Identification of the npr Gene in Geobacillus sp. DS3 Through A Genomic Approach and lIts

Expression

Analysis in Escherichia coli BL21 (DE3)

Violinsky Vindy, Dr.rer.Nat. Lucia Dhiantika Witasari, S.Farm., Apt., M.Biotech; Muhammad Saifur Rohman, S.P., M.

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

REFERENCES

Acer, O., Bekler, F.M., Piringgioglu, H., Giiven, R.G., Giiven, K., n.d. Purification
and Characterization of Thermostable and Detergent-Stable o-Amylase
from Anoxybacillus sp. AH.

Aguilo-Aguayo, 1., Oms-Oliu, G., Soliva-Fortuny, R., Martin-Belloso, O., 2009.
Flavour retention and related enzyme activities during storage of strawberry
juices processed by high-intensity pulsed electric fields or heat. Food Chem.
116, 59-65. https://doi.org/10.1016/j.foodchem.2009.02.007

Ahmad, N., Ritz, M., Calchera, A., Otte, J., Schmitt, I., Brueck, T., Mehlmer, N.,
2023. Biosynthetic Potential of Hypogymnia Holobionts: Insights into
Secondary Metabolite Pathways. J. Fungi 9, 546.
https://doi.org/10.3390/j0f9050546

Akram, F., Shah, F.I., Ibrar, R., Fatima, T., Haq, I.U., Naseem, W., Gul, M.A.,
Tehreem, L., Haider, G., 2023. Bacterial thermophilic DNA polymerases: A
focus on prominent biotechnological applications. Anal. Biochem. 671,
115150. https://doi.org/10.1016/j.ab.2023.115150

Alrumman, S., Mostafa, Y.S.M., Al-Qahtani, S., Taha, T.H.T., 2018. Hydrolytic
Enzyme Production by Thermophilic Bacteria Isolated from Saudi Hot
Springs. Open Life Sci. 13, 470-480. https://doi.org/10.1515/biol-2018-
0056

Azevedo, F., pereira, H., Johansson, B., 2017. Colony PCR. Methods Mol Biol
1620, 129—-139.

Baykara, S.G., Strmeli, Y., Sanli-Mohamed, G., 2021. Purification and
Biochemical Characterization of a Novel Thermostable Serine Protease
from Geobacillus sp. GS53. Appl. Biochem. Biotechnol. 193, 1574-1584.
https://doi.org/10.1007/s12010-021-03512-0

Bureros, K.J.C., Dizon, E.I., Isracl, K.A.C., Abanto, O.D., Tambalo, F.Z., 2020.
Physicochemical and sensory properties of carabeef treated with Bacillus
subtilis (Ehrenberg) Cohn protease as meat tenderizer. J. Food Sci. Technol.
57, 310-318. https://doi.org/10.1007/s13197-019-04062-4

Chhetri, G., Kalita, P., Tripathi, T., 2015. An efficient protocol to enhance
recombinant protein expression using ethanol in Escherichia coli.
MethodsX 2, 385-391. https://doi.org/10.1016/j.mex.2015.09.005

Du, F., Liu, Y.-Q., Xu, Y.-S., Li, Z.-J., Wang, Y.-Z., Zhang, Z.-X., Sun, X.-M., 2021.
Regulating the T7 RNA polymerase expression in E. coli BL21 (DE3) to
provide more host options for recombinant protein production. Microb. Cell
Factories 20, 189. https://doi.org/10.1186/s12934-021-01680-6

Fazaeli, A., Golestani, A., Lakzaei, M., Rasi Varaei, S.S., Aminian, M., 2019.
Expression optimization, purification, and functional characterization of
cholesterol oxidase from Chromobacterium sp. DS1. PLOS ONE 14,
€0212217. https://doi.org/10.1371/journal.pone.0212217

Francis, D.M., Page, R., 2010. Strategies to Optimize Protein Expression in E. coli.
Curr. Protoc. Protein Sci. 61.
https://doi.org/10.1002/0471140864.ps0524s61

56



Identification of the npr Gene in Geobacillus sp. DS3 Through A Genomic Approach and lIts

Expression

Analysis in Escherichia coli BL21 (DE3)

Violinsky Vindy, Dr.rer.Nat. Lucia Dhiantika Witasari, S.Farm., Apt., M.Biotech; Muhammad Saifur Rohman, S.P., M.

