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INCREASED PRODUCTION OF TiffRMUS AOUAT:cus 

DNA POLYMERASE IN .E... CQL.l 

This invention relates to the field of 

oenetic engineering. More particularly, this 

invention relates to the alteration of a native 
oene to provide a mutant form having improved 

expression in .E..... .cJlli. 
One of the major achievements <in 

rec.ombinant te·chnolaoy is the high-level expression 

(overproduction) of foreign proteins in procaryotic 

cells such as .E:::!"lerichia ~ {£...., .c.o.li). In 

recent years. this technol09Y has improved the 

availability of znedically and scientifically 

important proteins~ several of which are already 

available for clinical therapy and scientific 

research. Overproduction of protein in procaryotic 

eel ls is demonstrated by directly measuring t.he 

activity of the enzyme with a suitable substrate or 

by measuring ·the physical arpount of specific 
protein produced. High levels of protein 

production can be achieved by in;>roying expression 

of the·oene encoding the protein. 1.11 i~rtant 

aspect of gene expression is efficiency in 

translating the nucleotide sequence encoding the 

protein. There is much interest in improving the 

p~cduction of bacterial enzymes that are use!ul 

reagents in nucleic acid biochemistry itself,, for 

exa.:r.ple. DNA ligase,, ONA polymerase. and so forth. 

Unfortunately, this technolQOY does not 

always provide high .e~tein yielda. -.One cau.se_of 
low protein yield. ia inefficient translatioo of 

the nucleotide sequences encodino the f oreig:n 
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proteiri. Azr;>lif ication of protein yields depends, 

triter alia. upon enaurino efficient translation. 
Through extenaive •tudies in •everal 

laboratories, it ia now reCoonized th.at the 
nucleotide &eQ'Uence at the N-tenninus-encoding 
region of a gene is one of the !actors strongly 
influencing translation efficiency. It ia also 
rec09nized that alteration of the codons at the 

beginning of the oene can overcocne poor 
translation. One atr~teqy is to redesign the first 
portion of the coding sequence without altering the 
amino acid sequence of the encoded protein, by 

using the known deoeneracy of the genetic code to 
alter codon selection. 

However, the studies do n~t predict, 

teach. or give guidance as to which bases are 
inq:>ortant or which sequences should be altered for 
a particular protein. Hence, the researcher.must 
adopt an essentially eni:>irical approach when he 
attempts to opti~ize prote~n production ~ 
employing.these recombinant techniQUes. · 

An ~irical approach is laborious. 
Generally, a variety of synthetic olioonucleotides 
including all the potential codons for the correct 
amino acid sequence is substituted at the N­
tenninus encoding region. A variety of methods cah 
then be ~loyed to select or screen for one 
olioonucleotide which give• high expression level•. 
Another approach· i• to obtain a eeriea of 
derivativea by random mutageneais of the original 
sequence. Extensive •creen.ing.methoda vill 
hopefully yield a clone with high expression 
levels. This candidate ia then analyzed to 
determine the •optimal• sequence and that sequence 
ia used to replace the corre9ponding fragments in 
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the original gene. This shot-gun approach i a 

laborious. 

These tedious strategies are ~loyed to 

a.n;:>lify the synthesis of a desired protein which ia 
produced by the unaltered (native) gene only in 

err~ll quantities. The thermostable D~ polymerase 

from Thermus AQlJOt j cus (Taq Pol) ia such a product. 

TaQ Pol catalyzes the co:rbination of 
·nucleotide triphosphates to form a nucleic acid 

_strand coirq>l~-nento.ry to a nucleic acid te:n;:>lat•~ 

strand. The application of thermostable Taq Po~ to 
the ~lification of nucleic acid by polymerase 

chain reaction (PCR} was the key step in the 

development of PCR to its now dominant position in 
molecular biol09Y. Th~ ge~e encoding TaQ Pol ·has 

been cloned. sequenced, and expressed in ~ ~. 

yielding only modest a.mounts of Taq Pol. 
The problem is that altho.uoh Taq Pol is 

cotm\ercially available from several sources, it is 

expe:1sive, partly because of the· D'lOdest ~unts 

recovered by using the znethods currently available . 
. Increased production of TaQ Pol is clearly 
desirable to meet increasing demand and to moke 
production more economical. 

FIG.l, the sole illustration, ahO"Ws the 

relevant genetic components of a vecto.r, pSCW562. 
used to transform an ~ J:.Ql.i host. 

The present invention provides a gene !or 
Taq polymerase wherein the aequence of the first 
thirty nucleotide bases in the native gene which 

code for the first ten amino acids in the mature 
native protein, haa been changed 
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A) by substituting therefor a inodif ied 
nucleotide sequence selected from the group 
onsisting of: 

SEO ID NO: 2: 
ATG CGT GGT ATG CTG CCT CTG TTT GAG cca MG • 

SEQ IO NO: 3: 
ATG CGT GGG ATG CTG CCC CTC TIT GAG CCC MG , and 

SEQ ID NO: 4: 
ATG GAC TAC MG GAC GAC GAT GAC AAG CGT GGT ATG 

CTG CCC CTC TTT GAG CCC AAG , 

or 
B) by inserting between the codon {ATG) for .. -

the first amino acid of the mature native protein 
and the codon, (AGG) for the second amino acid of 
the mature native protein, the sequence: 

SEQ ID NO: 5: 
GAC TAC AAG GAC GAC GAT GAC AAG 

The invention also provides a method of 
increasing the production of TaQ Pol by using the 
above altered genes. 

The invention provides enhanced 
polymerase actiyity levels as high as 200-fold. 
The recombinant polymerase of this inventio~ is 
functionally indistinguishable from native Taq Pol. 

1. · Introduction 

The object of the present invention is to 
increase the production of TaQ polymerase in E... 
coli by changing selected nucleotide sequences in 

the 5' region of the gene which encode the N­
terminus of the polymerAse. 
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The invention provides four nuc le··tide 

sequences which differ from the native ~-::111.U 
Am.lat icus polymerase (TaQ Pol) gene in one r. ::> _ 

several nucleotides. When introduced into t:le 

native gene and transfected into £.... .cQli, these DNA 
seQUences provide in;>roved expression of the oene, 
evidenced by increased activity of the· enzyme. The 
o.rnount of increase varies widely dependino on tne 
nucleotide changes made and also on other factor:· 
such as induction with IPTC, incuretion period of 

£... ~. and so forth. 
The genes provided by the present 

invention are the same· as the native Taq Pol gene 
except for changes in the native sequence made in 
accordance with the present invention. Where these 
changes are made, they are sp~cifically described 
and shown in the examples and in the Sequence 
Listing. Changes are only in the region encoding 
the N-terminus of the protein. More specifically, 

changes are made only iri the region upstream of the 
eleventh codon (AAG) coding for the eleventh amino. 
acid (lysine) in the mature native protein. 'I1le 
eleventh codon is not changed, but it is shown in 
the sequence listing as the bracket or the point 
above which changes are made in the practise of the 
invention. Except for these identified changes, 
the rerr~ining sequence of the Taq Pol gene remains 
unchanged. 

The term •Taq Pol gene• as used herein 
refers to the nucleotide sequence coding for the 
thennostable DNA polymerase of Tbermu~ AQllaticus 

and includes mutant forms, spontaneous or induced. 
of the.native gene as long os the mutations do not 
confer substantial changes in the essential 
activity of the native polymerase 
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The term •Taq Pol• as uaed herein refera 

to the polymerase encoded by the Taq Pol oene. 
· The tenn •native• as used herein refers 

to the unaltered nucleotide sequence of the ~Q ~ol 

gene or the unaltered amino acid sequence of the 
TaQ pol}'lnerase as that oene or enzyme occurs 

naturally in .l'. am;aticus. See SEO ID NO:l. 

In general terms, the invention c~risea 

the follo~ing steps: 

~) providing a vector with a TaQ Pol 

gene of the invention. 

B) trans!ectino coo;:>atible ..&... ~ host 

cells with the vector of A) thereby obtaining 
transformed .£...... .coli host cells; and 

C} culturing the transformed cells of 

B) under conditions for growth thereby producing 

TaQ polymerase synthesized by the transformed host 

cells .. 

