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Abstract. Protease enzymes in the health sector are very important, especially as 

anticoagulant, antithrombotic agents, as diagnostic tools and plasmin standards. It is 

not surprising that the need for protease enzymes in the world is very high, including 

in Indonesia. The supply of protease in Indonesia still depends on imports so its 

availability is limited. One way to overcome this problem is to produce protease 

enzymes from Indonesia's biological resources. Previous research reported that the 

bacteria Bacillus sp. HSFI-3 isolated from fermented digestive organs of Holothurian 

scabra sand sea cucumbers (West Nusa Tenggara) has proteolytic, fibrinolytic and 

thrombolytic characteristics. Bacillus sp. HSFI-3 is a wild type bacteria. The 

challenge with wild type bacteria as protease producers is that the gene promoter is 

not always on so it does not always express protease, the enzyme activity is low and 

it is not pure. Strategies need to be implemented to overcome this, one of which is 

cloning and overexpressing proteases for scale up efforts from wild type Bacillus sp 

bacteria. HSFI-3. The steps to carry out cloning and overexpression require the full-

length gene sequence encoding the protease enzyme from Bacillus sp. HSFI-3. Full-

length gene sequences can be obtained from the results of Whole Genome Sequencing 

(WGS) of Bacillus sp. HSFI-3 amplified from specific primer design. Full-length gene 

encoding the protease enzyme from Bacillus sp. After obtaining HSFI-3, it was then 

continued by amplifying the full-length gene using in silico PCR and in vitro PCR 

with specific primer designs based on the WGS sequence results. This journal review 

summarizes the types of primer design software specific to protease genes throughout 

the world in the last decade. This research specifically targets the software used in the 

design of specific primers for the full-length protease gene. The aim is to obtain the 

most appropriate software recommendations regarding specific primer design for the 

full-length protease encoding gene from Bacillus sp. HSFI-3. Based on the results of 

the journal review, all the software contained in this study only amplifies fragments. 

Benchling software (https://www.benchling.com/) is capable of designing primers for 

full-length genes. So we recommend this software for the design of full-length gene 

specific primers for the protease gene of Bacillus sp. HSFI-3 is an effort to scale up 

protease enzymes so that the need for protease enzymes in Indonesia is met. 
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1. Introduction 

The importance of protease enzymes in the health sector is that they are widely used in the 

treatment of cardiovascular disease (CVD), anticoagulants, antithrombotic drugs, 

diagnostic tools and plasmin [1][2][3][4]. Plasmin is the active form of plasminogen from 

the serine protease gene which plays a role in breaking down blood clots caused by fibrin 

[3]. 

The need for protease enzymes in the world reaches 70% of all enzymes needed in various 

industrial sectors, including health. The demand for protease enzymes in Indonesia is also 

increasing and this need still depends on imported production so the availability of this 

protease enzyme is very important. Data from the Agency for the Assessment and 

Application of Technology (BPPT) in 2015, almost 99% of the need for protease enzymes 

in Indonesia was still imported [5][6][7].  

One way to overcome the problem of dependence on imported protease enzymes is by 

producing protease enzymes from Indonesia's biological resources [5][6]. The Holothurian 

scabra sand sea cucumber (H. scabra) is one of the native biological resources of Indonesian 

marine waters (West Nusa Tenggara) which produces protease enzymes in the rusip 

products of its digestive organs producing the bacteria Bacillus sp. HSFI-3, this bacterium 

has proteolytic, fibrinolytic and thrombolytic characteristics. In the thrombolysis activity 

test on the lysis of blood clots in vitro using the gravimetric method, Bacillus sp. HSFI-3 is 

able to lyse blood clots with a percentage of 26.06% [4]. Bacillus sp. HSFI-3 is a wild type 

bacteria. The challenge with wild type bacteria is that the gene promoter is not always on 

so it does not always express protease, the enzyme activity is low and it is not pure. So 

strategies need to be implemented to overcome this, one of which is through cloning and 

overexpression [8]. 