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Grandview research, 2024. Industrial enzymes market size, share & trends analysis
report by product, by application, by source, by region, and segment
forecasts, 2024 - 2030.

Green, R., Rogers, E.J., 2013. Transformation of Chemically Competent E. coli, in:
Methods in Enzymology. Elsevier, pp- 329-336.
https://doi.org/10.1016/B978-0-12-418687-3.00028-8

Gu, M., Hong, T., Ma, Y., Xi, J., Zhao, Q., Xu, D., Jin, Y., Wu, F., Xu, X., 2022.
Effects of a commercial peptidase on rheology, microstructure, gluten
properties of wheat dough and bread quality. LWT 160, 113266.
https://doi.org/10.1016/j.1wt.2022.113266

Huang, W., Bi, X., Zhang, X., Liao, X., Hu, X., Wu, J., 2013. Comparative study of
enzymes, phenolics, carotenoids and color of apricot nectars treated by high
hydrostatic pressure and high temperature short time. Innov. Food Sci.
Emerg. Technol. 18, 74-82. https://doi.org/10.1016/j.ifset.2013.01.001

Jadhav, A.G., Jaybhaye, A.A., Musaddiq, M., n.d. Salt Tolerant Protease Produced
by an Aerobic Species Belonging to the Bacillus Genus Isolated from Saline
Soil.

Karray, A., Alonazi, M., Horchani, H., Ben Bacha, A., 2021. A Novel Thermostable
and Alkaline Protease Produced from Bacillus stearothermophilus Isolated
from Olive Oil Mill Sols Suitable to Industrial Biotechnology. Molecules
26, 1139. https://doi.org/10.3390/molecules26041139

Kurniawan, D.C., Rohman, M.S., Witasari, L.D., 2024. Heterologous expression,
characterization, and application of recombinant thermostable o-amylase
from Geobacillus sp. DS3 for porous starch production. Biochem. Biophys.
Rep. 39, 101784. https://doi.org/10.1016/j.bbrep.2024.101784

Kwon, S.-K., Kim, S.K., Lee, D.-H., Kim, J.F., 2015. Comparative genomics and
experimental evolution of Escherichia coli BL21(DE3) strains reveal the
landscape of toxicity escape from membrane protein overproduction. Sci.
Rep. 5, 16076. https://doi.org/10.1038/srep16076

Lane, M.D., Seelig, B., 2016. Highly efficient recombinant production and
purification of streptococcal cysteine protease streptopain with increased
enzymatic activity. Protein Expr. Purif. 121, 66-72.
https://doi.org/10.1016/j.pep.2016.01.002

Lee, Y.-J., Ganbat, D., Oh, D., Kim, H., Jeong, G.E., Cha, I.-T., Kim, S.-B., Nam,
G., Jung, Y.-J., Lee, S.-J., 2022. Isolation and Characterization of
Thermophilic Bacteria from Hot Springs in Republic of Korea.
Microorganisms 10, 2375.
https://doi.org/10.3390/microorganisms10122375

Liu, J., Gerken, H., Li, Y., 2014. Single-tube colony PCR for DNA amplification
and transformant screening of oleaginous microalgae. J. Appl. Phycol. 26,
1719-1726. https://doi.org/10.1007/s10811-013-0220-3

Liu, J., Khalil, R.A., 2017. Matrix Metalloproteinase Inhibitors as Investigational
and Therapeutic Tools in Unrestrained Tissue Remodeling and Pathological
Disorders, in: Progress in Molecular Biology and Translational Science.
Elsevier, pp. 355-420. https://doi.org/10.1016/bs.pmbts.2017.04.003

57



Identification of the npr Gene in Geobacillus sp. DS3 Through A Genomic Approach and lIts

Expression

Analysis in Escherichia coli BL21 (DE3)

Violinsky Vindy, Dr.rer.Nat. Lucia Dhiantika Witasari, S.Farm., Apt., M.Biotech; Muhammad Saifur Rohman, S.P., M.

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Megan, B., Christine, G., 2013. Chapter Twenty Five - Colony PCR. Methods
Enzymol. 529, 299-309.

