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The present invention relates to a purified, thermostable DNA polymerase
purified from Thermus thermophilus and recombinant means for producing the
enzyme. Thermostable DNA polymerases are useful in many recombinant DNA
techniques, especially nucleic acid amplification by the polymerase chain reaction
(PCR).

Extensive research has been conducted on the isolatibn of DNA polymerases
from mesophilic microorganisms such as E. coli. See, for example, Bessman gt al.,
1957, J. Biol. Chem. 233:171-177 and Buttin and Kornberg, 1966, ]. Biol. Chem.
241:5419-5427. |

Much less investigation has been made on the jsolation and purification of DNA
polymerases from thermophiles such as Thermus thermophilus. Kaledin et al., 1980,
Biokhymiya 45:644-651 disclose a six-step isolation and purification procedure of
DNA polymerase from cells of T. aquaticus YT-1 strain. These steps involve isolaton

of crude extract, DEAE-cellulose chromatography, fractionation on hydroxyapatite,

fractionation on DEAE-cellulose, and chromatography on single-strand DNA-cellulose.

"The pdols from each stage were not screened for contaminating endo- and

exonuclease(s). The molecular weight of the purified enzyme is reported as 62,000

- daltons per monormeric unit. ,

- A second purification scheme for a polymerase from Thermus aquaticus is
described by Chien gt al., 1976, 1. Bacteriol. _121:1550—1557. In this process, the
crude extract is applied to a DEAE-Sephadex column. The dialyzed pooled fractions
are then subjected to treatmenton a phosphocellulose column. The pooled fractions are
dialyzed and bovine serum albumin (BSA) is added to prevent loss of polymerase |
activity. The resulting mixture is loa.ded ona DNA-ccllulose column. The pooled

‘material from the column is dialyzed and analyzed by gel filtration to have a molecular
',_Weight of a_bout 63,000 daltons and by sucrose gradient centrifugation of about 68,000

The use of thermostable enzymes, such as those prepared by Chien et al. and

compared to the amount initially present was described in U.S. Patent Nos. 4,683,195;
4,683,202; and 4,965,188, which describe the PCR process. Primers, template,
nucleoside triphosphates, the appropriate buffer and reaction conditions, and a

polymerase are used in the PCR process, which involves denaturation of target DNA,
hybridization of primers, and synthesis of complementary strands. The extension
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ent Nos. 4po )Ergr?:er]égc that may be used to improve the PCR process described above and to
improve the results obtained when using a thermostable DNA polymerase in other
recombinant techniques such as DNA sequencing, nick-translation, and even reverse

15 transcription. Thc present invention helps meet that need by providing recombinant
expression vectors and punﬁcanon protocols for Thermus thermophilus DNA
polymerase.

Accordingly, the present invention provides a purified thermostable enzyme that
catalyzes combination of nucleotide triphosphates to form a nucleic acid strand

20 comolmncntary to a nucleic acid template strand. The purified enzyme is the DNA
polymerase from Thermus thermophilus (Tth) and has a molecular weight predicted
from the nucleic acid sequence of the gene of about 94 kDa. This purified material
may be used in a temperature-cycling amplification reaction wherein nucleic acid
sequences are produced from a given nucleic acid sequence in amounts that are large

25 compared to the amount initially present so that the sequences can be manipulated

5 and/or analyzed easily.

3 The gene encoding Tth DNA polymerase enzyme from Thermus thermophilus
has also been identified and cloned and provides yet another means to prepare the
thermostable enzyme of the present invention. In addition to the gene encoding the Tth

30 enzy}mc,‘ gene derivatives encoding Tth DNA polymerase activity are also provided.

The invention also encompasses a stable enzyme composition comprising a
purified, thermostable Tth enzyme as described above in a buffer containing one or

awinte

more non-ionic polymcnc dctcrgcnts - :
. Finally, the invention provides a mcthod of purification for the thermostable
.35 polymcrasc of the invention. This method mvolvc:s preparing a crude extract from
. Thermus thermophilus cells, ad_}usung the i lomc strcngth of the crude extract so that the
DNA polymcrase dlssocxates from nuclclc ac:d in. thc extract, subjecting the extract to
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protein affinity chromatography step is preferred for separating the DNA polymerase
from endonuclease proteins.

The present invention provides DNA sequences and expression vectors that
encode Tth DNA polymerase. To facilitate understanding of the invention, a number of
terms are defined below.

The terms "cell,” "cell line,"” and “cell culture” can be used interchangeably and
all such designations include progeny. Thus, the words "transformants” or
"transformed cells" include the primary transformed cell and cultures derived from that
cell without regard to the number of transfers. All progeny may not be precisely
identical in DNA content, due to deliberate or inadvertent mutations. Mutant progeny
that have the same functionality as screened for in the originally transformed cell are
included in the definition of transformants.

The term “control sequences” refers to DNA sequences necessary for the
expression of an operably linked coding sequence in a particular host organism. The
control sequences that are stitable for procaryotes, for example, include a promoter,
optionally an operator sequcﬁcc, a ribosome binding site, and possibly other
sequences. Eucaryotic cells are known to utilize promoters, polyadenylation signals,
and enhancers. '

The term “"expression system" refers to DNA sequences containing a desired
coding sequence and control sequences in operable linkage, so that hosts transformed
with these sequences are capable of producing the encoded proteins. To effect
transformation, the expression system may be included on a vector; however, the
relevant DNA may also be integrated into the host chromosome.

’ The term "gene" refers to a DNA sequence that encodes a recoverable bioactive
polypeptide or precursor. The polypeptide can be encoded by a full-length gene |
sequence or by any portion of the codmg sequence so long as the enzymatic activity is
retained.

The term "operably linked" refers to the positioning of the coding sequence
such that control sequences will function to drive expression of the protein encoded by
the coding sequence. Thus, a coding sequence “operably linked” to control sequences
refers to a configuration wherein the coding sequcnccs can bc cxprcsscd under thc

control of a control sequence.
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two or more deoxyribonucleotides or nbonucleondcs, preferably more than three and
usually more than ten. The exact size will depend on many factors, which in tam
depends on the ultimate function or use of the oligonucleotide. The oligonucleotide
may be derived synthetically or by cloning.

The term "primer" as used herein refers to an oligonucleotide, whether
occurring naturally. as in a purified restriction digest or produced synthetically, which is
capable of acting as a point of initiation of synthesis when placed under conditions in
which synthesis of a primer extension product which is complementary to a nucleic acid
strand is initiated, i.e., in the presence of four different nucleoside triphosphates and
the Tth thermostable enzyme in an appropriate buffer ("buffer” includes pH, ionic
strength, cofactors, etc.) and at a suitable temperature. For Tth polymerase, the buffer
preferably contains 1 to 3 mM of a magnesium salt, preferably MgCl,, 50-200 UM of
each nucleotide, and 0.5 to 1 uM of each primer, along with 50 mM KC1, 10 mM Tris
buffer, pH 8-8.4, and 100 pg/ml gelatin (although gelatin is not required and should be
avoided in some applications, such as DNA sequencing).

The primer is single-stranded for maximum efficiency in amplification, but may
alternatively be double-stranded. If double-stranded, the primer is first treated to
separate its strands before being used to prepare extension products. The primer is
usually an oligodeoxyribonucleotide. The primer must be sufficiently long to prime the
synthesis of extension products in the presence of the polymerase enzyme. The exact
length of a primer will depend on many factors, such as source of primer and result

desired, and the reaction temperature must be adjusted depending on primer length t0
ensure proper annealing of primer to template. Depending on the complexity of the
target sequence, the oligonucleotide primer typically contains 15 to 35 nucleotdes.
Short primer molecules generally require cooler temperatures to form sufficiently stable
complexes with template.
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act to reflect the exact sequence of the template. For example, a non-compl%mcntary
nucleotide fragment may be attached to the 5' end of the primer, with the remainder of
the primer sequence being substantially complementary to the strand. Non-
complementary bases or longer sequences can be interspersed into the primer, provided
that the primer sequence has sufficient complementarity with the sequence of the
template to hybridize and thereby form a template primer complex for synthesis of the
10 extension product of the primer.

-The terms "restiction endonucleases” and “"restriction enzymes" refer to

bacterial enzymes which cut double-stranded DNA at or near a specific nucleotide

)

sequence.
The term "thermostable enzyme" refers to an enzyme which is stable to heat and

is heat resistant and catalyzes (facilitates) combination of the nucleotides in the proper
manner to form primer extension products that are complementary to each nucleic acid
strand. Generally, synthesis of a primer extension product begins at the 3' end of the
primer and proceeds in the 5' direction along the template strand, until synthesis
terminates. :

The Tth thermostable enzyme of the present invention satisfies the requirements
for effective use in the amplification reaction known as the polymerase chain reaction.
The Tth enzymeé does not become irreversibly denatured (inactivated) when subjected 10
the elevated temperatures for the time necessary to effect denaturation of double-
stranded nucleic acids, a key step in the PCR process. Irreversible denaturation for
purposes herein refers to permanent and complete loss of enzymatic activity. The
heating conditions necessary for nucleic acid denaturation will depend, e.g., on the
buffer salt concentration and the composition and length of the nucleic acids being
denatured, but typically range from about 90 to about 105°C for a time depending
mainly on the temperature and the nucleic acid length, typically from a few seconds up
to four minutes. Higher temperatures may be tolerated as the buffer salt concentration
and/or GC composition of the nucleic acid is increased. The Tth enzyme does not
become irreversibly denatured for relatively short exposures to temperatures of about
90-100°C.

The Tth thermostable enzyme has an optimum temperature at which it functions
that is higher than about 50°C. Temperatures below 50°C facilitate hybridizaton of
primer to template, but depending on salt composition and concentration and primer
composition and length, hybridization of primer to template can occur at highef
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;ﬁ-ern1 prinmer"” as used herein refers to an oligonucl eotide, whether

& Urrin urally as in a purified restriction digest
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Eynt hesi s when placed under conditions in which synthesis of a prinmer

ext ensi on product which is conplenentary to a nucleic bﬂﬁﬁhégaﬂgkﬁmxd
Lnitiated, i.e., in the presence of 9f our different nuc phat es
bnd the Tth ther nost abl e enzyme in an appropriate buffe MMMH E IBCI udes
pH, ionic strength, cofactors, etc.) and-at a suitable or Tth
bol ynerase, the buffer preferably contains 1 to 3 mM of a nagnesium salt,
pbreferably MgC [err], 50-200 [err] M of each nucleotide, and 0.5 to 1 [err] M
pf each priner, along with 50 mM KC1, 10 mM Tris buffer, pH 8-8.4, and 100
err]g/m gelatin (although gelatin is not required and shoul d be avoi ded

n sone applications, such as DNA sequencing). The primer is

5i ngl e-stranded for maxi num efficiency in anplification, but my

pl ternatively be doubl e-stranded. If double-stranded, the priner is first
reated to separate its strands before being used to prepare extension

br oducts. The primer is usually an oligodeoxyribonucl eotide. The priner

st be sufficiently long to prinme the synthesis of extension products in
he presence of the polynerase enzynme. The exact length of a prinmer wll
depend on many factors, such as source of priner and result desired, and

he reaction tenperature nust be adjusted depending on primer length to
ensure proper annealing of prinmer to tenplate. Depending on the conplexity
pf the target sequence, the oligonucleotide priner typically contains 15 to
35 nucl eotides. Short prinmer nol ecul es generally require cool er

enperatures to formsufficiently stable

1020
1080
1140
1200

300
TTGGCGGGGCTAAAGGACCTCAAGGAGGTCCGGGGCCTCCTCGCCAAGGACCTCGCCGTC

GGCAGCCTCCTCCACGAGTTCGGCCTCCTGGAGGCCCCCGCCCCCCTGGAGGAGGCCCCT
GlySerLeuLeuHisGluPheGlyLeuLeuGluAlaProAlaProLeuGluGluAlaPro

o
<3t
e

.960

TGGCCCCCGCCGGAAGGGGCCTTCGTGGGCTTCGTCCTCTCCCGCCCCGAGCCCATGTGG
400

280
300
320
340
360
380

GCCCAGGGGCGGGAGCCCGACCGGGAGGGGCTTAGGGCCTTCCTGGAGAGGCTGGAGTTC
AlaGlnGlyArgGluProAspArgGluGlyLeuArgAlaPheLeuGluArgLeuGluPhe
TerroProProGluGlyAlaPheValGlyPheValLeuSerArgProGluProMetTrp
GCGGAGCTTAAAGCCCTGGCCGCCTGCAGGGACGGCCGGGTGCACCGGGCAGCAGACCCC
AlaG1uLeuLysAlaLeuAlaAlaCysArgAspGlyArgValHisArgAlaAlaAspPro
LeuAlaGlyLeuLySAspLeuLysG1uValArgGlyLeuLeuAlaLysAspLeuAlaVal
TTGGCCTCGAGGGAGGGGCTAGACCTCGTGCCCGGGGACGACCCCATGCTCCTCGCCTAC
LeuAlaSerArgGluGlyLeuAspLeuValProGlyAspAspProMetLeuLeuAlaTyr
CTCCTGGACCCCTCCAACACCACCCCCGAGGGGGTGGCGCGGCGCTACGGGGGGGAGTGG
LeuLeuAspProSerAsnThrThrProGluGlyValAlaArgArgTyrGlyGlyGluTxrp
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®t ensi on product of the priner. The ternms "restriction
endonucl eases" and "restriction enzynes" refer to bacte C@J whi ch
cut W /8280, anded DNA at or near a speci fic nucl eoti deli’ éﬂsgﬁggﬁ
The term "t hernostabl e enzynme" refers to an enzyne which is stable_to heat.
and is heat resistant and catal yzes éfaC|I|tates) conbi nation of the
nucl eotides in the proper manner tolform primer extenS|onhpsmﬁuaﬁgmmﬁammaﬂe
conpl enentary to each nucleic acid strand. Generally, synt
ext ensi on product begins at the 3' end of the prinmer and p
direction along the tenplate strand, until synthesis term nates.
The Tth thernostable enzyne of the present invention satisfies the
requirenents for effective use in the anplification reaction known as the
pol ymerase chain reaction. The Tth enzyne does not becone irreversibly
denatured (inactivated) when subjected to the elevated tenperatures for the
time necessary to effect.denaturation of double- stranded nucleic acids, a
key step in the PCR process. Irreversible denaturation for purposes herein
refers to permanent and conplete | oss of enzymatic activity. The heating
condi ti ons necessary for nucleic acid denaturation will depend, e.g., on
he buffer salt concentration and the conposition and I ength of the nucleic
aci ds being denatured, but typically range from about 90 to about 105[err]C
or a time depending mainly on the tenperature and the nucleic acid | ength,
ypically froma few seconds up to four m nutes. Hi gher tenperatures may be
ol erated as the buffer salt concentration

1800

CCCAACCTGCAGAACATCCCCGTCCGCACCCCCTTGGGCCAGAGGATCCGCCGGGCCTTC
1860

GTGGCCGAGGCGGGTTGGGCGTTGGTGGCCCTGGACTATAGCCAGATAGAGCTCCGCGTC
1920

CTCGCCCACCTCTCCGGGGACGAAAACCTGATCAGGGTCTTCCAGGAGGGGAAGGACATC
1980

’ CACACCCAGACCGCAAGCTGGATGTTCGGCGTCCCCCCGGAGGCCGTGGACCCCCTGATG
2040

1680
ACCAAGCTCAAGAACACCTACGTGGACCCCCTCCCAAGCCTCGTCCACCCGAGGACGGGC
ThrLysLeuLysAsnThrTeralAspProLeuProSerLeuValHisProArgThrGly

1740

CGCCGGGCGGCCAAGACGGTGAACTTCGGCGTCCTCTACGGCATGTCCGCCCATAGGCTC

CGCCTCCACACCCGCTTCAACCAGACGGCCACGGCCACGGGGAGGCTTAGTAGCTCCGAC
680

560
580
600
620
640
660

ArgLeuHisThrArgPheAsnGlnThrAlaThrAlaThrGlyArgLeuSerSerSerAsp
ProAsnLeuGlnAsnIleProValArgThrProLeuGlyGlnArgIleArgArgAlaPhe
Va1AlaG¥uAlaGlyTrpAlaLeuValAlaLeuAspTyrSerGlnIleGluLeuArgVal
LeuAlaHisLeuSerGlyAspGluAsnLeuIleArgValPheGlnGluGlyLysAsplIle
HisThrGlnThrAlaSerTrpMetPheGlyValProProGluAlaValAspProLeuMet
ArgArgAlaAlaLysThrValAsnPheGlyValLeuTyrGlyMetSerAlaHisArgleu

i
!
[
i




8 a2 S
o «© 3 = .
© e Coa —
N3
(=3 !
c BT = 5
0 80 n_,mMmﬂﬁr °
< me Mua - tmm <
D) &t ruwmmm
= 0 O @ & =
T va C N © O >
w - .- m o o o nTONTHRTYDIYRTYUTHOIJRTYNTOHNSTNATNIINTOASYSTHTICAUTONSTINITIN
% m — 0 kw, m — o m OV¥OOYOHIIIDDIDIDYYIDD0II99YDOLIDLIILIDYDIVOIVIILIOIVIILDILIOLY
eshihwo > 00Fv2 )
> gl 5. o5 08L
— 20~ m SE - ,m bayervAToasunTobaynagbayoagsygnagsiiTesisnwerynoisiionnagdsy
9= = Q— = 5 0900299990 LYOHYHODDILIIDIDIJILLILIOVYILOOLYIDDDLIOYYOLYILIIYD
© OiOD..em (V] 24
O — S & o._
—_ 4= © 4= y— N =
O OQy-.—- 0O o 09L
© c . » o o
o5 3 Cmm S =, BTVRTYVIYLATOUTOTRAOIJIBHUSYRYJRTYIPROIYNTORTVRTYNTObIYTRA LSS
=G -e° g9 00900900¥2999YIILOIDIDLYIVYILLIIDOLYINIOVDDIDIDOIUDIOYILOIOY
52253 22 0822
S w0 oo —
CSOOOM_T: >0 orL
vESE = m = m m. m%ﬂm>mu¢m.ﬁ<cm<smqmw<oum.ﬁm>uthu<mu<mhﬂ<>mezmsmquzasﬂoﬂm>u>e
< m S .m o _ .W - m. OYYOLOOODI29IVYILIIVODIIDLOIYLININIVYOYYDDILLILIIIYVYOOLOOVYL
"5 ,.00E& © 0cee
Y— O ®© Qo —_
O >O o - m =
5255255 .. A1obayshbavAtonTontonstayrsAnroetrdaleTybayTeasAToagaygass
—28%2%g% 02 0999909V YHOVDDDOYIOYIDLIIIVONEVYOYIYDOLIIDODIOLOOYYIDIIILLIOY
— O @© - © O — 0912 .
0 > [ SN )] —_——
m.wﬁs ) m.t S — 00¢
S==P3c RE UTH3Y4IALBIYNTOITIOUJRTYTRARTYNTONTOIALOIFDTIRTYNSTNTHUTIAIS
%m e o 7 YY¥IILLOVLOOIOYOY LY LLIOO99LODI9OYOIUOIVLIDIDILEIIOLLIOVOOYIIDL
B85 Eooss Qe 0012
(&] f—— o — (@]
— eM — = [ 7, J
coOBOL__00 .o
i, EC O EEFOR
B L C S0O.— O IR ————————— e T P




ill

cificity and/or selectivity of the primer-directed extension process.
He optimum tenperature for Tth activity ranges from about 50 to 90[err]C.
he pweBABRventi on provides the DNA sequence encodi ng BCTAUS0YG563% h
her nost abl e DNA pol ynerase of Thernus thernophilus. This DNA sequence and
he deduced ami no acid sequence are depicted bel ow. For convenience, the
m no aci d sequence of this Tth pol yiderase is nunbered for reference, and
ther forns of the thernostable enzynme are desi gnated blhixShéeeHss Begh Replaced

hanges fromthe full | engt h, native sequence. [e1ﬂllll Ill" II I II

2460

CCCCTCGCCGTGCCCCTGGAG
ProLeuAlaValProLeuGlu
2520

820
GGGTTAGGGGGGCCCTGCCGTT

834

ValGluValGlyMetGlyGluAspTrpLeuSerAlaLysGly

GTGGCGGCTTTGGCCAAGGAGGCCATGGAGAAGGCCTAT
Va1AlaAlaLeuAlaLysGluAlaMetGluLysAlaTyr
GTGGAGGTGGGGATGGGGGAGGACTGGCTTTCCGCCAA
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The DNA and amino acid sequences shown above and the DNA compounds
that encode those sequences can be used 1o design and construct recombinant DNA
expression vectors to drive expression of Tth DNA polymerase activity in a wide
variety of host cells. A DNA compound encoding all or part of the DNA sequence

5  shown above can also be used as a probe to identify thermostable polymerase-encoding
DNA from other organisms, and the amino acid sequence shown above can be used to
design peptides for use as immurfogcns to prepare antibodies that can be used to
identify and purify a thermostable polymerase.

Whether produced by recombinant vectors that encode the above amino acid

10  sequence or by native Thermus thermophilus cells, however, Tth DNA polymerase will
typically be purified prior to use in a recombinant DNA technique. The present
invention provides such purification methodology. For recovering the native protein
the cells are grown using any suitable technique. Briefly, the cells are grown on a
medium, in one liter, of nitrlotriacetic acid (100 mg), tryptone (3 g), yeast extract (3

15 &), succinic acid (5 g), sodium sulfite (50 mg), riboflavin (1 mg), KoHPO4 (522 mg),
MgSO4 (480 mg), CaCl; (222 mg), NaCl (20 mg), and trace elements. The pH of the
medium is adjusted to 8.0 + 0.2 with KOH. The yield is increased up to 20 g of
cells/liter if cultivated with vigorous aeration ata temperature of 70°C. Cells in the late
logarithmic growth stage (determined by absorbance at 550 nm) are collected by

20 centrifugation, washed with a buffer and stored frozen at -20°C.

In another method for growing the cells, a defined mineral salts medium
containing 0.3% glutamic acid supplemented with 0.1 mg/l biotin, 0.1 mg/l thiamine,
and 0.05 mg/1 nicotinic acid is employed. The salts include nitrilotriacetic acid, CaSQOsa,
MgSO4, NaCl, KNO3, NaNO3, ZnSOq4, H3BO3, CuSO4, NaMoQy, CoCly, FeCls,

25  MnSOq, and NagHPO4. The pH of the medium is adjusted to 8.0 with NaOH. The
cells are grown initally at 75°C in a water bath shaker. On reaching a certain density,
one liter of these cells is transferred to a 14-liter fermentor. Sterile air is bubbled
through the cultures and the temperature maintained at 75°C. The cells are allowed to
grow for eight hours before being collected by centrifugation.

After cell growth, the isolation and purification of the enzyme takes place in six
stages, each of which is carried out at a temperature below room temperature,
preferably about 4°C. In the first stage or step, the cells, if frozen, are thawed,
disintegrated with an Aminco French pressure cell (18,000 psi), suspended in a buffer
at about pH 7.5, and centrifuged. In the second stage, the supernatant is collected and
35  then fractionated by adding a salt such as dry ammonium sulfate and Polymin P to

remove nucleic acids. The pellet (at 0.2 M NH4SOy) is discarded.

30
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The supernatant from the second stage is applied to a phenyl sepharose column
equilibrated with a buffer composed of 0.2 M (NH4)2804, 50 mM Tris-HCl, pH 7.5,
and 0.5 mM DTT. Then the column is washed first with buffer (1): TE buffer
containing 0.5 mM DTT and 0.2 M (INH4)2SO4, then with buffer (2): TE buffer
containing 0.5 mM DTT, then with buffer (3): buffer (2) containing 20% ethylene
glycol. The protein is eluted in buffer (4): buffer (3) buffer containing 2 M urea.

In the fourth step, the eluate collected in the third step is applied to a heparin
sepharose column equilibrated with 0.15 M KCl. The column is then washed in the
same buffer and the enzyme eluted with a linear gradient of a buffer such as 0.15M 1o
0.75 KCl. The activity peak is at 0.31 t0 0.355 M KCl.

In the fifth stage, the fraction collected in the fourth step is concentrated and
diafiltered against Affigel-blue buffer. The precipitate formed is removed by
centrifugation, and the supernatant is applied to an Affigel-blue column equilibrated
with 0.1 M KCL. The column is then washed with 0.1 M KCl and the enzyme eluted
with a linear gradient of a buffer such as 0.1 to 0.5 M KCl. Fractions with
thermostable enzyme activity are then tested for contaminating deoxyribonucleases
(cndo— and exonucleases) using any suitable procedure. For example, the endonuclease
activity may be determined electrophoretically from the change in molecular weight of
phage A DNA or supercoiled plasmid DNA after incubation with an excess of DNA
polymerase. Similarly, exonuclease activity may be determined electrophoretically
from the change in molecular weight of DNA after treatment with a restriction enzyme
that cleaves at several sites. The fractions determined to have no deoxyribonuclease
activity (peak activity of polymerase elutes at 0.28 to 0.455 M KCl) are pooled and
dialyzed against CM-Trisacryl buffer. The precipitate formed is removed by
centrifugation. _

In the sixth step, the supernatant is applied to a CM-Trisacryl column
equilibrated with 50 mM NaCl. The column is washed with 50 mM NaCl and the
enzyme eluted with a linear gradient of a buffer such as 0.05 to 0.4 M NaCl. The
pooled fractions having thermostable polymerase activity and no deoxyribonuclease

activity elute at 0.16 to 0.20 M NaCl.
The molecular weight of the dialyzed product may be determined by any

technique, for example, by SDS-PAGE analysis using protein molecular weight
markers. The molecular weight of the DNA polymerase purified from Thermus
thermophilus is determined by the above method to be about 94 kDa. The molecular
weight of this same DNA polymerase as determined by the predicted amino acid
sequence is calculated to be approximately 94,016 daltons. The purification protocol of
native Tth DNA polymerase is described in detail in Example 1. Purification of the

15
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recombinant Tth polymerase of the invention can be carried out with similar
methodology. _

An important aspect of the present invention is the production of recombinant
Tth DNA polymerase. As noted above, the gene encoding this enzyme has been cloned
from Thermus thermophilus genomic DNA. The complete coding sequence (~2.5 kb)
for the Tth polymerase can be easily obtained in an ~3.7 kilobase (kb) Hind[II-BstEII
restriction fragment of plasmid pBSM:Tth10, although this ~3.7 kb fragment contains
an internal HindII restriction enzyme recognition site. This plasmid was deposited
with the American Type Culture Collection (ATCC) in host cell E. coli K12 strain
DG101 on December 21, 1989, under accession No. 68195.

The complete coding sequence and deduced amino acid sequence of the
thermostable Tth DNA polymerase enzyme is provided above. The entire coding
sequence of the Tth DNA polymerase gene is not required, however, to produce a
biologically active gene product with DNA polymerase activity. The availability of
DNA encoding the Tth DNA polymerase sequence provides the opportunity to modify
the coding sequence so as to generate mutein (mutant protein) forms also having DNA
polymerase activity. Amino(N)-terminal deletions of the protein, up to about one-third
of the protein, are not believed to destroy polymerase activity of the remaining
fragment, and recombinant truncated proteins, created by deleting approximately one-
tenth of the coding sequence (for the amino-terminus), are quite active in polymerase
assays. Because certain N-terminal shortened forms of the polymerase are active, the
gene constructs used for expression of these polymerases can includé the
corresponding shortened forms of the coding sequence.

In addition to the N-terminal deletions, individual amino acid residues in the
peptide chain comprising Tth polymerase may be modified by oxidation, reduction, or
other derivation, and the protein may be cleaved to obtain fragments that retain activity.
Such alterations that do not destroy activity do not remove the protein from the
definition of a protein with Tth polymerase activity and so are specifically included
within the scope of the present invention. Modifications to the primary structure of the
Tth gene DNA polymerase by deletion, addition, or alteration so as to change the amino
acids incorporated into the Tth DNA polymerase during translation can be made without
destroying the high temperature DNA polymerase activity of the protein. Such
substitutions or other alternations result in the production of proteins having an amino
acid sequence encoded by DNA falling within the contemplated scope of the present
invention. Likewise, the cloned genomic sequence, or homologous synthetic
sequences, of the Tth DNA polymerase gene can be used to express a fusion
polypeptide with Tth DNA polymerase activity or to express a protein with an amino -

L
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acid sequence identical to that of native Tth DNA polymerase. In addition, such
expression can be directed by the Tth DNA polymerase gene control sequences or by a
control sequence that functions in whatever host is chosen to express the Tth DNA
polymerase.

5 Thus, the present invention provides the cbmplctc coding sequence for Tth
DNA polymerasé from which expression VeCtors applicable to 2 variety of host systems
can be constructed and the coding sequence expressed. Portons of the Tth polymerase-
encoding sequence arc also useful as probes 10 retrieve other thermostable polymerase-
encoding sequences in 2 variety of species. Accordingly, portions of the genomic DNA

10 encoding at least four 10 six amino acids can be replicated in E. coli and the denatured
forms used as probes or oligodcoxyribonuclcotide probes that encode at least four 10
six amino acids can be synthesized and used to retrieve additional DNAs encoding a
thermostable polymerase. Because there may not be an exact match between the
nucleotide sequence of the thermostable DNA polymerase gene of Thermus

15 thermophilus and the corresponding gene of other species, oligomers containing
approximately 12-18 nucleotides (encoding the four to six amino acid sequence) are
usually necessary to obtain hybridization under conditons of sufficient stringency o
eliminate false positives. Sequences encoding six amino acids supply ample
information for such probes.

20 The present invention, by providing the coding and amino acid sequences for
Tth DNA polymerase, therefore enables the isolation of other thermostable polymerase
enzymes and the coding sequences for thosc' enzymes. The Taq and Tth DNA
polymerase coding sequences are very similar, and this similarity facilitated the
identification and isolation of the Tth DNA polymerase coding sequence. The regions

25 of dissimilarity berween the Taq and Tth DNA polymerase coding sequences can also
be used as probes, however, 10 identify other thermostable polymerase coding
sequences that encode enzymes quite divergent from, for example, Taq polymerase but
similar to Tth polymerase. :

Several such regions of dissimilarity between the Taq and Tth DNA polymerase

30 coding sequences exist. These regions include the sequences for codons 225-230; 238-
246; 241-249; 335-343; 336-344; 337-345; 338-346; and 339-347. For regions nine
codons in length, probes corresponding to these regions can be used to identfy and
jsolate thermostable polymerase encoding DNA sequences that are idcnticai (and
complemcntary) to the probe fora contiguous sequence of at jeast five codons. For the

35 region siX codons in length, a probe corresponding to this region can be used to
identify and isolate thermostable polymcrase-cncoding DNA sequences that are identical
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14 The DNA and am no aci d sequences shown above and the DNA
comp¥ORI409950 hat encode those se ences can be used to dRETAISYMAY63®NStruct
reconbi nant DNA rs to drive expression of Tth DNA

pol ynerase activit var| ety of host cells. A DNA conpound
encoding all or pa sequence shown above can al so be used as
a probe to identify therm)stabl e pol ymt¥ ase- encodi ng DNA from ot her
organi sns, and the amino acid sequence shown above can be used to desi gn
peptides f or 1ol pRSbd o H BoRiguous sequémpear at Radt fadiodenst ISath denmbstabised t o

oY o0 e TR E RGO O 1B poa VoL Mer P oduced by
Thermus thermophilus species, or even from the genus Thermus, to be isolated, so
. long as the requisite homology is present.

5 Whether one desires to produce an enzyme identical to native Tth DNA
polymerase or a derivative or homologue of that enzyme, the production of a
recombinant form of Tth polymerase typically involves the construction of an
expression vector, the transformation of a host cell with the vector, and culture of the
transformed host cell under conditions such that expression will occur. To construct

10 the expression vector, a DNA is obtained that encodes the mature (used here to include
all muteins) enzyme or a fusion of the Tth polymerase to an additional sequence that
does not destroy activity or to an additional sequence cleavable under controlled
conditions (such as treatment with peptidase) to give an active protein. The coding
sequence is then placed in operable linkage with suitable control sequences in an

15 expression vector. The vector can be designed to replicate autonomously in the host
cell or to integrate into the chromosomal DNA of the host cell. The vector isused to
transform a suitable host, and the transformed host is cultured under conditions suitable
for expression of recombinant Tth polymerase. The Tth polymerase is isolated from
the medium or from the cells; recovery and purification of the protein may not be

9 necessary in some instances, where some impurities may be tolerated. '

Each of the foregoing steps can be done in a variety of ways. For example the
desired coding sequence may be obtained from genomic fragments and used directly in
appropriate hosts. The construction for expression vectors operable in a variety of
hosts are made using appropriate replicons and control sequences, as set forth generally

o5 below. Construction of suitable vectors containing the desired coding and control
sequences employs standard ligation and restriction techniques that are well understood
in the art. Isolated plasmids, DNA sequences, or synthesized oligonucleotides are
cleaved, modified, and religated in the form desired. Suitable restriction sites can, if
not normally available, be added to the ends of the coding sequence so as to facilitate

30 construction of an expression vector, as exemplified below.

Site-specific DNA cleavage is performed by treating with the suitable restriction
enzyme (or enzymes) under conditions that are generally understood in the art and
specified by the manufacturers of commercially available restriction enzymes. See,
e.g., New England Biolabs, Product Catalog. In general, about 1 pig of plasmid or
other DNA is cleaved by one unit of enzyme in about 20 ! of buffer solution; in the
examples below, an excess of restriction enzyme is generally used to ensure complete
digestion of the DNA. Incubation times of about one to two hours at about 37°C are

35
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performed by supplying only one of the, or sclectcd dNTPs w1thm the limitations
dictated by the nature of the protruding ends. After treatment with Klenow, the mixture
is extracted with phenol/chloroform and ethanol precipitated. Similar results can be
achieved using S1 nuclease, because treatment under appropriate conditions with S1
nuclease results in hydroly51s of any single-stranded portion of a nucleic acid.

Synthetic oligonucleotides can be prepared using the triester method of
Matteucci gt al., 1981, 1. Am. Chem. ,Sm 103:3185-3191 or automated synthesis
methods. Kinasing of single strands pnor to annealing or for labeling is achieved using
an excess, €.g., approximately 10 units, of polynucleotide kinase to 0.5 M substrate
in the presence of 50 mM Tris, pH 7.6, 10 mM MgCl,, 5 mM dithiothreitol (DTT), and
1to 2 pM ATP. If kinasing is for labeling of probe, the ATP will contain high specific
activity y-32P. :

Ligations are pcrfonned in 15-30 p volumes under the following standard
conditions and temperatures: 20 mM Tris-Cl, pH 7.5, 10 mM MgClp, 10 mM DTT, 33
pg/ml BSA, 10 mM-50 mM NaCl, and either 40 pM ATP and 0.01-0.02 (Weiss) units
T4 DNA ligase at 0°C (for ligation of fragments with complementary single-stranded
ends) or 1 mM ATP and 0.3-0.6 units T4 DNA ligase at 14°C (for "blunt end”
ligation). Intermolecular ligations of fragments with complementary ends are usually
performed at 33-100 pg/ml total DNA concentrations (5-100 nM total ends
concentration). Intermolecular blunt end ligations (usually employing a 10-30 fold
molar excess of linkers) are performed at 1 M total ends concentration.

In vector construction, the vector fragment is commonly treated with bacterial or
calf intestinal alkaline phosphatase (BAP or CIAP) to remove the 5’ phosphate and
prevent religation and reconstruction of the vector. BAP and CIAP digestion
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to remove AP and purify the DNA. Alternatively, religation can be prevented by
restriction enzyme digestion of unwanted vector fragments before or after ligadon of the
desired vector.

For portions of vectors or coding sequences that require sequence
modifications, a variety site-specific primer-directed mutagenesis methods are available.
The polymerase chain reaction (PCR) can be used to perform site-specific mutagenesis.
In another technique now standard in the art, a synthetic oligonucleotide encoding the
desired mutation is used as a primer to direct synthesis of a complementary nucleic acid
sequence of a single-stranded vector, such pBS13+, that serves as a template for
construction of the extension product of the mutagenizing primer. The mutagenized
DNA is transformed into a host bacterium, and cultures of the transformed bacteria are
plated and identified. The identification of modified vectors may involve wransfer of the
DNA of selected transformants to a nitrocellulose filter or other membrane and the
"lifts" hybridized with kinased synthetic primer at a temperature that permits
hybridization of an exact match to the modified sequence but prevents hybridization
with the original strand. Transformants that contain DNA that hybridizes with the
probe are then cultured and serve as a reservoir of the modified DNA.

In the constructions set forth below, correct ligations for plasmid construction
are confirmed by first transforming E. coli strain DG101 or another suitable host, with
the ligation mixture. Successful transformants are selected by ampicillin, tetracycline or
other antibiotic resistance or sensitivity or by using other markers, depending on the
mode of plasmid construction, as is understood in the art. Plasmids from the
transformants are then prepared according io the method of Clewell gt al., 1969, Proc.
Natl. Acad. Sci. USA 62:1159, optionally following chloramphenicol amplification
(Clewell, 1972, ]. Bacteriol. 110:667). Another method for obtaining plasmid DNA is
described as the "Base-Acid" extraction method at page 11 of the Bethesda Research -
Laboratories publication Focus, volume 5, number 2, and very pure plasmid DNA can
be obtained by replacing steps 12 through 17 of the protocol with CsCl/ethidium
bromide ultracentrifugation of the DNA. The isolated DNA is analyzed by restriction
enzyme digestion and/or sequenced by the dideoxy method of Sanger ¢t al., 1977,
Proc. Natl. Acad. Sci. USA 74:5463, as further described by Messing gt al., 1981,
Nuc. Acids Res. 9:309, or by the method of Maxam gt al., 1980, Methods in

Enzymology 65:499.
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was deposned w1th the ATCC (ATCC 53075) on March 29, 1985, are also usc:?u(ij hoyt

cells. For M13 phage recombinants, E. coli strains susceptible to phage infection, such

as E. coli K12 strain DG98, are employed. The DG98 strain was deposited with the

ATCC (ATCC 39768) on July 13, 1984.

However, microbial strains other than E. coli can also be used, such as bacilli,
for example Bacillus subtilis, various species of Pseudomonas, and other bacterial
strains, for recombinant expression of Tth DNA polymerase. In such procaryotic
systems, plasmid vectors that contain replication sites and control sequences derived
from the host or a species compatible with the host are typically used.

