sequence (SEQ ID NO: 
23) of a T. thermophilus B subunit. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0094 A. Definitions 
0095. In order to provide a clear and consistent under 
Standing of the Specification and claims, including the Scope 
to be given Such terms, the following definitions are pro 
vided. It is also to be noted that the term “a” or “an entity, 
refers to one or more of that entity, for example, "a poly 
nucleotide,” is understood to represent one or more poly 
nucleotides. 

0096. As used herein, the term “DNA polymerase III 
holoenzyme” refers to the entire DNA polymerase III entity 
(i.e., all of the polymerase Subunits, as well as the other 
asSociated accessory proteins, Such as SSb, dnaG, uVrD and 
priA, required for processive replication of a chromosome or 
genome), while “DNA polymerase III" is just the core (C, e, 
0). “DNA polymerase III holoenzyme subunit' is used in 
reference to any of the Subunit entities that comprise the 
DNA polymerase III holoenzyme. Thus, the term “DNA 
polymerase III' encompasses “DNA polymerase III holoen 
zyme subunits” and “DNA polymerase III subunits.” 
0097. The term “5"exonuclease activity” refers to the 
presence of an activity in a protein which is capable of 
removing nucleotides from the 5' end of an oligonucleotide. 
5' exonuclease activity may be measured using any of the 
assays provided herein. 

0098. The term “3' exonuclease activity” refers to the 
presence of an activity in a protein which is capable of 
removing nucleotides from the 3' end of an oligonucleotide. 
3' exonuclease activity may be measured using any of the 
assays provided herein. 
0099] The terms “DNA polymerase activity,”“synthetic 
activity” and "polymerase activity are used interchange 
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ably and refer to the ability of an enzyme to Synthesize new 
DNA strands by the incorporation of deoxynucleoside triph 
osphates. The examples below provide assays for the mea 
Surement of DNA polymerase activity. A protein which can 
direct the synthesis of new DNA strands (DNA synthesis) by 
the incorporation of deoxynucleoside triphosphates in a 
template-dependent manner is said to be “capable of DNA 
synthetic activity.” 

0100 A DNA synthesis terminating agent which termi 
nates DNA Synthesis at a Specific nucleotide base refers to 
compounds, including but not limited to, dideoxynucleo 
sides having a 2',3' dideoxy structure (e.g., ddATP, ddCTP, 
ddGTP and ddTTP). Any compound capable of specifically 
terminating a DNA sequencing reaction at a specific base 
may be employed as a DNA Synthesis terminating agent. 

0101 The term “gene” refers to a nucleic acid (e.g., 
DNA) sequence that comprises coding sequences necessary 
for the production of a polypeptide or precursor (e.g., DNA 
polymerase III holoenzyme, holoenzyme Subunit, or acces 
Sory protein as appropriate). The polypeptide can be 
encoded by a full length coding Sequence or by any portion 
of the coding Sequence So long as the desired activity or 
functional properties (e.g., enzymatic activity, ligand bind 
ing, signal transduction, etc.) of the full-length polypeptide 
or fragment are retained. The term also encompasses the 
coding region of a structural gene and includes Sequences 
located adjacent to the coding region on both the 5' and 3 
ends for a distance of about 1 kb on either end Such that the 
gene corresponds to the length of the full-length mRNA. 

0102) The term “gene' encompasses both cDNA and 
genomic forms of a gene. A genomic form or clone of a gene 
contains the coding region interrupted with non-coding 
Sequences termed “intervening regions' or “intervening 
Sequences.” The mRNA functions during translation to 
Specify the Sequence or order of amino acids in a nascent 
polypeptide. 

0103) In particular, the terms “DNA polymerase III 
holoenzyme” and “holoenzyme subunit gene” refer to the 
full-length DNA polymerase III holoenzyme, and holoen 
Zyme Subunit nucleotide Sequence(s), respectively. How 
ever, it is also intended that the term encompass fragments 
of the DNA polymerase III holoenzyme and holoenzyme 
Subunit Sequences, Such as those that encode particular 
domains of interest, including Subunit proteins, as well as 
other domains within the full-length DNA polymerase III 
holoenzyme or holoenzyme Subunit nucleotide Sequence. 
Furthermore, the terms “DNA polymerase III holoenzyme, 
“holoenzyme subunit nucleotide sequence,”“DNA poly 
merase III holoenzyme,” and “holoenzyme subunit poly 
nucleotide sequence” encompasses DNA, cDNA, and RNA 
(e.g., mRNA) sequences. 
0104. As used herein, the term “accessory protein(s)” 
refers to a protein or polypeptide required for, or involved in, 
processive replication of a chromosome or genome. The 
term further encompasses the full length polypeptide or 
protein. Where fragments of accessory proteins are intended, 
the fragment of the polypeptide or protein will be clearly 
indicated. 

0105. “Where “amino acid sequence” is recited herein to 
refer to an amino acid Sequence of a naturally occurring 
protein molecule, "amino acid Sequence” and like terms, 
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such as “polypeptide' or “protein’ are not meant to limit the 
amino acid Sequence to the complete, native amino acid 
Sequence associated with the recited proteins. Further, 
"polypeptide' and “protein’ are used interchangeably unless 
clearly indicated otherwise. Where a distinction between 
“polypeptide' and “protein' is intended, such will be made 
clear. 

0106 Genomic forms of a gene may also include 
Sequences located on both the 5' and 3' end of the Sequences 
which are present on the RNA transcript. These Sequences 
are referred to as “flanking sequences or regions (these 
flanking Sequences are located 5' or 3' to the translated 
Sequences present on the mRNA transcript). The 5' flanking 
region may contain regulatory Sequences Such as promoters 
and enhancers which control or influence the transcription of 
the gene. The 3' flanking region may contain Sequences 
which direct the termination of transcription, post-transcrip 
tional cleavage and polyadenylation. 

0107 The term “wild-type” refers to a gene or gene 
product which has the characteristics of that gene or gene 
product when isolated from a naturally occurring Source. A 
wild-type gene is that which is most frequently observed in 
a population and is thus arbitrarily designated the “normal' 
or “wild-type” form of the gene. In contrast, the term 
"modified’ or “mutant” refers to a gene or gene product 
which displayS modifications in Sequence and or functional 
properties (i.e., altered characteristics) when compared to 
the wild-type gene or gene product. It is noted that naturally 
occurring mutants can be isolated; these are identified by the 
fact that they have altered characteristics when compared to 
the wild-type gene or gene product. 

0108. The terms “nucleotide sequence encoding, 
"nucleic acid molecule encoding,”“DNA sequence encod 
ing,” and “DNA encoding” refer to the order or sequence of 
deoxyribonucleotides along a Strand of deoxyribonucleic 
acid. The order of these deoxyribonucleotides determines 
the order of amino acids along the polypeptide (protein) 
chain. The DNA sequence thus codes for the amino acid 
Sequence. 

0109 The term “oligonucleotide' is defined as a mol 
ecule comprised of two or more deoxyribonucleotides or 
ribonucleotides, preferably more than three, and usually 
more than ten. The exact size will depend on many factors, 
which in turn depends on the ultimate function or use of the 
oligonucleotide. The oligonucleotide may be generated in 
any manner, including chemical Synthesis, DNA replication, 
reverse transcription, PCR, or a combination thereof. 

0110 Because mononucleotides are reacted to make oli 
gonucleotides in a manner Such that the 5' phosphate of one 
mononucleotide pentose ring is attached to the 3' oxygen of 
its neighbor in one direction via a phosphodiester linkage, an 
end of an oligonucleotide is referred to as the “5' end” if its 
5' phosphate is not linked to the 3' oxygen of a mononucle 
otide pentose ring and as the '3' end” if its 3' oxygen is not 
linked to a 5" phosphate of a Subsequent mononucleotide 
pentose ring. AS used herein, a nucleic acid Sequence, even 
if internal to a larger oligonucleotide, also may be said to 
have 5' and 3' ends. 

0111 When two different, non-overlapping oligonucle 
otides anneal to different regions of the same linear comple 
mentary nucleic acid Sequence, and the 3' end of one 
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oligonucleotide points towards the 5' end of the other, the 
former may be called the "upstream” oligonucleotide and 
the latter the “downstream” oligonucleotide. In either a 
linear or circular DNA molecule, discrete elements are 
referred to as being "upstream” or 5' of the “downstream” or 
3' elements. This terminology reflects the fact that transcrip 
tion proceeds in a 5' to 3' fashion along the DNA strand. The 
promoter and enhancer elements which direct transcription 
of a linked gene are generally located 5' or upstream of the 
coding region. However, enhancer elements can exert their 
effect even when located 3' of the promoter element and the 
coding region. Transcription termination and polyadenyla 
tion Signals are located 3' or downstream of the coding 
region. 

0112 The term “coding region' when used in reference 
to a structural gene refers to the nucleotide Sequences which 
encode the amino acids found in the nascent polypeptide as 
a result of translation of a mRNA molecule. The coding 
region is bounded on the 5' side by the nucleotide triplet 
“ATG” which encodes the initiator methionine and on the 3' 
Side by one of the three triplets which specify Stop codons 
(i.e., TAA, TAG, TGA). Occasionally, the ATG is replaced 
by GTG. 
0113. The term “polynucleotide molecule comprising a 
nucleotide Sequence encoding a gene, means a nucleic acid 
Sequence comprising the coding region of a gene or in other 
words the nucleic acid Sequence which encodes a gene 
product. The coding region may be present in either a 
cDNA, genomic DNA or RNA form. When present in a 
DNA form, the polynucleotide may be single-stranded (i.e., 
the sense strand) or double-stranded. Suitable control ele 
ments Such as enhancerS/promoters, Splice junctions, poly 
adenylation Signals, etc. may be placed in close proximity to 
the coding region of the gene if needed to permit proper 
initiation of transcription and/or correct processing of the 
primary RNA transcript. Alternatively, the coding region 
utilized in the expression vectors of the present invention 
may contain endogenous enhancers/promoters, Splice junc 
tions, intervening Sequences, polyadenylation Signals, etc., 
or a combination of both endogenous and exogenous control 
elements. 

0114. The term “regulatory element” refers to a genetic 
element which controls Some aspect of the expression of 
nucleic acid Sequences. For example, a promoter is a regu 
latory element which facilitates the initiation of transcription 
of an operably linked coding region. Other regulatory ele 
ments are splicing Signals, polyadenylation signals, termi 
nation signals, etc. (defined infra). 
0115 Transcriptional control signals in eukaryotes com 
prise “promoter” and “enhancer' elements. Promoters and 
enhancers consist of Short arrays of DNA sequences that 
interact specifically with cellular proteins involved in tran 
scription (Maniatis et al., Science 236:1237 (1987). Pro 
moter and enhancer elements have been isolated from a 
variety of eukaryotic Sources including genes in yeast, insect 
and mammalian cells and viruses (analogous control ele 
ments, i.e., promoters, are also found in prokaryotes). The 
Selection of a particular promoter and enhancer depends on 
what cell type is to be used to express the protein of interest. 
Some eukaryotic promoters and enhancers have a broad host 
range while others are functional in a limited Subset of cell 
types (for review see, Voss et al., Trends Biochem. Sci., 

Sep. 23, 2004 

11:287(1986); and Maniatis et al., Supra). For example, the 
SV40 early gene enhancer is very active in a wide variety of 
cell types from many mammalian Species and has been 
widely used for the expression of proteins in mammalian 
cells (Dikema et al., EMBO J. 4:761 (1985). Two other 
examples of promoter/enhancer elements active in a broad 
range of mammalian cell types are those from the human 
elongation factor 1xgene (Uetsuki et al., J. Biol. Chem., 
264:5791 (1989); Kim et al., Gene 91:217 1990); and 
Mizushima and Nagata, Nucl. Acids. Res., 18:5322 1990) 
and the long terminal repeats of the Rous Sarcoma virus 
(Gorman et al., Proc. Natl. Acad. Sci. USA 79:6777 (1982) 
and the human cytomegalovirus (Boshart et al., Cell 41:521 
1985). 
0116. The term “promoter/enhancer denotes a segment 
of DNA which contains Sequences capable of providing both 
promoter and enhancer functions (i.e., the functions pro 
Vided by a promoter element and an enhancer element, See 
above for a discussion of these functions). For example, the 
long terminal repeats of retroviruses contain both promoter 
and enhancer functions. The enhancer/promoter may be 
“endogenous” or “exogenous” or "heterologous.” An 
“endogenous enhancer/promoter is one which is naturally 
linked with a given gene in the genome. An "exogenous” or 
"heterologous' enhancer/promoter is one which is placed in 
juxtaposition to a gene by means of genetic manipulation 
(i.e., molecular biological techniques) Such that transcription 
of that gene is directed by the linked enhancer/promoter. 
Many promoter/enhancer Sequences can be used to express 
the proteins of the invention. 

0117 Efficient expression of recombinant DNA 
Sequences in eukaryotic cells requires expression of Signals 
directing the efficient termination and polyadenylation of the 
resulting transcript. Transcription termination signals are 
generally found downstream of the polyadenylation Signal 
and are a few hundred nucleotides in length. The term “poly 
A site' or “poly Asequence” denotes a DNA sequence which 
directs both the termination and polyadenylation of the 
nascent RNA transcript. Efficient polyadenylation of the 
recombinant transcript is desirable as transcripts lacking a 
poly A tail are unstable and are rapidly degraded. The poly 
A signal utilized in an expression vector may be "heterolo 
gous' or “endogenous.” An endogenous poly A Signal is one 
that is found naturally at the 3' end of the coding region of 
a given gene in the genome. A heterologous poly A Signal is 
one which is isolated from one gene and placed 3' of another 
gene. A commonly used heterologous poly A Signal is the 
SV40 poly A signal. The SV40 poly A signal is contained on 
a 237 bp BamHI/Bcl restriction fragment and directs both 
termination and polyadenylation (Sambrook, Supra, at 16.6- 
16.7). 
0118 AS used herein, the term “vector” is used in refer 
ence to nucleic acid molecules that transfer DNA segment(s) 
from one cell to another. The term "vehicle' is sometimes 
used interchangeably with “vector.”“Vector” is also used 
interchangeably with “plasmid.” Where a difference is 
intended, the difference will be made clear. 

0119) The term “expression vector” refers to a recombi 
nant DNA molecule containing a desired coding Sequence 
and appropriate nucleic acid Sequences necessary for the 
expression of the operably linked coding Sequence” in a 
particular host organism. Nucleic acid Sequences necessary 
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for expression in prokaryotes usually include a promoter, an 
operator (optional), and a ribosome binding site, often along 
with other Sequences. Eukaryotic cells are known to utilize 
promoters, enhancers, and termination and polyadenylation 
Signals. 

0120) The term “transformation” as used herein refers to 
the introduction of foreign DNA into eukaryotic cells. Trans 
formation may be accomplished by a variety of means 
known to the art including calcium phosphate-DNA co 
precipitation, DEAE-dextran-mediated transfection, poly 
brene-mediated transfection, transfection, electroporation, 
microinjection, lipoSome fusion, lipofection, protoplast 
fusion, retroviral infection, and biolistics. 

0121 The term “selectable marker” refers to the use of a 
gene which encodes an enzymatic activity that confers the 
ability to grow in medium lacking what would otherwise be 
an essential nutrient (e.g. the HIS3 gene in yeast cells); in 
addition, a Selectable marker may confer resistance to an 
antibiotic or drug upon the cell in which the Selectable 
marker is expressed. Selectable markers may be "domi 
nant'; a dominant Selectable marker encodes an enzymatic 
activity that can be detected in any eukaryotic cell line. 
Examples of dominant Selectable markers include the bac 
terial aminoglycoside 3' phosphotransferase gene (also 
referred to as the neogene) which confers resistance to the 
drug G418 in mammalian cells, the bacterial hygromycin G 
phosphotransferase (hyg) gene which conferS resistance to 
the antibiotic hygromycin and the bacterial Xanthine-gua 
nine phosphoribosyltransferase gene (also referred to as the 
gpt gene) which confers the ability to grow in the presence 
of mycophenolic acid. Other Selectable markers are not 
dominant in that their use must be in conjunction with a cell 
line that lacks the relevant enzyme activity. Examples of 
non-dominant Selectable markers include the thymidine 
kinase (tk) gene which is used in conjunction with tk- cell 
lines, the CAD gene which is used in conjunction with 
CAD-deficient cells and the mammalian hypoxanthine-gua 
nine phosphoribosyltransferase (hprt) gene which is used in 
conjunction with hprt cell lines. A review of the use of 
Selectable markers in mammalian cell lines is provided in 
Sambrook et al., Molecular Cloning. A Laboratory Manual, 
2nd ed., Cold Spring Harbor Laboratory Press, New York 
(1989) pp. 16.9-16.15. 
0.122 Eukaryotic expression vectors may also contain 
“viral replicons” or “viral origins of replication.” Viral 
replicons are viral DNA sequences which allow for the 
extrachromosomal replication of a vector in a host cell 
expressing the appropriate replication factors. Vectors which 
contain either the SV40 or polyoma virus origin of replica 
tion replicate to high copy number. Vectors which contain 
the replicons from bovine papillomavirus or Epstein-Barr 
Virus replicate extrachromosomally at low copy number 
(~100 copies/cell). 
0123 The thermophilic DNA polymerase III holoenzyme 
or holoenzyme Subunits or accessory proteins (for example, 
dnaG, priA, uvrD) may be expressed in either prokaryotic or 
eukaryotic host cells. Nucleic acid encoding the thermo 
philic DNA polymerase III holoenzyme or holoenzyme 
Subunit or accessory proteins (for example, dnaG, priA, 
uvrD) may be introduced into bacterial host cells by a 
number of means including transformation of bacterial cells 
made competent for transformation by treatment with cal 
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cium chloride or by electroporation. If the thermophilic 
DNA polymerase III holoenzyme or holoenzyme subunit or 
accessory proteins (for example, dnaG, priA, uVrD) are to be 
expressed in eukaryotic host cells, nucleic acid encoding the 
thermophilic DNA polymerase III holoenzyme or holoen 
Zyme Subunit or accessory proteins (for example, dnaG, 
priA, uVrD) may be introduced into eukaryotic host cells by 
a number of means including calcium phosphate co-precipi 
tation, Spheroplast fusion, electroporation and the like. 
When the eukaryotic host cell is a yeast cell, transformation 
may be affected by treatment of the host cells with lithium 
acetate or by electroporation or any other method known in 
the art. It is contemplated that any host cell will be useful in 
producing the peptides or proteins or fragments thereof of 
the invention. 

0.124 “Hybridization” methods involve the annealing of 
a complementary sequence to the target nucleic acid (the 
sequence to be detected). The ability of two polymers of 
nucleic acid containing complementary Sequences to find 
each other and anneal through base pairing interaction is a 
well-recognized phenomenon. The initial observations of 
the “hybridization” process by Marmur and Lane, (See e.g., 
Marmur and Lane, Proc. Natl. Acad. Sci. USA 46:453 
1960); and Doty et al., Proc. Natl. Acad. Sci. USA 46:461 
1960) have been followed by the refinement of this process 
into an essential tool of modern biology. Nonetheless, a 
number of problems have prevented the wide scale use of 
hybridization as a tool in diagnostics. Among the more 
formidable problems are: 1) the inefficiency of hybridiza 
tion; 2) the low concentration of specific target Sequences in 
a mixture of genomic DNA; and 3) the hybridization of only 
partially complementary probes and targets. 

0.125 With regard to efficiency, it is experimentally 
observed that only a fraction of the possible number of 
probe-target complexes are formed in a hybridization reac 
tion. This is particularly true with Short oligonucleotide 
probes (less than 100 bases in length). There are three 
fundamental causes: a) hybridization cannot occur because 
of Secondary and tertiary structure interactions; b) Strands of 
DNA containing the target Sequence have rehybridized 
(reannealed) to their complementary Strand; and c) Some 
target molecules are prevented from hybridization when 
they are used in hybridization formats that immobilize the 
target nucleic acids to a Solid Surface. 
0.126 Even where the sequence of a probe is completely 
complementary to the Sequence of the target (i.e., the 
targcet's primary structure), the target Sequence must be 
made accessible to the probe via rearrangements of higher 
order Structure. These higher-order Structural rearrange 
ments may concern either the Secondary Structure or tertiary 
Structure of the molecule. Secondary Structure is determined 
by intramolecular bonding. In the case of DNA or RNA 
targets this consists of hybridization within a single, con 
tinuous Strand of bases (as opposed to hybridization between 
two different Strands). Depending on the extent and position 
of intramolecular bonding, the probe can be displaced from 
the target Sequence preventing hybridization. 

0127 Solution hybridization of oligonucleotide probes to 
denatured double-stranded DNA is further complicated by 
the fact that the longer complementary target Strands can 
renature or reanneal. Again, hybridized probe is displaced by 
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this process. This results in a low yield of hybridization (low 
“coverage') relative to the starting concentrations of probe 
and target. 
0128. With regard to low target sequence concentration, 
the DNA fragment containing the target Sequence is usually 
in relatively low abundance in genomic DNA. This presents 
great technical difficulties, most conventional methods that 
use oligonucleotide probes lack the Sensitivity necessary to 
detect hybridization at such low levels. 
0129. One attempt at a solution to the target sequence 
concentration problem is the amplification of the detection 
Signal. Most often this entails placing one or more labels on 
an oligonucleotide probe. In the case of non-radioactive 
labels, even the highest affinity reagents have been found to 
be unsuitable for the detection of Single copy genes in 
genomic DNA with oligonucleotide probes. (See, Wallace et 
al., Biochimie 67.755 1985). In the case of radioactive 
oligonucleotide probes, only extremely high Specific activi 
ties are found to show Satisfactory results. (See, Studencki 
and Wallace, DNA 3:1 1984; and Studencki et al., Human 
Genetics 37:42 (1985). 
0130. With regard to complementarity, it is important for 
Some diagnostic applications to determine whether the 
hybridization represents complete or partial complementar 
ity. For example, where it is desired to detect Simply the 
presence or absence of pathogen DNA (Such as from a virus, 
bacterium, fungi, mycoplasma, protozoan) it is only impor 
tant that the hybridization method ensures hybridization 
when the relevant Sequence is present; conditions can be 
Selected where both partially complementary probes and 
completely complementary probes will hybridize. Other 
diagnostic applications, however, may require that the 
hybridization method distinguish between partial and com 
plete complementarity. It may be of interest to detect genetic 
polymorphisms. For example, human hemoglobin is com 
posed, in part, of four polypeptide chains. Two of these 
chains are identical chains of 141 amino acids (alpha chains) 
and two of these chains are identical chains of 146 amino 
acids (beta chains). The gene encoding the beta chain is 
known to exhibit polymorphism. The normal allele encodes 
a beta chain having glutamic acid at the Sixth position. The 
mutant allele encodes a beta chain having Valine at the Sixth 
position. This difference in amino acids has a profound 
(most profound when the individual is homozygous for the 
mutant allele) physiological impact known clinically as 
Sickle cell anemia. It is well known that the genetic basis of 
the amino acid change involves a Single base difference 
between the normal allele DNA sequence and the mutant 
allele DNA sequence. 
0131 Unless combined with other techniques (such as 
restriction enzyme analysis), methods that allow for the 
same level of hybridization in the case of both partial as well 
as complete complementarity are typically unsuited for Such 
applications; the probe will hybridize to both the normal and 
variant target Sequence. Hybridization, regardless of the 
method used, requires Some degree of complementarity 
between the Sequence being assayed (the target Sequence) 
and the fragment of DNA used to perform the test (the 
probe). Of course, those of skill in the art know that one can 
obtain binding without any complementarity but this bind 
ing is nonspecific and to be avoided. 
0.132. As used herein, the terms “complementary” or 
“complementarity are used in reference to polynucleotides 
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(i.e., a sequence of nucleotides) related by the base-pairing 
rules. For example, for the Sequence "A-G-T' is comple 
mentary to the Sequence "T-C-A.” Complementarity may be 
"partial,” in which only Some of the nucleic acids bases are 
matched according to the base pairing rules. Or, there may 
be “complete' or “total” complementarity between the 
nucleic acids. The degree of complementarity between 
nucleic acid Strands has significant effects on the efficiency 
and strength of hybridization between nucleic acid Strands. 
This is of particular importance in amplification reactions, as 
well as detection methods that depend upon binding between 
nucleic acids. 

0133. The term “homology” refers to a degree of comple 
mentarity. There may be partial homology or complete 
homology (i.e., identity). A partially complementary 
Sequence is one that at least partially inhibits a completely 
complementary Sequence from hybridizing to a target 
nucleic acid and is referred to using the functional term 
“substantially homologous.” The inhibition of hybridization 
of the completely complementary Sequence to the target 
Sequence may be examined using a hybridization assay 
(Southern or Northern blot, solution hybridization and the 
like) under conditions of low Stringency. A Substantially 
homologous Sequence or probe will compete for and inhibit 
the binding (i.e., the hybridization) of a completely homolo 
gous to a target under conditions of low Stringency. This is 
not to say that conditions of low Stringency are Such that 
non-specific binding is permitted; low Stringency conditions 
require that the binding of two sequences to one another be 
a specific (i.e., Selective) interaction. The absence of non 
Specific binding may be tested by the use of a Second target 
which lacks even a partial degree of complementarity (e.g., 
less than about 30% identity); in the absence of non-specific 
binding the probe will not hybridize to the second non 
complementary target. 

0134) Numerous equivalent conditions are known in the 
art that may be employed to comprise low Stringency 
conditions; factors such as the length and nature (DNA, 
RNA, base composition) of the probe and nature of the target 
(DNA, RNA, base composition, present in solution or 
immobilized, etc.) and the concentration of the salts and 
other components (e.g., the presence or absence of forma 
mide, dextran Sulfate, polyethylene glycol) are considered 
and the hybridization Solution may be varied to generate 
conditions of low stringency hybridization different from, 
but equivalent to, the above listed conditions. In addition, 
the art knows conditions that promote hybridization under 
conditions of high Stringency (e.g., increasing the tempera 
ture of the hybridization and/or wash Steps, the use of 
formamide in the hybridization Solution, etc.). 
0.135 When used in reference to a double-stranded 
nucleic acid Sequence Such as a cDNA or genomic clone, the 
term “substantially homologous” refers to any probe which 
can hybridize to either or both strands of the double-stranded 
nucleic acid Sequence under conditions of low Stringency as 
described above. 

0.136 The following terms are used to describe the 
Sequence relationships between two or more polynucle 
otides: “reference Sequence”, “comparison window', 
“Sequence identity”, “percentage of Sequence identity', and 
“substantial identity”. The term “sequence identity” means 
that two polynucleotide sequences are identical (i.e., on a 
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nucleotide-by-nucleotide basis) over the window of com 
parison. The term "percentage of Sequence identity” is 
calculated by comparing two optimally aligned Sequences 
over the window of comparison, determining the number of 
positions at which the identical nucleic acid base (e.g., A, T, 
C, G, U, or I) occurs in both Sequences to yield the number 
of matched positions, dividing the number of matched 
positions by the total number of positions in the window of 
comparision (i.e., the window size), and multiplying the 
result by 100 to yield the percentage of Sequence identity. 

