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The thermostable properties of the Taq DNA Polymerase (Taq) from Thermus aquaticus
(T. aquaticus) have contributed greatly to yield, specificity, automation and utility in the Polymerase
Chain Reaction (PCR) for amplification of DNA. Isolation of this protein from T. aquaticus is
difficult leading to poor yield and quality. Several studies have shown the recombinant expression
of Taq DNA Polymerase in heterologous host cells. However, these still suffer from low yields.
The use of T7 RNA Polymerase regulated expression vector and availability of affinity tag
(His-Tag) can make the expression of Taq DNA Polymerase an efficient and economical process.
The project is aimed at recombinant expression of Taq DNA Polymerase in BL 21 host cell line
and pET expression vector. Phi4-2 is a Charon 35 (phage) carrying 15 Kb genomic DNA fragment
of T. aquaticus genomic DNA and codes for full length Taq DNA Polymerase. Taq DNA Polymerase
was amplified from Phi4-2 genomic DNA using a set of primers designed for the amplification of
Taq DNA Polymerase gene. Amplified Taq DNA Polymerase was cloned into bacterial expression
vector named pET- 24a which has an N-terminal His Tag gene. The vector was then transformed
in to BL21 (DE3) competent cells to express Taq. Taq was expressed in the presence of IPTG
which is used as an inducer. The expressed protein was purified using Ni-NTA column
chromatography method. The activity of the purified protein was then compared with commercial
Taq. Inhouse Taq was found to be twice as active as commercial Taq. The enzyme activity of
Inhouse Taq could be 2 u/µl.
Keywords: Taq DNA Polymerase, BL 21 host cell line, Ni-NTA column chromatography

INTRODUCTION

lives in hot springs and hydrothermal vents, and
Taq was identified as an enzyme able to withstand
the protein-denaturing conditions, namely high
temperature, which led to its wide spread use in
PCR.

Taq polymerase is a thermostable DNA
polymerase named after the thermophilic
bacterium Thermus aquaticus from which it was
originally isolated. T.aquaticus is a bacterium that
1
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MATERIALS AND METHODS

PCR (Polymerase Chain Reaction) is a
revolutionary method developed by Kary Mullis in

It deals with the materials required and methods

the 1980s. PCR is based on using the ability of

employed to grow the PHI4-2 bacteriophage using

DNA polymerase to synthesize new strand of

LE392 as the host cell and amplify the Taq DNA

DNA complementary to the offered template

polymerase sequence from its genomic DNA.

strand. Because DNA polymerase can add a

This amplicon is the insert which will be inserted

nucleotide only onto a preexisting 3'-OH group, it

into a vector and subsequently, a host cell to be

needs a primer to which it can add the first

cloned.

nucleotide. This requirement makes it possible
to delineate a specific region of template

Chemicals

sequence that the researcher wants to amplify.

Tryptone, Yeast extract, ampicillin, kanamycin,

At the end of the PCR reaction, the specific

NaCl, agar, Bacto-agar, Bacto-tryptone, gelatin,

sequence will be accumulated in billions of copies

Tris-Cl, MgSO4.7H2O, 1M NaOH, MgSO4, PEG-

(amplicon).

8000, SDS, agarose containing ethidium bromide,
double distilled water, AgNO3, citric acid.

However, after each round of replication the
mixture needs to be heated above 90°C to

Microbial Strains

denature the newly formed DNA, allowing the

LE 392 was obtained from ATCC (USA).

strands to separate and act as templates in the
next round of amplification. This heating step also

PHI4-2 was obtained from ATCC (USA),

inactivates the DNA polymerase that was in use

PHI4-2 carries the gene coding for Taq DNA
polymerase.

before the discovery of Taq polymerase, the
Klenow fragment of the DNA Polymerase I from

JM109 & BL21 were obtained from Promega.

E. coli.

Vectors

Use of the thermostable Taq polymerase

Vectors were obtained from Usha Biotech Pvt.

eliminates the need for having to add new enzyme

Ltd.

to the PCR reaction during the thermo cycling

i.

process, and reduces potential contamination that

pGEM-T vector – Plasmid Gemini System Tend Vector.

could be introduced when adding the polymerase
manually over 20-30 times in the original PCR. It

ii. pET vector – Plasmid Extension vector from

also has the advantage of allowing the template

T-7 Bacteriophage.

strand to be copied at much higher fidelity due to

Enzymes

higher stringency of PCR primer annealing. This

Taq DNA polymerase, T4 DNA ligase, Restriction
enzymes EcoR1 and Not1.

further reduced non-specific products which had
affected many earlier PCR reactions. Thus, the
use of Taq polymerase was the key idea that made

Primers

PCR applicable to a large variety of molecular

Primers were designed on Vector NTI software
and obtained from Usha Biotech Pvt. Ltd.

biology problems concerning DNA analysis.
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1

pET-24a-F1 GAATTCATGAGGGGGATGCTGCCCCT

The beaker was autoclaved at 121oC for 20 min
at 15psi.

