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ABSTRACT

Bacteria isolated from different Malaysian soil and hot springs were screened for high
level of B-endoglucanase activity. Two methods were used: agar diffusion assay and
reducing sugar test. The screening processes showed that several isolates gave
positive promises due to the high crude enzyme activity. The first three highest -
endoglucanase producers were identified using biochemical identifications, then
confirmed with 16S rRNA sequencing method. All three isolates were identified as
Bacillus strains; Bacillus subtilis and Bacillus licheniformis. Bacillus subtilis ASUIA
271A, which produced the highest -endoglucanase activity, was further studied. The
optimum growth conditions for culture media were studied by using statistical
optimization method to find the best culture conditions that yield the highest [-
endoglucanase. Thus, sufficient B-endoglucanase was available for next partial
purification processes. The partial purification of Bacillus subtilis ASUIA 271A B-
endoglucanase involved two-steps column chromatography: DEAE-Sepharose (ion-
exchange) and Sephacryl S-200 (gel filtration). Active fractions were subjected to
SDS-PAGE and the analysis of the separated bands revealed patterns with 37, 43, 46,
56, 62 and 75 kDa molecular weights. The chromatographic steps gave 63-fold
purification with a recovery rate of 27.4%. The specific activity for partially purified
enzyme was 21.4 U/mg. Furthermore, the activity of the B-endoglucanase was
detected by a zymogram. Thus, this study has been successful in isolating high B-
endoglucanase producing bacteria from selected Malaysian soil and hot springs.
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CHAPTER 1

INTRODUCTION AND THE AIM OF THE STUDY

1.1  INTRODUCTION

Life on earth depends on photosynthesis, which results in production of plant biomass
having cellulose as the major component in plant cell wall (Lynd, Paul, Willem and
Isak, 2002). Cellulose, which is the most abundant natural polymer in the biosphere,
is at the present time an underutilized resource and is frequently a wasted byproduct of
agricultural and industrial processes (Glick and Pasternak, 1989).

To date, plant biomass is the only foreseeable source of fuels and materials
available to humanity (Lynd et al., 2002). Cellulosic materials are particularly
attractive because of their relatively low cost and plentiful supply. The central
technology impediment to more widespread utilization of this important resource is
the general absence of low-cost technology for overcoming the recalcitrance of
cellulosic biomass. A promising strategy to overcome this impediment involves the
production of cellulolytic enzymes, hydrolysis of biomass, and the fermentation of
resulting sugar to desired products in a single process step via a cellulolytic
microorganism. In line with this need, it was found that a vast amount of research
into the enzymology of cellulose degradation has occurred in the last 30 to 40 years.
A significant portion of the recent research effort has been aimed at enzymatically
hydrolyzing cellulose to glucose prior to converting it to other materials (Glick and

Pasternak, 1989).



Cellulases representing the three enzyme groups (endoglucanases,
exoglucanases and B-glucosidases) which act in a coordinated manner to efficiently
hydrolyze cellulose (Lynd et al., 2002). Cellulases have attracted much interest
because of the diversity of their applications, and also facilitating the understanding of
mechanism of enzymatic hydrolysis of plant carbohydrate polymers. The major
industrial applications of cellulases are in textile industry for ‘bio-polishing’ of fabrics
and producing stonewashed look for denims, as well as in household laundry
detergents for improving fabric softness and brightness. Besides, they are used in
animal feeds for improving the nutritional quality and digestibility, in processing of
fruit juices, and in baking, while de-inking of paper is yet another emerging
application. A potential challenging area is where cellulases would have a central role
in bioconversion of renewable cellulosic biomass to commodity chemicals.

The cellulases that are used so far for the above-mentioned industrial
applications are those from fungal sources. Most commercial cellulases, currently, are
produced by Trichoderma species and Aspergillus species (Zhang, Himmel and
Mielenz, 2006). However, in the last 20 years, there has been increasing interest in
cellulase production by bacteria (Robson and Chambliss, 1989). The great majority of
cellulose hydrolysis research to date has focused on the genetics, structure, function,
and the interaction of components of cellulase enzyme system (Lynd et al., 2002).
There is a substantial effort into their cloning and expression as well as their study by
site-directed mutagenesis (Martin, 2000). In addition, there is a general interest in
obtaining new, more specific and stable enzymes for different applications. For this
reason, this project is initiated to find new bacterial cellulases from local soil and hot

springs.