The following bacterial strains, 
plasmids, phage and reagents were used in the 

invention. 

2. Bacterial Strains 
Therxnu:s oauoticu:s YT-I, ATCC No. 25104, 

was used for native DNA isolation. The host L 

coli strain for all cloning and plasm.id 

~nipulation, DHSa {F- 080dlacZAM15 6(lacZYA­

argF)Ul69 recAl endAl hsdR17{rX-' !nx+) supE44 thil 

gyrA relAll was obtained from BRL. 

Strain JN103 [thi-, atrA, •upB, endA, 

abcB, hadR-, D(lac-pro), F• t.raD36, proAB, laclq, 

lacZIHlS) (Yanisch-Perron and others, ~roved Ml3 
Phage Cloning Vectors and Hoat Strains: Nucleotide 
Sequences of Ml3mpl8 and pUC19 Vectors. Gene 

33:103-119 (1985}) was also utilized for protein 

expression experiments. 
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The host strain tor preparation of 
single-stranded DNA for use in ln'Jtageneais was 

CJ236 (pCJlOS, dut ung thi relA) (~unkel and 
others, Rapid and Efficient Site-apecific . 
Hutagenesis without Phenotypic Selection. Methods 

Enzymol 154:367-382. (1987)). 

The fl phage R408 (Russel and others. An 
IJt1)roved Filamentous Helper Phage for Generating 
Single-stranded ONA, Gene •5:333-338 (1986)) was 
used as the helper to generate aingle-atranded 

plasmid DNA for mutagenesis. "I11e plasmid used for 

all cloning and expression work was pSCW562 or its 

derivative pTaql. A diagram of pSCW562 is shown in 

Figure 1. When the native Taq Pol gene is inserted 

into_ pSCW5~2. _the resul~ing plas:nid is designated 

pTaql. When t-he nathle TaQ Pol gene is altered by 

mutagenesis. the mutant plasm.id ia designated 

pTaq3. pTaQ4, pTaqS, or pTaq6· depending on the 

nucleotide sequence with which it is mutagenized. 
3. Reogents 

Chemicals were purchased from Sigma, 
International Biotechnologies. Inc. or Eastrr.an 

Koddk. LB medium was obtained from Gibco. Enzymes 
were purchased from New Enqland Biolabs. IBI. BRL, 
Boehringer-~nnheim, or U.S. Biochemicals and were 

. 'IM 
used as recorrrnended by the supplier. Sequenase 

kits for DNA sequencing were obtained from U.S. 

Biochemicals. Radioisotopes were purchased from 

Ameraha.m. Taq pol~raae waa purchued from Cetua. 
4. Method of Increasing the Production 

of Toa Pol 
.Step A - Prcviding a Vector with theT.ag 

Pol Gene of the Invention 
One znethod of providing a vector vith the 

. . 

Taq Pol gene of the invention i• to: 

:• 
.•. 
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- provide the native DNA from Theo:nJs 
.aauotic:us.; 

- a.n;>lify the native Taq Pol ONA and 
incorporate restriction aitea at both end• of the 
DNA -fragments. 

- ligate the DNA fragments of ii) into a 
suitable vector. 

- use site-directed mutagenesis.to change the 

nuceotide sequence of of the native DNA. ·and 

- screen for vectors carrying the ch.an~ed 
nucleotide sequence of the invention. 

i. Proyidiog the Native Gene from 

Al 1 D?~ u.anipulations were don.e using 
standard protocols (~niatis and others. Holecu1ar 

Cloning: A Laboratory Hllnual.: Cold.Spring Harbor 

Laboratory. Cold Spring Harbor. New York, 1982 and 
Ausebel and others. Current Protocols in Molecular 
Biology. John Wiley and Sons, New York, New York~ 

1987}. Total DNA from z. oauaticu.s (strain YT-1, 

(ATCC No. 25104)) was isolated f.rom a _40 -~ culture 

of· the or~4nism grown overnight at 70°c in ATCC 
medium 1461. The cells were pelleted by 

centrifugation, washed once with 10 nff tris HCl, pH 
8. 0, l di ethylendiaminetetraacetic acid (EDTA). 10 

n-M Tris HCl (pH 8.0) (TE). and resuspended in 5 ir.L 

of TE. Lysozyme was .added to a concentration of 1 · 
mg/mL and the solution was incul>Ated at 37°C for 30 
minutes. EDTA, sodium dodecyl •ulfate (SDS) and 
proteinaae JC were edded to COAC«ltrationa of 50 ·de, 
O.St and 100 µg/JDI.., re•pectively, and the aolutioa 
was incubated for 4 hour• at S0°c. · The ~l• wa• 
extracted three times with ·phenol-chloroform and 
once with chloroform and the DNA va• p.recipitated 

by addition of aodium acetate to 0.3 H and two 

volume• of ethanol. The DNA va• collected by .. 
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spooling on a glass rod. washed in 70' ethanol. and 
dissolved in (TE). 

ii. Anpljfyioa the Nati~c Toa Pal Gene 

and Iocorporotiog Be,~riction SiteA 

The fastest approach to producing laroe 
amounts of Taq Pol oene ia to utilize the published 
nucleic acid sequence of the gene (Lawyer and 
others. Isolation, CMracterization and Expression 
in Escherjchia ~ of the ON.\ Polymerase from 
lllerrnvs ocrJaticus. Journal of Biol09ical Chemistry. 
264:6427-6437, 1989) to design olioonucleotide 
primers that can be used in PCR to A-"";>lify genomic 
DNA. See SEQ IO NO: l: for entire gene sequence. 

PCR is an ampl1f ication techniQUe well 
known in the art (Saiki and others. Primer-directed 

Enzyr.-~tic .IJti>lifi~ation of DNA with a '111ennostable 
DNA Polymerase, Science 239:487-491 (1988)), which 
involves a chain reaction producing large amounts 
of a specific known nucleic acid sequence. PCR 
requires that the nucleic acid sequence to be 
~lified must be known in sufficient detail so 
th.at oligonucleotide·primers can be prepared which 
are sufficiently cOJ?i)lementary to the desired 
nucleic acid sequences, as to hybridize with them 
and synthesize extension products. 

Primers are oli9onucleotides~ natural or 
synthetic. which are capable of acting as point a of 
initiation for ONA synthesis when placed under 
condition.a·in which •ynthesis of a primer extension 
Product Mlich: i• ·COll;)lementary to a aucleic acid 
strand is induced, that ia, in the presence of four 
different nucleotide triphoaphatea and thermostable 
enzymes in an appropriate buff er and at a suitable 
t~rature. 

PCR an;>lification was carried out on the 
Taq Pol tfiA of iJ essentially aa described by Saiki 
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and others, in an Eric001> thermocycler. Primers 
were designed based upon the published sequence of 
the Taq Pol gene (Lawyer and others). 
Arci>lification Jftixtures contained approximately 100 

• no of !t. oauoticu3 DNA. l µH of each of the two 
primers. 200 µM each of d>.TP, dGTP, dCTP and dTTP, 

and 2 units of Taq Pol in a volume of 0.05 mt.. The 
mixtures were heated to 91°c for 10 seconds, 
annealed at 40°C for thirty seconds, and extended 
at 72°c for 5 minutes for 5 cycles. For the 
subsequent 20 cycles, the annealing temperat_\l!e was 
raised to ss 0 c and the extension time reduced to 3 
minutes. Finally, the mixtures were incubated at 
72°C for 15 minutes to maximize the amount of fully 
double-stranded product. The entire PCR reaction 
mixture was fractionated on a 1.0\ aoarose gel and 
the 2.5 kb Taq polymerase gene was cut out and 
extracted. DNA fragments were is 1lated from 
aoarose gels using a •freeze-squeeze technique•. 
Agarose slices were minced, frozen on dry ice, and 

r~pidly thawed at 37°C for fiv~ minutes. The 
slur:ry was filtered by centrifugation through a 
Millipore 0.45 11mt Durapore membrane. The filtrate 
was extracted once with water saturated phenol, 
once with phenol-chloroform (1:1), and once with 
chloroform. The DNA was recovered by ethanol 

precipitation. 
Incorporating Restriction Sites: To 

allow exciaion __ '!!ld recovez:y of the Taq Pol gene 
during PCR ·and alio...-to afford convenient cloninq of 

the Taq Pol gene into an expression vector, two 
restriction •it•• were introduced at the s· ~ of 
both strands of the gene. More specifically, one 
restriction site w~s introduced adjacent to and 
upstream from the atart (ATG> codon and the other 
restriction aite was introduced adjacent to and 
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• downstream !rom the atop (TGA) codon (SEQ ID NOS: 6 

~ 7). 'Jlle nucleotides fonninq the restriction 
sites were included on the eynthetic·priJDier used in 
the PCR. In the exalti)lea disclosed herein, the 
nucleotide sequence ~TT'C. which fonr~ £.coRl 
restriction site was included on the primers. 

