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ABSTRACT

A polypeptide having a high fidelity DNA
polymerase activity and thus being useful as a genetic
englneerilng reagent; a gene encoding this polypeptide; a
method of producing the polypeptide; and a method of

amplifying a nucleic acid by using the polypeptide.
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DESCRIPTION

POLYPEPTIDES HAVING DNA POLYMERASE ACTIVITY

Technical Field
[0001]
The present invention relates to a polypeptide

having a high-fidelity DNA polymerase activity which 1is

useful as a reagent for genetic engineering, a gene

encodlng the polypeptide, a method for producing the
polypeptide, and a method for amplifying a nucleic acid

using the polypeptide.

Background Art
[0002]

DNA polymerases are enzymes that are useful as

reagents Iror dgenetic engineering and widely utilized for

DNA sequencing, labeling, site-directed mutagenesis and the

like. Thermostable DNA polymerases have lately attracted

attention due to the development of the polymerase chain

reaction (PCR) method. Various DNA polymerases suitable

for the PCR method have been developed and put on the

market.

Currently known DNA polymerases can be generally

classified into four families based on the amino acid
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sequence similarities. Among them, the family A (pol I-

type enzymes) and the family B (oa~-type enzymes) constitute

¢ 1)

a large majority. DNA polymerases belonglng to each one o:

the families have generally simllar biochemical

characteristics. However, detailed comparison has revealed

that the respective enzymes have properties different from

cach other i1n the substrate specificity, the incorporation

el

of a substrate analog, the strength and velocity of primer

extenslion ability, the mode of DNA synthesis, Che

accompaniment of an exonuclease activity, the optimal
reaction conditions (temperature, pH, etc.), the

sensitivity to 1nhibitors or the like. Thus, a DNA

polymerase having the most suitable properties for the

experimental procedure has been chosen from the existing

ones and utilized.

For example, +the DNA polymerase derived from

Pyrococcus furiosus (Pfu) (see, for example, Patent
Documents 1 to 5) 1s one of the most thermostable DNA
polymerases. It has a 3'-5' exonuclease activity, which is
known as a proofreading activity, and 1t exhibits
relatively high fidelity among thermostable enzymes.
However, this enzyme have problems that it requires a long
time for amplification 1f it is used for PCR, and it cannot

be used for amplification of a long chain because its

extension velocity and processivity are low.
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(0003}

Recently, a polymerase called KOD DNA polymerase
which has a higher 3'-5'" exonuclease activity, a higher
extension veloclity and a higher processivity than the Pfu-

derived DNA polymerase 1s commerclally availlable (see, for

example, Patent Documents 6 and 7, Non-patent Document 1).
It 1s possible to carry out PCR with high accuracy 1in a
short time using this enzyme. However, thls enzyme has

problems that 1t 1s relatively difficult to determine the

I

caction conditlons Dbecause primers or amplification

products are degraded due to the strong 3'-5'" exonuclease

activity, and 1t 1s not suitable for amplification of a

long chain.

(0004 ]

A=n

Furthermore, two types of enzymes have been

developed by 1mproving KOD DNA polymerase. One of them,

KOD-Plus-DNA polymerase, enables hot-start PCR without a
special procedure by adding two monoclonal antibodies to

KOD DNA polymerase to suppress the polymerase activity and

the 3'-5'" exonuclease activity at normal temperature. The

amplification efficiency and the ability of synthesizing a

long-chain DNA are 1increased by optimizing the reaction

S

while retaining the high fidelity (e.g., Patent Document 8).

However, there 1s a problem that the extension velocity of
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this enzyme 1s considerably lower than that of KOD DNA
polymerase and 1s lowered to a level equivalent to that of
the Pfu-derived DNA polymerase.

[0005]

KOD Dash DNA polymerase 1s a mlxture-type DNA

polymerase prepared based on the method of Barnes et al.

pow |

(see, for example, Patent Document 9, Non-patent Document

2). The amplification efficiency and the extension ability

are 1ncreased by mixing KOD DNA polymerase and a modified

type of KOD DNA polymerase from which the 3'-5' exonuclease

activity has been eliminated using genetic engineering

techniques at an optimal ratio (see, for example, Patent

Document 10). Ifs extension velocity 1s high like KOD DNA

polymerase. However, there 1s a problem that the fidelity

1s remarkably decreased as compared with KOD DNA polymerase
alone because the 3'-55' exonuclease activity is relatively
decreased.

[00006]

Patent Document 1: United States Patent No.

5489523

Patent Document 2: United States Patent No.
5545552

Patent Document 3: United States Patent No.
5866395

Patent Document 4: United States Patent No.
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6489150

Patent Document 5: United States Patent No.
5948663

Patent Document 6: United States Patent No.
6054301

Patent Document 7: United States Patent No.
6225065

Patent Document 8 : United States Patent

Publication No. 2002/0076768

Patent Document 9: United States Patent No.

5436149

Patent Document 10: United States Patent No.
6008025

Non-patent Document 1: Barnes W.M. , Proc. Natl.
Acad. Sci. USA, vol.91, No.6, p.2216-2220 (1994)

Non-patent Document 2: Takagi M., et al., Appl.

Environ. Microbiol., vol.63, No.ll, p.4504-4510 (1997)

gar—

Disclosure of Invention

Problems to be Solved by the Invention

[0007]

The main object of the present invention is to

provide a polypeptide having a high-fidelity DNA polymerase
activity which 1s useful for cloning, sequencing and

nucleic acid amplification, and a gene encoding the
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polypeptide. Another object of the present invention is to

provide a method for producing the polypeptide having a DNA

polymerase activity and a method for amplifying a nucleic

acid using the polypeptide having a DNA polymerase activity.

Means to Solve the Problenms

[0008]

As a result of intensive studies, the present

inventors have found a novel polypeptide having a DNA
polymerase activity, which has properties superior to any

other conventional DNA polymerases, from a

hyperthermophilic archaebacterium of the genus Thermococcus.

Furthermore, the present inventors have cloned a gene

encoding a polypeptide having such an activity and found a

method for producing the polypeptide. Thus, the present

- lnventlion has been completed.

The first aspect of the present invention relates
to a polypeptide having a DNA polymerase activity, which

has an amino acid sequence selected from the group

consisting of the following or an amino acid sequence in

which one or several amino acids are deleted, inserted,

added or substituted in said amino acid sequence:

(a) the amino acid sequence of SEQ ID NO:16:

(b) the amino acid sequence of SEQO ID NO:24; and

(c) the amino acid sequence of SEQ ID NO:32.
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[0009]

The second aspect of the present 1nvention

e

relates to a nuclelc acid encoding the polypeptide of the

first aspect.

The nucleic acid of the second aspect may be a

N

nuclelic acid having the nucleotide sequence of SEQ ID NO:15,

23 or 31, or a part thereof. It may be a nucleic acid
encoding a polypeptide having a DNA polymerase activity,
which hybridizes +to a nucleic acid consisting of a
nucleotide sequence complementary to the above-mentioned
nucleic aclid under stringent conditions.

[0010]

The third aspect of the present invention relates
to a method for producing a polypeptide, the method
comprising:

culturing a cell capable of producing a
polypeptide, and

collecting said polypeptide from the culture,

wherein said polypeptide has a DNA polymerase

activity, and has an amino aclid sequence selected from the

group consisting of the following or an amino acid sequence

in which one or several amino acids are deleted, inserted,

added or substltuted 1n sailid amino acid sequence:

(a) the amino acid sequence of SEQ ID NO:16;

(b) the amino acid sequence of SEQ ID N0:24; and
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(c) the amino acid sequence of SEQ ID NO:32.

[0011]

The fourth aspect o0f the present i1invention
relates to a method for amplifving a nucleic acid, the
method comprising:

ampllifylng a nucleilc acid using a polypeptide,

whereilin sald polypeptide has a DNA polymerase
activity, and has an amino acid sequence selected from the

=

group consisting of the following or an amino acld sequence

in which one or several amino aclds are deleted, inserted,

added or substituted 1n said amino acid seqguence:

(a) The amino acid sequence of SEQ ID NO:16;

(b) the amino acid sequence of SEQ ID NO:24; and

(c) the amino acid sequence of SEQ ID NO:32.

[0012]

The fifth aspect of the present invention relates
to a composition whilich contains the polypeptide of the
flrst aspect.

[0013]

The sixth aspect of the present invention relates
to a kit whilch contalns the polypeptide of the first aspect.

[0014]

The seventh aspect of the present invention

relates to an antlbody which binds to the polypeptide of

the first aspect.
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Effects of the Invention

10015]

The present 1invention provides a polypeptide
having a high-fldelity DNA polymerase activity which 1is

useful for cloning, segquencing and nucleic acid

amplification, and a gene encoding the polypeptide, as well

as a method for producing the polypeptide having a DNA

polymerase activity. Using the polypeptide having a DNA

polymerase activity of the present 1nvention, 1t 1s

possible to obtain an amplification product with a 1less
error rate even 1f 1t 1s used 1n PCR comprising many cycles,
for example. Thus, 1t 1s useful for analysis or

identification of a target nucleic acld present at low copy

number.

Brief Description of Drawlings

[0016]

Figure 1 1llustrates the relationship between the

DNA polymerase activity and the reaction temperature. in

the figure, ¢, A and O represent results for Tks DNA

polymerase, Tce DNA polymerase and Tsi DNA polymerase,

respectively.

Figure 2 illustrates the relationship between the

DNA polymerase activity and the pH. In the figure, ¢, A



10

15

20

25

CA 02568998 2006-11-30

10

and O represent results for Tks DNA polymerase, Tce DNA

polymerase and Tsi DNA polymerase, respectively.

Best Mode for Carrying Out the Invention

[0017]

As used herein, a polypeptide having a DNA

polymerase activity refers to a polypeptide that

incorporates four kinds of deoxyribonucleoside

triphosphates (dATP, dGTP, dCTP and dTTP) according to a

P

nucleotide sequence of a template DNA and catalyzes

polymerization of a DNA strand complementary to the
template DNA.

[0018]

As used hereiln, suitability for primer extension

refers to excellence in the ability to synthesize a DNA
from a primer using, as a substrate, a complex 1n which a
primer 1s annealed to a single-stranded template DNA. It

1s exemplified by a high affinity for a single-stranded DNA.

