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ABSTRACT
Pakistan utilizes huge amount of budget to import petroleum products from
other countries because very limited resources of fossil fuels are available in
country. However combustion of fossil fuel increases concentration level of
greenhouse gases, those are destroying environment. There is a need of some
alternate and cheaper resources of energy to overcome the deficiency of fuels.
There are number of challenges for the marketable applications of the advanced
technologies of fuel production which includes pretreatment methods and enzymes
production. For the microbiologist and ecologist, termite gut represents an
outstanding representative of highly structured micro environments and therefore
also called as mini biorefineries. Because the decomposition of lignocelluloses is
proficiently perform by these soil insects. A study was conducted to develop a
method for the production of bioethanol from agricultural waste materials which
includes corn stover, cotton stalk and rice straw by using cellulolytic bacteria from
termite gut. Bacteria were isolated from termite gut and identified by 16S rRNA
gene sequencing. The isolates were screened for CMCase and xylanase activity.
Three isolates were selected among which two were bacillus sp. and the one was
cellulomonas sp. Their avcilase CMCase and xylanase activities were studied on
selected temperature and pH. It was found that all of the bacterial isolates have
shown higher avicelase activity at 40 oC, CMCase and xylanase activity at 50 oC.
Isolate 9x, 10 and 31 have shown higher avicelase activity at 7 pH, whereas
CMCase activity was found to be optimum at pH 8. In case of xylanase activity
isolate 9x and 10 showed higher activity at pH 6 and isolate 31 at pH 7. Biological
and chemical pretreatments were compared for corn stover, cotton stalk and rice
straw. Efficiency of enzymes of bacterial isolates for saccharification of
agricultural substrates was assessed. It was observed that xylanase (isolate 9x)
1
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released more sugar amount from corn stover as compared to other substrates.
Direct saccharification and fermentation of corn stover and rice straw was carried
out using all three bacterial isolates without using pretreatment methods. Ethanol
concentration was analyzed by using High performance Liquid chromatography. It
was observed that isolate 31 has produced higher amount of ethanol by using corn
stover. Therefore it was found that these bacterial enzymes have the potential to
hydrolyze not only pure substrates but can also degrade agricultural substrates.
Bacterial isolates obtained from termite gut have potential to can convert different
agricultural substrates into valuable bioproducts including various alcohols
(ethanol) which may have new innovative source for producers.
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Chapter 1
INTRODUCTION
Pakistan has a massive demand to produce power through fossil fuel but from
domestic resources only 20% of the requirement can be achieved. Rest of oil and
petroleum goods are imported from different Arabian and other countries of world. It is
predicted that oil demand will be doubled by 2016. For the development of the country
energy is the most significant source. Petrol expenditure today is approximately 100
million barrels of oil per year (MPNR., 2008). The current high prices of oil,
environmental benefits of decrease in greenhouse gas (GHG) emissions and the
prospective for local development, all over the world there is significantly increased
concentration for the bioethanol production (Rogers, 2008). The expenditure of petrol can
be reduced to a great extent by production of bioethanol. Today Pakistan has a
prospective to produce up to 500 million liters of ethanol which can be helpfully to
decrease demand od petroleum products (PDF., 2008).
Bioethanol production has amplified extraordinarily because many countries are
looking to decrease oil import, increasing rural economies and improving air quality. The
worldwide production of ethyl alcohol has been touching about 51,000 million liters
(RFA., 2007). Ethanol has some compensation when it is used as a fuel. Firstly, it has
higher level of oxygen content that imply a less amount of necessary additive. The high
percentage concentration of oxygen allows a better oxidation of the hydrocarbons with
the subsequent decrease in the emission of carbon monoxide and other aromatic
compounds. Ethanol has superior octane boosting properties (Thomas and Kwong,
2001). Bioethanol has been graded as exceptional as an energy contestant for current
ignition engines in vehicles. The octane number for ethanol is 98 that are superior than
petrol that has 80 octane number. Bioethanol can be used in a density proportion of 12:1
3
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in vehicle incineration engines (petrol at 8:1), that takes bioethanol in front as a fuel of
choice. Due to superior density ratio, bioethanol is 15 % extra resourceful which in turn
balance the minor energy density (Coelho et al., 2004).
A variety of feedstocks have been tried at laboratory scale trials and also others
that are used on large scale at commercial production level of bioethanol. Worldwide
manufacture of bioethanol is from corn and sugarcane which are leading feedstocks at
marketable stage (Mohan et al., 2008). The major challenges are the high charge and low
yield of the hydrolysis procedure. On the other hand, numerous efforts are being made to
progress to hydrolyze lignocellulosic material by pretreatment for elimination of lignin
and hemicelluloses. By optimizing the hemicellulase and cellulase enzymes and by
finding ratio of enzymes. Additionally, simultaneous saccharification and fermentation
proficiently removes inhibitor to activity of cellulase, glucose, consequently increasing
the yield and pace of cellulose hydrolysis (Sun et al., 2001). In this circumstance,
lignocellulosic resources, which are a rich and low-cost resource of stored energy in the
enviroment, is the forefront source of the biofuel manufacturing (Lynd et al., 2008). It is
estimated that lignocellulosic material is about 50% of world biomass and its yearly
production was predictable in 10–50 billion ton (Claassen et al., 1999).
For this study corn stover, cotton stalk and rice straw were used as agricultural
substrates because these are important crops of Pakistan. Corn is third important cereal
after wheat and rice. And it is cultivated on 1130 thousand hector and its annual
production is 4.695 million tons. Cotton is second major crop its cultivation area is 2961
thousand hector and 13.9 million bales are produced annually. Rice is third major crop. Its
annual production is 7005 thousand tons and area used for its cultivation is 2891thousand
hector (PES., 2014-15). It was determined through different assessment studies that about
2.7 million tonnes of waste, canola and wheat straw, rice straw and husks, sugarcane

5

remains, cotton stalks and bagasse are produced in Sanghar, an agricultural region in
Sindh province in Pakistan. About 75-85 per cent of these materials are not used for any
purpose and most of it is burnt away. These resources could consequently be used for
energy production without effecting on food materials or other domestic necessities
(UNEP., 2011).
One of the critical steps in the ethanol production from lignocellulosic resources
is the hydrolysis of the hemicellulose and cellulose to monomeric reducing sugars.
Though, producing sugars from cellulose and hemicellulose at high concentration is more
complicated than obtaining sugars from crops having starch or sugar (Galbe and Zacchi,
2007).
At present, to hydrolyze these lignocellulosic materials and to obtain sugars for
fuel production involves high temperature and strong chemicals which are acids alkali,
ammonia and ozone. To break apart lignin, hemicelluloses and cellulose there is need of
mechanical, physical and chemical pretreatments. After pretreatment hydrolyzing
enzymes can easily go through the biomass and release the sugars. These sugars are then
further processed for fermentation and distillation to produce ethanol (Sanderson, 2011).
The most significant research needs in the biomass pre-treatment area for the
expansion for cheaper and efficient enzymatic strategies for lignin removal and to
hydrolyze cellulose and hemicellulose into respective sugars. Because pretreatment
represents the most costly section of bioethanol production (approximately 20% of total
costs), this is the vicinity in which considerable opportunities for improvement exist. In
particular, biological based strategies are desirable to substitute insensitive chemical and
energy demanding high temperature treatments for delignification and hemicellulose
hydrolysis (Scharf and Boucias, 2010). Because there is also need of improvement of
chemical pretreatments. Recovering the sugars from the ionic liquids is significantly a
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challenging step. Apart from the expenditure and chemical waste of losing some of the
ionic liquor, there is a further problem that if there is some ionic liquor is left in the
pretreated hydrolysate then it creates problem for additional enzymatic hydrolysis and
fermentation steps (Sanderson, 2011).
Consequently, concentration has been focused on exploring lignocellulase genes
from various organisms, including free living bacteria and fungi. Therefore, termites are
supposed to possess varied sets of efficient micro scale lignocelluloses degrading systems
(Bignell et al., 1997). Termites are insects that are famous for their potential to cause
billions of dollars of damage each year by seriously damaging wood to dust. Though,
termites also harbor more than 200 species of microorganisms that produce narrative
cellulose and hemicellulose debasing enzymes (Dheeran et al., 2012). Termites assimilate
lignocellulose by using digestive enzymes which are endogenous and symbiont based
(Breznak and Brune, 1994; Watanabe et al., 1998; Scharf and Tartar, 2008). Symbionts in
termite gut consist of varied microbes such as spirochetes and bacteria (Brune, 2006).
Termites are said to dissimilate a considerable quantity of cellulose (75-99%) and
hemicellulose (70-89%) (Ohkuma, 2003). It was determined by Tokuda et al., 1997 that
endo-β-1,4-glucanase enzymes are generally present in mid gut of higher termites which
is Nasutitermes takasagoensis. The first cellulase gene from a termite was sequenced by
Watanabe et al. (1998).
Bioreactor is an expression used for the gut of wood utilizing termites because
there is a diverse collection of microbes that consume the wood for alteration of lignified
cell-wall of plant to fermentation products which are used as their energy resource. It is
difficult for termites to digest lignocellulosic material without the involvement of these
microbes (Varma et al., 1994). Meta genomic investigation have discovered the presence
of hundreds of microbial species, and a huge set of bacterial genes that are implicated in
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the hydrolysis of hemicelluloses and cellulose, but there is minute information is available
regarding to their functional assortment (Warnecke et al., 2007).
Hemicellulose degrading microorganisms produce xylanases that use
hemicelluloses as a substrate to release xylose, galactose, arabinose, glucose, mannose
and acetate (Kumar et al., 2009). For bio-energy and chemical industries xylan is a useful
biomass and it is a major component of hemicelluloses. Basically there are two major
enzymes that are involved in the hydrolysis of the xylan, endo 1,4-β-xylanase and βxylosidase (Liu et al., 2003).
Generally cellulose is degraded by three enzymes. First, endoglucanase hydrolyze
the long chain polymer into 4 to 6 glucose units. Second, exoglucanase cleaves these
polymer units into dimers. The last step is hydrolysis of the dimer by a β- glucosidase to
produce glucose (Klyosov, 1990). Microorganisms with cellulose degrading capability
lives in many different habitats, but the main areas of their interests are soils, plants, and
the guts of cellulose assimilating animals and insects. And there is a large diversity of
aerobic and anaerobic bacteria are established in termite gut that has the capacity for
cellulose degradation (Ohkuma, 2007).
In recent years, noteworthy research efforts have been made by various research
works to understand termite lignocelluloses assimilation. However, full attention was paid
to explore the termite competence for alteration of cellulosic biomass into fermentable
sugar and ethanol because termite gut has symbiont that can degrade cellulose . Also
keeping in view the importance of bioethanol as renewable alternative fuel, present study
was conducted with following aims and objectives.


Isolate and characterize cellulose and hemicellulose degrading bacteria from
termite gut
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Comparison of biological pretreatments with chemical pretreatments



To check the efficiency of the bacteria for sccharification of substrates



To assess efficiency of isolated bacteria for conversion of sugar into ethanol
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Chapter 2
REVIEW OF LITRATURE
With the worldwide rising demand for energy, the energy scarcity will
become a global dilemma. The non renewable fossil fuels is facing the progressive
exhaustion of energy resources mainly based on non renewable fossil fuels. Fast
exhaustion of fossil fuels with elevated unpredictable market prices has made the
track for alternate possessions for the manufacture of transportation fuels
obligatory (Ranjan et al., 2013).Undeviating crises in the Middle East and the
assumption in the stock exchange have caused the oil price to reach such eminent
values of 100 dollars per barrel. In accumulation, the rigorous utilization of fossil
fuels has led to the increase in the production of dangerous gases released into the
environment that have caused alteration in the worldwide climate. The solution to
these problems is the improvement and accomplishment of new technologies based
on substitute sources of energy. Worldwide prospective of bio-energy is
represented in energy crops and lignocellulosic residues. Renovation of these feed
stocks into bio-fuels is an imperative option for the development of unconventional
energy sources and decline of harmful gases. In addition, the consumption of
biofuels has significant economic and communal possessions (Sanchez and
Cardon, 2008).
Due to hasty growth in population and industrialization, universally ethanol
demand is mounting continuously. Conservative crops such as sugarcane and corn
are not capable to meet the worldwide demand of bioethanol due to their prime
value as foodstuff and feed. Consequently, lignocellulosic materials such as
agricultural residues are striking feed stocks for bioethanol. Agricultural residues
are cost effective, abundant and renewable. The process has a number of challenges
9
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and restrictions such as biomass transportation, management and resourceful
pretreatment methods for entire delignification. Appropriate pretreatment methods
and enzymatic saccharification can boost concentrations of fermentable sugars,
thus improving the effectiveness of the entire process. Conversion of glucose and
xylose to bioethanol needs various fermentation technologies, to make the whole
method cost effective. (Sarkar et al., 2012). The subject of consumption of
agricultural residues in requisites of sustainability, feasibility and economics for
biofuel production has been discussed by several researchers (Patzek, 2010; Zhang
et al., 2011).There are three steps are involved for production of bioethanol from
lignocelluloses that are: pretreatment of lignocellulosic biomass, hydrolysis of
cellulose and fermentation of released sugars (Cheng and Timilsina, 2011).
The cell wall of plant is principally composed with lignocellulose. And
lignocellulose is generally constructed from cellulose, hemicellulose, and lignin
(Jorgensen et al., 2007). Cellulose is a fiber like constitution prearranged in cell
wall in side of hemicelluloses and lignin. It is a linear polysaccharide of D-glucose
subunits which are connected to each other by β-(1,4)-glycosidic bonds.
Amorphous and crystalline forms of cellulose are present in biomass. Amorphous
cellulose is more vulnerable to enzymatic hydrolysis but its proportion is small as
compared to crystalline cellulose (Beguin and Aubert, 1994). Hemicellulose is
composed of monosaccharides include pentoses (xylose, arabinose and rhamnose)
hexoses (glucose, galactose and mannose) and uronic acids which include Dglucuronic, D-galactouronic acids and 4-omethylglucuronic (Kuhad et al., 1997).
Lignin is a cross-linked complex structure of phenolic monomers. Lignin imparts
impermeability, resistance against microbial attack and structural support (Perez et
al., 2002).
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To get access to the sugar component of lignocellulosic material there is
need for pretreatment. Pretreatment is the process to prepare the ligocellulosic
materials for the enzymatic hydrolyses of cellulose and hemicelluloses to generate
fermentable sugars. And there are different types of pretreatment to degrade
lignocellulosic biomass which include physical, chemical and biological processes
(Sun and Cheng, 2002).
Termites are the best source to assimilate lignocellulosic material by
utilizing symbiont produced and endogenous assimilating enzymes (Tartar et al.,
2009). Termites are exclusive animals because they have developed into
specifically adapted to endure on sugars and other nutrients obtained from
nutritionally not good lignocellulosic diets. Termite gut flora consists of various
microorganisms like bacteria, fungi, protozoa, spirochetes, and yeast (Ohkuma,
2003). They are divided into two main groups that are higher and lower termites.
Lower termites are a collection of six evolutionary diverse termite families. The
microbial community have both prokaryotes and flagellated protists in the gut of
lower termites (Ohkuma, 2007); while higher termites contain only one family. It
includes about 85% of all termite species that also have a huge and varied
population of gut prokaryotes that normally do not have eukaryotic flagellated
protists. Higher termites produce their own assimilating enzymes and are selfregulating of gut microbes in their food and nutrition. The lower termites also
acquire this capability, but production of cellulolytic enzymes is actually
insufficient (Brune et al., 1995). In particular, enzymes from lignocelluloses
assimilating insects and their symbionts, particularly termites, are helpful for
pretreatment and for downstream processing of carbohydrates to hydrolyze them
into particular sugars (Rubin, 2008).
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Brune (1998) reported that the occurrence of huge number of anaerobic
aerobic and facultative microflora showed that hindguts of termite are purely
anoxic surroundings together with steep axial pH gradient in higher termites.
Though extensive research has been done on the symbiotic association of termites
and the microorganism present in its gut. There is very less information is
accessible on the position of facultative anaerobes in the gut. The isolates were
identified as Citrobacter farmer, Enterobacter aerogens, Enterobacter cloacae and
Serratia marcescens. Facultative microorganisms in the termite gut specify the role
of these microbes is to utilize oxygen and generate anaerobic environment for the
anaerobic microbes, which are necessary for assimilation of cellulose utilized by
the termites (Adams and Boopathy, 2005).
First is the physical pretreatment that includes mechanical sheering, steam
explosion and pyrolysis. For mechanical sheering vibratory ball milling, wet
milling, density milling and dry milling are mostly done. For mechanical
pretreatment of agricultural material the power input depends on the nature of
agricultural substrates, moisture content and final particle sizes (Talebnia et al.,
2010). Decrease in particle size results in better production of sugars (Bjerre et al.,
1996) but it may compel negative effects when particle size is very fine when
further processing such as pretreatment and enzymatic hydrolysis are done
(Talebnia et al., 2010). Pyrolysis is a process in which input of energy is required.
The cellulosic biomass is treated at a temperature greater than 300 oC, whereby
disintegration is much slower and less impulsive products are formed at lower
temperatures (Mtui, 2009). Yu et al., 2010 obtained a xylose resurgence of 86.4%
using liquid hot water pretreatment of Eucalyptus grandis. Maximum glucose yield
of 70-76% analogous to 80% of xylan exclusion from soybean straw. That was
obtained during collective alkaline and liquid hot water pretreatments (Wana et al.,
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2011).
Methods for chemical pretreatment methods include the use of organic
solvent, dilute acid, ammonia, alkali and other chemicals. Chemical pretreatment is
easy to operate and within short time the yield of sugar is good. (Sarkar et al.,
2012). To get high yield of sugars from agricultural wastes acid pretreatment is
considered as one of the most important techniques. Most of the time it is carried
out at different concentrations of acids (between 0.5% and 3% w/w) at different
temperatures between 110 oC and 210 oC. For acid pretreatment sulfuric acid is
mostly used among various types of acid such as phosphoric acid, nitric acid and
hydrochloric acid (Cardona et al., 2009). Hemicelluloses are easier to hydrolyze as
compared to cellulose and therefore hemicelluloses are attached by the acids. When
hemicelluloses are hydrolyzed into sugars they stay in the liquid portion, while
cellulose does not hydrolyze easily and remains in the solid form (Cardona et al.,
2009). However, in the results of acid pretreatment there is production of different
types of inhibitors like 5- hydroxymethylfurfural, acetic acid and furfural. These
inhibitors interfere in the enzymatic hydrolysis and growth of microorganisms
especially for the step of fermentation. These inhibitory substances are produced as
a result of hydrolysis of the extractive components, organic and sugar acids
esterified to hemicellulose (acetic, formic, glucuronic, galacturonic) and solubilized
phenolic derivatives (Palmqvist and Hagerdal, 2000). Therefore hydrolysate which
is used for fermentation is detoxified. Moiser et al. 2005 reported that when
lignocellulose is pretreated with dilute H2SO4 higher yield of sugar was obtained as
compared to other acids. Acidic hydrolysis of 5% fusion of rice straw and water
with instantaneous appliance of shearing stress came with release of 3.9% overall
sugar out of which 3.1% was reducing sugar. Glucose resulted as major portion
(75%) of the reducing sugars (Ranjan et al., 2013).
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Alkali treatment is considered one of the best detoxification methods. By
this method, furaldehydes and phenolic compounds are mainly removed leading to
great improvement in fermentability, especially in the case of dilute-acid
hydrolyzates. Most commonly used alkali in the alkali pretreatment processes are
NaOH and Ca(OH)2 (Persson et al., 2002). By treating lignocellulosic biomass
with dilute NaOH it was found that it cause swelling, decrease in crystallinity,
increase in surface area, disruption of the lignin structure, hydrolysis of polymers
and separation of linkages between cellulose hemicellulose and lignin. It was
found that dilute NaOH pretreatment was more effective to hydrolyze soft woods
with lignin contents as low as 10-18% (Bjerre et al., 1996). Chosdu et al. (1993)
studied a combination of 2% NaOH and irradiation to pretreat cassava bark, peanut
husk and corn stalk. And found that glucose yield was 43% when treated with
irradiation compared with 20% in untreated samples. Persson et al. (2002) showed
that pretreatment with alkali increased the glucose concentration in enzymatic
hydrolysis of corn stover by a factor of nine when compared to untreated corn
stover. But Klinke et al. (2003) identified nine phenols and 2-furoic acid by using
alkaline wet oxidation for wheat straw. Each were tested for ethanol productivity
and found 53%-67%decrease ethanol production using S. cerevisiae .
Biological