0.137 A“reference sequence” is a defined sequence used 
as a basis for a Sequence comparision; a reference Sequence 
may be a Subset of a larger Sequence, for example, as a 
Segment of a full-length cDNA or gene Sequence given in a 
Sequence listing, Such as any of the polynucleotide 
Sequences provided herein, or may comprise a complete 
cDNA or gene Sequence. Generally, but not always, a 
reference Sequence is at least 20 nucleotides in length, 
frequently at least 25 nucleotides in length, and often at least 
50 nucleotides in length. Since two polynucleotides may 
each (1) comprise a sequence (i.e., a portion of the complete 
polynucleotide Sequence) that is similar between the two 
polynucleotides, and (2) may further comprise a sequence 
that is divergent between the two polynucleotides, Sequence 
comparisons between two (or more) polynucleotides are 
typically performed by comparing Sequences of the two 
polynucleotides over a “comparison window” to identify 
and compare local regions of Sequence similarity. A "com 
parison window', as used herein, refers to a conceptual 
Segment of at least 20 contiguous nucleotide positions 
wherein a polynucleotide Sequence may be compared to a 
reference Sequence of at least 20 contiguous nucleotides and 
wherein the portion of the polynucleotide Sequence in the 
comparison window may comprise additions or deletions 
(i.e., gaps) of 20 percent or less as compared to the reference 
Sequence (which does not comprise additions or deletions) 
for optimal alignment of the two Sequences. Optimal align 
ment of Sequences for aligning a comparison window may 
be conducted by the local homology algorithm of Smith and 
Waterman (1981) Adv. Appl. Math. 2: 482, by the homology 
alignment algorithm of Needleman and Wunsch (1970) J. 
Mol. Biol. 48: 443, by the search for similarity method of 
Pearson and Lipman (1988) Proc. Natl. Acad. Sci. (U.S.A.) 
85: 2444, by computerized implementations of these algo 
rithms (GAP, BESTFIT, FASTA, and TFASTA in the Wis 
consin Genetics Software Package Release 7.0, Genetics 
Computer Group, 575 Science Dr., Madison, Wis.), or by 
inspection, and the best alignment (i.e., resulting in the 
highest percentage of homology over the comparison win 
dow) generated by the various methods is selected. The term 
“Substantial identity” denotes a characteristic of a polynucle 
otide Sequence, wherein the polynucleotide comprises a 
Sequence that has at least 85 percent Sequence identity, 
preferably at least 90 to 95 percent sequence identity, more 
usually at least 99 percent Sequence identity as compared to 
a reference Sequence over a comparison window of at least 
20 nucleotide positions, frequently over a window of at least 
25-50 nucleotides, wherein the percentage of Sequence iden 
tity is calculated by comparing the reference Sequence to the 
polynucleotide Sequence which may include deletions or 
additions which total 20 percent or less of the reference 
Sequence over the window of comparison. The reference 
Sequence may be a Subset of a larger Sequence, for example, 
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as a Segment of the full-length polynucleotide Sequence or 
the full-length cDNA sequence. 

0.138 AS applied to polypeptides, the term “substantial 
identity” means that two peptide Sequences, when optimally 
aligned, such as by the programs GAP or BESTFIT using 
default gap weights, share at least 80 percent Sequence 
identity, preferably at least 90 percent Sequence identity, 
more preferably at least 95 percent Sequence identity or 
more (e.g., 99 percent Sequence identity). Preferably, residue 
positions which are not identical differ by conservative 
amino acid Substitutions. Conservative amino acid Substitu 
tions refer to the interchangeability of residues having 
Similar Side chains. For example, a group of amino acids 
having aliphatic side chains is glycine, alanine, Valine, 
leucine, and isoleucine; a group of amino acids having 
aliphatic-hydroxyl Side chains is Serine and threonine; a 
group of amino acids having amide-containing Side chains is 
asparagine and glutamine; a group of amino acids having 
aromatic Side chains is phenylalanine, tyrosine, and tryp 
tophan; a group of amino acids having basic side chains is 
lysine, arginine, and histidine, and a group of amino acids 
having Sulfur-containing Side chains is cysteine and 
methionine. Preferred conservative amino acids Substitution 
groups are: Valine-leucine-isoleucine, phenylalanine-ty 
rosine, lysine-arginine, alanine-Valine, and asparagine 
glutamine. See 

0.139. A gene may produce multiple RNA species which 
are generated by differential splicing of the primary RNA 
transcript. cDNAS that are splice variants of the same gene 
will contain regions of Sequence identity or complete homol 
ogy (representing the presence of the same exon or portion 
of the same exon on both cDNAS) and regions of complete 
non-identity (for example, representing the presence of exon 
“A” on cDNA 1 wherein cDNA 2 contains exon “B” 
instead). Because the two cDNAS contain regions of 
sequence identity they will both hybridize to a probe derived 
from the entire gene or portions of the gene containing 
Sequences found on both cDNAS, the two Splice variants are 
therefore Substantially homologous to Such a probe and to 
each other. 

0140. When used in reference to a single-stranded nucleic 
acid Sequence, the term “Substantially homologous' refers to 
any probe which can hybridize (i.e., it is the complement of) 
the Single-Stranded nucleic acid Sequence under conditions 
of low Stringency as described. AS used herein, the term 
“hybridization' is used in reference to the pairing of comple 
mentary nucleic acids. Hybridization and the Strength of 
hybridization (i.e., the strength of the association between 
the nucleic acids) is impacted by Such factors as the degree 
of complementary between the nucleic acids, Stringency of 
the conditions involved, the T of the formed hybrid, and the 
G:C ratio within the nucleic acids. 

0.141. The term “T” is used in reference to the “melting 
temperature.” The melting temperature is the temperature at 
which a population of double-Stranded nucleic acid mol 
ecules becomes half dissociated into Single Strands. The 
equation for calculating the T of nucleic acids is well 
known in the art. AS indicated by Standard references, a 
Simple estimate of the T value may be calculated by the 
equation: T=81.5+0.41(% G+C), when a nucleic acid is in 
aqueous Solution at 1 M NaCl (See e.g., Anderson and 
Young, Quantitative Filter Hybridization, in Nucleic Acid 



US 2004/0185530 A1 

Hybridization 1985). Other references include more 
Sophisticated computations which take Structural as well as 
Sequence characteristics into account for the calculation of 
T 

0142. The term “stringency” is used in reference to the 
conditions of temperature, ionic strength, and the presence 
of other compounds Such as organic Solvents, under which 
nucleic acid hybridizations are conducted. With “high strin 
gency' conditions, nucleic acid base pairing will occur only 
between nucleic acid fragments that have a high frequency 
of complementary base Sequences. Thus, conditions of 
“weak” or “low” stringency are often required with nucleic 
acids that are derived from organisms that are genetically 
diverse, as the frequency of complementary Sequences is 
usually less. 
0143 “Amplification” is a special case of nucleic acid 
replication involving template Specificity. It is to be con 
trasted with non-specific template replication (i.e., replica 
tion that is template-dependent but not dependent on a 
Specific template). Template specificity is here distinguished 
from fidelity of replication (i.e., Synthesis of the proper 
polynucleotide Sequence) and nucleotide (ribo- or deox 
yribo-) specificity. Template specificity is frequently 
described in terms of “target'. Specificity. Target Sequences 
are “targets in the Sense that they are Sought to be Sorted out 
from other nucleic acid. Amplification techniques have been 
designed primarily for this Sorting out. 
0144 Template specificity is achieved in most amplifi 
cation techniques by the choice of enzyme. Amplification 
enzymes are enzymes that, under conditions they are used, 
will process only Specific Sequences of nucleic acid in a 
heterogeneous mixture of nucleic acid. For example, in the 
case of O?3 replicase, MDV-1 RNA is the specific template 
for the replicase (Kacian et al., Proc. Natl. Acad. Sci. USA 
69:3038 1972). Other nucleic acids will not be replicated 
by this amplification enzyme. Similarly, in the case of T7 
RNA polymerase, this amplification enzyme has a Stringent 
specificity for its own promoters (Chamberlin et al., Nature 
228:227 1970). In the case of T4DNA ligase, the enzyme 
will not ligate the two oligonucleotides or polynucleotides, 
where there is a mismatch between the oligonucleotide or 
polynucleotide Substrate and the template at the ligation 
junction (Wu and Wallace, Genomics 4:560.1989). Finally, 
Taq and Pfi polymerases, by virtue of their ability to function 
at high temperature, are found to display high Specificity for 
the Sequences bounded and thus defined by the primers, the 
high temperature results in thermodynamic conditions that 
favor primer hybridization with the target Sequences and not 
hybridization with non-target sequences (Erlich (ed.), PCR 
Technology, Stockton Press 1989). 
0145 The term “amplifiable nucleic acid” is used in 
reference to nucleic acids which may be amplified by any 
amplification method. It is contemplated that “amplifiable 
nucleic acid' will usually comprise “sample template.” 
0146 The term “sample template” refers to nucleic acid 
originating from a Sample which is analyzed for the presence 
of “target” (defined below). In contrast, “background tem 
plate” is used in reference to nucleic acid other than Sample 
template which may or may not be present in a Sample. 
Background template is most often inadvertent. It may be 
the result of carryover, or it may be due to the presence of 
nucleic acid contaminants Sought to be purified away from 
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the Sample. For example, nucleic acids from organisms other 
than those to be detected may be present as background in 
a test Sample. 

0147 As used herein, the term “primer' 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 DNA polymerase and at a Suitable temperature 
and pH). The primer is preferably Single Stranded for maxi 
mum efficiency in amplification, but may alternatively be 
double stranded. If double stranded, the primer is first 
treated to Separate its Strands before being used to prepare 
extension products. Preferably, the primer is an oligodeox 
yribonucleotide. The primer must be sufficiently long to 
prime the Synthesis of extension products in the presence of 
the inducing agent. The exact lengths of the primers will 
depend on many factors, including temperature, Source of 
primer and the use of the method. 
0.148. A primer is selected to be “substantially” comple 
mentary to a Strand of Specific Sequence of the template. A 
primer must be sufficiently complementary to hybridize with 
a template Strand for primer elongation to occur. A primer 
Sequence need not reflect the exact Sequence of the template. 
For example, a non-complementary nucleotide fragment 
may be attached to the 5' end of the primer, with the 
remainder of the primer Sequence being Substantially 
complementary to the Strand. Non-complementary bases or 
longer Sequences can be interspersed into the primer, pro 
Vided that the primer Sequence has Sufficient complementa 
rity with the Sequence of the template to hybridize and 
thereby form a template primer complex for Synthesis of the 
extension product of the primer. 

014.9 The term “nested primers' refers to primers that 
anneal to the target Sequence in an area that is inside the 
annealing boundaries used to start PCR. (See, Mullis et al., 
Cold Spring Harbor Symposia, Vol. LI, pp. 263-273 (1986). 
Because the nested primers anneal to the target inside the 
annealing boundaries of the Starting primers, the predomi 
nant PCR-amplified product of the Starting primerS is nec 
essarily a longer Sequence, than that defined by the anneal 
ing boundaries of the nested primers. The PCR-amplified 
product of the nested primerS is an amplified Segment of the 
target Sequence that cannot, therefore, anneal with the Start 
ing primers. 

0150. The term “probe" refers to an oligonucleotide (i.e., 
a sequence of nucleotides), whether occurring naturally as in 
a purified restriction digest or produced Synthetically, 
recombinantly or by PCR amplification, which is capable of 
hybridizing to another oligonucleotide of interest. A probe 
may be single-Stranded or double-Stranded. Probes are use 
ful in the detection, identification and isolation of particular 
gene Sequences. It is contemplated that any probe used in the 
present invention will be labelled with any “reporter mol 
ecule,” So that is detectable in any detection System, includ 
ing, but not limited to enzyme (e.g., ELISA, as well as 
enzyme-based histochemical assays), fluorescent, radioac 
tive, and luminescent Systems. It is not intended that the 
present invention be limited to any particular detection 
System or label. 
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0151. The term “label” as used herein refers to any atom 
or molecule which can be used to provide a detectable 
(preferably quantifiable) Signal, and which can be attached 
to a nucleic acid or protein. Labels may provide Signals 
detectable by fluorescence, radioactivity, colorimetry, 
gravimetry, X-ray diffraction or absorption, magnetism, 
enzymatic activity, and the like. 
0152 The term “target,” when used in reference to the 
polymerase chain reaction, refers to the region of nucleic 
acid bounded by the primers used for polymerase chain 
reaction. Thus, the “target' is Sought to be Sorted out from 
other nucleic acid Sequences. A “segment' is defined as a 
region of nucleic acid within the target Sequence. 
0153. The term “substantially single-stranded” when 
used in reference to a nucleic acid target means that the 
target molecule exists primarily as a single Strand of nucleic 
acid in contrast to a double-Stranded target which exists as 
two Strands of nucleic acid which are held together by 
inter-Strand base pairing interactions. 
0154) Nucleic acids form secondary structures which 
depend on base-pairing for Stability. When Single Strands of 
nucleic acids (single-stranded DNA, denatured double 
stranded DNA or RNA) with different sequences, even 
closely related ones, are allowed to fold on themselves, they 
assume characteristic Secondary Structures. An alteration in 
the Sequence of the target may cause the destruction of a 
duplex region(s), or an increase in Stability of a thereby 
altering the accessibility of some regions to hybridization of 
the probes oligonucleotides. While not being limited to any 
particular theory, it is thought that individual molecules in 
the target population may each assume only one or a few of 
the structures (i.e., duplexed regions), but when the sample 
is analyzed as a whole, a composite pattern from the 
hybridization of the probes can be created. Many of the 
Structures that can alter the binding of the probes are likely 
to be only a few base-pairs long and would appear to be 
unstable. Some of these structures may be displaced by the 
hybridization of a probe in that region; others may by 
stabilized by the hybridization of a probe nearby, such that 
the probe/Substrate duplex can Stack coaxially with the 
target intrastrand duplex, thereby increasing the Stability of 
both. The formation or disruption of these structures in 
response to Small Sequence changes results in changes in the 
patterns of probe/target complex formation. AS used herein, 
the term “polymerase chain reaction” (“PCR”) refers to the 
method of Mullis U.S. Pat. Nos. 4,683,195 4,683,202, and 
4,965,188, hereby incorporated by reference, which describe 
a method for increasing the concentration of a Segment of a 
target Sequence in a mixture of genomic DNA without 
cloning or purification. This process for amplifying the 
target Sequence consists of introducing a large excess of two 
oligonucleotide primers to the DNA mixture containing the 
desired target Sequence, followed by a precise Sequence of 
thermal cycling in the presence of a DNA polymerase. The 
two primers are complementary to their respective Strands of 
the double Stranded target Sequence. To effect amplification, 
the mixture is denatured and the primers then annealed to 
their complementary Sequences within the target molecule. 
Following annealing, the primers are extended with a poly 
merase So as to form a new pair of complementary Strands. 
The Steps of denaturation, primer annealing and polymerase 
extension can be repeated many times (i.e., denaturation, 
annealing and extension constitute one “cycle'; there can be 
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numerous “cycles”) to obtain a high concentration of an 
amplified Segment of the desired target Sequence. The length 
of the amplified Segment of the desired target Sequence is 
determined by the relative positions of the primers with 
respect to each other, and therefore, this length is a control 
lable parameter. By virtue of the repeating aspect of the 
process, the method is referred to as the “polymerase chain 
reaction” (hereinafter "PCR"). Because the desired ampli 
fied Segments of the target Sequence become the predomi 
nant Sequences (in terms of concentration) in the mixture, 
they are said to be “PCR amplified”. 
O155 With PCR, it is possible to amplify a single copy of 
a Specific target Sequence in genomic DNA to a level 
detectable by Several different methodologies (e.g., hybrid 
ization with a labeled probe; incorporation of biotinylated 
primers followed by avidin-enzyme conjugate detection; 
incorporation of P-labeled deoxynucleotide triphosphates, 
such as dCTP or dATP, into the amplified segment). In 
addition to genomic DNA, any oligonucleotide or poly 
nucleotide Sequence can be amplified with the appropriate 
Set of primer molecules. In particular, the amplified Seg 
ments created by the PCR process itself are, themselves, 
efficient templates for subsequent PCR amplifications. 

0156 The terms “PCR product,”“PCR fragment,” and 
“amplification product” refer to the resultant mixture of 
compounds after two or more cycles of the PCR steps of 
denaturation, annealing and extension are complete. These 
terms encompass the case where there has been amplifica 
tion of one or more Segments of one or more target 
Sequences. 

O157 The term “amplification reagents” refers to those 
reagents (deoxyribonucleotide triphosphates, buffer, etc.), 
needed for amplification except for primers, nucleic acid 
template and the amplification enzyme. Typically, amplifi 
cation reagents along with other reaction components are 
placed and contained in a reaction vessel (test tube, microw 
ell, etc.). 
0158 As used in reference to amplification methods such 
as PCR, the term “polymerase” refers to any polymerase 
Suitable for use in the amplification of nucleic acids of 
interest. It is intended that the term encompass such DNA 
polymerases as the polymerase III of the present invention, 
as well as Taq DNA polymerase (i.e., the type I polymerase 
obtained from Thermus aquaticus), although other poly 
merases, both thermostable and thermolabile are also 
encompassed by this definition. 

0159. The term “RT-PCR" refers to the replication and 
amplification of RNA sequences. In this method, reverse 
transcription is coupled to PCR, most often using a one 
enzyme procedure in which a thermostable polymerase is 
employed, as described in U.S. Pat. No. 5,322,770, herein 
incorporated by reference. In RT-PCR, the RNA template is 
converted to cDNA due to the reverse transcriptase activity 
of the polymerase, and then amplified using the polymeriZ 
ing activity of the polymerase (i.e., as in other PCR meth 
ods). The proteins and polypeptides of the invention can be 
used in any method of Synthesizing or replicating DNA. 

0160 The terms “restriction endonucleases” and “restric 
tion enzymes' refer to bacterial enzymes, each of which cut 
double-stranded DNA at or near a specific nucleotide 
Sequence. 
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0.161 The term “recombinant DNA molecule” as used 
herein refers to a DNA molecule which is comprised of 
Segments of DNA joined together by means of molecular 
biological techniques. 
0162 The terms “in operable combination,”“in operable 
order,” and “operably linked” refer to the linkage of nucleic 
acid Sequences in Such a manner that a nucleic acid molecule 
capable of directing the transcription of a given gene and/or 
the Synthesis of a desired protein molecule is produced. The 
term also refers to the linkage of amino acid Sequences in 
Such a manner So that a functional protein is produced. 
0163 AS used herein, the term "isolated” when used in 
relation to a nucleic acid, as in “an isolated oligonucleotide' 
or "isolated polynucleotide' refers to a nucleic acid 
Sequence that is identified and Separated from at least one 
contaminant nucleic acid with which it is ordinarily associ 
ated in its natural Source. Isolated nucleic acid is Such 
present in a form or Setting that is different from that in 
which it is found in nature. In contrast, non-isolated nucleic 
acids as nucleic acids Such as DNA and RNA found in the 
State they exist in nature. The isolated nucleic acid, oligo 
nucleotide, or polynucleotide may be present in Single 
stranded or double-stranded form. When an isolated nucleic 
acid, oligonucleotide or polynucleotide is to be utilized to 
express a protein, the oligonucleotide or polynucleotide will 
contain at a minimum the Sense or coding Strand (i.e., the 
oligonucleotide or polynucleotide may single-stranded), but 
may contain both the Sense and anti-sense Strands (i.e., the 
oligonucleotide or polynucleotide may be double-Stranded). 
0164. As used herein, the term “purified” or “to purify” 
refers to the removal of contaminants from a Sample. For 
example, anti-DNA polymerase III holoenzyme and holoen 
Zyme Subunit and accessory protein antibodies are purified 
by removal of contaminating non-immunoglobulin proteins, 
they are also purified by the removal of immunoglobulin that 
does not bind DNA polymerase III holoenzyme or holoen 
Zyme Subunit or accessory proteins. The removal of non 
immunoglobulin proteins and/or the removal of immuno 
globulins that do not bind DNA polymerase III holoenzyme 
or holoenzyme Subunit or accessory proteins results in an 
increase in the percent of DNA polymerase III holoenzyme 
or holoenzyme Subunit or accessory protein-reactive immu 
noglobulins in the Sample. In another example, recombinant 
DNA polymerase III holoenzyme or holoenzyme subunit or 
accessory protein polypeptides are expressed in bacterial 
host cells and the polypeptides are purified by the removal 
of host cell proteins; the percent of recombinant DNA 
polymerase III holoenzyme or holoenzyme Subunit or acces 
Sory protein polypeptides is thereby increased in the sample. 
0165. The term “recombinant DNA molecule” as used 
herein refers to a DNA molecule which is comprised of 
Segments of DNA joined together by means of molecular 
biological techniques. 
0166 The term “recombinant protein' or “recombinant 
polypeptide' as used herein refers to a protein molecule 
which is expressed from a recombinant DNA molecule. 
0167 The term “native protein” as used herein to indicate 
that a protein does not contain amino acid residues encoded 
by vector Sequences, that is the native protein contains only 
those amino acids found in the protein as it occurs in nature. 
A native protein may be produced by recombinant means or 
may be isolated from a naturally occurring Source., 

Sep. 23, 2004 

0168 AS used herein, the term “fusion protein” refers to 
a chimeric protein containing the protein of interest (i.e., 
DNA polymerase III holoenzyme or holoenzyme subunit or 
accessory proteins and fragments of the holoenzyme, Sub 
unit or accessory protein) joined to a fusion partner, which 
is an exogenous protein or peptide fragment. The fusion 
partner consists of a non-DNA polymerase III holoenzyme 
or holoenzyme Subunit protein or accessory protein. The 
fusion partner may enhance solubility of the DNA poly 
merase III holoenzyme or holoenzyme Subunit protein or 
accessory protein as expressed in a host cell, may provide an 
affinity tag to allow purification of the recombinant fusion 
protein from the host cell or culture Supernatant, or both. If 
desired, the fusion protein may be removed from the protein 
of interest (i.e., DNA polymerase III holoenzyme, holoen 
Zyme Subunit protein, or accessory proteins or fragments of 
any of the foregoing) by a variety of enzymatic or chemical 
means known to the art. 

0169. In the present invention, the subunits and accessory 
proteins of the invention are fused to an N-terminal peptide 
that contains a hexahistidine Site, a biotinylation Site and a 
thrombin cleavage Site. In other embodiments, the Subunits 
and accessory proteins are expressed as translationally 
coupled proteins. In yet another embodiment, the amino 
terminal tag comprises a hexahistine site and a biotinylation 
Site. In yet another embodiment, the Subunits and accessory 
proteins of the invention are fused to a C-terminal peptide 
comprising a hexahistidine Site and a biotinylation site. 
Other marker sequences are known in the art and can be 
linked to the Subunits and accessory proteins of the inven 
tion. 

0170 A“variant” of DNA polymerase III holoenzyme or 
holoenzyme Subunit or accessory protein refers to an amino 
acid Sequence that is altered by one or more amino acids. 
The variant may have “conservative' changes, wherein a 
Substituted amino acid has similar Structural or chemical 
properties (e.g., replacement of leucine with isoleucine). 
More rarely, a variant may have “nonconservative' changes 
(e.g., replacement of a glycine with a tryptophan). Similar 
minor variations may also include amino acid deletions or 
insertions, or both. Guidance in determining which amino 
acid residues may be Substituted, inserted, or deleted without 
abolishing biological or immunological activity may be 
found using computer programs well known in the art, for 
example, DNASTAR Software. 
0171 The term “sequence variation” refers to differences 
in nucleic acid Sequence between two nucleic acid tem 
plates. For example, a wild-type Structural gene and a 
mutant form of this wild-type structural gene may vary in 
Sequence by the presence of Single base Substitutions and/or 
deletions or insertions of one or more nucleotides. These two 
forms of the Structural gene are said to vary in Sequence 
from one another. A Second mutant form of the Structural 
gene may exist. This Second mutant form is Said to vary in 
Sequence from both the wild-type gene and the first mutant 
form of the gene. It is noted, however, that the invention 
does not require that a comparison be made between one or 
more forms of a gene to detect Sequence variations. Because 
the method of the invention generates a characteristic and 
reproducible pattern of complex formation for a given 
nucleic acid target, a characteristic "fingerprint” may be 
obtained from any nucleic target without reference to a 
wild-type or other control. The invention contemplates the 
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use of the method for both “fingerprinting nucleic acids 
without reference to a control and identification of mutant 
forms of a target nucleic acid by comparison of the mutant 
form of the target with a wild-type or known mutant control. 
0172 The term “target nucleic acid” refers to the region 
of nucleic acid bounded by the primers used for polymerase 
chain reaction. Thus, the “target' is Sought to be Sorted out 
from other nucleic acid Sequences. A “segment' is defined as 
a region of nucleic acid within the target Sequence. 
0173 The term “nucleotide analog” refers to modified or 
non-naturally occurring nucleotides Such as 7-deaza purines 
(i.e., 7-deaza-dATP and 7-deaza-dGTP). Nucleotide analogs 
include base analogs and comprise modified forms of deox 
yribonucleotides as well as ribonucleotides. The term 
"nucleotide analog when used in reference to targets 
present in a PCR mixture refers to the use of nucleotides 
other than dATP, dGTP, dCTP and dTTP; thus, the use of 
dUTP (a naturally occurring dNTP) in a PCR would com 
prise the use of a nucleotide analog in the PCR. A PCR 
product generated using dUTP, 7-deaza-dATP, 7-deaza 
dGTP or any other nucleotide analog in the reaction mixture 
is Said to contain nucleotide analogs. 
0.174 Oligonucleotide primers matching or complemen 
tary to a gene Sequence refers to oligonucleotide primers 
capable of facilitating the template-dependent Synthesis of 
Single or double-Stranded nucleic acids. Oligonucleotide 
primerS matching or complementary to a gene Sequence may 
be used in PCRs, RT-PCRs and the like. 
0.175. A "consensus gene Sequence” refers to a gene 
Sequence which is derived by comparison of two or more 
gene Sequences and which describes the nucleotides most 
often present in a given Segment of the genes, the consensus 
Sequence is the canonical Sequence. “Consensus protein, 
"consensus amino acid, consensus peptide,” and consen 
SuS polypeptide Sequences refer to Sequences that are shared 
between multiple organisms or proteins. 
0176) The term “biologically active,” refers to a protein 
or other biologically active molecules (e.g., catalytic RNA) 
having Structural, regulatory, or biochemical functions of a 
naturally occurring molecule. Likewise, “immunologically 
active' refers to the capability of the natural, recombinant, 
or synthetic DNA polymerase III holoenzyme or holoen 
Zyme Subunit, or accessory proteins, or any oligopeptide or 
polynucleotide thereof, to induce a specific immune 
response in appropriate animals or cells and to bind with 
Specific antibodies. 
0177. The term “agonist” refers to a molecule which, 
when bound to DNA polymerase III holoenzyme or holoen 
Zyme Subunit or accessory protein, causes a change in DNA 
polymerase III holoenzyme or holoenzyme Subunit or acces 
sory protein, which modulates the activity of DNA poly 
merase III holoenzyme or holoenzyme Subunit or accessory 
protein. Agonists may include proteins, nucleic acids, car 
bohydrates, or any other molecules which bind or interact 
with DNA polymerase III holoenzyme or holoenzyme sub 
unit or accessory protein. 

0178. The terms “antagonist” or “inhibitor” refer to a 
molecule which, when bound to DNA polymerase III 
holoenzyme or holoenzyme Subunit, blockS or modulates the 
biological or immunological activity of DNA polymerase III 
holoenzyme or holoenzyme Subunit or accessory protein. 
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Antagonists and inhibitors may include proteins, nucleic 
acids, carbohydrates, or any other molecules which bind or 
interact with DNA polymerase III holoenzyme or holoen 
Zyme Subunit or accessory protein. 