It 1s expected that a DNA polymerase having a high affinity
for a single-stranded DNA results in high sensitivity in a
nucleic acid amplification reaction. Thus, 1t i1is useful

—

for a reaction of amplifying a nucleic acid from a template

nucleic acid present at low copy number. An exemplary

index of affinity of a DNA polymerase for a single-stranded

DNA 1s a Km value for M13 phage single-stranded DNA. The
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Km value 1is preferably 2.5 ug/ml or less, more preferably
2.0 pg/ml or less, still more preferably 1.5 pg/ml or less.

[0019]

As used herein, high fidelity refers to highly
accurate nucleotide incorporation upon a DNA synthesils
reaction with a DNA polymerase. Examples of determination

g

methods thereof include the Kunkel method (J. Bilol. Chemn.

1985 May 10; 260(9):5787-96), the sequencing method, and
the method of Cline et al. (Nucleic Acids Res. 1996 Sep 15;
24 (18) :3546-51). Among these, the sequencing method 1s the
most reliable. Although it is not intended to limit the
present invention, for example, it is possible to estimate
the fidelity as follows: PCR 1s carried out usling a genomlc
DNA from Thermus thermophilus HB-8 as a template and a DNA
polymerase; the amplification products are cloned 1into a
vector pUC118; the about 500-bp nucleotide sequences of the

amplified fragments in plural clones are determined; the

pp—

number of nucleotides considered to be erroneous 1S

determined; and the percentage of erroneous nucleotides 1in

total sequenced nucleotides 1s determined.

[0020]

Hereinafter, the ©present invention will be
described 1n detail.
(1) The polypeptide having a DNA polymerase

activity of the present 1nvention and a gene encoding the
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polypeptide

The polypeptide having a DNA polymerase activity

oL the present invention is a polypeptide that is more

sultable for primer extension than the Pfu-derived DNA
polymerase and the KOD-derived DNA polymerase, and 1is
excellent 1in accuracy upon DNA synthesis. The polypeptide
nhaving a DNA polymerase activity of the present invention

is more excellent than Pyrobest DNA polymerase (Takara Bio)

(from a representative high-fidelity thermostable DNA

polymerase, the Pfu-derived DNA polymerase), and KOD DNA

polymerase, KOD dash DNA polymerase and KOD plus DNA

polymerase (all from Toyobo) in the DNA chain length that

can be amplified using the PCR method and the fidelity of

the reaction.

[0021]

The physical and chemical properties of the DNA
polymerase of the present invention are as follows:

(1) Molecular weight: about 85-90 kilodalton as
determine by the SDS-PAGE method

(11) Optimal temperature: 75-85°C

(111) Optimal pH: 5.5-6.5 (75°C)

[10022]

There i1s no specific limitation concerning the

polypeptide having a DNA polymerase activity of the present

invention as long as it has the above-mentioned physical
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and chemical properties. For example, 1t can be obtained

e

from Thermococcus sp.KS-1 {(hereinafter referred to as Tks),
Thermococcus sicull (hereinafter referred to as Tsi) and
Thermococcus celer (herelinafter referred to as Tce).

[0023]

The polypeptide having a DNA polymerase activity

of the present I1invention may consist of an amino acid

sequence of SEQ ID NO:16, 24 or 32, or 1t may be a
functional equivalent having an activity substantially
equivalent thereto. A mutation such as deletion, 1nsertion,
addition or substitution of an amino acid in an amlno acid
sequence may be generated 1in a naturally occurring
polypeptide. Such a mutation may be generated due to a

polymorphism or a mutation of the gene encoding the

polypeptide, or due to a modification reaction of the

polypeptide in vivo or during purification after synthesis.

It 1s known that such a mutated polypeptide may
nevertheless exhibit a physiological or biological activity
substantially equivalent to that of a polypeptide without a
mutation. The present invention also encompasses such a

functional equivalent for which no significant difference

in the function or activity 1s recognized in spite of the

difference 1in the structure. There 1s no specific

limitation concerning the number of mutated amino acids as

long as the polypeptide exhibits a substantially equivalent
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physiological or biological activity. It 1s exemplified by

a mutation (deletion, 1nsertion, addition, substitution,
etc.) of 1 or more, for example 1 to several, more
specifically 1 to 10 nucleotides. This 1s applicable to

one 1n which such a mutation 1s artificially introduced

into an amino acld sequence of a polypeptide. In this case,
1t 1s possible to make further various mutants.

[0024]

When a polypeptide 1s to be produced usling
genetic engilneerindg techniques, 1t 1s often expressed as a

fusion polypeptide. For example, an N-terminal peptide

chain derived from another polypeptide may be added at the

N terminus o©of the polypeptide o©of 1interest 1in order to

increase the expresslion 1level of the polypeptide. In
another case, an appropriate peptide chain (e.g., histidine

tag, glutathione-S-transferase) may be added at the N._

terminus or the C terminus of the polypeptide of interest,

and the polypeptide 1s then expressed. Thereby, the

o

purification of the polypeptide of i1nterest 1s facilitated

by using a carrier having an affinity for the peptide chain.
A DNA polymerase having an amlno acid sequence partially
different from the DNA polymerase of the present invention

>

may be within the scope of the present invention as "a

functional equivalent” provided that it exhibits an

activity essentially

M

equivalent to the DNA polymerase of
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the present invention.

[0025]

DNAs encoding the polypeptide having a DNA
polymerase activity of the present invention include a DNA
containing a nucleotide sequence encoding the amino acid

gy

sequence of SEQ ID NO:1lo, 24 or 32, or a part thereof (e.g.,

a DNA contalning the nucleotide sequence of SEQ ID NO:15,
23 or 31, or a part thereof). A DNA encoding a polypeptide
having the function as a DNA polymerase that consists of an
amlno acld sequence 1n which 1 or more, for example 1 to
several, more specilifically 1 to 10 amino aclids are deleted,
inserted, added or substituted in the amino acilid sedguence
of SEQ ID NO:16, 24 or 32 1s also 1included. Also, a

nucleotide sequence encoding a polypeptide having the

functlion as a DNA polymerase that 1s capable of hybridizing

to a DNA consisting of a nucleotide sequence complementary

to such a DNA under stringent conditions 1s within the
scope of the present invention. For example, "stringent
conditions" refer to the conditions under which incubation
with a probe 1s carried out 1n 6 x SSC (1 x S8SSC: 0.15 M
NaCl, 0.015 M sodium citrate, pH 7.0) containing 0.5% SDS,

5 X Denhardt's and 100 pg/ml of denatured salmon sperm DNA

at 68°C for 12 to 20 hours. For example, a DNA hybridized

to a probe can be detected after washing in 0.1 x S8SSC

containing 0.5% SDS at 68°C.
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[00206]

The gene of the present 1invention may contaln a

sequence encodling a reglion called 1intein which 1s

spontaneously excised from a polypeptide after translation

into the polypeptide. A DNA contailning such a sequence 1is

also encompassed by the present 1invention as long as i't

encodes a polypeptide having a DNA polymerase activity.
[0027]

Although 1t 1s not intended to limit the present

invention, for example, "a polypeptide having a DNA

polymerase activity" 1s preferably a polypeptide having a
DNA polymerase actilivity that exhibits the above-mentioned
various physical and chemical properties.

[0028]

The eXpression "a DNA containing a nucleotide

sequence encoding an amino acld sequence" as used hereilin 1s

explalned below. It 1s known that one to six codon(s) (a
combination of three bases), which defines an amino acid in
a gene, 1s assigned for each amino acid. Thus, many DNAs
can encode one specific amino acid seguence although it
depends on the amino acid sequence.

Furthermore, 1t 1s not difficult to artificially
produce varlious genes encoding the same amino acid seguence
1f one uses various denetic engineering techniques. For

example, 1f a codon used in an original gene encoding a
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polypeptide of interest 1s one whose codon usage 1s low 1n

the host to be used for producing the polypeptide using

genetic engineering techniques, the expression level of the

polypeptide may be low. In this case, the codon 1s

artificially converted 1nto one frequently used 1n the host

without altering the encoded amino acld sequence almlng at

elevating the expression level of the polypeptide of

interest (e.qg., JP-B 7-102140). As described above,
various genes encoding one specific amlino acld sequence can

be artificially produced, of course, and may be dJenerated
1n nature. Thus, a gene that does not have a nucleotide

entical to the nucleotide sequence dlsclosed

aine

sequence 1d

herein may be encompassed by the present invention provided
that it encodes the amino acid sequence dilsclosed hereln.

(00291

The polypeptide having a DNA polymerase activity
of the present invention is suitable for in vitro primer
extension. For example, when a DNA polymerase activity 1s
measured using a substrate 1n which a primer 1s annealed to
a single-stranded DNA (a substrate 1n which HT Primer (SEQ

ID NO:33) is annealed to M13 single-stranded DNA;

hereinafter also referred to as M13/HT Primer substrate or
primer extenslion-type substrate), a nucleotide
incorporation activity higher than that observed using an

activated DNA (DNase I-treated calf thymus DNA) whilch 1s
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usually used for activity measurement 1s observed.

0030}

The value of a ratio of a DNA polymerase activity

measured using the M13/HT Prime substrate (hereinafter also

referred to as an extension activity) to a DNA polymerase

activity measured using the activated DNA as a substrate

(hereinafter also referred to as an incorporation activity)

(extension activity/incorporation activity) for the

polypeptide having a DNA polymerase activity of the present

invention 1s higher than that for a known DNA polymerase

derived from Pyrococcus furiosus (Pfu DNA polymerase;

Stratagene), Taq DNA polymerase derived from Thermus

aquaticus (TaKaRa Tag, Takara Bio) or KOD DNA polymerase
derived from Thermococcus kodakaraensis (KOD DNA polymerase,
Toyobo) .

[0031]

When the activated DNA as a competitive substrate
is added to a reaction system using the MI13/HT Primer
substrate, the primer extension activities of the above-
mentioned three DNA polymerases are strongly inhibited. On
the other hand, the polypeptide having a DNA polymerase

activity of the present invention 1s 1inhibited only

slightly, demonstrating that this polypeptide has a high

affinity for the primer extension-type substrate.

[0032]
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The fact that the Km wvalue for M13 phage single-
stranded DNA of the polypeptide having a DNA polymerase

activity of the present invention is 2 upg/ml or less also

shows that this polypeptide has a high affinity for the
primer extension-type substrate.