pretreatment

renders

the

degradation

of

lignin

and

hemicelluloses. It depends on the process that most of the pretreatment methods
require equipment that has high energy requirements or need expensive
instruments. Especially abundant energy is required for conversion of
lignocellulosic biomass during physical and thermochemical pretreatment. Mostly
different types of fungi are used for biological treatment is becoming popular as a
process that does not need high energy for lignin degradation from a lignocellulosic
material (Okano et al., 2005). Enzymatic hydrolysis of pretreated lignocellulosic
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biomass involves enzymatic reactions that changes cellulose into glucose, and
hemicellulose into hexoses (galactose, mannose and glucose) and pentoses
(arabionose and xylose). The alteration of hemicellulose and cellulose is catalyzed
by different hemicellulase and cellulase enzymes (Beguin and Aubert, 1994). Singh
et al. (2008) evaluated bacteria and fungi, and studied their pretreatment effects on
sugarcane trash. The microbes were helpful for the hydrolysis of sugarcane waste
by production of hemicellulases and cellulases, the utmost enzyme production was
by A. terreus, followed by C. uda, C. cartae and B. macerans. This microbial
pretreatment increase the accessibility of the enzymes for enzymatic hydrolysis.
There is no need of chemicals but due to low hydrolysis rates and low yields hinder
its accomplishment (Hamelinck et al., 2005).
The enzyme xylanase has high demand for diverse industrial applications,
such as in biofuel, paper fields and pulp. Xylanase producing bacteria were isolated
from the gut of the wood-feeding termite. The isolated xylanase was thermostable,
active for a broad range of temperatures and pH. These characteristics proposed
that the enzyme could be useful in bioethanol production (Dheeran et al., 2012). In
gut of Reticulitermes santonensis a remarkable multiplicity of eukaryotic and
prokaryotic microorganisms found. These microbes produce various enzymes
assimilating lignocellulosic compounds, perhaps in collaboration with endogenous
enzymes. About hemicelluloses and cellulose digestion in the gut of termite, much
remains to be learned as regards the relative to assistance of termite enzymes and
the enzymes produced by various microorganisms (Matteotti et al., 2011).
The microbial deprivation of lignin has been well deliberated in brown-rot
and white-rot fungi, but there is much more studied is needed in bacteria. Current
published works suggest that a variety of soil bacteria, are capable to break lignin.
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The enzymatic system of bacterial lignin breakdown is presently not well implicit,
but laccase and extracellular peroxidase enzymes emerge to be involved. There are
some reports of aromatic-degrading bacteria also isolated from termites gut,
although there are contradictory reports on the capability of termite gut microbes to
break lignin (Bugg et al., 2011).
Xiuting et al., 2012 studied the activities of the extracellular xylanase of
Streptomyces rameus L2001 against diverse xylans and xylooligosaccharides. The
major products of hydrolysis of oat-spelt and birchwood xylan by S. rameus L2001
xylanase were xylotriose and xylobiose, signifying the endo-acting xylanase. The
production of xylooligosaccharides from different agricultural wastes has
prospective industrial applications.
Thermostable xylanase was isolated from P. macerans, a bacteria isolated
from termite gut at 50°C. The enzyme has high enzyme activity and it is very stable
at different ranges of pH and temperature. Due to these characters it can be useful
for biomass degradation for bioethanol production (Dheeran et al., 2012).
Clostridium termitidis is a cellulytic mesophlic bacteria isolated from the gut of
Nasutitermes lujae. It has the ability to degrade cellulose. The end product were
studied using cellobiose and cellulose and found that it produce hydrogen, ethanol,
formate, acetate and lactate. The end products were compared using different
substrates (Cellobiose and cellulose). Hydrogen and ethanol production rates were
slightly higher on cellobiose when compared to cellulose because cellobiose is easy
to hydrolyze (Ramachandran et al., 2008).
A number of fungal and microbial esterases have been recently identified
that facilitate hemicellulose hydrolysis. In the case, of hemicellulose, this
solubilization reaction constitutes a one step hemicellulose hydrolysis reaction,
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which has marvelous significance to industrial biomass pretreatment. Gut
transcriptome sequencing work discovered 12 gut carboxylesterase genes from R.
flavipes. There are at least 45 hemicellulase genes encoded in the R. flavipes gut
meta-transcriptome and there is strong esterase activity and significant isoform
variety in the R. flavipes gut. So, termite gut has a vast impending to convert
lignocellulosic biomass to bioethanol (Tartar et al., 2009).
Enzymatic hydrolysis is the important step where complex polysaccharides
are renewed to simple monosaccharide. This process requires not as much of
energy and gentle experimental conditions in comparison to acid pretreatment. It
was reported that optimum pH for cellulase was 4-5 and temperature lie between
40-50 oC. During enzymatic hydrolysis there is no production of inhibitors but at
the same time these enzymes are substrate specific (Ferreira et al., 2009). Most of
the cellulase enzymes used for saccharification are purified from T.reesei and A.
niger is utilized for cellobiase production (Chen et al., 2008). Cellulase enzymes
are combination of three enzymes which are endoglucanases, exoglucanase and βglucosidases. Endoglucanase (endo 1,4-D glucanhydrolase or E.C. 3.2.1.4) attacks
on internal regions of the cellulose to disturb

its crystalline structure.

Exoglucanase (1,4-b-D glucan cellobiohydrolase or E.C. 3.2.1.91) act externally to
removes cellobiose units and then these units are enzymatically hydrolysed by bglucosidase (E.C. 3.2.1.21)

to glucose (Tolan and Foody, 1999). Enzymatic

hydrolysis is major costly step of the bioethanol production from lignocellulosic
material (Banerjee et al., 2010). To decrease the hydrolysis time and to minimize
the cellulase loading there is a need for efficient pretreatment which decrease
crystalline structure of cellulose and to degrade the lignin to a high extent (Eggman
and Elander, 2005). Both fungi and bacteria can manufacture cellulases that can be
used for efficient hydrolysis of lignocellulosic biomass. These microbes can be
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anaerobic or aerobic and thermophilic or mesophilic. Bacteria belong to genera of
Acetovibrio,

Bacillus,

Bacteriodes,

Cellulomonas,

Clostridium,

Erwinia,

Microbispora, Ruminococcus, Streptomyces and Thermomonospora are identified
to produce cellulase (Bisaria, 1998).
A little cellulose degrading bacteria have been isolated and identified from
some termite species that include Clostridium termitidis (Hethener et al., 1992)
Micrococcus luteus and Mc. roseus (Saxena et al., 1993). Clostridium termitidis is
an anaerobic, spore-forming, mesophilic, cellulose degrading bacterium was
isolated from Nasutitermes lujae. a wood feeding termite. It utilize glucose,
cellulose, fructose, lactose, sorbitol, galactose, cellobiose,mannose, sorbose,
melibiose, ribose, maltose, xylose, and mannitol as carbon source. And the
fermentative products were ethanol, acetate, CO2 and H2 (Hethener et al., 1992).
From the gut of Zootermopsis angusticollis termite 119 cellulose degrading
strains that were aerobic and facultative anerobic, were isolated and identified.
These identified strains belong to 23 genera of facultatively anaerobic and aerobic
bacteria. Actinomycetales order of bacteria includes the genera Cellulomonas,
Kocuria, and Microbacterium. And the genera Brevibacillus, Bacillus and
Paenibacillus belongs to order bacillales, all these strains were gram positive.
Isolates that belongs to genera Brucella, Afipia, Pseudomonas, Sphingomonas and
Agrobacterium from the -proteobacteria all were belong to gram negative bacteria
(Wenzel et al., 2002).
Warneck et al. (2007) carried out metagenomic analysis of hindgut
microbiota of higher termite that showed the occurrence of various nitrogenases,
endoxylanases, glucosidases, GH94 phosphorylases and endoglucanases, enzymes
for carbon dioxide reduction. Enzymes utilized in new way for producing
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lignocellulose based biofuels production. A current review of host and symbiont
transcriptomes from the R. flavipes gut discovered over 175 genes encoding
lignases hemicellulases, cellulases, and other potentially appropriate digestive
enzymes (Tartar et al., 2009). The motivation for exploration of lignase activities in
termites comes from quite a few decades of research documenting lignin alteration
or degradation capability in termites gut (Katsumata et al., 2007).
Cellulose-degrading bacteria were isolated from bookworm, caterpillar,
snail and termite. The enzyme activity for two enzymes was tested filter paper
cellulase (FPC), and cellulase (endoglucanase). And found that endoglucanase
activity of the isolates was higher in comparison with FPC. Isolates were cocultured with Saccharomyces cerevisiae for ethanol production. After five days
positive results were observed (Gupta et al., 2012). Pourramezan et al. (2012)
isolated cellulose degrading bacteria from termite gut (M. diversus). The
phylogenetic analysis of 16S rRNA gene showed that the isolates belong to the
genera Staphylococcus, Pseudomonas and Acinetobacte, and four cellulose
degrading bacteria belonged to Bacillaceae and Enterobacteriaceae families.
Acinetobacter and Bacillus degrade substrate to a better extant when compared
with other isolates. Endoglucanase activity of Acinetobacter and Bacillus were
1.22U/mL and 1.47U/mL respectively.
There are different microbes which utilize the hydrolyzed lignocellulosic
biomass and ferment it. But there is a need of an ideal microorganism for the
production of bioethanol, which has the ability to efficiently utilize both pentoses
and hexoses (Talebnia et al., 2010). The microorganism have ability to produce
high yield of ethanol can withstand the toxicity of high yield of ethanol, have
enzyme production by itself for cellulose degradation and can tolerate inhibitors
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which are present in hydrolysate. Basically there are two types of fermentation are
carried out for ethanol production which is separate hydrolysis and fermentation
(SHF) and simultaneous saccharification and fermentation (SSF) (Hamelinck et al.,
2005). Mostly SHF is used but SSF is a better option for ethanol production
because it can recover ethanol concentration by removing end product so there is
less chance for ethanol toxicity which can inhibit the fermentation process. But it
has some limitations which are distinction in temperature condition of cellulases
for hydrolysis and fermentation. These restrictions of SSF can be handled by means
of microorganisms like K. marxianus that can tolerate high temperature which is a
need for saccharification of lignocellulosic biomass (Bjerre et al., 1996).
There can be other alternatives which are consolidated bioprocessing (CBP)
and simultaneous saccharification and co-fermentation (SSCF) (Cardona et al.,
2009). During CBP all the steps for ethanol production like enzyme production,
hydrolysis of biomass and it fermentation are perform in the same reactor (Bjerre et
al., 1996). For applying CBP there is no need for purchasing cellulases and its
production (Lynd et al., 2005). Bacteria like C. thermocellum and some fungi
including F. oxysporum and N. crassa have CBP like activity. But there is a poor
ethanol yield and long time fermentation (3-10 days) makes this process less
efficient (Szczodrak and Fiedurek, 1996). During co-fermentation in SSCF
microorganisms need a compatibility with other microbe for temperature and pH
(Cardona et al., 2009).
For pentose utilizing microbes, the hexoses are absolutely the easier and
faster assailable substrate for the conversion to ethanol. If fermentation time is not
adequately long, pentoses stay in the medium by decreasing the consumption rates
of the lignocellulosic biomass. Mostly microorganisms have a preference for
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glucose over galactose than xylose and arabinose (Gong et al., 1999). The major
disadvantages of second generation ethanol production comprise, in a assessment
with 1st generation ethanol production, the low accessibility of hemicelluloses and
cellulose due to a complex rigid organization of the lignocelluloses, low activities
of cellulase enzymes and difficult to ferment 5 Carbon sugars from the hydrolysis
of hemicelluloses to ethanol. Research on 2nd generation bioethanol production has
been paying attention for developing cost effective pretreatment methods,
enhanced cellulase enzyme activities by optimizing different conditions to increase
yeild and cofermentation of hexoses ( glucose) and pentoses( xylose) to ethanol.
There are different steps for conversion of cellulose to ethanol that involves
hydrolysis of cellulose and fermentation of the reducing sugars to ethanol (Clarke,
1997).
To amplify the significant ethanol reticence concentration, genetically
modified yeasts and bacteria are considered to be used. The most frequently used
fungi; yeast is Saccharomyces cerevisiae that has a restrained yield of
fermentation. There is more research has been made on more capable bacteria and
yeasts that has ability to survive on elevated ethanol concentrations during
fermentation process up to 16 %. They also have advantage to tolerate acids and
sugars concentrations that are distinctive inhibitors there in biomass hydrolysis, to
make this yeast very popular for industrial purposes. The rate of fermentation
increases with the use of Zymomonas mobilis in contrast to Saccharomyces
cerevisiae (Kang et al., 2014).
Distinctively usual starch and sugar based feedstocks, hydrolysis product of
lignocellulosic biomass restrain considerable quantity of pentose sugars that are
arabinose and xylose, in addition to glucose, galactose and mannose.
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Unfortunately, neither S. cerevisiae and Z. mobilis, have the ability to ferment the
pentose sugars into ethanol proficiently. If hexose sugars ferment only from
lignocellulosic biomass, and pentose sugars left unfermented, feedstock
expenditure for bioethanol manufacture will be drastically high, and also the
unfermented pentose sugars will stay in distillage therefore increasing the resources
venture and energy expenditure in the management of the distillage. Either
engineering ethanol producers with pentose sugar metabolizing pathways or using
pentose utilizing microbes with ethanol manufacture pathways, could be
developed. To produce recombinants that can ferment both pentoses and hexoses
into ethanol (Zhao et al., 2012). Genetically engineered strains of Z. mobilis S.
cerevisiae, and Escherichia coli have been developed that have the ability for
fermentation of xylose (Kim et al., 2005).
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Chapter 3
MATERIALS AND METHODS
3.1. SAMPLE COLLECTION
3.1.1. Termites Collection
Wood feeding termites (Microtermes obesi) were collected from
decomposing trees (Acacia nilotica) from road side Islamabad.
3.1.2. Agricultural Substrates Collection
Various samples of agricultural substrates like corn stover, cotton stalk and
rice straw were collected from NARC (National Agriculture Research Center) at
the end of the harvesting season. The substrates were chopped, sun dried and
grounded. After grinding the substrates were passed through 20 and 40 mesh size
sieves (0.420mm and 0.841mm respectively) to get equal size substrate. Then the
substrates were stored in fine and dully labeled plastic bags and stored for further
use.
3.2. ISOLATION AND SCREENING OF CELLULOSE AND XYLAN
DEGRADING BACTERIA
3.2.1. Sample Preparation
Ten termites were taken in sterilized petriplates and placed in laminar flow
hood that was cleaned with 70% ethanol and then sterilized with UV light for 10
minutes. The termites were surface sterilized with 70% ethanol for 10 minutes to
remove all surface contaminations and then washed with sterilized distal water.
Each termite was cut into its body and head. The heads were removed and bodies
were taken for isolation of bacteria. The bodies were grounded with pre-sterilized
pestle and mortar and make suspension in Milli Q water.
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3.2.2. Isolation and Purification of Bacteria
The plates were prepared using nutrient agar media (Appendix 1) with 1%
carboxymethyl cellulose (CMC) and 1% xylan (Hemicellulose) separately and pH
was adjusted to 7 (Dheeran et al., 2012; Pourramezan et al., 2012). The suspension
was diluted and spread over the plates and the plates were incubated at 30 oC for 24
hours. Colonies appears after 24 hours were separately streaked on new plates.
Then they were purified by re-culturing again and again to get pure cultures.
3.2.3. Screening of Cellulose and Xylan Degrading Bacteria
Confirmation of cellulose and xylan degrading ability of bacterial isolates
was carried out by screening with congo red dye method. Two media were
prepared, one with CMC, was called as CMC nutrient media and other was xylan
nutrient media. They have following composition: beef extract 10g; peptone 10g;
NaCl 5g and agar 18g in 1 L distilled water and 0.2% CMC was added in CMC
nutrient media and 0.2% xylan was added in xylan nutrient agar media separately.
Before starting screening experiment the isolates were cultured over night in
nutrient broth. Then 5 µl of the overnight culture was placed on the plates with
screening media (CMC and xylan nutrient agar media). Each isolate was checked
on both media to find their cellulase and xylanse activity. After that the plates were
incubated at 30 oC for 48 hours (Dheeran et al., 2012).
After 48 hours the plates were flooded with 0.2% congo red solution made
in 5% ethanol for 20 minutes. Plates were washed with 1M NaCl for 2-3 times to
remove extra color of dye. Colonies showing clear zone were taken as cellulose
and xylan degrading bacterial colonies (Tokuda and Watanabe, 2007). Their
hydrolysis capacity was calculated by the ratio of diameter of clear zone and the
diameter of colony (Ariffin et al., 2006).
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3.3. MORPHOLOGICAL AND BIOCHEMICAL CHARACTERIZATION
OF BACTERIAL ISOLATES
Biochemical and morphological characterization of selected bacterial
isolates 9x, 11x, 10, 30 and 31 was performed that showed ability for degradation
of cellulose and xylan.
3.3.1. Morphological Characterization of Bacterial Isolates
3.3.1.1. Colony morphology
Different characteristics of colonies were studied which include colony
color, margin, elevation and form of colony of isolate 9x, 11x, 10, 30 and 31.
3.3.1.2. Gram staining of bacterial isolates
For staining of bacterial isolates Gram Staining kit for microscopy of
Sigma-Aldrich was used. By using the wire loop a part of colony was transferred
on the slide. A thin smear of bacterial colony was made on slide by using a drop of
distilled water. Mix the colony with water. The smear was fixed on slide by passing
slide through the flame for two to three times. After cooling the smear was covered
with crystal violet for 1 minute. Stain was washed with tap water. Then the slides
were covered with gram iodine for 1 minute. After washing iodine from the slide,
decolorizer was used for few second to remove extra stain. Immediately the slides
were washed with tap water, if decolorizer stay longer it bleach all the cells. After
drying the slides were studied under microscope.
3.3.2. Biochemical Characterization of Bacterial Isolates
Catalase, oxidase, TSI (Triple sugar iron), simon citrate and SIM (Sulfideindole motility medium) was performed for biochemical characterization.
3.3.2.1. Catalase test
The catalase enzyme is produced by bacteria that use oxygen for
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respiration. It protects bacteria from toxic by-products produced during oxygen
metabolism. Catalase-positive bacteria include strict aerobes as well as facultative
anaerobes.
For routine testing of catalase activity 3% hydrogen peroxide is used.
Microscope slide was placed inside the fume hood to avoid bacterial spread. Using
a sterile inoculating loop a small amount of bacterial colony from 18-24 hours old
was placed on slide. A drop of 3% H2O2 was placed on the slide with bacterial
colony. And results were observed for immediate bubble formation for catalase
positive (Reiner, 2010).
3.3.2.2. Oxidase test
The oxidase test is used to categorize bacteria that manufacture cytochrome
c oxidase. It is an enzyme of the bacterial electron transport chain and can use
oxygen as a terminal electron acceptor in respiration.
A small piece of filter paper was socked in 1% Kovacs oxidase reagent.
Bacterial colony was picked with a loop and rubbed on filter paper. Change in
color was observed. When purple color appear within 5-10 seconds the organism is
oxidase positive (Shields and Cathcart, 2010).
3.3.2.3. Triple sugar iron agar (TSI)
Triple sugar iron agar is a medium utilize carbohydrates to determine H2S
production and sugar fermentation. The composition of medium was (g/L) peptone;
20, beef extract; 3, yeast extract; 3, glucose; 1, lactose; 10, sucrose; 10, ferrous
sulfate; 0.2, phenol red; 0.024, NaCl; 5 and sodium thiosulphate; 0.3 in per liter of
distilled water. pH was adjusted to 7 and medium was boiled and dispensed in test
tubes. After autoclave the tubes were cool down in slant position.

