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Abstract
Background and Objective: Cellulase is an important enzyme that useful for agricultural residue hydrolysis such as plant stover, molasse,
rice straw. Thermotolerant cellulases are required to apply in textile, food, detergent, biofuels and pharmaceutical applications. This
research aimed to isolate the thermotolerant cellulase-producing bacteria from forest soil and to determine cellulase activity from isolated
bacteria. Materials and Methods: Soil samples were collected from the Roi Et Rajabhat University forest. One gram of soil sample was
mixed with Luria-Bertani (LB) broth medium and incubated at 37EC with shaking at 150 rpm for 24 h. The cultured broth was streaked
on LB agar plate and incubated at 37EC for 24 h. Cellulase-producing bacteria were isolated using Carboxymethylcellulose (CMC) agar
plate. Four bacterial isolates which presented a clear zone on CMC agar  plate  after  flooded  with  iodine  solution, named CM1, CM2,
CM3 and CM4. Cellulase activity of  4  isolated  bacteria  was  determined against various pH (pH 4-8) and temperature (50-100EC). Results:
The results indicated that CM1 isolate showed the highest cellulase activity at 0.074 unit mLG1  at  80EC  and  pH5. All isolates were
identified using 16S rRNA  gene sequencing. The results indicated that CM1, CM3 and CM4 were identified as  Pseudomonas  stutzeri.
while isolate CM2 was Bacillus subtilis. Conclusion: This is the first report presenting the thermotolerant cellulase produced by
Pseudomonas  stutzeri.  The thermotolerant cellulase produced from  Pseudomonas  stutzeri  in this study will be useful in many industrial
processes using cellulase at high temperatures.
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INTRODUCTION

Cellulose,  a polysaccharide of D-glucose units linked by
$-1,4 bonds, is the most abundant carbohydrate on earth1,2. It
is an important main component of plant biomass and
considered as the most important natural renewable resource
for bioconversion to value-added bioproducts3,4. The use of
cellulose obtained from industrial waste and agricultural waste
as inexpensive carbon sources have been raised and
importantly interesting economic. 

Cellulase   is   an   enzyme  that  hydrolyzes  the  main
chain of cellulose into glucose molecule2. Cellulase in
microorganisms is divided into 3 hydrolytic enzymes including
endoglucanases ($-1,4-D-glucan-4-glucanohydrolase, EC
3.2.1.4, carboxymethyl cellulase, EC), exoglucanases ($-1,4-D-
glucan-4-glucohydrolase, EC3.2.1.91, cellobiohydrolase, CBH)
and  cellobiases  ($-D-glucoside  glucohydrolase, EC 3.2.1.21,
$-1,4-D-glucosidase)5,6.  Cellulases  are  inducible  enzymes
that are synthesized by a large number of microorganisms
during their growth including bacteria and fungi such as
Bacillus cereus Razmin, Enterobacter aerogenes Razmin,
Chryseobacterium  kwangyangense  Strain  Cb.7,
Acinetobacter junii, Bacillus subtilis, Cellulomonas biazotea,
Pseudomonas  cellulose,  Acetivibrio  cellulolyticus,
Butyrivibrio fibrisolvens, Clostridium thermocellum5,
Paenibacillus    sp.,    Aeromonas   sp.,   Bacillus   sp.2,
Aspergillus niger, Rhizopus oryzae, Penicillium notatum,
Mucor racemosus, Aureobasidium sp., Trichoderma
citrinoviride,  Fusarium  salani6,  Ruminococcus,  Alteromonas
and Acetivibrio  etc8. Cellulase production from bacteria has
been considered more advantageous than that from fungi
since the bacteria provide higher growth rates compared to
those of fungi9. The applications of cellulase are in the textile
industry for bio-polishing, fabric softness, brightness textile,
food, detergent, fermentation of biomass into biofuels and
pharmaceutical applications8,10.

Soil samples from the natural forests of the university are
good sources of cellulose bacteria because the soil samples
are not contaminated with chemicals. It is also an area covered
with cellulose from leaves and branches. This research aimed
to isolate and to characterize cellulose-degrading bacteria
from soil collected from Roi Et Rajabhat University.

MATERIALS AND METHODS

Study area: All the experiments were performed during
October, 2018-April, 2019 in the Microbiology Laboratory,
Major of General Science, Department of Science and
Technology, Faculty  of  Liberal  Arts and Science, Roi Et
Rajabhat University, Roi Et, Thailand. 

Soil samples collection: Soil samples were collected from the
Roi Et Rajabhat University forest and were used as the
cellulase-producing bacterial source. Collected soil samples
were put in the sterile bottles and transferred to the
microbiology laboratory, Faculty of Liberal Arts and Science,
Roi Et Rajabhat University.

