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Abstract. Access to biological engineering has become a critical point of modern science 
development through polymerase chain reaction (PCR). One of the main components in this process 
is DNA polymerase, which copies the main template DNA. However, there is a lack of studies on the 
production of DNA polymerase from indigenous thermophilic bacteria in Indonesia. To examine this 
process, DNA polymerase I gene (DNA pol I) from Geobacillus thermoleovorans (isolated from Batu 
Kuwung, Banten, Indonesia) was transformed into Escherichia coli. The gene was cloned by the cut 
and ligation method using NcoI and BamHI restriction enzymes, which were ligated with a pET23d 
vector. The recombinant gene was overexpressed in E. coli 𝑩𝑳𝟐𝟏 and identified by using SDS-PAGE 
of 10% acrylamide gel, showing that the protein molecular weight was approximately 𝟏𝟎𝟎 𝒌𝑫𝒂. 
This study successfully amplified the gene of interest, indicated by a high local similarity between 
the sequencing results and theoretical gene and positive intercellular protein expression. The 
results confirm that the study successfully cloned and synthesized recombinant DNA pol I of 
Geobacillus thermoleovorans from Batu Kuwung, Serang, Banten. 
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1. Introduction 

Polymerase chain reaction (PCR) is a widely known method to amplify a DNA strain 
and its complement. The PCR products are critical for biological engineering developments 
and breakthroughs. Many things can be achieved through PCR, including gene amplification 
and detection, disease detection, and the creation of genetically modified organisms (GMO) 
(Beyer et al., 2002). One of the components required for PCR reaction is DNA polymerase, 
also known as the main enzyme (Valones et al., 2009). Without DNA polymerase, the 
extension process as the main stage of PCR will not occur (Maddocks and Jenkins, 2017). In 
Indonesia, despite having access to PCR technology, almost all DNA polymerase is still 
imported.   

DNA polymerase in both current global and local markets mostly derives from 
thermophilic bacteria  due to its higher resistance to denaturation and aggregation at high 
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temperatures during conventional PCR (Maddocks and Jenkins, 2017; Gomes and Faísca, 
2019). There are many papers regarding the finding that one of the first revolutionary 
thermophilic DNA polymerases comes from Thermus aquaticus (Engelke et al., 1990). There 
also other thermophilic bacterial-origin DNA polymerases such as Pyrococcus furiosus 
(Zheng et al., 2016), Bacillus stearothermophilus (Aliotta et al., 1996), or Geobacillus 
thermoleovorans species but from a different strain of ATCC 12980 (Li et al., 2017).  

Thermophilic bacteria can be found in hot springs. Indonesia as a country is 
surrounded by the Pacific Ring of Fire and has many hot springs across the country. 
Therefore, the bioprospecting potential of indigenous thermophilic bacteria is very high. 
Although it seems promising, exploration of DNA polymerase from indigenous thermophilic 
bacteria in Indonesia remains low as there are still many thermophilic bacteria habitats 
that have no biodiversity studies published yet even the sites are considered public venues. 
So far, DNA polymerase I gene (DNA pol I) from Geobacillus thermoleovorans (from South 
Bandung hot springs) has been identified (Akhmaloka et al., 2008). There are still many 
unexplored thermophilic bacteria from different hot springs across the country. One of 
these sites is the Batu Kuwung hot spring in Banten. Neither DNA pol I nor thermophilic 
bacteria have been explored in this place to date. Therefore, the aim of this research is to 
clone the gene of DNA pol I from thermophilic bacteria in the Batu Kuwung hot spring.  This 
research hypothesizes that thermophilic bacteria can be isolated from the hot spring and 
be used to clone its DNA pol I gene to E. coli. This research is the initial step for DNA pol I 
production from indigenous thermophilic bacteria from the Batu Kuwung hot spring in 
future research.  
 
2. Methods 

2.1.  Template DNA and Plasmid 
 The template DNA was acquired from isolated Geobacillus thermoleovorans in the Batu 
Kuwung hot spring, Serang, Banten, which is highly similar to the Geobacillus 
thermoleovorans strain SGAir0734. Genome isolation was prepared and done by the 
Department of Chemical Engineering at Universitas Indonesia and the Department of 
Biotechnology and Life Science at the Tokyo University of Agriculture and Technology (data 
not shown). The plasmid used as a vector in this study is pET23d, which was provided by 
the Department of Biotechnology and Life Science at the Tokyo University of Agriculture 
and Technology. 