Well isolated
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colony was picked with inoculating needle. The test tube was stabbed with needle
to the end and after withdrawal the slant was streaked with needle. Results were
observed after 24 hours (Lehman, 2005).
3.3.2.4. Simon citrate test
This test is used to screen bacterial isolates for their ability to consume
citrate as carbon source. A positive analytical test tells about the formation of
alkaline products of citrate metabolism. Medium contains (g/l) MgSO4; 0.2,
Ammonium dihydrogen phosphate; 1, dipotasium phosphate; 1, sodium citrate; 2,
NaCl; 5 and agar; 15 in per liter of distilled water. . pH was adjusted to 7 and
medium was boiled and dispensed in test tubes. After autoclave the tubes were cool
down in slant position. Well isolated colony was picked with inoculating needle.
The test tube was lightly streaked on the surface of slant with needle. Results were
observed after 18-48 hours (Williams, 2009).
3.3.2.5. Sulfide indole motility medium (SIM)
Sulfide indole motility medium is a semisolid agar used to find out indole
formation, hydrogen sulfide production and motility of bacteria. Medium
composition was (g/l): peptone; 30, beef extract; 3, ferrous ammonium sulfate; 0.2
sodium thiosulfate; .025 and agar; 3 in per liter of distilled water. The medium in
test tubes was stabbed with freshly cultured bacteria by using inoculating needle.
After 24 hours the results were observed. Then kovac’s reagent was added to
determine indole formation (ASM, 2011).
3.4. MOLECULAR CHARACTERIZATION OF BACTERIAL ISOLATES
There were 53 bacterial isolates were isolated from termite gut and these
were characterized by 16S rRNA gene sequencing.
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3.4.1. Ploymerase Chain Reaction (PCR)
Bacterial isolates were cultured on nutrient agar medium 30 oC for 24hours.
The cultures were directly used for the PCR amplification of bacterial 16S rRNA
gene (Matteotti et al., 2011). Identification was performed by amplifying full
length (1.5 kb) 16S rRNA fragment by using universal 16S rRNA gene primers
27F(5’-AGAGTTTGATCCTGGCTCA-3’)

and

1492R(5’-

ACGGCTACCTTGTTACGACTT-3’). The composition of PCR reaction (50 µl)
was: 45 µl of PCR super mix, 1 µl of each primer, 3 µl of nano-pure water and a
little portion of colony as template. The thermo cycling conditions were: Lid
temperature was 105 oC and first reaction starts at 94 oC for 5 min, followed by 30
cycles of 94 oC for 30 sec, 53 oC for 45 sec and 72 oC for 90 sec, after that 72 oC
for 7 min and hold at 4 oC. A negative control was set without colony to check
nonspecific amplification.
3.4.2. PCR Products Visualization by Agrose Gel
PCR products were visualized by agrose gel electrophoresis. 1% agrose gel
was made in 1x TAE (Tris acetate EDTA) buffer (Appendix 2). 10 µl of ethidium
bromide (1mg/ml) was added in 100ml of 1% gel. After polymerization the gel was
loaded with 1 kb ladder, PCR products of samples and negative control. The gel
was run for about 30 minutes in gel tank with TAE buffer. Gel was visualized
under UV light after the run.
3.4.3. PCR Product Purification
PCR products were purified by using ethanol precipitation method from Zumbo
(2014) with some modification. Half volume of 5M NH4C2H3O2 (ammonium acetate)
was added to PCR product. Then 2-3 volume of 100% cold ethanol was added. The
sample was stored overnight at -20 oC. The sample was centrifuged at 4 oC for 30 min at
full speed (14000 rpm). The supernatant was removed and the pellet was washed with
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1ml 70% cold ethanol. Again the sample was centrifuged at 4 oC for 30 min at full speed.
The supernatant was removed and the pellet was dried. The pellet was re-suspended in 25
µl elution buffer (10mM Tris/ EDTA- pH 8.5). DNA concentration was checked by using
Qubit® dsDNA BR Assay Kit.
3.4.4. Sequencing of 16S rRNA Fragment of Bacterial Isolates
Purified DNA (PCR products) was send to “Keck Center for Comparative
and Functional Genomics” University of Illinois at Urbana-Champaign, USA.
3.4.5. Phylogenetic Analysis of Isolates
After sequencing consensus sequences were made using Geneious R8
bioinformatic tool. The similarity searches for sequences were carried out using the
BLAST N program of the National Center of Biotechnology Information (NCBI)
(http://blast.ncbi.nlm.nih.gov/Blast.cgi). The sequences were aligned by CLUSTW
with their closest homolog. MEGA6.06 was used for construction of phylogenetic
trees by applying neighbor joining method with 1000 bootstrap values. The
sequences were also submitted to NCBI.
3.5. CHARACTERIZATION OF CRUDE CELLULASE AND XYLANASE
3.5.1 Enzyme Production
The bacterial isolates were pre-cultured overnight in nutrient broth medium
(in g/L: beef extract 10, peptone 10, NaCl 5) at 30 oC and 180 rpm. Subsequently,
1% of the culture was inoculated into enzyme production media. For enzymes
production two media were made one with 1% CMC (1 a media) as substrate and
other with 1% xylan (1 b media). Other composition was same for both media
which was: beef extract 10g; peptone 10g; NaCl 5g in 1 L distilled water (Bashir et
al., 2013) (Dheeran et al., 2012). After inoculation the media were cultured at 30
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o

C at 180 rpm for 48 hours and pH was adjusted to 6.8–7.2. Cultures were

centrifuged at 6000 rpm for 20 min at 4 oC after enzymes production. Supernatant
was used as source of crude enzyme.
3.5.2. Enzyme Activity Assays
The Enzyme activities of endoglucanase, exoglucanase and xylanase were
studied by using carboxymethyl cellulose (CMC), avicel and xylan as substrates
respectively. CMC and avicel were used to check cellulase activity and xylan was
used for xylanase activity. One % of avicel, CMC and xylan substrates were made
in 200mM of sodium citrate (pH 5.0), and glycine-NaOH (pH 9.0) buffer
separately but 0.025 mM sodium phosphate (pH 6.0, 7.0 and 8.0) was used
(Rastogi et al., 2009). Because high concentration of sodium phosphate buffer is
toxic for reaction. The enzyme activities were tested at 5.0, 6.0, 7.0, 8.0 and 9.0 pH
and at different temperatures 30, 40, 50 and 60 oC.
The enzymatic assays were conducted in 0.2 ml reaction volume having 0.1
ml of crude enzyme and 0.1 ml of the substrate made in buffer. Substrates in buffer
without addition of enzyme were set as control. The reaction mixture was placed in
incubator at different temperatures such as 30, 40, 50 and 60 oC. Reaction time was
60 minutes for CMC and avicel substrates because cellulose substrates are difficult
to hydrolyze as compared to hemicelluloses substrate, and 30 min for xylan
substrate. Sugar content were determined by using p-Hydroxybenzoic Acid
Hydrazide (PAHBAH) method discussed in section 3.9. under the heading of sugar
content determination.
3.5.3. Enzyme activity
One unit (U) of enzyme activity was defined as the amount of enzyme that
released 1µmol of reducing sugars per minute during the reaction (Pourramezan et
al., 2012).
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Units/ml of enzyme = (µmol of reducing sugar) (V of assay)/ (Time of assay) (V of
enzyme) (V used for reducing sugar determination)
3.6. PRETREATMENT OF AGRICULTURAL SUBSTRATES
3.6.1. Chemical Pretreatments
For chemical pretreatment two chemicals were used, acid and alkali. H2SO4
was used as acid and NaOH was used as alkali. Different concentrations of H2SO4
and NaOH were used that were 1, 2 and 3%. The agricultural substrates were taken
as 5% (w/v) and pretreated with different concentration of H2SO4 and NaOH at 121
o

C for 20 min.
After

pretreatment

sugar

content

was

determined

by

using

p-

Hydroxybenzoic Acid Hydrazide (PAHBAH) method (Moretti and Thorson, 2008).
Standard curve was made by using 1mM- 25mM concentration of xylose. Then by
comparison with standards sugar concentrations sugar content of the pretreated
substrates was determined. A regression equation was drawn from the standards to
find the concentrations of pretreated samples.
3.6.2. Biological Pretreatment
Biological pretreatment was performed by using xylanase enzyme isolated
from isolate 9x, 10 and 31 which were isolated and characterized for xylanse
activity, from the termite gut.
3.6.2.1. Xylanase production
The bacterial isolates were pre-cultured overnight in nutrient broth medium
(in g/L: beef extract 10, peptone 10, NaCl 5) at 30 oC and 180 rpm. Subsequently,
1% of the culture was inoculated into enzyme production media. For xylanase
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production medium 1% xylan was added to nutrient broth media which was: beef
extract 10g; peptone 10g; NaCl 5g in 1 L distilled water (Dheeran et al., 2012).
After inoculation the medium was cultured at 30 oC at 180 rpm for 48 hours and
pH was adjusted to 6.8–7.2. After 48 hours cultures were centrifuged at 6000 rpm
for 20 min at 4 oC. Supernatant was used as source of crude enzyme.
3.6.2.2. Xylanase activity by using agricultural substrates
Corn stover, cotton stalk and rice straw were used as 5% dry weight (w/v)
and autoclaved to remove any contaminants. Then crude xylanase enzyme from
isolate 9x, 10 and 31 was added to substrates. The ratio of xylanase to substrates
was 1:1. Reaction mixture was placed at 50 oC for 72 hours. Substrates treated with
distilled water were used as control without addition of enzyme.
After

pretreatment

sugar

content

was

determined

by

using

p-

Hydroxybenzoic Acid Hydrazide (PAHBAH) method (Moretti and Thorson, 2008).
Standard curve was made by using 1mM- 25mM concentration of xylose. Then by
comparison with standards sugar concentrations, sugar content of the pretreated
substrates was determined.
3.7. SCCHARIFICATION OF AGRICULTURAL SUBSTRATES USING
ENZYMES FROM ISOLATES OF TERMITE GUT
Enzymes from isolate 9x, 10 and 31 were used for the sccharification of
corn stover, cotton stalk and rice straw.
3.7.1. Cellulase and Xylanase Production
The bacterial isolates were pre-cultured overnight in nutrient broth medium
(in g/L: beef extract 10, peptone 10, NaCl 5) at 30 oC and 180 rpm. Subsequently,
1% of the culture was inoculated into enzyme production media. For enzymes
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production two media were made one with 1% CMC (1 a media) as substrate for
cellulase and other with 1% xylan (1 b media) as substrate for xylanase. Other
composition was same for both media which was: beef extract 10g; peptone 10g;
NaCl 5g in 1 L distilled water (Bashir et al., 2013; Dheeran et al., 2012). After
inoculation the media were cultured at 30 oC at 180 rpm for 48 hours and pH was
adjusted to 6.8–7.2. Cultures were centrifuged at 6000 rpm for 20 min at 4 oC after
cellulase and xylanase production. Supernatant was used as source of crude
enzymes (cellulase and xylanase).
3.7.2. Sccharification of Corn Stover, Cotton Stalk and Rice Straw
Corn stover, cotton stalk and rice straw were taken 5% dry weight (w/v)
and autoclaved to remove any contaminants. Then crude cellulase and xylanase
enzymes from isolate 9x, 10 and 31 were added to preautoclaved agricultural
substrates. The ratio of enzymes to substrates was 1:1. Reaction mixture was
placed at 50 oC for 72 hours. Cellulase and xylanase form isolate 9x, 10 and 31
were added separately to substrates to find individual activity of enzymes.
Cellulase and xylanase of each isolate was also mixed in 1:1 ratio and tested in a
combination to find the effect on agricultural substrates. Substrates (corn stover,
cotton stalk and rice straw) treated with distilled water were used as control.
After sccharification of substrates, sugar content was determined by using
p-Hydroxybenzoic Acid Hydrazide (PAHBAH) method described by Moretti and
Thorson (2008).
3.8. ISOLATION AND ANALYSIS OF END PRODUCT
The agricultural substrates (Corn stover, cotton stalk and rice straw) were
directly treated with bacterial isolates 9x, 10 and 31 for sccharification and
fermentation without any chemical treatment.
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3.8.1. Simultaneous Sccharification and Fermentation
Corn stover, cotton stalk and rice straw were used 5% dry weight (w/v) and
supplemented with (in g/L of H2O: KH2PO4 1.5, MgSO4 0.3, NaCl 0.01, CaCl2 0.1,
FeSO4.7H2O 0.005, NH4Cl 0.3 and yeast extract 0.05). Substrates prepared in
above media were autoclaved for 20 minutes at 121 oC to remove any contaminants
(Rastogi et al., 2009).
The bacterial isolates were pre-cultured overnight in nutrient broth medium
(g/L: beef extract 10, peptone 10, NaCl 5) at 30 oC and 180 rpm. Autoclaved corn
stover, cotton stalk and rice straw were inoculated with 1% of cultured isolates and
incubate them at 30 oC for 7 days at 100rpm at microaerophilic conditions. The
vibility of bacterial isolates were checked by using Bradford method that is
discussed in section 3.9. under heading protein estimation.
3.8.2. Isolation of End Products
The fermentative medium from corn stover and rice straw was centrifuged
at 14000 rpm for 20 min at 4 oC to remove the remaining substrates and dead
bacterial cells. The supernatant was collected and filtered through 0.22 µm
membranes to remove any contaminant left and filtrate was stored at -20 oC for
HPLC analysis. End products from cotton stalk were not analyzed because protein
results showed that there was no growth of bacterial isolates.

