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Abstract: Lignocellulose 13 the most abundant renewable resource available from plants in this case from
coconut husk. Bioconversion products of lignocelluloses have biomedical significance. This study was to
identify previously isolated lignocellulesic bacteria strains which have the ability to degrade lignin and
cellulose. The techniques used in this study confirms bacteria identity by sequence analyses of 16s rRNA, Gram
staiming, motility test, crystal formation test and penicillin sensitivity test (10 pg of Pericillin G-P-10). Gram
staining was performed on six bacteria strains to distinguish between Gram negative and Gram positive cells.
Extraction of genomic DNA for 16s rTRNA sequence analyses were also conducted on the six bacteria strains
to differentiate between species. Four out of six bacteria were identified as Bacillus thuringiensis (T10),
Enterobacter aerogenes (119), Bacillus pumilus (122) and Bacillus vireti (T24) using sequence analysis of
1658 IRNA compared to NCBI database. Two bacteria stramns, C19 and C37 belong to the Genus Bacillus which
had more than one possible species results which were distinguished by using biochemical test. Four bacteria
strains were Gram positive (T10, T22, C19 and C37) and two Gram negative (T19 and T24). Motility test was
negative for C19 and positive in C37 isolates. Isolate C19 had a diameter of 32 mm which showed susceptibility
to Penicillin whereas for 1solate C37 had a diameter of 19 mm which showed resistance to Pemcillin. Isolate C37
was confirmed as B. thuringiensis after four days incubation by using crystal formation test. This study
suggests that the isolates T10, T19, T22, T24, C19 and C37 were identified as B. thuringiensis, E. aerogenes,
B. pumilus, B. vireti, B. anthracis and B. thuringiensis, respectively. Future studies using metabolic
engineering techniques can optimise their lignocellulose degradation potential in suitable vectors.

Key words: Bacillus, 168 rRNA, gram stain, biochemical characterisation, pathogenic, lignocellulose,

bicconversion

INTRODUCTION

Lignocellulose 1s a major constituent in plant biomass
which consists of cellulose, lignin and hemicellulose.
Naturally, lignin 1s not susceptible to degradation due to
its strong chemical bonds although the composition of
ligmin varies in different species. In previous studies since
the mid-1980s, white-rot fungi and brown-rot fungi are
known lignin degraders, especially basidiomycetous fungi
were the most effective lignmin degraders (Chen ef al.,
2012). However, bactenal strains have rarely been cited to
significantly degrade lignocellulosic materials. Isolating
bacterial strains from cow dung and termite guts with the
potential to degrade or bioconvert ligmn and or cellulose
was an idea born from the capability of these organisms
to digest cellulose and lignin by the latter. It 13 supported
by the fact that these organisms host symbiotic bacteria
expressing necessary enzymes for the breakdown of
cellulose in the gastromtestinal tract.

We have isolated bacterial from the guts of
termites and cow dung (pers. comm.) and in this study
their identity was elucidated by molecular methods
complementing biochemical characterization where
necessary. In retrospect, phenotypic method mcludes
the identification through microscopic and macroscopic
observation and biochemical testing while genotypic
methods are also known as molecular techniques which
include PCR, electrophoresis and DNA sequencing of
concensus sequences. In addition to that phenotypic
identification is traditional
identification with disadvantages because highly related

known as bacterial
species cannot be distinguished. Molecular methods have
been proven to be more efficient in overcoming the
limitations of phenotypic
16s TRNA gene sequence with <97% similarity is known

identification where the

as a different species (Elwary et af., 2008; Das et al.,
2014).
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Lignin-degrading bacteria can usually be isolated
from soil and guts of wood-eating insects which mainly
belong to three classes, Actinomycetes, a-protecbacteria
and a-protecbacteria (Huang ef al, 2013, 2012).
Pseudomonas and  Bacillus  sp. were previously
identified as potential lignin degraders in which
Sphingomonas paucimobilis SYK-6 was one of the best
characterized ligmn degraders (Bandounas et al., 2011).
Other genera of lignin degraders including Klebsiella
and Citrobacter (Chen et al., 2012). Cellulose-degrading
bacteria contaimng cellulolytic anaerobes include the
bacterial genus Fibrobacter and lineages of Clostridium
(McDonald et al., 2012). This study’s aim is to identify the
genera and species of bacteria compared to known
bacteria isolated from termites gut and cow dung which
are suggestively lignocellulosic bacteria m order to
elucidate their metabolic pathway for lignin and cellulose
degradation or conversion.

