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Abstract:  
Background: Amylase is an enzyme that breaks down starch, turning it into sugar. There are two main types, 

namely alpha and beta. Amylase (α -amylase) is an enzyme that catalyzes the hydrolysis of alpha-1,4-glycosidic 

amylose starch to produce glucose. Among amylase, α-amylase has the greatest demand because of its various 

industrial applications such as the food, textile, paper, and detergent industries. Detection of the amylase gene 

on the PCR instrument requires a primer. The aims of research was to obtain the best pair of primers from the 

amylase gene designed in silico using the application of NCBI.  

Materials and Methods: In this research, The search for the -amylase gene was conducted using the website 

http://www.ncbi.nlm.nih.gov, the National Center for Biotechnology Information (NCBI) database. Then the 

primary candidate screening was carried out using the same site. Then a forward and reverse primary analysis 

was performed 

Results: Of all these primary candidates, primary no 3 is the best primer 
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I. Introduction  
 Amylase (α -amylase) is an enzyme that catalyzes the hydrolysis of alpha-1,4-glycosidic amylose 
starch to produce glucose. Among amylase, α-amylase has the greatest demand because of its various industrial 

applications such as the food, textile, paper, and detergent industries1. α-amylase can be produced from plant or 

microbial sources 2 3 4 . Amylase from bacteria is widely applied in the industry because of its easy production. 

One of the bacteria that can produce amylase is Bacillus cereus5. Bacillus cereus is a Gram-positive, rod-shaped 

bacterium that can form spores. The most common sources found are liquid food products, powdered milk, 

mixed food products6. Detection of the amylase gene on the PCR instrument requires a primer in the form of a 

short-chain DNA sequence as a specific target DNA identifier. The primary design was carried out by insilico 

experiments It is necessary to design specific primers with insilico experiments so that the primers to be used 

are more specific in detecting the amylase gene in Bacillus cereus bacteria. This will make the amplification 

process by PCR more efficient and reduce the cost of using primers.. This research is a continuation of previous 

research 7 that aims to obtain the best pair of primers from the amylase gene designed in silico using the 
application of NCBI. This primer was designed to amplify the Alpha-amylase gene fragment in Bacillus cereus . 

Further experiments in the laboratory need to be carried out to determine the optimal conditions of this primer 

pair. 

 

II. Material And Methods  
α-amylase gene 

The search for nucleotide sequences of the α-amylase gene from Bacillus cereus was carried out using 

data on the website http://www.ncbi.nlm.nih.gov, the National Center for Biotechnology Information (NCBI) 

database. 
 

Screening of Primer Candidate  

The nucleotide sequences that have been obtained at NCBI are then designed for primers using Primer-

Blast, Pick Primer. 

 

Primary Analysis Forward and Reverse 

Primer candidate testing was carried out using data on the http://www.ncbi.nlm.nih.gov site to 

determine the sequence, length of each primer, start and stop position of the primer on the nucleotide sequence, 

melting temperature, percent GC, and length of the product. NetPrimer application on the considering the 

possible occurrence of hairpin structures, cross dimers.. 
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III. Result  
The search for nucleotide sequences of the alpha-amylase gene from Bacillus cereus was carried out using the 

data on the http://www.ncbi.nlm.nih.gov website using the keywords amylase and Bacillus cereus in the 

nucleotide box. Sequence data were obtained with the gene bank code EU735542.1, namely Bacillus cereus 

bacteria that can produce amylase as shown in Figure 1 below. 

 

 
Figure 1. Nucleotides of Bacillus cereus 

 
The nucleotide sequences were obtained from the NCBI. The primary design was carried out using 

PrimerBlast. The bacterium Bacillus cereus (gene bank code EU735542.1) was used as the template. The size of 

the PCR product was set in the range of 100-500 bases for 10 primer pairs. The primary melting temperature is 

set to a minimum of 50oC and a maximum of 60oC with an optimum temperature of 55oC as shown in Figure 2 

below. 

 

 
Figure 2. Primer template 
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Similar sequences appear after running to obtain primers from the template. From these sequences, it was traced 

to Bacillus cereus which had the amylase gene as the target gene (Figure 3). 

 

 
Figure 3. Sequences with close similarities 

 

From the data obtained, there are 10 pairs (forward-reverse) of primary candidates after the selection of 

sequences with the target gene (figure 4). 

