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Abstract. Lischer K, Putra ABRD, Guslianto BW, Avilla F, Sitorus SG, Nugraha Y, Sarmoko. 2020. Short Communication: The 
emergence and rise of indigenous thermophilic bacteria exploration from hot springs in Indonesia. Biodiversitas 21: 5474-5481. 

Indonesia is an archipelagic country located in the pacific ring of fire, and is estimated to cause numerous hot springs spread across the 
country. In addition, small living microbes have been explored in these locations since 1985. These microbes possess the ability to 
survive in areas with high temperature (more than 40oC-90oC), and are therefore termed thermophiles. Hence, massive explorations have 
been conducted on Java island and other unexplored areas at Sumatra to Papua in New Guinea islands. Moreover, a total of 71 hot 
springs characterized by the presence of thermophilic bacteria have been explored in Indonesia. These investigations ensue with various 
approaches, including through conventional and microbiological, 16S rRNA, as well as whole-genome sequencing methods. In addition 
to species exploration, the application of thermophiles has become a topic of interest from 1999, especially based on thermostable 
enzymes with the capacity to maintain activity at high-temperature conditions. These include amylase, protease, lipase, xylanase, 

esterase, and cellulase as the most common isolated form, which indicates the existence of significant extractable potentials. Hence, 
there is a need for further research in terms of both exploration and application purposes.  
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INTRODUCTION 

Thermophiles were first discovered in 1953 (Marsh and 

Larsen 1953), and attracted research interest after the 

isolation of Taq polymerase from Thermus aquaticus 
(Chien et al. 1976). This has been followed by the further 

exploration of microbes from hot springs, thus leading to 

scientific changes globally (Hugenholtz et al. 1998; Mori et 

al. 2003; Papke et al. 2003). In addition, numerous related 

discoveries, including the respective bacteria applications 

in industry have played a significant role in society. This 

action results from the potency to maintain activity in 

extreme environments, including at high temperatures and 

extreme pH (Chien et al. 1976; Skirnisdottir et al. 2000; 

Ferrer et al. 2007; Cox et al. 2011; Everroad et al. 2012). In 

addition, the various enzymes generated are considered to 
be thermostable, and also capable of contributing numerous 

benefits to the industry (Zamost et al. 1991). 

Moreover, studies on geothermal ecosystems have 

added collections of microbial diversity and informative 

discoveries. The exploration methods have become more 

advanced, although previous approaches involved the use 

of culture and morphology (Marsh and Larsen 1953; Ward 

et al. 1998). This investigation is expected to remarkably 

uncover the diversity of thermophilic bacteria worldwide. 

Therefore, advances in PCR and sequencing techniques 

have caused a shift in single cell-based analysis to the DNA 

level. The relatively common evaluation method adopted 

for species involves comparing the 16S rRNA of explored 
bacteria with GenBank library (Ward et al. 1998). 

However, the decline in genome sequencing cost facilitates 

the attraction of more detailed insight into thermophilic 

bacteria exploration, in terms of biodiversity, ecological 

significance, and application (Aliyu et al. 2016).  

Indonesia is one of the countries in the world known to 

be traversed by the ring of fire, as well as numerous active 

volcanoes. In addition, a total of 70 volcanoes are spread 

from the island of Sumatra, Java, Bali, Sulawesi, 

Kalimantan, Maluku, and Papua (Manalu 1988), resulting 

in about 256 hot springs identified across the country 
(Darma et al. 2010). Despite the wide distribution, minimal 

attention has been attributed to microbial exploration and 

analysis at these sites. This paper, therefore, collectively 

compiles the studies of thermophile investigations, 

especially for thermophilic bacteria, and the outcomes from 

the first publications in Indonesia. Furthermore, these 

activities are conducted to provide an insight into the 

acknowledgment to date, and also to identify challenges for 

future research. 

mailto:lischer.kenny@ui.ac.id


LISCHER et al. – Emergence rise of Indonesia thermophilic bacteria 

 

5475 

MATERIALS AND METHODS 

Data acquisition 

The keyword “Indonesia thermophilic bacteria” was 

used to identify related original research papers and 

proceeding in scopus, pubmed, and google scholar, 

assumed to have relevant publications both at the 

international and national levels. The investigated journals 

were dated from 1991 to August 2020, and data on hot 

spring location, type of study, bacterial species, and 

application were obtained to generate a database. This 
information was required to produce graphs and diagrams 

of publication progress, type of study, and application 

(translational research), generated using the Prism 

Graphpad software.  

