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Introduction

Abstract: Thermostable amylase plays a role in the industrial sector because it is resistant
to high temperatures, has high enzyme activity in various parameters and is economical
in production costs. The thermostable amylase used in industry is stable and thermo
activity. Bacteria that produce thermostable amylase can come from hot springs with
temperatures above 80°C, such as Semurup hot springs, Kerinci, Jambi province,
Indonesia. Semurup hot spring (Jambi) has a temperature of 82°C and a pH of 8.6. This
causes variations in the content of organic, inorganic, and mineral compounds in the
Semurup hot springs. The varied mineral content causes thermophilic bacteria to survive
and the genetic diversity of thermophilic bacteria varies. This study aimed to molecularly
identify thermostable amylase-producing thermophilic bacteria by analyzing the
16sRNA gene. Identification of bacteria was carried out by analyzing the 165 rRNA gene
of thermophilic bacteria, such as DNA Isolation, DNA Amplification, 165 rRNA Gene
Analysis, Alignment, and Phylogenetic Tree. There were 4 different bases between the
bacterial isolates MGH3 and Bacillus licheniformis ATCC 14580, namely bases no. 87,
120, 967, and 1374. The difference of 4 bases in the two bacterial isolates already shows
that the two isolates have a close kinship. So, most likely the MGH3 bacterial isolate is
Bacillus licheniformis strain MGH3.
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Thermostable amylase is used commercially in the
leather tanning, bioethanol, textile, detergent, and food

Bacteria can live in extreme environmental
conditions, such as environments, acids, bases, and low
and high temperatures. Bacteria that can live at high
temperatures are known as thermophilic bacteria
(Rakhmawati et al., 2021). Thermophilic bacteria can live
at temperatures above 45°C (Lischer et al., 2020).
Thermophilic bacteria produce various kinds of
thermophilic enzymes, such as protease, lipase,
cellulase, and amylase. Amylase derived from
thermophilic bacteria is thermostable (Indriati et al.,
2018). Thermostable amylase is an enzyme that catalyzes
the hydrolysis of a-1,4-glycosidic bonds in starch to
glucose (Indriati et al., 2018).

Thermostable amylase plays a role in the industrial
sector because it is resistant to high temperatures, has
high enzyme activity in various parameters, and is
economical in production costs (Indriati et al., 2018).

How to Cite:

industries (Indriati et al., 2021). Thermostable amylase
can be obtained from thermophilic bacteria originating
from geothermal sources, volcanic areas, and hot
springs.

The thermostable amylase used in industry is stable
and has thermo activity (Yassin et al., 2021). Bacteria that
produce thermostable amylase can come from hot
springs with temperatures above 80°C, such as Semurup
hot springs, Kerinci, Jambi province, Indonesia.
Semurup hot spring (Jambi) has a temperature of 8§2°C
and a pH of 8.6. This causes variations in the content of
organic, inorganic, and mineral compounds in the
Semurup hot springs. The varied mineral content causes
thermophilic bacteria to survive and the genetic
diversity of thermophilic bacteria varies. This study
aimed to molecularly identify thermostable amylase-
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producing thermophilic bacteria by analyzing the
16sRNA gene.

Method

Identification of bacteria was carried out by
analyzing the 165 rRNA gene of thermophilic bacteria.

DNA Isolation

The bacterial genomic DNA was isolated by rinsing
the bacterial suspension using 500 pl TE buffer 1x and
centrifuging at 13,000 rpm for 5 minutes. The resulting
pellet was suspended with 50 pl TE buffer 1x, 300 pl
extraction buffer, then mixed using a vortex for 5
minutes. A total of 150 pl 3M sodium acetate was added
to the suspension and incubated at room temperature for
10 minutes. Then the suspension was centrifuged for 5
minutes at 13,000 rpm. The supernatant was transferred
into a new microtube and added with the same volume
of isopropanol (1:1). The mixture was briefly inverted
and centrifuged at 13,000 rpm for 10 minutes. The
resulting pellet was washed with 70% ethanol and then
centrifuged for 1 minute at 13,000 rpm. The resulting
genomic DNA or pellet was air-dried and resuspended
with 50 pl of TE buffer 1x (Wright et al., 2017; Barnes et
al., 2014)