Efforts to scale up the anti-thrombosis fibrinolytic protease Bacillus sp. HSFI-3 via cloning 

and overexpression has not been reported. So it is important to carry out research related to 

the recombinant protease enzyme Bacillus sp. HSFI-3 with genetic engineering techniques. 

Genetic engineering is a technology for manipulating microbial genes in order to regulate 

gene expression levels and the production of certain compounds so that they can produce 

useful products [9]. The advantages of genetic engineering are that the enzymes produced 

have good stability and durability, consistent product performance, and increased 

production capacity (www.scrippslabs.com) [8]. 

Full-length gene encoding the protease enzyme from Bacillus sp. HSFI-3 needs to know 

the sequence first before carrying out genetic engineering. Efforts to obtain full-length gene 
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sequences can be done through WGS on the Bacillus sp. HSFI-3 genome. Full-length gene 

encoding the protease enzyme from Bacillus sp. HSFI-3 once was obtained, it was then 

continued by amplifying the full-length gene using in silico PCR and proven by in vitro 

PCR amplification with a specific primer design based on the WGS sequence results. 

Specific primer design plays an important role in PCR, therefore it is important to find 

specific primers of good quality. Manual design and selection of primers tends to produce 

poor results due to human limitations. So, primary selection using automatic computing 

(software) is more practical and easier. In recent years, software for specific primer design 

has been well developed and applied effectively to the problem of primer selection with 

good results [10]. 

There are many and varied types of specific primer design software used and reported on 

PCR applications, therefore it is important to determine design software Specific primers 

suitable for application in whole genome sequencing research as well as in-silico and in 

vitro amplification of the anti-thrombosis protease gene encoding Bacillus sp. HSFI-3 

through specific primer design. This journal review summarizes the types of primer design 

software specific to protease genes throughout the world in the last decade. The research 

specifically targeted the software used in the design of primers specific to the protease gene. 

The aim is to obtain the most appropriate software recommendations regarding specific 

primer design for the protease gene from Bacillus sp. HSFI-3. 

2. Methods 

Bibliographic was carried out through a database search http://app.dimensions.ai/. The 

search took into account the term "protease gene primer design" published in the data range 

from 2014 to 2023 and searched the title and abstract. The bibliographic aims to look at 

research developments related to protease gene primer design. Network visualization and 

density visualization maps for co-occurrence using VOSviewer. 

The journal review was carried out by selecting sources from the PubMed and Google 

Scholer databases published between 2009-2022 which discussed specific primer design 

software for protease genes. Search for articles using Medical Subject Title Headings 

(MeSH) with several combinations including "protease gene", "protease enzyme", 

"protease gene characteristics", "protease enzyme characteristics", "cloning and 

overexpression", "primer design", "genetic engineering”, “recombinant enzyme”. The 

journal review aims to find out the software used in designing protease gene primers and 

whether the designed primers were continued for in vitro PCR. 
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2.1. Journal Eligibility Criteria 

Journal eligibility screening is based on the inclusion criteria set as follows: (i) cloning and 

overexpression of protease genes; (ii) protease enzymes; (iii) specific primer design 

software; (iv)reported in Indonesian or English; (v) search for review journals published in 

2009-2022. All journals were extracted using search computerized and manuals from 

PubMed and Google Scholar. Journals excluded from the study were journals encoding 

other than protease genes. 

2.2. Journal Selections 

Based on guidelines from Polanin et al., [11], journal selection was carried out to identify 

journals that met the inclusion criteria applied in this journal review. Titles and abstracts 

produced by the search were identified and analyzed carefully to determine which 

inappropriate sources should be excluded. Journals from the remaining searches were also 

retrieved and evaluated whether they met the inclusion criteria or not [10]. 

2.3. Research Bias Control 

The following things are included in the risk of bias or quality assessment in this journal 

review: (i) completeness of reporting information on specific primer design software for 

protease genes, (ii) selective reporting of results, (iii) in vitro PCR testing. When overall 

criteria are met, the overall reasonable risk of bias is considered low. 