2

pET-24a-R1 GCGGCCGCCTCCTTGGCGGAGAGCCAGT

LB Plates

S.No. Oligo name

Oligo seq

Kits

15 g agar was added to 1 L of LB medium in a

The following kits from Usha Biotech Pvt. Ltd.
(Hyderabad, AP, India) were used.

beaker. It was then autoclaved at 121 oC for 20

i.

min at 15 psi. The medium was allowed to cool
to room temperature. It was then poured into

UB-Plasmid Mini Prep Kit

90mm petri dishes. It was allowed to set at room

ii. UB-Desalting Kit

temperature and then stored at 4 oC.

iii. UB-Gel Extraction Kit

LB Plates with Ampicillin

Equipment

15 g agar was added to 1L of LB medium in a

The following equipment was used during the
course of the project:

beaker. It was then autoclaved at 121oC for 20
min at 15psi. The medium was allowed to cool to

i.

50oC before adding 0.1g ampicillin to make a final

Micro centrifuge (Eppendorf)

concentration of 100g/ml. The medium was

ii. UV Gel documentation system (DNS)

poured into 90mm petri dishes. It was allowed to

iii. Gradient PCR (Eppendorf)

set at room temperature and then stored at 4oC.

iv. 37oC incubator (Remi, India)

Lambda Medium

v. Water bath (Remi, India)

The following components were dissolved in

vi. Electrophoresis unit (Tarson, India)

1L of double distilled water:

vii. SDS-PAGE equipment (Tarson, India)

Bactotryptone

10 g

viii. Tips, pipettes, other plastics from Eppendorf

NaCl

5g

ix. Plates, flasks, beakers and other glassware
from Tarson, India

The beaker was autoclaved at 121 oC for 15 min

MEDIA

at 15 psi. After autoclaving, 0.5 ml of MgSO4 was
added to the medium.

LB Medium

Lambda Agar Plates

The following components were dissolved in
1L of double distilled water:
Tryptone

10 g

Yeast extract

5g

NaCl

10 g

15 g agar was added to 1L of Lambda medium in
a beaker. It was then autoclaved at 121 oC for 15
min at 15 psi. The medium was allowed to cool
to 50 oC. It was then poured into 90mm petri
dishes. It was allowed to set at room temperature
and then stored at 4 oC.

The pH was adjusted to 7.0 using 1M NaOH.
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Lambda Top Agar

v. Elution buffer II: This consists of 200mM
imidazole in 20mM Tris pH-8.0

7g of Bacto-Agar was added to 1L of Lambda
medium. It was autoclaved at 121oC for 15 min
and stored at room temperature.

SDS-PAGE
i.

Lambda Diluents

dissolving 1gm of N, N’-Methylene-bisacrylamide in 30ml RO-water by heating at

The following components were dissolved in 80
ml of double distilled water:
Gelatin

2g

NaCl

5.8 g

MgSO4.7H2O

2g

Tris-Cl (pH – 7.5)

50 ml

37 oC followed by addition of 29gm of
acrylamide. The solution was made up to
100ml with RO-water, filtered and stored at
40oC.
ii. 10% SDS: This was prepared by dissolving
10gm of Sodium Dodecyl Sulphate (SDS) in
100ml of RO-water.

It was brought to a final volume of 1000ml with
double distilled water. The medium was then
sterilized by autoclaving at 121oC for 15min.

iii. 10% APS: This was prepared by dissolving
10gm of Ammonium Persulphate in 100ml of
RO-water.

BUFFERS AND SOLUTIONS

iv. Fixer: This consists of methanol, glacial acetic

Ni-NTA Chromatography
i.

