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Abstract 
 

Background: Thermo-stable DNA polymerase enzyme has attracted much attention 
on itself due to its application in PCR and molecular biology researches. Objective of 
this study was to assay function and rate of production of the cold sensitive modified 
I707L Taq DNA polymerase synthetic sequence in the bacterial host and its quick and 
cheap purification. 
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Materials and Methods: Taq DNA polymerase gene was cloned into the pET28 
vector after its designing and artificially synthesis. Then, plasmids containing the 
desired gene were transferred to BL21 strain of E. coli to produce the Taq DNA 
polymerase. Initial purification of the enzyme was carried out by ultrasound waves 
and then by heat shock at 72 °C and precipitation of other insoluble proteins by 
centrifuge.  

Results: Recombinant cold sensitive and thermo-stable Taq DNA polymerase 
expressed in E. coli showed a noticeable priority and better performance compared to 
the commercial enzyme from viewpoint of activity and thermo-stability. In addition, 
the new enzyme, contrary to commercial enzyme, possessed the cold sensitive 
property as well. This special property is recognized as a valuable factor in it and leads 
to the increase of its effectiveness in the molecular biology experiments. 

Discussion: With regard to importance and level of applications of thermo-stable 
DNA polymerases in molecular biology experiments, the method used to produce this 
enzyme is applicable and cost effective. Moreover, simplicity of the employed method 
and the accuracy of the produced enzyme justify the production of this cold sensitive 
and thermo-stable Taq DNA polymerase. 
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Introduction 
 
DNA amplification using Taq DNA polymerase is one of the most extensive 
techniques used in the Molecular Biology and Biotechnology (M.A. INNIS et al. [6]). 
DNA polymerase plays an important role in amplification of genetic materials of 
organisms. DNA polymerase I of E. coli was the first DNA polymerase enzyme 
detected by Kornberg et al. in 1958 only five years after DNA structure discovery by 
Watson and Crick (I.R. LEHMAN et al. [12]). Other DNA polymerase enzymes were 
thereafter identified through their different biochemical characteristics (F. LAWYER 
et al. [11]). The enzymes were divided into 4 main groups including A, B, C and X. 
The method of classification has slightly been modified today, which is based on the 
initial sequence of the enzymes (J. ITO et al. [7]). A large number of different DNA 
polymerases genes sequences have recently been determined from Bacteria, Archaea 
and Eukaryotic organisms following advances in DNA sequencing technology, which 
indicate a common evolutionary origin for all of them. 
 
Thermo-stable DNA polymerase enzyme is a main part of the Polymerase Chain 
Reaction (PCR). A number of various enzymes in either recombinant or natural forms 
are now being produced by different companies, which are suitable to be used at dif- 
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ferent situations. Hot-Start DNA polymerase, for example, is an enzyme that remains 
inactive under laboratory temperature and, therefore, prevents the probability of 
primer dimer formation as well as nonspecific target amplification (F.G. PLUTHEO, 
et al. [15]).  
 
Sequence of DNA polymerase I has remained completely conserved among a wide 
variety of prokaryotes residing in different niches within billions of years, ranging 
from radio-stable Deinococcus radiodurans and thermo-stable Thermus aquaticus to 
enteric bacterium of Escherichia coli and intra-cellular bacterium of Chlamydia 
trachomatis (P.H. PATEL, et al. [14]). 
 
Thermo-stable polymerases have led to an increase in DNA fragment amplification as 
they allow the PCR reaction to carry on in higher temperatures (P.H. PATEL, et al. 
[14]). The most appropriate temperature for activity of these enzymes is 75-80 °C, 
with the polymerization activity of more than 65 nucleotides per second at 70 °C. 
Molecular weights of these enzymes are about 66-94 KDa and they stay stable at 97.5 
°C for up to 9 minutes (M. GARCIA-DIAZ, et al. [5]). Taq-DNA polymerase 
extracted from the thermophilic bacterium Thermus aquaticus is commonly used in 
PCR technique. This enzyme benefits from the Advantages of its high temperature 
tolerance (90-95 °C) as well as the ability to amplify DNA fragments up to 10,000 bp 
in length. However, it suffers from the lack of proof reading mechanism, and 
therefore, its fidelity is not assured. The rate of errors in high thermo-stable 
polymerase enzymes have been estimated to be from 2.1×10-4 to 1.6×10-6 for each 
nucleotide in each step of amplification (N.F. CARIELLO, et al. [3]).  
 