[0033]

(2) The method for producing a polypeptide having
a DNA polymerase activity of the present invention

For example, 1t 1s possible to produce the
polvypeptide having a DNA polymerase activity of the present
invention in large quantities from a culture of a Tks, Tsi
or Tce strain, or from a transformant 1nto which a gene
encoding the polypeptide 1s transferred.

[0034]

A DNA encoding the polypeptide of the present
invention can be obtained using a genomic DNA from a
microorganism producing the polypeptide of the present
invention as a starting material. There 1s no specific
limitation concerning the method for preparing the genomic
DNA. In an exemplary method, an archaebacterium of the

genus Thermococcus 1s anaerobically cultured at 85°C, the

grown cells are disrupted, and a DNA 1is extracted and
purified. Known methods can be used for various procedures

used for gene clonling such as a method for cleaving the

thus obtained DNA with a restriction enzyme. Such methods
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are described 1n detail in J. Sambrook et al., Molecular

Cloning, A Laboratory Manual, 3rd ed., 2001, Cold Spring
Harbor Laboratory.

[0035]

The polypeptide having a DNA polymerase activity

o~

of the present 1invention can be expressed 1in cells by

culturing a transformant transformed with a recombilnant
plasmid into which a nuclelc acilid encoding a polypeptide
having a DNA polymerase activity (for example, without

limitation, a nuclelic acid having the nucleotide sequence

of SEQ ID NO:15, 23 or 31) or a part thereof 1is

lncorporated under approprilate culture conditions (for

example, 1in case of an Escherichia coli host, in LB medium

(10g/1 Tryptone, 5 g/l yeast extract, 5 g/l NaCl, pH 7.2)).
The polypeptide can be obtained from the cultured cells by
conducting, for example, sonication, heating, and
chromatography using cation eXchange column, affinity
carrier column, gel filtration column, anion exchange

column or the like.

The molecular weight of the thus obtained

polypeptide having a DNA polymerase activity of the present

invention as determined by SDS-PAGE 1s about 85-90 dalton.

[0036]

The optimal pH of the polypeptide having a DNA

polymerase activity of the present invention exhibited in a
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Tris buffer at 75°C is pH 5.5 to 6.5. When the enzymatic
activity of the DNA polymerase 1s measured at wvarious

temperatures, 1t exhibits a high activity at 75 to 85°C.

The polypeptide having a DNA polymerase activity of the
present inventlion i1s highly thermostable.

[ 0037]

The polypeptide having a DNA polymerase activity

of the present invention 1s accompanied by a 3'-5!
exonuclease activity. The degree o0of the exonuclease
activity relative to the DNA polymerase actilivity exceeds
the activity ratio of Pfu DNA polymerase, which i1s known to
result in very high accuracy upon DNA synthesis due to 1ts

-~
pin.

high exonuclease activity. The frequency of errors

occurring during a DNA synthesis reaction measured for the
polypeptide having a DNA polymerase activity of the present
invention 1s lower than that of the Pfu-derived DNA
polymerase. The above-mentioned various properties show

that the DNA polymerase of the present 1nvention 1s very

excellent as a reagent for genetlic engineering {(e.g., Ifor
the PCR method).

[0038]

(3) The method for amplifying a nucleic acid
using the DNA polymerase of the present i1nvention, as well
as the composition and the kit for the method

The polypeptlide having a DNA polymerase activity
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of the present invention 1s characterized 1in that 1t

results 1n high fidelity and 1s sultable for primer

extenslon. Thus, a method for accurately amplifying,

analyzing or 1dentifying a target nucleic acid, as well as
a composition and a kit for the method are provided using
the polypeptide.

[0039]

The polypeptide having a DNA polymerase activity

of the present invention exhibits very excellent

performance upon use 1n the PCR method due to the above-

mentioned characteristics. For example, it 1is difficult to

(e

amplify a DNA fragment of 6 kilobase palirs or more using a

DNA polymerase derived from Thermococcus kodakaraensis (KOD

DNA polymerase, Toyobo) which 1s wutilized for the PCR

IN

cethod, alone. A DNA fragment of 15 kilobase pairs or more
can pe amplified only 1f 1t 1s used 1in combination with
another DNA polymerase. On the other hand, 1t 1s possible

to amplify a DNA fragment of 15 kilobase pairs using the

DNA polymerase of the present 1nvention alone without

addlng another enzyme.

[0040]

The composition or the kit containing the

polypeptide of the present 1nvention 1s superior to a

conventional DNA polymerase or composition containing

plural DNA polymerases (for example, a composition or a kit
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containing KOD DNA polymerase; a composition or a kit

containing KOD dash DNA polymerase; or a composition or a
kit contailning KOD plus DNA polymerase) 1n that 1t can be

used to accurately amplify, analyze or 1dentify a target

nuclelic acid.

(0041]

The  above-mentioned <composition or kit 1S
exemplified by one containing the polypeptide having a DNA

polymerase activity of the present invention, a buffer

optimized for the polypeptide, four kinds of dNTPs and a

divalent cation. It may further contain a set of primers

for amplifying and/or detecting a target nucleic acid.

[0042]
The present invention provides an antibody that

binds to the polypeptide of the present 1nvention. There

1s no specific limitation concerning the antibody as long

as 1t 1s capable of recognizing and specifically binding to

the polypeptide of the present invention. It may be either

a polyclonal antibody oX a monoclonal antibody.
Furthermore, an antibody fragment (e.g., a Fab fragment), a
single—-chain antibody or the 1like having the same
recognition characteristic as the above-mentioned antibody

1s also encompassed by the present invention.

[004 3]

el

The antibody o©f the present invention can be
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prepared by 1mmunizing a mouse or a rabbit with the

polypeptide of the present invention or a portion thereof
as an antigen according to a known method such as the
method as described 1in Current Protocols in Immunology,

1992, John Wiley & Sons, Inc. Furthermore, a monoclonal

antibody can be produced by generating a hybridoma from
antlbody-producer cells collected from the immunized animal

according to a conventional method.

(0044 ]

The antibody can be used for detection or

purification of the polypeptide of the present invention.

In addition, 1t can be used to inhibit an activity of the

polypeptide such as a DNA polymerase activity or a

3'-5"exonuclease activity. For example, an antibody

pr—

capable of suppressing a DNA polymerase activity is useful

in PCR for suppressing DNA extension from a nonspecifically

annealed primer at a low temperature before initiation of a

reaction. Furthermore, an antibody capable of suppressing

a 3'-3"exonuclease activity 1is useful in PCR for

suppressing degradation of primers prior to initiation of a

reaction, for example.

Examples
[0045]

The following Examples 1i1llustrate the present
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invention 1n more detail, but are not to be construed to

o=

limit the scope thereof.

[0046]
Example 1
An activated DNA used for measuring an activity

of a DNA polymerase in Examples was prepared as follows.

Briefly, salmon sperm DNA (Sigma) or calf thymus

DNA (Worthington) was activated by treatment with DNase

This method was based on the method as described by C. C.

=

Richardson 1n D. R. Davis (ed.), "DNA polymerase from

Escherichia coli", pp. 263-276, Harper & Row.

[00477 ]

An activity of a DNA polymerase was measured as

follows.

Briefly, a sample to be subjected to activity
measurement was reacted 1n 50 pnl of a reaction mixture for
activity measurement (20 mM Tris-hydrochloride buffer (pH
8.3), 10 mM potassium chloride, 6 mM ammonium sulfate, 2 mM

magnesium chloride, 0.1% Triton X-100, 0.001% bovine serum

albumin, 200 uM each of dATP, dGTP and d4dCTP, 100 uM dTTP,
0.238 uM [°H]-Methyl TTP, 0.4 mg/ml activated salmon sperm
DNA) at 74°C for 5 minutes.

After reaction, 500 npl of 20% trichloroacetic

acid (TCA) containing 2% Nappi (Nacalai Tesgue) and 500 nl

of sheared DNA were added thereto. After allowing to stand
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on ice for 15 minutes or longer, the mixture was subjected

to collection on a glass filter (Whatman). The glass

filter was washed seven tTimes with 5 ml of 5% TCA

containing 2% Nappi followed by ethanol and dried, and the
radloactivity was measured using a liquid scintillation
counter. An activity of an enzyme that 1incorporates 10

-y

nmol of total nucleotide 1nto an acid-insoluble precipitate

1in 30 minutes according to the above-mentioned enzymatic
activity measurement method was defined as 1 U.

[0048]

Example 2

Genomlc DNAs were prepared from Thermococcus sp.
KS-1 (JCM1181le), Thermococcus celer (JCM8558) and
Thermococcus siculi (DSMZ12349) according to the following
method.

Briefly, 10 ml of a purchased culture was
centrifuged at 8,000 rpm for 10 minutes. The resulting
supernatant and a dark layer at the interface between the
supernatant and the precilpltate were further centrifuged at
15,000 rpm for 10 minutes. The resulting precipitate was
suspended 1n 0.8 ml of 20% sucrose 1in 50 mM Tris-

hydrochloride buffer (pH 8.0). 0.16 ml of 500 mM EDTA (pH

8.0) and 0.08 ml of 10 mg/ml lysozyme chloride (Nacalai
Tesque) aqueous solution were added thereto. The mixture

was reacted at room temperature for 2 hours.
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After reaction, 6.4 ml of a solution containing

150 mM NaCl, 1 mM EDTA and 20 mM Tris-HCl buffer (pH 8.0),

1

0.08 ml of 20 mg/ml proteinase K (Takara Bio) and 0.4 ml o:

10% sodium lauryl sulfate aqueous solution were added to

the reaction mixture. The resultlng mixture was 1ncubated

r_ .

=

at 37°C for 1 hour. An equal volume of a mixture of phenol

saturated with 100 mM Tris-hydrochloride Dbuffer (pH
8.0) /chloroform/iscamyl alcohol (25:24:1, v/v) was then
added thereto. The mixture was gently mixed for 10 minutes,

and then centrifuged at 10,000 x g for 10 minutes twice.

After centrifugation, the thus obtained supernatant was

subjected to ethanol precipitation, and the precipiltate was

dissolved in 0.1 ml of TE buffer to obtain a genomic DNA

solution.

[0049]

Example 3

(1) Cloning of middle portion of DNA polymerase
gene

Oligonucleotides TPPolBF4, TPPolBF5, TTPolBR1l and
TTPolBR4 (SEQ ID NOS:1-4) were synthesized using a DNA
synthesizer on the basis of portions conserved among amlino
acid sequences of various thermostable DNA polymerases.