DNA Amplification
16S rRNA gene amplification was performed using
GoTaq  (Promega) with  primers 27F  (5'-

AGAGTTTGATCCTGGTCCAG-3") and 1492R (5'-
GGTTACCTTGTTACGACTT-3"). PCR conditions were
adjusted for 30 cycles with predenaturation temperature
94°C for 5 minutes, denaturation 94°C for 45 seconds,
annealing 50°C for 45 seconds, extension 72°C for 45
seconds, and post extension 72°C. The sequencing
results were then processed using the Crustal X, Bioedit,
and MEGA 5 programs (Giangacomo et al., 2021;
Rosselli et al., 2016).

16S rRNA Gene Analysis

The 165 rRNA gene was sequenced at BLAST and
compared with other bacterial 16S rRNA genes
deposited at Genbank (Indriati et al., 2021).

Alignment

Alignment of sequence data is carried out with the
Crustal X program. Alignment begins with inputting
data into the Crustal X file in the form of Fasta and then
alignment is performed. The alighment results are then
edited with the Bioedit program (Thompson, 1997; Ishaq
etal., 2019).
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Phylogenetic Tree

Phylogenetic trees are made based on DNA
sequences using software programs. The software
program is based on several statistical methods, namely
the Distance, Parsimony, and Likelihood methods. In the
Distance method, the evolutionary distance is calculated
for all pairs of taxa and a phylogenetic tree is created
based on the relationship between the distance values.
Parsimony maxima based on the smallest number of
nucleotide  substitutions  describe the overall
evolutionary process to create a phylogenetic tree. The
phylogenetic tree is best when the number of
substitutions is small. Maximum likelihood is based on
calculating the number of possible site variation patterns
produced by the substitution process and the observed
base frequencies (Smith et al., 2018; Win Win Mar et al,,
2020).

Result and Discussion

Isolation of the genomic DNA of the MGH3
bacterial isolate showed the presence of DNA bands,
which means that the genomic DNA was successfully
isolated (Figure 1).

Figure 1. Results of isolation of genomic DNA from MGH3
bacteria
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Figure 2. Results of 165 rRNA gene amplification

The genome of the MGH3 bacterial isolate was then
amplified and a DNA band of £ 1500 bp was seen (Figure
2). This shows that the PCR conditions were suitable for
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amplifying the 165 rRNA gene from MGH3 bacterial
isolates.

The sequencing results were compared with the
DNA sequences of 11 bacteria deposited at Genbank
through the Basic Local Alignment Search Tool (BLAST)
program. BLAST results have a similarity value of 95-
99%. The value of genetic distance or the difference in
nucleotides between isolates (p-distance) is 0.000-1.127.
The kinship of 11 bacterial isolates with the MGH3
bacterial isolate showed that the MGH3 bacterial isolate
had a close or kinship relationship with Bacillus
licheniformis strain ATCC 14580 with a genetic distance
value (p-distance = 0.002) and a 99.72% similarity or
homology level (Figure 3).
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63, Bacillus amyloliquefaciens DSM7
56, Bacillus subtilis subsp subtilis str
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Figure 3. Maximum likelihood phylogenetic tree (Bootstrap
method, 1000)

The results of the base sequence analysis using the
MEGA 5 program showed that there were 4 different
bases between the bacterial isolates MGH3 and Bacillus
licheniformis ATCC 14580, namely bases no. 87, 120, 967,
and 1374. The difference of 4 bases in the two bacterial
isolates already shows that the two isolates have a close
kinship. So most likely the MGH3 bacterial isolate is
Bacillus licheniformis strain MGHB3. Bacillus licheniformis is
a bacterium originating from France that can produce
antibiotics, biochemical compounds, and various
industrial enzymes such as amylase (Ray et al., 2008).
Amylase is an enzyme that catalyzes the hydrolysis of a-
1,4-glycosidic bonds in starch to glucose (Wahyuni et al.,
2020). Amylase is generally a metalloenzyme that
requires calcium and chloride ions for activity and
maintains the stability and structural integrity of
amylase (Nandhany et al., 2020). Amylase will cut the a-
1,4 glycosidic bonds in starch molecules (carbohydrates)
to form shorter carbohydrate molecules. The results of
cutting this enzyme include maltose, maltotriose, and
glucose.