In addition to Taq-DNA polymerase, some other other thermo-stable DNA 
polymerases have also been used in PCR tests. These polymerases are mostly used for 
targets with specific characteristics (K. KOMORI, et al. [10]). Extensive efforts have 
been put into research to isolate the thermo-stable enzymes from other sources than 
Thermus aquaticus. For instance, pfu enzyme isolated from Pyrococcus Furiosus, 
belongs to the family B polymerases and has exonuclease activity of 3' to 5'; and 
therefore, can be used in studies such as gene amplification in order to produce 
recombinants protein, in which a high level of accuracy is needed for DNA 
polymerase enzyme.  
 
This study aimed to artificially synthesize a modified Taq DNA polymerase gene in 
order to create a Hot-Start yet sensitive to low temperature enzyme by expression in 
BL21 E. coli strain. 
 
Materials and Methods 
Transfer of Taq gene to BL21  
The modified I707L Taq DNA polymerase gene sequence was synthesized by 
GENERAY company (China) and cloned into pET28a plasmid. BL21 strain of E. coli  
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was used as the host to express the cloned gene. The strain was cultured in liquid LB 
medium at 37 °C for 24 hours. Transformation was carried out using 50 mM CaCl2 
(Sigma, USA) and various parameters, including two-valances cation and redactor 
factors. Kanamycin antibiotic was used as the transformation selection marker in all 
stages of culturing and reproduction. 
 
Expression, extraction and purification of enzyme 
Transformed bacterium was inoculated on to liquid LB culture medium containing the 
selective antibiotic and stored at 37 °C for 3 days. To optimize expression conditions 
of protein, IPTG inducer (Sigma, USA) was added to medium and incubated at 37 °C 
for 12 hours. After induction, bacterial cells were collected and initial purification of 
enzyme was conducted by ultrasound waves together with heating shock at 72 °C in 
order to break bacterial cell walls. The upper layer was isolated by centrifuge (10000 
rpm/ 10 min) and a small quantity of supernatant was collected as sample of crude 
lysis. 
In order to prepare enzyme's purification column, 5ml of Ni+2 –Sepharose (Sigma, 
USA) was added to a filter-equipped column. A total of 15 ml Balancer buffer (50mM 
NaH2Po4, 300mM Nacl, 10mM Imidazole)  (Sigma, USA) was slowly added to the 
column to adjust its pH. After extraction of this buffer from the column, the 
supernatant was slowly added to the column and incubated at 4 °C for 2 hours. Then, 
output section of column was collected as the “super flow sample”. In order to remove 
the unnecessary proteins, Wash buffer (50mM NaH2Po4, 300mM Nacl, 30mM 
Imidazole) (Sigma, USA) was added to the column. At the end, the desired protein 
was collected and purified by adding Elution buffer (50mM NaH2Po4, 300mM Nacl, 
150mM Imidazole). The purified proteins were electrophoresed on the 10% SDS-
PAGE gel (BioRad Vertical System, USA) and detected through their molecular 
weights.  
 
Protein concentration 
Bradford assay was used to assess the protein concentration with BSA (Sigma, USA) 
different concentration and their OD rates were measured at 595nm. 
 
Cold sensitivity property 
The activity of purified enzyme was compared to that of normal Taq-DNA polymerase 
commercially produced by CinnaGen Company (Iran) through their amplification 
ability following incubation of both enzymes at 37 °C for 2 hours. They were, 
thereafter, applied in a PCR reaction to amplify 16s rDNA using its universal primers. 
 
Endonuclease property 
Genomic DNA was treated with the purified enzyme at 65 °C for 16 hours at the 
presence of 1.5mM Mgcl2.  Endonuclease activity of the enzyme was evaluated 
through electrophoresis of treated DNA on the agarose gel. 
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Heat stability 
The heat stability of purified enzyme was compared to that of above mentioned 
commercially produced enzyme. Both enzymes were heat-treated at 95 °C for 20 and 
30 minutes before using in PCR amplification and the PCR products were compared 
through electrophoresis.  
 
Results  
Transformation 
The results obtained from transformation suggested that the method used to transfer 
DNA fragments -cloned into the vectors- into the cells was efficient. Appropriate 
colonies consisting transformed bacteria formed on the medium containing kanamycin 
antibiotic.  
The desired protein was expressed using T7 promoter on pET28a at the present of 
IPTG. 
 
Taq DNA polymerase Production 
By isolation of the modified I707L Taq DNA polymerase from other remnants using 
ultrasound waves and keeping the resulted soup in 72 °C FOR 2 h, the desired protein 
was observed only in supernatant. The pure enzyme was obtained by adding Elution 
buffer to the column. As shown in Figure 1, the purified enzyme was successfully used 
in PCR reaction to amplify 16srDNA.  
 