 

 
Figure 4. Primer candidate 

 

The primer candidate determination was carried out using data on the http://www.ncbi.nlm.nih.gov site 
to determine the sequence of each primer, product length (Table 1), length of each primer, start position and 

position primary stop on nucleotide sequence, melting temperature, percent GC (Table 2) 

 

Table 1. Length of Product 
Primer Pair Sequence (5'->3') Product length 

1 F CACTCCAAATGATGACGTTG 155 

R TGTTTTCTGGATTCAGCGTA 

2 F TACGCTGAATCCAGAAAACA 205 

R TTGTGGATCGATTTCCATGT 

3 F TTCCCAATTAGAACTGAGCC 257 

R TCGTGCCAAATTTCTCCTAA 

4 F GGTTCGCTAATGGAGATCAT 373 

R TTATATGCTGACTGCTCACC 

5 F ACGAAAAGAGACGATGTTCA 250 

R CAACGTCATCATTTGGAGTG 

6 F TTGGGATACGGAAGAACAAG 316 

R GAATCCATTGGAGGAAGTGT 

7 F TTAGGAGAAATTTGGCACGA 385 

R CTTGTTCTTCCGTATCCCAA 

8 F ACATGGAAATCGATCCACAA 161 

R TGACTGCTCACCATTTTGTA 

9 F CCAATTAGAACTGAGCCACT 299 

R CTCATGACAGCATCGAATTG 

10 F CTGAGCCAACTCCAACTAAT 306 
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R ACTGCTCACCATTTTGTAGT 

 

Table 2. Characteristics of Primer 

Primer 

Pair 

Sequence (5'->3') Length Start Stop Tm GC% 

1 F CACTCCAAATGATGACGTTG 20 315 334 55.01 45.00 

R TGTTTTCTGGATTCAGCGTA 20 469 450 55.01 40.00 

2 F TACGCTGAATCCAGAAAACA 20 450 469 55.01 40.00 

R TTGTGGATCGATTTCCATGT 20 654 635 55.03 40.00 

3 F TTCCCAATTAGAACTGAGCC 20 826 845 55.03 45.00 

R TCGTGCCAAATTTCTCCTAA 20 1082 1063 54.97 40.00 

4 F GGTTCGCTAATGGAGATCAT 20 431 450 55.01 45.00 

R TTATATGCTGACTGCTCACC 20 803 784 54.94 45.00 

5 F ACGAAAAGAGACGATGTTCA 20 85 104 55.07 40.00 

R CAACGTCATCATTTGGAGTG 20 334 315 55.01 45.00 

6 F TTGGGATACGGAAGAACAAG 20 1428 1447 55.08 45.00 

R GAATCCATTGGAGGAAGTGT 20 1743 1724 55.02 45.00 

7 F TTAGGAGAAATTTGGCACGA 20 1063 1082 54.97 40.00 

R CTTGTTCTTCCGTATCCCAA 20 1447 1428 55.08 45.00 

8 F ACATGGAAATCGATCCACAA 20 635 654 55.03 40.00 

R TGACTGCTCACCATTTTGTA 20 795 776 54.89 40.00 

9 F CCAATTAGAACTGAGCCACT 20 829 848 55.05 45.00 

R CTCATGACAGCATCGAATTG 20 1127 1108 54.88 45.00 

10 F CTGAGCCAACTCCAACTAAT 20 488 507 55.05 45.00 

R ACTGCTCACCATTTTGTAGT 20 793 774 54.88 40.00 

 

Observations were made on the possibility of hairpin structures, cross dimers (Table 2) using the NetPrimer 

application. 

Table 3. Secondary Structure 

      Primer 

Pair 

 Hairpin 

(kcal/mol) 

Cross Dimer 

(kcal/mol) 

1 F -0.7 -6.6 

R * 

2 F * -8.07 

R -3.3 

3 F * -5.5 

R * 

4 F -0.03 -5.41 

R -0.03 

5 F -0.02 -6.53 

R * 

6 F * -6.12 

R -0.34 

7 F * -7.97 

R * 

8 F -3.3 -6.5 

R * 

9 F * -8.32 

R * 

10 F *  

-8.27 R * 
 

IV. Discussion  
The primer design required for PCR is a pair of primers known as a forward primer and a reverse 

primer. The primer obtained is a unique series of nucleotide bases and is attempted to have a short size to 

minimize costs. A good primer is a primer that meets the criteria for primer parameters. These parameters 

include: primer length, melting temperature (Tm), percentage of the amount of G and C (%GC), and hairpins. 

