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ABSTRACT 

The coding region of the gene for Taq 
DNA polymerase has been cloned into the 
common vector pUC18. Using a single-step 
procedure, !arge amounts of active enzyme 
can be purifiedfrom Escherichia coli carry
ing rhis construct. This procedure takes ad
vantage of the thermostable properfies of 
the DNA polymerase. This simple procedure 
gives vny high yields of essentially homo
geneous, highly active enzyme suitable for 
use in molen dar biological applications. 
Yields are over two orders of magnitude 
greater than available with current 
methods. 

INTRODUCTION 

Thermostahle DNA polymerases are 
in high demand due to their applicabili
ty to new techniques in molecular biol
ogy, such as the polymerase chain reac
tion (PCR) (8, 11). Since these enzymes 
are derived from thermophilic bacteria, 
early purification schemes required the 
growth of I arge quantities ofthese ther
mophiles under unconventional condi
tions (3). The advent of biotechnology 
not only allows over-expression of such 
enzymes in standard Escherichia coli 
but also allows us to take advantage of 
the thermostable nature of the enzyme 
during the purification process (4,7,10). 
Described here is a simplified version 
of the cloning and purification proce
dure, originally developed by Lawyer 
et al. (7), of Taq DNA polymerase over
expressed in E. coli. This simplified 
procedure is a single-step process that 
yields 107 units of enzyme activity 
from a 1 00-mL culture of cells and re
quires no specialized equipment. 

MATERIALSAND METHODS 

Bacteria and Plasmids 

Thermus aquaticus strain YT-1 (Ac
cession No. 25104; ATCC, Rockville, 
MD, USA) was used as a source to iso-
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late the thermostable DNA polymerase 
gene (GeneBank® Accession No. 
104639). E. coli strain DH5a (Acces
sion No. 53868; ATCC) was used as the 
host for over-expression of the enzyme. 
The cloning vector pUC 18 (9) was ob
tained from New England Biolabs 
(Beverly, MA, USA). 

Enzymes, Primers and Cloning 

Restrietion endonucleases and en
zymes used in cloning DNA were ob
tained from Promega (Madison, WI, 
USA). Oligonucleotides used as pri
mers were produced by DNA Interna
tional (Lake Oswego, OR, USA). Pre
paration and cloning ofDNA fragments 
and vectors were performed by Stan
dard techniques (1). 

Construction of the Expression 
Vector 

The cloning of the pTAQ expression 
vector is similar tothat described previ
ously (4) with the use of the more com
mon pUC18 vector in place of the no 
Ionger available pTTQ 18 expression 
vector (Amersham, Arlington Heights, 
IL, USA). Briefly, genomic DNA was 
isolated from T aquaticus and used as 
a template to amplify the Taq DNA 
polymerase gene by PCR (4). The 
amino-terminal primer was 5'-CAC
GAATTCGGGGATGCTGCCC
CTCTTTGAGCCCAAG, creating a 
unique underlined EcoRI restriction cut 
site. The carboxyl-terminal primer was 
5' -GTGAGATCT ATCACTCCTTG
GCGGAGAGCCAGTC, creating the 
unique underlined Bglii restriction cut 
site. The resulting amplification prod
uct was digested with EcoRI and Bglii 
and cloned into pUC18 digested with 
EcoRI and BamHI. This resulted in a 
fusion that provides the initiator me
thionine of the vector, replacing the 
first two amino acids encoded by the 
native enzyme (Met-Arg- ... ) with Met
Asn-Ser- ... (GeneBank Accession No. 
104639). This vector was designated 
pTAQ and transformed into DH5a by 
Hanahan 's method for bacterial trans
formation (5). 