For example, E. coli is typically transformed vsing derivatives of pBR322,
described by Bolivar et al., 1977, Gene 2:95. Plasmid pBR322 contains genes for
ampicillin and tetracycline resistance. These drug resistance markers can be either
25  retained or destroyed in constructing the desired vector and so help to detect the

presence of a desired recombinant. Commonly used procaryotic control sequences,
i.e., a promoter for transcription initiation, optionally with an operator, along with a
ribosome binding site sequence, include the §-lactamase (penicillinase) and lactose (lac)
promoter systems (Chang et al., 1977, Nature 198:1056), the tryptophan (trp)

30 promoter system (Goeddel ¢t al., 1980, Nuc. Acids Res. 8:4057), and the lambda-
derived Py, promoter (Shimatake ¢t al., 1981, Nature 292:128) and N-gene ribosome
binding site (Nrgs). A portable control system cassette is set forth in U.S. Patent No.
4,711,845, issued December 8, 1987. This cassette comprises a PL, promoter operably
linked to the Ngps in tum positioned upstream of a third DNA sequence having at least

35 one restriction site that permits cleavage within six bp 3' of the Nrgs sequence. Also
useful is the phosphatase A (phoA) system described by Chang ¢t al. in European
Patent Publication No. 196,864, published October 8, 1986. However, any available

15

20
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5 are most often used, althougg a pumber of other strains are commonly available. While
vectors employing the two micron origin of replication are common (Broach, 1983,
Meth. Enz. 101:307), other plasmid vectors suitable for yeast expression are known
(see, for example, Stinchcomb gt al,, 1979, Nawre 282:39; Tschempe et al., 1980,
Gene 10:157; and Clarke gt al., 1983, Meth. Enz. 101:300). Control sequences for
10 yeast vectors include promoters for the synthesis of glycolytic enzymes (Hess et al.,
1968, J. Adv. Enzyme Reg. 7:149, and Holland et al., 1978, Biotechnology 17:4900).
Additional promoters known in the art include the promoter for 3-phosphoglycerate
kinase (Hitzeman gt al., 1980, . Biol. Chem. 255:2073) and those for other glycolytic
enzymes, such as glyceraldehyde-3-phosphate dehydrogenase, hexokinase, pyruvate
15 decarboxylase, phosphofructokinase, glucose-6-phosphate isomerase, 3-
phosphoglycerate mutase, pyruvate kinase, triosephosphate isomerase,
phosphoglucose isomerase, and glucokinase. Other promoters that have the additional
advantage of transcription controlled by growth conditions are the promoter regions for
alcohol dehydrogenase 2, isocytochrome C, acid phosphatase, degradative enzymes
op associated with nitrogen metabolism, and enzymes responsible for maltose and
galactose utilization (Holland, supra).
Terminator sequences may also be used to enhance expression when placed at
the 3 end of the coding sequence. Such terminators are found in the 3' untranslated
region following the coding sequences in yeast-derived genes. Many vectors contain
25 control sequences derived from the enolase gene contained in plasmid peno46 (Holland
et al., 1981, J. Biol. Chem. 256:1385) or the LEU2 gene obtained from YEp13
(Broach gt al., 1978, Gene 8:121); however, any vector containing a yeast-compatble
promoter, origin of n:pliéation, and other control sequences is suitable for use in

constructing yeast Tth expression VeCtors.
The Tth gené~can also be expressed in eucaryotic host cell cultures derived from

multicellular organisms. See, for example, Tissue Culture, Academic Press, Cruz and
Patterson, editors (1973). Useful host cell lines include COS-7, COS-A2, CV-1,
murine cells such as murine myelomas N51 and VERO, HelLa cells, and Chinese
hamster ovary (CHO) cells. Expression vectors for such cells ordinarily include

35 promoters and control seqhenccs compatible with mammalian cells such as, for
example, the commonly used early and late promoters from Simian Virus 40 (SV 40)
(Fiers et al., 1978, Nawre 273:113), or other viral promoters such as those derived

30
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10 replication in eucaryotes.
Plant cells can also be used as hosts, and control sequences compatible with

plant cells, such as the nopaline synthase prormoter and polyadenylation signal
sequences (Depicker et al., 1982, . Mol. Appl. Gen. 1:561) are available. Expression
systems employing insect cells utilizing the control systems provided by baculovirus

15  vectors have also been described (Miller gt al., in Genetic Engineering (1986) Setlow et
al., eds., Plenum Publishing, Vol. 8, pp. 277-297). Insect cell-based expression can
be accomplished in Spodoptera frugipeida. These systems are also successful in

producing recombinant Tth polymerase.
Depending on the host cell used, transformanon is done using standard
20 techniques appropriate to such cells. The calcium treatment employing calcium
chloride, as described by Cohen, 1972, Proc. Natl. Acad. Sci. USA 69:2110 is used
for procaryotes or other cells that contain substantial cell wall barriers. Infection with
Agrobacterium mmefaciens (Shaw gt al., 1983, Gene 23:315) is used for certain plant
cells. For mammalian cells, the calcium phosphate precipitation method of Graham and
o5 van der Eb, 1978, Virology 52:546 is preferred. Transformations into yeast are carried
out according to the method of Van Solingen ¢t al., 1977, J. Bact. 130:946 and Hsiao
et al., 1979, Proc. Natl. Acad. Sci. USA 76:3829.
Once the Tth DNA polymerase has been expressed in a recombinant host cell,
purification of the protein may be desired. Although the purification procedures
30 previously described can be used to purify the recombinant thermostable polymerase of
the invention, hydrophobic interaction chromatography purification methods are
preferred. Hydrophobic interaction chromatography is a separation technique in which
substances are separated on the basis of differing strengths of hydrophoblc interaction
with an uncharged bed material containing hydrophobic groups. Typically, the column
'35 is first equilibrated under conditions favorable to hydrophobic binding, e.g., high ionic
strength. A descending salt gradient may be used to elute the sample. L
is Sheet Has Been Replaced
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DNA ol skERIpRS Becd€dsing salt gadidns, erhylens or propylsne glycal, ohuEgA- §88 no
recombinant Tth polymerase, a preferred embodiment involves washing the column
sequentially with the Tris-EDTA buffer and the Tris-EDTA buffer containing 20%
ethylene glycol. The Tth polymerase is subsequently eluted from the column with 2 0
to 4 M urea gradient in the Tris-EDTA ethylene glycol buffer.

For long-term stability, Tth DNA polymerase enzyme is stored in a buffer that
contains one or more non-ionic polymeric detergents. Such dctcrgenis are generally
those that have a molecular weight in the range of approximately 100 to 250,000
preferably about 4,000 to 200,000 daltons and stabilize the enzyme at a pH of from
about 3.5 to about 9.5, preferably from about 4 to 8.5. Examples of such detergents
include those specified on pages 295-298 of McCutcheon's Emulsifiers & Detergents,
North American edition (1983), published by the McCutcheon Division of MC
Publishing Co., 175 Rock Road, Glen Rock, NJ (USA), the entire disclosure of which
is incorporated herein by reference. Preferably, the detergents are selected from the
group comprising ethoxylated fatty alcohol ethers and lauryl ethers, ethoxylated alkyl
phenols, octylphenoxy polyethoxy ethanol compounds, modified oxyethylated and/or
oxypropylated straight-chain alcohols, polyethylene glycol monooleate compounds,
polysorbate compounds, and phenolic fatty alcohol ethers. More particularly preferred
are Tween 20, a polyoxyethylated (20) sorbitan monolaurate from ICI Americas Inc.,
30 Wilmington, D.E., and Iconol™ NP-40, an ethoxylated alkyl phenol (nonyl) from

BASF Wyandotte Corp. Parsippany, NJ.

The thermostable enzyme of this invention may be used for any purpose in
which such enzyme activity is necessary or desired. Ina particularly preferred
embodiment, the enzyme catalyzes the nucleic acid amplification reaction known as

35 PCR. This process for amplifying nucleic acid sequences is disclosed and claimed in
U.S. Patent No. 4,683,202, issued July 28, 1987, the disclosure of which is
incorporated herein by reference. The PCR nucleic acid amplification method involves
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5  process is equally useful in amplifying single-stranded nucleic acid, such as mRNA,

although in the preferred embodiment the ultimate product is still double-stranded

DNA. In the amplification of a single-stranded nucleic acid, the first step involves the

synthesis of a complementary strand (one of the two amplification primers can be used

for this purpose), and the succeeding steps proceed as in the double-stranded

10 amplification process described below.

_ This amplification process comprises the steps of:

D (a) contacting each nucleic acid strand with four different nucleoside
triphosphates and one oligonucleotide primer for each strand of the specific sequence
being amplified, wherein each primer is selected to be substantially complementary to

15 the different strands of the specific sequence, such that the extension product -
synthesized from one primer, when it is separated from its complement, can serve as a
ternplate for synthesis of the extension product of the other primer, said contacting
being at a temperature which allows hybridization of each primer to a complementary
nucleic acid strand;

20 (b)  contacting each nucleic acid strand; at the same time as or after step (a),
with a DNA polymerase from Thermus thermophilus which enables combination of the
nucleoside triphosphates to form primer extension products complementary to each
strand of the specific nucleic acid sequence;

(c)  maintaining the mixmre from step (b) at an effective temperature for an

b o5 effective time to promote the activity of the enzyme and to synthesize, for each different

sequence being amplified, an extension product of each primer which is complementary

to each nucleic acid strand template, but not so high as to separate each extension
product from the complementary strand template;

(d) heating the mixture from step (c) for an effective time and at an effective
temperature to separate the primer extension products from the templates on which they
were synthesized to produce single-stranded molecules but not so high as to denature

30

irreversibly the enzyme;
(¢) cooling the mixture from step (d) for an effective time and to an effectuve
temperature to promote hybridization of a primer to each of the single-stranded

35 molecules produced in step (d); and
§3) maintaining the mixwure from step (¢) at an effective temperature for an

effective time to promote the activity of the enzyme and to synthesize, for each different
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the desired sequence at relative positions along the sequence such that an extension

product synthesized from one primer, when separated from the template (complement),

can serve as a template for extension of the other primér into a nucleic acid sequence of

15 defined length. The greater the knowledge about the bases at both ends of the

sequence, the greater can be the specificity of the primers for the target nucleic acid
‘ sequence and the efficiency of the process. In any case, an initial copy of the sequence
to be amplified must be available, although the sequence need not be pure or a discrete
molecule. In general, the amplification process involves a chain reaction for producing,

20 in exponential quantities relative to the number of reaction steps involved, at least one
specific nucleic acid sequence given that (a) the ends of the required sequence are
known in sufficient detail that oligonucleotides can be synthesized which will hybridize
to them, and (b} that a small amount of the sequence is available to initiate the chain
reaction. The product of the chain reaction will be a discrete nucleic acid duplex with

25  termini corresponding to the ends of the specific primers employed.

Any nucleic acid sequence, in purified or nonpurified form, can be utilized as
the starting nucleic acid(s), provided it contains or is suspected to contain the specific
nucleic acid sequence desired. The nucleic acid to be amplified can be obtained from
any source, for example, from plasmids such as pBR322, from cloned DNA or RNA,
or from natural DNA or RNA from any source, including bacteria, yeast, viruses,
organelles, and higher organisms such as plants and animals. DNA or RNA may be
extracted from blood, tissue material such as chorionic villi, or amniotic cells by a
variety of techniques. See, €.g., Maniatis ¢t al., supra, pp. 280-281. Thus, the
process may employ, for example, DNA or RNA, including messenger RNA, which
DNA or RNA may be single-stranded or double-stranded. In addition, a DNA-RNA
hybrid which contains one strand of each may be utilized. A mixture of any of these
nucleic acids can also be employed as can nucleic acids produced from a previous

30
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5 The sequence to be amplified need not be present initially in a pure form; the
sequence can be a minor fraction of a complex mixture, such asa portion of the -
globin gene contained in whole human DNA (as exemplified in Saiki et al., 1985,
Science 230:1530-1534) or a portion of a nucleic acid sequence due to a particular
microorganiém, which organism might constitute only a very minor fraction of 2

10 particular biological sample. The cells can be directly used in the amplification process
after suspension in hypotonic buffer and heat treatment at about 90-100°C until cell
lysis and dispersion of intracellular components occur (generally 1 to 15 minutes).
After the heating step, the amplification reagents may be added directly to the lysed
cells. The starting nucleic acid sequence may contain more than one desired specific

15 nucleic acid sequence. The amplification process is useful not only for producing large
amounts of one specific nucleic acid sequence but also for amplifying simultaneously
more than one different specific nucleic acid sequence located on the same or different

nucleic acid molecules.
. Primers play a key role in the PCR process. The word "primer” as used in
describing the amplification process can refer to more than one primer, particulary in
the case where there is some ambiguity in the information regarding the terminal
‘sequence(s) of the fragment to be amplified. For instance, in the case where a nucleic
acid sequence is inferred from protein sequence information, a collection of primers
containing sequences representing all possible codon variations based on degeneracy of
25 the genetic code will be used for each strand. One primer from this collection will be
sufficiently homologous with the end of the desired sequence to be amplified to be
useful for amplification.
In addition, more than one spcmﬁc nucleic acid sequence can be amplified from
the first nucleic acid or mixture of nucleic acids, so long as the appropriate number of
30 different oligonucleotide primers are utilized. For example, if two different specific
nucleic acid sequences are to be produced, four primers are utilized. Two of the
primers are specific for one of the specific nucleic acid sequences and the other two
primers are specific for the second specific nucleic acid sequence. In this manner, each
of the two different specific sequences can be produced exponentially by the present

20

35 process.
A sequence within a given sequence can be amplified after a given number of

cycles to obtain greater specificity of the reaction by adding after at least one cycle of
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Because the primer can contain as part of its sequence a non-complementary
sequence, provided that a sufficient amount of the primer contains a sequence that is
complementary to the strand to be amplified, many other advantages can be realized.
For example, a nucleotide sequence that is not complementary to the template sequence

20 (such as, c.g.; a promoter, linker, coding sequence, etc.) may be attached at the 5' end
of one or both of the primers and so appended to the product of the amplification
process. After the extension primer is added, sufficient cycles are run to achieve the
desired amount of new template containing the non-complementary nucleotide insert.
This allows production of large quantities of the combined fragments in a relatively

25 short period of time (e.g., two hours or less) using a simple technique.

Oligonucleotide primers can be prepared using any suitable method, such as,
for example, the phosphotriester and phosphodiester methods described above, or
automated embodiments thereof. In one such automated embodiment,
diethylphosphoramidites are used as starting materials and may be synthesized as

30 described by Beaucage g1 al., 1981, Temrahedron Letters 22:1859-1862. One method
for synthesizing oligonucleotides on a modified solid support is described in U.S.
Patent No. 4,458,066. One can also use a primer that has been isolated from a
biological source (such as a restriction endonuclease digest).

No matter what primers are used, however, the reaction mixture must contain a

35 template for PCR to occur, because the specific nucleic acid sequence is produced by
using a nucleic acid containing that sequence as a template. The first step involves
contacting each nucleic acid strand with four different nucleoside iphosphates and one
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3 mM to increase the efficiency and specificity of the reaction. However, dNTP

concentrations of 1-20 M may be preferred for some applications, such as DNA

sequencing.

10 The nucleic acids strands of the target nucleic acid serve as templates for the
synthesis of additional nucleic acids strands, which are extension products of the
primers. This synthesis can be performed using any suitable method, but generally
occurs in a buffered aqueous solution, preferably at a pH of 7-9, most preferably about
8. To facilitate synthesis, a molar excess (for cloned nucleic acid, usually about 1000:1

15 primer:template and for genomic nucleic acid, usually about 108:1 primer:template) of
the two oligonucleotide primers is added to the buffer containing the template strands.

- As a practical matter, the amount of primer added will generally be in molar excess over
the amount of complementary strand (template) when the sequence to be amplified is
contained in a mixture of complicated long-chain nucleic acid strands. A large molar

20 excess is preferred to improve the efficiency of the process.

The mixture of template, primers, and nucleoside triphosphates is then treated
according to whether the nucleic acids being amplified or detected are double- or single-
stranded. If the nucleic acids are single-stranded, then no denaturation step need be

- employed, and the reaction mixture is held at a temperature which promotes

o5 hybridization of the primer to its complementary target (template) sequence. Such
temperature is generally from about 35°C to 65°C or more, preferably about 37-60°C
for an effective time, generally from a few seconds to five minutes, preferably from 30
seconds to one minute. A hybridization temperature of 45-58°C is used for Tth DNA
polymerase, and 15-mer or longer primers are used to increase the specificity of primer

30 hybridization. Shorter primers require lower hybridization temperatures. The

complement to the original single-stranded nucleic acids can be synthesized by addma
Tth DNA polymerase in the presence of the appropriate buffer, dNTPs, and one or
more oligonucleotide primers. If an appropriate single primer is added, the primer
extension product will be complementary to the single-stranded nucleic acid and will be
hybridized with the nucleic acid strand in a duplex of strands of equal or unequal length
(depending on where the primer hybridizes to the template), which may then be
separated into single strands as described above to produce two single, separated,

35
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temperature is 90-100°C for 10 seconds to 3 minutes. Strand separation may also be
induced by an enzyme from the class of enzymes known as helicases or the enzyme

15 RecA, which has helicase activity and in the presence of riboATP is known to denature
DNA. The reaction conditions suitable for separating the strands of nucleic acids with
helicases are described by Kuhn Hoffmann-Berling, 1978, CSH-Quantitative Biology
43:63, and techniques for using RecA are reviewed in Radding, 1982, Ann. Rev.
Genetics 16:405-437. The denaturation produces two separated complementary strands

20 of equal or unequal length. :

If the double-stranded nucleic acid is denatured by heat, the reaction mixture is
allowed to cool to a temperature which promotes hybridization of each primer to the
complermentary target (template) sequence. This temperature is usually from about
35°C to 65°C or more, depending on reagents, preferably 37-60°C. The hybridization

25 temperature is maintained for an effective time, generally 30 seconds to 5 minutes, and
preferably 1-3 minutes. In practical terms, the temperature is simply lowered from
about 95°C to as low as 37°C, and hybridization occurs at a temperature within this

-

range.
Whether the nucleic acid is single- or double-stranded, the DNA polymerase
30 from Thermus thermophilus may be added at the denaturation step or when the
temperature is being reduced to or is in the range for promoting hybridization.
Although the thermostability of Tth polymerase allows one to add Tth polymerase to the
reaction mixture at any time, one can substantially inhibit non-specific amplification by
adding the polymerase to the reaction mixture at a point in ime when the mixure will
35 not be cooled below the stringent hybridization temperature. After hybridizadon, the
reaction mixture is then heated to or maintained at a temperature at which the activity of
the enzyme is promoted or optimized, i.e., a temperature sufficient to increase the
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.10 Tange from about 0.5 to 40 minutes or more, depending mainly on the temperature, the

length of the nucleic acid, the enzyme, and the complexity of the nucleic acid mixture.
The extension time is usually about 30 seconds to three minutes. If the nucleic acid is
longer, a longer time period is generally required for complementary strand synthesis.
The newly synthésizcd strand and the complement nucleic acid strand form a

15 double-stranded molecule which is used in the succeeding steps of the amplification
process. In the next step, the strands of the double-stranded molecule are separated by
heat denaturation at a temperature and for a time effective to denature the molecule, but
not at a temperature and for a period so long that the thermostable enzyme is completely
and irreversibly denatured or inactivated. After this denaturation of template, the

20 temperature is decreased to a level which promotes hybridization of the primer to the
complementary single-stranded molecule (template) produced from the previous step,
as described above.

After this hybridization step, or concurrently with the hybridization step, the
temperature is adjusted to a temperature that is effective to promote the activity of the

25 thermostable enzyme to enable synthesis of a primer extension product using as a
template both the newly synthesized and the original strands. The temperature again
must not be so high as 10 separate (denature) the extension product from its template, as
described above. Hybridization may occur during this step, so that the previous step of
cooling after denaturation is not required. In such a case, using simultaneous steps, the

30 Ppreferred temperature range is 50-70°C.

The heating and cooling steps involved in one cycle of strand separation,
hybridization, and extension product synthesis can be repeated as often as needed to
produce the desired quantity of the specific nucleic acid sequence. The only limitation
is the amount of the primers, thermostable enzyme, and nucleotide triphosphates

35 present. Usually, from 15 to 30 cycles are completed. For diagnostic detection of
amplified DNA, the number of cycles will depend on the nature of the sample. For
example, fewer cycles will be required if the sample being amplified is pure. If the
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No additional nucleotides, primers, or thermostable enzyme need be added after
the initial addition, provided that no key reagent has been exhausted and that the
enzyme has not become denatured or inactivated irreversibly, in which case additional
polymerase or other reagent would have to be added for the reaction to continue.
Addition of such materials at each step, however, will not adversely affect the reaction.
After the appropriate number of cycles have been completed to produce the desired
amount of the specific nucleic acid sequence, the reaction may be halted in the usual
manner, e.g., by inactivating the enzyme by adding EDTA, phenol, SDS, or CHCl; or

10

15
by separating the components of the reaction.

The amplification process may be conducted continuously. In one embodiment
of an automated process, the reaction mixture may be temperature cycled such that the
temperature is programmed to be controlled at a certain level for a certain time. One
such instrument for this purpose is the automated machine for handling the
amplification reaction developed and marked by Perkin-Elmer Cetus Instruments.
Detailed instructions for carrying out PCR with the instrument are available upon

20

purchase of the instrument. |
Tth DNA polymerase is very useful in carrying out the diverse processes in
which amplification of a nucleic acid sequence by the polymerase chain reaction is
useful. The amplification method may be utilized to clone a particular nucleic acid
sequence for insertion into a suitable expression vector, as described in U.S. Pat-em
No. 4,800,159. The vector may be used to transform an appropriate host organism to
produce the gene product of the sequence by standard methods of recombinant DNA
technology. Such cloning may involve direct ligation into a vector using blunt-end
ligation, or use of restriction enzymes t0 cleave at sites contained within the primers.

25

30

Other processes suitable for Tth polymerase include those described in U.S. Patent
Nos. 4,683,194; 4,683,195; and 4,683,202 and European Patent Publication Nos.
229,701; 237,362; and 258,017; these patents and publications are incorporated herein
by reference. In addition, the present enzyme is useful in asymmetric PCR (see
Gyllensten and Exlich, 1988, Proc. Natl. Acad. Sci. USA 85:7652-7656, incorporated

herein by reference); inverse PCR (Ochman ¢t al., 1988, Genetics 120:621, -
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thermophilus. Tth DNA polymerase was assayed at various points during purncaton

according to the method described for Taq polymerase in Lawyer £l al., 1989, ]. Biol.
Chem. 264(11):6427-6437, incorporated herein by reference. ‘

Typically, this assay is performed in 50 pl of a reaction mixture composed of
25 mM TAPS-HCI1, pH 9.5 (20°C); 50 mM KCl; 2 mM MgCly; 1 mM pB-
mercaptoethanol; 200 pM in each of dATP, dGTP, and TTP; 100 pM o-32P-dCTP

- (0.03 10 0.07 }J:Ci/nmol); 12.5 pg of activated salmon sperm DNA; and polymerase.

The reaction is initiated by addition of polymerase in diluent (diluent is compos?d of 10
mM Tris-HCl, pH 8.0, 50 mM KCl, 0.1 mM EDTA, 1 mg/ml autoclavet% gelatfn, 0.5%
NP40, 0.5% Tween 20, and 1 mM B-mercaptoethanol), and the reaction is carried out
at 74°C. After a 10 minute incubation, the reaction is stopped by adding .10 pl ?f 60
mM EDTA. The reaction mixture is centrifuged, and 50 pl of reaction mixture 1s
wransferred to 1.0 mi of 50 pg/ml carrier DNA in 2 mM EDTA (at 0°C). .An equal
volume (1 mi) of 20% TCA, 2% sodium pyrophosphate is added and mixed. The
mixture is incubated at 0°C for 15 to 20 minutes and then filtered through‘\h.lhatman
GE/C filters and extensively washed (6 x 5 ml) with a cold mixture containing 5% TCA
and 1% pyrophosphate, followed by a cold 95% ethanol wash. Thfa filters are then
dried and the radioactivity counted. Background (minus enzyme) is usually 0.001%' to
0.01% of input cpm. About 50 to 250 pmol of 32P-dCTP standard is Sp-()tted for un.n
calculation. One unit is equal to 10 nmol of dNTP incorporated in 30 minutes at 74°C.
Units are calculated as follows.
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rough 17 of the protocol with CsC/ethidiu br om. d

e ultracentrifugation
on enzyne di gestion

%ﬁgﬂxMﬂ et al., 1977, Proc. Natl.
ur_i heieb‘?’al%rﬁigﬁ?m??h] | fréth Thed@&1, Nuc.
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expression vectors, and transformation nethods are
used to express the genepcEakoAd7s%e
mammal i an cells are used as hosts.

t he nost efficient and conveni ent for
reconbi nant proteins find are therefore preferred for
The procaryote nost frequently
[ For . cl oni ng and

yeast, insect, or

]

in 4 = units/ml

4.167 x 10

Enzyme activity is not completely linear with time. With purified enzyme, a thirty
minute assay is usually 2.5 x a 10 minute assay. ._

About 202 g of frozen Thermus thermophiluys strain HB8 cells (ATCC No.
27,634) were thawed in 100 ml of 3X TE-DTT buffer (150 mM Tris-Cl, pH 75,3
mM EDTA, and 3 mM dithiothreitol) containing 2.4 mM PMSF (from 144 mM stock in
DMF) and homogenized at low speed in a blender. All operations were carried out at 0
to 4°C unless otherwise stated. All glassware was baked prior to use, and solutions
used in the purification were autoclaved, if possible, prior to use.  The thawed cells
were lysed in an Aminco French pressure cell (18,000 psi), then diluted with an equal
volume of 1X TE-DTT buffer containing 2.4 mM PMSF and sonicated to reduce
viscosity (1/3 aliquots, 80% output, 10 minutes, 50% duty cycle). The lysate was
diluted with additional 1X TE-DTT buffer containin g fresh 2.4 mM PMSF to final
5.5X cell wet weight. The resulting fraction, fraction I (1,100 ml), contained 15.6 g of
protein and 46.8 x 104 units of activity.

Ammonium sulfate was added to 0.2 M (29.07 g) and the lysate stirred for 30
minutes on ice. Upon the addition of the ammonium sulfate, a precipitate formed
which was not removed prior.to the PEI precipitation step, described below.
Ammonium sulfate prevents the Tth polymerase from binding to DNA in the crude
lysate and reduces ionic interactions of the DNA polymerase with other cell lysate
proteins. Speed in the initial steps of purification (i.e., up to loading onto and eluting
from the phenyl-sepharose column) and the presence of protease inhibitor (PMSF at
2.4 mM) are important for protection from proteolytic degradation of the DNA
polymerase. For best results, then, one proceeds directly to the Polymin P (purchased
from BDH) precipitation step to remove most nucleic acids rather than introducing a
centrifugation step to remove the precipitate that forms upon the addition of ammonium
sulfate. For the same reason, one can include in fraction I the soft, viscous pellet that
forms on top of the Polymin P/ammonium sulfate pellet, because the viscous pellet
does not contain nucleic acids. Agarose gel electrophoresis and ethidium bromide
staining of the Polymin P supernatant indicates that >90% of the macromolecular DNA
and RNA is removed by 0.2% Polymin-P. To account for the additional amount of
protein, when the viscous pellet is included, the phenyl sepharose column should then

be ~10% larger than described below. B .
~ This Sheet Has Been Replaced :
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coli DG 116, posited with the ATCC (ATCC 53606) on April 7,
1987, and E. h was deposited wth the ATCC (ATCC 53075) on
March 29, 1985, are al so useful 3sost cells. For ML3 phage reconbinants,
E. coli strains susceptible to phage infection, such as E. coli K12

strai n DO8g a6 ek idwed e DOIBPslyhth P (PagetigRasiding PEIY h the  ATCC
ATCC 39768 m% ?fw&% 1984.. ] . i i trai th
T 2o O ¥ b e s Paymi AL 5 Fht S ed L5, L
subt irrl)b'g% grm'mm@pgng?d_ﬁe &aejuﬁtﬁ-mlml ,hoanohn ivehehen berutifirged lat st rains, for
reco I N ex SI D 0 ne . C syst ens,
5&&&#2‘5 Bor g, A S8 VS TRIE Birotd B W LAROPRL YAl 0 | Y

pl asm 0
der iV eftquiting ridlitiendl cetrifugatios pferid2f mief thetsupematant Was desasiedt Thd e typical |y

57 b ; . .
dor 1 vatiscans il S S ed For i pu  18B000RE o2 el iademng (2170,
Pl asni addirab40 ov of supsmagpaand Yesy largggsiatinops pellersy Thess BRAPH i ne resi st ance.

These %dﬂﬂné@%%t&'&fceacmf&ﬁfe%exﬁ%ﬂfrﬁ&i&iﬂahﬂﬂ.96§bﬁ;bxﬂwﬂ1 or 128%tofoyed in
constructln t

Ot i, o s e Shidl paar . S iR St o2 O 2,
\F/)m'r ﬁﬁﬂgﬁbﬁﬂgagdogﬁa_clr?;{mﬁhﬂaf ?dﬁvityat ion, optionally with an oger Ztrg;é al ong
(peni ci | | i n&&EFO% 6”756%8%5 eon?cr gg%tke@rg g%qsg?bzgg?@]}rgcﬂ(h %slﬁ%—ﬁ% al., 1977,
Nat ur e MIIAP54Y, purttased Md’phhamcéat—f.@) column (equilibrated in TE
containing 0.2 M ammonium sulfate and 0.5 mM DTT) at 80 ml/hr ( 10 mi/cm2/hr). All
resins were equilibrated and recycled according to the manufacturer's
recommendations. The column was washed with 240 ml of the same buffer (Asgo to
baseline), then with 220 ml TE containing 0.5 mM DTT (no ammonium sulfate) to
remove non-Tth DNA polymierase proteins. The column was then washed with 270 ml *
of 20% ethylene glycol in TE containing 0.5 mM DTT to remove more contaminating : l
protein, and the Tth polymerase activity was eluted with 2 M urea in TE containing
20% ethylene glycol and 0.5 mM DTT. The fractions (5 ml) containing the polymerase
activity were pooled (fraction Ila, 84 ml). The routine activity assays of the flow-
through and wash fractions revealed that only ~50% of the applied polymerase activity
had bound when the capacity of the column was exceeded. To avoid exceeding the
capacity of the column, a larger column (with, for example, at least 2X as much phenyl
sepharose) should be used. The flow-through and wash fractions containing the
balance of the activity were pooled (fraction IIb, 685 ml), adjusted to 0.2 M ammonium
sulfate, and then reapplied to the same column after the column had been recycled and
reequilibrated.
Assays of low levels of Tth DNA polymerase activity in fractions containing
Polymin P (e.g., phenyl sepharose flow-through fractions) should be conducted in the
presence and absence of 10 mM EDTA. The presence of EDTA permits correction for
_ elevated background levels of radioactivity due to Polymin P binding of the nucleotide

’—f .
:Stock Cent.er- under GCSC #6135, can be used as the host. For expression
vectors Lt h’gergﬁ HEX Jp[;j[;e@rr] control sequence, E. coli K12 strain MC1000
W@ 9aeese so “ “ r\ﬁmprr]cl 857 SusP[err], ATCCP{IEB$0/063%he used. E.
- |
, t

15

20

25

- 30

triphosphate substrate.

. As noted above, the Tth polymerase activity was eluted with a 2 M urea step
(fraction Ila). The eluant was dialyzed into heparin sepharose loading buffer to avoid
prolonged exposure to urea (1o avoid carbamylation) while waiting for the unretained
fraction IIb to be rerun over the same phenyl sepharose column. The dialyzed fracton

35



not er syst-em (Goeddel et al 1980, Nuc. Acids Res. 8:4057
* : - 0, : . 8 , and the
arbda-  deri yed PLef! beepRepodder (Shi nmat ake et al ., 19%,{)@,;) 96392: 128)

gggglfg;mQSQi o] . site (N[err]). A portable control system
ass Tﬁ' s set Patent No. 4,711,845, issued Decenber 8,
: IS cass I'ses a PL pronoter operably Ilinked to the Nerr]

n turn positioned upstreamof a tB6rd DNA se '
rn | . . quence having at |east one
estriction site that permts cleavage within six bp 3 o?the N err]

eg ﬁg“g te gll%' &?ﬁiﬂéﬁ@% of the bpslicdiotyibat1d9 213 utin)an) abys B abY¥¢r i bed by
. 1986. applied Bptgézgﬁgggf%%ﬁﬁ 1g By Elfblﬁ%}iﬁgam; TePobled floRuirdusgheshdOct ober
2Tt h eggmgg“ amnsyite sulbonpast frcsions eoniznias s besnd T DNA R85 % onst r uct
(SR8 Tib) consisted of 42.6% of the applied activity (181,559 units) and 40.8% of
5 the applied protein (4,110 mg). The column was recycled as recommended by the
manufacturer, reequilibrated with the starting buffer, and fraction IIb was reapplied.
Fraction IIb was loaded onto the phenyl sepharose column at 78 mi/hr. The
column was washed with 270 ml of 0.2 M ammonium sulfate in TE containing 0.5 mM
DTT, then with 170 ml TE containing 0.5 mM DTT (no ammonium sulfate), and finally
10 with 260 ml of 20% ethylene glycol in TE containing 0.5 mM DTT. The Tth
polymerase activity was again eluted with 2 M urea in TE containing 20% ethylene
glycol and 0.5 mM DTT. The fractions (4.3 ml) containing the polymerase activity
were pooled (fraction IIIb). The 2 M urea eluate (fraction IIIb) contained 87.6% of the
applied activity (159,132 units) and 8.8% of the applied protein (363 mg), yielding a
15 9.7 fold purification.

Fraction ITIb (116.4 ml) was adjusted to 0.15 M KCl and pooled with fraction
Tlla, which had been dialyzed without loss of activity into a buffer composed of 50 mM
Tris-Cl, pH 7.5, 0.1 mM EDTA, 0.2% Tween 20, 0.5 mM DTT, and 0.15 M KCl and
stored at 4°C. The pooled fraction III (243 ml) contained substantial levels of
contaminating specific and non-specific Tth endonucleases and exonucleases. The
combined fraction III contained 326,009 units of activity and 705 mg protein.

Fraction Il was loaded onto a2.2 x 12 cm (45 ml) heparin sepharose CL-6B
(purchased from Pharmacia-LKB) column and equilibrated in 0.15 M KCl, 50 mM Tris-
Cl, pH 7.5, 0.1 mM EDTA, 0.2% Tween 20, and 0.5 mM DTT) at 45 mi/hr. All of
the applied activity was retained by the column. The column was washed with 175 ml
of the same buffer (Azgp to baseline) and eluted with 670 ml of a linear 150-750 mM
KCl gradient in the same buffer. Fractions (5.25 ml) eluting between 0.31 and 0.355
M KCl were pooled (fraction IV, 149 ml). Similar to Tag DNA polymerase, which
clutes with a peak at 0.31 M KCl, Tth DNA polymerase clutes with a peak at 0.33 M
KCl contaminated with the coeluting TthHB8I endonuclease (an isoschizomer of Tagl
endonuclease [TCGA]).

Fraction IV was concentrated ~10-fold on an Amicon YM30 membrane and
subsequently dialyzed against 25 mM Tris-Cl, pH 7.5, 0.1 mM EDTA, 0.2% Tween
20, 0.5 mM DTT, and 100 mM KClL. A precipitate formed during dialysis and was
35 removed by centrifugation (10 minutes at 12,000xg, 4°C) without loss of actvity.