Other restriction sites :may be used in 

the practice of this invention provided th.at l) the 
expression vector has a corresponding site where 
the TaQ DNA is to be lioated, 2} the restriction 
site does not occur within the TaQ Pol ge~e. 

As sho-..n in Figure l, EcoJU is one of 

several restriction sites in pSCWS62. Other -
exemplary restriction sites are ~I and SphI. Of 

course, expression vectors ~ving other restriction 

sites would provide still more potential 
restriction sites which would be useful in the 
practice of this invention. 

When dioested with the appropriate 
enzyme, these restriction sites form stick-,- ends 

which can be conveniently ligat~d to 

correspondingly digested restriction sites on the 
expression vector. '11le restriction sites do not 
affect the amino acid sequence of Taq Pol. 

Alternative Method: In lieu of the PCR 
technique described above, the native 7a.Q Pol gene 
may alternativelx be provided by conventionally 

cloning the gene. In that event. the restriction 

aites znay be introduced by aite directed 
mutagenesia. ·'Iba end results ot either procedure 
are indi•tinguishable. 

iii. Ligating DNA Frogmenta into A Vector 
The DNA from step ii) is then ligated to 

a suitable expression vector. 'I'he vector chosen 
for cloning was pSCW562. which contains an EcoRl 
eite 11 base pairs downstream ot the riboaocne 

.;< 

•. 
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binding site and the etrong tac (trp-lac hybrid) 
promoter (Figure 1). ~e Taq Pol oene does not 
contain any EcoRl sites. so the PCR primers were 
designed with EcoRl eitea near their 5' enda (atep 

ii)> to allow direct cloning into the EcoRl aite~ of 
pSC\o.'562. 

· In addition to the EcoRl site. vector 
pSCWS62 contains l) a phage- origin of replication 

(F1 >. 2) a plasmid origin of replication (ORI), 

3) an antibiotic resistance marker (A.HP), and 4) a 
transcription tennination seQUence downstream of 

the restriction sites. This plasmid was 
constructed using techniques well known in the art 

of recombinant DNA as taught in Maniatis and 
others. Molecular Cloning: ~ Laboratory Manual, 
Cold Sprin9 Harbor. New York (1982). However, this 
particular plasmid is not critical to the 

invention. Any vector containing an appropriate 

promoter and restriction sites will be useful in 

this method. 

The EcoRl-dio~s·ted PCR product from Step 

ii) was fractionated in a l' agarose gel and 

eluted. The vector, pSCW562, was digested 
overnight with EcoRl (10 units/µg} and treated with 
colt intestinal alkaline :phosphatase (1 unit/µg), 
extracted with phenol /chlorofonn, ethanol 
precipitated, and resuspended in TE.· Approximotely 
200 ng of the prepared vector was rnixed with 500 ng 

ot purified PCR product and ligated for 18 hours in 

50 df TriaHCl, pH 7 .8. 10 llt-S MgC12 , 20 DH 
dithiothreitol, ~ ATP, vi th,. 0.5 Weiss units of T4 

DNA ligase in a volume of 20 µ.L. 

iv. Using Site-Directe1 Mut4genesis to 

Change the Nucleotide Seauence of 

the Native Toa pgl Gene 
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Site-directed mutagenesia is o method of· 
:.: 

altering the nucleotide sequence of o DNA. frogment· 
by specificolly substituting, insertino or deleting 
selected nucleotides within the sequence to be 

altered. The method involves priming in vitro DNA 

synthesis with chern.ically synthesized nucleotides 
that carry o nucleotide mismatch with the te.'llplate 
sequence. The synthetic oligonucleotide primes DNA 

synthesis and is itself incorporated into the 
resultinq heteroduplex molecule After 
t.ransfonr.ation of host cells, this heteroduplex 
gives rise to ho:noduplexes whose sequences carry 
the mutagenic nucleotides. Mutant clones are 
selected by screening procedures well known in the 
art such as nucleic acid hybridization with 
labelled probes and DNA sequencing. 

Using site-directed rnutagenesis, we 

constructed mutant genes for Taq polymerase wherein 
the sequence of the first thirty nucleotide bases 
in the native oene which code for_. the first ten 
a.-nino acids in the mature native protein, was 
changea 

A) by substituting therefor a modified 
nucleotide sequence selected from the group 
consisting of: 

Example 1 - SEQ ID NO: 2: 

>. TG CGT GGT A TG CTG CCT CTO TTT GAG CCG AAG • 

Example 2 - SEO ID NO: 3: 
ATG CGT.GGG A'ffi CTG CCC C'fC 'ITT GAG CCC >.>.G • and 

Example 3 - SEO ID-NO: 4: 
ATG GAC TAC AAQ G.AC a.AC OAT a.AC AAG CGT GGT ATG 

CTG CCC CTC /l"IT GAG CCC AAG , 

.. -
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or, E.x~le 4, 
B) by inserting between the start codon (ATG) 

for the first amino acid of the mature native protein 
and the codon, (AGG) for the second amino acid of the 
~ture native protein, the sequence: 

SEO ID NO: 13: 
GAC TAC AAG GAC GAC CAT GAC AAG • 

In the examples above, bases that are 
changed are highlighted in bold type. The effect 
that these changes have on polymerase activity is 

shown in Table I. The above examples are offered by 

way of illustration only and are by no means 
intended to limit the scope of the claimed 

invention. 

In these examples all gene modifications 
were carried out by site-directed mutagenesis. 

However, alternative methods are known in the art 
which would give the same results. For example, the 

changes to the Taq Pol gene described above could 
have been incorporated directly into.the gene during 
amplification (PCR) by appropriately designing the 
upstre~~ oligonucleotide primer to include the 

nucleotide sequences of the invention. 
Another alternative would be to 

incorporate unique restriction sites bracketing the 
first ten codons of the gene. This would allow 

removal of the sequences encoding the amino terminus 
by restriction endonuclease cleavaoe~d replacement 
using a double stranded synthetic fragment. Either 

of these methods could be used to accOtli)lish the 
nucleotide changes set forth above. 

Site-directed znutogenesis w4s carried out 
essentially as described by Kunkel and others, Rllipid 
and Efficient Site-specific Mutogenesis without 
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Phenotypic Selection. Methods Enz~l, 15• :;367-382, 

(1987), using a kit obtained from Bio.Rad. Single­
stranded plasmid ON.'. was prepared by infecting early 

exponential phase cultures of CJ236 (carrying pTaql) 
with R408 at a 1nUltiplicity of infection of 
approximately 10-20. After overnight growth at 

37°C, the cells were removed by centrifugation and 
the phage precipitated by addition of polyethylene 
glycol to 5\ and NaCl to 0.5 H. The p~oe were 

pelleted by centrifugation and the DNA isolated by 

phenol-chloroform extraction and ethanol 
precipitation. TI"le mutagenic oligonucleotides were 
phosphorylated with T4 polynucleotide kinase and 9 

pmol of each was annealed to approximately 3 pmol of 

single-stranded plasmid DNA. Tl)e_annea~ed ~xture 

was extended with T4 DNA poiymerase, ligated, and 
trans formed into DH Sa or JMl 03. Plasmid DNA was 

isolated from the transformanta by rapid boiling 
(Holmes and Quigley, A Rapid Boiling Method for the 

Preparation of B.!lcterial Plasmids, Anal. Bioche.-n. 
114:193-199, 1981) and digested with EcoRl to 
identify clones that had undergone mutagenesis. 

v. Screening for vectors with 
the Taq Pol Gene 

To verify that the clones of iv) were 
carrying the desired TaQ Pol Qene, clones were 
lifted on to nitrocellulose filters and identified 
as Taq Pol transformants by colony hybridization. 

