
 

  Molecular characterization and cellulolytic 1 

activities bacterial isolates from the hindgut of 2 

wood-feeding termites Amitermes evuncifer 3 

Silvestri 4 

 5 
 6 
 7 8 
.9 

ABSTRACT  10 
 11 
Aims: To characterize the bacterial microbiota of the wood-eating termite Amitermes evuncifer Silvestri 
using the 16S rRNA molecular analysis and to determine the cellulolytic capability of the isolates.  
Study design:  The study was designed to assess the different types of cultivable bacteria present in the 
gut of A. evuncifer using. The cellulolytic potential of the bacterial isolates was also determined. 
Place and Duration of Study: Department of Microbiology, Ekiti State University Ado Ekiti, Nigeria, 
between January 2017 and February 2018. 
Methodology: Gut microbiota of twenty wood-feeding worker termites Amitermes evuncifer were 
characterized using phenotypic methods and 16SrRNA molecular analysis. The bacterial isolates were 
also analyzed for cellulase production. 
Results: The molecular analysis revealed that the isolates belonged to the Bacteria domain and phyla 
Pseudomonas, Bacillus, Achromobacter and Lysinibacillus. All the bacterial isolates exhibited both 
exoglucanase (FPase) and endoglucanase (CMCase) activities. Three of the isolates: Bacillus cereus 
ATCC 14579, Bacillus mycoides ATCC 6462 and Pseudomonas aeruginosa ATCC 10145 exhibited the 
highest endoglucanase activity of 6.38 μmol min−1mg−1, 5.96 μmol min−1mg−1 and 4.89 μmol min−1mg−1 
respectively. Meanwhile Pseudomonas aeruginosa ATCC 10145 showed the highest exoglucanase 
activity (1.47 μmol min−1mg−1) followed by Bacillus cereus ATCC 14579 (1.14 μmol min−1mg−1) and 
Pseudomonas aeruginosa DSM 50071 (1.10 μmol min−1mg−1). 
Conclusion: Diversity of cellulolytic bacterial isolates was found in the hindgut of A. evuncifer. Further 
work needs to be carried out to determine the properties of the cellulase produced by bacterial community 
and the possible application of the isolates and their extracellular enzymes in biodegradation and 
treatment of agricultural wastes to alleviate pollution. 
 
 12 
Keywords: Cellulase, Endoglucanase, Exoglucanase, Pseudomonas, Bacillus, Achromobacter 13 
 14 
 15 
 16 
1. INTRODUCTION 17 
 18 
Termites are detritivores consuming dead plants at any level of decomposition. They thus play a vital role in the 19 
ecosystem by recycling waste material such as dead wood, faeces and plants [1, 2]. Termites are a group of eusocial 20 
insects that harbor a consortium of aerobic, anaerobic, and microaerophilic bacteria that are responsible for the 21 
degradation of cellulose and hemicellulose and benefit their host organism [3]. Termites’ gut microbiota are exchanged 22 
between colony members and transferred to the next generation through trophallaxis [4].  23 
Various groups of insects have developed symbiotic relationships with fungi; notable examples in three different insect 24 
orders include termites, ants, and ambrosia beetles. Interactions associated with termites and fungi have been reported in 25 
both lower and higher termites [5].  26 
The macrotermitinae comprises of the economically important termite species [6] that have been comprehensively studied 27 
[7]. Considering the plant-biomass degradation and nitrogen metabolism in termites, the presence of diverse bacterial 28 



 

 