These steps, including the heparin sepharose column, yielded a 27-fold purification,
with 95% of the activity applied to the heparin-sepharose column being recovered.
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jct or of the invention. In addition to bacteria, eucar [
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§r oach, 1983, Met h. Enz. 101: 307), 38t her g: gs% dr Sgl:!t g?tsl glrjli ?;& gomn
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v. Enzynme Reific@tidm@ppertics onphicsphpeelivigse sigw ?@ﬂYB:i“gP‘é‘Eﬁﬁb‘PJg‘? DN&4900) .
jdi tional prosahense, %ﬂgm when SinAsH 7i5TEHi Befféelures @rORM KGirfrom '
3-jphosphogl ycer-at e I nase, (H tzeman et ‘{’;ll o eac SRing Biglog &b
2495: 2073) SancdhopphaseRlpscoViels RTBIGERE Sn °“8‘H§"§?%es é&& F0.£80.8 MIRA, Tuh
glfycer al dehy dsNA-pilipaaass mdiabysiclgsacmact beeoasily sepsmeduyr phesphocellulose.
ddcar boxyl ase g)t}ﬁ%ph fruct oﬁ{}nas | 4cos 8- \ihasinhats ThRBsMR fasSpeak
pHosphogi ycerliéﬂ"_ PRYZOCING %&%‘%Hﬂ%“!‘eﬁ T 1 osgéqosphat e i soner ase cak
2 3_5![0_?109| iJCOSiS atd 668 K3, Aﬁﬁgelgjlm@dbndéaboemr&sﬁ BeYEYeisa UM T9FIROTt he
ddi ti ona ady e L B d . C L
e the pr omsEBRHRlE PfbaBindd e RERHh B ROl e e e e gon G
adi d phosihatrasie usetbfer affinitypariSaatnnof cnzgastvith gwﬁwgtsﬂc%fog Pﬁﬂ&‘ﬁn tabolis
2 S e ?zy Tes respo g?ﬁﬁ% F%ﬁfanf'ﬁbﬁx%ﬁui&igiﬁoﬂ of fraétiome VUL 6/8i B twas loadeid bhwrad "
when placed at-6x 10cm (2 o) aPfigel-blue columy (c%lu%ﬁ)rgtgd oS8 iV TRRANSA 785 R £SSi on
mM EDTA, 0.2% Tween 20, 0.5 mM DTT, and 100 mM KCI) at 20 ml/hr. All of the
applied Tth DNA polymerase activity bound to the resin. The column was washed with
15 30 ml of the same buffer (Azgo to baseline) and eluted with a 300 ml linear 0.1-0.5 M
KCl gradient in the same buffer. Fractions (3.05 ml) eluting between 0.28 and 0.455
M KCl were assayed to ensure absence of contaminating double- and single-strand
endonuclease, indicated by absence of both lower molecular weight specific or non-
specific DNA fragments after one hour or eleven hours incubation at 60°C with 5-20
20 units of Tth polymerase activity using 600 ng of plasmid pLSG1 covalenty-closed
circular DNA or 850 ng of M13mp18 SS-DNA. When the KCl gradient was applied,
the Tth polymerase eluted with a fairly broad peak at ~0.35 M KCl, while the
endonuclease seemed to elute at >0.5 M KC1. Washing the affigel-blue column with
0.15 M KCl and eluting with a linear 0.15-0.6 M KCl gradient may provide better
o5 separation. : )

Based on the SDS-PAGE pattern, two pools were made: fraction Va from peak
fractions (61 ml) and fraction Vb, from flanking fractions (72.5 ml). Fraction Va
contained 22.2 x 104 units of activity and 5.5 mg of protein, and fraction Vb contained

 5.2x 104 units of activity and 3.5 mg of protein. Both pools were concentrated
30 Separately by diafiltration on YM30 membranes. Fraction Vb was concentrated ~10-
fold on an Amicon YM30 membrane, then dialyzed into CM-Trisacryl buffer (25 mM
sodium acetate buffer, pH 5.0, 0.5 mM DTT, 0.1 mM EDTA, and 0.2% Tween 20)
containing 50 mM NaCl. Again, a precipitate formed during dialysis and was removed
by centrifugation (12,000xg for 10 minutes at 4°C) resulting in a minor (<2%) loss of
activity and a 1.4-fold purification. The resulting supernatant (8.6 ml, 5.1 x 104 units
of activity and 2.3 mg of protein) was loaded onto 2 1 x 3.8 cm (3 ml) CM-Trisacryl

column (equilibrated in CM-Trisacryl buffer and 50 mM NaCl) at 3 ml/hr. All of the
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3" end of the coding sequence. Such termnators are found in the 3

ranslated reghy hfcé?hhm&m ptabbd codi ng se
quences in ye
Y WYoig1ye99sont al uences derived fromt hg Z‘ gg;ggbé@ﬁggenes

tained in pl asm and et al., 1981
: , J. Biol. Chem 256:
5%] or the LEU2 a| ne rom YE 13 (Broach et al., 1978, Cene 8:12
I however, any vector cont aining a yé st-conpatible pronoter, origin of
i cation, and other control sequences is suitable for use in

structing aéﬁﬁ&f achivity WaRFQSALPBY ihe@blin®. The column waaawzshhd gawel Toahofhe o be

i s, SeamefubeEaes wrtﬁé@aef AR 5 001 NG radiBhl Wi
o terson, ecyaﬁﬂrb%ﬁ(zﬂ. gﬁrfi):norisli{e&ﬂ) elbnsg betwetn 0. il?\%gnd %5 %éf%alﬂzc‘é@%nd
1, murine g8t SRS fio i aERVa Hile TN,
Chli nese hamstéf %éa@? f%h ?’ Féxpr sion.y and
fnra m lar i1y i saﬂmwmm phnqdrmﬂt@ sharp peakey &1@@@‘%&%‘5@“@ Py rglff}ehésse of
T i e g s e s
13: 3 a0 8 reMRting faction
D13 113), or weeeosimRt bide 4 5okt 43 DR K0 7
V (11.4 ml), which contained fraction Va and the peak fractions from the CM-Trisacy!
column treatment of Fraction Vb, was dialyzed into CM-Trisacryl buffer containing 50
10 mM NaCl. More precipitate formed and was removed by centrifugation (10 minutes at
12,000xg, 4°C) with insignificant loss of activity. The precipitate contained 0.91 mg
protein (~20%) and 2, 227 units of activity (<1%).
‘ The resulting supernatant (12.8 ml, containing 5.18 mg protein and 24.8 x 104
units of activity) was loaded onto a 1.6 x 6.0 cm (12 ml) CM-Trisacryl (purchased
15 from Pharmacia-LKB) column (equilibrated in CM-Trisacryl buffer containing 50 mM
NaCl) at 12 ml/hr. The column was washed with 20 ml of the same buffer containing
50 mM NaCl, then with 27 ml of the same buffer containing 100 mM NaCl. No
detectable polymerase activity appeared in the flow-through fractions. A technical
problem (column adaptor broke) led to the immediate elution (in 400 mM NaCl) of the
o0 activity when the 100-400 mM NaCl linear gradient was applied. Seventy-eight percent
of the applied activity (19.4 x 104 units and 4.09 mg protein) was recovered and
reapplied to a CM-Trisacryl column of the same dimensions. '
The loading fraction (35 ml) was 2.7-fold diluted after readjusting the solution
,J to 50 mM NaCl. The column was washed with 33 ml of the same buffer and eluted
Q o5 witha 180 ml linear 50-400 mM NaCl gradient in the same buffer. Fractions (1 4 ml)
clunng between 0.16 and 0.2 M NaCl were separately concentrated/diafiltered on
Centricon 30 membranes in 2.5X storage buffer (50 mM Tris-C}, pH 7.5, 250 mM
KCl, 0.25 mM EDTA, 2.5 mM DTT, and 0.5% Tween 20 [Pierce, Surfact-Amps]).
The Tth DNA polymerase activity eluted with a peak at 0.183 M NaCl, slighdy earlier
than was observed in the trial column. In comparison, Taq DNA polymerase elutes at

30
0.19-0.205 M NaCl when run on CM-Trisacryl in the same pH 5.0 sodium acetate
buffer. The concentrated and diafiltered samples were diluted with 1.5 volumes of
80% glycerol (Fisher, spectral grade, autoclaved) and stored at -20°C until completion
of the analysis of the individual fractions by SDS-PAGE. The fractions containing the
35 Tth polymerase were of similar punty (~85-90%), as determined by SDS-PAGE gel

electrophoresis. The major band migrates as a ~90 kDA protein in this gel system with
minor contaminating bands. The discrepancy between this observed molecular weight
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fromviral

Expr essi on

10

&

'sarcoma Viru I mmunogl obul in pronpoters and heat ers
system Q 91/ 33<S§r essi ng DNA in mammal i an systens using aiggw%&{@ggbsystem'
is disclosed in U S. Patent No. 4,419,446. A nodification of this system
Is described in U S. Patent No. 4,61, 978. General aspects of manmali an
cell host systemtransformations have been descri bed by Axel, U S

Patent No. 4,399, 216. "Enhancer" ons ant

optim zi ng e&@ﬂmmﬂﬁmﬂaﬁ@(’ 5%#?6?’%9’3 ?"&éaf%ﬁenggﬁgmcamm of

the pr onog ‘ﬁ"ﬁ’ Lj’ Boio aﬁbmﬂlo%gafnugﬁﬁbn ontoi degradajorbrringthe pificaiién needed,

mechani sm f oPTOBNA The F?ﬁ‘?&:ﬁ?‘f"'g}?

al so be usedp@singttall of diRdfracmions (fracsen]NénZ*J@%ﬂ%brrpatl ble with pl ant
cells, such as th

@%1 W;%l éapbxpﬂl asnyY MB0 arenstirgeal
sequencesS(Deplckg’racﬂg IXL‘n%SW e i A 61W | abl e.
sl 712h, P2l were By o
in I&ﬁxtsmmg@hqffasy Wnl the ¥elumeangasurgd 7k EedBhtr ol syst ens

provi ded by bacul oyig omdﬁ%ﬁqe(fach@e/ﬁxaﬁlsﬁomemmrﬁ&mblw(em||er et al.
in Cenetic E

Vol . 8, pp.

qr}:lih ‘5“3‘} £330t RRre T HASMSHBIE toSalfbwe 0MDN

Pl antf cells can

UD
<

I'neering P I i ng,
poreeawyd th heguand Sibied A4Gp 4 hPL g erol TREHRLIHg nal
pool (4 ml) contained 2.17 mg protein and 162 789 units of acnvny (34.8% yield) with

a specific activity of 75,018 units/mg protein. The results of each step of the
purification are presented in tabular form below.
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cconpl i shed in Spodoptera frugi peida. These systens are al so successful
-3 produci ng reconbi nant Tth pol ynerase. Depengj host
gel | u$Re 91409986sf or mation is done using standard techni q?gggﬁg?iggﬁgate
ito such cells. The cal ciumtreatnent enploying calcium chloride, as
“descri bed by Cohen, 1972, Proc. Natl. Acad. Sci. USA 69:21 10 is used for i
procaryotes or other cells that contaid® substantial cell wall barriers.
Infection with A grobacterium tunefaciens (Shaw et al., 1983, Gene
©23:315) is used for certain plant cells. For manmalian cells, the cal cium
.phosphate precipitation nethod of G ahamand van der Eb, 1978, Virol ogy
52:546 is preferred. Transformations into yeast are carried out according
to the method of Van Solingen et al., 1977, J. Bact. 130:946 and Hsi ao et

£

al., 1979, Proc. Ngl. Acad_  Sci. USA 76:3829. Once the Tth DNA
pol ymerase has beeig expr 2s58L o agesoabicnant host cell, purification of

the protein may bh2'Ffesired —A T%u&nqghe‘qpum fication procedures
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imaterial contai ni'gg hydr ophobi ¢ groups. Typically, the colum is first
iequilibrated undey conditions favorable to hydrophobic binding, e.g., high

ionic strength. A descending salt gradient may be used to elute the
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units total
00
284
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554
132
357
166
452
929
973
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789

----------------

Enzyme Activity
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7
4
0
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1
1
1
2
9
8
9
4
9
0
5
6

.........
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958
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5
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2
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According to the invention, the aqueous m xture (containing

ther_native or reconbi nant Tth DNA pol ynerase) is | oaﬁﬁfl IW ol um
bt ai‘ﬁpr?d/?fgﬁgl atively ‘strong hydrophobi c gel such as s‘éﬁéﬁgr ose

nuf act ured by Pharnacia) or Phenyl TSK (rmanufactured by Toyo Soda) .
{aprormte hydr ophobi c interaction with a phenyl sepharose colum, a

| vent is used which contains, for ex’é]rrpl e, greater than or equal to
2 Manmonium sul fate, with 0.2 Mbeing preferred. The colum and the
mT/lrrple are adJ usted to 0.2 M ammoni um Exdmple2 in 50 mM Tris, pH 7.5, and 1

T o um b“@%@h@@%@w@@*@f@@@m npplled
téd the columm. Th e 0. ni.um, s
byf fer. The enzynﬂhSEmlﬁms&%@Wf’qi@mog Eﬁ%m

hydr ophobi c Paryﬁfc?&sk 10 Fol T eche of érmus theraigphitus. (RCR-eaplified Sagments of

giadient S © hy+ quaricy %l\?g\éloﬁrrr]n% )f%faq Pocl Ecn% Wvert Bed to probe genomic DNA
blots to determine the restriction sites present in the Tth Pol I gene and flanking
regions. PCR amplification of the Tth Pol I gene with Taq Pol I-specific primers
provided even more restriction site and DNA sequence information about the Tth Pol I
gene. This information provided the basis for a two-step cloning procedure to isolate

10 the Tth Pol I gene into plasmid pBS 13+ (marketed by Stratagene; the plasmid is also
known as BSM13+).

oOnN —H4—~0O0DON

(7))

A.  Preparation of Probes
Four labeled probes were generated by PCR in the presence of biotinylated
dUTP (biotin-11-dUTP, purchased from Bethesda Research Laboratories) and

15 Thermus aquaticus DNA to probe southem blots of T. thermophilus genomic DNA.
Probe A was generated with primers CMO07 and EK 194 and encompasses 438 bp of the
5' end of the Taq Pol I gene from nucleotide -230 to +207. Probe B was generated
with primers MK 138 and MK 124 and encompasses 355 bp that span the HindIII site of
the Taq Pol I gene and extend from nucleotide +555 to +879. Probe C was generated
with primers MK143 and MK 131 and encompasses 579 bp of the template-primer
binding site coding sequence and the BamHI site of the Taq Pol I gene from nucleotide
+1313 to +1891. Probe D was generated with primers MK130 and MK151 and
encompasses 473 bp of the 3' end of the Taq Pol I gene from nucleotide +2108 to
+3384.

The sequences of the primers used to prepare the probes are shown below:

CMO07 5-GCGTGGCGGCGGAGGCGTTG

EK194 5'-CTTGGCGTCAAAGACCACGATC

MK124 5-GGCCTTGGGGCTTTCCAGA

MK130 5“TGCGGGCCTGGATTGAGAAG

MK131 5'-CCCGGATCAGGTTCTCGTC

MK138 5'-GACCGGGGACGAGTCCGAC

MK143 5'-CCGCTGTCCTGGCCCACATG

MK151 5-TTCGGCCCACCATGCCTGGT
The scqucnéc of the Taq Pol I gene is disclosed in Lawyer gt al. and in U.S. Patent
application Serial No. 143,441, filed January 12, 1988, both mcorporated herein by
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generated using 15 cycles of a 1 mmute 45 second ramp to 98°C, 15 seconds at 98°C

(in-tube temperature of 96.5°C), 45 second ramp to 55°C, 20 seconds at 55°C, 45
15  second ramp to 72°C, and 30 seconds at 72°C. There was a 5 minute soak at 72°C at
the end of the last cycle. -
The genomic DNA hybridized to the probes was isolated as described in
Lawyer ¢t al., and Southern blots were performed as described by Maniatis, except that
MSI Magnagraph™ nylon membrane was used rather than nitrocellulose, and the DNA
20 Was fixedtothe membrane with UV light (in a UV Stratalinker™ 1800, marketed by
Stratagene) rather than heat.
Blots were prehybridized at 42°C for 2 hours in a solution composed of 5X
SSPE, 5X Denhardt's solution, 0.5% SDS, 5% dextran sulfate, 150 pg/ml carrier
DNA, and 50% formamide. Hybridization of probes to the blots was carried out
overnight at 42°C in the same solution with probe present at approximately 10 ng/ml.
After hybridization, the membranes were washed to remove unbound probe.
Each of the four probes A-D hybridized to Thermus thermophilus genomic
DNA. A restriction site map of the Tth Pol I gene region of the genome was
constructed by individually digesting and probing Southern blots of the digested Tth
genomic DNA with restriction enzymes Pstl, BamHI, Sacll, and Asp718. In addition,
" double digestions with HindIIl/Asp718, HindM/BstEN; HindIII/Nhel;
BamHI/Asp718; BamHI/BstEIl, BamHI/Sphl; and BamHI/Nhel of Tth genomic DNA
followed by Southem blotting and probing of the digested DNA were performed. The
resulting information allowed the construction of a restriction site map used in the
cloning of the Tth Pol I gene.
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&h such enzyne activity is necessary or desired. In a particularly
ferred enbodi nent, the enzyne catal yzes the nucleic aciggﬂyﬁgg@h@gﬁion

8s PCR This process for anplifying nucleic ces

di scl osed and clained in U S. Patent No. 4,683,202, issued July 28,
7, the disclosure of which is incorporated herein by reference.
leic acid anplification nethod i nvoldes

~anpl i fying at

The PCR
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Pol I gene that encodes the primer-template binding site sequence of Taq Pol 1. Several
primer pairs in various combinations were used in the amplifications, which were
targeted to amplify various regions of the Tth DNA Pol I gene corresponding to the
region from nucleotide 293 to 1891 of the Taq Pol I gene. One primer pair, MK 143
and MK131, yielded product.

The amplification reactions were carried out in a buffer composed of 10 mM
Tris-HCI, pH 8.3, 50 mM KCl, 1.5 mM MgCl,, 200 M each dNTP, 2 U Taq Pol ], 1
ng heat-denatured Tth genomic DNA, and 50 pmol of each primer. The amplifications
were carried out for 25 cycles using the same thermocycler programming described
above, and PCR products were analyzed via polyacrylamide gel electrophoresis.

Most of the primers used in the unsuccessful amplifications either had many
mismatches when later compared with the Tth Pol 1 gene sequence or had swrategic
mismatches at the 3' end of the primers. Primer MK 143 had 3 mismatches to the Tth
Pol I gene sequence but those mismatches were located at the 5' end of the primer'and
were followed by 15 bases of homology. Primer MK131 had 2 mismatches to the Tth
Pol I gene, but the mismatches were located in the middle of the primer.

The product of the MK143/MK 131 amplification of Tth genomic DNA migrated
on a polyacrylamide gel identically with the MK143/MK131 amplification product
using Taq genomic DNA as template. Restriction mapping of these Taq and Tth
amplification products show identical BamHI, Sacl, and Xhol restriction sites but
different Sacll and Pstl restriction sites. The Tth PCR product generated with primers
MK 143 and MK131 was further amplified via asymmetric PCR with the same primers
and subjected to DNA sequence analysis in accordance with the methods described in
Gyllensten and Erlich, 1988, Proc. Natl. Acad. Sci. USA 85(20):7652-7656; and Innis
et al., 1988, Proc. Natl. Acad. Sci. USA 85:9436-9440.

C. Cloning the 5" End of the Tth Pol I Gene

From the restriction site map and sequence information generated by the
Southern blot and PCR analyses, a strategy for cloning the Tth Pol I gene in two steps
was developed. An ~3 kb HindII fragment of Tth genomic DNA hybridized with
probes A, B, and C but not D, indicating that the fragment contains the 5' end of the
Tth Pol I gene. This ~3 kb HindIII fragment also contained a BamHI restriction site,

which proved useful in cloning the 5' end of the gene.
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Plasmid pBS13+ (purchased from Stratagene) was likewise digested with
restriction enzymes HindIIl and BamHI and then ligated with the BamHI digested,
CIAP-treated ~3 kb HindIlI fragment pool. The ligation mixture was used to transform

15 E. coli K12 strain DG 98 (thi-1, endA1, hsdR17, lacIQ, JacZAM15, proC::Tn10,
supE44/F, lacIQ, lacZAM15, proC+, available from the ATCC under accession
number 39,768) in substantial accord with the procedure of Hanahan et al. The
ampicillin resistant (AmpR) transformants were screened by failure to exhibit blue color
on X-gal plates and by probe hybridization with the DNA of transformed cells (via

20 replica plating and lysis of the replicated cells as described by Woods et al., 1982,

Proc. Natl. Acad. Sci. USA 79:5661) with 32P-labeled (by kinase treatment with 7;32P-
ATP) primer MK143. One colony contained a plasmid, designated pBSM:Tth5"; in
which the ~2.5 kb HindIII-BamHI restriction fragment had ligated with the large
HindIlI-BamHI restriction fragment of plasmid pBS13+.

25 D.  Cloning the 3'End of the Tth Pol I Gene
The 3' end of the Tth Pol I gene was inserted into plasmid pBSM:Tth5' to yield

a vector, designated pBSM:Tth, that contains the intact coding sequence of the Tth Pol |
gene. The Southem blot and DNA sequence information showed that an ~12 kb
BamHI fragment of Tth genomic DNA could be digested with Asp718 to yield an ~5.6
30 kb fragment that hybridized with Probe D (the fragment should also hybridize with
Probe C). The information also showed that the BamFHI site used to create the ~5.6 kb
BamHI-Asp718 restriction fragment was the same BamHI site used to create the ~2.5
kb HindIII-BamHI restriction fragment in plasmid pBSM:Tth5'".
Tth genomic DNA was then digested to completion with restriction enzyme
35 BamHI and size-fractionated as described above, except that fractions containing
fragments of ~12 kb in size were identified and collected. Fractions which hybridized
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2 Y NOV 1996 gpiat, psdR17, Iacl, lacZAMIS, proC:Tnl0). 2
5 The AmpR transformants were screened as above with 32P-labeled primer

MK 132 to identify several colonies that contained a plasmid, designated pBSM:Tth,

that contained the ~5.6 kb BamHI-Asp718 and ~2.5 kb Hind[I-BamHI fragments in

the correct orientation to reconstruct an intact coding sequence of the Tth Pol I gene.

The sequence of oliognucleotide MK132 perfectly matches the Tth Pol I gene sequence.
10 Several colonies with plasmid DNA that hybridized to the probe and yielded the
cxpectéd fragments on restriction enzyme digestion were induced with IPTG, and
Western blot analysis of protein samples from induced and uninduced colonies with
'Taq Pol I polyclonal antibody showed an IPTG inducible band the same size (~94 kDa)
as Taq Pol I. One such colony was deposited with the ATCC and can be obtained from
the ATCC under accession number ATCC 68195. When culturing the strain, one must
maintain selective pressure (ampicillin) to prevent loss of plasmid DNA. ATCC 68195
can thus also be used to obtain untransformed DG101 cells.

15

Example 3
n ion of i 21

The deletion of 3' noncoding ("downstream") sequences has been shown to
enhance recombinant expression of Thermus DNA polymerase in E. coli. In
pBSM:Tth, double digestion with restriction enzymes BstEII and Kpnl followed by
Klenow repair in the presence of all four dNTPs and ligation under dilute conditions to
favor intramolecular ligation results in the deletion of 3' noncoding sequences of the
Tth DNA Pol I gene. Restriction enzyme BstEII cuts plasmid pBSM:Tth in the 3’
noncoding region of the Tth Pol I gene, and restriction enzyme Kpnl cuts in the
polylinker region of the vector.

This deletion was made, and the resulting plasmid was designated as plasmid
pLSG21. The deletion protocol results in the regeneration of the BStEIl restriction site.
30 However, plasmid pLSG21 does not drive increased levels of Tth Pol I expression

when compared to the levels achieved in plasmid pBSM:Tth-transformed E. coli host
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a single-stranded derivative plasmid, a host cell transformed with the plasmid is
infected with a helper phage (such as R408) and cultured under conditions that allow
15 production of phage DNA. The phage DNA is then collected and comprises the desired
single-stranded DNA and a small arnount of helper phage DNA. The desired DNA can
be purified to remove the helper phage DNA by separating the DNA based on size, i.e.,
by electroelution.

For the constructions described below, a plasmid, designated pBSMAPvull,
proved useful. Plasmid pBSMAPvull was generated by deletion of the 382 bp Pvull
fragment of plasmid pBS13+. The site-specific mutagenesis protocols involved the
following steps: (1) single-stranded plasmid pBSM:Tth (or other pBS13+ single-
stranded derivative) and double-stranded,‘ Pvull digested plasmid pBSMAPvull were
annealed by boiling a 1 to 2.5 molar ratio of pPBSM:Tth (or other plasmid pBS13+
derivative)/pBSMAPwvull for three minutes in Klenow salts and then incubating the
resulting mixture at 65°C for 5 minutes; (2) kinased mutégcnizing oligonucleotide was
then annealed to the resulting gapped duplex at a molar ratio of 5 to 1 by heating the
oligonucleotide to 95°C for 1 minute and then adding the oligonucleotide to the gapped
duplex mixture held at 75°C; (3) the resulting mixture was incubated at 75°C for 2
30 minutes and then slowly cooled to room tcmi:cranne; (4) this annealed mixture was

then extended with Klenow enzyme in the presence of all four dNTPs (200 uM in each
dNTP) for 15 minutes at 37°C with the addition of ligase and 40 pM ATP to the
reaction. The resulting mixture was used to transform E. coli K12 DG101.
The AmpR transformants were screened by probing with the appropriate
35 screening primer. Colonies that had plasmid DNA that hybridized to the probe were
expanded into 3 ml cultures in R66 media (0.6% beef extract, 0.6% yeast extract, 2%
peptone, 0.5% NaCl, 40 mM KPOy, pH 7.2, 0.2% glucose, and 100 pg/mi
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to identify the desired transformants by probe hybridization. These oligonucleotides

10 are shown below:

Belll EcoRV '
DG122 5' CCTCTAAACGGCAGATCTGATATCAACCCTTGGCGGAAAGC 3!
DG123 5' CAGATCTGATATCAACCC

The resulting plasmid was designated pLSG22.

15 B.  Construction of Plasmid pL.3G23
Plasmid pLSG22 was mutagenized to introduce BstX1 and Asel (Csp45I)

restriction sites at the ATG start codon of the coding sequence of the 'I.‘th PolI gene. In
addition, codons 2, 3, and 5-7 were altered to be more AT-rich without changing the
amino acid sequence of the resulting protein. The mutagenizing oligonucleotide was

oo DG189, depicted below:

——-—-BstXI~——~
Asull Asel
DG189 5° CCGGCCTTTGGGIIC.GAATAATGGTAACATAGCTCCCA’LTAAITTGGGCCACCTGTCCCCG
. 3|
25 Tth . TTCAAAGAGCGGAAGCATCGCCTCCAT
Codon 9 8 7 6 5 4 3 2 1

The resulting plasmid was designated pLSG23. Transformants harboring plasmid
pLSG23 were identified by their AmpR phenotype and by hybridization with
oligonucleotide DG118, which has the structure shown below:

30 DG118 5 TGGTAACATAGCTTCCAT 3'

C. . i rion of Plasmid pLSG24 |
Plasmid pLSG22 was mutagenized to introduce BstX1 and Ndel restriction sites

at the ATG start codon of the coding sequence of the Tth Pol I gene. In addition,
codons 2, 3, and 5-7 were altered to be more AT-rich without changing the amino acid
sequence of the encoding protein. The mutagenizing oligonucleotide was DG190,
depicted below. .
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The resulting plasmid was designated pLSG24. Transformants harboring plasmid

pLSG24 were identified by their AmpR phenotype and by hybridization with

oligonucleotide DG118.
10 Example 5
ion of Plasmi 27 an 2
A, ion of Plasmi : indIII

Plasmids pLSG27 and pLSG28 are Tth Pol I expression vectors that drive
expression of a truncated form of Tth PolI. The truncation is an ~80 codon deletion
from the amino-terminal-encoding region of the coding sequence for Tth Pol 1. To
construct these vectors, plasmid pBSM:TthS' was first digested to completion with
restriction enzymes Stul and HindMI. The digested plasmid DNA was then treated with
Klenow enzyme in the presence of all four dNTPs and recircularized by ligation. This
treatment deleted the 5’ noncoding region through codon 78 (the Stul site spans codons
20 77-79) of the Tth Pol I gene. Plasmid pBSM:Tth5' also lacks the 3' end of the Tth Pol

I coding sequence. The resulting plasmid was designated pBSM:TthAStul/HindIIl.

15

B. Construction of Plasmid pL.SG25
Plasmid pBSM:TthAStul/HindlII was mutagenized with oligonucleotide

DG191 as described above to yield plasmid pLSG25. In plasmid pLSG25, the

25 truncated Tth Pol I coding sequence is placed in position for expression from the lac
promoter. In addition, the lacZo. coding sequence is deleted, and an Asel restriction
enzyme recognition site is placed at the ATG start of the truncated coding sequence.
The DG191 mutagenizing linker has the following structure:

DG191 5-
30 CCTCCCCGCCTTGTAG GCCATTAATTTGGTCTCCTGTGTGAAATTGTTATC-3'

Transformants harboring plasmid pLSG25 were identified by their AmpR phenotype
and by hybridization with oligonucleotide DG193, which has the following structure:
DG1935-TTTGGTCTCCTGTGTG-3'

This Sheet Has Been Replaced .
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eCific sequences can be produced exponentially

D.  Final Construction of Plasmids pLSG27 and pLSG28 |

As noted above, plasmid pBSM:Tth5' Jacks the 3' end of the Tth Pol I COdfn% |
sequence, so plasmids pLSG25 and pLSG26 also lack this sequence. T'o place this 3
end of the Tth Pol I coding sequence in plasmids pLSG25 and pL?G.ZG in the correct
reading frame, each plasmid was digested to completion with reancuon enzymes
BamHI and EcoRI. The large EcoRI-BamHI fragment of plasmid pl.,SGZS was thcr.n ; ,
ligated with the ~1.2kb BamHI-EcoR1 restriction fragment of plasmid pLS CTZ2 10 yu;l?
plasmid pLSG27. The ~1.2 kb Bam¥il-EcoRI restriction fragment of .plasrmd pI.,SG 2
contains the 3' end of the Tth Pol 1 coding sequence. In a similar fashlo’n, plasm.xd
pLSG26 was digested with restriction enzymes BamHI and EcoRI afrd ligated -vmh the
1.2 kb BamHI-EcoR1I restriction fragment of plasmid pLSG22 to ylcld.pla?mld |
pLSG28. Both plasmids pL.SG27 and pLSG28 drive low Jevel expression in E. coli of
a truncated form of Tth Pol I with polymerase activity.

Example 6
i 4

Although the Jac promoter in plasmids pBSM:Tth, pLSG21, pLSGZZ', o
pLSG23, pLSG24, pLSG27, and pLSG28 drives expression of Tth Pol I activity in E.
coli, one of skill in the art recognizes that utilization of a stronger promoter than the lac
promoter might increase Tth Pol I expression levels. One well known,.powcrful
promoter is the Py, promoter from phage A. In addition, higher cxprc.ssu.:m lc?/cls and
more efficient production can be achieved by altering the ribosome—bm-dm g site,
transcription termination sequences; and origin of replication (or associated elements)
of the Tth Pol I expression vector. This example illustrates how .such changes can be
made by describing the construction of expression vectors in which the AP promoter




n nunber of cycles to obtain greater I fici hect Aol
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@ anplification a set of priners that are conpl enentar [
- to int
& lrjrgpgersmy Bgt ag(rjgdnot at the ends)cﬁca‘mthe sequence to )l;e anpl i feirggl Such
at any stage an 111 provide a shorter I'f"
:Bgnent. Alternatively a | onger fragnent can be g bl
: : . prepared by usin
h non- conpl £aRRE Ble)baSteriSftige TUtgehald uglgm@bem%bln%ﬁ¥‘?ﬁ@ p?i Pnralrge "

eBviously utilized jn the amplifi i on '

| . on. Priners al so pl

g \A/{1enfth§°~°é ".gffjf’{:%@r%sﬁmﬂroég&g |fs used for in vitro nut agegegiysa ‘T’ﬁg
*gduct of an anplification reaction where the priners enpl oyed are '

A.  Construction of Expression Vectors pDG160 and pDG161
Plasmid pDG160 is a AP cloning and expression vector that comprises the APL
5 promoter and gene N ribosome-binding site (see U.S. Patent No. 4,71 1,845,
incorporated herein by reference), a restriction site polylinker positioned so that
sequences cloned into the polylinker can be expressed under the control of the AP, -
Nggs., and a transcription terminator from the Bacillus thuringiensis delta-toxin gene
(see U.S. Patent No. 4,666,848, incorporated herein by reference). Plasmid pDG160
10 also carries a mutated RNAT gene, which renders the plasmid temperature sensitive for
copy number (see U.S. Patent No. 4,631,257, incorporated herein by reference).
These elements act in concert to make plasmid pDG160 a very useful and
powerful expression vector. At 30-32°C, the copy number of the plasmid is low, and
in an host cell that carries a temperature-sensitive A repressor gene, such as cI857, the
15 PrL promoter does not function. At 37-41°C, however, the copy number of the plasmid
is 25-50-fold higher than at 30-32°C, and the cI857 repressor is inactivated, allowing
the Py promoter to function. Plasmid pDG160 also carries an ampicillin resistance
(AmpR) marker. Plasmid j)DG 161 is identical to plasmid pDGlGé, except the AmpR
marker is replaced with a TetR (tetracycline resistance) marker.
So, plasmids pDG160 and pDG161 comprise the AmpR or TetR marker, the
AP promoter, the gene N ribosome-binding site, a polylinker, the BT cry PRE (BT
positive retroregulatory element, U.S. Patent No. 4,666,848) in a ColE1 cop's vector.
These plasmids were constructed from previously described plasmids and the duplex
synthetic oligonucleotide linkers DG31 and DG32. The DG31/32 duplex linker
encodes a 5' HindIII cohesive end followed by Sacl, Ncol, Kpnl/Asp718, Xmal/Smal
recognition sites and a 3' BamHI cohesive end. This duplex linker is shown below.

20

25

SacI NcoI Kpnl Xmal
DG31 5'-AGCTTAT
ATACTCGAGGTACCATGGGGCCCCTAG— 5! DG32

30 This duplex linker and plasmid pFC54.t were used to construct plasmid pDG160.
Plasmid pFC54.t, a 5.96 kb plasmid described in U.S. patent No. 4,666,848,
supra, and available in E. coli K12 strain DG95 carrying the prophage AN7Ns53cI857
SusPgo from the ATCC under accession number ATCC 39789, was digested with
restriction enzymes HindIII and BamH], and the isolated vector fragment was ligated
35 with a 5-fold molar excess of nonphosphorylated and annealed DG31/32 duplex.
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Pact I'y conpl ementary to the original tenplate will contain the

fice of the prinmer rather than the tenplate, so intro ' '
¥ mut yc?gg?o In further cycles this nutation will be a%’?‘ggmk% an
B e efficiency because no further mspaired primng is required.
S ocess of making an altered DNA sequence as described above could be
bt ed on the altered DNA using diffgarent primers to induce further

pnce changes. In this way, a series of nutated sequences can gradually

br oduced wher.ei g each .n ddi t i Rbstd Ractiiaid the yeftoOprEHet | ast
ni nor \,\ggl,lowxggﬂg?qwﬂﬁgﬁ r\%sl dﬁgef};éd%ﬂh ;

sourgce ah
basi ngl ypIgY fragment the linker replae)apd s @W‘%ﬁ?ﬁ%ﬁﬁ?}g%sg?}?%%%m of
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ATt

t of th S a seq e,that. i EHTBJ&EEGFS%M of thet he
nd to be digeyridnffoelbss afithy dst-p8rs gg\}lz’ﬁ?azes .C%chge real.i éied. For
e a (sg‘hb‘t%]ﬁ%i Sy 18R S@fsendel Aheipslylikemrogio Shie PRSP SFREX PR np! at o
ence cn'as,” e.g., Rronmt e ' rg&ﬁ; Ladivegfysiaihedesiredt c. ) may be
hed at pﬁﬁlwmncﬁmgﬁmf%mdg’k f gmfori mer s }an so appended to the
prguct of tRgneBlion wasbbmimedpr ocess. After the extension primer is added,
sufZg cient cycles are i un 0, pahs eMaIsNen BaslisadindiLDG1A6 &mﬂx@éﬁﬁét e
corigai ni ng the no _{sgﬁgp n?%y nuc]gfsgt | de ing{Jm -H}h%cﬁc&&ﬁﬁ producti on
of gfar ge quaniniér aesessiontrmmben ATIC Y g‘h@ﬁ?‘g 7 of aooditicd; vely short period
of & me (e.g. 4 m%%g%&@ﬁichwmmggiqﬁgmmwc minated, an
izgonucl etd i"‘&% t?5nr| r'S c%& be reEar,%&qﬁ%h%é%ﬁgiﬁ@%ﬂmth as,
zlexanpl e, wiich persaiph ek éé%‘%‘?‘oﬁ §“BHosphodi est er et hods ggi@;gggdj
, O aut@yBy efpevkesh wanligestedao complenian with rEWRFFRRBIAFLETENDOU! ment
BamHI and the 4.19 kb vector fragment purified by agarose gel elecrophoresis. The
' purified vector DNA fragment was ligated with a 5-fold molar excess of
15 nonphosphorylated annealed DG31/32 duplex. E. coli K12 strain DG116 was ,
transformed with a portion of the DNA, and TetR colonies screened for presence of 4.2
kb plasmids. Several transformants were further screened by DNA restriction enzyme
digestion and by sequence analysis of the polylinker region by the Sanger method. _
Several transformants contained a plasnﬁd with the desired sequence, and the plasmid

®

20 was designated pDG161.

B, mmmmmﬂmmﬂmwp—@ﬂ .

To facilitate construction of Tth expression vectors and to increase the efficiency
of translation initiation, plasmids pDG160 and pDG161 were altere:d to introduce
changes in the AP, promoter and ribosome-binding site (RB.S) rcgtcin.. In these

25 alterations, plasmids pDG160 and pDG161 were digested with restriction cnz?(mers
BspMII and Sacl and then ligated with short, synthetic linkers to create plasmids in
which the small BspMII-Sacl restriction fragment of plasmid pDG160 (or pDG161)
was replaced with the duplex linker. .

The duplex linkers used in these constructions had different structures and

30 propertics. Duplex DG106/DG107 encodes the bacteriophage T7 gene 10 RBS and an
Ndel restriction enzyme recognition site at the ATG start codon and has the soucture:

Ndel
106 GCT-3!
6 . 5 ' —CCGGAAGAAGGAGATATACATATGA
ggi%? 31 —PTCTTCCTCTATATGTATAC-5'

35 Duplex DG108/DG109 encodes a modified T7 gene 10 RBS and an Asel restriction
enzyme recognition site at the ATG start codon and has the structure:
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*§phosphat
site at the ATG start codon and has the structure:
3 NdeI
DG110 5 —CCGGAGGAGAAAACATAIGAGCT—3 '
DG111l 3¢ ~TCCTCTTTTGTATAC— 5

Duplex DG1 12/DG113 encodes the Ngrss and an Asel restriction enzyme recogniton
site at the ATG start codon and has the structure:

10 Asel .
DG112 5! —CCGGAGGAGWGAGCT—,? '
DG113 3! ~TCCTCTTTTAATTAC-S5'

The duplexes and BspMII-Sacl-digested plasmids pDG 160 and pDG161 were
ligated as shown in tabular form below to yield plasmids pDG164 through pDG171.

15 BspMII-Sacl Constructed
Digested Vector Duplex Plamid
pDG160 DG106/DG107 pDG164
pDG160 DG108/DG109 pDG166
pDG160 DG110/DG111 pDG168
20 pDG160 DG112/DG113 pDG170
pDG161 DG106/DG107 pDG1635
pDG161 DG108/DG109 pDG167
pDG161 DG110/DG111 pDG169
pDG161 DG112/DG113 pDG171

These vectors, together with plasmids pDG160 and pDG161, were also modified, prior
to inserting the Tth Pol I gene coding sequence, t0 yield plasmids pDG172 through
pDG181. C
This modification resulted in the destruction of the Csp45T (Asull) reswiction
enzyme recognition site in plasmids pDG160, pDG161, and pDG164 through
pDG171. Many of the vectors of the invention comprise a Csp45I site at the 5' end of
 the Tth Pol I coding sequence. These Csp45I-deleted vectors serve as convenient
vectors for cloning fragments gcncrafcd with restriction enzyme Csp45I or Asull. This
CspA4S5I site is located in the colicinIMM gene of the plasmids and was deleted by
digesting with restriction enzyme Csp45I, weating the Cspé5l-digested DNA with
Klenow enzyme in the presence of all four dNTPs to obtain blunt-ended, double-
stranded DNA, and recircularizing the plasmid DNA by ligation. The resulting
plasmids, designated pDG172 through pDG181, are shown in tabular form below.

