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ISOLATION AND CHARACTERIZATION OF
CELLULOSE-DEGRADING BACTERIA FROM SOILS IN SAMUT
SONGKHRAM PROVINCE, THAILAND

SOPID SAWANGJIT

Department of Biotechnology. Faculty of Science and Technology, Suan Sunandha Rajabhat University, Bangkok, Thailand
E-mail: sopid.sa@ssru.ac.th; sawangjit.s@hotmail.com

Abstract—Eight microorganisms capable of cellulose degradation were isolated from soil of waste disposal site in Samut
Songkhram province, Thailand. These isolates divided to three groups based on Gram stain and morphological properties
including gram-negative with rod shaped (group I), gram-negative with cocci shaped (group II), and gram positive with rod
shaped (group IIT). The 16S rRNA gene sequencing identified the isolates BK1-4, BK1-6 and BK2-14 as a Pseudomonas
aeruginosa species. The isolates BNL1-4, BNL1-15 and BNL2-19 were identified as Pseudomonas stutzeri. While, isolates
BK3-2 and BNL2-14 were identified as Bacillus anthracis and Enterobacter cloacae, respectively

Index Terms- 16S rDNA, cellulose-degrading bacteria, Characterization, Thailand.

1. INTRODUCTION

Cellulose is a linear polysaccharide of glucose
residues with f-1. 4-glycosidic linkages. Abundant
availability of cellulose makes it an attractive raw
material for producing many industrially important
commodity products. Sadly., much of the cellulosic
waste is often disposed of by biomass burning, which
is not restricted to developing countries alone, but is
considered a global phenomenon. With the help of
cellulolytic system, cellulose can be converted to
glucose which is a multiutility product. in a much
cheaper and biologically favourable process [1].
Cellulolysis is basically the biological process
controlled

and processed by the enzymes of cellulase system.
Cellulase enzyme system comprises three classes of
soluble extracellular enzymes: 1, 4-f-endoglucanase,
1. 4-B-exoglu canase, and  B-glucosidase
(B-D-glucoside  glucohydrolase or  cellobiase).
Endoglucanase is responsible for random cleavage of
B-1, 4-glycosidic bonds along a cellulose chain.
Exoglucanase is necessary for cleavage of the
nonreducing end of a cellulose chain and splitting of
the elementary fibrils from the crystalline cellulose.
and B-1. 4-glucosidase hydrolyses cellobiose and
water-soluble cellodextrin to glucose [2, 3]. Only the
synergy of the above three enzymes makes the
complete cellulose hydrolysis to glucose [4]-[6] or a
thorough mineralization to H.O and CO, possible.
Microorganisms are important in conversion of
lignocellulose wastes into valuable products like
biofuels produced by fermentation [7]. Successful
bioconversion of cellulosic materials mainly depends
on the nature of cellulose, sources of cellulolytic
enzyme and optimal conditions for catalytic activity
and production of enzymes [8]. Cellulose quality,
temperature, aeration, carbon sources, incubation
period. medium additives. pH of the medium and
presence of inducers are important parameters for the

optimized production of cellulase enzymes [9].
Cellulase is the enzyme that hydrolyse the B-I,
4-glycosidic bonds in the polymer to release glucose
units [10]. Cellulases are among the industrially
important hydrolytic enzymes and are of great
significance in present day biotechnology. Cellulases
are widely used in the food, feed, textile and pulp
industries [11]. The bioconversion of cellulosic
materials is now a subject of intensive research as a
contribution to the development of large scale
conversion process beneficial to mankind [12].
The microbial population of soils is made up of five
major groups including bacteria, actinomycetes,
fungi, algae and protozoa, and among these groups,
bacteria are the most abundant group [13] and the
most important microbe for decomposing waste.
Worldwide interest in microbiological decomposition
of cellulose is still as strong as when it started more
than three decades ago. Cellulose degrading bacteria
have been isolated by Han and Srinivasan [14],
Kauffmann et al [15], Steward and Leatherwood [16]
based on enrichment culture technique utilizing
different sources of carbon [17]. Researchers have
strong interests in cellulases because of their
applications in industries of starch processing, grain
alcohol fermentation, malting and brewing, extraction
of fruit and vegetable juices, pulp and paper industry,
and textile industry [18], [19].