HPLC was

performed under the conditions discussed in section 3.9.3.
3.9. CHEMICAL ANALYSIS
3.9.1. Sugar content determination
Sugar content was determined by using p-Hydroxybenzoic Acid Hydrazide
(PAHBAH) method (Moretti and Thorson, 2008). 100mM sodium citrate and 0.6
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M NaOH was made and stored at 4 oC. To determine sugar content 10 mg of phydroxyl benzahydride was added to 10 ml of above solution this solution should
be make fresh. The working reagent should be stored at ice. Then 150 µl of the
working solution and 50 µl of the sample were mixed in 96-well microplates.
Boiled for 10 min and brought to room temperature. Absorbance was measured at
410 nm. Standard curve was made by using 1mM- 20mM concentration of glucose
in case of CMC and avicel and xylose standard were used for xylose, which were
1mM-25mM. And from this curve sugar concentration was determined.
3.9.2 Protein Estimation
The viability of cell was determined by protein estimation on daily basis
using Bradford method with some modifications (Zuo and Lundahl, 2000).
Standard used for protein estimation was BSA (Bovine serum albumin) of
Sigma-Aldrich. Different concentrations of standard were made for making
standard curve which were 5µg/ml to 125µg/ml. Two blanks were set that include
water instead of standard solution and the other was protein preparation buffer
only. Then 20 µl of each sample, standard and blank was mixed with 180 µl of
Bradford reagent (Appendix 3). The solution was incubated at room temperature
for 5 minutes. And absorbance was checked at 595 nm. Concentrations of protein
in samples were calculated by standard curve that was made from the
concentrations of the standard.
3.9.3. High Performance Liquid Chromatography (HPLC)
The cell free filtrate was injected into HPX 87H column with a refractive
index detector. Mobile phase used was 5mM sulfuric acid with a flow rate of 0.4
ml/min at 25 oC.
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Acetate, ethanol, formate and lactate were tested as end products to find the
efficiency of the isolates for secondary metabolites production. Peak area and peak
time was measured for standards to make standard curve. Then samples were
compared with standards to find the concentration of end products.
3.10. STATISTICAL ANALYSIS
All the experiments were performed in triplicates to acquire precision in
results. The results for chemical, biological pretreatment and end product analysis
were analyzed by Analysis of Variance (ANOVA) for factor factorial design using
MSTAT-C software. Also standard deviation and standard error were find out for
the results related to pretreatment and end products, and mentioned in figures as
bars and tables respectively.
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Chapter 4
RESULTS AND DICUSSION
4.1. ISOLATION AND SCREENING OF CELLULOSE AND XYLAN
DEGRADING BACTERIA
4.1.1. Isolation and Purification of Bacteria
In this study aerobic and facultative anaerobic cellulolytic and xylanolytic
bacteria from termite gut were investigated. It was considered that the termite gut
has anaerobic environment (Brune et al., 1995) where aerobic and anaerobic
bacteria were also studied by Wenzel et al. (2002) from termite gut. Termites were
collected from decomposing trees from Islamabad region (Fig. 4. 1). A total of 53
bacteria were isolated from termite gut. These were cultured on nutrient agar
medium with CMC and xylan as carbon source. Bacterial colonies were streaked
again and again on different plates to get pure cultures (Fig. 4. 2 and 4. 3).
4.1.2. Screening of Cellulose and Xylan Degrading Bacteria
To verify the degree of cellulose and hemicelluloses degradation ability
CMC and xylan were selected as substrates respectively for congo red screening of
bacterial isolates. Congo red screening is a rapid and sensitive screening method
for cellulolytic bacteria because it has a strong noncovalent affinity for cellulose
fibers (Yoon et al., 2007). The bacterial isolates which produced clear zone around
colony on CMC and xylan nutrient media were considered as positive for cellulose
and xylan degradation. B. subtilus was taken as positive control and E. coli was as
negative control. Out of 53 isolates 5 showed degradation ability for both substrates
(Fig. 4.4). The hydrolyzed clear zone diameters to colony diameter ratios are listed
37
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in table 4.1. Isolates 9x, 10 and 31 were selected for further study for enzyme
activities for quantitative assays. Because the screening results show that these
isolates have high ability to degrade CMC and xylan as compared to others that are
isolate 11x and isolate 30. For isolate 9x, 10 and 31 the clear zone diameter to
colony diameter for CMC was 3.3, 2.74 and 2 mm respectively showing that isolate
9x has high ability to degrade CMC as compared to isolate 10 and 31 (Table 4.1).
Mostly CMC is used as substrate for the endoglucanase activity for cellulase
enzyme but these enzymes cannot completely hydrolyze cellulose. CMC is more
soluble substrate as compared to amorphous cellulose (Zhang and Lynd, 2004).
That means isolate 9x has high endoglucanase activity as compared to isolate 11x,
10, 30 and 31.
In case of xylan clear zone diameter to colony diameter of isolates 9x, 10
and 31 is 4.12 mm for both isolate 9x and 10 and 3mm for isolate 31 (Table 4.1).
All the isolates show high specificity for xylan as compared to CMC that mean
they have high activity of xylanase in comparsion with cellulase activity
(endoglucanase activity). So it was determined from the results for screening that
isolate 9x has high endoglucanase and xylanase activity when compared to isolate
10 and 31.
4.2. MORPHOLOGICAL AND BIOCHEMICAL CHARACTERIZATION
OF BACTERIAL ISOLATES
Biochemical and morphological characterization of selected bacterial
isolates 9x, 11x, 10, 30 and 31 was performed which show ability of cellulose and
xylan degradation. For morphological characterization the colony morphology was
studied. For biochemical characterization different biochemical tests were
performed.
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Figure 4.1: Termites’ worker and soldiers

Figure 4.2: Isolated colonies of bacteria from termite gut
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Figure 4.3: Purification of isolated bacterial colonies
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Figure 4.4: From left-right: Isolate 9x, Isolate 11x, Isolate 10, Isolate 30, Isolate 31, B. subtilius (+), E.coli (-)
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Table 4.1: D/d: Hydrolyzed zone diameter/colony diameter on agar media
containing CMC or xylan as sole carbon source
Average
Bacterial Isolates
CMC D/d (mm)

Xylan D/d (mm)

Isolate 9x

3.3

4.12

Isolate 11x

1.39

1.24

Isolate 10

2.74

4.12

Isolate 30

1.15

1.2

Isolate 31

2

3

Table 4.2: Colony morphology of cellulolytic and xylanolytic bacteria
Isolates

Morphology of colony
Color

Form

Margin

Elevation

Isolate 9x

White

Irregular

Undulate

Convex

Isolate 11x

Foggy white

Circular

Entire

Flat

Isolate 10

White

Filamentous

Filamentous

Raised

Isolate 30

Foggy white

Circular

Entire

Convex

Isolate 31

Pale yellow

Punctiform

Entire

Raised
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4.2.1. Morphological Characterization of Bacterial Isolates
4.2.1.1. Colony morphology
Different characteristics of colony were studied which include colony color,
margin, elevation and form of colony for isolates 9x, 11x, 10, 30 and 31 which are
shown in table 4.2 and also their cultures on nutrient agar plate are shown in Figure
4.5. Show that visibly the color and shape of the colonies is totally different from
one another.
4.2.1.2. Gram staining of bacterial isolates
Gram staining is a frequently used technique to divide the bacteria into two
large groups based on the different constituent of their cell wall (Bergey et al.,
1994). All bacterial isolates 9x, 11x, 10, 30 and 31 were found to be gram positive
(Fig: 4.6) and it was observed that all the isolates were rod shaped. Thick layer of
peptidoglycan (50-90 % of cell wall) is present in gram positive bacteria whereas a
thin layer of peptidoglycan of about 10% of cell wall is present in gram negative
bacteria is present. Despite of thick layer of peptidoglycan gram-positive bacteria
are more accessible to antibiotics due to lack of outer membrane. (Bergey et al.,
1994).
4.2.2. Biochemical Characterization of Bacterial Isolates
A number of biochemical tests are performed for characterization of
bacteria. For this study catalase, oxidase, TSI (Triple sugar iron), simon citrate and
SIM (Sulfide- indole motility medium) tests were performed for biochemical
characterization of isolates 9x, 11x, 10, 30 and 31 to get a closer view for the
biochemical characters of the isolates.
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a

b

c

d

e

Figure 4.5: Bacterial cultures (a) Isolate 9x (b) Isolate 11x (c) Isolate 10, (d)
Isolate 30, (e) Isolate 31
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a

b

c

d

e

Figure 4.6: Gram staining of bacterial isolates, (a) Isolate 9x (b) Isolate 11x (c)
Isolate 10 (d) Isolate 30 (e) Isolate 31
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4.2.2.1. Catalase test
It was observed that the bacterial isolate 9x, 11x, 10, 30 and 31 all were
catalase positive (Table 4.3). Basically catalase test is used to differentiate between
aerobes, facultative anaerobes and obligate anaerobes. Because the obligate
anaerobes generally catalase negative (Mahon et al., 2011). So the results show that
these isolates are aerobes or facultative anaerobes because all the isolates were
found to be catalase positive.
4.2.2.2. Oxidase test
It was determined that isolate 9x, 10 and 31 were found to be oxidase
negative and isolate 11x and 30 were oxidase positive (Table 4.3). This test is used
to classify bacteria that produce cytochrome c oxidase. It is an enzyme of the
bacterial electron transport chain that can use oxygen as a terminal electron
acceptor in respiration (Acharya, 2012). Results show that isolates 9x, 10 and 31 do
not produce cytochrome c oxidase.
4.2.2.3. Triple sugar iron agar (TSI)
It was determined that isolate 9x, 11x, 10, 30 and 31 do not produce H2S
and any type of gas during this test. It was observed that isolate 9x and 11x can
ferment glucose only but not sucrose and lactose (Table, 4.3 and Fig. 4.7). Because
the tube reaction was alkaline/acidic which suggest that just glucose was
metabolized not sucrose and lactose. And isolate 10, 30 and 31 can metabolized
glucose, lactose and sucrose (Table, 4.3 and Fig. 4.7). Because there was acidic
butt and acidic slant was observed which signifies that all the three sugars were
metabolized (Lehman, 2005).
4.2.2.4. Simon citrate test
It was determined that isolate 10, 30 and 31 use citrate as sole carbon
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source while isolate 9x and 11x do not utilize citrate (Table 4.3 and Fig. 4.8) This
test is used to screen bacterial isolates for their ability to consume citrate as carbon
source whereas ammonium salt (NH4H2PO4) is the solitary nitrogen source
(Williams, 2009).
4.2.2.5. Sulfide indole motility medium (SIM)
Sulfide indole motility medium is a semisolid agar used to find out indole
formation, hydrogen sulfide production and motility of bacteria. All the bacterial
isolates were found to be motile but there was no production of hydrogen sulfide
and indole formation was observed (Table 4.3 and Fig. 4.9). All the tubes
inoculated with bacterial isolates were compared with uninoculated tube to
differentiate a slight uncertainty and motility.
4.3. MOLECULAR CHARACTERIZATION OF BACTERIAL ISOLATES
All the bacterial isolates (53) were characterized by 16S rRNA gene
sequencing.
4.3.1. Ploymerase Chain Reaction (PCR)
By using the universal primers the full length 16S rRNA gene was
amplified by polymerase chain reaction of the 53 isolates. Fig. 4.10 shows that the
gene was 1.5 kb and compared to 1 kb ladder. After that the amplified DNA was
purified by ethanol precipitation method and quantified by QBIT kit. For
sequencing the required DNA concentration was 50µg/ml and this was met by
colony PCR method.
4.3.2. Sequencing and Phylogenetic Analysis of Isolates
The sequence data was investigated in BLASTN for similarity search then it
revealed that the 53 isolates belong to 14 different bacterial genera. And include
Arthrobactor, Cellulomonas, Micrococcus and Streptomyces which belong to
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phylum

actinobacteria.

Bacillus,

Exiguobacterium,

Planomicrobium

and

Sporosarcina these belong to phylum firmicutes. Acinetobacter, citrobacter,
Enterobacter, Pseudomonas, Serratia and Trabulsiella belong to phylum
proteobacteria. Matteotti et al. (2011) reported 11 different isolates which belong to
Bacillus, Enterobactor, Lactococcus and Pilibacter that are isolated from
Reticulitermes santonensis a lower termite.All the isolates show more than 90%
sequence similarity to the respective genera. Appendix 4 shows the accession no.
of the 53 bacterial isolates and their similarity with the other bacterial isolate come
as a result by performing BLASTN. The sequence data of 53 isolates was also
submitted to NCBI. And the isolates were allotted with accession numbers that are
also mentioned in appendix 4. Wenzel et al., 2002 isolated 119 from Zootermopsis
angusticollis and by 16 S rRNA analyses they were placed in 23 different genera.
The phylogenetic tree of cellulose and xylan degrading bacteria was made.
Figure 4.11 and 4.12 shows that all cellulose and xylan degrading bacteria belongs
to two bacterial genera that are Bacillus and Cellulomonas. Out of 5 cellulolytic
and xylanolytic bacterial isolates 4 belong to Bacillus, that are isolate 9x, 11x, 10
and 30. Isolate 31 belong to genera Cellulomonas. Figure 4.11 shows that the
isolate 9x, 11x, 10 and 31 belongs to Bacillus genera but they do not belong to
same species. Isolate 9x is more close to B. safensis and isolate 10 is more close to
B. sonorensis. Isolate 11x and 30 lie between B. anthracis and B. thuringiensis.
Phylogenetic tree from figure 4.12 shows that isolate 31 is closely related to
Cellulomonas denvernsis. It was focused here on termite gut, with a vision to find
bacterial enzymes concerned in cellulose and hemicelluloses hydrolysis and to gain
insights into the part bacteria might play for this process inside this biologically
miscellaneous ecological niche (Zhang et al., 2009).
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Table 4.3: Biochemical characterization of bacterial isolates
Tests

Isolate 9x

Isolate 11x

Isolate 10

Isolate 30

Isolate 31

Gram stain

+

+

+

+

+

Shape

Rod

Rod

Rod

Rod

Rod

Motility

+

+

+

+

+

Indole

_

_

_

_

_

Oxidase

_

+

_

+

_

Catalase

+

+

+

+

+

Citrate
utilization
TSI

_

_

+

+

+

Alk/Acid

Alk/Acid

Acid/Acid

Acid/Acid

Acid/Acid

H2S production

_

_

_

_

_

Gas production

_

_

_

_

_
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Figure 4.7: TSI test (a)Negative Control (b) Isolate 9x, (c) Isolate 11x, (d)
Isolate 10 (e) Isolate 30, (f) Isolate 31
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Figure 4.8: Citrate utilization (a) Negative Control (b) Isolate 9x (c) Isolate
11x (d) Isolate 10 (e) Isolate 30 (f) Isolate 31
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f