25
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onucl eotide priner for each strand of each specific nucleic acid

encg,&?sj‘ o anplified or detected. If the nucleic aciRETUSNNTE39

i fi or detected are DNA, then the nucl eosi de tri phosphates are
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f er abl y about pDG167faci litate synthesis, aPHB4l excess (for cloned

ei ¢ acid, usual | pDEB68t 1000: 1 primertenpl 1284 for genom ¢

nud ei ¢ atdd, usual IPPBOYt 108: 1 priner:tenpl ate ) the two

ol ijgonucl eoti de pri nBP 179 added to the buffer co lﬁﬁ’ng the tenpl ate

st rjands. As a praE]P le71 matter, the anount of Brlrrer added wil |

gerferally be in nolar excess over t he amount of conplenentary strand
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conpl i cat ed%fﬂ%ﬁ‘?m%@?%q%%?ﬁlﬁg#g@ glqlskffoa? ge nol % ggxcess S

df erred t o presputdmeentioe infriing fenrrpression rdes thr.eurol of the APy Promeier: i xt yr e
t enpl ate, prinmers, and nucl eoside triphosphates is then treated

15 C. i fTth P ression V 29 Through
The Tth Pol I gene can be cloned into expression vectors pDG172 through
pDG181 to create Tth Pol I expression vectors. Several illustrative constructions are

shown in tabular form below.

Starting Sourse of Tth Pol I TthPoll ]

20" Plasmid Coding Sequence - Plasmid Expression
G174 I-BamHI Restriction Fragment of pLSG24 pLSG31
31136174 %I—Bamlﬂ Restriction Fragment of pLSG28 pLSG35
pDG175 Ndel-BamHI Restriction Fragment of pLSG24 pLSG32
pDG177  Ascl-BamHI Restriction Fragment of pLSG23 pLSG29
o5 pDG178  Ndel-BamHI Restriction Fragment of pLSG24 pLSG33
pDG178  Ndel-BamHI Restriction Fragment of pLSG28 pLSG36
pDG179 Ndel-BamHI Restriction Fragment of pLSG24 pLSG34
pDG181 Asel-BamHI Restriction Fragment of pLSG23 pLSG30

Expression vectors pLSG29 through pLSG36 were transformed into E. coli K12 strain

30 DG116 and cultured under conditions that allow for expression of Tth Pol I. All
transformants yielded about the same amounts of activity, although vectors with the
Ngps may yield somewhat higher levels of activity than vectors with the T7ggs. The
APL promotcr' vectors also produced Tth Pol I at levels at least an order of magnitude
higher than the lac promoter expression vectars.

eet Has Been Replaced

T




brding to whether the nucleic acids being anplified or detected are

pl e- 91%9@09.' stranded. If the nucleic acids are singCEF/us9H0TESS,

g no denaturation step need be enpl oyed, and the reaction mxture is
oS at a tenperature which pronotes hybri di zation of the primer to its
S| enentary target (tenplate) sequence. Such tenperature is generally
£ m about 35[err]C to 65[err]C or nos¢, preferably about 37-60[err]C  for
_L:ﬁffectlve time, generally froma few seconds to five mnutes, preferably
f Fm 30 seconds to one mnute. A hyﬁ%éﬂuﬁflcwltenperature of 45-58[err]C
i ¥3used for Tth DNA polynerase and nmer Ionoer yers are used to
gr ease the specificit : et priners require

ger hybri di zat 'E&Phqapﬁiﬁxvmﬁ 16Th&‘0®5m6cmmafbommmemm egpmklon
‘gl e-stranded .nuc tglc i ds can _be s ﬁﬁ é%’ e
fynerase iRIBTHES B é@nﬁé‘-ﬁ“f’ﬁé op | e%; bu?P %g and one or
o (rare (r)I |e )g(; ?ghnsaécﬁ@bmdgxgﬁfg Or8%gludoke,df pl.zlfgl thiamhiae,0.25% @wé/) Bifceeasaminadded, t he !
nudl ei ¢ aci c? g%h'm}brl mg W t?&'ﬁh&g(]}rﬂ}i eic ;ﬁp@hﬁfzggn?ﬁe? :'
| ex of stg'rawdSO aft Aeqmﬂabgut Q;&gwgpftp@m}mC(tgéﬁ@Hwﬁél %LM@P@IC{ he primer i
L ;'ng's zes t aEB%&ong?'cféﬁ)m f»)fhnaﬁxvcréése Eh 5 apbet efthé CHIE1iopy| e |
as SCri above to produce t F
plasmid vector. After six to nine Hours o grow §7 Cs a?l?q%ro% 0(%(%“6 cells were
10 harvested, the cells centrifuged, and the pellets stored at -70°C.
Alternatively, E. coli K12 strain KB2 (ATCC 53,075) harboring a Tth
expression plasmid under the control of the trp promoter/operator can be grown for
eight hours at 32°C in Bonner-Vogel minimal salts media containing 0.5% glucose, 5
pg/ml tryptophan, 10 pg/ml thiamine, 0.25% Difco casamino acids, and 100 pg/ml
15 ampicillin or 10 pg/ml tetracycline to an Aggo of 3.0. Cells were harvested as above.
Cell pellets were resuspended to 5 to 10 O.D. units/ml in 50 mM Tris-Cl, pH
7.5,1 mM EDTA, 2.4 mM PMSF, and 0.5 pg/ml leupeptin and lysed by sonication.
Aliquots of the sonicated extracts were subjected to SDS-PAGE and analyzed by
Coomassie staining and Western immunoblotting with rabbit polyclonal anti-Taq
oo polymerase antibody. In addition, portions of the extracts were assayed in a high
temperature (74°C) DNA polymerase assay.
Western immunoblotting showed significant induction and synthesis of an
approximately 94 kDa Tth DNA polymerase polypeptide in induced strains harboring
Tth expression plasmids. Coomassie blue staining of SDS-PAGE-separated total cell
protein revaled the presence of a new predominant protein at ~94 kDa in these induced
strains. Finally, high temperature activity assays confirmed the significant level of

recombinant Tth DNA polymerase synthesis in these E. coli strains.

PEFLET 2o aal
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Example 8
PCR with Tth DNA Polymerase
About 1.25 units of the Tth DNA polymerase purified in Example 1 were used
to amplify TRNA encoding sequences from Tth genomic DNA. The reaction volume
was 50 i, and the reaction mixture contained 50 pmol of primer DG73, 105 to 106
copies of the Tth genome (~2 x 105 copies of genome/ng DNA), 50 pmol of primer
DG74, 200 UM of each dNTP, 2 mM MgCl,, 10 mM Tris-HCI, pH 8.3, 50 mM KCl,

55 and 100 pg/ml gelatin (although gelatincan be omined).

30

Sheet Has Been Replaced

Ty




conplenmentary strands. Alternatively, two or.nore appropriate

i ch wi Il prime synthesis using the ext ] t
he Omgl/&&#&;r as a tenplate) may be added to the s%@ggpyr@ggée:d
qeic acid and the reaction carried out. If the nucleic acid
P ains two strands, as in the case of anplification of a

| e-stranded target or second-cycl edﬁrrpl ification of a single-stranded
et, the strands of nucleic acid nmust be separated before the

rs are hybri ed. Thi tra na can, be acco hed b
swst abl e )d/enlat 'f?ﬁ@'ﬂ?lt‘?ﬁ?}m?%c%ﬁﬂp ﬁg’e "'?I&'@gﬁnc ts Ins%?ﬁ?%ﬁ“%s d
mat i c rreéﬁmmﬁh@yq:inefhwemyl t@BY syales ofiRé( G dor 1 seseptst 80 Chigr BAsccwndands
he nucl ei g4 %kéfm&ag&% eaté{j&mnmbsh cl@%aﬁ%uﬂcaﬁ oah& (>99%

turation aturatton I nvo er at UI’ ES

ing from@gQbp ugm)cs:ou belfeg{ﬂals@q@rf Yt ethidixm brpepide stringd galaandhd) 30r

t a feg SeREdse podact Wik refdly ﬁﬁﬁﬁr(dhd&UVhé Mok iR etidaiesbohfde and si ze
of §he nuclPeic., Preferably, the effective denaturing t enperature

d..
i s po-100[ er r§Ran ?‘i) €l10 seconds to 3 minutes. Strand separation may al so be
i nduced by an enzyTke PCRmiyviekl fewsr ndn-spezificgprodunnsiif faserhumiits (s k3 blU/5he

enzyme REeactiBhf B Ti%rd fleiC 37 Sadifise, Yhe AaaRitsh de'h ddASoRi WeEPSER:, ShHl ALOATP

is known to dendture
laureth-12, to the reaction mixture to a final concentration of 1% can improve the yield

10 of PCR product.
Primers DG73 and DG74 are shown below:
DG73 5! TACGTTCCCGGGCCTTGTAC 3'
DG74 5' AGGAGGTGATCCAACCGCA 3!

C\
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* The reaction. copditi.0Ofs,fuiidabl e for separating the strands of nucleic

S S oS TR ‘ﬂfﬂﬁﬂfed by Kuhn Hof f mann- Ber | ipeyudfimeas
ewed i n Raddi ng, ! ]

and techni ques for using RecA are

_ ev. Genetics 16:405-437. The
ht ur ati on produces two separated coggl enentary strands of equal or

| engt h. . - If the doubl es'stranded nucleic acid is denatured
eat, the reaction m xture is allowed to cool to a tenperature which
Dt es  hybilndhezGlaims of each priner to-the conpl enmentary target
Hqr! ate) sequence. INdiGieDNA Lt foe ik hioel TRIAR tmopits DNA
i rr]C or nore, depending on reagents, preferably 37-60[err]C. The
Iy idizati OWOIY%@FW% is maintained for an effective time, generally
geconds to 5 mnutes, and preferably 1-3 mnutes. In practical terns,

t enper at [ I ol d f
4,770 and hybrd-ai T PN akPs of Flim dhetion e LB o™ 72

her the rpBSMiTthacid is single- or doubl e- stranded, the DNA pol ynerase
Thernus t hernmophil us nmay be added at the denaturation step or when the

tenperature is being reduced to or is in the range for prongtin
hybki di zation. Al thouGhe D sequencs of Glaim Lt thatgn qﬁ%‘}‘?‘gﬁﬂg‘géﬁgpﬁwo&e to
Tth pol Y%ﬁjﬂﬁf%éa?béﬂ%cxhﬁﬁﬁi on mxture at any tine, one can
substantial ly 1nhibit non-specific arTPI | fication by addin gh gl;/marase
the reaction HeSGiupdaNetLauRFalaHPhef i o0ey HHRPYA A HT & ]19 hot be
co | ed bel ow t he?;ﬁﬂﬁiﬁ%ﬁ?}gﬁ FH%%?H‘?%?"téu ) ,i'gg ;iei ﬁéﬁi luﬁ?izat Con.
& reaCt hon mXx ﬁl&ﬁéﬁeAs:§§aL§riA a rr‘];[Sé;:QIee rg i&l{‘lg r@ Ure at

whilch the activi Pysjpvalrheva
A?ZTerysAlaGlyArgAlaProThrProGluAspPheProArgGlnLeuAlaLeuIle

LysGluLeuValAspLeuLeuGlyPheThrArgLeuGluValProGlyTyrGluAlaAsp
AspValLeuAlaThrLeuAlaLysLysAlaGluLysGluGlyTyrGluValArgIleLeu
ThrAlaAspArgAspLeuTyrGlnLeuValSerAspArgValAlaValLeuHisProGlu
GlyHisLeuIleThrProGluTrpLeuTrpGluLysTyrGlyLeuArgProGluGlnTrp
ValAspPheArgAlaLeuValGlyAspProSerAspAsnLeuEroGlyValLysGlyIle
GlyGluLysThrAlaLeuLysLeuLeuLysGluTrpGlySerLeuGluAsnLeuLeuLys
AsnLeuAspArgValLysProGluAanalhrgGluLysIleLysAlaHisLeuGluAsp
LeuArgLeuSerLeuGluLeﬁSerArgValArgThrAspLeuProLeuGluValAspLeu
AlaGlnGlyArgGluProAspArgGluGlyLeuArgAlaPheLeuGluArgLeuGluPhe
GlySerLeuLeuHisGluPheGlyLeuLeuGluAlaProAlaProLeuGluGluAlaPro
TerroProProGluGlyAlaPheVa1GlyPheValLeuSerArgProGluProMetTrp
AlaGluLeuLysAlaleuAlaAlaCysArgAspGlyArgValHisArgAlaAlaAspPro
LeuAlaGlyLeuLysAspLeuLysGluValArgGlyLeuLeuAlaLysAspLeuAlaVal
LeuAlaSerArgGluGlyLeuAspLeuValProGlyAspAspProMetLeuleuAlaTyr
LeuLeuAspProSerAsnThrThrProGluGlyValAlaArgArgTyrGlyGlyGluTrp
ThrGluAspAlaAlaHisArgAlaleuLeuSerGluArgLeuHisArgAsnLeuleulys
ArgLeuGluGlyGluGluLysLeuLeuTrpLeuTyrHisGluValGluLysProLeuSer
ArgValLeuAlaHisMetGluAIaThrGlyVa1ArgLeuAspValAlaTereuGlnAla
LeuSerLeuGluLeuAlaGluGluIleArgArgLeuGluGluGluValPheArgleuala
GlyHisProPheAsnLeuAsnserArgAspGlnLeuGluArgValLeuPheAspGluLeu
ArgLeuProAlaLeuGlyLysThrGlnLysThrGlyLysArgSerThrSerAlaAlaVal
LeuGluAlalLeuArgGluAlaHisProIleValGluLysIleLeuGlnHisArgGluLeu
ThrLysLeuLysAsnThrTeralAspProLeuProSerLeuVa1HisProArgThrGly
ArgLeuHisThrArgPheAsnGlnThrAlaThrAlaThrGlyArgLeuSerSerSerAsp
ProAsnLeuGlnAsnIleProValArgThrProLeuGlyGlnArgIleArgArghlaPhe
valAlaGluAlaGlyTrpAlaLeuValAlaLeuAspTyrSerGlnlleGluLeuArgVal
LeuAlaHisLeuSerGlyAspGluAsnLeuIleArgValPheGlnGluGlyLysAspIle
HisThrGlnThrAlaSerTrpMetPheGlyValProProGluAlavValAspProleuMet
ArgArgAlaAlaLysThrValAsnPheGlyValLeuTyrGlyMetSerAlaHisArgLeu
| SnglnGluLeuAlaIleProTyrGluGluAlaValAlaPheIleGluArgTerheGln

* C L L} S *
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4. The DNA segence of Claim 3 thatis

ATGGAGGCGA
GGACGGCCAC
CCACGAGCCG
CTCCTCAAGG
TGACGCCAAG
CGGGGAGGGC
AAGGAGCTGG
CGAGGCGGAC
GGTACGAGGT
TCCGACCGCG
GTGGCTTTGG
GCGCCCTCGT
GGGGAGAAGA
CCTCCTCAAG
TCAAGGCCCA
CGCACCGACC
CCGGGAGGGG
TCCACGAGTT
TGGCCCCCGC
GCCCATGTIGG
TGCACCGGGC
CGGGGCCTCC
AGACCTCGTG
CCTCCAACAC
ACGGAGGACG
CCTCCTTAAG
AGGTGGAAAA
GTACGGCTGG
GGAGATCCGC
TCAACCTCAA
AGGCTTCCCG
CGCCGCGGTG
TCCTCCAGCA
CTCCCAAGCC
CCAGACGGCC
AGAACATCCC
GTGGCCGAGG
GCTCCGCGTC
TCCAGGAGGG
GTCCCCCCGG
GAACTTCGGC
TTGCCATCCC
AGCTTCCCCA

TGCTTCCGCT
CACCTGGCCT
GGGCGAACCG
CCCTGAAGGA
GCCCCCTCCT
CCCGACCCCC
TGGACCTCCT
GACGTTCTCG
GCGCATCCTC
TCGCCGTCCT
GAGAAGTACG
GGGGGACCCC
CCGCCCTCAA
AACCTGGACC
CCTGGAAGAC
TCCCCCTGGA
CTTAGGGCCT
CGGCCTCCTG
CGGAAGGGGC
GCGGAGCTTA
AGCAGACCCC
TCGCCAAGGA
CCCGGGGACG
CACCCCCGAG
CCGCCCACCG
CGCCTCGAGG
GCCCCTCTCC
ACGTGGCCTA
CGCCTCGAGG
CTCCCGGGAC
CCTTGGGGAA
CTGGAGGCCC
CCGGGAGCTC
TCGTCCACCC
ACGGCCACGG
CGTCCGCACC
CGGGTTGGGC
CTCGCCCACC
GAAGGACATC
AGGCCGTGGA
GTCCTCTACG
CTACGAGGAG
AGGTGCGGGC

* 3 L M S *

CTTTGAACCC
ACCGCACCTT
GTGCAGGCGG
GGACGGGTAC
TCCGCCACGA
GAGGACTTCC
GGGGTTTACC
CCACCCTGGC
ACCGCCGACC
CCACCCCGAG
GCCTCAGGCC
TCCGACAACC
GCTCCTCAAG
GGGTAAAGCC
CTCAGGCTCT
GGTGGACCTC
TCCTGGAGAG
GAGGCCCCCG
CTTCGTGGGC
AAGCCCTGGC
TTGGCGGGGEC
CCTCGCCGTC
ACCCCATGCT
GGGGTGGCGC
GGCCCTCCTC
GGGAGGAGAA
CGGGTCCTGG
CCTTCAGGCC
AGGAGGTCTT
CAGCTGGARA
GACGCAARAG
TACGGGAGGC
ACCAAGCTCA
GAGGACGGGC
GGAGGCTTAG
CCCTTGGGCC
GTTGGTGGCC
TCTCCGGGGA
CACACCCAGA
CCCCCTGATG
-GCATGTCCGC
GCGGTGGCCT
CTGGATAGAA

AAAGGCCGGG
CTTCGCCCTG
TCTACGGCTT
AAGGCCGTCT
GGCCTACGAG
CCCGGCAGCT
CGCCTCGAGG
CAAGAAGGCG
GCGACCTCTA
GGCCACCTCA
GGAGCAGTGG
TCCCCGGGGT
GAGTGGGGAA
AGAAAACGTC
CCTTGGAGCT
GCCCAGGGGC
GCTGGAGTTC
CCCCCCTGGA
TTCGTCCTCT
CGCCTGCAGG
TAAAGGACCT
TTGGCCTCGA
CCTCGCCTAC
GGCGCTACGG
TCGGAGAGGC
GCTCCTTTGG
CCCACATGGA
CTTTCCCTGG
CCGCTTGGCG
GGGTGCTCTT
ACAGGCAAGC
CCACCCCATC
AGAACACCTA
CGCCTCCACA
TAGCTCCGAC
AGAGGATCCG
CTGGACTATA
CGAAARCCTG

-CCGCAAGCTG

CGCCGGGCGG
CCATAGGCTC
TTATAGAGCG
AAGACCCTGG

e., the
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TCCTCCTGGT
AAGGGCCTCA
CGCCAAGAGC
TCGTGGTCTT
GCCTACAAGG
CGCCCTCATC
TCCCCGGCTA
GAAAAGGAGG
CCAACTCGTC
TCACCCCGGA
GTGGACTTCC
CAAGGGCATC
GCCTGGAAAA
CGGGAGAAGA
CTCCCGGGTG
GGGAGCCCGA
GGCAGCCTCC
GGAGGCCCCC
CCCGCCCCGA
GACGGCCGGG
CAAGGAGGTC
GGGAGGGGCT
CTCCTGGACC
GGGGGAGTGG
TCCATCGGARA
CTCTACCACG
GGCCACCGGG
AGCTTGCGGA
GGCCACCCCT
TGACGAGCTT
GCTCCACCAG

GTGGAGAAGA

CGTGGACCCC
CCCGCTTCAA
CCCAACCTGC
CCGGGCCTTC
GCCAGATAGA
ATCAGGGTCT
GATGTTCGGC
CCAAGACGGT
TCCCAGGAGC
CTACTTCCAA
AGGAGGGGAG
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6. A recombinant DNA sequence that encodes a protein with thermostable
polymerase activity, said protein comprising a sequence of amino acids that has 100%
homology to a contiguous sequence of at least four out of six amino acids encoded by
the Thermus thermophilus DNA polymerase encoding sequence of Claim 3 at codons

225-230.

7. A recombinant DNA vector that comprises the DNA sequence of Claim 1.
8. The recombinant DNA sequence of Claim 7 selected from the group

consisting of plasmids pBSM:Tth, pLSG21, pLSG22, pLSG23, pLSG24, pLSG27,
pLSG28, pLSG29, pLSG30, pLSG31, pLSG32, pLSG33, pLSG34, pLSG35, and

pLSG36.

‘9. The recombinant DNA sequence of Claim 8 that is plasmid pBSM:Tth.

10. A recombinant DNA vector selected from the group consisting of plasmids
pBSM:Tth5', pBSM:TthASiuI/HindIII, pLSG25, and pLSG26.

11. A recombinant host cell transformed with a vector of Claim 7.

12. The recombinant host cell of Claim 11 that is E. coli-

L IIIIll I |III
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7 14. The recombinant host cell of Claim 12 that is E. coli K12/pBSM:Tth.

15. A method for purifying Thermus thermophilus DNA polymerase I from
T. thermophilus cells, said method comprising:

(a) preparing a crude cell extract from said cells;

(b) adjusting the ionic strength of said extract so that said polymerase
dissociates from any nucleic acid in said extract;

(c) subjecting the extract to hydrophobic interaction chromatography;

(d) subjecting the extract to DNA binding protein affinity chromatography;

(e) subjecting the extract to nucleotide binding protein affinity chromatography;
and _
(f) subjecting the extract to chromatography selected from the group consisting
of anion exchange, cation exchange, and hydroxyapatite chromatography.
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i nact i vat i $§2¥He Ehginastable R4 pelyEeases apheseil jn SRRy reeomGHGh{BNA or by
separ at i ng wédhiquesRone: rﬁélcwh%idﬁﬁ@kﬁéaﬁ Rl Ldsgation
process max Eﬁ conduct (g%@conti nuousl’y. Ino%%mgrgggg?%r%%tﬁméfacg Taut onat ed
process, t g é‘action m xture may be tenperature cycled such that the

tenperature is p[Exgsiverestatch rhebeai&dnah&t&ﬂo@&c%d}ﬂf&naéﬁbﬁﬁi\[b%g/rﬁ& cd ce][tai n
ed machi ne for
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Cetus | nst A8¥b ik Biol. Chema2B%d71-137 and Buoirsadd Kok i1066,0UBiFCEhMLt h t he
I nstrunent 281:8480.3khabl e upon pur chase of the instrunent.
Much less investigation has been made on the isolation and purificadon of DNA

polymerases from thermophiles such as Thermus thermophilus. Kaledin g al., 1980,

Biokhvmiva 45:644-651 disclose a six-step isolation and purification procedure of

DNA polymcrasc from cells of T. aquaticus YT-1 strain. These steps involve isoladon

of crude extract, DEAE-cellulose chromatography, fractionation on hydroxyapatite,

fractonation on DEAE-cellulose, and chromatography on single-strand DNA-cellulose.

The pools ﬁ'oxin each stage were not screened for contaminating cndo; and

exonuclease(s). The molecular weight of the purified enzyme is reported as 62,000

daltons per monomeric unit. _

A second purification scheme for a polymerase from Thermus aquadgcus is
described by Chicn etal., 1976, 1. Bacteriol. 127:1550-1557. In this process, the
crude exwract is applied t6 a DEAE-Sephadex column. The dialyzed pooled fractions
are then subjected to treatment on a phosphocellulose column. The pooled fractions are
dialyzed and bovine serum albumin (BSA) is added to prevent loss of polymerase
activity. The resulting mixture is loaded on a DNA-cellulose column. The f:oolcd
material from the column is dialyzed arid analyzed by gel filtration to have a molecular
weight of about 63,000 daltons and by sucrose gradient centrifugation of about 68,000 :
daltons. : '

The use of thermostable enzymes, such as those prepared b& Chien ¢t al. and
Kaledin gt al., to amplify existing nucleic acid sequences in amounts that are large
compared to the amount initially present was described in U.S. Patent Nos. 4,683,195;
4,683,202; and 4,965,188, which describe the PCR process. Prirncr.s, template,

| nucleoside triphosphates, the appropriate buffer and reaction conditons, and a
polymerase are used in the PCR process, which involves denamuration of target DNA,
:‘ l}xbﬁdimp’__b__n pf primers, and synthesis of complcmcnrary strands. The extension



Tth BNA polynerase is very useful in carrying out the di |REAGEMERTSHEET
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reaction is wuseful. The anplification nmethod may be uti]i e%%@,@gg 3
particular nucleic acid sequence for insertion into a spifa p sifon
vector, as described in U S. Patent No. 4,800, 159. The pekt. eq
to transform an appropriate host orgaRismto produce thﬁ gene product of
the sequence by standard nethods of reconbinant DNA tec eSttefr—
cl oning may o&}/ ?L)Y%Cﬂ bet sl aABmb AteOfof theGhrddifctidh$ b e Eéﬂa&*&ﬂn@@l@xc acid
l'igation, use o strlctlon S to cleave |te Ll ned within
the pri nerscqumcﬁen?)%‘é@% &F&bﬁ °P8W“‘Ff?§°ﬁ51pg’r¥é$ F%‘?ﬁﬂ%’é t hose
descri bed idy s théw apfncrdkbﬁccd%oﬁasadc% aftér &3y dSfaruranish siep; 88ca262hennd

Eur opean Patent PRubl | c %cacuvx , 701; 237,362; and 258, 017; these

pat ents and“gldlﬂ %p%?'e corporated here| n by reference. In

addi tion, the prI‘axepeare?azc;mQUblsCam@ean 258,042, /RTE PrblicapoRrNes 8%/0669): lagfst en
and Erlich, 59Bfentl16%4, 5881818 adeat. treGholad ¥ hrdtediind 2 0prel i POPAY A1 o

herein by r% erence), Inverse (l?R hpan et al 1988, net i cg 120: 621,
~94 kDa thermostable DNA polymeérase from Thermus aquaticus and the use of that

polymerase in PCR. Although T. agquaticus DNA polymerase is cspccially preferred

for use in PCR and other recombinant DNA techniques, there remains a need for other

thermostable polymerases. | '

Accordingly, there is a desire in the art to produce a purified, thermostable DNA
polymerase that may be used to improve the PCR process described above and to
improve the results obtained when using a thermostable DNA polymerase in other
recombinant techniques such as DNA sequencing, nick-translation, and even reverse
transcription. The present invention helps meet that need by providing recombinant
expression vectors and punﬁcauon protocols for Thermus thermophilus DNA
polymerase.

Accordingly, the present invention provides a purified thermostable enzyme that
catalyzes combination of nucleotide triphosphates to form a nucleic acid strand
comolcmcntary to a nucleic acid template strand. The purified enzyme is the DNA
polymerase from Thermus thermophilys (Tth) and has a molecular weight predicted
from the nucleic acid sequence of the gene of about 94 kDa. This purified material
may be used in a temperature-Cycling amplification reaction wherein nucleic acid
sequences are produced from a given nucleic acid sequence in amounts that are large
compared to the amount initially present so that the sequences can be manipulated
and/or analyzed easily. '

The gene encoding Tth DNA polymerase enzyme from Thermus Lh: rmophilus
has also been identified and cloned and provides yet another means to prepare the
thermostable enzyme of the present invention. In addition to the gene encoding the Tth:
cnz3;mc, gene derivatives encoding Tth DNA polymerase activity are also provided.

The invention also encompasses a stable enzyme composition comprising a
purified, therroostable Tth enzyme as described above in a buffer containing one or
more non-ionic polymeric detergents. _

Finally, the invention provides a method of purification for the thermostable
polymerase of the invention. This method involves preparing a crude extract from
Thermus thermophilus cells, adjusting the ionic strength of the crude extract so that the
DNA polymerase dissociates from nucleic acid in the extract, subjecting the exmractto  _
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The present invention provides DNA sequences and expression vectors that

encode Tth DNA polymerase. To facilitate understanding of the invention, a number of

terms are defined below.

The terms "cell,” "cell line," and “cell culture” can be used interchangeably and
all such designatons include progeny. Thus, the words “mansformants™ or
nransformed cells” include the primary transformed cell and culrures derived from that
cell without regard to the number of transfers. All progeny may not be precisely
jdentcal in DNA content, due to deliberate or inadvertent mutations. Mutant progeny
that have the same functionality as screened for in the originally transformed cell are
included in the definition of transformants.

The term “control sequences” refers 1 DNA sequences necessary for the
expression of an operably linked coding sequence in a particular host organism. The
control sequences that are stitable for procaryotes, for example, include a promoter,
optionally an operator scquence, a ribosome binding site, and possibly other

- sequences. Eucaryotc cells are known to utilize promoters, polyadenylation signals,
and enhancers. '

The term “expression system” refers to DNA sequences containing a desired
coding sequence and control sequences in operable linkage, so that hosts mansformed
with these sequences arc capable of producing the encoded proteins. To effect
wransformation, the expression system may be included on a vector; however, the
relevant DNA may also be integrated into the host chromosome. '

The term "gene” refers to 2a DNA sequence that encodes a recoverable bioactive
polypeptide or precursor. The polypeptide can be encoded by a full-length gene
sequence or by any portion of the coding sequence SO long as the cnzyfnadc acdvity is
retained. _

The term “operably linked" refers to the positioning of the coding sequence
such that control sequences will function to drive expression of the protein encoded by
the coding sequence. Thus, a coding sequence “operably linked" to control sequence:
refers to a configuraton wherein the coding sequences can be expressed under the

control of a control sequence.
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The term "oligonucleotide” as used herein is defined as a molecule comprised of
two or more deoxyribonucleotides or ribonucleotides, preferably more than three, and
usually more than ten. The exact size will depend on many factors, which in mm
depends on the ultimate function or use of the oligonucleotide. The oligonucleotide
may be derived synthetically or by cloning.

The term "primer” as used herein refers to an oligonucleotide, whether
occurring naturally as in a purified restriction digest or produced synthetically, which is
capable of acting as a point of initiation of synthesis when placed under condidons in
which synthesis of a primer extension product which is complementary to a nucleic acid
strand is initiated, i.e., in the presence of four different nucleoside triphosphates and
the Tth thermostable enzyme in an appropriate buffer ("buffer” includes pH, ionic
strength, cofactors, etc.) and at a suitable temperature. For Tth polymerase, the buffer

- preferably contains 1 to 3 mM of a magnesium salt, preferably MgCla, 50-200 uM of
each nucleotide, and 0.5 to 1 UM of each primer, along with 50 mM KC1, 10 mM Tris
buffer, pH 8-8.4, and 100 pg/ml geladn (although gelatin is not required and should be
avoided in some applications, such as DNA sequencing).

The primer is single-stranded for maximum efficiency in amplification, but may
alternatively be double-stranded. If double-stranded, the primer is first reated t0
separate its strands before being used to prepare extension products. The primer is
usually an oligodeoxyribonucleotide. The primer must be sufficiently long to prime the
synthesis of extension products in the presence of the polymerase enzyme. The exact
length of a primer will depend on many factors, such as source of primer and result
desired, and the reaction temperature must be adjusted depending on primer lengthto
ensure proper anncaling of primer to t'crnplatc. Depending on the complexity of the
target sequence, the oligonucleotide primer typically contains 15 to 35 nucleoudes.
Short primer molecules generally require cooler temperatures to form sufficiendy stable

complexes with template.
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4.167 x 10 Enzynme activity is not conpletely linear pwigh time. Wth
purified enzynme, a thirty mnute agsay is usually 2.5 x a 10 mnute
assay. About 202 g of frozen Thernus therm)phi LS qrrai n . HBsg -

[ 1 ATCC No. 27,634 t h 100 f 3X T ff (150
?ﬂ?/l Tflg C, pH 7AFHEETISS ﬁ%% av%‘%m% a‘ioﬁﬁl?ﬂq%"rm?'c F)s s cce‘ 2 4
MM PMVBF ( f r @fuchié ofitestmplatd. nA pnn@VE)usabmlsulfﬁamgbmozreﬂcra«tnmwp bp‘m;ﬁza n a
bl ender. I [ t

S@ggr@%@%ﬁﬁw@g& i e fihatl nf'aoc9ur Ag éifchﬁi&c‘ﬁ@!:@ﬁ&

ot herwi se re was prior to use, and solutions -
used in t herefeatitc Gxact smum@f te@Plf»sfeoForucmpa@s# PTECOPPIERENER yse. The
thawed cel | §jectide fragment may be artached to the 5' end of the primer, with the remainder of

the primer sequence being substantially complementary to the strand. Non-
complementary bases or longer sequences can be interspersed into the primer, provided
that the primer sequence has sufficient complementarity with the sequence of the
template to hybridize and thereby form a template primer complex for synthesis of the
extension product of the primer.

-The terms "restricdon endonucleases” and "resmicton enzymes” refer to
bacterial enzymes which cut double-stranded DNA at or near a specific nucleodde
sequence.

The term “thermostable enzyme" refers to an enzyme which is stable to heat and
is heat resistant and catalyzes (facilitates) combinadon of the nucleotides in the proper
manner to form primer extension products that are complementary to each nucleic acid
strand. Generally, synthesis of a primer extension product begins at the 3' end of the
primer and proceeds in the 5' direction along the template strand, undl synthesis
terminates. .

The 'fth thermostable enzyme of the present invention sadsfies the requirements
for effective use in the amplification reaction known as the polymerase chain reacton.

" The Tth enzyme does not become irreversibly denatured (inactivated) when subjected to
the elevated temperatures for the time necessary to effect denaturation of double-
stranded nucleic acids, a key step in the PCR process. Irreversible denaturation for
purposes herein refers to permanent and complete loss of enzymatic activity. The
heating conditions necessary for nucleic acid denaturation will depend, e.g., on the
buffer salt concentration and the composition and length of the nucleic acids being
denatured, but typically range from about 90 to about 105°C for a time depending
mainly on the temperature and the nucleic acid length, typically from a few seconds up ;
to four minutes. Higher temperatres may be tolerated as the buffer salt concentation
and/or GC composition of the nucleic acid is increased. The Tth enzyme does not
become irreversibly denatured for relatively short exposures to temperatures of about
90-100°C. '

The Tth thermostable enzyme has an optimum temperature at which it functions
that is higher than about 50°C. Temperatures below 50°C facilitate hybridization of
primer to template, but depending on salt composition and concentradon and primer.
composition and length, hybridization of primer to template can occur at higher
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were lysed in an Ami nco French pressure cell (18,000 psi) gﬁ& g

wth an equal vol unme of | X TE-DTT buffer containing ngEnﬁ \v N HEET
soni cated to reduce viscosity (1/3 aliquots, 80% outpyt,} 10 m nutes, $0%o
duty cycle). The lysate was diluted with additional |X HE- BBINGU?
containing fresh 2.4 nM PVSF to fi nal 5.5X cell wet wgidht. The
resulting fraction, fraction | (1,100 m ), contained 15.4 g of protein
and 46.8 x 104 units of activity. 6 Anmmoni um sul f

0.2 M(29.07 g) and the lysate stirred for 30 m nutes on ice. Upon the
addi ti on oftethperampesaigyns- RIS abig [ TeiN e TR or .whi ch was not
renoved pr irgalﬁgg ?.HemFFI rec? J t%’% ?”82 pgt?rgg{c sgécgtééll béfcf‘g%gm gl°"§§r'r‘r?ﬁni um
sul fate prévents the W‘BBFW%%@WP&% a5 dherpzyme DAgieatet the cr ude
T2 o et i o L 1)
| oadi ng onto Ig:lnd ecl u'?i ng dug}#omglfgg%%aé’ﬁ)?fg@@p%écose col umm) and. t he
presence of protl@§PESERfHPYINtion Pravidsss thet DN AP sofuerd: cAtRlindPHNL BAghT or
pr ot ect i ontHeraE3t10 DIVA Vbl I i O . . nmerase. For best
resul ts, t?%:ﬁx’ g‘fne. roc%@cﬁgﬁ%@g%%@M?c@H%&"W% BDH)
preci pi t at FEHC FIIBYECREE demrisdbelowc Fascomrtiience! tharaniing sgduci ng a
cent r i f ugaseqoencetafphit Tt olpM@rdsE S AIRSErR] foRkelehal AL HRO0oF i addi tion
f

of amoni u t he same ,.easpn, one_can mc?ﬁgre I n Ction |1
the soft, %2@%%@%%‘?5&‘: atrﬁg‘fs’%wydﬁpm 19rchanges fipm i fulPleagironative

sul f at e pelfdencehecause the vi scous pell et does not contain nucleic acids.
Agar ose gel el ectrophoresis and ethidium brom de staining of the Polymn P
‘supernatant indicates that >90% of the nacronol ecul ar DNA
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precipitates Terr] 90% of the total
30,000xg at 4 C for

t he phenyl

0.2% (22 m of 10%PEL) _and the

40 m of supernatant and very | arge

i s included,

colum shoul d then be -10% | arger than descri bed bel ow.
was centrifuged for one hour at 186, 000xg

then centrifuged at

vi scous pellet formed on top of the PE

addi ti onal

testing showed that 0.2% Polymn P
These pellets

centrifugation after 920 ml of the supematant was

vi scous nmateri al

Enpi ri cal
PEI )

when the viscous pell et
(pol yet hyl enei m ne,

and RNA is renoved by 0.2% Polymn P. To account for the a
A soft,

Polymn P (pH 7.5) was added slowy to
slurry stirred one hour on ice,

45 m nut es.

requiring additional

decanted. The
at 2 C and yi el ded an

gel ati nous pellets.

of pretein,
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SR AL ARNFE D {
contai ned <2% of the activity present in fraction | and 1. éuﬂ#égﬁgg?gLﬁﬁEET
or 12z:5% of fraction |I. The supernatants were pooled (fr ctioasi& %&9
m ) and contained 10.5 g protein and 42.6 x 104 units of Jaqti ¢i OV 1596
Fraction Il was |oaded onto a 3.2 x 6.5 cm (52 m) phenyl sledharase .l :-4R
(Lot M 02547, purchased from Pharmaci a-LKB) colum (equilijrated in TE
containing 0.2 Mamoniumsulfate and 0.5 mM DIT) at 80 m /%+—t36-
m/cnerr]/hr). All resins were equilibrated and recycled according to the
manuf acturer's recomendations. The colum was washed with 240 m of the
sanme buffer (Alerr] to baseline), then with 220 m TE containing 0.5 mM
DTT (no anmmonium sul fate) to renove non-Tth DNA pol ynerase proteins. The
colum was then washed with 270 mMl  of 20% et hyl ene glycol in TE contai ni ng
0.5 MM DTT to renbve nore contamnating protein, and the Tth pol ynerase
activity was eluted with 2 Murea in TE containing 20% ethylene glycol and
0.5 mM DIT. The fractions (5 m) containing the polynerase activity were
pool ed (fraction Illa, 84 m). The routine activity assays of the flow

t hrough and wash fractions revealed that only ~50% of the applied

pol ymerase activity had bound when the capacity of the col um was
exceeded. To avoid exceeding the capacity of the colum, a larger colum
(with, for exanple, at |east 2X as nmuch phenyl sepharose) shoul d be used.
The fl owthrough and wash fractions containing the balance of the activity
were pooled (fraction Ilb, 685 m), adjusted to 0.2 M anmmonium sulfate,
and then reapplied to the sanme colum after the colum had been recycl ed

and reequil i brat ed.
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roSerAspAsnLeuProGlyValLysGlyIl
TGCGCACCGACCTCCCCCTGGAGGTGGACCT

CGTCCGGGAGAAGATCAAGGCCCACCT

GGCGGAAAAGGAGGGGTACGAGGTGCGCATCCT
AlaGluLysGluGlyTyrGluValArgIleLe
AsnLeuAspArgValLysProGluAanalArgGluLysIleLysAlaH

S
CCCCTCCGACAACCTCCCCGGCGTCAA

LeuTrpGluLysTyrGlyLeuArgProGluGlnTr
pP

LeuValSerAspArgvalAlaValLeuH

CTCGTCTCCGACCGCGTCGCCGTC
CCTCAAGGAGTGGGGAAGCCTGGAAAACCTCCTCAA

GCTTTGGGAGAAGTACGGCCTCAGGCCGGAGCAGT

GGA

P
AspPheArgAlaLeuValGlyAs

GlyGluLysThrAlaLeuLysLeuLeuLysGluTrpGlySerLeuGluAsnLeuLeuLy
LeuArgLeuSerLeuGluLeuSerArgValArgThrAspLeuProLeuGluValAspLe

AACCTGGACCGGGTAAAGCCAGAAAA
CTCAGGCTCTCCTTGGAGCTCTCCCGGG

GTGGACTTCCGCGCCCTCGTGGG
GGGGAGAAGACCGCCCTCAAGCT

GACGTTCTCGCCACCCTGGCCAAGAA
Val

AspVa1LeuAlaThrLeuAlaLysLy
ACCGCCGACCGCGACCTCTACCAA
ThrAlaAspArgAspLeuTyrGln
GGCC@CCTCATCACCCCGGAGTG
GlyHisLeuIleThrProGluTr

—
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| ow | evel s of Tth DNA pol ynerase activity in fractfi gns—cont ar ni ng

sepharose flowthrough fractions) shodgl d
The el uant was dialyzed into _heparin sepharose | oadi ng

phenyl
I'l la contained 42% of the applied activity (179,213 units) and

the Tth polynerase activity was eluted with a 2 M urea STEp
about 3.5% of the

buffer to avoid prolonged exposure to urea (to avoid carbanyl ation) while
wai ting for the unretained fraction IIb to be rerun over the sane phenyl

conducted in the presence and absence of 10 nM EDTA. The prgs¢gnc
sepharose columm. The dialyzed fraction

permts correction for el evated background | evel s of
Pol ymin P binding of the nucleotide tripgosphate substrate.

above,
(fraction Illa).

