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Abstract 

Effluent and effluent-contaminated soil samples collected from Mufindi Paper Mill Limited, Iringa 

Tanzania were investigated for the presence of cellulolytic bacteria. The components of cellulase 

are endoglucanase, exoglucanase and β-glucosidase and these are very important for complete 

hydrolysis of cellulose to glucose monomers. Isolates were grown on nutrient agar and screened 

for cellulolytic activity on carboxymethylcellulose (CMC) agar plates using Gram’s iodine 

solution. Cellulases activities; endoglucanase, exoglucanase and β-glucosidase were assayed using 

CMC, avicel and cellobiose substrates, respectively by dinitrosalicyclic acid method. Out of 17 

cellulolytic isolates obtained, crude enzyme extracts of only five isolates expressed all cellulases 

activities, the highest activity being on cellobiose followed by CMC and least on avicel. The 

maximum endoglucanase (0.0701 ± 0.010 U/ml), exoglucanase (0.0081 ± 0.001 U/ml) and β-

glucosidase (0.0738 ± 0.002 U/ml) activities from submerged fermentation culture were observed 

from isolate 8, 1 and 12, respectively. Based on 16S rRNA sequences analyses, three isolates were 

identified as Pararheinheimera mesophila, Bacillus cereus and Bacillus flexus. The other two 

isolates were identified as Bacillus megaterium. 

 

Keywords: Cellulose, Endoglucanase, Exoglucanase, β-glucosidase, 16S rRNA. 

 

Introduction 

Lignocellulosic biomasses are the 

enormous renewable, cost effective and useful 

raw materials for industrial production of 

biofuels, chemicals and other bio-products 

(Moe et al. 2012). Being abundant, 

lignocellulosic biomasses may be obtained 

from many sources such as agricultural 

residues, forest wastes, industrial wastes and 

municipal solid wastes (Zabed et al. 2016). 

They are made up of mainly cellulose (40–50% 

of dry weight), which is a linear polymer of 

glucose residues connected by β-1,4-glycosidic 

linkages; hemicellulose (25–35% of dry 

weight) and lignin (15–20% of dry weight) 

(Smith et al. 2010). Cellulose hydrolysis has 

been a topic of interest for many researchers 

for establishment of large-scale conversion of 

lignocellulosic biomasses into fermentable 

sugar (Sukumaran et al. 2005). 

Cellulose can be converted into glucose 

monomer either through chemical hydrolysis or 

enzymatic hydrolysis; however, the later 

method is considered more advantageous as it 

gives high yields while utilizing less energy 

(Yang et al. 2011). Cellulase is the general 
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term for an enzyme system that consists of 

three components of enzymes; endoglucanases 

or carboxymethylcellulases (EC 3.2.1.4), 

exoglucanases or cellobiohydrolases (EC 

3.2.1.91) and β-glucosidases (EC 3.2.1.21), 

which work in synergistic manners for 

complete hydrolysis of cellulose polymer (Taha 

et al. 2016). Endoglucanases cut the internal β-

1,4-bonds of cellulose chains randomly, 

thereby creating new chain ends. 

Exoglucanases then act on the released 

cellulose fragments to produce cellobiose or 

glucose residues from reducing and non-

reducing ends. β-glucosidases finally hydrolyze 

cellobiose into glucose units (Zabed et al. 

2016). 

Currently, most studies on bioconversion of 

cellulose materials are based on cellulases from 

members of fungi Trichoderma particularly T. 

reesei due to their ability to secrete all 

necessary components of cellulase essential for 

complete hydrolysis of cellulose (Gusakov 

2011). T. reesei cellulase system consists of 

high activity endoglucanases and exoglucanase 

with deficiency in β-glucosidases activity. 

Production of low level of β-glucosidases has 

resulted into accumulation of cellobiose 

residues during cellulose hydrolysis process 

that in turn inhibits cellulase activity 

(Singhania et al. 2013, Qian et al. 2017). 

Several efforts to manipulate T. reesei strains 

by genetic engineering approaches with the aim 

of obtaining a single strain with high levels of 

cellulase components have been done (Qian et 

al. 2017). However, the cellulolytic potential of 

these strains is still not sufficient towards large-

scale bioconversion of cellulose biomasses 

(Liet al. 2018). 

Studies are currently focusing on isolating 

microorganisms with superior cellulase activity 

and more emphasis is placed on cellulolytic 

bacteria as they show high growth rates and 

other potential characteristics such as 

possession of stable glycoside hydrolases with 

increased synergistic actions over fungi 

(Akhtar et al. 2016). However, despite the 

efforts of these studies, no efficient cellulase 

system has been reported. This study was 

therefore designed to isolate, screen and 

characterize cellulase-producing bacteria from 

Mufindi paper mill industrial effluent with the 

aim of searching for novel bacteria strains 

capable of producing a complete cellulase 

system for biotechnology applications such as 

production of biofuels and waste management. 

