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The thermostable properties ofadONA polymerase from
Thermusaquaticushave contributed greatly to the vyiel
specificity, automation, and utility of the polynase chain
reaction method for amplifying DNATacgpolymerase is widely
used enzyme for DNA amplification in PCR techniquesd
highly applicable in molecular biology and bioteology. The
highly thermo stable DNA polymerase frofm aquaticuss ideal
for both manual and automated DNA sequencing bec#us
fast, highly processive, has little or no 3'-exdease activity,
and is active over a broad range of temperaturesiaays, the
enzyme is produced from versions of ffeegene that have been
engineered so as to obtain high levels of exprassic. coli.
Most of these alterations involve modification dfet DNA
sequences that precede and immediately follow tigating
ATG codon. The prominent featureskafcolii.e. fast replication,
high expression of genes, ease of isolation, cheniaation and
culturing in large scale, the complete knowledget®fgenomic
sequence which allow researchers to use this agam many
broad aspects. More than 50 DNA polymerase genes been
cloned and sequenced from various organisms ingdudi
thermophiles by PCR cloning technique, whereby temne
encoding this enzyme was cloned into the expressgiors that
produce recombinarffagoolymerase gene has facilitated for this
enzyme production.
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INTRODUCTION

Tag a thermo-stable DNA-dependent
DNA polymerase, was first isolated from the
thermophilic prokaryotel hermusaquaticu¢T.
aquaticud’. T. aquaticus a bacterium that
lives in hot springs and hydrothermal vents,
and Tagpolymerase, which is identified as an
to withstand
(high
required during polymerase chain
(PCR). the DNA
polymerase from Escherichia coli (E.coli)

enzyme able the protein-

denaturing conditions temperature)
reaction
Therefore, it replaced
originally used in PCR The DNApolymerase
from T.aquaticusis homologous toE. coli
DNA polymerase | Rol-l) and likewise has
domains responsible for DNApolymerase and
5'nuclease activities. The structures to the
polymerase domains dafagoolymerase and of
the Klenowfragment (KF) oPol-l are almost
identical.

The structure ofTagDNA polymerase
in different frame obtained from protein data
bank (PDB) shown in Figllt is an enzyme
having a molecular weight of about 6.6%10
9.4x1d Daltons and it is a very important
and
DNA

amplification and DNA sequencing by the

enzyme for molecular biological

biotechnological studies such as
PCR'5. Taq'stemperature optimum for activity
is 75-80°C, with a half-life of 9 minutes at
97.5°C, and can replicate a*Ifase pair strand
of DNA in less than 10 seconds at 72°C

TacDNA the

incorporation of dNTPs into DNA. It requires a

polymerase catalyzes
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DNA template, a primer terminus, and the
divalent cation M§& % The recombinant
TagpONA polymerase expressed i&. coli
shows identical characteristics to natiVaq
from T. aquaticuswith respect to activity,
specificity, thermostability and performance in
PCR®. The enzyme became famous for its use
in PCR" ? and was designated in 1989 as
Molecule of the Year for whatever that may
mearn®. The gene forTaq encodes an 832
93.9 kD)
consisting of two domaifls The thermal

amino acid protein (Mol. wt. =

stability of TagDNA polymerase is thought to
result from increased hydrophobicity of the
core of the enzyme, improved stabilization of
electrostatic forces, and enhanced interaction
with solvent molecules, due to the presence of
additional proline residues on the surface of the
enzymé®.
Taglimitation and challenges

A limitation in usingTagpolymerase is
its low fidelity rate compared to other types of
polymerases. It is possible, however, that a
form of Tagwith a higher fidelity rate could be
developed’. The challenge is fulfillment of
rising demand oTagDNA polymerase variants
that add modified nucleotides for efficient
DNA amplification and labeling, this challenge
can be answered by using the techniques
employed in protein engineering like random
mutagenesis and site directed mutagenesis
which will create various variants of existing
Tagpolymeraseand screening to find out the

best one which fits the above requireménts
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New England Biolab has expanded its DNA
polymerase screening program to select for
TagONA polymerase variants with desired
properties. WhileTaq is a standard product

| SSN 2250 - 0744

used in 90% of molecular biology labs today,
scientists still must spend time optimizing their
PCR reactions, which can be time-consuming

and tediou$

AR L e

FiglThe structure ofTadDNA polymerase in different frame obtained from tein data bank (PDB) provide better

opportunity to understand the structure and fumctiéragpolymerase, ‘a’ represent protein model of the emzy'b’

molecular surface structure, ‘c’ and ‘d’ cartoorusture, ‘e’ and ‘' represent stick and “ball astick” model respectively.