lineages in termites [8] and the evolutionarily diverse termite species, the termite gut microbial populations are of 29 
significant interest and need to be isolated and characterized in order to better understand the termite symbiotic systems.  30 
In the higher termites, the fungus-growing termites (Subfamily Macrotermitinae, Family Termitidae) have evolved 31 
symbiotically with the fungus Termitomyces [9]. The macrotermitine termites are distributed throughout the tropical and 32 
subtropical areas of Asia and Africa and have over 330 species belonging to 12 genera [9].  33 
Previous work by Femi-Ola et al. [10] on the characterization of bacterial isolates in the hindgut of Amitermes evuncifer 34 
was based on cultural and biochemical characterization. The objective of this study was to characterize the bacterial 35 
microbiota of the wood-eating termite Amitermes evuncifer Silvestri using the 16S rRNA molecular analysis and to 36 
determine the cellulolytic capability of the isolates.  37 
  38 
 39 
2. MATERIAL AND METHODS  40 
2.1 Collection of termites  41 
Twenty wood-eating worker termites Amitermes evuncifer were collected from infested planks on the campus of Ekiti 42 
State University Ado Ekiti. The termite samples were identified as Amitermes evuncifer of the order Isoptera family 43 
Termidae at the Department of Zoology, Ekiti State University Ado Ekiti, Nigeria. 44 
2.2 Assessment of microflora in the hindgut of A. evuncifer 45 
Termite samples were surface sterilized in ethanol (98%). Thereafter they were rinsed in two changes of sterile distilled 46 
water. Each of the termites was aseptically dissected to remove the hindgut, which was then placed into 10 ml sterile 47 
normal saline solution. The gut sample was crushed with a sterile glass rod to release the intestinal contents. Serially 48 
diluted suspension was plated on nutrient agar plates in replicates and incubated at 35oC for 48 hours. Pure cultures of 49 
the isolates were obtained by sub culturing serially onto Nutrient agar plates.  50 
2.3 Phenotypic Characterization of bacterial isolates 51 
Pure cultures of the isolates were identified based on their cultural, morphological and physiological characteristics in 52 
accordance with the taxonomic scheme of Barrow and Feltham [11] and reference to Holt et al. [12].  53 
 54 
2.4 Molecular characterization of bacterial isolates 55 
2.4.1 Genomic DNA (gDNA) extraction and PCR Amplification 56 
Bacterial isolates were separately inoculated into sterile falcon tubes containing 15 ml Luria Bertani (LB) medium and 57 
incubated for 48hr in a shaking incubator (at 150 rpm) at 37°C. The cultures were then centrifuged at 6000 rpm for 10 min. 58 
The resultant pellets were separately re-suspended in sterile micro tubes containing 0.2 ml of tris-ethylene diamine tetra 59 
acetic acid (TE) buffer (10 mM TrisHCl, 1 mM EDTA, pH 8.0).  60 
The cell suspensions were used for gDNA extraction using the Ultraclean® Mega soil DNA isolation kit (MO BIO 61 
Laboratories, Inc.) according to the manufacturer’s protocol. Purified DNA was quantified photo metrically (NanoDrop; 62 
Thermo Fisher Scientific, Germany) and used as a template for amplification of 16S rRNA genes using the universal 63 
bacterial primers (8F 5’-AG (A/G) GTTTGATCCTGGCT-3’ forward primer and 1492R 5’ CGGCTACCTTGTTACGACTT-3’ 64 
reverse primer) according to their position in relation to the Escherichia coli gene sequence [13].  65 
For each PCR, 1 µl (25 ng/ µl) of the template was mixed with TaKaRa Ex Taq™ HS (5 units/µl) according to the 66 
manufacturer’s protocol. The PCR conditions were as described by Mackenzie et al. [14] except the final extension was at 67 
72°C for 8 min. PCR product size was checked using a 1% agarose gel stained with ethidium bromide. The amplicons 68 
were gel purified using Macherey-Nagel NucleoSpin extract II kit as per the manufacturer’s protocol and eluted in 30 µl of 69 
TE Buffer (5 mM, pH 8.0). 70 
2.4.2 DNA Sequencing and Phylogenetic Analysis 71 
Sequencing of the purified PCR products was done using a commercial service provider (Macrogene, South Korea). 72 
Sequences of the isolates were manually edited in chromas and checked for presence of artifacts or chimeric structures 73 
using the Mallard software [15]. A search for similar sequences using BLASTN program was performed, and sequence 74 
alignment was performed using the CLUSTAL Omega program (http://www.clustal.org). A neighbour-joining tree of the 75 
aligned sequences was constructed using MEGA V5.10 [16].  76 
Evolutionary distances were computed using the Maximum Composite Likelihood method [17]. To obtain support values 77 
for the branches, bootstrapping [18] was conducted with 1000 replicates. All sites, including gaps in the sequence 78 
alignment, were excluded pair wise in the phylogenetic analysis. Using the resultant neighbour-joining tree, each isolate 79 
was assigned to the proper taxonomic group. The taxonomic assignment was confirmed at a 90% confidence level using 80 
the naïve Bayesian rRNA classifier on the RDP website [19]. All sequences were deposited in Gen Bank nucleotide 81 
database. 82 
2. 5. Physiological studies of bacterial isolates 83 
Bacterial isolates were screened for their endoglucanase and exoglucanase activities using carboxymethylcellulose 84 
(CMC) and Filter paper as the substrate respectively.  85 
2.5.1 Screening for cellulase-producing bacteria 86 
The agar diffusion method was employed to screen for cellulolytic abilities of the bacterial isolates. Pure cultures of 87 
bacterial isolates were individually transferred to Carboxymethylcellulose CMC agar plates. After incubation for 48 hours, 88 



