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Abstract: Knowledge in the field of bacterial endophytes associated with the plant Capsicum chinense 

is negligible. So in order to characterize the endophytic population in the targeted plant, different 

accessions of C. chinense plant were procured from different agro-climatic zones of India. Bacterial 

endophytes were isolated by using standard protocols. After isolation of the endophytes, a biochemical 

identification study was performed using the standard key. Secondary metabolites of these bacterial 

species were studied for their economic importance. One isolate of cellulose-degrading bacteria (CDB) 

was isolated from the roots of C. chinense. The cellulase activity of the endophyte, containing cellulose 

Congo Red agar. Finally, enzyme assays for the cellulase (endoglucanase) and filter paper cellulase or 

FPC assay was studied. The maximum clearing zone for the isolate was 50mm, and the hydrolytic 

capacity (HC) was found to be 5.96. The endoglucanase activity of 0.95 IU/mL and the filter paper 

Filter Paper Cellulase (FPCase) activity was found to be 0.25 IU/mL. The importance of the study is 

attributed to the fact that this is the first-ever study of the enzymatic activity of endophytic bacteria 

isolated from C. chinense collected from North-East India.  

Keywords: Capsicum chinense; bacterial endophytes; secondary metabolites; cellulolytic activity; 

cellulase enzyme. 
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1. Introduction 

Plants live closely associated with the microorganisms that are present in their vicinity, 

and more specifically, so with the ones that live internally. Endophytes are microbes, both 

fungi, and bacteria, which reside in an asymptomatic manner in the roots and aerial tissues of 

plants [1]. Various fungal and bacterial endophytes network with higher plant phylum. 

Interactions with mutualistic interests that led to malleable profits for the two species 

sometimes evolved to a higher level of intricate forms that involved more than one partner [2, 

3]. The north-eastern region of India, which is a major biodiversity hot spot areas of the world, 

shelters a gamut of plants and their associated endophytes [4]. Endophytic bacteria increase the 

host plant’s resistance to biotic and abiotic stresses by producing diverse bioactive compounds, 

such as diterpenes, flavonoids, alkaloids, and isoflavonoids. Some endophytic bacteria endorse 

the increase of secondary metabolite production of the host plants, which include important 

medicinal components or environmentally friendly compounds. 
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Plant biomass is considered the most profusely available organic carbon source present 

in the biosphere. A greater part of this carbon remains confined in cell wall polymers. The very 

complex structure of the polymer is attributed to the presence of cellulose, hemicelluloses, and 

lignin, along with pectins and structural proteins. Thus, the industrial breakdown of this 

material to simple forms require extreme physicochemical environments and/or a lot of diverse 

enzymes [5]. 

The enzyme system of cellulose manages cellulolysis, which is a naturally occurring 

biological process. There are three different classes of soluble extracellular enzymes in the 

cellulase enzyme system, namely: 1, 4-β-exoglucanase, 1, 4-β-endoglucanase, and β-

glucosidase (Cellobiase). The enzyme endoglucanase is accountable for the arbitrary snipping 

of the glycosidic bonds (β-1, 4). The enzyme exoglucanase, on the other hand, is needed for 

breach of the non-reducing side of the cellulose chain. Eventually, it snips off the central fibrils 

off the crystalline form of cellulose, when β-1, 4-glucosidase breaks cellobiose along with 

cellodextrin forming glucose [6, 7]. Interaction of these enzymes only makes it possible to 

completely hydrolyze cellulose to glucose [8, 9] or a complete degradation to H2O and CO2. 

Cellulase enzyme, because of its huge potential, has been employed in many industrial 

processes, such as plant waste management and biofuels [10, 11]; triphasic biomethanation 

[12] bioethanol [13, 14], etc.  

Bhut jolokia, scientific name Capsicum Chinense Jaqc, from the family Solanaceae is 

placed among the hottest chilies along with ‘Trinidad Moruga Scorpion’ and is reported to be 

an indigenous cultivar, which mostly grows in Nagaland, Manipur and the Brahmaputra flood 

plain of Assam. C. chinense is a well-known medicinal plant, which is used in traditional 

medication as an excellent source for Vitamin C (Ascorbic acid), carotenoid, Vitamin E 

(tocopherols), capsaicinoids, and flavonoids. Capsaicin (8-methyl-N-vanillyl-6-nonenamide) 

along with dihydrocapsaicin are considered the key capsaicinoids found in hot peppers. 