2.2.  Primer Preparation 
 The primers in the study consist of a forward primer, 5’-
AAACCATGGGATTGAAAAAAAAGCTTGTT-3’, and a reverse primer, 5’-
AAAGGATCCCGTTTCGCGTCATACCACGTCGAGCC-3’. The primers are determined based on 
local alignment between the novel native strain and the Geobacillus thermoleovorans strain 
SGAir0734 using BLAST (Basic Local Alignment Search Tool), as this strain is the most 
similar to the template DNA. The forward primer is designed to integrate the start codon 
into the NcoI restriction site. As for the reverse protein, the primer includes 2 redundant 
nucleotides just before the restriction site to shift the reading frame and therefore translate 
the His-tag sequence from the vector. The same primers are also used in sequencing. 

2.3.  Growth Condition 
 The transformed E. coli strains in both 𝐷𝐻5𝛼  and 𝐵𝐿21 are cultured in LB (Luria-
Bertani) and 0.1% ampicillin in either broth or a 1% agar plate medium. For aeration, the 
incubator is set to 161 𝑟𝑝𝑚 for 20 hours (Hermansyah et al., 2018). 
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2.4.  Gene Amplification by Polymerase Chain Reaction 
 The PCR reaction compositions were 1.5 𝜇𝑙  for both 10 𝜇𝑀  forward and reverse 
primers, 1 𝜇𝑙  of purified template DNA, 8.5 𝜇𝑙 of  𝑑𝐻2𝑂 , and 12.5 𝜇𝑙  of the PCR mix 2X 
PrimeSTAR Max. For the temperature settings, the thermocycler was set for 32 cycles to the 
initial denaturation temperature of 98℃  for 1 minute and 10 seconds per cycle. For 
annealing, the temperature was set to 55℃ for 5 seconds, and for the extension phase, it 
was set to 72℃ for 15 seconds. Lastly, for a final extension, it was set to 72℃ for 5 minutes 
before keeping the mixture at 4℃ indefinitely. After the PCR, the PCR product was checked 
with agarose gel electrophoresis consisting of 2 𝜇𝑙 of the PCR product combined with 0.2 𝜇𝑙 
of Midori Green Direct Dye to stain the PCR product. The marker used in the study was 5 𝜇𝑙 
of 𝜆 marker stained with 0.5 𝜇𝑙 of the same dye. The stained DNA was loaded in 1% agarose 
gel and run at the setting of 135 𝑉 for 20 minutes. After determining the success of the PCR 
according to the appropriate length of the amplified DNA fragment in the PCR product, the 
next step was to take out the non-DNA component from the PCR product by using a 
Monarch DNA PCR Cleanup (5 𝜇𝑔) Kit. This process aims to bind the amplicons, wash out 
PCR components, such as DNA polymerase and buffer, and finally elute the previously 
bound amplicons. For elution, 15 𝜇𝑙 of dH2O was used. 