The aim of the present work was to isolate, identify
and
characterize cellulose-degrading bacteria from soil of
waste disposal site in Samut Songkhram province,
Thailand by using enrichment cultures and 16S rDNA
sequence analysis.

II. MATERIALS AND METHODS

A. Soil sampling

A total 5 soil samples were collected from waste
disposal site in Samut Songkhram province, Thailand.
The samples were collected in sterile plastic bag and
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stored at 4°C until they were used. The collected
samples were brought to the laboratory for isolation
and characterization of soil bacteria.

Enrichment and isolation of cellulose-degrading

bacteria
10 g of soil sample was weighed and added into 250

ml of nutrient broth medium (NB). These cultures
were incubated for 24 h. in a shaker incubator at 37°C
at 100 rpm. Streaking plate method was used for
obtaining pure bacterial strain. The bacterial cultures
were streaked on the cellulose Congo-Red agar media
with the following composition: KH,PO, 0.5 g.
MgSO, 0.25 g, cellulose 2 g, agar 15 g. Congo-Red 0.2
g. and gelatin 2 g; distilled water 1 L and at pH 6.8-7.2
[1]. The plates were incubated at 37°C for 24-48 h.
Quantitative assay using Congo red Dilution assay
[20] was performed where zone of clearance was
observed visually by staining plate with 0.1% congo
red for 15 minute and destained with 1 M NaCl.
Colonies showing discoloration of Congo-Red were
taken as positive cellulose-degrading bacterial
colonies [21], and only these were taken for further
study.

B. Physiological and biochemical characterization
Eight bacterial isolates, BK1-4, BK1-6, BK2-14.
BK3-2, BNL1-4, BNL1-15, BNL2-14 and BNL2-19
were isolated. Morphological and biochemical
properties of the isolate were identified. evaluated,
and compared, as described in Bergey's Manual of
Systematic Bacteriology [22]. The parameters
investigated included Gram’s reaction, Indole
production, Methyl Red (MR) test, Voges- Proskauer
(V-P) reaction, citrate utilization, catalase production,
motility and Triple Sugar Iron (TSI) test.

D. PCR amplification of 16S rRNA gene
Pure culture of the target bacteria was grown
overnight in liquid NB medium for the isolation of
genomic DNA using a method described by Jin-Long
et al [23]. The extracted DNA was used as template
for PCR amplification with 16S rRNA primers (27F
Primer: 5’-AGAGTTTGATCCTGGCTCAG-3" and
1492R Primer: 5’-GGTTACCTTGTT
ACGACTT-3%). The reaction mixture of 50 pl
consisted of genomic DNA, 0.2 ul of 5 U of Tag
DNA  polymerase, 5 ul of 10X PCR
amplification buffer (0.5 M KCI, 0.1 M Tris-HCI, pH
9.0 and 1% Triton X-100), 1 pl of 10 mM dNTPs, 2
ul of 10 pmoles each of the two primers and 2.0 ul of
25 mM MgCl,. The amplification program consisted
of initial denaturation at 94°C for Smin, proceeded by
35 cycles each consisting of a denaturation step at
94°C for 1 min, annealing at 55°C for 1 min, and
extension at 72°C for 2 min followed by a final
extension step at 72°C for 15 min. 10 ul of the
" reaction mixture was then analyzed by submarine gel
electrophoresis using 1.0 % agarose with SYBR®
Safe DNA gel stain (Thermo Fisher, USA.) and gel
electrophoresis using 1.0 % agarose with ethidium

bromide at 8V/cm and the reaction product was
visualized under Gel doc/UV trans-illuminator.