 

 

CMC agar plates were flooded with 1 % Congo red and allowed to stand for 15 min at room temperature. One molar NaCl 89 
was thoroughly used for counterstaining the plates [20]. Clear zones were appeared around growing bacterial colonies 90 
indicating cellulose hydrolysis. The bacterial colonies having the largest clear zone were selected for cellulase production. 91 
2.5.2 Cellulase production by cellulase-producing bacteria  92 
Cellulase production was carried out by submerged fermentation procedures in accordance with the method of Sharma 93 
and Bajaj [21] with slight modification, using basal salt medium containing 1% (w/v) CMC as carbon sources. The 94 
bacterial isolate was inoculated into the basal salt medium supplemented with CMC and incubated for 48h. Two milliliters 95 
of the pre-inoculated culture was inoculated into 100 mL of Mandels Salt Medium [Urea 0.3 g L-1, (NH4)2SO4 1.4 g L-1, 96 
KH2PO4 2.0 g L-1, CaCl2 0.3 g L-1, MgSO4 0.3 g L-1, yeast extract 0.25g L-1 and peptone 0.75 g L-1 with 10 g L-1 of 97 
Carboxymethylcellulose (CMC) in 0.05M citrate buffer (pH 6.0)] as production medium contained in Erlenmeyer flasks 98 
(250mL) and incubated on a rotary shaker 200 rpm at 45oC. The enzyme activity was assayed periodically at different 99 
time intervals using the method described by Ghose [22]. Two milliliters of the fermented broth was centrifuged at 10,000× 100 
g for 5 min at 4oC to obtain the supernatant and used as the crude extract for cellulase assay after appropriate dilutions 101 
[23]. 102 
 103 
2.5.3 Determination of protein content 104 
Protein concentration was determined using the Lowry method [24]. The reagents used include; Reagent A: 2% NaCO3 in 105 
0.1 N NaOH; Reagent B: 0.5% CuSO4.5H2O in 1% Na or K tartarate; Reagent C: 100ml of Reagent A + 2ml of reagent B 106 
and Reagent E: 1:2 dilution of John’s reagent water. Graded concentrations of Bovine Serum Albumin (BSA) in tubes 107 
were prepared. Then 0.3 ml of each concentration was measured into test tubes, 3 ml of reagent C was added, mixed and 108 
left for 10 min. Then 0.3ml of reagent E was added, mixed and left for 30 min. The optical density was read at 600nm. The 109 
graph of OD versus concentration of BSA and used as standard curve of BSA. The same was read for unknown 110 
substance and the protein concentrations from the standard curve are read off and obtained by multiplying with dilution 111 
factor. All readings were obtained in triplicates. 112 
  113 
3. RESULTS AND DISCUSSION 114 
 115 
Molecular identification of the isolates 116 
A total of 10 pure representative isolates from guts of Amitermes evuncifer, were selected based on their morphological 117 
and biochemical characteristics for further characterization using molecular approach. The bacterial isolates showed 118 
various colonial appearances on nutrient agar ranging from smooth surfaces, raised elevation, circular shaped, mucoid 119 
colony, pigmented, translucent, opaque, shiny colony and large, medium colonies. Five of the bacterial isolates were 120 
Gram positive bacilli, while the remaining five were Gram negative bacilli (Table 1, 2). Moreover, three pigmented 121 
bacterial isolates that appeared as Gram negative rods were positive for catalase, oxidase and urease production. The 122 
results satisfy the criteria for the genus Pseudomonas [11, 12]. Among the ten isolates, five exhibited characteristics that 123 
were similar to the genus Bacillus as described by Bergey’s manual of determinative bacteriology [12].  124 
The 16SrRNA gene amplified products from the ten (10) bacterial isolates were successfully sequenced. Phylogenic 125 
analysis using BLAST software (http://www.ncbi.nih.gov) showed that they belong to the domain Bacteria and phyla 126 
Pseudomonas, Bacillus, Achromobacter and Lysinibacillus. The isolates comparison to known sequences in the Gen bank 127 
database indicated sequences similarities up to 91% with known sequences. Some of the isolates were closely affiliated 128 
with members of the genus Pseudomonas DSM 50071 (93%), Bacillus cereus ATCC 14579 (95%), Bacillus mycoides 129 
ATCC 6462 (95%), Pseudomonas aeruginosa NBRC 12689 (94%), Achromobacter insuavis LMG 26845 (91%), Bacillus 130 
cereus  14579 (95%), Lysinibacillus fusiformis NBRC 15717 (95%),  Pseudomonas aeruginosa ATCC 10145 (96%), 131 
Bacillus anthracis strain ATCC 14578 (96%), Achromobacter insolitus LMG 6003 (95%) sequence identity (Table 3). 132 
Femi-Ola et al. had earlier reported the colonization of the hindguts of Amitermes evuncifer by a diverse group of bacteria 133 
such as the species of Bacillus, Micrococcus, Serratia and Streptococcus [10]. Several authors have reported similar 134 
organisms in the gut of termites [25, 26, 27]. 135 
Both the phylogeny and the sequencing showed that members of the same species in the termite are closely related and 136 
share a greater proportion of phylogenetic interconnectedness than bacteria of different species in the same termite. 137 
These patterns of association suggest that community differences among members of the Macrotermitinae may be 138 
shaped by co-diversification with their termite host. However, this pattern could also arise as a product of termite species 139 
with similar ecologies acquiring similar gut microbes [28]. 140 
This observations correlates with the findings of previous investigators [8, 25, 29, 30], indicating that the predominance of 141 
these groups is a general trend in the Macrotermitinae. Their work showed that wood eating lineages of higher termites 142 
(Nasutitermitinae and Termitinae), are implicated in the separation of the gut communities of the termite from all other 143 
subfamilies and to the similarities between fungus-growing termites and cockroaches [30].   144 
 145 
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 150 
Table 1: Morphological characteristics of Bacterial isolates from the Gut of Amitermes evuncifer  151 
 152 
 153 
 154 
 155 
 156 
 157 
 158 