The binding of dsDNA (blunt ended) in active sifeeazyme is shown in ‘b’ ‘c’ and‘d’. The active sibf Tagpolymerase

is shown in ‘e’ and ‘f’, in some picture x, y andepresent the axes of enzyme. Structure modéhgdDNA polymerase

obtained from PDB using jmol software. The URL hip://www.pdb.org/pdb/explore/explore.do?structd+d TAU

http://www.pdb.org/pdb/explore/jmol.do?structureldAU&bionumber=1

Why E. cali?

E. colihas been the subject of intensive
research interventions since the advent of
molecular biology and genetic engineefidt
exhibits certain characters that exemplify it as
the classical model organiéniThe prominent
features i.e. fast replication, high expression of

genes, ease of isolation, characterization and

culturing in large scale, the complete
knowledge of its genomic sequence, and well
established & standardized protocols for its
manipulation at every level allow researchers
to use this organism in many broad aspécts

In T. aquaticus Tagpolymerase expresses at
such low levels (0.01-0.02% of the cellular

protein) that commercial production is not a
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viable propositioh Most of alterations in
Taggene involve modification of the DNA
sequences that precede and immediately follow
the initiating ATG codof?** Since the clones
used by various commercial manufacturers
may be engineered in different ways and since
the protocols used for purification of the
enzyme may be different, preparations obtained
from different manufacturers do not necessarily
deliver identical resulfs However, homemade
Tagpolymerase is consistently of high quality
and shows little batch-to-batch variatianA
number of commercial preparationsTdq are
available that lack 5-3' exonuclease activity.
These include the Stoffel fragment (Perkin-
Elmer), a number of deletion variants, and a

number of site-directed mutafits
| solation of TagPolymer ase gene

Genomic DNA of T. aquaticusand
plasmid has isolated by a Sambrookmetfiod
A 2.6 Kb fragment containing the wholg.
aquaticusDNA polymerase gene was prepared
by PCR amplification with thel. aquaticus
genomic DNA using primefs Unique EcoRl
and Sal restriction sites respectively at each
end of the amplified DNA fragment. The
fragment ligated into the expression vector pET
that had digested before wittcoRIl and Sal,
giving a closed circular fusion molecule (The
constructed vector called pTTQ). The ligate
was transformed into competdat coli strain,
TOP 10 by CaGlusing heat shock method at
42°C for 45 second$ Most of scientist used

| SSN 2250 - 0744

protocol for isolation of TagPol gene as
methtd

Nevertheless, some other scientist uses his or

illustrated in Sambrook

her own made protocol for isolatibn
Amplification

The analysis of specific nucleotide
sequences, like many analytic procedures,
hampered by the presence of extraneous
material or by the extremely small amounts
available for examinatidnl Saiki et al. (1988)
has recently described a method, the
polymerase chain reaction, which overcomes
these limitation§"?°. This technique is capable
of producing a selective enrichment of a
specific DNA sequence by a factor of °10
greatly facilitating a variety of subsequent
analytical manipulations. PCR which used in: -
() Examination of nucleotide sequence
variationé* and chromosomal rearrangeménts
(i) For high-efficiency cloning of genomic
(iii)
mitochondrial DNA* and genomic DNAS
(iv) Detection of viral pathogef’s PCR

sequences Direct sequencing of

amplification involves two oligonucleotide
primers that flank the DNA segment to be
amplified and repeated cycles of heat
denaturation of the DNA, annealing of the
primers to their complementary sequences, and
extension of the annealed primers with DNA
polymeras®. These primers hybridize to
opposite strands of the target sequence and are
oriented so DNA synthesis by the polymerase
the

proceeds across the region between
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primers, effectively doubling the amount of
that DNA segmerif. Moreover, since the
extension products are also complementary to
each
the

and capable of binding primers,

successive cycle essentially doubles
amount of DNA synthesized in the previous
This

accumulation of the specific target fragment,

cycle. results in the exponential
approximately 2, where n is number of
cycleg’. Tacgenomic DNA has been used to
amplify the the