MATERIALS AND METHODS

The previously isolated six bacteria strains
(pers.comm.) were sub-cultured m nutrient agar and
trypsin soy agar and incubated for 12h at 37°C to proceed
with Gram staining, biochemical tests and 16s fRNA
sequence analysis. Glycerol was prepared in 40%
concentration for long term storage of the bacteria. One
volume of bacterial culture at OD 0.6 was added with one
volume of 40% glycerol. The stock was then kept at -80°C
to maintain the cells viability.

Molecular techmques wused in this study was
16s rRNA sequence analysis by using consensus
sequence comparison of the small ribosomal subunit of
the RNA. Genomic DNA of all six bacteria strains were
extracted and subjected to PCR for amplification of the
gene of mterest. There were three main stages in PCR
include denaturing, annealing and elongation in a cycle.
In denaturing stage, the cells were separated from double
stranded to single strand at 94°C for one minute. Followed
by annealing stage in which the primers were bind to the
gene of interest at 50°C for 30 sec. Then, the cells entered
the elongation stage to allow the synthesis of new DNA
strand by taq polymerase at 72°C for 5 min. This cycle was
repeated 25 times and then stored at 4°C until further use.
After the amplification of gene interest, the PCR product
was then subjected to ligation into PGEM-T Easy vector
followed by transformation of ligated product mnto E. coli
IM109 competent cells. Blue-white screemng was used
as insertion screening. The randomly selected white
colonies were picked for plasmid extraction and sent for
sequencing. The completed sequencing results were then
identified based on NCBI database.

Gram staining was done for morphological
characteristics studies. Biochemical tests were carried out
for further confirmation of bacteria strains that were
unable to be identified to its species. Biochemical tests
included motility test, penicillin sensitivity test and crystal
formation test. Motility test and perucillin sensitivity tests
were used to differentiate between B. anthracis from
B. cereus species. Crystal formation test was used to
differentiate among B. thuringiensis and B. cereus

species.
RESULTS

Six selected 1solated strains, T10, T19, T22, T24, C19
and C37 were sent for sequencing following 16s rRNA
sequence analysis which were then compared to
NCBI database. One of the sequence result, T10
(Bacillus thuringiensis) obtained was shown in Fig. 1.
The sequence result from the forward reading and
reverse reading were combined together to obtain a
full sequence before compared to NCBI database. The
four 1solates, T10, T19, T22 and T24 were then identified
as Bacillus thuringiensis, FEunterobacter aerogenes,
Bacillus  pumilus and Bacillus  vireti accordingly.
However, bacteria isolate C19 and C37 have
more than one possible result as their species
overlapped according to the sequencing results which
may be Bacillus thuringiensis, Bacillus cereus or
Bacillus anthracis. Thus, both the isolates, C19 and C37
were further confirmed using biochemical testing.

Gram staining was done showing four isolates as
Gram positive and two 1solates as Gram negative. Gram
staining of two isolates (C19 and C37) is shown in Fig. 2.
All Bacillus sp. are motile except B. anthracis. This test
was used to differentiate B. anthracis from B. cereus.
Motility results were compared before and after
incubation. The C19 was non-motile a known
characteristic of B, anthracis and it was futher confirmed
using penicillin sensitivity test. The C37 shows motility
after the incubation suggesting a possibility of either
B. cereus or B. thuringiensis. Thus, C37 was further
confirmed by using crystal formation test and penicillin
test.

