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Abstract. Oktiarni D, Lusiana, Marsuganda A. 2025. Cellulolytic bacteria from Coptotermes curvignathus termite gut isolated from 

coastal area of Bengkulu, Indonesia. Biodiversitas 26: 3252-3261. The conversion of lignocellulosic biomass into bioethanol addresses 

both renewable energy production and waste management challenges on a global scale. Utilizing diverse types of biomass is particularly 

advantageous, as lignocellulosic biomass is not a food source for humans and offers an economically viable alternative for waste 

processing while also enhancing bioethanol production. As highly social insects, termites degrade cellulosic biomass into glucose with 

the aid of cellulolytic enzymes produced by bacteria residing in their guts. This research aimed to isolate cellulolytic bacteria suitable for 

hydrolyzing cellulose biomass into glucose for bioethanol production. Cellulolytic bacteria were isolated from the guts of Coptotermes 

curvignathus (Holmgren, 1913) termites collected in the coastal area of Bengkulu, a region known for its abundant termite populations. 

The isolated bacteria were characterized and analyzed using biomolecular assays. The identification of cellulolytic bacterial species was 

performed through biomolecular techniques, by using the PCR method. Eight isolates of cellulolytic gut bacteria were obtained, and 

showed cellulolytic activity. The PCR results revealed that the cellulolytic bacteria belonged to the species Bacillus cereus and Bacillus 

thuringiensis. Eight isolates of cellulolytic gut bacteria that obtained, have potential as a source of microbial cellulases for use in 

hydrolyzing cellulosic biomass into ethanol production. 
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INTRODUCTION 

The production of second-generation bioethanol as a 

renewable energy source has advanced quickly and is now 

considered a viable alternative energy solution. Cellulose, 

found in wood, organic litter, and agricultural residues, 

serves as a viable biomass source for bioethanol production. 

Several countries have developed technology to hydrolyze 

cellulosic biomass, which uses fermentation technology to 

produce bioethanol (Oktiarni et al. 2021). 

The conversion of lignocellulosic biomass into bioethanol 

is more complex than converting starch into ethanol. The 

intricate composition of lignocellulose requires delignification 

to reduce lignin content as a pretreatment step in the 

bioethanol production process (Mosier et al. 2005; Zabed et 

al. 2016). The pretreatment process is essential for 

removing lignin, reducing crystallinity, and increasing 

material porosity (Karimi et al. 2006). Among the various 

pretreatment methods, using an acid solution is one of the 

simplest. After pretreatment, the saccharification and 

fermentation processes convert lignocellulose into bioethanol. 

When hydrolysis is performed enzymatically, the conversion 

process can either be Simultaneous Sacharification and 

Fermentation (SSF) or Separate Hydrolysis and Fermentation 

(SHF) (Hou et al. 2019). 

The role of cellulase enzymes and cellulolytic bacteria 

in hydrolyzing lignocellulosic biomass is vital. One 

organism with this capability is termites, which can be 

found in the coastal areas of Bengkulu. The gut of termites 

harbors cellulolytic bacteria capable of hydrolyzing cellulose 

into glucose. Isolating these bacteria requires selective 

media to obtain single bacterial colonies (Oktiarni et al. 

2021). 

The enzymatic hydrolysis of cellulose is a sustainable 

and efficient approach that avoids generating harmful 

chemical residues. Some organisms, like termites, rely on 

cellulose as a source of nutrition. The bacteria in termite 

guts produce enzymes that hydrolyze cellulose into 

glucose. Termites are classified into two types based on 

their gut symbionts: lower termites, (which host fungi and 

bacteria), and higher termites (which contain only bacteria) 

(Ni and Tokuda 2013). The termite digestive system 

accommodates a variety of bacteria and fungi with 

cellulolytic enzyme activity that breaks down cellulose into 

simple sugars. 

The potential and ability of cellulases can be developed 

for sustainable purposes, such as energy production, 

bioremediation, pest-control, antimicrobial production, 

vitamins, amino acids, and lactic acid. The availability of 

cellulase enzymes with high activity will impact enzyme 

production results and can be used to meet industrial needs 

for enzyme availability (Bhardwaj et al. 2021). 