E. 16S rRNA Sequencing and Data Analysis
The 16S rDNA amplified PCR product was used for
the sequencing. The purified products were then
sent to First BASE Laboratories Sdn Bhd., (Malaysia)
for sequencing in BigDye® Terminator v3.1 (Applied
Biosystems) sequencer. The sequences were then
aligned and compared with other 16S rRNA
sequences in the GenBank using the NCBI Basic
Local alignment search tools (BLASTn) program
(http://www.ncbi.nlm.nih.gov/BLAST).  Sequences
were analyzed and concatenated by using DNASTAR
(DNASTAR, Inc., Madison, Wis.) A multiple-
sequence alignment was prepared by using
CLUSTAL W [24], and phylogenetic trees were
constructed by using the neighbor-joining method.

III. RESULTS

C. Isolation and Characterization of
cellulose-degrading bacteria
Eight isolates of cellulose-degrading bacteria were
isolated for soil samples in Samut Songkhram
province, Thailand and named BKI1-4, BKI-6,
BK2-14, BK3-2, BNL1-4, BNLI-15, BNL2-14 and
BNL2-19. Light microscopy showed isolates BK1-6,
BK2-14 and BNL1-4 were gram negative and rod
shaped. Isolates BK1-4 and BNL2-14 were gram
negative and cocci shaped. whereas BK3-2, BNL1-15
and BNL2-19 were gram positive and rod shaped.
The
biochemical properties of eight isolates including
motility, Indole production, Methyl Red (MR) test,
Voges-Proskauer (V-P) reaction, citrate utilization,
catalase production and Triple Sugar Iron (TSI) test
were shown in Table 1.

M1 2 3 & 5 & .37 8. 9

Fig. 1 Electrophoresis on 1% agarose gel of universal PCR
products. Lanes: M, molecular ladder; 1, , negative control ; 2,
BKI1-4; 3, BK1-6; 4, BK2-14; 5, BK3-2; 6, BNL1-4; 7, BNL1-15;
8, BNL2-14; 9, BNL2-19. The numbers to the left are molecular

sizes in base pairs.

D. Identification of cellulose-degrading bacteria

16S rDNA was amplified and sequenced by using
their respective primers (Fig. 1). A total of 1,318 bp
of the 16S rRNA gene was sequenced and used for
the identification of isolated bacterial strain. The
BLAST result showed that the 16S rDNA sequence
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of isolatess BKI1-4, BKI1-6 and BK2-14
have 99%, 100% and 97.5% sequence identity with
Pseudomonas aeruginosa, — respectively.  Isolates
BK3-2 showed highest similarity with Bacillus
anthracis (90.2%). whereas BNL1-4, BNL1-15 and
BNL2-19 showed 99.2%, 97.8% and 99.1%,
respectively with Pseudomonas stutzeri. Isolates
BNL2-14 was found closest related to Enterobacter
cloacae with 99.5% similarity.
C. Phylogenetic Relationships
Further sequence analysis revealed a relatively distant
phylogenetic relationship of BK1-4, BK1-6, BK2-14,
BK3-2. BNL1-4, BNL1-15, BNL2-14 and BNL2-19
with various other bacteria in NCBI database (Fig. 2).
Isolates were grouped into five phylogenetic branches
or well-supported main clusters, with some
subclusters. In the first phylogenetic branch isolates
BK1-4, BK1-6 and BK2-14 were clustered with
Pseudomonas —aeruginosa, whereas the second
phylogenetic branch clustered BNL1-4, BNLI-15 and
BNL2-19 with Pseudomonas stutzeri. lsolates
BNL2-14 was placed to the same branch with
Enterobacter cloacae. Finally, the BK3-2 isolates
positioned in the same cluster with Bacillus anthracis.
Table I
Biochemical characterization of the
cellulose-degrading bacteria isolated from soils in
Samut Songkhram province.