 
 

Figure 1: The quality of produced enzyme in amplification of  
DNA fragment in PCR 

 
 
As shown in Figure 2, the results of SDS-PAGE represented a protein band in the gel 
with an estimated molecular weight of 76kDa. The negative control sample lacked the 
desired band as the bacterium used as the negative control had not received the 
recombinant plasmid. 
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Figure 2: Results obtained from electrophoresis of the purified protein using by SDS-
PAGE. 

 
Lanes from left to right: Protein marker (ladder protein)- Crude lysis- Super flow- 

Wash buffer I- Wash buffer II- 
Wash Elution I- Elution II- Negative control sample (lacks the recombinant plasmid). 

 
 
Protein concentration 
The results of various dilutions of the BSA (µg/µl)(Table 1) and their measured OD at 
wavelength of 595nm are given in table 1. Bradford's standard curve drawn based on 
the ODs is shown in Figure 3. 
 
 

Table 1. ODs obtained to draw Bradford's standard 
 

Concentration of 
BSA protein 

solution per µg 

Rate of OD obtained 
in wave length of 

595nm 
0.1 0.519 
1 0.638 
10 0.772 
20 0.789 

 
 
 

Band relates to the 
purified protein 
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O
D

20151050

0.80

0.75

0.70

0.65

0.60

0.55

0.50

S 0.0611650
R-Sq 81.8%
R-Sq(adj) 72.8%

Y =  0.5795 + 0.01141 X

 

                                                Figure3. Standard curve of Bradford test         
 
The equation resulted from fitness was achieved as following: 
 
y = 0.5795 + 0.01141x 
R2 = 81/8% 
 
 
 

Table 2. Rate of absorption of unknown protein in the wavelength of 595nm 
 

Purified ProteinName OD
1.533Taq 

 
With regard to linear equation obtained from the standard curve and OD of unknown 
protein (table 2), final concentration of the purified protein was calculated as 
0.597(µg/µl). 
 
 
Cold sensitivity property 
As shown in Figure 4, usage of both the purified enzyme and the commercially 
produced Taq enzyme (CinnaGen, Iran) to amplify 16srDNA following their 
incubation at 37 °C for 2 hours, resulted in amplification only by the purified enzyme. 
This result suggests the resistance of desired enzyme to the environment temperatures. 
 
 
 
 

Protein 
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Figure 4: Results obtained from assessment of the cold sensitivity activity of 
produced enzyme in comparison to the commercially produced enzyme 

S1) Stability of the produced enzyme to the environment 
temperature 
S2) Instability of commercially produced enzyme to the 
environment temperature 

 
Endonuclease property 
As shown in Figure 5, the desired enzyme lacks the endonuclease property due to band 
formation and lack of DNA breakage after incubation at 95 °C for 16 hours.   
 

 

 
Figure 5: Results obtained from studying of endonuclease property of the produced 

enzyme 
1) Lack of DNA breakage after incubation at 95°C for 
16 hours 
2) Negative control sample 

 

Formation of band in 
the 1400bp region 

Stability of produced enzyme 
and lack of DNA breakage 
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Heat stability property 
The comparison of produced Taq DNA polymerase enzyme and the commercially 
produced enzyme (CinnaGen, Iran) showed that the desired enzyme was not destroyed 
at 95 °C for 20 min and 30 min. it can be concluded that this enzyme is thermo-stable 
and able to tolerate high temperature at the above mentioned time interval (Figure 6). 
 

 
Figure 6: Results obtained from studying of heat stability property of the produced 

enzyme 
1) Negative control 
2) 30 minutes of denaturation for produced enzyme 
3) 20 minutes of denaturation for produced enzyme 
5) Instability of commercial enzyme and lack of band 
formation in the desired region after 20 minutes of 
denaturation 
 