Bacteria in termite guts can naturally break down 

cellulose, a potential biomass. Most lower termites consume 

wood (Hongoh 2011), while higher termites feed on 

lignocellulosic biomass such as wood, plant litter, grass 
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litter, and soil. The study of termites has gained significant 

interest due to their capacity to break down lignocellulose 

through symbiotic bacteria in their guts, making them 

specialized agents for hydrolyzing cellulose biomass. 

Termites play a critical role in ecosystem services but are 

sensitive to habitat disturbances, which can lead to 

biodiversity loss. Termite diversity decreases with increasing 

land disturbance (Neoh et al. 2017; Jalaludin et al. 2018; 

Handayani and Winara 2020), including in coastal areas. 

Indonesia is rich in biodiversity, both in terms of its 

flora and fauna; and its location on the equator gives it 

tropical rainforests and coastal areas which are spread 

across various provinces. Indonesia, which has a long 

coastline, one of which is in Bengkulu Province, has 

multiple organisms that live in this area, including termites. 
Bengkulu is affected by weather factors such as tides, 

wind, and others (Syukhriani et al. 2017). Tides can disrupt 

the coastline, damage coastal plants, and ecological damage, 

including termite ecosystems. The number of organisms in 

this location is very low because sandy soil conditions 

inhibit the ability of organisms to grow. High temperatures 

and the ability to retain water in sandy soil are very low 

(Mutmainah et al. 2018). Termites must be able to adapt to 

these conditions. Termites that live in colonies are fauna 

whose primary food source is cellulose, which comes from 

trees, including wood, stems, roots, and leaves (Hongoh 

2011; Brune 2014). 

Correspondingly, the present study isolated and 

identified termite and bacterial species from termite guts. 

The discovered cellulolytic bacterial species are anticipated 

to shed light on the bacterial diversity within termite guts in 

Bengkulu's coastal regions. These cellulolytic bacteria can 

serve as biocatalysts for hydrolyzing biomass into glucose, 

a raw material for bioethanol production. 

MATERIALS AND METHODS 

Selection and identification of termites  

Termite samples were collected from the coastal area of 

Bengkulu, specifically in the Muara Bangkahulu area, 

Bengkulu City, Bengkulu Province, Indonesia (Figure 1). 

The termites were placed in labeled plastic containers and 

taken to the laboratory for analysis. The samples were 

identified by observing their shape, color, and size and 

comparing them with existing literature. 

The sampling technique involved the direct collection, 

targeting termite colonies that had infested tree roots (Figure 

2). The samples included soldier and worker termites, 

stored in sealed plastic containers and transported to the 

laboratory. To maintain humidity, they were placed in 

plastic containers lined with moist tissue (Arif et al. 2019; 

Oktiarni et al. 2021). 

Isolation of bacteria  

Six worker termite samples were sterilized in 70% 

alcohol for 30 seconds. The termite guts were dissected and 

soaked in 0.9% NaCl solution in a petri dish. The samples 

were rinsed with sterile distilled water and allowed to dry 

for one minute. The termite guts were ground in 0.9% NaCl 

to obtain a suspension. The suspension was subsequently 

centrifuged at 3000 rpm to separate the supernatant from 

the pellet. Next, 0.1 mL of the suspension was evenly 

spread onto NA media and incubated at 37°C for 24 hours. 

A series of dilutions were performed, ranging from 10-1 to 

10-5 (Ferbiyanto et al. 2015; Boontanom and Chantarasiri 

2021; Fathollahi et al. 2021; Hidayat 2021; Oktiarni et al. 

2021). The CMC agar medium used contained the following 

components: 0.18 g K2HPO4, 0.1 g NaNO3, 0.05 g KCl, 

0.09 g MgSO4.7H2O, 0.2 g yeast extract, 1 g peptone, 1 g 

CMC, and 2 g agar, and was adjusted to pH 5 (w/v). 
 