TagODNA polymerase

open-reading-frame  of
Igene (Gene Bank
accession J0463%) By means of PCR and
gene-specific DNA primers have designed
(Tablel).

| SSN 2250 - 0744

The upstream primer includes aBRcoRlI
restriction site and the downstream primer
includes a Bglll restriction site. PCR is
performed in a 2%l volume containing 12.4l

of 2x PCR master mix , 10 pmol each primer,
and 250 ng offTagONA. PCR performed in a
thermocycler programmed at 94°C for 2
minutes followed by 35 cycles of 94°C for 1
minute, 55°C for 1 minute, 72°C for 3 minutes.
A portion of the PCR is analyzed by gel
electrophoresis to confirm the presence of a

2500 base-pair amplicoh

Table 1 Primers and buffers. The underlined sequences within the primers are the added

restriction enzyme digestion sites of EcoRI and Bgll | respectively.

Storage Buffer

50 mMTris-HCL pH 7.9, 100 mMNaCI50nM DTT, 1% Triton X-100 detergent, and 50%

Glycerol
Buffer A 50 mMTris-HCL pH 7.9, 50 mM Dextrose, 1 mEDTA
Buffer B 10 mM Tris- HCL pH 7.9, 50 mM KCL, 0.5% T®e&n 20 detergent, 0.5% Nonidet P40

detergent

Upstream primer

5'CACGAATTGGGGATGCTGCCCCTCTTTGAGCCCAAG-3

Downstream primer

5'GTGAGATCATCACTCCTTGGCGGAGAGCCAGTC-3

The following set of primers, forward
one 5 - CGG AAT T GAG GAG GTA
ACA TGA GGG -3 and the reverse sequence
5-CGT _CGA CTA GAT CAC TCC TTG
GCG GAG AG -3’ having uniqu&caRl and
Sal restriction sites respectively at each end of
the amplified DNA fragment. The fragment

was ligated into the expression vectpET
giving a closed circular fusion molecule called
pTTQ Ligate is
competentE. coli strain, TOP 10 by Cagl
using heat shock method at 42°C for 45

then transformed into

secondé

Cloning and gene expression
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Several groups of scientists have

reported the cloning and expressionEn coli

of genes from malate

dehydrogenase n{dy from T. flnvug®, P-

isopropylmalate dehydrogena@euB) from T.

thermophile®® and the Tagl

thermophiles:

restriction-
modification system fronT. aquaticud'. The
mdh gene from aT. flnvupartial Hindlll
library in pPBR322 by screening crude extracts
of pools of independent library transformants at
60°C for malate dehydrogenase actiVity
Slatkeet al (1987) also preferred in a straight
line for expression of Tagmethylase in
TapBR322 libraried.

endonuclease appeared not to be active at 37°C

However, Taq
in E. coli, since clones with only the restriction

gene were viable in the absence of
modification. In another approach Kelley al.
(1977) cloned the structural gene @NA poll
from E. coli in A-bacteriophage® while T4
DNA polymerase has been cloned and
expressed irE. coli**. Different vectors are
used for the cloning ofagPolgene inE. coli
strains for instanceXL1 Blue together with
plasmid pTZ57R % JM109 together with
plasmid pTTQ18" and strainDG98, DG1186,
N6590 by means of plasmigpBS, pFC54T
andpDG160respectivelf.

Quite a lot of researchers used new
technique for gene cloning well-known by
Universal TA cloning method. TA cloning is
one of the simplest and most efficient methods
for the cloning of PCR producfs Procedure

exploits the terminal transferase activity of

| SSN 2250 - 0744
certain thermophilic DNA polymerases,
including  T. aguaticus  polymerase.