30% Acrylamide: This was prepared by

acid and water in the ration 4:1:5. It was
prepared by mixing 40ml of methanol, 10ml

Cell lysis buffer: This consists of 20mM Tris
(pH 8.0)/7mM  -mercapto ethanol/0.1mM
EDTA. This was prepared by mixing 1ml of
1M Tris (pH 8.0), 27µl of  -mercapto ethanol
and 10 µl of 0.5 M EDTA and making up the
solution to 50 ml using RO-water.

of glacial acetic acid and 50ml of RO-water.
v. Enhancer: This consists of 0.02% solution of
Sodium thiosulphate. It was prepared by
dissolving 0.02gm of sodium thiosulphate in
100ml of RO-water.

ii. Equilibration buffer: This consists of 20mM Tris
(pH 8.0)/ 7mM â-mercapto ethanol. This was
prepared by mixing 1ml of 1M Tris (pH 8.0)
and 27µl of  -mercapto ethanol and making
up the solution to 50ml using RO-water.

vi. Silver nitrate solution: This consists of 0.02%
silver nitrate solution with formaldehyde. It was
prepared by adding 0.02gm silver nitrate to
100ml RO-water. The solution was stored in
a dark opaque bottle. 75µl of formaldehyde

iii. Wash buffer: This consists of 20mM Tris (pH
7.5)/ 7mM  -mercapto ethanol. This was
prepared by mixing 1ml of 1M Tris (pH 7.5)
and 27µl of  -mercapto ethanol and making
up the solution to 50ml using RO-water.

was added just before use.
vii. Developer: This consists of a 2% sodium
carbonate solution with formaldehyde. It was
prepared by adding 2gm of sodium carbonate
to 100ml of RO-water. 50µl of formaldehyde

iv. Elution buffer I: This consists of 100mM
Imidazole in 20mM Tris pH-8.0

was added just before use.
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times) and was kept at room temperature for 1020min. The tubes were then centrifuged at
13000rpm for 10min at 4oC. The supernatant was
discarded. To the pellet, 25µl of 10% SDS and
5µl of proteinase-K was added the solution was
mixed by inverting the tube gently 2-3 times. The
tubes were then incubated at 65oC for 30min. To
the tubes, 550µl of buffer DS1 is added and the
contents were mixed thoroughly. To this, 10 µl of
DNA Binding Matrix was then added and mixed
well. It was then allowed to stand at room
temperature for 1min and then centrifuged at
12000rpm for 30sec. Then 500µl of wash buffer
was added and the tubes were centrifuged at
12000rom for 1min. The supernatant was
discarded and centrifugation is repeated to expel
any leftover wash buffer. 15µl of elution buffer was
added to the pellet and it was allowed to stand at
room temperature for 1min and centrifuge at
5000rpm for 1min. The supernatant containing
phage genomic DNA was collected in to a fresh
tube and the pellet is discarded.

viii. Stop solution: This consists of a 2.1% citric
acid solution. It was prepared by adding 2.1gm
citric acid to 100 ml of RO-water.
ix. 1X Tris Glycine buffer: For 100ml preparation,
20ml of 5X Tris Glycine buffer was added to
80ml of RO-water.

PREPARATION OF PLAQUES
Preparation of LE392 for plating:
A single colony of LE392 was isolated and
inoculated into 10ml Lambda medium which was
incubated for overnight in a shaker at 200 rpm, at
37 oC. The cells are centrifuged at 5000rpm for
10min.Supernatant is discarded and the cell are
re-suspended in 2.5ml of 10mM MgSO4 and was
incubated at 4oC.

Plating of Phage
10µl of phage lysate is serially diluted at 1-10
dilutions in Lambda diluent. To this equal volume
(100µl) of LE392 culture was added and incubated
at 37oC for 20min. The incubated phage infected
LE392 culture was then mixed with 3ml of
Lambda top agar and poured on lambda agar
plates and were incubated at 37OC overnight.
They were then checked for the presence of
plaques.

PCR Amplification
PCR amplification was carried out using protocols
from Sam brook and Russel. The reaction was
carried out in 20µl eppendorf PCR tubes in a
gradient PCR. The PCR program is given in table
3.1. Following PCR, samples were separated on
1% agarose gel in 1X TAE buffer and visualized
under UV light.

Phage Genomic DNA Isolation
A tube of 10ml lambda broth was inoculated with
100µl of LE392 culture and 2-3 bacteriophage
plaques. Another tube of 10ml lambda broth was
inoculated with only 100µl LE392 culture to serve
as a control to observe the lysis and were
incubated in a shaker at 37 O C at 200rpm
overnight. 500µl of each tube containing phage
lysate and control were centrifuged at 13000rpm
for 1min. 200µl of 20% PEG-8000/2.5M NaCl was
added to the tubes and were mixed gently(6-8

Agarose Gel Electrophoresis
DNA separation was routinely done in 0.8% to
1% Agarose gel in 1X TAE Buffer pH 8.3 (2mM
Tris-Acetate/0.05M EDTA). Agarose gels were
cast in 1X TAE buffer containing 0.5µg/ml of
ethidium bromide. DNA samples were mixed with
1/6 volume of 6X loading dye (Usha Biotech Pvt
Ltd, Hyderabad, AP, India) and are subjected to
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Table 1: PCR Program