Figure 4.9: SIM test (a) Negative Control (b) Isolate 9x (c) Isolate 11x
(d) Isolate 10 (e) Isolate 30 (f) Isolate 31
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1.5 kb

Figure 4.10: PCR amplification of 16S rRNA gene. Ladder 1 kb (L);
samples (1-12)
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Figure 4.11: Phylogenetic tree for the cellulolytic and xylanolytic bacterial isolates
from termite gut
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Figure 4.12: Phylogenetic tree for the cellulolytic and xylanolytic bacterial isolates
from termite gut
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4.4. CHARACTERIZATION OF CRUDE CELLULASE AND XYLANASE
4.4.1. Temperature Optimization of Crude Cellulase
The cellulase enzymes produced were first optimized at different
temperatures at pH 7. CMC was used as substrate for production of cellulases. And
the enzyme produced was checked for endoglucanase activity using CMC as
substrates respectively (Zhang and Lynd, 2004).
It was determined that isolates 9x, 10 and 31show higher cellulase activity
at 40 oC when avicel was used as substrate that is used to determine exoglucanase
activity. Isolate 10 shows highest enzyme activity as compared to isolates 9x and
31(Fig. 4.13). Enzyme activity at 40 oC was 2.6863 +0.0283, 3.7486 +0.0309 and
2.6253 +0.1149 U/ml for isolates 9x, 10 and 31 respectively (Table 4.4). Which
means that isolate 10 has high exoglucanase activity as compared to isolates 9x and
31that have less exoglucanase activity.
Figure 4.14 shows results for temperature optimization of enzyme activity
of bacterial isolates 9x, 10 and 31 when using CMC as substrate. All the isolates
show high enzyme activity at 50 oC. According to Rastogi (2009) the mesophillic
Brevibacillus sp. has 55 oC optimum temperatures. Whereas isolate 10 shows
highest cellulase activity which was 5.4121+0.1541 U/ml related to enzyme
activity of isolate 9x and 31 which were 3.3068 +0.1245 and 3.2798 +0.0562
respectively (Table 4.4). During enzyme reaction it was observed that isolate 10
has high cellulase activity for CMC and avicel as substrates. According to Nagger
et al. (2011) and Enein et al. (2010) bacteria isolated from soil also have
temperature optima as 50- 55 oC that is same which relate with results when
carboxymethyl cellulose was used as substrate.
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Figure 4.13: Temperature optimization of enzyme activity (U/ml) for isolates 9x,
10 and 31 using Avicel as substrate
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Figure 4.14: Temperature optimization of enzyme activity for isolates 9x, 10 and
31 using CMC as substrate
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Table 4.4: Enzyme (cellulase) activity (U/ml) of isolates 9x, 10 and 31 at different
temperature using avicel and CMC as substrates
Bacterial
Isolates

Substrates
Avicel
30 oC

40 oC

50 oC

CMC
60 oC

30 oC

40 oC

50 oC

60 oC

Isolate
9x

2.59
+0.06

2.68
+0.02

2.57
+0.02

1.70
+0.30

2.95
+0.09

3.25
+0.04

3.30
+0.12

1.59
+0.30

Isolate
10

3.61
+0.02

3.74
+0.03

3.67
+0.04

2.46
+0.24

2.81
+0.05

5.02
+0.05

5.41
+0.15

2.38
+0.17

Isolate
31

2.36
+0.02

2.62
+0.11

2.40
+0.01

2.16
+0.03

3.09
+0.05

2.91
+0.03

3.27
+0.05

2.18
+0.05

Control

0.77
+0.03

0.70
+0.01

0.68
+0.01

0.84
+0.13

0.79
+0.04

0.89
+0.05

0.81
+0.03

0.90
+0.03

Values are expressed as mean + S.E
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Data from above results for the avicel and CMC substrates show that
highest enzyme activity was of isolate 10. It means that isolate 10 which was
identified as a bacillus has high exoglucanase and endoglucanase activity at 40 and
50 oC respectively. Pourramezan et al. (2012) also found that cellulase enzyme was
thoroughly stable at 40 and 50 oC. All the isolates have higher activity with CMC
as compared to enzyme activity when using avicel as substrate. This is because
CMC is a soluble form of cellulose which can be efficiently hydrolyzed the
cellulase enzymes and avicel is microcrystalline cellulose which cannot be easily
degradable (Rastogi et al., 2009). It was observed from the results of ANOVA
show that different temperatures have significant effect on the activity of enzyme
when using different substrates (Appendix 5).
4.4.2. pH Optimization of Crude Cellulases
The cellulase enzymes produced were first optimized at different
temperatures and found that at 40 and 50 oC all isolates show high activity when
avicel and CMC was used as substrates at pH 7. For pH optimization the enzyme
activity of isolates was determined at 5, 6, 7, 8 and 9 pH.
Isolate 9x, 10 and 31show higher enzyme activity at 7 pH when using
avicel as substrate (Fig. 4.15). It was observed that isolate 10 shows highest
enzyme activity (3.7486 +0.0309 U/ml) as compared to isolate 9x and 31 that was
2.6863 +0.0283 and 2.6253 +0.1149 U/ml respectively (Table 4.5). Which means
that isolate 10 has high exoglucanase activity at pH 7 as compared to isolate 9x and
31. The results follow the same pattern when temperature was optimized during
which isolate 10 shows high cellulase activity than other isolates.
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Figure 4.16 shows results for pH optimization of bacterial isolates 9x, 10 and 31
when using CMC as substrate for endoglucnase activity. It was determined that
highest enzyme activity was at pH 8 for all isolates. Isolate 10 shows highest
enzyme activity (5.6719 +0.2260) related to activity of isolate 9x and 31 (3.4962
+0.1657 and 3.2798 +0.0562 respectively) (Table 4.5).
All the isolates have higher activity with CMC and low activity with avicel
as substrate. When avicel and CMC were used as substrates it was determined that
enzyme works best at pH 7 and 8 respectively. Yin et al. (2010) purified cellulase
from Bacillus subtilis and had optimum activity at pH 6.0. The isolate 10 shows
highest enzyme activity among other isolates when CMC and avicel were used as
substrates. Highest cellulase activity of bacteria at pH lower than 6.0 was rarely
observed and highest activities of Paenibacillus curdlanolyticus and Bacillus
mycoides were observed at neutral or alkaline pH (Pason et al., 2006;
Balasubramanian et al., 2012). pH have significant effect on the activity of enzyme
of isolates 9x, 10 and 31 (Appendix 6).
4.4.3. Temperature Optimization of Crude Xylanase
Xylanase enzyme produced from isolate 9x, 10 and 31 was first optimized
at different temperatures at pH 7. Xylan was used as substrate for production of
xylanase.
Xylanase activity of isolate 9x, 10 and 31 was determined at 30, 40, 50, 60
and 70 oC. All the bacterial isolates have high enzyme activity at 50 oC (Fig. 4.17).
. Isolate 9x shows highest xylanase activity (270.37 +5.3208 U/ml) when compared
with isolate 10 and 31 that have 158.26 +1.9412 and 32.899 +0.1178 U/ml of
xylanase activity repectively (Table 4.6).
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Figure 4.15: pH optimization of enzyme activity for isolates 9x, 10 and 31 using
avicel as substrate
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Figure 4.16: pH optimization of enzymes activity for isolates 9x, 10 and 31 using
CMC as substrate
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Table 4.5: Enzyme activity (UI/ml) of isolates 9x, 10 and 31 at different pH using avicel and CMC as substrates
Bacterial
isolates

Substrates
Avicel
5 pH

Isolate 9x
Isolate 10
Isolate 31
Control

1.78
+0.07
2.5097
+0.2943
2.1365
+0.0698
0.7065
+0.0111

6 pH
2.65
+0.01
3.58
+0.03
2.34
+0.04
0.73
+0.02

7 Ph
2.68
+0.02
3.74
+0.03
2.62
+0.11
0.68
+0.01

Values are expressed as mean + S.E

CMC
8 pH

9 pH

2.65
+0.04
3.67
+0.0667
2.4677
+0.0356
0.7109
+0.0198

2.01
+0.09
2.5959
+0.2085
2.3016
+0.2639
0.6964
+0.0111

5 pH
2.19
+0.11
4.04
+0.05
3.06
+0.11
0.81
+0.03

6 pH
3.23
+0.06
5.41
+0.07
3.23
+0.07
0.74
+0.04

7 pH
3.30
+0.12
5.41
+0.15
3.27
+0.05
0.81
+0.03

8 pH
3.49
+0.16
5.67
+0.22
3.33
+0.07
0.83
+0.03

9 pH
3.07
+0.16
4.28
+0.33
3.15
+0.08
0.88
+0.02
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Figure 4.17: Temperature optimization of enzyme activity for isolates 9x, 10 and
31 using xylan as substrate
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Table 4.6: Enzyme activity (U/ml) of isolate 9x, 10 and 31 at different temperature
using xylan as substrate
Temperature (oC)

Bacterial
Isolates
30

40

50

60

Isolate 9x

130.32
+4.44

134.99
+1.39

270.37
+5.32

129.44
+5.38

Isolate 10

74.98
+1.57

79.77
+0.67

158.26
+1.94

87.2
+3.22

Isolate31

15.73
+0.22

16.17
+0.24

32.89
+0.11

21.76
+1.01

Control

4.09
+0.11

6.32
+0.23

8.43
+0.17

11.12
+0.41

Values are expressed as mean + S.E
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Kamble and Jadhav (2012) also determined that optimum temperature of
xylanase was 50 oC that was produced from a Bacillus sp. isolated from soil. The
results from ANOVA describe about significant effect of different temperatures on
enzyme activity (Appendix 5).
4.4.4. pH Optimization of Crude Xylanase
Figure 4.18 shows results for pH optimization of xylanase activity of
bacterial isolates 9x, 10 and 31. Xylanase activity was determined at pH 5, 6, 7, 8
and 9. Optimum pH for isolates 9x and 10 was 6 at which they showed maximum
xylanase activity and it was observed that isolate 31 showed maximum enzyme
activity at pH 7. It was determined that isolate 9x shows highest xylanase activity
that was 280.62 +0.6680 U/ml as compared to isolates 10 and 31 that have 158.37
+2.9687 and 32.899 +0.1178 U/ml of enzyme activity respectively (Table 4.7).
And minimum enzyme activity was observed at pH 9.
The enzyme xylanase was isolated and purified from Bacillus Cereus from
and it was observed that the optimum pH at which isolate showed highest activity
was 6.0 (Roy and Habib, 2009). Dheeran et al. (2012) reported that broad range of
xylanase pH is due to charged residues. ANOVA results shows that pH have
significant effect on the activity of enzyme of isolates 9x, 10 and 31 (Appendix 6).
Data for avicel, CMC and xylan substrates show that isolate 9x, 10 and 31
show high specificity for xylan substrate as compared to CMC and avicel. This
means that xylanase has high activity in comparison with cellulase. Because it is
hard to hydrolyze cellulose due to its crystalline structure and is a homopolymer of
glucose as compared to hemicelluloses that are heteropolymer of xylose and
arabinose (Cardona et al., 2009).
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Figure 4.18: pH optimization of enzyme activity for isolates 9x, 10 and 31 using
xylan as substrate
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Table 4.7: Enzyme activity (UI/ml) of isolates 9x, 10 and 31 at different pH using
xylan as substrate
Bacterial
Isolates

pH
5

6

7

8

9

Isolate 9x

247.09
+3.88

280.62
+0.66

270.37
+5.32

247.44
+6.79

226.94
+3.66

Isolate 10

139.60
+2.42

158.37
+2.96

158.26
+1.94

134.88
+8.20

119.54
+5.35

Isolate31

30.45
+0.42

32.67
+0.12

32.89
+0.11

33.58
+0.94

23.75
+2.84

Control

8.07
+0.27

8.23
+0.42

8.43
+0.17

7.56
+0.51

7.44
+0.68

Values are expressed as mean + S.E
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4.5. PRETREATMENT AGRICULTURAL OF SUBSTRATES
Agricultural substrates like corn stover, cotton stalk and rice straw were
used for chemical and biological pretreatments. Chemically the substrates were
pretreated with acid and base. H2SO4 was used as acid and NaOH was used as base.
Biologically they were pretreated with xylanase enzyme produced from isolate 9x,
10 and 31 which were isolated from termite gut.
4.5.1. Chemical Pretreatment of Agricultural Substrates
4.5.1.1. Chemical pretreatment of corn stover
Table 4.8 shows that maximum sugar content was released from corn stover
when acid was used for 2% concentration which is 15.738 +1.1214 mM/l. At acid
concentration 3% there was very minute amount of sugar was detected that is
4.2700 +0.8164 mM/l. it was observed that concentration of sugar released from
3% of acid was lower than sugar released from control that is 11.292 +0.3331
mM/l. It might be possible that the sugar released was converted to inhibitors
which are furfural and hydroxymethyl furfural (Mosier et al., 2005). Alkali
pretreatment shows high release of sugar content (13.827 +0.1428 mM/l) when
substrate was treated at 3% concentration and it was observed that it is not much
different from 1 and 2% of NaOH pretreatment (Fig. 4.19).
4.5.1.2. Chemical pretreatment of cotton stalk
In case of cotton stalk maximum release of sugar was seen when substrate
was pretreated with 1% H2SO4 (1.5331 +0.0475 mM/l). Same as with corn stover
the sugar released at 3% concentration of H2SO4 was very low 0.2887 +0.0235
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mM/l that is lower than content of sugar released from control. Sugar concentration
0.9787 +0.0118 mM/l was released when substrate was treated with 3% NaOH
(Table 4.8) (Fig.4.20). Silverstein et al. (2007) determined that increased
concentration of NaOH has significant reduction of lignin content. The content of
xylan ranged from 7.91% to 13.00% when concentration was changed from 0.5-1%
respectively when cotton stalk was used as substrate.
4.5.1.3. Chemical pretreatment of rice straw
Table 4.8 shows results when rice straw was pretreated with different
concentration of H2SO4. It was determined that maximum release of sugar was
18.056 +0.9575 mM/l at 1% H2SO4 concentration. Release of sugar at 3%
concentration was (3.4431 +0.1563 mM/l) that was very low, same as in case of
corn stover and cotton stalk. Maximum sugar released was 15.074 +0.0717 mM/l
when rice straw was treated with 1% NaOH (Fig. 4.21). Sugar released from rice
straw was highest from corn stover and cotton stalk. Rice straw has high
carbohydrate content (glucose, xylose, mannose etc) as compared to corn stover
(Karimi et al., 2006; Lee, 1997). It was observed that in all experiments sugar
content released from agricultural substrates was high when treated with H2SO4 as
compared to NaOH.
So it was concluded from the above results of chemical pretreatment that
H2SO4 pretreatment release more sugar concentration as compared to NaOH
pretreatment. Lowest release of sugar was seen in case of cotton stalk when it was
compared with other agricultural substrates. And it was also observed that when
substrates were treated with 3% H2SO4 the sugar concentration released was less as
compared to control that was water. So it might be possible that at high acid

72

concentration inhibitor were produced that decrease the sugar concentration in the
acid lysate of the substrates. The results of ANOVA show that chemicals and
agricultural substrates have significant effect on the release of sugar content
(Appendix 7).
4.5.2. Biological Pretreatment
When agricultural substrates were treated with xylanase produced from
isolates 9x, it was found that highest sugar yield was 25.836 +0.4722 mM/l when
corn stover was used as substrate. 22.732 +0.3541 mM/l and 18.903 +0.3756 mM/l
of sugar was released from xylanase of isolate 10 and 31 respectively when corn
stover was used as substrate. Yield of sugar was 11.543 +0.2416 mM/l, 10.595
+0.8922 mM/l and 6.7100 +0.0929 mM/l from cotton stalk when treated with
xylanase of isolates 9x, 10 and 31 respectively. Sugar content released from rice
straw by using xylanase from isolates 9x, 10 and 31 was 15.874 +0.2974, 14.294
+0.4275 and 9.7955 +0.2416 mM/l respectively (Table 4.9).
From above results it was observed that xylanase from isolate 9x shows
highest release of sugar contents when agricultural substrates were treated with the
enzyme. According to Bashir et al. (2013) report, the various bacteria produce a
specific enzyme in huge amount but not the other enzymes which are also
necessary for the complete hydrolysis of agricultural wastes while using rice straw
as substrate. Therefore it is needed to have efficient enzyme system or bacteria
from the sources which are capable to degrade wood. According to Zhao et al.
(2014) in comparision with physical and chemical pretreatments that are harsh and
expensive,

the

biological

pretreatment

employs

microbes

that

lignocellulosic biomass at gentle conditions without special requirements.

mortify
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Table 4.8: Chemical pretreatment for saccharification (mM/l) of corn stover, cotton
stalk and rice straw with different concentrations of H2SO4 and NaOH.
Substrates

