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(57) ABSTRACT 
Athermostable DNA polymerase composition comprising at 
least two DNA polymerases, one of which is substantially 
reduced in 5'-exonuclease activity and one of which has 
5'-exonuclease activity. This polymerase may be used in 
methods including, but not limited to, nucleic acid synthesis, 
DNA sequencing, nucleic acid amplification and cDNA 
synthesis, 
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DNA POLYMERASE BLENDS AND MUTANT DNA 
POLYMERASES 

FIELD OF THE INVENTION 

0001. The present invention relates DNA polymerase 
blends and mutant DNA polymerases. More specifically, the 
invention relates to a combination of DNA polymerases 
which have, and which are substantially reduced in, 5-exo 
nuclease activity. 

BACKGROUND OF THE INVENTION 

0002 DNA polymerases synthesize formation of DNA 
molecules that are complementary to all or a portion of a 
nucleic acid template. Upon hybridization of a primer to the 
single-stranded template, polymerases synthesize DNA in 
the 5' to 3’ direction, i.e., successively adding nucleotides to 
the 3'-hydroxyl group of the growing strand. Thus, for 
example, in the presence of deoxynucleoside triphosphates 
(dNTPs) and a primer, a new DNA molecule, complemen 
tary to the single Stranded nucleic acid template, can be 
synthesized. Typically an RNA or DNA template is used for 
synthesizing a complementary DNA molecule. However, 
other templates, such as chimeric templates or modified 
nucleic acid templates are also usable for synthesizing 
complementary molecules of polymerized nucleic acids. A 
DNA-dependent DNA polymerase utilizes a DNA template 
and produces a DNA molecule complementary to at least a 
portion of the template. An RNA-dependent DNA poly 
merase, i.e. a reverse transcriptase, utilizes an RNA template 
to produce a DNA strand complementary to at least a portion 
of the template, i.e., a cDNA. A common application of 
reverse transcriptase has been to transcribe mRNA into 
cDNA. Some DNA polymerases have both DNA-dependent 
DNA polymerase activity and RNA-dependent DNA poly 
merase activity. 
0003. In addition to a polymerase activity, DNA poly 
merases may possess one or more additional catalytic activi 
ties. Typically, DNA polymerases may have a 3'-5' exonu 
clease (“proofreading') and a 5'-3' exonuclease activity. 
Each of these activities has been localized to a particular 
region or domain of the protein. For example, when E. coli 
polymerase I (pol I) is cleaved into two fragments by 
subtilisin, the larger (“Klenow') fragment has 3'-5' exonu 
clease and DNA polymerase activities and the smaller 
fragment has 5'-3' exonuclease activity. 
0004 DNA polymerases have been isolated from a vari 
ety of mesophilic and thermophilic organisms. DNA poly 
merases from thermophilic organisms typically have a 
higher optimum temperature for polymerization activity 
than enzymes isolated from mesophilic organisms. Thermo 
stable DNA polymerases have been discovered in a number 
of thermophilic bacterial species, including, but not limited 
to. Thermus aquaticus (Taq), Thermus filiformis (Tfi). Ther 
mus thermophilus (Tth), and species of the Bacillus, Ther 
mococcus, Sulfolobus and Pyrococcus genera. In addition, 
thermostable DNA polymerases from a variety of other 
thermophiles are described in PCT WO 03/025132, the 
entire contents of which are incorporated herein by refer 
ence. Thermostable DNA polymerases have been exploited 
in numerous applications, including the polymerase chain 
reaction (PCR). 
0005 PCR is used to amplify a target nucleic acid by 
denaturation of the target DNA, hybridization of oligonucle 
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otide primers to specific sequences on opposite strands of 
the target DNA molecule, and subsequent extension of these 
primers with a DNA polymerase, usually a thermostable 
DNA polymerase, to generate two new strands of DNA 
which then serve as templates for a further round of hybrid 
ization and extension. If the polymerase is thermostable, 
then there is no need to add fresh polymerase after every 
denaturation step since heat will not have destroyed the 
polymerase activity. In RT-PCR, a DNA primer is hybridized 
to a strand of the target RNA molecule, and Subsequent 
extension of this primer with a reverse transcriptase gener 
ates a new strand of DNA (i.e., cDNA), which can serve as 
a template for PCR. 

0006 Thermostable DNA polymerases from Thermus 
aquaticus (Taq) made PCR feasible. Other thermostable 
polymerases having different properties (e.g., higher or 
lower fidelity; additional, enhanced, fewer or reduced cata 
lytic activities; altered substrate use or preference; or dif 
ferent cofactor requirements) Suitable for particular appli 
cations have been isolated from other organisms and/or 
made using recombinant DNA techniques. 

SUMMARY OF THE INVENTION 

0007 One embodiment of the present invention is an 
isolated recombinant nucleic acid molecule encoding a 
Thermus filiformis (Tfi) DNA polymerase having a D144A 
point mutation, wherein said point mutation Substantially 
reduces the 5'-exonuclease activity of said polymerase. The 
isolated nucleic acid molecule may further comprise an 
E437D point mutation. In one aspect of this embodiment, 
the mutant Tfi DNA polymerase is produced from one of the 
nucleic acid molecules described above. 

0008. In another embodiment, there is provided an iso 
lated mutant Tifi DNA polymerase having a D144A point 
mutation. The present invention also provides an isolated 
mutant Tifi DNA polymerase having D144A and E437D 
point mutations. Another embodiment is a composition 
comprising at least two thermostable DNA polymerases 
wherein at least one of the polymerases is substantially 
reduced in 5’ exonuclease activity (exo-) and wherein at 
least one of the polymerases has 5' exonuclease activity 
(exo--). The polymerases may be from the same species of 
thermophilic bacteria. The composition may further com 
prise at least two of the following components: detergent, 
buffer salt, deoxynucleoside triphosphate (dNTP) and 
dideoxynucleoside triphosphate (dNTP). In another embodi 
ment, the composition comprises a detergent, buffer salt and 
dNTP. In one aspect, the 5'-exo- and 5'-exo-- polymerases 
are combined in a ratio of between 9:1 and 1:9 (exo-exo--). 
In one embodiment, the ratio is 7:3 (exo-exo--). The present 
invention also provides a vector comprising any of the 
isolated nucleic acid molecules described above, as well as 
a host cell comprising the vector. The nucleic acid molecule 
may be operably linked to a promoter. 

0009. The present invention also provides a method of 
synthesizing a double-stranded DNA molecule, comprising 
hybridizing a primer to a first DNA molecule; and incubat 
ing the DNA molecule in the presence of one or more deoxy 
or dideoxyribonucleoside triphosphates and any of the DNA 
polymerases/compositions described above under condi 
tions sufficient to synthesize a second DNA molecule 
complementary to all or a portion of the first DNA molecule. 
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0010 Another embodiment is a method of amplifying a 
double stranded DNA molecule, comprising providing a first 
and second primer wherein the first primer is complemen 
tary to a sequence at or near the 3'-terminus of the first strand 
of the DNA molecule and the second primer is complemen 
tary to a sequence at or near the 3'-terminus of the second 
strand of the DNA molecule; hybridizing the first primer to 
the first strand and the second primer to the second strand in 
the presence of any of the DNA polymerases/compositions 
described above, under conditions such that the third strand 
complementary to the first strand and a fourth Strand 
complementary to the second strand are synthesized; dena 
turing the first and third strands and the second and fourth 
Strands; and repeating these steps one or more times. 
0011. There is also provided a kit for sequencing a DNA 
molecule, comprising a first container comprising any of the 
DNA polymerases/compositions described above; a second 
container comprising one or more dideoxyribonucleoside 
triphosphates; and a third container comprising one or more 
deoxyribonucleoside triphosphates. 
0012. The present invention also provides a kit for ampli 
fying a DNA molecule, comprising a first container com 
prising any of the DNA polymerases/compositions 
described above; and a second container comprising one or 
more deoxyribonucleoside triphosphates. 
0013 Another embodiment is a method of preparing 
cDNA from mRNA, comprising contacting mRNA with an 
oligo(dT) primer or other complementary primer to form a 
hybrid; and contacting the hybrid with any of the DNA 
polymerases/compositions described above and dATP, 
dCTP, dGTP and dTTP, whereby a cDNA-RNA hybrid is 
obtained. 

0014. The present invention also provides a method of 
preparing dsDNA from mRNA, comprising contacting 
mRNA with an oligo(dT) primer or other complementary 
primer to form a hybrid; and contacting the hybrid with any 
of the DNA polymerases/compositions described above, 
dATP, dCTP, dGTP, and dTTP, and an oligonucleotide or 
primer which is complementary to the a first strand cDNA, 
whereby dsDNA is obtained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.015 FIG. 1 is a representative chromatogram showing 
BRCA exon 11 437 bp amplification products using three 
DNA polymerases: Tfi exo-?exo-- blend (7:3 ratio) (top 
line); Taq (Invitrogen) (middle line); and Taq (Promega) 
(bottom line). The percentage of each peak is shown. The 
major peak is the homoduplex peak which shows the pres 
ence of PCR induced errors. 

0016 FIG. 2 is a photograph of an agarose gel showing 
PCR amplification products of the Rhod 1495 gene using 
different ratios of 5'-(exo--) and 5'-(exo-) Tfi DNA poly 
merases. For each reaction, 5 units of enzymes having 
different exo-:exo-- ratios were added. The ratios shown at 
the top of the gel are exo-exo-. Ten Lul of each reaction was 
analyzed on agarose gels containing ethidium bromide. 
0017 FIG. 3 is a photograph of a gel comparing the 
sensitivity of Tfi exo-?exo-- blend (7:3 ratio) to Taq DNA 
polymerase (Invitrogen). Different amounts of plasmid 
pBR322 or genomic K562 cell DNA fragments of about 
1,000 bp were amplified and analyzed by agarose gel 
electrophoresis. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