S. No.

Step

Temperature (oC)

Time (min)

Step 1

Initial denaturation

94

2

Step 2

Denaturation

94

1

Step 3

Annealing

55

1

Step 4

Extension

72

2

Step 5

PCR cycle

Repeat steps 2-4 30 times

Step 6

Final extension

Step 7

Storing the samples

72

10

Hold at 4oC

(20µl), incubating at room temperature with mixing
and then centrifugation at 13000rpm for 60sec.
The clear elute was transferred into a fresh
eppendorf tube and stored at -20°C.

electrophoresis under controlled voltage of 5V/
cm. Appropriate DNA size markers (1kb or 100bp
DNA ladder) were run alongside the samples to
estimate the size of DNA fragments. The DNA
was visualized in UV Trans illuminator and gel
documentation system.

Desalting
An equal volume of Desalting Buffer was added
to the sample to be purified using UB-Desalting
kit. 10µl of DBM is added to the sample and
incubated at room temperature for 2min. The
samples are centrifuged at 13000rpm for 30sec
and the clear solution was discarded without
disturbing the pellet. The pellet was washed with
wash buffer (200µl) and centrifuged at 13000rpm
for 30sec, following which wash buffer was
discarded without disturbing the pellet. The pellet
was resuspended in elution buffer (50µl) and
incubated at room temperature for 2min and then
centrifuged at 13000rpm for 30sec. The clear
elute is collected in a fresh eppendorf tube and
stored at -20OC.

Plasmid Isolation
A single colony of bacteria was added in 10ml of
LB media and incubated in an orbital shaker
(REMI) at 37°C and 200rpm for 18 h. 1.5ml of
culture was centrifuged at 13000rpm for 30 s and
the media was discarded without disturbing the
pellet. The bacterial pellet was then resuspended
with vortex in Solution 1 (100µl), Solution 2 (200µl),
Solution 3 (150µl). A fluffy precipitate is formed.
Then DNA binding buffer (450 µl) was added to
the lysate and centrifuged at 13000rpm for 30 s.
Clear lysate was transferred into a fresh
eppendorf tube. 10µl of DNA Binding Matrix (DBM)
was added to the clear lysate and incubated at

Gel Extraction

room temperature with mixing. The samples were
centrifuged at 13000rpm for 30sec and clear

DNA samples were separated on a suitable gel
(0.8-2% Agarose gel) using UB-Gel extraction kit.
The desired DNA band was cut from the gel,
placed in a pre-weighed microfuge tube and
weight of the band is measured. For every 100mg
of gel, 300µl of Gel Extraction Buffer is added and

solution was discarded without disturbing the
pellet. DBM was washed once with wash buffer
(500µl) and centrifuged at 13000rpm for 30 s after
which the wash buffer was discarded. The
plasmid DNA was eluted by adding elution buffer
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the sample is incubated at room temperature until
the gel melts. After incubation, DBM (10µl) was
added to the sample and incubated at room
temperature for 2min. The samples were then
centrifuged at 13000rpm for 30sec and the clear
solution was discarded without disturbing the
pellet. The pellet was washed with wash buffer
(500µl) and centrifuged at 13000rpm for 30sec,
following which Wash buffer was discarded
without disturbing the pellet. The pellet was
resuspended in elution buffer (10-50µl) and
incubated at room temperature for 2min and then
centrifuged at 13000rpm for 30sec. The clear
elute was collected in a fresh eppendorf tube and
stored at -20°C.

were then incubated at 37OC for 40min. 200µl of
this sample was plated on a suitable growth
medium plate and incubated overnight at 37oC.

Competent Cell Preparation
5ml of LB broth was inoculated with a single
colony, from a freshly streaked plate of JM 109
cells and incubated overnight at 37OC on a shaker.
The next day, 10ml of LB broth was inoculated
with 100µl of overnight grown culture. It was
incubated with vigorous agitation (~3 h) till OD595
reached 0.5. Bacterial cells were then transferred
to sterile, ice-cold 50ml polypropylene tubes and
incubated on ice for 15min. The cells were
pelleted by centrifugation at 5000rpm for 10min
at 4oC. The media were drained with no traces.

Restriction Digestion

Pellet was resuspended in ice-cold 80mM MgCl2-

The sample was mixed with suitable restriction
enzyme(s) and buffer in a 10µl reaction. The
reaction mix was incubated and then run on an
agarose gel.