Assays of
Polymkn P (e.g.,
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applied protein (351 ng), yielding a 12-fold purificatio _ ]
fl ow through and 0.2 M amoni um sul fate wash fracticﬁ ?Eﬁgﬁgggﬁﬂ§ﬂﬁﬁl
unbound Tt h DNA pol ynerase (fraction I1b) consisted joff 42. 6% of the
applied activity (181,559 units) and 40. 8% of t he agpl{i ed NGV
(4,110 ng). The columm was recycled as recommended by t he

manuf acturer, reequilibrated wiwth the starting buffer, and fraction Ilb wa$
reappl i ed. Fraction Ilb was | oaded onto the pHenyl sephargse
colum at 78 mi/hr. The col um was washed with 270 m of 0.2 M amoni um
sulfate in TE containing 0.5 nM DIT, then with 170 ml TE containing 0.5
nmv DTT (no anmonium sul fate), and finally with 260 mMl of 20% et hyl ene
glycol in TE containing 0.5 mM DTT. The Tth pol ynmerase activity was
again eluted with 2 Murea in TE contai ning 20% et hyl ene gl ycol and 0.5
mM DIT. The fractions (4.3 m) containing the polynerase activity wer e
pooled (fraction Illb). The 2 Murea eluate (fraction Il1b) contained 87.6%
of the applied activity (159,132 units) and 8.8% of the applied protein
(363 ny), yielding a 9.7 fold purification. Fraction I11Db
(116.4 mM) was adjusted to 0.15 M KO and pooled with fraction 11 a,

whi ch had been dial yzed without |oss of activity into a buffer conposed of
50 MMM Tris-d, pH7.5 0.1 nmMEDTA, 0.2% Tween 20,0.5 mM DTT, and 0.15 M

KC and stored at 4C. The pooled fraction Il (243 m) contained
substantial |evels of contam nating specific and non-specific Tth
endonucl eases and exonucl eases. The conbi ned fraction Il contained
326,009 units of activity and 705 ng protein. Fraction Il was
| oaded onto a_ 2.2 x 12 cm (45 m ) heparin sepharose CL-6B
(=] o o (o) (=) [en o
w N @ T o < N
o~ ™ ™ - W wn (Ve
~00 no ~Q HO ~ 0O QO -« O —~ = 3O = O Q 0 3O
L >N O o O ~w [N -] H 0O o H O
£ A< IS R2 0 U< V< Q3w Vs O K1
B3 O s (& = (& e O > O 3
H O @ g~ & o £ ~ —
(SR (SIS SR =3 Q0 - (&)
1O B ] Qo &t 3 (S ] 0 o o
Bt QL (S o L 0 M
Q=2 QO O =l O < <
(@ B =4 [G RN O N
< 0 >
< < |
9 o 3
[ON ] ~t
o Q
& u —
& - m
>
=
—{
&
[/}
-l

CGCCTCGAGGGGGAGGAGAAGCTCCTTTGGCTCTACCACGAGGTGGAAAA
CGGGTCCTGGCCCACATGGAGGCCACCGGGGTACGGCTGGACGTGGCCTA
ArgValLeuAlaHisMetGluAlaThrGlyValArgLeuAspValAlaTy
CTTTCCCTGGAGCTTGCGGAGGAGATCCGCCGCCTCGAGGAGGAGGTCTTCCG
LeuSerLeuGluLeuAlaGluGlulleArgArgLeuGluGluGluValPheAr
GGCCACCCCTTCAACCTCAACTCCCGGGACCAGCTGGAAAGGGTGCTCTTT
GlyHisProPheAsnLeuAsnSerArgAspGlnLeuGluArgValLeuPhe
AGGCTTCCCGCCTTGGGGAAGACGCAAAAGACAGGCAAGCGCTCCACCAGCGCCGCGGT
ArgLeuProAlaLeuGlypysThrGlnLysThrGlyLysArgSerThrSerAlaAlaVal
CTGGAGGCCCTACGGGAGGCCCACCCCATCGTGGAGAAGATCCTCCAGCACCGGGA
LeuGluAlaLeuArgGluAlaHisProIleValGluLysIleLeuGlnHis

ACGGAGGACGCCGCCCACCGGGCCCTCCTCTCéGAGAGGCTCC
ThrGluAspAlaAlaHlsArgAlaLeuLeuSerGluArgLeuH
ArgLeuGluGlyGluGluLysLeuLeuTrpLeuTyrH
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yi el ded a 27-fold purification,
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0. 2% Tween 20, 0.5 mM DTT,
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4 err]C) w thout

Al l
endonucl ease [ TCE]) .

0.1 nM EDTA,
formed during dialysis and was renoved by centrifugation (10 m nutes at

(purchased from Pharnmaci a- LKB) colum and equilibrated in 0.15&&Mﬁ@5
12, 000xg,

an Am con YM30 nenbrane and subsequently dial yzed against 25 nM Tris-Cl
activity applied to the hepazi n-sepharose col um bei ng recovered.

contam nated with the coeluting Tt hHBSI
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protei ns changes their
significantly. In contrast to Taq DNA

simlarity) with Tag DNA pol ynerase, the -10%difference
purification properties on phosphgc
pol ynmer ase, which

en.run _in pH

7.5 Tris buffer, elutes at 0.2 M KA froml2 phosphocelluloge with its

contam nati ng endonucl ease eluting at ~0.6-0.8 M KO ,

pol ymerase elutes with a peak at
is at 0.58 MKCO . Affigel-blue (Biorad Laboratories),

resin for
blue is a dye-ligand
bi nding sites for nucl eoti des.
of fraction IV (16.8 m) was | oaded onto a
affigel-blue colum (equilibrated in 25 MM Tris-d,
0.2% Tween 20,0.5 nM DTT, and 100 mM KCI) at 20 m/hr.

Tt h DNA pol ynerase activity bound to the resin.

Tth

and endonucl ease cannot be easily separated on phosphocel |l ul ose.
-0.45 M KCI and the Tth endonucl ease peak

Al

however,
separating Tth endonucl ease from Tt h DNA pol yner ase.
resin used for affinity purification of enzynes with
The supernatant from centrifugation

1.6 x 10 cm (20 m)
pH 7.5, 0.1 mM EDTA,

of the appl i ed
The col um was washed with

Tth DNA

is a useful
Affigel

30 M of the sanme buffer (Alerr] to baseline) and eluted with a 300 m

| i near _
el uting between 0.28 and 0. 455

2280

c
a
2340

2100
C
9

CCAA
2160

GAGGAAGCGGGGC

eGluLysThrLeuGluGluGlyArgLysArgGl

2220

GGTGAAG

rgTeralProAspLeuAsnAlaArgValLy

n
700
Y
720
S
740
760
780

CGCTACGTGCCCGACCTCAACGCCCG

A
tAlaPheAsnMetProValGlnGlyThrAlaAl

TGGCCTTCAACATGCCCGTCCAGGGCACCGCCGC
GCTCTTCCCCCGCCTCCGGGAGATGGGGGCCCG

TAGAAAAGACCCTGGAGGAGGG

1

GluGluAlaValAlaPthleGluArgTerheGl
e

CGAGGAGGCGGTGGCCTTTATAGAGCGCTACTT

r
AspLeuMetLysLeuAlaMetValLysLeuPheProArgLeuArgGluMetGlyAlaAr

TCCCAGGAGCTTGCCATCCCCTA
SerGlnGluLeuAlaIleProTy
AGCTTCCCCAAGGTGCGGGCCTGGA
SerPheProLysValArgAlaTrpI
TACGTGGAAACCCTCTTCGGAAGAAGG
Tera1GluThrLeuPheGlyArgArg
AGCGTCAGGGAGGCCGCGGAGCGCA
SerValArgGluAlaAlaGluArgM
GACCTCATGAAGCTCGCCATGGTGAA

2400

G
u

ATGCTCCTCCAGGTCCACGACGAGCTCCT

CCTGGAGGCCCCCCAAGCGCGGGCCGAGGA

MetLeuLeuGanalHisAspGluLeuLeuLeuGluAlaProGlnAlaArgAlaGluGl

800

0.1-0.5 M KO gradient in the sane buffer. Fractions (3.05 ml)




M KO were assayed to ensure absence of contam nating doublpgz—anr—
si ngl e-strand endonucl ease, indicated by absence of bothlﬁgaghéﬁﬂﬁ%@mngﬁT
wei ght specific or non- specific DNA fragnents after one}hpur or eleven

hours incubation at 60[err]C with 5-20 units of- Tth pol yh as;_e5qg%\ywqt6y
or 8 ng of

usi ng 600 ng of plasm d pLSGlL coval entl y-cl aged circul ar
eluted with a fairly broad peak at -0.35 MKC, while the §.endonucl ease

ML3npl1l8 SS-DNA. When the KO gradi ent was applied, the T§¢h

seened to elute at >0.5 M KO . Washing the affigel-blue columm wWTh 0. I5
M KC and eluting with a linear 0.15-0.6 M KO gradient may provide better
separ ati on. Based on the SDS-PAGE pattern, two pools were nade:
fraction Va from peak fractions (61 m) and fraction Vb, from fl anki ng
fractions (72.5 m). Fraction Va contained 22.2 x 10[err] units of activity
and 5.5 ng of protein, and fraction Vb contained 5.2 x 10[err] units of
activity and 3.5 ng of protein. Both pools were concentrated separately by
diafiltration on YMBO nenbranes. Fraction Vb was concentrated -10- fold on
an Am con YM30 nenbrane, then dialyzed into CM Trisacryl buffer (25 mM
sodi um acetate buffer, pH 5.0, 0.5 mMDTT, 0.1 nM EDTA, and 0. 2% Tween 20)
containing 50 MM NaCl . Again, a precipitate fornmed during dialysis and was
renoved by centrifugation (12,000xg for 10 minutes at 4 C) resulting in a
m nor (<2% loss of activity and a 1.4-fold purification. The resulting
supernatant (8.6 m, 5.1 x 104 units of activity and 2.3 ng of protein) was
| oaded onto a 1 x 3.8 cm (3 mM) CM Trisacryl colum (equilibrated in

CM Trisacryl buffer and 50 M NaC) at 3 m/hr. Al of the

2460

AGGCCTATCCCCTCGCCGTGCCCCTGGAG
ysAlaTyrProLeuAlaValProLeuGlu
2520

TCCGCCAAGGGTTAGGGGGGCCCTGCCGTT

ValGluValGlyMetGlyGluAspTrpLeuSerAlaLysG1y

820

834

GTGGCGGCTTTGGCCAAGGAGGCCATGGAGA
ValAlaAlaLeuAlaLysGluAlaMetGluL
GTGGAGGTGGGGATGGGGGAGGACTGGCTT
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to being pooled with fraction Va. The Tth DNA polyneras¢ activity eluted
with a sharp peak at 0.21 M Nad . Judged by SDS-page of |fhe gradient

fractions, the polynerase was significantly enriched but still contained
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variety of host cells. A DNA compound encoding all or part of the DNA sequence
shown above can also be used as a probe to identfy thermostable polymerase-encoding
DNA from other organisms, and the amino acid sequence shown above can be used to
design peptides for use as immun-ogcns o 'IIJ'rcparc antibodies that can be used to
identify and purify a thermostable polymerase.

Whether produced by recombinant vectors that encode the above amino acid
sequence or by native Thermus thermophilus cells, however, Tth DNA polymerase will
typically be purified prior to use in a recombinant DNA technique. The present
invention provides such purification methodology. For recovering the native protein
the cells are grown using any suitable technique. Briefly, the cells are grown on a
medium, in one liter, of nimilotriacedc acid (100 mg), wryptone (3 g), yeast exmract (3
g), succinic acid (S g), sodium sulfite (50 mg), riboflavin (1 mg), KoHPO4 (522 mg),
MgSO4 (480 mg), CaCl, (222 mg), NaCl (20 mg), and ace elements. The pH of the
medium is adjusted to 8.0 + 0.2 with KOH. The yield is increased up to 20 g of
cells/liter if cultivated with vigorous aeraton at a temperature of 70°C. Cells in the late
logarithmic growth stage (determined by absorbance at 550 nm) are collected by
cenuifugation, washed with a buffer and stored frozen at -20°C.

In another method for growing the cells, a defined mineral salts medium
containing 0.3% glutamic acid supplemented with 0.1 mg/1 biotin, 0.1 mg/1 thiamine,
and 0.05 mg/1 nicotinic acid is employed. The salts include nitrilotriacetic acid, CaSQ,,
MgSQg4, NaCl, KNOs3, NaNOs, ZnSOy4, H3BO3, CuSQ4, NaMoQ4, CoCls, FeCls,
MnSOy, and Na;HPO4. The pH of the medium is adjusted to 8.0 with NaOH. The
cells are grown initially at 75°C in a water bath shaker. On reaching a certain density,
one liter of these cells is ransferred to a 14-liter fermentor. Sterile air is bubbled
through the cultures and the temperature maintained at 75°C. The cells are allowed to
grow for eight hours before being collected by centrifugation. '

Afrer cell growth, the isolatdon and purificaton of the enzyme takes place in six
stages, each of which is carried out at a temperature below room temperature,
preferably about 4°C. In the first stage or step, the cells, if frozen, are thawed,
disintegrated with an Aminco French pressure cell (18,000 psi), suspended in a buffer
at about pH 7.5, and centrifuged. In the second stage, the supernatant is collected and
then fractionated by adding a salt such as dry ammonium sulfate and Polymin P to
remove nucleic acids. The pellet (at 0.2 M NH4SQy) is discarded. '

U
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centrifugation, and the supernatant is apphcd to an Affigel-blue column equilibrated
with 0.1 M KCIL. The column is then washed with 0.1 M KCl and the enzyme eluted
with a linear gradient of a buffer such as 0.1 to 0.5 M KCl. Fractions with
thermostable enzyme activity are then tested for contaminating deoxyribonucleases
(endo- and exonucleases) using any suitable procedure. For example, the endonuclease
activity may be determined elecrophoredcally from the change in molecular weight of
phage A DNA or supercoiled plasmid DNA after incubaton with an excess of DNA
polymerase. Similarly, exonuclease activity may be determined electrophoretcally
from the change in molecular weight of DNA after treatment with a restriction enzyme
that cleaves at several sites. The fracdons determined to have no deoxyribonuclease
activity (peak activity of polymerase elutes at 0.28 to 0.455 M KCl) are pooled and
dialyzed against CM-Trisacryl buffer. The precipitate formed is removed by

centrifugation. . _
In the sixth step, the supemnatant is applied to a CM-Trisacryl column

equilibrated with 50 mM NaCl The column is washed with 50 mM NaCl and the
enzyme eluted with a linear gradient of a buffer such as 0.05 10 0.4 M NaClL The
pooled fractions havmg thermostable polymerase activity and no deoxyribonuclease

activity elute at 0.16 t0 0.20 M NaCl.
The molecular weight of the dialyzed product may be determined by any

technique, for example, by SDS-PAGE analysis using protein molecular weight
markers. The molecular weight of the DNA polymerase purified from Thermus
thermophilus is determined by the above method to be about 94 kDa. The molecular
weight of this same DNA polymerase as determined by the predicted amino acid
sequence is calculated to be approxunatcly 94,016 daltons. The purification protocal of
native Tth DNA polymerase is described in detail in Example 1. Purification of the
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buffer. The concentrated and diafiltered sanples were di}l ? ,rI

vol umes of 80% gl ycerol (Fisher, spectral grade, autoclgved),and stored}a
-20[err]Cuntil conpletion of the analysis of the individ aIZ%&Q\_’M Dy
SDS- PAGE. The fractions containing the Tth pol ynerase of sinilar "
purity (~85-90%, as determned by SDS-PAGE gel el ectrophoresis. The majo

band migrates as a ~90 kDA protein in I6is gel system o4 .
contam nating bands. The di screpancy between this observed nol ecul ar wei ght

39 (~90 kDacaibinhdterts pblyieadse @f tHeliReentiah cEbdmida At Wilbsimflzom the gene

sequence) ma i opl y be due to anomal ous gel mgration or to degradation
during the p%?&‘?&@&é'on process. The staining patterns of the individual

fractions were sifnlmporeamouashect of i pre¥ent invention is the production of recombinant
Tth DNA polymerase. As noted above, the gene encoding this enzyme has been cloned
from Thermmus thermophilus genomic DNA. The complete coding sequence (~2.5 kb)
for the Tth polymérasc can be casily obtained in an ~3.7 kilobase (kb) Hind[I-BstEIl
restriction fragment of plasmid pBSM:Tth10, although this ~3.7 kb fragment contains
an internal HindII restriction enzyme recognition site. This plasmid was deposited
with the American Type Culure Collection (ATCC) in host cell E. coli K12 strain
DG101 on December 21, 1989, under accession No. 68195.

The complete coding sequence and deduced amino acid sequence of the
thermostable Tth DNA polymerase enzyme is provided above. The entire coding
sequence of the Tth DNA polymerase gene is not required, however, to produce a
biologically active gene product with DNA polymerase activity. The availability of
DNA encoding the Tth DNA polymerase sequence provides the opportunity to modify
the coding sequence so as to generate mutein (mutant protein) forms also having DNA
polymerase actvity. Amino(N)-terminal deletions of the protein, up to about one-third
of the protein, are not believed to destroy polymerase activity of the remaining
fragment, and recombinant truncated proteins, created by deleting approximately one-
tenth of the coding sequence (for the amino-terminus), are quite active in polymerase
assays. Because certain N-terminal shortened forms of the polymerase are active, the
gene constructs used for expression of these polymerases can includé the
corresponding shortenéd forms of the coding sequence.

In addition to the N-terminal deletions, individual amino acid residues in the
peptide chain comprising Tth polymerase may be modified by oxidation, reduction, or
other derivation, and the protein may be cleaved to obtain fragments that retain activity.
Such alterations that do not destroy activity do not remove the protein from the
definition of a protein with Tth polymerase activity and so are specifically included
within the scope of the present invention. Modifications to the primary structure of the
Tth gene DNA polymerase by deletion, addition, or alteration so as to change the amino
acids incorporated into the Tth DNA polymerase during translaton can be made without

‘destroying the high temperature DNA polymerase actvity of the protein. Such
substitutions or other alternations result in the production of proteins having an amino -
acid sequence encoded by DNA falling within the contemplated scope of the present
invention. Likewise, the cloned genomic sequence, or homologous syntheric
sequences, of the Tth DNA polymerase gene can be used to express a fusion
polypeptide with Tth DNA polymerase activity or to express a protein with an amino
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control sequence that functions in whatever host is chosen to express the Tth DNA

—

polymerase.
Thus, the present invention provides the complete coding sequence for Tth

DNA polymerase from which expression vectors applicable to a variety of host systems
can be constructed and the coding sequence expressed. Portions of the Tth polymerase-
encoding sequence are also useful as probes to retrieve other thermostable polymerase-
encoding sequences in a variety of species. Accordingly, portions of the genomic DNA
encoding at least four to six amino acids can be replicated in E. ¢oli and the denarured
forms used as probes or oligodeoxyribonucleotide probes that encode at least four to
six amino acids can be synthesized and used to retrieve additional DNAs enceding a
thermostable polymerase. Because there may not be an exact match berween the
nucleotide sequence of the thermostable DNA polymerase gene of Thermus

- thermophilus and the corresponding gene of other species, oligomers containing
approximately 12-18 nucleotides (encoding the four to six amino acid sequence) are
usually necessary to obtain hybridization under conditons of sufficient soingency to
eliminate false positives. Sequences encoding six amino acids supply ample
information for such probes.

The present invention, by providing the coding and amino acid sequences for
Tth DNA polymerase, therefore enables the isolation of other thermostable polymerase
enzymes and the coding sequences for those enzymes. The Taq and Tth DNA
polymerase coding sequences are very similar, and this similarity facilitated the
identification and isolation of the Tth DNA polymerase coding sequence. The regions
of dissimilarity between the Taq and Tth DNA polymerase coding sequences can also
be used as probes, however, to identify other thermostable polymerase coding
sequences that encode enzymes quite divergent from, for cxamplc Taq polymerase but
similar to Tth polymerase.
Several such regions of dissimilarity between the Taq and Tth DNA polymerase

coding sequences exist. These regions include the sequences for codons 225-230; 238-
246; 241-249; 335-343; 336-344; 337-345; 338-346; and 339-347. For regions nine
codons in length, probes corresponding to these regions can be used to identify and
isolate thermostable polymerase encoding DNA sequences that are identical (and
complementary) to the probe for a contiguous sequence of at least five codons. For the

. region six codons in length, 2 probe corresponding to this region can be used to
identify and isolate thermostable polymerase-encoding DNA sequences that are identcal
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. long as the requisite homology is present.

Whether one desires to produce an enzyme identical to nadve Tth DNA
polymerase or a derivative or homologue of that enzyme, the producton of a
recombinant form of Tth polymerase typically involves the construction of an
expression vector, the transformation of a host cell with the vector, and culture of the
transformed hostcell under conditdons such that expression will occur. To construct
the expression vector, a DNA is obtained that encodes the mature (used here to include
all muteins) enzyme or a fusion of the Tth polymerase to an additional sequence that
does not destroy activity or to an additional sequence cleavable under controlled
conditions (such as treatment with peptidase) to give an active protein. The coding
sequence is then placed in operable linkage with suitable control sequences in an
expression vector. The vector can be designed to replicate autonomously in the host

- cell or to integrate into the chromosomal DNA of the host cell. The vector is used to
transform 2 suitable host, and the mransformed host is cultured under conditions suitable
for expression of recombinant Tth polymerase. The Tth polymerase is isolated from
the medium or from the cells; recovery and purification of the protein may not be
necessary in some instances, where some impurities may be tolerated.

Each of the foregoing steps can be done in a variety of ways. For example the

 desired coding sequence may be obtained from genomic fragments and used directly in
appropriate hosts. The construction for expression vectors operable in a variety of
hosts are made using appropriate replicons and control sequences, as set forth generally
below. Construction of suitable vectors containing the desired coding and control
sequences employs standard ligation and restriction techniques that are well understood
in the art. Isolated plasmids, DNA sequences, or synthesized oligonucleoddes are
cleaved, modified, and religated in the form desired. Suitable restriction sites can, if
not normally available, be added to the ends of the coding sequence so as to facilitate
construction of an expression vectar, as exemplified below.

Site-specific DNA cleavage is performed by treating with the suitable restiction
enzyme (or enzymes) under conditions that are generally understood in the art and
specified by the manufacturers of commercially available restriction enzymes. See,
e.g., New England Biolabs, Product Catalog. In general, about 1 jtg of plasmid or
other DNA is cleaved by one unit of enzyme in about 20 pl of buffer solution; in the
examples below, an excess of restriction enzyme is generally used to ensure complete
digestion of the DNA. Incubation times of about one to two hours at about 37°C are
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In the presence of biorinylared dUTP (biotin-1 1 -dUTP,
Bet hesda Research Laboratories) and Ther nus aquati cus 0 L
' s g@né&??’eﬁg%t

southern blots of T. thernophilus genonm ¢ DNA. Probe A h
prinmers CMD7 and EK194 and enconpasses 438 bp of the 5" Een _ ,
Pol | gene from nucleotide -230 to +3287. Probe B was gener ted with

prinmers MK138 and MK124 and enconpasses 355 bp that span the—H-ret-t+—srte
of t he Tapica)althoggnearianidnseodneectoletaned. nAifitreath theubdifol, prowekBikemBrabe C
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t enpl at e- pr € codl ng sequénce an
Tag Pol | @ewReUpReRd m@vgmoif e DNAIfRArE agerous §9gtonmbytpeccipitedion gdther at ed wit h

primers Wé@agn@lndf&éﬁéé stcke %ﬁm@maéeavéﬂéag%@mh Se BerfGiftdYy the Tag
Pol | gene f ucl.eotde +2108 t(i) 84 he sequencés of the
pr| mer s usBB Ff’rué‘ﬂ‘élg%l FRETISHBEE %“@Pg‘i’fﬁbﬁuﬁégé%“da’ ICChmq“@v/DSFc €.g-

- CCGT COoCHisthsdaGBEst¥idology, 1980, BEU99-560- CTTGGCGTCAAAGACCACGATC
g/'K 1$'AéCGGGCCTGGA % TTCCA%?(‘“‘ single-s ““%“1 PR EAETIAEFHEC
MK138 mad§ bluarerisdtdadEGASTEOENaS) by treating MidhABe large fragment of E. coli
S - CCGCTGT@WW%I@(IGcnOW) in the presence of the four deoxynucleoside miphosphates
(dNTPs) using incubation times of about 15 to 25 minutes at 20 to 25°C in 50 mM Tris
pH 7.6, 50 mM NaCl, 10 mM MgCl,, 10 mM DTT and 5 to 10 uM dNTPs. The
Klenow fragment fills in at §' protruding ends, but chews back prouuding 3' single
strands, even though the four dNTPs are present. If desired, selectve repair can be
performed by supplying only one of the, or selected, dNTPs within the limitadons
dictated by the nature of the prowuding ends. After treatment with Klenow, the mixture
is extracted with phenol/chloroform and ethanol precipitated. Similar results can be
achieved using S1 nuclease, because weatment under appropriate conditions with S1
nuclease results in hydrolysis of any single-stranded portion of a nucleic acid.
Synthetic oligonucleotides can be prepared using the triester method of _
Matteucci gt 3l., 1981, I. Am. Chem. Soc. 103:3185-3191 or automated synthesis
methods. Kinasing of single strands prior to annealing or for labeling is achieved using
an excess, ¢.g., approximately 10 units, of polynucleotide kinase to 0.5 UM substrate
in the presence of 50 mM Tris, pH 7.6, 10 mM MgCly, 5 mM dithiothreitol (DTT), and
1to2 pM ATP. If kinasing is for labeling of probe, the ATP will contain high specific’
- activity y-32P. _
Ligations are performed in 15-30 pl volumes under the following standard
conditions and temperatures: 20 mM Tris-Cl, pH 7.5, 10 mM MgCl,, 10 mM DTT, 33
pg/ml BSA, 10 mM-50 mM NaCl, and either 40 pM ATP and 0.01-0.02 (Weiss) units
T4 DNA ligase at 0°C (for ligation of fragments with complementary single-stwanded
ends) or 1 mM ATP and 0.3-0.6 units T4 DNA ligase at 14°C (for "blunt end"
ligation). Intermolecular ligations of fragments with complementary ends are usually
performed at 33-100 p.g/ml total DNA concentratons (5-100 nM total ends
concentration). Intermolecular blunt end ligations'(usually employing a 10-30 fold
molar excess of linkers) are performed at 1 uM total ends concentration.
In vector construction, the vector fragment is commonly treated with bacterial or
calf intestinal alkaline phosphatase (BAP or CIAP) to remove the 5’ phosphate and -
prevent religation and reconstructon of the vector. BAP and CIAP digesdon
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disclosed in Lawer et al. and in U S. Patent application
143,441, filed January 12, 1988, both incorporated herein
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to remove AP and purify the DNA. Alternatively, religation can be prevented by

restricion enzyme digestion of unwanted vector fragments before or after ligadon of the

desired vector.

For portions of vectors or coding sequences that require sequence
modificatons, a variety site-specific primer-directed mutagenesis methods are available.
The polymerase chain reaction (PCR) can be used to perform site-specific mutagenesis.
In another technique now standard in the art, a synthetic oligonucleotide encoding the
desired mutadon is used as a primer to direct synthesis of a complementary nucleic acid
sequence of a single-stranded vector, such pBS13+, that serves as a template for
constructon of the extension product of the mutagenizing primer. The mutagenized
DNA is mansformed into a host bactcriurh, and cultures of the wansformed bacteria are
plated and identified. The identificatdon of modified vectors may involve wansfer of the
DNA of selected transformants to a nitrocellulose filter or other membrane and the
"lifts" hybridized with kinased synthetic primer at a temperature that permits
hybridization of an exact match to the modified sequence but prevents hybridizadon
with the origipal strand. Transformants that contain DNA that hybridizes with the
probe are then cultured and serve as a reservoir of the modified DNA.

In the constructions set forth below, correct ligations for plasmid construction
are confirmed by first ransforming E. ¢oli strain DG101 or another suitable host, with
the ligation mixture. Successful transformants are selected by ampicillin, temacycline or
other antibiotic resistance or sensitivity or by using other markers, depending on the
mode of plasmid construction, as is understood in the art. Plasmids from the '
transformants are then prepared according to the method of Clewell 1 al., 1969, Proc.
Natl. Acad. Sci- USA 62:1159, optionally following chloramphenicol amplification
(Clewell, 1972, J. Bacteriol. 110:667). Another method for obtaining plasmid DNA is
described as the "Base-Acid" extraction method at page 11 of the Bethesda Research =~ *
Laboratories publication Focus, volume 5, number 2, and very pure plasmid DNA can
be obtained by replacing steps 12 through 17 of the protocol with CsCl/ethidium
bromide uloracentrifugation of the DNA. The isolated DNA is analyzed by restiction
enzyme digestion and/or sequenced by the dideoxy method of Sanger ¢t al., 1977,
Proc. Natl. Acad. Sci. USA 74:5463, as further described by Messing et al., 1981,
Nuc. Acids Res. 9:309, or by the method of Maxam ¢f al., 1980, Methods in

Enzymologyv §5:499.
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cposucd with the ATCC (ATCC 53606) on April 7 1987, and E. coli KB2, which

was deposited with the ATCC (ATCC 53075) on March 29, 1985, are also useful host

cells. For M13 phage recombinants, E. coli strains susceptible to phage infection, such

as E. coli K12 strain DG98, are employed. The DG98 strain was dcposxtcd with the

. ATCC (ATCC 39768) on July 13, 1984.

However, microbial strains other than E. coli can also be used, such as bacilli,
for example Bagillus subtilis, various species of Pseudomonas, and other bacterial
strains, for recombinant expression of Tth DNA polymerase. In such procariyotic
systems, plasmid vectors that contain replication sites and control sequences derived
from the host or a species compatible with the host are typically used.

" For example, E. coli is typically transformed using derivatves of pBR322,
described by Bolivar gt al., 1977, Geng 2:95. Plasmid pBR322 contains gcncﬁ for
ampicillin and tewracycline resistance. These drug resistance markers can be ciﬁmr
retained or destroyed in constructing the desired vector and so help to detect the
presence of a desired recombinant. Commonly used procaryotic control sequences,
i.e., a promoter for transcription initiation, optionally with an operator, along with a
ribosome binding site scquence, include the B-lactamase (penicillinase) and lactose (lac)
promoter systems (Chang et al., 1977, Nature 198:1056), the ryptophan (zp)
promoter system (Goeddel et al., 1980, Nuc. Acids Res. 8:4057), and the lambda-
derived P, promoter (Shimatake ¢t al., 1981, Nature 292:128) and N-gene ribosome
binding site (NrBs). A portable control system cassette is set forth in U.S. Patent No.
4,711,845, issued December 8, 1987. This cassette comprises a P, promoter operably
linked to the NRgs in turn positoned upstream of a third DNA sequence having at least

one restriction site that permits cleavage within six bp 3’ of the Nggs sequence. Also
uscful is the phosphatase A (phoA) system described by Chang ¢t al. in European
Patent Publication No. 196,864, published October 8, 1986. However, any available
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| Cene In addition to bacteria, eucaryotic microbes, such as yeast, can also be used as
recombinant host cells. Laboratory strains of 2accharomyces cerevisiae, Baker's yeast,
are most often used, although a number of other strains are commonly available. While
vectors employing the two micron origin of replication are common (Broach, 1983,
Meth. Enz. 101:307), other plasmid vectors suitable for yeast expression are known
(see, for example, Stinchcomb gt al., 1979, Narre 282:39: Tschempe gt al., 1980,
Gene 10:157; and Clarke ¢t al., 1983, Meth. Enz. 101:300). Control sequences for
yeast vectors include promoters for the synthesis of glyco,lytic enzymes (Hess ¢ al.,
1968, I. Adv. Enzvme Reg. 7:149, and Holland et al., 1978, Biotechnology 17:4900).
Additional promoters known in the art include the promoter for 3-phosphoglycerate
kinase (Hitzeman gt al., 1980, J. Biol. Chem. 2355:2073) and those for other glycolytic
enzymes, such as glyceraldehyde-3-phosphate dehydrogenase, hexokinase, pyruvate
decarboxylase, phosphofructokinase, glucose-6-phosphate isomerase, 3-
phosphoglycerate mutase, pyruvate kinase, triosephosphate isomerase, ‘
phosphoglucose isomerase, and glucokinase. Other promoters that have the additional
advantage of transcription controlled by growth conditions are the promoter regions for
alcohol dehydrogenase 2, isocytochrome C, acid phosphatase, degradative enzymes
associated with nitrogen metabolism, and enzymes responsible for maltose and

- galactose utilization (Holland, supra).
 Terminator sequences may also be used to enhance expression when placed at

the 3’ end of the coding sequence. Such terminators are found in the 3" untranslated
region following the coding sequences in yeast-derived genes. Many vectors contain
control sequences derived from the enolase gene contained in plasmid peno46 (Holland
ctal., 1981, J. Biol. Chem. 256:1385) or the LEU2 gene obtained from YEpl3
(Broach gt al., 1978, Gene 8:121); however, any vector containing a yeast-compatble
promoter, origin of replication, and other control sequences is suitable for use in

constructing yeast Tth expression vectors.

The Tth gene can also be expressed in eucaryotic host cell cultures derived from
multicellular organisms. See, for example, Tissue Culrure, Academic Press, Cruz and
Patterson, editors (1973). Useful host cell lines include COS-7, COS-A2, CV-1,
murine cells such as murine myelomas N51 and VERO, HeLa cells, and Chinese
hamster ovary (CHO) cells. Expression vectors for such cells ordinarily include
promoters and control sequences compatible with mammalian cells such as, for
example, the commonly used early and late promoters from Simian Virus 40 (SV 40)
(Fiers et al., 1978, Nawre 273:113), or other viral promoters such as those derived
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plant cells, such as the nopahnc synthase promoter and polyadenylation signal
sequences (Depicker gt al., 1982, 1. Mol. Appl. Gen. 1:561) are available. Expression
systems employing insect cells utilizing the control systems provided by baculovirus
vectors have also been described (Miller gt al., in Genetic Engineering (1986) Setlow el
al., eds., Plenum Publishing, Vol. 8, pp. 277-297). Insect cell-based cxpréssion can’
be accomplished in Spodoptera frugipeida. Thcsc systems are also successful in
producing recombinant Tth polymerase. - _

Depending on the host cell used, wransformarion is done using standard
techniques appropriate to such cells. The calcium treatnent employing calcium
chlo_r@dc, as described by Cohen, 1972, Proc. Natl. Acad. Sci. USA 69:2110 is used
for procaryotes or other cells that contain substantial cell wall barriers. Infection with
Agrobacterium umefaciens (Shaw et al., 1983, Gene 23:315) is used for certain plant
cells. For mammalian cells, the calcium phosphate precipitation method of Graham and
van der Eb, 1978, Virology 52:546 is preferred. Transformations into yeast are carried
out according to the method of Van Solingen et al., 1977, I. Bact. 130:946 and Hsiao
etal., 1979, Proc. Nail. Acad. Sci. USA 76:3829.