0179 The term “modulate” refers to a change or an 
alteration in the biological activity of DNA polymerase III 
holoenzyme or holoenzyme Subunit or accessory protein. 
Modulation may be an increase or a decrease in protein 
activity, a change in binding characteristics, or any other 
change in the biological, functional, or immunological prop 
erties of DNA polymerase III holoenzyme or holoenzyme 
Subunit or accessory protein. 

0180. The term “derivative” refers to the chemical modi 
fication of a nucleic acid encoding DNA polymerase III 
holoenzyme or holoenzyme Subunit or accessory protein, or 
the encoded DNA polymerase III holoenzyme or holoen 
Zyme Subunit or accessory protein. Illustrative of Such 
modifications would be replacement of hydrogen by an 
alkyl, acyl, or amino group. A nucleic acid derivative would 
encode a polypeptide which retains essential biological 
characteristics of the natural molecule. 

0181. The term “Southern blot (analysis)" refers to the 
analysis of DNA on agarose or acrylamide gels to fractionate 
the DNA according to size followed by transfer of the DNA 
from the gel to a Solid Support, Such as nitrocellulose or a 
nylon membrane. The immobilized DNA is then probed with 
a labeled probe to detect DNA species complementary to the 
probe used. The DNA may be cleaved with restriction 
enzymes prior to electrophoresis. Following electrophoresis, 
the DNA may be partially depurinated and denatured prior 
to or during transfer to the Solid Support. Southern blots are 
a Standard tool of molecular biologists (Sambrook et al., 
Molecular Cloning. A Laboratory Manual, Cold Spring 
Harbor Press, NY, pp 9.31-9.58 (1989). 
0182. The term “Northern blot (analysis)" refers to the 
analysis of RNA by electrophoresis of RNA on agarose gels 
to fractionate the RNA according to size followed by trans 
fer of the RNA from the gel to a solid support, such as 
nitrocellulose or a nylon membrane. The immobilized RNA 
is then probed with a labeled probe to detect RNA species 
complementary to the probe used. Northern blots are a 
Standard tool of molecular biologists (Sambrook et al., 
supra, pp 7.39-7.52 (1989). 
0183) The term “Western blot” or “Western analysis” 
refers to the analysis of protein(s) (or polypeptides) immo 
bilized onto a Support Such as nitrocellulose or a membrane. 
The proteins are run on acrylamide gels to Separate the 
proteins, followed by transfer of the protein from the gel to 
a Solid Support, Such as nitrocellulose or a nylon membrane. 
The immobilized proteins are then exposed to antibodies 
with reactivity against an antigen of interest. The binding of 
the antibodies may be detected by various methods, includ 
ing the use of radiolabelled antibodies. 
0.184 An “immunogenic epitope” is defined as a part of 
a protein that elicits an antibody response when the whole 
protein is the immunogen. These immunogenic epitopes are 
believed to be confined to a few loci on the molecule. On the 
other hand, a region of a protein molecule to which an 
antibody can bind is defined as an “antigenic epitope.” The 
number of immunogenic epitopes of a protein is generally 
less than the number of antigenic epitopes. See, for instance, 
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Geysen, et al., Proc. Natl. Acad. Sci. USA 81:3998-4002 
(1983). See, for example, U.S. Pat. No. 6,011,012. 
0185. The term “antigenic determinant” as used herein 
refers to that portion of an antigen that makes contact with 
a particular antibody (i.e., an epitope). When a protein or 
fragment of a protein is used to immunize a host animal, 
numerous regions of the protein may induce the production 
of antibodies which bind Specifically to a given region or 
three-dimensional Structure on the protein; these regions or 
Structures are referred to as antigenic determinants. An 
antigenic determinant may compete with the intact antigen 
(i.e., the “immunogen used to elicit the immune response) 
for binding to an antibody. See, for example, U.S. Pat. No. 
6,011,012. 

0186 The terms “specific binding” or specifically bind 
ing” when used in reference to the interaction of an antibody 
and a protein or peptide means that the interaction is 
dependent upon the presence of a particular structure (i.e., 
the antigenic determinant or epitope) on the protein; in other 
words the antibody is recognizing and binding to a specific 
protein Structure rather than to proteins in general. For 
example, if an antibody is Specific for epitope “A,” the 
presence of a protein containing epitope A (or free, unla 
belled A) in a reaction containing labelled “A” and the 
antibody will reduce the amount of labelled A bound to the 
antibody. 

0187. As used herein, the term “cell culture” refers to any 
iii vitro culture of cells. Included within this term are 
continuous cell lines (e.g., with an immortal phenotype), 
primary cell cultures, finite cell lines (e.g., non-transformed 
cells), and any other cell population maintained in vitro. 
0188 The terms “test DNA polymerase III holoenzyme” 
and “test holoenzyme subunit' or “test protein” refers to a 
Sample Suspected of containing DNA polymerase III holoen 
Zyme or holoenzyme Subunit or accessory protein, respec 
tively. The concentration of DNA polymerase III holoen 
Zyme or holoenzyme Subunit or accessory protein in the test 
Sample is determined by various means, and may be com 
pared with a “quantitated amount of DNA polymerase III 
holoenzyme or holoenzyme Subunit or accessory protein' 
(i.e., a positive control Sample containing a known amount 
of DNA polymerase III holoenzyme or holoenzyme subunit 
or accessory protein), in order to determine whether the 
concentration of test DNA polymerase III holoenzyme or 
holoenzyme Subunit or accessory protein in the Sample is 
within the range usually found within Samples from wild 
type organisms. 

0189 The term “microorganism” or “organism” as used 
herein means an organism too small to be observed with the 
unaided eye and includes, but is not limited to bacteria, 
Virus, protozoans, fungi, and ciliates 

0190. The term “microbial gene sequences” refers to 
gene Sequences derived from a microorganism. 

0191 The term “bacteria” refers to any bacterial species 
including eubacterial and archaebacterial Species. 

0.192 The term “virus' refers to obligate, ultramicro 
Scopic, intracellular parasites incapable of autonomous rep 
lication (i.e., replication requires the use of the host cells 
machinery). 

Sep. 23, 2004 

0193 B. Methodologies 
0194 Unless otherwise indicated, all nucleotide 
Sequences determined by Sequencing a DNA molecule 
herein were determined using an automated DNA sequencer. 
A variety of Sequencers are known in the art, Such as the 
Model 373 from Applied Biosystems, Inc., for example. 
Amino acid Sequences of polypeptides encoded by DNA 
molecules determined herein were predicted by translation 
of, a DNA sequence determined as above. Alternatively the 
Sequence can be determined by directly Sequencing the 
polypeptide. AS is known in the art for any DNA sequence 
determined by this automated approach, any nucleotide 
Sequence determined herein may contain Some errors. 
Nucleotide Sequences determined by automation are typi 
cally at least about 90% identical, more typically at least 
about 95% to at least about 99.9% identical to the actual 
nucleotide Sequence of the Sequenced DNA molecule. The 
actual Sequence can be more precisely determined by other 
approaches including manual DNA sequencing methods 
well known in the art. AS is also known in the art, a single 
insertion or deletion in a determined nucleotide Sequence 
cause a frame shift in translation of the nucleotide Sequence 
Such that the predicted amino acid Sequence compared to the 
actual Sequence will encoded by a determined nucleotide 
Sequence will be completely different from the amino acid 
Sequence actually encoded by the Sequenced DNA molecule, 
beginning at the point of Such an insertion or deletion. See 
for example, U.S. Pat. No. 6,171,816 and 6,040,157. 
0.195 “Identity” per se has an art-recognized meaning 
and can be calculated using published techniques. (See, e.g.: 
(COMPUTATIONAL MOLECULAR BIOLOGY, Lesk, A. 
M., ed., Oxford University Press, New York, (1988); BIO 
COMPUTING: INFORMATICS AND GENOME 
PROJECTS, Smith, D. W., ed., Academic Press, New York, 
(1993); COMPUTER ANALYSIS OF SEQUENCE DATA, 
PART I, Griffin, A. M., and Griffin, H. G., eds., Humana 
Press, New Jersey, (1994); SEQUENCE ANALYSIS IN 
MOLECULAR BIOLOGY, von Heinje, G., Academic 
Press, (1987); and SEQUENCE ANALYSIS PRIMER, 
Gribskov, M. and Devereux, J., eds., M. Stockton Press, New 
York, (1991).) While there exists a number of methods to 
measure identity between two polynucleotide or polypeptide 
sequences, the term “identity” is well known to skilled 
artisans. (Carillo, H., and Lipton, D., SIAM J Applied Math 
48: 1073 (1988)). Methods commonly employed to deter 
mine identity or Similarity between two Sequences include, 
but are not limited to, those disclosed in Guide to Huge 
Computers, Martin J. Bishop, ed., Academic Press, San 
Diego, (1994), and Carillo, H., and Lipton, D., SIAM J 
Applied Math 48:1073 (1988). Methods for aligning poly 
nucleotides or polypeptides are codified in computer pro 
grams, including the GCG program package (Devereux, J., 
et al., Nucleic Acids Research (1984) 12(1):387 (1984)), 
BLASTP, BLASTN, FASTA (Atschul, S. F. et al., J. Molec. 
Biol. 215:403 (1990), Bestfit program (Wisconsin Sequence 
Analysis Package, Version 8 for Unix, Genetics Computer 
Group, University Research Park, 575 Science Drive, Madi 
son, Wis. 53711 (using the local homology algorithm of 
Smith and Waterman, Advances in Applied Mathematics 
2:482-489 (1981)). See U.S. Pat. No. 6,040,157 
0196. In certain embodiments, polynucleotides of the 
invention comprise a nucleic acid, the Sequence of which is 
at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% 
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or 99% identical to a Sequence Selected from the group 
consisting of SEQ ID NOS: 9, 16, 22, 31, 36, 67, 71, 75 and 
81, or a complementary Sequence thereof. 
0.197 By a polynucleotide comprising a nucleic acid, the 
sequence of which is at least, for example, 95% “identical” 
to a reference nucleotide Sequence is intended that the 
nucleic acid Sequence is identical to the reference Sequence 
except that the nucleic acid Sequence may include up to five 
point mutations per each 100 nucleotides of the reference 
nucleic acid Sequence. In other words, to obtain a nucleic 
acid, the sequence of which is at least 95% identical to a 
reference nucleic acid Sequence, up to 5% of the nucleotides 
in the reference Sequence may be deleted or Substituted with 
another nucleotide, or a number of nucleotides up to 5% of 
the total nucleotides in the reference Sequence may be 
inserted into the reference Sequence. These mutations of the 
reference Sequence may occur at the 5' or 3' terminal 
positions of the reference nucleotide Sequence or anywhere 
between those terminal positions, interspersed either indi 
vidually among nucleotides in the reference Sequence or in 
one or more contiguous groups within the reference 
Sequence. The reference (query) sequence may be any one of 
the entire nucleotide sequences shown in SEQ ID NOS: 9, 
16, 22, 31, 36, 67, 71, 75 and 81, or any fragment of any of 
these sequences, as described infra. See U.S. Pat. No. 
6,040,157 and 6,171,816, for example. 
0198 As a practical matter, whether any particular 
nucleic acid molecule is at least 95%, 96%, 97%, 98% or 
99% identical to, for instance, the nucleotide Sequence 
shown in SEQ ID NOS: 9, 16, 22, 31, 36, 67, 71, 75 and 81, 
can be determined conventionally using known computer 
programs Such as the Bestfit program (Wisconsin Sequence 
Analysis Package, Version 8 for Unix, Genetics Computer 
Group, University Research Park, 575 Science Drive, Madi 
son, Wis. 53711). Bestfit uses the local homology algorithm 
of Smith and Waterman, Advances in Applied Mathematics 
2:482-489 (1981), to find the best segment of homology 
between two sequences. When using Bestfit or any other 
Sequence alignment program to determine whether a par 
ticular Sequence is, for instance, 95% identical to a reference 
Sequence according to the present invention, the parameters 
are Set, of course, Such that the percentage of identity is 
calculated over the full length of the reference nucleotide 
Sequence and that gaps in homology of up to 5% of the total 
number of nucleotides in the reference Sequence are 
allowed. Other Sequence analysis programs, known in the 
art, can be used to determine percent identity. See U.S. Pat. 
No. 6,040,157 and 6,171,816. 
0199. Of course, due to the degeneracy of the genetic 
code, one of ordinary skill in the art will immediately 
recognize that a large number of the nucleic acid molecules 
having a sequence at least 95%, 96%, 97%, 98%, or 99% 
identical to the nucleic acid sequences shown in SEQ ID 
NOS: 9, 16, 22, 31, 36, 67, 71, 75 and 81 will encode a 
polypeptide or protein having biological activity. In fact, 
Since degenerate variants of these nucleotide Sequences all 
encode the Same polypeptide, this will be clear to the skilled 
artisan even without performing the comparison assays. It 
will be further recognized in the art that, for Such nucleic 
acid molecules that are not degenerate variants, a reasonable 
number will also encode a polypeptide have biological 
activity. This is because the skilled artisan is fully aware of 
amino acid Substitutions that are either less likely or not 
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likely to significantly effect protein function (e.g., replacing 
one aliphatic amino acid with a Second aliphatic amino 
acid). See, U.S. Pat. Nos. 6,011,012; 6,171,186; 6,040,157. 
0200. One embodiment of the present invention is 
directed to polynucleotides comprising a nucleic acid, the 
sequence of which is at least 90%, 91%, 92%, 93%, 94%, 
95%, 96%, 97%, 98% or 99% identical to a nucleic acid 
sequence of SEQ ID NOS: 9, 16, 22, 31, 36, 67, 71, 75 and 
81, or a complementary Sequence thereof, irrespective of 
whether they have functional activity. This is because even 
where a particular polynucleotide does not have functional 
activity, one of skill in the art would still know how to use 
the nucleic acid molecule, for instance, as a hybridization 
probe, an S1 nuclease mapping probe, or a polymerase chain 
reaction (PCR) primer. 
0201 Preferred, however, are polynucleotides compris 
ing a nucleic acid, the Sequence of which is at least 90%, 
91%,192%, 93%, 94%, 95%, 96%, 97%, 98% or 99% 
identical to a nucleic acid sequence of SEQ ID NOS: 9, 16, 
22, 31, 36, 67, 71, 75 and 81, or a complementary sequence 
thereof, which do, in fact, encode proteins which have 
functional activity. 
0202) The present invention further relates to variants of 
the nucleic acid molecules of the present invention, which 
encode portions, analogs or derivatives of the DNA III 
Subunits and accessory proteins. Variants may occur natu 
rally, Such as a natural allelic variant. By an “allelic variant” 
is intended one of several alternate forms of a gene occu 
pying a given locus on a chromosome of an organism. Genes 
II, Lewin, B., ed., John Wiley & Sons, New York (1985). 
0203 Non-naturally occurring variants may be produced 
using art-known mutagenesis techniques. Such variants 
include those produced by nucleotide Substitutions, dele 
tions or additions. The Substitutions, deletions or additions 
may involve one or more nucleotides. The variants may be 
altered in coding regions, non-coding regions, or both. 
Alterations in the coding regions may produce conservative 
or non-conservative amino acid Substitutions, deletions or 
additions. Especially preferred among these are Silent Sub 
Stitutions, additions and deletions, which do not alter the 
properties and activities of the DNA Pol III subunits and 
accessory proteins or fragments or portions thereof. Also 
especially preferred in this regard are conservative Substi 
tutions. Most highly preferred are nucleic acid molecules 
encoding the mature proteins having the amino acid 
sequence shown in SEQ ID NOS: 10, 17, 23, 32, 37, 68,72, 
76 and 82. 

0204. By a polypeptide having an amino acid Sequence at 
least, for example, 95% “identical” to a reference amino acid 
Sequence of a polypeptide is intended that the amino acid 
Sequence of the claimed polypeptide is identical to the 
reference Sequence except that the claimed polypeptide 
Sequence may include up to five amino acid alterations per 
each 100 amino acids of the reference amino acid of the 
polypeptide. In other words, to obtain a polypeptide having 
an amino acid Sequence at least 95% identical to a reference 
amino acid Sequence, up to 5% of the amino acid residues 
in the reference Sequence may be deleted or Substituted with 
another amino acid, or a number of amino acids up to 5% of 
the total amino acid residues in the reference Sequence may 
be inserted into the reference Sequence. These alterations of 
the reference Sequence may occur at the amino or carboxy 
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terminal positions of the reference amino acid Sequence or 
anywhere between those terminal positions, interspersed 
either individually among residues in the reference Sequence 
or in one or more contiguous groups within the reference 
Sequence. 

0205 As a practical matter, whether any particular 
polypeptide is at least 80%, 85%, 90%, 92%, 95%, 96%, 
97%, 98% or 99% identical to, for instance, the amino acid 
sequence shown in SEQID NOS: 10, 17, 23, 32, 37, 68,72, 
76 and 82 or to the amino acid Sequence encoded by a 
nucleic acid Sequence can be determined conventionally 
using known computer programs Such the Bestfit program 
(Wisconsin Sequence Analysis Package, Version 8 for Unix, 
Genetics Computer Group, University Research Park, 575 
Science Drive, Madison, Wis. 53711). When using Bestfit or 
any other Sequence alignment program to determine whether 
a particular Sequence is, for instance, 95% identical to a 
reference Sequence according to the present invention, the 
parameters are Set, of course, Such that the percentage of 
identity is calculated over the full length of the reference 
amino acid Sequence and that gaps in homology of up to 5% 
of the total number of amino acid residues in the reference 
sequence are allowed. See for example, U.S. Pat. No. 
6,040,157 and 6,171,816. 
0206 For example, the identity between a reference 
Sequence (query Sequence, a sequence of the present inven 
tion) and a Subject Sequence, also referred to as a global 
Sequence alignment, is determined using the FASTDB com 
puter program based on the algorithm of Brutlag et al. 
(Comp. App. Biosci. 6:237-245 (1990)). Preferred param 
eters used in a FASTDB amino acid alignment are: Matrix= 
PAM 0, k-tuple=2, Mismatch Penalty=1, Joining Penalty= 
20, Randomization Group Leigth=0, Cutoff Score=1, 
Window Size=sequence length, Gap Penalty=5, Gap Size 
Penalty=0.05, Window Size=500 or the length of the subject 
amino acid Sequence, whichever is shorter. According to this 
embodiment, if the Subject Sequence is shorter than the 
query Sequence due to N- or C-terminal deletions, not 
because of internal deletions, a manual correction is made to 
the results to take into consideration the fact that the 
FASTDB program does not account for N- and C-terminal 
truncations of the Subject Sequence when calculating global 
percent identity. For Subject Sequences truncated at the N 
and C-termini, relative to the query Sequence, the percent 
identity is corrected by calculating the number of residues of 
the query Sequence that are N- and C-terminal of the Subject 
Sequence, which are not matched/aligned with a correspond 
ing Subject residue, as a percent of the total bases of the 
query Sequence. A determination of whether a residue is 
matched/aligned is determined by results of the FASTDB 
Sequence alignment. This percentage is then Subtracted from 
the percent identity, calculated by the above FASTDB 
program using the Specified parameters, to arrive at a final 
percent identity Score. This final percent identity Score is 
what is used for the purposes of this embodiment. Only 
residues to the N- and C-termini of the Subject Sequence, 
which are not matched/aligned with the query Sequence, are 
considered for the purposes of manually adjusting the per 
cent identity Score. That is, only query residue positions 
outside the farthest N- and C-terminal residues of the subject 
Sequence. For example, a 90 amino acid residue Subject 
Sequence is aligned with a 100 residue query Sequence to 
determine percent identity. The deletion occurs at the N-ter 
minus of the subject sequence and therefore, the FASTDB 
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alignment does not show a matching/alignment of the first 
10 residues at the N-terminus. The 10 unpaired residues 
represent 10% of the sequence (number of residues at the N 
and C-termini not matched/total number of residues in the 
query Sequence) So 10% is Subtracted from the percent 
identity score calculated by the FASTDB program. If the 
remaining 90 residues were perfectly matched the final 
percent identity would be 90%. In another example, a 90 
residue Subject Sequence is compared with a 100 residue 
query Sequence. This time the deletions are internal dele 
tions So there are no residues at the N- or C-termini of the 
Subject Sequence which are not matched/aligned with the 
query. In this case the percent identity calculated by 
FASTDB is not manually corrected. Once again, only resi 
due positions outside the N- and C-terminal ends of the 
Subject Sequence, as displayed in the FASTDB alignment, 
which are not matched/aligned with the query Sequence are 
manually corrected for. See for example, U.S. Pat. No. 
6,040,157. 

0207 Guidance concerning how to make phenotypically 
silent amino acid substitutions is provided in Bowie, J.U. et 
al., “Deciphering the Message in Protein Sequences: Toler 
ance to Amino Acid Substitutions,” Science 247:1306-1310 
(1990), wherein the authors indicate that there are two main 
approaches for Studying the tolerance of an amino acid 
Sequence to change. The first method relies on the process of 
evolution, in which mutations are either accepted or rejected 
by natural Selection. The Second approach uses genetic 
engineering to introduce amino acid changes at Specific 
positions of a cloned gene and Selections or Screens to 
identify Sequences that maintain functionality. AS the 
authors State, these Studies have revealed that proteins are 
Surprisingly tolerant of amino acid Substitutions. The 
authors further indicate which amino acid changes are likely 
to be permissive at a certain position of the protein. For 
example, most buried amino acid residues require nonpolar 
Side chains, whereas few features of Surface Side chains are 
generally conserved. Other Such phenotypically Silent Sub 
Stitutions are described in Bowie, J. U. et al., Supra, and the 
references cited therein. See for example, U.S. Pat. No. 
6,040,157 and 6,171,816. 

0208. The DNA Pol III subunit polypeptides and acces 
Sory proteins of the invention may be expressed in a modi 
fied form, Such as a fragment or a fusion protein, and may 
include not only Secretion signals, but also additional het 
erologous functional regions. For instance, a region of 
additional amino acids, particularly charged amino acids, 
may be added to the N-terminus of the polypeptide to 
improve Stability and persistence in the host cell, during 
purification, or during Subsequent handling and Storage. 
Alternatively, a region of amino acids may be added to the 
C-terminus of the polypeptide. Methods for adding N-ter 
minal linked peptides and C-terminal linked peptides are 
known in the art. Also, peptide moieties may be added to the 
polypeptide to facilitate purification. Such regions may be 
removed prior to final preparation of the polypeptide. The 
addition of peptide moieties to polypeptides to engender 
Secretion or excretion, to improve Stability and to facilitate 
purification, among others, are familiar and routine tech 
niques in the art. Many Such peptide moieties are known in 
the art and contemplated for use in the practice of the 
invention herei. 
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0209 The present invention also provides methods for 
producing anti-DNA polymerase III holoenzyme and anti 
DNA polymerase III holoenzyme subunit and anti accessory 
protein antibodies comprising, exposing an animal having 
immunocompetent cells to an immunogen comprising at 
least an antigenic portion (determinant) of DNA polymerase 
III holoenzyme (or holoenzyme Subunit or accessory) pro 
tein, under conditions Such that immunocompetent cells 
produce antibodies directed against the portion of DNA 
polymerase III protein holoenzyme or holoenzyme Subunit 
or accessory protein. In one embodiment, the method further 
comprises the Step of harvesting the antibodies. In an 
alternative embodiment, the method comprises the Step of 
fusing the immunocompetent cells with an immortal cell line 
under conditions Such that a hybridoma is produced. 

0210. The antibodies used in the methods invention may 
be prepared using various immunogens. In one embodiment, 
the immunogen is DNA polymerase III holoenzyme or 
holoenzyme Subunit peptide, to generate antibodies that 
recognize DNA polymerase III holoenzyme or holoenzyme 
Subunit(s). Antibodies binding to accessory proteins are 
prepared using identical or Similar methods. Such antibodies 
include, but are not limited to polyclonal, monoclonal, 
chimeric, Single chain, Fab fragments, and an Fab expres 
sion library. 

0211 Various procedures known in the art may be used 
for the production of polyclonal antibodies to DNA poly 
merase III holoenzyme or holoenzyme Subunit or accessory 
proteins. For the production of antibody, various host ani 
mals can be immunized by injection with the peptide cor 
responding to the DNA polymerase III holoenzyme or 
holoenzyme Subunit or accessory protein epitope including 
but not limited to rabbits, mice, rats, sheep, goats, etc. In a 
preferred embodiment, the peptide is conjugated to an 
immunogenic carrier (e.g., diphtheria toxoid, bovine Serum 
albumin (BSA), or keyhole limpet hemocyanin KLH). 
Various adjuvants may be used to increase the immunologi 
cal response, depending on the host species, including but 
not limited to Freund's (complete and incomplete), mineral 
gels Such as aluminum hydroxide, Surface active Substances 
Such as lySolecithin, pluronic polyols, polyanions, peptides, 
oil emulsions, keyhole limpet hemocyanins, and dinitrophe 
nol. 

0212 For preparation of monoclonal antibodies directed 
toward DNA polymerase III holoenzyme or holoenzyme 
Subunit or accessory protein, any technique that provides for 
the production of antibody molecules by continuous cell 
lines in culture may be used (See, e.g., Harlow and Lane, 
Antibodies: A Laboratory Manual, Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, N.Y.). These include 
but are not limited to the hybridoma technique originally 
developed by Köhler and Milstein (Köhler and Milstein, 
Nature 256:495-497 1975), as well as other techniques 
known in the art. 

0213. According to the invention, techniques described 
for the production of single chain antibodies (U.S. Pat. No. 
4.946,778; herein incorporated by reference) can be adapted 
to produce DNA polymerase III holoenzyme or holoenzyme 
Subunit or accessory protein Specific Single chain antibodies. 
An additional embodiment of the invention utilizes the 
techniques described for the construction of Fab expression 
libraries (Huse et al., Science 246:1275-1281 (1989)) to 
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allow rapid and easy identification of monoclonal Fab 
fragments with the desired specificity for DNA polymerase 
III holoenzyme or holoenzyme Subunit or accessory pro 
teins. 

0214) Antibody fragments which contain the idiotype 
(antigen binding region) of the antibody molecule can be 
generated by known techniques. For example, Such frag 
ments include but are not limited to: the F(ab')2 fragment 
which can be produced by pepsin digestion of the antibody 
molecule; the Fab' fragments which can be generated by 
reducing the disulfide bridges of the F(ab)2 fragment, and 
the Fab fragments which can be generated by treating the 
antibody molecule with papain and a reducing agent. 
0215. In the production of antibodies, screening for the 
desired antibody can be accomplished by techniques known 
in the art (e.g., radioimmunoassay, ELISA enzyme-linked 
immunosorbent assay, "Sandwich immunoassays, immu 
noradiometric assays, gel diffusion precipitin reactions, 
immunodiffusion assays, in Situ immunoassays using col 
loidal gold, enzyme or radioisotope labels, for example, 
Western Blots, precipitation reactions, agglutination assays 
(e.g., gel agglutination assays, hemagglutination assays, 
etc.), complement fixation assays, immunofluorescence 
assays, protein A assays, and immunoelectrophoresis assayS, 
etc. 