Colony Hybridisations :'1111• techniaue 
identifies a specific nucleic acid sequence by 

creating conditions for •inol• atranda of t~ 
specific nucleic acid sequence to base pair 
(hybridize) with a COl?i)lementary radioactive •ingle 
stranded nucleic acid fragments (probes). Double-. 
stranded region• form where the two types of DNA 
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have complementary nucleotide 8eQUences and are 
detected by their rndioactivity. 

Colonies containing the TaQ Pol fragment 

were identified by hybridization with an internal 
oligonucleotide: 

SEO ID NO: 15: 

G'I'GGTCTTTG ACGCCAAG. 

labelled with 32P at the 5' end with T4 

polynucleotide kinase. Colony hybridizations were 

performed as described in Maniatis and others, 
sucra in SX SSPE (lXSSPE in 10 mM sodium phosphate, 

pH 7.0, 0.18 M NaCl, l mM EDTA], 0.1\ sodium 

lauroyl sarcosine, 0.02\ SDS, 0.5\ blocking agent 
(Boehringer-Mannheim} containing approximately 5 ng 

per mL 32P labell~d oiigonucleotide. Hybridization 

was conducted at 42°C for 4-18 hours. The filters 

were washed.in 2X SSPE, O.lt SOS at room 
temperature three times, followed by a stringent 

wash at 42°C in the same solution. Positive 

colonies were identified by autoradiography. 
Sequence Analysis: To ascertain whether 

or not the Taq Pol DNA was incorporated in the 

correct orientation, DNA sequence analysis was 
performed on alkaline denatured supercoiled DNA as 

described by Zhang and others, Double Strdnded DNA· 

seQUencing as a Choice for DNA Sequencing, Nucleic 

Acids Research· 16:1220 (1988), using a SequenaseTM 

kit from U.S. ·siochemicals and a (35sJdATP:-'""'" .. " 
Typically, 1.0 J.lL of supercoiled, CsCl-banded DNA 

was denatured in 20 J.lL of 0.2 M_·NaOH, 0.2 mM EDTA 

for 5 minutes. The solution was neutralized with 2 

µL of 2 M amnonium acetAte (pH 4.6) and 
precipitated with 60 mL of ethanol. The Jllixture 
was centrifuged for 10 minutes, washed once with 
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80\ ethanol, dried tor 10 minutes a~d resuspe...~ded 
in 7 mL of H20. After addition of 5_ ng of prilner 
and 2 µL of 5X buffer. the aatrQlea were heated to 
65°C and allowed to cool to • 37°C over 30-45 

minutes. -rhe aeQUencino reactions were then 
performed as directed by the supplier. The 

-react ions were then per formed as directed by the 
supplier. The reactions were electrophoresed on 6\ 
sequencing gels. occasionally utilizing a eodium 
acetate salt oradient to improve resolution near 
the bottom of the gel (Sheen and others. 
Electrolyte Gradient Gels for DNA Se::;-uencing. Bio 
Techniques 6:942-944. 1989). Alternatively. 
plasmid D~ prepared by the rapid boilino or 
alkaline miniprep procedures was used for 

sequencing after extraction with_ph~pol-ahloroform 
and ethanol precipitation, although with some 

reduced reliability. 

Step B - Tronsfecting Host Cella 

with the Vector of Al 

'11le vector of step A) is use~ to 
transfect a suitable host and the tra~sfonned host· 

is cultured under favorable conditions for grow-th. 

Procaryotic hosts are in general the JnOst efficient 

and convenient in oenetic engineering techniques 

and are therefore pref erred for the ex;>ression of 
Taq polymerase. Procaryotes most fre~uently are 

represented by various strains of E,. !.:QJ..i such as 
DHSa and JM103, the atraina used.in the exaJri)lea 

below. Bovever,"'otber microbial atraina may el.so 
be used, as long as the strain selected a• host is 
c~tible with the plasmid vector with which it i• 
transformed. c~atibility of host and 

plasmid/vector means that the host faithfully 
replicates the plasmid/vector DNA and allows proper 

functioning of the above controlling elements. In 
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our system, DHSa and JM103 are coa;>atible with 
pSCWS62. 

Five mL of the ligation mixture of Step B 

were mixed with 0.1.JLL of DHSa or JM103 cell• made 
coq>etent by cacl2 treatment as described by Cohen 
and others. Proc. National Academy of Science. US.A, 

69:2110 (1972). After incubation on ice for 15-30 

minutes, the mixture was incubated at 42°C for 90 
seconds. After the heat shock, one mL of LB zriediwn 
was added and the cells wereincu~ted for one hour 
at 37°C. 

Selectior. of Transfonrlllnts: After the 
one-hour incu~tion, aliquots of the incubated 
mixture were spread on LB agar plates containing 50 
µg/mL ampicillin and inc~ted at 37°C for 18 

hours. Only transformed .E. .s:a.l.i. carrying the AMP 
(marker) gene can grow on this medium. To select 
transformants that were a·lso carrying the TaQ Pol 

oene in correct orientation, colony hybridization 
and sequence analysis were done using techniques 
already described above • . . . 

Step C - Culturing the Transfooned Hosts 
~-.Qll.i transfoimants verified as 

containing the Taq Pol gene in the correct 
orientation, were cultured in 40 mL of LB broth at 
37°C to mid-log phase and where appropriate, were 
induced with 1 mM isopropyl-~-D-thiogalactoside 

(IPTG). The cells were allowe~ to grow for either 
an additional two hours or overnight, and were 
harvested by centrifugation. ttbe cells were . 
reauapended in 0. 25 mL of 50 Dff triaHCl, pH 7. 5, 1 
DH EDTA, 0.5 µg/mL leupeptin, 2.4 1df 

phenylmeLhylaulphonyl fluoride and aonicated. The 

lyaate waa diluted with 0.25 mL of 10 Wf TriaHCl, 
pH 8.0, 50 ~ ~Cl, O.S\ 'I\.leen 20, 0.5\ NP-'0 and 

h•ated to 14°C for 20 minutes. After cooling on 
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ice for 15 minutes, the debris W4'S removed by 
.;.: 

cent. ri fuoation for 10 minutes .a-t '°C. Al iquota of 

the aupernatant tract ion ~ere aa·sayed tor ON>. 

polymerase activity using activated •alinon •P•I1D 

DNA aa th.e eubstrate. 
DNA Polymerase Assay: 'l1lia assay ia 

lMsed on the ability of DNA polymerases to fill in 

ainole strand gaps s:r.ade in double stranded DNA. It 

uses the single atrand gaps as teIJi)lates and the 

free 3' hydroxyl group at the border of the single 

strand gap as the primer at which it. begins 

synthesis. Specifically, 5 JJL of enzyme 

prep.dration was incubated for 10 minutes at 74°C in 

a total of 50 µL with the followino: 25 mH 

Tris(hydroxymethyl)methyl-3-amino-propane sulfonic 

acid (TAPS) (pH 9. 8 at 22°C), SO mH J<Cl, l mM 2-

inercaptoethanol, 2 n-M MgC1 2 0.30 inq/mL activated 

salmon testes DNA, 0.2 mM of each dCTP, dGTP, dTTP, 

and 0.1 ll'tf (200 nCi/nmol) {8- 3HJdATP. The reaction 

was stopped by the addition of 100 µL of 0.15 M 

sodium pyroph9sphate, 0.105 M sodium EDTA, pH 8.0, 

followed by the addition of ice cold 10' 

trichlor~cetic ocid (TCA). It was then kept on 

ice for 15-30 minutes prior to being vacuum 

filtered on a prewet 25 Irm ~tman glass fiber 

tilters (GFC) filter disk. The precipitated 

react ion product was washed free of unincorporated 
3

H on the filter with a totol of 12 mL of ice cold 

l O' TC>. followed by a total of 12 znL of ice cold 

95t ethanol. Filter• were vacuum dried, then air 
dried. and then counted directly in a scintillation 
fluid. Enzyme preparations that required diluting 

were diluted with a solution of 10 irH Tris, SO nH 

KCl. 10 d-1 MgCl 2 , 1.0 ing/mL gelatin, 0.5\ nonidet 

P40. 0.St 'J\.leen 20, l .rrii 2-inercaptoethanol, pH 8.0. 