Once the Tth DNA polymerase has been expressed in a recombinant host cell,
purification of the protein may be desired. Although the purification .proccdurcs

0  previously described can be used to purify the recombinant thertostable polymerase of
the invention, hydrophobic interaction chromatography purification methods are
preferred. Hydrophobic interaction chromatography is a separation technique in which
substances are scparated on the basis of differing strengths of hydrophobic interaction
with an uncharged bed material containing hydrophobic groups. Typically, the column
is first equilibrated under conditions favorable to hydrophobic binding, e.g., high ionic
strength. A descending salt gradient may be used to clute the sample.
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or equal to 0.2 M ammonium sulfate, with 0.2 M being preferred. The column and the
sample are adjusted to 0.2 M ammonium sulfate in 50 mM Tris, pH 7.5, and 1 mM
EDTA ("TE") buffer that also contains 1 mM DTT and the sample applied to the
column. The column is washed with the 0.2 M ammonium sulfate buffer. The enzyme
may then be eluted with solvents which attenuate hydrophobic interactons such as, for
exarople, decreasing salt gradients, ethylene or propylene glycol, or urea. For
recombinant Tth polymerase, a preferred embodiment involves washin g the column
sequentially with the Tris-EDTA buffer and the Tris-EDTA buffer containing 20%
ethylene glycol. The Tth polymerase is subsequently eluted from the column with a 0
to 4 M urea gradient in the Tris-EDTA ethylene glycol buffer.

For long-term stability, Tth DNA polymerase enzyme is stored in a buffer that
contains one or more non-ionic polymeric detergents. Such dctcrgcnfs are generally
those that have a molecular weight in the range of approximately 100 to 250,000
preferably about 4,000 to 200,000 daltons and stabilize the enzyme at a pH of from
about 3.5 to about 9.5, preferably from about 4 10 8.5. Examples of such detergents
include those specified on pages 295-298 of McCutcheon's Emulsifiers & Detergents,
North American edition (1983), published by the McCutcheon Division of MC
Publishing Co., 175 Rock Road, Glen Rock, NJ (USA), the entire disclosure of which
is incorporated herein by reference. Preferably, the detergents are selected from the
group comprising ethoxylated fatty alcohol ethers and lauryl ethers, ethoxylated alkyl
phenols, octylphenoxy polyethoxy ethanol compounds, modified oxyethylated and/or
oxypropylated straight-chain alcohols, polyethylene glycol monooleate compounds,
polysorbate compoim;is, and phenolic fatty alcohol ethers. More particularly preferred
are Tween 20, a polyoxycthylated (20) sorbitan monolaurate from ICI Americas Inc.,
Wilmington, D.E., and Iconol™ NP-40, an ethoxylated alkyl phenol (nonyl) from
BASF Wyandotte Corp. Parsippany, NJ.

The thermostable enzyme of this invention may be used for any purpose in
which such enzyme actdvity is necessary or desired. Ina parucularly preferred
embodiment, the enzyme catalyzes the nucleic acid amplification reaction known as
PCR. This process for amplifying nucleic acid sequences is disclosed and claimed in
U.S. Patent No. 4,683,202, issued July 28, 1987, the disclosure of which is
incorporated herein by reference. The PCR nucleic acid amplification method involves
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amplificadon process described below.

This amplification process comprises the stcps of:

(2) contacting each nucleic acid strand with four different nucleoside
wriphosphates and one oligonucleotide primer for each strand of the specific sequence
being amplified, wherein each primer is selected to be substandally complementary to
the different strands of the specific sequence, such that the extension product
synthesized from one primer, when it is separated from its complement, can serve as a
template for synthesis of the extension product of the other primer, said contacting
being at a temperature which allows hybridization of each primer to a complementary

nucleic acid su-and
(b) ~ contacting each nucleic acid strand; at the same time as or after step (a)

with a DNA polymerase from Thermus thermophilus which enables combination of the
nucleoside triphosphates to form primer extension products complementary to each
strand of the specific nucleic acid sequence;

(c)  maintaining the mixture from step (b) at an effective temperature for an
effective time to promote the activity of the enzyme and to synthesize, for each different
sequence being amplified, an extension product of each primer which is complementary
to each nucleic acid strand template, but not so high as to separate each extension
product from the complementary strand template;

(d) heating the mixture from step (c) for an effective time and at an effective
temperature to separate the primer extension products from the templates on which they
were synthesized to produce single-stranded molecules but not so high as to denamre
irreversibly the enzyme;

(¢)  cooling the mixture from step (d) for an effectve time and to an effectdve
temperature to promote hybridization of a primer to each of the single-stranded
molecules producéd in step (d); and

(f) maintaining the mixture from step (c) at an effective temperature for an
effective time to promote the activity of the enzyme and to synthesize, for each different
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except that® yr%lE”tf 1‘6‘ﬁ nﬁbms at both ends of the sequence in sufficient detail so that
two oligonucleotide primers can be prepared which will hybridize to different strands of
the desired sequence at relative positions along the sequence such that an extension
product synthesized from one primer, when separated from the template (complement),
can serve as a template for extension of the other primer into a nucleic acid sequence of
defined length. The greater the knowledge about the bases at both ends of the
sequence, the greater can be the specificity of the primers for the target nucleic acid
sequence and the efficiency of the process. In any case, an initial copy of the sequence
to be amplified must be available, although the sequence need not be pure or a discrete
molecule. In' general, the amplification process involves a chain reaction for producing,
in exponential quantities relative to the number of reaction steps involved, at least one
specific nucleic acid sequence given that (a) the ends of the required sequence are
known in sufficient detail that oligonucleotides can be synthesized which will hybridize
to them, and (b) that a small amount of the sequence is available to initiate the chain
reaction. The product of the chain reaction will be a discrete nucleic acid duplex with
termini corresponding to the ends of the specific primers employed.
Any nucleic acid sequence, in purified or nonpurified form, can be utlized as
the starting nucleic acid(s), provided it conains or is suspected to contain the specific
nucleic acid sequence desired. The nucleic acid to be amplified can be obtained from
any source, for example, from plasmids such as pBR322, from cloned DNA or RNA,
or from natural DNA or RNA from any source, including bacteria, yeast, viruses,
organelles, and higher organisms such as plants and animals. DNA or RNA may be
extracted from blood, tissue material such as chorionic villi, or amniotic cells by a
variety of techniques. See, e.g., Maniatis ¢t al., supra, pp. 280-281. Thus, the
process may employ, for example, DNA or RNA, including messenger RNA, which
DNA or RNA may be single-stranded or double-stranded. In addidon, a DNA-RNA
hybrid which contains one strand of each may be utilized. A mixture of any of these
nucleic acids can also be employed as can nucleic acids produced from a previous .
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The sequence to be amplified need not be present initially in a pure form; the
sequence can be a minor fraction of a complex mixture, such as a portion of the B-
globin gene contained in whole human DNA (as exemplified in Saiki et al., 1985,
Science 230:1530-1534) or a portion of a nucleic acid sequence due o a partcular
microorganism, which organism might constitute only a very minor fraction of a
particular biological sample. The cells can be directly used in the amplification process
after suspension in hypotonic buffer and heat treatment at about 90-100"C uniil cell
lysis and dispersion of intracellular components occur (generally 1 to 15 minutes).
After the heating step, the amplification reagents may be added directly to the lysed

cells. The starting nucleic acid sequence may contain more than one desired specific

nucleic acid sequence. The amplification process is useful not only for producing large’

amounts of one specific nucleic acid sequence but also for amplifying siniultancously
- more than one different specific nucleic acid sequence located on the same or different
nucleic acid molecules. |
Primers play a key role in the PCR process. The word "primer” as used in
describing the amplification process can refer to more than one primer, particulary in
the case where there is some ambiguity in the information regarding the terminal
sequence(s) of the fragment to be amplified. For instance, in the case where a nucleic
acid sequence is inferred from protein sequence information, a collection of primers
containing sequences representing all possible codon variations based on degeneracy of
the genetic code will be used for each strand. One primer from this collection will be
sufficiently homologous with the end of the desired sequence to be amplified to be
useful for amplification. _
In addition, more than one specific nucleic acid sequence can be amplified from
the first nucleic acid or mixture of nucleic acids, so long as the apprbpriatc number of”
7 different oligonucleotide primers are utilized. For example, if two different specific
nucleic acid sequences are to be produced, four primers are utilized. Two of the
primers are specific for one of the specific nucleic acid sequences and the other two
primers are specific for the second specific nucleic acid sequence. In this manner, each
of the two different specific sequences can be produced exponentally by the present
process. .
A sequence within a given sequence can be amplified after a given number of
cycles to obtain greater specificity of the reaction by addin g after at least one cycle of
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this mutation will be amplified with an undiminished efficiency because no further
mispaired priming is required. The process of making an altered DNA sequence as
described above could be repeated on the altered DNA using different primers to induce
further sequence changes. In this way, a series of mutated sequences can gradually be
produced wherein each new addidon to the series differs from the last in a minor way,
but from the original DNA source sequence in an increasingly major way.

Because the primer can contain as part of its sequence a non-complementary
sequence, provided that a sufficient amount of the primer contains a sequence that is
complementary to the strand to be amplified, many other advantages can be realized.

For example, a nucleotide sequence that is not complementary to the template sequence
(such as, e.g., a promoter, linker, coding sequence, etc.) may be attached at the 5’ end
of one or both of the primers and so appended to the product of the amplification
process. After the extension primer is added, sufficient cycles are run to achieve the
desired amount of new template containing the non-complementary nucleotide insert.
This allows production of large quantites of the combined fragments in a relatively

2+ short period of time (e.g., two hours or less) using a simple technique.

Oligonucleotide primers can be prepared using any suitable method, such as,
for example, the phosphotriester and phosphodiester methods described above, or
automated cmbod_imcnts thereof. In one such automated embodiment,
diethylphosphoramidites are used as starting materials and may be synthesized as
described by Beaucage ¢t al., 1981, Teirahedron Letters 22:1859-1862. One method
for synthesizing oligonucleotides on a modified solid support is described in U.S.

Patent No. 4,458,066. One can also use a primer that has been isolated from a
biological source (such as a restriction endonuclease digest).

~ No matter what primers are used, however, the reaction mixture must contain a
template for PCR to occur, because the specific nucleic acid sequence is produced by
using a nucleic acid containing that sequence as a template. The first step involves.
contacting each nucleic acid strand with four different nucleoside miphosphates and one
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nucleoside triphosphates are usually dATP, dCTP, dGTP, and TTP, although various
nucleotide derivatves can also be used in the process. The concentradon of nucleodde
triphosphates can vary widely. Typically the concentration is 50-200 HM in each ANTP
in the buffer for ainﬁliﬁcation, and MgCl; is present in the buffer in an amount of | 10
3 mM to increase the efficiency and specificity of the reaction. However, dNTP
concentrations of 1-20 UM may be preferred for some applications, such as DNA
sequencing.

The nucleic acids strands of the target nucleic acid serve as templates for the
synthesis of additional nucleic acids strands, which are extension products of the
primers. This synthesis can be performed using any suitable method, but generally
occurs in a buffered aqueous solution, preferably at a pH of 7-9, most preferably about
8. To facilitate synthesis, a molar excess (for cloned nucleic acid, usually about 1000:1
primer:template and for genomic nucleic acid, usually about 108:1 primer:template) of
the two oligonucleotide primers is added to the buffer containing the template smands.
As a practical matter, the amount of primer added will generally be in molar excess over
the amount of complementary strand (template) when the sequence to be amplified is
contained in a mixture of complicated long-chain nucleic acid strands. A large molar
excess is preferred to improve the efficiency of the process.

The mixture of template, primers, and nucleoside riphosphates is then eated
according to whether the nucleic acids being amplified or detected are double- or single-
standed. If the nucleic acids are single-stranded, then no denaturation step need be
cmployed, and the reaction mixture is held at a temperature which promotes
hybridization of the primer to its complementary target (template) sequence. Such
temperature is generally from about 35°C t0 65°C or more, preferably about 37-60°C
for an effective time, generally from a few seconds to five minutes, preferably from 30
seconds to one minute. A hybridization temperature of 45-58°C is used for Tth DNA
polymerase, and 15-mer or longer primers are used to increase the spéciﬁcity of primer
hybridization. Shorter primers require lower hybridization temperatures. The '
complement to the original single-swanded nucleic acids can be synthesized by add.in;g
Tth DNA polymerase in the presence of the appropriate buffer, dNTPs, and one or
more oligonucleotide primers. If an appropriate single primer is added, the primer
extension product will be complementary to the single-stranded nucleic acid and will be
hybridized with the nucleic acid strand in a duplex of strands of equal or unequal len gth
(depending on where the primer hybridizes to the teraplate), which may then be
separated into single strands as described above to produce two single, separated,
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Kl 'enow sal t én gieGokdpoSiubh R &L BEhE Ncleic acid. Preferably, the effective denamring
temperature is 90-100°C for 10 seconds to 3 minutes. Strand separation may also be
~ induced by an enzyme from the class of enzymes known as helicases or the enzyme

RecA, which has helicase activity and in the presence of riboATP is known to denature
DNA. The reaction conditions suitable for separating the strands of nucleic acids with
helicases are described by Kuhn Hoffmann-Berling, 1978, CSH-Quantitatve Biology
43:63, and techniques for using RecA are reviewed in Radding, 1982, Ann. Rev.
Generics 1_6:'405-437. The denaturation produces two separated complementary strands
of equal or unequal length. :

' If the double-stranded nucleic acid is denamred by heat, the reaction mixture is
allowed to cool to a temperature which promotes hybridization of each primer to the
complementary target (template) sequence. This temperature is usually from about
35°Cwo 65 'C‘ or more, depending on rcégcnts, preferably 37-60°C. The hybridization
temperature is maintained for an effectve time, generally 30 seconds to 5 minutes, and
preferably 1-3 minutes. In practical termns, the temperature is simply lowered from
about 95°C to as low as 37°C, and hybridization occurs at a temperature within this
range. )

V.ththcr the nucleic acid is single- or double-stranded, the DNA polymerase
from Thermus thenmophilus may be added at the denaturation step or when the
temperature is being reduced to or is in the range for promoting hybridizaton,
Although the thermostability of Tth polymerase allows one to add Tth polymerase to the
rcac.tion mixture at any time, one can substantially inhibit non-specific amplificadon by
adding the polymerase to the reaction mixture at a point in time when the mixrure will
not be cooled below the stringent hybridization temperature. After hybridizaddn, the
reaction mixture is then heated to or maintained at a temperature at which the activity of
the enzyme is promoted or optimized, i.e., a termperature sufficient to increase the
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this synthesis reaction generally ranges from about 40 to 80°C, preferably 50-75°C.

The temperature more preferably ranges from about 65-75°C for Thermus

thermophilius DNA polymerase. The period of dme required for this synthesis may

range from about 0.5 to 40 minutes or more, depending mainly on the temperature, the

length of the nucleic acid, the enzyme, and the complexity of the nucleic acid mixmure.

The extension time is usually about 30 seconds to three minutes. If the nucleic acid is

longer, a longer time period is generally required for complementary strand synthesis.

The newly synthésizcd strand and the complement nucleic acid strand form a
double-stranded molecule which is used in the succeeding steps of the amplificaton
process. In the next step, the srands of the double-stranded molecule are separated by
heat denaturation at a temperature and for a time effective to denature the molecule, but
not at a temperature and for a period so long that the thermostable enzyme is completely
and irreversibly denatured or inactivated. After this denaturation of template, the
temperature is decreased to a level which promotes hybridization of the primer to the
complcmcnrmy single-stranded molecule (template) produccd from the previous step,

" as described above.

After this hybridization step, or concurrently with the hybridization step, thc
temperature is adjusted to a temperature that is effective to promote the activity of the
thermostable enzyme to enable synthesis of a primer extension product using as a
template both the newly synthcﬁizcd and the original .strands. The temperature again
must not be so high as to separate (denature) the extension product from its template, as
described above. Hybridization may occur during this step, so that the previous step of

.cooling after denaturation is not required. In such a case, using simultaneous steps, the
preferred temperature range is 50-70°C.

The heating and cooling steps involved in one cycle of strand separation,
hybridization, and extension product synthesis can be repeated as often as needed to
produce the desired quantity of the specific nucleic acid sequence. The only limitadon
is the amount of the primers, thermostable enzyme, and nucleotde tiphosphates
present. Usually, from 15 to 30 cycles are completed. For diagnostic detecdon of
amplified DNA, the number of cycles will depend on the nature of the sample. For.

. example, fewer cycles will be rcquired_ if the sample being amplified is pure. If the
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the target of amplification, the process is repeated 15 to 30 tmes to amplify the
sequence sufﬁcicnﬂy that a clearly detectable signal is produced, i.c., so that
background noise does not interfere with detection.

No additional nucleotides, primers, or thermostable enzyme need be added after
the initial additon, provided that no key reagent has been exhausted and that the
enzyme has not become denatured or inactivated irreversibly, in which case additional
polymerase or other reagent would have to be added for the reaction to contnue.
Additon of such materials at each step, however, will not adversely affect the reaction.
After the appropriate number of cycles have been completed to produce the desired
amount of the specific nucleic acid sequence, the reaction may be halted in the usual
manner, e.g., by inactivating the enzyme by adding EDTA, phenol, SDS, or CHCI; or
by separating the components of the reaction. )

The amplification process may be conducted contnuously. In one embodiment
of an automated process, the reaction mixture may be temperature cycled such that the
temperature is programmed to be controlled at a certain level for a certain time. One
such instrument for this purpose is the automated machine for handling the
amplification reaction developed and marked by Perkin-Elmer Cetus Inscuments.
Detailed instructions for carrying out PCR with the insttument are available upon

purchase of the instrument. _

Tth DNA polymerase is very useful in carrying out the diverse processes in
which amplification of a nucleic acid'sequcncc by the polymerase chain reaction is
useful. The amplification method may be utilized to clone a particular nucleic acid
sequence for insertion into a suitable expression vector, as described in U.S. Patent
No. 4,800,159. The vector may be used to transform an appropriate host organism to
produce the gene product of the sequence by standard methods of recombinant DNA
technology. Such cloning may involve direct ligation into a vector using blunt-end
ligation, or vse of reswriction enzymes to cleave at sites contained within the primers.
Other processes suitable for Tth polymerase include those described in U.S. Patent
Nos. 4,683,194; 4,683,195; and 4,683,202 and European Patent Publicadon Nos.
229,701; 237,362; and 258,017; these patents and publications are incorporated herein
by reference. In addition, the present enzyme is uscful in asymmewic PCR (see .
Gyllensten and Erlich, 1988, Proc. Natl. Acad. Sci. USA 85:7652-7656, incorporated
herein by reference); inverse PCR (Ochman ¢t al., 1988, Genetics 120:621,
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irification hermophil
DNA Polymerase
This example describes the isolaton of Tth DNA polymerase from Thermus
thermophilus. Tth DNA polymerase was assayed at various points during purification
according to the method described for Taq polymerase in Lawyer gt al., 1989, I. Biol
Chem. 264(11):6427-6437, incorporated herein by reference.
Typically, this assay is performed in 50 Wl of a reaction mixture cornposed of
25 mM TAPS-HCI, pH 9.5 (20°C); 50 mM KCI: 2 mM MgCly; 1 mM B-
mercaptoethanol; 200 UM in each of dATP, dGTP, and TTP: 100 UM a-32P-dCTP
< (0.03 t0 0.07 uCi/nmol); 12.5 pg of activated salmon sperm DNA; and polymerase.
The reaction is initiated by addition of polymerase in diluent (diluent is composed of 10
_rnM Tris-HCl, pH 8.0, 50 mM KCl, 0.1 mM EDTA, 1 mg/ml autoclaved gelatin, 0.5%
NP40, 0.5% Tween 20, and 1 mM B-mercaptoethanol), and the reaction is carried out
at74°C. After a 10 minute incubation, the reaction is stopped by adding 10 1l of 60
mM EDTA. The reaction mixture is centrifuged, and 50 pl of reaction mixture is
transferred to 1.0 ml of 50 pg/ml carrier DNA in 2 mM EDTA (at 0°C). An equal
volume (1 ml) of 20% TCA, 2% sodium pyrophosphate is added and mixed. The
mixture is incubated at 0°C for 15 to 20 minutes and then filtered through Whatman
GF/C filters and extensively washed (6 x 5 ml) with a cold mixture containing 5% TCA
and 1% pyrophosphate, followed by a cold 95% cthanol wash. The filters are then
dried and the radioactivity counted. Background (minus enzyme) is usually 0.001% to
0.01% of input cpm. About 50 to 250 pmol of 32P-dCTP standard is spotted for unit
calculation. One unit is equal to 10 nmol of ANTP incorporated in 30 minutes at 74°C,
Units are calculated as follows.
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\CETGTCCCCG 3
DGL90 5' COGGCCTTTGGEGTTCGAATAATGGTAACATAGCT TCCATATGTTTGGGCCACE
Tt h TTCAAAGAGCGGAASCATCGCCTCCAT

le cpm -en dil, cpm = pmol incorporated
specific activity of dCTP (cpm/pmol)

pmol incorporated x 3 x dilution factor x 4 = units/ml
4.167 x 10

Enzyme activity is not completely linear with time. With purified enzyme, a thirty
minute assay is usually 2.5 x a 10 minute assay.

About 202 g of frozen Thermus thermophilys strain HB8 cells (ATCC No.
27,634) were thawed in 100 ml of 3X TE-DTT buffer (150 mM Tris-Cl, pH 7.5, 3
mM EDTA, and 3 mM dithiothreicol) containing 2.4 mM PMSF (from 144 mM stock in
DMF) and homogenized at low speed in a blender. All operations were carried out at Q
to 4°C unless otherwise stated. All glassware was baked prior to use, and solutions
used in the pun'ﬁcation were autoclaved, if possible, prior to use. The thawed cells
were lysed in an Aminco French pressure cell (18,000 psi), then diluted with an equal
volume of 1X TE-DTT buffer containing 2.4 mM PMSF and sonicated to reduce
viscosity (1/3 aliquots, 80% output, 10 minutes, 50% duty cycle). The lysate was
diluted with additional 1X TE-DTT buffer containing fresh 2.4 mM PMSF to final
5.5X cell wet weight. The resulting fraction, fraction I (1,100 ml), contained 15.6 gof
protein and 46.8 x 104 units of activity.

Ammonium sulfate was added to 0.2 M (29.07 g) and the lysate stirred for 30
minutes on ice. Upon the addition of the ammonium sulfate, a precipitate formed .

" 'which was not removed prior.to the PEI precipitation step, described below.
Ammoniurm sulfate prevents the Tth polymerase from binding to DNA in the crude
lysate and reduces ionic interactions of the DNA polymerase with other cell lysate
proteins. Speed in the inidal steps of purification (i.e., up to loading onto and eluting |
from the phenyl-scpharose column) and the presence of protease inhibitor (PMSF at
2.4 mM) are important for protection from proteolytic degradation of the DNA
polymerase. For best results, then, one proceeds directly to the Polymin P (purchased
from BDH) precipitation step to remove most nucleic acids rather than introducin ga
centrifugation step to remove the precipitate that forms upon the addition of ammonium
sulfate, For the same reason, one can include in fraction II the soft, viscous pellet that
forms on top of the Polymin P/ammonium sulfate pellet, because the viscous pellet
does not contain nucleic acids. Agarose gel electrophoresis and ethidium bromide
staining of the Polymin P supernatant indicates that >90% of the macromolecular DNA
and RNA is removed by 0.2% PolyminP. To account for the addidonal amount of
protein, when the viscous pellet is included, the phenyl sepharose column should then
be ~10% larger than described below. ]
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PBSM Tther rJ o uec{ Hﬁ%lf Itht: activity present in fraction I and 1.96 g of protein or 12.5% of
fracton I. The supernatarits were podled (fracton II, 960 ml) and contained 10.5 g
protein and 42.6 x 104 units of activity.

Fracton II was loaded onto a 3.2 x 6.5 cm (52 ml) phenyl sepharose CL-4B

(Lot MI 02547, purchased from Pharmacia-LKB) column (equilibrated in TE
containing 0.2 M ammonium sulfate and 0.5 mM DTT) at 80 ml/hr (10 ml/cm2/hr). All
resins were equilibrated and recycled according to the manufacturer's .
recommendatons. The column was washed with 240 m! of the same buffer (Agg 10
baseline), then with 220 ml TE containing 0.5 mM DTT (no ammonium sulfate) to
remove non-Tth DNA polymerase proteins. The column was then washed with 270 ml
of 20% cthylene glycol in TE containing 0.5 mM DTT to remove more contaminating
protein, and the Tth polymerase activity was eluted with 2 M urea in TE containing
20% cthylcné glycol and 0.5 mM DTT. The fractions (5 ml) containing the polymerase
acdvity were pooled (fraction Illa, 84 ml). The routine activity assays of the flow-
througﬁ and wash fractions revealed that only ~50% of the applied polymerase activity
had bound when the capacity of the column was exceeded. To avoid exceeding the
capacity of the column, a larger column (with, for example, at least 2X as much phenyl
sepharose) should be used. The flow-through and wash fractions containing the
balance of the activity were pooled (fraction b, 685 ml), adjusted to 0.2 M ammonium
sulfate, and then reapplied to the same column after the column had been recycled and

= |
=xXatipr—e

reequilibrated.

Assays of low levels of Tth DNA polymerase acdvity in fractons containing
Polymin P (e.g., phenyl sepharose flow-through fractions) should be conducted in the
presence and absence of 10 mM EDTA. The presence of EDTA permits correction for
elevated background levels of radioactivity due to Polymin P binding of the nucleotide
triphosphate substrate.

. As noted above, the Tth polymerase activity was eluted with a2 M urea step
(fraction I0a). The eluant was dialyzed into heparin sepharose loading buffer to avoid
prolonged exposure to urca (to avoid carbamylation) while waiting for the unretained
fracdon IIb to be rerun over the same phenyl sepharose column. The dialyzed fracdon
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the applied protein (4,110 mg). The column was recycled as recommended by the
manufacturer, reequilibrated with the starting buffer, and fracton IIb was reapplied.

Fraction IIb was loaded onto the phenyl sepharose column at 78 mi/hr. The
column was washed with 270 ml of 0.2 M ammonium sulfate in TE containing 0.5 mM
DTT, then with 170 ml TE containing 0.5 mM DTT (no ammonium sulfare), and finally
with 260 ml of 20% ethyleae glycol in TE containing 0.5 mM DTT. The Tth
polymerase activity was again eluted with 2 M urea in TE containing 20% ethylene
glycol and 0.5 mM DTT. The fractions (4.3 ml) containing the polymerase activity
were pooled (fracton OIb). The 2 M urea eluate (fracdon ITIb) contained 87.6% of the
applied activity (159,132 units) and 8.8% of the applied protein (363 mg), yielding a
9.7 fold purification.

Fraction IIb (116.4 ml) was adjusted to 0.15 M KCl and pooled with fractdon
IIa, which had been dialyzed without loss of activity into a buffer composed of 50 mM
Tris-Cl, pH 7.5, 0.1 mM EDTA, 0.2% Tween 20, 0.5 mM DTT, and 0.15 M KCl and
stored at 4°C. The pooled fraction III (243 ml) contained substantial levels of
contaminaliné specific and non-specific Tth endonucleases and exonucleases. The
combined fraction I contained 326,009 units of activity and 705 mg protein.

a Fraction OI was loaded onto 2 2.2 x 12 cm (45 ml) heparin sépha.rosc CL-6B
(purchased from Pharmacia-L.KB) column and equilibrated in 0.15 M KCl, 50 mM Tris-
Cl, pH 7.5, 0.1 mM EDTA, 0.2% Tween 20, and 0.5 mM DTT) at 45 ml/hr. All of
the applied activity was retained by the column. The column was washed with 175 ml
of the same buffer (Asgg to baseline) and eluted with 670 ml of 2 linear 150-750 mM
KCl gradient in the same buffer. Fractions (5.25 ml) eluting between 0.31 and 0.355
M KClI were pooled (fraction IV, , 149 ml). Similar to Taq DNA polymerase, which
elutes with a peak at 0.31 M KCl, Tth DNA polymerase elutes with a peak at 0.33 M
KCl contaminated with the coeluting TthHBSI endonuclease (an isoschizomer of Taql
endonuclease [TCGA)). '

Fraction IV was concentrated ~10-fold on an Amicon YM30 membrane and
subsequently dialyzed against 25 mM Tris-Cl, pH 7.5, 0.1 mM EDTA, 0.2% Tween
20,0.5mM DTT, and 100 mM KCL A precipitate formed during dialysis and was
removed by centrifugation (10 minutes at 12,000xg, 4°C) without loss of actvity.
These steps, including the heparin sepharose column, yielded a 27-fold purification, -
with 95% of the activity applied to the heparin-sepharose column being recovered,
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constructed in the sane manner as plasm d pLS&5, except rat—-tne

mut ageni zi ng | i nker was DGL92 as opposed to DGL91. DGC92

structure:
CCTCCCCECCTTGTAGECCATATGITTGGTCTCCTGIGTGAAATTGI TATCG- 3" H a

| dent i cal
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P oS hoccllulosc wnh its contaminating endonuclease eluting at ~0.6-0.8 M KCl, Tth
DNA polymerase and endonuclease cannot be easily separated on phosphocellulose.
Tth DNA polymerase clutes with a peak at ~0.45 M KCl and the Tth endonuclease peak
isat 0.58 M KCl. Affigel-blue (Biorad Laboratories), however, is a useful resin for
separating Tth endonuclease from Tth DNA polymerase. Affigel blue is a dye-ligand
resin used for affinity purification of enzymes with binding sites for nucleotides.

The supernatant from cenaifugation of fraction I'V (16.8 ml) was loaded onto a
1.6 x 10 cm (20 ml) affigel-blue column (equilibrated in 25 mM Tris-Cl, pH 7.5, 0.1
mM EDTA, 0.2% Tween 20, 0.5 mM DTT, and 100 mM KCI) at 20 mi/hr. All of the
applied Tth DNA polymerase actvity bound to the resin. The column was washed with
30 ml of the same buffer (Asgg to baseline) and eluted with a 300 ml! linear 0.1-0.5 M
KCl gradient in the same buffer. Fractions (3.05 ml) eluting between 0.28 and 0. 455
M KCI were assayed to ensure absence of contaminating double- and single-strand
cndonuclcasc indicated by absence of both lower molecular weight specific or non-
specific DNA fragments after one hour or eleven hours incubadon at 60°C with 5-20
units of Tth polymerase activity using 600 ng of plasmid pLSG1 covalently-closed
circular DNA or 850 ng of M13mp18 SS-DNA. When the KCl gradient was applied,

" the Tth polymerase cluted with a fairly broad peak at ~0.35 M KCI, while the

endonuclease seemed to elute at >0.5 M KCl. Washing the affigel-blue column with
0.15M KCl and eluting with a linear 0.15-0.6 M KCl gradient may provide better
separation.

Based on the SDS-PAGE pattern, two pools were made: fracuon Va from peak
fractions (61 ml) and fraction Vb, from flanking fractions (72.5 ml). Fraction Va
contained 22.2 x 104 units of activity and 5.5 mg of protein, and fraction Vb contained
5.2 x 104 units of activity and 3.5 mg of protein. Both pools were concentrated
separately by diafiltration on YM30 membranes. Fraction Vb was concentrated ~10-
fold on an Amicon YM3Q membrane, then dialyzed into CM-Trisacryl buffer (25 mM
sodium acetate buffer, pH 5.0, 0.5 mM DTT, 0.1 mM EDTA, and 0.2% Tween 20)
containing 50 mM NaCl. Again, a precipitate formed during dialysis and was removed
by centrifugation (12,000xg for 10 minutes at 4°C) resulting in a minor (<2%) loss of
activity and a 1.4-fold purification. The resulting supernatant (8.6 ml, 5.1 x 104 units
of activity and 2.3 mg of protein) was loaded onto a 1 x 3.8 cm (3 ml) CM-Trisacryl
column (equilibrated in CM-Trisacryl buffer and 50 mM NaCl) at 3 ml/hr. All of the
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end of the Tth Pol | coding sequence in plasm ds pLSG5%a

correct reading frane, each plasmd was digested to cow3I=t| Fw
restriction enzymes BanH and EcoRI. The | arge EcoRI - BapH agnen 8f
pl asm d pLS&5 was then ligated with the ~1.2 kb BanHl - EcbR—t-est++
fragnent of plasm d pLS&2 to yield plasm d pLS&7. Thej~1.2 kb BanH - EcgR
restriction fragnent of plasm d pLS&B8contains the 3' énd of tThe Tth |
codi ng sequence. In a simlar fashion, plasmd pLSG6 was digested with
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of replicatif assom a
mM NaCl More precipitate formed and was removed by centrifugation (10 minutes at

12,000xg, 4°C) with insignificant loss of activity. The precipitate contained 0.91 mg
protein (~20%) and 2,227 units of activity (<1%).

The resuldng supernatant (12.8 ml, containing 5.18 mg protein and 24.8 x 104
units of activity) was loaded onto a 1.6 x 6.0 cm (12 ml) CM-Trisacryl (purchased
from Pharmacia-LKB) column (equilibrated in CM-Trisacryl buffer containing 50 mM
NaCl) at 12 ml/hr. The column was washed with 20 ml of the same buffer'containing
50 mM NaCl, then with 27 ml of the same buffer containing 100 mM NaCl. No
detectable polymerase activity appeared in the flow-through fracdons. A technical
problem (column adaptor broke) led to the immediate eludon (in 400 mM NaCl) of the
activity when the 100-400 mM NaCl linear gradient was applied. Seventy-eight percent
of the applied activity (19.4 x 104 units and 4.09 mg protein) was recovered and

' reapplied to a CM-Trisacryl column of the same dimensions. '

The loading fraction (35 ml) was 2.7-fold diluted after readjusting the solution
to 50 mM NaCl. The column was washed with 33 ml of the same buffer and eluted
with a 180 ml linear 50-400 mM NaCl gradient in the same buffer. Fractions (1.4 ml)
éluting between 0.16 and 0.2 M NaCl were separately concentrated/diafiltered on
Centricon 30 membranes in 2.5X storage buffer (50 mM Tris-Cl, pH 7.5, 250 mM
KCl, 0.25 mM EDTA, 2.5 mM DTT, and 0.5% Tween 20 [Pierce, Surfact—Arrips]).
The Tth DNA polymerase activity eluted with a peak at 0.183 M NaCl, slightly earlier -
than was observed in the trial column. In comparison, Taq DNA polymerase elutes at
0.19-0.205 M NaCl when run on CM-Trisacryl in the same pH 5.0 sodium acetate
buffer. The concentrated and diafiltered samples were diluted with 1.5 volumes of
80% glycerol (Fisher, spectral grade, autoclaved) and stored at -20°C undl completion
of the analysis of the individual fractions by SDS-PAGE. The fractions containing the
Tth polymerase were of similar purity (~85-90%), as determined by SDS-PAGE gel
electrophoresis. The major band migrates as a ~90 kDA protein in this gel system with
minor contaminating bands. The discrepancy between this observed molecular weight




of the Tth Pol | expression vector. This exanple illustr “how-Sueh
changes can be made by describing the construction of ex A@rﬁﬁ@ﬁﬂw
which the [err]P[err] pronoter '
50 and either the bacteriophage T7 gene 10 or [err]gene |N NOV 1995
ri bosome-binding site are positioned for expression of [Ttlh Boi? P )
Construction of Expression Vectors pDE#0 and pDGL61 .
160 is a [err]P[err] cloning and expression vector that donprises the

[err] Plerr] %%Wwam%r&glcgﬁpc%molcc[ﬁgsggghtq_ggkﬂg%te (see U S Patert

No. 4,711, 84 m the gene sequence) may
smply be due to anomalous gel migration or to degradation during the purificaton

process. The staining patterns of the individual fractions were similar enough to allow
pooling of all of the fractons (fracton VI, 21.5 mi).

Fracton VI was further concentrated/diafiltered on an Amicon YM30 membrane
in 2.5X storage buffer. When the volume measured 7 ml, 0.2 ml were removed for
amino acid composition and sequence analysis. The remaining 6.8 ml were
concentrated to 1.6 ml and diluted with 2.4 ml of 80% glycerol. The resulting final
pool (4 ml) contained 2.17 mg protein and 162,789 units of activity (34.8% yield) with
a specific activity of 75,018 units/mg protein. The results of each step of the
purification are presented in tabular form below.




i ncorporated herein by reference), a restriction site polyli?
so t hat sequences cloned into the polylinker can be expre
control of the [err]P[err]- Nl err], and a transcription t
the Bacillus thuringiensis delta-toxin geng (see U.S. Pat gnt
4, 666, 848, incorporated herein by referenc 9 Plasm d pDG 140
carries a nutated RNAIl gene, which renders the plasm d tenpe
sensitive for copy nunber (see U S. Patent No. 4,631, 257, {incorporated
herein by reference). These el enments act in concert to naRe

pl asm d pDG 160 a very useful and powerful expression vector. At
30-32[err]C, the copy mginber- of the plasmd is low, and in an host cell
that carries a tenpera@ure- sﬁrﬁﬁt‘jggﬁ [errL repressor gene, such as cl 857,
the PL pronoter doesfgpt functton At 3@3@% chowever, the copy nunber of
the plasmd is 25-50-€bld higher than at-30~ I:'err]C, and the cl 857
repressor is inactivated, allowng the P[err] pronoter to function.

Pl asm d pDGL60 al so Gaegies an anpicillin resistance (AnpR) narker.
Plasmid pDGL61 is idéhfi cBl ¥ PRBE d2FGBFEY;®xcept the AnpR marker is
replaced with a Tet R§Eetracycline Pesiss oot Tar ker . So, plasnids
pDG 160 and pDGl61 cdhprise the AnmpR or TR Mdrker, the [err]P[err]
pronoter, the gene N«ribosone-binding site, a polylinker, the BT CTY PRE
(BT positive retroregulatory element, U S. Patent No. 4,666,848) in a

Col EI cop[err] vector. Theseomashds_wepe cgnstructed from previously
descri bed pl asmi ds amgddt = @@I@g{g@'yrtggeggeéalé gonucl eoti de |inkers DG31
and DG32. The DG3 1/32ldupl ex [MTker encodes & 5 Hindlll cohesive end
foll owed by Sacl, Ncol, Kpnl/Asp718, Xmal/Smal recognition sites and a 3

BanmH cohesive end. This duplex linker is shown bel ow
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were used to construct plasmd pDG 160. Plasm d p

plasm d described in U S. patent No. 4,666,848, supra, afdjava =

coli K12 strain D@5 carrying the prophage [err] N err] N gr ]cl857 Suslé[e'r
U A LII

4

fromthe ATCC under accession nunber 44TCC 39789, was di ggs

restriction enzynes Hindl Il and BanH, and the isolated yector fr agmant way
ligated with a 5-fold nol ar excess ofExampiimsphoryl ated and anneal €d
DG31/ 32 dupl ex. loning th s i h DNA Polymerase [

This Examples describes the strategy and methodology for cloning the Tth DNA
polymerase I (Tth Pol I) gene of Thermus thermophilus. PCR-amplified fragments of
the T. aquaticus DNA polymerase I (Taq Pol I) gene were used to probe genomic DNA
blots to determine the restriction sites present in the Tth Pol I gene and flanking
regions. PCR amplification of the Tth Pol I gene with Taq Pol I-specific primers
provided even more restriction site and DNA sequence information about the Tth Pol I
gene. This information provided the basis for a two-step cloning procedure to isolate
the Tth Pol I gene into plasmid pBS 13+ (marketed by Stratagene; the plasmid is also

known as BSM13+).