0216) In one method, antibody binding is detected by 
detecting a label on the primary antibody. In another method, 
the primary antibody is detected by detecting binding of a 
Secondary antibody or reagent to the primary antibody. In a 
further method, the secondary antibody is labeled. Many 
means are known in the art for detecting binding in an 
immunoassay and are within the Scope of the present inven 
tion. (AS is well known in the art, the immunogenic peptide 
should be provided free of the carrier molecule used in any 
immunization protocol. For example, if the peptide was 
conjugated to KLH, it may be conjugated to BSA, or used 
directly, in a Screening assay.) 
0217. The foregoing antibodies can be used in methods 
known in the art relating to the localization and structure of 
DNA polymerase III holoenzyme or holoenzyme subunit or 
accessory protein (e.g., for Western blotting), measuring 
levels thereof in appropriate biological Samples, etc. The 
biological Samples can be tested directly for the presence of 
DNA polymerase III holoenzyme or holoenzyme subunit or 
accessory protein using an appropriate strategy (e.g., ELISA 
or radioimmunoassay) and format (e.g., microwells, dipstick 
e.g., as described in International Patent Publication WO 
93/03367), etc.). Alternatively, proteins in the sample can be 
Size separated (e.g., by polyacrylamide gel electrophoresis 
(PAGE), in the presence or not of sodium dodecyl sulfate 
(SDS), and the presence of DNA polymerase III holoenzyme 
or holoenzyme subunit detected by immunoblotting (West 
ern blotting). Immunoblotting techniques are generally more 
effective with antibodies generated against a peptide corre 
sponding to an epitope or antigenic determinant of a protein, 
and hence, are particularly Suited to the present invention. 
0218. The present invention provides isolatd DNA poly 
merase III holoenzyme Subunits and accessory proteins from 
a thermophilic organism. In preferred embodiments, the 
thermophilic organism is a thermophilic organism. The 
thermophilic organism can be Selected from a member of the 
genera Thermus, Thermotoga, and AquifeX. 
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0219. The present invention also provides full-length 
polypeptides or proteins. The invention also provides meth 
ods for providing, as well, fragments of any size of the 
protein (i.e., the entire amino acid Sequence of the protein, as 
well as short peptides). Primers and gene amplification 
techniques are used to amplify the nucleotide Sequence 
encoding the nucleotide region of interest, which upon 
ligation into a vector and transfection into a host cell, results 
in expression of the protein or peptide of interest. 
0220. The invention is directed to an isolated polypeptide 
wherein Said polypeptide comprises an amino acid Sequence 
having at least 95% sequence identity to the amino acid 
sequence of SEQ ID NO: (uvrD helicase) 68. In one 
embodiment, the polypeptide has the amino acid Sequence 
of SEQ ID NO: 68. In another embodiment, the invention is 
directed to an isolated polynucleotide molecule comprising 
a nucleotide Sequence encoding a polypeptide comprising an 
amino acid Sequence having at least 95% sequence identity 
to the amino acid sequence of SEQID NO: (uvrD helicase) 
68. In a different embodiment, the isolated polynucleotide 
molecule comprises a nucleotide Sequence having the 
sequence of SEQ ID NO: 67. The invention also provides a 
vector comprising a polynucleotide encoding the polypep 
tide comprising an amino acid having at least 95% sequence 
identity to the amino acid sequence of SEQ ID NO: (uvrD 
helicase) 68. The invention also provides a host cell com 
prising a Vector comprising a nucleotide Sequence encoding 
a polypeptide comprising an amino acid Sequence having at 
least 95% sequence identity to the amino acid Sequence of 
SEQ ID NO: (uvrD helicase) 68. In one embodiment, the 
polypeptide is a uvrD helicase from a thermophilic organ 
ism. In a different embodiment, the thermophilic organism is 
Thermus thermophilus. 

0221) The invention is also directed to an isolated 
polypeptide wherein Said polypeptide comprises an amino 
acid Sequence having at least 95% sequence identity to the 
amino acid sequence of SEQ ID NO: (DNA-G Primase) 72. 
In one embodiment, the polypeptide has the amino acid 
sequence of SEQID NO: 72. The invention also provides an 
isolated polynucleotide molecule comprising a nucleotide 
Sequence encoding a polypeptide comprising an amino acid 
Sequence having at least 95% sequence identity to the amino 
acid sequence of SEQ ID NO: (DNA-G Primase) 72. In one 
embodiment, the isolated polynucleotide molecule com 
prises a nucleotide Sequence having the Sequence of SEQID 
NO: 71. The invention also provides a vector comprising a 
nucleotide Sequence encoding a polypeptide comprising an 
amino acid Sequence having at least 95% sequence identity 
to the amino acid sequence of SEQ ID NO: (DNA-G 
Primase) 72. The invention also provides a host cell com 
prising the Vector. In one embodiment, the isolated polypep 
tide is a DNAG primase from a thermophilic organism. In 
another embodiment, the thermophilic organism is ThermuS 
thermophilus. 

0222. The invention also provides an isolated polypep 
tide wherein Said polypeptide comprises an amino acid 
Sequence having at least 95% sequence identity to the amino 
acid sequence of SEQ ID NO: (priA helicase) 76. In one 
embodiment, the polypeptide has the amino acid Sequence 
of SEQ ID NO: 76. The invention also provides an isolated 
polynucleotide molecule comprising a nucleotide Sequence 
encoding a polypeptide comprising an amino acid Sequence 
having at least 95% sequence identity to the amino acid 
sequence of SEQID NO: (priA helicase) 76. In one embodi 
ment, the isolated polynucleotide molecule comprises a 
nucleotide sequence having the sequence of SEQID NO: 75. 
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The invention further provides a vector comprising a nucle 
otide Sequence encoding a polypeptide comprising an amino 
acid Sequence having at least 95% sequence identity to the 
amino acid sequence of SEQID NO: (priA helicase) 76. The 
invention provides a host cell comprising the vector. In one 
embodiment, the isolated polypeptide is a priAhelicase from 
a thermophilic organism. In another embodiment, the ther 
mophilic organism is Thermus thermophilus. 

0223) The invention provides an isolated polypeptide 
wherein Said polypeptide comprises an amino acid Sequence 
having at least 95% sequence identity to the amino acid 
sequence of SEQ ID NO: (delta subunit) 10. In one embodi 
ment, the polypeptide has the amino acid Sequence of SEQ 
ID NO: 10. The invention also provides an isolated poly 
nucleotide molecule comprising a nucleotide Sequence 
encoding a polypeptide having at least 95% sequence iden 
tity to the amino acid sequence of SEQ ID NO: (delta 
subunit) 10. In one embodiment, the isolated polynucleotide 
molecule has the sequence of SEQ ID NO: 9. The invention 
provides a vector comprising a nucleotide Sequence encod 
ing a polypeptide comprising an amino acid Sequence hav 
ing at least 95% Sequence identity to the amino acid 
sequence of SEQ ID NO: (delta subunit) 10. The invention 
provides a host cell comprising Said vector. In one embodi 
ment, the isolated polypeptide is a delta Subunit from a 
thermophilic organism. In one embodiment, the thermo 
philic organism is Thermus thermophilus. The invention 
further provides an isolated antibody molecule, wherein Said 
antibody Specifically binds to at least one antigenic deter 
minant on a polypeptide which comprises an amino acid 
Sequence having at least 95% sequence identity to the amino 
acid sequence of SEQ ID NO: (delta subunit) 10. 
0224. The invention provides an isolated polypeptide 
wherein Said polypeptide comprises an amino acid Sequence 
having at least 95% sequence identity to the amino acid 
sequence of SEQ ID NO: (delta prime subunit) 17. In one 
embodiment, the polypeptide has the amino acid Sequence 
of SEO ID NO: 17. The invention is further directed to an 
isolated polynucleotide molecule comprising a nucleotide 
Sequence encoding a polypeptide comprising an amino acid 
Sequence having at least 95% sequence identity to the amino 
acid sequence of SEQ ID NO: (delta prime subunit) 17. In 
one embodiment, the isolated polynucleotide molecule has 
the sequence of SEQID NO: 16. The invention also provides 
a Vector comprising a nucleotide Sequence encoding a 
polypeptide comprising an amino acid Sequence having at 
least 95% sequence identity to the amino acid Sequence of 
SEQ ID NO: (delta prime subunit) 17. The invention further 
provides a host cell comprising the vector. In one embodi 
ment, the isolated polypeptide is a 6' Subunit from a ther 
mophilic organism. In another embodiment, the thermo 
philic organism is Thermus thermophilus. The invention 
further provides an isolated antibody molecule, where in 
Said antibody Specifically binds to at least one antigenic 
determinant on the polypeptide which comprises an amino 
acid Sequence having at least 95% sequence identity to the 
amino acid sequence of SEQ ID NO: (delta prime subunit) 
17. 

0225. The invention is directed to an isolated polypeptide 
wherein Said polypeptide comprises an amino acid Sequence 
having at least 95% sequence identity to the amino acid 
sequence of SEQ ID NO: (beta subunit) 23. In one embodi 
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ment, the polypeptide has the amino acid Sequence of SEQ 
ID NO. 23. The invention is also directed to an isolated 
polynucleotide molecule comprising a nucleotide Sequence 
encoding a polypeptide comprising an amino acid Sequence 
having at least 95% sequence identity to the amino acid 
sequence of SEQ ID NO: (beta subunit) 23. In one embodi 
ment, the isolated polynucleotide molecule has the Sequence 
of SEQ ID NO: 22. The invention further provides a vector 
comprising a nucleotide Sequence encoding a polypeptide 
comprising an amino acid Sequence having at least 95% 
Sequence identity to the amino acid Sequence of SEQ ID 
NO: (beta subunit) 23. The invention also provides a host 
cell comprising the vector. In one embodiment, the isolated 
polypeptide of is a Ö' Subunit from a thermophilic organism. 
In another embodiment, the thermophilic organism is Ther 
mus thermophilus. The invention further provides an iso 
lated antibody molecule, wherein Said antibody Specifically 
binds to at least one antigenic determinant on a polypeptide 
comprising an amino acid Sequence having at least 95% 
Sequence identity to the amino acid Sequence of SEQ ID 
NO: (beta subunit) 23. 
0226. The invention is directed to an isolated polypeptide 
wherein Said polypeptide comprises an amino acid Sequence 
having at least 95% sequence identity to the amino acid 
sequence of SEQ ID NO: (ssb protein) 32. In one embodi 
ment, the polypeptide has the amino acid Sequence of SEQ 
ID NO: 32. The invention is also directed to an isolated 
polynucleotide molecule comprising a nucleotide Sequence 
encoding a polypeptide comprising an amino acid Sequence 
having at least 95% sequence identity to the amino acid 
sequence of SEQ ID NO: (ssb protein) 32. In one embodi 
ment, the isolated polynucleotide molecule has the Sequence 
of SEQ ID NO:31. The invention further provides a vector 
comprising a nucleotide Sequence encoding a polypeptide 
comprising an amino acid Sequence having at least 95% 
Sequence identity to the amino acid Sequence of SEQ ID 
NO: (ssb protein) 32. The invention provides a host cell 
comprising the vector. In one embodiment, the isolated 
polypeptide is an SSB protein from a thermophilic organism. 
In another embodiment, the thermophilic organism is Ther 
mus thermophilus. The invention further provides an iso 
lated antibody molecule, wherein Said antibody Specifically 
binds to at least one antigenic determinant on the polypep 
tide which comprises an amino acid Sequence having at least 
95% sequence identity to the amino acid sequence of SEQ 
ID NO: (ssb protein). 
0227. The invention is directed to an isolated polypeptide 
wherein Said polypeptide comprises an amino acid Sequence 
having at least 95% sequence identity to the amino acid 
sequence of SEQ ID NO: (epsilon-1, dnaO-1) 37. In one 
embodiment, the polypeptide has the amino acid Sequence 
of SEO ID NO:37. The invention is further directed to an 
isolated polynucleotide molecule comprising a nucleotide 
Sequence encoding a polypeptide comprising an amino acid 
Sequence having at least 95% sequence identity to the amino 
acid sequence of SEQ ID NO: (epsilon, dnaO-1) 37. In one 
embodiment, the isolated polynucleotide molecule has the 
sequence of SEQ ID NO:36. The invention also provides a 
vector comprising a nucleotide Sequence encoding a 
polypeptide comprising an amino acid Sequence having at 
least 95% sequence identity to the amino acid Sequence of 
SEQ ID NO: (epsilon, dnaO-1) 37. The invention further 
provides a host cell comprising the vector. In one embodi 
ment, the isolated polypeptide is an epsilon-1 Subunit from 
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a thermophilic organism. In another embodiment, the ther 
mophilic organism is Thermus thermophilus. The invention 
further provides an isolated antibody molecule, where in 
Said antibody Specifically binds to at least one antigenic 
determinant on a polypeptide which comprises an amino 
acid Sequence having at least 95% sequence identity to the 
amino acid sequence of SEQ ID NO: (epsilon, dnaQ-1) 37. 
0228. The invention is directed to an isolated polypeptide 
wherein Said polypeptide comprises an amino acid Sequence 
having at least 95% sequence identity to the amino acid 
sequence of SEQ ID NO: (dnaO-2) 82. In one embodiment, 
the polypeptide has the amino acid sequence of SEQID NO: 
82. The invention is further directed to an isolated poly 
nucleotide molecule comprising a nucleotide Sequence 
encoding a polypeptide comprising an amino acid Sequence 
having at least 95% sequence identity to the amino acid 
sequence of SEQ ID NO: (dnaO-2) 82. In one embodiment, 
the isolated polynucleotide molecule has the Sequence of 
SEO ID NO: 81. The invention is further directed to a vector 
comprising a nucleotide Sequence encoding a polypeptide 
comprising an amino acid Sequence having at least 95% 
Sequence identity to the amino acid Sequence of SEQ ID 
NO: (dnaO-2) 82. The invention is also directed to a host cell 
comprising the vector. In one embodiment, the isolated 
polypeptide is an epsilon-2. Subunit from a thermophilic 
organism. In another embodiment, the thermophilic organ 
ism is Thermus thermophilus. The invention further pro 
vides an isolated antibody molecule, where in Said antibody 
Specifically binds to at least one antigenic determinant on a 
polypeptide which comprises an amino acid Sequence hav 
ing at least 95% Sequence identity to the amino acid 
sequence of SEQ ID NO: (epsilon-2, dnaO-2) 82. 
0229. The invention is directed to a method of producing 
a polypeptide encoded by a nucleotide Sequence, wherein 
Said polypeptide comprises an amino acid Sequence having 
at least 95% sequence identity to the amino acid Sequence of 
one of SEQ ID NOS: 68,72, 76, 10, 17, 23, 32, 37, and 82, 
comprising culturing a host cell comprising Said nucleotide 
Sequence under conditions Such that Said polypeptide is 
expressed, and recovering Said polypeptide. 

0230. The invention is also directed to a method of 
Synthesizing DNA which comprises utilizing one or more 
polypeptides, Said one or more polypeptides comprising an 
amino acid Sequence having at least 95% sequence identity 
to an amino acid Sequence Selected from the group consist 
ing of SEQ ID NOS: 68, 72, 76, 10, 17, 23, 32, 37 and 82. 
In one embodiment, the method further comprises providing 
in any order: a reaction mixture comprising components 
comprising template, and nucleotides, and incubating Said 
reaction mixture for a length of time and at a temperature 
sufficient to obtain DNA synthesis. In another embodiment 
of the method, the method further comprises an N-terminal 
linked peptide or a C-terminal linked peptide. 
0231. It is contemplated that purified DnaO-1 protein 
(epsilon subunit 1) and DnaO-2 (epsilon subunit 2) find use 
in PCR and other applications in which high fidelity DNA 
Synthesis is required or desirable. Although an understand 
ing of the mechanism is not necessary in order to use the 
present invention, DnaO-1 protein or DnaQ-2 protein bind 
to the ox subunit of DNA polymerase III, and works with it 
to efficiently remove errors made by the DNA polymerase 
III. 
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0232. It is also contemplated that DnaQ-1 or DnaQ-2 will 
find use in place of an adjunct proofreading polymerase in 
PCR and other amplification amplifications. For example, 
when combined in an amplification reaction with a DNA 
polymerase that lacks a proofreading exonuclease, the 
DnaO-1 or DnaQ-2 will facilitate elongation of PCR product 
as it is capable of removing mismatches within the PCR 
product. Thus, it is contemplated that the present invention 
(DnaO-1 or DnaO-2) will find use in such applications as 
long-range PCR (e.g., PCR involving 5-50 kb targets). 
0233. It is contemplated that the DnaN protein will find 
use in purification of the ? Subunit (i.e., the critical Subunit 
that permits pol III to catalyze a processive (i.e., long 
distance without dissociating) amplification reaction. DnaN 
is useful with pol III alone (e.g., C. or C. plus e) on linear 
templates in the absence of additional Subunits, or it can be 
used with the Dnax complex, as well as with additional 
proteins (e.g., single-Stranded binding proteins, helicases, 
and/or other accessory factors), to permit very long PCR 
reactions. 

0234. It is contemplated that the C. Subunit, B subunit, Ö 
Subunit, Ö' Subunit, e-1 Subunit, e-2 Subunit, y Subunit, T. 
Subunit, SSb protein, uVrD protein, dnaG protein, and priA 
protein will find use separately or together in PCR and other 
applications in which high fidelity DNA synthesis is 
required or desirable, Such as, for example, very long PCR 
reactions (5-50 kb targets). It is further contemplated that the 
foregoing N-terminal or C-terminal linked Subunits and 
proteins will find use separately or together in PCR and other 
applications in which high fidelity DNA synthesis is 
required or desireable, Such as for example, very long PCR 
reactions (5-50 kb). 
0235 Existing PCR technology is limited by relatively 
non-processive repair-like DNA polymerases. The present 
invention provides a thermophilic replicase capable of rapid 
replication and highly processive properties at elevated 
temperatures. It is contemplated that the compositions of the 
present invention will find use in many molecular biology 
applications, including megabase PCR by removing the 
current length restrictions, long range DNA sequencing and 
Sequencing through DNA with high Secondary Structure, as 
well as enabling new technological advances in molecular 
biology. 

0236 All patents and publications referred to herein are 
expressly incorporated by reference in their entirety. 

EXAMPLES 

0237) The following examples serve to illustrate certain 
preferred embodiments and aspects of the present invention 
and are not to be construed as limiting the Scope thereof. 
0238. In the experimental disclosure which follows, the 
following abbreviations apply: g (gram); L (liter); ug (micro 
gram); ml (milliliter); bp (base pair); C. (degrees Centi 
grade); kb or Kb (kilobases); kDa or kd (kilodaltons); EDTA 
(ethylenediaminetetraacetic acid); DTT (dithiothreitol); LB 
(Luria Broth); -mer (oligomer); DMV (DMV International, 
Frazier, NY); PAGE (polyacrylamide gel electrophoresis); 
SDS (sodium dodecyl sulfate); SDS-PAGE (sodium dodecyl 
sulfate polyacrylamide gel electrophoresis); SSPE (2xSSPE 
contains 0.36 mM NaCl, 20 mM NaH2PO, pH 7.4, and 20 
mM EDTA, pH 7.4; the concentration of SSPE used may 
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vary), SOP media (20 g/l tryptone (Difico), 10 g/l yeast 
extract (Difco), 5 g/l NaCl, 2.5 g/l potassium phosphate, 
dibasic (Fisher), 1 g/l MgSO 7H2O (Fisher), pH 7.2); TE 
buffer (10 mM Tris, 1 mM EDTA); 50xTAE (242 g Tris 
base, 57.1 ml glacial acetic acid, 100 ml 0.5 M EDTA pH 
8.0); Blotto (10% skim milk dissolved in dHO and 0.2% 
sodium azide); Gel Loading Dye (0.25% Bromophenol blue, 
0.25% xylene cyanol, 25% Ficol (Type 400) in dHO); 
Pre-hybridization mix (50%. Formamide, 5xSSPE, 1% SDS, 
0.5% CARNATIONTM non-fat dried milk, 10% skim milk, 
0.2% Na Azide); FBS (fetal bovine serum); ABS, Inc. (ABS, 
Inc., Wilmington, Del.); GeneCodes (GeneCodes, Ann 
Arbor, Mich.); Boehringer Mannheim (Boehringer Man 
nheim, Indianapolis, Ind.); Champion Industries (Champion 
Industries, Clifton, N.J.), Organon (Organon Teknika Corp., 
Durham N.C.); Difco (Difco, Detroit, Mich.); Enzyco 
(Enzyco Inc., Denver, Co); Fisher Scientific (Fisher Scien 
tific, Fair Lawn, N.J.); FMC (FMC, Rockland, Me.); Gibco 
BRL (Gibco BRL Gaithersburg, Md.); Hyclone (Hyclone, 
Logan Utah); Intermountain or ISC (ISC BioExpress, Boun 
tiful, Utah); Invitrogen (Invitrogen, Carlsbad, Calif.); Mil 
lipore (Millipore, Marlborough, Mass.); MJ Research (MJ 
Research, Watertown, Mass.); Molecular Probes (Molecular 
Probes, Eugene, Oreg.); National Diagnostics (National 
Diagnostics, Manville, N.J.); Pharmacia Biotech (Pharmacia 
Biotech., Piscataway, N.J.); Promega (Promega Corp., 
Madison, Wis.); Qiagen (Qiagen, Chatsworth, Calif.), Sigma 
PE/ABI (PerkinElmer Applied Biosystems Division, Foster 
City, Calif.), (Sigma, St. Louis, Mo.); Stratagene (Strat 
agene, LaJolla Calif.); Tecan (Tecan, Research Triangle 
Park, N.C.); Whatman (Whatman, Maidstone, England); 
Lofstrand Labs (Lofstrand Labs, Ltd., Gaithersburg, Md.) 
and LSPI (LSPI Filtration Products, Life Science Products, 
Denver, Colo.); Irvine (Irvine Scientific, Irvine Calif); and 
Jackson Labs (Jackson Labs, Bar Harbor, Me...). 
0239). In Examples in which a molecular weight based on 
SDS-PAGE gels is reported for a protein, the molecular 
weight values reported are approximate values. 

Example 1 

Construction of Starting Vectors 
0240 Construction of pA1-CB-Cla-2 
0241 Plasmid pa1-CB-Cla-1 was described in U.S. 
patent application Ser. No. 09/151,888, incorporated herein 
by reference. For the pa1-CB-Cla-1 plasmid to be useful for 
expression of Several of the T thermophilus genes, modifi 
cations were needed. To remove a Kpnl restriction site 
downstream of the C-terminal biotin tag, pa1-CB-Cla-1 
plasmid DNA was prepared. All plasmid DNA preparations 
listed here and below were purified using Promega's Wiz 
ard(R) and Wizard(R) Plus DNA Purification Systems accord 
ing to instruction from manufacturer. The pa1-CB-Cla-1 
DNA plasmids were digested with KpnI. The resulting 3' and 
5' overhanging ends were removed by filling in with Klenow 
fragment and resealed with T4 DNA ligase in the presence 
of 1 mM ATP. Plasmids were transformed into DH5C, and 
plasmid-containing colonies were Selected for amplicillin 
resistance. Growth of starting vector are in 2xYT culture 
media (16 g/L bacto-tryptone, 10 g/L bacto-yeast extract, 5 
g/L NaCl (pH 7.0) here and in following sections. Destruc 
tion of the KpnI site in these plasmids was confirmed by 
DNA sequencing (ATG seq.it 630-631; primers P64-A215 
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and P38-S5576). One of the colonies that contained isolates 
that could not be cleaved by Kipni was Selected, grown, and 
used for preparation of the intermediate plasmid pa1-CB 
Cla1(Kpn) (ATG glycerol stock #424). Subunits of T. 
thermophilus DNA polymerase III holoenzyme were 
expressed in E. coli host cells. Nucleic acid (plasmids) may 
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0246 The plasmid pdRK-C (Kpn-) was digested with 
restriction endonucleases Xbal and Spel to remove the 
polylinker containing the restriction sites Nicol, Eagl, and 
DraIII. Two oligonucleotides (ATG linker/adaptor #P63-S1 
and P63-A1) were annealed to form the adaptor/linker 
(shown below) (SEQ ID NO:2). 

5'-CTAGAGGAGGTTAATTAACCATGGAAAAAAAAAGGTACCAAAAAAAAAGGCCGGCCA-3' 

3'-TCCTCCAATTAATTGGTACCTTTTTTTTTCCATGGTTTTTTTTTCCGGCCGGTGATC-5" 

be introduced into bacterial host cells by a number of means 
including transformation of bacterial cells made competent 
for transformation by treatment with calcium chloride or by 
electroporation. A review of the use of transformation tech 
niques is provided in Sambrook et al., Molecular Cloning: A 
Laboratory Manual, 2nd ed., Cold Spring Harbor Laboratory 
Press, New York (1989) pp. 1.74-1.84. The strategy used to 
introduce plasmids into DH5C. bacteria here is also used in 
all following Similar transformation reactions. 
0242 The plasmid pa1-CB-Cla1(Kpn) was digested 
with the restriction endonucleases Clal and Spel to remove 
the polylinker containing the restrictions sites: Eagl, BamHI, 
XhoI, Xball and DraIII. Two oligonucleotides (ATG linker/ 
adaptor #P67-S1 and P67-A1) were annealed to form the 
adaptor/linker (shown below) (SEQ ID NO:1). 

5'-CGATA AAAAAAAAGG CCGGCCGCTA GCGGTACCA-3' 

3'-TAT TTTTTTTTCC GGCCGGCGAT CGCCAGGG ATC-5" 

0243 This adaptor/linker contained Clal and Spel sticky 
ends to allow insertion into these restriction SiteS present on 
the plasmid pa1-CB-Cla1 (Kpn). The introduction of this 
adaptor/linker into ClaI/SpeI digested pa1-CB-Cla1(Kpn) 
formed a new polylinker containing the restriction Sites 
ClaI-spacer-FseI-Nhe KpnI-Spel and resulted in a new 
plasmid pa1-CB-Cla-2. This plasmid was transformed into 
DH5C. and plasmid containing colonies were Selected by 
ampicillin-resistance. Plasmids were isolated from one posi 
tive clone and the sequence of the inserted DNA was 
confirmed by DNA sequencing (ATG seq.if 649, primer 
P38-S5576). The isolate containing the confirmed pa1-CB 
Cla-2 plasmid was grown and Stored as a stock culture (ATG 
glycerol stock #440). 
0244 Construction of pa1-CB-Nco-1 
0245) To construct pA1-CB-Nco-1 pDRK-C was first 
modified (See, Kim, D. R. and McHenry, C. S. (1996) J Biol 
Chem 271, 20690-20698). Plasmid pdRKC DNA was pre 
pared and digested with KpnI. The resulting recessed and 
overhanging 3' ends were blunted with Klenow fragment 
and the plasmid was resealed. Plasmids were transformed 
into DH5C. and plasmid-containing colonies were Selected 
by amplicillin-resistance. The plasmids were prepared and 
screened for loss of the KpnI site. One positive clone 
containing a plasmid that could not be cleaved by Kpnl was 
selected and the DNA sequence was confirmed by DNA 
sequencing (ATG SEQ # 627 and 632; primers P38-S5576 
and P64-A215). This plasmid was named plDRK-C (Kpn-) 
and the isolate was Stored as a glycerol Stock culture (ATG 
glycerol stock #414). 