Generation of microbiologically explored hot springs 

map
 

Google Map application was used to generate 

microbiologically explored hot springs with various color 

types, based on location and year. This was an approach to 

indicate the first exploration attempts at the desired site.  

RESULTS AND DISCUSSION 

Progress of thermophilic bacteria exploration in 

Indonesia
 

The keywords “Indonesia thermophilic bacteria” were 

used to identify related studies in Scopus, Pubmed, and 

Google Scholar. This was performed to acknowledge the 

progress of thermophilic bacteria exploration. Figure 1 

shows the results extracted from 1991, and minimal 

research is available prior to 2010, where publications from 

Indonesia progressively emerged to 2020. This indicates 

the greater attractiveness of research trends in the aspect of 

thermophilic bacteria. Figure 1 shows an accumulation of 
170 publications, and the improvements were possibly 

attributed to the availability and accessibility of 

experimental methods and materials, as well as support in 

form of research grant from the government (Wiryawan 

2014). 

Hot spring locations of isolated thermophilic bacteria 

The next question is associated with how trends of hot 

spring locations subjected to microbiological life are 

explored. The Ministry of Energy and Mineral Resources, 

Republic of Indonesia has identified nearly 256 in-depth 

geophysical researches where geothermal gradients and 

tectonic elements were used throughout Indonesia (Darma 
et al. 2010). However, Figure 2 showed only 71 to have 

been explored microbiologically. These were spread across 

the islands of Java, Bali, Sumatra, Kalimantan, Sulawesi, 

and Papua, and a majority were easily accessible. 

Consequently, these spots were adopted as tourism spots, 

where people frequently engage in baths, based on the 

belief as a cure to skin diseases.  

Figure 2 shows the initial microbiologically exploration 

of hot springs across the country. In addition, the dark and 

light blue colors were dominant around Java and Bali, 

indicating these areas as centric (around 1991-2010). The 

most interesting aspect of this graph is the spread in other 

islands outside Java and Bali island, initiated from 2004 as 

shown in Figure 2. Also, there is a significant increase in 

the number of new explorations on island of Sumatra, 
Kalimantan, Sulawesi, and Papua compared to Java and 

Bali. The efforts to identify thermophilic bacteria at 

Tompaso hot springs, Sulawesi island was initiated in 2004 

(Yuli et al. 2004). This is followed by other initial reports 

at Sumatra in 2007, Papua in 2015, and Kalimantan in 2017 

(Helianti 2007; Patasik et al. 2015; Taufik et al. 2017). 

Based on the first discovery in previously mentioned 

islands, numerous reports were conducted to enrich 

biodiversity data across Indonesia. These results 

collectively provide important insights into identification 

efforts in a wider region. 

Thermophilic bacteria analysis 

The next question entails identifying the methods 

commonly used to explore thermophilic bacteria in 

Indonesia. In addition, related information has also been 

made available during the past 30 years, and at least three 

methods adopted in the identification process., Moreover, 

16S rRNA analysis was the most commonly used at 59%, 

followed by the conventional (38%) and whole-genome 

sequencing (2%). The conventional method was 

determined to be the oldest, and is known to involve 

microbe culture and morphological identification (Marsh 
and Larsen 1953; Huber et al. 1991; Ward et al. 1998).  