 

Materials and Methods 

Sample collection 

Effluent samples were collected during 

November 2019 from Mufindi Paper Mill Ltd, 

Iringa Tanzania from three ponds; before 

treatment, preliminary treatment and 

discharged ponds. Samples were collected at a 

depth of about 2 cm from six randomly 

selected points at each pond in sterile plastic 

containers and placed into a cooler box. 

Effluent-contaminated soil near each pond was 

also collected. Samples were transported to the 

Microbiology Laboratory at the Department of 

Molecular Biology and Biotechnology (MBB), 

University of Dar es Salaam and stored at 4 °C 

until used. 

 

Isolation of bacteria 

Isolation of bacteria was done as described by 

Mahjabeen et al. (2016). All samples were 

serially diluted up to 10
–6 

and thereafter 100 μL 

of each sample from dilutions 10
–4

, 10
–5 

and 

10
–6

 were cultured by pour plating technique on 

nutrient agar (NA) supplemented with nystatin, 

an antifungal agent, at the concentration of 50 

µg/mL to inhibit growth of fungi and incubated 

at 30 
o
C for 24 hours. After 24 hours of 

incubation period, unique well-separated 

colonies were selected and sub-cultured onto 

fresh NA plates until pure colonies were 

obtained. 

 

Primary screening of cellulolytic bacteria 

Screening of isolates with cellulolytic activity 

was done according to Naresh et al. (2019). 

Each isolate was inoculated in the middle of 

carboxymethyl cellulose (CMC) agar plates 

(CMC agar composition (g/L): KH2PO4 1.36 g, 

MgSO4.7H2O 0.20 g, NaCl 2.00 g, (NH4)2SO4 

1.00 g, FeSO4.7H2O 0.01 g, CMC 3.00 g, yeast 
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extract 1 g, agar powder 15 g, with pH adjusted 

to 7). The plates were then incubated for 3 days 

at 30 °C. In order to visualize cellulolytic 

activity, plates were flooded with Gram’s 

iodine solution (2 g KI and 1g I2 in 300 mL 

water) and allowed to stand for 5 minutes at 

room temperature. Pure cultures of Escherichia 

coli and Bacillus subtilis were also included as 

negative and positive control, respectively. 

Observation of a clear zone around the colony 

indicated cellulose utilization. Cellulolytic 

index of each isolate was calculated by using 

the equation below (Ferbiyanto et al. 2019). 

 

Cellulolytic Index = 

(mm)colony  bacterial ofDiameter 

(mm)colony  bacterial ofDiameter  - (mm) zone ofDiameter  

 

Production of cellulases enzyme 

Isolates that formed halo zone on CMC agar 

plates together with E.coli and B. subtilis were 

selected for quantitative determination of 

cellulases activities in submerged fermentation 

as described by Arimurti et al. (2017). One 

loop of each of selected bacteria isolate was 

transferred from NA agar plates and inoculated 

into 10 mL nutrient broth in 50 mL Erlenmeyer 

flask and incubated at 30 
o
C on a rotary shaker 

(Edmund Buhler, 7400 Tubingen Shaker-SM 

25, Germany) at 120 rpm for 24 hours. 

Afterwards, 5 mL of each bacterial inoculum 

was transferred into 100 mL fermentation broth 

with composition similar to the isolation 

medium in 250 mL Erlenmeyer flasks. The 

flasks were then incubated at 30 °C on the 

above mentioned rotary shaker at 120 rpm for 

72 hours. After 72 hours incubation, fermented 

broth was centrifuged at 12000 rpm 

(Microcentrifuge 5417R, Eppendorf, Germany) 

for 10 minutes at 4 °C. The supernatant of each 

broth was used as crude enzyme extract for 

determination of enzyme activity. 

 

Enzyme Assays 

Determination of endoglucanase activity 

Endoglucanase activity was measured 

according to the method described by Zhang et 

al. (2009). The reaction mixture consisting of 

0.5 mL of substrate solution (2% w/v CMC 

prepared in 0.05 M citrate buffer, pH 4.8) and 

0.5 mL of crude enzyme extract was incubated 

in a water bath (GFL D3006, Germany) at 50 

°C for 30 minutes. Glucose produced from 

CMC breakdown was quantified by 

dinitrosalicylic acid (DNS) method. 