0247 This adaptor/linker contained Xbal and Spesticky 
ends to allow insertion into the corresponding restriction 
sites present on the pDRK-C (Kpn-) plasmid. The plasmid 
containing the inserted region was resealed and transformed 
into DH5C. The introduction of this adaptor/linker into 
pDRK-C (Kpn-) formed a new polylinker containing the 
restriction sites Xba-PacI-Nco-spacer-KpnI-spacer-Fse 
Spe. The resulting amplicillin-resistant clones were 
screened for introduction of a Kpnl restriction site. The 
plasmid from one positive clone was sequenced and was 
found to have the correct Sequence in the region of the 
inserted linker/adaptor (ATG SEQ # 646 and 647; primers 
p38-S5576 and P65-A106). This plasmid was named pa1 
CB-Nco-1. This isolate was grown and stored as a stock 
culture (ATG glycerol stock #438). 
0248 Construction of pA1-CB-Nsil 
0249. To prepare the pa1-CB-Nsi1 plasmid, pa1-CB 
Nco-1 was digested with restriction endonucleases PacI and 
Kpnl to remove the polylinker containing the restriction 
sites PacI-NcoI-spacer-KpnI. Two oligonucleotides (ATG 
linker/adaptor #P68-S1 and P68-A1) were annealed to form 
the adaptor/linker (shown below) (SEQ ID NO:3). 

5'-TTAAATGCATAAAAAAAAAGGTAC-3' 

3'-TAATTTACGTATTTTTTTTTC-5" 

0250) This adaptor/linker contained PacI and Kipnisticky 
ends to allow insertion into the corresponding PacI/KpnI 
digested pa1-CB-Nco-1 plasmid. The plasmid was resealed 
and transformed into DH5O. Introduction of this adaptor/ 
linker into pa1-CB-Nco-1 formed a new polylinker con 
taining the restriction sites Xba-PacI-NsiI-spacer-KpnI 
Spacer-FSeI-Spe. The only change was replacement of the 
NcoI restriction site with an NSi restriction site. The result 
ing clones were Selected for amplicillin-resistance and iso 
lated plasmids were screened for introduction of an NsiI 
restriction site. The plasmid from one positive isolate was 
Sequenced and was found to have the correct Sequence in the 
region of the inserted linker/adaptor (ATG SEQ # 663, 
primer P65-A106). This plasmid was named pA1-CB-Nsi-1 
and the isolate was grown and stored as a stock culture (ATG 
glycerol stock #445). 
0251 Construction of pA1-CB-NdeI 
0252) To construct plasmid pa1-CB-NdeI, p.A1-CB 
NcoI was digested with Nde. The overhanging ends were 
blunted with Klenow fragment to destroy the Nde restric 
tion site outside of the polylinker region. The linear plasmid 
was resealed forming pa1-CB-NcoI(NdeI-). This plasmid 
was transformed into DH5C. and plasmids were isolated 
from one resulting amplicillin-resistant colony. The plasmids 
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were screened for loss of a Nde site. The region filled in by 
Klenow fragment was Sequenced to confirm the loss of the 
NdeI site (ATG SEQ 661, primer P65-S2529). p-A1-CB 
NcoI(Ndel-) was digested with PacI and Spel restriction 
enzymes. This removed the polylinker containing PacI 
Nco-Spacer-KpnI-Spacer-FSeI-Spel restriction Sites. An 
annealed DNA duplex or adaptor/linker (shown below) 
(SEQ ID NO:4) containing PacI and Spelsticky ends (ATG 
linker/adaptor P65-S1 and P65-A1) was inserted into the 
digested pa1-CB-NcoI(Ndel-) plasmid. 

5'-TAACATATGAAAAAAAAAACCAGGTTGCTAGCGGTACCA-3' 

3'-TAATTGAACTTTTTTTTTTGGTCCAACGATCGCCATGGTGATC-5 

0253) The introduction of this adaptor/linker into pa1 
CB-NcoI(NdeI) formed a new polylinker containing the 
restriction sites PacI-Nde-spacer-NheI-KpnI-FseI-Spe. 
This plasmid was transformed into DH5C. and the plasmids 
were isolated from one resulting amplicillin-resistant colony. 
These plasmids were screened for the introduction of a Nde 
Site. The region containing the inserted Sequence was Sub 
jected to DNA sequencing to confirm insertion of the correct 
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the sequence of the inserted region was confirmed by DNA 
Sequencing across the linker/adaptor region (ATG SEQ 
#648, primer P64-A215). This plasmid was named pa1 
NB-AVr-2 and the isolate was grown and Stored as a glycerol 
stock culture (ATG glycerol stock #439). 
0258 Construction of pA1-NB-Kpn1 
0259. The pa1-NB-AVr-2 plasmid was modified to con 
Struct pA1-NB-Kpn1 by replacing the polylinker containing 
the Avril-spacer-KpnI-spacer-FseI-Spel-SalI with a 

polylinker containing the restriction sites Pst-KpnI-Spacer 
Nsil-SacI-Nhe-HindIII-spacer-Spe. This was accom 
plished by digestion of pa1-NB-AVr-2 with Pst and Spe 
restriction enzymes and insertion of the annealed DNA 
duplex shown below (ATG adaptor/linker # P64-S1 and 
P64-A1). The ends of the annealed duplex DNA formed 
Sticky ends corresponding to Pst/Spel restriction Sites 
(shown below) (SEQ ID NO:6). 

5'-GGTACCAAAAATGCATGAGCTCGCTAGCAAGCTTAAAAAAAAAA-3' 

3'-ACGTCCATGGTTTTTACGTACTCGAGCGATCGTTCGAATTTTTTTTTTGAC-5" 

sequence (ATG SEQ #718, primer P38-S5576). This plas 
mid was named pa1-CB-NdeI and the positive isolate was 
grown and stored as a Stock culture (ATG glycerol Stock 
#464) 
0254 Construction of pA1-NB-Avr-2 
0255) To construct pA1-NB-Avr-2, DRK-N(M), a plas 
mid designed for expression of proteins with an amino 
terminal tag was used as the Starting plasmid. The amino 
terminal tag is composed of a 30 amino acid peptide that is 
biotinylated in vivo, a hexahistidine site, and thrombin 
cleavage site (See, Kim and McHenry, J. Biol. Chem., 
271:20690-20698 (1996). Also, there is a pBR322 origin of 
replication, a gene expressing the laql repressor protein, 
and a semisynthetic E. coli promoter (pA1) that is repressed 
by the lacI repressor. 
0256 The following two oligonucleotides were sepa 
rately Synthesized, annealed to form a duplex with Sticky 
ends (Avril and Sall), and inserted into the AVII/Sall 
digested pCRK-N(M). The synthetic linker/adaptor con 
Sisted of two annealed oligonucleotides (ATG linker/adaptor 
P64-S1 and P64-A1) (shown below) (SEQ ID NO:5). 

5'-CTAGGAAAAAAAAAGGTACCAAAAAAAAAGGCCGGCCACTAGTG-3' 

3'-CTTTTTTTTTCCATGGTTTTTTTTTCCGGCCGGTGATCACAGCT-5" 

0257 The insertion of these annealed DNA fragments 
into pIDRK-N(M) converted the polylinker following the 
fusion peptide from Avri-DraIII-SalI to Avril-spacer-KpnI 
spacer-FseI-Spel-SalI. These plasmids were transformed 
into DH5C. and the resulting amplicillin-resistant colonies 
were Screened for plasmids that contained a Spel Site carried 
by the linker/adaptor. One positive clone was Selected and 

0260 The first spacer allows Pst/NsiI double digests and 
the last spacer allows HindIII/Spel double digests. The 
plasmids were transformed into DH5C. bacteria and ampi 
cillin-resistant colonies were Screened for plasmids that 
contained HindIII restriction site carried by the linker/ 
adaptor. The DNA sequence of the linker/adaptor region was 
confirmed by DNA sequencing (ATG SEQ #662, primer 
P64-A215). This plasmid was named pA1H-NB-Kpn-1 and 
the isolate was grown and Stored as a glycerol Stock culture 
(ATG glycerol stock #446). 
0261 Construction of pa1H-NB-AgeI 
0262 The pa1H-NB-AVr-2 plasmid was modified to 
construct pA1H-NB-AgeI. This was done by replacing the 
polylinker in pa1H-NB-AVr-2 which contained the restric 
tion sites Pst-AvrI-KpnI-FseI-Spel with a polylinker con 
taining the restriction sites Pst-spacer-Age-BamHI-SacII 
spacer-NcoI-Spe. First, a BamHI site upstream of the 
polylinker was destroyed. This was accomplished by digest 
ing pa1H-NB-AVr-2 with BamHI and filling in the sticky 
ends created by the digestion with Klenow fragment. The 
blunted ends of the DNA were resealed. The plasmid was 
transformed into DH5C. and positive isolates were selected 
by amplicillin-resistance. Plasmids were isolated from one 
positive isolate and were screened for by the loss of the 
BamHI restriction site. The loss of the BamHI restriction site 
was confirmed by DNA sequencing (ATG SEQ #1171, 
primer P64-A215). This plasmid was named pa1H-NB 
Avr2(BamHI) and the positive isolate was stored as a stock 
culture (ATG glycerol stock #688). 

0263 pA1H-NB-Avr2(BamHI) was digested with 
Pst/Spel restriction enzymes. This removed the 
polylinker containing the restriction Sites Pst-Ari 
KpnI-FseI-SpeI. An annealed duplex (ATG adaptor/ 
linker #P116-S1 and P116-A1) (shown below) was 
inserted into digested pA1H-NB-Avr2(BamHIT) 
(SEQ ID NO:7). 
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5'-GAAAAAAAAAACCGGTGGATCCGCGGAAAAAAAACCATGGA-3' 
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3'-ACGTCTTTTTTTTTTGGCCACCTAGGCGCCTTTTTTTTCGTACCTGATC-5' 

0264. The ends of the annealed duplex DNA forms sticky 
ends cooresponding to Pst and Spel restriction sites. This 
plasmid was transformed into DH5C. and plasmids isolated 
from the growth of one clone were screened for by the 
ability to be digested with AgeI, BamHI, SacII and NcoI 
restriction enzymes. The Sequence of the inserted region in 
this plasmid was confirmed by DNA sequencing (ATGSEQ 
#1176, primer #P64-A215). This plasmid was named pa1H 
NB-AgeI and the positive isolate was Stored as a Stock 
culture (ATG glycerol stock #698). 
0265 Construction of pTAC-CCA-ClaI 
0266. In an attempt to express native proteins from T. 
thermophilus in E. coli that have not expressed well, a vector 
System was constructed that can be used to express proteins 
as translationally coupled proteins. Plasmid (pTACCCA 
(pTC9) contains a gene encoding E. coli ATP(CTP):tRNA 
nucleotidyl transferase (referred to as CCA adding enzyme) 
under control of a tac promoter. This gene is expressed at 
very high levels. All of this gene was removed except the 5' 
12 codons so that the T. thermophilus dnaB gene could be 
coupled to this remaining 5' end as a translationally coupled 
protein (pTAC-CCA-TE) (discussed below). Beginning with 
the plasmid pTAC-CCA-TE, a plasmid was designed con 
taining a polylinker that will allow insertion of other target 
proteins that can be expressed as translationally coupled 
proteins. First, pTAC-CCA-TE was digested with NsiI and 
Spe. The Nsil restriction site is approximately 35 nucleotide 
downstream of the CCA adding enzyme start ATG and the 
Spel is downstream of the T. thermophilus dnaB stop TAG. 
This removed the entire T. thermophilus dnaE (TE) gene and 
the region linking the CCA adding enzyme gene 5' end to the 
TE gene. Next, the annealed DNA duplex (below) (SEQ ID 
NO:8) (ATG adaptor/linker #P152-SL and P152-AL), con 
taining NSi and Spe. Sticky ends was inserted into the 
digested pTAC-CCA-TE plasmid. 

5'-TTGAGGAGGTATCGAtaaAAAAACCGGTCCTAGGCTAGCTCGAGA-3' 

protein. The second “a” of the stop will be used to form the 
first nucleotide of the “ATG” start codon of the target 
translationally coupled gene, which is out of frame with the 
CCA adding enzyme. The remainder of the adaptor/linker 
contains a polylinker containing the restriction sites Clal 
taa-spacer-AgeI-Avri-Nhe-XhoI-Spel to accommodate 
internal restriction sites or sites downstream of Stop codons 
for insertion of target genes. This plasmid was transformed 
into DH5C. and plasmid containing colonies were Selected 
for by amplicillin-resistance. One positive colony was 
Selected and the isolated plasmids were Screened for by 
digesting with Nsil, Clal and Spe giving Single cuts result 
ing in linear fragments (5.5 kb). The Sequence of the inserted 
region in this plasmid was confirmed by DNA sequencing 
(ATG SEQ #1617, primer #P144-S23). This plasmid was 
named pTAC-CCA-ClaI and the positive isolate was grown 
and stored as a stock culture (ATG glycerol stock #980). 
0268 Target genes will be amplified using PCR in which 
the forward/Sense primer contains ATCGATAatg. . . . . The 
underlined Sequence will be complementary to the 5' end of 
the target gene, while the upper case is non-complementary 
and contains the ClaI site needed for insertion into pTAC 
CCA-ClaI. Adjacent to the ClaI site is the 5'TA of the stop 
codon. The “a” (italics) corresponds to the final “a” of the 
stop “TAa” and also to the “a” of the start “atg” which are 
overlapping. The reverse/antisense primer must include one 
of the restriction sites in the polylinker region to allow 
insertion of the 3' end of the target gene into pTAC-CCA 
Cla. The mechanism of translationally coupling is that the 
messenger RNA (mRNA) of a highly expressed protein 
(CCA adding enzyme) is partially translated and then the 
ribosome encounters the premature Stop codon. The inserted 
RBS inhibits disengagement of the ribosome from the 
mRNA until the ribosome recognizes the new start codon 
and proceeds to translate the target protein. Our assumption 

3'-ACGTAACTCCTCCATAGCTATTTTTTTGGCCAGGATCCGATCGAGCTCTGATC-5' 

0267. This DNA duplex contains “AGGAGG” (italics), 
the ribosome binding site (RBS), downstream of the NsiI 
sticky end, followed by a ClaI restriction site (underlined) 
for insertion of the 5' end of target genes. The ClaI restriction 
site contains the “t” of the “taa' stop (lower case) for 
terminating translation of the CCA adding enzyme gene 5' 
end including the linker region. The added Sequence pro 
vided by the adaptor/linker (including the ribosome binding 
Site and Clal restriction site) is Such that codon maintenance 
is in frame with the CCA adding enzyme gene 5' end up to 
the “taa” stop codon. Here and in the remainder of the text, 
when a region of DNA is addressed as being “in frame” with 
another DNA region, this indicates that the codon mainte 
nance for the two regions is Such that continued protein 
expression (translation) is possible without encountering a 
“Stop' codon and therefore terminating the Synthesis of the 

is that the ribosome RNA helicase activity disrupts second 
ary Structure in the GC-rich T. thermophilus Sequences, 
permitting more efficient translational initiation. 

Example 2 

Verification of Expression of T thermophilus 
C.-Subunit Fused to an N-Terminal Peptide that 

Contains Hexahistidine and a Biotinylation Site by 
pA1H-NB-TE/MGC1030 

0269. In U.S. patent application Ser. No. 09/151,888, the 
cloning of Tth dnaB gene into the pa1H-NB-AVr-2 and 
transformation into MGC1030 was described. Insertion of 
the dnaB gene into this vector allows the C-subunit to be 
expressed as an N-terminal tagged protein. The Verification 
of expression was as described below. 
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0270 PA1H-NB-TE was transformed into MGC1030 E. 
coli bacteria (mcra, mcrB, lamBDA(-), (RRND-RRNE)1, 
lexA3) (ATG glycerol stock #938) and AP1.L1 E. coli (ATG 
glycerol stock #939). The parent to the AP1.L1 bacterial 
strain was Novagen BLR bacterial strain F-, ompT hsdS 
B(rB- mB-) gal dcm.(Srl-recA)306::Tn 10. A T1 phage 
resistant version of this BLR strain was designated AP1.L1. 
Single colonies (3 colonies from each transformation) of 
transformed cells Selected for by amplicillin-resistance were 
inoculated into 2 ml of 2xYT culture media containing 100 
Aug/ml amplicillin and grown overnight at 37 C. in a shaking 
incubator. In the morning, 0.5 ml of the turbid culture from 
the overnight growth was inoculated into 1.5 ml of fresh 
2xYT culture media. The cultures were grown for 1 hour at 
37 C. with shaking and expression was induced by addition 
of isopropyl-B-D-thiogalactopyranoside (IPTG) to a final 
concentration of 1 mM. The cells were harvested by cen 
trifugation 3 hours post-induction. The cell pellets were 
immediately resuspended in /10 culture Volume of 2x Lae 
melli sample buffer (2x Solution: 125 mM Tris-HCl (pH 
6.8), 20% glycerol, 4% sodium dodecyl sulfate (SDS), 5% 
f3-mercaptoethanol, and 0.005% bromophenol blue w/v), 
and Sonicated to complete lysis of cells and to shear the 
DNA. The samples were heated for 10 minutes at 90-100° 
C., and centrifuged to remove insoluble debris. A Small 
aliquot of each Supernatant (3 ul) containing total cellular 
protein was electrophoresised onto a 4-20% SDS-polyacry 
lamide mini-gel (Novex, EC60255; 1 mm thick, with 15 
wells/gel) in 25 mM in Tris base, 192 mM glycine, and 0.1% 
SDS. The mini-gels were stained with Coomassie Blue. A 
protein migrating just above the 120 kDa molecular weight 
standard of the Gibco 10 kDa protein ladder could be 
detected as a distinct protein band, but was not observed in 
the uninduced control. This protein band corresponds to the 
expected molecular weight of the T. thermophilus C.-Subunit 
fused to the N-terminal fusion protein (141 kDa). 
0271 Next, the total protein in each lysate was trans 
ferred (blotted) from polyacrylamide gel to nitrocellulose. 
The total protein in each lysate was transferred (blotted) 
from polyacrylamide gel to nitrocellulose membrane using a 
Novex transfer apparatus at 30 V constant voltage in 12 mM 
Tris base, 96 mM glycine, 0.01% SDS (w/v), and 20% 
methanol (v/v) for 60 minutes at room temperature. The 
membrane was blocked in 0.2% Tween 20 (v/v)-TBS 
(TBST) (tris-buffered saline; 8 g/L NaCl, 0.2 g/L KC1, 3 g/L 
Tris-HCl (pH 7.4)) containing 5% non-fat dry milk (w/v) for 
1 hour at room temperature. The blotted nitrocellulose was 
next rinsed TBST, and then incubated in 2 tug/ml alkaline 
phosphatase-conjugated Streptavidin (Pierce Chemical Co. 
#21324) in TBST for 1 hour at room temperature. Following 
extensive washing TBST, the blot was developed with 
BCIP/NBT (KPL #50-81-07; one component system). The 
endogenous E. coli biotin-carboxyl carrier protein (biotin 
CCP), -20 kDa was detectable in both induced and non 
induced Samples. A very intense protein band corresponding 
to 0, migrated above the 140 kDa molecular weight stan 
dards of the Gibco 10 kDa protein ladder. This protein was 
observed as a distinct band in the induced cultures, but was 
not observed in the uninduced control. 

0272. The proceedures described here to verify protein 
expression, which includes lysing cells, obtaining total cel 
lular protein and analysing the protein in SDS-polyacryla 
mide gel electrophoresis and biotin blot analysis will be used 
in all following procedures to verify expression of native 
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and tagged proteins. All protein concentrations here and 
below are determined using the Coomassie Protein ASSay 
Reagent from Pierce and bovine serum albumin (BSA) as a 
Standard. 

0273 Large Scale Growth of pa1H-NB-TE/MGC1030 
0274 Strain pA1H-NB-TE/MGC1030 was grown in a 
250 L fermentor to produce cells for purification of T. 
thermophilus C. as described in the Section entitled "Large 
Scale Growth of Native T. thermophilus dnaE (C.-subunit) by 
pTAC-CCA-TE”. Cell harvest was initiated 3 hours after 
induction, at ODoo of 7.2, and the cells were chilled to 10 
C. during harvest. The harvest volume was 175 L, and the 
final harvest weight was approximately 2.47 kg of cell paste. 
An equal amount (w/w) of 50 mM Tris (pH 7.5) and 10% 
Sucrose Solution was added to the cell paste. Quality control 
results showed 10 out of 10 positive colonies on ampicillin 
containing medium in the inoculum and 10/10 positive 
colonies at harvest. Cells were frozen by pouring the cells 
Suspension into liquid nitrogen, and Stored at -20°C., until 
processed. 
0275 Purification of T. thermophilus C. Fused to an 
N-terminal Peptide Containing a Hexahistidine and a Bioti 
nylation Site 
0276 Lysis was accomplished by creation of sphero 
plasts of the cells carrying the expressed T. thermophilus 
C.-subunits. First, from 600 g of a 1:1 suspension of frozen 
cells (300 g cells) in Tris-sucrose which had been stored at 
-20° C., Fr was prepared (875 ml, 21.6 mg/ml). The 
preparation was as described in the Section entitled "Deter 
mination of Optimal Ammonium Sulfate Precipitation Con 
ditions of T thermophilus C.-subunit Expressed as a Trans 
lationally Coupled Protein.” To Fr I, ammonium sulfate 
(0.258 g to each initial ml Fraction I-45% saturation) was 
added over a 15 min interval. The mixture stirred for an 
additional 30 min at 4 C. and the precipitate was collected 
by centrifugation (23,000xg, 45 min, 0° C). The resulting 
pellets were quick frozen by immersion in liquid nitrogen 
and stored at -80 C. 

0277. The pellets from Fr I were resuspended in 90 ml of 
Ni"-NTA Suspension buffer and homogenized using a 
Dounce homogenizer. The Sample was clarified by centrifu 
gation (16,000xg) and the Supernatant constituted Fr II (98 
ml, 25 mg/ml). Fr II was added to 50 ml of a 50% slurry of 
Ni-NTA resin and rocked for 1.5 hours at 4 C. This slurry 
was then loaded onto a BioRad Econo-column (2.5x5 cm). 
The column was washed with 250 ml of Ni-NTA wash 
buffer at a flow rate of 0.5 ml/min. T. thermophilus C. was 
eluted in 150 ml of Ni"-NTA elution buffer containing a 
10-200 mM imidazole gradient. The eluate was collected in 
80x2 ml fractions (FIG. 1). Fractions 30-50 were pooled 
(see FIG. 1) and constitute FriII (63 ml, 2 mg/ml). 
0278 Construction of Plasmids (pTAC-CCA-TE) that 
Overexpress T. thermophilus C.-Subunit as a Translationally 
Coupled Protein 
0279. In the preceeding patent application (U.S. applica 
tion Ser. No. 09/151,888) the T. thermophilus dnaE gene 
(TE) expressing the C-Subunit was cloned into pa1-CB 
NcoI resulting in the plasmid pa1-TE. This plasmid was 
designed to express the native form of the C-Subunit, but 
yields of the C-subunit were at very low levels (as previ 
ously discussed). In an attempt to increase the level of 
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expression of the native C-Subunit a vector was designed to 
express the C-Subunit as a translationally coupled protein. 
Translational coupling with an upstream highly expressed 
protein will be used to disrupt Strong Secondary Structures 
present in the GC-rich T. thermophilus dnaB mRNA, per 
mitting more efficient translational initiation and higher 
levels of T thermophilus expression. The Starting plasmid 
was pTACCCA (pTC9) and contained the CCA adding 
enzyme under control of a pTAC promoter. This plasmid 
expresses the CCA adding enzyme at high levels. The 
Strategy was to remove most of the CCA adding enzyme 
leaving only the 5'-12 codons by digesting pTACCCA 
plasmid with NsiI and KpnI. The Nsil restriction site is 
approximately 12 codons downstream of the ATG start Site 
of the CCA adding enzyme and the Kpnl restriction site is 
downstream of the Stop codon. 
0280 The TE gene was inserted behind the CCA adding 
enzyme and translationally coupled in two steps. First, the 5' 
end of the TE gene was amplified using pA1-TE as a 
template by polymerase chain reaction (PCR). The forward 
primer (ATG primer #P69-S541) is shown below. 

5'-GGATATGCATTGAGGAGGATCGATTAatgggcc.gcaaacticcgc-3' 

0281. The non-complementary portion of the primer is 
shown as upper case and the portion of the primer comple 
mentary to the 5' end of the gene is shown as lower case. The 
Nsil Site (ATGCAT) and the Clal Site (ATCGAT) are shown 
as underlined italic. The RBS (AGGAGG) is shown as 
underlined. Both the RBS and the Clal restriction site 
maintain codons that are inframe with the Structural gene for 
the CCA adding enzyme. The last two nucleotides of the 
non-complementary portion of the primer “TA” and the first 
nucleotides of the complementary portion of the primer “a” 
form a premature stop codon, in frame with the 5' end of the 
CCA adding enzyme. The “a” also is the first nucleotide of 
the “atg' Start codon of the TE gene. This places the gene for 
the CCA adding enzyme and the TE gene out of frame with 
respect to each other. The Sequence of the reverse primer 
(5'-CGGCTCGCCAGGCGCACCAGG-3) (SEQ ID 
NO:21) (ATG primer #P69-A971) is complementary to a 
region just down Stream of a unique Kpn I site located 
approximately 316 bp downstream of the start “ATG” 
codon. 

0282. The PCR product resulting from the forward and 
reverse primers described in the preceding paragraph (430 
base pairs in length) was cut with Nsil and KpnI yielding a 
350 bp fragment and inserted into the NsiI/KpnI digested 
pTACCCA plasmid. By cutting the pTACCCA plasmid with 
these two enzymes the C-terminal (3) ca. 95% of the CCA 
adding enzyme gene along with approximately 600 bp of 
Sequence downstream of the Stop codon was removed. The 
resulting plasmid was transformed into DH5C. and positive 
isolates were Selected by amplicillin-resistance. Plasmid iso 
lated from one positive isolate was verified by digestion with 
Nsil and KpnI (yielding the expected 0.35 and 5.3 kb 
fragments). The Sequence of the insert was confirmed by 
DNA sequencing (ATG SEQ #1512 and 1513, primers 
#P144-S23 and P144-A1965, respectively). This plasmid 
was named pTAC-CCA-TEmp and the isolate was stored as 
a glycerol stock culture (ATG glycerol stock #898). 
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0283) To reconstruct the remainder of the T. thermophilus 
dnaE gene, the pa1-TE plasmid was digested using the 
restriction enzymes Kipnl and SalI. The SalI restriction site 
is approximately 254 bp downstream of the end of the TE 
gene. It is also located downstream of a C-terminal biotin 
hexahistidine fusion peptide. The resulting 3601 base pair 
KpnI-SalI fragment encompassing the C-terminal (3') 95% 
of the T. thermophilus dinaE gene, was inserted into the 
KpnI/SalI digested pTAC-CCA-TEmp plasmid. The plas 
mid was ligated, transformed into DH5C. and positive iso 
lates were Selected for amplicillin-resistance. Plasmid iso 
lated from one positive isolate was verified by digestion with 
KpnI and Sal restriction enzymes (yielding the expected 3.6 
and 5.6 kb fragments). The Sequence of the insert was 
confirmed by DNA sequencing (ATG SEQ #1550 and 1551, 
primers #P144-S23 and P144-A1965, respectively). This 
plasmid was named pTAC-CCA-TE and the isolate pTAC 
CCA-TE/DH5C. was stored as a glycerol stock culture (ATG 
glycerol stock #933). 