A PCR was carried out 1n a volume of 100 ul using
250 ng of the Thermococcus sp. KS-1 genomic DNA prepared in

rr=
—

Example 2 as a template, as well as a comblnation of
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primers (50 pmol each) TPPolBF4 and TTPolBR1l, TPPolBF4 and

TTPolBR4, or TPPolBFS> and TTPolBR1. TaKaRa Ex Tag (Takara

Bio) was used as a DNA polymerase for the PCR according to
the attached protocol. The PCR reaction was carried out as

follows: 94 °C for 3 mlnutes; and 40 cycles of 94°C for 30

seconds, 50°C for 30 seconds and 72°C for 2 minutes.

After reaction, the reaction mixtures were

treated with phenol and subjected to Microcon-100 (Takara

=

Bio) for removal of primers and concentration of the

amplified DNA fragments.

[0050]

The nucleotide sequences of the concentrated

amplified fragments TPPolBF4-TTPolBR1 (3 kb), TPPolBF4-

TTPolBR4 (2 kb) and TPPolBF5-TTPolRR1 (0.7 kb) were

determined by direct sequencing, and compared with amino

acld sequences of various thermostable DNA polymerases. AS
a result, 1t was shown that Thermococcus sp. KS-1 DNA
polymerase contains an intein sequence.

[0051]

(2) Cloning of upstream portion of DNA polymerase
gene

A specific oligonucleotide Tks0l (SEQ ID NO:5)
for cloning the upstream portion was synthesized on the
basis of the nucleotide sequence determined in Example 3-

(1) . In addition, 32 primers as shown 1in Table 1 were
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synthesized. The tag sequence in Table 1 1s shown in SEQ
ID NO:o.

[0052]
Table 1

5'"- tag sequence -NN-SS5555S5-3'

(N: mixture of G, A, T and C; S represents the nucleotide
sequence below.)

No. Nucleotide No. Nucleotide No. Nucleotide
sequence sequence sequence
1 gcccaaa 13 gccgtat 29 gtggaca
2 gctcata 14 gggattt 26 gtcccaa
3 gtggcga 15 gtcaagc 27 gctgcta
4 gaaagcc 16 gcgttat 28 ggcgggc
5 gaggtag 17 gggcaag 29 gccgteg
© gcttttg 18 gatcatc 30 gaaccgt
7 gtatccg 19 gtagcgg 31 gttccac
8 ggacggt 20 gcgtgcect 32 ggtgcag
O gcaaaac 21 gcgttca
10 gatcatc 22 gggcgaa
11 gtgccgc 23 gtcttca
12 gcgggcg 24 1 gggpaaa

10

12

(0053}

PCRs were carried out in 50-ul reaction mixtures

each containing 1 ng of the Thermococcus sp. KS-1 genomic

DNA prepared in Example 2 as a template,

a combilnation of

10 pmol of Tks0l1l and 10 pmol of one of the 32 primers

listed in Table 1,

mM potassium acetate,

20 mM Tris-acetate buffer

3 mM magnesium acetate, 0.01

(pPH 8.5),

50

BSA,

300 uyM each of dNTPs and 1.25 U of TaKaRa Ex Taq DNA

polymerase
incubation at 94°C for 3 minutes;

10 seconds,

(Takara Bio).

PCRs were carrilied out as follows:

50°C for 10 seconds and 72°C for 40 seconds.

and 40 cycles of 98°C for

A
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portion of each PCR product was subjected to agarose gel

electrophoresis. Microcon—-100 (Takara Bio) was used to
remove primers from the reaction mixtures selected for the
generation of single bands and to concentrate the reaction

mixtures. The concentrates were subjected to direct

sequencing to screen for fragments containing the upstream

g

portion of the DNA polymerase. As a result, 1t was shown

that an about 1300-bp PCR-amplified <fragment Tks01l2G

contalned the upstream portion of the DNA polymerase dgene

of i1nterest. Furthermore, 1t was confirmed that this

fragment contalned an 1nteilin sequence different from that

in Example 3-(1).

(0054 ]

A specific oligonucleotide Tks04 (SEQ ID NO:7)
for cloning the further upstream portion around the start
codon was synthesized on the basis of the sequence of
Tks012G. PCRs were carried out 1in the 50-ul reaction
mixtures using 1 ng of the Thermococcus sp. KS-1 genomic
DNA prepared 1n Example 2 as a template, as well as a

combination of 10 pmol of Tks04 and 10 pmol of one of the

32 primers listed 1in Table 1. The conditions for PCRs and
the purification procedure were as described above. The
amplified fragments were subjected to direct sequencing to

screen for fragments containing the upstream portion of the

DNA polymerase. As a result, 1t was shown that an about
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1800-bp PCR-amplified fragment Tks041B —contained the

—

portion around the start codon of the DNA polymerase gene

g

of 1nterest.

[0055]

(3) Cloning of downstream ©portion of DNA
polymerase gene

A speclfic oligonucleotide Tks02 (SEQ ID NO:8)

for cloning the upstream portion was synthesized on the

pwtn.

basis of the nucleotide sequence determined 1n Example 3-

(1) . PCRs were carried out using 1 ng of the Thermococcus

sp. KS-1 genomic DNA prepared 1n Example 2 as a template,

as well as a combination of 10 pmol of Tks02 and 10 pmol of
one of the 32 primers listed in Table 1. The conditions
for PCRs were as described above. A portion of each PCR

product was subjected to agarose gel electrophoresis. An

about 2500-bp DNA fragment of Tks022D was recovered,

blunted with T4 DNA polymerase (Takara Bio) and 1ligated

using T4 DNA ligase (Takara Bio) to pUCl1l8 (Takara Bio)

which had been digested with HincII (Takara Rio). The

plasmid was used to transform Escherichia coli JdM109. The
transformant was cultured to obtain a plasmid pTks022D
having the inserted about 2500-bp DNA fragment, and the

nucleotide sequence of the 1inserted DNA fragment was
determined.

10056]
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(4) Construction of plasmid for expressing DNA
polymerase

It was shown that two 1ntein sequences are

g

contained 1n the segquence of Thermococcus sp. KS-1 DNA

polymerase.

Then, a DNA polymerase gene from which the intein

sequences were elimlinated was constructed.

Oligonucleotides TksNde, TkslEndBg, Tks2StaBg,
Tks2EndBal, Tks3StaBal and TksBgPs (SEQ ID NOS:9-14) were

gy

synthesized on the basis of the sequence determined in

Example 3-(3).

PCRs were carried out in volumes of 100 ul using

100 ng of the Thermococcus sp. KS-1 genomic DNA prepared in

Example 2 as a template, as well as a combination of

primers (20 pmol each) TksNde and TkslEndBg (TKksA),

Tks2StaBg and Tks2EndBal (TksB) or Tks3StaBal and TksBgPs
(TksC). Pyrobest (Takara Bio) was used as a DNA polymerase
for the PCR according to the attached protocol. The
reaction was carried out as follows: 40 cycles of 94°C for
30 seconds, 50°C for 30 seconds and 72°C for 3 minutes.
Then, the following amplified DNA fragments were obtained:

about 1.3-kb TksA; about 0.3-kb TksB: and about 0.9-kb TksC.

In addition, a PCR was carried out in a similar manner
under the above-mentioned conditions in a volume of 100 pl

using a mixture of 1 ul of the PCR reaction mixture TksB
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and 1 ul of the PCR reaction mixture TksC as a template, as

well as 20 pmol of Tks25StaBg and 20 pmol of TksBgPs (TksD)

as primers. Then, an about 1.2-kb amplified DNA fragment

TksD was obtalned.

The DNA fragment TksA was digested with

restriction enzymes Ndel and BglII. The DNA fragment TksD
was digested with restriction enzymes BglII and Pstl. They
were ligated to pTV119Nd (a plasmid in which the Ncol site

in pTV119N 1s converted 1into a Ndel site) which had been

digested with restriction enzymes Ndel and Pstl according
to a conventional method to construct a plasmid pTks59.
This plasmid 1s deslgnated and indicated as pTks59, and
deposited on May 14, 2004 (date of original deposit) at

Int

ernational Patent Organilsm Depositary, National
Institute of Advanced Industrial Science and Technology,

AIST Tsukuba Central 6, 1-1, Higashi 1-Chome, Tsukuba-shi,

Ibaraki-ken 305-8566, Japan under accession number FERM BP-

10312.

[0057]

(o) Determination of nucleotide sequence of DNA

fragment containing DNA polymerase gene

The nucleotide sequence of the DNA fragment

inserted 1into pTks59 obtained in Example 3-(4) was

determined according to a dideoxy method.

Analysis of the determined nucleotide sequence
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revealed the exlistence of an open reading frame presumably

encoding a DNA polymerase of 1interest. The nucleotide

sequence of the open reading frame i1s shown in SEQ ID NO:15.

The amino acid sequence of RNase HII deduced from the

nucleotide sequence is shown in SEQ ID NO:16.

(0058}

(6) Expression of Thermococcus sp. KS-1 DNA
polymerase gene

Escherichia coli JM109 transformed with pTks59
was 1lnoculated into 5 ml of LB medium (1% Tryptone, 0.5%
yeast extract, 0.5% sodium chloride) contalining 100 npg/ml

p—

of ampicillin and cultured at 37°C for 6 hours. 50 ul of

the culture was 1noculated 1nto 5 ml of LB medium
containing 100 ug/ml of ampicillin and 1 mM IPTG, and
cultured with shaking at 37°C overnight. After cultivation,

cells collected by centrifugation were suspended in 36 nl

of sonication buffer (50 mM Tris-hydrochloride (pH 8.0), 2
mM Z-mercaptoethanol, 10% glycerol) and sonicated. A

supernatant obtalned Dby centrifuging the sonlcated

suspension at 12,000 rpm for 10 minutes was heated at 80°C

for 10 minutes and then centrifuged again at 12,000 rpm for

10 minutes to collect a supernatant as a heated supernatant.
The enzymatic activity of the heated supernatant
was measured according to the method as described in

Example 1. As a result, a DNA polymerase activity was
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observed.