 

 
 

 
 
Figure 1. Progress of thermophilic bacteria publication in 
Indonesia. The list of publication can be viewed at this link 
(https://docs.google.com/spreadsheets/d/1tXhD-
dkAe3RYk_Al98guaYF7nstbZfYF1CLg7_X2QMI/edit?usp=shar
ing) 

 

  
 

 

https://docs.google.com/spreadsheets/d/1tXhD-dkAe3RYk_Al98guaYF7nstbZfYF1CLg7_X2QMI/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1tXhD-dkAe3RYk_Al98guaYF7nstbZfYF1CLg7_X2QMI/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1tXhD-dkAe3RYk_Al98guaYF7nstbZfYF1CLg7_X2QMI/edit?usp=sharing
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Figure 2. Distribution of microbiologically explored hot spring in Indonesia. These colors show the first attempt made to isolate 
microbes. The map is accessible through the link (https://www.google.com/maps/d/edit?mid=1-Kn7k1BAKfLVNbS_7_-BCdWE-
bt_f5xA&usp=sharing). 

 

 

 

This approach is essential in the characterization of 

thermophile isolates and the respective potentials, although 

only a small number were discovered. Furthermore, the 

preserved regions allow for simple PCR sample 

identification and, the sequence in most cases provides 
reliable information on the families, genus, or species. This 

analysis, therefore, shows information from the DNA level, 

with potential relevance on a broader scale (Huber et al. 

1996; Ward et al. 1998). The whole-genome sequencing 

also generates data at the DNA level, but is least patronized 

due to the high analysis cost. However, 16S rRNA remains 

the most powerful tool applied in the discovery of microbes 

from hot spring in Indonesia. 

Explored application 

Numerous labs are commonly known to explore 

microbes in hot springs and also to evaluate the 

commercial applications. Figure 4 shows the various uses 
previously explored, where most focused on the enzyme 

related functions (93%) than otherwise. This indicates the 

existence of a relationship between the bioprospecting 

trend in Indonesia and thermostable enzyme known to 

potentially sustain the individual activity at extreme 

conditions, including high temperature and pH (Chien et al. 

1976; Skirnisdottir et al. 2000; Ferrer et al. 2007; Cox et al. 
2011; Everroad et al. 2012). The top 4 explored enzymes 

include amylase (17%), protease (12%), lipase (9%), and 

xylanase (8%). Meanwhile, non-enzyme applications 

mostly involve the use of thermophilic bacteria in 

biosurfactant or biohydrogen production (Geraldi et al. 

2019; Gazali et al. 2020). 

Discussion 

Hot springs in Indonesia have been examined based on 

three different objectives, including (1) novel species 

identification, (2) screening and characterization of 

different thermostable enzymes, and also (3) the diverse 

bio-resource applications. Figure 1 shows the explorations 
in 1991, which marked the initial research interest in 

microbe identification. In addition, approximately 8 

https://www.google.com/maps/d/edit?mid=1-Kn7k1BAKfLVNbS_7_-BCdWE-bt_f5xA&usp=sharing
https://www.google.com/maps/d/edit?mid=1-Kn7k1BAKfLVNbS_7_-BCdWE-bt_f5xA&usp=sharing


LISCHER et al. – Emergence rise of Indonesia thermophilic bacteria 

 

5477 

different species were recognized from the 9 selected hot 

springs, including Toya Bungkah, Sikidang, 

Candradimuka, Sileri, Domas, Badak, Djarian, Ciater, and 

Gunung Gede, respectively (Huber et al. 1991). Therefore, 

culture and morphological approaches were adopted at the 

time. Moreover, DNA polymerase production is known to 

shift the analytical methods from conventional based to the 

DNA level, by evaluating the bacteria 16S rRNA through 

PCR (Ward et al. 1998). This approach was first performed 

by Huber et al. in 1996), before the whole-genome 
sequencing method by Cho et al. in 2000. 

The conventional method is known to be the oldest, and 

also has some limitations, resulting from the inadequate 

number of culturable microbes in the desired environment 

(Chaudhary et al. 2019). The current papers with reports on 

this technique were mainly based on samples sourced from 

Mount Pancar, West Java, and consequently used for 

hydrogen production, amylolytic bacteria isolated from 

Jailolo Bay, North Maluku, and amylase from Pulu hot 

spring, Sulawesi (Arfah et al. 2020; Gazali et al. 2020; 

Satrimafitrah et al. 2020). These indicate the reasons for a 
high percentage (38%) application as an exploration 

method. In addition, some of the issues reported during the 

use of conventional microbiological methods include 

limitations in identification. Ijen, Solok, Sulili, Bora, and 

Jailolo are hot springs with different characteristics, and 

located far from one another on different islands. However, 

all of these surprisingly demonstrate similar isolates from 

genus Bacillus (Kusumadjaja et al. 2010; Harnentis et al. 