0018. The present invention relates to thermostable DNA 
polymerase blends, and mutant DNA polymerases, which 
are substantially reduced in 5'-exonuclease activity. These 
polymerase blends and polymerases modulate 5'-exonu 
clease activity to enhance PCR performance. As used herein, 
the term “blend” refers to at least two DNA polymerases, at 
least one of which is substantially reduced in 5'-exonuclease 
activity (referred to herein as “exo-”), and at least one of 
which has 5'-exonuclease activity (referred to herein as 
“exo--). The exo- and exo-- polymerases may be the same 
or different. For example, the blend may be an exo-. Tfi 
polymerase combined with an exo-- Tfi polymerase, or may 
be an exo-Tfi polymerase combined with an exo--Taq DNA 
polymerase. Tfi has about 78% identity and 86% similarity 
at the amino acid level compared to Taq. Both Tifi and Taq 
DNA polymerase have 5' to 3' exonuclease and 5' to 3' 
polymerase activities, yet lack 3' to 5’ exonuclease activity. 
The exo-polymerases in the exo-?exo-- blends are substan 
tially reduced in 5'-exonuclease activity. In addition to 
exo--fexo- blends, also described are thermostable exo 
DNA polymerases, which are reduced or substantially 
reduced in 5'-exo activity, particularly Tfi polymerases. 
Compositions, reaction mixtures, and kits containing Such 
DNA polymerase blends, and exo- DNA polymerases, are 
also described herein, as are methods for nucleic acid 
synthesis, sequencing and amplification using these poly 
merases. The following terms are commonly used by those 
skilled in the art of molecular biology. 
0019 Cloning vector. A nucleic acid molecule, for 
example a plasmid, cosmid or phage DNA or other DNA 
molecule, that is able to replicate autonomously in a host 
cell. A cloning vector may have one or a small number of 
recognition sites (e.g., recombination sites, restriction sites, 
topoisomerase sites, etc.) at which Such DNA sequences 
may be manipulated in a determinable fashion without the 
loss of an essential biological function of the vector, and into 
which a nucleic acid segment of interest may be inserted in 
order to bring about its replication and cloning. The cloning 
vector may further contain a marker suitable for use in the 
identification of cells transformed with the cloning vector. 
Markers may be, for example, antibiotic resistance Such as 
tetracycline resistance, amplicillin resistance or kanamycin 
resistance genes. Any other marker sequence known to those 
skilled in the art may be used. 
0020 Expression vector. A vector similar to a cloning 
vector but which is capable of enhancing the expression of 
a gene that has been cloned into it, after transfection into a 
host. The cloned gene is usually placed under the control of 
(i.e. operably linked to) certain control sequences such as 
promoter or enhancer sequences. 
0021 Host/recombinant host. Any prokaryotic cell, 
eukaryotic cell or microorganism that is the recipient of a 
replicable expression vector, cloning vector or any heterolo 
gous nucleic acid molecule which may or may not be 
integrated into host genomic DNA. The nucleic acid mol 
ecule may contain, a structural gene, or portion thereof, a 
promoter and/or an origin of replication. The terms “host' 
and “recombinant host” are also meant to include those host 
cells which have been genetically engineered to contain the 
heterologous nucleic acid sequences as part of the host 
chromosome or genome. 



US 2006/0292578 A1 

0022 Promoter. A DNA sequence to which an RNA 
polymerase binds such that the polymerase, in the presence 
of the appropriate cofactors, initiates transcription at a 
transcriptional start site of a nucleic acid sequence to be 
transcribed. Promoters may include any 5' non-coding 
region that may be present between the transcriptional and 
translational start sites. Promoters may include cis-acting 
transcription control elements such as enhancers and other 
nucleotide sequences capable of interacting with transcrip 
tion factors. 

0023 Operably linked. As used herein means that the 
promoter or other control sequence, such as an enhancer, is 
positioned to affect or control transcription of a nucleic acid 
sequence tow which it is associated in cis. 
0024 Expression. Expression is the process by which a 
polypeptide is produced from a nucleic acid. It may include 
transcription of a gene into mRNA and the translation of 
such mRNA into polypeptide(s). 
0.025 Substantially pure. As used herein “substantially 
pure” refers to a protein that is essentially free from cellular 
contaminants which are associated with the desired protein 
in nature and may impair or enhance its function. Such 
contaminants include, but are not limited to, phosphatases, 
exonucleases, endonucleases or undesirable DNA poly 
merases. Substantially pure polypeptides can have 25% or 
less, 15% or less, 10% or less, 5% or less, or 1% or less 
contaminating cellular components. In some cases, Substan 
tially pure DNA polymerases have no detectable protein 
contaminants when 200 DNA polymerase units are run on a 
protein gel (e.g., SDS-PAGE) and stained with Coomassie 
blue. 

0026. Substantially isolated. As used herein “substan 
tially isolated refers to a polypeptide that is essentially free 
from contaminating proteins which may be associated with 
the polypeptide in nature and/or in a recombinant host. The 
substantially isolated peptide can have 25% or less, 15% or 
less, 10% or less, 5% or less, or 1% or less contaminating 
proteins. In some cases, Substantially isolated polypeptides 
represent more than 75%, 85%, 90%, 95%, 98%, or 99% of 
the protein in a sample. The percentage of contaminating 
protein and/or protein of interest in a sample may be 
determined using techniques well known in the art (e.g., 
SDS-PAGE). In some cases, the substantially pure polypep 
tide has no detectable protein contaminants when 0.5 ug of 
a sample containing the polypeptide is analyzed by SDS 
PAGE. 

0027 Substantially reduced. A recombinant enzyme 
“Substantially reduced in an enzymatic activity means that 
the enzyme has less than about 30%, less than about 20%, 
less than about 15%, less than about 10%, less than about 
7.5%, less than about 5%, less than about 2% or less than 
about 1% of the activity of the corresponding (e.g., unmodi 
fied wild type) enzyme. 
0028 Primer. As used herein “primer' refers to a single 
stranded oligonucleotide that is extended by covalent bond 
ing of nucleotide monomers during polymerization or ampli 
fication of a nucleic acid molecule. 

0029) Template. The term “template” as used herein 
refers to a double-stranded or single-stranded DNA or RNA 
Substrate of a nucleic acid polymerase for amplification, 
synthesis, sequencing or copying. In the case of a double 
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stranded DNA molecule, denaturation of its strands to form 
a first and second strand is generally performed before 
amplification, synthesis or sequencing. A primer comple 
mentary to a portion of the template is hybridized to the 
template under appropriate conditions, and a polypeptide as 
described herein synthesizes a DNA molecule complemen 
tary to the template or portion thereof. Mismatch incorpo 
ration during the synthesis or extension of the newly syn 
thesized DNA molecule may result in one or a number of 
mismatched base pairs. Thus, the synthesized DNA mol 
ecule need not be exactly complementary to the template. In 
the case of an RNA template, a DNA primer is hybridized to 
a strand of the template RNA and a polypeptide having 
reverse transcriptase activity is used to synthesize a comple 
mentary DNA. 
0030) Incorporating. The term “incorporating refers to 
becoming part of a nucleic acid molecule or primer. 
0031 Amplification. As used herein “amplification' 
refers to any in vitro method for increasing the number of 
copies of a nucleotide sequence with the use of a DNA 
polymerase. Nucleic acid amplification results in the incor 
poration of nucleotides into a DNA molecule complemen 
tary to a template. The formed DNA molecule and its 
template can be used as templates to synthesize additional 
nucleic acid molecules. As used herein, one amplification 
reaction may consist of many rounds of DNA replication. 
DNA amplification reactions include, for example, PCR. 
One PCR reaction may consist of one or more e.g., 2, 3, 4, 
5, 10, 15, 20, 25, 30, 50, 60, 70, 80,90, 100 or more “cycles” 
of denaturation and synthesis of a DNA molecule. 
0032 Oligonucleotide. “Oligonucleotide' refers to a syn 
thetic or natural molecule comprising a covalently linked 
series of nucleotides or nucleotide analogs. Such nucleotides 
or nucleotide analogs may be joined by a phosphodiester 
bond between the 3' position of the pentose and the 5' 
position of the pentose of the adjacent nucleotide. Also 
encompassed are molecules in which one or more inter 
nucleotide phosphate groups has been replaced by a different 
type of group, Such as a peptide bond, a phosphorothioate 
group or a methylene group. Oligonucleotides may be 
synthetically prepared using protocols well known in the art. 

0033 Nucleotide. As used herein “nucleotide” refers to a 
base-Sugar-phosphate combination. Nucleotides are mono 
meric units of a nucleic acid molecule (DNA and RNA). The 
term nucleotide includes deoxyribonucleoside triphosphates 
such as dATP, dCTP, dITP, dUTP, dGTP, dTTP, or deriva 
tives thereof. Such derivatives include, for example, C-S 
dATP, 7-deaza-dGTP and 7-deaza-dATP. The term nucle 
otide as used herein also refers to dideoxyribonucleoside 
triphosphates (ddNTPs such as ddATP, ddCTP, ddGTP, 
ddITP and ddTTP) and their derivatives. A nucleotide may 
be unlabeled or detectable labeled by well known tech 
niques. Detectable labels include, for example, radioactive 
isotopes, fluorescent labels, chemiluminescent labels, biolu 
minescent labels and enzyme labels. Nucleotides may also 
comprise one or more reactive functional groups. Labels 
may be attached to the functional group before, during 
and/or after use of the nucleotide in a nucleic acid synthesis, 
sequencing or amplification reaction. 

0034. A nucleotide may be unlabeled or detectably 
labeled by well known techniques. Detectable labels 
include, for example, radioactive isotopes, fluorescent 
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labels, chemiluminescent labels and enzyme labels. Fluo 
rescent labels of nucleotides include fluorescein, 5-carboxy 
fluorescein (FAM), 27'-dimethoxy-4,5-dichloro-6-carboxy 
fluorescein (JOE), rhodamine, 6-carboxyrhodamine (R6G). 
N.N.N',N'-tetramethyl-6-carboxyrhodamine (TAMRA), 
6-carboxy-X-rhodamine (ROX), 4-(4'dimethylaminopheny 
lazo)benzoic acid (DABCYL), Cascade Blue, Oregon 
Green, Texas Red, Cyanine and 5-(2-aminoethyl)aminon 
aphthalene-1-sulfonic acid (EDANS). Specific examples of 
fluorescently labeled nucleotides include R6GdUTP. 
TAMRAdUTP. R110ldCTP R6GdCTP (TAMRA) 
dCTP JOElddATP R6GddATP, FAMddCTP R110 
ddCTP (TAMRAddGTP, and dROXddTTP available 
from Perkin Elmer, Foster City, Calif.; FluoroLink Deoxy 
Nucleotides, FluoroLink Cy3-dCTP. FluoroLink Cy5-dCTP, 
FluoroLink Fluorx-dCTP. Fluorolink Cy3-dUTP, and Fluo 
roLink Cy5-dUTP available from Amersham, Arlington 
Heights, Ill.; Fluorescein-15-daTP. Fluorscein-12-dUTP. 
Tetramethyl-rhodamine-6-dUTP, IR, 7-9-dATP, Fluores 
cein-12-ddUTP. Fluorescein-12-UTP, and Fluorescein-15 
2'-dATP available from Boehringer Mannheim, Indianapo 
lis, Ind., and ChromaTide Labeled Nucleotides, BODIPY 
FL-14-UTP BODIPY-FL-4-UTP BODIPY-TMR-14-UTP, 
BODIPY-TMR-14-dUTP BODIPY-TR-14-UTP, BODIPY 
TR-14-dUTP, Cascade Blue-7-UTP, Cascade Blue-7-dUTP, 
fluorescein-12-UTP, fluorescein-12-dUTP, Oregon Green 
488-5-dUTP, Rhodamine Green-5-UTP, Rhodamine Green 
5-dUTP, tetramethylrhodamine-6-UTP. tetramethyl 
rhodamine-6-dUTP, Texas Red-5-UTP, Texas Red-5-dUTP, 
and Texas Red-12-dUTP available from Molecular Probes, 
Eugene, Oreg. 