1.2 PROBLEM STATEMENT

p-endoglucanase (endo-1,4-B-D-glucanase) is one of the three major enzymes which is
essential for degradation of cellulose to produce glucose (Li, Ding, Wang, Xu and
Zhao, 2006). B-endoglucanase is widely used in nearly every branch of industry (food,
feed, textile, detergent etc.) and the demand of B-endoglucanase is steadily increasing.
Thus, it would be a great achievement if B-endoglucanase can be produced from local
microorganisms since Malaysia has been identified as one of the twelve countries
having mega-biodiversity. Currently, the microorganisms present in Malaysia are
poorly known as yet, and much study is necessary to obtain a comprehensive data on
microorganism in Malaysia. To our knowledge, there is no publication on cellulolytic
bacteria from Malaysian soil and hot spring. For production of these industrial
enzymes locally and economically, our research efforts will screen for potential
bacterial isolates from previous collection and to optimize the culture conditions for
the bacterial isolate which give high f-endoglucanase activity. Malaysian soil and hot
springs bacteria provide good opportunities for the screening of isolates for new

industrial B-endoglucanase.

1.3  AIM OF STUDY
The aims of this study are:
1. To screen bacterial isolates from selected soil and hot springs in Malaysia
for the production of industrially important cellulases (specifically B-
endoglucanase) and to identify the high [-endoglucanase producing
isolates
2. To optimize and partially purify B-endoglucanase from high producing

bacteria isolate.



1.4  SIGNIFICANCE OF STUDY

The finding of this study will contribute to new bacterial strains, isolated locally and
capable to produce p-endoglucanase. The optimum conditions for incubation
temperature and initial pH was carried out for the highest B-endoglucanase producer.

Thus, it will give a benefit for Malaysian documentation for Malaysian resources.



CHAPTER 2

LITERATURE REVIEW

2.1 CELLULOSE AND THE NEED FOR CELLULOLYTIC ENZYMES
A great deal of research on the enzymatic degradation of cellulose has been developed
in the last 30 years. The practical goal of most of this work is to achieve efficient,
inexpensive enzymatic conversion of cellulosic biomass to more useful products
(Robson and Chambliss, 1989). Organic wastes from renewable forest and
agricultural residues are rich sources of cellulose, hemicellulose and lignin, in an
average ratio of 4:3:3 although the exact percentage of these components varies from
source to source (Heck, Hertz and Ayub, 2002). Most of the cellulose is broken down
by cellulolytic organisms that use it as a source of carbon but degradation of cellulose
by cellulases occurs through other means in nature. Microbial cellulose utilization is
responsible for one of the largest material flows in the biosphere and is of interest in
relation to analysis of the carbon flux both local and global scales (Lynd et al., 2002).
Cellulose (Figure 2.1) is a major polysaccharide constituent of plant cell walls.
It is an unbranched glucose polymer composed of anhydro-D-glucose unit linked by
B-1,4-glycosidic bond. The natural degradation of its unit represents an important part
of the carbon cycle within the biosphere. These glycosidic bonds can be hydrolyzed
by cellulolytic enzymes. However, cellulose is very resistant to hydrolysis due to its
high degree of crystallinity, the result of the unstrained linear conformation which
allows strong hydrogen bonding between hydroxyl groups of the neighboring parallel

chains.
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Figure 2.1
The chemical and three-dimensional structure of cellulose (Rodney, 1999).

In cellulose fiber, regions of the high crystallinity coexist with less order
amorphous regions. The higher the ratio of crystalline regions to amourphous areas in
a given cellulosic substrate, the more resistant it is to enzymatic attack (Robson and
Chambliss, 1987). The ability to decompose the cellulosic biomass into glucose,
which in turn can be converted into other valuable chemicals and energy, has made
cellulases one of the most extensively investigated multicomponent enzyme systems
(Andre, Rodrigo, Elba and Rosalie, 2005). Cellulose is the largest renewable carbon
source available (approximately 150 billion tons of organic material is
photosynthesized annually), is frequently found in close association with other
compounds, such as hemicellulose, lignin and other polysaccharides, which make its
bioconversion more difficult (Heck et al., 2002). Therefore, treatment of cellulose by
cellulolytic enzymes for practical purposes has attracted the interest of researches in

biotechnology (Andre et al.).