Homodihydrocapsaicin, nordihydrocapsaicin, and homocapsaicin are the ones present in lower 

amounts [15]. A measurement to calculate the pungency was established by Wilbur Scoville; 

total capsaicinoids are able to be altered to Scoville heat units [16]. C. chinense is attributed to 

having a lot of medicinal properties with immense pharmacological actions. These include 

antitumor, antibacterial, anti-arthritic, anti-inflammatory, and antioxidant properties. However, 

the environmental aspects of this plant and its associated endophytes have not been studied so 

far.  

The current work focusses on isolation and identification of cellulose-degrading 

bacterial endophytes from the roots of Capsicum chinense plant collected from North-east 

India. 

2. Materials and Methods 

2.1. Collection site. 

C. chinense plant was collected from the remote areas of Arunachal Pradesh, in the 

summer season, in the month of April. Samples were aseptically transferred into different 

zipped sterile polythene bags and then transported to the laboratory at room temperature [17]. 

2.2. Isolation of endophyte. 

Endophyte was isolated using a standard protocol. Surface sterilization was done using 

70% ethanol and 4% sodium hypochlorite solution. To remove any kind of adherents on the 
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plant surface, it was washed properly under running tap water. After drying, the plant roots 

were cut into small segments approximately 1-2 cm in length. This whole procedure was 

carried out in laminar airflow. Plant segments were rinsed with 75% ethanol for 1 min and then 

with 4% sodium hypochlorite solution for 10 min. This was followed by immersing the 

segments in 75% ethanol for 1 min. Finally, all the plant segments were rinsed thrice with 

sterilized distilled water and were allowed to air dry. The sample was then ground using mortar 

and pestle, and the extract was plated in Nutrient Agar (NA) plates. The plates were incubated 

at 37ºC for bacteria overnight [18]. 

2.3. Morphological and Biochemical identification of the isolated bacteria. 

In order to confirm the cell morphology and the classification of the bacterial 

endophyte, general morphology was studied, and Gram staining was done with 100X optical 

microscopic visualization. Conventional biochemical tests, including the Indole test, Methyl 

red, Voges- Proskauer, Citrate test, Triple-Sugar Iron test, were done for the identification of 

the isolate [19]. 

2.4. Total protein estimation. 

The total protein estimation of the isolate was done by Lowry method of protein 

estimation. Reagents required are BSA stock solution (1mg/ml), the analytical reagents include 

(a) 50ml of 2% sodium carbonate with 50ml of 0.1N NaOH, (b) 10ml of Copper sulphate 

(1.56%) solution with 10ml of sodium-potassium tartrate (2.37%) solution. This analytical 

reagent was prepared by mixing 2ml of the solution (b) with 100ml of solution (a). The Folin-

Ciocalteau reagent (1N) was obtained by diluting commercial reagent (2N) with an equal 

volume of water freshly prepared every time [20, 21]. The total protein concentration in the 

sample was recorded by reading the absorbance at 750nm of the end product of the Folin 

reaction against a standard curve of Bovine Serum Albumin (BSA). 0.05g of BSA was weighed 

and added to a 500mL volumetric flask with ddl water. The volume was adjusted to 500mL 

with ddl water.  The final concentration of the BSA stock was made to 100mg /L. 

2.5. Screening of Cellulose-degrading capacity of the isolated bacteria. 

Bacterial endophyte isolates feeding on cellulose as a carbon source was isolated on 

agar media enriched with cellulose with a composition of KH2PO4 0.50 g along with MgSO4 

0.27 g. Other components include gelatin 2.0 g; cellulose 2.0 g; and agar 15 g. 1Ldistilled water 

was added, and the pH was maintained at 6.8–7.2. For the determination of the isolate’s 

capacity to degrade cellulose, cellulose CongoRed agar media was used, which was enriched 

with KH2PO4 0.5.0 g and MgSO4 0.25 g. 15 g of agar was then added to 0.2g Congo-Red, along 

with 2g gelatin and 2g cellulose. 1L distilled water was added with a pH maintained at 6.8– 

7.2. Congo-Red, which indicates the cellulose-degrading ability of the isolate in an agar media, 

is a subtle and quick screening test for the cellulose-degrading capability of the endophyte. The 

quantitative estimation of the degradation ability of the isolate was done by computing the 

hydrolysis capacity [22, 23]. 