20mM CaCl2 solution (30ml). The cells were then
recovered by centrifugation at 4000rpm for 10min
at 4oC and all traces of the medium were drained
from the tubes. Next, the pellet was resuspended

Ligation

in ice-cold 0.1M CaCl2 with 10% glycerol (2ml for

A 1:3 ratio of vector and insert were ligated using

each 50ml original culture). The cells were then

T4-DNA ligase in 10µl reaction. The reaction was

dispensed in aliquots of 100µl into ice-cold

carried out at 4OC for 24 h before transforming

eppendorf tubes. These were frozen using liquid

the bacteria.

nitrogen and then stored at -80OC.

Transformation

Colony PCR

This method is according to Sambrook and

Colony PCR was carried out according to
protocols from Sambrook and Russel. A single
bacterial colony is suspended in 5µl of double
distilled water, which was used as a template,
followed by PCR.

Russell. Routinely, 2.5µl of DNA sample were
transformed into 50µl of calcium chloride
component cells by heat shock method. The
competent cells were quickly thawed and the DNA
sample was added to the competent cells and

Phenol Chloroform Extraction

incubated on ice for 30 min. Following ice

To the resuspended transformed colony culture
(20 µl), equal volume of phenol-chloroform
solution was added and mixed well. The culture
was then centrifuged at 13,000 rpm for 2 min.

incubation, the cells were heat shocked at 42°C
for 90sec and immediately iced for 2 min. Then,
LB Media (800µl) was added to the cells which
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Then the clear supernatant layer was collected
and was analyzed on 1% agarose gel.

Washing: The column was washed twice with
wash buffer (500µl). Each time the wash was
collected in fresh eppendorf.

Chromatography

Elution: The column was eluted twice using
elution buffer with imidazole (200 µl) and the
elutes were collected in fresh eppendorf.

Preparation of Crude Protein Sample:
Overnight induced cell culture was prepared (50
ml) and centrifuged at 5000rpm for 8min. The
supernatant was discarded and the pellet was
weighed. 100 ml of cell lysis buffer was added
for every 40gm of pellet. The sample was then
sonicated for 15 min (3 pulses of 5min with 2min
intervals) and transferred into a fresh eppendorf.
The sample is then centrifuged at 13000rpm for
2min and the clear supernatant and pellet were
transferred into fresh tubes. Pellet was dissolved
in 6M guanidine Hcl in water to dissolve the
inclusion bodies. This crude sample was stored
at -4oC.

SDS-Page
Sample preparation: The protein sample to be
analyzed and SDS gel loading dye were mixed in
the ratio 2:1 and heated to 60oC for 1 hour in a
water bath.
Gel casting: Glass plates were assembled for
casting the gel from the SDS kit. Resolving gel
was prepared and the gel mix was quickly poured
up to 75% volume of the gap between the glass
plates. The gel was layered with distilled water
and was allowed to set for 30min. Once set, the
water was drained and stacking gel is prepared.
A comb was inserted and the prepared stacking
gel is poured on top of the resolving gel. This was
allowed to set for 20min and the comb is removed
as soon as it solidifies, just before running the
gel.

Protein binding to Ni-NTA: The crude sample
(200µl) was mixed with equal volume of Ni-NTA
resin (pre-equilibrated with cell lysis buffer) and
incubated at room temperature for 60min on a
rocker.
Column packing: The Ni-NTA resin along with
the crude sample was loaded onto a mini column.
The column allows it to settle down and the matrix
top was covered with filter paper.

Gel running: The gel was mounted in the
electrophoresis apparatus as specified. The tank

Table 2: SDS-PAGE Gel Casting Components
Component

Volume required for 7.5ml of 12% Resolving gel (ml) Volume required for 2ml of Stacking gel (ml)

30% Acrylamide

3

0.33

1.9

–

–

0.25

10% SDS

0.075

0.02

10% Ammonium Persulphate

0.075

0.02

TEMED

0.006

0.004

Distilled water

2.45

1.4

1.5mM Tris (pH 8.8)
1mM Tris (pH 6.8)
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was filled with 1X Tris-Glycine Buffer. Protein
marker and the samples were loaded in to the
wells and the gel was run at 200V for 30min. The
gel was carefully removed from the tank and glass
plates were separated using a spacer. Gel was
then placed in a tray and is rinsed with distilled
water.

Figure 1: Plating for the isolation of
plaques: Phage Lambda DNA was serially
diluted and plated with the LE392 culture on
Lambda Agar Plates and incubated
overnight at 37°C. Lambda dilutions
(10-8, 10-9 and 10-10) showed the
formation of plaques

Gel staining by silver staining method: The
electrophoresed gel was placed in the fixer
solution (50 ml), incubated with shaking at roomtemperature for 15min and washed twice with
water. The gel was then soaked in the enhancer
solution (50 ml) for 1 min and rinsed twice with
water, which was then placed in silver nitrate
solution (50 ml) for 20min in dark. Following
staining, the gel was washed twice with distilled
water and placed in the developer solution (25-30
ml). Once the bands started appearing, the
reaction was stopped with the addition of stop
solution (50 ml). The gel was then rinsed and
photographed.