Cellulose is a chemically simple homopolymer but its physical state makes it a
challenging substrate for enzymes. Single glucose polymers are packed onto each
other to form highly crystalline microfibrils in which individual cellulose chains are
held together by hydrogen bonds. Cellulose microfibrils also contain some
amorphous regions. In wood fibers, the winding direction of cellulose microfibrils
varies in different cell wall layers and this gives the fiber its unique strength and
flexibility (Wolfgang, 2004).

For utilization of cellulosic substances as carbon and energy sources, many
fungi and bacteria secrete enzymes as cellulase complex. The vital characteristics of
this cellulase complex are:

1) The system is multienzymatic

2) At least three enzyme components are both physically and chemically

distinct

3) All three components play essential roles in the hydrolysis of cellulose to

glucose.

Components of cellulose systems were first classified based on their mode of
catalytic action and have more recently been classified based on structural properties.
Three major types of enzymatic activities are found:

1) Endoglucanases (EG, CMCase, 1,4--D-glucan-4-glucanohydrolases, EC

3.2.1.4)

2) Exoglucanases:

2.1) 1,4-B-D-glucan glucanohydrolases (cellodextrinases, EC 3.2.1.74)
2.2) 1,4-B-D-glucan  cellobiohydrolases  (cellobiohydrolases, CBH,
Avicelase, EC 3.2.1.91)

3) P-glucosidases (B-glucoside glucohydrolase, cellobiases, EC 3.2.1.21)



Endoglucanases cut at random at internal amorphous sites in cellulose
polysaccharides chain, generating oligosaccharides of various lengths and
consequently new chain ends. Exoglucanases act in a processive manner on the
reducing or nonreducing ends of cellulose polysaccharides chains, liberating either
glucose or cellobiose as major products. Exoglucanases also can act on
microcrystalline cellulose, presuming peeling cellulose chains from the
microcrystalline structure. B-Glucosidases hydrolyze soluble cellodextrins and
cellobiose to glucose (Mawadza, Hatti-Kaul, Zvauya and Mattiasson, 2000; Lynd et
al., 2002; Wood and Bhat, 1988; Rajoka and Malik, 1997; Zhou, Chen and Li, 2004;
Robson and Chambliss, 1989; Li et al., 2006; Andre et al., 2005; Huang and Mink,
2004; Bischoff, Rooney, Li, Liu and Hughes, 2006; Tang, He, Chan, Zhang and Ali,
2004; Glick and Pasternak, 1989). All enzymes appear to exist in multiple forms
which differ in their relative activities on a variety of substrates (Wood and Bhat).
Cellulase are distinguished from other glycoside hydrolases by their ability to
hydrolyze B-1,4-glycosidic bonds between glycosyl residues. The enzymatic breakage
of the B-1,4-glycosidic bonds in cellulose proceeds through an acid hydrolysis
mechanism, using a proton donor and nucleophile or base (Lynd et al.).

The cellulase enzyme molecule is composed of up to three functionally
different domains, as illustrated schematically in Figure 2.2:

1. The catalytically active core or catalytic domain, which is a large,

spherical domain and responsible for hydrolysis of cellulose

2. A spherical cellulose-binding domain (CBD) that promotes adsorption

onto the insoluble cellulose

3. The linker domain or linker peptide, which is an elongated and flexible

spacer and joins the two domains together
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Figure 2.2
Schematic presentation of a multi-domain cellulase adsorb to cellulose substrate
(Wolfgang, 2004).

Based on the amino acid sequence, catalytic active core or catalytic domains of
cellulases can be grouped into families. Each family of catalytic domain is
characterized by a conserved fold and different folds are expected in different
families. This implies that enzymes belonging to the same family will show a
similarity in folding pattern resulting in an overall conservation of active site
topology. The endo- or exo mode of action of cellulases is determined by the specific
details of 3D structure. Endo and exo cellulases in the same family have a similar
global 3D fold but differing substrate specificity due to minor details of the structure.
Endoglucanases of the same family were found to have similar overall fold but their
active site was found to open into a cleft allowing random binding of the cellulose
chains (Henrissat, 1994; Beguin and Aubert, 1994).

Meanwhile, Cellulose Binding Domains (CBDs) can be grouped based on
amino acid sequence similarities with their catalytic domain. Most CBD’s are
structurally well defined domains linked to either the N- or C-terminus of the catalytic

domains. CBDs binding to crystalline cellulose may differ in size and topology but