MR v Gtrate  Catalase  Motility st
o Test Test Utilization __ Test Test Test
BK1-4 - + + N/N
AA.G,
BK1-6 + - + +
HS
BK2-14 + + » + 4 AJA
BK3- 2 + - » N + AJAHS
BNIL1-4 + - + 5 NN
AA.G,
BNL1 15 + + + +
HS
BNL2 14 + + + + + + A/AG
BNL2-19 . + . + + + AJAG

Based on morphological characterization, sequence
comparisons and phylogenetic analyses, isolates
BK1-4, BK1-6 and BK2-14 were identified as a
members of Pseudomonas aerugirosa and named
Pseudomonas aeruginosa sirain BKi-4, sirain BKi-6
and strain BK2-14, respectively. Isolates BK3-2 was
identified as a new strains of Bacillus anthracis and
named Bacillus anthracis strain BK3-2. BNLI1-4,
BNLI1-15 and BNL2-19 isolates were identified as a
members of  Pseudomonas  stutzeri, named
Pseudomonas stutzeri strain BNL1-4, strain BNL1-15
and strain BNL2-19, respectively. While, isolates
BNL2-14 was identified as a strain of Enterobacter
cloacae and named Enterobacter cloacae strain
BNL2-14. Further characteri- zation of this strain may
lead to a better affiliation in the future.

CONCLUSIONS

From the present study it can be concluded that all the
eight cellulose-degrading bacteria isolated from soil in
Samut Songkhram province of Thailand could
efficiently degrade cellulose in the medium. They
were classified into 4 bacterial species including
Pseudomonas aeruginosa, Pseudomonas stutzeri,

Enterobacter cloacae and Bacillus anthracis.

8K1-23¢q
BK 155
Psevdomonas senginoss PACT stram PACT
Psaucomonas asniinosa stam DISM 50071
1 ! Pasudomenas asmiginasa sbam SHP0S14 s
- BK2-14.569

i Enterobacter cioacae sirain OSH 30084 5
Enlaronacter clogcae stran NBRC 13535
- L Erteronacier coacas sussp. Sissohens
{
L

BHL2-14 380
- EMO seq

Pasnitaciius isutys strain JCO 807356
t 1auts Stram NERC 15380
Paenivachius latus S9N ABZI53 S6Q

- Bacilus cereut tiram CCM 2010.5eq
Bachios anthracis si. Ames sram Ame
— BK3.Zsea

o

20 15 10 5
Nucieotos Substtutions (X100

Fig. 2 Neighbor-joining tree based on the 16S rDNA
sequences of the cellulose-degrading isolates (BK1-4, BK1-6,
BK2-14, BK3-2, BNL1-4, BNL1-15, BNL2-14 and BNL2-19)

with related 16S rDNA sequences found in GenBank

database.

REFERENCES

[11 P. Gupta, K. Samant, and A Sahu, " Isolation of
Cellulose-Degrading Bacteria and Determination of Their
Cellulolytic Potential," Int J Microbiol, vol. 2012, pp. 1-5,
2012.

[2] J. G. Shewale. "Glucosidase: its role in cellulase synthesis
and
hydrolysis of cellulose,” Int J Biochem, vol. 14. no. 6. pp.
435-443, 1982,

[3] J. Woodward, and A. Wiseman, "Fungal and other
p-dglucosidases: their properties and applications.” Enz
microb technol. vol. 4, no. 2, pp. 73-79, 1983.

[4] D. D. Y. Ryu, and M. Mandels, "Cellulases: biosynthesis
and
applications," Enz microb technol. vol. 2, no. 2, pp. 91102,
1980.

[5] D. K. Samdhu, and S. Bawa, "Improvement of cellulase
activity in 7richoderma." Appl Biochem Biotech. vol.
34-35,no. 1, pp. 175-192.1992. .

[6] T.M. Wood. "Synergism between enzyme components of
Penicillium pinophilum cellulase in solubilizing hydrogen
ordered cellulose," ] Biochem, vol. 260, pp. 37-43, 1989.