Figure 2: Isolation of Phage Genomic DNA:
Lane 1 (1 kb ladder), Lane 2
(Phage genomic DNA prep of LE392,
-ve control) and Lane 3 and 4
(Phage genomic DNA prep
of phage infected LE392)

RESULTS AND DISCUSSION
Preparation of Plaques
Plaque represents lysis of bacteria infected by a
single phage. For the preparation of plaques PHI42 phage lysate was serially diluted and plated on
Lambda agar. Dilutions ranging from 10-5 to 10-10
were used for plating. Eighteen hours post plating
plaques were found on plates with dilution 10-8,
10-9 and 10-10 .Phage dilution 10-8 and below didn’t
give any plaques, which could be due to the
complete lysis of LE392. Dilutions 10-9 and 10-10
gave very well separated plaques.

Isolation of Phage Genomic DNA
Phage Genomic DNA was isolated. The
experiment consists of LE392 (-ve control) and

1

2

3

4
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phage infected LE392 lysate. Phage genomic
DNA was eluted in 50µl of elution buffer and was
analyzed on 1% agarose gel. Phage genomic

Aliquot mastermix of A,B and C of 19 µl into
each eppendorf and add 1µl of template to each
eppendorf.

DNA was found to be running above the 1kb ladder
and showed a single band indicating that the DNA

DESALTING OF PCR PRODUCT
Desalting was done in order to remove any other
impurities. PCR product (Taq) was desalted and
eluted in 20µl of elution buffer and was analyzed
on 1% agarose gel. A clear band was observed
at 2500bp indicating the Taq DNA polymerase
(PCR product).

is of good quality. The lack of DNA form –ve control
indicated that the DNA isolated was that of Phage.

AMPLIFICATION OF TAQ
DNA POLYMERASE
Taq DNA polymerase from phage genomic DNA
was amplified using pET-24a-F1 and pET-24a-

Figure 4: Desalting of PCR product:
Lane 1 (1kb DNA ladder)
Lane 2 (Desalted PCR product)

R1 primers. The PCR reaction setup and the
cycling conditions are shown in the following
Tables. Following PCR amplification, samples
were run on 1% gel. A 2500bp fragment got
amplified in the presence of 1.5mM MgCl2 which
is the expected size of Taq DNA polymerase
gene. This 2500bp fragment was gel extracted
and eluted in 10µl of elution buffer.
Figure 3: Amplification of Taq DNA
polymerase gene with different
concentrations of MgCl2:
Lane 1, 2, 3 (1.5mM MgCl2)
Lane 4, 5, 6, 7(3mM MgCl2)
Lane 8, 9, 10, 11(5mM MgCl2)
Lane 12 (-ve control) and
Lane 13 (1kb DNA Ladder)

1

2

LIGATION OF TAQ INTO
PGEM-T EASY VECTOR

1 2

3 4

5

6 7

A 1:3 ratio of pGEM-T vector and insert (Desalted
Taq) were ligated using T4-DNA ligase in 10µl
reaction as shown in the following table. The
reaction was carried out at 4 °C for 24 h before
transforming into the bacteria.

8 9 10 11 12 13
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TRANSFORMATION INTO JM
109 CELLS

randomly 10 white colonies, 1blue colony and 2
semi-blue colonies were picked and inoculated
into separate eppendorf, each containing 50 µl of
LB/Amp medium. They were incubated for 4 h
and subjected to phenol-chloroform extraction for
the presence of desired plasmid. The 7th, 12th
and 13th white colonies showed the plasmid band
at nearly 5500bp, indicating that they contain
pGEM-T+Taq insert.

2.5µl of ligated sample was transformed into 50µl
of JM109 competent cells. 200µl was plated on
an LB/Amp/X-gal/IPTG plate and incubated
overnight. Next day blue and white colonies were
observed.
Figure 5: Transformation of pGEM-T+Taq
into JM 109 competent cells
(Blue and white screening)

PLASMID ISOLATION FROM
7TH TRANSFORMED WHITE
COLONY CULTURE
After confirmation by phenol extraction, the colony
was cultured in 10ml LB/Amp medium and
incubated overnight at 37 oC. Next day, the
plasmid was isolated and analyzed on 1%
agarose gel.
Figure 7: Plasmid isolation of transformed
colony: Lane 1 (plasmid of 7th recombinant
clone), Lane 2 (1kb DNA ladder)