[0059]

(7) Preparation of purified DNA ©polymerase
preparation
Escherichia coli JM109 transformed with the

plasmid pTks59 obtained in Example 3-(5) was inoculated

p=

into 400 ml of LB medium containing 50 upg/ml of ampicillin

and 0.1% glucose, and cultured with shaking at 37°C

overnight. The whole culture was added to 20 liters of LB

grin

medium containing 50 pg/ml of ampicillin and cultured at

37°C to 0D660 of 1.0. When ODo00 reached 1.0, IPTG was

added at a final concentration of 0.2 mM, and the

cultivation was continued at 37 C for 4 hours. After
cultivation, cells collected by centrifugation were
suspended 1n 732 ml of Buffer A (50 mM Tris-hydrochloride
buffer (pH 7.5), 2 mM EDTA, 2 mM dithiothreitol, 1 mM
phenyvlmethanesulfonyl fluoride) and sonicated. The
sonlicated suspension was centrifuged at 12,000 rpm for 30
minutes. Ammonium sulfate was added to the resulting
supernatant at a final concentration of 0.2 M. The mixture

was heated at 75 C for 15 minutes and allowed to stand at

0°C for 30 minutes. It was centrifuged again at 12,000 rpm

for 30 minutes. The supernatant was subjected to nucleic

acid removal using polyethyleneimine and ammonium sulfate

precipitation, and dialyzed against 2 liters of Buffer B
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(50 mM Tris-hydrochloride buffer (pH 7.5), 1 mM EDTA, 10%

glycerol, 1 mM dithiothreitol, 1 mM phenylmethanesulfonyl

fluoride) twice for 2 hours and once overnight. After

dialysis, 200 ml of the enzyme solution was subjected to
Phosphocellulose P-11 column (Whatman) equillbrated with

Buffer B. Elution was carried out with a linear gradient

of 0 to 500 mM potassium phosphate buffer (pH 7.5) using
FPLC system (Amersham Pharmacla Biotech).

[0060 ]

The eluted DNA polymerase fraction was dialyzed

against 1 liter of Buffer C (20 mM Tris-hydrochloride

buffer (pH 7.5), 0.1 mM EDTA, 10% glycerol, 0.2% Tween 20,
1 mM dithiothreitol) twice for 2 hours and once overnight.
After dialysis, 100 ml of the enzyme solution was subjected

to Heparin-Sepharose CL-6B (Pharmacis

[ am

Pharmacla Biotech)

equillibrated with Buffer B. Elution was carried out with a

linear gradient of 0 to 700 mM KCl using FPLC system.

The fraction was dialyzed against 1 1liter of

Buffer D (20 mM Tris-HCl (pH 9.0), 0.1 mM EDTA, 10%

glycerol, 0.2% Tween 20, 1 mM dithiothreitol) twice for 2

hours and once overnight. After dialysis, 50 ml of the

enzyme solution was subjected to Q-Sepharose (Pharmacia

Pharmacia Biotech) equilibrated with Buffer D. Elution was

carried out with a linear gradient of 0 to 300 mM NacCl

using FPLC system.
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The fractlion was dialyzed against 1 1liter of
storage buffer (50 mM Tris-HCl (pH 8.2), 0.1 mM EDTA, 10 mM
sodium chloride, 0.1% Tween 20, 0.1% Nonidet P-40, 1 mM

dithiothreitol, 50% glycerol) twice for 2 hours and once

overnight. The thus obtalned DNA polymerase was used as
Tks DNA polymerase preparation.

The activity of the Tks DNA  polymerase
preparation was measured according to the method as

described 1in Example 1. As a result, a DNA polymerase

activity was observed.

[0061 ]

Example 4

i
p—

(1) Cloning of middle portion of DNA polymerase

gene

Oligonucleotides TPPolBF1l, TPPolBF5, TTPolBR1l and
TTPolBRS> (SEQ ID NOS:17 2, 3, 18) were synthesized on the
basis of portions conserved among amino acid sequences of
various thermostable DNA polymerases.

A PCR was carried out in a volume of 100 pl using

250 ng of the Thermococcus celer genomic DNA prepared 1in
Example 2 as a template, as well as a combination of
primers (50 pmol each) TPPolBF1l and TTPolBR1l, TPPolBFl and
TTPolBR5, or TPPolBF5 and TTPclBRI1. The conditlons for

PCRs and the purification procedure were as described in

Example 3-(1). The nucleotide sequences of the amplified
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fragments TPPolBF1-TTPolBR1l (about 2 kb), TPPolBF1-TTPolBRS

(about 1 kb) and TPPolBF5-TTPolBR1 (about 0.8 kb) were
determined by direct sequencing.

[0062]

(2) Cloning of upstream and downstream portions
of DNA polymerase gene

Specific oligonucleotides Tce0l (SEQ ID NO:19)
for cloning the upstream portion and Tce(02 (SEQ ID NO:20)
for cloning the downstream portion were synthesized on the
basis of the nucleotide sequence determined in Example 4-
(1) .

PCRs were carried out using 1 ng of the
Thermococcus celer genomlc DNA prepared in Example 2 as a
template, as well as a combination of 10 pmol of TceOl or
TceO2 and 10 pmol of one of the 32 primers listed 1n Table

1 1in Example 3-(2). The conditions for PCRs and the

purification procedure were as described in Example 3-(2).

The amplification products were subjected to direct

sequenclng to screen for fragments containing the upstream

region of the DNA polymerase of interest. As a result, it
was shown that an about 650-bp PCR-amplified fragment
Tce0l3C contained the upstream portion of the DNA
polymerase gene, and an about 650-bp PCR~amplified fragment
TceO2Z22F contained the downstream portion of the DNA

polymerase gene.
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[00063]

(3) Construction of plasmid for expressing DNA
polymerase
Oligonucleotides TceNde and TceBgPs (SEQ 1ID

NOS:21 and 22) were synthesized on the basis o©of the

sequence determined in Example 4-(2).

PCRs were carried out in volumes of 100 ul using

100 ng of the Thermococcus celer genomlc DNA prepared 1n

Example 2 as a template, as well as a combination of

primers (20 pmol each) TceNde and TceBgPs. Pyrobest

(Takara Bio) was used as a DNA polymerase for the PCR

according to the attached protocol. The reaction was

carried out as follows: 40 cycles of 94°C for 30 seconds,

50°C for 30 seconds and 72 C for 2 minutes. The about 2.3-

kb amplified DNA fragment was digested wlth restriction

enzymes Ndel and BglII (both from Takara Bio). The DNA

fragment was integrated between Ndel and BamHI sites 1n a
plasmid vector pTV119Nd (a plasmid in which the Ncol site
in pTV119N 1s converted 1nto a Ndel site) to construct a
plasmid pTcel9. This plasmid 1s designated and 1indicated

as pTcel®, and deposited on May 14, 2004 (date of original

deposit) at International Patent Organism Depositary,
National Institute of Advanced Industrial Science and
Technology, AIST Tsukuba Central 6, 1-1, Higashi 1-Chome,

Tsukuba-shi, Ibaraki-ken 305-8566, Japan under accession
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number FERM BP-10311.

100064 ]

(4) Determination of nucleotide sequence of DNA

fragment containing DNA polymerase gene

The nucleotide sequences of the DNA fragment
inserted 1nto pTcel9 was determined according to a dideoxy

method.

g~

Analysis of the determined nucleotide sequence

revealed the existence of an open reading frame presumably

encoding a DNA polymerase of interest. The nucleotide

-

sequence of the open reading frame 1s shown 1n SEQ ID NO:23.

The amino acid sequence of DNA polymerase deduced from the

p— |

nucleotide seguence 1s shown in SEQ ID NO:24.

[0065]

(5) ExXxpression of Thermococcus celer DNA

‘polymerase gene

Escherichia coli JM109 transformed with pTcelS
was cultured according to the method as described 1n
Example 3-(6). Cells collected by centrifugation were
suspended in 64 ul of sonication buffer and sonicated. A
supernatant obtalned by centrifuging the sonlcated
suspension at 12,000 rpm for 10 minuteé was heated at 80°C
for 10 minutes and then centrifuged again at 12,000 rpm for

10 minutes to collect a supernatant as a heated supernatant.

The enzymatic activity of the heated supernatant
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was measured according to the method as described 1in

Example 1. As a result, a DNA polymerase activity was
Observed.

[0066]

(©) Preparation of purified DNA ©polymerase
preparatlon

Escherichia coli JM109 transformed with pTcel9
was cultured according to the method as described 1n
Example 3-(7). Purification was carried out following the

procedure as described 1in Example 3-(7) to the step of

elution from Heparin-Sepharose CL-6B (Pharmacia Biotech)

ph—

with a linear gradient of 0 to 700 mM KC1l.

The

’_ TN

cluted DNA polymerase fraction was dialyzed

i

against 1 liter of Buffer C containing 0.3 M sodium

chloride twice for 2 hours and once overnight. After

dialysis, 95 ml of the enzyme solution was subjected to

.
p—

Superdex G200 (Pharmacla Bilotech) equilibrated with Buff

er
C containing 0.3 M sodium chloride. Elution was carried
out with Buffer C containing 0.3 M sodium chloride.

The eluted DNA polymerase fraction was dialyzed

agalnst 1 1liter of Buffer D twice for 2 hours and once

overnight. After dialysis, 45 ml of the enzyme solution
was subjected to Q-Sepharose (Pharmacia Pharmacia Biotech)
equilibrated with Buffer D. Elution was carried out with a

linear gradient of 0 to 300 mM NaCl using FPLC system.
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The fraction was dialyzed against 1 1liter of

storage buffer twice for 2 hours and once overnight. The

thus obtained DNA polymerase was used as Tce DNA polymerase

preparation.

g

The enzymatic activity of the Tce DNA polymerase

preparation was measured according to the method as

described in Example 1. As a result, a DNA polymerase

activity was observed for the Tce DNA ©polymerase
preparation.

0067 ]

Example 5

(1) Cloning of middle portion of DNA polymerase
gene

Oligonucleotides TPPolBF1l, TPPolBFS5, TTPolBRI1,
TTPolBR4 and TTPolBRS (SEQ ID NOS:17, 2, 3, 4, 18) were

synthesized on the basis of portions conserved among amino

acid sequences of various thermostable DNA polymerases.