Ooe unit of activity i• the amount of enzyme 
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required to incorporate 10 nmol of total nucleotide 

in 30 min at 74°C; adenine constitutes 
approximately 29.7t of the total ~aea in •almon 
sperm om. 

Salmon testes DNA (Sigma type Ill; 
product 101626) was dissolved to 1.3 lflO/inl.. in 'IM 

buffer (10 1Ni Tris. S mH MQC1
2

, pH 7.2)_ and stirred 

slowly for 24 hours at 4°C. It was then diluted 
2. S .fold with TH buffer and made 0. 3 M in NaCl 

prior to extracting at room temperature with an 
equal volume of phenol/chloroform (l:l::vol:vol; 
phenol satun~ted with 'IM buffer). The mixture was 
centrifuged at 2700 x o for 5 minutes at room 

temperature to aid separation of the phases, the 

aqueous phase was collected and extracted with an 
equal Volume of chloroform. The mixture was 
centrifuged as above and the aqueous phase again 
collected. ~e activated DNA in the aqueous phase 
was precipitated with two volumes of 95t ethanol at 
-20°c; the precipitated mixture was kept at -20°C 

for 12-18 hours. The precipitated DNA was 

co1 lkted by centri fuoino at 13, 700 x o for 3 0 

minutes at 2°c. The pellet was dried with a strea!n 

of nitrogen gas and then redissolved 3-6 mg/mL with 
TE (10 ~ Tris. 1 mM EDTA. pH 7.5) with slow 
rocking for 12-18 hours at room temper~ture. The 

solution was dialyzed against TE and then adjusted 

to the proper concentration by checking the 

absorbance at 260 run. Aliquots (0.5-1.0 mL) were 

stored at -20°c1 for uae, one vial waa thawed and 
then kept at 4oC rather than refreezing. 
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5. Resul t:s ol Polymerase Assay 

The· resul·t:a of the Taq Pol assay are 

ahO\oo~ in Table I. Vector pTaql carries SEQ IO NO:l 

which is the native Taq Pol aequence. "'hile the 

other four plasmids carry aequences which are 

dltered in accordance with the invention as 

described above. 

Table I shows. unexpectedly. tt..at pTaq) 

(SEQ ID NO: 2) expressed Taq Pol activity up to 200 
times that of pTaql; pTaq4 (SEQ ID NO: 3) had about 

10 ti~~s the activity of pTa~l; pTaqS (SEO ID NO: 

4} was about 10 - SO times greater than pTaql, 

depending on the experiment. and pTaq6 (SEQ NO: 5) 
was at least 10 times as great as pTaql (SEQ ID NO: 

1). These i:esult.s are unexpected. 

The short nucle~tide sequences in the 

Sequence Listing represent sequence changes in the 

first 30 nucl~otides of the native gene. It is to 

be understood that these sequences represent only a 

s~~ll fraction of the complete Taq Pol gene. which 
in· its entir.ety contains over 2.000 nucleotid.es. 



---------------=--~-----..,..,.----------

Hos:t Strain: 

Time of 

Harve1:t: 

Induction 

Plar:m1d 

SEs: xn HQ•l 

pTaql 

SEQ ID N0:2 

pTaqJ 

SEO ID HQ;3 

pTaq4 

SEO ID lf0•4 

pTaqS 

SEO ID NO;S 

pTaq6 
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T ABLE I 

(Units/mg of protein) 

DHSu DH Su JK103 JK103 JK103 JK103 • .lK103 

0/N 

'0 

7290 

.no 

ND 

2'86 

O/N 2 Hrs:. 2 Hr~. 0/N 2 Hrs:. 2 Hr1:. 

+ + + 

90 100 270 

19240 USO 4510 

1050 1080 1570 

ND 6060 '610 

7'44 ND 

ND = not determined 
ON = overnight 
+ = induction 

= no induction 

+ + 

1030 ,0 180 

27'20 lUOO 21810 

5080 900 2360 

14190 3500 10700 

Table I - Assay of thermostable DNA 
polymerase activity encoded by the various 
expression plasmids. Polymerase activity is 
interpreted as a reflection of ·gene expression·ana·· 
polymerase production. 
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SEQUENCE IDDITlFICATION 

( l) GENERAL INFORMATION:. 
(i) APPLICANT: Sulliva.n. Kar>c Alan 
Ui) TITLE OF XNVENTION: Xncreased Production of AbCXJmlS omiaticuJi 

DNA Polymerase in E. coli. 
(iii) NUMBER OF SEQUENCES : 14 
(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Eastman Xodak Company. Patent Department 
(B) STREET: 343 State Street 
(C) CITY: Rochester 
(0) STATE: New York. . 
(£) COUNTRY: U.S.A. 
(F) ZIP: 14650-2201 

(v) COMPUTER READABLE FORM: 
(A) MEDIUM TYPE: Diskette. 3.5 inch. 800 Kb storage 
CB> COMPtrrER: Apple Macintosh 
(C) OPERATING SYSTEM: Macintosh 6.0 
(D) SOFTWARE: WriteNow 

(vi) CURRENT APPLICATION DATA: 
(A) APPLICATION NUMBER: 
(8) FILING DATE: 
(C) CLASSIFICATION: 

(vii) 'PRIOR APPLICATION DATA: None 
(viii) ATTORNEY/AGENT INFORMATION 

CA) NAME:· Wells. Doreen M. 
(B) REGISTRATJ:ON NUMBER: 34.,278 
(C) REFERENCE/IX>CKET NUMBER: 583740-WllOO 

(ix) TELECOMMUNICATION INFORMATION: 
(A) TELEPHONE: (116) 417-0554 . 
(8) TELEFAX: (716) 477-4646 

(2) INFORMATION FOR SEQ ID NO: 1: 
( i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 24.99 
CB> TYPE: nucleic acid 
{C) STRAh"DEDNESS: double 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: qenomic ONA 
(iii) HYPOTHETICAL: no 
(iv) ANTI-SENSE: no 
(vi) ORIGINAL SOURCE:~ ~~· -···· .... .. .~ ··.:.·-:---.· .. 

(~) ORGMaSKr .... 't!fermus aquaticus __ ,,._ 
CB) ISOLATE: YT1., ATCC 25104 

(vii) IMHED1ATE SOURCE: amplified from 9enomic DNA 
(ix) FEATURE: 

(A) N>.MF./KEY: peptide 
(8) LOC~TION: 1-2496 
CC) IDENTIFICATION METHOD: comparison to sequence in Gen.Bank. 
Accession number J04639. 

