
 

Amplification of Thermostable Neutral Protease Open 
Reading Frame from Geobacillus sp. DS3 Isolated from 

Sikidang Crater, Dieng Plateau, Central Java, 
Indonesia 

 
Lucia Dhiantika Witasari1,* Joshua Halim1 Caroline Jilbert1 Muhammad Saifur 

Rohman2 

1 Department of Food and Agricultural Product Technology, Faculty of Agricultural Technology, Universitas Gadjah 
Mada 
2Department of Agricultural Microbiology, Faculty of Agriculture, Universitas Gadjah Mada 
*Corresponding author. Email: dhiantea_k@ugm.ac.id  

ABSTRACT 
Neutral protease is a protease that are widely applied in the food industry due to its stability at neutral pH. However, 
the neutral protease is generally poor in thermal stability which limits its application in some industries that require 
high temperatures. The thermostable neutral protease-producing bacterium, Geobacillus sp. DS3, was isolated from 
Sikidang Dieng Crater, Central Java, Indonesia. Preliminary research showed the existence of thermostable protease 
activity from Geobacillus sp. DS3 that was grown optimally at 70°C on a minimal synthetic medium agar + 1% skim 
milk. Geobacillus sp. DS3 produces thermostable protease to hydrolyze protein into amino acid. Production of 
thermozymes requires high temperatures, making the process less efficient. In this work, the open reading frame of 
NPr gene was amplified and characterized as a starting point to express the gene of interest into mesophilic bacteria. 
Amplification was carried out by PCR using degenerate primers Pro_F and Pro_R resulted in ~1.6 kbp of NPr 
sequence. A GenBank accession number of this sequence was ON882245. Analysis using BLASTN confirmed that 
the amplified ORF had a high similarity with the neutral protease from Alicyclobacillus acidocaldarius. Translation of 
the ORF resulted 546 amino acid residues and theoretical pI/Mw of 5.60 / 59.81 kDa. The NPr had a structure similar 
to that of PDB 5A3Y or SAD thermolysin with 86.35% sequence identity. The domain and function of NPr were 
determined using SignalIP and InterPro. SignalIP results showed that the amino acid sequence of NPr consisted of 
signaling peptides. InterPro results showed that the NPr domain consisted of four major domains, namely, 
fungalysin/thermolysin/propeptide domain from residues 80–124, PepSY regulatory peptide domain from residues 
140–21, and peptidase domain consisted of peptidase M4 from residues 235–380 and peptidase M4 C-terminal from 
residues 383–258. Further study related molecular docking must be performed to further understand the NPr structure. 
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1. INTRODUCTION 

Thermozymes from thermophilic or 
hyperthermophilic microbes are unique in their ability to 
retain optimal biocatalytic activity at extremely high 
temperatures (ranging from 60°C to about 120°C) [1]. 
Proteases are one of the most abundantly demanded 
thermozymes by various industries and are widely 

applied in protein hydrolysis and modification and 
leather, meat, brewing, photographic, dairy, membrane 
cleansing, and waste treatment industries [2,3]. 
Proteases can be applied in the food industry to obtain 
bioactive peptides and process different foods. Most 
industrial proteases are sourced from genus Bacillus. 
These bacteria can produce high yields of neutral and 
alkaline proteolytic enzymes with remarkable 
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properties, such as high stability toward extreme 
temperatures, pH, organic solvents, detergents, and 
oxidizing compounds [4]. Thermostability in industrial 
enzymes remains a desirable attribute for (1) achieving 
fast conversion rates, (2) great catalytic efficiencies, and 
(3) protection from microbial contamination while 
operating at high temperatures [1]. 