 

 

 
 

Figure 1. The location of termite sample (3°46'3.78"S, 102°17'12.23"E), Muara Bangkahulu, Bengkulu, Indonesia 
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Screening of cellulolytic bacteria  

The suspension was spread on Carboxymethyl Cellulose 

(CMC) agar media, a selective media used to obtain 

cellulolytic bacteria. Bacterial colonies that grew on CMC 

agar media were transferred to new CMC agar media to 

obtain single bacterial isolates. The single bacterial isolates 

obtained were then determined by iodine solution for their 

hydrolysis ability. Single bacterial isolates with high clear 

zones were subjected to morphological, physiological, 

biochemical, and biomolecular tests (Fathollahi et al. 2021; 

Hidayat 2021). The cellulose index can be calculated using 

the following formula (Ferbiyanto et al. 2015; Peristiwati et 

al. 2018; Oktiarni et al. 2021):  

 

Cellulolytic index =   

 

Morphology and biochemical assay   

Morphological and physiological tests were carried out 

by doing macroscopic test, for texture, colour, shape, 

colony size, and elevation, and also microscopic test, for 

Gram staining and colony cell. Biochemical assay was 

carried out on bacterial isolates, followed by indole test, 

motility test, Triple Sugar Iron (TSI) test, urease test, 

catalase test, citrate test, Methyl Red (MR) test, and Voges 

Proskauer (VP) test (Sharma et al. 2015; Ferbiyanto et al. 

2015; Peristiwati et al. 2018; Oktiarni et al. 2021). 

DNA isolation and purification  

Cellulolytic bacterial isolates were identified using a 

biomolecular approach. The 16S rRNA genes from eight 

bacterial isolates were extracted and purified utilizing the 

Quick-DNA™ Fungal/Bacterial Miniprep Kit (Zymo 

Research) according to the manufacturer’s protocol. 

DNA quantification using a spectrophotometer 

nanodrop 

A 1 µL DNA sample from each bacterial isolate was 

placed on a drop plate and analyzed for optical density 

ratios (260/280 for DNA and 260/230 for RNA) using a 

NanoDrop™ spectrophotometer (Thermo Scientific™). 

Electrophoresis was conducted on 1 µL of PCR products 

using 0.8% TBE agarose gel, and DNA bands were visualized 

with Cyber Green staining under a UV transilluminator. 

PCR amplication of 16S RNA genes 

PCR amplification of the 16S RNA genes from the 

eight purified isolates was performed using (2x) MyTaq HS 

Red Mix (Bioline, BIO-25048) with universal primers 27F 

(5'-AGAGTTTGATCMTGGCTCAG-3') and 1492R (5'-

TACGGYTACCTTGTTACGACTT-3'). The thermo-cycling 

conditions consisted of an initial denaturation at 94°C for 4 

minutes, followed by 35 cycles of 94°C for 40 seconds for 

denaturation, 55°C for 1 minute for annealing, and 72°C 

for 1 minute and 10 seconds for extension, concluding with 

a final extension at 72°C for 10 minutes. Amplification and 

quantification were conducted using an ABI PRISM 

3730xl Genetic Analyzer (Applied Biosystems).  

16S RNA gene sequence 

The DNA extracts were sequenced utilizing the 

BigDye® Terminator v3.1 Cycle Sequencing Kit. The PCR 

products were analyzed utilizing bidirectional DNA 

sequencing. The obtained 16S rRNA gene sequences were 

analyzed by blasting them with the GenBank database 

using the BLAST-N program provided by the National 

Center for Biotechnology Information (http://www. 

ncbi.nlm.nih.gov). 

Phylogenetic tree analysis of amplified 16S RNA genes 

The 16S rRNA gene sequences were utilized to 

construct a phylogenetic tree using MEGA 5.05 software. 

The tree was created using the neighbor-joining method 

with bootstrap analysis performed on 1000 replicates. 

RESULTS AND DISCUSSION 

Selection and identification of termites  

Termite samples (Figure 1) were collected in the 

Pematang Gubernur area, Muara Bangkahulu, Bengkulu 

City. These samples were taken from the roots of trees 

infested by termite colonies. The termites identified belonged 

to the species Coptotermes curvignathus (Holmgren, 1913) 

and were classified as lower termites. This species is 

commonly found in dead trees and roots (Arsyad et al. 

2018; Arif et al. 2019). The major soldiers measured 6 mm 

in length, while the minor soldiers ranged from 3 to 3.2 

mm. The head capsules of the major soldiers were less than 

2 mm long and exhibited a brownish-yellow color. 

Previous research indicates that termites in rubber 

plantations are typically from the Microtermes species and 

Macrotermes gilvus (Hagen, 1858), whereas those in oil 

palm plantations are often Odontotermes species. 

Conversely, termites found in drywood structures are 

commonly associated with the Cryptotermes species (Arif 

et al. 2019). 