In general, Bacillus licheniformis ATCC 14850 is a
mesophilic bacterium, while MGH3 isolate is a
thermophilic bacterium that has been successfully
isolated from the Semurup hot springs. The presence of
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MGHS3 bacterial isolates in extreme environments, such
as hot springs are due to gene mutations and evolution
in Bacillus licheniformis ATCC 14850. So, it can be
concluded that MGHS3 bacterial isolates are suspected of
being a new strain of bacteria, namely Bacillus
licheniformis strain MGH3.

The results of Fox et al.'s research (Fox et al., 1992;
Suzuki et al., 1994) found that Bacillus globisporus and B.
psychrophilus were almost identical based on the 165
rRNA sequences, that is, they only had two consistent
base differences in the 165 rRNA sequence but these two
species had several differences in several phenotypic
characters such as optimum conditions for growth, and
can be easily distinguished by DNA-DNA reassociation.
Both can be put into different clusters based on the base
sequence of the genes encoding pyruvate kinase and
alanine dehydrogenase (Kim et al., 2022).

The results of other studies, namely
Mycobacterium avium and M. intracellulare where both
have 165 rRNA gene sequences that are 99.8% identical
(Boddinghaus et al., 1990) but both can be distinguished
into separate clusters based on the sequences of two
protein-coding genes, namely hsp (Dragan et al., 2016).

The 16S rRNA gene can be used as a molecular
marker because this molecule exists in every organism
with an identical function in all organisms (Peker et al.,
2019). Analysis of the 16S rRNA gene is practical for
species definition because this molecule exists in every
organism, so a universal primer can be designed for all
groups (Johnson et al., 2019). Data on the base sequence
of the 165 rRNA encoding gene allows it to be used to
construct phylogenetic trees that can show the ancestry
and kinship of organisms.

Conclusion

There were 4 different bases between the bacterial
isolates MGH3 and Bacillus licheniformis ATCC 14580,
namely bases no. 87, 120, 967, and 1374. The difference
of 4 bases in the two bacterial isolates already shows that
the two isolates have a close kinship. So, most likely the
MGH3 bacterial isolate is Bacillus licheniformis strain
MGH3

References
Barnes, H. E., Liu, G., Weston, C. Q., King, P., Pham, L.

K., Waltz, S., Helzer, K. T., Day, L., Sphar, D.,
Yamamoto, R. T., & Forsyth, R. A. (2014). Selective

Microbial ~Genomic DNA Isolation Using
Restriction Endonucleases. PLoS ONE, 9(10),
109061.

https:/ /doi.org/10.1371/journal.pone.0109061
Boddinghaus, B., Rogall, T., Flohr, T., Blocker, H., &

623



Jurnal Penelitian Pendidikan IPA (JPPIPA)

Bottger, E. C. (1990). Detection and identification of
mycobacteria by amplification of rRNA. Journal of
Clinical Microbiology, 28(8), 1751-1759.
https:/ /doi.org/10.1128 /jcm.28.8.1751-1759.1990.

Dragan, M.-A., Moghul, 1., Priyam, A., Bustos, C., &
Wurm, Y. (2016). GeneValidator: Identify problems
with protein-coding gene predictions.
Bioinformatics, 32(10), 1559-1561.
https:/ /doi.org/10.1093 /bioinformatics/btw015

Fox, G. E., Wisotzkey, J. D., & Jurtshuk, P. (1992). How
Close Is Close: 165 rRNA Sequence Identity May
Not Be Sufficient To Guarantee Species Identity.
International Journal of Systematic Bacteriology, 42(1),
166-170. https://doi.org/10.1099/00207713-42-1-
166