0035) Thermostable. As used herein “thermostable” 
refers to an activity of a molecule that is resistant to 
inactivation by heat. For example, DNA polymerases syn 
thesize the formation of a DNA molecule complementary to 
a single-stranded DNA template by extending a primer in the 
5'-to-3' direction. This activity for mesophilic DNA poly 
merases may be inactivated by heat treatment. For example, 
T5 DNA polymerase activity is totally inactivated by expos 
ing the enzyme to a temperature of 90° C. for 30 seconds. A 
thermostable activity is more resistant to heat inactivation 
than a corresponding mesophilic activity. Thermostable 
polymerases are relatively stable to heat and are capable of 
catalyzing the formation of DNA or RNA from a nucleic 
acid template. A thermostable DNA polymerase need not be 
totally resistant to heat inactivation, but exhibits reduced 
activity as a consequence of heat treatment. A thermostable 
DNA polymerase typically will also have a higher optimum 
temperature than common mesophilic DNA polymerases. 
0036) A polymerase is considered especially thermo 
stable when it retains at least 5%, or at least 10%, or at least 
15%, or at least 20%, or at least 25%, or at least 30%, or at 
least 35%, or at least 40%, or at least 45%, or at least 50%, 
or at least 55%, or at least 60%, or at least 65%, or at least 
70%, or at least 75%, or at least 80%, or at least 85%, or at 
least 90%, or at least 95% of its polymerase activity after 
heating, for example, at 95°C. for 30 minutes. 
0037 Fidelity. Fidelity refers to the accuracy of nucleic 
acid polymerization, or the ability of a nucleic acid poly 
merase to discriminate correct from incorrect Substrates 
when synthesizing nucleic acid molecules complementary to 
a template. The higher the fidelity of a polymerase, the less 
the polymerase misincorporates nucleotides in the growing 
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Strand during nucleic acid synthesis. An increase or 
enhancement in fidelity results in a more faithful polymerase 
having decreased error rate (i.e., decreased misincorporation 
rate). 
0038 Hybridization. The terms “hybridization” and 
“hybridizing” refer to pairing of two complementary single 
stranded portions of nucleic acid molecules (RNA and/or 
DNA) to a double stranded form. As used herein, two 
nucleic acid molecule portions may be hybridized, although 
the base pairing is not completely complementary. Accord 
ingly, mismatched bases do not prevent hybridization of two 
nucleic acid molecule portions provided that appropriate 
hybridization and stringency conditions, well known in the 
art, are used. 
0039 The ability of two nucleotide sequences to hybrid 
ize to each other is based upon a degree of complementarity 
of the two nucleotide sequences, which is in turn based on 
the fraction of matched complementary nucleotide pairs. 
The more nucleotides in a given sequence that are comple 
mentary to another sequence, the greater the degree of 
hybridization of one to the other. The degree of hybridiza 
tion also depends on the conditions of stringency which 
include temperature, solvent ratios, Salt concentrations, and 
the like. 

0040 “Selective hybridization’ pertains to conditions 
where the degree of hybridization of a polynucleotide to a 
target would require complete or nearly complete comple 
mentarity; a degree of complementarity sufficient to ensure 
that the polynucleotide binds specifically to the target rela 
tive to binding other nucleic acids present in the hybridiza 
tion medium. 

0041) 5'-3' Exonuclease Activity. “5'-3' exonuclease 
activity” is an enzymatic activity often associated with DNA 
polymerases such as E. coli DNA polI and polIII. In many 
of the known polymerases, the 5'-3' exonuclease activity is 
present in the N-terminal region of the polymerase (Ollis et 
al, Nature 313:762-766, 1985; Freemont et al., Proteins 
1:66-73, 1986; Joyce, Curr. Opin. Struct. Biol. 1:123-129, 
1991). Amino acid determinants of 5'-3' exonuclease activity 
have been defined, e.g. for E. coli DNA polymerase I 
(Gutman et al., Nucl. Acids Res. 21:4406-4407, 1993). The 
5'-exonuclease domain is dispensable for polymerase activ 
ity; e.g. as in the Klenow fragment of E. coli polymerase I. 
The Klenow fragment is a natural proteolytic fragment 
devoid of 5'-exonuclease activity (Joyce et al., J. Biol. Chem. 
257:1958-1964, 1990). Polymerases lacking this activity are 
especially useful for DNA sequencing. 
0042 A DNA polymerase substantially reduced in 5'-3' 
exonuclease activity is either (1) a mutated DNA polymerase 
that has about or less than 10%, or about or less than 1%, of 
the 5'-3' exonuclease activity of the corresponding wild type 
enzyme, or (2) a DNA polymerase having a 5'-3' exonu 
clease specific activity which is less than about 1 unit/mg 
protein, or preferably about or less than 0.1 units/mg protein. 
0043 5'-3' exonuclease activity can be observed on 
sequencing gels. 5'-3' exonuclease activity can be measured 
by following the degradation of radiolabeled primers in a 
sequencing gel. Thus, the relative amounts of this activity, 
e.g. by comparing wild type and mutant polymerases, can be 
determined with no more than routine experimentation. 
0044) Oligonucleotide directed mutagenesis can be used 
to create mutant DNA polymerases. This technique allows 
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for all possible base pair changes at any determined site 
along the encoding DNA molecule. In general, this tech 
nique involves annealing an oligonucleotide complementary 
(except for one or more desired mismatches) to a single 
stranded nucleotide sequence coding for the native DNA 
polymerase of interest. The mismatched oligonucleotide is 
then extended by DNA polymerase, generating a double 
stranded DNA molecule that contains the desired change in 
sequence on one strand. The changes in sequence can of 
course result in the deletion, substitution and/or insertion of 
an amino acid(s). The changed strand can be used as a 
template to form a double stranded polynucleotide. The 
double stranded polynucleotide can then be inserted into an 
appropriate expression vector, and a mutant polypeptide can 
thus be produced. The above-described oligonucleotide 
directed mutagenesis can be carried out using any technique 
known to those skilled in the art, for example, PCR. In one 
embodiment, mutations designed to alter the exonuclease 
activity do not adversely affect the polymerase activity. 

DNA Polymerase Blends 

0045 DNA polymerase blends comprise at least two 
thermostable DNA polymerases, at least one of which is 
substantially reduced in 5'-exonuclease activity and at least 
one of which has 5'-exonuclease activity. By “exo--”, it is 
meant that the DNA polymerase has 5'-exonuclease activity, 
and by “exo-” it is meant that the DNA polymerase is 
reduced or substantially reduced in 5'-exonuclease activity. 
The optimal 5'-exonuclease activity in a DNA polymerase 
blend may be obtained by combining different ratios of exo 
and exo-- DNA polymerases. The optimal ratio will depend 
upon the particular polymerase blend being used and can be 
easily determined by one of ordinary skill in the art using the 
methods described herein. 

0046) The exo- mutants comprise at least one insertion, 
deletion, frame-shift mutation or point mutation. Deletion 
mutations can be N-terminal, C-terminal, and/or internal. In 
one embodiment, one or more point mutations, resulting in 
one or more amino acid Substitutions, are used to produce 
polymerases Substantially reduced in 5'-exonuclease activ 
ity. Such mutations may be made by a number of methods 
that will be familiar to one of ordinary skill, including but 
not limited to, site-directed mutagenesis. Site-directed 
mutagenesis allows for all possible classes of base pair 
changes at any determined site along the encoding DNA 
molecule. In general, this technique involves annealing an 
oligonucleotide complementary (except for one or more 
mismatches) to a single stranded nucleotide sequence encod 
ing the DNA polymerase of interest. The mismatched oli 
gonucleotide is then extended by DNA polymerase, gener 
ating a double stranded DNA molecule which contains the 
desired change in the sequence on one strand. The changes 
in sequence result in the deletion, Substitution, or insertion 
of an amino acid. The double stranded polynucleotide is then 
inserted into an appropriate expression vector, and a mutant 
polypeptide is produced. This protocol may be carried out 
via PCR. 

0047 As mentioned above. The exo- and exo-- DNA 
polymerases may be the same polymerases (e.g., both Tfi 
polymerases), or may be different polymerases (e.g., Tfi and 
Tzi polymerases). In one embodiment, a Tfi polymerase 
having a point mutation resulting in Substantially reduced 
5'-exonuclease activity is used. In another embodiment, the 
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Tfi exo-polymerase has an asp144 to ala144 (D144A) point 
mutation. In another embodiment, the polymerase has an 
asp121 to ala121 (D121A) point mutation. Although a 
D144A5'-exonuclease mutant is exemplified herein, the use 
of any mutant DNA polymerase substantially reduced in 
5'-exonuclease activity as a component of a DNA poly 
merase blend is within the scope of the present invention. 
0048. In addition to one or more mutations which sub 
stantially reduce the 5'-exonuclease activity of a DNA 
polymerase, the polymerase may also comprise one or more 
mutations resulting in increased thermostability. For 
example, in addition to a point mutation resulting in Sub 
stantially reduced Tfi 5'-exonuclease activity, Tfi may also 
contain one or more mutations which result in increased 
thermostability. One of these mutations is glu437 to asp437 
(E437D). In one embodiment, the Tifi DNA polymerase has 
two point mutations: D144A and E437D. This polymerase is 
both Substantially reduced in exo-activity and has enhanced 
thermostability. Although a D144A/E437D double mutant is 
exemplified herein, the use of a mutant DNA polymerase 
Substantially reduced in 5'-exonuclease activity and having 
enhanced thermostability (e.g., having any two point muta 
tions which result in substantially reduced 5'-exo activity 
and enhanced thermostability) as a component of a DNA 
polymerase blend is within the scope of the present inven 
tion. The 5'-exonuclease activity and thermostability of any 
mutant polymerase may be determined using methods well 
known in the art and described herein. The exo-fexo-- DNA 
polymerase blends described herein may used at ratios of 
about 9:1, 8:2, 7:3, 6:4, 5:5, 4.6, 3:7, 2:8 or 1:9 (exo-:exo--). 
In one embodiment, the exo-?exo-- DNA polymerase blends 
are used at a ratio of about 7:3 (exo-exo--). 
0049. Thermostable DNA polymerases contemplated for 
use in the compositions and methods described herein 
include, but are not limited to, Thermus thermophilus (Tth) 
DNA polymerase. Thermus aquaticus (Taq) DNA poly 
merase. Thermococcus Zilligi (Tzi) DNA polymerase. Ther 
motoga neopolitana (Tne) DNA polymerase. Thermotoga 
maritima (Tma) DNA polymerase. Thermus filiformis (Tfi) 
DNA polymerase, Stoffel fragment, Thermoscript(R), Super 
script IR, Superscript IIR, Superscript III(R, Thermococcus 
litoralis (Tli or VENTTM) DNA polymerase, Pyrococcus 
furiosus (Pfu) DNA polymerase, DEEPVENTTM DNA poly 
merase, Pyrococcus woosii (Pwo) DNA polymerase, Pyro 
coccus sp KOD2 (KOD) DNA polymerase, Bacillus Stearo 
thermophilus (Bst) DNA polymerase, Bacillus caldophilus 
(Bca) DNA polymerase, Sulfolobus acidocaldarius (Sac) 
DNA polymerase. Thermoplasma acidophilum (Tac) DNA 
polymerase. Thermus flavus (Tfl/Tub) DNA polymerase, 
Thermus ruber (Tru) DNA polymerase. Thermus brockianus 
(DYNAZYMETM) DNA polymerase, Methanobacterium 
thermoautotrophicum (Mth) DNA polymerase, a mycobac 
terium DNA polymerase (e.g. Mtb. Mlep); and generally Pol 
I and Pol III type polymerases, and mutants or variants 
thereof. 