Screening of Clones by Phenol Extraction
White colonies are transformed colonies and blue
colonies are non-transformed colonies. Now
Figure 6: Phenol extraction of blue,
semi blue and white colonies:
Lanes 1, 2, 3, 4, 5, 6, 7, 9, 12, 13
(white colonies), Lane 8 (Blue colony),
Lanes 10, 11 (semi-blue colonies)
Lane 14 (Pub-T modified plasmid)
Lane 15 (1kb DNA ladder)
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RESTRICTION DIGESTION
OF PGEM-T +TAQ WITH
NOT-I ENZYME

day, the plasmid was isolated and analyzed on
1% agarose gel.
Figure 9: Streaked petri-plate of
pET-24a plasmid

Now the isolated plasmid (pGEM-T+Taq) was
subjected to restriction digestion with Not-I
enzyme according to the reaction setup. As a
result of digestion, Taq inserts with Not-1 ends
were developed.

RESTRICTION DIGESTION OF
NOT –I DIGESTED PGEMT+TAQ WITH ECOR-I ENZYME
Next, the Not-1 digested pGEM-T+Taq plasmid
was subjected to restriction digestion with EcoRI enzyme according to the reaction setup .As a
result of digestion, Taq inserts with Not-1 and
EcoR-1 ends were developed.

RESTRICTION DIGESTION
OF PET-24A PLASMID WITH
NOT-I ENZYME
The isolated pET-24a plasmid was subjected to
restriction digestion with Not-I enzyme according
to the reaction setup. As a result of digestion,
Not-I ends were developed on pET-24a plasmid.

Figure 8: Restriction digestion of pGEM-T +
Taq with EcoR-I and Not-I enzymes. Lane 1
(plasmid of pGEM-T + Taq), Lane 2
(Restriction digested fragments
with EcoR-I and Not-I enzymes)

1

Figure 10: Plasmid isolation of pET- 24a
vector: Lane 1 (1kb DNA ladder), Lane 2
(plasmid of pET- 24a)

2

ISOLATION OF PET-24A
PLASMID
A single colony from streaked plate of pET-24a
was cultured in 10ml LB broth containing
kanamycin and incubated overnight at 37oC. Next

1

2
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RESTRICTION DIGESTION
OF NOT-I DIGESTED PET
PLASMID WITH ECOR-I
ENZYME

TRANSFORMATION INTO
JM109 COMPETENT CELLS
First the transformation is done into the JM 109
competent cells instead of BL-21 cells in order to
improve the efficiency of expression. 2.5µl of
ligated sample was transformed into 50µl of
JM109 competent cells. 200µl was plated on an
LB/Amp/X-gal/IPTG plate and incubated
overnight. Next day blue and white colonies were
observed.

Next, the Not-1 digested pET plasmid was
subjected to restriction digestion with EcoR-I
enzyme according to the reaction setup. As a
result of digestion, Not-I and EcoR-I ends are
developed on pET-24a plasmid.
Figure 11: Restriction digestion of pET24a plasmid with EcoR-I and Not-I. Lane 1
(kb DNA ladder), Lane 2 (plasmid of pET24a supercoil), Lane 3 (Restriction digestion
with EcoR-I), Lane 4 (plasmid of pET24a supercoil), Lane 5 (Restriction
digestion with Not-I)

Figure 12:Transformation into
JM 109 competent cells
(Blue and white screening)

SCREENING OF CLONES BY
PHENOL EXTRACTION

1

2

3

4

White colonies are transformed colonies and blue
colonies are non-transformed colonies. Now
randomly 8 white colonies and 6 blue colonies
were picked and inoculated into separate
eppendorf, each containing 50 µl of LB/Kan
medium. They were incubated for 4 h and
subjected to phenol-chloroform extraction for the
presence of desired plasmid. The 2nd, 4th, 6th, 7th,
9th, 12th, 13th and 15th white colonies showed the
plasmid band at nearly 7500bp, indicating that
they contain pET-24a+Taq insert.

5

LIGATION OF NOT-I , ECORI DIGESTED PET PLASMID
WITH TAQ INSERT
A 1:3 ratio of pET-24a plasmid and Taq insert were
ligated using T4-DNA ligase in 10µl reaction. The
reaction was carried out at 4°C for 24 h before
transformation.
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subjected to restriction digestion with Bam-H1
and Kpn-I enzymes for confirmation of digestion.