3. Result and Discussion 

A search through the database http://app.dimensions.ai/ which was published in the data 

range from 2014 to 2023 and produced 10 scientific article publications or proceedings. The 

number of publications on "protease gene primer design" per year is presented in Figure 1. 

VOSviewer provides a network visualization map for co-occurrence. Network visualization 

of these 33 terms is presented in Figure 2. VOSviewer also provides a density visualization 

map for co-occurrence. Density visualization of these 33 terms is presented in Figure 3. 

Figure 1 shows that research on protease gene primer designs is still relatively small and 

from 2019 to 2023 research will not increase. Figures 2 and 3 show research related to 

proteases connected to genes and primer but does not mention which primer used whether 

specific, fragment or full- length gene. So research related to protease gene primer design 

is still relatively small and has quite high novelty. 
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Fig. 1. Number of publications on “protease gene primer design” from 2014 to 2023 (source: 

http://app.dimensions.ai/) 

Primer design is the first step that determines the success of DNA amplification using the 

PCR method [12]. Things that need to be considered in selecting a primer include primer 

length, melting temperature (Tm), GC (Guanine Citocin) content. Good primers range from 

18-30 base pairs. Primers that are more than 30 base pairs long will cause the primer 

attachment to be non-specific. The second characteristic that needs to be considered in 

primary selection is Tm. A good primer has a Tm difference of around 5°C. This aims to 

ensure that there is no decrease in the amplification process. The percentage of G and C 

bases also needs to be considered because the number of G and C bases can affect the Tm 

of a primer [13]. A good primer has a G and C percentage of around 40-60%. Another 

criterion for a good primer is that it does not have cross dimers and a hairpin structure [14]. 

 

Fig. 2. Network visualization for co-occurrence of “protease gene primer design” (source: VOSviewer 

and http://app.dimensions.ai/) 

Several studies have reported specific primer design software related to protease genes 

worldwide in the last decade. This journal review specifically summarizes journals that 

report specific primer design software related to protease genes. This journal review aims 

to analyze the prospects for designing specific primers related to protease coding genes to 
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be used as target genes or inserts in recombinant enzymes based on supporting references 

published in the last decade. 

 

Fig. 3. Density visualization for co-occurrence of “protease gene primer design” (source: VOSviewer 

and http://app.dimensions.ai/) 

Table 1. summarizes specific primer design software related to protease genes reported in 

the last decade (2009-2022). In table 1 the data shows that the primer design software that 

is widely used is dominated by NCBI Primer Blast. In Table 1, the data also reveals that all 

identified journals reporting the process of cloning and overexpression of antithrombotic 

bacterial protease genes are dominated by Asian countries including China, India, and Iran 

[15][16][17][18][19][20][21][22][24]. 

Primer is a component that plays an important role in the PCR process [24]. A good primer 

is a specific primer. Non- specific primers can cause other regions in the gene that are not 

targeted to be amplified or, conversely, none of them are amplified. Supporting the findings 

in table 1, the specificity of the primer must be considered so that it can recognize and attach 

to the desired target gene. For analysis, BLAST from NCBI can be used 

(https://blast.ncbi.nlm.nih.gov/Blast.cgi).  

Using this software, candidate primer sequences will be compared with a collection of 

sequence databases from various organisms at NCBI. The similarity between primers and 

genes of a particular organism will be expressed in percentage identity. The higher this 

percentage value, the better the gene-specific primer [25]. 