[7] L.R.Lynd, P.J. Weimer, W. H. van Zyl. and L. S. Pretorius.
"Microbial cellulose utilization: Fundamentals and biotechno
logy." Microbiol Mol Biol Rev, vol. 66, no. 3. pp. 506-577,
.2002.. Rt

[8] M.Z. Alam, M. A. Manchur, and M. N. Anvar, "Isolation.
Purification, Characterization of Cellulolytic Enzymes
Produced by the Isolate Streptomyces omiyaensis," Pak J
Biol Sci. vol. 7. pp. 1647-1653.2004.

[9] G.Immanuel, R. Dhanusha, P. Prema, and A. Palavesam, "
Effect of different growth parameters on endoglucanase
enzyme activity by bacteria isolated from coir retting
effluents of estuarine environment," Int J Environ Sci Tech,
vol. 3, pp. 25-34, 2006.

[10] Y. Nishida, K. I. Suzuki, Y. Kumagai, H. Tanaka, A. Inoue,
and
T. Ojima, "Isolation and primary structure of a cellulase
from the Japanese sea urchin Strongylocentrotus nudus."
Biochimie, 1-10, Aug. 2007.

[11] S.T. Nakari, and M. Penttila, "Production of Trichoderma
ressei cellulases on glucose containing media," Appl
Environ Microbiol, vol. 61, pp. 3650-36505, October 1995.

[12] M. Kumakura, "Preparation of immobilized cellulase beads
and their application to hydrolysis of cellulosic materials,"
Proc Biochem, vol. 32, pp. 555-559, September 1997.

[13] M. Alexander, "Introduction to Soil Microbiology," John
Wiley and Sons, Inc, New York. 1961.

[14] Y. W. Han, and V. R. Srinivasan, "Isolation and
characteriza tion of a cellulose utilizing bacterium," Appl
Microbiol, vol. 16, no. 18, pp. 1140-1145, 1968.

[15] A. Kaufmann, J. Fegan, P. Doleac, C. Gainer, D. Wittich,
and A. Glann, "Identification and characterization of a

11-64-6

Proceedings of 89" The IIER International Conference, Zurich, Switzerland, 19"-20" December 2016, ISBN: 978-93-86291-64-6

3



Isolation And Characterization Of Cellulose-Degrading Bacteria From Soils In Samut Songkhram Province, Thailand

[16]

(17]

[18]

[19]

[20]

cellulolytic

isolate," J gen Microbiol, vol. 94, pp. 405-408, 1976.

B. J. Stewart, and J. M. Leatherwood, "Depressed synthesis
of cellulase by cellulomonas," J. Bacteriol., vol. 128, no. 2,
pp. 609-615, 1976.

M. Leticia, and L. M. Coronel, "Isolation, Screeening and
Characterisation of Cellulose utilising Bacteria," The
Phillipines Journal Of Science, vol. 115, no. 3, pp. 223-232,
1986.

J. Gao, H. Weng, D. Zhu, M. Yuan, F. Guan, and X. Yu,
"Production and characterization of cellulolytic enzymes
from the thermoacidophilic fungal Aspergillus terreus M11
under solid state cultivation of corn stover," Bioresour
Technol, vol. 99, pp. 7623-7629, 2008.

J. Zhou, Y. H. Wang, J. Chu, Y. P. Zhuang, S. L. Zhang,

and P. Yin, "Identification and purification of the main
components of cellulases from a mutant strain  of
Trichoderma viride T 100-14." Bioresour Technol, vol. 99,
pp. 6826-6833,2008.

K. Apun, B. C. Jong, and M. A. Salleh, "Screening and
Isolation of a Cellulolytic and Amylolytic Bacillus from
Sago Pith Waste," J Gen Appl Microbiol, vol. 46,
pp. 263-267, 2000.

.8 8 ¢

[21]

[22]

[23]

[24]

W. J. Lu, H. T. Wang, Y. F. Nie, Z. C. Wang,D. Y.
Huang, X. Y. Qiu, and J. C. Chen, "Effect of inoculating
flower stalks and vegetable waste with ligno-cellulolytic
microorganisms on the composting process," J Environ Sci
Health B, vol. 39, no. 5-6, pp. 871-887, 2004.