 
Discussion  
 
Designing and production of proteins with new properties using recombinant DNA 
technique is a new method through which structure, dynamics and performance of a 
protein can be changed ideally and desirably. Macromolecule engineering is now used 
as an efficient method to develop and produce new drugs. Since natural proteins are 
not usually appropriate for both industrial and pharmaceutical purposes, they need to 
be modified to gain some new properties such as heat stability to make them usable in 
industry. Regarding the enzymes used in industry, efficiency of enzyme in the 
enzymatic reaction can be increased by protein engineering methods (F. ARNOLD, & 
al. [1]). Taq DNA polymerase is a frequently used enzyme that has been modified by 
different companies. Taq DNA polymerase belongs to the pol I family of DNA 
polymerases, which is structurally analogous to pol I of E. coli and DNA polymerase 
of T7 phage (N. RASTGOO, & al. [16]).  
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Selection of an appropriate expression system including vector and host is very 
important in production of a target protein. pET system vectors are of the most 
appropriate systems for both high expression and control of expression, which are 
divided into three classes of transcriptional vectors including pET21(+), pET23(+), 
and pET24(+). They are selected to express the target genes possessing the connection 
to bacterial ribosome section or ribosome binding site (rbs). This class of vectors lack 
prokaryotic ribosome binding site (rbs) and, as well as AUG codon, and the genes that 
possess these regions can be cloned into them. Another class of vectors is translational 
vectors (frequently pETs). They possess powerful rbs from RNA of large protein of T7 
capsid, and are used for genes lacking the prokaryotic rbs. 
 Bacteria differ in absorption of external DNA. E. coli, for example, as the most used 
bacterium in genetic engineering and microbial biotechnology, has low absorption 
strength in its natural form. Therefore, in order to optimize the rate of transformation, 
E. coli must be placed under special treatments to increase its power (L. XIAOWEI, & 
al. [19]). Up till now, a lot of protein engineering tasks with a various range of 
objectives have been accomplished on DNA polymerase enzyme, particularly on Taq 
DNA polymerase enzyme (M.B. KERMEKCHIEV, & al. [8]). 
In 1995, Desai and Pfaffle reported the cloning of Taq DNA polymerase into pUC18 
plasmid (U. DESAI,  & al. [4]). They showed that Taq DNA polymerase could 
successfully be produced in the laboratory. This research provided the conditions of 
expression of this gene, mass production of enzyme and induction of important 
mutations to increase the efficiency of the enzyme. 
 In 2008, Mohammad Roayaei et al. cloned Taq DNA polymerase gene from Thermus 
acuaticus into E. coli. They used pTTQ plasmid that had two cutting/sectional sites for 
EcoRI and SalI and TOP10F' strain of E. coli. Expression was accomplished at the 
presence of IPTG and the activity of produced enzyme was comparable to a 
commercially produced enzyme.The molecular weight of protein was determined as 
94kDa by SDS-PAGE (M. ROAYAEI, & al. [17]). 
In 2006, Mir Mohammad Sadeghi et al. performed a test to clon Taq DNA polymerase 
gene from YT-1 strain of Thermus acuaticus. They used specific cDNA primers in 
order to increase expression of Taq DNA polymerase cloned into pTZ57R using TA 
cloning technique. Recombinant plasmids were identified by restriction enzymes and 
presence of Taq DNA polymerase gene was confirmed by DNA sequencing. They 
optimized the method to produce high quantity of Taq DNA polymerase enzyme in the 
laboratory (H.M. MOHAMMAD SADEGHI & al. [13]). 
In 2007, Kondori et al conducted a study based on cloning, sequence finding and 
expression of DNA polymerase I gene from native thermophilic strains. Since the 
native strains are unknown, they were first recognized by amplification and 
sequencing of 16srDNA gene. This study showed that the strains were belonging to 
Geobacillus genus. The sequences of the DNA polymerases genes of this genus were 
presumed using the sequences of the same genes in related known strains and were 
amplified by degenerated primers. However, after cloning and production of the 
enzyme, the researchers found that the newly identified DNA polymerase I lacked the  
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proofreading property, as compared to the Klenow enzyme, it had deletion in three out 
of four regions for the carboxylate groups that are needed for exonuclease activity of 
the enzyme (M.K. Kondori, & al. [9]). 
Due to the high efficiency of thermo-stable Taq DNA polymerase, it is commonly 
used in Biotechnology, especially in DNA sequencing technique (K. BEBENEK, & al. 
[2]). This enzyme was successfully produced in this study using the cold sensitive 
mutations; and it was proved that cold sensitive mutations can make the Hot start 
enzyme, which works more effective in PCR (M. SUZUKI, & al. [18]). The best 
conditions to produce this enzyme were determined by different tests in different 
conditions and temperatures. Recombinant thermo-stable and cold sensitive Taq DNA 
polymerase produced in this study showed a noticeable priority and better 
performance compared to a commercially produced enzyme regarding the activity and 
heat resistance. The method used in production of this enzyme is applicable and cost-
effective. Therefore, considering the simplicity of method and the accuracy of the 
produced enzyme, commercially production of this enzyme is justified. 
 
Conclusion 
 
Our results show that the cold sensitivity of Taq DNA polymerase increases by 
changing amino acid Ile to leu. It leads to production of a new Taq DNA polymerase 
with thermo-stable (Hot start), invariable 5'-3' polymerase, and 5'-3' exonuclease 
properties. 
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