0050. Such polymerases are described, for example, in 
U.S. Pat. No. 5,436,149; U.S. Pat. No. 4,889,818; U.S. Pat. 
No. 4,965, 188: U.S. Pat. No. 5,079,352; U.S. Pat. No. 
5,614,365; U.S. Pat. No. 5,374,553; U.S. Pat. No. 5,270,179; 
U.S. Pat. No. 5,047,342; U.S. Pat. No. 5,512,462: WO 
92/06188: WO 92/06200, WO 96/10640; WO 97/09451; 
Barnes, W. M. Gene 112:29-35 (1992); Lawyer, F. C., et al. 
PCR Meth. Appl. 2:275-287, 1993; Flaman, J.-M, et al., 
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Mutant Nucleic Acid Polymerases 
0053 Also described herein are isolated nucleic acids 
encoding polymerases having Substantially reduced 5'-exo 
nuclease activity, and which retain substantial levels of 
polymerase activity (e.g., point mutations of the isolated 
nucleic acid having the sequence of SEQID NO: 1 encoding 
wild type Tfi DNA polymerase). By “substantial levels” is 
meant at least about 25%, 30%, 35%, 40%, 45%, 50%, 55%, 
60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 
98%, 99% or 100% of the polymerase activity of the 
corresponding wild type polymerase. In one embodiment, 
the nucleic acid encoding the mutant polymerase is operably 
linked to a promoter and/or inserted into a vector (e.g., an 
expression vector) as described below. In one embodiment, 
the nucleic acid encodes the DNA polymerase having the 
amino acid sequence of SEQID NO: 2 (wild type Tfi DNA 
polymerase). 
Cloning and Expression of DNA Polymerases 
0054) To clone a gene encoding a DNA polymerase, 
isolated DNA (e.g. cDNA) comprising the polymerase gene 
of interest obtained from the appropriate cell type is used to 
construct a recombinant DNA library in a vector using 
conventional methods well known in the art of molecular 
biology (e.g., Molecular Cloning, a Laboratory Manual 
(2nd ed.), Cold Spring Harbor Laboratory Press, Cold 
Spring Harbor, N.Y., 1989. Any vector well known in the art 
can be used to clone a wild type or mutant DNA polymerase, 
as long as the vector is compatible with the host in which the 
recombinant DNA library is transformed. 
0.055 To optimize expression of the polymerases 
described herein, inducible or constitutive promoters well 
known in the art may be used to express high levels of a 
polymerase structural gene in a recombinant host. Similarly, 
high copy number vectors, well known in the art, may be 
used to achieve high levels of expression. Vectors having an 
inducible high copy number may also be useful to enhance 
expression of the polymerases in a recombinant host. 
0056 Prokaryotic vectors for constructing the plasmid 
library include plasmids Such as those capable of replication 
in E. coli, including, but not limited to, pBR322, pFT-26b(+ 
), ColE1, pSC101, puC vectors (pUC18, p OC19, etc., in 
Molecular Cloning, a Laboratory Manual, Cold Spring 
Harbor Laboratory Press, Cold Spring Harbor, N.Y., 1989). 
Bacillus plasmids include pC194, pC221, pC217, etc. (Gly 
czan, in Molecular Biology Bacilli, Academic Press, New 
York, pp. 307-329. 1982). Suitable Streptomyces plasmids 
include plJ101 (Kendall et al., J. Bacteriol. 169:4177-4183, 
1987). Pseudomonas plasmids are reviewed by John et al. 
(Rad. Insec. Dis. 8:693-704, 1986) and Igaki (Jpn. J. Bac 
teriol. 33:729-742, 1978). Broad-host range plasmids or 
cosmids, such as pCP13 (Darzins et al., J. Bacteriol. 159:9- 
18, 1984) can also be used for the present invention. 
0057 Wild type or mutant DNA polymerase genes may 
be cloned in a prokaryotic host such as E. coli or other 
bacterial species including, but not limited to, Escherichia, 
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Pseudomonas, Salmonella, Serratia, and Proteus. Eukary 
otic hosts also can be used for cloning and expression of 
wild type or mutant polymerases. Such hosts include yeast, 
fungi and mammalian cells. Expression of the desired DNA 
polymerase in Such eukaryotic cells may involve the use of 
eukaryotic regulatory regions which include eukaryotic pro 
moters. Cloning and expressing the wild type or mutant 
polymerase genes in eukaryotic cells may be accomplished 
by well known techniques using well known eukaryotic 
vector systems. 

0058 Hosts can be transformed by routine, well-known 
techniques. In one embodiment, transformed colonies are 
plated and screened for the expression of a thermostable 
DNA polymerase by transferring transformed E. coli colo 
nies to nitrocellulose membranes. After the transformed 
cells are grown on nitrocellulose, the cells are lysed by 
standard techniques, and the membranes are then treated at 
95° C. for 5 minutes to inactivate the endogenous E. coli 
enzyme. Other temperatures may be used to inactivate the 
host polymerases depending on the host used and the 
temperature stability of the DNA polymerase to be cloned. 
Stable DNA polymerase activity is then detected by assaying 
for the presence of DNA polymerase activity using well 
known techniques (i.e. Sanger et al., Gene 97:119-123, 
1991). 

0059 Also described herein are host cells that contain or 
comprise Such nucleic acid molecules, and vectors that 
contain or comprise these nucleic acid molecules. Also 
included are methods for making the polypeptides (e.g., 
methods for producing polypeptides using these nucleic acid 
molecules). In particular embodiments, polypeptides are 
provided in (1) isolated, (2) substantially pure, and/or (3) 
essentially pure forms. Other aspects include compositions 
and mixtures (e.g., reaction mixtures) that contain or com 
prise one or more polypeptides and/or more polynucleotides 
described herein. 

0060. To optimize expression of the wild type or mutant 
DNA polymerases, inducible or constitutive promoters are 
well known and may be used to express high levels of a 
polymerase structural gene in a recombinant host. Similarly, 
high copy number vectors, well known in the art, may be 
used to achieve or enhance expression of the DNA poly 
merase in a recombinant host. 

0061. To express the desired structural gene in a prokary 
otic cell (such as, E. coli, B. subtilis, Pseudomonas, etc.), the 
gene may be operably linked to a functional prokaryotic 
promoter. However, the natural promoter may function in 
prokaryotic hosts allowing expression of the polymerase 
gene. Thus, the natural promoter or other promoters may be 
used to express the DNA polymerase gene. Such other 
promoters may be used to enhance expression and may 
either be constitutive or regulatable (i.e., inducible ordere 
pressible) promoters. Examples of constitutive promoters 
include the int promoter of bacteriophage w, and the bla 
promoter of the B-lactamase gene of pHR322. Examples of 
inducible prokaryotic promoters include the major right and 
left promoters of bacteriophage W. (P and P), trp, recA, 
lacZ, lacI, tet, gal, trc, and tac promoters of E. coli. The B. 
subtilis promoters include C.-amylase (Ulmanen et al., J. 
Bacteriol 162: 176-182 (1985)) and Bacillus bacteriophage 
promoters (Gryczan, T., Supra.). Streptomyces promoters are 
described by Ward et al., Mol. Gen. Genet. 203:468-478, 
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1986). Prokaryotic promoters are also reviewed by Glick, J. 
Ind. Microbiol. 1:277-282, 1987: Cenatiempto, Y. Bio 
chimie 68:505-516, 1986; and Gottesman, Ann. Rev. Genet. 
18:415-442 (1984). Expression in a prokaryotic cell also 
requires the presence of a ribosomal binding site upstream of 
the gene-encoding sequence. Such ribosomal binding sites 
are disclosed, for example, by Gold et al., Ann. Rev. Micro 
biol. 35:365-404 (1981). 
0062. In one embodiment, the DNA polymerases 
described herein are produced by fermentation of the recom 
binant host containing and expressing the cloned polymerase 
gene. Any nutrient that can be assimilated by the thermo 
phile of interest, or a host containing the cloned DNA 
polymerase gene, may be added to the culture medium. 
Optimal culture conditions should be selected case by case 
according to the Strain used and the composition of the 
culture medium. Antibiotics may also be added to the growth 
media to insure maintenance of vector DNA containing the 
desired gene to be expressed. 

0063 Recombinant host cells producing the DNA poly 
merase of this invention can be separated from liquid 
culture, for example, by centrifugation. In general, the 
collected microbial cells are dispersed in a suitable buffer, 
and then broken down by ultrasonic treatment or by other 
well known procedures to allow extraction of the enzymes 
by the buffer solution. After removal of cell debris by 
ultracentrifugation or centrifugation, the DNA polymerase 
can be purified by standard protein purification techniques 
Such as extraction, precipitation, chromatography, affinity 
chromatography, electrophoresis or the like. Assays to detect 
the presence of the DNA polymerase during purification are 
well known in the art and can be used during conventional 
biochemical purification methods to determine the presence 
of these enzymes. 
Use of Exo-/Exo--Polymerase Blends and Mutant Poly 
CaSS 

0064. The exo-?exo-- DNA polymerase blends, or mutant 
polymerases described herein may be used in well known 
DNA sequencing, DNA labeling, DNA amplification or 
cDNA synthesis reactions. The polymerase blends and poly 
merases may also be used to analyze and/or type polymor 
phic DNA fragments. The DNA may be obtained from any 
desired source as described below. 