D. R. Boone, W. B. Whitman, Y.Koga, "Order
I11. Methanosarcinales ord. nov.. InD.R. Boone & R.W.
Castenholz (eds.), Vol. 1: The Archaeaand the Deeply
Branching and  Phototrophic Bacteria. InG.M.  Garrity
(ed.), Bergey's Manual of Systematic Bacteriology." 2nd
ed., Springer-Verlag, New York.: 268-294, 2001.

Y. Jin-Long, W. Ming-Shu, C. An-Chun, P. Kang-Cheng, L.
Chuan-Feng, and D. Shu-Xuan, "A simple and ~ rapid
method for extracting bacterial DNA from intestinal
microflora for ERIC-PCR detection,” World J
Gastroenterol, vol. 14, no. 18, pp. 2872-2876, 2008.

J. D. Thompson, D. G. Higgins, and T. J. Gibson,
"CLUSTAL W: improving the sensitivity of progressive
multiple sequence alignment through sequence weighting,
position-specific gap penalties and weight matrix choice,"
Nucleic Acids Res, vol. 22, pp. 4673-4680, 1994.

Proceedings of 89" The ITER International Conference, Zurich, Switzerland, 19"-20" December 2016, ISBN: 978-93-86291-64-6

4




- IRAJ INTERNATIONAL JOURNALS

(o= RS " www:ijacen.iraj.in

_'_International Journal of A'd\)an'ce
Computational Engineering and
.‘Networking

. ISSN(e):2320-2106
| ISSN(P):2320-2106 o
i Journal indexed in

IRAJ Journalé Listed in University Library

MIT, University of California Berkeley, Stanford, Cambridge, Oxford, Harvard

Visit for Upcoming Conferences- www.theiier.org

= s ConferenceAlert

WWW. conlerencealen com

International Journal of Soft

= 1]SC
IJMPE EE Computing And Artificial Intelligence
o (JSCAI)
IUMPE |k SSN(P):
- ISSN(P):2321-404X
b ISSN(e):2321-4384
o WWW.ijmpe.iraj.in WwWw.ijscai.iraj.in

International Journal of Mechanical and 125 CC Vi R Advances in

Product Engineerin ' : i LN B Suione and

ng g N7 Cloud Computing (IJACSCC)

: P - ISSN(P):2321-4058
ISSN(P):2320-2092 .. ISSN(e):2321-4392
ISSN(e):2321-2071 www.ijacscc.iraj.in

zmmem International Journal of Advances
IJEEDC in Science, Engineering and
= r_ SRR Technology(IJASEAT)
‘ 'Q, 4 IJASEAT ISSN(P): :
S b ; ‘ (P):2321-8991
- o IJ E E DC ISSN(e):2321-9009
www.ijeedc.iraj in . B qastanian
International Jb&rnal of Electrical B st
L ; Electronics and Electrical.
Electronics and Data Communication Engineering(lJIEEE).
; 5 ISSN(P):2347-6982
ISSN(P):2320-2084 IJIEEE ISSN(e}:2349-204X
ISSN(e):2321-2950 www.ijieee.iraj.in
l]/\(IEN: HJAMCE ‘lnternational Journal'bf,Advances
B in Mechanical and :
. ) Civil Engineering(IJAMCE)
| 4 IJACEN N ISSN(P):2394-2827"

www.ijamce.iraj.in

International Journal of Management

and Applied Science (IJMAS)

ISSN(P):2394-7926 -
www.ijmagiraj.‘ir} o
International Journal of Advance in
Electronics and Computer Science
(IJAECS )

ISSN(P):2393-2835
www.ijaeg:s.iraj.i‘rt\v

ISBN

5 i | - world
! ! Research -
§ D) ALLCONFERENCEALERT ' & S o ; '

www.allconferencealert.com This book will be available online at . ‘

Conference . WORLD RESEARCH LIBRARY: 978- 93- 86291- 64- 6
®) Gallery® www. worldresearchhbrary org