Figure 13: Phenol extraction of blue and
white colonies. Lane 1 (1kb DNA ladder),
Lane 2,4,6,7,9,12,13,15 ( positive
white colonies), Lane 3,5,8,10,11,14
(negative blue colonies)
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6

7

8

Figure 15: Restriction digestion of plasmid
of pET- 24a+Taq with Bam-HI and Kpn-I. Lane
1 (1kb DNA ladder), Lane 2 (plasmid 1
supercoil), Lane3 (Restriction digestion of
plasmid1 with Bam-HI) Lane 4 (Restriction
digestion of plasmid1 with Kpn-I),
Lane 5 (plasmid 2 supercoil), Lane 6
(Restriction digestion of plasmid 2 with
Bam-HI) Lane 7 (Restriction digestion
of plasmid 2 with Kpn-I), Lane 8 (plasmid
3 supercoil), Lane 9 (Restriction digestion of
plasmid 3 with Bam-HI) Lane 4 (Restriction
digestion of plasmid 3 with Kpn-I)

9 10 11 12 13 14 15

PLASMID ISOLATION OF
PET+TAQ
The colony from streaked plate of pET-24a+Taq
was cultured in 10ml LB/Kan medium and
incubated overnight at 37 oC. Next day, the
plasmid was isolated and analyzed on 1%
agarose gel.
Figure 14: Figure: Isolation of pET- 24a
+Taq plasmid of transformed colonies.
Lane1 (1kb DNA ladder), Lane 2, 4, 5
(plasmids of transformed colonies), Lane3
(plasmid of negative colonies)
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TRANSFORMATION INTO BL21 COMPETENT CELLS
After confirmation by using restriction digestion
with Bam-HI and EcoR-I, pET-24a+ Taq plasmid
was transformed into BL-21 (DE3) competent
cells.
1

2

3

4

IPTG INDUCTION OF BL-21
CELLS

5

RESTRICTION DIGESTION
OF PET-24A+TAQ WITH
BAM-HI& KPN-I

The transformed colonies of BL-21 (DE3) cells
were inoculated in 10ml LB/ Kan media and
incubated overnight at 37oC. Next day, 200µl of
overnight culture was inoculated into 10ml of LB

Next, the isolated pET-24a+Taq plasmid was
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broth and incubated at 37oC till the OD595 reached

Figure: Comparison of activity of In-house
purified Taq DNA polymerase and
commercial Taq DNA polymerase
Lane 1 (concentrated In-house Taq)
Lane2 (In-house Taq-1:1dilution)
Lane 3 (In-house Taq-1:4 dilution)
Lane 4 (In-house Taq-1:8 dilution)
Lane 5 (In-house Taq-1:16 dilution)
Lane 6 (In-house Taq-1:32 dilution)
Lane 7 (In-house Taq-1:64 dilution),
Lane 8 (concentrated commercial Taq)
Lane 9 (commercial Taq-1:1 dilution)
Lane 10 (commercial Taq-1:4 dilution)
Lane 11 (commercial Taq-1:8 dilution)
Lane 12 (commercial Taq-1:16 dilution)
Lane 13 (commercial Taq-1:32 dilution)
Lane 14 (control) Lane 15 (100bp DNA ladder)

0.4-0.5. After attaining the O.D, 1ml of culture was
collected and labeled as uninduced (control).
Then 1M IPTG was added to a final concentration
of 1mM into 10ml culture and grown at 370C with
agitation for nearly 3 h (9µl/9ml).

PURIFICATION OF TAQ
USING NI-NTA COLUMN
The induced culture was subjected to metal ion
affinity chromatography according to. Two
elution’s were collected and subjected to SDSPAGE.
Figure 16: Purification of Taq DNA
polymerase using Ni-NTA column.
Lane1 (crude of supernant), Lane2 (Flow
through of supernant), Lane3 (Elution 1 of
supernant), lane 4 (Elution 2 of supernant)
Lane5 (Crude of inclusion bodies), Lane6
(Flow through of inclusion bodies),
Lane7 (Elution 1 of inclusion bodies)
Lane8 (Elution 2 of inclusion bodies)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
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CONCLUSION
Taq DNA polymerase is an extremely important
and useful enzyme employed in PCR and is
usually obtained from the thermophilic bacteria
Thermus aquatics. However, it is difficult to grow
this organism in laboratory conditions because
of its extreme nature. This project was
undertaken to employ molecular cloning for the
production of Taq DNA polymerase as an
alternative to isolating it from T.aquaticus.
PHI4-2 (ATCC) encodes for the complete Taq
DNA polymerase. PHI4-2 was plated along with
the LE392 to isolate a single plaque. Plaques
formed on the plate where ten used to infect
LE293 and the isolation of phage genomic DNA.

DETERMINATION OF
ACTIVITY OF PURIFIED
INHOUSE TAQ DNA
POLYMERASE
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