A.  Preparation of Probes

Four labeled probes were generated by PCR in the presence of biotinylated
dUTP (biotin-11-dUTP, purchased from Bethesda Research Laboratories) and
Thermus aguaticus DNA to probe southemn blots of T. thermophilus genomic DNA..
Probe A was generated with primers CMO7 and EX 194 and encompasses 438 bp of the
5' end of the Taq Pol I gene from nucleotide -230 to +207. Probe B was generated
with primers )K138 and MK 124 and encompasses 355 bp that span the HindIII site of
the Taq Pol I gene and extend from nucleotide +555 to +879. Probe C was generated

- with primers MK 143 and MK 131 and encompasses 579 bp of the tcmplatc-pnrner

binding site coding sequence and the BamHI site of the Taq Pol I gene from nucleotdde
+1313 to +1891. Probe D was generated with primers MK 130 and MK 151 and
encompasses 473 bp of the 3' end of the Taq Pol I gene from nucleotide +2108 1o
+3384.

Thc sequences of the primers used to prepare the probes are shown below:

CMO07 5'-GCGTGGCGGCGGAGGCGTTG

EK194 5'-CTTGGCGTCAAAGACCACGATC

MK124 5-GGCCTTGGGGCTTITCCAGA

MK130 “TGCGGGCCTGGATTGAGAAG

MK131 5'-CCCGGATCAGGTTCTCGTC

MK138 5'-GACCGGGGACGAGTCCGAC

MK143 “CCGCTGTCCTGGCCCACATG

MK151 - 5-TTCGGCCCACCATGCCTGGT
The sequence of the Taq Pol I gene is disclosed in Lawyer gt al. and in U.S. Patent
application Serial No. 143,441, filed January 12, 1988, both incorporated herein by

reference.
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~ the pl asni ¢hinutes and then quickly cooled on ice. PCR was performed in a Perkin-Elmer Cetus
Insouments Thermal Cycler. Probes and the template for probe generation were

generated using 15 cycles of a 1 minute 45 second ramp t0 98°C, 15 seconds at 98°C
(in-tube temperature of 96.5°C), 45 second ramp to 55°C, 20 seconds at 55°C, 45

second ramp to 72°C, and 30 seconds at 72°C. There was a 5 minute soak at 72°C at

the end of the last cycle.

The genomic DNA hybridized to the probes was isolated as described in
Lawyer ¢t al., and Southern blots were performed as described by Maniats, except that
MSI Magnagraph™ nylon membrane was used rather than nitrocellulose, and the DNA
was fixed to the membrane with UV light (in a UV Stratalinker™ 1800, marketed by
Stratagene) rather than heat.

~ Blots were prehybridized at 42°C for 2 hours in a solution composed of 5X
SSPE, 5X Denhardt's solution, 0.5% SDS, 5% dextran sulfate, 150 pg/ml carrier
DNA, and 50% formamide. Hybridization of probes to the blots was carried out
overnight at 42°C in the same solution with probe present at approximately 10 ng/ml.
After hybridization, the membranes were washed to remove unbound probe.

Each of the four probes A-D hybridized to Thermus thermophilus genomic
DNA. A restriction site map of the Tth Pol I gene region of the genome was
constructed by individually digesting and probing Southemn blots of the digested Tth
genomic DNA with restriction enzymes Pstl, BamHI, Sacll, and Asp718. In addition,
double digestions with HindIIl/Asp718, HindII/BstEM; HindIII/Nhel;
BamHI/Asp718; BamHI/BStEIl; BamHI/Sphl; and BamHI/Nhel of Tth genomic DNA
followed by Southem blotting and probing of the digested DNA were performed. The
resulting information allowed the construction of a restriction site map used in the

cloning of the Tth Pol I gene.
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was designated pDGl61. B. Construction of Expression EP%M

Thr ough pDGL81 To facilitate construction of. Tth expressi on vector§
and to increase the efficiency of translation initiation, plas®SagyCEso
and pDGLl61 were altered to .introduce changes in the [err]Plefr] pronoter
and ribosone-binding site (RBS) region. In these alteratiohsT—ptasn ds
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pDGL60 and pDGl61 were digested with r&striction enzynes BlspMI and_Sacl
and then ligated with short synthetic linkers to create plasmds in which

the smal | BSEM | - B ¢ P ok s g"“_;“ 1s . mllGl)
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and has the St ? u%t'orn nucleotide 293 to 1891 of the Taq Pol I gene. One primer pair, MK143
and MXK131, yielded product.

The amplification reactons were carried out in a buffer composed of 10 mM
Tris-HCI, pH 8.3, 50 mM KCl, 1.5 mM MgCl;, 200 pM each dNTP, 2 U Taq Pol I, 1
ng heat-denatured Tth genomic DNA, and S0 pmol of each primer. The amplifications
were carried out for 25 cycles using the same thermocycler programming described
above, and PCR products were analyzed via polyacrylamide gel elecrophoresis.

Most of the primers used in the unsuccessful amplifications either had many
mismatches when later compared with the Tth Pol I gene sequence or had smrategic
mismatches at the 3' end of the primers. Primer MK 143 had 3 mismatches to the Tth
Pol I gene sequence but those mismatches were located at the 5' end of the prlrner'and
were followed by 15 bases of homology. Primer MK 131 had 2 mismatches to the Tth
Pol I gene, l;ut the mismatches were located in the middle of the primer.

The product of the MK143/MK131 amplificatdon of Tth genomic DNA migrated

" onapolyacrylamide gel identically with the MK143/MK 131 amplificatdon product
using Taq genomic DNA as template. Restriction mapping of these Taq and Tth
amplification products show identcal BamHI, Sacl, and Xhol restriction sites but
different Sacll and Pstl restriction sites. The Tth PCR product generated with primers
MK143 and MK 131 was further amplified via asymmetric PCR with the same primers
and subjected to DNA sequence anélysis in accordance with the methods described in
Gyllensten and Erlich, 1988, Proc. Natl. Acad. Sci. USA 85(20):7652-7656; and Innis -
et al., 1988, Proc. Natl. Acad. Sci. USA 85:9436-9440.

C. Cloning the 5' End of the Tth Pol I Gene

From the restriction site map and sequence information generated by the
Southern blot and PCR analyses, a strategy for cloning the Tth Pol I gene in two steps
was developed. An ~3 kb HindIII fragment of Tth genomic DNA hybridized with
probes A, B, and C but not D, indicating thar the fragment contains the 5' end of the
Tth Pol I gene. This ~3 kb HindIll fragment also contained a BamHI restricdon site,
which proved useful in cloning the 5' end of the gene.
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52 DGL08 5' - CCCGAAGAAGGAGAAAAATTAATGAGCT- 3'

3' -TLCTTCCTCTTTTTAATTAC- 5' Dupl ex DGL10/ DGl11 encodes thd
and an Ndel restriction enzyme recognition site at the ATG

and has the structure:
DGL10 5' - CCCGAGGAGAAAACATAVAGCT 43’ DGl11
3' - TCCTCTTTTGTATAC- 5' Dupl ex DGL12/ DGL13 encodes the N er

o horpon eN2Y IR, GEROMA'S tdflor i rhERQT dehE, HiRaR Aiges AW gAmOBNA
5' - CCGGAGGAMRSAIXE Tracd@EH 9 clectroeludon@RIBS inch tube gel by 8bUSEEAT CITRITAATTAC- 5'
fractions every 5 minutes during electrophoresis as fragments-of about 3 kb in size
were eluting from the gel. Dot blots with the probes described above identified the
fractons containing the restriction fragments of interest. The fractionated DNA of
interest was then d.igésrcd with restriction enzyme BamHI and eated with calf-intestine
alkaline phosphatase (CIAP). CIAP was purchased from Boehringer Mannheim and
used as directed by the manufacturer. Restriction enzymes, E. coli DNA polymerase,
and ligase enzymes used in these Examples can be purchased from manufacturers such
as New England Biolabs, Boehringer Mannheim (Asp718), and Promega (Csp45], an
isoschizomer of Asull) and used as directed by the manufacturer.

Plasmid pBS13+ (purchased from Stratagene) was likewise digested with
restriction enzymes HindIIl and BamHI and then ligated with the BamHI digested,
CIAP-weated ~3 kb HindIII fragment pool. The ligation mixture was used to transform
E. coli K12 strain DG 98 (thi-1, endA1, hsdR17, lacIQ, 1acZAM1S5, proC::Tn10,
SUpE44/F', laclQ, lacZAM1S5, proC+, availab_lc from the ATCC under accession
number 39,768) in substantial accord with the procedure of Hanahan et al. The

‘ampicillin resistant (AmpR) transformants were screened by failure to exhibit blue color
on X-gal plates and by probe hybridization with the DNA of transformed cells (via
replica plating and lysis of the replicated cells as described by Woods et al., 1982,

_ Proc. Natl. Acad. Sci. USA 79:5661) with 32P-labeled (by kinase reatment with y-32P-
ATP) primer MK143. One colony contained a plasmid, designated pBSM:Tth5"; in
which the ~2.5 kb HindII-BamHI restricdon fragment had ligated with the large
HindIII-BamHI restriction fragment of plasmid pBS13+.

D, lonin ! f the T, 1 n

The 3' end of the Tth Pol I gene was inserted into plasmid pBSM:Tth5' to yield
a vector, designated pBSM:Tth, that contains the intact coding sequence of the Tth Pol |
gene. The Southern blot and DNA sequence information showed that an ~12 kb .
BamFI fragment of Tth genomic DNA could be digested with Asp718 to yield an ~5.6
kb fragment that hybridized with Probe D (the fragment should also hybridize with
Probe C). The information also showed that the BamHI site used to create the ~5.6 kb
BamHI-Asp718 restriction fragment was the same BamHI site used to create the ~2.5
kb IﬂdﬂI—Bgmm‘ restriction fragment in plasmid pBSM:Tth5".

Tth genomic DNA was then digested to completion with restriction enzyme
BamHI and size-fractionated as described above, except that fractions cohtaining .
fragments of ~12 kb in size were identified and collected. Fractions which hybridized -

—
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| i gat.ed as shown in tabular formbelowto yield plasm ds pOG[I64 through
pDG 171. BspM I - Sacl 2 5 NOV 1996
Construct ed Di gested Vector Dupl jeX

Pl am d pDGL60 DGL06/ DG107

pDG164 pDGL60 45 DGL08/ DGL09 pDGL66
pDGL60 DGL10/ DGL11 pDGL68 pDGL60

DG112/ DG113; 0
DG106/ DG10o7 2 2 dot blot to bxo%g%%é%?robcs D and C were poochD%g%id with restriction
DGL08/ DGL09enzymme Asp718, g@mmmh CIAP, and ligated with ﬁzmgﬂed_spﬂS digested plasmid

DG110/ DGL11,BSM:TthS'. The R NA was tansformed into E ERIGHYEIL strain DG101 (1hi-1,
DG112/ DG113 e ors t'ogether with plasm ds
pDG160 and %@eﬁ’e?ﬂ’wéﬁﬁ %ﬁmlﬁr c'ep'fr[r} to inserting the Tth Pol |
gene codi ng sequ#&he AmpR rnsfdnantoweaicdsrcphdd éls?a?bot/dﬂmd:lg?P 1abe¥ed $timer
This modi 1 FAk{0 S EhE) Beldl cdiBficl Bk EfhhEd'a Blashiif oSSBT JESM T4,
that contained the ~5.6 kb BamHI-Asp718 and ~2.5 kb HindIlI-BamHI fragments in
the correct orientation to reconstruct an intact coding sequence of the Tth Pol I gene.
The sequence of oliognucleodde MK132 perfcctly matches the Tth Pol I gene sequence.
Several colonies with plasmid DNA that hybridized to the probe and yielded the
cxpecte;d fragments on restricdon enzyme digestion were induced with IPTG, and
Western blot analysis of protein samples from induced and uninduced colonies with
Taq Pol I polyclonal antibody showed an IPTG inducible band the same size (~94 kDa)
as Taq Pol I. One such colony was deposited with the ATCC and can be obtained from
the ATCC under accession number ATCC 68195. When culturing the strain, one must
maintain selective pressure (ampicillin) to prevent loss of plasmid DNA. ATCC 68195
can thus also be used to obtain untransformed DG101 cells.

:  Example3
nstruction of Plasmic 21

The deletion of 3' noncoding ("downstream") sequences has been shown to
enhance recombinant expression of Thermus DNA polymerase in E. coli. In
pBSM.:Tth, double digestion with restriction enzymes BstEIIl and Kpnl followed by
Klenow repair in the presence of all four dNTPs and ligation under dilute condidons to
favor intramolecular ligation results.in the deletion of 3' noncoding sequences of the
Tth DNA Pol I gene. Restriction enzyme BstEI cuts plasmid pBSM:Tth in the 3'
noncoding region of the Tth Pol I gene, and restriction enzyme Kpnl cuts in the
polylinker region of the vector. '

This deletion was made, and the resulting plasmid was dcsigr_tétcd as plasmid
pL.SG21. The deletion protocol results in the regeneration of the BstEII restriction site.
However, plasmid pLSG21 does not drive increased levels of Tth Pol I expression
when compared to the levels achieved in plasmid pBSM:Tth-transformed E. coli host

cells.
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The Tth Pol I gene lacks convenient restricton sites at the 5' and 3' ends of the
gene. Such restricdon sites facilitate the constructon of a wide variety of expression
veczors. In additon, codons at the 5' end of the coding sequence are highly GC-rich,
which may inhibit efficient translation initiation and expression in E. coli. Site-directed
mutagenesis with oligonucleotides can be, and has been, used to inroduce a number of
uscful changes in the coding scqucnccs and in the 5' and 3’ noncoding regions of the
Tth Pol I gene. - °

Plasmid pBS13+ derivatives, such as plasmid pBSM:Tth, can be obtained in
single-stranded form by the protocols described in Lawyer et al. and by Stratagene, the
commercial supplier of plasmid pBS13+. To make single-sranded plasmid pBS13+ or
a single-stranded derivative plasmid, a host cell ransformed with the plasmid is
infected with a helper phage (such as R408) and cultured under condidons that allow
production of phage DNA. The phage DNA is then collected and comprises the desired
single-stranded DNA and a small amount of helper phage DNA. The desiréd DNA can

'be purified to remove the helper phage DNA by separating the DNA based on size, i.e.,

by electroelution.
For the constructions described below, a plasmid, designated pBSMAPvull,

proved useful. Plasmid pBSMAPvull was generated by deletion of the 382 bp Pvull

_ fragment of plasmid pBS13+. The site-specific mutagenesis protocols involved the

following steps: (1) single-stranded plasmid pBSM:Tth (or other pBS13+ single-
stranded derivative) and double-stranded, Pvull digested plasmid pBSMAPvull were
annealed by boiling a 1 to 2.5 molar ratio of pPBSM:Tth (or other plasmid pBS13+
derivative)/pBSMAPwvull for three minutes in Klenow salts and then incubatng the
resulting mixture at 65°C for 5 minutes; (2) kinased mutagenizing oligonucleotide was
then annealed to the resulting gapped duplex at a molar ratio of 5 to 1 by heating the
oligonucleotide to 95°C for 1 minute and then adding the oligonucleotide to the gapped
duplex mixture held at 75°C; (3) the resulting mixture was incubated at 75°C for 2
minutes and then slowly cooled to room tcmi:crannc; (4) this annealed mixture was
then extended with Klenow enzyme in the presence of all four dNTPs (200 uM in each
dNTP) for 15 minutes at 37°C with the additon of ligase and 40 uM ATP to the
reaction. The resulting mixture was used to transform E. coli K12 DG101.

The AmpR transformants were screened by probing with the appropriate
screening primer. Colonies that had plasmid DNA that hybridized to the probe were
expanded into 3 ml cultures in R66 media (0.6% beef extract, 0.6% yeast extract, 2%
peptone, 0.5% NaCl, 40 mM KPOq, pH 7.2, 0.2% glucose, and 100 pg/ml .
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Al Construction of Plasmid pL.SG22

EcoRYV and BgllI restriction enzyme sites were introduced downstream of the
TGA stop codon of the Tth Pol I gene coding ‘scqucncc by the foregoing method using
oligonucleotide DG122 1o mutagenize plasmid pBSM:Tth and oligonucleotide DG123
to idendfy the desired transformants by probe hybridization. These ol gonucleoddes

are shown below:

Beln EcoRV
DG122 5! T AAACGGCAGATCTGATATCAACCCTTGGCGGARRGE 3!
'DG123 S' CAGATCTGATATCAACCC

The resulting plasmid was designated pLSG22.

B. Construction of Plasmid pI.$G23

Plasmid pL.SG22 was mutagenized to introduce BstXI and Asel (Csp45I)
reswiction sites at the ATG start codon of the coding sequence of the Tth Pol | gene. In
addition, codons 2, 3, and 5-7 were altered to be more AT-rich without changing the
amino acid sequence of the resulting protein. The mutagenizing oligonucleotide was

" 'DG189, depicted below:

==—BStXI-——

Asel
DG189 5'CCGGCCTTTGGGIICGAATAATGGTAACATAGCTCCCAIIAAITTGGGCCACCTGTCCCCG
. 3 1 .
Tth . TTCAAAGAGCGGAAGCATCGCCTCCAT
Codon 987654321

The resulting plasmid was designated p1.SG23. Transformants ha.rboring plasmid
PLSG23 were identified by their AmpR phenotype and by hybridization with
oligonucleotide DG118, which has the structure shown below: '

DG118 5" TGGTAACATAGCTT CCAT 3

o Constricrion of Plasmid plSG24

Plasmid pL.SG22 was mutagenized to introduce BstXI and Ndel restricdon sites
at the ATG start codon of the coding sequence of the Tth Pol I gene. In addition,
codons 2, 3, and 5-7 were altered to be more AT-rich without changing the amino acid
sequence of the encoding protein. The mutagenizing oligonucleotide was DG190,
depicted below.




The Tth Pol | gene can be cloned into expression vectors pD@ﬁEﬁA@E@NT SHEET
pDGl81 to create Tth Pol | expression vectors. Several illustirgttve ~
constructions are shown in tabular form bel ow Starting

Sourse of Tth Pol | Tth Pol I. Plasmd 2 5 NOV 199
Codi ng Sequence Pl asm d Expression  pDGl74 Ndel { Bawl

Restriction Fragnment of pLS&4 48 pLSG31 pDGl74 Ndel - BarrH|
Restriction Fragment of pLSG28 pLSG35 pDGL75 Ndel - BamHt—

Restriction Fragnment of pLS&4 pLSG32 pDGL77 Asel - BanH|

Restriction Fragnent of pLSG23 pLS&X29 pDGL78 Ndel - BanH

Restriction Fragment of pLSG4_ .. pLSG33 pDGIA*I-Ndel - BarH
Restriction B&agMBnécsicchrRGtd 6 79 e\del - BanH
Restriction Bragment of pLSG2A = MMTGGTM[%%@%ETC F TCCGCRAEF TRIERFIC

Restriction femgment of pLSGZ@TcmeaecMzS%prc gssion vectors pLSG29
t hrough pLSG3&damere transforneg ignte E ¢goly g& st:rai n DGL 16 and
cultured under conditions that allow for expression of Tth Pol |. Al

t r ansf or mant Eherestigiog plasomid whidesignaedaiIBGH4S ﬁhﬁ&&ﬁaﬁié%xbﬁu&fb@# qvectors

with the Ngr | i WM? hi.gher | evels of activity than vectors

with the T7%ﬂﬁ??@ﬁr@é’ih@dﬂicﬁ% AmPIRgP cnotype and by hybridization with
oligonucleoude DG118.

X le 5

ion_of Plasmi 2 152
A. ion of Plasmi Tth indIII

Plasmids pLSG27 and pL.SG28 are Tth Pol | expression vectors that drive
expression of a truncated form of Tth Pol I. The truncaton is an ~80 codon deletion
from the amino-terminal-encoding region of the coding sequence for Tth Pol . To
construct these vectors, plasmid pBSM:TthS' was first digested to completon with
restriction enzymes Stul and HindII. The digested plasmid DNA was then treated with
Klenow enzyme in the presence of all four dNTPs and recircularized by ligadon. This
weatment deleted the 5 noncoding region through codcn 78 (the Stul site spans codons

~ 77-79) of the Tth Pol I gene. Plasmid PBSM.:Tth5' also lacks the 3' end of the Tth Po)
I coding sequence. The resulting plasmid was designated pBSM: TthAStul/HindII.

B.  Consmuction of Plasmid pl SG25

Plasmid pBSM:TthAStul/HindIII was mutagenized with oligonucleotide
DG191 as described above to yield plasmid pLSG25. In plasmid pLSG25 ,. the
truncated Tth Pol I coding\sequcncc is placed in position for expression from the lac
promoter. In addition, the JacZc coding sequence is deleted, and an Asel resmicdon
enzyme recognition site is placed at the ATG start of the ouncated coding sequence.
The DG191 mutagenizing linker has the following structure:

~ DGI9I 5-
CCTCCCCGCCTTGTAGGCCATTAATTTGGTCTCCTGTGTGAAATTGTTATC. 3

Transformants harboring plasmid pL.SG25 were identified by their AmpR phenotype
and by hybridization with oligonucleotide DG193, which has the following strucrure:
DG1935-TTTGGTCTCCTGTGTG-3'
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Plasmid pLSG26 was constructed in the same manner as plasmid pLSG23,

except that the mutagenizing linker was DG192 as opposed to DG191. DG192 has the

following structure:

DG192 5'-
CCTCCCCGCCTTGTAGGCCATATGTTTGGTCTCCTGTGTGAAATTGTTATC-3'

Plasmid pL.SG26 is identical to plasmid pLSG25, except that an Ndel, as opposed t0
Asel, restriction énzyme recognition site spans the ATG start codon of the truncated
coding sequence. Transformants harboring plasmid pLSG26 were identified by their

AmpR phenotype and by hybridization with oligonucleotide DG193.

D. Final Construction of Plasmids pL.SG27 and pL.SG28

As noted above, plasmid pBSM:Tth5' lacks the 3’ end of the Tth Pol I coding
sequence, so plasmids pLSG25 and pL.SG26 also lack this sequence. To place this 3’
end of the Tth Pol I coding sequence in plasmids pL.SG25 and pLSG26 in the correct

reading frame, each plasmid was digested to completion with restriction en

zymes

BamHI and EcoRI. The large EcoRI-BamHI fragment of plasmid pLSG25 was then
ligated with the ~1.2 kb BamHI-EcoRI restriction fragment of plasmid pLSG22 to yield
plasmid pLS'GZ7. The ~1.2 kb BamHI-EcoRI restriction fragment of plasmid pL.SG22
contains the 3' end of the Tth Pol I coding sequence. In a similar fashion, plasmid

| pLéGZG was digested with restriction enzymes BamFHI and EcoRI and ligated with the
~1.2 kb BamHI-EcoRI restriction fragment of plasmid pLSG22 to yield plasmid
pLSG28. Both plasmids pLSG27 and pLSG28 drive low level expression in E. coli of

a truncated form of Tth Pol I with polymerase activity.

Example 6
Construction of Plasmids pL.SG29 Through pL3G34

Although the Jac promoter in plasmids pBSM:Tth, pLSG21, pLSG22,
pL.SG23, pLSG24, pLSG27, and pLSG28 drives expression of Tth Pol I activity in E.
coli, one of skill in the art recognizes that utilization of a stronger promoter than the Jac
promoter might increase Tth Pol I expression levels. One well known, powerful

promoter is the Py, promoter from phage A. In addition, higher expression

levels and

more efficient production can be achieved by altering the ribosome-binding site,

transcription termination sequences; and origin of replicadon (or associated elements)

of the Tth Pol I expression vector. This example illustrates how such changes can be

made by describing the construction of expression vectors in which the AP promoter
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These elements act in concert to make plasmid pDG160 a very useful and
powerful expression vector. At 30-32°C, the copy number of the plasmid is low, and
in an host cell that carries a temperature-sensitive A repressor gene, such as c1857, the
P promoter does not function. At 37-41°C, however, the copy number ;)f the plasmid
is 25-50-fold higher than at 30-32°C, and the cI857 repressor is inactivated, allowing
the Py, promoter to function. Plasmid pDG160 also carries an ampicillin resistance
(AmpR) marker. Plasmid pDG161 is identical to plasmid pDG160, except the AmpR
marker is replaced with a TetR (tetracycline resistance) marker.

So, plasmids pDG160 and pDG161 comprise the AmpR or TetR marker, the
AP promoter, the gene N ribosome-binding site, a polylinker, the BT crv PRE (BT
positive reroregulatory element, U.S. Patent No. 4,666,848) in a ColE1 cop's veclor.
These plasmids were constructed from previously described plasmids and the duplex
synthetic oligonucleotide linkers DG31 and DG32. The DG31/32 duplex linker
encodes a 5' HindIII cohesive end followed by Sacl, Ncol, Kpnl/Asp718, Xmal/Smal
recognition sites and a 3' BamHI cohesive end. This duplex linker is shown below.

Sacl NcoY Kpnl Xmal
DG31 5'-AGCTTATGAGCTCCATGGTACCCCGRG
ATACTCGAGGTACCATGGGGCCCCTAG-—5' DG32

This duplex linker and plasmid pFC54.t were used to construct plasrmd pDG160.

Plasmid pFC54.t, a 5.96 kb plasmid described in U.S. patent No. 4,666,848,
supra, and available in E. coli K12 strain DG95 carrying the prophage AN7Ns3cI857
SusPg from the ATCC under accession number ATCC 39789, was digested with
restriction enzymes HindIlI and BamHI, and the isolated vector fragment was ligated
with a 5-fold molar excess of nonphosphorylated and annealed DG31/32 duplex.
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Exanpl e 8 Tt _
About 1.25 units of the Tth DNA pol ynerase purified in Exanpplie"IT Were used
to anplify rRNA encoding sequences from Tth genomic DNA. The|r 187 1996
volume was 50 [err]l, and the reaction m xture contained 5 pnne?%t)'#ﬁgrl nmer
DGr3, 105 to 106 copies of the Tth genome (~2 x 105 copi es jof ‘
DNA), 50 prol of prinmer DG/4, 200 [err]S\N of each dNTP, 2 I MgCl [err], 10

mv Tris-HC , pH 8.3,50 mM KO, and 100 [err]g/m gelatin (
can be omi tt fbllowing ligation, the DNA was digested with Xbal (to inactivate the vector pFC54.t

DNA fragment the linker replaces) and used to transform E. goli K12 swain DG116
(ATCC 53,606) to ampicillin resistance. Colonies were screened by restriction enzyme

. digestion for loss of the des-ala-ser125 IL-2 mutein sequence and acquisidon of the
DG31/32 polylinker sequence. The polylinker region in the plasmid, designated
pDG160, of one AmpR transformant was sequenced to verify that the desired
construction was obtained. _

Plasmid pAW740CHB (available in E. ¢oli strain K12 DG116 from the ATCC
under accession number ATCC 67,605), the source of a modified terracycline
resistance gene in which the BamHI and HindI restriction sites were eliminated, and
which contains the AP, promoter gene N ribosome-binding site, and BT cry PREina
ColE1 copt vector was digested to completion with restriction enzymes HindIII and
BamHI and the 4.19 kb vector fragment purified by agarose gel elecrophoresis. The

" purified vector DNA fragment was ligated with a 5-fold molar excess of
nonphosphorylated annealed DG31/32 dupléx. E. coli K12 strain DG116 was
transformed with a portion of the DNA, and TetR colonies screened for pf‘cscncc of 4.2
kb plasmids. Several transformants were further screened by DNA restriction enzyme
digestion and by sequence ahalysis of the polylinker region by the Sanger method.
Several transformants contained a plasmid with the desired sequence, and the plasmid
was designated pDG161.

B, ion of Ex i mids pD Through pDG181

: To facilitate construction of Tth expression vectors and to increase the efficien cy
of wanslation initation, plasmids pDG160 and pDG161 were altered to introduce
changes in the AP}, promoter and ribosome-binding site (RBS) region. In these |
alterations, plasmids pDG160 and pDG161 were digested with restriction enzymes
BspMII and Sacl and then ligated with shor, synthcﬁc linkers to create plasmids in
which the small BspMII-Sacl restriction fragment of plasmid pDG160 (or pDG161)
was replaced with the duplex linker. '

The duplex linkers used in these constructions had different strucrures and

properties. Duplex DG106/DG107 encodes the bacteriophage T7 gene 10 RBS and an
Ndel restriction enzyme recognition site at the ATG start codon and has the soucture:

- NdeT
DG106 . 5 '-CCGGAAGAAGGAGATATACATATGAGCT-3"'
DG107 3 -TTC'I.‘TCCTCTATATGTATAC— 5

Duplex DG108/DG109 encodes a modified T7 gene 10 RBS and an Asel restriction
enzyme recognition site at the ATG start codon and has the structure:
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DG73 and DG%“PQ%E’QE%%@&W““%CX Nrspagan  FE SR AC 3"
DG74 5'  AeAGBt ANKCSAACOIS and has the structure:

: NdeI
DG110 . 5'-CCGGAGGAGAAAACATATGAGCT-3"*
DG11l1 3'~TCCTCTTTTGTATAC-5"'

Duplex DG112/DG113 encodes the Nrgs and an Asel restriction enzyme recogniton
site at the ATG start codon and has the structure: |

: : AseI
DG112 ' S5'-CCGGAGGAGAAAATTAATGAGCT-3'
DG113 3'-TCCTCTTTTAATTAC-5"

The duplexes and BspMII-Sacl-digested plasmids pDG 160 and pDG161 were
ligated as shown in tabular form below to yield plasmids pDG164 through pDG171.

BspMII-Sacl Constructed
Digested Vector Duplex Plamid
pDG160 DG106/DG107 pDG164
pDG160 DG108/DG109 pDG166
pDG160 DG110/DG111 pDG168
- pDG160 DG112/DG113 pDG170
, pDG161 DG106/DG107 pDG165

pDG161 - DG108/DG109 pDG167
pDG161 DG110/DG111 pDG169
pDG161 _ DG112/DG113 pDG171

These vectors, together with plasmids pDG160 and pDG161, were also modified, prior
to inserting the Tth Pol I gene coding sequence, to yield plasmids pDG172 throu gh

pDG181.

This modification resulted in the destruction of the Csp45I (Asull) restriction
enzyme recognition site in plasmids pDG160, pDG161, and pDG164 through
pDG171. Many of the vectors of the invention comprise a Csp45I site at the 5° end of

 the Tth Pol I coding sequence. These Cspd5I-deleted vectors serve as convenient
vectors for cloning fragments gcncrat.ed with restricdon enzyme Csp45I1 or Asull. This
CspdSl site is located in the colicin™M gene of the plasmids and was deleted by-
digesting with restriction enzyme Csp45], treating the Csp45I-digested DNA with
Klenow enzyme in the presence of all four dNTPs to obtain blunt-ended, double-
stranded DNA, and recircularizing the plasmid DNA by ligation. The resulting
plasmids, designated pDG172 through pDG181, are shown in tabular form below.
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1. A reconbi nant DNA sequence

Thernus thernophilus DNA polyermase | activity.

sequence of Claiml that can be isolated fromplasmd pBS
The DNA sequence of Claim 1l that encodes the am no acid seugn

am no to carboxy term nus:

Met G uAl aMet LeuPr oLeuPhed uProlLysd yAr gVal LeuLeuVal Aspd yHi s

s,

t DEEPPACPHSS T SHEET
3

2.

th,
oD NOiR%6

53
. Designation After
Starting Plasmid Csp45] Site Removal
pDG160 pDG172
pDG161 pDG173
pDG164 pDG174
pDG165 pDG175
pDG166 pDG176
: ng 167 - pDG177
nglgS pDG178
pDG169 pDG179
pDG170 , ~ pDG180
pDG171 pDG181

Plasmids pDG172 through pDG181 were then used to place the Tth Pol I gene of the
present inventon in frame for expression under the control of the APy promoter.

C.

n ion of Tth Pol I Expression V 29 Through pL

The Tth Pol I gene can be cloned into expression vectors pDG172 through
pDG181 to create Tth Pol I expression vectors. Several illustrative constructions are

shown in tabular form below.

Starting
Plasmid

.pDG174
pDG174
pDG175-
pDG177
pDG178
pDG178
pDG179
pDG181

Sour§c of Tth Poi I

Ndel-BamHI Restriction Fragment of pLSG24
Ndel-BamHI Restriction Fragment of pLSG28
NdeI-BamHI Restriction Fragment of pLSG24
Ascl-BamHI Restriction Fragment of pLSG23
NdeI-BamHI Restriction Fragment of pLSG24
Ndel-BamHI Restriction Fragment of pL.SG28
Ndel-BamHI Restriction Fragment of pLSG24
Asel-BamHI Restriction Fragment of pLSG23

Tth Pol I

xpression

pLSG31
pLSG35
pLSG32
pLSG29
pLSG33
pLSG36
pLSG34
pLSG30

Expression vectors pLSG29 through pLSG36 were transformed into E. coli K12 strain
DG116 and cultured under conditions that allow for expression of Tth Pol 1. All
transformants yielded about the same amounts of activity, although vectors with the
Ngrgps may yield somewhat hi.ghcr levels of activity than vectors with the T7ggs. The
APL promoter vectors also produced Tth Pol I at levels at least an order of magnitude
higher than the ]ac promoter expression vectors.



Hi sLeuAl aTyr Ar gThr PhePheAl aLeuLysd yLeuThr Thr Ser Argd yd uPr

.ES.J

1 |
REPLACEN MENT §

XN o)

Val G:nAl aval Tyr A yPheAl aLysSer LeuLeuLysAl aLeuLysd uAspd yTy}?
LysAl aVal PheVal Val PheAspAl aLysAl aPr oSer PheAr gHi sG uAl aTyrd
Al aTyr LysAl ad yAr gAl aProThr Pro@ uAspPhePr oAr gd nLeuAl alLeul |
Lysd uLeuVal AspLeuLeud yPheThr Ar gLeud uVal Prod yTyr @ uAl aAs

2 5 NOV 1996

AspVal LeuAl aThr LeuAl aLysLysAl a@ uLysd @8 yTyrd uVval Argl | eLe
Thr Al aAspAr gAspLeuTyr @ nLeuVal Ser AspAr gVal Al aval LeuHi sProQd

OO U

G yHi sLeul | eThr Prod uTr pLeuTr pd uLysTyEgmﬂg_qAr gProd ud nTrp
Val AspPheAr gAl aLeuVal G iy : DASNL

d yQ uLysThr Al aLe g slLeuLe 0 s SHEY
AsnLeuAspAr gVal Ly &MFWBIW{J@ ATECI531606 pharbbsin g TitH RoM xpression

,I&|e g_ér % ée;ire r plesntids béthShe APQ yaJnM:&T»b&?BPh or e?geﬂ%&ﬁl\fe ugﬁg%e[ﬁlinunaj salts

d ySer LeuLe%&&%géaﬂggﬁ%‘L%l Leuﬁ@#&ﬂl‘@%"eg@ Vdﬁl Rifegcasamino

Tr pPr oPr oPr caids@ngdrrppindhisa( l@yl%k}airkm‘ayﬂi%qm PO rﬁte Cells were
f\l ad ULEULYS%J)'@]&W&II w&% @\ gg ﬁﬁ g% AR 2o romoter
euAl ad yLe sAspJ_euLys Ar SULEUA| P EREPrES auP t
LeuAl aSer Ar 3@/’6@3}5&9@@ d’%ﬂcﬁ‘) Ereas Raddply l‘ﬁm““ fa&_ YoIE1 cops
#ﬁréeﬂx BZr %Xilsgﬁ;& Rddror hAﬁExQ@c @?ﬁ%@é@% gfﬁgﬂﬁtg E?’ %&y %é )}Ec cells were
ArgLeud ud y&'& ’leg E%‘E’i ?&B& S 84 Ftlcsr@lawam@dﬁ_ty%@COLeuSer
Alternatively, E. coli K12 strain KB2 (ATCC 53,075) harboring a Tth
expression plasmid under the control of the IIp promoter/operator can be grown for
eight hours at 32°Cin Bonner-Yogel minimal salts media containing 0.5% glucose, S
pg/ml ryptophan, 10 pg/mi thiamine, 0.25% Difco casamino acids, and 100 pg/ml
ampicillin or 10 pg/ml tetracycline to an Aspo of 3.0." Cells were harvested as above.
Cell pellets were resuspended to S to 10 O.D. units/ml in 50 mM Tris-Cl, pH
1.5, 1 mM EDTA, 2.4 mM PMSF, and 0.5 Hg/ml leupeptin and lysed by sonication.
Aliguots of the sonicated extracts were subjected to SDS-PAGE and analyzed by
Coomassie staining and Western immunoblotting with rabbit polyclonal anti-Taq
polymerase antibody. In addition, portions of the extracts were assayed in a high
_ temperature (74°C) DNA polymerase assay.
Western immunoblotting showed significant induction and synthesis of an
approximately 94 kDa Tth DNA polymerase polypeptide in induced strains harboring
Tth expression plasmids. Coomassie blue staining of SDS-PAGE-separated total cell
protein revaled the presence of a new predominant protein at ~94 kDa in these induced
strains. Finally, high temperature activity assays confirmed the si gnificant level of
recombinant Tth DNA polymerase synthesis in these E. coli strains.