Specifically, 3 mL of DNS reagent was added 

to the reaction mixture and the resulting 

mixture was boiled at 100 °C (GFL D3006, 

Germany) for 5 minutes. Two blanks (substrate 

blank and enzyme blank) were also included. 

The test tubes were cooled for 5 minutes in an 

ice bath and absorbance at 540 nm was 

measured using a UV-Visible 

spectrophotometer (UV-1800 

spectrophotometer, Shimadzu, Japan). A 

standard glucose curve was used to calculate 

the amount of glucose released. Enzyme 

activity was determined as described by 

Touijer et al. (2019). 

Enzyme activity (U/mL) =

(mL) used  volumeEnzyme  (min)  timeIncubation  180.156

 1000 x (mg) released Glucose



Where, 180.156 = molecular weight of glucose 

(g/mol). 

 

In all assays, one enzyme unit (1U) was 

defined as the amount of enzyme producing 

one μmol of reducing sugar measured as 

glucose per minute under standard assay 

conditions (Arimurti et al. 2017). 

 

Determination of exoglucanase activity 

Exoglucanase activity was determined 

according to the method described by Garate 

(2017). The reaction mixture consisting of 1.6 

mL of substrate solution (1% Avicel w/v 

prepared in 0.05M citrate buffer, pH 4.8) and 

0.4 mL of crude enzyme extract was incubated 

in a water bath (GFL D3006, Germany) at 50 

°C for 120 minutes. The reaction mixtures were 

cooled in ice bath and then centrifuged at 

14000 rpm (MIKRO 220, Germany) for 2 

minutes at room temperature. 1 mL of 

supernatant was then used to determine the 

quantity of glucose produced by DNS method 

as described above. 
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Determination of β-glucosidase activity 

β-glucosidase activity was measured by using 

15 mM cellobiose prepared in 0.05 M citrate 

buffer (pH 4.8) according to the method 

described by Ochieng (2014). For this assay, 

the reaction mixture containing 0.5 mL of 

crude enzyme extract and 0.5 mL of cellobiose 

solution was incubated in a water bath (GFL 

D3006, Germany) at 50 °C for 30 minutes. The 

quantity of glucose produced from cellobiose 

hydrolysis was determined by DNS method as 

described above. 

 

Molecular characterization of cellulolytic 

bacteria 

Extraction of genomic DNA 

Five isolates (1, 11, 12, 14 and 15) that 

exhibited complete cellulase system were 

chosen for molecular characterization. 

Extraction of genomic DNA was carried out as 

described by Kiio et al. (2016) by using 

ZymoBIOMICS
TM

 DNA Miniprep Kit 

according to manufacturer’s instructions from 

bacteria cultures grown overnight in 50 mL 

nutrient broth at 30 °C on a rotary shaker 

(Edmund Buhler, 7400 Tubingen Shaker-SM 

25, Germany) at 120 rpm. Concentration and 

purity of the extracted DNA was determined 

using nanodrop spectrophotometer (Nanodrop 

One, Thermo Fisher scientific, USA).  

 

Polymerase chain reaction (PCR) and 

sequencing of 16S rRNA gene 

PCR was performed using two primers: 27F 

(5’…AGAGTTTGATC(AC)TGGCTCAG…3’

) and 1492R 

(5’…TACGG(CT)TACCTTGTTACGACTT…

3) (Kiio et al. 2016). PCR reaction used 20 µL 

total volume consisted of 10 μL of NEB 

OneTaq 2x master mix with standard buffer, 1 

μL of genomic DNA, 1 μL of each of forward 

and reverse primers and 7μL of nuclease free 

water. PCR conditions were set at: 5 minutes at 

94 °C for initial denaturation step followed by 

35 cycles at 94 °C for 30 seconds, 50
 
°C for 30 

seconds and 68 °C for 90 seconds, with a final 

extension step at 68 °C for 5 minutes. The 

integrity of the PCR products was visualized 

on a 1% agarose gel stained with EZ-vision
® 

Bluelight DNA dye. Amplification of 16S 

rRNA gene and sequencing were done at 

Inqaba Biotech, South Africa. 

 

Genomic sequence data analysis 

Sequences were manually edited by using 

BioEdit (v.7.2.5) and were then compared with 

16S rRNA sequences at National Center for 

Biotechnology Information (NCBI) database 

using the Basic Local Alignment Search Tool 

(BLAST). All sequences, including 5 retrieved 

from NCBI database were aligned by using 

Multiple Sequence Comparison by Log-

Expectation (MUSCLE) algorithm. 