(x) PUBLICATION INFORMATION: 
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{A) AUTHORS:Lawyer. F.C .• Stoffel, S., Saiki. R.K., Myambo. K .• 
Drummond. R .• Gelfand. D.H. 
(B) TITLE: Isolation. characterization and expression in 
E.schcrichio coli of the ~ polymerase gene from Ihermus oqµati~. 
CC> JOURNAL: Journal of Bioloqica.l Chemi~try 
(O) VOLUKE: 26C 
.(E) ISSUE: 11 
(F) PAGES: 6427-6437 
(G) DATE: 15-Apr-1989 

(xi) SEQUENCE DESCRIPTION: SEO ID NO: l : 

ATG AGG GGG ATG CTG CCC CTC TTT GAG CCC AAG GGC CGG GTC CTC 45 
Met Aro Gly Met Leu Pro Leu Phe Glu Pro Lys Gly Arg Val Leu 

l s 10 15 

CTG GTG GAC GGC CAC CM: CTG GCC TAC CGC ACC TTC CAC GCC CTG 
Leu Val Asp Gly His His Leu Ala Tyr Arq Thr Phe His Ala Leu 

90 

20 25 30 

MG GGC 'CTC A.CC A.CC AGC CGG GGG GAG CCG GTG CAG GCG GTC TAC 
Lys Gly Leu Thr Thr Ser Arg Gly Glu Pro Val Gln Ala Val Tyr 

\35 

35 40 45 

GGC TTC GCC AAG AGC CTC CTC AAG GCC CTC AAG GAG GAC GGG GAC 
Gly Phe Ala Lys Ser Leu Leu Lys Ala Leu Lys Glu Asp Gly Asp 

180 

50 55 60 

GCG GTG ATC GTG GTC T'M' GAC GCC MG GCC CCC TCC TTC CGC CAC 225 
Ala Val Ile Val Val Phe Asp Ala Lys Ala Pro Ser Phe Arg His 

65 . 70 75 

GAG CCC TAC GGG GGG TAC AAG GCG GGC CGG GCC CCC ACG CCG GAG 27 0 
Glu Ala Tyr Gly Gly Tyr Lys Ala Cly Arg Ala Pro Thr Pro Glu 

. 80 85 90 

GAC TTT CCC CGG CAA ere GCC CTC ATC MG GAG CTG GTG GAC CTC 315 
Asp Phe Pro Arg Gln Leu Ala Leu Ile Lys Glu Leu Val Asp Leu 

95 100 . 105 

C'rG GGG CTG GCG. CGC CTC GAG GTC CCC GGC TAC GAG GCG GAC GAC 3 60 
Leu ~ly Leu Ala Arg Leu Glu Val Pro Gly Tyr Glu Ala Asp Asp 

110 115 120 

GTC CTG GCC AGC C'l'G GCC AAG AAG GCG· GM MG GAG GGC TltC GAG 405 
Val Leu Ala Ser Leu Ala Ly• Lya Ma Glu Lys Glu Gly Tyr Glu 

125 130 135 

GTC CGC ATC CTC A.CC GCC ~C MA GAC CTT TAC CAG CTC CTT TCC 4 50 
Val Aro I le Leu Thr A.la Asp Lys Asp Leu Tyr Gln Leu Leu Ser 

140 145 150 

GA.t: CGC ATC CAC GTC CTC CAC CCC GAG GGG TAC CTC ATC ACC CCG 495 
Asp Aro Ile His Val Leu His Pro Glu Gly Tyr Leu Ile Thr Pro 

155 160 165 

... 
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GC'C TCG CTT TGG GA.A AAG TAC GGC CTG AGG CCC GAC CAG TGC GCC 5 4 0 
Ala Trp Leu Trp Glu Lya: Tyr Gly uu Aro Pro A.Sp cln Trp Ala 

110 175 160 

GA.C Tlt.C COO CCC CTG ACC OGG GAC GAG TCC GAC MC CTT CCC GOO 58 S 
Asp Tyr Arg Ala Leu Thr Gly Asp Glu Ser Asp Asn Leu Pro Gly 

185 190 195 

GTC MG GGC ATC GGG GAG MG >.CG GCG AGG MG CTT crG GAG GAG 630 
Val Lye Gly Ile Gly Glu Lys Thr Ala Arq Lys Leu Leu Glu Glu 

200 205 210 

TGG OGG AGC CTC CAA GCC ere CTC AM; MC CTG G>.C CGG C'I'G MG 6 7 s 
Trp Cly Ser Leu Glu Ala Leu Leu Lys Asn Leu Asp Arq Leu Lys 

215 220 225 

.CCC CCC ATc CGC GAG AAG ATC CTG CCC CAC ATG GAC GAT CTG MG 720 
Pro Ala Ile Arg Glu Lys Ile Leu Ala His Met Asp Asp Leu Lys 

230 235 240 

C'rC TCC TGG GAC CTG GCC MG GTG CCC >.CC GAC CTG CCC CTG GAG 7 65 
Leu Ser Trp Asp Leu Ala Lys Val Arg Thr Asp Leu Pro Leu Glu 

245 250 255 

GTG GAC TTC GCC >.AA AGG CGG GAG CCC GAC CGG GAG GGG CTT AGG 810 
Val Asp Phe A.la Lys Arq Arg Glu Pro Asp >.rg Glu Gly Leu Arg 

260. 265 270 

GCC TTT C'1'G GAG AGG CTT GAG TTT GGC AGC CTC CTC CAC GAG TTC 8 55 
Ala Phe Leu Glu Arq Leu Glu Phe Gly Ser Leu Leu His Glu Phe 

275 280 . 285 

GGC CTT CTG GAA AGC CCC MG GCC CTG GAG GAG GCC CCC TGG CCC 90C 
Gly Leu Leu Glu Ser Pro Lys Ala Leu Glu Glu Ala Pro Trp Pro 

290 295 . 300 

CCG CCG GM GGG GCC TTC GTG GGC TTT GTG CTT TCC CCC MG GAG 9 4 S 
Pro Pro Glu Gly Ala Phe Val Gly Phe Val Leu Ser Arg Lys Glu 

305 310 315 

CCC ATG TOO GCC G>.T CTC CTC CCC CTG GCC GCC GCC AGG GGG GGC 9 SO 
Pro Met Trp Ala Asp Leu Leu Ala Leu Ala Ala Ala Ar9 Gly Gly 

320 325 330 

CGG GTC C1'C CGQ.. occ·~ccc GAO CCT. TAT AM ace ere. AGO GAC CTG 1035 
Arg Val His Arv Ala Pro Glu Pro '!Yr Lys Ala Leu Arg Asp Leu 

335 340 345 
-· 

AAG GAG GCG CCC CCC CTT CTC GCC MA GAC CTG AGC GTT CTG CCC l 08 0 
Lys Glu Ala· Arq Cly L~u Leu Ala Lys Asp Leu Ser Val Leu Ala 

350 355 360 
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c-ro AGC CM GCC CTI' GGC ere CCG CCC GGC CAC GJ>.C CCC 1'.TG CTC 1125 
Leu Ar-g Glu Gly Leu Gly Leu Pro Pro Gly Asp Asp Pro Met. Leu 

365 370 315 

CTC Gee TAC CTC CTG GAC CC'T TCC MC ACC ACC CCC GAG GGG GTG 1170 
Leu Ala Tyr Leu Leu Asp Pro Ser Asn Thr Thr Pro Glu Gly Val 

380 385 390 . . 
GCC COO CGC TAC GGC GGG GAG TGG ACG GAG GAG GCG GGG GAG CGG 1215 
Al.a Aro Aro fyr Cly Gly Glu Trp Thr Glu Clu Ala Gly-Glu Aro 

395 400 405 

GCC 0CC CTT TCC GAG ACG CTC TTC GCC MC CTG TGC GGG AGG C'M' 1260 
Ala Ala Leu Ser Glu Arg Leu Phe Ala Asn Leu Trp Gly Arg Leu 

410 415 420 

GAG GGG GAG GAG ACG C'l'C CTT TGG CIT TAC CGG GAG GTG GAG AGG 1305 
Clu Cly Glu Glu Arq Leu Leu Trp Leu Tyr Arq Glu val Glu Arq 

425 430 435 

CCC C1'T TCC GCT GTC CTG GCC CAC ATG GAG GCC A.CG GGG GTG CGC f3so 
Pro Leu Ser Ala Val Leu Ala His Met. Glu Ala Thr Gly Val Aro 

440 445 450 
. 

CTG GAC CTG GCC TAT CTC AGG GCC TTG TCC CTG GAG GTG GCC GAG 139 5 
Leu Asp Val Ala Tyr Leu Arg Ala Leu Ser Leu Glu Val Ala Glu 

455 460 465 

GAG ATC GCC CCC CTC GAG GCC GAG GTC TTC CGC CTG CCC GGC CAC 14 40 
Glu Xle Ala Arg Leu Glu Ala Glu Val Phe Arg Leu Ala Gly His 

470 415 480 

CCC TTC MC CTC MC TCC CGG GAC CAG CTG GAA AGG GTC CTC TTT 1485 
Pro Phe Asn Leu Asn Ser Arg Asp Gln Leu Glu Arg Val Leu Phe 

485 490 495 

GAC GAG CTA GGG CTT CCC GCC ATC GGC MG ACG GAG MG ACC GGC 1530 
Asp Glu Leu Cly Leu Pro Ala Ile Gly Lys Thr Glu Lys Thr Gly 

500 505 510 . .,,.. 