Biochemical test were carried out systematically to
distinguish between bacteria of the same genus, these
tests were chosen by its distinguishing factors between
the two bacilli. The following test results, 1.e., motility test,
penicillin sensitivity test and crystal formation test can be
summarized in Table 1.

All Bacillus are resistant to penicillin  except
B. anthracis. Penicillin (P-10) sensitivity test was used to
differentiate B. anthracis from B. cereus group. In this test
1solate C19 showed a clearing zone with a diameter of
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Fig. 1: Intensity spectra for T10 (Bacillus thuringiensis) shows good quality sequencing results where both forward
and reverse reading results were combined to obtain a full sequence result: A) Forward reading sequence result
for sample T10 by using primer T7 and 760 bases was taken to combine with reverse reading and B) Reverse
reading sequence result for sample T10 by using primer SP6. 760 bases were taken to proceed with reverse
complement before combining with forward reading sequences

B. thuringiensis
Purple, rod-Gram positive

B. anthracis
Purple, rod-Gram positive

Fig. 2: Gram staiming results for C19 (B. anthracis) and
C37 (B. thuringiensis)

Tablel: Summarization of motility test, penicillin sensitivity test and
crystal formation test for two isolates (C19 and C37)
Motility test

Fig. 3: A cuboid shaped crystal was observed in C37
(B. thuringiensis) after 4 days mecubation under
100x magmfication x

Species
B. anthracis
Possibility of either B. thuringiensis or B. cereity

Tsolates Result

19 Non-maotile

37 Matile

Penicillin sensitivity test

C19 Susceptible

C37 Resistant

Crystal formation test

19 Negative

37 Positive
(Cuboid-shaped)

suggests resistant to penicillin. Thus, isolate C19 can be
confirmed to be B. anthracis. Crystal formation test
was used to differentiate between B. thuringiensis and
B. cereus in which B. thuringiensis will form crystal
n its life cyele under appropriate condition as a defense
mechamsm. A cuboid shaped crystal was observed in

B. anthracis
Possibility of either B. thuringiensis or B. cereus

B. anthracis
B. thuringiensis

34 mm which suggests susceptible to penicillin and C37
showed a cleaning zone with a diameter of 18 mm which

isolate C37 after four days of incubation as shown in
Fig. 3. This indicated that C37 is B. thuringiensis.
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DISCUSSION

The bacteria from Bacillus genus are known to be
used in biomedical applications and as a bio-mnsecticide
in agriculture (Tan et al, 2012; Sansinenea, 2012;
Priyadarshum ef al., 2013). It 15 also a biological control
agent developed against mosquitoes to avoid
ecological pollution which may be caused by wide use of
chemicals as pesticides (Huguette and Donald, 2012).
Bacillus thuringiensis 13 an msect pathogen which can be
found in soil. Insecticidal pore forming proteins, possibly
the cause of the crystal formation in B. thuringiensis are
able to kill their insect larva host (Bravo et al., 2011). Itis
interesting to note that B. thuringiensis emerged as one
of the isolates capable in bioconverting lignocellulosic
material into reducing sugars 1solated from termite gut and
cow dung. Tt would suggest that not only that this
bacteria was used as a biological control agent around the
vicinity it was isolated from, its capability in forming
endospores enabled it to swvive the harsh digestive
tracts of cows and termites and into their guts possibility
assisting with enzymes used to digest lignocellulosic
materials in wood and grass.

The mnext isolate found n termite gut 1s
Bacillus pumilus which can be naturally found in lake
sediments as well as earthworm guts (Jayakumar et al,
2012, Shankar and Tsaiarasu, 2011). The protease enzyme
from B. pumilus shows effective result as a dehainng
agent and detergent (Tayakumar et al., 2012). Besides that,
B. pumilus can also be used as a biological control
agent to control Rhizoctonia solani Q1 in cucumbers
(Huang et al., 2012).