Phylogenetic tree was constructed using 

Molecular Evolutionary Genetic Analysis 

(MEGA 7) software with neighbor-joining 

method (Touijeret al. 2019). 

 

Results and Discussion 

Isolation and primary screening of 

cellulolytic bacteria 
A total of 41 pure colonies of bacteria were 

isolated from the samples collected on NA 

plates. Among them, 17 isolates were found to 

hydrolyze CMC, while the remaining 24 

isolates could not hydrolyze CMC. Halo zones 

due to CMC hydrolysis for representative 

isolates are shown in Figure 1. Isolate 

designated as isolate 8 obtained from a point 

before treatment pond showed highest 

cellulolytic index of 4.93 ± 0.10 and the lowest 

cellulolytic index value of 0.54 ± 0.06 was 

observed from isolate 2 obtained from 

preliminary treatment pond (Figure 2). Other 

isolates which could hydrolyze CMC may have 

missed out possibly due to culturing conditions 

used in the laboratory, which were not exactly 

the same as the environmental conditions from 

which samples were collected. The results 

obtained from this study support previous 

studies that plate assay using Gram’s iodine is 

an easy and rapid method for screening of large 

numbers of cellulase-producing 

microorganisms (Kasana et al. 2008, Naresh et 

al. 2019). 
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E.coli 

 
B. subtilis 

 
Isolate 1 

 
Isolate 12 

Figure 1: Photographs of CMC agar plates depicting halo zone of isolate 1 and 12, negative 

control (E. coli) and positive control (B. subtilis) after 72 hours of incubation. 

 

 
Figure 2: Cellulolytic indices of 17 obtained cellulase-producing bacteria. Data on cellulolytic 

index are shown as mean ± standard deviation. 

 

Enzyme assays 

The highest endoglucanase (0.0701 ± 0.010 

U/ml), exoglucanase (0.0081 ± 0.001 U/mL) 

and β-glucosidase (0.0738 ± 0.002 U/mL) 

activities from submerged fermentation culture 

were observed from isolate 8, isolate 1 and 

isolate 12, respectively as shown in Figure 3. 

Only five isolates (1, 11, 12, 14 and 15) were 

found to express all the three cellulase 

components suggesting that these isolates 

could be of industrial potential for cellulose 

hydrolysis. The observed cellulases 

(endoglucanase, exoglucanase and β-

glucosidase) activities from these five isolates, 

were however, lower than the previous reported 

endoglucanase (2.02 U/ml), exoglucanase (2.11 

U/mL) and β-glucosidase (2.08 U/mL) 

activities from Bacillus thuringiensis under 

optimized conditions (Shilpa and Pethe 2017). 

Therefore, it can be argued that cellulases 

production can be increased through 

optimization of various factors such pH value, 

growth time, temperature, and introduction of 

inducers in fermentation medium (Sethi et al. 

2013). 

The maximum endoglucanase activity 

(0.0701 ± 0.010 U/mL) observed from isolate 8 

is in agreement with other unoptimized 

endoglucanase activity of 0.07 U/mL from 

Bacillus subtilis AS3 reported by Deka et al. 

(2011). Interestingly, isolate 12 which had low 

cellulolytic index value (0.61 ± 0.06) was 

found with higher endoglucanase activity 

(0.0512 ± 0.004 U/mL) compared to some 
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other isolates. Lowest index value of this 

isolate may have been attributed to its poor 

capability to utilize CMC on the semi-solid 

media. It has been demonstrated 

experimentally that the rates of carbon sources 

assimilation have significant effects on both 

microorganisms’ growth and enzyme activities 

(Singh et al. 2017). 

For exoglucanase activity, only five isolates 

(1, 11, 12, 14 and 15) expressed this 

component, yet in lower amounts compared to 

endoglucanase and β-glucosidase. The results 

obtained in this study are consistent with other 

findings of Sinegani and Mahohi (2010), 

Soares Júnior et al. (2013) and 

Motsewabangwe (2016) who also reported 

lowest exoglucanase activities in comparison to 

other cellulase components. It can be argued 

that poor activity of exoglucanase component 

could be due to the fact that avicel was found 

to sink at the bottom of the test tubes as the 

reaction was carried out under non-shaking 

conditions. This may have reduced its 

accessibility to crude enzyme. 

This study also recorded the maximum β-

glucosidase activity of 0.0738 ± 0.002 U/mL 

from isolate 12 which was found to be higher 

than the previous reported activity of 0.067 

U/mL by Menezes et al. (2019). Figure 3 also 

reveals that most isolates released β-

glucosidase in higher amounts compared to 

endo- and exo-glucanase releases. This trend 

has been also observed by Jannah et al. (2018) 

from six bacteria species isolated from 

decomposed rice bran.  