Tagpolymerase has non-template dependent
activity which preferentially adds a single
adenosine to the 3'-ends of a double stranded
DNA molecule, and thus most of the molecules
PCR amplified by Tagoolymerase possess
single 3'-A overhangs. The use of a linearized
“T-vector” which has single 3'-T overhangs on
both ends allows direct, high-efficiency cloning
PCR by
complementarities between the PCR product

of products, facilitated
3-A overhangs and vector 3-T overhafigs
The TA cloning method can be easily modified
so that the same T-vector can be used to clone
any double-stranded DNA fragment, including
PCR products amplified by any DNA
polymerase, as well as all blunt- and sticky-
ended DNA specié§
The directional cloning is made
possible by appropriate hemi-phosphorylation
of both the T-vectors and the inserts. With a
single T-vector at hand, any DNA fragment can
be cloned without compromising the cloning
efficiency’®. The complementarities between
the vector 3'-T overhangs and PCR product 3'-
A overhangs allows direct ligation of
Tacamplified PCR products into the T-vector,
and this strategy is commonly referred to as
“TA cloning.” The TA cloning method,
originally designed to facilitate the cloning of
PCR products, is easily converted to a
universal cloning methdd Several methods

have now been developed for the cloning of
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PCR-amplified DNA molecules,

cohesive-end cloning by the introduction of

including

restriction sites at the 5-ends of PCR prinférs,
blunt end cloning! and ligation-independent

cloning®.
Sequencing of Tagpol Igene

DNA sequencing by the Sanger
dideoxynucleotide meth8d has undergone
refinement in recent

significant years,

including the development of additional

vectors, base analogs, enzymes, and
instruments for partial automation of DNA

sequence analyéfs The basic procedure

involves (i) hybridizing an oligonucleotide

primer to a suitable single- or denatured
DNA templdté® (i)

extending the primer with DNA polymerase in

double-stranded

four separate reaction mixtures, each

containing one labeled dNTP, a mixture of
unlabeled dNTPs, and one chain-terminating

| SSN 2250 - 0744

ddNTP" (iii) resolving the four sets of reaction

high poly-
acrylamide/urea g&“*%and (iv) producing an

products on a resolution
auto-radiographic image of the gel, which can
be examined to infer the DNA sequetfc&he
current commercial instruments address non-
isotopic detection and computerized data
collection and analysi§ The PCR product can
then either be sub-cloned into a vector suitable
for sequence analysis or, alternatively, purified
PCR products can be sequerméed little of
research papers are available that explain the
sequencing offagPolgene ofT. aquaticus®®
Some scientist compared the DNA sequence of
TagPoll with that ofE. coli DNA pol I. At the
DNA level, the two genes lack any significant
regions of homology. In regions where the
amino acid sequences are homologous, the
DNA sequences diverge, especially in third
positions of codons. The longest stretch of

DNA sequence identity is 19 bases in Tabfe 2.

Table: 2 Nucleotide sequence coordinates for TagPoll and for E. coli Pol | adapted from Gen-

Bank along with the matching accuracy of amino acid based on amino acid identity.

DNA Sequence identity @aqPol landE. coli Pol |
Location of Identity of Identity of Matching accuracy of amino acig
nucleotide sequence¢ nucleotide | amino acid based on amino acid identity (%
TaqPol | 190-208 19/19 6/6 100
Pol | 178-196
TaqPol | 1730-1757 23/28 9/9 100
Pol | 2015-2041
TaqPol | 2260-2277 17/18 6/6 100
Pol | 2545-2562
TaqPol | 2344-2363 17/20 717 100
Pol | 2635-2654

The restriction map offagPol | gene

shown in Fig-2 and DNA sequence and

deduced amino acid sequence of TagPol |
gene (described by Lawyest al,1989Y are

www.arpb.info
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used to generate codon bias table by predicting
amino acid sequence dfagPol . There is a
heavy bias toward G and C in the third position
(91.8% C and G) as would be expected for GC-
rich organisms and as others have observed for
other Thermugenes: 95% C and G for the
gk24 gene encoding L-lactate dehydrogenase
of T. caldophilus,®* 94.8% for mdh from T.

jlauus® and 89% for leuBfrom T.
thermophile®>.
Significant amino acid sequence

similarity exists betweeitagPoll, E. coli Pol
I, and bacteriophage T7 DNA polymerase.