Screening, isolation, purification and characterization 

of bacteria present in the gut of termites 

Screening of cellulolytic bacteria 

Figure 3 shows bacterial colonies obtained on CMC 

agar media in a 10-4 dilution series. Eight bacterial isolates 

were obtained and labeled as BRP 1, BRP 2, BRP 3, BRP 

4, BRP 5, BRP 6, BRP 7, and BRP 8. 

http://www/
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Figure 2. A. Termite habitat. B. Coptotermes culvignathus termite 

 

 

 

 
 

Figure 3. Bacterial colonies found in the termites gut (10-4 

dilution series) 

 

 

Isolation of cellulolytic bacteria 

The eight bacterial isolates were further isolated and 

purified to obtain single colonies from each isolate (Figure 

4). Morphological and physiological tests of cellulolytic 

bacterial isolates include macroscopic and microscopic 

tests. Morphological tests are related to cell shape and cell 

arrangement (microscopic); and macroscopic tests are tests 

on bacterial isolates that include color, shape, size of 

bacteria, and margins. In contrast, physiological tests 

include the biochemical properties of bacterial isolates 

(Ferbiyanto et al. 2015; Fathollahi et al. 2021; Hidayat 

2021; Oktiarni et al. 2021). Macroscopic and microscopic 

data and biochemical tests of each bacterial isolate obtained 

were compared with the data in Bergey's Manual of 

Determinative Bacteriology 9th Edition. 

Morphological and physiological (macroscopic) 

characteristics observed in the isolates revealed that all had 

smooth textures, flat elevations, and a round colony shape. 

The colonies were white, and the size of the isolates ranged 

from 0.5 to 5 mm (Table 1). However, the bacteria did not 

grow on the BRP3 isolate, so the isolate was not further 

measured. 

Microscopic observation was carried out by performing 

Gram staining on bacterial isolates. Seven bacterial isolates 

showed a Gram positive bacterial with bacilli shape (see 

Figure 5). The seven bacterial isolates showed the ability to 

hydrolyze cellulose with the emergence of a clear zone 

around the bacterial isolates (Figure 6). Almost all bacterial 

isolates had cellulolytic activity, as seen by iodine staining 

on CMC growth plates, resulting in clear zones from 

cellulose degradation. The cellulolytic activity index of 

each bacterial isolate showed differences from each other 

(Table 2). 

Biomolecular assay 

Preparation of bacterial isolates 

Isolation using a biomolecular assay was performed on 

five bacterial isolates: BRP 1, BRP 2, BRP 4, BRP 7, and 

BRP 8. Since BRP 5 isolate was similar to BRP 7 isolate, 

while BRP 6 isolat was similar to BRP 1 isolate (Figure 3), 

however, the isolates of BRP 5 and BRP 6 were not futher 

measured. The DNA of these isolates was measured for 

concentration using a nanodrop spectrophotometer. 

Isolation of bacterial isolate DNA and amplification of 16S 

rRNA gene 

The DNA concentration of the bacterial isolates ranged 

from 13.0 to 16.5 ng/µL (Table 3). The 260/280 nm ratios 

of the isolates ranged from 1.78 to 2.35, indicating high 

DNA purity. The 16S rRNA gene sequencing method was 

employed to identify, classify, and quantify microbial 

samples. The 16S rRNA gene is a highly conserved element 

of the transcriptional machinery present in all DNA-based 

cells. It is an excellent target for sequencing microbial 

DNA in samples with diverse species. The 16S rRNA gene 

contains both conserved and variable regions. The 

conserved regions enable universal amplification, while 

sequencing the variable regions allows for distinguishing 

specific microorganisms, such as bacteria. 

The amplification of the 16S rRNA gene was 

performed using PCR, and the resulting gene fragments 

were analyzed through gel electrophoresis to evaluate the 

amplification outcomes. A total of five 16S rRNA gene 

fragments from bacterial isolates each displayed a single 

band of approximately 1400 to 1500 base pairs (Figure 7). 
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The purity of the amplified 16S rRNA gene fragments was 

confirmed by the presence of a single, thick band on the 

electrophoresis gel. Subsequently, the 16S rRNA gene 

fragments were sequenced, and their nucleotide sequences 

were analyzed to identify the species of each bacterial 

isolate. This analysis enabled the construction of a 

phylogenetic tree for each of the bacterial isolates. BLAST-

N data for the 16S rRNA genes of isolates BRP 1, BRP 2, 

BRP 4, BRP 7, and BRP 8 (Table 4) were used in 

conjunction with the phylogenetic trees of these isolates 

(Figure 8). 