2013; Hafsan et al. 2017; Ifandi and Alwi 2018; Arfah et 

al. 2020). Therefore, the documentation process is expected 

to be moved from the genus to species level, for the 
provision of better details.  

Moreover, 16S rRNA analysis is one of the most 

commonly used methods in Indonesia (Huber et al. 1996; 

Ward et al. 1998). The preserved regions allow for simple 

PCR sample identification and, the respective sequence 

provides reliable information on the families, genus, or 

species. The bacteria data is revealed from the DNA level, 

which provides broader details (Huber et al. 1996; Ward et 

al. 1998). Consequently, the explored members of family 

Bacillaceae contain both Bacillus and another genus, 

including Anoxybacillus and Geobacillus, Alicyclobacilus, 

and Aneurinibacillus (Aminin et al. 2008; Rachma et al. 
2009; Mantiri et al. 2019; Ginting et al. 2020; Mar et al. 

2020). In addition, other families recognized include 

Paenibacillaceae explored from Prataan (Paenibacillus sp.), 

Cisolok (Paenibacillus cisolokensis), and Tutung 

(Brevibacillus borstelensis and Paenobacillus sp..) 

(Chrisnasari et al. 2016; Yokota et al. 2016; Arzita et al. 

2017).  Moreover, there were other microbes different from 

the order Bacillales, including the family 

Thermoanaerobacterales (Thermoanaerobacter 

yonseiensis) from Sileri, family Psedonocardiaceae 

(Gandjariella thermophila) from Cisolok, phylum 
thermotogae (Fervidobacterium islandicum), and phylum 

Deinococcus-thermus (Thermus aquaticus) from Kawah 

Hujan respectively (Kim et al. 2001; Nam et al. 2002; 

Febriani et al. 2011; Ningsih et al. 2019).  

Meanwhile, another method estimated to use the DNA 

level includes the whole-genome sequencing, recognized 

for over 25 years, when reports about the first complete 

bacterial genome sequenced were published (Fleischmann 

et al. 1995; Fraser et al. 1995). This technology has the 

capacity to thoroughly study and identify hundreds or 

thousands of genomes (Land et al. 2015), and also 

contributes to a deeper understanding of genetic 

relationships compare to 16S rRNA gene. In addition, this 

approach has become more interesting due to a drastic 
decline in costs, thus encouraging the application feasibility 

in numerous laboratories (Shendure and Ji 2008). Despite 

the reduced cost, there have also been reports on the 

relatively lower popularity (figure 3). This is possibly 

attributed to the limited availability of whole-genome 

sequencing machines in Indonesia. However, there are 

numerous benefits, including the ability to identify 

previously unexplored thermophilic bacteria from Sileri hot 

spring, including the Anoxybacillus kamchatkensis, 

Caldanaerobacter yonseiensis, and Fervidobacterium 

islandicum (Lee et al. 2012; Lee et al. 2013; Lee et al. 
2015). Table 1 shows a summary of the discussions about 

the correlation of exploration methods and the evaluated 

bacteria. 

 

 

 
 

Figure 3. Type of exploration methods 

 

 

 

 
 
Figure 4. Application of explored thermophilic bacteria in 
Indonesia 
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Table 1. Summary of exploration methods and type of microbes 
 

Method 
Explored microbes References 

Phylum Class Order Family Genus  

Conventional 
method  

Firmicutes Bacilli Bacillales Bacillaceae Bacillus (Kusumadjaja et al. 2010; Harnentis et 
al. 2013; Hafsan et al. 2017; Ifandi and 
Alwi 2018; Arfah et al. 2020) 

        
16S rRNA Firmicutes Bacilli Bacillales Bacillaceae Anoxybacillus, Geobacillus, 

Alicyclobacilus, and 
Aneurinibacillus 

(Aminin et al. 2008; Rachma et al. 