Chemicals
H2SO4 concentration

NaOH concentration

Control

1%

2%

3%

1%

2%

3%

Corn
stover

15.57
+0.23

15.73
+1.12

4.27
+0.81

13.69
+0.46

13.65
+0.08

13.82
+0.14

11.29
+0.33

Cotton
stalk

1.53
+0.04

1.35
+0.05

0.28
+0.02

0.86
+0.06

0.87
+0.10

0.97
+0.01

0.34
+0.01

Rice
straw

18.05
+0.95

15.38
+0.17

3.44
+0.15

15.07
+0.07

14.32
+0.28

13.39
+0.59

5.74
+0.37

Values are expressed as mean + S.E

H2 O

74

Figure 4.19: Chemical pretreatment for saccharification of corn stover with
different concentrations of H2SO4 and NaOH
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Figure 4.20: Chemical pretreatment for saccharification of cotton stalk with
different concentrations of H2SO4 and NaOH
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Figure 4.21: Chemical pretreatment for saccharification of rice straw with different
concentrations of H2SO4 and NaOH.
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Table 4.9: Biological pretreatment of agricultural substrates (corn stover,
cotton stalk, rice straw) with different isolate 9x, 10 and 31
Bacterial
Isolates

Substrates
Corn Stover

Cotton Stalk

Rice Straw

Isolate 9x

25.83
+0.47

11.54
+0.24

15.87
+0.29

Isolate 10

22.73
+0.35

10.59
+0.89

14.29
+0.42

Isolate 31

18.90
+0.37

6.71
+0.09

9.79
+0.24

Control

9.33
+0.19

0.28
+0.05

5.42
+0.29

Values are expressed as mean + S.E
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It was determined that isolate 9x, 10 and 31 release maximum of sugar
content when corn stover was used as a substrate. It was also observed that
xylanase from isolate 9x works best among all isolates. These results obtained from
biological pretreatment of agricultural substrates follow the same pattern as that
was using pure substrate (xylan) in the previous section. Xylanase from isolate 31
released the minimum sugar content. It was determined from ANOVA results that
xylanase enzyme from isolate 9x, 10 and 31 has significant effect on substrates
(Appendix 8).
One more point to be pondered is that when taking control also in
consideration it was observed that isolate 9x, 10 and 31 release nearly same sugar
content when using both cotton stalk and rice straw as substrates. As it was
observed that during chemical pretreatment there was least sugar content was
released from cotton stalk among other substrates. But in case of biological
pretreatment sugar content released from both substrates is almost same. This may
be due to high content of mineral are present in rice straw and also slow
degradation of rice straw was observed in the soil Vlasenko et al. (1997). It might
be possible that this high content of mineral interfere with the activity of the
xylanase.
4.5.3. Comparison of Biological and Chemical Pretreatments
4.5.3.1. Comparative study of biological and chemical pretreatments using
Corn stover
Corn stover was treated biologically with xylanase from isolate 9x, 10 and
31. Chemically the substrate was treated with 1, 2 and 3% of H2SO4 and NaOH. It
was determined that there is high yield of reducing sugar was produced when corn

79

stover was treated with xylanase from bacterial isolates. And xylanase from isolate
9x produced high yield of sugar when corn stover was used as substrate.
Chemically 1% and 2% H2SO4 almost released same high concentration of sugar.
When NaOH was taken into consideration it was determined that 3% concentration
of base released more sugar content. All bacterial isolates release more sugar
content from corn stover than different concentration of H2SO4 and NaOH (Fig.
4.22).
4.5.3.2. Comparative study of biological and chemical pretreatments using
cotton stalk
In case of cotton stalk a huge difference among chemical and biological
pretreatment was observed. It was found that xylanase from isolate 9x released
highest amount of sugar content as compared to isolates 10 and 31 and chemicals
that include H2SO4 and NaOH. It was determined that 1% of H2SO4 released more
sugar among other concentrations of H2SO4 and NaOH. And it was observed that
the sugar content released from different concentrations of NaOH was nearly same
(Fig. 4.23). But in case of cotton stalk there is less release of sugar content as
compared to corn stover. It might be due to high content of lignin in cotton stalk
and it is an aromatic compound which is difficult to hydrolyze (Silverstein et al.,
2007).
4.5.3.3. Comparative study of biological and chemical pretreatments using rice
straw
Figure 4.24 shows the comparison of chemical and biological pretreatment
when rice straw was used as substrate. It was determined that in case of rice straw
the chemical pretreatments released more sugar content as compared to the
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biologically treatments. Highest release of sugar from rice straw was observed at
1% concentration of H2SO4. Among biological pretreatment xylanase from isolate
9x released maximum content of sugar.
So it is concluded from the comparison of biological and chemical
pretreatments that biological pretreatments work best when corn stover and cotton
stalk was used as agricultural substrates. But in case of rice straw chemical
pretreatment released more sugar content than biological treatments. That may be
due to high content of minerals in rice straw that might interfere with activity of
enzyme. There are some short comings of biological pretreatment is that they take
longer time to release sugar content and rate of hydrolysis of the substrates is very
low. But at the same time this method is safe and energy saving than the chemical
pretreatments (Sun and Cheng, 2002). During chemical pretreatment rate of
hydrolysis of substrates is high as compared to biological pretreatment. But on
problem is the production of inhibitory compounds especially when acids were
used. These inhibitors interfere during enzymatic hydrolysis and fermentation
(Palmqvist and Hagerdal, 2000).
4.6. SCCHARIFICATION OF AGRICULTURAL SUBSTRATES USING
ENZYMES FROM BACTERIAL ISOLATES OF TERMITE GUT
Crude enzymes (cellulase and xylanase) from isolate 9x, 10 and 31 were
used for the sccharification of corn stover, cotton stalk and rice straw. All the
substrates were treated with celluase and xylanase and also with mixture of
cellulase and xylanase of each isolate to check the effect of both enzymes when the
work together in a reaction mixture to find out what will be the effect of combo of
both enzymes.
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4.6.1. Sccharification of Agricultural Substrates
4.6.1.1. Sccharification of corn stover with cellulases and xylanase
Taking celluslase enzymes into consideration it can be seen in table 4.10
that cellulase from isolate 9x released 15.669 +0.5390 mM/l sugar that is higher
than sugar released from isolate 10 and 31that was 12.900 +0.7063 mM/l and
14.442 +0.7249 mM/l respectively. Isolate 10 released the least sugar content. It
was observed that in case of cellulase enzyme the release of sugar from corn stover
the pattern was not same as that with pure substrate. When using pure substrate
(CMC) it was observed that isolate 10 has highest enzyme activity.
When xylanase activity was checked it was found that xylanase from isolate
9x released 25.836 +0.8178 mM/l. Sugar content released from xylanase of isolate
10 and 31 was 22.732 +0.6134 mM/l and 18.903 +0.6506 mM/l respectively that is
lower than sugar released from xylanase of isolate 9x. It was observed that when
the mixture of both enzyme was used then the concentration of sugar lie between
the sugar concentration released from cellulase and xylanase (Table 4.10).
4.6.1.2. Sccharification of cotton stalk with cellulases and xylanase
Cellulases from isolate 10 released 3.0037 +0.0558mM/l of sugar
concentration that is higher than sugar released from cellulase of isolate 9x and 31
that is 2.7063 +0.1301mM/l and 1.3680 +0.2045mM/l respectively. When cotton
stalk was hydrolyzed with xylanase from isolate 9x released highest sugar contents
that was 11.543 +0.2416 mM/l. Least sugar content was released from xylanase of
isolate 31 that was 6.7100 +0.0929 mM/l (Table 4.11). So it was observed that
xylanase is more efficient than cellulase. Thus isolate 10 has highest cellulase
activity and isolate 9x has highest xylanase activity.
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4.6.1.3. Sccharification of rice straw with cellulases and xylanase
When rice straw was hydrolyzed with the cellulases from bacterial isolates,
high yield of sugar content was observed (8.8290 +0.0186mM/l) when substrate
was treated with cellulases from isolate 10. Least sugar yield was produced (7.1375
+0.1115mM/l) from cellulase produced by isolate 31. In case of xylanase enzyme
isolate 9x released sugar concentration 15.874 +0.2974 mM/l that was higher as
compared with sugar content released from isolate 10 and 31 that was 14.294
+0.4275 mM/l and 9.7955 +0.2416 mM/l respectively. Xylanase produced by
isolate 9x released high sugar concentration and xylanase from isolate 31 released
least sugar content (Table 4.12).
So it is concluded from the above results that isolate 10 produced cellulases
that are more active or have more affinity for cellulose than cellulases produced by
isolates 9x and 31 in case of cotton stalk and rice straw. But xylanase enzyme
produced by isolate 9x release high yield of reducing sugar from all the substrates
as compared to xylanase produced by isolates 10 and 31. Mostly the biological
pretreatment is performed by fungus as compared to bacteria, especially the white
rot fungi. When the rice husks was treated with

fungus Phanerochaete

chrysosporium 44.7 % reducing sugars were obtained (Potumarthi et al., 2013).
Biological pretreatments of wheat straw by submerged and solid state
fermentations in the occurrence of white-rot fungi were evaluated and T. versicolor
for enzymatic hydrolysis of whole cellulose proved superior strain compared to
other strains (Pinto et al., 2012). Streptomyces griseus produces enzymes that are
effective for the pretreatment of hardwood and softwood. Therefore the biological
pretreatment using bacteria are now also establishing after much work related to
fungus (Saritha et al., 2012).
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4.6.2. Comparison of Cellulase and Xylanase from Bacterial Isolates
4.6.2.1. Sccharification of agricultural substrates by isolate 9x
When cellulase and xylanase from isolate 9x were compared it was
determined that xylanase released more reducing sugar content than cellulases.
Corn stover is the substrate on which xylanase works best and released more sugar
content. (Fig. 4.25).
4.6.2.2. Sccharification of agricultural substrates by isolate 10
Figure 4.26 demonstrate that xylanase from isolate 10 released more sugar
content from corn stover as compared to cotton stalk and rice straw. Same pattern
was followed by both cellulase and xylanase as in case of isolate 9x. It can be seen
that the xylanase released more sugar content than the cellulase using the same
substrates.
4.6.2.3. Sccharification of agricultural substrates by isolate 31
Same as in case of isolate 9x the xylanase produced by isolate 31 released
more sugar concentration from corn stover, cotton stalk and rice straw in
comparison with cellulase released by isolate 31. In a mixture of enzyme the
highest yield of sugar was produced when corn stover was used as substrate (Fig.
4.27).
It is concluded that xylanase enzyme produced from the isolates 9x, 10 and
31 released more sugar concentration as compared with the cellulase. This is
because hemicelluloses are easier to hydrolyze than cellulose as cellulose is a
homopolymer (Cardona et al., 2009). The results of ANOVA indicate that both
enzymes released from isolate 9x, 10 and 31 have significant effect on agricultural
substrates (Appendix 9).
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Figure 4.22: Comparative study of biological vs chemical pretreatment using corn
stover
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Figure 4.23: Comparative study of biological vs chemical pretreatment using cotton
stalk
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Figure 4.24: Comparative study of biological vs chemical pretreatment using rice
straw
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Table 4.10: Sugar content (mM/l) released from corn stover using cellulase and
xylanase from isolate 9x, 10 and 31
Isolate 9x

Isolate 10

Isolate 31

Cellulase

15.67

+0.54

12.90

+0.71

14.44

+0.72

Xylanase

25.83

+0.81

22.73

+0.61

18.90

+0.65

Mix

20.63

+0.07

19.48

+0.81

13.51

+0.09

9.33

Control

+0.33

Values are expressed as mean + S.E

Table 4.11: Sugar content (mM/l) released from cotton stalk using cellulase and
xylanse from isolates 9x, 10 and 31

Isolate 9x

Isolate 10

Isolate 31

Cellulase

2.70

+0.13

3.00

+0.05

1.36

+0.20

Xylanase

11.54

+0.24

10.59

+0.89

6.71

+0.09

Mix

8.82

+0.09

7.36

+0.14

6.37

+0.01

Control
Values are expressed as mean + S.E

0.28

+0.05
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Table 4.12: Sugar content (mM/l) released from rice staw using cellulase and
xylanse from isolates 9x, 10 and 31
Isolate 9x

Isolate 10

Isolate 31

Cellulase

8.47

+0.37

8.82

+0.02

7.13

+0.11

Xylanase

15.87

+0.29

14.29

+0.42

9.79

+0.24

Mix

11.30

+0.44

9.92

+0.29

8.82

+0.09

Control
Values are expressed as mean + S.E

5.42

+0.29
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Figure 4.25: Comparison of cellulase and xylanase produced from isolate 9x using
agricultural substrates
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Figure 4.26: Comparison of cellulase and xylanase produced from isolate 10 using
agricultural substrates
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Figure 4.27: Comparison of cellulase and xylanase produced from isolate 31 using
agricultural substrates
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4.7. ISOLATION AND ANALYSIS OF END PRODUCT
4.7.1. Simultaneous Sccharification and Fermentation
To monitored bacterial cell viability during the experiment protein was
estimated on daily basis up to 7 days. Figure 4.28 demonstrate that the growth of
isolate 9x was best on corn stover then on rice straw. And the survival rate on
cotton stalk was not satisfactory. Same results were observed in case of isolates 10
and 31 (Fig. 4.29- 4.30). So from these results of protein estimation corn stover and
rice straw were selected for further study of end products analysis through HPLC
because growth on cotton stalk was not found. It was observed that protein
estimation results that on sixth day of fermentation the growth was almost stop.
Therefore on sixth day of experiment the supernatant was collected for end product
was analyzed by using HPLC.
The agricultural substrates (Corn stover, cotton stalk and rice straw) were
directly treated with bacterial isolates 9x, 10, 31 for sccharification and
fermentation without any chemical treatment and enzymatic hydrolysis.
4.7.2. End Products from Bacterial Isolates
To determine fermentative product HPLC was performed. Different
concentrations of known standards for formate, acetate, lactate and ethanol were
run to find peak area and retention time. Corn stover and rice straw only treated
with distilled water were used as control. Retention time and peak area of the
samples that were corn stover and rice straw treated with isolate 9x (Fig. 4.31)
isolate 10 (Fig. 4.32) and isolate 31(Fig. 4.33) were noted. Retention time for
acetate at experimental conditions was 19.317 minutes, formate (21.536 min),
lactate (23.414 min) and for ethanol 30.858 minutes.
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4.7.2.1. End product analysis of corn stover fermentation
It was determined that isolate 31 produced 1.2980 +0.3004 mM/l of acetate
that is highest among all isolates. It was determined that isolate 9x and 10 do not
produce formate as fermentative product or its concentration was very low that
might be out the range of detection. Highest concentration of lactate was produced
by isolate 31 (8.5748 +0.5910 mM/l). Main focus was to determine the efficiency
of ethanol production for the bacterial isolates. It was observed that isolate 31
produce 9.2161 +0.5470 mM/l of ethanol that was higher from the ethanol
concentration produced by isolate 9x and 10 (5.7374 +0.2861 and 6.9896 +0.5830
mM/l) respectively (Table 4.13) (Fig 4.34). Kang et al. (2014) described that a few
groups of bacteria such as Zymomonas mobilis have the ability to convert pentose
sugars into bioethanol but organisms are more susceptible to chemical inhibition,
produced during every step of bioethanol as comared to S. cerevisiae. And S.
cerevisiae can only ferment hexoses not pentoses. These microbes that are isolated
from termite gut might have the ability to ferment both pentoses and hexoses.
Because they can hydrolyze both cellulose and hemicelluloses.
4.7.2.2. End product analysis of rice straw fermentation
Highest concentration of acetate was produced by isolate 9x (3.0043
+0.6555 mM/l) when rice straw was used for fermentation. Isolate 9x do not
produce formate same as it was seen in case when using corn stover as substrate.
But isolate 10 produce 1.2044 +0.1721 mM/l of formate with rice straw that is not
seen in case of isolate 9x. So it was determined that isolate 10 produce formate as
its end product. But in case of corn stover the concentration of formate might be
very low that cannot be detected or it is not produced at all.
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Highest production of lactate was observed for isolate 10 that is 6.1404
+0.5057 mM/l. For ethanol production it was determined that isolate 31 was the
highest producer of ethanol 6.4344 +0.4940 mM/l (Table 4.13) (Fig 4.35). But it
was observed that concentration of ethanol was lower when rice straw was utilized
as substrate because when the saccharification of rice straw was performed there
was low yield of sugar was observed.
So from the above results it was observed that isolate 31 which was
identified as a cellulomonas sp. was top producer of ethanol among all isolates.
Isolate 9x was determined to be least ethanol producer. It was determined by
Fujimoto et al., 2011 that isolate R8 and R15 which were closely related to
Bacillus licheniformis have a strong cellulose-degrading ability under a microaerophilic condition but there was very low amount of ethanol was observed as
fermentative product. Cellulase and xylanase of isolate 31 were not ranked high as
compared with isolate 9x and 10 but the ethanol yield was higher than these.
Ramachandran et al. (2008) reported that the main end products synthesized when
cellobiose was used as substrate included acetate, lactate, hydrogen, CO2, ethanol
and formate, whereas on cellulose, the main end products included hydrogen, CO2,
acetate and ethanol. The concentrations of acetate were greater than lactate, ethanol
and formate on both cellulose and cellobiose during the entire growth phase.
ANOVA results demonstrate that all the isolates have significant effect on
fermentative products while utilizing corn stover and rice straw as substrates
(Appendix 10).
Lignocellulosic biomass has been predicted to be one of the major
possessions for economically striking bioethanol production. Although speculative
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ethanol yield from starch and sugar is higher than from lignocelluloses but there is
contradiction for food and feed issue. In that feature agricultural wastes are
renewable, plentifully accessible in nature and less costly. Agricultural biomass do
not require separate land, energy requirements, and water. For economically
reasonable bioethanol production, numerous hindrances are to be prevail over. As
regards alteration technology the limitations are biomass dispensation, appropriate
and cost effective pretreatment technology to release cellulose and hemicelluloses
(Sarkar et al., 2012). According to Magnsson et al. (2008) the cost of the 2nd
generation biofuel process can be decrease by performing all steps in one reactor
by using suitable microorganisms. In respect of the hydrolysis method the
challenge is to attain a competent process for depolymerization of cellulose and
hemicelluloses to fabricate fermentable monomers with high concentration. In this
phase enzymatic hydrolysis may be the most effective substitute process for
saccharification of complex polymers. Numerous efforts have been made to
decrease the expenditure of cellulase enzyme to optimize the enzymatic hydrolysis
process. Finally, in case of fermentation arrangement, the challenges concerned are
glucose and xylose co-fermentation. In conclusion it may be said that to resolve the
technology bottlenecks of the conversion method, narrative science and proficient
technology are to be applied, so that bioethanol production from agricultural wastes
may be successfully developed and optimized in the near future.
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Figure 4.28: Protein estimation of isolate 9x for 7 days on corn stover, cotton stalk
and rice straw
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Figure 4.29: Protein estimation of isolate 10 for 7 days on corn stover, cotton
stalk and rice straw
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Figure 4.30: Protein estimation of isolate 31 for 7 days on corn stover, cotton stalk
and rice straw
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Figure 4.31: End product analysis of isolate 9x (a) Corn stover (b) Rice straw
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a

b

Figure 4.32: End product analysis of isolate 10 (a) Corn stover (b) Rice straw
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b