Table 2. Cellulolytic index of cellulolytic bacteria isolated from 

termite gut 

 

Isolate 
Diameter of 

colony (mm) 

Diameter of 

cellulolytic zone (mm) 

Cellulolytic 

index 

BRP 1 2.0 ± 0.0 5.5 ± 0.0 1.8 ± 0.0 

BRP 2 1.8 ± 0.0 6.2 ± 0.0 2.4 ± 0.0 

BRP 3 1.0 ± 0.0 2.0 ± 0.0 1.0 ± 0.0 

BRP 4 2.3 ± 0.0 5.0 ± 0.0 1.2 ± 0.0 

BRP 5 1.5 ± 0.0 2.0 ± 0.0 0.3 ± 0.0 

BRP 6 2.0 ± 0.0 5.0 ± 0.0 1.5 ± 0.0 

BRP 7 1.0 ± 0.0 2.0 ± 0.0 1.0 ± 0.0 

BRP 8 2.2 ± 0.0 8.5 ± 0.0 2.9 ± 0.0 

 

 

Table 1. Colony morphology and biochemical tests of cellulolytic bacteria isolated from termite gut 

 

Isolate Texture Color Shape Elevation Gram staining Indole Motility 
Triple Sugar Iron 

Urease Catalase Citrate MR VP 
Ferm H2S Gas 

BRP 1 Smooth White Round Flat + Bacilli - + + - + - + + - + 

BRP 2 Smooth White Round Flat + Bacilli - + + - + - + + - + 

BRP 4 Smooth White Round Flat + Bacilli - + + - + - + + - + 

BRP 5 Smooth White Round Flat + Bacilli - + + - + - + + - + 

BRP 6 Smooth White Round Flat + Bacilli - + + - + - + + - + 

BRP 7 Smooth White Round Flat + Bacilli - + + - + - + + - + 

BRP 8 Smooth White Round Flat + Bacilli - + + - + - + + - + 

Note: (+): positive result; (-): negative result; Ferm: Fermentation result; MR: Methyl Red test; VP: Voger Proskauer test 

 

 

 
 

Figure 4. Subculture of single isolates of bacteria on CMC agar media 

 

 

 
 

 
 

Figure 5. Bacterial isolates after Gram staining under microscope (100 ×) 
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The BLAST-N data revealed that isolates BRP 1 and 

BRP 4 were closely related to Bacillus cereus strain SA1 

(MH0326051), with similarities of 99.86% and 100%, 

respectively. Isolate BRP 2 showed a 99.08% similarity to 

Bacillus thuringiensis strain LDC 507 (KF779471.1). 

Meanwhile, isolate BRP 7 exhibited almost 100% similarity 

to Bacillus cereus strain GT-5 (MT492023.1), and isolate 

BRP 8 was nearly identical to Bacillus thuringiensis strain 

JC-3 (MT492011.1) with 99.93% similarity. 

These results indicate that the DNA sequences of 

isolates BRP 1, BRP 2, BRP 4, BRP 7, and BRP 8 were 

highly similar to sequences in the database (see Table 4). 

The isolates BRP 1, BRP 4, and BRP 7 were similar to 

Bacillus cereus, while the isolates BRP 2 and BRP 8 were 

similar to Bacillus thuringiensis. These bacterial species 

have also been reported in the gut of the termite in Egypt 

(Ali et al. 2019), in Nepal (Sharma et al. 2015; Tsegaye et 

al. 2019), in Iran (Javaheri-Kermani and Asoodeh 2019), in 

Thailand (Boontanom and Chantarasiri 2021), as well as in 

Malaysia (Ayeronfe et al. 2019), and West Kalimantan, 

Indonesia (Hidayat et al. 2021). 

Discussion 

The eight bacterial isolates showed the ability to 

hydrolyze cellulose with the emergence of a clear zone 

around the bacterial isolates. The clear zone formed is the 

ability of cellulase released by bacterial cells to break down 

carbohydrate macromolecules into oligosaccharides. The 

difference in cellulolytic activity is likely due to the 

cellulase excreted by each bacterial isolate having different 

potentials to decompose substrates in the growth medium. 