Sources of DNA 

0065 Suitable sources of DNA, including a variety of 
cells, tissues, organs or organisms, may be obtained through 
any number of commercial sources (including American 
Type Culture Collection (ATCC), Rockville, Md.: Jackson 
Laboratories, Bar Harbor, Me.: Cell Systems, Inc., Kirkland, 
Wash.; Advanced Tissue Sciences, La Jolla, Calif.). In one 
embodiment, cells that used as starting materials for 
genomic DNA preparation are eukaryotic (including fungi or 
yeasts, plants, protozoans and other parasites, and animals 
including humans and other mammals). Any mammalian 
cell may be used for preparation of DNA, including blood 
cells (erythrocytes and leukocytes), endothelial cells, epi 
thelial cells, neuronal cells (from the central or peripheral 
nervous systems), muscle cells (including myocytes and 
myoblasts from skeletal, Smooth or cardiac muscle), con 
nective tissue cells (including fibroblasts, adipocytes, chon 
drocytes, chondroblasts, osteocytes and osteoblasts) and 
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other Stromal cells (e.g., macrophages, dendritic cells, 
Schwann cells), although other cells, including the progeni 
tors, precursors and stem cells that give rise to the above 
described somatic cells, are equally Suitable. Also suitable 
for use in the preparation of DNA are mammalian tissues or 
organs such as those derived from brain, kidney, liver, 
pancreas, blood, bone marrow, muscle, nervous, skin, geni 
tourinary, circulatory, lymphoid, gastrointestinal and con 
nective tissue sources, as well as those derived from a 
mammalian (including human) embryo or fetus. These cells, 
tissues and organs may be normal, or they may be patho 
logical. 
DNA Sequencing 
0066. As is well known, sequencing reactions (isothermal 
DNA sequencing and cycle sequencing of DNA) require the 
use of DNA polymerases. Dideoxy-mediated sequencing 
involves the use of a chain-termination technique which uses 
a specific polymer for extension by DNA polymerase, a 
base-specific chain terminator and the use of polyacrylamide 
gels to separate the newly synthesized chain-terminated 
DNA molecules by size so that at least a part of the 
nucleotide sequence of the original DNA molecule can be 
determined. Specifically, a DNA molecule is sequenced by 
using four separate DNA sequence reactions, each of which 
contains different base-specific terminators. For example, 
the first reaction will contain a G-specific terminator, the 
second reaction will contain a T-specific terminator, the third 
reaction will contain an A-specific terminator, and a fourth 
reaction may contain a C-specific terminator. Preferred 
terminator nucleotides include dideoxyribonucleoside triph 
osphates (ddNTPs) such as ddATP, ddTTP, ddGTP, ddITP 
and ddCTP. Analogs of dideoxyribonucleoside triphosphates 
may also be used and are well known in the art. 
0067. When sequencing a DNA molecule, ddNTPs lack a 
hydroxyl residue at the 3' position of the deoxyribose base 
and thus, although they can be incorporated by DNA poly 
merases into the growing DNA chain, the absence of the 
3'-hydroxy residue prevents formation of the next phos 
phodiester bond resulting in termination of extension of the 
DNA molecule. Thus, when a small amount of one ddNTP 
is included in a sequencing reaction mixture, there is com 
petition between extension of the chain and base-specific 
termination resulting in a population of synthesized DNA 
molecules which are shorter in length than the DNA tem 
plate to be sequenced. By using four different ddNTPs in 
four separate enzymatic reactions, populations of the Syn 
thesized DNA molecules can be separated by size so that at 
least a part of the nucleotide sequence of the original DNA 
molecule can be determined. DNA sequencing by dideoxy 
nucleotides is well known and is described by Sambrook et 
al., supra. As will be readily recognized, the exo-?exo-- DNA 
polymerase blends and mutant DNA polymerases described 
herein may be used in Such sequencing reactions. 
0068. As is well known, detectably labeled nucleotides 
are typically included in sequencing reactions. Any number 
of labeled nucleotides can be used in sequencing (or label 
ing) reactions, including, but not limited to, radioactive 
isotopes, fluorescent labels, chemiluminescent labels, biolu 
minescent labels, and enzyme labels. 
Polymerase Chain Reaction (PCR) 
0069 Polymerase chain reaction (PCR), a well known 
DNA amplification technique, is a process by which DNA 
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polymerase and deoxyribonucleoside triphosphates are used 
to amplify a target DNA template. In such PCR reactions, 
two primers, one complementary to the 3' termini (or near 
the 3'-termini) of the first strand of the DNA molecule to be 
amplified, and a second primer complementary to the 3' 
termini (or near the 3'-termini) of the second strand of the 
DNA molecule to be amplified, are hybridized to their 
respective DNA strands. After hybridization, DNA poly 
merase, in the presence of deoxyribonucleoside triphos 
phates, allows the synthesis of a third DNA molecule 
complementary to the first strand and a fourth DNA mol 
ecule complementary to the second strand of the DNA 
molecule to be amplified. This synthesis results in two 
double stranded DNA molecules. Such double stranded 
DNA molecules may then be used as DNA templates for 
synthesis of additional DNA molecules by providing a DNA 
polymerase, primers, and deoxyribonucleoside triphos 
phates. As is well known, the additional synthesis is carried 
out by “cycling the original reaction (with excess primers 
and deoxyribonucleoside triphosphates) allowing multiple 
denaturing and synthesis steps. Typically, denaturing of 
double stranded DNA molecules to form single stranded 
DNA templates is accomplished by high temperatures. The 
exo-?exo-- DNA polymerase blends and mutant DNA poly 
merases described herein are heat stable, and thus will 
Survive such thermal cycling during DNA amplification 
reactions. Thus, these DNA polymerase blends and mutated 
DNA polymerases are ideally suited for PCR reactions, 
particularly where high temperatures are used to denature 
the DNA molecules during amplification. The exo-?exo 
polymerase blends and mutated DNA polymerases 
described herein may be used in all PCR methods known to 
one of ordinary skill in the art, including end-point PCR, 
real-time qPCR (U.S. Pat. Nos. 6,569,627; 5,994,056; 5,210, 
015; 5,487,972; 5,804,375; 5,994,076, the contents of which 
are incorporated by reference in their entirety), allele spe 
cific amplification, linear PCR, one step reverse tran 
scriptase (RT)-PCR, two step RT-PCR, mutagenic PCR, 
multiplex PCR and the PCR methods described in copend 
ing U.S. patent application Ser. No. 09/599,594, the contents 
of which are incorporated by reference in their entirety. 
Preparation of cDNA 
0070 The exo-?exo-- DNA polymerase blends and 
mutant DNA polymerases described herein may also be used 
to prepare cDNA from mRNA templates. See, for example, 
U.S. Pat. Nos. 5,405,776 and 5,244,797, the disclosures of 
which are incorporated herein by reference. Thus, the inven 
tion also relates to a method of preparing cDNA from 
mRNA, comprising (a) contacting mRNA with an oligo(dT) 
primer or other complementary primer to form a hybrid; and 
(b) contacting the hybrid formed in step (a) with the DNA 
polymerase blends or mutant polymerases of the invention 
and the four dNTPs, whereby a cDNA-RNA hybrid is 
obtained. If the reaction mixture is step (b) further comprises 
an appropriate oligonucleotide which is complementary to 
the cDNA being produced, it is also possible to obtain 
dsDNA following first strand synthesis. Thus, the invention 
is also directed to a method of preparing dsDNA with the 
exo-?exo-- DNA polymerase blends and polymerases 
described herein. 

0071 Another embodiment features compositions and 
reactions for nucleic acid synthesis, sequencing or amplifi 
cation that include exo-?exo-- DNA polymerase blends and 
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mutant DNA polymerases. These mixtures include the poly 
merase blend or mutant polymerase, one or more dNTPs 
(dATP, dTTP, dGTP, dCTP), a nucleic acid template, an 
oligonucleotide primer, magnesium and buffer salts, and 
may also include other components (e.g., nonionic deter 
gent). If sequencing reactions are performed, the reaction 
may also include one or more ddNTPs. The dNTPs or 
ddNTPs may be unlabeled or labeled with a fluorescent, 
chemiluminescent, bioluminescent, enzymatic or radioac 
tive label. In some embodiments, compositions comprising 
DNA polymerase blends or mutant DNA polymerases are 
formulated as described in PCT WO98/06736, the entire 
contents of which are incorporated herein by reference. 
0072. In some embodiments, kits are provided (e.g., for 
use in carrying out the methods described herein). Such kits 
may include, in addition to the exo-?exo-- DNA polymerase 
blends or mutant DNA polymerase, one or more one or more 
components selected from the group consisting of one or 
more anti-DNA polymerase antibodies, one or more host 
cells (preferably competent to take up nucleic acid mol 
ecules), one or more nucleic acids (e.g., nucleic acid tem 
plates), one or more nucleotides, one or more nucleic acid 
primers, one or more vectors, one or more ligases, one or 
more topoisomerases, and one or more buffers or buffer 
salts. 

Analyzing and Typing Polymorphic DNA Fragments 
0073. In one embodiment, the relationship between a first 
individual and a second individual may be determined by 
analyzing and typing a particular polymorphic DNA frag 
ment, such as a minisatellite or microsatellite DNA 
sequence. In Such a method, the amplified fragments for 
each individual are compared to determine similarities or 
dissimilarities. Such an analysis is accomplished, for 
example, by comparing the size of the amplified fragments 
from each individual, or by comparing the sequence of the 
amplified fragments from each individual. In another aspect 
of the invention, genetic identity can be determined. Such 
identity testing is important, for example, in paternity test 
ing, forensic analysis, etc. In this aspect of the invention, a 
sample containing DNA is analyzed and compared to a 
sample from one or more individuals. In one such aspect of 
the invention, one sample of DNA may be derived from a 
first individual and another sample may be derived from a 
second individual whose relationship to the first individual 
is unknown; comparison of these samples from the first and 
second individuals by the methods of the invention may then 
facilitate a determination of the genetic identity or relation 
ship between the first and seconda individual. In a particu 
larly preferred such aspect, the first DNA sample may be a 
known sample derived from a known individual and the 
second DNA sample may be an unknown sample derived, 
for example, from crime scene material. In an additional 
aspect of the invention, one sample of DNA may be derived 
from a first individual and another sample may be derived 
from a second individual who is related to the first indi 
vidual; comparison of these samples from the first and 
second individuals by the methods of the invention may then 
facilitate a determination of the genetic kinship of the first 
and second individuals by allowing examination of the 
Mendelian inheritance, for example, of a polymorphic, mini 
satellite, microsatellite or STR DNA fragment. 
0074. In another aspect of the invention, DNA fragments 
important as genetic markers for encoding a gene of interest 



US 2006/0292578 A1 

can be identified and isolated. For example, by comparing 
samples from different sources, DNA fragments which may 
be important in causing diseases such as infectious diseases 
(of bacterial, fungal, parasitic or viral etiology), cancers or 
genetic diseases, can be identified and characterized. In this 
aspect of the invention a DNA sample from normal cells or 
tissue is compared to a DNA sample from diseased cells or 
tissue. Upon comparison according to the invention, one or 
more unique polymorphic fragments present in one DNA 
sample and not present in the other DNA sample can be 
identified and isolated. Identification of Such unique poly 
morphic fragments allows for identification of sequences 
associated with, or involved in, causing the diseased State. 
0075 Gel electrophoresis is typically performed on aga 
rose or polyacrylamide sequencing gels according to stan 
dard protocols using gels containing polyacrylamide at 
concentrations of 3-12% (e.g., 8%), and containing urea at 
a concentration of about 4-12M (e.g., 8M). Samples are 
loaded onto the gels, usually with samples containing ampli 
fied DNA fragments prepared from different sources of 
genomic DNA being loaded into adjacent lanes of the gel to 
facilitate Subsequent comparison. Reference markers of 
known sizes may be used to facilitate the comparison of 
samples. Following electrophoretic separation, DNA frag 
ments may be visualized and identified by a variety of 
techniques that are routine to those of ordinary skill in the 
art, such as autoradiography. One can then examine the 
autoradiographic films either for differences in polymorphic 
fragment patterns (“typing') or for the presence of one or 
more unique bands in one lane of the gel (“identifying); the 
presence of a band in one lane (corresponding to a single 
sample, cell or tissue type) that is not observed in otherlanes 
indicates that the DNA fragment comprising that unique 
band is source-specific and thus a potential polymorphic 
DNA fragment. 
Kits 

0.076 The exo-?exo-- DNA polymerase blends and 
mutant polymerases described herein are suited for the 
preparation of a kit. Kits comprising these polymerase 
blends or polymerases may be used for detectably labeling 
DNA molecules, DNA sequencing, amplifying DNA mol 
ecules or cDNA synthesis by well known techniques, 
depending on the content of the kit. See U.S. Pat. Nos. 
4,962,020, 5,173,411, 4,795,699, 5,498,523, 5,405,776 and 
5.244,797, the disclosures of which are hereby incorporated 
by reference. Such kits may comprise a carrying means 
being compartmentalized to receive in close confinement 
one or more container means such as vials, test tubes and the 
like. Each of Such container means comprises components 
or a mixture of components needed to perform DNA 
sequencing, DNA labeling, DNA amplification, or cDNA 
synthesis. 