Bacillus anthracis was isolated from local cow
dung is the causative agent for anthrax. It is interesting to
note that this infamous pathogen used m bioterrorism
attacks typically causing three types of mfections at
cutaneous, gastrointestinal and inhalation levels
(Hicks et al., 2012) can also degrade lignocellulose mto
reducing sugars as shown in unpublished results
(pers. comm.). Anthrax mfection rarely occurs in
developed countries, however, workers in contact with
herbivores and its products, heroin use or clustering of
patients with similar respiratory symptoms are at high risk
of antrax infection (Sweeney ef al.,, 2011).

Enterobater aerogenes isolated from termite gut
15 a mnosocomial and pathogenic bacterium that
causes opportunistic infections especially in immuno
compromised patients. A strain of E. agerogenes was
reported to be resistant to all cwrrent antibiotics
except gentamicin which 13 commonly used to treat
Enterobacterial infections (Diene et al, 2013).
According to Panda and Sarkar (2012), E. aerogenes 1s
useful in bioremediation of chromium as it is able

to swvive in actual heavy metal environmental
conditions. Besides that E. aerogenes was widely used in
bicengineering for fermentative hydrogen production to
enhance m anaerobic cultivation (Zhang et af., 2011). Its
presence in termite guts and its capability to degrade
lignocelluloses may point to further exploitation of this

bacterium.
CONCLUSION

All six bacteria isolated from local termite gut
and cow dung were successfully identified using
les rRNA methods complemented by biochemical
characterisation. Five isolates were Bacillus sp. and
one Enterobacter aerogenes. Although, these identified
bacteria are commonly known pathogens, various
applications of these bacteria outweigh their
patogenecity. It 1s mteresting to note that they are found
ubiquitously in herbivores and insects which can digest
lignin and cellulose for energy. Their capability to degrade
carboxy methyl cellulose on solid minimal media without
other carbon sources as reported in unpublished work
indicated that these bacteria can thrive solely on complex
carbohydrate molecules. This preluninary work supports
our aim to utilize coconut husk as the sole carben source.
Further optimization studies on agitation, temperature, pH
and carbon sources are underway to select the best
conditions for these bacteria to degrade lignocelluloses.
Sequential identification of the metabolic processes
mvolved 1n  degradation or bioconversion of
lignocelluloses to smaller molecules or larger but high
value metabolites paves the way for molecular
engineering techniques in order to optimise their
lignocellulose degradation potential in suitable vectors for
1n situ bioconversiorn.

ACKNOWLEDGEMENT

This research was wholly supported by the Ministry
of Higher Education Fundamental Research Grant Scheme
FRGS/2/201 4/SGO5/MSU/02/1.

REFERENCES
Bandounas, 1., N.J Wierckx, D.JH. Winde and
H.J  Ruyssenaars, 2011.  Isolation  and

characterization of novel bacterial strains exhibiting
ligninolytic potential. BMC. Biotechnol,, Vol. 11,
10.1186/1472-6750-11-9494,

Bravo, A, S. Likitvivatanavong, 3.8. Gill and M. Soberon,
2011. Bacillus thuringiensis: A story of a successful
bioinsecticide. Insect Biochem. Mol Biol., 41:
423-431.

1780



J. Eng. Applied Sci., 12 (7): 1777-1781, 2017

Chen, Y.H.,L.Y. Chai, Y.H. Zhu, 7Z.H. Yang and Y. Zheng
et al., 2012, Biodegradation of lraft lignin by a
bacterial strain comamonas sp: B9 isolated from
eroded bamboo slips. J. Appl. Microbiol, 112:
900-906.

Das, 8., HR. Dash, N. Mangwani, . Chakraborty and
S.  Kumari, 2014, Understanding molecular
identification and polyphasic taxonomic approaches
for genetic relatedness and  phylogenetic
relationships of microorganisms. J. Microbiol.
Methods, 103: 80-100.