AAG CGC TCC ACC AGC GCC GCC GTC CTG GAG GCC CTC CGC GAG GCC 1575 
Lys Aro Ser Thr Ser Ala Ala Val Leu Glu Ala Leu Arg Glu Ala 

515 520 525 

CAC CCC ATC GTG GAG AN; ATC Cl'G CAG TAC CGC GAG C'J'C NX AM ···1620· 
His Pro rle Val Olu Lys rle tAu Gln Tyr Arg Olu Leu fJ1ir Lys . -

530 535 540 

CTG AN; 1\GC N::c TAC ATT GAC CCC TTG CCG GAC Cl'C ATC c.>.C CCC 1665 
Leu Lys Ser Thr Tyr Ile Asp P.ro Leu Pro Asp Leu Ile His Pro 

545 550 555 
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A.CG ACG GGC CGC CTC CAC /\CC CGC TTC >.>..C CAG ACG GCC /\CG GCC 1710 
Aro Thr Cly Arg Leu His Thr Arg Phe >-sn Gln Thr Ala Thr Ala 

560 565 510 

ACC OGC AGG CTA. 1\GT AGC TCC GJ\T CCC >J\C CTC CAG AAC l\TC CCC 1755 
Thr Cly Arg Leu Ser Ser Ser Asp Pro Asn Leu Gln Asn Ile Pro 

575 580 585 

GTc CCC ACC CCG CTT GGG C>.G AGG ATC CGC CGG GCC TTC ATC GCC 1800 
Val Aro Thr Pro Leu Gly Gln Aro Ile Arg Arr; Ala Phe Ile Ala 

590 595 . 600 

GA.G GA.G GGG TGG CTA TTG GTG GCC CTG GAC TAT AGC CAG ATA. GAG 1845 
Glu Glu Gly Trp Leu Leu Val Ala Leu Asp Tyr Ser Gln Ile Glu 

605 610 615 

ere AGC GTG cro GCC CAC CTC TCC GGC GAC GAG MC CTG ATC CGG 1890 
Leu Aro Val Leu Ala His Leu Ser Gly Asp Glu Asn Leu Ile Aro 

620 625 630 

GTC TTC CAG GAG GGG CGG G>.C ATC CAC ACG GAG ACC GCC AGC TGG i935 
Val Phe Gln Glu Gly Arg Asp Ile His Thr Glu Thr Ala Ser Trp 

635 640 645 

ATG TTC .GGC GTC CCC CGG GAG GCC GTG GAt: CCC CTG ATG 
0

CGC CGG 1980 
Met 'Phe Gly Val Pro Arg Glu Ala Val Asp Pro Leu Mee Arg Arg 

650 655 660 

GCG GCC A.AG A.CC ATC A.AC TTC GGG GTC ere TAC GGC ATG TCG CCC 2025 
Ala Ala Lys Thr Ile Asn Phe Gly Val Leu TYr Gly Mee Ser Ala 

665 . 670 675 

CAC CGC CTC TCC CAG GAG CTA GCC ATC CCT TAC GAG GAG GCC CAG 2070 
His Ar9 Leu Ser Gln Glu Leu Ala Ile Pr~ Tyr Glu Glu Ala Gln 

680 685 690 

GCC TTC ATT GAG CGC TAC TTT CAG AGC TTC CCC MG GTG CGG GCC 2115 
Ala Phe Ile Glu Aro Tyr Phe Gln Ser Phe Pro Lys Val Aro Ala 

695 700 705 

TGG A.TT GAG MG ACC CTG GAG GAG GGC AGG AGG CGG GGG TAC'GTG 2160 
Trp Ile Glu Lys Thr Leu Glu Glu Gly Aro Aro Mg Cly Tyr Val 

710 715 720 

GAC 1\CC CTC TTC GGC CGC CGC CGC TAC G'l'G CC\ GAC CTA GAG GCC .2205 
Glu Tb.r Leu Pbe Oly Arv Arg Arg Tyr Val ·Pro Asp Leu Glu Ala·-· 

725 730 735 

CGG GTC AhG N:iC GTG CCG GAG CCC CCC GAG CGC ATG GCC T1'C AN: 2250 
Aro Val. Lys Ser VJil Aro Clu Ala Ala Glu Aro Met Ala Phe Asn 

740 745 750 
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J\'I'G CCC GTC CAG GGC A.CC CCC GCC GAC CTC ATG MG CTG GCT ATG 2295 
He~ Pro Val Gln Cly Thr Ala Ala Asp Leu Xet Lys Leu Ala Met 

755 760 765 

G'I'G MG CTC T"I'C CCC AGG CTG GAG GM ATG GGG GCC AGG ATG C"rC 2 34 0 
Val Ly~ Leu Phe Pro Arg Le\.. Glu Glu Met. Gly Ala Arg Ket Leu 

770 ·775 780 

CTT CAG GTC CAC GAC GAG CTG CTC CTC GAG GCC CCA AM GAG AGG 2385 
Leu Gln Val His Asp Glu Leu Val Leu Glu Ala Pro Ly& G~u A.rg 

785 790 795 

CCG G>..G CCC GTG GCC CGG CTG CCC MG GAG GTC ATG GAG GGG GTG 2 4 3 0 
Ala Glu Ala Val Ala Arg Leu Ala Lys Glu Val Met Glu Gly Val 

800 605 810 

TAT CCC CTG GCC GTG CCC CTG GAG GTG GAG GTG CGG ATA GGG GAG 2475 
Tyr Pro Leu Ala Val Pro Leu Glu Val Glu Val Gly Ile Gly Glu 

815 820 825 

GAC TGG .CTC TCC GCC MG GAG TGA l 4 99 
Asp Trp Leu Ser Ala Lys Glu End 

830 

(3) I:l."FORMATION FOR SEQ IO NO: 2: 
(i) SEQUENCE CHARACTERISTICS 

CA) LENGTH: 33 
(B) TYPE: nucleic acid 
CC) STRANDEDNESS: -double 
(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEO ID NO: 2 : 

ATG CGT GGT ATG CTG CC'l" CTO T'J'T GAG CCG MG 
Met Arg Gly Met Leu Pro Leu Phe Glu Pro Lys 

l 5 10 

( 4) Ih"FOR.'-'.ATION FOR SEQ IO NO: 3: 
( i) SEQUE!~CE CHARACTERISTICS 

1A) LENGTH: 33 
(BJ TYPE: nucleic acid 
(C) STRANDEDNESS: double 
(0) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ XD NO: 3: 

ATG CG"l' GGG ATG CTG CCC C'l'C TIT GAG CCC MG 
Met Arg Gly Ket Leu Pro Leu Phe Glu Pro Lys 

l 5 - 10 

·-:·· 

.. 
:-; 



(5) INFORMATION FOR SEQ IO N0:4: 
(i) SEQUENCE CH/\AACTERISTICS 

(A) LENGTH: 57 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: double 
(D) TOPOLOGY: linear 
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(xi) SEOUENCE DESCRIPTION: SEO IO NO: ': 

ATG OAC TAC A.AG OAC O.lC OAT QAC A.AG CGT GGT A.TG 
Het Asp Tyr Lys Asp Asp Asp Asp Lys Arg Gly Met 

1 5 10 

CTG CCC CTC TTT GAG CCC MC 
Leu Pro Leu Phe Glu Pro Lys 

15 

(6) INFORMATION FOR SEO ID NO:S: 
(i) SEQUENCE CHARACTERISTICS 

(A). LENGTH: 57 
(B} TYPE: nucleic acid 
(C) STRANDEDNESS: double 
(D) TOPOLOGY: linear 

(Xi} SEQUENCE DESCRIPTION: SEQ ID NO: S: 

ATG GAC TAC AAO OAC OAC OA'l' QAC AAG 
Met Aap Tyr Lys Aap Asp Asp Asp Lya 

l s 
AGG GGG ATG CTG CCC CTC TTT GAG CCC MG 
Arg Gly Mee Leu Pro Leu Phe Glu Pro Lys 

10 15 

(7) INFORMATION FOR SEO ID N0:6: 
(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 20 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
CD> TOPOLOGY: linear 

(Xi) SEQUENCE DESCRIPTION: SEQ.ID NO: 6: 

· GAATTC ATG AGG GGG ATG CT 



(8) INFORMATION FOR SEO ro N0:7: 
( i) SEQUENCE CHARACTERISTICS 

(A) LENGTH:. 23 
(Bl TYPE: nucleic acid 
(C) STRANDE!:NESS: ainole 
(D) TOPOLOGY: linear 
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.(xi) SEQUENCE DESCRIPTION: SEO ID NO: 7: 

GGTGGAAT TC>. CTC CTT GGC GGA 

( 9) INFORMATION FOR SEQ ID NO: 8: 
( i) SEQUENCE CH>..R>.CTER.ISTICS . 