Table 2 summarizes the results of specific primer designs tested in vitro which are reported 

to all produce bands on agarose gels. The primers designed using the software in table 1 

show that the primers can amplify the target region or gene according to what we designed 

in the software [15][16][17][18][19][20][21][22][24]. All the software in table 1 only 

amplifies fragments, to obtain the target gene/insert in a recombinant enzyme requires 

primer design software that is capable of amplifying the full length gene. In research by 

Mazloum et al., (2018) it was reported that Benchling software 

(https://www.benchling.com/) was able to design primers for full-length genes [27]. 
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Table 2. Results of specific primer designs tested in vitro PCR 

No. Primary Design 

Program 

Web Address Species Country Reference 

1 Oligo 7 software https://www.oligo.net/ Bacillus sp. Iran Ariyaei A, 

et al., 2019 

2 Oligonucleotide 

Properties 

Calculator (Oligo 

Calculator version 

3.27) 

http://basic.northwestern.e

du/bi 

otools/OligoCalc.html 

Bacillus subtilis 

RD7 

Nigeria Suberu  Y, 

et al., 2019 

3 NCBI Primer 

Design Tool 

https://www.ncbi.nlm.nih.

gov/t ools/primer-blast/ 

Bacillus 

licheniformis 

MK90 

Mesir Ahmed A. 

Hamed, et 

al., 2019 

4 Multiple NCBI 

Primer Designing 

Tools 

https://www.ncbi.nlm.nih.

gov/t ools/primer-blast/ 

Streptomyces 

thermovulgaris 

Pakistan Mushtaq A 

et al., 2020 

5 NCBI Primer 

BLAST 

https://www.ncbi.nlm.nih.

gov/t ools/primer-blast/ 

Nectria 

haematococca 

India Swati N. 

Madhu,  et 

al., 2020 

6 Oligonucleotide 

Primer 

https://www.bio-

rad.com/en- 

rs/applications- 

technologies/oligonucleoti

des- design- 

Bacillus subtilis 

168 

Iran Sadeghi M. 

Mohamma 

d, et al., 

2009 

applications?ID=MOYTCO
15 

7 Primer Premier 

5.0 Programs 
http://www.premierbioso
ft.com 

Crassostrea 

virginica 

China Yu, et al., 

2011 

/primerdesign/ 

8 ‘Oligoperfect’ 

Primer Design 

Tool 

https://www.thermofisher.

com/ br/pt/home/life- 

science/oligonucleotides- 

primers-probes-

genes/custom- dna-

oligos/oligo-design- 

Myzus persicae India Bhatia, et 

al., 2012 

tools/oligoperfect.html 

9 Primer 3 https://primer3.ut.ee/ 
Tritrichomonas 

foetus 

Australia Sun, et al., 

2012 

10 Primer Premier 

5.0 Programs 
http://www.premierbioso
ft.com 

Agropyron 

mongolicum 

Keng 

China Yang, et 

al., 2012 

/primerdesign/ 
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Table 2. Results of specific primer designs tested in vitro PCR 

No. Primary Design Program Species In-Vitro PCR 

Yes No 

1. Oligo 7 software Bacillus sp. ✓  

2. Oligonucleotide Properties Calculator 

(Oligo Calculator version 3.27) 

subtilis 

Bacillus RD7 

✓  

3. NCBI primer design tool Bacillus 

licheniformis MK90 

✓  

4. Multiple NCBI primer designing tools Streptomyces 

thermovulgaris 

✓  

5. NCBI Primer BLAST Nectria 

haematococca 

✓  

6. Oligonucleotide Primer Bacillus subtilis 168 ✓  

7. Primer Premier 5.0 Crassostrea 

virginica 

✓  

8. ‘Oligoperfect’ primer design tool Myzus persicae ✓  

9. Primer 3 Tritrichomonas 

foetus 

✓  

10. Primer Premier 5.0 programs Agropyron 

mongolicum Keng 

✓  

 

Fig. 4. The importance of target/insert genes in efforts to scale up recombinant protease enzymes from 

bacteria Bacillus sp. HSFI-3 
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Figure 4 shows the importance of obtaining target/insert genes in efforts to scale up 

recombinant protease enzymes from Bacillus sp. HSFI-3 bacteria. Based on the results of 

this journal review, it can be concluded that Benchling software is capable of designing 

primers for full-length genes. So we recommend this software for the design of specific 

full-length gene primers for scaling up protease enzymes to meet the needs of protease 

enzymes in Indonesia is fulfilled. Research like this, because it has not been reported before, 

provides originality and novelty.  
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