2.5.  Making the Recombinant Plasmid 
 The making of recombinant plasmid process consists of cutting the fragments with 
restriction enzymes. The mixture consisted of 5 𝜇𝑙  PCR product, 0.5 𝜇𝑙  of 2000 𝑈/𝑚𝑙  of 
both NcoI-HF and BamHI restriction enzymes, 2 𝜇𝑙 of 10X CutSmart Buffer, and 12 𝜇𝑙 of 
distilled water. The mixture was then incubated at 37℃ for 2 hours. For the vector, the 
mixture consisted of 10  𝜇𝑙  vector, 0.5 𝜇𝑙  of 2000 𝑈/𝑚𝑙  of both NcoI-HF and BamHI 
restriction enzymes, 1 𝜇𝑙 of 10X CutSmart Buffer, and 3 𝜇𝑙 of distilled water. The mixture 
was then incubated at 37℃ for 16 hours to ensure complete digestion. 10 𝜇𝑙 of restricted 
inserts was then combined with 1 𝜇𝑙 of Midori Green Direct Dye and loaded in 1% agarose 
gel. The apparatus was run at a setting of 100 𝑉 for 30 minutes. The process to acquire a 
specific length of the fragment started with cutting the band from the gel and purifying it 
with kit Monarch Gel Extraction Kit. For elution, 10 𝜇𝑙 of 𝑑𝐻2𝑂 was used. 
 The process involves the addition of 15 𝜇𝑙  of restricted vector, 1,5 𝜇𝑙  of 3M sodium 
acetate, and 45 𝜇𝑙  of 0 − 4℃  100% ethanol. The mixture was vortexed and then 
precipitated at a temperature of −80℃ for 1 hour. The mixture was then centrifuged for 40 
minutes in a setting of 4℃ and 15000 𝑟𝑝𝑚 and then decanted. The mixture was washed 
twice using 0.5 𝑚𝑙  of 0 − 4℃  75% ethanol and centrifuged at the same setting for 10 
minutes. After the centrifugation, the pellet was air-dried and diluted in 14 𝜇𝑙 of 𝑑𝐻2𝑂. 
 To ensure the success of the restriction process, the vector was checked with 
electrophoresis agarose gel with the same composition of 0.2 𝜇𝑙 Midori Green Direct Dye in 
2 𝜇𝑙 samples and 0.5 𝜇𝑙 of stain in 5 𝜇𝑙 of 𝜆 marker loaded in 1% agarose gel and run at a 
setting of 135 𝑉  for 30 minutes. The ligation composition was determined by using 
Cranenburgh’s calculation with a target molar ratio of insert to vector of 7:1 (Cranenburgh, 
2004). The process consists of mixing 1.76 𝜇𝑙  per 17.3 𝜇𝑔/𝜇𝑙  insert and 1 𝜇𝑙  of 6 𝜇𝑔/𝜇𝑙 
plasmid with the addition of 3 𝜇𝑙  of 2X Mighty Max ligation mix and 0.24 𝜇𝑙  of distilled 
water, yielding 6 𝜇𝑙 of the total volume mix. The mix was then incubated on a cool pad at 
16℃ for 30 minutes. 

2.6.  Amplifying of Recombinant Plasmid 
 The next step was to transform the recombinant plasmid to amplify its number by 
thawing both competent cells of E. coli 𝐷𝐻5𝛼  and the recombinant plasmid on ice. The 
volume ratio of competent cells to the plasmid was 100:1, which resulted in 0.5 𝜇𝑙  of 
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plasmid being added to 50 𝜇𝑙 of competent cells and incubated for 30 minutes on ice. The 
cell mixture then underwent a water bath at 42℃ for 45 seconds. After the water bath, the 
cell was then incubated for 2 minutes on ice before being combined with 100 𝜇𝑙 SOC (Super 
Optimal Broth) medium and incubated for an additional 45 minutes before spread on 
ampicillin-agar and left overnight. From the ampicillin agar, 4 random colonies were picked 
and diluted in 20 𝜇𝑙 𝑑𝐻2𝑂. The next step was to make a PCR mix consisting of 2 𝜇𝑙 of colony 
suspension, 0.5 𝜇𝑙 of both 10 𝜇𝑀  forward and reverse primers,7 𝜇𝑙 of 𝑑𝐻2𝑂 , and 10 𝜇𝑙  of 
2X Pfu PCR Mix. The thermocycler was set for a denaturation temperature of 94℃ for 5 
minutes, followed by a cycle of 30 seconds. For annealing, the temperature was set to 55℃ 
for 30 seconds. For the extension setting, the temperature was set to 72℃ for 6 minutes and 
the last cycle was set for 7 minutes. The cycles were set to repeat 32 times. 10 𝜇𝑙 of the PCR 
product was combined with 1 𝜇𝑙  of stain and loaded into 1% agarose gel and 
electrophoresis was run at the high setting for 30 minutes.  
 The corresponding colony suspension was moved to be cultured in LB broth. The 
culture consisted of a single colony in 20 𝑚𝑙 and 20 𝜇𝑙 of ampicillin. The colony was then 
incubated in a shaker incubator at 37℃  with a speed of 161 𝑟𝑝𝑚  overnight. The 20 𝑚𝑙 
culture was then split into 5 parts, 4 𝑚𝑙 each. Every tube was centrifuged at a speed of 
11000 𝑔 for 1 minute and was then decanted. The purification process was completed using 
the NucleoSpin Transfection Plasmid Kit. Each part was separately lysed but bound in a 
single binding column to acquire a high concentration of plasmid. For elution, 54 𝜇𝑙 of 50℃ 
1X TAE (Tris-acetate-EDTA) buffer was used. 