Giangacomo, C., Mohseni, M., Kovar, L., & Wallace, ]. G.
(2021). Comparing DNA Extraction and 165 rRNA
Gene Amplification Methods for Plant-Associated
Bacterial Communities. Phytobiomes Journal, 5(2),
190-201.  https:/ /doi.org/10.1094/ PBIOMES-07-
20-0055-R

Indriati, G., & Megahati, R. R. P. (2018). Isolation of
Thermophilic Bacteria and Optimizing the Medium
Growth Conditions. International Journal of Current
Microbiology and Applied Sciences, 7(1), 1457-1464.
https:/ /doi.org/10.20546/ijcmas.2018.701.177

Indriati, G., & Megahati, R. R. P. (2021). Molecular
Identification Using 156 rRNA Gene of Amylase
Producing Bacteria (S2.3 Isolate. Ijsrm Human, 19(4),
11-17. https:/ /ijsrm.humanjournals.com/wp-
content/uploads/2021/11/2.Gustina-Indriati-
Ruth-Rize-Paas-Megahati.pdf

Indriati, G., & Megahati, R. R. P. (2021). Thermozyme
Amylase from Enterobacter sp Extremophiles in
Bioethanol Production. Journal of Science and Science
Education, 2(1), 1-7.
https:/ /doi.org/10.29303 /jossed.v2i1.698

Indriati, G., Megahati, R. R. P., & Rosba, E. (2018). The
potency of Amylase-producing Bacteria and
Optimization Amylase Activities. IOP Conference
Series: Materials Science and Engineering, 335, 12023.
https:/ /doi.org/10.1088/1757-
899X/335/1/012023

Ishag, M., Khan, A., Khan, M., & Imran, M. (2019).
Current Trends and Ongoing Progress in the
Computational Alignment of Biological Sequences.
IEEE Access, 7, 68380-68391.
https://doi.org/10.1109/ ACCESS.2019.2916154

Johnson, J. S., Spakowicz, D. J., Hong, B.-Y., Petersen, L.
M., Demkowicz, P., Chen, L. Leopold, S. R,
Hanson, B. M., Agresta, H. O. Gerstein, M.,
Sodergren, E., & Weinstock, G. M. (2019).
Evaluation of 16S rRNA gene sequencing for
species and strain-level microbiome analysis.
Nature Communications, 10(1), 5029.