0.077 Such kits may include, in addition to an exo-?exo-- 
DNA polymerase blend or mutant DNA polymerase, one or 
more one or more components selected from the group 
consisting of one or more anti-DNA polymerase antibodies, 
one or more host cells (preferably competent to take up 
nucleic acid molecules), one or more nucleic acids (e.g., 
nucleic acid templates), one or more nucleotides, one or 
more nucleic acid primers, one or more vectors, one or more 
ligases, one or more topoisomerases, and one or more 
buffers or buffer salts. 
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0078 Kit constituents typically are provided, individu 
ally or collectively, in containers (e.g., vials, tubes, ampules, 
and bottles). Kits typically include packaging material, 
including instructions describing how the kit can be used for 
example to synthesize, amplify or sequence nucleic acids. A 
first container may, for example, comprise a Substantially 
purified sample of each polymerase. A second container may 
comprise one or a number of types of nucleotides needed to 
synthesize a DNA molecule complementary to DNA tem 
plate. A third container may comprise one or a number of 
different types of dideoxynucleoside triphosphates. A fourth 
container may comprise pyrophosphatase. In addition to the 
above containers, additional containers may be included in 
the kit which comprise one or a number of DNA primers. A 
kit used for amplifying DNA will comprise, for example, a 
first container comprising a Substantially pure exo- and 
exo-- DNA polymerase, or a substantially pure exo- DNA 
polymerase, as described herein and one or a number of 
additional containers which comprise a single type of nucle 
otide or mixtures of nucleotides. Various primers may or 
may not be included in a kit for amplifying DNA. The 
various kit components need not be provided in separate 
containers, but may also be provided in various combina 
tions in the same container. For example, the exo-?exo 
polymerases and nucleotides may be provided in the same 
container, or the exo-, exo-- and nucleotides may be pro 
vided in different containers. 

0079 Kits for cDNA synthesis comprise a first container 
containing an exo-feXO-- polymerase blend, a second con 
tainer containing the four dNTPs and the third container 
containing an oligo(dT) primer. See U.S. Pat. Nos. 5,405, 
776 and 5.244.797, the disclosures of which are incorpo 
rated herein by reference. Since the exo-?exo-- DNA poly 
merase blends and exo- DNA polymerases of the present 
invention are also capable of preparing dsDNA, a fourth 
container may contain an appropriate primer complementary 
to the first strand cDNA. Of course, it is also possible to 
combine one or more of these reagents in a single tube. 
When desired, the kit of the present invention may also 
include a container which comprises detectably labeled 
nucleotides which may be used during the synthesis or 
sequencing of a DNA molecule. One of a number of labels 
may be used to detect such nucleotides. Illustrative labels 
include, but are not limited to, radioactive isotopes, fluo 
rescent labels, chemiluminescent labels, bioluminescent 
labels and enzyme labels. 
0080 Having now generally described the embodiments, 
the same will be more readily understood through reference 
to the following examples which are provided by way of 
illustration, and are not intending to be limiting of the 
present invention. 

EXAMPLES 

Example 1 

Synthesis of Tfi Gene 

0081. The Tfi gene was synthesized from 136 nucleotides 
by PCR-based gene assembly (Young et al. Nucl. Acids Res., 
2004). The oligonucleotides were designed using the pro 
gram DNA Works 2.0 (Hoover et al., 2002). The protein 
sequence of Tfi was input into DNA Works and the param 
eters were adjusted to optimize expression in E. coli and to 



US 2006/0292578 A1 

minimize the GC content of the synthetic gene. The fully 
synthesized gene product, containing the mutation E437D 
(GAA->GAT), was verified by sequencing and subcloned 
into the pTTO vector at the NdeI/HindIII restriction sites. 
This is referred to as Tfi 5'-exo-- (or exo--). Tfi 5'-exo- (or 
exo-) contains an additional mutation in the 5'-->3' exonu 
clease domain, D144A (GAT->GAA), and was introduced 
into Tfi exo-- using the Quikchange site-directed mutagen 
esis kit (Stratagene) according to the manufacturers instruc 
tions. The DNA sequence of the Tfi open reading frame is 
shown in SEQ ID NO: 1, and the wild type Tfi protein 
sequence is shown in SEQ ID NO: 2. 

Example 2 

Tfi Cell Culture 

0082 For a 6 liter preparation, 6 1 L Tficultures were 
grown in 31 shaker flasks containing LB-Ampicillin (LB 
amp) (100 g/ml). The cultures were incubated at 37° C. 
with constant shaking at 250 rpm. The two strains used were: 
Tfi exo-- strain: pTTQ-Tfi-E437D in DH10b 
Tfi exo-strain: pTTQ-Tfi-E437D/D144A in DH10b 
0083. On day 1, a starter culture was made in which 200 
ml LB-amp (100 g/ml) was inoculated with a glycerol 
stock of DH10b (pTTQ-sRT41a-E437D/D144A). Cells 
were grown overnight at 37° C., 250 rpm. On day 2, the 
diluted starter culture was diluted 1:30 into six 1 LLB-amp 
(100 g/ml) shaker flasks at 37° C., 250 rpm for 6-8 hours 
until the ODoo was about 1.0. Protein expression was 
induced with 1 mM IPTG, and continued overnight for 
14-16 hours at 37° C., 250 rpm. Cells were centrifuged and 
the supernatant was discarded. The cell pellet was either 
frozen at -80° C. or processed as described in Example 2. 
Active polymerase was prepared from both frozen and fresh 
cell paste with no discernable difference in specific activity. 
The weight of the cells was about 4 g cell paste/L culture. 

Example 3 

Purification of Tfi DNA Polymerases (Exo-- and 
Exo-) 

0084 Cells were suspended in lysis buffer (50 mM 
Tris-HCl, pH 7.5, 10 mM KC1, 1 mM EDTA, 6% glycerol, 
1 ml/20 g cell paste protease inhibitor cocktail and 5 mM 
2-mercaptoethanol) and passaged through a French press, 
resulting in about 85% cell lysis. The samples were centri 
fuged, and Big Chaps and CHAPSO were added to the lysate 
to concentrations of 0.001% and 0.0001%, respectively. 
Lysates were then heated for 20 min at 75° C., with mixing 
at 10 min. The resulting lysate was precipitated with poly 
ethyleneimine (Polymin P) by adding 5M NaCl to a 
Cf=0.2M, then adding 10% Polymin P at 4° C., while 
stirring, to a Cf=0.4%. Samples were stirred for 15-20 min, 
then centrifuged at 15,000 rpm for 15 min. The resulting 
lysates were precipitated with ammonium sulfate by adding 
solid ammonium sulfate to 45% (258 g/1 L), then stirred at 
4° C. for 30 min. The samples were centrifuged at 15,000 
rpm for 20 min at 4°C. The ammonium sulfate pellet was 
resuspended in 12 ml buffer B (25 mM Kpi, pH 6.6, 50 mM 
KC1, 0.1 mM EDTA, 8% glycerol, 5 mM 2-mercaptoetha 
nol, 0.001% Big CHAPS, 0.0001% CHAPSO), then dia 
lyzed overnight in 1 L buffer B. 
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0085. The resulting samples were then subjected to 
EMD-SO, column chromatography using 5.0 mL bed vol 
ume columns (EM Science, catalog #116882-7) equilibrated 
in buffer B. Pump A pumped buffer B, and pump B pumped 
buffer C (25 mM Kpi, pH 6.6,700 mM KC1, 0.1 mM EDTA, 
8% glycerol, 5 mM 2-mercaptoethanol, 0.001% Big 
CHAPS, 0.0001% CHAPSO). 12 ml sample was filtered 
through a 0.45 um Syringe filter and applied to the column 
at a flow rate of 1 ml/min and a gradient of 0-70% buffer B 
over 15 column volumes. Fraction sizes were 2 ml. The 
presence of Tfi DNA polymerase in the fractions was 
monitored by Sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis (SDS-PAGE) on a 4-20% tris-glycine gel 
and visualization of a 94 kDa band which is the approximate 
molecular weight of Tfi DNA polymerase. Peak fractions 
containing the polymerase were pooled and dialyzed over 
night in 1 L of buffer D (25 mM Tris-Cl, pH 8.0, 50 mM 
KC1, 0.1 mM EDTA, 8% glycerol, 5 mM 2-mercaptoetha 
nol, 0.001% Big CHAPS, 0.0001% CHAPSO). 
0086) The resulting samples were then subjected to 
Source 30O column chromatography (Amersham) on a 5 ml 
bed volume column with a 2.0 cm diameter. Column was 
equilibrated in buffer D. Pump A pumped buffer D, and 
pump B pumped buffer E (25 mM Tris HCl, pH 8.0: 500 mM 
KC1, 0.1 mM EDTA, 8% glycerol, 5 mM 2-mercaptoetha 
nol, 0.001% Big CHAPS, 0.0001% CHAPSO). 20 ml 
sample was filtered through a 0.45 um Syringe filter and 
applied to the column at a flow rate of 1 ml/min and a 
gradient of 0-100% buffer B over 15 column volumes. 
Fraction sizes were 2 ml. Peak fractions were pooled and 
dialyzed overnight in Tfi storage buffer (20 mM Tris-HCl, 
pH 8.0, 0.1 mM EDTA; 50% glycerol, 1 mM DTT, 0.1% Big 
CHAPS, 0.01% CHAPSO). 

Example 4 

PCR Optimization 

0087 Taq 10x PCR buffer was used as a starting point for 
PCR optimization. The final 5x Tfi buffer was 250 mM 
Tris-HCl, pH 8.4, 75 mM (NH)SO 25 mM KC1, 10% 
glycerol, 0.5% Big CHAPS, 0.05% CHAPSO, 1 mM DTT. 
TfiPCR reactions consisted of 0.2 LM primers, 200 uM each 
dNTP 1x Tfi PCR buffer, 1.5 mM MgC1, 20-200 ng 
template DNA, 1-5 units Tfi DNA polymerase (total vol 
ume=50 ul). Cycling conditions were 35 cycles at 94°C. for 
15-30s, 55° C.-64° C. for 30s, and 72° C. for 1 min/kb. 10 
ul of the PCR reactions were analyzed on agarose gels 
containing 0.4 ug/ml ethidium bromide (EtBr). 

Example 5 

Fidelity Determination 
0088 Polymerase fidelity was determined using BRCA1 
exon 11 PCR amplification and dHPLC analysis. Amplifi 
cation reactions were set up using different DNA poly 
merases. Briefly, a 437 base pair fragment was amplified in 
a reaction consisting of 100 ng K562 genomic DNA, 0.2 LM 
of each primer, 1xPCR reaction buffer, 1.5 mM Mg", 200 
uM of each dNTP and water in a final volume of 50 ul. The 
forward primer was 5'-GAAACTGCCATGCTCAGAGA-3' 
(SEQ ID NO: 3) and the reverse primer was 5'-ATT. 
TATTTGTGAGGGGACGC-3' (SEQ ID NO: 4). Cycling 
conditions were 94° C. for 2 min, 35 cycles of 94° C., 15 s: 
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58°C., 30s; 68°C., 45s; followed by 68° C. for 7 min and 
then 4° C. Five ul of the reaction mix was directly loaded 
onto the WAVE system after PCR cycling. A solvent gradi 
ent was generated by mixing WAVE OptimizedTM buffer A 
(0.1 M ETAA, pH 7.0) and WAVE OptimizedTM buffer B 
(0.1 M ETAA, 25% acetonitrile, pH 7.0) in a linear gradient 
running from 60 to 66% Buffer B over 4.5 minutes at 56°C. 
Following each analytical run, a DNASepTM Cartridge was 
washed using 100% WAVE optimized buffer B for 0.5 min, 
then equilibrated at 54% Buffer B for two minutes in 
preparation for the next sample injection. Peak areas for 
homo- and heteroduplex peaks were calculated to allow 
determination of the percentage of PCR fragments forming 
heteroduplex DNA, an indication of the presence of PCR 
induced errors. 