(SEQ ID NO:20) 

0284 Verification of Expression of Native T. thermophi 
lus dnaE Gene (C-Subunit) as a Translationally Coupled 
Protein by pTAC-CCA-TE 
0285 pTAC-CCA-TE plasmids were transformed into 
MGC1030 (ATG glycerol stock #938) and AP1L1 E. coli 
(ATG glycerol stock #939). Three isolates from each trans 
formation were grown and total protein isolated as described 
above. An aliquot (3 ul) of each Supernatant was Subjected 
to electrophoresis in a 4-20% SDS-polyacrylamide mini-gel 
(Novex, EC60255; 1 mm thick, with 15 wells/gel) in 25 mM 
in Tris base, 192 mM glycine, and 0.1% SDS. The resulting 
gels were stained with Coomassie Brilliant Blue. Distinct 
protein bands from both MGC1030 and AP1L1 bacterial 
preparations, migrating slightly above the 120 kDa molecu 
lar weight standard, of the Gibco 10 kDa protein ladder, 
were observed as distinct bands in the induced cultures, but 
were not observed in the uninduced controls. These proteins 
were determined to be consistent with the expected molecu 
lar weight expected for native T. thermophilus C. (137.5 
kDa). The detected proteins represented approximately 5% 
of the total E. coli protein, based on the intensity of 
Coomassie Blue Staining of the protein bands on the gel. 
0286 Optimization of T thermophilus Protein Expres 
Sion 

0287. In an attempt to optimize the yield of expressed 
recombinant T. thermophilus proteins, induction times were 
analyzed for each new protein. F-media (Bacto Yeast 
Extract, 14 g/L, Bacto Tryptone, 8 g/L, potassium phos 
phate-dibasic, 12 g/L, potassium phosphate-monobasic, 1.2 
g/L, (pH 7.2), 1% glucose) is used as a growth medium. A 
Small amount of F-media (10-20 ml) containing a amplicillin 
is innoculated with the target bacteria and grown overnight 
at 37 C. while shaking. This overnight growth is used to 
inoculate fresh F-media containing amplicillin pre-warmed 
to 37 C. The fresh media is inoculated at a 20:1 ratio using 
the culture grown overnight. This allows enough time for 
cell density to double 3-4 times before induction. The 
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freshly innoculated culture is grown to an ODoo=0.6-0.8 
(The optical density (OD) coo is a unit used to measure light 
Scattered by cells in Solution at 600 nanometers in calculat 
ing the density of cells in the Solution) and expression 
induced by addition of IPTG to 1 mM. At the time of 
induction d-biotin is added to proteins containing hexahis 
tidine and a biotinylation site to a final concentration of 10 
LiM. The control culture received d-biotin only-they were 
not induced with IPTG. 

0288 Equal sample volumes (5 ml) of culture are col 
lected at the time of induction and every hour after induction 
up to 5 hours post induction for analysis to determine 
optimum growth times. The ODoo is each Sample is deter 
mined. The Samples collected are centrifuged in a Fisher 
Centrific Model 228 (1380xg) for 10 min. The Supernatant 
is discarded and the cell pellets were retained for analysis. 
To maintain equal concentration of total protein in each 
sample, 50 ul of Laemmli lysis buffer (125 mM Tris-HCl, 
(pH 6.8), 20% glycerol, 5% SDS) was added per ODoo of 
each sample multiplied by the sample volumes (5 ml). The 
cell pellets are resuspended and heated to 90-100° C. for 10 
min. The samples are centrifuged at maximum rpm (16, 
000xg) for 10 min using a table top microfuge, and the 
Supernatant is retained. Small aliquots containing total cel 
lular protein, of each Supernatant (5 ul) are loaded onto a 
10% SDS-polyacrylamide gel electrophoresis gel (16x18x 
0.75 cm) in 25 mM in Tris base, 192 mM glycine, and 0.1% 
SDS. The gels are electrophoresised for 2 h at 250 volts. The 
gels are stained with Coomassie Blue or (for proteins 
containing hexahistidine and a biotinylation site) transferred 
to nitrocellulose and analyzed by biotin blot analysis. Biotin 
blot analysis is used to refer to proteins that have been 
transferred from SDS-polyacrylamide gels to nitrocellulose 
membrane and proteins detected by virtue of biotin bound to 
an N- or C-terminal peptide that contains a biotinylation site. 
In normally growing cells a certain percentage of proteins 
containing a biotinylation site is bound by biotin. The 
detection of these proteins is by virtue of avidin binding to 
the biotin bound to the fusion peptide. Alkaline phosphatase 
conjugated streptavidin (Pierce Chemical Co. #21324) is 
used and can be detected using chemicals that allow the 
alkaline phosphatase and therefore the protein of interest to 
be visualized. 

0289 Optimization of Expression of T thermophilus 
dnaE Gene (C-Subunit) by pTAC-CCA-TE 
0290. In preliminary experiments, T. thermophilus C. 
appeared to be synthesized at higher levels in the AP1.L1 
Strain. Therefore, the optimum induction times for expres 
sion of T. thermophilus from pTAC-CCA-TE carried in 
AP1.L1 were analyzed. The yield of T thermophilus O. was 
analyzed at 1, 2, 3, 4, and 5 h induction times as described 
above in section “Optimization of T thermophilus Protein 
Expression. The optimum yield of T thermophilus C. was 
attained by 3 h post induction; this induction time was used 
in Subsequent experiments (FIG. 2). 
0291 Gap-Filling Assay for Determination of T thermo 
philus C.-Subunit Activity 
0292. The catalytic subunit of a replicative complex has 
a very low processivity in the absence of other holoenzyme 
Subunits on a primed-template. However, the catalytic Sub 
unit can fill the gaps of nuclease-activated (gapped) DNA 
very effectively by fast association and dissociation reac 
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tions in low salt conditions (shown below) (See, McHenry 
and Crow (1979), J. Biol. Chem., 254, 1748-1753). To be 
able to assay for activity in different purification Steps of T. 
thermophilus C-Subunit the gap-filling assay was used. 
0293 Assay mixtures (25 ul) contained 32 mM Hepes 
(pH 7.5), 13% glycerol, 0.01% Nonidet P40, 0.13 mg/ml 
BSA, 10 mM MgCl, 0.2 mg/ml activated calf-thymus 
DNA, 57 uM each of dGTP, dATP, and dCTP, and 21 uM 
HTTP (approximately 100 cpm/pmol). The mixture was 

assembleded on ice, and reactions were Started by the 
addition of a dilution of samples of DNA polymerase and 
placing in a 60° C. water bath for 5 minutes. The reactions 
were stopped by placing the tubes on ice and the DNA 
precipitated by adding 2 drops of 0.2M Sodium pyrophos 
phate (PPi) and 0.5 ml of 10% TCA. Trapping of precipi 
tated DNA and removal of unincorporated nucleotide triph 
osphates was accomplished by filtering the mixture through 
GFC filters (Whatman) and washing the filters with 12 ml 
0.2M Sodium PPi/1M HCL and then 4 ml of ethanol. The 
filters were then allowed to dry and HTTP incorporated 
was quantified by immersing the filters in 5 ml of liquid 
scintillation fluid (Ecoscint-O, National Diagnostics) and 
counting on a Beckman LS 3801 Scintillation counter. One 
unit of enzyme activity is defined as one picomole of total 
nucleotides incorporated per min at 60° C. Positive controls, 
containing E. coli DNA pol III (assayed at 30° C), and 
negative controls, containing no polymerase, were included 
in each Set of assays 
0294 Large Scale Growth of Native T. thermophilus C. by 
pTAC-CCA-TE/AP1L1 

0295) Strain pTAC-CCA-TE/AP1L1 was grown in a 250 
L fermentor to produce cells for purification of T thermo 
philus dnaE product (CC). F-medium (1.4% yeast extract, 
0.8% tryptone, 1.2% KHPO, and 0.12% KHPO, pH to 
7.2 with NaOH) was sterilized, glucose was added to 1% 
from a 40% sterile solution and amplicillin (100 mg/L) was 
added. A large-scale inoculum (28 L), was initiated from a 
1 ml glycerol Stock culture (i.e., culture Stored in 15% 
glycerol at -80 C.) and grown overnight at 37°C. with 40 
L/min aeration. The inoculum was transferred (approxi 
mately 4.2 L) to the 250 L fermentor containing 180 L of 
F-medium with 1% glucose, and 100 mg/Lampicillin (start 
ing ODoo of 0.06). To calculate the amount of overnight 
culture to add to the fermentor, in this fermentation there 
was 180 L initial F-media, enough should be added to bring 
the media present in the fermentor to an ODoo-0.06. This 
allows enough time for the cell density to double 3-4 times 
before induction. The culture was incubated at 37 C., with 
40 LPM aeration, and stirred at 20 rpm. Expression of T. 
thermophilus (X was induced by addition of IPTG to 1 mM 
when the culture reached an ODoo of 0.79 (expression of 
foreign proteins in E. coli is induced when the cell density 
reaches approximately an ODoo=0.6-0.8). Additional ampi 
cillin (100 mg/L) was added at same time as induction. The 
temperature was maintained at approximately 37 C. 
throughout the growth. The pH was maintained at 7.2 
throughout the growth by addition of NHOH. Cell harvest 
was initiated 3 hours after induction at ODoo=4.88, and the 
cells were chilled to 10° C. during harvest. The harvest 
Volume was 180 L, and the final harvest weight was approxi 
mately 1.9 kg of cell paste. An equal amount (w/w) of 50 
mM Tris (pH 7.5) and 10% sucrose solution was added to the 
cell paste. Cells were frozen by pouring the cells Suspension 
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into liquid nitrogen, and stored at -20° C., until processed. 
Quality control results showed 10 out of 10 positive colonies 
on amplicillin-containing medium in the inoculum and 10 out 
of 10 positive colonies on amplicillin-containing medium at 
harvest. Positive colonies are colonies grown from Samples 
Streaked on LB plates that also grow when the colony is 
transferred to LB plates containing a Selective antibiotic. 
Luria-Bertani (LB) growth medium (bacto-tryptone, 10 g/L, 
bacto-yeast extract, 5g/L, NaCl, 10 g/L) is used in Selection 
of positive colonies here and in following Sections. 

0296) Determination of Optimal Ammonium Sulfate Pre 
cipitation Conditions of T thermophilus C. Expressed as a 
Translationally Coupled Protein 

0297 Lysis was accomplished by creation of sphero 
plasts of the cells carrying the expressed T. thermophilus 
C-subunits. First, 50g of a 1:1 Suspension of frozen cells (25 
g cells) in Tris-Sucrose which had been stored at -20° C. 
were added to 69 ml tris-Sucrose that had been pre-warmed 
to 55° C. (2.75 ml/g of cells). To the stirred mixture, 1.25 ml 
of 0.5 M 1,4-dithiothreitol (DTT) (0.05 ml/g of cells) and 
6.25 ml of lysis buffer (2M NaCl, 0.3M spermidine in 
Tris-Sucrose adjusted to pH 7.5) (0.25 ml/g of cells) was 
added. The presence of 18 mM spermidine kept the nucleoid 
condensed within partially disrupted cells and displaced 
DNA binding proteins. The pH of the slurry was adjusted to 
pH 8.0 by the addition of 0.5 ml of 2 M Tris base (pH is 
adjusted to 8.0 with 2 M Tris base), and 125 mg lysozyme 
was added resuspended in 4.5 ml of Tris-Sucrose buffer (5 
mg lysozyme/g of cells). The slurry was distributed into 250 
ml centrifuge bottles after stirring 5 min and incubated at 4 
C. for 1 hour. The 250 ml centrifuge bottles were then placed 
in a 37 C. Swirling water bath and gently inverted every 30 
Seconds for 4 minutes. The Supernatant was separated form 
insoluble cellular debris by centrifugation (23,000xg, 60 
min, 4° C). The recovered Supernatant (0.1 l) constituted 
Fraction I (Fr I) (13 mg protein/ml). All protein concentra 
tions here and below are determined using the Coomassie 
Protein Assay Reagent from Pierce and bovine serum albu 
min (BSA) as a standard. Fr was divided into 5 equal 
volumes and 0.164, 0.226, 0.291, 0.361 and 0.436 g of 
ammonium sulfate (30%, 40%, 50%, 60%- and 70% satu 
ration) was added for each ml of Fr in the separate sample, 
respectively, over a 15 min interval at 4C. The mixture was 
stirred for an additional 30 min at 4 C. The precipitate was 
collected by centrifugation (23,000xg, 45 min, 0° C.). The 
resulting pellets were resuspended in 2 ml Ni-NTA suspen 
sion buffer (50 mM Tris-HCl (pH 7.5), 40 mM KC1, 7 mM 
MgCl, and 10% glycerol. The protein concentration of each 
Sample was determined using the Coomassie Protein ASSay 
Reagent (Pierce) and bovine serum albumin (BSA) as a 
standard. The 30%, 40%, 50%, 60% and 70% ammonium 
Sulfate precipitated Samples contained protein concentra 
tions of 2.4, 8.0, 18.0, 35.0 and 38.0 mg/ml, respectively 
(FIG. 3). 
0298 The samples were analyzed by SDS-polyacryla 
mide gel electrophoresis (FIG. 4). The 40% ammonium 
sulfate precipitated samples contained over 90% of the 
C-Subunit. 

0299 Each ammonium sulfate cut was also assayed for 
activity in gap-filling assays describe above in the Section 
entitled “Gap Filling Assay for Determination of T thermo 
philus C.-Subunit Activity”. The activity appears to be high 
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est at 40% ammonium Sulfate Saturation and drops as 
percent ammonium sulfate saturation increased (FIG. 5). 
This is due to either higher Salt being retained in the 
resuspended pellet and effecting the gap filling reaction, or 
an inhibiting contaminant precipitating at the higher ammo 
nium Sulfate concentrations and effecting activity of the T. 
thermophilus C.-Subunit. Since SDS-polyacrylamide gel 
electrophoresis and activity assays indicate that most of the 
C.-subunit is being recovered in 40% ammonium sulfate 
cuts, this concentration of ammonium Sulfate was used in 
Subsequent preparations. 
0300 Purification of T. thermophilus dnaE Product 
(O-subunit) from pTAC-CCA-TE 
0301 Lysis was accomplished by creation of sphero 
plasts of cells carrying the expressed T. thermophilus C. 
(large-scale preparation of 7-10-2000). First, 500 g of a 1:1 
Suspension of frozen cells (250 g cells) in Tris-Sucrose 
stored at -20° C. were used to prepare Fri (770 ml, 27.4 
mg/ml). The preparation was as described in the Section 
entitled “Determination of Optimal Ammonium Sulfate Pre 
cipitation Conditions of T thermophilus C.-Subunit 
Expressed as a Translationally Coupled Protein'. To Fr I, 
ammonium sulfate (0.258g to each initial ml Fraction I-45% 
saturation) was added over a 15 min interval. The mixture 
was stirred for an additional 30 min at 4 C. and the 
precipitate was collected by centrifugation (23,000xg, 45 
min, 0° C). The resulting pellets were quick frozen by 
immersion in liquid nitrogen and stored at -80 C. 
0302) The pellets from Fr I were resuspended in 160 ml 
of 50 mM Tris-HCl, (pH 7.5), 25% glycerol, 1 mM EDTA, 
1 mM DTT and homogenized using a Dounce homogenizer. 
The sample was clarified by centrifugation (16,000xg) and 
the Supernatant constituted Fr II (164 ml, 11.4 mg/ml). Fr II 
was further purifed using a Butyl Sepharose Fast Flow 
(Pharmacia Biotech) column. The butyl resin (360 ml) was 
equilibrated in butyl equilibration buffer (50 mM Tris-HCl, 
(pH 7.5), 25% glycerol, 1 mM EDTA, 1 mM DTT, 0.5 M 
ammonium Sulfate). The column was poured using 250 ml 
of Butyl resin. The remaining 110 ml of Butyl resin was 
mixed with Fr II giving 274 ml. To this mixture, 0.5 volume 
of Saturated amonium Sulfate was added slowly while Stir 
ring over a period of 1 hour. This mixture was added to the 
column at 1.3 ml/min. The column was then washed with 1 
L of equilibration buffer. The protein was eluted in 10 
column Volumes of a gradient begining with butyl equili 
bration buffer and ending in a buffer containing 50 mM 
Tris-HCl, (pH 7.5), 25% glycerol, 1 mM EDTA, 1 mM DTT, 
50 mM KCl. Remaining protein was removed from the 
column by eluting with an additional 10 column Volumes 
“bump' of the end buffer. The C-Subunit eluted in the first 
half of the “bump", and was pooled (242 ml, 0.15 mg/ml). 
The gap-filling assay was used to assay fractions for activity. 
0303) The pool was concentrated to 27 ml (1.5 mg/ml) 
using polyethylene glycol (PEG) 8000 in powder form 
(Fisher). T. thermophilus C. was further purified using a 
Sephacryl S300 HR (Pharmacia Biotech) gel filtration col 
umn (510 ml, 3 cmx120 cm) equilibrated in 50 mM Tris 
HCl, (pH 7.5), 20% glycerol, 100 mM NaCl, 1 mM EDTA, 
5 mM DTT. The column was loaded and the protein eluted 
at a flow rate of 0.7 ml/min. The C-Subunit was isolated as 
a highly purified protein (35 ml, 0.23 mg/ml). A 10% 
SDS-polyacrylamide gel Summarized the Stages of purifica 
tion of native T. thermophilus C. (FIG. 6). 
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Example 3 

Construction of pa1H-NB-TX that Expresses T. 
thermophilus dnax (t and Y-Subunits) Fused to an 
N-Terminal Peptide that Contains Hexahistidine 

and a Biotinylation Site 

0304. The T. thermophilus dnax gene was previously 
inserted into pa1-CB-ClaI to be expressed as both native 
(pA1-TX) and C-terminal tagged proteins (pA1-CB-TX) 
(U.S. application Ser. No. 09/151,888). Both t and Y sub 
units were expressed at low levels from both constructs. The 
T. thermophilus dnaX gene was also previously inserted into 
pET-CB-ClaI plasmids to be expressed as both native (pET 
TE) and C-terminal tagged proteins (pET-CB-TX) (U.S. 
application Ser. No. 09/151,888). As when under control of 
the pa1 promoter, when expressed under control of the T7 
promoter, both t and Y-Subunits were express at low levels. 
In an attempt to increase expression levels of T and Y 
Subunits, plasmids were designed to fuse the dnaX gene to 
DNA encoding an N-terminal peptide that contains hexa 
histidine and a biotinylation site (ATG project S). First, a 
PCR reaction was designed to amplify a fragment of the 
N-terminus (5') of the dnaX gene from the plasmid pa1-TX. 
The forward (ATG primer #P38-S1586, 5'-AACTGCA 
GAGCGCCCTCTACCG-3) (SEQ ID NO:47) adds a PstI 
site to the 5' end of the dnaX gene so that the actual PCR 
product excludes the ATG start codon and begins at codon 
2. The Pst restriction site adjacent to codon 2 brings the 5' 
portion of the dnaX gene in frame with the N-terminal fusion 
peptide coding Sequences. The reverse primer (ATG primer 
#P38-A2050, 5'-CGGTGGTGGCGAAGACGAAGAG-3) 
(SEQ ID NO:48) was designed so that it is downstream of 
the BamH1 restriction site within T. thermophilus dnax (the 
BamHI restriction site is approximately 318 bases down 
stream of the start codon). This PCR product was cut with 
Pst and BamH1 and ligated into paI-NB-AgeI that had 
been cut with the same two restriction enzymes. This 
plasmid was transformed into DH5O. and positive isolates 
were Selected by amplicillin-resistance. Plasmids from one 
positive clone were verified by BamHI/Pst restriction digest 
(yielding the expected 5.5 kb and 0.32 kb fragments) and 
NcoI digest (yielding the expected 5.6 and 0.16 kb frag 
ments). The Sequence of the inserted region was confirmed 
by DNA sequencing (ATG SEQ #1185 and 1186, primers 
P64-S10 and P64-A215) and compared to the sequence of 
pA1-TX. This precursor plasmid was named paI-NB-TX5' 
and the isolate (pA1H-NB-TX5/DH5O) was stored as a 
stock culture (ATG glycerol stock #702). 
0305) Next, the 3' region (C-terminus) of the dnaX gene 
(1.6 kb) was cut out of the paI-TX plasmid using the 
restrictions enzymes BamHI and Spel. This fragment was 
ligated into the precursor plasmid pa1H-NBTX5' that has 
been cut with the same two restriction enzymes. This 
plasmid was transformed into DH5C. and plasmid containing 
colonies were Selected by amplicillin-resistance. Positive 
isolates were verified by BamHI/Spel digest yielding the 
expected 5.9 and 1.6 kb fragments. This plasmid containing 
the entire gene for TX linked to the N-terminal fusion 
peptide was named pa1H-NB-TX and the isolate (pA1-NB 
TX/DH5O) was stored as a stock culture (ATG glycerol 
stock #740). 
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0306 Verification of Expression of T thermophilus dnax 
Gene (T. and Y-Subunits) Fused to an N-Terminal Peptide that 
Contains Hexahistidine and a Biotinylation Site by pa1H 
NB-TX/AP1L1 

0307 The pA1H-NB-TX plasmid was prepared and 
transformed into both MGC1030 (ATG glycerol stock #740) 
and AP1.L1 bacteria (ATG glycerol stock #741). The bac 
terial growth and isolation of total protein was as described 
in Example 2. An aliquot of Supernatant (3 ul) containing 
total protein was loaded onto a 4-20% SDS-polyacrylamide 
mini-gel (Novex, EC60255; 1 mm thick, with 15 wells/gel) 
in 25 mM in Tris base, 192 mM glycine, and 0.1% SDS. The 
mini-gel was Stained with Coomassie Blue, and one protein 
(doublet band) was observed to be migrating below 60 kDa 
and the other protein band slightly above the 60 kDa 
molecular weight standards, of the Gibco 10 kDa protein 
ladder. These protein bands were observed as distinct bands 
in the induced cultures from both bacterial strains, but was 
not observed in the uninduced controls. These proteins were 
determined to be consistent with the expected molecular 
weights of 53.6 and 61.9 kDa. The detected proteins bands 
representing T thermophilus Dnax represented less than 2% 
of the total E. coli protein, based on the intensity of 
Coomassie Blue Staining of the protein bands on the gel. 
0308. In T. thermophilus, the putative frameshift site, 
allowing expression of both (t and Y-Subunits, has the 
Sequence AAAAAAAA, which would enable either a +1 or 
-1 frameshift. The +1 frameshift product would extend only 
one residue beyond the lys-lys encoding Sequence, Similar to 
the E. coli-1 frameshift product. However, the -1 frameshift 
would encode a protein with a 12-amino acid extension. This 
would allow the expression of two Y-subunits differing in 
Size by 11 amino acids. Alternatively, recent work has 
indicated that the T. thermophilus Y-subunit may be 
expressed as the result of transcriptional Slippage producing 
a Sub-population of different length mRNAS encoding two 
different length gamma Subunits (Larsen, B., Wills, et al., 
Proc. Natl. Acad. Sci. 97:1683-1688 (2000)). We observe 
Y-Subunit as a doublet protein band, confirming that one of 
these processes is occurring. 
0309 Next, the expressed proteins were subjected to 
biotin blot analysis as described in Example 2. The endog 
enous E. coli biotin-CCP protein, 20 kDa was detectable in 
both induced and non-induced Samples. Two bands of equal 
intensity were visualized, one just below 60 kDa and the 
other slightly above 60 kDa molecular weight standards, of 
the Gibco 10 kDa protein ladder in the induced cultures from 
both bacterial strains, but was not observed in the uninduced 
control. 

0310 Optimization of Expression of T thermophilus 
DnaX by pA1H-NB-TX 
0311 Since expression of T. thermophilus dnaX gene 
yielded low or no detectable proteins when expressed as 
both a native or coupled to an C-terminal fusion peptide, 
extra care was taken with dnaX linked to an N-terminal 
fusion peptide to achieve optimum expression. Expression 
was analyzed using both E. coli strains MGC1030 and 
AP1.L1 carrying pa1H-NB-TX at different induction times 
and also at different growth temperatures (25 and 37 C.). 
Growth of bacterial cultures and analysis were carried out as 
described in Example 2. Biotin blot analysis indicated that 
expression levels were higher at 37 C. and also slightly 
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better when expressed in the AP1.L1 bacterial strain (FIG. 
7). The optimum yield of T. thermophilus Dnax was attained 
by 4h post induction and at 37 C.; this induction time will 
be used in Subsequent experiments. 

0312 Large Scale Growth of pA1H-NB-TX/AP1L1 
0313 Strain pA1H-NB-TX/AP1L1 was grown in a 250 
L fermentor (fermentation run #99-17), to produce cells for 
purification of T. thermophilus dnax (t and Y-subunits) 
fused to an N-terminal peptide that contains hexahistidine 
and biotinylation site as described Example 2. Cell harvest 
was initiated 4 hours after induction at ODoo=7.0, and the 
cells were chilled to 10° C. during harvest. The harvest 
volume was. 172 L, and the final harvest weight was 
approximately 2.2 kg of cell paste. An equal amount (w/w) 
of 50 mM Tris-HCl (pH 7.5) and 10% sucrose solution was 
used to resuspend the cell paste. Cells were frozen by 
pouring the cell Suspension into liquid nitrogen, and Stored 
at -20°C. until processed. Quality control results showed 10 
out of 10 positive colonies on amplicillin-containing medium 
in the inoculum and 10 out of 10 positive colonies at harvest. 
0314 Purification of T. thermophilus dnax Product (t 
and Y-Subunits) Fused to an N-Terminal Peptide that Con 
tains Hexahistidine and a Biotinylation Site 
0315 Lysis of 800 g of a 1:1 suspension of frozen cells 
(400 g of cells) containing pa1H-NB-TX stored in Tris 
Sucrose at -20°C., was preformed as described in Example 
2. The recovered Supernatant (1.75l) constituted Fraction I 
(Fr I) (13.5 mg/ml). To Fr I, ammonium sulfate (0.226 g to 
each initial ml Fraction 1-40% saturation) was added over a 
15 min interval. The mixture was stirred for an additional 30 
min at 4 C. and the precipitate was collected by centrifu 
gation (23,000xg, 45 min, 0°C.). The resulting pellets were 
quick frozen by immersion in liquid nitrogen and Stored at 
-80° C. 