Several thermophilic bacteria that grow at high 
temperatures of 60°C–80C in Sikidang Crater on Dieng 
Plateau, Central Java, Indonesia have been isolated. One 
of the potential isolates from Sikidang Crater was 
characterized as Geobacillus sp. DS3 (previously 
characterized as Brevibacillus sp.) that optimally grow 
at 70C [6]. Geobacillus sp. DS3 can express 
thermostable enzymes for survival at high temperatures. 
Phon et al. [5] purified and characterized thermostable 
alkaline serine protease from Geobacillus sp. DS3. The 
other thermostable proteases produced by Bacillus are 
mostly serine proteases from B. subtilis [7] and B. 
pumilus [8], cysteine proteases from B. licheniformis 
[9], metalloproteases from B. stearothermophilus [10], 
and aspartic proteases from B. amyloliquefaciens [11]. 
Bacillus proteases have a molecular weight of 27–71 
kDa and an optimal pH range between 6 and 10 and 
grow optimally at temperatures between 37C and 60C 
[4]. Zilda et al. [12] investigated the protease activity of 
isolates from Padang Cermin, Lampung and Banyu 
Wedang, Bali hot springs identified as Brevibacillus 
thermoruber and reported an optimum temperature of 
85°C, an optimum pH of 9, and stability of up to 100 
min at 75°C. However, thermophilic bacteria require a 
high temperature to directly produce thermozymes, 
making the process less efficient. One solution is to 
express the gene of interest into mesophilic bacteria. To 
reach this objective, this research focused on amplifying 
the open reading frame (ORF) of the protease gene 
using specific primers as a step to establish the cloning 
process of NPr gene. The 3D structure of the enzyme 
must also be determined to understand its functions at 
the molecular level. The availability of DNA sequence 
from a novel microbial gene and its comparison with 
homologous enzymes permit us to identify the 
molecular determinants and amino acid residues 
involved in the desired features [13]. 

2. MATERIALS AND METHODS 

The method of this research consisted of isolation 
and growth of Geobacillus sp. DS3, DNA genome 
isolation, primer design and gene target amplification, 
NPr ORF nucleotide sequence deduction, and amino 
acid analysis (Figure 1).  

2.1. Bacterial growth conditions 

Geobacillus sp. DS3 was isolated from the soil 
sampled from Sikidang Crater Dieng Plateau, Central 

Java [5] and then grown at 70C in modified Luria–
Bertani (LB) broth containing 1% bacto-tryptone, 0.5% 
yeast extract, 0.5% mannitol, 0.02% NaCl, 0.01% 
K2HPO4, 0.02% CaCl2, 0.01% MgSO4.7H2O, and 
0.01% FeCl2. Escherichia coli strains were grown at 37 
C in LB broth or plated on LB agar containing the 
appropriate antibiotics as required. 

 

 
Figure 1 Method flowchart.  

2.2. Geobacillus sp. DS3 DNA genome isolation 

The cells grown in modified LB broth were 
harvested using 100 μl of TEN buffer (Tris-Cl 10 mM 
pH 7,9; EDTA 1 mM; NaCl 1 M). DNA genome was 
isolated using the method of Witasari et al. [6]. The 
cells were incubated at 37℃ for 10 min, resuspended in 
200 μl of lysis solution (Lysozyme 1 mg/mL; EDTA 1 
mM; NaCl 1 M; Tris-Cl 10 mM), added with 225 μl of 
TEN-sarkocyl buffer (Tris-Cl 10 mM pH 7,9; EDTA 1 
mM; NaCl 1 M; and 2% sarkocyl), and incubated again 
at 42°C for 1 h to obtain the cell extract. DNA cells 
were separated by adding proteinase K (0,1 mg/mL) and 
conducting overnight incubation at 42℃. Pure DNA 
cells were obtained after extraction using 
phenol:chloroform. 

2.3. Primer design and preparation and gene 
target amplification 

The primers were Pro-F (5 ʹ - 
ATGRACAAACGGGCGATGCTYG-3ʹ) and Pro-R (5ʹ- 
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TTAATACACTCCAACCGCATTGAAC -3 ʹ ). PCR 
was performed at 94°C for 5 min (initial denaturation), 
followed by 30 cycles of 94°C for 30 s (denaturation), 
55 ° C for 30 s (annealing), and 72 ° C for 1 min 
(extension). After the final cycle, the PCR reaction was 
terminated at 72°C for 10 min. The mixture contained 
Go Taq Green PCR Mix 2x (Promega), 10 pmol of each 
primer and 0.5 mg of Geobacillus sp. DS3 genomic 
DNA. 