The results of the analysis obtained 10 pairs of primer candidates with different product lengths (Table 1). Each 

primer consists of 20 nucleotide base lengths (Table 2). The results of the primer design meet the criteria for 

http://www.premierbiosoft.com/NetPrimer/www.premierbiosoft.com
http://www.premierbiosoft.com/NetPrimer/www.premierbiosoft.com
http://www.premierbiosoft.com/NetPrimer/www.premierbiosoft.com
http://www.premierbiosoft.com/NetPrimer/www.premierbiosoft.com
http://www.premierbiosoft.com/NetPrimer/www.premierbiosoft.com
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good primer parameters. The specificity, temperature, and annealing time depend on the primary length. Primers 

with 18-24 nucleotide lengths were a good measure of sequence-specific if the PCR reaction annealing 

temperature was set within 50°C of the primer-template temperature8. PCR primers that are too short will tend 
to experience mispriming and primers that are too long have the potential for hybridization to occur so that it 

will inhibit the DNA polymerization process
9
. Choosing the right primer for PCR is an important factor. The 

strength of the primer-template bond in the forward and reverse greatly affects the formation of the PCR 

reaction. Primers must not have a match with other targets so that our target amplification process becomes 

more specific. Compatibility in terms of a certain orientation as well as a certain distance that allows unwanted 

amplification. The primer sequence should not have a region that can bind to the internal primer or to its partner 

primer. Primers should use complementary base pairs and not have many binding sites in the target genome. 

The melting temperature (Tm) on the primer is in the range of 50°C-60°C. Tm is the temperature at 

which half the DNA double strands separate. The Tm value will affect the denaturation temperature of the DNA 

double helix strand and the primer annealing temperature. Primers with Tm too high above 70°C will easily 

mispriming at low temperatures. In addition, the formation of a bond that is too strong between the DNA 
template and the primer will result in low PCR products10. Meanwhile, primers with low Tm tend to stick to 

other places and produce non-specific products. From the 10 candidate primers obtained, it can be seen that all 

of the primers, both forward and reverse, were in the Tm range. The difference between Tm forward and Tm 

reverse does not exceed 5oC. It can be concluded that all the candidates meet the criteria for a good primary Tm.  

The percentage of good GC ranges is from 40-60%. GC is the content of the number of bases G 

(guanine) and C (cytosine) which can affect the Tm of a primer, besides that the percentage of GC also affects 

the bonding between strands in DNA. High GC content will complicate the separation of double-stranded chains 

in primers and templates11. From the design results obtained GC values that meet the criteria.  

The stability of the primer determines its false priming efficiency with a stable 5' end and an unstable 3' 

end. If the primer has a stable 3' end, it will bind to a complementary site other than the target with the 5' end 

dangling over the edge. This can then lead to a secondary band. Stability of the 5' termini allows for efficient 

bonding of the primer to the target site12. The formation of a loop/hairpin structure in the primer should be 
avoided, but it is very difficult to obtain a primer without a hairpin structure. Based on table 3, the primer 

candidate's numbers 3,7,9,10 didn't have a hairpin. A hairpin loop is formed when the primer folds back upon 

itself and is held in place by intramolecular bonding. Because hairpin loop formation is an intramolecular 

reaction, it can occur with as few as 3 consecutive homologous bases 12. Primers that bind to their partner 

primers (reverse and forward) are called Cross-Dimers. The cross-dimer in primer no. 3 has the best value 

among no. 7,9, and 10 with the largest G so that it can still be tolerated13. Of all these primary candidates, 

primary no 3 is the best primer 

 

V. Conclusion  
A primer has been designed to amplify the Alpha amylase gene in Bacillus cereus with the forward 

primer  TCCCAATTAGAACTGAGCC and reverse primer TCGTGCCAAATTTCTCCTAA. With the length 

of each primer (forward and reverse) was 20 nucleotides. The Tm in this primer were 55.03 and 54.97oC, 

respectively. GC percent for forward 45% and Reverse 40%. 
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