2.6. Enzyme Production and estimation. 

The isolated cellulose-degrading bacteria (CDB) was cultured at 37ºC at 150 rpm for 

enzyme production with a media composition of KH2PO4 0.5.0 g and MgSO4 0.25 g, along 
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with gelatin 2.0 g; 1 liter distilled water was added containing Whatman filter paper 1 with a 

measurement of 1 × 6 cm strip or 0.050 g in 20 mL (pH of 6.8–7.2). The optical density 

(OD600nm) was measured every 3 hours for 72 hours. The cellulase was harvested at the 

optimum incubation time with the value of the highest cellulase activity. The broth culture 

incubated for three days period was then centrifuged at around 5000 rpm for 10 minutes at 4ºC. 

The crude enzyme was the supernatant that was collected, which was then kept at 4ºC for 

further assay studies [24, 25, 26]. 

2.7. Enzyme Assay.  

The cellulose-degrading activity of the isolate was checked by computing, reducing 

sugar concentration formed after the degradation of the filter paper. The enzyme assay was 

carried out according to the approvals of the International Union of Pure and Applied 

Chemistry (IUPAC) commission [31] on biotechnology. The endoglucanase activity was 

calculated by incubation of 0.5 mL of the supernatant obtained with 0.5 mL amorphous 

cellulose (2%) in a buffer system (sodium citrate buffer with a pH of 4.8) at a temperature of 

50 degrees for 30 min. Similarly, the FPC enzymatic activity was calculated by the incubation 

of the supernatant (0.5 mL) with 1.0 mL of the buffer (sodium citrate buffer) having 0.05 M at 

pH4.8. This was enhanced with the Whatman no.1 filter paper cut in the measurements 1.0 × 

6.0 cm. After the incubation process for 1 h at a temperature of 50ºC, 3, 5-dinitrosalicylic acid 

(DNS) reagent (3 mL) was added to the reaction to end it along with the reaction mixture (1 

mL). The reducing sugars were assessed with the help of a spectrophotometer along with DNS 

reagent [27] with glucose used as standards. The enzymatic activity was defined in 

international units (IU). The amount of enzyme releasing 1 μmol reducing sugars (measured as 

glucose) per mL per minute measures one unit of enzymatic activity [23, 28, 29, 30, 31]. 

2.8. Statistical analysis. 

A one-way ANOVA was carried out to check the significance of the results at P 

(<0.005) between the two groups, and the tests were run in triplicates. 

3. Results and Discussion 

3.1. Isolation, screening, and identification of the cellulase producing endophyte. 

Out of the total population of endophytes isolated from the roots of C. chinense, five 

showed cellulolytic potential, of which one showed the most potential. The study was carried 

forward with this particular isolate, termed Cb1 (Fig 1). 

 
A                                                   B 

Figure 1. A. Different bacterial endophytes from C chinense; B. Isolate Cb1. 
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The morphological attributes of the isolated strain Cb1 are given in Table 1. 

Table 1. Morphological characterization of the bacterial isolate Cb1. 

Isolate code Cb1 

Color Orange Yellow 

Opacity opaque 

Surface smooth 

Form circular 

Elevation raised 

Margin entire 

The biochemical characteristics of the isolate are given in Table 2. 

Table 2. Biochemical characterization of the bacterial isolate. 
Isolate code Cb1 Images 

Gram stain Negative - 

Shape rod long - 

Sulphide 
Negative 

 

 
Motility Negative - 

Indole Negative 

 

Methyl red Positive 

 

Voges Prauskeur Positive 

 

Citrate utilization Positive 
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Gelatin test Negative 

 

Triple Sugar Iron (TSI) test A/NC 

 

A/NC stands for Acid/No Change = Carbohydrate fermentation without growth in the anaerobic slant. 

Based on the morphological and biochemical studies, the isolated strain was identified 

to be Hafnia sps. 

3.2. Total protein estimation. 

The BSA (100mg/L) dilutions with absorbance at 750 nm were plotted in a graph, and 

the total protein of the isolate at OD750nm was found to be 1.850 after 24 hours of incubation 

and plotting from the BSA standard graph, the total protein in the isolate was found to be 410 

mg/L. 