(A) LENGTH: 24 
CB> TYPE: nucleic acid 
(CJ STRANDEDNESS: double 
(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ J;D NO: 8: 

GAC 'l'AC MG GAC GAC GAT GAC MG 
Asp Tyr Lys Asp Asp Asp Asp Lys 

l 5 

(l 0) l:NFORMATION FOR SEO ID NO: 9 : 
( i) SEQUENCE CHARACTERISTICS 

CA) LENGTH: 8 amino acids 
CB) TYPE: amino acid 
(0) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 
(Xi) SEQUENCE DESCRIPTION: SEO ID NO: 9: 

Met Asp Tyr Lys Asp Asp Asp Asp Lys 
i ·s 

(ll) INFORMATION FOR SEQ ID NO:lO: 
( i} SEQUENCE CHARACTERISTICS 

(A) LENGTH: 18 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEO ID NO: 10: 

GTGGTCTTTG 1\CGCCAAG 



(12) INFOR.K.\TION FOR SEQ ID NO:ll: 
( i) SEQUENCE CHAR.AC'TE.RISTICS 

(A) LENGTH: 59 · 
(B) TYPE: nucleic acid 
{C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 
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(xi) SEQUENCE DESCRIPTION: SEQ :ro NO: 11: . 
.AGGG<X:AGCA TACCACGC'TT GTCATCGTCG TCCTTGTAGT CCATAATTCT 
GT"J•J"CCTGT 

(13) l:NFORKATION FOR SEO ID N0:12: 
U) SEQUENCE CHAR>.CTE.RISTICS 

(A) LENGTH: 59 
(BJ TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEO :CD NO: 12: 

AGGGGCAGCA TCCCCCTCTT GTCATCGTCG TCCTTGTAGT CCATGAA1TC 
TG'TTTCCTGT 

(14) nlFORMATION FOR SEQ IO N0:13: 
(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 48 
(BJ TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: iinear 

(xi) SEQUENCE DESCRIPTION: SEQ IO NO: 13: 

GCCCTTCGGC TCAAACAGTG GCAGCATACC ACGC.ATAATT CTGTTTCC 

(15) DWORMATION FOR SEO ID NO:l4: 
(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 53 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: sinqle 
(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO.: 14: 

CGGCCCTTG GCTC.>..V.GAG GGGCAGCATC CCACGCATGA ATTCCTGTTT 
CCT 
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.Claims: 

1. A Qene for TaQ polymerase wherei 
the sequence of the first thirty nucleotide bases 
in the native gene which code for the first ten · 
amino acids in the mature native protein, has been 
changed 

A) by substituting therefor a modified 
nucleotide sequence selected from the group 
consisting of: 

SEO ID NO: 2: 
ATG CGT GGT ATG CTG CCT CTQ 'MT GAG CCQ AAG .. 

SEQ ID NO: 3: 

A TG CGT GGG ATG CTG CCC CTC 'MT GAG CCC AAG , and 

SEO IO NO: 4: 
ATG GAC 'l"AC MG GAC GAC GAT QAC AAG CGT GG'l' ATG 

CTG CCC CTC TM' GAG CCC AAG , 

or 
B) by inserting between the start codon 

(ATG) of the mature native protein and the codon, 
(AGG) for the second amino acid of the.mature 
native protein, the sequence: 

SEQ IO NO: 5: 
GAC TAC AAG GAC GAC GAT GAC AAG • 

... 
2. The gene of Claim 1, having a 

restriction site adjacent to and upstream from the 
start (ATG) codon, and the same restriction site 
adjacent to and downstream from the stop (TGAJ 
codon. 
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3. The 9ene of Claim 2 wherein the 
restriction sites are encoded by the nucleotide 
sequence GAATTC. 

4. 'I1le gene of Claim 1, wherein the 
native seQUence: 

SEQ ID NO: l 

A TG AGG GGG A TG CTG CCC CTC 'ITT GAG CCC AAG 

is altered to 

SEQ ID NO: 2: 

ATG CGT GGT ATG CTG CCT CTO TM' GAG CCG AAG • 

5. A thermostable Tbeonus ~cr.,:aticus 
DNA polymerase, having as the first amino acid 

sequence in the rr~ture protein: 

SEQ ID NO: 9: 

Het-Asp-'I'yr-Lys-Asp-Asp-Asp-Asp-Lys. 

1 5 ... 

6. A method of increasing the 
production of Taq polymerase comprising the steps 
of: 

A) providing a vector with a gene for TaQ 
polymerase wherein the sequence· .. of the first thirty 
·nucleotide bases in the n·ative gene which code for 

the first ten amino acids in· the mature native 
protein, has been changed 

i) by substituting therefor a modified 
nucleotide sequence selected from the group 
consisting of: 
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SEO: ID NO: 2: 

>. TG CGT GGT A TG CTG CCT _;CTo T'IT GAG 

SEO ID NO: 3: 

CCQ AAG , 

ATG CGT GGG ATC CTG CCC ere TI'T GAG CCC MG·. an<s 

SEO ID NO: 4: 

A TG OAC TAC MO GAC GAC QA T OAC A.AO CGT GGT A TG 

CTG CCC CTC TTT GAG CCC AAG • 

or 

ii) b'r inserting between the start codon 

(A'I'G) of the mature native protein and the codon, 

(AGG) for the second amino acid of the mature 
native protein, the sequence: 

S~Q ID NO: 8 
TAC AAG GAC GAC GAT GAC AAG , 

B} transfecting a cor.:patible E... .s:!2li host 
with the vector of A} thereby obtaining transforme~ 

~ .r.:oli host cells; and 
C) culturing the transforrr~d cells of B) 

under conditions for growth thereby producing Taq 

polymerase synthesized by the transformed host 
cells. 

7. The method of Claim 6 wherein the 

vector of step A has an inducible prornotor .. 

8. The method of Claim 6 wherein the 
production of Taq polymerase is induced with 
isopropyl-O-D-thio9alactoside (IPTG). 



\ 11\\1\\1111\11 \\\ll U\~ U 1\\1 
: * C L 

-35-
9. A vector with a gene encoding Taq 

polymerase wherein the Bequence of the first thirty 
nucleotide bases in the native gene which code for 
the first ten amino acids in the mature native TaQ 
polymerase russ been changed 

A) by substituting therefor a tnOdified 
nucleotide sequence selected from the group 
consisting of: 

SEQ ID NO: 2: 

A TG cGT GGT A TG CTG CCT CTO TIT GAG CCO AJ..G , 

SEQ ID NO: 3: 

ATG CGT GGG 'ATG CTG CCC CTC TTT GAG CCC AAG • and 

SEQ !D NO: 4: 

ATG GAC TAC MG GAC G>.C OAT GAC A.AG CGT GGT ATG 

CTG CCC CTC TTT GAG CCC AAG , 

or 
, B) by insert~ng ·between the start codon 

(ATG) of the mature·native protein and the codon, 
(AGG} for the second amino acid of the mature 

native protein, the sequence: 

SEQ lDNO: 5: 

GAC TAC MG GAC GAC GAT GAC AAG , 

said vector having: 
i) selectable markers, 
ii) a suitable promoter, and 
iii) proper regulatory sequences for 

controlling gene expression. 

10. An .E..... .<:!l.l.i host cell comprising the 
vector of Claim 9. 