Purification of DNA Polymerase 

Taq DNA polymerase was purified 
from 100-mL cultures by a simplifica-

tion of a previous method (4,7, 1 
per Broth media ( l) plus amp 
were inoculated with 100 f!L of 
phase culture of DH5a containi 
pTAQ construct described 
culture was grown to an optical 
(OD)600 of 0.3 at 37°C, then i 
with 0.5 mM isopropyl-ß-D-th . 
topyranoside (IPTG) and all 
grow for 16 h. An aliquot was 
-20°C for protein and sodium 
sulfate polyacrylamide gel 
esis (SDS-PAGE) analysis. An 
was taken and sonicated with a 
Sonifier 250 (Branson 
Danbury, CT, USA) and assayed 
tivity either on the same day or 
at -20°C in 50% glycerol for 
later time. Cells were centri 
suspended in 3 mL of buffer A 
Tris-HCI, pH 7.9, 50 mM 
mM EDTA) containing 4 
Iysozyme (Sigma Chemical, St. 
MO, USA), and incubated 15 
room temperature. Three mill ili 
buffer B were added (1 0 mM Tri 
pH 7.9, 50 mM KCI, 1 mM 
0.5 % Tween 20, 0.5% Nonidet® 
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69Kd-

Figure I. SOS-PAGE of purificatio~7 
Taq DNA polymerase enzyme. A - p 
PAGE ge l was used to analyze each ste 
purificati on process. Lane l containsN; 
coli hast cells not expressmg Toq 0 NA 
2 sonicated E. coli expresstng Taq D . 
3: celllysate cleared by thermal denaru 
lane 4, FPLC-purifi ed protein. 
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and the mixture was incubated 60 min 
at 75 °C in a shaking water bath. Cell 
debris and denatured protein were re
moved by centrifugation at 12000x g 
for 10 min at 4°C in a Sorvall® RC2B 
high-speed centrifuge using an SS34 
rotor (Du Pont, Wilmington, DE, 
USA). This lysate was then mixed with 
an equal volume of storage buffer (50 
mM Tris-HCI, pH 8.0, 100 mM NaCl, 
0.1 mM EDTA, 0.5 mM dithiothreitol 
[DTT], 1% Triton® X-100) containing 
50% glycerol, followed by the addition 
of an equal volume of Storage buffer 
containing 75 % glycerol thus bringing 
the final glycerol concentration to 50% 
and diluting the lysate 4 times. This 
mixturewas then stored at -20°C. 

Protein and Activity Assays 

Protein Ievels were determined us
ing the procedure and supplies of Bio
Rad (Hercules, CA, USA) based on the 
method of Bradford (2). Absorbance at 
595 nm was measured using an Ultro-

~ 1 2 3 4 5 6 7 

Figure 2. PCR titration of Taq DNA poly
merase enzyme. The cleared lysate was dilured 
I: I 0, I: I 00, I :200, I :400 and I :800 with I x PCR 
buffer (50 mM KCI, 10 mM Tris-HCI, pH 9.0, 
0.1 % Triton X-100) for the activity assay. One 
)JL of diluted enzyme was added 10 20 )JL of re
action mixture containing 0.2 mM dNTPs, 2 mM 
MgC12, 2.5 )JM of each URA3 primer and 40 ng 
of template DNA in lx PCR buffer. PCR condi
tions consisted of 35 cycles: I min at 94°C, 2 min 
at 55°C and 3 min at 72°C using an MJ Research 
MiniCyclerTM (MJ Research , Watertown, MA, 
USA). Lane I is the PCR product from undiluted 
cell lysate. Lanes 2--6 are PCR products from the 
dilutions specified above. Lane 7 is a positive 
control. The 0.6-kb URA3 amplification product 
is indicated by the arrow. 
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Table 1. Summary of Taq DNA Polymerase Purification 

Protein 
(mg/1 00 ml cells) 

Activity 
(U/100 ml cells) 

S 'f' --pecJ 1c Activity 
{Uimg protein) 

Cells 

Grude Lysate 

595 

23.35 

spec III® Spectrophotometer (Pharma
cia Biotech, Cambridge, UK). SDS
PAGE (6) was performed as described 
in Figure l. Enzymatic activity of ther
mostable DNA polymerase was ana
lyzed by PCR titrations and compared 
to commercial Taq enzyme (Promega). 
Induced cells were also tested for poly
merase activity. The cel ls were lysed . 
open by sonication as described previ
ously, diluted up to I: 1600, and HtL 
aliquots from these dilutions were then 
added to 20 JlL of PCR mixture and cy
cled as described in Figure 2. Five mi
croliters of this PCR mixture were then 
rnixed with 2 JlL of loading buffer and 
loaded onto a 1% agarose gel and elec
trophoresed (I). 