2.7.  Recombinant Plasmid Identification 
 After the purification, the acquired recombinant plasmid’s concentration was 
determined using a nanodrop apparatus. 2 𝜇𝑙 of TAE buffer was used as a blank sample and 
another 2 𝜇𝑙 of recombinant plasmid as the main sample. The plasmid was identified with 
a concentration of 166.2 𝑛𝑔/𝜇𝑙 . The plasmid was also digested by the same restriction 
enzymes that cut the restriction areas from the PCR product to confirm the plasmid’s 
integration with the target insert. 0.5 𝜇𝑙 of the plasmid was combined with 0.1 𝜇𝑙 NcoI-HF, 
0.1 𝜇𝑙 BamHI, 10𝑋 CutSmart buffer, and 3.8 𝜇𝑙 𝑑𝐻2𝑂 to obtain 10 𝜇𝑙 mixture. The mixture 
was then incubated at 37 ℃ for 2 days. For sequencing, 5.44 𝜇𝑙 plasmid was combined with 
12.0 𝜇𝑙  of either 10 𝜇𝑀  forward or reverse primer and 3.56 𝜇𝑙  𝑑𝐻2𝑂 , yielding a final 
volume of 21 𝜇𝑙. 

2.8.  Protein Test Expression 
 The next step was the transformation to E. coli 𝐵𝐿21, which is conducted the same way 
as the previous E. coli 𝐷𝐻5𝛼  transformation but with a slight difference. The process 
consists of thawing competent cells of both E. coli 𝐵𝐿21 and recombinant plasmid on ice. 
The composition of the recombinant plasmid and competent cells was 0.7 𝜇𝑙 plasmid and 
then was added to 50 𝜇𝑙 of competent cells and incubated for 30 minutes on ice. The cell 
mixture then underwent a water bath at 42℃ for 45 seconds. After the water bath, the cell 
was then incubated for 2 minutes on ice before being combined with 100 𝜇𝑙 of SOC medium 
and incubated for an additional 10 minutes. Then, it was spread on ampicillin-agar and a 
culture at 37℃ and left overnight. 
 A colony from the plate was then cultured in 4 𝑚𝑙 LB broth added to 4 𝜇𝑙 ampicillin. 
The culture was incubated in an incubator at 37℃  and a mixing speed of 150 𝑟𝑝𝑚 
overnight. The mixture was separated through centrifugation at 11,000 𝑔 for 1 minute and 
then the pellet was decanted. The pellet was diluted in 1.5 𝑚𝑙 of 1X PBS and sonicated with 
the setting of output 0.7 𝑉, duty 50, and an interval duration of 2 minutes for 3 times. The 
mixture was centrifuged at the speed of 11,000 𝑔 at 4℃ for 10 minutes to separate the 
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pellet and supernatant. 15 𝜇𝑙  of the supernatant was combined with 15 𝜇𝑙  of the SDS 
sample buffer and heated to 99 ℃ for 5 minutes. 15 𝜇𝑙 of the solution was loaded into 10% 
acrylamide gel and run at the settings of 20 𝑚𝐴 for stacking gel and 35 𝑚𝐴 for running gel. 
The gel was stained in Coomassie Brilliant Blue for 30 minutes before being decolorized in 
water for 3 hours, with a water change every hour. 
 
3. Results and Discussion 

3.1.  PCR Product 
 Geobacillus thermoleovorans SGAir0734 was successfully isolated from the Batu 
Kuwung hot springs (data not shown). To confirm whether the isolated bacteria contain the 
DNA pol I gene, a PCR was used. The PCR product after being electrophorized and observed 
under UV light is shown in Figure 1. According to the theoretical length, the amplified gene 
is 2637 𝑏𝑝 long. Accordingly, lane number 3 shows a band with the desired size. There are 
2 other dim bands, though these may indicate mispriming due to a slightly high 
concentration of primers used in the study to achieve relatively easy and distinguishable 
products (see lane 3 in Figure 1). The primers were likely to partially annealed in similar 
complement sequences and unintentionally amplified. Fortunately, due to lower affinity, 
the fragments were not exponentially amplified in addition to the main product. However, 
the results show that the PCR procedures effectively amplified the desired gene. 
 