The larger the clear zone in the bacterial isolate, the greater 

the cellulolytic activity produced (Oktiarni et al. 2021).   

The results of microscopic testing of bacterial isolates 

showed that all isolates had flat outer edges, were white in 

colour, and had round colonies with flat elevation. The 

diameter of the bacterial colonies varied from 0.1 mm to 5 

mm. Microscopic tests included Gram staining tests on 

each bacterial isolate. The bacteria in this study were 

Gram-positive, with the shape of the colonies in the form 

of bacilli. 

Gram staining aims to characterize the morphology of 

bacterial cells by grouping them into groups of Gram-

positive bacteria, characterized by the appearance of purple 

bacterial cells that remain purple even though they have 

been given a bleaching solution. In contrast, Gram-negative 

bacteria are characterized by the appearance of red cells 

due to the fading of the purple colour of crystal violet after 

being given a bleaching solution so that it absorbs the 

second dye, namely safranin, which is red (Irawati et al. 

2022). 
 

 

 

Table 3. DNA concentration of bacterial isolates using a nanodrop 

spectrophotometer 

 

Isolate Concentration (ng/µL) A 260/280 A 260/230 

BPP 1 13.3 2.35 0.68 

BRP 2 16.5 2.23 0.83 

BRP 4 13.0 2.27 0.54 

BRP 7 13.5 2.10 0.67 

BRP 8 14.6 1.78 0.56 

 

 

 

 
 

Figure 6. Cellulolytic activity of bacterial isolates on CMC media 

(stained with iodine) 

 

 

 

 
 

Figure 7. PCR product results of 16S rDNA gene fragments on gel electrophoresis 
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Table 4. BLAST-N data of 16S rRNA gene of isolates BRP 1, BRP 2, BRP 4, BRP 7, and BRP 8 

 

Isolate 
Accession 

number 
Related species 

Max 

score 

Total 

score 

Query 

coverage 

E 

value 

Percent. 

identity 

BRP 1 MH032605.1 Bacillus cereus strain SA1 2627 2627 100% 0 99.86% 

 MK600526.1 Bacillus sp. strain LSB7 2617 2617 100% 0 99.86% 

 MH569447.1 Bacterium strain Glm17 2617 2617 100% 0 99.86% 

 MH569425.1 Bacillus sp. strain Glm17 2617 2617 100% 0 99.86% 

 MG706137.1 Bacillus anthracis strain SAK4 2617 2617 100% 0 99.86% 

BRP 2 KF779471.1 Bacillus thuringiensis strain LDC 507 2549 2549 99% 0 99.08% 

 LK392517.1 Bacillus cereus 2542 2542 99% 0 99.01% 

 KX343996.1 Bacillus cereus strain G37 2536 2536 100% 0 98.87% 

 JF937058.1 Bacillus sp. JSG1 2529 2529 100% 0 98.73% 

 LC483989.1 Bacillus cereus MSA1 2525 2525 100% 0 98.73% 

BRP 4 MH032605.1 Bacillus cereus strain SA1 2628 2628 100% 0 99.93% 

 MK600526.1 Bacillus sp. strain LSB7 2623 2623 100% 0 99.93% 

 MH569447.1 Bacterium strain Glm17 2623 2623 100% 0 99.93% 

 MH569425.1 Bacillus sp. GLM17 2623 2623 100% 0 99.93% 

 MG706137.1 Bacillus anthracis strain SAK4 2623 2623 100% 0 99.93% 

BRP 7 MT492023.1 Bacillus cereus strain GT-5 2638 2638 100% 0 100% 

 MN543842.1 Bacillus cereus strain ATCC 14579T.52 2628 2628 100% 0 100% 

 MT312782.1 Bacillus cereus strain YP20170200 2628 2628 100% 0 100% 

 MT158659.1 Bacillus cereus strain IIWM-OMS-06N 2628 2628 100% 0 100% 

 MN786930.1 Bacillus cereus strain LXJ91 2628 2628 100% 0 100% 

BRP 8 MT492011.1 Bacillus thuringiensis strain JC-3 2629 2629 100% 0 99.93% 

 MK088304.1 Bacillus cereus strain F5 2623 2623 100% 0 99.93% 

 KY910254.1 Bacillus thuringiensis strain BH49 2623 2623 100% 0 99.93% 

 KY910255.1 Bacillus thuringiensis strain BH39 2623 2623 100% 0 99.93% 

 KY910252.1 Bacillus thuringiensis strain EBCH18 2623 2623 100% 0 99.93% 

 

 

 

The difference in Gram groups is the result of differences 

in the structure of the cell wall components, where Gram-

positive bacteria have a very thick peptidoglycan layer so 

that they are able to retain crystal violet dye during the 

Gram staining procedure, while the peptidoglycan layer in 

Gram-negative bacteria is thin and close to the cytoplast so 

that they are unable to retain crystal violet dye during the 

decolourization process using alcohol (Aqlinia et al. 2020). 