Isolation and screening for cellulose-degrading bacteria:
One gram of each soil sample was added into 50 mL of
sterilized Luria-Bertani (LB) broth  medium  and  was
incubated at 37EC with shaking at 150 rpm for 24 h. The
cellulose-degrading bacteria were isolated using LB agar
containing 1% carboxymethyl cellulose (CMC). The plates were
incubated at 37EC in the bacterial incubator for 24 h.
Detection of cellulolytic bacteria solubilization was observed
by a clear zone formation after flooded with iodine solution.
The colonies that presented the clear zone were collected for
further experiments.

Preparation of crude enzyme: The single colony of bacterial
isolates that showed the clear zone was cultured using 50 mL
of sterilized LB broth medium and incubated overnight at
37EC with shaking at 150 rpm. The bacterial cell concentration
was adjusted at OD600 nm of 0.1 and bacterial final
concentration at 1% was continued cultured with LB broth
containing 1% CMC at 37EC, 150 rpm for 24 h. The cultures
were then centrifuged for 5 min at 10000 rpm and the clear
supernatant was used as a source of crude cellulase solution.

Cellulase activity assay: An aliquot of 500 µL of crude
cellulase was mixed with 500 µL 1% CMC (pH 4) and incubated
at 50EC for 5 min. The cellulase reaction was terminated by
adding DNS-reagent. The reducing sugar liberated in the
enzyme reaction was measured as glucose reducing
equivalents by the Nelson11 and Somogi12  method. One unit
of enzyme is defined as the amount of enzyme which liberates
reducing sugars equivalent to 1 µmol glucose standard per
minute under the experimental conditions described above13.

Cellulase thermal and pH stability: An aliquot of 500 µL of
crude cellulase was mixed with 500 µL 1% CMC (pH 4-8) and
incubated at 50, 60, 70, 80, 90 and 100EC for 60 min. Cellulase
activity was stopped by adding DNS reagent. The amount of
reducing sugars was determined by measuring at 540 nm.

Bacterial morphological characterization: Bacterial cell
morphology  was  observed  under a light microscope using a
Gram staining technique which used to differentiate between
Gram-positive and Gram-negative bacteria.
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Bacterial identification: Bacterial isolates were cultured
overnight at 37EC using LB broth. The bacterial cell was lysed
by boiling at 100EC for 5 min. The bacterial lysate was
centrifuged at 4,000 rpm for 5 min and 5 µL of the supernatant
was used  as  a  DNA  template  in a Polymerase Chain
Reaction (PCR). The primers  used  to  amplify  16S  rDNA
genes were  fD1  (5’-AGAGTTTGATCCTGGCTCAG-3’) and rP2
(5’-AAGGAGGTGATCCAGCC-3’)13. PCR reaction  was done
using an initial denaturation at 94EC for 2 min and followed 
by 35 cycles with denaturation at of 94EC (45 sec), annealing
at 55EC (45 sec) and extension at 72EC (2 min) and a final
extension at 72EC for 10 min. The purified 16S rDNA product
was sent to the Macrogen Company (Korea) for DNA
sequencing. The resulting DNA sequences were compared
with the non-redundant nucleotide database from GenBank
using the BLAST program.

Data analysis: In this study, it was used experimental design
followed by descriptive analysis. All graphs and data were
done using Excel version 2016.

RESULTS AND DISCUSSION

Isolation and screening for cellulose-degrading bacteria:
Four bacterial isolates named CM1, CM2, CM3 and CM4 were
isolated from soil samples collected from the Roi Et Rajabhat
University forest. These isolated strains presented the clear
zone on LB agar containing CMC after iodine staining. Many
sources   were  used  to  isolated  cellulose-degrading  bacteria
including waste dumping sites5, sugar industry waste2,
termites7, mangrove sediment14, humus soil1, soil4, pulp
wastewater, rotten wood6, sediment from fish ponds15, cow
dung3, hindgut of wood-feeding termite16, saw dust17,
molasses18, brown garden snail  (Cornu  aspersum)19,  decaying

banana  pseudostem  and  Strelitzia   alba20.  Cellulolytic
activity of CM4 showed the highest  cellulase  activity at
0.0081 unit mLG1 followed by CM1, CM3 and CM2 at 0.004835,
0.00229 and 0.003562 unit mLG1, respectively (Fig. 1).