Mikotajczak, B., Iwanska, E., Spychaj, A., Danyluk, B., Montowska, M., Grze$, B.,
Banach, J.K., Zywica, R., Pospiech, E., 2019. An analysis of the influence
of various tenderising treatments on the tenderness of meat from Polish
Holstein-Friesian bulls and the course of changes in collagen. Meat Sci. 158,
107906. https://doi.org/10.1016/j.meatsci.2019.107906

Novelli, P.K., Barros, M.M., Fleuri, L.F., 2016. Novel inexpensive fungi proteases:
Production by solid state fermentation and characterization. Food Chem.
198, 119-124. https://doi.org/10.1016/j.foodchem.2015.11.089

Nshimiyimana, J.B., Khadka, S., Mwizerwa, E.M., Akimana, N., Adhikari, S.,
Nsabimana, A., 2018. Thermophiles: Isolation, Characterization and
Screening for Enzymatic Activity.

Parks, D.H., Imelfort, M., Skennerton, C.T., Hugenholtz, P., Tyson, G.W., 2015.
CheckM: assessing the quality of microbial genomes recovered from
isolates, single cells, and metagenomes. Genome Res. 25, 1043-1055.
https://doi.org/10.1101/gr.186072.114

Phon, S., Ningrum, A., Witasari, L.D., 2022. Purification and characterization of
thermostable serine alkaline protease from Geobacillus sp. DS3 isolated
from Sikidang crater, Dieng plateau, Central Java, Indonesia. Indones. J.
Biotechnol. 27, 73. https://doi.org/10.22146/ijbiotech.65822

Rakaz, M.A., Hussien, M.O., Ibrahim, H.M., 2021. Isolation, Extraction,
Purification, and Molecular Characterization for Thermostable a-Amylase
from Locally Isolated Bacillus Species in Sudan. Biochem. Res. Int. 2021,
1-8. https://doi.org/10.1155/2021/6670380

Rawlings, N.D., Barrett, A.J., Thomas, P.D., Huang, X., Bateman, A., Finn, R.D.,
2018. The MEROPS database of proteolytic enzymes, their substrates and
inhibitors in 2017 and a comparison with peptidases in the PANTHER
database. Nucleic Acids Res. 46, D624-D632.
https://doi.org/10.1093/nar/gkx 1134

Shankar, R., Upadhyay, P.K., Kumar, M., 2021. Protease Enzymes: Highlights on
Potential of Proteases as Therapeutics Agents. Int. J. Pept. Res. Ther. 27,
1281-1296. https://doi.org/10.1007/s10989-021-10167-2

Singh, A.K., Carette, X., Potluri, L.-P., Sharp, J.D., Xu, R., Prisic, S., Husson, R.N.,
2016. Investigating essential gene function in Mycobacterium tuberculosis
using an efficient CRISPR interference system. Nucleic Acids Res. 44,
el43—e143. https://doi.org/10.1093/nar/gkw625

Srivastava, V., Mishra, S., Chaudhuri, T.K., 2019. Enhanced production of
recombinant serratiopeptidase in Escherichia coli and its characterization as
a potential biosimilar to native biotherapeutic counterpart. Microb. Cell
Factories 18, 215. https://doi.org/10.1186/s12934-019-1267-x

Tanwar, M., Debnath, M., Debnath, S., Sharma, P., Mukhopadhay, A., Kakar, N.,
Ramakrishna, S., 2022. Exploring the utility of nanoprotease as
environmentally friendly benign laundry detergent fabric cleaner. J. Clean.
Prod. 334, 130243. https://doi.org/10.1016/j.jclepro.2021.130243

58



Identification of the npr Gene in Geobacillus sp. DS3 Through A Genomic Approach and lIts

Expression

Analysis in Escherichia coli BL21 (DE3)

Violinsky Vindy, Dr.rer.Nat. Lucia Dhiantika Witasari, S.Farm., Apt., M.Biotech; Muhammad Saifur Rohman, S.P., M.

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Tian, J., Xu, Z., Long, X., Tian, Y., Shi, B., 2019. High-expression keratinase by
Bacillus subtilis SCK6 for enzymatic dehairing of goatskins. Int. J. Biol.
Macromol. 135, 119-126. https://doi.org/10.1016/j.ijbiomac.2019.05.131

Vervoort, L., Van Der Plancken, 1., Grauwet, T., Timmermans, R.A.H., Mastwijk,
H.C., Matser, A.M., Hendrickx, M.E., Van Loey, A., 2011. Comparing
equivalent thermal, high pressure and pulsed electric field processes for
mild pasteurization of orange juice. Innov. Food Sci. Emerg. Technol. 12,
466—477. https://doi.org/10.1016/j.ifset.2011.06.003