Example 8
. PCR with Tth DNA Polymerase
| About 1.25 units of the Tth DNA polymerase purified in Example 1 were used
to amplify TRNA encoding sequences from Tth genomic DNA. The reacton volume
was 50 pl, and the reaction mixture contained 50 pmol of primer DG73, 105 10 106
copies of the Tth genome (~2 x 105 copies of genome/ng DNA), 50 pmol of primer
DG74, 200 uM of each dNTP, 2 mM MgCl,, 10 mM Tris-HCI, pH 8.3, 50 mM KCl,
, and 100 pg/mi gelatin (although gelatin can be omitted). :
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Argval LeuAl aH sMet G uAl aThr G yVal ArgLeuAspVal Al aTyr LeuG@ nAl,

LeuSer Leud uLeuAl ad ud ul | eAr gAr gLeud ud ud uVal PheArgLeuA \?E’LA&»M\ HT \HEET
G yHi sProPheAsnLeuAsnSer Ar gAspd nLeud uAr gVal LeuPheAspd uljet
ArgLeuPr oAl aLeud yLysThr @ nLysThr d yLysArgSer Thr Ser Al aAl aVall 2 5 NOV 1996
Leud uAl aLeuAr gG@ uAl aH sProl |l eval A uLysl | eLeud nH sArgd ulied
Thr LysLeuLysAsnThr Tyr Val AspPr oLeuPr oSer LeuVal H sProArgThr @ y
ArgLeuRi sThr ArgPheAsnd nThr Al aThr Al aThr G yAr gLeuSer Ser Ser Asp

ProAsnLeud nAsnl | eProVal ArgThr ProLeud §33 nAr gl | eAr gAr gAl aPhe
Val Al ad uAl a@ yTr pAl aLeuVal Al aLeuAspTyr Ser d nl | ed uLeuAr gVal

LeuAl aHi sLeuSerd m&&mm&ﬁ@%a\é@l aPRIGh RS0z huy $isRideats DNA

0 a5E] U et 3 et S04 B Y SRR B 30 scons

Ser d nd uLewAldaisreé ﬂmo3Q/schnr!§, w&k@dﬂhﬁ aﬁ\atlw@yules,gﬁgaﬁpb@amon produc:
(160 bp in size) could be faintly seen on an ethidium bromide stained gel, and at 30
cycles, the product was readily visible (undcrUV light) on the ethidium bromide
stained gel.

The PCR may yield fewer non-specific products if fewer units (i.e., 0.31 U/50
pd reacdon) of Tth are used. In additon, the addition of a non-ionic detergent, such as
laureth-12, to the reaction mixture to a final concentration of 1% can improve the yield
of PCR product. '

Primers DG73 and DG74 are shown below:

DG73 5' TACGTTCCCGGGCCTTGTAC 3°'
DG74 5' AGGAGGTGATCCAACCGCA 3!



2! Ser PhePr 6LysVal Ar gAl aTr pl

Tyr Val G ylRileuReed Redagdr gAr gT

Ser Val Ar g Met Al aP A J
AspLeuMet LysLeuPhe rgLeuAr gd uMet A yAl aAf g
Met LeuLeu PG uLeuLeuLeud uAl aProd nAl aAr gAl ad (i u 2 5 NOV 1996

Val Al aAl aLeuAl aLysd uAl aMet G uLysAl aTggProLeuAl aVal ProLepG u

K8 ACENONT SHEET

Val G uval d yMet A yd uAspTr pLeuSer Al aLysQ y 4. The segence of
Claim3 that! i!s %E -¢TGGAGGCGA TGCTTCCGCT CTTTGAACCC AAAGCCCECG TCCICCTCS
GGACGGCCAC ACCGCACCTT CTTCGCCCTG AAGGGCCTCA CCACGAGCCG

GGGCGAACCG  GTGCAGGOGS ratomiBeaCPNACSUAAGATS encodss THEamAGeraaphitp BHA
GGACGGGTAC W%CJ%GGTCTT TGACGCCAAG GOCCCCTCCT TCCGCOCACGA
ACAA

GGCCTACGAG
CGCCCTCATC

GG CGGGEGAGEEC CCCGACCCCC GAGGACTTCC CCCGGCAGCT

2. The DNA scquence of Claim 1 that can be isolated from plasmid

pBSM:Tth.

3. The DNA sequence of Claim 1 that encodes the amino acid sequence, from

amino to carboxy terminus:

MetGluAlaMetLeuProLeuPheGluProLysGlyArgValLeuLeuValAspGlyHis
HisLeuAlaTyrArgThrPhePheAlaleulysGlyLeuThrThrSexArgGlyGluPro
ValGlnAlavalTyrGlyPheaAlalysSerLeuleulysAlaLeulysGluAspGlyTyr
LysAlaValPheValValPheAspAlaLysAlaProSerPheArgHisGluAlaTyxGlu
AlaTyrLysAlaGlyArgAlaProThrProGluAspPheProArgGlnLeuAlaLeulle
LysGluLeuValAspLeuLeuGlyPheThrArgLeuGluValProGlyTyrGluAlaAsp
AspValLeuAlaThrLeuldlaLysLysAlaGluLysGluGlyTyrGluValArgIleLeu
ThrAlaAspArgAspleuTyrGlnLeuValSerAspArgValAlavValLeuHisProGlu
GlyHisLeuIleThrProGluTrpLeuTrpGluLysTyrGlyLeuArgProGluGlnTrp
ValAspPheArgAlaLeuValGlyAspProSernspAsnLeuProGlyValLysélyIle
GlyGluLysThrAlalLeulysLeuLeulLysGluTrpGlySerLeuGluAsnLeuleulys
AsnLeuAspArgVallysProGluAsnValArgGluLysIleLysAlaHisLeuGluAsp
LeuArgLeuSerLeuGluleuSerArgValArgThrAspLeuProLeuGluValAspLeu
AlaGlnGlyArgGluProAspArgGluGlyLeuArgAlaPheLeuGluArgLeuGluPhe
GlySefieuLeuHisGluPheGlyLeuLéuGluAlaProAlaProLeuGluGluAlaPro
TrpProProProGluGlyAlaPheValGlyPheValLeuSerArgProGluProMetTrp
ARlaGluLeulysAlaleuhlaAlaCysArgAspGlyArgValHisArghlaAlaAspPro
LeuAlaGlyLeulLysAspleulysGluValArgGlyLeuLeuAlalysAspLeuAlaval
LeuAlaSerArgGluGlyLeuAspLeuValProGlyAspAspProMetLeuLeuadlaTyr
LeuLeuAspProSerAsnThrThrProGluGlyValalaArgArgTyrGlyGlyGluTrp
ThrGluAspAlaAlaHisArgAlaLeulLeuSerGluArgLeuHisArgAsnLeuLeulys
ArgLeuGluGlyGluGluLysLeuLeuTrpLeuTyrHisGluValGlulysProLeuSer
ArgValleuAlaHisMetGluAlaThrGlyValhrgLeuAspValalaTyrLeuGlnala
LeuSerLeuGluLeuAlaGluGluIlleArgArgLeuGluGluGluvValPheArgLeuAla
GlyHisProPheAsnLeuAsnSerArgAspGlnLeuGluArgValLeuPheAspGluLeu
ArgLeuProAlaLeuGlyLysThrGlnLysThrGlyLysArgSerThrSerAlaAlaval
LeuGluAlalLeuArgGluAlaHisProIleValGluLysIleLeuGlnHisArgGluLeu
ThrLys;guLysAsnThrTeralAspProLeuProSerLeuValHisProArgThrGly
ArgLeuHisThrArgPheAsnGlnThrAlaThraAlaThrGlyArgleuSerSerSerAsp .
ProAsnLeuGlnAsnIleProValArgThrProLeuGlyGlnArglleArgArgAlaPhe
ValAlaGluAlaGlyTrpAlaLeuValAlaLeuAspTyrSerGlnIleGluLeuAxgVal
LeuAlaHisLeuSerGlyAspGluAsnLeuIleArgValPheGlnGluGlyLysASpIle
HisThrGlnThrAlaSexTrpMetPheGlyValProProGluAlaValAspProLeuMet
ArgArgAlaAlaLysThrValAsnPheGlyValLeuTyrGlyMetSerAlaHisArgLeu
SerGlnGluLeuRlaIleProTyrGluGluAlavalAlaPheIleGluArgTyrPheGln

* C L M S *




GGCCA

GIGGACTTCC
GGGGAGAAGA
AACCTGGACC
CTCAGGCTCT
GCCCAGEEEC
GGCAGCCTCC
TGGECCCCCEC
GCGGAGCTTA
TTGECGEEEC
TTGGCCTCGA
CTCCTGGACC
ACGGAGGACG
CGCCTCGAGG

CCGCCCTCAA GCTCCTCAAG GAGI:

GCGCCCTCGT GGEEEGACCCC TCCGACAACC TCCCCGEEGET

GGGTAAAGCC AGAAAACGTC
CCTTGGAGCT CTCCCGEGTG

OLysV

AA
T

CII%%EE@GEQiGﬁE

e

L

GAAGA
CGECACCGACC

X

GCCTGGAAAA
TCAAGGCCCA

o

GluMetG

iacon Ve fiemfacrocile

COGCCCACCG GGOCCTCCTC TCGGAGAGGC TCCATCGGAA
GGGAGGATAA DB SZERGEST CIERR AARAGG
CGGGTCCTGG CCCACATGGA GGCCACCEEG

5'

- ATGGAGGCGA
GGACGGCCAC
CCACGAGCCG
CTCCTCRAGG
TGACGCCAAG
CGGGGAGGGC
AAGGAGCTGG
CGAGGCGGAC
GGTACGAGGT
TCCGACCGCG
GTGGCTTTGG
GCGCCCTCGT
GGGGAGAAGA
CCTCCTCAAG
TCAAGGCCCA
CGCACCGACC
CCGGGAGGGG
TCCACGAGTT
TGGCCCCCGC
GCCCATGTGG

- TGCACCGGGC

CGGGGCCTCC
AGACCTCGTG
CCTCCAACAC
ACGGAGGACG
CCTCCTTAAG
AGGTGGAAAA
GTACGGCTGG
GGAGATCCGC

TCAACCTCAA

AGGCTTCCCG
CGCCGCGGTG
TCCTCCAGCA
CTCCCAAGCC
CCAGACGGCC
AGAACATCCC
GTGGCCGAGG
GCTCCGCGTC
TCCAGGAGGG
GTCCCCCCGG
GAACTTCGGC
TTGCCATCCC
AGCTTCCCCA

TGCTTCCGCT
CACCTGGCCT
GGGCGAACCG
CCCTGAAGGA
GCCCCCTCCT
CCCGACCCCC
TGGACCTCCT
GACGTTCTCG
GCGCATCCTC
TCGCCGTCCT
GAGAAGTACG
GGGGGACCCC
CCGCCCTCAA
AACCTGGACC
CCTGGAAGAC
TCCCCCTGGA
CTTAGGGCCT
CGGCCTCCTG
CGGAAGGGGC
GCGGAGCTTA
AGCAGACCCC
TCGCCAAGGA
CCCGGGGACG
CACCCCCGAG
CCGCCCACCG
CGCCTCGAGG
GCCCCTCTCC
ACGTGGCCTA
CGCCTCGAGG
CTCCCGGGAC
CCTTGGGGRA
CTGGAGGCCC
CCGGGAGCTC
TCGTCCACCC
ACGGCCACGG
CGTCCGCACC
CGGGTTGGGC
CTCGCCCACC
GAAGGACATC
AGGCCGTGGA
GICCTCTACG
CTACGAGGAG
AGGTGCGGGC

R Illll HIII | lIIl

CTTTGAACCC
ACCGCACCTT
GTGCAGGCGG
GGACGGGTAC
TCCGCCACGA
GAGGACTTCC
GGGGTTTACC
CCACCCTGGC
ACCGCCGACC
CCACCCCGAG
GCCTCAGGCC
TCCGACAACC
GCTCCTCAAG
GGGTAAAGCC
CTCAGGCTCT
GGTGGACCTC
TCCTGGAGAG
GAGGCCCCCG
CTTCGTGGGC
AAGCCCTGGC
TTGGCGGGGC
CCTCGCCGTC
ACCCCATGCT
GGGGTGGCGC
GGCCCTCCTC
GGGAGGAGAA
CGGGTCCTGG
CCTTCAGGCC
AGGAGGTCIT
CAGCTGGAAA
GACGCAAARG
TACGGGAGGC
ACCAAGCTCA
GAGGACGGGC
GGAGGCTTAG
CCCTTGGGCC
GTTGGTGGCC
TCTCCGGGGA
CACACCCAGA
CCCCCTGATG
-GCATGTCCGC
GCGGTGGCCT
CTGGATAGAA

AGGTGGAAAA

AAAGGCCGGG
CTTCGCCCTG
TCTACGGCTT
AAGGCCGTCT
GGCCTACGAG
CCCGGCAGCT
CGCCTCGAGG
CAAGAAGGCG
GCGACCTCTA
GGCCACCTCA
GGAGCAGTGG
TCCCCGGGGT
GAGTGGGGAA
AGAAAACGTC
CCTTGGAGCT
GCCCAGGGGC
GCTGGAGTTC
CCCCCCTGGA
TTCGTCCTCT
CGCCTGCAGG
TAAAGGACCT
TTGGCCTCGA
CCTCGCCTAC
GGCGCTACGG
TCGGAGAGGC
GCTCCTTIGG
CCCACATGGA
CTTTCCCTIGG
CCGCTTGGCG
GGGTGCTCTT
ACAGGCAAGC,
CCACCCCATC
AGAACACCTA
CGCCTCCACA
TAGCTCCGAC
AGAGGATCCG
CTGGACTATA
CGAAAACCTG
CCGCAAGCTG
CGCCGGGCGG
CCATAGGCTC
TTATAGAGCG
AAGACCCTGG

CCTCGCCTAC
ceeeellejjee
CCTCCTTAAG
GCCCCTCTCC

TCCTCCTGGT
AAGGGCCTCA
CGCCAAGAGC
TCGTGGTCTT
GCCTACAAGG
CGCCCTCATC
TCCCCGGCTA
GAAAAGGAGG
CCAACTCGTC
TCACCCCGGA
GTGGACTTCC
CAAGGGCATC
GCCTGGARAA
CGGGAGAAGA
CTCCCGGGTG
GGGAGCCCGA
GGCAGCCTCC
GGAGGCCCCC
CCCGCCCCGA
GACGGCCGGG
CAAGGAGGTC
GGGAGGGGCT
CTCCTGGACC
GGGGGAGTGG
TCCATCGGAA
CTCTACCACG
GGCCACCGGG
AGCTTGCGGA
GGCCACCCCT
TGACGAGCTT
GCTCCACCAG
GTGGAGAAGA -
CGTGGACCCC
CCCGCTTCAA
CCCAACCTGC
CCGGGCCTTC
GCCAGATAGA
ATCAGGGTCT
GATGTTCGGC
CCAAGACGGT
TCCCAGGAGC
CTACTTCCAA
AGGAGGGGAG
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g l

CASCT CHEHI AT ToACGAGCT 1) THEACHe BGBEO CCTIIGO0GAA
ACAGGCAA! e H‘m Kl NE - ece
GTGGAGAA CCTCCAGCA CCGGGA ACCAAGCTCA AGAACACCTA
CTCCCAAGCC TCGTCCACCC GAGGACGGGC CGCE§ CCACA CCCGCTTCAA GACGGCC

ACGGCCACGG GGAGGCTTAG TAGCTCCGAC CCCAACCTGC  ( AGAACATCCC CGTTCGCACC

CCCTTGGGCC AGAGGAT

) T CG
ST ToGTaaoCT oS e SR Rpeasgce
CGAAAACCTG AT AR A tie CAI oA nChgAbEeERT
GATGITCGEC G Gl g &g E e CHES SRR 1CE SIS cCrAbCACSIEC
GAACTTCGGC GT SEAIEHEERBT AT RGN CLCOCAAMBE CGT GGCCAREERG
CTACGAGGAG GEEEACTT ATECAEKE T ARTROOTE AGAGETROOIGA CACGDECGEEG T
CTGGATAGAA AAGK&ETEE AERETOPETGG GGATGGGGGA GGACTGGCTT TCCGCCAAGG

GTTAG-3'

5. A recombinant DNA sequence that encodes a protein with thermostable
DNA polymerase activity, said protein comprising a sequence of amino acids that has
100% homology to a contiguous sequence of at least five out of nine amino acids

encoded by the Thermus thermophilus DNA polymerase encoding sequence of Claim
3, said contiguous sequence of nine amino acids selected from the group consisting of

codons 238-246, 241-249, 335-343, 336-344, 337-345, 338-346, 339-347.

6. A recombinant DNA sequence that encodes 2 protein with thermostable
polymerase activity, said protein comprising a sequence of amino acids that has 100%
homology to a contiguous sequence of at least four out of six amino acids encoded by
the Thermus thermophilus DNA polymerase encoding sequence of Claim 3 at codons

225-230.

7. A mcombinant DNA vector that comprises the DNA sequence of Claim 1.
8. The recombinant DNA sequence of Claim 7 selected from the group

consisting of plasmids pBSM:Tth, pLSG21, pLSG22, pLSG23, pLSG24, pLSG27,
pLSG28, pLSG29, pLSG30, pL.SG31, pLSG32, pLSGBS, pLSG34, pLSG35, and

pLSG36.

9. The recombinant DNA sequence of Claim 8 that is plasmid pBSM:Tth.

10. A recombinant DNA vector selected from the group consistng of plasmids .
pBSM:Tth5', pBSM:TthASiuI/HindHI, pLSG2S5, and pLSG26.

11. A recombinant host cell ransformed with a vector of Claim 7.

12. The recombinant host cell of Claim 11 that is E. coli.
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ACCTCAACGC CCGGGTGAAG AGCGTCAGGEG AGGCCGCGGA GCGCATGGCC
CCGTCCAGGG CACCGCCGCC GACCTCATGA A > .
TCCGGGAGAT GGGEGECCCEC ATGCTCCTCC :
CCCAAGCGCG GGCCGAGGAG GT GGCGG RER LA : b |
CCCTCGCCGT GCCCCTGGAG GIGGAGGTEs3 3

GAAGCGGGGEC TACGTGGAAA CCCTCTTCGG AAGAAGGCGC TACGTC@@, {' F’xgy:
214

1T SHEET

TTO5GCR
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AGCCCCTATIC
TCCGOCAAGG

GITAG 3' 5. A reconbi nant DNA sequence t hat encodes
t her nost abl e
of am-no acids that has
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DNA pol ymerase activityd? said protein conprising a sequence
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335- 343, 33;ﬂ..SEZl4, BEG3Y pLSEES, pisG2939L.8630, pLSG31, pLSG32, p
pLSG34, pLSG35, and pLSG36.

fl%:e of nine
4 241- 249,
%635

14. The recombinant host cell of Claim 12 that is E. coli. K12/pBSM:Tth.

15. A method for purifying Thermus thermophilus DNA polymerase I from

T. thermophilus'cells, said method comprising:
(2) preparing a crude cell extract from said cells;

. (b) adjusting the ionic strength of said extract so that said polymerase

dissociates from any nucleic acid in said extract;

(c) subjecting the extract to hydrophobic interaction chromatography;
(d) subjecting the extract to DNA binding protein affinity chromatog?!raphy;
(e) subjecting the extract to nucleotide binding protein affinity chromatography;

and

(f) subjecting the extract to chromatography selected from the group consisting
of anion excltange, cation exchange, and hydroxyapatite chromatography.
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6. Asreconbi nant DNA sequence that encodes a protein Wit hj: therrmst abte,l--
pol ysrerase activity, said protein co ce of “al o acidst
has 100% honol ogy to a COI’]tIgUOUS"Sﬁ_ﬂ st fo r% out of six

h

ant DNA vect dr

am no acids encoded by the Thermufi thergepba¢ER DNA lpol y rlas& 2 hEY IR
that conprises the DNA sequence of C ai . 8. The reconbi nant

sequence of Claim3 at codons 225/ reco
sequence of Claim7 selected fromthe gggup consi sting oflplasm ds

DINA

pBSM Tth, pLS&1, pLS&®2, pLS®3, pLS@4, pLS®7, pLSG28, pLSG9, pLSG30,

PLSG31, pLSGREcoREERART ﬁkﬁﬁésI@ksﬁﬁésroﬁﬁdAﬂeggﬁqﬁﬁngéﬁengmﬁ%ns 10

reconbi nant DNA sequence of Claim8 that 1Is
reconbi nant DNA vect grORs SiHHMHE (THFRM %@Wﬁ pI asm ds
pBSM Tt h5' pBSM Tth[err] Stul/Hi ndl |1, pLSG25 and pLS@&26.

ABSTRACT

Recombinant DNA sequences encoding the DNA polymerase
I activity of Thermus thermophilus can be used to construct
recombinant vectors and transformed host cells for
production of the activity. T. thermophilus DNA polymerase
I is an ~ 94kDa protein especially useful in the DNA
amplification procedure known as the polymerase chain
reaction.
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11. 4 reconbinant hostcel |l transformed with a vector of
The r'econbi nant host cell of Claim1l that is E. coli
59 13. The reconbi nant host cell of Caim 12,
VE%tG(Z)rZ se:_ggtzgd fromthe group consisting of plasmds p
p . P , pLS®4, pLSXR7, pLS&R86 pLSER9, pLSE30, | pLSER1, pL |
pLSG33, pLSG34, pLSG35, and pLSG36. 14. IOThe re:gnm‘n.an:-h-g?t—z-ee-l-

of Claim12 &h@t Cl] ﬁ E oi L K12/ pBSM Tt h.

1. A recombinant DNA sequence that encodes Thermus thermophilus DNA
polyermase I acdvity.

<.

2. The DNA sequence of Claim 1 that can be isolated from plasmid
pBSM:Tth.

3. The DNA sequence of Claim 1 that encodes the amino acid sequence, from
amino to carboxy terminus: : '

MetGluAlaMetLeuP:oLeuPheGluProLysGlyArgVa1LeuLeuValAspGlyHis
HisLeuAlaTyrArgThrPhePheAlaLeuLysGlyLeuThrTh:Se:ArgGlyGluPro
ValGlnAlaValTyrGlyPheAlaLysSerLeuLeuLysElaLeuLysGluAspGlyTy:
LysAlaValPheValValPheAspAlaLysAlaP:oSe:PheArgHisGluAlaTyrGlu
AlaTy:LysAlaGlyArgAlaP:oTh:ProGluAspPheProAnglnLeuAlaLeuIle
LysGluLeuValAspLeuLeuGlyPheTh:ArgLeuGluValPrcGlyTyrGluAlaAsp
AspValLeuAlaTh:LeuAlaLysLysAlaGluLysGluGlyTyrGluValArgIleLeu .
ThrAlaAspArgAspLeuTyrGlnLeuValSezAspArgValAlaValneuHisProGlu e
GlyHisLeu;leThrPzoGluTrpLeuTrpGluLysTyrGlyLeuArg?roGluGlnTrp S om
ValAspEheArgAlaLeuValGlyAspP:bSe:AspAsnLeuP:oGlyValLysGlyIle o
GlyGluLysTh:AlaLeuLysLeuLeuLysGluTrpGlysezLeuGluAsnLeuLeuLys :
AsnLeuAspArgValLysProGluAanalArgGluLysIleLysAlaHisLeuGluAsp.
LeuArgLeuSerLeuGluLeuSerArgValArgThrAspLeuProLeuGluValAspLeu
AlaGlnGlyArgGluProAspArgGluGlyLeuArgAlaPheLeuGluArgLeuGluPhe
GlySerLeuLeuHisGluPheGlyLeuLeuGluAla?roAlaProLeuGluGluAla?ro
Trp?roProP:oGluGlyAlaPheValGlyPheValLeuSe:ArgProGluP:oMetTtp
AlaGluLeuLysAlaLeuAlaAlaCysArgAspGlyArgValHisArgAlaAlaAspP:o
LeuAlaGlyLeuLysAspLeuLysGluValArgGlyLeuLeuAlaLysAspLeuAlaVal
LeuAlaSe:ArgGluGlyLeuAspLeuValProGlyAspAspProMetLeuLeuAlaTyr4"
LeuLeuAspP:oSe:AsnTh:Th:P:oGluGlyVaIAlaArgArgTy:GlyGlyGluT:p
TthluAspAlaAlaHisArgAlaLeuLeuSerGluArgLeuHisAngsnLeuLeuLys
ArgLeuGluGlyGluGluLysLeuLeuTrpLeuTyrHisGluVaIGluLysProLeuSer
ArgValLeuAlaHisMetG1uAlaTh:GlyValegLeuAspValAlaTereuGlnAla
LeuSerLeuGluLeuAlaGluGluIleArgArgLeuGluGluGluValPheArgLeuAla
GlyHisProPheAsnLeuAs nSerArgAspGlnLeuGluArgValLeuPheAspG lulLeu
ArgLeuP:oAlaLeuGlyLysTh;GlnLysThrGlyLysA:gSerThrSerAlaAlaVal -
LeuGluAlaLeuArgGluAlaHisP:oIleValsluLysIleLeuGlnHisA:gGluLeu
ThrLysLeuLysAsnThrTeralAspProLeuProSe:LeuValHis?roArgThrGly
ArgLeuHisTh:ArgPheAsnGlnThrAlaTh:AlaThrGlyA:gLeuSerSe:Se:Asp
ProAsnLeuGlnAsnIleRroValA:gTh:P:oLeuGlyGlnArgIleArgAzghlaPhe
valAlaGluAlaGlyTrpAlalLeuValAlaLeuAspTyrSerGlnIleGluLeuArgVal
LeuAlaHisLeuSerGlyAspGluAsnLeuIleArgValpheslnGLuG1yLysAslee
HisThrGlnThrAlaSerT:pMetPheGlyValP:oProGluAlaValAspP:oLeuMet
ArgAnglaAlaLysTh:ValAsnPheG1yValLeuTyrGlyHetSe:AIaHisA:gLeu
SerGlnGluLeuAlaIleProTyzGluGluAlaValAlaPheIleGluArgTy:PheGln
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15. A nmethod for purifying Thernus thernophilus
ther nwphi lus cells, said nethod conprising:
cell extract fromsaid cells;

sai d extract;
chr omat ogr aphy;
affinity chromatography;

extract to chrofitrVa
exchange, cati O}

(b) adjusting tffe
[ act so that said pol ynerase dissociates fro
Sald et (c) subjecting the extract to hydfopnokix
(d) subjecting57he extract tof DNA.hjnding protgin
(e) subjecting the extract to nuc
bi ndi ng pr ot eir nSeFPheREdLy sESLOaL OrKpa PEGLuLBthrLeuGluG
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AspLeuMetLysLeuAlaMetValLysLeuPheProArgLeuArgGluMecGlyAlaArg
MetLeuLeuGanalHisAspGluLeuLeuLeuGluAlaProGlnAlaArgAlaGluGlu
ValAlaAlaLeuAlaLysGluAlaMetGluLysAlaTerroLeuAlaValProLeuGlu
ValGluValGlyMetGlyGluAspTrpLeuSerAlaLysGly

4. The DNA seqence of Claim 3 that is

5'- ATGGAGGCGA

GGACGGCCAC
CCACGAGCCG
CTCCTCAAGG
TGACGCCAAG
CGGGGAGGGC
AAGGAGCTGG
CGAGGCGGAC
GGTACGAGGT
TCCGACCGCG
GTGGCTTTGG
GCGCCCTCGT
GGGGAGAAGA
CCTCCTCAAG
TCAAGGCCCA
. CGCACCGACC
CCGGGAGGGG
TCCACGAGTT
TGGCCCCCGe
GCCCATGTGG
TGCACCGGGC

CGGGGCCTCC

AGACCTCGTG
CCTCCAACAC
ACGGAGGACG
CCTCCTTAAG
AGGTGGAAAA
GTACGGCTGG
GGAGATCCGC
TCAACCTCAA
AGGCTTCCCG
CGCCGCGGTG
TCCTCCAGCA
CTCCCAAGCC

- CCAGACGGCC

" ( AGAACATCCC
'GTGGCCGAGG

- GCTCCGCGTC

" TCCAGGAGGG
. ‘GTCCCCCCGG
GAACTTCGGC
TTGCCATCCC
AGCTTCCCCA

TGCTTCCGCT
CACCTGGCCT
GGGCGAACCG
CCCTGAAGGA
GCCCCCTCCT
cCcaGaccecec
TGGACCTCCT
GACGTTCTCG
GCGCATCCTC
TCGCCGTCCT
GAGAAGTACG
GGGGGACCCC
CCGCcCTCAA
AACCTGGACC
CCTGGAAGAC
TCCCCCTGGA
CTTAGGGCCT
CGGCCTCCTG
CGGAAGGGGC
GCGGAGCTTA
AGCAGACCCC

‘TCGCCAAGGA

CCCGGGGACG
CACCCCcGAaG
CCGCCCACCG
CGCCTCGAGG
GCCccTCTCe
ACGTGGCCTA
CGCCTCGAGG
CTCCCGGGAC
CCTTGGGGAA
CTGGAGGCCC

‘CCGGGAGCTC

TCGTCCACCC
ACGGCCACGG
CGTCCGcace
CGGGTTGGGC
CTCGCCCAacC
GAAGGACATC
AGGCCGTGGA
GTCCTCTACG
CTACGAGGAG
AGGTGCGGGC

o

CTTTGAACCC
ACCGCACCTT
GTGCAGGCGG
GGACGGGTAC
TCCGCCACGA
GAGGACTTCC
GGGGTTTACC
CCACCCTGGC
ACCGCCGACC
CCACCCCGAG
GCCTCAGGCC
TCCGACAACC
GCTCCTCAAG
GGGTAAAGCC
CTCAGGCTCT
GGTGGACCTC
TCCTGGAGAG
GAGGCCCCCG
CTTCGTGGGC
AAGCCCTGGC
TTGGCGGGGC
CCTCGCCGTC
ACCCCATGCT
GGGGTGGCGC
GGCCCTCCTC
GGGAGGAGAA
CGGGTCCTGG
CCTTCAGGCC
AGGAGGTCTT
CAGCTGGAAA
GACGCAAAAG
TACGGGAGGC
ACCAAGCTCA
GAGGACGGGC
GGAGGCTTAG
CCCTTGGGCC

GTTGGTGGCC,

TCTCCGGGGA
CACACCCAGA
CCCCCTGATG
GCATGTCCGC
GCGGTGGCCT
CTGGATAGAA

AAAGGCCGGG
CTTCGCCCTG
TCTACGGCTT
AAGGCCGTCT
GGCCTACGAG
CCCGGCAGCT
CGCCTCGAGG
CAAGAAGGCG
GCGACCTCTA
GGCCACCTCA
GGAGCAGTGG
TCCCCGGGGT
GAGTGGGGRA
AGAAAACGTC
CCTTGGAGCT
GCCCAGGGGC
GCTGGAGTTC
CCCCCCTGGA
TTCGTCCTCT
CGCCTGCAGG
TAAAGGACCT
TTGGCCTCGA
CCTCGCCTAC
GGCGCTACGG
TCGGAGAGGC
GCTCCTTTGG
CCCACATGGA
CTTTCCCTGG

CCGCTTGGCG

GGGTGCTCTT
ACAGGCAAGC
CCACCCCATC
AGAACACCTA
CGCCTCCACA
TAGCTCCGAC
AGAGGATCCG
CTGGACTATA
CGAAAACCTG
CCGCAAGCTG

CGCCGGGCGG

CCATAGGCTC
TTATAGAGCG
AAGACCCTGG

TCCTCCTGGT
AAGGGCCTCA
CGCCAAGAGC
TCGTGGTCTT
GCCTACAAGG
CGCCCTCATC
TCCCCGGCTA
GAAAAGGAGG
CCAACTCGTC
TCACCCCGGA
GTGGACTTCC
CAAGGGCATC
GCCTGGAAARA *
CGGGAGAAGA
CTCCCGGGTG
GGGAGCCCGA
GGCAGCCTCC
GGAGGCCCCC .
CCCGCCCCGA |
GACGGCCGGG
CAAGGAGGTC
GGGAGGGGCT
CTCCTGGACC
GGGGGAGTGG.
TCCATCGGAA
CTCTACCACG
GGCCACCGGG
AGCTTGCGGA
GGCCACCCCT
TGACGAGCTT
GCTCCACCAG
GTGGAGAAGA
CGTGGACCCC
CCCGCTTCAA
CCCAACCTGC
CCGGGCCTTC
GCCAGATAGA
ATCAGGGTCT
GATGTTCGGC
CCAAGACGGT
TCCCAGGAGC
CTACTTCCAA
AGGAGGGGAG




60 - 16. A Thernus thernophilus DNA pol ynerase | fr NﬂhS!HEET
thernDphllus prepared by the nethod as clainmed in claimlhp.’
nmet hod for the production of a reconbi nant Thernus ther[mh@@gu@l\qggy
pol ynmerase |, said nethod conprising the culturing of ajhpst cell accordijng
to any one of claims 11 or 14 and 4gol ating the reconbi haht—PNA-potyrerase
| fromthe nediumor fromthe cells. 18. The methbd of claim17,

her el 53 Sange Eea&hczhk%e%i £ &,geeetsbhu -c-;gg'og gé ¢

produced | nAec EGt
i nacti vat edryaacheat EEG2CERBEG caccge E CCAG 69 o Tn claim 17
Ge AT étfs@ﬁGcl ai med i n

thernDphl|Uésﬁb&mééktn?&@&@cbséte9@&@ ¥atNgcHBERE
or clai m18aGGeTCCAZEA eGXbcmcuﬁcthecanébttuScébﬁn@@b&@eé@ééc

claim 16 or GTGECGGEIT TEGCLARGLXTELEEATOGAE! AXSGEOTRDE! FBRETEECYHEN ase
activity atGacoeyGeAGUGTGGAGETGGAGGATGEEGaR0GEAGTEeCTMMCcGecangd. A
conposi ti onGTBAR+BSi ng a Thernus thernophilus DNA pol ymerase | as clained

in any one of clainms 16, 19 or 20 and a stabilising agent such as a
non-ioni c poI&MMOMQEMA sequcnccﬂﬁxcﬂ'dmdcmsprmdm&nﬂihmmsrablber mophi | us

Eyﬁpgg: tfo(an%n&%@al %?y?dc??&gﬂ{ ofgcaer ase gﬁ}:?o a5 har s *

homology to a oom:guous sequence of at lmst ve out of nine amino acids

encoded by the Thermus thermophilus DNA polymerase encodmg sequence of Claim
3, said contiguous sequence of nine amino acids selected from the group consisting of

codons 238-246, 241-249, 335-343, 336-344, 337-345, 338-346, 339-347.

6. A recombinant DNA sequence that encodes a protein with thermostable
~ polymerase activity, said protein comprising a sequence of amino acids that has 100%
homology to a contiguous sequence of at least four out of six amino acids encoded by
the _T_'hemzus thermophilus DNA polymerase encoding sequence of Claim 3 at codons
225-230.

7. A recombinant DNA vectar that comprises the DNA sequence of Claim 1.
8. The recombinant DNA sequence of Claim 7 selected from the group
consisting of plasmids pBSM:Tth, pLSG21, pLSG22, pLSG23, pLSG24, pLSG27,
pLSG28, pLSG29, pLSG30, pLSG31, pLSG32, pLSG33, pLSG34, pLSG35, and
pLSG36. | -
9. The recombinant DNA sequence of Claim 8 that is plasmid pBSM:Tth.

10. A recombinant DNA vectar selected from the group consisting of plasmids
pBSM:Tth5', pBSM:TthASwl/HindIll, pLSG2S, and pLSG26.

11. A recombinant host cell transformed with a vector of Claim 7.

12. The recombinant host cell of Claim 11 that is E. goli.
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reaction. . - 23. A kit conprising a Thernus thernophi | us;

as clainmed in any one of clains 16,19 or 20 or a conposi ’M@@m
claim 21 and ot her reagents needed for carrying out a p Iy!merase chai n
reaction. 24. A reconbi nant DNA sequence that encodesi TR& Jik 1957

t her nophi | us DNA pol ynerase | activity substantially as ihesrei nbef or e

described with reference to any one ofggExanples 1 to 7.

13. The recombinant host cell of Claim 12, transformed with a vector selected
from the group consisting of plasmids pBSM:Tth, pLSG21, pLSG22, pLSG23,
pLSG24, pLSG27, pLSG28, pLSG29, pLSG30, pLSG31, pLSG32, pLSG33,
pLSG34, pLSG35, and pLSG36.

14. The recombinant host cell of Claim 12 that is E. coli K12/pBSM:Tth.

15. A method for purifying Thermus thermophilus DNA polymerase I from
T. thermophilus cells, said method comprising:

(a) preparing a crude cell extract from said cells;

(b) adjusting the ionic strength of said extract so that said polymerase
dissociates from any nucleic acid in said extract:

(c) subjecting the extract to hydrophobic interaction chromatography;

(d) subjecting the exwract to DNA binding protein affinity chromatography;

(¢) subjecting the extract to nucleotide binding protein affinity chromatography;
and |

(f) subjecting the exmact to chromatography selected from the group consisting'
of anion exchange, cation exchange, and hydroxyapatite chromatography.
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16. A Thermus thermophilus DNA polymerase I from Thermus thermophilus
prepared by the method as claimed in claim 15. |

17. A method for the production of a recombinant Thermus thermophilus DNA -
polymerase I, said method comprising the culturing of a host cell according to any one of
claims 11 or 14 and isolating the recombinant DNA polymerase I from the medium or )
from the cells.

18. The method of claim 17, wherein said recombinant Thermus thermophilus
DNA polymerase I is produced in a heat-labile host and wherein the host proteins are
inactivated by a heat treatment.

19. A recombinant Thermus thermophilus DNA polymerase I prepared by the
method as claimed i m claim 17 or claim 18.

20. A Thermus thermophilus DNA polymerase I as claimed in claim 16 or claim
19, which polymerase displays an optimal polymerase activity at a magnesium
concentration of about 1 to 3 mM.

21. A composition comprising a Thermus thermophilus DNA polymerase I as
claimed in any one of claims 16, 19 or 20 and a stabilising agent such as a non-ionic

; poljfmeric detergent. .

22. The use of a Thermus thermophilus DNA polymerase I as claimed in any one
of claims 16, 19 or 20 or a composition according to claim 21 for a polymerase chain
reaction. ' | | .

23. A kit comprising a Thermus thermophilus DNA polymerase I as claimed in
any one of claims 16, 19 or 20 or a composition according to claim 21 and other reagents
- needed for carrymg out a polymerase chain reaction.

24. A recombinant DNA sequence that encodes Thermus thermophilus DNA
* polymerase [ activity substantially as hereinbefore described with reference to any one of
Examples 1 to 7.
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RECOMBINANT EXPRESSION VECTORS AND PURIFICATION METHODS
FOR THERMUS THERMOPHILUS DNA POLYMERASE

ABSTRACT

Recombinant DNA sequences encoding the DNA polymerase
I activity of Thermus thermophilus can be used to construct
recombinant vectors and transformed host cells for
production of the activity. T. thermophilus DNA polymerase
I is an ~ 94kDa protein especially useful in the DNA
amplification procedure known as the polymerase chain
reaction. '
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