2009; Mantiri et al. 2019; Ginting et al. 
2020; Mar et al. 2020) 

 Firmicutes Bacilli Bacillales Paenibacillaceae Paenibacillus and Brevibacillus (Chrisnasari et al. 2016; Yokota et al. 
2016; Arzita et al. 2017) 

 Firmicutes Clostridia Thermoanaerobac
terales 

Thermoanaerobacteraceae Thermoanaerobacter 
(Thermoanaerobacter yonseiensis)   

(Kim et al. 2001)  

 Actinobacteria Actinobacteria Actinomycetales Psedonocardiaceae Gandjariella  
(Gandjariella thermophila) 

(Ningsih et al. 2019) 

 Thermotogae Thermotogae Thermotogales Thermotogaceae  Fervidobacterium 
(Fervidobacterium islandicum)  

(Nam et al. 2012) 

 Deinococcus-
thermus 

Deinococci Thermales Thermaceae Thermus  
(Thermus aquaticus)  

(Febriani et al. 2011) 

        
Whole-genome 
sequencing 

Firmicutes Bacilli Bacillales Bacillaceae Anoxybacillus  
(Anoxybacillus kamchatkensis) 

(Lee et al. 2012)  

 Firmicutes Clostridia Thermoanaerobac

terales 

Thermoanaerobacteraceae Caldanaerobacter  

(Caldanaerobacter yonseiensis)  

(Lee et al. 2013) 

 Thermotogae Thermotogae Thermotogales Thermotogaceae Fervidobacterium 
(Fervidobacterium islandicum) 

(Lee et al. 2015) 
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Figure 2 showed other progress recorded in this study, 

which was in terms of the region under investigation, and 

thermostable enzyme production. The identification 

procedure is performed across the country, as observed at 

the island of Java, Bali, Sumatra, Sulawesi, Kalimantan, 

and Papua, respectively (Huber et al. 1991; Yuli et al. 

2004; Toharisman et al. 2005; Helianti 2007; Patasik et al. 

2015; Taufik et al. 2017). In addition, samples from Java 

have currently been overstudied, as the exploration in 

Gedongsongo initially performed in 2007 was followed by 
multiple studies (Aminin et al. 2007; Aminin et al. 2008; 

Rachma et al. 2009; Kusdiyantini et al. 2017; Nuritasari et 

al. 2017; Rukmi et al. 2018). The major challenge observed 

is the highly similar results obtained with some, in the 

terms of bacteria type, as well as application (Rachma et al. 

2009; Nuritasari et al. 2017; Rukmi et al. 2018). In 

addition, expansion of the identified species involves the 

use of Denaturing Gradient Gel Electrophoresis, followed 

by the 16S rRNA gene technique. This successfully 

showed previously unexplored genus, encompassing the 

Delftia, Ralstonia, and Thermus (Aminin et al. 2008). 

However, only 27% of the total hot springs have already 
been microbiologically evaluated, and many more exist 

across the country. These open an opportunity for further 

investigation of the possibilities for new microbial species. 

Furthermore, it is important to note preference for Java 

island analysis in terms of biodiversity, especially at 

Kalimantan, Sulawesi island, Papua, and other smaller 

islands. Moreover, developing an online database for 

thermophilic bacteria is necessary for compiling data from 

the explored environment.  

Furthermore, thermostable enzymes were first produced 

directly from thermophilic bacteria in 1999 (Lee et al. 
1999; Lestari et al. 1999). The lipase variant was extracted 

from Bacillus thermoleovorans ID-1 (Lee et al. 1999), 

while amylase was obtained from an unknown bacteria 

isolate in Dieng (Lestari et al. 1999). Specifically, the 

lipase gene had the capacity to clone into plasmids and was 

subsequently produced by Escherichia coli one year later 

(Cho et al. 2000). Despite the relatively low isolation of 

thermostable enzyme, there are minimal application 

variations. 