0316 The pellets from Fr I were resuspended in 125 ml 
of Ni"-NTA suspension buffer (50 mM Tris-HCl (pH 7.5), 
40 mM KC1, 7 mM MgCl, 10% glycerol, 7 mM BME, 0.1 
mMPMSF) and homogenized using a Dounce homogenizer. 
The sample was clarified by centrifugation (16,000xg) and 
the Supernatant constituted Fr II (13.3 mg/ml). Fr II was 
added to 60 ml of a 50% slurry of Ni-NTA resin in Ni"-NTA 
suspension buffer and rocked for 1.5 hours at 4 C. This 
slurry was then loaded onto a BioRad Econo-column (2.5x5 
cm). The column was washed with 300 ml of Ni"-NTA 
wash buffer (50 mM Tris-HCl (pH 7.5), 1 M KC1, 7 mM 
MgCl, 10% glycerol, 10 mM Imidazole, 7 mM BME) at a 
flow rate of 0.5 ml/min. The NB-TX protein was eluted in 
300 ml of Ni"-NTA elution buffer (50 mM Tris-HCl (pH 
7.5), 40 mM KC1, 7 mM MgCl, 10% glycerol, 7 mM 3ME) 
containing a 10-200 mM imidazole-HCl (pH 7.5) gradient. 
The eluate was collected in 150x2 ml fractions. The protein 
concentration of each fraction was determined (FIG. 8). 
0317 Fractions were analyzed by SDS-polyacrylamide 
gel electrophoresis, (FIGS. 9A and 9B) and observed to 
contain only one major higher molecular weight contami 
nant. This contaminant migrated just above the T-Subunit 
and disappeared by fraction 96. Fractions 66-95 and 96-113 
were pooled and the proteins were precipitated by addition 
of ammonium sulfate (0.226 g to each initial ml Fraction 
I-40% saturation). The precipitate was collected by centrifu 
gation (23,000xg, 45 min, 0° C.) and stored at -80° C. A 
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portion of N-terminal tagged T. thermophilus Dnax purified 
using Ni"-NTA column chromatography was stored as 
laboratory StockS. 
0318. In an additional purification step for antibody pro 
duction, pellets containing, ammonium Sulfate precipitated 
N-terminal tagged T. thermophilus Dnax were resuspended 
in 30 ml of phosphate buffered saline (PBS) (137 mM NaCl, 
2.7 mM KC1, 4.3 mM NaHPO.7H, 1.4 mM KHPO (pH 
7.3)) plus 10% glycerol and homogenized using a Dounce 
75 homogenizer. The resulting solution was clarified by 
centrifugation (16,000xg) and the Supernatant constituted Fr 
III (2.9 mg/ml). 
0319 Fr III was loaded onto a 2 ml UltraLink Immobi 
lized Monomeric Avidin column (1.1 cmx2.5 cm) (Pierce) 
equilibrated in PBS plus 10% glycerol as per manufacturer 
instructions. The sample was loaded at a flow rate of 0.09 
ml/min. The flow through was passed back through the 
column three times to allow all biotinylated protein to bind 
the avidin. The column was next washed with 10 ml PBS 
plus 10% glycerol at a flow rate of 0.08 ml/min. The protein 
was eluted from the column in 20 ml of elution buffer (2 mM 
D-biotin, 10% glycerol in PBS) at a flow rate of 0.09 ml/min 
(FIGS. 10A and 10B). 
0320 This purification step removed the upper molecular 
weight contaminant observed in the Ni"-NTA column puri 
fication. Fractions 1-24 (19 ml) were pooled (0.43 mg/ml) 
and the protein was precipitated by addition of ammonium 
sulfate (0.258 g to each ml of pooled fractions) and centri 
fuged as described above and stored at -80 C. This sample 
was used in production of polyclonal antibodies described 
below. 

0321) Production of Polyclonal Antibodies Against T. 
thermophilus Dnax (t and Y-Subunits) 
0322 For production of polyclonal antibodies, the pellets 
containing N-tagged T. thermophilus Dnax from the avidin 
purification were dissolved in 2 ml of PBS and dialyzed 
against 500 ml of PBS two times (2.5 mg/ml, 2 ml). The 
sample was diluted to 50 lug/ml in PBS and 2 ml was injected 
directly into a vial containing adjuvant (RIBI Adjuvant 
System (RAS)). This solution was mixed and allowed to 
come to room temperature. One ml of the adjuvant/NB-TX 
mixture was used to inoculate a rabbit (#598); 0.05 ml in 
each of Six Sites intradermal injections, 0.3 ml intramuscular 
injections in each hind leg, and 0.1 ml Subcutaneous injec 
tion in the neck region. Before the initial injection a 5 ml 
preinjection bleed was collected. The rabbit received a 
booster using one-half the initial injection volume 28 days 
post initial inoculation. A test bleed (10 ml) was collected on 
day 37. The rabbit received a second booster using the same 
formulation as original inoculation at day 58. Total blood 
was collected on day 72. 
0323 The optimum dilutions of anti-serum for binding 
NB-TX was determined after the test bleed and after the final 
bleed. This was carried out using SDS-polyacrylamide gel 
electrophoresis in which a small aliquot of T thermophilus 
N-terminal tagged Dnax (1.0 ug/well) was electrophoresed 
onto a 10% SDS-polyacrylamide mini-gel (10x10 cm), and 
then the protein was transferred onto nitrocellulose mem 
brane. The membrane was cut into Strips with each Strip 
containing an identical band of Thermus thermophilus N-ter 
minal tagged Dnax. The membrane was blocked in 0.2% 
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Tween 20 (v/v)-TBS (TBST) containing 5% non-fat dry 
milk (w/v) for 1 hour at room temperature, rinsed with 
TBST. The strips were placed in antiserum/TBST (dilutions 
of 1:100,1:200, 1:400, 1:800, 1:1600, 1:3200, 1:6400, and 
1:12800) for 1 hour and then washed 4 times for 5 min in 
TBST. Next, the strips were placed in secondary antibody 
conjugated to alkaline phosphatase (goat anti-rabbit IgG 
(H+L), 1:3000 dilution in TBST) (BioRad) for 1 hour. The 
strips were then washed 4 times for 5 min with TBST. 
Following this extensive Washing, the blots were developed 
with BCIP/NBT (KPL #50-81-07; one component system). 
Proteins corresponding to the T and Y-Subunits were visual 
ized as distinct bands even at the highest dilution of anti 
Serum. These bands became more intense as the dilution of 
antiserum was decreased. The negative control contained 
antiserum taken from the rabbit prior to inoculating with 
antigen. The positive control is a biotin blot analysis of the 
antigen at the same concentration (1.0 ug) as used in 
antiserum detection (FIG. 11). 
0324) Next, the minimum amount of T thermophilus 
N-terminal tagged DnaX needed for recognition by antibody 
serum was determined. This was carried out using SDS 
polyacrylamide gel electrophoresis in which Small aliquots 
of T. thermophilus N-terminal tagged Dnax (0.02, 0.04, 
0.08, 0.16, 0.32, 0.625, 1.25, 2.50, and 5.0 tug/well) were 
electrophoresed onto a 10% SDS-polyacrylamide mini-gel 
(10x10 cm). The protein was transferred onto nitrocellulose 
membrane. The blotted nitrocellulose was blocked in TBST 
containing 5% non-fat dry milk (w/v) for 1 hour at room 
temperature, rinsed with TBST. The blot were placed in 
antiserum/TBST (dilution of 1:6400) for 1 hour and then 
washed 4 times for 5 min in TBST. Next, the blot was placed 
in Secondary antibody-conjugated to alkaline phosphatase 
(goat anti-rabbit IgG (H+L), 1:3000 dilution in TBST) 
(BioRad) for 1 hour. The blot was then washed 4 times for 
5 min with TBST. Following this extensive washing, the blot 
was developed with BCIP/NBT (KPL #50-81-07; one com 
ponent system) (FIG. 12). 
0325 Proteins corresponding to Tandy were visualized 
as distinct bands at 0.02 ug of Dnax. These bands became 
more intense as the concentration of Dnax was increased 
(FIG. 12). 
0326 Production of Monoclonal Antibodies against T. 
thermophilus dnax (t and Y-Subunits) 
0327 Two ml of the sample of Thermus thermophilus 
DnaX was diluted to 50 tug/ml in PBS (described above) was 
injected directly into a vial containing adjuvant (RIBI Adju 
vant System (RAS)). On day 0, three mice were inoculated 
with the Dnax-adjuvant sample (0.2 ml/mouse). At day 21, 
each mouse received a booster of 0.2 ml of the Dnax 
adjuvant Sample. On day 41, a test bleed was collected from 
tail clippings. The three mice were boosted a Second time on 
day 44, and a Second bleed from tail clippings was collected 
on day 58. Antiserum from this bleed was used for Western 
analysis as described in the section entitled “Production of 
polyclonal antibodies against T. thermophilus dnaX (t and 
Y-subunits)”. The antiserum was used at a 1:400 dilution to 
detect 1 lug/lane of T thermophilus Dnax. The antiserum 
was also used in ELISA screening (Tissue Culture/Mono 
clonal Antibody Facility, UCHSC). Mouse #2 and #3 gave 
equal response to T. thermophilus Dnax in both Western 
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analysis and ELISA Screening, while mouse #1 gave a lower 
response. Mouse #2 was Selected and given to the Tissue 
Culture/Monoclonal 

0328) Antibody Facility (UCHSC) for Production of 
Mono-Clonal Antibodies against N-Terminal Tagged T. ther 
mophilus Dnax. 

0329) Cloning T. thermophilus dnaX Gene (t/y) into a 
Translationally Coupled Vector pTAC-CCA-ClaI 

0330. To efficiently express t/y as a native protein a 
vector was designed to express t?y as a translationally 
coupled proteins. The goal here is again to use translational 
coupling as described Example #2. The dnaX gene was 
inserted behind the CCA adding enzyme and translationally 
coupled as described for native T. thermophilus u. First, the 
dnaX gene was amplified by using pa1-TX as a template by 
PCR. The forward/sense primer (ATG primer #P38-S1cla2, 
5'-ACTTATCGATAATGAGCGCCCTCTACCGCC-3) 
(SEQ ID NO:49) has a ClaI restriction site in the non 
complementary region. The non-complementary region also 
contains the “TA” of the stop (TAA).for the upstream 
CCA-adding protein fragment. The region of the primer 
complementary to the 5' end of the T. thermophilus holA 
gene begins with “A” which is the first nucleotide of the 
“ATG” start codon and the final “A” of the “TAA" stop 
codon. The reverse/antisence primer (ATG primer #P38-A 
1603STOPSpe, 5'-GAGGACTAGTTTATTATATACCAG 
TACCCCCT ATC-3) (SEQ ID NO:50) contains a SpeI 
restriction Site in the non-complementary portion of the 
primer and also an additional Stop codon adjacent to the 
native Stop codon, giving two stop codons in tandem. There 
was also a clamp region for efficient cutting with Spe. Next, 
the PCR product was digested with ClaI/Spel restriction 
enzymes and inserted into the pTAC-CCA-ClaI plasmid 
digested with the same enzymes. The plasmid was trans 
formed into DH5C. bacteria and plasmids from ampicillin 
resistant positive isolates were Screened for by digestion 
with ClaI/Spel restriction enzymes yielding 1.6 and 5.5 kb 
fragments. The Sequence of both Strands of the insert were 
verified by DNA sequencing (ATG SEQ #1666-1674, 1617, 
1719; primers, P144-S23, P144-A1965, P38-S394, P38 
S809, P38-S1169, P38-A1272, P38-A946, P38-A541, P38 
A282, P38-A106). Sequence analysis confirmed the correct 
Sequence was contained within the inserted region. This 
plasmid was named pTAC-CCA-TX and the isolate was 
stored as a stock culture (ATG glycerol stock #1030). 
0331 Verification of Expression of Native Thermus ther 
mophilus Dnax Proteins by PTAC-CCA-TX/MGC1030 and 
pTAC-CCA-TX/AP1L1 

0332 The pTAC-CCA-TX plasmid was prepared and 
transformed into MGC1030 bacteria (ATG glycerol stock 
#1067, 1068, 1069) and AP1.L1 (ATG glycerol stock #1075, 
1076, 1077). The bacterial growths and isolation of total 
cellular protein were as described in Example 2. A Small 
aliquot of each Supernatant (3 ul) containing total cellular 
protein was electrophoresed onto a 4-20% SDS-polyacryla 
mide mini-gel (Novex, EC60255; 1 mm thick, with 15 
wells/gel) in 25 mM in Tris base, 192 mM glycine, and 0.1% 
SDS. The mini-gels were stained with Coomassie Blue. The 
region of the gels expected to containt (58.3 kDa) or Y (51.0 
kDa) contained many native E. coli proteins and t or Y could 
not be visualized in any of the isolates. 
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Example 4 

Identification of T thermophilus holA Gene 
(Ö-Subunit) 

0333. The sequences of 8-subunits from E. coli and 
Haemophilus influenzae and putative Ö-Subunit Sequences 
from Bacillus Subtilis, Aquiflex aeolicus were used to search 
the T thermophilus genome database at Goettingen Genom 
ics Laboratory. A partial crude Sequence of a region of the T. 
thermophilus genome containing a putative T thermophilus 
holA gene was identified (using BLAST) and obtained (from 
Dr. Carsten Jacobi, Goettingen Genomics Laboratory, Insti 
tute of Microbiology and Genetics, Grisebachstrasse 8, 
Goettingen, Germany). There appeared to be several pos 
sible start sites that were all ATG and also a number of 
possible Stop codons. Unsure of the accuracy of the crude 
Sequence, the region of the T. thermophilus genome SuS 
pected of containing the T. thermophilus holA gene and 
flanking regions were amplified by PCR. PCR primers were 
designed using Sequences derived from the crude Sequence. 
The forward/sense primer (ATG primer P134-S415, 
5'-CGGGAGGGTGAAGCGCAAGATGTC-3) (SEQ ID 
NO:51) and reverse/antisense primer (ATG primer P134 
A2099, 5'-GCCGCACCCCCGCCCCGTAGT-3) (SEQ ID 
NO:52) using T. thermophilus genomic DNA as a template 
yielded a PCR product 1685 bp in length which contained 
the region of DNA encoding holA. This PCR fragment was 
inserted into pGEM-T EasyTM (Promega) vector per direc 
tions furnished by the manufacturer. The pGEM-T EasyTM 
Vector Systems takes advantage of the template independent 
addition of a single deoxyadenosine onto the 3'-end of PCR 
products by some thermostable DNA polymerases. The PCR 
fragments were ligated to linearized vector DNA that had 
been cleaved at the EcoRV site and had a single 3'-terminal 
thymidine added to both ends. By using these vectors, PCR 
products can be directly cloned without further enzymatic 
manipulation while taking advantage of the high efficiency 
of a cohesive-end ligation. This plasmid was transformed 
into DH5C. bacteria and positive isolates were selected by 
ampicillin-resistance. Plasmids from one positive clone 
were isolated and Screened by digestion with EcoRI restric 
tion digest yielding 1.7 and 3.1kb fragments. The Sequence 
of the inserted DNA region was confirmed by DNA sequenc 
ing (ATG SEQ #1336–1345; primers, SP6, T7, P134-S621, 
P134-S1016, P134-S1279, P134-S1633, P134-A1849, 
P134-A1464, P134-A1091 and P134-A655). Numerous 
base changes were observed in the PCR clone compared to 
the crude Sequence obtained from Goettingen Genomics 
Laboratory. An 876 bp open reading frame (ORF) was 
identified in the region containing the putative T. thermo 
philus holA gene. This isolate was Stored as a Stock culture 
(ATG glycerol stock #787). 
0334) The ORF identified in the PCR product above was 
amplified by PCR with T. thermophilus genomic DNA as a 
template. The forward/sense primer (ATG primeriFP134 
S585de). 
0335) 5'-GGATCCAAGCTTCATATGGTCATCGCCT 
TCAC-3) (SEQ ID NO:53) contained a region complemen 
tary to the 5' end of the ORF. An Nde site overlapped the 
ATG start codon, and there was also an upstream HindIII 
and BamHI site. The reverse/antisense primer (ATG primer 
#P134-A 1493 kpn, 5'-AGATCTGGTACCTCAT. 
CAACGGGCGAGGCGGAG-3) (SEQ ID NO:54) con 
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tained an additional Stop codon adjacent to the native Stop 
codon in the non-complementary region, giving two stop 
codons in tandem. There was a Kipni Site upstream of the 
Stop codons and a BglI restriction Site upstream of the KpnI 
restriction site. This PCR fragment was inserted into 
pGEM-T EasyTM plasmids (Promega) as per manufacturer 
directions. The plasmid was then transformed into DH5C. 
bacteria and plasmids from amplicillin-resistant positive iso 
lates were Screened by Nde/KpnI restriction digest yielding 
0.9 and 3.0 kb fragments. The sequence of both DNA strands 
of the inserted region was confirmed by DNA sequencing 
(ATG SEQ #1392-1397, 1408; primers, SP6, T7, P134 
S1279, P134-S1633, P134-A1464, P134-A790 and P134 
A1849). This plasmid was named pTTD(Kpn) and the 
isolate was Stored as a stock culture (ATG glycerol Stock 
#817). 
0336. The DNA coding sequence of the T. thermophilus 
holA gene (SEQ ID NO:9) is shown in FIG. 13. The start 
codon (atg) and the stop codon (tga) are in bold print. Also 
shown, in FIG. 14, is the protein (amino acid) sequence 
(SEQ ID NO: 10) derived from the DNA coding sequence. 
0337 The amino acid sequence of T thermophilus 8-Sub 
unit was compared with the E. coli Ö-Subunit (FIG. 15). 
Alignments were also made with all of the 6-subunit 
Sequences used in the T. thermophilus database Search, E. 
coli and Haemophilus influenzae and putativew8-subunit 
sequences from Bacillus Subtilis and Aquiflex aeolicus (FIG. 
16). The T. thermophilus 6-subunits was 34%, 29%, 31% 
and 27% identical over a 193, 182, 110 and 169 amino acid 
overlap with E. coli, H. influenzae, A. aeolicus and B. 
Subtilis Ö-Subunits, respectively. 

0338 Construction of a Plasmid (pA1H-NB-TD) that 
Overexpress T. thermophilus holA (Ö-Subunit) Fused to an 
N-Terminal Peptide that Contains Hexahistidine and a Bioti 
nylation Site 

0339 Since the 6-subunit coupled to a C-terminal fusion 
peptide expressed poorly (described below), it was decided 
to attempt enhancement of expression by coupling the holA 
gene to an N-terminal fusion peptide. The T. thermophilus 
holA gene was inserted into the pa1H-NB-Avr2 plasmid to 
be expressed fused to an N-terminal peptide containing 
hexahistidine and a biotinylation Site. The holA gene was 
amplified by PCR using the pa1-TD plasmid as a template. 
The forward/sense primer adds a Pst1 site to the 5' end of the 
gene so that the actual PCR product excludes the ATG start 
codon and begins at codon 2, with the Pst1 Site adjacent to 
codon 2 (ATG primer P134-S592 pst, 5'-GAATTCTGCAG 
GTCATCGCCTTCACCG-3) (SEQ ID NO:11). The Pst 
site will bring the holA gene into frame with the N-terminal 
fusion peptide and will add two amino acids (Leu and Gln) 
between the N-terminal fusion peptide and the Second codon 
of the holA gene. The reverse primer was the same primer 
used in making pa1-TD (P134-A1493 kpn). This primer 
was designed So two things could be accomplished. First, an 
additional TGA (stop codon) was added to the end of the 
gene giving two stop codons in tandem (the natural stop 
codon and another one added in the non-complementary part 
of the primer). Second, a Kpnl restriction site was added in 
the non-complementary region of the primer for insertion 
into the vector. There was also a clamp region for efficient 
digestion with KpnI. The PCR product was digested with 
Pst and KpnI restriction enzymes and inserted into the 
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pA1H-NB-Avr2 plasmid digested with the same enzymes. 
The plasmid was transformed into DH5C. bacteria and 
plasmids from amplicillin-resistant positive isolates were 
screened for by digestion with Pst and Kpnl restriction 
enzymes yielding 0.9 and 5.62 kb fragments. This plasmid 
was Selected and the Sequence of both Strands of the insert 
was verified by DNA sequencing (ATG SEQ #1530-1536; 
primers, P64-S10, P64-A215, P134-S1279, P134-S1633, 
P134-A1849, P134-A1464, P134-A790). This plasmid was 
named pa1H-NB-TD and the isolate was stored as a stock 
culture (ATG glycerol stock #915). 
0340 Verification of Expression of T thermophilus 
Ö-Subunit Fused to an N-Terminal Peptide that Contains 
Hexahistidine and a Biotinylation Site by pa1-NB-TD/ 
MGC1030 

0341 The pa1H-NB-TD plasmid was prepared and 
transformed into MGC1030 bacteria (ATG glycerol stock 
#931). The bacterial growths and isolation of total cellular 
protein were as described in Example 2. A Small aliquot of 
each Supernatant (3 ul) containing total cellular protein was 
electrophoresised onto a 4-20% SDS-polyacrylamide mini 
gel (Novex, EC60255; 1 mm thick, with 15 wells/gel) in 25 
mM in Tris base, 192 mM glycine, and 0.1% SDS. The 
mini-gels were stained with Coomassie Blue. A protein 
migrating just below the 40 kDa molecular weight Standard 
of the Gibco 10 kDa protein ladder could be detected as a 
distinct protein band, but was not observed in the uninduced 
control. This protein band corresponds to the expected 
molecular weight of the T. thermophilus 8-subunit fused to 
the N-terminal fusion protein (36.2 kDa). 
0342 Next, the total protein in each lysate was trans 
ferred (blotted) from polyacrylamide gel to nitrocellulose as 
described in Example 2. Each lane contained 1.5 ul of the 
Supernatant. The endogenous E. coli biotin-carboxyl carrier 
protein (biotin-CCP), ~20 kDa, was detectable in both 
induced and non-induced Samples. A very intense protein 
band corresponding to the Ö-Subunit migrated just below the 
40 kDa molecular weight standards of the Gibco 10 kDa 
protein ladder. This protein was observed as a distinct band 
in the induced cultures, but was not observed in the unin 
duced control. 

0343 Optimization of Expression of T thermophilus 
holA Gene (Ö-Subunit) by pa1-NB-TD 
0344) Expression was analyzed using the bacterial strains 
AP1.L1 carrying the pa1H-NB-TD plasmid at different 
induction times. Bacterial growths and analysis were carried 
out as described Example 2. The growths and analysis were 
at 37 C. The total protein was analyzed using both SDS 
polyacrylamide gel electrophoresis and biotin blot analysis 
(FIG. 17). Distinct protein bands corresponding to the 
Ö-Subunit was observed by both forms of analysis. Biotin 
blot analysis indicates that most of the Ö-Subunit is being 
expressed in 4 hours and at 37 C., these growth condition 
were used in Subsequent preparations. 
0345 Large Scale Growth of T thermophilus holA Gene 
Product (Ö-Subunit) Fused to an N-Terminal Peptide that 
Contains Hexahistidine and Biotinylation Site by pa1-NB 
TD/MGC1030 

0346 Strain pA1H-NB-TD/MGC1030 was grown in a 
250 L fermentor to produce cells for purification of T. 
thermophilus 8-subunit as described in Example 2. Cell 
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harvest was initiated 3 hours after induction, at ODoo of 7.2, 
and the cells were chilled to 10° C. during harvest. The 
harvest volume was 175 L, and the final harvest weight was 
approximately 2.47 kg of cell paste. An equal amount (w/w) 
of 50 mM Tris (pH 7.5) and 10% sucrose solution was added 
to the cell paste. Quality control results showed 10 out of 10 
positive colonies on amplicillin-containing medium in the 
inoculum and 10/10 positive colonies at harvest. Cells were 
frozen by pouring the cell Suspension into liquid nitrogen, 
and stored at -20° C., until processed. 
0347 Determination of Optimal Ammonium Sulfate Pre 
cipitation Conditions of 8 Fused to an N-Terminal Peptide 
that Contains Hexahistidine and Biotinylation Site by pa1 
NB-TD/MGC1030 

0348 Lysis was accomplished by creation of sphero 
plasts of the cells carrying the expressed T. thermophilus 
Ö-Subunits. First, from 100 g of a 1:1 suspension of frozen 
cells (50 g cells) in Tris-Sucrose which had been stored at 
-20° C., Fr was prepared (160 ml, 23 mg/ml). The prepa 
ration was as described in Example 2. Fr was added to 2.4 
ml of a 50% slurry of Ni-NTA resin equilibrated in Ni-NTA 
suspension buffer (50 mM Tris-HCl, (pH 7.5), 40 mM KC1, 
7 mM MgCl, 10% glycerol, 7 mM fME). The resin and 
sample were rocked for 1.5 hours at 4 C. The sample was 
then passed through a 5 ml fritted polypropylene column 
(Qiagen) to filter out the Ni-NTA resin and bound 8. The 
resin was washed by passing 50 ml of Ni-NTA wash buffer 
through the column and eluted in 9 ml of Ni-NTA elution 
buffer (2.6 mg/ml). 
0349 The eluted sample was brought to 40 ml by added 
Ni-NTA suspension buffer. The sample was then divided 
into 4 equal volumes (10 ml) and 1.64, 2.26, 2.91 and 3.61 
g of ammonium sulfate (30%, 40%, 50% and 60% satura 
tion) was added to each separate sample, respectively, over 
a 15 min interval at 4 C. The mixture was stirred for an 
additional 30 min at 4 C. and the precipitate was collected 
by centrifugation (23,000xg, 45 min, 0° C). The resulting 
pellets were resuspended in 1 ml Ni-NTA Suspension buffer. 
The protein concentration of each Sample was determined 
using the Coomassie Protein ASSay Reagent (Pierce) and 
bovine serum albumin (BSA) as a standard. The 30%, 40%, 
50% and 60% ammonium sulfate precipitated samples con 
tained protein concentrations of 0.4, 2.6, 3.2 and 3.5 mg/ml, 
respectively. The samples were analyzed by SDS-polyacry 
lamide gel electrophoresis (FIG. 18). 
0350. The 50% and 60% ammonium sulfate precipitated 
samples contained equal amounts of the 6-subunit. The 40% 
ammonium Sulfate precipitated Samples contained approxi 
mately 90% of that of the 50% and 60% ammonium sulfate 
precipitated samples, while the 30% ammonium sulfate 
precipitated Sample contained very Small amounts of the 
Ö-Subunit. All future preparations of the 6-subunit will be 
ammonium Sulfate precipitated at 40% Saturation. 
0351 Purification of T. thermophilus holA Product 
(Ö-Subunit) Fused to an N-Terminal Peptide that Contains 
Hexahistidine and a Biotinylation Site by pa1-NB-TD/ 
MGC1030 

0352 Lysis was accomplished by creation of sphero 
plasts of the cells carrying expressed T. thermophilus 6. 
First, from 800g of a 1:1 suspension of frozen cells (400 g 
cells) in Tris-Sucrose which had been stored at -20°C., Fr. 
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was prepared (1280 ml, 30.8 mg/ml). The preparation was as 
described Example 2. To Fr I, ammonium sulfate (0.226 g to 
each initial ml Fraction I-40% saturation) was added over a 
15 min interval. The mixture stirred for an additional 30 min 
at 4 C. and the precipitate was collected by centrifugation 
(23,000xg, 45 min, 0° C.). The resulting pellets were quick 
frozen by immersion in liquid nitrogen and stored at -80 C. 
0353. The pellets from Fr I were resuspended in 160 ml 
of Ni"-NTA suspension buffer and homogenized using a 
Dounce homogenizer. The Sample was clarified by centrifu 
gation (16,000xg) and the Supernatant constituted Fr II (27.6 
mg/ml). Fr II was added to 50 ml of a 50% slurry of Ni-NTA 
resin and rocked for 1.5 hours at 4 C. This slurry was then 
loaded onto a BioPad Econo-column (2.5x0.5 cm). The 
column was washed with 250 ml of Ni-NTA wash buffer 
at a flow rate of 0.5 ml/min. The protein was eluted in 230 
ml of Ni"-NTA elution buffer containing a 10-200 mM 
imidazole gradient. The eluate was collected in 92x2.5 ml 
fractions. Fractions were analyzed by SDS-polyacrylamide 
gel electrophoresis, and fractions 25-92 were found to 
contain 5 that was over 95% pure (FIGS. 19A and 19B). 
Fractions 25-92 were pooled (160 ml, 2.3 mg/ml) and 
dialyzed against 3.5 L of HG.04 buffer (20 mM Hepes, (pH 
7.6), 40 mM KCl, 1 mM MgCl, 0.1 mM EDTA, 6 mM 
fBME, 10% glycerol). The dialyzed sample constituted Fr III 
(160 ml, 2.1 mg/ml). The sample was aliquoted, fast frozen 
in liquid nitrogen and stored at -80 C. 
0354) Production of Polyclonal Antibodies against T. 
thermophilus holA (Ö-Subunits) 
0355 To recover ultra-pure protein for antibody produc 
tion thirty ml of Ö-Subunit Fr III from above (2.1 mg/ml) was 
precipitated using ammonium Sulfate (7.75 g per initial ml 
of FriII, 45% saturation). The precipitated pellets were 
resuspended in 20 ml PBS and purified using UltraLinkTM 
Immobilized Monomeric Avidin column as described in 
Example 3. The protein elution profile of the avidin column 
is shown in FIG. 20. Fractions 2-6 (5 ml) were pooled (0.35 
mg/ml). FIG. 21 shows the SDS-PAGE analysis of the 
Aviden column profile for T. thermophilus 8. 
0356. The pooled samples were used to produce poly 
clonal antibodies against T. thermophilus holA gene product 
(Ö-Subunit) as described in Example 3. 
0357 Construction of Plasmid (pA1-TD) that Overex 
presses T. thermophilus holA Gene (Ö-Subunit) as a Native 
Protein 