Table 2: Biochemical Characteristics of Bacteria isolated from the gut of Amitermes evuncifer 159 
Isolate Gram 

stain 
Spore 
stain 

Catala
se 

Oxidase MR VP Citrate Urease Indole Identity 

A - - + + - - + + - Pseudomonas sp.  

B + + + - - + + - - Bacillus sp.  

C + + + - - + + - - Bacillus sp. 

 

D - - + + + + + + - Pseudomonas sp. 

E + + + - - - + + - Bacillus sp. 

F + + + - - + + - - Bacillus sp. 

G - - + + - - + + - Pseudomonas sp. 

 

H - - + - - + - - + Achromobacter 

sp. 

I + + + - - + + - - Bacillus sp. 

J - - + - - - + + - Achromobacter 

sp. 

(+) indicates positive results or presence of, and (-) a negative results/ no presence. 160 

MR- Methyl Red; VP- Voges Proskauer 161 

 162 

 163 

 164 

Isolates Cell 
shape  

      Colony morphology    Colour  Pigment  motility  

A  Rod  Smooth edges, convex, mucoid  Greenish 
yellow 

+  +  

B  Rod  Circular, smooth, flat  White -  +  

C  Rod  Irregular, wavy, granular  Grey-white -  +  

D  Rod  Rhizoid, opaque, flat  Cream -  -  

E  Rod  Irregular, smooth, dry  Red-brown +  +  

F  Rod  Irregular, wavy, granular  Grey-white - +  

G  Rod  Irregular, mucoid, smooth Bluish-green + +  

H  Rod  Irregular, flat, mucoid  Cream -  -  

I  Rod  Flat, slightly convex, smooth  White -  +  

J  Rod  Circular, opaque, smooth,  Buttery -  -  
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Table 3: Molecular analysis of bacterial isolates 166 

Isolate Similar strains Accession no Similarity 

(%) 