A PCR was carried out in a volume of 100 ul using

e

250 ng of the Thermococcus siculli genomlc DNA prepared 1n

Example 2 as a template, as well as a combination of
primers (50 pmol each) TPPolBFl and TTPolBR4, TPPolBFl and
TTPolBR5, or TPPolBF5 and TTPolBR1. The conditions for
PCRs and the purification procedure were as described in

Example 3-(1). The nucleotide sequences of the amplified

fragments TPPolBF1-TTPolBR4 (about 1.2 kb), TPPolBFl-
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TTPolBR5 (about 1 kb) and TPPolBF5-TTPolBR1 (about 2 kb)
were determined by direct sequencing. As a result, 1t was

shown that Thermococcus siculi DNA polymerase contains an

1nteln sedquence.

[0068]

(2) Cloning of upstream and downstream portions
of DNA polymerase gene

Specific oligonucleotilides Ts101 (SEQ ID NO:25)
for cloning the upstream portion and Tsi06 (SEQ ID NO:26)
for cloning the downstream portion were synthesized on the
basis of the nucleotide sequence determined in Example 5-
(1) .

PCRs were <carried out wusing 1 ng of the
Thermococcus siculi genomlic DNA prepared in Example 2 as a
template, as well as a combination of 10 pmol of TsiOl or

Ts106 and 10 pmol of one of the 32 primers listed in Table

1. The conditions for PCRs and the purification procedure
were as described 1n Example 3-(2). The amplification

products were subjected to direct sequencing to screen for

fragments containing the upstream region of the DNA

polymerase of interest. As a result, it was shown that an

apbout 2200-bp fragment Ts1011A contained the upstream

o

portion of the DNA polymerase gene, and an about 400-bp

fragment Ts1065B contained the downstream portion of the

DNA polymerase gene.



10

15

20

25

CA 02568998 2006-11-30

44

(0069 ]

(3) Construction of plasmid for expressing DNA

polymerase

It was shown that one 1intelin sequence 1is

contained 1n the sequence of Thermococcus siculi DNA

polymerase. Then, a DNA polymerase gene from which the

inteln sequence was elilminated was constructed.

Oligonucleotides TsiNde, TsiA, TsiB and TsiBamPst

(SEQ ID NOS:27-30) were synthesized on the basis of the

sequence determined 1n Example 5-(2).

PCRs were carried out in volumes of 100 nl using

100 ng of the Thermococcus siculi genomic DNA prepared in

Example 2 as a template, as well as a combination of

primers (20 pmol each) TksNde and TsiB (Tsil) or TsiA and

TsiBamPst (Tsi1iIT1). PCRs were carried out as described in

Example 5-(2) to obtain DNA fragments TsilI (about 1.5. kb)

and TsiII (about 0.9 kb). In addition, a PCR was carried

out 1In a simllar manner 1in a volume of 100 pl using a

f—

mixture of 1 ul of the PCR reaction mixture TsiI and 1 pl

of the PCR reactlon mixture TsiII as a template as well as

20 pmol of TsiNde and 20 pmol of TsiBamPst as primers.

Then, an about 2.4-kb DNA fragment was obtained.

The resulting about 2.4-kb DNA fragment was

digested with restriction enzymes Ndel and BamHI. The DNA

fragment was ligated to pTV119Nd (a plasmid in which the
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Ncol site 1in pTV119N is converted into a Ndel site) which

had been digested with Ndel and BamHI to construct a

plasmid pTsilo. This plasmid 1s designated and 1indicated

g

as pTsil6e, and deposited on May 14, 2004 (date of original

deposit) at International Patent Organism Deposilitary,

National Institute of Advanced Industrial Science and
Technology, AIST Tsukuba Central 6, 1-1, Higashi 1-Chome,
Tsukuba-shil, Ibaraki-ken 305-8566, Japan under accession
number FERM BP-10310.

10070]

(4) Determination of nucleotide sequence of DNA
fragment containling DNA polymerase gene

The nucleotide sequences of the DNA fragment

inserted 1nto pTs1l6 obtained 1in Example 5-(3) was
determined according to a dideoxy method. Analysis of the

determined nucleotlde segquence revealed the existence of an

open reading frame presumably encoding a DNA polymerase of

’

interest. The nucleotide sequence of the open reading

frame 1s shown 1in SEQ ID NO:31. The amino acid sequence of
DNA polymerase deduced from the nucleotide sequence 1is
shown 1n SEQ ID NO:32.

[0071]

(5) Expression of Thermococcus  siculi  DNA

polymerase gene

Escherichia coli JM109 transformed with the
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plasmid pTsile was cultured according to the method as

described in Example 3-(06) . Cells collected Dby

centrifugation were suspended in 52 pl of sonication buffer

and sonlcated. A supernatant obtained by centrifuging the
sonlcated suspension at 12,000 rpm for 10 minutes was
heated at 80°C for 10 minutes and then centrifuged again at

12,000 rpm for 10 minutes to collect a supernatant as a

heated supernatant.

The enzymatlc activity of the heated supernatant

was measured according to the method as described in

Example 1. As a result, a DNA polymerase activity was

Observed.

[0072]

(6) Preparation of purified DNA ©polymerase

preparation

Escherichia coli JM109 transformed with the
plasmid pTsil6o was cultured according to the method as

described 1in Example 3-(7). Purification was carried out

followling the procedure as described in Example 3-(7).
The thus obtained DNA polymerase was used as Tsi
DNA polymerase preparation. The activity of the Tsi DNA

polymerase preparation was measured according to the method
as described 1in Example 1. As a result, a DNA polymerase

activity was observed for the Tsi DNA polymerase

preparation.
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(0073]
Example ©
(1) Incorporation and extension activities of

respective DNA polymerases

Incorporation and extension activities of Tks,

Tce and Tsl1 DNA polymerases were measured. A commercially
avallable product KOD DNA polymerase (Toyobo) was used as a

control.

When 1ncorporatlion activitlies were measured, 1 ug

of activated calf thymus DNA was used as a template. When

extenslion activitlies were measured, M13/HT Primer in which

~ N

1 ung of M13 phage single-stranded DNA was annealed to 1

pmol of HT Primer (SEQ ID NO:33), whilich 1s complementary

thereto, was used. KOD#1 buffer containing 1 mM magnesium

chloride was used as a buffer. A DNA polymerase activity
was measured as follows.
Briefly, 50 ul of KOD#1 Dbuffer (Toyobo)

contalining an enzyme sSample to be subjected to activity

measurement, the above-mentioned template, 40 upuM dNTP,
0.238 uM [’Hlmethyl-TTP (Amersham) and 1 mM magnesium
chloride was reacted at 75 C for 5 minutes. 40 nl of the
reaction mixture was spotted onto DE81 paper (Whatman).
After washing with 5% Na,POs four times, the radiocactivity
remalning on DE81 paper was measured using a liguid

scintillation counter. An amount of an enzyme that results
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in incorporation of 10 nmol of dANMP into a substrate DNA 1in

30 minutes

according to the above-mentioned

enzymatic

1 U of the

activity measurement method was defined as

enzyme. The results are shown in Table 2.

In Table 2,

"Iincorporation”

represents the ability to 1incorporate at

nicked sites 1n a nuclelc acid as a and

template,

"extenslion" represents the ability to incorporate due to

extension from a primer annealed to a nucleic acid as a

template.
[0074]
Table 2
Polymgrase Incorporation Extension | Extension/ -
activity Incorporation
| (U/ul) | - _ ] |
Tks | 9. 38 11.46 o 1.22
Tce | 10.83 2 13.28 1.23
Tsi | 9.7  21.93 - 2.27
KOD 6.80 ~6.63 | 0.98
[0075]

As shown 1n Table 2, 1t was confirmed that Tks,

Tce and Tsi DNA polymerases exhibit activities of

incorporation  due to

primer extension higher than

activitlies of nucleic aclid 1ncorporation into a template

DNA in KOD#1 Dbuffer.

Furthermore, it was confirmed that

thelr activities of 1i1ncorporation due to primer extension

are very high as compared with KOD DNA polymerase used as a

control. Based on the above,

1t was confirmed that the DNA

polymerases of the present invention are very suitable for
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primer exXxtension.

(00706}

(2) Affinities to MI13 single-stranded DNA

Incorporation and affinities to M13 single-

stranded DNA polymerase were examlned for Tks, Tce and Tsi

DNA polymerases. KOD DNA polymerase was used as a control.
M13 single-stranded DNA at various concentrations

was used as a template. 1 pmol of HT Primer which 1is

complementary thereto was used as a primer. KOD#1 buffer

containing 1 mM magnesium chloride was used as a buffer.
DNA polymerase actlvitles were measured according to the
method as described 1n Example 6-(1). The results are

shown 1n Table 3.

[0077]
Table 3
_Eélymepgse ) ] ‘ﬁhl(ﬁg{@lz ] i iﬁ
Tks_ - - L }.Qﬂ o L
 fce ] o _0.91
Ts1 | 1.33 3 ]
KOD ] | 2.65
[0078]

As shown 1n Table 3, it was confirmed that Tks,

—

Tce and Tsi1 DNA polymerases of the present invention

exhibit very higher affinities to M13 single~stranded DNA
than KOD DNA polymerase. Based on the above, it was
suggested that the DNA polymerases of the present invention

are superior to KOD DNA polymerase in view of detection
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sensitivity 1n PCR.

[0079]

(3) Fidelities of Tks and Tsl1 DNA polymerases

Fidelities of Tks and Tsl1 DNA polymerases were

examlned. KOD DNA polymerase and KOD plus DNA polymerase
(both from Toyobo) as well as Pyrobest DNA polymerase

(Takara RBRio) were used as controls.

Thermus thermophilus HB8 genomic DNA (Takara Bio)

was used as a template. n addition, primers c280/RG34-F

and —-R (SEQ ID NOS:34 and 35) were used.
[0080]
Fidelities were determined as follows. Briefly,

PCRs were carried out 1n a volume of 50 pl using 10 ng of

Thermus thermophilus HB8 genomic DNA as a template, as well

as a combination of the primers c280/RG34-F and -R. Since

the GC content of the region amplified using the pair of
primers is high (70%), DMSO was added at a concentration of

2%. When Tks, Tsi and KOD plus DNA polymerases were used,

KOD plus buffer was used according to the attached protocol.

When KOD DNA polymerase was used, KOD#1 buffer was used

accordlng to the protocol attached to KOD DNA polymerase.