0089. A representative chromatogram is shown in FIG. 1. 
The percentage of each peak is shown in the graph. The 
major, homoduplex peak was about 72%. 65% and 65% for 
Tfi exo-?exo-- (7:3 ratio). Taq (Invitrogen) and Taq 
(Promega), respectively. 

Example 6 

PCR using Tfi Exo-/Exo-- Blends 
0090 PCR was performed on human K562 cell genomic 
template DNA to amplify a 1.5 kb target (Rhod 1495). Each 
reaction was set up with a reaction buffer of 50 mM Tris 
HCl, pH 8.4, 15 mM (NH)SO 5 mM KC1, 2% glycerol, 
0.2 mM of each dNTP 1.5 mM MgCl, 0.02% Big Chap, 
0.002% Chapso, 0.2 mM DTT, 0.2 M of each primer and 
100 ng K562 genomic DNA. The Rhod1495 forward primer 
was 5'-CAGCCCCTTCGAGTACCCACAGT3' (SEQ ID 
NO: 5), and the reverse primer was 5'-TGCTCACCAC 
CCCATGAAGTTT-3' (SEQID NO: 6). Two enzymes were 
used for the PCR reactions: Tfi exo- (D144A/E437D) and 
Tfi exo-- (E437D) DNA polymerases. The complete nucle 
otide and amino acid sequence of Tifi DNA polymerase may 
be found in copending U.S. patent application Ser. No. 
10/244,081, the entire contents of which are incorporated 
herein by reference. For each reaction, 5 units of polymerase 
with different ratios of exo- to exo-- were added to the 
reaction mixture: exo- only, 9:1, 8:2, 7:3, 6:4, 5:5, 4.6, 3:7. 
2:8, 1:9 and exo-- (represented as ratios of exo- to exo-). 
Cycling conditions (PerkinElmer 9600 thermal cycler) were 
1 cycle of 94° C. for 30 sec, followed by 35 cycles of 94° 
C., 30s: 35 cycles of 94° C. for 15 s, 60° C. for 30s; and 
68° C. for 1.5 min; then 1 cycle of 68° C. for 10 min. Ten 
ul of the PCR reaction products were analyzed on agarose 
gels containing 0.4 ug/ml ethidium bromide. The results are 
shown in FIG. 2. Thus, the addition of the exo-. Tfi 
polymerase increased the PCR product yield. 

Example 7 

Real-Time PCR 

0091 Real-time PCR was used to amplify a TaqMan(R) 
human B-actin target. Each Tifi DNA polymerase reaction 
was set up with a reaction buffer containing 50 mM Tris 
HCl, pH 8.4, 15 mM (NH)SO, 2% glycerol, 5 mM KCl, 
0.02% Big Chap, 0.002% Chapso, 0.2 mM DTT, 3 mM 
MgCl, 0.5 mM of each dNTP, 0.2 uM each B-actin primer 
(see below), 1xROX reference dye, 3.5 units of Tfi exo-, 1.5 
units of Tfi exo-- and a different copy number of plasmid 
DNA as a template. 
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0092. Each Taq DNA polymerase reaction was set up 
with a reaction buffer containing 20 mM Tris-HCl, pH 8.4, 
50 mM KC1, 3 mM MgCl, 0.5 mM of each dNTP, 0.2 uM 
each B-actin primer (see below), 0.1 uM B-actin probe (see 
below), 1xROX reference dye, 1 unit of Taq DNA poly 
merase and a different copy number of plasmid DNA as a 
template. The B-actin primer and probe sequences used 
Were 

(SEQ ID NO: 7) 
Forward: 5'-CCTGGCACCCAGCACAAT-3' 

(SEQ ID NO: 8) 
Reverse: 5'-GGGCCGGACTCGTCATAC-3' 

(SEQ ID NO: 9) 
Probe: 5'-(FAM) AGCCGCCGATCCACACGAGT (TAMRA)-3' 

0093. The cycling conditions were 50° C. for 2 min, 
c. for 2 min, followed by 50 cycles of 95° C. for 15 s, 60° 
C. for 30 s. The results are shown in Table 1 (Taq DNA 
polymerase) and Table 2 (Tfi exo-?exo-- DNA polymerase). 
The numbers shown in the top row of each table are the copy 
numbers of plasmid DNA used as a PCR template. NTC= 
non-treated control. 

TABLE 1. 

106 105 104 103 102 101 NTC 

sample 1 20.53 24.37 28.32 30.77 34.44 38.14 undet. 
sample 2 20.79 24.34 27.41 31.00 33.77 39.96 undet. 
sample 3 20.71 24.01. 28.32 31.34 34.49 37.46 undet. 
average 20.68 24.24 28.02 31.03 34.23 38.52 No amp. 
st. dev. O.13 O2O O.52 O29 O.4O 130 

0094) 

TABLE 2 

106 105 104 103 102 101 NTC 

sample 1 21.54 25.47 29.00 31.97 35.08 38.90 undet. 
sample 2 21.67 24.66 28.93 31.18 33.92 38.02 undet. 
sample 3 20.87 23.90 28.42 31.69 34.13 40.66 undet. 
average 21.36 24.67 28.78 31.61 34.38 39.19 No amp. 
st. dev. O43 O.78 O.31 O40 O.62 1.34 

0.095 For 10-100 copies, the slopes were -3.39 and 
-3.30 for Tfi and Taq, respectively. The correlation coeffi 
cients (R2) for Tfi and Taq, respectively, were 0.995 and 
0.986 These results show that Tifi exo-?exo-- DNA poly 
merase blend works as well as Taq DNA polymerase in 
real-time PCR. 

Example 8 

Use of Non-Ionic Detergents in Tifi Exo-/Exo--PCR 
Reactions 

0096) Over 100 different nonionic detergents were 
screened for their compatibility with Tfi exo-?exo-- PCR 
reactions. Suitable detergents included NP-40, Triton X-100, 
Chaps, Chapso, N-dodecyl-N,N-dimethylamine-N-oxide, 
Big CHAPS(N.N-bis-(3-D-gluconamidopropyl)cholamide), 
N-tetradecyl-N,N-dimethylamine-N-oxide, N-decyl-?3-D- 
maltoside, N-undecyl-B-D-maltoside, N-dodecyl-B-D-mal 
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toside, digitonin, J1, n-dodecyl-O-maltoside, n-tetradecyl-3- 
D-maltoside, 1-S-decyl-B-D-thiomaltoside, 1-S-dodecyl-3- 
D-thiomaltoside, Mega 9 and Mega 10. These nonionic 
detergents fall into three classes: Saccharide, N-oxide and 
steroid. N-tetradecyl-B-D-maltoside, n-dodecyl-O-malto 
side, n-dodecyl-3-maltoside and digitonin resulted in good 
amplification of a 3 kb target. Many combinations of two 
positive detergents were tested, two of which performed 
particularly well in PCR: 0.1% Big Chap and 0.01% Chapso, 
and 0.05% Big Chap and 0.005% tetradecyl-B-D-maltoside. 

Example 9 

Tfi Exo-/Exo-- Sensitivity 
0097. The sensitivity of a Tfiexo-?exo-- (7:3 ratio) blend 
was compared to Taq in amplification of both plasmid and 
genomic DNA. Fragments of about 1,000 bp were amplified 
using a range of DNA template concentrations. For plasmid 
DNA, between 1 fgand 100 pg p3R322 were used; and for 
genomic DNA (Rhod 1033) 1 pg to 100 ng were used. PCR 
was performed for 35 cycles at 60° C. for 30 sec for 

SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS: 9 

<210> SEQ ID NO 1 
&2 11s LENGTH 25 08 
&212> TYPE DNA 
<213> ORGANISM: Thermus filiformis 

<400 SEQUENCE: 1 

13 
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annealing, and 72° C. for 1 min 30 s extension. Twenty 
percent of the final product was analyzed by 0.8% TBE 
agarose gel electrophoresis for 65 min at a setting of 160 
volts. The results (FIG. 3) show that the Tfi blend had 
greater sensitivity than Taq. 

0098. Having now fully described the present invention 
in some detail by way of illustration and example for 
purposes of clarity and understanding, it will be obvious to 
one of ordinary skill in the art that the same can be 
performed by modifying or changing the invention within a 
wide and equivalent range of conditions, formulations and 
other parameters without affecting the scope of the invention 
or any specific embodiment thereof, and that Such modifi 
cations or changes are intended to be encompassed within 
the scope of the appended claims. 
0099 All publications, patents and patent applications 
mentioned in this specification are herein incorporated by 
reference to the same extent as if each individual publica 
tion, patent or patent application was specifically and indi 
vidually indicated to be incorporated by reference. 

atgcgaggta tottaccact gtttgatctg. galagalaccac caaag.cgc.gt gttattagtg 60 

gatgg to acc atttagcata cogcaccittc tatgcattat ctittaacgac gag.ccgtggc 120 

gaaccggttcaaatggttta togctitcgca cqct cittitat taaaggcgtt aaaggaggac 18O 

ggccaag.cgg ttgttggtggit ctitcgatgca aagg caccita gotttcgtoa cqaag catac 240 

gaggcgtata aag.cggg.ccg cqcaccalacc ccagagg act titcc.gcggca gotggcc.ctg 3OO 

gtgaaacgct tagtggacitt attaggcct g gttcgtttag aggc.cccagg titat gaggca 360 

gatgatgtcc toggcaccitt agcaaaaaag gocq agcgc g aggg catgga agtgcg tatt 420 

tta accggtg atcgtgattt tttccaatta ttaa.gc.gaala aagtgtctgt tttact gcc.g 480 

gacgg cacct tagttacccc gaaagatgtg caggaaaaat acggtgttcc gocggagcgt. 540 

tgggtogatt titcgtgcact gacgggtgat cqtagcgata acattcCagg totcgcaggit 600 

attggtgaga aaaccgc.gct gc gtt tact g g c ggaatggg gtag cqtgga aaattt atta 660 

aagaatctgg atcgtgttaa go cqgatago gtcc.gc.cgca aaattgaagc cc acttagag 720 

gatttacgtc. totcitctgga tittagcgc.gt atcc.gtaccg acct gcc.gct ggaggtogac 78O 

ttcaaggcgc to cqc.cgcc.g. caccocq gat ttagaaggitt tacgc.gc.citt totggaagag 840 

ttagagttcg gttct citgct gcatgaattt ggtotgttag gtggtgaaaa gocacgcgaa 9 OO 

gaa.gc.ccc.gt ggcc.gccacc ggaaggcgcg tttgttggitt ttitt actotc. tcgtaaggaa 96.O 

CCgatgtggg cqgaattact gg Cattagcg gC gg.cgg Cag agggtcgtgt gCatcgtgca 1020 

accitcto cag toggaggcact gg.ccgattta aaggaag cac goggttittct ggcaaaagac 1080 
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-continued 