There are two major regions dtqgPol | and

| SSN 2250 - 0744

extensive sequence similarity comparedEto
coliPoll. The first region ofTagPol-I extend
from the N-terminus to approximately residue
300. The second

approximately residue 410 to the C terminus of

region extends from
TagPol | The N-terminal region ofagPol I
corresponds to the N-terminal domain Bf
Pol | the 5-3'
Exonuclease activity. The C-terminal regions
TagPoll

correspond to theE. coli Pol | domain to

coli shown to contain

of and T7 DNA polymerase
contain DNA polymerase activity The X-ray
structure of the KF shows that this domain

contains a deep cleft believed to be responsible

one region of T7 DNA polymerase that show for DNA binding’®.
I B : 5 I
o= Ea
H Ea E= H Ea A= Sp |As H
o i B | B L1 0
—1 lcb—p
=1 ct—1
Ze Exz fs H p E= Hh P| Es A=
BE. L | | || | | | | | | | | || I
Hh ¥h Sc Sc Xh Ehy )
S

Fig-2 Restriction maps of DNA fragments containing exq

Poll gene. The 4.5-kiblindlll B fragment and the 8.0-kb

Hindlll A fragment. Restriction sites arélindlll (H), Sacl (SC)BanHI(Ba), Bgll (Bg), Asp718 (As), and Spsp),

Bexpansion showing th&€aqPol | coding region (bold pinkl

ine), Arrow (indicates tdrminus of the gene). Restriction

sites are as above aBgtHI (Bs), Xha(Xh) Pst(P1), andNhd (Nh).?

Sequence homology betweds coli
Pol | and T7 DNA polymerase has been
previously noted. The T7 DNA polymerase

sequences to be conserved betwdaqPoll

enzyme ancE. coli Pol | enzymé®. Most of
the conserved residues are found in structural
features that form the DNA binding cleft of the
enzyme. Although short segments of T7 DNA

www.arpb.info
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polymerase sequence in the 1 to 334 region are
similar to regions irk. coli Pol landTagPol |

the overall sequence similarity in this region,
ignoring the first 300 residues &. coli Pol |

and TagPol | that form the 5'-3' Exonuclease
domain, is poor. A complete and unambiguous
sequence alignment for this region cannot be
assigned. It should be noted that although T7
DNA polymerase also shows little similarity to
E. coli Pol I in the region of the 3-5
Exonuclease domain, T7 DNA polymerase has
to be reported to display significant 3'-5'
activity  The
sequences are found in polymerases from
type 2,
Varicella-zoster

Exonuclease conserved

herpes simplex virus human

cytomegalovirus virus,
Epstein-Barrvirus, Vaccinia virus, adenovirus
type 2, killer plasmid fronKluveromyceslactis,
maize mitochondrial particle, bacteriophage
429, bacteriophage T4, bacteriopha@RD1,
and yeast plasmids. Neith&: coli Pol | nor
TagPol | bacteriophage T7 DNA

polymerase contains the conserved sequences

nor

noted in the polymerases from that souttes
Chemical modification and inactivation
studies ofE. coli Pol | have resulted in the
identification of many amino acid residues
believed to be important or essential for
polymerase activififf. Analyses of the effects
of various mutations in the. coli Pol | gene
upon enzymatic activity have also been used to
define amino acid residues important for
polymerase activifi. For example, a Gly to

Arg mutation at position 85(polA5) results in

| SSN 2250 - 0744

a polymerase that is less processive on the
DNA substrat®’, an Arg to His mutation at
position 690(polA6) results in a polymerase
that is defective in DNA bindiftd Both Gly-
850 and Arg-690 are conserved residues in
TagPoll. E. coliPoll characterized a number
of mutants defective in 5-3' Exonuclease
activity, amusingly the four mutations Y77C
(polA107), GI103E (polA4113, G184D
(polA480e), and G192D (folA219, these all
four mutation occur at amino acid residues that

are conserved ifagPolf°.