3.3. Cellulase degrading assay. 

The cellulolytic capacity of the isolate was tested on the Congo-Red agar medium, 

which showed gave a zone of clearance around the inoculum (Fig 2). 

 
Figure 2. Congo-Red agar plate showing the zone of clearance. 

The cellulolytic capacity of the isolate was put to comparison with that of a positive 

control Bacillus sps. The results are shown in Table 3, followed by the graph (Fig 3). 

Table 3. The comparative study between the cellulolytic activity of Cb1 and Bacillus sps. 

Source  Isolate Number Maximum 

clearing zone 

(mm) 

Average HC 

value 

Endoglucanse 

activity range 

(IU/mL) 

FPCase activity 

range 

(IU/mL) 

C. chinense Cb1 50 5.96 0.95 0.25 

Bacillus sps. 

(Positive control) 

Cb0 40 3.51 0.750 0.09 

Here, the HC value = ratio of Hydrolytic Capacity; FPCase activity=Filter Paper Cellulase activity. 
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Figure 3. The comparative enzyme activity of endophyte Cb1 and Bacillus sps (Cb0). 

3.4. Statistical study. 

The one-way ANOVA results showed that the data was significant at P (<0.005) 

between the two groups, with the results run in triplicates. 

3.5. Discussion. 

The current study is the first approach to test the cellulolytic activity of bacterial 

endophytes isolated from C. chinense from North-East India. A recent study showed that 

bacterial species like Staphylococcus sps along with Escherichia coli, Enterobacter 

cancerogenus, S. Bacillus subtilis possess cellulolytic activity [32]. Another study showed such 

activity in Bacillus thuringeinsis, Brevibacillus brevis, Brevibacillus parabrevis, and Bacillus 

pumilus, B. licheniformis, B. methylotrophicus. Burkholderia sp.  [33, 34, 35, 36, 37]. The 

endoglucanase from newly isolated cellulolytic bacteria B. safensis was successfully cloned 

and expressed in B. subtilis [38]. B. methylotrophicus extract that contains amylase is a 

potential candidate in environmental remediation processes for future use. [39]. 

Plant associated endophytes have always been a fascinating area of research for 

scientists. The North-eastern region of the country is known for its vast flora and its closely 

related endophytes. The microbial diversity of this region features a high level of endemism, 

and the region is considered a biodiversity hotspot. In this study, bacterial endophytes were 

isolated from the roots of C. chinense collected from the remote regions of North-east India. 

Out of all the isolates, one isolate showed the maximum cellulolytic activity. The cellulolytic 

capability of a microorganism is an area of immense potential in the field of environmental 

microbiology. The bacterial endophyte isolated from the roots of C. chinense was characterized 

both morphologically and biochemically and was placed under the genus Hafnia sp. The 

screening of this isolate for its cellulolytic potential by the use of the Congo-Red iodine test, 

followed by DNS test, showed its hydrolytic capability and cellulase enzyme production. 

Bacterial growth was confirmed by the absorbance at 600 nm. The maximum clearing zone for 

the isolate was 50mm, and the hydrolytic capacity (HC) was found to be 5.96. The 

endoglucanase activity ranged from 0.95 IU/mL, and the filter paper Fpase activity was found 

to be 0.25 IU/mL 
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The cellulolytic activity of the isolate was then compared with that of Bacillus sps. 

taken as a positive control. The results revealed that our isolate had a greater zone of clearance 

of 50mm as compared to Bacillus, which was 40mm. Moreover, the isolate had greater 

endoglucanase and FPCase activity as compared to the Bacillus sps. 

 

4. Conclusions 

 This is the first report on the cellulolytic activity of bacterial endophytes isolated from 

the roots of Capsicum chinense collected from North-East India. The current study shows the 

presence of endophytes in C. chinense roots collected from the North-east region of India. The 

study also shows the cellulolytic activitiy of the endophyte, which supports the presence of 

commercially important enzymes. In regard to the cellulolytic potential of the bacterial 

endophyte harboring in the root tissues of C. chinense, the conservation of such an 

economically important plant is very crucial. Further research is required to scale up the 

physiological and biochemical attributes of the bacterial endophytes from C. chinense such that 

cellulolytic potential can be further enhanced. 
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