Leu Glu Ala Pro Gly Tyr Glu Ala Asp Asp Wall Leu Gly Thr Lieu Ala 
115 120 125 

Lys Lys Ala Glu Arg Glu Gly Met Glu Val Arg Ile Lieu. Thr Gly Asp 
130 135 1 4 0 

Arg Asp Phe Phe Glin Lieu Lleu Ser Glu Lys Val Ser Val Lieu Lieu Pro 
145 15 O 155 160 

Asp Gly Thr Leu Val Thr Pro Lys Asp Val Glin Glu Lys Tyr Gly Val 
1.65 170 175 

Pro Pro Glu Arg Trp Val Asp Phe Arg Ala Lieu. Thr Gly Asp Arg Ser 
18O 185 19 O 

Asp Asn. Ile Pro Gly Val Ala Gly Ile Gly Glu Lys Thr Ala Lieu Arg 
195 200 2O5 

Leu Lieu Ala Glu Trp Gly Ser Val Glu Asn Lieu Lleu Lys Asn Lieu. Asp 
210 215 220 

Arg Val Lys Pro Asp Ser Val Arg Arg Lys Ile Glu Ala His Leu Glu 
225 230 235 240 

Asp Leu Arg Lieu Ser Lieu. Asp Leu Ala Arg Ile Arg Thr Asp Leu Pro 
245 250 255 

Leu Glu Val Asp Phe Lys Ala Lieu Arg Arg Arg Thr Pro Asp Leu Glu 
260 265 27 O 

Gly Lieu Arg Ala Phe Leu Glu Glu Lieu Glu Phe Gly Ser Lieu Lieu. His 
275 280 285 

Glu Phe Gly Lieu Lleu Gly Gly Glu Lys Pro Arg Glu Glu Ala Pro Trp 
29 O 295 3OO 

Pro Pro Pro Glu Gly Ala Phe Val Gly Phe Leu Leu Ser Arg Lys Glu 
305 310 315 320 

Pro Met Trp Ala Glu Lieu Lleu Ala Lieu Ala Ala Ala Ala Glu Gly Arg 
325 330 335 

Val His Arg Ala Thr Ser Pro Val Glu Ala Lieu Ala Asp Leu Lys Glu 
340 345 35 O 

Ala Arg Gly Phe Leu Ala Lys Asp Leu Ala Val Lieu Ala Lieu Arg Glu 
355 360 365 

Gly Val Ala Lieu. Asp Pro Thr Asp Asp Pro Leu Lleu Val Ala Tyr Lieu 
370 375 38O 

Leu Asp Pro Ala Asn Thr Asn Pro Glu Gly Val Ala Arg Arg Tyr Gly 
385 390 395 400 

Gly Glu Phe Thr Glu Asp Ala Ala Glu Arg Ala Leu Lleu Ser Glu Arg 
405 410 415 

Leu Phe Glin Asn Lieu Phe Pro Arg Lieu Ser Glu Lys Lieu Lleu Trp Lieu 
420 425 43 O 

Tyr Glin Glu Val Glu Arg Pro Leu Ser Arg Val Leu Ala His Met Glu 
435 4 40 4 45 

Ala Arg Gly Val Arg Lieu. Asp Val Pro Leu Lieu Glu Ala Leu Ser Phe 
450 455 460 

Glu Lieu Glu Lys Glu Met Glu Arg Lieu Glu Gly Glu Val Phe Arg Lieu 
465 470 475 480 

Ala Gly His Pro Phe Asn Lieu. Asn. Ser Arg Asp Gln Leu Glu Arg Val 
485 490 495 

Leu Phe Asp Glu Leu Gly Leu Thr Pro Val Gly Arg Thr Glu Lys Thr 
5 OO 505 51O. 
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-continued 

Gly Lys Arg Ser Thr Ala Glin Gly Ala Leu Glu Ala Lieu Arg Gly Ala 
515 52O 525 

His Pro Ile Val Glu Lieu. Ile Leu Glin Tyr Arg Glu Lieu Ser Lys Lieu 
530 535 540 

Lys Ser Thr Tyr Leu Asp Pro Leu Pro Arg Leu Val His Pro Arg Thr 
545 550 555 560 

Gly Arg Leu. His Thr Arg Phe Asin Gln Thr Ala Thr Ala Thr Gly Arg 
565 570 575 

Leu Ser Ser Ser Asp Pro Asn Leu Glin Asn Ile Pro Val Arg Thr Pro 
58O 585 59 O 

Leu Gly Glin Arg Ile Arg Lys Ala Phe Val Ala Glu Glu Gly Trp Lieu 
595 600 605 

Leu Lieu Ala Ala Asp Tyr Ser Glin Ile Glu Lieu Arg Val Lieu Ala His 
610 615 62O 

Leu Ser Gly Asp Glu Asn Lieu Lys Arg Val Phe Arg Glu Gly Lys Asp 
625 630 635 640 

Ile His Thr Glu Thr Ala Ala Trp Met Phe Gly Leu Asp Pro Ala Leu 
645 650 655 

Val Asp Pro Lys Met Arg Arg Ala Ala Lys Thr Val Asn. Phe Gly Val 
660 665 67 O 

Leu Tyr Gly Met Ser Ala His Arg Lieu Ser Glin Glu Lieu Gly Ile Asp 
675 680 685 

Tyr Lys Glu Ala Glu Ala Phe Ile Glu Arg Tyr Phe Glin Ser Phe Pro 
69 O. 695 7 OO 

Lys Val Arg Ala Trp Ile Glu Arg Thr Lieu Glu Glu Gly Arg Thr Arg 
705 710 715 720 

Gly Tyr Val Glu Thir Leu Phe Gly Arg Arg Arg Tyr Val Pro Asp Leu 
725 730 735 

Ala Ser Arg Val Arg Ser Val Arg Glu Ala Ala Glu Arg Met Ala Phe 
740 745 750 

Asn Met Pro Val Glin Gly Thr Ala Ala Asp Leu Met Lys Ile Ala Met 
755 760 765 

Wall Lys Lieu Phe Pro Arg Lieu Lys Pro Leu Gly Ala His Lieu Lleu Lieu 
770 775 78O 

Glin Val His Asp Glu Lieu Val Lieu Glu Val Pro Glu Asp Arg Ala Glu 
785 790 795 8OO 

Glu Ala Lys Ala Leu Val Lys Glu Val Met Glu Asn. Thir Tyr Pro Leu 
805 810 815 

Asp Val Pro Leu Glu Val Glu Val Gly Val Gly Arg Asp Trp Lieu Glu 
820 825 83O 

Ala Lys Gly Asp 
835 

<210> SEQ ID NO 3 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

primer 

<400 SEQUENCE: 3 

gaaact gcca togctdagaga 20 
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-continued 

<210> SEQ ID NO 4 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
primer 

<400 SEQUENCE: 4 

atttatttgt gaggggacgc 20 

<210 SEQ ID NO 5 
&2 11s LENGTH 23 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
primer 

<400 SEQUENCE: 5 

cagocc ctitc gagtacccac agt 23 

<210> SEQ ID NO 6 
<211& LENGTH 22 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
primer 

<400 SEQUENCE: 6 

tgctcaccac cocatgaagt tt 22 

<210 SEQ ID NO 7 
&2 11s LENGTH 18 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
primer 

<400 SEQUENCE: 7 

cctggc acco agcacaat 18 

<210 SEQ ID NO 8 
&2 11s LENGTH 18 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
primer 

<400 SEQUENCE: 8 

ggg.ccggact c gtcatac 18 

<210 SEQ ID NO 9 
&2 11s LENGTH 2.0 

&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
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&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

probe 

<400 SEQUENCE: 9 

agcc.gc.cgat coacac gagt 

1. An isolated recombinant nucleic acid molecule encod 
ing a Thermus filiformis (Tfi) DNA polymerase having a 
D144A point mutation, wherein said point mutation Sub 
stantially reduces the 5'-exonuclease activity of said poly 
CaS. 

2. The isolated nucleic acid molecule of claim 1, further 
comprising an E437D point mutation. 

3. An isolated mutant Tfi DNA polymerase produced from 
the nucleic acid molecule of claim 1. 

4. An isolated mutant Tifi DNA polymerase having a 
D144A point mutation. 

5. An isolated mutant Tifi DNA polymerase having D144A 
and E437D point mutations. 

6. A composition comprising at least two thermostable 
DNA polymerases wherein at least one of said polymerases 
is Substantially reduced in 5' exonuclease activity (exo-) and 
wherein at least one of said polymerases has 5' exonuclease 
activity (exo--). 

7. The composition of claim 6, wherein said polymerases 
are from the same species of thermophilic bacteria. 

8. The composition of claim 6, wherein said 5'-exo- and 
said 5'-exo-- polymerases are combined in a ratio of between 
9:1 and 1:9 (exo-exo--). 

9. The composition of claim 8, wherein the ratio is 7:3 
(exo-exo-) 

10. A vector comprising the isolated nucleic acid mol 
ecule of claim 1. 

11. The vector of claim 10 wherein said nucleic acid 
molecule is operably linked to a promoter. 

12. A host cell comprising the vector of claim 11. 
13. The composition of claim 6, further comprising at 

least two components selected from the group consisting of 
a detergent, buffer salt, deoxynucleoside triphosphate 
(dNTP) and dideoxynucleoside triphosphate (dNTP). 

14. The composition of claim 13, wherein said compo 
nents are a detergent, buffer salt and dNTP. 

15. A method of synthesizing a double-stranded DNA 
molecule, comprising: 

(a) hybridizing a primer to a first DNA molecule; and 

(b) incubating said DNA molecule recited in (a) in the 
presence of one or more deoxy- or dideXoyribonucleo 
side triphosphates and the composition of claim 6 under 

20 

conditions sufficient to synthesize a second DNA mol 
ecule complementary to all or a portion of said first 
DNA molecule. 

16. A method of amplifying a double stranded DNA 
molecule, comprising: 

(a) providing a first and second primer, wherein said first 
primer is complementary to a sequence at or near the 
3'-terminus of the first strand of said DNA molecule 
and said second primer is complementary to a sequence 
at or near the 3'-terminus of the second strand of said 
DNA molecule: 

(b) hybridizing said first primer to said first strand and 
said second primer to said second strand in the presence 
of the composition of claim 6, under conditions such 
that the third strand complementary to said first strand 
and a fourth Strand complementary to said second 
strand are synthesized; 

(c) denaturing said first and third strands and said second 
and fourth Strands; and 

(d) repeating steps (a) to (c) one or more times. 
17. (canceled) 
18. (canceled) 
19. A method of preparing cDNA from mRNA, compris 

ing: 
(a) contacting mRNA with an oligo(dT) primer or other 

complementary primer to form a hybrid; and 
(b) contacting said hybrid formed in (a) with the compo 

sition of claim 6 and dATP, dCTP, dGTP and dTTP, 
whereby a cDNA-RNA hybrid is obtained. 

20. A method of preparing dsDNA from mRNA, com 
prising: 

(a) contacting mRNA with an oligo(dT) primer or other 
complementary primer to form a hybrid; and 

(b) contacting said hybrid formed in (a) with the compo 
sition of claim 6, dATP, dCTP, dGTP and dTTP, and an 
oligonucleotide or primer which is complementary to 
the first strand cDNA; whereby dsDNA is obtained. 

21. An isolated mutant Tifi DNA polymerase produced 
from the nucleic acid molecule of claim 2. 

k k k k k 