2.4. Amino acid sequence properties 

The amino acid sequence of neutral protease (NPr) 
was deduced from the nucleotide sequence of NPr ORF 
by using EXPASSY (http://web.expasy.org/translate/) 
[14]. Theoretical pI/MW was calculated using 
EXPASSY Compute pI/Mw tool  
(https://web.expasy.org/compute_pi/) . The amino acid 
sequences were then analyzed to determine the signal 
peptide sequence using SignalP-6.0 server [15] and 
InterPro. 

3. RESULTS AND DISCUSSION 

3.1. Amplification of DNA NPr gene from 
Geobacillus sp. DS3 DNA genome 

Specific primers were used to amplify the whole 
sequence of NPr gene from Geobacillus sp. DS3. 
Primers were designed based on the ORF of 
Geobacillus stearothermophilus (M11446.1) using 
Primer-BLAST program on NCBI. The primers were 
Pro-F (5ʹ- ATGRACAAACGGGCGATGCTYG-3ʹ) and 
Pro-R (5ʹ- TTAATACACTCCAACCGCATTGAAC-
3ʹ). 

The amplification step was carried out using degenerate 
primers that were designed based on the nucleotide 
sequences of G. stearothermophilus NPr gene. The 
amplified fragment had a length of approximately ~1.6 
kbp. (Figure 2), which was nearly identical to that of the 
NPr gene of Brevibacillus brevis (1607 bp) and the 
thermostable NPr gene of Geobacillus 
stearothermophilus (1671 bp) [16,17].  

  

Figure 3 BLASTX analysis of the amplified DNA sequence. 

Figure 2 Amplified DNA fragment 
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Homology analysis using the BLASTX of the DNA 
sequence showed a 93.59% identity to the 
metalloprotease gene of Geobacillus (Figure 3). 
BLASTN analysis revealed that the amplified sequence 
was similar to Alicyclobacillus acidocaldarius NPr gene 

by up to 94.78% (Figure 4). Therefore, the DNA 
fragment amplified from Geobacillus sp. DS3 was 
homologous to the DNA proteases of other Geobacillus 
and Bacillus bacteria [18]. 

 
Figure 4 BLASTN analysis of the amplified DNA sequence.

3.2. Sequencing and amino acid sequence properties of the NPr encoding gene

 
Figure 5 Amino acid residue translated from amplified ORF and its theoretical pI/Mw.

The amino acid sequence was translated from ~1.6 
kbp of the NPr sequence from Geobacillus sp. DS3. A 

GenBank accession number of this sequence was 
ON882245. Amino acid sequence was translated with 
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ExPASy tool. Frame 1 was chosen to be the NPr domain 
because it showed the most identical frame as indicated 
by the longest red highlight consisting of a sequence of 
546 amino acid residues. These residues displayed 
theoretical pI and MW of 5.60 and 59.81 kD, 
respectively (Figure 5). 

The sequence then was compared with other 
structures in BLASTP and PDB databases to identify 
other similar structures. As displayed in Figure 6, the 
5A3Y structure showed a red line from number 1 to 
over 500, making it the longest red line among the other 
structures. Therefore, 5A3Y had the most similar 
structure to the query with up to 86.35% sequence 
identity and was identified as the structure of SAD 
thermolysin. Given that the structure was not 100% 
similar, it was considered as an incomplete sequence 

due to undetected or lost residues from residue 232 that 
might be caused by unknown peptide and propeptide 
signaling (Figure 7). Therefore, the domain and function 
of NPr were determined using SignalIP and InterPro. 

SignalIP results showed that the amino acid sequence of 
NPr consisted of signaling peptides (Figure 8a). InterPro 
results showed that the NPr domain consisted of four 
major domains, namely, 
fungalysin/thermolysin/propeptide domain from 
residues 80–124, PepSY regulatory peptide domain 
from residues 140–21, and peptidase domain consisted 
of peptidase M4 from residues 235–380 and peptidase 
M4 C-terminal from residues 383–258 (Figure 8b) [19].

 

Figure 6 BLASTP analysis of NPr sequence of Geobacillus amino acid structure 
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Figure 7 Incomplete sequence of PDB 5A3Y structure  

Figure 8 NPr amino acid sequence domain identified by SignalIP (a) and NPr amino acid sequence domain identified 
by InterPro (b).