Wang, F.-Q., Zhong, J., Zhao, Y., Xiao, J., Liu, J., Dai, M., Zheng, G., Zhang, L.,
Yu, J., Wu, J., Duan, B., 2014. Genome sequencing of high-penicillin
producing industrial strain of Penicillium chrysogenum. BMC Genomics
15, S11. https://doi.org/10.1186/1471-2164-15-S1-S11

Wang, J., Xu, A., Wan, Y., Li, Q., 2013. Purification and Characterization of a New
Metallo-Neutral  Protease for Beer Brewing from Bacillus
amyloliquefaciens SYB-001. Appl. Biochem. Biotechnol. 170, 2021-2033.
https://doi.org/10.1007/s12010-013-0350-8

Wissuwa, J., Stokke, R., Fedey, A.-E., Lian, K., Smalas, A.O., Steen, [.LH., 2016.
Isolation and complete genome sequence of the thermophilic Geobacillus
sp. 12AMORI1 from an Arctic deep-sea hydrothermal vent site. Stand.
Genomic Sci. 11, 16. https://doi.org/10.1186/s40793-016-0137-y

Witasari, L.D., Halim, J., Jilbert, C., Rohman, M.S., 2022. Amplification of
Thermostable Neutral Protease Open Reading Frame from Geobacillus sp.
DS3 Isolated from Sikidang Crater, Dieng Plateau, Central Java, Indonesia:
Presented at the International Conference on Sustainable Environment,
Agriculture and Tourism (ICOSEAT 2022), Bangka, Indonesia.
https://doi.org/10.2991/978-94-6463-086-2 101

Witasari, L.D., Prijambada, 1.D., Widada, J., Wibawa, D.A.A., n.d. Cloning of
Thermostable DNA Polymerase Gene from a Thermophilic Brevibacillus
sp. Isolated from Sikidang Crater, Dieng Plateu, Central Java.

Wu, J., Ren, L., Zhao, N., Wu, T., Liu, R., Sui, W.,, Zhang, M., 2022. Solid-state
fermentation by Rhizopus oryzae improves flavor of wheat bran for
application in food. J. Cereal Sci. 107, 103536.
https://doi.org/10.1016/j.jcs.2022.103536

Xu, X., Li, C., Cao, W., Yan, L., Cao, L., Han, Q., Gao, M., Chen, Y., Shen, Z.,
Jiang, J., Chen, C., 2024. Bacterial growth and environmental adaptation via
thiamine biosynthesis and thiamine-mediated metabolic interactions. ISME
J. 18, wrael57. https://doi.org/10.1093/ismejo/wrael57

Yang, Y., Qin, Y., Zhang, A., Zhou, Y., Li, J., Liao, Q., Shi, G., Yu, Z., Pan, Y.,
Zhang, Y., 2022. Cloning and characterization of a novel hydrolase gene
from Hong Kong oyster Crassostrea hongkongensis. Aquac. Rep. 23,
101055. https://doi.org/10.1016/j.aqrep.2022.101055

Zhang, Z., Kuipers, G., Niemiec, L., Baumgarten, T., Slotboom, D.J., De Gier, J.-
W., Hjelm, A., 2015. High-level production of membrane proteins in E. coli
BL21(DE3) by omitting the inducer IPTG. Microb. Cell Factories 14, 142.
https://doi.org/10.1186/s12934-015-0328-z

59



Identification of the npr Gene in Geobacillus sp. DS3 Through A Genomic Approach and lIts

Expression
Analysis in Escherichia coli BL21 (DE3)
Violinsky Vindy, Dr.rer.Nat. Lucia Dhiantika Witasari, S.Farm., Apt., M.Biotech; Muhammad Saifur Rohman, S.P., M.

UNIVERSITAS ) . . . . . . .
GADJAH MADA Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

Zhu, D., Wu, Q., Hua, L., 2019. Industrial Enzymes, in: Comprehensive
Biotechnology (Third Edition). pp. 1-13. https://doi.org/10.1016/B978-0-
444-64046-8.00148-8

Zou, W., Niu, H., Yi, J., Zhou, L., 2024. Passion fruit juicing with or without seeds
treated by high-pressure processing and thermal pasteurization: Effects on
the storage stability of enzymes and quality properties. Innov. Food Sci.
Emerg. Technol. 91, 103554. https://doi.org/10.1016/].ifset.2023.103554

60