M I 2 3 ~ 5 6 7 8 9 10 11 12 13 U 15 

A 

B 

Figure 3. Inhibition of polymerase activity at 
high concentrations of enzyme. Although a sin
gle gel, the white hori zontal midline divides undi
luted aliquots (Panel A) from diluted ones (Panel 
B). Sampies were applied at the top of each panel 
and electrophoresed simultaneously. Panel A 
shows PCR products 2.5 kb in size using 1 J.lL of 
undiluted FPLC fractions 1- 15. Panel B shows 
corresponding PCR products from l J.lL of I: I 0 
diluted FPLC fractions. Lane M is DNA size 
marker (AJHindiiJ). Noteinhibition of activity in 
concentrated samples in lanes 4-8 of Panel A. 
This inhibition is not observed when smaller 
products are amplified as with the 0.6-kb product 
in Figure 2. The bright patches of lanes 5-8 at the 
top of Panel B are due 10 migration of primers 
from samples in Panel A. 

2 000000 

8 000 000 

3360 

342 612 

RESULTS AND DISCUSSION 

Purification Protocol 

-

This single-step purification scheme 
for Taq DNA polymerase is very effi
cient due to the thermal stability of the 
over-expressed enzyme relative to na
tive E. coli proteins. Heat treatment of 
the cell lysate denatures all endogenaus 
proteins, which are then easily removed 
by centrifugation. The efficiency of this 
process is clearly demonstrated by 
comparing the SDS-PAGE of the pro
teins present in the cleared lysate rela
tive to those present in the crude cell 
lysate (Figure 1). This protein is essen
tially homogeneaus as determined by 
Coomassie blue staining. More impor
tantly, it exhibits high specific activity 
(Table 1) when assayed for ther
mostable DNA polymerase activity and 
Iacks any nicking or other DNase activ
ities (data not shown). The enzyme is 
found to be sensitive to freezing unless 
stored at subzero temperatures in 50% 
glycerol. Fluorometry and electro
phoretic analysis of the enzyme sample 
showed the presence of the original 
plasmid DNA (pTAQ) in the enzyme 
preparation. To eliminate plasmid 
DNA, the enzyme was loaded onto an 
FPLC® Mono Q® column (Pharmacia 
Biotech) in buffer A (50 mM Tris-HCI. 
pH 8.0). Taq polymerase enzyme w~ 
eluted using a 0 to 0.5 M NaCI gradt
ent. The enzyme eluted at 200 mM 
NaCJ with no loss of protein. This high· 
ly purified enzyme is very stable and 
can be stored at -20°C in 50% glycerol 
for six months or more. 

Enzyme Activity 

Table I demonstrates the I arg~ 
amounts of enzymatic activ ity purifiel 

f el from a single 100-mL culture o c . · 
A yield of 8 million units of activity 1 

typical using this procedure when ~~; 
tivity is compared to commercra 

. . tion assa) avatlable enzyme by the utra 
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described. Care must be taken when 
titrating enzymatic activity since the 
enzyme is prcsenr at fairly high concen
trations. As seen in Figure 3, exccssive
ly high Ievels of enzyme can inhibit the 
DNA polymerase reaction . This gives 
the fal se indication that no polymerase 
activity is present unless the enzyme is 
diluted sufficiently to overcome this in
hibition . Inhibition is espccially noticc
able whcn amplification products of 
!arger size are used. 

Cloni ng and expression of the Taq 
DNA polymerase genein E. cofi allows 
rapid. simple purification of !arge quan
tities of research quality e nzyme in a 
single step. The proccdure described 
provieles a ready source of thisessential 
tool for molecular research. 
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Thermus aquaticus DNA polymerase (PolI) gene
GenBank: J04639.1
FASTA  Graphics

Go to:

LOCUS       TTHTAQP1A               2626 bp    DNA     linear   BCT 26-APR-1993
DEFINITION  Thermus aquaticus DNA polymerase (PolI) gene.
ACCESSION   J04639 M26480
VERSION     J04639.1  GI:155128
KEYWORDS    DNA polymerase.
SOURCE      Thermus aquaticus
  ORGANISM  Thermus aquaticus
            Bacteria; Deinococcus-Thermus; Deinococci; Thermales; Thermaceae;
            Thermus.
REFERENCE   1  (bases 1 to 2626)
  AUTHORS   Lawyer,F.C., Stoffel,S., Saiki,R.K., Myambo,K., Drummond,R. and
            Gelfand,D.H.
  TITLE     Isolation, characterization, and expression in Escherichia coli of
            the DNA polymerase gene from Thermus aquaticus
  JOURNAL   J. Biol. Chem. 264 (11), 6427-6437 (1989)
   PUBMED   2649500
COMMENT     Original source text: T.aquaticus (strain YT1; ATCC 25104) DNA.
            Draft entry and computer readable copy of sequence [1] kindly
            provided by D.H.Gelfand, 23-JUN-1989.
FEATURES             Location/Qualifiers
     source          1..2626
                     /organism="Thermus aquaticus"
                     /mol_type="genomic DNA"
                     /db_xref="taxon:271"
     CDS             121..2619
                     /EC_number="2.7.7.7"
                     /standard_name="Taq polymerase"
                     /codon_start=1
                     /transl_table=11
                     /product="DNA polymerase"
                     /protein_id="AAA27507.1"
                     /db_xref="GI:155129"
                     /translation="MRGMLPLFEPKGRVLLVDGHHLAYRTFHALKGLTTSRGEPVQAV
                     YGFAKSLLKALKEDGDAVIVVFDAKAPSFRHEAYGGYKAGRAPTPEDFPRQLALIKEL
                     VDLLGLARLEVPGYEADDVLASLAKKAEKEGYEVRILTADKDLYQLLSDRIHVLHPEG
                     YLITPAWLWEKYGLRPDQWADYRALTGDESDNLPGVKGIGEKTARKLLEEWGSLEALL
                     KNLDRLKPAIREKILAHMDDLKLSWDLAKVRTDLPLEVDFAKRREPDRERLRAFLERL
                     EFGSLLHEFGLLESPKALEEAPWPPPEGAFVGFVLSRKEPMWADLLALAAARGGRVHR
                     APEPYKALRDLKEARGLLAKDLSVLALREGLGLPPGDDPMLLAYLLDPSNTTPEGVAR
                     RYGGEWTEEAGERAALSERLFANLWGRLEGEERLLWLYREVERPLSAVLAHMEATGVR
                     LDVAYLRALSLEVAEEIARLEAEVFRLAGHPFNLNSRDQLERVLFDELGLPAIGKTEK
                     TGKRSTSAAVLEALREAHPIVEKILQYRELTKLKSTYIDPLPDLIHPRTGRLHTRFNQ
                     TATATGRLSSSDPNLQNIPVRTPLGQRIRRAFIAEEGWLLVALDYSQIELRVLAHLSG
                     DENLIRVFQEGRDIHTETASWMFGVPREAVDPLMRRAAKTINFGVLYGMSAHRLSQEL
                     AIPYEEAQAFIERYFQSFPKVRAWIEKTLEEGRRRGYVETLFGRRRYVPDLEARVKSV
                     REAAERMAFNMPVQGTAADLMKLAMVKLFPRLEEMGARMLLQVHDELVLEAPKERAEA
                     VARLAKEVMEGVYPLAVPLEVEVGIGEDWLSAKE"
ORIGIN      
        1 aagctcagat ctacctgcct gagggcgtcc ggttccagct ggcccttccc gagggggaga
       61 gggaggcgtt tctaaaagcc cttcaggacg ctacccgggg gcgggtggtg gaagggtaac
      121 atgaggggga tgctgcccct ctttgagccc aagggccggg tcctcctggt ggacggccac
      181 cacctggcct accgcacctt ccacgccctg aagggcctca ccaccagccg gggggagccg