(a) 

(b) 
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4. CONCLUSION 

The NPr ORF was successfully amplified from 
Geobacillus sp. DS3 DNA genome using degenerate 
primers (Pro_F and Pro_R). A sequence of ~1.6 kbp 
length was obtained and deposited in Genebank 
database as ON882245. Further cloning process should 
be conducted to be able to express the NPr gene on 
mesophilic bacteria. Sequence analysis of the amino 
acid showed its high similarity to thermolysin with four 
major domains, namely 
fungalysin/thermolysin/propeptide domain, PepSY 
regulatory peptide domain, and peptidase domain 
consisted of peptidase M4 and peptidase M4 C-terminal. 
Further study related molecular docking must be 
performed to further understand the NPr structure. 

REFERENCES 

[1] R. Sinha, S.K. Khare, Thermostable proteases, in: 
Thermophilic Microbes in Environmental and 
Industrial Biotechnology, Springer Netherlands, 
Dordrecht, 2013: pp. 859–880. 
https://doi.org/10.1007/978-94-007-5899-5_32.  

[2] W.H. Chu, Optimization of extracellular alkaline 
protease production from species of Bacillus, 
Journal of Industrial Microbiology and 
Biotechnology. 34 (2007) 241–245. 
https://doi.org/10.1007/s10295-006-0192-2.  

[3] A. Razzaq, S. Shamsi, A. Ali, Q. Ali, M. Sajjad, A. 
Malik, M. Ashraf, Microbial proteases 
applications, Frontiers in Bioengineering and 
Biotechnology. 7 (2019) 110. 
https://doi.org/10.3389/fbioe.2019.00110.  

[4] F.J. Contesini, R.R. de Melo, H.H. Sato, An 
overview of Bacillus proteases: From production to 
application, Critical Reviews in Biotechnology. 38 
(2018) 321–334. 
https://doi.org/10.1080/07388551.2017.1354354.  

[5] S. Phon, L.D. Witasari, A. Ningrum, Purification 
and characterization of thermostable serine alkaline 
protease from Geobacillus sp. DS3 isolated from 
Sikidang crater, Dieng plateau, Central Java, 
Indonesia. Indonesian Journal of 
Biotechnology, 27(2) (2022), 73-79. doi: 
10.22146/ijbiotech.65822. 

[6] L.D. Witasari, I.D. Prijambada, J. Widada, D.A.A. 
Wibawa, Cloning of thermostable DNA 
polymerase gene from a thermophilic Brevibacillus 
sp. Isolated from Sikidang Crater, Dieng Plateau, 
Central Java, Indonesian Journal of Biotechnology. 
15 (2010). 

[7] P.S. Borkar, Purification and immobilization of 
thermostable serine alkaline protease from Bacillus 
subtilis, Journal of Pharmaceutical Innovation. 7 
(2018) 622–626. 

[8] K. Adinarayana, P. Ellaiah, D.S. Prasad, 
Purification and partial characterization of 
thermostable serine alkaline protease from a newly 
isolated Bacillus subtilis PE-11, AAPS 
PharmSciTech. 4 (2003) 440–448. 
https://doi.org/10.1208/pt040456.  

[9] M. Rozs, L. Manczinger, C. Vágvölgyi, F. Kevei, 
Secretion of a trypsin-like thiol protease by a new 
keratinolytic strain of Bacillus licheniformis, 
FEMS Microbiology Letters. 205 (2001) 221–224. 
https://doi.org/10.1111/j.1574-
6968.2001.tb10951.x.  

[10] B. Sookkheo, S. Sinchaikul, S. Phutrakul, S.T. 
Chen, purification and characterization of the 
highly thermostable proteases from Bacillus 
stearothermophilus TLS33, Protein Expression and 
Purification. 20 (2000) 142–151. 
https://doi.org/10.1006/prep.2000.1282.  

[11] Z. An, X. He, W. Gao, W. Zhao, W. Zhang, 
Characteristics of miniature cheddar-type cheese 
made by microbial rennet from Bacillus 
amyloliquefaciens: A comparison with commercial 
calf rennet, Journal of Food Science. 79 (2014) 
M214–M221. https://doi.org/10.1111/1750-
3841.12340.  