 

Figure 1 Amplified PCR product. (R) shows the reference of the 𝝀/𝑺𝒕𝒚𝟏 marker; (M) shows the 
𝝀/𝑺𝒕𝒚𝟏 marker; (1) and (2) shows the positive control gene; and (3) shows the amplified genes. The 
gene of interest (𝟐𝟔𝟑𝟕 𝒃𝒑) is indicated by the arrow 
 
3.2.  Colony PCR 
 Figure 2 shows the results of the colony PCR on transformed colonies to select which 
colony had the right transformed plasmid. It can be seen that there is only one colony 
suspension that has the proper gene in lane number 4, as it confirms that the colony 
possesses plasmid that is integrated with the proper insert. The amplified gene in the gel 
also confirms successful ligation despite its relatively low ligation success percentage due 
to the large size of the insert to vector ratio (72.58%). The band also has the right length of 
the target DNA pol I gene, which is theoretically around 2637 𝑏𝑝; the gel shows the band to 
be 2500 𝑏𝑝 to 3000 𝑏𝑝. 
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Figure 2 Colony PCR. (R) shows the reference 1 kb ladder; (M) shows the used 1 kb ladder marker; 
(1), (2), (3), and (4) show random-picked transformed colonies from the agar plate; and the arrow 
to (4) indicates the gene of interest (𝟐𝟔𝟑𝟕 𝒃𝒑) 
 
3.3.  Recombinant Plasmid Digestion 
 The (2) result showed in Figure 3, consists of 3 bands that can be identified in 
succession as a recombinant plasmid, empty vector, and gene of interest. This visual also 
confirms that the last two bands come from the same component due to their equal 
luminosity. There is a slight difference, though, between the proper position of the bands 
and the theoretical data. Fortunately, if all the bands in lane number 3 in Figure 3 are 
slightly shifted above together, the bands will match their theoretical lengths of around 
6270 𝑏𝑝 for the recombinant plasmid, 3633 𝑏𝑝 for the cut vector, and 2637 𝑏𝑝 for the gene 
of interest.  

 

 

Figure 3 Digested Recombinant Plasmid. (R) shows the reference of 𝝀/𝑺𝒕𝒚𝟏 marker; (M) shows the 
𝝀/𝑺𝒕𝒚𝟏 marker; (1) shows the positive control gene; and (2) shows the digested recombinant 
plasmid 
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A few factors may trigger this condition, such as slightly uneven overheated gel in the 
electrophoresis process causing the sample bands to migrate between columns slightly 
faster or a difference in solvent composition. This reading error happens due to different 
local ion concentrations in the sample; different columns experience different 
electromagnetic drive force, leading to different migration rates of the samples. 
 There are 2 bands instead of 3 on the gel. This shows that the digestion process was 
not completed despite the 2-day-long digestion process, which should have been more than 
enough time to fully digest all the recombinant plasmid into its precursor vector and the 
gene of interest. The situation is most likely caused by salt inhibition in addition to a very 
high concentration of the substrate. Since the total volume used in digestion a very small 
amount (5 𝜇𝑙), a relatively significant amount of water was evaporated as a solvent from 
the mix and reduced the total volume, as several small condensed droplets around the main 
mix were visible after the digestion. This amount is relatively minute but can significantly 
raise the overall components’ concentrations. Once a certain point of salt concentration was 
reached, the enzymes were then inactivated before they could digest all the recombinant 
plasmid in the solution. 