The catalase test of all bacterial isolates was positive, 

indicating that all bacterial isolates produce the catalase 

enzyme through the degradation of hydrogen peroxide 

present in the bacteria so that the bacteria can live in an 

aerobic environment. The Simmon's citrate test was also 

positive, indicating that each bacterial isolate can use 

citrate as the sole source of carbon and energy (Ayitso and 

Onyango 2016), causing the pH to increase and the bacterial 

isolates to be able to live in an acidic environment. A 

Methyl Red-Voges Proskauer (MR-VP) test on bacterial 

isolates was conducted to determine the ability of bacteria 

to oxidize glucose to produce acid (Fallo and Sine 2016).  

In the MR test, five bacterial isolates showed negative 

results. The VP test showed all the bacteria-positive results. 

The Triple Sugar Iron biochemical test aims to 

distinguish various Enterobacteriaceae genera that can ferment 

glucose by producing acid (Gram-negative bacteria). In 

addition, it can also determine the genus Enterobacteriaceae 

from other genera of Bacillus (Gram-negative bacteria). 

Bacteria from the termite digestive tract consist of bacterial 

species belonging to the Enterobacteriaceae, Bacteroidales 

and Lactobacillales groups (Husseneder et al. 2005). Termites 

that obtain nutrients from coastal area are closely related to 

symbiotic microorganisms in the termite digestive tract. 

Biomolecular tests, supported by biochemical test data, 

macroscopic tests and microscopic tests, showed that two 

species of bacteria were obtained from the gut of coastal 

termites in Bengkulu. The results of macroscopic and 

microscopic tests show these bacteria are Gram-positive 

bacteria in the form of bacilli, do not form spores, are 

facultative anaerobes, and the bacterial colonies are white. 

The results of the biochemical tests gave negative results 

for the MR test, positive results for the VP test, and 

negative results for the indole test. These bacteria can use 

citrate as a carbon source. These bacteria are usually found 

in the digestive tract of humans, soil, animals, and plants 

and are also usually found in food (Kus 2014).  

Based on the observation results, the five bacterial 

isolates are close to the genus Bacillus, namely bacterial 

isolates BRP 1, BRP 2, BRP 4, BRP 7, and BRP 8. Two 

species of cellulolytic bacteria were identified from the gut 

of Coptotermes curvignathus and classified as Bacillus 

cereus and Bacillus thuringiensis. In the biochemical tests 

that have been carried out, these five bacterial isolates can 

produce the enzyme catalase, which plays a role in 

breaking down hydrogen peroxide into water and oxygen, 

are motile, are citrate, cannot hydrolyze urea, which cannot 

break down urea into ammonia. The five bacterial isolates 

are included in Gram-positive with a bacilli cell shape. 
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Figure 8. Dendogram of bacterial isolate BRP 1, BRP 2, BPR 4, BRP 7, and BRP 8 

 

 

 

Wright and Jones (2006) reported that termites play a 

crucial role in ecosystems by decomposing organic matter 

into nutrients, chemically and physically modifying soil, 

maintaining the stability of nitrogen and carbon cycles, and 

enhancing microbial activity. Of the 3,106 known termite 

species, 10% are found in Indonesia, and 5% of these pose 

a serious threat to plantations as pests. Tropical and 

subtropical regions serve as habitats for a large number of 

termites (Arif et al. 2019). According to Sharma et al. 

(2015), in tropical regions, termites consume 50-100% of 

the biomass from dead plants, of which 74-99% is cellulose 

and 65-87% is hemicellulose. 