February 2023, Volume 9 Issue 2, 621-625

https:/ /doi.org/10.1038/s41467-019-13036-1
Kim, H.-B., Bacik, J.-P., Wu, R,, Jha, R. K., Hebron, M.,
Triandafillou, C., McCown, J. E., Baek, N.-L., Kim, J.
H., Kim, Y. J., Goulding, C. W., Strauss, C. E. M.,
Schmidt, J. G., Shetye, G. S., Ryoo, S., Jo, E.-K_, Jeon,
Y. H,, Hung, L.-W.,, Terwilliger, T. C., & Kim, C.-Y.
(2022). Label-free affinity screening, design, and
synthesis of inhibitors targeting the Mycobacterium
tuberculosis L-alanine dehydrogenase. PLOS ONE,
17(11), 277670.
https:/ /doi.org/10.1371/journal.pone.0277670
Lischer, K., Bagus Richky Digdaya Putra, A., Wirawan
Guslianto, B., Avila, F., Grace Sitorus, S., Nugraha,
Y., & Sarmoko. (2020). Short Communication: The
emergence and rise of indigenous thermophilic
bacteria exploration from hot springs in Indonesia.
Biodiversitas Journal of Biological Diversity, 21(11).
https://doi.org/10.13057 /biodiv/d211156
Nandhany, C., Mukaromah, S., & Pratama, A. (2020).
Analisis Maturity Level Layanan dan Produktivitas
Sumber Daya Manusia berdasarkan Business Goal
15 COBIT 4.1 (Studi Kasus: Dinas Komunikasi dan
Informatika Provinsi Jawa Timur. Jurnal Repositor,
2(5), 667-674.
https://doi.org/10.22219/repositor.v2i5.887
Peker, N., Garcia-Croes, S., Dijkhuizen, B., Wiersma, H.
H., Zanten, E., Wisselink, G., Friedrich, A. W.,
Kooistra-Smid, M., Sinha, B., Rossen, J. W. A., &
Couto, N. (2019). A Comparison of Three Different
Bioinformatics Analyses of the 165-235 rRNA
Encoding Region for Bacterial Identification.
Frontiers in Microbiology, 10, 620.
https:/ /doi.org/10.3389/fmicb.2019.00620
Rakhmawati, A., Wahyuni, E. T., & Yuwono, T. (2021).
Thermophilic bacteria isolated from Mount Merapi,
Java, Indonesia as a potential lead bioremediation
agent. Biodiversitas Journal of Biological Diversity,
22(6). https:/ /doi.org/10.13057 /biodiv/d220612
Ray, R. C, Kar, S.,, Nayak, S., & Swain, M. R. (2008).
Extracellular a-Amylase Production by Bacillus
brevis MTCC 7521. Food Biotechnology, 22(3), 234~
246. https:/ /doi.org/10.1080/08905430802262558
Rosselli, R., Romoli, O., Vitulo, N., Vezzi, A,
Campanaro, S., Pascale, F., Schiavon, R., Tiarca, M.,
Poletto, F., Concheri, G., Valle, G., & Squartini, A.
(2016). Direct 16S rRNA-seq from bacterial
communities: A PCR-independent approach to
simultaneously assess each taxon’s microbial
diversity and functional activity potential. Scientific
Reports, 6(1), 32165.
https:/ /doi.org/10.1038/srep32165
Smith, S. A.,, & Brown, J. W. (2018). Constructing a
broadly inclusive seed plant phylogeny. American
Journal of Botany, 105(3), 302-314.
https:/ /doi.org/10.1002/ajb2.1019
624



Jurnal Penelitian Pendidikan IPA (JPPIPA)

Suzuki, T., & Yamasato, K. (1994). Phylogeny of spore-
forming lactic acid bacteria based on 165 rRNA
gene sequences. FEMS Microbiology Letters, 115(1),
13-17. https:/ /doi.org/10.1111/j.1574-
6968.1994.tb06607 .x

Thompson, J. (1997). The CLUSTAL_X windows
interface: Flexible strategies for multiple sequence
alignment aided by quality analysis tools. Nucleic
Acids Research, 25(24), 4876-4882.
https:/ /doi.org/10.1093 /nar/25.24.4876

Wahyuni, L. E. T., Hardinsyah, H., & Setiawanl, B.
(2020). In-Vitro Alpha Amylase Inhibition and
Antioxidant Activities of Leaves Extract of
Sundanese Traditional Salad (Lalapan) from
Indonesia. Jurnal Gizi Dan Pangan, 15(2), 109-118.
https://doi.org/10.25182/jgp.2020.15.2.109-118

Win Win Mar, Rohman, A., Muwafiqi, N. H., Laras, G.
A., Agustina, D., Asmarani, O., & Puspaningsih, N.
N. T. (2020). Short Communication: Preliminary
phylogenetic analysis of bacteria producing laccase
isolated from Gunung Pancar, Bogor, Indonesia.
Biodiversitas Journal of Biological Diversity, 21(5).
https:/ /doi.org/10.13057 /biodiv/d210539

Wright, M. H., Adelskov, J., & Greene, A. C. (2017).
Bacterial DNA Extraction Using Individual
Enzymes and Phenol/Chloroform Separation.
Journal of Microbiology & Biology Education, 18(2), 18
2 60. https:/ /doi.org/10.1128 /jmbe.v18i2.1348

Yassin, S. N., Jiru, T. M., & Indracanti, M. (2021).
Screening and Characterization of Thermostable
Amylase-Producing Bacteria Isolated from Soil
Samples of Afdera, Afar Region, and Molecular
Detection of Amylase-Coding Gene. International
Journal of Microbiology, 2021, 1-14.
https://doi.org/10.1155/2021 /5592885

February 2023, Volume 9 Issue 2, 621-625

625