      241 gtgcaggcgg tctacggctt cgccaagagc ctcctcaagg ccctcaagga ggacggggac
      301 gcggtgatcg tggtctttga cgccaaggcc ccctccttcc gccacgaggc ctacgggggg
      361 tacaaggcgg gccgggcccc cacgccggag gactttcccc ggcaactcgc cctcatcaag
      421 gagctggtgg acctcctggg gctggcgcgc ctcgaggtcc cgggctacga ggcggacgac
      481 gtcctggcca gcctggccaa gaaggcggaa aaggagggct acgaggtccg catcctcacc
      541 gccgacaaag acctttacca gctcctttcc gaccgcatcc acgtcctcca ccccgagggg
      601 tacctcatca ccccggcctg gctttgggaa aagtacggcc tgaggcccga ccagtgggcc
      661 gactaccggg ccctgaccgg ggacgagtcc gacaaccttc ccggggtcaa gggcatcggg
      721 gagaagacgg cgaggaagct tctggaggag tgggggagcc tggaagccct cctcaagaac
      781 ctggaccggc tgaagcccgc catccgggag aagatcctgg cccacatgga cgatctgaag
      841 ctctcctggg acctggccaa ggtgcgcacc gacctgcccc tggaggtgga cttcgccaaa
      901 aggcgggagc ccgaccggga gaggcttagg gcctttctgg agaggcttga gtttggcagc
      961 ctcctccacg agttcggcct tctggaaagc cccaaggccc tggaggaggc cccctggccc
     1021 ccgccggaag gggccttcgt gggctttgtg ctttcccgca aggagcccat gtgggccgat
     1081 cttctggccc tggccgccgc cagggggggc cgggtccacc gggcccccga gccttataaa
     1141 gccctcaggg acctgaagga ggcgcggggg cttctcgcca aagacctgag cgttctggcc
     1201 ctgagggaag gccttggcct cccgcccggc gacgacccca tgctcctcgc ctacctcctg
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     1381 gagggggagg agaggctcct ttggctttac cgggaggtgg agaggcccct ttccgctgtc
     1441 ctggcccaca tggaggccac gggggtgcgc ctggacgtgg cctatctcag ggccttgtcc
     1501 ctggaggtgg ccgaggagat cgcccgcctc gaggccgagg tcttccgcct ggccggccac
     1561 cccttcaacc tcaactcccg ggaccagctg gaaagggtcc tctttgacga gctagggctt
     1621 cccgccatcg gcaagacgga gaagaccggc aagcgctcca ccagcgccgc cgtcctggag
     1681 gccctccgcg aggcccaccc catcgtggag aagatcctgc agtaccggga gctcaccaag
     1741 ctgaagagca cctacattga ccccttgccg gacctcatcc accccaggac gggccgcctc
     1801 cacacccgct tcaaccagac ggccacggcc acgggcaggc taagtagctc cgatcccaac
     1861 ctccagaaca tccccgtccg caccccgctt gggcagagga tccgccgggc cttcatcgcc
     1921 gaggaggggt ggctattggt ggccctggac tatagccaga tagagctcag ggtgctggcc
     1981 cacctctccg gcgacgagaa cctgatccgg gtcttccagg aggggcggga catccacacg
     2041 gagaccgcca gctggatgtt cggcgtcccc cgggaggccg tggaccccct gatgcgccgg
     2101 gcggccaaga ccatcaactt cggggtcctc tacggcatgt cggcccaccg cctctcccag
     2161 gagctagcca tcccttacga ggaggcccag gccttcattg agcgctactt tcagagcttc
     2221 cccaaggtgc gggcctggat tgagaagacc ctggaggagg gcaggaggcg ggggtacgtg
     2281 gagaccctct tcggccgccg ccgctacgtg ccagacctag aggcccgggt gaagagcgtg
     2341 cgggaggcgg ccgagcgcat ggccttcaac atgcccgtcc agggcaccgc cgccgacctc
     2401 atgaagctgg ctatggtgaa gctcttcccc aggctggagg aaatgggggc caggatgctc
     2461 cttcaggtcc acgacgagct ggtcctcgag gccccaaaag agagggcgga ggccgtggcc
     2521 cggctggcca aggaggtcat ggagggggtg tatcccctgg ccgtgcccct ggaggtggag
     2581 gtggggatag gggaggactg gctctccgcc aaggagtgat accacc
//
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