Cellulase thermal and pH stability: Crude cellulase was
determined for the enzyme stability by incubating with
various temperature and pH for 60 min. The results indicated
that at pH 5 and 80EC, CM1 isolate showed the highest
cellulase activity at 0.074 unit/ml. At pH 4 and 80EC, CM2, CM3
and CM4 isolates showed the highest cellulase activity at
0.056282, 0.070806 and 0.068991, respectively (Fig. 2). The
effects of temperature and pH on the stability of the cellulase
were elucidated in many previously reported. The highest
cellulase production from Paenibacillus sp. showed the
optimal at pH 7.0 and 40EC temperature on 24 h2. The highest
cellulase activity from  Cellulomonas  sp. ASN2 was found at
60EC and pH 7.521.  Scophthalmus  maximus  was presented
the highest cellulase activity obtained at 50EC and pH 522. The
optimum pH and temperature of a purified cellulase of
Cellulomonas  uda  NCIM 2353 was 7  and  50EC, respectively23.
The optimum activity of  Aspergillus  flavus  was at pH 10 with
60EC24 and  Scytalidium  thermophilum  SKESMBKU02 showed
high cellulolytic activity at 45EC and pH 5.0-6.025. The optimum
condition of cellulase from different organisms was not similar.
This research presented the thermotolerant cellulase that
showed the highest cellulase activity at 80EC which higher
than many previously reported. The greater stability of the
cellulose can be useful for many applications25. 

Bacterial morphological characterization and identification:
The result from  a  microscopic  observation demonstrated
that CM1, CM3 and CM4 isolates were Gram-negative bacilli
but  CM2  isolate was  Gram-positive bacilli (Fig.  3).  The  result

Fig. 1: Cellulase activity of isolated bacteria
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Fig. 2(a-d): Effect of temperature and pH on cellulase activity by (a) Pseudomonas stutzeri CM1 isolate, (b) Pseudomonas stutzeri
CM2, (c)  Bacillus  sp. and (d) Pseudomonas stutzeri CM4

Fig. 3(a-d): Gram staining of (a) CM1, (b) CM2, (c) CM3 and (d) CM4 isolates
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Table 1: Identification of isolated cellulase-producing bacteria
Isolates Closet strain in GenBank (accession number) Identity (%) Identification
CM1 Pseudomonas  stutzeri  (NR_103934) 99.17 Pseudomonas  stutzeri
CM2 Bacillus  subtilis  (NR_112116) 97.59 Bacillus  subtilis
CM3 Pseudomonas  stutzeri  (NR_103934) 98.91 Pseudomonas  stutzeri
CM4 Pseudomonas  stutzeri  (NR_103934) 99.11 Pseudomonas  stutzeri

Fig. 4: Phylogenetic tree of isolated cellulose degrading
bacteria

from DNA sequencing revealed that CM1, CM3 and CM4
isolates were Pseudomonas stutzeri and CM2 isolate was
Bacillus subtilis (Table 1). The phylogenetic tree was
constructed and  presented that CM1 CM2 and CM4 are
related to Pseudomonas stutzeri and CM2 is related with
Bacillus   subtilis   (Fig.  4)26.  The  result  from  this  research
was similar to Islam and Roy18, Sakpetch  et  al.27,
Listyaningrum et al.28 that isolated cellulase-producing
Bacillus. The results of this research were similar to Goel et al.29

who reported Pseudomonas sp. and Berlemont et al.30 who
presented that  Pseudomonas  stutzeri  was isolated from soil.
The finding of this study presented the diversity of
thermotolerant cellulase producing-bacteria isolated from soil,
Thailand. It will be useful in many industrial applications such
as textile, fermentation and bioenergy production, etc. The
enzyme purification and factor affecting enzyme activity will
be conducted.

CONCLUSION

Thermotolerant  cellulase  producing  bacteria was
isolated from forest soil collected from Roi Et Rajabhat
University.      Cellulase      activity      of     isolated    bacteria
was   affected  by temperature and pH  of  incubation.
Pseudomonas    stutzeri  CM1  presented  the   highest
cellulase    activity   at   80EC   and  pH  5  (0.074  unit  mLG1).
This  is  the  first  report  that  presented   about
thermotolerant  cellulase  produced from Pseudomonas
stutzeri. 

SIGNIFICANCE STATEMENT

This study discovers the thermotolerant cellulase
producing-Pseudomonas  stutzeri  that can be beneficial for
the textile industry for bio-polishing, fabric softness,
brightness  textiles,  food,  detergent,  fermentation  of
biomass into biofuels and pharmaceutical applications. This
study will help the researcher to uncover the critical areas of
the screening  method  of  thermotolerant  enzyme
producing-bacteria that many researchers were not able to
explore. Thus, a new application using thermotolerant
cellulase produced from  Pseudomonas  stutzeri  may be
arrived at. 
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