Figure 4.33: End product analysis of isolate 31 (a) Corn stover (b) Rice straw
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Table 4.13: End products (mM/l) produced by isolates 9x, 10 and 31 using corn stover and rice straw as substrates
Bacterial
Isolates

Corn stover
Acetate

Formate

Lactate

Rice straw
Ethanol

Acetate

Formate

Lactate

Ethanol

Isolate 9x

1.15
+0.07

_

1.40
+0.18

5.73
+0.28

3.00
+0.65

_

1.61
+0.30

3.34
+0.41

Isolate 10

1.27
+0.12

_

3.44
+0.34

6.98
+0.58

1.51
+0.20

1.20
+0.17

6.14
+0.50

5.99
+0.26

Isolate 31

1.29
+0.30

8.57
+0.59

9.21
+0.54

1.72
+0.07

1.63
+0.28

3.25
+0.26

6.43
+0.49

1.98
+0.30

Values are expressed as mean + S.E
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Figure 4.34: End products (mM/l) produced by isolates 9x, 10 and 31 using corn
stover as substrates
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Figure 4.35: End products (mM/l) produced by isolates 9x, 10 and 31 using rice
straw as substrates
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SUMMARY
In this study aerobic and facultative anaerobic cellulolytic and xylanolytic
bacteria from termite gut were investigated. Termites were collected from
decomposing trees from Islamabad region. A total of 53 bacteria were isolated
from termite gut. These were cultured on nutrient agar medium with CMC and
xylan as carbon source. To verify the degree of cellulose and hemicelluloses
degradation ability, CMC and xylan were selected as substrates for congo red
screening of bacterial isolates. The bacterial isolates which produced clear zone
around colony were considered as positive for cellulose and xylan degradation. Out
of fifty three (53) isolates 5 showed degradation ability for both substrates. Isolate
9x, 10 and 31 were selected for further study for enzyme activities for quantitative
assays. All the bacterial isolates (53) were molecular characterized by 16S rRNA
gene sequencing. The sequence data was investigated in BLASTN for similarity
search. Then it revealed that the 53 isolates belong to 14 different bacterial genera.
These include Arthrobactor, cellulomonas, Micrococcus and streptomyces which
belong to phylum actinobacteria. Bacillus Exiguobacterium, Planomicrobium and
Sporosarcina these belong to phylum firmicutes. Acinetobacter, citrobacter,
Enterobacter, Pseudomonas, Serratia and Trabulsiella belong to phylum
proteobacteria. All the isolates show more than 90% sequence similarity to the
respective genera. The cellulose and xylan degrading bacteria belongs to two
bacterial genera that are Bacillus and Cellulomonas. Out of 5 cellulolytic and
xylanolytic bacterial 4 isolates belong to Bacillus and 1 belongs to Cellulomonas.
The cellulase and xylanase enzymes produced were first optimized at 30,
40, 50, 60 and 70 oC temperatures using avicel, CMC and xylan as substrates.
Isolate 9x, 10 and 31show higher cellulase activity at 40 oC with avicel and 50 oC
105
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when CMC and xylan were used as substrate. For pH optimization the enzyme
activity of isolates was determined at 5, 6, 7, 8 and 9 pH. Isolate 9x, 10 and
31show higher cellulase activity at 7 pH with avicel and pH 8 when CMC was
taken as substrates. In case of xylanase as substrate isolate 9x and 10 show highest
enzyme activity at pH 6 and isolate 31 at pH 7. Isolate 10 shows high cellulase
activity and in case of xylanase isolate 9x has high activity.
Agricultural substrates like corn stover, cotton stalk and rice straw were
used for chemical and biological pretreatments. Chemically the substrates were
pretreated with H2SO4 and NaOH. Biologically they were pretreated with xylanase
enzyme produced from isolate 9x, 10 and 31. The agricultural substrates were
pretreated with different concentration of H2SO4 and NaOH that were 1, 2 and 3%.
Maximum sugar content was released from rice straw when acid was used for 1%
concentration. Rice straw also shows high release of sugar when treated with 1%
NaOH. Lowest release of sugar was seen in case of cotton stalk when it was treated
with H2SO4 and NaOH. When agricultural substrate were treated with xylanse
produced from isolate 9x, 10 and 31 it was found that xylanase from isolate 9x
produce high sugar yield with corn stover. So it was concluded from the
comparison of biological and chemical pretreatments that biological pretreatments
work best when corn stover and cotton stalk were used as substrates. But in case of
rice straw chemical pretreatment released more sugar content than biological
treatments.
Crude enzymes (cellulase and xylanase) from isolate 9x, 10 and 31 were
used for the sccharification of corn stover, cotton stalk and rice straw. Highest
content of reducing sugar were released from corn stover and least content of sugar
from cotton stalk when treated with bacterial isolates. Xylanase from isolate 9x
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produce high yield of reducing sugar. It was determined that xylanase from all
isolates has high efficieny than the cellulase because cellulose is more difficult to
hydrolyze as compared to hemicelluloses.
The agricultural substrates (Corn stover and rice straw) were directly
treated with bacterial isolates 9x, 10, 31 for sccharification and fermentation
without any chemical treatment and enzymatic hydrolysis. It was determined that
all the isolates produced highest yield of ethanol when corn stover was used as
substrate. Isolate 31 was top producer of ethanol among all isolates.
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APPENDIX
Appendix 1: Nutrient agar media composition
Sr.No Components

Quantity

1

Beef extract

10 g

2

Peptone

10 g

3

NaCl

5g

4

Agar

18 g

5

Water

1L

Appendix 2: 10x TAE buffer composition
Sr.No Components

Quantity

1

Tris Base

48.5 g

2

Glacial acetic acid

11.4 ml

3

EDTA

20 ml

4

Water

1L

Appendix 3: Bradford reagent recipe
Sr.No Components

Quantity

1

Coomassie Brilliant Blue

50 mg

2

Methanol

50 ml

3

Phosphoric acid (85%)

100ml

4

Water

850 ml
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Appendix 4: Similarity % and accession no. of bacterial isolates from termite gut
Sr.
No

Bacterial
isolates

Accession
No.

1

Isolate 1x

KR902547

2

Isolate 2x

3

Homology

Accession
No.

97

Bacillus subtilis

JQ897973

KR902548

99

Serratia rubidaea

KC560769

Isolate 3x

KR902549

99

Enterobacter
cloacae

KM246414

4

Isolate 4x

KR902550

99

Enterobacter
cloacae

JX885522

5

Isolate 5x

KR902551

99

Enterobacter sp.

KR902576

6

Isolate 6x

KR902552

99

Citrobacter sp.

JX403603

7

Isolate 7x

KR902553

99

Enterobacter
cloacae

CP009756

8

Isolate 8x

KR902554

99

Enterobacter sp.

HF572841

9

Isolate 9x

KR902555

99

Bacillus pumilus

KM265464

10

Isolate 10x

KR902556

99

Bacillus sp.

KP016608

11

Isolate 11x

KR902557

99

Bacillus cereus

KP121395

12

Isolate 12x

KR902558

99

Trabulsiella
guamensis

NR_114235

13

Isolate 13x

KR902559

99

Sporosarcina
aquimarina

KM036087

14

Isolate 14x

KR902560

99

Arthrobacter sp.

KJ482760

15

Isolate 1

KR902561

99

CP009756

16

Isolate 2

KR902562

99

Enterobacter
cloacae
Enterobacter sp.

17

Isolate 3

99

Enterobacter sp.

KR902575

18

Isolate 4

KR902564

99

Enterobacter sp.

KR902576

19

Isolate 5

KR902565

99

EU741193

20

Isolate 6

KR902566

97

Streptomyces
bikiniensis
Enterobacter sp.

KR902563

Similarity
(%)

KR902576

KJ526919
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21

Isolate 7

KR902567

99

Enterobacter
cloacae

CP009756

22

Isolate 8

KR902568

99

Enterobacter sp.

KR902575

23

Isolate 9

KR902569

99

Enterobacter sp.

HF572841

24

Isolate 10

KR902570

99

Bacillus sp.

KC887502

25

Isolate 11

KR902571

99

Enterobacter sp.

HF572843

26

Isolate 12

KR902572

99

Enterobacter sp.

KR902575

27

Isolate 13

KR902573

99

Enterobacter sp.

KR902580

28

Isolate 14

KR902574

99

Enterobacter sp.

KF054945

29

Isolate 15

KR902575

99

Enterobacter sp.

KR902580

30

Isolate 16

KR902576

99

Enterobacter sp.

KR902575

31

Isolate 17

KR902577

99

Enterobacter
cloacae

CP009756

32

Isolate 18

KR902578

99

Pseudomonas sp. FJ006889

33

Isolate 19

KR902579

100

Acinetobacter
sp.

KJ631601

34

Isolate 20

KR902580

99

Enterobacter sp.

HF572841

35

Isolate 21

KR902581

99

Bacterium
endosymbiont

KF193119

36

Isolate 22

KR902582

99

Enterobacter
cloacae

CP009756

37

Isolate 23

KR902583

99

Enterobacter sp.

KJ903658

38

Isolate 24

KR902584

99

Enterobacter sp.

HF572841

39

Isolate 26

KR902585

99

Citrobacter sp.

JQ918018

40

Isolate 27

KR902586

99

FJ848381

41

Isolate 28

KR902587

99

Acinetobacter
sp.
Citrobacter sp.

42

Isolate 29

KR902588

99

Enterobacter

KJ913658

43

Isolate 30

KR902589

100

Bacillus sp.

KJ127200

JQ918018
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44

Isolate 31

KR902590

99

Cellulomonas
denverensis

AY655727

45

Isolate 32

KR902591

99

Enterobacter
cloacae

CP009756

46

Isolate 33

KR902592

99

Trabulsiella
guamensis

NR_114235

47

Isolate 34

KR902593

99

Bacillus sp.

KF956699

48

Isolate 35

KR902594

99

Bacillus sp.

KF863880

49

Isolate 36

KR902595

99

Bacillus sp.

JN208191

50

Isolate 37

KR902596

99

Micrococcus sp.

HM352339

51

Isolate 38

KR902597

99

Trabulsiella
odontotermitis

DQ453130

52

Isolate 39

KR902598

99

Exiguobacterium KP301101
sp.

53

Isolate 40

KR902599

99

Planococcaceae
bacterium

DQ520830
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Appendix 5: ANOVA Table for enzyme activity of isolate 9x, 10 and 31 with
avicel, CMC and xylan as substrate at different temperatures
Source

Degree of
freedom

Sum of
squares

Mean square F value

Probability

Factor A

2

41932.054

20966.027

2575.2031

0.0000

Factor B

2

207720.304

103860.152

12756.8753

0.0000

AB

4

83905.854

20976.464

2576.4850

0.0000

Factor C

3

13867.258

4622.419

567.7599

0.0000

AC

6

5866.730

977.788

120.0992

0.0000

BC

6

26465.719

4410.953

541.7860

0.0000

ABC

12

11578.641

964.887

118.5146

0.0000

Error

72

586.188

8.142

Total

107

391922.747

Coefficient of variance: 8.80%
Factor A= Isolates (9x, 10, 31), Factor B= Substrates (Avicel, CMC, Xylan), Factor
C= Temperature (30, 40, 50 and 60 o
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Appendix 6: ANOVA Table for enzyme activity of isolate 9x, 10 and 31 with
avicel, CMC and xylan as substrate at different pH
Source

Degree of
freedom

Sum of
squares

Mean square F value

Probability

Factor A

2

125044.976

62522.488

4172.8247

0.0000

Factor B

2

581530.771

290765.386

19406.0252

0.0000

AB

4

250550.964

62637.741

4180.5168

0.0000

Factor C

4

2381.670

595.418

39.7389

0.0000

AC

8

777.457

97.182

6.4860

0.0000

BC

8

4268.482

533.560

35.6104

0.0000

ABC

16

1473.700

92.106

6.1473

0.0000

Error

90

1348.493

14.983

Total

134

967376.513

Coefficient of variance: 6.81%
Factor A= Isolates (9x, 10, 31), Factor B= Substrates (Avicel, CMC, Xylan), Factor
C= pH (5, 6, 7, 8 and 9)
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Appendix 7: ANOVA Table for chemical pretreatment of corn stover, cotton stalk
and rice straw at different concentrations of H2SO4 and NaOH
Source

Degree of
freedom

Sum of
squares

Mean
square

F value

Probability

Factor A

2

1740.892

870.446

1456.3404

0.0000

Factor B

1

19.669

19.669

32.9076

0.0000

AB

2

12.502

6.251

10.4582

0.0000

Factor C

2

242.374

121.187

202.7577

0.0000

AC

4

104.808

26.202

43.8385

0.0000

BC

2

206.819

103.409

173.0137

0.0000

ABC

4

75.720

18.930

31.6716

0.0000

Error

36

21.517

0.598

Total

53

2424.300

Coefficient of variance: 8.58%
Factor A= Substrates (Corn stover, Cotton stalk, Rice straw), Factor B= Chemicals
(H2SO4 and NaOH), Factor C= Concentrations (1%, 2%, 3%)
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Appendix 8: ANOVA Table for biological pretreatment of corn stover, cotton stalk
and rice straw with xylanase from isolate 9x, 10 and 31
Source

Degree of
freedom

Sum of
squares

Mean
square

F value

Probability

Factor A

2

790.708

395.354

1337.1489

0.0000

Factor B

2

166.424

83.212

281.4359

0.0000

AB

4

4.965

1.241

4.1980

0.0142

Error

18

5.322

0.296

Total

26

967.419

Coefficient of variance: 3.59%
Factor A= Substrates (Corn stover, Cotton stalk, Rice straw), Factor B= Isolates
(9x, 10, 31)
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Appendix 9: ANOVA Table for saccharification of corn stover, cotton stalk and
rice straw with cellulase, xylanase and mixture of both enzymes from
isolate 9x, 10 and 31
Source

Degree of
freedom

Sum of
squares

Mean
square

F value

Probability

Factor A

2

1656.912

828.456

4302.7665

0.0000

Factor B

2

196.183

98.091

509.4584

0.0000

AB

4

13.707

3.427

17.7973

0.0000

Factor C

2

466.786

233.393

1212.1780

0.0000

AC

4

39.211

9.803

50.9129

0.0000

BC

4

53.132

13.283

68.9878

0.0000

ABC

8

35.186

4.98

22.8430

0.0000

Error

54

10.397

0.193

Total

80

2471.513

Coefficient of variance: 3.63%
Factor A= Substrates (Corn stover, Cotton stalk, Rice straw), Factor B= Isolates
(9x, 10, 31) Factor C= Enzymes (Cellulase, Xylanase, Mix)
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Appendix 10: ANOVA Table for end products of isolate 9x, 10 and 31 using corn
stover and rice straw as substrates
Source

