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ABSTRACT

Lignocelluloses biomass like wood and agricultural crops residue, e.g., straw and sugar beet pulp are potential raw
materials for producing several high value products like fuel ethanol and biodiesel. Up to 80% of the lignocelluloses
are polysaccharides (Kaparaju et al, 2009)". Consequently lignocellulose genes from various organisms have been
explored. Termites possess varied sets of efficient micro-scale lignocellulose degrading systems. In this study,
bacteria that degraded cellulose were isolated from termite gastrointestinal tract. The bacterial enzyme cellulase
showed the maximum activity at 40°C and pH 6.0. The agricultural substrates were hydrolyzed by cellulase and
more sugar was released from corn stover than paddy straw and sugarcane baggase. After direct hydrolysis and
fermentation of agricultural substrates end products were analyzed using HPLC. Thus, termite gut bacteria can
efficiently hydrolyze hemicellulose and cellulose and these bacteria also have the potential to convert the
fermentable sugars.
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Lignocelluloses biomass like wood and agricultural
crop residues, e.g., straw and sugar beet pulp are
potential raw materials for producing several high
value products like fuel ethanol and biodiesel. Upto
80% of the lignocelluloses are polysaccharides.
These renewable raw materials look promising for
replacing  environmentally  unfriendly  fossil
hydrocarbon raw materials and hence creating

\ j “green” products.
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There is a need for low-cost materials, effective
enzymes, and pretreatment methods to decrease the
expenditure for Bioethanol production (Sanchez and
Cardona et al, 2008)?. Cellulosic biomass is a low-
cost, renewable and abundantly available material
throughout the world. These materials include wood
chips, residues of crops, grasses etc. (Binod et al,
2010)°. In terms of quantity, sugarcane baggase,
paddy straw, corn stover, wheat straw are the most
accessible agricultural wastes (Kim and Dale et al,
2004)".

During hydrolysis, monomeric sugars are generated
via depolymerization of hemicelluloses and cellulose
(Sarkar et al, 2012)°. Complete hydrolysis of
cellulose to glucose requires the synergistic action of
three enzymes. Cellulase system consists of three
enzymes. Cellulase system consists of three classes
of soluble extracellular enzymes, ie. 1, 4-B-
endoglucanases, 1, 4-B exoglucanases and f-
glucosidases. Cellulolytic is a biological process
which controlled and processed with cellulase
system. This enzyme cocktail is needed to establish a
cost-effective technology in addition to the lower
price of biomass (Arantes and Saddler et al, 2011)S.
Insects have evolved effective strategies to utilize
lignocellulosic substrates as sources of energy which
makes them optimal resources of prospecting for
novel cellulolytic enzymes. Extensive efforts have
characterized lignocellulose degradation in termites.
Molecular phylogenetic analysis has revealed that
termites harbor more than 200 species of symbiotic
microorganisms, which produce enzymes that
degrade cellulose and hemicelluloses (Brune et al,
2007)". The gut of wood eating termite is a
bioreactor where a number of microbes utilize
cellulose and hemicellulose content of lignified plant
materials and convert them to fermentable products.
Without these microorganisms termites are unable to
hydrolyze cellulose, which is their main food.

In this study organism was isolated from termite gut.
The isolate was screened for cellulolytic activity.
The crude enzyme activity was checked at different
temperature, pH and by different carbon, nitrogen
sources. The agricultural substrates were hydrolyzed
with the enzyme produced by the isolate. The
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substrates were directly hydrolyzed and fermented
with the isolate to find the end products.

MATERIAL AND METHODS

Insects and Agricultural Substrates

Termites were collected from infested logs around
the surroundings. The agricultural substrates were
collected and ground to produce small size particles.
Isolation and Screening of Bacteria

Termites were sterilized with 70% ethanol and then
washed in sterile distilled water. The gut was
seperated crushed and mixed with 10mL 0.85%
NaCl. The suspension was mixed with nutrient broth
containing 1% CMC and incubated at 30°C. Then the
culture was plated on Nutrient agar+ 1% CMC agar
plates using well diffusion method and incubated for
24hrs (Pourrameza et al, 2012)8.

To visualize the hydrolysis zone the plates were
flooded with an aqueous solution of 0.5% Congo red
for 15mins and washed with 1M NaCl (Apun, Jong
et al, 2000)°.

Enzyme Production and Activity Assay

The enzyme production media containing nutrient
broth with 1% CMC, pH 6.8 (Dheeran et al, 2012'°,
Bashir et al, 2013)!'! was prepared. The media were
inoculated with termite gut bacteria and incubated at
mild rotation for 48hrs at 30°C.

The enzyme activities of CM Case of the bacteria
were studied by using CMC as substrate. The effect
of the various ranges of temperatures 30, 40, 50 and
60°C, and also a pH at 5.0, 6.0, 7.0, 8.0 and 9.0 was
assessed using crude enzymes. The effects of various
carbon sources like glucose, sucrose, lactose,
maltose and fructose and nitrogen sources like yeast,
peptone, ammonium sulphate and urea were also
assessed. Cellulase activity was measured with a
reaction mixture composed of 0.2mL of crude
enzyme solution plus 1.8mL of 0.5% carboxymethyl
cellulose (CMC) in 50mM sodium phosphate buffer
(pH 7) and 3ml of DNS reagent, boiled in water bath
for 10mins. The reaction was stopped by adding
Rochelle salt and OD of sample was measured at
575nm against a blank containing all the reagents
minus the crude enzyme. One unit (U) of enzyme
activity was defined as the amount of enzyme that
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released 1 pmol of reducing sugars per min during
the reaction.