Xylanase activity has been observed in Bacillus subtilis, 

which was isolated from the lower-level termite 

Reticulitermes santonensis (Tarayre et al. 2015). Meanwhile, 

B. licheniformis HI-08 was isolated from another lower-

level termite. Cellulase, a cellulolytic enzyme, is produced 

by Heterotermes indocola (Afzal et al. 2019). Furthermore, 

Ayeronfe et al. (2019) identified three bacteria from lower-

level termites: Lysinibacillus sp., Bacillus sp., and 

Acinetobacter sp., all of which produce ligninolytic enzymes 

(manganese peroxidase, laccase, and lignin peroxidase). 

The lower-level termite Psammotermes hypostoma hosts 

five bacteria that exhibit Carboxymethyl Cellulase 

(CMCase) activity: Paenibacillus lactis, Lysinibacillus 

macroides, Stenotrophomonas maltophilia, Lysinibacillus 

fusiformis, and Bacillus cereus (Ali et al. 2019). The β-1,4-

glucanase activity of Bacillus sp. CF96 was isolated from 

Anacanthotermes sp., another lower-level termite (Javaheri-

Kermani and Asoodeh 2019). Similarly, Bacillus sp. 
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BMP03 was found in the lower-level termite Cryptotermes 

brevis, displaying xylanase and carboxymethyl cellulase 

activity (Tsegaye et al. 2019). 

High-level termite bacteria, including Paenibacillus 

macerans IIPSP3 and Pseudocitrobacter anthropic MP-4 

from Microtermes pakistanicus, demonstrated ligninolytic 

enzyme activity (Li et al. 2019). Members of the 

Termitidae family produce thermostable xylanase (Dheeran 

et al. 2012). According to Kamsani et al. (2016), three 

bacteria isolated from high-level termites of the genus 

Bulbitermes (Bacillus sp. B1, Bacillus sp. B2, and 

Brevibacillus sp. Br3) contain lignocellulolytic enzymes.  

Termites hydrolyze cellulose in their digestive tracts 

through symbiotic bacteria. For instance, Bacillus 

megaterium and Paracoccus yeei, isolated from the gut of 

the high-level termite Macrotermes gilvus in Bogor, 

exhibited cellulolytic activity under both aerobic and 

anaerobic conditions (Ferbiyanto et al. 2015). Sharma et al. 

(2015) also observed cellulolytic activity in Enterobacter, 

Bacillus, and Cellulomonas species. In the gut of lower-

level termites such as Coptotermes sp., bacteria like 

Pseudomonas alcaligenes, Brevibacillus parabrevis, and 

Brevibacillus sp. produced amylolytic activity (Mulyani et 

al. 2018). Cellulolytic bacteria, including Clostridium sp., 

members of the Mycobacteriaceae and Lactobacillaceae 

families, and Proteus species, were isolated from the gut of 

the termite Cryptotermes sp. (Peristiwati et al. 2018). 

Additionally, Shigella flexneri, Shigella sp., and Salmonella 

paratyphi were identified in the gut of high-level termites 

Macrotermes michaelseni and found to exhibit cellulolytic 

activity (Ayitso and Onyango 2016). 

Termites break down cellulose into glucose through 

bacterial symbiosis in their digestive tracts. Glucose, a 

monosaccharide, is the repeating unit of cellulose polymers. 

During the hydrolysis of cellulose or hemicellulose, 

glucose is produced. In recent years, the industrial sector 

has shown significant interest in the hydrolysis of cellulose 

into glucose using cellulases of microbial origin (Peristiwati 

et al. 2018). Cellulase enzymes are essential in this process, 

facilitating the fermentation of glucose into ethanol. 

Through enzymatic methods, glucose acts as a key raw 

material for boosting bioethanol production. Glucose can 

be hydrolyzed from lignocellulose biomass, including 

wood and plant litter, using cellulolytic enzymes sourced 

from termite guts (Keshk 2016). 

In conclusion, this study isolated two cellulolytic gut 

bacteria from the gut of Coptotermes curvignathus: 

Bacillus cereus and Bacillus thuringiensis. Their elevated 

cellulolytic index on CMC agar media indicates their 

capability to hydrolyze cellulose. These bacteria use nitrate 

as their sole source of carbon and energy, thriving in both 

aerobic and acidic environments. Further research is 

needed to optimize the cellulolytic gut bacteria for enzyme 

production and prospecting for cellulolytic genes for 

possible biotechnological use. Investigating termites' 

unique cellulolytic enzyme properties is also essential to 

fully understand their ability to degrade cellulose.  
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