0358 Prior to construction of vector pA1H-NB-TD to 
express 6 as an N-terminal tagged protein, Several attempts 
were made to first express Ö as a native and a C-terminal 
tagged protein. These attempts were unsuccessful in pro 
ducing adequate yields of 8 to justify purification attempts. 
These attempts are described in this Section. 
0359 The T. thermophilus holA gene contained within 
the plasmid pTTD(Kpn) was extracted by digestion of the 
plasmid with NdeI/KpnI restriction enzymes. This 0.9 kb 
fragment was inserted into pa1-CB-NdeI which had been 
digested with the same restriction enzymes. The “ATG” of 
the Nde site served as the start codon for the holA gene. 
This placed the start codon the correct distance (11 nucle 
otides) from the RBS for optimum translation. This plasmid 
was then transformed into DH5C. bacteria, and plasmids 
from amplicillin-resistant positive isolates were Screened for 

33 
Sep. 23, 2004 

by digestion with NdeI and Kpnl restriction enzymes yield 
ing 0.9 and 5.65 kb fragments. One plasmid was selected 
and the Sequence of the insert verified by DNA sequencing 
(ATGSEQ #1428 and 1429, primers P38-S5576 and P134 
S1633). This plasmid was named pa1-TD and the isolate 
was stored as a stock culture (ATG glycerol stock #841). 
0360 Verification of Expression of Plasmid (pA1-TD) 
that Overexpresses T. thermophilus holA Gene (Ö-Subunit) 
as a Native Protein from pA1-TD/MGC1030 
0361 Plasmid pA1-TD was prepared from DH5C. bacte 
ria and transformed into MGC1030 bacteria (ATG glycerol 
stock #856, 857, 858). The bacterial growths of three 
isolates and isolation of total cellular protein were as 
described Example 2. A Small aliquot (3 ul) of Supernatant 
containing total cellular protein from each of the three 
isolates was electrophoresed onto a 4-20% SDS-polyacry 
lamide mini-gel (Novex, EC60255; 1 mm thick, with 15 
wells/gel) in 25 mM in Tris base, 192 mM glycine, and 0.1% 
SDS. The mini-gel was stained with Coomassie Blue. There 
were no visible protein bands from any of the isolates 
corresponding to the predicted molecular weight of 6. 
0362 Construction of a Plasmid (pA1-CB-TD) that 
Overexpresses T. thermophilus holA Gene (Ö-Subunit) 
Fused to a C-Terminal Peptide that Contains Hexahistidine 
and a Biotinylation Site 
0363 Again, since attempts to express the native 8-Sub 
unit failed, we next tried to express this protein coupled to 
a C-terminal fusion peptide. The holA gene was amplified by 
PCR with T. thermophilus genomic DNA as a template. The 
forward/sense primer (ATG primer #P134-S585'de) was the 
same primer used in construction of named pT-TD(Kpn) and 
contained a region complementary to the 5' end of the gene. 
Also, a Nde site overlapped the ATG start codon, and there 
was also an upstream HindHIII and BamHI site. The 
reverse/antisense primer was complementary to the 3' end of 
the ORF excluding the stop codon (ATG primer #P134 
A1486spe, 5'-GAGGACTAGTACGGGCGAGGCGGAG 
GACC-3") (SEQ ID NO:43). This primer contained a Spel 
restriction site adjacent to the complementary region of the 
primer. The Spel site allowed for the expressed protein to 
contain two additional amino acids (Thr and Ser) between 
the C-terminal amino acid of the Ö-Subunit and the C-ter 
minal fusion peptide. This 901 bp PCR product was inserted 
into pGEM-T EasyTM as previously described in the section 
entitled “Identification of T. thermophilus holA gene (Ö-Sub 
unit)”. This plasmid was transformed into DH5C. bacteria 
and plasmids from amplicillin-resistant positive isolates were 
screened for by digestion with Nde and KpnI restriction 
enzymes yielding 0.9 and 3.0 kb fragments. Both strands of 
the insert were verified by DNA sequencing (ATG SEQ 
#1398-1403 and 1409-1411; primers, SP6, T7, P134-S1279, 
P134-S1633, P134-A1464, P134-A790, P134-S1279, P134 
A1849). This plasmid was named pTTD(Spe) and the 
isolate was Stored as a stock culture (ATG glycerol Stock 
#818). 
0364 Plasmid pT-TD(spe) was prepared and the holA 
gene was extracted by digestion with Nde and Kpnl restric 
tion enzymes. This 0.9 kb fragment was inserted into the 
pA1-CB-NdeI plasmid digested with the same restriction 
enzymes. This plasmid was transformed into DH5C. bacteria 
and plasmids from amplicillin-resistant positive isolates were 
screened for by digestion with Nde and KpnI restriction 
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enzymes yielding 0.9 and 5.65 kb fragments. The Sequence 
of the inserted DNA fragment was confirmed by DNA 
sequencing (ATG SEQ # 1430,1431; primers, P38-S5576 
and P134-S1633). This plasmid was named pA1-CB-TD 
and the positive isolate was stored as a stock culture (ATG 
glycerol stock #842). 
0365 Verification of Expression of T thermophilus 
Ö-Subunit Fused to a C-Terminal Peptide that Contains 
Hexahistidine and a Biotinylation Site by pa1-CB-TD/ 
MGC1030 

0366 The pa1-CB-TD plasmid was prepared and trans 
formed into MGC1030 bacteria (ATG glycerol stock #859). 
The bacterial growths of three isolates and isolation of total 
cellular protein were as described Example 2. A Small 
aliquot of each Supernatant (3 ul) containing total cellular 
protein from each isolate was electrophoresised onto a 
4-20% SDS-polyacrylamide mini-gel (Novex, EC60255; 1 
mm thick, with 15 wells/gel) in 25 mM in Tris base, 192 mM 
glycine, and 0.1% SDS. The mini-gels were stained with 
Coomassie Blue. The region of the gel in which CB-TD was 
expected contained other intense protein bands and 6 could 
not be visualized. 

0367 Next, the total protein in each lysate was trans 
ferred (blotted) from polyacrylamide gel to nitrocellulose as 
described in Example 2. Each lane contained 1.5 ul of the 
Supernatant. The endogenous E. coli biotin-CCP, ~20 kDa 
was detectable in both induced and non-induced Samples. A 
very faint protein band corresponding to 6 migrated just 
below the 40 kDa molecular weight standard of the Gibco 10 
kDa protein ladder. The predicted molecular weight of 8 is 
36.2 kDa. This protein was observed as a faint band in the 
induced cultures, but was not observed in the uninduced 
control in lysates. The intensity of the protein bands indi 
cated ö was being expressed at very low levels. 
0368 Cloning T. thermophilus holA Gene (6) into a 
Translationally Coupled Vector pTAC-CCA-ClaI 
0369 To efficiently express 8 as a native protein we 
designed a vector to express Ö as a translationally coupled 
protein. AS with expression of Dnax as a translationally 
coupled protein, our goal here is also to use translational 
coupling as described in the Example 2. The holA gene was 
inserted behind the CCA adding enzyme and translationally 
coupled in two Steps. First, the holA gene was amplified 
using pa1-TD as a template by PCR. The forward/sense 
primer (ATG primer #P134-S588cla2, 5 ACTGATC 
GATAATGGTCATCGCCTTCAC-3) (SEQ ID NO:55) has 
a Clal restriction site in the non-complementary region. AS 
in the cloning strategy developed for pTAC-CCA-TX, the 
non-complementary region also contains the “TA’ of the 
Stop (TAA) for the upstream CCA-adding protein fragment. 
The region of the primer complementary to the 5' end of the 
T. thermophilus/holA gene begins with “A” which is the first 
nucleotide of the “ATG’ start codon and the final “A” of the 
“TAA” stop codon. The reverse/antisence primer (ATG 
primer #P134-A1491stopspe, 5'-GAGGTACTAGTCAT. 
CAACGGGCGAGGCGGAGGA-3) (SEQ ID NO:56) con 
tains a Spe restriction Site in the non-complementary por 
tion of the primer and also an additional Stop codon adjacent 
to the native Stop codon, giving two stop codons in tandem. 
There was also a clamp region for efficient cutting with Spe. 
Next, the PCR product was digested with ClaI/Spel restric 
tion enzymes and inserted into the pTAC-CCA-ClaI plasmid 
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digested with the same enzymes. The plasmid was trans 
formed into DH5C. bacteria and plasmids from ampicillin 
resistant positive isolates were Screened for by digestion 
with ClaI/Spel restriction enzymes yielding 0.9 and 5.5 kb 
fragments. The Sequence of both Strands of the insert were 
verified by DNA sequencing (ATGSEQ #1675-1681; prim 
ers, P144-S23, P144-A1965, P65-A106, P134-S1279, P134 
S1633, P134-A1849, P134-A1464, P134-A790). Sequence 
analysis confirmed that the correct Sequence was contained 
within the inserted region. This plasmid was named pTAC 
CCA-TD and the isolate was stored as a stock culture (ATG 
glycerol stock #1031). 
0370 Verification of Expression of Native T. thermophi 
lus C-Subunit by PTAC-CCA-TD/MGC1030 and pTAC 
CCA-TD/AP1L1 

0371 The pTAC-CCA-TD plasmid was prepared and 
transformed into MGC1030 bacteria (ATG glycerol stock 
#1070) and AP1.L1 (ATG glycerol stock #1078). The bac 
terial growths and isolation of total cellular protein were as 
described in Example #2. A Small aliquot of each Superna 
tant (3 ul) containing total cellular protein was electrophore 
sised onto a 4-20% SDS-polyacrylamide mini-gel (Novex, 
EC60255; 1 mm thick, with 15 wells/gel) in 25 mM in Tris 
base, 192 mM glycine, and 0.1% SDS. The mini-gels were 
Stained with Coomassie Blue. A protein band corresponding 
to the predicted molecular mass of T. thermophilus C. (32.5 
kDa) was visualized migrating mid-way between the 30 and 
40 kDa molecular weight standard of the Gibco 10 kDa 
protein ladder. 
0372 Large Scale Growth of pA1-CCA-TD/AP1L1 
0373) Strain pA1-CCA-TD/AP1L1 was grown in a 250 
L fermentor to produce cells for purification of native T. 
thermophilus 8 as described in Example #2. Optimum 
induction times were determined as described in Example 
#2. Cell harvest was initiated 3 hours after induction, at 
OD, of 3.38, and the cells were chilled to 10° C. during 
harvest. The harvest volume was 180 L, and the final harvest 
weight was approximately 1.56 kg of cell paste. An equal 
amount (w/w) of 50 mM Tris (pH 7.5) and 10% sucrose 
Solution was added to the cell paste. Quality control results 
showed 10 out of 10 positive colonies on amplicillin-con 
taining medium in the inoculum and 10/10 positive colonies 
at induction and 10/10 positive colonies at harvest. Cells 
were frozen by pouring the cells Suspension into liquid 
nitrogen, and stored at -20° C., until processed. 
0374 Purification of Native T. thermophilus 8 from pA1 
CCA-TD 

0375 Lysis was accomplished by creation of sphero 
plasts of the cells carrying the expressed T. thermophilus 
Ö-Subunits. First, from 300 g of a 1:1 suspension of frozen 
cells (150 g cells) in Tris-Sucrose which had been stored at 
-20° C., Fr was prepared (930 ml, 16.4 mg/ml). The 
preparation was as described in Example #2. To Fr I, 
ammonium sulfate (0.258g to each initial ml Fraction I-45% 
saturation) was added over a 15 min interval. The mixture 
stirred for an additional 30 min at 4 C. and the precipitate 
was collected by centrifugation (23,000xg, 45 min, 0° C.). 
The resulting pellets were quick frozen by immersion in 
liquid nitrogen and stored at -80 C. 
0376. In the following purification steps, fractions from 
purification columns were assayed using the reconstitution 
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assay (described in Example 7) to determine fractions that 
contained activity and therefore the 6-subunit. The first 
purification step was conducted by Q Sepharose High Per 
formance (Amersham Pharmacia) column chromatography 
(200 ml, 5.5x13 cm). The Q Sepharose resin was equili 
brated in Q-sepharose equilibration buffer (25 mM Tris-HCl, 
(pH 7.5), 10% glycerol, 1 mM EDTA, 1 mM DTT, 10 mM 
KCl). The pellets from Fr I was resuspended in Q-sepharose 
resuspension buffer (25 mM Tris-HCl, (pH 7.5), 10% glyc 
erol, 1 mM EDTA, 1 mM DTT) and homogenized using a 
Dounce homogenizer and clarified by centrifugation (16, 
000xg). The sample was diluted in Q-Sepharose resuspen 
sion buffer until the conductivity reached that of the equili 
brated column and constituted Fr II (2250 ml, 0.8 mg/ml). 
Fraction II contained 3.5x10” units of activity at 1.84x10' 
units/mg protein. The Sample was loaded onto the column 
and washed with 5 column volumns of Q-Sepharose equili 
bration buffer. The wash was collected in 17 ml fractions (50 
fractions). Analysis of the flow through from the column 
load and the fractionated wash indicated that Ö was present 
in the flow through from the column load and the first 
fractions from the column wash. The flow through from the 
column load and fractions 1-13 of the column wash were 
pooled and constituted Fr III (2470 ml, 0.05 mg/ml). SDS 
polyacrylamide gel analysis of the pool indicated that T. 
thermophilus 8 had been purified over 16 fold by this 
purification step and contained 3.5x10” units of activity at 
3.2x10 units/mg protein. 

0377 Fr III was further purifed using Macro Prep Methyl 
HIC Support (BioPad) column chromatography. The methyl 
resin (60 ml) was equilibrated in methyl equilibration buffer 
(50 mM Tris-HCl, (pH 7.5), 10% glycerol, 1 mM EDTA, 1 
mM DTT, 1 Mammonium sulfate). The column was poured 
using 40 ml of methyl resin. The remaining 20 ml of methyl 
resin was mixed with Fr III giving 2490 ml. To this mixture, 
Saturated ammonium Sulfate (0.5 sample volume) was added 
slowly while stirring over a 1 hour period. This mixture was 
added to the column and allowed to flow through the column 
by gravity. The column was then washed with 5 column 
volumns (300 ml) of methyl equilibration buffer. The protein 
was eluted in 10 column volumes of 50 mM Tris-HCl, (pH 
7.5), 10% glycerol, 1 mM EDTA, 1 mM DTT buffer 
containing a 0.9 to 0.1 M gradient of ammonium sulfate and 
collected in 7 ml fractions (80 fractions). Fractions 29-42 
contained T. thermophilus 8 that was over 90% pure. These 
fractions were pooled and analyzed using reconstitution 
assays (see Example 7) and SDS-polyacrylamide gels. The 
pooled fractions (100 ml, 0.14 mg/ml) constituted Fr IV and 
contained 1.7x10” units of activity at 1.23x10 units/mg 
protein. 

0378 T. thermophilus 8 was further purified using a 
Sephacryl S300 HR (Pharmacia Biotech) gel filtration col 
umn (510 ml, 3 cmx120 cm) equilibrated in 50 mM Tris 
HCl, (pH 7.5), 20% glycerol, 100 mM NaCl, 1 mM EDTA, 
5 mM DTT. The volume of Fr IV was reduced using PEG 
8000 to 35 ml (0.22 mg/ml, 8.2x10 Units). The sample was 
loaded onto the Sephacryl S-300 column and the protein 
eluted at a flow rate of 0.7 ml/min. The Ö-Subunit was 
isolated as a highly purified protein (24 ml, 0.2 mg/ml). The 
pooled fractions constituted Fr V and contained 5.8x10 
units of activity at 1.23x10 units/mg protein. 
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Example 5 

Identification of T thermophilus holB Gene 
(Ö'-Subunit) 

0379 The amino acid sequence of 6' from E. coli was 
used to Search the T. thermophilus genome database at 
Goettingen Genomics Laboratory. A partial crude Sequence 
of a region of the T. thermophilus genome containing a 
putative T. thermophilus holB gene was identified (using 
BLAST) and obtained (from Dr. Carsten Jacobi, Goettingen 
Genomics Laboratory, Institute of Microbiology and Genet 
ics, Grisebachstrasse 8, Goettingen, Germany). Unsure of 
the accuracy of the crude Sequence, the region of the T. 
thermophilus genome Suspected of containing the T ther 
mophilus holB gene and flanking regions were amplified by 
PCR. Two sets of PCR primers were designed using 
Sequences derived from the crude Sequence to insure that the 
proper sequence was identified. The first PCR reaction (ATG 
primers P139-S181, 5'-GGGGGACCGGATCGCCTTCTA 
3' (SEQ ID NO:12) and P139-A1082,5'-GTACGCCCACG 
GTCATGTCTCTAAGTCT AAG-3' (SEQ ID NO:13)) used 
T. thermophilus genomic DNA as a template and yielded a 
PCR product of 901 bp fragment. This PCR fragment was 
inserted into pGEM-T EasyTM (Promega) vector per manu 
facturers directions. This plasmid was transformed into 
DH5C. bacteria and amplicillin-resistant positive isolates 
were screened for by plasmid digestion with EcoRI restric 
tion digest yielding 0.9 and 3.0 kb fragments. The correct 
sequence of both strands of the DNA in the inserted region 
were identified by DNA sequencing acroSS the inserted 
region (ATG SEQ #1363, 1365–1367, 1379-1380; primers, 
SP6, T7, P139-S651, P139-S321, P139-A681, P139-A287). 
Three base changes (deletions of a “C” at positions 845 and 
849, and G>C change at position 681) were observed in the 
PCR clone compared to the crude sequence obtained from 
Goettingen Genomics Laboratory. The deletions caused a 
frameshift leading to a larger open reading frame (ORF) 
(804 bp) than was seen in the crude Sequence. This plasmid 
was named pT-TD'-1 and the isolate was Stored as a Stock 
culture (ATG glycerol stock #811). 
0380 The second PCR reaction utilized primers placed 
farther out from the putative holB gene (ATG primers 
#P139-S91, 5'-CTCCCCCCCTCGGTGC GGGCCCTGGT 
GAA-3' (SEQ ID NO:14) and #P 139-A 1407, 5'-CTCG 
GCG CTGTAGTGGATGACG-3' (SEQ ID NO:15)) and 
also used the T. thermophilus genomic DNA as a template 
and yielded a PCR product of 1361 bp fragment. This PCR 
fragment was also inserted into pGEM-T EasyTM (Promega) 
vector per manufacturer directions. This plasmid was also 
transformed into DH5C. bacteria and amplicillin-resistant 
positive isolates were Screened for by plasmid digestion with 
EcoRI restriction digest yielding 1.3 and 3.0 kb fragments. 
The correct sequence of both strands of the DNA in the 
inserted region were identified by DNA sequencing (ATG 
SEQ #1368-1372, 1381-1383; primers, SP6, T7, P139-S651, 
P139-S321, P139-1042, P139-A681, P139-A287, P139 
A1082). Other base changes were observed in the 3' non 
translated region when compared to the crude Sequence 
obtained from Goettingen Genomics Laboratory. This plas 
mid was named pT-TD'-2 and the isolate was stored as a 
stock culture (ATG glycerol stock #812). 
0381. The DNA coding sequence of the T. thermophilus 
holB gene (SEQ ID NO:16) is in FIG. 22. The start codon 
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(atg) and the stop codon (tga) are in bold print. Also shown, 
in FIG. 23, is the protein (amino acid) sequence (SEQ ID 
NO:17) derived from the DNA coding sequence. 
0382. The amino acid sequence of T thermophilus 6' was 
compared with that of the E. coli Ö'-subunit (FIG. 24). Other 
Sequence alignments were carried out with Ö' Sequences 
from Bacillus subtilis, E. coli, and Haemophilus influenzae, 
Rickettsia and putative 6' Sequences from Aquiflex aeolicus 
(FIG. 25). The T. thermophilus 8'-subunit was 30%, 29%, 
31%, 39% and 31% identical over a 163, 149, 229, 104 and 
104 amino acid overlap with Bacillus Subtilis, E. coli, and 
Haemophilus influenzae, Rickettsia and a putative 6'-Subunit 
Sequences from Aquiflex aeolicus, respectively. 
0383 Construction of a Plasmid (pA1H-NB-TD") that 
Overexpress T. thermophilus holB (8) Fused to an N-Ter 
minal Peptide that Contains Hexahistidine and a Biotinyla 
tion Site 

0384) To enhance expression of the T. thermophilus 
6'-subunit, the holB gene was cloned into the pa1-NB-AgeI 
plasmid to be expressed fused to an N-terminal peptide 
containing hexahistidine and a biotinylation site. The holB 
gene was amplified by PCR using the pa1-TD' plasmid 
(described below) as a template. The forward/sense primer 
adds a Pst1 site to the 5' end of the gene so that the actual 
PCR product excludes the ATG start codon and begins at 
codon 2, with the Pst1 site adjacent to codon 2 (ATG primer 
P139-S254 psit, 5'-GAATTCTGCAGGCTCTAC ACCCG 
GCTCACCC-3' (SEQ ID NO:18)). The PstI site will bring 
the holB gene into frame with the N-terminal fusion peptide 
and will add two amino acids (Leu and Gln) between the 
N-terminal fusion peptide and the second codon of the holB 
gene. The reverse primer (ATG primer P139-A1081stopspe, 
5'-GGACACTAGTTCATCATGTCTCTAAGTCTAA-3 
(SEQ ID NO:19) was complementary to the 3' end of the 
holB gene including the additional TGA (stop codon). Also, 
a Spe restriction site was added in the non-complementary 
region of the primer for insertion into the vector. There was 
also a clamp region for efficient cutting with Spe. The PCR 
product was digested with Pst/Spel restriction enzymes and 
inserted into the pa1H-NB-Age plasmid digested with the 
same enzymes. The plasmid was transformed into DH5C. 
bacteria and plasmids from amplicillin-resistant positive iso 
lates were screened for by digestion with Pst/Spel restric 
tion enzymes yielding 0.8 and 5.6 kb fragments. The 
sequence of both strands of the insert were verified by DNA 
sequencing (ATG SEQ #1537-1541, 1543; primers, P64 
S10, P64-A215, P139-S321, P139-S651, P139-A681, P64 
A215). Sequence analysis confirmed that the correct 
Sequence was contained within the inserted region. This 
plasmid was named pa1H-NB-TD" and the isolate was 
stored as a stock culture (ATG glycerol stock #913). 
0385) Verification of Expression of T. thermophilus 
6'-subunit Fused to an N-Terminal Peptide that Contains 
Hexahistidine and a Biotinylation Site by pa1-NB-TD'/ 
MGC1030 

0386 The pA1H-NB-TD' plasmid was prepared and 
transformed into MGC1030 bacteria (ATG glycerol stock 
#930). The bacterial growths and isolation of total cellular 
protein were as Example 2. A Small aliquot of each Super 
natant (3 ul) containing total cellular protein was electro 
phoresised onto a 4-20% SDS-polyacrylamide mini-gel 
(Novex, EC60255; 1 mm thick, with 15 wells/gel) in 25 mM 
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in Tris base, 192 mM glycine, and 0.1% SDS. The mini-gels 
were Stained with Coomassie Blue. A protein migrating just 
below the 40 kDa molecular weight standard of the Gibco 10 
kDa protein ladder could not be detected in the lysates. 
0387 Next, the total protein in each lysate was trans 
ferred (blotted) from polyacrylamide gel to nitrocellulose as 
described Example 2. The endogenous E. coli biotin-CCP, 
~20 kDa, was detectable in both induced and non-induced 
Samples. An intense protein band corresponding to T. ther 
mophilus 8' migrated midway between the 30 and 40 kDa 
molecular weight standards of the Gibco 10 kDa protein 
ladder. The predicted molecular weight of T thermophilus 6' 
is 33 kDa. This protein was observed as a distinct band in the 
induced cultures, but was not observed in the uninduced 
control in lysates. 
0388 Optimization of Expression of T thermophilus 
holB Gene (6'-Subunit) by pA1-NB-TD' 
0389 Expression was analyzed using the bacterial strains 
AP1.L1 carrying the pa1H-NB-TD' plasmid at different 
induction times. Bacterial growths and analysis were carried 
out as described Example 2. The growths and analysis were 
at 37 C. The total protein was analyzed using both SDS 
polyacrylamide gel electrophoresis and biotin blot analysis 
(FIG. 26). Distinct protein bands corresponding to 6' were 
observed by both forms of analysis. Biotin blot analysis 
indicated that most of the 6'-Subunit is being expressed in 4 
hours and at 37 C., these growth condition were used in 
Subsequent preparations. 

0390 Determination of Optimal Ammonium Sulfate Pre 
cipitation Conditions of the 6'-subunit Fused to an N-Ter 
minal Peptide that Contains Hexahistidine and Biotinylation 
Site by pA1H-NB-TD'/MGC1030 
0391 Lysis was accomplished by creation of sphero 
plasts of the cells carrying the expressed T. thermophilus 
6'-subunits. First, from 76.4 g of a 1:1 suspension of frozen 
cells (38.2 g cells) in Tris-Sucrose which had been stored at 
-20 C., FrI was prepared and purified using a Ni"-NTA 
column as described in Example 2. The eluted Sample was 
brought to 40 ml by added Ni-NTA Suspension buffer. The 
Sample was then divided into 4 equal volumes (10 ml) and 
1.64, 2.26, 2.91 and 3.61 g of ammonium sulfate (30%, 40%, 
50% and 60% saturation) was added to each separate 
sample, respectively, over a 15 min interval at 4 C. The 
mixture rested for an additional 30 min at 4 C. and was then 
centrifuged at 23,000xg for 45 min at 0° C. The resulting 
pellets were resuspended in 1 ml Ni-NTA Suspension buffer. 
The 30%, 40%, 50% and 60% ammonium sulfate precipi 
tated Samples contained protein concentrations of 0.47, 0.55, 
1.3 and 1.2 mg/ml, respectively. The Samples were analyzed 
by SDS-polyacrylamide gel electrophoresis. All four ammo 
nium Sulfate precipitated Samples contained equal amounts 
of the 6'-subunit. All future preparations of the 6'-subunit 
will be ammonium sulfate precipitated at 35% saturation. 
0392 Large Scale Growth of T. thermophilus holB Gene 
Product (Ö'-Subunit) Fused to an N-Terminal Peptide that 
Contains Hexahistidine and Biotinylation Site by pa1-NB 
TD'/MGC1030 

0393 Strain pa1H-NB-TD'/MGC1030 was grown in a 
250 L fermentor, to produce cells for purification of T. 
thermophilus 6'-subunit as described in Example 2. Cell 
harvest was initiated 3 hours after induction, at ODoo of 5.8, 


























































































