The most common studies are related to the isolates’ 

prospect during the degradation of carbohydrate derived 
compounds, including starch, lignocellulosic materials, 

saccharide, and chitin, recorded in over 50% of the total 

reports. In addition, amylase, in this case, is identified as 

the most frequently studied starch degrading variety 

(Zamost et al. 1991; Taufik et al. 2017; Satrimafitrah et al. 

2020), while other lignocellulosic forms include cellulase 

and endoglucanase (Rachma et al. 2009; Suherman et al. 

2020). Furthermore, exoglucanase with the capacity to 

decompose non-reducing and cellulose has not been 

explored. The combination of cellulose, endoglucanase, 

and exoglucanase enzymes possibly demonstrate enhanced 

degradation activity against lignocellulosic materials 
(Bronnenmeier et al. 1991). However, this research interest 

also acknowledged saccharide decomposing thermostable 

enzymes, including xylanase, galactosidase, L-arabinose 

isomerase, aldolase, and agarase (Fitriani and Saksono 

2010; Saksono and Sukmarini 2010; Li et al. 2014; Suharti 

et al. 2015). Meanwhile, chitinase with the tendency to 

breakdown the glycosidic bonds in chitin is further 

investigated from isolated thermophilic bacteria in 

Indonesian hot springs (Chrisnasari et al. 2016). 

In addition to the carbohydrate related degradation, 

enzymes for protein and lipid were also explored. These are 

possibly observed from numerous reports, as shown in the 

extraction of protease and lipase from isolated microbes 
(Lee et al. 1999; Febriani et al. 2011; Patasik et al. 2015; 

Nuritasari et al. 2017; Ginting et al. 2020). In addition, 

there was also minimal interest in the aspect of 

thermostable variants with DNA as the target. The explored 

application originated from Sikidang crater isolates 

(Brevibacillus sp.) and hot spring around Bandung 

(Geobacillus thermoleovorans) (Susanti et al. 2007; 

Witasari et al. 2010). Also, it is interesting to evaluate other 

uses including Thermo-Cas9 and Geo-Cas9, recognized as 

thermostable CRISPR/Cas9, with a tendency for DNA 

editing and sensoring (Harrington et al. 2017; Mougiakos 

et al. 2017).  
Furthermore, there are numerous prospective 

applications of unexplored enzymes, and there is no 

evidence about possible antibacterial properties. The 

peptide termed Geobacillin is considered a candidate for 

isolation (Garg et al. 2012). Meanwhile, another interesting 

use of enzymes includes in plastic degradation activities. 

Previous reports showed the ability of Thermophilic 

Bacillus sp. BCBT21 and Brevibacillus borstelensis to 

degrade plastic and polyethylene, respectively (Hadad et al. 

2005; Dang et al. 2018). The construction of bacterial 

consortium by adding thermophilic bacteria are also 
possibly acknowledged in the future (Sar et al. 2013). In 

addition, metagenomic approach can be taken to address 

other bioprospective enzymes of explored thermophilic 

bacteria.  

The trend of thermostable application studies in 

Indonesia is mostly focused on activity test by measuring 

the degradation ability or rate. In addition, it is important to 

evaluate enzyme production optimization strategies both on 

a lab and large scale (industry). Surprisingly, there is small 

number of publications in this aspect (Wibowo et al. 2016; 

Indriati and Megahati 2017; Safitri et al. 2017). However, 
the enzymes observed in Indonesia are imported, although 

industrial scale research is required to generate more 

indigenous applications to be produced. 

In conclusion, thermophilic bacteria have been 

discovered from hot springs in Indonesia since the year 

1991. This was followed by a progressive increase in 

related topics. In addition, major studies explored the 

microbes present, while others emphasized thermophilic 

bacteria applications across the country. However, several 

researches are based on industrial uses, and there is no 

evidence of commercial-scale production. Therefore, it is 

necessary to address the gaps in the potential of successful 
translations. The long-term monitoring and conservation of 

the hot springs’ natural ecosystem also demand attention in 

the aspect of commercial applications.  
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