[12] D.S. Zilda, E. Harmayani, J. Widada, W. Asmara, 
H.E. Irianto, G. Patantis, Y.N. Fawzya, Screening 
of thermostable protease producing 
microorganisms isolated from Indonesian 
hotspring, Squalen Bulletin of Marine and 
Fisheries Postharvest and Biotechnology. 7 (2013) 
105. https://doi.org/10.15578/squalen.v7i3.5.  

[13] A. Abraham, S.P. Narayanan, S. Philip, D.G. Nair, 
J. Kochupurackal, Molecular modelling and 
docking studies of an α-1,4-amylase from 
endophytic Bacillus amyloliquefaciens, Frontiers in 
Life Science. 7 (2013) 140–147. 
https://doi.org/10.1080/21553769.2013.852993.  

[14] S. Duvaud, C. Gabella, F. Lisacek, H. Stockinger, 
V. Ioannidis, C. Durinx, Expasy, the Swiss 
Bioinformatics Resource Portal, as designed by its 
users, Nucleic Acids Research. 49 (2021) W216–
W227. https://doi.org/10.1093/nar/gkab225.   

[15] F. Teufel, J.J. Almagro Armenteros, A.R. 
Johansen, M.H. Gíslason, S.I. Pihl, K.D. Tsirigos, 
O. Winther, S. Brunak, G. von Heijne, H. Nielsen, 
SignalP 6.0 predicts all five types of signal 
peptides using protein language models, Nature 

776             L. D. Witasari et al.

https://doi.org/10.1007/978-94-007-5899-5_32.
https://doi.org/10.1007/s10295-006-0192-2.
https://doi.org/10.3389/fbioe.2019.00110.
https://doi.org/10.1080/07388551.2017.1354354.
http://dx.doi.org/10.22146/ijbiotech.65822
https://doi.org/10.1208/pt040456.
https://doi.org/10.1111/j.1574-6968.2001.tb10951.x.
https://doi.org/10.1111/j.1574-6968.2001.tb10951.x.
https://doi.org/10.1006/prep.2000.1282.
https://doi.org/10.1111/1750-3841.12340.
https://doi.org/10.1111/1750-3841.12340.
https://doi.org/10.15578/squalen.v7i3.5.
https://doi.org/10.1080/21553769.2013.852993.
https://doi.org/10.1093/nar/gkab225.


Biotechnology. (2022). 
https://doi.org/10.1038/s41587-021-01156-3.   

[16] A.S. Abakov, A.P. Bolotin, A. v Sorokin, 
[Structure of the Bacillus brevis metalloprotease 
gene]., Molekuliarnaia Biologiia. 24 (n.d.) 1363–
1372.  

[17] M. Takagi, T. Imanaka, S. Aiba, Nucleotide 
sequence and promoter region for the NPr gene 
from Bacillus stearothermophilus, Journal of 
Bacteriology. 163 (1985) 824–831. 
https://doi.org/10.1128/jb.163.3.824-831.1985.   

[18] J. Halim, Amplifikasi ORF (Open Reading Frame) 
Enzim Protease Netral (NPr) Termostabil dari 
Bakteri Termofilik yang diisolasi dari Kawah 
Sikidang Dieng, Jawa Tengah, (2021) Skripsi. 
Universitas Gadjah Mada, Yogyakarta.  

[19] C. Jilbert, Pemodelan Struktur Protease Netral 
(NPr) Termostabil dari Geobacillus sp. dan 
Analisis Penghambatan oleh Phosphoramidon, 
(2021) Skripsi. Universitas Gadjah Mada, 
Yogyakarta.   

 

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International
License (http://creativecommons.org/licenses/by-nc/4.0/), which permits any noncommercial use, sharing, adaptation, distribution
and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons license and indicate if changes were made. 
     The images or other third party material in this chapter are included in the chapter s Creative Commons license, unless indicated
otherwise in a credit line to the material. If material is not included in the chapter s Creative Commons license and your intended use
is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright
holder. 

’
’

Amplification of Thermostable Neutral Protease Open Reading Frame from Geobacillus sp. DS3             777

https://doi.org/10.1038/s41587-021-01156-3.
https://doi.org/10.1128/jb.163.3.824-831.1985.