 
Figure 3: Endoglucanase, exoglucanase and β-glucosidase activities of 17 cellulase-producing 

bacteria. 

 

Molecular characterization 

Figure 4 shows the results of 16S rRNA PCR 

amplicons for isolates 1, 11, 12, 14 and 15 on 

agarose gel electrophoresis. From Basic Local 

Alignment Search Tool using nucleotide query 

(BLAST-N) (Table 1) and phylogenetic 

analysis (Figure 5), isolate 1 was identified as 

Pararheinheimera mesophila, grouped with 

other Pararheinheimera species in the 

phylogenetic tree. The other two isolates; 

isolates 11 and 14 were identified as Bacillus 

megaterium and they grouped with other B. 

megaterium strains. Isolates 12 and 15 were 

identified as Bacillus cereus and Bacillus flexus 

strains, respectively. They too are grouped with 

similar respective strains. 

Although several strains of Rheinheimera 

species have been reported without cellulases 

activities, few strains have been documented to 

possess either endoglucanase or β-glucosidase 

activity (Baek and Jeon 2015, Sheu et al. 2018, 

Panda et al. 2020). So far it is only R. 
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mesophila strain IITR-13 that has been 

reported to exhibit both endoglucanase and β-

glucosidase activities (Sheu et al. 2018). Isolate 

1 obtained in this study therefore further 

showed the ability of R. mesophila to 

hydrolyze avicel in addition to CMC and 

cellobiose.  

On the other hand, members of the genus 

Bacillus are well known for expression of 

cellulases, and several strains of Bacillus 

megaterium have been reported with cellulase 

activities (Al-Gheethi 2015, Sankaralingam et 

al. 2018). Beukes and Pletschke (2006) 

observed a B. megaterium strains with higher 

exoglucanase than endoglucanase activities, an 

observation that is contrary to isolates 11 and 

14 in this study, which exhibited higher 

endoglucanase than exoglucanase activities. 

Previous findings of Chantarasiri (2015) 

reported Bacillus cereus JD0404 producing 

highest endoglucanase activity followed by 

exoglucanase and least of β-glucosidase 

activity. However, in contrast, isolate 12 in this 

study showed highest β-glucosidase activity 

followed by endoglucanase and least of 

exoglucanase activity.  

 
Figure 4: Agarose gel analysis of 16S rRNA PCR products for isolates 1, 11, 12, 14 and 15. 

Lane M is Fast DNA Ladder (New England Biolabs). The bands at 1500 bp show the 

sizes of the amplified PCR products. 

 

Table 1: Isolate number, query sequence length, GenBank accession number, E-value, sequence 

similarity and closest species 

Isolate  Query 

sequence 

length (bp) 

GenBank 

accession 

number 

E- 

Value 

Sequence 

similarity 

Closest species 

Isolate 1 1390 MT833292 0.0 99.71% Pararheinheimera 

mesophila strain IITR-13 

Isolate 11 1415 MT833293 0.0 100.00% Bacillus megaterium 

NBRC 15308 = ATCC 

14581 

Isolate 12 1413 MT833294 0.0 95.41% Bacillus cereus strain IAM 

12605 

Isolate 14 1418 MT833295 0.0 100.00% Bacillus megaterium 

NBRC 15308 = ATCC 

14581 

Isolate 15 1423 MT833296 0.0 99.65% Bacillus flexus 

strainIFO15715 
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Figure 5: Phylogenetic analysis of 16S rRNA gene sequences of isolates 1, 11, 12, 14 and 15 

with retrieved sequences from BLAST results. 

 

Conclusion 
The present study focused on screening and 

molecular characterization of cellulolytic 

bacteria isolated from paper mill effluent. Out 

of 17 cellulolytic bacteria obtained, crude 

enzyme extracts of only five isolates expressed 

all three cellulase components. This suggests 

that the research site chosen was a potential site 

for obtaining bacteria strains with expected 

enzymes expressions. On 16S rRNA gene 

sequences analyses isolates 1, 12 and 15 were 

identified as Pararheinheimera mesophila, 

Bacillus cereus and B. flexus, respectively, 

while isolates 11 and 14 were identified as 

Bacillus megaterium. The findings pave way 

for exploitation of native microbial cellulase 

enzymes for industrial applications such as 

biofuel production and waste management. 

Further research is needed to first scale up 

cellulase production through optimization of 

culture conditions and purification of the 

enzymes before examining its full potential for 

industrial applications. 
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