A Pseudomonas  DSM 50071 NR_117678.1 93 

B Bacillus cereus ATCC 14579 NR_074540.1 95 

C Bacillus mycoides ATCC 6462 NR_115993.1 95 

D Pseudomonas aeruginosa NBRC 

12689 

NR_113599.1 94 

E Bacillus cereus 14579 NR_074540.1 95 

F Lysinibacillus fusiformis NBRC 

15717 

NR_112569.1 94 

G Pseudomonas aeruginosa ATCC 

10145 

NR_114471.1 96 

H Achromobacter insuavis LMG 

26845 

NR_117706.1 91 

I Bacillus anthracis ATCC 14578 NR_041248.1 96 

J Achromobacter insolitus LMG 6003 NR_025685.1 95 

 167 

 168 
 169 
 170 
 171 
 172 
Phylogenetic Analysis  173 
The phylogenetic tree based on the 16S rRNA sequences of bacteria species from wood termite gut is presented in 174 
Figure 1. Sequences aggregated into four bacterial phyla (Achromobacter, Pseudomonas, Bacillus and Lysinbacillus) and 175 
nine clusters in conformity with the bacterial classes Achromobacter insuavis LMG 26845, Achromobacter insuavis LMG 176 
6003, Pseudomonas aeruginosa, Pseudomonas aeruginosa, Lysinbacillus fusiformis, Bacillus mycoides, Bacillus 177 
anthracis and Bacillus cereus. 178 
 179 
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 181 
Figure 1: Phylogenetic relationship of the bacteria isolated from the hindgut of wood-eating termites Amitermes evuncifer 182 
Silvestri  183 
 184 

 185 

Cellulolytic activities of bacterial isolates 186 
All the bacterial isolates demonstrated cellulolytic activities at varying degrees. The specific activities of the exoglucanase 187 
produced by the gut bacteria ranged from 0.43 μmol min−1mg−1 to 1.47 μmol min−1mg−1 (Table 4). Meanwhile the 188 
endoglucanase activities of the isolates ranged from 2.32 μmol min−1mg−1 to 6.38 μmol min−1mg−1. The specific activity of 189 
Pseudomonas aeruginosa NBRC 12689 exoglucanase was the highest, while Bacillus cereus ATCC 14579 190 
endoglucanase had the highest specific activity. Lysinibacillus fusiformis; previously known as Bacillus licheniformis have 191 
been isolated from termite gut by several authors and its cellulolytic activity have also been reported [31, 32, 33]. The 192 
function of the termite gut microbiota ranges from fermentative metabolism, production of acetate and other products by 193 
fermentation of mono- and oligosaccharides, while some are homoacetogenic [34, 35, 36], to reductive acetogenesis from 194 
H2 + CO2 [37] but this processes are still unclear [4, 38]. Diet has been shown to affect the gut communities of wood-195 
feeding termites [39, 40]. It is believed that a complete degradation of ingested wood materials by the termite is 196 
achievable by a symbiotic interaction among these microorganisms within its gut [5].  197 
Although the role of the bacterial community in the breakdown of lignocellulose in the termite Amitermes are still under 198 
study, research have shed some light on the possible contributions by bacteria to cellulose digestion in wood-feeding 199 
termites [20, 37, 41]. 200 
 201 
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Table 4: Summary of Endoglucanase and Exoglucanase Production by Bacterial isolates from the Gut of Amitermes evuncifer 207 

 208 

Isolates Endoglucanase Exoglucanase

Activity (μmol min−1) Specific activity (μmol 
min−1mg−1protein 

Activity (μmol min−1) Specific activity (μmol 
min−1mg−1protein 

Pseudomonas aeruginosa DSM 50071 31.18 2.83 12.15 1.10 

Achromobacter insuavis LMG 26845 73.46 3.94 10.83 1.02 

Bacillus cereus 14579 80.6 4.51 19.03 1.06 

Bacillus mycoides ATCC 6462 94.6 5.96 16.38 1.08 

Pseudomonas aeruginosa NBRC 
12689 

34.61 2.71 18.76 1.47 

Bacillus cereus ATCC 14579 81.39 6.38 14.53 1.14 

Pseudomonas aeruginosa ATCC 
10145 

85.62 4.89 17.18 0.85 

Bacillus anthracis ATCC 14578 96.19 4.84 16.65 0.70 

Achromobacter insolitus LMG 6003 49.68 2.67 7.93 0.43 

Lysinibacillus fusiformis NBRC 15717 34.61 2.323 8.19 0.73 



 

 

 209 
 210 
 211 
 212 
4. CONCLUSION 213 
 214 
This study reports the molecular characterization of bacteria found in the gut of a wood-eating Amitermes evuncifer. The 215 
bacterial isolates were found to be cellulolytic. Further work needs to be carried out to determine the properties of the 216 
cellulase produced by bacterial community and the possible application of the isolates and their extracellular enzymes in 217 
biodegradation and treatment of agricultural wastes to alleviate pollution. 218 
  219 
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