Degree of
freedom

Sum of
squares

Mean
square

F value

Probability

Factor A

1

3.393

3.393

27.9011

0.0000

Factor B

2

60.294

30.147

247.8703

0.0000

AB

2

24.490

12.245

100.6778

0.0000

Factor C

3

330.849

110.283

906.7538

0.0000

AC

3

22.118

7.373

60.6196

0.0000

BC

6

47.071

7.7845

64.5036

0.0000

ABC

6

33.043

5.507

45.2799

0.0000

Error

48

5.838

0.122

Total

72

527.097

Coefficient of variance: 10.83%
Factor A= Substrates (Corn stover, Cotton stalk, Rice straw), Factor B= Isolates
(9x, 10, 31) Factor C= End products (Acetate, Formate, Lactate, Ethanol)
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Cellulomonas sp. Isolated from Termite Gut for
Saccharification and Fermentation of Agricultural
Biomass
Iram Batool,a,* Muhammad Gulfraz,a Muhammad Javaid Asad,a Faryal Kabir,a
Sobia Khadam,a and Asma Ahmed b
Biofuel is an important alternative source of fuel, as many countries are
looking to decrease their dependence on fossil fuels. One of the critical
steps in biofuel production is the conversion of lignocelluloses to
fermentable sugars, and there is need for cheaper and more efficient
enzymatic strategies. Consequently, lignocellulase 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 and xylan were isolated from termite gastrointestinal
tract. The isolate was identified as Cellulomonas sp. by 16S rRNA gene
sequencing. The bacterial enzymes cellulase and xylanase showed the
highest activity at 50 °C and pH 8.0. The agricultural substrates were
hydrolyzed by cellulases and xylanases, and more sugar was released
from corn stover (18.903+0.65 mM/L) than from rice straw or cotton stalk.
After direct hydrolysis and fermentation of agricultural substrates, ethanol
(0.425+0.035 g/L) and lactate (0.772+0.075 g/L) were the major end
products. Thus, termite gut bacteria can efficiently hydrolyze
hemicellulose and cellulose, and these bacteria also have the potential to
convert these fermentable sugars into valuable secondary metabolites.
Keywords: Cellulase; Xylanase; Termite; Saccharification; Cellulomonas
Contact information: a: Department of Biochemistry, University Institute of Biochemistry & Biotechnology,
PMAS Arid Agriculture University Rawalpindi-46000, Pakistan; b: Institute of Molecular Biology and
Biotechnology, University of Lahore, Lahore-54000, Pakistan; *Corresponding author:
iram06ali@gmail.com

INTRODUCTION
In the last few decades, there has been a global effort to reduce the reliance on nonrenewable resources. Lignocellulosic biomass is a source of energy that is renewable and
available in large quantities, but the process of bioethanol production from cellulosic
biomass is more complicated than from sugars. Technologies for the cost-effective
conversion of lignocellulosic material into biofuel are in development (Ohgren et al. 2007;
Hendriks and Zeeman 2009).
There is a need for low-cost raw materials, effective enzymes, and pretreatment
methods to decrease the expenditure for bioethanol production (Sanchez and Cardona
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 bagasse, rice straw, corn stover, and
wheat straw are the most accessible agricultural wastes (Kim and Dale 2004).
During hydrolysis, monomeric sugars are generated via depolymerization of
hemicelluloses and cellulose (Sarkar et al. 2012). The production of the cellulase enzyme
Batool et al. (2018). “Bacteria from termite gut,”
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accounts for about 40% of the entire cost of bioethanol synthesis (Gray et al. 2006). To
decrease the cost of cellulase, numerous efforts have been made to optimize the hydrolysis
conditions (Sarkar et al. 2012). The hydrolysis of lignocellulose depends on the synergy of
the enzymatic system, including -glucosidase, -1,4-exoglucanase, -1,4-endoglucanase,
(Alvira et al. 2010), and -1,4-endoxylanase. This enzyme cocktail is needed to establish
a cost-effective technology, in addition to the lower price of biomass (Arantes and Saddler
2011).
Currently, there is no enzyme system that can be efficiently employed on such a
vast scale. However, some organisms utilize wood as food, and those systems could be
explored and applied to industry (Sanderson 2011). Termites damage billions of dollars of
wood each year. Molecular phylogenetic analysis has revealed that termites harbor more
than 200 species of symbiotic microorganisms, which produce enzymes that degrade
cellulose and hemicelluloses (Brune 2007; Matsui et al. 2009). A study by Warnecke et al.
(2007) revealed the occurrence of a huge and varied set of bacterial genes that encode
hydrolytic enzymes for degradation of xylan and cellulose. Termites consume 50 to 100%
of the deceased biomass in humid ecosystems, and they degrade about 65 to 87% of
hemicelluloses and 74 to 99% of cellulose in cellulosic biomass (Ohkuma 2003). 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 (Matsui et al. 2009)
In this study, cellulomonas sp. was isolated from termite gut. The isolate was
screened for cellulolytic and xylanolytic activity and identified by 16S rRNA sequencing.
The crude enzyme activity was checked at different temperature and pH. The agricultural
substrates were hydrolyzed with the enzymes produced by the isolate. The substrates were
directly hydrolyzed and fermented with the isolate to find the end products.

EXPERIMENTAL
Materials
Termites (Microtermes obesi) were collected from putrefying trees of Acacia
nilotica. Corn stover, cotton stalk, and rice straw were obtained from the National
Agricultural Research Center in Islamabad, Pakistan. The agricultural substrates were
ground and sieved through 20- and 40-mesh sized sieves (0.420 mm and 0.841 mm,
respectively) to produce equal size particles.
Isolation and screening of bacteria
Termites were sterilized with 70% ethanol and under UV light for 5 to 10 min. The
bodies of termites were ground and serially diluted with Milli Q water. The dilute sample
was spread over nutrient agar media with 1% carboxymethyl cellulose (CMC) and 1%
beechwood xylan provided by M. S. Traders (Sigma, Lahore, Pakistan) (Dheeran et al.
2012; Pourramezan et al. 2012). The plates were incubated at 30 C for 24 h.
The purified bacterial colonies were screened by the Congo red dye method using
0.2% CMC or 0.2% xylan separately (Dheeran et al. 2012). The bacteria were incubated at
30 C for 48 h. Clear zones around the bacterial colonies established their ability to degrade
cellulose and xylan (Liang et al. 2014).
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16S rRNA gene sequencing
For bacterial identification, PCR amplification (PCR Super Mix (Invitrogen™)
ThermoFisher Scientific, Waltham, MA, USA) was directly performed by using bacterial
colonies (Matteotti et al. 2011). Full length (1.5 kb) 16S rRNA fragment was amplified.
The universal 16S rRNA gene primers 27F(5’-AGAGTTTGATCCTGGCTCA-3’) and
1492R(5’-ACGGCTACCTTGTTACGACTT-3’) were used. PCR products were
sequenced at the Keck Center for Comparative and Functional Genomics, University of
Illinois at Urbana-Champaign, IL, USA, and the sequence was submitted to NCBI under
accession number KR902590. The BLASTN program of GeneBank was used to analyze
gene sequences.
Enzyme production and activity assays
Two enzyme production media containing nutrient broth with 1% CMC and 1%
xylan, pH 6.8 to 7.2 (Dheeran et al. 2012; Bashir et al. 2013) were prepared. The media
were inoculated with termite gut bacteria 31 (TGB31) and incubated at mild rotation for
48 h at 30 C.
The enzyme activities of CMCase and xylanase of the TGB31 were studied by
using CMC and xylan as substrates, respectively. The effect of a various range 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. CMC (1%) and xylan (1%) were prepared in diverse buffers for
different range of pH according to Rastogi et al. (2009). The reaction time for CMC was
60 min because it was slower to hydrolyze, and 30 min for xylan. Buffers with substrates
only and no enzyme were used as controls. The p-hydroxybenzoic acid hydrazide
(PAHBAH) method was used to determine the sugar content released during the reaction.
Sodium citrate (100 mM) and 0.6 M NaOH was made and stored on ice. To determine
sugar content 10 mg of p- hydroxyl benzahydride was added to 10 mL of the above
solution. Then 150 µL of the working solution and 50 µL of the samples were mixed in 96well microplates. The mixtures were boiled for 10 min and brought to room temperature.
Absorbance was measured at 410 nm (Moretti and Thorson 2008). One unit (U) of enzyme
activity was defined as the amount of enzyme that released 1 µmol of reducing sugars per
min during the reaction.
Saccharification of corn stover, cotton stalk, and rice straw
First the contents of cellulose, hemicelluloses (Agblevor et al. 2003), and lignin
(Anwar et al. 2012) were determined for corn stover, cotton stalk, and rice straw.
Then corn stover, cotton stalk, and rice straw were taken 5% by dry weight, which
means 5 g in 100 mL of distilled water (w/v). The ratio of crude enzymes of TGB31
(CMCase and xylanase) to substrates was 1:1, means 100 mL of crude enzymes were
added. With mild rotation, the reaction mixture was placed at 50 C for 24 h. The combined
effect of enzymes was also studied. Agricultural substrates treated with distilled water were
used as controls.
End product analysis
The agricultural substrates were directly treated with bacterial isolates for
saccharification and fermentation without any chemical treatment. Corn stover, cotton
stalk, and rice straw were used at 5% dry weight (w/v) and supplemented (with, in g/L of
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H2O: KH2PO4 1.5, MgSO4 0.3, NaCl 0.01, CaCl2 0.1, FeSO4 7, H2O 0.005, NH4Cl 0.3, and
yeast extract 0.05) (Rastogi et al. 2009). The agricultural substrates were inoculated with
1% of cultured isolates (1 mL of culture up to 100 mL of 5% substrate). The reaction
mixture was incubated at 30 C for 5 days at mild rotation and microaerophilic conditions.
The cell viability was determined by protein estimation using the Bradford method.
The fermentative medium from corn stover and rice straw was centrifuged at 14,000
rpm for 20 min and 4 C to remove the remaining substrates and dead bacterial cells. The
supernatant was filtered through 0.22 µm membranes, and the filtrate was stored at -20 C
for high-performance liquid chromatography analysis (Protea, model: RID-10A,
Shimadzu, Bucharest, Romania). The filtrate was later injected into HPX 87 H columns
with a refractive index detector. The mobile phase was 5 mM sulfuric acid with a flow rate
of 0.4 mL/min at 25 C. Acetate, ethanol, formate, and lactate were tested as end products
to find the efficiency of the isolates for secondary metabolites production.
Statistical analysis
The outcomes for enzymatic pretreatment and end products were analyzed by
analysis of variance (ANOVA) using MSTAT-C software (Michigan State University, East
Lansing, USA). GraphPad Prism 5.0 software (GraphPad Software, Inc., San Diego, USA)
was used to determine the standard deviation.

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 and
hemicellulases, which hydrolyze lignocellulosic material (Scharf and Tartar 2008; Zhang
et al. 2009). Approximately 53 colonies of bacteria were isolated from the termite gut.
Only one bacterial isolate (TGB31) was considered for further study based on the screening
method. The bacterial isolate degraded both CMC and xylan (Fig. 1), producing hydrolysis
zones with diameters of 2 mm for CMC and 3 mm for xylan.

Fig. 1. Congo red screening method to show zone of clearance due to enzymatic hydrolysis
produced by bacterial isolate TGB31 on (a) CMC media and (b) xylan media
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16S rRNA gene sequencing
The bacterial isolate was identified by PCR amplification of the 16S rRNA gene.
The BLASTN program was used to compare the sequence with GenBank data. The TGB31
isolate (GenBank accession no. KR902590) belongs to phyla Actinobacteria, and the genus
was Cellulomonas. Based on the similarity analysis, isolate TGB31 is closely related to
Cellulomonas denverensis. Fall et al. (2007) and Wenzel et al. (2002) also isolated and
characterized Cellulomonas bacteria from the termite gut.
Enzyme activity assays
Figure 2 illustrates that TGB31 showed maximum endoglucanase activity at 50 C
and pH 8 (Fig. 3).
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Immanuel et al. (2006) observed that Micrococcus, Bacillus, and Cellulomonas
species obtain maximum cellulase activity at neutral pH and 40 °C. Generally, cellulases
isolated from microbes from mesophilic environments have an optimum pH of 4.0 to 8.0
and optimum temperature of 40 to 50 °C (Dutta et al. 2008).
Xylanase showed highest activity at 50 C (Fig. 4). Lisov et al. (2017) found that
the temperature optima for xylanases from Cellulomonas flavigena are 40 °C by CFXyl1
and 50 °C for CFXyl4, CFXyl3, and CFXyl2. Xylanases are stable below 60 °C and
degrade rapidly at 65 to 70 °C (Amaya et al. 2010). Figure 5 shows that the best pH for
xylanase was 8.0. The optimal pH of xylanase from C. flavigena was determined by Amaya
et al. (2010) to be 6.5 and 5.7 in C. fimi by Chen et al. (2012). Xylanases show the highest
stability at pH 8 to 10 (Lisov et al. 2017).
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Saccharification of corn stover, cotton stalk, and rice straw
Table 1 shows the content of cellulose hemicelluloses and lignin content in the
agricultural substrates. Figure 6 demonstrates that both of the enzymes (xylanase and
CMCase) hydrolyzed the agricultural substrates with diverse efficiency. Corn stover was a
potential substrate for these enzymes. Saha and Cotta (2006) reported that the cellulose and
hemicelluloses contents in corn stover were 42.6 and 21.3%, respectively. The contents of
cellulose and hemicelluloses are high in corn stover as compared to rice straw and cotton
stalk. Therefore the sugar contents produced by corn stover are higher than other substrates.
The rice straw has contents of 32 and 19%, respectively, for cellulose and hemicelluloses
(Karimi et al. 2006). The degradation of rice straw is very slow in soil, and also high
mineral content is observed in rice straw (Vlasenko et al. 1997). It is possible that minerals
interfere with enzyme activity. The least amount of sugar content was released from cotton
stalk. The lignin content in cotton stalk is high enough, about 30%, and also the
holocellulose (cellulose and hemicellulose) content is 41.8% (Silverstein et al. 2007).
Table 1. Percentage Composition of Cellulose Hemicelluloses and Lignin in
Agricultural Substrates
Agricultural
substrates

Amount in percentage (%)
Cellulose
37
33
29

Corn stover
Rice Straw
Cotton stalk

Hemicellulose
25
21
14

Lignin
19
18
24
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Fig. 6. Sugar concentration (mM/L) using CMCase (cellulase), xylanase, mix (CMCase, xylanase)
to hydrolyze corn stover (C.S), cotton stalk (Co.S), and rice straw (R.S)

Xylanases released more sugar content from all substrates than the CMCases
because the hemicellulose is easier to hydrolyze than cellulose (Cardona et al. 2009). The
analysis of variance tested for both of the enzymes showed that the difference in the sugar
yields among the agricultural substrates were highly significant (p=0.000). When the
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mixture of both enzymes was used, the released sugar fell between the values released by
both enzymes separately. Sugar content released from corn stover was 18.903+0.6506
mM/L when treated with crude xylanase as compared to sugar content released by
treatment with CMCase (14.442+0.724 mM/L). Lisov et al. (2017) hydrolyzed rye, wheat,
and oat with the xylanases isolated from Cellulomonas flavigena and obtained the highest
yield from rye (approximately 1.3mM/L). Bacillus sp. and Listeria sp. isolated from leaf
litter hydrolyzed pure cellulose, and the sugar concentration obtained was 0.0721 and
0.0772 mM/L, respectively (Gunathilake et al. 2013).
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End product analysis
It was reported by Dermoun et al. (1988) that Cellulomonas uda ferments the
hydrolyzed sugars into acetate, formate, ethanol, and lactic acids as primary end products.
The genes for alcohol dehydrogenase (ADH) in C. fimi were observed to be more in number
than the genes of ADHS of C. thermocellum and Z. mobilis, combined (Christopherson et
al. 2013). So, it was designed to study different end products, specifically the ethanol. The
end products from cotton stalk were not analyzed because there was no growth of bacterial
isolates. Ethanol and lactate were the major end products of the experiment (Fig. 7).
Poulsen et al. (2016) observed that formate was the dominant end product and lactate was
the least product fermented by C. uda. Most Cellulomonas sp. does not encode pyruvate
decarboxylase, which is necessary for homoethanol production (Christopherson et al.
2013). End products produced by isolate TGB 31 have shown statistically significant
(p=0.000) results obtained from both of the agricultural substrates. Figure 7 also illustrates
that more ethanol (0.425+0.035 g/L) was produced when corn stover was used as the
substrate. This result confirmed that more sugar was released from corn stover. It was
determined by Millati et al. 2005 that S. cerevisiae produced 0.42 g ethanol/g of glucose
but cannot utilized xylose for fermentation. Metabolically engineered yeast, which was
developed for xylose utilization, produced 0.24 and 0.28 g ethanol/g xylose (Fujitomi et
al. 2012; Kato et al. 2013).

Fig. 7. Concentration of end products (g/L) of TGB31using corn stover (C.S) and rice straw (R.S)

Over all, the production of ethanol and other secondary metabolites is low. The
production of sugars and end products can be increased by optimizing the different
conditions to achieve the maximum potential of the bacterial isolate.
Batool et al. (2018). “Bacteria from termite gut,”

BioResources 13(1), 752-763.

759

PEER-REVIEWED ARTICLE

bioresources.com

CONCLUSIONS
1. Termite gut bacteria were able to degrade hemicellulose and cellulose.
2. These enzymes have the potential to hydrolyze pure substrates and degrade agricultural
substrates without any chemical pretreatment.
3. Cellulomonas sp. isolated from termite gut directly hydrolyzed agricultural substrates
into valuable secondary metabolites.
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