Diene, SM., V. Merhej, M. Herry, E.A. Filali and V. Roux
et al.,, 2013. The rhizome of the multidrug-resistant
enterchacter aerogenes genome reveals how new
killer bugs are created because of a sympatric
lifestyle. Mol. Biol. Evol., 30: 369-383.

Elwary, 5., A. Tuner and M. Zourob, 2008. Handbook of
Biosensors: Microsystems for Bacterial Detection.
Springer, New York, USA.,.

Hicks, CW., DA. Sweeney, X. Cu, Y. Li and
P.Q. Eichacker, 2012. An overview of anthrax
infection including the recently identified form of
disease 1n mjection drug users. Intensive Care Med.,
38:1092-1104.

Huang, X., N. Zhang, . Yong, X. Yang and Q. Shen,
2012. Biocontrol of rhizoctonia solani damping-off
disease 1n cucumber with bacillus pumilus Sqr-N43.
Microbiol. Res., 167: 15-143.

Huang, 3X.F., N. Santhanam, D.V. Badri, W.J. Hunter and
DK. Manter et al, 2013
characterization of lignin degrading bacteria from
rainforest soils. Biotechnol. Biceng., 110: 1616-1626.

Huguette, D.B. and J.5. Donald, 2012. Bacterial Control of
Mosquitoes and Black Flies: Biochemistry, Genetics
and Applications of Bacillus Thuringiensis
Israelensis and Bacillus Sphaericus. Springer,
Netherlands, Europe, TSBN-13:978-94-011-5969-2,
Pages: 348.

Isolation and

>

JTayakumar, R., 8. Jayashree, B. Annapuma and
S. Seshadry, 2012. Characterization of thermostable
serine alkaline protease from an alkaliphilic strain
Bacillus pumilus MCASE and its applications.
Applied Biochem. Biotechnol., 168: 1849-1866.

McDonald, I.E., IN. Houghton, D.J. Rooks, H.E. Allison
and A.T. McCarthy, 2012. The microbial ecology of
anaerobic cellulose degradation in mumcipal waste
landfill sites: Evidence of a role for fibrobacters.
Environ. Microbiol., 14: 1077-1087.

Panda, J. and P. Sarkar, 2012. Bieremediation of chromium
by novel strains Entercbacter aerogenes T2 and
Acinetobacter sp.: PD 12 32. Environ. Sci. Pollut.
Res., 19: 1809-1817.

Priyadarshini, S., V. Gopinath, N.M. Priyadharsshini,
D. MubaralkAli and P. Velusamy, 2013. Synthesis of
anisotropic silver nanoparticles using novel strain,
Bacillus flexus and its biomedical application.
Colloids Surf., B: Biomnterf., 102: 232-237.

Sansmenea, E., 2012, Bacillus  Thuringiensis
Biotechnology.  Springer,  Berlin, Germany,
[SBN:978-94-007-3021-2, Pages: 391.

Shankar, T. and L. Isaiarasu, 2011. Cellulase production
by bacillus pumilus ewbem] under varying cultural
conditions. Middle East J. Sci. Res., 8: 40-45.

Sweeney, DA, CW. Hicks, X. Cui, Y. Li and
P.Q. Eichacker, 2011. Anthrax infection. Am. T.
Respir. Crit. Care Med., 184: 1333-1341.

Tan, AW.A, SR. Loke, S. Benyamm, H.L. Lee and
K.H. Chooi et ad., 201 2. Spray application of bacillus
thuringiensis israelensis against aedes aegypti and
ae albopictus skuse populations and impact on
dengue transmission in a dengue endemic residential
site in Malaysia. Southeast Asian . Trop. Med.
Public Health, 43: 296-310.

Zhang, C., FX. Lv and XH Xing, 2011.
Bioengineering of the entercbacter aerogenes strain
for biohydrogen production. Bioresour. Technol.,
102: 8344-8349.

1781



	1777-1781_Page_1
	1777-1781_Page_2
	1777-1781_Page_3
	1777-1781_Page_4
	1777-1781_Page_5