Enzyme from a thermophilic organism,
TagPol | is considerably more thermostable
than Pol | from E. colf®. Many researchers
have attempted to explain enzyme thermo
stability by an analysis of amino acid confént
Several features of thermostable enzymes have
been noted in such studies. Among those
features are increased ratios of Arg to Lys
residues, Glu to Asp residues, Ala to Gly
residues, Thr to Ser residues, and a reduced
Cys content. ComparingagPol to E. coli Pol
I, the Ala to Gly and Thr to Ser ratios are

smaller forTagPoll than forE. coliPol 1%,

Purification

The TacDNA

polymerase fromE. coli is relatively simple

purification of
because of high expression levels and the
thermostable nature of the enzyme, which
allows a “heat-cut” to denature contaminating
host proteinS Robert et al The method

Tagpolymerase purification, characterization

www.arpb.info
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and analysis laboratory series represents a
successful approach to the laboratory training
of undergraduat8% Methods for purification
of Tagprotein from bacterial cultures involve
selective precipitation and
The

protocol for purifyingTag polymerase which is

ion exchange

chromatographfy"”. novel implified
suitable for PCR and DNA sequencing. The
method exploits the thermostable properties of
Tagpolymerase contaminating macromolecules
of the hostE. coli (strain BL21 used here) are
conveniently precipitated after their
denaturation by freezing and high temperature
thawing®. E. coli of the strain BL21 was
transformed with pag These bacteria contain
the pLysS plasmid, which makes them
susceptible to lysis by freeze-thawing for the
release of recombinant proteins. By changing
the thawing temperature from room
temperature to 75°C, most of the hdst
coliBL21 proteins were denatured and they
were easily removed from the lysate as a
precipitaté’. The yield of enzyme activity was
20 U/pl in the dialyzed lysate or 400 U/ml of
culture broth. This freeze-thawing method for
the purification of Tagpolymerase is simpler
than previously described techniques, and the
enzyme Yyield is high. Standard purification was
done with 81 batches &. coli culture, which
produced average vyields well in excess of 10
Units of Tagpolymerase per liter of starting
culturé. The final product of the purification
showed a 90 kD band on SDS-PAGE and few

contaminating protein bands were evident,

| SSN 2250 - 0744

even after silver stainiiy The enzyme was

highly concentrated and had to be diluted
(usually by a factor of 100) before use, since
Tagpolymerase shows a decrease in activity at

high concentratiorfs

Activity of Tagprotein
The
Tagpolymerase was determined by titration

activity of the purified
against commercial preparations in a DNA
amplification assdy Typical concentration of
activity of final purification product being 100
units/uf®. Exonuclease activity tested by
incubating working concentrations of enzyme
with cut plasmid DNA at 37°C overnight, and
no evidence of nuclease activity was seen when
the DNA was run on an agarose gel. The
expected 300 base-pair fragment is produced
by both the purified and commerciahgDNA
polymerase preparatiofis Based on the
relative intensity of the amplicons in the
stained gel, 2ul of 1/10 diluted supernatant
fraction is at least equivalent to 2 units of
commercial TadONA polymerase indicating
the prepared protein fraction has about 10

unitsiu of DNA polymerase activity
CONCLUSION

DNA polymerase fronT. aquaticushas
in molecular
in DNA

become a common reagent

biology because of its utility
amplification and DNA sequencing protocols.
Simplified methods have been discussed here
for cloning, expression and purification of

recombinanTagenzyme.
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One of the major achievements in recombinant
DNA (rDNA) technology has been the high
level expression (over production) of protein of
interest inE. coli. The same operations need to
be applied to the nucleotide sequence of
Taggene (one of the factors strongly
influencing translation efficiency) for example,
optimizing the codon usage and developing a
dedicated host-vector system, to overcome the
problem of deficient expression. A milestone
would be achieved if we can develop optimized
protocols for customizing protein of interest
according to R&D/industrial needs, once we
have an adequate quantity. The future of PCR
research lies in the

based incorporating

desirable features of higher fidelity and
thermostable DNA polymerase¥entandPfu,

into Taqitself. This can therefore be achieved
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