Furthermore, Pyrobest DNA polymerase was used 1n the

attached buffer according to the attached protocol. The

conditions for the PCRs were as follows: incubation at 96 C

for 2 minutes followed by 30 cycles of 98°C for 5 seconds;
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and 68 C for 30 seconds. After reaction, equal volumes of
a mixture of phenol saturated with 100 mM Tris-
hydrochloride buffer (pH 8.0)/chloroform/isoamyl alcohol
(25:24:1, v/v) were added thereto. The mixtures were mixed

and then centrifuged at 10,000 x g for 10 minutes twice.

After centrifugation, the supernatants were mixed with a

mixture of chloroform/iscamyl alcohol (24:1, v/v) and then

centrifuged at 10,000 x g for 10 minutes. The thus

obtained supernatants were subjected to ethanol

precipitation, and the precipitates were dissolved in 20 1l

of H,O to obtain an about 0.5-bp DNA fragments. 8 nl each

of the about 0.5-bp DNA fragments was treated according to

Che protocol of TaKaRa BKL Kit (Takara Bio), and 5 ul each

P

of the resulting solutions was used to transform

Escherichia coli JM109. The resulting transformants were

cultured, nucleotide sequences were determined for 12-24

clones 1into which the about 500-bp DNA fragments were

lnserted, and the ratios of numbers of mutated nucleotides

to numbers of read total nucleotides were calculated to

determine fidelities. The results are shown in Table 4.

10081 ]



CA 02568998 2006-11-30

52

Table 4
Buffer | Enzyme name _TMutét}bn frequépéx_
' KOD plus | Tks - 0.000%

_ Ts1i 0.021%
__._. .. _ ROD plus 0.082% ]
Special buffer |  Pyrobest B s 0.023%
KOD#1 KOD 0.022%

[0082]

As shown 1n Table 4, it was confirmed that the

mutation frequencies for Tks and Tsli DNA polymerases of the

S present 1lnvention were less than that for KOD, KOD plus or

Pyrobest DNA polymerase. Based on the above, 1t was shown

that tThey are more excellent as enzymes for cloning than

KOD, KOD plus or Pyrobest DNA polymerase.

[0083]

10 (4) Fidelities of Tks and Tce DNA polymerases

Fidelities of Tks and Tce DNA polymerases were

examlned. KOD DNA polymerase and KOD plus DNA polymerase

(both from Toyobo) as well as Pyrobest DNA polymerase
(Takara Bio) were used as controls.
15 Thermus thermophilus HB8 genomic DNA (Takara Bio)

was used as a template. In addition, primers c240/RA18-F

and -R (SEQ ID NQOS:36 and 37) were used.

(0084 ]
For determining fidelities, PCRs were carried out

20 1in a volume of 50 ul using 10 ng of Thermus thermophilus
HB-8 genomic DNA as a template, as well as a combination of

the primers TEMP10-F and -R. Since the GC content of the
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=

region amplified using the pair of

DMSO was added at a concentration of 2%.

used as a buffer according to the attached protocol.

conditions for the PCRs

fidelities were as described in Example 6-(3).

are shown in Table 5.

primers 1s high

and tThe method for

(710%),

KOD#1 buffer was

The
calculating

The results

[0085]
Table 5
@ﬁfferg ”"*Egzypg:qgmg J“HWutatiqg ffqugiﬁz .
| KOD#1 I Ttxks | 0.000% B
Tce1 | O:OQO% i
) | ~KOD 1 0.064% |
[0086]

As shown 1n Table 5,

1t was confirmed that the

mutation frequencies for Tks and Tce DNA polymerases of the

present invention were less than that for KOD.

on tThe above, 1t was

enzymes for cloning.

Also based

shown that they are excellent as

(0087]

Example 7

(1) Optimal temperatures of respective DNA
polymerases

Optimal temperatures of Tks, Tce and Tsi DNA

polymerases were determined. 20 wug of

thymus DNA was used as a template.

used as a

Pyrobest DNA polymerase was

polymerase actlivity was measured as follows.

bu?

-

activated calf

The buffer attached to

I}

fTer. A DNA
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First, 50 pl of a reaction mixture contalinling 5

mU (as calculated according to the incorporation activity

measurement method as described 1n Example 6-(1)) of an

enzyme sample to be subjected to activity measurement, the
above-mentioned template, 200 uM dATP, 200 uM dGTP, 200 uM
dCTp, 100 uM dTTP, 0.204 uM [BHJmethyl—TTP (Amersham) and 1

X buffer attached to Pyrobest DNA polymerase (Takara Bio)

was prepared. Reactions were carried out for 5 minutes at
desired temperatures ranging from 65°C to 85°C using the
respective enzyme samples. 40 ul each of the reaction
mixtures was spotted onto DE81 paper (Whatman). After
washling with 5% Na,PO, four times, the radiocactivities
remalning on DE81 paper were measured using a liqgquid

scintillation counter. The relationship between the

activity measured according to the above-mentioned activity

measurement method and the reaction temperature 1is

1llustrated 1in Figure 1. In Figure 1, the activity

observed for the reaction at 85 C is defined as 100%.

[0088]

As shown 1in Figure 1, Tks, Tce and Tsi DNA
polymerases had optimal temperatures ranging from 75°C to

P

85°C when the activated calf thymus DNA was used as a

template.

| 0089]

(2) Optimal pHs of respective DNA polymerases
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g

Optimal pHs of Tks, Tce and Tsl1 DNA polymerases

o

were determined. 10 pg of activated calf thymus DNA was

used as a template. 120 mM Tris-HCl buffers of which the

pHs at 75°C had been adjusted to desired values ranglng

from pH 5.0 to pH 8.0 were used as buffers. A DNA
polymerase activity was measured as follows.

First, 50 unl of a reaction mixture containing
0.05 U (as <calculated according to the 1ncorporation

activity measurement method as described in Example 6~ (1))

g e

of an enzyme sample to be subjected to activity measurement,

the above-mentioned template, the above-mentioned buffer,
10 mM KC1l, 6 mM (NH4),SOs, 0.1% Triton X-100, 0.001% BSA, 1

mM MgCl,, 40 uM dANTP and 0.204 uM [3H]methyl-—TTP (Amersham)

was prepared. Reactions were carried out at 75°C for 5

o
p—

minutes using the respective enzyme samples. 40 pl each of

the reaction mixtures was spotted onto DE81 paper (Whatman).

After washing wlth 5% Na->POy, four times, the

radioactivitlies remalnling on DE81 paper were measured using

a liguid scintillation counter. The relationship between

the activity measured according to the above-mentioned

activity measurement method and the pH 1s 1llustrated 1n

Figure 2. In Figure 2, the activity observed for the
reaction at pH 6.0 (75°C) is defined as 100%.

[0030]

As shown 1in Figure 2, Tks, Tce and Tsi DNA
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polymerases had optimal pHs ranging from pH 5.5 to pH 6.5

(75°C) when the activated calf thymus DNA was used as a

template.

0091 ]

Example 8

PCR reactions were carried out using A-DNA as a

template 1n order to compare the performances of the DNA

polymerases of the present invention in PCR reactions with

50 pl of a reaction mixture

that of KOD DNA polymerase.

(Takara Shuzo), 10 pmol/50

containing 1 ng/50 pl of A-DNA

Hl of a primer lambda-1l, 10 pmol/50 ul of a primer lambda-

9B and 0.625 U/50 pl of DNA polymerase was prepared with a

reaction mixture composition of 1 x buffer attached to KOD

plus DNA polymerase, 200 uM dNTP and 1 mM (NH4) ;S04 (for Tks,

Tce or Tsi DNA polymerase); or 1 x buffer attached to KOD

DNA polymerase, 200 puM dNTP and 1 mM MgCl, (for KOD DNA

polymerase).
[0092]

The nucleotide sequences of the primers lambda-1

and lampbda-9B are shown in SEQ ID NOS:38 and 39,

respectively. The reaction mixtures were subjected to PCR

reactions as follows: 30 cycles of 98°C for 10 seconds; and

68°C for 10 minutes. Then, 3 ul each of the reaction

mixtures was subjected to agarose gel electrophoresis, and

amplified DNA fragments were observed by staining with
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ethidium bromide. As a result, amplification of a DNA

fragment was not observed using KOD DNA polymerase. On the

other hand, amplification of a DNA fragment of about 12

kilobase pairs was observed using Tks, Tce or Tsi DNA

polymerase.

[0093]

Next, experiments were carried out changing the

primers to a primer lambda-1 and a primer lambda-10D. The

nucleotide sequence of the primer Al0D 1s shown 1n SEQ ID

NO:40. 50 ul of a reaction mixture containing 1 ng/50 ul

of A-DNA (Takara Shuzo), 10 pmol/50 ul of the primer
lambda-1, 10 pmol/50 pl of the primer lambda-10d and 0.625

i,

U/50 nl of DNA polymerase was prepared wlth the same

reaction mixture composlition as the above. The reaction
mixtures were subjected to PCR reactions as follows: 30
cycles of 98°C for 10 seconds; and 68°C for 10 minutes.
Then, 3 ul each of the reaction mixtures was subjected to
agarose gel electrophoresis, and amplified DNA fragments
were observed by staining with ethidium bromide. As a

result, amplification of a DNA fragment was not observed

using KOD DNA polymerase. On the other hand, amplification

pets

of a DNA fragment of about 15 kilobase palrs was observed

using Tks, Tce or Tsi DNA polymerase.
[0094 ]

Example 8
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(1) Production of mouse hybridoma cell lines

800 pnl of PBS was added to 210 upug (100 ul) of the

Tks DNA polymerase preparation prepared in Example 2, 210

ng (100 pl) of the Tce DNA polymerase preparation prepared

in Example 4, or 200 pg (100 pl) of the Tsi DNA polymerase

preparation prepared in Example 6. Fach mixture was

emulsified with 1 ml of complete Freund's adjuvant (Difco

Lab.) to obtain an antigen preparation. The antigen

preparation was divided into equal parts and

intraperitoneally administered into four Balb/c mice (10

weeks old, female, CREA Japan). Booster 1mmunization was

carried out after 2 and 5 weeks as follows: an antigen

preparation was prepared by adding 900 ul of PBS and RIBI

Adjuvant (RIBI) to the same amount of the DNA polymerase
preparation as the above, and equal parts thereof were
intraperitoneally administered to the respective mice.

Furthermore, final immunization was carried out 6 weeks

after the 1initial antigen administration as follows: an

antlgen preparation was prepared by adding 900 ul of PBS to

the same amount of the DNA polymerase preparation as the
above, and equals parts thereof were intraperitoneally

administered to the mice in the respective groups.