Saccharification of Corn Stover, Sugarcane
Baggase, Paddy Straw
First the contents of cellulose, hemicelluloses

(Agblevor et al, 2003)'?, and lignin (Anwar et al,
2012)"? were determined for corn stover, sugarcane
baggase and paddy straw.

Then corn stover, sugarcane baggase and paddy
straw were taken 5% by dry weight, which means
Sgm in 100ml of distilled water (w/v). The ratio of
crude enzyme of organism (CM Case) to substrates
was 1:1, means 100ml of crude enzymes were added.
With mild rotation, the reaction mixture was placed
at 50°C for 24hrs. The combined effect of enzyme
was also studied. Agricultural substrates treated with
distilled water were used as controls.

End Product Analysis

The agricultural substrates were directly treated with
bacterial  isolate  for  saccharification  and
fermentation. Corn stover, sugarcane baggase and
paddy straw were used at 5% dry weight (w/v) and
supplemented (with, in g/L. HO: KH>PO4 1.5,
MgS04 0.3, NaCl 0.01, CaCl; 0.1, FeSO47, H,O
0.005, NH4ClI 0.3, and yeast extract 0.05) (Rastogi et
al,2009)'4.  The agricultural substrates were
inoculated with 1% of cultured isolates (1ml of
culture upto 100ml of 5% substrates). The reaction
mixture was incubated at 30°C for 5 days at mild
rotation and microaerophilic conditions.

The fermentative medium from corn stover and
sugarcane baggase was centrifuged at 14,000rpm for
2min and 4°C to remove the remaining substrates
and bacterial cells. The supernatant filtered through
0.22um membranes, and the filterate was stored at -
20°C for high-performance in liquid chromatography
analysis. The isolates were tested for their efficiency
to produce secondary metabolites.

RESULTS AND DISCUSSION

Isolation and Screening of Bacteria

In this study, the termite gut was explored to identify
bacteria producing enzymes that degrade cellulose
and hemicelluloses and to determine the role that
these bacteria play in this small ecological niche.
Termites harbor microbes that produce cellulases
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and hemicellulases, which hydrolyze lignocellulosic
material (Scharf and Tartar et al, 2008!°, Zhang et
al, 2009)'°.

Enzyme Activity Assay

The optimization for enzyme activity by pH and
temperature is shown in Figure No.3 and Figure
No.4.

The isolate showed maximum endoglucanase
activity at 40°C and pH 6. (Immanuel et al, 2006)!7
observed that Micrococcus, Bacillus, and
Cellulomonas species obtain maximum cellulase
activity at neutral pH. Generally, cellulases isolated
from microbes from mesophilic environments have
an optimum pH of 4.0 to 8.0 (Dutta et al, 2008)'%.
These results are close those of (Bakare et al,
2005)!° who found that the cellulase enzyme
produced by Pseudomonas fluorescence was
activated at 30 to 35°C showing the optimum
temperature at 35°C. (Ray et al, 2007)*° reported that
minimum cellulase yield was observed when
fermentation was carried out at 45°C, while
maximum yield was obtained at 40°C by Bacillus
subtilis and Bacillus circulans.

The cellulase activity was optimized with different
carbon and nitrogen sources. This is illustrated in
Figure No.5 and Figure No.6.

Among the optimization with different sugars with
different concentration, glucose with 5% as carbon
source shows the maximum production than other
carbon sources (Figure No.5).

Among the various nitrogen sources tested,
ammonium sulphate was found to be the best
nitrogen source for cellulase production and is
shown in Figure No.6. According to (Mandels et al,
1975)%!. Nitrogen is one of the major cell proteins
and stimulation of cellulase activity by ammonium
sulphate salt might be due to their direct entry in
protein synthesis.

Saccharification of Corn Stover,
Baggase, Paddy Straw

The agricultural substrates corn stover, sugarcane
baggase, paddy straw was hydrolyzed by the enzyme
with diverse efficiency. Corn stover was a potential
substrate for this enzyme. (Saha and Cotta, 2006)*?
reported that the cellulose and hemicelluloses
contents in corn stover were 42.6 and 21.3%,

Sugarcane
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respectively. The contents of cellulose and
hemicelluloses are high in corn stover as compared
to sugarcane baggase and paddy straw. Therefore the
sugar content produced by corn stover is higher than
other substrates. This was identified using DNS
method of agricultural substrates supplemented with
fermentation media. The reducing sugar value is
3.684umol. The least amount of sugar content was
released and is 0.164 umol from paddy straw. The
sugar content released from sugarcane baggase is
2.489umol. This is shown in Figure No.7.

End Product Analysis

Compared to standard the Sample No.l (cornst over
with inoculum) was found to be degraded which is
illustrated in peak of HPLC analysis.

Compared to standard the Sample No.2 (sugarcane
baggase with inoculum) was found to be degraded
which is illustrated in peak of HPLC analysis.

The production of sugars and end products can be
increased by optimizing the different conditions to
achieve the maximum potential of the bacterial
isolate.

Figure No.2: Congo red screening method
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Figure No.3: Optimization of pH for CMCase (cellulase) activity U/mL
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Figure No.4: Optimization of pH for CMCase (cellulase) activity U/mL
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Figure No.7: Sugar concentration of cellulase to hydrolyze agricultural biomass
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CONCLUSION

The cellulose producing bacteria was isolated from
the termite gut with the screening method using
congo red. It was then allowed to produce cellulase
enzyme and the bacterial isolate was used to
hydrolyze the corn stover, sugarcane baggase and
paddy straw and end product was analysed. This
enzyme has the potential to hydrolyze pure
substrates and degrade agricultural substrates
without any chemical pretreatment.
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