3.4.  Recombinant Plasmid Protein Sequencing 
 To further confirm whether DNA pol I was successfully cloned, sequencing analysis was 
conducted to obtain the gene sequence from plasmid. The obtained sequence was analyzed 
by comparing the amino acid sequence with existing data (whole genome sequences done 
by Tokyo University of Agriculture and Technology). As shown in Figure 4., the sequences 
are 72.2% globally aligned identical. The comparison shows that the middle region of the 
recombinant gene sequence remained empty due to the sequencing capability reaching up 
to roughly 1000 𝑏𝑝 while the original gene had 2637 𝑏𝑝 and the sequencing only utilized 
the same primers as in the first step of the research to amplify the gene. The missing region 
causes a lack of insight to the whole genome and amino acid sequences, as an additional 
primer is required to fully sequence the recombinant gene and avoid mistranslation due to 
the possibility of frameshifting in reading. Although it is not fully sequenced, the results 
confirm that DNA pol I was successfully cloned. 

3.5.  Recombinant Protein Expression Test 
 After DNA pol I was successfully cloned, the next step was to determine the expression 
of recombinant DNA pol I in E. coli. To do so, DNA pol I from E. coli was expressed and 
analyzed by SDS-PAGE (sodium-dodecyl-sulfate polyacrylamide gel electrophoresis). The 
result shows proteins that are heavily expressed, with a molecular weight of around 
100 𝑘𝐷𝑎 . This is consistent with the theoretical molecular weight of the gene, which is 
99.65 𝑘𝐷𝑎. This finding confirms that there is a high chance of the existence of recombinant 
plasmid in the solution. As for the many proteins in the mix, the process of obtaining the 
proteins was solely through sonication without any other addition purification method. 
This method explains why there are still many other proteins other than the desired 
recombinant protein of DNA Pol I exist in the sample. According to the theoretical data, the 
recombinant DNA Pol I roughly have a molecular weight of 100 𝑘𝐷𝑎. As there is a significant 
tint on 100 𝑘𝐷𝑎  reading, it highly indicates that the recombinant protein was 
overexpressed. 
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Figure 4 Comparison of amino acid sequences. “Full” shows the sequence from the DNA Pol I gene 
of the original Geobacillus thermoleovorans from Batu Kuwung, Serang, Banten; “Full_Seq_Merg” 
shows the recombinant DNA Pol I gene amino acid sequence 
 
 

 For purposes of comparison, Table 1 shows the molecular weights of recombinant DNA 
Pol I protein from the current study and other references. It can be seen that the 
recombinant DNA Pol I protein ranges from 69–110 kDa. The recombinant protein from the 
current study has a molecular weight of approximately 100 kDa and is therefore consistent 
with the data range conformity of DNA Pol I in many references. 
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Figure 5 Protein expression test with SDS-PAGE. (R) shows the reference marker; (M) shows the 
SDS-PAGE marker; (1) shows the pellet waste; and (2) shows the intercellular supernatant protein 
content, with the overexpressed recombinant protein indicated by the arrow 

  

Table 1 Molecular weight comparison 

Thermophilic Bacteria Molecular weight (𝑘𝐷𝑎) Reference 

Geobacillus caldoxylosilyticus ±99 Sandalli et al., 2009 
Bacillus stearothermophilus N3468 ±97 Aliotta et al., 1996 
Geobacillus stearothermophilus ATCC 12980 ±69 Li et al., 2017 
Geobacillus thermoleovorans (South 
Bandung) 

±110 
Akhmaloka et al., 

2008 
Geobacillus thermoleovorans (Batu Kuwung, 
Serang, Banten) 

±100 Lischer et al., 2020 

 

4. Conclusions 

 From the results of this study, it can be concluded that the recombinant plasmid 
contains the desired gene of interest that is confirmed by digestion using the same 
restriction enzymes in making of the recombinant plasmid to identify the same restriction 
areas from gene cloning. The products of the digestion are also consistent with the 
theoretical gene size (2637 𝑏𝑝), despite the slight shift of the bands’ positions. The result is 
further supported by the sequencing, where the approximately first and last 1000 𝑏𝑝 
sequences of the gene of interest inside the recombinant plasmid are consistent with the 
theoretical nucleotide sequence and correlate with the amino acid sequence. Additionally, 
the SDS-PAGE result protein expression assay suggests a significant overexpression of 
proteins at around 100 𝑘𝐷𝑎, where the target protein has a molecular weight of 99.65 𝑘𝐷𝑎. 
It is highly encouraged to scale up the protein expression and use a nickel column to purify 
the His-tagged recombinant protein for further characterization in future research. 
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