[0095]

Spleens were removed from two of the immunized

animals 3 days after the final immunization, and subjected
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to cell fusion with P3-X63-Ag8-Ul mouse myeloma cells 1n

the presence of 50% polyethylene glycol. The cells were

dispensed into ten 86-well plates and cultured.

10090}

(2) Screening of hybridoma cell lines

Solutions (5 ng/ml) of the respective DNA
polymerase preparations used as antigens 1n Example 8-(1)
were used to prepare 96-well plates coated wlth the DNA

polymerases. For the cells obtained in the above-mentioned

cell fusion, supernatants were collected from wells for

which cell growth was observed, and the ELISA method was

conducted on the DNA polymerase-coated plates to assay for

the presence of anti-DNA polymerase antibodies 1n the
culture supernatants. This assay was carried out for 900
or more cell lines obtained using the DNA polymerases as

antigens. Lines judged to produce antibodles according to

this procedure (Tks DNA polymerase: 95 1lines; Tce DNA

polymerase: 103 lines; Ts1 DNA polymerase: 61 lines) were
selected.

[0097]

The selected cell lines as origlnal cell lines
were cultured, and inhibition of polymerase activities of

the respective DNA polymerases was examined at 42°C using

the culture supernatants. Inhibitory activities were

measured according to the following method. Anti-mouse IgG



10

15

20

25

CA 02568998 2006-11-30

o0

magnet beads (Dynabeads M-280 Sheep anti-Mouse IgG, Dynal

Biotech) to which IgG 1n the culture supernatant from each
hybridoma had been bound were 1incubated with the DNA
polymerase at room temperature for 10 minutes. The DNA
polymerase activity was then measured at 42°C and compared

with the results of DNA polymerase activity measurement

]
—

using the DNA polymerase alone. As a result, inhibition of

DNA polymerase activities was observed in culture

supernatants from the following lines: Tks DNA polymerase:

18 lines; Tce DNA polymerase: 28 lines; Tsl DNA polymerase:
11 lines. These cell lines were subjected to cloning by
limiting dilution analysis.

[0098]

Inhibition of polymerase activity of the DNA

polymerase at 42 C by the culture supernatant from each

cloned cell was examined. The following 1lines were
selected as hybridoma clone lines that inhibit 95% or more
of the polymerase activity: Tks DNA polymerase: 1 1line; Tce
DNA polymerase: 2 lines; Tsli DNA polymerase: 2 lines. The

osa,

isotypes of antibodies produced by these hybridoma‘ clone

lines were examined. As a result, the antibodies to Tks

and Tce DNA polymerases were of gGz2b type, and the

antibodies to Tsi DNA polymerase were of IgGl and G2b types.

P

The activities of 1inhibiting the DNA polymerases were

completely lost when the antibodies prepared from the
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culture supernatants from the hybridomas were heated at

94°C for 5 minutes. Thus, 1t was shown that these

antlbodiles can be used to inhibit activities of

thermostable DNA polymerases in a low temperature-specific

mannexr.

Industrial Applicability

[0029]

The present 1nvention provides a polypeptide
having a high-fidelity DNA polymerase activity suitable for
primer extension which 1s useful for cloning, sequencing
and nucleic acid amplification, a gene encoding the
polypeptide, and a method for producing the polypeptide

having a DNA polymerase activity. Using the polypeptide

having a DNA polymerase activity of the present i1nvention,

1t 1s possible to obtaln an amplification product with a

iy

less error rate even 1f 1t 1s used in PCR comprising many

cycles, for example. Thus, 1t 1s useful for analysis or

identification of a target nucleic acid present at low copy

number.

Sequence Listing Free Text

1L0100]

SEQ ID No:l; Designed oligonucleotide primer

TPPolBF4 to amplify a genomic DNA of Thermococcus sp.
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SEQ ID No:2; Designed oligonucleotide primer

TPPolBF5 to amplify a genomic DNA of Thermococcus sp.

SEQ ID No:3; Designed oligonucleotide primer

TTPolBR1l to amplify a genomic DNA of Thermococcus sp.

SEQ ID No:4; Designed oligonucleotide primer

TTPolBR4 to amplify a genomic DNA of Thermococcus sp.

SEQ ID No:5; Designed oligonucleotide primer

Tks01l to amplify a genomic DNA of Thermococcus sp. KS-1

SEQ ID No:©6; Designed olilgonucleotide  Tag

sequence region to amplify a genomic DNA of Thermococcus sp.

SEQ ID No:7; Designed oligonucleotide primer

Tks04 to amplify a genomic DNA of Thermococcus sp. KS-1

SEQ ID No:8; Designed oligonucleotide primer
Tks02 to amplify a genomic DNA of Thermococcus sp. KS-1

SEQ ID No:9; Designed oligonucleotide primer
TksNde to amplify a genomic DNA of Thermococcus sp. KS-1

SEQ ID No:10; Designed oligonucleotide primer
TkslEndBg to amplify a genomic DNA of Thermococcus sp. KS-1

SEQ ID No:11; Designed oligonucleotide primer
Tks2StaBg to amplify a genomic DNA of Thermococcus sp. KS-1

SEQ ID No:12; Designed oligonucleotlde primer

Tks2EndBal to amplify a genomic DNA of Thermococcus sp. KS-

1

SEQ ID No:13; Designed oligonucleotide primer

Tks3StaBal to amplify a genomic DNA of Thermococcus sp. KS-
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SEQ ID No:14; Designed oligonucleotide primer

TksBgPs to amplify a genomic DNA of Thermococcus sp. KS-1

SEQ ID No:l/; Designed oligonucleotide primer

TPPolBF1l to amplify a genomic DNA of Thermococcus sp.

SEQ ID No:18; Designed oligonucleotide primer

TTPolBRS to amplify a genomic DNA of Thermococcus sp.

SEQ ID No:19; Designed ollgonucleotide primer

TceOl to amplify a genomic DNA of Thermococcus celer

SEQ ID No:20; Designed oligonucleotide primer

Tce02 to amplify a genomic DNA of Thermococcus celer

SEQ ID No:21; Designed oligonucleotlde primer

TceNde to amplify a genomic DNA of Thermococcus celer

SEQ ID No:22; Desligned oligonucleotide primer

TceBgPs to amplify a genomic DNA of Thermococcus celer

SEQ ID No:25; Designed oligonucleotide primer

Ts101l to amplify a genomic DNA of Thermococcus siculi

SEQ ID No:26; Designed oligonucleotide primer

Ts106 to amplify a genomic DNA of Thermococcus siculi

SEQ ID No:27; Designed oligonucleotide primer

TsiNde to amplify a genomic DNA of Thermococcus siculi

SEQ ID No:28; Designed oligonucleotide primer

Ts1iA to amplify a genomic DNA of Thermococcus siculi

SEQ ID No:29; Desligned oligonucleotide primer

TsiB to amplify a genomic DNA of Thermococcus siculi
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No:30;

SEQ ID No:33;

to amplify a genomic

64

Designed oligonucleotide primer

'y a genomic DNA of Thermococcus sicull

Designed oligonucleotide primer HT

DNA of M13SEQ ID No:34; Designed

oligonucleotide primer c280/RG34-F to amplify a genomic DNA

SEQ 1D
c280/RG34-R to

thermophilus HB-8

SEQ ID
c240/RA18-F to

thermophilus HB-8

SEQ ID

c240/RA18-R to

thermophilus HB-8

SEQ 1D

No:35;

amplify

No:36;

amplify

No:37;

amplify

No: 38;

of Thermus thermophilus HB-8

Designed oligonucleotide primer

a genomic DNA  of Thermus

Designed oligonucleotide primer

a genomic DNA  of Thermus

Designed oligonucleotide primer

a genomic DNA  of Thermus

Designed oligonucleotide primer

lambda-1 to amplify a DNA of bacteriophage lambda

SEQ ID No:39;

Designed oligonucleotide primer
Ve

lambda-9B to amplify a DNA of bacteriophage lambda

SEQ ID No:40;

Designed oligonucleotide primer

lambda-10D to amplify a DNA of bacteriophage lambda
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CLAIMS

1. A polypeptide having a DNA polymerase

activity, which has an amino acid sequence selected from

the group consisting of the following or an amino acid

sequence 1n whilich one or several amlino aclds are deleted,
inserted, added or substlituted 1n said amino acid seqguence:

(a) the amlno acid sequence of SEQ ID NO:16;

(b) the amino acid sequence of SEQ ID NO:24; and

(c) the amino acid sequence of SEQ ID NO:32.

2. A nucleic acid encoding the polypeptide
defined by claim 1.

3. The nucleic acilid according to claim 2, which
has the nucleotide sequence of SEQ ID NO:15, 23 or 31, or a
part thereof.

4. A nucleic acid encoding a polypeptide having
a DNA polymerase activity, which hybridizes to a- nucleic
acld consisting of a nucleotide sequence complementary to

the nucleic acid defined by «claim 3 under stringent

conditions.

5. A method for producing a polypeptide, the

method comprising:

culturing a cell capable of producing a

polypeptide, and

collectling said polypeptide from the culture,
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wherein sald polypeptide has a DNA polymerase

activity, and has an amino acid sequence selected from the

group consisting of the followlng or an amino acid sedquence

1n which one or several amino aclds are deleted, 1nserted,
5 added or substituted 1n said amino acid sequence:

(a) Tthe amino acid sequence of SEQ ID NO:16;

(b) the amino acid sequence of SEQ ID NO:24; and
(c) the amino acid sequence of SEQ ID NO:32.

6. A method for ampllifying a nucleic acid, the

10 method comprising:

amplifying a nucleic acilid using a polypeptide,

whereln sald polypeptide has a DNA polymerase

activity, and has an amino acid sequence selected from the
group consisting of the following or an amino acid sequence
15 1n which one or several amino acids are deleted, inserted,
added or substituted in said amino acid sequence:
(a) the amino acild sequence of SEQ ID NO:16;
(b) the amino acid sequence of SEQ ID NO:24; and
() the amino acilid sequence of SEQ ID NO:32.

20 7. A composition for amplifying a nucleic acid,

which contains the polypeptide defined by claim 1.

8. A kit which contains the polypeptide defined

by claim 1.

9. An antlbody which binds to the polypeptide

25 defined by claim 1.
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